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Introduction:  Volcanic rocks and minerals are of 

tremendous importance to astrobiology due to the 
redox  potential of component metals that support life, 
their inherent transparence when viewed in thin 
section, and the ubiquitousness of volcanic rocks on 
other planetary bodies.  Despite reports of microbial 
weathering patterns in volcanic glass and minerals of 
both terrestrial and Martian origin [1-6], the 
underlying microbial physiologies that may ultimately 
produce these patterns remains a mystery.  By 
performing field and laboratory studies, our initial 
goals are to define which minerals in volcanic rocks 
are more attractive to microbial communities and to 
categorize community members by physiological type.  

Discussion:  Biological basalt weathering has been  
reported in many forms, including surface etching and 
pitting, and granular and tubular alteration patterns [4-
10].  Granular and tubular weathering patterns are the 
most relevant features to astrobiology, yet their 
formation has never been directly attributed to 
microbial activity or a particular physiology.  The 
oldest known microbial weathering features are from 
the Barberton Greenstone Belt in South Africa, which 
contain Archaean pillow lavas that were colonized 3.4 
to 3.5 billion years ago [1-2, 9].  Organic carbon and 
partially oxidized iron have also been discovered 
within the tubular features, suggesting they are of 
microbial origin [3].   

There are reports of multiple types of tubules found 
in basalt glass, varying in size, shape, and form [1-2, 
4-6].  This may indicate that a multitude of species are 
capable of producing these structures, although it is 
unclear what physiological processes are utilized to 
dissolve the glass.  Weathering features have been also 
been described in the iron-rich minerals olivine and 
pyroxene [4-6] which suggests that some weathering is 
performed by iron-dissimilatory bacteria.   

Biological weathering features are also found in a 
wide variety of basalts including oceanic crust, 
terrestrial flood basalts, and reportedly a Nakhla 
meteorite from Mars [4-6, 12].  With the exception of 
the Nakhlite, the interiors of microchannels have tested 
positive for DNA, and have elevated levels of 
phosphorous, potassium, aromatic amino acids, and 
organic carbon, providing encouraging evidence that 

the weathering features are indeed formed by 
microorganisms [3, 5].   

Summary:  We incubated a variety of volcanic 
minerals and glasses in a hydrothermal subseafloor 
borehole (IODP 1301A) for four years. Total cell 
counts and relative abundance of cells for each mineral 
were calculated post-recovery.  Mesophiles and 
thermophiles were also isolated using oligotrophic 
solid media.  The highest cell counts occurred on iron-
rich olivine, and there was a positive correlation 
between microbial abundance and the Fe(II) content of 
the olivine.  We isolated 10 unique mesophilic 
oligotrophs with close relatives to previously 
sequenced deep sea or endolithic bacteria, including 
one known iron oxidizer, one Gram positive isolate, 
and one fungus.  See Figure 1 below for the flow cell 
mineral incubator description. 

 
Figure 1.  A) Flow cells attached to osmopump, B) 
Flow cells disassembled from instrument string, C) 
Open flow cell with retaining sponges visible, D) 
Mineral sands and retaining sponges removed from 
flow cell.  
Concluding Remarks:  The microbial diversity 

and abundance reported in this study suggests that 
low-oxygen subsurface igneous environments can 
support thriving microbial communities. Since life was 
more abundant on the minerals containing high 
amounts of iron, it is likely that their energy did not 
come from the hydrothermal fluid alone.  The impact 
of the microbial communities on the mineral surfaces 
is being determined.   
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