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Genesis of Jurassic granites in Jiaobei terrane and its tectonic implications
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Abstract: The Mesozoic granites, especially Late Jurassic, are widely distributed in Jiaobei terrane. To further
understanding the formation age, genesis and geodynamic background of these granites has great significance to the
crustal evolution of study area. In this paper, the major and trace elements, zircon U-Pb ages and O isotopes of the
Jurassic granites in the eastern and northern Jiaobei terrane are reported. The results show that the zircon U-Pb
ages of the granites studied in this paper are mainly distributed between 166 Ma and 156 Ma, representing the crys-
tallization age of the granites. In addition, there are a large number of inherited zircons with age peaks of 3 650~
3294 Ma, 2 660 ~2 445 Ma, 770 ~600 Ma and 245 ~ 197 Ma. These granites shown adakite-like geochemical
characteristics. The formation ages and geochemical characteristics of Jurassic granites in this study are similar to
those of Linglong and Luanjiahe Jurassic granites from western Jiaobei terrane, indicating a similar source from

partial melting of thickened continental lower crust. Furthermore, based on the variation of the U-Pb age and O isotope
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of inherited zircons from different samples, we concluded that the Jurassic granites in Jiaobei terrane have multiple

sources, some of them derived from the thickened continental lower crust in Jiaobei terrane and the others from sub-

ducted Yangtze block. Then, the subduction of Paleo-Pacific or Izanagi plate might play a direct or indirect role in

causing the partial melting of the thickened continental lower crust.

Key words: Jiaobei terrane; granites; zircon oxygen isotope; Mesozoic magmatism
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Fig. 1 Simplified geological map of the Jiaobei terrane (after Jiang et al. , 2016)
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Table 1 Sampling location and GPS of Jurassic granites
in the Jiaobei terrane

BESL S KRB Je4 R
ID1521 WEEEFEZIABUAR I LA, 37°09'00” 120°59'42"
IDI521-1 WG BRI AR M ILAT  37°09'00” 120°59'45"
JD1521-2 MR JEFIAE AR LM LA 37°09'00” 120°59'45"
ID1522 WHESFEZIABAR T ILES  37°0824" 120°59'28"
JD1523  WEE RS LA 37°08'45" 121°00'29"
ID1525 A BT XMKE/NF R 37°13'44" 121°20'58"
ID1537 HT R THREAURER  37°33'36" 120°29'45"
JD1537-1 e Il N THREATRGEAT  37°33'3¢" 120°29'45"
ID1540  WEEE TR RIEBU/INE R Y 37°24'36" 120°37'34"
JD1544 MG & X I IELA KA 37°3520” 121°04'47"
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Fig. 2 Representative field photographs and cross-polarized microscopic photomicrograph of Jurassic granites from the Jiaobei terrane
a b—S B MRS RIS AT AERE; d—ERKE BRI Bi—Ratk; Qu—ad; PR ; Cn—fafiT6a

a, b—weakly deformed granite; c—weakly deformed garnet-bearing granite; d—photomicrograph of granite; Bi—biotite; Qtz—quartz;

Pl—plagioclase; Grt—garnet
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TiO, MgO .CaO EFAKKFR(E 4)

FEf Z R A5 Sr i (220. 00x107° ~763. 00
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®2 RIHGGKTFLERELETE (w,/ %) BEITTER (w,/107°) B

Table 2 Whole-rock major(w,/ %) and trace elements (w,/10™®) data of Jurassic granites from the Jiaobei terrane

R fi JD1521  JD1521-1  JDI521-2  ]JD1522 JD1523 JD1525 JD1537  JD1537-1  JD1540 JD1544
Si0, 71.63 71.68 70. 89 72.78 72.15 72.76 73.01 73.58 71.77 72.75
Ti0, 0.19 0.21 0.21 0.24 0.21 0.20 0.16 0.14 0.19 0.13
Al 0, 14. 81 15. 11 15.57 15. 69 15.42 14. 46 14.57 14.09 15.73 14.57
"Fe, 0, 1.61 1.70 1.70 1.53 1.49 1.40 1.75 1.44 1.10 1.58
MnO 0.04 0.04 0.04 0.01 0.02 0.02 0.03 0.02 0.01 0. 10
MgO 0.30 0.30 0.31 0.43 0.25 0.28 0.30 0.25 0.20 0.19
Ca0 2.06 1.93 1.97 0. 45 0. 65 1.68 1.69 1.59 0.74 1.79
Na, O 3.82 4.00 4.07 6.51 3.95 3.93 4.19 3.92 3.94 3.73
K,0 4.09 4.18 4.32 1.51 4.23 4.01 3.80 3.98 4.70 4.27
P,0; 0.05 0.05 0.05 0. 06 0.05 0.04 0. 04 0.04 0.05 0.02
LOI 0.52 0. 65 0.16 0.91 1.13 0.33 0.39 0.36 1.07 0. 30
Total 99. 12 98. 85 99.29 100. 12 99. 55 99. 11 99.93 99. 41 99. 50 99. 43
FeO 1.10 0. 88 1.10 0.99 0.84 1.02 1.13 1.13 0.92 1.06
Na,0+K,0  7.91 8.18 8.39 8.02 8.18 7.94 7.99 7.90 8. 64 8. 00
Na, 0/K,0 0.93 0. 96 0.94 4.31 0.93 0.98 1.10 0.98 0.84 0. 87
Mg 26.90 25.90 26. 50 35. 80 24.90 28.30 25.40 25. 60 26. 40 19.30
Sc 1.60 1.46 1.61 1.61 1.59 1.45 2.04 1.52 1.85 1.25
4 3.53 3.48 2.84 6.91 4.28 5.68 6.05 3.55 5.33 2. 11
Cr 1.00 1.12 1.74 1.48 2.01 1.72 2.50 0.98 1.18 1.00
Co 0. 84 0.96 1.02 0.89 0.58 1.01 1.13 0.75 0.51 0.70
Ni 1. 60 1.51 1.91 1.06 1.05 1.49 1.73 1.32 0.91 1.51
Ga 18. 10 18.80 17.50 20. 30 18.80 16.70 18.00 15.00 19. 40 16.70
Rb 101.00 95.10 89. 40 36. 60 107. 00 67.00 87. 50 79. 00 115.00 129. 00
Sr 600. 00 673.00 691. 00 220. 00 441.00 763. 00 553.00 508. 00 424.00 473.00
Y 7.09 5.03 5.01 4.72 3.65 3.43 4.49 4.31 4.56 20. 60
Zr 146. 00 160. 00 174. 00 150. 00 150. 00 133.00 140. 00 125.00 131.00 119. 00
Nb 12.30 11.90 11.90 12.60 11.60 3.22 5.25 4.18 9.45 14. 50
Cs 1.30 0.78 0.77 0. 64 1.32 0.44 1.12 0. 56 1.54 0. 80
Ba 2033.00 3028.00 3426.00  753.00  2022.00 2374.00 1893.00 2113.00 1608.00 2 042.00
La 33.50 38.50 43.70 28.40 33.80 37.20 34.50 40. 40 16. 50 26.30
Ce 54.90 60. 00 65. 60 50.70 57.90 64. 10 61.00 64.30 43.80 46.90
Pr 5.79 6. 15 7.18 4.82 5.64 6.19 6. 40 7.03 2.81 4.92
Nd 18.70 19.70 22.60 15.20 16.70 18.50 20. 60 21. 60 9.71 14.70
Sm 3.96 4.64 5.46 2.43 3.61 3.72 3.74 4.01 2.49 4.05
Eu 0. 96 1.14 1.20 0. 64 0.83 0. 68 0. 67 0.77 0.52 0. 85
Gd 1.97 1.72 1.87 1.35 1.27 1.15 1.46 1.58 1.01 2.40
Th 0.27 0.21 0.22 0.18 0.17 0.15 0.15 0.18 0.15 0.39
Dy 1.45 1.03 1.06 0.93 0.77 0. 65 0. 83 0.87 0. 88 3.00
Ho 0.23 0.16 0.17 0.16 0.12 0. 11 0.15 0.16 0.16 0.70
Er 0. 63 0. 46 0.50 0. 45 0.33 0.37 0.49 0.51 0.47 2.56
Tm 0.09 0.07 0.07 0.07 <0.05 0.06 0.07 0.08 0.07 0. 43
Yb 0.58 0.48 0.47 0. 48 0.34 0. 40 0. 50 0.44 0. 49 2.93
Lu 0.09 0.08 0.07 0.07 0. 06 0.07 0.08 0.07 0.08 0. 45
Hf 4.37 4.44 4.78 4.48 4.48 3.96 3.92 3.52 4.25 4.00
Ta 1.04 0. 86 0.75 1.10 0.53 0.20 0.26 0.25 0.70 1.09
Ph 31.10 26. 50 28.20 5.58 29. 80 17.00 21.10 20.70 26. 50 28.20
Th 4.42 3.86 3.95 5.27 4.48 7.13 5.22 5.48 5.63 5.89
U 1.32 0.98 0.63 1.07 0.62 0.62 0. 69 0. 66 0.74 1.29
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Fig. 3 TAS diagram (a, after Middlemost, 1994), K,O — SiO, diagram (b, after Peccerillo and Taylor, 1976) , A/NK — A/CNK

diagram (¢, after Maniar and Piccoli, 1989) and SiO, versus A. R. diagram (d, after Xia et al. , 2016) of Jurassic granites

in Jiaobei terrene
A.R. = w[Al,0;+Ca0+(Na,0+K,0) ]/w[ Al,0,+Ca0 - (Na,0+K,0) ] ( SCHAEIEARIE Yang et al. , 2012; ARIEEZ, 2013;
Ma et al. , 2013; Wu et al. , 2020)
A.R. (alkalinity ratio) = w[ Al,0;+Ca0+(Na,0+K,0) ]/w[ Al,0;+Ca0O - (Na,0+K,0) ] (data from Yang et al. , 2012;
Lin Bolei et al. , 2013; Ma et al. , 2013; Wu et al. , 2020)
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Fig. 4 Harker diagrams of Jurassic granites in Jiaobei terrane( data from Yang et al. , 2012; Lin Bolei et al. , 2013;
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Fig. 5 Primitive mantle-normalized spider diagram (a) and chondrite-normalized REE patterns (b) of Jurassic granites from
the Jiaobei terrane (normalization values after Sun and McDonough, 1989; data from Yang et al. , 2012; Lin Bolei et al. , 2013;
Ma et al. , 2013; Wu et al. , 2020)

® 3 RAMERTLEKE SHRIMP $A U-Pb £RZH1E
Table 3 SHRIMP zircon U-Pb age data of Jurassic granites from the Jiaobei terrane

wy/ 107 [ 2 L (e IS/ Ma
55 Th/U
Pb * Th U 207 Pb/mﬁ Pb 1o 207 Pb/BSU lo 206 Pb/238U 1o 207 Pb/ZOG Pb lo 206 Pb/238U 1o

JD1521
1.1 1.08 27 48 0.59  0.0650 20.0 0.2300 20.0 0.02567 3.0 773 £420  163.4  £4.8
2.1 1.8 47 84 0,58  0.0509 11.0  0.1790 12.0 0.02553 2.1 234 £260  162.5  £3.3
3.1 0.58 16 25 0.67 0.0550 28.0 0.1960 28.0 0.02602 3.6 397 £630 165.6  £5.9
4.1 0.96 40 45 0.93 0.0562 8.5 0.1930 88 0.02498 2.5 459 £190  159.1 3.9
5.1 1.83 36 85 0.44 0.0534 6.6 0.1840 6.9 0.02501 2.0 348 £150  159.2 3.1
7.1 3.04 85 137 0.64 0.0500 14.0 0.1760 14.0 0.02545 1.9 196 £320  162.0  £3.0
6.1 13.30 165 670 0.25 0.0480 3.2 0.1528 3.5 0.02307 1.3 101 +76  147.0  +1.9
7.2 55.10 211 2477 0.09  0.050 1 1.6 0.1789 2.0 0.02591 1.2 199 38 164.9 2.0
8.1 11.80 82 562 0.15 0.0486 2.7 0.1646 3.0 0.02457 1.3 128 +64  156.5 2.1
9.1 27.70 390 325 1.24  0.06l5 2.4 0.8400 2.7 0.09900 1.3 656 +51  608.8 7.7
9.2 55.60 181 2648 0.07  0.0501 1.2 0.1688 1.7 0.02445 1.2 198 £29  155.7  +1.9
10.1  0.69 10 32 0.33 0.0600 34.0 0.2030 34.0 0.02440 5.8 616 £730  155.4  £9.0
10.2 27.80 74 1313 0.06 0.0496 1.7  0.1686 2.2 0.02465 1.4 176 £40  157.0 2.2
1.1 0.99 36 50 0.73 0.0610 9.1 0.1930 9.5 0.02295 2.5 641 £200 146.2 3.6
12.1  2.25 18 67 0.27 0.0518 9.8 0.2730 10.0 0.03830 3.3 276 £220  242.3  £7.9
13.1 11.20 84 511  0.17 0.0502 4.4 0.1773 46 0.02562 1.3 204 £100  163.1  +2.2
14.1 2530 97 1057 0.09  0.049 8 1.9  0.1915 2.3 0.0278 1.3 186 +43 1773 £2.2
JD1523
1.1 3.9 5 134 0.04 0.0506 6.5 0.2370 6.7 0.03399 1.8 221 £150  215.5  £3.7
1.2 89.40 223 381 0.06 0.0495 9.6 0.1670 9.7 0.02447 1.3 173 £220  155.9  £2.0
2.1 4490 100 1953 0.05 0.0500 10.0 0.1730 10.0 0.02507 1.4 193 £230  159.6 2.2
3.1 0.87 24 40  0.63 0.0530 39.0 0.1820 39.0 0.02506 3.7 313 £890 159.5  £5.8
3.2 38.80 88 1790  0.05 0.048 4 1.6  0.168 1 2.0 0.02518 1.2 121 +37  160.3 2.0
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2R 3-1
Continued Table 3-1
w/107° {2 3K Ll 4/ Ma
W5 Th/U
Pb * Th U 207 Pl)/206Pl) 1o 207 Pb/mSU lo 206Pb/238U lo 207 Ph/ZO() Pb 1o 206Pb/238U lo
4.1 2.26 102 106 1.00 0.052 3 13.0 0.179 0 13.0 0.024 87 2.1 299 +300 158.4 +3.2
5.1 10.00 156 169 0.95 0.055 2 4.0 0.5250 4.3 0. 069 00 1.5 419 +90 430. 1 +6.2
5.2 27.20 58 1243  0.05 0.048 5 3.8 0.169 3 4.0 0.025 34 1.3 122 +89 161.3 +2.1
6.1 37.20 217 396 0.56 0.063 3 1.4 0.9530 1.9 0. 109 20 1.3 718 +29 668. 0 +8.2
7.1 1.04 24 47 0.51 0.053 9 18.0 0.1850 18.0  0.024 96 2.7 366 +410 158.9 +4.2
8.1 26.00 251 837 0.31 0.050 6 2.7 0.252 3 3.5 0.036 14 2.2 224 +61 228.9 +5.0
8.2 3.79 24 169 0.15 0.049 2 10.0 0.174 0 10.0 0. 025 63 1.7 159 +240 163. 1 +2.8
9.1 2.83 49 123 0.41 0.050 0 21.0 0.180 0 21.0 0.025 94 2.2 216 +490 165.1 +3.6
10.1  10.40 94 447 0.22 0.049 4 20.0 0.171 0 20.0 0.025 07 2.1 166 +460 159.6 +3.2
11.1  67.00 40 2180 0.02 0.050 8 2.8 0.248 3 3.1 0.035 41 1.2 234 +65 224.3 +2.7
11.2  6.50 32 280 0.12 0.0520 21.0 0.180 0 21.0 0.025 33 2.0 267 +480 161.2 +3.1
12.1  20.90 271 958 0.29 0.049 0 2.9 0.170 9 3.2 0.025 33 1.3 146 +69 161.2 +2.0
13.1 24.70 222 226 1.02 0.064 8 3.2 1.133 0 3.5 0. 126 80 1.4 768 +67 770.0 £10.0
14.1 46.00 373 2069 0.19 0.047 8 10.0 0.160 0 10.0 0.024 26 1.4 88 +240 154.5 +2.1
15.1 75.30 271 3438 0.08 0.049 1 4.2 0.169 0 4.3 0. 024 94 1.2 155 +98 158.8 +1.9
16.1 22.60 318 1075 0.31 0.049 2 2.1 0.166 0 2.5 0.024 46 1.3 158 +49 155.8 +2.0
17.1  14.70 50 655 0.08 0.050 6 3.7 0.180 9 3.9 0.025 92 1.4 223 +85 165.0 +2.2
18. 1 2.93 74 119 0.65 0.048 0 19.0 0.187 0 19.0 0. 028 20 2.3 99 +440 179.3 +4.0
18.2 56.40 129 2528 0.05 0.049 3 3.6 0.174 9 3.8 0.025 70 1.2 164 +83 163.6 +2.0
19. 1 3.71 12 120 0.11 0.049 9 8.1 0.244 0 8.8 0.035 50 3.3 189 +190 225.2 +7.3
19.2  2.50 6 89 0.07 0.048 2 8.3 0.2130 8.6 0.032 07 2.0 107 +200 203.5 +4.0
19.3  41.50 143 1905 0.08 0.049 1 1.6 0.171 6 2.0 0.025 38 1.2 150 +37 161.6 +2.0
20.1 4.61 43 63 0.70 0.068 5 11.0 0.798 0 11.0 0.084 40 2.1 885 +230 522.0 =11.0
20.2 41.30 110 1935 0.06 0.049 4 3.4 0.167 8 3.6 0.024 64 1.3 166 +79 156.9 +1.9
21.1 29.70 28 1111 0.03 0.050 2 2.0 0.214 6 2.4 0.031 04 1.3 202 +47 197. 1 +2.5
22.1 20.40 16 691 0.02 0.051 2 10.0 0.2350 11.0 0.033 27 1.4 250 +240 211.0 +3.0
22.2 45.10 135 2106 0.07 0.048 2 2.0 0.165 3 2.4 0.024 87 1.2 109 +48 158.4 +1.9
23.1 3.84 12 121 0. 10 0.048 7 11.0 0.2450 12.0 0.036 46 2.0 134 +270 230.8 +4.5
23.2  56.50 151 2548 0.06 0.049 6 3.8 0.174 8 4.0 0.025 57 1.2 175 +89 162.7 +2.0
JD1525

1.1 19.90 254 254 0.29 0.049 3 3.0 0.170 5 3.4 0.025 08 1.7 163 +69 159.7 +2.7
2.1 44.70 147 147 0.08 0.049 3 1.3 0.179 4 2.1 0.026 41 1.6 161 +31 168.0 +2.7
3.1 38.80 377 377 0.22 0.049 2 1.4 0.172 9 2.1 0.025 47 1.6 159 +32 162. 1 +2.6
3.2 3.90 8 8 0.04 0.050 6 9.6 0.1750 9.8 0. 025 06 2.0 221 +220 159.5 +3.2
4.1 20. 50 54 54 0.09 0.0511 4.2 0.273 0 4.5 0.038 70 1.7 248 +96 244.8 +4. 1
4.2 34.30 157 157 0.10 0.048 7 3.2 0.163 3 3.6 0.024 31 1.7 133 +74 154.9 +2.5
5.1 5.54 10 10 0.04 0.050 2 3.3 0.172 2 3.8 0.024 88 1.9 205 +76 158.4 +2.9
6.1 19.20 41 41 0.05 0.050 2 2.0 0.173 9 2.6 0.025 11 1.7 205 +45 159.9 +2.7
7.1 24.20 166 166 0.16 0.049 0 2.8 0.172 3 3.3 0. 025 50 1.7 148 +66 162.3 +2.7
8.1 2.62 44 44 0. 40 0.0520 12.0 0.190 0 12.0 0.026 52 2.3 286 +270 168.7 +3.8
9.1 14.70 134 134 0.20 0.049 1 2.3 0.166 4 2.9 0.024 52 1.7 154 +54 156.5 +2.7
10.1  12.70 47 47 0.54 0.095 2 1.9 2.163 0 2.7 0. 164 70 1.9 1533 +36 983.0 x17.5
10.2  21.40 124 124 0.13 0.049 4 2.4 0.166 9 3.0 0.024 52 1.7 166 +57 156. 1 +2.6
11.1  5.23 11 11 0.05 0.050 3 7.4 0.176 0 7.7 0.025 34 2.0 211 +170 161.3 +3.1
12.1  19.20 139 139 0.16 0.049 0 2.0 0.1656 2.7 0.024 53 1.7 146 +48 156.2 +2.6
13.1  21.20 265 265 0.28 0.049 9 1.9 0.172 6 2.5 0.025 09 1.7 189 +44 159.8 +2.7
14.1 14.70 195 195 0.30 0.050 4 5.7 0.174 0 6.0 0.025 08 1.8 213 +130 159.7 +2.8
15.1  21.10 152 152 0.16 0.049 3 1.8 0.168 6 2.5 0.024 83 1.7 160 +43 158.1 +2.7
16.1  29.90 118 118 0.09 0.050 0 2.2 0.171 9 2.7 0.024 93 1.5 196 +51 158.7 +2.4
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5k 3-2
Continued Table 3-2
wy/107° [ % LU {E AL/ Ma
Hlh=852 Th/U
Ph* Th U 07p,2pL 1o 207 py, /235 lo 206 py, /238 (7 lo 27pp/2pp 1g  2pL,28y g

JD1537
.1 812 91 384 0.24 0.047 2 7.8 0.159 0 7.9  0.02442 1.6 58 £190  155.5  £2.4
2.1 3.28 34 154 0.23 0.0530 20.0 0.178 0 20.0  0.024 27 2.1 331 +450 154. 6 +3.2
3.1 3.50 132 159 0. 86 0.050 7 17.0 0.1750 18.0  0.02510 1.9 226 +400 159.8 +3.1
4.1 1.90 42 83 0.52 0.0550 29.0 0.1910 29.0 0.02512 2.8 414 £650  159.9  £4.5
5.1 0.80 24 35 0.72 0.0510 55.0 0.1740 56.0 0.02460 4.4 260  +1300 156.4 +6.8
6.1 1.18 35 54 0. 68 0.068 0 18.0 0.2310 18.0  0.024 70 2.7 865 +380 157.3 +4.3
6.2 9.10 29 436 0.07 0.051 4 5.8 0.171 0 6.0 0.02414 1.6 261 £130 153.8  £2.4
7.1  1.43 30 61 0.51 0.0500 42.0 0.1750 42.0 0.02542 3.3 190 £970  161.8  £5.3
8.1 0.78 18 32 0.58 0.120 6 8.2 0.457 0 8.7 0.02748 2.9 1965 150 174.8 5.0
6.3 23.90 293 1111 0.27 0.049 5 3.9 0.169 2 4.2 0. 024 80 1.4 170 +91 157.9 2.2
9.1 2.26 74 101 0.76 0.0510 23.0 0.1750 23.0 0.02501 2.4 225 £530  159.2 3.8
10.1 87.40 34 442 0.08 0.115 8 0.8 3.670 0 1.6  0.2298 1.4 1893 +14 1333 +17
11.1 1.09 22 48 0.48 0.058 0 40.0 0.197 0 41.0 0.024 80 3.6 518 +890 157.9 +5.6
12.1 0.74 20 34 0.6l 0.0640 22.0 0.2170 22.0 0.02467 3.0 734 470  157.1 4.6
13.1  0.74 17 34 0.53 0.0530 340 0.1790 34.0 0.02467 3.1 315 £770  157.1  +4.8
14.1  9.44 108 448  0.25 0.048 8 4.5 0.164 2 4.7  0.02442 1.3 137 £110  155.5  £2.0
16.1 1.53 41 72 0.58 0.049 4 9.1 0.1650 9.4 0.024 25 2.4 165 +210 154.5 +3.6
15.1 18.60 93 856  0.11 0.049 1 6.4 0.1670 6.6 0.02472 1.3 153 £150  157.4  £2.0
17.1  1.83 69 86  0.83 0.0472 19.0  0.1570  19.0 0.02419 2.0 60 £440  154.1 3.1
18.1 1.52 42 71 0.61 0.0510 180 0.1710 19.0 0.02430 2.8 239 +430  154.8  +4.3
19.1 16.00 213 763 0.29 0.049 4 3.2 0.1657 3.4 0.024 30 1.3 169 +74 154.8 +1.9
20.1 21.50 260 1004  0.27 0.049 2 3.7 0.167 8 3.9 0.02475 1.3 156 +87 157.6  £2.0
21.1  9.21 78 450 0.18 0.049 1 3.7 0.160 8 4.0 002375 1.5 153 +86 151.3 2.3
JD1540
1.1 14.30 209 134 1.62 0.064 5 3.1 1.099 0 3.5 0.12370 1.6 757 +66 752 +11
1.2 21.80 279 993  0.29 0.048 9 2.0 0.171 6 2.5  0.02546 1.4 141 +48 162.1  #2.2
2.1 14.30 111 667  0.17 0.048 1 2.6 0.164 7 3.0 0.02485 1.4 102 +62  158.2 2.2
3.1 28.10 348 1281 0.28 0.049 6 2.6 0.174 4 2.9 0. 025 50 1.3 177 +60 162.3 +2.2
4.1 98.50 114 228  0.52 0.168 6 0.6 11.7100 1.5 0.50370 1.4 2543 +9 2 630 +30
5.1 20.80 256 966  0.27 0.049 1 1.8 0.169 8 2.3 0.02506 1.3 155 +43 159.6 2.1
5.2 25.00 242 302 0.83 0.063 8 1.6 0.846 0 2.2 0.09610 1.4 736 +35  591.8 8.0
6.1 26.40 203 1228 0.17 0.047 9 2.7 0.164 9 3.1 0. 024 96 1.3 95 +65 158.9 +2.1
7.1 26.50 311 1261 0.25 0.049 6 2.2 0.167 0 2.6 0.024 41 1.4 178 +52 155.4 2.1
8.1 1.14 14 54 0.28 0.0530 36.0 0.1800 36.0 0.02444 3.3 350 810 155.7  £5.0
9.1 0.92 38 46  0.86 0.0524 150 0.1650 15.0 0.02278 2.5 302 +340  145.2  £3.6
10. 1 1.78 64 82 0. 81 0.0516 7.5 0.179 0 7.8 0.025 16 2.0 268 +170 160. 2 +3. 1
1.1 36.30 610 1740 0.36 0.053 3 3.1 0.177 0 3.4 0.02406 1.3 344 +70 153.3  £2.0
12.1 834.00 481 1388 0.36 0.3372 0.3 32,5000 1.3 0.69891 1.3 3 650 +5 3416 +35
13.1 39.90 527 2240 0.24 0.049 9 6.8 0.136 3 7.0 0.019 81 1.4 189 +160 126.5 +1.8
14.1 1.01 29 48 0.63 0.0500 21.0 0.1660 21.0 0.02407 2.4 201 +480  153.3 3.7
15.1 20.90 427 400  1.10 0.059 8 1.8 0.501 0 2.3 0.06075 1.4 596 39  380.2 5.2
16.1 109.00 136 285 0.49 0.167 1 0.7 10.2800 1.7 0.44600 1.6 2529 £12 2377 +31
17.1 1.68 54 79 0.70 0.048 9 16.0 0.1650 16.0  0.024 51 2.2 141 +380 156. 1 +3.4
18.1 78.10 175 200 0.90 0.162 3 0.6 10.1800 1.6 0.45490 1.5 2 480 £10 2417 +29
18.2 24.90 70 384 0.19 0.110 3 3.3 1.109 0 3.6 0.07290 1.5 1 804 +60  453.7 6.5
19.1 4.73 84 226 0.38 0.047 3 5.2 0.159 3 5.5  0.02442 1.6 65 £120  155.6 2.5
20.1 4.30 93 205 0. 47 0.051 4 3.7 0.173 3 4.1 0.024 47 1.6 258 +86 155.8 +2.5
21.1 1.31 86 61 1.45 0.0570 19.0 0.1910 19.0 0.02442 2.5 482 420  155.6  £3.8
22.1 17.80 258 811  0.33 0.048 8 3.1 0.170 9 3.4 0.02541 1.4 137 £72  161.8 2.2
23.1 2.15 153 103 1.53 0.0508 10.0 0.1680 10.0 0.02402 1.9 233 £240  153.0  £2.9
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Continued Table 3-3
wy /107 [ % oAl A/ Ma
A5 Th/U
Pb * Th U 207 Pl)/206Pl) 1o 207 Pb/%SU lo 206Pb/238U lo 207 Ph/ZO() Pb 1o 206Pb/238U lo
JD1544
1.1 529 79 231 0.36  0.0494 6.9 0.1800 7.1 0.02647 1.6 167 £160  168.4 2.6
1.2 23.70 190 700 0.28  0.0832 1.5  0.4512 2.0 0.03933 1.3 1274 30  248.7  %3.2
2.1 132.00 167 345 0.50  0.1593 0.5 9.830 0 1.5  0.44730 1.4 2448 +9 2383 %27
2.2 47.40 717 2328 0.32  0.0475 7.4 0.1500 7.5  0.02295 1.3 76 £170  146.3 1.9
3.1 3.05 66 133 0.51 0.0479 7.9  0.1730 81 0.02622 1.7 9 £190  166.8 2.9
4.1 3.71 6l 169 0.37  0.0495 7.5 0.1730 7.6 0.02535 1.7 169 £170  161.4 2.7
5.1 19.10 174 834 0.22  0.0494 2.7  0.1811 3.1 0.02658 1.4 168 +64  169.1 £2.3
5.2 262.00 185 399 0.48  0.3002 0.7 31.6100 1.4 0.76360 1.3 3472 +6 3658 %36
6.1 4.67 98 206 0.49  0.0515 49 0.1862 51 0.02624 1.6 262 £110  167.0 2.6
7.1 203.00 245 505 0.50  0.1651 0.43 10.6300 1.4 0.46690 1.3 2509 +7 2470 27
8.1 2.31 90 103  0.90 0.0485 9.2 0.1720 9.3 0.02575 1.9 125 220 163.9 3.0
9.1 686.00 808 1220 0.68 0.2679 0.3 241700 1.3  0.65440 1.3 3294 +5 3245 £33
10.1 579.00 262 1481 0.18  0.1590 0.4  9.9800 1.3 0.45540 1.3 2445 +6 2419 26
10.2 54.50 272 235 0.12 0.0495 6.5 0.1810 6.6 0.02652 1.4 169 £150  168.7 2.3
1.1 91.90 164 227  0.75 0.1636 0.6 10. 610 1.5  0.47060 1.4 2493 10 2486 29
11.2 56.40 601 2897 0.21 0.049 1 6.1 0.1489 6.3  0.02198 1.6 154 £140  140.2 £2.2
12.1 66.00 722 2797 0.27  0.049 8 1.1 0.188 6 1.7 0.02748 1.3 184 26 174.7  £2.3
13.1 393.00 181 1089 0.17  0.159 1 0.4 9.2100 1.4 0.41980 1.3 2446 +6 2260 25
14.1  9.64 397 438 0.94  0.0483 6.4 0.1690 6.6 0.02534 1.5 115 150  161.3 2.4
15.1 56.10 637 2363 0.28  0.0500 2.2 0.189 2.6 0.02743 1.3 193 52 174.4  £2.3
16.1 5590 49 97 1 0.52  0.2790 2.4 257400 2.8 0.66900 1.5 3358  +37 3302 %39
16.2 19.70 179 861  0.22  0.0493 2.4 0.1806 2.8 0.02660 1.3 160 56 169.2  £2.3
17.1  5.68 198 259  0.79  0.0466 7.1 0.1630 7.3 0.02539 1.6 27 £170  161.6 2.5
18.1 107.00 129 270 0.49  0.1808 0.5 11.4700 1.5 0.46010 1.4 2660 +9 2440 29
19.1 472 153 208 0.76 0.0507 9.6  0.1830 9.8 0.02609 1.7 229 220 166.0 2.8
20.1 34.90 32 8 0.38  0.1692 0.9 11.0400 1.8 0.47330 1.6 2550 15 2498 %33

U-Pb 4%, o 17 AN 85 40 70 B 5545 1 197 Ph/ 28U
AEHY R 169 ~ 155 Ma, Sl 55 P A0 AF 45 RH X6 45 38 i 5 A
Ah(4.1.10. 1), HA 15 A MK 5 1P/ U A
SRS Hy 158. 8+1. 4 Ma(MSWD =0.7, n=15)
(Bl 7e) MREAIKICBAER . 53 50 gk A& B A1 4
W3 h 244. 8+4.1 Ma( 5 4.1) 983.0+17.5 Ma
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n=21) (B 7d) RS RAFE . 7540
AFIEAEE(8.1.10. 1) (HIA R BB AL (K 7d)

VEEURE i ID1540 () 23 Wiss A B FT 26 4E
PRI, B 2 D 4F 5 i 258 1, 16 TRl SR

AP/ U 4F I8 R 162 ~ 153 Ma, INAE 2 4F
W4 157.8+1.7 Ma(MSWD=1.7, n=16) (& 7e),
GRS AR . HAR 8 DI AL 45 AR I 8
%% 3 I AR B AR A1, 3 A1 5 BB AR IS 3 5]
93 650+5 Ma 2 543+9 Ma 2 529+12 Ma .2 480+10
Ma F1752+11 Ma( [&l 7e .8f) ,

XHEESD TD1544 JEAT 20 MUEL A1 1Y 26 /> 4E % )

15 AN HTHE R S A A DXk, B 4 ANt U
R, iﬁ*\%ﬁi%(z.z\n.z\lz. 1.15.1) , H4x
11 NS 25 A 2P/ U #8169 ~ 161 Ma,
HIACSE 44 4 4% R 166. 0+2. 2 Ma ( MSWD = 1. 7,
n=11) RFEEIE AR (K 7). 11 AL S
R I AR AR IS B 1 S0 5K IR I 3

A, HABAKARAE W 7 A AE 3 472 ~2 445 Ma Z[0], 1]
J3N2.55~2.45 Ga 1 3.47~3.29 Ga P (A 71,
82) o

i,
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Fig. 6 Representative cathodoluminescence (CL) images of zircons from Jurassic granites from the Jiaobei terrane
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Fig. 7 Zircon U-Pb concordia age diagrams of Jurassic granites from the Jiaobei terrane
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Fig. 8 Histograms of zircon U-Ph ages of Jurassic granites in the Jiaobei terrane
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(2013) XM EER 0 B5FL T R B AL i EA TS A
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Table 4 Oxygen isotopes of zircon from Jurassic granites from the Jiaobei terrane

e/ S BT A AEH/ Ma 8" 0/ %0 20 =TS R AEA/ Ma 3'30/% 20

JD1521 JD1523-20. 1 52211 8.4 +0.2
JD1521-1. 1 163.4+4. 8 7:2 +0.5 1D1523-20.2 156.9+1.9 7.6 +0.4
JD1521-2.1 162.5+3.3 8.0 +0. 4 JD1523-21. 1 197. 1£2.5 4.1 +0.2
JDI521-3.1 165. 6£5.9 7.2 +0.3 JD1523-22. 1 211.0£3.0 1.7 +0.3
JD1521-4. 1 159.1+3.9 4.3 +0.7 JD1523-22. 2 158.4+1.9 7.2 +0.7
JD1521-6. 1 147.0+1.9 7.5 +(0. 4 JD1523-23. 1 230.8+4.5 -4.4 +0.5
JD1521-7. 1 162.0£3.0 6.3 +2.2 JD1523-23.2 162.7+2.0 7.6 +0.4
JD1521-7.2 164.9+2.0 8.7 +0.5 JD1523-24. 1 6.2 +(. 5
JD1521-8. 1 156. 6+2. 1 7.3 +0.3 JD1523-25.2 P2 +0. 1
ID1521-9.1 608, 8+£7.7 3.6 0.2 JD1525
JD1521-9.2 155.7+1.9 7.1 +0.3 JD1525-1.1 159.7+2.7 Tirk +0.2
JD1521-10. 1 155.4+£9.0 8.0 +0.3 JD1525-2.1 168.0£2.7 6.8 +0.2
JD1521-10.2 157.0+2.2 7.3 +0.2 JD1525-3. 1 162. 1+£2. 6 T8 +0.4
JD1521-11. 1 146.2+3.6 7.0 +(0.5 JD1525-3.2 159.5+3.2 7.4 +0.2
JD1521-12. 1 242.3+7.9 0.5 +(0.3 JD1525-4. 1 244, 8+4. 1 4.9 +(). 2
JD1521-13.1 163, 1£2.2 8.2 0.2 JD1525-4. 2 154.9+2. 5 6.5 +0.4
JD1521-14.1 177.3£2.2 6.9 +0.3 JD1525-5. 1 158.4£2.9 7.0 +0. 6
JD1521-15.1 7.3 +0.2 JD1525-6. 1 159.9£2.7 7.3 +0.3
JD1521-16. 1 7.8 +0.4 JD1525-7. 1 162.3+2.7 6.8 +0.6
JD1521-16.2 7.3 +(.2 JID1525-8. 1 168. 7+£3. 8 7.8 +0.3
JD1521-17.1 4.1 +0. 4 1D1525-9. 1 156.5+2.7 7.0 +0.4
ID1521-17.2 6.9 +0. 4 JD1525-10. 1 983+18 5.9 0.5
JD1521-18. 1 7.5 +0.5 JD1525-10. 2 156. 1+2. 6 1.3 +0.7
JD1521-19. 1 7.0 +0.2 JD1525-11. 1 161.3£3. 1 7:5 +0.5
JD1521-20. 1 7.6 +0.2 JD1525-12. 1 156.2+2.6 7.2 +0.5

ID1523 L\ JD1525-13. 1 159.8+2.7 7.6 +0.3
JD1523-1.1 215.5+3.7 6.1 +0.3 JD1525-14. 1 159.7+2. 8 7.2 +0.3
JD1523-1.2 155.9+2.0 6.6 +0.3 JD1525-15. 1 158. 1+£2.7 7.5 +(.2
JD1523-2. 1 159.6+2.2 6.8 +(.3 JD1525-16. 1 158. 7+2. 4 7.3 +0.2
JD1523-3.1 159. 5+£5.8 8.8 +0.3 JD1525-17. 1 7.9 +0.4
JD1523-3.2 160. 3+£2.0 7.1 +0.6 JD1537
JD1523-4.1 158.4+3.2 8.7 +0. 4 JD1537-1. 1 155.5+2.4 7.2 0. 1
JD1523-5. 1 430. 1+6.2 3.0 0.5 JD1537-2. 1 154.6£3.2 8.3 +0.2
JD1523-5.2 161.3+2, 1 7.0 +0.5 JD1537-3. 1 159. §+£3. 1 7.9 +0.2
JD1523-6. 1 668, 0+8.2 5.0 +0.3 JD1537-4. 1 159.9+4. 5 7.6 +0.2
JD1523-7. 1 158.9+4.2 8.2 +0.3 JD1537-5.1 156.4+6. 8 8.0 +0.3
JD1523-8. 1 228.9+5.0 4,7 +1.0 JD1537-6. 1 157.3%4. 3 8.2 +0.3
JD1523-8. 2 163. 1+2. 8 6.8 +0.8 JD1537-6.2 153.8+2.4 T3 +0.2
JD1523-9. 1 165. 1£3.6 8.0 +0.3 JD1537-6.3 157.9£2.2 7.8 0.2
JD1523-10. 1 159. 6£3.2 7.6 +0.3 JD1537-7. 1 161.8+£5.3 8.2 =01
JD1523-11. 1 224.3+2.7 4.9 +0.5 JD1537-8. 1 174.8+5.0 7.4 +0.3
JD1523-11.2 161.2+3. 1 5.9 +0.7 JD1537-9. 1 159.2+3. 8 7.8 +0.3
JD1523-12. 1 161.2+2.0 7.5 +0.5 JID1537-10. 1 1 893+14 7.4 +0. 1
JD1523-13. 1 77010 4.7 +0.3 JD1537-11. 1 157.9+5. 6 1.9 +0.2
JD1523-14.1 154.5+£2. 1 7.0 +0.3 JID537-12. 1 157. 1+4. 6 7.9 +0.3
JD1523-15.1 158.8+1.9 7.5 +0.3 JD1537-13. 1 157. 1x4. 8 8.3 +0.2
JD1523-16. 1 155.8+2.0 7.7 +0.3 JD1537-14. 1 155.5+2.0 7.2 +0.3
ID1523-17. 1 165.0£2.2 4.5 +0.3 JD1537-15. 1 157.4£2.0 8.0 +0.2
JD1523-18. 1 179.3+4.0 4.8 +0.6 JD1537-16. 1 154.5£3.6 8.1 +0.2
JD1523-19. 1 225.2+7.3 -1.8 +0.3 JD1537-17. 1 154, 1£3. 1 7.9 +(.2
JD1523-19. 3 161.6+2.0 7.7 +0.2 JD1537-18. 1 154. 8+4. 3 8.0 +0.2
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Continued Table 4
B A BT E#E/ Ma 5" 0/ %0 20 FE &/ 4 Hr 2, AFi/ Ma 30/ % 20
JD1540 JD1540-23. 1 153.0+2.9 9.0 +0.3
JD1540-1. 1 752411 1.7 +5.4 1D1544
JD1540-1.2 162, 1+2.2 7.1 +0. 4 ID1544-1. 1 168.422.6 7.8 +0.4
JD1540-2. 1 158.2+2.2 6.6 +0.2 ID1544-2. 1 2 44849 7.3 +0.2
JD1540-3. 1 162, 32,2 7.2 +0.3 ID1544-2. 2 248.7+3.2 6.9 +0.9
JD1540-4. | 2 54319 57 +0.2 ID1544-3. 1 166.822.9 8.1 +0, |
JD1540-5. 1 159. 622. 1 7.3 +0. 1 ID1544-4, 1 161.4£2.7 7.6 +0.3
JD1540-6. 1 158.9+2. 1 7.2 +0.3 ID1544-5. 1 169. 1£2.3 7.1 +0. |
1D1540-7. 1 155.4+2. 1 7.4 +0.3 ID1544-6. 1 167.0£2.6 7.6 +0.2
JD1540-8. 1 155.7+5.0 6.9 +0.3 ID1544-7. 1 25097 6.4 +0.2
1D1540-9. 1 145.2+3.6 8.2 +0.3 JD1544-8. | 163.9+3.0 8.4 +0.2
JD1540-10. 1 160. 2+3. 1 8.0 +0. 4 JD1544-9. 1 3 29415 4.5 +0.3
JD1540-11. 1 153.3+2.0 6.8 +0.3 1D1544-10. 1 2 4456 6.5 +0.2
JD1540-12. 1 3 65045 6.6 +0.2 1D1544-10. 2 168.7+2. 3 7.4 +0.2
JD1540-13. 1 126.5+1.8 7.4 +0.3 ID1544-11. 1 2493+10 5.7 +0.3
1D1540-14. 1 153.3+3.7 7.9 +0.2 JD1544-11.2 140.2+2.2 7.5 +0.3
JD1540-15. 1 380, 2+5.2 5.3 +0.3 1D1544-12. 1 174.7+2.3 6.7 +0.2
1D1540-16. 1 2529+12 5.8 +0.3 1D1544-13. 1 2 44616 51 +0.2
1D1540-17. 1 156. 1£3. 4 7.3 £0.2 1D1544-14. | 161.3+2. 4 8.3 +0.2
JD1540-18. 1 2 48010 0.8 +0.3 ID1544-15. 1 174.4£2.3 7.1 +0.3
JD1540-18.2 453.7+6.5 6.7 £0.3 ID1544-16. 1 3 358+37 5.0 +0.2
JD1540-19. 1 155.6+2.5 8.4 +0.3 1D1544-16. 2 169.2+2. 3 6.9 +0.3
JD1540-20. 1 155.8+2.5 7.2 +0.2 1D1544-17. 1 161.6+2.5 4.0 +0.2
JD1540-21. 1 155.6+3.8 8. +0.2 1D1544-18. 1 2 660+9 8.3 +0.3
JD1540-22. 1 161, 842, 2 7.5 +0, 1 1D1544-19. 1 166.0+2. 8 81 +0.2

B Y(<18 x107°) Fl Yb(<1.9x10°) & & (£ 2 K
10) SESARIR L T e MU BRAL SR . Gl X e, AT LA
RIA UM 5 AR %P 2048 5 o 5 i ABESE 9 32 3
IR AE 54 8 A — 2, I B AR 2k 1k
FRAE (1 3 K 4 181 5) A AR LR A, s i
AN A b X AR 284 1< o 00 ) R BL I AT R A I
B X5 ( Hou et al. , 2007 ; Yang et al. , 2012; Ma et
al. , 2013; Liet al. , 2019; Wu et al. , 2020) ,

KT BB AR, BATA G, — okl
HA B O W w52 5543 165 fil (Kay, 19785 De-
fant and Drummond, 1990; Yogodzinski et al. , 1995;
Wang et al. , 2007); @ JNJE T Ho 58 B9 F8 43 45 il
( Atherton and Petford, 1993; Xu et al. , 2002; Chung
et al. , 2003; Gao et al. , 2004; Hou et al. , 2004) L)
K B Z R BRI S 4 5 ( Prouteau and
Scaillet, 2003 ; Macpherson et al. , 2006; Rodriguez et
al. , 2007 ; Rooney et al. , 2011; Meng et al. , 2018) ,
LR Z 2046 b I MgO A Cr Ni & &, T 1k 1Y
G Nd A HE [ L3RR, 250l 5 A 2000
EHI A KA EE A (Hou et al. , 2007 ; Jiang et al. |

2012; Yanget al. , 2012; Ma et al. , 2013 Li et al. ,
2019; Wu et al. , 2020; ASUHITE) LS T Hi b (i
BYIR A3 a4 A 80 {H (Jiang et al. , 2012; Li et al. ,
2019; AKBITE) , I SRR i 58 B8 0 Je A K
PP BRE I 1 R4 o0 S R B A A 1 ]
FRHIE i 5 B AR RS A, R K S A
AIRE it T B o BT A, R A R R A
()48 R R 2H A, B 7R A DX o R AR 1 BT
TESR 3K ve o iR A TETfige v, B A R it L 38 9 7
JET M sE R IR BRIk v s X (&1 10) . DL EZE2R
RUBALIR L 2048 5 7T RE S IR T M52 &8 3 J
4R

JUEWFFEN 518 i e S2 I AU AR B 20 4 14 2
FEIR A TR AH X 5 e 08 25 47 T 50 0 il i 8 0L
S (R R XA ) B R AT A2 AE AN [R) IR (Hou et
al. , 2007; Zhang et al. , 2010; Yang et al. , 2012;
Ma et al. , 2013; Li et al. , 2019; Wu et al. , 2020)
— P AA AL RS 24 i IR R B AR
SERLE MR T #5E , m K IR Y T4 TR iy
Se¥))E (Hou et al. , 2007; Yang et al. , 2012; Li et al. ,
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