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2017.2019) . FAIREIEGE T T WAL5E A2 H LA
G LA A R TSR T A AR A ]
4.10 RE=%VHEEREEE AT LER
AIFFEE R R

SR A AT SN HJE — > 5 A 50
H 00 77 5 B3 0 A TR0 5 2 7 1
JHe B (4t JBOAR 8 RN E DR PR . RE TR LA LR A
WA BB BT B M AR WA 4R
P2 BT B B BUE PR R O A
M b s B 7 R S HE T 2 R R A A A
W IR YW FR 4 35 B e 2 1 225048 3C, RIVEE J2 X I 3t
ol N B 2 A 52 T 2 2%t fH (Wang Denghong
et al. ,2012a, 2013d, 2019; Wang Ruijiang et al. ,
2015; Yuan Zhongxin et al. ,2016;Liu Chao et al. ,
2016; Zhao Ting et al. ,2019) . 3@ i 45 & WF 58 f1 52
HE AT X B AL B 34 R R IR R R
JUE VBT Ml v 8 1 IR B8 AT 4R 2 T e ) T AR
B 45 7 A R AT T IR ABESR 85 T = # 92 R
3 A R B I 7 42 3R BT IR SRy b A b A PR T
55 =M 4 BRI R OB TR K R T 1wl g S A
HEH Sy 3 S R T 2 M A R S A T AR AR
N BUAE BRANRE 577l 1) T R S8 fel R i e R it T S
PEMRSS. 2010 4 M4 I 55 Be o6 T4 E A A7l
Feafg R A TEIL), TEMELAL T I
Jee A [ M LA Bk L IR VR AT 37, T H 45
ZN T XV 2 R A b TR A ST R
15 03 PR R MR A TR R G A AR R B 1 AR A
FHl (Song Yang et al. ,2013), il i % 5% JH 42 45 37 1k
WE IR T B F W B TR LA 5 S MR b e
G+ N N R Hp o S o3 8 A L s
AR IR FOARME B R I8 AN 0 B A R A T
KA (Duan Kaibo et al. ,2014), Z &I E %15
2 5T PG R BB 4R A B 0y A R 2w A v BE A L OF
AR5 A BUN .
4.11 MR ARFRAFHFAR, RARERMIT

A HSE AW EE

TR BRI R BY 3 A I 3k A wfE DA i e 2K A &2
FE RIS J S AL R =00 A Sy 7 it e
IR E R, M T ICP-MS,ICP-AES #1 XRF 9y #AL
ASCER 3 AT MR B AR KA WA E Rk AR i
G WAL E T T R H . A 2011 AR LRI
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%50y, — BT 10 OB ITIE VXS 49 FhOA [R) 26 1L
JE R d B AT A I 3 D7 R R R A DL ST (B & i
B LWL FE A AEM T R £ i H CAE R
1R S QBT 7 B O AT A L A PR VBRI S
a5 w $E I T e R S (Qu Wenjun et al. ,
2019) . BEAk, X 8y f AT 4T L LA-ICP-MS J5 L 43 47
B A BT 3 SR — A IR SRR L
A B PR LA A AR A L T R IR AR A
PEAN LI R F AN A ol R 3816 T2 T 0 il
FEHE T B A I 3 T B Ry DU I K i R
RN AR Bis Te” | F L H AT 2 Bk 7Y 522 55 b 4H B
SRR LW 2 A T ST Mk (Dai Hongzhang
et al. ,2017,2018a, 2018b,2019; Xiong Xin et al. ,
2019; Tan Xijuan et al. , 2019; Feng Yonggang et
al. ,2019) o B[R 7 2R 19 20 A 03k, LS 4R 417 07
HER &S B8 E T KRl (Wang Denghong et al. ,
2016a,2018b;Liu Lijun et al. ,2017b),
4.12 R FENYPERARAFIHER, ZEEEN
FHEBE

B TR B AR 0T gk gis TR B TR
BiF AR L0 DR R A PR A IR R 2 Ak R
DG IR A 2 M R R T B T 4R A B A
BB AR AR PG RS e 9 Q2L A0 M 55 bt A
TR I H R TR R LR — BT RO
T8 SRR A S it U R R T 2 YR SR
It 05 b A BB 9 4R T U7 157 48 (Dai Jingjing et
al. w2019, [HDA PREECRAP 0 BT 25K, R T H |
XA Y A A AN R it LA R 4 55 i B 1 it 2 B8 R
IR TR A R 0 A S SR BOf B ™Ry L 1T H 2
W ZERNSS Ty R B  JEH  EN
AP H A (Yu Yang et al. ,2019) Fikfb2E k6"
Ti s (R TR JE T R i SR AR R R O
7R — R T A T T R B i O B AR B
Tk IEERIE R AD . BT TAE WA T4 5
BlAR AR BB A BOR B LA LU 32, B K
RUATIE 100 m, 25038 R 5 Bl 4R A 58 AR e Ak 4
B WL RIG A B IS 5 R A KBk A7
AR RS TG Y PR A BT R R R O IR R R S T AR T
F A o DT R8T A 4 AR (9 9 30y Jmg 1 90 20 S 81
TR EER
4.13 BIEYEEY (M), KREAFNZET LE

R

VI A B e Jm o r AR i e

AL T oo R AR A B 4%, a2 A B W s B

AN IF LA I XE BEAR R . PRt 5 58 0 ) FH 4 30
A =M SO A OGS PR R (AR R R .
ANET B AL Ak 2 A A AR A B ) T Bk R
HRhEETRN S ES0 TL AR ITEN
O3 AT B BORAE AR 50 S S A A T
FLR A A b 2 AN ERE IS 9% 0y i B el T
WL 2 [ RS A5 ) 3L ot 25 S DK M DA o) v T o 1Y
SRR AL . 2018 A G R S S SRR WD R AL T
“HMNBE AT AT R RS AERE T
FE G R Ch 4R 4 LA-ICP-MS 25 5457 43 4
R T RAFMEEAD i HAR & T LAERCE, AT LA
TP 2 fE O R 7R SRR L B TR AT
U EA ST ORI B A 1 WL A AR A
WEA W) PE S BOR [a) T 3 Ath 7 Wy 19 356 A e i O 2
3.13~3.2g/cm’ ;4 L H AL 8. 42>7) , R ] = WLk
CR WK HE B 5RRE . S 3T) 49 BB R I & . %t Y
JIH R B BV A 0 A RS LS i B B SR A 0 £
HEAT TS . TEA R AL 2 R B AT 4R T L B
HARRESED G Li,O & 83k 6. 394 % ([ br4 i A
KE W #RifE yb836—75 — L il BLoR =>620) , i & Tk
KRN A AL Gk 1 48 b (5. 48 26) » T R AR ZEAIK
"2, HAt a0 B, BT 255, 7]
SEPTE A N RE R R AL L AR A TORYE
414 WREE,INAXEET RREE®WNEH
R

TE P K AU B ¢ U5 TP R TR X, 2016
—2018 4[] et TG L 12 4>, S R 2800m, H 4R
Li, O % & 257659 Wi £ 4 BeO(334) %5 & 8978
i, Ta, O; (334) ¥E 4 2015 M, Nb, O; (334) FFiF &
3017 Wi, 3 AF B AR BE IR A Y T R B 3 N R ALY
IR T3 b B e 7 AR FE XL PS8 2 DM L, TR
FEE R R AR B 5 e, B 2011 4FE DR B E K
BE b O A Ry i H R 3 38 AR ALLBR T
2 MEEFLAR I, 8 Bl AL WL B i A H R i or
ZAh gk 28 DAL BB AR R UE TR IX, S
FAHEAZ T A T 11 A R BB A 8™ IR 1 9% U5 i o
(R 1), R NVE K TR A 356 b 1 i B 3 41 1 9% R AR
(A 0 R ) I D o 2 g D O AN o | 4
TASTE BT — A NP9 88 A = 38 (Liu Lijun et
al. ,2016;Liu Shanbao et al. ,2019) .,
4.15 ERELUXKBEREEEEMERBE, AP

BEaEXHAENHIE

B KA A 48 SE A7 F i dL L g AL

P =AM R Eam e X WERA SR A s
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F1 JNIAKRBET RREEMERHARRNEREMEE
Table 1 Resources of lithium proved by the state in the large
Li mining bases, western Sichuan
B X Wik | BEdE | AR | AR AT
TAEX ) %5 | go [RAOD) (O WA (O

X03- T 334 1. 41 63995755 | 899514
X03-11| 334 1. 15 53182 610
X03 F§ |X03-M| 334 1.47 3376223 49696
X03-1V | 334 1. 41 1105342 15597
X16 334 0. 94 2909153 27264
C#X X06 334 1. 56 1884621 29410
i DI 334 0. 96 1023301 9803
EY Lt DII 334 0. 82 418158 3436
S YI 334 1. 00 6957473 69325
5 o] ] YII 334 0.97 2018229 | 19577
YV 334 0.92 4165637 18917
il 334 87907074 | 1143149
U = i 1t 334 63210257 | 885490
PNE S -
5 {3 334 24696817 | 257659
19 334 1. 63 93706. 00 | 1527. 41
20 334 1.88 |728177.70[13689. 74
22 334 1. 08 193538. 65| 2090. 22
uJ 23 334 1.38 |159625. 39| 2202. 83
/R 35 334 1.00 |156107.53| 1561.08
36 334 1.00 [1318698.4913186. 98
37 334 1. 00 39294.50 | 392.95
38 334 1. 00 36104.51 | 361.05
it 334 2725252.7735012. 25

JE St E T LA R H A AR R R R R
WA IX A 20 Tl 80 AR K BL T T e Ly A& A
SFRPIMHA SRR H—-ERAERIT A, A
B A EB K T VB RV B AR AR R NI
[ - e I o TR N o R O
— DU PR H iR T R AR A R A T
HBEEEHL. P, ARk . 00 H 41 i X 140 2%

x®2

K i B 0 R A B 5T A BT A A E Y O
(RHE A B~ A A+ R A R4 K 78—
PR A R A0 D L T T R R 3 A TR R K
A BB 7R R B B L A A 8. Skm 1 AhAlT B
TS RORIRJE T A e B ny $e e
25 [a) L L 1 7R A% ol 311 My 5 A 7E 4 HL BUAS 4%
KL 50 5 10 6 97 R i (Zhou Fangchun et al. ,
2019;Li Peng et al. ,2019), 5 [A] 0}, 35 0 20 76 %
2o 1L DX 3 B R PR T U A B (334 2D
BeO & 1.616 Jy mi, Li,O & 1.128 Jyifi, (Ta,
Nb),O; Jy 0. 345 J3 Wi, Bk B R RIRIAL(F 2) .

SR b A LS VLV 5 N A U A B 1
DX AR DAAE B 2 28 KT FR L R R R R R 4 R 4R
300 5% X AEAS ] 3 B 1) AT 25 AR AN (] S 3R 5 1)
AN —HE o AT BB RN 14 S B VL PG A0 AL i
WA KB LY JLIE & s Ak
16 5 B A 4 8 0 R 19 K B (Wang Chenghui et
al. ,2018) , X WAL A g A7 95 FAEHT . ZEVLVE L
WA [ 22 55 iy ) 3 (5 48 10 e TP W LR A B 5 R e] gk
A%~50 bR FE SR HT Y T IR R A 4
A 80 My mEeRA T Y. aiknyam
O3PS AR Y — U R A —E A . 2017
AEXT T AR EHAT T RYCRME, 2018 A5 Li, O
YR 1w 7k 38.26 J7 i (Wang Chenghui et al. ,
2019), TEA M2 IR AR BITR A &R IK
LN T ¢ B A R AT BROAR N R AR
FURLAR I s HA AR b A5 R 2™ 8 4 a5 %o el 22 P A
WA BAABEN B EZENE L. HATiE
TETF B W58 TAE . — BA T a7 f & —Flosr i
Tk A,

EHEHBERIBREETTHE2016—2018 FRES TEXHFILAREHEX

Table2 Estimation of newly discovered resources of rare metal, rare earth and rare dispersed elements by

geological survey in key working areas, South China, from 2016 to 2018

TAEX B3] X4 B W B Li, O(%) Li, O ¥ ¥ (0 SRR A BRI (O
\al 0.484 51110. 4
IR 1Ly U4 HE X V2 0.567 27280. 64
P A V3 0.8975 100547. 86
o LI o il - U B8 X V4 0. 7495 59360. 4
s V5 0.51 30294. 0
W LR V6 0.475 45269. 4
REPHIX V7 0.651 68745. 6
At 382608. 3
PR i dt e B 5188 Nb; 05328, Ta, 05 262
0.13%~1.73%, ;
mEBIE AT SR AR AR A8 e R A R W R R IR
S 0.95%
W E= I i i 4 B 11280 BeO 16160, (Ta,Nb)»O; 3450

TE VL JUIK 3 DR 3t 3 IO 1 AL SR A HfE T 100m DL BE IR 5 90 3 3 = I B ER B A FLIA 201, 2m YL VY45 U4 il 3 B ¢ BB A 000 = 47 F 100m
PATR TIA P . g 7 W B B 0 7= 3 22 4% BRSO PR % RIS 2 ) B DA
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5 AFAE ) EA FE X Ty 6]

TE I HEAT 7 U 3 [ A7 78 Y RIS X RS 0 AR
AL - O L FH ™ Tl AT i 4 F1 5 23 7 14 s
7. WA AR R AR T R DA PR R R BT %
Pl PR e e B 22 AT BR R e B [ K A DR
KX A 2018 4 11 ARG W
M) 1) v [ O A X R N O 1 SR L R
A TEATIZ A OB 7 95 U 56 [ o T e SR i 36
W F-Be. Qo S AR, MEE G . B2 [ PR3
Gy AR . 4R W AR B AR JC H 2 S R 1Y
TR AR E AR A ff e & 24 1 H =
P VEEEAE A WAL S BT SR Y A AR Y
J5T DAART T A F) 10 2880 — A At ke, 0 24 7 08 5 1) 1Y)
e A A PR T B 8. @MIAHLHI AR . T
HoEREAN L K, MM aE . RAREILE
H AR AREEIET R DA 2 245 AE K
PAE TR Tk 3SR B R 4T . QIR A FBA MR,
FEIE A A dE i TR S AR G I, )
PERT 1007 574K, © A A2 B8 i 3, M 7 87 K
T E ISR R B IR BRI & . N 3B Y g
P T ¥ NINEI RGeS e s P 3/ e Wi ]
] JE 48 X R AR TR RS TR HAE R 0 Y T R B b O
WA FE 53 A S8 bR B R 9% 1 /Y B I8 (Sheng Jifu
and Wang Denghong,2018) , % 4 J& U JI| 25 52 Th X
B AR B A (R T e T AR DR A DT A D e R A
TFR IR,

PR o 5 BT K 4 S B B AR L A A - O LA HIL A
f14 S 56 BIF 5 T HE o b 58 v g B2 0 B R = 4 R
Ty vy B SR O Y L LA ) R B LT AR
JoOH IR R D L A B SC ST 7 T B T T A
JIT AT 5 @ >R 3B 16 H A 0 Bl HE B 2% 7 Ml R 1 AR 5C
FEAR Chu 455 $ ) 45 2R A Ay 8 i 7™ ot 1) 70 B 14 SE 56
A IR 55 DU YR BB i v DO — E B 3 O I
AR T A R Cfd 46 3000m L 2000m K FE |
1000m B . 500m JBE M 50m B 9 F 51 1L 40
FAR) B 11 Alk LA 56 7=k 1) AT 582 K
FEBETE R e

BT UIA AR O A WA [F] 28 B SC B B 7™ 1Y
ey [515 K E S [ SE /S P DR T =i R T S
AT TE b 5 X T [ A R S R R T A 3 A T i
1147 (Wang Denghong et al. , 2004, 2017a; Wang
Denghong,2018) , @7 B H 55 8" 48 X (5l & KB ¥
PR L) A [R] 2 A IR TR A5 48 S TR He i SR R

S . 2008—2013 AFHIA] 3 0 [ U AT A H e
E ARG R R I 92 55 (SinoProbe-03-01 PR ,
K U BB 3 S LLAE a8 UL E O T OH
ok I R = 2 R A Ml e 4 A I — 5 A0 3 A () R AU Y
W4 DX CANTEAR A DX ] 23 DR S VA 1 ik 595 2 T ) 55
), IS T AR 4 3R (Wang Denghong et al. ,
2018a) , (4 B B AU 4 DK 1 45 4H 25 1y (= & | 35 1]
1) SRS HETR I H AR OZ kR 510D JEH 2 TR+
bR g ) A AR R Y A ST AN HE T A R L DX A
e kAL X A 3E A T P 3R AT R PR AR R AR
PRI b AN H O RS SR A T IS K L
A N I 55 2 T b R S AR T B i 45 4
BT 75 il (Wang Denghong et al., 2010, 2017b,
2017¢) . @ WP A5 A AT < i 1Ry S 1A 23 BIL A R
T B T A - B4 3 ) AR HL A (Li Jiankang et
al. , 2013, 2014, 2017b; Wang Denghong et al. ,
2014,2018c, 2018d; Zhao Zhi et al. ,2017,2019),
X B 26 B S 77 JC H I = B 7™ BT IR 4 4 A
I8 A B TR AME GBI Z R L L 36 AT LA 3 #e )
Browmngs o b s S R R R B (Wang
Denghong et al. , 2012¢,2013b) , AN{H ] DL 42 T 45
A B BT PN AL, X G e A B 0k SR T AR AL BCE
Fofh AR L G o s P St TR R A . AR R
] N A X5 T 5 Kl B K R D S b IR 1 A A R A
&8 I R R M AE 2 T 1 @ BE & TE (Gao Juangin
et al. ,2019a, 2019b) , 3 [ 58 3k A £ 3t 76 7 71 0 &
FHTIE 2800 B K i L & i R s 983mg/ L,
— &t JL+ mg/L(Tan Hongbing et al. ,2007),
T DY 1] a3t 22 A J2 A0 1) 2 B2 A nl B D T AR 1 K
A A SR AL O ) BOR PR (Sun Yan et al.,
2017),

6 4EiE

SRR e N A 2 R B G B B B L AE K
Yoty R AR R PEAE R8T 7 B IR o ARG T ] s
B A TR Y i R [ N A e R e ] LR A
R AN 20 T T R 45+ g3 ) 0 A
A AN T S oI (10 G AN T e ol AN 3 e DS )
FIA (G Jm LA R A AR il 20 Al 8 8 7 B I
VA TR ™ . SR S ROR T — R H
SRIBE R R PR RN BRI IR A E S SR 7 R AR
SR N i R B DU R Tl i DK R
JE AR S A D BT 2 A i S A
F e S T g 11 R A R A R T R
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FELL R AT SR SR ELE L BEIR R M AR S A A ()R SR O 1) 1203

M PRI % 7 Ml i J g R 2 4 ) AR R e IR T TG
VIR TE [ P s il 2 [ A KR AR B AT T EE
iR T S

LT 10 AFER 9SS Ay FREAE RS 73 1y 00 4 45
6 T LA=M 07 0 3 5 1 S B 7= A9 W IR AR IE .
SCPL T ORE S RLPR A SR ER 2 B R SR SR AL T
ST RO LB T R TR R AR RO
M SR P AT TAR S S IE TR s 75 D R R AR R
— AR M I A | 2 8 BB PR E AR 25 T T AR T —
I E R L A ARAT T R A — A W A R A
B 7 SE BN T s TE AR W) AR AT R BT S5 A TR L BT R
RS AR Y B T R SR T T U T — R A
QIR R 3R A 1 R W A 8 )1 74 SRR R
A7 X ISR B S SR A 1 e B L - L0 4 4 DX DA B R
R B IR RIS T — R R . HE B
PR b FE S A A ™ B 5 5K 1) Ry 1 v AR A L O
Bt 5 Ak e 22 5 1A DR T A L RF DA R T R O PR S
THAE > B TR B RE ) MO B 22 L Xk ST JEE 2ok
o PG A 20 i L SR B AR A 2 R T
S X TR e 3 ] S R 2 ™ ol e R R B [ K E
URBE IR 2 T7 WA EE 208 . s g o th iy s 4%
A s B 28 B R A% e 2 AT 7 B U A R A L o
Xt E A BT IR A 2545 M 0 56 S BEH R IO AIF A B
S 3 [ 2 HT R0 A S5 AR 25K I Y OGBS Y 2
1l

Bt ASORE HOS o Wi & T D AFEIE A
A 3CE O T A A 4 RSB Bl
W TRRE A BE A 7™ BT PR AF 5 BT Al A s L 5 R T A
C I H AR AR R R 0 AR R
ES-N RIS BN (P NUNIN 78R INEEE AN 25 %
HELZMZER—ES S =M H A6 LA
(4 8 SR /NS I SO SFE AR AT 7 BE IR 5 I [
PR 20 I
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Abstract

Since the start of the industrial 4. 0 and the fourth technological revolution, the importance of critical
mineral resources has become increasingly prominent. At the end of 2017, Trump, by presidential decree,
demanded that the United States “be self-sufficient” of 35 kinds critical minerals. Further increased
international attention to critical mineral resources. As the largest developing country in the world, China
is far less self-supporting than the United States in terms of mineral resources. Not only do large quantities
of minerals need to be imported, but the externaldependence of rare metals such as lithium, beryllium,
niobium, tantalum and other rare metals is also high. And Chinese society attaches less importance to
these “little minerals” than the United States. Therefore, the investigation and research of critical mineral
resources should be strengthened. Exploration and prospecting are imminent. Under the current situation,
in order to ensure the development of strategic emerging industries, in order to achieve the great
rejuvenation of Chinese Dream, and for the long-term stability of the national economy and the country,
this paper proposes that 9 kinds of rare metals, 17 kinds of rare earth metals, 8 kinds of scattered metals,
3 kinds of rare gas, 12 kinds of traditional metals (black and non-ferrous), 8 kinds of non-metallic
minerals and uranium, should be put forward and determinated as the critical mineral resources in China.
These 8 groups of 41 kinds of mineral resources correspond roughly to the 35 kinds of minerals in the
United States. Since 2011, China has focused on rare metals, rare earths and rare scatted metals (so called
as rrr metals or 3R) minerals. New progress has been made in the fields of metallogenic theory, potential
evaluation, ore prospecting breakthrough, environmental protection, mineral processing by physical
methods, ore prospecting methods, analysis and testing, and mining administration, etc. In particular,
through the prospecting of Jiajika and Keyin in Sichuan Province, the potential of new resources is equal to
10 large spodumene deposits, which provides a resource guarantee for the construction of large lithium ore
resource base in western Sichuan. However, China’s long-term shortage of rare metals, such as niobium,
tantalum and beryllium, has not yet made a breakthrough in prospecting. In the past, proven resources are
often of low grade and difficult to be cleaned and smelted. In fact, a considerable portion of resources
belong to “dull ore”; even tin, which used to have advantages in the past, Non-ferrous metals such as
antimony, mercury and other non-ferrous metals have also begun to import, the Xikuangshan Sb mine and
other world-famous large-scale and super-large-scale deposits have entered the stage of resource depletion,
it is difficult to replace resources, and needs to be attached great importance. It is suggested that while
strengthening the deep prospecting of existing mines, we should not only continue to overcome the difficult
problem of comprehensive utilization of co-associated resources, but also strengthen the research and
exploration of unconventional and new types of critical mineral resources (such as the lithium resources
associated with sedimentary rocks). We should strengthen the basic research, find a breakthrough in the
critical application of the critical mineral resources, and let the critical mineral resources play a critical role

at the critical moment.
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