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Coevolution of early life and surface environment
has been one of the most important events on Earth.
Rise of pO2 has been widely believed to have
occurred at ~2.4 Ga. But geological and geochemical
evidence suggest possibility of much earlier existence
of oxic atmosphere and oceans. Records of
geochemical cycling of bioessential, redox-sensitive
elements have keys to decipher mysteries of the coevolution of Earth and life. Therefore we drilled
through Mesoarchean strata in coastal Pilbara (Dixon
Island-Cleaverville Drilling Project) in 2007 and
2011, and obtained 3.2 Ga old weathering-free
drillcores (CL1, CL2, CL3, DX) of sulfide-rich black
shales in the Cleaverville.
We conducted a systematic geochemical study
involving sequential extractions of Fe, S, C, and N
for phase-dependent contents and their stable isotope
compositions by EA-irMS and MC-ICP-MS, in
addition to major and trace element analysis by XRF,
ICP-AES, and ICP-MS, for >100 samples. Here we
integrate our recent investigations into the redox state
and nature of microbial biosphere in the 3.2 Ga
ocean.
The obtained data are very difficult to explain
only by geochemical processes in strictly anoxic
environments, where both atmosphere and oceans
were completely anoxic, like an environment before
the inferred Great Oxidation Event at ~2.4 Ga. Our
extensive data set consistently suggests that oxygenic
photosynthesis,
bacterial
sulfate
reduction,
dissimilatory iron reduction, and microbially
mediated redox-cycling of N, possibly involving
denitrification and N2-fixation, (i.e., modern-style
biogeochemical cycling), are very likely to have been
already in full function. These may be used as a
strong evidence for (at least) local and temporal
existence of oxidized environment 3.2 Ga ago. The
atmosphere-hydrosphere system 3.2 Ga ago would
have been sufficiently oxidized to allow redoxcycling of those elements. Our results have farreaching and astrobiological implications for earlier
evolution of a planetary surface environment.

