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The presence or absence of mass independent fractionation of S isotopes (MIF-S) in sedimentary rocks has been linked to atmospheric O2 evolution. Until now, the UV-photolysis of SO2-gas has been the only known mechanism to experimentally create MIF-S signatures. However, serious discrepancies in MIF-S exist between geological samples and the products of photochemical reaction experiments, including the 33S – 34S relationships of Archean sulfides and the 33S - 36S relationships of 1,650-500 Ma sulfides and sulfates. Furthermore, our recent discovery of the absence (or minor presence) of MIF-S in several major Archean sedimentary formations (~3.5 - ~2.7 Ga in age) suggests that MIF-S signatures in sedimentary rocks may have been created by non-photochemical reactions. 

We have conducted detailed mineralogical and geochemical investigations on the same sedimentary rock samples that we and previous investigators analyzed for MIF-S and found that the shale samples with strong MIF-signatures (33S > ±1‰) generally have: (a) highly matured (altered) kerogen with H/C ratios <0.1; (b) high concentrations of organic C (>~2 wt% today; >~6 wt% in the original sediments); (c) an abundance of iron oxides and carbonates; and (d) strong hydrothermal alteration signatures (e.g., Zn and/or Cu enrichment). In contrast, one or more of these characteristics are absent in samples with no MIF signature. These data suggest that MIF-S signatures may have been created during the early diagenesis of very organic-rich sediments by reactions involving a variety of sulfur-bearing aqueous and solid compounds, iron-bearing minerals, and organic matter. 

