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Introduction:  The interest in extreme environ-

ments has grown in recent years to understand what 

the real limits of the survival of species are and to 

what extent life goes to persist. Hyper-saline envi-

ronments are present on our planet in all continents, 

including coastal lagoons, salt and soda lakes, briny 

pools, brine channels in sea-ice and subsurface brine 

deposits. Antarctica hosts several subsurface hyper-

saline liquid cryobrines that reach the eu-tectic point 

(i.e., the point at which all compounds, including 

water, pass to the solid state) at temperatures below 0 

°C. This makes such Antarctic saline cryoenviron-

ments possible terrestrial analogs of Mars [1]. In 

fact, geomorphic and geochemical observations sug-

gest the occurrence of liquid water or brines in the 

subsurface of the red planet [2], possibly represent-

ing a protected environment for potential actual or 

past life. More interestingly, evaporite deposits, 

probably deriving by eruptions of subsurface fluids 

(mounds), were discovered on Mars [3,4]. 

The presence of salt deposits is generally related 

to warm and arid environmental conditions. Howev-

er, some salts form by cooling and a concentration 

mechanism based on cooling and/or freezing. In fact, 

the freezing process acts similarly to the evaporation 

in the concentration of saline liquids (called frigid 

and evaporative concentration, respec-tively), as 

water is removed from the solution by the formation 

of ice, leading to a concen-trated residue and the 

progressive precipitation of saline minerals [5]. The 

minerals formed under these conditions are known as 

cryogenic [6,7]. 

These kinds of habitats are considered extreme 

due to the stress imposed on cells through the strong 

salinity gradient between intra- and extracellular en-

vironments. Microbial communities, at the basis of 

the functioning of all ecosystems, have been widely 

proven to have great adaptability and resistance ca-

pacities even in the presence of very adverse condi-

tions. However, the adverse conditions of such envi-

ronments affect the mi-crobial community diversity, 

by favoring the only few taxonomic groups that can 

survive adapting to such peculiar conditions. Among 

extremophilic microorganisms, halophiles are known 

to be able to tolerate salty habitats thanks to special 

mechanisms of adaptation. Indeed, they accumulate 

or produce nontoxic solutes to maintain the internal 

environ-ment isosmotic with the external environ-

ment and use special proteins to avoid denatura-tion 

at high salt concentration. Halophiles dominate the 

microbial communities and de-spite in many cases 

they are mainly represented by several groups of 

archaeal microor-ganisms, in some hypersaline envi-

ronments the predominance is given by Bacteria. 

They are also of special interest for astrobiological 

perspectives, due to the strong similarities of hyper-

saline environments with Martian surfaces, i.e., high 

salt concentration and strong UV levels. 

The present research was aimed at studying salt 

efflorescences from the Boulder Clay Glacier (Ant-

arctica) debris-cone from the perspectives of micro-

bial diversity, as a hot spot of microbial life, in ex-

treme environmental conditions, comparable to ex-

traterrestrial life. Mineralogical analyses were, 

moreover, performed to investigate the minerals oc-

curring in the salt efflorescences. 

 

Methods:  Salt efflorescence (mirabilite and the-

nardite) samples were collected on the Boulder Clay 

Glacier (Northern Victoria Land, Antarctica)  

Sampling activities.  The salt cone was about 3.5 

m high. Its stratigraphy, from the surface to the bot-

tom, encompasses moraine materials (5-15 cm thick) 

with some blocks and boulders, altered and fresh 

semi-transparent crystals, compact ice with vertical 

bub-bles and sediments. Close to the surface the ma-

terials were altered into a white powder, while in 

contact with ice the crystals seemed to be stable [8]. 

The collection of salt samples was performed af-

ter removing the external layers above the salt cone. 

Samples for DNA extraction were aseptically col-

lected from both fresh crystals, from about 5 cm be-

low the cone surface, and in the proximity of sedi-

ment, resulting in two colors, i.e., white (WS) and 

dark (DS) salt, respectively. The sampling was con-

ducted taking care to collect the two types of salt 

separately. All samples were stored at −20 °C until 

analysis.  

Prokaryotic diversity.  The prokaryotic commu-

nity diversity and composition were evaluated by a 

next generation approach (Illumina MiSeq plat-

forms). Total DNA was extracted and the 16S rRNA 

genes were amplified and analyzed as previously 

reported [8]. 

 

Results: Overall, the phylogenetic analysis al-

lowed the identification of Bacteroidota, Actinobac-

teriota, Firmicutes, and Gammaproteobacteria as the 

main bacterial lineages, in addition to Archaea in the 

phylum Halobacterota. The genera Arthrobacter, 
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Rhodoglobus, Gillisia, Marinobacter and Psychro-

bacter were particularly abundant. Interestingly, sev-

eral bacterial and archaeal sequences were related to 

halotolerant and halophilic genera, previously re-

ported in a variety of marine environments and saline 

habitats, also in Antarctica. The analyzed salt com-

munity also included members that are believed to 

play a major role in the sulfur cycle. 

This study has contributed to deepening the cur-

rent knowledge on the microbial ecology of salt ef-

florescences from a Boulder Clay Glacier debris-

cone in the Northern  Victoria Valley (Antarctica). 

The cryogenic ecosystem studied could be an oasis 

of life, with differences between the WS and DS lay-

ers, where four main bacterial lineages live. Part of 

the sequences found could represent part of the an-

cestral microbial communities living in the salt efflo-

rescences or in the briny system of origin. The mi-

croorganisms present in the salt efflorescence on 

Earth could be candidates for future implants on dis-

tant planets with extreme conditions such as those 

found in Antarctica. 
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