
Ice Shelf (Herron and Langway, 1976). Detailed density and
stratigraphic measurements were conducted in the adjacent
pit, located downwind of the chemical-sampling pit, to obtain
an approximation of the recent rates of surface accumulation.

Corehole temperatures were measured using a thermistor
in conjunction with a Wheatstone Bridge (figures 2 and 3). At
the South Pole, measurements were obtained from the 100-
meter corehole drilled under the dome in 1974 (Rand, 1975)
as well as from the 111-meter corehole drilled during austral
summer 1978 (figure 3). The comparison of the two tem-
perature profiles from the South Pole suggests that there is a
signficant (0.2° C) influence on the more recent temperature
profile resulting from heat from the drill. This is especially
apparent between 90 and 110 meters in the new hole where
the penetration rate was considerably slower because of the
denser firn.

Coincident with the South Pole drilling operations was the
core recovery at J-9 5-14 January 1978. Core processing was
done by James Cragin. While there was some difficulty with
the chip removal system, core recovery was rapid and core
quality improved with depth. The corehole was fluid-filled at
approximately 100 meters, and the final depth was 170.76
meters.

This work was supported by National Science Foundation
grant DPP 78-04412.
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Erebus Glacier Tongue movement

G. HOLDSWORTH

Environment Canada
Ottawa, Canada

R. HOLDSWORTH

University of Waikato
Hamilton, New Zealand

Ice deformation measurements were made on the Erebus
Glacier Tongue (77°40'N.166 0 40'E.), McMurdo Sound, in
an attempt to support the hypothesis that, as a result of ocean
wave excitation, a floating glacier may oscillate at a frequency
that corresponds to one of its higher modes (Holdsworth and
Glynn, in press). Under storm conditions with open water,
the amplitude and duration of vertical oscillations may be
caused by the bending stresses in the resonant-like motion,
that cause fatigue failure in the ice.

A field camp on the glacier (figure 1) was occupied con-
tinuously from 21 December 1977 until 26 January 1978.
Because of the degree of crevassing all over the glacier sur-
face, travel was by skis and equipment was moved by sled.
The water depth at the glacier's edge was measured at 15
points by sounding line. Either a hole was drilled through the
sea ice (3 to 3.8 meters thick) with a SIPRE corer or existing
cracks or seal holes were used. Figure 2 shows the bottom
profiles along the north and south edges of the glacier.
Although no measurement of water depths directly under the
glacier could be obtained, the data suggest that the glacier is
free-floating except for a section of the north edge at the fixed
end. On 15 February a hydrographic survey was made by
USCGC Burton Island, but only near the terminus (figure 3)
because fast sea ice remained in Erebus Bay and north of the
glacier.

Deformation of the glacier was measured by continuously
recording wire strain meters (Goodman and Holdsworth,
1978) and a Schaevitz LSOC ( 1 0 ) servo-inclinometer. The
direct current output of the latter instrument was fed to a por-
table strip-chart recorder. The unprocessed results obtained
for tow of the stations reveal oscillations with periods of about
ito 1 minutes and about 30 seconds occurring alternately as
if there were "beating" between the two frequencies. Waves
with a period of roughly 15 seconds are also evident. Pro-
nounced oscillations exist with a period of 16 ( 1) seconds,
which correlates well with the peak in the frequency spectrum
for the sea ice (Goodman, personal communication, May
1978) although waves with a longer period (about 2 minutes)
also are present in the glacier motion, at the same point. Per-
sonnel from the Scott Polar Research Institute, in cooperation
with the U.S. Navy, surveyed ice thickness along the can-
terline of the glacier by air. The provisional glacier thickness
profile is shown in figure 2.

Other measurements included density and temperature in
the upper 11 meters of firn at station number EGO 0. Density
varied irregularly from 0.463 to 0.64 million grams per cubic
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Figure 1. Provisional map of Erebus Glacier Tongue, January 1978. (Open circles represent position of permanent markers on
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Figure 2. Cross section through the central flowline of the glacier, with ocean bed depths as Indicated.

meter at 11 meters depth. The 10.3-meter temperature was
-20.2± 0.1°C, and the minimum temperature at 6 meters was
-21.0 ± 0.1°C (22January). All the stations shown in figure 1
were surveyed at least twice; the resulting sets of coordinates
will enable the determination of ice flow rates and provide
horizontal and vertical control for mapping the glacier from
U.S. Navy aerial photographs.

Data on ice thickness and water depth will update pre-
vious data (Holdsworth, 1974) used in a vibration model
(Holdsworth and Glynn, in press) to compute the periods of
the glacier's normal modes of free vibration for lengths of 8 to
14 kilometers, which appear to be the post- and precalving
lengths. Using specific energy data we have calculated the
deflection field for each mode and the corresponding elastic
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Figure 3. Terminus of Erebus Glacier Tongue, 13 February
1978, with Big Razorback island in upper left. (Photographed

by PH3 Weinger, U.S. Navy.)

stresses. The analysis indicates that deflections of order 5 cen-
timeters are needed to produce significant stresses for the pre-
sent glacier in the sixth vibration mode (period about 16 ± 1
second). Wave lengths are then about 11/2 kilometers. Tilts have
been observed of order 11/2 (arc) seconds (for the 16-second period
waves). This would correspond to amplitudes of order 1 cen-
timeter.

i nese measurements were taken under relatively calm
conditions with sea ice surrounding most of the glacier.
Under storm conditions with open water it seems possible
that significant bending stresses may be generated and that
the ice may fail in fatigue along one of the antinodes. This is
the vibration calving theory, constructed to account for the
production of large tabular icebergs.

The strain meter data will provide independent informa-
tion on wave periods and on amplitudes of the oscillation.
The longitudinal velocity data will provide information on
the flow law of the ice.

We thank personnel of Holmes and Narver Inc., as well as
the U.S. Navy, for full logistics support arranged for by the
National Science Foundation.
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Green iceberg sampled in the
Weddell Sea

ANTHONY F. AMOS

Port Aransas Marine Laboratory
The University of Texas Marine Science Institute

Port Aransas, Texas 78373

A green and white iceberg (one of several seen during the
cruise) was observed and sampled in the eastern Weddell Sea
(69°14.5'S.10°11.8'W.) from ARA Islas Orcadas cruise 15 in
February 1978 (see figure).

The bulk of the iceberg was comprised of bluish-white,
opaque ice that was horizontally stratified but had a rougher
top surface than a typical tabular iceberg. The "abnormal"
portion of the iceberg was a deep green color, appearing
almost black in certain light. The iceberg was estimated to be
about 20 meters high, 100 meters long, and 40 meters wide
and was tilted at an angle of approximately 35°. The green
"outcrop" stretched along the entire side that was tilted
downward and extended beneath the sea surface. The max-
imum height of green ice above the surface was approx-
imately 14 meters. Most of the green ice was covered with
snow, but several exposed faces, up to 8 meters high, ap-
peared to be the result of recent fractures and showed no ob-
vious signs of weathering. One of these faces was flat and
smooth and the ice appeared to be transparent (rather than
translucent, as described by Moulton and Cameron, 1976, for

a green iceberg observed off the South Shetlands). One got
the impression of looking through very clear ice, deep into a
dark green interior. There was an abrupt boundary between
the green and the white ice. Reconstructing the iceberg's
geometry before it tilted would put the green ice on the top
surface overriding or abutting the stratified ice. Other green
ice observed on this cruise appeared to be on the underside of
overturned icebergs (see also Moulton and Cameron, 1976).

While we were not able to get close enough to the iceberg
to collect samples directly from the green outcrop, a piece of
ice was netted in the immediate vicinity of this iceberg.
Although we do not know with certainty if this ice sample
came from the green or the white portion of the berg, or even
if it came from that iceberg in particular, what we have found
so far indicates that this is an unusual piece of ice. We do
know that there were no other icebergs closer than several
kilometers, that the closest sea-ice was 150 kilometers away,
and that the sea-surface temperature was -0.06°C, well above
freezing for surface water.

The sample when recovered weighed about 2 kilograms
and was shaped like a goose-neck. Its entire surface was
covered with regular hexagonal-shaped depressions about 30
millimeters across. It appeared colorless in daylight as well as
under artificial lighting conditions. Close examination
showed it to contain many inclusions of particulate material
(it took only 30 milliliters of the melted sample to clog a 25-
millimeters diameter, glass-fiber filter with a pore size of 0.45
micrometers). Portions of the sample have been sent to
various research laboratories for analysis. Collaborating in
these studies are Steve Ackley and Tony Gow of the U.S.
Army Cold Regions Research and Engineering Laboratory
(CRREL), John Edmond of MIT, Harmon Craig of Scripps,
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