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Shuitoushan magmatic hydrothermal lead—zinc deposit in western Yunnan:
Evidence from REE and C—O isotopes

CHEN Yuhong'?, GAN Tian*, GUAN Shenjin', ZHAO Jianxing’,
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(1. Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;
2. No.209 Geological Brigade, Geological Bureau of Yunnan Nuclear Industry, Kunming 650106, Yunnan, China, 3. Stake Key
Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy Sciences, Guiyang 550081, Guizhou, China;
4. Department of Geosciences, College of Science, Virginia Tech, Blacksburg 24061, Virgini, USA; 5. The 271 Geological Team of
the Guangxi Geology and Mineral Bureau, Guilin 541100, Guangxi, China; 6. Institute of Mineral Resources, Chinese Academy of
Geological Sciences, Beijing 100037, China)

Abstract: This paper is the result of mineral exploration engineering.

[Objective] The Shuitoushan deposit is located in the south part of Baoshan block in the "Sanjiang" metallogenic belt, SW China. It
is another important newly discovered epithermal Pb— Zn deposit in Zhenkang ore concentration area. Since no igneous rock
exposed in the mining area, the origin of the ore deposit is still controversial. This paper aims to determine the genetic type of the
deposit by studying on the sources of ore—forming materials and fluids. [Methods] Based on the detailed division of ore—forming
stages of Shuitoushan deposit, the inductively coupled plasma mass spectrometer (ICP—MS) was used to systematically analyze rare
eath elements of the rocks (ores) and sulfides in different stages. C and O isotopic compositions of the ore—hosted carbonate rocks,
marbles and calcites of different stages were analyzed as well. Compared with the adjacent Luziyuan super— large Pb—Zn— Fe
polymetallic deposit, we discuss the sources of ore— forming materials and the characteristics of ore— forming fluids in the
Shuitoushan deposit, and reveal the ore—forming mechanism of the deposit. [Results] The Shuitoushan deposit can be divided into
mineralization stage and epigenetic stage. Among them, the mineralization stage can be further divided into stage I (pyrite—
chalcopyrite—calcite stage), stage Il (sphalerite—galena—calcite stage) and stage III (chalcopyrite—calcite stage). The studies of rare
earth elements and C— O isotopic compositions show that the Y/Ho values of minerals and ores from each stage of Shuitoushan
deposit indicate the source of the ore—forming materials is related to deep magmatic activity. Comparing the REE distribution model
of minerals and ores from Shuitoushan deposit with the Yanshanian Kejie and Zhibenshan granites in the Baoshan block shows that
the REEs in the ore—forming fluid of this deposit was mainly originated from deep magmatic hydrothermal fluid. As shown in the
0"Cy-rpp— 0"*Ov- swow diagram, the ore— forming fluids are also mainly from magmatic hydrothermal fluids. During the migration
processes, the ore—forming hydrothermal fluids was contaminated by sedimentary rocks in early stage, and may be affected by low—
temperature alteration and atmospheric precipitation in later stages. [Conclusions] Both the sources of ore—forming materials and
fluids of Shuitoushan deposit are closely related to the magmatic hydrothermal fluid in the deep part of the mining area. It has the
same origin with the adjacent Luziyuan super—large Pb—Zn—Fe polymetallic deposit, and is an epithermal deposit related to acidic

magmatic hydrothermal fluids.

Key words: Pb—Zn deposit; rare earth elements; C—O isotopes; source of metallogenic materials; mineral exploration engineering;
Shuitoushan; Baoshan block; Yunnan Province

Highlights: The characteristics of the ore— forming fluid and the sources of ore— forming materials of the Shuitoushan Pb—Zn
deposit have been identified, which reveals that the Luziyuan super large skarn Pb—Zn—Fe deposit and the surrounding shiutoushan
epithermal Pb—Zn deposit in the Zhenkang ore concentration area of the Baoshan block have the same sources of the ore—forming
fluids and materials. Both of them are the products of the same magmatic hydrothermal mineralization system. This achievement
provides a scientific support for the study of regional mineral deposits and the summary of the mineralization laws of lead— zinc
deposits.
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Pl 1 VG RE =V XA s 2 ] (a, JIE 3 Metcalfe, 2013 ) , AR I bR 1E 4% G147 AL A S R34 U5 17 1€ (b, IS K14 Deng
etal., 2014a) , BURER 4 XA 7341 (€] (o, 5 BLRFRAE, 2005)

Ky— 2 A — R B LA s T— =B b M A Pzyp— R i AU K s TQ— =B 40 KA ssch/gn—F & R KA s 1— & PR K LTR AR
32— BT 3— R AR s 4— 10 R A B IR s SRR PR B IR s 6— PR £ 4 Jm 7 TR AR LU MR S AT A A PR AR IS 5 | F P 3
F5(2010) ; BA RS A BB AR (2013), B ETAF (2014) ; Pl 4435 | H Chen et al.(2007), Liu et al.(2009), Dong et al.(2013)

Fig.1 Schematic tectonic map of southeast Sanjiang region (a, after Metcalfe, 2013); simplified geological map of the Baoshan
block, suture zones, granites and deposits (b, after Deng et al., 2014a); the mineral distribution map of Zhenkang Ore-Concentration
area (c, after Xia Qinglin et al., 2005)

Ky—Cretaceous granite; Jy—Jurassic granite; Ty—Triassic granite; Pz,y—Early Paleozoic granite; TQ—Triassic volcanic rock; sch/gn—schist/gneiss; 1—
Oceanic volcanic melange; 2— Tectonic boundary fault; 3—Main rock mass and age; 4—Skarn deposit; S—Low temperature hydrothermal deposit; 6—
Hydrothermal polymetallic deposit; The ages of the Zhibenshan granite and Kejie granite are from Tao Yan et al. (2010); The ages of the Caojian
granite are from Liao Shiyong et al. (2013) and Yu Li et al. (2014); The ages of the Pinghe granite are from Chen et al. (2007), Liu et al. (2009) and
Dong et al. (2013)
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Fig.2 Simplified geological map of the Shuitoushan Pb—Zn deposit (a); Geological section map along W—No.11 exploration line (b)
(modified from the Yunnan Geological Survey, 2016%)
1—The second member of Baoshan Formation of Upper Cambrian; 2—The second sub—member of the first member of Baoshan Formation of Upper

Cambrian; 3—The first sub—member of the first member of Baoshan Formation of Upper Cambrian; 4—The second sub—member of the third member

of Shahechang Formation of Upper Cambrian; 5— The first sub—member of the third member of Shahechang Formation of Upper Cambrian; 6—

Mafic dikes; 7—Lead—zinc ore body and number; 8—Limestone; 9—Dolomitic limestone; 10—Practical survey of geological boundary; 11—Measured

fault and number; 12—Adit location and number
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Fig.3 Petrofabric characteristics of the Shuitoushan Pb—Zn ores
a—Dense disseminated lead zinc copper ore; b—Sparsely disseminated lead—zinc ores; c—Massive galena ore; d—Dense disseminated, veined lead—

zinc ore; e—Chalcopyrite— | interspersed with metasomatic pyrite— I, sphalerite— Il distributed in vein; f—Sphalerite— Il produced in vein along the
fissure of surrounding rock; g— Galenite— II, magenta— Il ore interpolated for sphalerite— I ; h—Chalcopyrite— Ill intercalation with metasomatic

sphalerite— Il ; i—Chalcopyrite— Il interspersed with metasomatic galena— II; I —Stage I; [l —Stage II; Ill-Stage II; Py—Pyrite; Ccp— Chalcopyrite;
Sp—Sphalerite; Gn—Galena; Po—Pyrrhotite; Chl—Chlorite; Qtz—Quartz

WA AE R ZE SR 3hi) . RAENIE R ) 322
BT FLAEA GRS
3 MEaRESTITE

AU FERE SR A 7K Sk 1L R 25 07 B 7 fife
R AT AR TTIZ 1Y 182019301956 H B 1Y T 1
TR, REEXTIRIR R A KIA A K54
SR YA T A 5 A TR A BRI B
REBEVER Bt A () A AR S Pk A4, FHAERG 1
JCE M C-O R R /hr. Hoh s £0Z bk
LIl R B T CEHID 8k (o Be 1T (I &F

W I RO D) BT (BT ) LA
FlA 7D R s AL B B O ) A fb
Yl B O 858 BEHR R 41 ) FE S C—O [AlAiz
E o= | AR 22 R A RO o I B e i o
W7 A S B B TS5 v i S 2 9 O il Bk B
() A FE L TR DB IR Th T TR G i, 2o i 2
40~60 H , 2787 AREHE T /5 EXH BiRuE N EE
2L, I A S AE A T 99%

(DFs ECE o & () A L0 Yk + oo
F IR A Tk b 5T b S A 5 e A ep R B2 R
K2F b BR 5 2 () B2 2 B [ AR [ 437 2R Mk Ab 27 52

http://geochina.cgs.gov.cn FPE LT, 2023, 50(3)



824 ] 5|

b J 2023 4F

B LR S Phalifs ARE i 3 FH B B I s 2
200 H , B SCHERRIFRI 15 mg FEAHE T 10 m Teflon 75
A, BN 0.5 mLHCI, 1 mL HNOs, #7 S 5% 5
TAEFE T AE 105°CHN# 24 h, ARG T IR I E R
215 mL R . SR HL B A 45 B R R
(ICP—MS) 4 5# o 28 E i, R A ik
AR N CRERRER A A A AT TR EE 308K93 444
JCZ 1 % ) (GB/T14506.30—2010) , I3 16 )
20°C, AHXREE S 30%, 3 HTie2E — B/ NT 10%.

(2)C—O [R Z AT IR FRER A K HLA Sy il
A1 C—O [al 437 2 I3 78 4% Tl b 5 i 5 F 3 B 5
B B BREL IS (AR A B IR T I i 200 H
FHH T IOFFRER 0.1 g i FHbAE ot T SR e 7R 2
RS T 25°C T 5 100%7) IEBERR S 24 he Ak
) CO, < M ik A IRMS (Isoprime) J5t 1% {5 i 47 I i
C-ORMRH M. /Hres R H PDB 45 R 3R A%
K 0.2%0 , EARS BT 7R WL 2T 5 (2013 ) .

4 Jrhras
41 BT TESE

Ak I IR A8 4 (N EED 5850 B4
VBT KA O A ) 0 (kIR ER

it

W) Bl (BRERER ) 5 XS AE A (Rl AR
D) IR & 5 LEESEOLEE 2, 5 Taylor and
Mclennan (1985 ) ERK7 P A1 AH Hb A F& + o0 e 43 il
LRIRITEDLIE 4 FiTAL 5

ARk WA R A0 P G o R ARE, BB 1T
INEEW™ Y REE & s AHXT AR, 3 P AS [R) 200 (6 [N 40
FEMY S REE & 8 4 0.4x107°~1.157x 107, #{E N
0.655x10°°; 3 LREE/Y, HREE Jy 1.837~5.322, #J{#
4 3.496, B A AR E A B A 09 FE A OBu
0.616~1.656, ELA7 55 1) 11 4 5 2155 1Y 1E 56 7 R
fE, YI{E A 1,188, AR E B R 55 B IE 4 55 5 0Ce A
0.842~0.942, ¥4J{E >4 0.893 , i 7 55 1 17 4l S & 4 1T
(Kl 4a) ; BYEL 1T 740 X REE & &3 4211, 2 465
T RE SR Y S REE 5 4 0.249x10 °~0.88%10 ¢, 1
{84 0.565x10 °; X LREE/Y, HREE & 0.504~5.385,
PIE N 2,945, L IR AN & B 1A 1 B9 48 45 OBu
}0.370~1.201, HI{H K 0.786 , 55 1Y T 4 5 3 0Ce
40.681~0.737, 2118 H7 0.709 , HAT 55 () 171 4l T 4%
fE(El4c) ; BB 1 #4815 X REE & 4 2.004x10°°,
> LREE/Y, HREE 4 9.547, 6Eu 4 0.241, B] &}y 111
B SH, 0Ce S 0.943 4l B 520 55 5 B Be T B4k
> REE & # 4 1.011 x 10" °, ¥ LREE/Y, HREE #

R KK BRE 0 £ IR 3=

Table 1 The mineral arisen sequence of the Shuitoushan Pb—Zn deposit
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Fig.4 Chondrite—normalized REE patterns of the single mineral seperates of Shuitoushan and Luziyuan deposit
a—The Il stage of sphalerite in the Shuitoushan deposit; b—The late sulfide stage of sphalerite in the Luziyuan deposit; c—The Il stage of galena in
the Shuitoushan deposit; d— The late sulfide stage of galena in the Luziyuan deposit; e— The I, Il stage of chalcopyrite and pyrite in the
Shuitoushan deposit; f—The late sulfide stage of chalcopyrite in the Luziyuan deposit; g—The Il stage of calcite in the Shuitoushan deposit; h—The

early and late sulfide stages of calcite in the luziyuan deposit); REE chondrite—normalized after Taylor and Mclennan, 1985
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5 K S LI PRA™ A1 (B B DXIRAE e s E T3 BB A1 P 73 1 26
a—/K K I IR A B XL i 2 5 b—oK Sk LI RIS s Bk B A i A B4 51 1 Taylor and Mclennan, 1985 ; £ LB AR LI 78 i 4L
a1 A PPEREE, 2010
Fig.5 Chondrite—normalized REE patterns of the ore and wallrock seperates of Shuitoushan deposit and the area of granite
a—The main mineralization stage of ore in the Shuitoushan deposit and regional granite; b—The surrounding rock in the Shuitoushan deposit; REE
chondrite—normalized after Taylor and Mclennan, 1985; The data of the Kejie and Zhibenshan granite of the Baoshan Block are after Tao Yan et al.,
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Table 3 C and O isotopic compositions of the Shuitoushan Pb—Zn deposit

B KA E/m D F BB B 3"Coon/%o0 3" Ovron/ %o 3" Ovsmow/ %o
No.20 WPDI1-1956 J7 A Mg 1 -6.59 -22.57 7.59
No.20 WPD1-1956 TR Mg 1 -7.78 -22.04 8.14
No.20 WPD1XJ-1930 J5 ffA Mgl 0.5 -18.3 12
No.21 WPD2-1820 Vi) e Bl 0.6 -18.9 11.4
No.18 WPDI1-1956 V) e izl -5 -19.8 10.5
No.19 WPDI1-1956 V) e izl -6.5 -20.5 9.8
No.22 WPDI1-1956 KELA / 7.5 -18.2 12.2
No.23 WPD2-1820 WA / 5.5 -19.5 10.8

1 : 6" Ov-swiow (%o ) ME T FEARE -7 )52 6Oy smow=1. 03086 6"*Oy.rs+30.86(Friedman and O'Neil, 1977)
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Table 4 Contrast of Y/Ho ratios of sulfide, ore and wallrock of the Shuitoushan and Luziyuan deposit and rock body

2R FEdh FE AL /MA KA FIIHE EAETY Sl
ke &] 8 8.5 53 28.287
Kk il Po—Zn B IR e 2 30.833 33.182 32.008 'S
iEk=s 2 16.818 19.636 18.227
A 5 3.5 24.7 11.24 PRUKEE, 2013;
7 F[E Pb—Zn i PR
. ! e 7 22.14 32.41 27.547 XS EEE, 2016
X IR AE i 7 Rl 7 M B %%, 2010
5 L e 8 24.528 29.63 26.214 -
1 D BUTEE, 2014
AR K 45 67 s L 1997
tal., ;
IS i 25 51 aneta
o Bau and Dulski, 1999;
R PE R 28 51 ,
s Douville et al., 1999
KK THHE 30 45

2 1 EA AR A b BR AL 24 AT R, Y/ Ho {7 K
i b AR A R AR R AS AR (Nozaki et al., 1997)
Bt L4 Y/Ho {85 7] DL 48 78 A 3 1K 7% K U (Bau and
Dulski, 1999; %k H§%5,2014) , 5 FREZHCAHR
TR JE DU (22 R K0 o FD 2 0T e ) 416
F5 2% BB B A B9 Y/Ho fH (24~34, 25 {8 Ky 28)
(Nozaki et al., 1997;Bolhar et al., 2005) . 7Kk 17"
PR 1 (30.833~33.182) M 45 2 mifb#y ( = B4 v e
18.75~36.667) ) Y/Ho {55 / F @ & R 41 Y/Ho

ARG T (22.14~32.41) T MBI (R 4 (Kl 6) , #2ikE
X I AR i< A Rl g L A B v ) A% 4k 3
(24.528~29.63) (B HRAE,2010; F BN S, 2014) , 1 5
IRk ™ PR LA AR Ak i 1T (16.818~19.636) BH It A
[f] , 3K HE— 25 IR 5 2 N0 PR B B ) o 2ok [ IR
WA X SR T R R IE TR — 2L,
NS0 RHTARREY) & o
52 B mERIESEK

C—O [RIM AR ] LAR B B R CO, 11

Pl 6 7K Sk LI IR 1 el i PR B IX A B Y /Ho DX LE &
P BT RAT RS | HARUKEL, 2013 5% 7Rl T PRINEET B 5 | 5 XSS, 2016 fT7E GEAS LB S| A FIEREE, 2010; AR S| A & i
%%, 2014;EPR \MAR .BAB K I /K 45| F Bau et al., 1997; Bau and Dulski, 1999; Douville et al., 1999
Fig.6 Contrast of Y/Ho ratios of Shuitoushan, Luziyuan deposit and regional granite
The ore data of the Luziyuan deposit from Lin Bingxia, 2013; The zinc blende data of the Luziyuan deposit from Deng Mingguo et al., 2016; The data
of Kejie and Zhibenshan from Tao Yan et al., 2010; The data of Caojian deposit from Yu Li et al., 2014; EPR, MAR, BAB and modern seawater data
from Bau et al., 1997, Bau and Dulski, 1999, Douville et al., 1999
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Fig.7 6"Cy-ros and 6" Ov-swow values of important geological reservoirs (a after Clark and Fritz, 1997; b after Hoefs, 1997)
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Fg-] 8 7J(§§‘ [J-IE}L% 513CV—PDB_5ISOV—SM0W [E]% ( Fﬁ‘ @%EI& Eﬁ%, 2007, J?“E]%:{%:‘%, 2012, ﬁ?&%, 2014)
Fig.8 0" Cv-rps — 0""Ov-smow diagram of the Shuitoushan Pb—Zn deposit (after Wang Changming et al., 2007; Zhou Jiaxi et al., 2012;
Yuan Bo et al., 2014)
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FAE 2009)
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