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aBstRaCt

We present a new calibration for the determination of the iron oxidation state in silicate glasses by 
electron probe microanalysis (EPMA) with the “flank method.” This method is based on the changes 
in both intensity and wavelength of the FeLα and FeLβ X-ray emission lines with iron oxidation state. 
The flank method utilizes the maximum difference for the FeLα and FeLβ spectra observed at the 
peak flanks between different standard materials, which quantitatively correlates with the Fe2+ content. 
Provided that this correlation is calibrated on reference materials, the Fe2+/ΣFe ratio can be determined 
for samples with known total Fe content. Two synthetic Fe-rich ferric and ferrous garnet end-members, 
i.e., andradite and almandine, were used to identify the FeLα and FeLβ flank method measuring posi-
tions that were then applied to the measurement of a variety of silicate glasses with known Fe2+/ΣFe 
ratio (ranging from 0.2 to 1.0). The measured intensity ratio of FeLβ over FeLα at these flank positions 
(Lβ/Lα) is a linear function of the Fe2+content (in wt%). A single linear trend can be established for both 
garnets and silicate glasses with 4–18 wt% FeOT (total iron expressed as FeO). In glasses with up to 18 
wt% FeOT and 15 wt% TiO2, no systematic compositional (matrix) effects were observed. A possible 
influence of Ti on the Fe2+ determination has only been observed in one high-Ti glass with ~25 wt% 
TiO2, a content that is not typical for natural terrestrial silicate melts. The accuracy of the Fe2+/ΣFe 
determination, which depends on both the Fe2+ content determined with the flank method and on the 
total Fe content, is estimated to be within ±0.1 for silicate glasses with FeOT > 5 wt% and within ±0.3 
for silicate glasses with low FeOT ≤ 5 wt%. The application of the flank method on silicate glasses 
requires minimization of the EPMA beam damage that can be successfully achieved by continuous 
movement of the sample stage under the electron beam during analysis, e.g., with a speed of 2 μm/s.

Keywords: Microprobe, ferric-ferrous ratio, silicate glasses, redox state, flank method, pillow 
glasses

intRoduCtion

Fe is the most abundant transition metal in magmatic systems 
of the Earth. Depending on the redox condition, Fe can be present 
in different oxidation states (Fe3+, Fe2+, and Fe0). The oxidation 
state of Fe in natural silicate glasses is an important parameter that 
reflects the redox conditions prevailing during magma genera-
tion and/or crystallization (e.g., Christie et al. 1986; Bézos and 
Humler 2005; Cottrell and Kelley 2011; Kelley and Cottrell 2009). 
It varies as a complex function of oxygen fugacity, temperature, 
pressure, and melt composition (e.g., Sack et al. 1981; Borisov 
and Shapkin 1990; Kress and Carmichael 1991; Nikolaev et al. 
1996; Moretti 2005; Schuessler et al. 2008; Borisov et al. 2015). 
Due to the influence of ferrous and ferric Fe on the local struc-
ture of silicate melt, the oxidation state of Fe can significantly 
influence physical and chemical properties of silicate melts (e.g., 
viscosity, density, heat capacity, degree of polymerization and 
phase equilibrium, see review by Wilke 2005).

Both bulk and in situ techniques are available to determine the 
oxidation state of Fe in geological samples, which is usually ex-
pressed as Fe2+/ΣFe or Fe3+/ΣFe. The wet-chemistry colorimetric 
method of Wilson (1960) has been used as the most popular bulk 
analytical method providing a high accuracy (e.g., Schuessler 
et al. 2008). For the purpose of non-destructive and/or local 
high-resolution analysis, several in situ techniques have been 
developed, such as micro-Mössbauer spectroscopy (McCammon 
et al. 1991; Potapkin et al. 2012), X-ray absorption near edge 
structure (XANES) spectroscopy (Wilke et al. 2002), electron 
energy loss spectroscopy (EELS) (van Aken et al. 1998; van Aken 
and Liebscher 2002), and micro-Raman spectroscopy (Di Muro 
et al. 2009). Electron probe microanalysis (EPMA) has also been 
utilized to determine the Fe2+/ΣFe ratio in geological samples, 
such as iron oxides (Höfer et al. 2000), garnets (Höfer and Brey 
2007), olivines (Ejima et al. 2011), amphiboles (Enders et al. 
2000; Lamb et al. 2012), and silicate glasses (Fialin et al. 2001, 
2004, 2011). Despite methodological challenges observed so 
far, such as low sensitivity in some analytical protocols and lack 
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