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Figure 2. Surface exposure ages for antarctic meteorites, derived from natural TL levels, vs. ter-
restrial age, derived from 36Cl and 14C activities. Some meteorites plot above the 1:1 line and
were heated prior to Earth impact (that is, "reheated"). Terrestrial ages are from Nishiizumi et al.
(1989). Meteorites from the Allan Hills region are shown as circles and those from other antarctic
sites are shown as squares and triangles. (ka denotes thousand years.)
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Measurements of ice thickness and related studies on the
Lewis Cliff Ice Tongue, 1993-1994
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Pittsburgh, Pennsylvania 15260

T
he Lewis Cliff Ice Tongue (84 0 16'S 161 020'E) is a 2x10-kilo-
meter (km) patch of exposed ice that terminates in a large

moraine below Mount Achernar (84°12'S 160056'E). We have
recovered approximately 2,000 meteorite specimens on this
and adjacent ice surfaces (Cassidy et al. 1992), with the highest
concentration located on the ice tongue itself; therefore, we are
interested in characterizing this ice tongue with a view to

learning its origin and history. Specifically, during the early
part of the 1993-1994 field season, we were interested in the
transverse and longitudinal variations in ice thickness and how
these patterns relate to the flow of the ice tongue and, ulti-
mately, to the distribution of meteorites on the surface. Addi-
tional work was also carried out to determine if an ice-strati-
graphic sequence is exposed on the surface of the ice tongue.
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Radio echo sounding methods were used to measure the
ice thickness. The ground-based, ice-radar system consisted
of a monopulse radar transmitter and a small, portable digital
oscilloscope as the receiver. Identical resistively loaded dipole
antennas were used for transmitting and receiving; the anten-
nas were tuned to a center frequency of about 5.5 megahertz
(MHz). Transmitter and receiver were placed on the ice sur-
face 50 meters (m) apart; the antennas were parallel to each
other. The direct air/surface wave was used to trigger the
oscilloscope, and the time to the reflected arrivals was record-
ed to the nearest 0.04 microsecond.

Measurements were made along two transverse and one
longitudinal profile (figure 1), with an average spacing of
about 200 to 300 in the profiles. Additional measure-
ments were made in the terminal region at the north end of
the ice tongue. Positions of the ice radar and surface elevation
were determined by taping, limited global positioning system
(GPS) positioning, and barometric altimetry.

In most cases, the basal reflection was clear and unam-
biguous; however, reflections were not so clear in the north-
ern terminal region. Reduction of the travel time data to ice
thickness followed the graphical pointwise migration proce-
dures outlined by Echelmeyer (1983). A radiowave speed of
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Figure 1. Map of Lewis Cliff Ice Tongue showing position of radio echo
sounding profiles and location of meteorite finds (small dots).

168 meters per microsecond was used. Because the transmit-
ter and receiver are separated, each reflection must come
from somewhere on an ellipse with receiver and transmitter
at the foci; the ellipse is assumed to be in the vertical plane of
the profile. Each of the reflection ellipses is plotted beneath
its corresponding position along the profile, and the envelope
of all ellipses for a given profile is then taken to be an outline
of the bed (figure 2A). The estimated accuracy in ice thickness
is taken to be about 10 m.

The results for the three profiles are shown in figure 2.
The profiles show an overall ice depth of about 400 to 500 m.
The channel shape is interesting in that it is not a symmetric
U-shaped trough, as might be expected; instead, it appears to
be two intersecting U-shaped channels. The trough on the
west side extends downglacier to the northern terminal
region and is generally deeper. The eastern trough thins
abruptly from the uppermost profile (A) down to the lower
profile (B). The longitudinal profile shows a marked decrease

0	500	1000	1500	2000	2500	3000
Distance From East Ice Edge (m)

3:1 verticol I...-..	

B PROFILE

 7exoggeration	 (b)
—400

0	500	1000	1500	2000	2500	3000
Distance From East Ice Edge (m)

A	 B

0	1000 2000 3000 4000 5000 8000
Distance From A Profile (m)

Figure 2. A. Transverse profile at A, showing reflection ellipses. B. B
profile. C. Longitudinal profile. Surface elevation shown in figures 2A
and 2B is relative to the crossing point of the longitudinal profile; the
elevation of the longitudinal profile is relative to the northern terminus,
which is at an elevation of about 2,000 m above sea level (MSL). Open
circles on the surface represent radio echo sounding sites.
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in thickness near the location of the B profile thinning from
about 500 in to about 200 m. It appears that a sub-
glacial ridge extends in from the bedrock hill on the eastern
margin across the ice tongue to the centerline. As figure 2
shows, the radio echo sounding mesh was densified over this
feature, and it is well defined both up and downglacier and
transversely. Downstream of the subglacial ridge the ice
becomes thicker, increasing to the 400+ in 	As the ter-
minal moraine is approached, about 7 kin the A profile,
the ice again thins to less than 200 m. Spot measurements in
this terminal region below the subglacial ridge also show that
the ice is thicker on the western side than to the east, but a
complete profile could not be obtained due to poor basal
reflections. These poor reflections may be due to changing
basal conditions or because of complex geometry causing
interference in multiple returns.

The interesting bed topography is also portrayed, to a
lesser extent, by the surface topography. Downglacier of the B
profile, a prominent downward step is evident in the surface;
below this step the surface is quite flat. Scattered surface
crevassing exists upglacier of the B profile, but it becomes
much more pronounced in the region of the surface step
below this profile. This crevassing dies out below the step.
The western third of the ice tongue also has fewer crevasses.
Below the step, a quasipermanent patch of firn extends across
the blue ice from the eastern margin almost to the western
margin. This firn patch appears to be due to wind deposition
and decreased wind erosion in the lee of the ice surface step.

Structures in the ice, such as foliations and dust bands,
are prominent on the western half of the ice tongue and are
less prominent to the east. The western side of the ice tongue
is adjacent to the steep Lewis Cliff, an escarpment that extends
some 25 km upstream under the ice. Ice feeding this western
side appears to have a source on the polar plateau, flowing in
over the escarpment through several icefalls and crevassed
regions to the west. The ice on the eastern side of the ice
tongue appears to come from the Walcott N&6—a somewhat
isolated icefield that also drains down past Beardmore South
Camp to the northeast. These sources of ice have not yet been

confirmed by ice-velocity measurements but are derived from
consideration of surface topography and iceflow structures.

The deeper channel underlies the western half of the ice
tongue. It is interesting to note that a vast majority of the
meteorites found on the Lewis Cliff Ice Tongue occur on this
western half of the ice tongue (figure 1). The ice on the east-
ern side of the tongue is devoid of meteorites, the dividing
line generally follows the bedrock crest between the two
intersecting U-shaped troughs. This probably indicates that
ice flowing in the western trough carries meteorites in from
the polar plateau and that few meteorites are transported
from the Walcott Névé, except possibly those found along the
small moraine east of the Lewis Cliff Ice Tongue proper. This
will have a direct bearing on residence age of the meteorites.
A source on the Walcott Névé would lead to relatively short
residence times because of its limited size, whereas a source
on the polar plateau would lead to much longer times.

Near the northern terminus of the ice tongue, we located
two dust bands that dip steeply into the ice. We judged that
these dust bands might bracket a stratigraphic sequence and
obtained a channel sample about 10 in cutting across the
presumed section with a chain saw. These samples were sub-
divided in McMurdo Station at the Crary Laboratory and
shipped to eight investigators for such measurements as parti-
cle counts, electrical conductivity, petrography, dissolved
species, insoluble residues, trapped gasses, oxygen isotopes,
and cosmogenic nuclides. We will compare the resulting data
as if we were comparing stratigraphic sequences and will try to
decide if we have, in fact, sampled a stratigraphic sequence.

We thank Candace Kohl, Sara Russell, and Thomas
Meisel for their help in the field. This research was supported
by National Science Foundation grant OPP 91-17558.
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