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Hydrothermal biotite characteristics and geological significance of No. | and
No. [l orebodies of the Xiongcun porphyry copper (gold) deposit in Tibet

XIAO Hong-tian, XIE Fu-wei, LANG Xing-hai and RAN Feng-qin
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Abstract: The Xiongcun copper ( gold) ore district in Tibet is located on the southern margin of the middle Gang-
dise metallogenic belt, mainly composed of No. I, No. II, and No. Il orebodies and several mineralized bodies.
In this paper, the modes of occurrence and composition of hydrothermal biotite in the potassium silicate alteration
zone of No. [ and No. Il orebodies were systematically studied by means of microscopic identification and electron
microprobe analysis. Biotite of No. [ orebody in the Xiongcun ore district is mainly phlogopite and magnesium bio-
tite while biotite of No. I orebody is mainly magnesium biotite. Biotite of both orebodies is characterized by low Ti
(TiO, <3%) and high Al (ALO; >15%), with high MgO content, Mg/Fe value >0.5, and K/Na value greater

than 10, which shows a good correlation with mineralization. The average crystallization temperature of hydrothermal
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biotite in No. [ orebody is 470°C, and the oxygen futility is between NNO and HM. The average crystallization
temperature of hydrothermal biotite of No. Il orebody is 234°C, and the oxygen futility is between NNO and FQM,
indicating that No. [ orebody was formed in a hydrothermal system with high temperature and oxygen futility, while
No. II orebody was formed in a hydrothermal system with relatively low temperature and oxygen futility. The IV(F)
value of hydrothermal biotite in No. [ orebody ranges from 0. 61 to 2.72, with an average value of 1.26. The [V
(Cl) value is from —5.49 to —4.53, with an average value of —5.03. The IV (F/Cl) value is from 5. 63 to
7.89, with an average value of 6.29. The IV(F) value of hydrothermal biotite in No. Il orebody ranges from 1. 83
and 3.32, with an average value of 2.66. The IV(Cl) value is from —5.64 to —4.89, with an average value of
-5.31. The IV (F/Cl) value is between 7. 14 and 8. 68, with an average value of 7.97. These data indicate that
No. I and No. Il orebodies were formed in the Cl-rich hydrothermal system, and that the hydrothermal solution of No. II
orebody was richer in Cl and poorer in F than that of No. [ orebody. Metallic elements such as Cu and Au were easily
extracted and moved in the form of metal complex by Cl-rich fluid. In the process of fluid migration, changing physi-
cochemical conditions would reduce the solubility of metal complex and led to sulfide precipitation.

Key words: hydrothermal biotite; Xiongcun copper ( gold) deposit; crystallization temperature; oxygen fugacity;
Gangdise metallogenic belt
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Fig.1 Geological map of the Xiongcun deposit Cafter Lang et al. , 2019)
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Fig.2 Hydrothermal biotite in the Xiongcun deposit
asb— [ 50 4 ZK5024-213 - A TB- AR FoREGEE B B ond— T 5018 ZK6066-332 WA ATER B 1] o f— 155 14 ZK7226-398 -
BIE-BIE KRB R 2B Qu— A138; Br— B ath; Sul— EHAY
a, b— ZK5024-213 hypidiomorphic to idiomorphic hydrothermal biotite from No. ] orebody; ¢, d—ZK6066-332 light greenish hydrothermal biotite from
No. I orebody; e, {—ZK7226-398 hypidiomorphic to idiomorphic hydrothermal biotite from No. I orebody; Qtz—quartz; Bt—Dbiotite; Sul—sulphide
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Table 1  Electron microprobe analyses of hydrothermal biotite of No. I orebody in the Xiongcun deposit
FE 5024-202-2 5024-202-3 5024-202-5 5024-213-3 5024-213-4 5032-182-2 5032-182-3 6066-332-3 6066-332-4
Si0, 39.47 40.87 39.79 40.72 41.44 40.42 38.98 40.90 36.30
TiO, 0.56 0.69 0.69 0.63 0.63 0.55 0.80 0.68 0.63
Al O, 15.16 15.47 16.45 15.88 14.99 16. 10 17.09 14.30 17.87
FeO" 7.98 8.27 9.28 4.30 4.13 9.33 10.15 4.97 12.09
MnO 0.40 0.47 0.38 0.41 0.36 0.17 0.13 0.46 0.85
MgO 18.72 19.38 18.76 22.54 21.39 18.36 17.76 21.57 19.34
CaO 0.06 0.01 0.05 0.00 0.02 0.04 0.00 0.16 0.18
Na, O 0.10 0.10 0.11 0.11 0.09 0.17 0.14 0.13 0.09
K,0 9.40 8.65 8.91 9.72 9.72 9.37 8.52 9.16 3.13
F 2.61 2.99 2.48 3.37 3.33 2.55 2.10 8.87 1.86
Cl 0.08 0.07 0.08 0.03 0.03 0.06 0.06 0.05 0.03
Si 2.94 2.96 2.89 2.90 2.99 2.93 2.86 2.98 2.72
AV 1.06 1.04 1.11 1.10 1.01 1.07 1.14 1.02 1.29
AV 0.27 0.28 0.29 0.24 0.27 0.31 0.34 0.21 0.29
Ti 0.03 0.04 0.04 0.03 0.03 0.03 0.04 0.04 0.04
Fe’* 0.18 0.25 0.21 0.15 0.21 0.21 0.23 0.20 0.38
Fe* 0.31 0.25 0.36 0.10 0.04 0.36 0.39 0.11 0.37
Mn 0.03 0.03 0.02 0.03 0.02 0.01 0.01 0.03 0.05
Mg 2.08 2.09 2.03 2.40 2.30 1.99 1.94 2.34 2.16
Ca 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
Na 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.01
K 0.89 0.80 0.83 0.88 0.90 0.87 0. 80 0.85 0.30
Total 7.82 7.75 7.79 7.85 7.79 7.80 7.77 7.80 7.62
OH~ 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
MF 0. 80 0. 80 0.78 0.90 0.90 0.78 0.76 0.88 0.73
AV 4 Fe*t + Ti 0.49 0.57 0.54 0.42 0.52 0.54 0.61 0.44 0.71
Fe?* +Mn 0.34 0.28 0.38 0.13 0.06 0.37 0.40 0.14 0.43
Ti/(Mg + Fe + Ti + Mn) 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
Al/CAl + Mg + Fe +Ti +Mn +Si) 0.19 0.19 0.20 0.19 0.19 0.20 0.21 0.18 0.22
V(F 1.04 0.97 1.02 1.04 1.03 1.00 1.05 0.61 1.09
vaeD -5.15 -5.14 -5.12 -4.92 -4.87 -4.95 -4.95 -5.11 -4.54
IVCE/CD 6.19 6.11 6.14 5.95 5.89 5.96 6.00 5.72 5.63
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Table 2 Electron microprobe analyses of hydrothermal biotite of No. II orebody in the Xiongcun deposit
Ff b 7226-398-1  7226-398-2  7226-398-3 7223-324-1% 7223-324-3* 7223-416-1" 7223-4162* 7223-449-1* 72234493 *
Sio, 35.19 34.85 35.40 30.68 37.58 32.67 33.58 33.13 34.21
TiO, 1.41 2.15 1.07 1.82 2.26 2.72 1.54 2.11 3.12
Al, 04 15.51 16.02 14.96 17.51 14.80 19.03 17.80 14.92 15.46
FeO" 17.23 17.06 16.69 18.43 17.48 16.47 16.29 18.73 18.73
MnO 0.12 0.16 0.12 0.21 0.15 0.20 0.28 0.34 0.29
MgO 12.76 12.00 13.41 12.37 14. 66 10.75 12.82 13.43 12.89
Ca0 0.01 0.23 0.12 0.25 0.88 0.04 0.01 0.06 0.07
Na, O 0.03 0.05 0.09 0.05 0.10 0.08 0.01 0.03 0.05
K,0 8.89 8.92 8.74 7.47 9.12 9.24 9.49 8.04 9.32
F 0.00 0.00 0.05 0.00 0.02 0.00 0.00 0.00 0.00
Cl 0.27 0.25 0.29 0.24 0.60 0.24 0.37 0.51 0.45
Si 2.78 2.75 2.81 2.52 2.79 2.58 2.64 2.66 2.66
AV 1.22 1.25 1.19 1.49 1.21 1.42 1.36 1.34 1.34
AV 0.23 0.24 0.21 0.21 0.09 0.36 0.29 0.07 0.07
Ti 0.08 0.13 0.06 0.11 0.13 0.16 0.09 0.13 0.18
Fe’t 0.14 0.17 0.12 0.08 0.12 0.16 0.08 0.08 0.08
Fe?* 1.00 0.96 0.99 1.19 0.96 0.93 0.99 1.18 1.14
Mn 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.02
Mg 1.50 1.41 1.59 1.51 1.62 1.27 1.50 1.61 1.49
Ca 35.19 34.85 35.40 30.68 37.58 32.67 33.58 33.13 34.21
Na 0.01 0.0l 0.01 0.01 0.01 0.01 0.00 0.01 0.01
K 0.90 0.90 0.89 0.78 0.86 0.93 0.95 0.82 0.92
Total 7.86 7.83 7.88 7.92 7.88 7.84 7.92 7.92 7.92
OH~ 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
MF 0.57 0.55 0.59 0.54 0.60 0.54 0.58 0.56 0.55
AV fFelt 4+ Ti 0.45 0.53 0.39 0.40 0.34 0.68 0.46 0.28 0.34
Fe* +Mn 1.01 0.97 0.99 1.20 0.97 0.9%4 1.01 1.20 1.15
Ti/(Mg + Fe + Ti + Mn) 0.03 0.05 0.02 0.04 0.04 0.06 0.03 0.04 0.06
Al/CAl + Mg + Fe +Ti +Mn +Si) 0.21 0.22 0.20 0.24 0.19 0.26 0.24 0.20 0.20
V() 2.57 2.97
vaeD -5.23 -5.18 -5.31 -5.14 -5.64 -5.13 -5.40 -5.50 -5.43
V(F/CD 7.88 8.61
= Jn 51 HEEE(2018)
14.80% ~ 19. 03% , *F- 34} 16. 22% ; FeO' 5 & A
3 TR 16.29% ~18.73% , V-1 4 17. 46% ; MgO 5 5 Ny
10.75% ~ 14. 66% , *-3) 4 12. 79% ; K,0 ¥ & A4
3.1 HENAREZBUFEMFERR 7.47% ~9.49% , V-3 )5 8.80% o /N4 1) #K
[ 50 % =B Sio, &N 36.30% ~  MABEHAE TICTIO, <3% ) AICALO, >15% )+
41.44% ,~F 31 39. 88% ; TiO, % &0 0.55% ~ i KK Na2E Ca (%45 £, HHAEIEK MgO 5 &,
0.80% , V-3 75 0. 65%; ALO, %K 14.30% ~ $5/x T B 4 M0 4 ( £ 70 & 25, 2009).
17.87% , V-3 4 15. 92% ; FeO" &8 M 4. 13% ~ Mg —(AIY +Fe’* + Ti)—(Fe** + Mn) K it b, I A4
12.09% , V-3 4 7. 83% ; MgO & & 0 17.76% ~ 1 SH REIHGE B = BEEN & BEX Ik, 3540 f AT
22.54% ,°F-¥J K 19. 76% ; K,0 & & N 3. 13% TN B s T 55 0 R b 0 ARl B8 = B
9.72% ,° V344 8.51% . T SH KM Si0, FEHN REENEFEZXE(E3).
30.68% ~ 37.58% , -4 34. 14% ; TiO, & & N R BE Mg/ Fe K/ Na {8 2 H € B4 B0 IR 1k
1.07% ~ 3. 12%, 30 2. 02%; ALO, & &N W 5EMEERE, ST E LB ZREAA &

AR
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Table 3 Comparison of hydrothermal biotite compositions in typical porphyry deposits

TLEGEIE

WRAF D TR s B ZRERY SCHR AR U5
Mg/Fe Al/Fe K/Na Al,0,/TiO, Si/Al
Dalli T KA Cu-Mo-Au DS eey RSB AR 2,17 1.56 19.37  2.82  2.16  Ayati %5(2008)
Kahang Gl N Cu-Mo A6 KB RSB AR 2,20 1.42 18.85  2.92  5.01  Afshooni %5(2013)
Maher Abad B K& Cu-Au NASPARSE S BEFMA AR 2,49 1.68 25.30  5.44  2.06  Siahcheshm £5£(2012)

Santa Rita EE KA Cu

AR INK B B b 1.93 1.37 29.67 4.56 2.34

Jacobs 1 Parry(1979)

FHh E KA Cu-Mo RS res BEUE B 2,13 1.38 82.52  10.29  2.44 T 34%(2016)

Z5 hE R Cu-Mo eI KA BB LB 0.52 0.70 - 7.50  2.08 T3 %%(2016)
WA T S0k hE KA Cu-Au  MINFARINKRES St AR 3.67 2.28 62.48  14.28  2.26 A
WA TS0k PE KA Cu-Au  MNATENKBEYE SRERE 1.31 1.33 151.72 11.76  1.79 A3
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logC X/ Xy ) FT log ( X/ Xy ) VF 5 3K 18 ( Munoz,
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K 4

t = Xy, B (P Fuat, 2003)
Fig. 4 Diagram of ¢ — X, Cafter Fuat, 2003)

1965; Albuquerque, 1973) . KHERT [ S AR
WA R B 2 BEAH N [ 4b 22 ALy B &8 e’ —
Fe’ "= Mg” " =M KR 5) b, nfLLRILT S0 4k
B2 RERE A S 2 B T NNOCNI-NIO) ZZ 28 AT HM
R 2 8] TS50 R RGR = BERE 5 2 B0 47
NNOCNi-NiO) 2% #p £k Fll FMQ ( Fe,Si0,-Si0,-Fe, 0, )
ZpekZ 0. Sy b, B AP s N T 0. 245)
{15 AV 7= T R 1 PR B LA B v 1) LI C AL
buquerque, 1973 ML VP&, HERHTIX T S0 4 H4
W =B AN E RN 0,049 ~ 0. 360, V¥
0.209, I 4" PAHGK 2 = BE ALY 5 5 280. 072 ~

Fe'*

X 1571
O nss

m
Fe’

K5 Fe'*—Fe’ — Mg " = EfECHE Wones
Eugster, 1965)
Fig. 5 Triangular diagram of Fe’*— Fe** — Mg’
(after Wones and Eugster, 1965)

1984), Horpr, X ) = Mg/ VAR &5 1 880 s X A
MR B R o BEEE IR 0 8 X = [ (3 = Si/AD/
L751C1 =X, 05 X, 0 B m B8 = B BE R 73
X, =1 - Xy, - X, (Fuat, 2003). ¥ = BEK
VOO EBN R R SRR R ST FE R
s IVCCD JEAKS A A8 (BN, RN R G C &
EERREBE IV CF/COEBR/N, R F/CL KR
( Munoz, 1984; Fuat, 2003) .

THE AT 30 18 B AT DX G R = BEI IV (FD
IVCCO RV CE/COAE W 1.2, HERTIKR T S5 14
PR A BEIVCRE AT 0. 61 ~1.09 2 [8], “F3{E
0.98; IVCCDAEA T -5.15 ~ —4.54 2], KM
-4.97; N(F/CDMHA T 5.63 ~6. 19 Z i), T ¥){H
5.95, BB T S0 R #GB 8 2 BER ARV (F)
IV CE/COAE AR IV CCD A, HAR b 4 ok 4
o HEMATR TS50 A HGE R SRV (FD) EHA T
2.57 ~2.97 Z 18], *F¥ME 2. 77; IV (CD fH AT
-5.64 ~ -5.13 ZJu], “FIMH -5.33; V(F/CD fH
AT 7.88 ~8.61 2], i1 8.25, YW 1 o1&k
PR ARSIV (F) IV CF/CD AR
IV CCD AE, HAR b FEI R 53 1

A 22 W HERT T IR 0 B2 R R i e 4
LA A0S 0 (R P2, 45 5 %A IR B AR AR A
BRICE5E, 20065 HE%HESE, 2010) FIAR SR B =
R A0S FORRAE, v LA HER TR TV 50
WHIE T & CL I AR RS (05 )8 T I EA
A PR RS, B S0 AR HGEER T 50 1A
WO CL3E Fo Af AR, & F S Rk
W R AT IRk, & Cl 12 3 HGRRe &R
GH F T 1. & B 1k ( Candela and Holland,
1984; Keppler and Wyllie, 1991; Bai and van Groos,
1999) .
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3.3 AR EXN T BETEX

PEE IR K FAOSAL  FE o, 7E eI
ZAE T, B OB b 6 oo 3% E B S0, S0,
H,S0, SER A TE A BL, JEw i B2, A Sy i,
43 CusAu S5 R TR AER R M s 4R, AN
TRAH S SR DR A, 5 B T PR A
AR 9% 1) 26 S FRBCE A B v (1 0% & ( NNO-HM
SRARSEDE 2D o HENT X T S0 5 T 95
PRI PR 2 BRI 2 R AR AR 7R T 8l A R A
FURIEVE ClIHRRAE, B3R 7R T AR TE 1 T
AN AL 2 5 A AR, MG KRG, T
WARAE T S0 2 R E MR AE S
FUIRIEG ), 1 S0 R B R T WA BB 4%
AR ET Y (Xie et al., 2018 ), Takagi Fl
Tsukimura (1997)AN, R B S BUARA K & &
CO, AT CH, RS AR R S S 30 J3 S 31 92 o 1) A
F 5 B R A 45 i OF A2 R S e ) o HEAS
IR AN IR Y/ LV SN R S 7S NS TR TR
IR AT ), B Z WA MU 45 SR 24,
JA =45 (2017 ) T 1 0 FEAS ™ R R AR AL ZEAR I 5
L, MERAT IR B B R4 /% €O, CH, AN, H &
W ORI T4 % . Lang 25 (2019) & B, HER B IR
B AT I A A T 5 R AR B O R, JF L
55 REAT A 9% 1) A 5 P TR AR N i L, i A
IIMERAE T R B e CCH, D, A 13 BT A 4R R 1A
WIEFE RS WA K E N TIE RS, BIEE#H I
N HERTIR T 50 & & €O, CH, I N, %4
A, BE Lk T e AR BT 0 A BT A T I
VHE. B, T 95 iES 150 R Kk
2250, JEA A G 5 KN 22 57, 1T I 01 AR A
T A R T 5 S S AR B ) AR A TS T B T AN TR
I 414 (Xie et al. , 2018; Lang et al. , 2019) .

WAL, FLCL AR 02 BLUE I 5 4 8 0 27 1k
IR GG XA A AR TP IE %, & CLIRE S
ZEHUEAHE CusAu JGF, BL CuCl?™ Al AuCl* ™ JE X
TEViAi2F# (Candela and Holland, 1984) . Baker
(2002 ) « Philips F1 Evans (2004 ) &3, A& & 5 1)
CO, X5 S UL IR R v R0 V5 A 3ok R A 2 1) 3
HERTIR T 50 R HE T 5 Cl B AR
gt, Hithkrh s & €O, I CH, 45 By, O™ i 4 e

A AgCu T 70, I L CuCl? ™ F1 AuCl*~

LAY AR A ISR

L B ARG e B « pH AT v A AR AL 2

T SR 70 28 UTE 1) H 2 A 35 ( Henry and Guidotti s
2002; Yavuz, 2003) . HHHTSCAEL, HERATIR T 5407
AL R = REP 3 45 LT 470°C, TS5 PR Hu i 22
=R &5 R 234°C, 1X 5 R =45 (2017) WAE
0, S A S O T A5 3 1 A AR AR, TT RAIA k) A R
2 RER 4 il AR T O AR R R, SRR AR S
WIHE AL R, R R G BRI B B
R IRH, 5 3K RIS K B R G, & &
YRR S R A AR, R A I 2B ) s
(Rt R T YR RE R s ) R AR BRI, A 15 A b 428 ot
E e/ R T = i VN G TR U
Ad’ T S* T MBI i A A T ERAL DTS R

R

(1) HER A =Bk 2 4 5y AR ER S e
F e AR ST AR AE, Foh T SRR R =
BEZ N4 2 BE, DO BE U 2 BEs 11507 M4 1) #al

(2) [ S0 AR =B R B, 450
A v P38 470°C) s T 50 R AR - = BE B
FEBERA, &5 fb i 5 LA P E3E B 234°C ), R W Ik
R TS0 I TR i R R S, 50 4
T BT AR I B2 1) G R 4

(3D T« IS AT T8 v A0 B2 U A 34 58
SN W= TR N Bl | IR T N TR N 8
[ S0 R PARA IR DAL & CREBERAT L B
W) S b 1 A0 AR AR FH P 2 1 e 50 T B S R A
PR IR AIE SR 2, W AE K SR P 2145

(4 T IS HETEL T & CL KPS IR
WRG BT S0 ARG 1 S0 AP RS
HE CILRA F,

(5) HERH™IX &8s UL Cl K2 598 XAk
WA IEE, I IERR W Fis B R, Y
AT I A AR, IR TP 28 W S AR S ARG, AR AL AR AL
WIUTTE ™
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