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Characteristics of Manganese Nodule from the East Siberian Sea
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Qot: BSd wxtdd s sietal, vidl=s)] SollA TAHAUAR, FE24F stz taiis
d83HA =AM vzt gloh oW Ao A= Arctic Expedition ARAO7C &AHE B3l SAMIElof &
H e gel A 57 eI thste], =53 5l A FEhetd 548 getstal, o8 Fete] 1A
Aol tiste] FAsAT. WA E FAske FH AEtREe FAZOlE, MulAolE, Wyt
o|E Solth. Bted = tAlR AT I3 224e YEhY, S3t= AdH o it
sA ot WtgA e Fa3 54 Aol E F2 H-gdxFo] wadt. A ot
B BBl AEFdA AEH e BAEA o Hlske] Mne FReHAR Feo e ¢
FEeth & o iy, e Az wE SEAdEe] Aole 719 fl Az 1o
3}ehz A& zol7t Aol yehuAl 7] Wil d3= AAske ¢ stue] AUdE M Ths Aol
=1, Mn-Fe-(CuNi+Co)x10 HAEZo A RF £47]d& AATH 5582 fUHs L9
Mne 7 = At H2el ofs) mlxE, o]5 tiFEo] S8 DA 7] Wl FAu o}
& B SRR e Mn FEFS Uehlle ZoE wdd

F01 : A gotel], ¥itda, AsbgE, WA, Mn

ABSTRACT : Manganese (Mn) nodules in the Arctic Sea have been founded in the Kara Sea and
Barents Sea, but mineral and chemica compositions have been rarely investigated. In this study,
mineralogical and geochemical characteristics of Mn nodules obtained during the Arctic Expedition
ARAQ7C in northern East Siberian Sea were identified, and then genesis of Mn nodules were
estimated by using these characteristics. Main manganese oxide mineras constituting the manganese
nodule were buserite, birnessite, and vernadite. The Mn nodules generally represent radiated and
massive texture, and the layered texture was developed restrictively. The radiated texture, main feature
of the manganese nodule in the East Siberian Sea, is manly composed of cuspate-globular
microstructure. Compared with the Mn nodules in Pacific and Indian Oceans, Mn nodules of the East
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Shberian Sea are abundant in Mn, but Fe is too scarce. There was no difference in the chemica
composition and microstructures between outer and inner part of nodule. Therefore, nodules are most
likely to have only one genesis during their growth, and al of nodules indicate the diagenetic in
Mn-Fe-(Cu+Ni+Co)x10 ternary diagram. It is considered that the manganese nodules in the East
Siberian Sea are characterized by high Mn contents because manganese contents in the Arctic Ocean
were mainly resulted from river or coastal eroson and most of them are trapped in the Arctic Ocean.

Key words: East Siherian Sea, manganese nodule, manganese oxide mineral, radiated texture, Mn
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JAze} A AQle &ks] 318t ok 553
o wiAE ALdMNLE B3l Fiste duA Fa
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el g3 150,000 ki R1¥EgEO M, 2002
ol 75,000 knre] vzt GE/EgTE 44
SISTHMOMAF, 2003). EAl= AUEAl, 8744
Abeh TlEo] A, AlE 9 ol i AFE
gt A

A Ao Exst= Wil vs| F5&

)

.

I Qe 553 widEE 7heel(Kara Sea),
nlEl =3l (Barents Sea) SollA Al&std HAFR
AT Nordenskjold, 1881; Baturin and Dubinchuk,
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Fig. 1. Location of sampling ste during the Arctic Expedition ARAO7C and Mn nodules from ARA07C_St01

in the East Siberian Sea
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o3 724 WIS W] ol olE BES 54
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olate] 2 2TofA fA 4o 7.2-74 A9
HUAR | ER AT vk, ofE#l-e 2007}
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Fig. 2. XRD patterns of untreated and hested (100C,

12 h) Mn nodule. Bir; birnessite, Bus, buserite, Fi;

plagioclase, Qz; quartz, Ver; vernadite.
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Fig. 3. Microphotographs of textures in Mn nodules.
(a) radiated texture, (b) massive (inner) and layered
(outer) textures.
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Table 1. Important meta contents and Mn/Fe ratios for bulk manganese nodules from the East Siberian Sea
with Pacific Ocean and Indian Ocean for comparisons

East Siherian Sea (This study) Pacific Ocean noudles Indian Ocean nodules

Elements #1 #1 (Wegorzewski and (Hein and
#1 (outer rim) (inner layer) #2 #3 #4 Kuhn, 2014) Koschinsky, 2014)
Mn (wt%) 34.54 34.55 35.74 2856 3475 3117 3322 30.9 24.40
Fe (wt%) 1.80 2.08 113 234 133 18 176 5.86 7.10
Mn/Fe 16.6 31.6 191 122 261 168 204 53 34

Co (ppm) 173 187 174 661 252 204 2752 1500 1100

Ni (ppm) 223 217 171 177 217 379 2307 13200 11000

Cu (ppm) 68 72 54 75 % 157 86 12100 10400

Zn (ppm) 315 221 203 224 250 540 2922 1500 1200
Co+Ni+Cu (ppm) 464 476 399 913 559 740 592 26800 22500

Al o EAl BEEHFg. 3).

SAHE ol A tEEE wxigT ] wAZ
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(massive) -7 (cuspate-globular) F2A©.
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4a, b). AFzAL APl F2 BEHH, §f  Fo] w2 B gk TS0 FRS delE 4%
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Table 2. Electron microprobe andyses of variance in the each microstructure

Teture MnO FO CoO CuWO NO SO, ALO; MO NaO KO CaO Tio

5712 092 005 - 000 877 476 184 326 125 204 007

6153 063 - - 000 243 111 208 315 172 203 -

5084 080 001 002 001 327 136 295 200 221 120 004

5635 09 002 003 006 498 208 266 223 201 131 008

6567 024 006 003 004 026 009 246 246 171 19 002

4679 271 028 - 006 932 377 278 159 199 162 008

Cugppate 6141 087 - 004 002 352 131 254 389 137 1% 004

gobular 5886 075  0.06 - 0.01 169 066 252 174 175 211 013

5039 163 004 001 005 957 530 22 18 310 232 0™

6612 022 004 - - 027 002 277 272 158 210 001

5460 108 - - 006 295 159 274 165 214 161 006

5058 123 002 001 006 571 261 345 260 256 299 021

5779 140 001 000 000 806 268 378 235 245 247 014

5505 182 002 001 005 879 347 261 159 251 266 009

mean 5794 109 004 001 003 497 220 267 236 202 203 007

5856 282 008 - - 528 245 241 475 114 19 006

Columar 5400 196 001 007 002 1209 423 259 399 222 136 211

6474 048 004 - 001 147 046 194 600 094 192 003

5816 112 - 0.02 - 648 273 245 413 176 205 -

mean 5887 159 003 002 001 633 247 235 472 151 182 055

Messive 5506 215 001 009 000 938 346 301 149 18 281 010

5836 101 003 003 000 546 202 265 402 167 298 005

mean 5671 158 002 006 000 742 274 28 275 174 29 008
FyzAT BgzAT0] FA ol 9EA Yerdt x4 7be) 85y 2AR0)E Lohur] 9
3l EPMAE ol&3dt Zt wAx2] Yo s
stetxd BAst5oH, O A3E Table 200 AABHAT
AR EES AR 72 Wl B2 ¥ ==
ICP 45 &8l 73 9] bulk 38tz 2387 wiiel, A7 70% ol AAES &

A< Table 19 =18 Mne] 32 286
34.8 wt%, B 332 wt%eol ™, Feo| g 1.2-
2.3 wit%, Ht 1.8 wt%olth. Bl golu}t A=Y
T O sgelA A=EEe dxid o] vigte] Mn
FFe =S @S 7HAAR, Fed| FEFE -
s B Yo E2Aste 78 55 d4AES
¥ Co 275 ppm, Ni 231 ppm, Cu 86 ppm, Zn
292 ppmOo.E & S Hluste] s wrt
@3 o) W layerd] zolE dotir] e,
#1 A Zo tiste] &2 Uil sl 21| F7}
A4S AAE oY, 55 A4 el ol #9

& ol YehlA ehsirk(Table 1).

pul

Lo

A A3t 53t Z o2 ddste] o]ERks ol &
It Wegorzewski and Kuhn, 2014). MnO<]
Bt g A-TE2(57.9 wt%), T7422(58.9
wWt%), FA22(56.7 Wt%) 2 Z32 0] E 2jo]=
A2l YERA] edT) FeO2| Hit & =3 -
TEA(L1 wt%), T7322(1.6 wtd), /g2
(1.6 Wt = -T2 oA Hlwa 22 ¢fom
EAE9ou, FeOS] W7 H-773422(0.2-27
Wt%), F7422(05-2.8 wioe), TE2|(1.0-2.2 wid)
A& A EH 2Ad T Aole A gl A
o= dgdy. F8 5% 94(Co, Ni, Cu)g =
3 2E ZAA buk AES}F F 2o]E HolA|
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Fig. 5. Mn vs. Fe contents of bulk nodules and
manganese oxides from the study area. Mn nodules
data from the Pacific Ocean (Wegorzewski and
Kuhn, 2014) and Indian Ocean (Banerjee et al.,
1999) are plotted for comparison.

oo T2 FQ AASAE mH 2 o
E Aoy e wAE < gl

Mn¥} FeE o] &3t XY T2 &3 SAHg
olafio} g YoM e W E v 2t
A= Fig. 59 2t A5 AaAolA 4tEs =
A= O Ad]le] kgt wiEell 10-30 wi%2
Mn SheFat 2-14 wit%2] Fe o2 H-o Ho|d
TAEthBanerjee et al., 1999). EjF Y A9
] 58 3040 wt%2] Mn $HEF 4-7 wi%e] H)
w3 F& 1ol F5E o] AT Wegorzewski and
Kuhn, 2014). sAHlgolelollA AEEe w3
&L oF 30-50 wit%e] B2 Mn & 7HIth
W Feo| SRS Az #AIQle] BEF
wt% ©Jst= ul-§- HE3te o s
zto] & BRI, FAHIgols oA 4tEE =
] Mn/Fe ratios ¢ 204Z B ol A
He i) oF g4u), A=k oF 6H] =
< Hol|z=d], o]z Aol FAIHIE o}l
o] PAHA 9 FA3Ho] g FYg=
s ouE 5 Qti(Tadble 1).

o2 Az
AL o

rlo l_?_.‘
U A= U=
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Yt 9 gel

o

o] 4l sisteA 3 Ad S
AR 4371 9(hydrogenetic), <4719 (diagenetic),
719 (hydrothermal) 2 E317]9(mixed- type)
O7 BFE F Atk sl EHE e Bigy

W ol 54

(Co+Ni+Cu)*10
o1

Fig. 6. Ternary diagram of Fe-Mn-(Cu+Ni+Co)x10
showing the geochemical relationship between
different genetic types of nodules. Dashed black
lines border the three nodule type fieds A:
hydrogenetic nodules, B: diagenetic nodules, and
AB: mixed type.

o] 719-& Mn-Fe-(Cu+Ni+Co)x10 27 25 5
8 7 4= QciBonati et al., 1972, Fig. 6).
SAEololA AHE BE BHTES Mn/Fe
07} o) =31 (CuNi+Co)x10 e wij-$- o} 4t
21539 44719 949l =AE. YRR 55
3 BRI e 27] &4 28l o) IHE &
A71des ekt Wiyt AFHE FAE
ofgll FH AHoA ofA7A] dF Eo] Bl
AREl7E ¢lom(Baturin et al., 2017), Mne] ke
=A% Cu, Ni, Co & th& 54949 Fgo] wl-¢-
S 2 it ] gAgdo] dav|dde A #
dEA] S ST A7 A 2o
2 ¥4 e RS 2 SYUE(Cho &
al., 2000), A7A Y] TIoA AgHH o2 Wt
t}. 2 ATl Mn-Fe(CutNi+Co)x10 A =%
£ o] &% AT FAVIEI A7 S
HesA FEE 5 fltks Bavt 7] dEel
(Zhong et al., 2017), @37} FAH= 45 713
< FA71) o3 A £ Ak AR vz
2 2k 3jehA AR zfol7t A UEhA] g A
< @99 GAshs Bt o] Ale M The
gol Am, 1 41 HA7IUY AoE Alsdth
SAE o] Wik oA ERHom =2
Mne| 719& BSdle S3 @733 FH A
S 7 Atk BSafolA w1t o
& EAARQ AA S& Y AR FHIT
ol 50% A= 5%
a171-71 7] Bkl a4
Sh= Mne| F4#ol & F&FS A=, s
< W3] Rk Mné] F fFYS A
HAH

F,

-— =

TE

of\i

(parmafrost) °l

— 225 —



(Macdonald and Gobeil 2012). H5=3E2 F<
© W] Mn2 553 LOJOJIH 28 7} &=
ek 4400 sla) HIEE, ol el 3ot
of 7+ <947l wEol(Macdonald and Gobeil,
2012), FAldIEoksl Wxid oA EHOR &
© Mn $%S Yehje o seg,

2 £

FAMelol B SN Y58 YrEl
el B2 9 AT B et
7 54 e, ol JweR Priaslel 4
ol dfel o AokE Ll oEe v

O ARt EEE Bkl S P
S SdEe e s, M
E, Mol E Foltt,

(@ SAMok) Bansle Fag S99 3
AOE F2 A-FARRo 2 FAREY, =4
Hos 2422w JAAzzo] vt 3

1T " o=
il H-TAERAR xSl A ovH
A vperd,

(3) Aokl WEHE HHY, A=
A EEE el wast Mne FRaA
i Feol e ul$ REsih
(@) sAHZ oA AFEEE BRI ES 2
4471919 Aoz waEn: v =y 1ke) 3
2 AR Aol7} 7o) YehA| 97) wjEl tha
I4sHs B9t el 4L 7H ThsAde) 2
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