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The microbialite record provides abundant evidence for phototrophic metabolisms operating on the Archean Earth, going back as far as 3.5 Ga, however the paleoecology and metabolic diversity of these early ecosystems remain elusive. Specifically, little is known regarding which electron acceptors (iron vs. sulfur vs. water) were employed by phototrophic communities deep in geological time, and the specific carbon fixation pathways employed under different conditions and in different settings are equally uncertain. Here we report the overarching results of a multi-proxy, multi-scale study of the diverse microbialitic carbonates and associated deep water sediments (shales, iron formations) sampled in multiple industry drill cores transecting the >200m thick carbonate platform of the 2.94 Ga Red Lake Greenstone Belt, Northwestern Superior Craton (Canada). Iron stable isotope data reveal progressive oxidation of iron from upwelling deep waters across the platform, despite trace element signatures indicating general anoxia in nearly all settings (see poster by Patry et al., this workshop). Organic carbon stable isotope data reveal a profound secular shift from deep water sediments up onto the carbonate platform, which we interpret to indicate a shift in predominate carbon fixation pathways. On the platform itself, organic carbon isotope signatures are highly heterogenous, in some drill core exhibiting dramatic oscillations between “Calvin-Benson-like” values (ca. -23 ‰ VPDB) and an unusually heavy pole ca. -14 ‰ VPDB, all despite carbonate carbon stable isotope compositions which vary only slightly, albeit systematically, across the platform (see Poster by Afroz et al., this meeting). High resolution sub-sampling at cm-scales of a single stromatolite followed by paired organic carbon and carbonate carbon stable isotope analyses reveals that this heterogeneity is expressed at cm scales in places, while in others (notably industry drill holes from the west end of the platform), organic carbon stable isotope compositions exhibit secular trends at deca-meter scales between these two end-members. Together, these results paint a complex picture of diverse mechanisms of carbon fixation driving primary production on this unique Mesoarchean carbonate platform, likely from mixed populations of phototrophs using different electron acceptors under different conditions and in different settings – much as is observed in certain marine phototrophic microbial mats today. 
