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ABSTRACT

Understanding the spatial distribution of critical minerals and materials
(CMMs) in subsurface environments requires the integration of complementary
imaging modalities that capture both structure and chemistry. The Chemical
Imaging Exploration, Al-assisted Reasoning, and Data-worth Analysis
(ChImERA) framework provides a unified, modular workflow for processing,
registration, fusion, and analysis of multimodal image datasets. During the talk,
the capabilities of ChImERA using XCT and SEM-EDX soil datasets will be
highlighted. Using these methods, the goal is to create 3D structural and
chemical models of soil or rock samples, which can then be used for
micromodel development, fluid-flow simulation, and upscaling to continuum-
scale multiphysics models, such as PFLOTRAN. By aligning pore-scale
structure, mineral chemistry, and microbial function, ChlmERA would be used
to improve signal-to-noise ratios, mineral-phase identification, and upscaled
property estimation (e.g., average porosity, average permeability), while
capturing the mineral interfaces where reactions occur. This closed-loop
workflow allows models to prioritize new experiments and assimilate collected
data for multi-physics models. Ultimately, ChimERA advances how imaging
and modeling interact by transforming static measurements into dynamic
learning systems. This accelerates CMM characterization, improves predictive
understanding of mineral transport and extraction, and strengthens the scientific
basis for sustainable resource recovery.
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