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Figure 2. Glass shards from layers of volcanic ash in the antarctic ice sheet. Refractive index measurements of glass indicate
that ashes range in composition from basalt to dacite.

tional characteristics) also contained volcanic dust,
composed mainly of glass fragments and crystals measuring less than 5 microns in diameter. The mean size
of particles in the visible ash bands is generally much
larger—of the order 30 to 50 microns. The concentration of volcanic debris was found to vary from 10-3
grams per cubic centimeter in the coarser ash bands to
less than 10- 5 grams per cubic centimeter in dust
bands. Ashes ranging in composition from basalt to
dacite were identified on the basis of mineralogical ex-

Glaciological investigations
on Deception Island,
December 1970—January 1971
L. S. GOVORUKHA
Arctic and Antarctic Scientific Research Institute
Leningrad
Deception Island is a new area for Soviet polar explorers. Glaciological observations made on the island
in 1970-197 1 were of great interest and were complemented by similar observations of the 13th, 14th, and
15th Soviet Antarctic Expeditions on King George Island. Noting problems that had arisen from earlier
studies on Deception Island, the author studied accumulation conditions on G4, G5, and Barrier Glaciers,
never studied earlier. As a glaciological object Deception Island is of particular interest because its annular
form assures the existence of glaciers of different exposures and thus different conditions of accumulation
and ablation.
Dr. Govorukha participated in the 1970-1971 International Deception Island Volcanological Expedition. His
article was unfortunately delayed in the mail and arrived
too late to be included in the series of articles on Deception
Island that appeared on pages 82 to 90 of the July-August
issue.
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amination of the particles and refractive index measurements of the glass shards. Crystals of plagioclase
feldspar and pyroxene, and opaque grains, were observed in most samples. Less abundant minerals include hornblende, biotite, quartz, and cristobalite. A
consideration of such factors as particle size, petrographic characteristics of the ash, and prevailing wind
direction points to the Executive Committee Range
and neighboring volcanoes in Marie Byrd Land, West
Antarctica, as the most likely sources of the ashes.
A total of 25 ash bands and an estimated 2,000 dust
bands are preserved in the Byrd ice cores. With the
exception of two solitary bands at 911 m and 788 m,
the ash-bearing bands are confined entirely to th
depth range 1,216 to 2,006 m, which corresponds tc
the estimated time interval 14,000 to 44,000 years before the present. A period of sustained ash fal
occurred during the interval 16,000 to 30,000 years
ago. Correlations with isotopic (paleotemperature)1
data obtained on the same cores imply that this period
of prolonged volcanic activity was accompanied by a
significant cooling of the troposphere over Antarctica.
This cooling trend did not terminate until virtual disappearance of volcanic ash from the glaciological
record, which might possibly suggest a direct causeand-effect relationship between volcanic dust in the
stratosphere and temperature decrease in the lower atmosphere over Antarctica.

The author's investigations have provided additional mass-balance data which, taken with data obtained earlier by 0. Orheim and J.-R. Kläy on Gi,
G2, "Black" and other glaciers, have made it possible
to determine the present conditions and regime of glaciation of the island as a whole. A great variety of
accumulation conditions—depending upon the exposure of glaciers, the morphology of the accumulation
area, and the elevation above sea level—was found on
Deception Island. The average multi-annual accumur
lation of a number of glaciers is 100 g per sq cm
(ranging from 45 to 110 g per sq cm). The average
equilibrium line (which coincides here with the firn
line) is much higher on Deception Island than on
other islands in the South Shetlands and is 100 m
higher than that of King George Island. On the glaciers of various exposures the firn line is 200 to 280 m
above sea level. In the accumulation area of Deception Island, thicknesses typical of the warm firn zone
have been found. An alternation of firn layers with
densities from 0.45 to 0.65 with thin infiltration ice
layers (3 to 4 cm) is typical of the area. During the
period of ablation the temperature of the upper part of
the active layer is about 0°C., according to measurements by 0. Orheim.
The influence of young volcanism is seen in the
regime of local glaciers, but it manifests itself only to a
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limited extent. For instance, there are glaciers in the
southwestern part of Deception Island that are practically unaffected by volcanism, and on some glaciers
the layer of ash and lapilli with low heat conductivity
even prevents, to some extent, melting of the ice surface in the area of ablation.
The problem of their present condition and evolution is closely connected with the problem of the
influence of young volcanism on the glacier regime.
Everywhere on Deception Island traces of recent,
wide spreading of glaciers are found: morainic ridges,
end moraine hills, and small fields of a ground moraine. A number of them have been traced in the
western and southwestern parts of the island, areas
unaffected by the eruptions of recent years. In places,
such as near Gi, dead ice is buried under the moraine.
Preliminary analysis of glacial and geomorphological conditions in the periglacial zone of glaciers Gi,
G3, and G7 evidences an independent character of
the recent (apparently ongoing) regressive stage of
glaciation. This stage is not connected with volcanism
and is not caused by it. It is not accidental that, everywhere on the island (except for areas in the northern
part near craters), permafrost is developing under a
thin, active layer of soil.
Results of the author's studies depend to some extent on the work of 0. Orheim, whose purpose was to
construct a stratigraphic profile of local glacier thicknesses controlled by pyroclastic layers. These studies
should yield data that can be used to solve the problem of variability of glacial and climatic conditions of
the subantarctic for a period extending 140 to 150
years into the past as well as to determine characteristics of the present condition and evolution of glaciers.

Origin of moraines on the
McMurdo Sound coast, Antarctica
SERGEI M. MIAGKOV

Geographical Faculty, Moscow State University
Work carried out by the author from January 1970
to February 1971 included a phototheodolite survey of
a group of glaciers and various geomorphological investigations. Preliminary results of the latter are outlined here.
Vast, well preserved moraines are prominent details
of the landscape on the mainland and the island
coasts in the McMurdo Sound region. These moraines
have been investigated and described by many scientists. In the field and by means of air-photographs, the
author studied their relief and distribution on Brown
Peninsula, Black Island, Mount Discovery, Ross Island, and on the Scott Coast from The Bulwark to
Spike Cape. These features were noted:
A l. Till is comparatively abundant at all the present
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inland glaciers of the region; only the part of the Ross
Ice Shelf lying east of Brown Peninsula carries as
much.
2. Buried ice is widespread, which is also atypical
for inland glaciers.
3. The morainic sheet and the buried ice have the
shape of a cover smoothing the underlying relief.
There are no middle-moraine ridges or other details
typical of grounded-glacier deposits. This feature is
very distinct on Brown Peninsula, Black Island, and
the north slope of Mount Discovery.
These features of the surface structure were of interest:
4. Sharply bordered stripes formed by homogeneous
debris are present. In some places the stripes pass over
the tide-crevasses and continue on to the floating ice.
5. A peculiar microrelief of the groups of parallel
hollows, looking like plowed land and having an analogy in the microrelief of the floating ice, is present
on the western slope of Black Island, between Hobbs
and Blue Glaciers, and in many other places.
6. Horizontal troughs, parallel to the coast and similar in shape to troughs along the active tide-crevasses,
can be seen in some places.
7. Horizontal features, expressed either in relief as
terrace-like surfaces or by the change in appearance of
till, are almost everywhere; most are at elevations of
90, 140, 210, 300, and 410 in determined by a field
altimeter with an accuracy of ± 10 m.
Analysis of these features suggests the following tentative conclusions:
1. The moraines have been formed by movement of
the Ross Ice Shelf, which touched shallows, broke into
pieces, and trapped and lifted debris to its surface by
the freezing at the lower and melting at the upper
parts of the ice column (described for the first time by
Debenham, 1921). Such moraines still exist near the
northeastern coast of Mount Discovery and the coast
of Brown Peninsula, near Black Island, and in Wal cott Bay.
2. The moraines have been raised by a corresponding fall in sea level. Extensive areas of the Ross Ice
Shelf stuck fast on the shallows and later grounded on
the drying sea bottom. The fall was at least 400 m and
took less than 1.2 million years according to the potassium-argon dates of Denton et al. (1970).
3. The speed of this fall probably varied. At times
the sea level may have stabilized or even risen, causing
the buildup of the horizontal features on the moraines.
The relative fall of the sea level was apparently a
result of the uplift of the mountains during the Tertiary (Gunn and Warren, 1962) and possibly unloading of the ice from the mainland. Together with climatic changes, this fall altered the direction and speed
of the Ross Ice Shelf movement—as shown, for example, in the complicated distribution of till on the float207

