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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 microscop-
ic mineral inclusions, and indium exists in the form of micro-minerals combined with cadmium. The 'S values of
sulfides in this deposit ranges between -1.83%c and +2.30%o. 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 calculation results of
the sulfur isotope equilibrium thermometer are from 271°C to 517°C. The calculation results of the GGIMFis ther-
mometer, 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-zinc 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 explo-

ration direction in the Zhongdian area.

Key words: Zhuoma Pb-Zn deposit; sphalerite; LA-ICP-MS; trace elements; ore-forming temperature
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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-Cep-Gn-Sph k{5 Gn-Sph Jik; b—Gn-Sph k4Kt Py-Qtz Jk &% ; c—Py-Cep-Gn-Sph 2 4 RH™ 14 5 d— I A7 85 Bk 074 S 0B 1t
MIBEERT MBS0 L% e—2F AR BT BRGS0 B0 i 0y 850 AR (L IN R 52 AR B0 T8 s v IR 2 ) 5 +— 24 5
INBE S TR AR 8 g OB 2 ] 5 o— FE BUERT S IR IR N BE 0 10 RS (B AR S5 1, INBRA oh & BT [B1A K h— 20 5
AN Y WILEAEH ; i— N 5 8v0 DR FOERE SR BB ORI B S A 0 R 1 j— IR @I (Sph 1) 5 H =81
Ay kKRB AN AN (Sph 1) 5 =3 NS EINET (Sph 1) 5 aA A Py—mEk0™; Po—WERET"; Cop— BT,
Sph—INEH"; Cn— " ; Qu—A3E; Ms—H =t ; Ser—H =t Dol—H = A
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—Tlate-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 ) ; I—sphalerite with deep brown internal reflection (Sph I ) associated with dolomite; Py—
pyrite; Po—pyrrhotite; Ccp—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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Fig. 4 Box plot of trace elements of sphalerite in Zhuoma Pb-Zn deposit and other type Pb-Zn deposits
iy R # VMS % SEDEX %I MVT U4 WA EED IRINEET B 51 A Cook et al., 2009 Fl Ye et al., 2011; Sph 1T —EREINEED";
Sph T —& EINEET s VMS— K LB HOREGE AL Y0 IR 3 SEDEX—IRR B IR TTAR™ PR ; MVT—85 7474 Le il 748 50 IR
sphalerite data of skarm deposit, VMS deposit, SEDEX deposit, MVT deposit and Jinding deposit are from Cook et al., 2009 and Ye et al., 2011;
Sph I —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 58.8 045 - 1.12 3.59 447 2935 335 1.04 493 11438
22z2m01-1-c1-sp2 115 5.97 - - 437 599 041 - 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 - - 351 629 2518 370 1.20 732 3179
22zm01-1-¢2-sp2 66.5 6.35 0.01 - 2047 59.6 0.22 035 1.53 - 38.7 2569 355 096 40.6 8532
22zm04a-c2-spl 1497 17.03 - - 126 57.8 1.30 - 089 153 029 1991 4.09 - 0.12  0.50
22zm04a-c2-sp2 1412 6.93 - 0.04 11.7 579 1.15 - - - 024 1972 4.12 0.22 - 0.39
22zm04a-cl-spl 1020 6.09 - - 176 58.4 0.46 - 0.84 - 429 1941 2.80 031 6.03 3.69
22zm04b-c1-spl 981  6.88 - - 525 60.0 0.47 - 1.08 1.83 4.15 2169 4.89 035 4.13 3.28
22z2m04b-c1-sp2 1262 7.32 0.07 - 148 588 0.70 042 1.18 2.80 0.81 2010 4.75 0.18 0.52 0.66
22zm04b-c2-spl 1105 6.96 0.28 - 35.7 569 0.53 - 1.22 - 1.25 1913 3.78 - 0.61 0.92
22zm04b-c2-sp2 1094 6.89 0.25 - 10.8 569 0.58 - - 205 0.12 1991 3.61 0.18 0.12 0.26
22zm04b-c3-spl 1027 636 0.06 0.07 16.8 57.8 031 0.24 - 2.15 282 2033 3.12 026 2.04 3.24
22zm04b-c3-sp2 1165 6.87 0.07 - 16.7 58.0 0.59 - 095 1.10 1.17 2073 3.20 0.18 0.92 1.46
22zm05-c4-spl 93.3 6.61 0.04 - 214 59.0 0.55 - 1.37 1.33 473 2310 1.96 - 3.21 3.61
227zm05-c4-sp2 206  6.14 - - 9.72 575 047 - 1.03 1.57 070 2075 197 038 0.72 0.60
22zm05-c2-spl 156 596 0.06 - 121 567 0.69 029 0.76 122 7.36 1961 234 020 8.23 3.78
22zm05-¢2-sp2 178 6.10 0.05 - 18.2 56.2 0.58 0.26 - 1.02 354 1956 232 0.23 321 3.62
22zm05-¢3-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 - 91.7 575 0.59 - 0.77 - 482 1995 235 023 6.01 244
22zm05-c1-sp2 90.9 5.72 - - 13.3 572 0.52 - 0.77 - 2.16 2075 231 0.15 243 222
22zm07a-c3-spl 143 6.63 - 0.03 92.0 57.8 1.79 - 1.32 236 232 2092 078 0.29 7.17 5.39
22zm07a-c3-sp2 183  6.93 0.02 - 13.9 559 3.20 - 091 282 0.63 2143 0.84 0.22 1.14 1.13
22zm07a-c2-spl 242 7.22  0.02 - 19.2 562  3.20 - - 1.94 1.81 2210 0.86 030 570 3.49
22zm07a-c1-spl 92.8 6.08 0.02 0.02 1817 57.7 0.99 - 094 295 7.04 2126 096 025 215 347
22zm07a-c1-sp2 148  6.96 - - 712 57.8  2.88 - 092 171 058 2198 094 025 154 097
22zm10-2-c1-spl 319 6.40 - - 12.4  58.1 0.24 - - 371 056 2056 2.12 040 3.15 4.83
22zm10-2-c1-sp2 140  5.35 - - 566 59.8 0.22 - - 2,67 1.69 2119 2.11 032 5.66 5.02
22zm10-2-¢2-spl 75.7 524 0.13 0.04 2765 61.3 1.00 0.27 1.46 - 472 2297 1.57 021 13.6 9.75
22zm10-2-¢2-sp2 45.0 4.36 - - 8575 59.7 0.36 - - 349 131 1975 147 032 28.0 619
e (Sph 1)
22zm03a-cl-spl 159 352 0.03 0.12 4528 628 0.55 - 1.29 102 210 2149 7.44 - 2.87 235
22zm03a-c1-sp2 216  3.55 0.02 0.05 284 622 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 6.64 568 2763 238 055 7.89 392
22zm03a-c2-sp2 135 3.27 - - 1873 64.0 032 0.51 - 6.24 213 2619 21.6 035 0.50 3.15
22zm06-3A-c3-spl 117  2.84 0.02 - 147 63.7 1.08 - 093 185 1.35 1978 0.39 037 294 540
22z2m06-3A-c3-sp2  51.9 246 0.03 0.06 4936 635 0.78 - 67.9 - 11.4 2015 045 159 335 3%
22zm06-3A-c3-sp3 313 148 - - 1532 611 085 - 1.07 222 538 1935 0.36 073 137 7.43
222m06-3A-c2-spl 36.7 1.56 0.02 - 5602 652 0.72 - 1.33 216 11.0 2062 043 1.64 21.0 20.6
22:m06-3A-c2-sp2  81.4 2.10 0.02 - 1287 647 074 - 1.68 202 9.03 2132 045 082 219 644
22z2m06-3A-c1-spl 359 1.68 - - 2151 63.9 0.57 - - 1.00 11.0 1982 036 1.17 209 143
222m06-3A-c1-sp2 86.8 2.75 - - 11.6  62.7 0.92 - 1.38 1.84 023 2037 035 021 034 0.71
222m06-3A-c1-sp3 123 3.04 0.01 - 18.6 64.8 1.00 - 1.08 - 3.67 2125 041 038 8.00 9.51
22zm08-c1-spl 248  2.77 - - 27594 654 0.68 - 1.66 22.1 4.03 279 12.1 0.74 196 3.67
227zm08-c1-sp2 19.9 039 0.01 - 1074 646 063 023 132 208 074 2655 11.0 0.31 0.24 0.60
22z2m08-c1-sp3 33.6  0.36 - - 61.0 633 0.64 - - 20.8 0.41 2325 9.74 - - 0.35

T - UERR TR R,
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Table 3 Analysis results of sulfur-isotope (6*S) from 5 -‘L?‘I‘-L/a
sulfides in Zhuoma Pb-Zn deposit
FE i %S Py Po Sph 51 Ry HMETERFLR
E;Eg jiz i3 LA-TICP-MS B 1] 43 B %0 1 151, 7T AR R
C2-PY2 199 NEER i TR 1 LR IRAS . HoT R B
P ZMOL3 C1-PO1 -1.83 FV G H 4k, RN i Je R AT e AR T [ R AR
E;:ig? ;(1)‘;1) SIS AR R AR B R T 5
rPOD 0.5 TCE A AR B8 KA AN HE 0] i Ze A, 1 B
C1-SPHI -0.85 YT RE AN 5 0 R 1 T Xk A 208 9 v ( Cook
CL-PYI +1.14 et al., 2009; Ye et al., 2011; A HUES, 2017), 7F
S TRIEHIEED” LA-ICP-MS 6] 539 5V 3
02 C2-PY2 +1.05 (E5)H1,Fe Cd Mn S50 R RN BT HL,
C1-pO1 —0.73 UERH X 6 50 2 0] g 32 22 DU B Al 2 2 AR O A7
. o 5 T Cu P JE 3 1 {5 5 B bl 51 6 58, it 50
C1-SPHI . +1.20 TRIEERIGES (K 5), 3R Cu . Pb PIFhICER I HES
C1-PY1 -0.05 SILAEARG o AR e U, X 55T
oss corvr o TGS PR IR D (Sph 1) Paids LK Bk 19 2
C2-PY2 +1.84 R AR DA SO B AR IR — B (R 3)
C1-SPHI +0.38 Kl 6a /R T Zn 5 Fe Z [0 HA R 4709 7 4H ¢
Ejg; :Zi KR, PE— AR Fe EZ LRG0T B Zn
.- £0.90 (RIFEAR, 19845 Moller, 1987; H & 4%, 1999;
s Y2 #1197 Cook e al., 2009; XIFkPE4:,2010) , &l 6e o P
Ei:ﬁﬁ; :ii PRI N BT B Mn 5 Fe ¥ A —E I IE RIS
C3.5PHI1 ‘3 P, XK BESE (2010) AR INEED 1 Cd  Mn IR 8 i
C3-SPH2 +0.98 Az 7 R TN R R 4

5 DREES LA-ICP-MS R[] 53 35 PR F 1 €]
Fig. 5 Time-resolved depth profiles for sphalerite analysed by LA-ICP-MS
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K 6 I IRINEED AT Fe-Zn(a) ,Ag-Pb(b) .In-Cd(c) ,Ag-Sb(d) Mn-Fe(e) .Cu—Fe(f) 7K
Fig. 6 Binary plots of Fe vs. Zn (a), Ag vs. Pb (b), Invs. Cd (¢), Ag vs. Sb (d), Mn vs. Fe (e) and Cu vs. Fe (f)

for sphalerites from Zhuoma deposit

B Fe (197 RAFAE, K 6b.6d H, Ag 5 Pb.Sh %
P R AY IE AR SE O &, Ag Sh AT RE 3£ 22 DURE A i
£ Ph 1877 Rl 5 5 80 B AR A B N BET H (Ag”
+Sh™ =2 Pb*; WS, 2017), &l 6f i R Cu
5 Fe H—E AR OCH: , RV ZE0) Cu DIEH 4
I AL, LR T B DA RENS AR IR A 7E
UEAN A0 RINEED T 40 5T I AE L] 5 2
By R In 5HARITER (Cu Sn Ag 55 ) FUHE & IRAL
PURIAS TR (79245, 2003; ZERRIESE ) 2019; I E
45 2019; DhefE4E, 2023) , 7F LA-ICP-MS B [H] 43
HrAHIH A T, In A9 2 2 B0 — 2 BB vk (&

5b) , MfE —JoHh B o In 5 Cd B AT — & i IEAH
Ktk (I 6¢) , ZA BRI RINEED T Y In A i 2
Wit 5 Cd M5 AT U 7 A 9 e R i T X A7 7
(HRIUEESE, 20195 ZEBIUESE, 2021)
FLIDEVEED R NEEW A L MVT Y 4 TOURL A
BE IR BN R A A A S A In 3 8, (HIE A
KB SRR (K 4g) . HE LT In 7234
WA A 8 b 3R AL 24 AT o B X R AR,
R IX B 4 R B RN SR A R R, B AR
M) Sn Fra X In B9 E A IR E A () 5
&2, 1984; K45 2003; HRIEESE, 2019) . {HAE
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AW PR, Sn B AR (B 4h) , H In B35 2 3%
Z CdMEEIES, WONSES (Sph 1) A In
T B, RGN R (Sph 1) By In WS EE
(E 6c) , FILICHRENEET (Sph 1) B4 In 1F]
FHME,
52 M YIEEKIE

K5 2R W, R FH AR [F] 457 28 7] X6 LA™ ) Joa >k
P17 78EE (Rye and Ohmoto, 1974; BEAESE, 2009;
SKRTRGB A, 2023 ) o AR5 LI HT R R 9 J5 A7 B [
PR HIEE R KB, AR IR 1) 4 8 i fb 4 fe) 1) 6™S {H
WA 25 5 ABERAL T —1.83%0 ~ +2.30%0 22 0], 3% 5 i
NI %S MR EE S - 2.90%0 ~ —0.01%0%
AT (A hIESE, 2013) , AN, 5L AVAE R IR BT
e [ 457 2R 4 AT ) i DX HL At TLAS 5 B S 0
PRAH A PR Hp =224 TR B AL () it [ 37 2R 21 %
AL, INBEFBE AT 6S N —6.54%0 ~ —0.14%0,
F3-2.41 %o (RIHHREF | 2016) ; HIGEEBE A A
S H=3.1%0 ~ +0.7%0, 14 - 1. 1%0 ( ¥ W% %,
2007) ; T WIBEAHRAT 6S N-2.2%0~ +3.8%0, F-2+
1.5%0 ( ESFHLEE, 2007) , 40 T 18 J5 5% (6 S =

+3.00%0) WITEFE (B 7a) , R FEEE A THK.

HYERDT IR Cd PRI S Zn AR Z AR IZ AL,
R — 3 AT A Bk A 2247 A, 78 M o o
TARSEERE AR, BT Cd WFEEIZ/NTF Zn,
HCd*(A=0.97) B FERE KT Zn (A=0.74),
153 Cd FZLZEFT RS A 7 ik AR NEE (X1
YEfZ, 1984) o INEER Y Zn/Cd {HIEA F 48K T
Ry Zn/Cd 8, FIH NSRS T H) Zn/Cd 5 Cd
(1) Fr s A A S L, T LI B 4 5 Sk IS 2R A 7 B (K]
Bz, 1984; TIGHESE, 2016)

AV IR S A SR Zn/Cd B (200 Z245) FI
Cd &5 (2 000x107°~3 000x 107®) I, J84 ) Jo A I8
AIAES A3 A 54, 1 MVT B B0 IR 1Y Zn/Cd
HEAR (<100) , HA & & Cd & & (10 000 x
107°) 5 IRIRAIE Y EYEERD R Zn/Cd HARfLER,
H Cd S &AL, B Yy BRI R 5 0% (FOCHESE
2016) ., HILH KB Zn/Cd 1H R 200 ~ 322 ( ¥ {4
279) , H Cd W& B FE B ET, 1 913 x107° ~
2935 x107 (418 2 175x107°) , UEBH s 9y )i 7] fig
A IKVE(E TD) .

B 7 HAREEFFENZESAGE (a, PEIKE KL 2012) FINEES Zn/Cd-Cd % (b, #F 6L, 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 ez al., 2016)

53 R IRE

HRAE FH2FMEE S BCRR - N e LB )
X 6% S B HEAT A R4 2 IR B 1 H 55, R Rye and
Ohmoto (1974 ) 4& 1 HY A #4715 . 1 000 Ina=Ax
10°/624+B x10°/t+C, HH o Y 5 INFED IR
[N R B A (H R 0.3, AHIRE(C) AL
RA271~517°C  RW BB 5 INBE B A EE
R IR IR

DN S — Tl P %) b, S 0L B 1, 1% B8 1 TR
A b J5T I P T30 5 DU T BT T Y FeS & i R AR
HOUWURBE B2 EAFAE S — 8 1938 HIYE ] ( Scott
and Barnes, 1971; fJSMe®E, 1975; XIHAR, 1984)
UTAE R | Ok 82 1Y 2 5 8 Z2 e e v B 7 i v
TINB TR 0 A, Horp—SE 2z 3 S 1 )
(N BER Tt TC 2R HL SR 31 ( Frenzel et al., 2016
Benites et al., 2021; Zhang et al., 2022) , NBREH
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R b N BEW (RIE BOR B, A SC43 2R T Fren-
zel %(2016) 1) GGIMFis & 11 H1 Zhang 55 (2022)
FEH Y FAS [ FAG6 1 F iy S5 L B2 11 X5 DA R 7 T8 i ik
BEATIHA

Frenzel %5 (2016 ) B GGIMFis ¥ & 30358 2y
HF .

PCL" =In(CLF - C/CHY - O - 1)

t(C)=—(54.4+7.3) - PC1* +(208+10)

AR R RO INFES (Sph 1) MR/
T 307+23°C ~366+31°C Z [i], ¥ A N5 (Sph 1)
FIREEA T 257£17°C ~325£26°C Z|] ,

FAS (FA6 BT THE A 53R 14, (C) =
(32.22+1.88) XFAS+(245.49£3.79) , 1;,,(C)= (44.
38+3.45) xFA6+(238.81+4.84) . Hith FAS il FA6
SR I R BUE RS R . (A Zhang 45
(2022) 19 Excel A& X 513547 PR N BF 0 o it o0 2%
AT TR (A A Hh BRAE AR TR Hh R , e
REANFED (Sph [ ) MR EETFR SR 1,,0(C) ey
(°C) A3 245 ~296°C (#1{H 266°C ) 263 ~311C
(H{H 286°C ) 5 W ANFED (Sph 1) iR AETHHALR .
tpas(C) \pae (°C) 23518 234~ 281°C (H1H 260°C ) |
245~293°C (¥l 266°C ) .

FAREET RS R R R, WA NG
(Sph 1) M AINEES(Sph 11 ) HA T & B8 A
IREE  BIAF 200 ~ 400°C Z [6], 4bF iR E %, 1% 45
5 H A LI RAEE T B BE 1) A 5 3 A
TR MR 25 5 (197 ~ 330°C ) BN W& (TG VESE
2018) .

KAEFFE R, NFED h — 20 R I b BR b 2
T RZRAREH ( EZL) Mo Fe Co.Cu.Ga.Ge,
Ag.Cd In HFE) , — w0 TR RN £
EEE M, LLELE Fe Mn Co . In FFI0E NFHE, LR
MY B N R ) 22 SR e -, DUE R
Cd.Ga, Ge % JC K N FRIE (X HE 2, 1984; Cook
et al., 2009; XIEkBE%E . 2010; Ye et al., 2011), A
PE I BED it e 21 2 i SR R o6 2 (8] A L At mT
DS R i B, IR A R T B N BERT Zn/Fe
AT 10~ 100 2 [8], Zn/Cd {E7E 100 ~ 500 2 Ja]
Cd/Fe {HTE 0.02~1 Z ], Ga/In {HATF 0.01~5.0 Z
] CRISefR, 1984; JH 146, 1989; HhIRAE, 1994;
JAZEA, 2009; LS, 2020; 5K KRS, 2021;
RS, 2023)

Xof LG A IR R P DN BT R e R A, TR

N (Sph 1) 4 Zn/Fe {6} 7.79~13.7 (¥ 9.
30) ,Zn/Cd {H>} 200 ~302 ( #{H 274) ,Cd/Fe {H N 0.
027 ~0.045 (¥J{H 0.034) , Ga/In 4 0.06 ~3.81 (1
H0.65); WENEH (Sph 1) 1Y Zn/Fe {H N
17.5~177( 14 45.7) , Zn/Cd i} 230 ~ 322 ( B {E
288) ,Cd/Fe {4 0.059 ~ 0.686 ( ¥J{H 0.166) , Ga/In
M 0.02~2.77(¥ME 1.15) . BB G N
FRI 35 Y Zn/Fe {E KT 100 A1, HAT I 55 A9 Zn/Fe
EIAL T 100, J& F o i 3 Wi, 0k A0 R 6 I8 BE 0
(Sph 1) M7CE HEARER G INEED (Sph 11 ) A LE
(B ELA = R A R AT

ZE TR, eI AR IR TN B iR Sl
TRENE  HIR @ N EE 5 (Sph 1) AHE M (0 I 520
(Sph 1) BATE & AT MU
54 HIRBEZRE

INEE VE R T R BT Y 2z —, B it
TR 2Z A ) 1) 0 B 27 PR 5 BT 4 1) AN ) 2 B 4
TIRPINED A ANFENMETTE 2, Hik, W
BED TR T R AR IR I 28 T LA — 2 1 4
AN (CHR IR, 19945 R SE, 1995; Cook el
al., 2009; Ye et al., 2011; HAMESE, 2014 ; Frenzel et
al., 2016; ¥4, 2017; Yuan et al., 2018; DL
45 20205 Zhou et al., 2022; Li et al., 2023 ; ¥4 K3
%%, 2023; Zhang et al., 2024) , WA R IR DA
&% Fe Mn . In . Sn.Co T #i Cd.Ga.Ge HFFIE; VMS
RN & 4E Fe Mn In, %% Cd Ga Ge; #7585 IR
W& 4 Mn , Co MM AIX} 5 1 Fe Sn In; MVT ALG" K
DA 9 5 4 Cd . Ga,Ge, it Fe Mn. In, Sn, Co
(Ye et al., 2011; FEE9M%F, 2023)

BLILEEERT IR N BE A X 5 46 Fe  Mn, 5 $ii
Cd.Ga.Ge In . Sn 0K (K 4), H Fe Mn . In B
T MVT B K G TRV EER IR, Fe 5 In W 58+
FRVERET R ML () 4a.4b 4g) ; 1 Ge,Cd NiE
RFWRAR MVT B K 4 TRRVEYRED IR, Ga T Sn
M 515 R A BB R B AL (B 4d 4e 4F) . DA
INFER T JTC R I Ag—(Ga+Ge) —(Se+In) =JCK R
Pl (&l 8a) HAT LA, S 3547 DR DA BT B0 £ 5
AR VMS UG R T A DX S8 o 32530, T 3 25
MVT BUEYEER IR ITTEIX 3K, 7E In—(Ga+Ge) —(Se+
Te) =TOXR R KM (K 8b) o, K/ s #h & T 1
I X dskHp, 26 0 s B R PRIN R 22 5 A R
WA,

Li 55 (2023 ) ) FH Bl AL AR ARG 2 %5 42 3Kk L Y
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&l 8 N4 Ag—( Ga+Ge)—(Se+In) X2l (a) Ml In—( Ga+Ge) —(Se+Te) K Z K (b) [ JEE I A #i S 45 (1995) ; MVT,
VMS WA KBRS H Ye et al.(2011) Fl Yuan et al.(2018) ; 485475 [F & 4]

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 et al., 2011 and Yuan et al., 2018;
abbreviations are the same as in Fig.4)

I —7A 3G Kl BEA AL, T—Z iR
I —magmatic hydrothermal-type, volcanic-type and porphyry-type deposits; Il —stratabound-type deposit

Bl O NBFE™ -SNE [ (i Li et al., 2023; HiE RS FIE 4)
Fig. 9 -SNE plot for sphalerite( after Li et al., 2023 ; abbreviations are the same as in Fig.4)
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95 NIRRT PR v (8 DN BRI D o7 Ak i G 3R B A
155301 &3, Mn ,Co . Ge XTHVEER RIS R o H AT
BEFW, LK K In Ga Sn,Cd Fl Fe FFI0R ., [A]
i, AT -0 A BEHILIIT AR 46 A B3 (1-SNE) X 1
it 95 ANEHREIAT T T4k, B IZ T R BRI Y
X438 A SEDEX H4 MVT AU F17 sl ik AL -
IR, ASSCRI Li 45 (2023) 3 2 I [ TsneSTED
Ty ) o B A R DR ) B A T 1 TR, 4 AR R R
FE A R G 4 I 5 7 76 13 BRI DX 3 (&
9) . VLIS (2018) I SF LA SN A 1 5 H
W IR A - WA — 1 e i B A e A AR
JHE, A F 16.7~30.0 MPa Z [a], FH3 35 & 7 1K
(27.0 MPa/km) 1 5AG XN R EE N 0.62 ~ 1.1 km, 25
A L EYVEE AR R CIR ™ T2 B TOS Y 1
FTRFE AN I EY R R R T BRI DK IR

(1) IR IRINEED 1Y Fe Mn & 5085,
Cd.Ga.Ge In Sn FI0HE 7 EHL, Cu . Pb T EZ L
AR, Hoh Fe Mn, Cd % AZEFR R 420
77 R AFNEES T Cu P W] AE DL A ¥ 44,
WEIE AR  In FE5Z Cd B4,

(2) FHIGE PR 2 FPINEEDT 1Y) Fe 75 1 H A B
255 BRI IR TR N BT R oG R B
JETHE A T WFR N U 5E F Ry B, BIR 6
N (Sph 1) 3@ INEE™ (Sph 1) EAT 5 = 1)
R

(3) HIH" PR 4@ B P o [R) 2 N EF -
R TG 2R A URRAE S PR b SRR AE 2 B, 7 IR A
TR FEEZR A A, By K B 0 Y
EYRED I T AR TR A
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