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ABSTRACT

We have built three multivariate analysis mathematical models based on principal component
analysis (PCA), partial least squares (PLS), and artificial neural networks (ANNSs) to detect sulfate
minerals in geological samples from laser Raman spectral data. We have critically assessed the po-
tential of the models to automatically detect and quantify the abundance of selected Ca-, Fe-, Na-,
and Mg-sulfates in binary mixtures. Samples were analyzed using a laboratory version of the Raman
laser spectrometer (RLS) instrument onboard the European Space Agency 2018 ExoMars mission.
Our results show that PCA and PLS, can be used to quantify to some extent the abundance of mineral
phases. PCA separated hydrated from dehydrated mixtures and classified mixtures depending on the
phase abundances. PLS provided relatively good calibration curves for these mixtures. Upon spectral
pre-processing, ANNs provided the most precise qualitative and quantitative results. The detection of
mineral phases was 100% accurate for pure samples, as was for binary mixtures where the abundance
of mineral phases was >10%. The outputs of the ANN were proportional to the phase abundance of the
mixture, thus demonstrating the ability of ANNS to quantify the abundance of different phases without
the need for calibration. Taken together, our findings demonstrate that multivariate analysis provides
critical qualitative and quantitative information about the studied sulfate minerals.
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