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In the search for extraterrestrial evidence for chemical
evolution, the carbonaceous chondrites, a class of meteor-
ites, have been the only source of complex organic matter.
The detection of both proteinaceous and nonproteinaceous
amino acids and the equal abundance of the right-handed
and left-handed forms of these amino acids in the Murchison
meteorite confirmed the extraterrestrial abiotic origin of
organic compounds in carbonaceous chondrites (Ponnani-
peruma 1972). The Murray, the Orgueil, and the Mighei are
other meteorites in which indigenous organic compounds
have been identified (Buhl 1975; Cronin and Moore 1971;
Lawless, Kvenvolden, Peterson, Ponnamperuma, and Jar-
osewich 1972; Lawless, Kvenholden, Peterson, Pon-
namperuma, and Moore 1971; Orô, Givert, Lichtenstein,
Wikstrom, and Flory 1971; Orô, Nakaparksin, Lichtenstein,
and Gil-Av 1971). Studies on the organic content of mete-
orites give us an understanding of the abiotic synthesis of
primordial organic matter in the young solar nebula and
the origins of prebiotic organic matter on the young Earth.
But the number of meteorites studied for organic content is
relatively small.

Expeditions to Antarctica have brought back many mete-
orites (Cassidy, Olsen, and Yanai 1977; Yanai 1978; Yoshida,
Ando, Omoto, Naruse, and Ageta 1971). Some of these are
carbonaceous chondrites. The cold, dry, and relatively ster-
ile environment of the Antarctic may have protected these
fragile meteorites from terrestrial contamination. In our
laboratory we have been analyzing three of these: Allan
Hills (76°45'S 159°40'E) (77306), Yamato (74662), Allan Hills
(77307). The first two are type C2 like the Murchison, and
the last is type C3 like the Allende. The organic compounds
we have been looking for are amino acids, hydrocarbons,
and carboxylic acids. This article reports the results from
study of the first two meteorites.

We processed the meteorites in a class-100 clean room.
Details of the analytical procedures are given elsewhere
(Kotra, Shimoyama, Ponnamperuma, and Hare 1979; Shim-
oyama, Ponnamperuma, and Yanai 1979). The meteorites
were separated into interior and exterior portions and ex-
tracted with solvents. Hydrolyzed and unhydrolyzed water
extracts were analyzed by ion-exchange chromatography
for quantitation and gas chromatography for obtaining the
ratio of the right-handed to left-handed forms of the amino
acids. Gas chromatography combined with mass spec-
trometry was used for confirmation of identifications. A
sample of the Murchison meteorite was also analyzed for
comparative purposes.

Table 1 and the figure show the amino acids identified
and the quantities in the Allan Hills, Yamato, and
Murchison meteorites. Fifteen different amino acids in the
Yamato and 20 in the Allan Hills were detected by ion-
exchange chromatography based on retention times. The
most abundant are glycine and alanine. Both protein amino

Table 1. Amino acid abundances In the Allan Hills and the Murchison Meteorites
based on ion-exchange chromatography'

Allan Hills	 Allan Hills	 Murchison	 Murchison
Amino acid	 exterior	 Interior	 exterior	 Interior
Aspartic acid	 2.1	 1.4	 33.3	 3.6
Threonine	 0.3	 0.3	 13.3	 1.6
Serine	 0.5	 0.4	 14.4	 1.9
Giutamic acid	 1.1	 1.2	 48.7	 13.0
Glycine	 14.1	 7.3	 101.1	 37.0
Alanine	 2.8	 1.8	 54.1	 15.2
a-Amlnolsobutyrlc acid	 1.3	 1.4	 29.0	 43.1
a-Aminobutyrlc acid	 5.5	 0.9	 16.5	 7.4
Vaiine	 0.3	 0.4	 28.1	 10.7
Methionine	 0.3	 0.2	 3.7	 1.9
Allolsoleucine	 0.6	 0.5	 10.6	 3.3
lsoleuclne	 0.1	 0.2	 8.1	 0.6
Leucine	 0.2	 0.2	 12.0	 2.0
Norleucine	 0.3	 0.3	 1.2	 0.7
Tyrosine	 0.2	 0.3	 1.3	 0.7
Phenylalanlne	 0.1	 0.1	 4.2	 0.8
-AmInobutyrlc acid	 1.6	 1.3	 5.0	 3.2

9-AIanlne	 3.4	 1.8	 14.1	 7.3
fl-Aminolsobutyric acid	 1.3	 1.2	 9.0	 3.4
T-Aminobutyric acid	 1.6	 3.0	 16.2	 23.3
'Units are expressed in nanomoles per gram.
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Amino acid abundances in the Yamato (74662) carbonaceous chondrite based on ion-exchange chromatography.

acids and nonprotein amino acids like the a, $, T amino
butyric acids and norleucine are present. Hydrolyzed ex-
tracts show a greater abundance than the unhydrolyzed,
indicating a precursor material. Investigations are under-
way to identify this material. The most important obser-
vation is that the exterior and interior portions of these
antarctic meteorites are almost identical in amino acids.
This indicates that these antarctic meteorites are not con-
tamined, with respect to amino acids.

Gas chromatography of derived extracts showed that the
two forms of several amino acids are present in nearly equal
abundance in both the meteorites for the exterior and the
interior. Alanine, glutamic, and aspartic acids show near
equal-abundance of their D and L, or right- and left-
handed, forms. Several other equal pairs are also present.
Work is in progress to identify these.

The derivatives from the Yamato have also been studied
by gas chromatography—mass spectrometry. Selected ion
monitoring was used to identify standard compounds and
the meteorite amino acids. Table 2 shows the amino acids
confirmed in the Yamato. The Allan Hills sample was too
small for this type of analysis. However, since the proce-
dures used for the Yamato and the Allan Hills meteorites
were identical, the mass spectral confirmations may be ex-
tended to the Allan Hills sample.

The amino acid assemblages, abundances, and right-
handed form to left-handed form ratios indicate to us an
abiotic extraterrestrial origin. These carbonaceous chon-
drites may have been on the antarctic ice for thousands of
years. Yet the distribution patterns do not indicate any
terrestrial contamination. The quantities found in the Ya-
mato are comparable to those found in the Murchison and
the Murray earlier. The Allan Hills sample contains less.

This could be due to heterogeneity among meteorites.
Weathering may not have altered the organic content.

The two antarctic meteorites we have examined seem to
be the least contaminated and possibly the least altered
meteorites examined to date. Hence, their organic content
may represent an assemblage closer to that of carbonaceous
chondrites in space. We hope to find supporting evidence
from our studies on the hydrocarbons and carboxylic acids.

Table 2. Amino acids from the Yamato (74662)
carbonaceous chondrite as confirmed by selected

ion monitoring and retention times

Definite	 Tentative
D-Aianlne	 D-Vailne
L-Aianlne	 L-Vailne
D-a-Amino-n-Butyric acid	D-Aliolsoleuclne
L-a-Amino-n-Butyric acid	L-lsoieuclne
Glycine	 D--Aminoisobutyrlc acid
D-Norvailne	 L-3-Amlnoisobutyrlc acid
L-Norvaline	 D-Norleuclne
$-Alanine	 L-Norleucine
T-Amino-n-Butyric acid	D-Leuclne
D-Aspartic acid	 L-Leuclne
L-Aspartic acid	 D- or L-Lysine
D-Glutamlc acid
L-Glutamlc acid
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During the last three antarctic field seasons, U.S. and
Japanese teams have collected several thousand meteorites.
The terrestrial age of these objects is of interest because such
knowledge enables the setting of lower bounds on the lower
age of the ice sheet, provides information about ice move-
ment, and aids understanding of the accumulation mecha-
nism of the meteorites. Terrestrial ages can be established
by measuring the decay of radioactive species produced by
bombardment of cosmic rays while the objects are in space.
After entering the Earth's atmosphere the meteorites essen-
tially are completely shielded from cosmic rays. The radio-
active products that exist at saturation values in space then
decay exponentially toward zero activity.

Aluminum-26 (T 1 /2 = 730,000 years) is ideally suited for
terrestrial age dating. It decays by positron emission, with
several correlated gamma rays produced by each decay.
These gamma rays can be detected very sensitively by
large-volume sodium iodide (Ti) detectors in heavily
shielded, low-background assemblies. Measurements of
whole meteorites or meteorite fragments can be carried out
easily, and they are not destructive to the specimens. Our
laboratory has, over the last decade, applied this technique
extensively to the measurement of aluminum-26 (26 Al)in
lunar samples and meteorites, thus providing a firm basis
for understanding the expected saturation levels of 26 Al in
meteorites with short terrestrial ages. Due to the relative
ease with which we are able to measure 26 Al in antarctic
meteorites, we have been able to begin a search of the entire
collection for samples with long terrestrial ages, as indi-
cated by relatively low 26A1 levels. We have reported data

on 67 samples and are continuing these measurements at a
rate of about one per date when samples are available. A
histogram of those data is shown in the figure. A number
of samples have shown rather low 26 Al (<35 dpm/kg),

"Al CONTENT OF ANTARCTIC METEORITES
NORMALIZED TO L COMPOSITION

Al (dpm/kg)
Histogram of aAl contents in ordinary chondritic meteorites
collected in Antarctica. All samples have been normalized to
the same target chemistry. A typical newly fallen meteorite
would have an 28AI content of 55-65 disintegrations per
minute/kilogram of sample.
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