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Abstract
We have measured the effect of alkalis on S concentration at sulfide saturation (SCSS) in an underexplored compositional space of natural hydrous arc melts (basaltic andesite to shoshonite) at 1270 °C
and 1 GPa. At an oxygen fugacity approximately 2.5 log units below the fayalite-magnetite-quartz
(FMQ) buffer, SCSS increases with Na2O (562 ppm S/wt% Na2O), K2O (98 ppm S/wt% K2O), and
total alkalis (88 ppm S/wt% Na2O+K2O) over the compositional range we have studied (1.6–3.1 wt%
Na2O; 0–6.5 wt% K2O; 1.9–6.3 wt% FeOtot). Experiments with ~1.3 wt% H2O show approximately
half the increase in SCSS with alkalinity compared to those with ~3.0 wt% H2O. Our results show a
possible limit to the increase in SCSS solely by increasing alkali concentration at ~7.5 wt% total alkali
concentration. Using our results and published data, we retrained earlier SCSS models to provide a
better fit to test data. We also developed a new empirical model using theoretical optical basicity as
a compositional parameter that predicts SCSS in the overall data set with slightly better accuracy
compared to previous models:
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with temperature (T) in Kelvin, pressure (P) in GPa, the optical basicity (L) and mole fractions (X) of
FeO (calculated from Kress and Carmichael 1991), and H2O in the melt. The discrepancies between
observed and predicted SCSS for our experiments of varying alkalinity reflects the heavy bias toward
anhydrous, alkali-poor basalt compositions in the underlying data sets on which most models are
developed.
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Introduction
Sulfur plays an important role in the geosphere by the formation of sulfide minerals or immiscible sulfide melts (e.g., Naldrett
1969) that partition chalcophile elements (e.g., Cu, Pb, Zn) between silicate melts and sulfide phases, thereby controlling the
movement of these elements between the mantle and crust, and
is also important in ore deposit generation (e.g., Sillitoe 2010).
The release of S into the atmosphere by degassing magmas is
also important due to its impact on global climate (e.g., Scaillet
and Macdonald 2006; McLinden et al. 2016). Sulfur is also used
in industrial processes as sulfate in glass fining and as sulfide in
glass coloring (e.g., Falcone et al. 2011).
The geochemical behavior of S in melts has a long history of
study starting with Fincham and Richardson (1954) who used
simple systems at 100 kPa to show that at log fO2 < ~5.5, S2– displaces O2– anions in silicate and aluminate melts by the reaction:
S2–(silicate melt) + ½O2 (gas) = O2–(silicate melt) + ½S2 (gas).
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Haughton et al. (1974) discovered that S concentration at sulfide
saturation (SCSS) is strongly correlated with Fe concentration
and temperature in natural melts, described by Mavrogenes and
O’Neill (1999) with the reaction:
FeS(sulfide) + 0.5O2 = 0.5S2 + 2FeO(melt).

(2)

Several other experimental studies also show that SCSS increases
with increasing temperature and decreasing pressure and is also
sensitive to fO2 and melt composition (e.g., Shima and Naldrett
1975; Danckwerth et al. 1979; Wendlandt 1982; Bradbury 1983;
Buchanan et al. 1983; Carroll and Rutherford 1985, 1987, 1988;
Mavrogenes and O’Neill 1999; Holzheid and Grove 2002;
O’Neill and Mavrogenes 2002; Clemente et al. 2004; Jugo et
al. 2005a; Scaillet and Pichavant 2005; Tsujimura and Kitakaze 2005; Scaillet and Macdonald 2006; Liu et al. 2007; Jugo
2009; Jugo et al. 2010; Ariskin et al. 2013; Fortin et al. 2015).
In particular, SCSS is negatively correlated with SiO2 (e.g.,
Holzheid and Grove 2002) and shows a U-shaped dependance
on melt FeO content with a minimum between ~1 and 8 wt%
FeO (O’Neill and Mavrogenes 2002; Tsujimura and Kitakaze
2005; Wykes et al. 2015) where SCSS has little dependance on
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