
Table 2. Average growth rates for wedges (cm/year)

WV-B	1.39	0.78	0.71	0.89
WV-C	0.90	0.33	0.49	0.52
WV-DR	0.49	0.52	1.28	0.81

aRemeasurement incomplete at this site.

ing the wedge-growth zone, variations in slope response to
near-by geomorphic action (for example, undercutting of the
banks of the Onyx River), and variations in the contrac-
tion/expansion cycle of the perennially frozen ground in
which the wedges are growing. The overriding factors causing
all of these other contributing factors, however, are environ-
mental: variations in temperature of the surface and subsur-
face owing to insolation variations, air temperature variations
and the like. These changes in the rate of wedge growth repre-
sent a 30+ year record of their response to environmental
change.

Consider, for example, temperature control of the wedg-
ing process. Owing to the 15-50 cm of relatively dry (certainly
unsaturated) regolith overlying the permafrost in southern
Victoria Land, the annual temperature wave attenuates
quickly: measured 50°C annual surface temperature excur-
sions are less than 15 0 at the top of the permafrost and less
than 70 at 5 m depth. These values suggest a thermal skin
depth for annual variations of roughly 15 cm in the regolith

and 3 m in the permafrost. Calculations of the thermal skin
depth that use textbook values for average thermophysical
properties give comparable numbers. Using such calcula -
tions, we can show that decadal-long temperature excursions
of a few degrees are less affected by the regolith: a 5°C surface
excursion is still nearly 40 at the top of the regolith and over 2°
at 5 m depth. Taken as an integral, the cumulative effects of
variations on timescales of decades to centuries are likely to
contribute as much as one-third or more to the temperature
variation seen at the depth where wedges are formed. The
magnitudes of the variations seen by Black (and in our meas-
urements) are of this order.

It has been suggested that Black's sites be removed as
part of the general cleanup of the ice-free valleys. It is our
opinion that this should not occur, because they may prove
useful in monitoring long-term environmental change in the
ice-free valleys.

This research was funded by National Science Founda-
tion grant OPP 92-19087.
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Late Wisconsin/Holocene history of the
Wilson Piedmont Glacier
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T
he extent—and even the existence—of a grounded ice
sheet in the Ross Sea during the last glacial maximum

remains an unresolved question. Based on the distribution
and generally low elevations (32 meters or less) of Holocene
raised beaches along the Scott Coast (figure 1), Colhoun et al.
(1992) and Kirk (1991, pp. 85-105) suggested not only that
grounded ice in the Ross Sea was areally limited but also that
the thickest grounded ice emanated from Victoria Land near
Mackay Glacier. This view is at odds with the hypothesis of an
extensive, grounded Ross Sea ice sheet that flowed into
McMurdo Sound and projected into ice-free valleys of the
Transantarctic Mountains (Denton et al. 1989; Stuiver et al.
1981, pp. 319-436).

We present here new evidence pertaining to the late Wis-
consin/Holocene history of the Wilson Piedmont Glacier,

which is situated in southern Victoria Land beside the critical
raised beaches of the Scott Coast (figure 1). The Wilson Pied-
mont Glacier covers over 800 square kilometers and extends
from Hjorth Hill to Mackay Glacier. An ice divide trends
north-south along the central axis of the glacier, with flow
from the divide both east toward the Scott Coast and west
into Wright Valley. Much of the eastern flank of the Wilson
Piedmont Glacier calves into the Ross Sea and McMurdo
Sound along the Scott Coast, but Cape Bernacchi, Marble
Point, Gneiss Point, Spike Cape, Dunlop Island, and Cape
Roberts remain free of ice and reveal the raised beaches that
constitute a key piece of evidence used by Coihoun et al.
(1992) to suggest restricted grounded ice in the Ross Sea.
Here, we discuss the significance of local glacial geology to
the interpretation of raised beaches on the Scott Coast.
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On Marble Point, Gneiss Point, and Spike Cape, unweath-
ered to slightly weathered glacial drift occurs as a thin sheet
that extends from the present-day Wilson Piedmont Glacier to
the coast, where it has been reworked into beaches up to 20
meters in elevation. This drift is coarse-grained and contains
marble, granite, and gneiss clasts of local origin. Distinctive
basalt and kenyte erratics common to Ross Sea drift just south
of Marble Point on Cape Bernacchi and in eastern Taylor Val-
ley are absent in the drift above the highest raised beaches at
Marble Point and north along the Scott Coast.

Bedrock outcrops, most commonly basaltic dikes but
also occasionally gneiss and marble, protrude through the
drift and preserve numerous striations (figure 2). Cross-cut-
ting striations show two iceflow trends. At South Stream on
Marble Point, older striations trending about S71 0E are cut by
striations oriented at S46°E. Likewise, striations at Spike Cape
trending N83°E cut older striations oriented at N70°E. Well-
preserved glacial molding and crescentic gouges, along with
cavitation crusts, show that in all cases iceflow was from the
Wilson Piedmont Glacier toward the Scott Coast.
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that this was not the case. Based on the lack of basalt and
kenyte erratics characteristic of Ross Sea drift and the abun-
dance of west-to-east iceflow indicators, we infer that
grounded Ross Sea ice did not impinge on the Scott Coast
during the last glacial maximum. Rather, we suggest that the
Wilson Piedmont Glacier expanded eastward over the pre-
sent-day Scott Coast and merged with grounded Ross Sea ice
flowing southwestward from Ross Island toward eastern Tay-
lor Valley. The two ice masses must have merged between
Marble Point, which shows no evidence for Ross Sea ice, and
Taylor Valley, which shows abundant evidence, especially in
the form of kenyte erratics.

Colhoun et al. (1992) used the low elevations of raised
beaches along the Scott Coast to infer limited ice-sheet
grounding in the Ross Sea at the last glacial maximum. Our
new field evidence shows, however, that the areas where
these beaches occur was covered by the Wilson Piedmont
Glacier, not the Ross Sea ice sheet. We suggest that raised
beaches along the Scott Coast reflect recession of the Wilson
Piedmont Glacier (available radiocarbon dates indicate this

Grani
Harb

of

met

D

Figure 1. Index map of the dry valleys region showing the ice-free areas along the Scott Coast.
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Figure 2. Bedrock at Marble Point preserves excellent striations and
glacial molding. In the photograph, iceflow is from left to right toward
McMurdo Sound.

recession occurred probably in mid-Holocene time; Stuiver et
al. 1981, pp. 319-436) and, therefore, may not record the
extent or thickness of grounded ice in the Ross Sea at the last
glacial maximum.

T. Dochat, C. Lagerbom, B. Overturf, R. Verow, and J.
Whittier assisted in the field. This work has benefitted from
discussions with T. Dochat, D. Marchant, C. SchlUchter, and
D. Sugden. Research was supported by National Science
Foundation grant OPP 91-18678.
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Geochemistry of a layer of volcanic ash in the ice near
Brimstone Peak, southern Victoria Land

G. FAuRE, T.M. MENSING, V.L. MANSON, and M.C. PLACE, Department of Geological Sciences and Byrd Polar Research Center,
Ohio State University, Columbus, Ohio 43210

L
yers of ice containing volcanic dust are a common fea-
ure of the ice fields in the ablation zone of the east

antarctic ice sheet along the western side of the Transantarc-
tic Mountains. (Keys, Anderton, and Kyle 1977; Kyle and Jezek
1978; Kyle et al. 1981, 1982; Palais 1985; Koeberl et al. 1987;
Palais and Sigurdsson 1989, pp. 31-53). Such layers must be
distinguished from debris layers, which are exposures of basal
ice and contain rock flour and clasts being transported by the
ice sheet. When debris layers are exposed at the surface of the
ice sheet, the entrained sediment may accumulate to form
supraglacial moraines such as the Elephant Moraine at
760 17'S 157 020'E (Faure and Taylor 1985) and the Reckling
Moraine at 760 15'S 158 040'E (Faure, Strobel, and Hagen 1987).

During the 1992-1993 field season, a block of ice
[27x42x24 centimeters (cm)] containing a dust layer was cut
with a chainsaw from an exposure of ice at 75052.77'S
158031.90'E in the valley between Brimstone Peak (75°48'S
158°33'E) and Griffin Nunatak (75055'S 158 020'E) (figure 1). The
dust layer (about 2 cm thick) is one of at least three layers that
occur at this site at intervals that range from 20 to 164 meters.
The strike of the dust layers is N40°W and the dip is 600N.

The block of ice was placed inside a new plastic bag and
shipped frozen in a rock box to the continental United States

for study. In the laboratory, the block of ice was sawed into six
7-cm-thick vertical sections at right angles to the strike of the
dust layer. One of these vertical sections was cut into 29 1-cm
slices oriented parallel to the dip of the dust layer and pro-
ceeding upward in stratigraphic sequence. One half of each
slice was melted in a sealed plastic bag for oxygen isotope
analysis by Krueger Enterprises. The other half was used to
determine the concentrations of microparticles and of sulfate,
chloride, and nitrate ions.

The oxygen isotope (8 180) composition of the ice in figure
2 is expressed in the delta notation relative to standard mean
ocean water in units of permil. The 8180 values lie primarily
between -35 and -36%o, but decrease to -36.4%o in the upper
part of the section. The concentrations of particles having
diameters greater than 0.63 but less than 2.00 micrometers are
fairly constant at less than JX105 particles per milliliter, but
rise to 4x105 in a 2-cm layer near the top of the section. The
sulfate concentrations likewise rise to 600 parts per billion
(ppb) in the layer of dusty ice confirming the volcanic origin of
the dust. In addition, a smaller sulfate-concentration peak
precedes the main peak and occurs in ice whose dust content
is only slightly elevated. The concentrations of chloride and
nitrate are not shown but also increase in the dusty ice.
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