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Abstract Most porphyry Cu deposits, a main source of base metals, occur in continent and island-arcs. Cu-bearing felsic magmas
were widely regarded to be: derived from the basaltic paternal magma that was formed by melting of the mantle wedge , metasomatized by
hydraus fluid released frcm the subducted oceanic slab and then evolved by crystal fractionation with or without assimilation. However,
the data we present here indicate that a Miocene porphyry Cu belt with large mineral potential occurs in the Tibetan collisional orogen,
and Cu-bearing porphyries show the geochemical characteristics of adakites, which were mainly derived directly from the thickened
mafic lower-crust or the subducted New-Tethyan oceanic slab. The porphyry Cu systems developed during post-collisional extension
after rapid uplift of the Tibetan plateau before 13 ~ 18 Ma ago. Like arc-transverse faults in arc settings, SN-trending normal faulting
systems across the Tibetan orogen resulted in rapid rising and localization of adakitic porphyry magmas and sufficiently separating of
large-volume Cu-bearing fluids from the magmatic-hydrothermal systems.

Key words Tibet, Collisional orogen, Adakitic rock, Porphyry copper deposit, Tectonic control
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Fig. 1
on the Tibetan Plateau.
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a. Simplified tectonic framework of the Himalayan-Tibetan orogen; b. Sketch map of the Gangdese porphyry copper belt

WIMAT A FRRATIER A (A 1b: Coulon e al. , 19865
Durr, 1996) . RUEHTINIE <& h 5 ZLF R
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WRIRAE T &R A ( > 2mm/a) (Harrison et al. , 1995),
TR, BREASEA MR LR A Cu - Au 7
6o 7E13.5 ~ 14Ma LIRT, BR R4 T AT o 4R 1 A
(Coleman and Hodges, 1995; Bllsnluk et ol. , 2001) , BT
BRI R EE RS (E A LR
At 150 R AT B AR 40 2 1 B A o T S A - A R A
HWER AIHMC Ay P Ar 5£#8 2% 13 ~ 18Ma( Willams et al. |
2001), /&y 12 ~ 25 Ma( Coulon et al. , 1986; Tumner et
al. , 1993; Miller et al. ,1999 ) (B 1), fEKEE 54 ik
BREY, ST RARBUTNRNERAEUR=B -1
EL2HED, R T — KK 350 km, 5 30 ~ S0km A B 444
T (B 1b) o XEBAKEE ERFERHY, F17T KK
iR RIS, NS MM ENES G, 2T
LIEMZERE RO R ER NG AP, Kk fge
HKRREME R GRS T ST RANRSEM (B 1b),
BAEKAY *Ar f1 K-Ar E RS R, S EREE K R4
AT 17 ~12 Ma 28], KB FHEMZE 151 Ma £ 4
(RS, 2003b) . ZERIBELATE A ENFE M, QAR M
FORRILA 0, LB RIS T BEE MR E A, oW % 4F i
(“A/ PArd:) 4L F 16 ~ 10Ma 2 (8] ( Coulon et al.
1986) , SETHAFRMY, BR, XWhFHEEED
RBETEX RS A R S (18 ~ 21Ma; Copeland et al. ,
1995) FBB HL A M FRIER 25 (19 ~20Ma; Haensor. ef al. |
1992) , RATE/S T BIRE,
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T R L IR, B R AE 5 B IR M BEE R
BRARDL
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ARBEXLTURE A, MEABOR R R % £, fnH
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SRR, kR YRGB 0 - B0 R %
Y- R A MRCRT R AT R HE , BURR
TRNEET -RRHT R RT- AT A4, B L
E HEZERE, -RWE, 2hESE0EH0PL. R

FebE , BASNE M A = B L B AL AL DL R B 48
I, REART XMMERE SHERERRAR, B
A HASEBACUER RE . ERENETH, o
5 RIS T % B i R 26 B R LA R A0 A 4k A
ROREERIER) BRIE>Y, BRE NIRRT,
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MRA A ET FHRT EREWT AT YEET Y
Re-OsR i R AW L RITIRE, E1¥H%(2003b) $RiY
T KRS A L BT R = BEA T K45 19 Re-
Os Ry REW, XEHEHET & AT A RARLOR, 405K
A, YHE AT - REV S8-S0 EEy-
AX, BREET URRMNT UASMFRRNEBER Y
A, BERERLYIANTRER =Y, BERENSITR
(Minster et al. , 1979), B A4 5 ¥ Re-Os SRR ER N
14.76 +0.60 Ma (20 iR%) , MILHB" Re-Us B ER N
14.00 £0.43 Ma{20 iR35) . 3P 2ETBIMEHT A Re-
Os B9 08 43 5020 13. 59Ma #01 13. §3Ma, j&] LA | P 25 A
LERBE--B, AR 3 MRRERT —&USE
TREHT Re - Os PI4x, 4EM N 14.09 £0.77Ma (20 iR2),
XE Re-Cs AU RFR RN, BRER=AHI KIS H L
HEELELHAR BREEF—HNSRER, 385
P BN REFRAARE—BE RT3 L ERA
ARG, AP ERYEE TRERBENBRINE,

5 AXEAN

MRGH ST RETEN - KERBENARE K
M RSB R GHEHES, BRRUKENE,
KABEMANG KPR AEA G 0%, SGRELHA/
RREHERY (B 2a), BH R Si (Si0, >64% ) Fl # Al
(ALO, >15% 7 SiO, =70% ) ¥¥4E (RS, 2003¢), 5
AT R SRR RA A, LIRS Mg" (Mg Y/
Mg** +Fe*” = 0.32-0.74 )HIZ K (K,0=2.6-8.7 %)
RFFIE,

PIRHT 8 5 T4 B 4 LILE, 3w, Rb L F 41 ~
494pg/g Z|8], Ba TEALF 555 ~ 1242pg/g 2 JH], Sr @ik
903pg/g; AT H HFSE (Nb, Ta, Ti), SME FXMT 52
AR PR (25 ~ 12 Ma) @K - BEF X 1LE (B 2b),
RAABMH HREE (Yb: 0.94 ~ 1. R2ug/g) MY & #
(Y=10.56 ~19.31pg/g), LI REERH S/Y F La/Yb 18,
MFEO¥MEZRARFTBENRETEE XA (E 2c;
Defant and Drummond, 1990; Rapp and Watson, 1995)
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Fig.2 K, O0-5i0, plot (a) of the porphyries from the
Gangdese porphyry Cu belts; Normalized ( by MORB)
abundance patterns of trace elements (b) and Sr/Y plotted
against Y (c), indicating that the Gangdese porphyries show
adakite magmatic affinity (Defant and Drummond, 1990)
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0.7075), HEBAR FHERRHF BRME RN L ERE, I
adak 5 (Kay, 1978), Cook % (Stern et al. , 1996) 1 Cerro
Pamba 1A %85 (Kay et al. , 1993) (H 3a), MRS
FHFE R KA Cordillera Blanca BXFRBA H—F( Petford
and Atherton, 1996) , 7£ g,,(t) - (375r/“5r)i@¢‘v A/
SV RAETILFRS A T MOMB ( Mahoney et al. , 1998)
Sepg i 48 8 5 ok & (Miller et al., 1999) Z 6], kb
MORB 5T R AR A M (E 3a),

XU HT 8 B3 A5 8 Pb [R) 02 3 41 AR LA 48 XF R 25 iy
2 Pb/™ Ph AN S LB K 9™ Pb/™ Pb (15. 502 ~ 15. 626)
*®ph/*™Ph (38.389 ~38.960) HHFIE, 7EE 3b PR —%K
ETEAMES, G FIERBHL(NHRL) Z b, ZEH
AP 35 53 B %4 B F MORB 1 5 %7 it 48 48 i K 1L 2,
B 5 # /5 MOMB ( Mahoney et al. , 1998) HEHBME
(B 3b), SHRBMMHTAMBIET AL, XM FHH
ARALLMERREN Pb/ P 1, RYREHEEE
BUH LA Pb,

B2, NEFSHERAGAFIREF A MBRILEES
t, AR, SRR R 2tk

6 A TBE S R

Mo RAR A BB ZHil R BRE RS
MREBAE, BAYZHR AT MR EBER TR
BRXR—MEEIAAEEER ARG ARENKREY
41 (Defant and Drummond, 1990; Peacock and Rusher, 1994 ;
Sajona et al. , 2000; Gutscher et al. , 2000) , B R, BEMBF
REH, A ARMER T UABREA R AMRE, o
AFC ;3% (Castillo et al. , 1994 ), F #b 55 45 B ( Muir e al. |
1995 ; Petford and Atherton, 1996; Zhang et al. , 2001; Xu et
al., 2002) MFI AR E T ABE R S tu b MM A B
(Keleman,1995) %, ZERBEMRHIH , S AR A AR
FHEOEERDHFHBEARALE, TEAREN
(S1/%Sr)  HeAB( >0.7150) 1 K, O & B LA RARMEAY ey, (1)
HAE( < -12), HA&F AFC i1 12 8 A R RETE 5L K i i 45 49
RRERRE (B RHE 3a),

ENRIHHERE RS S, ST WAHATRITHR
MEEHEM Eu B, RBREARBEREHKA, RER
BAHEXHMK A, A48 NAP A (/A 2b) f1 HFSE MBS
B, RAKEXBRXE—FHE KRB ARG N MRRE
EHAOA A NS (Defant and Drummond, 1990; Defant and
Drummend, 1993 ; Drummond et al. , 1996) , K& /K & 4R
BommdBRSe, Nb WE TFi# AMNG S (Pearce and
Norry, 1979) , i Ti W £ B4 P F BB AL 4 41 % (Tatsumi,
1986) . BEH) Yb 32 FU 5 H A1 LREE/HREE 38 R A8 th
B, EREREREERANERER ARG RNAEREKX
29 10% ~25% B9ER 5345 ( Defant and Drummond, 1990) ,
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Fig.3 ¥St/%Sr versus '*Nd/"**Nd diagram (a) and  Pb/*®Pb versus **Pb/* Pb diagram (b) showing the isotopic signatures
for the Miocene adakitic porphyries and related potassic calc — alkaline lavas in the southern Tibet

ENRAE, REARREZVARMA MRS, Bl
BRZRATHFEMM R ERR . TLATN, B
FIBK I K Rt R B T AR ( ~ 70 km) KRR T 54 MBORL
AT AANBESSARAMAEM. L, X&
THRARKEZEFRBERER M EELEBRA. €A
WES, A RESE RN S EEE T HIR
Babusar Pass #f1 [X #1 Ladakh ) Tso Morari %5 3b g 3158 4 &
(Pagnant and Spencer, 1991; Le Fort et al. , 1997; Rolland et
al.,2002). ZENXERTINEEEF S - Kohistan AKX, HINE
KK THAEYE - SABAMANELBEAMBHEK, 3 N,
Sr # Pb AU KA R BB T R+ 2 HIE T 5 58RI
MORB (Khan et al., 1996), ZEARWELAFME LB KX,
ARARNAENARAOEAASHE BRI (Ding e al.,
2001), Fh, A NBERMBRR A #' N/ Nd (0.5125
~ 0.5127) F1 ¥Sr/*Sr (0.7044 ~0.7047) (T H, A
W), +48IEF Cordillera Blanca it X 3% ik 7% 5 (H 3a),

BRILTTSh, ZERRHPEEY, RERT VRN KECkd
ERFHEE R KLEFHERHE(Miler et ol., 1999),
H Nd-SrR AL RAFE AT Sh B AR B IRIA T A X e (KRS,
2001;Xu et al. , 2002) , ¥FGEBEF BB R, 7 e (0) -
(S1/%8e) B L, FAT T EDEET- TR B B G & TSk o 3%
BULATHERES, BHAZE THTS MORBIRAL L
(H3a), BARARBBANTREEWERETBP TS
ZTARBRENRABEYEMAMRS, BIEETHE
BA R ey - e BHFEE, B4, MENRERRIAN
Nd-Sr R A B w] LU T sb e 4 SR ER 4 i B s in & 48
HuWB T AR LR IR SRR R

it —HHIEEERBY R (ER) MAR AR
BEATTEEYE, RURHTRE R BES BB 7€ Rb/Sr-La/Ce
A Rb/Sr-Nb/U EH (B 4) , 81 F Nb/U fil La/Ce ZEH S
EMAGS RS R AR 8 (Hofmann er al. , 1986),
G Rb/Sr Al Ut R A R, Bk, NRMREA
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B YA FsE R/ RS mA . B4 T
R, NEWBRATTAR S AMA, —HURGRERNE, U
B K,0 (4.24% ~8.56% ) R & (¥ St/* Sr), (0. 7062 ~
0.7069) ¥EAL, 3 Rb/Sr th{H >0.56, ek T E#zEYE
BE(EH4), A—HAXBLEFHA, H Rb/SrthfE
<0.56, AL T F #u7e sk WARE L E 5 hHi B & R
AZE, KRBT ERBBEYROMA, XFEEMDEF
VE-FHEERRER, SVRKNRERTEXKES,
AL ARRR ST A Mg ERE K,0 58, A
A LA RS E B9 Sr-Nd-Pb R R AL (E 3) .
FERBRIARRFA MR~ RENES, RO EE
BB LR R K B 2 B RS BT AR R SR, A
He @A 7L MORB AU, IEMEH RS (2003c) F Gao et
al. (2003) Fr i, thFE@#E75 VL MORB &5 43 #5 b /™= A Iy 3%
KARMEEASKEBEBBRNBIBERRERS,
B AR R MR B A R BRIL R . R HEB RE R,
R eh BB A PESEAR B 3R B 7 P b 5T 30km YR AL ( Makovsky et
al., 1999), HHEGEE KR, BRAGE N K K BE 8
HBERE., KBABETRATTRRE M TS AE S, H
B E T T 5T EE R0 v T B AL, 5 T BR

YIEBOR R, AR T T T RER, N T R E R
BA. W TFPHiAKTEYE LS, MRt R
MorEm I RE. B2, KRB B K b5 WL it 2R 4 2
PR E@n T T AR FMAE, BANERARBK
TEARHERR AR ¥h I FEAR - BB S I R AY T BB

7 REEERR

RiptaEEE

KRS & WFEE RICFR PRI HERa R T —4
P EEEREN, W B AR T 0Ma LIRIE 24 1LH
AT S B SINAKES . KERFET HH
ZEBRHHRE FERERR, FAET ™8T RIERRER
FHEREREMRASE, wEMRERESHEERKENR
R, RS ERAEELE 17 ~ 12 Ma AR ENERE
fbo EROTRME N EHERNEAEML, RESBTH
MENZREATHERER, NEFRTHHT KM
ABARFFR A RERHER. #7274 8 B
REREATERERELCHERKO T EAR, HXH
A RABH BT R A A B 69 P (] % 350 (240Ma) BRI R
JE b (Turner et al. , 1996) . [IET, & B IR A0/ SLAR (o
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Fig.5 Two possible tectonic models illustrating the relationship of breakoff of the Indian continental slab since 25Ma and post-

collisional extension with Cu-bearing adakitic magmatism in south Tibet

R T LAHEBR R R I R R T BB, R EE I REfE R R
BRI B BOBLE AR ¥E 7E (Ding et ol , 2001), PR T H#17%
SRR S A O BB TT BB A IR Ok R R R B, S
5 &l A B 8 )X L 95 ( Houseman et al. , 1981;
Turner et al. , 1993) , B3 8 11 {Ff rh AR B 73S ( slab breakoff)
% L H (Maheo et al. ,), Miller et al. (1999) Fl Maheo et
al (2002) R34 5k b g of A8 18 M g b B tHE 6 T — B ok Ll

HWHIRE ; Tumer ez al. (1993) FAE £ B b8 A9 X 3088 K
AR 13 Ma DIKWER A, 3870 o RS b /A B SRS 2
AHHRERERET. RITAN, MRS AREH Rt
Rt K L EH(UR TR, WRT —%&
KERTABMBREN “AREH", ARREEERMNE
EiFRR, EREERERBIREE ~ 25 Ma JF iR H BRAYAR Sk W g
AREEH T HHH (25 ~ 17Ma) EH FAH K R H (Maheo et
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al., 2002), & LIEBHKRTEBLET TN
R, PAERKTAR (1T ~12Ma) . [RIET, B BE 4 Sk A 4k
STUL, aRefds T HRMB M KA EBmEdLY R, S35
AR BSEE, R A RIS NABE AR A
(13~0.3Ma), I FRETERKBEX K, HEHHEHSS
KIBA, Hilt, REEXESLRIEMS, L TFHEL
To BERSREATERTS, A ABZE KB, RT &
JB %) 718 L) ¥k £ (Silliton and Thompsen, 1998) ,

7.2 RiEgisEe

FERBE %M & INER 8, & B A/ BUPATINM E BT R
BHER AW RET K, TEFRRRE L HF, AR 26 @ A ok
A RG] ¥ IE T2 BT b g 3 3k 72 A R R A RR AL
W, HRAET RARRRSE (ES5a,b),

IEWT 2 ¥ #4 8 8L AT 18], K RE 4 14Ma 3] 8Ma 2 [A]
(Coleman and Hodges, 1995), & dt K4 7E 13. 5Ma £ &
(Bllsnluk et al. , 2001) , XIJEEHR47 G SN [a) Ftk AHEAE 13 ~
18Ma 2107, HER B S 2V 7E 18Ma L A FF IR R ( Willams et
al., 2001) , MREHHT LER S5 ENEE R MR AH
—HE, NESRET T EFARENBRSMUK I5Ma £H
ERRNUBEHUR, XS ERENRERRBREBENER
Wz SR 4L T 38 T FH P, 7R 7 (a] {60 FR 4E FLFLIE 57 2 (9 0
HERN I RABER.IREEFEZCER BEAENE
EROERMHMER EA ERET HERKARERL

8 &g

BHENRFRERT M S mRY, £AMEE
W R A KRR AT . X RERTE W
BRAEE, ZERELFRERRREEN.

RRAHT REOFA AL E R REBIES, LR
HERFERACNARREI AN EKFME, SRKTHE
ER T HEE R A T, BRAMATEETR
EVBHLE B, J5H EE B BB R R R SR R R AE
B E A 0 B R R S B

g FHRRFERBESEMARKBEARTE “ENE
- WM KRE R L ER” (30 H 485 : 2002CB412600)
®E. IRSRPBIKEARAER, SFSERTAN
S BES 2SR, Tl —H R RO,
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