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fiti i o5 P BRI I i fif 7 55% 75 47 (Sillitoe, 2010),
oI E B R Z — b L4 B
KRBT, AT BSR4 6 B A HLH A
TR 32 R e % ik iy T A S B R (% 4 T
&, 2003). KT EE T MR MBS AR 0 4R
B, —SEERBEA AIHA R (40 Spence, Toki, Cadia
East 25 )7E 5 0 BB BE 2 B0 #5578 (Sillitoe, 1972,
2010; Mithcell, 1973)45 % T Lk Fli%k & M (Holliday
and Cooke, 2007),

S BEE B B B AR AR R A A
T S5 1Y) A J7 VA R TATRAE AN T R 20 R SR, (B BT R
HTT A PR R PR RN A ik 2 TR AR L R T 5T 8
AR, JR BR T Hb SR 51 A A T AR 5 7 5
PR AR BRI ZE R, S BRI IR B A S A I,
X AR Ae] FEAT A R B 7 B A AR SR TR Rk
o PRI, TRZIH8 7R X P N TEIR R, 117 37 B 5 7
Hil B A 18 4 AR 3K 2 (identification criteria system
for exploration of porphyry copper deposits, & &
ICEPD), At axf BEa AU RGENIR L i 7 )
PR, XA e S B A E L

HENT PSRV T R A AR PR R — D R
RG TR, AR RIZITAE R JUFR) B R, A3
A4 BRI 5% 2 B A5 ) = B2 AT PR ek 4%
6 B — A R Y B e B B PR —— 4 $ -5 i
AT 38514 VY K e B0 AR —4H TR L BRI AR
TR R A A El Teniente B AU 4R R Al
WS WA FRAYS2 T Oyu Tolgoi BEA M4 -4 K
Jfl, EEE LA TIRBE B ARG R, &
FOFFEEAR R . AP AR R O AR A A
IR A2 REAE, AR EE = AN [RDJE BUPR 5 b i R AL B
BT R M B A B s A e (], SR MR R
FEOE -0 2 A A MR A i A br ks, X i i B
ARV PRI A b TRA R AT AR D 28 E F AT
FEfifh

1 BEa BUGR A PR B 2 bR iR AR R
SRR

11 HE3ET KEERRERARY

FIRAMF T KM . B AL B kS
Sebric A Bk R, (R BAR S RIS RIPGE | A3 3%
Wy, XTI R R ERE . AR S TR
F 5 1 BE A R A 57 M A AR Uk & (ICEPD), 458
FRBES FRVH A R A b T S5 2 L T8 OB A s A

D7 ¥ Z 18] B A ML IR O 37 B 2 A R B8 e, DA
W0 B VAR B DR ) A P — A58 R S8 B 1 5 B A%
ORI FN AR AR R, IS e S

BEA R0 R A AR PR R, SR AERER =
RBE 7 R PR ST kb e R 28 — R U B 25 AL 4 7 IR
Y AIE A A A 22 00 A LAl B, DI AN HR O (R B
F RV IR Z M AER PRI . 8 R B DR BIL ol 48 i
D51 = AN T THD ) e 0 2 S M Ok 43 A S B A AR
i PR bR S A X bR, RS EATZ BB
MLEK R, S RBEESS AR RCR, Poitsl s it it 4
J7 I 45 VR AR, e b 5 3 SC— BT ML I A
Y — A N« = A — R A AR R AR R

B B 0 R A AR IR R R HE: O R IR
AR B, B AR . BUARRIE . I ARRRE
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RAEBY A S P AR o B RLER 67 R B8 A B AR
AT AR AR EA R ZAAET, bR TS
P TR 7ERT R RURE b A8 3T 4 35 A B 08 A 1)
EERe TS/ R 111k AU A S P DA K< W RN ]
oA N B, AR T S B AR AR
TR A AR IR AR AR, TR Ok £ B [ o
E B BE S B B PR 22 S PE B AT AR R, LAUIRS 44730
FARME X AN R 2 JE A s T, JFEE AT P it
it

B T 47 PR 38 28 A U R A AN R PR 2
“Wh A AR R R " A TSR — S S AR, LT
FL Y ] AR R A 07 PRAG A, T 7 28R
AR R o FEAR O SCRHIE AR A TR I, PRt
ST R Y KR AEAR L, of B A AR R AR P A PR
WAy Sas F RS2 PR R b, Ao s S 4R, ik
ABEIEAE S L, Z AR RR R B S AR
XFRHIF GBI SE AR, i o o AR
B, HHEABREESE X

2 EILBESR BUAA RN EAR A R Y
5 BB S 70 #r

PEAE PR 7 B A R PR R R R S AR A (] B 2
O PRA PRI . PR B A AL ] 0 88 2 512 =22 (] g A
PEANZE S A b AY . B R 67 PR 2 2 A R ER
IR BT S I SR ORI R £ 40 A J8 (Cooke

60°W

30°N

I Cureserves (Mt)
30°S i o <5
5~10
) 10~50

® s

and Hollings, 2005; Sillitoe, 2010), [ =4k
BT S8 R R KB R TR (B 1, % D)FE AT
FERTGE, LT PR MG . B 07 28 N B0 A R Bk 1k
SERFAE ], X B A A B A AR R R TR P
PRUT: N TR T LA™ S50 i PG S5 8 Bt 2 76 40—
WIR, JE BT bl — i J 4 P R A B, R AR IS
17.6~16.4 Ma, (& 7= H 5 b R ok it 3% X 0 OB AT
%, 2004; #7345, 2008b; Yang et al., 2009); @i
F I 2R T Sk 45 1 8 B Teniente BE5 7Y
H-5AW K, TR T RIS, 75 K ALH A B 52 1)
SO h, B4R N 5.9~4.9 Ma, B A7EHLZE 1
#% (Cooke and Hollings, 2005; Stern et al., 2010; Vry
et al., 2010); @ FH AL 1Y Oyu Tolgoi B 7
RV -0 IR, T SIS, T rsemrese o,
B4R N 372~370 Ma, MEIRETR, W A R it
WA iEH IR 1000 m Z= 47 (Crane and Kavalieris,
2012; Poter, 2016),
21 WERHAER
211 TRIRAFEE R AR R ——HE R AT R IR
VSR R PRAY T 75 88 AT TR B, B
FrE¥Ti 80 km. 7E 1986~1988 4 1 : 20 J7 HiBEIRIX
AR T 2 B SR 5, 2002~2003 4FHF M) 5
A R IZY IR A Ry T G0 KR B (5H)
WIRCBALAE, 2004), HHET, Z0 RIRV 4 )8 4
7.19 Mt, 547 0.4%, 44 )8 = 0.47 Mt, 5
i1 0.03%.

3340km
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B 1 £BMERRTKSHEGEI A Sunetal., 2017)
Fig.1 The distribution of porphyry deposits and selected deposits
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Rz 1 IEHEH K. El Teniente & FKF0 Oyu Tolgoi & FR ACH ™ &R 45 4E 3¢ bk
Table 1 Major geological characteristics of the Qulong, El Teniente and Oyu Tolgoi deposits
IR 4 Hh ] T Kl 7 R I FIEI Tenientel™ J& %27 Oyu Tolgoif™ &
R Cu-Mo Cu-Mo Cu-Au
V) 7.19 Mt @ 0.4% Cu, 0.47 Mt @0.03% 12.4 Gt @ 0.62% Cu, 7.8 Gt @ 0.018%  6.382 Gt @ 0.67% Cu, @ 0.29 g/t Au, 4:J&
o Mo (% )& & @ L) Mo, 4 )& Cu 94.4 Mt, Mo 1.4 Mt H#:Cu 42.76 Mt, Au 1850 t
4 25 M o, 7% 7 Ll e
o g;ﬁ*ﬁ&ﬁkmg‘km”’%ﬂ“ Gl | B H RSB ELRS . RN
b 1 A R KB ALV Codegua LT b T T W
) 1 X P TG P A 3 A HIL A [ Tenientellf 54745 35 54 B PRIGRAT T AU 2R 1) Wi 4ty o
B AR CREREEE Yo P AW RRK A
RN B A YR R BOEBUR R BROIR 2y B R 5 0 BCER A7 T X 28 L0 TRRRYR . BRSAE, KNTR AL
FA Aii, 900 mx200 m Y FURAE T LA 1434, 2.5 kmx1 kmx(>2) km
-4k L. BME-EIEAL . O AMLCR SRR . MK A L) . A
ity ik, HEAK AX-BREk A, BACAE, THERLRTE  Bab BRA-BaR. PRIRL. %
Jefk s etk
BT AR BB SEM T AR B ARG, BB, BEEOT . R
werN AR WA B . ek
VAT g s g om0 PRI SERT e sy e i
. . PR . B, Bika . e . Baf
FRE . LY, B0, K. B R = e
oy A R g 00 00 BRI BER R g i s wa s
A 80RE. Batt. L0, 7E i@‘%mﬂ‘aﬁ VRN R s, B RERET . IPRE
o T A.OWIBE . KA. BEA
5% it ¥ W14, 2008b; Yang et al., 2009; & Cannell et al., 2005; Codelco Ltd., Crane and Kavalieris, 2012; Porter et al.,

B 244, 2017 2017

2016; Turquoise Hill Resources Ltd., 2016

RS PR A T X3 B2 R B A AR B, 7
A NN SID QIR & SN e i =]
Tl 45 B B 1) (e J I3 A AR () IR J2 227 5 i B
FIR(C KRB S BB R ALK A N AME
ftiy b . H AR E Y 5 AT (T) R K 350~1800 m,
Y& 20~350 m, AL KR IR IR E A BT
(B Tk B o3 8), KRB BEA 28 i L,
LB T B AR L, FERLEA F L DR
A o3 A B PSR (] 2) R B
Bew . MEERET . BRI, AESEY YA KA
WA BRabk BabECRA IS, 2004; 5]
4, 2008b; k4 H4E, 2009; Yang et al., 2009).

W DXCHZ T EW )7 T AR Gt 4 b
TR L A R T 2, T B S ol H A8
NKH. KNET 3 BEARZRS: BAPHELIEN
H R B A BB A A R RS (PR B . S
SR T I A B B B R AR BEA ) U8 I 9 4 v
B TN KB (S W 4, 2008b) ., B0 A A = T
DR KR AE R BEA (P BEA), AR T
RN A, BN 0.05~0.2 km?, A A&
WK, BERZEM, BEA LLARHS A (15%, i 1~

5mm). f195(5%~7%, KifE 2~5 mm). P A7 (3%~
5%)°h E, /b BBk (<3%, KiE<2 mm); B
DAage, SR ANE, BRI P RS g .
AR, P BEA R FINPR AL R, i 625454
(UST)A S thIAE P BES 546 R TN 5 1 42 fk oz
(B & W45, 2008a, 2018b; ZE 7i w4, 2014).

KA DR 9 A e AR A7 = A2 (D10 B
MR b LA (KA -Rabkfh), URFH KA.
S AR, [RIRERE S & B B
B, FEMTHAIRNE LR NK S T, QF %
w AL (R A - A tk), FELKESA A . &
Jetr ARk R R AL, 17 4R 2 & ik ELAL K LA FAE i
N QK Ao i AR (A 9-28 = B4R A1 -
Fitib), EFESINERMA A KRS b,
ARG Y RENAIE . Bkl glef . mIk
BERET, LD RIE LA (A, 2008b; Yang
et al., 2009),

AR KA IR P AL . Pl AR RRAE S AR 2
o FR, v AR M HR L 1R FH 43 = A B Bt
O AR B, 2B B 00 1 i AR Fni £k 5 8 K A ik
AR G, MR GORE ik, I LR = Bl
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Fig.2 Geological map of the Qulong deposit (a) along with sections of alteration (b) and ore-grade distribution (c, d)

AR, KEEWRT B AR AT KA R
AR EE =S RN RN | Sl S [P AR = £ RN
A BRI R = B K e IR 60% 11 4
W ALUITE Tz W B, @B B, b T 87 ik iR 45 ik
A ] KA A AR e B B, IK e T R EH AT b
e Tz b B, IRl AR A R i 8 e i, e
()7 48 A A At mT BB TR R T B B, Bk 2R
A WA B - HO T R R K L A
BRA 0 £ BT B K S SR - T
QM B B, B B DL A A i AR SRR AE, R
WEERA 3R+ B A K . B - B R A R
ik . BEERDT £ R T K A B K, G AR By
Bet ™ i . 401, Ak ISR ZE = B-Skle A 1k
H B -k A KOy F2 . A, AR
AT IRGIE B B . A AR 328 BT O &
QuyRI, HE A AT T K, N

FLRRK Ao kAR (B B B 4%, 2008b; Yang et al.,
2009).
2.1.2 %A El Teniente 5t A 4A—484 Jk—IR K
FF AR

El Teniente #" PR A7 T8 | 15 #8 35 Hi 7 £F 117 74 e
29 70 km Ab, L5 BT P AR R B
A PR e rhORT A AR I = 2A 2R AT e e T )
Codegua WrZd Fidbdb 7R m Teniente Wi sk
(Camus, 1975; Cannell et al., 2005; Vry et al., 2010;
Spencer et al., 2015). % KA RIS H A - HRK
R RS, S A 12.4 Gt(Hi i 47 0.62%)
M &8 7.8 Gt(8H L 0.018%)(Cannell et al.,
2005; Vry et al., 2010; Spencer et al., 2015), # & 3%
IR AE T b 922 B 5 | Teniente 88 B 42 A A FIH™
X Ay Braden fifk S 4k, 43 %ILL Teniente =
A 2% g R Sk vt AR A >0.5% 0 B4k, T K
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Fig.3 Simplified geological map of the El Teniente deposit (level 6, 2165 m) and maps showing the sulfide zonation (b),
and late magmatic stage vein and/or alteration (c)
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WA b 2K )R Z . BB AR =
FE b AR B R EE T 4E 1L A A LR e 2 AR, 80%
MR A T A, AL B AH A RS, BE
fmEAR 0.8~6 mm A&, ANBIHH Y LIREERD N 3,
PERE REERERE . AL R4 A, FEE kKA R
FUR AL, BBy miaE .. A . miey .
5 IN A - PH A 145 2 (Cannell et al., 2005; Cannell,
2008).

YL BEAAE N El Teniente B R B0 A K= A
AW TEE T, Kk E B A AR R KR B R
FH o Je 2 B (5.28+0.10 Ma) bt vt i) 1 25 1300 m
$i 24 200 m () i A, H RS TBE Braden i fR BT,
JEFRAEh 22 0.5%4 i v B 2 Ah, FEmTZS 134 5 4 4
WA BRI AL B AR SC R o DL Bk ik K
EEE, HRHS A BN (30%~50%) . 2 2 B (5%)
RN GBS (B AR a4 Bt A5k, D
A7 S R 3R N I (4596~65%) 2H . 5L T g A0 Atk
A REARE . B AR ERRmAY . @A
bk gRRA L BEAE B AR K A ARG R
(Maksaev et al., 2004; Cannell et al., 2005; Cannell,
2008). 1MW X HERAY Braden A 13 (4.7~4.6 Ma) A ik,
TEMRA, 5T EERAR .

El Teniente # ARG AR 3= 28 0 HUI #E 2 1k
MEE TSRS | F-S A As | FRfenAs |
AR AE | A28 A R A R e A i AR . D
WG MBS A bR IRE R . WA . A
Y BabEmatle o EEMARTY), nTaES R
AR Swell AHERNKAEERA R, ZHBEAKE
fE¥y; @8N -4 A b il A4S DUAR A AR Ao
BLOMARHTY), KB AU BRI WK JR B
JE ;. B Ak il AE 22 kB AR L BE A JE I 100~
400 m W FEIN, HART Y A S A R bk
M-, DREBRT ., SRA, T N ERT
MBEH ", Btk Syt 7o AREnN
Cu fh 7 (>1%)F1 Mo i (>0.01%); @ k-5 %
A ik P R I B B B L A TR IR AL (R
2000 m LA |), BhASHHILLAE Bk . A0E . WA
gleqhE, PERA-ERKA . BT, mikY i
W AR, Bt a Sk, K
WA A Cu RZ%>1%, Mo KZ7E 0.01%~0.03%
Z ], QT A A AR T30 B 9 B 1 0.5%/
i AN, AR Y ke A . ST, AP, Bl
AE . 2R Y -, s LR

BRw b A, WA i 81K (Cu<0.5%, Mo0<0.01%);
O Y-8 BRI AR, A R I S L B A K
AR B A AR S P | (TRFK 2000 m LA L), ik
TWYEENAR, Bt HAEE, ORMAMAE,
FES PR IX 0.5% it v Bl Jb P4 J5 {3, ——Braden
H R ML A ARV, KB THRUT
100~600 m, iy d5c b & ok g 2 AR AL = 4R )2 4K,
AR FE e, S A LA R B
KRBT, U AT YRR R4 (Cannell et al.,
2005).,

HRAE El Tenienten 7 R AIA W41 G . Bk IAR 2845 ¢
FRORUAR b AR WK B FH 43 R A B B (DRI AR
IR B, KE R0RES AR (R BN
A1 A B A RN DK 2R e A i AR (7 e+
HAA . Btk glAN), Zh BN LT mY,;
QA S B B, LA KR A 5 - 8 - B A ) (=
M- A-B -2 A -5 A -8 = k) bR
fiE, PhASIEARI DU -F A A | AL AR I R
R 3, A8 TSR 60%4a )R . @F
PRI B, DhaR S A A0 A o FEZERRAE, kAR 3
PR AE, WAE MGk, SRR BT
BOERAT FOE SR (SRS TEM ), ZBK B AR
H 30%4: JEA . ORI B, kAR B
PhAR ZINAE BB L, Z P Br S Braden 75 & il
WSO I 2 R A G, Il AR T bk 3 22 4R TR e AH
KRAERME, BT XEHR kT . iy E
BUONECRET . SRR A RS, ST 10%
45 J& 4 (Cannell et al., 2005).,

2.1.3 & @3 Oyu Tolgoi 3t M4A—4 5 h—
PR AR

Oyu Tolgoi #" RN T 5 Em e, JLiE5E
R 22 LT 550 km, HEEE 520155 80 km,
R BR DA A I EE A, KR A R vk vk B
W AU R . 20 HE40 80 AR S -k
Bk & ek 224, 76 Central Oyu HiIX & 3
Mo 5%, TMiJ5 % Magma Copper il BHP Billiton ¥
FH M2 w7 b BRI AR AT TR P A
R WALYE M A S, )5 | lvanhoe Mines Bl /A )
fE 2000 4FJ IR THR B RAL IR UL S
PSR4k, BRI & PR S Oyu Tolgoi K, %0 K&
FEM 26 km AYACIEZR 1o 47, G I FE AR IR )
i Ulan Khuud & K. Hugo Dummett North #"J&K .
Hugo Dummett South & JK | Central Oyu Tolgoi " JK .
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Fig.11 Chondrite-normalized REE patterns and primitive mantle-normalized trace element spider diagrams for the
Qulong (a, b), El Teniente (c, d) and Oyu Tolgoi (e, f) deposits
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Initial Approach to Establish the Identification Criteria System
for Exploration of Porphyry Cu Deposits
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(1. CAS Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy
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Abstract: Porphyry Cu deposits are significant reserves of copper, gold and molybdenum in the world, and have been of
the highest interest in both research and exploration in the past decades. However, connections between these studies
and exploration methods, especially those widely used methods such as exploration geochemistry and geophysics, have
hardly been established, and therefore, restricted exploration efficiency. To address this issue, we tried to establish an
identification criteria system for exploration of porphyry copper deposits (ICEPD). We choose three representative
deposits from different metallogenic belts, the El Teniente porphyry deposit in the East Circum Pacific belt, the Qulong
porphyry deposit in the Tethyan belt, and the Oyu Tolgoi porphyry deposit in the Central Asian belt, to make compre-
hensive comparisons of the characteristics of geology and ore-related intrusions geochemistry and summarize their
common and different features. The common features and differences will be discussed as general and discriminated
prospects in initial stage of building ICEPD. These three deposits all have potassic zone, prophylitic zone and phyllic
zone. Copper is preferentially concentrated in potassic zone and phyllic zone, while molybdenum in sericitic zone and
qurartz-sericitic zone, and gold in potassic zone. Sulfides show a clear spatial distribution, i.e., varying from bornite, to
chalcopyrite (+bornite), and to pyrite dominated from ore central outwards, with overlapping copper and molybdenum
mineralization. Base on geochemistry database, we present a method and procedure for data selecting and screening to
guarantee the data validity. Causative intrusions commonly consist of plagioclase phenocrysts (30%-50%) and quartz -
k-feldspar (60%) in the groundmass. These intrusions are all high-K calc-alkaline and peraluminous with adakitic
features, characterized by moderately fractionated REE patterns and enriched LREE, moreover, their silica and alkali
compositions, fractionated REE patterns, and Sr-Nd isotope compositions are consistent with tectonic settings. The
ore-related intrusion of the El Teniente deposit is more adakitic than those of other two deposits. Overall, this initial
attempt to build ICEPD laid the basis for further study.

Keywords: porphyry copper deposits; identification criteria system for exploration; alteration zones; geochemistry of

ore-related intrusions



