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( Xu Yigang et al. 2004 2008; Sun
Au.Sb.As Yadong et al. 2010) .
( Chen Maohong et al. 2015; ( He
Pi Qiaochui et al. 2017; Tan Qinping et al. 2019) Bin et al. 2003; Xu Yigang et al. 2004; Song
— Xieyan et al. 2008) .

( ) ( 2014; Hu
Xinlu et al. 2018) ,
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Fig.1 Lithofacies paleogeography of the Emeishan basalt in the Maokou period ( Guadalupian series)
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( end-
o Guadalupian)

S0,

( Zhang Yan et al. 2013; Zhang Guijie et al.
2015) .

2
Guadalupian series) (

1) —

«“ " 2013)

(a) —(c) (d)

Fig. 2 The photographs of Emeishan basalt ( a) —( ¢) and quenching brecciated facies

in the Qinglong district SW Guizhou Province
(a) 1 (b) ( . )
() F(d)
(a) massive basalt; (b) short columnar plagioclase and volcanic glass formed intersertal texture ( left: plane-polarized light right: cross-polarized

light) ; ("c) “globular-basalt;" { d) “quenching brécciatea basait was crosscut' by ‘ote=bearing quartz in hydrothermal stage
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(¢) and ignimbrites (d) (e) facies

Fig. 4 The photographs of tuffites ( a) volcanic agglomerates ( b)

from the Dachang Layer in Qinglong district SW Guizhou
i (b) (o)
(d) (e

(a) bedded pyrites in tuffites; (b) limestone agglomerates in quenching brecciated rocks; ( c) silicified limestone and basalt agglomerates in

(a)

cross-bedding sandstone; ( d) clayization in surface of ignimbrites; ( e) vitric pyroclast and crystal pyroclast were semi-directionally arranged
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2.15
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( Zhang Guijie et al.

2015) .
2.1.4
o ( 4e)
( 15~20 o
cm) ( 4b); 2.2
(2010)
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Fig. 5 The sedimentary characteristics of laminar siliceous rock and/or jasperoid quartz
in the Dachang Layer Qinglong district SW Guizhou
(a) (<) 1 (b)
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Kormas
(2006)  Pacific (9°N) 2% o
240 ~ 1000°C 1h
350°C 60~240°C o
pH 3.2

(<220 °C) ( Schieber 2007) ,

. ( ICP-AES) .

223 200 HCIO, .HNO, .HF
HCl
. HCl Rh
ME-MS61
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$i0,
. LiBO,

X g : i ¥ Sk
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Fig. 7 The sedimentary characteristics of the hydrothermal—metasomatism facies

of the Dachang Layer Qinglong district SW Guizhou
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. 3

. ( 1. $i0,
83.5%~94.6% Al,O, 1.23%~5.92% Fe,0,
. 1.87%~8.14% K,0 0.20% ~1.42% Na,0 0.02%

~0.04% Ti0, 0.23% ~0. 88%
AL0,.K,0.Na,0  TiO,

° ( )
4.1 ( Pollock 1987)

( Rona et al. Fe-Mn
1980) ° Al Ti
Al/( Al+Fe+Mn)

( Bostrom and Peterson

N 1969; Yamamoto et al. 1986a b) Al/( Al+Fe+Mn)
( Rona et al. o
1980; 2006) o 3 Al/( Al+Fe+Mn)
( 2011) , 0.22( DC2-D) .0.28( DC-3) 0.71( DC-1)
Si0, DC-1
. (N
0 3 Sb 3080
1 ( %) (x107%)
Table 1 The contents of major elements( %) and trace elements ( x10™) in siliceous rock from Qinglong deposit
DC2-D| DC3 | DCA1 DC2-D| DC3 | DCA1 DC2-D| DC3 | DCA1
Si0, 83.5 94.6 88.7 SrO 0.01 <0.01 | <0.01 Sr 84 323 48.8 350
Tio, 0.58 0.23 0.88 V, 05 0.05 0.01 0.02 Zr 102 42 199 190
AL, O, 3.08 1.23 5.92 Zn0O <0.01 | <0.01 | <0.01 Nb 11.9 0.6 29.4 25
Fe, 04 8.14 2.3 1.87 7x0, 0.01 <0.01 0.02 Mo 3.38 1.51 3.93 1.5
MgO 0.08 0.03 0.07 3.27 0.83 1.34 Ag 0.18 0.5 0.08 0.05
MnO 0.01 0.01 <0.01 101.5 | 99.89 | 100.46 Cd 0.21 0.08 0.04 | 0.098
Ca0 0.04 0.05 0.05 Li 7.9 9.5 9.8 20 In 0.481 | 0.075 | 0.126 0.05
K,0 0.91 0.2 1.42 Be 0.36 0.25 0.59 3 Sn 1.4 0.5 2 5.5
Na, O 0.04 0.02 0.02 Se 6.4 1.6 6.8 11 Sh 616 514 307 0.2
CoO <0.01 | <0.01 | <0.01 v 276 53 133 60 Cs 1.39 0.97 1.79 3.7
Cr, 04 0.05 0.02 0.02 Cr 333 63 50 355 Ba 110 30 100 550
CuO <0.01 | <0.01 | <0.01 Co 2.3 0.6 0.3 10 Hf 2.2 0.8 4.4 5.8
As, 05 0.21 0.04 0.06 Ni 9.7 1.5 1.7 20 Ta 0.68 | <0.05 1.84 2.2
BaO 0.01 0.01 0.02 Cu 12.9 6.8 4 25 w 5.6 0.2 6.6 2
NiO 0.01 0.01 0.01 Zn 17 3 <2 71 Tl 0.44 0.22 0.25 0.75
P,05 0.05 0.01 0.02 Ga 12.35 2.41 12.5 17 Pb 9.5 11.5 3.8 0.02
PbO <0.01 | <0.01 0.01 Ge 0.13 0.06 0.1 1.6 Bi 0.32 0.25 0.39 | 0.127
Sn0, <0.01 | <0.01 | <0.01 As 1675 319 439 1.5 Th 4.1 1.3 5.1 10.7
SO; 1.45 0.29 0.01 Rb 7.4 2.3 19.5 112 U 4.8 1.6 3 2.8

Taylor et al. 1985,
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1000
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0. 1 —— Tk i i £ Si-rich argillite = BRI R ?ﬁiETuﬁaceous mudstone
—a— % 7 3 £ *& Fe-rich argillite —o— R JFiJeH Carbonaceous mudstone
0.01- —a— kAL i+ 4 Silicified argillite —+— WRJH 1l % 3% Emeishan basalt
o AL S5 4% (FI{E) Sulfide nodules (Avg)
0. 001 1 1 1 1 Y 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
Ti Au Se Sb Ni Mn Co Sn Pb Bi Cu Sr Ce As Ba V W Y Zr Ag
8 ( Taylor et al. 1985)
Fig. 8 Plots of primitive mantlenormalized trace element spider diagrams for sulfide concretions
in Dachang Layer from Qinglong deposit( data of primitive mantle from Taylor et al. 1985)
( bC2-D) .2570 ( DC-3) 1535 (DC-1) . o As( 254x107°
W 64 ~643x107%) (Au(0.03x107°~0.13x107°) .Sh( 41.8
. x107°~66.6 x10™°) .Se( 1x10™°~5x10"%) .Bi( 0. 02
4.2 x107°~0.64x107°) \Pb(2.9x10°~10.3x107°) \W
16 (3.9x107°~22.7x107°)  Ag(0.9%x107° ~2.86x
. 107%) Ni(34.3 x107°~
2 56.8x107°) .Cu(23.7 x107°~81. I1x107%) .Co( 8.9 x
5 6. 107°~32.2 x107°) .V(33x10°~60x107°)  Zr(8.1
Si0, x107°~83.8
34.6% ~ 51.9% ( TFe,
0,) 20.4% ~ 32.2%
‘ 2 (%)
(30s) 35.5%~52. 5% Table 2 The data of major elements of sulfide concretions
(S) 14.2% ~21. 0% in Dachang Layer from Qinglong deposit ( %)
Fe DC2-4- | DC24-2|DC24-3 | DC244 | DC24-5|DC24-6 | DC2-4-7 | DC24-8
Fe - ALO; Si0, | 346 | 519 | 469 | 466 | 434 | 451 | 385 | 411
1.38% ~3.48% 13° TiO, 0.71 0.89 0.43 0.74 0.53 0.68 0.73 0.44
N Al ( 0. 04% Al, 04 2.25 3.48 2.1 2.41 1.76 2.09 2.11 1.38
TFe,05 | 30.2 20.4 25.1 26.7 26 25.5 28.6 28.1
~0. 54%) ( 2009) MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
MgO 0.06 0.11 0.09 0.07 0.04 0.06 0.05 0.03
. P.O CaO 0.05 0.05 0.02 0.05 0.02 0.02 0.04 0.02
S K,0 0.46 0.74 0.41 0.52 0.4 0.45 0.44 0.27
0.04%~0.28% K,0 0.27%~ A0, | 003 | 007 | 004 | 006 | 005 | 006 | 005 | 005
0. 74% Ti02 0.43% ~ 0. 89% Nb, O5 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.01
0.1% P,0s 0.28 0.21 0.07 0.15 0.09 0.05 0.12 0.04
’ PbhO 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.02
23.36% ~ 505 52.5 35.5 43.5 46.8 44.5 43.8 49.5 48.9
31.31% 31.31 | 21.86 | 25.51 | 23.36 | 28.28 | 26.58 | 30.02 | 29.07
99.99 99.74 100.7 100.7 | 100.61 | 100.62 | 100.72 | 100.54
( Total) SO,
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x107%) ( 8. o Zhang Yan  (2013)
49.6°E Fe
( 2010) Cu o SO,
Sh
116 x107° ~ 1300 x 107° Ti (1.3% ~ o Monecke (2014)
3. 0%) Ti (2.7% ~4.0%) As.Sb
o As.Sh. Au. As Sb
Ag ( Monecke et Sh 1000x107°
al. 2014; Nozaki et al. 2016; Fallon et al. 2017) o 1.5 km
Iheya
Pb—As—Ag—Sb—Cu( +Mn=+Zn) ( Tonga ) co, H,S
Sh 1000x10°° As 500x% As.Sb.Hg
107°~1200% 107° ( Monecke et al. 2014; 2016)
( Nozaki et al. 2016) Sunrise  Palinuro
Sh 3564%x107°  5100% ( H,S)
107%( Monecke et al. 2014) S
Sh Fe —
. 8 Li(7x107°) .Bi ( AusSb.As )
(0.1x107°) \V(47x107°) Zr(26x107°)  Hf( 0. 6%
107%) (Li=10x107° Be= 5
0.5x10™° V=250x10"" Zr=80x10" Hf = 2.5x
107°) ( Windley 1986)
o ( Rona et al.
1980)
( 2006) .
3
Table 3 The coefficient matrix of ore—forming elements of sulfide concretions from Qinglong deposit
Ni Fe As Al \Y Pb Sh Au Ag Co Cu Se Sn Ti Mn
Ni 1.00
Fe 0.78 1.00
As |-0.78 |-0.94 1.00
Al |-0.13 |-0.60 0.51 1.00
v -0.08 |-0.58 0.50 0.90 1.00
Pb |-0.46 |-0.71 0.68 0.48 0.39 1.00
Sb | -0.60 |-0.37 0.59 |-0.23 |-0.05 0.23 1.00
Au | -0.67 |-0.56 0.62 |-0.23 |-0.16 0.63 0.66 1.00
Ag [-0.37 |-0.22 0.15 |-0.07 0.01 |-0.34 0.32 | -0.02 1.00
Co 0.19 0.30 |-0.35 [-0.25 |-0.33 0.23 |-0.39 0.14 |-0.79 1.00
Cu [-0.55 |-0.37 0.56 |-0.30 |-0.11 [-0.02 0.86 0.61 0.44 |-0.51 1.00
Se [-0.21 0.01 0.03 |-0.61 |-0.66 0.27 0.17 0.71 |-0.32 0.55 0.24 1.00
Sn | -0.41 [-0.23 0.33 |-0.29 |-0.10 [-0.22 0.74 0.32 0.82 |-0.77 0.83 |-0.06 1.00
Ti 0.16 |-0.26 0.27 0.80 0.83 0.28 |-0.21 |-0.33 |-0.45 0.01 |-0.31 [-0.59 |-0.47 1.00
Mn 0.04 |-0.12 0.34 |-0.07 |-0.06 |-0.03 0.38 0.23 0.07 |-0.48 0.62 0.19 0.44 |-0.08 1.00
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$i0, Fe. AL Ni .
Sio,
. Si0, ( 3 * (DNi- Fe
( 0.78) ; @As.Sb.Au.Cu (
0.5) BALV.Ti (
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Si0, Pb.Sb.As.Au  Ag Pb. Ni.Fe Al.V.Ti As.Sb.Au.Cu o
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2013 2014, 2016) As<Sb.Au.Cu.Pb, 6
7Zn
o — ( ~260 Ma)
As.Sb.Au.Cu —
— Ni.Fe.Al. V. Ti o
o As( 3.9
X107 ~5.7x10™) .Sh( 0. 84x107°~7x107) ( 10).
( 4
As( 111x107° ~ 1415x ( As<Sbh+ Au)
107) \Sh( 50x107° ~1300x10™°) ( 10)
4 . (x107)
Table 4 The data of trace elements of sedimentary rocks sulfide concretions and
Emeishan basalt in Dachang Layer from Qinglong deposit ( x10°)
DC2-| DC2-| DC2-| DC2- | DC2- | DC2-| DC2-| DC2-
DC2- | DC2-2 | DC23 DC2-5 | DC2-6 |SWP-1|DC143|DC1-1
41 | 42 | 43 | 44 | 45 | 46 | 49 | 48
Al( %) 2.7 6.97 | 3.58 | 1.36 | 1.92 | 1.19 | 1.41 1.02 | 1.18 | 1.17 | 0.82 | 2.73 | 11.6 | 6.54 | 7.35 | 6.77 | 3.64
Fe( %) | 9.96 23 3.9 23.8 | 149 | 18.7 20 19.7 | 19.35| 21.4 | 21.4 | 9.37 | 1.94 | 9.27 9 14.9 8
Ti( %) | 2.89 | 1.185 | 1.09 | 0.464 | 0.563 | 0.28 | 0.476 | 0.354 | 0.438 | 0.481 | 0.293 | 1.295 | 2.97 | 1.71 | 2.17 | 2.13 | 0.16
Au
(x10°) - 16 120 31 113 124 72 105 133 109 120 150 11 - - - 1.3
X
Se 1 2 8 1 2 3 1 2 3 3 5 6 2 3 3 0.041
Sh 116 203 | 199.5 | 41.8 | 51.3 | 55.7 | 46.5 65 66.6 | 52.3 | 46.8 | 193.5| 1300 | 0.84 | 2.74 0.025
Ni 1.5 4.4 1.7 | 56.8 | 349 | 394 | 41.6 | 38.2 | 343 | 548 | 414 | 17.8 8 509 | 6.2 4.6 | 2000
Mn 39 5 45 68 78 62 19 93 59 75 62 63 10 1520 | 686 341 1000
Co 3.7 1.9 3.9 19.8 | 18.6 | 17.2 | 24.7 8.9 25.8 | 27.1 | 33.2 8 5.2 399 | 374 | 17.2 100
Sn 2.2 6.4 0.9 0.5 0.6 1.1 0.6 1.5 0.8 0.6 0.5 1.3 15.1 1.8 0.9 1.7 0.06
Pb 3.9 2.5 3.1 2.9 6.7 5.6 3.9 2.6 6 5 4.1 10.3 3.9 2.8 2.4 5 0.12
Bi 0.03 | 0.47 | 0.02 | 0.02 | 0.04 | 0.33 | 0.02 | 0.64 | 0.35 | 0.03 | 0.22 | 0.05 | 0.32 | 0.04 | 0.03 | 0.04 | 0.001
Cu 10.2 5.9 20.5 | 23.7 | 47.4 | 46.8 | 29.7 | 81.1 | 55.7 | 44.3 | 43.8 | 20.6 | 12.5 282 3.9 4 28
Sr 650 148 | 173.5 | 197 174 | 97.4 | 196.5 | 41.5 | 349 | 83.2 | 29.4 | 1185|1425 | 144 153 177 17.8
Ce 129 | 146.5 | 71.6 | 28.7 | 34.2 | 30.7 | 34.3 | 53.8 | 10.95 | 15.55 | 12.85 | 73.6 | 241 | 58.4 | 120 | 133.5 | 1.436
As 322 | 1415 | 388 | 111.5| 643 360 242 411 463 254 227 813 | 178.5| 5.7 3.9 5.2 0.1
Ba 160 90 50 20 20 20 20 20 20 30 10 60 150 40 570 370 5.1
A% 294 364 107 45 60 44 53 45 44 50 33 98 419 | 447 279 326 128
W 108.5 | 52.6 | 37.3 8.7 8.9 8.7 8.8 10.7 6.4 5.1 3.9 22.7 124 2 1 1 0.016
Y 13.8 | 22.7 | 13.1 3.8 4.6 14.7 9.4 9.2 1.9 3.4 2.2 18.6 | 31.2 | 34.4 | 49.7 | 49.2 3.4
Zr 69 266 | 52.9 9.7 29.8 | 51.2 8.1 57.4 | 16.2 | 18.9 | 16.1 | 83.8 208 195 189 186 813
Ag 0.07 | 0.23 | 0.94 | 1.55 | 1.54 | 2.62 | 2.05 | 2.86 | 1.29 | 0.9 1.26 | 1.28 | 0.27 | 0.09 | 0.04 | 0.07 | 0.019
1 SWP ; DC1 1# ; DC2 2# R Taylor et al. 1985,
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Fig.10 The sedimentary model of the Dachang Layer in Indosinian

(200 ~ 250 Ma: Chen Maochong et al. (2)
2015; Pi Qiaohui et al. 2017; Tan Qinping et al. Sb.As\Au.Ag .Pb
2019) o

( 2017; Su Wenchao et al.
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Hydrothermal—volcanic sedimentary and mineralization of the Dachang Layer

in the Middle—Late Permian Qinglong southwestern Guizhou
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Objectives: The Qinglong antimony deposit is hosted by the Dachang Layer which is dominated by silicified

volcaniclastic rocks in Dachang district

famous because of characteristic lithological composition and tectonic position

southwestern Guizhou SW China. In particular the Dachang Layer is

and contains gold antimony

fluorite and pyrite etc. Although many geologists have presented a majority of studies on genesis of the Dachang

Layer it is still hotly debated as regarding to formation and evolution of the Dachang Layer. Therefore

in this



456 2020

paper we systematically describe petrography characteristics and elements geochemistry to reveal the ore-controlling
mechanism of the Dachang Layer and identify the evolution.

Methods: Petrography and elements geochemistry of the Dachang Layer were carried out in this paper.

Results: Petrography indicates that the Dachang Layer is formed in a restricted shallow-marine environment.
Emei flood basalt events mafic volcanic eruptions and submarine hydrothermal venting activities in Middle—Late
Permian ( ~ 260 Ma) are probably responsible for its forming material. Trace element geochemistry analysis
indicates that submarine sedimentary exhalative can provides Sb  As Au Ag and Pb during syn-diagenetic stage
and formed the source-bed of Qinglong deposit.

Conclusions: Ore elements ( Sb As Au Ag and Pb) were enriched in the Dachang Layer during syn-
diagenetic stage.

Keywords: Dachang Layer; sedimentary exhalative; sedimentary evolution; elements geochemistry; Qinglong;
southwestern Guizhou
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