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ICE CLIFF

Spatially discontinuous strain in the
"semi-rigid" zone of an ice cliff

M. J . MCSAVENEY

Institute of Polar Studies
The Ohio State University

Between 1965 and 1969, Holdsworth (1969a) under-
took a detailed study of the flow of ice at the surface
and at the base of Meserve Glacier, 'Wright Valley. He
recognized five broad flow zones in the ice tongue of
Meserve Glacier (Holdsworth, 1969b). One of these,
regarded as particularly important, was the semi -rigid"
zone containing the ice cliff and ice within a few meters
of it. This zone forms an extremely constricting boundary
for the flow of the glacier tongue. He recognized four
zones in the immediate vicinity of the ice cliff (1969a)
a "rigid" outer zone, a "semi-rigid" zone, a "semi-plas-
tic" zone, and an interior basal "plastic" zone (fig. 1).
These gradational zones were delineated by the particular
rheological property of ice that most dominantly showed
in the behavior of the ice within each zone.

Semi-rigid

Rigid

Semi-plastic	 -S..
-S.

N
Plastic	 -.5-

-S
-S

Figure 1. Regions of different rheology near an ice cliff (from
Holdsworth, 1969a, fig. 55d).

In November 1971, a 2-meter-deep alcove was dug
adjacent to Meserve Hut into the ice cliff of Meserve
Glacier, primarily as a cold-store for frozen food and
ice samples (ice temperature was —18 to —19 0 C., and
—8°C. could be maintained in the alcove at outside air
temperatures of 10°C.). Some observations of ice struc-
ture were made in it and a simple deformation experi-
ment was conducted over six days to test the sensitivity

Figure 2. Deformation guage (diagramatic), on the left, and a plan of the alcove in Meserve Glacier, on the right, that shows the loca-
tion of the deformation guage (not to scale).
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of an inclinometer. Results of these studies are reported
here.

The deformation experiment consisted of a biaxial
"Digitilt" inclinometer (fig. 2) that was mounted on a
short section of its grooved plastic casing and hung
from a rock-bolt in the wall at the alcove's end. Lateral
movement of the device was constrained by another bolt
that passed through a vertical slot in the lower end of
the casing. To the lower end of the casing was affixed
a dial displacement gauge with its moveable probe resting
in a small hollow drilled in another rock-bolt protruding
from the wall (fig. 3). Neither inclinometer nor gauge
was metric so the total arrangement was constructed to
be 4 feet long, to simplify calculations.

The deformation gauge was allowed to equilibrate to
the surrounding alcove temperature (-8 0 C.), before the
device was attached to the wall. After mounting, a 1-day
settlement period was allowed before measurements were
made at least twice each day. Results of these measure-
ments are plotted in fig. 4. They show an initial settle-
ment period followed by an effectively linear trend.
Minor deviations may be due to a slight diurnal tempera-
ture fluctuation. An unexplained characteristic of the
particular "Digitilt" instrument used at Meserve Glacier
was its tendency to give, on occasion, tilt values that
consistently differed from expected values. This was not
a serious problem in this experiment, and it always is
compensated for in normal use of the inclinometer system
by duplicate runs with reversed axial systems. Reversal
of axes was not feasible in this experiment; therefore a
constant was subtracted from the effected measurements
to "correct" them.

This deformation gauge gives only three of the neces-
sary nine terms that define the full deformation tensor.
It measures deformation from which the three partial
derivatives (with respect to the vertical axis) of the
velocity field can be determined. But the results obtained
still have some significance. The direction of deforma-
tion in the horizontal plane significantly deviated from
the lineation of elongated tubular bubbles within the
ice of the alcove wall (fig. 5). This pronounced bubble
lineation, however, was disrupted by a series of widely
spaced, narrow planar zones in which the bubble elonga-
tion was kinked (kink bands). Displacement of bubbles
at these kink bands was in the direction of deformation
recorded in the experiment. It was inferred that signifi-
cant deformation was taking place along these kink
bands, thereby causing reorientation of the bubble trend.

Measurement of deformation along discrete zones of
shear, subsequent to a prior uniform deformation that
developed the bubble lineation, appears to confirm the
existence of a "semi-rigid" zone in the ice cliff. At the
outer edge of the alcove, cracks were present, parallel to
the cliff face, indicating brittle failure in the outer few
decimeters of the cliff zone. The "rigid" zone thus is
very thin at the cliff's base (at the top of the avalanche

o

Figure 3. Displacements of the two axes of the inclinometer from
the vertical and displacement along the vertical axis (negative
displacement is extension). Open circles signify corrected dis-

placements, and uncorrected values also are plotted.

apron, 2.5 meters above the glacier base), and the "semi-
rigid" zone is at least 2 meters thick when measured in
from the cliff surface.

This experiment provided the first direct measurement
of "semi-rigid" behavior of ice in Meserve Glacier. The
result appears to support Holdsworth's flow model.
Eileen McSaveney assisted in sculpting the laboratory and
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Figure 4. Significant directions in the deformation experiment.
Displacement of bubbles was in the direction of the normal to
the kink plane. The measured deformation direction lies within

the limits of error of estimation for this normal.

cold storage facility. This work was carried out under
National Science Foundation grant GV-28804.
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News and notes__________
DVDP environmental
impact draft issued

The National Science Foundation
has issued a draft environmental im-
pact statement on U.S. Antarctic Re-
search Program Dry Valley Drilling
Project (DVDP) operations during
the 1973-1974 austral summer.*
The statement describes scientific ob-
jectives of the DVDP, as endorsed
by the National Science Board, and
elaborates on potential operational
failures that could affect the antarctic
environment.

Drilling and collecting continuous
hard and sedimentary rock and soil
samples from the dry valleys, accord-
ing to the statement, will "permit a
detailed reconstruction of a period
of antarctic history which played a

* Summarized in the Federal Register
[August 30, 1973, Part 1, 38(168):
234381, in accordance with section 102
of the National Environmental Policy Act
(Public Law 91-190) and the Guidelines
of the Council on Environmental Quality.

critical role in the geological and cli-
matic history of the world." The
McMurdo Sound region setting for
the DVDP will result in a series of
independent analyses of geochronol-
ogy, paleoclimatology, and paleomag-
netism.

Scientists of the United States,
New Zealand, and Japan, will drill
10 to 15 boreholes to depths of 300
meters. Although a number of oper-
ational failures can be controlled "by
stringent adherence to previously
developed, environmentally sound
plans," the report states, "probably
unavoidable" environmental effects
may include some damage to soil eco-
systems adjacent to drill sites, scar-
ring of the land surface, and drilling
fluid pollution or alteration of the
ground water.

Efforts to minimize environmental
damage by the DVDP include indoc-
trination of all DVDP personnel in
methods of reducing accidents, con-
tinuous evaluation and updating of
operations, and onsite presence of an

environmental scientist to monitor
operations.

Copies of the draft statement
are available from the Deputy As-
sistant Director for National and
International Programs, National Sci-
ence Foundation, Washington, D.C.
20550.

Shepherd enrolled at
Harvard

Donald C. (Chris) Shepherd, field
projects manager, Office of Polar Pro-
grams, is studying during 1973-1974
at the John F. Kennedy School of
Government, Harvard University.
David M. Bresnahan, assistant to the
manager of polar operations, is man-
aging field projects during Shepherd's
absence.

Mr. Shepherd was selected in gov-
ernment-wide competition, by the
U.S. Civil Service Commission, to
participate in Harvard's full-time
program that leads to the master's
degree in public administration. He
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