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Manganese oxides are ubiquitous marine sediments which are redox sensitive and can store water. As major components of manganese nodules on the ocean floor, birnessite and buserite have been known to be two separate phases with water molecules intercalated within ~7 Å and ~10 Å separated MnO6 octahedral layers, respectively. We show that buserite can be formed via super-hydration of birnessite at ca. 0.2 GPa in aqueous environment, which corresponds to near 6 km depth along a cold subduction zone. Via super-hydration, the interlayer of birnessite with disordered Na+ cations and water molecules expands from ~7 Å to ~10 Å as a result of hosting additional water layers to become one of the most hydrous minerals with ca. 34.5 wt. % water. Super-hydrated bienessite, i.e., buserite, remains stable up to ca. 3.35(1) GPa and 135(3) ℃, equivalent to ca. 72 km depth condition, where it transforms into manganite by releasing ca. 24.3 wt. % water. Further transformations then occur into hausmanite at ca. 97 km depth and then into pyrochroite at ca. 121 km depth conditions, concomitant with progressive reduction of Mn4+ into Mn2+. Our work establishes an abiotic geochemical cycle of manganese minerals along subduction and/or other aqueous terrestrial environments, which would impact water storage and redox capacity of the region.
