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Figure 3. Studies on the Siple Dome. Note that scale differs from that
for figure 2.

Preliminary results of Pine Island and
Thwaites Glaciers study
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It has been proposed (Hughes 1981) that the present absence
of ice shelves to buttress the Pine Island and Thwaites Glaciers
might trigger a series of chain reactions which will culminate in
the collapse of the west antarctic ice sheet. Kellogg, Kellogg,
and Anderson (1982) suggest that an ice shelf may have been
present in the area 1,000 years ago. Our study involves a ve-
locity and strain-rate analysis of these glaciers in hopes of deter-
mining their stability. Initially, we planned to obtain data for this
by comparing Landsat imagery of the region taken approx-
imately 10 years apart. Unfortunately, attempts at taking
needed imagery in the 1980's have been unsuccessful because
either cloud cover percentages have been too high, the satellite
has had malfunctions which produced distorted images, or
there has not been stable ground on the image to use as control.
We, therefore, had to obtain velocity data for the Pine Island
and Thwaites Glaciers and strain rates for Pine Island Glacier by
using inferior but necessary alternatives.
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We determined velocities on Pine Island Glacier by comput-
ing the change in position of crevasses which could be identi-
fied on Landsat imagery taken in 1973 and 1975 with respect to
stable control areas such as nunataks of the Hudson Mountains.
Image coordinate measurements were taken using a WILD
Stk-826 stereocomparator. Adjustments were made using an
affine transformation. The results are presented in figure 1. The
velocity at the terminus was calculated to be approximately 2.4
kilometers per year. This compares quite well with terminal
velocities of 2.1 and 2.2 kilometers per year determined by
Crabtree and Doake (1982) and Williams et al. (1982), respec-
tively, using the same data source.

We estimated velocities on Thwaites Glacier using Landsat
imagery taken in 1972 and 1983. The 1983 image has no stable
ground points from which average velocities can be determined
as was the case for the Pine Island image. However, two icebergs
caught in fast ice to the west of the glacier (lb and 2b of figure 2)
are separated by the same distance in both images. It seems
reasonable to assume, then, that icebergs caught in this fast ice
have the same movement. There is another iceberg (5a of figure
2) in this fast ice that can be identified on the 1972 image and the
U.S. Geological Survey Bakutis Coast-Marie Byrd Land map
based on 1965-1966 aerial photography. Because this image and
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the map have stable control (la-4a of figure 2), we were able to
determine the movement (and hence velocity) of this iceberg.
The coordinates of all points on both the 1972 and 1983 images
which are common to one another were measured on a mono-
comparator. Assuming that the velocities for all icebergs in the
fast ice are equal, the 1972 coordinates of points lb and 2b of
figure 2 were translated to the position they should have been at
when the 1983 image was taken. We then have two points which
can tie together common points of the 1972 and 1983 images for
velocity determinations. The velocity values and directions of
points 3b-35b are shown in figure 2. Their accuracy is limited to
the validity of the assumption that icebergs in the fast ice have
the same movement. Their values compare quite well with a
velocity of 3.6 kilometers per year computed by Robert J . Allen
of the U.S. Geological Survey (Hughes personal communica-
tion) based on a comparison of 1947 photography and the 1972
Landsat image.

We determined strain rates in several areas of Pine Island
Glacier by measuring the change in position of a set of three to
six crevasses with respect to one another which are present on
U.S. Navy aerial photography taken over the area in 1966 and
1967. The values were calculated using modified versions of
methods developed by Nye (1957 and 1959) Hughes (1974), and
Tyler (1976). Results obtained by all three methods are similar to
one another, and the Nye method values are plotted in terms of
principle strain rates in figure 1 and x-y strain rates in figure 3.
There are two major sources for possible inaccuracies of the
results. First, ground control is not present, so the photographs
are assumed to be truly vertical. Second, a flying height to
ground distance was measured only on every twenty-fifth
frame, so this distance between the two frames is assumed to
vary linearly. Despite these assumptions, the calculated strain
rate values agree quite well with rough strain rate estimates
calculated using the velocity measurements and a radio echo
cross section of the glacier in Crabtree and Doake (1982).

We are currently doing analytical work on the glacier using as
data the velocities and strain rates presented above and the
Crabtree and Doake (1982) profile with a modification of the last
20 kilometers as they suggested.

This work was supported in part by National Science Founda-
tion grant DPP 80-06503. T. Hughes has provided valuable help
and discussions for all aspects of the project. Special thanks are
due to information provided by Robert J. Allen and David
Humphrey for computer programming work relating to Pine
Island velocity determinations.
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Figure 1. Velocities and principal strain rates on Pine Island Glacier.
("km/a" denotes kilometers per year.)
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Figure 2. Velocities on Thwaites Glacier. Points ending with "a" are
common to the U.S. Geological Survey map and 1972 image, those
with "b" are common to the 1972 and 1983 images. ("km/a" denotes
kilometers per year.)
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Figure 3. x-y strain rate components on Pine Island Glacier. ("yr"
denotes year; "km" denotes kilometer.)
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