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ABSTRACT

The origin of sulfite (S4+) species in silicate glasses was evaluated using XANES at the S K-edge. 
Systematic investigations show that the presence of S4+ species in silicate glasses is an analytical artifact 
related to changes in the sulfur species caused by irradiation with an electron beam during EMPA or 
by irradiation with an intense focused X-ray beam during synchrotron analysis. The data shown here 
indicate that S2– and S6+ are the only significant sulfur species occurring in silicate glasses synthesized 
under geologically relevant conditions.
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INTRODUCTION

Although sulfur is typically a trace element in silicate melts 
(rarely more than 5000 ppm) it is an important element in mag-
matic processes for two main reasons. First, sulfur (as sulfide) 
controls the behavior of several metals of economic or petroge-
netic interest in silicate melts. Second, explosive volcanic events 
are capable of releasing large amounts of sulfur (as SO2) into 
the atmosphere, significantly affecting global climate (Self et al. 
1996). Sulfur is also important in industrial processes, particu-
larly in the production of technical glasses. Sulfur compounds 
are used during glass refinement in the removal of bubbles and 
impurities from the melt (Beerkens 2003; Beerkens and Kahl 
2002). Knowledge on the sulfur budget and dissolution mecha-
nism helps to improve this process. Industrial control of S content 
and speciation is also important in the manufacturing of colored 
glass (especially amber-colored glass), which is a key feature in 
several end-products (Beerkens 2003; Müller et al. 1999). 

The S redox equilibrium is usually described considering 
only S2– and S6+ species in the melt (Fincham and Richardson 
1954):

S2–
(melt) + 2O2(gas) = SO4

2–
(melt)  (1)

Experiments have shown that the amount of S that can be 
dissolved in silicate melts is controlled by the nature of the satu-

rating phase and that S contents at saturation are usually much 
higher when S is present as sulfate (S6+) than when S is present 
as sulfide (S2–) (Carroll and Rutherford 1985, 1987; Luhr 1990; 
Jugo et al. 2005a). This change in S speciation occurs over a 
range of fO2 (from FMQ to about FMQ+2) that is relevant for the 
formation of magmas (Wallace and Carmichael 1992; Jugo et al. 
2005b). For example, S speciation in rifting-related magmas is 
dominated by S2–, as evidenced by measurements on submarine 
glasses (Wallace and Carmichael 1992, 1994), whereas arc-
related magmas more often show the presence of S6+ in melt 
inclusions found in olivine and amphibole (Métrich et al. 2002; 
De Hoog et al. 2004; Rowe et al. 2007).

Investigations on the sulfur oxidation state in quenched melts 
using electron microprobe analysis (EMPA) and the wavelength 
shift of the SKα emission peak (Carroll and Rutherford 1988; 
Wallace and Carmichael 1994; Jugo et al. 2005b; Rowe et al. 
2007) is based on the assumption that only S2– and S6+ species are 
present. This technique cannot determine directly the presence of 
any sulfur species in silicate melts and relies on comparisons to 
the wavelength of the SKα emission peak of crystalline standards 
(e.g., barite and sphalerite). In contrast, the fine structure found 
in X-ray absorption near edge structure (XANES) is related to 
1s–3p electronic transitions that are sensitive to the electronic 
configuration and thus, provide insight to the chemical state of 
S in the sample (Li et al. 1995; Fleet 2005). Métrich et al. (2002) 
and Bonnin-Mosbah et al. (2002) documented the presence of 
S4+ in natural melt inclusions in olivine of arc-related magmas, 
in addition to S6+ and, to a minor extent, S2–. In both studies a 
strongly focused X-ray beam was used. Métrich et al. (2002) 
suggested that the potential existence of a third sulfur species in 
magmas would have significant implications for the processes 


