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During January through May 1989, we undertook several
detailed geophysical surveys of the Shackleton Fracture Zone.
The Shackleton Fracture Zone is an active, transpressional
boundary between the antarctic and Scotia plates that stretches
800 kilometers across the Drake Passage to join the southern
end of South America with the tip of the Antarctic Peninsula
(British Antarctic Survey 1985; figure 1 inset). From January to
early March, high-resolution, multibeam, sonar data were col-
lected with the National Oceanic and Atmospheric Adminis-
tration's Seabeam-equipped vessel RN Surveyor along the length
of the Shackleton Fracture Zone and near its intersection with
Elephant Island. This cruise was part of the Antarctic Living

Figure 1. Bathymetric map of the Shackleton Fracture Zone's intersection with Elephant Island. Solid, black bathymetric lines represent
depths measured with the Seabeam system and dotted lines represent interpolated depths or depths measured with a 3.5 kilohertz echo-
sounder. The map is a Mercator projection at approximately 1:150,000 scale. The bathymetric interval is 500 meters. The heavy black lines
are the R/V Polar Duke's cruise track along which we collected single channel seismic data. The portion of the track labeled A, A' is the
line shown in figure 2. The large, black box corresponds to figure 3. The inset map in the upper right corner is an oblique aspect, azimuthal,
equidistant projection showing the location of the bathymetric map. (AP denotes the Antarctic Peninsula, El denotes Elephant Island, SA
denotes South America, SAM denotes the South American Plate, SCO denotes the Scotia Plate, and ANT denotes the Antarctic Plate.)
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Marine Resources program of the National Oceanic and At-
mospheric Administration and enabled us to collect Seabeam
data on an opportunistic basis with little impact on their pri-
mary program. In April and May, an R/V Polar Duke cruise to
the Bransfield Straits allowed us to supplement the Seabeam
bathymetric mapping with several single-channel seismic lines.

Almost 300 kilometers of single-channel seismic data were
collected in a 200-kilometer-long zone northwest of Elephant
Island. No other seismic surveys covering this region have
been documented. The 360-cubic-inch Bolt air gun proved to
be an excellent seismic source despite rough sea conditions,
and we were able to obtain very good data on both sides of
the Shackleton Fracture Zone. As much as 1.3 seconds (two-
way travel) of penetration was achieved to the east of the
Shackleton Fracture Zone, and we are confident that basement
returns were found both to the east and west of the ridge. The
data were recorded digitally on magnetic tape using a record-
ing system that included two Ithaco amplifiers with high/low
pass filter capability.

The survey pattern was designed to obtain seismic data re-
lated to structural changes along-strike and perpendicular to
the Shackleton Fracture Zone where it intersects the continen-
tal shelf near Elephant Island. Three complete crossings that
extended to the flat abyssal plains on either side of the Shack-
leton Fracture Zone enabled us to determine the symmetry of
the Shackleton ridge and to identify the continuity of certain
structural features indicated by the Seabeam data. Two addi-
tional profiles extended from the Shackleton ridge east into
the Scotia Sea. As the survey progressed, we found a deep
trough to the east of the Shackleton Fracture Zone ridge, and
we traced the trough onto the continental shelf.

Our seismic data greatly enhance the multibeam bathymetric
data by constraining the position of Seabeam tracks and by
filling in gaps in the data. The lines reveal a steep, symmetrical
ridge and appear to indicate the position of one or more con-
tinuous transform faults on the northeast side of the plate
boundary within the Shackleton trough (figure 2). Here de-
formation of sediments associated with recent fault movement
is apparent; and if the 1.3-second reflector is basement, then
there should be more than a kilometer of sediments on the 28-
million-year old crust in the southwest Scotia Sea. The lines
reveal no strong evidence of deformed sediments on the south-
west side of the ridge.

We have produced a preliminary bathymetric map of the
Shackleton Fracture Zone/Elephant Island intersection that re-
veals several interesting tectonic features (figure 3). The map
includes a prominent bathymetric low that lies 20 kilometers
to the northeast of the Shackleton Fracture Zone. As the trough
nears Elephant Island, it is paralleled on either side by two
linear ridges. These features can be traced with the Seabeam
data onto the continental shelf north of Elephant Island. The
southern ridge is an extension of the Shackleton ridge and is
several hundred meters higher than its northern counterpart.
An extrapolation of the lineament defined by the trough in-
tersects the island in the vicinity of a structural and meta-
morphic transition zone described by Dalziel (1984). We believe
that these features may be related to the fracture zone.

We believe that the presence of the Shackleton trough and
the apparent deformation on the northeast side of the Shack-
leton ridge may be the result of a combination of strike-slip
faulting and underthrusting of the Scotia Plate beneath the
Antarctic Plate. Furthermore, differential movement along
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Figure 2. An interpretation of an unprocessed single-channel seismic line showing the northeast-southwest section labeled A, A' in figure
1. Note the deformed nature of the sediments within the Shackleton trough, the transform fault(s) and the basement reflector on the northeast
side of the Shackleton ridge. Sediments on the southwest side of the ridge are relatively undeformed.
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Figure 3. Bathymetric map of the Shackleton Fracture Zone/Elephant Island intersection. The map's location correponds to the large box
in figure 1. The thick, black line is the R/V Polar Duke cruise track and the gray-shaded segments are track lines along which the R/V
Surveyor collected Seabeam data. Note that the thickness of the shaded tracks varies with depth to the ocean floor. The bathymetric interval
is 200 meters. See text for an explanation of the tectonic features.

transpressional faults associated with the Shackleton Fracture
Zone may have played a direct role in the uplift of the forearc
terrane exposed on Elephant Island. The study of the inter-
section of a major active plate boundary with the Antarctic
Peninsula is part of an ongoing effort to understand the tec-
tonic structure of plate boundaries and the processes involved
in the uplift of subduction complexes within the Scotia Arc.
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On the final scientific expedition of the USCGC Glacier dur-
ing during Deep Freeze 87, 29 piston and gravity cores and

approximately 700 kilometers of sparker seismic data were col-
lected from the outer continental shelf and slope of the north -
western Ross Sea (figure 1). The cores were subjected to a
detailed sedimentological study resulting in the identification
of basal tills, glacial-marine sediments, a wide range of sedi-
ment gravity flow units, and carbonate deposits (Reid 1989).

A primary objective of the study was to resolve the stratig-
raphy and lithiofacies relationships generated by the advance
and retreat of the late Wisconsin ice sheet. This is important
because the identification of basal tills succeeded seaward by
glacial-marine deposits would establish the northernmost limit
of grounded ice in this region during the last glacial maximum.
A second objective was to characterize carbonate deposition
in a polar glacial-marine setting. In the past, the presence of
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