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Introduction: Lava tubes (pyroducts) contain a wealth 
of colorful microbial mats [1], [2], [3], [4], but in addi-
tion to these clearly biological deposits, there are many 
non-biological appearing mineral deposits. These de-
posits include an amorphous copper-silicate deposit 
(Hawai’i), which is blue-green in color, resembling 
chrysocolla, which contains many biological mor-
phologies. In the Azores, lava tubes contain iron-oxide 
formations, a soft ooze-like coating, and pink hexa-
gons, while gold-colored veins and shredded gold-
colored deposits are found in lava tubes in New Mex-
ico and Hawai’i respectively (Figure 1). A combina-
tion of scanning electron microscopy (SEM), culture-
independent molecular techniques, and culturing stud-
ies has revealed diverse microbial communities that 
inhabit these mineral-like deposits.  The discovery that 
such deposits contain abundant life can help guide our 
detection of life on other extraterrestrial bodies. 

Figure 1: Copper, iron, and organic ooze deposits from 
Hawai'i, New Mexico, and the Azores. 

Methods: Samples of these deposits were collected 
aseptically and either mounted directly on SEM stubs, 
covered with sucrose lysis buffer to break open cells 
and stabilize the DNA, or introduced into growth and 
selective isolation media. DNA was extracted from the 
buffered samples, amplified with universal bacterial 
primers, cleaned, cloned, sequenced, and analyzed 
phylogenetically. Cultures were transported to the 
laboratory for long-term incubation in the dark at tem-
peratures that approximate cave temperatures.  Sam-
ples for SEM and EDX analysis were coated with 

Au/Pd and imaged on a JEOL 5800 scanning electron 
microscope. 

Biological Morphologies Revealed by Microscopy: 
SEM revealed a variety of biological morphologies, 
including reticulated filaments in the blue-green depos-
its, bumpy filaments in the gold veins, and iron-oxide 
coated filaments in the pink hexagons (e.g. see Figure 
2).  Some of the morphologies observed resemble de-
scribed Actinobacteria, a phylum of bacteria that are 
often found in caves. 

Figure 2: Blue-green, copper-containing deposits contain a 
wealth of biological morphologies, including reticulated 
filaments [5]. 

Bacterial Phyla Present: Molecular analysis revealed 
the presence of fourteen phyla across these deposits, 
including Proteobacteria, Acidobacteria, Gemmati-
monadetes, Verrucomicrobia, Bacteroidetes, Plancto-
mycetes, Firmicutes, Acidobacteria, TM7, OP10, OD1, 
Clamydiae, Chloroflexi, Actinobacteria, and Nitrospi-
rae. Cultures are producing several biological pig-
ments and iron, copper, and manganese minerals in the 
media. Across the samples, a great deal of bacterial 
diversity was observed, but there were marked differ-
ences between these more mineral-like deposits and 
the microbial mats.  Unlike the microbial mats where 
they are almost ubiquitous, Actinobacteria were found 
in only some of the mineral deposits.   The iron oxide 
formation proved to contain several Bacillus spp., in 
the phylum Firmicutes.   

5489.pdfAstrobiology Science Conference 2010 (2010)



 

Figure 3: Comparison of bacterial phyla found in mineral-
appearing deposits in Hawai'i, New Mexico, and the Azores.  
Photos by Kenneth Ingham. 

Significance: This study expands our knowledge of 
the diversity and microbe-mineral interactions, specifi-
cally in lava tubes. Investigation of such deposits that 
are not obviously biological, allows us to enhance our 
ability to detect biosignatures of their presence with 
applications to the analysis of potential biotextures in 
the rock record of Earth and the search for microbial 
life on other planets.  Recent evidence from Mars and 
other bodies in the Solar System, suggest the presence 
of lava tubes.  Such features have been suggested as 
excellent sites for investigating the possibility of life 
[6], [7] due to their more sheltered nature from the 
harsh conditions of the surface.  To enhance our ability 
to detect life on other bodies, we need to consider de-
posits on Earth that do not immediately suggest that 
they are biological in nature.  
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