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Abstract Heyu batholith in Waifang Mountain, Henan Province, located in the southern margin of the North China block. It is a
multi-stage intrusion with a total area of outcrop up to 784km’. Heyu batholith mainly consists of biotitic monzogranite and can be
subdivided into 6 units. LA-ICP-MS zircon U-Pb dating of the Heyu batholith porphyry gives concordant ages of 148.2 ~ 135. 3Ma.
Si0,, Al,0, and MgO contents are 67. 16% ~75.43% , 13.29% ~15.92% and 0.26% ~1.12% , respectively. Heyu batholith is
high K calc-alkaline and metaluminous-peraluminous, with K,0 + Na,0 >8.0% , Na,0/K,0 =0.82 ~1.43, ACNK =0.94 ~1.09.
The rocks are relatively enriched in LREE and depleted in HFSE ( (La/Yb) =14.5 x107° ~49.9 x 10 °, average 27.2 x 107°).
Variable Sr content comparing with typical adakite (102 x 10 ™° ~848 x 10 ™® | average 290 x 10 ) and low Y and Yb contents (Y =
3.21x107° ~17.3x107%; Yb=0.43 x10™° ~2.16 x 10 ®) , and slightly negative Eu anomaly (8Eu =0.57 ~0.89) suggest that
the fractional crystallization of the magma is obvious and a feldspar residual in the source is unlikely. The initial /g ratio range from
0.7071 to0 0.7090, and the g4 () value is 40.8 ~65.9. Negative gy, () value ( —16.4 ~ —11.2) with old #,,, ages of 1. 85 ~
2.27Ga and negative g,,(t) values ( —25.39 ~ —5.25) with old )y, age of 1301 ~2846Ma suggest that the batholith was probably
formed by partial melting of the south Qinling and Yangize crystalline basement with the participation of Xiong’ er Group and Taihua
Group. In combination with the regional tectonic evolution, we suggested that the crust in the study area was thickened in early stage of
intra-continental subduction of the Qinling orogenic belt intra-continent collision during Mesozoic, and the mantle-derived magma
upwelling, and thereby the Heyu batholith formed in the southern margin of the North China Block.

Key words Zircon U-Pb age; Sr-Nd-Hf isotope; Petrogenesis; Heyu batholith; Southern margin of the North China block
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Fig. 1 Simplified geological map of the Heyu batholith
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K2 SURER A HEAE A CL ER
Fig.2 Zircon CL images of Heyu batholith

F1 BIRERSEE LA-ICPMS §£4A U-Pb X R
Table 1 LA-ICP-MS zircon U-Pb data for the Heyu batholith

[FIf 2 HAE + 1o AEIE (Ma)
MES Th/U 207 p}, /206 py, 07 py,/B5 Y 206,/ B8 207 py, /296 py, 207 pp,/ B35 206y, 238
HAE o HAH o HAE o AR o AR o AR o
HY4-01 0.61 0.05017  0.00246  0.14496  0.00689  0.02096  0.00025 203 114 137 6 134 2
HY4-03 0. 81 0.05509  0.00726  0.17119  0.02185 0.02254 0. 00075 416 298 160 19 144 5
HY4-04 0.94 0.05967  0.00277  0.20228 0.01233  0.02449  0.00054 591 94 187 10 156 3
HY4-05 0.58 0. 04741 0.00111 0. 13391 0. 00441 0.02073 0. 00032 70 48 128 4 132 2
HY4-06 1.01 0.06302  0.00165 0. 17595 0. 00675 0. 02042 0. 00024 709 61 165 6 130 2
HY4-07 0.92 0.06498  0.00596 0.2116 0.01908 0.02362  0.00040 774 200 195 16 150 3
HY4-09 0. 67 0.06953  0.00238  0.22457  0.00890  0.02381 0. 00073 915 38 206 7 152 5
HY4-11 0. 64 0.05056  0.00101 0.16327  0.00465 0.02385  0.00061 221 29 154 4 152 4
HY4-12 0.57 0.05849  0.00088 0. 18509 0. 00503 0. 02296 0. 00048 548 28 172 4 146 3
HY4-13 0.48 0.04832  0.00125 0. 14380  0.00405 0.02192 0. 00039 115 35 136 4 140 2
HY4-16 0.52 0. 08921 0. 00191 2.38813  0.04456  0.19416  0.00202 1409 42 1239 13 1144 11
HY4-18 0.73 0.04935  0.00095 0.13453  0.00256  0.01996  0.00013 165 32 128 2 128 0.8
HY4-20 0.41 0.05111 0. 00215 0. 15421 0. 00677 0.02194 0. 00025 246 80 146 6 140 2
HY4-22 0. 81 0.05144  0.00095 0.14344  0.00497 0.02040 0.00048 261 40 136 4 130
HY4-23 0.70 0.04882  0.00152 0.14085 0.00480 0.02115  0.00035 139 49 134 4 135 2
HY4-24 0.79 0. 08015 0. 00305 1. 87139  0.06525 0.16934  0.00258 1201 77 1071 23 1008 14
HY4-25 0. 65 0.05730  0.00126 0. 17821 0. 00467 0. 02305 0. 00060 503 26 167 4 147 4
HY-1401 0.49 0.08156  0.00215 1.46569  0.03498  0.13034  0.00146 1235 53 916 14 790 8
HY-1402 1.66 0. 11111 0.00135  0.34823  0.00387  0.02273 0. 00024 1818 9 303 3 145 2
HY-1403 0.77 0.05356  0.00234 0.16701 0. 00703 0. 02262 0. 00027 353 101 157 6 144 2
HY-14-04 0.69 0.05302 0.00199  0.18147 0.00650  0.02482  0.00028 330 87 169 6 158 2
HY-14-05 0.50 0.05258 0.00186  0.16319  0.00545  0.02251 0. 00026 311 82 153 5 143 2
HY-14-06  0.58 0.09673  0.00254  3.13745 0.07406  0.23525 0.00269 1562 50 1442 18 1362 14
HY-1407 0.79 0.06922  0.00364 0.21026 0.01073 0. 02203 0. 00028 905 111 194 9 140 2
HY-14-08 0.61 0.05691  0.00321 0.18600 0.01020  0.02370  0.00031 488 128 173 9 151 2
HY-14-09  0.48 0.06639  0.00291 0.20858  0.00877  0.02279  0.00029 819 94 192 7 145 2
HY-14-10  0.93 0.08417  0.00347 0.26516  0.01037  0.02285  0.00030 1296 82 239 8 146 2
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Continued Table 1
IR E + 1o AR (Ma)
UHIJ "\J:T\% Th/U 207 Ph/ZOfJ Ph 207 Ph/235 U 206 Pb/238 4] 207 Pb/ZOG Ph 207 Pb/235 U 206 Pb/238 U
OB o LU AE [ OB o AEIE o A o A o
HY-14-11 0. 64 0. 05533 0.00300  0.17949  0.00943 0.02353 0. 00032 425 124 168 8 150 2
HY-14-12  0.88 0.05255 0.00294 0.16437  0.00895 0.02268  0.00029 309 130 155 8 145 2
HY-14-13  0.59 0.05542 0.00236  0.18035 0.00737  0.02360  0.00028 429 97 168 6 150 2
HY-14-14  0.63 0. 05079 0. 00208 0.16412  0.00644  0.02344 0. 00028 231 97 154 6 149 2
HY-14-15 0.24 0. 12761 0.00182 3.19570  0.03208 0.18163 0.00184 2065 26 1456 8 1076 10
HY-14-16 1.14 0.10926  0.00255 0.35019 0.00742  0.02324  0.00032 1787 20 305 6 148 2
HY-14-17  0.94 0.07033 0. 00335 0.22173 0.01018 0. 02287 0. 00029 938 100 203 8 146 2
HY-14-18  0.65 0. 05917 0.00343 0.19174  0.01086  0.02350  0.00030 573 130 178 9 150 2
HY-14-19 0.84 0. 05688 0. 00267 0. 18046  0.00817 0. 02301 0. 00028 487 106 168 7 147 2
HY-1420 0.72 0.05016  0.00266  0.15904  0.00822  0.02299  0.00028 203 123 150 7 147 2
HY-74-01 0.83 0.05145 0. 00261 0. 15562  0.00758 0. 02202 0. 00039 261 79 147 7 140 2
HY-7402 0.93 0. 10669 0.00466  0.34088 0.01374 0. 02325 0. 00047 1744 45 298 10 148 3
HY-74-03 1.17 0. 08961 0.00419  0.27543 0. 01205 0. 02236 0. 00044 1417 54 247 10 143 3
HY-74-04 0.79 0.07879  0.00397 0.23988  0.01139  0.02214 0. 00044 1167 63 218 9 141 3
HY-7405 0.74 0. 09966 0. 00248 0.28979  0.00660  0.02114  0.00030 1618 22 258 5 135 2
HY-74-06  0.62 0.08141 0.00349  0.26297 0.01061 0.02348 0. 00042 1231 51 237 9 150 3
HY-7407  0.95 0.10193  0.00480 0.28232  0.01243  0.02009  0.00033 1660 89 252 10 128 2
HY-74-08  0.63 0.07715  0.00669  0.22803  0.01906  0.02146 0. 00055 1125 126 209 16 137 3
HY-7409  0.98 0. 06568 0.01714  0.19890  0.05125 0. 02196 0. 00090 796 550 184 43 140 6
HY-74-10  0.89 0. 08097 0. 00703 0. 24535 0. 02069 0.02198 0. 00045 1221 177 223 17 140 3
HY-74-11 0.98 0.06830  0.00327 0.19842  0.00908 0.02108 0.00036 878 66 184 8 134 2
HY-74-12  0.75 0. 09854 0.01265 0. 34468 0. 04221 0. 02537 0.00104 1597 169 301 32 162 7
HY-74-13  0.31 0. 13664 0.00410  0.47424  0.01286  0.02517 0.00042 2185 25 394 9 160 3
HY-74-14  0.83 0. 07376 0.00329  0.29864  0.01255 0. 02936 0. 00054 1035 55 265 10 187 3
HY-74-15 0.75 0.07374  0.00894  0.24794  0.02943  0.02438 0. 00060 1034 257 225 24 155 4
HY-74-16 1.21 0. 06336 0.00183 0. 19757 0. 00545 0.02260 0. 00030 720 36 183 5 144 2
HY-74-17  0.41 0. 10783 0. 00301 0. 32687 0. 00837 0.02197 0. 00033 1763 26 287 6 140 2
HY-74-18 1.57 0.06455 0.00186  0.19154  0.00525  0.02150  0.00029 760 35 178 137 2
HY-74-19  0.80 0.07908  0.00259 0.25017  0.00771 0.02292  0.00034 1174 38 227 6 146 2
HY-7420 0.61 0. 07286 0.00369  0.24795 0.01196 0. 02466 0. 00047 1010 67 225 10 157 3
HY-73-01 2.60 0.19513 0.01227 0.70326  0.04098 0.02614  0.00062 2786 106 541 24 166 4
HY-7302 1.92 0.07347  0.00490 0.26838 0.01729  0.02647  0.00054 1027 97 241 14 168 3
HY-73-03 1.24 0. 08606 0. 00915 0. 26458 0.02754  0.02230  0.00048 1340 214 238 22 142 3
HY-73-04 1. 65 0. 06598 0. 00157 0.19522  0.00441 0.02144 0. 00027 806 27 181 4 137 2
HY-7305 0.76 0.07731 0. 00207 0.23923 0. 00603 0. 02242 0. 00030 1129 29 218 5 143 2
HY-7306 1.03 0.09203  0.00627 0.25878  0.01713  0.02039  0.00033 1468 133 234 14 130 2
HY-73-07 0.88 0.09480 0.00616  0.30493 0. 01909 0.02333 0. 00041 1524 126 270 15 149 3
HY-73-08 0.28 0. 08668 0. 00200 1.30410  0.02613 0.10911 0.00124 1353 45 848 12 668 7
HY-73-09 1. 05 0. 06807 0.00160  0.20136  0.00449 0.02144  0.00027 871 26 186 4 137 2
HY-73-10 1.18 0.08938 0.00435 0.25975 0.01198  0.02108  0.00033 1412 95 234 10 134 2
HY-73-11 1.48 0.09870  0.00209  0.31101 0. 00608 0.02284 0. 00029 1600 19 275 5 146 2
HY-73-12  0.53 0.05953  0.00154 0.17805 0.00438 0.02168  0.00028 587 31 166 4 138 2
HY-73-13  0.80 0.07814  0.00451 0.24128  0.01341 0.02239  0.00035 1150 118 219 11 143 2
HY-73-14 1.47 0.06543 0.00197  0.21018  0.00603  0.02329  0.00032 788 37 194 5 148 2
HY-73-15 1.09 0.07647  0.00236  0.23556  0.00688  0.02234  0.00032 1107 36 215 6 142 2
HY-73-16  2.22 0.06863 0.00462  0.29253  0.01891 0. 03091 0. 00068 888 97 261 15 196 4
HY-73-17 1.01 0. 07746 0.00156  0.23385 0. 00441 0.02189 0. 00027 1133 19 213 4 140 2
HY-73-18 1.11 0. 10255 0.00129 1.30589  0.01520  0.09235 0. 00103 1671 10 848 7 569 6
HY-73-19  0.62 0.05754  0.00170  0.16802  0.00475 0.02118  0.00028 512 39 158 135 2
HY-7320 1.30 0.08979  0.00667 0.29126  0.02088  0.02353  0.00046 1421 146 260 16 150 3
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Table 2 Major (wt% ) .trace and rare earth ( x 10 ®) element concentrations of the Heyu batholith
IT 1 2
KM HY-22 HY-34 HY-38 HY-39 HY40 HY-59 HY-60 HY-10 HY-14 HY-16 HY-19 HY-33 HY-41
Si0, 72.68 73.64 72.73 71.79 72.53 70.67 69.78 69.37 69.60 67.16 67.33 75.27 71.63
TiO, 0.35 0.25 0. 31 0.25 0.29 0.30 0.38 0.35 0.32 0.51 0.56 0.22 0.18
Al O, 14. 39 13.71 14. 00 14. 85 14. 34 15.15 15.22 15.71 15. 30 15.90 15.92 13.29 15. 54
Fe, O-i 2.74 2.11 2.56 2.02 2.30 2.23 2.62 2.82 2.07 3.85 4.19 1. 69 1.53
K,0 3.65 4.12 3.43 4.73 3.95 4.62 4.94 4.31 4.77 3. 66 3.50 3.77 5.00
MnO 0. 06 0. 06 0. 06 0.05 0.04 0.04 0. 06 0.05 0.05 0.09 0.12 0.04 0.04
MgO 0.79 0. 62 0. 56 0.47 0.45 0. 54 0. 62 0.74 0.52 1.02 1. 12 0.49 0.38
Ca0O 1.59 1.40 1.67 1.26 1.44 1.42 1.67 1.55 1.50 2.52 1.77 1.18 1.05
Na, O 3.99 3.99 4.53 4.43 4.51 4.82 4.44 4.79 4.23 4.90 4.99 4.00 4.55
P, 04 0.15 0.09 0.12 0.09 0.12 0.14 0.16 0.19 0.15 0.24 0.32 0.07 0. 05
LOI 0.61 0. 60 0. 69 0. 60 0. 84 0. 67 0. 60 1.71 1. 17 0. 30 1.62 0.61 0. 86
Total 99.96  99.98 99.97 99.94 99.96 99.92 99.89 99.88 99.75 99.84 99.83 100.02 99. 94
Na, 0/K,0 1.09 0.97 1.32 0.94 1. 14 1.04 0.90 1. 11 0. 89 1.34 1.43 1. 06 0.91
Mg# 36.3 36.8 30.2 31.5 27.9 32.4 31.9 34.2 36.9 34.4 34.6 36.5 33.0
ANK 1.32 1.24 1.25 1.19 1.23 1.30 1.13 1.25 1.26 1.32 1.33 1.25 1.20
ACNK 1.04 1.01 0.98 1.01 1.00 1. 06 0.94 1.02 1.03 0.96 1. 05 1.04 1.05
Cs 3.37 4.75 2.64 2.28 2.54 2.35 2.75 0.92 0. 81 1. 84 1. 60 4.05 1.77
Rb 88.7 102 82.7 110 108 154 87.6 60.9 176 49.5 33.4 117 109
Ba 545 544 1030 1949 1242 1895 2131 1842 2214 2195 1660 543 1778
Th 19.5 16.5 29.9 20.8 25.9 31.2 19.8 13.4 32.0 16.6 19.8 13.0 12.1
§] 2.24 2.17 6.53 3.87 3.98 46.0 4. 06 1. 65 4.70 2.10 4.90 1.73 1.73
Nb 31.1 29.9 47.5 36.9 45.9 33.8 39.7 36.0 37.3 41. 8 120 34.4 27.7
Ta 2.28 2.34 3.09 2.35 3.00 1.90 2.27 2.21 2.09 2.44 8.26 2.77 1.67
Sr 168 133 371 402 286 657 507 247 848 654 468 102 254
Y 9.29 6.34 7. 46 5.07 6.94 9.57 7.57 10. 4 15.1 15.4 17.3 6. 10 3.21
Zr 127 110 116 97.6 126 143 143 139 118 119 129 124 86. 4
Hf 3.96 3.84 3.79 3.05 3.98 3.79 3.44 3.43 2.45 2.90 3.92 4.16 2. 66
Rb/Sr 0.53 0.77 0.22 0.27 0.38 0.23 0.17 0.25 0.21 0.08 0.07 1. 15 0.43
St/Y 18.1 21.0 49.7 79.3 41.2 68.7 67.0 23.8 56.3 42.5 27.1 16.7 79.1
La 25.1 15.4 38.4 25.0 34.3 55.6 38.4 36.4 69. 1 61.4 44.9 15.6 13.6
Ce 38.2 29.2 77.9 46.8 61.3 96. 8 72.0 58.8 122 102 92.3 26.3 30. 1
Pr 4.87 3.21 7.64 5.45 7.37 9. 69 8. 12 6.56 11. 8 11.9 11.3 3.19 3.26
Nd 17.1 11.4 25.6 19.0 25.0 31.3 28.1 22.1 39.2 40.3 41.9 11.3 11. 4
Sm 2.94 2.02 3.84 2.82 3.81 4.47 4.25 3.30 5.63 6. 36 7.41 1.88 1.86
Eu 0.61 0.44 0. 82 0. 69 0.79 1. 11 0.98 0. 84 1. 19 1.42 1.52 0.38 0.44
Gd 2.06 1.40 2.64 1.79 2.30 2.79 2.62 2.40 3.46 4.24 4. 80 1.33 1.22
Th 0.31 0. 20 0.34 0. 26 0.35 0.39 0.37 0.33 0.50 0.59 0.70 0. 20 0.17
Dy 1.57 1.08 1.71 1.28 1.65 1.72 1.77 1. 69 2.35 2. 80 3.42 0.97 0.79
Ho 0.30 0.22 0.32 0.23 0. 31 0.32 0.32 0.32 0.42 0.51 0. 69 0.19 0.14
Er 0.92 0. 64 0.97 0.70 0.90 0.87 0.93 0.94 1. 18 1.52 2.08 0.63 0. 46
Tm 0.13 0. 10 0.13 0.10 0.12 0.12 0.12 0.14 0.17 0.21 0.31 0.09 0. 06
Yb 0. 96 0.76 0.92 0. 66 0. 85 0. 80 0.78 0. 90 1.07 1.30 2.16 0.71 0.43
Lu 0.13 0.13 0.13 0.11 0.13 0.12 0.11 0.12 0.15 0.18 0.33 0.12 0.07
Y REE 105 72.5 169 110 146 216 167 145 274 250 231 68.9 67.2
LREE 88.8 61.6 154 99.7 133 199 152 128 249 223 199 58.6 60.7
HREE 15.7 10.9 14.6 10.2 13.6 16.7 14. 6 17.2 9.30 26.7 31.8 10.3 6.55
LREE/HREE 5.67 5.67 10.5 9.78 9.81 11.9 10. 4 7.43 26.8 8.35 6.26 5.67 9.27
(La/Yb) g 18.8 14.5 30.0 27.2 29.0 49.9 35.3 29.0 46.4 33.9 14.9 15.8 22.7
SEu 0.72 0.76 0.75 0. 88 0.75 0. 89 0.83 0.87 0.76 0.79 0.73 0.70 0. 84
T(C) 732 719 715 705 723 719 708 727 704 719 733 699 732
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Continued Table 2
T 2 3 4 6
[T HY43 HY44 HY-24 HY-28 HY-31 HY42 HY45 HY-57 HY48 HY-50 HY-51 HY-52 HY-53
Si0, 72.91 71.35 72.00 71.80 72.37 71.62 71.07 73.28  74.77 71.86  72.65 71.82 75.43
TiO, 0.25 0.27 0.28 0.31 0.29 0.25 0.32 0.23 0.15 0.21 0.23 0.21 0.13
Al O, 14. 39 14.97 14. 81 14. 81 14. 64 15. 04 14.98 14. 36 13.77 15. 00 14. 45 15. 11 13.74
FeZOgV 1.95 2.12 2.37 2.21 2.04 2.22 2. 66 2.08 1.49 2.20 1.91 2.15 1.38
K,0 4.83 4. 49 4.44 4.19 4.41 4. 66 4.32 4.15 4.37 4.63 4.37 4.56 4. 11
MnO 0.04 0.03 0.04 0.05 0.04 0.07 0. 06 0.04 0.03 0. 06 0.05 0. 06 0.02
MgO 0.45 0. 45 0. 66 0.71 0. 63 0. 56 0.58 0.42 0.27 0.37 0.39 0.38 0. 26
CaO 1.09 1.17 1.32 1. 56 1. 40 0.94 1.39 1.33 1.03 1.13 1. 16 0.92 0.79
Na, O 3.96 4.99 3.89 4.18 4.04 4.49 4.42 4. 00 4.12 4.40 4.70 4.64 4.13
P, 05 0.10 0.09 0.11 0.11 0. 10 0.09 0.12 0.08 0.04 0.07 0.07 0.07 0.03
LOI 1.01 1.49 0. 64 0.49 0.41 0.74 0. 61 0.61 0.44 0.53 0. 50 0.52 0.57
Total 99.96  99.93 99.93 99.94  99.95 99.93 99.91 99.97 100.01 99.93 99.96  99.93 100. 02
Na, 0/K,0 0. 82 1. 11 0. 88 1. 00 0.92 0. 96 1.02 0.96 0.94 0.95 1. 08 1.02 1. 00
Mg* 31.4 29.6 35.5 38.9 37.9 33.3 30.2 28.6 26.4 25.0 28.8 25.9 27.2
ANK 1.22 1. 14 1.32 1.30 1.28 1.21 1.25 1.17 1.20 1.22 1. 16 1.20 1.22
ACNK 1.05 0.98 1.09 1.04 1. 05 1. 06 1.03 0.98 1.03 1. 05 0.99 1. 06 1.08
Cs 0.55 0.45 1. 69 2.06 2.19 1.61 3.39 1. 89 1. 66 1.85 1.85 3.02 1. 56
Rb 75.0 61.8 94.5 69.2 77. 1 89.8 79.6 69.0 103 98.0 97.2 109 116
Ba 1649 2088 1585 1114 1178 1724 1821 1735 909 1885 1317 1981 594
Th 18.6 18.6 12. 1 10. 8 10.7 15.2 23.8 10. 8 16.7 17.0 10. 4 13.9 17.4
U 2.24 1.51 1.83 1.82 1.91 2.42 2.08 1.18 2.88 1.62 1.95 1.77 4.98
Nb 36. 1 33.9 24.2 27.2 26. 1 34.0 45.7 32.5 26.8 40.3 37.7 35.5 37.0
Ta 2.48 2.23 1. 66 2.19 2.05 1.96 3.21 2.12 1. 81 2.34 2.39 2.27 3.32
Sr 229 338 264 211 208 322 349 193 138 358 152 316 120
Y 6. 60 5.43 8. 81 7.00 4.95 5.85 13.3 7.47 3.97 8.95 7.30 5.38 4.63
Zr 95.1 90. 0 101 98.3 96. 0 91.5 126 132 64.2 73.1 92.3 88.5 96. 8
Hf 2.57 2.07 3.21 3. 14 3.30 2.42 3.21 3.34 1. 80 2.15 2.35 2.36 3.07
Rb/Sr 0.33 0.18 0. 36 0.33 0.37 0.28 0.23 0. 36 0.75 0.27 0. 64 0.34 0.97
Sr/Y 34.7 62.3 30.0 30.1 42.0 55.0 26.2 25.8 34.8 40.0 20. 8 58.7 25.9
La 34.1 28.7 23.3 19.4 17.2 32.4 55.5 27.0 19.5 37.4 25.5 32.3 14.0
Ce 54.9 51.5 43.5 34.2 32.6 57.1 105 43.9 35.6 72.6 41.2 61.3 26.8
Pr 6.57 5.68 5.19 4.20 4.06 6. 46 11.7 5.45 4.05 8.23 4.97 6. 81 2.92
Nd 21.7 18.9 18.9 15.2 14.6 21.6 39.1 18.0 13.2 28.4 16.7 22.5 9.53
Sm 3.30 2.81 3.10 2.62 2.54 3.08 5.58 2.83 2.00 4. 41 2.58 3.33 1.63
Eu 0. 69 0.63 0. 80 0.61 0.53 0. 68 0.97 0.59 0.37 0.94 0. 46 0.63 0. 26
Gd 2.12 1. 84 2.19 1.83 1.70 2.04 3.48 1.79 1.31 2.74 1.72 2.03 1.05
Th 0.29 0.26 0.32 0.27 0.24 0. 26 0.50 0.26 0.18 0. 40 0.23 0.27 0.17
Dy 1.44 1.27 1. 65 1.31 1. 19 1.21 2.43 1.26 0.88 2.04 1.20 1.23 0. 88
Ho 0.27 0.25 0. 30 0.25 0.23 0.22 0.51 0.24 0.16 0.39 0.24 0.21 0.18
Er 0.77 0. 69 0. 86 0.72 0.61 0. 68 1. 56 0.74 0. 46 1. 10 0.74 0.62 0. 54
Tm 0.11 0.10 0.14 0.11 0.08 0. 08 0.24 0.10 0. 06 0.15 0.10 0. 08 0. 08
Yb 0.72 0. 65 0. 86 0.71 0.58 0.57 1.73 0. 68 0.45 0.98 0.75 0.55 0.61
Lu 0.11 0.09 0.13 0.10 0.08 0. 08 0.27 0.11 0. 06 0.14 0.12 0. 08 0.09
Y REE 134 119 110 88.5 81. 1 132 242 110 82.2 169 104 137 63.4
LREE 121 108 94.7 76.2 71.5 121 218 97.8 74.7 152 91.4 127 55.1
HREE 12. 4 10.6 15.3 12.3 9. 66 11.0 24.0 12.6 7.53 16.9 12. 4 17.2 8.23
LREE/HREE 9.73 10.2 6.21 6.19 7.40 11.0 9.07 7.73 9.92 9.00 7.37 7.37 6. 69
(La/Yb) g 34.0 31.7 19.4 19.6 21.2 40.7 23.0 28.5 31.1 27.4 24. 4 42.2 16.4
SEu 0.75 0. 80 0. 89 0. 81 0.73 0.78 0.63 0.75 0. 66 0.77 0.63 0. 69 0.57
T(C) 712 691 720 710 711 705 726 745 727 682 688 697 701

1 :Fe, 01 44k, ACNK = Al,0,/( CaO + NayO + K, 0) BEJREUAM 50 1t s ANK = AL 05/ (Nay O + K, 0) FE/R U050 1L s Mg® = Mg®* /(Mg®* +
Fe? ") x100;8Eu =2Euy/(Smy + Gdy ) 5 (La/Yb) y A ERKLFAARAEAE , FRiEIL T E Sun and McDonough (1989) ;T g 47 4 1 I
B, T, =12900/[2.95 +0. 85M + In(496000/Zrmet) ], M = (Na+K +2Ca) / (Al xSi), Zrmelt J4k & 8 ( Watson and Harrison,1983)
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£33 AIEHEREE Sr-Nd FrEAK
Table 3 Whole-rock Rb-Sr and Sm-Nd isotopic compositions of the Heyu batholith
S Rb( x107%)  Sr( x107%) 8 Rb/%Sr 87Gy/80Sr 20 I, £5,(0) £, (1)
HY10 60.9 247 0. 5945 0. 709091 0. 000018 0.7078 65.2 49.9
HY19 33.4 468 0.1725 0. 709334 0. 000017 0. 7090 68.6 65.9
HY28 69.2 211 0. 7926 0. 708774 0. 000013 0.7071 60. 7 40.0
HY38 82.7 371 0.5388 0. 709854 0. 000018 0. 7088 76.0 63.6
HY41 109 254 1. 0369 0.710126 0. 000016 0.7079 79.9 51.3
HY45 79.6 349 0. 5505 0. 709538 0. 000017 0. 7084 71.5 58.2
HY53 116 120 2. 3496 0.711734 0. 000016 0. 7072 102. 7 40. 8
HY60 87.6 507 0.4173 0. 709388 0. 000014 0. 7086 69.4 60.3
RS Sm( x107%)  Nd( x107%)  "sSm/™Nd  “*Nd/"™Nd 20 exa () tpyz (Ga) Ssmnd
HY10 3.30 22.1 0. 0948 0.511781 0. 000007 -14.8 2. 14 -0.52
HY19 7.41 41.9 0.1122 0.511715 0. 000007 -16.4 2.27 -0.43
HY28 2.62 15.2 0. 1092 0.511982 0. 000009 ~11.2 1.85 -0.44
HY38 3.84 25.6 0. 0951 0.511745 0. 000007 -15.7 2.20 -0.52
HY41 1. 86 11.4 0. 1036 0.511719 0. 000007 -16.2 2.25 -0.47
HY45 5.58 39. 1 0. 0907 0.511795 0. 000011 -14.5 2.11 -0.54
HY53 1. 63 9.53 0. 1086 0.511835 0. 000008 -14.1 2.08 -0.45
HY60 4.25 28.1 0. 0959 0.511721 0. 000008 -16.1 2.24 -0.51
it Mteh 63.4 x10°° ~274 x 10 °°, FEERAE B BRUE
AR o i E (B 7)) &AL AL, 38 T84T, ifh - ~
s ST . S, e | 10.0 A
LA, W R ER LT ((La/Yb), = b
14.5x107°~49.9 x 107, SE{H 27.2 x 107°°%) , 4655 =5 ’\\ B .
(8Eu=0.57 ~0.89, -1 0.76) . 75 J5L b b v AL B it o0 0.0
R E (7)) T Sr fr AT 102 x 10 7° ~ 848 x AN —
1077449290 x 10°. Y A Yb 2 1 4 B 46 T 3. 21 ol g
. i . 7 b
1076 ~17.3x10 °(F3 7.58 x 10 ®) F10.43 x 10 ™° ~2. 16 o ! e i
-6 M2 -6 N3 \_{ : ‘~
x10 7 °(F10.82 x107°) , Sr/Y HflfK(16.7 ~79. 3, -1 & . |
40.8) . i ,
| BT FAR ol k%
-30.0F i
— o Y 7 i
6 IRl LBk AL T | |
‘ ; AL T
6.1 SrEGIEHE -40.0 L i '
. e e et s 0.7 0.705 0.71 0.715 0.72
HR3 AT LUE W, BIRTE R AN s (1) I B, g/

S F40.8 ~65.9 Zu, HATEEYILGEMHE), N T
0.7071 ~0.7090 Z[a] , BA5 LI Hb TR I R F FUAFAE

6.2 Nd B EHHE

BUEE B A FE M Nd/ ™ Nd 9146 He 4505 (0. 511715 ~
0.511982) 500, (1) = —16.4 ~ — 11. 2, B9 R AU funs (Y
HE, BT -0.43 ~ —0.54 Z (0], 5Kl 5 KRt 5e
Founa FEIME( —0.4) (McLennan and Hemming, 1992 ) #H kb ffi
ZERR AR BORE AT Nd [l Z B AR I 2 7 AR R
i 2 (2ERRAE 1996 ) o X T 4K i i A 2 oy e R 20 M
Rl B A A R UL, O T B KR b PR M e T A B BE A Sm-Nd
SIS N AR I TR ™ A2 B 52, AR SCR T B B: Nd
BRI T BT e o P T 185 ~2.27Ga Z ], E 1Y
Nd 7 B Bt AR RN 1Y) ey (2) 1HL, FE7R 5 IR AL B 25 1

8 B UEAE R ek Nd-Sr [Fl7 2 &I fif (465K RIS, 2008 )

B X2 AT 5 C X -RESE IR X BC X -5 R

Fig.8 TIsotopic plot of Nd-Sr for the Heyu batholith ( after
Zhang et al. , 2008)

B-basalt derived ; C-continent derived ; BC-transition area

BRI T M e Y B, 7R Nd-Sr [ & & (1 8) I,
B BATCRYBRS mi I8 e 2 B IR X5 il 72 8 X2 T ) i
PRDSE R P , 5 AT RE AT /D e DB R 1 TR

6.3 A Hf EfrsE
YEB 3 A EAERY HY-14 HY-74 HY-73 #¢ 53847 T
AEAL HE R R SHT(F4) o W, I R A 23
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x4 BIREREE LA-MC-ICP-MS 57 Hf EARREA SNt R
Table 4 LA-MC-ICP-MS zircon Hf isotopic compositions of the Heyu batholith

s by 76 Yh/ YT HE 76 Lu/YTTHE 76 {177 HE e (0) e (1) Lpmi Lpm2
HY-14 01 790 0.013476 0. 000515 0. 281575 -42.32 -24.54 2317 2768
HY-14 02 145 0.021425 0. 000845 0.282120 -23.04 -19.95 1587 2006
HY-14 03 144 0. 022027 0. 000882 0.282114 -23.26 -20.07 1597 2016
HY-14 04 158 0.021103 0. 000898 0.282110 -23.42 -20.02 1604 2021
HY-14 05 143 0. 014069 0. 000607 0.282143 -22.24 -19.06 1546 1963
HY-14 06 1362 0. 019433 0. 000693 0. 281435 -47.27 -16.32 2518 2840
HY-14 07 140 0. 024790 0. 000927 0. 282096 -23.91 -20.61 1625 2047
HY-14 08 151 0.016979 0. 000652 0.282101 -23.72 -20.25 1606 2034
HY-14 09 145 0. 020476 0. 001037 0.282187 -20. 68 -17.39 1502 1884
HY-14 10 146 0. 026096 0.001144 0.282172 -21.22 -17.94 1528 1912
HY-14 11 150 0. 024147 0. 001095 0.282192 -20. 50 -17.20 1497 1875
HY-14 12 145 0.016617 0. 000674 0.282152 -21.92 -18.63 1537 1946
HY-14 13 150 0.018972 0. 000805 0.282115 -23.23 -19.89 1593 2012
HY-14 14 149 0.021934 0. 001001 0. 282169 -21.32 -18.10 1526 1917
HY-14 15 1076 0. 023126 0. 000902 0.281494 -45.20 -21.93 2451 2846
HY-14 16 148 0.012523 0. 000578 0.282139 -22.38 -19.19 1550 1970
HY-14 17 146 0.017744 0. 000721 0. 282146 -22.14 —18. 81 1547 1957
HY-14 18 150 0. 018279 0. 000769 0.282156 -21.79 -18.23 1535 1936
HY-14 19 147 0. 032499 0.001134 0.282105 -23.60 -20.34 2317 2033
HY-14 20 147 0. 021701 0. 000965 0.282148 -22.05 -18.77 1553 1954
HY-74 01 140 0. 039532 0. 001393 0.282125 -22.87 -19.39 1604 1994
HY-74 02 148 0. 072372 0. 002622 0. 282208 -19.94 -16.55 2317 1851
HY-74 03 143 0.039778 0. 001560 0.282168 -21.37 -18.40 1551 1925
HY-74 04 141 0. 048902 0. 001786 0.282232 -19.11 -16.27 1469 1813
HY-74 05 135 0. 022681 0. 000915 0. 282347 -15.04 -11.99 1275 1601
HY-74 06 150 0.073615 0. 002621 0.282291 -17.02 -14.39 1417 1712
HY-74 07 128 0. 026239 0. 001053 0. 282203 -20.11 -16.95 1480 1857
HY-74 08 137 0. 030442 0. 001255 0.281684 -38.48 -24.33 2212 2638
HY-74 09 140 0.031102 0. 001270 0. 282241 -18.79 -15.91 1437 1795
HY-74 10 140 0. 029768 0.001182 0.282108 -23.49 —-20. 66 1619 2033
HY-74 11 134 0.031171 0.001337 0.282115 -23.25 -20.18 1616 2018
HY-74 12 162 0.015741 0. 000743 0.282217 -19.64 -16.69 1450 1835
HY-74 13 160 0. 027993 0.001173 0.282198 -20.30 -17.27 1492 1869
HY-74 14 187 0.021130 0. 000840 0. 282444 -11.59 -8.43 1137 1424
HY-74 15 155 0.035713 0.001480 0.282177 -21.05 -18.08 1535 1909
HY-74 16 144 0. 014995 0. 000551 0. 282504 -9.49 -5.25 1046 1301
HY-74 17 140 0. 026085 0.001154 0.282241 -18.79 -15.83 1432 1793
HY-74 18 137 0. 047520 0. 001921 0.282014 -26.79 -15.00 1784 2092
HY-74 19 146 0. 020365 0. 000912 0.282186 -20.73 -17.86 1500 1892
HY-74 20 157 0. 029979 0.001163 0. 281964 -28.56 -25.39 1818 2284
HY-73 01 166 0. 034299 0. 001356 0.282218 -19. 60 —-16. 66 1472 1835
HY-73 02 168 0. 027186 0.001182 0. 282203 -20. 14 -17.01 1487 1859
HY-73 03 142 0. 033909 0. 001360 0. 282220 -19.50 -16.50 1468 1830
HY-73 04 137 0. 025342 0. 001007 0.282185 -20.74 -17.75 1504 1891
HY-73 05 143 0. 045270 0. 001808 0.282234 -19.03 -16.23 1467 1810
HY-73 06 130 0. 026943 0.001019 0.282214 -19.73 -16.55 1464 1838
HY-73 07 149 0. 045044 0.001785 0.282221 -19.48 -16.83 1484 1834
HY-73 08 668 0. 021302 0. 000797 0.282174 -21. 14 -18.21 1511 1912
HY-73 09 137 0.018793 0. 000723 0.282219 -19.55 -16.55 1446 1830
HY-73 10 134 0. 024932 0. 000961 0. 282156 -21.78 —-18. 80 1543 1944
HY-73 11 146 0.017827 0. 000762 0. 282221 -19.49 -16.62 1445 1829
HY-73 12 138 0.015188 0. 000579 0.282160 -21. 64 -18.15 1522 1929
HY-73 13 143 0. 044715 0. 001605 0. 282093 -24.01 -20. 68 1658 2054
HY-73 14 148 0.033878 0. 001406 0.282288 -17.11 -13.19 1375 1697
HY-73 15 142 0. 030579 0.001186 0. 282207 -20.00 -16.72 1481 1850
HY-73 16 196 0. 025299 0.001157 0. 282172 -21.20 -18.16 1528 1914
HY-73 17 140 0. 029611 0.001136 0. 282240 -18.80 -15.84 1432 1794
HY-73 18 569 0. 026027 0. 001049 0. 282266 -17.88 -14.97 1392 1748
HY-73 19 135 0.051672 0. 001852 0.282145 -22.18 -19.16 1595 1966
HY-73 20 150 0. 045553 0. 001536 0.282181 -20. 89 -17.61 1531 1897

=)

TE R S HE R R TS B0R 70 Lu FAS B BN = 1. 867 x 10 ~"" (Soderlund et al. , 2004 ) ; BRALE A1 = 5t o b2 (19'7° Lo/
THE, TS HE/ T HE 435 0. 03321 ,0. 282772 ,0. 03842 0. 28325 ( Blichert-Toft and Albarede, 1997 ; Griffin et al. , 2000) ; 15 £ 0 =
—-0.72(Vervoort et al. , 1996)
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Fig.9 Zircon Hf isotopic compositions and plots of £,,(#) vs. age for the Heyu batholith
HAT B A% /97 HE'TT HE H AR (0.281435 ~ 0.282504 ) FlI
T Lu/ T HE HAH (0. 00052 ~ 0.00262) o 60 AN 1 £y (1) 1090
AT -25.39 ~ =5.25 2 [ (F 9) , 2 WRAkTR S 7 Pk 2001 A "
S T HOROR , R T - 11,99 ~ ~20.68 2 i, 5 BOR o
() 1y AE I A T 1046 ~ 2518Ma 2 ], 3 % 4 th T 1046 ~ 700 iF 4 égb
1818Ma, Hih gk 7k £t HY14-01 \HY14-06 HY14-15 HY-73- ~ 600 | § \A:a ,';é'
08 1 HY-73-18 [ 1y, 4F W8 52 55, 43 % 4 2317Ma 2518 Ma , S sof fx S ‘/,\q{;f"'
2451Ma 2212Ma Fl 1784Ma, T 854 1) Lu/Hf HE (f o = & 400 ,"- !')” ~ A%
~0.97 ~ ~0.98) 53 /N KB 5% , L B B B AE A s
052 I WL 9 5 35 B I 0 72 24 7 20| /4 b d
SUAENS . o AEIRA T 1301 ~2846Ma 2 i, F 54 T 1712 wolil L
~2054Ma, 4k 7K 8% 77 HY14-01 ,HY14-06 \HY14-15  HY-73-08 o , .
R HY-T3-18 (1) 10, SFUCEERT , 557 2 2000 B 7 T 22 0, i ' Y109 ' i

4351 2768 Ma , 2840Ma . 2846Ma , 2638Ma 1 2092Ma,, & 9
R Y SR HE R 43 B B w8 TR A HE
R AR 2T KA e (1) 8 ( —25.39 ~ =5.25) Flhy
2N HE RS R, G U 1E 5 A 2 R IE T Hbse )

7 WHe
7.1 EERE

HnAE A i ACNK (AL O,/ ( CaO + Na,O + K,0) 43
FH) =0.94 ~1.09, 34 < 1.1, BA | B i 5 BYFRRAE . 552
S WFSE R, P, O, 7555 o 57 BT AR o8 4R BT 2 Hh B S0, 3
ISR, 3 b B T A T X [ B S RUAE
M dE(Li et al. , 2007 ; Chappell, 1999; Wu et al. , 2003 ;2=
HRTEAE,2007) o 7 P, 05 B Si0, AL A IR (151 4) L, Bodls
wUEVARTY T Al a3 A, B P,05 55 Si0, & & 5 AHC
KFR, RUIGIRIER G S Brasmiteny 1 876K 5

RAEMEITER LT R, & IR LR A B A A1
Y 1 Yb F A, Sr T3 290 x 107° AR K 0 T
(Sr>400 x 107°) R, 78 Sr-Yb FE (P 10) , K & £ K

K10 fER A Sr-Yb 232K K (45K S ,2006)
a-RIR T bR St AR Y BB RIS s o9 Srm Y BB R 5 iR
Sty Y BUALRG s et Sr i Y BB A . ARG [E K 4
Fig. 10 The classification of granitoids on the basis of Sr
and Yb contents (after Zhang et al. , 2006)

a-adakite ;b-low Sr and low Y type granitoid; c-high Sr and high Y
granitoid ; d-low Sr and high Y granitoid ; e-extremely low Sr and high
Y granitoid. symbol is as Fig. 4

SR ORI SE (2006 ) 1S40 H AR Se AR Y B XK, &
I A6 B 7 3 LA IR HREE Y \Yb /& & , R HR IX B £ 1%
FIFALE (Xiong et al. , 2005) , 7 REE Ed (& 7) ,HREE EL
S 3 ARIE S, Hoy = Yby , IR MM A T/ s A8 MREE (55
/NF A ,2002 5 RARICEAE,2002) |, 7R A TN 4 002 2 A 4% R
Mo HABIBRIBFT A AT ALF S, 755 Eu 5%, Ui
AR KEELHRK A B RER, # S HRA R
(102 x107° ~848 x107%) ,

BIRAE 4 7 5 35 B R AT 94K 2% Bronson 11 BLFH 20 /)
1% Sr K BTG R R (R FEE TR NS FE = N )
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Fig. 11 (La/Yb) \-Yby diagram Sr/Y-Y diagram for the Heyu batholith (after Defant and Drummond et al. , 1990)

Symbol is as Fig. 4

(Hollocher et al. , 2002) MZE7RK 7 55 (2004 ) 438 32 L 16 B
M IR A 2 R AR 2R L B AT X B i B B,
AL O, , & K Na, 25+ 55, B L 58, K Se AR Y Fl Yb,
H¥YAEW RS RE Eu fi %% . {3 Bronson LLIHYK Sr 46
A M BEIUAR Se iR Y AERERY Y AT Yb B K Bu U5 g
T AR R, BT W], Bronson 1 4k Sr 4E
BT RE R BE BRI # ST AR A R Y, BT M ER A e AR
AT WA - A0 TN A 2, TR W R0 A M A, HE SR e
< 10kbar( Hollocher et al. , 2002) , ZE7K 7545 (2004 ) AR & 3
UL Y Y S AR, A Y TR IK 0 B, {H Se BRI
TEBTE R 1 3 35K Ak A AR, HEI BT 2K B A T AR R A R
- - R A - i T R 5 7E 3 s 19 R 0 R 38 43
S RTE LY

BIRTERATE Y. Yh &KL EPIAS S IR AL, 7 (La/
Yb) y-Yhy B (& 11) , G IR AL B 5 1 35 s R o 5L T 41
HREAT F DR FARH A7 DR B il s A 2 BT, 4T3 R Ak T it
5K 50 0 434 X N ( Xiong et al. , 2005) ;78 St/ Y-Y [19%
Al Ze B rh (BT 1) A G 38R 2 SIS TE RV 5 AN RHK £
INE AL 2 1], Ul B G IR 4K B 8 A5 5 7 18 0 b TP A
o B TR R R, T8 B T 0 R b 5 14 IS S, 4 % BE A T
REFAHC A A IR AR AR B Bu 65 5 5L
5, Y . Yb S AR w AR, R A R E L AR AN
WA 3R 58 H,O & B AR Bl A5 1 R A A
MR EER R N, B A A DR . RS
R BB K ERE 12920 1GPa, JE ) TR 53Rk %A
— 5, B LR T RE > 40km, 7 40 ~ 50km {5 [, S f 45 R
TR

Hildreth (1991) 8 ] Fi] Rb/Y-Nb/Y & fi# 3 21 B 5 5 4

Nb/Y

20 30 40 50
Rb/Y

K12 SinfE ks F a9 Nb/Y-Rb/Y &% (§5 Hildreth,
1991)

Fig. 12 Nb/Y-Rb/Y diagram of Heyu batholith ( after
Hildreth, 1991)

JER IR Z IR YRR . PR AT FE , Rb/Nb (A M s 2
Al LA A AR B S Y L 3 (N-MORB) [
Rb/Nb FAE M 0. 36,344 F #1558 Rb/Nb FL{E N 0. 88,31
M FER Rb/Nb HAE 4.5 (1 12) o A UATE <A 3k Rb/Y
1 Nb/Y {75 4k 36 B AR K (Rb/Y = 1.93 ~ 33.96, Nb/Y =
2.71 ~8.63) , HA% 52 i 75 B R A 429 A b 5% T8 Ak X 5k
(E12) o B, AU TE R A 5P BT i 5 R AR/ T
LAY (1 2R R R 1K T A Y AR M A TR B R U g F i R
N HbFE A Y A6 B A, R R TR M 5 RRCRE A AR I o e
JE o
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7.2 RREKNEENREDE

BUBTEREFLZ T T AN YA M, BRES L N BTl
PUBLE/ING A RO, 1O SR TT AR A IR . AR A SO
M ZABITTHIAERE , th 3 — 50T 25 /S AITAE Ik th 2 2.
H A Yo G5 R T AR A 8 LA, BTAA L3
W BAE tohor B B BEORL BE SB AR Al . A6 43 Bl R, Si0,
A FRITAR RS th E BB, SR BRI 1] 5 S O AT R
HEIME i H, o I R h A0 20 P 55 i R M in ks
#o HEFEITRB/RMNS S0, KB AAMSEKER,
ALO, Ti0, P, 0, 187 Hh 55 — HE 5 A I U HE T
S VERGIRAE R R B I ST, 58— AoC B R
1) TEMM S AR Si0, &, P U1 G ¢ J2 i R 2 B 1 3
SRR o RER A D AR R R BT e A AT
P —NEIE BT, QR AR A SR AR AL P AL 3 0 3 B 4k R
PR IE R AT AR PP 0 55 B TR PEBEAIR R B #5
BRI, BIS A R AR BR 1L 1) 5 JK (IR 45,2008 ) o &I
ARG HE R IR, N TR BRI R B TC IR R 1 7T e 5 2
H B o

2 HRH A4 SE AU B T Y 45 2R ( Pitcher, 1997
Petford et al. , 2000 ; Glazner et al. , 2004 ) , BANMZ AR A
B BN 41 U-Ph [RI07 R R 35 I ) A o TMa, 5K
BIANTE —M b FE TS o 4 R B 1 22 S (T U 0 40 i A M 1R
MR EEANR] JE R A ) RIRIR P AT RE R A 1
ARG OMRER TN ) B KA o 5 o fls Ak
Gy AR (£ ¥, 20005 2 AR SR, 2002) o A 3R bR S
(1999) %t 1 5% 45 A1 oK M w9 SE BB 5T , WL 5 0445 ral
FERIEE I, 25 A 2 53 Ehy B ) PR M, B B I B A, E
AR 1) B IV Y AL 5 AR Rl s g 8 R fel s 1
FUEE , 22 10 7 (975 VA o e, A28 Rl T ) AR (0 I R g 2 e
Fhlo LA XS S5 R R, B RE R A A A i 3 I R . I
A, RARIT (1993) YA BRI A2 BE R 3 #E hi HL
Z JE B AR 1 29, A SRR I o e 2 A T
YR B, TR R A B R R A — RN
T SV £ Sy P8 R 2R e BEAT 14, BCHC I il R 23 1 7 A
R H . BIBTER AR Z WAL, & FIT A — & 4R
% ) R 50 B S L BRSO 2 [RIHE R 4 O B, 43 AR 1k
T RESE AR XTI A [ b vCs 0T IR — 6 KGE B e 5 =
NERAL, B R R A5 R 1 10 SR AR A AN ) i
IR AL 22 R AR LR R AR AL , IX S AR AL TR 5 0K O3 S 25
mr TR

B U AL 1 5 B 45 BT[] 114 22 T3 38 LK 6 0 G5 A0 1) 728
1, NS — BT 2 7S B TTAE A AR S I 22 B 1) A BREAR 5
BRSSPSR A B B Y R
RTFRAHLIR S, B v RS T 45 8. Swanson (1977) Fenn
(1977) Dowty (1980 ) S5 £ b BT f (A ™ 4 1149 485 it A= A i
7T REMTE S A5 TAE, Swanson (1977) I F & WAL X

ST FE: Rk dg T ARSWBILK &0l Fi el R A 3499

INKH +6.5% H,0 1S5, 7ok A B i, Joad v 2
L, B AT 0 B 8 B R A B 8 B A 0, (EL
AR A R T R TR AT AR R, 5 5 3 I AE 1 o ik
H BT A BRE T T AN AR A BRE R BRI — 2 . Bl
L E R REAR , 29 600°C I}, 3 ¥ & AT =350°C, R AE < i
HAEILEE SR L, P A RH A A e AR R AR, (5
IR LR DR AE B 2 8 T PR B B AT RS A A D225
st R SR A R S UG ST 45 o A A B R 5 R AR B —
TUEATTH L RO FBL BEAR S5 48, 0 R R R A, R A
TR Z B IAR AN (AL, v S 1 (AR 4
2009) . EAMAHZ A A bR AR, T RO, TR B R, B
DLARRLES ) A BEAR S5 4G (R AR A5 ,2009) |, 5 5 I 4E b
LA R B BRRT™ H B) =B 7S TR AR )

PAERRAER BT, i 5 — AOT BN oD A AR AL R
TR AL . B HOTIR RN A SRR BLAE TR, th TR
A i PR T AN BB ) A6 HE 1 R b e ) 5, 16 AR UOB U &
It IR IRIE S IR b e P AT AT, (HE Y
WAL IER Z A0 THE L Z M, i T HZ DR
FLE, R R Z R AL B8R H R, B S B R —
BRIk, T BE IR PR T U5 XA 2 S 0 AR B B AN
[Fi) 7 Ay SR B o v e SR e A S 1) AR TR I, 1=
PR — TR, BT LA B BORURL A 454

7.3 HIRRIR

A R A AT, A A B 2 B 1 U X 32 B A AR bt B
MNP -THISTA A . BT ARIE A IR 18 5 A FL 0 i
GG RACTE M REE I — B, R A AL A 3 R R R
SEREER AR ), 53 A REERE A A (R Talk b 5t b G
WF5EBE , 19960 ; T 3565 1997 ; 255k I ,2005) o 255 A IRAE
B2 3 6] R AFAE, Nd R4 28 BERE AR IR S 1,85 ~
2.27Ga, fhA HE [A07 2 0 B BoCAR IR 4 1. 71 ~ 2. 05Ga,
THEEARYIE . SR, AT LU HE X 4 RS R AR Y [ 3 2%
AEWS KA KT 2. 5Ga ( Krdner, 1988 ; Sun et al. , 1994 ; i &
£5,1995; JELSCAE,1998) , BHIE K FAR KX AL i & Nd Hf — B
BeiUAE S, B ERE IR BURT A2 1. 80 ~ 1. 75Ga Z [11] ( Zhao
et al. ,2004) ,FEAIRAE B 7 3% Nd  HE [y BEAE AR 6 15
JEFEP (BT Nd HE B B U it dne/IMEL . R4 R A
HA IR A A ) HE [R]47 3 (Diwu et al. , 2007) , 58% 55 (2009 )
THAAF BRSO &4 (1 = 134Ma) {2l - 40 £ 47, W]
FEAS SO G WA 10 4 BRI B A e (o) (BN, BT RAETEAS
AT RESIRVE R A I A R ATR X . REEREMY Nd [ R BFIT R
B (TR A48 ,2002) , A IR A IR TE AR IR 1Y) ey, (1 = 134Ma)
8K - 25 Zid (SR % ,2009) , B LU 08 5K ey (1) {H
INe BRIBE, AR X AE 59 2 T AN A — A ELA9 4 AR R RE ELAE

@ Bl Abst FRATFS B (% ol g = O /AKBL) . 1996. fi=s
B HEURRE S P 5 1)
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Table 5 Nd and Hf isotopic composition of the Qinling orogenic belt
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¥ 1 BT iz BB AFR(Ma) ena (1) ey (1) Nd [R5z 2 Hicdls o Vst
" FAERE 15 2841 2.7~3.6 6.4~7.6 B RARAE(1995) (JHIUSCAE (1998 )
e m %k .
REELBE 16 1950 ~ 1750 -3.8~-9 -0.7~-8.0 Zhao et al. (2002)
Jb 2 Z2IABE 35 1987 4.6~11.3 9.0~18.0 TR AE(1994)
i U4 T 11 1876 1.1~5.7 4.3~10.5 TRV (1997) Ik K& (1997)
N TR 2 1751 2.6~4.9 6.3~9.4 R EE(1997)
IS e 10 2740 0.59 ~0.85 3.6 ~4.0 Ve CERAE(1998)
AN 4 1450 5.0~6.1 9.5~11.0 ZEIEE5E (1994 )
Ttk ERGI S 4 2400 -0.3~-2.8 -0.9~2.4
. 7 1668 6.6~8.8 11.7 ~14.6 7L (1996)
TSR 3 1451 1.8~5.0 5.2~9.5
ene (DRI £, (1) =1.34ey, (t) +2.82(Vervoort et al. , 1999 ) {15753
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