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Abstract: Zhuoma Pb-Zn deposit is located at the Zhongdian area on the western side of the Ganzi-Litang conjunc-
tion zone in northwest Yunnan. The ore is hosted in Zhuoma medium-acidic complex porphyry (porphyrite). Previ-
ous studies only focused on the ore bodies related to quartz-monzonite porphyry within the complex rock mass, but
there is relatively little research on the ore bodies in quartz-diorite porphyrite. Based on mineralogical observations,
in-situ trace elements analysis of sphalerite by laser ablation inductively coupled plasma mass spectrometer

(LA-ICP-MS) was carried out. Combined with in-situ sulfur isotope analysis of pyrite, pyrrhotite, and sphalerite,
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it aims to determine the genetic type and ore-forming temperature of the deposit. The study found that sphalerite in
the Zhuoma deposit is characterized relatively enriched Fe, Mn and depleted Cd, Ga, Ge, In and Sn. Among
them, Fe, Mn, and Cd enter sphalerite in the form of solid solutions. Copper and Pb exist in the form of micro-
scopic mineral inclusions, and indium exists in the form of micro-minerals combined with cadmium. The 8™S
values of sulfides in this deposit ranges between -1. 83%o and +2. 30%c. The Zn/Cd ratio of sphalerite ranges from
200 to 322, indicating a close relationship between the source of ore-forming materials and magmatism. The calcu-
lation results of the sulfur isotope equilibrium thermometer are from 271°C to 517°C. The calculation results of the
GGIMFis thermometer, the FAS thermometer and the FA6 thermometer for trace elements of sphalerite are 257+17 ~
366+31°C, 234~296C and 245~311°C respectively. Combined with the characteristics of trace elements ratios of
sphalerite, it is considered that the precipitation of Pb-Zn ore-forming materials in the Zhuoma deposit occurs in a
mesothermal environment. In the sphalerite trace elements ternary diagrams and ¢-SNE plot, most of the measured
points fall within the area of the deposit type related to magmatic hydrothermal fluids. It is considered that the lead-
zine ore body produced on the top of the complex porphyry in the Zhoma deposit is a shallow-seated hydrothermal

vein type. This study provides a geological and geochemical basis for understanding the genesis of lead-zinc ores

and the exploration direction in the Zhongdian area.
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Fund support: The Second Tibetan Plateau Scientific Expedition and Research Program (2021Q0ZKK0301)

VPG b B0 PR S T VG b v i i X —
AR Z & B IR . AT AR AR AR 8 1SS
TB WP EDE T S0 R 5 50 B D IZ0 K
H T B AR A A0 RRAE , 0B Sy #4098 ik #84
) Cu-Pb-Zn-Ag &AL, 3 FIRFCAEEA Y Cu( Mo) ™
PROZEVK S, 2012, (LW %, 2015), 4l 5
(2013 ) 38407 BT AR 5 R 28X BT ) 5 ok U5
HEATRIEGE AR, B v 8 i ] 47 281 7 1 R A 71
FEL A, T4 [0 A0 28 8 LA 5 485 o 2 ) e i R 5 DR
X2 T %5 (2016) f# 1] LA-ICP-MS X 5 4 A 47 3
TRBEAES AT T U-Ph B4R SR AR B
AEJE A 218. 88+0. 63 Ma( MWSD =0.99) ; 1ERH i
T3 T VRS (2018 ) TEBK % 55 (2004 ) FH2% 4]
BSE(2015) BT SEaE 2 b F TR R LT B B e
(™) AP e A B R T T T iR Ot h 2
SyHTAE T RS L B, SRR B BT A S
ek AR B A

DAFE A5 3 2 R 58 7™ T T00R 1) A0k Dk 0 5
W R B HL R A AR T (EF TR B4 (4 B4
P T A BN B A T I A B A SN K By S ik R
b S A e il T T R B = ST, BRAR T
NXFZH IR W FEAE AT WA EE T 2 AR Z
b G0 A R R TR R T B - R A R AR
EEAEGE B A T A A T RS AR ES

BN EUHEAT 17 4 22 PR DU A il b B F 50, (BT T
VAT PR R I N PR B PR 2R BT AT 15 53

N VE BB R vh 20 & R Ak 4, vt
O IR R R R BATHE /R B L CRM5 , 19825 #H
B, 1985; Zhang, 1987; BiR{E, 1994; Cook et al. ,
2009; Ye et al., 2011; M Fx5E, 2012; ¥ S5,
2017; Hu et al., 2021; Zhou et al. , 2022; Zhang
et al. , 2024) ,Hlﬂ%?ﬁ@ﬁ«ﬁjﬂﬂﬁﬁfﬂ%@zﬂ‘ﬁm,
A2 BRE T R Y O TR (B, 19755 EE
BH, 1986; Moller, 1987; T ) # 5%, 2016; Frenzel
et al. , 2016; T KM 2021 ; Zhang et al. , 2022)
HWK, INEED )2 Cd \Ga Ge In Tl X4 JR TR
FEA T FET W (Cook et al., 2009; Ye et al.
2011) ,%F HIF SR 52 0] LLFS T X YR R 1
2 AR T X R A DG R HEA T T

ABIFFERS 7 T L B YRR R A7 ST By Hh
Ffibdy v BBV RERT AT R T TEAN AT AR 2 LS XF
INBED™ HEAT 17 WO 0 b vl S8R & 45 8 1 K B ok
(LA-ICP-MS) fofim 7o 2 I 3, 309 28 38 1 TN B 0 114 Ak
TR AR E T PRI A S AL, B o IR, J e
R I w R AR X Bk N WL BB
W HEAT THOGHI D (2300 ) BB & 55 2 R B
1 LA-(MC) -1CP-MS it [ 32 2 M, LA — 25 %68 1l
WO TR A T LA BR 1



ol THES. WOYALSIEVREE IR AUE N BT AL R 0K SRR A SR B ) 3R AR L R S 1363

1 X Iaidh oy 5

LBV R T v ) B SISO T A% 3 1
ZEWBIHARME ) . KNAE T —ERR)Z
BRI A - BRIR e - I s, HER )2 L =
BRNE, B RPHARUE ML (Tn) K TR 3

99°45"
T

JZ-JE JZ IR GO R BLE | = BRI il 1 SF
(Tyq) AUVEBRR A RO M L B A, R
LR KRB R (Tye) K EIK AR
EENCE PR TE N AR L e L IR s
T KRR JE A ECE s WIS (Tylm) KA -
Hh JRE SR AR AL K A 7 AR TR IK (B D o
e .

b

28°32'

Th | =R F&m T4l

28732

Tidm | =7 FPHWEEAL
L R WAL

i A Al

- = -

‘e Rkl

Tn SR AR
R RN
Ty SR RN KRB

50 km
—

=

Th f

i LA

Hh

Ly
4
. Ve s/

27°41"

Rl ik o

..HHI
SR V-
b
=
e 5

Sl W] AR B

|:| A B
2

g oG e
SEA IR A R
E] T

g\ T 5 E B

| —3% 1 Wi Bt
11— - R 8 A iy
1l ) i

27°41"

99°45" 100°00"

Bl ) S R A 57 B () T e b DX b 5T fRT I (b ) (HRVTIRSE, 2018)
Fig. 1 Geotectonic position of the Zhongdian island arc (a) and geological sketch map of the Zhongdian area (b) ( modified after

Jiang Haiyang et al. , 2018)
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Fig. 2 Geologic sketch map of the Zhuoma mine area (a) and metallogenetic model of Zhuoma deposit (b) (modified after
Li Bing et al. , 2012)
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Fig. 3 Hand specimens and photomicrographs of Zhuoma Pb-Zn deposit ( reflected light)
a—Py-Ccp-Gn-Sph k1A 5 Gn-Sph ik ; b—Gn-Sph k{4 Py-Qtz k&Y% ; ¢—Py-Cep-Gn-Sph IR YLIRT A ; d— 0 A0 05 28 2 7 09T B
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W OINEE I IR S i—INEER 7 B8 TR 1R R 2OIR BB 0RE (8] B S A 2 AR G j I GINEER (Sph 1) 5 H =
A k—RE ORI EANEED (Sph 1) 5 I—FB AN AN (Sph 1) SARFAMEA; Py—H kG Po—REEBE"; Cop— D" ;
Sph—TABEE"; Gn—J5 B4 Qu—A13%; Ms—H &) Ser—#HZ k5 Dol—H =1
a—Py-Cep-Gn-Sph veins and Gn-Sph veins; b—Gn-Sph veins are interspersed with Py-Qtz veins; ¢—Py-Cep-Gn-Sph impregnated ore bodies;
d—late-stage pyrrhotite cuts through early-formed pyrite and chalcopyrite; e—subhedral pyrite and anhedral pyrrhotite are surrounded by late-stage ga-
lena and sphalerite, with sphalerite replacing galena forming bay-like structures; f—chalcopyrite and sphalerite fill the interstices between coarse-
grained subhedral pyrite grains; g—euhedral pyrite and late-stage anhedral sphalerite form replacement residual structures, with sphalerite containing
chalcopyrite solid solution; h—chalcopyrite and light-yellow sphalerite form intergrowth structures; i—sphalerite and galena grow along the interstices
and edges of coarse-grained subhedral fractured pyrite grains; j—light yellowish internal reflection sphalerite (Sph Il ) associated with muscovite; k—
sphalerite with light yellowish internal reflection (Sph Il ) ; 1—sphalerite with deep brown internal reflection (Sph I ) associated with dolomite; Py—
pyrite; Po—pyrrhotite; Cep—chalcopyrite; Sph—sphalerite; Gn—galena; Qtz—quartz; Ms—muscovite; Ser—sericite; Dol—dolomite
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Table 1 The paragenesis of mineral assemblages in Zhuoma Pb-Zn deposit
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f-RAH VMS A SEDEX %) MVT BUF0 4 TR B IRINAF 8851 F Cook et al. , 2009 Hl Ye et al. , 2011; Sph | —IREINED";
Sph [T —H @D VMS—JL R SORBRALYIH IR ; SEDEX—EEIRABER DRI ; MVT— 25 74 P4 HL 3ol 73 80 FR
sphalerite data of skarmn deposit, VMS deposit, SEDEX deposit, MVT deposit and Jinding deposit are from Cook et al. , 2009 and Ye et al. , 2011;
Sph | —sphalerite with deep brown internal reflection; Sph Il —sphalerite with light yellowish internal reflection; VMS—volcanic-hosted massive
sulfide deposit; SEDEX—sedimentary exhalative deposit; MVT—the Mississippi valley-type deposit
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Table 2 Analysis results of trace elements from sphalerites in Zhuoma Pb-Zn deposit
s Mn Fe/% Co Ni Cu Zn/% Ga Ge As Se Ag Cd In Sn Sh Pb
W (sph 1)
22zm01-1-c1-spl 88.5 6.64 0.02 - 2025 58.8 0.45 - 1.12  3.59 44.7 2935 3.35 1.04 49.3 11438
22zm01-1-c1-sp2 115 5.97 - - 43.7 59.9 0.41 - 1.21 3.55 39.8 2356 3.71 0.67 36.5 13735
22zm01-1-c2-spl 67.6 6.19 0.01 - 2208 60.8 0.24 - - 3.51 62.9 2518 3.70 1.20 73.2 3179
22zm01-1-c2-sp2 66.5 6.35 0.01 - 2047 59.6 0.22 0.35 1.53 - 38.7 2569 3.55 0.96 40.6 8532
22zm04a-c2-spl 1497 17.03 - - 12.6  57.8 1.30 - 0.89 1.53 0.29 1991 4.09 - 0.12  0.50
22zm04a-c2-sp2 1412 6.93 - 0.04 11.7 57.9 1.15 - - - 0.24 1972 4.12 0.22 - 0.39
22zm04a-c1-spl 1020 6.09 - - 176 58.4 0.46 - 0.84 - 4.29 1941 2.80 0.31 6.03 3.69
22z2m04b-c1-spl 981  6.88 - - 52.5 60.0 0.47 - 1.08 1.83 4.15 2169 4.89 0.35 4.13 3.28
22z2m04b-c1-sp2 1262 7.32 0.07 - 14.8 58.8 0.70 0.42 1.18 2.80 0.81 2010 4.75 0.18 0.52 0.66
22zm04b-c2-spl 1105 6.96 0.28 - 35.7 56.9 0.53 - 1.22 - 1.25 1913 3.78 - 0.61 0.92
22z2m04b-c2-sp2 1094 6.89 0.25 - 10.8 56.9 0.58 - - 2.05 0.12 1991 3.61 0.18 0.12 0.26
22zm04b-c3-spl 1027 6.36 0.06 0.07 16.8 57.8 0.31 0.24 - 2.15 2.8 2033 3.12 0.26 2.04 3.24
22z2m04b-c3-sp2 1165 6.87 0.07 - 16.7 58.0 0.59 - 0.95 1.10 1.17 2073 3.20 0.18 0.92 1.46
22z2m05-c4-spl 93.3 6.61 0.04 - 214 59.0 0.55 - 1.37 1.33 4.73 2310 1.96 - 3.21 3.61
22z2m05-c4-sp2 206 6.14 - - 9.72 57.5 0.47 - 1.03 1.57 0.70 2075 1.97 0.38 0.72 0.60
22zm05-c2-spl 156 5.96 0.06 - 121 56.7 0.69 0.29 0.76 1.22 7.36 1961 2.34 0.20 8.23 3.78
22zm05-c2-sp2 178 6.10 0.05 - 18.2 56.2 0.58 0.26 - 1.02 3.54 1956 2.32 0.23 3.21 3.62
22zm05-c3-spl 115  5.65 - - 17.5 55.1 0.62 - 0.80 1.13 2.72 1961 2.39 - 2.58 3.38
22zm05-c1-spl 116  5.89 0.02 - 91.7 57.5 0.59 - 0.77 - 4.82 1995 2.35 0.23 6.01 2.44
22zm05-c1-sp2 90.9 5.72 - & 13.3 57.2 0.52 - 0.77 - 2.16 2075 2.31 0.15 2.43 2.22
22zm07a-c3-spl 143 6.63 - 0.03 92.0 57.8 1.79 - 1.32 2.36 2.32 2092 0.78 0.29 7.17 5.39
22zm07a-c3-sp2 183  6.93 0.02 - 13.9  55.9 3.20 - 0.91 2.82 0.63 2143 0.84 0.22 1.14 1.13
22zm07a-c2-spl 242 7.22 0.02 - 19.2 56.2 3.20 - - 1.94 1.81 2210 0.8 0.30 5.70 3.49
22zm07a-cl-spl 92.8 6.08 0.02 0.02 1817 57.7 0.99 - 0.94 295 7.04 2126 0.96 0.25 21.5 34.7
22zm07a-c1-sp2 148 6.96 - - 71.2 57.8 2.88 - 0.92 1.71 0.58 2198 0.94 0.25 1.54 0.97
227zm10-2-cl-spl 319 6.40 - - 12.4 58.1 0.24 - - 3.71 0.56 2056 2.12 0.40 3.15 4.83
22zm10-2-c1-sp2 140  5.35 - - 566 59.8 0.22 - - 2.67 1.69 2119 2.11 0.32 5.66 5.02
227zm10-2-c2-spl 75.7 5.24 0.13 0.04 2765 61.3 1.00 0.27 1.46 - 4.72 2297 1.57 0.21 13.6 9.75
227zm10-2-c2-sp2 45.0 4.36 - - 8575 59.7 0.36 - - 3.49 13.1 1975 1.47 0.32 28.0 6196
Wt (Sph 1)
22zm03a-c1-spl 159 3.52 0.03 0.12 4528 62.8 0.55 - 1.29 10.2 2.10 2149 7.44 - 2.87 23.5
22zm03a-c1-sp2 216 3.55 0.02 0.05 284 62.2 0.50 - 0.83 7.16 0.53 2099 6.67 - 0.75 1.62
22zm03a-c2-spl 153 3.52 - - 5577 63.6 0.53 - 1.74 6.64 5.68 2763 23.8 0.55 7.89 39.2
22z2m03a-c2-sp2 135 3.27 - - 1873 64.0 0.32 0.51 - 6.24 2.13 2619 21.6 0.35 0.50 3.15
22z2m06-3A-c3-spl 117 2.8 0.02 - 14.7 63.7 1.08 - 0.93 1.8 1.35 1978 0.39 0.37 2.94 5.40
22:m06-3A-c3-sp2  51.9 2.46 0.03 0.06 4936 63.5 0.78 - 67.9 - 11.4 2015 0.45 1.59 33.5 394
22zm06-3A-c3-sp3  31.3  1.48 - - 1532 61.1 0.85 - 1.07 2.22 5.38 1935 0.36 0.73 13.7 7.43
222m06-3A-c2-spl 36.7 1.56  0.02 - 5602 65.2 0.72 - 1.33 2.16 11.0 2062 0.43 1.64 21.0 20.6
2272m06-3A-c2-sp2  81.4 2.10 0.02 - 1287 64.7 0.74 - 1.68 2.02 9.03 2132 0.45 0.82 21.9 644
22zm06-3A-c1-spl 35.9 1.68 - - 2151 63.9 0.57 - - 1.00 11.0 1982 0.36 1.17 20.9 14.3
22z2m06-3A-cl-sp2  86.8 2.75 - - 11.6 62.7 0.92 - 1.38 1.84 0.23 2037 0.35 0.21 0.34 0.71
22zm06-3A-c1-sp3 123 3.04 0.01 - 18.6 64.8 1.00 - 1.08 - 3.67 2125 0.41 0.38 8.00 9.51
22zm08-c1-spl 24.8 2.77 - - 27594 65.4 0.68 - 1.66 22.1 4.03 279 12.1 0.74 1.96 3.67
22z2m08-c1-sp2 19.9 0.39 0.01 - 1074 64.6 0.63 0.23 1.32 20.8 0.74 2655 11.0 0.31 0.24 0.60
22z2m08-c1-sp3 33.6 0.36 - - 61.0 63.3 0.64 - - 20.8 0.41 2325 9.74 - - 0.35

T - AURIR TR,
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Table 3 Analysis results of sulfur-isotope (6*S) from 5 -‘Lj‘i/e
sulfides in Zhuoma Pb-Zn deposit
i G Py Po Sph 5.1 AT HETEBREER
;EE j' z i LA-ICP-MS B[] 43 3 350 g 1], 7T LA AR B
C2-PY2 129 INER iR TR o IRARE . YRl
0L C1-PO1 -1.83 JF-EHY B2, RN U R P RE LA BT R R 2 AR
gfg? ;(1) é(l) SIS A RORL AR B R T i
2.P00 0.5 TCE IR AR P B8 ASFLI ih Zerst, B B
C1-SPH1 -0. 85 YT RE LA B 0 R 1 T Xtk A 08 9 ( Cook
CI-PYI 114 et al. , 2009; Ye et al. , 2011; ¥ %, 2017) . 7F
e AT LA-ICP-MS I ] 5 B < VR 1
S C2-PY2 +1.05 (Bl 5)H,Fe ,Cd Mn 503 RIN N EFLH HE,
C1-po1 -0.73 TEIRIX 8 50 2 ] fE 32 28 DU o ml 22 5 1R Oy XA
s o 75 T Cu Ph T2 B {5 55 6 2 ke 1] 800 , o
C1-SPH1 +1.20 TRERAFS (1815) , 3] Cu Pb AP TT R W] g5
C1-PY1 =0.05 LA 7 R AR e XA, X 55T
St WVEE 5 S SR A R (Sph 1T ) P30 b K Bk P
C2-PY2 +1.84 W AR LA SO 85 R B4 — 3 (BT 3)
C1-SPH1 +0. 38 K 6a f7n T Zn 5 Fe Z [B] H AT B 4 A9 A ¢
giig : :‘; KR, AR Fe EZLIZRRZ A9 77 AR Zn
o £0.90 (XL, 1984; Moller, 1987; A 48 45, 1999;
MOTE C3-PY2 +1.97 Cook et al. , 2009; XIEkPI5E 2010) . &l 6e /R
t;:; :l :ii P N H B Mn 5 Fe YA — 52 BOIEAR X
C3-SPH] .32 PR, KR BEAE (2010) AR INEFST H Cd  Mn I E# i
C3-SPH2 +0.98 BRI Zn i 7 XIRAE T INBER T2 2 T R 42
22zm06-3A-c1-5pl 22zm07a-c2-spl
T a Zn 66 0y Zn 66
10°F 10°F
10'F 107}
10°F 10°}F
i; 10'F SE 10}
ol Ag 109 Sb 121 ol ;
e T A i
10 o 10
] 0 I.(J 1:u ?:0 :llll 'a{) (;u ?‘u s‘n "o 10 20 30 40 50 60 70 80

WA/ s g [al/s

Fls  INBEDT LA-ICP-MS I 1] 73 B 5 ¢ L ) 1 141
Fig. 5 Time-resolved depth profiles for sphalerite analysed by LA-ICP-MS
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Fig. 6 Binary plots of Fe vs. Zn (a), Agvs. Pb (b), Invs. Cd (¢), Agvs. Sb (d), Mn vs. Fe (e) and Cu vs. Fe (f)

B Fe 17 XAFAE, Bl 6b.6d H1, Ag 5 Pb Shb &
P R AR IEA G OE &R, Ag . Sb 1T fig 322 DUR A B
£ Ph 177 2B T B o A A B TN BT (Ag”
+Sh** =2 Pb*; ¥, 2017), K 6f iR Cu
5 Fe B—EfARCH:, R Z 0 Cu DUEHH £
IRITE A, LT e LRI AR 1T UFE E

WA AT R INFER T R R AEPLE 5 2
B R In 5HAMITE (Cu Sn Ag 55) MHEE HUL

PLHIASF] (SRFZSE, 20035 2R RIS

45 02019; DhRAESE | 2023) . {E LA-ICP-MS Hi}[a] 43
PR E P, In AR P — E WP st (I

for sphalerites from Zhuoma deposit

Ktk (K 6¢)

(R DUBESE,

2019; 20 [
F Y Sn & im

Wit cd

5b),IM7E IR E F  In 5 ¢d HA —E W IEH

, W B R N BERT Y In W] fiE 2
4G T WA ST T W) AR B A7 AR
2019; 2P, 2021)

VYRR PRI EEET A L MVT B G TR 4%
PR PRAIN B HAT DO B Y In 5 i (Hm B A
BB B RARR L (] 4g) o SR THOLT In 72
WA P v B Bk AL~ A7 D HAT DX, L
SR XA 4 J 5 R R A R R R, ELUR AR

Xt In 1 & S 5 AR H 2RO ()9

%, 1984; K74 2003; RILEES:, 2019), {HTE
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PR N 7/ B /S

43 4%

AR, Sn B B (& 4h) , H In 195 5 3%
Z CdWEEMES, ROANSEY (Sph 1) F4Y In
TN B, MR AN BES (Sph 1) By In NI &R b
(Bl 6c) , A IRE NP (Sph 1) BEA In B9F
FHMA
5.2 M YIEKIE

K53 W1, R B [F) 57 28 /] 6 s 49 Joa >k
47788 (Rye and Ohmoto, 19745 BES255E, 2009;
SRANGAE ) 2023) , AR 5L REDT IR (Y [ A i [
PR ATEE R K, AN TR %) 4 s Ak P [l ) 8'S
WA 22 5% (HERAL T~ 1. 83%0~ +2. 30%0 2 F] , X 55 Hif
NS Y 8% MRZE -2, 90%0~ —0. 01%0%5 S
FHIE (4G 5E, 2013) , eAh, s I EYEERT IR 1
A [ 457 28 2 R b ) it X HC A LA 5 B0 S 3
PRAHOC W™ PR T 322 4 AL 0 1 i ) 467 28 4 it
SARL, I ERBE AT %S S -6. 54%0~ —0. 14%0,
=2, 41 %o (R EE | 2016) ; HAYPERE A M
S H=3.1%0 ~ +0. T%0, F3 — 1. 1%0 (& 1 5%,
2007) ; ARSI 84S K2, 2%0~ +3. 8%0, -1
+1. 5% ( ESFIBA, 2007) , #4940 F 1 JE 6% (67'S =

+3. 00%0) VLR ([ 7a) B nR EE R A T HK.

HYEr IR Cd BPEIT S Zn AR Z A IZ AL,
R = B A 2R st BR AL 24 A7 O, 78 H it 7
TASEAEMES S, BT Cd WFEEZE/NT Zn,
H Cd*(A=0.97) B FLERTF Z2n* (A=0.74),
fififs Cd EZLIZ ARy ik A RN N B (X1
YR, 1984) . INEER 1Y Zn/Cd {HFEA F 46K T
R Zn/Cd {8, FIFH NSRS T Y Zn/Cd H5 Cd
() Er AR A B, AT DA R 4 5 R R A7 7 B2 (X
YifR, 1984; TS, 2016)

MEVBER IR A Y Zn/Cd {1 (200 Z247) FI
Cd & (2 000x107°~3 000x107%) I}, 81y o K I8
MRS AR AAE &, 1 MVT BV R 1Y Zn/Cd
HEAK (<100) , HA H Wiy Cd & & (10 000 x
107°) 5 RIR AR T EYEED IR (1Y Zn/Cd HAR LA R,
H Cd &%, i Y FORIR RN 2 2% (F IS,
2016) . EFLITHE Y Zn/Cd {H SN 200 ~ 322 (¥ 1H
279), H Cd W& EJEHE M ESF, 1913 x107° ~
2035 x10°(HJ{H 2 175x10°°) , WF B BLH™ 9 i 1] fik
AR Th)

1000

a o b
g AR Al *48=+3% e Sph | iFGNEH"
800 | e Sph I kMO NEEN
izidkoyaeel N\ O\ |
= 600 F
kil EAo e | S
R -
fE e [ - ol .‘".'ch.' N
A I
i DR L -
o [HEED WEER" 1L 0F
. ey
50 40 30 20 10 0 10 20 30 40 10 10° 10°
w(d"'S)/ %o w(Cdy10°
K7 ARAEZGEO R (a, Pk €A, 2012) FIINFES Zn/Cd-Cd B (b, 5 FOUHESE, 2016)

Fig. 7 Distribution of main sulfur isotopes in nature (a, after Zhang Hongfei et al. , 2012) and diagram of Zn/Cd ratios vs.

Cd concentration for sphalerite (b, after Wang Guanghui et al. , 2016)

5.3 BEIRE

YR AH ML EHC B - IN e SR )
XA %S (L HE AT o [A) 40 28 W B 1154, >R Rye and
Ohmoto (1974) 48 B A=HEF 71T . 1 000 Ina=Ax
10°/6+B x10°/t+C, Hrf o HEEE 5 NEED 1R
RN R MBEREAE N 0.3, HIE(C) ,iTHE%
RN 271~517°C , R UE B 5 N BB R 5 R
SRFERITEZS

DNV 2 — i P 0 1 B Ol B2 1, 4% e i TR
A b J5 I 3 5 I TR TR Y FeS 5 R AR
HOIE R BE AHZ T EEAFTE A — € 1Y3dE FI S (Scott
and Barnes, 1971; Fife® | 1975; XA, 1984)
UTAER | ORI 22 1) 7 H 22 o0 g T 3 A i i
TINBER R TT R AT, Horp — S8 B4R T X i
() N BT T DT R M BT IR EE T ( Frenzel et al. , 20165
Benites et al. , 2021 ; Zhang et al. , 2022) . KR EH
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I R N BE (T8 BOREE , A SCA3 2R AT T Fren-
zel %5(2016) ) GGIMFis i J& 1 F1 Zhang % (2022)
PRI FAS (FAG6 TG - 57 Yk B2 T X TN BRI o i
EHATI,

Frenzel 25 (2016) i GGIMFis I FF i1 19355 2%
/(1

PC1" =In(Ce,” + CLR/CRT + € - CL°)

t(C)=—(54.4+7.3) - PC1" +(208+10)

AR ER, REOINFES (Sph 1) AL/
T 307+23°C ~366+31°C Z [[] , I A INFEH (Sph 11)
FITEREE AT 257£17°C ~325+26°C Z JA]

FAS FA6 i FE T3 A 500K 14,(C) =
(32.22+1. 88) XFAS+(245.49+3.79) , 1,,,(C) =
(44.38+3.45) xFA6+(238.81+4.84) . Hirh FAS #l
FA6 il BE 11 AH ¢ 1Y 2 8O B H SR 25 R
Zhang %5 (2022) B9 Excel A& X 5138 PR [N BE 0 1
WICR AT (AR ) BR A B AR T4 R Y
B, Horb B N BER (Sph 1) i B2 355 45
teas(C) tppe (°C) 35014 245 ~296°C (¥I1H 266°C) |
263~311°C (H4{H 286°C ) ; LEAINE B (Sph 1) i
BEVFRR AR s 100 (°C) Lty (°C) 20500 0 234 ~ 281°C
(¥{H 260°C ) 245~293°C (4{H 266°C ) .,

A R RS R 2 R BN, IR N B
(Sph 1 )AHEE AR (Sph 1) HA T m 0y
T 34T 200 ~400°C Z 1], kb T v i vu %, i 45
TSGR LI A RERE T B B ) A e I AR
PR B 45 5 (197 ~ 330°C ) B MW & (VLI VRS
2018) ,

KRR W, N b — 2650 3 A Hh Bk 1k 2
T RhZREEEE ( EE L, Mn Fe Co.Cu.Ga Ge,
Ag.Cd.In A E) , — M@ 50 T R IN B £
R M, LIELE Fe Mn Co . In SEI0E AFHIE, G
MR B DR I 2 SR e -, DL AR
Cd.Ga, Ge % ICER HFFAE (X JE R, 1984; Cook
et al. , 2009; XNkBE4E | 20105 Ye et al. , 2011) ,[H
PUINERD i T 2 Y 5 i SO R T 2 ) Y E At m]
VIS R i B T IR TR S N BEDT Zn/Fe
HATF 10 ~ 100 Z[1], Zn/Cd {H1E 100 ~ 500 Z [f],
Cd/Fe {HAF 0.02~1 Z[8], Ga/In fE/TF 0.01~5.0
ZIAL (XN Fe R, 1984; Jil T 4%, 1989; i (3,
1994; JHZ 55, 2009; HEHLAE, 2020; ik RIEHSE,
20215 SIRAESE, 2023)

XF b AR R P N BT SR e R A, TR

@ INEET (Sph 1) i Zn/Fe (M 7.79~13. 7( ¥I{H
9.30) ,Zn/Cd {44 200 ~302 (1l 274) ,Cd/Fe (5N
0.027~0.045( ¥J{H 0. 034) ,Ga/In {H} 0. 06 ~ 3. 81
($(EH 0. 65) 5 AN (Sph 1) (Y Zn/Fe {H N
17.5~177( 18 45.7) ,Zn/Cd {8 K 230 ~ 322 ({8
288) ,Cd/Fe {4 0.059~0. 686 ( ¥I{H 0. 166) ,Ga/In
B4 0.02~2. 77 (H1H 1.15) o BRI A I B m™
HI A Y Zn/ Fe (5K T 100 A1, HAN 54 Zn/Fe
EHI KT 100, J& T i 36 Wi, 1 A0 TR €0 TN B B
(Sph 1) MICE HAEMBERGINED (Sph 1T ) (L
B EA TS R AR

ZE L SRV R N R IR D
TEREE, HIE O INAER (Sph 1) #H 4% v @ I 4% 4
(Sph 1) BLAT S & T8 iR 5
5.4 FRBEZER

INEET VRN BYEER h R B W) 2 — , HOP pliad
T2 A2 BB 5 1) 1 Ak 2 R B s ], S ) 2R B 4 4
WIRPINE T HAARFMMETES &, Fik, N
PR AR T R AT 0 R R — 2 i FR
JnAE SC(HRIRAE, 19945 R SE, 1995; Cook et
al. , 2009; Ye et al. , 2011; SHMESE, 2014; Frenzel
et al. , 2016; ¥ 5, 2017; Yuan et al. , 2018,
FRELAE, 2020; Zhou et al. , 2022; Li et al. , 2023;
B RSCEE, 2023, Zhang et al. , 2024) e 28
WIRLLELE Fe Mn In . Sn . Co T Cd . Ga Ge N4F
fE; VMS 5 RN &4 Fe Mn In, %7 Cd .Ga .Ge; W¥F
AR R & 4 Mn  Co TiAHX} 5 #1 Fe .Sn . In; MVT
HUH PR W AH X 8 & 4E Cd,Ga,Ge, T it Fe Mn . In,
Sn.Co (Ye et al. , 2011; RIS, 2023) .

FLUILAVEED PR Y N B A X & 4 Fe  Mn, 7
Cd.Ga.Ge .In Sn %L (K 4), H Fe Mn.In B
B MVT B K 4 TR R IR, Fe 5 In W 587 R
HTVEYVEED R AL (1] 4a 4b 4g) 5 1M Ge ., Cd W3t
TR RER MVT 8 % 4 TR AR IR, Ga Fl Sn
M 51 R A BB R B AL (8] 4d e 4F) o DA
INFER IR JC R ) Ag—(Ga+Ge) —(Se+In) =JCK R
Pl fife (1] 8a) HAT LA B, 5354 IR IN B 10 i
W RAER VS BU™ DR BT A DX 345 o 2 30 1 3 25
MVT BUEEER PRITZEIX Ik, 7E In—(Ga+Ge) —( Se+
Te) =JCKZR i (& 8b) o, KB BY S HIET T
I Xorh, R W] sl AR R IN B 32 2 5 A A
WA,

Li 45 (2023 ) ] H Bl ML AR ARG 75 X 22 3R L Y
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Fig. 8 Ternary diagrams of Ag—( Ga+Ge)—(Se+In) (a) and In-(Ga+Ge)—(Se+Te) (b) for sphalerite (after Zhu Laimin

et al. ,

1995; data of MVT deposit, VMS deposit and skarn deposit are from Ye e al. ,

abbreviations are the same as in Fig. 4)
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50

251

-SNE §51E2:40 1
(=]

v SEDEX i
4 MVT :,
" VMS % - ”
* Bk ‘p_?. ":’”:gl., » e
o AR < BEY s, .
» \CUBHH 2 Y N S B 7
ot e -* 1] > Ses LY
g Rl O “FiRe
\ P - 28 .'r‘- .8 -, '.4" s Ty
‘ 1. .'..1._ .‘ \‘ i L o-.
SEDEX (! s e B2 ’-g' ’
N T R AR 4 o oy

L EL R

2018;

: “"“‘ﬂ?& "R

_25 - A "i. ] #ﬁ
e f,ﬁ 3&“ oS
i ”_ -
‘ 3 MVTHS :. ?“ng‘n s *‘-& *:_g'ﬂv
~sot £ 1‘%2:. NN
2 & shih s b
l'&. M .
“apmt Y3
75 o b
-l . *.‘
—6I0 —4I0 —ZI(] 6 20 4.0 6:0
-SNE FrfiEZ 4 0
Kl 9 [NEEW -SNE KEIfi (P Li et al. , 2023; 455K 4)
Fig. 9 1-SNE plot for sphalerite( after Li et al. , 2023 ; abbreviations are the same as in Fig. 4)



56

TR . T IRV RIS TN AT 7 ol T8 3R S A i 57 A ] 7 28 A 45 3 5 358 S

1375

95 AN RIS R B DN BT TS fofe e 28 45 d
155317 &3, Mn ,Co . Ge XFHTEFH RIS R 4y B AT
2520, R In Ga,Sn,Cd I Fe FFI0E ., [A
B, Al AT Il FE o~ 43 A BEBILIT 28 % A B35 (1-SNE) X} |
ik 95 MEHREIAT T AL, & BUOZ T I RE R
XA 4 SEDEX 4 MVT U F17% i i AL
IR, ARSCHIH Li 48 (2023) 3CH T8 AL () TsneSTED
TP X L BT RE BT R 0 BCHE EA T R 45 R s
FEL A R AR R N 557, 75 7 1 AR AR A IR DX 5 ([
9) o VLIEFFESE(2018) FI| I AF AL AN LA B 1 513
W IR BB — B — A B B A It A S R
1Ml , 4+ F 16.7~30.0 MPa Z 8], IR $E i 5 5 S
(27.0 MPa/km ) # B AF X R ER 4 0. 62~1. 1 km,
gh 4 A I AR R 3 B 2 HOR 7 T R B T
B ITREAE , TA A o 30 B B 0 IR O 6 B AR R ik AR
WK,

(1) SLHEYERD IRINFER 1Y Fe Mn &5 5,
Cd.Ga,Ge In Sn FFICE T EKA, Cu Pb TRk
TR, Ho Fe Mn Cd 82 D)6 i Rl 4 2 AR 1Y
JFRPEABINEEG 0 Cu  Ph W] fELL I W £,
RETE R AR, In F 252 Cd ¥,

(2) HIA R 2 TR 1) Fe & 5 HA B
255 B[R 38 R R TR DR B e G 2R R IR
JETHE S T PR N B YU 5E TR B, B A
NEER" (Sph 1) B GINEER" (Sph 1) HAT ¥ &= )
T R

(3) S IR &R AW B A R N
Tl 70 R A URRAE S R b SRR AE 2 B, 7 PR B B
WY EEOk A AR, B sl g R N BEA 0 Y
YRR AR T IR K

References

Benites D, Torré L, Vallance J, et al. 2021. Distribution of indium, ger-
manium, gallium and other minor and trace elements in polymetallic
ores from a porphyry system; The Morococha district, Peru[ J]. Ore
Geology Reviews, 136 104236.

Bian Peng. 2018. The Metallogenic and Metallogenic Regularity of the Yi
Dun island Arcbelt[ D]. Dissertation. Sichuan: Chengdu University

of Technology, 1~69 (in Chinese with English abstract) .

Chen Junyu, Shen Hongjie and Yan Weiyu. 2023. LA-ICP-MS trace ele-
ment geochemistry of sphalerite; Metallogenic constraints on the Lan-
gyaquan Pb-Zn deposit in the middle Tianshan Metallogenic belt[ J].
Mineral Exploration, 14(3) : 377~391 (in Chinese with English ab-
stract) .

Cook N J, Ciobanu C L, Pring A, et al. 2009. Trace and minor elements
in sphalerite; A LA-ICPMS study[ J]. Geochimica et Cosmochimica
Acta, 73(16): 4 761~4 791.

Frenzel M, Hirsch T and Gutzmer J. 2016. Gallium, germanium, indium,
and other trace and minor elements in sphalerite as a function of deposit
type—A meta-analysis[ J]. Ore Geology Reviews, 76: 52~78.

Han Zhaoxin. 1994. The typomorphic characteristic of the sphalerite in
the Qinling devonian system lead-zinc metallogenic belt[ J]. Journal
of Xi’an Engineering University, 16 (1): 12~ 17 (in Chinese with
English abstract) .

Hou Zengqian, Yang Yueqing, Qu Xiaoming, et al. 2004. Tectonic evo-
lution and mineralization systems of the Yidun arc orogen in Sanjiang
region, China[J]. Acta Geologica Sinica, 78 (1): 109 ~ 120 (in
Chinese with English abstract) .

Hu Peng, Wu Yue, Zhang Changqing, et al. 2014. Trace and minor ele-
ments in sphalerite from the Mayuan lead-zinc deposit, northern mar-
gin of the Yangtze plate: Implications from LA-ICP-MS analysis[ J].
Acta Mineralogica Sinica, 34(4): 461 ~468 (in Chinese with Eng-
lish abstract) .

Hu Y, Wei C, Ye L, et al. 2021. LA-ICP-MS sphalerite and galena
trace element chemistry and mineralization-style fingerprinting for car-
bonate-hosted Ph-Zn deposits; Perspective from early devonian Huo-
dehong deposit in Yunnan, south China[ J]. Ore Geology Reviews,
136 104253.

Huang Qinhui. 2010. The metallogenetic characteristics and ore prospec-
ting marks of Lujiacun Ag-Au multimetallic deposit, Xianggelila[ J].
Yunnan Geology, 29(4): 499 ~502 (in Chinese with English ab-
slract) .

Jian Runtang, Zou Guofu, Zhao Xiangdong, et al. 2016. Sulfur and lead
isotope composition of the Diging Chundu porphyry copper deposit in
Yunnan-implications for the source of metals[ J]. Science Technology
and Engineering, 16(23):1 671 ~1 815 (in Chinese with English
abstract ) .

Jiang Haiyang, Ma Xueli, Gao Mingbo, et al. 2018. Characteristics of
Fluid inclusions of Zhuoma Cu-Pb-Zn deposit, northwestern Yunnan
[J]. Global Geology, 37(4): 1 058~1 067 (in Chinese with Eng-

lish abstract) .



1376 F=

PR N 7/ B /S

43 4%

Jin Canhai, Fan Wenyu, Zhang Hai, et al. 2013. Geochemical character-
istics and genesis of the Zhuoma lead-zinc deposit in Yunnan Province
[J]. Geology in China, 40(6): 1 902~1 911 (in Chinese with
English abstract) .

Kang Kai, Du Zezhong, Yu Xiaofei, et al. 2020. LA-ICP-MS trace ele-
ment analysis of sphalerite in Huaniushan Pb-Zn deposit in Gansu
Province and its geological significance[ J]. Journal of Jilin University
(Earth Science Edition), 50(5): 1 418 ~1 432 (in Chinese with
English abstract) .

Leng Chengbiao. 2017. Genesis of Hongshan Cu polymetallic large depos-
it in the Zhongdian area, NW Yunnan: Constraints from LA ICP MS
trace elements of pyrite and pyrrhotite[ J]. Earth Science Frontiers,
24(6): 162 ~175 (in Chinese with English abstract) .

Leng Chengbiao and Qi Youqiang. 2017. Genesis of the Lengshuikeng
Ag-Pb-Zn ore-field in Jiangxi: Constraint from in-situ LA-ICP MS an-
alyses of minor and trace elements in sphalerite and galena[ J]. Acta
Geologica Sinica, 91(10): 2 256 ~2 272 (in Chinese with English
abstract) .

Leng Chengbiao, Zhang Xingchun, Wang Shouxu, et al. 2007. Geo-
chemical characteristics of porphyry copper deposits in the Zhongdian
area, Yunnan as exemplified by the Xuejiping and Pulang porphyry
copper deposits[ J |. Acta Mineralogica Sincia, 27 (3): 414 ~ 422
(in Chinese with English abstract) .

Li Bing, Zhang Shiquan, Hu Qinghua, et al. 2012. The characteristics

of Zhuoma Cu-Pb-Zn multimetallic

and potentiality deposit,

Xianggelila[ J]. Yunnan Geology, 31(3): 331 ~334 (in Chinese
with English abstract) .

Li Jianfeng, Lin Wenchang, Yin Guanghou, et al. 2015. Characteristics
of ore-forming fluid of Zhuma copper polymetallic deposit in north-
western Yunnan[ J]. Journal of Jilin University ( Earth Science Edi-
tion) , 45(Suppl. 1) : 1~2 (in Chinese with English abstract).

Li Kaixuan, Leng Chengbiao, Ren Zhi, et al. 2021. Progresses of resear-
ches on the dispersed elements associated with lead-zinc deposits[ J].
Acta Mineralogica Sincia, 41(3): 225~233 (in Chinese with Eng-
lish abstract) .

Li Wenchang. 2007. The Tectonic Evolution of the Yidun Island Arc and
the Metallogenic Model of the Pulang Porphyry Copper Deposit, Yun-
nan, SW China[ D]. Beijing: China University of Geosciences, 1 ~
109 (in Chinese with English abstract) .

Li Wenchang, Wang Keyong, Yin Guanghou, et al. 2013. Geochemical
characteristics of ore-forming fluids and genesis of Hongshan copper

deposit in northwestern Yunnan province[ J]. Acta Petrologica Sini-

ca, 29(1): 270~282 (in Chinese with English abstract) .

Li Xiaofeng, Xu Jing, Zhu Yiting, et al. 2019. Critical minerals of indi-
um: Major ore types and scientific issues[ J]. Acta Petrologica Sini-
ca, 35(11): 3 292~3 302 (in Chinese with English abstract).

Li X M, Zhang Y X, Li Z K, et al. 2023. Discrimination of Pb-Zn de-
posit types using sphalerite geochemistry: New insights from machine
learning algorithm[ J]. Geoscience Frontiers, 14(4): 101580.

Liu Tiegeng, Ye Lin, Zhou Jiaxi, et al. 2010. Cd primarily isomorphous-
ly replaces Fe but not Zn in sphalerite[ J]. Acta Mineralogica Sinica,
30(2): 179~184 (in Chinese with English abstract) .

Liu Xuelong. 2013. The Research on Porphyry Copper Metallogenic Sys-
tem and Post-ore Modification & Preservation Since the Indosinian in
Geza arc, Yunnan, SW China[ D]. Beijing; University of Geosci-
ences, 1~176 (in Chinese with English abstract).

Liu Xuelong, Li Wenchang and Zhang Na. 2016. Zircon U-Pb age and
geochemical characteristics of the quartz monzonite porphyry from the
Zhuoma deposit, Yunnan, China[ J]. Bulletin of Mineralogy, Petrol-
ogy and Geochemistry, 35(1): 109~ 117 (in Chinese with English
abstract) .

Liu Y, HuZ, Gao S, et al. 2008. In situ analysis of major and trace ele-
ments of anhydrous minerals by LA-ICP-MS without applying an inter-
nal standard[ J]. Chemical Geology, 257(1-2) : 34~43.

Liu Yingjun, Cao Liming, Li Zhaolin, et al. 1984. Element Geochemis-
try[ M]. Beijing; Science Press, 1~548 (in Chinese).

Lu Huanzhang. 1975. Sphalerite geological thermometer and pressure
gauge[ J]. Geology Geochemistry, 2: 6~9 (in Chinese with English
abstract) .

Ma Xiaohua, Guo Fusheng, Leng Chengbiao, et al. 2023. Study on indi-
um occurrence state and enrichment patterns in the Xianghualing Sn-
Pb-Zn orefield in southern Hunan[ J]. Acta Petrologica Sinica, 39
(10): 3087 ~3 106 (in Chinese with English abstract) .

Méller P. 1987. Correlation of homogenization temperatures of accessory
minerals from sphalerite-bearing deposits and Ga/Ge model tempera-
tures[ J]. Chemical Geology, 61(1~4): 153~159.

Rye R O and Ohmoto H. 1974. Sulfur and carbon isotopes and ore gene-
sis; A review[ J]. Economic Geology, 69(6) : 826~842.

Scott S D and Barnes H L. 1971. Sphalerite geothermometry and geo-
barometry[ J]. Economic Geology, 66(4) : 653 ~669.

Shan Liang, Zheng Youye, Xu Rongke, et al. 2009. Review on sulfur
isotopic tracing and hydrothermal metallo-genesis[ J]. Geology and
Resources, 18(3): 197~203 (in Chinese with English abstract) .

Song Xieyan, Zhang Zhengjie, Lin Jinhui, et al. 1999. Physicochemical



5 6 10

TR . T IRV RIS TN AT 7 ol T8 3R S A i 57 A ] 7 28 A 45 3 5 358 S

1377

conditions and mechanism of formation of marmatite in the inner zone
of Huangshaping Ph-Zn deposit in Hunan[ J]. Acta Mineralogica Sin-
ica, 19(2): 166~174 (in Chinese with English abstract).

Song Xuexin. 1982. Minor elements in sphalerites and galena from Fank-
ou Pb-Zn deposit and their ratios; A comparative study [ J]. Rock
and Mineral Analysis, 1(3): 37~44 (in Chinese with English ab-
stract) .

Tong Qianming. 1985. The information of the genesis of ore deposits re-
vealed by the value of Ga/In of Sphalerite and Co/Ni of pyrite of Pb-
Zn-pyrite mineral deposits of southern Hunan[ J]. Hunan Geology, 4
(3): 1~7 (in Chinese with English abstract) .

Tong Qianming. 1986. Application examples of sphalerite-galena cadmi-
um distribution coefficient geological thermometer[ J]. Geology and
Exploration, 22(7) : 26~29 (in Chinese with English abstract) .

Wang Chun. 2014. Geological Setting of Ore-forming Process of Are Tong
Changgou, Shangri-La Yunnan Province[ D]. Sichuan; Chengdu U-
niversity of Technology, 1~71 (in Chinese with English abstract).

Wang Guanghui, Liu Bing and Kuang Aibing. 2016. Cd contents and
Zn/Cd ratios of sphalerites and their geological implications [ J].
Northwestern Geology, 49(3): 132~ 140 (in Chinese with English
abstract) .

Wang Shouxu, Zhang Xingchun, Leng Chengbiao, et al. 2007. A tenta-
tive study of ore geochemistry and ore forming mechanism of Pulang
porphyry copper deposit in Zhongdian, northwestern Yunnan [ J].
Mineral Deposits, 26(3): 277 ~288 (in Chinese with English ab-
stract ) .

Wen Hanjie, Zhou Zhengbing, Zhu Chuanwei, et al. 2019. Critical sci-
entific issues of super-enrichment of dispersed metals[ J]. Acta Petro-
logica Sinica, 35(11): 3 271 ~3 291 (in Chinese with English ab-
stract) .

Wu Jianjing, Yang Limei and Xie Qinghong. 2015. The geological feature
of Zhuoma Cu multimetallic deposit in Xianggelila, Yunnan [ ]J].
Yunnan Geology, 34 (1): 44 ~47 (in Chinese with English ab-
stract ) .

Yang Yueqing, Hou Zengqian, Huang Dianhao, et al. 2002. Collision
orogenic process and magmatic metallogenic system in Zhongdian arc
[J]. Acta Geoscientica Sinica, 23(1): 17 ~24 (in Chinese with
English abstract) .

Ye L, Cook N J, Ciobanu C L, et al. 2011. Trace and minor elements in
sphalerite from base metal deposits in south China; A LA-ICP MS
study[ J]. Ore Geology Reviews, 39(4); 188~217.

Ye Lin, Gao Wei, Yang Yulong, et al. 2012. Trace elements in sphaler-

ite in Laochang Pb-Zn polymetallic deposit, Lancang, Yunnan Prov-
ince[ J]. Acta Petrologica Sinica, 28(5) ; 1 362~1 372 (in Chinese
with English abstract).

Yuan B, Zhang C Q, Yu HJ, et al. 2018. Element enrichment charac-
teristics ; Insights from element geochemistry of sphalerite in Daliangzi
Pb-Zn deposit, Sichuan, southwest China[ J]. Journal of Geochemi-
cal Exploration, 186 187~201.

Zeng Qingwen, Dai Xianglin, Dong Guochen, et al. 2023. Trace element
characteristics of sphalerite in the Haobugao Zn-Pb deposit, inner
Mongolia, and their geological significance[ J]. Acta Petrologica Sin-
ica, 39(2): 567~582 (in Chinese with English abstract) .

Zhai Mingguo, Wu Fuyuan, Hu Ruizhong, et al. 2019. Critical metal
mineral resources; Current research status and scientific issues[ J].
Bulletin of National Natural Science Foundation of China, 33(2):
106~111 (in Chinese with English abstract) .

Zhang D X, Liu J B, Wang Z L, ¢t al. 2024. In situ LA-ICP-MS trace
elements in sphalerite [rom the Fankou Pb-Zn deposit, south China;
Implications for ore genesis [ J]. Ore Geology Reviews, 164,
105812.

Zhang Hongfe and Gao Shan. 2012. Geochemistry[ M ]. Beijing: Geology
Press, 1~410 (in Chinese).

Zhang J K, Shao Y J, Liu Z F, et al. 2022. Sphalerite as a record of
metallogenic information using multivariate statistical analysis: Con-
straints from trace element geochemistry[ J]. Journal of Geochemical
Exploration, 232 106883.

Zhang Qian. 1987. Trace elements in galena and sphalerite and their geo-
chemical significance in distinguishing the genetic types of Pb-Zn ore
deposits[ J]. Chinese Journal of Geochemistry, 6(2): 177 ~190.

Zhang Qian, Liu Zhihao, Zhan Xinzhi, et al. 2003. Specialization of ore
deposit types and minerals for enrichment of indium[ J]. Mineral De-
posits, 22(3) : 309~316 (in Chinese with English abstract).

Zhang Tiandong, Liu Zhongfa, Di Hongfei, et al. 2021. Geochemical
characteristics of sphalerite from the Baoshan deposit in southern Hu-
nan and its implications for Cu-Pb-Zn-Ag polymetallic ore-forming
mechanism[ J]. Mineral Exploration, 12(8): 1 716~1 726 (in Chi-
nese with English abstract).

Zhang Xingchun, Qin Chaojian, Wang Shouxu, et al. 2004. Geological
characteristics and fluid inclusions of the Zhuma copper polymetallic
deposit in Zhongdian, Yunnan[J]. Bulletin of Mineralogy, Petrology
and Geochemistry, 23( Suppl. ) : 103 (in Chinese with English ab-
slract) .

Zhang Yichi, Yu He and Hao Jianhui. 2023. Research progress of sulfur



1378 F=

fi 9

43 4%

and lead isotopes and their application in sulfide deposits[ J]. Miner-
al Exploration, 14 (5): 785 ~ 794 (in Chinese with English ab-
stract ) .

Zhou C, Yang Z, Sun H S, et al. 2022. LA-ICP-MS trace element analy-
sis of sphalerite and pyrite from the Beishan Pb-Zn ore district, south
China; Implications for ore genesis[ J]. Ore Geology Reviews, 150
105128.

Zhou Jiaxi, Huang Zhilong, Zhou Guofu, et al. 2009. The occurrence
states and regularities of dispersed elements in Tianqiao Pb-Zn ore de-
posit, Guizhou Province, China[J]. Acta Mineralogica Sinica, 29
(4):471~480 (in Chinese with English abstract).

Zhou Weining, Fu Jinbao and Li Daming. 1989. Typomorphic character-
istics of sphalerite in Tongkeng-Changpo mine of Dachang ore field
Guangxi, China[ J]. Minerals and Rocks, 9(2): 65~72 (in Chi-
nese with English abstract) .

Zhu Laimin, Yuan Haihua and Luan Shiwei. 1995. Typomorphic charac-
teristics and their significance of minor elements of sphalerite from
Disu and Daliangzi Pb-Zn deposits, Sichuan[ J]. Acta Geologica Si-

chuan, 15(1): 49~55 (in Chinese with English abstract).

Bt 32 5% STk

POWE. 2018 SCEUG B B AL S M A D). BORS . UHSE
TR

BREII, TS, B, 2023, ORI T SR AVEE R IN B LA-
ICP-MS i ST R FFEX 0 RS R 48 R & L [T ], 7= 87,
14(3) : 377~391.

BERRAE. 1994, ZRUSVRAE R AEER T N BED AR BURRIE )], 7Y
G TR, 16(1) ; 12~17.

G, B, MBI, . 2004, =ITHLIX S I 1L AL
FUSH RS [J]. M, 78(1): 109 ~120.

BHOME, RO, BRKTE, & 2014, HFMRYCICG D AT RN
FEDT LA-ICP-MS s e R FHIE SRR B X [J]. Wik, 34
(4): 461~468.

WEEHE. 2010, Bk HLALRE R AR 6 2 4 B 0 LR AE B4R 0 AR A
[J]. =FGHLIT, 29(4) : 499~502.

WA, AR E, B, % 2016, =Gl AR A AT S Pb
I 2 4 R —— B I ORI RER (1], R RR 5 TR, 16
(23): 104~113, 133,

VLHEPE, TS, B, 2. 2018, VG EID Cu-Pb-Zn § FK A
WAARFEL )], HEFHT, 37(4): 1 058~1 067.

G, WOCE, WO, S 2013, &SI R HLER 2 i

TERA RHE[T]. FEME, 40(6): 1902~1911.

ML, MR, TR, 2020, HONAEA ILEYVEEDT R N BT
LA-ICP-MS f{i e 4 S Holth BT 28 [T, MR 2= 24k (Ut
ERBMERRL) , 50(5): 1418~1 432.

U, 2017, TEVGACLT LA 2 &R RN AR S . Sk Fm %
R LA-ICPMS i e R W20 [ )], M2k, 24(6) . 162~
175.

U, FPAR. 2017, INBEDT 5078 (K LA-ICP MS foit o Bk
PRI PG K SR B F A R TR 29 [T 7. Hb 244, 91
(10) ; 2 256~2 272.

B, WL, BN, . 2007,z ) H X AN BEA SR A

W B 1 b BR b 2 R AE—— LA 5 38 1 103 B 585 4 ™ A 461

[1]. W92k, 27(3) : 414~422.

vk, SRR, BT, 4. 2012, EAS BB IR AR 2 SR A

FHESHBEIESI[T]. b, 31(3) . 331~334.

G, BROCE, TOCE, % 2015, EPEIL S A £ 4 8 B R T

L

TARRFERFZEL ], MO iR (HERBLE R ) L 45O TI 1)
1~2.

U, WU, F i, & 2021, HYEE PR BT OT BT ST
JELT]. W, 41(3) . 225~233.

ZEYCE. 2007, SO I 3 VH AL 35 D90 A Ok R B R R A A
[D]. dext: HEMBTRY: (dLst).

ZECE, TR, FOBGE, & 2013, EPEILL LIRS R R A
ERALAERFIE R R[]

G, 1R W, RAEE, 2019, KEETYERE . FERT K
R OCHERRA R[], AR, 35(11) ¢ 3 292~3 302.

XkBE, ot B, A% E, % 2010, NER Y Fe . Cd KR MEH B
AGTARAL[J]. T EHLE, 37(5): 1 457~1 468.

X2, 2013 Z RS IE L IREN SO BEA B 0 IR R G0 5 07 IR AL
BRAFRFSEI D], dL5t. R R (J65T).

XFJe, Z23CE, 5k W, 2016, 2B LI OEBESS A4 A1 U-Ph 4R
i BERAL SRR AE [ T]. 0408 A ek FE 4, 35(1) : 109~
117.

XUBEHR , W, 2JmE, 45 1984, TEEHERALEIM]. Jb5t, Bl
HRRAL, 1~548.

JIMREE. 1975, INEED MBI BE VIR 01T 1], M ERfL A, 2.
6~9.

ThRAE, SRARAE, WU, 4. 2023. WIREAAER B Z &R HARN
WRAPRAS B B SRR BT S (], A 424, 39(10): 3 087 ~
3 106.

B s%, AL, VESERL, 45 2009. BRI R RS HGRUR G 1R
WHE[J]. MBS HEUR, 18(3) : 197~203.

AT, 29(1) ; 270~282.



5 6 1]

TR . T IRV RIS TN AT 7 ol T8 3R S A i 57 A ] 7 28 A 45 3 5 358 S

1379

KR, SIER, AW, . 1999, ERINGET Pk 5 1 Ak A1
FHURILT]. B4, 19(2) : 166~174.

F. 1982, JUAPRINGE FIJ7 807 B it 0 R L H e —
—RSLEMERTSELT]. Ak, 1(3) : 37~44.

FOEW. 1985, R EYEF B R B INFEDT Ga/In \BEEKA™ Co/Ni i
SO E RN B ], AR, 4(3) : 1~7.

#IEH]. 1986, [NBEG—J7 507 4 43 T 3R 500 5 TR B 3 7T S 491
[J]. HFR SR, 22(7) : 24~27.

F AR 2014, ST BRI T DR BT SR 4 B
[D]. BU#B. MUERHET. R

EOeHE, X HYBET IR INEED™ Cd & i &%
Zn/Cd {HAY I X [J]. PEILfE, 49(3) : 132~140.

FRPR, ME, WU, . 2007, TE TG T I BE AT R HY
BRALE S MBI T]. B RMBITT, 26(3) ; 277~288.

D, IR, RAGR, 5. 2019, Fikls | 8w & Em B8Rl
[RE[T]. HA%M, 35(11) . 3271~3 291.

gL, i, WECLT. 2015, e ks BT BL sl 304 £ 4 R i i
FBRHE[T]. BT, 34(1) ; 44~47.

WG, G, B 2 2002, rhfa IR B L VR T AL A 22 R
W RG] R, 23(1): 17~24.

MR, WM, BEE, S 2012, BEIECE) RS LR R
INEED Tl TR AL [ ) | AR, 28(5) ¢ 1362~1 372,

=

& E & 2016,

WP, WA, TR AL, S5 2023, NS A AR R I B
PRETCR R S HHBR X [J]. AR, 39(2) @ 567~582.

BAE, RGE0C, WG, % 2019, WKL EIRT PRI, B
RG], PEREERES, 33(2): 106~111.

KEE, o 20120 HERAEZEI M. JEET. MBI ARH:, 1~ 410.

s, XN, BOE, 45 2003, AMEOGE R LR
L)), BRMLET, 22(3) : 309~316.

SRRHE, XA, KU, 45 2021, MBI R LRSS Z 4B RN
PR ICE MERAG S RAE B X R R4 )], 9, 12
(8): 1716~1726.

WNFR | B, AR, £ 2004, 7T LI -2 & B R
TR RO R AR ST [ )], 000 AT b ER AL e
23 (1) : 103

SKORHE, A A, ASEEER. 2023, BRATRIOLE B TR ROLAER ALY
TR BRI I]. 5=, 14(5) : 785~794.

R, W e, B, 4. 2009. SHNRERAEES FRHOCE R
RS BHRELI]. TR, 29(4) : 471~480.

F DT, 4, 25300, 1989, PG KT8 H B - K30 X N B
T BB IRHEOESE [ T]. 5984, 9(2) : 65~72.

KR, iR, 5. 1995, S BHKIR SR KB PR R A N
B R TCRARBURAE S T TE R [T W B4R, 15
(1): 49~55.



