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Ore potential of the porphyry in No. [ deposit of the Xiongcun ore district,
Tibet: Evidence from hydrothermal and accessory minerals

XIE Fu-wei', TANG Ju-xing® and LANG Xing-hai
(1. Chengdu University of Technology, Lhengdu 610059, China; 2. Institute of Mineral Resources, Chinese Academy of
Geological Sciences, Beijing 100037, China)

Abstract: The discovery of the Xiongcun ore district is an important ore-prospecting breakthrough for Jurassic
mineralization in the southern Gangdise metallogenic belt, Tibet. The No. [, No. [l and No. [l copper-gold
deposits were discovered in the Xiongcun ore district. In order to find out the relationship between porphyry
mineralogical characteristics and the mineralization, the authors chose the ore-bearing porphyry of No. [ deposit
as the research object. According to the modes of occurrence and electron microprobe data, biotite, muscovite,
andalusite and rutile are products of hydrothermal alteration, whereas the orthoclase is mostly of hydrothermal o-
rigin with less magmatic origin. Such characteristics as abundant hypogene pyrrhotite, no anhydrite crystal,
predominant ilmenite over magnetite, apatite with low SO; content (<20.03% ) and a large amount of methane
in the ore-forming fluid indicate that the oxygen fugacity of the magmatic-fluid is low and the No. [ deposit of
Xiongcun may be a reductive porphyry copper deposit. Temperatures measured by Zr-in-rutile thermometer are
622~762°C , which reflect the crystallization temperature of rutile and the middle-late stage temperature of potassic al-
teration. The larger grain sizes and relative enrichment of V,0s(averaging 0.42% ) in rutile and higher Mg, K
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and F with lower Ca in biotite are indicative of high-grade copper mineralization.

Key words: quartz diorite porphyry; mineralogy; petrogenesis and mineralization; Xiongcun; Tibet
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Fig. 1 Simplified geological map of the Xiongcun ore district (modified after Oliver, 2006; Lang Xinghai» 2012)
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1—Quaternary; 2—Lower Jurrassic Xiongcun Formation volcanic-sedimentary rock: 3—Lower Jurrassic Xiongcun Formation tuff; 4—FEocene bi-
otite granodiorite; 5—FEocene quartz diorite; 6—Jurrassic diabase; 7—Late Jurassic quartz diorite porphyry: 8—Middle Jurassic quartz diorite por-
phyry; 9—Early-Middle Jurassic hornblende quartz diorite porphyry with big quartz phenocrysts; 10—Early Jurassic hornblende quartz diorite por-
phyry; 11—strike-slip fault; 12—thrust fault; 13—inferred fault; 14—anticline; 15—orebody projection on the surface; 16—drill hole and its seri-
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Table 1 Representative EPMA of chemical composition and calculated formula of orthoclase
i) 1 2 3 4" 5 67 7% 8%
SiO, 60.65 63.46 56.28 65.48 64.064 64.41 64.83 64.59
TiO, 0.00 0.01 0.52 0.02 0.05 0.00 0.02 0.05
ALO; 19.49 18.50 18.55 19.59 19.85 18.03 18.11 18.60
FeO” 0.01 0.00 0.00 0.20 0.04 0.01 0.03 0.07
MnO 0.03 0.01 0.01 0.00 0.00 0.02 0.00 0.00
MgO 0.00 0.00 0.00 0.00 0.04 0.00 0.01 0.02
CaO 0.03 0.03 0.01 0.05 0.00 0.00 0.00 0.00
Na,O 1.02 0.96 1.08 3.96 1.28 0.62 1.46 1.72
K,O 12.88 15.90 15.79 10.88 14.11 16.54 15.66 14.41
Cr,05 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
P,0s 0.26 0.08 0.31 0.00 0.00 0.04 0.07 0.05
BaO 0.25 0.010 0.25 0.00 0.00 0.00 0.00 0.00
Total 99.52 99.11 99.9 100. 00 100. 10 99.96 100. 18 99.50
Ab 10.10 8.41 9.44 35.53 12.12 5.39 12.41 15.36
An 0.19 0.16 0.06 0.25 0.00 0.00 0.00 0.00
Or 89.72 91.43 90.51 64.23 87.88 94.61 87.59 84.64
BT 8 A O IR Tt SRR RS T4
Si 2.98 2.97 2.97 2.97 2.96 3.00 3.00 2.99
Ti 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
Al 1.06 1.02 1.02 1.05 1.07 0.99 0.99 1.01
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.09 0.09 0.10 0.35 0.11 0.06 0.13 0.15
K 0.81 0.95 0.95 0.63 0.83 0.98 0.92 0.85
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Ba 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Total 4.96 5.04 5.08 5.00 4.98 5.03 5.04 5.01

e FeO™ AAER, R, « S8R5 ATk AE(2007), # 584 51 AR 3C24(20062) .
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x3 H-BHEFREPAER wp/ % Fa4 OHABEFIREDPINER wp/ %
Table 3 Representative EPMA of chemical. composition Table 4 Representative EPMA of chemical composition and
and calculated formula of muscovite
s calculated formula of andalusite
e 1 2 3 4 5
SO, 4431 47.58  45.31  47.18  46.40 P12 3 4 5 6 7T 8 9
TiO, 1.17 1.00 0.73 - - SO,  35.97 36.31 36.33 36.74 36.03 36.94 36.68 38.06 37.17
Alzos 34.72 35.87 34.74 34.52 36.27 TiO,  0.03 0.09 0.06 0.04 0.00 0.00 0.04 0.08 0.03
FeO 2.06 2.25 2.23 1.57 2.94 ALO;  62.20 62.18 62.17 62.20 62.26 62.75 62.61 61.24 62.35
MnO 0.03 0-03 0.03 0-04 0.07 *0.50 0.75 0.27 0.27 0.42 0.24 0.48 0.48 0.22
MgO 1.07 1.19 0.88 0.95 0.51 FO : : ' : ' : : ' :
Ca0 0.04 0.06 0.02 0.16 0.06 MO - - - 000 000 - - - -
Na,O 0.33 0.40 0.34 0.23 0.23 MgO  0.04 0.02 0.05 0.06 0.02 0.04 0.05 - 0.07
K,O 8.46 7.69 8.22 7.33 9.53 C:O  0.00 0.01 0.02 0.00 0.2 - - -
BaO 0.09 0.06 0.06 0.08 0.00 NaO 0.01 0.02 0.02 0.00 0.01 — 0.02 - 0.05
CrO;0.00  0.03 005 0.05  0.02 KO 0.0 0.0 0.03 0.01 0.01 0.02 0.12 0.13 0.11
NiO - 0.02 B B - BO 001 - - 00l - A& A A A
V5,05 0.06 0.05 0.05 0.01 0.04 o
F 0.57  0.79  0.54 025  0.17 z0s  0.01 0.3 0.04 - 003 A~/ - -
T 224 O JBF ik E 10 B B 7 % NiO 0.00 0.00 0.03 0.02 0.02 — o\ - -
Si 6.06 6.19 6.15 6.36 6.13 V20; - 0.02 0.04 0.04 006 & A A A
AV 1.94 1.81 1.85 1.64 1.87 Total  98.82 99.77 99.12 99.43 99.89 100.01100.00 99.99 100.00
Al 3.65 3.68 3.71 3.84 3.77 F SA O R BH B 74
Ti 0.12 0.10 0.08 0.00 0.00 S 0.9 0.99 0.9 1.00 0.99 1.00 0.99 1.03 1.00
Cr 0.00 0.00 0.00 0.00 0.00 Al 200 1.9 2.00 1.99 2.01 2.00 2.00 1.95 1.99
Fe 0.24 0.24 0.25 0.18 0.33
Ti .00 0.00 0. .00 0.00 0.00 0.00 0. .
Mn 0.00 0.00 0.00 0.01 0.00 P L0 0-000.00 000 0-000.00
Mg 0.2 0.3 0.18 0.19 AN Fe 0.0l 0.02 0.0l 0.0l 0.01 0.01 0.0l 0.0l 0.01
Ni 0.00 00 0.00 0.00 0.00 Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.01 0.01 0.00 0.02 0.01 Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.09 0.10 0.09 0.06 0.06 Ca  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 1.48 1.28 1.42 1.26 1.6l Na  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.0% 4,00 0.00 0400 0.00 K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
¥ NG N\ 0.23 0-11 0.07 Cr 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 17.81 17.65 17.75 17.56  17.88 T : : : : : ' : : :
Fo/ Ni  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(FetMg) 092 0.52 0.59 0.48 0.76 V. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FERL ], BRSBTS @ o A TG
PR P A R B T DR T B s B R
@ BARCR A S A T KA SR . SO, &
HAE0.01% —0.09% Y A BRANAIFE b Ak, K>
V,0; 0T 0.17% ~ 0.82%: ZrO, 5 5 0.04% ~
0.18%; FeO /T 0.22% ~ 0.57%; K,O % & <
0.05% : Na,O 7 S ARAK, 5= 0.03%: ALO; 7 &
0.02% ~ 0.06% ; MgO~ MnO- Cr,O5~ Sh,Os 7 A%
TARLMBR (K 5),
3.5.2 WA

WA A JE N KT i b R 0.1~0.3
mm, /7 HPRE FEAA WM O B AT RRAE
BB A W 1.3 SRR 6)5 @
e F B RCIR o3 AT 8K A B 5 ORLI, Ak 2 A 5y
W2 SFE(CR OE 4. B KA CaO Fl P,Os F i FR
TE 5 PIIME N 56.98% F1 38.64% » BEAKAH SO,

e o« SEERG A KIS (2007).

Bl 4 BRSO R CE B 2D

Fig. 4 Backscattered electron images of apatites
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*5 SLABETFREPMER wp/ %
Table 5 Representative EPMA of chemical composition
and calculated formula of rutile
i) 1 2 3 4 5 6 7 8 9

SO, 0.04 0.05 0.09 0.05 0.05 0.08 0.02 0.05 0.01
TiO,  97.99 97.74 97.60 97.47 98.56 98.39 98.76 97.86 98.51
ALO;  0.02 0.04 0.03 0.04 0.04 0.03 0.01 0.07 0.06
FeO* 0.48 0.33 0.22 0.30 0.49 0.50 0.54 0.57 0.37
MnO  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.084 0.02
MgO  0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
CO 0.02 0.00 0.01 0.02 0.03 0.03 0.03 0.02 0.03
Na,O  0.00 0.03 0.00 0.03 0.00 0.02 0.02 0.02 0.02
KO 0.01 0.01 0.05 0.03 0.02 0.01 0.05 0.05 0.00
BaO  0.27 0.34 0.31 0.37 0.30 0.35 0.34 0.42 0.33
CrO;  0.02 0.04 0.02 0.02 0.18 0.05 0.06 0.00 0.00
NO  0.01 0.00 0.00 0.05 0.00 0.01 0.00 0.02 0.08
V05 0.39 0.53 0.82 0.73 0.23 0.17 0.24 0.23 0.40
Sb,Os - - - - 0.00 0.00 0.00 0.01 0.05
70O, - - - - 0.18 0.14 0.04 0.12 0.08
F 0.00 0.09 0.13 0.00 — - - - -
SO; 0.01 0.00 0.01 0.00 — - - - -
Total  99.29 99.19 99.29 99.12 100. 14 99.89 100.05 99.61 100. 12

F6 BMRABRTFRIDMER
Table 6 Representative EPMA of chemical composition and
calculated formula of apatite

w B/ (%)

2] 1 2 3
SiO, 0.00 0.00 0.00
TiO, 0.00 0.00 0.00
ALO; 0.00 0.00 0.21
FeO* 0.10 0.03 0.08
MnO 0.12 0.08 0.05
MgO 0.00 0.00 0.03
Ca0 57.24 57.15 56.56
Na,O 0.07 0.05 0.01
K,0 0.01 0.00 0.19
Cr,05 0.07 0.00 0.03
V5,05 0.00 0.00 0.00
NiO 0.00 0.00 0.06
P,0; 38.57 38.85 38.51
BaO 0.01 0.01 0.00
F 3.39 3.28 4.99
SO, 0.01 0.03 0.01

EEBUE, FHIMEZ 0.01%, X5 Imai(2002,2004)
WEFEAS I IS R T A R K A SO, & — MK
T 0.1% M85 —ATTI .

4 e
4.1 BB RTHMIEBLEKM

4.1.1 W%
SLAATN Zr LR GBI B E LA K

o

PR PESR R, I8 2 H T & 40A 10 i
W (Zack et al.,» 2004; Watson et al., 2006;
Tomkins et al.» 2007). Watson (2006 )il i 525K
HHATHIRHE T I 455 T2 HURRE S I F U A3 DL R
Zr S e T A
tCC e = (4 470 £ 1200/0(7.36 0. 100 — log(Zr) ] - 273
i bAoA e K 3 Th e 20 A0 4 il
JEH 622~762°C , F¥IME 712°C - A% (2011)
WHAEIBH Zr & BV 75 E 25 08 4 40 A IR
PRSI L R B . G400 W om Jh 25 8 75
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Emst and Lius 199800 [ T8 & 07 B A 76 B A R
AR A P A AR A - A - - s B
WA A, A 3 K,O-KCl-AL O5-Si0,-H,O-HCI AH
(B 5O, Bia 1 #h A0 il AR 1) e I FE 2 550°C (Popp
and Franitz: 1980). HERF T 50 K& 0 5t 75 A0 8
22 BEH TNO, B RAK, G447 2 SEAT 76 B R R SR Ak
PG KA OB = B ICE A s B
i ek B Moore 5 (19730 5T A koK i 4% 11

700r E=] b shade, 1974, &7 %
E 20. 5kb, Popp and Frantz, 1980
600+
SU{]’_ --------
[9)
B 400[
|
....... FEEL
300
_________ 275
200 %,/ 0/
HFA = WEFH \/( /‘2" ////
_________ N
100 =1t ¥ /
AN 2
o 1 2 3 4 5 o
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K5 K,O-KCLALO;-SIO,- HyO-HCl 7K A B (4 Shade,
1974; Popp and Franitz, 1980; 25 %F,2012 &5
Fig. 5 Stability relationships in the system K,O-KCI-Al,O;-
Si0,-H,O-HCl Cafter Shade, 1974; Popp and Franitz,

1980; Huang Yong et al.» 2012)
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Ti, 75 58 = BF S R B 14 41 A (Czamanski e
al.» 1981). KL, T S S B G404 2
PR T AR 1 7= 4 5 T 45 U B K SUS e T B A o o
A e 6 SV AU R (1 Y
4.1.2 FBE

Carroll 55 (1987) 1A Ay 7 4% & K T8 4l A
GeEe( fo, >NNOII, FEGL LR A P e m] BLIE pl
AT B B i, e PR R I A vh B A B AR LRI, B A
H SOy i 2>0.5% (Parat and Holtz, 2005, b1
FHIRPTE KA SO, %2 >0.7% ~1.3%
(Streck and Dilles, 1998; Parat et al.> 2002; Imai et
al.» 199300 MER T 50" P& 0 LA P IEACH 1) SO;
B E<C0.03% (EERAR T PR, oK WA A 8 &5
T 3 R Al R AR e, FLAT TR B I
RFE (R ZE 4, 2012), F 8 B2 ) B 4 36 J k2
FEATHE G FLAIRE <NNO + 1L 6, B 0
IR 00 S0 93 1) 6 7 S 6 o o A4 b PR R
W Cpo)s B ERA™ + 18 A (po + anh). il A
Canh) ;s AR5 J150 X SOR SO HERS 5107 A 4l 52
36 [ 1CLuhr, 1990; Baker and Rutherford, 1996;
Clemente et al., 2004; Scaillet and Macdonald,
20065 Parat er al., 2008). AL, A1 D N K35 Rl
/RN TRTMN Suy N 7 M A T T N €]
BLAAE CH, N, 25 (3R SC2E 55, 2006b), R HEART T
TR IR AR A, EEIJ: 53k Jg 1t Bt o Y
W R AH I Rowins, 2000). 385 A A S8 BEA A
AAHE S I AR Jr M e SR AR T B 5 B4 4,
£ B 17 Mile HillsSan Anton~Madeleine %5 57+ i
IR C Ague and Brimhall, 1988; Randall er al.»
1994; Rowins et al.» 1997; Cao et al., 2014).
Rowins( 2000 ) WF 73 B, X6f 3 JsU PR B4 8™ A, 2
TR AR R SR SR T G K, T R IS T St
jJ/E BN ik 1 R4 T REZ 1 ALK

EAE A B & I T A i S R G, AR
Tﬁﬂ)ﬁ):'qﬂ AT T LUBK A = K38 J5U 1 ) 5% 1k C Ague
and Brimhall, 1988; Rowins, 20000, th 7] fg /& 1 !

WA E R R & TS BRI A Bl b
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I SR AR, 3 4 1) S A 2 B R, Cus Au R EY
MBS E WS H,S AU, BRIt RS
K EALRBEANE 2, B CusAu AP
FR W T I8 5 B BT IR T BT T E B g A
(Hemley et al.» 1992; Gammons and Williams-Jones>
1997 Au £EI J5UPE LA 2 AT 8 i A Tn
Cu~Au 75 R 5 AR A R o B2 rp s R A2 SO,
KA AuCCod AT BLLGE SR R 45 S Wie s, 724 )

anh
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Fig. 6  Pyrrhotite (po) and anhydrite Canh) stability as a

700 750 800 950 1000 1050

function of temperature and oxygen fugacity Cafter Luhr,
1990; Baker and Rutherford, 1996; Clemente et al.,» 2004;
Scaillet and Macdonald, 2006; Parat et al.,» 2008)
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A1 BVRLEE R /NS4 AGAH DG o Seott(2005 ) 38 ik
KA E26N B 5 B4 e 7 PR 4 20 A3 (AT 9, Ak
T AP SO AE VIV,0s T >0.2%, KE2H
>0.4%), K X % >4 000 pm?;s A EHAAE TV
(V,05 T8 <0.15% ), £ X 56 <1500 pm?, 4040
BRI K /NG VS RIEARDC. TR T S0 b aar
ATRLFERLR, K X %2 K T4 500 pm? (Bl 2§D, V,0;
TECEIE 0.42% , 4878 TR A1 .

BEA PR A 28 R 2 BEIR TiO, ~ AL O;s~ BaOs
CuO~F-Cl % & Mg/Fe-K/Na- Ti/Fe X} B A4
PRIV RCR A 3 B I 4R 7R B L 425, 19815 48 3
85,2009 IR ZATELHT IR T A = B4
GV RILGR 7, IR 2 BRSO AR G 4153 1)
PR R B A B A4 5 (1981 U M #Hi 1
oBE Mg/Fe<0.5 B, 50 R RA L s 48 0 755

(2009 =& VA CHOAT R 4k 55 2 5 A B 2
BB S R HEAM G, 50 A SR = Bt
2w AV K = A (TIO, T8 2 >3%), Mk
WIS, BB R BRSSO R e . HERS
[ SRS B2 1 Mg/Fe Yl 4E 0.92~9.62 2
8], ~F3IMH 3.86, K/Na 3418 48.15, Ca0<0.1% >
VLEAHERS T S0 RS0 B i G 8 = B S
VR P BES  m FOPIME 33200 X 10 O [RRFE,
WK REY . H5REEEEQIODIEH M ER
BESH AR A pFebs AR, 1 S0 kRS
TiO, «BaO 7 A, 3 2 A AU 5 IR ik 1462 s
TLE, | SRR = B R A RS, B 5
AT, T Ti A5 HE = BEDUAR A g A b AT, AR
BB R B [ &5 Y R & 4 S BUR =B

Ba-Ti & &K
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Table 7 Hydrothermal biotite compositions in porphyry deposits

) a9 . JCE A
PR AR W R4 FR T B A B
Mg/ Fe Al/Fe K/Na ALO;/TiO, Si/Al
PN RS FE AT 17 3.86 2.64 48.15 33.62 0.51
_ T B N RL S e

Ll = RASONERIAN SR . . . . .
i m} K 0 K 11 0.55 0.59 35.7 6.48 1.99
NI BRI K 6 0.88 0.63 30. 80 3.90 2.20
R VIR VEE AR o 0.79 0.64 9.06 4.85 2.25

FPENK A

[ I = RSO ) ) . ) .
Wik HE TE KB 4 0.55 0.50 28.5 17.5 2.00
KA LI AR S = 12 0.52 0.70 7.50 2.08
7y JURKF e N KA 6 0.51 0.48 27.55 10.75 1.95

o« SEIRS AMEE 981D, # SHIE T B HEA(2009).
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