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Abstract
Terrestrial thermal environments can serve as analogs for subsurface environments in the search for 

life because they regularly host microbial communities, which may leave behind biosignatures. This 
study focused on an acid-sulfate hydrothermal site as an analog for a potentially habitable environment 
on Mars. A weathered boulder in the thermal area was dissected, revealing an interior marked with 
disconnected horizons of differently colored materials, very low pH, and increasing temperature. The 
mineralogy comprised weathering products from andesite (kaolinite, quartz, clinoptilolite) along with 
sulfate salts (alunite, jarosite, tschermigite, and copiapite) formed by oxidation of sulfide and ferrous 
iron. Characterization of organic matter in this boulder and several soil samples yielded interesting but 
surprising results. Both mass spectrometry and Raman spectroscopy identified organic compounds in 
portions of the soils and the boulder. Jarosite-associated samples showed more numerous and diverse 
organic signatures than did Al-bearing silicate samples, despite the lower total organic carbon content 
of the jarosite-associated soils (0.69 ± 0.07 wt% Corg) compared to the Al-bearing samples (1.28 ± 
0.13 wt% Corg). Results from our geochemical, mineralogical, and spectroscopic study of hydrothermal 
alteration products and salts inform the heterogeneous distribution of inorganic and organic materials 
that could delineate habitats and demonstrate the limits on organic matter detectability using different 
analytical techniques. Furthermore, we relate our measurements and results directly to current and 
upcoming martian missions, and we provide recommendations for detection and characterization of 
minerals and organics as biosignatures on Mars using instruments on future missions.
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Introduction
Multiple geologic environments with evidence of aqueous 

alteration processes have been identified on Mars (e.g., Bibring 
et al. 2006; Murchie et al. 2009; Ehlmann and Edwards 2014). 

Carter et al. (2013) documented numerous sites on the surface 
of Mars containing hydrous minerals, including phyllosilicates 
and sulfate minerals, using data from the Observatoire pour la 
Minéralogie, l’Eau, les Glaces et l’Activité (OMEGA) and Com-
pact Reconnaissance Imaging Spectrometer for Mars (CRISM) 
data. Most sites are located in ancient outcrops in Noachian and 
Hesperian terrains. The recent selection of Jezero crater, which 
has been interpreted as an episodic paleolake, delta, and/or fluvial 
plain (Ehlmann et al. 2008; Goudge et al. 2015a, 2015b) as the 
target for the Mars 2020 landing site emphasizes the relevance 
of understanding the potential for biosignature preservation in 
rocks containing carbonates, sulfates, and clay minerals in the 
search for evidence of life. Jezero crater contains a volcanic unit 
dated at ~3.45 Ga that embays the sedimentary fan unit to be 
investigated by Mars 2020 (Goudge et al. 2015a). Volcanic heat 
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