
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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exceeding some 7 nautical miles from the ice front; these were
presumed to have been ice-rafted. Within the first 5 nautical
miles from the ice front, well-sorted samples contained greater
proportions of silt-to-sand sized terrigenous debris, along with
associated heavy mineral accumulations of hematite, magne-
tite, and maghaemite, which resulted in a deposit with a higher
magnetic susceptibility value.

The dramatic decline in sand percent vs. distance from the
ice shelf (figure 2A) was contrasted with work done by Domack,
Burkley, and Williams (1989). These earlier data were collected
from subpolar fjords, with subsurface meltwater plumes, and
displayed a more gradual sand-percent decline with distance
out into the fjord. The abrupt decrease of sand abundance in
Lallemand Fjord reinforced the premise that the source of the
terrigenous material was not located beneath the ice, the debris
zone, or grounding line of the Muller Ice Shelf.

The magnetic susceptibility (in centimeter-gram-second
units) data were plotted vs. distance from the ice front (figure
2B) with results that parallelled the decrease in sand abundance
away from the ice. This provided further supportive evidence
for the sudden decline in magnetic mineral content away from

Figure 2. A. Plot of weight-percent sand (+), coarse silt (X), and
sand plus coarse silt (*) vs. distance of grab sample site (num-
bered) from ice front. B. Plot of magnetic susceptibility of grab
sample vs. the distance of the site (numbered) from the ice front.
(NM denotes nautical miles; cgs denotes centimeter-gram-sec-
ond.)

the ice shelf front, as noted in optical data. The sorting/size
characteristics were confirmed when the sand fractions from
four distinctive samples were analyzed using a settling tube.
The resultant frequency curves for these samples taken at both
proximal and extreme distances from the ice front indicated a

• close correlation with either wind-blown or meltout terrigenous
debris, respectively, as reported for McMurdo Sound by Barrett
et al. (1983). It has, therefore, been hypothesized that wind and
the saltation style of transport from exposed bedrock and talus
slopes generate the well-sorted ice-shelf-edge deposits that are
high in heavy mineral content as well as magnetic susceptibility
values. Consequently, a linear correlation between grain size
and magnetic susceptibility was revealed as the sand-to-coarse-
silt content was plotted vs. magnetic susceptibility (figure 3A).

A
60

67 ............................

69

40 .....................................................................................
xx06

30 ...................................................................................70	..............+
ME
>(	 x

	

6	 x

rQ 20 ..............................................................................................................................................................................
59	 57 x

10 •	+	 ++

ot,+
0	200	400	600	800

100	300	500	700	900
Magnetic Susceptibility(cgs)

B

00.0
U

I
a.

C
0
cc
0
U.000

°o
MAGNETIC SUSCEPTIBILITY (COO)

Figure 3. A. Plot of weight percent sand (+), coarse silt (X), and
sand plus coarse silt (*) versus the magnetic susceptibility of the
grab sample (numbered). B. Down-core magnetic susceptibility
records for piston core 71 as measured by a Bartington Systems
MS-2 core scanning sensor aboard the Polar Duke. Sample interval
is every 5 centimeters (cm) and units are in centimeter-gram-sec-
ond (cgs) (x 106). Fluctuations are indicative of variations in dep-
ositional setting with respect to sand content.
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This association of grain size and magnetic susceptibility in-
tensity in the core scanning data can yield important prelimi-
nary evidence concerning the size and composition of antarctic
glacial-marine sediment. For example, peaks in the magnetic
susceptibility record of piston core 71 (which can be quickly
generated from long piston core samples and processed on
board the research vessel, see figure 3B) should represent strata
of higher sand and heavy mineral content which may also prove
to be more well sorted. Intermediate strength magnetic suscep-
tibility peaks should be indicative of a more poorly sorted, ice-
rafted, deposit. The sediment commonly having the least
amount of magnetized material is the distant diatomaceous
ooze deposit located at distances exceeding 10 nautical miles
from the glacial ice front. Given the surface depositional pattern
of Eolian sediment, one can infer the recent sedimentary his-
tory of Lallemand. The down-core magnetic susceptibility read -
ings can be interpreted relative to the advance and retreat of
the present shelf ice front. Higher magnetic susceptibility val-
ues would result from a proximal ice front, and lower values
would occur if the ice shelf either extended over the sampling
site or receded to a distance in excess of some 10 nautical miles
from the site. The ease and utility of the core scanning mag-

netic-susceptibility-sensor process when combined with the
depositional patterns provide a powerful tool for antarctic pa-
leoclimatic analysis.

This preliminary study was supported by National Science
Foundation grant DPP 89-15977 to Eugene W. Domack and
Charles E. McClennen.
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During RIV Polar Duke cruise 90-7 into Andvord Bay, Antarc-
tica (to continue sediment sampling as well as collect seismic
and bathymetric data), we noted significant discrepancies in
the location of the charted coastline. Global positioning system
ship positions, while on station roughly equidistant from each
shore near the heads of the bay, repeatedly plotted the ship's
position to be on land east of Lester Cove and north of the
charted coast. In general, the inner end of the charted position
of the bay needs to be pivoted to the northeast by more than 2
kilometers.

We used two photographs of the ship's Furuno radar image
monitor to plot the position of the shore and glaciers relative to
the global positioning system monitor, which simultaneously
provided the ship's position. A print of the radar image en-

larged over 10 times, using a Savin 7220 copier, was similar in
outline to the projection of a 35-millimeter slide of the radar
screen. By aligning the images with true north and with the
ship's global positioning system position, we were able to re-
draw the coastline in a more realistic location. Although the
charted position of the mouth of the bay agreed well with the
radar images, the rest of the coast position was rotated coun-
terclockwise as seen in figure 1. Some embayed coastline areas

Figure 1. Charted position of Andvord Bay and the global position-
ing system radar observed location indicated by the dot shading
along the shoreline. Arrows show the general direction of reposi-
tioning for Andvord Bay.
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