
Marine geology and geophysics

Preliminary results
of high-resolution

seismic and coring surveys
in the Antarctic Peninsula region

JOHN B. ANDERSON

Department of Geology and Geophysics
Rice University

Houston, Texas 77251

Approximately 2,000 kilometers of high-quality seismic re-
flection data and 10 piston cores were acquired during U.S.
Antarctic Program 1991 cruise PD91 aboard the RIV Polar Duke
in the vicinity of the Antarctic Peninsula. Digital data were
obtained using a single channel Teledyne streamer. Seismic
surveys in bays and fiords were conducted using a 15-cubic-
inch water gun. Shelf surveys were conducted using a Hamco
(100-cubic-inch) water gun and the smaller T-water gun, fired
at 3 and 6 seconds, respectively.

The initial portion of the cruise concentrated on acquiring a
high-resolution seismic data set from the continental shelf of
Gerlache Strait to Antarctic Sound (figure 1A). This expands
data coverage of the shelf from Marguerite Bay to the northern
end of the Antarctic Peninsula. All of the data are being used
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Figure 1. A. Tracklines collected in the vicinity of Hughes Bay and Bransfield Strait. Core locations are marked by a point within a circle.
Line PD91-45A is a side-scan sonar trackline. B. Trackline and location map of Andvord Bay. Core PC91-1 is marked with an encircled
point.
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to map those features that define the grounding line position
of the late Wisconsin ice cap in the region and to analyze the
Neogene sequence stratigraphic signature. Side-scan sonar sur-
veys covered two areas of the shelf in an attempt to identify
glacial striations on the bedrock surface and flutes. Only one
small area with striations was located.

Seismic lines were planned to maximize the number of cross-
ings of large troughs, such as Orleans and Gerlache straits, and
adjoining shallow platforms to illustrate differences in glacial
morphology and depositional units. Tracklines also extend
down the axis of these troughs and into Bransfield Basin. Our
assumption was that sediments eroded from the troughs now
reside in Bransfield Basin and large delta/fan systems might
occur where the grounding lines of former ice streams existed.
If so, these systems constitute important drilling targets for
understanding the glacial history of the region.

The results are preliminary, but the seismic records display
massive, hummocky deposits that infill troughs and extend to
the shelf edge. Delta/fan systems are not conspicuous at the
mouth of Orleans and Gerlache straits. This implies that these
troughs formed during an older glacial episode and that the
products of erosion are buried deep in the basin, beyond the
penetration capability of our seismic records (approximately 0.5
seconds). Therefore, glacial erosion of these features probably
occurred during or shortly after the initial opening of Bransfield
Basin.

A second phase of the expedition focused on the northwest-
ern Weddell Sea (figure 2A). Our objective was to collect
enough seismic data to permit a high-resolution sequence stra-
tigraphic analysis of the area to use in the evaluation of the
Neogene glacial record, and to aid in the selection of possible
future drilling sites.
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Figure 2. A. Trackline and location map of Weddell Sea. Core PC-9, on trackline PD91-25A is indicated by a circled point. Line PD91-37 is a
side-scan sonar trackline. Trackline deviations usually resulted from encounters with heavy ice or icebergs. Boxed region of James Ross
Island marks the location of figure 2B. B. Trackline and location map of Herbert Sound. Core locations from this cruise are marked by a
circled point. Cores from Deep Freeze 82 are indicated by a triangle with a point.
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The seismic data reveal a thick accumulation of sedimentary
deposits (approximately 3.5 kilometers) within the northern
part of Palmer Basin. Two major sequences are recognized, an
older accretionary sequence sourced from the Seymour Island-
James Ross Island area and from the Joinville Island platform,
and a younger aggradational sequence (figure 3). The older
sequence contains an extensive series of tilted units, bound at
its upper surface by a glacial unconformity, and resting uncom-
formably on intensely folded and faulted strata, inferred to
represent the Trinity Peninsula Group based on extrapolation
to local outcrops. The younger sequence, deposited above the
glacial unconformity, contains broad erosional surfaces and
massive intervals interpreted to be subglacial deposits. The
subglacial facies grade offshore into more evenly laminated de-
posits, assumed to be relatively distal glacial marine facies. By
extrapolation to outcrops on Seymour Island and James Ross
Island, the basin fill is predominantly Tertiary in age.

One, and possibly two, large strike-slip faults trending north-
northeast by south-southeast (figure 3) offset the older accre-
tionary sequence but not the younger glacial sequence. These
are the only tectonic features observed in the basin.

Glacial erosion has left virtually the entire 3.5-kilometer-thick
section of the basin exposed at one place or another on the
shelf (figure 3). Thus, this area is suited ideally for shallow

drilling, and based on our other data, will yield a more com-
plete Paleogene-Neogene stratigraphic record of the Antarctic
Peninsula region than any other area studied to date.

A final phase of the project this season was an examination
of the Holocene climatic evolution of the Antarctic Peninsula
region. Toward this goal, we conducted a detailed seismic and
coring survey of selected bays and fjords of the Peninsula. Our
primary objective was Andvord Bay, located on the Antarctic
Peninsula off Gerlache Strait (figure 1B, and Herbert Sound,
located on the north side of James Ross Island (figure 2B).
Herbert Sound is of key interest because it is the largest bay
south of the Peninsula and, therefore, subject to colder and
dryer conditions than Andvord Bay and other bays and fiords
of the Gerlache Strait—Bransfield Basin region. We hope that
data from both areas will enable us to examine fluctuations in
the sharp thermal gradient that separates these regions
throughout Holocene time.

A high-resolution seismic survey (using the 15-cubic-inch
water gun) was conducted in Herbert Sound during the first
day of study (figure 1B). This survey revealed a thin sediment
cover confined to the central axis of the basin. Using these data,
we selected several coring sites to sample possible tills and the
basin fill. Overcompacted diamicton was sampled at one loca-
tion and two long cores (6 and 9 meters) were acquired from

Figure 3. Seismic record of east/west line PD91-28A in Weddell Sea, collected with the Hamco 100-cubic-inch water gun. This line is
representative of land to shelf-edge lines in this region. Note the tilted strata bound by a glacial erosional surface. Location of trackline
can be found on figure 2A.
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the central basin. Onboard examination indicated that both
longer cores sampled a alternating sequence of terrigenous and
diatomaceous muds and that organic content of the diatoma-
ceous muds may be sufficient to allow radiocarbon dating.

Our last 2 days of the cruise were spent in the vicinity of the
South Shetland Islands. One day was devoted to a high-reso-
lution (small water gun) seismic survey of Maxwell Bay, se-
lected as the best site to examine the Holocene climatic record
of the South Shetland Islands. The objective was to locate sites
for shallow drilling during future cruises. Previous piston cor-

ing attempts show that the Holocene section is too thick to be
sampled by a conventional piston core. The final day of the
expedition was spent acquiring a seismic profile on the shelf
offshore of Nelson Strait, to enhance an existing data set.

Cruise participants included John B. Anderson, chief scien-
tist; Fernando Siringan; Stephenie Staples Shipp; and Cristy
Harrison of Rice University; and Jay Stravers and Tom Hoyer of
Northern Illinois University. This research was supported by
the National Science Foundation grant DPP 88-18523.

Magnetic susceptibility
measurements in antarctic

glacial-marine sediment
from in front of the

Muller Ice Shelf, Lallemand Fjord

were each processed by decantation and wet-sieve analysis to
generate grain size data in terms of weight percent (clay, silt,
and sand). The separated sand and coarse silt fractions were
found to be preferentially laden with heavy, magnetic minerals.
Upon visual analysis under a binocular microscope, poorly
sorted sands were noted within samples attained at distances
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The primary objective of this study was to determine the
specific physical characteristics of antarctic glacial-marine sed-
iment which would affect the magnetic susceptibility readings
attained from several 10-centimeter-long cores of Smith-Mac-
Intyre grab samples. Understanding the origin of the magnetic
susceptiblity reading is important because these measurements
may prove to be a quick and efficient way to obtain down-core
information about relative grain size, paleoclimatic data, and
subsampling sites, as demonstrated in arctic fjords (Andrews
and Jennings 1987). This analysis was conducted using undis-
turbed sediment samples obtained within Lallemand Fjord
along the Loubet Coast of the Antarctic Peninsula while aboard
the R/V Polar Duke cruise 90-7 Lallemand Fjord, which lies
within the Antarctic Circle, and is characterized as a polar fjord
because the mean summer temperature is less than 0 °C. Be-
cause of this climate and the restricted fjord setting, a small ice
shelf, called the Muller Ice Shelf, is found at the head of a
tributary bay within Lallemand Fjord.

A lithologic map reproduced from Harris and Fleming (1979)
indicates the distribution of regional outcrops and glaciers, as
well as sampling sites (figure 1). The 12 seabed grab samples
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Figure 1. Bedrock and glaciers around Lallemand Fjord with num-
bered seabed sample locations.
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