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Meteorite studies:
Terrestrial and

extraterrestrial applications, 1990
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About 13,500 meteorite fragments (representing a smaller,
undetermined number of individual objects impacting the ice
sheet) have been recovered from Antarctica since 1969, mainly
by Japanese and U.S. teams. Although only a few hundred
samples have been studied in great detail to date, it is clear
that these meteorites generally contain a wealth of information
about extraterrestrial physical and chemical processes during
genesis of their parent bodies and about terrestrial processes
in and/or on the antarctic ice sheet. Their scientific potential
now is enhanced by the consensus of a July 1989 workshop,
that antarctic and non-antarctic meteorite populations have
markedly different properties (Koeberl and Cassidy 1990), an
idea originated by my group (Dennison, Lingner, and Lip-
schutz 1986). The reason for these differences is less certain,
and there is a substantial controversy about the relative im-
portance of preterrestrial genetic processes and terrestrial al-
teration of the meteorites in and/or on the ice sheet.

My research group uses radiochemical neutron activation
analysis 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—antimony, bismuth,
cadmium, cesium, cobalt, gallium, gold, indium, rubidium,
selenium, silver, tellurium, thallium, uranium, and zinc—are
important because of their chalcophile, lithophile, and sider-
ophile geochemistry and especially because most are labile,
i.e., highly responsive to thermal processes which usually ac-

company geochemical or cosmochemical fractionation. Hence,
in their absolute contents and relative abundance trends, these
elements can record various fractionation events, both preter-
restrial and terrestrial, during residence in and/or on the ice
sheet.

Since no other laboratory in the world can determine most
of these elements at the levels found in meteorites, my research
group often is invited to join consortia (which involve a num-
ber of research groups in the world, each studying the sample
by its special techniques) to study important samples: four of
these studies were completed during the period of this study
and a number of others are in progress. Our data from con-
sortium studies of four antarctic carbonaceous chondrites (Paul
and Lipschutz 1989, 1990), lunar meteorite Yamato 86032 (Wang
and Lipschutz 1990), and the Bholghati howardite (Wang, Paul,
and Lipschutz 1990) were summarized by Lipschutz (1989).
We will not repeat these summaries here but will add infor-
mation obtained in the past year.
• The carbonaceous chondrite data are so provocative that we

have embarked on a systematic study of the antarctic pop-
ulation of such meteorites with striking results. Of the 13
additional antarctic samples measured to date, 10 exhibit
anomalous trace element patterns relative to their non-ant-
arctic brethren (work in progress). Clearly some unusual
processes are at work.

• The number of known lunar meteorites has essentially dou-
bled in the past year so that now ejecta from eight separate
impacts on the moon have been found in Antarctica. Trace
elements studies by my group are complete for three of these
and work is in progress on two others. Non-antarctic lunar
meteorites are unknown.

• Trace elements trends for non-antarctic carbonaceous chon-
drites and lunar materials returned by the six Apollo or three
Luna missions are very well known. In no case, do trace
element patterns (or petrology) for corresponding antarctic
samples show substantial evidence for alteration by terres-
trial weathering. Since such samples should be especially
susceptible to terrestrial alteration, the absence of significant
terrestrial weathering effects is consistent with conclusions
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of earlier studies by my group that trace element trends in
samples of weathering types A to B essentially reflect only
preterrestrial processes.
Paul and Lipschutz (in press) report data for 15 trace ele-

ments, mainly labile ones, in 25 antarctic and 9 non-antarctic
eucritic (basaltic) achondrites. For a given element, antarctic
and non-antarctic noncumulate eucrites lie on the same ura-
nium-normalized trend line indicating that all derive from the
same parent. The thermal process responsible for the uranium-
normalized trend could involve devolatilization of eucrite par-
ent material or, as we prefer because of other data, conden-
sation of volcanic emanations to differing degrees on pre-existing
eucrite (and related diogenite and howardite achondrites) par-
ent rocks formed early in the Solar System's history, 4.5 x io
years ago. Antarctic eucrites have different—usually higher—
contents of labile elements, particularly thallium, than do non-
antarctic eucrites. The difference cannot be due to the samples'
terrestrial history but must be preterrestrial in origin. By our
preferred scenario, antarctic eucrites received a greater average
complement of mobile elements, hence were presumably cooler
(and nearer the surface of the eucrite parent body) than were
non-antarctic eucrites.

While it is fairly easy to demonstrate an antarctic/non-ant-
arctic genetic difference for meteorites of unique or rare types,
this demonstration is more difficult for the more numerous
ordinary chondrites. As a first step, it is necessary to establish
an unequivocal compositional difference. That, we have done
using the standard multivariate statistical techniques of dis-
criminant analysis and logistic regression and a non-standard
randomization-simulation method that permits probability as-
signments on a distribution-free basis (Lipschutz and Samuels
in press). As input data, we used trace element data obtained
in my group for demonstrably unpaired antarctic chondrites
and falls. Using either method, we established an antarctic/
non-antarctic compositional difference for H4-6 or L4-6 chon-
drites beyond any reasonable doubt. As the next step, we must
show that the differences do not reflect trivial (terrestrial) causes
but, rather, (preterrestrial) genetic ones. This more difficult
task is in progress.

Finally, during the past year, colleagues from Purdue's Phys-
ics Department and I began the extended process of converting
an 8-megaelectronvolt FN Tandem Van de Graff accelerator

into an accelerator mass spectrometer to serve the earth and
space science communities as a dedicated facility. The accel-
erator mass spectrometer has been shown to be an excellent
instrument for tracer and dating studies of antarctic (and non-
antarctic) rock and ice samples. We intend to devote our efforts
primarily to measurements of radionuclides other than carbon-
14, especially calcium-41 (1.0 x 10 years), chlorine-36 (3.0 x
105 years), aluminum-26 (7.3 x io years), beryllium-10 (1.6 x
106 years), and iodine-129 (1.6 x 10 years), and anticipate our
first measurements early in 1991.

This research was supported in part by National Science
Foundation grants DPP 87-15853 and EAR 89-16667 and Na-
tional Aeronautics and Space Administration grant NAG 9-48.
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