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Fig .1

Simplified geological map of the Tinggong porphyry copper deposit (after Li and She et al)

1 —Quaternary ; 2 — Monzogranitic porphyry ; 3 —Paleocene collisional granite ; 4 —Lizizong volcanics ; 5 —Ore body ; 6 —K-silicated zone ;

7 —Quartz-sericite zone ; 8 —Propylite zone ; 9 — Argillized zone ; 10 —Lithological boundary ; 11 —Normal fault ; 12 —Thrust fault
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Photos of fluid inclusions from Tinggong porphyry copper deposit

a. I-type and II-type fluid inclusions coexisting in quartz; b. IlFtype fluid inclusions containing transparent

and opaque daughter minerals in quartz
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Fig .3

Frequency distribution of fluid inclusions in quartz from Tinggong porphyry copper deposit

a. tyLvy , for liquid-rich 2-phases inclusions homogenized into a liquid or a vapor state ; b. t,( NaCl) ,

for halite- bearing inclusions having t,( NaCl) > ty L.y,
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Table 1  Microther mometric deter minations of fluid inclusions in quartz
BE LGB - I RIS TH IEAGR S C w( NaCl,,)/ %
L TRIN - A AL B PieAEe| ¥MH 0 SFERIME
T G228 (A TP IR B A B k)
I, 337 ~ 410 7 368 .3 153~17.5 16 .7(3)
I, 344 ~ 398 2 371 17.1~18.3 17.7(2)
il 394 ~ 428 4 406 9.2 9.2(1)
M, 195 ~ 290 3 228 .3 247 ~ 385 329.7 34.2~45 4 40 .8(3)
11, 282 ~ 313 2 300 180 ~ 282 231 31.0~36.5 33.7(2)
TGB904 (FFEAL T FH AR 40 TERK)
I, 355 ~ 400 2 3775 14.5~16.7 15.6(2)
I, 365 ~ 381 6 372.7 16.9~18 .3 17.6(2)
il 370 ~ 400 2 385
111, 200 ~ 225 3 209 .3 335 ~ 403 359 3 40 .6 ~47 .4 43.0(3)
TG1004 (HRAEALH T BA A 9 k)
I, 333 ~ 426 7 367 .4
I, 330 ~ 413 9 375 14.3~18.3 16 .4(3)
il 400 ~ 460 6 430 .7
1, 214 ~ 256 9 237 .4 235 ~ 395 306 .3 33.6~46.5 38 .7(9)
TGB034 (FEAL s PR BRAT 1 Dk
I. 322 ~412 13 362.1 15.0~19 .4 17 3(4)
I, 344 ~ 460 4 377.3 7.9~18.6 14 .8(3)
1l 350 1 350
TG240 ( ZR9CA AT AR BEA T 4 DEBE )
I, 288 ~382 7 336 16.8~19.7 18 .3(2)
I, 320 ~394 8 361 .8 10.5~19 .2 16 .6(4)
Il 295 ~354 3 331
1, 330 1 330 246 .0 246 342 34.2(1)
T GB708( 5H 40 J4 77 A0 A B k)
I, 298 ~ 420 8 345 .6 16.7~19 .1 17 .6(5)
Il 388 ~ 474 9 416 .2
111, 220 ~ 265 5 242 .6 270 ~ 410 327 .4 35.7~48.2 40 .4(5)
11, 262 1 262 210 210 323 32 .3(1)
T G101 3( 43 B2k A A B fik)
I, 300 ~ 338 6 320 .2 18.5~21.0 20.3(3)
I, 321 ~ 448 8 387 .4 16.7~19.6 18 .4(3)
il 474 1 474
M, 240 ~ 268 3 251 .3 287 ~ 336 306 .3 36.8 ~40.7 38 .3(3)
TGB904 ( MU 47 B k)
I, 196 ~ 303 5 267 .4 1.7-3.5 2.9(2)
I, 355 ~357 2 356 4.2~5.4 4 .8(2)

VE A NRAE IR R A AT G0 Linkam THMS600. 1 IIREEMKK L w( NaCl) FIH] Potter(1978) (Hall F5(1988) xR i | B

AR ER BE ] Bischoff(1991) A N4 .

AN s ) AHSE | A HO B ZE AR 34— 3 T 119 5% 1 ] LA
2 BT AAS VKT A 1 35— ¥R R B 8 AR AT R )
RE AR A T30 G BT DU I & A A
FARCT 28 13—l B AR AL B B (Dt 55
1999) .

AR RDR 35— IR A T oA A
HE A A A R I L Bk 4 e A

k¥ — W E WS (K 1) . AL TGBo04 A
TG228 FHEM, 1, KA — iR SIS 73 il A
377 .5 CHI 368 .3 C ;AL TG1004 Hl TGB0O34 5
PG T, AR — IR JE P I9E 2 K 367 .4 C
MI362.1 C;HF 44077 TG1013 Al TGB708 5 FF
i, 1, AR — I BP9 E 5 0 320 .2 CHI
345 .6 C ;M Ik TGBY 04 T 2R B kI —
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% 00 0 30 a0 500 o 30 300 40 50 600
InL-v) thL-v)
4 JTEI X IBEEERE ty Ly 5 . NaCl) KRE 5 MBI L, KRRE
Fnr v A BRI AR IS IR £ ,( NaCl) M AT 8k (JEEHE Roedder,1984)
THPIEELLE XL L 1y = £y NaCl) BRABBR IR BEAUR £y, IFAE RSy — L
Fig .4 Liquid-vapor homogenization te mperature ty 1. v, Fig .5 Salinity versus #(y, v, illustrating the distribution
versus halite dissolution te mperature f,( NaCl) for pattern of the data points relative to NaCl saturation and
halite- bearing inclusions from Tinggong PCD critical curves from Roedder (1984)
WAL AN 267 .4°C. AURWIFARBAA RS KPR I IEROEAER R w( Nadl,,) AL
R B L R A S BE D A LAY IR 1 1% ~ 48 2 % Z I (R 1) EEAEAE 2 AN

(TG240 ‘THEN T, 25 +, 336 C) 5 fg L 48 9
P A A A AR IR A Y BT B
(AL SR T BB 28 D Y B =) .

(2) BhpE

ENYTRLNOR 2R S S X DO N | 2N
WAAE AR TINER | 128 FE R B TR D
TR A M MR AN 2 AT 794 & IR A

SN 10 % ~ 20 %A1 30 % ~ 48 .2 %( K 5) . Bk
iy BT B BBk 4R e g Ay T R AR AL AR T
HEAAAK , w( NaCl,) ZHEPAE(16 12) %/t ;
WA Sk P SR A, 251 .7 % ~ 5.4 %2 1A,
ML R E AL LE 33 .6 % ~ 48 .2 %2 (7] °F
B 40 2 % FERIALAT BEAGAT KBk ZE A b
T S A

% 2 NaCl CaCl- H, O R Z MR KHE K NaCl .CaCl, &

EMELER

Table 2  Microthermometric data of the NaCl CaCl,- H, O system
s t C t,( hydro)/ C ta(ice)/ C ty/ C w( NaCle)) / % w( CaCly)/ %
- 26 -8.3 278 6.5 5.0
-23.9 =17 279 15.5 4.5
TGB904 - 65~ -56
-23.7 -16.2 274 16.0 4.5
-23.5 -12.8 400 12.5 4.0
-27.5 -13.3 405 8.5 9.0
TG228 - 63~ - 60
-22.7 -10.4 277 12.0 2.5
- 25 - 4.4 397 5.5 3.5
- 243 - 18 333 14.0 6.0
TGI013 - 65~ -56
- 26 -5.5 344 5.0 3.5
- 24.6 -18.5 315 1.5 8.5
TGB034 - 60 - 26 - 15 460 10.0 7.0
o, —RIL GG SR E £ (hydro) —NaCl KA 0 0 A EE | ¢, (ice) —UK AT, ¢, —38 L .
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FAh RIS FR R RIL 5or 1 R k9 )
EORBARM LS SRS - 65 ~ - 56°C) , HKEY
IR ESAE - 27.5 ~ - 2.7 CZ A, PN
- 24 8 °C(FK 2) , W R H AL NaCk CaCl- H, O & &
[FIHFAE( Shepherd , 1985) 45 3L ¥) NaCl- CaCl,- H, O
AR RIS SR - s2 ) AL AR R AR K R
ILEE IR E (- 65 ~ - 56 C) AR, WAL 44 &
L AT e AP 1 a0 Fe? T Mg? T AR IXABAT Y
TR o3 A R A CUOUE S L AR T ) 3 A N
(to) HERKEW IR t,, hydro) KUK s E
(t,,ice) I NaCl-CaCl,- H, 0 AR B /KH > HIA
A% & NaCl CaCl,- H, 0 7R R B EAAH 1 NaCl .
CaCl, 5 & TS . 0 TGB034 FE&H 1 —A
WHEARLEL A (< - 100 C) %45 B RIK \NaCl
KAEY)( NaCle2H,0) Fl CcaCl, /K& ( CaCl,* 6H, 0)
3 A A THE S - 60 CIF(IESE S ) JTUA IR
HAT el AU B A | Bl S i R B T cacl,
KEWITFaR AL B RN R T s f = A 1)
AR D> AR I R A5 B 1 o F v i s
% AT LU RX PP ARAL - cacl, KGR se BB G 1A
RITURUT NaCl KB W) + WA RTOK + WA DX 38 3%

R BN E 6 4L ea) ,FEMITFEH  NaCl KA
PIAWHE iR FE TS B - 26 CTHE( ¢, , hydro) ,
NaCl K Wi s te BRI RE a fi QRS THR R R
HETF a 5 W a5 Lo WA ARk, - 15C
B UK ELAL 56 5 MR e S H,o TR ik
- 15 CERIRERIN AT i b R IZAR R I S AL R, ikt
HHARR T NaCl N 10 % ,CaCl, N 7 %. FE&IHEK
SRV TR 2. NRP T LUE W kRS
w( CaClL) TE 2.5 % ~ 9.0 %[0 3405 3 %.

(3) &

IO I, 260 S A s o ok 0 45 1 3 — il B
R SR (1999) BRI AF (R 3) . 1L 2K
B RN IR A E L 7 Bl DUE | T
AL AR AR AR S RE B BN T 10, 28 R A
BN R ISR T 30 Mpa(t, =296°C, ¢, -
v =50)% 140 MPalt, =403°C t, - tyLy =
200 )2 08 BB R T T (1K L R DIE A T
IS RO AR BN RIRENAE 1 ~5 km Z
[i] .

2.3 RS RKEIHDFFHE
(1) BRSO A Lo BER 2 #

tm,NaCl * 2H,0

fEH#SER(-52C)

CaCLKA-Y+HiA8

70%NaCl

70%CaCl,

B 6 NaClCaCl,- H, O KR & /KB A (P15 Oakes et al . ,1990 ; Willia ms- Jones et al . ,1990)

Fig .6

Equilibrium diagram of the part with water richness in the system of NaCl- CaCl,- H, O

(after Oakes et al., 1990 ; Williams- Jones et al ., 1990)
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Table 3 Minimum entrapment pressure of fluid inclusions

from Tinggong prophyry copper deposit

FE it i 5 0 (OF N il ISR
JSEEEIN 7~ Th%k / MPa / MPa
T GB-904( W47 5 Jik)
I, 4 1.4~8.4 5.4
Iy 2 17.0~17.3 17.2
1, 1 3.3 3.3
TGB-904( LA MR P k)
I, 5 5.0~24.4 1.2
I, 2 17.7~18 .8 18 .3
T G228 (FRAL B A A0 B k)
I, 4 5.5~25.0 16.9
I, 2 13.9~22.7 18 .3
II 1 23 .8 23 .8
11, 2 4.5~7.8 6.2
TGl 013( AT AT T k)
I, 3 71~11.3 9.1
I, 3 13.0~23 .1 19.7
T Gl 004( B AEL AT 5 k)
I, 3 10.5~26.0 16 .0
T GB-708( 348 95 A0 A7 95 k)
1., 4 7.3~18.6 12.3
I, 1 18 18.0
111, 1 3.6 3.6
120
1004 Y
<t
=
80, A\
s ]
= 604
x /
. /
S/
401 :I-IL
/
201
0 T T T
100 200 300 400 500 600

A

7 FEHE 0o NaClHR pt HIE(H Roedder,1984 ;
Calagari ,2004)
A2 A B.C AR £,( NaCl) > £y b NaCl) < fypy,
Foto( NaQl) = ty( L V) 5 =R P 2 M a4k
Fig.7  Pressures at homogenization for three halite- bearing in-
clusions with different f,( NaCl) and fy1. v, values through the
system NaCl- H, O. Inclusions having values of t,( NaCl) >
thv s Em( NaCl) < tyry) , tn( NaCl) = ty . v follow the lines
A, Band C, respectively ( Reodder,1984 ; Calagari ,2004)

0 ZEAATEAA L5353 BT L o [ ) 2 ot b T 5 b 3k
YRR ST AT . A Ay 23 A SR DU A Jo o v
SEHANES A RG202 DUBFTHEAY . 4 By SEI VL FE N
W e B RE SN A R AR S D TR
Flroo CINHIES fFriENET LR 6x10°° Pa
PLUR I S AR, E LA 1 ¢/ 3 s T THE 2
500 CHF 23 M58 B AR AP 55 2001 ) . AH B2 K H
B SO R K VTR IR OO
YA JGAE 500 CHREZL 15 min , A KIS 5 mL /K,
BB E 10 min J5 5 FH AR BEA A HIG 6 A
BB Tl G T I E .

JT BT DX S A DUk B A B s o 1RO oy
IIHTEE (R 4) RW] T E AT R B AR
UL H, 0 A E ETH—EEI Co, IX 5 WAl
R HRELR SR co, BB — 5. A AL

kA /D8 CHy JH,S .Gy Hg 55 .

F4 TERTEKEEERSHINER (xy %)
Table 4 Gas composition of fluid inclusions from

Tinggong prophyry copper deposit (xg/ %)

FERS  CH, H,0 C, Hg H,S Ar Co,

TG208 - 99.045 0.144 0.142 - 0.67
TG235 0.282 95.954 0.910 0.097 0.078 2.679
TG302 0.315 97.622 0.381 0.047 - 1.635
TGB034 0.095 98.052 0.314 0.040 0.144 1.355
TGB708 0.423 96.396 0.996 0.126 0.167 1.892

DU <o R G b 5T L 3t 2 4y BELATT 9 BT ™ 400 5 R ) 0o 2
FIF GRS - (R TR A

TR CLEAAR B AT 4 R (3R 5) 8o T
RS AR B ¥ F 2 Na© KT .’ ik
BHOEMR Mg B TR SOl Foar .
AERRR I P B ER R TR AR AE
K SO MIAEAE U6 IR AAAE A TR A T = 4
AR (RARJE) . X T IR IR (M & A
2005b) JT S IR FAAT F- .- SO Nat &
HPREMRIRZ . RIS (2004) 7ERFF0AST 45 B
AT IR IR 25 I A W i B AR 2P Nd
St .Pb .0 S5 [F A7 25 B IR PR AR AL IR R T AR
] BE 5 UL IR N B A R I8 W R A
(2004) 7EMEEERAT VT8 75 iy dEAT () 3 58 Hi PR 5T
R FEMEERAT 4% G 7 B, R34 B P AT AR
PSS by NI SR GBS 06 oY Sl R AN T B St NG
HREIHY R 3R 2R V8 [ 1) 22 S 1 A AR B AlE i 5 | 40 o
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Table 5 Liquid composition of fluid inclisiors from Tinggong porphyry copper deposit( up/ 10~ %)

B F a- o Na* K* Mg?* Ca?*

TGB708 879 .361 247.743 2029 .294 1386 .684 1169 .381 30.439 109.075
TG208 279 .861 40 .185 >867 .857 448 .494 418 .714 20.236 110.150
TG302 112.657 166.010 287.286 453501 133.793 1.826 11.717
TGB034 95.604 146 .096 1005 .707 612.529 93.949 11.671 19.204

DA <o [ B2 e S0 5 M ) BELRIT 5 BT 00 8 R v Lo R AP 5K I 45 3R b Bl T RE i 1, O fCIE .
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Fig .8 Laser Raman Spectra and photos of fluid inclusions from Tinggong porphyry copper deposit
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(2) PR 2R

TR RS ) LRM 43T 16+ [ 3 s Rl 2
ﬁ%ﬁ?ﬁﬁﬁﬁﬁ%ﬁﬁf,{m“1ﬁ1X%§)J Renishaw-2000
B O AR B0 R SO DG Spectra- Physics
T THOEEE WA 514 nm WOLIHE 20 m W, I1HK
XEATER IR AR T I IS,
MRRZE SRR T IX T, AR AR RS
Bl Hyo b3, 1, KR T RUERSMTER 10
Vs BRI co, I 8a b ) , TBRE AR |
WAHR I, Hy 0 A (K 8d) . HUIILAERT (10
ROFEAMRAEAE W Iy 22 7, W] e AR R A AN TR
IR 5 COy S TARAETAR R A o I I8 D0 2 13 N
ST WA L Hy0 b 3

N

3 e

H2HGEE WK —FE T BT Rt R A&
D AR LA I — SO i R TR B R AR
L 1 VIR R R AR BoR s o R R
AL IE S AE ( Roedder 1984 ;14 52 BE4E 1984 ;7K &
B4 2003) HE LA S B IRAEE % 5,
UNAE T B A A0 S o s B 10, 88 1A #E UK
e IR )4 AR A R IS (W A
2005a) .

1L, REFERAEAR T A SRR I A
WEARE eS80 A L Ay X Jn 3.
WA, 1L RAZEAREAT gt LUT )L U8
F¥%( Roedder ,1984) : i 3RIIN Nacl ANHLATIE &)
PR L BRI T et 2 TAD I LA AR . 2
H NN SRS B IR A SR 2 ARG A #h 45 8
@R IAE N NaCl R AR D> A )
P LFRAR ; @] e e & 0 Y R R
JEEF ISR . 3T T AR 2R A T
GBS R R g o] B AR B B R
O A SR NaCl TR R WAL ¢,
(NaCl) 5ty v ANIZA K KR ZEER 17 )T 5 2R
FLEAR 2 0] Z2 B i KOk 200 °C ; @ SRl 3R 1) 42
RIS R AN —H 3k e R A Ak (1) 4 2
ORI 12 K ZINAS— T AR 3 v IR S A AR 1 A
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Study of fluid inclusions from Tinggong porphyry copper deposit
in Gangdese belt, Tibet

YANG Zhi- ming' *, XIE Yu-ling' , LI Guang- ming’ , XU Jiv-hua' and WANG Bao hua*
(1 Beijing University of Science and Technology , Beijing 100083 , China; 2. Institute of Mineral Resources, CAGS,
Beijing 100037, China; 3 Chengdu Institute of Geology and Mineral Resources, Ministry of Land and Resources,
Chengdu 610082, Sichuan, China; 4 Guilin University of Technology, Guilin 541004, Guangxi, China)

Abstract

The Tinggong porphyry copper deposit ( PCD) is an important deposit in Gangdese PCD belt. According to
a detailed study of quartz veins and quartz phenocrysts, the ore-forming fluids of the Tinggong deposit might
have been derived from magmatic fluids characterized by high te mperature and high salinity . Boiling , as shown
by coexisting liquid-rich and vaporrich inclusions with similar homogenization te mperatures , must have hap-
pened during the ore-forming process , with the copper precipitation occurring in the te mperature range of 340 C
to380 C. Laser Raman Microprobe Analysis ( LRM) , Quadrupole Mass Spectrum Analysis ( QMS) and Ion
Chromatography Analysis (1C) were performed for fluid inclusions from the Tinggong PCD. It can be concluded
from the above results that the ore-forming fluids are rich in Na*, K', Ca’*, F~, CI” and SO;" as well as
small amounts of CO,, H,S and CH, . Ore-forming fluids probably partly originated from deep magma exsolu-
tion, as evidenced by the existence of IIl-type inclusions .

Key words : geoche mistry, fluid inclusion, exsolution, porphyry copper deposit, Tinggong, Gangdese ,
Tibet





