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Attempts to understand the origin of the atmospheres on Earth, Venus and Mars often involve 
studies of the noble gas contents of these atmospheres. Although noble gases comprise only a small 
fraction of atmospheric gases, their study gives us insight into the accretion and evolutionary processes of 
planetary atmospheres because of their chemical inettness. Recent studies concerning atmospheric origin 
and evolution discuss impact degassing, fractionation of noble gases by loss processes from an initially 
present atmosphere, and release of relatively unfractionated gases from planetary interiors which 
presumably survived the planetary formation processes [e.g., 1,2]. It is important to determine to what 
extent the noble gases carried by infalling planetesimals during accretion survived the impact process, and 
to what extent they were degassed. This work is a logical extension of earlier studies which define the 
shock condition for the release of water and other volatiles during impact processes [3,4]. We present here 
some preliminary results on the impact release of noble gases from the Murchison carbonaceous 
chondrite. 

The experimental procedure used was the following. Samples of Murchison of about 30 mg each 
were individually encapsulated in stainless steel containers which were then sealed by electron beam 
welding under vacuum. A high-vacuum mini-valve was then connected to a bellows assembly attached to 
each of the containers, except in the case of sample A, using air-tight Cu gaskets. The co tainers were 
then evacuated and, while still connected to the vacuum line, degassed at -10O0C. The s h h  steel 
containers were then shock loaded with explosively driven aluminum flyer plates at speeds in the 3b to 
600 mlsec range. A blank sample (stainless steel) was also shock loaded. \ 

After shock loading, containers were t r a n s f e d  to the University of Minnesota, where the noble 
gases released by the shock were analyzed for elemental and isotopic compositions. Results for samples 
run thus far are shown in Table 1, along with the data for the blank. The blank indicates that some air 
leakage occurred. (It is possible that the presumed leakage is actually the result of gas release from the 
stainless steel walls and the blank plug.) The blank data are included in order to show that the contaminant 
appears to be unfractionated air, which allows us to make a correction for it in the actual sample runs with 
reasonable confidence as to its composition. Sample A, which was designed with a different mini-valve 
connection from the others, was seriously air-contaminated and only the He data can be taken as 
meaningful. In addition to the noble gas data acquired mass spectrometrically, we were also able to 
determine the amounts of carbon and hydrogen released from the samples and estimate their speciation, by 
taking advantage of the differing volatilities of CO vs. C02 and H2 vs. H20 and using volumetric 
measurements of gas abundances before and after exposure to hot CuO. Total C and H amounts measured 
are shown in the table as p o l e s  of C02 and H20 and the fractional releases can be compared with earlier 
experimental data done specifically for these elements [4]. The C and H were actually released primarily as 
CO and H2 (>95%, >88% and >92% in runs 1,2,  and 3, respectively), perhaps reflecting reduction by 
the walls of the container but possibly related to the shock pmcess itself acting on the meteoritic material. 

Table 1. Gas vields and . . n o b l e p  isotooic rahos fiom shock runs on 30 me Murchison samples. 
Sample # 4 ~ e *  413 ~ e *  20/22 21/22 3 6 ~ *  40/36 38136 ~ 0 2 *  H ~ O *  

A 285 4260 4.48 10.27 0.0305 66.1 299 0.193 --- --- 
1 (Ellank) 5.86 -- 1.87 9.80 0.0283 27.6 302 0.193 0.08 1.38 
2 68.8 3520 0.394 9.12 0.0826 8.09 248 0.188 1.48 5.87 

31.0 4020 0.372 9.13 0.0736 8.61 257 0.190 1.12 6.44 
'Noble gas amounts given in units of ccSTP/g. C@ and H2O amounts in pmoles of specified gas. 

We have not as yet analyzed a sample of the Murchison starting material used in the shock 
experiments. Our release data are therefore compared with literature values for Murchison noble gases, C 
and H [5-81. Our best data are for He, where the interference from contaminant gases is negligible. The 
release amounts are of the order of 0.1 to 1 % of the total He in Murchison, with a 4 ~ e P ~ e  ratio more or 
less consistent with the integrated bulk ratio reported in [7]. For Ne, a comparison of the isotopic ratios in 
runs 2 and 3 with the blank container suggests release of spallogenic Ne. Indeed, on a 3 isotope plot, it 
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appears that the Murchison neon data in runs 2 and 3 are consistent-with the simple addition of a GCR 
spallation component to air. There is little evidence for any other Ne component in the isotopic data for 
these runs. The amounts of Nev correspond to about 6% of that in the bulk meteorite [5-71. For argon, 
the isotopic ratios again show evidence for the addition of a meteoritic component to air. Specifically, the 
4 0 ~ r / 3 6 ~ r  ratio is reduced from approximately the atmospheric ratio to a value of about 250. Assuming a 
relatively low 4 0 ~ r f j 6 ~ r  ratio for the meteoritederived argon as in [7], one calculates the minimum 
meteoritic contribution to be -17% of the total measured argon 36Ar in the two Murchison runs (with the 
meteoritic contribution increasing if the mArp6Ar ratio for the meteoritederived Ar is assumed to be larger 
[5].) This amounts to 2-4% of the total 36Ar reported for Murchison [5,7]. Carbon release also 
corresponds to about 2-3% of the meteoritic content, while the water released is about 4% of that in bulk 
Murchison [8]. The observation that water is at least as or more readily released by shock, and hence may 
be less tightly bound than the noble gases, is an interesting one. 

The observations that the fractional 4 ~ e  release is less than that for 3 6 ~ r ,  and that non-spallogenic 
Ne release is essentially not observed while spallogenic Ne release is significant, when taken in 
conjunction with the previous observation about water release, suggest that the shock process may be 
acting differently on different phases within Murchison. Murchison contains a solar-wind implanted 
component [6,7] as well as the more typical complement of trapped noble gases found in meteorites. The 
solar .component might well be located preferentially in primary mineral grains as olivine and pyroxene, 
rather than the secondary, hydrated minerals such as the phyllosilicates which make up much of the 
Murchison matrix, particularly if the solar-wind exposure predated the alteration. The remaining noble 
gases exist in a minor, carbonaceous portion of the matrix. If we assume that the effects of shock loading 
were preferentially concentrated in the fine-grained hydrated and ca~Wnaceous matrix materials rather than 
in the somewhat coarser mineral grains, solar gases would be relatively unaffected and only slightly 
degassed. In contrast, dehydration of the phyllosilicates caused by the shock could yield significant water 
release accompanied by direct release of spallogenic Ne from the dehydrated minerals. Further spallogenic 
Ne could come from thermally-induced diffusive release in fine-grained secondary matrix minerals not 
sufficiently heated to dehydrate. Localized heating and incipient oxidation of carbonaceous matter could 
yield release of Q-type noble gases. Helium dominates the other noble gases in the solar component, and a 
relatively small evolution of solar-wind He due to the shock would be accompanied by negligible amounts 
of solar Ne and Ar. On the other hand, the Q-component is low in He and Ne relative to Ar, so that 
release of this component might be expected to show Ar preferentially. The result of such selective 
releases would be the kind of elemental and isotopic results we observe. 

The present results for Murchison carbonaceous chondrite demonstrate that noble gases may be 
more retentive under shock loading than is water. This could well depend, however, on the particular 
mineralogy and petrology of the materials being shocked, and the siting of the noble gases within the 
minerals present. Further investigations are obviously needed, in particular to test the degassing behavior 
of meteorites of differing compositions and textural heterogeneities. 
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