
limited extent. For instance, there are glaciers in the
southwestern part of Deception Island that are practi-
cally 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 sur-
face in the area of ablation.

The problem of their present condition and evolu-
tion 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 mo-
raine. 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 geomorpholo-
gical 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, every-
where 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 ex-
tent on the work of 0. Orheim, whose purpose was to
construct a stratigraphic profile of local glacier thick-
nesses controlled by pyroclastic layers. These studies
should yield data that can be used to solve the prob-
lem 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 characteris-
tics 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 in-
vestigations. Preliminary results of the latter are out-
lined 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 scien-
tists. In the field and by means of air-photographs, the
author studied their relief and distribution on Brown
Peninsula, Black Island, Mount Discovery, Ross Is-
land, 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 inter-
est:

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 anal-
ogy 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 sim-
ilar 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 ten-
tative 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 correspond-
ing 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 potas-
sium-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 mo-
raines.

The relative fall of the sea level was apparently a
result of the uplift of the mountains during the Ter-
tiary (Gunn and Warren, 1962) and possibly unload-
ing of the ice from the mainland. Together with cli-
matic changes, this fall altered the direction and speed
of the Ross Ice Shelf movement—as shown, for exam-
ple, in the complicated distribution of till on the float-
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ing ice near Brown Peninsula, Black Island, and
Mount Discovery.

The floating tongues of the Ross Ice Shelf that
pushed westward up the partly flooded valleys of the
Royal Society Range were grounded at some distance
from the sea, and their ability to erode and transport
till decreased sharply. The resulting changes in a mo-
raine's features are visible, for example, in Garwood
Valley at elevations of 100 to 300 m.

The prevailing elevations of these moraines (0 to
400 m) correspond not to the entire amount of the
relative fall of the sea level but to the amount of fall
that occurred when conditions were favorable to the
formation of the till cover on the floating ice sur-
face. Thus the sea level could have fallen much more
than 400 m. A feature of the Cape Crozier area of
Ross Island supports this possibility. The glacier-built
relief there is uniform and relatively smooth up to
about 1,000 m, whereas, at higher elevations, sharply
eroded slopes are present. In the McMurdo Sound re-
gion generally, there is a denudation surface whose
highest points are at 1,000 to 1,100 m. Possibly, this
surface was formed, and such transverse valleys as
Bull Pass and that under Miller Glacier were sculp-
tured, by the ice of what is now the Ross Ice Shelf,
moving afloat northward along the ancient coast.
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Radio-echo sounding records
from southern Victoria Land

PARKER E. CALKIN

Department of Geological Sciences
State University of New York, Buffalo

Radio-echo ice-depth sounding records of the Scott
Polar Research Institute/ National Science Founda-
tion flights that cross the Transantarctic Mountains
between the Byrd and David Glaciers (Robin et al.,
1970) have been the subject of data reduction and in-
terpretation during the past academic year. Although
there are several gaps in the records of individual
flights, data compiled with 13 flight tracks give a
detailed picture of subice topography and ice thick-
ness surrounding the ice-free valley area of southern

Victoria Land and of morphostructural characteristics
of the inland edge of the Transantarctic Mountains.

Figs. 1 and 2 are examples of computer-compiled
profiles from data obtained on February 2 and 3,
1970. Where possible, film traces of echoes have been
read at 6-second intervals—corresponding to an over-
land distance of approximately 600 m. The resolution
of echo-sounding and film-reading equipment is on
the order of ± 20 m, and a further uncertainty of
about 10 m occurs in areas of accumulation.

Examples with glacial geomorphic application. Pro-
files along the Victoria and Wright Lower Glaciers
(figs. 1A and 1B) clearly reflect the different histo-
ries of the two valley areas (Calkin et al., 1970;
Calkin, in press). The smooth, subice profile of the
lower Wright Valley is more compatible with re-
peated outlet glaciation than is that of the lower Vic-
toria Valley, where there is evidence of an important
amount of erosion by local glaciers. Further, the
height of the threshold at the mouth of Victoria Val-
ley explains why the effect of the recent west-moving
invasions of the grounded Ross Ice Shelf has been
more restricted there than to the south in Wright and
Taylor Valleys (Denton et al., 1970).

Fig. 2 is a profile extending through the Ferrar and
Taylor Glacier system out onto the Victoria Land
plateau. The control of glacier discharge by subglacial
bedrock thresholds is well displayed, and the analogy
with the ice-free condition of the adjoining valleys is
obvious. A few of the irregularities in the bottom pro-
file, particularly of the outlet glacier portion of fig. 2,
may be due to the varying path of the bottom echo re-
turn relative to the deepest part of the valley cross-sec-
tion. Likewise, some echoes may be from valley walls.

Contours of bedrock depths for several profiles like
the western part of fig. 2 suggest the presence of broad
subglacial valleys that slope inland from the mountain
crest; however, such valleys are better displayed in the
echo-sounding results from the Queen Maud Moun-
tains analyzed by Drewry (in press). Ice surface eleva-
tions from radio-echo profiling in the McMurdo re-
gion of the inland plateau appear to confirm the pres-
ence of a relatively broad north–south rise in the ice
plateau just inland from the ice-free areas. It was first
measured during oversnow traverses (Crary, 1963) and
indicates that flow lines diverge around the ice-free
valleys.

Structural implications. Structural interpretation
from physiographic data must be made with caution;
however, radio-echo profiles across the mountains of
southern Victoria Land show clearly that the model of
a single steep scarp at the inner margin of the range,
suggested by limited seismic data, is much too simple.
Instead, the inland margin appears to be character-
ized by a series of tilted fault-blocks with a general
lowering of bedrock surfaces inland. Some parts of:a
marginal faulting are suggested in fig. 2. One of the
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