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Jun et al. , 2016; Xu Deru et al. , 2017), ,
o , (Wang Jiasheng et al. ,
, 2015, 2019; Liu Anlu et al. , 2017, 2018),
( , .
la), ¢ )
1 (a) (b) ( , 2009 )

Fig 1 The geotectonic location (a) and simplified geological map (b) of the gold belt in southeastern Guizhou
(modified after Tao Ping et al. , 2009)
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2 ( )
Fig 2 Geological map of the Kengtou gold deposit in southeastern Guizhou (unpublished data)
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3 ( )
Fig 3 Cross section of the Kengtou deposit showing the distribution of Au-carrying quartz veins and

alteration-type ores in southeastern Guizhou (unpublished data)
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Fig 4 Photographs of quartz-vein-type, alteration-type ores and multi-stages structures in southeastern Guizhou (ore fluids)
(a)— ;(b)— (ZK7-14) (F20) ( 7 m);(c)— 5
(d— ;(e)— F20 s , R s

s (H— ;(g)— s

(a)—Hydrothermal breccias and quartz veins in the shear zones; (b)—the quartz veins in fault zone (F20) are explosed by drill hole (ZK7-
14); (¢)—multistage quartz veins are interspersed; (d)—gold-bearing quartz veins crosscut the alteration-type ores; (e)—the characteristic
of alteration-type ores, showing disseminated sulfides are stratiformrlike and wall rocks are silicization and chloritization; (f) —stratiform-like

sulfides within chloritization wall rock; (g)—the path of ore-forming fluids reacting with wall rock

+ (Ser+Apy+Py+Qtz) C 7b).
b ) b
, @ + + (Py+ Apy+ Qtz) (

. Fe 7C): .

b
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)

Fig 5 The mineral assemblage and alteration type of the Kengtou gold deposit in southeastern Guizhou
(al~a3)— . ;(bl~b4)— s ;(cl~
cd) . . s Py s Apy ;Qtz ;Ser s Au’
(al~a3)—Disseminated sulfides occur in alteration-type ores, showing that these sulfides are dominated by pyrite and minor arsenopyrite,
and wall rocks are silicization and sericitization; (bl~b4)-—quartz veins and associated wall rock, and pyrites are zoned texture; (cl~c4)—

native gold grains occur in quartz veins; Py —pyrite; Apy —arsenopyirte; Qtz—quartz; Ser— sericitization; Au’—native gold

, Capricorn Barberton
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6 ( )
Fig 6 The BSE photographs of alteration minerals of Kengtou gold deposit in southeastern Guizhou
(a.b)— . s(end)— s
;e DH— s s s Ap— s Rt—
sPy— s Qtz— s Ser— s Moz— s Au’—

(a, b)—The apatite and rutile occur in quartz veins and native gold occur in interstitial of pyrites; (¢, d)—monazites coexisting with pyrite in
alteration-type ores; (e, f)—coarse-grained arsenopyrotes include the pyrite, which coexisting with apatite and rutile; Ap—apatite; Rt—rutile;

Py—pyrite; Qtz—quartz; Ser—sericite; Moz—monazite; Au’—native gold

33
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7
Fig 7 The mineral associations in diffrent ore-stages for the Kengtou deposit in southeastern Guizhou
(al~a3)— : (Py-D (DolkD . (Dol-1D Dol-I; (b1 ~b3)— Ser
+ Apy+Py+Qtz , ( 1g/v) - (Py-1D (Apy-D,
;(cl~c3)—Py+ Apy+Qtz . - - (Py-1II  Apy-1D ,
( Py-D, (Au?); (d1~d3)—Au’+Qtz s (Apy-11D -
s s Dol— ;Py— s Apy— s Qtz— ;s Ser— s Au’—

(al~a3)—Pre-ore (diagenetic) stage is characterized by framboidal pyrite (Py-1) and Fe-dolomite (DolI), and Dol in late-ore stage
commonly crosscut the DoFIT; (bl~b3)—Ser+ Apy+Py+ Qtz stage, scattered {ine-grained pyrite (Py-1I), arsenopyrite ( Apy-1) and veined
pyrite in silicified and sericitizated wall rock (<1 g/t); (cl~c3)—Py+ Apy+ Qtz stage: subhedral-euhedral arsenopyrite ( Apy-II) and core-
rim pyrite (Py-IID in fault zone, and anhedral native grains (Au®) filling the fracture in sulfides; (d1~d3)—Au’+ Qtz stage: arsenopyrite
(Apy-1ID-gold-carrying quartz crosscut the dolomitized wall rock, and euhedral native gold grains occur in quartz; Dol-—dolomite; Py—pyrite;

Apy—arsenopyrit; Qtz—quartz; Ser—sericite; Au’—native gold
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1 EPMA (%)
Table 1 The EPMA analysis results (%) of rutile from the Kengtou gold deposit in southeastern Guizhou
Sb, O; FeO V204 TiO, Al; O3 WO, ZrQO Nb; Os ThO, UoO,
10-30-Rt-2 0 0. 573 0.012 | 99316 | 0. 013 0 0. 012 0 136 0 0 100. 062
10-30-Rt -2-3 0. 019 0. 665 0 97. 88 0. 136 0. 419 0. 043 0. 235 0 0. 008 99. 405
10-30-R-3-1 0. 013 0. 943 0. 328 95. 389 0. 106 1. 484 0 0. 782 0 0 99. 045
10-30-R-3-2 0. 023 0. 308 0. 146 97. 92 0. 07 0 0. 006 0. 146 0. 01 0. 014 98. 643
10-30-R-3-3 0. 021 0. 657 0.547 | 96.067 | 0 168 1. 09 0. 021 0. 427 0 0 98. 998
10-30-Rt-3-4 0 0. 331 0 98. 813 | 0. 086 0. 14 0 0. 166 0 0 99. 536
10-30-Rt-3-5 0 1. 163 0. 285 95. 385 0. 079 2. 149 0. 053 0. 591 0 0. 017 99. 722
10-30-Rt-3-6 0. 012 1. 699 0.506 | 91832 | 0. 053 4046 0. 032 1. 306 0 0 99. 486
10-30-Rt-3-7 0 0. 496 0 98,527 | 0. 091 0 117 0. 042 0. 382 0 0 99. 655
10-30-Rt-3-8 0 0. 734 0. 637 96. 08 0. 174 1L 121 0 0. 356 0. 007 0 99. 109
10-30-Rt-3-9 0. 039 0. 476 0 98,166 | 0. 073 0. 49 0.018 0. 106 0 0 99. 368
10-30-Rt-3-10 0. 005 L 212 266 | 94. 863 | 0. 261 2. 265 0 0. 227 0. 002 0. 004 99. 105
10-30-Rt-3-11 0. 018 L 371 0.465 | 94.239 | 0 114 2. 805 0. 04 L 08 0. 007 0 100. 139
10-30-Rt-7-1 0. 003 0. 807 0 97. 679 0. 108 0. 725 0 0. 114 0 0. 01 99. 446
10-30-Rt-7-2 0 0. 197 0 100. 004 | 0. 028 0. 021 0. 027 0. 211 0 0. 009 100. 497
10-30-Rt-7-3 0. 029 L 278 0.043 | 94. 286 | 0. 247 1 862 0. 006 1. 049 0. 011 0 98. 811
10-30-Rt-7-4 0. 001 0. 62 0 97. 798 0. 168 0. 509 0 0. 165 0. 013 0. 015 99. 289
10-33-Rt-1-1 0. 005 0. 195 0 98 393 0. 117 0. 099 0. 039 0. 328 0. 02 0. 008 99. 204
10-33-Rt-1-2 0 1. 049 0 95978 | 1012 0 0. 04 0 215 0 0. 003 98. 297
10-33-Rt-1-5 0 0. 279 0.153 | 98 547 | 0. 039 0 0. 109 0. 292 0 0. 013 99. 432
10-33-Rt-1-6 0. 008 0. 028 055 99. 268 0. 05 0 0. 239 0. 174 0 0 99. 822
10-33-Rt-1-7 0 0. 083 0 98, 891 0. 047 0 0. 154 0. 091 0 0 99. 276
10-33-Rt-1-8 0. 011 0. 077 024 | 98872 | 0. 117 0 08 0. 266 0. 144 0. 006 0. 008 99. 605
10-33-Rt-1-9 0 0 122 006 | 98 674 | 0 131 0. 017 0. 163 0. 194 0 0. 001 99. 355
10-33-Rt-1-10 0 0. 124 0 98 273 0. 151 0 0. 166 0. 116 0. 009 0 98 839
10-33-Rt-1-12 0 0. 288 0 98. 685 | 0. 038 0 0. 042 0. 206 0. 012 0. 033 99. 304
»As.Au ., Sb Py
(Liu Anlu et al. , 2017, 2018; Qiu 11
Kunfeng et al. , 2020), ) ) Au
. ( bdl~0. 07% (Apy-D) .bdl~0. 13% (Apy-1I)  bdl
, 2015; , 2019), ~0. 08% (Apy-11D) s Py+ Apy+ Qtz
0 Au ° 1) AU
(EPMA) o « 2, C 9b), , Sb
(Py-1. 7a)Au.Sb.Ag . 0. 05% ~
(bdl: ~0.03%), As bdl ~ 0. 33% . 0. 13%. JAs S
0.21% , 0. 04%, , Ser+ Apy + ¢ 9a), As S
Py+Qtz (Py-1I.  7b)Au bdl o
~0. 08% ; 0. 03% ~0. 06 % ; ;
0. 03%; As bdl ~ 2 31% , Au, . Ser+ Apy+Py
0. 66% ~1. 66% . 0. 77%; Sbh,Ag +Qtz  Py+Apy+Qtz
, 10-26 . Sb , . Au-As
0.11%. Py+Apy+Qtz (Py-111. Au (Au/As=0. 02; Reich et
7¢) Au bdl~0. 07 % . 0. 03%;As al. , 2005), Au
0.12% ~3 07% ; 0. 90 %% ~ ; - ;
L 42% . 1 05%;Ag.Sh (Au™) .
. , Au-As ¢ 9b,
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8 (a,b)  W-Sb(c) 100X (Fe+Cr+V)-W X 1000-Ti ()
( Agangi et al. , 2019)
Fig 8 The BSE photographs (a, b) and diagram of W-Sb (c¢) and 100 X (Fe+Cr+ V)-WX1000-Ti (d)

(modified from Agangi et al. , 2019) of rutile from Kengtou deposit in southeastern Guizhou

9 S-As (a)  As-Au (b) (Au Reich et al. , 2005)
Fig 9 Correlation of S-As values (a) and As-Au values (b) in pyrite and arsenopyrite from the Kengtou deposit

in southeastern Guizhou (Au solubility limit curve modified from Reich et al. , 2005)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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2 (EPMA) (%)
Table 2 The EPMA analysis results (%) of pyrites and arsenopyrites in different stages from the Kengtou gold

deposit in southeastern Guizhou

S Ag Au Sb Pb Bi Se As Fe
52. 29 bdl bdl bdl bdl bdl bdl bdl 45, 22 98 20
Py-1 18 53 26 0. 02 0. 05 0. 05 0. 06 0. 30 0. 08 0. 21 46. 32 99. 65
52. 74 0. 02 0. 04 0. 04 0. 05 0. 10 0. 05 0. 09 45. 84 98, 79
51. 57 bdl bdl bdl bdl bdl bdl bdl 45. 51 98 68
Py-11 55 53. 83 0. 04 0. 08 0. 11 0. 05 25. 00 0. 08 2. 31 46, 88 100. 69
52. 66 0. 02 0. 04 0. 06 0. 04 011 0. 05 0. 97 46. 30 99. 84
50. 46 bdl bdl bdl bdl bdl bdl 0. 12 44, 99 98 02
Py-111 46 53. 61 0. 03 0. 07 0. 07 bdl 0. 27 0. 04 3. 07 46. 54 100. 88
52,33 0. 02 0. 05 0.03 / 0. 12 0. 03 1. 05 16. 07 99. 58
21. 50 bdl bdl 0. 03 bdl bdl bdl 42. 05 35. 32 100. 07
Apy-1 19 22. 81 0. 04 0. 07 0. 27 0. 09 0. 16 bdl 43. 55 36. 19 101, 37
22. 16 0. 03 0. 04 0. 11 0. 06 0. 08 / 42, 67 35. 79 100. 82
20. 12 bdl bdl 0. 03 bdl bdl bdl 41, 01 34. 93 98 54
Apy-11 26 22. 90 0. 02 0. 13 0. 39 0. 09 0 21 bdl 44. 84 | 36 12 101 79
21 74 0. 02 0. 06 0. 17 0. 05 0. 10 bdl 42. 72 35. 53 100. 28
20. 92 bdl bdl bdl bdl bdl bdl 41. 62 34, 84 99. 55
Apy-111 10 22. 50 bdl 0. 08 0.23 0. 09 0. 18 bdl 44. 84 | 35 95 101. 29
21 63 / 0. 06 011 0. 06 011 / 43.33 | 35 42 100. 62
:Py-1.Py-11.Py-111, Apy-1, Apy-11, Apy-1I1 7 s bdl e R
(~0.03%) As .
O. 5% AU . s -
Au - .
Ser+ Apy+Py+Qtz As 0. 5% ; Xing Yanlu et al. (2019) /
AU ] /
. Au D)
(Au™) . . ,
, Py+Apy+Qtz , ) ( Ta)—
( 7¢c), ( ; 7b) — (
, Au ;0 70, ;
(Reich et al. , 2005), , C 70,
, Ser + Apy + Py Au’ + Qtz ,
+Qtz Au - C 70, ,
, Py+ Apy+ Qtz ( ) - (Wu Yafei et
R al. , 2019), )
’ b
o b
3.4 C 4D,
b b b
( ) o
s ( , 2021),
/ (Kerr s
et al. , 2018; Goldfarb et al. , 2019; Holley et al. , , (
2019; Wu Yafei et al. , 2019; Xing Yanlu et al. , : Feng Kai et al. ,

2019), Kerr et al. (2018) Hope Bay 2018),
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(Cook et al. , 2013),

( ) ¢ 50,

(D )
: Sert+Apy+Py+Qtz

b

+ s Py+ Apy+ Qtz
y s Au’ +
Qtz o
(2) , Ser+ Apy+
Py+ Qtz Au -
; Py+ Apy+ Qtz

3 ,
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Abstract

The gold deposits in southeastern Guizhou are located within the southwestern Jiangnan orogen, and
have significant exploration potential. The Kengtou gold deposit is one of the numerous lode gold deposits
in the southeastern Guizhou district. In recent years, in addition to the lode-type ores proven by the
prospectors, alteration-type ores have also been discovered. However, the ore-related structures,
alteration type, relationships between lode-type and alteration-type ores are poorly constrained and remain
unclear. This study combines current exploration with scanning electron microscope (SEM) and electron
probe microanalysis (EPMA) data from ore sulfides and altered minerals to present a new ore-forming
process (fluids-alteration-mineralization) for the Kengtou deposit. The mineralogical chemistry of rutile
indicates a typical orogenic origin. Mineralogy studies show that framboidal pyrites and Fe-dolomite were
formed in the diagenetic process of wall rock (low-grade metamorphism), which could provide metals (e.
g., Fe) for ore-stage sulfides. The three gold mineralization stages identified in this study include Ser-
Apy+ Py + Qtz, Py + Apy+ Qtz, and Au’ + Qtz stages, based on minerals textures and crosscutting
relationships. Our study shows that Ser+ Apy+Py+ Qtz stage is dominated by ore fluids interacting with
the wall rock that caused disseminated pyrite and arsenopyrite deposition. The Py + Apy + Qtz stage
formed the alteration-type ores and is dominated by gold-bearing pyrite and arsenopyrite, as well as
anhedral native gold grains. In contrast, the late-ore stage is characterized by lode-type ores, and contains
the quartz veins and euhedral native gold grains. The study of gold occurrences shows that gold in pyrite at
early-ore stage is present as micro-submicroscopic gold nanoparticles, whilst the main-ore stage present as
Au'+in the pyrite and arsenopyrite. The native gold grains have been found in fractures of sulfides at the
main-ore stage and within quartz veins at the late-ore stage. Overall, we propose that multi-episodic

mineralization processes lead to gold enrichment, which generated high-grade gold resources.

Key words: gold occurrences; alteration-type; lode-type; Kengtou gold deposit; southeastern Guizhou



