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The protolith nature of quartz sandstone from Changlongshan Formation
in Liujiang area, Qinhuangdao City: evidence of U-Pb and Hf-isotope
from detrital zircons

DIWU Chun-rong, SUN Yong, LIU Yang-jie, HAN Wei, DAI Meng-ning and LI Yong-xiang
(State Key I.aboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069, China)

Abstract: With the development of the in situ zircon SHRIMP U-Pb dating method and laser ablation ICP-MS,
the study of the age distribution of detrital zircons from sedimentary rocks has become an effective way to find
the source area of clastic material and also become an important topic all over the world. However, during zircon
laser ablation (LA)-ICPMS dating, the U-Pb isotopic fractionation remains one of the principal obstacles for
precise zircon dating. The experiments performed by the authors demonstrate that a low laser frequency (5 Hz or
6 Hz) would reduce element fractionation during laser ablation. The U-Pb ages of international zircon standards
GJ-1 and the laboratory zircon standard SK10-2 were measured by LA-ICP-MS in 20 pm spot size at 5 Hz laser
frequency. The reduce mean 2"Pb/?*®U ages obtained in our analysis are in good agreement with the published
values. Quartz sandstone from Changlongshan Formation of Qingbaikou System, the oldest metasedimentary
rock in Liujiang area of Qinhuangdao City, was deposited unconformably on the Neoarchean potassic granite.
Detrital zircons from the quartz sandstone have 2’’Pb/?"°Pb ages of 2 635 Ma to 2 487 Ma. A comparison with
the Beiijng-Jixian stratatigrphic section, from Early Proterozoic, the study area experienced a long period of

weathering and erosion, and then began to deposit on the surface and become the source area of clastic sediments
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of the Changlongshan Formation until the early Neoproterozoic. Hf isotopic compositions of the detrital zircons

indicate that the clasts were main-ly derived from the reworked ancient crust, suggesting that the mass of the

continental crust was largely established at ~2.5 Ga in its source area.
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a—quartz sandstone from Changlongshan Formation deposited unconformably on the Neoarchean potassium-rich granite:

b—ancient weathering crust
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Fig. 3 The effect of 2%U and Pb sensitivity on NIST SRM 610 glass a and the fractionation factors
of 28U and ?®Pb on standard zircon 91500 and GJ-1 b for a given laser frequency
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Fig. 6 U-Pb concordia diagram a and probability diagram of zircon 2’Pb 2Pb ages b for quartz sandstone from
Changlongshan Formation
207p}, 2357 -206p}, 2387] Pb U Pb U
6
207pp, 206p}, 2 487~2 635 Ma
27pp, 206p, U Pb
6 2 500 Horn et al. 2000
~2 600 Ma 90 %
U-Pb
3.2.2 Hf
51 Hf 3 20 pm
7oL 7THf 0.002
0.000 7 Pb U
Hf Ot 7THf 0.281 01 Pb U
~0.28125 207pp, 206p
eHf ¢ eHf ¢ -8.0~2.2
7 tpMm 2761 ~3 308 Ma SK10-2
206p, 28y 31 Ma
4 U Pb 417X107°~1636xX10"¢ 3
10 ©~28x10°°
4.1 LA-ICPMS U-Pb U U Pb U
U-Pb Th a
LA-ICPMS U-Pb
Longerich et al. 1996
Giinther et al. 1999 Horn et al. 2000 Kosler et Pb
al. 2002 Mezger and Krogstad 1997
4.2

Eggins et al.

1998 Guillong er al. 2003 U-Pb



— U-Pb-Hf 9
3 Hf
Table 3 Lu-Hf isotopic composition of detrital zircons from Changlongshan Formation

Ma 'SYb "7Hf  Y°Lu "'Hf  Y°Hf '7Hf 26 eHf 0 eHf ¢ 26 tpw Ma  tpwe Ma fuom

LS-02 2527 0.015 102 0.000 595 0.281152 0.000054 -57.3 -—1.6 1.5 2 893 3002 -0.98
LS-11 2525 0.014 010 0.000 545 0.281217 0.000028 —55.0 0.8 1.2 2802 2 885 —0.98
LS-17 2597 0.015 585 0.000 618 0.281165 0.000040 —56.8 0.4 1.3 2877 2960 —0.98
LS-25 2582 0.021 528 0.000 784 0.281074 0.000056 —-60.0 —3.5 1.5 3012 3137 —0.98
LS-27 2 545 0.020 569 0.000 782 0.281175 0.000026 —-56.5 —0.7 1.2 2 876 2972 -0.98
LS-32 2514 0.020 564 0.000 819 0.281187 0.000030 —56.1 —1.0 1.2 2 862 2963 —0.98
LS-38 2557 0.018 677 0.000 691 0.281169 0.000030 —-56.7 —0.5 1.2 2877 2971 -0.98
LS-39 2519 0.019 277 0.000 692 0.281182 0.000040 -56.2 -0.9 1.3 2 860 2960 -0.98
LS-42 2506 0.021 247 0.000 771 0.281187 0.000038 —56.1 —1.1 1.3 2 859 2962 —0.98
LS-43 2545 0.017 412 0.000 611 0.281 141 0.000028 —57.7 —1.6 1.2 2909 3017 -0.98
LS-45 2489 0.021 213 0.000 758 0.281215 0.000036 —-55.1 —-0.5 1.3 2820 2917 -0.98
LS-61 2531 0.021 340 0.000 766 0.281197 0.000032 —-55.7 —0.2 1.2 2 845 2937 -0.98
LS-63 2537 0.030 022 0.001 108 0.281 153 0.000034 —-57.3 —2.2 1.2 2930 3040 -0.97
LS-65 2577 0.015 030 0.000 543 0.281202 0.000020 —55.5 1.4 1.1 2822 2895 -0.98
LS-66 2578 0.017 714 0.000 641 0.281127 0.000026 —-58.2 —-1.4 1.2 2930 3034 -0.98
LS-66 2516 0.017 722 0.000 641 0.281117 0.000024 -58.5 —3.2 1.2 2943 3070 —-0.98
LS-67 2522 0.012 197 0.000 430 0.281176  0.000024 —56.4 —0.6 1.2 2 849 2948 -0.99
LS-74 2537 0.013 482 0.000 479 0.281216  0.000026 —55.0 1.1 1.2 2799 2 877 -0.99
LS-76 2534 0.037 044 0.001 275 0.281096 0.000030 —-59.3 —4.6 1.2 3021 3155 -0.96
LS-78 2527 0.021 483 0.000 723 0.281 155 0.000026 —57.2 —=1.7 1.2 2 898 3007 -0.98
LS-79 2545 0.013 041 0.000 446 0.281192  0.000036 —55.9 0.5 1.3 2 828 2914 -0.99
LS-84 2560 0.022 629 0.000 748 0.281 189  0.000034 —56.0 0.2 1.2 2854 2941 -0.98
LS-86 2575 0.011914 0.000 381 0.281217  0.000030 —55.0 2.2 1.2 2790 2 856 -0.99
LS-87 2554 0.019 943 0.000 700 0.281162 0.000036 —56.9 —0.8 1.3 2887 2985 -0.98
LS-89 2497 0.019 736 0.000 708 0.281149 0.000026 —57.4 -2.6 1.2 2905 3025 -0.98
LS91 2531 0.024 200 0.000 863 0.281248 0.000044 -53.9 1.4 1.3 2783 2 856 -0.97
LS-90 2524 0.016 757 0.000 591 0.281128 0.000036 —58.1 —2.5 1.3 2925 3044 -0.98
LS-92 2538 0.018 392 0.000 663 0.281152  0.000024 —-57.3 -—1.5 1.2 2 898 3004 -0.98
LS-94 2516 0.017 712 0.000 672 0.281164 0.000036 —-56.9 —1.5 1.3 2882 2991 -0.98
L.S-95 2519 0.020 840 0.000 736 0.281125 0.000042 —-58.2 —-3.0 1.3 2940 3063 -0.98
LS-99 2496 0.023 135 0.000 805 0.281180 0.000050 —56.3 —1.7 1.4 2871 2980 —0.98
LS-101 2487 0.030 363 0.001 036 0.281065 0.000028 —60.4 —6.3 1.2 3044 3202 -0.97
LS-104 2521 0.042 023 0.001 321 0.281012 0.000038 —-62.2 —8.0 1.3 3139 3308 —-0.96
LS-105 2542 0.016 812 0.000 564 0.281168 0.000034 -56.7 —0.6 1.2 2 869 2967 -0.98
LS-109 2520 0.023 902 0.000 803 0.281169  0.000026 —-56.7 —1.5 1.2 2 886 2992 -0.98
LS-110 2502 0.025 283 0.000 825 0.281124 0.000034 —-58.3 -3.6 1.2 2948 3077 -0.98
LS-112 2530 0.027 302 0.000 992 0.281078 0.000050 —-59.9 —-4.8 1.4 3023 3163 -0.97
LS-113 2494 0.026 503 0.000 884 0.281083 0.000036 —-59.7 -5.3 1.3 3008 3156 -0.97
LS-114 2537 0.012 790 0.000 442 0.281182 0.000034 —-56.2 0.0 1.2 2 841 2934 -0.99
LS-115 2522 0.018 055 0.000 622 0.281127 0.000038 —58.2 -2.6 1.3 2928 3049 -0.98
LS-119 2510 0.017 664 0.000 578 0.281192 0.000028 —-55.9 —-0.5 1.2 2 838 2936 -0.98
LS-121 2504 0.020 036 0.000 703 0.281183 0.000032 —-56.2 —1.2 1.2 2 859 2964 -0.98
LS-122 2555 0.021 626 0.000 733 0.281192  0.000062 —55.9 0.2 1.5 2 849 2936 -0.98
LS-123 2524 0.014 740 0.000 539 0.281247 0.000028 —53.9 1.8 1.2 2761 2832 —0.98
LS-125 2511 0.017 587 0.000 621 0.281171 0.000034 -56.6 —1.3 1.2 2 869 2976 -0.98
LS-126 2559 0.015 125 0.000 520 0.281191 0.000030 —55.9 0.6 1.2 2835 2918 —0.98
LS-127 2540 0.017 541 0.000 573 0.281219 0.000026 —54.9 1.1 1.2 2801 2879 -0.98
LS-128 2522 0.017 470 0.000 630 0.281204 0.000030 -—-55.5 0.1 1.2 2826 2916 -0.98
LS-129 2528 0.015 882 0.000 597 0.281182 0.000028 -56.2 —0.5 1.2 2853 2949 -0.98
LS-131 2487 0.017 179 0.000 639 0.281161 0.000042 —-57.0 —2.3 1.3 2 884 3002 -0.98
LS-132 2520 0.016 653 0.000 634 0.281205 0.00®42 —55.4 0.1 1.3 2825 2915 —0.98
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