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aBsTracT

Sulfate minerals are important indicators for aqueous geochemical environments. The geology and 
mineralogy of Mars have been studied through the use of various remote-sensing techniques, including 
WKHUPDO��PLG�LQIUDUHG��HPLVVLRQ�DQG�YLVLEOH�QHDU�LQIUDUHG�UHÀHFWDQFH�VSHFWURVFRSLHV��6SHFWUDO�DQDO\VHV�
of spacecraft data (from orbital and landed missions) using these techniques have indicated the presence 
of sulfate minerals on Mars, including Fe-rich sulfates on the iron-rich planet. Each individual Fe-sulfate 
PLQHUDO�FDQ�EH�XVHG�WR�FRQVWUDLQ�EXON�FKHPLVWU\�DQG�OHQGV�PRUH�LQIRUPDWLRQ�DERXW�WKH�VSHFL¿F�IRUPDWLRQDO�
environment [e.g., Fe2+ sulfates are typically more water soluble than Fe3+ sulfates and their presence 
would imply a water-limited (and lower Eh) environment; Fe3+ sulfates form over a range of hydration 
OHYHOV�DQG�LQGLFDWH�IXUWKHU�R[LGDWLRQ��ELRORJLFDO�RU�DELRORJLFDO��DQG�LQFUHDVHG�DFLGL¿FDWLRQ@��7R�HQDEOH�
better interpretation of past and future terrestrial or planetary data sets, with respect to the Fe-sulfates, 
we present a comprehensive collection of mid-infrared thermal emission (2000 to 220 cm–1���±���ȝP��
DQG�YLVLEOH�QHDU�LQIUDUHG������±��ȝP��VSHFWUD�RI����GLIIHUHQW�IHUURXV��DQG�IHUULF�LURQ�VXOIDWH�PLQHUDOV��
Mid-infrared vibrational modes (for SO4, OH, H2O) are assigned to each thermal emissivity spectrum, and 
the electronic excitation and transfer bands and vibrational OH, H2O, and SO4 overtone and combination 
EDQGV�DUH�DVVLJQHG�WR�WKH�YLVLEOH�QHDU�LQIUDUHG�UHÀHFWDQFH�VSHFWUD��3UHVHQWDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�
WKHVH�)H�VXOIDWH�WKHUPDO�HPLVVLRQ�DQG�YLVLEOH�QHDU�LQIUDUHG�UHÀHFWDQFH�VSHFWUD�ZLOO�HQDEOH�WKH�VSHFL¿F�
FKHPLFDO�HQYLURQPHQWV�WR�EH�GHWHUPLQHG�ZKHQ�LQGLYLGXDO�)H�VXOIDWH�PLQHUDOV�DUH�LGHQWL¿HG�
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inTroDucTion

The 370–390 sulfate-mineral species (Hawthorne et al. 2000; 
Athena Mineralogy at http://athena.unige.ch/athena/mineral/
minppcl6.html, archived by WebCite at http://www.webcitation.
org/6TTPwVErk) are indicators of aqueous environments, and 
can form over a broad range of geochemical conditions. Through 
evaluation of the chemical formulas of these numerous sulfate 
species, we determined that ~25% of known sulfate minerals are 
Fe-bearing (Fe3+, Fe2+). Fe3+ sulfate minerals tend to form in acidic 
environments at a range of temperatures, through precipitation due 
to evaporation of concentrated sulfuric acid solutions (e.g., H2SO4) 
such as may occur in volcanic hydrothermal/fumarolic/aerosol or 

acid mine drainage environments; conversely, many Fe2+ sulfates 
form at higher pH, in neutral to alkaline hydrothermal environ-
ments. Fe-bearing sulfates occur not only on Earth, but there is 
strong evidence for Fe-bearing sulfates occurring on Mars as 
well (e.g., Burns 1987). Fe2+ sulfates that form in a less oxidizing 
environment have been identified on Mars, and there is a great 
likelihood that szomolnokite (and/or other Fe2+ sulfates) (Bishop 
et al. 2009; Weitz et al. 2012) would be widespread because the 
martian environment is enriched in iron and sulfur (specifically 
dominated by Fe2+-bearing primary igneous minerals and sulfate). 
There is visible/near-infrared (VNIR) spectral evidence for a broad 
distribution of the similarly structured mono-hydrated sulfate spe-
cies, kieserite, which is in solid solution with szomolnokite (e.g., 
Arvidson et al. 2005; Gendrin et al. 2005; Bishop et al. 2009; 
Murchie et al. 2009; Roach et al. 2009). Fe3+ sulfates also have 
been identified on Mars as jarosite in the Ca-,Mg-sulfate outcrops 
in Terra Meridiani using Mössbauer spectroscopy (Klingelhofer et 
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