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Introduction: Primordial noble gases in meteorites are crucial for our understanding of the volatile element frac-

tionations in the Solar System, the formation and early evolution of the asteroids and ultimately also the terrestrial 
planets. Parent body processes have altered the inventory of the volatile elements, such as the noble gases, in the 
asteroids. The effects of thermal alteration on primordial noble gases in meteorites are fairly well understood, how-
ever the effects of aqueous alteration are less so.  

In this work, we investigate the effects of aqueous alteration on primordial noble gas carriers. A unique sample 
set particularly suitable for this kind of study became available with the fall of the meteorite Tagish Lake (C2-ungr.) 
in 2000 [1]. Tagish Lake fell on a frozen lake and the samples in this study were collected from the ice only a few 
days after the fall and kept frozen until processed in the laboratory, thus minimizing the effects of terrestrial weath-
ering [2]. Tagish Lake contains clasts that experienced different degrees of aqueous alteration, providing a unique 
opportunity to study the effects of aqueous alteration within the same meteorite [e.g., 2,3]. Interestingly, the δD and 
H/C ratios of the insoluble organic matter (IOM) extracted from different Tagish Lake samples vary systematically 
with the degree of aqueous alteration [2]. In this work, we investigate if alteration has also affected the noble gases 
contents of these samples using the same set of IOM as in [2]. 

Material and Methods: Two different techniques were used to extract noble gases: Closed System Step Etching 
(CSSE) and stepwise pyrolysis. IOM from all four samples in [2] was analyzed using stepwise pyrolysis. In addi-
tion, the two samples with the most extreme δD and H/C ratios [2] were analyzed by CSSE using HNO3 as an etch-
ing agent. This is a well-established technique in the noble gas laboratory at ETH Zurich for studying phase Q [4,5]. 
The oxidized residues remaining after CSSE analysis were analyzed using stepwise pyrolysis. All stable isotopes of 
He, Ne, Ar, Kr, and Xe were analyzed. 

Results and Discussion: Primordial noble gases in the different samples were a mixture of Q-gases, carried by 
phase Q, and the HL, Ne-E, and P3 components that are carried by presolar grains. In addition, a partially HNO3-
susceptible component with a high 20Ne/4He ratio relative to HL and Q was present. Such a component has previous-
ly been observed in two CM chondrites [4,5]. With the exception of Ne-E, these components had similar concentra-
tions in the different samples.  

Aqueous alteration appears to have altered presolar SiC grains such that they more readily release their noble 
gases when subjected to HNO3. The evidence for this is that essentially the full budget of Ne-E, as estimated from 
the un-oxidized IOM, was released in the most altered sample (11v) during etching with HNO3 in the CSSE analy-
sis, whereas only ~35 % of the Ne-E in the least altered sample (5b) was released during CSSE. Hence, in sample 
11v, Ne-E must have been released from both presolar graphite and SiC during CSSE analysis. This finding is in 
agreement with a previous study in which it was noted that the concentration of SiC grains in the CR2 chondrite 
Renazzo determined by NanoSIMS raster ion imaging is higher than SiC concentrations derived from noble gas 
concentrations [6,7]. Davidson et al. [6] suggested that aqueous alteration in the CR parent body might have affected 
and degassed the outermost gas-rich layers of SiC grains, resulting in the lower estimate of SiC abundance based on 
noble gas concentrations.  

Another interesting finding in this study is that the 4He/36Ar and 20Ne/36Ar ratios of the gases released in the 
CSSE analyses were ~60 % and ~30 % higher, respectively, in the more altered sample (11v) than in the least al-
tered sample (5b). It is possible that this difference is due to the release of small amounts of 4He and 20Ne from an 
unidentified noble gas carrier with chemical and gas release characteristics similar to phase Q during oxidation. If 
so, the aqueous alteration must have changed the carrier so that it became more susceptible to oxidation, similar to 
the effects on SiC discussed above. 

In summary, variations of aqueous alteration at the level seen in these samples do not result in significant gas-
loss. However, small variations in aqueous alteration significantly alter the behavior of some noble gas carriers.  
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