Mineralogic Evolution of Mars Derived from OMEGA/MEx and Implications for Habitability 
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Mars habitability is coupled the presence and persistence of water and aqueous geochemistry. Recent spacecraft data (MGS, Odyssey, MER) reveal evidence for the sustained presence of water during Mars’ early history, but in a sulfur-rich, and perhaps acidic, environment. Here we present new perspectives derived from global mineralogical mapping by the OMEGA instrument on board the Mars Express mission.  OMEGA data (near global coverage, 352 visible-near infrared spectral bands, 0.3-4.8 km/pixel) resolve the presence and relative concentration of mafic Fe-bearing minerals (pyroxene, olivine), hydrated minerals (sulfates and phyllosilicates), ices, and degree of hydration.  We focus here on hydrated minerals. Fe and/or Mg-rich phyllosilicates (e.g. nontronite), formed under alkaline conditions, are found in very ancient terrains, exposed by either impact or erosion. Mg and Ca sulfates, with different degrees of hydration, are found in three types of sites: deposits in Valles Marineris, extended areas in Terra Meridiani and dunes near the northern polar cap. In general deposits of sulfate are younger than phyllosilicate.  No hydrated mineral deposits younger than Hesperian are found. We define three eras for the mineralogic evolution of Mars: a) phyllosilicate formation during the earliest era, with abundant water and alkaline conditions b) sulfate formation during the second era, with much lower water availability diminished atmosphere, and intense volcanism and c) cold, dry era persisting to the present. Under this model, conditions most favorable for habitability would have existed in the first era. Thus the search for astrobiological targets of interest should focus on these phyllosilicate-rich areas.
