44 %8 & 2020F ¥65% £ 33H5:3700~3714 ¢ OPIER2E) 2ot
48, hEEET =R ERR SCIENCE CHINAPRESS
CrossMark

& click for updates

Py 1M OB B R T # e T

P R et R, BB, s £ 8 hrr!

1. P EPREBE RS RT, 0 R HLBR L2 5 T S S0 %, $FH 550081;
2. HEBLFEEE RSBk 51T R RE2ERE, JLET 100049
* BXZ& A, E-mail: huruizhong@vip.gyig.ac.cn

2020-03-15 W, 2020-09-02 111, 2020-09-03 $35Z, 2020-09-08 LK% AR K&
5 A AP 3E45 (41830432, U1812402)%5 1)

5% EETERURN KR IRY, HFHABEFHLRT ZHMNE £In. Ge. Ga. Cd. Re.
Sn. Li. Nb. REE(rare earth element)f1PGE(platinum group elements)Z: [5l ff £ x# 4 B L Rt g JR £ A @+t
REUENHR, AANZX R & 55k B L8 A & 20 H X 8 Cu-Ni-PGE#E ¥ b 7 K Aot 4 R 5 #0 -
T oK M R REAE 3 L 1E A K B3 B = BIREEY Kb, B & x e BT EY KRR F EA T E B 7 W A& (1) -
P ERAEREE ML EHEIOCGERT 4; Q) RLBMELN A XN ENG B RNy KETRR
INEY RIR AR R RAT, (3) BRI L K s R E S F, & GelR IR Pb-Zn# R fr (K R Au-As-Sb-Hg-T1# K
JERE;, (4) R FHLURNERTRE LEZEE N skt s, ZHMKEL. Nb. Zr. Ga. Re.
REE. PGEZF WL RF/S AM-TRT RATRoA. Al E E, #—FPRETRBHRAEGSRT FHNEE
RE,BHUT —BEERT RAMFI— PR NI,

Keultinl TR, KEERE, TRER, RY EA

KA 4 JE (critical metals) e [E PR A4 H B HE
&, MO SOT . LN A RS I — 24
J&. BRI O 7 R A —, (B B
HEIE. WEE. W+ 4aBMPGE. Co. Crall,
AR RIERE, BATFERRENR. bRl FREEAR
FE R ZE TAA T HA AT E RS, B4k,
MR SEEL P . SeE. BRI, HARSEEE
EIPR LU EIS, Y8 HAH DG A kms a1 37 8 KT )
JnsE Xt s e IR IIFEE, DRGSR P Bk
U5, AT = ORI i 1 i A %o S e 4 14 ol
J1. B AR E AN PR IR SR o s A,
ERPIWCEAYE SRR T uR L L ey 95 % (=
AR RS ER . AR ™ VR . XARTT
BURTEREIRER, W T 2R & S AR

KA B TUER T R S e & SR T R AL TR,
W RH RSB IUR F 2 AHFIn. Ge. Ga. Cd. Re.

W. Sn. Li. Nb. REE(rare earth element)fIPGESE. A
2R T I B S EE 4 B T R R VE R TR T RIR
AR5, BUSE SRR, A SCHEAR T = 5 RS
RUR A AR L A 5 5o R BRI Y
— S P TR b, W1 S T I -
5 SR AE BLOCR S E N R RN
PRE M, U A5 X 54 TR T R MR & AR ™
ML S LG TR FIHR - T A TR AR ZE, Ay 57 OG5
SIBICE B AR A B A RS %

1 Wi
A i B 4 T Hb B R 4 M B E 3 T o A

10.1360/TB-2020-0274

SUREA: BIEGE, RIGE, MAR, 55 S R i A OCHE 4JR T R AT V. BHEE AR, 2020, 65: 3700-3714
Hu R Z, Wen H J, Ye L, et al. Metallogeny of critical metals in the Southwestern Yangtze Block (in Chinese). Chin Sci Bull, 2020, 65: 3700-3714, doi:

© 2020 (PIERE) btk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2020-0274
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-2020-0274&amp;domain=pdf&amp;date_stamp=2020-10-15

P A

(~830 Ma)VEITRE s LA R BRI T, b2
WA Ly S A S el s s A, P R TS -
ARSI SE SR, U Je Tk S
VA AN - H AR TF, AR R, Hk
T 5B 5 FAAEARFER, SEA A
SR 28 -H M - e 26T 24T g 2 F P& ).

Y AR RS SR M AR T 2. T
FERAL IR A FEARE =55 KRS oo tas
AR RS (AN 2 ) ISR e iy b - et 10 AE
AR JRERANEE A F I T i 5 AR e
CAnARIRTE . W RIEFES) ARl R P22 R o2,
To AR X 2 55 78 o R AR AR T H 2 B A R il I 2
B R AE 228 N AR A o R R R
3| =B AR TR Eh A e vk 8 S e s, DARR

BRI DU RIRARTTARA D, Hoh, FEIR A M
AR RRRIREL AL R BT, — B Rk E 1L
LA TRz oA ),

YT SR EE S Y, B 2B
FEMLE: (1) ZETHIH42.05~1.90 Gafill.7~
1.5 GaftyBFHE L AR KRG RS A2, ) -
B RZ1.0~0.75 Galllla) & A T ASIA] X ek iy o 11
24 T (3) Faly A AR 29480~390 Mafiiin B Zkiz
U (4) e B 25260 MalukJE Mg A:TE 315 (5)
LA R 24255~200 MafENSZizah!" ", (6) marbA: AL
MFEILEZE Bh, e = M A7 T Hh Ee o4 R 3 2 5 g
T HAAE Y 4 R 160~150F1100~80 Ma 4 X
allOI81), 7y ek (R 2440~25  MalfyER-TF il Al
IR, R R AL B R T4 T

T
100°E

; $
IE-ER S
i ¢ Q

O m#

@\5

F30°N

w3

ZISB S

L 100°E

S iR

’ ) i 2

360 km

20°N,

FraRB-aERNUSHE
R ARBERERE(750~542 Ma) - e ER
T U (830~800 Ma) T 5 - AOHER
o5 t (860~820 Ma) N I-RiR B BE

oL HA(820~750 Ma) S5 EF (IR LHRAHIBER)

[ #itsR®m (860~820 Ma) THE M L-RE(LER RAMILE)

o et (970~750 Ma) AR BIBRNRNBREHENEZRSE

Bl 1 AEREHE R A T PR s G A R T T PR A 1

\_‘ th s LBk HA & FE (1200~

O sl R(EREEBSRENK)
1000Ma) A Ni-Mo-PGEH i (EPGE. ReBEER)
mp 8 R (BB 2436 + FULI-Ga-REEF fR)
ZRBSMNMHEND-Ga-Zr-REEY K
EINFEmHDT K
=F+10CGH
STUER MR K
O =ECeiBF K
%2 Cu-Ni-PGEH Bk
B smsMREEY K

000
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southwestern Yangtze Block™"
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The Yangtze Block is one of the major geological units in China. Numerous and diverse mineralization are extensively
distributed in this block, making the Yangtze Block be one of the well-known providers of mineral-resources worldwide. In
the southwestern Yangtze Block, since Proterozoic, the diverse mineralization involves magmatic, magmatic-hydrothermal,
low-temperature hydrothermal and weathering-sedimentary processes were extensively developed, of which critical metal
mineralization (e.g., In, Ge, Ga, Cd, Re, W, Sn, Li, Nb, REE, and PGE) is generally present as by-products in some basic or
precious deposits or as independent deposits. Previous studies have revealed ten types of critical metal mineralization in the
region, specifically including the REE-rich phosphorite, PGE-Re-rich black shales, carbonate clay-type Li-Ga-REE, basalt
weathering-type Nb-Ga-Zr-REE, In-rich cassiterite sulfide, REE-rich IOCG, Tl-rich low-temperature hydrothermal, Ge-
rich Pb-Zn, Cu-Ni-PGE sulfides and carbonatite-related REE deposits. In the past decade, numerous studies have advanced
our understanding of the mineralization styles, timing and ore genesis of these types of critical-metal mineralization, and are
summarized in this paper. It was indicated that the Cu-Ni-PGE sulfide deposits are genetically related to the late Permian
E’meishan mantle plume, whereas the carbonatite-related REE deposits are Cenozoic in age and have formed during post-
collision between the Indian and Asian continents. Moreover, the REE-rich IOCG deposits were newly identified,
constituting a Proterozoic IOCG metallogenic province that was first documented in China, and enrichments of REEs were
suggested to be related to the chemical attributes of the late Cu mineralizing fluids; the In-rich sulfide deposits, distributed in
a small area of the SW Yangtze Block, were suggested to be genetically related to late Yanshanian granites; the low-
temperature hydrothermal mineralization, characterized mainly by the Pb-Zn and Au-As-Sb-Hg-T1 deposits that define one
of the two world-largest low-temperature metallogenic provinces, was mainly formed at the Indosinian and Yanshanian
periods during which granitic activities are relatively weak; numerous marine-facies sedimentary rocks particularly
including the black shales and carbonate rocks are associated with the development of multi-episodes of sedimentary and/or
weathering-sedimentary deposits that are uniquely enriched in Li, Nb, Zr, Ga. Re, REE and PGE.

We also proposed some issues that are important but currently poorly addressed, including aspects of the evaluation of
REE resource potential and mechanisms of REE concentrations in IOCG deposits, and key factors controlling the extreme
enrichment of Ge, Ga, Cd and Tl in the Mesozoic low-temperature metallogenic province, with focuses on the background
values of these elements in the region. Moreover, available studies show that In is extremely enriched in four giant
cassiterite-rich, granite-related sulfide deposits distributed in the border area of Yunnan and Guangxi, making this area a
unique In metallogenic province in the world. However, it is currently not clear why In is enriched in cassiterite-rich sulfide
deposits and why In is enriched in the sphalerite as a function of “indium window” effect, which should be constrained
through a combined study involving crust-mantle circulation, crystallization fractionation of magma, geochemical
behaviors of metals and mineralogy. We also proposed that the weathering-sedimentary deposits, such as the clay-type Li-
Ga-REE and basalt weathering-type Nb-Ga-Zr-REE ones, are likely brand-new types with huge potential of critical metal
resources, and emphasized that in addition to ore genesis studies, researches on the distributions of metals and potential
utilization of resources should also be paid more attention. We also highlight that current prospecting techniques and
methods that are mostly used for exploration of some common basic or precious deposits are likely not applicable for the
exploration of critical metal deposits. As such, new techniques and methods involving the integration of prospecting
information, predication and locating of ore bodies and evaluation of resources should also be developed for critical metal
deposits.

Yangtze Block, critical metal, deposit types, metallogeny
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