
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.

References

Clough, J.W. 1973. Radio echo sounding: brine percolation layer
Journal of Glaciology, 12(64): 141-143.

Kovacs, A., and A.J. Gow. Brine infiltration in the McMurdo Ice
Shelf, McMurdo Sound, Antarctica. Journal of Geophysical
Research, 80(15): 1957-1961.

Ultrasonic measurements on ice
cores from Ross Ice Shelf,

Antarctica, drill hole

HEINZ KOHNEN

Inst it utefir Geophysik
der Wesralischen Wilhelms

Universitât Munster, West Germany

CHARLES R. BENTLEY

Geophysical and Polar Research Center
University of Wisconsin

Madison, Wisconsin 53706

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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the ultrasonic measurements. Since velocities in the in-
dividual grains could vary over a range of almost 300 meters
per second depending on their orientations (Bennett, 1972),
the expected variation between samples, for a grossly ran-
dom distribution of orientations, would be substantial.

If we treat the velocity variations as random, and assume
that all the samples represent the same population, then the
mean of VN - Vi is insignificantly different from 0 (6 ± 12
meters per second). However, there does appear to be a dif-
ference between the upper hundred meters and the interval
from 150 to 155 meters. The mean for the upper part is
significantly positive (30 ± 9 meters per second) whereas
that for the lower section is negative, although not convinc-
ingly so (- 39 ± 27 meters per second). The greater velocity
in the vertical direction between 24 and 104 meters is consis-
tent with a weakly developed preferred vertical orientation
of the c-axes, such as that exhibited at the 61-meter depth at
Little America (Gow, 1963). The velocities between 150 and
155 meters, even if not significantly greater in the horizontal
direction, are not compatible with a more strongly
developed vertical preferred orientation, such as that below
100 meters at Little America (Gow, 1963). This may reflect
a west antarctic grounded ice sheet origin for the deeper ice.
From Thomas (1976), the depth to the boundary between
ice originating on the grounded ice sheet and on the floating
ice shelf would be about 90 meters (assuming steady state).

The velocities from each sample are averaged and plotted
against depth in figure 3. The velocities correspond to an

Measured velocities on ice core samples, together with
temperatures at which measurements were made. Vii: velocity
parallel to borehole axis, Vi: velocities perpendicular to that axis.

P-wave velocities [km/sec]

Depth	
Vn	Vi	Vt	 Temper-

ature
(m) kms	kms	kms	 (°C)

24	2.003	-	-	2.003	-	-	- 7
31.5	2.980	-	-	2.980	-	- 6
36	3.513	-	-	3.513	-	-- 6
41	3.510	3.452	-	3.482	58	- 7
45.5	3.725	3.746	-	3.736 - 21	-	- 8
49.5	3.872	3.845	3.670	3.796	27	175	- 8
55	3.861	3.818	3.856	3.845	43	5	-11
65	3.852	3.843	3.848	-	9	-12
69.5	3.899	3.854	3.862	3.872	45	37	- 9
75.7	3.868	3.804	3.862	3.845	64	6	- 8
80.5	3.844	3.838	3.821	3.834	6	23	- 8
85.1	3.873	3.892	3.814	3.860	- 29	59	- 8
91	3.891	3.852	3.868	3.870	39	23	- 8
94.7	3.862	3.858	3.810	3.843	4	52	- 9
99.2	3.855	3.857	3.906	3.873	- 2 - 51	- 7.5

104	3.947	3.903	3.862	3.904	44	85	- 9.5
150	3.883	3.938	3.808	3.876	- 55	75	-10.5
151	3.808	3.928	3.888	3.875	-120 - 80	- 9.5
152.3	3.927	3.831	3.860	3.873	96	67	-10
153.3	3.860	3.859	3.830	3.850	1	30	-11
154	3.853	3.902	3.962	3.906	- 49 -109	-10
155	3.787	3.936	3.962	3.895	-149 -175	- 9
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Figure 1. Sample travel time curves on ice core samples
from different depths. One oscilloscope scale unit is about

1.7 microsecond.
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Figure 2. P-wave speed versus depth in the bore hole. Data
are listed in the table.
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Figure 3. Mean P .wave speeds and densities versus
depth. Solid line depicts smoothed velocities from seismic
refraction shooting. Circles connected by dashed lines are
values of average velocity. Unconnected dots are densities

(right hand scale).

average temperature of - 9.5°C; no temperature correc-
tions are applied because the influence of the small
temperature differences from sample to sample (table) is
negligible (about ± 5 meters per second).

Also shown in figure 3 is a smoothed velocity-depth curve
from refraction shooting at J-9 during 1976-1977. Both sets
of data show a close approach to maximum velocity at a
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depth as shallow as 50 meters, but the ultrasonic velocities
are significantly higher than the field measurements at all
greater depths. The maximum velocity from the refraction
shooting, 3,805 ± 10 meters per second, is typical of other
refraction shooting on the Ross Ice Shelf (Robertson, 1975;
Crary et al., 1962). When corrected to the temperature in
the lab van this velocity would be only 3,770 meters per sec-
ond.

The ultrasonic velocities, on the other hand, although
relatively high (mean for 150 to 155 meters is 3,879 ± 13
meters per second) are more in accord with those from other
antarctic ultrasonic measurements (Bennett, 1972; Bentley,
1972), refraction shooting on ice sheets (summary in
Kohnen, 1974), and laboratory measurements (summary in
Roethlisberger, 1972). The low maximum velocities from
refraction shooting on ice shelves have long been known (see,
for example, Thiel and Ostenso, 1961), but never well ex-
plained. The present study, at least so far, only heightens
the mystery, since the difference of some 100 meters per sec-
ond between the maximum velocities measured is too great
to be explained in terms of the anisotropy detected by the
ultrasonic measurements.

There appear to be some variations in average velocity
around a smooth average curve between 65 and 105 meters
depth. Whether these variations are real is difficult to say
because of the large scatter in the individual velocity
measurements. A suggestion of a similar variation appears
in the density depth curve (also plotted in figure 3, from
Chiang and Langway, personal communication, 1977) but
is far too poorly defined for any quantitative discussion.

The field work was financially supported by National
Science Foundation grant DPP 75-19220 and by the Univer-
sity of Münster, West Germany. Field support by the Ross
Ice Shelf Project operations staff is gratefully acknowledged.
This is University of Wisconsin, Geophysical and Polar
Research Center, Contribution 341.
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Ross Ice Shelf Project drilling,
October- December 1976

JOHN RAND

U. S. Army Cold Regions Research and Engineering
Laboratory

Hanover, New Hampshire 03755

On 27 October the drilling crew and cargo arrived at site
J-9 on the Ross Ice Shelf. The team consisted of John Rand,
James Morse, Robert Bigl, and Gerard Sheldon from the
U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL); B. Lyle Hansen from the Ross Ice Shelf
Project Management Office, University of Nebraska-
Lincoln; Henry Rufli from the Physics Institute, University
of Bern, Switzerland; and Steven Quarry from the State
University of New York-Buffalo.

The Ross Ice Shelf Project (RIsP) wire line core drilling
system, designed and constructed at CRREL, incorporates
various industrial components and rotary drilling tech-
niques. It is described by Hansen (1976):

A wire line core drilling system consists of a coring bit attached to
the core barrel outer tube assembly which is rotated by the string of
drill pipe, the non-rotating core barrel inner-tube and core lifting
assembly, a wire line hoist with an overshot attached to its cable
which is used to retrieve the core laden inner tube through the inside
of the drill pipe, a means of supporting and rotating the drill string,
and a means of circulating the drilling fluid which removes the cut-
tings from the bore hole, cools the coring bit, and stabilizes the hole.

The two drill strings used are shown in figure 1.
The proposed drilling was to include four holes: the water

well hole, the Bern hole, the core hole, and, finally, the ac-
cess hole.

The water well was drilled between 1 and 4 November.
The 12-inch-diameter hole was drilled to 48.2 meters. The
generally very cold and windy weather had adverse effects on
the drilling operations. Water well operation started on 12
November and ceased on 21 December. During the 39 days
of operation, water was produced and stored in the well at a
rate of approximately 50 gallons per hour.

Many problems arose during the drilling of the Bern hole
between 5 and 20 November. In addition to the poor
weather already mentioned, problems developed due to the
operators' lack of experience. However, the major problem
was the overshot, the tool used to lower an empty inner core
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