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Abundant manganese microparticles in oxic pelagic clay of the South Pacific Gyre
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Manganese nodules ubiquitously occur in the abyssal plain, with varying concentrations of metals,
including manganese, iron, nickel, cobalt, and copper. Typical manganese nodules observed in
pelagic sediments are in centimeter to sub-millimeter size of spherical crusts and often concreted
to the pavement over the seafloor. During the Integrated Ocean Drilling Program (IODP) Expedition
329 in 2010, we drilled the entire sedimentary sequence at 6 sites in the ultra-oligotrophic region
of the South Pacific Gyre (SPG), where dissolved O2 and aerobic microbial communities are present
from the seafloor to the sediment-basement interface [1]. Massive manganese nodules often occur at
the seafloor of these drilling sites, and the subseafloor sediments generally consist of zeolitic
metalliferous clay. Using a newly developed sediment observation technique [2], we observed
numerous micrometer-scale particles of (ferro-)manganese minerals in the oxic zeolitic clay from
present-day to several tens of millions of years. Using a synchrotron-based X-ray microtomography
and FIB-SEM-EDS, high-resolution three-dimensional micro-textures of manganese microparticles, as
well as elemental compositions, were visualized, suggesting that those particles were deposited
from the water column, and well preserved in the widespread area of deep-sea oxic sediments over
geologic time. 
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