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Fig. 1 Geology sketch map of Qulong porphyry Cu-Mo deposit, Tibet (after Tibet Julong Copper Co. , Ltd., 2008®)
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1—Jurassic tuff; 2—Jurassic rhyolite porphyry; 3

Miocene granodiorite; 4—Miocene biotite monozogranite;

5—Miocene monozogranite porphyry; 6—Miocene diorite porphyrite; 7—Quaternary; 8—orebody boundary
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Fig. 2 Photographs and photomicrographs of different anhydrites from Qulong porphyry Cu-Mo deposit, Southern Tibet
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A—DBreccia with anhydrite; B—argillic altered biotite monzogranite, with anhydrite + chalcopyrite vein; C—biotite monzogranite, with
anhydrite+ pyrite vein (cross-polarized light); D, E—granodiorite, with anhydrite inclusion in plagioclase (plain-light and cross-polarized
light) ; F—monzogranitic porphyry, with anhydrite inclusion in plagioclase (cross-polarized light) ; G—granodiorite, with interstitial anhydrite
(cross-polarized light) ; H—biotite monzogranite, with interstitial anhydrite (cross-polarized light) ; I-—granodiorite porphyry, with magmatic

anhydrite phenocryst (cross-polarized light); J and K—granodiorite porphyry, with magmatic anhydrite phenocryst and clusters of apatite

(cross-polarized light); An—anhydrite; Ap—apatite; Plag—plagioclase; Kf—K-feldspar; qzt—quartz; Bi—biotite; Py—pyrite; Cpy—

chalcopyrite
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Fig. 3 Backscattered-electron images of magmatic
anhydrite in granodiorite porphyry from Qulong, Tibet
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A—Magmatic anhydrite inclusion in plagioclase, with apatite and
biotite, sample QZK812-473; B—magmatic anhydrite phenocryst
and clusters of apatite, magnetite, pyrite, sample QZK812-472;
An—anhydrite; Ap—apatite; Plag— plagioclase; Kf—K-feldspar;

Ab—albite; Bi—biotite; Py—pyrite; Mt—magnetite
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Table 1 Electron microprobe analyses (% ) of anhydrite and apatite from Qulong porphyry Cu-Mo deposit, Southern Tibet
HKBEAE
STeE QZK812-472 QZK812-473
CaO 41.12 | 40.64 | 40.40 | 40.68 | 41.03 | 40.28 | 40.16 | 40.21 | 40.33 | 41.15 | 39.91 | 40.45 | 39.83 | 39.92 | 39.98
S04 59.60 | 58.71 | 59.62 | 59.80 | 58.91 | 59.67 | 58.91 | 59.56 | 59.13 | 58.14 | 58.43 | 59.04 | 58.62 | 58.09 | 58. 44
P05 0.05 0.07 0.07 0. 10 0.01 0.13 0.02 0.07 0.07 0.07 0.22 0.07 0.09 0.28 0.33
SiO, 0.07 0. 00 0.03 0. 00 0.01 0.05 0.02 0.02 0.08 0.01 0.01 0.03 0.01 0. 04 0. 00
Ce2 03 0. 04 0. 04 0. 00 0.11 0. 00 0.10 0. 00 0. 05 0. 00 0. 05 0.15 0.15 0.13 0.10 0.21
Y:0; 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00
MnO 0. 00 0. 00 0. 00 0.01 0. 00 0.01 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.01 0.01 0. 00
BaO 0. 00 0. 00 0.02 0.02 0.01 0. 00 0. 00 0. 00 0. 06 0. 00 0.08 0. 00 0. 00 0.00 0.00
SrO 0.08 0.02 0.02 0.01 0. 04 0.03 0.06 0. 00 0.11 0. 00 0. 00 0.07 0.02 0.00 0.00
F 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.02 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00
Cl 0.01 0. 00 0. 00 0. 00 0.01 0. 04 0.01 0. 00 0. 00 0. 00 0. 00 0. 00 0.02 0.01 0.01
Total 100. 95| 99.49 [100. 16 100. 73|100.02|100. 30| 99.17 | 99.90 | 99.77 | 99.42 | 98.79 | 99.81 | 98.73 | 98.45 | 98. 96
PORTE A E
VAR IPIE QZK101-430 QZK301-142
CaO 40.31 | 40.19 | 39.98 | 40.30 | 40.15 | 39.96 | 39.51 | 39.72 | 39.95 | 40.17 | 40.51 | 40.19 | 40.07 | 40.45 | 40. 34
S04 59.76 | 60.17 | 58.87 | 58.91 | 59.56 | 58.62 | 59.07 | 59.75 | 60.22 | 59.18 | 59.46 | 59.87 | 59.63 | 59.72 | 59. 14
P05 0.03 0.05 0.06 0.07 0.16 0.11 0.05 0.08 0. 04 0.02 0. 04 0.05 0. 00 0.02 0.03
SiO; 0. 04 0. 04 0.03 0.03 0. 00 0.01 0.02 0. 00 0. 00 0.01 0.02 0. 00 0.02 0.02 0. 00
Ce; O 0. 00 0.07 0. 00 0.06 0.16 0. 00 0.05 0. 00 0. 00 0.07 0.01 0.06 0. 00 0.05 0. 00
Y203 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00
MnO 0. 00 0. 00 0.01 0. 00 0. 00 0. 00 0. 00 0.02 0. 00 0.02 0.02 0.02 00 0.01 0.00
BaO 0. 00 0. 00 0. 10 0. 00 0.03 0. 05 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 04 0. 00
SrO 0.10 0.21 0.18 0.15 0.19 0. 27 0. 34 0.41 0. 34 0. 34 0. 20 0. 33 0.22 0.15 0.11
F 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.02 0. 00 0.02 0.01 0.00
Cl 0.01 0. 00 0.01 0. 00 0. 00 0. 00 0. 00 0.03 0. 00 0.01 0.02 0.01 0. 00 0.02 0.00
Total 100. 25|100. 73| 99. 24 | 99.52 100. 24| 99.01 | 99.04 | 99.99 |100. 56| 99. 80 |100.27]100. 53| 99.96 {100.47| 99.62
5ERBATE B O
IFHTILR QZK812-472 QZK812-473
CaO 54.36 | 54.16 | 53.86 | 53.43 | 53.48 | 53.96 | 53.58 | 53.50 | 53.64 | 53.29 | 53.56 | 52.90 | 53.27 | 53.26 | 53.01
SO4 0.13 0.38 0.11 0.17 0.16 0. 26 0.14 0. 44 0.19 0.27 0.11 0.16 0.13 0.21 0.13
P2 Os 42.07 | 42.07 | 42.63 | 43.70 | 43.17 | 42.25 | 43.01 | 43.57 | 43.91 | 43.74 | 44.14 | 43.75 | 42.96 | 43. 95 | 43.44
SiO; 0.15 0.18 | 0.15 0.09 | 0.11 0.19 | 0.11 0.14 | 0.18 | 0.13 | 0.04 | 0.15 | 0.23 | 0.08 | 0.13
Cez Oy 0. 10 0.19 0.09 0.14 0.14 0.18 0.17 0.25 0.18 0.21 0.18 0. 20 0.22 0.14 0. 20
Y, 05 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00
MnO 0. 20 0.17 0.19 0.14 0.17 0.10 0.23 0.18 0.19 0.14 0.17 0.21 0.16 0.14 0. 20
BaO 0. 00 0. 00 0. 04 0. 04 0. 00 0.03 .00 0. 00 0. 00 0. 00 0.11 0.05 0. 00 0.00 0.00
SrO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
F 3.22 3.12 3.06 3.23 3. 14 3.29 3.30 3.25 3.54 3.68 3.39 3.47 3.30 3.22 3.34
Cl 0. 30 0. 30 0.31 0.17 0.25 0.18 0.35 0.29 0.22 0.09 0.27 0. 20 0.31 0.25 0.37
Total 99.11 1 99.20 | 99.07 | 99.72 ] 99.23 | 99.02 | 99.41 [100.19|100. 50| 99.99 [100. 48| 99.57 | 99.12 | 99.84 | 99. 33

1E:0. 00 R (L T R

(R R B R BRI T 0GR BE fo, BRIREE fs, I OF E
WA AT s 78 fo, =>NNO B, 5B 35 CUn B £1 7%
AN J2 B Ak 0 2 B3 8 19 3 B 5 2K AH (Carroll et al.
1987; Luhr,1990), Cu.Mo NEMITE . AEEHK T 5
HEABRALPI A L FE B AL 38 B4R AN 1) o 2 b B 2
PELTERE AL 1 R 35 240 AR 5 5% b R B 257
(Jugo et al. ,1999), ML S A FE I LL SO A ER
(9096) B % A8 Je A TE log fo, 1 NNO—1 Fil NNO+1.

5 ZIE] AN TR 2 por B9 ZEXHE (Matthews
etal., 1999), TEARASEGREESMT .S HAELL S B
T 2K P, S 7B BIK R mE K
(Ishihara, 1998) . AT AE AR 4803 FE 25 10 T 45 b 2 = 1
ER G IR B AR G AR BT . A K
2R AL 43 B8 I8 4 K EB 43 Cuu Mo, Au 3EA
YL HE A TP BB A AR R T DL R A I S R A

WA AR TSR T BRAL 10 5 S BT . 1R 4
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WPEAAFT .S FELL SOT Ml SO fF7EFAHK . A
RS S TEE R i M FEAR R R K I, 1998 5 K 8 2%
£5,20013Jugo,2009) . Jugo 5§ (2005) SLH I 5E T 45
it A 0 S PR R A 1) 2 B A b L 2 R
F U AN BR R A8 1A 10 20 i BT K v BT i 45 S & 4
o T FIRT AL P ) X B A Y 10 A% BT AR AL Y
b 5 3 A 7 A S R AL T AN R XA SR e
T RS TCR MORA U R I K XA A K B A
BT T ) o [ SO Sy ik B S L0, R
S Hu At HEEIE A & Cu Mo 45 47 Jo R B A1
WY TEGR ALY AR I8 BV AR LR . Cuu Mo TE &
Frh A 45 d 23 S AE T AT Cu, Mo 7E5K 4R
AR AR A AR B AR R s 4R 1) Cu. Mo
SR TR BEACE SRR AT R T R S AR
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Abstract

The Qulong giant porphyry Cu-Mo deposit in the Gangdese metallogenic belt, southern Tibet, is
characterized with a great amount of well-developed anhydrite. Detailed petrographic study discovered
firstly that the Qulong deposit contains not only hydrothermal vein-like anhydrite but magmatic anhydrite.
Our observation showed that magmatic anhydrite at granodiorite and biotite monzogranite stock formed at
early stage of magmatic evolution occurs as inclusions in plagioclase and quartz. Accompanied with the
occurrence of S-rich apatite (0. 11% ~ 0. 44% of SO,) and magnetite, magmatic anhydrite occurs as
mineral inclusions in plagioclase phenocrysts hosted in monzogranite porphyry and granodiorite porphyry at
the main mineralization period, with minor as phenocrysts. Late hydrothermal activity resulted in
formation of a large amount of anhydrite + quartz + sulfide veins, constituting one of the dominating
mineralization forms in this deposit. Electron microprobe analyses showed that the magmatic anhydrite is
enriched in Sr (0. 24 %) compared with late-phase hydrothermal anhydrite (Sr 0.03%), and this probably
resulted from incompatible behavior of Sr or/and from advanced argillic alteration during the hydrothermal
evolution of magma. The coexistence of magmatic anhydrite and sulfur-rich apatite indicated that the
magmas that formed the Qulong giant porphyry Cu-Mo deposit is characterized with high S and high
oxygen fugacity, providing an ideal case for studying the state and behavior of sulphur in the magma

evolution of porphyry-type deposits.

Key words: magmatic anhydrite; apatite; S-rich magma; oxygen fugacity; Qulong porphyry Cu-Mo
deposit; Gangdese; Tibet





