
do. Approximately 2.8 tons of scientific equipments were
checked, repacked, and sent to the drill camp site at J-9,
where the team began its work on 26 October. All downhole
and seawater sampling had to be cancelled due to dif -
ficulties with the drilling program. Sampling was reduced to
surface and near surface levels. Of major interest should be
a silicon sample extracted from 600 liters of water pumped
up from the water well (45 meters below the surface) and its
corresponding reference sample obtained from surface
snow. Both samples were collected by a new method using
ion exchange resin and will be measured at the Laboratoire
de Glaciologie in Grenoble, France. The results should yield
information on long term accumulation rates.

On 2 December, the Swiss group returned to McMurdo to
start a contingency program on the annual sea ice 5
kilometers out of McMurdo. Two samples of air (400 liters
each at standard temperature and pressure) were collected
by degassing 50,000 liter of seawater from a depth of 5
meters below surface. Carbon dioxide and noble gases will
be extracted from these samples, and carbon-14, argon-39,
and krypton-85 activities will be measured. Extraction and
measurements are difficult and require time consuming
laboratory work at the University of Bern. The results will be
important as reference points for future seawater samples to
be taken at J-9. Additional seawater samples for total gas
and tritium analysis were collected at the same site.

The contingency program on the sea ice could only be
carried out thanks to the generous assistance by U.S. Ant-
arctic Program personnel. Their help is very much ap-
preciated.

Geochemical and isotope studies of the University of Bern
are supported by NSF grant DPP 73-05933. Principal in-
vestigator of the project is H. Oeschger.
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Subsurface measurements of the
Ross Ice Shelf, McMurdo Sound,

Antarctica
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During January 1977 a dual-antenna impulse radar pro-
filer was used successfully to monitor the depth charac-

teristics, lateral continuity, and inland boundary of sea
water infiltration in the McMurdo Ice Shelf, McMurdo
Sound, Antarctica. The profiler was similar in design to the
instrument used in January 1974 by Kovacs (Kovacs and
Cow, 1975) in preliminary investigations of brine-soaked
firn.

This season's studies have provided much new interesting
information on the brine infiltration zone, including data
on changes in the elevation of the brine-soaked layer and ice
shelf thickness as a function of distance from the shelf edge.
Results of one traverse, extending from the shelf edge to
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some distance beyond the inland boundary of the brine
layer, are presented in figure 1 Of particular interest are
the prominent 4-meter step in the brine layer at a distance of
approximately 2,850 meters from the ice edge and the small
but significant change in the surface slope at the same loca-
tion. Radar profiling also reveals that the inland boundary
of the brine layer generally terminates in a series of steps.
This boundary was examined near Ross and White Islands
and carefully delineated at numerous locations between the
two islands.

We further determined that the hydraulic gradient
represented by the slope of the brine layer is 0.1 x 10, that
the bottom of the shelf has a mean slope of 1 to 115 and that
the height-to-thickness and height-to-depth ratios of the ice
shelf are 1 to 44 and 1 to 34 respectively. Observations

4Surface 5

along a traverse extending inland 7 kilometers from the ter-
minal boundary of the brine layer yielded new information
on shelf bottom relief.

Two holes were drilled for cores at the site of the 4-meter
step in the brine layer. Both holes penetrated the top of the
brine layer on the high and low sides of the step. Results of
tests performed on cores from these two holes are shown in
figure 2. Thin sections of cores were examined to determine
the effect of brine percolation on the structure of the firn.
Meltwater samples were taken to the Cold Regions Research
and Engineering Laboratory and are under analysis. These
analyses include measurements of the major cation and
anion ratios, designed to determine the extent to which sea
water brines are concentrated during infiltration through
the firn. Oxygen-18/oxygen-16 values will be measured to
provide background data on brine-free firn and also to fur-
nish additional information on isotopic exchange effects as a
function of distance in from the ice front. Extrapolation of
the firn density profile at the 4-meter brine step indicates

that the brine layer at this particular location is probably 10
meters or more thick.

Because of mechanical problems with the Swiss shallow
drill it was not possible to collect samples at the inland
boundary of the brine layer located approximately 50
meters below the surface. Coring at this location is needed to
determine (1) why brine infiltration terminates where it does
and (2) if significant vertical migration of brine downward
into the shelf is also occurring.

The eastern boundary of the brine layer was originally
delineated by Clough (1973), who emplaced bamboo
markers at intervals along the boundary. Most of these
markers were relocated during the current survey, and it ap-
pears that the brine layer is penetrating the shelf at the rate
of only a few meters per year. This movement is much less
than that needed to maintain dynamic equilibrium with a
measured shelf movement of approximately 100 meters per
year. This suggests that the lateral extent of brine infiltra-
tion in the McMurdo Ice Shelf is decreasing or that its
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lateral movement is the result of "surging" linked possibly to
periodic major breakouts of the ice front in McMurdo
Sound.

The glacial ice/saline-ice transition on the Koettlitz
Glacier tongue was investigated at several locations, but not
as extensively as originally planned because of extremely
rough surface conditions caused by intense ablation of the
glacier during December 1976 and January 1977 (see figure
3). However, the ice tongue was profiled successfully at a
number of different locations, and a representative graphic
record showing both the glacial ice/saline-ice transition and
the saline-ice/sea water interface is presented in figure 4. At
this site, approximately 18 meters of glacial ice is underlain
by up to 2 meters of saline ice. This result was verified by
drilling. To determine interface relationships of the glacial
ice/saline-ice transition, cores from this and earlier drillings
are being investigated for petrographic structure, salinity
variations, and isotopic composition.

This and previous years' observations of the Koettlitz
Glacier ice tongue indicate that the ice tongue undergoes
appreciable thinning (by surface ablation) before any
significant freezing of sea water occurs, and that the max-
imum thickness of accreted saline ice probably does not ex-
ceed 20 meters.

The field assistance of Thomas Fenwick of Geophysical
Survey Systems, Inc., is gratefully acknowledged. This
research was supported by National Science Foundation in-
teragency agreement DPP 74-23654.
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Ultrasonic measurements on ice
cores from Ross Ice Shelf,

Antarctica, drill hole
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As part of the Ross Ice Shelf Project (RISP), we made
ultrasonic investigations of ice cores recovered from the Ross

Ice Shelf during the 1976-1977 field season. The purpose
was to examine the variation of wave speed with depth, to
search for anisotropy, and to compare results with sonic log-
ging. Unfortunately, logging could not be done owing to the
lack of a fluid-filled hole in which to measure.

Field operations. The ultrasonic measurements were done
between 16 and 27 November 1976. A mobile laboratory
(lab van) was used; it had electrical power and good thermal
insulation, which kept the interior between - 6 1 and
- 12°C.

Only one of the two planned core holes was drilled,
yielding a continuous core sequence only through the upper
100 meters. Further penetration without coring reached 150
meters, then 5 meters more of core was obtained by thermal
drilling. Samples about 0.15 meters long were obtained
every 5 meters to 100 meters depth, and every 1 meter from
150 to 155 meters. The samples were brought to the lab van
immediately upon recovery and were given about 2 hours to
adjust to the ambient air temperature. Calculations showed
that temperature adjustment will be complete within a frac-
tion of a percent within that time. Thereafter, they were cut
with a band saw to individual specimen size for the
ultrasonic measurements.

Technique. A Krautkrmer usis 11 system with barium
titanate transducers was used. The equipment was operated
at 2 megahertz, chosen to balance time resolution, sample
dimensions, and energy attenuation. The time scale of the
oscilloscope was calibrated using aluminum rods of different
lengths, taking into account the ambient air temperatures.
The wave speed in the aluminum rods, and its temperature
dependence, were determined in the Universitt Münster.

Each ice-core sample was cut into several (usually three)
nearly cubical specimens of various dimensions between 10
and 70 millimeters. Travel times were measured on each
specimen parallel to the bore hole axis and along two
perpendicular directions normal to the axis, yielding a
travel time curve for each sample. The specimen lengths
were measured with a micrometer to ± 0.1 millimeter. Er-
rors in velocities are of the order of 1 percent. Figure 1 shows
examples of the travel time curves for different depths.

Results. In figure 2, the vertical and horizontal P-wave
velocities (designated Vi and Vi respectively) are plotted
versus depth. The most distinctive feature is the large range
over which the velocities vary for each sample. This range,
exceeding 100 meters per second, is not merely due to ex-
perimental errors, which are about ± 20 meters per second
(standard deviation). The simplest explanation, that the
shelf ice is anisotropic, is insufficient because the velocity
differences VN - Vi. (table) vary so irregularly down the
hole. It is unlikely that the ice shelf would have developed a
texture wherein the preferred orientation changes its direc-
tion drastically every few meters. On the contrary, fabric
studies in the Little America core have shown a texture that
varies much more regularly (Gow, 1963).

The explanation probably is in the crystal size. Chiang
and Langway (1976) report mean grain sizes of 5 square
millimeters (cross-sectional areas) at pore close-off (44
meters) and of about 40 square millimeters at 100 meters.
Extrapolating this trend according to the grain size increase
at other ice shelf locations (Gow, 1969) leads to expected
grain sizes of 80 to 100 square millimeters at 150 to 155
meters. Consequently, only a small number of grains is con-
tained in the samples, particularly the deeper ones, used for
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