
ice is the only horizontal boundary observed in the six
meters of sea ice. This dramatic change must be related
to a sudden and significant change in growth conditions
at the base of the shelf. The most probable cause was
the penetration of the ice shelf in December 1977 by a
flame-jet drill approximately 200 meters from the lo-
cation of the core hole (Browning and Somerville,
1978). If the boundary did result from the previous
season's drilling, the present growth rate of the ice
would be two centimeters per year.

The average growth rate over a longer period of time
can be estimated from the overall thickness of the sea
ice layer and the dynamics of the Ross Ice Shelf. The
site J-9 is approximately 200 kilometers from the
grounding line. As the ice is moving at an average speed
of 300 meters per year (Thomas and Bentley, 1978), the
six meters of ice had approximately 600 years to form
at an average growth rate of approximately one centi-
meter per year.

The upper boundary of the sea ice layer is separated
from the glacial ice above by a few centimeters of vuggy
ice. When our drill reached this layer 410 meters down,
the fluid level in the drill hole rapidly rose 23 meters
indicating good hydraulic connection with the sea below.
Because the sea ice layer is generally impermeable, ver-
tical crevasses must connect the sea to the vuggy ice
layer.

We appreciate the assistance of William Rierden, Im-
ants Virsnieks, Margaret Wolfe, and Uldis Auders, who
took part in the drilling, and all our colleagues at J-9.
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National Science Foundation and also by the U.S.S.R.
Academy of Sciences.

References
Browning J. A., and D. A. Somerville. 1978. Access hole drill-

ing through the Ross Ice Shelf. Antarctic Journal of the United
States, 13(4): 55.

Cherepanov, N. V. 1964. Structure of sea ice of great thickness.
Proceedings of Arctic and Antarctic Institute, 267: 13-18 (in
Russian).

Cherepanov, N. V. 1971. Special arrangement of sea ice crystals
structure. Problems of Arctic and Antarctic, 38: 137-40 (in Rus-
sian).

Thomas, R. H., and C. R. Bentley. 1978. The equilibrium state
of the eastern half of the Ross Ice Shelf.Journal of Glaciology,
84: 508-18.

Weeks, W. F., and A. J . Cow. 1978. Preferred crystal orienta-
tions in the fast ice along the margins of the Arctic Ocean.

Journal of Geophysical Research, 83(10): 5105-21.
Zotikov, 1. A., V. S. Zagorodnov, and J . V. Raikovsky. 1979,

Core drilling through the Ross Ice Shelf. Antarctic Journal
of the United States (this issue).

Ross Ice Shelf glaciology

ROBERT H. THOMAS and DOUGLAS R. MACAYEAL

Quaternary Institute
The University of Maine at Orono

Orono, Maine 04469

Results from measurements at almost 200 stations on
the Ross Ice Shelf during the period from 1973 to 1978
(Thomas and MacAyeal, 1978) have been prepared for
publication. They will be expressed as strain-rate ten-
sors, ice velocities, snow-accumulation rates and 10-me-
ter temperatures.

Work continues on the calculation of derived char-
acteristics of the ice shelf. These include profiles of tem-
perature, creep properties, and age versus depth at each
of the stations; stress distribution across the ice shelf;
particle paths along selected flow lines; and equilibrium
analysis to give the ice-shelf thickening rate in terms of
basal melting/freezing rates.

The equilibrium analysis for the southeastern portion
of the ice shelf indicates that either there is rapid basal
melting or the ice shelf is thickening at about 30 centi-
meters per year (Thomas and Bentley, 1978). In an at-
tempt to calculate the basal mass balance for the region,

MacAyeal (1979) has completed a detailed analysis of
temperatures from the Ross Ice Shelf Project (RIsP) drill
hole (Rand, 1975; dough and Hansen, 1979). The tem-
perature-depth profile is influenced by basal melting
rates encountered in the past. By simulating the effects
on heat flow of conditions encountered by the drill-site
ice upstream of its present position, we conclude that
the observed temperatures are indicative of low basal
mass flux with a bias toward freezing. Together with
results from the surface measurements, this suggests
that the southeastern Ross Ice Shelf is growing thicker
with time and has probably been doing so for hundreds
of years (MacAyeal and Thomas, 1979).

Near the seaward ice front, basal melting removes ap-
proximately one meter of ice per year, and it appears
likely that there is significant melting within at least 100
kilometers of the ice front. This means that perhaps 25
percent or more of the discharge from the ice shelf is
by basal melting. The distribution of melt zones beneath
the ice shelf is determined by oceanographic parame-
ters, which, in turn, are governed by prevailing climate;
comparatively small changes in climate may result in
major alterations in the pattern and intensity of basal
melting. Associated changes in the configuration and
thickness of the ice shelf could have important conse-
quences for the stability of the West Antarctic Ice Sheet.

In light of the current inadequate understanding of
the interaction between climate and ocean, an attempt
has been made to relate prescribed changes in basal
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The Ross Ice Shelf, with the flow line from ice stream "B"
to the bore hole at J9.

melting rate to ice shelf configuration and, after that, to
ice sheet discharge rates. The results suggest that, al-
though rapid basal melting would lead to a collapse of
the West Antarctic Ice Sheet, this would not be a cata-
strophic event even if melt rates were to increase to 10
meters of ice per year (Thomas, Sanderson, and Rose,
1979).

Two large ice rises in the Ross Ice Shelf—(Roosevelt
Island and Crary Ice Rise)—provide major pinning
points that strongly influence the configuration and
thickness distribution of the ice shelf. Analysis of velocity
measurements on Roosevelt Island indicates that the
creep properties of the ice near the summit region are
similar to those of the ice shelf, but nearer the edges
there may be a softening effect attributable to the de-
velopment of a preferred crystal fabric associated with
prolonged shear (Thomas et al., in press). Also, there
appears to be a gradient in geothermal heat flow across

the ice rise from about 1.2 heat-flow units on the north-
east side to 1.7 heat-flow units in the southwest. Confir-
mation of these calculations must await acquisition of ice
cores from the ice rise.

The ice flow properties derived from the velocity mea-
surements on Roosevelt Island have been reconciled
with measured accumulation rates to reconstruct a
"steady-state" thickness profile for the ice rise. The re-
constructed profile is similar to the measured profile,
but it has a slightly lower summit elevation. Although
the difference between the two profiles is small, it ap-
pears to be significant. Velocity measurements confirm
that drainage exceeds snow accumulation, so that the ice
rise is thinning by a few centimeters each year towards
its steady-state profile. This trend probably represents
the final stages of Holocene shrinkage of the ice rise.

Few data are available from Crary Ice Rise, but an
approximate thickness profile across the short axis of
the ice rise has a summit elevation some 30 meters lower
than the calculated steady-state profile. This difference,
which is considerably greater than measurement error,
may indicate that the ice rise was formed comparatively
recently. In that case, either the ice rise is growing
thicker or it has achieved a quasi-steady-state profile,
with its basal ice retaining a thermal memory of when
it was afloat and so making it warmer (and therefore
softer) than assumed for our calculated steady-state pro-
file (MacAyeal and Thomas, in press.).

This work has been supported by National Science
Foundation grant DPP 78-03045.
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