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Abstract: Laoshan granites are widely distributed in Jiaodong area. Their typology, magma source and petrogenesis
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are still controversial, and the magmatic evolution and petrogenesis of highly fractionated I-type granite have not
been well constrained. In this study, the Laoshan Early Cretaceous granites are selected as the research theme. The
granites are analyzed by petrology and petrography, whole rock major and trace elements, zircon U-Pb dating and
Lu-Hf isotopes, plagioclase electron probe analysis. LA-MC-ICP-MS zircon U-Pb dating results show that the dia-
genetic ages of quartz monzonite, monzogranite, syenogranite and granitic porphyry in Laoshan are 128. 6+2.7 Ma,
122.8+2.5 Ma~118.6+1.2 Ma, 121.5+2.7 Ma~121.3+1.2 Ma and 114. 5+1.2 Ma, respectively, indicating
that they were all emplaced during the Early Cretaceous. The geochemical composition of Laoshan granites show
high contents of silicon and alkali, low abundances of aluminum, magnesium and iron. They are also depleted in
Rb, Th, U, Ba and Sr, with significant negative Eu anomaly. The zircons ¢Hf(¢) values of Laoshan granites range
from =21.0 to —15. 1, and Hf isotope second-stage model ages (ip,,) range from 2 482 to 2 149 Ma. Based on
mineralogical, petrological and geochemical evidence, the quartz monzonite and monzogranite are I-type granites,
and the syenogranite and granitic porphyry are classified are high fractionated I-type granites. Combined with the
previous researches results in Jiaodong area, in the extensional tectonic setting generated by the subduction of the
Paleo-pacific plate, magmas from the asthenosphere underplated into the lower crust, inducing partial melting of the
lower crust material to form felsic magmas. After different degrees of fractional crystallization and evolution of felsic
magmas, granites with varying degrees of differentiation in Laoshan area are formed ultimately.

Key words: Jiaodong area; highly fractionated I-type granites; petrogenesis; magmatic differentiation; paleo-pacif-
ic subduction
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Fig. 1 Simplified geological map showing the tectonic subdivision of the North China Craton, with distribution of the basement

rocks (a, after Goss et al. , 2010) , distribution of the Mesozoic intrusive and eruptive rocks in the Jiaodong Peninsula (b, after

Gao et al. , 2019) and geological map of the Laoshan granitic complex and sample locations (¢, after Yan and Shi, 2014)
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Fig. 2 Photographs in the field and photomicrographs in cross-polarized light of Laoshan granites
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# 1 BFLEREHEA U-Pb FREHE
Table 1 Zircon U-Pb isotopic data of the Laoshan granite
wy /107 Rl 22 Mo i AEIE/ Ma
MZE &5
Pb Th U 207 Pb/ZU()Pb 20_ 207 Ph/235U 20_ 2()6Pb/238U 20. 207Ph/235U 20. 206 Ph/238U 20.
KV AP R (R s e 2 B A AR - N36°3745. 147, E120°2273.6")
210DT-TWI-1 15 102 69 1.47 0.0507 0.0045 0.1431 0.0183 0.0201 0.0017 136 16 129 11
210DT-TWI1-2 18 146 72 2,02 0.0543 0.0043 0.1469 0.0127 0.0204 0.001 2 139 11 130 8
21Q0DT-TWI1-3 10 76 47 1.6 0.0535 0.0050 0.1454 0.0164 0.0204 0.001 2 138 15 130 8
21QDT-TW1-4 36 241 200 1.21 0.0543 0.0051 0.1423 0.0144 0.0190 0.0009 135 13 121 6
21QDT-TW1-5 28 228 157 1.45 0.0524 0.0036 0.1417 0.0125 0.0194 0.0009 135 11 124 5
21Q0DT-TWI1-6 17 93 98  0.94 0.0532 0.0051 0.1509 0.0151 0.0209 0.001 0 143 13 133 6
21Q0DT-TW1-7 18 125 92 1.36 0.0535 0.0050 0.1589 0.0170 0.0218 0.0009 150 15 139 6
21Q0DT-TW1-8 27 217 120 1.81 0.0544 0.0029 0.1531 0.0092 0.0208 0.000 7 145 8 133 4
210DT-TWI-9 20 159 118 1.35 0.0472 0.0028 0.1296 0.0081 0.0199 0.0006 124 7 127 4
21QDT-TW1-10 33 221 284 0.78 0.0506 0.0017 0.1443 0.0063 0.0210 0.000 6 137 6 134 4
21QDT-TW1-11 33 269 159 1.7  0.0520 0.0024 0.1393 0.0077 0.0196 0.000 7 132 7 125 4
21QDT-TW1-12 21 160 145 1.1  0.0547 0.0028 0.1439 0.0084 0.0195 0.000 7 137 7 124 4
21QDT-TW1-13 20 148 125 1.18 0.0566 0.0060 0.1566 0.0183 0.0214 0.0017 148 16 137 11
21QDT-TW1-14 18 140 94 1.49 0.0626 0.0126 0.1410 0.0226 0.0198 0.002 0 134 20 127 13
21QDT-TW1-15 18 139 103 1.35 0.0551 0.0037 0.1431 0.0102 0.0194 0.000 8 136 9 124 5
21QDT-TW1-16 9 73 44 1.66 0.0512 0.0055 0.1371 0.0196 0.0207 0.0016 130 18 132 10
TR AR B e (Rl R 28 26 B AR : N36°551. 84" | E120°25754. 21")
21QDF-TW-1 17 150 75 2.01 0.0575 0.0061 0.1359 0.0166 0.0188 0.0016 120 6 120 3
21Q0DF-TW-2 32 268 128 2.1 0.0487 0.0045 0.1266 0.0136 0.0196 0.0012 122 7 120 4
21QDF-TW-3 50 406 152 2.68 0.0510 0.0028 0.1328 0.0082 0.0194 0.000 6 125 6 119 3
21Q0DF-TW-4 13 120 66 1.81 0.0629 0.0066 0.1531 0.0197 0.0206 0.0024 126 19 119 11
HFTIE K AL KA (R S 44 AR5 . N36°9741. 567, £120°30/4. 22")
21QDW-TW-1 43 338 108 3.13  0.0470 0.0024 0.1266 0.0076 0.0200 0.000 9 121 7 128 5
210DW-TW-2 93 781 256 3.05 0.0490 0.0017 0.1286 0.0053 0.0191 0.000 5 123 5 122 3
210DW-TW-3 213 1740 772 2.25 0.0498 0.0012 0.1324 0.0038 0.0193 0.000 3 126 3 123
21QDW-TW-4 21 213 78 2.74 0.0569 0.0107 0.1370 0.0252 0.0186 0.0021 130 23 119 13
21QDW-TW-5 15 111 64 1.73 0.0564 0.0057 0.1397 0.0178 0.0191 0.0029 133 16 122 18
21QDW-TW-6 47 367 167 2.2 0.0562 0.0046 0.1388 0.0116 0.0185 0.0010 132 10 118 6
21Q0DW-TW-7 38 380 102 3.73 0.0512 0.0051 0.1216 0.0119 0.0178 0.001 1 117 11 114 7
210DW-TW-8 18 154 76 2.03 0.0500 0.0058 0.1198 0.0161 0.0172 0.000 9 115 15 110 6
210DW-TW-9 11 93 45 2,07 0.0490 0.0072 0.1395 0.0243 0.0200 0.002 1 133 22 128 13
21QDW-TW-10 28 263 112 2.34 0.0462 0.0042 0.1178 0.0123 0.0186 0.000 8 113 11 119
21QDW-TW-11 8 71 49  1.45 0.0532 0.0056 0.1443 0.0273 0.0202 0.0026 137 24 129 16
KRR A TE i (R s 24 B Ak AR . N36° 14728, 947 | £120°33'29. 35")
21Q0DD-TW-1 57 445 274 1.62 0.0488 0.0021 0.1259 0.0066 0.0188 0.0005 120 6 120 3
210DD-TW-2 95 854 230 3.71 0.0487 0.0021 0.1275 0.0072 0.0187 0.000 6 122 7 120 4
210DD-TW-3 65 551 254 2.17 0.0512 0.0022 0.1308 0.0063 0.0187 0.000 5 125 6 119 3
210DD-TW-4 22 223 58 3.87 0.0656 0.0095 0.1324 0.0216 0.0186 0.0017 126 19 119 11
21QDD-TW-5 176 1450 477 3.04 0.0478 0.0020 0.1237 0.0062 0.0188 0.0005 118 6 120 3
21Q0DD-TW-6 62 509 204 2.49 0.0531 0.0040 0.1354 0.0103 0.0186 0.000 7 129 9 119 4
21Q0DD-TW-7 10 90 66 1.37 0.0469 0.0067 0.1323 0.0286 0.0203 0.001 8 126 26 130 12
210DD-TW-8 131 1088 533 2.04 0.0494 0.0014 0.1266 0.0040 0.0186 0.000 4 121 4 119 2
21Q0DD-TW-9 179 1551 499 3.11 0.0525 0.0023 0.1305 0.0063 0.0180 0.000 4 125 6 115 3
21Q0DD-TW-10 82 654 384 1.7 0.0454 0.0018 0.1140 0.0053 0.0181 0.000 4 110 5 116 3
21Q0DD-TW-11 18 160 72 2.23 0.0543 0.0058 0.1286 0.0153 0.0189 0.001 4 123 14 121 9
21QDD-TW-12 201 1920 525 3.66 0.0528 0.0020 0.1267 0.0068 0.0172 0.000 5 121 6 110 3
21QDD-TW-13 114 912 435 2.1  0.0494 0.0015 0.1269 0.0043 0.0188 0.000 4 121 4 120 3
21QDD-TW-14 32 264 158 1.67 0.0487 0.0026 0.1276 0.0080 0.0192 0.000 7 122 7 123 5
21QDD-TW-15 141 1120 454 2.47 0.0504 0.0014 0.1278 0.0044 0.0184 0.000 4 122 4 118 2
21Q0DD-TW-16 87 671 337 1.99 0.0509 0.0022 0.1332 0.0064 0.0191 0.0005 127 6 122 3
21QDD-TW-17 160 1287 564 2.28 0.0497 0.0015 0.1269 0.0041 0.0186 0.000 4 121 4 119 2
210DD-TW-18 96 860 193 4.46 0.0500 0.0024 0.1266 0.0066 0.0186 0.000 6 121 6 119 4
21QDD-TW-19 63 489 322 1.52 0.0524 0.0018 0.1348 0.0054 0.0187 0.000 4 128 5 120 3
21Q0DD-TW-20 93 753 440 1.71 0.0475 0.0016 0.1219 0.0048 0.0188 0.0005 117 4 120 3
21Q0DD-TW-21 54 501 117 4.3  0.0534 0.0054 0.1302 0.0166 0.0176 0.0010 124 15 113 7
21Q0DD-TW-22 24 198 114 1.74 0.0485 0.0035 0.1232 0.0103 0.0186 0.000 9 118 9 119 6
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wy/107° [EIVESER E EE/ Ma
W Th/U
Pb Th U 207 Pb/206pb 20 207 Pb/ZKSU 20 2061)1)/238U 20 207 Pb/235U 20 206 Pb/238U 20
21Q0DD-TW-23 81 664 346 1.92 0.0480 0.0016 0.1248 0.0054 0.0188 0.0005 119 5 120 3
21Q0DD-TW-24 46 389 204 1.91 0.0512 0.0035 0.1276 0.0083 0.0186 0.000 7 122 7 119 4
210DD-TW-25 60 491 333 1.47 0.0474 0.0018 0.1217 0.0063 0.0184 0.0005 117 6 118 3
210DD-TW-26 33 295 111 2.66 0.0503 0.0040 0.1281 0.0102 0.0191 0.000 9 122 9 122 6
21QDD-TW-27 46 360 290 1.24 0.0523 0.0023 0.1357 0.0076 0.0187 0.0005 129 7 119 3
21Q0DD-TW-28 110 917 444 2.07 0.0497 0.0015 0.1280 0.0050 0.0187 0.000 4 122 5 119 3
210DD-TW-29 75 623 379 1.64 0.0468 0.0018 0.1182 0.0048 0.0185 0.000 4 113 4 118 3
210DD-TW-30 148 1181 551 2.14 0.0468 0.0014 0.1204 0.0043 0.0187 0.000 4 115 4 119 2
I IE AR AR A (R A 2 26 AR R - N36°14716. 39", E120°39°49. 12")
210DY-TW-1 235 1855 726 2.55 0.0495 0.0012 0.1281 0.0039 0.0188 0.000 4 122 3 120 2
210DY-TW-2 41 346 95 3.63 0.0512 0.0040 0.1357 0.0128 0.0197 0.0009 129 11 126 6
210DY-TW-3 45 345 247 1.39 0.0499 0.0021 0.1304 0.0069 0.0188 0.000 6 124 6 120 3
21QDY-TW-4 353 2753 833 3.3 0.0495 0.0013 0.1280 0.0040 0.0188 0.000 4 122 4 120 3
21Q0DY-TW-5 53 403 222 1.81 0.0482 0.0027 0.1263 0.0095 0.0189 0.000 7 121 9 120 4
210DY-TW-6 102 785 414 1.9 0.0498 0.0017 0.1313 0.0049 0.0193 0.0005 125 4 123 3
21Q0DY-TW-7 43 313 212 1.48 0.0506 0.0023 0.1274 0.0072 0.0182 0.000 6 122 6 117 4
21Q0DY-TW-8 117 888 503 1.76 0.0509 0.0019 0.1298 0.0051 0.0187 0.000 4 124 5 119 3
21Q0DY-TW-9 83 665 333 2 0.0514 0.0020 0.1343 0.0054 0.0192 0.000 4 128 5 123 3
21Q0DY-TW-10 63 527 214 2.47 0.0541 0.0051 0.1414 0.0128 0.0193 0.000 8 134 11 123 5
21QDY-TW-11 376 3106 918 3.38 0.0515 0.0012 0.1327 0.0036 0.0188 0.000 3 127 3 120 2
210DY-TW-12 39 316 178 1.77 0.0482 0.0025 0.1286 0.0080 0.0193 0.000 8 123 7 123 5
21Q0DY-TW-13 87 750 205 3.66 0.0484 0.0024 0.1265 0.0069 0.0192 0.0005 121 6 123 3
210DY-TW-14 91 731 385 1.9 0.0460 0.0017 0.1195 0.0054 0.0188 0.000 4 115 5 120 3
21Q0DY-TW-15 52 405 234 1.73  0.0485 0.0022 0.1261 0.0064 0.0192 0.000 7 121 6 123 4
210DY-TW-16 29 250 102 2.45 0.0565 0.0073 0.1433 0.0212 0.0198 0.0015 136 19 127 9
21QDY-TW-17 346 2842 912 3.12 0.0492 0.0014 0.1316 0.0044 0.0195 0.000 4 126 4 124 2
210DY-TW-18 129 1023 517 1.98 0.0470 0.0016 0.1221 0.0046 0.0190 0.000 4 117 4 121 3
210DY-TW-19 77 602 338 1.78 0.0527 0.0024 0.1376 0.0066 0.0192 0.000 4 131 6 123 3
21QDY-TW-20 93 716 402 1.78 0.0480 0.0018 0.1268 0.0055 0.0192 0.0005 121 5 123 3
21Q0DY-TW-21 65 513 337 1.52 0.0512 0.0015 0.1342 0.0056 0.0191 0.0005 128 5 122 3
21Q0DY-TW-22 45 345 223 1.55 0.0511 0.0024 0.1312 0.0065 0.0190 0.0005 125 6 121 3
21Q0DY-TW-23 62 528 240 2.19 0.0506 0.0023 0.1266 0.0063 0.0185 0.000 6 121 6 118 4
210DY-TW-24 227 1894 615 3.08 0.0510 0.0014 0.1320 0.0043 0.0189 0.000 4 126 4 121 3
B R B (R 2826 BE AL 7 N36°15743. 187, E120°29713. 98”)

21Q0DM-TW-1 65 476 479 0.99 0.0469 0.0015 0.1134 0.0044 0.0174 0.0003 109 4 111 2
21QDM-TW-2 27 211 133 1.6 0.0491 0.0038 0.1171 0.0099 0.0178 0.000 7 112 9 114 5
21QDM-TW-3 154 1217 806 1.51 0.0527 0.0012 0.1308 0.0040 0.0180 0.000 3 125 4 115 2
21Q0DM-TW-4 65 425 762 0.56 0.0498 0.0014 0.1254 0.0044 0.0183 0.000 4 120 4 117 3
21QDM-TW-5 101 839 437 1.92 0.0503 0.0016 0.1190 0.0047 0.0173 0.000 4 114 4 110 2
21QDM-TW-6 108 872 508 1.72 0.0499 0.0027 0.1209 0.0068 0.0178 0.000 6 116 6 114 4
21Q0DM-TW-7 86 674 438 1.54 0.0496 0.0018 0.1210 0.0049 0.0179 0.000 4 116 4 114 3
21Q0DM-TW-8 116 946 504 1.88 0.0481 0.0015 0.1191 0.0044 0.0180 0.000 4 114 4 115 3
210DM-TW-9 65 525 311 1.69 0.0537 0.0022 0.1282 0.0056 0.0176 0.000 4 123 5 112 3
21Q0DM-TW-10 60 449 332 1.35 0.0519 0.0020 0.1334 0.0064 0.0187 0.0005 127 6 119 3
21QDM-TW-11 29 224 195 1.15 0.0512 0.0035 0.1236 0.0097 0.0178 0.0009 118 9 114 6
21QDM-TW-12 127 1067 496 2.15 0.0510 0.0017 0.1231 0.0050 0.0176 0.000 4 118 4 112 2
21Q0DM-TW-13 80 625 379 1.65 0.0490 0.0018 0.1196 0.0051 0.0177 0.000 4 115 5 113 2
210DM-TW-14 69 542 389 1.39 0.0471 0.0014 0.1199 0.0047 0.0185 0.000 4 115 4 118 3
21QDM-TW-15 60 446 500 0.89 0.0502 0.0013 0.1251 0.0044 0.0181 0.000 4 120 4 115 2
21QDM-TW-16 28 223 229 0.97 0.0516 0.0022 0.1320 0.0064 0.0187 0.000 5 126 6 120 3
21Q0DM-TW-17 41 334 248 1.35 0.0474 0.0018 0.1180 0.0055 0.0182 0.0005 113 5 117 3
21QDM-TW-18 16 127 125 1.01 0.0515 0.0031 0.1264 0.0085 0.0188 0.0009 121 8 120 6
21Q0DM-TW-19 68 557 289 1.93 0.0494 0.0016 0.1216 0.0053 0.0179 0.000 5 117 5 114 3
210DM-TW-20 23 18 108 1.71 0.0505 0.0032 0.1293 0.0118 0.0190 0.0010 123 11 121 6
21QDM-TW-21 20 151 145 1.04 0.0515 0.0029 0.1270 0.0072 0.0182 0.000 6 121 7 117 4
21Q0DM-TW-22 38 294 276 1.06 0.0470 0.0019 0.1166 0.0057 0.0179 0.000 5 112 5 114 3
21Q0DM-TW-23 22 185 116 1.59 0.0531 0.0038 0.1263 0.0084 0.0178 0.0006 121 8 114 4
210DM-TW-24 39 315 204 1.54 0.0537 0.0045 0.1263 0.0121 0.0172 0.0009 121 11 110 5
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Table 2 Zircon Hf isotopic of the Laoshan granites
M E w5 ToYb/TTHE O Lu/TTHE O HE/T HE 20 £Hf(0) eHf (1) Ly /Ma Ipyp/ Ma Jwut

KFFATE A (1=129 Ma)
21QDT-TW1-01 0.023 799 0.000 943 0.282 180 0.000 019 -20.92 —-18.18 1508 2 320 -0.97
21QDT-TW1-02 0.035 512 0.001 370 0.282206 0.000 017 -20.03 -17.32 1490 2 267 -0.96
21QDT-TW1-03 0.022 341 0.000 877 0.282 173  0.000 024 -21.18 -18.43 1515 2335 -0.97
21QDT-TW1-04 0.033 213 0.001 290 0.282192 0.000 019 -20.52 -17.81 1 506 2297 -0.96
21QDT-TW1-05 0.036 329 0.001 397 0.282 197 0.000 021 -20.33 -17.63 1503 2 285 -0.96
21QDT-TW1-06 0.036 983 0.001 422 0.282 181 0.000 016 -20.91 -18.22 1527 2322 -0.96
21QDT-TW1-07 0.029 200 0.001 174 0.282 171 0. 000 026 -21.26 -18.54 1531 2 342 -0.96
21QDT-TW1-08 0.028 318 0.001 124 0.282 211 0.000 022 -19. 86 -17.13 1473 2 255 -0.97
21QDT-TW1-09 0.031 553 0.001 189 0.282 164 0.000 017 -21.50 -18.79 1541 2 357 -0.96
21QDT-TW1-10 0.038 938 0.001 389 0.282222 0.000 018 -19.46 -16.76 1 468 2232 -0.96
21QDT-TW1-11 0.029 535 0.001 087 0.282 194 0.000 018 -20.43 -17.70 1 494 2 290 -0.97
21QDT-TW1-12 0.028 163 0.001 084 0.282 179 0.000 018 -20.97 —-18.24 1516 2324 -0.97
21QDT-TW1-13 0.019 245 0.000 733  0.282 199 0.000 018 -20.27 -17.52 1474 2279 -0.98
21QDT-TW1-14 0.039979 0.001 587 0.282 184 0.000 018 -20.78 -18.10 1529 2315 -0.95
21QDT-TW1-15 0.035 755 0.001 487 0.282 167 0.000 020 -21.40 -18.71 1 549 2353 -0.96
21QDT-TW1-16 0.023 907 0.000 842 0.282 188 0.000 017 -20. 66 -17.91 1494 2 303 -0.97
21QDT-TW1-17 0.026 053 0.001 004 0.282219 0.000 018 -19.57 -16.83 1457 2 236 -0.97
21QDT-TW1-18 0.031 327 0.001 144 0.282 143 0.000 020 -22.24 ~19.52 1 568 2 402 -0.97
21QDT-TW1-19 0.048 370  0.001 529 0.282 208 0.000 021 -19.96 -17.27 1493 2 263 -0.95
21QDT-TW1-20 0.033 807 0.001 280 0.282 190 0.000 018 -20.58 -17.87 1508 2 300 -0.96

KPR AT ALK (1= 119 Ma)
21QDD-TW-01 0.077 203 0.002 969 0.282 179 0.000 018 -20.96 -18. 60 1 595 2 338 -0.91
21QDD-TW-02 0.069 050 0.002 402 0.282 255 0.000 023 -18.27 -15.86 1460 2 168 -0.93
21QDD-TW-03 0.074 413 0.002 675 0.282 168 0.000 021 -21.35 -18.96 1598 2 361 -0.92
21QDD-TW-04 0.051 718 0.001 862  0.282 171  0.000 020 -21.24 -18.79 1558 2 350 -0.94
21QDD-TW-05 0.094 782 0.003 341 0.282209 0.000 021 -19.91 -17.57 1567 2275 -0.90
21QDD-TW-06 0.076 281 0.002 654 0.282 185 0.000 024 -20.77 —18.38 1573 2 325 -0.92
21QDD-TW-07 0.045 281 0.001 701  0.282 168 0.000 022 -21.37 —-18.90 1557 2 357 -0.95
21QDD-TW-08 0.074 572 0.002 738  0.282 244 0.000 021 -18. 68 -16.29 1 490 2 195 -0.92
21QDD-TW-09 0.084 562 0.003 223 0.282 195 0.000 018 -20.39 -18.05 1582 2 304 -0.90

E ERAER A (¢=121 Ma)
21QDY-TW-01 0.138 027 0.005 381 0.282 215 0.000 020 -19.70 -17.47 1653 2271 -0. 84
21QDY-TW-02 0.115 540 0.004 266 0.282 243 0.000 026 -18.70 -16.39 1 557 2203 -0.87
21QDY-TW-03 0.108 640 0.004 117 0.282 199 0.000 018 -20.26 -17.93 1617 2299 -0.88
21QDY-TW-04 0.102 258 0.003 925 0.282 170 0.000 019 -21.27 -18.93 1 651 2 361 -0.88
21QDY-TW-05 0.085491 0.002971 0.282 137 0.000 022 -22.47 -20.05 1 657 2 430 -0.91
21QDY-TW-06 0.073 423 0.002 762 0.282 210 0.000 019 -19.86 -17.43 1 540 2 268 -0.92
21QDY-TW-07 0.086 219 0.003 382 0.282 229 0.000 024 -19.20 -16.82 1539 2 230 -0.90
21QDY-TW-08 0.078 015 0.002 889 0.282 206 0.000 019 -20.02 -17.59 1552 2278 -0.91
21QDY-TW-09 0.119 041 0.003 985 0.282 258 0.000 024 -18.17 -15.83 1522 2 168 -0.88
21QDY-TW-10 0.112 405 0.003 907 0.282 220 0.000 020 -19.51 -17.16 1575 2 251 -0.88
21QDY-TW-11 0.127 125 0.004 472 0.282 279 0.000 020 -17.44 -15.14 1512 2 126 -0.87
21QDY-TW-12 0.112 815 0.003 706 0.282 266 0.000 025 -17.88 -15.52 1497 2 149 -0.89
21QDY-TW-13 0.086 001 0.003 130 0.282221 0.000 020 -19.49 -17.09 1 541 2 246 -0.91
21QDY-TW-14 0.113 869 0.003 972 0.282 187 0.000 020 -20.70 -18.36 1629 2 325 -0.88
21QDY-TW-15 0.111732 0.003 464 0.282 238 0.000 022 —-18. 87 -16.49 1529 2210 -0.90
21QDY-TW-16 0.120 847 0.004 368 0.282 255 0.000 021 -18.29 -15.98 1 544 2178 -0.87
21QDY-TW-17 0.089 403 0.003 289 0.282 179 0.000 021 -20.99 -18.59 1610 2 340 -0.90
21QDY-TW-18 0.086 956 0.003 200 0.282 144 0.000 021 -22.22 -19.82 1658 2 416 -0.90
21QDY-TW-19 0.096 269 0.003 220 0.282 246 0.000 021 -18.59 -16. 19 1507 2 191 -0.90
21QDY-TW-20 0.135782 0.004 515 0.282280 0.000 020 -17.40 -15.10 1512 2123 -0.86
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e S5 ToYLTTHE ToLa/THE TOHE T HE 20 £Hf(0) eHf(1) tpw/Ma Ipyp/ Ma S
BAIERBES (1=115 Ma)
21QDM-TW-01 0.051 813 0.001 820 0.282 181 0.000 016 -20.92 —18.54 1543 2332 -0.95
21QDM-TW-02 0.040 068 0.001 474 0.282 111  0.000 019 -23.36 -20.97 1627 2 482 -0.96
21QDM-TW-03 0.054 277 0.001 848 0.282 196 0.000 017 -20. 38 -18.02 1523 2299 -0.94
21QDM-TW-04 0.053 132 0.001 924 0.282222 0.000 018 -19.46 -17.09 1489 2242 -0.94
21QDM-TW-05 0.036 748 0.001 367 0.282 132 0.000 018 -22.65 -20.25 1594 2 437 -0.96
21QDM-TW-06 0.037 400 0.001 578 0.282 180 0.000 017 -20.93 -18.54 1534 2332 -0.95
21QDM-TW-07 0.047 869 0.001 753 0.282 180 0.000 019 -20.94 -18.56 1542 2 333 -0.95
21QDM-TW-08 0.049 075 0.001 868 0.282 183 0.000 019 -20.83 -18.46 1542 2327 -0.94
21QDM-TW-09 0.053 189 0.002 021 0.282 213 0.000 017 -19.77 -17.42 1 506 2 262 -0.94
21QDM-TW-10 0.058 051 0.002 186 0.282 159 0.000 018 -21.66 -19.32 1589 2 380 -0.93
21QDM-TW-11 0.041 837 0.001 668 0.282 175 0.000 021 -21.13 -18.74 1 546 2 344 -0.95
21QDM-TW-12 0.043 652 0.001 603 0.282 176 0.000 018 -21.08 -18.70 1541 2 34] -0.95
21QDM-TW-13 0.055 488 0.002 038 0.282215 0.000 019 -19.70 -17.35 1504 2 258 -0.94
21QDM-TW-14 0.064 991 0.002 287 0.282 234 0.000 017 -19.02 —16.68 1 486 2216 -0.93
21QDM-TW-15 0.051 163  0.001 914  0.282 233 0.000 019 -19.07 -16.70 1473 2217 -0.94
21QDM-TW-16 0.057 948 0.002 155 0.282 151 0.000 020 -21.96 -19.62 1 600 2 398 -0.94
21QDM-TW-17 0.051 361 0.001 946 0.282 181 0.000 021 -20. 89 —-18.53 1548 2 331 -0.94
21QDM-TW-18 0.026 321 0.001 010  0.282 208 ~ 0.000 023 -19.95 -17.51 1472 2 268 -0.97
21QDM-TW-19 0.050 389 0.001 792 0.282 196 0.000 019 -20.35 -17.98 1520 2297 -0.95
21QDM-TW-20 0.032 331 0.001 164 0.282 176  0.000 022 -21.09 —-18. 67 1523 2 339 -0.96
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Table 3 Electron microprobe analytical compositions of feldspars
TR RE Na, O MgO Al, 0, Si0, K,0 Ca0 TiO, FeO MnO Cr,04 R
21QDT-1-1  11.365 0 19.279 66.9 0.071 0.275 0 0.043 0 0. 008
21QDT-1-2  11.315 0.012 19. 422 66. 591 0.191 0.502 0 0.163 0. 044 0.058
21QDT-1-3  11.571 0. 004 19. 037 67.441 0. 105 0. 169 0. 055 0.206 0 0.058
21QDT-1-5  11.011 0 20. 024 65.997 0.242 0.916 0 0.176 0. 052 0. 094
21QDT-1-11  11.244 0 19. 672 66. 026 0.188 0. 946 0.012 0.109 0 0.14
21QDT-2-1  11.423 0.012 19.724 66. 839 0.07 0.721 0 0.084 0.012 0. 064
21QDT-3-2  11.139 0.001 20. 186 66.433 0.141 1.039 0 0.076 0 0
21QDT-3-3  11.643 0.015 19. 301 67.531 0. 126 0.246 0.008 0.073 0.032 0.016 -
21QDT-3-4  11.074 0.015 19.374 65.939 0.17 0. 821 0. 008 0.41 0. 069 0. 025 HEH
21QDT-3-5  11.101 0. 003 20. 397 67.177 0.15 1. 089 0 0.299 0.029 0.015
21QDT-4-2  11.001 0 20.219 66. 927 0.171 0.98 0 0. 121 0.022 0.018
21QDT-4-3  11.467 0.01 19. 609 67.551 0. 091 0.502 0.02 0.08 0. 037 0
21QDT-4-4  11.649 0 19.6 67. 645 0.115 0.31 0 0. 049 0 0.092
21QDT-4-5  11.307 0.036 19. 451 66.918 0.13 0.272 0. 003 0.11 0 0.398
21QDT-4-6  11.359 0. 047 19.517 67.238 0. 199 0. 194 0 0.192 0 0.12
21QDT-4-7  11.352 0.01 19.953 66. 787 0.27 0.243 0 0.014 0 0.17
21QDT-1-7 0.597 0 18. 051 63.817 15.755 0.031 0.016 0.174 0 0. 002
21QDT-1-8 0.317 0 18.05 63.99 16. 38 0.012 0 0.188 0 0.03
21QDT-1-9 0.281 0.019 17.95 63.74 16.382 0. 008 0. 158 0.033 0. 064
21QDT-1-10  0.221 0.014 17. 898 62.983 16.412 0.016 0.086 0 0.114
21QDT-3-6 0.753 0 18.225 64. 406 15. 657 0. 042 0.138 0.023 0
21QDT-3-7 0.271 0 18. 177 63. 407 16.517 0.017 0 0.029 0. 004 0.074 KA
21QDT-3-8 0.242 0 18. 156 63.391 16.242 0 0 0. 052 0.077 0.281
21QDT-3-9 0.874 0 18. 102 63.827 15.314 0.012 0.001 0.077 0.039 0
21QDT-4-8 0. 586 0 18.261 63.376 15.954 0.021 0.073 0. 126 0 0
21QDT-4-9 0. 403 0 18.212 63.972 16. 286 0.043 0. 004 0. 082 0 0. 048
21QDT-4-10 ~ 0.302 0 18.172 64.501 16. 484 0 0 0.104 0.017 0
21QDW-1-1  10. 844 0 19. 867 66. 095 0.352 1 0.022 0. 138 0.043 0.023
21QDW-2-1 11.2 0.01 19. 588 66.373 0.368 0.544 0 0. 048 0. 008 0.01
21QDW-4-1  11.115 0 19.71 66. 576 0.327 0.728 0 0.068 0.048 0
21QDW-4-2  10.994 0 19.792 65.955 0.419 0.77 0 0. 082 0 0.01
21QDW-4-3  11. 164 0. 003 19. 46 66. 867 0.322 0.527 0 0.033 0.01 0
21QDW-4-4  11.236 0. 006 19. 491 66.337 0.405 0.565 0 0. 063 0 0
21QbW-4-5  10.878 0 19. 642 66 0.439 0.798 0 0.115 0. 034 0. 086
21QDW-4-6  11.092 0. 035 19.39 66. 556 0.115 0.375 0. 005 0.114 0.015 0.041 -
21QDW-4-7  10.946 0. 002 19. 704 65.63 0.391 1. 029 0.003 0. 156 0 0.033 KA
21QDW-5-1  10.714 0.001 19. 929 65.764 0. 346 1.163 0 0.236 0.017 0. 044
21QDW-5-2  10.536 0. 004 20. 139 64.878 0.31 1.438 0 0. 137 0. 007 0
21QDW-5-3  10.736 0. 005 20. 054 65.492 0.228 1.18 0 0.129 0.03 0.013
21QDW-5-4  11.115 0 19. 482 66. 854 0.291 0.503 0. 005 0.099 0.037 0.048
21QDW-6-1  11.037 0 19.359 66. 083 0.362 0.568 0.018 0.08 0 0.012
21QDW-6-2  10. 636 0. 007 19. 983 65.729 0.434 1. 141 0 0.172 0 0.013
21Q0DW-6-3  11.012 0.007 19. 825 66.077 0.236 0.957 0 0.073 0.028 0. 003
21QbW-3-1  0.309 0 18. 053 63.833 16. 682 0 0.012 0.014 0. 001 0. 031
21Q0DW-3-2  0.288 0 17.914 63.269 16. 656 0 0 0 0 0. 061
21QDW-4-8  0.449 0 17.903 63.398 16.121 0 0.017 0. 044 0.019 0. 06
21Q0DW-4-9  0.291 0 18.249 63. 481 16. 426 0 0. 046 0 0. 022 0.033
21QDW-4-10 0. 295 0 17. 834 63.771 16. 341 0 0 0.015 0 0.015
21QDW-5-5  1.269 0 18. 049 63. 888 15. 678 0 0 0.073 0 0. 056 A
21QDW-5-6  0.173 0 17.897 63.747 16.779 0 0 0. 028 0 0.119
21QDW-5-7  0.343 0 17.914 63.438 16. 469 0.001 0. 004 0.038 0 0.048
21QDW-6-4  0.388 0 17.999 63.389 16.224 0 0.017 0.016 0. 026 0. 142
21QDW-6-5  0.702 0 17.899 63.593 15.952 0.011 0 0.126 0. 008 0.02
21QDW-6-6  0.357 0 17.996 63.345 16. 391 0. 006 0 0 0 0. 154
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Continued Table 3-1
TR RE Na, O MgO Al, 0, Si0, K,0 Ca0 TiO, FeO MnO Cr,04 R
21QDD-6-1  11.915 0 18.997  69.102 0.39 0.019 0 0.721 0.014 0
21QDD-6-2  11.706 0 18. 451 68.337 0.235 0 0.039 0.901 0 0
21QDD-6-3  11.883 0 18.562  68.856 0.252 0 0 0.764 0.034 0.03
21QDD-7-1  11.887 0 18. 691 69. 459 0. 186 0.013 0 0.943 0 0.01
21QDD-8-1  12.024 0.011 18.696  69.366 0.234 0 0 0.951 0.016 0.035
21QDD-8-2  11.648 0 18. 831 69. 081 0.334 0. 004 0 0.677 0.01 0.012
21QDD-8-3  11.942 0 18.981 69.01 0. 186 0 0. 005 0.623 0.003 0
21QDD-8-4  11.831 0 18.906  69.035 0.269 0 0 0.615 0.053 0
21QDD-8-5 11.613 0 18.72 68. 87 0.244 0. 007 0.031 0. 667 0 0
21QDD-8-6  11.848 0.015 18.884  69.039 0.209 0. 007 0 0.772 0 0
21QDD-8-7  11.815 0 19.067  69.067 0. 156 0.014 0 0.59 0 0.035
21QDD-8-8  11.71 0. 007 18.827  68.947 0.231 0. 007 0 0.583 0.022 0
21QDD-9-2  11.776 0.012 19.134  68.419 0.183 0.015 0.017 0.342 0 0
21QDD-9-3  11.86 0.022 19.137  69.488 0.143 0.011 0 0.421 0.016 0. 007 RHCA
21QDD-9-4  11.952 0.019 19.178  69.244 0.143 0 0. 044 0.385 0 0.032
21QDD-9-5  11. 603 0 19.037  69.826 0.114 0 0 0.464 0 0.08
21QDD-9-6  11.772 0.016 18.717  68.705 0.135 0 0 0.704 0.014 0.022
21QDD-9-7  11.79 0.01 18.414  68.442 0.242 0 0.007 1.28 0 0
21QDD-9-8  11.801 0 18. 88 68. 872 0.267 0 0. 001 0.574 0 0. 027
21QDD-9-9  11.676 0 19.007  69.115 0.135 0.021 0 0.491 0.022 0.071
21QDD-9-15  11.659 0 18.612  68.671 0.14 0. 006 0.003 0. 665 0.019 0.326
21QDF-1-1  11.193 0 20.122  67.635 0.145 0.998 0 0. 137 0 0
21QDF-1-2  10.857 0 20.36 67.359 0.419 1.253 0. 004 0.113 0.021 0.299
21QDF-1-3  10.329 0 21.261 66.239 0.593 2.205 0.029 0.198 0 0
21QDF-1-4  11.284 0 20.299  67.315 0.169 1.177 0 0.074 0.018 0.018
21QDF-1-5  9.807 0 21.423  65.533 0.535 2.761 0 0.182 0 0.055
21QDF-1-6 ~ 10. 849 0 20.584  66.831 0.229 1.392 0 0.078 0.014 0.198
21QDD-7-2  0.249 0 18.074 64.22 16. 467 0.013 0 0.051 0 1.022
21QDD-7-3  0.212 0 18.289  65.181 16. 687 0 0.014 0.119 0. 027 0.043
21QDD-8-9  0.175 0 18.029  64.766 16. 862 0 0 0.177 0 0. 405
21QDD-8-10  0.243 0.02 18.039  64.246 16. 463 0 0. 049 0.085 0 0.473
21QDD-9-1  11.78 0 19.034  68.734 0.137 0.021 0 0.36 0 0 A
21QDD-9-11  0.21 0. 008 17.996  64.468 16. 617 0 0 0.185 0.01 0.732
21QDD-9-12  0.247 0 18.057  64.948 16.718 0 0.021 0.415 0.015 0. 197
21QDD-9-13  0.287 0 17.847  63.855 16. 437 0 0.015 0.363 0.001 0.56
21QDD-9-14  0.261 0 18.019  64.763 16. 668 0.003 0. 049 0.34 0. 004 0.27
21QDF-2-1  10. 167 0.012 21.497  65.833 0.62 2.448 0 0.2 0.015 0. 052
21QDF-2-2  10.324 0. 007 20.987  66.271 0.728 2.068 0. 007 0. 187 0.01 0
21QDF-2-3  10.567 0 21.074  66.713 0. 389 2. 046 0 0.182 0.011 0
21QDF-2-4  10.364 0 20. 897 66.33 0.579 1.795 0.008 0.168 0.021 0
21QDF-2-5  11.685 0 19.646  68.486 0.19 0. 287 0 0. 161 0.025 0
21QDF-2-6  10.575 0 21.044  66.751 0.319 1.974 0.016 0.189 0.04 0.032
21QDF-2-7  11.968 0 19.514  68.579 0.248 0.136 0 0.19 0.022 0.017
21QDF-2-8  11.048 0. 006 19.479  69.043 0.343 0.915 0 0.014 0 0
21QDF-2-10  10. 859 0. 004 20.404  66.544 0.395 1.49 0 0.133 0.012 0.558 .
21QDF-3-1  11.751 0. 004 19. 841 69. 108 0.372 0.328 0 0.093 0 0 HRE
21QDF-3-2  11.715 0 19.757  69.084 0.287 0.331 0 0.122 0 0
21QDF-3-3  8.774 0 14.77 78.922 0.243 0. 408 0.029 0.178 0.015 0.038
21QDF-3-5  10. 635 0.016 20.926  67.006 0. 634 1.902 0.037 0.142 0 0. 027
21QDF-3-6  10.271 0.01 21.015  66.847 0.788 1.986 0.017 0.207 0.015 0
21QDF-3-7  10.329 0 21.128  66.904 0. 565 2.163 0 0.209 0. 004 0.017
21QDF-3-8  10.974 0 20.854  67.127 0.394 1.553 0 0.185 0.019 0
21QDF-3-9  10.67 0 20. 894 66. 82 0. 607 1.813 0.003 0. 149 0 0
21QDF-3-10  10.322 0 20.949  66.832 0.743 2.046 0 0. 194 0. 004 0
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Continued Table 3-2
W Na, O MgO Al 04 Si0, K,0 Ca0 Tio, FeO MnO Cr, 05 R}
21QDY-2-1  10.728 0.01 20.616 67.593 0. 686 1.388 0.025 0. 191 0 0. 045
21QDY-3-1 10. 724 0 20. 325 67.69 0.712 1.214 0 0. 167 0.04 0. 047
21QDY-3-2  10.934 0 20. 435 67.417 0.315 1.377 0 0.177 0.037 0.01
21QDY-3-3  11.248 0.021 20.229 67.842 0. 133 0.93 0. 004 0.203 0 0. 105
21QDY-3-4  11.136 0.01 20. 362 67.171 0. 128 1.315 0 0.152 0 0.037
21QDY-4-1 11. 059 0.03 20. 075 67. 865 0.317 0.87 0.017 0. 156 0 0. 086
21QDY-4-2  10.739 0 20.416 67.585 0.724 1.428 0 0. 164 0. 005 0. 008
21QDY-5-1  10.457 0 20. 482 67.252 0.921 1.414 0.001 0. 156 0.015 0
21QDY-5-2 11.03 0.027 20. 306 67.361 0.211 1.256 0 0. 186 0.011 0. 166
21QDY-5-3 10. 983 0. 002 20.322 67.365 0. 607 1.329 0 0.131 0. 001 0.035
21QDY-5-4 10. 678 0. 021 20. 341 67.208 0.563 1.205 0 0.234 0.033 0.015
21QDY-5-5  10.537 0.04 20. 059 67.773 0.798 0.942 0 0.243 0 0. 156
21QDY-5-7  10.588 0 20. 437 67.269 0.999 1.295 0 0. 191 0 0. 025
21QDY-6-1 10.274 0 20. 307 66.76 1.152 1.335 0.031 0.264 0. 003 0 P
21QDY-6-2  11.077 0. 005 20. 37 67.39 0.332 1.322 0.013 0.209 0. 007 0.042
21QDY-6-3 10. 83 0.027 20. 301 67.147 0.902 1.295 0.003 0.24 0. 026 0.183
21QDY-6-4  10. 152 0. 009 20. 158 67.344 1.456 1.231 0. 185 0. 007 0.017
21QDY-6-5 10. 909 0 20.359 67.064 0.354 1.36 0. 154 0. 007 0.051
21QDY-6-6  11.605 0.007 19. 545 68. 391 0. 184 0.396 0.237 0.015 0.012
21QDY-6-7  10.729 0 20. 421 66. 944 0. 664 1. 461 0. 161 0 0
21QDY-8-2  11.436 0.01 19. 405 67.585 0.124 0.162 0.016 0. 069 0. 003 1.102
21QDY-8-3 11. 604 0 20.034 68. 42 0. 206 0.726 0 0.18 0 0.023
21QDY-9-1 11.077 0.032 20.291 66.913 0.736 0.212 0 0.21 0. 041 0.227
21QDY-9-2  11.002 0. 024 19. 984 66. 887 0.221 1. 087 0. 042 0. 191 0 0.204
21QDY-9-3 11.538 0.013 19. 627 67.915 0. 144 0.436 0 0.159 0 0.184
21QDY-9-4  11.647 0. 004 19.271 68. 635 0.178 0.227 0.043 0.198 0 0.284
21QDY-9-5 ~ 11.961 0 19.614 69. 03 0.097 0.12 0.026 0 0 0.02
21QDY-9-6  11.572 0.001 20. 069 67.562 0.14 0. 848 0. 004 0. 167 0 0.103
21QDF-1-7 0.85 0. 006 18.326 64. 866 15.205 0. 009 0.001 0 0. 007 0.032
21QDF-2-9 0. 185 0 18.176 64.526 16. 529 0 0 0.048 0.022 0.423
21QDF-3-11 1. 048 0 18.398 65. 861 15.908 0.034 0.021 0.124 0. 007 0
21QDF-3-12  0.295 0 18.352 64.532 16. 533 0 0.029 0.204 0 0.238 .
21QDF-3-13  0.405 0 18.327 65. 606 16.514 0 0 0.173 0 0. 058 gl
21QDY-9-7 0.574 0 18. 331 64. 458 16.413 0.001 0 0.163 0.047 0. 245
21QDY-9-8 0.236 0. 007 18.236 64.336 16.513 0 0.024 0.01 0 0.585
21QDY-9-9 0.282 0 18.348 65.011 16.238 0. 005 0.032 0. 047 0 0. 002
4.4.2 RAHEWMEITR Z Rb.Th U K. Pb A} & %, Ba Sr Eu X 75 $ii,

Fis T oC R OoR B A AR A A 2 R 2 B e AR R
4 (LREE) , 5l #H# + (HREE) , % - 143> 5 9
WA B (B 8a) ., A KA KK,
IERAL K ALK BES BAAFRER Eu U575,
2314 0.55~0.60, 0.41~0.67.0.15~0.36.0. 10~
0. 12, % -8 14> 5 7 (LREE/HREE ) | 73~
5.17~5.43 4.41~6.28 3.76~5. 48 2. 65~8. 86,
(La/Yb) F¥J{E N 17. 69 17. 37 . 14. 31 ,12. 22,
(Ce/Yb) H13.00.11.56.10.25.5.33, 8 ILE
J B s A o 1 ik 99 1] f2 R (81 8b) KBS F 3 A1 T

[N IR 3 T 2 Nb Ta Ti, ELIUA 3 A oo Bk
=2 e

5 Wig
5.1 REFER

K538 5 5 B PR 2R TR T 44000 A ) b 5 A
it B A 25 H B S, 4K B A B 28 T 32 B R
Sy 1B S BUFNA B H AR R DX B A 1 B
F A5 1 BT S B ( Chappell and White, 1974) |1 %!
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A RE VRS R KA, 2 RS - 55 1 B 5, % A
INAT, A/CNK {HE % /N 1. 1;S BIAE R A A it
BUA, Z R iR, SR AEARA EHEASEHY
¥, A/CNK {E KT 1. 1( Chappell and White, 1992) ,
Loiselle Fil Wones (1979) 2 A HIZE 54 & A% &,
JEBE 2 FHEATR A RUAE B 1 R o AT T o0 %
(Whalen et al. , 1987 Eby, 1990; XI| £} 5545 | 2003,
TKESE 2012, FKIE, 2013, TS, 2013) ,A BIAE
5 TE R B R BT, 5 FeO'/MgO | Ga/Al,
w4 Zr Nb % F 5% 50 K (Whalen et al. , 1987)
U5 L1 A8 B B o 2 IRV R B - 58 0 8 B Y R AR
A/CNK ¥/NF 1.1,P,04 5 Si0, (18 9a) 4 HA k%
KZ&,Rb 5 Th 2IIFEAIEICE (EI9b) ,TiO,—Zr K%
HFYET T RIS X3 (] 9 ) |, AR 14 &34 S
RUE R L) B 500, PRHCHRRR AR o S B AE <
HIATRE, AR T RAERK A 10 000 Ga/Al {H
FEAMLF 2. 60 [ A BAE 4 A B9 T BRE ( Whalen
et al. , 1987) 1 (1 9d) , Herp R A0 b A 300 BE A i)
10 000 Ga/Al {7 T 2. 60, A fig 5 &K A1 25 5
B4k A 5 A5 10 000 Ga/ Al LA TH 5, AT 76
FHOC Hb 3K Ak 27 &1 i b 23 38 BB 4> B & ( Whalen
et al. , 1987) i HLAE R 535 IR (B 9e) h, — KAk
< T T o SRS AR X, 8 R R AR K A R A
—EREM ST, MEAR KA ZKIEN
F1H FeO'/MgO 19 3. 17 ~4. 98, N4 A BIAE b 7+
BEEDHNRIE(Wu et al. , 2017) . 2 E400T, W5
A KA ZRIEK AN E T I IR A, 1E
RKAER A AR BEA YA A AL R A i ik e B AE

A2 Si0,>74% , 2 R AL KA IR & A TS,
X T R T 5 5, AN I B B R AR I 2
IR SEIEYE (Eby et al. , 1990) . 1FKAE K & ALK
R BVLE 10 000 Ga/ Al-FeO/MgO &l fi# (K 9a) H/r
A BB A R AE (B ZE ] 9e AR S VE A 2 S X
B, Rb/Nb HAG) 32 #0557 A B A 5 0 ks
#20 ( Christiansen et al. , 1996), 100Rb/Nb—Rb [&]
i 22 T IEA AL 5 5 FIE B BEA B T AL ) A R
(E9f) . P, IR AR <A AL B 1 R 2 A T
BN T HZE G HE

JIT I L BR Ak A B0 ks, IE A AE B R AE B BE
FHHAWREE, O 5,80, SEKTF 75%, 51
I 5EFB(DI=97. 67 .96. 88) FIMIE Y [ 25 15 %k (ST =
0.86.0.75) , X H 2 TR ML SR, @ &
Rb/Sr i (12. 3 ~ 95. 3) FIik K/Rb {& ( 131. 4 ~
212.6) Nb/Ta{H(13.0~19.7) Fl Zr/Hf {H(17. 6~
26.0) , BRI Tk, @ fafuttE
Wk T A EAATE R (E B (Griffin et al. , 2002;
RICIRAE, 2004) o 087 1L A6 X0 5 4 & 0 B A A R
0 HE &, BE W Ce IESFH M Eu %, &% E
i LR TR TR KA o FZ BN AR
HEAL P e 2 0008 (1B 10) , BT o S A6 B A RO B
AVRHIE; @ FEAE R A 2K D a5 A1 B 4
RI0W, 854 T B Ze 53 W0 2R B2 TR BE S R K i
oAl R 2R AT 220 AN, R I A A e R B S R
HZIRE LT (King et al. , 1997), FEah (95 4116
FREE(T,) H 761°C ~831°C , 4T 775°C ~805°C ,
KT A BUAE A TE LR 833°C (X & 5E4F, 2003)
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Fig. 6 TAS (a), A/NK-A/CNK (b) and K,0-Si0,(c) diagram of granite in Laoshan
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Fig. 8 Chondrite-normalized REE patterns (a) and Primitive mantle-normalized trace element spider diagram (b) for Laoshan
granite (the published data for monzogranites and syenogranites are from Goss et al. , 2010; Yan and Shi, 2014; Gao et al. ,

2019. the normalized values are after Sun and McDonough, 1989)
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Fig. 10 Zircon rare elements distribution diagram of the Laoshan granite (normalized values after Sun and McDonough, 1989)
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[RIEHAR Yy Z AL (Jahn et al. , 2008) .

ARV IR 5 45 il LB AN TR 2 780 9 46 14 2 ( Gerdes
et al. , 2000) ,1 BUAE A BRI ML £ 220 7engiR &
BEAR TR A1) 4 85 45 RN 76 U5 40 T3 3 4344 il ( Chap-
pell, 1999), Nb-Ta . Zr-Hf %5 0 & #b BR{k 24 5 AE A
oL, 2 WM G T R, A AR X I L A 5 1) s/
(Bau, 1996), & #¢ F LA 48 7~ P8 X 4% AiF ( Jochum
et al. , 1986) , W5 LUl Ak i< 5 4 K Ze/HE P2 (H R
28. 03, Hir 52 V- B {H (35. 4) (Wedepohl, 1995) ,
H eHI (1) f50-20.97~-15. 10,4 THEJt Fe il T
Hi7eeHf (1) B (-28~—-13, Jiang et al. , 2013) Z ],
FEHUR X ) 5T A fi8 ok R F e At v Sz b 7 o 0
il U851 AE B A B e HE (1) {6, Nb Ta Ti 5%,
FRZU Ph IF S, B4 LREE f1 LILE, 7 it HFSE 19
FRIE , W1 F M52 X5 U5 X ) 5T A BTAR ( Goss et al.
2010) . IRARFSEFE R T Aedb e hnid T b 5e i vt
T LA 5458 B TTRR (X )5 AE, 19975 Goss
et al. , 2010; Gao et al. , 2019)

B BB 5 it Si0, A K0, oK i da 4
ik, B ) F 7 A TR PR 3R (Collins et al. , 1982
Zhang et al. , 2018) , AL refil A (& F i BA
B Rb(<11.2%x10°°) 588175 45t Zr ' Th U ( Tang et
al. , 2009), 551118 < T 71 MR AL 2 R AR A7 A
557, FHC T A REA & 2 T Hh 5S04 il
PR B AR Nb/Ta ~F-4{E 2 16. 134, 58S 5K
Nb/Ta {B.(17. 5+2) HlIE (434, 2010) , % X IAF

TEBERR T A | A5 Dk ( Yan and Shi, 2014;
Gao et al. , 2019; ARFWAFE, 2021) 878 7] gD &
WEIRYI BT 2 5 R E . B ILAE R A 1 Si Ik Mg,
FKHFWEIIR S 35 EHSE, 2023)

FIGH VR A 2T, R B R XA
15%1%) OIB #UHR i Pl b i Y8 DX 95 1A TN 24 859% 1 T Hl,
FERERIR S (Yan and Shi, 2014) . 2R LM LR
B BUCE I A, &, ME LU B b R B 3 o
JUERFFAE, TERS ST B Y Si0, 5 AL O,
Ca0 .Fe,0," SR FANSC (K 7) , 8/m a7
R TW YA Ea i, KAETIENEx AR
HEEW AT Y, W REIC SR T A KA A O E B
(Cao et al. , 2021) , BHEAFIRHE A 1o AR5
Brat A s HoAb 22 o 3 R BN A 3O 82, 1F
Gah K ag e, JEUE (BSE) B& SR =
FhAE R A1 5B SR8k A (K 12), H An {5 Si0,
TR, B AR (B 5h) X 585K 4
Bia A E R A A A G (PR A, 2016) . K
AT AR T 0 1L AR Eu Sr Ba % (Wu
et al. , 2003),LL Sr(215x107%) Ba(1 700x107®) Al
Rb(132x107%) W1 4A (H HE 47 43 25 45 s A UL, L2k o
Pl S s 2 SR A MG ) 22 40 B 45 f T R R A R
A (E13) . Ao R #rp, HAh SR R SR
K%, CaO \P,0, Eu . Zr Sr 5 DI &£ i & A0,
SR AA BHCA BERA 505 B A A O (X i
W, 2023) (K 14) , 5E 2058 —3

200 pm

K12 WELAE R A RSO AT (a) FIER AT (b) B9 B8 ol 7 K&
Fig. 12 Electron backscatter images of perthite (a) and K-feldspar (b) in the Laoshan granite
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s FUARA 4k & AR A A RO S s RO R X 5
RS Tz 1 DX A A P A R B A G T (W
et al. , 2005a, 2005b) , & B A HLAY 3T SR il N 3k
iz 3] ( Menzies et al. , 1993; FUE, 2017), mIRM
i % A b A A P B LTS SR AR AE L
FEA . O #2220 (Griffin er al. , 1998; Xu,
2001; Zheng et al. , 2001) ; @ FHI5EHE SR Gao
et al. , 2004, 2008; Wu et al. , 2005a) ; @ K7
MR TG [ Jff b ( Niu, 2005) , {H & 250055 N R 1E
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(KB K&, 2018)
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R v PR S | T S AR W7 3 DR AR b i e iR |, 75
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(Deng et al. , 2017; 7k K5, 2018) , 51 KA v Hs
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LWL T BB B A2 (W et al. , 2005h) . KREHEAL
g LRI AR TR St O shim g, R
K FRAE b4 7 (72 # e 9%, 20063 Zhao and Zheng,
2009) . fEdbvEnam AR ER Iz o0 A B ) v Y
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KRIBLAEY HL5K ( Zhang et al. |, 2010) , 37 V8l e
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