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Figure 1. Direction and horizontal ice velocity of ice as measured
along the triangulation grid across the Allan Hills Icefield. (km de-
notes kilometer. cm/yr denotes centimeters per year.)
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The Allan Hills Icefield in Victoria Land has so far yielded
more than 1,700 meteorite specimens. In an attempt to provide
a quantitative measure of ablation and ice flow, a triangulation
network across the icefield was established in 1978 (see figure
1). Two baseline stations are located on bedrock of the Allan
Hills. Eighteen additional stations define a grid which extends
13 kilometers westward and across the area with the high
meteorite concentration. The grid was remeasured in 1979 (Ni-
shio and Annexstad 1980) and 1981 (Schultz and Annexstad
1984) and revisited during the 1988-1989 austral summer. In
addition, a radio echo sounding survey from the Allan Hills
Icefield to the Mid Western Icefield* was carried out in 1988-
1989 to determine bedrock topography (Delisle, Sievers, and
Schultz 1989; Delisle and Sievers in press).

In 1981 and 1988, the angles within the network were mea-
sured with a precision theodolite (Wild T2). An infrared dis-
tance meter (Wild DI4L) was used to measure distances between
grid points. This technique and the long lapse of the 7 years
between the two measurements made it possible to determine
direction and horizontal velocity of the ice flow with much
higher precision than at any previous time (e.g., uncertainties
of the ice velocity and direction of the most westerly station
are ± 8 centimeters per year and 8°, respectively.)

Ablation rates are obtained by comparing the heights of a
stake measured in different years. The mean annual ablation
rate, measured in 1988, of about 4.5 centimeters per year is
comparable to those measured in previous years (Annexstad
and Annexstad 1989). There is, however, a wide diversity be-
tween individual stations, and there are indications that the
annual ablation may take place on a few days with high tem-
peratures (Delisle and Sievers in press).

The horizontal ice movement of the individual stations is
given in figure 1. At the most westerly stations, the ice moves
about 60 centimeters per year in an almost northern direction,
roughly parallel to the ice stream between the Allan Hills and

* The designations "Far Western Icefield," "Mid Western Icefield,"
"Near Western Icefield," and "Main Icefield" are not official names,
but the features are distinct geographic units.

the Near Western Icefield which advances northwards in a
more than 1,200-meter deep depression toward the Mawson
Glacier (Delisle et al. 1989; Delisle and Sievers in press). Close
to the escarpment the flow of ice is in a northeast direction.
The ice velocity drops here to about 25 centimeters per yer.
East of the escarpment, a small valley has developed. Most of
the meteorites are found here and ice velocities drop to less
than 8 centimeters per year. From the radio-echo sounding
data, it is known that this valley is not caused by bedrock
topography. Meteorological processes seem to be a likely ex-
planation (Cresswell 1988).

It should be noted that meteorites found on icefields west
of the south-north ice stream will never be transported to the
Allan Hills Icefield. It is suggested that a minor portion of the
ice of the south-north ice stream flows onto the high plateau
of the Allan Hills Icefield and, finally, drops into the high
ablation zone to the east of the escarpment (figure 1) and
deposits there meteorites.

In an attempt to model the ice flow of the high plateau of
the Allan Hills Icefield, we have used the following models:
• Case a: A 2-D-ice sheet with a thickness of 400 meters (al-

ternatively 300 meters and 500 meters) and a length of 5
kilometers (figure 2, block a) is exposed at its surface to a
constant ablation rate of 5 centimeters per year from x = 0.5
kilometers to 5 kilometers.

• Case b: A linearly increasing ablation rate from a value of
3.5 centimeters per year at x=0.5 kilometer to 5.2 centi-
meters per year at x =5 kilometers is used. The underlying
assumption in latter case is that of an ablation rate depend-
ence on the effectiveness of the fohn wind, which should
increase with drop of elevation.
An ice thickness of 400 meters corresponds roughly with the

measured value at the western border of the Allan Hills Ice-
field. The change of surface elevation and the shear stress
within the ice are each calculated as a function of time; the
horizontal and vertical ice velocities are each calculated as func-
tion of depth and the internal temperature field in the ice body.
Subice topography, as measured at the Allan Hills, is not in-
cluded in this model. We take advantage of the fact that the
dominant driving force of ice movement is given by surface
slope.

Our ice velocity measurements suggest that about 90 percent
of the mass loss from the high plateau of the Allan Hills Icefield
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Figure 2. A. Numerical model on ice flow in 2-D for a 5-kilometer
long and 400-meter (alternatively 300-meter and 500-meter) thick
ice slab exposed to ablation at the ice surface. Shown is the cal-
culated elevation drop, which for a 400-meter or 500-meter thick
ice sheet is the same within ±1.5 meter for constant (A) and linearly
increasing (B) ablation. Ablation loss is 225 cubic meters per year
per 1-meter slab width (A) or 196 cubic meters per year (B). Inte-
gration of horizontal velocity over height shows that in both cases
mass losses by ablation are compensated. Horizontal ice flow in
the case of a 300-meter thick ice sheet, however, is unable to adjust
within 5,000 years to make up the ablation losses. As a conse-
quence, surface slope steadily steepens within this time period. B.
Horizontal velocity distribution for all cases. (km denotes kilometer.
rn/a denotes meters per year. m denotes meter.)

is due to ablation and only 10 percent due to ice flowing across
the escarpment. We believe, therefore, that our model de-
scribes in a good approximation the actual mass transfer and
mass balance on the high plateau.

We make use of ice-rheological parameters and basic equa-
tions given in Nye (1952) and Paterson (1981) and a computer
code as described in Delisle (1989). Ice-rheological parameters
have been calculated for a mean annual temperature at the ice
surface of -25 °C and a heat flow value of 60 milliwatts per
square meter from below.

The left side of the model ice sheet resembles in nature the
boundary between the Allan Hills Icefield and the ice stream
to the west. This is equivalent to the assumption of an un-
changed ice level of the ice stream at least during the last few
thousand years. The consequences of an ice level changing in
time are pointed out below.

The calculations show a quasi-stationary ice slope profile
develops for an initially 400-meter thick ice sheet within about
2,200 years. Ice flowing from the ice stream towards the east
(to right hand side in figure 2) is balanced by the ablation
losses. The calculated total drop of ice level for case a is 76
meters (case b: 74 meters), which compares well with the mea-
sured drop of about 75 meters in the field (Delisle and Sievers
in press). The ice velocity given by the model are in general

agreement with the measured values (compare figure 1 and
figure 2, block b).

Given a 500-meter thick ice sheet (which on the basis of our
calculations would acquire equilibrium within about 1,600 years)
total drop of ice surface for case a would only be 51 meters
(case b: 49 meters). Alternatively, a 300-meter thick ice sheet
would not reach equilibrium even after 5,000 years despite an
elevation drop of then more than 160 meters for case a (case
b: 150 meters) acquired at that time (figure 2, block a).

The results of our analysis are compatible with the assump-
tion of essentially unchanged ablation rates on the Allan Hills
Icefield for at least 2,500 years and confirm the dependence of
the ice budget of the Allan Hills Icefield on the ice level of the
ice stream to the west and—equally important—on the abla-
tion rate.

A only modest ice level rise of the ice stream would effec-
tively decrease horizontal ice velocities and decrease surface
slope on the icefield at the same time (see figure 2). This is
seemingly a contradiction, but one has to keep in mind that a
thicker ice sheet— due to the larger mass involved—can com-
pensate mass losses more effectively by compressive ice flow.
One might speculate that a reduced ice slope might cause less
ablation due to decreasing fhn winds, whose force depends
on slope. Fewer meteorites would then be uncovered across
the icefield. Presumably an ice fall would develop at the es-
carpment to the east. A fall of the ice level of the ice stream
(i.e., 300 meters), however, would even increase surface slope
and horizontal ice flow. Nevertheless, ice would then even-
tually be unable to move across the escarpment. The effec-
tiveness of the Allan Hills meteorite trap would even increase
as it would develop into the same trap type as exists at Lewis
Cliff today.

With the results of this model in mind one wonders through
what changes the Allan Hills meteorite trap might have gone
during the climatic changes of the last 1 million years.
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