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We continue to study cosmogenic nuclides in antarctic me-
teorites. Through our measurement program on cosmogenic
nuclides in antarctic ice, Greenland ice, antarctic rocks, and
antarctic meteorites, we hope to understand meteorite accu-
mulation mechanisms as well as the history of both polar ice
sheets and climatic change. In addition, we are studying the
history of antarctic meteorites and cosmic rays. Our probes are
mainly the long-lived, cosmic-ray-produced radionuclides ber-
ylium-lO, aluminum-26, clorine-36, calcium-41, manganese-53,
and iodine-129. The major objective is to measure terrestrial
ages of meteorites based on chlorine-36 concentrations. Chlo-
rine-36 was determined using the University of Rochester tan-
dem accelerator. We, at the University of California, San Diego,
have developed a new dating method; we measure in situ pro-
duced berylium-10 and aluminum-26 in terrestrial quartz (Lal
and Arnold 1985). We have applied this technique to several

antarctic mountains and moraines to understand duration of
exposure above glaciers and erosion rates for the antarctic con-
tinent (Nishiizumi et al. 1986; Nishiizumi et al. 1991). We have
measured terrestrial ages of meteorites from 29 locations in
Antarctica although only one or two meteorites were measured
at many sites. We found stony meteorites with ages greater
than 200,000 years at seven locations (Allan Hills, Dominion
Range, Elephant Moraine, Lewis Cliff, MacAlpine Hills, Pecora
Escarpment, and Thiel Mountain). Four iron meteorites
(DRP7800I-9, 1LD83500, Lazarev, and Mount Wegener), which
were found on bedrock or in moraines, are all old (0.26-5 mil-
lion years).

The figure shows a histogram of terrestrial ages of Yamato,
Allan Hills, and other antarctic meteorites. Pairs of meteorites
are shown as one object plotted at the average age. Although
the total amount of data is nearly double, the general trend
remains the same as in the previous publication on this subject
(Nishiizumi, Elmore, and Kubik 1989).

There are four interesting points.
• Many of the Lewis Cliff meteorites are as old as the Allan

Hills (Main Icefield**) meteorites. Although we have meas-
ured only nine Lewis Cliff meteorites, five out of nine of
them have terrestrial ages greater than 200,000 years. No
clear correlation has been found between the terrestrial ages
and the locations of Lewis Cliff meteorites. Very old and
young meteorites were found on both the lower and upper
ice tongues of Lewis Cliff. Fireman (1988) measured the age
of one dust-containing ice sample from lower Lewis Cliff ice
tongue using a uranium-thorium dating method. The terres-
trial ages of Lewis Cliff meteorites, which we have measured,
are significantly longer than the age of this Lewis Cliff ice,
25,000 years. If we accept the young age for the Lewis Cliff
ice, then we must conclude either that ice from Law Glacier
must have flowed continuously into the Lewis Cliff ice tongue

*Present address: Inst it ut für Mittelenergiephysik,Eidgenossische Technische
Hochschule, Hon ggerherg, Zürich,Switzerland.

**The designation "Main Icefield" is not an official name, but the fea-
ture is a distinct geographic unit.
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Histogram of terrestrial ages of Vamato, Allan Hills, and other ant-
arctic meteorites. Pairs of meteorites are shown as one object
plotted at the average age.

for more than a few hundred thousand years or that the
young and old ice sheets were mixed together at the ice
tongue.

• The histogram of terrestrial ages of Elephant Moraine meteo-
rites shows a smooth exponential decrease with age. Thus
far, old meteorites have been found on the southwest side of
the moraine, and younger meteorites have been found in the
eastern and northern regions. According to Faure and Taylor
(1985), Elephant Moraine consists of pieces of bedrock that
were fairly recently transferred to the surface by upward ice
movement. We measured berylium-10—aluminum-26 surface
exposure ages of four moraine rocks using the University of
Pennsylvania accelerator. They are calculated to be about 100,
400, 10,000, and 62,000 years. Although all samples were
collected from the same area, their exposure ages are very
different. This is evidence for continuous production of Ele-
phant Moraine to this day. We conclude that the age of the
moraine is greater than 60,000 years.

• Only four meteorites (ALH84243, 85037, 85048, and 85123)
were collected on soil or on bedrock at Allan Hills. Three of
them have terrestrial ages of less than 100,000 years, but one
(ALH 85048) has a terrestrial age of 920,000 years. The rocky

outcrops located southeast of the Allan Hills Main Icefield
and the west side of Allan Hills were essentially ice free for
at least 1.4 to 2.5 million years based on in situ produced
cosmogenic nuclides, berylium-10, aluminum-26, and neon-
21 in quartz (Graf et al. 1991; Nishiizumi et al. 1991). We do
not yet understand the relationship between the terrestrial
ages and the history of the outcrops on which the meteorites
were found.

S ALH85118 was collected from a steeply sloping ice surface.
If the meteorite was recently exposed from inside the ice, the
age of the ice should be same as the terrestrial age of the
meteorite, 650,000 years. The meteorite age, however, is
much older than the measured age of ice of the Allan Hills
Main Icefield (approximately 100,000 years older) based on
uranium-thorium (Fireman 1988) and krypton-81 (Craig et
al. 1990) dating, and the age of ice at Allan Hills Cul de Sac***
(approximately 300,000 years) (Fireman 1988). Although
some trends were found for the Allan Hills Main Icefield,
both old and young meteorites were found there. The oldest
terrestrial ages of these meteorites are far older than the
measured age of the ice. If these meteorites fell on the snow
accumulation area and were transferred to the present loca-
tion by the currently accepted mechanism (Yanai 1978; Whil-
lans and Cassidy 1983), we cannot explain this discrepancy.
One possible explanation for this and other similar discrep-
ancies is that meteorites fell on the accumulation area but
stayed on the ice or snow for a long time due to a steady-
state balance between the snow accumulation and ablation
rates. Then climate changed, the snow accumulation rate
increased, and young and old meteorites were trapped in the
ice and moved to the area where they were currently found.
We will perform uranium-thorium dating of ice according to
the idea of Fireman and will also make further measurements
of terrestrial ages of meteorites and in situ surface exposure
age dating of rocks to investigate the history of meteorites
and ice.
This work involves a collaboration between the University of

California, San Diego (K. Nishiizumi and J.R. Arnold) and the
University of Rochester (P. Sharma and P.W. Kubik). The ber-
ylium-lO and aluminum-26 measurements in terrestrial quartz
were performed in collaboration with the University of Penn-
sylvania, Eidgenossische Technische Hochschule (Zurich), and
Lawrence Livermore National Laboratory accelerator groups.

This research was supported in part by National Science
Foundation grants DPP 89-16036, DPP 89-16236, and National
Aeronautics and Space Administration grant NAG 9-33.
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