MEDITERRANEAN DEEP ANOXIC HYPERSALINE BASINS: AN OVERVIEW
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Abstract

Severd brine basins appear to occur in the deep waters of the Eastern Mediterranean. These are characterized by extreme
environments with high pressure and density, redox conditions and saturated salt concentrations. These basins are probably the result
of the dissolution of Miocene salt deposits that became exposed to seawater after tectonic activity. The high densities of the brine
fluids contrast with seawater limiting the mixing with overlaying oxic seawater. As a consequence, isolated habitats evolved in which
adapted microbiological life exists. Distinct differences occur between the various basins related to chemical composition and density.
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At the bottom of eastern Mediterranean Sea (~3500 m water depth) severa
deep hypersaline anoxic brine basins have been discovered in the last 30 years.
Amongst these are : Atalante (AB), Bannock (BB), Discovery (DB), Nadir
(NB), Medee (MB), Tyro (TB), and Urania (UB) all names after the ships
involved in their initial discovery (Fig. 1). The genera composition of the
brine pools resulted from the dissolution of subterranean late-Miocene
evaporitic salt deposits, underlying the Mediterranean sediments . It is most
likely related to the collision of the African beneath the Eurasian tectonic plate
[1, 2]. Alternatively the deep submarine basins might have been formed by
accretionary processes and may have subsequently been filled with fossils and
highly concentrated relics of Messinian water trapped in the interstitial area of
the deep-sea sediments [3]. Waters enclosed in these depressions are
characterized not only by high pressure and density, but also and for most by
their redox state, lack of oxygen and saturated salt concentrations. Strong
salinities and density gradients prevent mixing with the oxic seawater above
and hence lead to stratification of the water column forming sharp and
distinctive seawater/brine interfaces of 1- to 2 m (Fig. 2). Moreover the
elevated density and salinities basically tend to reduce biodiversity [4].
Despite these extreme conditions and the limited exchanges between brine and
overlying seawater, anoxic basins are not biological deserts since several
microbial communities appear to have developed under these conditions,
usually considered as harsh [2]. In particular the oxic/anoxic boundaries are
considered to be a hot spot for biological activity where the sharp redox
potential differences create favourable conditions for different types of
sequential metabolic processes [3]. The main microbial reaction in the lower
part of the interface is thought to be the anoxic oxidation of methane (AOM)
directly coupled to the reduction of sulphate (equation 1), where sulphide
oxidation and possibly ammonia oxidation are more dominant in the upper
reach of the seawater - brine interface (equation 2), according to the following
equation [4]: CHy + SO4% AHCOg + HS + H,0  (eg. 1) HS + 2 O,
aHSO4  (eg. 2) According to the most recent bio-explorations the deep
hypersaline basins are mostly dominated by Bacteriarather than Archaea with
a great variety of microorganisms adapted to the different chemical interfaces
composition. All brine basins show a relatively stable structure according to
the geochemical composition and temperature gradient. Despite that, 3
specific lakes (AB, DB, UB) geographically close to each other (Fig. 1), show
the largest differences in terms of geochemical composition and density. For
instance in Urania concentrations of Methane and Sulfide are relatively higher,
whereas the salinity islower. The most remarkable difference is referred to the
composition of Discovery mainly dominated by MgCl, in concentration
considered as a limit for the life [6]. The existence of microbial life in such
hostile environments suggests the high capability of microbial adaptation to
salinity. It also hints to the possibility of life in other extreme environments
such as the planet Mars, where the occurrence of high-salinity waters have
been suggested [7]. The study of these brine basins is part of the European
MIDDLE project with the general aim to investigate the extreme habitats of
deep hypersaline basins of the Eastern Mediterranean Sea. Preliminary results
from amultidisciplinary study of water and sediment samples collected during
the 2008 DOPPIO cruise with RV Pelagiawill presented.
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