Tracers in the deep: Stable isotope signatures of energy sources and microbial activity in ultramafic-hosted sites in the deep subsurface
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Ultramafic-hosted sites in Precambrian Shield rocks contain significant reservoirs of H2 and hydrocarbon gases. More than 2-3 billion years in age, many of these rocks are ancient hydrothermal sea-floor deposits and hence potential ancient analogues of the serpentinite-hosted gases discovered at Lost City hydrothermal field on the Mid-Atlantic seafloor. Unlike the Lost City vents where CH4 and H2 are being produced contemporaneously, the deep Precambrian Shield gases (H2, methane, ethane, propane and butane) are the products of long-term water-rock interaction, stored over geologic time scales in sealed fracture systems in these geologically stable host rocks. 
To determine the energy sources for life in the Earth’s deep biosphere, we analyzed the geochemistry and microbial communities in fracture fluids at a series of deep subsurface Precambrian Shield sites. We show that high H2 concentrations (up to 30% by volume) are associated with the most 13C-enriched abiogenic hydrocarbon end-member. When these geologically old gases are released, a geochemical and microbial gradient may develop as deep subsurface microbial communities gain access to abundant geologically sourced H2 stored in the fractures. Rapid depletion of H2 by microbial communities appears to be coupled with microbial reduction of CO2 to produce 13C-depleted microbial CH4 with a diagnostic biosignature that mixes with and partially overprints the pre-existing abiogenic CH4 signature. Coupled isotopic, geochemical and microbial characterization are currently being used to map the abiotic-biotic transition at these sites to better define the role of storage and release of energy sources on habitability of the Earth’s deep subsurface.

