96 7 ( 100 ) Vol. 96 No. 7

2022 7 ACTA GEOLOGICA SINICA (100th Anniversary) July 2 0 2 2

D D) D 1,2) D D 2)
’ ’ ’ ’ ’ '
1) s , 710054 ;
2) s , ,550081
s 512 m 889 m
. . ) cr o, Qi
)N o oo, . ; 165~335°C,
4. 2% ~16. 7%NaCleq; 199~265°C, 2. 6% ~23. 7% NaCleq,
NaCl, KCI, MgCl, CaCl, . 17. 85~
48, 90 MPa, 0. 67~1. 85 km; s
, H,O.CH, N, CO,, s
,CH, .CO, s (TSR) s
W s
F~.Ca*" . s “ (G « ) .
H.O ( ), H.O
s s W.Cu-As.Pb-Zn s o
) )
s s (Liao Shiyong et al. , 2013; Wang Caiyan et al. ,
20203 Mao Jingwen et al. , 2020),
) )
(Zhang et al. , 2018; Deng Jun et al. , 2020), ) . . ,
(Hou et al. , 2007; . . .

Deng Jun et al. , 2020; Lii Pengrui et al. , 2020), , R
: ( 300102271301) ( 2017 YFC0602500) (
41173026) o

:2021-06-25; :2021-09-29; :2021-12-23; : 5 :
: , L1971 y . E-mail: zygszh@chd.edu.cn, ,1987

. E-mail: 753350595(@qq.com,

s s s s . 2022,

s 96(7)

2464~2478, doi: 10.19762/j.cnki.dizhixuebao.2022268.

Zhang Guishan, Meng Qiankun, Zhang Lei, Wen Hanjie, Qiu Hongxin, Peng Ren., Qin Chaojian. 2022. Study on fluid
inclusion characteristics and metallogenic mechanism of the Damajianshan tungsten polymetallic deposit in Liichun, Southwest
China. Acta Geologica Sinica, 96(7): 2464~2478.




7 2465
, (Deng Jun et al. , 2020),
(Wu Fan et al. , , NW
2020), , - -
W\CU\Pb\Zn ’ MO\ ( 1)7 D)
Bl\Ag ’ ’ ’ ’
(228 7£3 8 )
Ma) (Zhang Leietal. , 2017), - o
(150 ~ 130 Ma) (165~ 150 s NwW
Ma) (Mao Jingwen et al. , 2007; Peng Ningjun, . . )
2020) ; s . . .
(W-Cu o
As-Pb-Zn-Mo-Bi-Ag) , As s N N
’ Be\ ’ o b
Nb\Ta ’ ’ -
s “ « «C ) , ;
(Wu Datian et al. , 2021), , . ,
) (2012) s )
, (Xie Yang et al. , 2011),
’ 2
- 512 m,541 m,588 m, ,
687 m,726 m,889 m W-Cu-As .
N 10 ( 1C) ’
60~430 m, 3 5~18 m, 0. 09
. , Mt, 0.35%,WO; (0. 15%~1 2%),
o o 0. 42
) Mt 0 12 Mt. 0.37% ~ 3. 18%
2 73%~27.70%, , Mo.Bi.Ag

’

o

(Zhang et al. , 2015),



2466 http://www.geojournals.cn/dzxb/ch/index.aspx 2022
1 ( Hou et al. , 2007; Deng Jun et al. , 2010; Zhang et al. , 2015)
Fig 1 Geological map of the study area (after Hou et al. , 2007; Deng Jun et al. , 2010; Zhang et al. , 2015)
(a)— 3 (b)— 3(c)— 31— 32— 33—
34— 35— 36— 37— 38— 39—
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3 V— - - - s VI— - -

(a)—Tectonic framework in the Sanjiang Tethys; (b)—regional geological map of Damajianshan deposit; (c¢)—profile of Damajianshan
deposit; 1—Quaternary; 2—the fourth layer in upper section of Lower Silurian; 3—the third layer in upper section of Lower Silurian; 4—the
second layer in upper section of Lower Silurian; 5—the first layer in upper section of Lower Silurian; 6—the second layer in lower section of
Lower Silurian; 7—the first layer in lower section of Lower Silurian; 8—Silurian slate; 9—quartz porphyry; 10— tungsten-copper orebody;
11—tungsten orebody; 12—{fault; [ —Garze-Litang suture zone; [[ —Dege-Xiangcheng volcanic belt; [l —Zhongzan-Shangrila block; [V—

Jinshajiang-Ailaoshan suture zone; V —Jomda-Weixi-Liichun volcanic belt; V[—Changdu-Lanping-Puer block
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2 N
Fig 2 Photographs and micrographs of quartz porphyry, ores and mineral assemblages in the Damajianshan deposit
(a)— (Q2) ;(b)— (Cep) 3 (0)— (Q2) ; (D)— (Cep) 5 (e)— ;(D— (Sch)
(a)—W-bearing quartz veins (Qz); (b)—chalcopyrite (Ccp); (c)—quartz vein in slate (Qz) ;
(d)—quartz porphyry chalcopyrite (Ccp); (e)—quartz; (f)—W-bearing quartz veins (Sch) under fluorescent light

3
Fig 3 Microscopic characteristics diagram of fluid inclusions of Damajianshan deposit
(a)~ (D 512 m,541 m,588 m.687 m.726 m.889 m
(a)~ (D : the gas-liquid phase fluid inclusions of 512 m, 541 m, 588 m, 687 m, 726 m, 889 m level

+0 1C £27C, NaCI-H, O o
2~5°C /min, NaCl (% NaCleq)
, 0. 5~1°C /min, . CH,
Renishaw
inVia Reflex , 4
514. 5 nm, 20 mW, 4.1
1~2 pm, 30 s, 150~4500 Rodder (1984) Lu Huanzhang et al
cm™ ', (2004) )
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1
Table 1 Microthermometric analysis results of inclusions in Damajianshan deposit
C)
(m) (pm) Y% T e T Thio |(Y%NaCleq)| (g/cm?) (MPa) (km)
889 i _ —0. 2~ | —44~ ) 179~ 0. 82~ |23, 56~27. 18|0. 89~1 03
1 / 2~5 / 13 1~16. 7
—12. 8 —51 218 1L 07 (25. 1D (0. 95)
|19, 7~| —45~ 199~ 1. 04~ |27, 14~47, 34|1. 02~1. 79
.1 >10, 3~5 254 22. 2~23.17
726 i —22.0 —51 282 0. 97 (34. 07) (L 29
—2 5~ | —32~ 165~ 0. 85~ |17. 85~28 52|0. 67~1 08
I 9.3 y / 4 2~14. 4 _
—10. 5 —50 226 0. 91 (22. 65) (0. 85)
687 —9. 0~ | —45~ ) 203~ 0. 85~ [23. 01~25.52]0. 87~0. 96
T.1 / 4~10 2~8 / 12 9~14. 8
—10. 8 —53 240 0. 96 (24. 07) 0. 91
—9. 8~ 217~ 0. 89~ |26, 03~31. 36/0. 98~1. 18
1 / / _ |13 7~15. 2
588 —1L 2 | —38~ 265 0. 98 (27. 53) (L 04)
4~12 5~10
i —1L 3~| —44 ) 215~ 0. 93~ |25 89~28 53|0. 98~1. 08
1 / / 15 3~109, 1 3
—15 6 270 0. 94 (27. 55) (L 04)
—8 8~ , 220~ 0. 87~ |27. 59~44. 36|1. 04~1. 67
1.1 / 12. 6~13. 9
541 —10. 0 | —34~ 296 0. 93 (35.12) (L 33)
5~18 5~10
—L 5~ —42 245~ 0. 81~
I ] / | 26~72 / /
—4. 5 265 0. 83
512 —7. 4~ 1] —33~ 240~ 0. 83~ | 33 6~48 94 |1. 27~1. 85
1 / 3~20 5~10 / _ |10, 9~15. 4
—1L 5 —38 335 0. 90 (40. 0) (L 5D
2T e — s Tm— 3T hohot— ;
, :S (%NaCleq) ,0 cC,
’ ’ 2% ~
10%, 3~20 pm, . (Hall et al. , 1988):
) JONI| W o =26, 24240, 4948¢+1. 429> —0. 223¢°
s (V). (L. +0. O4129¢4+O. OO6295</)5—O. 0019675[;6
(S , 5% ~10%, 4~18 pm, +0. 00011125747
541 m 726 m ¢=T/100(T  NaCl )
’ , 0. 1°CKT<8017C,
’ N ;@ [[[
’ ’ 687 m N 165~
o N o 335C , 2. 6% ~23. 7% NaCleq
4, 2 R R
’ 889 m
- 512~889 m 210~220°C, 217°C ;726 m
o ’
s —100°C s 200~230°C,
, s 282°C,
s 200~230°C , 226°C,
’ 19 ) 2540(:;
40 [} 687 m )
(Bodnar, 200~230°C, 240°C , s
1993) . —187°C,

S=0. 00+1 789—0. 04420*+0. 0005570°

—126. 8°C ;588 m



2469

7
150~210°C, 270°C,
210~240C,
265°C ;541 m
280~300°C , 265°C,
240~270°C
, 296°C ;512 m
s 290~330°C,
335°C,
2.6%~237%
NaCleq., ,
. 889 m

13. 1% ~16. 7% NaCleq; 726 m
22. 2% ~23. 7%NaCleq,
4, 2% ~14. 4% NaCleq, 8%
~10%NaCleq , s

, ;687 m
. 12. 9% ~14. 8% NaCleq; 588

m 15. 3% ~19. 1% NaCleq,
. 13 7% ~15 2%

NaCleq., 14. 2% ~15. 2% NaCleq,

;541 m
2. 6% ~17. 2% NaCleq (
, ), 12. 6%
~13. 9% NaCleq., . .
;512 m ,
10. 9% ~15. 4% NaCleq., 12%
~15%NaCleq o
512 m —33~
889 m —44~—51C,
NaCl.KCl,.MgCl,
CaCl, . ,
, (200 ~220°C)
(290~ 320°C),
(10. 8% ~23. 7% NaCleq) . 889 m
512 m , 200~220°C
290~320°C , .
512 m 889 m , 10 9%NaCleq
23. 37% NaCleq,

—38C

1) 1) NaCl N
KCI,MgCl, CaCl, o s

1

Fig 4 Histograms of homogenization temperatures

and salinities for fluid inclusions in Damajianshan deposit
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Fig 5 Mineralizing temperature and pressure of methane

fluid inclusions at 687 m elevation of Damajianshan deposit
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512 m to 889 m level in Damajianshan deposit
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Fig 7 Laser Raman spectroscopy of fluid inclusions of copper mineralization (a, ¢, d)
and tungsten mineralization (b) in Damajianshan deposit
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( Chen Zhensheng et al. , 1992; H-O Zhang et al. . 2018)
Fig 8 Evolution curves of H and O isotope composition during water-rock interaction in Damajianshan deposit

(modified after Chen Zhensheng et al. , 1992; H-O isotope data from Zhang et al. , 2018)
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Fig 9 Metallogenic model of Damajianshan tungsten

polymetallic deposit (not to scale cartography)
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6—siliceous slate; 7-—quartz porphyry; 8—silicification; 9—
quartz-sericitization; 10——carbonatization; 11—Pb-Zn orebody;
12—Cu-As orebody; 13—tungsten orebody; 14—joint; 15—{fault;
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Abstract

To investigate the ore-forming fluid characteristics, evolution and genesis of the tungsten polymetallic
deposits in the southern part of Sanjiang Tethyan, the Damajianshan tungsten polymetallic deposit in
Lvchun, Yunnan, southwest China were selected as the research object. We carried out a detailed
petrographic, microthermomertic and laser Raman spectroscopy study of the primary fluid inclusions in the
copper mineralization and tungsten mineralization quartz veins from 512 m to 889 m level of the
Damajianshan deposit. The results indicate that (i) the types of fluid inclusions are mainly gas-liquid phase
inclusions (type | ), with a few subcrystal-bearing inclusions (type [[ ), and methane-rich inclusions
(type [l[), without pure gas-phase or pure liquid-phase inclusions; (ii) the homogenization temperature of
fluid inclusions in copper mineralized quartz ranges from 165~ 335°C, and salinity from 4. 2% ~16. 7%
NaCleq; (iii) the homogeneous temperature of fluid inclusions in tungsten mineralized quartz veins ranges
from 199 to 265°C, and salinity from 2. 6% ~23. 7% NaCleq; (iv) there are a few daughter minerals
dominated by stone salts; (v) the fluid solutes evolved gradually from NaCl, KCI, MgCl, to CaCl, with
mineralization pressure of 17. 85~48 90 MPa and depth of 0. 67~1. 85 km. The laser Raman spectroscopy
indicates that the composition of the ore-forming fluid in each level of the Damajianshan deposit is similar,
which are mainly H, O and CH,, with a small amount of N, and trace amount of CO,. The homogeneous
temperature of fluid inclusions is similar within the two kinds of mineralization at the same level, but the
difference in salinity is large, and the CH, and CO, contents also differ significantly, which may have been
caused by the evolution of copper mineralized fluids through the thermochemical sulfate reduction reaction
(TSR) process, which is significantly different from the evolution of tungsten mineralized fluids. The
participation of chloride plays a major role in the migration and enrichment of W elements in the
Damajianshan tungsten polymetallic deposit; at the same time, it is controlled by the content of F~ and
Ca’" as well as the activity product of manganocalcite and wolframite to form a scheelite-dominated
tungsten body with scheelite above and wolframite below. From the deep to the shallow part of the
orebody, the H and O isotope composition of the ore-forming fluid has changed significantly (showing a
weak negative correlation). According to the evolutionary trend of H and O isotope composition during the
process of water-rock reaction, it is inferred that the water-rock reaction is involved in the evolution of ore-
forming fluid. Based on the above research results, it is concluded that the ore-forming fluid of the
Damajianshan tungsten polymetallic deposit is composed of magmatic water and meteoric water, and the
water-rock interaction occurred during the evolution process. During the migration and evolution of the ore-
forming fluid, due to the change of temperature and pressure, the ore-forming fluid migrated outward with
quartz porphyry as the main body, forming mineralization zones such as W and Cu-As around the rock

body, the ore-forming materials precipitated to form tungsten polymetallic deposits.

Key words: tungsten polymetallic deposit; fluid inclusion; ore-forming fluid; Damajianshan, Yunnan



