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FBHRERESEITIE T HEHT K, Lowell # Guib-
ert (1970) " TR AT MESHH KA
BR (B AP O AR RRELT A
R-B W R >F /A L) , Hollister
et al. (1974) Y3 H TR AH A 44 0 NK
HER, HBENKRSHENER, AT KR
5 BEREE X FRER ST YE
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B BB — R TE 400 ~ 600°C, B M BRI B 1R
BEFE 200 ~ 400°C ¥,

2 BEEHE HE K E BRI AFE

RKABT MEY BAERRET KERMT KL
HBEBRBUKRB BT, Ishihara (1977)" %2 Fil
HRARTERGERATEARPRERAS
H, BT ARB L RERENIFHEQRE. 39 8k
&4 Fe*'[Fe tLIE R F A0 A ", A Bk
A E TR & B3, Mason (1978) ™ & B LA
T Western Highlands #b X & 5" BEE K P A INA
BRI LE, Fe & B LR REK, T XH 35
FF A NAH MBI LT, Fe & BNZ 8
F 8 BT TS FRE K ; Imai (2002; 2004) "I BF
RERTTPREEEBRKAN SO, TE—HEX
F0.1%, A P ERIE A B KA I SO, & B —M
MF0.1%%, EREHRRIILAH EXK
KA ETEE S fSi, FHH EEE Mn.Fe, £
ARG S RS G T EENAETHER
AR S FAKCI & B, BENLIERMARBEER
FTMEHEREH TERXBET KERXRIA
R0, (B FAE AR B R AR R X 4 &
FHAET AN E HH—-HRA R, HFBRIAR
HERHZE X —FEA 1B,

Defant 1 Drummond (1990) ™42 H 4% Fr #5 Rb =
A RIE A (Adakite) LS, ERRUE IS
RAE¥TYHRMERMEMEARE, ME—FE
FHERILF R R AR AR, e 8 - RE
ERARMALAZERE FFEATELILE, M
Rb.K.Ba.Sr %), 38X 5 # & %58 L& (HFSE, 1
Nb.Ta.Zr Hf . Ti %) K ER fL £ HFAE , (HE R R
HARFT—B I A LE S, R E Sio.=
56% , ALO,=15% (1R K F X AMH), 38 % MgO<
3%(TR/DE T 6%), Y(<18x10°)F HREE(Yb<1.9x
1098 BHK, H Sr § BERARPE T 400x10%),
I B St/ St HREE B /N T 0.7040, Bl — Kt
BiE R A BIES E . Mungall (2002)
Thiéblemont et al. (1997) ™, Sajona ! Lowenstern
(1998) ®9, Oyarzun et al. (2001) ®%5 B 3 F xf
B —HRPEA R B8 AR BB KPR
iR E 2 NREA R KRR IRERE ST R

HERIATERA R, I BAR NS BEEIE
BINER MERERE  RARER SR AW
T HAEBENESY, B Defant et al. (2002) ™
IR APRR IR ST A RPN KRR T IR
EPE, Bd—-RIEENS I, WIRHIET
— KAt SEEARD R KRB ST HXEHIRE
TLEY AP T IR WA VLA
FHFAEWLS L O SRR R,
IR BRIRPE AN SRBTEH X,
RMBEEHRIREA, AMTRIRIE AR
REmMREE N, BEKEERF REE. WEM
AILGE FANARNER ERERARATRE
FHRES RS FEE™, TUETHREFM TR
RAXBEEGTFERY, TRERZRE S
TE R, P B BRI T M FE A RE R 7, X
LR E R 55 A A R EPAMIEE
BLEREMNE R, LR RBEHERAER
PR 8, Castillo (2006)* i 6] T4 B4 H R
H EFEREREEXNEARZARIERRE
Fo MFRA BRI RIRIATLE , ESMARER
A BB, B MGRIER b S RIE R A iRE
FAFIANBIRIA T A T A B Uk
BEEHS 5, REREMRERETRER
HEARNET H REX— S B RERAR,
HRBAET S, 5K RAE TR R =E
BB SRR A A — et R R E R A S
FLLER, P E AT —RF T e E A N R
Yk RUE XM A RS HET L P EE
BAPARTHEESEHRNIRRTRAMR
BB LR, B/MEB L, B B T X — &
REBRATERLA SHAEFT WA ZESE,
{B Kay 1 Mpodozis (2001)*"#£ % 35 %7 El Indio #1 X
HBF S REY . BMEES A TR R A, H IR
AWRIBTEHERT K, RE Sm/YbES~TZ
BB ETEATE BT, A B R PHX—#
RIUFBERB T REEHAS S ANA A HE
A KBS X — R T AR IR T A, R
FEREREX—IBIAKERANAME, AR
AR B SRR, WA R T B8 Y R
MZEBRAEA AT ARG RN R D, 808 B
ERPS/Yb tLE— 25 ~52ZHE; EHRE
HULARA R E N B HE R+ Sm/Yb— > 7)o
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3 B YBORE R RS
I

(DT YR EERFET H8

WX BEE Y SEBEFEAMEERIER R
TREURAGERRSREERESTRPHE
E RO EBR, AMIVRREHEBEA R B ik
KB A¥ . Campos et al. (2002) “IZE%E Fi| Zaldivar
RAEST RAEBRMERRARSTHROFET L, B
FHEEFHZEEARET HERE AR S
R ; Ulrich et al.(1999)"“" % BLE[ B JE 76 W Gras-
berg BLA 5 AT R Z£ B9 Bajo de la Alumbrera BE
BV EVRRERRREXVBEERAGEL
(>55% NaCl,) i Cw/Au L 54 B & ) CwAu
FAR A — R T X — &Ko

REWT EVREFHRT YHRERE —EHF
W, BIVREARKEH . Sillitoe (1972, 1976)
CONR N BEE T MR A R RRMhERT
FERERIE RN ISR AR, ERTFRN
Co. AuHRERTEARFLY KFERNEER
B ZEMTARBSIEREFTESZHE
BLH R 1 B 00 P I BEE R TR A AIAR,
4 L B AR o B R A o R 2 A v AT R b
B ERA X, B8R ARST KRS
Cu-Au-Mo 5 FE LB Y FR BB SRS,
HYSEEZT, FEE 2012 0 FRIREKT
(B & RBEHT B A KE NPT PTIESE ™
RN BT YUEEEREEEEAANRER
. HEELFERLREAEHREIRETE
HER L2 B TRABS , UESE R RA AR s (R (XUH A 452
RTEE RN —FB4, KERSRIRA T A B AR
KRB RS S s R E AR
B 02 O S B R Y, R AR E A
B EEENREREHBRREHY, B
—HUEE T KA BFEEET R Y FR R T g
BIX—i o Sillitoe (1997)"%F Cu Fl Au B3R IR
AT T AR, Mg b, IR R AT R
TR SIE R4 KA K & & Fe', Mk se i iR s
BRE L g R AEME R, Fe &8 L8+
H S Cufl AulBLY , ALY 485 , Cufl Au
BB RFABKIFESER—-EDEHFTRE.

WA —EZEWHEAREL, B AAH Mo Y
RIS Cu AuFF AHIR, HiSE IR R BEA T
Mo H) S BEREER™ AEARERAHTHBRERL
MBEET L RE T EENSMEE R, T TTG
BARBORAEBET L, NN 5HRET (R ) EHX
MEEERT L SRABEIEAREARERR, KA
18 TR A R AE H S B BRI S T BB A RIE AT
PREGKEES, YR, WA EHE R X CuMo
FCERIERDR B T T IR,

QAR REBLIREY WY A SBHES

P A B TR B AR DA A A AR S IR B ot
BAEGRFERNEBT RKEARAREHEM,
Kirkham et al. (1995) "R & LE T EAFKE LR
MBEE R KT LA R A A LR, Kb, &
HEEENT MY AR I EAEERE AR K
BMAR—KNKSE; SRR WL ERRw
B ; R4 Mo M Au B BE & S0 iR Rt ,
ARBUERAKE - AEKEMAE KN
KANE, Cook et al. (2005)®". Sillitoe(1997)",
Mueller( 2000)*, P 5% 3% % (2006) ™32 8 R 93 1 3%
SR AR RMBLE R E &, F 0 B4
B ILAE . Kesler(1977) 58 B R BRI B BE A 4
5 RS,

AXRBURENREFT LS BAN SR
ARENEW, NRUEEC S kB EERERE
Mo #" IR, RAIEHR(< 5 km) i & AT B E CuFl Au
By 8" K 1, Robb (2005) ! 4 {& Candela et al.
(1986)“ I B FAR L R0t X — B HAT T 18R,
Ik 2 S B O R B i o 5 ) IR R AR R Y
WHEEEAD A SRS R, HRERAEEN, h
FEABK, EESOERELK, EREZAR
SEAEBBIER, TR REHER, &¥% %R
Z8.L5RER . VYEERZIANSEERAERK
BEZ&MR. NiSBAHATE Cufl Aui R
£, MIAHBETEMEERE RN ESE, H
T, BB R E I R E Mo i # Cu il Au 5™
Ko ERFEMFTRIROL, B FARMIEMIER M
BE PRI RERER, AR REBE, ML N
EHIBEZ I B TSR AR B, Cu Ft
Ak BZBERERY YHEE, XRHERES
KEHAT; BT ERBUER, BRAHER,
SFECERBOERES R HERREREABRE
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&, Mo REER R E 5, T , R A1 8 IR 1TE RR
F Mo E CuM AulIT K, SZARX B, R T
FOR AR X S IR B B PR 0 AT B 4, T
T BT R BE RIS 0 R AR 5 A BE AR - Rt
H Mo, £ £ £ E Sn (Bolivia) 5 W (JI1 & X New
Brunswick),

G)HitksEik

EINPEIEE(2006) 45 H BT AU E
PEEST TERME SR BB, WNRIA T A BIBE A
T HER, AT ET S AR Y B, Wi 2B
BXMRAST WERRAAEER L, XM EEE
MrBXIE S AR RITE B Taylor(1974) MK 48 L %
REFT RRERMREERE TRAFRT VK
BB RABIRPR RE FR RIHTE, R
AR REERER, RAESLMET L, S8R5
RFAERER, REFEAL; BSER &
hE AMHREES, REREEL, EEYT
o ZEHILHE NS EEZX—HR, R
T AT R S BEA H D MR RARRMES b
AR, BEA BT BRI R AR
itk ¥, BB wt% (NaCl)iit 50%, K,
A B B 2 — 1B AR | (370~560°C), L B 4K
S AR EFREFE R LU F K F (Ulrich et
al.,2001"";Harris et al., 2002"", 2005™; Calagari,
2003, 40 A Fi T 4 55 49 Endeavour 26 North BE
% %19 (Harris et al,, 2002) ®, Khashgerel et al.
(2006)™HF5 T o WIS iy Oyu Tolgoi BE& 4
REBIA T Y S E RO R RIE, hism
FEHERKEX, BELBRSKBMA, 4
%5 (1988)™BR 3T T BEA 1 ALA P £ A vk ok b A
XRE TR, B2 LAY RS
A A & 5k 1000x 10°, (HF A L B B Eh fh 4
WA TH 4 000x10°~ 4 700x10°, $5 R Mo A
KB B B BB MR W BB B S A L BRI
HAHAFOER, BN R B BB
BHEERHM,

4 FEEETHRMMEYT RIS
TR

SR FEE T REEE R TE KM A%
(S INERERIN) , SRR R TP 5 4

Tl PE-FHRERTHRRT 2R=KE
W B PR R RN EENRAR
BAH, FREERZENL EEEE, BT
¥ ) Papua New Guinea, Irian Jaya S &3 B E
BERREE R &Y,

EAMEE FBERE TR CERT MR,
ST T RESY B HET R BERE s h
ZH4H . Sillitoe (1993)" AR B EHT AT KR T
HRAFERMERT, iE FTENKFEN—
R, FENRK RO KBREHT AR
HFEFREAAMTREAMY K, Sillitoe (1998)™
TEEFE A AR ALER, % H Irian B PEEE, Irian Jaya
SHORBBEERY 1Y SHERERSE, hiE
BB X H - R IR 22 1R A B R s ML
15 B T #8 Cujaone F Toquepala B BIBE 2R T K
HIBAL, TZE MRS A H T AL 8 R RAE /MY
BE A 41 405 BR A9 72 A% (30 Spence, Cerro Colorade,
Mocha, Lomas Bayas & B 5 i 459" ) . Camus
(2002) ™% EMEIE T £ R KR, AN Sillitoe
(1993)™3 T B ™ PRAUEE 55 4 25 1 il 2 [|] O B
RTFERIERZ AL , S A e % H s X R Ao F 5 O
B E (RS 24 ~26°2 ) , EFILAERT —
SR BARB PR G K. Sillitoe (1998)™ R G T
BHENLHT 5 #E R FRAERET R MEE ()
B3 T k¥R (AT BB ax — Al Bk T ik A
fEhig s EHE RN R T — 5 R By B E R
It Z) ; )5 ALK T I A A3 55 T RE K T
RULE; QYR EMIERBWRAMARTERLR
M AR FA; QB EMHI T 10 L xR
BIRER AR B R, (R P E— Ry
B, MAR— S AR E; (S REMHBF R R
TR AR BE R T AR R A

RO BR 2 AR B My s DL B
A REA RBEEHT R WEEEHE, NS
AT BT, 40 Solomon(1980) AN ¥ K- BE
BV M S % IR B R % 2% ; Richards et
al. (200)™E TR BA R E FEKNYITTERE K
FRIEEYHA , 3 5 B SR IR R e R 1A SR Y
¥ L3k FF A 3£ ; James F1 Sacks (1999) ™, Kerrich et
al. (2000)™, Murphy (2001) ™, Cook et al. (2005) "
TR T BRI A R P BEE ST M
Y. JLHRE Cook et al. (2005)*"%f 2 5R— Lt H X
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BMIERNBEE REHT T HE B 2R
BAEERATEFH TN, 2REELN2AE
SREART R P B3N SERMHE X, AR
EREE BILES KRR ENEAENTS3E
B HE R £, Murphy (2001) ®45 Hi b E F L
#B Laramide 3 L1328 3h 5 F AR WA ¢, b b &
A s b3 Arizona and Sonora Fi LM 6B
R AHMET KM F—DNRK KR . James f
Sacks(1999) ™#& i B & 75 # A1 AL E 50 ~ 30
Ma Z [E B BEE 0 RS R v %,

Xt AR R, BN A TR R OF
Wik KEEEREEA SR ERE/ N EE, HJ
TAEIR i ZE H 8 N B R R R A B RS,
HANMAEES, NI TR, BXTF
Wit R Bk RHERNERER, MFEES
¢, 1 Rosenbaum Z5(2005) AN , HEFEAR i A
FH BE AR R A BB B TE T B R I BRI vh R 4
AR AT A BEE T R R . T,
HFRE TN BRER TS R 8 HE 1 IR
WAL A BREART KHERTNEERR,
Rosenbaum 2§ (2005) ™" HE I, 7E ¥ 75 & 1% J1 B A A
AT, BN A R, B RS R
WA L, B TR R, RTINS, B
SRMERINERRED R LR, MEAERE
EHHE R ERE R R R RIEF R LR,
T b G e 2 B] A AR B3 AR AR,
KR EEE, EREEWHN, B2 RMIER G
F=E A R =y S Pr N b =N K
A3 S BB A R b, 1 Cook et al. (2005)™"
IR AR e B R, R B IR PR R R G Xt
L8 B AR AR AT BRI AR A B X
BUEYERSFEAGE S BN, A\TIT-EER
BRI S R S B T R, H5E
A 384 TR K FE P 2 B O A AR B 38 i A TR
T MR . SHEMEVSHERROEREE
PR FAIH S R T A H R R R A IR A
BRGEMBN . B XOLER TR —LHE
HAFTFREERT W R, T X RS AR R
X FEXMRAANRERAERNIEM. HEIA
R IR B S LR R E R R XA, B
WA BHEY EHRAFLREXEER, ERY KM
Bl L REHEESMOER.

KFHERRMAFHEEHXWREHT £
PR TFEUERASBPIALERT BETE
RS H A RS A — RIUE R TIEE R
R AR T MBEE T . W EREH
—RIVRBEED IR, Bl A 5hEREEIC LR
AABBEA XS, FEEHE(2006) RGP
THERRFWEELS R HRR AT R
7 L) B Rl S R R B R B S A e T
Ak, A0 7E 3 R 1 Y B 8 B 7 #A S, 42 MASH
(melting-assimilation-storage-homogenization) i3 2
KI5EiR IR AE b A FE A 92U/ Cu.Cu-Au,Cu-Mo §
1k, FENA 45~41 Ma M EZHEIL-LE-WAZE
W& HNEE S ITEEH IR BRI #
B AR R A BT IR ; M RHE N B 5 R E
BN ARG A XHBLER Cu-Mo(Aw)BH HF, B
140~36 Ma i F L BEA T ; FE RSP RINMEE
FRUAR AR AE KRB AR AR KRR o

WL HHE R DR RGBSR 1R
B ¥ER . Kerrich et al. (2000) ™32 {8 F B A E 3
H—K IR B I A9 v B
R R R, BB — R I FEIGE IR K EZ
BB B BRI, & K P E FHE AL FAAESE
WA R RN NE S BRARE . Bt
JEREJLEFH Luzon Central Cordillera— 5 B BT A
WY EBIMAESINAT KER, 85 X
RS GBS B ENERFESE X, Kerrich
et al. (2000) " = HIBEE WY TERABE DS =
X 5METHEANA, FENTHAEIERED
FEHRERZE FHAY West Fissure-Domeyko W12 *;
5iEHIe BN, FEHLHAEERHILAL
#) Lagekamu % %l 2 U 3 B 2 U)K X 9 T K e
2, IR, KA Mk (2007 )P7E X 7O i R
WA XEEy AR R R E, 380 .7
J RURS B M BEA T PR B0 S R A , e BIAR T 1
AL ZR ] B4 X I A R P BR B, RA R FURL
1T LR BRS " FFLE

5 BEAMT AR EEARIRKE
PR

BT W R &, — B9 /NREE i
(BPMF1) B, P EN—RFIERTE
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WRPHE MBS R . BT EME R R A SR 27

JNERR CEEBE SRS, BhA BRI
AETE B4 KB R A SES, 10 Oyu Tolgoi iXH &
fRE AT A S km?s B S (19915 F 3Rk
 ERERRMEGE R T KILP T HE—H 8
VHAKRSEEZANXR, DRT i ZAAL
BT, BT AR B AR E MM
T iLE, ZEAEHE P RE—RMAS5F LA
XEZEY . Richards(2005)™H—Kitit TX/ME
BLHRBRMT - MHHER X —-SR5ERE
(1991 R b W A B A BN, RREHE
A EHMAES ARSI T B,
RIEFLART K W R AR K SRR KA
R Z [B1ZE B (H] F2s 6] _E EBX R R FHRERHT KK

- BEECHMENATERKFERERS . WRE

R (1984)F8 H  HHRFEBE A R NI BEE R Bl
hARM LG S EMERNRERRA X, DHkE
BEA MR ALBRE KA R 0.5 km, JLF-23F &
FEFRAET; ERAHT R RAREPER
DIBREE, HEM K LK 1.5 km, 23 H K= FREA K
F, 13 5= FEA S N BT ME RS
TR FEAREBPEREAL, AR ERAN
3km, 135 K=FRAERN, 235 h=TEE
. WREF98)MARTES R EEFHE
A B LSS M R T IR SRR - GRS

R - KR AT YA G i T T Oy A RERRER |

WAE AR-HAY B8 Riy-SRA 5K
Rt ALY ; Y & R4 A & T MLk Mo(Sn,
Bi, W)-Cu(Au. Ag)-Pb. Zn(Ag)-Co.Ni.Mn, & #
A (1991) A RHE L T W BT,
X —HF Cu-Mo-Au R T RFIET X, MR T
AR W RERE SHARNY RER BH—K"
P H AR 20142 Q0 LUK, EANRRB
HEFRAEAT SR ER , HRENREE 55
AT HTRAP R SR, R R ER
T, LHRERETMEELLRE B SRR
RRERT W ERS TERRE, AR T—H#
HARKMH LT R, IEH E Lepanto-Far South-
eastfi&" ,CuBE N 3.6 Mt, Aug B E3%550 t;
E{l 2 Carasberg-Ertsberg EA R & H#" ,Cu &R B
1% 21.42 Mt, Au ¢ JR B 15 2 400 t, Hedenquist
Lowenstern (1994) “7EBI R R EEBFMET K
RIEERE b, B T H B THROTR 2RI

B ARG E AR BB 7= Y0 R R, TS
THEARATSRBAMKEBRBRET Z E K 5%
R, EREEMNRERT —8&52 K895 5K, I
HEES L, BT B BEA AR BT R M 2 H KR A
BRI K-Z2L R L HERARNGET
-EREERT I R — 1Rk, BER4ES
(1999) MBS BH AL H L, BT RABLHRR
4 ey BER S ERASR RN KRR
RERH, URBT EEARESNTEmEFAR
YEA—AREMUBIR . X FRARD RN
BARRRET KN E , (AR 4, X TR R
PR SN, KBEGEE Y METHERRZ
EMRAEPIER, YRBRA G TR FHA,
WHRFE TN K Abitib S a4 PRI BEET K Y,
)1 45 (2003) "I7E LB R 51 49 Rl L E—
H 4R KA R —— B R X 8 P R A
B BHRT RIIMELMS AR, BX
BRI A R BRAE 25 18] BB 25 43 A5 AN AL AT
&, RRUEY RIS A, HrksEh: UXE
HBRBEATEAER, URKARZEED KRG &
ARELREA, A A B AR A
R, 5 32 % DX 35 A R FE R B IR A S T T
b RE L AN, LT KRBT RIS
{2 7 B[R] A bR _E RO R PR BT SR B4R L 38R
HaEamig, RARTH R EY KRS g
SEERT P BAR. FRE5(1995,2003)0,
F B % (2002) 98 3 T H4uhhgde % Ak BT
IRBEH MR X IBRT % RER. BINEEE—
ELAREEFENHFALSBTATRTKEXTY K
X It 2s S A LA RO BT . B4 4 % 32 (2001) 0
AR EIMFEH AN BRI AR ST P RZNE
R BR 1) B S AR SRART e AL R A 1 A P B A L
EWEEREH . RENICRERS ZERHR
REKBIES, M 190~6 Ma ZBA F I AR IE S A
ERVEMAER. B 2HHEHE, A& Rk, 0T
MR KR 43 9 e AR, R R AR T,
Fe g mkG , YRR R R R AR -
T, P BB 100~160 km, A — &
PR P - A BCREET R, BARH
190~110 Ma; H4 : BE I HF 50 km, 4 F & ¥ B
AHX,RHR EBANBEARET W, R A
2 59~31 Ma; SMiF : BEHHF 50 km L |, R B — &5
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P R AE R BCIR Au-Ag B 5K, BB RHR A
25~5 Ma,

B F R b ER Y % F RBCE R
BEAKXEBRMHLTH ., UF/NBAIRERT TS, R
B Hi AR TR EN LR IFREE AT 1Ry
WRAER, S B EREEEEEKX
REENRAFRTERK, BIXFHEHIR
RSE X LR T = , & T IS iR BURTE R,
EYRGEAHNBEFEZHEMBREARERY
BEREMFRE)TWAERYENEZ—. BA L
0o M HhBR 102 0 T N XU B BT A e 1R
BT THRE , #5E Cu-Mo-Ag B TTE R ¥ XK K
BB E Y RA LWE R, FE IR 123
FAL IR, BT ARUREF R EBA ST AR,
BRRAEEENI KA TEZE ZMATF
BEERY R TES, FELY RERR LK F
WREA D R R A R TR FLERfg
HREHEAN SAN—K" R ER™, H20
CHES0ERE AR THM A EEIRET &K
FEEETEEEM,

BEIEEN—-HEEN TR, EEERT R
THBEFEERERRBEENER. %EES
(2007)*'FIHEEEFAM KR 1999 4F 12 A ZHH
X 3t S0 9 2 4t .5 (Terra) #5745 9 2 )6 %% S0 14X
ASTER I8 23K 144N B A8 B8R , 260 BR
Ho 2 AV AR D Y i S BRE T S RO LR |, 42
BT Oyu Tolgoi R A& W KR KA X 25
R, BN Ry LAY A B

JRA 3 SR B ST R B P 7 X AR
F B RO T i #0 RIE S AR, iR Ak
FCgmEEEx, BERESHREFEERK
B R RBBEA MR RIR, AT RFFEX —H TR
BARBRE T, RAER YT ERE TERE K
WEAR - R RRIBTE D R W E KRB,

By B8P, BHEELELTE AR
PRI, AT BAMFREEOLT , s E 6
K EERE, RITAT KEERI R LB —4
., H20H290FERE, EEIEELURT R
BRI KRRTER S-S, 2R
T —FF =R T %, FhEY
BT LR 0 ERFEENPEEET KL L
BEFQ005)" X LREE LB KA LA EH,

PRI PR R A 2R
6 BHE5REE

B2 EER, HRAMEREE R R A KA
W A BRI B M HLE R0 RS T E R
BT HRRREE, EERIN A RT TR 5
BT AR, R Y FORIR T Hubg A AR
BEXTSRE R SR - LA RN, FEHE
PREGH 4R 38 13 20 W Brl o7 3 i o e i 72 i I
HMZELEELRAK . B EBRERTRKREL
R AN EE P AINEIS: P08z 2 =g o L
B R EZSHE LR B R B R L M 7e A
B%—RIIAT RE R BCE K RE EF AR AL A
FUE R, BH R R REFRERHIDE
HFIAM—RFI G HE ER MEYHE.
B X IR F— RIFTE AR KL EE M, X R
MR BAEEE L.

REGERAFT Ry MRTHRAHTERRT
TRKHIE R BV 2R : (1) I 23R PEE 5
7 H B R A 1 BRI B 2 R (A0 B BICHE R B
P Bl R P R LY BRI OR W 2 R IR
&), RUEME—F Ry Btk B8, FERR
e RAERNEEEE R THE—-PHER; (2)ZF
BRI P AL TR TEFE R A
VBT BV SRTFESRY RS, AR
HAIR TR YRR & 57 B R & REEA]
BRI R, (HEH B Bt X T Y FiR S X 5
WY BT R REEEAE; O)ERMS
PAEWT XBALERT, — BRI —¥RRE
R, KB A RHIR S EIRPHESIR TIERS
HERSFETHEAASTERENRRZL.
ERFER B R T SR REA T B EIE IR
T EARM— SN ERTT M, LRI
TR BB A S A B — KR RER, X 2BRPEE
Wy RHERENBE Y MR A ERE

S E 3wk
[IHREFENRESFHSEBRTERAREBEY =8
FERIETEI). EH L ¥ HER,2005(4~5): 53 - 56.

[2] BhER R ERER,FRAWTHT BN SEHT
FHER[I]H R HLE,20072,26(2): 221 - 229,



®27% B1H

WRRLE B SR PR B th R R AR 29

[3] PR IR, TR BEHE B X, B A R I 5T s T R IR
W SR #R,2006,25(4) : 491 - 500.

[4] McKinstry H E, Mining Geology [M]. New Jersey: Pren-
tice-Hall, 1948, 1 — 680.

[5] Lowell J D and guilbert J M. Lateral and vertical altera-
tion mineralization zoning in Porphyry ore deposits [J].
Economic Geology, 1970, 65:373 — 408.

[6] Hollister V F, Potter R R, Barker A L. Porphyry-type de-
posits of the Appalachian orogen [J). Economic Geology,
1974, 69(5): 618 — 630.

[7] R\ REWFEA P EREEFGE)T KM] LK.
5 AR, 1984,

[8] Kerrich R, Goldfarb R, Groves D, et al. The characteris-
tics, origins, and geodynamic settings of supergiant gold
metallogenic provinces. Science in China(series D), 2000,
43(supp):1 - 68.

[9] Ishihara S. The magnetite series and ilmenite series granil-
itic rocks [J]. Mining Geology, 1977, 27(2):293 - 305.

[10] Kirkham R V, Sinclair W D. Porphyry copper, gold, mo-
lybdenum, tungsten, tin, silver. In: Eckstrand O R, Sin-
clair W D, Thorpe R I, ed. Geology of Canadian mineral
deposit types [M]. Ottawa: Geological Survey of Cana-
da, 1995, 421 - 446.

[11] Audetat A, Pettke T, Dolejs D. Magmatic anhydrite and
calcite in the ore-forming quartz-monzodiorite magma at
Santa Rita, New Mexico(USA): Genetic constraints on
porphyry-Cu mineralization. Lithos, 2004, 72(3~4):
147-161.

[12] Davidson P, Kamenetsky V, Cooke D R, et al. Magmatic
precursors of hydrothermal fluids at the Rio Blanco
Cu-Mo deposit, Chile: Links to silicate magmas and met-
al transport. Economic Geology, 2005, 100(5):963 - 978.

[13] Mason D R. Compositional variation in ferromagnesian
minerals from porphyry copper generating and barren in-
trusions of the Western Highlands, Papua New Guinea.
Economic Geology, 1978,73(5):878 — 890.

[14] Imai A. Matallogenesis of porphyry Cu deposit of the
western Luzon arc, Philippines: K-Ar ages, SO; contents
of microphenocrystic apatite and significance of intru-
sive rocks [J]. Resource Geology, 2002, 52(2):147 - 161.

[15] Imai A. Variation of Cl and SO; contents of micropheno-
crystic apatite in intermediate to silicic igneous rocks of
Cenozoic Japanese island arcs: Implication for porphyry
Cu metallogenesis in the Western Pacific Island arcs [J).
Resource Geology, 2004, 54(3):357 - 372.

([16] BkER R EBAER ILEAHA RERY BKA T
RABFHEF R [I159#4],2007b,27(1): 31 - 40.

[17] McInnes B I A, Cameron E M. Carbonated, alkaline hy-
bridizing melts from a sub-arc environment: Mantle
wedges samples from the Tabar-Lihir-Tanga-Feni arc,

Papua New Guinea [J]. Earth and Planetary Science Let-
ters, 1994, 122(1~2):125 - 141.

[18] Sillitoe R H. Characteristics and controls of the largest
porphyry copper-gold and epithermal gold deposits in
the circum- Pacific region [J]. Australian Journal of
Earth Sciences, 1997, 44(3):373 — 388.

[19] Ballard J R, Palin J M, Campbell I H. Relative oxidation
states of magmas inferred from Ce(IV)/Ce(Il)in zircon:
Application to porphyry copper deposits of northern
Chile [J]. Contributions to Mineralogy and Petrology,
2002, 144(3):347 - 364.

[20] Mungall J E. Roasting the mantle: Slab melting and the
genesis of major Au and Au-rich Cu deposits [J]. Geolo-
gy, 2002, 30(10):915 - 918.

[21] Richards J P. Tectono-magmatic precursors for porphyry
Cu-(Mo-Au)depositformation [J]. Economic Geology,
2003, 98(8): 1515 —1533.

[22] Defant M J, Drummond M S. Derivation of some mod-
ern arc magmas by melting of young subducted litho-
sphere [J]. Nature, 1990, 347:662 — 665.

[23] Thieblemont D, Stein G, Lescuyer J-L. Epithermal and
porphyry deposits: the adakitic connection [J]. Earth &
Planetary Sciences, 1997, 329:243 - 250.

[24] Sajona F G, Maury R C. Association of adakites with
gold and copper mineralization in the Philippines [J].
Earth & Planetary Sciences, 1998, 326(1):27 — 34.

[25] Oyarzun R, Marquez A, Lillo J, et al. Giant versus small
porphyry copper deposits of Cenozoic age in northern
Chile: adakitic versus normal calc-alkaline magmatism
[J]. Mineralium Deposita, 2001, 36:794 — 798

[26] Defant M J, Xu J F, Kepezhinskas P, et al. Adakites:
some variations on a theme [J]. Acta Petrologica Sinica,
2002, 18:129 - 142.

R7%k KE BB FEPERBRLUBRAEEN
FRAE R KA — BT B X [J].4 A % #.2001,17Q2):
236-244.

28] % M BREETE FIRREFEWNRFAHE
Cu.Au5 5 TYERHT S H [J]. 8 A %#,2004,2002):
195 —204.

291 £ R, AR PO, F 5 F R AR TRILEISRIA R
JE (adakite-like)# 5 B3 [J]. * E AL D 48,2002,32(%
Fil): 127 - 136.

[30] BBk H A E, ZHE S TR NIRRT P H i B R
K TR BT R M R R 7). 8 B 24 3R7,2004,20
(2):239-248.

[31] df B2 EA, Gt ik, =40 . KR T R L P R LB T
BIXTLAT BRHR,2002,21(3% F)): 215 - 218.

2% ®.E & XEEFFERETENNEE
BHERE R (K AEBAXTFRELENSR))[I]H
R4, 2003,10(4) : 385 — 400.



30 EHEMES T &

201148

[33]1 Li J W, Zhao X F, Zhou M F, et al. Origin of the Tong-
shankou porphyry-skarn Cu-Mo deposit, eastern Yangtze
Craton, eastern China; geochronolgoical, geochemical,
and Sr-Nd-Hf isotopic constraints. Mineralium Deposita,
2008, 43(3):315 - 336.

[34] TARRLEES B D% PiRAH B+ R KT 38
B R - SR BT T S A B R [,
HP 41 7%,2001,28(3) : 40 - 47.

[35] PSR 3R, EAR R, 218, B R AR L FE T W 0
HERE[T].# EH5R,2001,10:11 - 16.

[36] KER BREXEFEERRIVEE-ERFEHT
WRIXTA RH SR TE R R R[5 A %¥1R,2004,
20(2):259 - 268.

(371 %  HEREEE TR E B AR D] b E R,
2008.35(1):32 - 39.

[38] it HE SR R0 X 45, B AR K BRI E R INKEH
b BR b 2 R AE B AL [1). 8 A 2 41%,2003,19(4): 692 -
700.

[39] Castillo P R, Janney~ P E, Solidum R U. Petrology and
geochemistry of Camiguin Island, southern Philippines:
insights to the source of adakites and other laves in a
complex arc setting [J]. Contributions to Mineralogy and
Petrology, 1999,134:33 - 51.

[40] Macpherson C G, Dreher S T, Thirwall M F. Adakites
without slab melting: high pressure processing of basal-
tic island arc magma, Mindanao, the Philippines [J].
Earth and Planet Science Letters, 2006, 243( 3~4):581 —
593.

[41] Kay R W, Kay S M. Delamination and delamination mag-
matism [J]. Tectonophysics, 1993, 219(1~3): 177 — 189.

[42] Wang Q, Xu J F, Zhao Z H, et al. Cretaceous high-potas-
sium intrusive rocks in the Yueshan-hongzhen area of
east China: Adakites in an extensional tectonic regime
within a continent [J]. Geochemical Journal, 2004, 18:
417-434.

[43] Wang Q, McDermott F, Xu J F, et al. Cenozoic K-rich
adakitic volcanic rocks in the Hohxil area, northern Ti-
bet: Lower-crustal melting in an intracontinental setting
[7]. Geology, 2005, 33(6):465 — 468.

[44] Gao S, Rudnick R L, Yuan HL, et al. Recycling continen-
tal crust in the North China craton [J]. Nature 2004, 432:
892 - 897.

[45] Castillo P R. An overview of adakite petrogenesis [J].
Chinese Science Bulletin,2006,51:257 — 268

[46] Yogodzmski G M, Kelemen P B. Slab melting in the
Aleutians:implications of an ion probe study of clinopy-
roxene in Primitive adakite and basalt [J]. Earth and plan-
etary Science Letters, 1998, 158:53 — 65.

[47] Kay S M and Mpodozis C. Central Andean ore deposits
linked to evolving shallow subduction systems and thick-

ening crust [J]. GSA Today, 2001, 11(3):4 9.

[48] Campos E, Touret J L R, Nikogosian I, et al. Overheated,
Cu-bearing magmas in the Zaldivar porphyry-Cu depos-
it, northern Chile: geodynamic consequences [J]. Tecto-
nophysics, 2002, 345(1~4):229 - 251.

[49] Ulrich T, Guenther D, Heinrich C A. Gold concentrations
of magmatic brines and the metal budget of porphyry
copper deposits [J]. Nature, 1999, 399:676 — 679.

[50] Sillitoe R H. A plate tectonic model for the origin of por-
phyry copper deposits [J]. Economic Geology, 1972, 67
(2):184-197.

[51] Sillitoe R H. Andean mineralization: a model for the
metallogeny of convergent plate boundaries [A]. In:
Strong D F ed., Metallogeny and Plate Tectonics (2nd
ed.). Geological Association of Canada special paper,
1976, 14: 58 — 100.

[52] Tatsumi Y, Hamilton D L, Nesbitt R W. Chemical charac-
teristics of fluid phase from the subducted lithosphere:
Evidence from high-pressure experiments and natural
rocks [J]. J. Volcano Geotherm. Res., 1986, 29: 293 -
309.

[53] Gill J B. Orogenic Andesites and Plate Tectonics [M].
Berlin: Springer-Verlag, 1981, 358p.

[54] Hawkesworth C J, Gallagher K, Hergt J M, et al. Mantle
and slab contributions in arc magmas [J]. Ann. Rev.
Earth Planet Sci., 1993, 21:175 - 204

[55] Perfit M R, Gust D A, Bence A E, et al. Chemical charac-
teristics of island arc basalts: Implications for mantle
sources [J}. Chemical Geology, 1980, 30: 227 — 256

[56] Woodhead J, Eggins S, Gamble J. High field strength and
transition element systematics in island and back-arc ba-
sin basalts: Evidence for multi-phase extraction and a de-
pleted mantle wedge [J]. Earth Planet Sci. Lett., 1993,
114: 491 - 504

[57] Solomon M. Subduction, arc reversal and the origin of
porphyry copper-gold deposits in island arcs {J]. Geolo-
gy, 1990, 18:630 - 633

[58] Titley S R and Beane R E. Porphyry copper deposits:
Part I Geology settings, petrology,and tectogenesis [J].
Economic Geology, 1981,75th Anniversary Volume:
214 - 269.

[59] Richards J P and Kerrich R. Adakite-Like Rocks:Their
Diverse Origins and Questionable Role in Metallogene-
sis [J]. Econ. Geol., 2007, 102(4):537 - 576.

[60] Bouse R M, Ruiz J, Titley S R, et al. Lead isotope compo-
sitions of Late Cretaceous and Early Tertiary igneous
rocks and sulfide minerals in Arizona: Implications for
the sources of plutons and metals in porphyry copper de-
posits [J}. Econ. Geol., 1999, 94(2):211 — 244.

[61] Cooke D R, Hollings P, Walsh J L. Giant porphyry depos-



H278 B1H

VRS WS R . FEA D EE R R E LA 31

its: Characteristics, distribution,and tectonic controls [J].
Econ. Geol., 2005, 100(5):801 — 818.

[62] Mueller D and Groves, D I. Potassic igneous rocks and
associated gold-copper mineralization [M]:
Springer, 3rd edition, 2000, 252p.

[63] Kesler S E, Sutter J F, Issigonis M J, et al. Evolution of
porphyry copper mineralization in an oceanic island arc,
Panama: Econ. Geol. 1977, 72:1142 — 1153.

[64] Candela P A and Holland H D. A mass transfer model for
copper and molybdenum in magmatic hydrothermal sys-
tems: The origin of porphyry type ore deposits [J]. Econ.
Geol., 1986, 81(1):1 - 19.

[65] Candela P A. A review of shallow, ore-related granites:

Berlin:

Textures, volatiles, and ore metals [J]. Journal of Petrolo-
gy, 1997,38(12):1619 - 1633.

[66] Robb L. Introduction to ore-forming process [M]. Ox-
ford: Blackwell. 2005, 1 — 166.

[67] Taylor H P. The application of oxygen and hydrogen iso-
tope studies to problems of hydro therma lalteration and
ore deposition [J]. Econ. Geol., 1974, 69(6):843 — 883.

[68] Harris A C and Golding S D. New evidence of magmatic
fluid-related phyllic alteration: Implications for the gene-
sis of porphyry Cu deposits [J]. Geology, 2002, 30(4):
335-338.

[69] Ulrich T, Gunther D, Heinrich C A. Evolution of a por-
phyry Cu-Au deposit, based on LA-ICP-MS analysis of
fluid inclusions: Bajodela Alumbrera, Argentina [J].
Econ. Geol., 2001, 96(8):1743 - 1774.

[70] Harris A C, Golding S D and White N C. Bajodela Alum-
brera copper-gold deposit: Stable isotope evidence for a
porphyry-related hydrothermal system dominated by
magmatic aqueous fluids [J]. Econ. Geol., 2005, 100(5):
863 - 886.

[71] Calagari A A. Stable isotope (S, O, H and C) studies of
the phylic and potassic-phyllic alteration zones of the
porphyry copper deposit at Sungun, East Azarbaidjan,
Iran [J]. Journal of Asian Earth Sciences, 2003, 21(7):
767 - 780.

[72] Khashgerel Bat-Erdene, Rye, Robert O, Hedenquist J W,
et al. Geology and reconnaissance stable isotope study of
the Oyu Tolgoi porphyry Cu-Au system, south Gobi,
Mongolia [J]. Economic Geology, 2006, 101(3): 503 -
522.

(7314 BHPERSAFEREZEUHESEY KM
R HBR H ARAE,1988,1 - 386.

[74] Sillitoe R H. Gold-rich porphyry copper deposits: geolog-
ical model and exploration implications [A]. Mineral De-
posit Modeling: Geological Association of Canada Spe-
cial Paper 40, 1993, 465 — 478.

[75] Sillitoe R H. Major regional factors favoring large size,

high hypogene grade, elevated gold content and super-
gene oxidation and enrichment of porphyry copper de-
posits [A]. In: Porter T M, ed. Porphyry and hydrother-
mal copper and gold deposits: A Global Perspective,
1998, 21 - 34.

[76] Camus F. The Andean porphyry systems [A]. In: Cooke
D R and Pongratz J ed., Special Publication - Centre for
Ore Deposit and Exploration Studies (CODES), Hobart
Tasmania Australia (AUS): University of Tasmania, Na-
tional Key Centre, 2002, 4:5 —21.

[77] Corbett G J, Leacb T M. Southwest Pacific Rim
gold-copper systems: Structure, alteration and mineral-
ization [M]. Society of Economic Geologists, Special
Publication, 1998, 6:1 — 240.

[78] Richards J P, Boyce A J and Pringle M S. Geologic evolu-
tion of the Escondida area, northern Chile: A model for
spatial and temporal localization of porphyry Cu mineral-
ization [J]. Economic Geology, 2001, 96 (2):271 - 305.

[79] James D, and Sacks I S. Cenozoic formation of the cen-
tral Andes: A geophysical perspective [A]. Society of
Economic Geologists Special Publication, 1999, 7:1 —25.

[80] Murphy J B. Flat siab subduction in the geological re-
cord: Consideration of modern analogues [A]. Geologi-
cal Society of America Abstracts with Programs, 2001,
33(6):208.

[81] Rosenbaum G, Giles D, Saxon M, et al. Subduction of
the Nazca Ridge and the Inca Plateau: Insights into the
formation of ore deposits in Peru [J]. Earth and Planetary
Science Letters, 2005, 239(1~2):18 - 32.

[82) BRI MER, EH4, S Al R PRI RT
e Fi 58 A B £ B B R [J]. 3 2 BT 4,2004,11(1):
45-55.

[83] i PR M B, 1T S F RS R EE LW . 5
Rl 488 e R ™ P R[]0 PR ., 2006,25(6):629 - 651.

[84] Baker R C, Guilbert J M, Regional structural control of
porphyry copper deposits in northern Chile [A]. Ab-
stracts with Programs of 1987 Annual Meeting and Expo-
sition of Geological Society of America-19, Geological
Society of America, 1987, 578p.

[85] Sillitoe, R. H., Tectonic segmentation of the Andes: im-
plications for magmatism and metallogeny [J]. Nature,
1974, 250: 542.

[86] 3 b FERR MRS BT A 4R 0 W AL AL R B A X AF
7 [D]. R : B K F(FRIN),2007.

[87] a4, kB3, phET 2,5 K IL T Wb X k481 () R
TR M] I 5 AL, 1992,235p.

[88] Richards J P. Cumulative factors in the generation of gi-
ant calc-alkaline porphyry Cu deposits [A]. In: Porter T
M, ed. Super porphyry copper and gold deposits: A glob-
al perspective. Linden Park, South Australia: PGC Pub-



32 “CHEHBESY ™

20114E

lishing, 2005, v1:7 - 25.

[89] Hedenquist J W, Lowenstern J B. The role of magmas in
the formation of hydrothermal ore deposits [J]. Nature,
1994, 370(18):519 — 527.

[90] B AR FE AR KT F ML HUR 1R
#1,1999,1 - 268.

[91] Barley M E, Pickard A L, Hagemann S G, et al. Hydro-
thermal origin for the 2 billion year old Mount Tom
Price giant iron ore deposit, Hamersley Basin, Western
Australia [J]. Mineralium Deposita, 1999, 34:784 — 789.

[92] M%), R L, B4, % LR RIL G K88 RRE™

& R M]. B 2], 2003,9(4):520 — 535.

[93] BB, B2 B HR,EF I X ER §I5I FMR
B0 St WAL B M)A AR : TP R4 AR AL, 1995,1 -
433,

[94] EBLL BRG] RERLE F/RERT HHRT 5 R
B AR RM]ALE R TRBH AL, 1 - 493,

[95] Kk EH BERE BHEZAEBREARATMNT =RE
BIMERE-LLISR o EBK E M 8 55 S &0 ROV B b2 AT 2%,
2007, 14(5): 63 - 70.

[96] TR bR EFARFREERT R EHETH
[M].db 5T 5 AR, 2005,1 - 337.

Review and Progress: Theory and Exploration Technology
to Porphyry Copper Deposit

XU Rong-ke', SHAN Liang’, ZHENG You-Ye'’, ZHANG Yu-lian*, PANG Ying-chun’,
MA Guo-tao®, CAO Liang® and LIU Xin-yang'
(1. Faculty of Earth Resources, China University of Geosciences, Wuhan 430074, China; 2. Development Research Center of China
Geology Survey, Beijing 100037, China; 3. State Key Laboratory of Geological Processes and Mineral Resource, China University of
Geosciences, Wuhan 430074, China; 4. Xi’ an Institute of Geology and Mineral Resources, Xi’ an 710054, China; 5. Wuhan Institute
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Abstract: The metallogenic theory and prospecting methods of porphyry copper deposit is very useful
for exploration this most important copper deposit type. This paper gathered recent literature of porphyry cop-
per deposit in the aspect of geochemical characteristics of related magmatic rocks, origin of ore-forming mate-
rial, evolvement of mineralizing fluid, metal component of ore mineral, tectonic background and dynamics,
prospecting theory and technology et al. to promoting the metallogenic theory research and exploration
works. The porphyry copper deposits are intimately related to adakite (or adakite-like) rocks, the ore-forming
elements of which are mainly come for the mantle, but the concomitant metal elements are determined by the
alkalinity-acidity of the magmatic rocks. The porphyry copper deposit is formed by the stepwise enrichment
of copper in the stages evolvement of independent ore-forming fluid. Although the converging continental
margin is the favorable tectonic environment for porphyry copper deposit, those deposits also can formed in
the orogenic belts or anorogenic belts, where the magma formed by the mantle melting and crustal deforma-
tion which is induced by tectonic mechanism transition can uplift and emplace quickly to the upper crust. The
use of theory of metallogenic series and metallogenic system, combined with a series of new or old prospect-
ing skills, such as geology analysis, structure research, remote sensing, airborne geophysical prospecting, and
geochemical exploration, et al., have important meaning for the successful ore prospecting. Some problems,
such as the influence of variety of tectonic environment and magma mingling for mineralization, and applica-
tions of different prospecting methods, are desiderating thorough research in the future.

Keywords: porphyry copper deposit; magmatism; origin of ore-forming material; associated elements,
tectonic background; Exploring methods; review; expectation



