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REY compositions in hydrogenetic ferromanganese crusts of hadal
zone
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Ferromanganese crusts, mainly composed of Iron and Manganese (oxhydro)oxide, occur regarding two
kinds of their origins in submarine environment. One is hydrogenetic origin enriched in trace elements
and rare earth elements (REE), the other is hydrothermal origin lacking those elements. The former is a
useful tool to record oceanic paleo-environment, because they adsorb the elements from ambient
seawater.

The relationships between chemical composition of ferromanganese crusts and water depth have already
been studied to investigate the accumulation mechanism of elements. Most of ferromanganese crusts
previously reported, however, have been only from shallower than 4 km depth of seamount. Here, the
petit-spot volcanoes, monogenetic volcanoes occurred on bending oceanic plate, are possible to supply
the ferromanganese crusts on abyssal plane covered with sediments of 5 to 6 km in water depth. The
ferromanganese crusts from petit-spot volcanoes, therefore, are expected to record the chemical
signatures of the deep-sea water in abyssal to hadal zones. We analyzed the samples off NE-Japan and
Minamitorishima Island (5.2-6.0 km in depth), and those in Japan Trench (6.7-7.1 km in depth)

The data of them show low Mn/Fe ratios (0.63 to 1.5), high contents of Co, Ni, and REE and Y (REY), and
positive Ce anomalies, all of which indicate hydrogenetic character. We used the ratios of two adjacent
elements in REY to compare the compositions regardless of the contaminating detritus in ferromanganese
crust. Shale-normalized REY patterns of the ferromanganese crusts shows characteristically lower Lag,/Pr
s\ Fatios than 1 although the typical crusts have Lag,/Prq, ratios systematically higher than 1. A strong
correlation between the Lag,/Prq, ratios and water depths (correlation coefficient shows -0.9) suggests
that the Lag,/Prg, in hydrogenetic crusts is a potential hydro-barometer of (paleo)ocean. Other
hydrogenetic ferromanganese crusts from the Pacific Ocean also show the similar trend, but different from
those in the Japan Trench. REY ratios of ferromanganese crusts from the Japan Trench (approximately
7km) are similar values to shallower crusts in this study. This would be due to remaining REY components
on those of shallower portion prior to trench-oceanward slope on the plate motion (approximately 5.3 km
in depth). The variations of REY ratios with water depth in ferromanganese crusts reflect REY
compositions of ambient seawater.

F—O—R:HBIVAVISTRAN FEETR. TFRIARY b
Keywords: Ferromanganese crusts, Rare earth elements, Petit-spot volcanoes

©2017. Japan Geoscience Union. All Right Reserved. - MIS17-PO1 -



MIS17-P0O2 JpGU-AGU Joint Meeting 2017

NIFYVT7HER MO M ZA MELTOR YAV /D a—I)LKER
Genesis of Mn-nodules as deep sea floor bacterial stromatolite
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Since the first finding in 1876 Mn nodules had been problematic in its genesis; Why the shape is nodular?
Why not buried: sedimentation rates of the surrounding are much faster than the slow growth rate. Where
do the metals of Mn, Fe ,Co, Ni etc. come from? Reason of thin rhythmic banding? Biogenic or abiogenic?
Akai et al. (2013) has answered these questions ; that is, Mn nodule is stromatolite with fractal like
signature. Co-rich Mn crusts were also found to have fundamentally the same characters ( Akai et al.,
2014).

In this report, the author summarize these results and compare other biogenetic precipitation of Mn
oxides.

Samples of Mn nodules and Co-rich Mn crust in Pacific ocean were used for mineralogical examinations :
Morphology, OM, XRD, TEM, SEM, EDS, HRTEM, X-ray CT, mathematical simulation by assuming fractal
morphology.

The results (Figs.) showed the followings: morphology is fractal-like nature; the fourth order corresponds
to top dome shapes of the columnar stromatolite structure, which will be mentioned later.

Bacterial signature(fossil) was widely found on the surface and inner structure. Manganese and Iron
metabolic bacteria may be symbiotically cooperating to form Mn nodules. Mineralogy of the Mn oxide is
characterized by 2.5 Amanganate and/or 10 Aphyllomanganate. Thin rhythmic banding is always found as
growth layer, essentially similar dome-like stromatolite and sometimes it is interrupted by some event
layer. There is a discussion for this thin layer as Milankovitch cycle (Han et al., 2003). Textural similarity to
the present hot spring stromatolite (Akai et al.,1995,1997) conaining Mn-stromatolite is very strong. We
have found stromatolite structure also at Onneto-Yunotaki Mn deposit (Kanai and Akai,2008). Mn-nodule
aggregate is apparently a kind of relic of Precambrian stromatolite bio-community.
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BETERINE TV HVBESICIE. BRBRICEITZHMENOBASNARRINTE L, IV HVEREIC
haMEME L TEHEL DS TS LBEDOHEMEICEBIEE Y., YV A VERILEEEZE T 2MEMKDOE
BIEEZETONTE o, I5IC, MEMBESERMBTZ R CLETHAIS. TV AVEBEICEDbZmnxiE
EFEETBEINS, KEBThaumarchaeota®D 7 IL—THHRICEAHL Z2WEYRBEDE HRMERDO—D & &
AbNTW3, —AT, YUVHAVEEYLGSIZEMOY YA VB EMEYESHEOEBRENZIEAERVWLES
N, RWESNIWMENRREEIZHTH DD, YV HVRBEPEEICEAS T 2MEMEOREILE#L
Wo RIIRTIEE, YYAVISZAMNEECHRFERBILEDTHRIRULZK - HEY - <V AV ISR Mg
4P ERRIC, VA VEKICES T 2AEEMOH Z2MEMEOKRY AA%E B E LT, MiSeq% AL
EMEBEERBITS SO Y TIVOERLE & DB 51T o7,

MEMBEEAKICEDWT, METEMFEZEAVTHAROSEEToE T 5, BRHEKREL4L4TL—TIC
DT DI ENTE L, BRKREAN2VIL—TEHBAREAN2 N —TTHY ., FICHBEYROBHEIZERIC
L BERTIEHEBTERD 2 BKEEWITIN—TEIVH VBB EFTERET LTI 5N
7=. Acidobacteria,Gemmatimonadetes,NC10, Nitrospirae, Alphaproteobacteria(Rhizobiales),
Betaproteobacteria(Nitrosomonadaceae), DeltaProteobacteria (NB1,Entotheonellales), SBR1093, WS3,
Caldithrixd* < v # V HEMBEHEMHEONH ERAFRAERZRL. TV A VHERMICE T 25804 HE
MEEETRINE, BTHREFRIC. BERBRICEBHLD2WENI ST 2 EHNELIITR T,
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Detritus in ferromanganese crusts and aeolian input to the Northwest
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RUAVISZAE (T VSR N) @ O BLUREDOERE = FHRRICKRE S 28 - vV HUVBEME TR
ETBILEMBETH D, 77X MITIO0OFFEICH MM EFERITEVHERRE TERGHUICKRLTWS, Z0
o, RLVY - BREEOERIEREE L TORAREMEBSINTWS, INIATOI SR MEBFRRE
BEDAA, 2ETOLEERCEMEITICEOVWZEDTH>, —AT. 77X NIEEBRSDIEDL
120 KIEIR - KEERIR - £MER - FHEERAEOSERBBYMFZ10-30%FEET (H
#, 2010) . £oT. BBYHNFZERIEICOR - BT S LTI UFMAEREETATEZEEZ
bNd, FFRTEK. 772 MHOARNFICEB L. LAXTFENORKEHQEDOES 2ERT 2,

AR EEDOEARZ10BLUNSERENAISEDI A NEAWT, £28UYHERS T ET 2R, 77
A RNFOARNFOERREEME LEBRABRE 21T o7, £/, FIOEBEHEY = BV -BEKEMREG &
DXL AE1T o 7=,

LEIMERDORERZEE 2. RAS L CKEARAORAR TR LHER., BERHL5MalllETEMT AL
2HBNTHBLTAHON, ZOERAIEF. BALIOBRMEREYICEZ S N-RAKEHRKGEDIEM (Reaetal,
1985) &L#EBILTWD, —AT. SMak WHUVLWERICE T2 AESEER. 2B THEDERIEA# N
3. @ACBLRORR CHRAMMEREZ R L, Ihidk, KLEEREDBHALRARY N2 RBLTWS AR
MDD, T, BARICK YR L-ARNFOBBERERZ T o> 7ER. Bum~100 uml EORFH
BRIN, BEMHBEYMICE TN 2RAMERREARDAR (Kawahata et al., 2000) 2 LIEBHNIZKE WL
BENFEESENDZEPELIER D,

PDELY, 75X MRICEENICEFRSINAARSHEEDEME, EEARTFICH T 2 REKEMIGEDEN
ERERLTWBAEMDH S, —AT. 77 XAMRICIE, 100umZBAZHED, ARERRTIIRVWAR
MFOFELTRIN, WAIC, ARNFONECHELEICEDCFHFRRIDZWVWAITZTV. 77X
LREMEERARDAZHMEHT 2 & T BANEMGEDCRKREREENALSMNCLE EHFTE 2,
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Categorization and surficial conditions of manganese deposits on the
Takuyo Daigo Seamount
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Chemical compositions of Holocene and fossil hydrothermal
manganese deposits from the lzu-Ogasawara arc
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This study investigated Holocene and fossil hydrothermal manganese deposits in the Izu-Ogasawara arc.
Mineralogically, these deposits comprise 10 Aand 7 Amanganate minerals, and the fossil samples showed
higher 10 Astabilities. Chemical compositions of the Holocene samples are typical of other hydrothermal
manganese deposits, including low Fe/Mn ratios, low trace metals, and low rare earth elements. Although
the fossil samples generally have similar chemical characteristics, they exhibit significant enrichment in Ni,
Cu, Zn, Cd, Ba, REE, Tl, and Pb contents. Furthermore, the chondrite-normalized REE patterns showed
more light REE enrichment trends. These chemical characteristics suggest post-depositional uptake of
these metals from seawater.
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Growth rates and microscopic stratigraphy of the Northwestern Pacific
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RVAVYIZANMNE, BEORELLZEEZTERRICIEET 2Fe-MnBREM & EMD & LILZ2HB S TH
3. ZTOWMMKREE (ENEFDI XA NDOREBBE) ICEBTA~BTRAERT—ILOBFRIEOEEY
AR NPRBHBREINTWBEEEMENIEEEINTULS (Sorem and Foster, 1972; B4, 1993; F1H,

1998) . —fl& LT, AXFEEZAVYEVEBSL—MNLEICMBTZEEBLOI SR MR (D96-m4) T
&, EFBEMEOERARELEFFEE (BE) EEICASNEZRRB\AIZVIAEYFHA I ERIELTW
eSS (MEIED, 2013) , EhdFe-MnERILMEMBEREEARICEIZFAHPNABETHE I L
AHREINTWS (BIBIEH, 2015) . S 52 "BeFERBEZE (Usui et al, 2007) & H#HSER (Oda et
al, 2011) IC& > T2oDEEZEE ("°Be: 6.0 mm/m.y., BiiES: 5.1 mm/my.) PHEEINLTLS. LA
L, COHBICEIT2HMBIFERNOBIRMEY, HMNRBEICRETE 2MRENEDREEMIEAICERL
TWENREDFBEIFHERSINT WAL, ZZTHAMR T, FHENLGRRENERTE 2 ERBILDIGHR
EZDOEDOIAREEH 74 VEVEBESL— N LEDHI VAV IS A NARSRICAL T 27074 —7
ZXIRCTRIE IC & 2 IFBIRAMERAE ATV, FRRANOBFOMAILTERAA. S HIZ, DIGEHMNTOY I H
5D 7=E R ICH LSQUIDSEMER AT A 5, LITMRE DREREDLLEBIRET 6 H A 7.

XHRCTTIE, AHAM (FT6R) IRTICWEEEBLROERELAICKZBENBRETE, Fe-MnEgibE
EEBARICEZ2EEN’HIRTE . BITHRICEASNTWVWEDIGHABICE L TS HICERIEETEHRT 2
&, RBOEEFAROERIEA (Fa—TR) ZIFNICEREISZI & TE. £k, Fe-MnBLYBEE
SEAHRBOERYUBOREDHRFDEVER SN, Ko T, DIGHBICEHRTZANMRRBIZZDEED Y
FANEWRICHONDRHHENREETHY, Fe-MnERIEMDMRT 2D TEREFARISFEEL P T VRIED
BEL, ZTOREBEZEIMHMERREEIC—KRICEHZEINTVWEZEATEBLTVWS. LML, SHRORIRIE
B LLERET L2 iER, SRBEOERMEIFES, BHER2ICIE—BLAI 7. ZHIFEARIFEEREI
BILUTETRIEDENEF N, TNV SR NDOHBHMRNEBEICHEESA-AREEEZTBL TV
3. SQUIDSEMSEERIE TlE, DGR DFH B/ ICEWTE mDBEREE O EMEAL, BRI &I
MK P EFRBZIBICHTEDTWK FEE L YWRREELZHEL. RXEADOKRERREE L, KE
0~3.5 mmTI&4.5 mm/m.y. (10065FIZ4.5mm) , 3.5~7.1 mmTI£18.1 mm/m.y., 7.1~7.7 mmTI&E
6.5mm/m.y., 7.7~9.5 mmTI¥2.6 mm/m.y., 9.5~11.6 mmTIZ12.2 mm/m.y. TH 3. HDIBMRERE
DETIIRITHREEDEEGUEN L, REHIS3.5 mmHIREHISHN7SHEFICE X B OB MERIER
T# %Brunhes-Matuyamalz? (B-MiE5R: 0.78 Ma) & WO ERIXEFEMIEVWEEZ . T, BBIERE
BENRL RIEMRIPAONED, HHEKRBEICARTZ2REFARLEBYMICLIZ2ENMNTORREEA
DEEBHERT DL, AMAROBRISETHRNOREL ANZDIFTIERWL. KU EEEOEVWRIDDIEMLE
REERD E TOWMMRBEZHERT 2E, REAAREBRIWNTISHERI X TI4ENBRESINS. L
NoT, TNIREBBLICEVWTH7SHAEFIN SR X TICARDEEBFARNEIET 3 & 5 RBEFHDN
BolZezrnd. BEFAMICENDAEDL D BRIRIETH o NMIFETEAVLD, REFDOHERE (0mm) &
Fe-MnBRIEMID SR U REEAHOBEIERTERWVED, INO4ABDHBIIEREE I ERDZRIEE
Bhhs.
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Formational process of Manganese oxides in the Hokuroku District,
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Several Mn ore deposits are present in the Hokuroku district in Akita. Origin of Mn ore deposits and their
relationship to Kuroko ore deposits are completely unknown. Therefore, in the present study, geological,
mineralogical and geochemical studies are performed on Mn ores and associated rocks in the Hokuroku
district.
Our geological survey revealed that Mn ore deposits and/or Mn enriched rocks appear above
“R2-Rhyolite” horizon, which age is approximately 12 Ma. Mn ores mostly appear in tuff as
disseminated or massive ores, and some ores appear in mud stone. Major Mn mineral is MnOOH, and
more than 10 kinds of Mn minerals are found. Electron-microprobe and Raman spectroscopic analyses on
the examined samples identified todorokite, hausmannite and so on as Mn minerals
Those Mn minerals are spatially associated with dolerite intrusions. In addition, Fe-enrichments (by
forming hematite) are often found around dolerite. By detailed geological survey, we were able to
reconstruct sub-seafloor hydrothermal circulation pathways, which were initiated by R2 rhyolite and then
followed by dolerite intrusions, in the studied sections.
Chlorite geothermometer and general mineral assemblages suggest the temperature of the hydrothermal
fluids were not high enough to generate sulfidic “black smoker.” Multiple submarine hydrothermal
circulation mobilized and locally enriched Mn in tuff. Those are remobilized when dolerite intruded into
tuff.
Then large quantity of Mn oxides precipitated in tuff or seafloor with significant amounts of Fe?" derived
from dolerite and the reaction with oxygenic seawater at the subsurface area.
These result suggest that submarine hydrothermal activities with relatively low temperature can
potentially form the high Mn concentration. Such low temperature hydrothermal processes are common
in the modern ocean and Mn ores similar to the Hokuroku may be present on the modern ocean floor or
sub-seafloor rocks. The process found in the present study is different from previous model based on
“black smoker” type hydrothermal activities. In addition, age and stratigraphy of Mn ores indicate no
relationship to Kuroko ores, but bimodal activities, which succeeded from Kuroko age, are important to
form Mn ores in the Hokuroku district.

F—O—R: VAV, EERBEKR
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Phosphorous supply by substrates of cobalt-rich manganese crusts
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