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Abstract Identification and discovery of ancient continental crust is an important part of exploring the crustal evolutionary history of
the early Earth, and zircon U-Pb age combined with zircon Hf isotope analysis is the major method of the research. In this study, we
have conducted in situ U-Pb dating, rare earth element concentrations and Hf isotope analyses on detrital zircons from one felsic
paragneiss sample collected from the Jiaobei Terrane, and many Early Archean detrital zircons have been identified. They are igneous
origin on the base of analyses of their CL images, Th/U ratios and chondrite normalized REE patterns. The result of the U-Pb analyses
indicates that two zircons yield ~3.40Ga (3413Ma and 3400Ma) , and other seven zircons yield a weighted mean > Ph/** Ph age of
3547 +19Ma (MSWD =1.16), suggesting that two magmatic events took place at ~3.40Ga and 3. 55Ga, respectively, combined
with similar reports of other places in the North China Craton, implying that the Early Archean continental crust is much larger than
present exposure of ancient continental crust. Most of these ancient detrital zircons have generally negative gy, (¢) values from —6. 19
~0.95 (average = —2.54), two-stage Hf model ages of 3737 ~4353Ma (average = ~4. 1Ga) which are much older than their U-Pb
ages, implying the recycling of ancient continental crust ( >3.55Ga) and crustal growth prior to 4. 1Ga in the North China Craton.
Key words Ancient continental crust recycling; Detrital zircon U-Pb dating; Jiaobei Terrane; North China Craton
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Fig. 1

Tectonic subdivisions of the North China Craton (a, modified after Zhao et al. , 2005) and simplified geological map of the

Jiaobei Terrane (b, modified after BGMRS, 1991 ; Zhou et al. , 2008a; Liu et al. , 2013a)
YB-Yinshan Block ; KB-Khondalite Belt; WB-Western Block; TNCO-Trans-North China Orogen; EB-Eastern Block; JLJB-Jiao-Liao-Jiao Belt
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Representative cathodoluminescence ( CL) images of Early Archean and others zircons from the sample QX2-4b with
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F 1 Bdb#m QX24b B LA-ICP-MS §5/ U-Pb #iiE%

Table 1 The LA-ICP-MS zircon U-Pb isotopic data of the sample QX2-4b from the Jiaobei Terrane

H(x107°%) )45 % LU AE AEE (Ma)
Nlp==2 Th/U 207 206 207 206 207 207
Th U Pb 235%] a 238%) o 206 E; lo 23812; lo 235%] lo % E}; lo

0X24B-01 316 878 329 0.36 5.28331 0.13377 0.33659 0.0046 0.11382 0.00278 1870 22 1866 22 1861 26
QX24B-02 66 41 28 1.58 10.50443 0.29871 0.46857 0.00697 0.16256 0.00454 2477 31 2480 26 2482 28
QX24B-03 183 223 175 0.82 18.48131 0.47188 0.5972 0.00824 0.22441 0.00554 3019 33 3015 25 3013 24
QX24B-04 29 86 75 0.34 27.39653 0.72115 0.6928 0.00992 0.28676 0.00734 3393 38 3398 26 3400 24
Q0X24B-05 324 362 286 0.89 18.52219 0.47511 0.5904 0.00814 0.22749 0.00564 2991 33 3017 25 3034 24
QX24B-06 151 193 118 0.78 11.26428 0.29959 0.48248 0.00678 0.16929 0.00438 2538 29 2545 25 2551 26
QX24B-07 15 25 15 0.61 11.51618 0.39712 0.48746 0.00818 0.17131 0.00591 2560 35 2566 32 2570 35
QX24B-08 276 379 222 0.73 10.57062 0.27623 0.47186 0.00651 0.16245 0.00411 2492 29 2486 24 2481 26
0X24B-09 40 56 34 0.70 11.00643 0.32013 0.48454 0.00725 0.16472 0.00471 2547 31 2524 27 2505 29
QX24B-10 68 83 51 0.81 11.13548 0.30914 0.48075 0.00693 0.16796 0.00456 2531 30 2535 26 2537 28
QX24B-11 251 320 195 0.78 11.34899 0.30345 0.48489 0.00676 0.16972 0.00441 2549 29 2552 25 2555 26
QX24B-12 279 333 163 0.84 7.30014 0.19781 0.39069 0.00546 0.13549 0.00357 2126 25 2149 24 2170 28
0X24B-13 374 391 400 0.96 31.09207 0.82467 0.72519 0.01005 0.3109 0.008 3515 38 3522 26 3525 24
QX24B-14 121 248 242 0.49 33.04355 0.87984 0.74265 0.01031 0.32265 0.00833 3580 38 3582 26 3583 24
QX24B-15 85 187 172 0.45 30.03508 0.80599 0.7094 0.00991 0.30702  0.008 3456 37 3488 26 3506 25
Q0X24B-16 112 117 83 0.96 14.35584 0.39739 0.53863 0.00764 0.19327 0.00522 2778 32 2774 26 2770 27
QX24B-17 61 136 83 0.45 13.07075 0.36357 0.5177 0.00735 0.18308 0.00497 2689 31 2685 26 2681 28
QX24B-18 63 119 89 0.53 18.85134 0.52306 0.60013 0.00852 0.22778 0.00616 3030 34 3034 27 3037 27
QX24B-19 58 178 97 0.32 10.94286 0.30467 0.47813 0.00674 0.16596 0.0045 2519 29 2518 26 2517 28
0X24B-20 375 459 312 0.82 14.02088 0.38555 0.53137 0.0074 0.19134 0.00512 2747 31 2751 26 2754 27
QX24B-21 61 136 129 0.45 31.85416 0.89004 0.73057 0.01039 0.31617 0.00861 3536 39 3546 28 3551 26
QX24B-22 87 771 398 0.11 10.76332 0.29818 0.47407 0.00659 0.16464 0.00444 2501 29 2503 26 2504 28
QX24B-23 20 83 45 0.24 10.99544 0.32326 0.47796 0.00697 0.16682 0.00481 2518 30 2523 27 2526 30
0X24B-24 256 275 171 0.93 11.24323 0.31775 0.48309 0.0068 0.16877 0.00465 2541 30 2544 26 2545 29
QX24B-25 207 338 196 0.61 10.90427 0.3082 0.47895 0.00672 0.16509 0.00455 2523 29 2515 26 2508 29
QX24B-26 68 130 74 0.52 11.06418 0.32392 0.48043 0.0069 0. 167 0.00479 2529 30 2529 27 2528 30
0X24B-27 113 278 263 0.41 32.00062 0.91136 0.7334 0.01031 0.3164 0.00878 3546 38 3550 28 3552 27
QX24B-28 438 367 235 1.20 11.07487 0.31873 0.47504 0.00669 0.16906 0.00475 2506 29 2529 27 2548 30
QX24B-29 41 87 55 0.47 14.05343 0.41481 0.53191 0.00768 0.19159 0.00554 2749 32 2753 28 2756 30
QX24B-30 91 135 66 0.68 7.6981 0.23513 0.40054 0.00583 0.13937 0.00418 2172 27 2196 27 2219 33
0X24B-32 47 615 312 0.08 10.67255 0.31197 0.47053 0.00663 0.16448 0.0047 2486 29 2495 27 2502 30
QX24B-33 89 179 161 0.50 27.81943 0.81902 0.69746 0.00994 0.28923 0.00832 3411 38 3413 29 3413 28
QX24B-34 39 38 25 1.01 11.39377 0.38121 0.48673 0.00774 0.16974 0.00564 2557 34 2556 31 2555 35
QX24B-35 133 405 359 0.33 30.23671 0.89082 0.69836 0.00986 0.31396 0.00904 3414 37 3495 29 3540 28
0X24B-36 272 220 144 1.23 11.17428 0.33888 0.48191 0.00691 0.16814  0.005 2536 30 2538 28 2539 32
QX24B-37 368 246 134 1.50 7.1095 0.21873 0.3894 0.00561 0.13239 0.004 2120 26 2125 27 2130 34
QX24B-38 241 649 355 0.37 10.8104 0.3275 0.47647 0.00678 0.16452 0.00488 2512 30 2507 28 2503 32
QX24B-39 84 175 166 0.48 32.1165 0.9755 0.7245 0.01041 0.32144 0.00956 3513 39 3554 30 3577 29
Q0X24B40 167 118 89 1.41 13.84536 0.42815 0.52952 0.00767 0.1896 0.00575 2739 32 2739 29 2739 32
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JE AR (AN A3 32) 5 A 4 AN EEA AT (6516 .20 .29 K
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F2 BAcHEm QX24b B9 LA-MC-ICP-MS $5 R RAL Hf R R #E
Table 2 The LA-MC-ICP-MS zircon in situ Hf isotopic data of the sample QX2-4b from the Jiaobei Terrane

176 176 176 C
Spot No. (/;/[gj) 177;1; 177 ];11; 177 gff 20 enr(0)  epr(t) 20 tpu(Ma) 5n\<4 I(VIIj?) 2 tm\(« ;/[I:f)) Srwur

QX24b 01 2482 0.046014  0.000756  0.281168  0.000020 -56.72 -2.32 0.72 2883 3398 27 3128 -0.98
QX24b 02 3013 0.212873  0.003797  0.281217  0.000032 -55.00 5.20 1.13 3058 3108 47 3080 -0.89
QX24b 03 3400 0.027144  0.000496  0.280655 0.000025 -74.85 0.95 0. 88 3546 3737 33 3637 -0.99
QX24b 04 3034 0.076776  0.001435  0.280879  0.000019 -66.94 -1.48 0.69 3330 3697 26 3501 -0.96
QX24b 05 2551 0.098590  0.001683  0.281271 0.000024 -53.07 1.30 0.84 2811 3131 33 2960 -0.95
QX24b 06 2570 0.005416  0.000109  0.281244  0.000015 -54.02 3.52 0. 54 2734 2952 20 2839 -1.00
QX24h 07 2481 0.109993  0.002273  0.281345 0.000031 -50.47 1.39 1.09 2753 3076 43 2900 -0.93
QX24b 08 2505 0.034688  0.000620  0.281079  0.000026 -59.86 -4.72 0.92 2992 3621 35 3291 -0.98
QX24b 09 2537 0.039414  0.000734  0.281356  0.000025 -50.06 5.66 0.89 2627 2743 34 2682 -0.98
QX24b 10 2555 0.030629  0.000520  0.281444  0.000024 -46.96 9.56 0. 86 2495 2416 33 2457 -0.98
QX24b 11 3525 0.095941  0.001500  0.280580  0.000019 -77.52 -1.27 0.69 3742 4010 26 3867 -0.95
QX24b 12 3583 0.062383  0.001130  0.280560  0.000021 -78.22 0.24 0.77 3733 3921 29 3821 -0.97
QX24b 13 3506 0. 046181 0.000783  0.280503  0.000023 -80.25 -2.72 0.81 3776 4121 30 3939 -0.98
QX24b 14 2770 0.018978  0.000392  0.281132  0.000023 -57.98 3.62 0.83 2904 3079 31 2988 -0.99
QX24hb 15 2681 0.043985  0.000866  0.281274  0.000024 -52.97 5.76 0. 87 2748 2833 33 2788 -0.97
QX24b 16 3037 0.020603  0.000384  0.280905 0.000024 -66.02 1.69 0. 85 3206 3427 32 3312 -0.99
QX24b 17 2517 0.043410  0.001098  0.281353  0.000020 -50.18 4.46 0.73 2657 2834 28 2740 -0.97
QX24b 18 2754 0.032033  0.000631  0.281140  0.000022 -57.72 3.07 0.78 2912 3115 29 3009 -0.98
QX24b 19 3551 0.052472  0.000918  0.280483  0.000019 -80.94 -2.71 0.66 3815 4150 25 3973 -0.97
QX24b 20 2504 0.032783  0.000711 0.281059  0.000018 -60.58 -5.62 0.64 3027 3699 24 3346 -0.98
QX24b 21 2526 0.032085  0.000614  0.281385  0.000020 -49.04 6.65 0.73 2580 2650 28 2613 -0.98
QX24b 22 2545 0.062081  0.001227  0.281112  0.000022 -58.69 -3.69 0.80 2995 3559 31 3259 -0.96
QX24b 23 2508 0.044979  0.000777  0.281152  0.000018 -57.31 -2.35 0.65 2907 3419 25 3150 -0.98
QX24b 24 2528 0. 015091 0.000349  0.281116  0.000021 -58.58 -2.45 0.74 2923 3440 28 3171 -0.99
QX24b 25 3552 0.048965  0.000890  0.280497  0.000020 -80.46 -2.13 0.70 3794 4102 26 3939 -0.97
QX24b 26 2548 0.097092  0.001766  0.281282  0.000023 -52.71 1.46 0. 81 2803 3115 32 2948 -0.95
QX24b 27 2756 0.027532  0.000610  0.281126  0.000022 -58.20 2.67 0.77 2929 3151 29 3035 -0.98
QX24b 28 2502 0.019956  0.000383  0.281291 0.000017 -52.36 3.15 0.61 2691 2937 23 2809 -0.99
QX24b29 3413 0.048672  0.000820  0.280468  0.000019 -81.48 -6.19 0.66 3825 4353 25 4075 -0.98
QX24b 30 2555 0.037493  0.000628  0.281108  0.000022 -58.86 -2.60 0.80 2955 3471 30 3201 -0.98
QX24b 31 3540 0.047264  0.000788  0.280451 0.000018 -82.07 -3.79 0.66 3844 4234 24 4029 -0.98
QX24b 32 3373 0.064142  0.001011 0.280577  0.000022 -77.63 -3.67 0.78 3699 4112 29 3894  -0.97
QX24b 33 2539 0.146929  0.002380  0.281418  0.000029 -47.87 5.07 1.02 2657 2796 40 2720 -0.93
QX24b 34 2503 0.133667  0.002088  0.280939  0.000024 -64.81 -12.25 0.84 3304 4268 33 3747 -0.94
QX24b 35 3577 0.053194  0.000919  0.280433  0.000020 -82.72 -3.91 0.72 3882 4269 27 4065 -0.97
QX24b 36 2739 0.025806  0.000478  0.280950  0.000018 -64.44 -3.74 0.65 3154 3693 24 3411 -0.99
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Fig.5 Zircon Hf isotopic composition of the sample QX2-4b
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