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Abstract The gabbro-granite complexes developed in convergent plate margins provide an excellent opportunity to investigate the
genetic relationships between acid and basic magmas, and their interactions within the intrusive environment. Such complexes are
widely outcropped in the southern margin of the Gangdese magmatic belt. In this paper, we take the Early Jurassic gabbro-granite
complex in Dongga near Xi’ gaze as an example, and conduct an integrated study including petrology, elemental geochemistry and
zircon Hf isotopes, with the aims of understanding their petrogenesis and the implications for Neotethyan evolution. Lithologically,
gabbroic rocks in the Dongga complex consist mainly of amphiboles and calcic plagioclases, and pyroxenes are rarely observed.
Granitoids are a set of TTG association composed mainly of tonalites and granodiorites. Mafic enclaves with various plastic shapes are
widely dispersed in the granitoids. Zircon LA-ICP-MS U-Pb dating demonstrates that the tonalites and the mafic enclaves share similar
ages of 177 ~180Ma with the gabbros. Chemically, the gabbros have low SiO, and K,O + Na,O, but high Al, O, contents, and are
enriched in LREEs and LILEs, depleted in HFSEs, showing similar chemical features with the high-alumina basalts. The tonalites
exhibit sub-alkaline, metaluminous, and Na-rich signatures, and are genetically of calc-alkaline I-type granites. The mafic enclaves
share similar mineral assemblages and trace element distribution patterns with the host granitoids. Both the granitoids and the mafic
enclaves have highly depleted zircon Hf isotopic compositions, with gy (¢) values of +11.4 ~ +15.0 and +14.4 ~ +18.6,
respectively. The integrated petrology and elemental and isotopic compositions suggest that during the Early Jurassic, the southern
margin of the Gangdese belt was under the Neotethyan subduction setting. The gabbros were generated by the hydrous partial melting of
depleted mantle metasomatized by fluids released from subducted oceanic slab. The granitoids were originated from partial melting of
juvenile crustal materials. The mafic enclaves were produced by binary mixing between the gabbroic and granitic magmas. In
combination with a comprehensively synthesis of the other gabbros and related mafic enclaves along the southern margin of the Gangdese
belt, we propose that multiple underplating of mafic magmas and the induced magma mixing were occurred during the whole duration
( >205 ~40Ma) of the Neotethyan subduction.
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Fig. 1 Schematic geological map showing tectonic framework of the Tibetan Plateau (a, after Zhu et al. , 2011), distribution of

gabbros in the middle segment of the Gangdese belt (b), and the Dongga gabbro-granite complex in Xi’ gaze (c¢)
1YZSZ: Indus-Yarlung Zangbo Suture Zone; LMF: Luobadui-Milashan Fault; SNMZ: Shiquan River-Nam Tso Mélange Zone; BNSZ: Bangong-

Nujiang suture zone; JSSZ: Jinsha suture zone
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Fig.2 Mafic enclaves with various shapes in tonalites and granodiorites (a-c), and microphotographs of the gabbro (d), tonalite

(e) and mafic enclave (f) in Dongga gabbro-granite complex, Xi’ gaze (under CPL)
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®1 BHEWNAEERERZAKEREPERREMEEIEER LA-ICP-MS U-Ph EELER
Table 1 ~ Zircon LA-ICP-MS U-Pb dating results of tonalites and their enclosed mafic enclaves from Dongga, Xi’ gaze
[Ff R LA AR (Ma)
T Th/U 207 pp, /296 py, 207 p /235 ) 206 pp, /238 ) 20 pp,/ B35 206 pp,/ B8
AE +1o LB +lo AE +lo AEWS +lo AEWS +lo
BG5S TB-1-6 P R NI, SR S22 )8 A B N29°2246. 8" E88°5023. 2"
1 0.57 0. 05430 0. 00535 0. 19616 0. 01550 0. 02847 0. 00062 182 13 181 4
2 0. 47 0. 04969 0. 00366 0. 19207 0.01350 0. 02826 0. 00048 178 12 180 3
3 0.57 0. 04912 0. 00579 0. 18634 0.02163 0. 02753 0. 00062 174 19 175 4
4 0.51 0.05129 0. 00441 0. 19240 0.01594 0. 02787 0. 00053 179 14 177 3
5 0.54 0. 05248 0. 00851 0. 19638 0. 02758 0. 02840 0. 00079 182 23 181 5
6 0.55 0. 05250 0. 00433 0. 18995 0.01363 0. 02769 0. 00048 177 12 176 3
7 0.45 0. 05056 0. 00695 0. 19474 0. 02032 0. 02850 0. 00097 181 17 181 6
8 0.57 0. 04964 0. 00393 0. 18962 0.01437 0. 02789 0. 00045 176 12 177 3
9 0.50 0.05186 0. 00860 0. 19092 0. 02689 0. 02781 0. 00094 177 23 177 6
10 0.48 0. 05088 0. 00502 0. 19994 0. 02008 0. 02902 0. 00071 185 17 184 4
11 0.73 0.05121 0. 00371 0. 19527 0.01271 0. 02860 0. 00049 181 11 182 3
12 0.47 0. 05069 0. 00610 0. 19548 0. 02255 0. 02831 0. 00073 181 19 180 5
13 0.55 0. 05285 0. 00455 0. 19749 0.01439 0. 02871 0. 00061 183 12 182 4
14 0.48 0. 05407 0. 00725 0. 19480 0. 02322 0. 02831 0.00115 181 20 180 7
15 0.50 0. 05342 0. 00803 0. 19490 0. 02664 0. 02853 0. 00094 181 23 181 6
16 0.52 0.05126 0. 00471 0. 19325 0. 01605 0. 02822 0. 00047 179 14 179 3
17 0.45 0.05111 0. 00469 0. 19875 0.01746 0. 02871 0. 00053 184 15 182 3
18 0. 66 0.05111 0. 00370 0. 19514 0.01339 0. 02856 0. 00051 181 11 182 3
19 0. 65 0.05113 0. 00490 0.19104 0.01663 0. 02820 0. 00066 178 14 179 4
BT TB-14 5k SEBR AL I SRAE AT 26 A4 : N29°22746. 8" E88°50/23. 2"
1 0.73 0. 05038 0. 00330 0.19163 0.01208 0. 02785 0. 00050 178 10 177 3
2 0.78 0.05124 0. 00589 0.18713 0.01948 0.02748 0. 00068 174 17 175 4
3 0.45 0. 05200 0. 00569 0. 19337 0.01871 0. 02796 0. 00073 180 16 178 5
4 0.70 0. 05355 0. 00915 0. 19692 0. 02936 0. 02858 0. 00094 183 25 182 6
5 0. 46 0. 05071 0. 00452 0. 19083 0.01554 0. 02805 0. 00053 177 13 178 3
6 0.50 0.05198 0. 00410 0. 19228 0.01285 0. 02806 0. 00060 179 11 178 4
7 0.87 0. 05087 0. 00374 0. 18683 0.01279 0. 02732 0. 00052 174 11 174 3
8 0.54 0. 05684 0. 00662 0. 18954 0. 01860 0.02793 0. 00073 176 16 178 5
9 0.45 0. 05222 0. 00639 0. 19093 0. 01900 0. 02769 0. 00074 177 16 176 5
10 0. 64 0. 04942 0. 00557 0. 18901 0. 01990 0. 02816 0. 00064 176 17 179 4
11 0.67 0.05122 0. 00398 0. 19570 0.01427 0. 02829 0. 00049 181 12 180 3
12 0.48 0.05111 0. 00421 0. 19205 0.01417 0. 02783 0. 00051 178 12 177 3
13 0.41 0. 05098 0. 00486 0. 19647 0.01743 0. 02839 0. 00064 182 15 180 4
14 0.46 0. 05376 0. 00500 0. 18966 0.01616 0. 02747 0. 00054 176 14 175 3
15 0. 63 0. 05085 0. 00526 0.19316 0.01945 0. 02800 0. 00072 179 17 178 4
16 0.99 0. 04941 0. 00398 0. 19050 0.01636 0. 02778 0. 00056 177 14 177 4
17 0.76 0. 05034 0. 00541 0. 19025 0. 01880 0. 02761 0. 00074 177 16 176 5
18 0.48 0. 05046 0. 00608 0. 19095 0.01975 0. 02817 0. 00076 177 17 179 5
19 0.46 0.05178 0. 00498 0. 19367 0.01799 0. 02808 0. 00061 180 15 179 4
20 0.77 0. 05206 0.00714 0. 19046 0. 02338 0. 02760 0. 00093 177 20 176 6
TE 4547 LA-ICP-MS U-Pb AR 2 75 v [ BT~ (R0 BT B 507 77 98 5 1) 5 T 5 S 30 3 58 A, SR A DB AR A RIS AL 25 756 L

Liu et al. (2010)
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Fig.3 U-Pb concordia diagrams of zircons from tonalites (a) and their enclosed mafic enclaves (b) from Dongga, Xi’ gaze
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plots of gabbros, tonalites and their enclosed mafic enclaves from Dongga, Xi’ gaze
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Fig.5 Major element correlation plots of gabbros, tonalites and their enclosed mafic enclaves from Dongga, Xi’ gaze

The legends are the same as those in Fig. 4
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Table 2 Major (wt% ), trace and rare earth element contents
( x 107%) of gabbros, tonalites and their enclosed mafic

enclaves from Dongga, Xi’ gaze

BefS  TB3  TB6  TB-8
A1k WA RKWNKAE  HBERBg

TB-1-6 TB-10-1 TB-14 TB-10-2

Si0, 44.56 48.73 46.52 62.73 62.31 50.55 49.23
TiO, 0.37 1.23 0.79 0.55 0.57 0.96 0.88
ALO;  17.25 17.72 19.05 16.54 16.39 18.14 18.31
Fe,0;7 10.25 10.42 11.20 5.74 5.81 10.12 10.42
MnO 0.15 0.15 0.18 0.12 0.12 0.24 0.25
MgO 11.61 7.22 7.14 2.53 2.51 4.87 4.52
CaO 13.04 10.23 11.77 5.86 5.67 8.57 8.78
Na, O 1.20 2.8 2.34 3.92 3.79 3.95 4.24
K,0 0.20 0.21 0.23 1.33 1.44 1.82 0.98
P, 05 0.02 0.13 0.14 0.13 0.14 0.16 0.20
Bese 2.11 1.66 0.98 0.97 1.32 1.24 2.04
B 100.50 100.30 100.00 100.30 99.90 100.40 99.70
ALK 1.40 3.06 2.57 5.25 5.23 5.77 5.22
K/Na 0.17 0.07 0.10 0.34 0.38 0.46 0.23
o 1.26  1.63 1.88 1.40 1.42 4.41 4.37
A/NKC 0.67 0.75 0.75 0.89 0.91 0.75 0.76
Mg* 0.69 0.58 0.56 0.47 0.46 0.49 0.46
Cs 0.30 0.30 0.18 0.8 3.49 1.15 2.27
Rb 2.05 3.68 1.06 25.23 31.54 33.11 16.07
Sr 394 325 422 363 358 392 387
Ba 359 60.4 49.3 334 361 322 249
U 0.14 0.11 0.07 0.69 0.98 0.88 0.38
Th 0.16 0.32 0.19 2.70 2.40 2.28 1.07

Pb 0.62 829 4.66 3.90 534 21.59 16.25
Y 4.82 21.16 19.37 15.08 13.21 38.40 38.27
Ga 11.07 16.73 15.18 16.83 17.67 27.58 24.56

Nb 0.46 3.39 1.71 510 4.19 7.78 6.51
Ta 0.04 0.26 0.11 0.42 0.27 0.48 0.47

Zr 7.93 70.70 43.56 106 132 81.33 105

Hf 0.26 1.71 .30 3.03 3.66 2.28 2.66
v 204 180 290 134 136 235 223

Co 56.06 42.47 38.85 17.77 18.53 29.04 26.40
Ni 125 159  23.16 8.66 9.12 16.52 9.09
La 1.42  4.33 5,99 11.88 878 12.02 12.51
Ce 3.30 11.40 14.92 24.15 17.27 33.31 33.44
Pr 0.49 1.70 2.07 3.02 2.29 4.8 4.79
Nd 2.45 8.65 9.81 11.98 9.58 22.59 21.82
Sm 0.75 2.8 2.76 2.60 2.22 569 5.56
Eu 0.35 1.12 0.93 0.8 0.8 1.67 1.6l

Gd 0.83 3.42 3.05 268 231 595 594
Th 0.13  0.57 0.49 0.45 0.39 0.94 0.94
Dy 0.88 3.80 3.29 2.66 2.36 6.33 6.33
Ho 0.19 0.82 0.74 0.54 0.48 1.43 1.44
Er 0.49 2,16 2.04 1.64 1.44 4.07 4.03
Tm 0.07 0.30 0.30 0.25 0.22 0.61 0.61

Yb 0.42 1.92 1.9 1.71 1.50 4.22 4.15

Lu 0.06 0.28 0.30 0.28 0.25 0.66 0.64
SREE 11.82 43.34 48.64 64.72 49.92 104.4 103.8
(La/Yb)y 2.26 1.52 2.06 4.68 3.94 1.92 203
SEu 1.37 1.09 0.98 1.03 1.12 0.88 0.86

7 : ALK =K, 0 + Na, 0;K/Na = K,0/Na, 0; A/NKC = Al,0;/(Na, O +
K,0 + Ca0) , 73+ FH ;Mg® =MgO/ (MgO + FeO") , 3 F 1. ERITE
TR T E BT 0 AT ARLOBOOXP + B X 55 2k 925656 1% A
WSE SRS DL T 5% . e MM LCRAER A R ENAE SR TIR
AT LIS 1R 58 230 % R ] Finnigan Element I £ ICP-MS i
SE , VEAN 3BT 12 DL e 04 45 (2003 )

R JRAT P BTk F HAE K B -0 5 28 20 8 Aok B B 3T 37 45 42 My i i AL 09 8 T VA B VR I RV B AR A 4 3575

~48.64 x 10 JEHJE Mg" fiei 119 TB-3 B iy, HAf L B it i
R 2) s ENPAERERM L, (La/Yb) y =1.52 ~2.26,
AR T BORE B3 A1 s v A 10 A 1 20 8 A 4 A R (]
6b) s TB-3 A iy ) Bl — & L BE Y B 1E 53 (8Eu = 1. 37) , B W]
AAAE—E IO RH AT IR PRI, v 0 2 O o B (9 6
IE5# ¥, Luhr and Haldar(2006) 3A 4 A 82 52 UMUK JiUA 1
MR PITEL, Ren N A MBERR R R B M 1, — &1
BRZ WA Eu 53 (A8 = N A R M 1 70 S5 A E A
BRI A B 2, LA AL 5 8 S B DRl i 5% X% e 1
TUAE R A A1 (Shinjoe, 1997) AR, 868k B A0 1A O 75 £ 5
B AN W2 R 5 (3 2 18] 6b) | [l BRI 7% AN 2 9y
EE IR IEE T S U RO HERR AR, D D REE Dy 5 A AR 25
DGR, (A B R A PR AE b iU I 0 4 o e 7 D A O
FUA, UIE REE 51 %403 3246 W BUa £ ik, REE B 73 i
LA N AT A EAE R A AT R T o

4 B0 HE RIALRADK

AU HTTE 2 FFE A U-Ph & 4R 13 2= S AR B I
ARFE S HEAT T R G0 HE [RAL R ABNE , 3% 3 F ik 7 I
IREE R TR AT A S H PR A, %
= N A R B A 3 B B 5 B 1 [ 2 A,
THW e () BN RE I (3 H0H +11.4 ~ +15.0 1
+14.4 ~ +18.6) , I BAEA A (1o ) BIARAEEE (43510
261 ~492Ma 131 ~302Ma) , X — 25 R ILA V5 11T N B4
BRI r 2 2 v A A6 B A 4 A0 HE TR 25 20 A3 L Y
(e(t) = +10.2 ~ +17.6, tyy, =55 ~ 746Ma, Ji et al. ,
2009) , BLHA B AT A 3% U5 IX 0 o0 5 5 5 10 ] o7 2% 21 Sl AT
L) 2L 5%

5 Wig
51 ARKE

AR ARG AR K TR AR HE 747 % 4L,
H LR E A g e R A 1 A I A Y ey (2) 1
(=+11.8~ +17.2, HHE, 2011) 5K S A T 554%
i AT AR AR KA 2k B A K T A
PR BB IR FI A 278 5 2 R R M ik 5 9k 2 B 78
i 5 AR B AT B AR A HE R R RAE, R B R B A
R A (U SRR i 55 ) 1 ) o7 28 R AIE 0 LL 35
AHL(Ji et al. , 2009 ) , i B AR DR 25t o A U 1 B2 5 i
MM o (R I Q0TI , XS R AR [R] B AT B A
MR THRATE . 7R HRICE MR F R E, A A
I La/Nb .Ba/Nb F{f (435124 1.28 ~3.50 117.8 ~78.0)
26 8 T M R R 1 T X R (4D 1..07 Fi 4. 30,
Weaver, 1991) ,Ce/Pb [ ffi( =1.38 ~5.32) 54a3k-F-H kP
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®3 HBEWABRZARKEREDEHREENES Hf RERSTER
Table 3 Zircon Hf isotopic compositions of tonalites and their enclosed mafic enclaves from Dongga, Xi’ gaze
W E5 "6Yb/'THf 76 Lu/' T HE " HE/'7T HE 20 ) 20 tpy (Ma) ¢y, (Ma) S

FERL TB-1-6, 2k e 1 =179.7 = 1. TMa
TB-1-6-1 0. 028211 0. 001055 0. 282991 0. 000027 11.6 0.9 370 483 -0.97
TB-1-6-2 0. 069956 0. 002538 0. 282992 0. 000026 11.4 0.9 383 492 -0.93
TB-1-6-3 0. 035689 0.001316 0. 283055 0. 000025 13.8 0.9 280 339 -0.97
TB-1-64 0. 048618 0. 001649 0. 2830066 0. 000023 14.2 0.8 268 318 -0.96
TB-1-6-5 0. 038216 0. 001326 0. 283025 0. 000024 12. 8 0.8 323 408 -0.97
TB-1-6-6 0. 032756 0.001165 0. 283074 0. 000026 14.5 0.9 253 296 -0.97
TB-1-6-7 0. 035280 0. 001255 0. 283083 0. 000022 14.8 0.8 241 277 -0.97
TB-1-6-8 0. 029006 0. 001092 0. 283089 0. 000028 15.0 1.0 231 261 -0.97
TB-1-6-9 0. 036065 0. 001327 0.283012 0. 000030 12.3 1.1 343 439 -0.97
TB-1-6-10 0. 026226 0. 000932 0.283015 0. 000030 12.5 1.1 334 427 -0.98
TB-1-6-11 0. 039880 0. 001285 0. 283037 0. 000024 13.2 0.9 307 381 -0.97
TB-1-6-12 0. 029014 0. 001037 0.283010 0. 000026 12.3 0.9 342 440 -0.97
TB-1-6-13 0.018884 0. 000675 0.283018 0. 000025 12.6 0.9 328 419 -0.98
TB-1-6-15 0. 040779 0.001170 0.283021 0. 000019 12.6 0.7 328 416 -0.97
TB-1-6-16 0. 039673 0. 001202 0.283012 0. 000020 12.3 0.7 342 437 -0.97
TB-1-6-17 0. 047379 0.001512 0. 283079 0. 000024 14.6 0.9 248 287 -0.96
TB-1-6-18 0. 033643 0. 001098 0. 282998 0. 000021 11.8 0.8 361 469 -0.97
TB-1-6-19 0. 034287 0. 001078 0. 283055 0. 000023 13.8 0.8 279 338 -0.97
TB-1-6-20 0. 026556 0. 000904 0. 283065 0. 000021 14.2 0.7 264 315 -0.98

FERLE TB-14 2 BERR R AUk e = 177. 4 £ 1. TMa
TB-14-1 0. 034873 0. 000984 0.283122 0. 000033 16.2 1.2 184 187 -0.97
TB-14-2 0. 036348 0. 001067 0. 283159 0. 000035 17.5 1.3 131 103 -0.97
TB-1-4-3 0. 034899 0.001074 0.283159 0. 000037 17.5 1.3 130 102 -0.97
TB-1-44 0. 043546 0.001173 0.283130 0. 000039 16.4 1.4 173 170 -0.97
TB-14-5 0.039914 0. 001200 0. 283150 0. 000038 17.1 1.3 144 125 -0.97
TB-14-6 0. 030550 0. 000928 0. 283100 0. 000032 15.4 1.1 214 236 -0.98
TB-1-4-7 0. 061929 0.001764 0.283122 0. 000037 16. 1 1.3 186 191 -0.95
TB-1-4-8 0. 042043 0. 001301 0.283112 0. 000031 15.8 1.1 198 211 -0.97
TB-14-9 0. 047973 0. 001467 0.283117 0. 000032 15.9 1.2 193 201 -0.96
TB-14-10 0. 025663 0. 000867 0. 283090 0. 000034 15.1 1.2 227 257 -0.98
TB-14-12 0. 045553 0. 001461 0. 283073 0. 000034 14. 4 1.2 256 302 -0.96
TB-14-13 0. 027724 0. 000824 0.283169 0. 000033 17.8 1.2 115 78 -0.98
TB-14-15 0.031011 0. 001003 0.283111 0. 000029 15.8 1.0 198 211 -0.97
TB-14-16 0. 048425 0.001463 0. 283083 0. 000038 14.7 1.3 242 279 -0.96
TB-14-17 0. 043912 0.001223 0.283191 0. 000040 18.6 1.4 85 31 -0.97
TB-14-18 0. 034333 0.001014 0.283146 0. 000034 17.0 1.2 148 131 -0.97
TB-14-19 0. 031999 0. 000945 0. 283085 0. 000034 14.9 1.2 235 270 -0.98
TB-14-20 0. 040546 0.001234 0.283181 0. 000037 18.2 1.3 100 54 -0.97

T HE R 28 4B o 2 A G SR T PR L B F 9 B G S S0 = D, PE A A0 AT 73 D Yuan er al. (2008). & rfh £1 HE [0 R AFAE
T R 280y 7O Lu S5 %8 N = 1. 867 x 10 ="M a ! (Scherer er al. , 2001 ) , 3A: [ A7 (CHUR) By Lu/'" Hf = 0. 0332, "7 HE/ ' Hf =
0. 282772 ( Blichert-Toft and Albarede, 1997) , 5 i ( DM) (19 Lu/"7" Hf =0. 0384, ' Hf/'7" Hf = 0. 28325 ( Vervoort and Blichert-Toft, 1999) ;

[ (CC) 1970 Lu/" T HE =0. 015 ( Griffin et al. , 2002)

U (Ce/Ph=2.9, Plank and Langmuir, 1998) %L, Nb/
U.Ta/U A (4359128 3.29 ~30. 82 F110.29 ~2.36) HH i fi
%, 553 2 A0 oA R A R IR AR S AR T St 8 A8 042 i IR 2
EHBRF RARDLAyers, 1998) , F3R T 2 [ o7 3% 2H iy fié
PRGN A U X 5 Fo0 3t 8 A 350 20948 Rl T2 1 3 22 T 7
b T EASE AR T AT &, PR 2 2 AR A 104 i ) B 4 ¢
T, AEAR O R R R R R, AT T 5 i g

AL R BT (SR EL, 1990) , PRI, ZR DR J5 f A 1A B
] R A AT 52 R bR R M R AR S A G A
IIIERRE ) o

AR X AE B B A1 Az N e BRI 2,
HAT By SRR St X FY) TTG A7 4L R AE, JRPR 26
T Ja A5 9 T BAE B o 2 ) 07 38 2 A s HL U IX 5 i
JREEVER AL, 29 5A B35 5 AR h T 3 i) 57
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and Sun, 1995 ) FEORL B A1 AR EAH L ICR B - (b, AREL{EHE Boynton, 1984)

Fig. 6

Primitive mantle-normalized trace element spidergrams (a, normalized values after McDonough and Sun, 1995) and

chondrite-normalized REE distribution patterns (b, normalized values after Boynton, 1984 ) of gabbros, tonalites and their enclosed

mafic enclaves from Dongga, Xi’ gaze

SIS T RE FRAS B 25 R0 1 18 B DR e K AR T R
(Leake, 1990) , Kb, %o 53X 2848 1) A 1 i (X E 53 oAy
ZJ7 T B A SR B p TR SR SRR (R E AT
T R A 052 , 8K 5 76 Ja AR A2 0, SRl 2
FERAE RIS RIIY R ( Pitcher et al. , 1985) . Hif AHIBFFE AL
FeH A A AR AR 1 2 R A7 7 Sy 2 B0 14 )
PLEAER, AR K B AR AR LAAT 9 4k AR 85 A7 (i et al.
2009) ,Sr Nd  Hf [al4v 2 20 i — 2 B KU 30T 5 2k vp A AR A
AR X LA B A 5T FRAE (Chu et al. , 20065 Ji et al.
2009) , A i, 7R AR 0 0 1 Il 4 A b 5 3 40 e il
.

ARUGAE i) ST A PP 1 A T A LA TR (1 K 54
BCE A B A AR — B AU W R 2SS A A
o AECREEE A , B ™ Y & T s . (iR 2 2 WAL (B
2a-c) , ] WL ] fok (&1 2a) B B 3225 v i 4 A G (A
2b) BERR AL R vh i RHK A1 R B 2 4% A0 SRl 45 4 (8]
2f) , I IARPAE 106 BH B 42 5 A0 1A f T RE R B kT 2K 5 LA
RSP B Y B A S A SR A . TE BT
RUVESCREG LR S B RAR 2 IR s =
1 Si0, 5 FeO" \MgO, CaO H. & 35 (1) £t 71§ 4 2% 1 3 1k 56 3
(Kl 5a-c) s 7 W 4 BE A S AL Lo (EAR 5C B _E (40 A1, 0,/ Ca0-
Na, 0/Ca0 ,Si0,/Ca0-Na, 0/Ca0 Fil AL,0,/Mg0-Si0,/Mg0 , [
5d-f) AR R AP A Ze PR G, IR BIME 6 R A R4 T f 1A
N A H S A6 B A K B IR A VER R =4, o
HEAT B LS AR R P B A2 [ R g e, O
WAL 2 LR, A2 Bk (JH iy, 1994)

FF FRTHE, AT DS R KA AN
Ko B B Rk AL AR 0 1 o AR (1B 7)) BRAE AR 2 Al it
W, B TR R 5 O o DT RS AR T B

— N ETA TR KYS

| R ATE

R E 18

7 AR DR R - FE A 2 o TR A e [

ORI R R SRR B 5 1, 977 S IRl ™
BRBRBUAH 5 (2) BE B A IR AR 28 b 78 IS B0 TR S0 A 525
(3) FFEERY R R B E Te R Rl LR TR IR G 35 (4) TR A K
LRt — P R RIE B B N KA/ R N Rl I Rk
BUAHT AT S I3 = N KA/ R NS A 3 h 2R3
SIHUBRIR A TR B B B AL s (5) A BEER BUA T H 4k b
Th 2 M TE R A B BB SR AR

Fig. 7

emplacement of the gabbro-granite complex in Dongga, Xi’

Schematic illustration showing the generation and

gaze

AR 5 R HLA ™ AR R R A I, X — B R TR R 1R
FHSEIR I B LM 5E 5 B IR AERFEE I A IR R S R R
SRR AT R A RE T IRA I, Te A R —
B AL RIS N KA A BRI R B
BBCAHEACH A iz IR BUA HK P I i T
IAFA I Z NP RR IR L 22 , (A e 22 [B) AN RE e 2R 58
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SNFIR AT W — a5, £ 2R W LR &
(Fernandez and Barbarin, 1991) , X i & 58 3 51 1R & 10 4
AREGBORLIRHE P BT e e BUORE fu 1A% , 2Dk ) 86 o
ERWUCEIRIEIE FAR B b7 N8 A & BRI B R
A 3 — A BB b e I T I WL 38 4 A R 1) 4526
Hi BT IR AL 2R AE

5.2 WEFHRIMWEEUHET

BRI 1 T 2 R L B 5 P 4 32 SR TE Y
HER A R, 1 XA B A I SR A X — ) T 1
BT E A B @ 30 RAKRIRISE, HHTE & A
R BRI A I b 2 D TR R A D R, R
XA I (1) 9 A7 535, AH 32 U WL DA B & AR AE > 205
~40Ma, IR 221 T BBl T340 2, Ui Ji et al. (2009) 1A
h W = - 1 MR 20 A SR A AR R R R E AR I AR e,
G127 X 0 o 3 14 1% 2 25 90 35 R 1 1 b S
( ~ 110Ma) JF4G Hy FAR - f e A B 8 B4 0, {25 0 s £
S # , I WG s s HEAORT AR AR, i TAROR IR ol A B AR BE
EHRNE B EBAR PR R R 2 5 S B B RN AR
P M 7E SOMa A5 RAEWTE . B P AR AR (1 =5
RARD ) G RN AR 3 J1 275 55 M AFTE 40 B, B8 03 2 5 A
FTRETE BT L2 W) - JRS VAR g 1) AT v i i ) DI A 8
3, MRS ALAT (2009 ) TA R 7E 230 ~ 140Ma S 1], 437 = el ki ke
G BB KRG %, B R AR L 2 0 -1 2 R
( ~140Ma) , (K] X i H57-SEUH RT3 A fk 2 T R 5 51T A AR 4R 0
e A B AL IR

AT AR R - 1 o S5 2 A T X B
M%E T RS G ( ~ 178Ma) , HOME I v BB B
WFEZ AN, BT FE M S S S BAHC . BFRE
FEW] E TR ik R v, AR el 4 B 1) 496 B 7T LA
S B AR ER A3 A w7 A 1 AR R S A S =K TR
BRNERIEE R I A H AR AR By 32 %y A A A T
PR (Beard, 1986 Sisson et al. , 1996) , [A]B} 1 T4 £ %
HIZKINA , Pryo I3 51, BEAIR T An-Ab —JT R I AHZ I
LR E , SBIES EMRET KSR RN AL R An
{ELR BRHE AT (Sisson and Grove, 1993) . [A I, 7% MK JoT
AT BAT WRR IR0 ) 45 48 7 HOE OB -5 8 45 £ 0 v
BT BT s IR G . HE R B AR BLRER 51, T R
SRS A2 PR BT R AR A ) S8 At 2 38 0 il T
TE R SRAR L, 2 A 1B R BCA A B I A s a4
FSCRE I R KA AR 2H R, X S A 2 S U BR AL 2 AR 2 3R
W PR 2 20 I 300 X0 06 407 T 4 ML AL T AR B AT VAR O o Fr) A
T 5

T35 10, LATEIA R X AR BT AR AR I T 53 ~
40Ma ([ E 45, 2008 ) , 575 X EHHT B G 7E 1 B 0 ) 7 12
A IRZUIE SRR A SR G VE o A U AR 6 % 5 AR 1
7RI, XUEHTE S ek S B 75 SRR AR AR 5
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M FEmE A SR AAE R, ILAb, 35 4 e 78 XIS 0T 9 A4S B i A B
FoKAR T SIS 98 ~ 88Ma 114 £ N MK A (A& Bl 4
2011) F124 93Ma IR K5 S5/ NG 2 (Ma et al. , 2013) 3%
SRR A A PRI Sy S A I B BB R A B A R IR b g
RN IREENE G I AR =Y, 456 MR T 78 Jfos 2 1
WAL B B A P AN R R 3 1 5 Bk T A, 3RAT 16 Pl
IR CERRR BRI 9 B A b i R o (> 205 ~ 40Ma,
Jiet al. , 2009) , X147 RS 2% B A7 75 20 IR 19 B 26 KRR
HF R E KR AER .

6 ik

(1) AR 2 DA R Bk 5 6 A 1) JBL S 4R 1 1 4
T, B R CE B A AR — B0, 0 177 ~ 180Ma, # fi it
RN R A B R e NS

(2) AR o R A A RO ) T2 28 1 DR A R e
Kofr, s Z WA, Aot 2R B B0 0 L R e AR
PEAIGER TR IT R, Al AR PO B A S AU
FHB 5 45 b R S R 7

(3) RILAE R R AR EZ N LIS RN KA R N K
H RN TTC aqr L, A e B 70 Ess i, B
AW T B B R AR A (e (1) = + 114 ~
+15.0) , A0 A= HU e IR R L 4

(4) ZRILAE B B A1 I BE R B R ISR 25, B
558 A LR P AR R T R A S 1 HE ]
PR (e (1) = +14.4 ~ +18.6) IR AR5 ENM
s B 2R AR .

(5) XIS g 5 5 PR 20 g 30 17 Ak T BT Al
DRF st ¥ 3 T S5, 7B R B 0T O AR 0 R b i 7R o
(>205 ~40Ma) , <RI v 25 AT 15 22 U IR RE VR 2 5 S
BN P Ty Sl (S

Bt AUWEOR RIS B 4R 5 SR, PR
AR R T 207 A B S — I RN RO R
TR
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