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Abstract
Knowing the Fe3+/ΣFe ratio in minerals is important to understand the formation and evolution of 

minerals and their host rocks. Variable Fe3+/ΣFe in, e.g., garnet is accompanied by a change of their 
characteristic FeLα and FeLβ X-ray emission lines, which can be quantified with electron microprobe 
measurements using the flank method. Previously, the required data reduction process to determine the 
Fe3+/ΣFe was complex. Here, we present a new data reduction tool taking garnet data as an example. 
This new Flank Reduction app is a freely available, graphical user interface (GUI)-driven, web-based 
application to reduce flank method data quickly and easily. The entire data reduction process is achieved 
in minutes compared to hours or days, as it was before. Flank Reduction provides comprehensive in-
sights into, e.g., the flank method standards employed, data obtained, and errors through a wide array of 
controls and visualization tools. Documentation with comprehensive information on the flank method, 
data reduction, as well as training material such as video tutorials or sample data sets, are available on a 
dedicated webpage. Flank Reduction emphasizes the high value of Findable, Accessible, Interoperable, 
Reproducible (FAIR) and open research software and demonstrates how current developments in coding 
and app implementation can facilitate the development of powerful and expandable research software.
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Introduction
The iron oxidation state in minerals such as metamorphic 

garnet, pyroxenes, or amphiboles provides important information 
on the redox state of these minerals and their host rocks at the 
time of last equilibration. The ambient oxygen fugacity prevail-
ing in a rock when a mineral equilibrates with its surroundings 
is recorded in its Fe3+/ΣFe ratio (throughout this work this ratio 
refers to a weight percent, wt%, ratio). The in situ determination 
of Fe3+/ΣFe on a micrometer-scale in a mineral by electron probe 
microanalysis (EPMA) is possible with the flank method (Höfer 
and Brey 2007). This method has been developed over the past 
decades in a series of papers by Höfer et al. (1994, 1996, 2000) 
and Höfer (2002) and brought to its final state in Höfer and Brey 
(2007). The flank method has been applied to garnets (e.g., Wang 
et al. 2022; Tang et al. 2019; Gudelius et al. 2019; Tao et al. 2018a, 
2018b; Malaspina et al. 2009, 2010), sodic amphiboles (Enders 
et al. 2000), wüstite (Höfer et al. 2000; Longo et al. 2011), and 
glasses (Zhang et al. 2018). It can potentially be applied to other 
minerals of interest, such as pyroxenes (Höfer et al. 2004).

In brief, the flank method works as follows: The wavelengths 
and intensities of the characteristic FeLα and FeLβ X-ray emission 
lines of a mineral such as garnet depend on its Fe3+/ΣFe as well as 
its ΣFe. Figure 1 shows this dependency exemplified in spectra 
of an Fe2+-bearing garnet (almandine) and an Fe3+-bearing garnet 

(andradite). The x-axis of Figure 1 represents the analyzer crystal 
position of a JEOL EPMA spectrometer. The Fe3+/ΣFe of a mineral 
such as garnet is quantified by the count-rates obtained at two fixed 
analyzer crystal positions: one at the flank of the FeLα line and 
one at the flank of the FeLβ line (vertical dashed lines in Fig. 1). 
As the spectrum of garnet changes with changing Fe3+/ΣFe and 
ΣFe, so do the count-rates at these fixed analyzer crystal positions. 
Hence, the count rates at these flanks of garnets correlate with 
their Fe3+/ΣFe and ΣFe. The sensitivity of this correlation is at its 
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Figure 1. EPMA FeLα and FeLβ-spectra from an almandine (Fe3+-
poor) and an andradite (Fe3+-rich). For the orange line (the “difference 
spectrum”), the almandine spectrum was subtracted from the andradite 
spectrum. The vertical dashed lines indicate optimal analyzer crystal 
positions at the minima/maxima of the difference spectrum. (Color online.)
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