Abiotic Formation of Ammonium in Hadean Hydrothermal Systems
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One of the many outstanding questions in astrobiology is the source and formation mechanisms of NH4+/NH3 which presumably was required for prebiotic synthesis reactions. The uncatalyzed reduction of abundant N2 to NH4+/NH3 is prohibitively slow due to the strong triple bond in the molecule. Nitrite (NO2-) and nitrate (NO3-) present in the Hadean Ocean, a result of atmospheric N2 interactions with lightning, may have been more susceptible to reduction to NH4+/NH3. We hypothesize that transition metals and their alloys formed during serpentinization of mafic ocean floor rocks could have acted as catalytic species in reactions leading to abiotic NH4+/NH3. Here we present our experiments with N2, NO2-, and NO3- in the presence of Ni and Fe metal, Ni3Fe (awaruite), and NiFe (tetrataenite) at conditions similar to serpentinization-driven submarine hydrothermal systems. NO2- and NO3- were readily converted into NH4+/NH3 at 200 °C and partially at 70 °C. Ni metal was found to be most effective in converting N2 to NH4+/NH3. Synthetic metals/alloys as well as four randomly chosen iron meteorites were found to contain up to 120 ppm and 22 ppm nitrogen, respectively. We hypothesize that nitrogen dissolved in the Fe0 [present as nitride (N3-)] can react upon dissolution with H+ in solution to form NH4+. Therefore, due to the instability of Fe0 in seawater, iron meteorites could have been a nitrogen reservoir and a source of NH4+/NH3 during the Hadean.

