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Fig. 3 Field photos of ore bodies and ore photomicrographs of Jinniuchang Pb-Zn deposit: (a) Boundary between wall rock
and ore body in siltstone of Lower Cambrian Qiongzhusi Formation (€ ,g); (b) Breccia ore; (c) Lump ore; (d) Coarse-
grained sphaleritet+galena+fine-grained pyritetquartz; (e) Fine-grained pyritet+galena+coarse-grained sphaleritet+quartz;
(f) Chalcopyrite+fine-grained pyrite+galena+quartz; Gn—Galena; Py,—Early stage pyrite; Py,—Late stage pyrite; Sp,—
Early stage sphalerite; Sp,—Late stage sphalerite; Cp—Chalcopyrite; Qz,—Early stage quartz; Qz,—Late stage quartz
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Fig. 4 Division of metallogenic stages of Jinniuchang Pb-Zn deposit
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Table 1 Microthermometric data of fluid inclusions from Jinniuchang Pb-Zn deposit

Microthermometric data

Hosted

. Generation  Quantity . 1,/C Salinity/%NaCl_, Source
mineral ice! C 4
Range Mean Range Mean
Quartzs Primary 25 -10.1—-4.0 165—274 216 6.5—14.0 7.8 This paper
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Fig. 5 Representative Raman spectra of fluid inclusions of Jinniuchang Pb-Zn deposit: (a) Liquid composition of inclusions

in quartz including H,O with small amount of CH,; (b), (c), (d) Composition of bubbles in inclusions in quartz including CH,

with small amount of H,0O
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Table 2  Sulfur isotopic compositions of sulfides from

Jinniuchang Pb-Zn deposit

Sample

No. Mineral 5%S/%0  Source

INC-1-1 Galena 10.17
INC-2-1 Galena 14.16
INC-3-1 Galena 20.70
JNC-4-1 Galena 10.56
INC-5-1 Galena 9.34
JNC-6-1 Galena 14.91 )
INC-7-1 Galena 13.14 This paper
INC-3-2 Early stage pyrite 25.66
INC-4-2 Early stage pyrite 21.86
INC-5-2 Late stage pyrite 20.70
INC-6-2 Early stage pyrite 23.17

JNC-5  Early stage sphalerite ~ 21.49
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1k 1 B 4 15.6501~15.6571, % 22 {H 34 0.0003; B BRAC V) Pb [ AL 30 4L A5 J1TELRS ALl X
08Pl 4pb 25 {1 [ 49 37.9896~38.0018, B¢ zeffiyy oL EHRHV RILG AN A P [ A
5 AR RA Y, AERR S 2 (B R R IE
(1) Pb [R] 17 2 70 ] PN A 2R TR (R /KPS A s T 2

0.0007. IE % 3@ Pb A2 Z N 0.3%~1%, &7

¥ i ) Pb [F] i1 2% RSN . . .
J YRR A BRAL I I Po R A & ELAE AR ZE N T G AT AL KB, Tl AR, A
1, UiHHPoiR%EaE . HAh, Pb RN R AT FR PR Pb R A7 24 ¥ B R A% —
BN, AR AFE AR ANFEE G 5 R ih s IR A A (R BRI I Pb )3 2536
) Pb A7 R AH e AHIE, K P RIFEE A —FH W, JFFEEEMHRSHE ).

T3 AR AT IX A T ZAREE R HL O R R K

Table 3 H and O isotopic composition of major Pb-Zn deposit in Sichuan - Yunnan - Guizhou Pb-Zn metallogenic triangle

area
. Sample . 18 18 0
Deposit N Mineral 3D/%o 8"%0q,/%0 37Oy /%0 Source
0. :
IJNC-3-3 Quartz =75.5 19.52 8.80
Jinniuchang  JNC-6-3 Quartz -90.0 19.21 8.49 This paper
IJNC-7-3 Quartz -96.4 19.22 8.50
Huize Calcite -59.8—-43.5 6.9—9.3  Refs. [16, 40]
Maoping Calcite -64.0—-35.0 -3.7—-1.1 Ref. [41]
Maozu Sphalerite, fluorite, quartz, barite  -78.1 —-47.9 -6.7—6.9  Refs. [3, 42]
Daliangzi Calcite, sphalerite, quartz -74.6—-40.3 -53—33 Ref. [43]
Tianbaoshan Sphalerite, quartz -51.2—-47.6 -1.9—3.7 Refs. [34, 44]
Chipu Quartz -151.4—-48.3 51—82 Ref. [32]
40 (b)
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6
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Fig. 6 Histograms of sulfur isotopic compositions of sulfides from Jinniuchang deposit(a) and comparison of sulfur isotopic
compositions between Jinniuchang Pb-Zn deposit and major deposits in Sichuan - Yunnan - Guizhou Pb-Zn metallogenic
triangle area®’)(b) (Data source: Huize, Refs. [3, 16, 22, 28]; Maoping, Refs. [3, 29]; Maozu, Refs. [3, 22, 30]; Lehong, Ref.
[31]; Daliangzi, Refs. [3, 22, 32 —33]; Tianbaoshan, Refs. [3, 22, 34 -36]; Chipu, Refs. [22, 32]; Shanshulin, Ref. [37];
Shaojiwan, Ref. [38]; Tianqiao, Ref. [18])
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Table 4 Pb isotopic compositions of sulfides from Jinniuchang Pb-Zn deposit
Sample no Mineral 206ph2%4pPh(26) 27pb2%%Ph(26) 208pp2%ph(26) Source
JNC-1-1 Galena 17.9996(+0.0004) 15.6547(+0.0003) 38.0687(+0.0008)
JNC-2-1 Galena 17.9566(+0.0003) 15.6502(+0.0003) 37.9957(+0.0008)
IJNC-3-1 Galena 17.9713(+0.0004) 15.6522(+0.0003) 38.0221(+0.0008)
INC-4-1 Galena 17.9869(+0.0003) 15.6538(+0.0002) 38.0504(+0.0006)
INC-5-1 Galena 17.9915(+0.0003) 15.6539(+0.0003) 38.0578(+0.0007)
INC-6-1 Galena 17.9831(+0.0003) 15.6526(+0.0003) 38.0430(+0.0007) This paper
INC-7-1 Galena 17.9513(0.0003) 15.6499(+0.0003) 37.9893(+0.0007)
INC-3-2 Pyrite 18.0057(0.0004) 15.6571(+0.0004) 38.0865(+0.0010)
INC-4-2 Pyrite 18.0081(%0.0004) 15.6568(+0.0003) 38.0918(+0.0007)
INC-5-2 Pyrite 17.9883(+0.0002) 15.6540(=0.0002) 38.0587(+0.0006)
INC-6-2 Pyrite 17.9992(+0.0003) 15.6554(+0.0002) 38.0670(+£0.0006)
INC-5 Sphalerite 17.9996(+0.0003) 15.6554(+0.0003) 38.0741(+0.0007)

®/S @B EERNR. RERATE. BRATME. BEA-BRMREE
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Table 5

TR SRCA (R PR A B Ak

Statistical results of Pb isotope compositions of Jinniuchang Pb-Zn deposit, Sinian dolostone, Cambrian

sedimentary rocks, Devonian to Permian carbonate rocks, Precambrian basement rocks (Kunyang group) and Permian

Emeishan flood basalts

Number
Mineral/rock CUPb¥Pb)ygonia CUPH Y P)yo e CEPHAYPb),go s Source
of sample
Galena, pyrite, sphalerite of )
12 17.9513-18.0081 15.6501-15.6571 37.9896-38.0918  This paper

Jinniuchang Pb-Zn deposit

Cambrian sedimentary rocks 4 20.950-22.354 15.837-15.930  40.878-41.928 Ref. [19]
Sinian Dengying Formation (Zz,dn),
20 18.198-18.517 15.699-15.987 38.547-39.271
Dolostone
. ) Refs. [3-4,
Devonian - Permian carbonate rocks 80 18.120-18.842 15.500-16.522 38.235-39.685 8. 12. 28. 45
Precambrian basement rocks T
27 17.781-20.993 15.582-15.985 37.178-40.483 —-49]
(Kunyang Group)
Permian Emeishan flood basalts 56 18.175-19.019 15.528-15.662 38.380-39.928

Remarks: (*Pb/**Pb)=(*Pb/**Pb) ~u(e’~1); ("’Pb/*Pb)=(""Pb/*Pb) ~1/137.88(e* '~ 1); (**Pb/**Pb) =(**Pb/**Pb) ~w(e’ '~ 1);

7=1.55125x107"%"; 2'=0.8485%x107"%"

u, w—Characteristic values

' 2"=0.49475%107"

5 g
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'; t—Sample experience time (200 Ma); p—Initial Pb isotope ratio;
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Fig. 9 Metallogenic model of Jinniuchang Pb-Zn deposit
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Constraints of fluid inclusion and H-O-S-Pb isotope compositions

on metallogenic model of Jinniuchang Pb-Zn deposit, SW China
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Abstract: The Jinniuchang Pb-Zn deposit hosted in the argillaceous and calcareous siltstone of the Lower
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Cambrian Qiongzhusi Formation is a non-carbonate-hosted epigenetic hydrothermal deposit in the deposit-
concentrated district in northeastern Yunnan of the Sichuan—Yunnan—Guizhou Pb-Zn polymetallic metallogenic
triangle area(SYGT). The content of Pb and Zn in the ore-bearing strata of the mining area is abnormally high, and
the Pb isotopic composition of the ore is basically consistent with that of the basement rocks (Kunyang group).
Whether the ore source layer is the basement or the Qiongzhusi Formation, and whether the Jinniuchang deposit
has the same metallogenic mechanism as other carbonate-hosted Pb-Zn deposits in the district, which are related to
the Pb-Zn metallogenic system and the prospecting potential of deep deposits. Based on the microthermometry of
fluid inclusions and the sulfide H-O-S-Pb isotopic composition analysis, the following results are achieved: 1) The
homogenisation temperatures of fluid inclusions in quartz range from 165 C to 274 ‘C, with an average value of
216 C; the salinity range from 6.5% to 14.0% NaCl

forming fluid belongs to the gas-rich fluid with medium-low temperature and medium-low salinity. Microscopic

with an average value of 7.8% NaCl__, indicating the ore-
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laser Raman spectroscopy analysis shows that the liquid phase composition of fluid inclusions is mainly H,O, and
the gas phase composition is mainly CH,. 2) The H and O isotopic composition characteristics of the gangue
mineral quartz indicate that the ore-forming fluid is mainly derived from the mixing of deep source metamorphic
water flowing through deep fold basement (Kunyang group) and organic-containing basin brine. 3) The sulfides'
5%S values are similar to the main Pb-Zn deposits in the SYGT, which is interpreted as that the reduced S is
mainly derived from sulfates in marine sedimentary rocks in dolomites of the Sinian Dengying Formation and the
Lower Cambrian Yuhucun Formation through thermochemical reduction of sulfur (TSR). 4) Sulfides have Pb
isotopic compositions that form a linear trend on the average crustal Pb growth curve in 2’Pb/**Pb vs. **Pb/***Pb
plot. Moreover, Pb isotopic ratios are consistent with the basement rocks, consequently suggesting crustal Pb
sources with the majority of Pb are derived from the basement rocks (Kunyang group). The clastic rocks of the
Lower Cambrian Qiongzhusi Formation also provide part of the Pb sources. Combined with the comparative study
of the deposit, we conclude that the Jinniuchang deposit and major Pb-Zn deposits in the SYGT formed under the
same metallogenic geological background and had a similar metallogenic model, but the Jinniuchang deposit has
its own characteristics in terms of ore-bearing wall rock, ore-bearing fracture properties, and mineral sources. This
achievement provides a basis for the study of the Pb-Zn metallogenic system and a new idea for the deep and
peripheral prospecting of the Pb-Zn deposits in the SYGT.
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