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Two diametrically opposite environments on the 

Earth represent the ecological perspective for astrobi-
ology: permafrost - a unique subzero depository of 
ancient viable microorganisms, and active volcanoes - 
settled geothermal oases inhabited by hy-
per/thermophilic bacteria and archeae. In certain areas 
volcanoes ether are situated in the permafrost region or 
cause the permafrost formation due to crust elevation. 
In these cases the microorganisms associated with vol-
canic activity theoretically could be embedded and 
stored in frozen sediments. Two regions were selected 
for field investigations to find thermophilic microor-
ganisms in volcanic permafrost: 

1. Active volcanoes (Ploskii Tolbachik and Shive-
luch) on Kamchatka peninsula (55-56°N, 160-161°E) 
occupied by permafrost from the elevations ~1000 m 
above sea level. 

2. Deception Volcano (62°57′S, 60°36′W) - an ac-
tive volcano in the South Shetland Islands, Antarctic 
Peninsula.  

The permafrost samples (ash and scoria) were ob-
tained from boreholes by drilling on Ploskii Tolbachik 
and Deception Volcano; precautions were taken to 
ensure aseptic sampling. The mean annual temperature 
in both sites is -2oC, the permafrost age varied from a 
few dozens to a few thousand years. The samples of 
volcanic ash covered a freshly fallen snow were col-
lected in January 2007 in close proximity to volcano 
Shiveluch. All samples were collected into sterile plas-
tic flasks and stored at -10oC until analyses. 

Culturable hyperthermophilic bacteria were iso-
lated from the volcanic deposits of Deception Volcano. 
These cultures utilize sulfur as an electron acceptor 
and have the optimal growth at 85-95oC. Morphologi-
cally the cultures were presented by coccus cells and 
the density of cells at the stationary phase of growth  
was 108cells/ml. (Fig.1). Various groups of thermo-
philic anaerobic microorganisms growing on СО2 and 
Н2 (methanogeniс, acetogenic and sulfate reducing 
bacteria) were detected in Ploskii Tolbachik perma-
frost samples. The optimum growth temperatures for 
these cultures were in range of 65 to 75oC. Moreover, 
methnogens not only survived in permafrost but were 
able to produce the methane in frozen sediments. 

 
 
 
 

 

 
Fig1: DAPI colored  hyperthermophilic cells. 
The environmental DNA was recovered from the 

fresh-fallen ashes of the volcano Shiveluch. Theoreti-
cal estimation of the bacterial numbers from the ex-
tracted total community genomic DNA showed that 
volcanic ash could contain up to 107 cell/g. Clone 
B20E06 was 97% (1462/1499 nt) identical to ex-
tremely thermophilic bacteria of the genus Caldicellu-
losiruptor found in thermal springs of Kamchatka and 
Yellowstone with temperature 70-90oC. 

This is a first study describing the isolation of vi-
able hyper- and thermophilic bacteria, which had been 
never found in permafrost before. The presence of 
thermophilic community in frozen volcanic ash and 
scoria raise the questions about the origin of these mi-
croorganisms and their life style in such environments. 
Preliminary results show that some groups of anaero-
bic thermophilic bacteria associated with volcanic ac-
tivity, might survive in permafrost over a long period 
of time. This is why the microbial communities of the 
terrestrial volcanoes might serve as an exobiological 
model for hypothesis of existence of ancient microbio-
cenoses, i.e. extraterrestrial habitats that probably 
might be found under anoxic conditions in permafrost 
around Martian volcanoes. 
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