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The microbial diversity of igneous rocks is poorly cha-

racterised and yet they form a large proportion of the 

Earth’s surface. In that igneous rocks would have been 

important as habitats for life on the early Earth, and the 

surface of Mars is primarily basaltic rock, understand-

ing their microbial diversity is of astrobiological im-

portance. 

  Culture and culture-independent methods (16S 

rDNA) were used to investigate the populations of bac-

teria inhabiting a basaltic glass/palagonite subglacial 

(hyaloclastite) deposit subject to weathering in Iceland 

(1,2). The <0.8 Ma old rock hosts a diverse microbial 

community (Figure 1). 16S rDNA clones were domi-

nated by Actinobacteria, Proteobacteria, Bacteroidetes 

and Acidobacteria. Representatives of Gemmatimona-

detes and Verrucomicrobia were present. Isolation of 

organisms on basalt/palagonite plates yielded only two 

isolates, an actinobacterium and a Bacteroidetes, show-

ing the limited number of readily culturable bacteria 

present, at least in the time scale of laboratory cultiva-

tion. The isolates demonstrated tolerance to transition 

metals (Cr, Cu, Zn, Ni, Co) naturally present in the 

rock. The growth of the isolates was inhibited at typical 

pH values for Icelandic rain, which suggests that the 

increase in pH caused by the consumption of protons in 

rock weathering, for example by palagonite formation, 

may play a role in defining which organisms are active. 

Colonization experiments show that the filamentous 

growth habit of the actinobacterium isolated on ba-

salt/palagonite allows it to actively invade and colonise 

the basaltic glass. The filamentous growth of some 

Actinobacteria may be an important contributor to their 

role in systemic interstitial rock weathering in the natu-

ral environment. 

  Similar microbial phyla were identified in the silica-

rich counterpart to basaltic glass – obsidian (3,4). 

However, the slower weathering rate of obsidian and 

the lack of a weathering product similar to palagonite 

partly account for the lower species richness and a mi-

crobial abundance approximately three orders of mag-

nitude lower than basaltic glass (5). Despite these ob-

servations, the slow weathering rate of obsidian makes 

it a more stable rock substrate than the relatively rapid-

ly weathered basaltic glass, allowing for the formation 

of endolithic biofilms of phototrophs in places where 

albite and pyroxene phenocrysts have weathered away. 

   

   In constrast to to the basaltic glass, in which micro-

organisms are distributed throughout the rock matrix 

and can be found on the surface of palagonite, the or-

ganisms in the obsidian are shown to be localized to 

phenocrysts by FISH. 

 

Figure 1. Pie chart showing principal phyla in basaltic 

glass from Iceland. 

 
  Analysis of the microbial populations by PhyloChip 

confirms that volcanic rocks harbor high microbial 

diversity, with over 1700 OTUs detected in the rock 

types. Although the PhyloChip shows the presence of 

chemolithotrophs within the rocks and we have subse-

quently been able to culture these organisms (unpub-

lished data), the majority of the clones are heterotrophs 

suggesting that the bulk, if not all in some locations, of 

the microbial population in the rocks is driven by or-

ganic carbon. Allochthonous organic carbon may be 

entrained within the rocks or produced autochthonous-

ly by phototrophs or other autotrophs. 

   These data show that in the absence of a photosyn-

thetic biosphere to supply organic carbon, surface vol-

canic rocks, in the absence of hydrothermal activity to 

drive rapid weathering, would sustain a very small 

number of organisms, if any at all. These observations 

help guide the search for life in basaltic terrains on 

Earth and on Mars.  
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