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Introduction: Studies of the organic content of
meteorites are important in astrobiology, providing
information about the potential delivery to Earth of
molecules relevant to the origin of life. Many of these
studies have focused on amino acids, which are essen-
tial to terrestrial life as the monomers of proteins and
enzymes. The primary target of these analyses have
been carbonaceous chondrites, primitive meteorites
containing ~3-5 wt% carbon; amino acids have been
detected in varying abundances and distributions in
representatives of all eight carbonaceous chondrite
groups, as well as in ungrouped carbonaceous chon-
drites, ordinary and R chondrites, ureilites, and plane-
tary achondrites [1 and references therein].

Iron meteorites have been postulated to be the cores
of differentiated planetessimals and make up ~5% of
falls to the Earth, yet could have also been a source of
prebiotic material. Searches for amino acids in iron
meteorites have not previously been reported, perhaps
because of the difficulties in preparing these samples
for extraction or because of the low expectation of or-
ganics forming or surviving in such environments.
Here, we report the first analyses of amino acids in iron
meteorites as well as in both the iron and silicate por-
tions of a pallasite.

Methods: We analyzed ~1-2 g samples of three
iron meteorites as well as both the iron and silicate
components of a pallasite: Campo del Cielo (IAB),
Canyon Diablo (IAB), Cape York (II1AB) and Imilac
(pallasite). Organic analysis of stony meteorites typi-
cally begins by grinding a sample in a mortar and pes-
tle to create a fine-grained powder that can then be
extracted by a solvent (typically water). The cohesion
and malleability of iron meteorites renders them im-
possible to grind using the same methods; instead, iron
samples for this study were processed in a Nygy-chilled
ball mill. Processing of the iron meteorite samples by
this method produced flakes and grains from the em-
brittled metal. Imilac was first disaggregated in a mor-
tar and pestle to separate iron and silicate fractions; the
iron was ground in the ball mill and the silicate was
powdered in a mortar and pestle. After processing, all
samples were then extracted for 24 hours in ultrapure
water. Extracts were split into two fractions, with one
portion undergoing acid-vapor hydrolysis (3 hours at
150 °C in the presence of 6N HCI). Both unhydrolyzed
and hydrolyzed portions were derivatized using o-
phthaldialdehyde/N-acetyl-L-cysteine and analyzed via
ultraperformance liquid chromatography with fluores-
cence detection and time-of-flight mass spectrometery
(LC-FD/ToF-MS) [2,3]. Procedural blanks of fused

silica processed in the ball mill were also prepared and
analyzed.

Results: Amino acids were detected in all samples,
including both the iron and silicate portions of the pal-
lasite, but not in the procedural blanks. Some amino
acids appear to result from terrestrial contamination,
with an excess of L-proteinogenic compounds. Howev-
er, we observed many amino acids that are not common
in the biosphere. In particular, a series of non-
proteinaceous five carbon (C5) amino acids was de-
tected in the iron samples (Fig 1). Overall amino acid
abundances were low (typically <100 ppb), with over
half of the abundance in the unhydrolyzed extracts in
the form of glycine and <10 ppb in the C5 amino acids.
The two IAB iron meteorites had roughly similar ami-
no abundances, with the I11AB and pallasite containing
lower abundances; abundances in the silicate portion of
the pallasite were lower than in the iron portion.
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Fig. 1. Representative LC-FD/ToF-MS single positive ion chroma-
togram of the mass corresponding to derivatized C5 amino acids for
the unhydrolyzed Canyon Diablo meteorite extract (top, x50) and a
C5 amino acid standard mix (bottom).

These results open new areas of study on the organ-

ic content of these meteorites, as well as the potential
origin of their amino acids. Surface-catalyzed reactions
of gases have been suggested to form amino acids on
metal surfaces [4-6], but it is not yet known if that
mechanism could result in the distribution of com-
pounds observed here. This discovery of amino acids
in iron meteorites adds to the known sources of organic
delivery to the early Earth.
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