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This presentation introduces a synchrotron-based analytical method that combines multi-energy 
micro-X-ray fluorescence (μ-XRF) mapping with linear combination fitting against reference XANES 
spectra to identify redox reaction zones in complex porous media. This approach enables spatially resolved, 
semi-quantitative speciation of redox-sensitive elements—for example, iron and sulfur—by collecting ele-
mental maps at carefully selected incident energies near absorption edges. Unlike traditional EDS mapping, 
which provides elemental but not oxidation state information, this method distinguishes Fe(II)/Fe(III), or 
S(-II/IV) distributions at micrometer scales without requiring full XANES mapping. The technique has 
been successfully applied in several studies on shale–fluid interactions [1-5], revealing redox fronts, gradi-
ents, and mineralogical transformations in heterogeneous matrices. We further compare μ-XRF-derived 
maps with EDS to highlight the advantages and limitations of each method in interpreting reaction zones. 
While demonstrated in shale systems, this framework is broadly applicable to other environmental and 
engineered materials where redox dynamics control geochemical behavior. 
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