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Figure 3. Radium-226/thorium-230 activity ratios versus depth for
three rapidly accumulating siliceous cores collected beneath the
Antarctic Polar Front. The zone of radium-226 ingrowth varies from
100 to 500 centimeters with accumulation rates ranging from 22 to
180 centimeters per thousand years.
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continental shelf (630W to 68°W):
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On 22 December 1988 the RIV Polar Duke left Punta Arenas,
Chile, for the Antarctic Peninsula. We began scientific oper-
ations on Christmas Day.

The 1988 U.S. Antarctic Program cruise involved two sci-
entific programs. Eugene Domack of Hamilton College con-
ducted an investigation of sedimentation in fjords of the Antarctic
Peninsula region. A second group, under the direction of John
Anderson of Rice University, conducted a seismic and coring
survey of the continental shelf between 68°W and 63°W. This
paper presents preliminary results of the latter survey. Objec-
tives of the cruise were:

• To search for evidence of prior episodes of glacial waxing
and waning on the extensive shelf region of the Antarctic
Peninsula. The area of interest includes a portion of the shelf
where ice draining from the Palmer Land Ice Cap, via the
George VI Ice Shelf, would have flowed onto the shelf. Also
included in the survey was an area of the continental shelf
situated north of Adelaide Island where smaller glacier sys-
tems flow to the coast.

• To examine the tectonic and sedimentological evolution of
the continental shelf, particularly as the margin was trans-
posed from an active margin to a passive one after subduc-
tion of the Aluk Ridge. This transformation occurred at
progressively later time going from south-to-north along the
margin, with major transform faults forming the boundaries
along which different episodes of ridge subduction, and
possibly shelf evolution, took place (Hawkes 1981, figure 1).

• To collect a closely spaced set of seismic reflection lines so
that seismic stratigraphic studies can be performed. Such a
stratigraphic approach is a necessary first step toward un-
raveling the tectonic and glacial history of the region. It is
hoped that this database will provide the information needed
to plan future drill sites in the region.
The combined seismic data and sample coverage acquired

during the 1988 U.S. Antarctic Program cruise represents the
most complete survey of its kind anywhere on the antarctic
continental shelf. These data provide a unique opportunity for
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seismic stratigraphic and sedimentological studies aimed at
gaining a better understanding of tectonic and glacial influ -
ences on shelf evolution, the glacial history of the region, and
sedimentation processes.

Thanks to good weather, favorable sea-ice conditions, and
very few equipment failures, we were able to complete our
proposed seismic and coring survey, and even gather addi -
tional data and cores. In all, we acquired just over 3,200 kil-
ometers of seismic reflection profiles and completed 66 geological
sampling stations, most of these piston coring stations. Our
track lines and station locations are shown in figure 1.

Fifteen seismic profiles were collected along shelf transects
extending from the ice-edge to the upper continental slope.
Most of these extend to within 10 kilometers of the coast. These
data were collected with either one or two 100-cubic-inch Hamco
water guns fired at 8-second intervals. Data were acquired with
a 1-kilometer long Teledyne/Litton streamer, and the unfiltered
data were digitized on board for later processing. The data
quality is very good (figure 2).

The seismic profiles show three sequence packages resting
on folded and faulted strata (S B, pre- and syntectonic deposits).
These include a seaward prograding sequence package (S1,
figure 2), a package which includes irregular sediment bodies
bounded by erosional surfaces (S 2. figure 2), and a draping
sequence (S3. figure 2). The prograding sequence was probably
deposited after the Aluk Ridge was subducted and deforma-
tion of the margin ceased, and before the shelf was deepened
by glacial erosion and isostasy. Again, this significant tectonic
event took place at different times, and probably at different

rates, within the study area, the major fracture zones of the
region being the boundaries between each episode of ridge
subduction (figure 1). This sequence indicates rapid terrigen-
ous sediment supply and efficient dispersal of that sediment
across the shelf. This would imply temperate-to-subpolar con-
ditions under which meltwater streams played a key role in
delivering sediment to the sea (Anderson, Bartek, and Thomas
in press).

The shelf was deeply eroded to form the U 1 unconformity,
which extends to the old shelf edge (figure 2). The initial ad-
vance of glacial ice onto the continental shelf probably occurred
during the Oligocene, and possibly as early as the Eocene,
based on the stratigraphic record of Tertiary glacial events in
the South Shetland Islands (Birkenmajer 1987).

Following this initial advance of the ice sheet onto the shelf,
the ice sheet waxed and waned resulting in several erosional
surfaces and deposition of massive, irregular sediment bodies
assumed to be till sequences (S2). It was during deposition of
S2 that the shelf was lowered to its present depth (average 450
meters) and inherited its foredeepened profile (figure 2). This
led to instability of the ice sheet and eventually to its retreat
from the shelf.

The upper draping sequence (S3), thins in an onshore di-
rection, which indicates hemipelagic sedimentation and de-
creased influx of terrigenous sediments from the continent.
This change in the style of sedimentation on the continental
shelf may correspond to a decrease in terrigenous sedimen-
tation on the Bellingshausen abyssal plain and continental rise
(in the form of turbidites at Deep Sea Drilling Project leg 35

Figure 1. Locations of seismic lines and piston cores collected during the 1988 U.S. Antarctic Program cruise. Heavy dark lines show the
approximate locations where major fracture zones (FZ) intersect the continental shelf.
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Figure 2. Representative seismic records from the 1988 U.S. Antarctic Program cruise showing major sequences and sequence boundaries.

sites 322 and 325) to dominantly pelagic and hemipelagic sedi-
mentation at these sites. This change occurred during the late-
middle Miocene (Hollister and Craddock 1976).

Deposition of S 3 is believed to have occurred after the de-
velopment of polar conditions on the continent. This is be-
lieved to have occurred by the end of the Miocene.

Piston cores from the continental shelf penetrated an ov-
ercompacted diamicton that is in sharp contact with surface
sediments that range in composition from lag deposits near
the shelf edge to diatomaceous muds on the inner shelf. The
origin of these deposits will be the subject of future research.
Of particular interest is whether an ice sheet was grounded
on the continental shelf during the last (Wisconsin) glacial
maximum, and if so, how extensive was this ice sheet and
how rapidly did it retreat from the shelf. These findings, when
coupled with the results of similar studies in the Ross Sea,
Amundsen Sea, South Shetland Platform, and South Orkney
Platform, will perhaps provide the data base needed to assess
whether waxing and waning marine ice sheets have responded
to climatic cycles or to the Late Wisconsin/Holocene rise in
world sea level. In the latter case, retreat of grounded ice sheets

from different parts of the shelf will have been episodic in
nature, because shelf physiography and not climate would
have controlled the dynamics of marine ice sheets.

Our cruise was a great success, and we acquired more data
than we had hoped for. This was due largely to the cooperation
and of Polar Duke's highly professional crew. We owe a special
word of thanks to Skip Owen who helped in all aspects of the
cruise. Our research is supported by National Science Foun-
dation grant DPP 85-16908.
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Rates of Holocene sedimentation
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Accurate rates of sediment accumulation must be established
to unravel the complex glacial history of the antarctic conti-
nental margin. To understand the transition from a glacial to
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an interglacial regime during the past 20,000 years, measure-
ment of naturally occurring carbon-14 activity (half-life of 5,730
years) in organic matter or shell material is a powerful tool.
Although carbon-14 dates have been established on samples
from several dry-valley sites on the antarctic continent (see
Stuiver and Braziunas 1985 for summary), carbon-14 chron-
ologies have been established on fewer than ten cores from
the antarctic continental shelf (Kellogg, Osterman, and Stuiver
1979; Venkatesan and Kaplan 1987). Because of the glacial his-
tory recorded in the sediment column as well as the importance
of these deposits in the global chemical cycles of silica and
carbon (DeMaster et al. 1987), additional carbon-14 chronol-
ogies are needed from the antarctic continental shelf.

During January and February of 1986, research teams from
North Carolina State University and Rice University collected
47 box cores and 55 piston cores from the western continental
shelf of the Antarctic Peninsula (see Anderson, DeMaster, and
Nittrouer 1986 for review). Field areas sampled during this
cruise of the U.S. Coast Guard icebreaker Glacier included the
Bransfield Strait, Gerlache Strait, and Marguerite Bay (figure
1). For carbon-14 analyses, subsamples from all of the box cores
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Figure 1. Location of box core and piston cores stations occupied during austral summer 1985-1986 by the U.S. Coast Guard icebreaker
Glacier. Field areas include the Bransfield Strait, Gerlache Strait, and Marguerite Bay.
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