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The occurrence state of gold and tellurium-bismuth minerals and enrichment
mechanism of gold in Dulanggou gold deposit of Danba, Sichuan Province
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Abstract: The Dulanggou gold deposit is a typical quartz vein type gold deposit, which is located at the edge of the
dome in the Danba metallogenic belt. A large number of visible gold and tellurium-bismuth minerals are developed
in the deposit. Taking tellurium-bismuth minerals and native gold in Dulanggou gold deposit as the main research
object, the occurrence states of tellurium-bismuth minerals and native gold in the deposit were studied in detail
through microscopic petrography observation, scanning electron microscope, energy dispersive spectrometer and
electron probe analysis. Simultaneously, the enrichment mechanism of gold was also discussed. The results show
that native gold and tellurium-bismuth minerals were mainly produced in the I and Il mineralization stages of the

Dulanggou gold deposit. The native gold in the Il and Il mineralization stages is mainly silver-bearing native gold,

YRS EHA: 2022-12-13; #EZ HEA: 2023-05-19; 445 MH

ELTHE . MWIERHHITH BT H (2018]Y0477) 5 PU)HARHET H AR #3410 H (2023NSFSC0274)

EBRET: SRE(1999- ), B, B, sii2ELl, W m . Y% A A% WK%, E-mail: 3503913016@ qq. com; il iHfE
H. BRRBAE(1972- ) D, #BR, BRI BRSSO HERTEY: ) E-mail; chencuihua@ cdut. edu. cn,



542 A oA OB W o & K 42 3%

and the gold fineness is high with an average of 881, the main tellurium-bismuth minerals are tsumoite, pilsenite,
hedleyite, joseite B, unnamed tellurium-bismuth minerals ( Bi,Te BiyTe, | Bi;Te) and native bismuth. These
tellurium-bismuth minerals have a close relationship with native gold in time and space. Combined with previous
studies on fluid inclusions, it is suggested that the decrease of temperature and tellurium fugacity in the system from
mineralization stage Il to stage Il are the important reasons for the formation of various tellurium-bismuth minerals.
The physical and chemical conditions of the mineralization of the Dulanggou gold deposit, as well as the mineral
characteristics of tellurium-bismuth minerals and native gold, indicate that the extraction of gold from the hydrother-
mal solution by the gold-bismuth-tellurium melt during the mineralization process is the key to the enrichment of
native gold in the mineralization process.

Key words: Dulanggou gold deposit; tellurium-bismuth minerals; enrichment mechanism; mineral characteristics;
Danba, Sichuan Province
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Simplified tectonic location map(a), tectonic map(b) and regional geological map(c) of Dulanggou gold deposit

in Danba( modified after Xu Zhiqin, 1992; Wang Xin, 2019)
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b: A—western conjunctive zone; B—main body of orogenic belt ( B;—Motianling thrust-detachment stack rocks; B2—Bayankashi-Maerkang thrust-

detachment stack rocks; B3—Danba thrust-detachment stack rocks; B4—Yajiang thrust-detachment stack rocks; Cl—Longmen Mountain foreland

thrust zone, ¢ ; 1—Triassic/Permian ; 2—Carboniferous/Devonian ; 3—Silurian/Ordovician ; 4—-Sinian; 5— Yanshannian biotite granite; 6—Yanshan-

nian hornblende granite ; 7—Yanshannian pyroxene syenite; 8—Chengjiang plagiogranite ; 9—migmatitic gneiss; 10—Hercynian basic/ ultrabasic rocks;
11—vault/fault; 12—gold deposit/Pt-Ni deposit
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Fig. 2 Geological map and representative exploration line profile of Dulanggou gold deposit in Danba( modified after Zhao
et al. , 2019)
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Fig. 3 Pictures of outcrop, band samples and microscopic of rocks and ores in Dulanggou gold deposit
a— R b—HEALIEBIS ; WL A SR S RE B A LIRSS A d—FRELD A TERK; e— IV BOT A K (0 RS H S
By g R IR AR T (GBS HLOL)

A—mined-out ore body; b—silicified altered surrounding rock; ¢—the boundary of tellurium-bismuth minerals quartz vein and pyrrhotite quartz

vein; d—tellurium-bismuth minerals quartz vein; e—stage IV calcite quartz vein; f—the ore body meets the surronding rock; g—alteration biotite

development in ore body ( perspective single polarized light)
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Fig. 4 Mineral production characteristics in quartz veins at different stages (reflect single polarized light)
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a—production characteristics of polymetallic sulfide in stage I ; b,c,d—the gold and bismuth-tellurium minerals are naturally connected or formed as

solid solution in stage II ; e,f,g—production characteristics of bismuth-tellurium particles in stage Il ; Po—pyrrhotite; Py—pyrite; Au—gold;

Bi, Te —bismuth-tellurium minerals

WA W1 - F SR A B B (1 By BE) AN S 4 4 o —
AR & BB (BB ) & K a0 eIt B Z Mk s
YWAHKRE kR - A e B (VB By ) R L4871k
SRORE L | 36 TE 48 0 25 A A AT AR R O BT 6 1 T R
HR 4 B 9 5 SETRAN BB W) = 00 5%, 1 1 12
R B RE B IEXT B AR b4 B, D
HTSE X AL S E A7 B B K R /R 3 A b B
JEREZY 20 nm BRI, 7EPH I AT RS FL AR AT S
RN B0 W T T H B8 (SEM) | g i
(EDS) P Mz L FHR%EF (EPMA) 2508 T A, &1 %3443
FERLALE T HU ER (BSE) o LTRSS JE-
OL-JXA-8230, il 5, ' 20 kV, Jin 3 B i 20 nA, Fr
AR BAR AT T ZAF OFEALE . 4FXEARTR T

R AT AR R, Hod Se BIFRFE N Bi,Se,, Bi,
Au . Ag Mo .Co Ni N HLJFHRFE, Zn BIFREEN ZnS, S,
Fe WIARHEA FeS, , Cu IIARFEN CuFeS, , Pb IIFRFEN
PbS, As BIFRE A FeAsS, Te .Sh FUFRFE R Sb, Te,
3.2 SWER

W HH B AR RIS B TR A SR R,
IR IR T BB e fikrb = i iR B4k | 3%
W EY I EA —EN T e (R D, & EEU
AR EIETE TR B B B ™= it S s 9 BAT
PR A AH M, IR Rk B ) E B RE R R AT
M SR T R G A T Bi,Te kB BT B S
Wi~ B K& 24 0¥ BigTey , A E 40 9 BisTe, H



55 4 1] L RARAE . DU P LR I8 B4 v 5 5 W B 00 ) TR PR 285 B 1) e S BIL T 547

B e = M\
’ 17 .1

™

50 pm

5 MRYAET H ARG RS HVRRAE (PO SO )

Fig. 5 Gold and tellurium-bismuth mineral production characteristics in Dulangou gold deposit (reflect single polarized light)
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a—the metasomatic texture of pyrrhotite replaced by tsumoite ; b, f—the natural gold forms the solid melt separation structure with tsumoite and hedley-
ite; c—the metasomatic texture of pyrrhotite replaced by pilsenite; d, e, i, j—various tellurium-bismuth minerals are associated with native gold;
g, h—production characteristics of joseite B; k, l—production characteristics of tellurium-bismuth particles in stage Il ; Po—pyrrhotite; Cep—chal-
copyrite; Py—pyrite; Au—gold; Bi—bismuth; JosB—joseite B; Hed—hedleyite; Pil—pilsenite; Tsu—tsumoite; Bi,Te, BigTe;, Bi;Te—unnamed

tellurium-bismuth minerals
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Table 1 Electron probe data of different minerals in Dulanggou gold deposit
M5 Se S Pb  Bi Te Fe Cu Zn As Co Ni Sh Az Mo Au Total T YIESR
1 - 0.03 - 0.48 - 0.15 0.03 0.0 - - 0.0 - 1.72 0.37 92.04 94.83
2 0.04 0.03 0.03 0.55 0.02 0.87 0.26 0.03 0.01 - - 0.02 10.42 0.27 83.42 95.98
3 - 0.0l - 0.42 0.09 0.8 0.04 - 0.0l - 0.02 - 10.75 0.36 86.83 99.37
4 0.02 0.06 0.09 0.59 0.09 0.02 0.05 0.02 - - 0.01 0.03 11.13 0.31 86.68 99.09
5 - 0.03 - 0.45 0.03 0.02 - 0.0l 002 - - - 15.93 0.64 79.78 96.90 R4
6 - 0.03 0.0l 0.67 0.05 - 0.04 - 002 - 0.0l 0.02 891 0.48 88.31 98.52
7 0.03 0.0 - 0.43 0.13 - - - - - - 0.07 14.30 0.32 86.69 101.98
8 - 009 - 03 - 010 017 - - - 0.01 0.01 15.20 0.36 81.31 97.58
9 0.05 0.03 0.11 0.44 0.06 - 0.02 - - - - 0.02 15.73 0.20 82.86 99.52
10 0.01 - 0.04 98.88 - 0.03 - 0.02 0.0 - - - 005 - 0.06 99.10
SR 32
11 - - 0.01 101.03 0.05 - - - - 0.01 - - - - - 101.10
12007 - 0.03 80.93 17.03 0.01 0.02 0.02 - - - 0.06 0.03 - - 98.18 AT (B Te)
13 0.17 - 0.11 81.61 16.98 0.13 - - - - - 003 - - 0.02 99.04
14 0.23 - 0.13 81.27 19.08 0.11 0.02 - - - 0.0l 0.07 0.08 - - 100.99 KEAH Y (BigTe,)
15 - - 0.08 78.75 19.88 0.01 - - - - - 0.12 0.02 - - 98.86
16 0.05 0.02 0.37 77.98 21.94 0.02 0.01 - - 0.0l - 013 - - 0.03 100.55
17 0.16 0.02 0.39 77.46 22.05 0.01 - - - - - 0.09 0.03 -  0.04 100.24 A B
18 0.10 0.02 0.50 77.03 21.96 - - - - - 0.02 0.06 0.04 - - 99.73
19 0.25 0.01 0.26 76.66 21.89 0.07 0.07 - - = - 0.09 - - - 99.29
20 0.12 - 0.44 75.69 22.98 0.01 - - - 0,02 0.03 0.03 - - - 99.32
21 0.15 - 0.31 75.24 23.15 0.03 - - - - - 0.01 0.02 - 0.07 98.97 AT (B, Te)
22 0.13 - 0.35 75.62 23.40 - - - - - - 015 - - - 99.65
23 0.14 - 0.36 72.50 24.89 - - - - - - 0.10 0.03 - - 98.03
24 0.21 2.49 0.14 74.47 20.05 0.03 0.02 - - 0.03 0.02 0.01 - - - 97.48
25 0.10 2.65 0.81 73.17 21.70 0.02 - - - - - 0.07 0.03 - - 98.55 .
- Bk B
26 0.06 2.63 0.5 74.2521.00 0.16 0.03 0.02 - - - 0.07 0.05 - - 98.77
27 0.10 2.44 0.21 72.77 20.65 - 0.01 - - 0.02 - 0.08 0.02 - - 96.29
28 0.12 0.02 0.29 68.36 30.39 0.05 - 0.02 - - - 019 - - - 99.44
20 0.02 0.0l 0.85 68.01 30.78 0.05 0.02 - - - 0.0l 0.17 0.02 - - 99.94
30 - 0.0l 0.80 67.6530.13 - 0.03 - - - - 0.16 0.03 - - 98.81
31 0.05 - 0.81 67.46 30.59 0.04 - - - 000 - 0.13 0.05 - - 99.12 -
32 0.02 0.01 0.67 67.05 30.45 0.01 - - - - - 017 - - 0.07 98.45
33 0.10 - 0.74 67.49 30.67 0.01 0.02 - - - - 0.18 0.01 - - 99.22
34 - 0.0l 0.77 66.83 30.56 0.02 0.03 - - 0.0l - 0.21 0.04 - - 98.46
35 0.01 - 0.96 65.54 31.87 0.03 - - - - - 019 - - - 98.59
36 0.24 - 1.70 62.41 33.94 0.04 0.11 0.04 - - 0.0l 0.19 0.07 - - 98.75 I,
WL
37 0.03 0.01 1.07 63.74 34.81 0.07 - - - - - 015 - - - 99.88
38 - 5258 - - - 46.87 - 0.0l 0.03 0.10 0.02 - - - 0.03 99.64
39 0.02 52.57 - 0.04 - 46.94 - - - 0.07 0.01 0.04 - - 0.07 99.77 EoRN
40 - 52,55 - 0.03 - 46.52 - - - 007 - - - - 0.01 99.19
41 - 37.73 0.0 - 0.01 58.95 - 0.03 0.01 0.09 0.01 0.03 0.0 - 0.04 96.92
42 0.01 38.77 - 0.04 0.02 58.22 - - - 0.10 0.01 0.01 0.0 - 0.07 97.26 ) )
B
43 0.04 38.75 - 0.03 - 58.49 0.18 - - 0.14 0.11 - - - 0.04 97.80
44 0.01 37.96 - - - 5854 - 0.0l - 009 002 - - - 0.04 96.66
45 - 35.58 - - - 30.64 34.31 0.09 - 0.04 - 0.04 0.02 - 0.03 100.75
46 - 3596 - 0.05 - 30.77 34.15 0.08 - 0.0l 0.02 - 0.03 - 0.04 101.13 W
47  0.03 35.45 0.07 - - 30.42 33.81 0.05 - 0.03 - - - - - 99.86
48 0.27 12.53 86.13 0.39 0.11 - - - - - - - - - - 99.43
49 0.24 12.62 87.11 0.47 0.15 - - - - - 0.01 - - - - 100. 60 2

—FORAIBRIIR,
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WY& 4c, 18 5b 56)  RiARTE 5~200 wm 4
FEH R AT IR 500 wm PA b B IREN SR BoR
I . MBBEhRALRES Au (9& BN 79. 78% ~
92.04% ,Ag FU S8 A 1. 72% ~15.93% (% 1) , {5
Auw/ (Au+Ag) x1 000 B2 TH5 4 1Y €, 45 1
R4 T M F B4 r a6k 834 ~982, Pk
0 881, Al A4 R AN W 32 MUR I 40
ARG T HHRAARSE,
3.2.2  FRELEY)

MRV S0 IR Y 280, FELL B 5
Te 15T E0HY Fo MR S8 (BRIURSE, 2000) , %04
W REEREAAT (BiTe) (M RESLE (Bi,Te,y) (AREZT
Y1 ( Bi,Te ) . Bt fifi % 5~ B ( Bi,Te,S) . Mk fifi 5 4
(Bi,Te,) KELT Y (BigTe,) AEAH Y (Bi,Te)
A7 R 2 R R R A B T R B
Yrh Te & 8~ 16. 98% ~ 34. 81%, Bi &N
62.41% ~100% , F&f % b/ ) BURHET , 73 5
TEEM" (Te 5 33.94% ~34. 81% ,Bi &1 62. 41%
~63.74%) e (Te 7 30. 13% ~31. 87% , Bi
R 65.54% ~68. 36%) \Bi,Te (Te & 22. 98% ~
24.89% ,Bi &% 72. 50% ~75. 69%) i A ( Te
FE 19.88% ~21.89% ,Bi F & 76.66% ~78.75%) .
Witk 8B (Te & & 20. 65% ~ 21. 70%, Bi & &
72.77% ~74. 25% ,S & H: 2. 44% ~2. 65%) ., Bi,Te,
(Te ¥ 19.08%,Bi & 81.27%) .Bi,Te(Te 7 &
16.98% ~17.03% ,Bi 75 80.93% ~81.61%) . H #k
Bi(Te & 0% ,Bi & 100%) .,

(1) #Emen . kom0 BiTe, iZ0 ¥ B N4
R UL RO AR A, O R R, FEIESH
PRl — Bl 5 0 0 2w 41l 2 AR A (2] AR,
2021) , SCEW YRGB S 0% R s R (] Sa)
Ty — A SRR AR ARG P ME LU A 4
T AR D A i R AR SO F AR A BT 4
REFR T PIE AL (18 5b) o

(2) mmFeew . 1k X Bi,Te, (BRI SE,
2000) %8 W5 N 2 0L, B R AR AR IR
W, AR, 2 BB RDIRE A AR I A

RIAETE 20~200 pm A 7= H HKATIE 1~2 mm,
T LT B S0 HOIR A SCG R AT 7 F i
BTN de) , EEIEEA 3 F O 5SS
HABASACA fh, SCR )08 58 e 52 0% Hotk (1A
5c); @ SR FURELT B A RGE (& Sh,
Kl 5g) 3 @ SPKIR | SR EAS B IPR 77 F 4 3 ik
H5HKE BBV (E 548 56) .

(3) REZH W (BiTe) : TG NRAE, &
R, 205 AR & (E 5e) .

(4) BEREERE . fb2E30h Bi,Te, , RO A5 A
WS IR W (0, = SR AR RCRE AR, 5
TRARZ R 30~ 120 pm, 5EEAERCEY], FEIE
BAWF, © 25K PR FA8ikh, AREE
PeRfSE S (8 5F) 3 @5 ASREL R R R S B 45
F 7= T HE SR Ik (B 6)

(5) WRREELE . BiRESE L 2h Bi,Te, S,,, ,
x>0.5 Fl x<0. 5 XFR PSRN . BRAGEEAT A FIGTE A
B BORERSCAE, 2010) , AR SCHLFHRENSS R B
2 Wk Bi,Te,S, Xt I BRFGS6H™ B, i 4k
W22 R B BT %) A D& Bk R B b (1 Sh)
a5 BT RE BE  (F S5g) , ROBT 2 R AR
&, 0 W 2 5N B N EOR R 7 Y R AR £ R 20 ~
40 pm, 5 AR EBEUIELE

(6) REAN Y BigTe,: RO ZFL A, &K
R Y/ B TR 0 AR g A RO A R = 27N
SRR , 5 AR A (K 50) .

(7) REZT Y Bi,Te, K ORI HG, HX
SR WA AR R R SRS B N W K 1w R4y
AEW O, 54 Rmew It s 2 sy
K THNEB(E S, 5 AKRE  ARSENIEL Y]
IR KR,

(8) HARSE. RO I AR IR B A, 5 X
S BN 2 A LB B O, R WA, WA EDR DL
R/ NIRRT T A e ke (1 55) , B0 b s B
EEE RS (K 6) , 5 BREHUIEAE,
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Fig. 6 X-ray mapping of tellurium-bismuth minerals
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Bt ey UKL NN 322 R R B R VR R 4 R e A
DUREA: 1

Bi Hg .Pb Se Te Tl Sn As Sh & H AT R M1 |
A TR BESEAN LMCE | X508 HA AR
P 5, ] MO R 43 B B4 A ( Okamoto and Mas-
salski, 1983; Frost et al., 2002; Ciobanu et al. ,
2006; Tooth et al. , 2008) , HIHIK R H Bi FE VU
+3 M AFAE (Tooth et al. , 2011) , 111 244 B H i B 48
ok 4 IR B B A R AR Y B o B B R A
W IR S B A, AR G Bi AR IR 43 T BE 2
B 2 ERE R R 0 2% (18] 6) , /D30 20 U 22 4 Js Y
WABEE B ARz,

MR Bi-Te —JTAHIE (18] 7a) , & Bi fll A 4R 55
AR B P 3R 3K B B IR Y 266°C , #563E H AA Bl

R AL 271°C  BER Te 75 1 BYIG NN, Bi-Te 1K 545 5
BT TFE o HAKS MR A 6 0 A B AR ) IS R
W, PR ™ B BEAY R i FBL A 230 ~ 436°C ( Zhao
et al. , 2019) IZIREEFRAFT 07 R P Bl B 40 ) K
FRor ] MRS AL 20, MR 40 11 B Be b ry wi
B AR T LB B ) Bl B4 ) AR & T, BB A
AR I By Bk 6 21 10 o B b, i 26k 5 R i Yk
JET) 32 9 e A1 2 2 35 2 A il B T ) O B 32
BRI
4.2 HEENH

HNSE R I, SRR AE 241°C B 5544 R st m] LA
MG () 7h) |, TITE 300 ~ 450°C 9 55 1F T,
B Au BV LRI PR Au g LBl 2
(Douglas et al. , 2000; Tooth et al. , 2011) , ¥ H
10 4 23 BB A R SR ZUISC R B J Bi-Au S 1A, H 283X
PR R BEAS DR 155 W 25, 3902 AN W AT TP il I A,
RIE 2 Au TE6 ) ks Th AL REBCA 27t H. Bi-Te-
Au JERRT R B Au [RIRE B A B0 I H R BB
(Meinert et al. , 2000; Ciobanu et al. , 2005, 2006,
2010) . LMCE® K TE B0y ) & LA LT BBk LS
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Fig. 7 Phase diagram of tellurium-bismuth mineral(a) and Au-Bi binary phase diagram(b) (after Okamoto et al. , 1983;
Ciobanu et al. , 2005; Tooth et al. , 2008)
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Fig. 8 Microscopic image of banded bismuth-tellurium mineral particles
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a, b, c—the bismuth-tellurium mineral particles are banded; d—bismuth-tellurium particles in close association with natural gold;

a and c—perspective light image; b—BSE image; d—reflect single polarized light image
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