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Pressure dependence of the solubility of Ar and Kr in melts of the system SiO2-NaAlSi2O6
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ABSTRACT
The solubilities of Ar and Kr in supercooled melts in the system SiO2-NaAlSi2O6 have been
studied at temperatures of 1200 °C (SiO2), 1000 and 750 °C (NaAlSi3O8), and 800 °C (NaAlSi2O6) at
pressures from 200 to 6000 bar. Gas sorption experiments were performed in an internally heated
pressure vessel, and noble gas concentrations in quenched samples were analyzed by absolute analytical techniques [gas chromatography (GC), and thermogravimetry (TG), gravimetry]. Comparison of the results from this study with other absolute techniques (Rutherford-backscattering, mass
spectrometry) is possible for silica and exhibit excellent agreement. This agreement leads us to
conclude that our silica glasses with an Ar concentration of 1.02 wt% and a Kr concentration of 0.54
wt% are suitable as standard materials. Solubility increases linearly with increasing pressure for all
three compositions. In SiO2 the solubility of Ar and Kr increases with pressure with nearly parallel
slopes, whereas Ar and Kr exhibit diverging slopes in NaAlSi3O8 and NaAlSi2O6. The linear relationship between fugacity and dissolved gas below 2–3 kbar, indicates that Henry’s law constants
(in units of 106 bar) for Ar in SiO2, NaAlSi3O8, and NaAlSi2O6 are 0.94, 3.15, and 5.71, respectively,
and for Kr are 1.38, 5.69, and 9.28, respectively. The experimental results can be modeled by two
alternative thermodynamic approaches. First, assuming mixing of noble gases with the network of
the melt, partial molar volumes (in cm3/mol) can be calculated in SiO2, NaAlSi3O8, and NaAlSi2O6
for Ar as 25.9 ± 1.3, 21.1 ± 1.6, and 21.1 ± 0.7, respectively and for Kr as 24.3 ± 1.8, 27.6 ± 0.8, and
24.7 ± 0.9, respectively. Second, assuming the volume change upon solution to be zero, a LangmuirIsotherm can be applied yielding saturation levels M (in units of 1020 sites/cm3 melt) in SiO2,
NaAlSi3O8, and NaAlSi2O6 for Ar as 3.82 ± 0.6, 1.33 ± 0.2, and 0.72 ± 0.08, respectively and for Kr
as 3.49 ± 0.7, 0.56 ± 0.05, and 0.42 ± 0.06, respectively. Highest solubility is observed in all three
melts for Ar. Solubility decreases with increasing substitution of Si4+ by Na+ + Al3+. The dependence
of solubility on composition supports the structural model for melts along the join SiO2-NaAlSi2O6
based on a stuffed tridymite-like structure.

INTRODUCTION
Dissolution of gases in silicate melts may be categorized
by two processes. First, dissolution of inert species such as noble
gases by purely physical processes, i.e., intercalation of atoms
in the melt structure. Secondly, reactive gases such as CO2 and
H2O may enter the melt by a chemical reaction with the ionic
lattice. As both dissolution processes are of geochemical interest, gas solubility has been studied intensively (e.g., Carroll
and Holloway 1994).
From a physico-chemical point of view, dissolution of inert
gases may be thought of as a versatile tool to probe the melt
structure. This is born out by the fact that solubility depends
on the available sites (holes) in the melt structure and their size
distribution (e.g., Shackelford 1982a, 1982b). Here, we report
solubility of Ar and Kr in melts of the system SiO2-NaAlSi2O6.
These compositions are particularly well suited for this study,
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inasmuch as the melt structures do not vary much with composition. The number of available sites, on the other hand, decreases with increasing substitution of Si4+ by Na+ + Al3+. On
the basis of a quasicrystalline model, 50% and 67% of the voids
are occupied by Na in albite and jadeite melt, respectively (Taylor and Brown 1979). Moreover, solubilities of noble gases in
melts and glasses in this system have already been investigated
(e.g., White et al. 1989; Carroll and Stolper 1991, 1993;
Roselieb et al. 1992; Carroll et al. 1993; Montana et al. 1993)
and can be compared with our new data.
A comparison of published solubilities of noble gases in
silicate melts shows that solubility is roughly proportional to
pressure up to 50 kbar (e.g., White et al. 1989; Montana et al.
1993; Chamorro-Pérez et al. 1996). Despite such a simple relationship, the available data do not allow a decision as to what
kind of thermodynamic formulation is appropriate to describe
the solubility behavior. Shelby (1976) employed a LangmuirIsotherm, wherein no interaction of the solute with the solvent
occurs and only one atom dissolves per site. This assumption
is questionable, at least at higher pressures, because the molecular dynamic (MD) simulations of Angell et al. (1988) indicated clustering of noble gas atoms in silicate melts. However,
clustering is not observed by direct experimental investigation
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