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Abstract: The “dual carbon” goals have driven explosive growth in the renewable energy industry, leading to surging demand
for critical metals such as copper, nickel. and cobalt. As a strategic supplement to land-based resources, the development of
deep-sea minerals has become a critical pathway to ensure supply chain security. Addressing China’s high external dependency
on critical metals and acute supply chain vulnerabilities, the strategic layout of the entire industry chain for deep-sea mineral
resource development was systematically investigated. Building on the vast potential of international seabed resources such as
polymetallic nodules, cobalt-rich crusts, polymetallic sulfides and deep-sea rare earths, and leveraging China’s “first-mover
advantage” of exclusive exploration rights and priority mining rights over five international seabed areas, competitiveness
analysis indicates that China has advantages in exploration scale and manned submersible technologies. However, persistent
bottlenecks are summarized, including reliance on imported core mining components and insufficient influence in international
environmental standard-setting. A framework anchored in “top-level strategic planning, green technology innovation, industrial
chain coordination, international rule leadership” was proposed. Key pathways encompass establishing a national collaborative
mechanism to advance low-disturbance mining technologies, building a distributed industrial chain spanning “offshore mining-

coastal preprocessing-inland refining”, and spearheading international standards for sustainable deep-sea mining. Phase-specific
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milestones are defined: completing full-system sea trials in mining areas by 2030 and achieving an annual production capacity of

20 million tons of dry nodules by 2040. By integrating technological breakthroughs and international rule gaming, this

framework provides strategic support for China to build an independent and controllable deep-sea resource supply system.

Key words: Deep-sea mineral resource development, Entire industry chain layout, Green mining technology. International rule

gaming, Strategic resource security
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Table 1 Comparison of metal equivalents of deep-sea polymetallic nodules and land-based deposits
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Table 2 Overview of China’s international seabed mineral exploration areas

X AR/

HRAL T PRI 7 km?) A TR X A & 2R
E RS EX I 7.5 ARASF VR v b BLE - s A R (CC XD 2001-05-22 % 2026-05-21
RS Z & @iy 1 VY B B BE T 2011-11-18 & 2026-11-17
E RS CEiEDa 0.3 [ NS S ug (eralIpit 2014-04-29 & 2029-04-28
P EAESERARAFR EAA EtA 7.274 IR e P B & — SR EA BT 347 (CC XD 2017-05-12 & 2032-05-11

WA AT EARTIEAT  ZEBEH 7.4

VORI 4 X 2019-10-18 & 2034-10-17

[ B 3 78 TR 0 e B R e 3 S llE th T — 4%
H =R 2 B, A & T S R B e
Mg H TGS KA (LR DY, ke
e A1 BT AR S R T 3R ] 7E R R
T 8555 1 AR S g Al R TR T R R 1 R S T
R HEAL T WK AR

BEA, T AR TR R B R e A Oy AR AR T
MR, R E RS E LKA TR A
M BRI BE i S i A, ZESE AL 3 500 m 2% 1/10 Bl

(a) BRE

(b) KBELS

FRMBH L 2 SRR R % RS
VNS E A QT S DIIECE 2N
B G055 A A A W B JE A 1L T 2021 4 7 H e
FEI R 1 300 m KRB0 58 )8 A A0 42 (LA
D MIRATAE SRS Y S HARK SR
e £ A IR 5 — ZR %) D) BE RN BE I, DUV IS R
LI HR PR M KRR L 4 JE 458 1 166 kg, 5¢
BT T R RIRE £ &R A B A AT EUR
{7 BT RE

(c) BIES

B1 ZHEABFAREBERE

Fig.1 Typical manned deep-sea submersibles of China
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Fig.2 Polymetallic nodule collector vehicle
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developed by Shanghai Jiao Tong University

2.2 XEHRK
2.2.1 HAREMWKR

T R A IR T & B R A B AT R 4R
Fto 5 EPRSCHEAKE A H, 3 7R 5 52 5% 10 BF &
FIRE FH 7 A7 A W 22 L e R A R R e )
I RGHEME, X R TR . — &
WU JC AR I R R I X AN e . H AT SR
W2 b ORI A% B K B A A b e i R e R
TR R A A0 0 B L RS RS R B U T
R LR Hp e 45 ) R B 5 A0 R A1 2 AR s
Freesssd o R A R i R e kS AT
B R, S EEATHE ) 2 T R GE P 1 R I oK i 4
ML HEAR AFE S HIES#EE . Zxr
N, B 7™ i 09 BT R ) AN 2 5 3030 [ v
75 1l 2 R A F (8 B TP AR IR e T R A
A HE Y B AT RE L 2 T R E R 5
TETF % 0 H R FROR
2.2.2 IR

TR SR AT B0 0] BB R 1 PR B8 5 0 AN 28 20 .
— B ORI P X VAR ) I T E S IR
TER AT R b i VAR M B BE L A A4 Y B i T
WA B B3 AT B R BOR W e AR BT
B VRUPE i AL DU B ], BT BE 2 XU
AR P 0 A A PR B A L — R R R
S V5 Ye ) 8, i BH G I Ik BRG 2 R0 , D O 4 1 3
2RI R W R TR E — 1 A SRR R 4
Al B i SR VR L 8 S5 X IR IS A A R e i AR AR T
e A — g R . [ B SR A b ™ A 1 M 7S AT
REHE 35 [ SR T 5075 2205 5 o 64RO 75 0 32 0 1 Vi 7
A s O M AR S AT R . SRR
3% B AN Tkt oMb T B3 T A R M Y S R R B
PR I B VR A A0 BLUE L S B B T OIS
DX 35l S 4 R0 35 3 1 TR G R 2 40 Z A T L DA
VRGBT 1 sl g vE AR S IR R sg ma s o
] 76 G IR I (4 [ BF O 4P 38 v AR A B 2 R E T
R VRV 7 9 T I ) — I R Bk AR
2.2.3  PET R ZE Wi 5 R0 1 g

e [ B 5w 4 5 18 7Y 7 B AT L R 2
DB, 3 Ao 85 Aol 45 3 R O B s R s s o TR
VRGO X TR R )
Ay T3 W L L 36 T SR AR R B P O s [ AR AT
A KROV T 5 1 A5 % R v [ SR T I T 9 R A
Ja3 + AR RIS AR BB Vg 9% 1R 4 i 8 P RN AR 2 F R



) A R B AR TR R R A bk Kk B AR L[] A AR S I K ,2026,46(8). 5

K, IF-4 G FF SR TR R A B AR R 25 6, K T R
THE R H AR, 2022 4B, N R4 8 A (TMO)
5 AllSeas & 1E 53 576 K PG KR 745 m Fl 2 470
m W SERL T R 5L R G R RE KT
MR IR TR 4 1 45 B I R OGS BIL S M T RE
i AE R CC XSEM T 4 400 m PRk
0 K SRS R e W L a0 R R
ERNIRFARG - R0 L7 K RFEHT R
B, B0 UE T IR AR B AR M a4 T4

2020 4F . H ASRE IR 42 8 0 9 9 R ML A K A7 Ak 4
KA RN AT TR TR S B DR L H ALy
T 5K 0 & JE 48 U O SR ) 40 v 5 5 TR L OK
R 930 m) HEAT BLARAZ 8 150 AR 2 649 t 19 E
LESERE N L R AE R IR 45 RS R ph R U
IR 7 25 A B R , VAL & Bl 45 7 T R X R 45 1 5%
M, R bR A4S e R TR, 2022
A, H ARSI RV TE H AR 3k B i 2 470
m VR B ST R T B kDO R R L
e R WD B AT R L D R COH AR 4 R )
20254F 7 1 HARRIE, H AW FE0F 520 K LI T
2026 4F 1 H R« Hb BR 57 B R 7E B S B R
5 500~6 000 m ¥ Ji§ ¥ J& T K RLAR 19 7l 1 FF R ik
B, BFs TR 2 35 ¢ R UVTAY (& =2 70
kg),

FE] R YAF JEC A 7 9 U TF AE BB B R B B 1) I R B B
TV T TR B R i ] OE A PR 3l R T B
VR e B AR 45 WF J2 ., BT AE 2030 4F 5L BRI 5 7
g NN | D IR S E5 1=t NN A o 1 Y ES S S
B I P 3 2 T J 0 SR 3 56 DA 0E A TR T &
55— AR BN 3R R B QR R A R R T, R
FBHE W & 075 8 43 10, B IR A58 B ) A5 . IR T
A MM S R EA S KB Z A R&
WA AR R T 2% &5 U IR VRl 1 T 45 68 ) AN i
TR BT IR T K PR 58 W 5 AR 4 £ K7 5 i 7 40
IR AT AE R 22 B, M DA 355 52 P R v R VR A
FFT IS,

3 & AR R B

3.1 MREHIVLEIAE R

0T I o VA VG T DR R LR A K E RS
IR E B AN, 7853 K A BRI, #E T &
V2 UG T R 5 e T 9 AL ) 458 2 o TR 55 B TR A
BRI E il ARSI T S L A E B

IR 7 B URTT A 4x i 2% [ 58 NS 5 ALK

FER SRR BLIR R BITCRIEIE) . Wiy ™
BEWRIT KW e 22 GV Z2 B8, B — (S B vk A
FA TG 3 TR 7 B IR K ) 22 o0 oK, e LA
PR BE A A 3 R . L A M AN Ll P 2
SRS 58 W I AR BEAR AR W T R ARALTE L BR
PRAR S [ B 5 VR DL, 3 2 e s R 5 4
A T S 5 DR AP A2 BRI IR BEAE Z L 4R 4 5] B i
JERAT 7 T R M B 114 P [ 4

o FEi SAgyIN PSR u e st & N i ez e
SIAE 2 AN e TURE G, R I P K Al 150
B BEHRAT B AT) | & 1% 6 500 IF R AR AT (B ik 4
1) 5 Z LA 23 ot G B0 KUK . TR I 8T 7 TR
TH 2277 Ml B A T 2 e R ) 4 5 A R 0 HICAL
1 B — P Rl S SO DL A FL A R T OR . T R
F [ R A7 7 BT IRTT R 4 BE A R R B, 5
HZZ W E PR R ST R . — 5 R AT
LR E R BEAL B G SET7 AL 5 R E PR A
L 1) TR PR BB AR 28 48 AT 26 Rt P 0 5[] AR HE &
T 3 4 (i) SCRF IR SR AT B B 5 Rl AL iR
J3— 7 W B 5 WARAT @ L AT S 2 ML I &
P IR BT 85 B Rl 9 05 52 DUA 2800 o 4 BUR
A
3.2 MERAREIESAELFR

PLELA 7 X O KFE  F e 30058 AU BT SR
DRI 7™ BT PR TT 4 T i i B TR L5 28 S SO PE 36
1 o A TR O A Y ) B AR X R F R R T
PRI . AR B 2 &R 45 E B Aot
SR A TR] X R AR B0 I B X AT K BR 05 A G ROF
R A BERAT R G AR B IT R B4 5 FEAR
O 2R 1 2 X T Vg A 35 1) 52 W () e g 5 T 2R A%
R LA X AKFE  TT T 2R B8R 3 o5 1 55
UG 5 IR e SR RV 47 7 B R ™ ol i B A 30
FY DG B2 1, L S B B R e 5 A S AR 9 P T I
HERY DA IR FE

A Jey [l BB R e I A S ke AR I 2l 2R
TR RICCHEPOR 52 % B IR R 2 4
R E B4R R E MG  A5 R e R AR N
B BFITAILAL 5 Aol , 3 [5] 1 B AR HIE 20 R B FoR e
Bz A i R 8 0/ X 9 P A A5 PR B O A S B
TRIEE GEURTT 55 10 3 30 558 DR 47 14 M S A DR Bt 7
A 77 G VR AT 22T R AR . TR, 42 ) v
TRIERAT 2 2 T RE VRS A2 L B 4R B3R ARG 2w LA 3



6 g LR L5 A

2026,46(8)

7 A IS O TR | B0 35 M 00 A R ke = S v 5 AR A
SR AL DAL B8 0 AN A8 SR A2 o L R JE B AR L 3E
B IR e MR

S S A S A 05 W A A A T B B R A o
PERF 22 AR ) 5 2 0 DRIEE R A [ B A A L DL o R 5
G 3 R G URTT A 5 TR PR 0 AR 4 R L A D
PR . TR 7 B IR T RN A BRI R B S
R A 2 ) RV A 7 9 IR e ™ Ml B A R 2 AR
Hh S SRS R 05 M 0 RS A e B — R, s
e HEAL B M DN RO, AT Wi A T T 2R A PR AR R
T 27K BT T, A W) 2 R A 2 2 A R LV
JEG JELASE M 0 10 2% R 2 R AT AT L R L =B B
2 52 LI K A T2 D VYA TR T SR A 114 A 35 R ) £ 1
PRSI . A 2 (0 TR SR AT [ B A v o S 5 T,
25 EE N THE S . i R AT TR R
A i T Y PR 82 W 5 B8 M 28R B AT 5 T
FR 22 2 Jo B ) b o A L 4 gl 4 BRI R T ATl
LAE SR SUNS R L Vog
33 ZEFUELETHDE

SRRl B S B R )R P Sk /N Y
FEIE S A T B A D IR PR s i i R AR 3
T BRI A2 2 i e — B ORI — Rl
I (N S

T 25 1 38 777 THT 5 T R R A R AR T 2 S 1l i
b B B AT R Bl TR R R AR AR
il 3 1 1 H A KRB A - 5 TR e IRVEER
A7 U TR R SR A BIL 28 R T A 1 % 1 38 BE 1, DAL
RO 7l B AR TR TR R I A R i ol B9 )R
T, A BEURCOR O T AR T B IR 1 AE T
F L SCRI) 3 o i o R it L P A 5 S A 4 7 B I
F R T S R 45 255 R0 P s 4 E 7 3R Y 1
AR T AE £ 57 B AR BRI 5l AR R FE R
W27 T, IR A2 05 IR A5 M2 B - . R
& JE IR T A2 5 B R R B S s AT
S B4 Jm JRURHCRE 7 5 L 52 5 F B A ROV HE
Bl T2 5 F 5 5 Rl AR AT O P 1 O R — it
AHOTEF NN R ER MRS LSR8
TG Y B 1 25 5 7 B R &R 9 S ik Al i i
7L AR 55 L LA 51 4 [ 57 5 1 L AR R TE A B
SE PR RE R i T b AR SR BRI

K G DX BT IR IT A5 [ A A (I 85
B R AR TR SR L AL T R A
J R0 T PR RS 07 A 2 Mk 8 & WA DL AR

R AR N 325 b 05 TS Aol B ) 2 5 19 32 5%
LI i & = B A ol 5 N1 R < S SN
A AP A 7l B R 1A BT B O i B ROT
K I 2 A BE AR BRI AR AR U 5 TR AX 2
b5 BN BB I R A0 T b Y R SR s
PR 5 H PG 0 A it DX DU K FE BRAT v e S i L TR SHORS
RN T A5 e 27 i AR 7 B AR o AR 7™ L B A% 3R
DT ARG P R I B ST 1 I L3247 e ALY
BARAL Pl A R T8 B LR B 1 D A |
M DX R b SE Rl A . HRHEHE 11 3T B8 XA I H
57l S B R AT R S T R N TSR
TS TR AT 1y DR T 3 o L O 4 A 7 2 R R B B
AR LA o TR 5236 22 2Ua 1R 2 L TEUT I
X AL A1 Jay e b A A Sk 5510 4 7 ol bl 3 o Bk 4k
T 16 iz 300 30 2 42 v P 0 P R A s TR R I
RAT s AR AL o e N T Bk B/ PN AR I P
RGBSR B 36 . Sl RS A )Z
W], Dy RE F AN 20 A1 30 6k
3.4 MBSEEREREERNMGE

TEEAE JRARE LT HE 3l 1 57 B UROT A 15 30 85 A
POEBEALEN L ST 5 5 A6 R Y I
LML WA B 7 B IO S AT v B 3R R 2R B
AR ARUE E BB TUE 2k GRS ik i
WA, PETEIR IR A 2x B ih BEKSF- G U Bk
s B8 AT i S5 SR T L L Dl Aol B B € A 5
[ B AR AT 2 A DE AL L S 45 A S RGE B AETT
R TR HEAT IO A BB S B B AT L AL
] JCHE D 7= TR AT AR 1L (RCD %5 [ B 2 50H X 2 , 1
W3R [ P 7 [ G5 = J5 AR s 1)

WA Z A BR A AR I AR I A7 56 55 X
F9 [ 2 0 3o 5 AR B Y | T R U A i i A% T ST
WEAKPEIC &R R Z oo e A R ARAE S — Al —
B P AR SR IR IR S R RE T T & s S
B U5 1) Y B ik 35 i L 0B L 7 B B BRI
P A 22 T R bl WU A2 Ji v I 52 0k Ml WA A N 2 5F
K WY RSN e 4% o I 24 I A 3 I RE TR 25 7
1 AL SC R 7 BT PR RS B TR B A0 e
IR 5 G R T A S R 7 9 R I AR Y A D
S B EL R L o A 5 3 5iR AR SC B TSR I TR A
1 5 T T B4 5 080 1 S R TR AL

4 ZHwERZE
e E B 7 IR & e A AR SR T 4 A



W MR BAF T RES FRRAF RS AHAR[]]F LHRSE T L ,2026,46(8). 7

k55—, ] 2030 4, LA 8 8 R L WU 4 5], 50

Jil A b BRI 2 5 58 R I A 7 T SR O B B R TG

T DX 4 R e Bk 3 I 6, A S TR T 7 B R T

Kl AT s 55 — 2L B 2035 A, #E AT Ol HLE . LA

Al Sy T A W1 R R E AR K BB T Lk

# 600 77 t TEZAE B AT AR MY &

9 B AR B B — 2 P FERE 5 =20, B 2040 4, 58

I3 AT AL | A T R A 7 O R 7 M BE AP

OIERAETS 2 000 77t T454%.300 J7 t BiAb ¥ iy

FEr B, SEIAR A IR B T2 0 N R B A

S, B 2050 4F, DL BRSP4 R A R ol 45

B RS R M Bl AR, S AR 7 A 1 L 4F 7 (E

KE = TFACm NR MR L L, IF 5287 b 58 5 S h

J& T J [ b 22 U DRI 77 JT R I H
F [ HEHE 7 B W TT 5 Ml 85 A Je) B T I 1 22

PLIE  WAFTEA D PR . e ERIEH 7 TF & LA T

J2 A Jay 4 AR W AR G S I B R A

P R 5 | URIL ) 1) 7 Ll 5 BB ] 6T e % IR Ay

W Ak A7 R A I R AT D R RIE Y 5

D3RG L I DA Ry SR A0 A i BT I B 5E )

18 56 77 Ml %, Ay T R TR S R Y 9 A 4 R B A

AR,

2 % 3k (References) :

[1]  Orders E. Unleashing America’s offshore critical minerals
and resources [ EB/OL ]. [ 2025-05-12 ]. https://www.
whitehouse.  gov/presidential-actions/2025/04/unleashing-
americas-offshore-critical-minerals-and-resources/.

[2]  Liu Zenghui. Liu Kai. Chen Xuguang. et al. Deep-sea rock
mechanics and mining technology: state of the art and
perspectives[ ] . International Journal of Mining Science and
Technology,2023,33(9) :1083-1115.

(3] FRFE, AL, &SR, S5 BRI G R 7 BRI A T

SR R IR AL () ). 1 3 b 5 5 5 U 20 3 S5, 2020, 40 (3)
160-170.
Wang Shuling, Bai Fenglong, Huang Wenxing, et al.
Current status and problems of exploration and development
of world ocean metal mineral resources[]J]. Marine Geology
and Quaternary Geology,2020,40(3):160-170.

[4] 0w, x0T RS, 45 [ PR I R =l 2 R e iy = 1
AR b A (042 8 2 4. 2021, 31(10) : 2613-2623.

Liu Feng, Liu Yu, Song Chengbing, et al. Three decades’
development of China in deep-sea field [ J]. The Chinese
Journal of Nonferrous Metals,2021,31(10):2613-2623.

[5] Authority I S. Draft regulations on exploitation of mineral
resources in the areal EB/OL].[2025-05-12]. https://www.
isa.org.jm/wp-content/uploads/2025/01/10012025-Revised-
Consolidated-Text-2-1.pdf.

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Agency I E. Global critical minerals outlook 2024[ R]. Paris:
International Energy Agency,2024.

AR5 VRIS, o 2 B0, SRR H bR 9 O B 45 R AL 1 Bk R
PR HELT]. o E AR BE B T, 2022,37(11) :1577-1585.
Chen Weigiang, Wang Peng, Zhong Weigiong. Challenges
and security strategies of China’s critical metals supply for
carbon neutrality pledge[ J]. Bulletin of Chinese Academy of
Sciences,2022,37(11) :1577-1585.

FGH R T, 55 5 8. o T T R RGBT e R 1 ARG
P IR 5 107 36 SR s L], 0K 22 3, 2024(3) 1 141-152.

Bai Guangyu, Liang Ming, Qi Guanjun. Dependency risk and
countermeasures of China’s clean energy critical minerals’ import
[J]. Asia-Pacific Economy,2024(3) :141-152.

rhAe N RS RTE I OC 6 5. 2023 AR 4 R B iE 0 Gt i
(RO AEST ¥ KB, 2024,

General Administration of Customs of the People’s Republic
of China. Metallic minerals import statistics report 2023[ R].
Beijing: General Administration of Customs of the People’s
Republic of China, 2024,

HEANE S A PR DT AT A F].2023 48 SCHEG 7 F 114K 3601 4 by
[RI.BEFH A BIHIE SR . 2024,

Huachuang Securities Co., Ltd. Import dependence analysis
of key minerals to 2023[ R]. Guiyang: Huachuang Securities
Co., Ltd,2024.

T UESR A BRA R RAS R T /Y 5 42 4 - o [ R O )
W7 A T Y AR T A (RN Fo™ B8 A S A5 BRZA 1, 2024,
Minmetals Securities Co., Ltd. Resource security in a
changing environment:how China’s strategic (key) minerals
are reborn [ R]. Shenzhen: Minmetals Capital Company
Limited,2024.

TR EBH L 8% 5 TR G BT BT IR A T B KU 43 AT B X
K < LA B DA DR AR R A 1) R S 491 (.1 06 5 & B 9T, 2024
45(5) :1-19.

Zhang Jingqiu, Lyu Yang, Cai Jiayao. Risk analysis and
countermeasures of critical mineral resources supply chain: a
case study on ensuring copper resource supply and stabilizing
prices[]]. Journal of Customs and Trade,2024,45(5);1-19.
RV AU AR A A B SR R T 7l B Bk 4 43
(7. v )l W08 28 %, 2024, 37(7) : 4-134-28.

Zhu Qing, Zhu Haibi, Zou Xiehua. Analysis of global strategic
mineral industry chain and supply chain[ J]. Natural Resource
Economics of China,2024,37(7) :4-13-+28.

Latourrette T, Villalobos F, Yoshiara E, et al. The
potential impact of seabed mining on critical mineral supply
chains and global geopolitics[R]. Santa Monica: RAND
Corporation,2025.

Survey U S G. Mineral commodity summaries 2025 [ R].
Reston, VA: U.S. Geological Survey,2025.

Hein J R, Mizell K, Koschinsky A, et al. Deep-ocean
mineral deposits as a source of critical metals for high-and
green-technology applications: comparison with land-based

resources[ J]. Ore Geology Reviews,2013,51:1-14.



g LB R S5 A

2026,46(8)

(171

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Hein J R, Koschinsky A, Kuhn T. Deep-ocean polymetallic
nodules as a resource for critical materials [ J ]. Nature

Reviews Earth & Environment,2020,1(3);158-169.

Halbach P E, Jahn A, Cherkashov G. Marine co-rich
ferromanganese crust deposits: description and formation.,
occurrences and  distribution,  estimated world-wide
resources| M]//Rahul Sharma. Deep-Sea Mining: Resource
Technical

Potential, and Environmental Considerations.

Cham., Switzerland: Springer Nature,2017:65-141.

Hein J R, Conrad T, Mizell K, et al. Controls on ferromanganese
crust composition and reconnaissance resource potential,
Ninetyeast Ridge, Indian Ocean[]]. Deep Sea Research Part
1. Oceanographic Research Papers,2016,110:1-19.

Jamieson J] W, Hannington M D, Petersen S. Seafloor
massive sulfide resources[]J]. Encyclopedia of Maritime and
Offshore Engineering,2017:1-10.

Kato Y, Fujinaga K, Nakamura K, et al. Deep-sea mud in
the Pacific Ocean as a potential resource for rare-earth

elements[ J]. Nature Geoscience,2011,4(8):535-539.

AT A I B S TR SR SN Z A S IR
BEXF[J TP FE 24, 2024, 32(8) : 76-89.
Li Xuewei, Li Jiaxing. The evolution, root causes and
responses of the international community’s opposition to
deep-sea mining[J]. Pacific Journal.2024,32(8) ;:76-89.
e A7 R BRI TR R RS R DA
RN T KT 244, 2024,32(8) : 62-75.

Feng Ni,

Yang Jianmin. Development of equipment
technology for exploitation of mineral resources[ J]. Pacific
Journal,2024,32(8) :62-75.

TR 5 000 $ J0 PR O e TR W 1R | A2 BR TS g
B2 25T R BRI B 5 HOR K& IR ARk, K il
CERYINE ) [EB/OL . [ 2025-05-12]. https://www. sznews.
com/news/ content/2024-10/31/content_31308034.htm.

BEMG ANAEAR L AREAR, A5 TR IR B AR T 3R D R A K
A A R R R R BT S L) ). o TR A o, 2024, 26
(5):91-103.

Cai Peng, Liu Cungen, Lin Zhonggin, et al. Development
strategy of key basic technologies for marine equipment to
enhance the marine strength of China[ J]. China Engineering
Science,2024,26(5):91-103.

i BARAR T A A5 R e A BOR R TR W TF 5
[J0. P B T RE2£,2023,25(3) :33-41.

Dong Sheng, Liao Zhenkun, Yu Liwei, et al. Development
strategy for marine scientific equipment and technologies[ J].
China Engineering Science,2023,25(3) :33-41.

Boschen R E, Rowden A A, Clark M R, et al. Mining of
deep-sea seafloor massive sulfides: a review of the deposits,
their benthic communities, impacts from mining, regulatory
Ocean &.

frameworks and management strategies [ J J.

Coastal Management,2013,84.54-67.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Kaikkonen L, Venesjarvi R, Nygird H, et al. Assessing the
impacts of seabed mineral extraction in the deep sea and
coastal marine environments: current methods and
recommendations for environmental risk assessment [ ] ].

Marine Pollution Bulletin,2018,135:1183-1197.

Weaver P, Aguzzi J, Boschen-Rose R, et al. Assessing
plume impacts caused by polymetallic nodule mining vehicles
[J]. Marine Policy,2022,139:105011.

FR, T — B R R 0 TUR 0 2 5% 52 e 1 58 B
MR R ] LR 24 2 4. 2024, 43(3) : 473-484,

Wang Cui, Ding Yi, Luo Yang, et al. Status and
perspectives of environmental impact studies on deep-sea
LT Applied
Oceanography,2024,43(3) :473-484.

Miller K A,

mining sediment plumes Journal  of
Thompson K F, Johnston P, et al. An
overview of seabed mining including the current state of
development, environmental impacts, and knowledge gaps
[J]. Frontiers in Marine Science,2018,4:312755.

Niner H J. Ardron J A, Escobar E G, et al. Deep-sea
mining with no net loss of biodiversity: an impossible aim
[J]. Frontiers in Marine Science,2018,5:53.

Van Dover C L, Ardron J A, Escobar E, et al. Biodiversity
loss from deep-sea mining[]J]. Nature Geoscience, 2017, 10
(7):464-465.

A R BE A5 TE RE R T FRBE 5 R B 5T« R | )
5 B[] R . 2003(1) :55-64.

Wang Chunsheng, Zhou Huaiyang, Ni Jianyu. Studies on
the environmental effects of deep-sea mining: progress,
problems and prospects[ ] ]. DongHai Marine Science, 2003
(1) :55-64.

R T B R DX A ) PRI R B AR A E - (B
TR 15 A ) AT B0 ) A R s R ) 0. B R B
5 ,2024,37(6) ; 67-78.

Wang Yuxin, Pan Xiang. Identification of qualification for
exploration and development of international seabed areas:
interpretation and application of the effective control clause
of the United Nations Convention on the Law of the Sea[]].
Natural Resource Economics of China,2024,37(6) :67-78.
Company T M. World First: TMC USA submits application
for commercial recovery of deep-sea minerals in the high
seas under U.S. Seabed Mining Code[ EB/OL].[2025-05-
12 ]. https://investors. metals. co/news-releases/news-
release-details/world-first-tmc-usa-submits-application-
commercial-recovery-deep.

Company T M. NORI and allseas lift over 3,000 tonnes of
polymetallic nodules to surface from planet’s largest deposit
of battery metals, as leading scientists and marine experts
continue gathering environmental data[ EB/OLJ.[2025-05-
12 ]. https://investors. metals. co/news-releases/news-

release-details/nori-and-allseas-lift-over-3000-tonnes-

polymetallic-nodules.



) BB AR TR R A kR B ARR]] A LR S A .2026,46(8). 9

[38]

[39]

[40]

[41]

[42]

[43]

[44]

o ] A A . FAR E L S U A R VIS T G 45 T
B 313k % [EB/OL . [ 2025-05-12 . http: // www. cgl. cgs. gov.
en/gzdt_4169/dwdt_4172/202103/120210330_667092. html.
S AW H I H AU R L8, LUB B 13 0
& #i [ EB/OL . [ 2025-05-12 1. https://www. sohu. com/a/
603231754_114911.

Hil 2R (5T 2« — R Ak DA 5k il 9 TR 358 9 87 75 U LEB/OL .
[2025-05-12]. https://www.ncsc.org.cn/yjcg/fxge/201409/
120140926_609650.shtml.

T8 I, IR, AR TR G B H R Al AL
HE e B R R R IS ). b I AR AL, 2022,24(3) (149,
Gan Yong, Peng Suping, Mao Jingwen, et al. High-quality
development strategy for the supply chain of critical minerals
and its material industry in China[J]. China Enginecering
Science,2022,24(3) : 1-9.
RN v ] R g

By o v B R4 L 2011

Jiang Bingguo. Study on industrialization development of

BT R &SRB FELD].

deep-sea strategic resources exploitation in China [ D],
Qingdao: Ocean University of China,2011.

3P A AR K R VEAL R, 257l 4 B AL A R VTG 45 7l T
Frge R Ry 1) B 5 SR ()] A &4 R A 5 TR,
2021,12(5):103-109.

Feng Yusheng, Xu Shuitai, Xu Ligang, et al. Sustainable
development of tungsten industry in Jiangxi province from
the perspective of industrial cluster[ J]. Nonferrous Metals
Science and Engineering,2021,12(5):103-109.

KRB, EBE L R Wl R 0 EL e P TR S S
2 BT HLAR R Y 2 22 ) 52 UE o e [0 ], B A L oY
2022,42(23):209-215.

[46]

[47]

[48]

[49]

Zheng Qian, Wang Zhen, Jiang Yutao. The theoretical
connotation and implementation path of the “chain chief

system ” in the industrial chain: multi-case empirical
theory [ ] ]. Science and
Technology Management Research,2022,42(23):209-215.
TR PV L BT A B T RS DX 3T 7 B R O PR 8 )
A R[] P A R 2441, 2021, 31(10) £ 2722-2737.

Gao Yan,

research based on grounded

Sun Dong, Huang Hao., et al. Progress of

environmental research and management related to mineral

resources in international seabed area [ J]. The Chinese

Journal of Nonferrous Metals,2021,31(10):2722-2737.

2 AR B AR IR R T St SR ).

REJR 517, 2024(11) 1 67-69.

Li Gaofeng. Practice and exploration of green mining concept

in mineral resource development[ J]. Energy and Energy

Conservation,2024(11) :67-69.

EoK T W R YR AL B BT O AR S [
1o %2 4[] B PR I8, 2023(6) : 147-176 48,

Wang Yongzhong, Wan Jun, Chen Zhen. Geopolitical game

and China’s supply security in critical minerals amid energy

restructuring[ ] ]. International Economic Review,2023(6) ;

147-176+38.

TR ER B, R D T RS TR A R W ) O R R

HIMEELT . b ERRLA ,2025(2)  1-11.

Shao Liuguo, Wang Lu, Lan Tingting. Construction and

measurement of an evaluation system for the influence of strategic

mineral resources| ] ]. China Soft Science,2025(2) ;1-11.

ZEYK. S 7 R K T2 B T T A SR L] ] A0 i e

Lk ,2023(12) :111-115+209.

Li Bing. Great power games in critical mineral resources and

China’s response strategies[ ] ]. Price Theory and Practice,

2023(12) :111-115+209.



