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Figure 2. The eastern Ross Ice Shelf front in 1962, 1985, and 1988 (estimated), relative to the Kainan Bay and "I" current-meter observations.
The shaded section east of the Bay of Whales calved the 150 x 35 kilometers "B-9" iceberg in October 1987. B-9 drifted generally northwest
through May 1988, as shown by the satellite-derived locations of its approximate center, reported by the Navy/NOAA Joint Ice Center (1983-
1988). Some of the apparent short-term motion may result from a combination of satellite position resolution, rotation after calving and
the relatively high length/width ratio. Icebergs act as "Lagrangian" current meters, moving with the integrated flow over some cross section
of the water column. Both dimensions of this large iceberg may exceed the width of shelf currents and eddies that push it around. (km
denotes kilometer.)
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During the course of geological investigations on the western
part of the McMurdo Ice Shelf in 1978, we observed eight live
and several dead Weddell seals (Leptonychotes weddelli) near the
tide crack along the north shore of Bratina Island (figure), and
located their access holes to the sea. Both adults and pups

were seen. The water level in these holes was approximately
2 meters below the ice surface, and the seals had considerable
difficulty emerging. These animals were living approximately
15 kilometers from the nearest open water, and they may rep-
resent an isolated population much like that at White Island
(Kooyman et al. 1979). We observed fish remains, both intact
and regurgitated, at this location. Rare fresh fish remains were
also observed on the McMurdo Ice Shelf near the north end
of Black Island adjacent to a crack or rift, but no live seals were
seen although a mummified specimen was found. These ob-
servations suggest at least one location for future research on
isolated seal populations and bear on the origin of organic
remains on the McMurdo Ice Shelf surface.

Decapitated fish were first reported from the McMurdo Ice
Shelf near the Dailey Islands by Scott (1905, vol. 1, p. 155) and
later by Swithinbank, Darby, and Wohlschlag (1961). Deben-
ham (1919, p. 67) proposed that sediment and biotic adfreezing
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Sketch map of the McMurdo Ice Shelf. Live seals and fish remains were found at Bratina Island (off north end of Brown Peninsula); fish
remains were also found near tide cracks at the Dailey Islands and at the north end of Black Island. WITC marks location of isolated seal
population studied by Kooyman et al. (1979). (km denotes kilometer.)

occurs where the bottom of the ice shelf touches the sea floor,
as around the coasts of Black Island. Lamplugh and Kendall
(in Debenham 1919, P. 74) suggested that anchor ice, freezing
on rocks and bottom biota, might lift them from the sea floor
and float them upward to the bottom of the ice shelf, an hy-
pothesis also advocated by Pearse (1962). Dayton, Robilliard,

1988 REVIEW

and DeVries (1969) observed anchor ice to depths of 33 meters
in McMurdo Sound, and noted that it occasionally breaks free
from the bottom carrying benthic invertebrates and even fish.
A problem with the anchor ice hypothesis is that, except close
to shore (e.g., Black Island, etc.), depths beneath the McMurdo
Ice Shelf probably exceed greatly the 33-meter maximum depth
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for anchor ice formation (Cook 1963; Robinson 1963). To over-
come this problem, Swithinbank (1970) proposed that currents
might carry blocks of anchor ice far from their shallow sites of
formation before they become attached to the base of the
McMurdo Ice Shelf.

We concur with COw et. al. (1965) that two different types
of organic material occur on the McMurdo Ice Shelf. Inverte-
brate remains, which are incorporated by the combined basal
adfreezing and surface ablation mechanism advocated by Dc-
benham (1919, 1921, 1948, 1961, 1965), are widespread (Kel-
logg, Kellogg, and Stuiver in preparation). In contrast, fish are
found only in the vicinity of tide cracks near islands. Gow et
al. (1965, p. 825) speculated that fish might be brought to the
vicinity of the tide crack by deep-diving seals and subsequently
frozen to the bottom of the ice shelf. An alternative hypothesis
to explain fish (and seal) remains is that they were "quick
frozen" in layers of meltwater beneath the ice shelf. This water
is metastable with respect to its freezing point and would freeze
if agitated. The fish would then be transported to the surface
by ablation and continued basal freezing (Cow personal com-
munication).

Our observations in the Bratina, Black, and Dailey island
areas confirm that fish remains are concentrated near tide cracks;
however, the presence of live seals associated with fish remains
at Bratina Island suggests that the seals bring fish to the upper
surface of the ice shelf, perhaps to be eaten later, although we
cannot rule out Cow's "quick freeze" mechanism for periodic
mass kills.

Shells from the surface of the McMurdo Ice Shelf yield young
carbon-14 dates (<1,500 years ago, uncorrected) only at loca-
tions close to shorelines (Kellogg, Kellogg, and Stuiver in prep-
aration). If anchor ice were important in bringing biotic remains
and sediment from the sea floor to the base of the McMurdo
Ice Shelf, one would expect young ages to be widely distrib-
uted or to show a distribution pattern related to current flow.
Because no such pattern is observed, we conclude that De-
benham (1919) was correct; the principal locations for addition
of sediment and biotic remains are shallows where the McMurdo
Ice Shelf is aground or nearly aground. Anchor ice may con-
tribute sediment and biotic remains to the McMurdo Ice Shelf,
but carbon-14 dates on shells suggest that it is not carried far
by currents. Basal freezing is not limited to shallow areas;
oxygen isotopic data on McMurdo Ice Shelf ice from the surface
ablation zone demonstrate a dominantly marine origin (Cow
and Epstein 1972; Stuiver et al. 1981; Kellogg, Kellogg, and
Stuiver, in preparation).

If the surface ablation rate of 0.5 meters per year observed
near the Dailey Islands (Cow 1967) is representative for the
entire western McMurdo Ice Shelf, the 20-50-meter thick ice
shelf would ablate completely in 40-100 years unless ice loss
at the upper surface were replaced by basal freezing. At the
lower ablation rates, we calculated for the area north of Black
Island (0.3 to 0.04 meters per year), complete ablation would
occur in less than 1,250 years. The fact that fossil material with
ages up to 7,750 years old occurs on the McMurdo Ice Shelf
suggests that the McMurdo Ice Shelf has not disintegrated
during the Holocene. Because almost the entire western
McMurdo Ice Shelf consists of frozen sea water, basal freezing
must be widespread, and probably occurs at a rate comparable
to or greater than the surface ablation rate.

Debenham's (1919) uplift mechanism is unusual but not
unique. Medcof and Thomas (1974) reported similar uplift of
marine sediment and biotic remains (including fish) in sea ice
in the southern Gulf of St. Lawrence, and observed that allied
phenomena have been observed in the Bay of Fundy region.

We thank the helicopter pilots and crews of Antarctic De-
velopment Squadron VXE-6 for enthusiastic support of our
field work on the McMurdo Ice Shelf during the 1975-1976,
1976-1977, 1978-1979, and 1981-1982 seasons. This work was
supported by National Science Foundation grants DPP 75-15524,
DPP 79-20112, and DPP 80-20000.
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