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Introduction:  Mars has been a volcanically active 

planet throughout its history, and the scarcity of water 
at the surface through most of this time suggests that 
fumaroles may have been more common than hot 
springs.  In fumarolic environments, condensation of 
volcanic vapors would have provided localized warm, 
moist habitats for life on Mars, even when dry and cold 
conditions prevailed over most of the planet.  In an 
effort to understand more about the potential for life 
and biosignature preservation in fumarolic systems, we 
have begun studying endolithic photosynthetic com-
munities that inhabit fumaroles at Cerro Negro volca-
no, Nicaragua (Fig. 1a).  These communites inhabit 
environments where condenstation of steam-rich va-
pors provide a continuous source of moisture and ele-
vates temperatures well above ambient conditions. 

Geologic setting:  Cerro Negro is a young, basaltic 
cinder cone that last erupted in 1999.  Within the vol-
cano’s crater, steam-rich vapors discharge to the sur-
face in two principal modes: (1) localized areas of fo-
cused, high temperature (to >200°C) venting of strong-
ly acidic, SO2-rich steam, and (2) broad areas where 
vapor flows diffusively through cinders and altered 
mineral deposits [1,2].  In the diffuse areas, condensa-
tion of vapors leaves a layer of moisture on the mineral 
deposits, where temperatures range from ~100°C down 
to ambient and the pH of condensed fluids range from 
mildly acidic (~4)  to circumneutral (~7). 

Endolithic communities:  The presence of photo-
synthetic communities within the fumarolic deposits is 
readily recognizable by layers of green pigmentation 
(Fig. 1a). The pigment layers are enclosed within min-
eral deposits, typically 0.5 cm or more below the sur-
face.  While temperatures in areas of diffuse vapor 
discharge can range to over 100°C, the pigmented de-
posits are confined to areas with T <65°C.  Pigmented 
layers are found in a number of different settings, en-
compassing a range of mineral substrates (amorphous 
silica, gypsum),  pH (acidic to circumneutral), and 
fluid compositions (e.g., high vs. low sulfate). 

Initial analysis of one endolithic community indi-
cates it is dominated by acidic red algae (Cyanidiales), 
accompanied by a highly diverse microbial population 
that includes aerobic bacterial heterotrophs (Ktedono-
bacteria) and archaeal thermoacidophiles (Hyperther-
mus, Caldisphaera, and Thermofilum) [3].  Examina-
tion of the pigmented layers by SEM revealed wide-

spread spherical shapes ~5 µm in diameter that pre-
sumably represent photosynthetic cells (Fig. 1b).    

Biomarker preservation:  Because the endolith 
communities inhabit sites of active mineral precipita-
tion, there is a high potential for preservation of mor-
pholigical and chemical biosignatures.  For example, 
initial analyses show algal cells become coated with 
deposits enriched in Si and Mg (Fig. 1b), which pre-
serves morphological evidence for cells in older depos-
its.  Efforts are underway to further charactize these 
preserved cells and any carbonaceous deposits that 
may be associated with them. 
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Figure 1.  (a) Photosynthetic endolith community em-
bedded in amorphous silica deposited on top of basalt. 
(b) Elemental map of pigmented layer, showing car-
bon-rich coccoidal cyanobacteria cells and SiO2-
coated spheroids presumably deposited on relict cells. 
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