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Fe and S are two heterovalent elements that play a major role in many geological processes. Although S 
occurs only as a trace element in magmatic systems its behavior is directly related to a variety of important 
geological processes (e.g. formation of ore deposits, global cooling by S-rich explosive volcanism). The 
solubility of sulfur depends strongly on its oxidation state, which may vary from S2- to S6+, and thus shows 
strong dependence on the oxygen fugacity in the system. Fe is one of the most abundant elements on Earth. 
Because Fe is a major element in most natural melts and magmas, variations in the oxidation state of Fe may 
significantly affect the rheological properties of magmas as well as their chemical evolution during 
crystallization. XANES measurements at the S and Fe K-edge provide unique information on the element 
species present in silicate glasses. The fine structure at the S K-edge is dominated by localised 1s-2p 
transitions, which are strongly dependent on the electronic configuration of S [1]. Likewise, the pre-edge 
feature of the Fe K-edge XANES can be used to determine the Fe oxidation state [2]. 

S XANES data were recorded at the ESRF, Grenoble, ID 21 micro-focus beamline using a Si (111) fixed-
exit  double-crystal monochromator. Fe XANES were acquired at HASYLAB, DESY, Hamburg, beamline L 
using a focused beam with ca. 20 µm diameter and a Si (311) fixed-exit double-crystal monochromator. In 
both cases, the fluorescence was recorded by a Si drift-chamber solid state detector. We report data on 
glasses of a variety of naturally occurring compositions synthesized at 200 MPa and 1050°C (5 wt% total 
H2O and 0.5-1 wt% total S) and varying redox conditions. We have used the intensities of the respective 
resonances for S2- and S6+ in the XANES to determine the sulfur oxidation state in the glasses as a function 
of the redox conditions during synthesis. The Fe oxidation state was determined using the centroid position 
of the pre-edge as calibrated by [4]. 

The S oxidation state of all hydrous glasses decreases as a function of increasing hydrogen fugacity (more 
reducing conditions). At a given hydrogen fugacity (fH2), the data indicate a significant effect of the melt 
composition on the S oxidation state. However, this effect is probably related to the fact that the oxygen 
fugacity (fO2) is not the same at a given fH2 for different systems because of the presence of other volatile 
species (e.g. H2S, SO2). Because only fH2 was fixed externally, the prevailing fO2 for these particular 
syntheses depends on water and sulfur fugacities of each individual sample), and thus fO2 probably depends 
on the bulk chemistry of each sample. 

The Fe oxidation state of the glasses decreases likewise for high S6+-contents (above 90%) and low fH2. 
However, at a fH2 of ca. 3 bar (ca. 80% S6+), the trend of the Fe oxidation state kinks towards higher values 
and drops down again towards higher hydrogen fugacities. No clear correlation with the occurrence of 
additional S-bearing or Fe-bearing phases is observed, which would provide a potential explanation. This 
observation indicates that the relationship of the oxidation state of the two heterovalent elements in these 
glasses is not necessarily directly linked. As Fe is a major component in these melts, its oxidation state in the 
melt may potentially be influenced by co-existing crystalline phases that fractionate ferrous from ferric iron. 
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Figure 1: (Left) Sulfur oxidation state vs. hydrogen fugacity determined from the S K-edge XANES for the 
natural silicate melt compositions indicated. (Right) Iron oxidation state vs. hydrogen fugacity determined 
from the pre-edge of the Fe K-edge XANES for the natural silicate melt compositions indicated. Circled 

symbols indicate sulfide phases present in the glass. 
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