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Introduction: A variety of organic molecules have
been identified in carbonaceous chondrites such as
Murchison. Except for the CMs and CIs, all other
chondrites contain only low abundances of organic
molecules. Only a few Antarctic carbonaceous
chondrites have been analyzed for their organic
content [1]. Although organic contamination from the
long residence time in the ice was believed to be a
problem, the abundances of indigenous organic
compounds such as amino acids and polycyclic
aromatic hydrocarbons (PAHs) in meteorites are so
high that no terrestrial contribution could be
recognized.
Terrestrial contamination starts to become a problem
for meteorites with only very low organic content,
including, for example, SNC meteorites. Clemett et
al. [2] concluded in their study of possible sources of
terrestrial contamination for PAHs in Antarctic
meteorites that it is unlikely that these specimens
contain significant amounts of organic compounds
originating from the surrounding ice. This study
concentrated on PAHs, and only a small ice sample
(150g) from a unspecified location of the Allan Hills
Ice sheet was analyzed.  On the other hand, studies of
EETA79001 and ALH84001 have shown that the
relative abundances of amino acids [2,3] and PAHs
[1] in the druse (carbonate) material resembled those
in an Antarctic ice sample from the Allan Hills
region, suggesting that the source of these amino
acids may be the ice melt water.

 We report on a systematic study of the
contribution of amino acids and PAHs of Antarctic
meteorites from terrestrial sources. In order to
investigate the relationship between the meteorite and
its surrounding ice with respect to the organic
composition, we collected both meteorite and ice
samples at the same time and location.

Sample collection and processing: During the
2003/2004 ANSMET field season, six ice samples
from the LaPaz ice field stranding region were cut
out using a chain saw. Five of these samples were
each taken directly underneath a meteorite that was
collected at the same time, while the sixth ice sample
was collected from a location where there was no

meteorite. The ice samples were wrapped in nylon
bags and stored frozen for transport. The samples
(initial volumes 2250 to 4000 ml) were melted and
concentrated using a rotary evaporator to volumes
between 12 and 19 ml. These solutions were filtered
through 100 µm PVDF filters to isolate any
particulate material. These filters were not
investigated for micrometeorite content. Dissolved
PAHs were extracted from the resulting filtrates
using solid-phase extraction with PVC membranes
[4]. The resulting solutions were concentrated under
vacuum, and the residues dissolved in 100 µl high-
purity water. A 1-liter aliquot of doubly distilled
water (proc. blank) was carried through the same
procedure as the ice samples.

The meteorites samples LAP03624 (LL5),
LAP03573 (LL5), LAP03637 (LL5), LAP03784
(CK5) were obtained from the NASA JSC Antarctic
meteorite collection. For each specimen, one surface
sample and three interior samples representing
different distances from the surface were analyzed.
PAH analysis of the meteorites was carried out
directly on the chips without further sample
preparation.

Sample  Analys i s :  Polycyclic Aromatic
Hydrocarbons (PAHs). PAHs were measured using
two-step laser mass spectrometry (L2MS) [5]. The
filters (containing the particulate material), PVC
membranes (containing the soluble PAHs), and the
meteorite chips were directly placed into the L2MS
system. 72 laser shots were performed on each of the
filter and membrane sample, while the meteorites
were shot five times at five different locations. All
the spectra were averaged.

Amino Acids. The amino acid concentrations in
the ice samples were determined using OPA/NAC
pre-column derivatization combined with HPLC
separation coupled to both UV fluorescence and
time-of-flight mass spectrometry (ToF-MS) detection
[6,7]. Peak identification was achieved by retention
time comparison with known standards (for
fluorescence) and retention time plus exact mass (for
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MS). Abundances were averaged over at least three
measurements.

Results and Discussion: PAHs . The L2MS
spectra of the filters containing the particulate matter
look very similar for all ice samples. Dominant
signals are m/z 178, as well as its alkylated homologs
at m/z 192, 206, 220 and 234, plus a signal at m/z
212. Masses higher than m/z 280 are mostly lacking.
Extensive alkylation is characteristic for
anthropogenic emissions, indicating that the
particulate matter could be terrestrial dust. In contrast
to the filter spectra, the L2MS spectra of the PVC
membranes are much lower in intensity. The PAH
concentrations in the ice samples lie below 10-80
pg/l, depending on the concentration factors of the
individual samples and the m/z signal. This is in the
range of the upper limit as determined for Greenland
ice [7]. The L2MS spectra of the meteorites depict
similar overall characteristics, although the signal
intensities vary between the different specimens. The
highest intensities were detected in interior sample
LAP03637,8 (Figure 1). The most prominent signals
are two omnipresent peaks at m/z 226, which can be
assigned to a skeletal PAH, and m/z 211, a nitrogen-
containing compound. Furthermore, peaks
corresponding to m/z 178, 192, 206, 220 and 234,
were detected, as well as a peak at m/z 202.
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Figure 1. L2MS spectrum of the interior piece
LAP03637,8 (LL5 ordinary chondrite).

Amino Acids. The concentration levels of the
amino acids in the Antarctic ice samples are found to
be close to blank levels. Due to the large ice sample
size the detection limit was about 1 part per trillion
(ppt). However, we observed some variability
between the ice samples with regard to their amino
acid composition. Most importantly, the signals
corresponding to α-amino-isobutyric acid (AIB), an
extremely rare compound on Earth, and its co-eluting
homolog β-AIB were found to correspond to
concentration levels between 10±1 and 24±6 ppt in
three of the ice samples. Interestingly, one of these is
associated with a LL5 OC (LAP03624), one of them

with the CK5 chondrite LAP03784, and one of them
is the ice blank sample, with no meteorite collected at
the same time. This finding suggests that the AIB in
the ice is not a result of leaching of the meteorite
during its residence time in the ice. We speculate that
micrometeorites embedded in the ice could be the
source of the material.

Conclusions and Future Work. Highly-sensitive
PAH and amino acid abundances measurements of
Antarctic ices collected directly under meteorites
show very low level of terrestrial contamination for
both compound classes. The PAHs in the particulate
matter indicate a terrestrial origin of these
compounds. The concentration levels of dissolved
PAHs in all the ice samples are below 10-80 pg/l.
The amino acid concentrations in the ice samples are
near blank level. However, some of the ices samples
contain α- and/or β-AIB at concentration levels of
10-25 ppt.

The PAH composition of the meteorites is
variable between and within the specimens. A direct
comparison with the soluble PAHs in the ice was not
possible due to the low levels of these compounds in
the PVC membrane extracts of the ice samples.
However, the detection of alkylated homologs of
skeletal PAHs in the meteorites indicates that some
of these compounds could have a terrestrial origin.
Amino acid analyses of the meteorite samples using
HPLC/fluorescence/ToF-MS are currently underway.
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