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Abstract

Various anhydrous, monohydrated and polyhydrated sulfates are widespread secondary
or evaporite minerals on Earth. Furthermore, sulfate deposits have been detected in many
Martian regions [1], and there are speculations about the presence of certain sulfates on the
icy surface of moon Europa [2]. Sulfates are often considered as evidence of liquid water since
water-containing ones require aqueous conditions to form. They also play an important role
as indicators of past and present geochemical conditions not only on Earth but also on Mars.
The study of the composition of sulfates, or mere identification of specific phases, can help
to estimate if conditions can be favorable or unfavorable for life. Therefore, the need for
progressive methods of detection has arisen.
Raman spectroscopy has been already proposed as an analytical technique for near-future ex-
ploration missions targeting Mars (ExoMars, Mars 2020) due to the advantages and relative
simplicity of this method. Sulfates, due to their crystal structure, usually provides distinc-
tive Raman spectra across various structural types and chemical compositions. Furthermore,
Raman spectroscopy is sensitive to the change in the water content, allowing discrimination
of actual hydration states within certain sulfate groups (e.g. Fe,- Mg-, or Al-sulfates) [3].

In our research, we take advantage of Raman spectroscopy, both in laboratory and on-
site, to identify and characterize sulfates that form in various environments, especially in
sulfide-weathering areas (e.g. melanterite, copiapite, or jarosite) and at burning coal heaps
(e.g. alunogen, godovikovite, or sabieite). The latter also represents an example of a high-
temperature environment similar to fumaroles on volcanoes (itself considered as a promising
exobiological analog) and provides a unique opportunity to study changes in hydration states
of sulfates directly in the field. Presented results show advantages of deployment of miniature
hand-held Raman instruments and benchtop Raman microscopes, as well as their compar-
ison, for the characterization of sulfates from real geological settings. In general, sulfate
phases are detectable by Raman spectroscopy under unfavorable in-situ conditions even us-
ing miniaturized Raman instruments although specific challenges may arise, especially when
analyzing complex mineral aggregates.
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