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Abstract: This paper presents LA-ICP-MS zircon U-Pb dating, geochemical and Hf isotopic data of the granodiorite from Mian-
tian intrusion in Yanbian region, with the aim of constraining its petrogenesis and beginning time of subduction of the Paleo-
Pacific plate beneath the Eurasian continent. The Miantian intrusion consists mainly of granodiorite with minor diorite. The LLA-
ICP-MS U-Pb dating results of zircons from the granodiorite indicate that the intrusion formed in the Early Jurassic (177 &+
2 Ma, MSWD=1.13). Geochemically, these rocks fall into the calc-alkaline to high-K calc-alkaline series, with A/CNK ratios
of 0.88—1.12, which are sub-aluminous granites, being of the characteristics of 1 type granitoids, enrichment in LILE (such as
K, Ba, Rb), LREE, Th and U, relatively depleted in HFSE (such as Ta, Nb, Ti, P). The ey (¢) values of the granodiorite
vary from 4-8.72 to =12.28, and two-stage model ages (T pw,) vary from 437 to 663 Ma. These characteristics suggest that the
primary magma was derived from the remelting of juvenile crustal materials (Neoproterozoic to Early Paleozoic). It is conclu-
ded that granodiorite from Miantian intrusion formed in compressional structure setting similar to volcanic arc which could be
related to the subduction of the Paleo-Pacific plate beneath the Eurasian continent.
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Fig.4 Zircon U-Pb Concordia diagram (a) and weighted average ages diagram (b) from the granodiorite
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Table 1 LA-ICP-MS zircon U-Pb analyses of the granodiorite rocks

207 P}, /206 P 207 P, /235 ) 206 Py /238 ] 206 Pl /238 ]

Uil Th(1omH U0 Th/U HeAE lo LA lo HeAE 1o t(Ma) lo
NZ-N7-1 218 529 0.412 02  0.052 85 0.002 72 0.204 51 0.008 60  0.028 07 0.000 43 178 3
NZ-N7-2 279 390 0.715 44 0.053 10 0.006 43 0.201 07 0.023 18 0.027 47 0.000 82 175 5
NZ-N7-3 450 642 0.701 93 0.051 40 0.004 30 0.196 77 0.015 18 0.027 77 0.000 60 177 4
NZ-N7-4 307 498 0.616 80 0.050 57 0.002 43 0.196 36 0.007 52 0.028 16 0.000 42 179 3
NZ-N7-5 171 360 0.475 65 0.052 12 0.003 33 0.206 61 0.011 63 0.028 75 0.000 51 183 3
NZ-N7-6 278 398 0.700 28 0.052 57 0.002 81 0.197 40 0.008 81 0.027 23 0.000 44 173 3
NZ-N7-7 381 624 0.610 49 0.052 57 0.007 89 0.199 56 0.028 81 0.027 53 0.000 99 175 6
NZ-N7-8 145 268 0.54043  0.05102 0.00340  0.199 82 0.01187  0.02840  0.000 52 181 3
NZ-N7-9 266 467 0.569 46 0.048 23 0.004 79 0.180 23 0.016 84 0.027 09 0.000 66 172 4
NZ-N7-10 360 669 0.537 67 0.051 32 0.002 29 0.199 14 0.006 84 0.028 13 0.000 43 179 3
NZ-N7-11 218 420 0.519 58 0.05094  0.004 08 0.198 36 0.014 62  0.028 23 0.000 61 179 4
NZ-N7-12 251 410 0.611 60  0.05143 0.004 32 0.190 19 0.014 81 0.026 80  0.000 60 170 4
NZ-N7-13 137 329 0.414 37 0.052 02 0.002 89 0.200 26 0.009 45 0.027 91 0.000 48 177 3
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Table 2 Major, REE and trace element content and parameter of the granodiorite in Miantian

FE il NZ-Y-1 NZ-Y-2 NZ-Y-3 NZ-Y-4 NZ-Y-5 NZ-Y-6 NZ-Y-7 NZ-Y-8 NZ-Y-9
SiO; 62.19 63.13 64.08 63.04 63.22 63.10 63.70 62.61 63.41
TiO; 0.70 0.68 0.62 0.64 0.68 0.66 0.66 0.67 0.71
Al> Oy 16.31 16.24 15.97 16.11 15.97 16.46 16.05 15.91 16.37
Fe, O 5.53 5.06 4.59 5.01 5.17 5.09 4.97 5.02 5.21
MnO 0.09 0.08 0.07 0.08 0.08 0.08 0.08 0.09 0.08
MgO 2.31 2.19 1.98 2.11 2.17 2.08 2.19 2.12 2.24
CaO 4.88 4.53 2.82 4.66 4.46 4.45 4.49 4.88 4.48
Na; O 4.00 3.94 3.70 3.86 3.81 3.88 3.84 3.82 3.93
K20 2.38 2.43 2.87 2.59 2.43 2.26 2.31 2.62 2.34
P, 0; 0.14 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
LOI 1.04 1.32 2.93 1.25 1.30 1.49 1.15 1.96 1.03
Total 99.64 99.80 99.82 99.56 99.49 99.75 99.63 99.92 100.00
ALK 6.38 6.37 6.57 6.45 6.24 6.14 6.15 6.44 6.27
Na, O/K: 0O 1.67 1.61 1.28 1.49 1.56 1.72 1.67 1.45 1.67
A/CNK 0.91 0.89 0.92 1.04 0.91 0.94 1.12 0.91 0.94
Mg~ 44.70 45.30 45.40 45.50 45.60 46.00 46.10 46.20 46.60
La 20.80 19.20 16.90 18.80 19.00 21.00 18.80 18.50 17.20
Ce 43.40 39.60 35.50 37.30 39.30 43.80 38.90 37.10 35.30
Pr 5.14 4.65 4.13 4.21 4.67 5.24 4.59 4.29 4.15
Nd 18.90 16.90 14.80 14.80 17.40 18.80 16.90 15.50 15.00
Sm 3.95 3.45 2.94 2.98 3.63 4.03 3.43 3.18 3.08
Eu 0.90 0.85 0.69 1.05 0.84 0.89 0.89 0.88 0.84
Gd 2.97 2.66 1.99 3.47 2.93 3.21 2.85 2.79 2.67
Tb 0.47 0.41 0.29 0.50 0.45 0.51 0.43 0.43 0.41
Dy 3.11 2.65 1.86 3.01 2.95 3.25 2.71 2.63 2.51
Ho 0.62 0.54 0.37 0.60 0.60 0.67 0.56 0.54 0.52
Er 1.70 1.45 1.07 1.67 1.60 1.74 1.50 1.41 1.39
Tm 0.29 0.25 0.18 0.29 0.28 0.30 0.25 0.25 0.23
Yb 1.81 1.57 1.21 1.72 1.70 1.83 1.58 1.45 1.44
Lu 0.28 0.24 0.19 0.25 0.26 0.28 0.24 0.24 0.22
Y 17.70 15.80 10.10 15.90 16.60 18.80 15.70 14.90 14.80
SREE 104.00 94.40 82.10 90.70 95.60 105.60 93.60 89.20 85.00
LREE 93.10 84.70 75.00 79.10 84.80 93.80 83.50 79.50 75.60
HREE 11.30 9.80 7.20 11.50 10.80 11.80 10.10 9.74 9.39
LREE/HREE 8.27 8.66 10.47 6.88 7.88 7.95 8.25 8.16 8.05
Lan/Yby 8.24 8.77 10.02 7.84 8.02 8.23 8.53 9.15 8.57
o0Eu 0.80 0.86 0.87 1.00 0.79 0.76 0.87 0.90 0.90
0Ce 1.03 1.03 1.04 1.03 1.02 1.02 1.03 1.02 1.02
Rb 73.40 73.30 91.70 88.40 72.80 65.00 66.60 77.30 71.90
Ba 418.00 420.00 479.00 458.00 420.00 409.00 431.00 537.00 439.00
Th 10.80 10.90 13.30 9.30 10.70 10.80 10.30 8.70 7.96
U 2.11 1.96 1.39 2.13 3.15 3.68 3.09 2.51 1.74
Nb 5.60 5.30 5.10 5.50 5.60 5.80 5.60 5.20 5.30
Ta 0.60 0.60 0.50 0.60 0.60 0.60 0.60 0.50 0.50
Sr 366.00 365.00 344.00 433.00 386.00 397.00 383.00 439.00 389.00
Nd 18.90 16.90 14.80 14.80 17.40 18.80 16.90 15.50 15.00
Zr 150.00 140.00 130.00 120.00 150.00 130.00 130.00 140.00 160.00
Hf 4.00 3.70 3.60 3.30 4.20 3.50 3.70 3.80 4.00
Nb/Ta 9.33 8.83 10.20 9.17 9.33 9.67 9.33 10.40 10.6
Rb/Sr 0.20 0.20 0.27 0.20 0.19 0.16 0.17 0.19 0.18
Hf/Th 0.37 0.34 0.27 0.35 0.39 0.33 0.36 0.44 0.50
La/Nb 3.71 3.62 3.31 3.42 3.39 3.62 3.36 3.56 3.25

W FRITRAN N 10 2R LT EHNA N 10, ALK=K,0+Na, O; A/CNK=Al; 03/(CaO+Na, O+K20) , 4+ F It ; Na O/K, O
s Mg® =100 X (Mg0/40.31) /(Mg0/40.314Fe, 03T X 2/159.7).

A AR FE 00 Rl . Na, O/K,O R 1.29~1.72(>1.17) . B R IE K
42 HEE= T05 B KBt i 2% 31 858 kR R AE (Gill, 1987 5 Fran-

MG N KA B A B E R MgO.CaO %1, calancier al.,1993). 45 & A A B T 1AL X i A
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Fig.5 TAS diagram and K, O-SiO, diagram of the granodiorite in Miantian
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Fig.6 Chondrite-normalized REE distribution patterns and primitive mantle-normalized trace element spider diagrams of the granodiorite
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Table 3 LA-ICPMS zircon U-Pb analyses of the granodiorite in Miantian

FE t(Ma) 'SYb/VTHE YSLu/THf YSHE/UTHf YSH{/!"Hf(corr) 20 enr(0) enr(t) 20 Towi (HD Tome (HD  fru/ns
NZ-N7-1 178 0.038 490 0.001 218 0.282 963 0.282 940 0.000 017 5.94 9.71  0.59 445 602 —0.96
NZ-N7-2 175 0.037 450 0.001 153 0.282 937 0.282 914 0.000 018 5.01 8.72  0.64 482 663 —0.97
NZ-N7-3 177 0.048 968 0.001 568 0.282 973 0.282 950 0.000 016 6.28 9.98  0.58 436 584 —0.95
NZ-N7-4 179 0.025 767 0.000 773 0.282 979 0.282 956 0.000 018 6.50 10.34 0.64 418 562 —0.98
NZ-N7-5 183 0.040 833 0.001 175 0.283 011 0.282 988 0.000 016 7.62 11.50 0.55 377 491 —0.96
NZ-N7-6 173 0.042 915 0.001 219 0.283 007 0.282 984 0.000016 7.49  11.15 0.57 383 506 —0.96
NZ-N7-7 175 0.042 466 0.001 236 0.283 025 0.283 002 0.000 015 8.15 11.85 0.54 356 462 —0.96
NZ-N7-8 181 0.043 538 0.001 231 0.282 954 0.282 931 0.000 016 5.63 9.46  0.56 458 620 —0.96
NZ-N7-9 172 0.059 948 0.001 793 0.283 017 0.282 994 0.000017 7.86 11.44 0.61 373 486 —0.95
NZ-N7-10 179 0.044 000 0.001 264 0.283 035 0.283 012 0.000 017 8.50  12.28 0.59 342 437 —0.96
NZ-N7-11 179 0.046 063 0.001 391 0.282 960 0.282 937 0.000 012 5.82 9.59  0.42 452 610 —0.96
NZ-N7-12 170 0.052 283 0.001 667 0.283 018 0.282 995 0.000 015 7.90  11.45 0.55 370 484 —0.95
NZ-N7-13 177 0.045 334 0.001 643 0.282 992 0.282 969 0.000 015 6.96  10.65 0.54 409 541 —0.95
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K H AR ALO, & 15.91% ~ 16.46%
(>13%),CaO & 2.82% ~4.88% C >1.73%),
K,O & 2.34% ~2.87% (<4.0%), ALK % &
6.14 % ~6.57 % (<C8.0%0) » W H 4 A B Wl T 8% Ik
B9 K L IR BR 3 (BB % B, 2004) .78 HE-Rb/30-3Ta ¥
BIE G LR 9), A A 4 V% 78 K ok X 38 7
RI1-R2F 5 i v (B 8) L ke & 7% A MR B il 18 717 X
WA TG B KB & i T R L Ze/Y B LG (E
H 8.67~11.00, Fr A E 45 AL AR AT & KBl i 222 11
A Zr/Y EAE 4~ 12 Z (8] /Y 1k % $F 4FE (Condie,
1989). %4 f1 La/Nb HAH 1.56~3.57CF¥ 2.78) ., &
R4 1% 3 KB % La/Nb WWIH & T 2 4840
(Salters and Hart,1991).
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Fig.9 HI-Rb/30-3Ta diagram of the granodiorite
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ARG X k1l A A AR S5, 20115 Yu et al.,
2012 # R 4%, 2013) (B 3a), AR M TH K.O X
SiO, & & 5 A 3 & 19 # (B 3b) , 3% Fhoas i) 48 fk
e B A PR T B 55 30 RO VR R 1 R R A K.
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INRHERE — kPt (Xu et al.,2009; Wu et al.,
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JEE A B 1 58 A AN T o X A O P 3 B A o A X
Kl B (Wu et al., 2004; i 32 %5, 2013; Wang
et al. 2014, KEF) M=t KMELFTH A A
16 B A FVBE A A CA B RIS AR L b Xt
B AR Ab T 7 5K K 1 R B R (W ez al., 2007b; Xu
et al.,2009; Wu et al.,2011; B8 £ #8 45, 2012). It
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A B RRE B (B2 65, 1996 ikt . 2002) , 2B
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