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Abstract The Haigou granitoids, located in the northeastern margin of the North China Craton, consists of monzonite and
monzogranite. This study presents zircon U-Pb age, geochemical compositions and Sr-Nd-Hf isotopes of the Haigou granitoids, to
discuss the origin and tectonic setting of the magmas. The zircon U-Pb dating for the monzonite and monzogranite yields 322.9 +3. 4Ma
and 320. 3 +3. 5Ma respectively, indicating the magmas emplaced during the Hercynian Period. Petrochemical data indicate that they
belong to calc-alkaline I-type granitoids with metaluminous affinity. They have similar geochemical features such as K,0/Na,O ratios
being between 0. 51 and 0. 93, A/CNK ranging from 0. 87 to 0. 94, LREE enrichment with slightly positive Eu anomalies. In addition,
trace element geochemistry also displays LILE (such as Rb, Ba, K) enrichment and HFSE (including Nb, Ta, Ti, P) depletion. The
whole-rock I and gy, (t) of the Haigou granitoids are 0. 7054 ~0.7059 and —10.4 ~ —8. 6 respectively. Two-stage Hf model ages
(tpyp ) of magmatic zircons from monzonite and monzogranite are 1.39 ~1.81Ga and 1. 67 ~ 2.06Ga respectively, all manifesting
relative low g;(¢) values ( =7.6 ~ —=0. 8 for monzonite and —11.5 ~ —5. 4 for monzogranite). Above-stated isotopic systematics of
the granitoids implies that the magmas were derived possibly from the partial melting of ancient lower crust of the Mesoproterozoic or
Paloproterozoic ages with abundant mantle contribution. Considering their ages, geochemical and isotopic signatures and regional
geological evolution, it is suggested that subduction of the Paleoasian oceanic crust might be responsible for formation and emplacement
of the Haigou granitoids magmas.
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Fig. 1  Simplified geological map of Haigou granitoids
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Table 1 Major (wt% ) and trace elements data ( x 10 ) of Haigou granitoids
1141 12-53CM 5-53 945 1141 12-53CM 5-53 945
S 11 _ = U= -
FEAh S Bl B3 7 5 8-37 7 9 S B1 B3 7 2 8-37 7 9
FE i 44 TRE ZRAERA FEfm 24 KA ZRAERKA
Si0, 61.77 62.86 60.54 60.95 67.61 70.37 70.06 Sh 0.22 0.26 0.83 0. 81 0.13 0.19 0.19
TiO, 0.36 0.38 0. 46 0.43 0.23 0.18 0.17 Cs 2.57 2.76 2.10 2.02 2.23 1.24 1.78
Al, Oy 18. 61 17.19 18.62 18.46 16.47 15.91 15.91 Ba 3998 3924 4457 5711 3152 1670 1706
Fe,0," 2.37 3.24 3.59 3.24 1.50 0.9 1.06 || Ta 175 1.68 1.8 237 175 1.80 1.8l
MnO  0.06 0.07 0.09 0.09 0.05 0.04 0.03| W 056 0.3 027 019 0.11 0.5 0.75
MgO 0.56 0. 87 1. 06 0. 89 0.36 0.21 0.23 Re 0.001 0.000 0.001 0.000 0.001 0.002 0.000
CaO 2.53 2.35 3.03 2.54 1. 68 1.63 1.39 Tl 0.78 1.04 0. 67 0. 88 1.04 0.70 0.80
Na, O 6. 30 5.33 6.27 5. 88 5.33 6.17 5.65 Pb 50.5 66. 8 50. 8 54.2 50. 4 56.3 30.7
K,0 4.13 4.53 4.35 5.16 4.98 3.15 3.94 Bi 0.26 0.30 0.14 0.16 0.16 0.19 0.14
P, 05 0.21 0.19 0.20 0.13 0. 06 0. 05 0. 05 Th 7.10 10. 80 8. 40 8.25 19.40 18.10 8.05
LOI 2.10 2.04 0. 98 1.04 1. 40 1.24 1.22 U 1. 10 2.80 2.29 1.99 11. 30 6.28 4.33
Total 99.00 99.05 99.19 98.81 99.67 99.94 99.71 Zr 114 158 258 153 262 351 335
FeO 0.94 1.40 1.50 1.32 0.72 0.54 0.45 Hf 2.37 3.73 4.73 2.95 5.42 7.53 6.79
Fe, 0, 1.43 1. 84 2.09 1.92 0.78 0.45 0.61 La 56. 1 45.7 70.2 60. 8 41.1 21.6 23.8
ALK 10.43  9.86  10.62 11.04 10.31 9.32 9.5 || Ce 953 8.5 108 108 621 350 34.7
K/Na 0. 66 0. 85 0.69 0. 88 0.93 0.51 0.70 Pr 10. 40 6. 89 11.80 11.10 5.61 3.23 3.14
A/NK 1. 18 1.18 1.17 1.14 1. 10 1. 10 1. 10 Nd 37.7 25. 4 43.0 42.7 20.0 11.5 11.2
A/CNK 0.91 0.91 0.87 0.89 0.91 0.91 0.94 Sm 5.48 3.96 6.20 6.54 2.58 1.57 1. 66
o 580 490 643 679 432 3.17 340 | Eu 2,03 1.40 2.16 231 102 0.64 0.60
L 1460 11.50 6.97 597 9.00 6.64 561 || GI 476 3.46 519 553 223 1.53 1.4
Be 1.51 2.17 1. 06 1.28 1.04 1.53 1.44 Th 0.69 0.51 0.75 0.84 0.34 0.23 0.21
Sc 2.40 3.80 5.32 3.59 1.33 1.02 1.02 Dy 3.38 2.46 3.85 4.19 1.87 1.30 1.25
A\ 43.7 54.3 71.8 66. 5 21.9 16.7 18.7 Ho 0. 60 0.47 0. 68 0.76 0.38 0.27 0.24
Cr 5.74 10.70  15.70 6.78 4.23 6.05 6.41 Er 1.83 1.57 2.10 2.32 1.20 0.90 0.85
Co 3.47 5.79 6. 69 5.41 2.42 0. 69 0. 80 Tm 0.30 0.25 0.35 0.40 0.20 0.17 0.17
Ni 5.87 6.51 8.49 4. 64 2.67 2.40 1. 86 Yb 1.71 1.63 2.28 2.46 1.41 1.21 1.17
Cu 4.45 11.20 7.32 3.27 2.17 2.85 2.52 Lu 0.24 0.25 0.30 0.35 0.23 0.19 0.20
Zn 365 515 631 53.9 241 7.0 18.2 || SREE 220.5 177.5 256.9 248.3 140.3 79.34 80.63
Ga 195 19.5 21.2  21.0 18.0 18.7 18.7 | LREE 61.06 41.62 69.10 69.02 31.78 18.70 18.25
Rb 90. 8 80.5 81.2 86.2 123 82.6 88.2 HREE 289.6 225.7 335.5 327.8 177.3 102.1 102.8
Sr 2090 1339 2031 2288 985 1042 879 LREE/
15.3 15.7 15.6 13.7 16. 12.7 13.6
Y 18.20 15.20 21.20 24.50 12.30 9.45 8.40 HREE 0
Nb 218 229 23.8 30,9 20.9 25.8 25.1 |[(Ia/Yb)y 40.0 342 37.6 30.2 356 2.8 24.8
Mo  0.23 027 0.52 0.18 0.05 0.46 0.08 || sEu 121 1.15 116 1.17 130 1.26 1.18
Cd 0.04 0.04 0.10 0.05 0.03 0.03 0.04 85Ce 0. 96 1. 14 0.91 1.01 0.99 1.01 0.97
In 0.02 0.03 0.04 0.03 0.02 0.01 0.01
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Fig.2 Plot of A/NK-A/CNK for Haigou granitoids
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Fig.3 REE and trace compositions of Haigou granitoids( chondrite-normalize and primitive mantle-normalized values after Sun and
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Fig.4 Tectonic diagrams of Haigou granitoids (after Pearce et al. , 1984)
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Table 2 Analytical data of Sr-Nd isotopic compositions of Haigou granitoids

eng (1) tpy (Ga)

143Nd/144Nd(t)

N/ Nd
(20)

Sm Nd
147 144
(%10 _6 ) Sm/ """ Nd

(x107°)

87Sr /%0Sr (1)

87 Sp /%08y
(£20)

8TRb/% Sy

( x107%)

Rb
( x107%)

1. 84

-8.62

0.511974 +6 0.511781

0.0914

35.5

5.4

0. 705656

77 1927 0.1156 0.706187 +13

Bl

1.99

0.511878 +6 0.511689 -10.42

0. 0896

27.7

0. 705837

98.2 1304 0.2180 0.706839 +11

B3

1.90

-9.37

0.511934 +7 0.511742

0. 0907

36.8

5.5

0.705713

0. 706200 =11

1892 0. 1059

9.2

6

1141-7

1.85

-8.82

0.511967 7 0.511770

0. 0930

9.0

6.0 3

2075 0. 1093 0.706243 +11 0. 705741

78. 4

12-53CM-2

1.93

-9.64

0.511732

0.511911 =5

0. 0854

7.6

2.5 1

0.705412

0. 706920 + 12

105 923 0. 3307

8-37

1. 84

-8.73

0.511975 +10 0.511779

0. 0937

10.7

0. 705924

0.2227 0.706939 + 11

72.9 947

5-53-7

86

1.

0.511961 +9 0.511775 -8.80

0. 0888

11.9

0. 705929

0.3313 0.707439 11

896

103

9459

Rb=73 x 10 % ~105 x 10™°,Sr =896 x 10 ° ~ 2075 x 10~°,
YRb/*Sr = 0. 1059 ~ 0.3313, {H & Rb [R] {7 25 20 W AH XT3
—,¥Sr/%Sr =0.70619 ~ 0. 70744, 4R 2 (320 ~323Ma)
WG LM (T St/%Sr), = 0.7054 ~0.7059, — KK
FEBG 4 H Sm Al Nd B & it 8B K, Sm =1.7 x 107° ~ 6.0
x107° ,Nd=10.7 x10° ~39.0 x 10 ~° ,{H Nd [Rl{; Z ¢ S AH
Y — N/ Nd = 0. 511878 ~ 0. 511975, % A0 (320 ~
323Ma) Nd [f] {37 Z (40 i Ho A (" Nd/" Nd); = 0. 511689 ~
0.511781,84,(1) = =10.4 ~ -8.6, K KK E ey, (1)
HERE (R 2) ., KA KK SMY B Nd /5 41
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4.3 §A U-Pb £
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Table 3  Analytical data of zircon U-Pb isotopic compositions of Haigou granitoids
Ph* Th U R LU fE AR (Ma)
5= » Th/U 207 pp, 207 py, 206 p}, 207 pp, 07pp,  206py,
(x107%) 206 py, lo 85 lo 238() lo 206 py, BS; 28y

9 -51( ZKALKA)
1 40.20 357.99 718.68  0.50 0.05292  0.00206 0.36249  0.01303 0.04969  0.00121 325 314 313
2 39.61 398.85 690.29 0.58 0.05277  0.00306 0.36477 0.01944  0.05014  0.00154 319 316 315
3 28.76  239.27 506.78  0.47 0.05308  0.00301 0.39069  0.02034 0.05338 0.00163 332 335 335
4 30.85 257.41 512.40 0.50 0.05279  0.00124  0.37167  0.00825 0.05106  0.00105 320 321 321
5 57.04 505.39 981.06 0.52 0.05288 0.00330 0.37369  0.02141 0.05125  0.00167 324 322 322
6 260.03 358.56 430.78 0.83 0.05266  0.00187  0.37026  0.01219  0.05098 0.00121 314 320 321
7 36.63 271.22 646.69 0.42 0. 05241 0.00188  0.36494  0.01211 0.05049  0.00121 303 316 318
8 22.37 232.33 380.85 0.61 0.17109  0.00249 11.16072 0. 15831 0.47315  0.01003 2568 2537 2497
9 47.31 336.38 862.17 0.39 0.16235  0.00259 10.45648 0.16254  0.46711 0. 00997 2480 2476 2471
10 30.80 252.75 548.03 0.46 0.05239  0.00195 0.36699 0.01262  0.05079  0.00123 302 317 319
11 80.73 425.24 1492.15 0.28 0.05227  0.00102  0.36803 0.00684  0.05105 0.00102 297 318 321
12 36.54 311.07 642.09 0.48 0.05307  0.00141 0. 37281 0. 00921 0.05093  0.00109 332 322 320
13 106.39 580.87 1980.05 0.29 0. 05261 0. 00151 0.36870  0.00980  0.05082  0.00112 312 319 320
14 40.98 281.69 747.47  0.38 0.05256  0.00143  0.36676  0.00931 0.05059  0.00110 310 317 318
15 35.20 343.90 608.18 0.57 0. 05244  0.00485 0.37264 0.03140 0.05153  0.00231 305 322 324
16 67.85 315.30 1260.80 0.25 0. 05171 0. 00151 0.36783 0.00994  0.05159 0.00115 273 318 324
17 60.16 346.90 1090.76 0.32 0.05093  0.00304 0.36793  0.02010 0.05240 0.00167 238 318 329
18 33.56 227.87 607.75 0.37 0.05229  0.00210 0.36809 0.01358  0.05106  0.00130 298 318 321
19 37.63 272.50 698.08 0.39 0.05296  0.00323  0.36532  0.02033 0.05003  0.00164 327 316 315
20 307.14 226.33 544.13 0.42 0.05308 0.00302 0.37198 0.01926  0.05084  0.00159 332 321 320
21 52.27 337.41 956.93 0.35 0.05396 0.00210 0.37844  0.01364 0.05088 0.00125 369 326 320

13CM61 ( —K5)
1 25.89 226.42 451.05 0.50 0.05298 0.00256  0.37453 0.01668 0.05127  0.00141 328 323 322
2 41.75 373.10 724.99 0.51 0.05324 0.00138  0.37475 0.00909  0.05104  0.00108 339 323 321
3 29.00 272.97 498.33 0.55 0.05295 0.00161 0.37420  0.01057 0.05125 0.00115 327 323 322
4 40.22  409.09 679.04 0.60 0. 05301 0.00159  0.37686  0.01052  0.05156  0.00114 329 325 324
5 34.44 356.23 582.49 0.61 0.05312  0.00172  0.37580 0.01130  0.05131 0.00117 334 324 323
6 30.59 389.83 490.75 0.79 0.05319  0.00245 0. 37461 0.01587 0.05108  0.00138 337 323 321
7 39.18 400.00 644.44 0.62 0.05167  0.00191 0.37538  0.01279  0.05269  0.00127 271 324 331
8 46.23 533.85 761.77 0.70 0. 05311 0.00191 0.37701 0.01251 0.05148  0.00123 333 325 324
9 31.04 308.95 531.41 0.58 0.05308 0.00192 0.37368  0.01251 0.05106  0.00122 332 322 321
10 32.38 305.60 548.54 0.56 0.05213  0.00410 0.37458  0.02701 0. 05211 0. 00202 291 323 327
11 44.15 423.40 746.40 0.57 0.05268 0.00176  0.37543 0.01160  0.05169  0.00120 315 324 325
12 29.92  290.66 499.03 0.58 0. 05261 0.00204 0.37784  0.01352  0.05209 0.00128 312 325 327
13 43.30 381.46 751.75 0.51 0.05333  0.00153  0.37427  0.00999  0.05090 0.00112 343 323 320
14 24.33  228.65 420.13 0.54 0.05263  0.00374  0.37067  0.02412  0.05107 0.00183 313 320 321
15 54.20 604.79 902.72 0.67 0.05300 0.00157  0.37513 0.01033 0.05133  0.00114 329 323 323
16 28.73 243.48 491.37 0.50 0.05239 0.00199  0.37677 0.01324  0.05215 0.00127 302 325 328
17 37.35 379.68 652.27 0.58 0.05300 0.00217  0.36741 0.01384  0.05027 0.00128 329 318 316
18 28.40 270.50 497.14 0.54 0.05294  0.00214  0.36732 0.01369 0.05032  0.00127 326 318 316
19 31.79 353.45 536.39 0.66 0.05314 0.00233  0.37694 0.01519 0.05145 0.00135 335 325 323
20 46.91 467.49 788.60 0.59 0.05276  0.00250 0.37676  0.01636  0.05179  0.00142 318 325 326
21 36.60 412.54 610.26 0.68 0.05279  0.00260  0.37469  0.01695 0.05147  0.00144 320 323 324
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Table 4  Analytical data of zircon Hf isotopic compositions of Haigou granitoids
WSS FR(Ma) 7YL/THE TOLu/'THE TOHE/THE 20, enr(0) enr(1) 20 Lpwi Ipwa Srwne
9-51( Z KAL)
1 313 0. 037405 0.001729 0. 282347 0. 000027 -15.1 -8.6 0.9 1308 1872 -0.95
2 315 0. 038436 0.001741 0. 282352 0. 000023 -14.9 -8.4 0.8 1300 1858 -0.95
3 335 0.044870  0.001921 0. 282285 0. 000024 -17.3 -10.4 0.8 1402 1999 -0.94
4 321 0. 039733 0. 001826 0.282335 0. 000022 -15.5 -8.9 0.8 1328 1895 -0.94
5 322 0. 039541 0.001769 0. 282277 0. 000023 -17.6 -10.9 0.8 1409 2024 -0.95
6 321 0. 038865 0.001664  0.282340  0.000024 -15.4 -8.7 0.8 1315 1882 -0.95
7 318 0.042436  0.001906  0.282338 0. 000024 -15.4 -8.8 0.9 1326 1891 -0.94
8 2497 0.034191 0.001231 0. 280905 0. 000027 -66.1 -12.3 0.9 3283 3746 -0.96
9 2471 0. 014428 0. 000575 0.281176 0. 000022 -56.5 -2.1 0.8 2865 3108 -0.98
10 319 0. 041783 0.001772 0. 282297 0. 000023 -16.9 -10.2 0.8 1380 1980 -0.95
11 321 0. 045013 0. 002080 0. 282270 0. 000022 -17.8 -11.2 0.8 1431 2043 -0.94
12 320 0. 047090 0. 001973 0. 282263 0. 000019 -18.1 -11.5 0.7 1436 2057 -0.94
13 320 0.049682  0.002250  0.282382  0.000024 -13.9 -7.3 0.8 1275 1796 -0.93
14 318 0. 035873 0.001646  0.282290  0.000021 -17.1 -10.5 0.7 1385 1994 -0.95
15 324 0.034294  0.001467  0.282312 0. 000021 -16.4 -9.6 0.7 1348 1940 -0.96
16 324 0. 031076 0. 001467 0. 282340 0. 000020 -15.4 -8.6 0.7 1309 1878 -0.96
17 329 0.041710  0.001964  0.282355 0. 000023 -14.8 -8.0 0.8 1304 1848 -0.94
18 321 0.038646  0.001648  0.282332 0. 000020 -15.6 -8.9 0.7 1325 1898 -0.95
19 315 0. 041273 0.001748 0.282318 0. 000019 -16.1 -9.6 0.7 1349 1935 -0.95
20 320 0. 034713 0. 001555 0. 282303 0. 000020 -16.7 -10.0 0.7 1363 1963 -0.95
21 320 0. 046383 0.002032  0.282436  0.000021 -12.0 -5.4 0.7 1190 1672 -0.94
13CM61 ( —K7)
1 322 0.039274  0.001730  0.282414 0. 000027 -12.7 -6.0 1.0 1212 1717 -0.95
2 321 0. 040291 0.001841 0. 282443 0. 000025 -11.7 -5.0 0.9 1173 1652 -0.94
3 322 0. 035505 0. 001547 0. 282412 0. 000027 -12.8 -6.1 0.9 1209 1719 -0.95
4 324 0. 048659 0. 002175 0. 282394 0. 000027 -13.4 -6.8 1.0 1255 1766 -0.93
5 323 0.037308  0.001681 0.282472  0.000027 -10.7 -3.9 0.9 1127 1584 -0.95
6 321 0.036730  0.001580  0.282369 0. 000027 -14.3 -7.6 1.0 1271 1816 -0.95
7 331 0. 047011 0.002162  0.282528 0. 000029 -8.7 -1.9 1.0 1061 1461 -0.93
8 324 0. 041542 0. 001825 0.282511 0. 000026 -9.3 -2.6 0.9 1075 1498 -0.95
9 321 0.040867  0.001795  0.282407 0. 000027 -13.0 -6.3 1.0 1223 1732 -0.95
10 327 0.035348  0.001594  0.282474 0. 000024 -10.6 -3.8 0.8 1122 1577 -0.95
11 325 0. 040111 0.001881 0. 282399 0. 000025 -13.3 -6.6 0.9 1239 1751 -0.94
12 327 0. 036655 0. 001624 0. 282450 0. 000026 -11.5 -4.6 0.9 1157 1631 -0.95
13 320 0. 035450 0.001619 0. 282448 0. 000025 -11.5 -4.9 0.9 1160 1640 -0.95
14 321 0.039242  0.001739  0.282375 0. 000026 -14.1 -7.4 0.9 1268 1805 -0.95
15 323 0.035558  0.001626  0.282489 0. 000025 -10.1 -3.3 0.9 1102 1547 -0.95
16 328 0. 029235 0.001346  0.282556  0.000030 -7.7 -0.8 1.1 998 1388 -0.96
17 316 0. 036272 0. 001660 0.282418 0. 000024 -12.6 -6.0 0.9 1203 1709 -0.95
18 316 0. 037378 0. 001680 0. 282454 0. 000027 -11.3 -4.7 1.0 1153 1630 -0.95
19 323 0. 043070 0. 001885 0. 282419 0. 000021 -12.5 -5.9 0.8 1209 1705 -0.94
20 326 0.035478  0.001610  0.282395 0. 000023 -13.4 -6.6 0.8 1234 1754 -0.95
21 324 0.041609  0.001868  0.282425 0. 000024 -12.4 -5.6 0.9 1201 1693 -0.94
K5 sk a CL EE

Fig.5 CL images of zircons from Haigou granitoids



552

0.057
13CM61
KA
0.055

0.053

0.051

206p 1, 233

0.049

0.047

0.045

0.058
9-51

KA B2

0.056

0.054

0.052

20\SP b/Q.iBU

<
<
cn
=)

0.048

0.046

0.044

.36
207py, /235

0.40 0.44 0.

/ o
47 2480, 7 , /

2440 /

ZOGP b/23RU
o

0.43

K6 A RIE A U-Ph 4E 1%
Fig.6 Zircons U-Pb ages of Haigou granitoids

HIEE AR HE [F0 Z 91467 HE T HE AR TS L 0. 282263

~0.282436, FIUG ey fB M AE, BMEER -11.5 ~ -5.4,
PR B HE BRI 65y, 7E 1. 67 ~2.06Ga Z [A], 3402
IR R P11 HE!' HE 435 0. 280905 FiT 0. 281176,
XL AIHILE e (AR, 43 R - 12.3 1 - 2.1, P B Bt
HE AT £, TE5351H 3. 74Ga 1 3. 10Ga,

5 it
5.1 ARERX

A KA R A Y Se A 2 &R (320 ~

Acta Petrologica Sinica £ %53 2012, 28(2)

[T 200 o +a a)
Mean = 322.5 £3.4

N=21  MSWD= 0.20

M i [

335 |

355

325

315

30511

295

285

Mean = 320.3 +3.5
N=19

MSWD = 0. 29

320

310

300

290

280

2620

(Wean = 2484 +61

N=2  MSWD = 0.
T MSWD = 0.17)

2540

2500

2460

2420

2380

2340

323Ma) WILE1E J (¥ S1/%Sr), = 0.7054 ~0.7059, 7] fgft 3
TS B A 7 0 b 0 ) 5 ) LR TR o VA A A
TRABZRENERAEEN St R EALR Rb/Sr
B, BB AT it F v, A ELAT B8 22 Hg ) I 1 BTk
THEER T DRI e ¥R HUE, HARXT T, AT -10. 4
~ —8.6 [, P B Nd B AFE AT 1. 84 ~ 1. 99Ga Z ],
FEA T T AR 178 ) TN R X BTk R . AE AR
Hb DX R0 R KGR AR R A, e U AR AR A o 4R
2, WIAFITR I, X 24K 5 A 10 TE A 25 245 iy S ]
B I PR (RATTTEF, 1999 5 X 21 %45 ,2002b ) K v [#
ARERH PR A 5 (T 3CE 1992 5 JE 484, 2008 ) o 171 ¥ 74)



FRANGE . A f iR AL R EUE A B k6944 % U-Pb S8 Sr-Nd-Hf Bl 2 2 s AL h FHF

1 /:\ (a) 13CM61
3 - =
S / \
) -
ﬁ / L\\
g
. mifnin mN_M
SHI([)
4
(c)9-51
3 —
>
i "
0 WL L [
-16 =112 -8 -4 0

&ul?)

K7 A A AR A HE [ 3R A

Fig.7 Zircons Hf isotopic compositions of Haigou granitoids

A AR R AR SRR TR ey (1) - (7 S/%8r),
[Elfi b (1 8) , B 7 AR b v AEARAE i e vu B B R 7, R
HH 5 AR AERIE R A FTEN 25
BEAGE E S A B B HE, 3R Lu, AT S B
T Lw/"THE BAT AR RARA B . TR A U i
B HE AL A7 HETHE B SEAR R T HIE i 1A
Z M Hf [5] v % 2H 5 ( Kinny and Mass, 2003 ; 52 4 ot %%,

8
Q ATRKE
HIUM e
4 o _/% \ [} ;{QTEWE
n ‘s)
” TR
= ~_
«§ Fo Al He A1 e bl
RAGH T4 X
- et
A ~— x
SR / EMII
EMI
-16
0.702 0.704 0.706 0.708 0.710
X7Srllk(»sr

8 VA Sr-Nd [R5 A K
AL ALK S Wu et al. ,2000
Fig. 8

granitoids

The Sr and Nd isotopic compositions of Haigou

The range of granites in northeastern China from Wu et al. , 2000

553

S

(b) 13CM61 A

|/

/

A

f
N

1300 1400 1500 1600 1700 1800 1900
top(Ma)

7

(d) 9-51

6

5

4

’ n

2

1

N/{ H'& A A

o L ZITILIITN Al LN

1400 1800 2200 2600 3000 3400 3800
tl)MZ(Ma)

2007) . [RIEE, 45 A HATA0m  Lu-HE [543 1R R 3 R,
Lu-Hf [R] {37 2 & R A%+ U-Pb [F] 4y 2 B8 3l 4 5 1910 44 2k B4
P vE (Amelin et al. ,1999,2000) , H Hf [ 21K R 5
R U M Pb 04 R $0OAH X %% ik ( Cherniak and
Watson,2003) >4 J5Uif M 3 S5 ok b 58 0 75 455 1 2 BF, $tb 52
H) Lu/HE {H B 0 30 0 08 A 405, BLAE LS B Ak R v, e
Wi HE/ T HE LA IR RS (AT D ey, (0 (E AR R
B, M5 L Y e (BB BE . Ft, 2E K RS A 1
HE [ {3 2 20 AT DA S AR, 5 25 T SR ) 0 R ARPAE

TR A I K s T RAE R S e R UE,
en THEIS MR -7.6 ~ —0.8 Fl —11.5 ~ —5.4, RIEFHH
Bt Hf [Ff; ZRE AR, KA K AE R B £ 20 )
BEPTE 1.4 ~1.8Ga Fl 1.7 ~2. 1Ga 2], B & 2 A% 21t
BECR9) . RHHEMG AR X EZ oot AN o
AR R T, I T REA R S B Y R A . B AR
45 AR AT 1 B A 00K, L e IO A AL BRI AR T 40 5, K
B en B T R AR A0 e fH, X T REE i T8 R
X570 ) o 8 e M ) T A TD L A0 475 il T i J P o 7 B
PR, M BT A M 5T W B K A Y Tk K, T X 1E
BH ELA % Rb/Sr He R 22—

TRAM KA KA TR DIk B oot AR ST
RHFEW T, X5 Nd [ 67 R 3 Hr a8 —8 Mkl oL
FHERES A1 1Y 1y 705900 3. 1Ga Fi1 3. 7Ga, BT ARFFE M (Liu
et al. ,1992; RAFICAF,1997,2005 ) , fedb i &5 M 572 T8 1 Y —
ADEEBIN 3.1 ~3.6Ga, HAAAEKRT 3. 8Ga FF (5 H o T



554

A ZRKE

7 4 by

o “KIEHH

' -
10
a

e TLu/"Hf= 0.015
-20
-25
. . . . . .

0 500 1000 1500 2000 2500 3000

#(Ma)

PO Mg Ia A A A1 Lu-HI [R)07 3% 41 i 1k
Fig.9  Zircon Lu-Hf isotopic evolution diagram of Haigou

granitoids

AU ARAT 9 1 AR A A0 1) 1 [ 57 3R 50 dha AR vl i S ik
T Bl Y U AR R

5.2 WMEEX

T 0 Y A 3 SR b 1 B B i s oy S TR AR KT R
I ] 5 4 R (RARTT S ,1999) o« BARZEIAAER Z SR
(Tang et al. ,1990 ;% %3025 1996 ; BR 5 46 45,1997 ; T T %
FISHRE B ,1997) , {H B ARk AR 7 A8 Ba A AR AR 22 A i 98 B
PR E IR, R BCIE BTl B R AL 5 A A,
KT A o T AR X s rh A ARAE K A e
S, S 20 2E B T U W & AR T h
ARAGTT-KAF-HEH — L 14 2% (Zhang et al. ,2004; PMEA 55,
2004) . TR MSZISHIX, R Rt 2R R A S E 3,
TP AE Ry A AR SE AR AR VR (38— 5§, 2003 5 4
TAAE,2004) ANTE AR AL AR TR A X, ENAR A HORS B A0 e 7
ARIE R A M RE . AR K8 0945 A U-Pb AR5 3%
W, MR A AR T 320Ma, Rl A0, HifmE o n & R
W1, A ATE L T Rl 2R BRBE . 45 &% XA 1 WAL, A R 1
TE AT BTt S A A B i) A Al R AR e i A v A ol 2%
IR . X F I BN vt AR A, e AR b e 3l 6 2 7R Bty S
FERHRATSRAE ) B U AR SR FEAT R o, by SE U TS R A, 38
WAAETE TS R T L A R T R — B R R K

53 BESTHHXE

VA AR T TR B ) T R o, Bt 2% NE [ 1 3 3
A YERBRBAL T VA AR R 20 X5 [l i R 2
Dot 5E v 4 18 1 £ i, UL R AT T 5 U IR AR G
(PR BB S5 A0 UL, 1994 5 BH7 LA, 1996) , s 5 ik A 5%
(W PRAE,1999) o Horp, “ SR 55 69 S (A AR 5 L F) 4
HH 22 B TR U VA S R R B 1] 5 98 3 <5 B A A I (1] 7 %
FAR IR SR, A AT T R W1, 198 O BT
320Ma, I ity A A R IA B BB IR A QT 124 ~ 130Ma 2 1],

Acta Petrologica Sinica £ %53 2012, 28(2)

Ay R (5K, 2011) o Bt AR AR, 12 XA T ol S A
g3t el A B, T 28] 1 S A 2 DX T U5 P P A 3
ALK B, BIVEEVA o VR T SRR 1A 9 9 1 231 A2 B AN ]
MR 2 . BORHY ™ 5 I 22 [ A1 18 o PR A T BE
TA G PR SR I o 55 A, W08 5 R B LA AR X 2
N, BUA PR R G A SR AR B R P S (AT 2 O PO,
1997) , BRI A A RS A4 ol A8, {ELTE ot A8 3 L, ol
FAT SRR A B R 2RI, BOA AR A A T e
NIEA G PRI A T, P, WA A S A
RIRATRE R “ AT KR, AR " LR, S
B TR 0 J A ™ TR B s )2 2 T A
(1, B HA R R 2 WG &R o a8 R T fig
R R N R By 5 SR R O

6 ik

AR T A R R AE R R BB A1 U-Ph AR% 70531
4 322. 9Ma Fil 320. 3Ma, e PU 4, 0 S O B L
MR o BRI A AR R WA AR 1T Bl 2 OB 45
B UEHITE G 5 AR AR, TEARL sE il S AR Bt S A AT
SRAE ) R C AR R FEAT OFF i, by S 3 1) DA 5 o AR AT A 4k 8
A Se Nd [FE 2 AN A7 HE [R5, W) A i] RETE I
T oo AR o AU SE S L, [ R] BEAT M
WY IA, B =K1 e EV R T RAERK A1 &y
(B, R — KA e st R v A 2 S i s A

Bugt  (ERPANCARIIE], AR ENEE B A R THE A
PRI INE T, UL SRR 0 1 2 A R AT L 5 T
T SCREAN R Bl 5 o R R 27 e b S5 R ) BE AT S BT B T
LA-ICP-MS 5256 % 4% I i 22 i /e U-Pb 1 HE [] 43 28 73 Hr il
BRI 25 B s TR — I R B

References

Amelin Y, Lee DC, Halliday AN and Pidgeon RT. 1999. Nature of the
Earth’ s earliest crust from hafnium isotopes in single detrital zircons.
Nature, 399 . 252 - 255

Amelin Y, Lee DC and Halliday AN. 2000. Early-Middle Archaean
crustal evolution deduced from Lu-Hf and U-Pb isotopic studies of
single zircon grains. Geochim. Cosmochim. Acta, 64(24) . 4205 -
4225

Andersen T. 2002. Correction of common lead in U-Pb analysis that do
not report 24P}, Chemical Geology, 192(1-2):59-79

Bowring SA and Schmitz MD. 2003.
geochronology and the stratigraphic record. Reviews in Mineralogy
and Geochemistry, 53(1) : 305 -326

Bureau of Geology and Mineral Resources of Jilin Province. 1988.

High-precision U-Pb  zircon

Regional Geology of Jilin Province. Beijing: Geological Publishing
House, 301 =386 (in Chinese)

Cherniak DJ and Watson EB. 2003. Diffusion in zircon. Reviews in
Mineralogy and Geochemistry, 53(1) : 113 - 143

Chen DF and Sun SQ. 1994. Main characteristics of ore minerals in the



RN

Haigou gold deposit, Jilin Province. Journal of Hebei College of
Geology, 17(1): 65 -73 (in Chinese with English abstract)

Chen FK, Hegner E and Todt W. 2000. Zircon ages, Nd isotopic and
chemical compositions of orthogneisses from the Black Forest,
Germany: Evidence for a Cambrian magmatic arc. International
Journal of Earth Sciences, 88(4) : 791 - 802

Chen FK, Siebel W, Satir M, Terzioglu MN and Saka K. 2002.
Geochronology of the Karadere basement ( NW Turkey ) and
implications for the geological evolution of the Istanbul zone.
International Journal of Earth Sciences, 91(3) : 469 —481

Corfu F, Hanchar JM, Hoskin PWO and Kenny P. 2003. Atlas of zircon
textures. Reviews in Mineralogy and Geochemistry, 53 (1) 469
-500

Dai XY, Zeng QD and Jin FZ. 1996. The geological features of the
Haigou granitic body in Antu, Jilin Province and its relation to Au
deposit. Jinli Geology, 15(1): 30 —37 (in Chinese with English
abstract )

Fang WC. 1992.
Changchun; Jilin Science and Technology Publishing House, 1 —271
(in Chinese)

Kinny PD and Maas R. 2003. Lu-Hf and Sm-Nd isotope systems in
zircon. Reviews in Mineralogy and Geochemistry, 53 (1) : 327 —341

Li CD, Zhang FQ, Miao LC, Xie HQ, Hua YQ and Xu YW. 2007.

Reconsideration of the Seluohe Group in Seluohe area, Jilin

Granitoid and Mineralization in Jilin Province.

Province. Journal of Jilin University ( Earth Science Edition), 37
(5): 841 —-847 (iin Chinese with English abstract)

Li JY. 1998. Some new ideas on tectonics of NE China and its
neighboring areas. Geological Review, 44 (4).: 339 - 347 (in
Chinese with English abstract)

Liu DY, Nutman AP, Compston W, Wu JS and Shen QH. 1992.
Remnents of =3800Ma crust in the Chinese part of the Sino-Korean
Craton. Geology, 20(4) : 339 -342

Liu DY, Jian P, Zhang Q, Zhang FQ, Shi YR, Shi GH, Zhang LQ and
Tao H. 2003. SHRIMP dating of adakites in the Tulinkai ophiolite,
Inner Mongolia: Evidence for the Early Paleozoic subduction. Acta
Geologica Sinica, 77 (3): 317 — 327 (in Chinese with English
abstract )

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

Liu HT, Zhai MG, Liu JM and Sun SH. 2002b. The Mesozoic granitoids
in the northern marginal region of North China Craton: Evolution
from post-collisional to anorogenic settings. Acta Petrologica Sinica,
18(4) : 433 —448 (iin Chinese with English abstract)

Ludwig KR. 2001. Users manual for Isoplot/Ex rev. 2. 49. Berkeley
Geochronology Center Special Publication, 1 -56

Pearce JA, Harris NBW and Tindle AG. 1984.
discrimination diagrams for the tectonic interpretation of granitic
rocks. Journal of Petrology, 25(4) : 956 —983

Pei FP. 2008. Zircon U-Pb chronology and geochemistry of Mesozoic

Trace element

intrusive rocks in southern Liaoning and Jilin Province: Constraints
on the spatial-temporal extent of the North China Craton destruction.
Ph. D. Dissertation. Changchun: Jilin University, 1 — 168 (in
Chinese with English summary)

Peng YJ and Zhao CB. 2001. The evolution of the paleo Ji-Hei orogenic
belt and accretion of the continental crust. Jilin Geology, 20(2): 1
-9 (in Chinese with English abstract)

Shao JA, Zang SX, Mou BL, Li XB and Wang B. 1994. Extension of
orogenic belts and upwelling of asthenosphere: The example of
Hinggan-Mongolian orogenic belt. Chinese Science Bulletin, 39
(6): 533 =537 (iin Chinese)

Shao JA, Mou BL, He GQ and Zhang LQ. 1997. The geological process
of the northern region of North China in the tectonic overprinting
process of Palaeoasia and Pacific regimes. Science in China ( Series
D), 27(5): 390 —394 (in Chinese)

Shi YR, Liu DY, Zhang Q, Jian P, Zhang FQ, Miao LC, Shi GH,
Zhang LQ and Tao H. 2004. SHRIMP dating of diorites and granites

Ao b S4B ALk R B A B k094 5 U-Pb 8 Sr-Nd-Hf Bz F AR AL S A FHF 555

in southern Suzuoqi, Inner Mongolia. Acta Geologica Sinica, 78
(6):789 =799 (in Chinese with English abstract)

Song B, Zhang YH and Liu DY. 2002. Introduction to the naissance of
SHRIMP and its contribution to isotope geology. Journal of Chinese
Mass Spectrometry Society, 23 (1): 58 — 62 (in Chinese with
English abstract)

Sun DY, Wu FY, Zhang YB and Gao S. 2004. The final closing time of
the west Lamulun River-Changchun-Yanji plate suture zone:
Evidence from the Dayushan granitic pluton, Jilin Province. Journal
of Jilin University ( Earth Science Edition) , 34(2) . 174 - 181 (in
Chinese with English abstract)

Sun SS and McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts; Implications for mantle composition and processes.
In: Saunders AD and Norry MJ (eds. ).
Basin. Geological Society, London, Special Publications, 42 313
-345

Tang KD. 1990. Tectonic development of Paleozoic fold belts at the north
margin of the Sino-Korean Craton. Tectonics, 9(2) : 249 - 260

Wang YJ and Fan ZY. 1997. Discovery of Permian Radiolarians in

Magmatism in Ocean

ophiolite belt on northern side of Xar Moron River, Inner Mongolia,
and its geological significance. Acta Palaeontologica Sinica, 36(1) :
58 =69 (iin Chinese with English abstract)

Wilde SA, Dorsett-Bain HL. and Liu JL. 1997. The identification of a
Late Pan-African granulite facies event in northeastern China:
SHRIMP U-Pb zircon dating of the Mashan Group at Liu Mao,
Heilongjiang Province, China. Proceedings of the 30™ 1GC:
Precambrian Geol. Metamorphic Petrol. , 17: 59 - 74

Woodhead J, Hergt J, Shelley M, Eggins S and Kemp R. 2004. Zircon
Hif-isotope analysis with an excimer laser, depth profiling, ablation of
complex geometries, and concomitant age estimation. Chemical
Geology, 209(1 -2): 121 - 135

Wu FY, Ge WC, Sun DY, Lin Q and Zhou Y. 1997. The Sm-Nd, Rb-
Sr isotopic ages of the Archean granites in southern Jilin Province.
Acta Petrologica Sinica, 13 (4): 499 — 506 (in Chinese with
English abstract)

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, Jahn BM, Wilde S and Sun DY. 2000. Phanerozoic crustal
growth; U-Pb and Sr-Nd isotopic evidence from the granites in
northeastern China. Tectonophysics, 328(1-2): 89 —113

Wu FY, Wilde, S and Sun DY. 2001. Zircon SHRIMP U-Pb ages of
gneissic granites in Jiamusi Massif, northeastern China. Acta
Petrologica Sinica, 17 (3): 443 — 452 (in Chinese with English
abstract )

Wu FY, Yang JH, Liu XM, Li TS, Xie LW and Yang YH. 2005. Hf

isotopes of the 3.8Ga zircons in eastern Hebei Province, China:

1999. Petrogenesis of the Phanerozoic

Implications for early crustal evolution of the North China Craton.
Chinese Science Bulletin, 50(18) : 1996 —2003 (in Chinese)

Wu FY, Yang YH, Xie LW, Yang JH and Xu P. 2006. Hf isotopic
compositions of the standard zircons and baddeleyites used in U-Pb
geochronology. Chemical Geology, 234(1 -2) . 105 - 126

Wu FY, Li XH, Zheng YF and Gao S. 2007. Lu-Hf isotope systematics
and their applications in petrology. Acta Petrologica Sinica, 23(2) :
185 —=220 (in Chinese with English abstract)

Zeng QD. 1997. The geology and the metallogenic model of Haigou gold-
uranium deposit. Ph. D. Dissertation. Changchun: Changchun
University of Science and Technology, 1 — 121 (in Chinese with
English summary)

Zeng QD, Shen YC and Meng QL. 1999. The characteristics of vein
rocks and relationship with gold metallogenesis in Haigou gold ore
area, Jilin Province. Journal of Precious Metallic Geology, 8(2) :
70 =75 (in Chinese with English abstract)

Zeng QD, Liu TB and Shen YC. 2001. The Tanlu fault zone and gold ore
metallogenesis in eastern China. International Geology Review, 43
(2):176 -190

Zhang S. 2011. The metallogenesis and the evolution of structure, magma
and fluid in Haigou lode gold deposit, Jilin Province. Ph. D.



556

Dissertation. Beijing: Institute of Geology and Geophysics, Chinese
Academy of Sciences, 1 —151 (in Chinese with English summary)

Zhang XZ, Mu SM, Yang BJ et al. 1999. Geodynamics of Heilongjiang
plates. In: Zhang YX, Sun YS, Zhang XZ and Yang BJ (eds. ).
The 1 : 1000000 Direction of the Area Crossed by M-S GGT.
Beijing: Geological Publishing House, 20 —23 (in Chinese)

Zhang YB, Wu FY, Sun DY and Li HM. 2002a. Single grain zircon U-
Pb ages of the “Early Hercynian” Miantian granites and Zhongping
hypersthene diorite in the Yanbian area. Geological Review, 48(4) :
424 —429 (in Chinese with English abstract)

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
with English abstract)

Zhang YB, Wu FY, Wilde SA, Zhai MG, Lu XP and Sun DY. 2004.
Zircon U-Pb ages and tectonic implications of ‘ Early Paleozoic’
granitoids at Yanbian, Jilin Province, northeast China. The Island
Arc, 13(4) : 484 -505

Zhao CJ, Li ZT and Ma WC. 1986. The geological characters of Jiamusi
Massif and the affection to regional tectonics. In: Contributions on
North China plate (No. 1). Beijing: Geological Publishing House,
185 - 198 (in Chinese with English abstract)

Zhao CJ, Peng Y], Dang ZX, Zhang YP, Zhu F, Su YZ, Wang ZF, Tai
CB, Gu F, Zhang JF, Zheng CZ and Dang YS. 1996. Tectonic
Framework and Crust Evolution of Eastern Jilin and Heilongjiang
Provinces. Shenyang: Liaoning University Press, 1 — 186 (in
Chinese with English abstract)

Zhou YC, Jiang KJ and Huo QL. 1992. The tectonic-magmatic and
genesis series of Phanerozoic granites in Yanbian area. In:
Contributions to 40" Anniversary of Changchun College of Geology.
Changchun: Jilin Science and Technology Publishing House, 204 —
212 (in Chinese)

Bt Hp 325 2 S0k

WRECSY , FhBNE. 1994, MO &0 IRE R Wi F2AHE. Wt
BT R e, 17(1) : 65 =73

B X, MR, 4iEvk. 1996. AR 2 IR ELIE YA A B AR Y M
FRERH S &0 2GR, HARM, 15(1): 30 -37

FICE. 1992, HEMB AL BT ER. KE: HMBHERAR S
BRAL, 1-271

T T TR )R, 1988, A XM R AR, JUET: M A,
301 -386

ZERAR, AR, TR, WUWR, AEHIRK, FHESE. 2007, kG
ISR EF R, MR 2 IR (MR R 1) , 37(5) : 841
-847

ZEHRAk. 1998, I AR Al B 408 X i B A 3 ) R A BT DA i o
TE, 44(4) : 339 —347

XNE—, @V, K, sk, A EE, e, B, K.
2003. PY5EH EIARELEE 4 R A T #r SHRIMP il 45 RLk A=
FEEFETH IR UESE. M2, 77(3) : 317 =327

Xrds, P, XIEER, BIE. 2002a. fEdbsehiimde LR
TR RAZS . BRIk SRR 5 4, 18(3) ¢ 257
-274

XNLrvs, UE, XI@, Fhitde. 2002b. fedb s degoh AR
bdA: RS 2R L. A A4, 18(4) : 433 - 448

FEARTE. 2008. L RE-H R AR A A B A U-Ph SRR A Bk 1k
PO KB [ A vk 07 87 N1 R N R L T L oo IVA 0 W o
Lok, 1-168

FRE, RS, 2001, T B LA A S RESE . T A
i, 20(2): 1-9

Acta Petrologica Sinica £ %53 2012, 28(2)

ARUEEE, JRARE, RAOREE, 2, UK. 1994, i (L i) i e A i
SRR RER——LIS G LA A B, R, 39(6) 533
-537

AU, O, (TEET, WRENE. 1997. Aedbdbd#fe sl 5
KRV 1 B B b e AR . rh E RS (D ), 27
(5): 390 -394

FEA, XNF—, K, TP, AR, Wk, MO, KB, b
4. 2004, PISENTIR AT X N K -TE i 2 2 SHRIMP AR AR 2%
HiF2EAT, 78(6) : 789 —799

R, HEWE, NF—. 2002. A5 HTEs SHRIMP fy7= 4 5
Bhia RN E MBS, BrikdR, 23(1) : 58 - 62

IMEA , BRI, Wk, B, 2004, PERLAE K - AE T bR
A I R P G I T ——3R B 35 MR OR T LLAE i 25 A A TIE 3.
TR 22 (HbERBL A=) , 34(2) : 174 - 181

EEA, FEF. 1997, WS PERAG I LR IE g A T 54
JRCH L R B R b B . AR AR, 36(1) < 58 -69

RAEIG, BICH, IMEA, Mk, FAME. 1997, MBI A K
#+ Sm-Nd, Rb-Sr A ZAFRWIE. A%, 13(4) : 499 -506

RARTC, IMEA, M. 1999. ZRAbHbIX 2k A8 B A Y A S e

WA HAAR, 15(2) 181 -189
G, Wilde S, #MEAT. 2001. (AN bt 5 FRIRAE ba 2 A 4% A4 B
FIRER U-Pb 4%, A2, 17(3) : 443 -452

RATC, B, BN, ZEEME, WRLSC, M iE . 2005, FER
3. 8Ga 41 Hf [Fl{ ZAHAF 5 A2 d0 FERnm R Hhse iR, Bl24im
2, 50(18) : 1996 —2003

SAETT, Z5HkE, FRK K, &Ll 2007, Lu-Hf R 2k 2 R IHAA
SN, AAFHR, 23(2) ;185 -220

B PRAR. 1997, TMRAR 1A 440 R Ui b I 75 5 B i i, 1
F2Afie 3. K KERMEIR, 1-121

W PAR, DRI, W PRI, 1999. M40 K kAR e XL 5 &0
WRFR. St&JRMET, 8(2): 70 -75

GRAS. 2011, TR TR A 0 AL - - AT K 5 4 i T AR
. 200 3. bat b B2 B 1 o 5 b Bk B 5T
1-151

LM, B, IR 1999, M VT bR B RE 4 b Bk 3h 1 2
W kAR, FhEAE, SR, B TR . P Y - 0F
T HLEHTIRT 12 1000000 UEEA 5. Jba. M AL, 20 -23

gk, RO, IMEA, ZEER. 2002a. FEi I TG AR EAE
B35 R P S 05OME A TR S 1 SABORL B 0 U-Ph 2 4. b TR
TE, 48(4) : 424 —429

RO, R, FHEIR, BT, IMES, A 2002b. FHARHE
VRIS T b 5 R Y A JIURI &5 47 U-Pb AR IR A 24k, 18(4) : 475
-481

B, 22, I8, 1986. FEAMT v a] HuER Y Hb T RFAE B HoXF
X b A 3 & R R R . e b B A O AR BRI SO (B —
). dbat: s b, 185 - 198

B, ZEE, SRR, KA, Kb, HIFRIE, ELE, MR,
AU, MG, FET, SEIER. 1996. T TSN T K 4 K
seidifb. B TR, 1-186

JAAGK, ZIFE, ERL. 1992, FEH X B A5 16 B A BR 2R 51 K
HA & E AP 5. KB BT 40 FAERLEAT 5T 10 SCE.
K TR A, 204 -212

Mo



