
10 to I  cm of water equivalent annually. This is
approximately 50 percent less than that measured at
"Old Byrd" during the IGY. Depressions are still ac-
cumulating appreciably more snow than the crests of
these undulations. Surface elevations were remeas-
ured to determine if these undulations are actually mi-
grating, but the results were inconclusive.

Core studies in the laboratory at Hanover, New
Hampshire, show that the cores are still relaxing
(manifested by a density decrease with time) and that
expansion due primarily to crack formation has been
greatest (0.6 percent in 16 mon ths) in brittle ice
from between 800- and 900-m depth. Deeper bubble-
free ice shows little evidence of brittle cracking; this
lack of cracks is attributed to the strongly oriented
crystal structure of the ice, which is apparently able to
dissipate much of the strain associated with expansion
upon release from high confining pressures. The dis-
appearance of air bubbles in the ice between 900 and
1,100 m, after bubble diameters have decreased to
about 0.15 mm, suggests attainment of a critical di-
ameter of bubble, which at the prevailing overburden
pressures (80 to 100 bars between 900 and 1,100 m)
encourages air molecules to diffuse into the ice, pos-
siLly as clathrate hydrates of air. Bubble-like inclu-
sions of air are now appearing in some abundance in
ice originally devoid of all trace of bubbles.

Glaciology and Glacial Geology on
Deception Island

JEAN-ROLAND KLAY' and OLAV ORHEIM2

Institute of Polar Studies
The Ohio State University

Deception Island (63°S. 60°10'W.) is a circular
volcanic caldera with a radius of about 6 km (Fig. 1).
In November and December 1967, a series of explo-
sive volcanic eruptions occurred NNhich blanketed
part of the island with volcanic material. The effects
of this eruption on the glaciers and geomorphology
were investigated during January and February 1969
by a three-man party from the Institute of Polar
Studies.

Through stratigraphic studies (carried out under
glaciological investigations conducted by Orheirn,
measurements of snow thickness and ablation, and
meteorological observations, the mass balance was de-
termined for an unnamed valley glacier (G 1 in Fig.
1, Fig. 2). The ash layer from the 1967 eruption (from
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1-2 cm thick in the accumulation area) was ex-
tremely well marked and will be an excellent reference
horizon for future stratigraphic studies. In the abla-
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tion area, the ash had been extensively reworked by
running water.

The mean equilibrium line was determined by stra-
tigraphy to be about 250 m above sea level. Snow-
temperature measurements to a depth of 4 m and cli-
matic evaluations indicate that the glacier is temperate.

The net balance curve (Fig. 3) is fairly regular
except near the top, where considerable deflation
takes place.

The total positive balance for the accumulation
area was 14.1 >< 104 m3, while the negative balance for
the ablation area was —8.7 >< 10' m 3 . The total bal-
ance, when evenly distributed over the glacier surface,
corresponds to a mean areal net balance of + 0.10 in
(all values expressed as water equivalents). The sub-
glacial ablation is not included in the above figures.

The influence of the 1967 ash on the mass bal-
ance of the glacier was not very significant. In the
accumulation area, the ash is generally quickly buried,
and the only effect is to increase the absorption of
short-wave radiation at shallow depths. In the abla-
tion area, the ash influences the heat balance only
where the washing has caused local secondary accu-
mulations of ash; these occur as small ridges.

The glacier surface is dominated by five steps,
30-50 m high and 100-200 m apart, increasing in
steepness downglacier. For a better understanding of
the formation and movement of the steps, a detailed
strain net of 42 stakes was established.

Klay found, through glacial-geology investigations,
that more than half of Deception Island is ice cov-
ered; the remainder, except for some bedrock out-
crops and recent lava flows, is blanketed with ash
and debris. The ash and debris also mantle the lower
portions of some glaciers, and seem to control the
landform development on Deception Island. Because
of its small clay-sized fraction, water passes through
the ash and debris and drains off along the bedrock/
debris or ice/debris interface. In addition, features
formed by this loose material remain stable. The low
thermal conductivity of the ash and debris layer has
an insulating effect on the underlying ice. Dead-ice
masses were interpreted as glaciers severed by subgla-
cial eruptions that covered the glacier remnants with
thermally insulating volcanic debris.

The 2-rn-thick layer of ash and debris that covers
the lower portions of some glaciers originated in erup-
tions like the one of 1967. This layer is incorporated
in the ice in the accumulation zone of a glacier and
washed off by meltwater in the ablation, zone. The
covering accumulates again on the lower portions of
some glaciers, forming a thermally insulating layer.
When meltwater streams, heavily loaded with ash and
debris, flow on snow, mudflow-like features form.

Investigation made on "Black Glacier" (Fig. 1)
showed that surface undulations were ice-cored and
reached a height of more than 5 m from the debris/
ice boundary. They resembled the ridges in front of
glaciers G 1 and G 2. The surface slope on "Black
Glacier" is about the same as that of glacier G 1.

Several hypotheses could explain the formation of
these features: (1) bedrock control, (2) glacier re-
treat, (3) variation in thickness of deposited ash and
debris, or (4) Thule-Baffin type moraines, as described
by Bishop (1957).

Undoubtedly, the debris and ash cover blanketing
the lower parts of some glaciers is, to some extent,
responsible for the existence of surface undulations.

Reference
Bishop, B. C. 1957. Shear Moraines in the Thule Area, North-

west Greenland. U.S. Army SIPRE Report 17.

Structural Glaciology of Meserve Glacier

GERALD HOLDSWORTH

Institute of Polar Studies
The Ohio State University

From the results of dimensional and deformational
measurements (Holdsworth, 1966; 1967) on the
ice tongue of Meserve Glacier, it is possible to recog-
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