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J. Renard

Figure 2. Apparatus used on the ice cap for snow sampling and subsurface measurements especially with the use of a neutron seismometer.

Seven cubic meters of samples were collected for different aims: geographical variation of the mean isotopic
composition of snow and detailed changes with depth in
three stations down to 17 meters, chemical composition
and rates of deposition of materials from various origins,
atmospheric and urn entrapped gas composition, radioactive fallout (total B and tritium measurements are
planned), and snow accumulation in live stations down
to 25 meters. Fifteen stake networks were established
along the traverse for detailed snow accumulation studies. Density was measured on cores and also in boreholes
using a neutron probe; mean annual temperatures were
measured at depth.
172

Ice crater closure studies on
Deception Island
T. HUGHES

Institute of Polar Studies
The Ohio State University
A subglacial eruption in the recently active volcanic
caldera, Deception Island (63 0 S., 60.6 0W.), in August
1970, was discovered 4 months later during an international volcanological expedition [this journal, VI(4)
82-90. (1971).]. This eruption opened an ice crater at
the snout of a glacier flowing into an amphitheater from
ANTARCTIC JOURNAL

Bynon Hill and other adjacent parts of the caldera rim
(fig. 1). A study of the reaction of the Bynon Hill glacier to the eruption was formulated in 1971 and began
during the austral summer of 1972-1973.
The 1972-1973 field party consisted of Henry Brecher,
Michael Scholz, Robert Curl, and myself as the principal
investigator. The field study consisted of establishing
stake networks in and around the ice crater to determine
absolute motion, deformation, and mass balance. A primary strain network of 63 stakes extended 380 meters
from the ice crater rim toward Bynon Hill, and a secondary strain network of 38 stakes extended 240 meters
from the ice crater rim toward the caldera rim west of
Bynon Hill. Isolated stakes were placed in and around
the ice crater (12 stakes) and on the snow slope of Bynon Hill (7 stakes), and strain networks involving 46
stakes and 56 ice screws were placed in four tunnels
totaling 27 meters dug in the walls of the ice crater (fig.

2). The isolated stakes and the centerline stakes of the
primary and secondary strain networks were surveyed,
strain networks outside the crater were taped and levelled, and strain networks in the ice tunnels were taped.
The primary and secondary strain networks were measured twice in January 1973, and all isolated stakes and
strain networks will be remeasured during the 1973-1974
austral summer. Hence, absolute motion and the surface
strain regime will be known along the primary and secondary strain networks, absolute motion will be known at
the isolated stake sites, and the internal strain regime
will be known in the ice tunnels.
Comparing observations during the 1970-1971 and
1972-1973 austral summers, it is obvious that the Bynon
Hill glacier is closing the ice crater via creep much
faster than the crater is growing via ablation around its
ice walls. However, the glacier elevation is much reduced
for about 150 meters upstream from the ice crater, im-

Figure 1. The northwest end of the Deception Island caldera, showing the major topographic changes during the 1967, 1969, and 1970
eruptions. Pre-eruption contour lines are at 20-meter intervals and now are obsolete all around the inside rim of this portion of the caldera.
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plying a substantial melting rate at the sole of the glacier
in this region. The August 1970 eruption also deposited
an ash cover averaging about 1 meter in thickness that
blankets the lower part of the Bynon Hill glacier, including all of the ablation zone and 20 percent of the
accumulation zone of the pre-eruption glacier. At present, net ablation occurs only around the ice crater walls
and on the glacier sole, and net accumulation occurs only
on the upper slopes of Bynon Hill and the caldera rim.
Hence, the August 1970 eruption has fundamentally and
perhaps permanently altered the mass balance regime of
the Bynon Hill glacier.
In addition to mass balance studies, the ice crater
closure investigation is studying shear bands that formed
around the ice crater immediately after the August 1972
eruption and are still active today (Hughes, 1971). This
study has led to the first verification of glacial flow confined to discrete, discontinuous bands alined at high angles with respect to the usual flow direction. It supports
the idea that thermal convection in polar ice sheets may
be via discontinuous flow confined to narrow diapiric
columns or pipes in which hot basal ice is extruded upward by the great weight of the overlying cold ice descending en masse between the diapirs (Hughes, 1972).
This mechanism would require that each diapiric pipe
be surrounded by a narrow shear band sheath.
This work was supported by National Science Foundation grant GV-36510X awarded to The Ohio State University Research Foundation and the Institute of Polar
Studies.
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Figure 2. The types and locations of field studies
relating to the ice crater through the Bynon Hill
glacier snout. Primary (P) and secondary (5)
surface strain network stakes are at the corners
of the triangular grid lines, absolute velocity
stakes are at the circled red dots and at the
centerline stakes of the surface strain networks,
and interior strain network stakes are located in
the ice tunnels dug into the ice crater walls at
the indicated absolute velocity stake sites. All
20-meter contour interval lines in the plan view
date from the 1956 photometric aerial survey.
Subsequent eruptions caused partial alterations
of the dashed contour lines. The profile view is
along an extension of the axis of the primary
strain network. The 1956 equilibrium line separates clean ice from dirty ice, buried and exposed. Today buried ice extends uphill beyond
the 1 80-meter contour line.
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Glaciology and glacial chronology
in the South Shetland Islands
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Field work on Deception and Livingston Islands (fig.
from December 16, 1972, to January 28, 1973, extended glaciologic and geologic investigations in the
South Shetland Islands that have been conducted by
members of the Institute of Polar Studies during each
field season since 1968-1969. Two major results from
the previous studies provided the basis for the 1972-1973
field work: (1) determination of a threefold sequence
of glaciation and interrelated periods of raised beach
formation on Livingston Island (Everett, 1971), and
(2) determination of mass-balance and inferred paleotemperature variations on Deception Island from 1780
to 1970 (Orheim, 1971, 1972, in press; Orheim et al.,
1972). A major objective of the 1972-1973 field work
was therefore the logical next step of determining the
history of variations in extent of the glaciers so that it
could be related to the mass-balance (paleotemperature)
variations.
Field work was in three phases. The first was to collect ice samples from selected horizons exposed in walls
of the volcanically formed glacier crater and fissure on
Deception Island (fig. 2). These samples were collected
from sections that have been stratigraphically dated by
Orheim (1972) so that their oxygen-18/oxygen-16 content, when analyzed, will provide an independent check
on Orheim's paleotemperature reconstructions based on
mass-balance data.
The second phase consisted of mass-balance studies
on glacier G-1, Deception Island (fig. 2), and on Rotch
Dome and Charity Glacier, Livingston Island (fig. 3).
The stake networks maintained on glacier G-1 since
1968-1969, and on Rotch Dome since 1970-71, were
remeasured, and stakes were reset where possible. In addition, new networks of stakes were set on glacier G-1
and on the Charity Glacier.
The third phase of field work was the most extensive,
consisting of investigations with the common goal of
determining an absolute glacial chronology for Livingston
Island. Three methods of dating moraines were used:
tephrochronology, lichenometry, and radiocarbon dating.
The tephrochronologic method consisted of collecting
several tephra samples from both stratigraphically dated
layers in the Deception Island glacier crater and pyroclastic strata within or on Livingston Island glacial deposits.
These samples are being analyzed petrographically and
chemically to determine whether correlations can be made
between tephra in the glacial stratigraphy and the ice1)
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