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Some meteorites are the only tangible materials that formed
at the beginning of solar system history and remain essentially
unaltered since that time, thus providing unique information
on chemical and physical conditions existing at that time. Other
meteorites were processed in their parent bodies (mainly as-
teroids) and provide information on the nature of their parent
bodies and the post-accretionary histories of these objects.

My research group uses radiochemical neutron activation
and atomic absorption techniques to determine trace and ul-
tratrace concentrations (at the part-per-million to part-per-tril-
lion level) of 12 to 15 elements in each sample. These elements—
silver, gold, bismuth, cadmium, cobalt, cesium, gallium, in-
dium, rubidium, antimony, selenium, tellurium, thallium, ura-
nium, zinc—are chalcophile, siderophile, and lithophile
geochemically and include many that are sensitive to thermal
episodes during genetic events. Hence, their relative and ab-
solute concentrations record preterrestrial and terrestrial his-
tories that can be deduced from study of the meteorites.

The information that moderately and highly labile trace ele-
ments give about the early solar system and its formation are
reviewed by Palme, Larimer, and Lipschutz (1988) and Lip-
schutz and Woolum (1988), respectively. The nature of aster-
oids and, in particular, those that are meteoritic parent bodies
are discussed by Lipschutz, Gaffey, and Pellas (in press). This
discussion includes a summary of the constraints that meteo-
rites provide on the number, structure, and kind of bodies
from which they derive. It emphasizes antarctic meteorites,
because they provide compelling evidence for derivation from
parent population(s) differing from that producing contem-
porary, non-antarctic meteorite falls. The asteroid population
and the contemporary meteorite population differ greatly: clearly
the Earth is receiving a biased sampling of the extraterrestrial
population.

One important characteristic of any meteorite population—
especially the antarctic one(s)—is the presence in it of samples
of unique or rare types. Such meteorites are usually small,
especially in Antarctica, and complex so that they must be
studied by a consortium of carefully selected scientists. Each
consortium member uses techniques chosen to yield the max-
imum scientific information from the minimum amount of well-
documented material. During the past year, my research group
participated in a number of such consortia, two of which in-
volved antarctic meteorites.

The first consortium involved Yamato (Y) 691 and Qingzhen,
petrologically of type 3 and the most primitive enstatite (E)
chondrites known. Compositionally, these two specimens—
the only E3 meteorites known—prove to resemble E4 chon-
drites (Kaczaral et al. 1988). Contents of most of the 15 elements
determined by Kaczaral et al. (1988) are similar in the two E3
chondrites. However, contents of bismuth, cadmium, and
thallium—the three most thermally sensitive elements mea-
sured—differ markedly, being at about solar photospheric 1ev-

a	b	c	d	e	f
Shock fades

Figure 1. Degree of shock-loading evident in L4-6 chondrites from
Victoria Land, Antarctica (top) and in non-antarctic falls (bottom).
Open symbols delineate the known population, shaded symbols
indicate the sampling studied by Kaczaral et al. (in preparation).
Relative to non-antarctic samples, the Victoria Land population
contains virtually no meteorites of shock facies e or f, i.e., those
shocked to pressures of 35 gigapascals during preterrestrial col-
lisions.

1€

12

IC

a
6

4
CL
a,

E2
0
(n

'4-
0

•20
E

18

16

4

2

10

8

6

4

2

1988 REVIEW	 51



Al

IC

0.

too

10-

CL

C

0.1 L
0.1

Mild Shock	Strong Shock
A	L3
O	L4
*	L5	*	 -
o	L6	S

(Go- ,,ormakz.d )

.10

•::

.013
9

-03(2

*8

Mild Shock	Strong Shocko	L4 •
L5	*

o	L6	S
(Go-nocmolc.d)

S
*

•O

0	 5

*

* Or

oI

0

0
*0

0
* 0

S
*	S

S
S

f

II

Eel

I'(PPU(	 TI (ppb)

Figure 2. Comparison of gallium (Ga)-normalized indium (In) vs. thallium (TI) data in L chondrites: left, samples from Victoria Land; right,
non-antarctic falls. The shaded region, which acts as a fiducial mark, represents the compositional envelope predicted to result from
condensation of a gaseous nebula with solar photospheric Cl composition at 5 x 10 5 to 5 x lO atmospheres. Strongly shocked
(>22 gigapascals) L chondrite falls generally contain smaller quantities of indium and thallium than do mildly shocked ones. This systematic
difference is not evident among L chondrites from Victoria Land so that these samples are intermixed and concentrated in a region much
smaller than that occupied by falls. Parent materials of mildly shocked samples from Victoria Land, in particular, apparently formed at
higher temperatures than did falls (Kaczaral et al. in press). (ppb denotes parts per billion.)

els in Y 691 and near the bottom of the E4 range for Qingzhen.
Trace-element abundances and interelement comparisons
demonstrate that the two E3 chondrites compositionally reflect
nebular condensation only, with Y 691 parent material having
condensed at lower temperatures than Qingzhen. Hence, pri-
mitive enstatite meteorite parent material condensed and ac-
creted in the early solar nebula at various temperatures, forming
a parent body that experienced later thermal metamorphism.

The second consortium study (Lipschutz et al. 1988) con-
sisted of a mineralogic, radiochemical, and thermolumines-
cence investigation of primitive (type 3) chondritic inclusions
in the Allan Hills (ALH) 78113 enstatite achondrite (aubrite).
The results demonstrate that these inclusions, like those in the
Cumberland Falls aubrite, constitute a single suite, with prop-
erties distinctly different from those of other known primitive
chondrites. The inclusions' properties reflect nebular conden-
sation/accretion over a broad redox range at temperatures rel-
atively high compared with those at which other type 3
chondrites formed. During impact of the chondrite and aubrite
parent bodies, chondrite fragments were strongly shocked,
and cooled rapidly as they were incorporated into the aubrite
host. No subsequent thermal episode affected the impact brec-
cia, so the ALHA78113 and Cumberland Falls aubrites sample
a previously unknown chondrite body, hence a previously
unstudied part of the primitive nebula.

Even ordinary antarctic meteorites prove to be unusual. Fol-
lowing up on earlier studies of high-iron (H) chondrites sum-
marized by Lipschutz (1987), Kaczaral, Dodd, and Lipschutz
(in press) reported that 18 L4-6 chondrites from Victoria Land
differ both compositionally and in terms of shock-loading from
39 non-antarctic, L4-6 chondrite falls. The Victoria Land pop-
ulation lacks the most heavily shocked (>35 gigapascals) rep-

resentatives found in the non-antarctic population (figure 1).
L4-6 chondrites from Victoria Land contain significantly smaller
proportions of trace elements, particularly volatile/mobile ones,
than do non-antarctic falls. These differences are reflected in
interelement correlations, including those involving putative
cosmothermometric bismuth, indium, and thallium (figure 2).
It appears that the parent regions of samples from Victoria
Land—that fell to Earth 0.1-1 million years ago—formed and/
or evolved under higher temperature conditions than those
regions yielding contemporary falls.

This research was supported in part by National Science
Foundation grant DPP 84-15061 and National Aeronautics and
Space Administration grant NAG 9-48.

References

Kaczaral, P.W., J.E. Dennison, R.M. Verkouteren, and M.E. Lip-
schutz. 1988. on volatile/mobile trace element trends in E3 chon-
drites. Proceedings of the I\JIPR Sym posium on Antarctic Meteorites, 1,
113-121.

Kaczaral. P.W., R.T. Dodd, and M.E. Lipschutz. In press. Chemical
studies of L chondrites—IV. Antarctic/non-antarctic comparisons.
Geochimica et Cosmochimica Acta, 53(2).

Lipschutz, M.E. 1987. Meteorite studies: Terrestrial and extraterrestrial
applications, 1987. Antarctic Journal of the U.S., 22(5), 53-55.

Lipschutz, ME., and D.S. Woolum. 1988. Highly labile elements. In
J.F. Kerridge and M.S. Matthews (Eds.), Meteorites and the early solar
system. Tucson: University of Arizona Press.

Lipschutz, ME., R.M. Verkouteren, D.W.G. Sears, F.A. l-lasan, M.
Prinz, M.K. Weisberg, C.E. Nehru, J.S. Delane y , L. Grossman, and
M. Boily. 1988. Cumberland falls chondritic inclusions—Ill. Con-
sortium study of relationship to inclusions in Allan Hills 78113 au-
brite. Geochimica et Cosmochimica Acta, 52, 1835-1848.

52	 ANTARCTIC JOURNAL



Lipschutz, MW., M.J. Gaffey, and P. Pellas. In press. Meteoritic par-
ent bodies: Nature, number, size and relation to present-day aster-
oids. In R.P. Binzel, I. Gehrels, and M.S. Matthews (Eds.), Asteroids
H. Tucson: University of Arizona Press.

Palme, H., J.W. Larimer, and M.E. Lipschutz. In press. Moderately
volatile elements. In J.F. Kerridge and M.S. Matthews (Eds.), Me-
teorites and the early solar system. Tucson: University of Arizona Press.

1988 REVIEW	 53




