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Isotopic Characteristics of S, Pb, and C-H-O in Major Lead-zinc
Deposits in China and Their Genetic Significance
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MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources,
Chinese Academy of Geological Sciences, Beijing 100037

Abstract: As significant mineral resources, lead and zinc play a vital role in industrial production. The S, Pb,
C-H-O isotopic geochemistry can be employed to explain geological issues such as the material sources of rocks
and ores, ore-forming fluids, and their genesis. Extensive research on the stable isotopes of lead-zinc deposits
since the 1980s has yielded fruitful results, laying a good foundation for a national summary from the perspective
of a single mineral species. This paper synthesizes 10 000 datasets of S, Pb, H, O and C isotopes related to
important Pb-Zn deposits in China, and the results show that the S and Pb isotopic characteristics of China’s
lead-zinc deposits indicate a complex source of ore-forming materials, primarily deep-source magma and host
strata (marine sediments). The H-O and C-O isotopic characteristics suggest that the water in the ore-forming
fluids of China’s lead-zinc deposits mainly originates from magmatic water and meteoric water, while the C in
these fluids mainly stems from magma and marine carbonate rocks. The spatial distribution patterns of S and Pb
isotopes reveal that from west to east and north to south in China, lead-zinc deposits are richer in 32S, indicating a
greater involvement of crustal materials in the mineralization processes of deposits in the eastern and southern
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regions. The C-H-O isotopic characteristics suggest that, compared to the northwestern regions, the lead-zinc

deposits in southeastern China have more atmospheric precipitation or basin brines participating in mineralization.
Key words: lead-zinc ore; S isotope; Pb isotope; C-H-O isotope; geochemistry
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Fig. 1 Distribution of major types of above medium-sized lead-zinc deposits in China
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x1 PEEZEEFTREBERET REFIERKKEF, 2014; RFIE, 2024)
Table 1 Main types of lead-zinc deposits and their examples in China (from ZHANG et al., 2014; SONG, 2024)
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A-histogram of sulfur isotope of major lead-zinc deposits in China; B-sulfur isotope correlation map of different main types of lead-zinc

deposits in China. In Fig. B, “—” represents the variation range of sulfur isotopes, “A” represents the mean value of 5**S in each deposit,
and the same type of lead-zinc deposits are sorted in ascending order of their mean values.
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Fig. 2 Composition characteristics of §34S of ore sulfide in main types of lead-zinc deposits in China
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a—SEDEX B; b—MVT B; c—VHMS B; d— a8 e— A R fF—RiAR KL G Y, g— B B h—R G 1.
ki Sh8L—IN5t, 2018; SHiiR—Gao etal., 2019; HiAE—FWME, 1987, ThER, 1993; A THEi—riJk i, 2017, KB n—mikEE
%, 2019; FHE—HIAFAE, 2017, ARSEHIN—HILEESE, 2011, £ A4 H—B{ 304, 2018, BIF—MW LSS, 2019; & iF—4 345, 2006;
KFEIN—ZEKE, 2003; KFEF—ZEKIE, 2003; FLA—WhsE, 2013; M8 IL—ik 5%, 2017, Al A #—R 305, 2012;

213% I —3KAR4E, 2007, Bl i—F 841, 1996; HHR) —F 244, 1999; & T HL—5K )7 #i, 2008; M & #/K—Zeng et al., 2009;
TLIZAE, 2011; /K HIL—%4, 2013; BEBkEF—mifh5s, 2011; #8505 —i/MIRAE, 2005; Bkbk—Ding etal., 1984; Y2 KALiA—B NI, 2010;
JERES)—IE AR, 1988; BT, 1993; PUkbyg—Fi4%, 1999; & IL—% 7% 5%, 1989; W Iy fi—ihttt i, 2006; 4<#kNI, 2016;

e IN—HEFE B AR, 2021; B2 —FSL0m 4%, 2010; FLVGHE—20CH, 2015; S T—1RIEE, 2019; 4 FR—1iRsE, 2021; &) —B K5
4, 2012; #Ie—D5 5, 2014; WEE—ikikSE, 2009; F IL—RREEAE, 2017, A MH—ikiOR AR, 2018; BERIG—X 4%, 2012,
a—SEDEX type; b—-MVT type; c-VHMS type; d-skarn type; e-magmatic hydrothermal type;
f—continental volcanic rock type; g—superimposed type; h—-composite type.

Data sources: Xitieshan—SUN, 2018; Wulagen-Gao et al., 2019; Tongmugou-WANG, 1987; MA, 1993; Dongshengmiao—-GAO, 2017;
Huoshaoyun—-GAO et al., 2019; Limei-HU et al., 2017; Dongmozhazhua-TIAN et al., 2011; Duocaima-JIA et al., 2018; Maoping—TAN et
al., 2019; Huize-L1I et al., 2006; Tianbaoshan-LI, 2003; Daliangzi-LI, 2003; Fankou-HAN, 2013; Qixiashan-ZHANG et al., 2017;
Keketale-XU et al., 2012; Hongtoushan—-ZHANG et al., 2007; Ashele-WANG, 1996; Baiyinchang—-WANG, 1999;
Chagan’aobao-ZHANG, 2008; Baiyinnuoer-Zeng et al., 2009; JIANG et al., 2011; Shuikoushan-LU, 2013; Hetaoping—GAO et al., 2011;
Caijiaying—HU et al., 2005; Taolin-Ding et al., 1984; Lengshuibeigou—-DUAN et al., 2010; Houpoao-WANG et al., 1988; LIANG, 1993;
Xizaogou-L1I et al., 1999; Yueshan-GE et al., 1989; Jiawula—HAN, 2006; LI, 2016; Huaniushan-DU et al., 2021; Mengyaa—~WANG et al.,
2010; Zhaxikang-Ll, 2015; Jinding—XU, 2019; Luziyuan—-XU, 2021; Laochang-ZHAO et al., 2012; Dulong-HE et al., 2014;
Fengyan-ZHANG et al., 2009; Cuihongshan—CHEN et al., 2017; Chagele-ZHANG et al., 2018; Yaojialing—-L1U, 2012.
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Fig. 3 The Pb isotope tectonic evolution diagram of main types of lead-zinc deposits in China (base map from Zartman et al., 1981)
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a—MVT type; b—SEDEX type; c—skarn type; d—-VHMS type; e-magmatic hydrothermal type; f-continental volcanic rock type;
g-superimposed type; h—-composite type.

Data sources: magmatic water—Sheppard, 1986; metamorphic water-Taylor, 1974; Tamu-Kalangu-WANG et al., 2002; Tianbaoshan—~-WANG et al.,
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4 EFERBINET WS EREA R EKE R (KEE Taylor, 1979)

Fig. 4 H-O isotope composition diagram of main types of lead-zinc deposits in China (base map from Taylor, 1979)
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Fig. 5 C isotope comparison diagram between main types of lead-zinc deposits in China and various carbon reservoirs
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a—MVT type; b—SEDEX type; c-VHMS type; d—skarn type; e-magmatic hydrothermal type; f-continental volcanic rock type;
g-superimposed type; h-composite type.

Data sources: Mayuan-LI et al., 2007; Dongmozhazhua-LIU et al., 2009; Daliangzi-WANG et al., 2018; Tianbaoshan-GAO et al., 2020;
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Bl 6 HEFERBMET RARMRARERKESEXERSE, 1997)

Fig. 6 C-O isotope composition diagram of main types of lead-zinc deposits in China (base map from LIU et al., 1997)



LI X% E E BRI S, Pb. C-H-O [R A S HHAE KLU X 103
FARFAGER A, Bl a8 AEERg, 245, iy S 5z . J0E

T RARREAK S HBIE R RAEKEER, A
i KR R (RIS, 2019),

AR SCHAG AL 33 AN IR 1k AR R B A 2 146
Gco I A AR BYERD fie AR 01 2 A LTS I 5 Ak
{L%E:Fjﬂ:ﬁi‘x‘j‘ [:t L‘J\& &SOSMOW'5BCPDB ﬁ*ﬁj*&@(@ 5,
& 6), MR MVT BUESAET R IRR . A IR
A 28 41 A8 AT BT8R K, 6'Cepe A 7E —10.4%0~
+18%02 ], 5'80smow [l 7E—18.9%0~ +31.7%0Z [f]
& 5 F1E 6a s e MVT BIESEER™ PR AR A YA ) 52

A%, — TR KT A I SO (A R SE LN R ),

T — 435 R R PR AR i 2 AT — 8 R R A B TR B
RnDoo, 24 KRBT SF. 2. BH);
SEDEX BUERERI Atk . 4A [R5 2 41 283 T 4
K, SBCppe {HTE-T.7%0 ~ +4.5%0 2 ], 5 Osmow [ETE
—2.4%0 ~ +31.9%0Z [H], €] 5 FIEl 6b [FIFE 5 we H ik
RVFARRT S A, ik IR R 32 B T8 0K - s (An ok
ez, Bk L) B A AR R £R A YO (A0 S PIAR . AR
K . KEW)N; VHMS B PR 8% [R) 1 £ 78
Ml VR e MU R R Eh 2 Y, el BT 6 AT
DIE H, BRI 322 5 5 SR RN K B TR Eh 5 A % .
REBRY A RIEEER 1) 0°Cros (A5 # R IRk
[ 28 3 Bl AR — 3, 5 O0smow-0"Cros K1 it H1 £ 1
DL FUEEBRR S X, DR IR 114 =2 R Y Ay 7 RNt 7K
WRIRER A o AR EYEED IR 6Crps (HAE L
U TR A ORI B A ORI R b A R I 2 (R], 5
6 B R B 2 R — 2, BT A g
KT A K ANGARRRR LA o [l AH L A T IR 1)
i [R) 437 28 1 ] 5 5 2 - b 3 ke Wik [ A7 28 31 [l ik A
A, WK 6f, B SRR M)A AR N Ak
Ui, BERME AR RE 5°Ceos 1A LIE F 5

MR A R BR L )2 AV B A — 2K (181 5, ] 6g,

h), FRMIBRIER A 5K S HEARBR IR ER A

2 REFERBBEEH K S Pby C-H-O
Rl L3 22 1H) 0 AR S5 AIE

MZS e B, @R S [al 2 5 e 2 [l
RV R M 5, AR —E ORIk o 7R A [
W, PEIEHIX . EdE—ZRAEHIX . VU X . PR
WX ARV IR S [ AL AL R AL
Bl 7 fim. MW7 sl IR A, SR B, 3R
Pl PU AR B AR AR ALK, BV BEAT IR B 4R 328, R WIZRET
WX EVRE KA 2 e Y S ST . MR B3
XEEF X, FYEE IR B %S m AR R R AR AT
JIrsm, R WIDRIEB AT K B AR £ BB 2 (2
SR ERTFEALER T, R 8 WILIE T, S
KA, VEHERHL X AHBAR TR, A 2 Y

BEWTIRIY S| Pb [RI A 45 [E] 40 A L AR IE R 80
— 3k, P XA AR B L X, BV R K
THHEZWEDRENSY,

A SCRE VY AL 2 A< B ML RL BT AE R () C-H-O
W ZH a5 £ 3. BUORE, B0 R
H-O [R]43 Z& DA v [ P8 35 1) A< 35 A 3 A0 R AR A e 34,
W AR AR B BE AT IR AE LA™ L 7 v B I A4 T
B2 RABEKANRA, [FFE M A 63 o = R,
YRR IR Y H R 24 Brsm, {H O [’ R A FE %
R RE, BB AR T RS EK 2 5 A
= (Bl 9), C-O [Al i R B R B, AT vh [ P4 R b
X AEVEED IR, R ATV EET IR C. O [ ER
EHIA BT BT, R b [ A AR IR B B OR U8 T
Pl b 2 1) e B s, SRR T A%, BRI Y
A BT R 5 LB EYEE R IR AH L, P
TEVEED IR C. O [ R RIFEA PR, R
] R AR A R R AR TP 2 R s ROk R
FlaH )= W 280 IKE “RER” E, R
FE AT 1o A I AR rp DR AR R K sk A b g KA
TR, HE AT RE R LUA SOK O B, AR A
FEHRA T — 2 5 i R AR B A i 7K, TR
VE o W 309 3 A 41 AR 3 LA R R MK .
C-O [RIS 22 B4 43 wii F2 A v 76 7 <3 2 5] Vg A i iR
HAVE N (B 10), B AE RS AKIE BN,
& B R AR TR 34 DL ORIV AR B R R o
AR AT RE IR 52 BIW K B 5E MR, B0 IRIE 2 17
TAR A o R B LT R S R, AN A
i 1

3 YIFRI- 7 HKBRE B 5 R

31 M MERER. R RESESH KB E

T H XN R B R R0 R PRARAE
B R A . R L R R T S Y
BRI . RS2 N R, (UKGER—
SR AT PR B R AT R 9 KT . 1 S, P[]
P Z A8 R W W TR, C-H-O [Flf; /R B2 I
PRV AR AR AR A3 X A AR B R ) 40 31 e 38— 1 4 7R
YERT . JUHR w3 HA W& i3m0z, Frld,
PR [ 57 22 A9 20 BRI 5 BB P 2 IR
PRSA f B 42 . MVT #YEE R vh 4 R ik )
oS 5 Rl AR AR AR £ 0%*S (T, — ik 934S<20%o,
{HA S IR 9%4S>20%0 (1 4 55, 2023), 4k MVT
B IR S R R E A LER, (HARRIH T
FFAIE (Leach et al., 2005). H1[E MVT BIEVEERTIK S
[ 2 B TR 5%0~25%0 2 I], 7K & b 1 T
LRI, TSR F1 BSR YEMIZ 5 T8 IRIE IS4 17



104 Bk 2F R B+ NG

4z, SEDEX RUENEEH IR fb iy o%s F 2 Sullivan #34F1 J 534S 2—9.9%0~6.8%o(Taylor, 2004),
1 WP 22 6] (Sangster, 1990), /K iR £k J& SEDEX i [E 240 SEDEX BUERERD K 0%S L r A fE 0 i
RUVEVRED IR 0 SR LA UR, 3 H 0 K9 0%4S L A F) 20%o /e A7 Y IE (BT, BN PRI 0%4S A8 4k
3K BRER ER FP Y 034S I 15%o 25 A5 (14 8T 4%, 2000), WK ER 1), WRAEBTIRF W 6S HEZATF
BAASET IR OB R R AR A R R, &R 0~5%o(Ohmoto et al., 1997), FERFER | A

Bl “—7 FORBEIM R, A7 £R&TIR S .
“_” represents the variation range of sulfur isotopes; “A” represents the mean value of 5*S in each deposit.
7 PEFEMXIAET ATREMNMRER

Fig. 7 S isotope composition of major lead-zinc metallogenic belts in China
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Fig. 8 Pb isotope composition of major lead-zinc metallogenic belts in China (base map from Zartman et al., 1981)
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Fig. 9 Hydrogen and oxygen isotope composition of lead-zinc deposits in major areas of China
(base map from Taylor, 1979)
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a—PgJLHbIX; b—PU R HLIX; c—Hdb—ARALHLIX; d— P Rg— R IX .
a—Northwest China region; b—Southwest China region; c—-North—Northeast China region; d—South Central-East China region.

10 PEFEMXBET KRERMFREM(KESEXZAF, 1997)

Fig. 10 C-O isotope composition diagram of lead-zinc deposits in major areas of China (base map from LIU et al., 1997)
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Table 3 C-H-O isotope composition of typical lead-zinc deposits in different metallogenic belts in China
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