
DISTRIBUTION OF THERMOPHILIC ACIDOPHILES AT CERRO NEGRO, NICARAGUA, AN ANA-
LOG FOR ACID-SULFATE WEATHERING ENVIRONMENTS ON EARLY MARS.  K. L. Rogers 1, S. Ste-
phenson 1, T. M. McCollom2 and B. M. Hynek2,3. 1Dept. of Geological Sciences, University of Missouri, Columbia, 
MO, rogerskl@missouri.edu, sksr5b@mail.mizzou.edu. 2Laboratory for Atmospheric and Space Physics, University 
of Colorado, Boulder, CO, tom.mccollom@lasp.colorado.edu. 3Dept. of Geological Sciences, University of Colo-
rado, Boulder, CO, hynek@lasp.colorado.edu. 

 
 
Introduction: Orbiting spacecraft and landers have 

confirmed sulfate-rich bedrock at numerous locations 
on Mars’ surface.  These rocks are likely the result of 
acid-sulfate weathering, a process that could have been 
widespread during Mars’ early history.  On Earth, 
similar weathering is found in terrestrial solfataras, 
where sulfur-bearing gases alter primary mineralogy 
under hydrothermal conditions.  Studying the geo-
chemistry and microbiology of these terrestrial systems 
will allow us to evaluate better the habitability of simi-
lar systems that might have been common on early 
Mars.   

Cerro Negro as a Mars analog: At Cerro Negro 
volcano, Nicaragua, acid-sulfate weathering is occur-
ring in fresh basalts in high temperature fumaroles 
throughout the volcanic craters.  Fresh Cerro Negro 
basalt is very similar in composition to both martian 
meteorites and the observed composition of un-
weathered martian basalts [1].  These basalts are being 
altered in acidic, sulfur-rich fumaroles.  Because Cerro 
Negro is a young, active volcano with well-
documented eruptions, we are able to study the altera-
tion mineralogy produced under hydrothermal acid-
sulfate weathering conditions.  Many of the secondary 
minerals identified at Cerro Negro have also been 
found at the Mars Rover landing sites, including gyp-
sum, Mg-sulfates, jarosite, various clays and amor-
phous silica [2,3]. The primary lithology, secondary 
mineralogy, and high sulfur/low pH fumaroles make 
Cerro Negro an ideal analog for putative acid-sulfate 
weathering environments on early Mars. 

Microbial life at Cerro Negro:  In tandem with 
the geochemical studies, we are exploring the micro-
bial communities at Cerro Negro to better understand 
the habitability of hydrothermal acid-sulfate weather-
ing systems.  During field expeditions in 2008 fluid 
and sediment samples were collected at active fuma-
roles to explore the microbial diversity of these sites.  
Fluids were collected from the fumaroles using a steam 
condenser modeled after [4].  Both fluids and sedi-
ments were used in enrichment cultures targeting 
autotrophic sulfur reducers, heterotrophic sulfur-, sul-
fate- and thiosulfate-reducing thermophiles, and aero-
bic sulfur oxidizers.  Growth media were designed to 
mimic the low pH conditions found at Cerro Negro, 
with pH values of either 2 or 5.   

To date nearly four dozen positive enrichment cul-
tures have been obtained from nine locations through-
out the Cerro Negro system.  Positive enrichment cul-
tures were obtained from sites with temperatures rang-
ing from 75°C to 97°C and with in situ pH values from 
<1 up to 5.  Autotrophic sulfur reducers were found at 
seven sites and all nine sites showed positive growth in 
heterotrophic media.  Most sites showed growth under 
both aerobic and anaerobic conditions and all three 
sulfur sources supported growth at multiple locations.   

We are currently characterizing and isolating these 
cultures to describe better the microbial community 
that thrives in the acid-sulfate weathering environ-
ments of the Cerro Negro fumaroles.  We are also ex-
ploring the microbial diversity using culture-
independent techniques and continuing our studies of 
gas composition, alteration mineralogy, and geochemi-
cal reaction energetics. Correlations between the mi-
crobial diversity and the geochemistry of these sites 
will elucidate the potential habitability for similar envi-
ronments on Mars.  
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