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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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Current (30 April 1993) AMS status at PRIME Lab (6-7
megavolt terminal voltage)

Half-life	1.6 million	730,000	301,000
years	years	years

Chemically
processed

	

1991	65	24	35

	

1992	128	68	192

	

1993b	60	 8	110
Awaiting	209	58	100

Measured
byAMS

	

1991	55	12	204

	

1992	125	43	115

	

1993	0	 0	509
Awaitingb	164	40	160

Beam current 5(10)	0.4(5)	20-40(50)(microamperes)

Transmission (%)	4-8(14)	8-11(15)	5-10(10)

	

Precision (%)	10(3)	4(3)	4(2)
Detection

	

limit (10-15)	5(3)	5(1)	0.5(0.5)

Sample size (mg)	1(0.2)	3(3)	1(1)

a5tate. ofthe..a,.t in parentheses.
bPlus 42 calcium-41 samples.

ments silver, gold, bismuth, cadmium, cobalt, caesium, galli-
um, indium, rubidium, antimony, selenium, tellurium, thalli-
um, uranium, and zinc determined by RNAA in a large num-
ber of carbonaceous chondrites, mainly from Antarctica (Mao
and Lipschutz 1992; Zolensky et al. 1992). The data reported
in these papers demonstrate the absence of detectable com-
positional alteration of these generally friable objects during
their residence in Antarctica. Furthermore, mean contents of
volatile trace elements in carbonaceous chondrites (that is,
most of the elements listed above)—previously thought to be
quantized from studies of nonantarctic falls—are now known
to form a continuum. These data provide further evidence
that meteorites collected from Antarctica constitute a broader
sampling of extraterrestrial material than do samples
observed to fall elsewhere on Earth.

Early in the controversy created by our discoveries of
compositional differences between antarctic and nonantarc-
tic meteorites of the same type, the necessity for the existence
of streams of meteoroids of asteroidal origin was pointed out.
During the past year, such a stream of H chondrites was iden-
tified by their circumstances of fall (Dodd, Wolf, and Lip-
schutz 1993). This group of meteorites, which fell in May
between 1855 and 1895, was confirmed to have a thermal his-
tory distinguishable for those of other olivine-bronzite (H)

chondrite falls. This confirmation was made from RNAA data
for volatile elements, using two multivariate statistical tech-
niques (Dodd et al. 1993). These statistical techniques are of
general applicability, and a paper describing the principles
and some applications was prepared (Wolf and Lipschutz in
press) by invitation of the series editors.

Another paper (Hiroi et al. 1993) is an outgrowth of our
previous recognition by RNAA data for volatile trace elements
that three carbonaceous chondrites from Antarctica had
experienced preterrestrial thermal metamorphism at
600-700°C in their parent bodies. From spectral reflectance
data for these meteorites and artificially heated samples of a
nonantarctic carbonaceous chondrite, we have found that
essentially all of the very numerous C, G, B, and F asteroids
have features consistent with the presence of strongly heated
(metamorphosed) components and inconsistent with their
unheated antarctic and nonantarctic brethren (Hiroi et al.
1993; cf. Xiao and Lipschutz 1992). This sort of study may well
have application to studies of the surfaces of other asteroids.

Because of the unique analytical capability of our RNAA,
we have participated in several consortia studies of important
nonantarctic meteorites (Lipschutz et al. 1993a,b; Olsen et al.
in preparation; Petaev et al. in preparation).

Finally, the first description of our new AMS national
facility has been published (Elmore et al. 1992). The annual
growth in the number of geologic samples processed chemi-
cally and analyzed by our AMS facility since 1991 (table) will
certainly continue in the future. Its current operating condi-
tions (table) will also improve. Several exciting studies involv-
ing meteorites (including many from Antarctica) will be con-
cluded in the next year, and we are confident that the result-
ing publications will arouse considerable interest.

This research was supported in part by National Science
Foundation grant EAR 89-16667, National Aeronautics and
Space Administration grants NAG 9-48 and NAG 9-580 and
Department of Energy grant DE-FG07-80ER1 072SJ.
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Compositional studies of antarctic meteorites
ALAN E. RUBIN and GREGORY W. KALLEMEYN, Institute of Geophysics and Planetary Physics, University of California,

Los Angeles, California 90024

I
n the last one and a half decades, approximately 15,000
meteorite specimens, representing about 4,000 separate

falls, have been recovered from Antarctica. This is more than
twice the total number of meteorites known in the late 1960s.
It is, therefore, not surprising that the antarctic collection
contains several classes of meteorites that are otherwise rare
or unknown. Three new chondrite groups (with more than
five members each) have been described in recent years, prin-
cipally on the basis of antarctic samples: these include the
refractory-rich, oxidized CK carbonaceous chondrites; the
metal-rich, aqueously altered CR carbonaceous chondrites;
and the metal-poor, highly oxidized R (Rumuruti-like) chon-
drites. The discovery of new chondrite groups increases our
understanding of the variety of processes that occurred in the
solar nebula—the vast cloud of gas and dust that gave rise to
our Solar System nearly 5 billion years ago.

Our research group has been active in studying all of the
new chondrite groups. We use instrumental neutron activa-
tion analysis to determine the compositions of 27 elements
(with differing geochemical affinities) in meteorite samples;
these data are complemented by mineralogical and petro-
graphic studies. This combined approach has proved very
useful in trying to model a large range of nebular and parent-
body processes. Three years ago, we defined the CK group
(Kallemeyn, Rubin, and Wasson 1991) as consisting of meta-
morphosed, metal-poor rocks containing large amounts of
refractory lithophiles but small amounts of refractory inclu-
sions. During the past year, we have analyzed newly recov-
ered antarctic CK chondrites and have helped refine the com-
positional range of the group.

We recently completed a comprehensive compositional
study of CR chondrites, a group whose petrologic characteris-
tics were described by Weisberg et al. (1993). The abundances
of refractory and common nonvolatile lithophile elements are
very similar among all CR chondrites and are close to those in
CI carbonaceous chondrites (the group most similar in com-
position to the Sun's photosphere). However, volatile
lithophile and siderophile element abundances are signifi-

cantly depleted relative to Cl chondrites. This may be due to
volatile elements having been concentrated in fine-grained
nebular particles that failed to settle to the CR region of the
midplane before these chondrites agglomerated.

A few years ago, we defined a new grouplet of three chon-
drites (two from Antarctica), dubbed the Rumuruti (or R)

chondrites after the only fall (Rubin and Kallemeyn 1989).
Since that time, additional R chondrites have been recovered
(most from Antarctica). During the past year, we have studied
several of these samples and found that this group belongs to
an inner Solar System association of chondrites along with
ordinary and enstatite chondrites. R chondrites differ from
ordinary chondrites, primarily in their high modal abundance
of matrix material, their high state of oxidation, and their high
abundance of the oxygen isotope 170.

An independent avenue of study has been examination of
the hypothesis that antarctic H chondrite finds and
nonantarctic H chondrite falls differ significantly in composi-
tion and, hence, may belong to separate meteorite popula-
tions (for example, Dennison and Lipschutz 1987). To date,
we have obtained preliminary instrumental neutron activa-
tion analysis data on 11 metamorphosed H chondrites from
Victoria Land (Kallemeyn, Krot, and Rubin 1993) and com-
pared these data to our extensive set of H falls. Three of the
elements that we determined (cobalt, selenium, and antimo-
ny) are among those that Dennison and Lipschutz (1987)
found to be slightly higher in antarctic H chondrites than in H
falls. By contrast, our data show that cobalt and antimony (as
well as other siderophiles) tend to have lower concentrations
in antarctic samples, probably as a result of terrestrial weath-
ering of metallic iron-nickel minerals. Median selenium con-
centrations are identical in antarctic finds and H falls. Based
on our compositional data, there is no reason to conclude
that Victoria Land H chondrites and H falls are derived from
separate populations.

We thank A.N. Krot for his assistance in analyzing the
antarctic H chondrites. This work was supported in part by
National Science Foundation grant OPP 91-19148.

ANTARCTIC JOURNAL - REVIEW 1993
56


