Semi-quantification of elemental concentrations in
Ca-Mg-Fe carbonate minerals using a portable
Raman spectrometer
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Résumé

Semi-quantitative elemental analysis of carbonate minerals, particularly complex Ca—

Mg-Fe solid solutions, is essential for accurate geological characterization yet remains chal-
lenging using non-destructive field techniques. This study introduces a portable Raman
spectroscopy-based matrix model for rapid, non-destructive quantification of elemental con-
centrations (Ca, Mg, Fe) in carbonate minerals, using five end-members (calcite, ankerite,
dolomite, siderite, and magnesite) as reference standards. This model utilizes Raman inten-
sity ratios at specific wavenumbers correlated with the volume fractions of carbonate phases,
converting these into mass fractions via mineral densities and reference compositions.
The performance of the Raman matrix model was corroborated by comparing atomic ab-
sorption spectroscopy (AAS)-calibrated portable X-ray fluorescence (pXRF) data. The re-
sults demonstrated high correlation coeflicients for Mg# estimations between Raman-derived
compositions and reference chemical analyses. This method was further attested using the
external RRUFF Raman database, striking an optimal balance between analytical flexibil-
ity and compositional accuracy. We confirmed that spectral overlaps arising from accessory
phases were successfully resolved through advanced spectral decomposition, ensuring reli-
able discrimination of mineral constituents. Synthetic binary carbonate mixtures further
confirmed a robust linear correlation between Raman intensity ratios and mineral propor-
tions, highlighting their reliability for quantifying carbonate compositions. Moreover, the
Raman-derived compositions closely matched their bulk elemental Ca-Mg-Fe composition in
the synthetic carbonate mixtures.

In conclusion, this capability is critical for interpreting natural carbonate assemblages, where
intermediate compositions prevail and pure end-member phases are uncommon. Collectively,
the portable Raman matrix method constitutes a significant advancement for future in situ
adaptation in field environments, equipping geoscientists with a rapid, non-destructive tool
for compositional characterization and refined geological interpretation.
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