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Abstract

Tiegelongnan deposit, located in the Duolong ore district in the western part of Bangong Co-Nujiang metal-
logenic belt, is the first large-sized Cu (Au, Ag) deposit with typical features of high-sulfidation epithermal
mineralization. Through the study of the systematic metallogeny, combined with the electron microprobe analy-
sis, colusite was found in the deposit for the first time. Although its total amount is not much, it can be used to re-

flect the condition of materialization and, to some extent, to be indicative of the types of genesis. Colusite is an ir-
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regular fine particle with a diameter of about 10um, and has the characteristics of no internal reflection and ho-
mogeneity. Associated with Cu-As-S series minerals, such as enargite and tennatite, colusite is milky yellow-pale
yellow; when it occurs with Cu-Fe-S series minerals, such as bornite, pyrite and digenite, it is milky brown-light
brown. According to the intergenerational relationship between minerals, colusite is formed after Py, Bn, En, Ten
and before Dg, Cv. The results of electron microprobe analysis show that the basic components of colusite in-
clude Cu, As, V, S, Sn and Sb, with a small amount of Fe, Ge and Zn. Besides, some samples contain a small
amount of W, Au and Ag. On the basis of 32 sulfur atoms per formula unit, the general formula of colusite in the
Tiegelongnan deposit 1S Cly; 415600 V432 10(ASs 55556 SDo-063)315-505 (SNos 65 GC€007)001-2.60(F€0245 ZMNy 24)p-2as32 1N Which
there are complex mechanism of coupled substitutions such as Sb**<As™ and Sn*<Ge*, (As,Sb)*+Cu <(Sn,
Ge)""+(Fe,Zn,Cu)”, as well as V<V +Cu'. Combined with ore mineral assemblages and alteration analysis, it
is pointed out that the acidic or slightly neutral, neutral, medium and low temperature and high sulfuric acid envi-
ronment constitute the key controlling factors of colusite formation.

Key words: geology, colusite, Cu-As-S series minerals, Cu-Fe-S series minerals, high-sulfidation epither-

mal mineralization, Bangong Co.-Nujiang metallogenic belt, Tibet
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Table 1 Generalized formula of colusite-group minerals and
of related phases (after Wagner et al., 2005)

T

i 15X EE PN

B4 Colusite

Cu,V,(As,Sn,Sb) S, Orlandi et al., 1981

A4 Nekrasovite Cu,V,Sn(S;, Kovalenker et al.,1984
TN A Germanocolusite Cu,,V,(Ge,As),S;, Spiridonov et al.,1992
T B TR T )

T 86417 1™ Stibiocolusite Cu,,V,(Sb,Sn,As),S;, Spiridonov et al.,1994

Maikainite Cu,,(Fe,Cu);Mo,Ge(S,, Spiridonov,2003

Ovamboite Cu,,(Fe,Cu,Zn)W,Ge,S;, Spiridonov,2003
TisEHI 1" Germainte Cu,sFe,Ge,S;, Tettenhorst et al.,1984

LEPREE | 45 2R Renierite Cuy(Zn, ,Cu,)(Ge, As )FeSs, Bernsein, 1986

AR Vinciennite Cu,,Sn,As,Fe,S;, Spiridonov et al.,1994

T 0<e<2; W I v SCAA BRI AT B IR, 2007
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Simplified geological map of tectonic outline of the Tibetan Plateau (a, modified after Pan et al., 2004)

and map of Tiegelongnan ore deposit, Tibet (b, modified after Wang, 2015)
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K2 BRARBER O RS PR SRR (45 R , 2017)
Fig. 2 The three-dimensional model of orebody for the Tiegelongnan deposit(after Tang,2017)
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Fig. 3 The typical minerlization and mineral assemblages in the Tiegelongnan deposit

(The red box represents the approximate position of the microscopic phenomenon)

a~c. RNZK4004-993 m, disseminated pyrite+chalcopyrite in the altered granodiorite porphyry, and Fig. a and Fig. ¢ indicating mineralization

of chalcopyrite (+pyrite) in matrix and phenocryst, respectively; d~e. RNZK4004-1026.8 m, pyrite+chalcopyrite +bornite+molybdenite

vein in the altered feldspar-quartz-sandstone; f, g. RNZK1604-671.48 m, pyrite+chalcopyrite+bornite+covellite mineralization

in the altered feldspar-quartz-sandstone; h,i. RNZK0804-189.99 m, pyrite+tennantite+enargite+digenite+ alunite vein

Alu—Alunite ; Bn—Bornite ; Cp—Chalcopyrite ; Cv—Covellite ; Dg—Digenite;

En—Enargite; Mo—Molybdenuite ; Py—Pyrite ; Tn—Tennantite
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Fig. 4 The sampling location of the metallogenic study and the general distribution of colusite in the Tigelongnan deposit

Alu—Alunite ; Bn—Bornite ; Ce=——Chalcocite ; Cp—Chalcopyrite ; Cv—Covellite ; Dg—Digenite ; En—Enargite ; Gn—Galena;

Hem—Hematite ; Lim—Limonite ; Mo—Molybdenuite ; Py—Pyrite, Sh—Shalerite ; Ten—Tennantite
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M Z A K AT e 2 K ARG B4R s Cu 5 HABARAT T
B AVHR AT WS B RH S, v b B IO A 5 e i)
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KI5 BIAs R A R Hh B 8 B AR 4 ) 7 1 RRAE
a. RNZK0004-585.49 m , SEH ™ W3S (RS AR A SE K , 1 240 B0 0 W i 80 0 A R WS40 52 £ 5 b. RNZK0804-568.4 m i it i 7
B N 32 AR 5 c. RNZKO804-312.6 m L i i WA B 7 4540 R 32 X s d. RNZK2404- 644.5 m , BEHI™
TG N A S, B 2 A ™ R S AR B R AT TR B R BT AT B 515 e RNZK1605-639.09 m,
HORRAT PSS SR, BEOT DA A A A B S B R AT S A, R T S A B AT s £, RNZK3204-592.98 m, fii £
T S AR B 2 A, B 58 1R 5 g RNZK0804-682.95 m , BEH 3 AR BE K™ , W 50 il 0 i WA ™ 0
224X s h. RNZK4004-552.7 m, BAA S R T BER0 b i 0 AR A 0™ S AR BLH ™ 5 1. RNZK 1604-458.2 m,
TSR S A D™, Bl 52, . R ARG R, AT KB AR B F A ) 2R WY «
BRRE— BT SR — R R SRR BB R A T W R — 5
Bn—BEH s Col—Bi B3 s Cp— W ™ s Cv—H i s Dg— W WEH ™ 5 En— B R 4™ 5 Py— BBk s Tn—fh B 440
Fig. 5 The characteristics of colusite at Tiegelongnan deposit
a. RNZK0004-585.49 m, bornite composed of residual worm-like, and tennantite replaced by colusite and digenite; b. RNZK0804-568.4 m,
enargite replaced by colusite and digenite; c. RNZK0804-312.6 m, enargite replaced by colusite, galena and digenite; d. RNZK2404-644.5 m,
bornite replaced by tennantite, which was replaced by colusite and digenite , and the pyrite formed earliest; e. RNZK1605-639.09 m, bornite re-
placed by enargite, which was replaced by colusite and digenite , and the pyrite formed earliest; f. RNZK3204-592.98 m, chalcopyrite and
bornite replaced by colusite, which was replaced by digenite; g. RNZK0804-682.95 m, pyrite replaced by bornite,which was replaced by
colusite, digenite and covellite; h. RNZK4004-552.7 m, chalcopyrite assuming leaf-like dissolved in bornite, and digenite, colusite
replacing chalcopyrite; i. RNZK1604- 458.2 m, colusite replacing pyrite and replaced by digenite. Through the above-mentioned
metaphysical relationship, it is possible to draw the order of mineral formation in ferrisgate: pyrite — bornite,
chalcopyrite —tennantite— enargite— colusite, galena— digenite— covellite
Bn—Bornite; Cp—Chalcopyrite; Cv—Covellite; Dg—Digenite; En—Enargite; Gn—Galena;
Mo—Molybdenuite; Py—Pyrite; Tn—Tennantite
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Table 2 EPMA results of colusite in Tiegelongnan deposit

w(B)/%
Jre e R
Cu  As Sb Y Sn Ge  Fe Zn S Au  Ag W SR

1 RNZK1604-270.33 50.06 13.08 0.24 3.08 0 022 099 0.01 3241 0.05 0.03 0 100.17
2 RNZK1604-270.33 50.66 13.21 0.23 327 0.01 048 029 0.05 32.08 0.06 0.02 0 100.36
3 RNZK1604-458 4993 9.60 0.86 3.21 387 0.03 0.70 0.04 31.55 0 0 0 99.79
4 RNZK1604-458 49.44 8.14 132 296 564 0.12 092 0.02 3072 0 0 0 99.28
5 RNZK1604-458 49.64 792 1.62 3.02 646 0.05 0.78 0.04 30.58 0 0.04 0 100.15
6 RNZK1612-694.64 48.69 10.22 0.03 2.17 544 0.01 043 0 31.43 0 0 0 98.42
7  RNZK2405-244.64 49.43 13.83 030 3.12 0.03 0 0.55 0.03 3346 0 0 0.03  100.78
8 RNZK?2405-539.5 47.98 11.25 0.08 275 0.02 1.53 1.04 0 31.05 0 0.01 046 96.17
9 RNZK2405-539.5 47.29 11.67 1.05 250 121 0.13 1.12 0 3181 0 0.02 0.08 96.88
10 RNZK2405-539.5 48.70 12.15 036 2.17 0.19 05 0.18 0 3220 0 0 0 96.45
11 RNZK2404-850.94 4834 1399 035 226 028 0.13 0.11 0 3264 0.02 0.01 0 98.13
12 RNZK2404-903.67 49.24 10.57 023 222 4.63 0.05 0.44 0 3091 0 0.05 0 98.34
13 RNZK3204-592.98 47.78 10.88 0.78 2.06 3.11 0.12 0.52 0. 3150 0 0.02 0.12  96.89
14 RNZK3204-592.98 47.89 10.88 133 234 121 0.15 044 0.05 3197 0 0.04 0.02 96.32
15 RNZK3204-592.98 48.68 1240 0.76 233 042 0.08 0.42 0 3277 0.04 0.03 0 97.93
16  RNZKO0804-295.69 50.05 9.03 0.51 2.10 5.81 0 0.09 0.01 30.72 0.01 0 0.03  98.36
17 RNZKO0804-513.7 48.65 1092 046 232 3.36 0 0.43 0 3196 0 0 0.02  98.12
18 RNZKO0804-513.7 4735 1220 0.23 261 223 ~0.02 0.13 0.05 31.23 0 0 0.03  96.08
19 RNZKO0804-568.4 48.03 9.38 1.66 227 324 0.07 0.12 0.03 31.60 0 0 0 96.40
20  RNZKO0804-568.4 48.77 10.08 1.27 233 299 0.10 0.09 0 3166 0 0.01 0 97.30
21 RNZK0804-568.4 49.58 745 153 189 695 0.06 040 0.13 30.61 0.02 0 0.17  98.79
22 RNZKO0804-568.4 50.41 12.57 0.67 222 3.22 0 0.67 0.24 30.80 0 0 0 100.80
23 RNZKO0804-682.95 48.03 '12.89 0.25 227 151 0.04 0 0 32.40 0 0 0 97.39
24  RNZKO0804-682.95 5045 8.75 020 2.17 5095 0 0.22  0.01 30.20 0 0 0 97.95
25 RNZKO0004-585.49 50.09 11.14 0.28 237 2.08 0.03 053 032 31.42 0 0.01 0.03 98.3

26  RNZKO0004-585.49 49.82 849 0.15 278 547 0 0.19 032 31.28 0 0 0.04  98.54
27  RNZKO0004-585.49 49.54 8.18 029 3.13 5.12 0 0.05 031 31.20 0 0.02 0 97.84
28  RNZKO0004-585.49 49.76 8.72 032 3.09 4.48 0 0.12  0.07 31.17 0 0.03 0 97.76
29  RNZKO0004-585.49 50.15 13.89 0.12 3.11 043 0.07 0.08 0.05 32.90 0 0 0.06 100.86
30 RNZK1604-149 4743 1225 044 299 1.61 0.04 0.09 0.08 32.07 0 0 0 97.00
31 RNZK1604-149 4691 12.03 0.50 297 159 0.04 0.13 0 31.88 0 0.03 0 96.08
32 RNZK1604-270.33 51.40 13.26 0.22 334 0.04 052 0.03 0.04 3191 0.03 0.01 0.03 100.83
33  RNZK1604-270.33 4935 1297 0.17 281 0.14 022 0.19 0.02 3292 0 0.04 0 98.83
34 RNZK1605-712  51.02 854 0.01 3.09 6.10 0.09 0.26 0 31.31 0 0.01 0.04 100.47
35 RNZK2412-494  50.25 12.02 0.29 3.05 0.02 047 044 0.04 32.21 0 0.02 0.05 98.86
36 RNZK2412-494  50.73 13.17 041 3.04 0.04 033 047 049 3194 0 0 0 100.62
37 RNZK2405-284.3 48.79 7.44 228 294 511 0.16 029 0.03 3041 0 0 0.32  97.77

TE 0" RAT T AL T BR 5 1~18 54 5 Cu-Fe-S (R R4 ) 5 8 FEAE AU BB B I 245 19~37 50 5 Cu-As-S IR R ™)

SR B 4 R
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Fig. 6 The plot of (As+Sb) versus (Sn+Ge) for colusite

0 AR 2R T OT R A B LB R AR

X B 98 T 4 AT T O TR R AR B 3 2
By e =0 2 A AR, B I AR SR T

AR 7) o R HFEAT 7 BRET T TH 20 B &2 B, 3X 2
AR Fe 5 i SAIRAG, Cu vV & A1 2] (5
S5 AR 1Y Ge As T BB T AT i, 17 56
I A B9 S, Sb 7% 1 U I S 455 T A QB AR (&
7) 3K EIE TR BEE B A PR r ) 2 i e 4 AR T
fiE f7 £ Sb™ ©As™ Fll Sn** ©Ge* K TT E il & & #e
(Wagner et al.,2005),

Tt 205 A ) ) e R A © SR A A 5T ¢ 3 (Spry
et al., 1994 ; Wagner et al.,2005 ; Makovicky, 2006) , &=
B2 R BL DR B A A v ] & £ 3 R 1Y CuS,
1 AsS, UM B, H A% di i b ST 25 A (iR
S HN SRR TR AE S YRS BT ) . Wagner 45
(2005 ) 3 1L BIF 5 4 Bk A AL PR P 2 A el 1) £
PR AR B EEIR AR B B R A o) - 2 Crh i &S A A
T#5-2.0~2.5 mol; Hirpr, 55 (i Ky TAE I, I 7 B 2

K7 BB R v R T AT (20 @5 REAR T4 X))
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Bn—BE4 4" ; Col—B B s Dg— W MEA A 5 Py—3 kA
Fig. 7 EPMA mapping of colusite( the red block represents the sweeping area)

Bn—Bornite ; Col—Colusite ; Dg—Dignite ; Py—Pyrite

Ha ] BRI AE R A b & B T RS 5K WS
B4, WN(As, Sb)**+Cu'(Sn,Ge)* +(Fe,Zn,Cu)** LA
V¥ VHCuts A, &R 43 F X iy 2 A 5 (Cut
Fe+Zn) .(As+Sb) 5 (Sn+Ge) 5 8 3 11 AH ¢ , i 1 4k
S BB B T 1 3 5 2R Cugg,, VI,V (A,
Sb)**4..,(Sn, Ge)*'., (Fe, Zn, Cu)?', S5, (0<x<2,0<y<
6—x.0<z<2) ., HIMLE R, PAE PR B IR i 45 fi
175" 5 Wagner 25 (2005) BT #fE 5 19 43 7 303 A
A Hrh SR AE e iR — RYu R G S

AT I, R i A 5 % 47 K i Cu-As-S
TR R W (LA A i B4 ) A 3 I TR P
K % & i K % V) (Kesler et al., 1984; Spry et al.,
1994) s 7E— S 5 B0 W) (B0 RER B0 ) Bk
A B AR A A A ) A A BRI AR D
DL A8 i 5 7= HH (Hannington et al.,1999; Carvalho
et al., 1999) ; 768 i 1™ s H A 5 86 4 ) & 7™ Hh Y
P AT PR T A 72 A B 6 2 i 7 7™ th (Spiridonov et
al.,1994) . R UHL S A B F - IREF AT 45 A
7, H Ge B 3 ARAK, AL — A HEd T w (Ge) 15
1.53%, Ui W BRA% BE g 4 IR T AR AT RE AN A AE L Ge oy
= B B8 T B 4 T ) (B AL B R 7 Germanoclu-
site) , R TS HL TR B0 %A Sn-Sb-As 2 5% 4] fift
(P& 8) , 45 SR I 7 F 55 4 o 4 R v A i 255 it 4 4
(Colusite) X, 3 5 Bk P Fg 4 PR JC HAh R /23585
T I IR S B

BRA R AT IR AT B A P A 3R R (1 3)
IR 3B =28 5 S AL Y e AR A A ¢
() e AR 8 R A R M | AR TR R B 5
Ve Ak R 5 AR PR R Ak ) B B AT Ak ) ik
Pl s M IR T 38 F 228 5 B n B b A e ny 43 e
FALE AR RERRER AL T AR | 57 S fi v e TR PR
(Bl ,2015) . TEBEL B R , NIRFRAE AR AR
A B 5 R Ak ) e A 3 AT iR A R Ak 3
e — R R, H AR AL S b T ad A o
WA A FE RO T AL A % A8 5CuFeS,(#f
Bl W) +S,=CusFeS, ( BE#i 0 ) +4FeS, (¥ 2 ") |
0.67Cu,,As,S s (B B4 4 ) +S,=2.67Cu;AsS,, (it i 4
W) .Cu, (S HEHIH™)+0.4S,=1.8CuS (4 ¥ ) (Einau-
di et al., 2003) (41 9) o Bk [ B ™ PR Hh B3 895 b 41 1
Ffif ok 2 sl /DA BERR B . Cu-As-S R R Y o L%

FEF A (ES) T #E Cu-As-S R R 0™ Y108/ %31
R LR 22 2 O R TR IR, 4 B e A 4
A4 Bl 22 D0 IR G U T 5iR R - R A |
AR | R B P R I3 AT A B 880 B 40 7 2 A S B
il PR, S Ve F 3 KO0 Al AN A A R B
HAAT 7 RS R B4 2 4 R AT IR T R
A BB A 7 A R N 2 —

RGER0 A RO R B, Ak BER AR |
EA R S BB A T AR BB R R R IR
PRI AER PR A 1380, 5 B B e ™ 5 1 A
Yy LG AR O 3 LU PSRBT | SR A Bk
0, DR AR AR AR R, S R
A BT ) LLBEAR B O A O SR AT A R AT
LR AR A™ RS B 5 AR TS, B Cu-As-S
KRR YIRS , S & i 22 2R B
fER A B BT R, XA R T — e AL
i A A e - AL B T A A i e

6 4% it
(1) 5 A SO % B, e 48 B A ™ 2 49 i 4%

2910 pum B KL 20087, 2 50 - IR B 0 FLAE (-
e, o2 Ok G RN BT T Rk
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(Jic &5 Repstock et al.,2015)
Fig. 8 Chemical variation of volusite in a ternary Sn-Sb-As

plot (base map after Repstock et al., 2015)
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Fig. 9

logf(S,)-1000/T diagram defining the relative sulfidation state of hydrothermal fluids (after Einaudi et al., 2003)

A-B-C-the evolution of metallic minerals of the deposit passing through porphyry mineralization, high sulphidation mineralization,

mild sulphidation mineralization and low sulphidation mineralization in sequence

asp—Arsenopyrite; bn—Bornite; cp—Chalcopyrite; cv—Covllite; dg—Digenite; lo—Loellingite; po—Pyrrhotite; py—Pyrite

LM 7 R e B TR T it T ) = o9 2 RN
W2,

(2) HLFHREF 53T s, 2 A 4 1 6 A g
4G Cu As. V.S, Sn, Sb, ¥ ik % 45 /b i Fe . Ge,
Zn, FR5FEG 5 D i W Au Ag, 7E Sn-Sb-As = 5t
[l i v 4% A BB AR 7 ( Colusite ) X, HH 777
Sb¥ > As™ Hl Sn** <Ge* | (As, Sb)’+Cu” <(Sn,Ge)**
+ (Fe,Zn,Cu)* LA Mz VS e V¥ +Cu 5 Z L &
B,

(3) WA AT WG A G i i,
PR P S Al P A AR v A S PR R A
A AR B SR R R R o Rk ) e A 4
AT T B i FOE BT A P B AL 25 A 5 TR EE, X
PR B PR ZE A0 0 A — S 4 R

E O BEEESN AL R AR PR
GEURA BRZY R A 40 U < e ol A BRIy 2 w1 Y
R3S A T HE A SC e e A P AS 21 4 0 K
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