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Large numbers of meteorites are found each year on the
antarctic blue ice fields, providing a unique opportunity to
study both the meteorites themselves (Palme 1986) and the

interactions between ice and mountains which caused the me-
teorites to accumulate (Annexstad, 1986). Our laboratory has
been measuring the natural thermoluminescence levels of many
of these meteorites as a portion of their initial characterization.
This article reports on trends in our data from the meteorites
collected on the Lewis Cliff blue ice field and clarifies the trends
noted in our previous report, (Sears, Sears, and Myers 1989),
which were based on a smaller number of measurements.

Natural thermoluminescence levels in meteorites are a func-
tion of the number of electrons in metastable traps in a crystal
lattice, which, in turn, is determined by the mineralogy of the
meteorite, the amount of ionizing radiation that has passed
through the crystal lattice, and the effective temperature over
the recent (last few million years) history of the meteorite.
Natural thermoluminescence levels are very high in space but
decrease with time on Earth because of the higher tempera-
tures and lower cosmic ray exposure. The decay is a second-
order process; the decrease is a factor of about 2.5 in 106 years

	

- - J.. a J	-	 v

0.. ij.11u
0	0 . 1

	

Lower Ice	 4'

°'.ova

Poo

' f 00 Tongue

	

/	00	1UL
0.1	1	10	100

.	:	 Jroee.o•	•	•:

.:,%'••.•••-

.	 0.1	1	10	1001	 00

\\ 	 ' 
k	 •.....:.:::...:.•..%	 0.1	1	10 100

Upper Ice
M	 I'fl	 - J ••• • • '•••,.•.. •l	 I1__

:	•	•	0.1	i	10	100
Tongue	..o:-;•.'-_-_	L_ oil111I.

:•i /
meteorite	01

Moraine• •j

Figure 1. Sketch map showing the Lewis Cliff region and the blue ice field. Regions with circular shading are areas of moraine and snow.
Histograms of natural thermoluminescence values of ordinary chondrites from each of the indicated latitude ranges are shown on the right.
(krad denotes 1,000 rad.)
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(McKeever 1982; Sears and Hasan 1986; Hasan et al. in press).
Most meteorites have natural thermoluminescence levels of
30,000-100,000 rad, depending on how long they have been
on Earth. Samples with particularly long terrestrial histories
may fall to less than 5,000 rad. Samples with natural ther-
moluminescence greater than 100,000 rad have not only fallen
recently but also they must have been exposed to unusual
radiation fields or temperatures. Some meteorites with ex-
tremely low natural thermoluminescence levels (less than 5,000
rad) may have been reheated, either by close passage to the
Sun or by shock events in space (see McKeever and Sears 1980;
Melcher 1981). A very few samples which exhibit low natural
thermoluminescence levels may be the result of sampling too
close to the heat-altered surface of the meteorite produced
during atmospheric passage, though every effort is made to
avoid this during sampling.

To date we have measured the natural thermoluminescence
of approximately 700 antarctic meteorites, representing the vast
majority of samples suitable for this type of analysis. Approx-
imately 220 of these samples are from the Lewis Cliff region
(84°16'S 161°25'E), collected during the 1985-1986, 1986-1987,
and 1987-1988 austral summers. The data for these samples
are listed in the Score and Lindstrom (1990) and Lindstrom
(1990). The Lewis Cliff site is a 2.3-kilometer wide, 8-kilometer
long, north-south tongue of ice, which is divided into an upper
and lower tongue by a step approximately half way along its
length (figure 1). A large number of meteorites were also col-
lected from a gully (Meteorite Moraine) to the east of the tongue.

Figure 1 shows histograms of natural thermoluminescence
levels of ordinary chondrites collected on various portions of
the ice tongue. Histograms of all the Lewis Cliff ordinary chon-
drites, separated into upper tongue, lower tongue, and me-
teorite moraine, are shown in figure 2. Since our previous
report (Sears et al. 1989), we have found an additional four
ordinary chondrites which have natural thermoluminescence
levels less than 5,000 rad (LEW87033, LEW87043, LEW87048,
and LEW87143) and two with levels greater than 100,000 rad
(LEW87041 and LEW87123), all these samples being candidates
for unusual histories. The data seem to indicate distinct dif-
ferences in the natural thermoluminescence levels of the me-
teorites from the different sampling localities. Considering only
those samples with natural thermoluminescence levels be-
tween 5,000 and 100,000 rad, the Lower Ice Tongue ordinary
chondrites have a lower average natural thermoluminescence
level (29,900 ± 2,400 rad) than either the upper tongue or me-
teorite moraine (41,600 ± 3,800 and 54,600 ± 4,800 rad, respec-
tively). This difference is also observed in the median values
of the two ice tongues (24,200 and 38,500 rad for the lower
and upper tongues, respectively). The meteorite moraine sam-
ples have the smallest range, clustering fairly tightly around
50,000 rad (median value 51,000). This supports the idea (Score
and Cassidy personal communication) that many of the me-
teorite moraine samples are, in fact, fragments of single me-
teorite.

The differences in natural thermoluminescence levels in the
meteorites of the Upper and Lower tongues may also be the
result of fragments of a few large falls dominating the data
set. It is, however, possible that the differences reflect differ-
ences in the concentration mechanism in the two tongues. We
intend to investigate these possibilities in greater detail in the
immediate future.

We are grateful to Ben Myers, William Cassidy, Robbie Score,
Marilyn Lindstrom, and the antarctic meteorite working group
for their contributions to this work. This study was supported
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Figure 2. Histograms of natural thermoluminescence values in or-
dinary chondrites from the Upper Ice Tongue, Lower Ice Tongue,
and Meteorite Moraine of the Lewis Cliff region. Samples with nat-
ural thermoluminescence levels less than 5,000 and greater than
100,000 rad probably have unusual histories. (krad denotes 1,000
rad.)

by National Science Foundation grant DPP 86-13998 and Na-
tional Aeronautics and Space Administration grant NAG 9-81
(natural thermoluminescence).
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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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