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cesses. The enlarged seismic section (figure 3) crosses the major
fault that is the basin's western boundary and illustrates uplifted
and truncated basin sediments as well as a possible unconfor-
mity beneath these sediments.

In the Victoria Land basin, high-velocity (1.9 kilometers per
second) sediment is found at the seafloor where stiff indurated
glacial marine sediment (diamictite) have been sampled in the
3-meter cores. These sediments are marked by large shear
strengths, high thermal conductivities, and low concentrations
of only methane gas. Preliminary temperature gradients in the
upper 3 to 4 meters of these sediments are large and suggest
high heat flow. In the northeast part of the basin, high resolu-
tion seismic reflection profiles indicate that areas of the seafloor
at depths of 265-725 meters are covered by unusual hummocky
features with 5-25 meters of relief. These features are probably
related to glacial processes during the last ice-shelf advance.

Multichannel seismic-reflection data across Iselin Bank show
that basement rocks are incised by two north-south trending
grabens and are covered by a thin sedimentary section. Base-
ment crops out along the bank's crest and eastern flank and
rocks dredged there include volcanic, plutonic, and sedimen-

tary rocks. Although most rocks are rounded and appear to be
erratics, several subangular assemblages are present and in-
clude a quartzite that is similar to Paleozoic rocks of the Transan-
tarctic Mountains (Laird personal communication). If these
rocks are from seafloor outcrop, then Paleozoic basement rocks
extend at least 300 kilometers beneath the western Ross Sea to
Iselin Bank.
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Marine geological and geophysical
investigations of the Wilkes Land

continental margin, 1984
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Because the continent of Antarctica is so remote and the
prevailing weather and ice conditions are so adverse, little is
known about the geologic framework of the antarctic continen-
tal margin. What is known has been pieced together by extrapo-
lating from widely spaced observations and by inferring from
the known geology of the passive continental margins (par-
ticularly those conjugate margins of the Gondwana group)
which have been studied in greater detail. Although the Na-
tional Science Foundation supported reconnaissance-style ma-
rifle geophysical and geological studies on the RIv Eltanin for
many years, the area covered by the Eltanin's study tracks is a
very small percentage of the total area of the southern ocean. In
addition, very few of the Eltanin's tracks have crossed the almost
totally ice-covered continental margin but rather have been
limited to deep-water areas farther offshore. Those marine
geophysical and geological studies that have been focused on
the continental margin have dealt with only small areas
(Anderson et al. 1980; Behrendt 1983).

In January 1984 the U.S. Geological Survey research vessel
iJv S.P. Lee carried out marine geological and geophysical sur-
veys, including multichannel seismic surveys, on the Wilkes
Land continental margin to outline the basic seismic stratigra-
phy and geologic framework of this passive margin. This report
is a summary of our survey (figures 1 and 2) and includes a
description of the types of data collected and a brief discussion

Figure 1. Leg 1 tracklines of the R/V S.P. Lee. Generalized bathymetry
in meters are from Gebco chart no. 5-18. Sea-ice edge indicated Is
from visual observation. ("km" denotes kilometers.)
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Figure 2. Location of gravity-core sites, rock dredge hauls, seismic-
refraction sonobuoy stations and a side-scan sonar profile. ("km"
denotes kilometer.)
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of preliminary results based primarily on shipboard analyses of
unprocessed seismic and other geophysical data. Participants
included scientists from academic institutions and government
agencies of Australia and New Zealand as well as the U.S.
Geological Survey and the National Oceanic and Atmospheric
Administration.

The cruise began in Lyttleton Harbor on 5 January 1984 and
ended at McMurdo Station on 2 February. During the 13 days
spent in the survey area (between longitude 130°E and 150°E),
we collected multichannel-seismic (Mcs) and other geophysical
data, sampled the seafloor by gravity corer and rock dredge,
and mapped the shelf seafloor by side-scan sonar. The work
area overlaps the 1982 survey by the French Petroleum Institute
(Behrendt 1983) and extends farther to the west. During our
survey, weather conditions were favorable but sea-ice condi-
tions were not, affording only limited access to the continental
shelf.

During non-MCS operations, the Lee at times moved through
loose multiyear, 3-meter thick ice floes of approximately five-
tenths sea surface coverage to locate sites for sampling. All MCS

profiling was carried out in ice-free areas to maintain straight
tracks. Because we had to skirt the ice front, we could not

maintain straight tracks on some of the inshore lines, so some of
those lines contain doglegs.

The Lee attempted to enter McMurdo Sound via the ice chan-
nel that is maintained by the U.S. Coast Guard; however, wind-
pressured brash ice filled the ice channel and made passage
impossible. The Lee was beset in the ice of the McMurdo Sound
channel for a period of 12 hours, after which the USCGC Polar Sea
extricated the Lee, replenished our supplies, and exchanged
crews for us.

After 9 days of MCS surveying with a 2.4-kilometer long hy-
drophone streamer and 1,300-cubic-inch airgun array, we had
collected 1,800 kilometers of seismic data. Shot intervals of 50
meters provide 24-fold coverage for common depth-point pro-
cessing. An additional 400 kilometers of single-channel seismic
reflection data were recorded using one 80-cubic-inch airgun.
Thirty-three sonobuoy-re fraction profiles were also recorded.
Along all lines (including most of the transit lines) gravity,
magnetic gradiometer, and 3.5- and 12-kilohertz acoustic reflec-
tion profiles were recorded. During lines run on the continental
shelf, Uniboom (1-kilohertz) acoustic profiles were recorded
and one 30-kilometer long side-scan sonar record was made.
Eight gravity cores of bottom sediment were obtained with a 3-
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Figure 3. Multichannel seismic profile across the presumed continent-ocean boundary (COB). One second of two-way reflection time in the
sedimentary section equals approximately 1 kilometer; less for the shallower sediment and more for the deeper strata. Location is shown in
figure 1.
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meter corer in various sedimentary environments on the shelf,
slope, and rise. Physical properties were measured on these
samples and gas analyses were made in the ship's laboratory.
Two dredge hauls for rocks were made: one on the shelf and the
other on the upper slope. Navigation was by "Transit" satellite,
supplemented by high-accuracy "Global Positioning System"
satellite for 9 hours each day.

The five north-south lines in the western part of the survey
span the region from the continental shelf break or slope out
across the continent-ocean boundary (COB). The COB typically is
characterized by a ridge that forms the southern boundary of
oceanic basement (figure 3). Using the seismic reflection data
and seismic velocities from sonobuoys, we determined that the
sediment wedge of the slope and rise ranges from about 3 to 6
kilometers thick. Thicknesses measured on the shelf are greater
than 3 kilometers, but exact measurements are difficult to make
from the unprocessed seismic data.

The continental rise is underlain by a sedimentary wedge that
has a lower unstratified sequence, which is largely confined to
the region landward of the COB, and a stratified upper sequence
that extends out over oceanic crust, beyond the COB (figure 3).
The younger stratified sequence was deposited in an environ -
ment of active bottom currents that have shaped and eroded the
deposits and turbidity currents that have dissected the upper
rise and slope to form many submarine canyons and fans.
Seafloor truncation of beds of this stratified sequence on the
upper continental rise indicate that the erosion is recent.

Capping this upper stratified sequence, sharp-crested depo-
sitional ridges spaced about 35 kilometers apart dominate the
morphologic fabric of the seafloor upper continental rise. Some
of the valleys between ridges are occupied by erosional
canyons.

On the continental shelf, side-scan sonar images of the sea-
floor reveal ice gouges in water depths greater than 500 meters
that are produced by large tabular icebergs. Ice-gouge features
typically are multiple-grooved incisions a few meters deep and
tens of meters wide. Semicircular to circular depressions about
100 meters in diameter (ranging from 30 to 150 meters) are also
common on shelf bank tops and slopes. Commonly these de-
pressions occur in an overlapping sequence that forms a linear
feature. In some places these depressions are associated with
the grooved features that are more obviously identifiable as ice

gouges. Coast-perpendicular ridges and furrows a few meters
high and spaced about 100 meters apart are believed to be
related to glacial advances onto the shelf. During the cruise, we
frequently observed that tabular icebergs were aligned on the
shelf indicating their grounding along the flanks of seafloor
ridges. Apparently modern and ancient ice-related processes
are dominant in determining the shape and character of the
seafloor in this shelf environment.

The sediment core samples collected on the continental shelf
consist of: (1) diatom ooze from a deep-shelf basin, probably
deposited in this quiet sedimentary environment by modern
biogenic processes; (2) a pebbly mud on the flank of the basin,
probably emplaced by Pleistocene glacial or glacial-marine pro-
cesses; and (3) sand on a bank top that is either material deposi-
ted in shallow water during a Pleistocene low stand of sea level
or a modern winnowing product of poorly sorted Pleistocene
glacial sediment. Cores from the continental slope and rise
contain mud and sandy mud that, as X-radiographs show, is
deposited as highly bioturbated, unstratified units (hemi-
pelagites?) sharply interbedded with thinly laminated slightly
bioturbated units (contourites?).

Gases were extracted from the nine sediment cores and ana-
lyzed for hydrocarbons. Samples from tops and bottoms of
cores, which are up to 3.8 meters in length, showed methane to
be the most abundant hydrocarbon, with concentrations typical
of shelf environments. The other higher order hydrocarbon
gases occur in much lower concentrations. It is likely that all the
hydrocarbons have a biogenic source. No obvious evidence was
found for thermogenic gas migration or diffusion, and no gas
seeps were observed. Thus gases were probably generated in
place by low-temperature bacterial decay.
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Bottom water circulation in the South
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Deep-sea benthonic foraminifera were analyzed from three
Eltanin piston cores (E45-21, E49-53, E50-2) to infer bottom water
circulation fluctuations in the western South Australian Basin
during the past 3.2 million years. This study provides the most
detailed record of Quaternary and late Pliocene Antarctic Bot-
tom Water history in the southeast Indian Ocean at the present
time. Two bottom water masses, Antarctic Bottom Water (AABW)
and Circumpolar Deep Water (CDw) are currently found in the
southeast Indian Ocean. AABW is believed to be a blend of
bottom waters formed along the Adélie Coast and in the Ross
Sea, which mixes with Antarctic Circumpolar Water as it travels
northward away from the antarctic continental shelf (Gordon
1974; Gordon and Tchernia 1972). The AABW in the South Indian
Basin has potential temperatures of -0.5-0.4'C, salinities of
34.68-34.70 parts per thousand, and dissolved oxygen values of
5.0-5.6 milliliters per liter. The CDW has potential temperatures
of 0.8-1.2°C salinities of 34.72-34.74 parts per thousand, and
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