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aBstRact

Raman spectroscopy is used to identify the sulfur speciation (sulfur valence state) in “technical” 
iron-free soda-lime and potassium-silicate glasses and in “natural” glass compositions such as basalt, 
andesite, and rhyodacite. The presence of sulfate (S6+) is marked in Raman spectra of oxidized syn-
thetic and natural glasses by bands at ~990 and ~1000 cm–1, respectively. The presence of sulfide (S2–) 
in the reduced technical glasses is marked in Raman spectra by a band at 2574 cm–1 indicating that 
S2– is present as HS– in these Fe-free glasses. Such a band is absent in the Raman spectra of reduced 
basaltic, andesitic, and rhyodacitic glasses. However, an additional band at ~400 cm–1 appears in the 
Raman spectra of the reduced S-bearing “natural” glasses when compared to that of S-free reduced 
“natural” reference glasses indicating that S2– is most likely complexed with Fe in these glasses. Thus, 
the dissolution mechanism of S2– appears to be different in Fe-free and Fe-bearing glasses and S2– is 
dissolved as either HS–-species or Fe-S complexes, respectively. The data shown here demonstrate 
the potential of Raman spectroscopy in identifying the sulfur valence state in silicate glasses. In ad-
dition, S2– is dissolved as completely different complexes when comparing “technical” iron-free and 
“natural” iron-bearing, hydrous silicate glass compositions. 
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intRoduction

Sulfur is an important constituent in natural volcanic materi-
als and in the products of glass industry. The determination of 
the sulfur speciation in glasses is crucial for the assessment of 
the oxidation state and the solubility of sulfur in silicate melts. 
Under oxidizing conditions at an oxygen fugacity (fO2) of ~2 log 
units above the quartz-fayalite-magnetite solid oxygen buffer 
(QFM+2), sulfur is dissolved explicitly as sulfate (S6+), whereas 
at reducing conditions (log fO2 < QFM) sulfur is present as sulfide 
(S2–; Carroll and Rutherford 1988; Jugo et al. 2005a; Wallace 
and Carmichael 1994). Sulfur solubility in silicate melts strongly 
depends on the sulfur speciation and is, for instance, in basalt 
up to 10× greater for S6+ than for S2– (Jugo et al. 2005b). The 
dependence of sulfur solubility on sulfur speciation has signifi-
cant implications for many igneous processes and is relevant 
to understanding volatile budgets and fluxes during magmatic 
processes, volcanic degassing, and ore genesis (Hedenquist and 
Lowenstern 1994; Luhr 1990; Wallace 2005). 

Information on the sulfur speciation in silicate glasses has 
been mostly gathered by SKα wavelength shift measurements 
under the electron microprobe following the method developed 
by Carroll and Rutherford (1988). This method allows quantifica-
tion of the S6+/ΣS ratio by the SKα shift relative to the sulfide- and 
sulfate-bearing reference compounds, but does not provide any 
information either on the complexation of sulfur in the glass 
structure or on the presence of intermediate species such as S4+. 

In addition, the sulfur valence state in silicate glasses may change 
during electron beam exposure (Métrich and Clocchiatti 1996; 
Rowe et al. 2007; Wilke et al. 2008) influencing the determined 
proportions of sulfur species. More recently, S K-edge XANES 
spectroscopy has been applied to determine the sulfur speciation 
in silicate glass (Backnaes et al. 2007; Fleet et al. 2005; Métrich 
et al. 2002, 2009; Paris et al. 2001). This method is powerful for 
identifying the sulfur valence state and the chemical environment 
in glasses and minerals. Although photo reduction or oxidation 
during spectra acquisition has also been observed, any beam dam-
age can usually be avoided by changing the analytical protocol 
(e.g., larger beam size or measuring in scanning mode; Métrich 
et al. 2009; Wilke et al. 2008). However, XANES spectroscopy is 
relatively difficult to use due to the limited access to synchrotron 
beam lines and the high cost of running the facilities.

Raman spectroscopy is an alternative method that provides 
information on chemical complexation and is well suited to 
qualitative species identification. Raman spectroscopy is widely 
used and has been already applied to crystalline sulfide- and 
sulfate-bearing compounds (Hope et al. 2001; Mernagh and 
Trudu 1993; Sarma et al. 1998; White 2009) and sulfur-bearing 
fluid inclusions in minerals (Beny et al. 1982; Burke 2001; 
Rosasco and Roedder 1979; Rosasco et al. 1975). Studies of 
oxidized sulfate-bearing glasses of mostly commercial composi-
tions, used in the glass industry, have shown that the presence 
of sulfate can be verified and quantified (Lenoir et al. 2009; 
McKeown et al. 2001; Tsujimura et al. 2004). Little information 
is available on the verification of more reduced sulfur species 
in silicate glasses using Raman spectroscopy. Based on the * E-mail: klimm@em.uni-frankfurt.de


