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S
ince 1988, the University of Texas Institute for Geophysics
has been involved in several investigative programs that

collected single and multibeam sonar data of the ocean floor
near the South Shetland Islands and the Antarctic Peninsula,
all of which utilized global positioning system (GPS) naviga-
tion. During the austral summer seasons of 1989 through
1991, the U.S. Antarctic Marine Living Resources (AMLR) Pro-
gram used the National Oceanic and Atmospheric Adminis-
tration's (NOAA's) ship Surveyor to conduct biological and
oceanographic studies in a 100x 100 nautical mile grid sur-
rounding Elephant and Clarence islands. We augmented our
study of the continental margin of the Antarctic Peninsula
and the Shackleton Fracture Zone with over 3,000 kilometers
(km) of new bathymetric data collected with Surveyor's
Seabeam sonar system (Klepeis et al. 1989, 1990). These data
greatly improved and expanded a preliminary bathymetric
map of the King George Basin and north Bransfield Basin pro-
duced with a 3.5 kilohertz (kHz) echosounder and single-
channel seismic data collected aboard RlV Polar Duke in 1988
and 1989 (Lawyer and Villinger 1989; Kiepeis et al. 1990).

In February 1991, a detailed multichannel seismic survey
of the complex tectonic regimes around the Antarctic Penin-
sula and South Shetland Islands was completed by R/V Mau-
rice Ewing. This cruise produced about 2,000 km of new
Hydrosweep data of the Bransfield Strait, the South Shetland
Trench, and the Shacideton Fracture Zone. We have compiled
the bathymetric data collected during all these investigations
to generate a 100-meter (m) contour, bathymetric chart of
this complex tectonic region (figure).

All Seabeam and Hydrosweep bathymetric data collected
during the 1989-1991 Surveyor and 1991 R/V Maurice Ewing
cruises were plotted on Mercator projections of variable
scales. We combined data from plots of the same scale into
separate mylar maps of the Bransfield Strait-Elephant Island
region by interpolating bathymetric contours between adja-
cent swaths of data. These maps were checked and augment-
ed with single-beam data collected aboard R/V Polar Duke in
1988 and 1989. We assembled the separate maps by reducing
each to the same scale, scanned them into a Macintosh com-
puter, and joined each image by using the CanvasTM graphics
software package to align map grids. Finally, we digitized the
islands in the vicinity of the Antarctic Peninsula from Defense
Mapping Agency charts and color-coded the map using black
lines to indicate data and blue lines to indicate interpolated
bathymetry. The final version of the map (figure) was checked
with the GPS navigated tracklines from the R/V Maurice
Ewing cruise.

One of the most pronounced and exciting new features
on our bathymetric map is a 300-km long lineament that
extends from Deception Island parallel to, but offset from, the
steep northwestern margin of Bransfield Strait, through
Bridgeman Island and into the north Bransfield Basin toward
the southern tip of Clarence Island. This feature is defined by
the alignment of volcanic islands, seamounts, and submarine
ridges and troughs. It is noteworthy that most of the known
Holocene volcanic activity in the Bransfield Strait and South
Shetland Islands, with the exception of Penguin Island, is
located along this linear feature. We speculate that the linea-
ment is the bathymetric expression of a major detachment
fault along which the strait is now actively extending. Magma
may intrude along the fault at depth until it reaches the base-
ment/sediment interface where it rises to the ocean floor and
produces active volcanism on Deception and Bridgeman
islands. The asymmetric character of the Bransfield Strait
with a steep (up to 11°) northwestern margin and a gentle
(1.3 0) southeastern margin is suggestive of a northwest
bounding detachment fault. It is likely that this characteristic
reflects recent fault activity that has continuously modified
the structure of the steep northwestern margin of Bransfield
Strait. If Bransfield Strait is a back-arc basin as some claim,
then the northwest and southeast margins should be stan-
dard passive margins with slopes of approximately 4°.

Northeast of Bridgeman Island, in north Bransfield Basin,
the submarine topography is less uniform than that of the
central and southern Bransfield Strait. Yet despite the
increased number of features in this area, the trace of the
fault continues with the alignment of a newly discovered
seamount, located 36 km northeast of Bridgeman Island, and
a long, linear ridge and trough south of Elephant Island. Sin-
gle-channel seismic lines collected in north Bransfield Basin
(Lawyer and Villinger 1989) show that that extension has
deformed sediments of the basin though the mechanism of
extension may differ from that further south in Bransfield
Strait. To the northeast, the steep, apparently faulted south-
eastern margin of Clarence Island appears not to be related to
the Bransfield Strait extension but rather to the 120° change in
direction of the transpressional Shackleton Fracture Zone
Transform as it bends to the east to merge with the south Sco-
tia Ridge (Klepeis et al. 1990). Hence, it is likely that the com-
plicated bathymetry of the north Bransfield Basin is the result
of the combined plate motions along the Shackleton Fracture
Zone Transform and the Bransfield Strait detachment fault.

The new bathymetric data provide further detail of the
faulted margins described by Kiepeis et al. (1990). New data
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Bathymetric map of the Bransfield Strait, the southeastern Shackleton Fracture Zone, the South Shetland Trench, and the continental margins
of the Antarctic Peninsula. The map is a Mercator projection. The bathymetric interval is 100 m with every 500-rn line outlined in bold. All data
are in black lines; interpolated bathymetry is in blue. Note the 300-km long lineament, which extends from Deception Island through Bridgeman
Island on the northwest side of the Bransfield Strait. We have interpreted this feature to be the trace of a major detachment fault along which
the strait is now actively extending. See text for details.

south and west of Elephant Island have clarified the nature of
several submarine ridges and troughs and provide control on
the intersection of the South Shetland Trench with the Shack-
leton Fracture Zone. As the Shackleton Ridge intersects the
continental margin northwest of Elephant Island, it displays a
slight depression of its bathymetric relief. This could be the
result of the intersection of the ridge with the trench.
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R/V Nathaniel B. Palmer NBP93- 1 survey of the
Antarctic Peninsula and Powell Basin

LAWRENCE A. LAWyER, Institute for Geophysics, University of Texas, Austin, Texas 78759-4897

H
eat-flow, magnetics, gravity, and seismic reflection data
as well as piston and gravity cores in Powell Basin were

part of a study conducted on the NBP93-1 cruise of R/V
Nathaniel B. Palmer to the Antarctic Peninsula (figure 1).
Because austral summer 1992-1993 turned out to be an
exceptionally ice-free year for the east side of the Antarctic
Peninsula, we took the opportunity to collect seismic, gravity,
and magnetics data along the Larsen Ice Shelf to 66°45'S, an
area previously unexplored. To collect the shelf data, our
planned work in Powell Basin was reduced, and we gambled
that the weather during the cruise would be optimal. The
weather during the 12 days spent along the Larsen Ice Shelf
was excellent while, at the same time, low-pressure zones
moved through Powell Basin and precluded successful work
there.

During the crossing of Drake's Passage, a new 24-channel
seismic streamer was deployed, and an attempt was made to
weight it neutrally bouyant so it would tow at a depth of
between 20 and 30 meters. The streamer, designed by Innova-
tive Transducer, Inc., (IT!) had a flotation jacket that contin-
ued onto the reel. When it became apparent that the streamer
required too much chain taped to it to reach the desired tow-
ing depth, a nonflotation leader was added. In the interim, a
24-phone, single-channel IT! streamer was used for the initial
survey work in Powell Basin and on the Larsen Ice Shelf.

With the single-channel streamer, one crossing of Powell
Basin was made, but only two gas-injector SSI 2.46-liter air-
guns were operational, and two airguns did not give sufficient
penetration to basement. On the return crossing, four guns
were deployed and basement was observed. The weather
deteriorated, the gear was retrieved, and we headed for
Bransfield Strait where the seismic gear was redeployed. A
new "dike-like" intrusive feature was seen in the eastern end
of the King George Basin as well as another heretofore unre-
ported volcanic mound. Before a port call at Maxwell Bay, two
dredges were made on previously identified targets (Keller et
al., Antarctic Journal, in this issue). After the stop at King
George Island, dredging continued until the main winch wire
jammed in the block, and the ship headed for the east side of
the peninsula.

On exiting Antarctic Sound, the single-channel ITI seismic
streamer, four airguns, and the gradiometer were deployed on
a course of 135° until Weddell Sea pack ice was encountered at
64030'S 54020'W. The edge of the pack ice was followed to the
southwest to 66°45'S 58 045'W. Working northward, seismic
data were collected along an east-west grid with a 10-kilome-
ter (km) spacing, until 66°S where the line spacing changed to
20 km (Sloan and Lawyer, Antarctic Journal, in this issue).

Enroute to Powell Basin, a large negative GEOSAT gravity
anomaly was crossed with a single seismic line run due east to

Figure 1. Track chart showing the route of RN Nathaniel B. Palmer
during the NBP93-1 cruise to the Antarctic Peninsula. Mercator
chart was produced using GMT-SYSTEM (Wessel and Smith 1991).
Bathymetric contours are in light-weight lines and are taken from
GEBCO Chart 5-16. Location of the seismic profile shown in figure 2
is indicated by the heavy line. Numbers along the track refer to the
julian day for 1993.
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