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Introduction: Meteoritic noble gases are
mainly hosted by two carbon-rich phases that are left
after demineralization of bulk meteorite by HF and
HCl : nanodiamonds and an enigmatic phase labeled
as phase Q. The latter is the carrier of primordial Ar,
Kr and Xe, referred hereafter as P1 noble gases,
which represent the majority of heavy noble gases
trapped in primitive meteorites [1]. P1 noble gases
are readily released from HF/HCl residue by
chemical oxidation (HNO3) [2 ] . Because HNO3

etching induces little mass loss of the HF/HCl residue
but triggers important degassing of noble gases, it has
been proposed that P1 noble gases are located at, or
near, the very surface of carbonaceous grains [3].
However, stepped combustion experiments of acid
residues have revealed that some carbon, nitrogen,
and P1 noble gases are released in a common
temperature range [4]. As carbon and nitrogen are
structural constituents of organic macromolecular
material, these results suggest that P1 noble gases are
trapped in the volume of the insoluble organic matter
(IOM) rather than bound to its surface [4].
Determining the localization of P1 noble gases in
phase Q is essential to understand how these gases
were trapped in this phase, and may shed light on the
nature and origin of this phase. Here we report the
results of solvation experiments carried on Orgueil
(CI) acid residue. Solvation is the attraction and
association of molecules of a solvent with molecules
or ions of a solute. They combine to form a
compound stabilized by weak interactions. These
chemical reactions induce swelling of the organic
matter network [5]. We have chosen pyridine because
it presents an important swelling ratio of about 2,
potentially able to change considerably the structure
of phase Q. Solvation is not supposed to affect the
crystalline structure of nanodiamonds. In order to
investigate sites of P1 noble gases in phase Q, the
release patterns of 36Ar, 84Kr and Xe isotopes were
measured for splits of Orgueil acid residue not
treated, and treated, with pyridine.

Methods: The IOM of Orgueil (CI) was
isolated using the procedure described in [6]. The
acid residue was immerged in pyridine for durations
of 1 hour (3 aliquots) and 24 hours (2 aliquots),
respectively. Pyridine was removed using a rotary
evaporator during 1 hour at 50°C. Treated and non
treated residues were weighted, wrapped in Ta foils

and loaded in a double furnace extraction system.
Two kinds of experiments were performed : total
release at 2100°C and stepwise pyrolysis in the
temperature range 500°C - 2100°C. Noble gases were
analyzed by static mass spectrometry. The
uncertainties on isotopic ratios (1s) include blank,
standard and sample uncertainties.

Results: The abundances of Ar, Kr and Xe
measured in 3 aliquots of the Orgueil acid residue are
well reproducible and identical to those reported in
the literature within 5 % [7 ]. Pyridine-swollen
residues present noble gas losses of 57.5 % for 36Ar,
54.1 % for 84Kr and 59.8 % for 132Xe relative to
starting material. The mean noble gas losses for the
24 hours residue are 58.5 % for 36Ar, 54.5 % for 84Kr
and 61.2 % for 132Xe relative to acid residue, similar
to the one obtained for 1 hour, and therefore showing
that there is little kinetic effect for solvation on the
macromolecular network of the acid residue.
Our results of stepwise pyrolysis on Orgueil acid
residue are consistent with those obtained for total
release and confirm the high temperature release of
xenon previously reported in literature [7]. Stepwise
heating of pyridine-swollen residue confirms the loss
of about 60% of xenon due to solvation, which is
mostly evident in the temperature range 500°C -
1300°C. The 1600°C step shows a small decrease of
Xe concentration while the 2100°C step is virtually
not affected by solvation The total xenon isotopic
composition of pyridine-swollen residue is still
dominated by Xe-P1 despite an increase of the Xe-
HL relative contribution compared to non swollen
acid residue (Fig. 1).

Discussion: The present data are compatible
with mixing between a homogeneously distributed
Xe-P1 component subject to degassing upon
solvation and other components hosted by
nanodiamonds (Xe-P3 and Xe-HL) much less
affected by pyridine. Component deconvolution
based on isotopic ratios measured for the different
samples and different temperature steps indicate that
Xe-P1 is mainly affected by noble gas loss (ª 64 %,
Table IV-3), followed by Xe-P3 (ª 27 %) and Xe-HL
(ª 12 %). These results are fully consistent with the
trapping of Xe-P3 and Xe-HL in nanodiamonds. The
slightly more efficient release of Xe-P3 compared to
Xe-HL may be due to its trapping in less retentive
sites (e.g., surface coating of nanodiamonds,) [1]. At
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temperature ≤ 1300°C, the release yield of Xe-P1 is
maximum (70 % - 80 %), whereas at 1600°C only 23
% of Xe-P1 is released and no further loss occurs at
2100°C. These contrasted degassing behaviors,
together with the observation that still 34 % of total
P1 is retained in the pyridine-swollen residue,
strongly suggest the occurrence of at least two
substructures in phase Q, as proposed by Gros &
Anders (1977) [8]. with most of Xe-P1 being trapped
in the less retentive phase. Because macromolecular
organic matter solvation by pyridine is a volume
process [5], the present experiment demonstrates that
a major fraction (> 60 %) of heavy noble gases
trapped in primitive meteorites are sited in the
volume rather than at the surface of IOM
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Fig. 1 : (a) Xenon three-isotope plots of Orgueil acid
residue. (b) Xenon three-isotope plots of pyridine-swollen
residue. Numbers associated to each point correspond to
the temperature extraction during pyrolysis.

References: [1] Huss G.R. & Lewis R.S. (1994)
Meteoritics, 28, 791-810. [2] Lewis et al; (1975) Science.,
190, 1251-1262. [3] Wacker J.F. (1989) GCA, 53, 1421-
1433.. [4] Verchoskyt et al. (2002) EPSL, 199, 243-255. [5]
Szeliga J. & Marzec A. (1983) Fuel, 62, 1229-1231. [6]
Gardinier et al. (2000) EPSL, 184, 9-21. [7] Huss G.R. et
al. (1996) GCA, 52, 3311-3340. [8] Gros J. & Anders E.
(1977) ESPL, 33, 401-406.

Lunar and Planetary Science XXXVI (2005) 1780.pdf


