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Abstract

Understanding the evolution and dynamics of the Antarctic cryosphere, from its in-
ception during the Eocene–Oligocene transition (~34 Ma) through the significant 
subsequent periods of likely coupled climate and atmospheric CO2 changes, is not 
only of major scientific interest but also is of great importance for society. Drilling the 
Antarctic Wilkes Land margin was designed to provide a long-term record of the sed-
imentary archives along an inshore to offshore transect of Cenozoic Antarctic glacia-
tion and its intimate relationships with global climatic and oceanographic change. 
The principal goals were

1. To obtain the timing and nature of the first arrival of ice at the Wilkes Land mar-
gin inferred to have occurred during the earliest Oligocene (reflecting Oligocene 
isotope Event 1),

2. To obtain the nature and age of the changes in the geometry of the prograda-
tional wedge interpreted to correspond with large fluctuations in the extent of 
the East Antarctic Ice Sheet and possibly coinciding with the transition from a 
wet-based to a cold-based glacial regime,

3. To obtain a high-resolution record of Antarctic climate variability during the late 
Neogene and Quaternary, and

4. To obtain an unprecedented ultrahigh resolution (i.e., annual to decadal) Holo-
cene record of climate variability.

The Wilkes Land drilling program was developed to constrain the age, nature, and 
paleoenvironment of deposition of the previously only seismically inferred glacial se-
quences. Drilling the Wilkes Land margin has a unique advantage in that seismic Un-
conformity WL-U3, inferred to separate preglacial strata below from glacial strata 
above in the continental shelf, can be traced to the continental rise deposits, allowing 
sequences to be linked from shelf to rise.

Integrated Ocean Drilling Program Expedition 318, carried out in January–March 
2010 (Wellington, New Zealand to Hobart, Australia), occupied seven sites that recov-
ered ~2000 m of high-quality middle Eocene–Holocene sediments at proposed Sites 
WLRIS-6A, WLRIS-7A, WLRIS-4A, and WLRIS-5A (Sites U1355, U1356, U1359, and 
U1361) on the Wilkes Land rise and Sites WLSHE-8A, WLSHE-9A, and ADEL-01B 
(Sites U1358, U1360, and U1357) on the Wilkes Land shelf at water depths between 
~400 and 4000 m. Together, the cores represent ~53 m.y. of Antarctic history. Recov-
ered cores successfully date the inferred seismic units (WL-S4–WL-S9). The cores re-
7
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veal the history of the Wilkes Land Antarctic margin from an ice-free “greenhouse 
Antarctica,” to the first cooling, to the onset and erosional consequences of the first 
glaciation and the subsequent dynamics of the waxing and waning ice sheets, all the 
way to thick, unprecedented “tree ring style” records with seasonal resolution of the 
last deglaciation that began ~10,000 y ago. The cores also reveal details of the tectonic 
history of the so-called Australo-Antarctic Gulf (at 53 Ma) from the onset of the sec-
ond phase of rifting between Australia and Antarctica, to ever subsiding margins and 
deepening, all the way to the present continental and ever widening ocean/continent 
configuration. Tectonic and climatic change turned the initially shallow broad sub-
tropical Antarctic Wilkes Land shelf into a deeply subsided basin with a narrow, ice-
infested margin. Thick Oligocene and notably Neogene deposits, including turbidites, 
contourites, and larger and smaller scaled debris mass flows witness the erosional 
power of the waxing and waning ice sheets and deep ocean currents. The recovered 
clays, silts, and sands and their microfossils also reveal the transition of subtropical 
ecosystems and a vegetated Antarctica into sea ice-dominated ecosystems bordered by 
calving glaciers.

Introduction

Polar ice is an important component of the modern climate system, affecting global 
sea level, ocean circulation and heat transport, marine productivity, air-sea gas ex-
change, and planetary albedo, among other things. The modern semipermanent ice 
caps are, geologically speaking, a relatively young phenomenon. Since mid-Permian 
(~270 Ma) times, parts of Antarctica became reglaciated only ~34 m.y. ago, whereas 
episodes of major Northern Hemisphere continental ice began only ~3 m.y. ago (e.g., 
Zachos et al., 2008) (Fig. F1). In a broad sense, the record of Antarctic glaciation from 
the time of first ice sheet inception (around the Eocene/Oligocene boundary; Oligo-
cene isotope Event 1 [Oi-1] glaciation) through the significant periods of climate 
change during the Cenozoic, such as the Oligocene/Miocene boundary, the Miocene 
isotope Event 1 [Mi-1], the mid-Miocene climatic optimum, late Neogene cooling, 
early Pliocene warming events, the Quaternary glacial–interglacial cycles, and the 
concomitant biotic and paleoceanographic evolution, is not only of scientific interest 
but also is of great importance for society. State of the art climate models (e.g., De-
Conto and Pollard, 2003a, 2003b; Huber et al., 2004; DeConto et al., 2007; Pollard 
and DeConto. 2009) combined with paleoclimatic proxy data (e.g., Pagani et al., 
2005) suggest that the main triggering mechanism for inception and development of 
the Antarctic ice sheet were the decreasing levels of CO2 concentration in the atmo-
8
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sphere (Fig. F2) and that the opening of critical Southern Ocean gateways (e.g., Ken-
nett, 1977; DeConto and Pollard, 2003a, 2003b; Huber et al., 2004; Barker and 
Thomas, 2004) played only a secondary role. With current rising atmospheric green-
house gases resulting in rapidly rising global temperatures (Intergovernmental Panel 
on Climate Change [IPCC], 2007, www.ipcc.ch), studies of polar climates are prom-
inent on the research agenda. Understanding Antarctic ice sheet dynamics and stabil-
ity is of special relevance because, based on IPCC (2007) forecasts, CO2 doubling and 
a 1.8°–4.2°C temperature rise is expected for the end of this century. These conditions 
have not been experienced on our planet since 10–15 Ma, when only the Antarctic 
ice sheet existed (Fig. F3).

Since their inception, the Antarctic ice sheets appear to have been very dynamic; wax-
ing and waning in response to global climate change over intermediate and even 
short (orbital) timescales (e.g., Wise et al., 1991; Zachos et al., 1997; Barker, Camer-
lenghi, Acton, et al., 1999; DeConto and Pollard, 2003a, 2003b; Pollard and DeConto, 
2009). Yet, not much is known about the nature, cause, timing, and rate of processes 
involved. Past ocean drilling into the Antarctic continental shelf and basins in Prydz 
Bay and the Ross Sea (i.e., Ocean Drilling Program [ODP] Legs 119 and 188, Deep Sea 
Drilling Program [DSDP] Leg 28, and Cape Roberts Project) indicates two basic states 
of the Antarctic ice sheets: (1) an early phase lasting from ~34 to ~14 Ma with a less 
stable ice cover characterized by strong cyclic waxing and waning (Zachos et al., 1997, 
2008; Wade and Pälike, 2004; Pälike et al., 2006) and (2) a later (from ~14 Ma to re-
cent) phase when deep-sea isotope records (e.g., Miller et al., 1985; Flower and Ken-
nett, 1994) indicate that the Antarctic ice sheets became a quasipermanent and a 
more stable feature sustaining polar climates. However, even these “stable” ice sheets 
may have varied considerably in size, perhaps by as much as 25 m of sea level equiv-
alent (SLE) (Kennett and Hodell, 1993; Pollard and DeConto, 2009; Naish et al., 
2009). Of the two main ice sheets, the West Antarctic Ice Sheet (WAIS) (Fig. F4) is 
mainly marine based and is considered less stable. The East Antarctic Ice Sheet (EAIS), 
which overlies continental terrains that are largely above sea level, is considered sta-
ble and is believed to respond only slowly to changes in climate. However, reports of 
beach gravel deposited 20 m above sea level in Bermuda and the Bahamas from 420 
to 360 ka indicate the collapse of not only the WAIS (6 m of SLE) and Greenland ice 
sheet (6 m of SLE), but possibly also 8 m of SLE from East Antarctic ice sources (Hearty 
et al., 1999). Therefore, during episodes of global warmth, with likely elevated atmo-
spheric CO2 conditions, the EAIS may contribute just as much or more to rising global 
sea level as the proverbial unstable Greenland ice sheet. In the face of rising CO2 levels 
9
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(IPCC, 2007), a better understanding of the EAIS dynamics is therefore urgently 
needed from both an academic as well as a societal point of view.

A key region for analysis of the long- and short-term behavior of the EAIS is the east-
ern sector of the Wilkes Land margin, located at the seaward termination of the larg-
est East Antarctic subglacial basin, the Wilkes subglacial basin (Fig. F5) (Drewry, 1983; 
Ferraccioli et al., 2001, 2007, 2009). The base of the portion of the EAIS draining 
through the Wilkes subglacial basin is largely below sea level, suggesting that this por-
tion of the EAIS is potentially less stable than other areas of the EAIS. Numerical mod-
els of ice sheet behavior (e.g., Huybrechts, 1993; DeConto and Pollard, 2003a, 2003b; 
DeConto et al., 2007; Pollard and DeConto, 2009) (Fig. F2) provide a basic under-
standing of the climatic sensitivity of particular Antarctic regions for early ice sheet 
formation, connection and expansion, and eventual development of the entire ice 
sheet. For example, in these models glaciation is shown to have begun in the East Ant-
arctic interior, discharging mainly through the Lambert Graben to Prydz Bay. These 
models imply that the EAIS did not reach sea level in the Wilkes Land margin until a 
later stage. These models must now be validated through drilling and obtaining con-
crete evidence from the sedimentary record. Sediments from Prydz Bay cores drilled 
during Leg 188 (O’Brien, Cooper, Richter, et al., 2001; Cooper, O’Brien, and Richter, 
2004) provided records from the Late Cretaceous and early late Eocene preglacial and 
relatively warm climates to the full glacial conditions of the Pliocene–Pleistocene. 
Like at Prydz Bay, the timing and mode of the onset of glaciation at the Wilkes Land 
Continental Margin is still unknown but is essential for providing age constraints for 
models of EAIS development and changes in its volume. Moreover, detailed portrayal 
of the subsequent Cenozoic history and dynamics of the Antarctic glacial cycles at 
Wilkes Land will provide further constraints for model experiments and future pre-
dictions about EAIS stability.

Conceivably even more important than the history of the Antarctic glaciations are 
past lessons of deglaciations and periods of exceptional warmth. Seismic surveys and 
pilot studies indicate that the Wilkes Land margin also includes sites of ultrahigh ac-
cumulation rates of sediments recording the Holocene deglaciation and subsequent 
climate and sedimentological variability extending over the past 10,000 y. One of the 
expedition objectives was to recover and analyze of a unique ~200 m sequence of 
likely annually layered sediments. These seasonally laminated (tree ring style) depos-
its consist predominantly of phytoplankton remains and constitute one of the 
world’s most expanded archives of environmental change extending through the Ho-
locene. We also cored several sequences from the Pleistocene and Pliocene that 
10
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formed during interglacial intervals of exceptional warmth, periods that may provide 
valuable information about Antarctica’s response to warming predicted in the centu-
ries ahead.

Background

Physiographic and geologic setting

The Adélie and George V Coasts of the eastern Wilkes Land margin drain the EAIS 
with a mostly divergent flow pattern (Figs. F4, F5). Ice cliffs and two prominent outlet 
glaciers, the Mertz and the Ninnis, characterize the present coastline. These outlet gla-
ciers extend seaward as ice tongues and have an important role in ice drainage and 
sediment delivery to the ocean (Anderson et al., 1980; Drewry and Cooper, 1981). 
Drainage velocities in outlet glaciers range from >0.5 to ~3.7 km/y (Fig. F4) (Lind-
strom and Tyler, 1984; MacDonald et al., 1989), whereas drainage in the areas be-
tween outlet glaciers, occupied by ice cliffs and tidewater glaciers, may range from a 
few meters to tens of meters every year (Anderson, 1999). In the eastern Wilkes Land 
margin the continental shelf has an average width of 125 km and an average water 
depth of 450–500 meters below sea level (mbsl) (Figs. F6, F7). As commonly observed 
around Antarctica, the shelf exhibits an overdeepened and landward-sloping bathy-
metric profile that is caused principally by glacial erosion and flexural loading by 
grounded ice (Ten Brink and Cooper, 1992). The topography is irregular, with depths 
from 200 mbsl on outer shelf banks to 1000 mbsl in shelf troughs. The troughs, which 
shoal as they traverse from inner shelf (>1000 mbsl) to outer shelf (500 mbsl), were 
formed by ice streams extending across the shelf during times of glacial maxima. The 
adjacent outer shelf banks are areas that have been bypassed by the most recent ice 
streams and where grounded ice has been relatively immobile or stagnant. The con-
tinental slope is steep (1:9–1:30) and narrow (15 km average, but as wide as 25 km) 
and extends from the shelf break to ~2000–2500 mbsl. The continental rise is also 
steep, with average gradients between 1:100 and 1:150.

The eastern Wilkes Land Continental Margin, conjugate to the southern Australian 
margin, formed during the Late Cretaceous separation of Australia and Antarctica 
(Cande and Mutter, 1982; Sayers et al., 2001; Veevers, 1987; Colwell et al., 2006; 
O’Brien and Stagg, 2007; Leitchenkov et al., 2007; Close et al., 2009). Slow seafloor 
spreading began between Australia and Antarctica in the Late Cretaceous, with the 
precise timing of onset still under debate (~83 Ma, according to Sayers et al., 2001). 
11



Expedition 318 Preliminary Report
At ~50 Ma (middle Eocene), rapid seafloor spreading commenced in the Australian-
Antarctic Basin (AAB) as Australia continued to move northwards from Antarctica 
(Cande and Mutter, 1982; Close et al., 2009), with the final clearance of the Australian 
and Antarctic plates southwest of the South Tasman Rise taking place by the middle 
late Eocene (~35.5 Ma) (Stickley et al., 2004). This resulted in the establishment of 
more open marine conditions and eventually the development of the Antarctic Cir-
cumpolar Current (ACC) in the Miocene. The continental crust underlying the thick 
postrift and synrift sediments in the eastern Wilkes Land/Terre Adélie margin extends 
more than 400 km seaward of the shelf break (Close et al., 2009). This seaward salient, 
named the Adélie Rift Block (ARB), is associated with anomalously shallow bathyme-
try, an atypical continental margin free-air gravity edge-effect anomaly, and an ab-
sence of magnetic anomalies related to seafloor spreading. Close et al. (2009) interpret 
this salient, which is underlain by stretched continental crust and pre- and synrift 
sediment, as a deeply subsided marginal plateau.

The stratigraphy of the eastern Wilkes Land margin is known mainly from the seismic 
stratigraphic analyses of numerous multichannel seismic (MCS) reflection surveys in 
the eastern Wilkes Land margin (Sato et al., 1984; Wannesson et al., 1985; Tsumuraya 
et al., 1985; Eittreim and Hampton, 1987; Ishihara et al., 1996; Tanahashi et al., 1997; 
Brancolini et al., 2000; Stagg et al., 2004) complemented by gravity and piston sedi-
ment cores (Payne and Conolly, 1972; Hampton et al., 1987; Domack et al., 1980; Do-
mack, 1982; Tsumuraya et al., 1985; Ishihara et al., 1996; Tanahashi et al., 1997; 
Brancolini et al., 2000; Escutia et al., 2003; Michel et al., 2006; Leventer et al., 2006), 
dredging (Mawson 1940, 1942; Domack et al., 1980; Sato et al., 1984; Leventer et al., 
2001), and limited deep geological sampling recovery at DSDP Site 269 (Hayes, Frakes, 
et al., 1975).

Pre–ice sheet stratigraphy

Presumed pre-Oligocene synrift strata are as thick as ~3 km and are highly variable in 
seismic character, with discontinuous, faulted, and tilted strata onlapping the flanks 
of the acoustic basement (Eittreim and Smith, 1987; Eittreim, 1994; De Santis et al., 
2003; Stagg et al., 2004; Leitchenkov et al., 2007; Close et al., 2009). Postrift strata 
across the eastern Wilkes Land margin may be as thick as 5 km, well layered on the 
continental rise, and less stratified and discontinuous landward (Eittreim and Smith, 
1987; Wannesson, 1990; Tanahashi et al., 1994; Eittreim, 1994; De Santis et al., 2003). 
On the continental shelf, a prominent regional unconformity (WL-U3) within the 
Cenozoic postrift section (Fig. F8) has been interpreted to record erosional processes 
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related to the first advance of grounded ice sheets onto the continental shelf (Eittreim 
and Smith, 1987; Tanahashi et al., 1994; Eittreim et al., 1995; Escutia et al., 1997).

Prior to Expedition 318, the only pre–ice sheet strata sampled from this margin were 
a series of dredges from the inner continental shelf and slope. Erosion by late Ceno-
zoic glaciers near the Mertz ice tongue exposed Mesozoic sediments at the seafloor, 
which allowed recovery of lignite (Mawson, 1940, 1942) and Lower Cretaceous brec-
ciated carbonaceous siltstone (Domack et al., 1980). Dredges collected in the area by 
Leventer et al. (2001) also recovered Paleogene lignites with reworked Early Creta-
ceous flora. Dredging of the upper continental slope off Terre Adélie, sampled Oligo-
cene and Miocene limestones and undated sedimentary, metamorphic, and igneous 
rocks of mostly ice-rafted origin (Sato et al., 1984).

Continental margin glacial stratigraphy

Glacial sequences on the shelf thicken seaward in prograding wedges (Fig. F8). The 
sequences are deeply eroded by broad troughs that cross the shelf. Foreset strata are 
commonly truncated at or near the seafloor beneath the troughs. Topset strata form 
the banks adjacent to the troughs.

Two main unconformities of regional character, Unconformities WL-U3 and WL-U8, 
are identified as truncating the glacial seismic sequences on the shelf (Wannesson et 
al., 1985; Eittreim and Smith, 1987; Hampton et al., 1987; Escutia et al., 1997; De San-
tis et al., 2003) (Fig. F8). The erosional events represented by these unconformities are 
interpreted to result from grounded ice sheets moving across the continental shelf 
(Tanahashi et al., 1994; Eittreim et al., 1995, Escutia et al., 1997). Eittreim et al. (1995) 
calculated an erosion of 300–600 m of strata below Unconformity WL-U3 and of 350–
700 m of strata below Unconformity WL-U8. Unconformity WL-U3 marks the start 
of progradation in this sector of the Wilkes Land margin. Across Unconformity WL-
U8, a change in the geometry of the outer shelf progradational wedge, from shallower 
dips below Unconformity WL-U8 to steeper dips above (foreset slopes as much as 
~10°), can be recognized.

Seismic units have been correlated from shelf to rise and abyssal plain by tracing and 
projecting unconformities and seismic units. Seismic units above Unconformity WL-
U8 downlap and pinch out at the base of the continental slope, but deeper units (i.e., 
between Unconformities WL-U8 and WL-U3) continue across the margin (Hampton 
et al., 1987; Eittreim et al., 1995; Escutia et al., 1997; De Santis et al., 2003) (Fig. F8). 
13



Expedition 318 Preliminary Report
The principal marker is Unconformity WL-U3, which in Wilkes Land can be traced 
from the shelf, where it marks the onset of progradation on the Wilkes Land margin 
(Eittreim and Smith, 1987), to the rise, where it correlates with an upsection increase 
in turbidite and contourite deposition (Escutia et al., 1997, 2000; Donda et al., 2003) 
(Fig. F9).

On the eastern Wilkes Land continental rise, strata above Unconformity WL-U3 in-
clude six glacial-related seismic units (WL-S4–WL-S9) (De Santis et al., 2003; Donda 
et al., 2003) (Fig. F9). The two deepest units, WL-S4 and WL-S5, consist of stratified 
and continuous reflectors that onlap at the base of the slope (Escutia et al., 1997; 
Donda et al., 2003). Acoustic signatures of isolated channel-levee complexes that 
characterize turbidite deposition are first observed during deposition of Unit WL-S5 
(Escutia et al., 1997; Donda et al., 2003). Channel-levee complexes became wide-
spread during deposition of Units WL-S6 and WL-S7, and turbidity flows were likely 
the dominant process building the large sedimentary ridges on the rise. Wavy reflec-
tors that are characteristic of bottom contour-current deposition occur on the lower 
rise in Unit WL-S6 and on the upper rise in Unit WL-S7. Unit WL-S8 mostly fills pre-
vious depressions, although there is evidence for bottom contour-current and turbi-
dite flows (Escutia et al., 2002; Donda et al., 2003). Unit WL-S9 is a discontinuous unit 
on the rise and, where present, is composed of channel and levee complexes and lay-
ered reflectors (Donda et al., 2003).

During the interglacial open-marine Holocene, thick laminated diatom mud and 
oozes were deposited in deep (>1000 mbsl) inner shelf basins, including the Adélie 
Drift (Costa et al., 2007) (Figs. F7, F10, F11, F12). Based on accelerator mass spectrom-
etry radiocarbon dates on a 50 m long sediment core, this drift has unusually high 
accumulation rates, as much as 20–21 m/k.y. Opal, Ti, and Ba time series show dec-
adal to century variance suggestive of solar forcing and El Niño Southern Oscillation 
(ENSO) forcing (Crosta et al., 2005; Denis et al. 2006; Leventer et al., 2006; Maddison 
et al., 2006; Costa et al., 2007).

Previous drilling on the Wilkes Land margin

Site 269 was drilled during Leg 28 on the eastern Wilkes Land abyssal plain to deter-
mine the geologic and climate history of Antarctica and the Southern Ocean (Hayes, 
Frakes, et al., 1975). Site 269 is north of the Expedition 318 drill area and was inter-
mittently cored to 958 meters below seafloor (mbsf) in a water depth of 4285 mbsl, 
with 42% recovery of (?)Eocene–Holocene rocks (Hayes, Frakes, et al., 1975). The 
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cored sections consist predominantly of silts and clays with variable amounts of mi-
crofossils. Diatom oozes and diatom mud dominate the upper half of the section, 
which is dated as Quaternary to late Miocene in age (Hayes, Frakes, et al., 1975). In 
the lower half, which is late(?) Eocene to late Miocene in age, diatoms are absent but 
calcareous nannofossils are found in trace amounts, with abundant palynomorphs 
including dinoflagellate cysts and sporomorphs (Kemp et al., 1975). There is a transi-
tion in facies from more distal facies in the lower part of the hole to more proximal 
facies near the surface. Piper and Brisco (1975) interpret this facies change as a result 
of substantially increased supply of sand, coarse silt, and clay from the Antarctic con-
tinent, possibly in response to progradation of the continental margin. The cores doc-
ument extensive Antarctic glaciation beginning at least by Oligocene to early 
Miocene times and indicate that water temperatures were cool to temperate in the 
late Oligocene and early Miocene then cooled during the Neogene, presumably as gla-
ciation intensified.

Inferred long-term record of glaciation

Unconformity WL-U3 is interpreted to mark the first preserved grounding of an ice 
sheet across Wilkes Land, eroding the continental shelf (Tanahashi et al., 1994; Ei-
ttreim et al., 1995; Escutia et al., 1997, 2005), ~40 m.y. ago (Eittreim et al., 1995) to 
33.5 to 30 Ma (Escutia et al., 2005) (Fig. F13). Early glacial strata (e.g., likely glacial 
outwash deposits) above Unconformity WL-U3 were delivered by fluctuating temper-
ate glaciers and deposited as low dip–angle prograding foresets. The increase in stratal 
dips across Unconformity WL-U8 in the prograding wedge at the shelf edge is inter-
preted to record a change in the glacial regime inferred to correspond with the tran-
sition from intermittent fluctuating glaciers to persistent oscillatory ice sheets during 
the late Miocene–early Pliocene (Escutia et al., 2005), or ~3 Ma (Rebesco et al., 2006) 
(Fig. F13). The steep foresets above Unconformity WL-U8 likely consist of ice proxi-
mal (i.e., water-lain till and debris flows) and open-water sediments deposited as 
grounded ice sheets extended intermittently onto the outer shelf, similar to sedi-
ments recovered from ODP Site 1167 on the Prydz Trough fan (O’Brien, Cooper, Rich-
ter, et al., 2001; Passchier et al., 2003).

On the continental rise, the upsection response to shelf progradation (i.e., seismic fa-
cies indicative of distal turbidites to large channel-levee systems modified by bottom 
contour-current deposition) likely resulted from enhanced shelf progradation. Maxi-
mum rates of sediment delivery to the rise are reported during the development of 
seismic Units WL-S6 and WL-S7, interpreted to be of Miocene age (Escutia et al., 1997, 
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2000, 2005; De Santis et al., 2003) (Fig. F13). During deposition of seismic Units WL-
S8 and WL-S9, sediment supply to the lower continental rise decreased and depo-
centers shifted landward to the base of the slope and outer shelf (Escutia et al., 2002, 
2005; De Santis et al., 2003; Donda et al., 2003). Inferred age for Units WL-S8 and WL-
S9 is Pliocene to Holocene (De Santis et al., 2003). Unit WL-S9 is inferred to be depos-
ited under a polar regime with a persistent ice sheet during the Pliocene–Pleistocene. 
At that time, most sediment delivered to the margin was trapped on the outer shelf 
and slope, forming steep prograding wedges, with some sediment bypassing the slope 
in channelized turbidity currents (Escutia et al., 2002, 2005; De Santis, 2003) (Fig. 
F13).

During the Holocene, thick open-water interglacial sections of diatom mud and oozes 
are deposited in deep inner shelf basins (Domack, 1982; Dunbar et al., 1985; Crosta 
et al., 2005; Denis et al., 2006; Leventer et al., 2006; Maddison et al., 2006; Costa et 
al., 2007). These sediments hold an ultrahigh resolution record of climate variability 
and provide a means of tracking interannual- to centennial-scale variability in the re-
sponse of the ocean to forcing by solar processes, ENSO, and the Southern Annular 
Mode (SAM).

Scientific objectives

The overall aim of drilling the Wilkes Land margin is to obtain a long-term record of 
Antarctic glaciation and its relationships with global paleoclimatic and paleoceano-
graphic changes along the inshore–offshore transect (Figs. F6, F7). Of particular inter-
est are testing the sensitivity of the EAIS to episodes of global warming and the 
detailed analysis of critical periods in Earth’s climate history (i.e., the Eocene–Oligo-
cene and Oligocene–Miocene glaciations, late Miocene, Pliocene, and the last degla-
ciation) during which the Antarctic cryosphere evolved in a step-wise fashion to 
ultimately assume its present-day configuration, characterized by a relatively stable 
EAIS.

To attain these objectives obtained sedimentary records along the inshore–offshore 
gradient to constrain the age, nature, and environments of deposition inferred from 
seismic surveys of the Wilkes Land continental shelf, rise, and abyssal plain (Fig. F13). 
Of particular note are stratigraphic intervals that have the potential for preserving re-
cords of the key phases of the evolution of the Antarctic cryosphere in general, and 
the EAIS in particular, such as the Eocene–Oligocene and Oligocene–Miocene transi-
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tions, the middle and late Miocene, warm early Pliocene events, and Holocene cli-
mate variability. The expected improved chronostratigraphy and integrated 
multidisciplinary climatic proxy reconstructions are essential to provide accurate 
constraints for models of the dynamic development of the Antarctic ice sheet and 
sensitivity to global climate change (Fig. F2).

Specific scientific objectives

1. Timing and nature of the onset of glaciation at the Wilkes Land margin.

The timing and nature of the first arrival of the ice sheet at the Wilkes Land margin, 
the so-called “onset” of glaciation, is inferred to have occurred during the earliest Oli-
gocene (Fig. F13). The late middle Eocene to early Oligocene is thought to represent 
a long-term episode of global cooling, during which the Antarctic ice sheet developed. 
Ice sheet development is presumed to have been a response to decreasing atmospheric 
CO2 values (Fig. F2) rather than the opening of Southern Ocean conduits like the 
Drake and Tasman gateways (e.g., Pagani et al., 2005; DeConto and Pollard, 2003a, 
2003b; Huber et al., 2004). For example, earlier ODP drilling around Tasmania (ODP 
Leg 189) indicated that the deepening of the Tasmanian Gateway is older than the 
Eocene/Oligocene boundary (Brinkhuis et al., 2003a, 2003b; Sluijs et al., 2003; Huber 
et al., 2004; Stickley et al., 2004). The pronounced deep-sea benthic foraminifer δ18O 
Oi-1 isotope event (Miller et al., 1985; Zachos et al., 1997; Coxall et al., 2005; Pälike 
et al., 2006) is widely regarded to mark the strongest step of rapid continental ice 
growth on Antarctica with concomitant strong sea level response (Fig. F1). However, 
more recent studies (e.g., Coxall et al., 2005) indicate that this onset was in fact a two-
step phased event, in line with model predictions of DeConto and Pollard (2003a, 
2003b) and DeConto et al. (2007) that the EAIS was established somewhat later than 
the WAIS (Fig. F2). Following the initiation of a significant Antarctic cryosphere, in-
dications that it was relatively unstable with cyclic alternations of waxing and waning 
that show strong orbital forcing components (e.g., O’Brien, Cooper, Richter, et al., 
2001; Barrett et al., 2003; Pälike et al., 2006; DeConto et al., 2007) are present. The 
mid-Oligocene transition (Rupelian/Chattian boundary; ~30 Ma), likely reflected by 
the Oi-2b isotope event (Van Simaeys et al., 2005; Pälike et al., 2006), represents an-
other strong cooling phase associated with a major eustatic fall that likely represents 
a large Antarctic ice sheet expansion. Cores from the Ross Sea (Cape Roberts Project) 
suggest that the onset of glaciation at that margin occurred at 34–33 Ma (e.g., Barrett, 
2003). Results from ODP drilling in Prydz Bay are inconclusive regarding the timing 
of the onset of glaciation along the Antarctic margin in that sector (e.g., Macphail and 
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Truswell, 2004; Cooper et al., 2004). Ice sheet development models (Huybrechts, 
1993; DeConto and Pollard, 2003a, 2003b; DeConto el al., 2007) suggest that the ar-
rival of the first ice sheet to the Wilkes Land margin may have taken place at a some-
what later time (Fig. F2). Constraints on the age and nature of the onset of glaciation 
in the Wilkes Land margin expected from continental shelf sites (U1358 and U1360) 
(Escutia et al., 2008) and abyssal plain Sites U1355 and U1356 (Escutia et al., 2008) 
are therefore essential to providing age constraints for models of Antarctic ice sheet 
development.

2. Fluctuations in the glacial regime during the Miocene (?) and transition from wet-based to cold-
based glacier regimes (Late Miocene–Pliocene?).

The latest Oligocene to middle Miocene was characterized by a wet-based dynamic ice 
sheet that fluctuated in size. The Oligocene/Miocene boundary (~23 Ma) is marked by 
a major excursion in benthic foraminifer δ18O (Mi-1 glaciation) (e.g., Miller et al., 
1985; Zachos et al., 2001, 2008) (Fig. F1). In the early Miocene, a general trend toward 
moderately larger ice sheets, tracking global cooling, was interrupted by the middle 
Miocene climatic optimum from ~17 to 14 Ma (Zachos et al., 2001; Lewis et al., 2007) 
(Fig. F1). At the mid-Miocene transition (~14 Ma) and shortly afterward, again track-
ing apparent renewed global cooling, the benthic foraminifer oxygen isotopic records 
imply that the EAIS evolved from a wet-based and dynamic setting into a cold-based 
semipermanent ice sheet. However, even this aspect is highly controversial because 
some records from the Antarctic continent and margin indicate the presence of a 
highly dynamic ice sheet from late Miocene into early Pliocene times (e.g., Hambrey 
and McKelvey, 2000a, 2000b; Webb et al., 1996; Hambrey et al., 2003; Whitehead and 
Bohaty, 2003; Whitehead et al., 2003, 2004; Naish et al., 2009; Escutia et al., 2009). 
The glaciomarine continental shelf deposits recovered from Site U1358 are expected 
to provide the required chronostratigraphic and paleoenvironmental records to help 
solve this controversy.

3. Distal record of climate variability during the late Neogene and the Quaternary.

The record of the middle Miocene climatic optimum and the transition from a dy-
namic to a persistent ice sheet, inferred to have occurred at the Wilkes Land margin 
during the late Miocene–Pliocene (Fig. F13), were sampled at the continental rise Sites 
U1359 and U1361(Escutia et al., 2008). Additionally, at these sites we plan to test the 
stability of the ice sheet during the late Miocene and the extremely warm early Plio-
cene events, which has been the subject of almost continuous debate for more than 
two decades (e.g., Hardwood and Webb, 1998; Stroeven et al., 1998). A key question 
18



Expedition 318 Preliminary Report
is whether relatively short warm intervals can cause a loss in ice sheet volume once a 
stable ice sheet is thought to be in place (i.e., since the middle–late Miocene). The ma-
rine oxygen isotope record suggests warming in the earliest Pliocene, culminating at 
~3 Ma during the mid-Pliocene climate optimum (e.g., Kennett and Hodell, 1995; Za-
chos et al., 2001, 2008; Lisiecki and Raymo, 2005). Marine sediments exposed on land 
show evidence for a dynamic ice sheet during the late Miocene–early Pliocene as well 
as for early Pliocene warming. The marine record from drilling in Prydz Bay, the Ross 
Sea, and the Antarctic Peninsula also shows evidence for repeated advances and re-
treats of the Antarctic ice sheet during the late Miocene and early Pliocene. For exam-
ple, the silicoflagellate assemblages at Site 1165 in Prydz Bay pinpoint three intervals 
within the Pliocene (3.7, 4.3–4.4, and 4.6–4.8 Ma) with sea-surface temperatures in 
the Southern Ocean roughly 5°C warmer than today (Whitehead and Bohaty, 2003). 
In the Antarctic Peninsula, a strong decrease in sea ice cover starting at 5.3 Ma and 
maintained during the early Pliocene is indicated by opal deposition (Grützner et al., 
2005; Hillenbrand and Ehrmann, 2005). Diatom stratigraphic analyses in these sedi-
ments show three warming events between 3.5 and 3.7 Ma, which also can be recog-
nized in cores from the Antarctic Peninsula and Prydz Bay, implying that these events 
were of continent-wide significance (Escutia et al., 2009).

Indirect evidence (i.e., sea level changes and ocean floor sediments) also suggests that 
ice volume during the Pliocene was subject to cyclical variability. Because Northern 
Hemisphere ice sheets were not fully developed, it is thought that sea level changes 
were driven by fluctuations of the Antarctic ice sheet. Many scientists believe that the 
WAIS, grounded below sea level and thus thought to be less stable, was responsible 
for these changes. The role of the much larger and presumed more stable EAIS re-
mains controversial. The timing of the transition of the EAIS from a polythermal dy-
namic condition to a predominantly cold stable state is critical to this argument. The 
eastern Wilkes Land margin receives sediment delivered through the Wilkes subgla-
cial basin (Fig. F4) where the EAIS is partly grounded below sea level and thus may 
have been more sensitive to climate changes in the late Neogene. The record of ice 
sheet fluctuations during the times that the EAIS is thought to be more stable (after 
15 Ma–Holocene) is critical for developing reliable models of ice sheet behavior, 
which may be the basis for future predictions of Antarctic ice sheet stability in re-
sponse to global climate change.
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4. Ultrahigh resolution Holocene record.

The nature, range, and rates of Holocene climate change remain critical research tar-
gets, as this information defines the background variability against which we assess 
anthropogenic change. Because atmospheric pCO2 levels vary by <8% during most of 
the Holocene, this interval also provides a means of assessing the influence of other 
climate change forcing factors (solar, ocean-atmosphere interaction, and volcanic). 
Holocene records are rare from the Antarctic, yet the phenomenon of polar amplifi-
cation combined with evidence for significant Holocene variability in the mid-lati-
tudes of the Southern Hemisphere (Gilli et al., 2005; Lamy et al., 2001; Theissen et al., 
2008; Baker et al., 2001; and many others) suggests the signal may be large. The ab-
sence of ice advance over the Antarctic continental shelf during the Holocene means 
that rapidly accumulating sediments are preserved, whereas the sediment records of 
previous interglacials have mostly been removed by glacial erosion. Site U1357 con-
tains nearly 200 m of laminated, presumably varved, Holocene diatomaceous sedi-
ments. If continuously (or nearly so) varved, it will be the first of its kind from the 
Antarctic margin. This will allow analysis of changes in wind regime, water tempera-
ture, and sea ice conditions at annual to decadal timescales and permit correlation to 
rapidly accumulating ice-core records from Antarctica’s coastal ice domes.

A continuous Holocene section from the Australian sector of the East Antarctic mar-
gin will also provide a comparison to existing Pacific Ocean records, such as those 
from the Palmer Deep (Antarctic Peninsula, ODP Leg 178) and Ross Sea. In particular, 
we note that modern East Antarctic margin climate is not strongly influenced by 
ENSO, as is the case for the Antarctic Peninsula (Domack et al., 1993, 2001, 2003, 
2005; Shevenell et al., 1996; Shevenell and Kennett, 2002; Leventer et al., 1996, 2002; 
Domack and Mayewski, 1999) and Ross Sea (Leventer and Dunbar, 1988; Leventer et 
al., 1993; Cunningham et al., 1999; Domack et al., 1999). Rather, this region responds 
to variability in the SAM, drainage from the EAIS, and the relative strength of the po-
lar easterlies. Variability in these signals over interannual to millennial timescales 
needs to be established if we are to understand how forcing factors such as solar vari-
ability, ocean-atmosphere interactions, orbital parameters and volcanic activity, in-
fluence climate and oceanographic processes in the Southern Ocean. Development of 
high-quality, high-resolution Holocene climate records from the East Antarctic mar-
gin is a necessary step toward understanding the circum-Antarctic response to climate 
forcing and addressing similarities, differences, and possible links to the global record 
(i.e., as in Domack and Mayewski, 1999). These data will help us evaluate the response 
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of the EAIS and margin to global warming. Scientific questions specific to the Adélie 
Drift drilling are

1. What was the response of the East Antarctic margin glacial system to global and 
regional Holocene climate fluctuations? Was the response similar to and/or syn-
chronous with marine records obtained from the Antarctic Peninsula and Ross 
Sea?

2. Was East Antarctica substantially influenced by solar cycle variability? Are the 
90, 200, and 400 y cycles of paleoproductivity and sea ice extent, as seen in the 
Palmer Deep, recorded here as well?

3. How do global climatic events such as the Little Ice Age, Holocene climatic opti-
mum, and Younger Dryas affect the East Antarctic margin? More broadly, does 
the paleoclimatic record from the East Antarctic margin demonstrate synchron-
icity with Northern Hemisphere records (see Domack and Mayewski, 1999) and, 
during deglaciation, with other parts of the Antarctic margin (Siegert et al., 
2008)?

4. With annual resolution through at least part of the Holocene, can we observe 
clear interannual variability in the sea ice extent and/or wind regime (an estab-
lished fact at the Palmer long-term ecological research location in the Antarctic 
Peninsula, where this is linked to ENSO) and what does this tell us about the re-
cent trend toward great sea ice extent in East Antarctica (Zhang, 2007; Turner et 
al., 2009)?

5. How is the SAM modulated through time?

If sufficient benthic signal carriers are present, we can address questions about Holo-
cene variability in Antarctic Bottom Water (ABW) production along the Wilkes Land 
margin (current estimates are that as much as 25% of all ABW may be generated in 
the nearby Mertz polynya) (Rintoul, 1998; Marsland et al., 2004; Williams et al., 
2008).

Additional objectives

Wilkes Land margin cores will help assess the main controls on sediment transport 
and deposition on ice-dominated continental shelves and rises in order to test present 
architectural models of glacial processes and facies for high-latitude margins. Efforts 
will be made to understand the controlling factors in continental rise deposition in 
order to make more informed interpretations about their significance in terms of Ant-
arctica’s glacial evolution. For example, how does ice sheet development and evolu-
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tion influence or control the development of the large mounded deposits (i.e., up to 
700 m relief) and large upper-fan channel-levee complexes (i.e., 900 m relief) on the 
continental rise? What factors produced the shift in depocenters landward causing a 
decrease in sediment supply to the continental rise deposits? In these mixed turbidite 
and contourite systems, how we can differentiate the gravity flow depositional signal 
of glacial advances and retreats from the paleoceanographic signal represented in the 
bottom contour-current deposits?

Site summaries

Site U1355

The primary objective at Site U1355 (proposed Site WLRIS-06A) was to core across Un-
conformity WL-U3 to obtain the timing and nature of the first arrival of the ice sheet 
to the Wilkes Land Continental Margin in a distal setting. Site U1355 is at the transi-
tion between the continental rise and the abyssal plain in a water depth of 3729 mbsl 
(Fig. F14).

MCS reflection profiles crossing Site U1355 (Fig. F15) image three of the Wilkes Land 
margin regional unconformities (WL-U3, WL-U4, and WL-U5). Unconformity WL-U3 
is observed at ~782 mbsf (5.95 ms two-way traveltime [TWT]) and was interpreted to 
separate preglacial strata below from glacial strata above. Thus, coring across Uncon-
formity WL-U3 was intended to document the first arrival of the ice sheet to the Wil-
kes Land Continental Margin. This “onset” of glaciation is presently inferred to have 
occurred during the earliest Oligocene.

Site U1355 was also designed to provide a distal record of Oligocene–Pliocene (?) gla-
cial–interglacial (i.e., colder versus warmer) and ice sheet variability. Regional Uncon-
formity WL-U5 is imaged in the seismic data at ~709 mbsf (5.6 s TWT) (Fig. F15). 
Unconformity WL-U5 represents a major shift in continental rise sedimentation with 
the onset of thick levee deposits above the unconformity. Coring across Unconfor-
mity WL-U5 aimed to document the timing, nature, and cause of this shift in sedi-
mentation.

Guided by the regional seismic interpretations, Site U1355 is where the uppermost 
sedimentary section is relatively thin, or has been eroded, so that Unconformity WL-
U3 could be reached at a shallower depth in contrast to other locations offshore the 
Wilkes Land margin.
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Based on the seismic facies at Site U1355, the lithologies expected were fine-grained 
distal turbidites, contourites, and hemipelagites (Escutia et al., 1997, 2000, 2002; De 
Santis et al., 2003; Donda et al., 2003). This interpretation was supported by the sed-
iments recovered from Site 269 (Hayes, Frakes, et al., 1975) located on the abyssal 
plain ~280 km seaward from Site U1355.

Four cores from one hole were obtained at Site U1355. Cores 318-U1355A-1R through 
4R penetrated from 0 to 31.7 mbsf and recovered 14.95 m (47%). The stratigraphic 
integrity of most of the core was highly compromised by drilling disturbance. The 
sediments are composed of angular igneous and metamorphic fragments. These frag-
ments are unconsolidated, clast-supported, moderately to well-sorted sandy granule–
pebble conglomerates grading upward into well-sorted, fine, crudely stratified sands. 
One 3 cm thick interbed of dark greenish gray diatom-bearing silty clay was preserved 
between two upward-fining units. The mechanism for the formation of the upward-
fining beds is through gravity flow, most likely a high-density turbidity current.

Samples from Hole U1355A were analyzed for siliceous microfossils, foraminifers, and 
palynomorphs. Core catcher samples from Cores 318-U1355A-1R through 4R and ad-
ditional samples from clay-rich clasts within the cores were analyzed for diatoms. The 
core material yielded an abundant Antarctic flora dominated by Fragilariopsis kerguel-
ensis and Thalassiosira lentiginosa. The association of these typical Pleistocene–Holo-
cene Antarctic diatoms along with common Actinocyclus ingens and Actinocyclus ingens
var. ovalis indicates an age no older than late Pleistocene. Reworking from Miocene 
and Eocene material was recorded. A sample from the top of the hole yielded a rich 
and diverse modern (Holocene) Antarctic diatom assemblage. Radiolarians typical of 
late Pleistocene–Holocene Antarctic waters were also found in the core catchers and 
seafloor samples with an overall low abundance. The seafloor sample yielded a low 
diversity planktonic foraminifer assemblage dominated by Neogloboquadrina pachy-
derma, indicating an age <9.2 Ma. Palynomorphs were recorded in the seafloor sample 
and Samples 318-U1355A-1R-CC and 4R-CC. Notable finds included Holocene or-
ganic-walled dinoflagellate cysts (dinocysts), foraminifer linings, copepod eggs, re-
worked late Eocene dinocysts, and reworked Paleogene and/or Cretaceous spores and 
pollen.

The physical property program for Hole U1355A cores included nondestructive mea-
surements of gamma ray attenuation (GRA) densitometer bulk density, magnetic sus-
ceptibility, natural gamma ray (NGR) emission, and P-wave velocity on whole-round 
core sections. Whole-round and section-half core logging measurements are signifi-
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cantly affected by poor core quality, and the data are therefore compromised. Mag-
netic susceptibility values are relatively high, reflecting the lithologic composition of
the individual clasts in the gravels and sands. The silty diatom-bearing clay clasts are
characterized by pronounced lower magnetic susceptibility, bulk density, and sonic
velocity values but higher NGR counts. P-wave velocities increase from 1800 m/s at
the seafloor to >1920 m/s at the base of Core 318-U1355A-2R.

In summary, operations at Site U1355 revealed that the nature of the seafloor was not
the expected fine-grained sediments. After failing to core into the seafloor with the
advanced piston corer (APC), the rotary core barrel (RCB) system was tried (see “Op-
erations”) and yielded 31.7 m of Pleistocene–Holocene unconsolidated coarse gravels
and sands. The nature of the sediment prevented any further advance. We decided to
abandon Hole U1355A and move to Site U1356, where we could achieve the same sci-
entific objectives.

Site U1356

Site U1356 (proposed Site WLRIS-07A) is at the transition between the continental
rise and the abyssal plain at 4003 mbsl (Fig. F16). The main objective at Site U1356
was to core across regional Unconformity WL-U3 to obtain the timing and nature of
the first arrival of the ice sheet to the Wilkes Land Continental Margin in a distal set-
ting.

Similar to Site U1355, three regional unconformities reported from the Wilkes Land
margin (Unconformities WL-U3, WL-U4, and WL-U5) are imaged at Site U1356 (Fig.
F17). Unconformity WL-U3, interpreted to separate preglacial strata below from gla-
cial strata above and presently inferred to have formed during the earliest Oligocene,
occurs at ~867 mbsf (6.33 s TWT). Unconformities WL-U4 and WL-U5 are imaged at
~708 and 534 mbsf (6.15 and 5.95 s TWT), respectively, based on assumed velocities
(Fig. F17). Coring across Unconformities WL-U4 and WL-U5 was to provide a distal
early Oligocene–(?)Pliocene record of glacial–interglacial (i.e., colder versus warmer)
and ice sheet and sea ice variability. MCS reflection profiles crossing Site U1356
showed the site was to penetrate a thick sequence of stacked levee deposits developed
between two deep-sea channels and above Unconformity WL-U4 (Fig. F17). Based on
their geometry and seismic facies associations, these levee deposits are interpreted to
form when high volumes of sediment were delivered to the continental shelf edge by
a wet-based EAIS (Escutia et al., 2000). Reworking of turbidite deposits by bottom wa-
ter currents was also suspected based on the presence of wavy reflectors (Escutia et al.,
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2000, 2002; Donda et al., 2003). Drilling at Site U1356 was thus to examine the earlier 
stages of development of large sediment levees denoted by Unconformity WL-U5 in 
addition to the drivers for this change. Below the levee deposits and closely coincid-
ing with Unconformity WL-U4, strata are characterized by horizontal and continuous 
reflectors of varied amplitude, which are interpreted to represent hemipelagic and dis-
tal turbidite and contourite sedimentation based on comparisons with sediments re-
covered at Site 269 (Hayes, Frakes, et al., 1975).

Hole U1356A was cored to 1006.4 mbsf. The dominant lithofacies are moderately to 
strongly bioturbated claystone and calcareous claystone with a Zoophycos or Nereites
ichnofacies. Subordinate lithofacies include laminated silty claystones, diamictites, 
mudstones and sandstones with dispersed to common clasts, and graded or cross-
laminated siltstones and sandstones. These facies associations are interpreted to result 
from hemipelagic sedimentation with variable bottom current and gravity flow influ-
ence. Wavy submilimeter-thick black concretions observed below ~373 mbsf are in-
terpreted as a form of silica diagenesis. Carbonate-cemented sandstones and 
conglomerates are also present below this depth.

The sedimentary section is divided into 11 lithostratigraphic units. 

• Units I and II (0–278.4 mbsf) are composed of diatom oozes and diatom-rich silty 
clays with dispersed gravel indicating hemipelagic sedimentation with ice rafting.

• Units III (278.40–459.4 mbsf), V (593.8–694.4 mbsf), and VII (723.5–782.7 mbsf) 
are characterized as repetitively interbedded light greenish gray bioturbated clay-
stones and brown laminated claystones with cross-laminated siltstone and sand-
stone interbeds. These units are interpreted to indicate cyclical changes in bottom 
oxygenation, current strength, and fine-grained terrigenous sediment supply. 
Gravel-sized clasts are rare in these units, and only minimal evidence for ice rafting 
from rare dispersed sand grains is present. 

• Units IV (459.4–593.8 mbsf) and VI (694.4–723.5 mbsf) are characterized by exten-
sive interbeds of contorted diamictites and other gravel-bearing lithologies, indi-
cating a strong gravity flow influence.

• Units VIII (782.7–879.7 mbsf) and IX (879.7–895.5 mbsf) are composed of mud-
stones with extensive contorted and convolute bedding.

• Unit X (895.5–948.8 mbsf) is composed of crudely stratified and graded sandstones. 
These units are affected by several types of mass transport, including submarine 
slides and slumps.
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• Unit XI (948.8–1006.4 mbsf) is characterized by bioturbated claystones with subor-
dinate stratified siltstone and sandstone, indicating hemipelagic sedimentation 
with minor bottom current and gravity flow influence.

Units IX, X, and XI (below ~880 mbsf) have a clay mineral assemblage dominated by 
smectite and kaolinite, indicating chemical weathering under relatively warm and 
humid conditions. This clay mineral assemblage is distinctly different from that of 
the overlying units (above ~880 mbsf), where the dominant clay minerals are illite 
and chlorite, indicative of physical weathering in a glacially influenced environment.

Siliceous microfossils (diatoms and radiolarians), calcareous nannofossils, and or-
ganic-walled dinoflagellates (dinocysts) are the primary source of microfossil-based 
age control for Hole U1356A. The different microfossil groups resolve the stratigraphy 
nearly exclusive of one another by depth. Diatoms provide a high-resolution stratig-
raphy for the uppermost lower Miocene to the lowermost Pliocene drape (the upper 
387 mbsf). Calcareous nannofossils and, to a lesser extent, dinocysts resolve the lower 
Miocene and Oligocene interval between ~434.5 and ~875.12 mbsf). Dinocysts pro-
vide the only microfossil age control for the lowermost Oligocene and the Eocene 
(~895.5 and ~995.32 mbsf). Radiolarians and planktonic foraminifers provide second-
ary age control, which is in agreement with the other fossil groups.

Diatoms and radiolarians suggest that the Pleistocene and all but the lowermost Plio-
cene (i.e., 0 to ~4.2 Ma) are missing from Hole U1356A and that at least two other 
major hiatuses are centered around 4.6 and 28.38 mbsf. This indicates that much of 
the upper upper Miocene is also missing. A break in sedimentation in the lower Mio-
cene is suggested by foraminifers and nannofossils. The duration of this hiatus is at 
present uncertain because of major reworking (foraminifers and pyritized siliceous 
microfossils) and scant biostratigraphic data through this interval, but available evi-
dence constrains this hiatus to the earliest Miocene. A relatively thick (~375 m) Oli-
gocene sequence is constrained by magnetostratigraphy and partially by dinocyst and 
provisional nannofossil data. The lowermost Oligocene, the upper Eocene, and most 
of the middle Eocene are missing in a long hiatus from 47.9 to 33.6 Ma based on di-
nocyst evidence. The oldest break in sedimentation occurs in lower Eocene strata be-
tween Sample 318-U1356A-100R-CC and 101R-CC (939.86–951.87 mbsf). Dinocyst 
stratigraphy indicates this hiatus spans from 52.2 to 50.8 Ma.

Three intervals with continuous enough recovery and sufficient biostratigraphic data 
establish a correlation to the geomagnetic polarity timescale (GPTS). Cores 318-
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U1356A-14R through 51R appear to correlate to polarity Chrons C5AAn to C5Cn.3n. 
A mid-Miocene hiatus could be placed just above Core 318-U1356A-46R because the 
polarity stratigraphy from Cores 318-U1356A-46R through 51R does not have a 
straightforward fit to Chrons 5Dn and below. Cores 318-U1356A-68R through 92R 
correlate to polarity Chrons C7An–C12R. The lowermost normal polarity interval in 
Core 318-U1356A-105R and the top part of 106R corresponds to Chron C24n.3n 
based on biostratigraphic evidence. Core 318-U1356A-104R is dominantly reversed 
polarity with a short normal polarity interval correlating to Chron C24n.2n, also 
based on biostratigraphic data. The top of Core 318-U1356A-104R and all of 103R re-
cord Chron C24n.1n. Whereas Core 318-U1356A-102R has reversed polarity and fits 
within Chron C23r, Core 318-U1356A-101R could record the base of Chron 23n.2n. 
The correlation of Cores 318-U1356A-100R and 99R is not straightforward because 
they mostly have reversed polarity, whereas Chron C23n.2n is of normal polarity. 
Since the transition recorded in Core 318-U1356A-101R and correlation to Chron 
C23n.2n fits with a constant sediment accumulation–rate model extrapolating up-
ward from the Chron C24n tie points, the hiatus is most likely positioned between 
Cores 318-U1356A-101R and 100R. The smallest gap would place the transition re-
corded in Core 318-U1356A-99R at the base of Chron C22n with Core 318-U1356A-
100R being Chron C22r in age. This magnetostratigraphic interpretation matches the 
dinocyst stratigraphy.

Carbonate contents for most of the section are below 2 wt%, and levels of organic car-
bon, sulfur, and nitrogen are below detection limits. Major and trace elements (SiO2, 
Al2O3, TiO2, K2O, Na2O, MgO, Fe2O3, P2O5, Sr, Ba, Sc, Co, and V) show pronounced 
downcore variations, which can be summarized in three geochemical intervals: (1) an 
upper interval from 0 to 878 mbsf where all elements show minor fluctuations, re-
flecting elemental association with biogenic and physically weathered terrigenous 
phases; (2) a transitional interval from 878 to 920 mbsf where all elemental concen-
trations show significant changes in their absolute values; and (3) a lower interval 
from 920 to 1000 mbsf where most elements show characteristics of highly weathered 
terrigenous material.

Physical properties generally change at the identified lithostratigraphic boundaries at 
Site U1356. Velocity, density, and porosity data clearly reflect the positions of features 
such as Unconformities WL-U5 and WL-U3. The grain density increases from ~2.6 g/
cm3 at the seafloor to ~2.8 g/cm3 at 1000 mbsf. Magnetic susceptibility data exhibit 
rhythmic changes, which are especially visible in the cores with improved recovery 
starting at Core 318-U1356A-47R and more so from Core 318-1356A-68R downward.
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Site U1357

The primary objective at Site U1357 (proposed Site ADEL-01B) was to recover a con-
tinuous ~200 m Holocene sedimentary section from the Adélie Basin located on the 
Antarctic continental shelf off the Wilkes Land margin. The Adélie Basin is a 1000 m 
deep glacially scoured trough separated from the Adélie Depression (70 km eastward) 
by the 200 m deep Adélie Bank (Figs. F10, F11). Previous piston and kasten coring of 
the upper sediment column shows that sediments in the Adélie Basin are deposited 
as annual to near-annual layers averaging 2 cm in thickness. The thickness of the Ho-
locene sedimentary section above the last glacial diamict (190 m; Fig. F12) is consis-
tent with this high rate of sedimentation being maintained for the past 10,000 y.

The ultrahigh resolution Adélie Basin Holocene section will be used to produce the 
first annually resolved time series of oceanographic and climatic variability derived 
from a Southern Ocean marine sediment core. These data can be directly compared 
to annual ice-core records from Antarctica’s coastal ice domes as well as other ma-
rine sediment cores from the Antarctic Peninsula and other parts of the East Ant-
arctic margin. The site is sensitive to drainage winds from Antarctica as well as the 
polar easterly winds, sea ice extent, the SAM, and the position of the southern 
boundary of the Antarctic Polar Frontal Zone in the Indian and Pacific oceans. Lit-
tle is known about past variability in these systems from marine records, and none 
have annual or near-annual resolution. The Adélie Basin site lies directly down-
wind and downcurrent from the Mertz Glacier polynya (Massom et al., 2001, 
2003) and therefore collects biogenic materials produced in one of Antarctica’s 
major coastal polynyas. The Mertz Glacier polynya and underlying Adélie Depres-
sion may produce as much as 25% of all ABW (Rintoul, 1998; Marsland et al., 
2004; Williams et al., 2008). Given the known presence of benthic foraminifers in 
the Adélie Basin and the substantial bottom water temperature anomaly associ-
ated with local high-salinity shelf water, Site U1357 has the potential to yield in-
formation on ABW production through time. Understanding Holocene climate 
variability at this East Antarctic site will aid in determining the range and charac-
teristics of natural climate variability during a period of relatively constant atmo-
spheric carbon dioxide levels. This record will also aid in the assessment of 
different forcing factors (solar, ocean-atmosphere interaction, and volcanic) re-
sponsible for climate change over the past 10,000 y.

Sediments accumulate in the 1000 m deep Adélie Basin (Figs. F10, F11) as a thick 
drape overlying a high-amplitude reflector with no underlying penetration (Fig. F12). 
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The strong reflector is interpreted as a glacial diamict from the Last Glacial Maximum. 
The EAIS expanded to the shelf edge during the Last Glacial Maximum (Domack, 
1982; Barnes, 1987; Eittreim et al., 1995), and the Adélie Basin was filled with ice. Ice 
lift-off and southward retreat from other deep shelf basins of East Antarctica occurred 
between 10,000 and 11,000 y ago (Siegert et al., 2008; Leventer et al., 2006). This is 
the expected age range of the lowermost sediments recovered from Site U1357. The 
seismic line shows 190 m of continuous, horizontal, parallel reflectors at the site, con-
sistent with a drape of Holocene sediment undisturbed by sea level change or glacial 
erosion.

Three holes were cored at Site U1357. In Hole U1357A, Cores 318-U1357A-1H 
through 21X penetrated to 186.6 mbsf, recovered 183.87 m of diatomaceous ooze, 
and penetrated the underlying last glacial diamict. After offsetting the ship 50 m east 
of Hole U1357A, we cored Hole U1357B. Cores 318-U1357B-1H through 19H pene-
trated to 170.7 mbsf and recovered 172.44 m (101%) of sediment. Hole U1357C, off-
set 25 m west of Hole U1357A, produced Cores 318-U1357C-1H through 11H, 
penetrated to 103.8 mbsf, and recovered 110.7 m (107%) of sediment. Cores from 
Hole U1357A were split and described during the expedition. Cores from Holes 
U1357B and U1357C were preserved as whole-round sections for postcruise splitting, 
describing, and sampling. All cores from this site contained sediments that vigorously 
degassed methane and hydrogen sulfide upon decompression to 1 atmosphere. Gas 
pressure caused expansion of the sediment section, which resulted in the loss of some 
sediment from core breaks as well as section breaks, particularly above 40 mbsf. This 
was minimized by drilling small holes in the core liners at regular intervals.

The sediments from Site U1357A consist of three lithologic units. The uppermost 
Unit I is 170 m of laminated Holocene diatom ooze. Unit I overlies a 15 m transitional 
unit of sand and silt-bearing diatom ooze (Unit II), which in turn sits on a hard, car-
bonate-cemented, and poorly sorted gravelly siltstone (Unit III, a diamict). Units I 
and II exhibit regular laminations defined by color (alternating dark olive brown to 
light greenish brown layers) and textural variability. Individual laminae range in 
thickness from 1 to 3 cm and extend throughout the entire 186 m thick section lying 
on top of the diamict.

Based on analysis of multiple samples from core breaks and section breaks, Site U1357 
sediments contain a well-preserved Holocene Southern Ocean diatom flora with vary-
ing contributions from cool open-ocean and sea ice–associated taxa (Armand et al., 
2005; Crosta et al., 2005). Radiolarians, silicoflagellates, and sponge spicules are com-
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mon and well preserved. Organic-walled dinoflagellate cysts are present as well as mo-
tile stages, abundant tintinnid loricae, and copepod remains.

Light and dark laminae were sampled throughout the Holocene section. Based on 
trends in diatom assemblage succession within paired laminae as well as previous 
work from the Adélie Basin region (Denis et al., 2006) and other laminated diatom 
sections from the east Antarctic margin (e.g., Stickley et al., 2005; Maddison et al., 
2006), each light–dark laminae couplet is provisionally interpreted as a single season 
of biogenic production and accumulation. It is assumed that diatomaceous sediments 
begin to accumulate during spring sea ice retreat following the development of early 
season phytoplankton blooms in the Mertz Glacier polynya. Blooms persist through 
summer open-water conditions and conclude with the autumn regrowth of sea ice 
and destabilization of the water column. The unusually high accumulation rates (av-
eraging 2 cm/y) are likely the result of syndepositional focusing processes that sweep 
biogenic debris from the shallow Adélie and Mertz banks into the deep shelf troughs 
of the Adélie Basin and Adélie Depression.

A low-diversity assemblage of calcareous planktonic (Neogloboquadrina pachyderma
and Globigerina bulliodes) and benthic foraminifers (Globocassidulina subglobosa and 
Triloculina frigida) occurs in Site U1357 Holocene sediments. Planktonic foraminifers 
were observed throughout the sedimentary section, and benthic foraminifers were 
observed in several core-break samples that were sieved. The occurrence of well-pre-
served calcareous foraminifers is unusual in Antarctic shelf basins, as shelf bottom wa-
ters are highly undersaturated with respect to calcite. High sedimentation rates likely 
contribute to foraminifer preservation in the Adélie Basin sediments.

In addition to abundant diatoms and foraminifers, sediments in Hole U1357A con-
tain large quantities of fish debris, including at least 44 layers of concentrated fish ver-
tebrae. With abundant phosphatic, calcareous, opaline, and organic biogenic 
detritus, Site U1357 sediments offer an unusually diverse array of assemblage-based 
and geochemical environmental tracers for shore-based studies.

Site U1357 sediments posed a significant challenge for the analysis of physical prop-
erties. The sediments are so diatomaceous that they exhibit extremely low to negative 
magnetic susceptibility. Whole-round core analysis of all three holes using a Barting-
ton loop sensor and split-core analysis using a point source magnetic susceptibility 
sensor in Hole U1357A did not yield useful data for hole to hole correlation. The pro-
duction of millimeter-scale pockmarks from degassing of methane and hydrogen sul-
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fide throughout the sediment column makes bulk density determination difficult 
using discrete sample analysis (moisture and density) or with the GRA densitometer. 
NGR levels are minimal because of the low concentration of terrigenous material in 
lithostratigraphic Unit I. Nevertheless, with sufficient background count correction 
NGR track scans yielded useful data for the correlation of cores from Holes U1357B 
and U1357C and a portion of cores from Hole U1357A.

Additional information for attempting hole to hole correlation was provided by mag-
netic susceptibility determination of >1800 discrete samples that had been taken 
from Hole U1357A at 10 cm intervals for postcruise foraminifer analysis. Each dried 
sample was weighed and analyzed with the Kappabridge KLY magnetic susceptibility 
detector. The Kappabridge has roughly 2 orders of magnitude greater sensitivity than 
the whole-core loop or split-core point source sensors. The resulting data set suggests 
that magnetic susceptibility measurements of discrete samples might be of use in de-
veloping a robust hole to hole correlation.

Site U1357A is located close to the south magnetic pole, and we observed the ex-
pected high inclinations in the paleomagnetic signature of split-core sections. After 
processing and matching paleomagnetic declinations across core breaks, Hole 
U1357A yielded a paleomagnetic secular variability profile that appears to match a 
geomagnetic secular variation model spanning the last 7000 y (CALS7k.2 of Korte and 
Constable, 2005) for 66°S, 144°E. The age-depth relationship predicted by application 
of this model to the secular variation signal obtained from Hole U1357A is consistent 
with that expected for this site based on radiocarbon dating of the upper 50 m of the 
sediment column (Costa et al., 2007) and the overall sediment sequence thickness.

Geochemical analysis of 96 sediment samples from Hole U1357A yielded CaCO3 con-
tents ranging from 1 to 3 wt% for most of the hole, with one distinct carbonate-rich 
layer (CaCO3 > 9 wt%) at 126.34 mbsf. Organic C content is uniformly high (for Ant-
arctic shelf sediments), between 1 and 2 wt%. C/N ratios between 7 and 12 are con-
sistent with relatively well preserved and labile marine organic matter. SiO2

concentrations are high (76–91 wt%) and are accompanied by low concentrations of 
TiO2 (<0.3 wt%) and Al2O3 (<5.6 wt%), as expected for a nearly pure diatom ooze with 
little terrigenous input. The authigenic phosphate mineral struvite 
(NH4MgPO4·6H2O), which forms through bacterial biomineralization in anoxic sedi-
ments in the presence of ammonium, was observed at several depths.
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Headspace methane concentrations varied by more than an order of magnitude 
downcore, increasing from 5,000 to 43,000 ppm from 0 to 20 mbsf and then declin-
ing to highly variable concentrations at greater depths, mostly between 5,000 and 
18,000 ppm. Significant concentrations of H2S were detected as well, consistent with 
anoxic diagenesis of organic-rich sediments. An extensive microbiology program, fo-
cusing on phospholipid analyses and molecular 16S ribosomal ribonucleic acid 
(rRNA) sequencing, was completed in the upper 20 m of Hole U1357C. Pore water 
samples collected from adjacent whole-round core samples show no detectable SO4

=

except in core top samples suspected of contamination with seawater. Ammonium in-
creases almost linearly from near-surface values of 900 to 4500 µM at 18 mbsf. Total 
dissolved inorganic carbon and alkalinity increase to 18 mbsf as well, to values of 79.6 
and 88 mM, respectively, whereas pH drops to 7.5 at 20 mbsf. These profiles are con-
sistent with bacterially mediated diagenesis within anoxic pore waters. Methane is de-
rived from CO2 reduction following the removal of SO4

=. Pore waters were not 
analyzed deeper than 20 mbsf in the core, but samples for 16S rRNA sequencing were 
taken from core ends to the maximum depth of penetration in Hole U1357C (103.8 
mbsf).

Site U1358

Site U1358 (proposed Site WLSHE-08A) is on the continental shelf off the Adélie 
Coast (Fig. F18) at 499 mbsl. The main objective at Site U1358 was to core across re-
gional Unconformity WL-U8. This unconformity marks a distinct change in the ge-
ometry of the progradational wedge from low-dipping strata below to steeply dipping 
foresets above (Eittreim et al., 1995; Escutia et al., 1997; De Santis et al., 2003) (Fig. 
F19). This is inferred to represent a significant change from intermittent glaciers to 
persistent oscillating ice sheets, either during the late Miocene (Escutia et al., 2005; 
Cooper et al., 2008) or during the late Pliocene (~3 Ma) (Rebesco et al., 2006). The 
steep foresets above Unconformity WL-U8 are thought to likely consist of ice proxi-
mal (i.e., till, diamictite, and debris flows) and open-water sediments deposited as 
grounded ice sheets extended intermittently onto the outer shelf, similar to sedi-
ments recovered at ODP Site 1167 on the Prydz Bay Trough fan (O’Brien, Cooper, 
Richter, et al., 2001; Passchier et al., 2003).

Site U1358 lies at the westernmost edge of the Mertz Bank (Fig. F18) and receives 
drainage from the EAIS through the Wilkes subglacial basin (Fig. F4). At Site U1358, 
Unconformity WL-U8 occurs at ~165 mbsf (0.84 s TWT) (Fig. F19). MCS reflection 
profiles crossing Site U1358 show gently dipping strata on the shelf that are truncated 
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near the seafloor (Fig. F19). This provided a unique opportunity to sample across the 
unconformity by drilling at very shallow penetration. The record from Site U1358 will 
also complement the more distal (i.e., glacial–interglacial cycles) record from Site 
U1359, located on the continental rise.

We drilled two short holes at Site U1358 in a water depth of 499 mbsl. Unfortunately, 
we were only able to penetrate to 35.6 mbsf before the drill collars failed and we had 
to abandon the hole.

Hole U1358A was drilled to a total depth of 2.0 m and Hole U1358B was drilled to a 
total depth of 35.6 mbsf, both using the RCB system. The upper 8.2 m is unconsoli-
dated and moderately to strongly disturbed by drilling. Below 8.2 mbsf, the sediments 
are consolidated and only slightly disturbed by drilling. Holes U1358A and U1358B 
penetrated diamictons and diamictites and are placed within a single lithostrati-
graphic unit. The diamictons in the upper 8.2 mbsf were probably deposited from 
floating ice. The diamictites below 8.2 mbsf were either deposited from floating ice, 
where crudely stratified and laminated, or subglacially with possible remobilization 
by glacigenic debris flow.

Sediments in Holes U1358A and U1358B contain siliceous and organic microfossils. 
Diatom biostratigraphy provides tentative stratigraphic control throughout the sec-
tion. Pliocene strata (9.32–28.62 mbsf) are overlain by uppermost Pleistocene to Ho-
locene strata. Dinocysts and radiolarians were encountered in trace amounts only and 
provide no further age constraints. Foraminifers were not encountered in holes 
drilled at Site U1358. Diatom assemblages suggest a high-nutrient, open-water envi-
ronmental setting, similar to that of the modern-day Southern Ocean north of the 
winter sea ice extent. Palynological associations are a mix of reworked and in situ pa-
lynomorphs. In situ protoperidinioid dinocysts confirm a nutrient-rich environment. 
High abundances of reworked Mesozoic/Paleozoic microfossils indicate a significant 
input of eroded sediments.

Whole-core magnetic susceptibility was measured at 2.5 cm intervals (2 s measure-
ment time). The raw data values range from 3 to 2834 instrument units (IU). However, 
the majority of measurements vary between 200 and 400 IU, with some peaks in Core 
318-U1358B-4R representing gravel clasts. Variations in GRA density reflect variations 
in the composition of the Pliocene–Pleistocene diamictite that varies between clast-
rich muddy and clast-rich sandy lithologies.
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Site U1359

Site U1359 (proposed Site WLRIS-04A) is located on the continental rise at 4003 mbsl 
(Fig. F20). The main objective at Site U1359 was to obtain an expanded record for the 
late Neogene to Quaternary to provide a history of climate and paleoceanographic 
variability and to test the stability of the EAIS during the middle Miocene to Pleisto-
cene extreme warm periods (e.g., Miocene climate optimum, early Pliocene, and Pleis-
tocene marine isotope Stages [MIS] 31 and 11). This record was to also provide the 
timing and nature of deposition of the upper seismic units (i.e., above Unconformity 
WL-U6) defined on the Wilkes Land margin (De Santis et al., 2003; Donda et al., 2003) 
(Fig. F21). These units include a shift in sedimentary depocenters from the continen-
tal rise to the outer shelf, possibly corresponding to the transition from a dynamic 
wet-based EAIS to a more persistent cold-based EAIS (Escutia et al., 2002; De Santis et 
al., 2003) and inferred to occur during the late Miocene–Pliocene (Escutia et al., 2005; 
Rebesco et al., 2006). At Site U1359, Unconformities WL-U6, WL-U7, and WL-U8 lie 
at approximately 4.61, 4.44, and 4.23 s TWT, respectively (approximately 520, 323, 
and 126 mbsf, respectively) (Fig. F21).

Site U1359 is on the eastern levee of the Jussieau submarine channel (Figs. F20, F21). 
The Jussieau channel is one of the intricate networks of slope canyons that develop 
downslope into channels and coalescing deep-sea fans (Escutia et al., 2000). Site 
U1359 is located in an upper fan environment where the levee relief (measured from 
the channel thalweg to the top of the levee) is ~400 m (Fig. F21). MCS profiles across 
the site show that widespread channels with high-relief levees occur on the Wilkes 
Land margin above Unconformity WL-U5 (Escutia et al., 1997, 2000; Donda et al., 
2003) (Fig. F21). The fine-grained components of the turbidity flows traveling 
through the channel and hemipelagic drape are inferred to be the dominant sedimen-
tary processes building these large sedimentary levees (Escutia et al., 1997, 2000; 
Donda et al., 2003). Bottom currents can further influence sedimentation in this set-
ting (Escutia et al., 2002; Donda et al., 2003). Similar depositional systems were drilled 
during Leg 178 in the Antarctic Peninsula (Barker, Camerlenghi, Acton, et al., 1999) 
and Leg 188 in Prydz Bay (O’Brien, Cooper, Richter, et al., 2001).

At Site U1359, Holes U1359A–U1359D were drilled to total depths of 193.50, 252.00, 
168.70, and 602.2 mbsf, respectively. In Holes U1359A and U1359B, the APC system 
was used to refusal, followed by extended core barrel (XCB) drilling. Only the APC 
system was used in Hole U1359C. Hole U1359D was drilled using the RCB system and 
core was only recovered below 152.2 mbsf. Silty clay with dispersed clasts is the dom-
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inant lithology observed throughout all holes at Site U1359. There are noticeable vari-
ations in the amount of biogenic components, bioturbation, and sedimentary 
structures, in particular the presence or absence of packages of silt–fine sand laminae 
and large variations in diatom abundance. Five distinct lithofacies are identified 
based on variations in the style of laminae, bioturbation, or the relative abundance 
of the biogenic component. Three lithostratigraphic units are defined on the basis of 
observed changes in facies associations. Lithostratigraphic Unit I (0–43.5 mbsf) con-
sists of decimeter-scale alternations of yellow-brown and olive-gray diatom-rich silty 
clays with dispersed clasts with occasional foraminifer-bearing clayey silt and sandy 
silt. Unit II (43.5–247.1 mbsf) consists of bioturbated diatom-bearing silty clays inter-
bedded with olive-gray diatom-bearing silty clays, which are mostly massive but con-
tain decimeter-scale packages of olive-brown silty clay with silt laminae. Unit III 
extends from 247.1 mbsf to the bottom of the cored section at 596.32 mbsf and con-
sists of bioturbated diatom-bearing silty clays interbedded with laminated silty clays. 
The laminated silty clays contain more subtle, but persistent, submilimeter- to milli-
meter-scale laminae compared to Unit II. Clasts >2 mm in size occur throughout all 
lithostratigraphic units and are mostly dispersed in nature (i.e., trace to 1% in abun-
dance).

The sedimentology of Units I and II is consistent with levee deposition by low-density 
turbidity currents, whereas the facies associations in Unit III probably represent depo-
sition in an environment influenced by periodic variations in contour current 
strength or saline density flows related to bottom water production, with turbidity 
currents having less influence than the overlying units. The regular nature of the in-
terbedding (i.e., beds 2–5 m thick) of the laminated and bioturbated facies within all 
three lithostratigraphic units suggests that the sedimentary record recovered from 
Site U1359 is cyclic in nature. The diatom-bearing and diatom-rich silty clays (Facies 
1 and 2) were probably deposited by hemipelagic sedimentation in a higher produc-
tivity environment relative to the other facies. The clays and silty clays (Facies 3–5) 
indicate high terrigenous sedimentation rates and/or lower biogenic productivity, 
perhaps related to the duration of seasonal sea ice cover regulating light availability 
in surface water or wind-regulated control of the mixed layer depth, which in turn 
controls productivity. The opposite scenario may apply tor the diatom-bearing to dia-
tom-rich silty clay facies (Facies 1 and 2). An increase in terrigenous input may result 
from ice advance across the shelf or increase in sedimentation from bottom currents. 
The passage of cold saline density flows related to bottom water production at the 
Wilkes Land margin (e.g., high-salinity shelf water flowing from the shelf into the 
deep ocean to form ABW) should also be considered as a potentially important sedi-
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ment transport mechanism. The deposition model for recovered sediments at Site 
U1359 may represent a continuum of all three processes, in addition to pelagic and 
ice-rafted components, as indicated by the presence of diatom remains and dispersed 
clasts throughout.

Combined micropaleontology assigns the recovered successions at Site U1359 to the 
upper middle Miocene to upper Pleistocene. Integrated diatom, radiolarian, foramin-
ifer, and magnetostratigraphic data highlight a late Pliocene to early Pleistocene hia-
tus (~2.5–1.5 Ma) and a lower to mid-upper Miocene condensed interval 
(representing ~9.8–7 Ma).

Miocene diatom assemblages mainly include open-water taxa. In addition, a notable 
increase in the abundance of stephanopyxid specimens may be interpreted as either 
an indication of shallowing water depths or an increase in reworking of shallower wa-
ter sediments. The lack of planktonic and benthic foraminifers suggests that late mid-
dle Miocene bottom waters were corrosive to calcareous foraminifers except for brief 
periods (e.g., ~10 Ma, represented when calcareous benthic foraminifers were pre-
served). Also during the Pliocene, open-water taxa and variable abundances of ben-
thic, neritic, and sea ice–associated taxa dominated diatom assemblages. The dinocyst 
assemblages predominantly comprise heterotrophic taxa, indicating that the biosili-
ceous-rich sediments were deposited in a high-productivity and sea ice–influenced 
setting. High abundances of sporomorphs reworked from Paleogene, Mesozoic, and 
Paleozoic strata suggest strong erosion in the hinterland. The general lack of plank-
tonic and calcareous benthic foraminifers suggests that Pliocene bottom waters were 
corrosive to the thin-shelled tests of planktonic foraminifers. Diatom and radiolarian 
Pleistocene assemblages at Site U1359 are dominated by typical Neogene Southern 
Ocean open-water taxa with variable abundances of benthic, neritic, and sea ice–as-
sociated diatom taxa. This indicates a pelagic, well-ventilated, nutrient-rich, sea ice–
influenced setting, corroborated by the presence of heterotrophic-dominated dino-
cyst assemblages. The preservation of planktonic foraminifers in the Pleistocene indi-
cates that bottom waters were favorable to the preservation of calcium carbonate. 
Further, pervasive reworked sporomorphs of Paleogene, Mesozoic, and Paleozoic age 
again point to continuing strong erosion in the hinterland.

Paleomagnetic investigations at Site U1359 involved analysis of discrete samples from 
Holes U1359A, U1359B, and U1359D and measurement of archive halves from all 
four holes. A composite polarity log was correlated to the GPTS of Gradstein et al. 
(2004), documenting a complete Pliocene section from the top of Chron C2An to the 
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bottom of Chron C3An. A gap including Chron Cn2 and a period of extremely slow
(and probably discontinuous) sediment accumulation from Chron C3Ar to the top of
Chron C5n aligns with the biostratigraphic assessments.

Routine headspace gas analyses were carried out on samples from Holes U1359A–
U1359D, and 71 samples were taken for analyses of percent carbonate, carbon, nitro-
gen, and sulfur content, as well as major and trace element analyses. Furthermore, 51
interstitial water samples were taken in close collaboration with the microbiology
samples from the top ~20 m (0.1–20.1 mbsf) of holes.

CaCO3 contents for most samples vary between <1 and 3.2 wt%. A distinct carbonate-
rich layer, with a CaCO3 content of 39.7 wt%, was found at 372.45 mbsf and corre-
sponds to a minor lithology of diatom-bearing nannofossil ooze. On the basis of the
distribution patterns of the major and trace elements, four broad intervals can be dis-
tinguished between 0 and ~200, ~210 and ~310, ~310 and 536, and 547.39 and
594.79 mbsf.

The interstitial water measurements reveal chemical gradients that are consistent
with active diagenesis of buried organic matter within the sulfate reduction zone
(SRZ). Significant levels of sulfate at the bottom of the observed profile (~23 mM at
20.1 mbsf) imply that the sampled interval did not reach the carbon dioxide
(methanic) reduction zone (see “Site U1357” for contrasting behavior).

Microbiological sampling was conducted in Hole U1359B and was supported with
pore water sampling. A total of 52 ten-centimeter whole rounds were taken from the
top 20 m and frozen at –80°C for onshore phospholipid analyses and molecular 16S
rRNA sequencing. Between 20 and 200 mbsf, seventeen 5 cm3 samples were taken and
preserved for onshore molecular 16S rRNA sequencing.

The physical property program for Site U1359 includes routine runs on the Whole-
Round Multisensor Logger (WRMSL), which includes the GRA bulk density, magnetic
susceptibility, and P-wave velocity logger (PWL) sensors, as well as NGR measure-
ments. P-wave velocity was also analyzed, and samples were taken for moisture, den-
sity, and porosity measurements from Holes U1359A, U1359B, and U1359D. Thermal
conductivity measurements were taken in cores from all holes. Cyclicities at several
scales is observed in the intervals where the magnetic susceptibility ranges between
40 and ~100 IU. Furthermore, the NGR data together with the magnetic susceptibility
and GRA density data were used to correlate the four holes drilled at Site U1359 and
to define a composite record. In addition, pronounced lower density values between
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50 and 65 mbsf (50 and 65 m core composite depth below seafloor [CCSF-A]), below 
the lithostratigraphic Unit I–II transition, suddenly drop at ~99.5 mbsf (~101 m CCSF-
A), which coincides with the lithologic change from diatom-bearing to diatom-rich 
silty clays (lithostratigraphic Subunit IIa–IIb transition), as well as a shift to slightly 
lower values at ~248 mbsf (~264 m CCSF-A; lithostratigraphic Unit II/III boundary).

Downhole logging measurements in Hole U1359D were made after completion of 
RCB coring to a total depth of 602.2 mbsf (drilling depth below seafloor [DSF]). Three 
tool strings were deployed in Hole U1359D, the triple combination (triple combo), 
Formation MicroScanner (FMS)-sonic, and Versatile Sonic Imager (VSI). Hole U1359D 
was divided into two logging units (0–260 and 260–606 mbsf) on the basis of the logs. 
The upper logging unit is characterized by high-amplitude swings in bulk density, 
NGR, and resistivity values. It is also characterized by a lack of a compaction trend 
with depth; the mean bulk density value remains constant, whereas the resistivity val-
ues decrease with depth. The transition to the unit below is gradual. Logging Unit 2 
is characterized by generally lower amplitude bulk density and resistivity variations 
than the unit above, but the several millimeter-scale alternations are still clearly de-
fined. A normal compaction trend resumes in bulk density and sonic velocity. NGR 
continues to show high variability, and several large drops in NGR values are observed 
between 350 and 450 mbsf. Near the base of the hole at 574–580 mbsf, a 6 m interval 
of higher bulk density and resistivity indicates a cemented bed or series of cemented 
beds. Heat flow at Site U1359 was estimated at 62.4 mW/m2, a typical value for the 
ocean floor.

Site U1360

Site U1360 (proposed Site WLSHE-09B) is on the continental shelf off the Adélie Coast 
(Fig. F18) at 495 mbsl. The main objective at Site U1360 was to core across the re-
gional Unconformity WL-U3 to determine the timing and nature of the first arrival 
of the ice sheet to the Wilkes Land Continental Margin. Site U1360 lies at the eastern 
edge of the Adélie Bank (Fig. F18) and receives drainage from the EAIS through the 
Wilkes subglacial basin. Glacier ice and the entrained debris draining through the ba-
sin and extending to the continental shelf would provide evidence for a large-scale 
ice sheet on Antarctica.

Regional Unconformity WL-U3 is interpreted to record the first expansion of the EAIS 
across the shelf in this sector of the East Antarctic margin and therefore to separate 
preglacial strata below from glacial strata above (Eittreim et al., 1995; Escutia et al., 
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1997; De Santis et al., 2003). Drilling in Prydz Bay during Leg 188 (O’Brien, Cooper, 
Richter, et al., 2001), and results from Site 269 (Hayes, Frakes, et al., 1975), Leg 189 in 
the Tasman Gateway (Exon, Kennett, Malone, et al., 2001), and ODP Leg 182 Site 
1128 in the Great Australian Bight (e.g., Mallinson et al., 2003), among others, led Es-
cutia et al. (2005) to postulate an early Oligocene age (i.e., 33.5–30 Ma) for the devel-
opment of Unconformity WL-U3.

At Site U1360, Unconformity WL-U3 was predicted to occur at ~165 mbsf (0.81 s 
TWT) (Fig. F22). MCS reflection profiles crossing Site U1360 show gently dipping 
strata on the shelf truncated near the seafloor (Fig. F22). This provided a unique op-
portunity to sample across the unconformity with very shallow penetration. The 
proximal record from Site U1360 will complement the distal record of the first arrival 
of the EAIS to the Wilkes Land margin obtained at Site U1356.

Hole U1360A was drilled to a total depth of 70.8 mbsf using the RCB system. Only 60 
cm was recovered in the upper 14.3 mbsf, and sediments are unconsolidated and 
moderately to strongly disturbed by drilling (Core 318-U1360A-1R). Below 14.3 mbsf 
(Cores 318-U1360A-2R through 6R), the sediments are consolidated and most recov-
ered intervals are only slightly disturbed by drilling. Based on visual core descriptions 
and smear slide analyses, Hole U1360A constitutes diamictons, mudstones, sand-
stones, and diamictites, which are placed into two lithostratigraphic units. Unit I con-
sists of unconsolidated clast-rich sandy diamicton. The diamicton is slightly 
compacted but soft and crudely stratified and includes one lamina of clay-rich diatom 
ooze with a yellowish color in interval 318-U1360A-1R-1, 18–20 cm. A trace of dia-
toms is present in the matrix of the diamictite. Rare shell fragments are also present 
in this unit. Clast percentages are as high as 25%, and clasts are primarily composed 
of angular, indurated olive-green to olive-brown mudstone fragments, 2–8 mm in 
size. Crystalline rock clasts, including basalt and gneiss and as large as 7 cm have sub-
rounded and faceted shapes. The unconsolidated diamictons were probably deposited 
from floating ice and most likely represent deposition from a floating glacier tongue 
or icebergs releasing debris over the site. The lamina of diatom ooze is indicative of a 
brief period of open-marine conditions with high productivity and low terrigenous 
sedimentation rates.

The top of Unit II marks a sharp change in lithology and induration of the cores, from 
unconsolidated diamicton above to carbonate-cemented claystone below. An early 
Oligocene age is assigned to the interval below interval 318-U1360A-3R-1, 8 cm, 
whereas no age assignment is possible for Core 318-U1360A-2R. Five different litho-
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facies are recognized in a sequence from top to bottom in this unit: (1) olive-green 
claystone with moderate bioturbation, (2) dark green claystone with dispersed clasts, 
(3) dark greenish gray sandy mudstone with dispersed clasts, (4) olive-brown sand-
stone with dispersed clasts, and (5) gray clast-rich sandy diamictite. Overall, Unit II 
can be characterized as a fining-upward sequence from diamictite at the base to clay-
stone at the top. Bivalve shell fragments, some of which are pyritized, are common in 
the lower portion of Unit II. The lithofacies distribution is consistent with an ice-
proximal to ice-distal glaciomarine depositional environment, similar to that de-
scribed from the Oligocene and Miocene strata of the Victoria Land Basin, Ross Sea, 
Antarctica (Naish et al., 2001; Powell and Cooper, 2002). Five samples from Hole 
U1360A were prepared for X-ray diffraction (XRD) analysis of the clay fraction. A mix-
ture of all the major clay mineral groups characterizes the clay mineral assemblages 
in these samples. The dominant clay mineral components are smectite, illite, and 
chlorite, with a lesser contribution of kaolinite and pyrophyllite-talc. The cores as-
signed to the early Oligocene have clay mineral assemblages similar to those reported 
from lower Oligocene shelf strata around the Antarctic margin (e.g., Hambrey et al., 
1991; Ehrmann et al., 2005). The abundance of illite and chlorite are consistent with 
a glacial-marine depositional setting for the claystone, mudstone, sandstone, and dia-
mictite facies described within lithostratigraphic Unit II. The relatively large contri-
bution of talc, however, is not typical of Paleogene sediments on the Antarctic shelf 
and may reflect the weathering of a low-grade metamorphic facies, derived from a ba-
sic or ultrabasic igneous protolith, locally on the Wilkes Land margin or within the 
Wilkes subglacial basin.

Dinoflagellate cysts (dinocysts) and diatoms provide age control for Hole U1360A. 
They suggest that Core 318-U1360A-1R (0–0.54 mbsf) comprises an uppermost Pleis-
tocene matrix with intraclasts of upper Eocene to lower Oligocene material. An age 
could not be assigned to the strata between Section 318-U1360A-1R-CC and interval 
318-U1360A-3R-1, 8 cm (0.54–23.38 mbsf), because of poor recovery. Samples 318-
U1360A-3R-1, 8 cm, to 6R-CC (23.38–53.78 mbsf) are of early Oligocene (< 33.6 Ma) 
age.

Sediments within Core 318-U1360A-1R (0–0.54 mbsf) comprise an uppermost Pleis-
tocene matrix with intraclasts of late Eocene to early Oligocene age. Diatoms indicate 
that during the latest Pleistocene, the shelf at Hole U1360A was not subjected to year-
round ice cover but was influenced by seasonal sea ice either directly or indirectly. 
Combined microfossil analyses suggest the sedimentary interval below interval 318-
U1360A-3R-1, 8 cm (23.38 mbsf), is early Oligocene (<33.6 Ma) in age. Early Oligo-
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cene microfossils indicate a shallow-water shelf environment with low salinities and 
high nutrient levels, likely driven by seasonal sea ice. Sporomorphs may represent re-
working from older strata and/or contemporaneous vegetation in the hinterland.

Two samples from Hole U1360A (Samples 318-U1360A-4R-1, 15 cm, and 4R-2, 72 cm) 
had reversed polarity, consistent with an age of Chron C12r as predicted by the bio-
stratigraphy.

The fining-upward sequence from diamictites at the base (Core 318-U1360A-6R) to 
claystones at the top (Cores 318-U1360A-2R through 3R) is also documented in the 
general decrease in magnetic susceptibility values from the bottom to the top of the 
hole. Variations in GRA density nicely reflect variations in lithology between clast-
rich diamictite, sandy mudstone with dispersed clasts, and claystone. Calculated po-
rosity ranges from 49% to 17% and generally decreases with depth. Grain densities 
range from 2.62 to 2.7 g/cm3.

Site U1361

Site U1361 (proposed Site WLRIS-05A) is on the continental rise at 3466 mbsl (Fig. 
F23). Similar to Site U1359, the main objective at Site U1361 was to provide a history 
of climate and paleoceanographic variability record from the middle Miocene to the 
Pleistocene and to test the stability of the EAIS during extreme warm periods (e.g., 
Miocene climate optimum, early Pliocene, and Pleistocene MIS 31 and 11). Drilling 
at this site targeted the timing and nature of deposition of the upper seismic units 
(i.e., above Unconformity WL-U6) defined on the Wilkes Land margin (De Santis et 
al., 2003; Donda et al., 2003) (Fig. F24). Within these units, a shift in sedimentary de-
pocenters from the continental rise to the outer shelf, possibly corresponds to the 
transition from a dynamic wet-based EAIS to a more persistent cold-based EAIS (Escu-
tia et al., 2002; De Santis et al., 2003), which is inferred to occur during the late Mio-
cene–Pliocene (Escutia et al., 2005; Rebesco et al., 2006). At site U1361, 
Unconformities WL-U6, WL-U7, and WL-U8 lie at approximately 5.13, 5.03, and 4.78 
s TWT), respectively (approximately 385, 300, and 100 mbsf, respectively).

Site U1361 is located on the right (east) levee of the Jussieau submarine channel 
downstream from Site U1359 (Figs. F23, F24). The levee relief (measured from the 
channel thalweg to the top of the levee) at Site U1361 is ~195 m (Fig. F24). The fine-
grained components of the turbidity flows traveling through the channel and hemi-
pelagic drape are inferred to be the dominant sedimentary processes building these 
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levees (Escutia et al., 1997; 2000; Donda et al., 2003). Bottom currents can further in-
fluence sedimentation in this setting (Escutia et al., 2002; Donda et al., 2003). The re-
cord from Site U1361 should be complementary to the record from Site U1359. 
Similar depositional environments were cored during Leg 178 in the Antarctic Penin-
sula (Barker, Camerlenghi, Acton, et al., 1999) and Leg 188 in Prydz Bay (O’Brien, 
Cooper, Richter, et al., 2001).

Two holes were drilled at Site U1361. Hole U1361A reached a total depth of 388.0 
mbsf. The APC system was used to refusal at 151.5 mbsf, followed by XCB drilling to 
the bottom of the hole at 388.0 mbsf. Hole U1361B reached 12.1 mbsf using the APC 
system. Five lithofacies (designated A–E) were identified at Site U1361, and, based on 
their distribution in Hole U1361A, two lithostratigraphic units are defined. Facies A 
and B consist of clays and silty clays with common diatoms and foraminifer and rare 
decimeter-scale sets of millimeter- to centimeter-scale silt and clay laminae. These fa-
cies are restricted to the interval between 0.0 and 34.9 mbsf (lithostratigraphic Unit 
I). Facies A and B were deposited in hemipelagic depositional environments, with iso-
lated sets of silt and clay laminae indicating occasional sedimentation from low-den-
sity turbidity currents or saline density flows in a distal levee setting (Escutia et al., 
2008). Facies C and D are strongly bioturbated silty clays and diatom/nannofossil 
oozes with intervals containing dispersed clasts. Facies E consists of laminated clays. 
Facies C–E are present between 34.9 and 386.3 mbsf (lithostratigraphic Unit II) and 
are typical of contourite facies associations, although downslope currents possibly 
contributed sediment as well.

Samples 318-U1361A-1H-CC through 41X-CC (1.5–386.31 mbsf) were analyzed for 
microfossils. Diatoms and radiolarians provide good age control for Hole U1361A, re-
solving an uppermost Pleistocene through uppermost middle Miocene sedimentary 
succession with no major breaks in sedimentation.

Miocene diatom assemblages at Site U1361 are indicative of productive, seasonally 
variable, open-marine conditions. Fluctuations in the abundance of marine benthic 
and tychopelagic taxa such as Cocconeis spp., Diploneis spp., Paralia sulcata, stephano-
pyxids, and Trinacria excavata may indicate pulses of shelfal material to the drill site. 
The presence of well-preserved benthic foraminifers in Sample 318-U1361A-34X-CC 
(321.07 mbsf) suggests that depositional settings were favorable for calcite preserva-
tion (i.e., not corrosive) for brief intervals in the Miocene. The persistent presence of 
reworked Mesozoic/Paleozoic sporomorphs within the palynological associations 
suggests ongoing erosion in the hinterland.
42



Expedition 318 Preliminary Report
Late Neogene diatom assemblages from sediments drilled at Site U1361 are typical 
Southern Ocean open-water taxa with variable abundances of benthic, neritic, and 
sea ice–associated diatoms, indicating a high-nutrient, high-productivity sea ice–in-
fluenced setting throughout the late Neogene. High abundances of reworked sporo-
morphs within the palynological associations indicate strong erosion in the 
hinterland. Dinocysts are absent during this interval. The preservation of planktonic 
foraminifers in the Pleistocene indicates that bottom waters were favorable to the 
preservation of calcium carbonate.

Paleomagnetic investigations at Site U1361 document a complete section from the 
top of Chron C2n to the top of Chron C3n. Below Chron C2n, the recovered core was 
disturbed, and no complete analysis of the discrete samples is obtainable as of yet. 
The lower portion of Hole U1361A can plausibly be correlated to the bottom of Chron 
C5n to Chron C5An.

Forty samples from Hole U1361A were taken for analyses of carbonate, carbon, nitro-
gen, and sulfur content, as well as major and trace elements. As a result of technical 
problems with the inductively coupled plasma–atomic emission spectrometer, no 
major and trace element analyses could be obtained. CaCO3 contents for most sam-
ples are well below detection limit (<1 wt%). Between 313.96 and 342.04 mbsf, how-
ever, carbonate contents increase to 12.1–24.8 wt%. This matches the recognition of 
nannofossil-bearing clays constituting one of three major facies below 313.2 mbsf 
(Subunit IIb). Carbon, nitrogen, and sulfur contents were measured on 15 selected 
samples covering the full range of CaCO3 contents (0–24.8 wt%). All concentration 
levels are very low (i.e., C < 0.5 wt%, N < 0.03 wt%, and S < 0.02 wt%) except for the 
four samples with high calcium carbonate contents. Taken together with the CaCO3

measurements, these samples yield total organic carbon concentrations <0.3 wt%, 
which is within the error for the respective measurements.

The physical property program at Site U1361 included routine runs on the WRMSL, 
which includes the GRA density, magnetic susceptibility, and PWL sensors, as well as 
NGR measurements. P-wave velocity measurements were also taken, and samples 
were taken and analyzed for moisture, density, and porosity. Thermal conductivity 
measurements were made in one section of all cores. The magnetic susceptibility data 
exhibit relatively high amplitude variations, and this apparent cyclicity at several 
scales occurs especially in the upper 165 mbsf and between 305 mbsf and the bottom 
of the hole. There are two intervals with recurring, relatively lower magnetic suscep-
tibility units between 165 and ~185 mbsf and between 265 and 305 mbsf. The varia-
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tions in GRA density reflect the regular fluctuations in lithology and porosity. The 
relative moisture content varies between 63 and 22 wt%, and porosity varies from 
82% to 42% with a gradual decrease with increasing depth and overburden pressure. 
A common feature of density, porosity, and water content records of Site U1361 is a 
slight change to higher gradients below 330 mbsf that occurs within lithostrati-
graphic Subunit IIb.

Downhole logging operations started after a successful reentry of Hole U1361A, 
which had been left temporarily to allow an iceberg to pass. Runs with the triple 
combo tool string followed by the FMS-sonic tool string in Hole U1361 were success-
ful. The downhole logs in Hole U1361A have high-amplitude 1–5 m scale variability 
superimposed on a downhole compaction trend. The character of the logs changes 
gradually downhole, with no major steps in the base levels, so the entire logged in-
terval was assigned to one logging unit. It is likely that Milankovitch band variability 
at eccentricity and possibly obliquity periods is recorded at Site U1361. The downhole 
measurements at Site U1361 included four advanced piston corer temperature tool 
(APCT-3) deployments in Hole U1361A. Thermal resistance was calculated over the 
intervals overlying the APCT-3 measurements, and the resulting linear fit of the tem-
perature gives a heat flow value of 58.2 mW/m2.

Preliminary scientific assessment

The overall objective of Expedition 318 was to obtain long-term record of Antarctic 
glaciation and its relationships with global paleoclimate and paleoceanographic and 
eustatic sea level changes by drilling the Antarctic margin along an inshore–offshore 
transect. Of particular interest was testing the sensitivity of the EAIS to episodes of 
global warming and detailed analysis of critical periods in Earth’s climate history (i.e., 
the Eocene–Oligocene and Oligocene–Miocene glaciations, late Miocene, Pliocene, 
and the last deglaciation) during which the Antarctic cryosphere evolved in a step-
wise fashion to ultimately assume its present-day configuration, characterized by a 
relatively stable EAIS. These records were obtained by coring and analyzing sedimen-
tary records along the inshore–offshore transect to constrain the age, nature, and en-
vironments of deposition, until now only inferred from seismic surveys of the Wilkes 
Land continental shelf, rise, and abyssal plain.

The principal goals were
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1. To obtain the timing, nature, and consequences of the first major phase of EAIS 
growth and arrival of ice at the Wilkes Land margin (onset of glaciation) inferred 
to have occurred during the earliest Oligocene. In marine records elsewhere, this 
event is thought to correlate to a steep increase in oceanic δ18O values widely re-
ferred to as the Oligocene isotope Event 1 (Miller et al., 1985).

2. To obtain the nature and ages of the changes in the geometries of the prograda-
tional wedges interpreted to correspond with large fluctuations in the extent of 
the EAIS and possibly coinciding with the transition from a wet-based to a cold-
based glacial regime;

3. To obtain a high-resolution record of Antarctic climate variability during the Oli-
gocene, Neogene, and Quaternary; and

4. To obtain an unprecedented ultrahigh resolution (i.e., seasonal to decadal) Ho-
locene record of climate variability.

Expedition 318, January–March 2010 (Wellington to Hobart), occupied seven sites 
(Figs. F6, F7) that produced ~2000 m of high-quality upper Eocene–Quaternary sedi-
ments (Fig. F25) at proposed Sites WLRIS-6A, WLRIS-7A, WLRIS-4A, and WLRIS-5A 
(Sites U1355, U1356, U1359, and U1361) on the Wilkes Land rise and proposed Sites 
WLSHE-8A, WLSHE-9A, and ADEL-01B (Sites U1358, U1360, and U1357) on the Wil-
kes Land shelf at water depths between ~400 and 4000 mbsl. Together, the cores rep-
resent ~53 m.y. of Antarctic history (Fig. F25). The cores reveal the history of the 
Wilkes Land Antarctic margin from an ice-free “greenhouse Antarctica,” to the first 
cooling, to the onset and erosional consequences of the first glaciation and the sub-
sequent dynamics of the waxing and waning ice sheets, all the way to thick, unprec-
edented “tree ring style” records with seasonal resolution of the last deglaciation that 
began ~10,000 y ago (Fig. F26). They also reveal details of the tectonic history of the 
so-called Australo-Antarctic Gulf (at 53 Ma), the onset of the second phase of rifting 
between Australia and Antarctica (Close et al., 2009), ever-subsiding margins and 
deepening, all the way to the present ocean/continent configuration. Tectonic and 
climatic change turned the initially shallow, broad subtropical Antarctic Wilkes Land 
offshore shelf into a deeply subsided basin with a narrow ice-infested margin (Fig. 
F26). Thick Oligocene and notably Neogene deposits, including turbidites, contou-
rites, and larger and smaller scaled debris mass flows, witness the erosional power of 
the waxing and waning ice sheets and deep-ocean currents. The recovered clays, silts, 
and sands and their microfossils also reveal the transition of subtropical ecosystems 
and a vegetated Antarctica into sea ice–dominated ecosystems bordered by calving 
glaciers (Fig. F26).
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“Preglacial” regional Unconformity WL-U3 and the timing, nature, and 
consequences of the first major phase of EAIS growth

Strata above and below Unconformity WL-U3, interpreted precruise to separate 
preglacial strata from glacial-influenced deposits, was drilled and dated at continental 
rise Site U1356. We confirmed that this surface represents major erosion related to the 
onset of glaciation at ~34 Ma (early Oligocene), with immediately overlying deposits 
dated as 33.3 Ma. We sampled strata overlying the unconformity at the inshore shelf 
Site U1360 and dated it as early early Oligocene (~33.3 Ma) (Figs. F25, F26). Below Un-
conformity WL-U3, we recovered a late early to early middle Eocene record from peak 
greenhouse conditions, likely including some of the early Eocene hyperthermals, at 
Site U1356. Subtropical shallow-water depositional environments are indicated by di-
nocysts and the chemical index of alteration, among other indicators (i.e., clay min-
eralogy; see “Site U1356” in “Site summaries”). A hiatus spanning 2 m.y. separates 
the lower Eocene from the middle Eocene record at Site U1356 according to dinocyst 
evidence. This hiatus may be related to tectonic activity related to the commence-
ment of rapid seafloor spreading in the Australian Antarctic Basin (AAB), reported to 
initiate around the same time (~50 Ma) (Close et al., 2009). Combined Site U1356 and 
Leg 189 dinocyst distribution patterns suggest earliest through-flow of South Pacific 
Antarctic waters through the Tasmanian Gateway to also be coeval with this tectonic 
phase. Sedimentological and microfossil information from this interval from Hole 
U1356A also suggest progressive deepening during the early middle Eocene.

The upper middle Eocene to the basal Oligocene is conspicuously missing in a ~19 
m.y. hiatus at ~890 mbsf (~47.9–33.3 Ma) based on dinocyst and paleomagnetic evi-
dence in sediments below regional Unconformity WL-U3. Despite ongoing tectonic 
reorganizations, it appears likely that the erosive nature of Unconformity WL-U3 is 
notably related to the early stages of EAIS formation. The combination of concomi-
tant internal dynamics, sea level fall, ice sheet growth, and related erosion is proposed 
as the principal mechanism underlying the formation of regional Uniformity WL-U3. 
This is supported by the abrupt steep increase in oceanic δ18O values (Oi-1) and coeval 
sea level change globally recorded in marine successions (Oi-1; Miller et al., 1985). 
Nevertheless, progressive subsidence, the large accommodation space created by ero-
sion in the margin (300–600 m of missing strata) (Eittreim et al., 1995), and partial 
eustatic recovery allowed sediments of early early Oligocene age to accumulate above 
Unconformity WL-U3.
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Microfossil contents, sedimentology, and geochemistry of the Oligocene sediments 
from Site U1356, at present occupying a distal setting (i.e., lowermost rise-abyssal 
plain) and immediately above Unconformity WL-U3, unequivocally reflect icehouse 
environments with evidence of iceberg activity (dropstones) and at least seasonal sea 
ice cover (Figs. F25, F26). The sediments, dominated by hemipelagic sedimentation 
with bottom current and gravity flow influence, as well as biota, indicate deeper water 
settings relative to the underlying middle Eocene environments. These findings im-
ply significant crustal stretching, subsidence of the margin, and deepening of the Tas-
man Rise and the Adélie Rift Block between 47.9 and 33.3 Ma (Fig. F26). Furthermore, 
combined paleoenvironmental data indicate significantly cooler, high-productivity, 
and sea ice–influenced surface waters, with only occasional incursions of warmer con-
ditions. We surmise that as Antarctic-Australian separation progressed and deepening 
took place, influence from the warmer waters of the Proto-Leeuwin Current gradually 
diminished, whereas Antarctic Counter Current flow and deep-water formation along 
the Wilkes Land margin strengthened.

Record of EAIS variability and the nature and ages of the changes in the 
geometries of progradational wedges

Drilling at continental rise Site U1356 also recovered a thick section of Oligocene to 
upper Miocene sediments indicative of a relatively deep water, sea ice–influenced set-
ting (Fig. F26). Oligocene to upper Miocene (Fig. F25) sediments are indicative of ep-
isodically reduced oxygen conditions either at the seafloor or within the upper 
sediments prior to ~17 Ma. From the late early Miocene (~17 Ma) onward, progressive 
deepening and possible intensification of deep water flow and circulation lead to a 
transition from a poorly oxygenated low-silica system (present from the early to early 
middle Eocene to late early Miocene) to a well-ventilated silica-enriched system akin 
to the modern Southern Ocean. This change coincides with one of the major regional 
unconformities in the Wilkes Land margin, Unconformity WL-U5, which represents 
a ~3 m.y. hiatus in the early Miocene. This unconformity marks a change in the dom-
inant sedimentary processes at this site, which are dominated by mass transport pro-
cesses below the unconformity and by hemipelagic, turbidity flow, and bottom-
current deposition above. Further studies are needed to determine to what extent the 
observed changes are related to relevant steps in the evolution of the EAIS, changes 
in the continental shelf morphology (i.e., shelf overdeepening), or both.

A complete record with good recovery of late Miocene to Pleistocene deposits was 
achieved at continental rise Sites U1359 and U1361 (Fig. F25), drilled on levee depos-
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its bounding turbidity channels. We successfully dated the seismic units between Un-
conformities WL-U6 and WL-U8, and the sedimentological, logging, and magnetic 
susceptibility data exhibit relatively high amplitude variations, indicating strong po-
tential for shore-based analysis revealing EAIS dynamics down to orbital timescales 
(100 and 40 k.y. cyclicity). This cyclicity likely documents the successive advances 
and retreats of the ice sheet and sea ice cover, as well as the varying intensity of cold 
saline density flows related to bottom water production at the Wilkes Land margin 
(e.g., high-salinity shelf water flowing from the shelf into the deep ocean to form 
ABW). In general, typical Southern Ocean open cold-water taxa, with variable abun-
dances of sea ice–associated diatoms, indicate a high-nutrient, high-productivity sea 
ice–influenced setting throughout the Neogene. Combined sedimentological and mi-
crofossil information indicates the ever-increasing influence of typical Antarctic 
Counter Current surface waters and intensifying ABW flow (Figs. F26). Furthermore, 
the preservation of calcareous microfossils in several intervals indicates times when 
bottom waters were favorable to the preservation of calcium carbonate. These obser-
vations point to a very dynamic ice sheet/sea ice regime during the late Miocene 
through the Pleistocene. Detailed postcruise studies in sediments from the late Neo-
gene will provide a history of glacial–interglacial climate and paleoceanographic vari-
ability, including a history of Antarctic Bottom Water production, that can be linked 
to sea ice variations in this margin.

Continental shelf Site U1358 (Fig. F25) recovered a record from the early Pliocene to 
Pleistocene (with a small hiatus at ~2.5 Ma). Although targeted Unconformity WL-U8 
was not reached, glacial and glacial-marine sediments recovered at this site are dated 
early early Pliocene. Therefore, the change in the geometries of the progradational 
wedge from low-angle progradational strata above to very steep foresets is older than 
4.5 Ma. In addition, the record from Site U1358 in combination with those from Sites 
U1359 and U1361 will provide the link between ice sheet behavior on the continental 
shelf, including times of ice sheet instability (e.g., early Pliocene warmth) and the his-
tory of sea ice and paleoceanographic changes recorded at Sites U1359 and U1361.

Ultrahigh resolution (seasonal to decadal) Holocene record of climate 
variability

Coring at Site U1357 yielded a 186 m section of continuously laminated diatom ooze 
as well as a portion of the underlying Last Glacial Maximum diamict. Based on much 
shorter piston cores recovered from adjacent basins and banks, the onset of marine 
sedimentation during the deglacial interval began between 10,400 and 11,000 y ago. 
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The site was triple cored, providing overlapping sequences that will aid in the con-
struction of a composite stratigraphy spanning at least the last 10,000 y. The Site 
U1357 sediments are unusual for Antarctic shelf deposits because of their high accu-
mulation rate (2 cm/y), lack of bioturbation, and excellent preservation of organic 
matter as well as calcareous, opaline, phosphatic, and organic fossils. The sediments 
are profoundly anoxic, with levels of H2S as high as 42,000 ppm at 20 mbsf. Larger 
burrowing organisms are completely excluded from this ecosystem, yet the regular 
occurrence of benthic foraminifers suggests that some oxygen is present at the sedi-
ment/water interface. The mineral struvite, a hydrous ammonium phosphate phase, 
forms in nitrogen-rich pore waters and has never before been reported in Antarctic 
sediment. These sediments provide an excellent sample set for geomicrobiology and 
sedimentary geochemistry studies. In fact, the upper 20 m of one of the three holes 
was completely consumed for pore water and sediment studies.

The greatest achievement from a paleoclimatic standpoint was the retrieval of a con-
tinuously layered deposit (Fig. F27). Spot checks of laminae from top to bottom of the 
split Hole U1357A sections suggests that paired light–dark laminae sets range in thick-
ness from ~1 to 3 cm. Based on radiocarbon dating of a piston core taken earlier from 
this site (Costa et al., 2007), our own preliminary secular paleomagnetic findings, and 
the thickness of the deposit combined with the expected age at its base, it is very 
likely each laminae pair represents 1 y. If supported by our shore-based research, this 
will be the first varved sedimentary sequence extending through the Holocene recov-
ered from the Southern Ocean. Analysis at the annual timescale will permit us to ex-
amine decadal to subdecadal variability in sea ice, temperature, and wind linked to 
the SAM, Pacific Decadal Variability, and possibly ENSO. We will also be able to ad-
dress questions regarding rates of change during the Hypsithermal Holocene neogla-
cial events and the time immediately following the first lift-off and pull-back of ice at 
the end of the last glacial interval. In addition, we now have an excellent opportunity 
for ultrahigh resolution correlation to the nearby Law Dome Ice Core, one of the most 
important Holocene ice cores in Antarctica.

Microscopic analyses of smear slides, micropaleontological slides, and palynological 
preparations reveal the presence of an unusually well preserved and diverse assem-
blage of both soft and hard biotic remains, including abundant fish, copepods, and 
euphausiids. In fact, these sediments may well have captured the most complete re-
cord of any ancient ecosystem structure and its variability through the Holocene yet 
recovered from the Southern Ocean.
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Operations

During Expedition 318 we conducted operations in 14 holes at 7 sites. We cored 3071 
m and recovered 1972 m of core (Table T1). Downhole logs were collected in two 
holes. Here we describe the coring and logging operations at each of these sites. The 
overall time distribution included 5.85 days in port, 22.7 days in transit, and 35.6 
days on site. The on site time includes 4.9 days in which we had to cease operations 
because of the severe Antarctic weather and ice conditions. The transit time also in-
cludes >4 days spent trying to reach some of the shelf sites only to be turned back by 
ice conditions.

Wellington port call

The expedition began when the first line was secured to Aotea Quay, Centre Port, 
Berth 5 in Wellington, New Zealand, at 1420 h on 3 January 2010. All times in the 
operations section are given in local ship time unless otherwise noted. Initially this 
was Universal Time Coordinated (UTC) + 13 h. During transit to the first site, the 
ship’s clocks were set back 1 h at 1200 on 12 January to UTC + 12 h and then another 
1 h at 2400 on 13 January to UTC + 11 h, where it remained for the duration of the 
expedition.

As soon as routine customs and immigration formalities were concluded, off-loading 
of surface freight was initiated. The expedition United States Implementing Organi-
zation (USIO) staff and Chief Scientists boarded the ship on 4 January. In addition to 
routine replenishment of expendables and off-loading of the previous expedition’s 
cores and returning freight, we loaded 740 MT of marine gasoil, repaired one of the 
thrusters and a propulsion motor, conducted laboratory/ship tours for guests and vis-
iting dignitaries, mounted the wind wall on the core receiving platform, and installed 
a new touch-screen rig instrumentation monitor in the drillers console.

Because this was a high-latitude expedition that operated in the challenging environ-
ment off the coast of Wilkes Land, Antarctica, two critical specialists were added to 
the shipboard team. A senior weather forecaster with previous IODP expedition expe-
rience joined the vessel to provide timely analysis of the complex weather environ-
ment of the Southern Ocean. A seasoned ice observer with extensive familiarity with 
both Arctic and Antarctic regions also joined the expedition. The combined skill set 
provided by these participants enhanced the safety of the vessel and optimized the 
ability of the crew to maximize on-site operational flexibility.
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Transit to Site U1355

The vessel departed on the 1847 nmi journey to the first site when the last line was
released from the dock at 1045 h on 9 January 2010. The vessel sailed at full speed,
except for a short time during which the brushes on a propulsion motor (16A) were
replaced. By midnight on 9 January, the ship had sailed 116 nmi at an average speed
of 9.3 kt.

The ship transited south-southwest off the east coast of the New Zealand’s South Is-
land. Preliminary analysis of ice coverage appeared to be promising for our first site
(U1355) with temperatures in that region of 0.2°C, winds from the east-southeast in-
creasing to 35–40 kt, and cloudy conditions with occasional snow or sleet.

The vessel passed within 30 nmi of Auckland Island on the morning of 12 January.
Once the vessel moved south of the protection of Auckland Island, it was exposed to
the open expanse of the Southern Ocean and the powerful low-pressure systems that
populate this region. The vessel negotiated through intense winds and sea conditions
from 12 January until the morning of 15 January. Frequent course changes and reduc-
tions in speed were made to avoid the most intense parts of a large and severe low-
pressure system that was crossing the projected ship track. Even though the vessel re-
mained on the outer edge of the system, the combined sea and swell reached 40 ft
and the winds were clocked at as high as 60 kt. Vessel motion ranged from moderate
to heavy and on one occasion the ship experienced a 13° roll. The ship’s clocks were
set back 1 h at 1200 on 12 January to UTC + 12 h and then another 1 h at 2400 on 13
January to UTC + 11 h.

The vessel began to ride more smoothly in improving sea conditions by the afternoon
of 15 January and was proceeding at nearly 10 kt to Site U1360. During the evening,
the first penguins were observed, hinting that we might be approaching ice-strewn
waters. At 0345 h on 16 January, the first iceberg was spotted on radar at 9 nmi and
then visually observed at 5 nmi through the fog and mist as it passed on the port side.
It was pinnacled and rigged and estimated to be ~300 ft long and 50 ft high. There
were also a few growlers in the vicinity. During the day, the vessel speed was reduced
when fog and mist reduced the visibility to <  nmi. At 0440 h on the morning of
17 January, ship’s radar picked up a large iceberg at 17 nmi with a calculated closest
point of approach of 7 nmi to starboard.

By midnight on 16 January, the vessel had traveled 1505 nmi at an average speed of
8.3 kt. The estimated time of arrival on site was mid-morning on 18 January. Satellite

1 8⁄
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analysis of ice coverage in the region indicated the drill site area was mostly free of 
large icebergs and floes. The winds at our first site were forecasted to pick up and peak 
at ~40 kt the evening of 18 January and then decrease. Temperatures were expected 
to be ~0°C. The new long-range outlook through 22 January indicated good weather 
conditions on site.

Throughout the week, the drilling crew continued preparations for drilling operations 
in the severe Antarctic weather conditions. A wind wall was constructed around the 
drill floor, exposed piping (heating, air, drain, and water) was insulated, electrical 
lines were run for heaters in the mud pump room and behind the drawworks, and ex-
ternal space heaters were tested.

As we approached Site U1360 at the reduced speed of 8 kt, the captain received an 
updated satellite image from the National Ice Center that indicated a large tongue of 
ice in the direct path to Site U1360. This was obscured in previous imagery by cloud 
cover. This necessitated adding a dogleg in the track to Site U1360 so that we could 
steer around the leading edge of the tongue.

As the vessel altered course and speed in heavy mist and fog, large icebergs began to 
appear on the radar and a few growlers were spotted visually. When the fog suddenly 
cleared, icebergs of various shapes and sizes were observed around the vessel. The ves-
sel proceeded at slow speed attempting to approach Site U1360 amid the ice when the 
weather deteriorated during the afternoon of 18 January. With the winds gusting to 
35 kt and accompanied by snow and reduced visibility, the effort to reach Site U1360 
was suspended 19 nmi short of the objective until ice conditions were more favorable. 
The captain altered course to Site U1355 located ~167 nmi to the north-northwest. 
The most recent satellite pictures indicated that Site U1355 appeared to be free of 
floating ice.

Site U1355

The vessel exited the hostile ice conditions and proceeded at an average speed of 6.4 
kt to Site U1355, arriving on site at 1045 h on 19 January 2010. The circuitous voyage 
from Wellington to the first site covered 2021 nmi at an average speed of 8.5 kt. Dur-
ing the voyage from the area of Site U1360 to Site U1355, no icebergs were spotted on 
the radar or visually.
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An APC/XCB bottom-hole assembly (BHA) was made up with an 11  inch bit and
lowered to the seafloor. The initial mudline attempt was made at 0705 h on 20 Janu-
ary with the bit at 3735 meters below rig floor (mbrf; 5.7 m shallower than the cor-
rected depth of 3740.7 mbrf inferred from the precision depth recorder [PDR]). When
the core barrel was recovered, we found that the bottom of it had broken off at the
connection joining the two 4.5 m nonmagnetic sections. To test the nature of the sea-
floor, the driller gently tagged seafloor with the bit at ~3740 mbrf. The bit was slowly
rotated and a mild increase in torque was observed, indicating that the seafloor was
firm but apparently not unusually hard.

Another mudline core was attempted using the more durable standard steel core bar-
rels with the bit positioned at 3735 mbrf. The pressure bleed-off indicated a full stroke
but the core winch operator was unable to recover the APC core barrel with the coring
line. For nearly 1.5 h, the core winch operator and driller tried various techniques to
recover the corer with the coring line without success. The only recourse was to re-
cover the drill string. The bit was back on the rig floor at 2225 h on 20 January. This
second APC core barrel was also broken off. Once the remains of the core barrel were
cleared from the bit throat, it was decided to attempt a spud with the RCB coring sys-
tem.

An RCB BHA with a new C-4 9  inch bit and mechanical bit release were made up
and deployed. The seafloor depth was again confirmed at 3740.0 mbrf (3729.0 mbsl)
by the driller gently tagging the bit on the seafloor. Coring in Hole U1355A was fi-
nally started at 0905 h on 21 January. The first core advanced 3.5 m but recovered 5.3
m of core. This could have occurred because of uncertainty in the precise seafloor
depth and/or by the drill bit repeatedly tagging the seafloor as a result of ship heave.
RCB Cores 318-U1355A-1R through 4R penetrated from 0 to 31.7 mbsf and recovered
14.95 m (47%). The cores recovered unconsolidated coarse sands and gravel, so the
recovery was quite remarkable. However, coring had to be terminated because of un-
stable hole conditions caused by the coarse and unconsolidated sediments.

We decided to abandon this site and find an area less hostile to coring. We considered
making another attempt to return to the shelf sites, but based on remote sensing data
and information from a research vessel in that region it was felt that ice conditions in
the area had not significantly improved. Instead, we decided to move to Site U1356,
located 82 nmi west-northwest of Site U1355. After a total time of 2.8 days on site, we
departed Site U1355 at 0600 h on 22 January.

716⁄
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Site U1356

We departed from Site U1355 at 0600 h on 22 January 2010. The short voyage to Site 
Site U1356 was without incident except for spotting a lone iceberg both on radar and 
visually. The vessel was positioning at Site U1356 at 1345 h on 22 January. The 82 nmi 
journey was made at an average speed of 10.7 kt.

Because of the problems starting a hole with APC coring at the previous site, we de-
cided to start coring with the RCB coring system. The drill string was lowered to the 
seafloor and the RCB bit tagged it at 4003 mbrf. This was 21.5 m deeper than the cor-
rected PDR depth of 3981.5 mbrf.

RCB coring in Hole U1356A started at 0025 h on 23 January. RCB Cores 318-U1356A-
1R through 106R penetrated to 1006.4 mbsf and recovered 350.13 m of core (35%). 
The presence of glacial erratics below the first two cores adversely affected recovery. 
Recovery varied considerably from 0% to 99%, but it improved with depth. For exam-
ple, Cores 318-U1356A-66R through 92R penetrated 254.3 m of formation (622.3–
876.6 mbsf) and recovered 140.58 m (55%).

No significant hole problems were encountered. We started circulating 20 bbl of mud 
frequently beginning at 296.7 mbsf. This was increased to every other core starting 
with Core 318-U1356A-69R (660.6 mbsf). A single 40 bbl sweep was circulated at 
631.9 mbsf and then 20 bbl mud sweeps were circulated at 814, 834, 852, 872, and 
877 mbsf. Below this depth we circulated 20 bbl of mud after each core.

Minor disruptions to operations occurred for 1 h on 27 January when the WKM ball 
valve and remote actuator required servicing and when we had to make an extra wire-
line run to recover Core 318-U1356A-97R after shear pin parted during the initial re-
trieval attempt.

The total target depth of the hole was revised as we progressed to ensure full charac-
terization of the greenhouse to icehouse transition across the inferred Eocene/Oligo-
cene boundary reflectors. Ultimately, coring reached 1006.4 mbsf. As soon as coring 
was finished, we started to prepare the hole for logging by sweeping the hole with 50 
bbl of sepiolite and then raising the drill bit back up to 103 mbsf. A tight spot was 
encountered at 409 mbsf. While lowering the bit back down into the hole to 476 
mbsf, a ledge was encountered at 400 mbsf. At this point, the weather had deterio-
rated (up to 20 ft swells; 35 kt winds) so that we had to abandon the hole. Based on 
weather forecasts, we also thought conditions would not improve substantially for 
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long enough to allow a reasonable chance to log the hole. We retrieved the drill string 
and by the time the drill string was recovered, the weather system had passed and the 
sea conditions were relatively mild. After the beacon was recovered, we began the 
transit to Site U1357 at 0615 h on 2 February.

The only ice seen during operations at Site U1356 occurred on 29 January when a pin-
nacle-shaped iceberg was detected 12 nmi to the southeast. It was estimated to be 40 
m high, 110 m long, and moving haphazardly at ~0.5 kt. Two growlers were also ob-
served visually in the general area of the iceberg. The iceberg came no closer than 10 
nmi, did not impact operations, and drifted off radar at 0430 h on 30 January.

Site U1357

Site U1357 was the southernmost of the shelf sites, all of which are prone to ice cov-
erage. Shortly after departing for Site U1357 at 0615 h on 2 February 2010, we began 
to encounter floating ice. The vessel speed was frequently adjusted to match visibility 
and ice conditions as we proceeded on a southeast heading toward the site. We were 
able to negotiate through large concentrations of icebergs and growlers with the ben-
efit of a clear and sunny day providing excellent visibility. The 218 nmi transit to Site 
U1357 took 25.7 h at an average speed of 8.5 kt. We were positioned over Site U1357 
at 0800 h on 3 February. After a short wait to evaluate the movement of proximal ice, 
we began assembling the APC/XCB drilling assembly.

We started coring in Hole U1357A at 1445 h on 3 February, and the first core estab-
lished the seafloor depth at 1025.9 mbrf (1014.8 mbsl). However, the extremely dif-
fuse boundary between bottom water and seafloor sediment precludes accurate 
definition of water depth using a standard shipboard sonar system; most coring sys-
tems (including the APC) typically do not recover this boundary. Cores 318-U1357A-
1H through 21X penetrated to 186.6 m and recovered 183.87 m (99%). All APC cores 
at this site were obtained with the nonmagnetic core barrels unless otherwise noted. 
The last APC core (Core 318-U1357A-20H) was an incomplete stroke. We then took a 
single XCB core from 185.6 to 186.6 mbsf,and it bottomed out in diamict. Coring was 
interrupted for 4 h when an iceberg approached close to the ship. Prior to pulling out, 
the hole was filled with 79 bbl of 10.5 ppg mud. The bit cleared the seafloor at 1120 
h on 4 February.

After offsetting the ship 50 m to the east, we started coring in Hole U1357B at 1345 
h on 4 February. The seafloor was at 1028.0 mbrf (1017.0 mbsl). APC Cores 318-
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U1357B-1H through 19H penetrated to 170.7 mbsf and recovered 172.44 m (101%). 
Prior to pulling out, the hole was displaced with 72 bbl of 10.5 ppg mud. The bit 
cleared the seafloor at 0340 h on 5 February.

Hole U1357C, offset 25 m west of Hole U1357A, was started with the APC at 0645 h 
on 5 February. APC Cores 318-U1357C-1H through 11H penetrated to 103.8 mbsf and 
recovered 110.7 m (107%). Once again, coring had to be suspended because of the 
proximity of several icebergs. This time, however, the ice passed close enough that we 
had to abandon the hole so we could offset the ship 2.8 km to the southeast to allow 
the ice to pass through the drilling area. The bit cleared the seafloor at 1358 h on 5 
February and we had to wait until the next morning to retrieve the beacon.

At this time, the weather deteriorated to gale force winds with gusts measured up to 
58 kt, and the combined sea and swell reached 30 ft. During heavy snow squalls the 
visibility dropped to 0.5 nmi. To ensure the safety of the vessel, lookouts were posted 
to observe for growlers and icebergs as the vessel adopted a controlled drift back to-
ward location. As the storm faded, the sea quickly flattened enough for the beacon to 
be recovered at 0815 h on 5 February.

The plan was to reoccupy Site U1357 to finish coring the lowermost ~80 m of the sec-
tion a third time to help provide a more complete composite section and to obtain 
downhole logs. The weather forecast, however, predicted winds gradually increasing 
to 45–50 kt by the evening of 7 February, with occasional gusts in excess of 60 kt with 
poor visibility in heavy snow squalls. Because of the high concentration of icebergs 
of all sizes in the Site U1357 area, safety concerns dictated that the most prudent 
course of action was to depart the region. We departed Site U1357 at 0900 h on 6 Feb-
ruary. The total time at Site U1357 was 63.4 h (2.6 days) of which 24.25 h (38% of 
total) were due to delays caused by ice.

Site U1358

The transit from Site U1357 to Site U1358 began at 0900 h on 6 February 2010. We 
proceeded on an easterly course along the Wilkes Land coast and briefly into the Ant-
arctic Circle (66°33.65′ and 140°43.70′E) before turning to the northeast toward the 
shelf drill sites (U1358 and U1360). As we approached Site U1360, the Captain de-
cided from visual and radar observations that there was too much floating ice in the 
vicinity of for safe operations. This concentration of ice would likely force us to make 
an early departure to avoid entrapment caused by the severe weather predicted for 
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late 7 February. We continued past Site U1360 to Site U1358, which is closer to open 
waters and therefore might allow us stay on location longer before the predicted 
storm would arrive.

We were positioning over Site U1358 at 1730 h on 6 February. The 93 nmi transit was 
accomplished at an average speed of 10.9 kt. The drill string was lowered to the sea-
floor, but we had to wait 1.3 h to start coring as an iceberg moved through the drilling 
area. We tagged the seafloor with the bit at 510.0 mbrf and started RCB coring in Hole 
U1358A at 2245 h on 6 February.

While cutting Core 318-U1358A-1R, an iceberg approached close enough to the vessel 
that we had to pull out of the seafloor at 0015 h on 7 February. We moved 300 m 
south-southwest of the hole to allow the iceberg to pass. Drilling Core 318-U1358A-
1R had penetrated only 2.0 m and recovered 1.10 m (55%). After waiting 2.25 h for 
the iceberg to drift out of the area, we moved back over the site and started Hole 
U1358B at 0250 h on 7 February. RCB Cores 318-U1358B-1R through 4R penetrated 
to 35.6 mbsf and recovered 8.0 m (22%).

While attempting to cut Core 318-U1358B-5R, a drill collar connection failed and the 
lower stand of drill collars, mechanical bit release, assorted subs, bit, and core barrel 
were lost in the hole. We departed Site U1358 at 1530 h on 7 February because the 
weather was forecasted to significantly deteriorate and we did not want to remain in 
an area with such high concentrations of ice during the storm. We departed for a 
deeper water site, Site U1359, where the concentration of icebergs was likely to be 
very low. Total time on Site U1358 was 22.00 h.

Attempt to return to Site U1358

After failed attempts to return to Site U1360, we decided to try to return to Site U1358. 
During 19 February 2010, we sailed around the western edge of the growing ice field, 
turned east, and returned to reassess the ice conditions at Site U1358. When we found 
access to Site U1358 still blocked by ice, we diverted to an alternate shelf site (pro-
posed Site WLSHE-12A) north of Site U1358. We were able to come within 3 nmi of 
the alternate site when we once more were blocked by heavy ice. At 1630 h on 19 Feb-
ruary, we turned north and departed for Site U1359.
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Site U1359

We began transit to Site U1359 at 1530 h on 7 February 2010. While departing the 
shelf, we had to negotiate around and through an assortment of pack ice and 
grounded ice bergs; these became less concentrated and finally disappeared as we 
moved off the shelf. As we arrived in the vicinity of Site U1359 at midnight, we expe-
rienced near–gale force winds, rough seas, and visibility down to 4 nmi in freezing 
rain. We lowered the thrusters and stabilized near the site using the Global Position-
ing System but waited on the weather to improve until the next morning. The 73 nmi 
transit to Site U1359 was accomplished in 8.5 h at 8.6 kt.

After 7 h, the weather conditions improved enough so that we could assemble the 
drill string to the seafloor. We started APC coring in Hole U1359A at 1800 h on 8 Feb-
ruary with the bit at 3012 mbrf. Based on recovery of the first core, the water depth 
was 3020.9 mbrf, 9.1 m deeper than the corrected depth from the PDR. Cores 318-
U1359A-1H through 17H penetrated to 145.4 mbsf and recovered 124.27 m (86%). 
Temperature measurements were made while taking Cores 318-U1359A-4H, 7H, 10H, 
and 13H (29.1, 57.6, 86.1, and 114.6 mbsf, respectively). Nonmagnetic core barrels 
were used for all piston cores after Core 318-U1359A-1H but were not oriented. After 
APC refusal, we deepened the hole with XCB Cores 318-U1359A-18X through 22X 
from 145.4 to 193.5 mbsf and recovered 29.81 m (62%). Total recovery for Hole 
U1359A was 80%. Rather than continuing to deepen the hole with the XCB, we de-
cided to stop so that we could core two more APC holes to provide a more complete 
section.

The bit cleared the seafloor at 1700 h on 9 February, and we offset the vessel 25 m 
west-southwest. We started coring Hole U1359B at 1815 h with the bit at 3017 mbrf. 
Seafloor was established at 3018.8 mbrf. APC Cores 318-U1359B-1H through 23H 
penetrated to 209.0 mbsf and recovered 183.59 m (88%). Nonmagnetic core barrels 
were used for all APC cores. We then deepened the hole with the XCB for Cores 318-
U1359B-24X through 28X from 209.0 to 252.0 mbsf and recovered 15.33 m (36%). 
The total recovery for Hole U1359B was 79%. The bit was pulled clear of the seafloor 
at 2240 h on 10 February.

The vessel was offset 25 m west-southwest of Hole U1359B. We started coring in Hole 
U1359C at 2340 h on 11 February with the bit at 3020 mbrf. Seafloor depth was es-
tablished at 3022.3 mbrf. APC Cores 318-U1359C-1H through 18H penetrated to 
168.7 m and recovered 150.73 m (89%). We planned to stop coring at this time to be 
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able to depart for high-priority shelf sites so that we could take advantage of a fore-
casted period of good weather. We planned on returning to this site, so we did not 
retrieve the seafloor beacon at this time. The bit cleared the seafloor at 1620 h and 
was back onboard at 2340 h on 11 February. We departed for Site U1360 at 2345 h on 
11 February. The total time on Site U1359 was 89.25 h.

Return to Site U1359

After operations at Site U1360 and multiple attempts to return to that site and other 
shelf sites, we returned to Site U1359 at 2200 h on 19 February. We assembled an RCB 
BHA, lowered it to the seafloor, tagged the seafloor with the bit at 3023.0 mbrf, and 
started drilling Hole U1359D at 0530 h on 20 February 2010. We drilled without cor-
ing to 152.2 mbsf and then started RCB coring at that depth to overlap with previous 
APC/XCB coring that had penetrated to 252 mbsf. RCB Cores 318-U1359D-2R 
through 48R penetrated from 152.2 to 602.2 mbsf and recovered 269.7 m (60%). The 
last core was recovered on deck at 1145 h on 23 February.

In preparation for downhole logging, we flushed the hole with a 50 bbl mud sweep 
and made a wiper trip up to 82.6 mbsf and then back down to 602.2 mbsf. After an-
other 50 bbl sepiolite mud sweep, we released the bit at the bottom of the hole, dis-
placed the hole with 191 bbl of 10.5 ppg mud, and raised the end of the pipe to 96.9 
mbsf for logging.

We were able to conduct two very successful logging runs in excellent hole condi-
tions. The triple combo and FMS-sonic tool strings were able to log the entire hole 
from 602 mbsf up to the end of the pipe. The FMS-sonic tool string was back on deck 
at 2000 h on 23 February. In accordance with our Marine Mammal Protocol, we 
waited until daylight the next day before conducting the check shot log utilizing the 
Schlumberger VSI.

We rigged up the VSI and started lowering it downhole at 0745 h on 24 February. The 
VSI was able to reach within 5 m of bottom of the hole, but we had to postpone start-
ing the check shots because a few whales had entered within the mammal exclusion 
zone. Once we were able to start, we discovered that the VSI caliper arm could not be 
extended to clamp the tool against the borehole wall. However, we were able to set 
the tool on the bottom of the hole and get good enough coupling with the formation 
to collect data at that depth. We could have retrieved the VSI tool for repair/replace-
ment, but we decided conclude logging so we could attempt to reach one of our high-
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priority shelf sites. After we recovered the VSI at 1330 h on 24 February, we retrieved 
the drill string, with the end of the pipe clearing the seafloor at 1440 h and arriving 
back on the rig floor at 2050 h. We departed for the last attempt at occupation of one 
of the high-priority shelf sites at 2245 h on 24 February.

Site U1360

We departed for Site U1360 at 2345 h on 11 February 2010. The voyage began in gale 
force winds and rough seas, but these slowly abated during the day. As we moved 
south, we began to observe numerous icebergs and had to adjust speed and heading 
to adapt to conditions. Approximately 15 nmi from location we encountered an ice 
tongue comprised of pack ice and icebergs that blocked direct access to Site U1360. 
We had to detour ~30 nmi to the west to find a clear passage around the ice. The out-
side temperature of –5°C combined with the 35 kt winds created a wind chill of about 
–20°C and ice began forming on the deck and the outside bulkheads.

We arrived at Site U1360 at 1800 h on 12 February. However, we had to wait 5.25 h 
in dynamic positioning mode for two large icebergs in the immediate vicinity to 
move away. We were finally on site and started deploying the drill sting at 2315 h on 
13 February. We decided to use a shorter, two-stand BHA so we could reduce the time 
the rigid drill collars were above the seafloor. We did this to reduce the chances of re-
peating the drill collar pin failure that happened in Hole U1358B.

After the driller tagged seafloor with the bit at 506.0 mbrf, we started RCB coring in 
Hole U1360A at 0425 h on 13 February. Cores 318-U1360A-1R through 7R penetrated 
to 70.8 mbsf and recovered 7.04 m (10%). Because of the relatively hard seafloor, ro-
tary coring proceeded slowly and carefully. Coring had to stop when large icebergs 
forced an early termination of the hole. We started to prepare a free-fall funnel (FFF) 
so that we could attempt to return to the same hole after the next severe storm. Un-
fortunately, the hole had to be abandoned because of the approaching iceberg before 
it could be deployed.

We departed Site U1360 at 0615 h on 14 February. We planned on returning to this 
site, but moved to deeper water to avoid riding out the next intense low pressure sys-
tem among the ice in shallow water. This system was predicted to arrive on the eve-
ning of 14 February with predictions for 50 kt winds (gusts up to 60 kt) and poor 
visibility in snow flurries on Monday.
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We arrived at a position in deeper water that was 50 nmi north of the ice pack. The 
104 nmi transit to this location took 10.2 h at 10.2 kt. We then went into dynamic 
positioning mode to safely ride out the storm. This system arrived as predicted late 
Sunday evening and by Monday was upon us with sustained winds of 50 kt and gusts 
as high as 62 kt as well as heavy seas and poor visibility during periods of heavy snow. 
The sea and swell continued to build during most of 15 February with the vessel mo-
tion reflecting the intensity of a storm that increased to just short of hurricane force. 
The barometer bottomed out at 972 Mb and remained there for the rest of the after-
noon. At 1800 h on 15 February, we had to offset the ship because of an approaching 
iceberg. The storm began to abate during the late evening and we began the transit 
back to Site U1360 early the next morning (1000 h on 16 February).

During the transit, we adjusted speed and course so that we would not overtake the 
remnants of the storm that was still south of us and so that we would arrive at first 
light the next morning. During the daylight hours of 17 February, we made four at-
tempts to penetrate the northern edge of the extensive pack ice and iceberg barrier 
that existed between the vessel and Site U1360. However, each time we were blocked 
by the ice and had to reverse course. So that we could avoid having to maneuver the 
vessel amidst the ice during the darkness, we moved to a position ~100 nmi northwest 
of Site U1360 and “parked” in dynamic positioning mode throughout the evening of 
17 February.

The next morning we decided to attempt to reach Site U1360 from the south. We be-
gan the transit at 0545 h on 18 February. We sailed around the western edge of the 
growing ice tongue, then moved east-southeast past the Antarctic Circle at 1340 h 
and attempted to approach Site U1360 from the southwest. This time we were able to 
get within 8 nmi of Site U1360 before encountering a heavy concentration of pack ice 
and icebergs blocking access to the site. We reluctantly reversed course and began re-
tracing our course westward in order to move back around to the northern edge of 
the ice tongue during the evening of February 18. At this point, we decided to attempt 
to get to Site U1358 or other alternate sites on the outer shelf on the northern edge 
of the ice tongue.

Site U1361

After completing operations at Hole U1359D and attempting to reach our shelf sites 
(proposed Site WLSHE-12A, Site U1358, or Site U1360), we decided to conduct our fi-
nal operations at Site U1361. We positioned over Site U1361 at 1945 h on 25 February 
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2010. The total transit distance from Hole U1359D to near-shelf proposed Site 
WLSHE-12A and finally to Site U1361 covered 149 nmi at an average speed of 7.1 kt. 
We lowered the drill string and started coring Hole U1361A at 0710 h on 26 February. 
Based on the recovery of the first core, the seafloor depth was 3465.5 mbrf (3454.3 
mbsl), or 5.3 m shallower than the corrected PDR depth. APC coring advanced to 
151.5 mbsf and recovered 150.9 m (100%). The first core was obtained with a stan-
dard steel core barrel, but all subsequent APC cores were taken with nonmagnetic core 
barrels. Temperature measurements were made while taking Cores 318-U1361A-4H, 
7H, 10H, and 13H at 37.5, 66.0, 94.5, and 123.0 mbsf, respectively.

We switched to XCB coring and deepened the hole from 151.5 to 388.0 mbsf. Cores 
318-U1361A-17X through 41X recovered 188.0 m (79%). After Core 318-U1361A-
41X was recovered at 0120 h on 28 February, we had to suspend coring to deploy a 
FFF because an iceberg was moving directly toward the site.

We raised the bit to 90 mbsf and deployed a FFF at 0700 h on 28 February. At that 
time, the iceberg was 5.5 nmi away and continuing to move toward the ship. We 
waited until ~0900 h to see if it would change course, but it was still heading toward 
us. At 0945 h, we pulled the bit out of the hole and started moving the ship to the 
north and out of the iceberg’s path.

The ~500 ft wide iceberg passed directly over the hole at 1245 h. Once the iceberg had 
cleared the site and was no longer a threat, we moved back over the hole by 1500 h 
and the reentry camera/sonar system was deployed. At 1555 h, the video failed when 
the system was 200 m below the ship. When we recovered the camera system we 
found that water had entered the cable head assembly on the main umbilical cable. 
As soon as it was repaired we lowered it to the end of the drill string.

We reentered Hole U1361A at 2137 h on 28 February after 15 min of searching and 
positioning the drill bit over the FFF. We lowered the drill string into the hole as the 
camera system was retrieved, and by 0130 h on 1 March the bit had reached the bot-
tom of the hole at 388.0 mbsf without having experienced any significant drag while 
running into the hole. Because of the little time remaining before we had to depart 
for Hobart, Australia, we decided not to continue coring and prepare the hole for 
downhole logging.

The hole was flushed with 50 bbl of sepiolite mud and then displaced with 179 bbl of 
10.5 ppg heavy mud. The drill string was raised to 88.6 mbsf for logging. We con-
ducted two successful logging runs with the triple combo and the FMS-sonic tool 
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strings, with both reaching the bottom of the hole. Once logging was concluded, the 
bit was pulled free of the seafloor and the vessel offset 50 m north of Hole U1361A.

APC coring in Hole U1361B started at 0840 h on 2 March and established the water 
depth at 3466.9 mbrf. We only had time for two piston cores before the operational 
time for the expedition ran out, in part as a result of a delay caused by ice buildup on 
the APC piston rod. APC Cores 318-U1361B-1H and 2H penetrated to 12.1 mbsf and 
recovered 12.0 m (100%).

The drill string was recovered and the BHA disassembled into component parts by 
2400 on 2 March. We started our transit to Hobart at 0030 h on 3 March. The last line 
ashore in Hobart was at 1500 h on 8 March.
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Table T1. Expedition 318 coring summary. 

Site Hole Latitude Longitude

Seafloor
depth
(mbrf)

Cores
(N)

Cored
(m)

Recovered
(m)

Recovery
(%)

Drilled
(m)

Total
penetration

(m)

Total
depth 
(mbrf)

Time on 
hole 
(h)

Time on 
site 

(days)

U1355 A 63°50.4704′S 168°49.4270′E 3734.0 4 31.7 14.95 47 0.0 31.7 3765.7 67.25
Site U1355 totals: 4 31.7 14.95 47 0.0 31.7 2.8

U1356 A 63°18.6138′S 168°59.9376′E 4003.0 106 1006.4 350.14 35 0.0 1006.4 5009.4 255.50
Site U1356 totals: 106 1006.4 350.14 35 0.0 1006.4 10.6

U1357 A 66°24.7991′S 140°25.5008′E 1025.9 21 186.6 183.87 99 0.0 186.6 1212.5 27.33
B 66°24.7990′S 140°25.5705′E 1028.0 19 170.7 172.44 101 0.0 170.7 1198.7 16.33
C 66°24.8013′S 140°25.4651′E 1027.7 11 103.8 110.71 107 0.0 103.8 1131.5 29.33

Site U1357 totals: 51 461.1 467.02 101 0.0 461.1 3.0

U1358 A 66°05.4247′S 143°18.7674′E 512.0 1 2.0 1.10 55 0.0 2.0 514.0 6.75
B 66°05.4244′S 143°18.7666′E 512.0 4 35.6 8.00 22 0.0 35.6 547.6 15.25

Site U1358 totals: 5 37.6 9.10 24 0.0 37.6 0.9

U1359 A 64°54.2377′S 143°57.6825′E 3020.9 22 193.5 154.08 80 0.0 193.5 3214.4 34.00
B 64°54.2431′S 143°57.6553′E 3018.8 28 252.0 198.92 79 0.0 252.0 3270.8 29.67
C 64°54.2477′S 143°57.6248′E 3022.3 18 168.7 150.73 89 0.0 168.7 3191.0 25.58
D 64°54.2596′S 143°57.5624′E 3023.0 47 450.0 269.72 60 152.2 602.2 3625.2 120.50

Site U1359 totals: 115 1064.2 773.45 73 152.2 1216.4 8.7

U1360 A 66°22.0395′S 142°44.7050′E 506.0 7 70.8 7.04 10 0.0 70.8 576.8 31.00
Site U1360 totals: 7 70.8 7.04 10 0.0 70.8 1.3

U1361 A 64°24.5728′S 143°53.1992′E 3465.5 41 388.0 338.86 87 0.0 388.0 3853.5 106.33
B 64°24.5454′S 143°53.1966′E 3466.9 2 12.1 12.04 100 0.0 12.1 3479.0 18.42

Site U1361 totals: 43 400.1 350.90 88 0.0 400.1 5.2

Expedition 318 totals: 331 3071.9 1972.60 64 152.2 3224.1 783.25 32.6
74



Expedition 318 Preliminary Report
Figure F1. Updated Cenozoic pCO2 and stacked deep-sea benthic foraminifer oxygen isotope curve 
for 0 to 65 Ma. Updated from Zachos et al. (2008) and converted to the Gradstein timescale (Grad-
stein et al., 2004). ETM2 = Eocene Thermal Maximum 2, PETM = Paleocene/Eocene Thermal Maxi-
mum, ETM1 = Eocene Thermal Maximum 1.
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Figure F2. Simulated initiation of East Antarctic glaciation in the earliest Oligocene using a coupled 
GCM-ice sheet model (from DeConto and Pollard, 2003a). These results are principally forced by 
gradual lowering of atmospheric levels of CO2 concentration in the simulated atmosphere. Note 
that the glaciation takes place in a “two-step” fashion reminiscent of the two-step δ18O increase re-
corded in benthic foraminiferal carbonates across the Eocene–Oligocene transition (e.g., Coxall et 
al., 2005). The first step results in glaciation in the Antarctic continental interior, discharging 
mainly through the Lambert Graben to Prydz Bay. The second step results in the initial connection 
and subsequent rapid expansion of the ice sheet, reaching sea level in the Wilkes Land at a later 
stage.
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Figure F3. Earth’s temperature variability during the last 80 m.y. based on reconstructions from 
deep-marine oxygen isotope records. Future atmospheric temperature scenarios, based on Intergov-
ernmental Panel on Climate Change (2007, www.ipcc.ch) greenhouse trace gas forecasts, are 
shown at top of diagram.
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Figure F4. Antarctic drainage patterns of the West Antarctic Ice Sheet (WAIS) and the East Antarctic 
Ice Sheet (EAIS) from the interior to the coast. Red = areas of fast flowing ice streams. Also shown is 
the drilling area, which partly drains the Wilkes subglacial basin, where the EAIS is partly grounded 
below sea level.
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Figure F5. Aeromagnetic interpretation in the Wilkes subglacial basin. New subglacial topography 
map for the Wilkes subglacial basin and adjacent Trans Antarctic Mountains derived from airborne 
radar data is displayed over a new bedrock topography map, obtained by combining the new data 
with previous airborne radar data compiled within BEDMAP (Ferraccioli et al., 2009).
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Figure F6. Bathymetric map showing locations of the seven sites drilled during Expedition 318. De-
tails about sedimentary environments targeted at these sites are imaged in Figure F7 (blue box).
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Figure F7. Detailed bathymetry of most of area drilled during Expedition 318. The irregular mor-
phology of the continental shelf is characterized by several >1000 m deep inner-shelf basins (Site 
U1357), erosional troughs extending from these basins to the shelf edge (Site U1358), and shallow 
banks adjacent to the troughs (Site U1360). The slope is incised by numerous canyons that in the 
continental rise evolve to channel-levee complexes (Sites U1356 [not shown], U1359, and U1361).
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Expedition 318 Preliminary Report
Figure F10. A. Bathymetric map of eastern Wilkes Land margin showing the location of Site U1357 
and other Expedition 318 drill sites. Contour interval = 250 m. Box = approximate area of B. B.
Bathymetric map of eastern Wilkes Land margin showing location of Site U1357 (black circle) and 
areas north and west of Adélie Basin.
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Figure F11. Swath bathymetry map of Adélie Basin in the vicinity of Site U1357. Circle = location of 
Site U1357. Bold black line = location of ODEC 2000 single channel seismic line shown in Figure 
F17. Contour interval = 50 m.
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Figure F12. ODEC 2000 single-channel seismic line collected from northeast (X) to southwest (Y) 
across Site U1357. Red bar = approximate section cored in Holes U1357A–U1357C. Location of seis-
mic profile is shown in Figure F11.
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Figure F13. East Antarctic Ice Sheet evolution in the Wilkes Land margin and timing of events 
(modified from Escutia et al., 2005) inferred from continental shelf and rise stratigraphy (i.e., seis-
mic regional unconformities and units).
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Figure F14. A. Bathymetric map of eastern Wilkes Land margin showing the location of Site U1355 
and other Expedition 318 drill sites. Contour interval = 250 m. Box = approximate area of B. B. Nav-
igation map of seismic reflection profiles across and in the vicinity of Site U1355. Bold lines = mul-
tichannel seismic reflection profiles shown in Figure F15.
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Expedition 318 Preliminary Report
Figure F15. Seismic reflection profiles across Site U1355 showing regional Unconformities WL-U3, 
WL-U4, and WL-U5. Filled red rectangle indicates approximate, very shallow penetration achieved 
at Site U1355 as compared to the target penetration depth (open rectangle). Location of seismic pro-
files is shown in Figure F14.
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Figure F16. A. Bathymetric map of eastern Wilkes Land margin showing the location of Site U1356 
and other Expedition 318 drill sites. Contour interval = 250 m. Box = approximate area of B. B. Nav-
igation map of seismic reflection profiles across and in the vicinity of Site U1356. Bold line = multi-
channel seismic reflection profile shown in Figure F17.
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6 showing regional Unconformities WL-U3, WL-U4, and WL-
. Location of seismic profile is shown in Figure F16.
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Expedition 318 Preliminary Report
Figure F18. Bathymetric map of eastern Wilkes Land continental shelf showing the location of Sites 
U1357, U1358, and U1360. Bold black line = multichannel seismic reflection Profile IFP 108 shown 
in Figures F19 and F22.
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cross Site U1358. Profile shows main regional unconformities defined 
targeted Unconformity WL-U8. Red rectangle = approximate penetra-
wn in Figure F18.
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in the Wilkes Land continental shelf. Drilling at Site U1358 
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Expedition 318 Preliminary Report
Figure F20. Bathymetric map of eastern Wilkes Land margin showing the location of Site U1358, 
U1359, and U1361. Contour interval = 250 m. Bold line = multichannel seismic reflection profile 
shown in Figure F21.
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wing regional Unconformities WL-U3, WL-U4, and WL-U5 
 Site U1359. Location of seismic profiles is shown in Figure 
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cross Site U1360. Profile shows the main regional unconformities de-
360 targeted Unconformity WL-U3. Red rectangle = approximate pen-
shown in Figure F18.
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Figure F23. Bathymetric map of eastern Wilkes Land margin showing the location of Site U1361. 
Bold line = multichannel seismic reflection profile shown in Figure F24.
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gional Unconformities WLU5–WLU8 targeted by 
n of seismic profiles is shown in F23.
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Figure F25. Updated Cenozoic pCO2 and stacked deep-sea benthic foraminifer oxygen isotope curve 
for 0–65 Ma. Updated from Zachos et al. (2008) and converted into Gradstein timescale (Gradstein 
et al., 2004) and combined with chronostratigraphy of the sites drilled during Expedition 318.
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Expedition 318 Preliminary Report
Figure F26. Conceptual illustration of tectonic, geological, sedimentological, and climatic evolution 
of the Wilkes Land margin since the middle early Eocene (~54 Ma). U3, U4, and U5 refer to seismic 
unconformities WL-U3, WL-U4, and WL-U5. CPDW = Circumpolar Deepwater, ACSC = Antarctic 
Circumpolar Surface Water, UCPDW = Upper Circumpolar Deepwater, LCPDW = Lower Circumpo-
lar Deepwater, AABW = Antarctic Bottom Water.
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Figure F27. Example of a core section from Holocene diatomaceous ooze, Site U1357. Note the dis-
tinct seasonal laminations.
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