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As part of our long-term effort to evaluate antarctic glacial
history using marine sediments, we conducted sediment cor-
ing operations in the Amundsen Sea during January 1985. Our
objective was to obtain cores that would permit us to determine
if grounded ice formerly occupied the Amundsen Sea conti-
nental shelf and, if so, the chronology of ice-sheet advances and
retreats. The only other cores ever obtained from the
Amundsen Sea were collected from the outer shelf (Anderson
and Myers 1981) and contained overcompacted sediments in-
terpreted tentatively as glacial till (Kellogg, Kellogg, and Ander-
son 1982).

One reason for the previous lack of sediment cores from the
Amundsen Sea is heavy ice cover. U.S. Coast Guard icebreaker
Burton Island reached approximately 73°35'S near the Lindsey
Islands in 1975, but no sediment cores were taken. Bathymetric
data for the Amundsen Sea shelf were also lacking, and we
faced an extended period of navigation in uncharted waters.

The U.S. Coast Guard icebreaker Glacier entered the ice pack
near 70°S 100°W on 12 January. Three days were required to
break through to the western end of Thurston Island. Relatively
open water was found within about 20 nautical miles of the coast
along the eastern side of the Amundsen Sea as far south as 74°S.
We operated in this region from 15 to 17 January taking 11
piston cores (table) and obtaining single-channel seismic rec-
ords along approximately 40 kilometers of track (figure 1). Preci-
sion depth records were made throughout the cruise.

Helicopter reconnaissance flights permitted us to find leads
in the sea ice, and after 15 hours of very slow progress, we
finally broke free into open water in Pine Island Bay. Five addi-
tional cores and single-channel seismic data for approximately
0 kilometers of track were obtained here. The southernmost
ore (number 107) was taken approximately 800 meters off the
alving front of Pine Island Glacier. This 519-centimeter core
as obtained in the center of the glacial trough at a depth of 933
eters. Temperature and salinity profiles and a hydrocast were

aken at this site. Water samples were collected at various
epths to determine if low-salinity meltwater is issuing from
eneath Pine Island Glacier. Because the terminus of Pine Island
lacier has measured surface elevations ranging from 63 to 85
eters, the ice thickness must be on the order of 450 to 500
eters, and the glacier is afloat.
Terence J. Hughes landed on Pine Island Glacier at several

1 cations to set out stakes to permit future mass-balance mea-
s rements and to sample the ice for a density determination
a d oxygen isotopic analysis. Hard, well-sintered firn was cov-
e ed intermittently by patches of loose, feathery snow with no
Si fl of melting. There was no trace of winter snow by midsum-
mer anywhere, even approximately 305 meters above sea level
on Evans Knoll, where a moraine perched on a bedrock ridge
approximately 152 meters above Pine Island Glacier was
sampled. It appears that the entire Pine Island Bay region expe-
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Figure 1. Amundsen Sea region showing locations of cores and
single-channel seismic lines.

riences a negative net mass balance, primarily from sublima-
tion. These observations (combined with the knowledge that
the weather station on the Lindsey Islands was totally destroyed
by wind) are evidence that most local snowfall over the ice sheet
is blown out to sea. Firn density (0.65 grams per cubic cen-
timeter) and sintering characteristics were comparable to those
of firn 27 meters deep at Siple Station (Stauffer and Schwander
1984), which is just across the ice divide of the Pine Island
Glacier ice drainage basin (Lindstrom and Hughes 1984). As-
suming that sublimation becomes significant where Pine Island
Glacier is close to being afloat, 60 kilometers upstream from the
firn sampling site, a distance over which ice thickness decreases
from 1.5 to 0.5 kilometers, and ice velocity increases from about
700 to 2,300 meters per year (Crabtree and Doake 1982;
Lindstrom and Tyler 1984; Lindstrom 1985), a mean surface
sublimation rate of 0.67 meters per year is required to ablate 27
meters of ice in the 40 years of motion from the grounding line
to the sampling site.

The calving front of Pine Island Glacier has retreated some 10
kilometers from the position mapped from 1966 Tricamera Pho-
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tography (Anonymous 1968). Chasms open en echelon about 4
kilometers behind the calving front mark the location for the
next episode of iceberg calving. The chasms were up to 1 kilo-
meter in width, and sea water within was covered completely
by thick brash ice. The seaward wall of the chasm at a position
halfway across the glacier is about 15 meters higher than the
landward wall, which suggests that hydrostatic equilibrium is
established by downtilting of the slab between the chasms and
the calving front. Downtilting would occur if the slab thins
significantly from the chasms to the calving front, as shown
schematically in figure 2. The radio-echo ice thickness profile
reported by Crabtree and Doake (1982) seems to be compatible
with this suggestion.

Figure 2. Postulated downtilting of ice between a line of chasms and
the calving front of the Pine Island Glacier. Dashed lines show slab
before chasms open; solid lines show downtilted slab after chasms
open.

Time constraints necessitated our departure from the
Amundsen Sea on 19 January. We finally broke through to the
open sea near our starting point at 70°S 100°W on 22 January
after taking several additional cores on the outer continental
shelf.

Because our cores were collected in plastic liners, sampling on
shipboard was limited to core tops and bottoms. Detailed ana-
lyses will therefore have to await shipment of the cores to the
Antarctic Core Facility at Florida State University. Our prelimin-
ary impressions, gained from smear-slide analyses and visual
inspection of the sediments suggest that: (1) sediments in the
Amundsen Sea, especially in troughs such as the one fronting
Pine Island Glacier, are much thicker than we anticipated;
(2) microfossil remains, especially diatoms, occur in very low
abundance in Pine Island Bay cores, but abundances are higher
elsewhere; (3) trough sediments are relatively fine-grained,
soft, silty clays, but sediments from shallower locations are
often compact, diatomaceous, glacial-marine deposits; and
(4) no unequivocal basal tills were recovered. Detailed analyses
will be needed to confirm these observations, and we expect
additional field work will be required, especially farther to the
west of this year's track, before we can document completely the
glacial history of this sector of the west antarctic continental
shelf.

We have spent a number of field seasons in Antarctica, but we
will always remember the Glacier's 1985 cruise because it was
perhaps the only completely successful expedition in which we
have participated. There were four reasons for this success:
(1) Captain Hewell and the officers and crew of the Glacier were
extremely cooperative, interested in our scientific program, and
capable professionally; (2) the Glacier had just completed an
extensive yard overhaul and so was in excellent condition;

Amundsen Sea core locationsa

Piston
	 Trigger

core	 core
Latitude	 Longitude	 Depth

	
length
	

length
Core	 (south)	 (west)	 (in meters)

	
(in centimeters)
	

(in centimeters

	

DF-85-93
	

72°50.6'
	

105012.4'
	

550
	

66.04
	

Grab'

	

DF-85-94
	

73°13.1' 103059.2'
	

584
	

22.86
	

Grab

	

DF-85-95
	

73018.3'
	

103038.4'
	

777
	

270.51
	

27.94

	

DF-85-96
	

73017.9'
	

103°37.1'
	

786
	

101.6
	

19.05

	

DF-85-97
	

7323.1'
	

103045.7'
	

728
	

142.24
	

40.64

	

DF-85-98
	

7359.7'
	

104030.3'
	

329
	

Bagged
	

Bagged

	

DF-85-99
	

73°53.8'
	 103046.7	 307

	
8.89
	

0

	

DF-85-1 00
	 730439	 103044.7'

	
915
	

0
	

35.56

	

DF-85-1 01
	 730444	 103'43.1'

	
924
	

227.01
	

34.29

	

DF-85-1 02
	

73°32.0'
	

103033.6'
	

329
	

59.69
	

Bagged

	

DF-85-1 03
	

73°56.2'
	

103007.2'
	

586
	

198.12
	

0

	

DF-85-1 04
	

74°23.0'
	

102054.9'
	

316
	

Bagged
	

10.16

	

DF-85-1 05
	

74°38.9'
	

102033.7'
	

650
	

289.56
	

36.83

	

DF-85-1 06
	

74°45.8'
	

102°25.1'
	

1,052
	

557.53
	

33.02

	

DF-85-1 07
	

74°58.1'
	

101032.87'
	

933
	

519.43
	

0

	

DF-85-1 08
	

74°39.1'
	

102057.8'
	

615
	

276.86
	

39.37

	

DF-85-1 09
	

72°29.5'
	

104028.6'
	

567
	

69.22
	

35.24

	

DF-85-1 10
	

71038.5'
	

101 0278
	

463
	

162.56
	

Grab

	

DF-85-111
	

71020.2'
	

100°59.1'
	

417
	

204.47
	

Grab

	

DF-85-1 12
	

71014.2'
	

100051.3'
	

412
	

232.41
	

Grab

	

DF-85-1 13
	

71006.77'
	

100037.37'
	

403
	

151.13
	

Grab

a Locations determined using satellite navigation.

I Grab sampler used as a triggering device.
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(3) John Anderson, Chief Scientist of this cruise with whom we
shared ship time, went out of his way to assist our program and
to act in our behalf; and (4) we had very good luck in that we had
calm weather, much of the eastern Amundsen Sea was ice free,
and the ice we did encounter was not beyond the capabilities of
Glacier. This work is supported by National Science Foundation
grant DPP 80-20000.
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Preliminary results from the USCGC
Glacier 1985 cruise

J . B. ANDERSON
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On 18 December 1984 the U.S. Coast Guard icebreaker Glacier
departed from Punta Arenas, Chile, to begin marine geologic
work on the antarctic continental margin. Four areas were sur-
veyed as part of this cruise. These included the western margin
of the South Orkney Plateau, portions of the Bransfield Strait
and the adjacent continental shelf of the South Shetland Is-
lands, Marguerite Bay, and Pine Island Bay (figure). In all, some
761 kilometers of seismic data and approximately 5,000 kilo-
meters of bottom profiler data were obtained. In addition, 115
piston coring stations and 15 grab sample stations were oc-
cupied (table). The scientific party consisted of geologists from
Rice University and the University of Maine at Orono. This
report provides an account of samples and data obtained and a
ummary of preliminary findings.

South Orkney Plateau. The first phase of the cruise was con-
ucted on the western margin of the South Orkney Plateau.
ur objectives were to investigate the possibility that an ice cap
as once grounded on the plateau, to investigate the seismic

tratigraphy of the western margin of the plateau using single-
hannel sparker data and piston cores taken in outcrops, and to

i vestigate sedimentation at various depths on the plateau in
elation to different water masses which impinge on it, and to

1 ok for sedimentologic evidence of paleoceanographic
c anges. The latter is the primary objective of proposed Ocean
rril1ing Project drill sites in the area, and our study, which
focuses on the Quaternary record, is intended as an initial test
of this objective.

A total of 320 kilometers of single channel (sparker) seismic
profiles and 36 piston cores were collected in the area (figure).

Iceberg drift tracks were also measured, using the ship's radar,
to assess potential threats to drilling operations. Preliminary
micropaleontologic age determinations of cores were con-
ducted by Davida Kellogg.

Cruise track for USCGC Glacier. Heavy lines with "s" indicate seis-
mic lines.

Previous marine geophysical work in the region includes
single-channel (airgun) seismic surveys by Peter Barker (Uni-
versity of Birmingham, England); these data, along with a
bathymetric base map for the area, were kindly made available
to us by Peter Barker for planning of our cruise. Other prior
studies include seismic refraction work (Harrington, Barker,
and Griffiths 1972) and a single multichannel profile collected
by West German scientists during a recent (1983) cruise (ANT-
ARKTIS-II) of the research vessel Polarstern (Haase 1984). Prior
to this cruise, only a few sediment samples had been collected
on the plateau.

The seismic reflection profiles collected during the Glacier
cruise show a relatively thick (0.7 seconds), laminated sequence
resting on folded(?) strata. Large normal (down to the basin)
faults occur on the slope and form modern seafloor scarps. Two
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