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Background 
Rock-microbe interactions were studied in a microcosm experiment 
to unravel the attachment and possible biofilm formation by deep 
terrestrial subsurface microbes of Outokumpu bedrock fracture 
zone water to rock during the incubation. In addition, the effect of 
rock type on the attachment of the microbes was examined. The 
2260-m fracture zone is characterized by warm, saline fluids with 
calcium and sodium as dominating cations and chloride as the most 
abundant anion. Electrical conductivity is around 40 mS/cm and pH 
of near 9. This fracture zone hosts a microbial community of β-
proteobacteria and sulphate reducing bacteria (SRB), such as 
Peptococci and Family XI Clostridia (Purkamo et al. 2013). 
 
The total amount of microbial cells in this fracture zone is 1.5 x 103. 
Chemolithoautotrophy is the most probable form of metabolism in 
deep subsurface, where oxygen and organic carbon are scarcely 
available, but methane and hydrogen are abundant. Surrounding 
rock itself can provide a carbon source or an electron sink for 
microbes. 

Materials and methods 

Results 
Considerable number of microorganisms was observed by SEM on 
surface of different rock types. However, the microbes were present 
as individual cells and no biofilm was detected (Fig. 1). PCR-DGGE 
results (Fig. 2) demonstrated that all rock types hosted similar 
communities, comprised from only two operational taxonomic units 
(OTUs). Microbes attached to rock rods were affiliated with 
sulphate reducing Desulfotomaculum sp. and a thiosulfate 
producing Desulfonispora thiosulfogenes (Fig. 3). Fluid fraction of the 
microcosm contained in addition to these several other OTUs. 
Minerals formed on the rock surfaces included spherical pyrite (FeS2) 
and gypsum (CaSO4 ·2(H2O)) aggregates (Fig. 1D), pyrrhotite (FeS), 
flower shaped Fe-rich aggregates (Fig. 4), siderite (FeCO3), and 
silver minerals (AgCl, Ag2S). 

Figure 2. Bacterial community structure in the surface of different rock types 
and in the fluid fraction of the microcosm after  12 months of incubation 
revealed by DGGE analysis of 16s rRNA gene fragments. 

Discussion & conclusions 
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Figure 4. Flower-
shaped Fe-rich 
aggregates on rock 
surfaces. 

Water samples were collected from the deep scientific drill hole at 
Outokumpu, Eastern Finland, in June 2010. Headspace bottles 
containing skarn, black schist, pegmatitic granite, mica schist 
and serpentinite rods were filled with fracture zone water. 
Microcosm rock material was produced from the Outokumpu drill 
core. Microcosms were incubated at +30°C for approximately one 
year. Biomass from the incubation fluid was concentrated by filtration 
through a Sterivex-filter. Rock rods were divided in two, for SEM-
analyses and PCR-DGGE, respectively. For SEM, rock samples 
were fixed in glutaraldehyde, dehydrated in mounting ethanol series 
followed by hexamethyldisilazane. The samples were coated with Pt/
Pb and examined with Hitachi S-4800 FESEM operated at 1 kV. 
 
Biomass attached to rock rods was detached by shaking in PBS-
Tween 20 buffer for 20 minutes and sonication for 3 minutes. 
Detached biomass in buffer solution was then collected to Sterivex-
filters. Microbial community was studied by bacterial 16S rRNA gene 
targeted PCR-DGGE and sequencing. Sequence data was 
processed with the Geneious software and compared to public 
libraries in order to reveal the phylogenetic affiliation of the acquired 
sequences. 

Minerals formed on the rock surfaces during the experiment may 
originate from solely inorganic processes, but many of the microbial 
phylotypes found from the microcosms have the capacity to perform 
these processes. Even though not forming dense biofilms on the rock 
surfaces, microbes could utilize the rock surfaces as reactants in their 
metabolism. As some SRB may use iron as electron acceptor, we 
presume that the siderite formed in the microcosms could be derived 
from this type of enzymatic iron metabolism. One phylotype attached 
to rocks was closely related to Desulfonispora thiosulfogenes, a 
anaerobic bacterium isolated from lake sediment. While D. 
thiosulfogenes doesn’t use sulphate, sulphite or nitrate as electron 
acceptor, this phylotype could be responsible for the iron reduction 
and siderite formation. D. thiosulfogenes is described as a taurin-
fermenter, but the organic-rich black schist could be a source of 
organics for the closely affiliated phylotypes found in the microcosms. 
On the other hand, pyrite will form as sulphate reducing bacteria 
produce H2S in the presence of iron. Desulfotomaculum putei, a 
thermophilic SRB isolated from deep terrestrial subsurface, was the 
closest relative to the second phylotype found in the microcosms. 
Acetate, produced by Desulfonispora-like bacteria could act as 
electron donor for Desulfotomaculum-like of organisms in the 
microcosms thus resulting in sulphate reduction and pyrite 
formation.  
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Figure 3. Phylogeny 
of the 16S rRNA gene 
fragments. 

Figure 1. SEM micro-
graphs of individual 
microbial cells on surface 
of different rock types: a 
filamentous micro-
organism adhered on the 
surface of granite (A), 
three rod shaped 
microbes with a cell 
length of 2 µm on surface 
of skarn (B), a number of 
spherical organisms 
adhered on serpentinite 
(C, D), and filamentous 
microbes on surfaces of 
black schist (E) and mica 
schist (F).  


