$40% 556 M) HOERB} 2 [ BRI Vol. 40 No. 6
20154 6 Earth Science— Journal of China University of Geosciences Jun. 2015

doi: 10. 3799/dqkx. 2015. 081

SEMERNRERAEFTHRTAEREREE
FRFEGMIKUFR Hf R E

i’ljﬁjj@,qﬁ‘d\$ﬂ*,é &9%%%95%{%’3 Eﬁ??&?ﬁ%

TR FRBEAFZR, KA 130061

FEE: i SRS T H s 4 R 5 X i 407 1 A — 350, J8 T IR A “ET B 17 % R i A 9 0 =l 14 A= 1)
B 1] | BR B RRIR A i AR 02 X 5 A7 LA-ICP-MS U-Pb 2445 5 B8 A AT T 16 = B 1 351 (R BEIRFE B = T T
227 Ma, INKATE BT 224 Ma). fEbER {24 b RLBEIRTE X A R & B 85 0 1 R 5, =) Sr(479~573 pg/g) - Ik Yb(1. 03~
1. 20 pg/g) s Mg* {54 48. 7~51. 8, KW A B TIRIA T AL A AN enr (OEH — 2. 40~2. 98, FI Wi A I8+ I & fili 55355 4
JEER. N Ti/Yb{ER 1 930~2 178, Nb/Ta fHK 15. 9~17. 4, JBIR A M. L5450 AFFIT R, #F H 23002 A R TE Ty
FERFITAE A G5 RERE R , I LA 2 T e 1) I 43 0 ) 3 A T A .

KFER: w5 U-Pb AR 854 HI R 3R 38 0 MR b2 s AR 2%

FE 4SS P58l XERHS: 1000—2383(2015)06—0965—17 RS HEE: 2014—09—15

Geochronology, Geochemistry and Hf Isotopes of Gerizhuotuo
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Abstract: The Gerizhuotuo complex intrusion, a typical stitching pluton” with its long axis cutting regional structural lines, is
significant in tectonic geochronology for providing an upper-age for the timing of plate collision. The zircon U-Pb dating results
indicate that the pluton was formed in 227—224 Ma. Geochemically, porphyritic granite falls into the high-K calc-alkaline se-
ries, with high Sr(479—573 ug/g) and low Yb(1. 03—1. 20 ng/g) and Mg* (48. 7—51. 8), being of the characteristics of ada-
kitic rocks. The in situ zircon ey (z) value varies from —2. 40 to 2. 98, which suggests that the primary magma was derived
from partial melting of lower crustal materials. Diorite also shows high-K calc-alkaline affinitie, with a Ti/Yb ratio ranging
from 1 930 to 2 178, Nb/Ta ratio ranging from 15. 9 to 17. 4. It is suggested that a mixture, between basaltic magma derived
from partial melting of metasomatized mantle and acidic magma derived from crustal material, produced the dioritic magma. It
is concluded that the pluton was formed in a post-collisional tensional environment.

Key words: zircon U-Pb age; zircon Hf isotope; adakiteic rock; geochemistry; geochronology.
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Fig. 1 Geological sketch map of the study area
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Fig. 3 CL images of zircons from the rocks in Gerizhuotuo complex intrusion
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Table 1 LA-ICP-MS zircon U-Pb analyses of porphyritic granite
FEA07%) [F) 1 2 (B SR 2% A (Ma) R iR
i , , 207ph/ 207Ph/ 206Ph/ 207Ph/ 207Ph/ 206Ph/
U #Th Th/U Pb lo 23517 lo 23877 lo 206 P, 2351 o 23877 lo
GR-N3-1 774 358 0.46 0.4624 0.0540 0.0018 0.2672 0.0086 0.0357 372 72 240 7 226 2
GR-N3-2 525 229 0.44 0.4361 0.0529 0.0019 0.2614 0.0092 0.0359 328 81 236 7 227 2
GR-N3-3 345 184  0.53 0.5331 0.0510 0.0027 0.2522 0.0127 0.0359 239 122 228 10 227 3
GR-N3-4 925 420 0.45 0.4544 0.0523 0.0019 0.2600 0.0091 0.0358 298 86 235 7 227 2
GR-N3-5 736 350 0.48 0.4758 0.0514 0.0022 0.2553 0.0103 0.0359 257 92 231 8 227 3
GR-N3-6 676 309 0.46 0.4572 0.0512 0.0023 0.2560 0.0125 0.0357 250 104 231 10 226 4
GR-N3-7 848 388 0.46 0.4570 0.0515 0.0021 0.2572 0.0101 0.0360 265 93 232 8 228 3
GR-N3-8 678 302 0.45 0.4461 0.0511 0.0016 0.2520 0.0077 0.0358 256 72 228 6 227 3
GR-N3-9 672 320 0.48 0.4760 0.0548 0.0021 0.2725 0.0105 0.0358 406 83 245 8 227 2
GR-N3-10 445 214 0.48 0.4799 0.0517 0.0020 0.2565 0.0098 0.0358 333 89 232 8 227 2
GR-N3-11 640 309 0.48 0.4822 0.0525 0.0020 0.2612 0.0099 0.0360 309 85 236 8 228 3
GR-N3-12 444 209 0.47 0.4714 0.0521 0.0029 0.2586 0.0143 0.0360 300 125 234 12 228 3
GR-N3-13 668 320 0.48 0.4782 0.0510 0.0030 0.2551 0.0144 0.0361 243 135 231 12 229 3
GR-N3-14 464 320 0.69 0.6888 0.0574 0.0020 0.5817 0.0214 0.0727 506 81 466 14 453 4
GR-N3-15 592 131 0.22 0.2220 0.1521 0.0029 5.8049 0.1045 0.2746 2369 31 1947 16 1564 9
(a)GR-N3 0-0483 | p)GR-N6
0.0375 0.0411
0.039
0.036 5
2 2 0.037f
s 3
£ 0.0355F £ 0.035
0.033F
0.0345F *Pb/**U weighted age: ““Pb/*"U weighted age:
227+1Ma, n=13 0.031F 224+4 Ma, n=23
215 MSWD=0.072 MSWD=0.16
0.0335 L L L L 0.029 I L L I I
0.21 0.23 0.25 0.27 0.29 0.31 0.12 0.16 0.20 0.24 0.28 0.32 0.36
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Fig. 4 Zircon U-Pb concordia diagram for porphyritic granite (a) and diorite (b) in Gerizhuotuo complex intrusion, and TAS

diagram (c¢) and K,O-SiO, diagram (d) of the rocks in Gerizhuotuo complex intrusion

¢ Fay B 5 s, R 7 WA, J Trvine and Baragar(1971)

A R BERAE 5 5 45 dbAE IR 227 Ma( 4a) , 5
N A ] 8 e = B b . AN AE 2 A J R

1,77 Pb/? Pb.” Pb/*% U 4F & 43 5l A 2 369 Ma,

453 Ma.
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Table 2 LA-ICP-MS zircon U-Pb analyses of diorite in Gerizhuotuo complex intrusion
079 [F) 1 2 (B SR 2% R (Ma) J iRt

w0 W e o 0 W
GR-N6-1 347 203 0.58 0.0534 0.0047 0.2581 0.0235 0.0351 0.0016 344 188 233 19 222 10
GR-N6-2 457 258 0.56 0.0506 0.0021 0.2445 0.0122 0.0351 0.0015 220 94 222 10 222 9
GR-N6-3 492 407 0.83 0.0494 0.0020 0.2318 0.0114 0.0340 0.0014 165 93 212 9 216 9
GR-N6-4 473 382 0.81 0.0515 0.0021 0.2422 0.0119 0.0341 0.0014 261 92 220 10 216 9
GR-N6-5 412 207 0.50 0.0486 0.0040 0.2382 0.0202 0.0356 0.0016 128 181 217 17 225 10
GR-N6-6 309 231 0.75 0.0491 0.0031 0.2384 0.0160 0.0352 0.0015 153 139 217 13 223 9
GR-N6-7 183 124 0.68 0.0496 0.0037 0.2427 0.0190 0.0355 0.0015 176 164 221 16 225 10
GR-N6-8 240 139 0.58 0.0529 0.0077 0.2663 0.0386 0.0365 0.0019 325 300 240 31 231 12
GR-N6-9 313 146 0.47 0.0499 0.0033 0.2492 0.0178 0.0362 0.0015 192 148 226 14 229 10
GR-N6-10 223 111 0.50 0.0518 0.0032 0.2526 0.0170 0.0354 0.0015 277 136 229 14 224 9
GR-N6-11 268 243 0.91 0.0514 0.0044 0.2514 0.0222 0.0355 0.0016 261 184 228 18 225 10
GR-N6-12 362 168 0.46 0.0492 0.0022 0.2411 0.0128 0.0356 0.0015 155 102 219 10 226 9
GR-N6-13 381 254 0.67 0.0509 0.0061 0.2471 0.0299 0.0353 0.0017 235 255 224 24 223 11
GR-N6-14 384 213 0.56 0.0490 0.0022 0.2400 0.0125 0.0356 0.0015 148 101 218 10 225 9
GR-N6-15 306 144 0.47 0.0487 0.0028 0.2385 0.0149 0.0355 0.0015 134 128 217 12 225 9
GR-N6-16 657 564 0.86 0.0516 0.0022 0.2560 0.0129 0.0361 0.0015 266 94 231 10 228 9
GR-N6-17 495 466 0.94 0.0521 0.0024 0.2510 0.0134 0.0350 0.0015 290 101 227 11 222 9
GR-N6-18 313 153 0.49 0.0525 0.0051 0.2620 0.0262 0.0363 0.0016 306 208 236 21 230 10
SR-N6-19 421 209 0.50 0.0517 0.0058 0.2505 0.0283 0.0353 0.0016 272 236 227 23 223 10
GR-N6-20 263 151 0.57 0.0517 0.0082 0.2487 0.0392 0.0350 0.0018 271 326 226 32 222 11
GR-N6-21 400 248 0.62 0.0495 0.0070 0.2398 0.0338 0.0353 0.0017 171 298 218 28 223 11
GR-N6-22 263 237 0.90 0.0528 0.0029 0.2503 0.0155 0.0345 0.0014 320 121 227 13 219 9
GR-N6-23 656 529 0.81 0.0506 0.0037 0.2443 0.0191 0.0351 0.0015 223 162 222 16 223 9

A H B L A RN K A (GR-N6) s 44 222
AR EORLR | I /i SR TSk s 1 B A AR
MR AR KB R 8B SRR RS AL
ARG B R A s A RIE (B D BT U &
B 46 X100 ~912 X 10°°, Th & & K 111 X
105~564X 10%, Th/U 4 & HAH K 0. 62~2. 42
ZIA (K 2) FFEA %A Th/U Rt (E=>0. 4 19
FE (Weaver, 1991). Hirp 23 N85 s B P 50 4R
T BV RIS IR 2 b B A 170 Ph/#5 U AR 4 inAX
{2l 224 &4 Ma, MSDW = 0. 16 & FI 4F #% B
22342 Ma, MSWD=0. 14 (%] 4b), J& B = Bt ).
TN 2 ABE N G B A S 5,
206 Ph/23 U 4E#4 4 515 Ma 1 510 Ma, HHfi3R%S 47,

3.2 HhERILEAFME
32,1 FExXE UHRIEKA SO, &&=

H
67.19%~ 68. 82%; Na,O fl KO 4 Jjll /i F
4. 02% ~4. 23% N 3. 26 % ~3. T8 % Z ] ; oMU Fi g
B A/CNK=0. 98 ~1. 06; MgO 1 Mg 4 # A F
1.51%~1. 77% F1 48. 66 ~51. 75 Z[i] (& 3). 7£
TAS Elff op B oR A W (E 4e) s 78 SiO,-
K, O [Efi b & T e sk 241 (& 4d).

A H B Eae A RN A SIO, & k56, 18%~
58.19% 3 Na, O Fil K, O 2354 F 3. 16% ~3. 37%
1 96% ~2. 4100 Z ] R A g5 5 A/CNK =
0.83~0. 91; MgO 1 Mg® 4 # 4> F 4. 21% ~
5. 76 % H1 51. 70 ~59. 74 Z [A] (3 3). P-4 kL TE
TAS Elfif v AR G E N (Bl 4005 78 SIO,-
K, O g 5 A 00 T SRS il 2 51 (& 4dD.
32 HERE MERERGH LA
(XREE=159X10"°5~197 X 10" )k TN K & (£
30 e 43 il 26 [Rl A 2 7R A5 6 (& Sa) s 8RR 4 S
(HREE=38. 5X10 ¢~9.5X10 %), (La/Yb)x K
24.6~35. 8. Eu/Eu’ {H} 0. 71~0. 86, EL.f5 55 i
Eu 55 7E5UE 0 R J5 Ih s s ik v A ik 1) ] o (]
5b) AR AL <0 A A TINK A B R RS A
JCZ (41 K Rb) FI{G ik A AHZS 6 &R (4 ThoUD ()
FERTEI L, H 5 & 580 & (i Nb, Ta, P, Th)
(P EE2YINI T

HH SFEA A RN KA W + B i 2 REE =
193X10 °~223 X 10" (£ 3), 7E i L B o4 X 1A
i — (&l 5a). B4 il £k R A5 i, (La/
Yb) K15, 5~13. 6. Eul A 5 1 5% . Eu/Eu”
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Chondrte-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagrams (b) of the rocks

[% a 4 Boynton, 1984;& b # Sun and McDonough, 1989

*k4 FHERMUBCREREHEA Hf BAESTER
Table 4 LA-ICP-MS zircon U-Pb analyses of porphyritic granite

T A5 t(Ma) V6Yb/VTHf  176Lu/17Hf 76 /17T HE 1o enr (0) enr (1) Tomicnn  Tomecsn  fromr
GR-N3-1 227 0. 034 827 0.001 178 063 0.282 704 974  0.000 031 —2.37 2.42 778. 60 993. 17 —0.96
GR-N3-2 227 0.032 923 0.000 981 160  0.282694 081 0.000 016 —2.76 2. 06 789.90 1012.98 —0.97
GR-N3-3 227 0. 026 893 0. 000 850 136 0.282567 376  0.000013 —7.24 —2.40 964.96 1260.91 —0.97
GR-N3-4 227 0. 035453 0. 001 018 262 0. 282690 055 0.000014 —2.90 1.92 796.36 1021.21 —0.97
GR-N3-5 227 0. 030 399 0. 000 967 203 0.282698 832 0.000019 —2.59 2.23 782.91 1003.51 —0.97
GR-N3-6 227 0. 025 684 0.000 736 291  0.282 687886  0.000 016 —2.97 1.88 793.48 1023.15 —0.98
GR-N3-7 227 0. 029 830 0. 000 876 503 0. 282650459  0.000 015 —4. 30 0. 54 849.03 1097.94 —0.97
GR-N3-8 227 0. 037 108 0.001 091671 0.282631013 0.000017 —4.99 —0.18 881.36 1137.94 —0.97
GR-N3-9 227 0. 033 516 0.000 965924  0.282663415 0.000 015 —3.84 0. 98 832.80 1073.20 —0.97
GR-N3-10 227 0. 033 976 0. 000 980 800 0. 282648025 0.000015 —4.38 0.43 854.81 1103.58 —0.97
GR-N3-11 227 0. 037 791 0. 001192 679 0.282 720995 0.000018 —1. 80 2.98 756. 17 961. 74 —0. 96
GR-N3-12 227 0. 027 231 0. 000 814 808 0. 282670349 0.000016 —3.59 1. 25 819.74 1058. 31 —0.98
GR-N3-13 227 0. 036 322 0.001 099730  0.282679551 0.000015 —3.27 1.53 812.94 1042.56 —0.97

{E>H 0. 76~0. 86. FE I TC 2 J5 4f 1L A v £k ik )
Bl (& 5 s e H R T E £ KB FEA T
Z (U K Rb) FITE IR A FHZS TG (i Th, U 9 4E
fIE, AR 7 #0580 2R (40 Nb, Ta P Th).
3.3 $A LuHIEAfIX

RUBE R 78 54 A P 85 A 7 HE/Y HE {5 R
0. 282 567~0. 282 721 ;e (DA T —2. 40~2. 98,
HI [R]v 28 BB BB 20 AR % (Town ) R B BEAE 2047
W CTowe ) 43 90l 28 46 F 756 ~ 965 Ma F1 962 ~
1261 MazZ[i] (3 4).

4 e

41 BRFEEXEEABE
4. 11 MBPRERZE A H S A R BOIRAE

B2 (227 Ma) FIIN K 25 (224 Ma) 32 F [R) BHE B 7T
AEAE IR A SR AR 45 2R . W ] R BA AR IR X
U1 e S [ Y Y 0 N R e FEPO R V7
ARAE B 5 W% s B ) Eu 01575 SO IR
¥ - & & (Didier and Barbarin, 1991) ,{H3ZBR 00
FRAE I (& Sa). 7 i s 9% 3 Ak 7 20 MgO-
FeO' #HCHE L, ZF R WA R G S K05
g itk W NS L BER AL 5 B A A
[ YR IX (] 6).

IBEAR AL 5 A & SO, (67. 19% ~ 68.82%) .
K,O (3. 26% ~ 3. 78%), & MgO (1. 51% ~
1.77%).MnO (0. 06 ~ 0.08) Fl CaO (2. 36 ~
3.47%) R A FE B A/CNK=0. 98~1. 06, & 4
KETFHRATLEMEM LUK, 7 Nb.Ta.P. Ti,
J e T H 7S PR % R (Mckenzie, 1989; & 75 75 4%,
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Fig. 7 HIf isotopic compositions of porphyritic granite

2005). %41 Cr.Ni, Co., Sc 1 V & &4 54+ F
39.2X10 % ~53.9X 10 ¢, 17. 5 X 10 5 ~22, 8§ X
10°6.7. 90X 10 % ~9.65X 10 °,5. 01 X 10 ¢ ~
5.98X 10 51 28. 5X 105 ~46. 4 X 10 Z ], 7%
PR SHE L A BEAERL. A AT AR A
ent (DA T —2. 40~2. 98, 854 HI [ 2 55348
RN, R A A IR X ) — (] D). 255 H
BERBERAERS (Towe) (962~1 261 Ma) , I B AT
S A s 5 a0

RABEAR AL 5 5 B = Sr(479~573 pg/g) .
Sr/Y f(43. 36 ~53. 06),f Yb(1. 03~1. 20 pg/
)AL Y(10.3~11. 3 pg/@) , FIWT & A 8 TRk
Jiim 2 (K] 8) (Defant and Drummond, 1990; Xu ez
al. s 2012). Eu i 5% % i 59 (Eu/Eu” = 0. 71 ~
0. 86) , /R TE A NI (Xiong et al. s 2005) , i
X T RESR B A M A AR I S A DRIk v A i

K8 IBEIRIE K& Sr/Y-Y [ f# (Defant and Drummond, 1990)
Fig. 8 Sr/Y-Y relation of porphyritic granite

FZA LUT JLABL A op i 73 43 44 il (Defant
and Drummond, 1990; Kay, 1978) ; #fIT 1 T #i5%
Wl (Huang et al. , 2008); 45 &4 43 B VE F 5
(Macpherson et al. , 2006) ; 7RG VEH (Guo et
al., 2007) ST Hu 72 #4344 @l (Wang et al. ,
2007; Xuetal., 2012).

HAOEM &S (HREE=8. 5X10 °~
9.5X10 %), La/Yb Lt {H 8 Ak (34. 34 X 10 ° ~
49,9110 %), K,O/Na, O {EfR 5 (0. 78~0. 93) . 5
M R 45 w1 3% 38 5 A A AR JiE IX 51 (Defant and
Drummond, 1990; Kay, 1978). WF5¢ 30, Mg — &
T —rp =S e R T A S B A L — B JE F
T IR T AR AR A2 WA I SRS il R 4R
FEAL ST T i B pE ] LR B G e 22 R AR o
(RER V4 ,2011; Xiong eral. , 2012). Hh =Sl
FEBE TR AT T LU — B Je 25 0003 726 R v 3 Ok 3 401
I s A it — B At miAR R LR R GO PSS, 20115
PRI . 2014) . fRUBEAR AL i< 25 TE 1 T e — 5 i v 49
(227 Ma) , PRUHCHEBR IR i e e TE RO I R 5 18 3
AR 5 s I B PR AR X, R UV AL 5 264 1 Mo
SR R L (VA 1) 8 B R 1) A P b Ut
A BRI IF TR RO B G Ll R A iR R
1997). 2 &35 H 75 B b [X [ Rl 15 R0 A8 5 25 47 i
7 231 Ma(Zhang et al. , 2011) , 456 %7 (4 I R AR
MEAR A YFTUVE L. & A0 P IRl R R e B ] B S5 9 DA
FHA SR 5418 1 Ik sl 28 6 1) R A 1R (s L
SRR 1997). 47 MREE 1 HREE 2 [a] A~ & L)
M Ze i X 4 A (B 4d) . Eu/Ea” {25 0. 71~
0. 86, 1 EL.(Dy/Yb)x {HA SIO, B 55 B AL &
PSR ICE s IA R 45 & o0 e o RS S 4 o o 2R T Ak
i) £k 42 (Macpherson et al. , 2006). & f1 HiER
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PEAREAE RS A HE [ 2 BoR A A R IX 7
N A R B 5E RV 5 R A i b 72 35 43445 il
i (Yang et al, 2012).
4.1.2 AKE HEHREREEEIERFRM B
T34 T B 27 B 43 R 1) 460 B () A 2 2R
(Wolf and Wyllie, 1989; Sisson et al. , 2005), K
HHE LR IA A BB a1l HBe e 4R Me™ /M F
A5 IR AR IR R S MO A & A 10 26 TR e
A LAMEIER I MgO® (M 45 b F+#] 55(Rapp and
Watson, 1995). &f H 5 FGINK AFEM E A & Mg”
H(51. 70~59. 74) 5 1., 7~ HoUR X 75 2 —Fh oA XF
BEEMYIRS 5 A Re & Mg® H. 1Ak, FETE A
iy UL EA BB 0 Eu 7055 N RHIE, 0 S A
Eu/Eu”fH>} 0. 76~0. 86, fit Eu 54 55, % 3|
Nb.Ta % =370 K W 25 H, U X AT REsR
BT GRS, 2008). 45 F Tk , 24 A1) fE
& T MBS R ) I B s Y L

B H S LN KA A B A Nb, Ta, Ti fi 57
W I E IR X ] e A T RN A B8 A K R
X7k A 5 Nb.Ta il Ti (954 (N4 2747 ek
%) (Mckenzie, 1989). 7E45 f1 5541 U-Pb & Hh A7
TERIREE A (515 Ma. 510 Ma) , 5 X 3% I #/if ABFE
R B I0 58 T AR BB 1 L TR v 11 2
AR iR I il 8 R R A8 41 55, 20025 5K 0 06 4
2010). FWr BB R B ME A R Z B M2 ) ST TR
(el AR ) By bR & & Ti/Yb>5 000 ( Hart,
1988) ; BF H B4 K44 Ti/Yb 1 930~2 178, /)
T 5000;Nb/Ta {8 (15. 86~17. 35) /N T Hu & “F- 14
{H 17. 5(Sun and McDonough, 1989), 1 Rb/Sr {H
(0.12~0. 15) 4 T Hb 1 {4 0. 034 FHb5T{H 0. 35
(Taylor and McLennan, 1995) 2 [&]. L 4F, #5549
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BTHRFIEALAS = Tho IR Nb, 107 3 08 5 19 R Ak A IR
Th. & Nb, GRS I 52 B 7o TR G SR 23 f
8 Nb.Th zZ & &/ 4H% (Muller et al. , 1992). #£
Ko, R a Al X ARy RS S, =R
B X re g iR &) 2 KT G2 MASE, 2005;
TR, 20115 255552, 2012 BRI 18, 2014). Heoh, BF
H LA a RN S R o Psve HTE ey £k
WA (Wyllie et al. , 1962) ,iA a4 HIRA AL

20 4l 80 4ERLIOK , EAb2 7 E R T X UE K
1RAEF &b h AR B T (R 5 D) 5 508 iy £ 22
FRBER IR S 5 (2] ) 15K 174 B 28K 2y PRI (MeK-
enzie, 1984; Tamura etal. , 2003). P ER~,. KR
b DX 3k A7 TE — TR BN AR 1 1 5
3y ] B A IS W S0 e 95 IS A2 = 1 B 1L
AT 1] 36 L I A % AR o] 7 4o 1 A AR (B IR 4R
2002 ; HEA 145, 2005 5 R K FE4E, 2014). v = F i
LR R v 52 4 P LR AL A ) 2 g
P05 AR B A M B R A i ()R PR 4% 20115
Zhang et al. . 2011; BRIE#E, 2014). B H 545K
(224 Ma) BB TABREARAE B 45 (227 Ma) W%
ARF AR TS 0 P D i i X A R IR 2
TR S 5 R 58 ) B 0 i A A B
E IR R A S HAR A A TR ).
4.2 HMEE=R

Liegeois(1998) 1A 4, il i J5 (post-collision) [y
BORAGVE A5 S TN w4 Ak 2 5 B3 LIRSS R
X — I B L A e R T 4R T Rl N ER R
T T 2] B R B P Z [ AT SR 78 5 A 1)
188l ARG HLAR 2 18] (1430w L JE | kit U BY A
(RIS 5 A AR D0 /N AR R i har o
S ISR AF H 2 PR U081 X 8 32 3 1 4

100 (b)
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Fig. 9 Nb/Y-Th/Y diagram (a) and Nb-Th/Th diagram (b) for the diorite rocks
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Fig. 11 R;-R, factor discrimination of porphyritic granite (a) and FeO'-MgO-Al, O; relations of diorite (b)

TR UL AR AL B Qe T 32 2 1L 8% e i i A2
T BSF (i) o DTG ) 422 b BIR ] 1 J A ot LL AR R A T PR
oA B e A R 8 5 S R B B Y e
BT AR A — 2. #£ (Ta+ Yb)-Rb fI(Y+
Nb)-Rb [ b o R E T [F]6lf 48 F AR N 38 AR A7
([ 10). UBERAL K A TE R =R, Bl A7 T [F 6l
Ja ) e R i lf 42 R A A (& 11 ) 5 N 5 7E FeO' -
MgO-AL O, Kl ff b, 47 T & 9K J & 3 K Rl ih %
(pearce ARTEEE LD (B 11b).

TEAR B CHBIX & BLR 5t 5 AR A oh 4 A Gy
Rl oML b S A 5 A (B 1b) 38 B T
TG BIR bl S48 PR 1 7R B 2t Ly R BEWA B
mAE A (256 Ma) (TR LA 14 (247 Ma) (FR [
5 ,2014) s 7R BBV AR BEAL X1 24 (261 Ma) (Xiong et
al. s 2012) 5 F REFFL RS 1Ly by XA 4 AH ] 15 [A]
R K LA (2 2255, 2005) s R B i 1Ay (1 H

FIHbIX & & A —E R A WA (251 Ma) (BEE T 45
201D, i FA R LL— Bf J& O il AR b AR R
Hi X TE X — I A B2 SR TSI e o« DA R 46 W
S R — AT ARk L L TR T AR B KR5S
s R B B AR

e, h = F I — e =S I R AR R
A 1 IX T P o e B AR AR B A b B A T i A
B =S MM Lok DA F IS IR e ety B
ARG IR R e A (X R4, 201D AR Ay
FREETESE P o S SO R b 00 1Y) B2 20 437
SRR SR A mf . 7 H 758 E R X p 81 K
BRI A RAALAEIR S 231 Ma, gIA hy [a) il 18 2R 58| 3l
FeER R ER I PEY) (Zhang et al. , 2011). J@ 13X 4
E O H XA <) A A 8 1 Gi 1t 76 237~ 225 Ma 1]
(8], A5 L8 1 A 3 s AR XS 8 /D B AE X — B AR
F A 1l DX Ak T 2 T s R AR 7R L ke 1 ot i il
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FERT L. BLAh, =S5 A B n] R 2 g i o P AR TTORR
S 7R L b DXl A e 1) A 5 AR 1 OB IE % 5 [RIE
PR =4 T )12 1Y M7 v e ph i )2 Ik A
JRAE JZH (S A AR TR T Y L DA o R AR O 32 %
(RIRE AETE o Joy s BE 3 o B S R B 5t T 4R
EAH X AL T 5 (D,) 1 XI5 &
A ZEAT I 1 AR DKM [ ) 8 48 b o A DA
i J 30 000 5 A TRt A A (P AR 3R AL 2006).

T H 5B R AL A (227 Ma, 224 Ma) 5
KRECHRBIREZ BRI HIX B adakite 5 A7 FHAE Y
FLE XI5 BL 58 49 AE 1 5 A (225 Ma) 27 B AL T
— 3 UEN T R T L AR B R AR B
ARG 22 LU A5 R WS 4 28 TR B[] o AT i) 42 b R
il 75 Al A L R BR AR AR AR R G b X AR
225 Ma 7247 i A I Bl 4 B B (R LR . 2014) . TR
Jy s N A —E RS A TR G JRiR ke
AR L 5T R 2 A AR S i
KFR 5 EEPRP R 2 8 2 P AT A S ek
KR RRCHX B 458 et ARG R LY
B R R G AR Brrg SRt k)1 H DXORERE SR BT e 5 A
(21821 Ma) HAT adakite JiT 5 £ FFAIE . JE AL T fill 13
W8 R R AR B R S5 b X R b SR 8l 48 b 25 1k
TERIHR N 225~214 Ma, Bk Ak 2R E 55 B B
Tt L O DE4E L 2009) 5210 Ma 2545 & Fh ik A
EHEE s 7R AR — B 9] DX Ak F I il 43 R 8 O
TR, 2003 #E4EE . 20045 T MRS, 201D).

5 4t

(D) BF H 4B 4% AL BER 78 B 5 a8
LA-ICP-MS U-Pb 4% Ry 227 £ 1 Ma, J& i = &t
HI] s A AR O 2244 Ma, J@ B =B fit ).

) IFLARAE b e HA BRI T a I PR Tl
JEETT i FE R IR R s N R A A

(3) Af H 5L A ML BT o R M 5 )
il 3 2R 352 . I H A5 25 (5] Al 48 2 S5 R 5 894 i A
il e .
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