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abstract
We have built three multivariate analysis mathematical models based on principal component
minerals in geological samples from laser Raman spectral data. We have critically assessed the poand 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
phase abundances. PLS provided relatively good calibration curves for these mixtures. Upon spectral
mineral phases was 100% accurate for pure samples, as was for binary mixtures where the abundance

critical qualitative and quantitative information about the studied sulfate minerals.
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introduction
Laser Raman spectroscopy has been proposed as a powerful
tool for the identification of minerals in the context of planetary
exploration, including Mars (Sharma et al. 2003; Sobron and
Alpers 2013; Sobron et al. 2008; Wang et al. 2003; Wiens et al.
2007), Europa (Angel et al. 2012; Sobron et al. 2013), Venus
(Lambert et al. 2010), the Moon (Ling et al. 2009), and asteroids
(Kong and Wang 2010). In addition, the feasibility of using laser
Raman spectroscopy for the detection of biosignatures in terrestrial analogues to Mars has been demonstrated (e.g., Bower
2012; Ellery and Wynn-Williams 2003; Steele et al. 2010; WynnWilliams and Edwards 2000). A Raman laser spectrometer (RLS)
is part of the science instrument payload of the European Space
Agency 2018 ExoMars mission; the RLS instrument will target
mineralogical and astrobiological investigations on the surface
and subsurface of Mars (Rull et al. 2011a, 2011b).
The current concept of operation of the RLS instrument is a
raster analysis of crushed drill-core materials (Rull et al. 2011a).
In this configuration, the geological and morphological context of
the spots analyzed by RLS will be lost, as the crushing stage will
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preclude correlation between RLS spectra and the imagery acquired by the rover Close-Up Imager CLUPI (Josset et al. 2012).
While the synergy between these instruments in the current
ExoMars payload configuration has been demonstrated (LopezReyes et al. 2013a), identification of the mineral phases present
in the geological targets and quantification of their abundance
with RLS will mostly rely on spectral data and not morphology
or texture. Therefore, to enable unambiguous identification and
quantification of phase abundance, robust spectral processing
methods are needed.
Mineral identification using Raman spectroscopy is often
performed by comparing acquired spectra to reference spectra
available from the literature and different databases, e.g., the
RRUFF project database (Downs 2006). Several algorithms have
been developed that enable an automated identification of Raman
spectra using traditional univariate analysis, i.e., the description
of individual variables in a given spectrum (Hermosilla et al.
2013; Kriesten et al. 2008; Perez-Pueyo et al. 2004; Sobron et
al. 2008). These algorithms, however, fail to accurately estimate
mineral abundance in complex geological samples, although
applications for the quantitative analysis of relatively simple
mixtures have been proposed (Lopez-Reyes et al. 2013a; Schumacher et al. 2011; Vagenas and Kontoyannis 2003).
Multivariate analysis techniques (MVAT) are statistical
techniques that deal with simultaneous measurements on many
variables, and aim at understanding the relationships between
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