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The subzero temperatures of terrestrial cryosphere 

- ice sheets and permafrost lead to a considerable de-
crease of biochemical and metabolic activities. This 
allows the survival of ancient microbial communities 
that can physiologically and biochemical adapt to such 
long-term regime, which is not a limiting but rather a 
stabilizing factor. Microorganisms adapted to subzero 
environment represent a significant part of the bio-
sphere, the cryobiosphere, and their ability to survive 
here on a geological scale, significantly longer than in 
other habitats, forces us to redefine the spatiotemporal 
limits of terrestrial and extraterrestrial biospheres.  

Permafrost. The most ancient and inhabited part 
of the cryobiosphere is permafrost. Viable microorgan-
isms have been isolated from permanently frozen 
sediments at lowest temperatures in the Arctic (-17°C) 
and Antarctica (-27°C), down to 400 m depth in 
Mackenzie Delta, and up to 4.700 m elevation in Tibet 
Plateau. The age of the isolates corresponds to the lon-
gevity of the permanently frozen state of the sedi-
ments, and dates back from a few thousand to 2-3 Myr 
in eastern Arctic, and to 5-8 Myr in Antarctica. This is 
why the terrestrial permafrost represents a range of 
possible cryogenic extraterrestrial ecosystems on the 
Earth-like planets without obvious surface ice such as 
Mars. If life existed during the early stages of Martian 
development, then remnants of primitive forms may be 
found within frozen material that protects them against 
unfavorable conditions. Here we consider terrestrial 
permafrost analogues as a bridge to possible Martian 
life forms and shallow subsurface habitats where the 
probability of finding life is highest. The information 
collected by last Space vehicle’s missions indicated 
Mars a “water reach” planet. Since there is a place for 
water, the requisite condition for life, even in solid 
phase, these analog models are more or less realistic. 
Permafrost on Earth and Mars vary in age, from a few 
million years found on the Earth to a few billion years 
on Mars; such a difference in time scale would have a 
significant impact on the possibility of preserving life 
on Mars because the number and biodiversity of mi-
croorganisms decrease with increasing permafrost age. 
This is why the known longevity of life forms pre-
served within the permafrost can only work as an ap-
proximate analogue for Mars. A number of studies 
indicate that the Antarctic cryosphere began to develop 
soon after the final break-up of Gondwana, and the 
isolation of the Antarctic continent. It is believed to 

have been started on the Eocene-Oligocene boundary. 
Permafrost degradation is only possible when mean 
annual ground temperatures, -28°C now, rise above 
freezing, i.e. a significant warming, 25°C or more, is 
required to degrade the permafrost once formed. There 
is no evidence to date of such significant temperature 
variation, which indicates that the climatic and geo-
logical history was favorable for the formation and 
persistence of pre-Pliocene permafrost. Antarctic per-
mafrost may be more than 30 Myr old and date from 
early Oligocene times. It would be advantageous to 
locate relics of the oldest permafrost. These are possi-
bly to be found at the high hypsometric levels of ice-
free areas such as the Dry Valleys, along the Polar 
Plato and Trans-Antarctic mountains. It is desirable to 
date the layers within them and test for the presence of 
viable cells. The limiting age, if one exists, within the 
most ancient Antarctic permafrost cores, where the 
viable organisms were no longer present, could be 
established by the study of these samples. Any positive 
results will extend the geological scale and increase 
the known duration of life preservation. The chemo-
lithotrophic psychrotolerant anaerobes - denitrifiers, 
methanogens, and sulfate reducers with their mecha-
nisms to assimilate CO2 and other compounds - are 
more likely than aerobes to function as a model for life 
forms that may exist in frozen subsurface environ-
ments on Mars, which has no free oxygen, inaccessible 
organic matter, and extremely low amounts of unfro-
zen water. 

Volcanoes in permafrost areas. One way to have 
liquid water on Mars at shallow depths would be 
through sub-glacial volcanism. Such volcano-ice inter-
actions could be going on beneath the polar caps of 
Mars today, or even within the adjacent permafrost 
around the margins of the ice caps. Basalt lava fields 
are common on Martian surfaces and some cinder 
cones have been found near the polar caps. The rover 
traces on the terrestrial ash fields and Martian surface, 
as well as the chemical composition of basalts on Earth 
and Mars, are similar. This is why permafrost research 
on terrestrial volcanoes is expected to be a valuable 
step in understanding extraterrestrial volcanoes as one 
of the Earth's analogue. Permanently frozen volcanic 
sediments among other microorganisms contain viable 
thermo- and hyperthermophilic bacteria never found 
before in permafrost. There is only way for thermo-
philes to appear within frozen pyroclastic material - 
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deposition during the eruption, together with products 
from associated with volcano heated-up surrounding 
subsurface geological strata. In other words - the catas-
trophic geological events might transport the life from 
the depths to the surface, and the only mean for ther-
mophiles to survive in permafrost - unknown mecha-
nisms that protect them during sediment’s freezing and 
adapt them to subzero temperatures. To the moment 
thermo- and hyperthermophilic bacteria were found in 
volcanic permafrost on Kamchatka peninsula and 
Deception Island by culture and culture- independent 
methods. Such terrestrial microbial community might 
serve as a model for extraterrestrial inhabitants that 
may probably be found on Mars, where are numerous 
ancient extinct volcanoes. Their past eruptions peri-
odically burn-through the planet’s cryosphere by 
magma fluxes and the thermal oases were formed.  

Overcooled water brines (cryopegs). Mars is a 
cryogenic planet where free water only has the oppor-
tunity to exist in the presence of high solute content, 
probably as brine lenses within permafrost. These 
brines, like their terrestrial analogues, may contain 
microorganisms adapted to low temperature and high 
salinity.  Such lenses of overcooled water brines 
(cryopegs) inhabited  were exposed by boreholes 
within frozen marine sediments of Pleistocene age 
along the Polar Ocean coastal zone. Bacteria isolated 
from cryopegs not only were adapted to subzero tem-
peratures but also tolerant to the high salt concentra-
tions. Detected bacteria are both halophilic and psy-
chrophilic organisms, and have never been isolated 
from natural habitats. In the cryopeg’s cold saline con-
ditions, special communities were formed. Active ad-
aptation to low temperatures of studied bacteria gives 
hope that fully active and reproducing bacteria can be 
discovered in saline habitats at subzero temperature. 
Biotic survival in the aquatic environment on a geo-
logical time scale indicates unknown bacterial adapta-
tions. This is why halo/psychrophilic community pre-
served hundreds of thousands of years in mineral-
enriched Arctic cryopegs provide the plausible proto-
type for Martian microbial life. 
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