How to lose sulfur MIF in the anoxic atmosphere and get a little sulfur MIF in the oxidizing atmosphere.
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The effective preservation of the atmospheric sulphur mass independent fractionation (MIF) requires simultaneous presence of several atmospheric sulphur reservoirs (H2SO4, SO2, H2S, S8). Only then, the sulphur MIF feature can be delivered to the ground without complete rehomogenization. Therefore, the discovery of MIF in sulfur isotopes in the Archean/Early Proterozoic sediments placed a strict upper constraint on the amount of oxidants and oxygen in the ancient Earth’s atmosphere prior to 2.3 Gyr ago (Pavlov & Kasting, 2002). 

A recent study of the hydrodynamic escape from the anoxic planetary atmospheres (Tian et al., 2005) suggests that hydrogen could have accumulated to very large concentrations. If the atmosphere is not only anoxic but also hydrogen-rich, different sulfur reservoirs would be effectively converted to one - S8. Therefore, in the hydrogen-rich atmosphere sulfur MIF feature could be erased just like in the present oxidizing atmosphere where all atmospheric sulfur is converted to H2SO4. We present the results of numerical modeling of sulfur MIF transfer between different sulfur reservoirs as a function of hydrogen abundance.

We also provide the first quantitative explanation for the observed record of sulfur MIF in the Antarctic sulfates from the 1991 eruption of Mt. Pinatubo. We show that a time-dependent small non-zero sulfur MIF can be delivered to the ground in the present atmosphere if the primary MIF producing process is SO3 photolysis. The magnitude of sulfur MIF signature is dependent on the magnitude of volcanic eruption, volcano’s location and the season of eruption (Pavlov et al., 2005). 
