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The east antarctic ice sheet west of the Allan Hills, southern
Victoria Land, is currently forming several supraglacial mor-
aines (Faure, Kalistrom, and Mensing 1984; Faure and Sutton
1985; Faure and Taylor 1985; Faure, Taylor, and Jones 1986).
During the 1986-1987 field season, we measured the thickness
of the ice sheet in the vicinity of supraglacial moraines near the
Allan Hills using a monopulse radar echo sounder (Watts and
Isherwood 1978) modified by Frank Huffman. In addition, we
collected ice samples at 100-meter intervals and determined
ablation rates at surveyed stations along an east-west traverse
parallel to the local ice-flow direction. Figure 1 is an aerial
photograph of this area located at about 76°42.3'S and 159°24'E.
The results of these studies are summarized in figure 1.

The elevation of the ice surface increases by more than 100
meters from point 600N (figure 2) westward toward the polar
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Figure 1. Aerial photograph of part of the icefield near the Allan Hills
showing the supraglacial moraines and our survey lines (TMA 2375,
0037, F32).
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Figure 2. Summary of results along east-west traverse parallel to the
local flow direction of the ice sheet shown in figure 1. ("m" denotes
"meter." "mm/30d" denotes "millimeters per 30 days:')

plateau. A small ice-cored moraine east of 600N rises to a height
of about 11 meters. The thickness of the ice sheet was measured
at seven points along the traverse. The greatest thickness of 264
meters was observed at station 2000W. The profile in figure 1
shows that the ice sheet thins toward the east to about 20 meters
a short distance west of the ice-cored moraine. Fudali (1982)
used measurements of gravity to determine the thickness of the
ice sheet along a more extensive traverse across the ice field west
ii the Allan Hills.

he isotopic composition of oxygen in ice collected 5 to 10
cntimeters below the surface was determined by Richard Re-

isman of Geochron Laboratories. The delta-oxygen-18 values of
the ice vary from -34.4 to -43.0 per mil relative to standard
mean ocean water. One sample of snow that fell in January 1987
has a value of - 32.0 per mil. In general, the isotopic composi-
tions of oxygen indicate that the ice formed under colder cli-
matic conditions than the snow of 1987. Based on the average
delta-oxygen-18 value of - 39.4 per mil and using the equation
of Aldaz and Deutsch (1967), the average condensation tem-
perature is estimated to be -31°C. The delta-oxygen-18 values
of ice at the Reckling Moraine (measured by Pieter Grootes,
Quaternary Research Center, University, of Washington) and
those at the Elephant Moraine (measured by Richard Reesman,
Geochron Laboratories) extend to - 50 per mil and indicate
lower condensation temperatures than for ice at the Allan Hills.
Therefore, the ice at the Allan Hills may have a nearby source
whereas the ice at the Elephant and Reckling moraines could
have originated near Dome C in the interior of the continent.

The delta-oxygen-18 profile appears to consist of segments,
two of which have been highlighted in figure 1. These may
represent ice that formed during and after the Late Pleistocene
glaciation. Accordingly, the ice near station 600N + 1100W
(figure 1) may mark the transition from glacial to the present
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interglacial climatic conditions which occurred about 13,000
years ago (Lorius et al. 1985).

The ablation rates of the exposed ice vary irregularly along the
traverse. The average monthly summertime ablation rate at 20
stations on the main icefield near the Allan Hills is 20.9 ± 1.5
millimeters per 30 days. This rate is about five times more rapid
than the average annual rate measured near the Elephant Mor-
aine during 1985-1987. Accordingly, our best estimate of the
annual ablation rate of the icefield near the Allan Hills is 5.7 ±
0.9 centimeters per year. Annexstad and Schultz (1983) reported
a somewhat lower value of 4.2 ± 0.3 centimeters per year for ice
in the same area based on measurements at 10 stations.

This work was supported by National Science Foundation
grant DPP 83-14136.
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Uranium-series dated ice, 100,000 to
350,000 years old, arranged

sequentially at Allan Hills

E.L. FIREMAN

Smithsonian Astrophysical Observatory
Cambridge, Massachusetts 021.38

We measure the ages of dust-laden polar-ice samples by the
uranium-series method (Fireman 1985, 1986). Most of our sam-
ples are near-surface samples from ablation areas collected by
W.A. Cassidy. Because of the abundance of mountains and hills
in Antarctica, there are many ablation areas where the flow of
ice is inhibited by the bedrock topography so that deep ice flows
upward to the surface where it is ablated by winds. Cassidy
(1979) found some ablation areas, such as Allan Hills, to have
many meteorites stranded upon it; while other areas had none.
A prominent feature of all ablation areas, whether meteorite
rich or not, is the abundance of dust bands imbedded in the ice.
The dust bands run predominantly at a 90° angle to the direction
of the ice flow (Koeberl et al. 1987); complications in the ice
movement leads to a blurring of the ice band. The particulates in
the Allan Hills dust-banded ice samples are almost entirely,
(approximately 95 percent) fine volcanic glass shards (Marvin
1986). Evidently fine volcanic debris was deposited on snow
and then compressed into a band in the ice that moved to Allan
Hills. A gradually rising bedrock would produce well-defined
bands along the surface of the ice with increasing ages that end
where the land emerges.

Figure 1 is a map of the Allan Hills area showing a triangula-
tion network, the locations of the dust-banded ice samples Cul
de Sac number 100, Cul de Sac number 150, number 85-1, and

number 85-2, and the ice-flow directions. The Cul de Sac
number 100 and number 150 samples are 100 meters and 150
meters from land, respectively, and samples number 85-1 and
number 85-2 are approximately 6 kilometers and 5 kilometers
from land, respectively.

A detailed discussion of the uranium-series method for dat-
ing ice, together with descriptions of the experimental pro-
cedures used in the method, was published (Fireman 1986); the
uranium-series age obtained for Cul de Sac number 100 samples
was (325 ± 75) x 101 years. We have since improved the dating
method by supplementing the measurements of the uranium
and thorium activities dissolved in the ice by measurements of
these activities in the particulates. Figures 2 and 3 are count data
for the activities dissolved in number 85-1 ice and in the number
85-1 particulates. From these data an age of (100 ± 10) x 10
years was derived. As seen in figure 1, the location of this
sample is approximately 6 kilometers west of the Allan Hills
land mass. The other two samples are Cul de Sac number 150
and Cul de Sac number 100, which are (210 + 40, - 30) x 101
and (330 + 70, -40) x 103 years old, respectively. These dates
give a general outline of the time frame at the Allan Hills
icefield.

There is a great need for a plentiful supply of sequentially
arranged well-dated ice for trapped gas studies. It is possible
that the ice along the east-west line through the number 85-1
site could provide such samples for the period around 100 x 10
years ago. The ice flows due east at this site. If there are no
discontinuities in the ice flow, the ice will continually get youn-
ger in the westerly direction and will continually get older in the
easterly direction. We have a dust-banded sample from the
number 85-2 site, approximately 1 kilometer east of the number
85-1 site, and we intend to date this sample. It is also desirable to
check the uranium-series dating with some other results, par-
ticularly since the uranium-series dating of ice is relatively new.
The oxygen-18/oxygen-16 ratios in ice are known to exhibit
sharp changes at the dates of dramatic climatic change. A sharp
drop in the oxygen- l8foxygen-16 ratio at the beginning of the
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