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Abstract
Pre-edge features in the K absorption edge of X‑ray absorption spectra are commonly used to
predict Fe3+ valence state in silicate glasses. However, this study shows that using the entire spectral
region from the pre-edge into the extended X‑ray absorption fine-structure region provides more
accurate results when combined with multivariate analysis techniques. The least absolute shrinkage
and selection operator (lasso) regression technique yields %Fe3+ values that are accurate to ±3.6%
absolute when the full spectral region is employed. This method can be used across a broad range of
glass compositions, is easily automated, and is demonstrated to yield accurate results from different
synchrotrons. It will enable future studies involving X‑ray mapping of redox gradients on standard
thin sections at 1 × 1 μm pixel sizes.
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Introduction
It has long been a goal of geoscientists to develop a robust
method for microanalysis of iron redox states, and decades of development in the synchrotron X‑ray absorption spectroscopy (XAS)
community have worked toward this goal. Glasses are of particular
interest because of the direct relationship between Fe3+/ΣFe and the
intrinsic oxygen fugacity (fO2) of the melt, and the fact that glasses
may record the oxidation state of their magma source region and,
possibly, the additional effects of magma interaction with the near
surface environment.
The geological community is especially interested in using
XAS to quantify Fe redox states in magmatic and volcanic glasses
of varying compositions. Berry et al. (2003) laid the framework for
many subsequent studies by using XAS spectra of synthetic silicate
glasses with independently measured Fe3+/ΣFe ratios to calculate
Fe3+ from peak area-normalized centroids in the pre-edge region.
Subsequent workers (e.g., Wilke et al. 2005; Cottrell et al. 2009; Lühl
et al. 2014) also used internal standards to predict redox in glasses.
These studies made incremental progress toward development of a
more generalized approach because they used only small numbers
of standards, so their results were applicable to only limited compositional ranges. They also focused only on the pre-edge portion
of the Fe K absorption edge.
The challenge now at hand is to improve upon all prior approaches
to Fe redox state determinations by exploiting information contained
in the entire XAS spectrum, potentially extending into the EXAFS
region. For example, Berry et al. (2010) suggest several empirical
alternative approaches to calibration of garnet XANES spectra.
They report that the average centroid energy of garnet pre-edges is
relatively insensitive to Fe3+/ΣFe, and propose two alternative approaches to Fe3+ΣFe prediction. The first is to use the main absorption
* E-mail: mdyar@mtholyoke.edu
0003-004X/16/0003–744$05.00/DOI: http://dx.doi.org/10.2138/am-2016-5555

744

edge energy at an arbitrary normalized intensity value of 0.9, and
the second employs the ratio of spectral intensities at 7138.4 and
7161.7 eV. This work shows that valuable information is encoded
in the main edge and low-energy EXAFS regions.
Most recently, Dyar et al. (2012) demonstrated that a multivariate
analysis method (partial least-squares regression, or PLS) employing the full XAS spectra resulted in dramatic improvements in the
accuracy of predicting Fe3+/ΣFe in garnets. Results showed that PLS
analysis of the entire XANES spectral region yields significantly
better predictions of Fe3+ in garnets, with both robustness and generalizability, than approaches based solely on pre-edges. Moreover,
their PLS coefficients and loadings clearly demonstrate that the
vast majority of the useful information in the XANES spectra for
predicting Fe3+/ΣFe in garnets is found in channels at the main edge
and higher. The current study tests the broader applicability of this
result on a system of great interest to geoscientists: silicate glasses.
This study seeks to overcome the limitations of the previous
studies of Fe3+/ΣFe by using 372 spectra from 60 different bulk glass
compositions and comparing information found in the pre-edge
region to that in the broader energy range covering the Fe K edge
from 7100–7220 eV. We describe a robust model with well-justified
error bars that allows determination of Fe3+/ΣFe over a wide range
of silicate glass compositions. Software available from the authors
allows this calibration to be used on data from any synchrotron that
outputs data in the ubiquitous χμ (*.xmu) standard format as output
by the ATHENA program (Ravel and Newville 2005).

Samples studied
Compositions of synthetic glass samples studied are shown in
Figure 1 on a plot of total alkalis vs. SiO2 and as-run compositions
are provided in Table 11. Starting compositions were produced by
weighing out appropriate amounts of Alfa Aesar Puratronic oxide
and carbonate powders, grinding the mixtures by hand in an agate
mortar under ethanol for 1 h, and decarbonating (if carbonates were

