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Fig. 1 Photograph of a 3D print model of a separated Mn-
microparticle made from tomography images. Scanned 3D
image of approximately 7 um diameter Mn-microparticle is
magnified by 104 times and printed. Sample is measured us-
ing synchrotron-based X-ray microcomputed tomography at
BL47XU, SPring-8.
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Fig. 3 Depth profiles of numbers of Mn-microparticles in pelagic
oxic sediment samples from the South Pacific Gyre. Sam-
pling sites are plotted on an inset global map showing regions
that may contain dissolved oxygen through the entire
sedimentary sequence. Dark (light) gray indicates regions
likely to feature maximum (minimum) dissolved oxygen and
aerobic activity.

Fig. 2 Representative electron micrographs of Mn-microparticles in sediment samples. (a) Cross-sectional scanning
electron microscopy (SEM) images of resin-embedded oxic pelagic clay. Arrows indicate Mn-microparticles. (b)
SEM image of a Mn-microparticle in a density-separated sample (sample U1365C-1H-2 0/20).
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Fig. 5 Geochemical characteristic of separated Mn-microparticles in oxic pelagic sediments. (a) Fe-Mn-(Co + Cu + Ni)
% 10 ternary diagram. (b) Post-Archean Ausralian Shale (PAAS) normalized REE patterns.
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Fig. 6 STXM results of manganese in Mn-microparticles and stan-
dard samples. (a-d) Cross-sectional SEM images of STXM-
analyzed Mn-microparticles in samples of U1365C-1H-2 0/
20 (a), U1367D-1H-2 20/40 (b), U1365D-2H-3 0/20 (c),
and U1365C-9H-3 35/55 (d). Solid squares indicate ana-
lyzed spot in the NEXAFS spectra. Scale bars, 1 um. (e)
NEXAFS spectra for manganes of Mn-microparticles and
standard samples of Mn L-edge. Note changes in the redox
state of manganese in Mn (IV) standards of §-MnO, and
birnessite during repeated STXM measurements.
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Discovery of ferromanganese microparticles in
deep-sea oxic sediments: interdisciplinary
approach and future perspectives
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Nankoku, Kochi, 783-8502, Japan
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Yuki MORONO

Abstract Manganese is the third most abundant metallic element, after iron and titanium, in the Earth’s
crust, and ferromanganese minerals are sensitive to changes in redox condition. Assessing the
formation and preservation of ferromanganese minerals is important for understanding the global
cycles of manganese and numerous associated trace elements. The most extensive manganese
mineral deposits occur on abyssal plains, including those below open-ocean gyres. However, the
extent of ferromanganese minerals buried in subseafloor sediments remains unclear. By using
high-resolution and high-precision interdisciplinary techniques including synchrotron-based X-ray
analyses, we found abundant (108-10° particles cm~3) micrometer-scale ferromanganese miner-
al particles (Mn-microparticles) in the oxic pelagic clays of the oceanic gyre region. From the
global distribution of Mn-microparticles, we estimated the number of Mn-microparticles to be 1.5—
8.8 x 1028 particles, which accounted for 1.28-7.62 Tt of manganese. This estimate is at least 2
orders of magnitude larger than the manganese budget for manganese nodules on the seafloor.
Along with the examination of manganese input, formation, and preservation, we documented
new insights into the global budget of metallic elements in the abundant Mn-microparticles
present in deep subseafloor environments. This paper introduces significance of the discovery of
Mn-microparticles in deep-sea sediments and discusses future perspectives on the application of
synchrotron-based X-ray analyses to the environmental sediment samples.
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