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Abstract Porphyry Cu deposits are usually closely related to ore-forming fluid with high oxygen fugacity. The Pulang complex,
parent rock of the Pulang copper deposit which has the largest single ore reserves in Asia, has oxidized magma characteristics, but the
mineral assemblages and fluid compositions are consistent with those of reduced porphyry copper-gold deposits. The minerals in ores are
characterized by large amount of pyrrhotite, the assemblages of chalcopyrite-pyrrhotite-pyrite, and there are lots of reducing
compositions, such as CO,, CO and CH, in the ore-forming fluid, and with £, values below the fayalite-magnetite-quartz oxygen
buffer. These reduced compositions probably originates from the carbonaceous phyllite that surrounds the Pulang complex or the deep
mafic magma. The copper solubility in reduced ﬂuid is lower than that in the oxidized fluid, but the gold solubility is not affected by the
redox conditions. The CH, reduced the SO, into S°~ which is the basic material of molybdenite. The reduced ore fluids are probably the
main reason of low Cu grade mineralization but with massive Au, Mo mineralization. The discussion of reduced characteristic of the
Pulang copper deposit benefits the further studies of the deposit genesis, and the metallogenic mechanism of regional porphyry deposits.
Key words Pulang porphyry copper deposit; Pyrrhotite; Oxygen fugacity; Reduced
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HFERE (Kesler et al. ,2002; Cooke et al. ,2005 ; Patrick and
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(Kerrich et al. ,2000 ; Richards et al. ,2001; Richards,2012)
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Simplified geological map of Zhongdian island arc (after Li et al. ,
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et al. ,2011) . [ 1999 4R A LRI X% IRE T T K
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# (Nb Ta Ti) S4HEME (¥ 8% 55, 2007 s (L VL 45,2011 ), O
B 9IRS 5 A B B R A R TSR 100 2k e B (AR S T B, 4R
PR R, B AR B TR A DR A S AR A A B i RRRAE
IR, FA Il BRI TS e B W) 2 & S A 18 73 5 3 D v
B UG B R AR — B30, T WS AN [R] T S A B e 2 i
BHR e RTL H VHRAT R N PR SR O A A AT
AR SRR B T RIRA S8 %, JO RS RS A L
WS RABTTE o I, ASSCHE 2 58 Bk 3 B 50 6 PR A B A0
L7 R 7 R RN B 2 T o W v VI R BT AR 9
AL TR AT PR 8 57 7], PRI vk i A5 A A T
T AERA AR A Cu dh AL RAR T AR B Au 67 LR AT RE
JEP, S TRABIEFE S B A PR L 28 DX A B 4 PR 1) 8 I
SR AT AL R AR 4

2 DXBURW R

e BASRAT R AL T SR IR o 1 Hh A K, 3% X = T
P S EE AR R A Z &Y T —
(XBZEEE,2011,2012 ) , AR R g &6 02 H -3 5 AR B 45 &
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TN EE =S R I 4 65 o IR R 2 2 K
e, h—E Ak l-piEs (B 2) , EMEXAEREATE
WA PR AR A A 22 LU T AN 7 NW ) J A,
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Fig.2  Geological sketch map of the Pulang copper deposit
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R1 LTHRTRREERENSERS HHER (mol% )
Table 1 ~ Gas contents in fluid inclusions from Pulang copper deposit( mol% )

5 LR CH, G, Hg CO, H,0 0, N, Co C,H, +G,H,
PD3900-B07 iy 17.019 0. 003 17. 944 54.012 0.417 2.766 9. 540 0. 013
PD3900-B13 A 1.014 0. 002 13. 067 75.413 0.574 10.792 0. 358 T
PD3900-B29 FIE 18.748 0.011 13.467 59. 652 0.133 1. 874 7.321 0.014
7ZK0104-B05 iy 23.472 T 11. 152 52.215 0.032 5.766 9. 868 0.017
ZK0403-B02 Vay 0.712 0. 003 25.044 68. 487 0.423 4.763 1.410 0. 008
ZK0403-B07 18 10. 837 0. 008 9. 693 71.343 0. 059 6.791 3.033 0.031

F2 LRETRRESRERARSMAER(x107)
Table 2 Ton contents in fluid inclusions from Pulang copper deposit( x 10 )

Feim s Na* K* Mg?* Ca®* F- cl- Br- NO*~ 80,2
PD3900-B07 2.344 3.532 0. 675 1.330 0.415 4.197 0. 000 1. 436 1.962
PD3900-B13 3.441 2.217 0. 043 27. 640 0. 497 22. 641 0. 000 2.421 1.920
PD3900-B29 5.764 4. 693 0.776 3.475 0.329 11. 875 0. 000 0. 000 1.254
7ZK0104-B05 2.019 2.819 1.078 2. 602 0.362 5.958 0.133 2.073 0.339
7K0403-B02 4.697 5.159 0. 841 6. 039 0.238 13.384 0. 000 1.931 1. 154
ZK0403-B07 3.416 5.564 2.041 4.491 0.201 12. 669 0. 000 2.446 0.632

B3 R R i A

(a) - BB -GS ok s (b) -BIHCR AT JE- B B B k- 35
A1 (o) -BEHA - BB -TE BB 07 415 ()-S5
TR LA TR s () -0 SRER A IE A, 0
R BRI IR B 5 () -RE 38 B 5 2 gk S A, W] B
ST B HS B8BR 2 BT T SRR 5 () - S BT - B A ik

Fig. 3

Ore minerals and its association in the Pulang

copper deposit

4.2 REBERMEAENR

A B4 AR e A 3R P A ) A AR SRR A A
AR R (£ 1) R AT LU S, 20 R S 53 DA
H,0.CO,. CH, Fl CO N F. H,0 & & f & & 7] ik
75. 413mol% , - 34 & i H 63.354mol% ; CO, & &
25.044 x 10 " mol% , F-35 & 1 9 15. 061mol% ; CH, & & 7R
AN EE T B R 23. 472mol% , -2k 11. 800mol% ; CO
B ao 5. 422mol% ; 3 5 A i CH, + CH, o AR S
(F22)HEBETLLCL 3, & 4. 197 x 10 7° ~22. 641 x
1070 SE3 4 11,787 x 107° 4 T 11.875 x 107° ~ 13. 384
x107° Z [ Hyk oy NO*™ Fidl /b SO,° | fii & b F
1.931 x 10 ™% ~2.446 x 10 = Z |a], SEH{E M 2. 061 x 107°, 5
FHAEPTF 0.632 x107° ~1.962 x 10 " Z i, SEH{E K7 1. 210
x107°, B FRL KT Na® (Ca’" N, /AR m Mg, H
K AR 2,217 x 107 ~5.564 x 10 %, 23 47 5. 331 x
107 °,Na* &0 2.019 x 10 ™° ~5.764 x 10 ° | E-¥5 % 3. 614
x107°, HrfrNa*/ K* KZ/hF 1,

4.3 |REMITE

SIS0 €IS I R R 7 N R AT N R S A<
CO, .CO Il CH, ZEfi 5L 4y, )& H,0-NaCl-CO,-CH, & %, H.
WL LU P A5 AR A T S B b ARAL T B 5 3K -
PR N E S N TR A A N LE Y VAN e EOR o i B
PR A R A R R S A AE E
KW, 3% 26 ) AR L S L T S T AR E P RS NET
2. 0C" i AR 43 P BRAG 2 S B0 T SR IY (1 s R A
SFRIET R (EFOERMERLE,2011) o MR AG L
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Table 3 Oxygen fugacity of fluid inclusions in Pulang copper
deposit
BB vy T EE DY g

PD3900-B07 A 342 215 10 -3
PD3900-B13 A 223 150 10-%
PD3900-B29 s 400 283 10°%
7K0104-B05 A 325 274 10°%
7K0403-B02 A 248 144 104
7K0403-B07 A 353 235 10~%
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DUAE B 6 AN it T A 2 (AN 5 19 24— TRLEE S 0, I
FOVS{E AR R P b i AR 2 5 R i L L R TR
T3 WA RS B SRR, A ARG (L (R 3) «

5 Wi
5.1 TBART ARBYIE R4S AE
5.1.1 7 pams

55 24 R RE 2% VY R AR 9T 7t ) — R 81 AL
PEBREE AL PR ANAEHR R S AL 58 & BB DA™ IR | A1 B

x4 TR ARSEUEIEERT RRER AT KEFHEX L
Table 4 Comparison between the Pulang copper deposit and oxidized porphyry deposits and reduced porphyry deposits

FH) HCRALE TACRER T SRR R ik P-TX
g LR UGS BOR WK AR A SR B CRBT EE o v
S ST R RGN BEGEE IR, TN TR AS) Cee 2T
=EVA g B BemathfL) Mo-Au( Ag-Ph-Zn Bi-Te-W) -
e e BORLRUCR BRI, B, T S SR R (FET H,0-NaC1-CO,-CH,
L TE B RRTERE kgt B ORAL B 5 IR T (RS Cue 140 610
e - BRI b Mo-Au( Ag-Pb-Zn Bi-Te-W) 50 ~200MPa
N KR 0 kR B AL e HCHT BT R (R
WHTEH o o e AL REAL, 95 N H, 0-NaCl-CO, -CH,
wigpk o DA R i ae ) ARE) 150 ~ 460°C
JLA B BB B R 28 AH b ( Williams et al. ,2005 ; Kirsch,
2007) , i JEHEBE IR PR P AR S S 4 R B AL i
800 A A R X T AL T B S T TR 0 BB 4R AR

T(K)

-50

lg fo,

B4 BALBRRSEAERAE T-1g fo, I 1 9P G R (Ha 3
R4 ,1983)
[ LTI N O 1 1 A v N b 03 S C D R 7 R
PR MR 7R SR 7 PR o 3 R - R B LA (IXT) 1)
AEHI SR EZ T R P (x B ) o 1 P9 S0 B 8L Cy ) IXC)

Fig. 4 The balance between ferric the sulphide and ferric

oxide on the T-lgf,, diagram (after Huang et al. ,1983)

(Rowins,2000)

T B DR v 4 4 LA B - R T
F, HRJEHREE BT K —B(3K 4) , TIA KR AR B
PR AR S 0 VA MRV R T B RALE i 430 8 ) 5 A i
W HBLRER (B B2 0. B 4 WiRIE G s gk 5 gk
0" + WERRAT LA SRR 5 R R 1 2 - 34 2 5 2 il B
PR I FE - SR P e ( B RO 45,1983 ) e ) L I T4y
SMRER T IR 2H G R B DX T o %o 38 B i A DR o R
KB WIS, HIE R4 %) i B AR P T 223 ~ 400°C
(3R 3) i XAAE 1 X, 1gf, (DT -43 ~ -32,3F
B S Y 88 R TN R, OB T A0 B PR SRR B8 (A5 5 9 55
2011a,b; X3 %45 ,2010a,b, 2013),

7E Cu-Fe-S-0 45 2 fb 3% J2-pH K ff bl UL (151 5)
WK R R R - BB A S A R TE
VISR, Xof o7 SR 2 () X B 2000 — 41 ~ =39, 5 & 4 v T-
Lofo, U2 1 B9 S HE X B ( - 43 ~ = 32) BUNWI &, 3%
SR A BB I P 3 SR R A o T 3 D B S A R
o AR AR ) SR B A5 Cu A RS 55 e SR JE 251 T
B A PRIME (Rowins 2000 ) , 78 45 5 R B2 (5% NaCleqv ) AHXS
M5 FAHPIB AAE 300 ~700°C Z 8] F1 0. 5 ~ 2kb R, 4 i)
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34 32 30

K5 Cu-Fe-S-0 45 2L A& EE-pH &1 fi# (45 Hemley
and Meyer,1967)

XTI~ VIZRAEAE — & AU BR IR BE R 2 B pH 254 T BB LR
AEPIHE BRALI AL A IR TR s KB VIR T 3% B8 IR o K & 1Y
R B - SR RO 2 BEARTE x il B A BUE AR R A
3 X R EE

Fig. 5
1967)

Fugacity-pH diagram ( after Hemley and Meyer,

TR EEAR 1 ~2 DR 9 (Hemley,1992) 11 Au FEA A2 4
SRR, ] REIX S T O W Cu S X 7 AR i
Au ARXF A AL B — L1 S

5.1.2 RARLR

KEWF5E F£ M (Sillitoe , 2002 ,2010 ; Ballard et al. ,2002;
Mungall ,2002) , BE BT R SR It 1A% 32 % Sy g 408 2 e 46
FE R TAR AR A3 R IR T BT AGR EE (f,,) —
TEAR -2 (NNO ) FIAR Gl -G B (HM) 5822 w7 22 [1] 72
fbo BB AR S KA W B F 2 H,0.C0, . Cl™ (F~ f1 S
(Deng et al. ,2010a,2011) , iX TF 228 K ER 7 BE & B PRAE
OB AL S I B 22 AT e AR AE o AUt B2 A R R AL o
BR AL LA B R A B A S R T SR B S AR TR A T A
Xof S SR FAB A A S AR T RO A - - A AR
ZZ 05 (FMQ) ( Rowins ,2000)

e IHT R AT A Hh i R CO, (CO Al CH, S5k Ak
153, J& H,0-NaCl-CO,-CH, A& (£ 1), £ T H5E 5
ACPEBEA AT RAS [F] AR, T 55 340 i 1 B0 o TR DR ) 3t A
FROTAEL(FR 4) o MR R R Ak BE T B A5 R (% 3) ]
lefo, B T —34 ~ —48 Z |, 5 YA GHEM LR ILiE—
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-50

450 I 5‘50 ] 6‘50 I 7|50 I 8‘50 [ 9‘50 ' 1050
7(K)

Bl 6 CO,-CH, J & WA Hy 5% vh 2 505 B -1 B Il (4l
Takagi and Tsukimura,1997)

HM SR80 -RERR ™ 5% w28 FMQ S BRAONE -G R -1 95 2%
TR 5 AMQ Ay 380380 W 1 R - 41 3 22 i 4% 5 K 8 IX 33 €O, -
CH, ZEMr 43 A DX 1] 5 28 5 A i B 3 4l R i B0

Fig. 6 The f,,-T diagram of CO,-CH, and common

minerals buffer lines ( after Takagi and Tsukimura,1997)

o WA, TE CO,-CH, L2 DA™ 1) 2% vh 28 S 1% JEE - Tt V1
ECIE6) T AT 31 40 J3E AR T B Aot £ -k 8k 07 - 41 0%
(FMQ) Z& ], 5 if v B B IR — B, 7R i #
CH, 7E45 € fe 2 W) B Be 5 SO, A= e 0, JE AR H,S Al
CO, , T 1 BRERER W AFE A, AT LA s (A i CH,
1580, RBIERI CO, 5 S* B E ok & & i g4,
Je A MR JORE ST 1) 2 22 5 1 (AR ST 5K 48 22, 20125
Deng et al. ,2006,2010b) , 33 s i/ g 2 B 7 b ff A2 K AT
WAL RN o

5.2 EUMERETREREXER

5 9ICHT AR il e R I 1 28 38 B JB o il LA
151 9 48038 B (Mungall 2002 ; F 514 ,2008 ) , 53¢ EF-EA S
S I AT K 2 G B O S 4% Y i, DA TR
Cu Au SETE R B E R, LB S RIIE XS &K —ETH
(Sun et al. ,2004; Yang et al. ,2007a, b, 2009 ; JF Iy @ 4,
2009) , LA FRA RSB TE A IR . 385 AN A =
SORBEANE T B PB4 K 2 500 50,7 il S0, JB Ui
TRAERERRER IR A P, Cu B Au N ERIICER , B 4560 St
R S* KEAFE R 2 F 3L Cu Au G643 1 AT 5o
WAPIVE , AP T ERA I h 5 1 s L IR I B S 0 5 2R
T8 W, BRI AS 1) T8 IR 19 T2 A ( Richards, 2003 ; Sun er
al. ,2004) ,

EA DRI (R BUE S 2007 ; AETLIESF,2011) , 5
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F5 HHEREM Fe,0,/Fc0 5 Rb/Sr $11E
Table 5 Data of Fe,0,/FeO and Rb/Sr
KRS HIRBRR Fe, 05 (wi% ) FeO(wt% ) Fey03/Fe0 Rb( x107%) Sr( x107%) Rb/Sr STk
YS1 AW KBS 1.07 2.17 0.49 145 499 0.29
YS2 AW KBS 1.59 2.75 0.58 126 606 0.21
YS3 frie KB 4.47 2.28 1.96 151 478 0.32
YS4 A KBS 2.14 2.84 0.75 210 244 0.86
YSS KA 0.9 2.17 0.41 168 536 0.31
YS10 i PR B 0.09 1.6 0.06 114 686 0.17
YS11 i;g{tg; 1.07 3.27 0.33 154 752 0.20 FHiE#e,2010
YS12 Ao KB 0.54 3.36 0.16 149 606 0.25
YS13 AW KBS 0.01 0.72 0.01 63 801 0.08
YS14 AN T 0.52 3.55 0.15 140 845 0.17
YSI5 AFENKH = 1.32 3.95 0.33 75 714 0.11
YS16 ABNK A 0.84 3.52 0.24 82 813 0.10
D4 AN A 2.24 2.21 1.01 102.9 981.6 0.10
D5 AWNKEy A 1.65 1.76 0.94 187.5 691.7 0.27
D8 PN H 1.23 1.24 0.99 48.1 736.2 0.07
D9 Ei:}jzz\g 1.56 2.32 0.67 100.4 1176 0.09 et 45,2009
DYS21 AW KBS 1.82 1.99 0.91 156.8 704.6 0.22
DYS36 AT RKEBEE 1.77 1.76 1.01 149.9 464.1 0.32
S BRI B —— % B P T 5 IR, 107 pr T Ty
5 T BB IV R, FL e 88 40 E , 15 A M B A :
PR PR 6 5 A VA B R E R 28, AT 340 i G 1 B 5 L 47 Lo TS, )
o (ARG LA B AL AT, £ B2 R0 P A s S e
WL — IR, ERBHERER R AR Q10 E . AR Y3
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