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Abstract: The Lakang’e Cu-Mo deposit is a typical porphyry deposit in the eastern Gangdese metallogenic belt, on which previ-
ous geochemical studies are not adequate and systematic. In this paper, we present the results of the systematic logging of drill-
holes and provide new petrological zircon U-Pb age, and Hf isotope data for the deposit that allow the identification of the tim-
ing of formation and mineralization of the Lakang’e porphyry Cu-Mo deposit and the relationship between this deposit and other

porphyry-type deposits in the Gangdese belt. Chemical analyses show that the ore-bearing granodiorite-porphyry has high SiO. ,
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low Mg and Ca (SiO, =62. 51% to 72. 41%, MgO=0.59% to 1. 30%, CaO=0. 95% to 3. 44%), highalkaline (Na,O=
3.51% to 4.75%, K;O=3.30% to 4. 97%), metaluminous (A/CNK=0. 90 to 1. 01), enriched in LILES such as Rb, Ba,
Th, U, Sr, and depleted in HFSES such as Nb, Ta, Ti, P and Zr. The rocks also display low total REEcontents (2 REE=
82.80X107°% t0 132. 09X10 %), enriched LREE and differentiate obviously, with weakly negative Eu and Ce anomalies. LLA-
ICP-MS zircon U-Pb dating indicates that the Lakang’e ore-bearing granodiorite-porphyry emplaced at 13. 58 0. 42 Ma, ey (2)
values and two-stage model ages of zircons are —3. 99 to 4. 49 and 808 to 1349 Ma respectively. The results indicate that the
ore-bearing granodiorite-porphyry in the Lakang’e deposit has adakitegeochemical characteristics, and the parental magmas

were mainly derived from a juvenile crust and partly mixed with old continental crust rock during the evolution. The porphyry

in Lakang’edeposit was formed in post-collisional extension setting of India-Asia continental collision orogenic belt.
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Fig. 1 Geological sketch of the Gangdese metallogenic belt showing the major ore deposit
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Fig. 2 Geological sketch of Lakang’e mining area
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Fig. 6 Relations of Si0,-K,O (a) ,A/CNK-A/NK (b) from the Lakang’e ore-bearing porphyry



FA1E

(6661 77 10 wipPwy HE (STO O FVH GH 100/ (0T, 3 (STO O F)H UH 120/ (V1o (S €82 "0V FVH GH 121) / GH o0 LHF T I Lo M8 b FOK PHAL L0038 TH ¢ (2 €€0 °0)
BYH IH 100/ o3 (222 282 OO By M GH 1.0)%/ GH o) U TR HELLE (8002) 77 72 1o1an0g] [ i g JALHE (7)IH34 ($002) “7P 72 PUn[Iopog i< (B 1101 298 T H{ KW J X OH 0T, * UL T I LLH
A D5 74610 F0="H ,.1/M"To,) * (Y00Z) 7272 PUN[IPOS ¢ | B 1 01X L98 "T=Y*(000Z) "7¥ 7 WMD) [If (L661)°PAeq[y pue 3JOT,-3134d1d i ¥ 860 "0 i €7 €82 "0°2 €0 "0 ¥ L2 282 "0 LL[If L4
BV ZE T B JH 00 /D Topu B FH o1 /FH oo GH T WE TR M S 37 DM TR 24 { [ NIGH 120/ Tou) — 2 GH 221/ o) /U NYGH ot/ FH 020 — S GH o1 /FH 9,0 141U/ T= W24 {LNAGH 4,1 /0T 9,0 —SGH 121
/T o) J/LNVH 11 /TH 900) — SUH 22/JTH 020 ]+ THUIXY/T =74 {T — [(T— #2) X IOHI(JH 41 /M T gp0) — OO GH 41 /TH 9,0 1/L(T— @) X SUH 121/%Tos1) —SGH 121/IH 021 11000 0T = (7)H3* F

86 '0— VAN 6L S e— 88 ¢ — L96 282 "0 ¥10 000 "0 169 282 "0 €82 000 "0 812 910 °0 98 ST 8
L6 0— ST 1 L2l 16 '0— 6T T— 616282 0 110 000 "0 8€. 282 °0 616 000 "0 1702 020 "0 10 €T L
16 °0— 8¢l 1 [av) 80— €8 °0— L68 282 "0 €10 000 "0 67,282 "0 688 000 "0 900 120 "0 6¢ VT 9
86 '0— 6ve 1 878 66 '€ — 28 v — 60¢ 652 "0 29€ 700 "0 089282 0 €2 000 "0 €€ 910°0 0¢ "ST S
16 '0— 296 V9 S0°2 08 T 168282 0 €10 000 "0 €28 282 0 L96 200 "0 182 %80 °0 96 21 i
16 0— S90 T ¢L9 LV 0 9T 0 656 282 "0 ¥10 000 "0 LL1 282 "0 2S8 000 "0 881G 610 °0 21 €
60— 808 12¢ 67V 127 188282 "0 T10 000 "0 168 282 "0 969 100 "0 26 6€0°0 09 "¢ 14
H/TS (BN @Nd7 (BN 7 (1)H3 (0)H3 DIH 221/ H o1 o1 JH 11/ ot JH 201/ Tout JH 21/9K ou1 CIND =ty 5V fift

ysodop o Juesfe| ur A14ydrod-9)1101poueid SulIeaq-210 9} WO} suod1iz Jo uonisodwod adojost J ¥ 9[qe],

WHEDEIH SHEHIME DY YT v ¥

//www. earth-science. net

http

T(NIJ N /NoDZ = .90 /90 (NpDHNWS) /N7 = . ngf /iy *

HUERR}

1006

¥L°0 ¥6°0  G9°67 16°LT 66°'% 62°.8 8226 6F'S 60°0 950 80°0 09°0 0Z°0 FOT GZ°0 91°Z ¥8°0 60°C 0L°0Z T0'S LE'¥E 62°€Z 8 IEF-T0TMZ
€6°0 20T  0T°2¢ 18 8T 2% 6£°08 99°F8 26 L0°0 ZP0 9070 9%°0 910 L8°0 220 20°Z V80 ¥8'Z VW8T 1€V 62°SE 99°8T 2 OVI-T0TMZ
78°0 66°0  €8°7¢E €e 81 8Z°'F  25°8L 08°Z8 SE'S  L0°0 ZP0 90°0 8F°0 LT 8370 220 66°T Z8°0 06°7 O0L'ST 6VF ¥9°ZE 86°8T L 60I-TOTMZ
18°0 88°0  SO'T¥ L1761 9€°9  €47°6ZT 60°ZET  60°9 80°0 €50 80°0 99°0 ¥Z°0 08T ¥E'0 FIE 61T 8LF €8°IE 9€°L 96°0S 0T 0¢ 8 L¥-102MZ
¥6°0  96°0  99°8¢ e 3T 229  OT'FIT 2€°02T 6% 90°0 ¥F0 L0°0 85°0 12°0 SZ'T ¥€°0 92°¢ ¥€'T T16°F ¥9°62 ¥5°9 €z°'S¥ ¥¥ €2 0°98-102MZ
1870 SO°T  89°FE 1€ 8T 92°G¢ 82°96 TSTOT 29°C 80°0 670 80°0 T9°0 0Z°0 TI'T LZ°0 ZF'Z 90°T SS'¢ Z6°'TZ 80°G 88°0V 6L €T 8°9Z-T1023MZ
+90/20 « /A NqX/Ne T HANH/AAAT dd¥H  dd¥T Jd94XK A ng qX WL I oH 4fd 9L pH ng wg PN  Id 20 vl (WHW—&MNH
/ / / / / 600 96°0  6V°S  SIFL 60°€ LZ°€ €IT LS¢ 0L°0Z 8¥S SZ°'T €1°0 79882 91°C 8S°L 209 28 8 TET-T0TZ

/ / / / / L0°0  Zv'0 z6'¢  9S¥T ¥8°C 8L ¥6  zgv ¥RPST €8% IIT T1°0 9.80% 60°Z7 I1T1°L LEL ST Z 0¥1-101MZ

/ / / / / L0°0 2P0 SE'S €ZFT 06°Z OS°T 68 L6 0L°8T Z6& 62T €1°0 1621y Tv'z 678 9TFT GFT L "60T-T0TMZ

/ / / / / 80°0 €570 6079 LVEZ 8LV 2Z°€ ZIIl 60L €£°T€ 60S 98T 12°0 €4982 IV'T 92°C 62L  6II 8 "LV-T0ZMZ

/ / / / / 900  ¥P0 26V S6IE T6°F €9°T VII €26 V9°62 889 6E£°C 61°0 86¥82 68T 6L°C 8¥9 76 0°98-102M7Z

/ / / / / 80°0  6FV°0 Z9°C ¥E0Z SS'e 68°C 20T €29 26Tz ¥6S 89T LZ°0 61¥LZ €VT VLS 8ES  ¥6 8 °92-102MZ

/ / / / / n qx A L ws JH Z d PN IS 9N BL S N YL ed 99 (WHH¥—EHUWH

twommw m,w:wvﬂmq ur \A;L%ogbtpo%o:mpm m:inw@bpo oyl jo s19joweted pue (,_0T1) suonisodwod Yy pue 20eI) JO SINSIAY ¢ d[qr],

BeXHY (L, ESELTUYERZMAME D S Y HPUTE ¢ ¥



56 3

VR RKIESE - PURR R HUARBES Cu-Mo 7 R & BEA HBR AL i 41 U-Pb 4RAQ2% & HI [ A7 R ALAL 1007

10° (a)

10°F

FE 0/ BRORL B AT

Ce Nd Eu

Tb Ho Tm Lu

1 1 1 1 1 1 1 1 1 1

10° I B

P i/ G4y Hb 1

La Pr Sm Gd Dy Er Yb

10° (b)

Ba U Ta La Sr

0 D T T T N N T YA T O T M Y M M T N |

P Hf Ti Yb

Rb Th K Nb Ce Nd Zr Sm Y Lu

B 7 BB 0 BEE R IR 20 2k () AR JU R R (b)

Fig. 7 Chondrite-normalized REE distribution patterns (a) and primitive mantle-normalized trace element spider diagrams (b)

of the ore-bearing porphyry in Lakang’e deposit

a. BRORE A B . 9% Sun and McDonough (1989) 5 b, JFL4& #5504 . # McDonough et al. (1992)

B RY tow N 521~ 848 Ma; B [y Beid 2U4F %
ZDMZﬂ\j 808’\"1 349 Ma.
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5.1 BEMRERBMIESREL

Kt ) B T AR A AR 2 A I IR A e B
AT F AR AR: A FH 5 MR Bl ) 277 S i) G
(FEREAE,2007) , 7EBE A R R 55 o 055 1A
B4 U-Pb 4F 8 51400 Re-Os 9% AH B EDHIE. 25
B R BRI AR SR R A PR BE A Cu-Mo 1™
IR A1 i N BE 2 45 A1 U-Pb 4% 13. 58 &=
0. 42 Ma(n=9,MSWD=0. 88) .,/ TH K& H 1
B DN B A S AF . IR A IR B0 S5 0 X 4 4
" Re-Os 28R AEIA (13, 1240, 44 Ma; BBk,
2015) BAEAHT , PO 78 [A] — 52 25 U L | ] s
L Cu-Mo & RIS B JLT- [RBTG5 2k 2 1L
M HA S0 S = A B B TR 4 1
RGP V485 s ANBIE LN T — ST 25 A 22 8] A IX)
IS B, R 7 0 8 R 1 W2 20 Lok A R T Bl
Wi 2 IR K 28R B 52 Rk 1 — 25 %
S (B 2R, 2003, 2005 ; B4 T4, 2007). 5245
TR BT R A AR T 1 R R T A X BT A
W 2207 T 52 2= W HL T — # i — 5 b i AR G
FEHEAF, 2006 ; BLE 2255, 20055 R 55 46 2008) , TF
BT BT 7= U DI L B v [ T A
EX TR A A R 2 A TR . A [E) R R B
DA A — 55 BEAR 345 S 543w AL A S (K
AUNEF, 201D , Jbs BRI A T FE d RiAE A

AT M Ay e 5 T3 o o) i i 9 B Al A 111 A
JICPRIER 25 5 el R iy XIS 4B 1 ity s HOE e By
ST AR A 25 5 CRIBHE45 L 2012) . X IESHT AL
T BT RN A SR A R 53 1 R B A VAR 4 ST v
Se ) AN b B 28 B BE 5 5 Y R i il 48 L il £ i A
TR J R 3 A S (B 25 2% 55, 20092 BLE
R4, 2009 5 40 TR 4 L 20095 2R 5 R4 L 2009). HEVT
TEM MG =B 1 - 4 & & (Pearce and Mei, 1988;
Gaetani and Garzanti, 1991), B.— s 4R T tHIF-46 M)
AL e B — 2 505 Sl R B A G A S ry , LA 2
AR KIS (R FERESE,2006) s 2217 T MR
T P B AR 2 ] S0 v X — B B HEVLYE T
LR IFAG 5GP, B 22 ik A EE — SV U R Bl il
s LB, 11 EPEE — YN KBl Al 4 A XD R 34 B
W R AR T WU KT Bl i« 5 — Ay [R) il 43 3
FHIE ) (65~40 Ma) , LU B R 1 il K A6 5 2
AT 5= il g R A 5 B 0y Ji il 48 19 o s
31(25~10 Ma) , LLBR 5T — 8 B0 5T 1L 2 383K v o
B o3 B8 BT AR B S AR AL R AE (B 22 5
2006) 5 H 3t Bifi & HE VA IR o 3 5T AR R 9 T
(Miller et al. , 1999; Mahéo et al. , 2002) , X )& H
B A EW [ T R T R AR 2 1Y AE B
PEA Al 8 B 45, 2002) , AR I8 BE v T 20~ 13 Ma
(Hou et al. s 2004) JER T —55 4T T FREE 1Y
T EW Ja] J A 1) XS 57 48 B B A Ol e ] 4%
2002; £ALHRAF, 2012) . AR SR B HHUAR & 0 AL 1<
N BE AR LA-ICP-MS 4 47 U-Pb4E#8 R 13. 58+
0.42 Ma, 5 X 5§ b 430 i H B B 85 — B R o B 4
Z & /AR AL KB A R ORCs AR (150 31 ~
16. 27 Ma; ZEa5 M6 %5 . 2011) UK Jp BE 45 4R 7 R &5
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5.2 EAREREREX
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107 F1 Yb(0. 42X 10 °~0. 56X 107°),Sr/Y HAH
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SR T Eu S8, BT BRIK v A Bk A R E
BRIBRE T A A or fE (Defant and Drummond,
1990; F 44 5, 20005 F 58 5, 20015 5K JHE 4§, 2001;
Castillo, 2006) , K I W] 4 RLHLHAT X & 07 B 5 28
ik vt (B 8). Ik w1 Sr ME5 i Eu 5
B A SRR X TORHS A 538 5k B A O ARHS A
ARG HET R ICER 3RS IR X R —F
B K ITB% B A AR A B AR DN R R S s R A AR I
(Defant and Drummond, 1990, 1993; Drummond
etal. , 1996) , RN FE & K 54T B0 20 475 il 3 e
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O RIRIK 5 5 T BTN b2 a5 19 5 1 8 3 44
(Defant and Drummond, 1990; Drummond ez al. .
19965 5K S, 2001) , 1 C BURIK v a WIE i T
M AR 2 B A TR Rl OIS e i ER
4345 Fh (Atherton and Pertord, 1993; Wang et al.
2005, 2007). frHiHE X & HEE E K, HEAK
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Bk i MR SRR AE AR AL CGIRBEESE L 200D, i HTHK
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AT U A B B R A i S P P HE
AR R TN E A B A0 A9 Lu /T HE PO BEAR
TESATE SR ZR ) HE R4 2 4 (R A8 T 55,
2007) » T RERE 7 B 4 K PR IX. (BRAER 5455 . 2009). 24
BEAORIUG ene (OB TEAE, BB A RAEIE L A 52
2 5 B B AR S ) B I TS ene (O
P S0 UL R 5 (AT B 5 DR o A8 o oy 32 s
OKGBI555,2012) . Bl GE X NE T Lm™ 5 A8 i1 & 10 5
X HT AT TR B AR 2063855 (2009)
ST X R A= B i a HE (8] 067 3= 40 0 ) 4
S BRI T HL/TTHE FOfE TR en (O (R
AR SCAF I (1 000~300 Ma) , $ H BT A= G 1
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Fig. 8 Relations of Sr/Y-Y (a) and (La/Yb)x-Yby(b) from the Lakang’e ore-bearing porphyry
Ji& &4 Defant and Drummond (1990)
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