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In January 1985, the U.S. Coast Guard icebreaker Glacier
penetrated the heavy pack ice of the outer Amundsen Sea. We
took advantage of this unprecedented opportunity to collect 20
piston cores from the Amundsen Sea continental shelf and Pine
Island Bay (Kellogg, Kellogg, and Hughes 1985). These new
cores supplement existing coverage of the outer continental
shelf of the Amundsen Sea (Anderson and Myers 1981) with
material from the eastern side of the Amundsen embayment
(figure 1). Cores were collected for the purpose of microfossil
and sedimentary analyses that would provide data bearing on
the glacial history of the region.

Microfossil distributions in core-top samples define three
regions or provinces in sediments of the eastern Amundsen Sea
(Kellogg and Kellogg in preparation). These provinces are de-
fined best by foraminiferal and diatom distributions, and less
clearly by radiolarian data (figure 1).

Outer shelf province. The presence of abundant well-preserved
calcareous benthic foraminifera suggests that bottom waters on
the outer shelf are well oxygenated and that dissolution is not
significant here at typical depths between 400 and 463 meters.
Low marine-diatom abundances were recorded in core-top sed-
iments from this area. While consistent with our findings fur-
ther west on the outer shelf (Kellogg, Kellogg, and Anderson
1982), these findings are inconsistent with the high diatom
abundances we found in ice and water samples from this area.
Diatomaceous material was observed staining the bottom of
numerous ice floes in this region in January of 1985. Possibly our
core tops represent older material outcropping at the surface. If
this hypothesis is correct, the presence of the stratigraphic-
indicator diatom species Nitzschia curta suggests that deposition
ceased during the Quaternary. Another alternative is that an ice
shelf, or multi-year sea ice, thicker than ice found in the region
today, covered the region until very recently, preventing depo-
sition of the photosynthetic diatoms. The ice-shelf hypothesis
appears unlikely because no source for shelf ice, at a time when
the eastern margin province was apparently the site of a sea-
sonal polynya (discussed below), has been identified and be-
cause there are no known shallows or pinning points for an ice
shelf in this area. Our preferred interpretation is that currents
may be sufficiently strong on the outer shelf to prevent deposi-
tion of diatoms.

Eastern margin province. Abundances of marine diatoms in
eastern margin province sediments are much higher than in
adjacent regions to the north and south. These high abun-
dances suggest that surface waters in this area were highly
productive during the time represented by deposition of the top
1-2 centimeters of sediment used in our analyses. Satellite data
suggest that this area is relatively ice-free during austral sum-
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Figure 1. Map of the Amundsen Sea showing core locations, lo-
calities mentioned in the text, bathymetry, and boundaries of biotic
provinces. Bathymetry (contours in meters) for the shelf break re-
gion is based on data from Anderson and Myers (1981) and Kellogg
(unpublished), and on U.S. Naval Oceanographic Office (1971): con-
tours dashed to indicate uncertainties in locations of soundings.
Bathymetry south of 72 0s shows only 500-meter contour, separating
major troughs and shallows (dashed were estimated). Boundaries of
biotic provinces (heavy dashed lines) are uncertain beyond area
where cores were collected. ("km" denotes "kilometer.")

mers in some years (Zwally et al. 1983). We conclude that the
Amundsen Sea polynya has been a persistent feature of the
eastern margin area throughout the period of deposition of our
core-top samples. Our analyses of the cores from this region
shows that the uppermost layer is a soft, diatomaceous, sandy
mud which averages 4-6 centimeters in thickness. This layer
probably represents Recent sedimentation at a high deposition
rate, resulting from the proximity of numerous glaciers. If sedi-
mentation rates are high (greater than 0.005 centimeter per
year), the uppermost diatom-bearing layer may result from
deposition related to the presence of the polyna during only the
last 1,000 to 2,000 years.

The presence of predominantly arenaceous benthic for-
aminifera in the eastern margin province results from the fact
that most of our cores were taken from deep (perhaps glacially
scoured) troughs in water depths exceeding 500 meters. At the
site of grab B175, where the depth was only 293 meters, cal-
careous benthic foraminifera predominated. We conclude that
the calcium carbonate compensation depth in this area must lie
between 300 and 500 meters.

Pine Island Bay province. Pine Island Bay core tops (and cores)
have very low microfossil abundances, usually consisting of
only a few specimens per sample, yet we recovered over 2
meters of sediment at each location. We believe this nearly
microfossil-barren sediment was deposited beneath a formerly
more-extensive Pine Island Glacier. We know this is true for core
DF85-107 because tricamera aerial photography in 1966 (Anony-
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Figure 2. Map of Pine Island Bay region showing changing positions of the calving margin of Pine Island Glacier. The 1966 position, from
Anonymous (1968a), is based on tricamera aerial photography; the 1973 position, from Anonymous (1975) is based on Earth Resources
Technology Satellite imagery; the 1985 position was established by radar bearings from U.C. Coast Guard icebreaker Glacier controlled by
satellite navigation. ("km" denotes "kilometer:')

mous 1968a) and Earth Resources Technology Satellite imagery
in 1973 (Anonymous 1975) both show the calving front at posi-
tions west of DF85-107 (figure 2). Using these marginal posi-
tions, we calculated a retreat rate of approximately 0.8 kilo-
meters per year for the floating terminus of Pine Island Glacier.
If retreat continued at this rate for more than the last few de-
cades, the calving front of Pine Island Glacier would have been
located west of DF85-108 less than 100 years ago.

An alternative to our hypothesis of gradual calving-margin
retreat is illustrated in figure 3. We speculate that "Thwaites
Iceberg Tongue" is actually a huge segment of Pine Island
Glacier that formerly occupied Pine Island Bay. The calving
margin for this iceberg must have been close to the present
terminus of Pine Island Glacier. Prevailing easterly winds
(Zwally et al. 1983; figures 2-6) drifted the iceberg westward
until it grounded northwest of Thwaites Glacier, the terminus of
which must have been further south than it is now. A subse-
quent advance of Thwaites GLacier brought the two ice masses
into contact, perhaps contributing to the observed northward
movement and counterclockwise rotation of "Thwaites Iceberg
Tongue," and giving this grounded iceberg the appearance of
having calved from Thwaites Glacier [compare the positions of
Thwaites Iceberg Tongue shown by Anonymous (1968b) and
Anonymous (1975); note also the separation between Thwaites
Glacier and the iceberg in Anonymous (1968b); figure 31.

Whichever hypothesis is correct, microfossil abundances in
Pine Island Bay core-top samples are consistent with the ex-
tremely low productivity expected beneath an ice shelf but not
beneath sea ice. The sediments of Pine Island Bay support this
interpretation, consisting of inorganic silt- and clay-sized parti-
cles, which we interpret as glacially derived rock flour, with
occasional drop stones. The few microfossils encountered were

probably introduced by episodic marine currents penetrating
beneath the ice. Because diatoms are quite abundant in sea-ice
and surface-water samples from Pine Island Bay at present, the
very low diatom abundances inPine Island Bay core tops sug-
gest that removal of the former shelf ice from this region was
rapid and very recent, whether occurring by gradual calving-
margin recession or as one large block.
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Figure 3. Map illustrating the hypothesis that "Thwaites Iceberg Tongue" is actually an iceberg calved from Pine Island Glacier. Solid outline of
Thwaites Iceberg Tongue and Thwaites Glacier is the December 1972 to January 1973 position from Earth Resources Technology Satellite
imagery (Anonymous 1975); dotted outline is the 1966 position from tricamera aerial photography (Anonymous 1968b); dashed outline in Pine
Island Bay is the hypothetical position approximately 100 years ago. Note that an advance of Thwaites Glacier since 1966 has caused northward
movement and counterclockwise rotation of Thwaites Iceberg Tongue. ("km" denotes "kilometer.")
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