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SHOCK-INDUCED DEVOLATILIZATION OF NOBLE GASES: SOLID 
RECOVERY EXPERIMENTS WITH VITREOUS CARBON Carey A. Gazis and 
Thomas J. Abrens, Division of Geological and Planetary Sciences 170-25, California Institute 
of Technology, Pasadena, CA 91 125. 

&&4ctio~. Understanding the behavior of noble gases in accretionary processes 
constrains models for the origin and evolution of planetary atmospheres and interim. The 
purpose of these experiments is to determine what k t i o n  of noble gases is released and 
retained upon impact Earlier impact-induced dewolatilization experiments (1,2,3) examined 
hydrogen isotopic fractionation and the loss of H20, H2 and C m  upon impact at different 
velocities. These are the first shock-induced devolatilization experiments aimed at looking at 
noble gases. 

As we searched for a suitable anologue to the noble-gas bearing component in meteorites for 
the solid recovery experiments, we studied the solubility of argon in vitreous carbon, a f o m  of 
amorphous carbon. Several other workers have studied the sorption and trapping of noble 
gases in various other forms of carbon (4,5,6,7). Vitreous carbon appears to absorb much 
higher concentrations of argon than these other carbons. 

enme& Details. Two independent methods were planned for shock-induced noble- 
gas devolatilization studies: gas recovery experiments on meteorites (which are under way) 
and Solid recovery experiments on a synthetic gas-rich sample. A synthetic sample was sought 
for the solid recovery experiments because noble-gas abundances are extremely low in 
meteorites and because it would provide a simpler system with which to study shock-induced 
gas loss. Vitreous carbon was chosen because it was found to absorb large amounts of argon 
as is inferred to be the case for "phase Q", one of the noble-gas bearing components in 
meteorites (7,8). 

Vitreous carbon is a low density (15~/cm3), glasslike form of amorphous carbon. 
Synthetic At-rich samples were prepared by placing 3-mm diameter vitreous carbon cylinders 
in cold seal furnaces under high argon pressure (0.25-1.5 kbar) at 500 to 80O0C for 19 days or 
more. Their argon content was then measured on the electron microprobe by comparison with 
an Ardoped silica glass standard 

Solid-recovery impact-induced devolatilization experiments were performed on the 20 mrn 
powder gun at Caltech using vented stainless steel assemblies. In these experiments, the Ar- 
rich synthetic samples were shocked, recovered and analyzed for argon content on the electron 
microprobe alongside an unshocked piece of the same sample. 

Results end Argon solubility as a function of pressure and temperature was 
determined in vitreous carbon (figure l a  and lb). Up to 6.5 wt% argon was measured in the 
centers of the cylinders with lesser amounts on the edges. Repeat analyses revealed that the 
argon is slowly diffusing out of the c&n but that the diffusion is not simple. Solubility data 
is compared with the Langmuir adsorption model (9) (figure la), 

Preliminary shock experiments showed that 28% of the total argon was released by 4 GPa 
shocks (table 1). Since the sample is pulverized by the impact, for shot W7 a piece of the 
unshocked sample was ground to a similar grain size as the shocked sample and analysed along 
with the shocked sample and the unshocked, unground sample. The argon loss is due to shock 
effects and not simply to diminution in grain size and increased diffusion. 

Conclusion, Although initial results are promising, complications arise because the argon 
content is not homogeneous and argon is slowly diffusing from the samples. These problems 
must be addressed before further shock studies are made on this material. The high solubility 
of argon in vitreous carbon suggests that this material may provide information about how 
argon is bound in meteorites. Other types of vitreous carbon should also be examined. Future 
solid and gas recovery experiments may provide primary data for planetary accretion models. 
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Figure l a  Pressure dependence of argon solubility at Figure lb. Temperature dependence of argon 
T=7W C. C w e  represents Langmuit adsorption solubility at P=250 bars. Curve represents fit to data: 
model (9): K=(m/M)/f(l-m/M) where: lfl=arn+b where: 
m=numl>er of sites filled (Ax atoms/cc C). mznumber of sites filled (Ar atoms/cc C), 
f=lugacily, Kaequilibrium constanl=93x104 s11 .23~10-~~,  b=5.07~10~. Note that experimental 
M=maxirnum number of sites datum at 1073K has been excluded from fit. 
=2 1 x 1 0 ~ ~  Ar atomdcc C=8.4 wt% Ar. 

Table 1. Noble-Gas Solid Recovery Experiments 

Shot Initial Initial Shock Peak Shock Unshocked Stlocked Impxt- 
N u m k  San~ple Pressure Pressure Ar content Ar content induced 

Density (Gh) (Gh) (~1%) (~1%) Argon loss 
w m 3 )  

* for shot #997, an unshocked, ground sample was prepared and,compared to h e  unshocked,unground 
sample. It had lost 0% of its argon while the shocked sample had lost 28.7% of its argon. 
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