
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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Figure 1, Matthew C. Place standing beside a block of ice containing a layer of volcanic dust being
cut with a chainsaw near Brimstone Peak, southern Victoria Land during the 1992-1993 field season.

between the ice and the volcanic ash.
Silicate minerals and volcanic glass
are characteristically enriched in 180

compared to sea water and, in most
cases, have 8180 values greater than
about +5.0%o. The possible alteration
of the isotope composition of oxygen
in ice by the presence of silicate parti-
cles (volcanic ash or rock flour) will be
investigated in the future.

We thank Ellen Mosley-Thomp-
son and Lonnie Thompson for the use
of their analytical facilities, and we
express our appreciation to Mary
Davis and Keith Henderson for meas-
uring the particle concentrations and
the concentrations of sulfate, chlo-
ride, and nitrate ions. In addition, we
acknowledge David Reed for his assis-
tance in the field. This research was
supported by National Science Foun-
dation grant OPP 91-18485.

The data indicate that the 8 180 values of the ice began to
decrease before the deposition of the volcanic ash and
reached a low value of -36.4%o. The decrease of the 8180

parameter of about 0.8%o implies a decrease of the average
annual temperature of about 1.1°C, based on the relation
between the average annual temperature and the value 8180

of snow in East Antarctica that is derivable from the data of
Lorius and Merlivat (1977, pp. 127-137).

The ice containing the volcanic dust is enriched in 180 rel-
ative to the ice directly above and below the dust layer and has
an average 8180 value of -35.6%. The enrichment of the dusty
ice in 180 may have been caused by oxygen isotope exchange
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Figure 2. Stratigraphic profiles of oxygen isotope compositions,
microparticle concentrations, and sulfate content in the block of ice.
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