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Abstract Granodiorite intrusions (from south to north, namely, Lunong, Linong, Jiangbian, and Beiwu pluton)and diabase dyke
are spatially and temporally associated with the copper mineralization in Yangla copper deposit, Deqin County, Yunnan, Southwest
China. They commonly distributed in Yangla copper deposit. To constrain the age of a number of major granodioritic plutons and
diabase dyke related to Cu mineralization, U-Pb analysis of zircon was conducted. Hafnium isotope data was also acquired through
laser-ablation multicollector ICPMS analysis of zircon, with the aim of gaining insight into the age and nature of the source region of the
plutons. Four age groups have been identified from five igneous samples: Middle Triassic (238 ~239Ma, Linong pluton, Lunong
pluton) , Middle-Late Triassic (228Ma, Jiangbian pluton) , Late Triassic (222Ma, diabase dyke) and Late Triassic (214Ma, Beiwu
pluton). While the Re-Os isochron age for molybdenite from Linong Cu ore body was 228Ma to 230Ma. These data suggest that the
formation of different granodiorite plutons by multi-stages of gushing emplacement of the magmas. The ore-forming of Yangla copper is
developed in Middle Triassic. Hafnium analysis shows the Triassic granodiorites having negative and positive and variable g, () values
(-4.3 ~ +2.4) and Mesoproterozoic (1.1 ~1.5Ga) depleted-mantle model ages, which is interpreted to reflect the derivation from
an isotopically heterogeneous, mixing source of mantle with crust source. The source region for these magmas may be tentatively
correlated with the Mesoproterozoic material of Yangtze Craton, which has been suggested to underlie the Yangla; however, further
work is necessary to demonstrate this suggestion.

Key words Granodiorite; Yangla copper deposit; U-Pb dating; Hf isotope; Yunnan
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Fig.1 Simplified geological map of the Yangla copper deposit

(a)-Tectonic map of the Yangla copper deposit (after Mo et al. , 1993) ; (b)-Geological map of the Yangla copper deposit ( after Qu et al. , 2004 )
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Table 1 SHRIMP data of zircons from Yangla granodiorite

206 py, 207py,
206 232 206 py, * 238 206 207 p, * 207 py, * 206 p, *
=5 (o}:b)c (xl%-6>(x1T(}Jl-°) WTI? (xl[;)b"’) ﬂ; tlo E?ﬁ"f =lo % % % % % x%
(Ma) (Ma)
Ak TC201-N4
1.1 0.62 1374 380 0.29 44.9 239.0 7.2 346 72 0.0534 3.2 0.278 0.0378 3.1
2.1 1.04 1380 353 0.26 45.1 238.3 7.0 443 150 0.0558 6.9 0.290 8 0.0377 3.0
3.1 1. 87 1199 256 0.22 39.7 239.3 7.0 201 240 0. 0501 10 0.261 11 0.0378 3.0
4.1 1. 60 738 164 0.23 24.2 237.8 7.2 390 250  0.0545 11 0.282 11 0.0376 3.1
5.1 1.78 1092 303 0.29 35.6 235.6 7.0 344 250  0.0534 11 0.274 11 0.0372 3.0
6.1 0.55 1192 495 0.43 38.4 236.0 7.0 385 81 0.0543 3.6 0.279 5 0.0373 3.0
7.1 1.01 1233 458 0.38 40.7 240.5 7.1 224 160 0.0506 7.0 0. 265 8 0.038 3.0
H & PD3250-2-1
1.1 1.04 1043 287 0.28 33.5 234.4 8.1 216 150 0.0504 6.5 0.258 7 0.0370 3.5
2.1 1.34 1034 262 0.26 33.5 235.3 7.2 296 150 0.0522 6.6 0.268 7 0.0372 3.1
3.1 0. 87 1692 637 0.39 53.1 229.3 8.2 389 230  0.0544 10 0.272 11 0.0362 3.6
4.1 0. 68 1466 502 0.35 49 244.1 7.2 323 74 0.0529 3.2 0.281 4 0.0386 3.0
5.1 1.54 1654 508 0.32 47.8 210.0 6.2 248 210 0.0512 8.9 0.234 9 0.03311 3.0
6.1 0.15 1199 320 0.28 39.7 243.2 7.8 762 160  0.0646 7.5 0.343 8 0.0385 3.2
7.1 0.27 1382 417 0.31 45 239.1 7.0 657 160  0.0615 7.5 0. 320 8 0.0378 3.0
8.1 0.26 1476 510 0.36 49.2 244.9 7.1 742 190 0. 064 9.1 0.342 10 0.0387 3.0
134 JPD1101-2
1.1 3.19 703 235 0.35 22.3 227.0 6.9 82 460  0.0477 19 0.235 19 0.0358 3.1
2.1 1.07 1041 321 0.32 32.7 229.3 6.8 376 210 0.0541 9.5 0.270 10 0.0362 3.0
3.1 1.72 1457 435 0.31 44.5 221.4 6.5 263 150 0.0515 6.7 0.248 7 0.0349 3.0
4.1 1.46 1282 420 0.34 38.8 219.9 6.6 -7 270 0.0459 11 0.220 11 0.0347 3.1
5.1 1.58 1593 660 0.43 50. 6 230.6 6.7 311 130 0.0526 5.6 0.264 6 0.0364 3.0
6.1 1.18 1176 356 0.31 38.6 238.8 7.0 291 160  0.0521 6.8 0.271 7 0.0377 3.0
7.1 1.52 1000 288 0.30 31.7 230.0 7.0 496 320  0.0571 15 0. 286 15 0.0363 3.1
D& BW-11
1.1 0.15 1446 437 0.31 44.2 225.1 6.6 645 89 0.0612 4.2 0. 300 5 0.03550 3.0
2.1 0. 00 850 218 0.26 26.9 232.7 6.9 670 82 0.0619 3.8 0.314 5 0.03680 3.0
3.1 0.87 1114 258 0.24 33.5 219.6 6.5 318 120 0.0527 5.2 0.252 6 0.03470 3.0
4.1 1.92 1210 276 0.24 33.4 200.3 6.2 134 410  0.0487 17 0.212 18 0.03160 3.2
5.1 1.22 1181 370 0.32 36.2 223.1 7.0 351 190 0.0535 8.5 0. 260 9 0.03520 3.2
6.1 1.40 1013 254 0.26 29.7 212.9 6.6 414 380 0. 055 17 0. 255 17 0.03360 3.1
7.1 1.29 1093 386 0.36 31.4 209.5 6.2 263 240  0.0515 11 0.235 11 0.03300 3.0
8.1 1. 16 1020 309 0.31 28 200.8 6.1 114 230 0.0483 9.8 0.211 10 0.03164 3.1
9.1 0.25 2646 1207 0. 47 74.5 207.4 6.0 188 48 0.0499 2.1 0.225 4 0.03270 2.9
10. 1 1.01 560 176 0.32 16.4 213.5 6.5 494 240  0.0571 11 0. 265 11 0.03370 3.1
11.1 2.36 1034 303 0.30 29 202.4 6.1 -111 300 0. 044 12 0. 193 12 0.03189 3.0
12. 1 1.21 955 277 0.30 29.8 226.9 7.0 359 150 0.0537 6.7 0. 265 7 0.03580 3.1
T 1 Phy 1 Ph ™ 4351 Ay 2308 415 A S B DR A% 5 R T B R 254 1. 03% 5 W sm 4T T 4> Pb SZiI

HE [ 2806 AR BE 1A% 2 40 wm , BOGR phist ] g 27,
MRERER B A GI-1 A TEM oMz, ™ HE7 HE HAE 25 510
0.282013 +19 (2¢°) (Elhlou et al. , 2006) #11 0. 282680 + 31 (20)
(Wu et al. , 2006) , ASYRSZEGIERIE" HE/ 7 HE (5L 504
0. 282004 +0. 000032 (20, n =30)F10. 282672 +0.000044 (20, n
=54) , AT FE B IE S WUAZ W] ZE46 (2007 )

4 850 U-Pb e dRsclesti f
AT AR LR T AR AE R I

FERL A 1 B R DGR UL 2, SHRIMP U-Pb [ {3 3 5
SRR 1, AR AR LA 3,

FEARAE B NG RE R TC201-N-4 il 7 F B KRR,
Uy R E LT B, B RO B R 8 A B MY
ERGRGIH, BB AR N, XA U S EK
B,k 738 x107° ~1380 x 10 ™°, Th/U 3 0.22 ~0.43, H
AR B BR AL 2 R AE ( Williams and Claesson,1987) o B
AT 7 A3 A — B0 28 R BORE 43 A, Ph/2° U Ik
YMHAENS A 238. 1 £5.3Ma (81 3) , BN BEARAE R I KA
MR LRSS s HLACHE i PD3250-2-1 PRI K45 A1 U &
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Fig.3 U-Pb concordia diagrams showing SHRIMP data for granodiorite from Yangla copper deposit
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169 7 Ao H e — B0 26 b B4 A, Ph/2 U I 2
{HAF WY K 227.9 = 5. 1Ma, B 0 VLA TE 5 N A A R L 4F
o DUERET BW-11 i FE2RE5 A1 U K, ik 560 x
107° ~2646 x 10 %, Th/U 5[ 0. 24 ~0. 47, LA 55 A 1 b
BR Ak 2 F ( Williams and Claesson, 1987) , ‘B A1#Y 12 443
Mre—2 ith 28 v B e 20 A5, 2% Ph/7 U B 29 (8 4R 98
213.6 +6. 9Ma, fift B8 g DB 76 5 N 5 R BLAR IR

LR AR K TE R IN KA oS Tk A B2
AR AR , A 0 55 A ORI AL 4L, B O
MR AT DRG0 JR R A s A, XA U & i
R 176 x107° ~ 1141 x107°, Th/U [ 0. 23 ~0. 84, B4 3¢
BET 4 M 3R Ak 22 R4E ( Williams and Claesson, 1987 ) o B4 T(#
16 A3 i e —E0t 26 b SR 43 4,2 Ph/ 2 U A 2 {8
4RI A 222.0 £ 1. 0Ma( 3R 2, |81 4) , X IES A S
Jik AR A1
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Fig.4  U-Pb concordia diagram showing SHRIMP data for

diabase from Yangla copper mineral deposit
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®2 FHEWHEEE(LPI2S) A U-Ph HER
Table 2 U-Pb data of zircons from Yangla diabase rocks ( LP1-25)

it x10°°) U-Th-Pb [7) i He i (Ma)
ey Th/U
Ph Th U 207 Pb/ZO() Pb 207 Pb/235 U 206 Pb/238 U 207 Pb/ZO() Pb 207 Pb/235 U 206 Pb/238 U

1.1 26 195 853 0.23  0.04952 +0. 00020 0.24343 +0. 00223 0.03563 +0. 00029 173 10 221 =2 226 +2
2.1 31 285 934 0.30  0.04968 +0.00021 0.24181 =0. 00236 0. 03530 +0. 00034 180 +10 220 2 224 +2
3.1 37 547 812 0.67  0.05013 +0. 00021 0.24201 +0. 00233 0. 03503 +0. 00033 201 £10 2202 2222
4.1 11 148 176  0.84  0.05138 £0.00074 0. 24907 +0. 00575 0.03516 +0. 00036 258 £35 226 £5 223 £2
5.1 21 263 493 0.53  0.04950 +0. 00019 0.23944 +0. 00205 0. 03509 +0. 00029 172 =9 218 2 222 +2
6.1 27 325 902 0.36  0.04917 £0.00018 0. 23859 +0. 00202 0.03519 +0. 00028 156 +9 217 2 223 +2
7.1 26 303 893 0.34  0.04957 +0. 00021 0.23712 £0. 00230 0. 03469 +0. 00033 175£10 2162 220 £2
8.1 13 149 436 0.34  0.04918 +0. 00027 0.23573 +0. 00287 0.03478 +0. 00043 157 13 215 2 220 =3
9.1 22 257 742 0.35  0.04891 +0. 00022 0.23484 +0. 00244 0.03481 +0. 00032 143 +11 214 =2 221 =2
10. 1 8 81 221 0.37  0.04983 +0. 00036 0.23834 +0. 00330 0. 03470 +0. 00029 187 =18 217 +3 220 2
11.1 34 433 1141 0.38  0.04929 +0. 00022 0.23807 +0. 00242 0.03503 +0. 00035 161 +11 217 2 222 +2
12. 1 22 212 700 0.30  0.05121 =0. 00063 0.25299 +0. 00513 0.03565 +0. 00035 250 +29 229 +4 226 +2
13.1 16 191 402 0.47  0.05092 +0. 00025 0. 24495 +0. 00274 0. 03492 +0. 00039 237 12 222 +2 221 =2
14.1 19 245 669 0.37 0.05014 £0. 00069 0.24062 +0. 00514 0.03473 £0.00032 201 £33 219 x4 2202
15.1 26 346 872 0.40  0.04962 +0.00019 0.23981 0. 00209 0. 03506 +0. 00031 177 £9 218 £2 222 +2
16. 1 17 209 664 0.31  0.04950 +0. 00021 0.23638 +0. 00232 0.03461 +0. 00029 172 +10 215 +2 219 =2

R3 FHMTERAKESER Hf QRS HER

Table 3 Zircon Hf isotopic compositions of Yangla granodiorite

A 176 176 176 176 ¢

=853 (ﬂ;[ﬂ:; 17711? 177;‘; 1772? 20, ( 1773?)[ enr(0)  eye(1) 20 (;;:) ([I\I/}]Z) Srwne
A% TC201-N4

1.1 238.1 0. 026569 0. 000828 0. 282575 0. 000017 0. 282571 -7.0 -1.9 0.6 954 1387 -0.98
2.1 238. 1 0. 027019 0. 000779 0. 282585 0. 000018 0. 282582 -6.6 -1.5 0.6 938 1364 -0.98
3.1 238. 1 0. 031048 0. 000909 0. 282637 0. 000019 0. 282633 -4.8 0.3 0.7 869 1248 -0.97
4.1 238.1  0.024965 0. 000771 0. 282607 0. 000021 0. 282604 -5.8 -0.7 0.7 908 1315 -0.98
5.1 238. 1 0. 040419 0.001261 0. 282657 0. 000019 0. 282651 -4.1 1.0 0.7 848 1207 -0.96
6.1 238. 1 0. 057558 0.002174 0. 282668 0. 000030 0. 282658 -3.7 1.2 1.1 854 1191 -0.93
7.1 238.1 0. 045085 0.001782 0. 282556 0. 000029 0. 282548 -7.6 -2.7 1.0 1005 1439 -0.95
8.1 238.1 0. 053106 0. 001698 0.282510 0. 000033 0. 282502 -9.3 -4.3 1.2 1070 1542 -0.95
9.1 238. 1 0. 034570 0.001178 0. 282590 0. 000023 0. 282585 -6.4 -1.4 0.8 941 1357 -0.96
10.1  238.1 0. 046421 0. 001280 0. 282557 0. 000025 0. 282551 -7.6 -2.6 0.9 991 1432 -0.96
1.1 238.1 0.038164 0. 001268 0. 282557 0. 000024 0. 282552 -7.6 -2.6 0.9 990 1431 -0.96
12.1  238.1 0. 044249 0.001443 0. 282605 0. 000021 0. 282599 -5.9 -0.9 0.7 926 1325 -0.96
13.1 238.1 0. 047100 0.001414 0. 282601 0. 000019 0. 282595 -6.0 -1.0 0.7 931 1334 -0.96
14.1 238.1 0. 035476 0.001182 0. 282693 0. 000021 0. 282687 -2.8 2.2 0.7 796 1126 -0.96
15.1 238.1 0. 044678 0.001310 0.282533 0. 000018 0. 282528 -8.4 -3.4 0.6 1025 1485 -0.96
16.1 238.1 0. 023592 0. 000687 0. 282621 0. 000016 0.282618 -5.3 -0.2 0.6 886 1282 -0.98
17.1  238.1 0. 034469 0.001152 0. 282541 0. 000022 0. 282536 -8.2 -3.1 0.8 1010 1466 -0.97
H 4 PD3250-2-1

1.1 239.0 0. 025665 0. 000697 0. 282559 0. 000019 0. 282556 -7.5 -2.4 0.7 972 1421 -0.98
2.1 239.0 0.037752 0. 001022 0. 282589 0. 000020 0. 282585 -6.5 -1.4 0.7 938 1356 -0.97
3.1 239.0 0.035644 0.001012 0. 282563 0. 000019 0. 282559 -7.4 -2.3 0.7 975 1414 -0.97
4.1 239.0 0. 030936 0. 000846 0. 282570 0. 000016 0. 282566 -7.2 -2.0 0.6 962 1399 -0.97
5.1 239.0 0.032910 0. 000900 0. 282636 0. 000019 0. 282632 -4.8 0.3 0.7 870 1250 -0.97
6.1 239.0 0.036164 0. 001090 0. 282588 0. 000018 0. 282584 -6.5 -1.4 0.6 941 1359 -0.97
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Continued Table 3
A 176 176 176 176 ¢
=853 j';[ﬂi 177111; 177;‘; 1772? 20, (FII:II;)I eur(0)  eye(1) 20 (t]\[/;j) (Z\I/}i) Srwne
7.1 239.0  0.063678 0.001648 0. 282699 0. 000020 0. 282692 -2.6 2.4 0.7 797 1115 -0.95
8.1 239.0 0.030075 0. 000847 0. 282595 0. 000020 0. 282591 -6.3 -1.1 0.7 926 1341 -0.97
9.1 239.0 0. 028834 0. 000807 0.282617 0. 000020 0.282613 -5.5 -0.4 0.7 894 1292 -0.98
10.1  239.0 0. 040290 0. 001098 0. 282687 0. 000019 0. 282682 -3.0 2.1 0.7 803 1138 -0.97
11.1  239.0 0.035431 0. 000982 0. 282588 0. 000021 0. 282584 -6.5 -1.4 0.7 939 1358 -0.97
12.1  239.0 0. 039658 0.001236 0. 282604 0. 000021 0. 282598 -6.0 -0.9 0.7 924 1326 -0.96
13.1  239.0 0. 033832 0. 000947 0. 282598 0. 000018 0. 282594 -6.2 -1.1 0.6 925 1336 -0.97
14.1  239.0 0. 040456 0. 001358 0. 282658 0. 000023 0. 282651 -4.0 1.0 0.8 850 1206 -0.96
15.1 239.0 0.037647 0.001074 0. 282637 0. 000018 0. 282632 -4.8 0.3 0.6 873 1250 -0.97
YLi51 JPD1101-2
1.1 227.9 0. 030691 0. 000851 0. 282621 0. 000021 0.282617 -5.3 -0.5 0.8 890 1290 -0.97
2.1 227.9 0. 055809 0. 001504 0. 282706 0. 000018 0. 282700 -2.3 2.4 0.6 784 1105 -0.95
3.1 227.9 0. 044867 0.001276 0. 282595 0. 000019 0. 282590 -6.3 -1.4 0.7 937 1352 -0.96
4.1 227.9 0. 033881 0.001135 0. 282544 0. 000021 0. 282540 -8.0 -3.2 0.7 1005 1465 -0.97
5.1 227.9 0. 027004 0. 000820 0.282618 0. 000018 0. 282614 -5.5 -0.6 0.6 894 1298 -0.98
6.1 227.9 0. 049219 0. 001709 0. 282550 0. 000025 0. 282543 -7.9 -3.1 0.9 1012 1458 -0.95
7.1 227.9 0. 052462 0.001714 0. 282573 0. 000023 0. 282566 -7.0 -2.3 0.8 979 1406 -0.95
8.1 227.9 0. 034861 0.001038 0. 282595 0. 000018 0. 282591 -6.3 -1.4 0.6 931 1350 -0.97
9.1 227.9 0. 043722 0. 001329 0.282516 0. 000020 0.282511 -9.0 -4.2 0.7 1050 1530 -0.96
10.1  227.9 0. 025581 0. 000851 0. 282570 0. 000020 0. 282566 -7.2 -2.3 0.7 962 1406 -0.97
1.1 227.9 0. 040930 0.001318 0. 282545 0. 000022 0. 282539 -8.0 -3.2 0.8 1009 1466 -0.96
12.1 227.9 0. 046800 0.001362 0.282614 0. 000020 0. 282608 -5.6 -0.8 0.7 912 1311 -0.96
13.1  227.9 0. 039401 0. 001376 0. 282553 0. 000026 0. 282547 -7.8 -3.0 0.9 1000 1449 -0.96
14.1 227.9 0.039415 0. 001069 0. 282548 0. 000024 0. 282544 -7.9 -3.1 0.9 997 1455 -0.97
15.1  227.9 0. 026790 0. 000749 0. 282567 0. 000023 0. 282564 -7.2 -2.3 0.8 962 1410 -0.98
D& BW-11
1.1 214.0 0. 034014 0. 000958 0. 282578 0. 000015 0. 282574 -6.9 -2.3 0.5 953 1396 -0.97
2.1 214.0 0. 023662 0. 000690 0. 282670 0. 000016 0. 282667 -3.6 1.0 0.6 818 1188 -0.98
3.1 214.0 0.027212 0. 000810 0. 282592 0. 000015 0. 282589 -6.4 -1.8 0.5 929 1363 -0.98
4.1 214.0 0. 033088 0. 000983 0. 282604 0. 000018 0. 282600 -6.0 -1.4 0.6 917 1339 -0.97
5.1 214.0 0. 022029 0. 000703 0. 282628 0. 000016 0. 282625 -5.1 -0.5 0.6 877 1282 -0.98
6.1 214.0 0. 029481 0. 000921 0. 282578 0. 000015 0. 282574 -6.9 -2.3 0.5 952 1396 -0.97
7.1 214.0  0.034550 0. 001054 0. 282662 0. 000025 0. 282658 -3.9 0.7 0.9 837 1208 -0.97
8.1 214.0 0. 024051 0. 000772 0. 282665 0. 000018 0. 282662 -3.8 0.8 0.6 826 1198 -0.98
9.1 214.0 0. 055196 0. 001823 0. 282623 0. 000027 0. 282616 -5.3 -0.8 1.0 910 1302 -0.95
10.1  214.0  0.036574 0.001109 0. 282707 0. 000016 0. 282703 -2.3 2.2 0.6 774 1107 -0.97
11.1  214.0 0. 034772 0. 001081 0. 282585 0. 000023 0. 282581 -6.6 -2.1 0.8 946 1382 -0.97
12.1  214.0 0. 046260 0.001737 0. 282574 0. 000024 0. 282567 -7.0 -2.6 0.9 979 1413 -0.95
13.1 214.0 0. 032737 0.001081 0. 282623 0. 000019 0. 282619 -5.3 -0.7 0.7 892 1296 -0.97
ene(1) =10000 x { [ ("HETTHE) ¢ - (TLu/"THE) g x (e = 1) 1/[ (T HE/TTHE) g — (7O Lw/THE) g x (eM = 1) ] =1Lty = 1/0

xIn{1+ [ ("HITHE) g = (TCHETTHE) py 1/ (T Lw/THE) ¢ = (7O Lu/THE) py Tt = tow = (o = ¢) X [ (fee = fs)/ (fee —fom) 1-
Srome = (T Lw/"7THE) o/ (" Lu/"THE) o = 1 Herrs (TS Tu/TTHE) g FLCTOHETTHE) o BRI EE N = 1. 867 x 10 ' /a( Soderlund et
al. ,2004) ; ("7°Lu/"HY) ¢yug =0.0332, (" HE/'HE) qyug .o = 0. 282772 ( Blichert-Toft et al. ,1997) ; (7 Lu/'7 Hf) py = 0. 0384, (' Hf/
YTHE) py =0. 28325 ( Griffin et al. ,2002) 5 (7 Lu/" HE) gz =0. 0153 fcc = [ (7O Lw/"HE) e/ (7O Lw/ T HE) cuur 1 = 15fs = frwmesfou
= [ (" Lu/"THE) py/ (TP Lu/THED o 1 - st 4R ATSY ERAR IS
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Fig.5 Histogram of initial Hf isotope ratio and Hf model age for zircons from Yangla granodiorite

AR al /N T 0. 002, WX BE 5 A AL LU, (URAT 5L
R HE AR B, PR A ARG HE T HE HAAE AR
FEEATY R HE T HE LA (RARTESE,2007) o 3% 60 i
BT ey (1) fH - 4.3 ~ +2.42, BLUAE IR O 1104 ~

1530Ma( £ 3) o BEAAL RGN TC201-N-4 A7 i £y (1)
B —2.4 ~ +2.42 Z[a] L ERR - 1.0 £0.2( 4 5) Bt
AR A 1115 ~1423Ma, HLARAE RGN K 44 PD3250-2-1 Hhik i
) e (OMHTE -4.3 ~ +2.2 Z i), A - 1.2 £0. 4 (5]
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5)  BEARR R 1126 ~ 1485Ma, VLK K A K A JPD1101-2
HERAY e () (HFE —0.48 ~ —4.23 Z ], = {kh -3.0
£0.3([&5) LA AEW H 1104 ~ 1530Ma, DB L INK A
BW-11 &AW e (0) (HAE -2.31 ~ +2.23 ZJa], H 4R
—2.2£0.4( K 5) ,BAE W R 1107 ~ 1406Ma, HH Hf [7]
Ao 287 Ak R B S o T BRI R b T S R i AR AV Rl
(Rt , X268 B TN A R S s A B A3 — 1y HE [/ 603
Ho

6 Mg

6.1 FHMHW ERAREEERELMKEIIHEE

FHLHRE AL B DN i A1 UL U-Ph AR AT 4 41AF %
I3 238 ~239Ma( R FIEEAC A1) 228 Ma (VLA 14
222Ma( BURAE R IN KA R HESR AR ) ,214Ma( DB 1)
X AR Y AR B A AL AR IS, 0P L A LA VI AR
il DB AR N K A R ARG o R iz sl
ITEALAFR I th 2 BB AR R A1, R S h KRR A X AE
DN A = I ST 4E b A 9 22 UK sl iR ATE i
Horp PEBERE SR AR 5 I B EIT R 2 15Ma,

6.2 R AT EIHIZ

AR A R AR R AE RO DU IR AL &N T
I AE AN 191 ) 4 s BORO 1 R 0 2 G R 4 2
SRR (TS, 1998 5 I & 55,1999 ,2004 ; 4T L5,
2002 ; B 27 55,2004 ; T2 |45 ,2009) . 4N B AW R AT
A A L - B I 32 i S AR s A RRAE L A B R A
B—E RN 2RI, AR A%, B
B IGEBSROURT RI— LR AR R A G SN T FSes
M= AN RS R A B T, R R AT R AR
PRI, 25T R, V6 P 1 A% It S OBV FH T BB TR B 4 R 1 4)
HEEFRZE) LR INA SRk T & & Cu Pb.Zn 55
W ALTC R TR, 138 AR A R AR AR TR EAE T, T4
T R LB ST, T R - DO B T A K A A s At
HIBRED IR

AR, ERURE TR R N KA R S0 &8 s 1E R %
1, B FEN S AR AL - S i Ak, (A 8 AR A IR G UL
TR 32 B P fb AR R R K B AR 2, T DR B ek i 2
AR R ARE E AR SR R BGRIE B B Y KA R R
B Ak E A FE SRR R QAR o AT D48 Ak 38 4% LA e
il A B[R] R 23 (8] 1B 5 18 R IN A R ATE R 6, T
B0 R A AR oy B LR

R BT A =T H A b, AT s ot
TR B 454 U-Pb 4RI 5347, T ST RRAR % 7T BB R 306 ~
343Ma( EEMRA TIHORL) o FH 16 <IN A R kCs
JERT 239 ~214Ma PAERSBRE T FERLHH 32 8L 1 FH 1945
BT B, A IR B A SL (] 29 15Ma, 55 25 330 3l AH X Rz 1)
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JE R AR T BN SR (4 O MO B R 22 <53 e e 1R T, T
T HRAT IR R AR AT SRR A AR B A RS
" (Re-Os AFMFLR) 4% 0 228 ~ 230Ma (B 35 i) , 5 B
RFNFEA A (238 ~239Ma) A LLE AR 52, T REARR A
JR A I 22 , S SR 2l I -5 J™ P S 28 1 75 4 40 ) A
AR 2 o (ELEHR b SRR AT A ) B T B A 239
~214Ma 1], 128" DX I PR SE R 2RI ] 1% 15Ma Al i
SRR IR ET RIE B 2

6.3 MEHEREMEERX

SRR AE B TN K 5 i R 1 b B 0 U-Pb #9”° Pb/® U
TS E AR AR AR, BLARSTE 3R AL i) TN A 4 A AF 1
239 +6Ma, AR ARA B VR4S A AR 238 £5Ma, (£:10) VTl
A RES AR 228 £ 5Ma, DB R ES AT AR IS 215 £4Ma, R
ZE X EWRARKZUIETIE RN, H2A WS SRSt [ 2y
15Ma, JZ8" 1 NS A A 2 B R BS540 AN 1A &R
H1, R TR RYA o BT ERR LR IN K S 540
TLAE G S P S B IEAE 5 N A (B8 41 55, 1997
MRIT LSS, 2002 ; 1 22 @ 45,2009 ) , FL Sr [A] 67 % 90 46 L {H
(¥8r/%8r). =0.7103 ~0.7106 (FLEA-55,1997) , A TR
AR (> 0. 705 £o47) FR Bl b 72 P #0E ( <0.719) Z i,
TERINACE AR5 1) Rb/Sr(0. 38 ~0.76) LAl , RS
YIBOR IR F AR EE 5, R Fe-iIR A MR ey (1) =
—=5.0~ =5.5, iy, = 1240 ~ 1390Ma ( F Exk R TIER) . £
A ey (OEN -4.3 ~ +2.42 BECAEIR H 1104 ~ 1530Ma,
542 Nd R0 R Z B B AR B AH 2, s ol AR i
XA K i FEER . R INA 28 oy (1) FZA A
BT e (1) AR HAAE, 4875 HR X 7T B 2 Rli7e
VI, FRA 45 A0 e (0) N IEAE, BEWIZE O st B by —
TE LU0 5 AR B A A, R X R R AR — Rt
W AH B AE R4S 5L, SR fh Y HE [ 457 28 18 B U DX ] fig
SR A IR X 3R B U Y RO BB RHE (B 6) . Ri
ST A AR JCR I 7 1 40 Jo 28 40 B 235 2R, Mg A Ry Cu (Y
e VF RN 37 A, Mg ] BB SR h Cu I E DR IE 2 —
(Mungall ,2002) , H 5Ty A QA 20 AR I 16 W LR X = 22 D 4
FrPEE TSP BUN | BRIz X oo (R kA —
K EB TG A F

FRRAE T RS BT A] (RRLLET [R] ~ 15Ma) B3R
FAEH RS ) B NBIAE X N S 5 G TL8E B
ST G (B &5 55,1997 ; IR IT L 45, 2002 5 142 /4%,
2009) o GVPTTAEG IR LR, &V TLVE 2 AE 08
Fa 20 B TR F X FC 98 24, FOHE OV A I AT 1% 344 Ma, 18,
FHRARLCUGNEY T (Jian er al. , 2009) , FHIH" X 1A R4
DUE LA 3R 12 B 1 v LD T 3, A e 2 Ml pe-—
BT R b, B = S 22 A R, BN &V - 2R
IR A L B AR- B P M 54+ M Pl 4 (255 + 8Ma
~227 + 5Ma) (B H % %5, 1993; Wang et al. , 2000; Hou
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et al. , 2003) o 5 ERCHT 5 IS G 250 2l 8] Y
AT SNTEARER X I A e 5%, AME P A6 1 S5 1 48 R N
ME RSB R A E 0 U-Ph SHRIMP 4284 733 Jy 239
+6Ma F1214 +6Ma , lIGidLAE K 585 4 U-Pb 4R34 239 +
1Ma( fij3F-45,2003a, b;Henning et al. , 2009) , | 3& X 35 i
T AR S h AR T R B R
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