Quantitative Evaluation of H2S Eruptions from Anoxic Oceans
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Widespread oceanic anoxia is a recurrent feature of Earth history. Euxinic intervals, however, are less well understood and have escaped quantitative interpretation. Previous back-of-the-envelope calculations demonstrate that the oft-invoked stratified ocean, with euxinic deep waters overlain by oxygenated surface waters, would have been only conditionally stable.  Above a threshold concentration ratio of H2S in the deep ocean to O2 in the atmosphere, the chemocline rises to the air-sea interface and H2S escapes to the atmosphere. Atmospheric photochemical modeling shows that realistically large H2S fluxes to the atmosphere could have exceeded the atmosphere’s capacity for oxidative destruction of the H2S, allowing H2S concentrations to increase abruptly to toxic levels, perhaps contributing to the Late Devonian and end-Permian mass extinctions  (Kump et al., 2005, Geology 33, 397–400). 

Initial evaluation of this hypothesis has involved a more sophisticated analysis of the oceanic threshold for chemocline upward excursion using Genie (www.genie.ac.uk), an energy-moisture-balance atmosphere model coupled to a 3-D, non-eddy-resolving, frictional geostrophic model. Genie can take long time steps while capably simulating the large-scale circulation and biogeochemistry of the ocean. Several multimillennial simulations of the Late Permian ocean state have been conducted to identify thresholds and explore the spatial patterns of surface-water euxinia. Significant ocean-atmosphere fluxes of H2S result from modest (many-fold) increases in the ocean’s nutrient (phosphate) content, even at modern atmospheric oxygen levels. We suspect that subsequent data collection and analysis will show that H2S oceanic eruptions were a common feature of anoxic oceans in Earth history.
