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Abstract
The investigation of hydrous sulfate deposits and sulfate-cemented soils on the surface of Mars
is one of the important topics in the recent scientific endeavor to retrieve detailed knowledge about
the planetary water budget and surface weathering processes on our neighbor planet. Orbital visible/
near-IR spectra of the surface of Mars indicate kieserite, MgSO4·H2O, as a dominant sulfate species
at lower latitudes. However, given the Fe-rich composition of the martian surface, it is very probable
that its actual composition lies at an intermediate value along the solid-solution series between the
kieserite and szomolnokite (FeSO4·H2O) end-members. Despite the known existence of significant
lattice parameter changes and spectral band position shifts between the two pure end-members, no
detailed crystal chemical and spectroscopic investigation along the entire kieserite–szomolnokite solid
solution range has been done yet.
The present work proves for the first time the existence of a continuous kieserite–szomolnokite solidsolution series and provides detailed insight into the changes in lattice parameters, structural details,
and positions of prominent bands in FTIR (5200–400 cm–1) and Raman (4000–100 cm–1) spectra in
synthetic samples as the Fe/Mg ratio progresses, at both ambient as well as Mars-relevant lower temperatures. Additionally, an UV-Vis-NIR (29 000–3500 cm–1) crystal field spectrum of szomolnokite is
presented to elucidate the influence of Fe2+-related bands on the overtone- and combination mode region.
The kieserite–szomolnokite solid-solution series established in this work shows Vegard-type
behavior, i.e., lattice parameters as well as spectral band positions change along linear trends. The
detailed knowledge of these trends enables semi-quantitative estimations of the Fe/Mg ratio that can
be applied to interpret martian monohydrated sulfates in data from remote sensing missions on a global
scale as well as from in situ rover measurements. Given the knowledge of the surface temperature
during spectral measurements, the established temperature behavior allows quantitative conclusions
concerning the Fe/Mg ratio. Our understanding of the kieserite–szomolnokite solid-solution series will
be well applicable to the Mars 2020 and ExoMars 2020 rover missions that will focus on near IR (0.9
to 3.5 mm) and, for the first time on Mars, Raman spectroscopy.
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Introduction
The surprising discovery of large amounts of sulfate minerals
on the surface of Mars dates from the late 1970s when Viking
landers carried out the first in situ analyses of martian soils.
Using X‑ray fluorescence spectroscopy, the presence of diverse
Mg- and Ca-dominated sulfate salts was anticipated, in addition
to NaCl (Keil et al. 1978; Clark and Van Hart 1981). The sulfates
are presumed to originate from acidic weathering of basaltic
rock-forming minerals such as olivine and pyroxene, which are
believed to contain significant amounts of Fe (Christensen et al.
2004; Schröder et al. 2004; Morrison et al. 2018). Further in situ
measurements of the soil composition confirming sulfates took
place at Meridiani Planum and Gusev crater using data from the
alpha particle X‑ray spectrometer (APXS), Mössbauer spectrometer, and the Miniature Thermal Emission Spectrometer (Mini* E-mail: dominik.talla@univie.ac.at
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TES) on the Opportunity and Spirit rovers (landed in 2004). The
terrain at Meridiani Planum consists of bright, layered sediments
cemented by various sulfates—interpreted to be predominantly
kieserite, MgSO4·H2O, and jarosite, perhaps also minor bassanite, thenardite, and some halite (Clark et al. 2005). They extend
across vast regions of Meridiani Planum (Christensen et al.
2004; Clark et al. 2005; Glotch et al. 2006) as well as adjacent
areas of Terra Meridiani (Arvidson et al. 2005). The formation
of the sulfates and the cementation of the sediment by them are
believed to have been caused by percolating underground water
or sulfate-rich brines with partial contribution from overland flow
or body of water (Christensen et al. 2004). However, Knauth
et al. (2005) suggest that the observed sedimentary structures
could also be ascribed to impact surges from a large nickel-iron
meteorite. Papike et al. (2007) note that especially kieserite, via
partial Fe-, Ni-, or Co-incorporation, could be an indicator for
meteorite impacts as relevant processes in the formation and
redistribution of sulfates on Mars.
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