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Fig. 1 Geological and mineral map of Nibao—Baogudi Carlin-type gold orefield in Southwestern Guizhou
(modified from Li Songtao et al. , 2021&)
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Changxing formation ; P;/—Upper Permian Longtan Formation; P;8—Upper Permian Emeishan basalt formation ; P;m—Maokou Formation of Middle
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Fig. 2 Mineral occurrence and assemblage characteristics from Nibao—Baogudi Carlin-type gold orefield in Southwestern Guizhou

(a)breccia cemented by massive quartz and vein quartz; (b) quartz vein cutting ore body; (¢ ) pyrite surrounded by arsenopyrite ;

(d)zoned pyrite; (e) stibnite veins interspersed in fluorite; () estrogenite coexisting with stibnite; ( g) calcite—limonite vein

wrapped organic mass; (h)the edge of harbor calcite metasomatized by quartz
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Fig. 3 Mineral intercalation, metasomatism, and symbiosis from Nibao—Baogudi Carlin-type gold orefield in Southwestern

Guizhou ; (a) calcite vein cutting quartz vein; (b) quartz vein cutted by other quartz vein and calcite vein; ( ¢) quartz fissur filled by

realgar and orpiment; ( d) quartz fracture filled by stibnite ; ( e ) metasomatism of stibnite and pyrite ; (f) cataclastic fluorite cemented

by quartz
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Table 1 Localities and characteristics of the samples from Nibao—Baogudi 49.3),
Carlin-type gold orefield in Southwestern Guizhou 3.2 BLaoEesa
Fein S RFFALE PR RS J5 fife A ARG LT R S b
Cal-1 NBDDHI10A, % 251 m &b, SBT | HHeik Ji A BB ZEL T SOMURRAE UL 22 3 SR A ERORE
Cal-2 | NBDDHO63,7% 155 m &b, F1 WiZd | ik VL 2NNt 3N . ’
Cal-3 | NBDDHO73,7% 227 m Ab,F1 W% | fikik DA B Bifr (Sun and McDonough, 1989)
Cal-4 | NBDDHO83,% 144 m &b, F1 Bigd | Jikik IR FrRUERC oL 5,
Cal-5 | NBDDHO83,% 172 m &b, F1 WiZd | itk T AT R ERE tHE
Cal-6 | NBDDHOSS8,IE 252 m &b, F1 Wi%e | ik JiAT R . o
Cal-7 | NBDDHOSS, % 286 m &b, F1 Wi%d | ik iR Sm—Ho (MREE ) 72 5 505 5 4K
Cal-8 | NBDDH092,7% 186 m 4b,F1 Higd | Jikik IR kD Y REE 4 T 3.02x 107 ~ 32. 65 x
Cal-8 | NBDDHO75,¥f 235 m 4b,F1 B | fiicik Trfan BT 107, 5F-#44 15. 60x107°, ¥ LREE/
Cal-10 | NBDDHO75,% 241 m Ab,F1 Wigd | kit A N s
Cal-11 | NBDDHO75, 7% 250 m 4k, F1 W% | Bkik DA X HREE 4 F 0.21 ~ 2.81, ¥ 5y
Qz1 | NBDDHO63,7E 155 m &b F1 Wi%! | Jkik i B 0.83,Lay/Yby 41T 0.09~4. 27,
Qz-2 | NBDDHO58,%# 286 m &b, F1 Wizd | Jkek A HE ¥70.73, Lay/Smy N 0.03 ~0.67,
0z-3 GHH SR P, Btk Bl HRRG D s .
Qz-4 ¥ SRR Pyl ZIEN A9 WY B FHE 0. ISiGdN/YbN % 2 85
Q-5 BT IR, P, L Btk PEER S 11.33,F BB Ny 4.95, & FE MY
Q26 e Y™ SR, SBT POk | G0 B R G R e R A bR R 4 i
Qz-7 M0 s AR, SBT AT HeIR AT B AT N — g
Qz-8 BRI SR, PLB kAR FIE - i‘jﬁ i/ﬁ( 14 5%) A/ MREE £
029 BRI H AR P Btk R A B ARAFE , 8Eu i 1. 04~2. 08, -4
Qz-10 T AR SBT Bk | A B B AR 1.47,H Fu IE5%;3Ce 7 0.71 ~
Qz-11 IR SR Pyl JikAR VSR /R 1173 Ny A S
. 1 B B3
Qr-12 KIS, P51 Btk EEN X3 BB ;PI A, ¥ 5
013 WRRTERRS, BT | MYk T 0.91, S B Ce 57 H AHI
Fl-1 VR4 §F R, SBT etk WA AT e AT 5 it A0 R A
Fl-2 VetR 40 5E KK, SBT Jiktk A PR A ELET B 2R AP
' S, X REE B {Eh 11.32x
e WEGT IR, ST | W | E e e §
Fld YR 4 5 R b SBT ISR | A A R 107 ~44x107, -5 26. 66 10°°,
FI-5 T4 B KR, SBT Al etk WA A R Lay/Smy A 0.29 ~ 2.49, } ¥
Fl1-6 WA T KK, SBT 1IN A MR 0.69 . LREE/HREE ¥ 0.39 ~2. 01
F1-7 VEAR 4 % KR, SBT e AT AT e . ’
HLs BEFH0 SR, SBT Mok | o e e s 1 03 0-84, Lay/Smy 0§ 013 ~
F1.9 WT 0 A4, SBT Btk | i e e stk 0.54,F 1 0.23, Gdy/Yby N 2.94
~4.58 ¥ 3.79, % FE 54 il
3.1 METRFE

AL 7 A R A A B O 2 TS R LR
2, K H Kbl i 5e it ST R AR EAE ( Rudnick and Gao,
2003) FIMIZ LI 4, HF 2 FIE 4 ] IL. D Aded
Bk As.Sb.Li ZAk, HE i o 2 & m B EAL, Hrp
Qz-1 F1 Qz-2 WAy As &ri 7 JilJ& K Hb5E Y 1. 99
6. 12 1% ,Sb & H 914 6.9 4. 37 15, Li S84 KN
2.05.1.44 5, @ BEFESh Cal-2 A1, Ho B RESL Y Sr
FrR AR T K Bl 5T R B AR ARAE, B AR R AR
1.49~4.75 V30 2. 28 F A FE i 0 W R & 4R
Rk, HE S R BN 1.18~6.06,F N 2.61, @
BREg AR FI-1 AT FL-9 4h, s AR W &
RN EERHE, Oy KA 52 RY 1. 1~25.7 1%, °F
¥k 5. 48 ff5;Sh LR W ERE = (PR 16. 14

LILEARLL, R B MREE & 4 B (K
5b) . BREES F19 B B B Eu fi 5% % (8Eu =
0.67) 4k, BT A E 8Eu 4 0.85~1. 06,11
0.96, & Bt 55 1 5% 2 JC 5 K, 8Ce N 0.59 ~
0. 86, -3 0.75, 5 Ce 67 T 55 71 3
3.3 EMIESARK

A1 UL S SRR [R5 28 A3 AT R AR 2 R R
BRI R R AR LR 4, AR A
] A2 2R 41 B (3D gyoy ) 22 1L 1 Fl Ny — 76%0 ~
-55.7%0, F ¥ - 64.9%0, 1 Y& H "0 1A
(8"0y_quow ) N 16. 5%0 ~ 24. 5%0, JH N 21. 1%,
AR A S — K AR 2R A7 7018 U7 #2 1000Iney, =
3.38%x10°/7°-3. 40( Clayton et al. , 1972) , Hoff 4 3%
(I WL B A ) — A s b S P AR L AR Y 1 — iR
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Fig. 4 Continental crust-normalized spidergrams of quartz(a), calcite(b), and fluorite( ¢) from

R2EBAHREE—CEA M FTHREST HARE X ZAMETZRSE(x107)

Nibao—Baogudi Carlin-type gold orefield in Southwestern Guizhou

Table 2 Trace element contents(107°) of calcite, quartz and fluorite from Nibao—Baogudi Carlin-type gold orefield in

Southwestern Guizhou

JLE Cal-1 Cal-2 Cal-3 Cal-4 Cal-5 Cal-6 Cal-7 Cal-8 Cal-9 Cal-10 Cal-11
Li 0.365 0. 085 0.219 0.225 0.248 0.225 0. 095 0. 156 0.19 0. 194 0.171
Be 0.113 0. 041 0. 050 0. 084 0. 093 0.133 0. 036 0.110 0.012 0. 147 0.012
Sc 0.426 7.96 1.92 0.452 5.73 6.41 1 2.34 0.742 4.18 2.85
A% 15.4 9.48 14.9 5.68 14.2 17.4 10.9 13.7 3.71 14.1 6.32
Cr 0.283 1.32 1.07 0.286 0. 194 1.39 0.072 0.414 0. 608 0.338 0. 567
Co 0.411 0.51 0.432 0.412 0.425 0.489 0.448 0.43 0.434 0.422 0.404
Ni 8.53 9.38 11.4 9.42 16.9 9.98 9.98 9.59 8.89 8.84 8.59
Cu 0. 965 0.597 0.81 1.12 1.23 0.54 0. 609 0.469 0. 651 0.433 0.592
Zn 4.54 1.29 17.8 2.24 11.8 44.6 4.18 18 9.45 0. 627 2.39
Ga 0. 104 0. 146 0. 098 0.133 0. 155 0. 145 0.233 0.217 0. 049 0. 094 0. 084
As 0.328 0.903 0.352 0.432 0.413 0. 464 0. 832 0.482 0.337 0.397 0.328
Rb 0. 050 0.034 0. 044 0.048 0. 037 0.05 0. 047 0.038 0. 025 0. 039 0. 040
Sr 490 191 530 1520 1130 590 843 631 497 471 573
Y 10.8 14.6 19.2 23.3 30.4 19.8 19.9 30 4.717 21.6 22.8
Zr 0.074 0.084 0. 055 0. 085 0.075 0.090 0. 087 0. 058 0.037 0.139 0.061
Nb 0. 008 0. 008 0. 007 0.016 0. 006 0. 005 0. 006 0. 005 0. 007 0. 004 0. 005
Mo 0. 069 0. 089 0. 104 0.054 0.122 0.018 0. 099 0.037 0. 021 0.076 0. 036
Cd 0. 001 0.032 0. 044 0.055 0. 003 0. 007 0.025 0.016 0. 002 0. 034 0.019
Sh 0.030 0.142 0. 050 0.029 0.039 0.070 0. 044 0. 054 0.039 0.023 0.008
Cs 0.015 0. 009 0.010 0.015 0.015 0.011 0.010 0.015 0. 009 0.014 0.013
Ba 16.4 95.2 5.42 16.2 14.2 7.67 19.9 6.23 3.6 6.52 4.79
Hf 0.013 0.023 0.016 0.014 0.038 0.022 0. 025 0.035 0. 006 0.030 0.033
Ta 0. 001 0. 003 0. 002 0. 005 0. 003 0. 002 0. 003 0.003 0. 001 0. 003 0. 003
W 0.231 1.18 0.471 6.06 0.135 0. 095 1.91 0.203 1.28 0. 445 0.278
Pb 0. 081 0.483 0. 052 0.16 0. 802 0. 026 0. 149 0. 001 0.117 0.152 0.278
Bi 0. 002 0. 001 0. 004 0.003 0. 005 0. 002 0. 005 0. 002 0. 005 0. 002 0. 003
Th 0. 008 0.019 0.015 0. 008 0. 047 0. 024 0. 030 0.027 0.010 0. 026 0.033
U 0. 053 0. 055 0.117 0. 054 0. 160 0.173 0. 090 0.111 0.227 0.071 0. 101

JLHE Qz-1 Qz-2 FI-1 Fl-2 FI-3 Fl-4 FI-5 Fl-6 F1-7 F1-8 F1-9
Li 30.75 21.65 0.177 0. 06 0.08 0. 099 0.212 0. 046 0.075 0.2 0. 003
Be 0. 063 0. 056 0.025 0. 009 0.017 nd nd 0.003 0.013 0. 055 nd
Sc 0.234 0.177 0.3 0.587 0. 836 0. 449 0. 156 0.17 0.154 1.49 0.175
\ 0. 083 3.25 0.153 0. 056 0.134 0. 082 0. 092 0.097 0. 158 0. 837 0.119
Cr 0.132 0.229 0.39 0.492 0. 481 0.365 0.337 0.342 0.34 0.573 0.37
Co 0. 025 0.305 1.2 1.13 1.18 1.16 1.11 1.15 1.26 1. 11 1.12
Ni 0.233 1. 14 23.3 22.8 23.7 23.7 23.5 23 24.6 23.9 25.2
Cu 0.43 0.239 1.81 0.322 0.47 0. 662 0.85 3.26 0.243 0.217 0.351
Zn 1.728 3.45 2.38 0. 809 1.29 0. 667 1.51 1.31 1.16 0.577 1.32
Ga 0.093 0.078 0. 049 0.049 0.056 0. 056 0. 006 nd 0.01 0. 069 0.017
As 4.973 15.29
Rb 0.483 0.455 0. 101 0.038 0. 081 0.073 0. 168 0. 068 0.07 0. 043 0. 054
Sr 2.975 122.2 63.8 66. 1 79.4 78.9 45.1 57.7 55.6 60.9 35.2
Y 0.024 1.245 33.1 37.5 44.9 38.5 34.1 38.8 37.1 42.9 19.5
Zr 0.27 0. 187 0.305 0.072 0. 121 0. 082 0.113 0.878 0. 147 0.115 0.56
Nb 0.017 0. 041 0.025 0.015 0.019 0.014 0. 029 0. 008 0. 041 0. 003 0. 004
Mo 0.016 0.018 0. 261 0.024 0.09 0. 061 0.304 0.567 1.6 0.17 0.023




2 A ZERNSE A VY R U8 R — A R AR S T AR ) R A R AR AE e b B S
e Qz-1 Qz-2 Fl-1 Fl-2 Fl-3 Fl-4 Fl-5 Fl-6 Fl-7 Fl-8 Fl-9
Cd 0. 002 0. 000 0.016 nd 0. 006 0. 004 0. 006 0.019 0.01 0.011 0. 005
Sh 1.380 0.873 0.861 0.077 0. 484 0.229 0.203 12.9 0.274 4.17 9.86
Cs 0. 121 0. 121 0.076 0.029 0.033 0.037 0.112 0.036 0. 041 0.016 0. 006
Ba 65.25 6.55 25.2 1.69 8.79 198 12.3 12.7 109 2.19 3.97
Hf 0. 007 0. 009 0.035 0. 042 0. 052 0.048 0.025 0.05 0.027 0.027 0. 008
Ta 0. 002 0. 003 0.012 0. 009 0.016 0.011 0. 009 0. 007 0.011 0. 007 0. 003
W 0. 089 0.268 141 1.2 2.52 0. 806 4.19 25.7 2.23 1.1 0.628
Ph 0.315 1.775 1.34 0.364 0. 604 0.577 1.17 0.923 0.388 0. 186 0.314
Bi 0. 001 0. 001 0.015 0.003 0.021 0. 003 0. 024 0.099 0.019 0. 003 0. 004
Th 0.01 0.036 0.283 0.541 0.454 0.263 0.126 0.132 0.128 0.528 0.169
U 0. 007 0. 009 0.06 0.296 0.299 0.138 0.029 0.025 0.017 0.115 0. 062

BEVIME (228, 2019) , THEE R4S A4 AL 22 4K
(4 8" 0,150 v-swow TH A 4. 5%0 ~ 15%0, -3 10%0, f1
B 8CH (87 Cy_ppy ) H—14. 3%0 ~ = 7. 0%0, Y 1H
H-10. 9%0, =FREBET 1) 8™ {5 (%S, ) 1L
Y EHAS , 2351 R -0. 4%0 0. 6% Fl 1. 9%o.,

It A1 B C—O [R v & 43 B 45 S W% 5,
8"Cy_pps ZEALVEH R - 6. 5%0 ~ — 2. 5%0, ¥ N
~4.5%0;8" 0y _py I T = 14. 2%0 ~ — 8. 2%0, F-2 Ky
—11.9%058" Oy _gyoy HIH/IMEH 16. 2%o0, i KAE K
22. 4%, FI{H N 18. T%o.,

4 HHE
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As Sb \Li Sr W SI0E WFHE, JTCREN Y b
PL=RAEEIE 2. O WRAEAED ) A% v A 2 i ]
25 FAETH WEERT ;@ FA7E T 1 Ak
b (B HR1E,2016) , As Sb.W LEMNE TEE
Ca™ TEAL A H M | B 7 A2 R H g 55 7 T AH 25 38
K, ENTE AT g LLAE R BT R 2R AP =X (anf 2
A A% Bl B A5 ) A7 AE T 7 A A 580 A (O kK
%% 2011) , Su Wenchao et al. (2009) i i 43 7K 4R
TR G PR A A AR A R 4, /R TR A 2
R E S Au As . Sh A TCEK (Au:3~5ppm, As:
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Fig. 5 Chondrite-normalized REE patterns of calcite(a) and fluorite(b) from Nibao—Baogudi

Carlin-type gold orefield in Southwestern Guizhou
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Table 3 REE contents( x10™°) and parameters of calcite, quartz, and fluorite from Nibao—Baogudi
Carlin-type gold orefield in Southwestern Guizhou

Cal-1 Cal-2 Cal-3 Cal-4 Cal-5 Cal-6 Cal-7 Cal-8 Cal-9 Cal-10

La 0.076 0. 057 0.068 0. 455 0.588 0.153 3.014 0.796 0.187 0. 085

Ce 0.285 0.269 0.217 1.972 2. 141 0. 766 8. 058 1.645 0.307 0.391

Pr 0.071 0. 054 0. 056 0.529 0. 485 0.258 1.342 0.392 0. 058 0.125

Nd 0.590 0.491 0.572 3.990 3.639 2.513 7.187 2.543 0.289 1. 196

Sm 0.653 0.636 0.747 2.579 2.890 1.574 2.817 1.771 0.250 1.616

Eu 0.672 0.616 0.614 1.856 1.754 0.774 1.673 0. 888 0.174 0.983

Gd 1.493 4.281 2.080 3.311 4.378 2.215 3.083 3.854 0. 546 3.198

Th 0.243 0.785 0.453 0.534 0. 683 0.393 0.550 0. 643 0. 103 0.576

Dy 1.484 3.309 2.680 3. 144 4.000 2.536 2.897 4.206 0. 620 3.402

Ho 0.242 0.412 0.453 0.502 0. 688 0.508 0. 445 0. 688 0.113 0.595

Er 0.485 0.679 0.953 1.026 1.344 1.075 0.956 1. 603 0.222 1.125

Tm 0.051 0. 060 0.102 0.099 0.141 0.122 0.091 0.178 0.025 0.120

Yb 0.219 0. 306 0.514 0.509 0.744 0.629 0. 480 0. 859 0. 106 0.694

Lu 0.024 0.045 0.052 0.061 0. 085 0. 067 0.057 0.121 0.017 0.081
SREE 6.59 12. 00 9.56 20. 57 23.56 13.58 32.65 20. 19 3.02 14. 19
LREE 2.35 2.12 2.27 11.38 11.50 6.04 24.09 8.04 1.27 4.40
HREE 4.24 9.88 7.29 9.19 12. 06 7.55 8.56 12. 15 1.75 9.79
LREE/HREE 0.55 0.21 0.31 1.24 0.95 0.80 2.81 0. 66 0.72 0.45
SEu 2.08 1.14 1.50 1.94 1.50 1.26 1.73 1. 04 1.44 1.32
dCe 0.94 1.17 0.85 0.97 0.97 0.93 0.97 0.71 0.71 0.92
(La/Yb) 0.24 0.13 0.09 0.61 0.54 0.16 4.27 0.63 1.19 0.08
(La/Sm) y 0.07 0. 06 0. 06 0.11 0.13 0. 06 0.67 0.28 0.47 0.03
(Gd/Yb) 5.51 11.33 3.27 5.26 4.76 2.85 5.20 3.63 4.15 3.73
La/Ho 0.31 0.14 0.15 0.91 0.85 0.30 6.77 1.16 1.65 0.14
Yb/Ho 0.90 0.74 1.13 1.01 1.08 1.24 1.08 1.25 0.94 1.17
Cal-11 F1-1 F1-2 F1-3 Fl-4 FI-5 Fl-6 F1-7 F1-8 FI1-9

La 0. 086 1.22 1. 19 0.973 0.925 0.309 0.291 0.35 1.54 0. 868

Ce 0.369 3.15 3.55 3.41 2.89 0.705 0. 666 0.8 3.39 1.62

Pr 0.119 0.771 0. 885 0.955 0.798 0. 186 0. 189 0.216 0.773 0.508

Nd 1. 146 5.25 6.26 7.14 6.04 1.48 1.53 1.7 4.85 3.31

Sm 1.926 3.39 3.79 4. 66 4.14 1.14 1.35 1.33 2.37 1

Eu 1. 086 1.53 1.64 2.13 1.92 0.539 0.678 0. 66 0. 884 0. 254

Gd 3.752 6.17 6.49 8 7.48 3.27 3.87 3.8 4.18 1.32

Th 0. 668 1.09 1. 18 1.44 1.36 0.615 0.74 0.708 0.761 0.211

Dy 3.814 5.82 6.32 7.7 7.05 3.31 4.05 3.76 4.13 1.13

Ho 0.615 1.02 1.11 1.38 1.24 0.613 0.733 0. 683 0.777 0.228

Er 1.235 2.45 2.66 3.3 2.95 1.33 1.62 1.52 1.87 0. 547

Tm 0.125 0.287 0.307 0.41 0.352 0.134 0.158 0.15 0.208 0.056
Yb 0. 638 1.49 1.63 2.2 1.9 0.593 0. 683 0.676 1.03 0.237

Lu 0.076 0.203 0.217 0.298 0.259 0.074 0. 083 0.078 0.135 0.031
SREE 15. 65 33.84 37.23 44. 00 39.30 14. 30 16. 64 16. 43 26.90 11.32
LREE 4.73 15.31 17.32 19.27 16.71 4.36 4.70 5.06 13. 81 7.56
HREE 10.92 18.53 19.91 24.73 22.59 9.94 11.94 11.38 13.09 3.76
LREE/HREE 0.43 0.83 0.87 0.78 0.74 0.44 0.39 0.44 1.05 2.01
dEu 1.23 1.02 1.01 1. 06 1.05 0.85 0.90 0.89 0. 86 0.67
8Ce 0. 88 0.79 0.84 0. 86 0.81 0.71 0.69 0.70 0.75 0.59
(La/Yb) y 0.09 0.56 0.50 0.30 0.33 0.35 0.29 0.35 1.02 2.49
(La/Sm) 0.03 0.22 0.20 0.13 0.14 0.17 0.13 0.16 0.41 0.54
(Gd/Yb) 4.76 3.35 3.22 2.94 3.19 4.46 4.58 4.55 3.28 4.51
La/Ho 0.14 1.20 1.07 0.71 0.75 0.50 0.40 0.51 1.98 3.81
Yb/Ho 1.04 1.46 1.47 1.59 1.53 0.97 0.93 0.99 1.33 1.04




2 1 AN AE . BV P e R — (8 AR T G 00 AR W b R A 2 AR R HC b o R S 11

SE R o6 R 5t B AUAH OC OC &R (Tan Qinping et al.
2015) , el Li AN KT BE & AR FE L0 Ak . 5 i
ARV Se Fr i A T A S0 TG B RRAE
JAHFTRE R T W Ca &, H Ca™ [r(Ca™) =
0.99 MRS S r(S*™) = 1. 121/, 5 T 47
KR F LA, Besh, A JCE Sh Ml Bi W, Mo,
Co Ni Ta Th Hf U Zr 55 34 K ICZ AH AR,
BIRE 55 KGN EA —EMXHE(E 6),

JRCAT B SV 1 5 i A0 RN A 34 R MREE & 4
R PR ARRAIE |, 5 5 G g e R AP TR A PR A s = T
3B — 2, WK AR TR 42 57 IR (Su Wenchao et al. ,
2009) EARKET IR ( EFEMSE, 2012) REET
PR (BE 2% B4 2020) G B 46 0 R (32 e 45
2002) 55, 5T X FN 480 R Z (8] #f 1 J0 R 40 A 58 =X
(R 132 AR B 7S B A1 LA ) 1 B0 W AR R A
—JEEBL T, Ca® BY2E4E 5 MREE OB T2 40402,
2533 MREE BRUEEH Wi iE P Y Ca™ (B4R
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4.2 METESMEXMET RENER

HT Y 5 Ho B 7EAR o4, oo 7 —
1B S A2 A B A B S i R T T R I AR T T B )
THA — SR I Y—Ho BIff 2
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L, [FASE S 099 I7E Y/ Ho—La/Ho &% b Kk S
JK3F43 45 (Bau and Moller, 1992; #RER % 2020) ,
K 7b s 7 il FUd A AR S Y/ Ho 1 La/Ho $
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8 DX B DX 58, 1 18 26 385 KL R T 2 T R TR B ik
b AR A A 2R BN Eu i 5 (28
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B SR bA VA R B R gl TR

SN (B RS, |

2020) . EHEFEMITXNE y

(W) A fis LOCRAFAERS, B M

PR DA R L4y Ba

W LT TR, P8 % ﬁ

L

RE LREKNHIEER o
PLIBT B i

SR HDR TR R AR W
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X MREE £ 4 105 1) ] i 4k i
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% K P, Johannesson % Be
(1996) DA Ay B i T v——

BET Y RELEE & o

AP B E B 47 o

JEAT AR 5 55 TR ME B KR AR Cr

(Su Wenchao et al., 2012; Zn

Tan Qinping et al. ,2017) , AJ Cd
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K 6 B PU R et — A b RAREL G I Y TR R BURSEE RIK
Fig. 6 R-type cluster pedigree of trace elements of minerals from Nibao—Baogudi

Carlin-type gold orefield in Southwestern Guizhou
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Fig. 8 Hydrogen and oxygen isotopic compositions of ore-forming
fluids based on analyses of quartz from Carlin-type gold deposits
in Southwestern Guizhou ( modified after Hu Ruizhong et al. ,
2017, data from this paper; Li Songtao et al. 2019; Xie
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Lulin et al. , 2019&)
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8" Cy_pps TH (=6. 5%0~=2. 5%0) F- B4 TE~9%0 ~ —
3%o , [ WLIX 67 A FE 2 5 M OC Y, A5 B
fEAMKER T w7k B S AR s gk BEab
WEBR S AR B ) 2 D) AR B T = S

HBR 2 G5 B UR A = RO [R] % P L i
FHBRTRER A 8" Cy_ppy [EATF 0~4%0( Hoefs, 1997) ;
TREBAIN 8°Cy o N —9%0 ~ — 3%0 15, 11 18 5K Y5 11
8" Cy_pps N=5%0~ 2% ( Talyor, 1987) ; TLFA WL
AR 8°Cy_pyy 1 i K T —20%0 ( Veizer et al. ,
1980) . AT TT AT 87 C_ppy TH (—6. 5%0~—
2. 5%o0) FEARAN T i B A 4 U Ay ik [R) 47 253 1Bl Y
S A R RGBT RE R EORIR TR A 3, R
80y _qow TH(16. 2%0~22. 4% ) Wtk 125 T Hb & 37
(80, _qyou = 6%0 ~ 10%0, XI) A5 25 2001) , 7] fE
iz X =& R M 8RR H 5 30, gow
(22.97%o0 ~ 26. 84%o , Hl 5t HFIG L7 ,1995) A K,
AR 3 B AR Y w R TR R (AR A 473
8]80\'—SM0W_813CV—PDB Fg[ﬁ’% ( K 9) s HJ uj}ifmﬁﬁf\ éﬁ

[ 4 HA A AL 3, —J& A RR 55 K
S ZE A X R AR AR LUK BR R A I A0 A A 1
P PR HC AR UL | S B TR kA i e e —
JE FBRIRER 5 R ) 22 7F T 1], B W Bk R 6 5 TR AR
K Z AP AR G

TR X A 0 rp AR L R 87 C Ly THTE
—14. 3%0~—T%c2Z 8] , 5 31 = ZSRRIFIE AN N | [
B3 A R A B R U T RE LU AR S 2% . Dai Jinxing et al.
(1994 ) AR AR R TR 2 (/T - 10%0 52 A7 HLAL
KR, KT = 8% W LA TEHL I A oy 3, 8 b IA Ry A 52
DX A S A R R A LA TEAL TR A A, ik
WFSE 7 , i fide A e [R) 467 26 ] g EL A TR0 Y5
FAVRRRIE, A b JC AL 1) ol VR it T AR A4
WE, T3k, AR 4 0 g A A 28 1A v 3 B A L
T, A A5 (2005 ) DA HOR R AT B8 5 450 2
AU ARE A G, BRI, 45 G X 7 g A
B0 U VA= % TS 1L R At N Rl S T T
B TRHB S IR RN H 2 AT HLITT TR A R R
4.3.3 SEMIERER

PR AL 85 ) 57 2 2 A (B TR X 4
JEi ™S L, T HL 5 Bl i 14 v 1 1 4 B 2 S 1
(SFGR B  pH |, B ¥ 5% B R B %5 ) 4 2% ( Ohmoto,
1972) . WKW BERD MEREW | ME/ M S G &
VG -RAREL S R 1) 2 B, B 5
UL Y LA R RE B R RS Bk
RIS R R R, R M DT UE B AR R G
AbTFAHXF IR B S, A, S A L 43 AT 2 B
FE XA I AR B 1 K 244 200°C (Li Songtao et

R5BABEEE— GO THEST AARAHR.|
[B) i H B
Table 5 Carbon and oxygen isotopic data of calcite
from Nibao—Baogudi Carlin-type gold orefield

in Southwestern Guizhou

#L‘ﬂ'}éﬁ% 813C\’—PDB SISO\V—PDB SISO\V—SMOW'

(%o) (%o) (%o)
Cal-1 3.4 -12.1 18.5
Cal-2 -6.5 -13.7 16.8
Cal-3 4.5 -8.2 2.4
Cal-4 5.5 -9.2 21.4
Cal-5 -2.7 -13.4 17.1
Cal-6 5.0 -12.1 18.5
Cal-7 5.0 -12.9 17.6
Cal-9 5.7 -1 1 19.5
Cal-10 2.5 -14.2 16.2
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s UARAE HIR IR A AR, DL Y T

1 Dec JHAE (Rollinson, 1993) . AR A3t
ST o ° \ HIREBE T 83S, oy B T-0.6 ~

0 opP o 0‘ Dis Carb \ MC 1. 9%o , 53 A 72 K ER I | 58 AR Pk 12 T

° EYIR 1 I AL A AT DX R A R bR

g sp o] ||om Reg: T IR ALY (1
Taop i B RS ) 5%S, oy 1 FE Y
< A5k BUR M Decbx ™| (=5%0 ~ 5%0) ( Xie Zhuojun et al.,
“ st e AN 2018) , If 5 W e B 7 199 W 6
2or previous dafe - %S\ oy 1 (= 6.6%0 ~ 1. 5%, Chen
25| o X flf, Oxid Org Sedim Org Jun et al. , 2018) HIiE , £ EA1HA4
-30 1 ] ] ] ﬂﬁﬂgﬁiﬂh{llﬁﬂdgﬂéﬁo q&%ﬂ"]ﬁﬂ:%

0 5 10 15 20 25 30 KNTERD 84S,y (4 -4 17%0 ~ -

818OV-SMOW(%'))

P9 B VYRR ARG 07 7 il A1 Be—28 [ 182 3K 18T i (IR 18146 Hu
2017, ik AR MEBETESR, 2016, RAATESE,2016)

2. T4%o , V& BR A A% F Fl B0 A7 1Y J5E Ao
Ruizhong et al. , 834S\V,CDT B FEA L s W TE - 5%0
~=2%0( K1 10) ,{HJ& R HR I 834S\-CD’|‘

Fig. 9 Carbon and oxygen isotopic compositions of calcites from Carlin-type gold =D (= 5.35%0 ~ 13.4%0) It W

deposits in Southwestern Guizhou ( modified from Hu Ruizhong et

from this paper; Xie Xianyang et al. , 2016&; Wu Songyang et al.

MC— AR R 7 ; Sedim Org—UUEA LT ; CMX—B5 i 7 F1 i 97 55 4 ; BUR— k1
HAMEA  Gran—71E X 71 ; Dis Carb—BRFRER 7 3 Dec— i — 48 {LAK ; Dechx—A HIL IS 1) 25 Bk R

3 Oxid Org— A WL AL s MT—IR A5 7]

al., 2017, data g34g A} (-5.26%0 ~ 8. 48%0) AE Ak,
GO10%) SRR, S P O b
PRI 8 R4 [ 137 2R 4 805 ik AH
L (Hou Lin et al. ,2016; Xie Zhuojun

MC—marine carbonates; Sedim Org—sedimentary organic matter; CMX—igneous carbonatite and et al. , 2018, Chen Jun et al. , 2020,
mantle xenoliths; BUR—basic and ultrabasic rocks; Gran—granite; Dis Carb—carbonate | in Shiru et al 2021) o gﬂ&—u\j{j%
c

dissolution ; Dec—decarbonation ; Dechx—decarboxylation of organic matter; Oxid Org—oxidation %’Iﬁﬁ%{ﬁ&%ﬁ%ﬁi%%ﬁﬁ% , i%\:%ﬁ

of organic matter; MT—mixing trend

al., 2019) , ALY 5 AW AR Z [/ S R0 %R 55
TAR/IN(Ohmoto, 1972) , I, BF 5% X N $A At Ak
WIRAIBL )7 28 (E (87 S gy ) BTSSRI AT AL 1A
R R AL (87 Sy) o AR ERE VIR
& BRATIR EATAHAL ) B B R LA | L ik
W HHEFICRA S, MBS T F— 1 &
4t ,Au.Sh T8 — B AR R (Su Wenchao et
al. , 2009; Chen Jun et al. , 2020) , WA FWAKIEAS
[F)3E AL T B ) TR AEGR B pH 45 22 5] R i
T Au.Sb 435 (Chen Jun et al. ,2020; ZE#A¥5,
2019) . ZE BT LLIACH , WEBE 0 & [R) 0 2R (B RE b &
B AR I R PR — e R

AR R R FEA = uwo. © 3§
1S b e R A A R P A, A ) 67 2% 4L B AE O R FfT
T ( Chaussidon et al. , 1988) ;@ KK FE KB,
LA B ARAE M Ty s I A — o AR 4k, (B2 SR
FIA I A, B ETE K RN K T Y[R 6 R
H 2R 20%0( Rees et al. , 1978) ; 3 41 ik JR i

WA SR 3510 () D PR
7Y, AH AR BB B i O i
W T IR S R R R A T —E R K
SR, S BT AT AR R T 0 A AR R R R
(A5 38 R A, O BR A BRI 1 %S (A — PRI
(A8 b (B IESS , 2021) , EMAT &, B 9E IX 452K
PIBBRALY 1Y) 8™S (B3 TR 1 1l 72 1T 8 A Y52 14
[) (57 R ARAFE , 52 W U™ S 4% o 8 P /8 2250k A
TERARAHK
LA HISEIX C H 0 #1 S [l R, 2
AT A AT BE FEZOR IR T A AR, A R4 )2
KA . AR VF 222 il i A5 B P e e
— e AR S IR (G0 0T BOK R T 0T 2
PIET ZHREXEET HEIRET ) 1R
(i) (o 2R AV B S AL A [ 157 3%, 28 3R B ™ Ak T
BB A G SAR G, 5 28 [ R PRAL £ 57 R 1 i~
AR Sk JR AH Ll ( Muntean et al. ,2011; X1 & A 4
2017; Hu Xinlu et al. , 2017; Hu Ruizhong et al. ,
2018; Xie Zhuojun et al., 2018; Yin Runsheng et
al. , 2019; Chen Jun et al. , 2020) ., 2574 wg &5 1)
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Fig. 10 The histogram of sulfur isotopic compositions of stibnite,
arsenopyrite, and zoned pyrite from Carlin-type gold deposits in

Southwestern Guizhou ( data from this paper; Wei Dongtian et al. ,

2019; Zheng Lunlin et al. , 2019&)

FRA F BT S RS L R R
FVw B MR, FLAT#4 5311 h 85 ~ 88Ma( Liu Shen
et al. , 2010) .257 ~259Ma( Song Xieyan et al. 2001)
F1260Ma( Fan Weiming et al. 2008) ; X8k Fk7I 4
W AR RS B AE HTE 130 ~ 150 Ma( Hu Ruizhong
et al. ,2017; Zheng Lulin et al. ,2019) , I I,
XIS A 1 B 5 T B AR AR B B 2 5
7R SEPE AR S A0 PR 22 (B T RE VAT ELHE Y 1 Rk
F BEAM, BE T A T ik i gk JE 1 X sl B L R
LR 55 B A B s e o3 2 =2 i
KM A SV f=2 A (A BE) At sk s (+ 40
2% ) #B G 3 DX I F R MR 4 T LR () i A X
(BAESL, 2007) , W [R IHR  SPE—iB L e
AIRE S TC G, (EE AT VE B2 Jcil () it
SR B VI R R 0 R X T B — &
GBI AR (BRRZY 5 km) | JFAEZS 6] 52 45"
(BLFEWFFE X ) W7 B AR I (ke 45, 2017) , A
AT e A AR IARYR . T2V R 40
RAE X G = 3 SO VR A H0E Bl 1 B 5%, U TR
AR R B E— A E, 25557

7 8 91011121314

T b DX A b 2 454 RN TTCRRRR AR HE IR 5 K o 6
SRR B SR AT RS O BT 2 R
KATRAER—BZRZNE 6~12 km W%
DUBRES ( Xie Zhuojun et al. , 2018) ;@ LA Kz AH %t
/NI H PR BE (Luo Diwei and Zeng Guoping,
2018) ,

5 458

(1) e 7 A s A 84K LR 4 As SbLi,
Sr W 0%, Hh As Sb m TC R kK T i ik
TR EHERHME, M ICRK Sh il Bi (W Mo, Co Ni
SR K ITREAN BT R 5 & KT sh A

(2) JrfiA FnE A T oo R A X S B Ve
He AR G0 AL, KB EA W3 1) MREE &
RFFIE, I E A TR BT S AR AT T 1 — 3k, O
ZA W ARG SR TR Y A B AR R R
e 5 5 A1 b7 Eu 1 528, 3R AR A I S PR
TR, FF2 TR & Fu A A K/ A R, T iR
AR AT Y—Ho | Y/Ho—La/Ho i [ e 10T
VE T[] — W AR 2 IR T AR A 8

(3) A1 9% 8" 0y0 yosyow I T 4. 5%0 ~ 15%o,
Dy _quow I T = 76%0 ~ = 55.7%0, 8°C\_ppy I+ T
—14.3%0~ = %0, 77 i 1 8°Cy_ppy I T = 6. 5%0 ~
=2.5%0,8" 0\ _quow T 16.2%0 ~ 22. 4%0, ¥ 56 1"
%Sy cor T =0. 6%0~ 1. 9%o , 3 W LT AR 1T AE £
BORIETE I, AR 3 HUZ KAV BUKIRA

(4) LR G I XA W Je 2 | TR R b Bk Ak
SPREAE R D R ) B 5 AR AR A B R R T S P
RS G B 7T R 5 ORI B AR A AR G i 5 X
B E I ER AR A R CE CRA R, KBTI A )2
JEL JEE A ORI XS A5/ N K18 3 o 8 B ORI o IR Sk
BZ AT RS P AT T v i 2 TR TR A
T E AR — D EE R,

Bigt: BEAD TARIIE] 453 1 52 M A H BT 7 )
AT K JR) 105 35 R A 8 1)1 TR DA S 2 g 9 T
PRI AR Ty SCHF AN By, a8 e L XN AS SCH it 1 3k
RSB BRI TR — I 3R 2O i IR

Bt 3%/ Appendix

Apy—arsenopyrite ; Apy—#Efib ;
Cal—calcite ; Cal— 7 fi# 1 ;
Cm—organic matter; Cm—A HLI ;
Fe-dol—ankerite ; Fe-dol—#: H = 1 ;
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FL—fluorite ; FI—%5 £7 ;
Lm—]imonite;Lm—?‘%@iﬁf ;
Opm— orpiment ; Opm—Iiff % ;
Py—pyrite ; Py— 2k ;
Qz—quartz ; Qz—A71 & ;
Rel—realgar; Rel—HE 5 ;
Sti—stibniteSt—¥EEH " ;

i ¥ / Note

O WA ERLA A HE S0, EIET, WA, 2B, xR,
MR & BB BRDCRI. 2017, 500 24~ A0 45 Hi 75 &L 7 Hb 5 7 2 31 4
SEBH . S AT P A TE % SR 105 M A BA.
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Geological and geochemical significance of hydrothermal minerals from
Nibao—Baogudi Carlin-type gold orefield in Southwestern Guizhou

LI Songtaol’z‘3> ,LIU Jianzhong3’4> , XTA YongS> , WANG Zepeng3’°) , XIE Zhuojuns) ,
TAN Qinping” ,ZHOU Guanghong'?,ZHANG Bingqiang® ,TAN Lijin® ,MENG Minghua®
,ZHENG Lulin”

1) School of Geography and Resources , Guizhou Education University , Guiyang ,550018 ;

2) Guizhou Provincial Key Laboraiory of Geographic State Monitoring of Watershed , Guizhou Education University , Guiyang ,550018 ;
3) Technology Innovation Center of Mineral Resources Explorations in Bedrock Zones ,Ministry of Natural Resources,Guiyang,550081;
4) Bureau of Geology and Mineral Exploration and Development Guizhou Province ,Guiyang ,550004 ;

5) State Key Laboratory of Ore Deposit Geochemistry ,Institute of Geochemistry ,Chinese Academy of Sciences ,Guiyang ,550081 ;

6) 105 Geological Team ,Guizhou Geology and Mineral Bureau ,Guiyang ,550018;

7) College of Mining ,Guizhou University , Guiyang ,550025

Abstract; The Nibao—Baogudi Carlin-type gold orefield in southwestern Guizhou is dominated by the super-
large Nibao gold deposit,as well as a series of small gold deposits and newly discovered gold occurrences. In order
to investigate the nature and source of ore-forming fluids, quartz, calcite, fluorite, and stibnite closely related to
mineralization were collected systematically, their geochemical characteristics of trace elements and stable isotopes
were analyzed. Quartz, calcite, and fluorite are enriched in As, Sb, Li, Sr, W, in which As and Sb inherit the
characteristics of ore-forming fluids. Metallogenic element Sb has good correlation with magmatic elements such as
Bi,W,Mo,Co,Ni,etc. ,indicating that metallogenesis is related to magmatic activity. Calcite and fluorite generally
show MREE enrichment, and calcite have significant positive Eu anomalies, suggesting the ore-forming fluids is
enriched in MREE and in a relatively acidic and reducing state during mineral precipitation. The 8D,_gyow
3" 0, _syow »and 8 C, .y of quartz range from —76%0 to —55. 7%o0 ( mean value —64. 9%0) , 16. 5%o to 24. 5%o
(mean value 21. 1%0) , and —14. 3% to —7. 0%c (mean value —10. 9%o) , respectively. The 8*S, ., values of
antimonite are —0. 4%o,—0. 6%o,and 1. 9%o. The 8" C, . and 80 _g0y of calcite range from —6. 5%o to —2. 5%o
(mean value —4. 5%0) and 16. 2%o to 22. 4%o ( mean value 18. 7%o) , respectively. Comprehensive analyzed the
results of C, H, O, and S isotopes from this paper and collection, indicating that the ore-forming fluid mainly
originate from magmatic fluid,with the addition of part of formation water and metamorphic water. Combined with
regional geophysical and chronological data, it is believed that the mineralization of Carlin-type gold deposits in
southwestern Guizhou may be closely related to the deep concealed rock mass,but has no direct genetic relationship
with the basic—ultrabasic magmatic rocks exposed in the region.

Keywords: stable isotope; trace element; source of ore-forming fluid; Carlin-type gold deposit; Nibao gold

deposit
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