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Metallogenic model of Pb-Zn deposits in Wuzhishan area, Puding City,
Guizhou Province

JIN ZhongGuo'?, ZHOU JiaXi?, ZHENG MingHong', PENG Song', HUANG ZhiLong? and LIU Ling'
(1 Non-Ferrous Metals and Nuclear Industry Geological Exploration Bureau of Guizhou, Guiyang 550005, Guizhou, China;
2 Stake Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry,

Chinese Academy Sciences, Guiyang 550081, Guizhou, China)

Abstract

The Wuzhishan Pb-Zn ore concentration area, located in northwestern Guizhou, is an important part of the
Sichuan-Yunnan-Guizhou Pb-Zn metallogenic domain. In recent years, numerous large and medium-sized Pb-Zn
deposits have been discovered in this area, with more than 2.5 million tons of Pb+ Zn metal reserves. Based on
geological and geochemical studies and comparative analysis of the typical Pb-Zn deposits, the authors revealed
that orebodies in this area are mainly hosted in dolostone of the late Sinian Dengying Formation and early Cam-
brian Qingxudong Formation. Orebodies occur dominantly in stratiform and steeply dipping veined forms along

the faults. The fault control and layer control features are obvious. Ores are predominated by unaltered sulfides,
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and mainly consist of sphalerite and galena in the Wuzhishan area. Pb-Zn mineralization is controlled by
tectonics, lithology and sedimentary facies, with the tectonics being the necessary and main ore-controlling fac-
tor. The ore-bearing Dengying and Qingxudong Formations are favorable lithologic units and the dolostone is fa-
vorable ore-hosting rock. The restricted to semi-restricted platform to lagoon facies are favorable sedimentary
lithofacies. Ore-forming Pb, Zn metals were derived from basement rocks, whereas C and S were most likely
sourced from the marine carbonate rocks and evaporation gypsum within ore-hosting strata, respectively. The
ore-forming fluids belonged to low-temperature medium-to low-salinity basin brine that was related to evolution
of Youjiang Basin. Pb-Zn deposits in this area were formed by metal-enriched fluids mixed with S-enriched fluids
in the transition environment from collisional to extensional tectonics. The ore-forming process is similar to that
of MVT deposits. The establishment of metallogenic model in Wuzhishan area is expected to promote new
breakthrough in ore-prospecting in this area and provide theoretical guidance for the adjacent areas.

Key words: geology, metallogenic geological conditions, source of ore-forming materials, metallogenic

model, Wuzhishan anticline, Sichuan-Yunnan-Guizhou Pb-Zn metallogenic domain
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Fig. 1 The tectonic position (a) and geological sketch map (b) of Wuzhishan area

1—Cretaceous: 2—Jurassic; 3= Triassic; 47 Permian; 5—Carboniferous; 6—Devonian; 7—Cambrian; 8—Sinian; 9—Dolomite; 10—Lime-

stone; 11—Sandstone; 12—Toponymy; 13-—Large-sized Pb-Zn deposit; 14—Medium-sized Pb-Zb deposit; 15—Small-sized Pb-Zn deposit Core

spot); 16—Small-sized Pb-Zn-Cu deposit; 17—Au ore spot; 18—Large-sized P deposit; 19—Medium-sized fluorite deposit; 20—Fault;

21—Geological boundary; 22—Study area
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I—Lower Triassic Daye Formation; 2—Middle Permian Qixia + Maokou Formation; 3—Middle Permian Liangshan Formation: 4—Upper Car-
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Fig. 3 Geological map and geological section along No. 0 line of the Nayongzhi Pb-Zn deposit

I—Lower Triassic Daye Formation; 2—Middle Permian Liangshan Formation; 3—Upper Carboniferous Huanglong + Maping Formation; 4—Low-

er Carboniferous Dapu Formation; 5—Lower Carboniferous Xiangbai Formation; 6—Third section of the lower Cambrian Qingxudong Formation;

7—Second layer of second section of the lower Cambrian Qingxudong Formation; 8— First layer of the second section of the lower Cambrian Qingx-

udong Formations 9—First section of the Lower Cambrian Qingxudong Formation; 10—Lower Cambrian Jindingshan Formation; 11—Drill hole

and its serial number; 12—Cross section and its serial number; 13—Normal fault; 14—Thrust faults 15—Steep veined orebody; 16—Stratiform

orebody; 17—Siltstone; 18—Limestone; 19—Dolomite
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Table 1 The characteristics of Xinmai Narun and Yujiaba Pbh-Zn deposits ore spots
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Zn
Fe Mn
1986 -
Pb Zn Ag 2001
2013 MVT
Pb Zn 450 X 10 °~650 % 106
100 % 10 ©~600 x 10 ° 1988 —
Pb Zn Ag S
2002 4.1
Pb Zn 30~45 34
Pb Zn
NE 2
Pb Zn Ag As Sb
Pb Zn Ag As Sb
—> — —>
2 wB 10°°¢
Table 2 | The contents of trace elements w B 10~
Zn Pb Ag Ge Ga Cu In \% Cr Co
411~6940 40.3~1240 0.12~0.541.37~12.272.87~16.7 4.75~34.8 0.01~0.09 10.6~118 3.11~71.208.54~19.7
3511 3329 0.26 4.74 7.6 13.12 0.07 40.61 28.67 12.79
78.7~1340 62.7~188 0.09~0.39 1.86~4.42 4.34~22.3 8.53~13.90.03~0.14 23.3~113 15.0~97.2 14.5~25.0
3 836 118 0.28 2.91 14.12 10.42 0.09 72.37 56.43 20.2
415~1070 116~295 0.09~0.39 0.97~1.42 1.10~10.8 3.37~16.1 0.03 7.82~57.53.21~39.6 12.6~21.1
3 669 203.33 0.28 1.18 5.31 9.47 1 31.11 18.74 15.63
20 15.8~458 3.0~65.9 0.04 0.11-2.27 0.32~25.9 1.61~176 0.02~0.10 1.12~157 0.32~106 7.60~193
117 22.92 1 0.88 7.71 7.1 0.06 41.09 35.02 32.7
70 12.5 0.07 1.5 15 55 0.10 135 100 25
Ni As Sh Mo Rb Cs Zr Nb Sr Ba
8 9.77~34.14.51~78.8 1.81~8.83 0.79~5.351.91~94.50.15~8.86 6.04~156 0.54~12.79 47.1~143 27.5~342
19.69 22.17 5.15 2.60 37.73 2.77 62.77 5.23 70.51 135
15.4~41.913.3~16.53.47~11.1 0.21~1.32 14.1~129 0.82~8.08 74.2~232 4.75~18.7 37.9~66.6 47.4~468
3 28.93 14.87 7.56 0.85 68.03 4.52 168 11.91 50.73 228.13
3 13.6~28.98.92~27.71.65~7.17 1.04~2.46 4.33~61.30.19~2.76 11.1~1451.06~10.2862.2~87.4 12.2~218
7.14 16.37 4.65 1.95 28.74 1.33 67.33 4.92 73.1 98.63
20 8.97~47.9 1.1~4.71 0.33~8.650.16—~3.91 0.63~188 0.02~14.0 1.26~344 1.07~19.07 23.3~152 3.07~742
18.67 2.68 1.24 0.70 49.27 3.39 90. 60 5.52 84.23 196.20
75 1.8 0.20 1.5 90 3.0 165 6.0 375 425
2015 10
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Table 3 The characteristic values of rare earth elements
SREE 10°°® LREE 10°° HREE 10 °® LREE HREE La Sm y Gd Yb y La Yb y 0Eu oCe
23.5~162 16.8~137 6.17~25.1 2.52—~5. 2.99~5.09 0.96~1.88 5.78~14.09 0.46~0.86 1.00~1.04
70.8 57.7 13.11 3.87 4.50 1.36 9.36 0.65 1.02
21.8~39.3 15.4~29.6 6.40~9.71 2.56~3. 2.77~4.47 1.36~1.92 5.98~8.60 0.65~0.79 1.04~1.16
3 29.3 21.44 7.88 2.67 3.63 1.57 7.08 0.70 1.09
104~186 79.1—148 24.7~37.8 3.20~3. 3.42~4.54 1.31—1.57 7.70~8.91 0.52~0.66 1.04~1.05
3 145 113.26 31.47 3.54 3.86 1.43 8.48 0.59 1.04
20 12.2~283 9.3~222 2.73~79.0 1.54—~4. 2.02~6.51 0.93~4.63 3.74—28.6 0.56~0.92 0.98~1.17
94.4 71.55 22.8 3.11 4.30 1.77 10.79 0.67 1.06
2015 10
1000
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—e— [
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CS CO 100 |
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210 |
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c3
t
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oEu Fig. 5 Distribution pattern of rare earth elements
oCe - from the Nayongzhi Pb-Zn deposit
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Table 4 Sulfur isotopic compositions of the sulfide minerals

from the Nayongzhi Pb-Zn deposit

3*Seor K *Sepr Y60
3 15.94~19.70 18.23
17 19.37~25.49 23.17
1 22.06
2015 10
I AR
WK

| PSien
| Pt
e
| =]
-50 -a0 -30 =20 -10 0 10 20 30 40 30
57S/%0

6
Fig. 6 Histogram of S-isotopic composition of the sulfides

ores from the Nayongzhi Zn-Pb deposit

4.4
2015

S Cppp —1.02%0 ~ — 0.26%0 & Ogvow

19.42000"‘24 .89%0 SISCPDB

- 021%0 BISOSM()W 2580%0

3
3! (/PDB-SISOSMOW 7
C
10F LRI
5F
AR ER A1 H B

2 U mmmesesn e I
el TR

S-lof \

e —151 JE IR (Keller et al. , 1995) 7
20} HHURAAT g
5| A WETHEEER -~ 5

o FIETIIE S Eon
% s 10 15 20 25 30
30 v-smow /%o
7 8]3CV—PDJ:’)’SI80\"—3%1\/1()W
2014 2015
Fig. 7 813 C\Lp[)}; versus Slxov,s\/[()w diagram of the Nay—

ongzhi Zn-Pb deposit modified after Yuan et al. 2014 data
{from Chen et al. 2015

lSO
ISO
ISO ISO
2007 2012 Zhou et al.
2013a 2013b 2014b 2015
4.5

2008 Zhou et al. 2010 2013a 2013b 2014a

2014b

2015 Pb

Pb 2016

Pb

bR L RT3

158

el
£156
s
‘;\D.
154
152
17.5 (8.0 185 190 19.5 20,0
Oth;LnJPb
8
207p}, 204}, 206 p}, 204p
2016 U O M
L

Fig. 8 Plot of 2Pb 2™Pb versus 2°Pb 2%*Pb among the
deposits in Wuzhishan dolostone of Sinian Dengying Forma-
tion carbonate rocks of Devonian to Permian basement
rocks Huili and Kunyang Groups  and Huize and Tiangiao
deposits modified after Jin et al. 2016 Upper Crust U

Orogen Belt O Mantle M and Lower Crust L



36 5 1179
4.6
5
2015 1 ~6 pm 2~
4 pm
9
5% ~25% 10% ~20% Pb Zn
98.3~227.2TC 135~2007C
w NaCl, 1.4% ~20.3% 6%.~14% Pb Zn
CO,-CH,
2016 113 ~ 232C Pb Zn 9a
w NaClg, 0.8% ~15.17% 10% ~12% —
87 ~193C 2001
140~230C 2004 115~270T 9b
2009 180 ~ 2010 Zhou et al. 2013c
240C 2013 CO,
6000 m
70% ~ 80 % Pb Zn Pb-
Clz ZHC12
2004 — 1999 2004 2010 Zhou et
2 al. 2013a 2013b 2016
4.7 9c
pH
9d
6
226 ~ 192 Ma Zhou et al.
2013a 2013b 2015 2014
2016 235~
193 Ma 2007 Chen et al. 2015

MVT



1180 w PR Ho Jit 2017 F

\-I-IR

[
— < —— T 7] €d| s
| 27

f-\-m—; o

v

N/ ]
— v v |15
ﬁl\l-@mﬂﬁ —
— AT 1o 16

10 T T Ty

B =
N v/ 117
" —~ =

e
[PbCl, ZnClL

9 FidE I RHETEE A B
a. FEIREER, KALRIB, Z,—& | DIURERG: b, MIEHER TR KRR B2 8, o RARTE XU & JZ MRS, SOl 5 d. wik
VR, WA
1— F=BG G4 2— T =B Rl 3— NARG M4 —HR 4] 4—P- ERERG 204 5— PR RG B =74l 6— MRS
TR 7— PRGN $— L Hg ) 4l o— R HGREedl: 10—Fnd - P Bg: 11— 2—RE: 13—
Bt 14— 15— RS : 16— PbZn ALY : 17—W1)2: 18— 2RI 19—FH 1 20— 2 h R & 21—k Ir
)y FARER. O—MmEIA; @Bl O—MRHEL; O—F FH; ©—Hy &
Fig. 9 Metallogenic model of Pb-Zn deposits in Wuzhishan anticline
a. Basement uplift, weathering and denudation, Z,—& | formed by sedimentation; b. The basal fluid moving upward caused by tectonic thrust;
c. The fluid flowing along the regional tectonics and gas-liquid differentiation; d. The fluid unloaded and enriched to form orebody
1—Lower Triassic Daye Group: 2—Middle Permian Liangshan Group: 3—Low Carbonic Dapu Group-Xiangbai Group; 4—Midlle and Upper Cam-
brian Loushanguan Group: 5—Middle Cambrian Douposi Group; 6 —Lower Cambrian Qingxudong Group; 7—Low Cambrian Jindingshan Groups;
8—Upper Sinian Dengying Group; 9—Upper Sinian Doushantuo Group: 10—Neoproterozoic-Lower Sinian; 11—Limestone; 12—Argillaceous
limestone; 13——Dolomite; 14—Mmudstone; 15—Basal conglomerate; 16—Efflorescence rich in Pb and Zn; 17—Fold; 18—Stratified orebody:
19—Predicted stratified orebody; 20—Vein orebodies in fold; 21—Fluid migration direction; Orebody type: (D—Yujiaba
type; @—Xinmai type; @—Nayongzh type; @—Dujiagiao type; &—Predicted orebody

AR HE SR AR L DR R B B AT I R E i N E s - W E
SO IS DR S A0 DX ™ TN e B8 45 7 L EeR VAR SHAS !



36 5

1181

References

Chen G Y Wang L Fan Y M and Zheng W. 2015. Ore-search
prospect of the deep subsurface in the Wuzhishan Pb-Zn ore field
Guizhou Province J . Geology and Exploration 51 5  859-869

in Chinese with English abstract .

Chen MH Mao]J] W QuW] WuLL Phillip] U Tony N Zheng
JMand Qin Y Z. 2007. Re-Os dating of arsenianpyrite from the
Lannigou gold deposit Zhenfeng Guizhou Province and its geo-
logical significances ] . Geology Review 53 3 371-383 in Chi-
nese with English abstract .

ChenM Mao ] Li C Zhang Z and Dang Y. 2015. Re-Os isochron
ages for arsenopyrite from Carlin-like gold deposits in the Yunnan-
Guizhou-Guangxi’ golden triangle” southwestern China ] . Ore
Geology Reviews 64 316-327.

Chen X W. 2013. The application of induced polarization method in
lead-zinc deposit exploration of Nayongzhi area of Puding Guizhou
Province J . Guizhou Geology 30 1  23-27 in Chinese with
English abstract .

Claypool G E Holser W T Kaplan I R Sakai H and Zak 1. 1980. The
age curves of sulfur and oxygen isotopes in marine sulfate and their
mutual interpretation ] . Chemical Geology 28 199-260.

Fan WM Wang Y] Peng TP Miao L C and Guo F. 2004. Ar-Ar
and U-Pb geochronology of Late Paleozoic basalts in western
Guangxi and its constraints on the eruption age of Emeishan basalt
magmatism ] . Chinese Science Bulletin 49 21  2318-2327 in
Chinese with English abstract .

Guizhou Geological Survey. 2016. Regional geological records of
Guizhou M . China Geological Survey ‘in press in Chinese .

Han Y WangJ B ZhuXY Wangl.J] Wang Y L and Li ST. 2013.
The characteristics and its geological significance of the fluid inclu-
sion in the Fankou Pb-Zn deposit Guangdong J . Bulletin Miner-
alogy Petrology and Geochemistry 32 1 81-86 in Chinese
with English abstract .

HuangZL Chen] HanRS LiWB LiuCQ ZhangZL MaDY
Gao D R and Yang H L. 2004. The ore geochemistry and its ore
genesis of Huize super large-scale Pb-Zn deposit Discussion on the

relationship  between Pb-Zn

basalt M . Beijing Geological Publishing House. 1-187 in Chi-

mineralization and Emeishan
nese .

Institute of Geological Mineral Exploration Non-Ferrous Metals and Nu-
clear Industry Geological Exploration Bureau of Guizhou. 2012.
Resource reserve verification and exploration report of Lumaolin

and Jinpo Pb-Zn ore deposits Puding City Guizhou Province R .

in Chinese .
JinCH LiK Huang L Zhang Y and Shen Z W. 2015. Characteris-
tics of sulfur and lead isotope composition and metallogenic material
northwestern Guizhou

81-88

source of the Nayongzhi Pb-Zn deposit
Province J . Journal of Mineralogy and Petrology 35 3
in Chinese with English abstract .

JinZ G Zhang L W and Ye J. 2007. Ore-forming material source of
lead-zinc deposits in the northwestern Guizhou Province J
Geology and Exploration 43 6 32-35 in Chinese with English
abstract .

Jin Z G. 2008. The ore-control factors ore-forming regularity and fore-
casting of Pb-Zn deposit in northwestern Guizhou Province M .
Beijing Engine Industry Press. 1-105 in Chinese .

JinZG Zhou]J X HuangZ L. LuoK GaoJ G PengS Wang B and
Chen X L. 2016. Ore genesis of the Nayongzhi Pb-Zn deposit
Puding City Guizhou Province China Evidences from S and in
situ Pb isotopes J. . Acta Petrologica Sinica 32 11~ 3441-3455

in Chinese with English abstract .

Keller J and Hoefs J. 1995. Stable isotope characteristics of recent natro-
carbonatites from Oldoinyo Lengai M . Carbonatite Volcanism
Springer Berlin Heidelberg. 113-123.

LiangJ C LiuZK LiXF LuXP Meng L Hand Li W J. 2009.
Genesis of Laobao Pb-Zn deposit in North Guangxi J . Journal of
Guilin University of Technology 29 2 161-169 in Chinese with
English abstract .

Lin L ZhuL D Pang Y C Xiong Y Z and Fu X G. 2002. Simulation
experiment research on biomineralization of Xicheng lead and zinc
deposit  Qinling J . Mineral deposits 21 S1 ~ 423-426 in Chi-
nese with English abstract .

Liu H C and Lin W D. 1999. Study on metallogenic laws of lead-zinc-sil-
ver deposits in northeastern Yunnan M . Kunming Yunnan Uni-
versity Publication House. 1-426 in Chinese .

Liu W J and Zheng R C. 2000. Thermochemical sulphate reduction and
Huayuan lead-zinc ore deposit in Hunan China J . Science in Chi-
na Series D Earth Sciences 30 5  456-464 in Chinese with
English abstract .

LuY]J CooLM LiZL Wang HN Chu T Q and Zhang J R.

1986. Geochemistry of elements M . Beijing Science Press.
283-336 in Chinese .

MaoJW XieGQ LiXF ZhangZH Wang Y T Wang Z L. Zhao
CS Yang F Q and Li H M. 2005. Geodynamic process and
metallogeny History and present research trend with a special
discussion on continental accretion and related metallogeny through-
out geological history in South China J . Mineral Deposits 24

3 193-205 in Chinese with English abstract .



1182

2017

No. 1 Geological Team Non-Ferrous Metals and Nuclear Industry Geo-
logical Exploration Bureau of Guizhou. 2015. Resource reserve
verification and exploration report of Shayan Pb-Zn ore deposit
Puding City Guizhou Province R . in Chinese .

No. 104 Geological Team Bureau of Geology and Mineral Exploration
and Development Guizhou Province. 2014. Reconnaissance report
of Pb-Zn ore deposits in the Wuzhishan area  Guizhou

Province R . in Chinese .

Ohmoto H and Goldhaber M B. 1997. Sulfur and carbon isotopes A .
In Bammes H L ed.
deposits M . 3rd edition. New York Wiley. 517-611.

PengS JinZG LinGS ZhuY Q and Wang B. 2016. Analysis of

Geochemistry of hydrothermal ore

ore-controlling factors and metallogenic model of Wuzhishan lead-
Guizhou A case study of Nayongzhi deposit J .
463-470 in Chinese with English ab-

zinc deposit
Mineral Exploration 7 3
stract .

RuiZY Ye]JH Zhang L S Wang L S and Mei Y X. 2004. Pb-Zn
deposits on the perimeter of the Yangtze craton and on the margins
of its uplifts J . Chinese Geology 31 4  337-346 in Chinese
with English abstract .

Shen S Jin M X and Lu Y F. 1988. Mineralization law and prospect for
main ore deposits in the Xichang-Central Yunnan area M .
Chongging Publish House. 1-276 in Chinese .

Tan H Wang G R and Lan A P. 2012. Geologic features and metallo-

deposit  of - Zhijin

169-172 in Chinese with

genic regularity of Dujiagiao lead-zinc
Guizhou J . Guizhou Geology 29 3
English abstract .

Wang T F. 2004. Geotectonic program of China” M . Beijing Geologi-
cal Publishing House. 1-287 in Chinese .

Wang Y LinFC JinCH LiKand MiX: 2016. The geological char-
acteristics prospecting marks of the Xinmai Pb-Zn deposit  Wuzhis-
han ore concentration area Guizhou Province J . World Nonfer-
rous Metals 10 99-102 in Chinese with English abstract .

WuXB ZhuY Q Liao S Hand Suo R Q. 2013. Geological character-
istics and prospecting potential of Nayongzhi Pb-Zn deposit in
Wuzhishan anticline ] . Mineral Resources and Geology 27 1
26-31 in Chinese with English abstract .

YeL LiZL HuY S Huang Z L. Zhou ] X Fan H F and Danyu-
shevskiy L. 2016. Trace elements in sulfide from the Tianbaoshan
Pb-Zn deposit  Sichuan Province China A LA-ICPMS study J .
Acta Petrologica Sinica 32 11~ 3377-3393 in Chinese with Eng-
lish abstract .

Yuan B Mao ] W Yan XH Wu Y Zhang F and Zhao L L. 2014.
Sources of metallogenic materials and metallogenic mechanism of

Constraints  from

Daliangzi ore field in Sichuan Province

geochemistry of S C H O Sr isotope and trace element in spha-

lerite J . Acta Petrologica Sinica 30 1  209-220 in Chinese
with English abstract .

Yue GY Zhang SJ and Yang W N. 1994. Structural deformation pat-
terns and tectonic stress field in west-central Guizhou ] . Scientia
Geologica Sinica 29 1 10-18 in Chinese with English ab-
stract .

ZhangCQ WuY Wang DH Rui ZY LouD B and Chen Z H.
2014. Brief introduction on metallogeny of Pb-Zn deposits in
China ] . Acta Geologica Sinica 88 12 2252-2268 in Chinese
with English abstract .

Zhen SM ZhuXY LiYS DuZZ Gong XD GongFYand Qi F
Y. 2013. A tentative discussion on Mississippi valley-type

deposits J . Mineral Deposits 32 2 367-379 in Chinese with
English abstract .

Zhou CX WeiCS GuoJ Y and Li C Y. 2001. The source of metals
in the Qilinchsng Zn-Pb deposit northeastern Yunnan China Pb-
Sr isotope constraints J . Econ. Geol. 96 3  583-598.

Zhou ] X Huang Z1. ZhouGF JinZG LiXB Ding W and GuJ.
2010. Sources of the ore metals of the Tiangiao Pb-Zn deposit in
northwestern Guizhou province Constraints from S Pb isotope
and REE geochemistry ] . Geological Review 56 4  513-524

in Chinese with English abstract .

Zhou ] X Huang Z 1. Zhuo G F and Zeng Q S. 2012. C O isotope and
REE geochemistry of the hydrothermal calcites from the Tiangiao
Pb-Zn ore deposit in NW Guizhou province China J . Geotectoni-
ca et Metallogenia 36 1  93-101 in Chinese with English ab-
stract .

Zhou] X Huang ZL Zhou M F Li X B and Jin Z G. 2013a. Con-
straints of C-O-S-Pb isotope compositions and Rb-Sr isotopic age on
the origin of the Tiangiao carbonate-hosted Pb-Zn deposit SW
China J . Ore Geology Reviews 53 77-92.

Zhou ] X Huang Z L and Bao G P. 2013b. Geological and sulfur-lead-
strontium isotopic studies of the Shaojiwan Pb-Zn deposit south-
west China Implications for the origin of hydrothermal fluids J .
Journal of Geochemical Exploration 128 51-61.

Zhou ] X Huang Z L. Bao G P and Gao J G. 2013c. Sources and ther-
mo-chemical sulfate reduction for reduced sulfur in the hydrother-
mal fluids southeastern SYG Pb-Zn metallogenic province SW
China J . Journal of Earth Sciences 24 759-771.

Zhou ] X Huang Z L. Zhou M F Zhu X K and Muchez P. 2014a.
Zinc sulfur and lead isotopic variations in carbonate-hosted Pb-Zn
sulfide deposits southwest China J . Ore Geology Reviews 58
41-54.

Zhou] X Huang ZL LiZ C Zhu X K Gao J] G and Mirnejad H.



36 5 1183
2014b. Geology isotope geochemistry and ore genesis of the Shan-
shulin carbonate-hosted Pb-Zn deposit southwest China ] . Ore . 2004. —_—
Geology Reviews 63 209-225. M .
ZhouJ X BaiJH Huang ZL ZhuD YanZ F and Lii Z C. 2015. 1-187.
Geology isotope geochemistry and geochronology of the Jin- [ ] . 2015.
shachang carbonate-hosted Pb-Zn deposit South China ] . Jour- J 35 3  81-
nal of Asian Earth Sciences 98 272-284. 88.
ZhuLY SuWC ShenNP DongWD Cai]L ZhangZW Zhao . 2007.
H and Xie T. 2016. Fluid inclusion and sulfur isotopic studies of J . 43 6 32-35.
lead-zinc deposits northwestern Guizhou China J . Acta Petro- . 2008.
logica Sinica 32 11  3431-3440 in Chinese with English ab- M . . 1-105.
stract .
ZhuXY Wang ] B LiuSB Wang YL HanY Zhen SM and Guo 2016. S Pb
N N. 2013. Metallogenic age of MVT Pb-Zn deposit in Fankou ] . 32 11 3441-3455.
Guangdong  Evidence from SHRIMP U-Pb zircon dating . 2009.
diabase J . Acta Geologica Sinica 87 2 167-176 in Chinese J ) 29 2 161-168.
with English abstract . . 2002.
Zou J B Xiao K and Li K. 2009. Geologic characters and control factors J . 21 423-426.
of lead-zinc deposit in Wuzhishan Guizhou J . Guizhou Geology .'2001. J .
26 2 101-104 in Chinese with English abstract . 30 5 456-464.
. 1986.
M . . 283-336.
. 1999. M .
. 2015. . 1-426.
7. 515 859-869.
Phillip ] UTTLEY Tony NOR- . 2005. -
MAN . 2007. J.
Re-Os I 33 24 3 193-205.
3 371-383. . 2016.
. 2013. - J 7
] 30 1. 23-27. 3 463-470.
. 2004. . 2004.
Ar-Ar  U-Pb ] 31 4 337-346.
] 49 18  1892-1900. . 1988. -
. 2015. M . . 1-276.
R . . 2012.
. 2012. ] 29 3 169-172.
R . . 2004. M . C1-
104 . 2014. 287.
R . . 2016.
. 2016. M . I 10 99-
102.
. 2013. . 2013.
] 7. 27 1 26-31.
321 81-86. Danyushevskiy



1184

2017
Leonid. 2016. LA- S Pb REE
ICPMS ] 32 11 3377-3393. ] 56 4 513-524.
. 2014. . 2012.
C-O REE ]
] 30 1T 209-220. 36 1 93-101.
. 1994.
J. 29 1 10-18. 2016.
. 2014. 1. 32 11 3431-3440.
J. 88 12 2252-2268. . 2013.
. 2013. MVT — SHRIMP
MVT I J. 87 2 167-176.
32 2 367-379. . 2009.
. 2010. J. 26 2 101-104.





