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Introduction: The abundances and isotopic composition of noble gases in the atmospheres of 
the Earth, Mars and Venus provide information about initial volatile endowments and the extent 
of post-accretion planetary differentiation. Because volcanism is a principal means for transport 
of volatiles from a planet s interior to the surface, interpretation of the significance of observed 
abundance patterns in igneous rocks and planetary atmospheres requires an understanding of the 
solubility behavior of the noble ases. Furthermore, the variation in atomic size between He and 
Xe and the minimal amount of c f  emical interaction between dissolved.nohle gases and the silicate 
network allows one to use them as probes for examining the general problem of how molecular 
or atomic gas species dissolve in silicates. Here we report some initial results from experixnental 
studies of Kr and Xe solubility in Si02 glass (Sil), albitic glass (Alb), rhyolite (Rhy), and basalt 
(Bas). 

Experimental  Procedures: Experiments on Sil, Alb, and Rhy were done in cold seal pressure 
vessels using cylinders or prisms of bubble-free glass in unsealed Au capsules with Kr gas as the 
pressure medium. This type of experiment, if not run for too long, yields samples with well 
developed concentration gradients extending from the outer surface into the sample. Measurement 
of the concentration grahent in cross-sections of the sample with a microbeam method can be used 
to determine the diffusivity of the gas species of interest and the solubility (surface concentration) 
at the P and T of the experiment. Two experiments with Xe gas were done on Sil and a IiA1Si3O8 
glass but the experimental duration was too short for Xe to penetrate very far into the sanlple 
and, consequently, diffusivities are poorly constrained by these initial results. An experiment to 
determine Xe solubility in basaltic melt was performed at elevated pressure in a piston cylinder 
apparatus with basalt in a graphite capsule, Xe-bearing zeolite beneath the graphite and the whole 
assembly sealed in Pt .  At high temperature the zeolite releases Xe to provide a Xe-fluid phase for 
equilibration with the basaltic melt. 

Analytical Methods: Kr and Xe concentrations were measured using the Synchrotron X-ray Microprobe at 
the National Synchrotron Light Source, Brookhaven National Laboratory. Each experimental charge was sliced 
normal to the diffusion gradient using an Isomet wafering saw to  produce a parallel slab with a thickness of about 
0.5mm (absolute thickness of each slice was determined optically for self-absorption corrections). White synchrotron 
radiation was used as the excitation source but filtering conditioris varied. Kr analyses used the direct beam with 
I70 micrometers of A1 on the Si(Li) detector. Xe analyses were done with 127 micrometers of Zr on the incident 
beam and 100 micrometers of Zn on the detector. A fixed Ta collimator assembly was used to produce a beam 5 x 
10 micrometers in size. Data was typically acquired with 10 micrometer steps and 5 minute live acquisition times. 
Xe concentrations were computed based on measurements.of an AN100 standard with known Ba content with small 
matrix corrections from the NRLXRF program as previously described (1). Kr concentrations were computed based 
on the known As content as an internal standard. 

For PIXE analyses, samples were irradiated with 3 McV protons a t  the Los Alamos IBMS Facility. Beam currents 
ranged from 2-5 nA. Relative to the sample, incident and takeoff angles were 57 and 55 degrees, respectively. Be 
and A1 absorbers, 20.34 and 13.12 mg/cm2, respectively, were used in conjunction with the Si(Li) detector. Typical 
analysis times were 10 to 30 minutes. For solubility determinations, a 1 mm beam was used. To achieve opt.ima1 
spatial resolution for diffusivity coefficient determinations (10 micrometers), we obliquely sliced plane parallel sections 
from the samples so that when mounted the incident beam penetrated in a direction parallel to the original surface. 

Results: Experimental conditions and analytical results are presented in Table 1. The results 
of two diffusion profile measurements are shown in Figures 1 and 2. At low temperatures, t,he 
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diffusivities of the noble gases span many orders of magnitude (2,3,4) and large, kinetically con- 
trolled fractionations between, e.g., He and Kr or Xe might be expected. However, the activation 
energies for diffusion increase greatly with increasing atomic size of the noble gases and at near- 
liquidus temperatures for basalt the diffusivities only span about one order of magnitude, as found 
by Lux (1987). Our two measurements of Kr diffusivity support this idea; Kr activation energy 
% 80 kcal/mol in albitic glass, compared with = 35 kcal/mol for Ar in Alb and zz 13 kcal/moI for 
He and Ne in a Na-Ca-silicate with % 70 001% SiOz. It should be noted that because of the low 
activation energies for He and Ne diffusivities, the lighter noble gases will continue to equilibrate 
(e.g., between quenched melt and bubbles) to much lower temperatures than the heavier noble 
gases. 

Kr and Xe concentrations determined from the fits of diffusion profiles are given in Table 1. 
Althou h the data cover a limited range of P, T ,  and composition the results agree with what we % know a out the solubility behavior of the noble gases; e.g., higher solubility at higher P and in more 
silica-rich or lower density compositions. Of particular interest is that graphite from the capsule 
material in the basalt-Xe experiment has approximately 3x more Xe than is dissolved in the basalt 
glass. Whether this represents equilibrium must still be established. 

This preliminary work clearly demonstrates the utility of the synchrotron microprohe and PIXE 
methods for nlicroscale analysis of the heavy noble gases at concentrations below those accessible 
with the electron microprobe. Further work is now in progress to examine more fully the effects of 
P, T,  and melt composition on the geochemical behavior of Kr and Xe in igneous systems. 

References: (1) Lu, F.-Q. et al. (1989) Chem. Geology 75, 123-143. (2) F'rischat, G. H., and 
Oel, H. J., (1967) Phys. Chem. Glasses 8, 92; (3) Lux, G., (1987) Geochim. Cos~nochim. Acta 
51, 1549; (4) Carroll, M. R., and Stolper, E. M., (1989) Diffusion and solubility of molecular gas 
species in melts and glasses, Terra Abstracts (EUG V) 1, 271. 

Table 1: Experimental  Conditions and  Results  

Experiment Material 

Bu5c Rhyol.gl. 
AX137 Alb.gl. 
AX166 Alb.gl. 
AX170 SiOz 
AX172 0rth.gl. 
BAS Basalt 

Graphite 

Gas Pressure 
(kbars) 
1.55 
1.52 
3.15 
2.85 
2.85 
10 
10 

0 
0 10 a, W 4 0  

Distance h r n  Surface (rnicl-orneters) 

0 
K r  in Albitic Glass 

0 

0 

0 

0 

0 
, O 0 .  

Temperature 

.("C) 
700 
700 
700 
800 
800 
1400 
1400 

Time 
(days) 
2.7 
39.8 
32.9 
4.9 
4.9 
30 rnin 
30 min 

Surf. Conc. Log D 
( P P ~ )  
380 -10.0 
360 -12.0 
1260 -12.4 
700 -10.9 
400 -10.2 
350 
1020 

0 Xe in Orthoclase Glass 

Distance Mnl  Surhce (nlicrurnelers) 

Figure 1 (left): I<r diffusion profile in albitic glass (3.15 kb, 700°C, 32.9 d )  measured by SXRF. T h e  profile 
extrapolates to  a surface concentration of 1260 ppm. Figure 2 (right): Xe diffusion profile i;orthoclase glass (2.85 
kb, 800°C, 4.9 d).  T h e  profile extrapolates to a surface concentration of 400 ppm. 
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