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Introduction:  Phase Q is the principle carrier of pri-
mordially trapped noble gases (Q-gases or P1) in pri-
mitive meteorites. It is concentrated in insoluble or-
ganic matter (IOM), oxidizable, and is likely carbona-
ceous; however its structure and noble gas trapping 
mechanism is yet to be constrained [e.g., 1]. 

Marrocchi et al. (2005) performed solvation ex-
periments on IOM, using the organic swelling agent 
pyridine (C5H5N) [2]. Their results from treatment of 
Orgueil (CI) residue showed substantial loss of noble 
gases - Ar, Kr and Xe were mainly affected with ~60% 
losses. This implies that phase Q has an interlayer 
structure of the macromolecular organic matter [2]. 
Matsuda and Amari (2009) performed the same ex-
periment [3]; finding lower but significant and variable 
losses of all noble gases in Orgueil. However, Allende 
was unaffected, indicating phase Q may consist of sub-
components with distinct properties; as suggested 
based on noble gas compositions and release patterns 
[1]. Similarly, Busemann et al. (2008) treated four 
primitive carbonaceous chondrites, but not Orgueil, 
and found no significant gas losses [4].  

To broaden the investigation, we chose two con-
trasting, but primitive chondrites; Vigarano (CV3, re-
duced) and Krymka (LL3.1), the first ordinary chon-
drite to be subjected to pyridine treatment. These ex-
periments did not show significant loss of Q noble 
gases. Modeling of the expected elemental composi-
tions in HF/HCl-resistant residues suggests that the 
previously observed gas losses may not be entirely 
associated with the destruction of phase Q. 

Experimental: IOM residues were produced by 
demineralising the bulk meteorites using a HF/HCl 
technique [1]. Two ~0.8-1mg aliquots from each sam-
ple were prepared, one of each were exposed to pyri-
dine (Sigma-Aldrich #82703) for a total 48 h. The 
samples were centrifuged for 5 minutes to concentrate 
the IOM for easy liquid removal. In the Vigarano vial 
there remained a suspension of very fine particles, 
possibly similar to a fine floating fraction observed 
earlier [5], albeit after physical separation. This minor 
fine component (0.08±0.02 mg) was separately ana-
lysed. The remaining pyridine was evaporated under 
an infrared lamp. The samples were then cleaned using 
isopropanol, and centrifuged again before the alcohol 
was left to evaporate for ~24 h. 

Gas extraction was performed at ETH Zürich, us-
ing IR laser heating with a Nd-Yag IR 1024 nm laser, 
carried out in 5 min periods for both Krymka samples, 
and two periods (5+7 min) in one extraction for each 
Vigarano sample. Laser power ≤ 60W. This is the first 
time that the technique has been used for powdered 
IOM samples and difficulties were encountered; even 
exposure to gentle laser power caused explosive dis-
persion of the IOM in the sample chamber, in spite of 
a protective glass slide over the samples. This is most 
likely due to the high volatile content of IOM. There-
fore, only fractions of IOM were degassed (Kry 5-
15%; Kry+Pyr 2-6%; Vig and Vig+Pyr 19-28%; 
Variation between Vig and Kry is likely due to the 
extra extraction). Noble gases released show elemental 
ratios very similar to literature values [5-7] and to each 
other, indicating we did not fractionate the noble gas 
contents. Consequently, we will use elemental and 
isotopic ratios for further discussion of the results.  
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Fig. 1. Elemental ratios for both samples, scaled individually 
as shown. Literature values are averages of [5, 7] for 
Krymka and [6, 7] for Vigarano, with errors covering each 
data set. 84Kr and 129Xe in A could not be detected due to 
high hydrocarbon background.  
 

In spite of the small samples, significant hydrocar-
bon background interference affected some Kr and Xe 
analyses, leading to non-linear signal trends, which 
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were therefore difficult to extrapolate to gas inlet 
times. Additional error was included for 132Xe from 
Krymka to compensate for this. Blanks were typically 
below 2%, with the exception of Ne, which rose in 
some cases to 7% maximum.  

Results:  For both samples elemental ratios before 
and after pyridine treatment display no noble gas loss 
within error (Fig. 1). Both are also similar to literature 
values proving our technique did not fractionate the 
released gas. Our data are in slightly better agreement 
with [5, 6] than [7]. 84Kr in general and 129Xe during 
one Krymka analysis could not be determined, due to 
the hydrocarbon background. Additional evidence of 
no gas loss after pyridine treatment can be seen in the 
He/Ar vs. Ne/Ar plot (Fig. 2), with our samples shown 
next to the values from [7], and model ratios if the 
IOM were to lose Q-gases by up to 60%, as found by 
[2]. Our data for Krymka and Vigarano (Figs. 1 and 2) 
imply less than 10% loss. 

With the exception of larger concentrations of cos-
mogenic 3He and 21Ne, the fine-grained “floating” 
Vig+Pyr fraction (not shown) shows no systematic 
variations from the other Vigarano IOM samples in 
elemental and isotopic compositions, albeit with larger 
uncertainties. 

Discussion: An issue arises from the amount of 
gas-loss reported after the pyridine treatment of the 
Orgueil residue [2,3]. In [3] 4He and 20Ne losses of 
21% and 26 %, respectively, have been reported. 
Based on the content of the HF/HCl residue of Orgueil 
[7] and the Q-gas elemental compositions [1], we es-
timate that only ~5 % of 4He and ~22 % of 20Ne are 
carried by phase Q. [8] reports the fraction of 22Ne-Q 
in the Orgueil residue to be only ~12 %. The experi-
ment by [3] must have released gases from other carri-
ers including presolar diamonds, the most He-rich car-
riers in an HF-HCl residue [8]. This appears unlikely 
in view of the inorganic character and stability of the 
diamonds. Potentially, the swelling by pyridine indeed 
altered the network of macromolecular organic matter 
by lifting aromatic layers, which may have loosened 
the connection of the presolar diamonds to the macro-
molecular network. These diamonds could have gone 
into suspension and been lost during a potential me-
chanical removal of pyridine. The physical loss of pre-
solar diamonds might be supported by suggestions of a 
loss of 27 % of Xe-P3 and 12 % of Xe-HL upon pyri-
dine treatment of Orgueil [2]. The noble gas compo-
nents P3 and HL reside in presolar diamonds and 
should be completely unaffected by pyridine.  

The large abundance of cosmogenic 3He and 21Ne 
in the fine-grained separate of Vigarano relative to the 
Q-gases, which are similar to the other Vigarano sepa-
rates, could be due to a different IOM structure, being 

fluffier, giving a larger surface area to trap recoiled 
cosmogenic gases. 
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 Fig. 2. Relative concentrations of gas, which would be re-
quired if untreated samples [7] experienced Q-gas losses up 
to 60% [2]. Both our samples experience negligible loss after 
pyridine treatment. The data point of the pyridine-treated 
Krymka IOM even shifts slightly towards Q-gas composi-
tion, illustrating that the variations (ours and within literature 
[5-7]) are the result of sample heterogeneity rather than sys-
tematic destruction of the Q-gas carrier.  
 

A broad range of primitive chondrites have been 
pyridine treated. However the one consistent result is 
that Orgueil remains the only sample affected by the 
treatment. This could be related to the individual me-
teorite, or the CI class as a whole. Analysis of other 
CIs, e.g., Ivuna would be extremely important to re-
solve this. It could also indicate that there are two 
types of phase Q [1]. However, the release of noble 
gases from presolar diamonds, which is required to 
explain the gas losses, brings into question whether 
pyridine is able to open up the structure of phase Q.  
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