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Abstract The Fule Pb-Zn deposit is located in the southeastern Sichuan-Yunnan-Guizhou Pb-Zn polymetallic metallogenic
province, South China. The ore bodies occur as layers and lenses in dolostones of the Middle Permian Yangxin Formation, and are
controlled by interlayer fracture zones. The Pb + Zn metal reserves are about 0. 5 million tones with an averaged Pb + Zn grade of more
than 15.6%. The dissolution, recrystallization and hydrothermal brecciation of host carbonate rocks within and peripheral to
mineralized rocks are common in the deposit. These effects may develop in combination with silicification and dolomitization and
constitute the major form of wall rock alteration in the deposit. These are the results of the chemical reaction between acid hydrothermal
fluids and wall rocks. Hydrothermal dolomite can be formed pre—, syn—and post-ore stages and the lateformed hydrothermal dolomite
often has partially replaced the earlyformed hydrothermal dolomite. When hydrothermal fluids filled along the fissures and obvious
alteration halo can be formed on both sides. The sulfides in the primary ores are mainly sphalerite, galena and pyrite, associated with
a small amount of chalcopyrite and tetrahedrite. Dolomite and calcite are the main gangue minerals. The main ore structures include
massive, disseminated, vein and breccia. Three colors of black, red and brown sphalerites are identified in the Fule deposit. LA-
ICPMS study shows that the elements of Cd, Cu, Ga and Ge are enriched in sphalerite, while the contents of Fe, In and Mn are
depleted. In the LAdCPMS time—esolved profiles, the above-mentioned elements show a level-shaped, consistent with the content
changes of S and Zn, indicating that these elements may occur in sphalerite in the form of isomorphous substitution. However, the
elements Sb, Pb and Ag fluctuate greatly in LAJCPMS time-resolved profiles, suggesting that those elements may occur as fine—grained
mineral inclusions, which is consistent with the microscopic observation of galena particles in sphalerite. Systematic study shows that
the color of Fule sphalerite may be caused by several elements ( such as Ni, Cu, Tl, Ga, Hg, Fe and Cr) or element association.

Purple sphalerite is attributable to the substitution of Ni, Cu and Ga for zinc in the sphalerites structure, red sphalerite is enriched in
Cu and yellow sphalerite has high Ga content. The sulfur isotopic compositions of the three colors of sphalerites vary from 12.2%o to
14. 6%o. These are similar to the sulfur isotopic compositions of sulfate in Permian sedimentary rocks, suggesting that S values are

enrichment in sulfides and the resources of HS™ or §°~ in the hydrothermal fluids were originated mainly from evaporated sulfate by
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thermochemical sulfate reduction ( TSR) . *’Pb/** Pb, **Ph/*™ Pb and *®*Pb/** Pb values of sphalerite are ranging of 15. 604 ~
15.737, 18.570 ~ 18. 732 and 38. 532 ~ 38. 667, respectively. The Pb isotopic ratios of most sphalerites are plotted into the field of
the basement metamorphic rocks of the Proterozoic Kunyang Group, with a few plotted into the fields of Emeishan basalts and ore—
hosting sedimentary rocks. This shows that the metallogenic metals of the Fule Pb-n deposit are mainly derived from the basements,
with a certain influence from sediments and basalts. In summary, the Fule Pb—Zn deposit is a carbonate-hosted, high-grade, dispersed
elements—ich epigenetic Pb~n deposit. The Pb-Zn mineralization occurred within interlayer structures under the background of tectonic
compression.

Key words LA-HCPMS; Element geochemistry; Isotope geochemistry; Ore genesis; The Fule Pb—Zn deposit; The Sichuan—

Yunnan-Guizhou Pb—Zn metallogenic province

W E SRBHEFALTREEGNAREHE LT ERGAHR  FHREZER EERRE T P 24mHag=
B % BB Y RAEE R TR AL S0 ek ABE T EIEK T 15.6% . REL % B BRI EL SRR
BAFFRENRGT REBEFORBRMELR  RBRBEARARE R L ZBAENFRAEGER. MRE 5 EERT BT
B e A TR AT R R G R B R BRI B RT PRGN E 6, RS RAWARIREY, 25 RE
BEFEGER , BRARNIRE R, TV I BB OIENET  FBT o gy R Y S0RAT YRS, 8= G
FRERATBEIRGT Y. M EIEMBERARBERKGZRR KA AR, KRAIHAEGRT REL H AL NS
5L PR e et e . LAICPMS AT AP, =AM & 19455 F Cd.Cu.Ca o Ge F L £ R BRAEE £, FeMn = In 5 T
EHARRARRETH. £ LAICPMS Wl 5 # £ @B P, ERAAEZHNEKRPFPALEN, 5 InFSFLELENLTHET
T, AR EMTRAELRRZYXRAE TNEF ¥ . @ Sb.Pb Fo Ag 5% &£ LAICPMS Bt Al 5 # £ 2@ BE F, 2R R ks
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N7 e TiA Ni.CuTl.Ga Hg Fe #o Cr F 2 At 2 B RG, L P Ni.Cufe Ga s REF 24 E ,Cu b N4 24
&,Calt N7 2% &0 ZFMENFET H B RAMEE AR T, H 8 ST E A 12.2%0 ~ 14. 6%0, A 7 %S
A, 5 = & ROBARRRER 309 67 S A AR, W T A F AR ER 3 R RAE A (TSR) TTHZ %4 R HS™ R S°7 & T A8 £ 244 o
REVR & 45 857 Ph/™ Pb > Ph"™ Pb 42" Ph/*™ Pb 14 % 5] 4 15. 604 ~ 15.737.18. 570 ~ 18. 732 #= 38. 532 ~38.667. K
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hEGESEE  P597.2; P618. 42; P618. 43

JIEBSHZ 2R E XA T F R %, b3k E
EEWE S B EELLRAN X Z—(Zhou et al. ,
2013; Zhang et al. , 2015) o B4 X N AT A B KB G0
BR 2 AN VRS PRBT 500 7 AL 4% 4 T VR A AN B
FEEVRED R T 300 7 MR 4 TR IR G &) KA DT
IR O A R W KBTI B~ AR BRIEHE B AR AL
SRELANZERL) A/ NUETEEDT R ( 42) 400 24>, B4R H
FEE 4 J W UR B R 3 2000 T I ( MR B PR SC 3k, 1999;
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et al. , 2017; Zhu et al. , 2017; Zhou et al. , 2018; MEHTE4,
2018) o HiF AXIZW PRI R IR FEFE S TR B 4EM
A RARRZS TR R BLRI (W 22 4245, 2011, 2013) A A4
FHIE( A 28 42, 2005) | B4k #) Re-Os 4R %% ( Liu et al. ,



A

ARG KBRS RMEALE A SPh ML FHHRFERRE

3495

r]
HJ

OF-2 0

| S

A ¢

@

C 0 30 60km
105°E|

Bl oo
Bl creems

wifE (D] s
s [ @] @0k

A

&1
Fig. 1
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2015) HEHHYIE (5RO, 2015) BRI IR R A R (B
644 ,2016) Cd [@v; Z( Zhu et al. , 2017) F1JFE {7 SPb [F]{ii
K (Zhou et al. , 2018) o JEXWRAY A 1E A T HIRH
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RGN LAICPMS fii ST N S<Pb [ R A MLAMT, LU A
W20 PRIA BT T iR TC 2R AR RS R s R AL, O 4878
AT J5T AT, Ry B 2 DR P 1 PR B2 4L o = e IR
T K T E AR R HER AL 2E 5 .
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(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

JIRECES PbZn 243 Ja A4 DX i s P ( M5 50 RIbR SCik ,1999: Zhou et al. , 2018)
The geological sketch map of the Sichuan-Yunnan-Guizhou Pb-Zn-polymetallic metallogenic province ( modified after Liu
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(Zhou et al. , 2013, 2015, 2018) .
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Fig.2 The geological sketch map of the Fule Pb~n deposit ( after Zhou et al. , 2018)
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Fig.3  Alteration zoning map of 1440 level from the Fule Pb-Zn deposit ( a) and hand specimen photos show typical ore textures of

the Fule deposit ( b-h)
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Table 1 Trace element compositions of sphalerites from the Fule deposit ( x 10 %)
FESVRIE FEMS DA Mn Fe Co Ni Cu Ga Ge As Se Ag Cd Sb Pb
. Fs14 2.32 1369 16.0 2.21 147 48.8 17.2 2.57 61.3 2.33 13233 68.7 165
Fsl2 2.72 1129 15.1 1.52 690 154 139 15.9 63.2 11.2 12140 420 282
Fs24 2.95 984 13.6 1.79 55.5 0.35 0.72 0.34 7.80 2.52 19814  5.75 154
RN Fo Fs22 1.70 1445 10.9 1.20 1089 20.7 556 50.4 7.34 7.76 9133 369 180
L2 20N Fs23 1.28 1581 14.2 1.98 115 17.4 13.3 3.76 10.5 3.35 11370 61.6 31.3
Fs2-4 1.71 1611 13.5 0.96 44.0 0.15 0.28 0.42 7.06 1.60 15245 14.6 380
Fs5 Fs54 1.73 1132 7.64 - 1587 11.2 266 112 10.6 36.0 15132 1403 511
Fs52 2.45 1503 17.9 2.25 1590 62.2 524 76.0 9.95 18.4 7970 889 178
Fs64 3.64 2458 3.80 0.76 19.5 0.68 3.50 0.43 6. 09 0.61 19268  8.25 5.26
Fs6 Fs6-2 1. 68 1635 3.51 - 432 0.89 315 3.95 5.20 1.49 8484 37.1 8.64
Fs63 3.09 2000 3.25 1. 00 37.4 0.75 4.49 0.85 5.76 0.95 22049 22.2 5.67
Fs74 2.92 2119 4.31 1.08 527 42.2 310 9.35 7.08 1.58 8464 98.9 22.2
grfapy  Fs7
P Fs72 2.52 2162 4.17 1.42 773 86.2 470 10.3 6.76 4.19 7120 112 33.3
Fes Fs84 2.08 2133 3.24 - 651 488 36. 1 0.96 18.7 0.82 17364 9.44 5.51
Fs82 2.18 1909 6. 50 0.93 357 255 26.8 5.83 23.9 1.70 13856  22.8 15.5
Fs94 1.26 1658 3.41 - 1019 107 544 15.8 6.77 2.54 9284 224 25.6
9 Fs92 1.52 1379 5.39 1.39 1517 189 941 21.8 7.62 1. 56 4589 117 19.3
Fs10 Fs104  0.83 1768 12.2 1.85 423 3.51 26.5 46.2 7.79 22.3 10076 424 144
Fs102 - 1417 15.7 1.38 440 16.3 53.7 33.1 6.09 23.3 8375 393 75.4
A Fsll Fs114 1.36 1729 8.81 1.24 574 1.23 89.9 119 5.71 28.4 6502 363 177
B Fsl12 1.33 1583 11.3 - 21.6 0.79 5.41 0.84 5.18 1.16 11304 5.40 2.35
Fsl2 Fs124  0.69 993 13.6 1.03 629 1.94 280 33.7 5.12 9.18 5360 264  56.5
Fs122 - 1021 12.9 - 452 2.29 205 25.1 5.24 6.17 6025 194  45.6

PR—A™ 1 35 4 5, AR B 25 16 T 6025 x 10 7° ~ 22049
x 10 7% ja), Horp B e (NS Cd Ak 913 x 10 7° ~ 19814
x 10 7%, SP-HIME 2 13005 x 10 %5 £ (4 [N 4EH Cd 54 7120
x107° ~ 22049 x 10~°, FH49{H K 12279 x 10 ~°; A5 {6 N 455
th Cd 2R 6025 x 10 7% ~ 11304 x 10, SE-349{H H 7940 x
1070 0] WLINAER BVARBRAE 22T Fe B Cd, 1A [ B 60 [N
Wl Fe £l Cd M ZERIFEARE

4.1.2 4% Cu-Ge.Se #= Ga

A Cu 848 LT 19.5 x 10 7% ~ 1590 x 10 ~° 2 |
(F 1B 4) BN Cu SRR, H44.0x107° ~
1590 x 10 ~° 2 &) , Y8 Ky 665 x 10 ~°; 21 €&, [NAEH Cu & ik
2L, R19.5%x107% ~ 1517 x 1075, ¥{E k593 x 10 ~°; k= (a [N
BE R Cu S Ik, M 21. 6 x 10 7% ~629 x 10 ¢, #4J{E 2y 423
x107%, Ge ZEAMLTF 0.28 x107° ~941 x 10 ° 2 Ja], Hip
S B Ge S50 0.28 x 10 7% ~556 x 107, ¥4{E k7 190
x107°; 4T N4 Ge &0 3.50 x 107° ~ 941 x 107°, 3
{847 295 x 10 ™% KE A NS0 T Ge & H 5. 41 x 107° ~280
x10 7%, #8110 x 10 ¢,

INFER T Ga & B4 BB ASIL T 0. 15 x 10 7° ~ 488 x
107°( % 1 E 4) P BENET Ga FEH0.15x107° ~
154 x 10 7° SEHME N 39. 4 x 10 °°; LT @A NEEE T Ga &N
0.68 x10 7 ~ 488 x 10 ~°, SE-H{& 4y 130 x 10 ~°; A €& [N 2L
H1Ga &R 0.79 x 10°° ~16.3 x 10°°, F-H{H K 4.35 x
107°, BAANE Se &t R 7.06 x 107 ~63.2 x 10°°, F

PR 22.2 x 10 2T @ N AR ] Se &8 5.20 x 107° ~
23.9 107 SFEIE N 9. 76 x 10~ kA B b Se Fr
5.12x107° ~7.79 x 10 ® , SF-H{H K 5. 86 x 10 ¢,
4.1.3 R Sb.Pb #= Ag

WARINERT BAABARN Ag i, REANFED T Ag &
EE(E 1B 4) ,RH1.60 x107° ~36.0 x 10°°, F-H{H K
10.4 x 10~ FEAINEER Ag S HKZ, M 1.16 x 10 7° ~28. 4
x 107 SEHIE N 7.39 x 10 7% LT (A NEED Ag & R A%, F
PIEHR0.61 x107° ~4.19 x 10 ™, SFEH(E M 1. 71 x 107°,
A INEER Ph & 31.3 x107° ~511 x 107, SEH{H hy 192
x 10 ~°; k(A RS Pb &5k 2.35 x 10°° ~ 177 x 10 ¢, 5
YI{E Jy 83.6 x 10 41 4 N 46" Pb & &R 5.26 x 10 ¢ ~
33.3x 107, SE{E M 15.7 x 107, B e h Sb K
5.75 x107° ~ 1403 x 10 ~° , SEH5(E 404 x 10 ~°; kg fa R A H Hp
Sh &k 5.40 x 10 7% ~424 x 10 ~°, SEH{E Sk 274 x 10 7% 4T
e AT Sh Aok 8.25 x 10 76 ~224 x 10, SE1H 72. 4 x
107°. Sh.Pb Fil Ag 78 B A0 {0 — 2T {0 N AL Hp B R 5Ll
AR R 4) .

4.2 SEMIEAK

AN GNP 4 B[R] 2 41 il k&5 5 I 3% 2
S, o] WL 8™ S (B R AR AS (b /N, Horh 4 I A
BRIF 2K 12.9%0 ~ 13. 8%o, 2T €4, (K B & i [F] 37 25 {85 K
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Fig.4 Histogram of elements for sphalerites from the Fule deposit

13. 8%0 ~ 14. 6%, i (O IN B i [F] i K A 12. 2%0 ~ 13. T%0s
=B INEE R RO R A B 220, B R e AT 6E
EA BRI .

4.3 PbEIE

&R IRAN R B N BE 1 Ph [RI 2 4R 3% 2, 7]
AN P [FA7 2 4 B SRR (AN K, B B A A
977 Pb/™™ Pb ™ Pb"™™ Pb #1°® Ph/*™ Pb 43 %I & 15. 678 ~
15.736.18. 598 ~ 18.604 I 38.587 ~ 38.631; &I & [N 4% i
7Ph/*™ Pb*® PH”™ Ph AP™ Ph/** Ph 43 B R 15.672 ~
15.737.18. 570 ~ 18.732 il 38.572 ~ 38. 667; A3 6, [K £% i

27phL/ 2 Ph. 2 PL?™ Ph FI*® Pb/™ Pb 4> B K 15.604 ~
15.732.18.576 ~ 18. 727 F138.532 ~38.627. —Fp At
INEEW 1) P [R1{v R 4 AH AL, A B AT EA AR X o

5 Wi
5.1 SETERGERE
Fe il Cd %0 BRINGED™ & Bk S os i i e 22, Hoy

PG IR FETE R 7 R R IEZS 70 A 76 LA-CPMS
Al BRI P LUK BB, 5 Zn RS ARG 3
FREAT ZWINEED h Fe A1 Cd LIKERIGHE IR T
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Fig. 5  Histogram of the sulfur isotopic compositions of

sphalerites from the Fule deposit
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Table 2 Sulfur and lead isotopic compositions of sphalerites

from the Fule deposit

34 208 207 206

FEASE R 5(ZJM‘ B W ey
Fsd 13.6 38.624  15.726  18.583

Fs=2 13.4 38.587 15.678  18.600

WA N Fs3 12.9 38.625 15.723  18.602
Fs4 13.8 38.616  15.701  18.598

Fs5 13.5 38.631  15.736  18.604

Fs-6 13.9 38.667 15.724 18.570

- Fs7 13.8 38.639  15.737 18.732
Fs-8 14.3 38.598  15.687  18.707

Fs9 14.6 38.572  15.672 18.718

Fs-0 13.2 38.536  15.604 18.723

Fsd1 12.6 38.627 15.732 18.576

. Fsd2 13.7 38.609 15.713  18.720
FREPE Fs43 12.3 38.612  15.721 18.727
Fs-4 12.5 38.597  15.704 18.712

Fsd5 12.2 38.583  15.694 18.717

Fe " \Cd** il Zn®* By T2 AR AR, = 3% 1T LA AR 8 4 ( X
BRPEAE,2015) o IR, Fe B SR EIS R G B4 Zn
FIBE ST SRTTT B A I B A AIG , Cd ifE AT 5 98 JROK Fe 119
SRS SRR AT Cd I Fe R XR(E6) .
M E N 28 B T 0S5 AR 0], IRt Cd Al Fe R
BEANEEE B B B IEHE KR

UG =g IR Cu A1 Ge S ASLHR , (H AT
SR Cu AT 100 x107°,Ge A TF 10x10°°,
] 72 LAACPMS i i) 43 3% 2 51 i & H Cus Ge TG 27K F
BB, AR S Zn B0 S SF 0 R RFRTAT, I Cu A1
Ge th A fE LA T [R] G SR A7 T IN B e Cu®* \Zn®* Al
Ge™ " BTy DU AL 24250 51 1. 3541, 314 A1 1. 224,
Horb Cu* 55 Ge® " B Sh it A DNAEDT A ( XIDEAR 45, 1984) L

BRI B TR RN Zn® " B TR 40 K A A
FREFG LA AT & A 1797 K& nCu®* + Ge’* —(n
+ 1) Zn® " (MFEREE,2016) o SROREINGLAS 2 TR T B TR
S2: (1) BEATEIZW PR & BT R A A B A A R
B RAR TR Cu JT K (2) 7E Cu-Ge KR E (& 6) ,Cu FI
Ge HAT RAFMIEMICCER , UL Cu Fl Ge [RI20iE A INEET .
] BB AR AT RINAET N A R 5 4R Ge I EBJFHHZ —.

Ag.Sb.Pb il As Y [NEED" & AR AL, & AR AR
23 MECR S, A28 LAACPMS i i) 43 B3 5 1 B oy, Pb
S MUR I 2 B, 0 Ag Al Sb 5 R AR BRI, R
W Pb 7] RE LA AR #50 A UAEAE L 1T AgSb AT As U
FIRE AT [ G A T 5™ A A A o

RN T KA N B AR A0SR R R A 7 T4, AT
PURAA LT LRI ZR: (1) 5 Fe S ROCRBY], — Bk
WEE INEEET v Fe 35 it 38 i, B €00 Fh IG5 ¥ 78 B
Wte G E R (BRI, 1979; RIBLREE,1984) ;: (2) RIRINEE
TR a2 e R LR, i Cu TL AT Cd 5550 K i AS
F( Toulmin III et al. , 1991) ; ( 3) 7F Fe S &K T 1% 0}, [N&E
WA T RERA HAh S, I8 A FTRES CulGa SR F 4
XL LEFREH CusGa Al Hg 5570 % A SR ( 423 B Fn
A, 1990) : (4) INAFD B60 5 L TR 00 345 56 ( XV BkBE g,
1994) o H]5EZ(2005) X & R IKIEAT RGEWR G IA N, &
IR IR A T B8 J2 NivCusTl.Ga Hg.Fe fll Cr 2 £ F 02
LR FIHE A, o NivCu H1 Ga A 55 5280, Cu fi 4 4F
WL, Ga (fi N BT 52 B (0 FRATTI I A2 SR & IR @
INEER R Fe JUEE & RERAR (P 1345 x 107°) , U i
78 Fe ] eI W SR N AR B (A8 AL 1 JEU IR, o R
ZRCEILFIVE IS5 0 % RN [R) 206 DN B 6 [l 7
FARALBIN LT A SR N AR B8 5 6 [ 38T C 138
Mo — PRV N R SOUR I (a0 AN 1475, 7 XL 3 B A1 114 25
RS AN N e | b e L RN I S AN S N el
ARTRI B €8, DN B 4 ok it 78 3R A8 bR AR AR X 55 25 (W) SRR,
2005) o Ni.Cu Fil Cd & B 7F O — 20 (O — A5 (O N B T &
TG AAR , 6 I R €5 N B TP B B4 Ni Cu T Cd TR .
[l AgSb il Pb &t 7E B A~ 21 N BEw i A B
BB R 3, T 5 R N A AT B (5 A8 AR 1 DL P 4 3 ik — 2
W5t .

5.2 WiE

B ARYEED T RPN RS 67 S AR LT BRI A L
12. 2%0 ~ 14. 6%o , ZATHHTE 155 T4 3 K IR 0B 1R 12 2 A 1
— M F B [ 2 106 B A7 A — D DR IR Eh i R A R B
B J5 L5 A WAL - Pk 2 R T A X R 4 T 3 SRR =X
( Ohmoto, 1986) o LM R 22 B & SR INEE AT Hh o iR 22 1R
H—IR B2k ~ 200°C, 1% M T 0w R AR IR B
(Jorgensen et al. , 1992) . IAMNINE % fL 588 J54E A ( BSR)
A1 AL 40% £ E RN S R ZE 4318 ( AE X T 0 R £k
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Fig.6 Trace element variation diagrams of sphalerites from the Fule deposit

Ohmoto, 1986) 516" PR HRER FBT ALY 87S 14 HL AL 12T 1
HIARFF.

FHIFE 22 B, 2R b X AR ) 1 QA v A P b LA
AR BRR R L R 4 7B BL28 10 R 8 — B 20 g M R R 3
[ 8™S {E 53 5 49 17%0~ 14%0 K11 11%0 ( M 57 AR SC 3k,
1999) o & RINEFD BRIFI LR N 12. 2%0 ~ 14. 6%o, 5 [F] 11if5:
HABR B R AN X Ik AR 2 P B ER R Y 8™'S 13T, B vk 2
TR ER I JFAE I ( TSR) A RS2 %0 PRI PR B T8 W 1 32 2
MU, 38 5 TSR A5 2 il 7 4 B R) P9 7% A R 3 TP R
( Ohmoto, 1972) , 3 HAE M AR S AR 1k =2 IR AN 23 7= A B i
B[R] 32 2 4318 ( Ohmoto, 1986) , Hif ABFSRIAH TSR [ M 51
AR SO, -H,S Z[a] (B R 2 18 R0k 1. 030 ( Ottaway et
al. , 1994) , ~200°C i & %44 F ( Ohmoto, 1986) , TSR AJ L
KBNS AR ROR 5 & RN T IR A B A — R B —
(ARG ,2005) o [RIBTFE A WLBE AR A HLE L XA L
JEk TSR I 2 AR 4R T W R 45 1k

5.3 &RBFRiE
2 Ph/2* Ph2" Ph /™ Ph B (& T) L E ARESEEET R IA

BEDHLA B P [F) 07 2 4, JLB AL T 1 i sE Ak 1
R Z I o B DX I, LS EEBAAE) 45 B AR M 2 B
U 112 B A7 R LR 217 P /2% Ph=""Ph/** Pb [&]
FRIEFT HER, FT AR WK Ph R K A b B R
Ph [l 22 4R Bl N L 20 B i v A0k JiE 1L 2 a2 sl ik R
AR X 1% P[RR ARE 5 ) B B X 1 S5
KRBT BRI EHRET K — 30, U0 5 1 79 M i b
W R AT B BLA AR (B 5 Sk 5 (7] 2@ %5, 2005; Zhou et al. ,
2013, 2015, 2018) o & SRATRINEEG P R 2500 2 1EAH
FHEHEVLIIZT R GRS Pb n] BEH A IR A K ( Canals and
Cardellach, 1997) . FZE75( 2005) , B4R 2545 ( 2018) il Zhou
et al. (2018) WIAK & ARHATEED Pb [l 3 HAT 2K 5
fiEo G4 I TR PR ER G2 R AE , AR F SN & R 4T
PR & IR C R T RE R ZOR IR ARRAE (A ] fE EEORIE TR
FHAF

5.4 WRKESH
W5 B AIARSCIR(1999) N &R IR -5 WKJE 1 X 50
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Trends for the upper crust ( U) , orogenic belt ( O) , mantle ( M)
and lower crust ( L) are taken from Zartman and Doe ( 1981); Pb
isotope data of Late Permian Emeishan basalts, Devonian to Permian
carbonate rocks and Precambrian basement rocks are taken from
Huang et al. (2004) , Liet al. (2007) , Yan et al. (2007) , Zhou
et al. (2013, 2014) and Bao et al. (2017)

AR FR ZR AR A5 2016) H5 I8 SR AVE A XHw-
PREEA R, W] 22 ZE( 2005) K% IR AT fEJ& T MVT #i5r -
PRo DXk B 45 AR 22 B 5T 26 WA (B4 e %5, 2004; Zhou et
al. , 2013, 2015; Zhang et al. , 2015) , A2V FAf R HL 4
W RR D IR R T I = &5k 2 (245 ~
190Ma) , W T-MkJE LU BA TR JRAR % ( ~ 260Ma) |, 3 B ik
JE LA AR T S8 YE TR L&

R R R T ) 2 BT PR LS AR RS, AL LA
Zn R AR BEAR( ~200°C)  BYEE A E WA T rh =
B H A = A b, I s 2 i E S AR L R B2
ARFEILFWZ 6 0, J5 A2 B VE B, b R b T RRAE
5% MVT B R ( Leach and Sangster, 1993; Leach et al. ,
2001, 2005) HeA — 2, 5 )1 ¥ B b DCOH A 8 R 07 IR (R K
T ,2008) B FRIEAL LR AL HIT AT AN [F] SE B4R B IR
INEED LAICPMS fif 5 0 R P57 1Y 25 R R W] ( 3R 5%,
2012, 2016) : Wiy TR A ( Sedex) FY4EH IR & FesMn £ In,
%% CdGe Fl Ga JUE; IR A R A BIAVEED R U & 48 Mn Al
Co, %% In\Sn I Fe JUE: & W MR BLEYEFD K & 4 Fe Mn,
In.Sn #1 Co, %% Cd-Ge Fi Ga; i MVT 435%8 RN & 4 Cd.Ge
1 Ga, %% FesMn<In.Sn il Co. & ‘REFEEN IRINEEN LA-
ICPMS 734280, In F1 Mn &5 55K, B9 8 X 51 F15¢
U PR S IR TR IR, IR Co R Min 35 5210 12
RTRIES REBHEY IR, & REFEN RN &%
Cd.Ga 1 Ge, %% FeMn.In il Co 5§ MVT B JREEA —F. 5
SR MVT B PR [ B2, AR 7 R Cu 35 500 JF 4
SN B B 2 HCR R AR AR 23 A5 T N BT v TRl B

RAR T RS A E LA F SPb FME A WAL FHER
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IARSZ AL W5 42 1 A1 S5 Pb + Zn A7 (G E KF 10% , )5
WRH AT 30% ~40%) A B F A MVT 5 JK( Zhou et
al. , 2018; {EARFE4E,2018) o L35 B AP HLBTRAAE  INEF 14
HEICFE A S Pb [F Z b Bk A2 RRAE , A SCA R & SRR
PRI JE T J5 A R L 5 A HUA R IR

6 i

(1) INEEH H Feu Cd. Cu FiI Ge 1] i L2 T [ 52 JF 2 R
12, Pb AT RELL TV WA AR T S AEAE , 1T Ag Sb AT As
Al g AL W S I8 A T i ik h

(2) Ni.Cu il Cd FRABOLOIEONEY P&
B WIREAL, X LT H TR ST R INEET B A1k .

(3) B AR iR BRI T HU B 2R R R
FRECIR I AE F (TSR) 7= 4, LW 4 J@ W 32 B2 R IR F JE IS
HA-

(4) &RV R T B ETAA s AT, %
RIRET A i s il L 5 AL B AR E B ., BRI
£ Cd.Ga fil Ge SFZ 43 WIOTE, H A MVT 5 KBS A X
) 0 LR A IR AR KR B A 5 ALY IR

Bugt  EANTARAR R a2 O R A R R
M2 FIRH SR R RS B SHF S0 21 b [ B2 e M Bk b 2 05
JIT AR T B R b A Tl AL 5B BT 5T e 23 B I 1l 5
L AR B RS B PO AR AR T T PR 2 E S S
s TR —FF B Y34 5!
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