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Fig. 1 Lithofacies paleogeography of the Emeishan basalt in the Maokou period ( Guadalupian series) ,

Middle Permian, southwestern Guizhou ( modified from Chen Wenyi et al. , 2003&)
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Fig. 2 The photographs of Emeishan basalt (a)—(c¢) and quenching brecciated facies

in the Qinglong district, SW Guizhou Province
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(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 brecciated basalt was crosscut by ore-bearing quartz in hydrothermal stage
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Fig. 3 The sedimentary characteristics of the Dachang Layer in the Sanwangping block in Qinglong deposit, Guizhou
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Fig. 4 The photographs of tuffites (a), volcanic agglomerates (b), (¢) and ignimbrites (d), (e) facies
from the Dachang Layer in Qinglong district, SW Guizhou
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(a) bedded pyrites in tuffites; (b) limestone agglomerates in quenching brecciated rocks; (c¢) silicified limestone and basalt agglomerates in

cross-bedding sandstone; (d) clayization in surface of ignimbrites; (e) vitric pyroclast and crystal pyroclast were semi-directionally arranged
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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
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(a), (c) laminar jasperoid quartz; (b) bedded caly was interbedded with laminar siliceous rock
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Fig. 6 The sedimentary sequences and hydrothermal—exhalation textures in 2# section in

Dachang block, Qinglong deposit SW Guizhou ( modified from Chen Jun et al. , 2020&)
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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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Table 1 The contents of major elements( %) and trace elements (x10™) in siliceous rock from Qinglong deposit

B [DC2-D| DC-3 | DC-11 ﬁ@ BH |DC2-D| DC-3 | DC-11 j([ij__j Biy |DC2-D| DC-3 | DC-11 jﬂiﬂ__j
Hi5e Hi5e Hi5e
Si0, 83.5 94.6 88.7 SrO 0.01 | <0.01 | <0.01 Sr 84 32.3 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 ek 3.27 0.83 1.34 Ag 0.18 0.5 0.08 0.05
MnO 0.01 0.01 <0.01 B 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 \4 276 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, 04 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 \ 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,0; 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
. KEGHEFEEAES] A Taylor et al. ,1985,
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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)

ff5 (DC2-D) . 2570 1 ( DC-3) 1 1535 £ ( DC-11)
AN, W IR I I R R KRl Hb A X & R 64

(~7
Ho

4.2 KR EEGREYTRMERLE
AWML BEHL 16 14 AN [F) 2SR () i Ak ) 45 4%
LJ&?K’LE%E‘E"J{E EERCE M X R AT ERITR
HICR N, FE 2B S 25 AR UL R 2 Ak
,A%x#ﬂEWEG
GRS IR KT 2 AP 45 #% Sio, & &

FUSIEE I X RA T/ MR —3, As(254%x107°
~643x107°) [ Au(0.03x107°~0.13x107°) .Sh(41.8
X107°~66.6 x107°) Se(1x107°~5%x107°) Bi(0. 02
x107°~0.64x107°) Pb(2.9x10°~10.3x10°°) \'W
(3.9%107°~22.7%107°) Fl Ag(0.9%x10™° ~2.86x
107) AR Jffy b 522 B 4 s 4 Ni(34. 3 x107° ~
56.8x107°) .Cu(23.7 x107°~81. 1x10™) .Co(8.9 x
107°~32.2 x107™°) .V(33x10°~60x10"®) Fl Zr(8. 1
x107°~83.8

N 34.6% ~ 51.9%, 4 Bk & &
(TFe,0,) H 20. 4% ~32. 2% , 2 ki &,
E¥1(S0,) Frath 35. 5% ~52. 5% , Ml
XFRL LB (S) % B 14.2% ~
21.0% S JBICER E R Fe, 4578 1% DC2-4-1| DC2-4-2| DC2-4-3 | DC2-4-4 | DC2-4-5 | DC2-4-6 | DC2-4-7 | DC2-4-8
BRACY 2RI Fe BUABR ALY Si0, | 34.6 | 51.9 | 46.9 | 46.6 | 43.4 | 45.1 | 38.5 | 41.1

ALO, FiE N 1.38% ~3. 48% , fHXF T TiO, | 0.71 | 0.89 | 0.43 | 0.74 | 0.53 | 0.68 | 0.73 | 0.44

R2BEGT K EHPRUDEZEETEITER (%)
Table 2 The data of major elements of sulfide concretions

in Dachang Layer from Qinglong deposit ( %)

WA N 3 Al O
ZKKFVE 13°N Kﬁﬁ%ﬂmﬁ%%% Al ALOs 2.25 | 3.48 2.1 2.41 1.76 | 2.09 | 2.11 1.38
S 2L i IFe,05 | 30.2 | 20.4 | 25.1 26.7 26 25.5 28.6 28.1
Pt (0.04% ~0.54%) A MnO | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.01

2009)%@@2%,?‘5m?@’ﬁﬂ§%ﬂ 1% MgO | 0.06 | 0.11 | 0.09 | 0.07 | 0.04 | 0.06 | 0.05 | 0.03
W R R, AR RS, CaO | 0.05 | 0.05 | 0.02 | 0.05 | 0.02 | 0.02 | 0.04 | 0.02
s N K0 | 0.46 | 0.74 | 0.41 | 0.52 | 0.4 | 0.45 | 0.44 | 0.27
P,05 T E Y 0.04% ~0.28% ,K,0 7 As,0; | 0.03 | 0.07 | 0.04 | 0.06 | 0.05 | 0.06 | 0.05 | 0.05
HH 0.27% ~ 0.74%, TiO, & &}y Nb,05 | 0.02 | 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.02 | 0.0
0. 43% ~0. 89% , FLAtb TT 2 AL &tk P,0s | 0.28 | 0.21 | 0.07 | 0.15 | 0.09 | 0.05 | 0.12 | 0.04
oL PLO | 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.01 | 0.02 | 0.02
8T 0.1%. Bifb ¥4 bek i N SO, | 52.5 | 35.5 | 43.5 | 46.8 | 44.5 | 43.8 | 49.5 | 48.9
23.36% ~31. 31% , 5 FprA il 55 3 Bede | 31.31 | 21.86 | 25.51 | 23.36 | 28.28 | 26.58 | 30.02 | 29.07
Je A BRI R 2 — 5% M 1 99.99 | 99.74 | 100.7 | 100.7 | 100.61 | 100.62 | 100.72 | 100. 54
BTG A SR MO M TRl RS S0,

R (& 8)  BALW s AR 5 o B e




#2M

FERARAE . B PU R e B TR AR TR R

449

x107) S5 it (8 8) . HITE B AR IE 55 74 g BN
¥ 49. 6'E I X & Fe BUBLILY HHIICER & EFFE
(MR, 2010) 2580, 0 Cu S EARXI A, WirESE 1
JE e AR et I TR Sh R s A&, I
F 116 x107° ~ 1300 x107° Z ], Ti % = (1.3% ~
3.0%) SARZR A T & (2.7% ~ 4. 0%) 1%
i, B I B AE ISR R W, As (Sb | Au,
Ag FEIU R FEE E T W ALY H (Monecke et
al. , 2014; Nozaki et al., 2016; Fallon et al.,
2017) , AN 4R VA Theya b330 IX (1 BRAR SR 141 K2
IR DU Y h % F Pb—As—Ag—Sb—Cu ( = Mn +
Zn) §7)z, Hor Sh & T34 1000x107°, As 5 54
T 500x107° ~ 1200x10°° Z ], J- A MEER™ 5 d k™
FA: (Nozaki et al. , 2016) , 1M £F Sunrise 1 Palinuro
PO IX B Ak P T, Sh & i 43 5 R 3564 107 Al
5100%107°( Monecke et al. , 2014) , 7 B 7E FLACTAEE
PRI A 1 R, Sh B Rl 2 16 IS HAOK W8 AL 1% 2l K
HEE, AN, 8 AL AR & Li(7x107°) |
Bi(0. 1x107%) .V(47x107°) Zr(26x10°®) i1 Hf( 0. 6
x107°) (P AR TV iy & 5 (Li= 10x107°, Be =
0.5%107°, V=250x10",Zr=80x10"°, Hf = 2.5x
107°) (Windley, 1986) , BLHA K )2 f i — & A
O IS I PR 5E 5 5L A FE e T B IR AR
HER,

g5 5 X BT st MK R A MRS IR B
g A5 & Hhresk 2 RDITRI Z |, AUERK T
B SRS 0% LU K K B A8 (R B A Bl L s &

FNEE IR BTG 3l . Zhang Yan 55 (2013) 1@ i3 %)
A LRk U B R R A A Rl AR R S A 7R
LR LS LR AL SO, SRR
ST R80T KR AL , X Fh R 1L 1 K A% 5 T
BRI BB A TTTE . Monecke 55 (2014) XFEIAR K
LR X TR RTAL S As Sb TC R & 45K TR EE 1)
K R MFFEUEBH , Bl MK R B B AR, As F1 Sb 2 B
R R H Sh AR ARG AL 4 AT 3k 1000%107°
Ph b FEMAIREE 1.5 km 2N, E AR 3O
TR Z LR 1/, B F kAR R B B R
(N Tonga &3N) , FECE & CO, 1 H,S ¥ &40 KA
FHAY B IS As . Sb Hg %5 LR AL B 0998 R UTTE
( Monecke et al. , 2014; f1243%55, 2016) , [HIL, 78
KT JZUURE ], 55 FE 1 2 200 sl A S i Kl g
RIS AR I IL 16 20 7= A K B & S 4 & 4 (H,S)
) UK AR BRI ISR T #UK iy S 5okl
BEICA TN Fe S5 (LT Kt Ak — &2k, [7]
s AT fE ST B JC K (Au . Sh As %) ()4 &
%,

5 RJ TRy 5 ) ok

TEIAA [R) R 3 PR 8 T 1Y T ISP X, e il
B AR AR 3 o A 3 V8 TR, BB T IR AR P AL
2P BT 2l AR T8 B K £ 19 3F & BT A (Rona et al. |
1980) , ANTE A TIN5 BR 45 114 E %5 34 it 73 X A TR i
e B K8 1 AR AR AR R (BRELSE, 2006)
P K I —FGR DX X RhEE o =20k A LA,

RIBEXT BT KRUNERETERT TREXREER

Table 3 The coefficient matrix of ore—forming elements of sulfide concretions from Qinglong deposit

Ni Fe As Al AY 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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Fig. 9 The scatter diagram of SiO, vs Ni, Pb, Sb, Fe, As, Au, Al and Ag from sulfide concretions from Qinglong Sb deposit
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2013, 2014; f1271:%, 2016) ,As . Sb Au . Cu . .Pb,
Zn FFUER FEFE TR =R PAOK, 5SEREMNA
Ko HHUEFTUL WERER T B0 IR K 2 i fb i 45
itk As Sb . Au ., Cu %5 B JC R 5 ih—f — & it
WKL —5 R AE I R B, 0 Ni Fe ALV . Ti
Al RE S R X KA A5G, A 2= 9 s 78
Hh— I B IR L2 IR S I I I L IX A
Fez R it 2 2 A DR [a] B[] Bsf 77 7 2k 1 g
Ko MICE M AT LIE ka1 2 #Bs T As(3.9
x107°~5.7x107°) .Sh(0.84x10°~7x107°) & 1R
R(F4), BN R SRR Jo R, miFE i
e EE AR IO TR, As(111x107° ~ 1415
107°) .Sh(50x107° ~1300x10°%) & & & Y i S Ak
P I AR EUTRGE AR KL E TR A
JKIEIAAE AT BESR AL 143 Wi Wy o

6 K RV

e — & I (~260 Ma) , 45 VLA TS
] P 7 0 i e A 119 532 i b S50 sl B 7, A KR
B 2 i s I A B e . FE B P RS I P B K
JTHB DX g 1L X A OV [ R R AT K
TE LT f R . S R, T sk b L (1l
BT R K KLk, FENE B 2 BT
—HUURT K K JE 5 R 2 B8 e
HET YA (E 10) o 5—Jr i, AR R DTRGS
P RO BUR DTRUE L, Je R Mk fk 2= R W 7E
POK TR RS 43 B TC K (As Sb, Au) 13 21%)20
EE(E 10), FrLd, EpSZ I DR AR X BT R e K
{14 DT R E T A 8 Ly G B ) AR D AR AL T A R 7 g
W R A ) A, R EERRE R, BAK BT

RABER ST ERK BEREERRE MUVEZETNEE LZREMEBTRINER(x107°)

Table 4 The data of trace elements of sedimentary rocks, sulfide concretions and

Emeishan basalt in Dachang Layer from Qinglong deposit (x10™)

vey
JLHE JEHEBTURRE WAL EE AR TR A AR LA ﬁ;
DC2- | DC2- | DC2- | DC2- | DC2- | DC2- | DC2- | DC2-
DC2-1|DC2-2| DC2-3 DC2-5 | DC2-6 |[SWP-1|DC1-13|DC1-11
4-1 4-2 4-3 4-4 4-5 4-6 4-7 4-8
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 | 14.9 | 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 {0.4810.293|1.295|2.97 | 1.71 | 2.17 | 2.13 | 0.16
Au
- 16 120 31 113 124 72 105 133 109 120 150 11 - - - 1.3
(x107%)
Se 1 2 8 1 2 3 1 2 3 3 5 6 2 3 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 7 0.025
Ni 1.5 | 4.4 1.7 | 56.8 | 34.9 | 39.4 | 41.6 | 38.2 | 34.3 | 54.8 | 41.4 | 17.8 8 50.9 | 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 5.2 139.9|37.4 | 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 | 34.9 | 83.2 | 29.4 |118.5|142.5| 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 | 81 |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

TE:SWP Jy BT BE; DCL 9k 1T DC2 9k 243G 5 = Fon AR AR Mg i 51 B Taylor et al. 1985,
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AR s KT 2 ETIRS B TR H I AE
TP AT 1A% B IR 8] b 55 7 Y 2 i B S ARG it A
WA 34 (200 ~ 250 Ma; Chen Maohong et al. ,
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2018) .
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Hydrothermal—volcanic sedimentary and mineralization of the Dachang Layer

in the Middle—Late Permian, Qinglong, southwestern Guizhou

DU Lijuan"? |, CHEN Jun" ¥, YANG Ruidong"” , HUANG Zhilong” ,
ZHENG Lulin® , GAO Junbo" , WEI Huairui"

1) College of Resources and Environmental Engineering, Guizhou University, Guiyang, 550025;

2) Key Laboratory of Karst Georesources and Environment ,Ministry of Education, Guizhou University ,Guiyang , 550025 ;

3) State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, 550002 ;
4) Mining College of Guizhou University, Guiyang, 550025

Objectives: The Qinglong antimony deposit is hosted by the Dachang Layer which is dominated by silicified

volcaniclastic rocks in Dachang district, southwestern Guizhou, SW China. In particular, the Dachang Layer is

famous because of characteristic lithological composition and tectonic position, and contains gold, antimony,

fluorite and pyrite, etc. Although many geologists have presented a majority of studies on genesis of the Dachang
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Layer, it is still hotly debated as regarding to formation and evolution of the Dachang Layer. Therefore, in this
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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