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Marine manganese deposits: Status, subjects, and perspectives.
USUI, Akira'*
LKochi University

Marine manganese deposits, for example, crusts and nodules, occur mainly on the deep floors below the depth about 10
meters. The deposits are notes as probable metallic ores for some useful metal elements. The distribution patterns, mechanisn
formation and deposition, are recently intensively studied around the Japanese Islands in the Northwestern Pacific ocean. In tt
paper, the history of geoscientific study and resource exploration will be reviewed, in various aspects of geology, geochemistry
mineralogy, microbiology, and paleoceanography. The most important scopes of study on marine manganese deposits are,
chemical and mineralogical forms of manganese minerals, 2) mode and processes of deposition of useful metallic elements, .
relationship of deposition of manganese oxides to marine geology, hydrological condiitons, 4) characterization as nano materia
5) microbial effects on the deposition of manganese minerals, 6) correlation with terrestrial manganese and iron/manganese oxi
deposits. A systematic joint scientific programs should be reactivated to veil the real occurrence of the deposits, using moder
high-tech vehicle, sonsors, analysis apparatus of fine, fast, and high-resolution. In the paper, recent results will be overviewe
based on our cruises and analysis with joint collaboration with domestic and international institutions
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Geochemistry of ferromanganese crust: recent scientific results

SUZUKI, Katsuhikd* ; GOTO, Kosuke B ; NOZAKI, Tatsud ; KASHIWABARA, Teruhiko! ; IJIMA, Koichi! ;
USUI, Akira®

LJAMSTEC,2GSJ, AIST,?Dept, Natural Science, Kochi Univ.

Ferromanganese crusts (Fe-Mn crusts) are a kind of marine chemical sediment composed of iron and manganese oxid
occurring on the surface of seamounts and oceanic plateaus at depths from 400 to 4000 meters below sea level (mbsl) (Hein
al., 2000). Fe-Mn crusts possess especially high concentrations of rare metals such as cobalt, tellurium, and rare earth elemer
and are expected as submarine mineral resources. Occurrence, chemical compositions and growth patterns of Fe-Mn crusts
locally variable, and their genesis, growth rates and enrichment processes of elements are required to evaluate Fe-Mn crusts
mineral resources. Therefore, we have been conducting scientific research on genesis of Fe-Mn crusts.

The depositional ages of sublayers in a Fe-Mn crust sample have been determined by the Be-10 isotope system and ultrafir
scale magnetostratigraphy (Oda et al., 2011). Though these methods can provide precise age data of the young part of Fe-I
crusts (up to 10 million years), development of the method to determine the age of the whole layers is required. Klemm et al
(2005) applied osmium (Os) isotope stratigraphy in which the Os isotopic composition of each Fe-Mn crust layer is measurec
and matched to the well-known marine Os isotope evolution of the past 80 Ma. We analyzed the Os isotope of the Fe-Mn crust
collected from the Takuyo-Daigo, Ryusei and MC10 (Micronesia) seamounts. The obtained results indicate that the Fe-Mr
crusts from Takuyo-Daigo and Ryusei seamonts have the growth rate of approximately 3 mm/million years in the past 15 million
years. Also, it is proposed that, though the Fe-Mn crust from MC10 seamount is likely to have grrown continuously, those from
the Takuyo-Daigo seamount encountered significant changes in growth rates, possibly a growth hiatus, between ca. 15 and .
million years ago.

We have revealed through speciation of elements by synchrotron X-ray that element concentration in Fe-Mn crusts are we
constrained by mode of adsorption on iron (ferrihydrite) and manganese oxides (MnO2) (Kashiwabara et al., 2008, 2011, 2013
2014). As for homologous tungsten and molybdenum, for example, Fe-Mn crusts are distinctly more enriched with tungster
than molybdenum. Kashiwabara et al. (2013) conducted EXFS analyses and proposed its mechanism based on the chemi
speciation data as follows: Tungsten forms an inner-sphere complex both on iron and manganese oxides, while molybdenu
forms an inner-sphere complex on iron oxide and forms an outer-sphere complex on manganese oxide. Such difference in mo
of adsorption leads to difference in concentrations of tungsten and molybdenum in Fe-Mn crusts. On the other hand, tungste
abundance of seawater is suggested to be low due to removal of tungsten in seawater driven by its adsorption on Fe-Mn crus
and other Fe-Mn oxides on the seafloor.
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Sr isotope composition of marine manganese deposits
ITO, Takashi*
LFaculty of Education, Ibaraki University

Fluctuations of seawater Sr isotope ratio have been actively reconstructed since the 1980s. The seawater Sr isotope curves
used widely as a tool of dating (Sr isotopic stratigraphy) and as a tracer to evaluate surficial circulation of materials in the Earth’
surface.

Futa et al. (1988) attempted to apply the Srisotope stratigraphy to two Pacific manganese crusts and Ingram et al. (1990) a
plies the two-step sequential extraction method to leach original seawater Sr. Hein et al. (1992) observed fine-scale compositiol
in texture and chemistry of a Pacific manganese crust based on Sr isotopic ages. On the other hand, VonderHaar et al. (19¢
assessed Sr isotopic dating for a manganese crust to conduct various leaching procedures. As the result, they pointed out 1
possibility of replacement of original Sr by later stage seawater Sr after growth. After that, Sr isotopic stratigraphy has not beer
actively applied as the dating method for marine manganese deposits.

In this study, various leaching procedures were tested to obtain basic data for Sr isotopic composition in marine manganes
deposits. It was concluded that the two-step sequential extraction using acetic acid was the best way to minimize the effect of S
from detrital silicates within manganese deposits.

Keywords: manganese deposits, manganese crusts, manganese nodules, strontium, isotope, growth rate

1/1



Japan Geoscience Union Meeting 2015 0 ® "

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

MIS46-04 Room:A05 Time:May 27 10:15-10:30

Paleomagnetic study on the ferromanganese crusts recovered from northewest Pacific

NOGUCHI, Atushi* ; YAMAMOTO, Yuhji 2 ; NISHI, Keisuké ; USUI, Akira*

IGraduate School Of Integrated Arts and Sciené@enter for Advanced Marine Core Research, Kochi Univerditgchi
University,*Geology Dept., Kochi Univ.

We have conducted paleomagnetic measurements on the ferromanganese crusts recovered from five different locations in t
northwest Pacific. The analyses were made on a series of the thin slices (0.5-1.0 mm in thickness) cut perpendicular to th
growth layers of the crusts, from surface to the interior. We recognized 2-8 polarity reversals in the crusts, and the most surficia
layers were commonly characterized by normal polarities. Assuming that these layers were grown constantly in Brunhes norme
polarity chron (0-0.78 Ma), growth rates were estimated as 2.1-5.0 mm/Ma. These rates are consistent with those estimated |

the '°BeBe method except for one location.
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Distribution of Co-rich ferromanganese crusts and evolution of the seamounts in the NW
pacific

OKAMOTO, Nobuyuki*
1Japan Oil, Gas and Metals National Corporation

Marine hydrogenetic ferromanganese crusts are known as potential mineral deposits for cobalt, nickel, platinum, rare eartt
and other metals of emerging economic interest.

The crusts show particularly high concentrations of rare metals for high-technology and green technology and usually cove
stable rock outcrops in large areas of crests and slopes of seamounts where pelagic sedimentation is generally low or ofte
lacking, thus the Northwest (NW) pacific seamount provinces are most promising sites for future deep-sea mining.

The ferromanganese crusts have been studied in this area by a number of scientific researchers from several countries.

Japan QOil, Gas and Metals National Corporation (JOGMEC) commenced survey cruises for the crusts in 1987. In 2014
JOGMEC also obtained an exclusive license from the International Seabed Authority for the crusts in the high sea of NW pacific
The area located approximately 600 km offshore of south-east of Minami-tori-shima island in the EEZ of Japan.

However, our scientific knowledge for understanding the origin, nature, environments and economic potentiality is still limited.

The patterns of distribution, resource potential and the relationship to geological parameters were found to be characterize
by the potentiality for the ferromanganese crusts little by little. In this presentation, the relationship between crust abundanc:
and diversity in the geological evolution of the seamounts in the NW pacific is discussed on the basis of bathymetric, geological
geophysical and environmental data.

Keywords: cobalt-rich, ferromanganese crust, northwest pacific, seamount
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Concentration mechanisms of trace elements on ferromanganese nodule : Arsenic(A:
and Antimony(Sb)

UESUGI, Soichird* ; TANAKA, Masato' ; YOKOYAMA, Yuka? ;: KASHIWABARA, Teruhiko® ; USUI, Akira® ;
TAKAHASHI, Yoshio!

!Department of Earth and Planetary Science, Graduate School of Science, The University o Dapartment of Earth and
Planetary System Science, Graduate School of Science, Hiroshima Univ&iaiign Agency for Marine-Earth Science and
TechnologyNatural Science Cluster, Kochi University

Ferromanganese nodules and crusts (marine manganese deposits) are typical chemical deposition at sea floor, and has b
focused as metal resource in the world. Marine manganese deposit was known to grow after adsorption and formation ©
surface complex with trace or useful elements. Thus, marine manganese deposit was considered as a key to reveal geochem
environment since they retain information of the environment when they have formed. Genetic process of marine manganes
deposit can be divided into three origins, which are hydrogenetic, diagenetic, and hydrothermal origins.

In this study, we focused on the mechanism of enrichment of arsenic (As) and antimony (Sb) of the trace elements in marin
manganese deposit. Antimony has been used as the products such as flame retardant agents of textiles and plastic produ
catalysts, and pigments. However, Sb has very high supply risk all over the world (British Geological Survey, 2012). Arsenic
and Sb belong to same group in the periodic table. However, it is possible that chemical processes of their incorporation int
marine manganese deposit are different, because coordination environment of As and Sb can be very different: As prefel
tetrahederal symmetry, while Sb octahedral. Thus, it is possible to clarify the enrichment mechanism of trace elements to th
marine manganese deposits based on the the coordination number and surface complex structure for Sb and As.

Therefore, we studied distributions of As and Sb to natural marine manganese deposits and also to synthetic iron hydroxide
and manganese oxides in laboratory experiments via adsorption or coprecipitation process. Moreover, extraction rates of A
and Sb by phosphoric acid after their adsorption/coprecipitation into iron hydroxides or manganese oxides. Similar experiment
were also conducted for natural Fe-Mn nodules. The concentration of As and Sb in natural marine manganese deposits were al
measured by ICP-MS after acid decomposition.

From these results, the macroscopic distribution of As and Sb on iron hydroxides and manganese oxides were determined.
addition, X-ray absorption fine structure (XAFS) of these samples were measured at SPring-8 to clarify the chemical species ¢
As and Sb on the surface of the marine manganese deposit. Furthermore, the adsorption forms of As and Sb to marine mangan
deposit were also estimated by quantum chemical calculation. From these results, we discuss the enrichment mechanism of
and Sb into marine manganese deposits.

Keywords: marine manganese deposits, antimony, arsenic, concentration mechanism, X-ray absorption fine structure
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Depositional process of Fe-Mn oxide minerals at an active submarine volcano, in the lzu
Bonin Arc

HINO, Hikaril* ; USUI, Akira! ; OKAMURA, Kei! ; NISHI, Keisuké
IKochi University

Ferromangaese crusts (hereafter called Fe-Mn crusts) consist mainly of Fe and Mn oxides and often cover the hard-roc
substrates on the flank and summit of seamounts. Because of a very slow rate of gravithngm/m.y.), Fe-Mn crusts are
considered as condensed stratigraphic record of oceanographic and geologic conditions of the surrounding environment durir
accretion of the successive laminae at the seafloor (Hein et al., 1992). Even though Fe-Mn crusts form basically by hydrogenet
precipitation, the exact mechanisms of growth and metal enrichments are poorly understood.

We carried out an experimental approach to investigate on-site metal-oxide precipitation on artificial substrates. Mn-free (plas
tic, glass, ceramic) substrates were deployed for 12 years on the Bayonaise Knoll of a possible hydrothermal area in the Izu-Bon
arc, at depths of 918-920 m. The mineralogical and chemical characrerization to the experimental surfaces were documented |
field emission scanning electron microscopy (FE-SEM) and energy dispersive X-ray spectroscopy (EDS).

FE-SEM observations of the surfaces revealed the presence of ball-, doughnut- and rod- shaped structure contain substan
amount of Fe-Mn oxides. These size and shape of the precipitates looks like microorganisms or bacterial mats. The averac
growth rate of the objects is calculated ave. 0.05-2.79 mm/m.y. The X-ray element mapping of the precipitate showed Mn-Fe
enrichment with Si and Ca (without sediments or calcareous planktons) and may be associated with coprecipitation.

This finding was the first evidence of modern active precipitation of initial Fe-Mn oxides from hydrothermal/ normal sea waters
in the ocean floors. The Fe-Mn oxides are probably hydrogenetic precipitate of ferruginous vernadite, a major constituent of Fe
Mn crusts. Ferruginous vernadite is the only one major iron-hosting marine authigenic manganese mineral (Usui & Terashima
1997) and is characterized by low crystallinity caused by randomly-stacked sheets of manganese and iron hydroxides (Ostwarl
1984). Thus, our data suggests that the precipitation initiates from the formation of Fe-Mn oxide even in hydrothermal areas.

Keywords: ferromanganese crust, low-temperature hydrothermal activity, bayonaise knoll, manganese mineral, vernadite, biomi
eralization
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Microstratigraphic description of ferromanganese crusts from the Ryusei Seamount, Kyu:
Palau Ridge

NISHI, Keisuké* ; USUI, Akira® ; IAN, Grahan?
LGeology Dept., Kochi Univ.2Institute of Geological and Nuclear Science

Hydrogenetic ferromanganese crusts occur widely on the floor of the northwestern Pacific Ocean, south and east of the Japane
Islands. The ferromanganese crusts were collected with a ROV, the Hyper-dolphin from the Ryusei Seamount, Kyusyu-Pala
Ridge, Philippine Sea Plate, and analyzed for microstratigraphy, mineralogy, chemistry, and Be isotopes. These crusts conta
abundant detrital particles such as quartz, and plagioclase, and are high in Al and Fe and low in Mn, Co, and Ni concentration
compared with the crusts on the Pacific Plate. The extrapolated surface agé BeftBe growth curves of the crusts is about
zero, and the growth rate varies from 1.7 to 8.9 mm/Myr, which is significantly faster than those for the Central Pacific crusts
(Hein et al., 2000). The chemical and mineralogical analyses indicate that the crusts of the Ryusei Seamount are strongly col
taminated with detritus compared with those of the Pacific Plate due to abundant terrigenous supply from the continents suc
as eolian dust and clay minerals. A geological setting and oceanographical environments have controlled their growth rate, ar
internal structures.

Keywords: ferromanganese crust, NW Pacific, Kyusyu-Palau Ridge, stratigraphy
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The new method of description in hydrogenetic ferromanganese crusts

NAKASATO, Yoshio'* ; USUI, Akira! ; NISHI, Keisuké ; HINO, Hikari! ; TANAKA, Yuitiro ! ;
YASUDA, Hisatd' ; GOTO, Kosuke B ; IAN J., Graham

IKochi University,?Geological Survey of Japafinstitute of Geological and Nuclear Sciences

Hydrogenetic ferromanganese crusts (hereafter called crusts) on the Pacific seamounts are formed by precipitation of iron?ma
oxides from ambient seawater on volcanic and biogenic substrate rocks. Crusts have been used as potential as record of the N
gene paleoceanographic and paleoclimatic conditions, because of their very slow and continuous growth rates 1 to 10 mm/m.y
In the paper, the crust has been observed as compressed sediment cores which have incorporated part of the weathered pro
of the substrate, biogenic, volcanogenic, terrestrial particles such as eolian dust during its growth.

In this study, a selective leaching experiment were applied on the ferromanganese crust from Federated States of Micrones
at water depth of 2262 m.

The leaching procedures used by Koschinsky and Halbach (1995) was modified and optimized a part of sequential leachin
experiments. Their work, known selective dissolution procedures were adapted to the treatment of ferromanganese crusts a
combined into a leaching sequence that allows for the effective separation of the major mineral phases of crusts from associatt
metallic components. This study concentrates to observe residual fraction after leaching experiments.

As aresult, the polygenetic particles was extracted and clearly observed from the crust. These particles are of different origin
such as volcanogenic, biogenic, terrestrial and extraterrestrial materials. In addition, we could observe various morphologies c
fossil bacterial magnetites (magnetofossils) in residual fraction. These particles seem to reflect regional and local oceanograph
environment. This extraction method will improve mineral and structural description the growth history of Hydrogenetic crusts.

Keywords: Ferromanganese crusts, Paleoceanography
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A wide and abundant distribution of hydrogenetic ferromanganese oxide deposits over th
NW Pacifi

USUI, Akira* ; KISIMOTO, Kiyoyuki? ; NISHIMURA, Akira3 ; NAITO, Kazuya ; OKAMOTO, Nobuyuk#?
IKochi University,?AIST, 3JOGMEC

The ferromanganese deposit is characterized by a low-grade and large-scale deposit with its diversity in regional distribution it
metal composition. The deposit is markedly abundant in the NW Pacific because of highly dense distribution of the Cretaceou
seamounts which provides geological stable rock outcrops. However, the factors controlling variation patterns of chemica
composition and growth rates of metal flux are yet unknown. We attempt to figure out more clear patterns of growth of the
deposits in space and time by updating out previous database map of distribution (Usui et al., 1994).

An additional update will be made on the basis of abundant data of beryllium isotope. The data suggests a common and usu
growth of hydrogenetic ferromanganese deposits in space and in time during the water depths between 900 and over 6100 met
in all over the deep-sea floors in the NW Pacific Ocean. We believe that these data are of great use for exploration of new or
deposits and for paleoceanographic reconstruction during their growth.

Keywords: NW Pacific, manganese, hydrogenetic, crust, nodule, rare metal
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Comparison of the microscopic growth structure of the ferromanganese crusts with the
glacial-interglacial cycles

TAKAHASHI, Hironori'* ; USUI, Akiral ; ITO, Takashi
IFaculty of Science, Kochi UniversityFaculty of Education, Ibaraki University

Hydrogenetic ferromanganese crusts are iron-manganese oxide chemical precipitates on the sea?oor that grow over periods
tens of millions of years. The marine environmental changes and events of a long range are possible recorded in microstructu
(Sorem and Foster, 1972; Usui, 1998). For example, the crust (D96-m4) dredged on the floor of the Philippine Sea Plate in th
northwestern Pacific Ocean, shows periodical lamination of characteristic pouch? or lobe? like structures.

Intervals of each lamination is about 506, which bounds to about 100 k.y. when assumed the average Be-10 growth rate of
4.9 mm/m.y.. The structure was observed in the crusts from other near by seamounts.

The controlling factors will be discussed geological and environmental in the paper.

Keywords: ferromanganese crust, northwestren Paciffic, growth layer
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