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INTRODUCTION

Fe is the most common element in the Earth that exhibits a
variable oxidation state, occurring as both Fe2+ and Fe3+ in min-
erals and magmas. The Fe3+/SFe ratio of geological samples
can be used as an indicator of the redox conditions (or oxygen
fugacity, fO2) under which a mineral or melt formed. The oxi-
dation state can be used to infer details about the origin of a
magma, and also affects physical and chemical properties such
as melt structure, viscosity, the behavior of volatile compo-
nents, and the temperature and composition of crystallizing
phases (Osborn 1959; Hamilton and Anderson 1967; Mysen
and Virgo 1989; Carmichael and Ghiorso 1990; Carmichael
1991; Mysen 1991).

The geochemical properties of Fe2+ and Fe3+ differ so much
that they are often treated as though they were different ele-
ments. However, modern methods of chemical analysis gener-
ally do not distinguish oxidation states; this is particularly a
problem with microanalytical techniques such as the electron
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ABSTRACT

Fe K-edge X-ray absorption near edge structure (XANES) spectra were recorded for a series of
anorthite-diopside eutectic glasses containing 1 wt% 57Fe2O3 quenched from melts equilibrated over
a range of oxygen fugacities at 1409 ∞C. The Fe3+/SFe ratios were determined previously by 57Fe
Mössbauer spectroscopy and vary between 0 (fully reduced) and 1 (fully oxidized). Using the
Mössbauer results as a reference, various methods for extracting Fe3+/SFe ratios from XANES spec-
tra were investigated. The energy of the 1s Æ 3d pre-edge transition centroid was found to correlate
linearly with the oxidation state. Correlations also exist with the energy of the K absorption edge and
the area of peaks in the derivative spectrum associated with the 1s Æ 4s and crest (1s Æ 4p) transi-
tions. The Fe3+/SFe ratios determined from linear combinations of end-member spectra (Fe3+/SFe ~0
and ~1) were found to deviate significantly from the Mössbauer values. This may indicate the sus-
ceptibility of this method either to errors arising from the treatment of the background or to changes
in Fe2+ or Fe3+ coordination with the Fe3+/SFe ratio. The general applicability of any XANES calibra-
tion for determining oxidation states is limited by variations in the Fe coordination environment,
which affects both the intensity and energy of spectral features. Thus previous calibrations based on
mineral spectra are not applicable to silicate glasses. Nevertheless, systematic trends in spectral
features suggest that Fe3+/SFe values may be obtained from XANES spectra, with an accuracy com-
parable to Mössbauer spectroscopy, by reference to empirical calibration curves derived from com-
positionally similar standards.

microprobe and laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS). Ideally, supplementary methods
for identifying oxidation state ratios are required. Various tech-
niques for determining Fe3+/SFe have been reviewed by Delaney
et al. (1998). These include wet chemical analysis, Mössbauer
spectroscopy, and a variety of methods that utilize absorption
or emission associated with core-electronic transitions (absorp-
tion edges), such as X-ray photoelectron spectroscopy (XPS),
electron microprobe studies of La,b peaks (see also Höfer et
al. 1994; Fialin et al. 2001), electron energy loss spectroscopy
(EELS) (van Aken et al. 1998, 1999; Garvie and Buseck 1998),
and X-ray absorption near edge structure (XANES) spectros-
copy. Wet chemical analysis and Mössbauer spectroscopy, in
general, determine Fe3+/SFe ratios of bulk samples. Some de-
gree of spatial resolution is available with the Mössbauer
milliprobe, but the analytical scale (>50 mm spot size) is over
an order of magnitude larger than that achievable by the elec-
tron microprobe and acquisition times can be prohibitive
(McCammon et al. 1991; McCammon et al. 2001). In contrast,
many of the absorption edge methods are well suited for use at
the microanalytical scale. For example, EELS, which uses the
characteristic Fe2+ and Fe3+ peaks of the L and M edge spectra,
is capable of nanometer spatial resolution using a transmission


