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ABSTRACT

The speciation and diffusion of sulfur in nominally dry albite melt at 1300–1500 8C
has been investigated by analyzing glasses formed in piston-cylinder runs using electron
microprobe, micro-Raman, infrared-, UV-, and visible-light-spectroscopy, and other tech-
niques. The sulfate ion is very stable in the albite melt even at low and is the dominantf o2

species in all glasses. In the presence of graphite the glass acquired a characteristic strong
violet color, as a consequence of conversion of some of the sulfate to S and S radical2 2

2 3

anions. The equilibration between S and S was rapid and both radicals were found to2 2
2 3

be very stable at elevated temperatures. Both S , S , and sulfide diffuse faster then the2 2
2 3

sulfate anion, so these species will control the diffusion process when present. In violet-
colored albite glass in which some of the sulfur is S and S , the diffusion coefficient for2 2

2 3

bulk sulfur diffusion was found to be:

21 22458100 J·mol m
D 5 14.7 exp1 2RT s

where T is the temperature in K and R the gas constant. This relation defines D values
significantly lower than those determined for sulfur in dry andesite, dacite, and rhyolite
melt, in which the diffusion is controlled by sulfide. The reason for this difference is the
higher degree of melt polymerization, the stabilization of sulfate over sulfide in the albite
melt, and the slow diffusion of S and S radical anions compared to sulfide.2 2
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INTRODUCTION

Sulfur is present in small but significant quantities in
magmas of a wide variety of compositions (e.g., Carroll
and Rutherford 1988). During magma ascent and crys-
tallization, sulfur can be ‘‘partitioned’’ in several ways:
sulfur-bearing minerals such as pyrrhotite and anhydrite
may crystallize; an immiscible sulfur melt may form; sul-
fur may be incorporated as a trace element in many min-
erals (Ricke 1960); and it may enter the volatile phase,
which can be either trapped in fluid inclusions or ulti-
mately released to the environment (Kress 1997).

The diffusion of sulfur in magmas is important in con-
trolling formation of bubbles and sulfur-bearing phases.
However, the different dissolved species have different
rates of diffusion and knowing the speciation therefore
becomes critical. Additionally, the different species have
different solubilities in the magmas, which determine the
onset and growth of different magmatic sulfur minerals
and bubbles; the different species also have different par-
titioning between melt and crystalline/vapor phases, and
they have different roles in the overall melt structure and
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thus influence the physical properties of the melt in dif-
ferent ways.

Sulfur exists in six different oxidation states; however,
only four of them, namely 22, 21, 0, and 16, are com-
monly found in natural environments on earth and only
two (22 and 16) are common in silicate melts (Baker
and Rutherford 1996). Many sulfur-bearing species have
been reported from natural systems including: SO , S61,22

4

S22, COS, CS2, SO2, SO3, S , S , H2S, S, H2SO4 (e.g.,2 2
2 3

Baker and Rutherford 1996; Cotton et al. 1976; Fincham
and Richardson 1954; Gerlach and Nordlie 1975a and
1975c). The S22 anion can substitute for O22 in the sili-
cate network whereas S61 can form SO . Many studies22
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have addressed the speciation and solubility of sulfur in
magmatic systems (e.g., Bradbury 1983; Carroll and
Rutherford 1988; Gerlach and Nordlie 1975a, 1975c;
Haughton et al. 1974; Mathez 1976; Mysen and Dick
1977; Mysen and Popp 1980; Poulson and Ohmoto
1990). Only a few studies have addressed the diffusion
of the various species in magmatic systems. The paper
by Baker and Rutherford (1996) is based on dissolution
of anhydrite and pyrrhotite into a rhyolite melt. Their ex-
perimental setup makes coupled diffusion involving cal-
cium and sulfur or iron and sulfur unavoidable. In addi-


