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Introduction  

Rock varnish and endolithic organisms being quite informative 
as early-Earth analogs are very well studied apart however their 
interaction and possible cogenesis have never been particularly 
explored, as well as nobody has studied them as soils. Endolithic 
organisms of Antarctic Dry Valleys inhabit structural cavities in the 
superficial rock interior [1]. The other common feature of 
Antarctica is the red-brownish colour of solid rocks (rock varnish).  

 
Results and Conclusion  

Our explorations in coastal oases of East Antarctic at field and 
microscopic scales showed that such system as “endolithic 
organisms-granitoid rock-weathering products” has all features to be 
denominated as “protosoil”: (1) rock layer exposed to external 
abiotic factors; (2) this layer is inhabited by living organisms 
synthesizing and decomposing organic matter (OM); (3) induced by 
biotic and abiotic factors the initial lithomatrix is transformed in 
situ, the transformation products (e.g. fine earth) are retained and/or 
taken away, the vertical heterogeneity (microprofile) is formed. 
Organo-mineral horizons of endolithic soil contain 0,2-3,3% C and 
0,02-0,47% N. 14C mean residence time of OM reaches 480±25 y 
BP, δ13C= -23,7- -21,0 ‰. Major pedogenic products are numerous 
Fe-C- Si-Al- S-Cl-Ca-Mg-containing bio-coatings which cover 
cavities in the rock. Main binding material are amorphous Si and Al 
with incorporated detritus. SEM morphology and composition of 
coatings correspond to those observed in varnish on rock (Fig. 1).  

Thus, certain types of rock varnish could be the products of 
endolithic (bio)weathering exposed after exfoliation and 
transformed by external factors. This hypothesis can’t explain all 
rock varnishes (e.g. formed by accretion). However, this “endoliths-
varnish” system may be recognized as an early-Earth “protosoil”. 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: Rock varnish on the surface (left) and endolithic 
“protosoils” (right) and its elemental composition 
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Residence time of Os is 8-40 ka in the ocean [1], long enough to 
homogenise its isotopic signature in the global ocean but short 
enough to track the variations in its supply to ocean on glacial – 
interglacial time scale. Recent studies have shown variation in Os 
isotopic composition of seawater over glacial – interglacial time scale 
[2-5]. These variations have been interpreted in terms of variation in 
intensity of continental weathering.  

To obtain a reliable and high reosolution record of marine 
187Os/188Os form the Arabian Sea, sediments from a core in the south-
eastern Arabian Sea (SS-3101G; 6.0°N, 74.0°E) have been analyzed. 
Samples have been leached by mild acidic peroxide solution to obtain 
the seawater Os isotope composition. The results display significant 
variation in 187Os/188Os of marine Os record from the Arabian Sea 
during last 29 ka. The 187Os/188Os of seawater in the most recent 
sample has a value of 1.04 ± 0.01, close to the Os isotopic 
composition of present day seawater (1.06 ± 0.01) [6]. The Os 
isotopic composition of the Arabian seawater vary in phase with that 
of the global ocean since last lat 29 ka except during the Last Glacial 
Maxima (LGM). During LGM, 187Os/188Os deviates from the trend set 
by the global ocean and shows an excursion towards higher 
187Os/188Os. Os concentrations of the leachable fraction of sediments 
from the Arabian Sea are higher during the LGM. Further, the Re 
contents of the LGM sediments are also higher. 

Higher concentrations of Re and Os in the sediments deposited 
during the LGM indicate more suboxic/anoxic conditions at the 
sediment water interface during that time. Lower oxygen content in 
the bottom water of the Arabian Sea could have been caused by the 
reduced transport of polar waters (North Atlantic Deep water, 
NADW) into the Arabian Sea. Deviation of Os isotope composition 
of Arabian Seawater from the global oceanic trend and higher 
concentration of Re and Os during LGM, thus, indicate the reduced 
supply of NADW to the Arabian Sea during LGM, resulting in partial 
isolation of the Arabian Sea from rest of the oceans during the LGM 
[7-9].  
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