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Abstract

There are as many as 400 hydrothermal Pb-Zn deposits hosted by carbonate rocks in Sichuan-Yunnan-Gui-
zhou Pb-Zn polymetallic metallogenic province. The Songliang Pb-Zn deposit is located at the intersection of
northeast Yunnan and southeast Sichuan, where is the core of SYG Pb-Zn polymetallic metallogenic province.
The Pb-Zn ore bodies of the Songliang deposit occur in the dolomite of the Sinian Dengying Formation, and its
occurrence is controlled by faults obviously. Sulfide minerals are mainly composed of sphalerite, galena and py-
rite with simple composition. This paper focused on the composition of S, Pb and Zn isotopes, and then discussed

the source of ore-forming materials and the genesis of the Songliang deposit. The analytical results show that the
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8%Scpr values of sulfides from the Songliang deposit ranged from +4.6%o to +13.7%o, with an average of +10.5%o,

indicating that the sulfur was derived from host rocks and was the product of TSR of sulphates in the Sinian Den-

gying Formation. The Pb isotope ratios of sulfide samples were relatively uniform and **Pb /**Pb=18.158~
18.513, *’Pb/**Pb=15.633~15.895, ***Pb/**Pb=38.096~38.786, reflecting a crustal source which is the mixture of

dolomite in the Sinian Dengying Formation and crystalline basement. The §°Zn of sphalerite is in the range

of —0.126 %o to +0.082 %o, which indicates that the ore-forming materials are derived from the mixture of the

Sinian Dengying Formation carbonate rocks and basement rocks in the Kunyang and Huili Group. The Songliang

Pb-Zn deposit was an epigenetic Pb-Zn deposit hosted by carbonate rocks.

Key words: geochemistry, sulfur-lead-zinc isotopes, source of ore-forming materials, genesis of deposit,

Songliang Pb-Zn deposit, northeastern Yunnan Province
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Fig.1 Mineral deposits distribution in the Sichuan-Yunnan-Guizhou Pb-Zn metallogenic province (modified from Zhou et al., 2018a)
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Fig. 3 Ore texture and structure of the Songliang Pb-Zn deposit
a. Patchy structure; b. Veined and banded structure, veined sphalerite are interspersed in banded siliceous dolomite; c. Stockwork structure, an irregular
stockwork of intersecting sphalerite veins; d. Massive and brecciated structure, irregular and brecciated calcite in sphalerite; e. Crushed and metaso-

matic texture, early crushed pyrite and irregular granular sphalerite replaced the wall rock; f. Veined structure and metasomatic texture, veined sphal-
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erite filled and replaced wall rock whose boundary is blurred; g. Dissolution and metasomatic residual texture, galena metasomatically dissolves

sphalerite along the edges and fissures of sphalerite, there are some island and irregular sphalerite remains; h. Crushed and metasomatic texture,

euhedral &anhedral pyrite with crushed texture, the fissures of the pyrite are filled and replaced by sphalerite; i. Solid solution separation and

common edge texture, virus-like chalcopyrite is distributed in the sphalerite, galena and sphalerite are coexisted, showing a common edge texture;

j. Metasomatic texture, pyrite metasomatizes around sphalerite grains; k. Metasomatic texture, sphalerite is replaced by irregular and veined galena,

and the sphalerite fissures are filled and replaced by pyrite; 1. Dissolution texture, gangue minerals are dissolved and replaced by sphalerite;

m. Interstitial texture, the cracks of quartz veins and dolomite minerals are filled by anhedral galena

Sp—Sphalerite; Gn—Galena; Py—Pyrite; Ccp—Chalcopyrite; Dol—Dolomite; Qq—Quartz
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Fig.4 The metallogenic stages and mineral paragenetic sequence of the Songliang Pb-Zn deposit
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Table 1 Sulfur isotopic compositions of sulfide from the Songliang Pb-Zn deposit

75 [RIE e B 44 B 88 1/ %o 75 [RIE e B 44 B 38 py1/%o
1 07-1-5 N 11.8 15 GQO-24-2 IR 5.5
2 07-1-6 INEED 12.6 16 GQO-24-3 AR 6.5
3 6#kengB1 ak=20n 13.2 17 QGr231 N 6.3
4 6#kengB2 [REER 13.7 18 GQO0-24-4 IREER 6.5
5 6#tkengB3 INEED 115 19 GQO-24-5 N 6.9
6 6#kengB4 N 11.8 20 6#kengB3 J7 A 10.1
7 MY 6-QGr2 N 11.2 21 MY 6-QGH4 T 11.0
8 MY6-QGH4 NEED 132 22 MY6-QGHS8 T 10.4
9 MY 6-QGHS5 N 13.4 23 6#kengB1 kAN 9.7
10 MY 6-QGHS IR 13.1 24 MY6-QGH14 I 9.1
11 MY6-QGH12 NEE 12.9 25 MY6-QGH15 Vki:l8 10.7
12 MY6-QGH14 NEED 13.3 26 6#kengB3 WY 9.3
13 MY6-QGHI15 INEET 13.4 27 MY6-QGr2 R 4.6
14 MY6-QGR3 NEE 12.0
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(Zhang et al., 2019a), &VP] B IRERALY H 21
AEREA A CH A SR, )T S X R )
W IRAT BT DX 51, LN R #5 1Y 834S L (+3.6%0~
+13.4%0 . +3.7%0~+9.0%0)-5 # BEHTEED R IN RS 7
B 1) 8348 B (+5.5%0~+13.7%0 . +9.1%0~+11.0%0) 3%
i, Bai 4§ (2013)WF 5% 5 i A AR R A2 R 4L, I
VTR ALY B IR JE AT 32 B G sh A e, SRt
TR AT 2 6 P 2% 38 TR N7 (TSR) A= G T A 11
RAE . KFEINFEED IR 84S (HA T 4.24%0~4.87%o
M 4.59%0 , W5 /INTFF REVEED IR 5 {] 7K EL55(2016)
INRHIZT IR A S 2R R TAT A A s h, A
BN o KRBT R RET IR B B[R
T EZORIE T KT 52 410 AR AR R 55 i # Ak 2340 SR/ E
(AR B, 2012; TS, 2018), SN REEER K —
0, 8%S JIE(H H & .
512 HilA

H AR S IR A 3 A M i A K A S A 5/
DURRGR (AR A D) . M A5 1Y) S34S {E #2300, 22 1k
T8 L7 —39%o0~+3 %0 3 ILAC TR 7K 4 A2 Ak 18 FEIAR K, 834S
B 29+20%0 , —FEIA F T AH 28 A 3h e 1) 84S AR K
T 2 R Ak () 457 2% 18 5 A= 0 0 ) 8348 B A R AIE
(B85 ,2009) 0 FIRA™ PR H B IR T2 B4 10 U5

FEURBL TR A ARV 3 KK =155, 2014; Zhou et
al., 2014a; T =I5 ,2016), HAIEIRAT 534S {E %
0, AR AL BBl /I 3230 F WA B [l 7 R AL . 52 TR
i ) 22 Ak AR K, e 9 T A 5 9 DU AR AR
Fad AR rp, LB R R R AR TR KA AL, ikt 5 3K
T #5287 A W R TR 7 3% 4 AR AR AR K 5 48] g
IK B A BR R R B LA E S RRIE , A= 9 1 R 7 )
PLAHS V2SN FRE . IR A R IEBL TS A A LTt
Rt B IR Y T M e i, T BOx S R R 4
I 2 N 1 DN O e 7 R NE S T R T3 2
B I 2 Ak B - Rk B Ak A A 5ROV (TSR)
G R 6 0 2 )38 TR (BSR) , AMSso g s H5¢ 1 70
S AT 3K 20%0(100~200°C , Machel et al., 1995)F1 72%o
(<100°C, Lefticariu et al., 2017),

PAGEER R IR B AL ) B0 IN R 7 8540
B TE XA A & W B AE O0 T , F R BE
W IR EZEmALY) 534S V- Y P 3 ARl iU P It
K1Y 8%4S 5§ uias [EL(Ohmoto et al., 1982), #B4r3ELE A
BEGTFN D7 BT [ 6L 3R A A ™S sy >
84S iy ML AL (] 4), R A AT TRAR T I8 8] T4
2EOVAT RS B EET IR 83S (B (+4.6%0~+13.7%0, 2
{H+10.5%o) , 78I PRI I At Ry 56 VR 5 AH EE T
S BR R Eh 8348 11 (+24.0%0~+36.7%o , Y {H+29.6%0;
Goldberg et al., 2005)1 20%0 7¢ 47 (/& 5b), AJ LA &
PR PR A R R T H R 12 GE B R XT3 4 iR
iRy, HH S b Jiiad # & im af TSR #1719, X 5 %A
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Table 2 Lead isotopic compositions of sulfides from the Songliang Pb-Zn deposit

F9 o HERgS (FTPA 06ph204Ph  07pp204ph  208pp204ph,  207pp206PL  08ph/20TpL 206ph/207ph n

1 07-1-5 N 18.390 15.733 38.492 0.8555 2.447 1.1689 9.73
2 GQO-24-2 N 18.477 15.848 38.734 0.8577 2.444 1.1659 9.95
3 GQO-24-3 N 18.476 15.869 38.711 0.8589 2.439 1.1643 9.99
4 6#kengB1 Ak 18.158 15.633 38.096 0.8610 2.437 1.1615 9.56
5 6#kengB3 DNE=20n 18.362 15.758 38.467 0.8582 2.441 1.1652 9.78
6  MY6-QGr2 N 18.513 15.895 38.786 0.8586 2.440 1.1647 10.04
7 MY6-QGH4 N 18.201 15.668 38.163 0.8608 2.436 1.1617 9.62
8  MY6-QGHS N 18.179 15.658 38.153 0.8614 2437 1.161 9.61

9  MY6-QGH14 N 18.344 15.791 38.499 0.8608 2.438 1.1616 9.85
10 6#kengBl T 18.210 15.705 38.252 0.8625 2.436 1.1595 9.7

11 6#kengB3 J7 A 18.248 15.675 38.276 0.8590 2.442 1.1641 9.63
12 MY6-QGH4 T 18.197 15.683 38.192 0.8618 2.435 1.1603 9.65
13 MY6-QGHS WAL 18.186 15.685 38.243 0.8625 2.438 1.1594 9.66
14  MY6-QGH14 kAT 18.230 15.699 38.262 0.8611 2437 1.1613 9.68
15  6#kengB3 HARD 18.237 15.654 38.163 0.8583 2.438 1.165 9.59
16 MY6-QGr2 W 18.251 15.672 38.226 0.8587 2.439 1.1645 9.62

F5 RS FEm 2R ® Th/U Vi V2 Aa Ap Ay

1 07-1-5 DS 20n 38.1 3.79 75.9 64.7 86.23 27.56 42.22
2 GQO-24-2 N 39.74 3.87 89.61 72.77 97.36 35.49 52.03
3 GQO-24-3 B 39.84 3.86 90.9 74.74 99.33 36.98 52.5
4 6#kengB1 INE=20n 36.79 3.72 63.79 57.75 76.33 21.27 33.59
5 6#kengB3 DNE=208 38.4 3.8 78.32 66.74 88.62 29.47 43.75
6  MY6-QGr2 N 40.2 3.88 93.99 76.56 101.86 38.71 54.71
7 MY6-QGH4 INEER™ 37.16 3.74 67.32 60.51 79.74 23.62 35.85
8  MY6-QGHS8 IRERT 37.15 3.74 66.86 59.53 78.81 23.01 35.8
9  MY6-QGHI4 Sk 20n 38.95 3.83 82.48 68.92 91.73 31.92 46.86
10 6#kengB1 ITHR 37.84 3.78 72.56 62.77 83.34 26.28 39.92
11 6#tkengB3 Ji T 37.44 3.76 69.37 60.4 80.44 23.94 37.79
12 MY6-QGH4 T 37.45 3.76 69.45 61.38 81.17 24.7 37.53
13 MY6-QGHS W AT 37.76 3.78 71.25 60.88 81.4 24.92 39.42
14  MY6-QGH14 I 37.71 3.77 71.65 62.33 82.7 25.7 39.22
15 6#kengB3 A 36.83 3.72 65.06 59.77 78.43 22.47 33.98
16  MY6-QGr2 BT 37.19 3.74 67.85 60.79 80.21 23.73 36.21

1 p=28U2%Ph, RAE 28U (1 SRR 5 ="2Th/2"Pb, R AIF 2> Th i 1 L 4R AE 1 Th/U=0.96776x0/u; V1. V2 Aa . AB . Ay IR BESECRN
IR, 1998),

®3 MEPb-ZnW KN FERMRAN

Table 3 Zinc isotopic compositions of sphalerite from the Songliang Pb-Zn deposit

545 FE i Gt FEM TR 370 it 3700 %0 26/%o 3870 g aina.3702/ %0 26/%o
1 07-1-5 DSE=20n -0.126 0.057 -0.237 0.066
2 GQO-24-2 B 0.078 0.051 0.141 0.064
3 GQO-24-3 B 0.082 0.063 0.155 0.074
4 MY6-QGH4 B 0.032 0.062 0.054 0.069
5 MY6-QGH14 N -0.023 0.060 -0.030 0.069
6 6#KengB1 DSE=20n -0.003 0.062 0.009 0.064




A48 AW DA 55 - AR AUAR RV RIS W) SR IR 5K I S \Pb Zn [RJ3 2K AL 779

8 -
i | e ;
| mmEma - :

[ [k K 1004
<l " |
Tt — 2001

T
2 | - i
P
Lr — 300
0 ¢l
3 4 5 6 7 8 9 10 11 12 13 14 15 | | S i
834 SV-CDT /%0 D <
s 400 E
L ¢ | 5] &
KM o 1%
4 I
M W -
K €
£ i <] Bl B -
B EF e Z | ok A
KEer IO 600-]
RRF [TV — e _
I o _. e
KFE D 5 700
5 IS : |
% Pt
BwoR 8001
oo, o oo
AT 52 5% BR ERTSR™ AE it n
~30-25-20 15 -10 -5 0 5 10 15 20 25 30 35 40 5 10 15 20 25 30
8™ Sy.cor / %o 8™ Sy cpr / %o

K5 FAZEPb-Zn & PRERALPI RIER [E 0 2 5 18 (a) A IR0 2 4 S AR ER L (b, IR K E Claypool et al., 1980 & 140) & H 5 H:
s Pb-Zn A" PRI XS H(c)
BlE AU  AZ WP (Zhou et al., 2014a) ; KA (Zhou et al., 2014b) ; PHHEAL (427145, 2016; 424 F 4, 2018; Zhou et al., 2018b; Wei et al., 2021b) ;
&R (HHE, 2004; Zhou et al., 2018a; /E 45, 2019) s BIFEFEMFIZE, 2018; 48 %%, 2019; He et al., 2020; Xiang et al., 2020; #74, 2021);
5 (AR ML, 2004; 42 3CIEAE, 2004; #EiH 425, 2006; S48, 2013; L4755, 2016) 3 KABLL (AANESE, 2016; iUELARAE, 2016) s KB T (F1ARLE,
2004; S, 2013; 3PS, 2014; XU, 2016; FHFZE, 2018; Zhu et al., 2020) ;4:¥0) (Bai et al., 2013) ; K5 11 (471k, 2004; Zhou et al.,
2013b; {1 K H4§, 2016; Zhu et al., 2016; Tan et al., 2019) ; I (Zhu et al., 2018; Zhang et al., 2019a; Luo et al., 2020; Wei et al., 2020) ; 1%
(Zhou et al., 2013a; Wang et al., 2018; Zhang et al., 2019b) ; kTS24 Hii2 £k (Goldberg et al., 2005)

Fig. 5 Histogram of S isotope compositions of sulfides from the Songliang Pb-Zn deposit (a) and comparison of the S isotopic
compositions of the sulfides from the Songliang with marine sulfate (b, base map modified after Claypool et al., 1980) and other
Pb-Zn deposits in SYG (c)

Data source: Shanshulin (Zhou et al., 2014a), Tianqiao (Zhou et al., 2014b), Nayongzhi (Jin et al., 2016; Yang et al., 2018; Zhou et al., 2018b; Wei et
al., 2021b), Fule ( Fu, 2004; Zhou et al., 2018a; Ren et al., 2019), Maoping (Ren et al., 2018; Tan et al., 2019; He et al., 2020; Xiang et al., 2020;
Yang, 2021), Huize (Fu, 2004; Li et al., 2004; Han et al., 2006; Wu, 2013; Wang et al., 2016), Huodehong (Jin et al., 2016; Wu et al., 2016),
Dangliangzi (Fu, 2004; Wu, 2013; Yuan et al., 2014; Liu, 2016; Wang et al.,2018; Zhu et al., 2020), Jinshachang (Bai et al., 2013), Tianbaoshan
(Fu, 2004; Zhou et al., 2013b; He et al., 2016; Zhu et al., 2016; Tan et al., 2019), Wusihe (Zhu et al., 2018; Zhang et al., 2019a; Luo et al., 2020;
Wei et al., 2020), Maozu (Zhou et al., 2013a; Wang et al., 2018; Zhang et al., 2019b), Dengying Formation sulphate (Goldberg et al., 2005)

KPR FF RPN IR — B (&l 5¢; Wang et al., 2018, H UL, Zhu 45 (2020)F% 18 534S {48 1k X [H) 44 %
Zhang et al., 2019 b; Zhu et al., 2020)., DXIRETER IR 20 R 2 K8 O i an e ok % LR
JUECES H DX BB IR 3R JR s 220k 7 VS0 IR, 84S (H Y F 78 11%0~19%o , B 2 K
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T A (03 %o) , 5 [F] IR S0 1 7K 4 2 26 114 534S (A
T, I8 SRR OB R £ Ak 22 58 SRR (TSRYJE 1L
@ WMRFW AV TR, 8*S {H 1 F7E 4%0~7%o ,
I T i AL, LA T [R) B BV K B R k. AN SC
1 T DX N R A3 ET R AT IR 1 S-Pb [R] A3 2 22 4l
o (] 6), mT R MY 3 A4S X3 5 34S (B AR f v il
5 3R Zhu 55 (2020) 2 A9 W K 73 8 A — 3, JF
FEMEEE R b AT HEUR S =28 WA JFAR AT fiE B R
Eh A= ) BRI SR FH (BSR)TE 18 Y K Al 2187 TR,
84S i g ST L A™Sso 41,5 KT 30%0( K LT 338
{H : —10.4%0 —16.4%o , WAH™ H1 )22 e 255 1) [7] B 39 v
AHBRIR ER 534S 1H : +17.5%0~+26.5%0 ; & I, 20165
REZRE, 2016), & 6 s i 28 PR K HB 4y 634S 1A
AT OREEHE AN A DEOLBHE Sl TOXIE
Flo £ X REINMEV T IR0 IR, a7 7E
L, Zhu F5(2016) N, K 5 I R I i i J2 7F
TSRAEF Tt A M J2 28 28 % Wk D8 T e 5 ] 7k L 55
(2016)IAAy , K5 LA R PR LA dat 14 b B B ke T
g AN FRR A G AH A a AR R IR A EH . &
W R H Py 41 0 A 5 a4 (BaSO,) S5 i ik
A7, AR A 6 v] R 5 5 RS s A O, 25t iR
B A TSR 7™ A 38 JEL 4 19 52 1 (Bai et al., 2013), 255
K S REVRED IR TE A QT BN 51 B A
A fiE J& B TSR 3 78 rb sl it 2 28 Ak i B0 (X et al,,
2020).
52 $REIMGCE

WAL Th AU & AR A DR 1 i A
Pb 1] Z W AT, Y R A 2 4Lz 0 A T AR i v b
5 [A] 7 Z 2H A (Pass et al., 2014), 27Pb/2*Pb-2Pb
PP B fifE (] 7o), A8 SRS A 0 DR BACHE o5 38 43
P AE L M 7e s A 22 B 3, D8 T L s
e I AR R At e =z al . BT R R A
BCAB- Ay EI(E 7o), I R ERTT IR 5 )1 1R b X
AT EVER RN, KR A B A T b AR A X,
H AT AT T 1 A 5 M TR A AR ip s A X s
W, RIS AR PRI PO UR 1 | Hboe

FAGEA R 1R 415 ) o7 2% B84 722 A7 Rl 7, 2R
BUH™ 45 Ja 1) SR U5 Ry R — BUR S 2B R 3R 2
AL PR IX . 208Pb2%4Pb-206Pb 2%Ph K] fif (] Tb)
FATE PR B RIS, 28 2500 43 A 5 B S i e M A DG
R A R AR AL B Pb AT RE SR [ 2R A Y [F]
v 2 A% J2 s EL AR [ 4% ) 47 22 20 URRAIE 1 2 A2 1
1R A (Zartman et al., 1981), B A MWWFR L, JIIHE

A AT a8 VR TR O ) B R U S B Sy el AR R
R B —h S I IBUS R S i e 10X
KA (4P E %, 2016; Wang et al., 2018), 31X 3 F i
X 4 J& ) I i) 4 A5 R EE 9 e T O TR A R
PR B 5 R A7 28 2 B o 7 IX e 4 B i (R PH A . &
PRAE) (e JE 1 2 R R B RAT R = A
A3 &l T = L ER A v 2
| 207Pb /204Pb-20Pb 24P [K] (&l Ta) 1, HA B EYER IR
FYET A R BT TR BRI AL A =5 fas i
SE IR B TR0 ZE 0 N, A /D BORE v AN L
RARRERE SRR A T2 KN, 5
TS R P MR B B R [R) (7 R EL, A 2
PR B [l 07 40 5 A7 T2 B R AT iy K
T SRR IR = — 8 R e T BE A A
LLAR B U 5 10 Jnd 2N ) T IR A T At A AR b 2 1) 2
BB R RN R . PR, A TR R Y
B TS TR A R B R IT AL 2 A A S X
B AR AL
53 HRME

B[RV 28 AT FH T 7 R PO R G T A A B R AR
is FIPTTE ) i BR b 2% 1 B (Pasava et al., 2014; Duan
et al., 2016), Hi A XA A LA JR(VMS A MVT
AU IR) A AR IR R GE A 58 R W1, IN B0 1Y
B[R 2R AL 245 TR DL e i A rh SRR
1 8h 1124318 (Mason et al., 2005; Wilkinson et al.,
2005; John et al., 2008; Kelley et al., 2009)., *Zn & £
B A 3 2 AR RO R e R I AR AR A
FUGE HAUTR P 1 85 Zn fHHL R 5 5 INEED 1 B [+)
B & 43 18 A — B 7E 0~+0.2%0 Z [H] (Archer et al.,
2004; Fujii et al., 2011; Gagnevin et al., 2012).

PR R GE T B R 2R 5018 E L T )4y
T Wk R AE LU VE AR 3 R i 2 (Mason et al,,
2005), Horf DUIESE kB X2 T 4R A &
O 3h 1 B M 5318 Q) T EE AR L (B WA BN [F] R U
BEIR & @ A %) (A HLBT) (Wilkinson et al., 2005;
John et al., 2008; Kelley et al., 2009)., Fj A% %
B, Joi8 S 7E 5256 71 (30~50°C , Maréchal et al., 2002)
a1 I &R 4 (60~250° C, Wilkinson et al.,
2005), FE IR (< 300°C) 4 F F Y 8%Zn 11 5 1R
ZIRIAAFAERA A o A FEETREAT R T AR 119 )1 VL B8 G
W3, [RIRE A 2 2 44 4R R T B S5k (5 v S 46
2020), K 1 AT DUBA 22 B BREYRERT IR 8%°Zn A 5 I EE
Jox,
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B R B AR (RT4HE, 2004; 4E3555, 2019) ; T (He et al., 2020) ; 27 (433, 2004;

OO IS W S8R5 H R AR 534S IX 13 73 (1 251 )7

2016; Zhu et al., 2020) ; Sl (Zhu et al., 2018) ; & (Zhou et al., 2013b) ; K= 111 (44, 2004; Zhou et al., 2013b) ; 470
(Xu et al., 2020) ; KFELL (GAIEESF, 2016; LA, 2016)
**Sy.cor-"Pb /*Pb diagram of some Pb-Zn deposits in the Sichuan-Yunnan-Guizhou metallogenic province

Fig. 6
(D@ represent the classification numbers of some Pb-Zn deposits in the SYG metallogenic Province according to the 8*S interval

ZESCHEAE, 2006) 5 KT (1 471E, 2004; XI55S,

Data source: Fule (Fu, 2004; Ren et al., 2019), Maoping (He et al., 2020), Huize (Fu, 2004; Li et al., 2006), Daliangzi (Fu, 2004; Liu, 2016; Zhu et
al., 2020), Wusihe (Zhu et al., 2018), Maozu (Zhou et al., 2013b), Tianbaoshan (Fu, 2004; Zhou et al., 2013b), Jinshachang
(Xu et al., 2020), Huodehong (Jin et al., 2016; Wu et al., 2016)
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AR BT 1 Po [A) 457 AL L (a, IS K HE Zartman et al., 1981 R 4R SR 55, 1998) A B0 IR B4 2 Pb/2*Pb-2Pb /***Pb [K](b) &2

PR RET IRER R L R AL A B- Ay (e, SR IR IR A5, 1998)

Bt R VR« 5 AR (T4, 2004; Zhou et al., 2018a; B4R, 2019) ; BEF R ALAE, 2019; He et al., 2020; Xiang et al.,2020; Wu et al.,2021) ; K fi
LT (IG5 2016, BEEARAE, 2016) s 445K (4 E4E, 2016) ; KF I (FF4RE, 2004; Zhou et al., 2013b; Tan et al., 2019) ; K Z2F (77,

2004; XM, 2016; T4, 2018; Zhu et al., 2020) ; %1 (Zhou et al., 2013a; Wang et al., 2018 ) ; L[ (Zhu et al., 2018; Wei Chen et al.,2020) ;
S5 (B4R, 2004; 2= 3CHEAE, 2006)

Fig. 7 Comparison of Pb isotope compositions between the Songliang deposit and some Pb-Zn deposits in SYG and the Pb isotope
compositions of the Late Permian Emeishan basalts, Late Ediacaran-Middle Permian sedimentary rocks, and Proterozoic metamor-
phic rocks(a, base map after Zartman et al., 1981; Zhu et al., 1998 ), plots of **Pb/**Pb-**Pb/***Pb(b) and A - Ay diagram of Pb iso-
tope composition of the Songliang Pb-Zn deposit (¢, base map after Zhu et al., 1998)

Data source: Fule (Fu, 2004; Zhou et al., 2018a; Ren et al., 2019), Maoping (Tan et al., 2019; He et al., 2020; Xiang et al., 2020; Wu et al., 2021),
Huodehong (Jin et al., 2016; Wu et al., 2016), Nayongzhi (Jin et al., 2016), Tianbaoshan (Fu, 2004; Zhou et al., 2013b; Tan et al., 2019), Daliangzi
(Fu, 2004; Liu, 2016; Wang et al., 2018; Zhu et al., 2020), Maozu (Zhou et al., 2013a; Wang et al., 2018), Wusihe (Zhu et al., 2018; Wei Chen et al.,
2020), Huize (Fu, 2004; Li et al., 2006)
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Alexandrinka (VHMS) CXKEHEK > Marson etal., 2005)
% 7+ J§ (SEDEX) Q&}g@ <> (Gaoetal., 2018)
wom > &> <> > > <> @nouetal, 2014)
= w BRI (@houcetal, 2014b)
I " &> & Meetal2021)
¥ oWk O ORREDLXD> O (@houetal, 2014a)
E M > ((«:«»‘\:oco) (Wu etal, 2021)
% 7 '
LET )
K % b
X # ¥
% il Z> .
B i% FRACIL (T )
B L X @ O &, 2013; Zhouetal, 2014a)
R A —F o @gnn a0 O @ @nouetal,2014a)
B ERBR S OO0 @) @ O OQUWk, 2017; Zhangetal,2019a; 2019b)
SRERAEE  RE @DO O @@ (KR, 2017)
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Fig. 8 Zn isotope variation of sphalerite from Pb-Zn deposits in SYG and typical VHMS and SEDEX Pb-Zn deposits
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