X-ray Absorption Spectroscopy meets Imaging to Unveil Inclusion Puzzles in Deep Diamonds
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ABSTRACT
X-ray absorption spectroscopy and X-ray microscopy have converged at 4th-generation synchrotron sources, enabling correlated nanoscale chemical and structural imaging. The CARNAÚBA beamline at Brazil's SIRIUS source, operating in the range 2.05–15 keV, combines absorption spectroscopy, diffraction, fluorescence, luminescence, and 2D/3D imaging in a single achromatic nano-focused platform. Here, we showcase this multimodal approach by investigating mineral inclusions trapped in deep-Earth diamonds—natural time capsules that record mantle conditions. Spectromicroscopy reveals highly inhomogeneous, defect-rich mineral phases. As a case study, we examine an iron oxyhydroxide inclusion: XANES mapping at the Fe K-edge shows point-to-point spectral variations deconvolved into goethite-like (FeOOH) and hematite-like (Fe₂O₃) components. This heterogeneity suggests that the mineral experienced extreme stress and multiple high-pressure/high-temperature phase transitions, followed by back-transformations during diamond ascent. These findings point to an unexpected water-related source in deep-mantle processes and illustrate how next-generation X-ray nanoprobes can unravel complex geological histories with unprecedented detail.
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