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Abstract: The petrogenesis of Miocene porphyries is still under debate, involving four different genetic models, such as, partial
melting of residual oceanic crust, partial melting of thickened lower crust, partial melting of sub-continental lithospheric mantle
and partial melting of metasomatized mafic lower crust related to subducted fluids. In order to clarify the petrogenesis and tec-
tonic setting, petrological analyses and zircon LA-ICP-MS U-Pb dating in this study were carried out. In addition, whole-rock
major and trace elements were analyzed by means of XRF and ICP-MS methods. The results demonstrate that the porphyries

formed at 16.7—14.4 Ma, showing adakitic geochemical features. Geochemical characteristics, trace elemental ratios and dis-
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crimination diagrams suggest that magma source of the granitoid porphyries was derived from partial melting of the lower ju-

venile crustal material, whereas magma source of gabbro diorite porphyrite was sourced from the enriched lithospheric mantle.

Together with published data, it is proposed that the Qinghai-Tibetan plateau was in the tectonic transformation from compres-

sion to extension or strike-slip during 18 —13 Ma in the early stage of Miocene. The ore-bearing porphyries ascended through

vertical fractures or faults and mingled with mid-upper crustal material generating granite porphyry, monzonitic granite por-

phyry. granodiorite porphyry and quartz diorite porphyrite. On the contrary, the coeval magma derived from the lithosphere

mantle formed gabbro diorite porphyrite. Ore-bearing hydrothermal fluid was driven by tectonic stress and heat flow from mag-

ma took place at the sandstone slate and hornfel of the Linbuzong Formation, and marble and limestone of the Duodigou For-

mation characterized by inter-bedded tectonic fracture belts and collapse locations of folds, forming skarn-type copper poly-

metallic ore deposits.

Key words: adakitic; porphyry pluton; Miocene; Jiama; Gangdese belt; petrology.

B RE — S Y Al B i) il 43 2 b sk LB AR AR LUK B
SHE WL b 5 A (Zhang et al., 2012; FEZESE,
2016) A3 HE N B SE M BR IR BB 3 1 2 o R <
ATREE R E 17 0 1A 7e e AH BLAE SR i B
X (BLE 45,2009 L5 5, 2011) . h7 B M AR 7 T
T e SR R T, 2 D3 T 22 R A o Ll R e L
TR T B A &8 Bl P — KR B 14 (Zhang,
2004; Zhang et al., 2004, 2012, 2014; EEH 25,
2006 ;4 28 2% 55, 2006 5 PP B2 45, 2011, 2016) . X g
BRI E e S (VAR RE A S NN E2 SR TRE S o o8
TR Ak R B — I A HRlE FE 0 OCBEAR B, TR BB LT
I e o E W £ & R T (R HEE 2008
FE 3 4% ,2012;5 Sun et al., 2017) M35 B W i Ja]
X JEE J0r s () BT 2 R AT LA 43 SR A oft L (55 Ma) FlI
filf 48 8 (<C55 Ma) IS BE A BV £ & /07 IR (F &
BEA 20125 5+ 2%, 2016) . H A vb B0 (9 46 B H
AR PLMEART 4 5 — Ab (Tang et al., 2015), 1 filf
T8 Bl ) BYET PR AE X 5 43 A0 3¢ Ry 5 3l (5 318
W45 ,2008; Wang er al., 2015) . BF5¢ &0 . X JiE 3
P RRLAR 1) i 2 4 8 B i) () 2 Z AR T fE 16 ~
14 Ma(Wang et al., 2015; 5+ Z%,2016; Sun et
al.. 2017; ¥R a%E.2017) AEASFE R M ikl
S LB A T S PR S R T R R P ) e R B B (21 ~
8 Ma) (Williams ez al., 2001; FE#A& T74F,2014; Li
et al., 2015a, 2015b, 2016 =% ,2017).
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FEHUAR T V/F 22 3 B R (E R X bR i B s
18 S A 8 DR AR M A 3 T 5 B DR X s L AT R
HFAHEET 1241 (Chung et al., 2003; Qu et al.,
2004; Hou et al., 2004; Gao et al., 2007; & 0IE
#,2010;5 Liet al., 2011; BRAT4,2014 255,
2017). HAl FLAATE 4 MR R B 22 AR WA - (D) g
TH ) B AR T 5T R 4 BT R R B T S I T 0 e

FEJG WK TR B 5 BT A LR AR A
HAEFH(Qu et al., 2004) 5 (2) 3K H T 5 A9 HL 5% Hy
1K #1572 158 43 #5 fil (Chung ez al., 2003; Hou et
al., 2004; BRAT4E,2014) ; (D BEA AR A T L &6
b Y DX ) 40 L O 2 BT SR IR R B 0T R
MR AZ A (Gao et al.. 20075 Liet al., 2011);
OOF = RN RN AR % o N A O R A e
(Guo et al., 2007; 1&HEFH,2010).
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1.1 MRESRERHARER

T 9 e N B b 2 B RORE BB L 92
i NG H AR ek AR MR 4 B (Yin and Harrison,
2000; Zhang et al., 2006, 2007) (/& 1a). Xl JiE 7 %+
ST BE AR B JE iy — e 5 A VL AE S, LS R
] — REAK IR — 15 22 Wi 24, 32 0 R R RN A B
) 1 AL B 2 L R R RIS [ il 43 7 o R P ¢ L
WMTFEKkILE) (Mo et al., 2007; BLE ¥4,
2009; Zhu et al., 20115 Ma et al., 2017b) B bf
TR XN 1 S 2K 0 Bl d & TT LA i 3] i =
Z it 5 ] (~226 Ma) (Zhang er al., 2004, 2007,
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Fig.1 Tectonic simplified framework of the Tibetan plateau (a) and simplified geological map of the Jiama ore deposit and

adjacent regions in the Gangdese belt (b)
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20123 Wang et al., 2016).Ji et al.(2009) R4 X JiE AT TE XS Wiy B 2% (Ji et al., 2009; Zhu et al.,
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205~ 152 Ma, 109 ~ 80 Ma, 65~ 40 Ma #l 33 ~ 80 Ma & {4 5= B2 43 A 75 X i 7 77 Bl 2% F1 2R B, &
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e JEE B e R I BRI D 2 3T Y 4R N R
AT XU BT A 19 4K (Ji ez al., 20095 BEH
245, 20095 Zhu et al., 2011, 2015; W oG B 4%,
2015) b Ah I AR A AR R B IR M R A
F VAR R A W S AR S — R v kil
o (ML 2] AR B RIA IR 4D o 3 (BEE %55, 2009
RIEA.2010).33~13 Ma J& W R 5 — A~ E 2
1) 5 3 B B LT NI 9 2R BT, 33~ 30 Ma 1 {6 X
A BRIR T I H R A 2 FRAE N O H & TG A
WU 3K 7 A (Harrison ef al., 2000; Guan ef al.,
20125 £ ,2016). J5 flf 48 5 A A OB 3 4R
PELIAE B B A K By e o L 2 BN R A TR
BURRAR A R H AT KR Bl e o FE B &0 5
& (Hou et al., 2004 ; BEHHE%.2008).
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B EEHEA T HEEMA RH (KD R
(KO FBE B (K1), FIRP G Z IR (Jad)
M RA ) (B b, 2), XK N )ZE N
NWW [i] ; 53 5 32 2853 A 72 F 58 XA Bl RF b 48
Bl 15 01 1) 46 B 5 S 8 40 A L 45 10 U-Pb g 4E 45 R

N 152 ~ 23 Ma (Chung et al., 2009; Ji et al.,
2012) , 2 R 42 07 P A b R B — ST Al R R 4R 1 7
Wy A5 X 408 DX 114 A% 3 R T 1) 3T R P S YK A 1
L2 R NWW [0 JB A (B 2) (B Z&45,2016) . F 58
X EABIX K EA NWW 35 NW [ 1) i v #2414
PEBY 1A DA B K R RS 4 (R 2) 51X PN KO 7 DL
I AR B SR ROk B kA okl A S 3L
YR DL/t ) B R R — WSk e A R (B 1b). P A
WEGMATFA (K O M ERP & ZIREH .d) J2
H 340 X e ol R A PR 0T (& 1, B 2) bR 5
(K O AW LUK B M S JeE B ab A A
FON IR KA KR 2RI AL LUK F
JRAHIR G SR 2, e D w R KA R B R
WA, 2 KT8 24 (Jsd) FAR A 5% 20 (K, 1) B A1 B
B E O R, Z0E & F R AL B A (A
2) (B F4,2016) . LW X N A #3K A B A
T AR R A A AL FE AL 1 I K B A8 B B
A BE N BREA TN B A AR BE S ROV S By s S
(FE 3 2445,2010; B 255 ,2016).
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Fig.2 Simplified geological map of the Jiama copper polymetallic deposit and adjacent regions, southern Tibet
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B U-Pb 4F % A4 2 R Ak 27 508 vl IR R X
PR R B AN S 525 0 ) b ERfE 2R A
1.2 HmEHEEHE

R XN EEHRREIRER. RAEZ IR
AW EA R R S, F RS
BEA ERNKEH S ARNRKS S RS . K
16 B B FIAE B DN K B2 55 55 LT %% U0 A DG 1
A VE BN K B A FRE K N K B A ER S . K
A6 B3 B R B IS B8 o 3 (B 45 2% 56, 20105 4
LEL2012).
1.21 TERBE KA 6, BRI BRSSPk
P BE S B 25 % ~30% , EE A K £ (Kis)
BHCA (P A 3 (Qtz) 4 75 /0 7B = 1 (Bo).
RO, S8]A10% 6% 1~5mm, K —2F A
M A AR o AT UL A= 2O 2D B A R A e Ak
REKA TN 0%, BERBRE 2~6 mm, 2 AIE—
H Y &b AT DL Y S 1 B A 45 4 SR OB s A 0,
T2 2% ~5% R EE 1~5 mm, BT R, AT 0L U
ARV Tl 25 L 3843 J0RE BT UL IR S 4 s PR < B
BN 3% ~5% R 1~4 mm, 28 AR, 58
0, J5 W1 22 g e A A IR 6 28 AR AL B B 2k T 2
B K BT D R S BRI N A CHDD 4188, 2 B
AR R R~ 5%, 2O B A B K A LR
A G 45
122 ZHKRERHESE EKOEKAGO, HERS
F HeR M 3 B S i 30 %0 ~35% . B K A,
R A MA AR A Y 150 R 2~
5 mm, [ JE — 2 A AR SO FB 43 i nr LR
AW R KA, TED 1090 ~15%, FLJE 1~
4 mm, [ IE — 2 F IS AR BORIR , F8 43 B50RE 7 1A%
VA [BAR L T LA Ry W A ) B AT 45 A8 R R R XL S JR)
KRR A, SR 5% R 1~5 mm, fil
TERLAR L A T U TSR M BT, R T I 4 W
MRk, SR 2% RE 1~3 mm, 2R IR
A28 B CFE AR S Ak (= B0 Fai R £k 1k, — K
A8 B4 B 0 BT O B it BT — R B B4 A, £

Ko A D B R A DN AR B A A
2y 50, AT W KA VBS A WA R R AR KA
B B e AR DL A RN DR = B S 2 Bl A R
Gy REAL S T UL R S R A TR PR s B 0 Ak AR G R
WAL R kR MR 0 .

1.2.3 ERWAKBEE WK K6, BIREH,
Yotk B 259 ~30% . EERAK A A
NA B BEA R, A & A i B A R A e, il I
WABRS ARG, TEA 5%, b F 2~5 mm,
HIE — 2k A SR SORLIR . R R 3 & B . D I gk
(IREK AN SR AR SN OF RS aR R A eSS N
s N A, & ~5%, K 1~4 mm, 400 A
T — AR AR B R, 2 w4 3 L 5 ] 2 B 4t
A KR ER R B G RaBE, <<5 00, R
1~4 mm, 50 R E R I3 s A 98, & 8 <500, ki
JE 1~4 mm, R RCIR 307 RR & B8 AR, R
TGS W] . A8 5 TN B 7 5 5T ok 8 o T — 4t kL
gt EEH K I BT . MAIN A D i R B2 L R
W), &Y 3%, FEMBE KA A A A E
B9 (& @0 1) % 21 1. 16 i TN B2 A 1ok A% LA
EH AN =P (A SR (> ST ek (S ISR R A LA D
B G AR A A0 R BRCTR R 1 Ak Ry .

1.24 AXRRAKBE KO- KAG, FEARSS
L HOR A 3 B i 3 i~ 30 % . A A A TN A R
A7 G S A DX AT L AR A SR B A A DA A
B AR A . B RN 15% . B 1~10 mm, A F
MoK BT DL R e XU 38 4 K R 57 28 = B A
e ANA . S REA 10% K8 1~3 mm, %
W80, A — AR KR EORDIR , 29k A
R R 20 A9, F A 5% R 1~6 mm. fib
T RLAR: o 8 43 JURE 15 ol o 742 B R Ay o DN K By i T
Shy S T — AL 2SR, el R A R A TN A A
R W& e 2y 300, Wl KA A8 ARG R B Bk
W45 A0 E N K By 5 ol AR R 0 g, DA RE AR ol 32, L
U] DL B8 = B A AR AR A A DA B & N R & B IR 6
(AN P SY AN SIS 8/ A (AT IR AV N R
ARk ok .

1.25 BRRKBE K6 — KBGO, TR
o BOPR A 3 B i 32 2 i R A AR I A A B
HNA] LDt A RO A R B A, BT R 100,
KLRE 1~7 mm, *F [ IE AR BT KAk, & & R A
XUt AT WA = BEAb N A T i 2 500 R 2~
4 mm, @, A — AR RARECRAR , 2 94tk
A RIRER B = B R A, Y 3%, B
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1~2 mm, 2k A IERR AR s £7 9% . 5 52 200 0k
J& 1~3 mm, ABFERLR 38 23 h B AE PR IR
By KL 5N AIORE S5 K, 32k R A R A TN A 2
RIE 8 & /N T 500, MR VB IK A G BRA R R
LR G BTN A S a g S A A DO S E 2

2 I s

B A A3 TAE AT AL A b BT I 22 B A SR 5
258 TR B A BRAN R < 1 S i DAY A A
B VT SR 5 SR AT Wy BRAIL AR T8, 42 B ER ) AN i
(07 1 EAT WAL 0 0 SRR PR XU H B T E— 2D Bk
4l B R O 28 09 B A UKL 58 8, B Il 24 B B
LT B E Pk B AR TR SR R L &
YO6 5 HEAT I 5L L RS O A B A R DG 3 R B IR
FH (CL, Cathode-luminescence images). # 1 ) il
BN B A0 (CL) BB AE [ M BT B 22 B 7 7 5%
TR 5% BT 56 B, 85 A1 U-Pb AE 88 7E B o0 K22 2B 4
JE A PR R AL T A 5T ) 52 9 6 A O R o A B
FR A (LA-ICP-MS) |l 52 . LA-ICP-MS 4347
S 1 O # il R 8 New Wave 28 &) A7 19
UP213 7, ICP-MS [ 15 2y Agilent 7500a B, %1
YIS He S, 2R 5 45 3 b 38 i AR N
3 mmfl) PVC Bk £ 3£ 3] ICP-MS, 7£ it A 1CP-
MS fij 5 Ar TR G P He-Ar A <. U-Pb
Jr AR R s O A B A B BF GEMOC GJ-1
(*"Pb/*Pb 4% & 608.5 £ 1.05 Ma, Jackson et
al., 2004) RAZIE R 85 A1 ARk Mud Tank (732 +
5 Ma,Black and Gulson, 1978 YE & W 5 L 4% 4l 3
v 1) 0 P RS 2 512 9 8 Ak 38R L Glitter (ver.
LA B TR Y 53 B 5 2 AR R L Jackson et al.
(2000 1 Griffin et al.(2004). 52 % o {1 F' Pb )
GO RAC DL R AR He T % 1A R BE
FIH 0 D A5 G5 5, i DA B D Y £ 4 52 Com
Pb Corr # 3_15G & ¥ R AT Pb £ IE. 3 A 4F i
(Concordant) K MAE¥I4FE# (Weighted) 315 2Rk F
Isoplot (ver.4.11) )% 5 i (Ludwig, 2003).

4 IR AL 27 A R 8 L BIF B YT b 4 L B
W2 B 25 52 3 = 58 . 2 e B R M sk Ak 2% (E oo
ORI TGO M MR S 7 D A I B A PR 2
) 58 L TSR R ) B L RS TR R T R
e B RERE F S 2] 200 H. ERIOCE MM E TR
A3 5R X S AL (XRF, A& 152 Philips
PW2404) FllHLIEAE 15 45 85 T 1K BT 3% AL (ICP-MS, X

#R R E- 8 Perkin Elmer Elan 9000) 58 %, EH T &
FHXT A7 HE i 22 (RSD) /T 5% . il i SR RSD /b F
10 % » HARIERAE L TR R A2 3 W Qian er al. (2014)
Fld TG (2016).

3 sl

3.1 #A U-Pb Fikh

A SOXE B B AR XA 5 A U0 AR G 04 4B 1<) BE
D RAE R BEE DA A R IN R BEA HEAT T 8541 LA-
ICP-MS U-Pb & 4F , FE40 1) 5 B I 25 51 L B 26 1.
31,1 #EBE ZKI1618-20 m &4 HiEW —F
i WLAR , B A B B ARIR , K/ 100 ~50 pm A5, K
MRZ LA 1 1~2 1 3) .45 B A B A
KB IR, Th/U WAEN 0.49~2.49(>>0.4) , HiL 7Y
A8 (Hoskin and Schaltegger, 2003). 132 &
VI or A AE 1 F e b 838 BT .2 P/ U AR I8 AL
TR =16.7+£0.3 Ma(MSWD=1.8) (| 4),{t%
T AE B BE A 45 A AR I

ZK2010-413 m # i (1) 55 A o Ry B0 ARY B b 431K
HAR A B K/ 100 ~50 pm A5, K58 N
1 1~2: 1CE 3 A8 4 BA B B 5 3K 8
LI R Th/U HAB (0.60~2.03>>0.4) , F ¥ {H
1.0, BoR T A R g A i HEAE (Hoskin and
Schaltegger, 2003). 43 #7245 W W, BTG W &5 3 4
Gt s N e el e B TR B

ZK1618-20 m

100 pm

ZK2010-413 m

0 .6.e
- O 1 a a Ma \& /
~ 100 um
ZK2010-483 m —
> § &
ZK809-191 m
ZK809-84 m
1@ lwamma 1@a g"a mMa
100 pm
&3 KR Sy TR T 4 22 4 D 0 DR AR B AR 3R M 4 1
W %6 CL &%

Fig.3 CL images of representative zircons of mineralized
porphyries from the Jiama copper polymetallic depos-

it in the Gangdese belt
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e F A [ 1 A 3R R DXL 28 5 B A (2014) A 3K g B
X5 A5G 1Y 338 5 B A R IR TR I B E T
b7 X R SHT rb A ARG S I A ) | 8 4 sl i
GO0 bRz B 1) 8 S e i B e 4 b e TR OGL 1K 11 4

:(2008)

7 s HUER A DX AR A (BRI TN B A1) JLF- 42
T AETINEE T b5 358 53 il i DR 79 35 3K B BT 2 A e
PN 8% ff i (Petford and Atherton, 1996; Johnson et
al., 1997; Xiong et al., 2003; Wang er al., 2006;
Ze e AR, 2014) e Ah UGB X A 7 Sr-Nd-Pb 2
JE R RAFER BT, A e N By A8 X IR B
TRACRK BEA AR B BE A R TR AR BT A (R R
M ,2013) , I HIX 48 (5] oy 93 ) 256 B A9 9K Je 5 R HE
[F) o7 R FRAE R B IR R 0 XA 38 T8 4 F ot (%
SRS, 20145 Hu et al., 20155 #h55%,2017). 78
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Fig.13 Partial melting discriminative diagrams of mineralized porphyry from Jiama copper polymetallic deposit in the Gangdese belt
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A6 B TN B K o 7% A RHE A I AT BN, i —
AU B A IR X 32 2O R b A% AR 3 1 5 (Patino
Douce, 1999) .1 — 1 1E 5 B A 1AL 5 36 5 46 5 40
A TERHK A TN 55 748 o 2 00 3 42 o i BT o o W 5
AR e S e T RE R R T A IR AR
MRS RS KRS, X WA M
Mg ™ (HA—ZCCBfF 2 2). 7E & 13 W, 57 X Br G B
SV AL B OEAT TR A Al Ak, R0 I
A1 I 1 BR AL 2% R AR 35 5 A7 0 IR DX A s kY 5
M) o Ji 300 96 Ak 2 AR v B A 4 1 S A S A R T L
WX AFNK A KA BEA A6 I KBS
16 R BE 2 Y B B 1 Mg™ i (40~ 785 Bt & 2,
5 R i A B A A Mg T B AH — B> 405
Rapp and Watson, 1995), K& X A% A A 1
FRORVE TR Y R P B R F bt X 5%
ARG (2013) A Ry U5 X B8 35 T Ak 3k B v 32 3] 0ok g
PIRG4S — 80, I HAE KBRS L R AE KBS
FAE i N BE 25 v G £ f IR R A RS A7 S R 1T
IR X 5 KIEAEH R OR3CE,2012; &
M5.2013). 25 L Arak . 38" X A e N KB A K AE
RIEA AL XN RS G B = S 3 A T
b7 439 Rl R 8 U8 DX B IR o R 32 B 5
W) TR e I H S b e R A IR AR .
KT M N KBy A WU X AR S R 47 T
TEANI 6. 8 5 I S IR T KO T e ) % R

La/Nb A <{1.5,La/Ta <22, %5 /1 Bl i %
KA S Z M (Huang et al., 2000). 5 X #E KA
K I AW La/Nb AN T 2.43~3.80,La/Ta HAH
T 65.5~77.0, B 5 AN [R) T 4 3 Pl b i, 150 B AR IX
F A R R A A R T S R R . — S b, 2R
a1 ZNERIONE & A T 0 L 0 B B R N g
R EA AP Sm/Yb HAE, M La/Sm LB Bl &
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A AR HAR TR B R il A i e AR A
BRI Sm/Yb WA, 5 80A B A O S s
Fil ¥ $4BH S 0 5 1 g HE A (Aldanmaz et al., 2000;
Ko 5, 2008) . 7 Sm/Yb-La/Sm & (& 12b) I+,
AR I By B85 5 A W A+ 2 b A RO 0
Al B R AR 2R 1 b HE B R e — B MR A R B
SV T A A A 4R b A7 RO A U X AR N AR
(5% B3 43 45 i Dy / Y'b A, 2 3 Ueir 50 DX 2 5 %)
BLFRBR 5 A0 VR X A A A e X, B R 1) Dy/
Yb=>2.5; QSR A mil VE I AE 2 b A AR DX, D) s A
# Dy/Yb<{1.5(Jiang et al., 2009). %" X # K A K
By Dy/Yb N 1.73~1.95, LA T4 #8440 Fa € IX
502 A Fa g X ), At d B A 3RO A R A 2R
A1 R RN 0 0 J R 7 ).
AN I X &5 BEA (B K IN K



%Al

G A5 R T B0 XA i B SR AR A2 (R Ak 2 s A R 1157

By A A0 A RIS AR T, AN L BE Y M BR Ak 2
FEAE AR CAR AL, Ud B AT AT e ok A A [R) 1 25 2K oKk
P8 X, FLURTE N 20 R — 25 3K B 5 R X e A vl g
SRS FEPERT AR N H 5T, 1% T M7 2 B A B TR
T B B b 2 S 43 9 il IS AR B o 2R M oE T R R
B I H AT ORI L B S R K T R
L B kA A KR A VE R R N K Aok
I8 T & 0 A B, 2 A A+ 2R A OO
VR DX A3 il 7 2
43 BRBRTIER

A AR LAk S B RE — S K i 1% i R DA B
SN0 N NEOES S N s M A vas: LN D R
JERE (~70 km) (BEE 245 ,2009) SR, K A5
FT, X 1 0 B (] 32 B4 v e o i (13~
17 Ma) , B 4 2 3 v A R 19 P & A 25 29 40 Ma
(Zhang et al., 2012) , 76 KMk & b )@ T )5 Al 58 By
B (B3 AT, 2008 3 B 2 45, 2009) . 38 2o A B AT
945 I XA O I BEA R W A e
AR A ER Ak 2% R ) A 2R b R Ak 2% RRAE A
U, 45 G DX 5T 15 5%, D KIS Y 3 A2 X
(4 3K — I B MR Bl ) 2 i R R - R 29 7E 26 Ma,
L% Hb A A5 A P8 & PR UT (Chung et al., 2005), 5
SRR B Y BT R 51 R R A T M S A M L
T ARRT & B & Y R8T KL AR B
8 5 S AT BT A R 3 4 Rl R B A RE A

BRI T B A

B R 5
(a)~26 Ma

EAG: LI
4 P e

H AR T 5T

B L

-y -
A=Y e CE SN
(b)~18~13 Ma Sl G T
MCT . STD o P Cu-Moly™

oy DA LS

L2 H

=
EEPNLT
fapal bl

B B T e

B 14 RO I 2 4 8 0 R K — i =X
Fig.14 Magma-metallogenic model of the Jiama copper
polymetallic deposit in the Gangdese belt
i Chung et al.(2005) ; B FLF55(2014) ; Hou et al.(2015) &K

2 18~13 Ma, T =y it Ak T #4) 325 e 6 B B, DX Sl 4
T PR A5 R B [ B (O ) AL R e (A 5
2008 ; B A 19 4%, 2014 s i TG 45, 2016a, 2016b) . JE
BT — F 50 FE AL 1) W7 24 Kk AR G 1) f) T )23 R Ml A
Hby 22K 3 S BT SR U W R T T 3 ST IR A R
BB BLBE A — PO R4, ) B0 5% -
Thad f i 5rp b e kAR A RIR A ER (B 1.

IS B R T ) B Y EE R R (Hou et al.,
20045 {2 39 9 45, 20085 A L 5, 20125 Z& & MG,
2013) o FH 7™ A= 1% IR 12 AR UL 1A FT S OBV 4 1k 4k
9K B 7. F 0 PR T AR R A ) b AT DLW SEAE AR A
SR 5 22 TR A ) ] I s R R B R s
RV 2 & J& B0 0K T ) o] DUV ARAR SR AL A R
e FBE A b BT R SR B I B A T I 1) R AR A
FH ST B0 JCER 240 Jok AR R e R A

5 Z5i8

() W ES 0 XA B (B 5 A 3 22 il 46 B BE
TRAL K BEE AL N BEE A K B R
N By 5 2 8 AR 25 R W R AL AR A T 16,7~
14.1 Ma, i 587 K& — B — e i % VA Cm
R T TR R BB K A B BE A A IR A
F 16.7~14.8 Ma, # B Re-Os WA 4E 14 R 15.3~
14.7 Ma, B AU 19 I 8] AH 22 29 1 Ma. b 3K 46 27
OIAT SRR R BE () R ZE T e AL RHIK
Ti B e S A5 BT 2R 510 2 B8R 5 B R 2R A FBR X
25 ;8 5 45 Rb.Ba K % KB F ¥ A JLE M Th,
UtE.5H Nb,Ta,. Ti.P EmZGmic£; o
ZER S EP% £ “LREEs &4 .HREEs 5 #1”1
AR, HAT SR Y 3R 5K B B A R AE. AR R
R T] R A2 Hpo A B (R B4 X35 T B (R RE
N AP 5 JR X 3 B B RV 5 A= T b 52 L i
MR I G 8 O R T 5 B2 25 A el M.

) B — W EA IR S 2# R . 4
26 Ma, F % b 1A 25 1 Bl & A= 97 B8 D0 , 5 | ke 2 0t Pl
Y L S BOR A SR T M sE W B kAR
T R B BT IR IR S B I IR AT R Y
JA 325 18~13 Ma, 75 8 i Jit i2F A K8 3 e 5 B B
T BB A RIE W R EE F A IR S B
WY R AR A Bk M AT TR 2 AR AR AT T AR
R BES . KA BEA A S I K By 8RR B A K
B FLrP R B A B H S 1 5 5 D T BN
N By AR 38 0 ) FICE SRR B )R, & T O



1158 HERBLY:  http://www.earth-science.net 43 B

‘bﬁﬁiﬁiﬁ?%?ﬁ%éﬁ@ﬁ% fAE S 2R H KB

IR TR 2 B] 9 T AT BRA 3 R I A 8] OB B B Ry
‘Eﬁﬂlﬂﬁ] KRR

. AlEF E R R B ELIRERENL, L
AXHET RORI EHFTHBEXR, 2%
RETRFGRM FEAEEED NS BRERL
A TR ARG KRB REX SHRRKFR LA
FohH B Ae 5 O BAE 5 @ AR T AR, A IR R A
# ook, B P B A F IR A IR BT T R
AR AME L EREE LA T HT RN
;.4 % LA-ICP-MS U-Pb £ 2 P HFR T HT
K F A F B2 KR A IF Ao & 5% B AF 69 4 8, 2k
Fo B b B

References

Aldanmaz, E., Pearce, J. A., Thirlwall, M. F., et al., 2000.
Petrogenetic Evolution of Late Cenozoic, Post-Collision
Volcanism in Western Anatolia, Turkey. Journal of
Volcanology and Geothermal Research, 102 (1 — 2):
67—95. https:// doi. org/10. 1016/s0377-0273 ( 00 )
00182-7

Black,L.P., Gulson, B. L., 1978. The Age of the Mud Tank
Carbonatite, Strang Ways Range, Northern Territory.
BMR Journal of Australian Geology and Geophysics
3(3):227—232.

Boynton, W. V., 1984. Geochemistry of the Rare Earth Ele-
ments: Meteorite Studies. In: Henderson, P., ed., Rare
Earth Element Geochemistry. Elsevier. Amsterdam.,
63—114.doi:10.1016/B978-0-444-42148-7.50008-3

Chen, X.J..Xu,Z.Q.,Meng, Y.K.,et al.,2014.Petrogenesis of
Miocene Adakitic Diorite-Porphyrite in Middle Gang-
dese Batholith, Southern Tibet: Constraints from Geo-
chemistry, Geochronology and Sr-Nd-Hf Isotopes.Acta
Petrologica Sinica, 30 (8): 2253 — 2268 (in Chinese
with English abstract).

Chung,S.L.,Chu,M.F.,]Ji,].Q.,et al.,2009. The Nature and
Timing of Crustal Thickening in Southern Tibet: Geo-
chemical and Zircon Hf Isotopic Constraints from Post-
Collisional Adakites. Tectonophysics, 477 (1 — 2):
36—48.https://doi.org/10.1016/j.tecto.2009.08.008

Chung,S. L., Chu, M. F., Zhang, Y. Q., et al., 2005. Tibetan
Tectonic Evolution Inferred from Spatial and Temporal
Variations in Post-Collisional Magmatism. Earth-
Science Reviews ,68(3—4):173—196.https://doi.org/
10.1016/j.earscirev.2004.05.001

Chung,S.L.,Liu,D.,Ji,].Q.,et al.,2003. Adakites from Con-

tinental Collision Zones: Melting of Thickened Lower

Crust beneath Southern Tibet.Geology,31(11):1021—
1024.https://doi.org/10.1130/g19796.1

Defant, M. J., Drummond, M. S., 1990. Derivation of Some
Modern Arc Magmas by Melting of Young Subducted
Lithosphere. Nature ,347(6294) : 662 — 665.https://doi.
org/10.1038/347662a0

Gao,Y.F., Hou, Z. Q., Kamber, B. S., et al., 2007. Adakite-
Like Porphyries from the Southern Tibetan Continental
Collision Zones: Evidence for Slab Melt Metasomatism.
Contributions to Mineralogy and Petrology, 153 (1)
105—120.https://doi.org/10.1007/s00410-006-0137-9

Griffin, W. L., Belousova, E. A., Shee, S.R., et al., 2004. Ar-
chean Crustal Evolution in the Northern Yilgarn Cra-
ton: U-Pb and Hf-Isotope Evidence from Detrital Zir-
cons. Precambrian Research, 131 (3 —4): 231 — 282.
https://doi.org/10.1016/j.precamres.2003.12.011

Guan,Q.,Zhu,D.C.,Zhao,Z.D. et al.,2012.Crustal Thicken-
ing Prior to 38 Ma in Southern Tibet: Evidence from
Lower Crust-Derived Adakitic Magmatism in the Gang-
dese Batholith. Gondwana Research, 21 (1):88 — 99.
https://doi.org/10.1016/j.gr.2011.07.004

Guo,Z.F., Wilson, M., Liu, J. Q., 2007. Post-Collisional Ada-
kites in South Tibet: Products of Partial Melting of
Subduction-Modified Lower Crust. Lithos, 96 (1 —2):
205—224.https://doi.org/10.1016/j.lithos.2006.09.011

Harrison, T.M., Yin, A., Grove, M., et al.,2000.The Zedong
Window : A Record of Superposed Tertiary Convergence
in Southeastern Tibet. Journal of Geophysical Re-
search : Solid Earth ,105(B8):19211—19230. https://
doi.org/10.1029/2000jb900078

Hoskin,P. W. O., Schaltegger, U., 2003. The Composition of
Zircon and Igneous and Metamorphic Petrogenesis. Re-
views in Mineralogy and Geochemistry,53(1) :27—62.
https://doi.org/10.2113/0530027

Hou,Z.Q.,Duan,L.F.,Lu,Y.J.,et al.,2015.Lithospheric Ar-
chitecture of the Lhasa Terrane and Its Control on Ore
Deposits in the Himalayan-Tibetan Orogen. Economic
Geology »110: 1541 — 1575, https:// doi. org/10. 2113/
econgeo.110.6.1541

Hou,Z.Q.,Gao, Y.F.,Qu, X.M., et al.,2004. Origin of Ada-
kitic Intrusives Generated during Mid-Miocene East-
west Extension in Southern Tibet.Earth and Planetary
Science Letters ,220(1—2):139—155.https://doi.org/
10.1016/50012-821x(04)00007-x

Hou, Z. Q., Wang, E. Q., Mo, X. X., et al., 2008. Collisional
Orogeny and Metallogenesis of the Tibetan Plateau.Ge-
ological Publishing House, Beijing (in Chinese).

Hu,Y.B.,Liu.J.Q.,Ling, M. X., et al.,2015. The Formation



G A5 R T B0 XA i B SR AR A2 (R Ak 2 s A R 1159

of Qulong Adakites and Their Relationship with Por-
phyry Copper Deposit: Geochemical Constraints.Lithos ,
220— 22360 — 80. https:// doi. org/10. 1016/j. lithos.
2014.12.025

Huang, Y. M., Hawkesworth, C., Smith, L., et al. 2000. Geo-
chemistry of Late Cenozoic Basaltic Volcanism in
Northland and Coromandel New Zealand: Implications
for Mantle Enrichment Processes.Chemical Geology »64
(3—4):219—238.https://doi.org/10.1016/S0009-2541
(99)00145-X

Irvine, T.N.,Baragar, W.R.A.,1971.A Guide to the Chemical
Classification of the Common Volcanic Rocks.Canadian
Journal of Earth Sciences,8(5):523 — 548. https://
doi.org/10.1139/e71-055

Jackson,S.E., Pearson, N.]J., Griffin, W. L., et al., 2004. The
Application of Laser Ablation-Inductively Coupled
Plasma-Mass Spectrometry to In Situ U-Pb Zircon Geo-
chronology. Chemical Geology, 211 (1). 47 — 69.
https://doi.org/10.1016/j.chemgeo.2004.06.017

Ji,W.Q., Wu, F. Y., Chung, S. L., et al., 2009. Zircon U-Pb
Geochronology and Hf Isotopic Constraints on Petro-
genesis of the Gangdese Batholith, Southern Tibet.
Chemical Geology »262(3—4) ;229 — 245, https:// doi.
org/10.1016/j.chemgeo.2009.01.020

Ji,W.Q.,Wu,F.Y.,Liu,C.Z.,et al.,2012.Early Eocene Crus-
tal Thickening in Southern Tibet: New Age and Geo-
chemical Constraints from the Gangdese Batholith.
Journal of Asian Earth Sciences, 53 (2): 82 — 95.
https://doi.org/10.1016/j.jseaes.2011.08.020

Jiang,Y.H.,Jiang,S.Y.,Dai,B.Z.,et al.,2009.Middle to Late
Jurassic Felsic and Mafic Magmatism in Southern Hu-
nan Province,Southeast China:Implications for a Conti-
nental Arc to Rifting. Lithos, 107 (3 —4) 185 — 204.
https://doi.org/10.1016/j.1ithos.2008.10.006

Johnson, K., Barnes,C.G., Miller,C.A.,1997.Petrology, Geo-
chemistry, and Genesis of High-Al Tonalite and
Trondhjemites of the Cornucopia Stock, Blue
Mountains, Northeastern Oregon. Journal of Petrolo-
gv+38(11):1585— 1611,

Li,G. M., Rui, Z. Y., Wang, G. M., et al., 2005. Molybdenite
Re-Os Dating of Jiama and Zhibula Polymetallic Copper
Deposits in the Gangdese Metallogenic Belt of Tibet and
Its Significance.Mineral Deposits,24(5):482—489 (in
Chinese with English abstract).

Li,G.W.,Kohn, B., Sandiford, M., et al.,2015a. Constraining
the Age of Liuqu Conglomerate, Southern Tibet:Impli-
cations for Evolution of the India-Asia Collision Zone.

Earth and Planetary Science Letters,426: 259 — 266.

https://doi.org/10.1016/j.epsl.2015.06.010

Li,G.W., Kohn, B., Sandiford, M., et al., 2016. Synorogenic
Morphotectonic Evolution of the Gangdese Batholith,
South Tibet: Insights from Low-Temperature Thermo-
chronology. Geochemistry , Geophysics s Geosystems , 17
(1):101—112.https://doi.org/10.1002/2015gc006047

Li,J. X., Qin, K. Z., Li, G. M., et al., 2011. Post-Collisional
Ore-Bearing Adakitic Porphyries from Gangdese Por-
phyry Copper Belt, Southern Tibet: Melting of Thick-
ened Juvenile Arc Lower Crust. Lithos,126(3):265—
277.https://doi.org/10.1016/j.1ithos.2011.07.018

Li,Y.L., Wang,C.S., Dai, J.G., et al., 2015b. Propagation of
the Deformation and Growth of the Tibetan-Himalayan
Orogen: A Review.Earth-Science Reviews,143:36—61.
https://doi.org/10.1016/j.earscirev.2015.01.001

Ludwig,K.R.,2003.Use’s Manual for Isoplot 3.00: A Geo-
chronological Toolkit for Microsoft Excel. Berkeley Ge-
ochronology Center, Berkeley.

Ma.S.W..Meng,Y.K.,Xu,Z.Q..et al.,2017a. The Discovery
of Late Triassic Mylonitic Granite and Geologic Signifi-
cance in the Middle Gangdese Batholiths, Southern Ti-
bet.Journal of Geodynamics,104:49— 64, https://doi.
org/10.1016/j.jog.2016.10.007

Ma.X.X.,Xu,Z.Q.,Chen, X.]J.,et al.,2017b. The Origin and
Tectonic Significance of the Volcanic Rocks of the Yeba
Formation in the Gangdese Magmatic Belt,South Tibet.
Journal of Earth Science,28(2):265—282.

Ma,S.W.,Xu,Z.Q.,Zhang.Z.K., et al.,2016. Structural De-
formation and Its Constraints of Mineralization of the
Jiama Copper-Polymetallic Deposit, Southern Tibet.Ac-
ta Petrologica Sinica ,32(12):3781—3799 (in Chinese
with English abstract).

Maniar, P.D., Piccoli, P.M., 1989. Tectonic Discrimination of
Granitoids. Geological Society of America Bulletin,
101(5) : 635 — 643. https://doi.org/10.1130/0016-7606
(1989)101<C0635: TDOG>2.3.CO;2

Meng. Y.K.,2016.Tectonic Evolution of the Southern Region
in the Middle Gangdese Batholith,Southern Tibet (Dis-
sertation).Chinese Academy of Geological Sciences, Bei-
jing (in Chinese with English abstract).

Meng, Y.K., Xu,Z.Q.,Chen, X.]., et al.,2015. Zircon Geochro-
nology and Hf Isotopic Composition of Eocene Granite
Batholith from Xaitongmoin in Middle Gangdise and Its
Geological Significance. Geotectonica et Metallogenia » 39
(5):933—948 (in Chinese with English abstract).

Meng,Y.K.,Xu,Z.Q.,Ma,S.W.,et al.,2016a.Deformational
Characteristics and Geochronological Constraints of

Quxu Ductile Shear Zone in Middle Gangdese Magmatic



1160 HERBLY:  http://www.earth-science.net 43 4

Belt, South Tibet.Earth Science ,41(7):1081—1098 (in
Chinese with English abstract). https:// doi. org/10.
3799/dqkx.2016.090

Meng, Y.K.,Xu,Z.Q.,Ma,S.W.,et al.,2016b.The ** Ar/* Ar
Geochronological Constraints on the Xaitongmoin-Quxu
Ductile Shear Zone in the Gangdese Batholith, Southern
Tibet.Geological Review ,62(4):795—806 (in Chinese
with English abstract).https://doi.org/10.16509/j.geo-
review.2016.04.002

Meng,Y.K.,Xu,Z.Q.,Santosh, M., et al.,2016.Late Triassic
Crustal Growth in Southern Tibet: Evidence from the
Gangdese Magmatic Belt. Gondwana Research, 37:
449 — 464, https://doi.org/10.1016/.gr.2015.10.007

Middlemost, E.A.K.,1994.Naming Materials in the Magma/
Igneous Rock System. Earth-Science Reviews, 37
(3—4):215—224. https:// doi. org/10.1016/0012-8252
(94)90029-9

Mo, X. X., 2011. Magmatism and Evolution of the Tibetan
Plateau. Geological Journal of China Universities, 17
(3):351—367 (in Chinese with English abstract).

Mo, X.X., Hou,Z.Q.,Niu, Y.L., et al., 2007, Mantle Contri-
butions to Crustal Thickening during Continental Colli-
sion: Evidence from Cenozoic Igneous Rocks in South-
ern Tibet.Lithos,96(1—2):225—242.https://doi.org/
10.1016/j.1ithos.2006.10.005

Mo, X.X.,Zhao,Z.D., Yu, X.H. et al.,2009.Cenozoic Collisional-
Postcollisional Igneous Rocks in the Tibetan Plateau. Geo-
logical Publishing House, Beijing (in Chinese).

Pan,G.T.,Mo.X.X..Hou,Z.Q.,et al.,2006.Spatial Tempo-
ral Framework of the Gangdese Orogenic Belt and Its
Evolution.Acta Petrologica Sinica s 22 (3):521 — 533
(in Chinese with English abstract).

Patino Douce, A. E., 1999. What do Experiments Tell Us
about the Relative Contributions of Crust and Mantle to
the Origin of Granitic Magmas? Geological Society ,
London , Special Publications,168(1):55—75.https://
doi.org/10.1144/gsl.sp.1999.168.01.05

Peccerillo, A.. Taylor, S. R., 1976. Geochemistry of Eocene
Calc-Alkaline Volcanic Rocks {rom the Kastamonu Ar-
ea, Northern Turkey. Contributions to Mineralogy and
Petrology .58 (1): 63 — 81. https:// doi. org/10. 1007/
BF00384745

Petford,N., Atherton, M., 1996. Na-Rich Partial Melts from
Newly Underplated Basaltic Crust: The Cordillera Blan-
ca Batholith,Peru.Journal of Petrology,37(6):1491—
1521.https://doi.org/10.1093/petrology/37.6.1491

Qian, Y., Sun, F. Y., Li, B. L., et al., 2014. Early Permian-Late

Triassic Magmatism in the Tuotuohe Region of the Qing-

hai-Tibet Plateau:Constraints on the Tectonic Evolution of
the Western Segment of the Jinshajiang Suture. Acta Geo-
logica Sinica (English Edition ), 88 (2). 498 — 516.
https://doi.org/10.1111/1755-6724.12210

Qin,K.Z..Xia,D.X.,Duo,].,et al.,2014.Porphyry and Skarn
Cu-Molybdenum Deposit of Qulong, Tibet. Science
Press, Beijing (in Chinese).

Qin, Z. P., 2013. Genetic Model of the Jiama Copper-
Polymetallic Ore Deposits, Tibet (Dissertation).Cheng-
du University of Technology,Chengdu (in Chinese with
English abstract).

Qin,Z.P., Wang, X. W., Dor, J., et al., 2011. LA-ICP-MS U-
Pb Zircon Age of Intermediate-Acidic Intrusive Rocks
in Jiama of Tibet and Its Metallogenic Significance.
Mineral Deposits,30(2):339 — 348 (in Chinese with
English abstract).

Qu,X.M., Hou,Z.Q.,Li, Y.G.,2004. Melt Components De-
rived from a Subducted Slab in Late Orogenic Ore-
Bearing Porphyries in the Gangdese Copper Belt, South-
ern Tibetan Plateau. Lithos, 74 (3 — 4): 131 — 148.
https://doi.org/10.1016/j.1lithos.2004.01.003

Rapp.R.P.,Watson, E.B..1995.Dehydration Melting of Me-
tabasalt at 8 — 32 kbar: Implications for Continental
Growth and Crust-Mantle Recycling. Journal of Petrol-
0gy+36(4):891—931.https://doi.org/10.1093/petrol-
ogy/36.4.891

Richards.]J.P., Kerrich, R., 2007. Adakite-Like Rocks: Their
Diverse Origins and Questionable Role in Metallogene-
sis. Economic Geology »102(4) ;537 — 576, https:// doi.
org/10.2113/gsecongeo.102.4.537

Schiano, P., Monzier, M., Eissen, J. P., et al., 2010. Simple
Mixing as the Major Control of the Evolution of Vol-
canic Suites in the Ecuadorian Andes. Contributions to
Mineralogy and Petrology ,60(2):297 — 312 https://
doi.org/10.1007/s00410-009-0478-2

Sun,J., Mao, J.W., Yao, F.]J., et al., 2017. Relation between
Magmatic Processes and Porphyry Copper-Gold Ore
Formation, the Duolong District, Central Tibet. Acta
Petrologica Sinica,33(10):3217 — 3238 (in Chinese
with English abstract).

Sun, S. S., McDonough, W. F., 1989. Chemical and Isotopic
Systematics of Oceanic Basalts:Implications for Mantle
Composition and Processes. Geological Society s Lon-
don » Special Publications .42 (1) :313 — 345, https://
doi.org/10.1144/gsl.sp.1989.042.01.19

Sun.X..Zheng.Y.Y.,Xu,J.,et al.,2017. Metallogenesis and
Ore Controls of Cenozoic Porphyry Mo Deposits in the

Gangdese Belt of Southern Tibet.Ore Geology Reviews ,



G A5 R T B0 XA i B SR AR A2 (R Ak 2 s A R 1161

81:996 — 1014. https:// doi. org/10. 1016/j. oregeorev.
2016.01.009

Tang,].X..Deng,S.L.,Zheng.W.B..et al.,2011. An Explora-
tion Model for Jiama Copper Polymetallic Deposit in
Maizhokunggar County. Tibet. Mineral Deposits, 30
(2):179—196 (in Chinese with English abstract).

Tang.].X.,Duo,]J.,Liu, H.F.,et al., 2012. Minerogenetic Se-
ries of Ore Deposits in the East Part of the Gangdise
Metallogenic Belt. Acta Geoscientica Sinica, 33 (4)
393—410 (in Chinese with English abstract).

Tang.]. X., Lang, X. H., Xie, F. W., et al., 2015. Geological
Characteristics and Genesis of the Jurassic No.1 Por-
phyry Cu-Au Deposit in the Xiongcun District, Gang-
dese Porphyry Copper Belt, Tibet. Ore Geology Re-
views ,70(4) ;438 —456.https://doi.org/10.1016/j.ore-
georev.2015.02.008

Tang,J.X.,Wang,D.H., Wang.X. W., et al.,2010.Geological
Features and Metallogenic Model of the Jiama Copper-
Polymetallic Deposit in Tibet.Acta Geoscientica Sinica ,
31(4):495—506 (in Chinese with English abstract).

Wang.C.,Ding. L., Zhang.L.Y..et al., 2016. Petrogenesis of
Middle-Late Triassic Volcanic Rocks from the Gang-
dese Belt, Southern Lhasa Terrane: Implications for
Early Subduction of Neo-Tethyan Oceanic Lithosphere.
Lithos, 262: 320 — 333. https:// doi. org/10. 1016/].
lithos.2016.07.021

Wang. Q.. 2016. Origin and Petrogenesis of the Post-
Collisional Magmatism in Both North and South Sides
of Lhasa Terrane (Dissertation). China University of
Geosciences, Beijing (in Chinese with English abstract).

Wang, Q. , Xu,].F.,Jian,P. et al.,2006.Petrogenesis of Adakitic
Porphyries in an Extensional Tectonic Setting, Dexing,
South China: Implications for the Genesis of Porphyry Cop-
per Mineralization. Journal of Petrology ,47(1) :119—144.
https://doi.org/10.1093/petrology/egi070

Wang.R., Richards, J.P., Zhou, L. M., et al.,2015. The Role
of Indian and Tibetan Lithosphere in Spatial Distribu-
tion of Cenozoic Magmatism and Porphyry Cu-Mo De-
posits in the Gangdese Belt, Southern Tibet. Earth-
Science Reviews ,150:68— 94.https://doi.org/10.1016/
j.earscirev.2015.07.003

Williams, H., Turner, S., Kelley, S., et al., 2001. Age and
Composition of Dikes in Southern Tibet: New Con-
straints on the Timing of East-West Extension and Its
Relationship to Postcollisional Volcanism. Geology s 29
(4): 188 — 193. https:// doi. org/10. 1130/0091-7613
(2001)029<C0339 :aacodi=>2.0.co;2

Xiong,X.L.,Li,X.H.,Xu,J.F.,et al.,2003. Extremely High-

Na Adakite-Like Magmas Derived from Alkali-Rich Ba-
saltic Underplate: The Late Cretaceous Zhantang An-
desites in the Huichang Basin, SE China. Geochemical
Journal +37(2) ;233 — 252. https:// doi. org/10. 2343/
geochemj.37.233

Xu,W.C.,2010. Spatial Variation of Zircon U-Pb Ages and Hf
Isotopic Compositions of the Gangdese Granitoids and Its
Geologic Implications (Dissertation). China University of
Geosciences, Wuhan (in Chinese with English abstract).

Xu,Z.Q., Wang, Q.,Li Z.H., et al., 2016. Indo-Asian Colli-
sion: Tectonic Transition from Compression to Strike
Slip.Acta Geologica Sinica,90(1):1—23 (in Chinese
with English abstract).

Xu,Z.Q.,Yang,].S.,Li, H.B.,et al.,2011.On the Tectonics
of the India-Asia Collision. Acta Geologica Sinica , 85
(1) :1—33 (in Chinese with English abstract).

Xu,Z.Q., Yang, ].S., Li, W.C., et al., 2012. Tectonic Back-
ground of Important Metallogenenic Belts in the South-
ern and Southeastern Tibetan Plateau and Ore Prospec-
ting. Acta Geologica Sinica, 86 (12):1857 — 1868 (in
Chinese with English abstract).

Yang J.S.,Xu,Z.Q.,Geng, QR. et al.,2006. A Possible New HP/
UHP (?) Metormorphic Belt in China:Discovery of Eclogite
in the Lhasa Terrane , Tibet.Acta Geologica Sinica ,80(12):
1787—1792 (in Chinese with English abstract).

Yang.Z.,Jiang,H..Yang,M.G.,et al.,2017.Zircon U-Pb and
Molybdenite Re-Os Dating of the Gangjiang Porphyry
Cu-Mo Deposit in Central Gangdese and Its Geological
Significance. Earth Science , 42 (3):339 — 356 (in Chi-
nese with English abstract).https://doi.org/10.3799/
dqkx.2017.026

Yin, A., Harrison, T. M., 2000. Geologic Evolution of the
Himalayan- Tibetan Orogen. Annual Review of Earth
and Planetary Sciences»28(28):211— 280.https://doi.
org/10.1146/annurev.earth.28.1.211

Ying,L.J., Tang,J.X., Wang, D. H., et al., 2009. Re-Os Iso-
topic Dating of Molybdenite in Skarn from the Jiama
Copper Polymetallic Deposit of Tibet and Its Metallo-
genic Significance.Rock and Mineral Analysis,28(3):
265—268 (in Chinese with English abstract).

Ying. L. J., Tang, J. X., Wang. D. H., et al.. 2011. Zircon
SHRIMP U-Pb Dating of Porphyry Vein from the Jia-
ma Copper Polymetallic Deposits in Tibet and Its Sig-
nificance.Acta Petrologica Sinica ,27(7):2095— 2102
(in Chinese with English abstract).

Ying.L..J. . Wang.D.H.,Tang .J.X., et al.,2010.Re-Os Dating of
Molybdenite from the Jiama Copper Deposit in Tibet and

Its Metallogenic Significance. Acta Geologica Sinica » 84



1162 HERBLY:  http://www.earth-science.net 43 4

(8):1165—1174 (in Chinese with English abstract).

Zhang, K. J., 2004. Secular Geochemical Variations of the
Lower Cretaceous Siliciclastic Rocks from Central Tibet
(China) Indicate a Tectonic Transition from Continen-
tal Collision to Back-Arc Rifting. Earth and Planetary
Science Letters, 229 (1):73 — 89. https:// doi. org/10.
1016/j.epsl.2004.10.030

Zhang,K. ].., Cai, J. X., Zhang, Y. X., et al., 2006. Eclogites
from Central Qiangtang, Northern Tibet (China) and
Tectonic Implications. Earth and Planetary Science
Letters ,245(3—4) :722—729.https://doi.org/10.1016/
j.epsl.2006.02.025

Zhang,K.].,Xia,B.,Zhang, Y.X. et al.,2014.Central Tibetan
Meso-Tethyan Oceanic Plateau.Lithos ,210—211:278—
288.https://doi.org/10.1016/j.lithos.2014.09.004

Zhang,K.].,Xia,B.D., Wang,G.M., et al., 2004, Early Creta-
ceous Stratigraphy, Depositional Environments, Sand-
stone Provenance, and Tectonic Setting of Central Ti-
bet, Western China. Geological Society of America
Bulletin »116(9—10):1202—1222.https://doi.org/10.
1130/b25388.1

Zhang.K.J.,Zhang.Y.X.,Li. B..et al., 2007.Nd Isotopes of Si-
liciclastic Rocks from Tibet, Western China: Constraints on
Provenance and Pre-Cenozoic Tectonic Evolution. Earth
and Planetary Science Letters, 256 (3 — 4): 604 — 616.
https://doi.org/10.1016/j.epsl.2007.02.014

Zhang,K.].,Zhang.Y.X.,Tang,X.C.,et al..2012.Late Mes-
ozoic Tectonic Evolution and Growth of the Tibetan
Plateau Prior to the Indo-Asian Collision. Earth-Science
Reviews ,114 (3 — 4); 236 — 249. https:// doi. org/10.
1016/j.earscirev.2012.06.001

Zheng, W.B.,2012. The Study on Metallogenic Model and Pros-
pecting Pattern for Jiama Polymetallic Copper Deposits Ti-
bet ( Dissertation). Chengdu University of Technology ,
Chengdu (in Chinese with English abstract).

Zheng,W.B., Tang, J. X., Zhong, K. H., et al., 2016. Geology
of the Jiama Porphyry Copper-Polymetallic System,
Lhasa Region, China. Ore Geology Reviews,74:151 —
169.https://doi.org/10.1016/j.oregeorev.2015.11.024

Zheng,Y.Y.,Sun, X.,Gao,S.B., et al.,2014. Multiple Miner-
alization Events at the Jiru Porphyry Copper Deposit,
Southern Tibet: Implications for Eocene and Miocene
Magma Sources and Resource Potential. Journal of
Asian Earth Sciences, 79: 842 — 857. https:// doi. org/
10.1016/j.jseaes.2013.03.029

Zhong,K.H.,Li,L.,Zhou,H.W.,et al.,2012.Features of Jia-
ma (Gyama)-Kajunguo Thrust-Gliding Nappe Tectonic
System in Tibet.Acta Geoscientica Sinica ,33(4) :411—

423 (in Chinese with English abstract).

Zhu,D.C.,Mo,X.X.,Wang,1..Q. et al.,2008. Hotspot-Ridge
Interaction for the Evolution of Neo-Tethys: Insights
from the Late Jurassic-Early Cretaceous Magmatism in
Southern Tibet.Acta Petrologica Sinica »24(2):225—
237 (in Chinese with English abstract).

Zhu,D.C., Wang, Q., Zhao, Z.D., et al.,2015. Magmatic Re-
cord of India-Asia Collision. Scienti fic Reports, (5):
14289.https://doi.org/10.1038/srep14289

Zhu,D.C.,Zhao,Z.D.,Niu, Y.L.,et al.,2011.The Lhasa Ter-
rane: Record of a Microcontinent and Its Histories of
Drift and Growth. Earth and Planetary Science Let-
ters ,301(1—2):241— 255, https://doi.org/10.1016/j.
epsl.2010.11.005

B 3B % STk

WA 3 VR AR BE L d U L 25, 2014, XS 307 45 o BE RO I R A
VLR AR B AR 2 MU ER fb 2 B Sr-Nd-HI [l 7 %
T2y 5 A 4R, 30(8) : 2253 — 2268,

BEYGHE, £ b, BUE S, 55,2008, 5 A 1 Y L S R
P F 5T i A

ZEEH L PYSEEE L Tl L4, 2005, 7Y R B
AR P 2 & /0 R 19 Re-Os [A] i 2 4F % & H &
ST RHLBT . 24(5) : 481—489.

T+ VPR oK B L 45,2016, 0K IS £ &R TR
AR Y K HoXF R 0T 2. A A ). 32 (12):
3781 —3799.

T TG 5 2016, 58 KRS Ay i BE R 2k R VR (R 2R 08
O . Abmt . o B R A B

T VAR R WA T L4, 2015 08 I X RS 30T oP BEE T 1A
itk AR A U-Pb 4R X2 HE [ 2 R AE &% H:
Hh BT SR AL 1 5 24, 39(5) : 933—948.

TGRSR, B2, 2016a0 8 S XIS 4T e 3R A R B
it 7K )1 BY DD 77 4 AE T R AR B AR AR 2 2 o). i Bk AL
#,41(7): 1081—1098.https://doi.org/10.3799/dqgkx.
2016.090

W IGPE RS 3R, Db 2, %5, 2016b. 8 X1 RS 07 b 1A 3 oE
] — BRI BT )47 Ar/* Ar AR AR LT L TS BE
62(4): 795—806.

(3): 351—367.

BE 2 BRI AE B L 5, 2000, 7 6 i BT A R RETE — )5
il 488 KR G T b BT R A

TR G SLE A R, 45, 2006. KRS T 1 LA 00 B 2 45
Kegifb. A A= .22(3) . 521—533.

Zrnw HARRE, 27,4, 2014 T IR R B A — & KA
IR L5t B A

ZE RS, 2013 74 5 H A 22 4 B T R B R AR o (el - 2 i



G A5 R T B0 XA i B SR AR A2 (R Ak 2 s A R 1163

3O AR - BB EE TR 2

ZaG M TR, 2 L AL 201 L R 3 P IR MR A A LA-
ICP-MS % 1 U-Pb & 4F X B0 & .47 R H BT, 30(2) .
339—348.

N, BRSO B ZE LS, 2017V £ B4R K A A R A
S5 EH R RFR. A A% .33(10): 3217—3238.

A 0%, RS bR L S5 L 4L 201 1. TG R AT TR B AR &
SRR A AL R LT, 30(2) : 179—196.

FEAG 4, 29, X K, 4, 201 2. KR ST IR A R BERT R A
F I B AR T 2 0 19 56 Gk ] BB 5. M BR 2E 4, 33 (4) .
393—410.

FEZG 4, FB L EMER L 25,2010, 74 8 P B4R £ 4 R H R
i B R AR B A R AR M BR 25 42, 31 (4D« 495—506.

T, 201647 5% Hb fAc g b 97 000 il 488 J5 25 2 A T 19 5 3% ke TR
Firs A R A (2238 30 G v b R 2.

TREEA , 201074 56 X i 07 46 5 5 28 55 40 U-Pb 4R I8 A1 HI 7]
o 2 41 25 1) A8 b B H b o 5t S 2 038 30).
BT . ] BT K A

VP SE, W), 2 O, 4, 2016, B — W i . A B
A T B 3 A 4 L BT 2R iR L 90(1) : 123,

VFRESE A% 2T 45, 2011, B B — U VI Rl 4 b A 3
MR 2R, 85(1) . 1—33.

WS AR, 23 E 45,2012, 75 05 IR 7 30 5 AR T B
BT (9 K H AL 3 E M 5 R0 R B Ml R A 4R 86

(12): 1857—1868.

g PSSR BN, 45,2006, P R B Y R REAE 7R — A BT
B 1R T/ R e R () A8 By — — 7 8 e JR hr 5% Ak v &
PUARME 75 7f  Hh BT 22 4, 80(12) » 1787 —1792.

. A I E L2 2017, K B B UFBE A 4R 40 5 R
g U-Pb MR Re-Os 4402 J Hohh I 25 S i Bk
Bl2,42(3): 339—356.https://doi.org/10.3799/dgkx.
2017.026

RESEUR L FEAG 0%, T84T, 45,2009, 74 8 FL 4R £ 4 B B R B
FATERY B —REN R g E R B X AT
ik, 28(3): 265—268.

RESEUE L FEB %, FBAT L 45,201 1. 74 5 PP F R B AR B X BE
VKB B X 5 R 1 R A EMR, 27 (7)),
2095—2102.

WESEHR , FBLL, FEAE 2,25, 2010. 74 i SR AT TR B I &
LB ARG A PRERT Re-Os 76 2 5E 4 K 2l o™
SRR L 84(8) s 1165— 1174,

R FE L 201276 580 H I & 4 JB T R B A 2 5 4R A Al
250008 30 R AR TR 2.

BRERE L, 227 P B L L2012 R 30 — R E R — B
F4 35 ZRRAE. M BR 4 4, 33 (4) : 411—423.

R, BLE A, AL AL 25, 2008, 5 4 4R 4 I AL i B R 5
A ELAE T V4 R S R T — L A S AR
it A A IR, 24(2) ;. 225—237.



