A fitful rise of atmospheric oxygen
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Photochemical processes in an oxygen-free atmosphere produce a non-mass dependent fractionation of S isotopes. Photochemical modeling suggests that this anomalous signature will not be preserved at atmospheric oxygen level above 10-5 PAL, making it the most sensitive proxy for the rise of atmospheric oxygen.  Studies of multiple S isotope record bracket the rise of atmospheric oxygen above 10-5 PAL between 2.47 and 2.32 Ga, at the same time when two out of three global Paleoproterozoic glaciations occurred.  The gap between these two ages - 150 Ma - is significant and we provide here further constraints on the early part of this interval suggesting that the transition occurred towards the earlier end of this interval.
We carried out multiple S isotope analyses of bulk shale and pyrite from the Whaleback Shale and the Joffre Members from the middle and upper parts of the Brockman Supersequence, Hamersley Province, Western Australia, constrained in age between 2463 ± 5 Ma and 2449 ± 3 Ma.  Sulfur isotope analyses show large range of positive 34S values (4.1 to 33.4‰) and nearly all samples have 33S values close to 0‰ (-0.2 to +0.2‰).  One stratigraphical level from the Joffre Member has, however, non-zero 33S values (-1.2 to -0.8‰).

Taken as a direct paleoproxy for atmospheric oxygen levels, our data indicate that the pO2 of the atmosphere rose above 10-5 PAL sometime between 2470 and 2463 Ma.  Significantly, this was at the time of a major plume breakout event and well before the first Paleoproterozoic glaciation.  However, this line of reasoning suggests that presence of non-mass dependent fractionation of S isotopes in the overlying Joffre Member indicates that the increase in atmospheric pO2 may have been transient, with the periods of intense volcanic activity followed by a decrease and near disappearance of atmospheric oxygen.
