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Abstract The U-Pb dating results determined by LA-ICPMS show that quite a large of Jurassic granites were still distributed inside
the Proterozoic , Early and Late Paleozoic granite, which were recognized and categorized by predecessors. The intrusion sequence of
Jurassic granite in the studied area could be classified into two stages, i.e. early and late stages on the basis of event occurring time,
whose U-Pb dating in zircon are 188 ~190Ma and 171 ~ 181Ma, respectively. The dating data of Jurassic granite are fully comparable
to those of Jurassic granite existing in the other part of Northeast China. Geochemically, these granitics could be distinguished by two
types- low-Sr and high-Yb granitics and high-Sr and low-Yb granitics, they possess the same or similar source rock compositions but
originated at different depth. The early intruded granitics, characterized by the low-Sr and high Yb, originated at the low pressure in
the mid crust, however, the late intruded ones, characterized by high Sr and Low Yb, similarly to C-type adakites and it originated at
the relatively high pressure in lower part of the crust. Characteristics of zircon Hf isotope indicated that the source materials of Jurassic
granitics came from newly accreted crustal materials and their mixture in the Neoproterozoic and phanerozoic. The Jurassic granitics in
the studied area are dominantly composed of granodiorite and adamellite, which belong to aluminum saturated or oversaturated, high
potassium calc-alkaline series-the granite in type I, with similar feature of the granite associations at the active continental margin. It is
a part of stripped or belted Jurassic granitics in Northeast China distributed alone NNE direction, its origin might be related to the
subduction of paleo-Pacific tectonic plate.

Key words Jurassic granites, Zircon U-Pb ages, Geochemistry, Hf isotope, Petrogenesis, Northeast area of the Da Hinggan Mts.
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Fig.2  Zircon U-Pb diagrams of Jurassic granites of northeastern part in the Da Hinggan Mits.
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Table 1 LA-ICP MS zircon U-Pb data of Jurassic granites of northeastern part in the Da Hinggan Mts.

Rein s & i (ppm) FfZEILE 1o FR(Ma) =10
s Pb Th U Pb/*™Phxlg *"Pb/*Uzxlg **Pb/Uxle  *Pb/**Pb  *Ph/ U **Ph/**U

GWO05067.01  8.07 184 193 0.0463 £0.0022 0.1920 £0.0090 0.0299 +0. 0003 15 83 178 +8 190 =2
GWO05067.02  4.06 61.9 105 0.0524 +0.0056 0.2154 £0.0229 0.0297 0. 0005 302 206 198 +19 189 =3
GW05067.03  8.50 137 219 0.0493 +0.0024 0.2053 £0.0099 0.0301 +0.0003 162 £93 190 +8 191 £2
GWO05067.04  8.06 159 203 0.0526 +£0.0032 0.2142 +0.0128 0.0294 +0. 0003 312 £116 197 +11 187 =2
GW05067.05 5.34 75.6 146 0.0478 £0.0059 0.1965 +£0.0240 0.0297 +0.0005 90 +228 182 £20 188 +3
GWO05067.06  3.87 60.2 98.8 0.0490 £0.0048 0.2028 +0.0196 0.0299 +0. 0004 146 +191 187 +17 190 =3
GWO05067.07  3.97 55.6 106 0.0498 £0.0093 0.2015 £0.0370 0.0292 +0. 0009 185 +317 186 +31 186 6
GW05067.08  4.00 54.7 104 0.0460 £0.0041 0.1911 £0.0167 0.0300 +0. 0004 -3+170 178 +14 191 £2
GW05067.09  8.68 99.7 217 0.0501 £0.0034 0.2095 +0.0139 0.0303 +0. 0003 200 153 193 +12 193 +2
GWO05067.10  3.77 56.0 93.5 0.0465 £0.0047 0.1948 +0.0196 0.0303 +0. 0004 24 +199 181 +17 192 =2
GWO05067.11  8.49 128 231 0.0497 £0.0031 0.2017 £0.0122  0.0293 +0. 0003 181 +117 187 +10 186 =2
GW05067.12  5.16 74.8 135 0.0514 £0.0047 0.2064 £0.0186 0.0290 £0.0005 258 +173 191 £ 16 184 +3
GWO05067.13  5.15 78.6 136 0.0498 £0.0032 0.2044 £0.0129 0.0297 0. 0003 186 +124 189 +11 189 =2
GWO05067.14  4.17 62.6 105 0.0579 £0.0058 0.2434 +0.0241 0.0304 0. 0005 527 £192 221 £20 193 =3
GW05067.15  3.99 57.1 104 0.0501 £0.0042 0.2044 £0.0170 0.0295 £0.0004 201 +163 189 + 14 187 £3
GW05067.16  17.5 516 374 0.0576 £0.0023 0.2521 £0.0097 0.0317 £0.0003 514 £68 228 +8 201 =2
GW05067.17  4.81 60.3 109 0.0512 £0.0042 0.2073 £0.0168 0.0293 +0.0004 251 +157 191 +14 186 +3
GWO05067.18  3.69 53.5 94.1 0.0498 £0.0047 0.2053 £0.0191 0.0299 +0. 0005 184 +181 190 +16 190 =3
GWO05067.19  4.78 71.4 121 0.0492 £0.0034 0.2016 £0.0135 0.0297 +0. 0003 155 +131 186 +11 189 =2
GW05067.20  10.6 216 246 0.0526 £0.0028 0.2196 £0.0112  0.0302 +0.0003 312 £97 202 £9 192 +2
GWO05067.21  5.65 82.2 149 0.0494 +0.0032 0.2029 £0.0127 0.0297 +0. 0003 168 +121 188 +11 189 =2
GW05067.22  5.00 95.6 118 0.0501 £0.0051 0.2117 £0.0211  0.0306 +0. 0005 198 +197 195 +18 194 +3
GW05067.23  7.52 113 196 0.0510 £0.0027 0.2109 £0.0110 0.0300 +0. 0003 239 +101 194 +9 190 =2
GW05067.24  4.35 58.4 111 0.0536 £0.0044 0.2178 £0.0174 0.0295 £0.0004 352 +156 200 = 14 187 +3
GW05085. 01 17.6 364 469 0.0526 £0.0015 0.2033 £0.0055 0.0280 +0.0002 312 £50 188 £5 178 +1
GW05085.02  24.1 586 627 0.0502 £0.0018 0.1948 +0.0066 0.0281 +0.0002 205 +65 181 +6 179 =1
GW05085.03  32.2 1191 737 0.0500 £0.0013  0.1946 +0.0046 0.0282 +0.0002 195 +44 181 +4 179 1
GW05085.04 11.0 221 294 0.0523 £0.0021  0.1995 £0.0077 0.0277 £0.0002 298 £73 185 +6 176 £ 1
GW05085.05 14.5 212 370 0.0473 £0.0036 0.1781 £0.0133  0.0273 £0.0003 64 +169 166 £ 11 174 +2
GW05085.06  30.9 161 386 0.0565 +0.0017 0.5537 £0.0153 0.0710 0. 0005 473 £48 447 £10 442 +3
GW05085. 07 12.4 51.2 177 0.0563 £0.0026 0.3019 £0.0136 0.0389 +0. 0004 463 81 268 +11 246 =3
GW05085.08  14.0 259 379 0.0489 £0.0021 0.1906 £0.0077 0.0282 +0.0002 144 £79 177 £7 180 +1
GWO05085.09  28.9 930 685 0.0547 £0.0014 0.2108 £0.0050 0.0279 +0. 0002 400 £43 194 +4 178 =1
GWO05085.10 12.2 362 302 0.0531 £0.0023 0.2021 £0.0085 0.0276 +0. 0003 333 +79 187 £7 175 =2
GW05085.11  9.00 190 252 0.0510 £0.0026 0.1951 £0.0098 0.0278 +0.0003 239 +98 181 +8 176 £2
GW05085.12  18.2 377 482 0.0511 £0.0015 0.2004 +0.0054 0.0285 +0. 0002 244 +50 185 +5 181 +1
GW05085. 13 14.2 438 371 0.0528 +£0.0030 0.2007 £0.0113  0.0276 +0. 0003 320 =107 186 +10 175 =2
GWO05085.14  17.3 314 470 0.0503 £0.0018 0.1960 +0.0065 0.0282 +0.0002 211 +64 182 +6 179 =1
GW05085.15  20.2 504 541 0.0548 £0.0022 0.2080 £0.0078 0.0275 +0.0003 405 67 192 +7 175 +2
GWO05085.16  22.0 545 586 0.0523 £0.0026 0.1957 £0.0095 0.0271 +0. 0003 299 +90 181 +8 172 2
GW05085.17  16.7 314 447 0.0505 £0.0023 0.1976 £0.0085 0.0284 +0.0003 220 +84 183 +7 180 =2
GW05085.18  6.05 161 150 0.0580 +£0.0031 0.2241 +0.0116 0.0280 +0. 0003 531 £95 205 +10 178 =2
GW05085.19  7.31 168 196 0.0495 £0.0032 0.1898 £0.0120 0.0278 +0.0003 173 £ 121 176 £ 10 177 £2
GW05085.20  22.7 485 573 0.0512 £0.0014 0.1924 £0.0049 0.0273 £0.0002 248 +46 179 £4 174 +1
GW05085.21  23.5 535 624 0.0492 £0.0013 0.1920 £0.0048 0.0283 +0. 0002 158 +47 178 +4 180 =1
GW05085.22  16.4 344 459 0.0493 £0.0020 0.1892 £0.0075 0.0278 +0.0003 163 +76 176 +6 177 £2
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Continued Table 1
iR & it (ppm) [0 K A £ Lo it (Ma) £ 1o
Atras Pb Th U "Pb/*®Pbtloc *Pb/*Uxlg  *®Pb/**Uslo  *7Pb/* Pb  *"Ph/*U  **Ph/**U
GW05085.23  25.3 566 682  0.0517£0.0015 0.1998 £0.0055 0.0280 +0.0002 273 49 185 =5 178 =1
GW05099.01  1.43  24.6  35.6 0.0501 £0.0114 0.2034 +0.0460 0.0295£0.0007 199 +378 188 39 187 =5
GW05099.02  2.21  49.0  53.8  0.0603 £0.0077 0.2411£0.0306 0.0290 £0.0006 615 +244 219 £25 184 +4
GW05099.03  1.88  35.6  46.2  0.0500 £0.0100 0.2059 +0.0410 0.0299 £0.0007 194 +336 190 +35 190 =5
GW05099.04 2.02 3.9  54.0 0.0511 £0.0109 0.2041 £0.0433 0.0289 £0.0007 247 +361 189 =36 184 +4
GW05099.05  1.99  31.2  51.3  0.0626 +0.0095 0.2498 +0.0376 0.0289 +0.0006 694 +293 226 31 184 +4
GW05099.06 2.49  39.8  60.0 0.0770 £0.0083 0.3242+0.0344 0.0305+0.0006 1122£185 285 +26 194 +4
GW05099.07 1.96  43.6  48.4  0.0497 £0.0100 0.2007 £0.0400 0.0293 +0.0006 182 =337 186 =34 186 =4
GW05099.08 2.92  61.8  66.6 0.0590 £0.0096 0.2382 +0.0383 0.0293 £0.0007 567 +366 217 £31 186 +4
GW05099.09 2.59  58.6  60.2 0.0612+0.0091 0.2518+0.0369 0.0298 £0.0006 646 287 228 +30 190 =4
GW05099.10  3.20  64.9  81.3  0.0563 +0.0057 0.2327 +0.0233 0.0300 £0.0005 465 197 212£19 190 3
GW05099.11  2.00  40.0  49.8  0.0494 £0.0097 0.2019 +0.0395 0.0297 £0.0007 165 +328 187 £33 188 +4
GW05099.12  2.36  47.9  57.4  0.0588£0.0102 0.23720.0409 0.0293 £0.0007 560 =341 216 £34 186 +4
GW05099.13  2.52  39.5  65.1 0.0552£0.0080 0.2232+0.0319 0.0293 +0.0006 419 =283 205 £26 186 =4
GW05099.14  6.58 130 173 0.0529 £0.0036 0.2134 £0.0142 0.0293 £0.0004 325 +129 196 +12 186 +2
GW05099.15  1.77  27.5  43.7  0.0568 £0.0109 0.2324 +0.0441 0.0297 +0.0007 484 =363 212 £36 188 =5
GW05099.16  2.91  65.1  63.7 0.0566 +0.0086 0.2418 +0.0365 0.0310 £0.0007 477 +300 220 £30 197 +4
GW05099.17  3.81  88.0  93.3  0.0530 £0.0066 0.2176 +0.0267 0.0298 £0.0005 327 +244 200 £22 189 =3
GW05099.18  1.98  43.8  45.3  0.0624 +0.0096 0.2607 +0.0397 0.0303 £0.0007 686 +295 235 £32 193 +4
GW05099.19 3.38 5.7 87.9  0.0571 £0.0059 0.2319+0.0238 0.0295+0.0005 493 +199 212 £20 187 =3
GW05099.20 3.76  92.6  83.9  0.0495+0.0059 0.2044 +0.0241 0.0299 £0.0005 173 +230 189 +20 190 +3
GW05099.21  3.72  82.2  91.5 0.0557 £0.0052 0.2193 £0.0200 0.0286 +0.0004 441 =178 201 £17 181 %3
GW05099.22  2.86  50.6  72.4 0.0485+0.0071 0.19650.0285 0.0294+0.0006 124 +261 182 £24 187 =4
GW05099.23 4.68  58.3  67.3 0.0508 £0.0127 0.2140 £0.0530 0.0305 +0.0008 233 +446 197 +44 194 +5
GW05112.01  18.4 483 476 0.0509 £0.0014 0.1984 £0.0051 0.0283 £0.0002 236 £46 184 4 180 £ 1
GW05112.02  17.2 306 487  0.0491£0.0013 0.1929 £0.0048 0.0285 +0.0002 154 £45 179 +4 181 =1
GW05112.03  11.4 104 216  0.0528 £0.0021 0.3767 £0.0145 0.0518 £0.0005 319 £70 32511 325+3
GW05112.04 17.1 118 496  0.0504 £0.0017 0.2161 £0.0070 0.0311 £0.0003 213 60 199 +6 197 +2
GW05112.05  30.2 756 810 0.0482+0.0011 0.1881+0.0037 0.0283=0.0002 109 +35 175 +3 180 =1
GWO05112.06  44.0 327 537 0.0461 £0.0034 0.1698 £0.0124 0.0267 +0.0002 159 =11 170 =1
GW05112.07  65.0 658 691  0.0573 £0.0012 0.5921 £0.0104 0.0750 £0.0005 502 =28 472 7 466 +3
GW05112.08  63.6 371 824 0.06520.0020 0.4889 +0.0148 0.0544 £0.0004 780 +67 404 £ 10 341 2
GW05112.09  7.13  74.0 201  0.0461 £0.0028 0.2022 +0.0121 0.0318 +0.0004 187 £10 202 2
GW05112.10  15.2 234 416  0.0503 £0.0014 0.1990 £0.0051 0.0287 £0.0002 207 £47 184 +4 183 =1
GW0s112.11  17.9  70.0 417  0.0506 £0.0026 0.2427 £0.0120 0.0348 £0.0004 223 +93 221 10 220 2
GW05112.12  16.5 253 477  0.0501 £0.0014 0.1962 +0.0051 0.0284 £0.0002 199 +48 182 +4 181 1
GW05112.13  24.0 421 636 0.0480 £0.0012 0.1893 £0.0043 0.0286 +0.0002 99 42 176 £ 4 182 =1
GW05112.14  28.7 610 808 0.0494 £0.0011 0.1920 +0.0040 0.0282 +0.0002 165 =38 178 3 179 + 1
GW05112.15  18.1 551 462 0.0474 £0.0019 0.1857 £0.0073 0.0284 £0.0003 70 +70 173 26 181 £2
GW05112.16  16.7 319 442 0.0727 £0.0017 0.3125+0.0068 0.0312 +0.0002 1006 =32 276 5 198 =1
GW0s112.17  7.87 117 222 0.0534£0.0031 0.2091£0.0119 0.0284 £0.0004 346 +106 193 £10 181 +2
GW05112.18  42.9 663 808  0.0905+0.0055 0.3903 +0.0231 0.0313+0.0004 1436 +118  335x17 199 +2
GW05112.19  13.2 321 362 0.0494£0.0022 0.1919 +0.0081 0.0282=0.0003 168 8l 178 £7 179 +2
GWO05112.20  35.0 446 878 0.0501 £0.0010 0.2300 £0.0042 0.0333 £0.0002 201 +32 210 +3 211 1
GW05112.21  7.80 242 194 0.1282+0.0043 0.5053 £0.0155 0.0286 £0.0003 2073 +38 415 10 182 £2
GW05112.22  25.0 514 517  0.0731£0.0019 0.3201 £0.0075 0.0318 £0.0002 1016 =35 282 £6 202 +1
GW05112.23  16.6 208 470 0.0504 £0.0017 0.2022 £0.0064 0.0291 £0.0002 213 +59 187 5 185 =1
GW05112.24  22.1 601 554 0.0477 £0.0013 0.1897 £0.0050 0.0288 +0.0002 86 +48 176 +4 183 =1
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Continued Table 1

Fean S K & it (ppm) [0 K A £ Lo it (Ma) £ 1o
Atras Pb Th U "Pb/*®Pbtloc *Pb/*Uxlg  *®Pb/**Uslo  *7Pb/* Pb  *"Ph/*U  **Ph/**U

GW05120.01  14.3 215 440  0.0495+0.0020 0.1850 £0.0071 0.0271£0.0002 171 =74 172 26 173 £ 1
GW05120.02  12.3 254 355  0.0534£0.0035 0.1994£0.0129 0.0271 £0.0004 345124 185 £ 11 172 +2
GW05120.03  14.0 257 391 0.05420.0021 0.2060 +0.0075 0.0276 £0.0002 377 +66 190 +6 176 +2
GW05120.04  16.0 288 455  0.0496 £0.0020 0.19320.0074 0.0283 £0.0003 177 =73 179 +6 180 +2
GW05120.05  23.0 630 630  0.0495+0.0017 0.1875+0.0062 0.0275+0.0002 172 +62 174 £5 175 £ 1
GW05120.06  9.94 175 294  0.0496 £0.0027 0.1872+0.0100 0.0274 +0.0003 175 101 174 +9 174 +2
GW05120.07 2.64  23.5  63.5 0.0552+0.0070 0.2687 +0.0337 0.0353 £0.0007 421 +247 242 £27 224 +4
GW05120.08  14.0 245 401  0.0517 £0.0020 0.1952+0.0072 0.0274 £0.0002 274 =71 181 6 174 =1
GW05120.09  16.0 293 445  0.0528 £0.0035 0.2026 +0.0129 0.0278 £0.0004 320 =119 187 =11 177 3
GW05120.10  22.0 629 549  0.0517 £0.0019 0.1994 £0.0070 0.0280 £0.0002 272 +65 1856 178 + 1
GW05120.11  12.0 205 331 0.0505+0.0024 0.1992 +0.0090 0.0286 £0.0003 220 +88 184 +38 182 +2
GW05120.12  21.0 252 667  0.0543+0.0024 0.2030 +0.0085 0.0271 £0.0003 383 +77 188 +7 172 £2
GW05120.13  12.0 197 367 0.0491£0.0025 0.1862+0.0090 0.0275+0.0003 152 +94 173 +8 175 2
GW05120.14 18.0 382 521  0.0487 £0.0024 0.1893 +0.0089 0.0282+0.0003 133 +88 176 =8 179 2
GWO05120.15  19.0 418 494  0.0496 +0.0018 0.1939 £0.0066 0.0283 £0.0002 177 +65 180 £6 180 1
GW05120.16  17.0 347 471  0.0501 £0.0020 0.1930 £0.0072 0.0279 £0.0002 201 +72 179 +6 177 =1
GWO05120.17  21.0 413 542 0.0500 £0.0019 0.2089 £0.0074 0.0303 £0.0003 193 +67 193 £6 193 £2
GW05120.18  30.0 906 788  0.0662 +0.0018 0.2307 £0.0059 0.0253 £0.0002 812 42 211 £5 161 =1
GW05120.19  13.0 230 353  0.0505+0.0028 0.1962+0.0105 0.0282£0.0003 220 103 182 £9 179 2
GW05120.20  17.0 350 462  0.0520 £0.0025 0.2034 +0.0093 0.0284 £0.0003 283 £86 188 =8 180 £2
GW05120.21  12.0 173 365 0.05130.0040 0.1920 £0.0147 0.0271 £0.0004 256 =146 178 13 172 3
GW05120.22  19.0 473 544  0.0487 £0.0018 0.1823 £0.0063 0.0271 £0.0002 135 +65 170 5 173 =1
GW05120.23  26.0 569 712 0.0478 £0.0017 0.1839 £0.0061 0.0279 £0.0002 87 +61 171 £5 178 =1
GW05120.24 28.0 812 725  0.0477 £0.0019 0.1798 £0.0070 0.0273 £0.0002 84 71 168 +6 174 2
GW05129.01  5.03 133 144 0.0501 £0.0036 0.1788 £0.0126 0.0258 £0.0003 201 +137 167 £ 11 164 +2
GW05129.01-1 5.05  63.3 114  0.0528 £0.0058 0.1905+0.0206 0.0261 +0.0005 322 =207 177 £ 18 166 +3
GW05129.02 3.80  51.4 108  0.0531£0.0053 0.1923 +0.0189 0.0263 +0.0004 332 192 179 £ 16 167 +3
GW05129.03  10.6 174 248  0.0525£0.0035 0.1938+0.0128 0.0268 +0.0003 307 =155 180 £ 11 170 +2
GW05129.04 2.41 454  66.7 0.0533+0.0059 0.1955+0.0215 0.0266 £0.0004 340 +219 181 =18 169 =3
GW05129.05 3.75  64.2 108  0.0542+0.0047 0.1979 £0.0170 0.0265£0.0004 379 167 183 =14 168 =3
GW05129.06 4.82 112 125 0.0516 £0.0041 0.1901 £0.0150 0.0267 £0.0003 269 156 177 £13 170 £2
GW05129.07 3.44  75.8 95  0.0502+0.0042 0.1876 +0.0154 0.0271 £0.0003 204 +162 175 13 172 £2
GW05129.08  6.39 167 178 0.0523 £0.0027 0.1902 £0.0094 0.0264 £0.0003 297 +95 177 =8 168 2
GW05129.09  2.74  50.0  73.9  0.0512£0.0042 0.1926 +0.0154 0.0273 £0.0004 249 158 179 +13 174 +2
GW05129.10  6.96 170 186 0.0508 £0.0026 0.1935+0.0095 0.0276 £0.0003 234 =95 180 +8 175 2
GW05129.11  2.69  41.4  74.1  0.0506 £0.0079 0.1825+0.0283 0.0262 +0.0006 221 =289 170 +24 167 +4
GW05129.12  3.44  77.3 103 0.0489 £0.0067 0.1778 £0.0240 0.0264 £0.0005 144 +250 166 +21 168 =3
GW05129.13  3.91  91.3 114  0.0529 +0.0051 0.1892+0.0178 0.0259 +0.0004 324 +183 176 £ 15 165 =3
GW05129.14 3.87  88.8 118  0.0477 £0.0056 0.1718 £0.0201 0.0261 £0.0004 86 +227 161 =17 166 =3
GW05129.15  4.17 645 128  0.0518 +0.0052 0.1886 +0.0185 0.0264 +0.0004 277 +227 175 £ 16 168 =3
GW05129.16  3.43  75.3 104  0.0570 £0.0076 0.2061 +0.0271 0.0262 £0.0006 491 +256 190 =23 167 =4
GW05129.17  4.37 106 125 0.0500 £0.0046 0.1861 £0.0170 0.0270 £0.0004 194 180 173 15 172 2
GW05129.18  2.36  38.3  64.2  0.0573 +0.0115 0.2169 +0.0433 0.0275£0.0007 503 +380 199 =36 175 =5
GW05129.19  4.13  98.9 116  0.0556 +0.0054 0.2076 +0.0200 0.0271 £0.0005 436 =187 192 17 172 3
GW05129.20  4.06  84.4 117  0.0469 +0.0064 0.1744 £0.0236 0.0270 £0.0005 44 +240 163 20 172 3
GW05129.21  5.26 115 145 0.0490 £0.0038 0.1848 £0.0142 0.0273 £0.0003 150 =151 172 212 174 2
GW05129.22  10.3 291 277 0.0467 £0.0025 0.1746 £0.0090 0.0271 £0.0003 3593 163 =8 172 £2
GW05129.23  4.96 112 133 0.0531 £0.0055 0.2002 £0.0205 0.0273 £0.0005 334 +199 185 =17 174 3
GW05129.24  2.40  28.9  64.6  0.0524£0.0079 0.1952+0.0290 0.0270 +0.0006 303 +291 181 +25 172 +4
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Fig.3  Aluminous Saturation Index and K, O-SiO,relationship diagram of the two type granites
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Table 2 Major (% ) and trace (pg/g) element composition of selected samples for the Jurassic granites from northeastern part in the

Da Hinggan Mts.

i Sr = Yb BUAE R A (RIHRA)

A R 5 bl T AWl R =it
RS GW05064 GWO05067 GWO05069 GWO05070 GWO05099 GWO05101 GWO05110 GWO05127 GWO05132 GWO05133  GWO05141
Si0, 65.58 63.97 63.35 67.96 52.84 72.31 76. 60 66.59 67.99 64.96 65.64
TiO, 0.53 0.65 0.62 0.43 1.65 0.32 0.19 0.69 0.63 0.96 0.86
Al, Oy 16.27 16.07 16.55 15.74 17.33 14.76 12.94 16.67 15.09 15.46 15.10
Fe, 05 4.77 5.46 5.22 3.74 9.74 2.07 1.70 3.72 3.59 4.98 4.58
MnO 0.10 0.09 0.09 0.07 0.20 0.05 0.05 0.05 0.06 0.08 0.08
MgO 1.74 2.53 2.45 1.54 3.65 0.54 0.23 1.55 1.31 1.93 1.80
Ca0O 3.78 5.11 5.12 3.67 7.23 1.61 0.73 2.77 2.64 3.37 3.20
Na, O 3.93 3.10 3.29 3.18 4.21 3.60 3.59 3.95 3.59 3.79 3.75
K,0 1.79 2.37 2.41 3.23 1.66 4.43 3.89 2.95 3.77 3.56 3.67
P, 04 0.14 0.14 0.13 0.09 0.66 0.08 0.04 0.19 0.20 0.29 0.27
LOI 1.30 0.65 0.79 0.81 0.32 0.12 0.27 0.51 0.49 0.54 1.24
Total 99.94 100. 13 100. 02 100. 46 99.50 99.90 100.23 99.63 99.37 99.94 100. 18
Se 12.8 13.7 13.2 8.08 24.4 2.66 1.02 6.73 7.70 11.3 10.1
\' 66.2 97.8 90.5 59.7 174 19.6 5.74 60. 1 63.1 93.5 78.2
Cr 2.52 8.94 7.61 5.94 10.6 2.06 0.44 19.5 17.0 32.2 28.9
Co 8.71 13.9 13.3 9.25 18.2 2.50 1.06 8.23 8.11 12.1 10.6
Ni 1.43 4.58 5.10 3.89 7.11 1.71 0.74 14.6 11.0 19.4 18.0
Ga 19.9 18.5 18.4 17.3 24.2 17.2 18.8 21.0 17.0 19.3 19.0
Rb 50.4 79.9 78.3 116 44.9 157 111 107 91.9 74.8 89.1
Sr 303 339 337 297 530 215 191 403 388 409 358
Y 22.2 17.2 19.1 15.1 44.0 20.7 20.2 20.5 19.7 25.7 27.4
7r 161 130 133 118 134 188 173 290 204 252 174
Nb 7.83 7.91 7.93 7.83 13.9 14.5 17.1 11.6 11.0 14.8 15.1
Ba 846 729 670 716 787 975 555 1158 975 955 738
Hf 4.39 3.82 4.16 3.91 4.10 5.59 6.02 7.59 5.67 6.88 5.18
Ta 0.52 0.64 0.60 0.91 0.69 1.48 1.48 1.18 1.01 1.13 1.13
Th 5.57 7.93 10.8 18.4 4.60 19.0 16.2 11.2 10.5 8.15 8.83
U 1.10 1.31 1.81 2.91 1.16 4.84 1.73 2.90 2.92 2.52 3.93
La 24.6 23.0 30.0 30.4 48.0 43.9 30.3 45.7 36.0 40.9 43.0
Ce 51.6 47.6 60.2 53.8 103 71.9 79.3 87.2 73.5 86.1 91.2
Pr 6.54 5.82 7.03 5.90 14.1 8.74 7.17 10.3 8.99 11.2 11.6
Nd 26.1 22.6 26.9 20.7 60.1 30.1 25.2 37.8 34.5 44 .1 45.3

Sm 5.28 4.18 4.87 3.54 12.5 4.92 4.50 6.29 6.16 8.22 8.30
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i Sr = Yb BURE R A (RIHRA)

aik R HRAT T S
Eu 1.28 1.08 1.13 0.91 3.12 0.90 0.48 1.57 1.38 1.99 1.82
Gd 4.90 3.80 4.44 3.33 11.7 4.34 4.04 5.43 5.33 7.27 7.22
Th 0.77 0.58 0.64 0.51 1.74 0.64 0.63 0.77 0.75 1.04 1.09
Dy 4.50 3.28 3.72 2.97 9.90 3.75 3.86 4.36 4.28 5.91 6.03
Ho 0.91 0.66 0.75 0.61 1.88 0.77 0.81 0.84 0.81 1.10 1.14
Er 2.52 1.84 2.13 1.75 5.02 2.24 2.44 2.41 2.21 3.07 3.17
Tm 0.38 0.28 0.32 0.28 0.70 0.35 0.40 0.38 0.33 0.45 0.46
Yb 2.60 1.95 2.22 2.00 4.48 2.53 2.91 2.58 2.19 2.97 3.12
Lu 0.41 0.32 0.36 0.34 0.69 0.43 0.47 0.42 0.36 0.48 0.48
i 5 St 1% Yb BB (BN
. AL BT I Ez BIE
FEML S GWO05079 GWO05082 GWO05085 GWO05088 GWO05112 GWO05119 GWO05120 GWO05122 GWO05129 GWO05130 GWO05137
Si0, 61.46 62.17 69. 164 68.07 72.25 71.87 68.62 69.34 59.21 59.36 73.05
TiO, 0.66 0.61 0.50 0.38 0.25 0.49 0.51 0.47 0.95 1.07 0.19
A1203 17.06 17. 14 15.69 15.66 15.59 14.45 16.20 16.01 17.32 17.57 15.52
Fe, 04 4.88 4.57 2.78 3.39 1.33 2.67 2.71 2.66 6.76 6.67 1.48
MnO 0.08 0.07 0.06 0.07 0.04 0.04 0.04 0.04 0.09 0.09 0.04
MgO 3.26 3.08 1.13 1.70 0.27 0.87 0.85 0.85 3.09 2.79 0.36
CaO 5.03 4.88 2.82 3.52 1.07 1.94 2.83 2.92 5.63 5.41 1.60
Na, O 4.45 4.40 3.91 3.65 4.46 3.28 4.22 4.34 4.02 4.19 4.48
K,0 2.08 2.40 3.43 3.13 4.17 4.30 3.42 2.85 1.86 1.82 2.66
P, 04 0.23 0.21 0.16 0.14 0.06 0.19 0.18 0.17 0.25 0.27 0.06
LOI 0.87 0.64 0.29 0.50 0.47 0.22 0.25 0.24 0.42 0.33 0.51
Total 100. 04 99.52 99.93 100.20 99.97 100. 08 99.81 99. 88 99.62 99.57 99.95
Se 9.85 10.2 4.58 6.36 1.09 0.77 0.61 0.70 11.1 8.64 1.90
\' 93.9 90.4 46.5 59.0 11.1 32.6 31.8 33.0 165 151 9.83
Cr 89.2 76.2 4.32 17.6 0.21 1.41 1.75 4.08 22.2 17.4 0.10
Co 16.3 15.8 5.46 8.31 1.47 4.14 4.18 4.52 20.1 19.6 1.22
Ni 27.0 25.1 3.45 7.81 0.56 1.56 2.06 2.39 15.2 13.8 0.47
Ga 21.8 21.3 20.5 18.1 20.9 18.6 21.5 21.8 21.2 21.4 18.1
Rb 35.5 41.3 107 88.9 104 85.0 78.2 69.5 43.6 41.8 44. 1
Sr 1020 1009 589 555 619 590 797 767 655 676 650
Y 9.29 9.48 10.1 10.4 4.57 3.70 10.2 8.71 17.0 15.9 9.70
7r 63.9 104 117 123 136 193 165 176 98.5 90.8 101
Nb 5.81 6.01 10.1 8.98 7.13 3.32 10.4 9.60 6.25 6.41 4.13
Ba 973 979 868 831 1167 1477 1424 1159 427 463 977
Hf 2.01 3.00 3.50 3.99 4.17 5.61 4.60 4.79 3.26 2.82 3.04
Ta 0.37 0.42 0.78 0.91 0.61 0.29 1.38 1.25 0.64 0.59 0.24
Th 5.92 4.09 13.4 11.9 9.60 9.82 8.48 7.97 5.87 5.20 4.77
U 0.79 0.86 3.44 3.10 2.00 0.85 1.88 1.73 1.27 1.36 0.94
La 43.9 28.4 26.1 27.8 28.3 44.3 36.9 32.7 19.4 24.5 20.7
Ce 80.5 58.7 49.5 54.5 50.8 79.4 75.6 65.0 43.7 52.8 43.1
Pr 9.12 7.24 6.00 6.28 5.80 8.76 9.51 8.36 6.01 6.98 5.45
Nd 32.8 28.3 22.1 22.9 20.0 28.1 36.0 31.1 26.7 29.1 20.6
Sm 4.74 4.62 3.68 3.75 2.68 3.15 5.62 4.82 5.55 5.60 3.54
Eu 1.24 1.22 0.99 0.89 0.67 0.70 1.46 1.35 1.40 1.58 0.87
Gd 3.43 3.47 2.83 2.79 1.91 1.89 4.01 3.38 5.04 4.98 2.79
Th 0.42 0.43 0.39 0.37 0.20 0.18 0.45 0.39 0.73 0.68 0.37
Dy 2.12 2.25 2.14 2.03 0.95 0.82 2.26 1.96 3.88 3.69 2.09
Ho 0.37 0.41 0.37 0.39 0.17 0.14 0.37 0.32 0.72 0.67 0.38
Er 1.03 1.11 1.02 1.16 0.51 0.44 1.06 0.94 1.86 1.80 1.12
Tm 0.14 0.15 0.14 0.17 0.07 0.06 0.16 0.14 0.28 0.26 0.16
Yb 0.90 0.96 0.96 1.28 0.52 0.42 1.10 0.99 1.86 1.69 1.13
Lu 0.14 0.15 0.15 0.21 0.09 0.07 0.17 0.16 0.29 0.27 0.18
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4 Hf BRI HRHAIE

1£ LA-ICPMS #5457 U-Pb & 4F (W 3ERE I, S IRES A B &
J6(CL) UGS IEAART (i G el - (36 8 ) - % Ae- Rl 5 o
AR RS T T8 A X HE R R IE TAE(K3) . 4
A A Lu-HE G4 28 4387 76 v B BL 24 B 1t B -5 1t 3k oy B
FEECAT 193nm OB HURE R G811 Neptune 22 H2 I HLEHE &
B TR PTIE A (LA-MC-ICPMS) | 647, OGS BE 12 0
63 m , OB IK G EE 150, 355 R AT He AR D 1104
FiEk A VRAIR RS LA R ANZR BT 4 S 0L Wu et al.
(2006) o A LRI S Eh 9 0 S5 360 58 B, T R S5 300 ok
T 91500 A E 45 F 45 2 0. 282331 =6 F1 0. 2822919 +
22, 3K MBS E A TR 3R AR A R 1% 25 3 N — 3L
(Woodhead et al. ,2004) , &y, (¢) FEER AR B, WABK
RLB 1 %5 45 4 F 0 Lo/t HE A HEZTHE 23 55K
0.0332.0. 282772 F1 0. 0384 0. 28325 ( Bicherl et al. ,1997) ,
T B AR S R S R 1Y .. ( - 0. 548 Veevers et
al. ,2005) #ATIHHE

®3 KRIFLENBESD LA-MC-ICPMS $#55 Hf B RSTER

Table 3 Lu-Hf isotopic compostions for the zircons of the Jurassic granites from northeastern part in the Da Hinggan Mts.

eSS t(Ma) OYb/'THE VOLw/Y7HE YOHE/VTHE VOHE/THE 20, e (0) e () 20 Tomi  Towe  Siwme
GW05067.01 190  0.058058  0.002117  0.282645  0.282660  0.000020 —3.95 -0.04 0.72 864 1233 -0.9%4
GW05067.02 190  0.017548  0.000664  0.282609  0.282624  0.000015 -5.23 -1.14 0.54 881 1303 -0.98
GW05067.03 190  0.035852  0.001397  0.282615  0.282630  0.000017 -5.02 -1.03 0.59 890 1295 -0.96
GW05067.04 190  0.031509  0.001194  0.282629  0.282644  0.000015 -4.52 -0.50 0.51 865 1262 -0.96
GW05067.05 190  0.018476  0.000710  0.282616  0.282631  0.000015 -5.00 -0.92 0.53 873 1288 -0.98
GW05067.07 190  0.022220  0.000863  0.282632  0.282647  0.000015 —4.43 -0.37 0.54 854 1254 -0.97
GW05067.08 190  0.033817  0.001309  0.282648  0.282663  0.000017 -3.84 0.17 0.60 841 1220 -0.96
GW05067.09 190  0.025048  0.000999  0.282660  0.282675  0.000017 -3.42 0.63 0.62 817 1190 -0.97
GW05067.10 190  0.033522  0.001248  0.282619  0.282634  0.000019 —4.87 —-0.85 0.66 880 1284 -0.96
GW05067.11 190 0.021715  0.000830  0.282642  0.282657  0.000021 -4.06 0.01 0.73 838 1229 -0.97
GW05067.12 190 0.015824  0.000610  0.282624  0.282639  0.000018 -4.71 -0.62 0.65 859 1269 -0.98
GW05067.13 190 0.027073  0.001014  0.282614  0.282629  0.000017 -5.04 -1.00 0.59 882 1294 -0.97
GW05067.14 190 0.021883  0.000826  0.282635  0.282651  0.000015 -4.29 -0.23 0.53 848 1245 -0.98
GW05067.15 190 0.036557  0.001307  0.282644  0.282659  0.000017 -3.99 0.02 0.61 846 1229 -0.96
GW05085.01 178  0.017116  0.000612  0.282634  0.282649  0.000016 -4.35 —-0.51 0.56 845 1254 -0.98
GW05085.02 178  0.025735  0.000989  0.282680  0.282695  0.000036 -2.73 1.06 1.26 789 1153 -0.97
GW05085.03 178  0.016443  0.000574  0.282654  0.282669  0.000020 -3.65 0.19 0.72 817 1209 -0.98
GW05085.04 178  0.013318  0.000440  0.282638  0.282653  0.000025 -4.20 -0.35 0.88 836 1243 -0.99
GW05085.05 178  0.022507  0.000888  0.282699  0.282714  0.000024 -2.05 1.76 0.85 760 1109 -0.97
GW05085.06 442 0.022717  0.000693  0.282569  0.282584  0.000015 -6.64 2.89 0.54 938 1239 -0.98
GW05085.07 246  0.016836  0.000619  0.281969  0.281984  0.000020 -27.9 -22.6 0.72 1766 2696 —0.98
GW05085.08 178  0.015500  0.000585  0.282639  0.282655  0.000018 -4.15 -0.32 0.63 837 1241 -0.98
GW05085.09 178  0.019763  0.000661  0.282659  0.282674  0.000021 -3.45 0.38 0.73 811 1197 -0.98
GW05085.10 178 0.023421  0.000714  0.282666  0.282681  0.000020 -3.20 0.62 0.69 802 1181 -0.98
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Continued Table 3

BEfS o(Ma) OYb/'THE Lu/'7HE CHE/'THE CHE/THE 20, e (0) e (1) 20 Tomi  Tome  Srwme

GW05085.11 178 0.014579  0.000409  0.282659  0.282674  0.000020 -3.47 0.39 0.72 806 1196 -0.99
GW05085.12 178  0.018069  0.000577  0.282568  0.282584  0.000022 -6.66 -2.82 0.78 935 1400 -0.98
GW05085.13 178 0.026638  0.000815  0.282641  0.282656  0.000020 -4.11 -0.30 0.71 840 1240 -0.98
GW05085.14 178 0.026220  0.000922  0.282622  0.282637  0.000023 -4.78 -0.99 0.81 869 1284 -0.97
GW05085.15 178  0.018426  0.000781  0.282604  0.282619  0.000030 -5.41 -1.60 1.08 891 1323 -0.98
GW05085.16 178  0.026652  0.000845  0.282667  0.282682  0.000022 -3.18 0.63 0.79 804 1181 -0.97
GW05085.17 178  0.012955  0.000450  0.282650  0.282665  0.000019 -3.77 0.08 0.66 819 1216 -0.99
GW05085.18 178  0.031263  0.000881  0.282729  0.282744  0.000024 -0.98 2.82 0.85 717 1041 -0.97
GW05085.19 178  0.018212  0.000531  0.282654  0.282670  0.000022 -3.62 0.22 0.76 815 1207 -0.98
GW05085.20 178  0.020174  0.000712  0.282642  0.282657  0.000019 -4.08 -0.25 0.68 837 1237 -0.98
GW05085.21 178  0.018026  0.000674  0.282613  0.282628  0.000020 -5.09 -1.26 0.70 876 1301 -0.98
GW05085.22 178  0.018853  0.000670  0.282641  0.282656  0.000019 -4.10 -0.27 0.65 836 1238 -0.98
GW05099.01 188  0.046474  0.001258  0.282757  0.282772  0.000025 -0.01 3.96 0.8 685 976 —0.96
GW05099.02 188  0.029608  0.000931  0.282775  0.282791  0.000024  0.65 4.67 0.85 653 931 -0.97
GW05099.03 188  0.030495  0.000934  0.282748  0.282763  0.000024 -0.32 3.69 0.85 692 994 -0.97
GW05099.04 188  0.050690  0.001470  0.282798  0.282813  0.000021  1.47 5.41 0.74 629 884 -0.96
GW05099.05 188  0.033554  0.001039  0.282696  0.282711  0.000026 -2.16 1.84 0.91 767 1111 -0.97
GW05099.06 188  0.029270  0.000890  0.282709  0.282725  0.000016 -1.68 2.34 0.55 745 1080 -0.97
GW05099.07 188  0.037480  0.001184  0.282739  0.282754  0.000026 -0.63 3.35 0.90 709 1015 -0.96
GW05099.08 188  0.044617  0.001448  0.282701  0.282717  0.000025 -1.96 1.99 0.8 768 1102 -0.96
GW05099.09 188  0.039488  0.001206  0.282709  0.282724  0.000025 -1.68 2.30 0.89 752 1083 -0.96
GW05099.10 188  0.042567  0.001448  0.282756  0.282771  0.000028 -0.03 3.92 1.00 690 979 -0.96
GW05099.11 188 0.039283  0.001464  0.282726  0.282741  0.000022 -1.08 2.86 0.79 733 1046 -0.96
GW05099.12 188 0.031918  0.001066  0.282719  0.282734  0.000024 -1.35 2.65 0.83 736 1060 -0.97
GW05099.13 188 0.037989  0.001167  0.282718  0.282733  0.000026 -1.39 2.59 0.91 739 1064 -0.96
GW05099.14 188 0.015531  0.000525  0.282723  0.282738  0.000022 -1.20 2.87 0.76 719 1046 -0.98
GW05099.15 188 0.049327  0.001568  0.282729  0.282744  0.000028 -0.98 2.96 1.00 730 1040 -0.95
GW05112.01 181 0.012884  0.000489  0.282668  0.282644  0.000023 -4.54 -0.62 0.83 851 1264 -0.99
GW05112.02 181 0.008197  0.000349  0.282627  0.282602  0.000022 -5.99 -2.06 0.79 905 1356 -0.99
GW05112.03 325  0.017693  0.000647  0.282523  0.282499  0.000023 -9.65 -2.64 0.81 1056 1502 -0.98
GW05112.04 197 0.033253  0.001060  0.282717  0.282693  0.000022 -2.80 1.39 0.79 794 1148 -0.97
GW05112.05 181  0.022044  0.000833  0.282642  0.282618  0.000025 -5.46 -1.58 0.87 895 1326 -0.97
GW05112.06 181  0.050825  0.000998  0.284443  0.284419  0.003281  58.2 62.1 116 -1702 -2825 -0.97
GW05112.07 466  0.047566  0.001521  0.282464  0.282440  0.000025 -11.7 -1.95 0.88 1165 1566 -0.95
GW05112.08 341  0.033255  0.001198  0.282581  0.282557  0.000024 -7.61 -0.38 0.87 990 1371 -0.96
GW05112.09 202 0.013583  0.000556  0.282759  0.282735  0.000176 -1.30 3.06 6.24 724 1046 -0.98
GW05112.10 181 0.021374  0.000689  0.282633  0.282609  0.000025 -5.75 -1.86 0.88 903 1343 -0.98
GWO05112.11 220 0.020952  0.000922  0.282506  0.282482  0.000029 -10.3 -5.56 1.04 1088 1608 —0.97
GWO05112.12 181 0.021421  0.000936  0.282687  0.282663  0.000045 -3.86 0.00 1.60 834 1225 -0.97
GW05112.13 181 0.021746  0.000871  0.282719  0.282695  0.000027 -2.74 1.14 0.97 788 1152 -0.97
GW05112.14 181 0.026860  0.000877  0.282654  0.282630  0.000030 -5.02 -1.15 1.07 879 1298 -0.97
GWO05112.15 181 0.022977  0.000903  0.282696  0.282672  0.000024 -3.55 0.32 0.86 821 1205 -0.97
GW05112.16 198 0.022654  0.000930  0.282718  0.282694  0.000032 -2.76 1.46 1.12 790 1145 -0.97
GWO05112.18 199  0.024856  0.000948  0.282608  0.282584  0.000026 -6.64 -2.40 0.93 945 1391 -0.97
GW05112.19 181  0.022883  0.000831  0.282678  0.282654  0.000030 -4.16 -0.28 1.07 843 1243 -0.97




474 Acta Petrologica Sinica 3 %54k 2007, 23(2)
&R3
Continued Table 3
FEfS o(Ma)  7°Yb/VTHE  TOLw/'7HE VOHE!'THE VSHE/THET 20, en(0) ew(t) 20 Tom  Toma  Srwm
GW05112.20 211 0.037992 0.001194 0.282720 0. 282696 0.000023 -2.68 1.79 0.82 792 1134  -0.96
GWO05112.21 181 0.017647 0.000722 0.282699 0.282675 0.000037 -3.43 0.46 1.30 812 1196 -0.98
GWO05112.22 202 0.023661 0.000988 0.282697 0.282673 0.000052 -3.51 0.80 1.83 821 1190 -0.97
GW05112.23 181 0.033392 0.001285 0.282687 0.282663 0.000033 -3.87 -0.05 1.18 842 1228 -0.96
GW05112.24 181 0.026633 0.000896 0.282639 0.282615 0.000028 -5.56 -1.69 0.98 900 1332 -0.97
GW05120.01 176 0.006914 0.000366 0.282956 0.282932 0.000063 5.67 9.49 2.23 446 614 -0.99
GW05120.03 176 0.016868 0.000724 0.282721 0.282697 0.000027 -2.66 1.12 0.97 782 1150 -0.98
GW05120.04 176 0.014144 0.000595 0.282644 0.282620 0.000026 -5.38 -1.58 0.92 886 1322 -0.98
GW05120.05 176 0.016399 0.000682 0.282673 0.282649 0.000037 -4.35 -0.56 1.32 848 1257 -0.98
GW05120.06 176 0.012774 0.000555 0.282652 0.282628 0.000038 -5.09 -1.29 1.36 874 1303 -0.98
GW05120.07 224 0.018746 0.000639 0.282684 0. 282660 0.000041 -3.97 0.86 1.45 831 1203 -0.98
GW05120.08 176 0.017387 0.000651 0.282651 0.282627 0.000032 -5.14 -1.35 1.15 878 1307 -0.98
GW05120.09 176 0.020895 0.000762 0.282641 0.282617 0.000026 -5.47 -1.69 0.91 894 1329 -0.98
GW05120.10 176 0.015527 0.000585 0.282658 0.282634 0.000030 -4.88 -1.08 1.06 866 1290 -0.98
GW05120.11 176 0.009423 0. 000425 0.282707 0.282683 0.000029 -3.14 0.67 1.04 794 1178 -0.99
GW05120.12 176 0.012408 0.000515 0.282691 0.282667 0.000031 -3.72 0.09 1.09 819 1215 -0.98
GW05120.13 176 0.012905 0.000546 0.282695 0.282671 0.000035 -3.57 0.23 1.26 814 1206 -0.98
GWO05120.14 176 0.017126 0.000746 0.282665 0.282641 0.000037 -4.65 -0.87 1.30 861 1276 -0.98
GW05120.15 176 0.020748 0.000746 0.282661 0.282637 0.000030 -4.77 -1.00 1.05 866 1284 -0.98
GWO05120.16 176 0.016608 0. 000595 0.282697 0.282673 0.000029 -3.51 0.29 1.01 812 1203 -0.98
GW05120.17 193 0.013725 0.000576 0.282653 0.282629 0.000031 -5.06 -0.89 1.09 873 1291 -0.98
GW05120.18 161 0.012887 0. 000444 0.282631 0.282607 0.000031 -5.83 -2.35 1.09 901 1359 -0.99
GW05120.19 176 0.017753 0.000700 0.282669 0.282645 0.000029 -4.48 -0.69 1.03 853 1265 -0.98
GW05120.20 176 0.018266 0.000737 0.282663 0.282639 0.000034 -4.72 -0.94 1.22 863 1281 -0.98
GW05129.01 171 0.035921 0.001007 0.282947 0.282923 0.000029 5.34  8.99 1.02 467 643  -0.97
GW05129.02 171 0.011950 0.000369 0.282913 0.282889 0.000021 4.13  7.84 0.76 507 716 -0.99
GW05129.03 171 0.060492 0.001804 0.282901 0.282877 0.000029 3.70  7.25 1.02 544 754  -0.95
GW05129.04 171 0.032843 0.000930 0.283022 0.282998 0.000028 7.98 11.6  0.99 360 473 -0.97
GW05129.05 171 0.016220 0.000517 0.283012 0.282988 0.000024 7.63 11.3  0.85 370 493  -0.98
GW05129.06 171 0.038412 0.001146 0.282949 0.282925 0.000028 5.42  9.04 1.01 466 639 -0.97
GW05129.07 171 0.035615 0.001023 0.282948 0.282924 0. 000027 5.39 9.03 0.96 465 640 -0.97
GW05129.08 171 0.045436 0.001370 0.282925 0.282901 0.000028 4.55 8.16 0.98 503 696 -0.96
GW05129.09 171 0.032120 0.001011 0.283008 0.282984 0. 000026 7.49 11.1 0.93 380 505 -0.97
GW05129.10 171 0.040583 0.001291 0.282940 0.282916 0.000027 5.07 8.69 0.94 481 662 -0.96
GW05129.11 171 0.015825 0.000486 0.282987 0.282962 0.000030 6.74 10.4 1.07 405 550  -0.99
GW05129.12 171 0.019720 0. 000604 0.282971 0.282947 0. 000024 6.19 9.88 0.85 428 586 -0.98
GW05129.13 171 0.025797 0.000731 0.282986 0.282962 0. 000029 6.70 10.4 1.04 409 554  -0.98
GW05129.14 171 0.027677 0.000791 0.282919 0.282895 0. 000026 4.35 8.01 0.91 504 705 -0.98
GW05129.15 171 0.017910 0. 000564 0.282919 0.282895 0.000028 4.34  8.04 0.98 501 704  -0.98
GW05129.16 171 0.021989 0. 000667 0.282959 0.282935 0.000023 5.77 9.45 0.81 446 613 -0.98
GW05129.17 171 0.041256 0.001176 0.282986 0.282962 0.000028 6.73 10.4  1.00 413 555 -0.96
GW05129.18 171 0.025949 0.000807 0.282963 0.282939 0. 000029 5.90 9.56 1.04 442 606 -0.98
GW05129.19 171 0.035603 0.001064 0.282913 0.282889 0.000027 4.13  7.77 0.95 516 721 -0.97
GW05129.20 171 0.032856 0.000976 0.282941 0.282916 0.000027 5.11 8.76  0.95 476 658 -0.97

VE: 7OLu BASHEL A =1.867 x10 ~'a~! (Soderlund et al. ,2004) ; OHL/ T HE* Sy FHES A RRAE 91500 5 1E S BB ( Wu et al. ,2006)
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4.1 IE#EFEMER(GCW05067)

IEBER AR S A U-Pb AR 8 b — B0, 45 0 R 2 Al
SRR — (3 3)," HE/ HE [ {E 7E 0. 282624 ~
0. 282675, IIABCFEHIE K 0. 282645 +0. 000010 (20, n = 14) ,
£ (190Ma) JEFEIZE( —1.14 ~ +0. 63, INBCEIE N ( - 0. 46
+0.30, Z Bt HE B W (1 ) B ALVEE G 1190 ~
1303Ma, SE-44 4 1257Ma,

4.2 ERETF(GW05099)

HRE T ARG U-Ph R B8 Aa R R
B B — B (3 3) " HE/'THE AR AE 0. 282711 ~
0. 282813, HIALEHI{E H 0. 282742 +0. 000013 (20, n = 14)
oy (188Ma) ¥ R IEAH , B BEI7E + 1. 84 ~ +5. 41, B 3ME
g +2.93+0.46, Z BB HE BEAE I (1, ) FHXTEL/N, 72
884 ~ 1111 Ma 2 [fi] , -4 J 1027Ma,

4.3 Mt FE A (GWO05085)

MR- B A AR ST AT T 22 A, o 20 S
U-Pb 4F % 5 2 R B9 A AF iy — 5, 67 HE' HE B A 7R
0.282619 ~ 0. 282744 , J AL {8 % 0. 282662 = 0. 000014
(20,0=20) £, (178Ma) JEEI7E - 2. 82 ~ +2. 82, HIFLF4y
{2l -0.07 £0.35, [ B HE AR RS (o ) 2R FLTE R
1109 ~ 1400Ma, F-2J % 1223Ma,,

4.4 BEAFEME

XS TA AT T 2 AR S A HE R R T,

X GWOST12 FE iy 22 g A #i4T 1 HIE 66 R 5047,
Heg 11 A0 U-Ph AR I8 5 25 1 i B 4R % — 2, 3L
TOHE T HE HARLSE Bl AE 0. 282602 ~ 0. 282695 , JIA - HI{H
0.282638 = 0. 000020 (20, n = 11), &, (181Ma) 3 [ #
(=2.06~ +1.14 JIBCEHE N -0.84 £0.72, —FrB Hf
REAEWS (2, ) BTG 1152 ~ 1356Ma, -5 2y 1270Ma,
P R AR I8 B 2 (466Ma, 325Ma) (1 4 3K B A Y
TOHE/ T HEHLME AR, 4351 R 0. 282440 F1 0. 282499, £, (1) Ky
-1.95F0 -2.64, — By Bt HF 5 20 4F % (2, ) A 1566
1 1502Ma.,

X} GWO5120 #£ 5 iy 19 Bk A 34T T HE [H5 467 E 5347,
A 16 4~ g1 U-Pb 4R % 5 50K 10 BUA AR — 3%, b —
A (01 ) 7 HE/ T HE B, 0. 282932, £, (176Ma) Ky
9.49, B Br H B AE W (1o, ) y 614Ma, FHEAR 15 4> 53
B9 HE/ T HE HUAE F i —3, SEFIAE 0. 282617 ~ 0. 282697 , il
FOEHIE A 0. 282649 +0. 000014 (20, n = 15) , &, (176Ma)
JEEE -1.69 ~ + 1. 12 JAUEHIfE R -0.58 £0.51, —F
Bt °HE B (o ) 2L Dy 1150 ~ 1322Ma, 2F- 152
1218Ma, PUEEFILE R R & (193Ma 224Ma) H 4 4K 55 4 1

K SE0 R ALBRR T A0 R R 5 B 0945 % U-Pb 41 Husk AL 442 B ps, ) 475

HI [7] {37 28 B RIE 5 AT A AR I B4 B AR R

4.5 B LEME(GW05129)

SRR RO B 7 U-Ph AF 1% HB— 80, 85 40 Tl £ 22 1
3 b B H — O HE T HE A R RE S )R R 2E
0.282877 ~ 0. 282998 = [a], Jl /L F ¥ {H v 0. 282931 =
0.000017 (20,0 =20) , e, (171Ma) 3k +7.25 ~ +11.64 )i
PO +9.27 0,60, —BrBe HE BIRAEIE () I/,
1 493 ~754Ma Z 6], 39k 624Ma.,

5 Wi

5.1 TREREBEK

FPAKEAR X AL 1 5 1) 5 47 AR 4f 3222 4 K-Ar 351 Rb-Sr
AR AR AR  VEAN A S A AR YR A .
F K-Ar (R R BABARA B R, P ax 28 K-Ar 4 i ASfE
WER S W S 120 25 S R, X F Rb-Sr 42 AR i 4R 3k
S5 AR B AMILER 26 X SE A8 i 2 T A 1 & B 1Y
B A s s A TR YL VR T, 30 Rb-Sr S5 I 26 45 i
(57 U AE o

LA B T A AT SRR e AR TR B s A R A
B BAT IRl AR W B0, S AR AR L 5 Al - R I T —
T b AR B AL T 7R ik R e b S AR AR
LR DRE) P — RO A K (0.5 ~ Tm) LS T
838.8Ma 1) K-Ar 4. 1 F 2 bk 5 25 7R Z 8] 1 ¢ R A B
B, N Z T K-Ar B 00 A (5 PR A5 TR, FRATTEAS RE X AR
HEARIEAY . 85 e T 2 R TE LA 5 Al i A e o Rty
ARAERE , EEARE R Z AR KA T Rb-Sr 225 S0 2k
AL 55k 458 Ma 1 447 Ma , {H ELAACRAE ik 0 Hb 5T 1R LA
T, AR SR AR W LG B . X R P AR R
PRBEHIT A E AW B AR AR B 2, R ARG XS BB ) T R
TE B A AT BT AR — N RE S [ F AR RS Ol 229. 2Ma, {H
A AN 5 7 e AR TR, BRAE 1L PR TE JEAE L I i Ak
Y45 B3R5 308 Ma 1328 + 170Ma B4 K-Ar 4B . Bi—4
AR IR ZE VU IR TR, J5 — A7 8 1A 15 25 10 LK K, AS B M A
S WA R 25 A o

ARSON a5 AMREMEE AR 6 SRR B AT U-Ph [Hl {3
R eSS L R T R85 £1 U-Pb 4F 1% 188Ma,
IEALA E RGBS A U-Pb 4E 1%y 190Ma, 2448~ B i 5 1A 1Y
B0 U-Pb 4%k 178Ma, 38 R f] T 2R A4 41 U-Pb 4F %
176 ~ 181Ma, SBAE 11 4K (1 #%5 47 U-Pb 4E % 171Ma, 4% 3¢
JII R P s 1 49 o ELA T S iR B 1) T SR S A, i
B b B A0 B S 200 T U-Ph 3 ANk b 2 FLRH T, 36 3%
SEAE A AR AR AL LS S A o T DALk 5 AR
R AR E 22

£ WU W NP RN I R (| o A e SR BV S
FLHE W3], 4351 188 ~ 190Ma il 171 ~ 181Ma, AR SCHRFEY
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AR GO RS 2 LI B AR 2 AR 1 5 Y
BiA7 U-Pb AR IR ZEFESE A n] LAXT HE (28 pE 545, 19995 B
45,2003 ; & 3CHZ,2005b)

5.2 BERMER

—MIN KA IE e (1) {EMIAE R A £k B 5 5 g
SN 7 JBT 0 T R A 1) AR A ) SO T T L T AR X
R AL Bl JE A0 L A TR Ml 58 5 A R A ke . AR X
PR AL XA 1 HE R0 28R B R (e (1) = -2.82
~ +11.64) B TSR RR X 9 5 1) Bk . BEAE LA 1A
(GWO05129) Hygk 41 " HE/' HE FLE e (7)o (1) 055
K+ 11,64 AR5 b 2 (16 8) , HARRR (1 — B B HIE B
AR (0.47 ~0.72Ga) e We LR X 4y 51 oy A6 7 I TR L =5
P TR AL A R SR I . IE U R (GWO05067 ) 2%
AE-FHE 8 2 R (GWO05085 ) | X 2 fi) T 4 f& (GWO05112,
GW05120)4 A~ KE i 1 85 417 HE/' HE He A 46 43 A 16
0.2826 ~0.2827 Z A (& 7) e (1) H -2.82 ~ +2.82 4}
A T ERBLIS A1 R B (1] 8) , oA & i — B Br HE 51 204F i
CF¥24 1.2Ga) e 75 X AT /- Sk oG iy A1 26 1 52 4
o T R 7 A (GW05099) 4% 4717 HE/' HE B A A
eu ()N T FIRZFHZ B (K 7.8) AH £, (1) B IE,H
TR B HE AR U AR T IE AR S R 2 Ae- B A R
FIXG ) ik, o T AR Ll i AR Bz R 1 T 2 1T g
PUBC i ARG 2R 52 W I (AL E AR 5 R D% AE-F 5 il
AFIG R fa) TA I B ) O 3 RIS AT 8 A 08 2 1
FE T (S BAE L A R TS ) DTk . B A X R 2 20
654 2 1 U5 DX o T AT PSSR, B S A 38 A 1) 4 2
SEH)TRUET TG AR A I S T, 3 5% S AR 1 T )
AIRER PR WA UG A e ) TR G

121 : f\
10l g 7
8l
e : : :
g ; : :
GW05099 | GW05129
41 : -
24
0 + + § } H
0.2825 002826 02827 02828 02829 0.2830
176Hf/177Hf

K7 AR @AE R BUa A Y BE R4 R U fE

(R A3 U-Pb Sl A A SR — BB O T RIGLR T EUR)
Fig. 7
northeastern part in the Da Hinggan Mts.
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WUR A A PR Sr A% Yb FIMIG Sr i Yb PIZRAE R & 1Y
HE [ (3 5 -5 B WL 225, W& T Sr % Yb B
TEBURN S SR Se i Yb B AR B B s 1 s e fa) 1
PREAT ALY HE [ 07 38 ZH SRR 2CAF i, S e T 51X
Py ARG A QAR I M e B, T % 2 MR ) R AR 11
PRI U A A 7 39 A e 5, UK oy A b R A 3 K
el -2 PR U Ay 3 I oty A A A 0 A e ) B R S
DRI 075 vl A 3t R R 2 Ml R A 7 3 A= I (1) 7 T A7 A2
WA A 22 55 LA A A e A A R O R ol 4 st e L
A —E IR

5.3 WRILKEKE BB FH 4

BT — S H AR P E AR B AR AUE AR R, 32
HEAREE R K F —EBRK T A (adakitic rock ) 88 FR Ky
“C7AIRIA 5 A ( C-type adakitic ) (3RS, 20015 VR4kIE5E,
2001; F5R%F,2002; XNLLHS,2002; 2R EE,2004) , FE4E
T2 e AR 2 2 T PR A A N R T 5 1 P
B2 R . SRR (2005 ) 45 A E AR A AR AR AE
A AR 43 A e Se Al Yb RIMIG Sr i Yb B AE R, Hih
At A S ik Yb B e g FIZR L (2GRS X ) &
AR Sr i Yb B XF T R Se AR Yb 28 BT IRIK FOE AR
AR Se i Yb & IE R A7 AR R Z (R I 28 56 R AR A
156 R 7 18 PR T AR X 4520 ¢

A SrAlk Yb TUAE 5 5 DL s fR (AL Oy 14,45 ~
17.6% ,F-¥ 0 16.2% ) (&4 (Na,O: 3.28% ~4.48% ) &
Sr (554.9 ~1019. 6pg/g) RFI T HEM + K (Yb: 0.52 ~
1.86wg/g) M5 adakite &5 A1), {H 5 #AKI[Y adakite A A0,
K,O & B4 (K,0=1.82 ~4.3% , F¥h 2.87% ) , B
LR SR S A A R adakite 5P K, 0 F i
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(~1.72%) @M% . SHEAEBEAN(Mg": 0.29 ~0.57 74
9 0.43) R EITCR & AR AL (Cr P22 21. 3 pg/g, Ni
A 9. 05pe/g) o BRI AT L, A X & Sr A% Yb HUAE b 5 10
HOERAG 2R SR PR 4 i 1) 5 adakite 5 AR TES — &
B 2250 , AN AR AR i ) SR adlakite 5, 155 595 3
ST R 1 C” B adakite 5 AL (5RIESE,2001) o AR XA
Sr R Yb JBUAE i 7 Y TG R MR A A AR RS T AR 4L i o
PR o

ANFHASTCER B LU ARLTE T 70 6 Rl R 73 B 205 d i e b AN &
AR FTATEAR AR b S e YR DX ) TS o0 A 6 A, A 7o
2548 1% 5 1) Nb/Ta Nb/Th ,Ta/Th,Ce/Pb } La/Ce #11 Nb/U
FEAAALR , Sz e — 3% Z 1] Al B8 A [ e J 38 A OC R B BATAH
[F)/ AR AR I I a) o A IXPIZRAE G a BRI BA Y 2 B0 R
RN FETR R REGES, SR B ME TR
Ni Cr.Co V&£ WA Y . WZRAE K e B AR Y Sr-
Si0, 8 Ak (1 9) 1M HINAC A WA Sr i Yb [
BRALZZRE , R WMIC St Yb fE R A A AT RE & =i Sr ik Yb
PB4 G 73 S AL )

ANIR) JC 3R AE R R ) [8) #4534 (Evans and
Hanson,1993) , DL KA ¥ 9 Fe e M5 e 1 (R IE ) IR R e
BUA W WLy AR AL W) B K (Rapp et al. ,1991; Rapp and
Watson,1995) . /&4 HEj KT adakite BT IERAFTES i, (H
S AR BE A R R R B E K T adakite B PR AT SE
FeW] , adakite & HTE 0T 888 19 B I 422 AT 3ER
(Defent and Drummond, 1990; Rapp et al. ,2003; Martin et
al. ,2005; 5KIHAF,2005; F JE4F,2004) , REEEER A A1 72K
T 1.2GPa LTI, TRHC A A TRE A2 A AT, 5
ARSI RE LA B AT adakite 3 BRAL" 2@ ME .
JIRR, A DX Se AR Yb BUAE A mOAR R[] T i B
adakite , (HAR ZRFAIE TE 2R BL T 5K LS5 (2001 ) i &) 73 9 €7 £
adakite, I, FATIA , A0 Se ik Yb BUAE R ETE LT
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Fig.9 The relationship diagram between Sr and SiO, of the

two type granites
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BRI 58, M St Yb RUAE R A 0 T REE 1 T
RISy st 7e

ZRACHE DX A T30 o 2% 55 LT foe AR S 14 /N % 22 U - T
AW 3t DX R AR B o B AAR S 20 0 T2, 1) e 4 2 SiE
X, S QAL R U AR 1) R R A (AN AT 45,2001 5 5HE
&% 2002a,2002b,2004 ; 1K A5 ,2003) , AR SCHFGE IR E 42
AE R L TZAE b il i de i, J8 T B AR X PR 2 42
FERAN I — 7. ROCEW IR S LA A A S
TN -5 AW A 0 DA ) ) 25 A1 2H 5, B EAAE B
WA RAER A T, DR AN S IERAEN S, 2
O HERR TS A BR L R A R AR B G T RAE R e, B
PTG SRR GAE R A B E A ALE R IE . Pk, Bk
BILAE B A IS G0 A B A 2 S ARG 7 T B T
8 K Rl 2 2% K 3 9 5 (9D 18 4, 20055 & SCHR A,
2005b) , BI-55t ACF-PE B IR oA 56

AR XKD L RAE R E AR T e R s 4 oG &R
(L] AP AR (< 10Ma) | W2 ] — FA93 PAR 7 T 97 490
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— P AT RE AR R , 75 1l AP AR R A oh 7 55, H7e A
[RI R BE 1 A AR [ e A B s il 702 AN [ 2R B ) 4E
FUE M o XEEEITT A TREE M A I LTt AL ff e B
RAFERALZ AL I AE R o /NS ZIe—5K ) A I i IX
UK 30 3 [X AR 2 20 AE b e AT 5 AR IR AL B ReAiE ( AV
A4E,2005 5 5K K EF,2004) AT AT RE A A R 1 3 Bk S
T2 S AR L]

6 &g

(1) K% 22 We 75 Jb B M X AE i) %5 5 41 19 LA-ICP MS
U-Phig 44 SRR, A XU D ety A A oty A AUR e oy
HEARIIAE R A A A 2 — A P R AR R o, FAR Ao
25 A 190 ~ 171Ma,

()W XARF LAE R A VB R IN K A R AIER S
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RBEATR], HIE BT oy P PR R B AR o 5 5 R, e AN [
TRBESA A0 R o A A

Brgt SRR R B st B Bk BRE S B B A T B
£1 CL BMERRAE VU AL R 23t 5~ SN AE S 41 U-Pb i1
Rerp EBRA BT N HUER A=A 0T R0 BRI PR AR AE 3= Rl
JERIMT IR AR



478

References

Anderson T. 2002. Correction of common lead in U-Pb analyses that do
not report **Pb. Chem. Geol. , 192 59 =79

Atherton MP, Petford N. 1993. Generation of sodiu-rich magmas from
newly underplated basaltic crust. Nature, 362 . 144 - 146

Bicherl TJ, Albarede F. 1997. The Lu-Hf isotope geochemistry of
chondrites and the evolution of the mantlecrust system. Earth and
Planetary Science Lettsrs, 148.243 —258

Chu NC, Taylor RN, Chavagnac V et al. 2002. Hf isotope ratio analysis
using multi-collector inductively coupled plasma mass spectrometry :
an evaluation of isobaric interference corrections. J. Anal. At.
Spectrom. , 17 1567 — 1574

Defant MJ and Drummond MS. 1990. Derivation of some modern are
magmas by melting of young subducted lithosphere, Nature, 347 .
662 - 665

Drummond MS and Defant MJ. 1990. A model for trondhjemite-
tonalitedacite genesis and crustal growth via slab melting: Archean to
modern comparisons. Journal of Geophysical Research, 95 (13):
21503 -21521

Evans OC and Hanson GN. 1993. Accessorym ineral fractionation of
rareearth element ( REE) abundance in granitoid rocks. Chemical
Geology, 110: 69 -93

Ge WC, Wu FY, Zhou CY, Abdel Rahman AA. 2005a. Emplacement
age of the Tahe granite and its constraints on the tectonic nature of
the Eguna block in the northern part of the Da Hinggan Mts . Chinese
Sci. Bulletin, 50 (12): 1239 - 1247 (in Chinese with English
abstract )

Ge WC, Wu FY, Zhou CY, Zhang JH. 2005b. Zircon U-Pb ages and its
significance of the Mesozoic granites in the Wlanhaote region, central
Da Hinggan Mountain. Acta Petrologica Sinica, 21(3); 749 - 762
(in Chinese with English abstract)

Ge XY, Li XH, Chen ZG, Li WP. 2002. Geochemistry and petrogenesis
of Jurassic high Sr/low Y granitoids in East China : Constrains on
crustal thickness. Chinese Science Bulletin, 47;961 — 968 ( in
Chinese with English abstract)

Ge WC, Sui ZM, Wu FY, Zhang JH, Xu XC, Cheng RY. 2007. Zircon
U-Pb ages, Hf isotopic characteristics and their implications of the
Early paleozoic granites in the northeastern Great Xing’an Range,
northeastern China. Acta Petrologica Sinica, 23(2) :423 - 440

Heilongjiang Bureau of Geology and Mineral Resources. 1993. Regional
Geology of Heilongjiang Province. Beijing: Geological Publishing
House, 1 =734 (in Chinese with English abstract)

Hong DW, Wang SG, Xie XL, Zhang JS. 2000. Genesis of positive & (
Nd, t ) granitoids in the Da Hinggan Mts-Mongo-Lia orogenic Belt
and growth continental crust. Earth Science Frontiers ( China
University of Geosciences , Beijing) ,7 (2) :441 - 456 (in Chinese
with English abstract)

Jahn BM and Zhang JQ. 1984. Archean granulite gneisses form eastern
Hubei Province, China : rare earth geochemistry and tectonic
implication ; Contrib. Mineral. Petrol. , 85, 224 —243

Kay RW . 1978. Aleutian magnesian andesite: melts from subducted
Pacific ocean crust
Research,4:117 - 132

Li CD, Zhang Q, Miao LC, Meng XF. 2004. Mesozoic high-Sr, low-Y

and low-Sr, low-Y type granitoids in the northern Hebei province:

Journal of Volcanology and Geothermal

Geochemistry and petrogenesis and its relation to mineralization of
gold deposits. Acta Petrologica Sinica, 20 (2): 269 - 284 (in
Chinese with English abstract)

Lin Q, Ge WC, Wu FY, Sun DY, Cao L. 2004. Geochemistry of

ELF| 2007, 23(2)

Acta Petrologica Sinica

Mesozoic granites in Da Hinggan Ling ranges. Acta Petrologica
Sinica, 20(3) : 403 =412 (in Chinese with English abstract)

Liu HT, Sun SH, Liu JM, Zai MG. 2002. The mesozoic high-Sr
granitoids in the northern marginal region of North China Craton
geochem istry and source region. Acta Petrologica Sinica, 18(3):
257 —=274(in Chinese with English abstract)

Martin H, Smithies RH, Rapp R, Moyen JF, Champion D. 2005. An
overview of adakite, tonalite-trondhjemite-granodiorite ( TTG ), and
sanukitoid ; relationships and some implications for crustal evolution.
Lithos, 79: 1 -24

Miao LC, Fan WM, Zhang FQ, Liu DY, Jian P, Shi GH, Tao H, Shi
YR. 2003. SHRIMP zircon geochronology and its implications on the
Xinkailing-Keluo comlex, Norhwestern of Lesser Xing’an Range.
Chinese Science Bulletin, 48 (22) : 2315 —2323 (in chinese)

Qin KZ, Li HM, Li WS, Ishihara S. 1999. Intrusion and mineralization
ages of the Wunugetushan porphyry Cu-Mo deposit, Inner Mongolia,
Northwestern China. Geological Review, 45 (2): 181 - 185 (in
Chinese with English abstract)

Rapp RP, Shimizu N, Norman MD. 2003. Growth of early continental
crust by partial melting of eclogite. Nature, 425:605 —609

Rapp RP, Watson EB, Miller CF. 1991. Partial melting of amphibolite/
eclogite and the origin of Archean trondhjemites and tonalities.
Precambrian Research, 51 1 -25

Rapp RP, Watson EB. 1995. Dehydration melting of metabasalt at 8 —32
kbar: implications for continental growth and crustmantle recycling.
J. Petrol, 36:981 -931

Soderlund U, Patchett PJ, Vervoort JD, Isachsen CE. 2004. Thel76Lu
decay constant determined by Lu-Hf and U-Pb isotope systematics of
Precambrian mafic intrusions. Earth Planet. Sci. Lett. , 219; 311 —
324

Sun DY, Suzuki K, Wu FY, Lu XP. 2005. CHIME dating and its
application for Mesozoic granites of Huanggoushan, Jilin Province.
Geochimica, 34(4) ;306 —314 (in Chinese with English abstract)

Sun DY, Wu FY, Gao S. 2004. la-icpms zircon U-Pb age of the
Qingshui pluton in the east Xiao Hinggan Mountains. Acta
Geoscientica Sinica, 25 (2):213 - 218 (in Chinese with English
abstract)

Sun DY, Wu FY, Lin Q and Lu XP. 2001. Petrogenesis and crustmantle
interaction of early Yanshanian Baishishan pluton in Zhangguangcai
Renge. Acta Petrologica Sinica, 17(2) ; 227 —=235(in Chinese with
English abstract)

Sun DY, Wu FY, Li HM and Li Q. 2000. Emplacement age of the
postorogenic A-type granites in Northwestern Lesser Xing’an Ranges,
and its relationship to the eastward extension of Suolunshan-
Hegenshan-Zhalaite collisional suture zone. Chin. Sci. Bull. , 45
(20) : 2217 —2222 (iin Chinese)

Sun SS, McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and processes.
In: Magmatism in the Ocena Basins ( Saunders AD and Norry MJ,
eds. ), Geological Society Speciety Special Publication, 42 313
-345

Veevers JJ, Saeed A, Belousova FA et al. 2005. U-Pb ages and source
composition by Hf-isotope and trace element analysis of detrital
zircons in Permian sandstone and modern sand from southwestern.
Australia and a review of the paleogeographical and denudational
history of the Yilgarn craton. Earth-Science Reviews, 68 ;245 —279

Wang Q, Xu JF, Zhao ZH, Wang RJ, Qiu JX, Bao ZW. 2001. The
petrogenesis and geodynamic significances of HREE depleted
granitoids during Yanshan period in the Dabie Mountains. Acta
Petrologica Sinica, 17 (4): 551 — 564 (in Chinese with English
abstract )

Wu FY, Jahn BM, Lo CH, Yui TF, Lin Q, Ge WC, Sun DY. 2003.



Highly fractionated I-type granites in NE China (1) : Geochronology
and petrogenesis. Lithos, 66 241 -273

Wu FY, Sun DY and Lin Q.
granites and crustal growth in Northeast China. Acta Petrologica
Sinica, 15(2): 181 =189 (in Chinese with English abstract)

Wu FY, Sun DY, Li HM, Jahn BM, Wilde S. 2002. A-type granites in

northeastern China; age and geochemical constraints on their

1999. Petrogenesis of the Phanerozoic

petrogenesis. Chemical Geology, 187 143 - 173

Wu FY, Sun DY, Li HM and Wang XL. 2000. The zircon U-Pb ages of
Songliao basement rocks. Chin. Sci. Bull. , 45. 656 - 660 ( in
Chinese)

Wu FY, Yang JH, Liu XM. 2005. Geochronological Framework of the
Mesozoic granitic magmatism in the Liaodong Peninsula, Northeast
China. Geological Journal of China Universities, 11(3); 305 —317
(in Chinese)

Wu FY, Yang JH, Wilde SA, Zhang XO. 2005. Geochronology,
petrogenesis and tectonic implications of Jurassi granites in the
Liaodong Peninsula, NE China. Chemical Geology, 221 127 - 156

Wu FY, Yang YH, Xie LW, Yang JH, Xu P. 2006. Hf isotopic
compositions of the standard zircons and baddeleyites used in U-Pb
geochronology. Chemical Geology, 234:105 — 126

Woodhead J, Hergt J, Shelley M, et al. 2004. Zircon Hf-isotope analysis
with an excimer laser, depth profiling, ablation of complex
geometries, and concomitant age estimation. Chemical Geology,
209: 121 -135

Xiao L, Robert P RAPP, Xu J F. 2004. The role of deep processes
controls on variation of compositions of adakitic rocks. Acta
Petrologica Sinica, 20 (2):219 - 225 (in Chinese with English
abstract )

Xu P, Wu FY, Xie LW and Yang YH. 2004. Hf isotopic compositions of
the standard zircons for U-Pb dating. Chinese Sci. Bull. , 49 (14) .
1403 - 1410 (in Chinese)

Xu JF, Wang Q, Xu YG, Zhao ZH, Xiong XL. 2001. Geochemistry of
Anjishan intermediate-acid intrusive rocks in Ningzhen atea:
Constraint to origin of the magma with HREE and Y depletion. Acta
Petrologica Sinica, 17 (4): 576 — 584 (in Chinese with English
abstract )

Yuan HL, Wu FY, Gao S, Liu XM, Xu P, Sun DY. 2003.
Determination of U-Pb age and rare earth element concentrations of
zircons from Cenozoic untrusions in northeastern China by laser
ablation ICP-MS. Chin. Sci. Bull. , 48 1511 - 1520(in Chinese)

Zhang JF, Li ZT, Jin CZ. 2004. Adakites in northeastern China and
mineralized implications. Acta Petrologica Sinica, 20(2): 361 —
368 (in Chinese with English abstract)

Zhang Q, Li CD, Wang Y, Wang YL, Jin WJ, Jia XQ, Han S. 2005.
Mesozoic high-Sr and Low Yb granitoids and low-Sr and high-Yb
granitoids in eastern China; comparison and geological implications.
Acta Petrologica Sinica, 21 (6): 1527 — 1537 (in Chinese with
English abstract)

Zhang Q, Qian Q, Wang EQ, Wang Y, Zhao TP, Hao J, Guo GJ.
2001. An east China Plateau in mid-late Yanshanian period:
implication from adakites. Scientia Geologica Sinica, 36(2) ; 248 —
255(in Chinese with English abstract)

Zhang Q, Xu JF, Wang Y, Xiao L, Liu HT, Wang YL. 2004. On the
diversity of adakite. Geological Bulletin of China, 21: 431 —=435(in
Chinese)

Zhang YB, Wu FY, Li HM, Lu XP, Sun DY and Zhou HY. 2002b .
Single grain zircon U-Pb ages of the Huangniling granite in Jilin
Province. Acta Petrologica Sinica, 18(4) ; 475 —481 (in Chinese)

Zhang YB, Wu FY, Sun DY, Li HM. .2002a. Single grain zircon U-Ph
Ages the “Earcynian” Miantian granites and Zhongping hypersthene
diorite in the Yanbian Area. Geological Review, 48(4) . 424 —429

W LRI T A R R B G 094 6 U-Pb F#5 IR AR R R, B 479

Zhang YB, Wu FY, Zhai MG and Lu XP. 2004. The tectonic attributes
of the Helong block and the eastern borderline of the north margin of
North China. Science in China (D), 34 (9): 475 - 481 (in
Chinese)

B HR 3L S = 3k

HIE, R0, K 55, Abdel Rahman AA. 2005a. K242 04 10 HRIE
T AR b o AR AR A B 85 2K ok 4 e Bty 33 U1 i ) 0 4.
#%,50(12) : 1239 — 1246

SR, B4R, BT 5K 5. 2005b. K422 R I 22 ek
KA AL R 145 77 U-Ph 4R I8 T b 5 2 L. A 231, 21
(3): 749 - 760

B, FEIRES, RARTC, sk 6 M, faf Al B . 2007, K2 LIB AR
IR AR AR 1 5 U-Ph 4R HI [7] {37 22 485 iF J i 5 7%
X B A%ER,23(2) ;423 —440

ZEHRAE RSN, ZE AR 2002, H [ AR aE LU 0w S Ik Y A

FR IR R P IR A 2 A R PR « o o 45 3 7 5 BE
2y, Bl ,47(6) :474 - 480

BT A MRS 7 )R, 1993, B p v XK skt i . JbEC . M AR
.1 -734

UL, FUB, A, Tk 2R 2000, 2452 E LA IE S (Nd 1) {7
i) 7 10 R R R B b e AR K MBS R, 7 (2) « 441 —456

ZEIRIR, TRHE, TR A, 5 B0 2004, FEAL A AR Se % Y AIMIG Sr I
Y RUAE B BRI BRI E R A A R,
20(2) :269 -284

R, B SO, SR, PV, AR 2004, R 24204 A AR K B 1Y
BRI, H AR ,20(3) : 403 -412

XLV, IMIEAE XA, 22 0 ). 2002. Aedb s b im Jb 2k v A 40 5 5
BB A 2  HER AL SR X MR 5 A 23R, 18(3) 1257 - 274

TR AL, R, , TR, X B — , %, it 6, B, A R 35 2003.
AN PG ER B FE U4 FL I 44 4 4 1 SHRIMP 4F AR 22 57 2
HoE S BlgE R, 48(22) 1 2315 -2323

Tt AR, 2550, Ishihara Shunso . 1999. P52ty 1% A% ik 1L B
Y IR L IR, bR 45 (2) : 181 - 185

IMEAT B ARTIE, S48 0, 221 2005, 75 4R g #6318 1 LU H X o
HARAE X A CHIME & 4F. HiEkfb2¢,34(4) : 305 -314

IMVEA , SRAR TG, =110, 2004, /NDLEEES AR ERE K A TR B A OB
£ U-Pb AE 8T . baR44R ,25(2) : 213 -218

MR, RAETC, 2R FRER. 2000. /N2 IETE I G Y L A R4
B IS S 5 2R L -BAR L -FL R AR R DO AR HE AR 4 R
Bl2#iE R ,45(20) :2217 -2222

IMEAT , RAEIC, PR 22, 2001, 5K ) A U T L S 1A L AHA
R S e AR AR . A AR 17 213 - 218

TR, Rk R, NGB, IR, A R AT 2001, I ke L
T OGRS RUE K B R A R 1T
(4): 551 - 564

RARTC, IMEA B R, TERAK. 2000. ¥ 1T 75 Hb 3L i 5 A 45 47 U-Pb
AR RI2E5EAR 45 :656 — 660

SEARTT, PMEAT  ARAE. 1999, A6 Hs X B A 1 A€ 5 A A R 5 5T 3
AL m AT 2EAR ,15(2) :181 - 189

ST, M /INEA. 2005, 30 7R 8 AR ARAE T SRR I AR



480

PR, BIRHBITREAR L 11(3) « 305 -317

i Ji, Rapp R P, Ak 2004, Vi BT 12 5 0 2 45 AR 43 0 )
2. BAFIRL,20(2) 219 =225

BT, ST S 4 45 . 2004, U-Ph (7 3126 2 AP 4% €3 10 HE
[F 2. BlaFmiR ,49(14) 11403 - 1410

VELkUE, E3, R, B ARAE , R/, 2001, 5L X A U2 AL
MG AE B BRI« 7 $5L TR £ 162 020 72 1
Hl. AR, 17(4) 576 - 584

LR, ST, B AL BN, 4 ST 2003, o [ 4R A2 X
(AR RO AT WOIRE I 5 5 £ TE 2 RAMIT : i
HEBR A3 5 2 FH R 52 40 T (0 . BH34R, 48 1511
- 1520

AT &, 222 I, e R 2004, oft i ACILHR IR Y ik 5 4 % LR
. BHAIL20(2) : 361 -368

I, A TRAR, ENG, EC e, A (R, B B, L. 2005, o [E AR o

ELF| 2007, 23(2)

Acta Petrologica Sinica

A AR SrfIk Yb FIG Sr 5 Yb RUAE i - X b S HHb R .
L ,21(6) 11527 —1537

R, BT, E L, FAE RO A, FO6ZE. 2001 1L Y
CRERTEE IR RIB VA IR R HERRY: 36 248 - 255

SRIE, VEARIE, TAG, IR, XL, Fou e, 2004. 55K v A B ZREHE.
HiUT R ,23 0 959 - 965

o, ARG, R ER, FEFOF, VB A, LI TE. 2002b. AT
WATE R 5 PR I B RSURL 25 47 U-Pb 4R 8%, S A124 4k, 18 (4) : 475
-481

TR, RAETT, W, PR 225 2004, F1 0% b He i #4  J8 1E 5 A b
WEICGARBIA . P EFE(D %) ,34(9) : 795 - 806

TRHEE, AR TC, PMEAT , 25 IR, 20022, FE 1 BRI TG K FH AL 1K
R EE S TR A I A 1 B BURL £ 1 U-Pb 8 4F. M8
P,48(4) ; 424 —429



