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The 7,500 meteorite fragments recovered from Antarctica to
date represent 1,200 to 3,800 separate falls, a number compara-
ble with or exceeding the number of different meteorites re-
covered from the rest of the Earth over all time (Dennison,
Lingner, and Lipschutz 1986). Relative to nonantarctic observed
falls—hitherto, the accepted standard sample of extraterrestrial
material—antarctic specimens are peculiar since many rpresent
unique or rare types. Additionally, even representatives of
types common among nonantarctic falls have unusual relative
proportions in the antarctic population (Dennison et al. 1986).
Lipschutz and Cassidy (in preparation) describe the overall U.S.
program, including meteorite collection and curation, and sum-
marize some recent, exciting scientific results revealed by the
samples.

In our laboratory, we use radiochemical neutron activation
and atomic absorption techniques to determine trace and ultra-
trace concentrations (at the part-per-million to part-per-trillion
level) of 12 to 15 elements in each sample. These are chal-
cophile, siderophile, and lithophile elements that are thermally
highly mobile in genetic episodes. Hence, their relative and
absolute concentrations record preterrestrial and terrestrial his-
tories that can be deduced from study of the meteorites
(Lipschutz 1985a).

Meteorites of rare or unique type are of great scientific inter-
est because they represent parent bodies and/or regions not
ordinarily sampled by Earth. For example, consortium study of
an igneous sample, Shergotty, thought to come from Mars (Laul
et al. 1986)—that is related to two unique antarctic meteorites—
reveals that the earth and Mars derive from the same two
chemically different components. However, proportions of the
two components differ in these planets, arguing for accetionary
history differences (Laul et al. 1986)..

The martian origin of Shergotty and the three other known
related meteorites, while highly probable from circumstantial
evidence (Laul et al. 1986) is not absolutely certain since no
samples of Mars have been obtained by planetary probe. We are
certain that three antarctic meteorites derive from massive im-
pact(s) on the Moon: none is known to occur on Earth outside of
Antarctica (Lipschutz 1985b). Whether these three samples
were launched earthward at above escape velocity (greater than
2.4 kilometers per second) by more than one impact had been
uncertain (Lipschutz 1985c). Mobile trace element trends in the
first two samples clearly differed, the pattern in Allan Hills
(ALHA)81005 indicating a typical lunar highlands rock into
which 1.3 plus or minus 0.5 percent Ci-chondrite-equivalent
had been admixed. In contrast, Yamato (Y)791197 is among the
most trace-element-rich lunar samples known (Kaczaral, De-
nnison, and Lipschutz 1986). Results for the third sample,
Y82192, reveal a pattern like that in ALHA81005 with subtle

differences: early, rapid admixture of 2.4 plus or minus 0.8
percent Cl-equivalent into the Yamato sample; and evidence for
an ancient meteorite impact component (Dennison, Kaczaral,
and Lipschutz in preparation). These observations point to a
distinct lunar source region for each meteorite, hence three
separate massive impacts on the Moon. This implies that, on the
100,000-year time scale sampled by Antarctica, massive impacts
on the Moon were by no means uncommon, in turn strengthen-
ing the likelihood of multiple impacts large enough to eject
martian samples above escape velocity (greater than 5.0 kilo-
meters per second) (Dennison et al. in preparation; Laul et al
1986). As an aside, a substantial portion of Y82192 was shock-
melted in an impact: mobile elements were slightly but mea-
surably deplected during this episode as they are in high-
intensity impacts on asteroids (Dennison et al. in preparation).

Earlier comparisons of mobile element contents in petrologic
grade 5, high-iron (i.e., H5) chonrites from Victoria Land, Ant-
arctica, with contemporary falls indicated statistically signifi-
cant (greater than 90 percent confidence level) differences for 8
of 13 elements tested (Dennison et al. 1986; cf. Lipschutz 1985c,
in press). These differences suggested that the asteroidal parent
populations sampled by contemporary nonantarctic falls and
by Victoria Land 100,000 to 1,000,000 years ago, differ. If ver-
ified, Antarctica would be established as containing material
from extraterrestrial parent bodies or regions not previously
recognized elsewhere on Earth, thus accounting for peculiar
antarctic meteorite types and distributions (Dennison et al
1986).

During the 1985-1986 austral summer, major studies of trace-
element distributions in H4-6 chondrites have been completed,
and the antarctic/nonantarctic differences are even more strik-
ing (Lingner et al. in preparation; Dennison and Lipschutz in
press. Not only do the populations differ compositionally but
also in shock histories and contents of cosmic-ray-produced
radioactive (3.7 million years) manganese-53. The shock dif -
ference detectable petrologically (Dennison and Lipschutz in
press) was also observed by others using thermoluminescence.
An apparent problem with the hypothesized difference in par-
ent populations of antarctic and nonantarctic meteorites is that
Earth-crossing ejecta from asteroid-ring parent objectives
should be homogenized on the 10,000,000-year time scale ac-
cording to current orbital dynamics arguments (Dennison et al.
1986). However, re-examination of the dynamic arguments,
prompted by that paper, indicates that over 100,000 to 1,000,000
years (the antarctic meteorite scale), Apollo asteroids contribute
appreciably to the Earth's flux of meteorites (Dennison and
Lipschutz in press). Antarctic meteorites may be reflecting that
specific contribution.

Chemical data may also permit ranking meteorites by time
spent on the ice-sheet surface (which, when subtracted from
the total terrestrial age measurable from cosmic-ray-produced
radionuclides, gives the travel time within the ice sheet). De-
nnison and Lipschutz (in press) report that trace elements are
depleted in highly weathered H chondrites, probably by leach-
ing and that eight elements (cobalt, gold, antimony, cesium,
tellurium, bismuth, indium, and thallium) provide an index for
H chondrite weathering on the ice sheet. The validity of this
index should be established by additional studies: if it is ver-
ified, efforts should be made to quantify this time scale to obtain
an absolute measure of ice-sheet dynamics.
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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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