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A DA v B SR % R 22— o R L B R 5 A R AE 1 B 5 R S BT AL R Vb 3 R O B RS AR T Y AR
TE RN (14 BF S0 3t 5OUL % (0 S Aty L XA B B (R RN K S P& A MR £ . & a0 EEZ 508k
B C1 20 Rk A CHIL 28D B TR i [ 1 1A% 53 5 5 4 1 53 A 12 2R o B R B e RO 5 HE W AROIR (I 10 ~80pm 1, FE
3~10pm) JHORLR CRLAR 10~40pm) A BLNAR A ST 20 4 78 A Ak P ik (128 . 1 B4 fg ki ek y 6 &
S &AM T RNIE B 5 25 4 20l Bk k™ 72 & A 4 N RONETE I 5 T 28 4 20 /1 2t & Ti A A2 i 0 0 T Ok
B B BEA At TiO, ME RN 0.66% A& A MIERSREE T F @ W, B0 BEA 4 200 i o 4R 5
ORGSR B R IR R A A 2 94% 1 TiO, Sh .18 & H V.0, ,Nb, O; . FeO, WO, ,Ca0, SiO; » Al, Oy , ZrO, , JLF- AN

G EAR DG MgO fil MgO, 440mH V,0, E:HN 0.20%~2.39% ,F38 0.49%, Nb,O; By & S E K 0. 20%

~4.63% 44 1. 25% . WO, 1 FeO & 5409 1. 92% 0 1. 81% , H A 4 0. 05 % ) ZrO,
AR FIEFFRRED IRINE L B, 5L EEa AT V.0,
H(>0.2% . 2R G A >2.6%) A% & W, Fe i . Zr S0 AOE: .

FLhl 2% & Nb )&
T AN B R4S R F 10pm,

KGR A REE 5 B L0 RN R 48 728 TG BEE AL Cu-Mo #7 K

B 2014 48 e AT A C IR BES 0
ff =2 18 X10%t (Mao Jingwen et al. , 2014),]fij
TEBE A 4 R b o 4 2140 00 B¢ 5 3 g 5 9% 5 6 10—
- (Rabbia, 2002). M 225 i B2 F01 3R 58 B2
BEEH BT R v 4 20 0 AR A 2 BEAE R &7 Al [E]
(Gerald, 1981),

G LLAE R B W)TZ 53 A AR S T AR DG 1Y
SR AR BE A R G (Llewellyn et al. , 1980; Force,
1981) , Hoo3 A R AR 5 5L I A 3K AR BK 0T ) (< 48 A
MAH BT AL (Force et al. , 1984), 7EHE &
!EI_JWTLE’J%EFJKELE S AR S e A A
RO E B RN = B 52 0F Fb 56 & (Gerald, 1981; Force et
al. » 1984 ;Keith,2005) , 44 £ 41 19 5P AL 43 A1
SR — 2ot DL R 20 B SR 7R
A" L IX R 4 20 W 4R iR R L T L
3R Ak 2 05 TR 15 i #8877 1k (Lawrence et al.

A SO PR AR i —
PEAE T H (121201010000161110) B4 %% B % Bl i) 2R
W H 1. 2017-11-18; 2ica] H 1] : 2018-03-19 ; 37 11 4 4 - #5481 .

BH. MHE&a
B(>0.2%, [ K444 >0.5%) 7811k
XL 2K 420 4T

WiF ¥

1975; Williams et al. ,
Keith, 2005),
AT A E RN TiO, H S & 4 Ff R B T
% (Rabbia et al. , 2009, Rabbia et al. , 2012) ,[A K
Ti W 7E & B ot 26 58 T #% Al V., Cr. Fe, Zr,
Mg, Nb, Sn, Sb, Hf, Ta, W, U, Si & &H L&
Bt (Graham et al., 1973; Rice et al. , 1998;
Urban et al. , 1992; Smith et al. , 1997; Rabbia et
al. , 2012), BLAHXEEITTER W FER T 440
A1 B B AR dn s T AR A 4 40 A7 Mg Al
AL By E 5 A W 4 20 A0 19 2R 8 52 U 38 2 i U5
(Smythe et al. , 2008), & Mg BI4E 21418/~ & R B
B (Dawson et al. » 1977) , 4404 % V, Ni,
Cu, Sn, Sb #l W & & & i, AT 0N R 2 5 3, AT s
IR LA VR F A F4 B H JK (Urban et al. , 1992;
Clark et al. , 2004; Scott, 2005) , Wl IE 4 W K 1K

1977, Force et al. , 1984;

JFE — % H KRB RN % 8 MRS 35 H O H 445 :1212011221073) K I 35 2 4 52 80— e 0 J8 b IX. 91 A %% U I

PEH A GE . 20, 1982 4R AR T4, R AR, 0 42 i 40 2 R fb 2 . Email: daijiegirl@163. com,
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S WO, RN 0.12% ~5. 9% (Guido,
20100, 74, & A% A U-Pb 3k 8 vl H T 1 sl
4F (Zhou Hongyin et al. , 2013),

PRI S TG 18 DA 95 5L L B 5 L b BT R A B L A 4L
AR AR AT T — DRI iER . A SCU
K BEE Cu-Au 57 K b oo i B0 B s R = 18 X
HNEKAPMELaaHITREMIR . GO0 FES
W C1 280 a8k I 28 24k Kol <7 43 A I
O MG KAFAE . X 28 4 21 41 1 B 8 o $AO ol A
WAL TR B0 7 0 5 0 HL 25 4 R S 1 BF 5 AT LAAR B
() 52 T8 BT U AR 3 4L o 2 (Li Guangxu et al. ,

2016; Cao Hui et al. , 2017; Li Jingxiang et al. ,

2008) « [RITH » #R 1 4 £ A7 B9 AL S % T R IR

1 & RHb i

KRk BE s Cu-Mo & JRAL T H 6 35§ 5d ] & LA
PG 100km &b, 5 307 4F S 78 X5 30 BE e 5 7 217 e 0 B
Bk YR BB AR B R (Zheng Youye et al.
2007) » H R 4 38 A3 X Jie 30 fili 5 oK Ll — S 29I
23 (B 1) (Zheng Youye et al. ,2006), 4 5
a4 PR Re-Os BYIMAE B4R Iy 13. 72+
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VG IR A 4 X e b 5 & (P8 Huang Yong et al. ,2015 &80
The regional geological map of Zhunuo in Tibet (revised by Huang Yong et al. ,2015)
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0. 62 Ma(Zheng Youye et al. ,2007) , B & S 55 G
U-Pb ##% 14. 0£0. 2~16. 2 £0. 2Ma(Huang Yong
et al. » 2017),Zeng Yunchuan et al. (2017) i@ i B
i U-Pb ik A4 W BT & 52, o 12, 3£
0.3 Ma, jokS84F i %4 4 3 W AR 4 Bt e Cu-Mo 4]
A8 B T I AR 2 2 S rhog L 5 XD RS B B A
B B R R AT A 18 ~ 10 Ma $%3E (Miller et
al. , 1999; Hou Zenggian et al. , 2004a,2004b), K
DIV A ol il 428 /5 A J B B 1149 77 ) (Hou Zenggian et
al. , 2009),

W DX R 2 SR B A b SR 3 i
OB T — TR AR S B A AR B A (B ) SR 4H
CE, p) 28 LA 1L J5 9% 22 Tt L U S0 5 19 2K L B
A MAP AR A A~ £ (Zheng Youye et al. ,2007),
g3 A FE 7 X AL ] F A il ( Huang Yong et al. ,
2015) o RVEHT X AFTE I H0 3 A4 R T i
A BN BE A (51, 89Ma) FlH i 2 = R A8 i TN K
FOR BB T RIER S A RREE KB N KB
s LS BE S L2 1L kA (16. 28~ 13. 97Ma) .
F IR WY AR AR ) A 3 R A B 4 2 A B ek 2 &R X
ARG 3 A T8 X 1975 68 A Rg & (Huang
Yong et al. ,2015) . X EEEEA i A6 AR a] AL VY 1] 1
PR 24 W7 284 4 3 45 ) L 7 (Zheng Youye et al.
2007) o 22 M J5t 2 53 PR WL L 4 (K 2 B8 A h o
PR 22 48 B S o i T A 9 DA B 2 N A
gt BE A A LA RS T b g . b E 2
PAE AL N TE B BR 2R s Al R A A N
R . MUER] 2011 4 12 7 R0 RS H) T
A A A 3334334 BER 5 A Cu 230 WL, fEAEITR
Mo 4 J7 i, Au 33.80t, Ag 999. 0t, F ¥ i i Cu
0.57%.Mo 0.017%, Au 0.13 X 10 °, Ag 2.5 X
107°(Huang Yong et al. ,2015),

RV BEE O IR KA Ty Sy = K26 11 Fh2R R, 43
Sl A A LB A AR e A B BERY B KR AR R 19
19 D ke A SRR SR — BOR ™ L 35 B0 ek
PR ERAL TN AT 5C A5 2 FhIRARSEAY . BI R I 28 B
ALY bk RO T A 55 Ak A S k. B R kK
RN 5% 252, KA BN 28 2 B Ak B 3 5 L HfE T B
Jok T BE A BT P Ak 1R A ok AR ) KA i o A e A
B BE (Yang Zhiming.2009), B kiR A 2 Fli2k
T A7 8 — WESH AT K £ B AT+ SRR A — B
BB K R AT K. D 2R kAR S A R i A Cfy
Y — b — g lea — R A A O kIR Sy 7 R
B A 35 T AT DK L BRI OV SH AT K Bk R 3R

ok B 0T B K W 0 B R A S kL T

RVE X T R = 2R PO Pl 4 LA
REER £R 1l Ar AR RE R + A K A+ IR =
BE+ G 2000 EBRA S A S CEER 2 o B+
AI HF B (SRR A 8 A HRIRE . R
F0 46 JR B ) Ry B SR A BRI AR AT R B R
W HEERY ORI R IE T LA, BEE
4 S A A ) A B BT U R BREH 7 (Huang Yong
et al. ,2015),

2 FEAmoREE A A

T B A1 Hl T 4 SR 1) A SR 4R BT R B
HE AN AR (E 2, - 3. FE ot Bk
BER LA BB IRAR L6 (B 4b,g) . ARG EE
EHR LA AR X TR © 50 A 7E R B BRI
PG % Qo fTEM A h s O RS 34k @
5 gk n AR 5 AR BRI A s © g ST g A Y 4 AL
. TS BEE T &2 a8 U R A 3
Fir-O S5 #E gy LA (W3 Q5 Rk L4 (&
28 s QML A LA (D . SHESH A 1 4
ZLAT AN REIUPIR o o3 A0 78 2R 2 B R K B i (P
da,d) s 5 AR Bl S A T8 B A O3 2 45 A
( de Do 7oA 1 4 2040 % 2 PORCIR (B 4 @)
S NG W DI Wl LB N WU W6 F i
(E 40>, G0 A iy ok KN4 K WL~ L+
pm AR, — R AE 40 ~60pm, A B R BCR (K 10~
80pm, P& 3~10pm) MUK CRi AR 10 ~40pm) (A
TR A 57 3 A7 E AT BERRAR I K b (28D (] 4D,

3 SKH TR KA

W B A B ) 200 B L A AR 25 43 BT O ik
MHABE S TiO, B3 & BEAHF b U B i AR
F s T8 3 5 1 B A Sy T R S5 5 R A0
ik, i F AL 2% 1) B 5 O ; Electron Microprobe Jeol
TXA-8900, fin# iy JE o8 15k V, R HL i oM 15nA.,

3.1 BEHERTO HEE

SR EBEWEAY A TIO, AR R 42 H
(R 55 32 45 T 2 e R R R THO, 1Y &
(Ayers et al. ,1993), HIL.FEdH TiO, FEMZE
PRETHSRTSEOANERZD, REHHE
Cu-(Mo-Aw & IR (19 4 5 A fh v T 19 5 o A0 X 4%
K. 254 0.3%~0.6% TiO,(Rabbia et al. , 2012),
R A B B = B R N K A 2 i e TiO,
2 BT A 0.60% ~0.70% (F1 0.66% ., %
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Fig. 2 Detailed geological map of Zhunuo area in Tibet, showing the distribution

of different intrusions (Revised after Huang Yong et al. , 2015)

D). 2 T El Teniente K4 8l K #Y 0. 34% ~

0.5% (Rabbia et al. , 2009),{k T Bingham, Uhta

[ 0. 7% ~0. 95 % (Moore, 1978).

F1 ARAFERVHEEZERNAKELE TO, HEE
Table 1 The compositon of TiO, in biotite granodiorite

of Zhunuo in Tibet

¥ TiO2 (%)
FESh R &R | TiO. (%) —
T8 i

ZK804~108. 7 0.7
7ZK804~170.4 | BA K 0.67

st 0.66 |0.60~0.70
7K804~164 I K 0. 67
7ZK804~84. 7 0. 60

I A« ] 8 M S D

3.2 EOABEFRESH
3.2.1 &AM BENLERSFFE

B B A 40 TR A AT DL AR 2, A
P ATLE L B0 A R B RN K S &4 A
o TiO, (9 & B R 88. 76 % ~99. 64 %, F-H K
94.32% .. MW BAELATH V.0, FEm. T
BEN 0.20%~2.39% . F#°8 0.49% . Nb,O;
() B . 0 0. 20% ~4. 63% , SE 34 MH k1. 25% .,
FeO & & H 0.55% ~3.69% (B 1.81%),
WO, B EWEE N 0~4.75% CEH 1.92%),
CaO F Ta,O; FEH &=L, H M 0.02%
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3.2.2 BREBESTAMBTFHEHIWER

(D) I K& b ms

XESLO A MTER R T, X 4EL
AR 2 DA TR B BEaaah s
W SRR (3 3, TiO, BEE & mik 96 %,
V.05 fl Nb,Os 9 F ¥ & & 4 5 24 0.27% H0
0.69% ., WO, fil FeO [ -4 84590 1. 99 % F1
1.66%, ZrO, F¥ & HHR 0.05%,

(2) [ K420 4 1Ak 28 B oy

]1 3%221643 TiOg E@AESI%AQIE%E@%

Fig.3 Hand Samples ofbiotite monzogranite ]] ;@%QIE V.0 E’J 5 EIE@?{I 0.20% ~2 39%
Mz £ 2 3 Y, Y . ~ L.
porphyry in Zhunuo, Tibet N -
(FHH 0.57% M4 a 4 V.0, 1K
Bi— 8 5 B+ K-fds— B A7 s Quz—£7 985 Anh—RHK A7 ¥ /HL 0 H 1 A]H:f fi ; ; Eﬁ?f
Bi—biotite; Hbl—hornblende ; K-fds—K-feldspar; {E%iﬁ =) o sz O; E]/‘J HL Iﬂ 0. ZOA ~2. 39%
Qtz—quartz; Anh—anorthose (S'Z‘igj‘:’ 0.65 A . I:J‘ I é}:\élaiiﬁ) FeO E’J

F2 EARMKERTHRESIATEESLINUERS (%)
Table 2 The main compositions of porphyry in Zhunuo, Tibet (%)

- TiO, V.04 FeO Ca0
RE ik 2 B ¥ ] TN it il ¥ 105 ] ¥ 5 ] ¥
MAAERINKE | 88.76~99.54 | 94.32(09) | 0.20~2.39 | 0.49 | 0.55~3.69 | 1.8l 0~0.14 0. 02
P Nb, O Ta, O; WO, Total
REL ) ¥ Hl ¥ 05 ] K 105 ¥ 5 Fl ¥
| BmREHAKE | 0.20~4.63 1.25 0~0. 09 0. 02 0~4.75 192 [98.33~101.22 ]  99.91
N g L 2R sl R A 4K

R3 [X£ETRAHUERS (%)
Table 3 The chemical compositions of the | kind of rutiles (%)

FE A AR | SO, TiOz | ZrOz | AL Os | V204 FeO MnO | MgO | CaO | NbyOs | Ta;Os | WO, Total
BEAER | 0.02 | 96.04 | 0.045 | 0.01 | 0.230 | 1.60 | 0.00 | 0.00 | 0.01 0. 70 0.009 | 1.820 | 100.48

ZK801~216.7
AR 0.03 95.95 | 0.062 0.01 0.314 1.71 0. 00 0. 00 0.01 0.67 0.008 2.150 | 100. 92
S 0.03 96. 00 0.05 0.01 0.27 1. 66 0. 00 0. 00 0.01 0. 69 0.01 1.99 100. 70
T4 IRETFHULFERD (%)
Table 4 The chemical compositions of the I kind of rutiles (%)
FE S Pxis SiO; TiO, ZrO; | Al,O; | V504 FeO MnO | MgO CaO | Nb2O; | Tay0s WO, Total
0.02 92.01 | 0.101 0. 00 2. 390 1. 08 0.01 0. 00 0.01 0. 20 0. 000 4. 750 | 100. 58
0. 00 99.54 | 0.019 0. 00 0. 248 0. 68 0. 00 0. 00 0. 14 0. 50 0. 000 0.088 | 101. 22
0.07 98.32 ] 0.018 0.01 0.201 0.95 0. 00 0. 00 0. 04 0. 64 0.058 0.069 | 100. 38
ZK2108~319. 1 0.09 | 96.06 | 0.000 | 0.01 | 0.678 | 0.63 0.01 0. 00 0.02 0.29 0.038 | 1.253 99. 08
0.02 98.79 | 0.064 0. 00 0. 257 0. 55 0. 00 0. 00 0.02 0. 28 0. 000 0. 000 99. 97
T 0.02 96.40 | 0.010 0.01 0. 444 0. 90 0. 00 0. 00 0. 00 0. 36 0.010 1. 159 99. 30
e s 0.02 97.02 | 0.010 0.01 0. 369 1.02 0. 00 0. 00 0.01 0. 39 0.013 1. 300 | 100. 16
0.07 93.78 | 0.000 0.02 0. 989 1. 36 0.01 0. 00 0. 00 0.61 0. 006 2. 750 99.59
0.01 | 94.03 | 0.036 | 0.01 | 0.388 | 1.85 0.00 0.00 0. 00 1. 20 0.027 | 2.190 99. 75
0. 00 92.00 | 0.032 0.03 0.443 3. 15 0.01 0. 00 0. 00 1.16 0. 000 3. 070 99. 89
ZK801~216.7 0.00 | 94.51 | 0.046 | 0.02 | 0.350 | 1.80 0. 00 0. 00 0. 00 1. 17 0.000 | 1.900 99. 79
0.01 96.04 | 0.024 0.02 0. 254 1.53 0. 00 0. 00 0.01 1.01 0. 008 1. 490 | 100. 39
0.01 | 93.45 | 0.027 | 0.02 | 0.360 | 2.22 0.00 0.00 0. 00 0.61 0.018 | 3.240 99. 96
S 14 0.03 95.53 0.03 0.01 0.57 1. 36 0. 00 0. 00 0.02 0.65 0.01 1.79 100. 01
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Fig. 4 The rutile distribution character of Zhunuo in Tibet

Ca)— 4 2143 PR R4 53 A0 16 B = BEZEBR (BT HBL 7150 5 (D) —RIR 8 41 43 7 75 B = BF 24 B CR ) 5 (o0 — 4 40 A 2 R R0 3R 17 IR 5
B LR (G HUE L 150 5 (O — G440 5 R B8 S B R 4r B 454 R GRG0 S A R HUI 8 7150 5 (o) — B 20 A0 5 AR Bk 3L AR B i ]
VR4 B A5 K (BO6) 5 (D — & 414 5 R B 2 A T8 B0 I8 15 1 43 B9 205 4 R O P 180 5 (@) — ST 43 13 19 4 21 A UKL CIE 32 %) 5 Cho— 20t 57,
IR LA D VE S R S GO L 150 5 (O — 7 S& ik v 2 7. 43 70 19 4 2047 GBI L 7180 (Bi— B s B s Rut— 42 41 47 s Mag— i
3 Qz—f % Hem—R gk

(a)—Granular rutile distributed in biotite (polar light) ; (b)—granular rutile distributed in biotite (polar light); (¢)—rutile and magnetite
distributed in biotite (back scaterring image) ; (d)—rutile in paragenisis with magnetite (back scaterring image) ; (e) —rutile and hematite with
solid solution texture (polar light); (f)—rutile and hematite with solid solution texture (back scaterring image); (g)—granular rutile
distributed individually (crossing polar light) ; (h) —rutile mainly distributed individually, minor in paragenisis with magnetite; (i) —granular

rutile distributed individually in quartz vein. (Bi—biotite; Rut—rutile; Mag—magnetite; Qtz—quartz; Hem—hematite)

N 0.55% ~3. 15% CFH R 1.36% . 5 1 K4
LA WO, &R 1.79%.,

()T K420 A 1Ak 25 B oy

XL REaamE. Il BeELaa 4 DHAnm
TEREM A A A 4 R BoR (% 5): TiO, 1 & 2
K, & & 5 Bk 88.81% ~ 1.34% (F ¥ K
89.53%0) 5V, 0, 1Y it &5, & wE [l Oy 0,32~
0.38% G5 0.36%) s Nb, O, (1 2 1 W] 1R & . 5L
SR N 2.82% ~4. 63% (P 3. 47%) ;FeO 1y

SREWE.FEHR3.35%, 1KEe4 0% WO,
M ZrO, W &Y I ReamiEiR, haslh
2.33%F10.07%,

4 e
4.1 &AM ENF

TR AW ZREP. a0 KT &SRS AR
B£ (5 NNO-1. 3.Rabbia et al. » 2009) fl (5%) &
% E W8 KB (Clark et al. , 2004) , H I R &
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x5 MEESTAMLZERD (%)
Table 5 The chemical compositions of the ][ kind of rutiles (%)
eSS A SiO; TiO, ZrO; | Al,O; | V5,04 FeO MnO | MgO CaO | Nb2Os | TayOs WO, Total
0.00 | 89.20 | 0.075 | 0.06 | 0.320 | 3.47 0.01 0.00 0.02 4.63 0.092 1. 060 98. 94
JKS01~216. 7 BATEN 0.00 | 88.81 | 0.068 | 0.06 | 0.384 | 3.69 0. 00 0.01 0.01 2.67 0. 000 3. 850 99. 55
AR 0.00 | 88.76 | 0.051 0. 05 0. 367 3. 26 0. 00 0. 00 0. 00 2.82 0. 000 3.020 98. 33
0.00 | 91.34 | 0.072 0. 04 0. 381 2.99 0. 00 0. 00 0. 00 3.74 0. 009 1. 370 99. 94
-1y 0.00 | 89.53 | 0.07 0. 05 0. 36 3. 35 0. 00 0. 00 0.01 3.47 0.03 2.33 99.19

KEAE 400~700C,

ANZZ PR W 4 R %% 48 (s CL SO,
HS™ F1 CO;* ), &40 A7 BB T i o /8 b o
AR B 3 SR W 0 40 il X W] T R R E TR
Z/DAE b5 IREE BT PR L YR AR . X S T
1% F M BR AL 25 AT O RT DL T 5 B A R AR A L £
441 441 (Force et al. , 1984) .

TESERE S RG . TaKBHE MWL A
(Williams et al. , 1977), B4 A4 KT AT
Pk o 25 o B (Lewis et al., 1975; Williams et
al. , 1977; Gerald et al. 1981; 1991;
Keith,2005) : Q& B = Bl AR g 4 = B @O & 4K
WA 5 G R s QKR FE & S 5l s A 1Y oA
AR AR S A A WA EE S MiEAl
RRTE G 40 B A8 R e, DL RFESY SV &
CO, MAI AT NI aMEL A,

H i r

(D BB BEMAS N 4 =B AR 20

K(Fe,Mg, T (Si; ADO,, (OH),+ S, =

Force,

N
K(Mg ,Fe)3(Si3AD O, (OH), +FeS, +TiO, (i)
% =Bk &af
) BRRER A E 40 A
2(Fe, T1); 0, +S, =Fe,; O, +FeS, +TiO, (i)
PN RN Gk H EAnal
BRI LA 41 A
FeTiO, +S, =FeS, + TiO, (i) -1
Rk G4
FeTiO, +1/2 O, =Fe, O, +2 TiO, (ii)-2
R W Haf
(DA E R LA
CaTiSiO; +SO, (&) = TiO, +CaS0, +SiO, GE )
i A=l (iv)-1
CaTiSiO; +CO, =TiO, +CaCO, +Si0,  (iv)-2
i-Ka] ExAval

TE B H 2 I — BRI A 9 0 A ik 22 B B
PR AL R T 500 CLPH fEH 45 i iR s BE AR AL R

& SO, M E K FLAAL T M8 A BRERT 40 i 1T TP L
G204 [ 2 (i1, (iv)-1, (iv)-2, Rabbia et al. ,
20127, [Elmf BRERW 70 W A IR T, —E R E bk
TRERAT A4 £ A7 3SR T AR BT 4 41 A1 i SR
25y [ R (GiDD-2, Lewis et al. , 19757, 267
M4 41 A4 1E E1 Salvador, Chile BE A 4% KPPt A
r=H (Lewis et al. , 1975),

B BB G RE  2 A R T i ad
P o SRR A K B BEAE I TR PGB A5 T L LAZR B
T A 2O Y R4y T R s R A
2P fi7 o DT AE H N TR B 8 — 2 B B9 BT (Bl
WO &40 4 LR MK (), Rabbia et al. ., 20127, %
(D AR 4 20 A7 28 0ok T 25 0 OB J 0 A 7E T = B vh RS
Rt T 1 45 21 1 (Gerald, 1981), [A] &£ Hy , 7E R 1l
A R S I AR I IR e R AR R R 2
AREY T feH R 3k B P TR R T AR AR Y
A4 M) ,Rabbia et al. , 2009,

BZ R Cu-(Mo-Aw RGP . &40 1 B 1K
T HGR b A GE FE R BT W 1) 43 i (Williams et
al. , 1977; Gerald et al., 1981; Beane et al.,
1981; Force 1991; Keith 2005; Rabbia et al.,
2012) BRI A0 VER BRI BRIEBR T IR S B
MAINA ¥ K 4 21 A (Rabbia et al. , 2012), 1
LA T BRI B BRI 41 (Rabbia, 2002) ,
RABWTER Y AR MRS b G KB = B TiO,
B b AR R AR EARGR R R R = B THO,
&8 i ik (Moore et al., 1973; Roberts, 1973;
Carson et al. , 19743 Jacobs et al. , 1976) , U B B2
oA AR —AEZ LY (Li Jinxiang et al. ,
2008) ., Williams et al. (1977) @ i %F 77 4~ A 51
A BE AT IRWE TG A A 20 A0 i IR 3 2R TR
THEAT ) 53 f 0 FR 3 Sy R s BRI AR TR A s
LA R AR YR o A HARE A7 UK BE T )
(%6 B o B AL ) 5 46 20 A0 A ARARL I 5 (8] 3 A1 AR AE P
R Ak W b T T R BT 4G A (Williams et
al. , 1977),

LU AR I T M e A R B
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A% —F K &k d (Williams et al. s 1977), Hk
A& Ti PG B 0T E &40 A .

R B BT S S s v R I T 2R 2R 4
ARSI CE i TR (S S TE ] L gl i v A Rl it
P B il AR R A [y = (D s B E Giv) -1, (v) -
2], TEH S ZM T RS0 KA RO T RS
B dAam Il Xean., NRMEXCIDATLEH.
RORPIE LT W% 2 1 B A 0 Ak ) v gk (f A
3 FeS,) o fH K & 19 i Ot W 5058 A 8 1 Gl
Hh 8RO 5% 3 46 41 40 5 WG R T AN B R T AR 2R B
. TEBASFMT R KR ROV B LS AR R
oA g I A 40 R R i -2) . Jikop v b S7 4 A
9 11 2R 4 2040 o & T BGR B 3 TTVE B i
4.2 SRR
4.2.1 SLOAAHBMEHSHE

Kt s Cu-Mo W IR &40 A H . Bk TiO. 4,
it & FH V,0,, Nb,O;, FeO, WO,, CaO, SiO,,
AL O;, ZrO, . JLF A & 8AR & MgO fil MgO,
KiF BT EAXERFICR A V.Nb, Fe, W,
Ca,Si,Al, Zr B 4404 7 Ti g (Urban et al. ,
1992; Smith et al. , 1997; Rabbia et al. , 2012),

T2 55 190 B B B E 0 R b PO A 2
H Fe,W,V,Nb W& & KXT 0.1%.,Si,Cr, Zr, Sn,
Al & B 1 0.01% ~ 0.1% 5 # N (Rabbia,
2002), RIERTIEAETEAARTTENGTHY
FRE AT A HEAR BT R & W B A Rk
o RGBS M S A9HK Fe, W, V,Nb iy
RS B R R LA V. O S
H0.20% ~2.39%, 21K 0.49% %45 R 5 WK
FJ . Northparkes E26N B 7 Cu-Au # JRH A H1 iy
LAV RS R A B — 8GR R BT A
GLAH VI EE KT 0.4%, Keith, 2005),
BUAb s 3 B BE A 4 40 A P i Nb, O, WO, Al
FeO P& 84350 1.25%,1. 92 % f1 1. 81%.,

EAMREEN A AR P2 AR
LU A 100 X 10°° ~ 500 X 10°° fi§ Cu
(Williams et al. ,1977) , 33X — W& . 75 2 A 42 5 54
W IREP AL Il A5 4 1) 4 40 A R AR BIIE S, &4 A
CuO BIE % 0.56% (Li Jinxiang et al. ,2008), &
VP ) A 20 A T AR, A
WL B bk 2 OGRS R0 IR B B 5 4 204
AIREIE & A —E =M Cu,

4.2.2 EWAEESOIAMNERSIHFE
I 244 A TiO, 18 i CEY 96.00%0) 5

K440 A MY O 95.53%) B B T 112K CF
¥189.53%0) &40 TiO, W, HIXEaaF
Nb, O; .FeO & WO, BJF2 & & (53R 0.69%.,
1.66%F1 1.99%) th 5 Il 28441 /1 Nb,O; , FeO
B WO, 173 & & (4331 R 0.65%. 1.36% F
L79VO AR AL R BT By S A # h . &40
Ak o 0 Ak R . W B Nb. Fe & W 7E B4
AR AR R, XS A BAREN V &
WORE0.57%) B+ 1 KE&a 6 (Vg
0. 27 M K420 4 (VRS & R 0.36%),
Wi B TE U e el T R AR K B I AR R
Ti B iR V& = E &,V 5 T i
ANELLA A% RAERTER . X —ad fe 5 4 ik
YK B2 BB BOAS 5T A BB BT S Ak R £ Ak ok
A K A o3 i ol AR B AR 1) B B (Yang Zhiming,
2009) . | ZE4 204 Ny A Y. 24
g TiO, W& AL T 28R 11 2810 &5 W] & B%
I B 7 AR B T W Rl A AR ] B BT, T e
Bl e ot RO E PR K, V.0,
Nb,O; . FeO K& WO, 1 & &4 5k 0.36%,
3.47%.,3.35% K 2.33% B R T I RXEeaath
ST 3K — R BRI TR AL R B T L R R b &
TCE MR 2EAT A R A T W A A, 28440
A Nb,O; WEEIPE&ET I KE4 4, Ul
W R RIEE B &M F.Nb H5 F5 Ti k4 2KR
g, T MKEaafBEAMEN ZrO, 74, F
B e Ay R 0. 07 % F1 0. 05 % FE— E FEBE | L ik
T Zr TER AR R BRI AT R

R A 2% 28 4 20 A0 19 040 AP R AE ] DL 4
AL R R D5 =D BB — BB R
WMo B IES SR TN AER L Keana:5%
B Be A B AL B B, 7E & Cu Mo, Ti 45 4 & 1) 40K
R AR RSO A8 =B E L B e =
AEMTAERN RSO A, XA EBSEA MY
AR S o R AL B B R B A
A0 B B A 4 21 B3 W B —— X
4.3 SAANRTIHRERX

Williams et al. (1977) @1 %t 77 A4~ 5501 45 B
A IR R G . SRS AN RN T 4
g1 E B A AR B AL Tl AR AT L D de 28 g s bR f
BRI S i HAEBEA RGO, &4
AR FE N 1.5 = 1 a SR E g ms) 2 = 1.,

TERE RS R/ b, &aamF
P& & KT 0.3vol. %, K42 J5 Bl A 0.03 ~
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0. 06mm , M 45 Ak ih A8 LAk, 42 20 40 1) 3 BE FlRL 42
Z [ P (Force et al., 1984), 7 M K A ¥
Northparkes E26N Cu-Au B K H , & 20 A1 1EW 1K N
Wikr K (— K X B8 > 4000pm®) . VY F R
(>0.2%, — B0 =>0.4%) . 78 1 B 0 1 1y 17
BB LA BRI (— K X BE<<1500pm®) . VY
SRR (<20, 15%) (Keith, 2005), 74 £ A 4 BE
# Cu-Au R H VL0 Bt &, e 0. 39
~1.13%(Li Jinxiang et al. ,2008) , M A& i fi %
BRSO L R T R RO BE
14 42 21 A7 IR A% — i <<3pm AN BIK T Spm, & &
B Do W BE A A 4T ORI AR VS B 10~
80pm, Kt s KL EE FoR . KT 10pm 94 21 41 4B
A HE N A BE A P LT . AL TR RS
T HA — 3k # & B 7R A A AR Ay Rt AT AT
DA FH 42 21 A1 B B2 3 5 AE DA S 4 40 41 F VONDb %
P18t R AE Ol HE T 5 BRF 2 S 5 O BT BE A A O
B AR U B SR B 07 B AT B8 22 3 0 A b0 7
H VB R E FE U] S & T Nb (g 50T X 28
G20 A KR T A S AR AL W Ik R 2 MR IR T A
XA 7 VRN IS T XA ™ B A L X R

5 4tip

(DRWEBE A Cu-Mo K B0 BE 5 4 5 1Y
TiO, B 5N 0. 66 %0 A BE A K R Ti ()& &
LA T EE MR, KGR
B ST BRI S A MU =2 T X H
KRR 1E & B 451 TR B 5 ek e AR i 4 et
A5 11260 ikt e it Sy 23 A 2 Ti 3G B D0V T B
B A 204 s 2Rk 16 & A4 FIE R 5
T I S X =820 0 5 BN R B
FrET AL AR 2R T Al T AR R A A A T AR By
By .

)R BEE =R Eaah k& REE Mk
Y TiO, 4. ik & H V,0,,Nb,O; , FeO, WO, , CaO,
Si0, » AL Oy, ZrO, s JLUF A 5 8 4R > &% MgO Al
MgO, H V,0, i K 0.20% ~2. 39% CF-# {4
4 0.49%) ,Nb,Os B & Bl 0.20% ~4.63%
CEME 1.25%) , FeO & &M 0.55% ~3.69%
CE¥ 1.81%). WO, i & 2 {5 H K 0.00% ~
4755 CF¥ 1.92%) , HE MM ZrO, S8 CFHy
250.05%), KK AHLAHEN V RW CF
50,57 %) UL B AE BB R R AR E R VD 28
Bl 248 TioNb, Fe, W i3 2865 | K440 A

F LG I TCEE AR b PR T 4 20 A0 P Ak oy 11 4k
A, MAESLZ AR V.Nb, Fe, W & & B f 3%
AR A R N i 8 o 1 i B &, et Nb 28
J & A AR T o B S 34 U BH #E AL A BE T
B R R A TR IR AL 2= AT R A T R AR L
JEIL LA Nb 28 fh e 5 i

()R & 2047 #8007 J5 P AE R 0 IR S 1B T
W, GRS mMEES AL V.0, T &
(>0.2%, [ K44 A >0.5%) . 7 M I Al |- % &
Nb 1 & (>0, 2%, M4 40 A >2. 620 [ %
& W Fe fi &, Zr 58 WRF 8. 4021 S 1l ST 43 A 19
S CI 28, W75 2 ) iy 25 08 Ok B B K F
10pm, H VS EBAES®H(KF0.5%), R
[ YA A 25 ) 0 A 1) A A U R B R A B V
BRI T 0.2%) W Nb 19 8 06 25 5 A7 B 1§
S X I 28 4 40 1 30 7 B ) i %5 R Ok 42 K
T 10pm,
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Genesis of Rutile from Metallogenic Porphyry in the Zhunuo Porphyry-type
Cu-Mo Deposit, Tibet, China, and Its Significance for Prospecting
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1) Chengdu Center , China Geological Survey, Chengdu, 610081, Sichuan, China;
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3) Chengdu University of technology, Chengdu, 610059, Sichuan, China;
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Abstract

Zhunuo porphyry deposit, newly discovered in the west of southern Gangdase metallgoenic belt,
Tibet, is a typical porphyry-type Cu-Mo deposit with a very large Cu reserves. Rutile is one of the typical
accessory minerals for porphyry copper deposits. Therefore, its composition and texture can deduce the
evolution process of ore-forming fluids and determine the main orebodies. Based on detailed field geological
work, metallogenic porphyry (biotite granodiorite) samples from the potassic alteration zone were studied.
The results indicate that the rutiles usually coexist with magnetite ( | kind) and hematite ([l kind), both
of which occur in and around biotites. Striped (longl0~0 pm, with 3~10 pm), granular (diameter 10~
40 pum) , or irregular rutiles occur within quartz-pyrite veins (][ kind). The three occurrences of rutiles
formed in three conditions: the I kind of rutiles was formed by the reaction of titanic magnetite under the
condition of S-rich environment during or after the alteration of biotite or titanite; the [[ kind of rutiles
was formed by reaction of ilmenite in the O-rich environment during or after the alteration of biotite or
titanite; and the [I kind of rutiles directly precipitated from the Ti-bearing fluid. The metallogenic
porphyry has the high concentration (0. 66 wt. %) of TiO,, which provided abundant ore-forming material
source. Electron microscope analyses show that rutiles are dominantly TiO, of 94%, but relatively
enriched in V,0,,Nb,O; ,FeO, WO, ,Ca0,Si0, , Al, O, and ZrO, , with few or without MgO and MgO. The
compositions of V,0, and Nb,O: range from 0. 20 ot 2. 39 wt % (with an average of 0.49 wt%) and from
0. 20 to 4. 63 wt% ( with an average of 1. 25 wt%) respectively. And average compositions of WQ; and
FeO are 1. 92 wt% and 1. 81 wt % respectively, with about 0. 05wt. % of ZrQ, in rutiles. When carrying
out exploration outside the Zhunou deposit using rutiles, the first consideration should be the composition
of V,0, in retiles above 0.2wt. % (][ kind should be above 0.5 wt. %), and then the composition of
Nb, O; should be considered above 0.2 wt. % ([ kind of retiles should above 2.6 wt. %) . And the high
concentration of W,Fe , the anomaly of Zr should also be considered. Furthermore, the grain size of the

Il kind of rutiles should be above 10 pm.

Key words: Metallogenic porphyry; genesis; significance for prospecting; porphyry Cu-Mo deposit;
Juno; Tibet; China



