M % B & 20205 H65% & 33H: 3665~ 3677 ) CPERRE) 2k
48 hEXRE P RER SCIENCE CHINA PRESS

CrossMark

& click for updates

KA Ml GBS ah i sE R S5

)ajéilﬁ*’ ?@Z“él’zj F?j:\%%lg, ﬁ%lj, %@%1’4

AR T R TR 5 25T TR 5, A AR 230009;

AT TS LIRS TR AR L, A8 230009;
LRSI AR TR B, AL 230601;
AR R A B, S8 230001

* R A, E-mail: tfzhou@hfut.edu.cn

b=

2020-04-01 Wk, 2020-09-10 & [E], 2020-09-15 357, 2020-09-23 P44 ik K& 7%
IR A SRR 3£4:(91962218, 4187208 1)1 e S FARMI Il 55 2% L35 (PA2019GDZC0093) ¥ )

% XHEBLRASRFFNRGEXET R, L7 WA R AEER R LB GERE KIFT
FRREEZNRFALLLBRT W, FHENKRT AL FEREGY RO ERKT K. 7 RFRTEE
BA TLER & RPREERT, KREBXFFEMERS, B TAANEERR. 4. . #AKE, €1E
RERWMET, HAFESHARMRBEEXELBEVR. HFERKITEFH A AET A5 X E KR AR N
SAAEEEN, §RFPRREBEWIT LA BEE LA LE, HUTRET TAXRELEYT AR
FEENELNEMEFENL. ERARKERT FFT RKPXHEB AR RRMI R0 & b, xtmy & hy
R XSRS RFMERATTEETN, 2T KIFTHERT FERFERRSBETRT ROMHE, WFLE
THRETHAFEXRESBETRNAN AR, BANERT FARE-BFEREARLY KEE. &, M. &M
RERREBETLEY FWRERSLE RFMEHTEE, WHT LR XREBETENEIEF T WAL+ 4 B4F
fE. EZEAWNMERT RSB CHARRRNER L, RET oy Hts-w F 50T RFXELET -V ER
KIFEMGE Ry R F ] AL

Kl KELE, KHERT oW, RARS, KT THRT W

FHE 4 & (critical metals) FISCEEH 7™ 75 i (critical L TEARMBIRE. M. B Bk B B BX. AN
minerals)J& E bR LT R4 I ABES:, RAEXTERE S OCHEE R TIR, b n] AR A R A OCHE 4 e BEUR
PB4 ) K Je 2 T B — 2R G B s 3 M HA IR FEAR. A . WEABRSE, TATEIRE SR R,
PR, R SRR HLRI AT E R EBRE R A R SRR MR i e e R Y Kyreh
A I L W S 4 i HE (B2 N 2 T A o8 3 O (=SB A Sk 7 =2 el 1 TSI HE S N
W E ANy, FEPAEREHRE GWEER KPR W2 —, TSRS A
il SRR AR R SR R Bl sh s B R IR AT, DRI s T R HE SR ST
KENE RN, BT 2R BB R AT AREEAESMEZ 5 & L.

SR, TR B 1R R v, B R BR 1 % KA AT e 5 2 LR Y i Y, B A
A ICERM 4. BRI E RN, BUAEAEIEXE BT REON S T R R BB S - R

SURRSA: Jave &, A, BRdh, S5, KUCHP R IpR i oSBT =BT R S . RLAEmiR, 2020, 65: 3665-3677

Zhou T F, Fan Y, Chen J, et al. Critical metal resources in the Middle-Lower Yangtze River Valley metallogenic belt (in Chinese). Chin Sci Bull, 2020, 65:
3665-3677, doi: 10.1360/TB-2020-0347

© 2020 (PlERFEE) Akt www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2020-0347
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2020-0347&amp;domain=pdf&amp;date_stamp=2020-10-12

A% h & 20205118 $£65% £33

IR, DMEMFRE T 2. &, ST E
W VE PR FE AR RL N, B PR A A 1 S ik 4
B S S ICRT R, S R E LRI
WA R, B ARG LS T P EEA2I
M2 DR R R A OCHE 4 S8 0 IR 1Y 32 28 382 i R S 4
BROCHES RO eI R b R, B2 TR T B -
iR A Cu-Au-Mo-Fe il 45 i & AR H 2 &)/ 0 IR Ab
BB, B 46, 85 . A0, REFIBkZMmEOCE &
B, TS AR I VT R W A PR R [
R EREEIRTIR: —RBEME FREE-10 R A
BREFEYERD IR, DAZFIRGEE 8 N RHE; ) —28 2l
SNAMEEEDIR, ATE R (R L, e S
48 TT R AR 73 S AL SR 58 WA X 55,
FHOCHFFE R FE T . AR SCHRTEE I 1 X PN S5 4 Jm it
FEDTE,  FFXT R N LA IR R OCHE 4 T B AR AR
AT TR, 2l TRICH M- & e
KEESEITEN IR E. BN S 4R TR
Bl A VB BEE -1 R BT IR A AT SRR RN
WRAPIRAS I T T b g, W R e 4R TR
Eo S i Y/ P I NS N RRes o B | S S e S R IR G S
A R PR EERE b, S TR O A R
PR PRATU (A5 B T DT AN G 1) 34 FE R 2 [n] R

1 KD ik it & s i Siroe

Bk

KT R i B O 2 B (A . FOC R )BT
P TAER T201H 0 SOAEARAR, Wl €1 1lar
THATBOCE TAEN, SEBE TR . BRI
Jr G RE Tk R BT BA, - il % e B T VT X
BB AR RS R HOC R TR T IR A M
TAE, KT WA BIRE R KB Rk R R
B MEILR, LA, 5o ENEELER.

20H2060~904F X, RS ERAT M EH LR, T
AP XA R HOTER TR KGN, B 76 A7 F6 L
JUE B TAEREA S, T8, db. 268, 1ok
DUAS HdE . RHIFERLA X BT TR TR . FRBUTER
MRA AN TAE, Jola kI T EMIEE LS8k
PR bR 4 DR HITR (PR MBI I (fEE
fiff)s T PHSETTE B (FEA )« el T X e A R 4
W (FEA ) B T A I A (P AR Al YL VE 380
LUV A (P A ) 55

2UHZR LR, A48 MR IS M BA T b v E

3666

T IR R b S & B =, e
XF20004F LA 5 & B K HR AL R IT I T IR AR A
MHOTRMLEA TN TAE, Jola &8 T Mk i bk e
il 4 22 A JR AT (PEAR IR G ) « fr 46 LU BERT (PR AR BX
) RN B BRSO (A ).

HE DS 220104F, B MRS BT R M HLET T
YELIE S, X E A T AR R A DA TAE IR T
. BEE 201144 [ = P JR s A 100 H 15 30, i
LA I IR I =M IR AT A TR TAE. W2l
B FE2014 5201 54F THIB i IX . 75 FH- 54 th 3
X\ B IX TR R T =M SR AR AT IR A 1 A
PP TAE, U5 T 3% 2 K P . ARk b A2
22 T [ e O X A R T, R BT & PR R
A - UL R IR (L2 S, S RES -1~ A RV
ZEIRUA K B INEITER R R, AR
FLFESZE B RMT AR, HFEHH 55
FEJZ LA,

KA N 2 VR A R E T R 2498 1 B A
FER B AR AT d5e iR P4 22—, TR e i 4
JBLEE R EFERTIT. 1201044, Widb KiaH
AT R )E S 1EUR shBk I H, 2019484 1,
i BT AT H eSOk, AR, T RE
FERG R R IR R AR SR — R G JE
20194F8 H, #ibe A M 5 R as & shpLE R A RR
ISEVEAE, T AR B A BRI AT R FRAA F, $9¢E
500077 JCHEBEREAF2 ey 2L EERS dI Bk H, Lt E g
25 S HLAE A PR W) (1 P e KBk 4 8 75 2R ). Xk
X T ] AR oA Yo 5 e A O 4 i W R ) R SR 1) 52
PRI BEVE.

AH LGB 74 4 0 R B R AR5, BT AL
T U O R G 4 B T VR FH A S DU AR X 4 2,
HE A 05T 32 B4R TP e JCHE 4 8 B A W 24 0 55 T
XieZE NP 05 H R BRGS0y R A8 40 R
P RS . REER RIS, A AN
BEE PR B T A BRI A —— 8 L R bk
S RT I EE RS RS MRS, R
YR BOREF A SRREAEREILY), A S & A
k7= A TEAARET . WA AR IR 4
B SRR AP A T A AR T B T
B, JEE ARy A AR AT IR T AR T Al
BYE . WA AR SR AL A Ak e )
TEWRZ W TR T80 v R IR AR . WA R, T4



EEEE

W MR FIRR AL, T AR AP e TR
TR S B R A R, KRR
W A7 A PRI [ SRS 0 B4 SR IR,

2 R HTOCEE AR A AR

KT R U L T R 3 SRy AR S AT R e 1Y)
i~ Aty 3R, 535052 B i b A
ST i W I S R (T
BCH W7 ) R AT R R Y A, BB 4 IX,
TR TR, R T XN EEE. B Rk
W 4re AR AYERSERTIR. ARIEIBIAL. TP, 2R
TETRVUAE B R & B sk e g Bk R STk
P, AT AR AT N K BB - R A
W IR(E DR S b S m A A & il wEm
BREEHE SR ITER, T IR PR 0 OG5 4w T it
LR BIRAURURL. W1 T R AR A R - KA
FERRSE SR G R P IR, Rt 5571 ¢ 4R
sl Z & B0 A nY & 515136 ppm(1 ppm=1 pg/g),
KB TlL S, VTG R I i A 7190, 4k
AN R i F AN, Horp, Al — R
10~300 ppmZ [H], = AlIA500 ppm; 47— 7E
30 ppmPh L, Hem Al iA300 ppm, 430 ppm,
e AT A 100 ppm. HBEH 5201, 7 R 45 E 2 (K
W R A R A B L A R AR DY, B
ARG AR A 1652 t0 4R TEE618 t. Al
B PRIR L8077 ¢ HA B BT IR rh B A A AT U
H1340 t. FATIRET25 ¢ AT IR E6077 t; WRRIGT
PRAVERA: ARG TR R 1415 € BRI X s R
A ) R 4 i 1 L Ak KRR,

FERT N GORIERE b, AR T AR XK VT R i
A A N SRR PR R BRI A P O 4 R Ry
Br, TR T 0 = rh A Gk 4 TR A A (e 1), R R
KA IR SR TR EMREL, TR
[, A XS R TR WA —E 2R, W -RA R
Za BT A SR T R AN £, ik, B0
PEAEBRAER; DI T R Sk ILeT IR 4 ey
PR Wl ILe R R IRE MR, W RAH6
B A Sk 4 SR oo K BTN RS, LUBIR T IR R
REE. WRABIEAD IRIEA S BT R R 4
A, RS, R, fE, DIBCRET R, KL
IR AEMORE R AR, B A AR PR Pk A S dk
SIRICREVMNE, B ik, LW, w2

WA IR . WEER I IR B AT A8 LB IR
HRE. W R AR BB TERARM X U
Tk AR IX L HB AR X, BEE A G R A SR
JRICER VAN &, Rz, LU LB UHE A
SRS AR, R AR TR DX E
AR, WA BRI B R P AR AR A S 6 T
R FEWAT 0 R AR .

JRA i AR 23 By BRI R A B R R AR O
R, [l EAMELUR . SR o AR X R
AR R IR R R 1482 €, MY T3NSR TR R
ASYRIA AP A BT Je A A XTI R A L dil L B
LUANIEEVR T ST 2T k7R T SN TACIE /S 7 S ISR E R 7R
IR PR R R ER, RIS fl AR A S AN

BEAh, AR K, KT e e 4
DX PR A 1A KCDR B 4 33 AR AR A TR, L 2 A
O AT TR I, SRR RS R A
S IRLAT B R il A B R TR B, LURTTL
NIV E A Ve A B T i R S
JEIRSEATIR, LA RO B SR A R 5 B At 1
D7 A I BE T R MR, (I JCTT AR I (A
3 RIS HE BRI AR A b R AIE

AT SCHr,  RUER VT T i o oG i s
WM M2, A EOTRRALZ R, EN N
B R EA A M A (E A G B i Jm A B
il Tl FPRAT, 349 2RATAE B A9 R A R TR P, R
SCEL 0 AT 7 P o SR G B 4 R 1 AP R ik B AT
RIS,

3.0 BEARIR A B A S AIE

B EEAE N A TR T RN, B E AR R
R R R A, JEXIE GG, B R T e
S A 19~190 ppm, A4 T H TR FEE ) 1~10£,
Hp, WRAMBET SRR, NP AR S5~1045.
T E A SN R AR AR R
RV A S B G Y R A AV A

IR, KILP R 5 A A HK
FrRES AR, A i R A E SR
kg g Sk, EE WA TEY . EE
W WEEEERET. ST MRS B, B
RS Y B i e (IRUR T R B> R > WA > Bk
W >BERRE™. XS 60 5 1 I AN R AR

3667



A% h & 20205118 $£65% £33

-a108°
32l

6° 120
N

R ’gﬁ%)@j%

AR

24°

W3R

Bl ©#5145~135 Ma DEIERAS
[ b#135~127 Ma N LLE

(A> | th127~123 Ma ABUTE 52
[ mm#147~127 Ma ORIEHREAS
I ¢ #147~127 Ma OEIERAE
[ © | xusmEy™
(O ] I Ty #es
e,
17.5° [0 ]r&x 120°E

30°N-]

B 1 AL TR A S A IR TR A L SRS R R AR L YO0 RRORITIR IS R B e R R R
GORHME . 1, FERVERDTIR(HEAERR); 2, SRAR BRI IR B0 3, S L S 4 PROPEAE /R ); 4, XS SEENE 47 PR(PFEAEI/RR); 5, S0 BRI IR
(PRI, 6, BTZISEE™ RO SR/8); 7, WS TE 1L BT PROPEA R/, 8, =i BT PR(PFEARI/RE); 9, T3 LU B PR(PEA R/, 10, S0
LSS RCPEAE AN/, 11, ARSI PR(FEA BR); 12, YHEM S0 IR(FEAERN); 13, 21—/ MU EESRD TR(FEAEER); 14, YRN8 IR(FEAE85); 15,
BLLLARRA 8 PR(FEAB); 16, AT VR AR(EAEI/ER); 17, I R/, 18, BILIE-EEMORET R R(PEA); 19, TG BRIBET R
CFEAZBR); 20, 42 CHSHR A DROFEAEBR): 210, BT L3R40 PRCRE AR/ ): 22, BAEALIBYEED ROPASBRA): 23, HPRFI D RO A /4 )
24, WhFRISEE A PR(EAE B/AR/AR); 25, ZR 540 IR(PEAFRER); 26, T IR R(FEAEER); 27, ML IR(FEA:55); 28, 3 SREEHTIR; 29, I
LR 40T PROPEA:); 30, JT 27 AT 31, WG LA EETT IR (112 59)

Figure 1 Distribution of deposits containing critical metals resource in the Middle-Lower Yangtze River Valley metallogenic belt™. Information refer
to discovery history of mineral deposits in Hubei, Jiangsu, Anhui and Jiangxi and authors’ unpublished data. 1, Chengchao iron deposit (associated
gallium); 2, Zhangfushan iron deposit (associated gallium); 3, Tongshankou copper-gold deposit (associated selenium/tellurium); 4, Jiguanzui gold
deposit (associated selenium/tellurium); 5, Tonglushan iron-copper deposit (associated selenium/tellurium); 6, Ruanjiawan tungsten deposit (associated
gallium/cadmium); 7, Jilongshan gold-copper deposit (associated selenium/tellurium); 8, Fengsandong gold-copper deposit (associated selenium/
tellurium); 9, Yangjishan gold deposit (associated selenium/tellurium); 10, Chengmenshan copper-gold deposit (associated selenium/tellurium); 11,
Donggushan tungsten-molybdenum deposit (associated rhenium); 12, Shaxi copper-gold deposit (associated selenium); 13, Luohe-Xiaobaozhuang iron
deposit (associated gallium); 14, Nihe iron deposit (associated gallium); 15, Fanshan alunite deposit (associated gallium); 16, Shimen’an copper deposit
(associated selenium/gallium); 17, Jingbian copper deposit (associated selenium/gallium); 18, Huangshanling-Guilinzheng lead-zinc-molybdenum
deposit (associated cadmium); 19, Zhanling rhenium-molybdenum deposit (associated rhenium); 20, Jinkouling copper-gold deposit (associated
gallium); 21, Shizishan copper-gold deposit (associated selenium/tellurium/cobalt); 22, Hehuashan lead-zinc deposit (associated cadmium); 23, Xingiao
sulfur deposit (associated selenium/cadmium/cobalt); 24, Yaojialing copper-zinc-gold deposit (associated selenium/cadmium/cobalt); 25, Chating gold-
copper deposit (associated cadmium/gallium); 26, Gushan iron deposit (associated gallium); 27, Washan iron deposit (associated gallium); 28,
Xiangquan thallium deposit; 29, Langyashan copper-gold deposit (associated selenium); 30, Wanshoushan germanium deposit; 31, Qixiashan lead-zinc
deposit (associated cadmium)
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Table 1 Summary of characteristics of representative deposits containing critical metal resources in the Middle-Lower Yangtze River Valley

metallogenic belt?’ ]
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Figure 2 Occurrence of cobalt in pyrite of different stages in Xinqiao and Luohe deposit. (a), (b) Isomorphism is the main occurrence of cobalt in
pyrite from Xingiao deposit; (c), (d) contents of cobalt varies considerably in different types of pyrite from Luohe deposit

Y BRI  E i e, HUORBERET, LR
S 1 (T S BEAR > B> VR > R Bk

B R R I A 5 4 ) A f
TV Ay 3 A X S B R (8T R 4R 4
FARER . AR AFoT il il i THRE AT 2B, FR
G H AR AR S v AR I 2 A v A A AT IR B
A TF0.01%~0.1%,

TR R AP IR 2% LIS e 20, 9 ik
FRIET R = KR AR, HIE TR by
BrBt, e 2MRAIER(E3): (1) EEERKER. A
FUFR G T INER h, Wi —M15~30 pm; (2)
PIMCIR G5 T4 v, B4R AT K200 um; (3) DE LA
ANFER . /NELRIE RS N B A, LR T
A Ak, B —A F5~30 pmZ [8]; (4) EAHLN
AR F B0 b sy 2 B i SR o A, R
B— R HR~50 um; (5) ARSI AT T EPH SN
Ak 8], RifE10~30 pmZ[H]; (6) KSR T
fifetr SINERD Z (8], RIARKE RS0 um, [NERDTE BLng
WP HAPRE Y. 2, (O)FE) BRI Y 32 2
TERZS. BTE T s Y E R TR S BN

3670

60.53%~60.57%, Tifi o5 i 428.70%~30.74%, Wit
4.55%~4.62%, A /DA, 55k 1.53%~2.78%.

3.3 EIEAR S B BATHFAIE

B EA ORI BT R R A e R, B4R
KB IRSIO IR, B E AR A & R R,
HRE PR R, BT RHCIT  F W
AR AT ERE B8 /0 . Lius NP4 b i 710
W X nf 48 L AYEER IR 1 INAE ™ FF IR LA-ICP-M ST,
RIA B Th AR B & i, SR T0.1%~1.5%Z
], B B R R AT INAR . Ak, FE
S IREALY) Pt & BRI AT, TEHT IR &k
K BAEAE DR R, S VS 10~50 ppm”7,

3.4 BROGIEARIR S B A AFAIE

PRAFRAYICRME BT, Bl # LI R 48 0
TEMESHE R 2. O 7B KT R IR i i R AY
BT, AT ARSI TSR Re-Os R i 3R E 4F,
FEARA W] T A N BT O AT A PR An
B 4 DX R AT LIRS - LG 7 PR rhoRE SR bk A



‘-

S E [
) : ‘

B 3 (MR AR IS T REERTSME IRTFARIE. Sp, INEE™; Tet, #ERGELE™; Py, EEKH"; Cal, H A
Figure 3 (Color online) The occurrence of the tetradymitein Yaojialing deposit. Sp, sphalerite; Tet, tetradymite; Py, pyrite; Cal, calcite
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Figure 4 LA-ICP-MS mapping diagram (a) and high resolution
diagram under transmission electron microscope (b) of Re element in
Zhanling molybdenite deposit
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Critical metal resources in the Middle-Lower Yangtze River
Valley metallogenic belt

Taofa Zhou"”', Yu Fan'”, Jing Chen'”, Xin Xiao"” & Shu Zhangl’4

' School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China;

* Anhui Province Engineering Research Center for Mineral Resources and Mine Environments, Hefei 230009, China;
? School of Civil Engineering, Anhui Jianzhu University, Hefei 230601, China;

N Geological Survey of Anhui Province, Hefei 230001, China

* Corresponding author, E-mail: tfzhou@hfut.edu.cn

Critical metals are strategic key mineral resources for global competition, with research on mineralization characteristics
and metallogenic regularity attracting attention. The Middle-Lower Yangtze River Valley metallogenic belt (MLYB) is a
part of the circum-Pacific magmatic belt. Under complex continental dynamic setting, such as the Mesozoic transformation
of structural systems and intensive crust-mantle interactions, a large amount of porphyry-skarn Cu-Fe-Au deposits have
been formed. During large-scale mineralization processes, critical resources, including Cr, Co, Se, Re, and Te, are produced
from these deposits, in addition to bulk metals such as Cu, Ag, Fe, and S-rich ores. These critical metals are urgently needed
in China’s strategy. Therefore, research should receive emphasis to achieve new breakthroughs. In recent years, large
mining companies in the Yangtze River economic belt have paid special attention to the comprehensive use of critical
metals. Therefore, studies on critical metals in the belt have important theoretical and economic significance. This paper
has systematically reviewed and summarized the research outcomes and literature related to the exploration and research
work of critical metals in MLYB and preliminarily investigated the enrichment characteristics of the critical metals in the
deposits in the belt. The preliminary investigation indicates that if the dominant metals in skarn deposits differ, the
subsequent byproduct critical metals also differ. Most critical metals are hosted in sulfides in these skarn deposits. This
paper shows a spatial distribution map of the critical metal deposits. Based on this map, the relationships between the
dominant metal and the associated critical metal elements are summarized. Moreover, this paper has reviewed and
summarized the deportment and enrichment mechanism of Cr, Co, Se, Re, and Te in the porphyry-skarn Cu-Fe-Au deposits
in the belt and clarified the key host minerals and their abundances by referring to the five critical elements. Based on
comprehensive analyses of previous studies on critical metals in the belt, we have raised three key scientific points that
should be the focus of future studies on related topics. First, the primary research clue about sources and enrichment
mechanisms should consider the systematic evolution of the porphyry-skarn Cu-Au deposits in the intracontinental setting.
The second is a key question and challenging issue regarding the recovery and comprehensive utilization of the critical
metals in specific sulfides. Finally, the full use of microscale to nanoscale lab analyses and related theories about the
synthesized host minerals bearing critical metals may provide important evidence that can help interpret the enrichment
mechanism of the critical metals. This point should be based on research on the crystallinity relationships and interface
correlations between the host and critical metal elements.

critical metals, distribution characteristics of critical metal resources, occurrence, the Middle-Lower Yangtze
River Valley metallogenic belt
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