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Introduction:  Volcanic activity and hydrothermal 

fluid flow are likely to have persisted, or still exist in 
subsurface environments of several planets in our solar 
system, and beyond.  Ongoing NASA orbiter and rover 
missions are collecting physical and geochemical data 
to characterize planetary environments and their natu-
ral satellites, with the aim of locating habitable worlds. 
Even though some of the earliest experiments looking 
for evidence of life were based upon the premise that 
biological processes throughout the universe mimic 
those on Earth, promising contemporary analogs for 
habitable environments elsewhere are fumaroles asso-
ciated with active arc volcanism.  

Arc volcanoes, unlike the picturesque hot spot vol-
canoes of Yellowstone National Park, are characteristi-
cally explosive, being formed and fueled by a subduct-
ing oceanic crust.  This process, driven by high tem-
peratures and pressures at depth, encourages the re-
lease of volatiles trapped in the older lithosphere, in-
cluding water vapor, CO2, H2S, among others.  As a 
result, associated terrestrial environments are mineral-
rich, acidic, and vent enormous quantities of reduced 
gases that can be assimilated or mineralized by micro-
bial communities.   

Considering all the data collected thus far from 
Mars [1,2,3], several environments here on Earth have 
been identified as “Mars analogues”, leveraged as 
models for experimental scientists to investigate condi-
tions promoting life [4]. Recognizing the composition 
of volatiles trapped in martian mudstone, including 
high concentrations of H2O, CO2, SO2, H2, H2S, HCl, 
and other trace gases [2], it is conceivable that present-
day microbes sustained by volatile outgassing associ-
ated with subduction-zone volcanism may offer a 
prime opportunity to conduct “analogous-microcosm” 
studies using soils collected from such environments 
here on Earth. 

Leveraging coupled fumarole soil and gas samples 
collected from several Aleutian Island volcanoes in 
2015 (Gareloi, Kanaga, Kiska, Little Sitkin) and 2016 
(Okmok), and Costa Rica (2017), both of which are 
subduction zone systems, this research is seeking to 
identify the linkages between subaerial volcanic gas 
flux and the accompanying bacterial and archaeal ac-
tivity.  DNA has been extracted from the soil and is 
being used to describe microbial community composi-
tion, and subsequently correlated with the outgassing 

measurements.  Preliminary data suggests a relation-
ship between the abundance of specific groups of pro-
karyotes known to metabolize reduced gases, such as 
sulfur-reducers, carbon monoxide oxidizers, and 
methylotrophs, and the abundances of the degassing 
volatiles, including hydrogen sulfide, carbon dioxide, 
and methane.  Ongoing studies aimed at investigating 
the relationship between the genomic composition of 
the fumarolic microbial community and the physical 
and chemical properties of the soil (i.e. mineralogy, 
bulk geochemistry, nutrient concentration, gas flux, 
and environmental measurements) are underway. The-
se data will be used to evaluate the potential for micro-
bial communities to remove volcanic carbon and store 
it as biomass, or to modify the volatile carbon flux 
through metabolic activities.  With these correlations, 
it is expected that further refinement to the definition 
of “habitability” on other planets will be discerned. 
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