Biogeochemical N cycling in Sulfide-Hosted Aquifers, Rio Tinto, Spain
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Biogeochemical analysis of an underground volcanically-hosted massive sulfide deposit (VHMS) near Rio Tinto, Spain, revealed that these ancient reduced rocks contain unusually high concentrations (up to 100 mg.kg-1) of combined nitrogen as NO2-.  In local aquifers, this supports populations of denitrifying bacteria that grow autotrophically by oxidation of reduced S species.  NO2- is apparently sequestered in microsites within the rock matrix, because the metal-rich VHMS ores can catalyze its rapid abiotic reaction.  Chemodenitrification appears to be the main mechanism for removing O2 from inflowing ground water, converting NO2- to NO3- and NOx gases.  Concentrations of O2 and NOx were inversely proportional in VHMS ground waters.  In acidic anoxic water, NO2- was converted to NO gas.  In anoxic, near-neutral waters, NO2- was stable.  NOx gas is exported from the system and could be detected in nearby springs and rivers.  Experiments were carried out to determine whether NOx can be utilized by aquifer microorganisms.  Presumably, NO2- is precipitated, during the formation of VHMS rocks, from circulating seawater, but origin from in situ N2 fixation cannot be ruled out.  This oxidant then becomes available to microbes upon weathering of the rocks.  Analysis of modern sulfide chimney samples from mid-ocean ridges revealed that they contain similar concentrations of combined N.  Thus, hydrothermal sulfide deposits in general may host complex biotic and abiotic nitrogen-cycling pathways.  This may be an important factor in long-term habitability of deep subsurface ecosystems, and may provide a gaseous signal of certain ecosystems that could be detected by remote sensing.

