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The major fraction of heavy noble gases (Ar, Kr, Xe) in carbonaceous chon- 
drites is sited in minor constituent(s) which are insoluble in nonoxidizing 
acids(1). Oxidation of such gas-rich residues in aqueous solutions of HNO 3' O2 and HC104, and in atomic oxygen can remove up to % 99% of the heavy gases w i d -  
out significant mass loss, yielding samples with highly anomalous isotopic sign- 
atures(1-3). Unlike bulk sample analysis, these oxidation techniques do not pre-. 
serve material balance: gases released during oxidizing attack are lost, and 
only gases in residual phases are measured. Isotopic compositions of these lost 
gases are extremely important in efforts to relate anomalous compositions obser- 
ved in the oxidized residuals to those measured in bulk samples and in deminer- 
alized residues(4). Attempts have been made to infer these compositions by diff- 
erence (e.g., see (1,3)), but results are compromised by a number of severe un- 
certainties. We have therefore developed an oxidizing technique based on methods 
widely used in light stable isotope analysis, utilizing closed-system different- 
ial combustion in molecular oxygen in an ultra-high vacuum system on-line with a 
mass spectrometer, which permits precise abundance and isotopic measurement of 
all rare gases released in progressive oxidation and/or thermal outgassing of 
the host phases. 

Sample preparation and experimental approach. The sample used in this study, 
designated Allende A-MZZ, was the < 2.89 g/cc density fraction of a colloid pre- 
pared from a demineralized sample of bulk Allende. Preparation procedures were 

0 similar to those given in (2), except that temperatures were held to < 90 C dur- 
ing demineralization and drying. Combustion was carried out in a quartz furnace 
system in which the stepwise heated sample was exposed to ". 20 torr oxygen press- 
ure generated by heating % 20g of CuO at 900°C. Following a 40 minute oxidation 
at each sample temperature step, excess 0 was readsorbed by cooling the CuO 

2 furnace to % 450°C. The remaining active gases, predominantly CO from the large- 
ly carbonaceous 4.05mg sample, were removed by gettering in hot f r - ~ i  and Zr-Al, 
and the noble gases then analyzed by static mass spectrometry. 

Elemental release patterns. Noble gas release by combustion was complete at 
600°c(~ig.l, left); no additional outgassing was observed in combustion steps up 
to 9 0 0 ~ ~ .  This is consistent with an earlier experiment in which no noble gases 
were found in a vacuum melt (1700~~) extracti 
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had been oxidized at 700°c(5). Virtually all gases must reside in combustible 
phases (presumably predominantly carbonaceous matter, given the low density of 
the sample and that similar colloidal fractions contain 70-80% C(6)), and any 
small amounts of residual inorganic materials must be largely free of trapped 
and spallation gases. The temperature interval over which most of the noble gases 
are released coincides with that for carbon combustion in a similar sample (Fig. 
1, right(5)). The complete combustion of the principal carrier material(s) at 
these low temperatures is directly contrary to the conclusion from an early exp- 
eriment that rare gas carriers in carbonaceous chondrites are incombustible(7), 
a conclusion since quoted as evidence for the hypothesis that these carriers are 
noncarbonaceous(8). Essentially all mobilization and release of the gases is due 
to oxidizing attack on the carrier phases; vacuum heating of similar residues 
below 600'~ produces only minor fractional release, < 1% for He and Ne and % 5% 
for the heavy gases(8). Fractional release histograms for 4 ~ e  and 132~e are 
shown in the left panel of Fig.1. They are representative, respectively, for He, 
Ne and for Ar, Kr, Xe since the gases within each group outgas virtually identi- 
cally. The light gases appear to be present in sites more resistant to oxidizing 
attack than those occupied by the heavy gases. Hence the use of the 20~e/36~r 
ratio as a potential cosmothermometer(9) must be approached with great caution, 
since in this carrier material at least,these two gases may reside in chemically 
or structurally different phases that acquired their gases independently. The 
light gases ma well be present in those phases containing small amounts of "an- 
omalousT7 Xe (12;6Xe/132Xe > -32) rather than those that have trapped the bulk of 
the "planetary" Ar, Kr and Xe, consistent with an earlier observation(l0). 

Isotopic compositions of xenon. A three-isotope diagram of Xe isotopic com- 
position in each release step is shown in Fig.2, with fractional gas release in 
the inset. Lines in the diagram represent correlated trends defined by a large 
volume of data from experiments by the Chicago and Berkeley groups on DME (de- 
mineralized etched(oxidized)) I I I I 
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low (130/132). This scatter suggests that DME-Xe is a bicomponent mixture rather 
a pure component of fixed composition, and that its two constituents are appear- 
ing here with variable mixing ratios in different fractions. H-Xe is probably a 
mixture of the same two components(4). If both H and DME-Xe are indeed such mix- 
tures, one of the two constituents must lie above and to the right of the DME 
data field in Fig.2, and the other below and to the left of the U-H correlation 
(4). There is a clue in the early release data that this second constituent re- 
sides largely in a phase that is readily oxidized at low temperature. The 300- 
400'~ fractions contain adsorbed air, as shown by their colinear positions on the 
dashed mixing line between air Xe and the 4 6 0 ~ ~  fraction -a correlation followed 
by all isotopes. The trend of the next 6 fractions is indicated by the heavy 
arrowed curve in Fig.2; it lies precisely along the U-H bulk sample correlation 
(as does the integrated composition C, excluding the 300-400°C fractions) except 
for a significant dip below the line at 500°C. So over this interval, in which 
most of the sample Xe is released (and lost in open-system acid-attack experi- 
ments), isotopic systematics, excluding the 500° point, are similar to those dis- 
played by stepwise heated bulk samples of carbonaceous meteorites: the two con- 
stituents of H-Xe are released in fixed proportion. But at 500°, in Fig.2 and in 
all other diagrams involving shielded isotopes (124-128 as well as 130), there is 
a dip consistent with a superimposed release of a com onent containing only the 
unshielded isotopes 131-136, of amount ?. 0.8% of the E32Xe in the 4850 fraction. 
Its isotopic characteristics are consistent with a fissiogenic or r-process pro- 
duct. This, and the fact that its presence depresses the 500° point below the 
U-H line, suggests that this experiment may have detected the second constituent 
of H-Xe. 

Conclusions. Closed-system combustion is a powerful technique for study of 
gases released by oxidation. Material balance is preserved, effective combustion 
of carbonaceous carriers occurs at temperatures low enough that mobilization is 
primarily due to chemical attack rather than thermal diffusion, and relative en- 
hancement of low-level components is, at least in Allende, as large as in any 
open-system oxidation method. It remains to be seen if the technique is as eff- 
ective in isolating other components, such as Ne-E(11) and s-Xe(l2), in other 
meteorites. In this experiment, at 600°, it did confirm the low 78~r/82~r ratio 
previously reported in an oxidized Allende residue(2). A critical question is 
whether oxidation thresholds exist at different temperatures for chemically and/ 
or structurally different sample phases. If so, a somewhat different protocol 
than that used in this pilot study might have more cleanly separated the Allende 
Xe components. For example, assuming that the host phases for planetary and DME- 
Xe are different, and that we are not dealing just with different radial concen- 
tration profiles in identical carrier grains, it is possible that prolonged oxid- 
ation at low temperature, say a 10-step sequence at % 400' similar to our 5 steps 
at 540°, could exhaust the planetary reservoir prior to attack on the two kinds 
of H-Xe sites at higher temperatures. This kind of approach, now underway, may 
enhance the 500° dip in Fig.2, where it is subdued and close enough to error lim- 
its that conclusions based on its presence are tentative. We are now using samp- 
les preprocessed by physical means only (disaggregation, sieving, density). At 
this stage, there is no obvious necessity for acid pretreatment of any kind. 
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