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Fig.1 Location of mining areas of polymetallic nodules in international seabed area
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Fig. 2 Location of COMRA’s mining area of polymetallic nodules (Modified from http://www.isba.org)
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Fig.3 Location of CMC’s mining area for polymetallic nodules (Modified from http://www.isba.org)



2531 4555 10

HIRA, S5 TR 2 SR S5 IR B R e 5 825 2643

145°E 150°E

Micronesia (Faderated States of)
Exclusive Economic Zone

10°N
- BPC’s contract area
|: Reserve Area

atural Resource and Environment of the Russian
Federatoin’s contract area for crust

- Japan Oil. and Metals National Corporation’s contract area

I:I Ministry of N

-C(‘)MRA'S contract area for crust - Govemment of the Repulic of Korea’s contract area for crust

160°E 165°E 170°E

X Marshal Islgnds
Exclusive Economic Zone

for crust

4 JERUEIREIZY X AL E R R B (1B 250 E [ it RS B Ry R AT S )
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AT RFEMERR S EEZY, e, A
FEEPEIE 710 22 45 B 5% LA B P ALK L Y
gk 14 BB s R & R EGE, 5P
RVED S E T A e I)0 X A R & 8 T
oo EAEEAT TXHEOLER 1), 2R R IE AT
PRI L G 5 P s & BEZ XS5 %R T Nb Al
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Table 1 Comparison of average contents of nodules from main area
Northwestern CCZ of eastern Cook Islands . 8] Central Indian Nonhwestem
Metal Pacific Ocean Pacific Ocean EEZ" Peru Basin Ocean'™ Oceir?—cclfucsts[s]
Content n Content n Content n Content n Content n Content n
Mn" 20 185 2578 392 16.1 1158 342 — 244 1135 228 362
Cu" 0.26 185 090 392 023 1158 0.6 — 1.0 1124 0.01 362
Co" 0.44 185 026 392 041 1145 0.05 - 011 1124 067 362
Ni" 0.49 185 1.18 392 038 1158 13 — 1.1 1124 042 362
Ti" 1.66 185 0.61 406 1.2 74 0.16 - 0.4 53 1.16 345
Mo? 338 185 578 406 296 79 547 - 600 38 461 328
Nb” 21 185 37 406 90 67 13 - 98 3 52 43
Ta” 0 185 1 406 2 54 0 - 2 3 2 2
V2 526 185 505 406 508 61 431 - 497 16 641 328
w? 5 185 91 406 64 67 75 - 92 3 36 87
7" 635 185 466 406 524 75 325 - 752 3 548 43
REY? 2099 185 1138 406 1665 59 403 - 1039 3 2454 -
Li” 42 185 118 406 51 54 311 - 110 38 3 33
Te? 26 185 3 34 24 54 2 - 40 3 60 43

1) Content in mass fraction (%); 2) Content in mass fraction (10°°)
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JR R IR AL 5 52 25t B ELE 2016 4F K AR
(GEY = BIREL(2016~2020)) FIH T 24 Fhxt
TR E KA 24 B9 A fERIE B 2 r= k&
JE RSP PE H 3%, XA 19 Fig g %
PP, Gl % &R SRR E & R R AR
R R E TR, XHhaaa 13 F. 9 R
8 Fh& B AITE T3 . RRCE AN IR fr dik s o 2 5
BEEN AR

R ok B [ 7E P AL AP Ll A (LA L
SRR X ) A AR RS CCZ X (LA [ K 2
1 IX g8y [ B SI2 e P VRV 22 4 R S5 AR T H
KA N T-454% 300 T3 t/a, [BIRZRMLEE TR
KA 100%. G830 HIX AN KA I H s 14 s
BSREMLERBNENREDIOLE 2), UK
LR 2 4 8 S5 4% R0 I% 30 vl A 2% 1) o e 3 6
T Co &R AMKAFE, #AIRE XS T Mn. Ti.
Ni & EMRE, R — RN Zr. Te.
Li. Nb. Ta Z 4@t . Ll Co &)@ MBI, FRIEF Co
SIREHWELN 6.6 Ji t, XAMKAFEEL 90%,
PEAE AP L ZE R ZR KTV CCZ XA 242
B SR T H AR i A 772y 1.32 5t F
0.81 /i t 1] Co )@, 29452 EFIHEHEM 32%.

T2 REZERARY I T B AR 5w 7R

Table 2 Influence of mining projects for polymetallic nodules on our consumption of metals

Northwestern Pacific Ocean

CCZ of eastern Pacific Ocean

Metal - - Consumption*/ Degree of

Content Annual pr?ductlon/ Content Annual pr:)du0t10n/ 10* t dependence”™
10*t 10* ¢

Mn" 20.0 60 24.69 74.07 1516

Cu" 0.26 0.78 0.83 2.49 1195

Co" 0.44 1.32 0.27 0.81 6.6 90%

Ni¥ 0.49 1.47 01.07 3.21 111.1

Ti" 1.66 498 0.73 2.19 7.86

Zr? 635 0.1905 532 0.1596 112 90%

Te? 26 0.0078 2 0.0006 0.015

Li? 42 0.0126 108 0.0324 3.24 75.30%

Nb? 21 0.0063 43 0.0129 1.5 95%

Ta? 0.24 0.000072 0.57 0.00017 0.055

1) Content in mass fraction (%); 2) Content in mass fraction (10 %)
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RRFHE CCZ X EZ & EE v iR 2
¢ e R JEE X3, R 2 A b [ U (X 3
MFE, XNZHEERAEZRET X&AGHE 5T
BRABERE E . CCZ X NS5 IR s —, 1211
KA T H [FR S A0 3G M s &R AE R, M
M F B R sl TR, ARk R R D HUR
HH XA AT R B RIk, ZRAKF¥E CCZ
X A R SR RGBS Gl KT IX 38, X N T g
BN “TFRAER” FasebT “MREH” .
JER SR IRE X 2 B HTME— K B KB %0 R
WX, KAE 2021 FHFRER TE. H2, M
KTPER P Te B 5 O FE 2020 4F 12 A RAT 7T HEL )8
KU XN Z &8 A% B IRR D E MR E R, %
X 56 e R RS AR, S T REE 461N
HRWREE 2RI ZERE, DATEARKITRIES) &
— 2, AR R R E T RO EER TAE
N> RURSERZ &8 450 hh il e, DA E &
HIFR A F D ZE & A

bt I HL R R AT “IF R MR R
BRA R S “FRE TR TR RN LA
TR, HAR T AT BT AT ) R £ 2R
SERZAE B RO OB S iR R R N A . [ BRI
HRAE 2015 SE3RH T U R DRSS VAR
WP BRI = i E AR S AR AE 7, B TR BRI
B EEREE. RELE 2020 FRAMM “HEAA
WP R E 2L (GB/T 17766—2020), 5 Epr
RS RbaE—S. Bl 7EEPR L WAE BT
JEIRIEH R IR = PP CARRIRIE, & EERE
Z GREKTIRME RV AL T FSEKF. BT
Ub, FHEKEDS FEAT . Jba iRy g
FI LR 2 SRR REX, SBEFEX
W iR IR IS TAE, fRukElRER, R,
AP HESEMEIFM IR ASH, LR
br bR T R IR 2 & 8 45 4% SR I i = 0P AN T
1B, XFA B TIRETER — 5 MIRIE 2 &R 40T
RIESI P REEZER.

5 &g

D) HERED AT ELY 2 EEE%T

XA THRATFPE CCZ X, KBREMEZEREM
WREAL. Hd, HERFEDSEN X FUitEE 1
1 AP T AR G R G R 2 &8 45k,
W E T T SR TAEX e, Jb Rt IR E5 %
WX AL F AL AR L 2 X, S [ B b ——
MR B IR GERZ IR BB B IX, HEER TR
T 2021 FFHF4H 5 -

2) LR P LA S &R 4%y REA
FEm SRR —FRE L, LLUESE Co. Ti M1 REY
S5 B ONHRE, Zr. Nb. Ta Ml Pt &8 o A
BLAFIHNE S . RACKTPE CCZ X5 A
BONE S, LUEEE Cu MINI 254 8 ARHE, Liv W
e EITRARBEA AR HIED.

3) T OH IR TAEEm A E PR A, &
WAL B S IR A [ T MR R TE R 2 & R A5
R e, DAERAS IS R A A L B A . R,
HECRFE 2 B R A s eIk T A AR
WoRTEIX, GLEHERY . Wi AR5 W5
TAE, DUATEEPR B2t e 2 & B a5 it 217
M A
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Adavance and implication for polymetallic nodules resources
exploration in deep-sea

CHU Feng—youl, JIANG Jingz, LIU Yu-wei’, LI Huai-mingl, LI Xiao-hu', ZHU Ke-chao®,
LU Shi-hui’, LUO Yi’, ZENG Xuan’

(1. Key Laboratory of Submarine Geosciences, Second Institute of Oceanography, Ministry of Natural Resources,
Hangzhou 310012, China;
2. China Ocean Mineral Resources Research and Development Association, Beijing 100012, China;
3. Changsha Research Institute of Ming and Metallurgy Co., Ltd., Changsha 410012, China;
4. Guangzhou Marine Geological Survey, China Geological Survey, Guangzhou 510075, China;
5. School of Ocean Sciences, China University of Geosciences, Beijing 100083, China)

Abstract: As one of the first group of contractors for the polymetallic nodules mining areas in the international
seabed areas, China Ocean Mineral Resources Research and Development Association (COMRA) has conducted
mineral exploration and research of polymetallic nodules for nearly 30 years in the abyssal plain of the
Clarion-Clipperton Fracture Zone (CCZ), eastern Pacific Ocean. In recent years, COMRA also promoted the
application of the mining areas of the China Minmetals Corporation (CMC) and the Beijing Pioneer High-Tech
Corporation (BPC) in the CCZ and seamount basins of the northwest Pacific Ocean. Here, the forming process of
polymetallic nodules and deposit types was analyzed, and then the mineral exploration and research of the mining
areas for the COMRA, CMC and BPC were reviewed. Comparisons of the mineral resource characteristics
between the CCZ of the eastern Pacific Ocean and seamount basins of the northwest Pacific Ocean were conducted
based on the previous data of the mineral exploration. According to the trending of the exploitation for polymetallic
nodules, mining areas of polymetallic nodules would provide strategic reserve of the critical metals with our
economic development. The CMC and the BPC would delineate the mining sites in order to have the capacity to
apply for the exploitation contract. Meanwhile, the COMRA, CMC and BPC could cooperatively resolve the key
questions about the reserve assessment, and firstly conduct reserve assessment of polymetallic nodules in the
world.

Key words: polymetallic nodules; international seabed area; mineral resource assessment; reserve assessment
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