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The deep biosphere in marine sediments consists of large populations of metabolically
active, mainly not described Bacteria and Archaea (1, 2). Buried organic carbon as
the main energy source for the deep biosphere is anaerobically oxidized via sulphate-,
carbonate-, nitrate-, Fe(III)- or Mn(IV)-reduction (3, 4), however the overall microbial
activity is limited by the availability of organic carbon and oxidants. Sulfate reduction
has been identified as the most important of these processes (3, 4), yet sulphate is
typically quantitatively removed in the upper few meters of marine sediments. Stable
sulphur isotope fractionation of sulphur and oxygen are particular usefull to charac-
terize biogeochemical processes upon sediment-pore fluid interactions (5, 6). Here
we used stable oxygen and sulphur isotope analysis to demonstrate that the oxidant
sulphate is generated by anoxic sulphide oxidation in deeply buried sediments of the
Cascadia margin and the Blake ridge, as well as in near-surface marine sediments. Ex-
periments confirmed that Mn(IV)-containing oxide minerals abiotically oxidize iron
sulfides such as pyrite and thereby producing18O depleted sulphate (with respect to
water) in contrast to pyrite oxidation at low pH values. Oxidized manganese stored
within the mineral fraction of marine sediments drives abiotic anaerobic sulphide oxi-
dation, which together with microbial sulphate reduction, forms a closed sulphur cycle
feeding the deep biosphere in marine sediments.
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