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Huang WT, Liang HY, Wu J, Wang CL, Zou YQ, Wang XZ and Xu JF and Allen CM. 2013. Study on the metallogenesis
during the early stage of continental collision in southern Gangdese, Tibet. Acta Petrologica Sinica, 29(4) :1439 —1449

Abstract Many porphyry Cu-Mo and Cu-Pb-Zn polymetal deposits have been found in the southern Gangdese belt, forming a
porphyry copper ore belt and a polymetal ore belt, respectively. Previous geochronologic results indicate that most deposits in the
southern Gangdese belt were formed after 30Ma and in post-collisional extension evnironment. In this paper, we analyze zircon U-Pb
age of igneous rocks closely associate with the Jialong skarn Fe deposit and the Sadang Au-Ag deposit, respectively, and molybdenite
Re-Os age of the Duodigou skarn Mo deposit in the southern Gangdese. The Jialong biotite monzonite granite closely associated with
skarn Fe deposit has zircon LA-ICP-MS U-Pb age of 61. 1 +0. 4Ma with MSWD =0. 94. The Sadang andesite closely associated with
Au-Ag mineralization has zircon LA-ICP-MS U-Pb age of 62. 6 +0. 5Ma with MSWD =1. 51. The molybdenite Re-Os model ages of the
Duodigou skan Mo deposit varies from 64. 3 +0. 8Ma to 69. 2 +3. 3Ma, with an average weight age of 66.7 +6.4Ma, MSWD =8. 1.
Our new results suggest that the three deposits own their origin to the magmatic events triggered by early Indus-Eurasia collision. Our
results, together with former work, reveal that the southern Gangdese has undergone large-scale mineralization associated with the
strong magmatic activities during the early Indus-Eurasia collision. It is, therefore, suggested that the southern Gangdese could be an
important target area for mineralization related to early Indus-Eurasia collision.

Key words Gangdese; Continental collision; Ore forming age; Tibet

W OE REMH BHL T AR EARERRT e T E2RRLE S EBT R, MR T REAT T2, W
ARGBE R A, B A 05 R T R SRR KR T 30Ma, 4 T ab 3 5 B0 B Mk 3RIE . A S xt KR dy SR ed IR 2
RAEHT WMEERTR(E)FERAYFERATR(E)FRTFEREFAL ERET AL T ExF KL N B4
% LA-ICP-MS U-Pb 4-# % 61. 1 +0. 4Ma,MSWD =0. 94 ; 3t % % 5 4.1y 5 4 & LA-ICP-MS U-Pb 4-# % 62. 6 +0. 5Ma,MSWD =
1.51; % & A45 Kk (5)3 48405 Re-Os B X F# % 64.3 £0.8Ma ~69.2 +3.3Ma, mn i T 34 X F# H 66.7 +6.4Ma
(MSWD =8.1) , ZAF AR( &) 6 AL F S8 AR ERT FEA 0 E-BR BB g TN E R FHA X, &60
AT, BANREREM P HREAET KR SRR TR ERFUALGORTER, BRT KEBROFGFT IR, LA R

« AR 973 T H (2009CB421000) | rf FERLA= B A0 P S8 2 BHE L (B 28) (XDB03010302) | Hr = RR2 BE | M Bk Ak 2 W52 i 135 Wi H
(Y234022A07) [ B} 5 25 E BRSVEI H (GIHZ1127) FEF B SRR 54230 H (41172080 41121002 41272099 ) BEA %5 ).
F—1EERN: WO, 20,1987 44 A B R Lk, E-mail ; ital9@ 163. com

v BIAES AN, 53,1962 4FA:  AFSEGL, B AR S0, 7 PR AT K 7 PRABER L 2% %k, E-mail: lianghy@ gig. ac. cn



1440

WA W, B3 RE S KIE,

KA R R 5 I B At A 5 R AT BT 4K, 5 T
hEESES P597.3; P6ll
1 55

VT AR AE XU HTr #  B— RV BEE R IK ) 245
JEBTIR, B R T AL X S 4 Ja s, S R T AT iz
KTE. HATTAERE, XURH 1 07 K 528 T 5 il
Fyies PRI, T i AR h 7E 18 ~ 13Ma Z [H] (Hou et al. ,
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BEAF, 2003 ; i HE4R A, 20035 AOGHIRIPN SRR, 20045 AR
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FOLWIAE, 20065 SLUTIHESE, 20065 5% LA, 20105 {55
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S R S SR R ) IR 23 0 A1 B i s MR b kA 2 R AE T
Ji T AR IR U B A 3K v o R R (0 e
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EVEE R HuTe R (Xu et al. , 2010) S A7 A BEER 5T b
Felinil (Hou et al. , 20045 Chung et al. , 2009 ) M ARf it 54
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Simplified geological map of the study deposits( modified after BGMRX, 1993)

IR N 2 45 £ 2 (Harris et al. , 2004; Liang et al. ,
2006)
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G FRRE BRI A% LA I Re F1 Os (1943 B3 S50 22 b BT 5
DL SCHR (Sun et al. , 20105 Wu et al. , 2012) , R Hr {45 2
e E LA F AR XT B ICPMS, SR Tr R Os KR = ik
AT AELR 0 A TE SRS DU a5 2 P 19 Re 1 Os A1 % 43
o Re-"" 0s ZEASH RN 51 FHAME H 1.666 x 10" a™
(Shen et al. , 1996; Smoliar et al. , 1996) ,
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x1 BEWFERESTHRRKBEZF-KEREHEA LA-ICP-MS 4R

Table 1  Zircon LA-ICP-MS data of the Jialong porphyritic biotite monzonite granite associated with Fe mineralization

206 py, 207py,
Ny=%=2 ( x 1% _6 ) % 2:;813) +1s. e 2203751[)? +1s. e zi ’?E +1s. e. 28y +1s. e W +1s. e.
age (Ma) age (Ma)

4201 658 0.54 0.00897  0.00013  0.06439  0.00440  0.00301 0. 00009 57.5 0.8 57.7 3.6
42-02 363 0.67 0.00998  0.00008  0.06613  0.00190 0.00314  0.00007 64.4 1.2 66.2 5.6
4203 1742 0.46 0.00976  0.00006  0.06324  0.00103  0.00326  0.00004 62.6 1.0 58.9 4.7
42-04 411 0.56 0.00941  0.00013  0.05601  0.00386  0.00316  0.00007 60.2 0.9 48.9 2.5
4205 2563 1. 06 0.00930  0.00006  0.05895  0.00106  0.00298  0.00002 60.0 1.2 56. 1 4.7
42-06 955 0.63 0.00931  0.00008 0.06184  0.00143  0.00299  0.00003 59.9 0.9 59.6 3.2
4207 321 0. 69 0.01002  0.00026  0.07100  0.00525  0.00373  0.00012 63.3 1.0 47.7 2.7
42-08 438 0.54 0.00944  0.00012  0.06390  0.00334  0.00294  0.00008 60.9 1.8 64.7 8.7
42-09 303 0.56 0.00942  0.00011  0.06484  0.00354  0.00302  0.00006 60. 6 1.1 62.2 4.3
42-10 270 1.13 0.00939  0.00012  0.05926  0.00268  0.00305  0.00005 60.5 1.1 52.7 4.1
42-11 324 0.57 0.00939  0.00011  0.05670  0.00509  0.00323  0.00011 60.0 1.2 47.5 8.2
42-12 333 0.56 0.00935  0.00014  0.05787  0.00488  0.00283  0.00008 60. 4 1.1 61.3 6.9
42-13 262 0.67 0.00949  0.00013  0.06499  0.00396 0.00312  0.00009 61.0 1.2 59.4 5.7
42-14 253 0.49 0.00963  0.00011 0.06311 0.00343  0.00307 0.00011 62.0 1.2 61.4 5.5
42-15 296 0.62 0.00900  0.00011  0.05736  0.00379  0.00281  0.00012 58.2 1.1 58.3 4.6
42-16 225 0.56 0.00962  0.00020  0.06805  0.00668 0.00304 0.00011 62.0 1.1 66. 5 5.8
42-17 376 0.63 0.00940  0.00006  0.05802  0.00200  0.00298  0.00005 60. 6 1.5 57.4 8.3
42-18 371 0.57 0.00935  0.00013  0.07137  0.00720  0.00292  0.00009 60.3 0.9 71.6 3.6
42-19 263 0.57 0.00909  0.00009 0.06202 0.00330 0.00290 0.00009 58.5 1.2 60.2 7.4
42-20 230 0.52 0.00908  0.00012  0.05530  0.00306 0.00283  0.00009 58.3 1.0 56.4 4.8
4221 377 0.63 0.00902  0.00012  0.06235  0.00345 0.00299  0.00007 57.8 1.1 56.0 4.6
4222 195 0.44 0.00940  0.00016  0.07018  0.00550  0.00300 0.00012 60. 4 1.1 67.7 4.6
4223 209 0.48 0.00972  0.00013  0.06262  0.00363  0.00334  0.00010 62.2 1.3 54.4 6.3
42-24 475 0.71 0.00977  0.00012  0.06414  0.00329  0.00334  0.00008 62.4 1.2 52.6 4.4
4225 260 0. 65 0.00964  0.00008 0.06610 0.00278  0.00322  0.00008 61.8 1.1 58.2 5.0
42-26 250 0.52 0.00942  0.00010  0.06020  0.00294  0.00305  0.00007 60.5 1.0 57.0 4.4
42-27 740 0.72 0.00939  0.00008 0.06319  0.00170  0.00299  0.00005 60. 6 1.0 61.2 3.9
42-28 262 0.53 0.01010  0.00011  0.06540  0.00284  0.00331  0.00008 64.9 1.0 60.7 3.8
42-29 233 0.48 0.00977  0.00011  0.06475  0.00307  0.00329  0.00008 62.6 1.1 57.8 3.7
42-30 223 0.56 0.00969  0.00010  0.08747  0.00493  0.00384  0.00014 61.2 1.1 62.2 3.8

ARl 66.7 £6. 4Ma,MSWD =8. 1, #E4AH R CAR IR R AR
AREZ IR R A RARS IR (D) BIE UL, ZIR1A 1+
E VAR (50 JEAE 66. 7 £6. 4Ma FE AT L) o

5.2 RIEHTH e &bl B il i R 2 B4R A IR

XU 227 1 52 2 b oAty i e A0 D s, 7 R B AR AR
)5 S AR L 50 11 W A0 o 3 58 T T A S 104 IR - i
88 Il - AR Y A DX 07 R T TR T 5 T AR i B
Wi Bl Al 98 A DG 194 K L s RS A (R 5246, 20023 Ding et
al. , 2003, 2005; Hou et al. , 2004, 2006, 2007; Mo et al. ,
2005, 2007 ; Zhu et al. , 2008; Ji et al. , 2009) , BALAET.
A HIOS BT ST B 20 T BN BE Al B 5 WO A R
SRl A AT A AN ) Ak (Rowley, 19985 Yin and
Harrison, 2000; Aitchison et al. , 2007 ), Lee and Lawver
(1995) $& 3, B AR e 5 WO AR R A 29 65Ma i A= © 1Al
T A 2 45Ma B R AR R RE T . BEE 2 4 (2003,

2009) Mo et al. (2007) $ H i K ffi7E 70 ~ 65Ma 7245 TF 14
filf 4 , 283 29— 24 H AR, A 40Ma 2645 58 BUPT K Bl il
BRI S8 ST O ARG HESE (20064, b, o, d) fPEE
Bl 43 R (65 ~ 41Ma) (B (40 ~ 26Ma ) i1 Al it
(25 ~0Ma) =H, SR UL, H ATE 2 H T, Hh 3R Py 21 % i
BRALSAEE S R3O0 AR S5 BRWAR AR 70 ~ 65Ma 2247 1 &
Al

F Ok PRI 4214 5 LA-ICP-MS U-Pb 4F#8 61. 1 +
0. 4Ma FCHIR A A (21) KA 85 A LA-ICP-MS U-Pb 4
1% 62. 6 +0. SMa 2RV FHE™ () HEFHT™ Re-Os 4FIATE 66. 7
+6.4Ma Zidy o =N R BUCE BURT B AR B AR B 5 I
MR F I DR B AR (70 ~ 65Ma) AHIE , B M, 3 26" PR 1y J2: B
JEE R 55 RV A BRI 3 TR 13, S Al T i R
. T I TAE R W2 A B4R A 20T IR (o I 52 45,
2012; EARHAF, 2012) W R Z &R IR (55—
&, 2011 ; ¥ BEEE, 2012) RGNS KA RN IR (ZE N M
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R2 HYSRT ARULER LA-ICP-MS 4R
Table 2 Zircon LA-ICP-MS data of the Sadang andesite associated with Au-Ag mineralization
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206 py, 207py,
206 207 208
) = ( XII(J) -6) %h Wlﬁj +1s. e. W]ﬁ) +1s. e % +1s. e Zzggg +1s. e 2:;: +ls.e. 4577
(Ma) (Ma)

4401 36 1.17  0.00888 0.00038 0.17327 0.02230 0.00320 0.00023  55.7 0.8 131.3 3.9 SRR

4402 32 1.18 0.00958 0.00040 0.09507 0.01190 0.00303 0.00021 61.8 2.7 88.7 25.7

4403 28 0.96 0.01023  0.00036 0.10061 0.01332 0.00377 0.00036 63.9 2.9 56.9 20. 1

44-04 545 0.58  0.00959 0.00008 0.06471 0.00209 0.00305 0.00005 61.8 2.9 63. 1 30. 1

44-05 126 0.20  0.10803 0.00086 0.95682 0.02688 0.03671 0.00094  660.2 8.6 660. 1 9.1 SR

44-06 334 0. 60 0.00996  0.00008 0.05894 0.00195 0.00331 0.00006 63.9 5.1 53.7 15.4

4407 192 0.41 0.00953  0.00012 0.06959 0.00426 0.00315 0.00012 61.2 1.0 65.4 6.7

44-08 152 1.06  0.00994 0.00017 0.06705 0.00553 0.00319 0.00009 64.0 1.2 60.9 5.7

4409 245 0.58 0.00958 0.00008 0.06313 0.00269 0.00317 0.00007 61.5 1.4 57.6 8.9

44-10 785 1.33 0.00918 0.00007 0.05813 0.00166 0.00288 0.00003 60.0 0.9 61.5 3.6

44-11 256 0.55 0.01200 0.00024 0.28108 0.01995 0.01099  0.00080 64. 8 1.0 40.7 6.9

44-12 434 0.73  0.00964 0.00020 0.07251 0.00797 0.00345 0.00007  61.2 1.9 53.2 28.0

44-13 341 0.52 0.00977  0.00010 0.06058 0.00290 0.00309 0.00008 62.9 1.5 59.4 8.9

44-14 302 0.47 0.01003  0.00011 0.06972  0.00301 0.00324 0.00008 64.5 1.1 66.5 4.0

44-15 144 0.85  0.00991 0.00011 0.06672 0.00433 0.00312 0.00008 64.0 1.1 65.6 4.1

44-16 271 0.62  0.00969 0.00011 0.06060 0.00433 0.00307 0.00010 62.4 1.1 59.7 6.0

44-17 645 0.95 0.00970  0.00008 0.06241 0.00150 0.00299 0.00004 63.1 1.1 68.3 5.8

44-18 257 0. 65 0.00973  0.00008 0.06708 0.00299 0.00299 0.00006 63.0 1.0 70.0 4.7

44-19 297 0.93  0.00975 0.00007 0.06845 0.00262 0.00311 0.00005 63.0 1.0 65.3 4.5

44-20 145 0.76  0.00950 0.00014 0.06860 0.00375 0.00314 0.00008  60.9 0.9 59.5 4.6

4421 192 0.63 0.00959 0.00012 0.06642 0.00382 0.00303 0.00011 61.8 1.2 65.0 5.9

4422 144 0.38 0.01001  0.00020 0.10251 0.01141 0.00624 0.00048 60.9 1.2 33.3 5.8 billZ

44-23 237 0.69  0.00998 0.00009 0.06919 0.00312 0.00343 0.00007 63.8 1.5 57.4 14.2

4424 117 0.56 0.00937 0.00035 0.06311 0.00823 0.00305 0.00021 60. 1 1.0 57.1 4.2

44-25 287 0. 60 0.00981 0.00008 0.06365 0.00204 0.00316 0.00006 63.2 2.4 61.4 11.6

44-26 302 0.61 0.00966 0.00009 0.06824 0.00323 0.00314 0.00007 62.2 1.0 65.0 4.1

44-27 172 0.86  0.01004 0.00012 0.06141 0.00393 0.00323 0.00007  64.7 1.0 57.1 5.0

44-28 398 0.97 0.00993 0.00011 0.06348 0.00294 0.00304 0.00007 64.5 1.2 68. 4 7.0

44-29 289 0.59 0.00968 0.00007 0.06509 0.00223 0.00307 0.00006 62.4 1.1 63.6 6.1

44-30 78 0.44  0.00981 0.00016 0.08441 0.00628 0.00312 0.00016  63.1 1.0 81.5 3.4

44-31 242 0.75  0.00971 0.00011 0.06786 0.00347 0.00317 0.00007 62.4 1.3 61.8 7.0
R3 ZRAWFERETKR(R)FEY Re-0s FWRTN W RERIOCRAGEKE , AW FEREKE K 57 5
#R BYREEIA PR PRy A TR (R BYBE BT IR Sk il AR
Table 3 Re-Os data of molybdenite from the Duodigou SR BRI IR 43 A0 18 R, £ 25 ] b A X r s

skarn deposit

Samole Re 87 Re 87 0s MEARERS AT
TP (107%) (x107°) (x107°)  (Ma)  (Ma)
LHY-1  1.40395 0.878873  1.00405 68. 5 0.7
LHY40  2.16881  1.35768  1.56723 69.2 3.3
LHY-80  2.41121  1.50942  1.61907 64.3 0.8

45, 2011) JR IR ACHRTE 65Ma ZE 47 (K 4) , SARSCHE Y T
JERRAT HCH B IR (R0 (RS R (D) [ A7 R4
FHIE o KSR R FE F8C e 0 B E A e 15 IR Al Bk il 287 441
[OFEEp & PSS

B B A Bk -5 BRI AR Rl 1 740 5 TR R M S B A R

HFRITIE L T — 2575 PG 1] fift R 3 800km | R L % i 80km [
B (B 4) 5 R S 2 5 0 Bl R - R IR
W SR ATBE AR PRI RR R AR (3 e W 4, 2012) 14T
PR IR RIS (7 E 4, 2005) 35 3% W B B2 Al B 55 Rk
AR B A A A A XU P R B R AR T S R A K E Sh
BRI R B G VER, B — RINAF TR A G K,
IR JFC Hr e A 42 02 S shsm B, R B TV A0 AR AR
Ford Kk s K YR A 545 25 2 ( Zhou et al. , 2004 ; # [
i, 2002; BEE 2245, 2005; @iAE4S, 2006) o X HH i
B -t R ACE FUKILE Z 0 B, EE RS F% A
JLE (LILE) FIAE%; 5 #1580 (HFSE) | B 5 UE H A
M —MCRHIE (ZEE 5%, 2003) , H TR RERR A 38
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G AL R CRTMZS

P4 XU e Gkt 5T B i ST R AT 177 B (4 Zheng et al. , 2012 f&10)
NL-AUHE Ot ig ; CL-"Ph oA s SL-pafiB% (b A s YTSHE & UA 48 3 17
Fig.4 Simplified geological map of the southern Gangdese ore belt, Tibet (modified after Zheng et al. , 2012)

NL-northern Lhasa subterrane; CL-central Lhasa subterrane; SL-southern Lhasa subterrane; YTS-Yarlung-Tsangpo suture

x4 EDE-BRIERSAIE R EIH R

Table 4 The deposits formed in the early stage of India-Eurasia collision

B4 B T WG Tk R4 YERk I
\ - BER L 2 B AL A e,
Rk WRAERSY 1k W 5 61.1 +0. 4Ma( 54 LA-ICP-MS)
BOSGRRTTR KSR L AT I T 62. 6 +0. SMa( 4 47 LA-ICP-MS) KX
ERAWT R HRET fnmEg gy O 20 MR R0 RGPS
SAER)
} T ERBES 5 BA A & 61.5 0. 6Ma( #F4H5" Re-Os Z5iH4%)
g;gﬂfﬂ iR TGRS 62.1+1. IMa( ¥4 LA-ICP-MS) 4 2012
i B R 1k TERBEL 63.3 0. 9Ma( 577 LA-ICP-MS)
WERH  WEATEE L, R GRS SR 65.0 £ 1 OMaCHEAIR" Re-Os L) FE—Iy% 2011
BRI IR VR b i RHELE W RA % 62.4 0. 6Ma( £ f7 LA-ICP-MS) WA 2012,
BB R ML —KAEHRE TRAMNE  66.820.TMa(#i 47 LA-ICP-MS) RIS 2011

it

67.4 £0. 8Ma( 44 f LA-ICP-MS)

TR AR AW A - (1) i) A oo VA A e i 2 [l
ok TS, BT 3, 15 R i % AR T M R A s
(Chung et al. , 2005; Ji et al. , 2009) ; (2) HEVLA: M IR w1 LA
It R b A 2B TR 0 J R T L R 1 IR AR R
R #5E 75 R AR il (Mo et al. , 2005, 2007 ; % 5] i
25, 2006)

TR AR AP Vb Ak B R AT R (B FH BT Re-Os 4R 1%
51.0 +1.0Ma, Zhao et al. , 2012) il B A = 0 & 4 U
MEZE W B 6 J T BT X R 3077 o i et 1A B A W9 S o 2
RS, 2012)  FREHE NS R SR AR A el R
AL XU h AL 26 30° &M (&1 4) , Avb ik BEA SH A
PRAL T 5] — 25 B2 DX 3, PRk, = il 435 300 ™2 S T By A
SEIE T SRR By . B EE AR B 5 WO AR HeAE 25 70 ~

65Ma Fif A& AE VI AR RIEHE , PRIk, XD ST vty i 4 R 40T TR R
1A KA IR R T BE AR ) AL b A HEVCPEAR R AE 70 ~ 65Ma &
Az I DR R s 32 8L, AR A 5 ER T 4 3l 0 el s i ke A IR
I rh BT T2k (T REAL Tb 4 30°4R I ) KA R Ut ([E1%%) |
JE IR BT S, A0 B TR S SRR P AT B
TR 3K, 25 b ST R

IRURE T S Al A A T R 1A SR E Bhsm 2, B TAR
FMW A S0 b R R I Bl B — R A AR T AR
—RINAFITLRAB T K, ARITCEAET RS ST
R —E W22 5, B, W 7 pi s B0 R A4 T & ¢
ZRERE R e T R 5 P R A R s
KW IRAY RAF R 5544 , A J5 IV T 7 DRI 0Ty w8 ot X il
TR R B A AR TR T IR R LAk
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(1) e iy & BB SR R = B K AE K a RS A
LA-ICP-MS U-Pb 4E 4 61. 1 = 0. 4Ma, MSWD = 0. 94 ; 524
M4 AR () A Z2 1A B 41 LA-ICP-MS U-Pb 4E i 62. 6
+0.5Ma,MSWD = 1. 51; ZJi-I5 805 K (55) #EFHT Re-Os 5
RAFHE Jg 64.3 +0. 8Ma ~ 69. 2 + 3. 3Ma, FIAL - AR i
66.7 £6. 4AMa(MSWD =8. 1) , =M IR () 5 B E-E 9
AR Al A PSR S SR Bl A O 5

(2) PRI 8 v i il Al A58 P 0 2 2 A P B R A i ™
YERL L TE IR — 251 5 ki Bl il 20 vh R 2 A A R
IRo KW FRIGIE AT RE ST PSS 70 ~ 65Ma K AE B30
TEARE AN 2 BEL , DR P T2 1T 2 R T4 30 00558 T UL (% ) bk
Ny ey AL P
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