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Introduction: Much of the lunar and Martian land-

scape is clearly rugged volcanic terrain. Lunar lava 
rilles and possible collapsed tubes were recognizable 
even in early Apollo-era images. Very recent work has 
increased our confidence that there are indeed lava-
tubes and other salient volcanic features on the moon 
[1].  The case for lavatubes on Mars has been greatly 
strengthened recently [2], and the presence of these 
structures on Venus, Io, and possibly even Mercury 
has been suggested by a variety of missions. Not sur-
prisingly, Earth's many lavatubes have been considered 
as potentially valuable models of similar planetary 
structures.  The volcanic caves of Earth are not as well 
understood as many other cave types, particularly 
limestone caves in classical karst terrains. Neverthe-
less, there is a recent appreciation of them.  This in-
creased attention includes studies of  the microbial 
inhabitants of Earth tubes [3], [4]. Such microbial 
communities are often visually striking.  Sometimes no 
vislble evidence of microbial activity is present, but no 
matter the physical appearances, microbes are at work 
breaking down the bedrock, creating biofilm, trapping 
particles, and precipitating mineral materials.  Detailed 
study of such biosignatures (i.e. the traces of microbial 
presence) can enable us to infer the prior presence of 
organisms long after they have disappeared from the 
environment.  Unique, or at least distinctive minerals 
and biotextures associated primarily or solely with 
microbial activity are important tools for astrobiology 
in all relevant environments including ivolcanic caves. 

 
Geomicrobial indicators and climatic gra-

dients: A major focus of our work has centered 
around the microbial inhabitants of lavatubes across a 
broad set of climatic, altitudinal, and moisture gradi-
ents.  We see that the mineral biosignatures that organ-
isms create or facilitate can be diagnostic of features of 
the living biology and the geochemical effects that 
they have on their rock environments.  Lavatubes are 
often heavily colonized with communities of novel 
organisms and secondary mineralogy of lavatubes can 
range from sulfates and sulfides, through iron and 
manganese compounds, carbonates, copper minerals, 
and silica minerals. The study of such life indicators 
can serve as an atlas of possible target materials for life 
detection experiments on future planetary missions. 

We are comparing the microbial biosignatures pro-
duced in lavatube caves with each other across a wide 

geographic range and with similar microbial/mineral 
biosignatures produced in other cave environments.  
For example, there are many parallels like Opal-A spe-
leothems seen in lavatubes, granite, and quartzite 
caves, to Fe and Mn precipitating organisms seen in 
lavatubes, limestone, and gypsum caves. The geo-
chemistry and lithology may be dominated by sulfates 
and sulfides, iron and manganese, carbonates, copper 
minerals, or silica, but although the details of the 
chemistry and microbial diversity may differ, a suite of 
similar ecological themes with specific speleological 
and geomicrobial consequences can be seen at work in 
each.   

 
Implications: Tracing biosignatures both physical 

and geochemical across a suite of environmental gradi-
ents on Earth enable us to see how such conditions 
alter the detectable products of microorganisms.  Such 
indicators are essential to intelligent future mission 
planning. 
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