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Study of antarctic meteorites and
polar ice

using radionuclides produced by
cosmic rays
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Our measurement program on cosmogenic nuclides in ant-
arctic ice, Greenland ice, and antarctic meteorites seeks to un-
derstand the history of polar ice sheets, the history of climatic
change, and meteorite accumulation mechanisms. In addition,
we are studying the history of antarctic meteorites and galactic
cosmic rays. Our probes are mainly the long-lived cosmic ray
produced radionuclides: beryllium-10 and chlorine-36 in ice
and beryllium-b, aluminum-26, chlorine-36, calcium-41, man-
ganese-53, and iodine-129 in antarctic meteorites. The mea-
surement of radionuclides (except for manganese-53) is carried
out by accelerator mass spectrometry (AMs).

We are measuring terrestrial ages of antarctic meteorites
using cosmogenic chlorine-36 (Nishiizumi et al. 1979). We re-
cently found two stony and two iron meteorites which have the
longest terrestrial ages so far observed in Antarctica
(Nishiizumi et al. 1986). The terrestrial ages of ALHA78153 and
ALHA78045 are 950,000 years and 750,000 years, respectively.
Both of these meteorites and also ALHA77002 (700,000 years)

were found near the east edge of the Allan Hills main ice field.
The long terrestrial age of Allan Hills meteorites and the in situ
produced aluminum-26/beryllium-10 exposure time of quartz
which was collected at the top of the Allan Hills indicate that the
top of Allan Hills has not been covered by ice for at least 1
million years. Two iron meteorites, Derrick Peak and Lazarev,
have longer terrestrial ages, 1,300,000 and 2,700,000 years.

In addition to doing meteorite studies, we have been measur-
ing chlorine-36 in polar ice. There are two primary motivations
for measuring chlorine-36 in ice. The first is to look for correla-
tions between chlorine-36 concentrations and changes in solar
activity. Previous studies of beryllium-10 and carbon-14
(Stuiver and Quay 1980; Raisbeck et al. 1981; Beer et al. 1984)
have demonstrated that the production of these radioisotopes
increases during periods of low solar activity. When the Sun is
active, the magnetic field induced by the solar wind deflects
galactic cosmic rays from the inner solar system and thereby
lowers the production of radioisotopes. Our study of chlo-
rine-36 in ice dating back to 1550 A.D. from Camp Century,
Greenland shows that there was an increase in chlorine-36
production during the Maunder minimum (1650 to 1715).
However, climatic variations introduce large fluctuations in the
chlorine-36 profile and the Maunder minimum peak is only
readily apparent when the data is mathematically smoothed.

The second motivation for measuring chlorine-36 in ice is to
test the possibility that the ratio of chlorine-36 to beryllium-b
will provide a means of dating very old ice (Nishiizumi et al.
1983). Since levels of chlorine-36 and beryllium-10 vary greatly
in ice of equivalent age relative to their half-lives (chlorine-36
has a half-life of 300,000 beryllium-10 has a half-life of 1,600,000
years), dating with one of the radioisotopes alone is impossible.
If, however, both isotopes have the same production rates and
aretransported identically to the ice sheet, the ratio of chlo-
rine-36 to beryllium-10 with its half-life of 370,000 years may
provide a radiometric means of dating very old ice.

Preliminary results from Camp Century, Greenland show
that it will almost certainly not be possible to use the beryl-
lium-10/chlorine-36 ratio for dating. Beryllium-10 and chlo-
rine-36 were measured in more than 20 samples, and beryl-
lium-10/chlorine-36 atom ratios varied without any obvious
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pattern from below 5 to over 15. Additioal evidence comes from
Antarctica. We found that the beryllium-10/chlorine-36 ratio
changed significantly within a short depth interval within a
single block of ice and that the calculated age of ice based on
beryllium-10/chlorine-36 differed from the age of an embedded
meteorite, ALHA82IO2.

A variation of the beryllium-10/chlorine-36 ratio may be
caused by climatic effects, for example changes in air circulation
between the stratosphere and the troposphere in the polar
region in combination with chemical processes that affect aero-
sol chlorine differently than aerosol beryllium. Also, the beryl-
lium-10/chlorine-36 ratio is smaller than expected indicating
that there may be additional sources of chlorine-36. If there is a
source of chlorine-36 that varies independently from the galac-
tic cosmic ray flux, this would result in variations in the isotope
ratio. Discovery of the cause of the variations may lead to a new
tool for understanding paleoclimate.

This work involves a collaboration between the cos-
mochemistry group at the University of California, San Diego
(K. Nishiizumi and J. Arnold) and the accelerator group at the
Univeristy of Rochester (D. Elmore, P.W. Kubik, N.J. Conard,
and H. E. Cove). The beryllium-10/aluminum-26 measurements
in quartz were obtained at the University of Pennsylvania (R.
Middleton and J . Klein) and the beryllium-10 measurements in
ice were obtained by the University of Bern (I. Beer and H.
Oeschger)/ETH-Zurich (W. Woelfli, M. Suter, and C. Bonani)
collaboration.

This work was supported in part by National Science Founda-
tion grants DPP 84-09526, DPP 84-10467, and ATM 82-12793.
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Characterization of antarctic
meteorites
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We have continued to characterize antarctic meteorites col-
lected in Victoria Land by W.A. Cassidy (principal investigator)

and his colleagues. This work has required the preparation of
several hundred polished thin sections of the meteorites, their
examination with petrographic and metallographic micro-
scopes, and analysis of the minerals with an electron-beam
microprobe.

During the past year, we have examined 9 specimens from the
1978 collection, 2 from 1981, 70 from 1983, and 101 from 1984.
We have now completed the characterization of the collections
from 1976 through 1982, a total of 1,235 meteorites. Work con-
tinues on the 1983 and 1984 collections, and specimens from the
1985 collection are expected soon. The results of the current
year's work have been published in the Antarctic Meteorite News-
letter, 8:2 and 9:1 (available from Johnson Space Center, Code
SN2, Houston, Texas 77058).
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