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Structural environment of krypton dissolved in vitreous silica
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ABSTRACT
X-ray absorption measurements on Kr dissolved homogeneously in vitreous silica (1.97 wt% Kr)
have been carried out at the Kr K-edge at 4.5 K, representing the first direct determination of the sites
occupied by a noble gas. The presence of EXAFS oscillations shows that the Kr atoms are surrounded by a well-defined shell of nearest neighbors, identified as oxygen atoms. The mean Kr-O
distances are 3.45 ± 0.1 Å, based on a simple model of Gaussian disorder, with a Debye-Waller factor
of σ2 = 0.06 Å2. The large Kr-O distance, which is at the upper limit of the size of the holes existing
in vitreous silica, together with the existence of well-defined sites suggests a forced, densely packed
environment of oxygen around Kr atoms characteristic of clathrasil surroundings.

INTRODUCTION
Because volatiles have a strong effect on the physical and
chemical properties of natural magmas, the solubility behavior and dissolution mechanisms are of fundamental importance
to understand igneous processes. Volatiles can be dissolved in
magmas as molecules or atoms (e.g., unreacted species like
H2O, CO2, noble gases) or as reactive species (e.g., hydroxyl
or carbonate groups). Physical dissolution of neutral molecular species such as noble gases in silicate melts and glasses has
been interpreted as indicating the presence of voids within the
silicate polymer network (e.g., Carroll and Stolper 1993 and
references therein), and provides fundamental information to
understand dissolution of the more complex processes during
solution of reactive species (e.g., CO2, H2O). The size distribution of these voids affects the porosity of a melt and is believed to control the transport properties of gas molecules.
Simple models relate the distribution of the size of the interstitial holes in the frozen melt to the solubility of noble gases.
Various models relying on the free-volume concept (Doremus
1966) have been applied, such as ionic porosity (Carroll and
Stolper 1993), the trapped oscillator model (Studt et al. 1970),
or geometrical considerations in the approximation of a random network (Shackelford 1982). All derive hole dimensions
ranging from 0.5 to 4 Å.
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Angell et al. (1988) simulated the environment of the noble
gas in silicate melts by molecular dynamics (MD), investigating
the dissolution of helium and argon in a jadeite melt at 6000 K
and 72.5 and 17 kbar. Helium was found in oxygen cages with a
coordination number (CN) of 10, similar to interstitial sites in
cristobalite, whereas clustering was found for Ar. The possibility of a clustering of noble gases was not confirmed by recent
MD simulations of the environment of noble gases in silica melt
(Guillot and Guissani 1996). A cristobalite-like environment was
found for helium and neon, whereas a clathrasil local structure
was found around heavier noble gases.
This study presents the first direct determination of the sites
occupied by a noble gas, Kr, dissolved in a supercooled silica
melt at 1200 °C and 7 kbar. It should be emphasized that dissolution of Kr is performed at a temperature where the structural
relaxation time (Bucaro and Dardy 1977) is much shorter (~150
s) than the run time of the experiment (24 h). Therefore, the
incorporation of Kr took place in a relaxed melt. The subsequent investigation of the Kr environment was performed on a
quenched supercooled silica melt (i.e., on a glass). A detailed
analysis to elaborate differences in the sites occupied by Kr in
the glass and melt state as well as effects of quenching is beyond the scope of this paper.
Silica was used as it represents the major oxide of silicate
melts and hence serves as a first-order analogue for geologically relevant melt compositions, and Kr solubility and diffusivity
in vitreous silica already has been explored (Carroll et al. 1993;
Roselieb et al. 1995). Krypton is easily accessible by X-ray absorption spectroscopy (XAS) owing to the low absorption of the
silica matrix at the Kr-K-absorption edge. In addition, it exhibits a high solubility in vitreous silica when compared to other
silicate melt compositions (e.g., Carroll and Stolper 1993).
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