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Abstract: The Qinglong Sb deposit is a large-scale Sb deposit, situated within a low-temperature metallogenic belt
in the Youjiang basin. In recent years, geological exploration and mining at Qinglong have revealed extensive Au
mineralization, hosted by the Dachang layer. However, no detailed study has been carried out on the occurrence of
gold in this newly discovered deposit at Qinglong. Therefore, this study used scanning electron microscopy (SEM),
electron probe microanalysis (EPMA), and trace-element mapping of Nano-SIMS analysis to reveal the occurrence
and mineralization style of associated gold in the Qinglong deposit. SEM indicates that the main sulfides include
stibnite and pyrite, together with minor chalcopyrite and Fe-Sb tetrahedrite, and that zoned pyrites are the main
Au-bearing minerals. The cores of zoned pyrite grains are enriched in S and Ti, but depleted of Au and As. In
contrast, the rims of most zoned pyrites contain elevated Au and As contents, while S has been lost from the rims.
Comparing the mineral chemistry of sulfides from different mineralization stages reveals that the As content in

sulfides increases from the early-ore stage to the late-ore stage. EPMA data indicates that Au presents as Au'" in
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the As-rich zones of pre-existing pyrite grains, which is consistent with the occurrence of Au in the Carlin-type

deposit, SW Guizhou. Furthermore, comparison with a representative Carlin-type Au deposit (e.g., Shuiyindong

deposit) in the Youjiang basin revealed that the differences in ore-forming fluid, between Au deposits and the Sb

deposit, is probably responsible for the paragenesis and separation between the Au and Sb mineralization process.

Key words: occurrence of gold; zoned pyrite; stibnite; Sb-Au deposit; Qinglong
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Fig.1 Geologic map of the Qinglong deposit (modified after reference [20])
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Fig.2 Field photo and sketches, showing that the Qtz-Stb + Fl-type orebodies formed before the Qtz-Stb + Py-type orebodies
(modified from Chen ez al.*)
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(a) and (b) Pyrite-bearing quartz vein crosscut altered basalt and jasperoid quartz; (c) Sb-bearing quartz vein crosscut the Qtz-Stb + Fl-type
orebodies; (d) vein-like Qtz-Stb + Py-type orebodies crosscut Qtz-Stb + Fl-type orebodies. Py — pyrite; Qtz — quartz; Stb — stibnite; F1 — fluorite
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Fig.3 Photomicrographs of minerals and their relationships in the Qinglong deposit
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(a) Radiated stibnite coexists with green jasperoid quartz; (b) massive pyrite within strong silicified limestone; (c) the gravels are cemented by
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Fig.5 The shape and representative EPMA spots of pyrites from the Qinglong deposit, southwestern China
(a) PAFRRIRFISL 7 (RSB (Py- 1)3LA:, WS 1413 (Qtz- T HIMEBE ™ (Stb- 1) (S 6); (b) ST REE T (Py- 1 )(BSE); (¢) BRORHEH"
(Py-1) (BSE); (d) 2k HIE-ERURL B 80" (Py- 1) S HLBTIEA (SS0); (o) MR (Py- 1)ASAUK & B34k A1 (BUF0); () iR ik
W, R Py- T REAFLIRAR, SAZE As IR & Z K AERW (Py- 1) (B BSE); (2)-() REMIFHIR B PH™ EPMA M £ (A 5] A Chen et
al. PN, Qtz—A¥E; Py- [ A A #4kE"; Py- T —AUH" BRI B 34K OM-A WL Td-#k-Bh M40 . 2063505 EPMA A
(a) Framboidal pyrites coexist with cubic pyrites (Py-I), as well as quartz (Qtz-II) and stibnite (Stb-11); (b) cubic pyrites (Py-I, BSE); (c¢) framboidal
pyrites (Py-1, BSE); (d) subhedral to anhedral coarse-grained pyrites coexist with organic matter; (e) the fossils are alterated by pyrites (Py-I); (f) zoned

pyrites, the core of pyrite is porous and the As-rich rim includes secondary zones; (g)—(i) rrepresentative spots of EPMA of zoned pyrites (after Chen
et al."™). Qtz — quzrta; Py-I — the pre-ore stage pyrites; Py-1I — the late-ore stage pyrites; OM — organic matter; Td — Fe-Sb tetrahedrite. Solid red dots

represent EPMA analysis spots
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: bdl 45.84 bdl 53.44 bdl bdl bdl bdl 0.11 99.40 —-1.53 —0.02
bdl 45.88 bdl 53.14 0.04 bdl 0.04 0.05 0.07 99.24 1.50 —1.45 —0.58
0.04 46.14 bdl 52.74 bdl bdl bdl bdl 0.07 99.29 —0.87 -1.33
2 0.06 46.14 bdl 5291 bdl bdl bdl bdl 0.08 99.20 —0.87 —-1.01
0.02 46.31 0.09 53.03 bdl bdl 0.02 bdl 0.05 99.51 —0.52 -0.79
0.04 45.34 0.02 52.94 bdl 0.02 bdl bdl 0.06 98.43 —2.60 -0.95
0.71 45.32 0.15 51.88 0.05 bdl 0.06 0.03 0.04 98.23 1.30 —2.64 -2.95
0.03 45.85 bdl 52.52 bdl bdl bdl 0.04 0.06 98.50 1.64 -1.50 -1.74
0.13 45.70 0.02 52.79 bdl bdl 0.02 bdl 0.12 98.78 -1.83 -1.24
3 bdl 46.41 bdl 53.07 bdl 0.05 bdl 0.03 0.09 99.69 2.81 —-0.29 -0.71
0.04 46.44 0.02 53.06 bdl bdl 0.03 0.04 0.07 99.70 1.78 -0.23 -0.74
0.02 45.58 0.03 53.11 0.02 bdl bdl bdl 0.11 98.86 —2.08 —0.64
0.02 45.83 bdl 52.58 bdl bdl bdl 0.04 0.06 98.53 1.48 —-1.55 —1.64
bdl 46.11 0.02 52.71 0.06 0.02 0.03 bdl 0.13 99.08 —-0.95 -1.38

T 1I-HDRLIR BB 257 T IR Bk, 3-BR (U R B BRE™ . " FRom RITHE; “bdI"FRn 1% T A IR
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Fig.6 The dS-0Fe diagram of different type pyrites
from the Qinglong deposit

W B BB PR W) 2R B BBk 9S-OF e 141 fift

WEERT EPMA S Hr s Wk 4. 53R BoR, Bl
L B (Stb- 1) S B AT 27.54%~28.26%
Z 18], P 27.87%, Sb HEANT 71.31%~72.38%
Z M, X 71.80%, SR FIB(E(S 28.62%,
Sb 71.38%)fH1IL, S MR T, As S &N T
0.12%~0.30%22 1], “F#4 0.20%, HAb LR KZMKT
K BR (3% 4).

T 1 B BEREEE B (Stb-T1) S BT 26.51%~
28.24%Z ], ¥ 27.74%, Sb HHEANT 68.92%~
72.19%22 6], F14 71.37%, SHISE(S 28.62%, Sb
71.38%) M bk, MEER 25 5 S fEA TR As Fr
T 091%~3.01%ZI[8], “F-1 1.47%. 5 FBr
BOREBR W (Sbt- 1) e, %8 1k By BEWE 86 7 (Stb- 1)

DA & i As WFFIE, JFAEASERITER Cu.

#3 BREUTERISHERT EPMA DR (%)

Table 3 The EPMA results of Au-bearing pyrites from the Qinglong deposit (%)
HEf(Au i gty 45M FTRfE S Fe As Au Se Ni Co Sb Te Zn il Fe/S IFe 3
Bl 53.88 4548 0.53 0.02 Bdl bdl bdl bdl bdl 0.0l 99.95 0.844 -230 0.81
— iR 5351 4558 0.61 bdl Bdl bdl  bdl bdl bdl 0.01 99.71 0.852 -2.08 0.10
JP1-3* (1.335) ié;gﬁ HHFNER 5171 44.42 327 0.07 Bdl  bdl  bdl  bdl bdl bdl 99.47 0.859 —4.57 -3.26
HiFAhER 5333 4651 056 0.06 0.02 bdl  bdl  bdl 0.02 bdl 100.51 0.872 —0.10 —0.22
WA AhF 53.80 46.45 0.61 004 Bdl  bdl  bdl  bdl 0.04 0.01 10095 0.863 —0.21 0.65
HAHFER  52.08 4523 221 0.03 Bdl 0.0l bdl 0.03 006 bdl 99.65 0.869 -2.83 -2.57
HHFNER 5236 4497 2.86 0.05 Bdl bdl  bdl 005 bdl bdl 10029 0.859 -3.39 -2.05
HHFNER 5213 4576 3.38 0.04 Bdl 0.0l bdl bdl 0.0l 001 10135 0.878 -1.69 -2.46
WS 5171 4471 385 0.04 001 0.05 bdl 003 0.04 002 10048 0.865 -3.95 -3.25
Jp1-4 Sk WA AR 50.70 4476 5.02 0.05 Bdl  bdl  bdl 0.07 bdl 0.05 100.63 0.883 -3.85 —5.15

(1.205) W

B 53.61 45.69 1.77 0.02 Bdl bdl bdl bdl 0.02 001 101.12 0.852 -1.85 0.29
B 5242 4574 284 bdl  Bdl 001 bdl 0.03 bdl 001 101.04 0.872 -1.74 -1.92
BB 5172 4589 249 bdl  0.02 bdl  bdl 005 bdl bdl 100.17 0.887 -1.41 -3.23
B 5296 4558 1.73 0.01 Bdl bdl bdl 0.04 bdl bdl 10032 0.861 -2.09 -0.92
NG 52.61 4529 126 bdl  0.02 0.03 bdl 006 bdl 003 9929 0.861 —2.72 -—1.58
1P2-1% (0.974) H#H)\ NG 51.84 4544 226 0.10 0.01 bdl  bdl 001 bdl bdl 99.66 0.876 -2.39 -3.01
Y ¥i¥B 5331 4649 052 bdl  Bdl  bdl  bdl bdl 003 0.06 100.41 0.872 -0.12 -0.25
B 53.42 4588 0.64 0.06 0.02 bdl bdl bdl bdl bdl 100.03 0.859 -1.44 —0.05
B 53.74 46.57 0.64 0.04 Bdl bdl bdl 0.0 bdl bdl 101.00 0.866 0.03  0.55
JPL-1% (0.470) I/Tﬁﬂ}\ NG 50.10 4531 4.45 005 Bdl  bdl  bdl 0.0l 001 bdl 99.93 0.904 —2.67 —6.26
R B 53.82 4693 0.58 bdl  0.01 0.01 bdl bdl bdl bdl 101.34 0.872 0.81 0.70
NG 5228 4672 153 bdl  Bdl  bdl  bdl  bdl 0.02 0.03 100.58 0.894 0.36 —2.20
. 53.44 4574 0.48 0.8 Bdl 002 bdl 00l 002 003 99.82 0.856 —1.74 —0.03
ST-2%* g;; FEPLFT A 53.42 4526 0.54 006 Bdl  bdl bdl bdl 001 001 9930 0.847 —2.77 -0.07
a 5327 4595 0.49 0.05 Bdl 001 bdl bdl 001 001 99.78 0.863 —1.30 -0.34
BE G (Au S ) a5k FTAME S Fe As Au Cu Ni Co Sb Ag il Fe/S  OFe LN
o B 49.74 4430 434 0.01 0.15 0.00 0.04 0.00 0.00 98.59 0.891 —4.83 —6.94
LBC4-3 1;;}\ NG 5325 4588 0.00 0.08 0.54 0.06 0.06 0.00 0.01 99.88 0.862 —1.44 —0.37
NG 49.89 44.80 446 0.08 0.15 0.02 0.09 0.0 0.03 99.53 0.898 —3.77 —6.66
LBCad Bk A%IRH 5021 44.64 444 001 0.19 0.00 0.08 0.05 0.00 99.62 0.889 —4.11 —6.06
WHFT BE 53.93 4522 0.00 0.03 0.03 0.00 0.10 0.00 0.00 99.31 0.838 —2.86 0.91
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(B 3)

HfAuffhn) 45K fIAAE S Fe As Au Cu Ni Co Sb Ag MIF Fe/S  oFe S
LBCad Fapik NI 4996 4514 379 0.05 0.3 001 0.2 0.02 0.00 99.22  0.904 -3.02 —-6.54
TR %I 53.69 4601 0.06 0.07 001 0.00 0.09 000 0.0 99.94 0.857 —1.15 0.45

B 5375 46.11 0.00 0.04 033 0.04 0.07 000 0.0l 10036 0.858 —-0.94 0.57

o FIASTRE 48.01 4344 720 000 042 000 0.0 0.09 0.00 99.27 0.905 —6.67 —-10.17

LS1-4 g;g B As B 48.68 4371 632 001 039 001 0.0 0.07 0.0 99.28 0.898 —6.11 -8.93

It As 3R 53.22 4649 025 0.04 0.04 0.00 0.09 002 0.02 100.17 0.874 —0.12 —0.43

It As 3774 5142 4551 222 0.04 0.05 0.00 007 0.0 0.0l 99.31 0.885 —2.24 -3.80

T B JP AR 0 Bee i el ke b, DCD ARFRKT 5™ B fh

; LSRR S LBR A AL . LBC4-3, LBC4-4 FI LS1-4 [y

EPMA {08080 58 B T PU 22 07 7 M SO 7 T i - PR S 0 2, LRI v [ B2 e M R AL 22 S T 58 B “bd IR n (IR T EPMA Al B
(200 pg/g). if 2 SRS A SCHK[23]

P8 Hi§IEBAAT IR 75 i B BT LT R Y BN 1118 S o0 28 T 2 A 4]

Fig.8 Microprobe spectral scanning images of As, Cu, Au and Ti compositions of zoned pyrite from the Qinglong deposit

K 8

(a) The early-ore stage stibnite (Stb-I); (b) the late-ore stage stibnite (stb-II)
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Fig.8 Representative BSE images of two types of stibnites from the Qinglong deposit;
(a) JH LB B S (Stb- 1); (b) AR WG iy BOWE B6 7 (Stb-1T)
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R4 BEBT ARBIZERT EPMA SHTER(%)
Table 4 The EPMA results of stibnite in the the early- and late-ore stage stibnite from the Qinglong deposit (%)
W YNTTE As Fe Cu Zn S Au Pb Ag Sb Total

0.22 0.04 bdl 0.03 28.13 bdl bdl bdl 72.12 100.56
0.14 bdl bdl bdl 28.18 bdl 0.08 0.06 72.38 100.84
0.30 bdl 0.02 bdl 27.80 bdl bdl 0.03 71.45 99.62
0.20 bdl bdl 0.04 28.06 bdl 0.05 bdl 71.86 100.21
0.13 bdl bdl bdl 27.54 bdl bdl 0.02 71.50 99.18
0.13 bdl bdl bdl 28.01 bdl 0.05 bdl 71.85 100.04
0.22 bdl 0.07 bdl 28.26 bdl bdl bdl 72.37 100.92
0.18 bdl 0.03 0.02 27.91 bdl bdl bdl 71.54 99.68
0.21 bdl bdl 0.08 27.84 bdl 0.02 bdl 71.60 99.74
0.16 0.02 bdl bdl 27.85 bdl 0.02 bdl 71.73 99.78
0.17 0.02 bdl 0.02 27.67 bdl bdl bdl 71.72 99.61
0.19 bdl 0.02 bdl 27.95 bdl bdl bdl 71.77 99.93
0.20 0.02 bdl bdl 27.86 bdl bdl bdl 71.38 99.47
0.20 0.02 bdl bdl 27.84 bdl bdl 0.02 71.89 99.97

Stb- [ 0.29 bdl 0.08 bdl 27.81 bdl bdl bdl 71.89 100.08
0.19 bdl 0.03 bdl 27.78 bdl bdl bdl 71.80 99.81
0.18 0.03 bdl bdl 27.92 bdl bdl bdl 71.31 99.45
0.12 bdl 0.04 bdl 27.79 bdl 0.03 bdl 71.77 99.77
0.19 bdl 0.03 0.04 27.84 bdl bdl bdl 71.73 99.84
0.24 bdl bdl bdl 27.74 bdl 0.07 bdl 71.64 99.69
0.17 0.02 bdl 0.02 27.87 bdl bdl bdl 71.86 99.93
0.24 0.02 0.03 0.03 27.78 bdl 0.05 bdl 71.43 99.56
0.12 bdl bdl bdl 27.80 bdl 0.07 bdl 71.76 99.75
0.23 bdl 0.03 bdl 27.98 bdl bdl bdl 71.98 100.22
0.22 bdl 0.03 bdl 27.88 bdl 0.03 bdl 72.11 100.27
0.22 bdl 0.03 bdl 27.82 bdl bdl bdl 72.15 100.23
0.20 bdl bdl 0.03 27.88 bdl bdl bdl 71.80 99.91
0.29 bdl bdl 0.03 27.72 bdl bdl bdl 72.06 100.10
0.22 0.06 bdl bdl 27.72 bdl bdl bdl 71.87 99.85
0.96 bdl bdl bdl 27.97 bdl bdl bdl 71.78 100.71
1.12 0.04 0.03 bdl 27.92 bdl bdl bdl 71.83 100.93
0.99 bdl 0.03 bdl 27.99 bdl bdl 0.02 71.69 100.71
1.00 bdl bdl bdl 27.98 0.03 bdl bdl 72.19 101.20
0.91 bdl 0.02 bdl 28.24 bdl bdl bdl 71.35 100.53
1.16 bdl bdl bdl 28.05 bdl bdl 0.03 72.05 101.29

Sth. I 1.20 0.02 bdl 0.03 28.14 bdl bdl bdl 71.32 100.71
1.09 bdl 0.02 bdl 27.97 0.09 bdl bdl 72.00 101.16
1.08 0.04 bdl 0.05 27.95 bdl bdl bdl 71.70 100.83
0.99 0.02 bdl 0.04 27.99 bdl bdl bdl 71.76 100.79
2.36 bdl 0.05 bdl 26.51 bdl bdl bdl 71.33 100.24
2.79 bdl bdl bdl 27.83 bdl bdl bdl 68.92 99.54
1.90 bdl 0.04 bdl 27.22 bdl bdl bdl 70.39 99.55
3.01 bdl 0.08 bdl 26.59 bdl bdl bdl 70.90 100.57

7 bl T EPMA #:BR (200 pg/g)

Geochimica || Vol. 49 | No. 4 | pp. 368-384 || July, 2020



% 4 H

MmEE: BAEBEST RELEENRERTRERREX 379

MR YR A= I, 0 BB IR B AL P TE i 5
J& WPy Ry ORR - A B B B Bk T (Py- | )— 5 86 -
(Stb- [ )= B (Stb- T ) —FRHFIR B A, X2 U F
ik As SE#EfTgIE(E 9K, MH(Stb-
[). BB (Stb- 1) FERAHTAR A 1Y As B it B
B, R AR R, AR T As
BN, AR TE R B B R I S
i As B R o X RTE R AL R R, SRR
WA AT RER A T 484k, W H B LLE Sb 7% Au. As
FE, W MBI E Au. As, FHXIEE Sb R,

Blo MRS FIA AR SR As it ET R

Fig.9 Histogram of As content of in the early- and late-ore stage
stibnite and zoned pyrite from the Qinglong deposit
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JLE (U Au, Sb. As Fl Cu %) E A A R Fay
(AT R, PE— 0 & &8k T T RS Y
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AP S I TAE . Hah R woR, 7ES gy iy
W, As W1 7E IR DS E 5, S AR XS 5L 85 (0
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AREA, RIEMHIKEKERE 10). BLIF, As-S & Kl fi
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Au-As KRE(E 1), KERHW A7
fiff BE AR BRASE 2 26 F 7, I BEBR TR A Au
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R ER, SR SR A A 2 IR
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FEE As R REE KR 4R, X T RERE /R Au DUfkE
EAEBAuN TR AE As BT AT I AR
B BEARBR, Au-As & FR B [FARE R A7 50 s A
TH R R AR ZE F ), BoR TA D EN AR
4 (AU)ILTE, %5 Palenik et al. "Y1 Reich et al.P"%F
WHDIR B As 5 Au HOCHERFR 2—BU. Dk
FRIER I, BEREEEH™ IR 40 b5 20 X R A 4
OKARTR | 20898 . 7 EEn %) R T F—Jemior38),
52 BTEX

A VLA AR TR PR A DL R B KL 4
BN, BT AR 250G B IR, &
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Fig.10 Geochemical maps of 32875 A5, 38, Bcu®s, *°Se, 17 Au and ***Pb>S in the Au-bearing pyrites ((a), (b), and (e) after Chen et al?)
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Fig.11 Correlation of As-S and Au-As values in As-bearing pyrite from the Qinglong deposit (Au occurs as nanoparticles and/or Au”,
base map and function after Reich ez al.*™")
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x5 HIZHRRUEFHREEST AMGT KET SR

Table 5 Comparsion of ore-forming process between antimony deposit and gold deposit in the Youjiang basin

IR RARE & TR BATIR
RFME IR KR 43 1 PR W B 0 IR
F B 134~136 Ma 142~148 Ma
e &k Bk &k Bk
AL I)F i 1) 173 s
2N GEE I i ! . . RERE
[ ;gwi%%;gw It ﬁ“ﬁ@?ﬁ“ %Qméﬁ%a%:
T AT R T TS EREYE . MR TS
kw4 A%, Haf Iy fig 41 YaE A, WA
SR (C) 178~332 (734 251) 116~285 (‘-5 193) 130~200 (F-34 175) 170~250 (*F-35 220)
TR SR SR W (5 CO, A CHy) - 5541k (A HLE)
JRAT ) SR TR G - e T v s
DR IR 3/ IR A B R A - KAREKS 5] 5 HIKAE
F R IO PNE-] [N TE
UM 1 - NS URUL THRER, REAHE
E=PEN [3,6,10,11] [21,23]

W IR ST Au PR —3.3%0~2.5%0 (T2 0.7%0)1,
DL b3 Se AR F B, Au T Sb 7R ST IR | B A i |
TG IR R BRI, R
A B[R] — B M S = R =4, Au, Sb 7 [R]— 1™
AR AL, AT, X5 Au-Sb- (As-Hg)Jt
FAEARIR A XA RS RV A 1

G BRI K AN TR SUTE T T A
R & B R FAR LR CO, NERE, X P&
CO, M EF R ME W ARIEH A AT Au-S FLE W,
IR R RS P& Fe BRIRELH WISk =
), LR Fe dF— i fbIE ik &2 & 4 B8k
B UOAL R A B A 2 R
R 2 A0 Z 10 (4 7K A8 8 S I B T s R RS 5 4
B ULTE A FEEHLH MY B R AL B M 3 AR
R CO,, W FRE F HAMBYE, BUH A
CF DR R B BR R B 1, T8 Al AV ph s B ol 32
A TF AR 3 o 5 RE R 6 AE 1 3 A L R B B L
Je P2 SOR AR A S 5T, X RS
FRBIAETF RO ITIER R T CRT2) R A Tk iR
B FEORMAENE B DIIE R 2R e nT W,
B AR AR RS Sb. Au KSR E

6 % it

(1) WEREBET KA B MR . W0 WM

BN B SRR ALY, Hh BT BB A,
FINHPIR B R R NR ST Y . 7R R
BEMHB, B As & i BB Wi

(2) BUA B Bery BB (Py- T))EAE Ti AHFIE,
As SHEBBEMCESE< 0.1%), Au &8 KEZHEIKT
K R (0.02%), HATHB 43S R 55/ Au R .
Co &8N T 0.04%~0.13%2[H], Co/Ni H{H%EK
(1.30~14.33), R K ERCA B Sk £ 2 h
IR

(3) IR BRI %L Au. As, & S. Fe, X
ZHITE Au. As, 7 S. Fe, & As XI5 & Au X
WOFAEE RS, M2 Au EEEETEMIRETA
(R X3, Au (953 A HA RS PERRE, Au 3%
DAL S 25 4 45 (Au' ) 1 7 SRR A T 3 6 8 8k 26
W, 5BV AR X R A A TR Au IR AER
—3.

(4) TEA VLA MR N, 4. B IR EA
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