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abstraCt

The Fe oxidation state, coordination geometry, and <Fe-O> distances have been determined by Fe 
K-edge XANES and EXAFS for a set of silicate glasses of phonolite composition produced at different 
oxygen fugacity conditions with the aim of determining the effect of iron oxidation state and local 
structural environment on the viscosity of the corresponding melts. Comparison of the pre-edge peak 
data with those of Fe model compounds with known oxidation state and coordination number allowed 
for determination of the Fe oxidation state and coordination number for all the glasses analyzed. The 
Fe3+/(Fe3++Fe2+) ratio varies from 0.44 to 0.93 (±0.05) in the glasses studied. The determined values 
are in excellent agreement (within 0.03 difference) with those independently measured by the titration 
method. Moreover, pre-edge peak data clearly indicate that Fe3+ is in fourfold coordination, whereas 
Fe2+ exists both in fourfold and fivefold coordination for this phonolitic composition, although the pres-
ence of minor amounts of sixfold-coordinated Fe cannot be ruled out by XANES data alone. EXAFS 
data of the most oxidized sample indicate that Fe3+ is in tetrahedral coordination with <Fe-O> = 1.85 
Å (±0.01). This value compares well with literature data for [4]Fe3+ (e.g., in tetra-ferriphlogopite or 
rodolicoite). Calculated NBO/T ratios decrease with Fe oxidation (from 0.23 to 0.19).

For phonolitic glasses of this study, going from reducing to oxidizing conditions results in a higher 
fraction of network-forming Fe, thus increasing the polymerization of the tetrahedral network and 
producing shorter (and stronger) <Fe-O> bond distances. Both the polymerization increase and the 
structural variations in the Fe local environment can qualitatively explain the strong increase in melt 
viscosity observed at higher oxygen fugacity.
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introDuCtion

Much of the recent interest on the structural role of transition 
elements in silicate glasses and melts arose because of their im-
portance in controlling melt properties such as density, viscosity, 
and refraction index (see Mysen and Richet 2005). Moreover, their 
structural role in the melt affects partition coefficients between 
melt and crystals in natural systems. The knowledge of the control 
exerted by melt composition, P, T, and fO2 conditions on the local 
structure of the transition elements is therefore of fundamental 
importance in relating the atomistic structure of silicate melts to 
their macroscopic properties.

Iron can exist in silicate melts in various oxidation states and 
coordination geometries. Common Fe species in silicate melts and 
glasses include [4]Fe2+, [5]Fe2+, [4]Fe3+, and [5]Fe3+ (see Wilke et al. 
2001; Giuli et al. 2002a, 2005, 2008); in few cases, also a minor 
presence of [6]Fe3+ has been reported (Wilke et al. 2006). Varia-
tion in the relative proportions of these species imply variations 
in <Fe-O> distances and bond strengths, thus affecting glass/
melt polymerization, Fe molar volumes, density, and viscosity. 

As varying oxygen fugacity affects the Fe oxidation state of a 
melt, oxygen fugacity can be expected to trigger considerable 
variations in the viscosity of melts where Fe is a major element 
(Dingwell 1991).

We studied the Fe structural role and oxidation state in a series 
of synthetic glasses with phonolite composition, equilibrated at 
different oxygen fugacities in a CO/CO2 gas-mixing furnace. 
The glasses displayed a strong viscosity increase at increasing 
oxygen fugacity (Dingwell et al. 2008). The aim of our study 
was to determine the effect of oxygen fugacity on the structural 
role of Fe in these glasses in an effort to relate the local structure 
around a major element (Fe) with a macroscopic glass property 
like viscosity.

The structural study was carried out by X-ray absorption 
spectroscopy (XAS), which allows study of the local environ-
ment around Fe as well as determination of bond distances and 
oxidation state (Brown et al. 1995).

Materials anD MetHoDs
The Fe-bearing glasses were produced by rapid quenching from high-temper-

ature melts equilibrated at 1186 °C and at different oxygen fugacity values in a 
gas-mixing furnace (Dingwell et al. 2008). After measuring melt viscosities with 
a concentric cylinder apparatus, melt splits were sampled with an alumina rod and 
rapidly quenched. Oxygen fugacity values (from Dingwell et al. 2008) are reported 
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