
Summary of meteorites collected during the 1992-1993 ANSMETfie1d season. All icefieki names are unofficial.

David Glacier 	 0
Northern Ice Patch	161	 21
Reckling Moraine	41	 1
McKay Glacier	3	 0
Beckett Nunatak	2	 0

Total	 215	 22

survey network, tying meteorite location data from previous
seasons into continuing development of maps and geographic
information systems applications.

We took three Twin Otter-supported reconnaissance
trips near the end of our field season. The first Twin Otter
reconnaissance party visited some small, isolated iceflelds at
the head of the David Glacier, and we found no meteorites
before returning to the Reckling Moraine camp later in the
day. The second party visited some small iceflelds immediate-
ly to the south of the Allan Hills icefields on the McKay Glaci-
er. This trip was slightly more productive; four meteorites
were recovered. Near the close of the season, an overnight,
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Twin-Otter-supported party explored several icefields near
Beckett Nunatak (approximately 40 km east of Griffin
Nunatak), and recovered two specimens. Twin Otter support
has proved to be an extremely efficient means of reconnais-
sance, allowing us to explore small, isolated icefields that
would be logistically prohibitive for a larger party to visit.

The 1992-1993 ANSMET field season yielded a total of
257 meteorites, including several unusual specimens. Among
these were an iron and a mesosiderite from the NIP, several
interesting achondritic meteorites, and many others (table).

This research was supported by National Science Foun-
dation grant OPP 90-05750.
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Thermoluminescence profiles in meteorite finds, climatic
change, and ice thicknesses in the Allan Hills, Antarctica,

during the Quaternary
PAUL H. BENOIT and DEREK W.G. SEARS, Cosmochemistry Group, Department of Chemistry and Biochemistry,

University ofArkansas, Fayetteville, Arkansas 72701

T
he behavior of the antarctic ice sheet has major implica-
tions on models of climatic and sea-level changes during

the Cenozoic (Budd and Smith 1982; Nakada and Lambeck
1988). Although numerous glaciological studies have docu-
mented large changes in antarctic ice thickness during the
Cenozoic, there are still questions about the interpretation of
field data on the regional scale (Denton et al. 1989; Clapper-
ton and Snyden 1990; Webb and Harwood 1991). In particu-
lar, there is some question as to how the central antarctic ice
sheet, as opposed to the outlet glaciers and the ice of the Ross
embayment, has responded to climatic variation.

Large numbers of meteorites have been recovered in the
Antarctic during the last few decades (Cassidy et al. 1992).
Meteorites are found on bare blue icefields, which often are
associated with mountain ranges (such as the Transantarctic
Mountains). Recent work has emphasized the importance of
sub-ice topography in the origin of at least some meteorite-
bearing blue iceflelds (Delisle and Sievers 1991). As part of the
initial characterization of the meteorites, we have measured

the natural thermoluminescence (TL) of many recovered
meteorites (Benoit et al. 1992, 1993). The natural TL level of a
meteorite reflects both its terrestrial age and its thermal histo-
ry. In this paper, we examine terrestrial thermal profiles for a
single meteorite and discuss the implications of these data for
the icefield on which it was found.

We used meteorite ALHA78084 in this study. It was found
on the Allan Hills Mid Western Icefleld" (76 050'S 158 020'E) by
an American antarctic search for meteorites (ANSMET) expe-
dition in 1978 (Cassidy et al. 1992). ALI-1A78084 is an H4 ordi-
nary chondrite and is unusual in only two respects: it is large
by antarctic meteorite-find standards [14.3 kilograms (kg)],
and it was sliced into slabs to sample for cosmogenic nuclide
studies (Sarafin et al. 1985). We obtained 10 samples from two
slabs cut through the center of the meteorite. All samples

*The designations 'Far Western Icefield," "Mid Western Icefield," "Near
Western Icefield," and "Main Icefield" are not official names but the fea-
tures are distinct geographic units.
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were analyzed for natural and induced TL, as described in
Benoit et al. (1992).

The TL contours for the slabs of ALHA78084 (figure 1)
show that TL decreases monotomically from one side of the
meteorite to the other. Possibly, these contours represent the
effects of cosmic-ray attenuation during irradiation in space.
In this case, however, we might expect the contours to show a
concentric relationship with the center of the preatmospheric
body. Clearly, this is not the case based on cosmogenic nuclide
studies. These studies also indicate that ALHA78084 was only
slightly larger during irradiation in space than it is now (Sarafin
et al. 1985). Our calculations indicate that a body of such size
would have a range of natural TL of less than 15 percent imme-
diately after impacting Earth. The TL contours apparently are
related to the orientation of the meteorite as it was found on
the ice; thus, they represent a long-term terrestrial thermal
gradient rather than preterrestrial irradiation effects.

If we make some reasonable estimate of the long-term
average temperature gradient in ALHA78084, we should be
able to derive the time required to form the observed TL dis-
tribution in the meteorite. By assuming a maxiumum temper-
ature gradient of 20°C (0 to -20 0C), we can see that the TL pro-
file has developed over a span of about 100,000 years (figure
2). The temperature range of 20°C is an estimate based on
observed temperatures within a small meteorite under
antarctic conditions (Schultz 1990). The TL age estimate is
consistent with the terrestrial age of the meteorite of 140±70
thousand years (the latter number representing a single stan-
dard deviation). The estimate is derived from radiogenic chlo-
rine-36 abundance (Nishiizumi et al. 1983). With so many
uncertainties, it is impossible to tell if ALHA78084 fell directly
on the Allan Hills Mid Western Icefield or if it fell somewhere
upstream and was transported to the field within the ice.

When evaluating the observed TL profile, note that more
than 100,000 years of surface exposure are required to pro-
duce such a profile and also that the orientation of the mete-
orite was not significantly changed during its surface expo-
sure history. If the meteorite had been moved periodically
and re-oriented, the TL distribution would have been more
nearly concentric. It is likely that the nearly 100,000-year sur-
face-exposure interval was not continuous; however, it is
apparent that the meteorite was not rotated during this time
interval.

Two interpretations of the present data, in terms of
glaciological history of the region, are possible: (1) the ice
thickness in this portion of Antarctica has not been great
enough over at least the last 100,000 years to eliminate the
Allan Hills Mid Western Icefield, or (2) the ice velocity within
the field was not great enough to carry the meteorite away
during this time interval. We conclude that the ice thickness
in this region has been within a few hundred meters of the
present value over the last 100,000 years, despite documented
glacial-interglacial cycles during this period in Antarctica. It
is, however, also possible that these data imply that the Mid
Western Icefield has been particularly stable over the last
100,000 years, perhaps because, like the Near Western Ice-
field, it is produced by strong upwelling of deep ice caused by
a sharp sub-ice barrier.

We are grateful to the Meteorite Working Group of the
National Aeronautics and Space Administration and the cura-
tors of the antarctic meteorite collection at Johnson Space
Center for their efforts in obtaining samples for this and other
studies. We also thank W.A. Cassidy and S. Traub-Metlay
(University of Pittsburgh) for discussions on various aspects
of. this project and H. Sears for sample curation at Arkansas.
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Figure 1. Schematic diagram of the ,4 and ,5 slabs of ALHA78084
meteorite, which form a cross-section through the meteorite. Sam-
ples used in this study are shown as dots and thermoluminescence
contours [in thousand rads (krad)] through these points are also
shown. Cube shows orientation of the slabs at the time of the mete-
orite's recovery. Triangle shows locatiOn of preatmospheric center
of the meteorite as determined by cosmogenic nuclide studies
(Sarafin et al. 1985).
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Figure 2. The range of thermoluminescence levels in ALHA78084,
shown on a plot of calculated TL decay curves for various tempera-
tures. If the range of TL in this meteorite reflects a terrestrial thermal
profile and assuming an approximate gradient of average tempera -
tures within the meteorite of -20 to 0°C, it would take more than
100,000 years to produce the observed TL range. (krad denotes
thousand rads; ka denotes thousand years.)
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This study was supported by National Science Foundation
grant OPP 86-13998 and National Aeronautics and Space
Administration grant NAG 9-81.
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Meteorite studies: Terrestrial and extraterrestrial
applications,  1993

MICHAEL E. LIPSCHUTZ, Department of Chemistry, Purdue University, West Lafayette, Indiana 47907

D
uring 1993, interest has increased in the nature and
occurrence of asteroids and, particularly, in the opportu-

nities and hazards that they offer to humankind. Orbital data
and spectral information are being gathered at an ever-
increasing pace by ground-based remote analysis and by
observation both from the ground and from spacecraft. Our
detailed knowledge of asteroids comes from studies of frag-
ments of them that fall to Earth as meteorites. These plane-
tary materials are studied intensively in terrestrial laborato-
ries, to establish not only their genetic and evolutionary histo-
ries but also processes that occurred before the Solar System
existed and that led to its formation. Although meteorites fall
sporadically all over the Earth and are recovered for study in
some cases, Antarctica provides the only sustained and
assured source for meteorite recoveries on a regular basis.

Perhaps the most important aspect of meteorite studies
is the glimpse that they give of their parent bodies' origins
and evolutions and of processes that led to formation of their
parent materials from different parts of the nebula from
which the Solar System is derived. At least to some extent, the
15,000 meteorite fragments recovered to date from Antarcti-
ca—representing an estimated 3,800±1,800 separate impact
events—provide a different window of the Earth's sampling of
planetary materials than that provided by the 1,763 finds and
1,103 falls observed elsewhere on Earth. Current studies of
these materials are supported mainly by the National Aero-
nautics and Space Administration, with additional help from
the National Science Foundation's Division of Earth Sciences.

Much of the research conducted by my group this year
continued to involve radiochemical neutron activation analy-
sis (RNAA) and atomic absorption spectroscopy to determine
part-per-million to part-per-trillion levels of 12 to 15 trace
elements in each sample studied. These elements are impor-
tant because of their chalcophile, lithophile, and siderophile
geochemistry and especially because most are labile, that is,
highly responsive to thermal processes that usually accompa-
ny geochemical or cosmochemical fractionation. Hence, in
their absolute contents and relative abundance trends, these
elements can record various fractionation events, both
preterrestrial and terrestrial, during residence in and/or on
the ice sheet. In addition, we have continued development of
a national facility, involving accelerator mass spectrometry
(AMS) at Purdue. This dedicated facility is intended to serve
the earth and planetary science communities by providing
data for the cosmogenic radionuclides beryllium- 10 (half-life,
1.6 million years), aluminum-26 (half-life, 0.73 million years),
chlorine-36 (half-life, 0.30 million years), calcium-41 (half-
life, 0.10 million years), and iodine-129 (half-life, 16 million
years). For the period 1 May 1992 to 30 April 1993, we chemi-
cally prepared over 300 samples and measured the first three
of these radionuclides by AMS in almost 650 samples, mete-
orites, and terrestrial antarctic (and nonantarctic) rock and
ice (table).

During the past year, several papers described by Lip-
schutz (1992) as being in press have now been published.
These include two papers reporting data for the trace ele-
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