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Abstract The Qinling Group is considered as the oldest basement rocks of Precambrian exposed in the North Qinling terrain and
records crustal formation and evolution of North Qinling orogenic belt. In this study, zircon U-Pb ages of five gneiss samples collected
from Danfeng-Xixia area are reported in order to constrain the time of formation and metamorphism of this rock group and discuss the
tectonic provenance of the North Qinling terrain. Analytical results of the zircon dating show that zircon grains of magmatic origin yield
ages clustering in about 1400 ~ 1600Ma and about 850 ~ 950Ma, recording two major magmatic activities. Six zircon grains of
238

metamorphic origin with low Th/U ratios of <0. 03 give *°Ph/?

477 + 18Ma, recording Early Paleozoic metamorphic overprint. This metamorphism is temporally coincident with the high pressure

U ages ranging from 510 Ma to 465 Ma with a weighted mean value of

metamorphism distinguished in both the northern and southern margins of the Qinling terrain, indicating that Qinling Group underwent
metamorphism during the North Qinling orogenic process in Early Paleozoic. Qinling Group formed mainly in Late Mesoproterozoic to
Early Neoproterozoic and no magmatic events of Paleoproterozoic and Archean were recorded in the basement rocks. In the view of the
formation time of the magmatic activities, the North Qinling terrain can be discriminated from the Yangize block characterized of strong
magmatism of Late Neoproterozoic along the northern margin and also from the North China block that is composed of Late Archean to
Paleoproterozoic basement rocks along the southern margin. The North Qinling terrain would be a microcontinent with distinguishable
evolution in Mesoproterozoic to Neoproterozoic.

Key words Qinling Group; Gneiss; Zircon age; Neoproterozoic; Tectonic provenance
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Simplified geological map of North Qinling orogenic belt ( modified from Meng and Zhang, 1999 ; Wang et al. , 2002)
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Fig. 2
Qinling Group

Qtz-Quartz; Kfs-K-feldspar; Pl-Plagioclase; Grit-Garnet; Bi-Biotite ;
Chl-Chlorite

Microstructure characteristics of the gneisses from

Mc-Microcline ;
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FIEFNR G AR il O8HNI8 32 XALAE B2, R iy
THA A RREFE R P ER AL AR (R 1) s 238 5 )7
IR BB A1 BT A >R H LA-ICP-MS 4347 75 35 147 U-Pb
FEAFEINA (£ 2) o

®l FWREHFRENEELE (W) AMETE
(x10°°) AR
Table 1

Major (wt % ) and trace ( x 10™°) element contents

of the gneisses from Qinling Group

keSS O08HN31 08 HN62 08HN77 08HN79
Si0, 73.54 73.15 67.72 69. 09
TiO, 0.73 0.30 0.82 0. 86
Al, 04 12.42 13.50 14.57 13.40
Fe, 0, 5.42 2.85 6. 09 6.90
MnO 0.11 0.05 0. 06 0.11
MgO 1.35 0.61 1.71 1. 41
CaO 0.48 1. 64 2.70 1.99
Na, O 0.41 3.78 2. 68 2.73
K,0 2.98 2.74 3.11 2.54
P,0s 0. 04 0.12 0.15 0.07
LOI 2.54 0.74 0.48 0.50
Total 100. 0 99. 48 100. 1 99. 60
A/CNK 2.60 1.11 1.15 1.23
Li 71.12 18.92 16. 50 28.59
Be 1.12 2.57 0.98 1.46
Sc 16. 04 7.09 16. 66 17. 09
v 76. 8 28.2 65.4 55.4
Cr 211 150 195 224
Co 14. 16 6.37 14.97 13. 80
Ni 24.25 9.04 79. 14 18.12
Cu 14. 68 12.79 54.42 18.51
Zn 71.55 53.84 82.37 84.93
Ga 16. 89 16.75 20.23 19. 18
Rb 130 150 138 157
Sr 53.0 88.6 199 114
Y 32.37 20.33 35.17 48.31
Zr 356 127 309 366
Nb 14.43 9.83 13.71 14. 54
Cs 7.08 9.26 3.38 4.80
Ba 694 434 595 531
La 45.78 18.25 49.34 79. 34
Ce 93.26 36.78 101. 6 149.7
Pr 11.36 4.55 11.79 17.97
Nd 42.81 16.71 46. 84 68. 79
Sm 7.72 3.31 8.38 12.34
Eu 1.34 0. 69 1.41 1.51
Gd 6.98 3.06 7.61 10.92
Th 1.05 0.56 1.25 1.63
Dy 6.27 3.63 6.79 9.12
Ho 1.33 0. 80 1.36 1.88
Er 3.69 2.22 3.46 5.09
Tm 0.57 0.34 0.49 0. 80
Yb 3.83 2.23 2.91 5.15
Lu 0.59 0.34 0.46 0.81
Hf 10. 12 4.09 9.39 10. 38
Ta 1.13 1.34 0.88 0.87
Pb 15.70 25.97 23.93 20.95
Th 18.76 14. 84 21.48 30. 12
U 2.77 1.37 2.52 2.21
(La/Yb) y 8.6 5. 89 12.2 11.0
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®2 FIREBR AR LA-ICP-MS U-Pb EfL RS H R

Table 2 Zircon LA-ICP-MS U-Pb analyzed results of the gneisses from Qinling Group

_ JEF LU AE RIMER (Ma)
R e v Th/U 206 207 207 206 207 207
IR (x107%) (x107%) _zzsfgj 23511? 206 gj 2381:[’? 23513) 206 E}}:
08HNI18 R &=
01 101 326 0.50 0.2364 +54 3.10 £12 0. 0958 +29 1368 1434 1545
02 114 351 0.57 0.2560 + 16 3.15+11 0. 0894 +29 1469 1446 1412
03 39 190 0.95 0. 1528 +25 1. 469 +65 0. 0696 +32 916 918 918
04 356 2367 0.48 0.1417 9 1.384 £47 0.0709 +23 854 882 954
05 80 442 0.25 0.1646 =12 1.716 £58 0.0758 +24 982 1015 1090
06 163 895 0.15 0.1655 +9 1. 680 56 0.0736 +£23 987 1001 1030
07 176 980 0.55 0. 1496 =12 1.532 +£53 0.0742 +24 898 943 1046
08 70 401 0.53 0.1321 9 1.248 £53 0. 0685 +29 800 823 884
09 101 550 0.76 0. 1409 =12 1.368 £53 0.0707 27 850 875 948
10 142 860 0.11 0.1478 £13 1.372 £54 0.0674 +27 889 877 851
11 161 813 0.43 0.1653 =9 1.581 £53 0. 0695 +23 986 963 913
12 181 992 0.13 0.1637 9 1. 645 £53 0.0729 +23 977 988 1012
13 273 1419 0.44 0.1617 =18 1.537 +£53 0. 0689 =22 966 945 896
14 109 541 0.71 0.1553 =15 1.535 £55 0.0719 +24 931 944 983
15 165 999 0.15 0.1478 14 1.462 £53 0.0717 £23 888 915 976
16 171 1069 0.11 0.1476 =11 1.444 £48 0.0710 23 887 907 958
17 114 337 0.45 0.328 £2 4.92 £16 0. 1088 +34 1829 1806 1780
18 675 3720 0. 81 0.1381 =8 1.296 +£40 0. 0681 =20 834 844 871
19 162 854 0.43 0.1599 15 1.529 £50 0. 0694 +22 956 942 909
20 138 771 0.20 0.1617 =17 1.513 £59 0. 0679 =29 966 935 864
21 124 712 0.20 0.1594 £ 16 1.483 £53 0.0675 +£23 953 923 853
22 383 2730 0.34 0.1255 =12 1.239 +£39 0.0716 =21 762 818 975
23 124 685 0.19 0.1544 £12 1.557 £51 0.0732 +24 925 953 1019
24 153 827 0.49 0. 1527 =11 1. 429 49 0. 0679 =22 916 901 866
25 49 266 0.44 0.1601 £12 1.473 £55 0. 0667 +23 958 919 829
08HN31 B AFH A A

01 432 2728 0.37 0.1753 £ 14 2.023 £123 0. 0850 73 1041 1123 1315
02 156 142 0.58 0.4897 £53 10. 76 +67 0.1615 +143 2569 2503 2472
03 159 509 0.23 0.2736 42 3.632 £226 0.0978 +84 1559 1557 1582
04 229 1047 0.51 0.1685 +23 1.850 +114 0. 0809 =69 1004 1064 1219
05 429 1186 0.38 0.2735 £40 3. 844 +£240 0.1037 +88 1559 1602 1691
06 533 1741 0.65 0.2076 =30 2.308 +148 0.0819 =71 1216 1215 1244
07 165 700 0. 65 0. 1839 £26 2.166 =140 0. 0866 =75 1088 1170 1352
08 96 261 0.74 0.2701 =61 3.545 £266 0.0984 +99 1541 1537 1595
09 260 935 0.47 0.2300 =26 2.60 £ 16 0.0834 72 1334 1301 1279
10 104 292 0.22 0.2826 +26 4. 255 +£258 0.1108 +£95 1605 1685 1813
11 217 624 0.35 0.2731 £36 3.658 £223 0. 0994 +85 1556 1562 1612
12 164 433 0.65 0.2774 £38 3.725 £235 0. 0995 +87 1578 1577 1615
13 70 176 1. 10 0.2740 £67 3.589 +244 0. 0962 =85 1561 1547 1552
14 153 349 1.14 0.2753 £58 3.993 £261 0.1067 £92 1567 1633 1744
15 514 1690 0. 64 0.2272 £20 2.651 160 0.0861 +73 1320 1315 1340
16 133 454 0. 63 0.2197 £32 2.341 £167 0.0786 +73 1280 1225 1161
17 127 302 1.28 0.2910 +54 4.088 +263 0.1031 £92 1647 1652 1681
18 424 1191 0.49 0.2729 £27 3.541 £214 0. 0958 =82 1555 1536 1544
19 192 617 0.73 0.2220 £24 2.702 £168 0.0897 +78 1292 1329 1419
20 305 1182 0.42 0.2167 18 2.990 +181 0.1017 87 1264 1405 1655
21 66 164 0.85 0.2638 +£39 3.613 £233 0.1018 +91 1509 1552 1657
22 193 488 0.48 0.2723 +£56 3.553 £225 0. 0964 +82 1552 1539 1555
23 174 686 0.12 0.2104 +20 2.640 £ 161 0.0926 +79 1231 1312 1480
24 165 528 1.48 0.1949 £29 2.273 £156 0. 0855 +76 1148 1204 1327
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gR2
Continoued Table 2
_ JET Ho HTAEL (Ma)

ik b v Th/U 206 207 207 206 207 207

W& (x107%)  (x107%) W"J’ 235‘3) ﬁ WPJ’ Tll’}“ ﬁ
25 56 325 0.32 0.1434 +19 1. 366 +96 0. 0708 + 66 864 874 951

08HN62 = RHE kA
01 92 334 0. 66 0.2153 £33 2.580 118 0. 0860 =32 1257 1295 1338
02 286 1621 0.36 0. 1596 +18 1. 690 +78 0.0759 =28 954 1005 1093
03 102 503 0.59 0.1607 + 14 1.680 72 0. 0750 27 961 1001 1067
04 107 556 0.67 0.1607 =14 1.515 £69 0. 0676 =27 961 937 856
05 93 435 0.76 0.1602 15 1. 872 £137 0. 0834 =55 958 1071 1279
06 137 638 0.39 0.1758 +18 1.975 £90 0.0807 +31 1044 1107 1213
07 228 1635 0.23 0.1217 £22 1.202 +86 0.0707 41 740 802 948
08 275 1769 0.23 0.1603 =15 1.691 £70 0.0755 =25 958 1005 1083
09 114 564 0.90 0.1699 =19 2. 154 =111 0.0911 +39 1011 1166 1448
10 135 654 0.43 0.1717 =17 1.822 £ 115 0.0760 =41 1021 1053 1096
11 255 1333 0.47 0.1988 =15 2.699 +128 0.0973 +41 1169 1328 1574
12 121 606 0.58 0.1609 =14 1.540 £77 0. 0688 +31 962 946 894
13 122 646 0.77 0. 1606 + 14 1. 560 +66 0. 0695 =25 960 954 914
14 297 1370 0.97 0.1606 =11 1.521 +65 0.0679 +24 960 939 865
15 191 1190 0. 88 0. 1439 £28 1.562 =124 0.0781 62 867 955 1149
16 285 881 0.36 0.2766 +22 3.968 £170 0. 1030 =36 1574 1628 1679
17 96 479 0.53 0.1607 15 1. 636 +69 0.0730 +26 960 984 1014
18 191 1054 0.21 0.1603 £ 16 1. 549 +65 0. 0694 +26 959 950 912
19 155 703 0. 66 0.1523 =17 1.543 £74 0.0726 29 914 948 1002
20 89 177 2.04 0.2782 +26 4.073 +173 0. 1074 +38 1582 1649 1756
21 180 1155 0.39 0.1601 £ 16 1.553 £72 0. 0697 +28 957 952 919
22 92 618 1.35 0.1108 =16 1.232 58 0.0795 =31 677 815 1185
23 168 792 0.70 0. 1609 +22 1.831 +89 0.0818 =36 962 1057 1240
24 212 1045 0.70 0.1603 11 1.604 £71 0.0717 £27 959 972 977
25 218 1156 0.30 0.1605 =10 1. 560 + 64 0. 0698 +24 960 954 923
08HN77 B=RH kA

01 302 1069 0.42 0.2424 +63 3.009 +£243 0. 0900 =58 1399 1410 1426
02 303 1170 0.38 0.2475 +71 3.049 +284 0. 0900 + 68 1426 1420 1426
03 224 2685 0.09 0.0823 £21 0. 6577 538 0.0581 =38 510 513 532
04 93 675 0.33 0.1194 £32 1.117 91 0. 0681 =45 727 762 870
05 69 241 0.43 0.2477 +74 2.930 £259 0. 0857 +67 1427 1390 1332
06 79 566 0.24 0.1774 +48 2.003 £ 163 0. 0820 =55 1053 1117 1246
07 152 504 0.41 0.2495 +37 3. 065 +235 0. 0888 + 60 1436 1424 1399
08 170 1081 0.50 0.2457 £67 2.955 £242 0.0873 £59 1416 1396 1366
09 188 1120 0.61 0. 1301 +34 1.250 £ 104 0. 0698 +47 789 824 922
10 139 552 0.26 0.1620 +47 1. 695 + 146 0. 0760 =57 968 1007 1096
11 208 582 1. 11 0.2480 +71 3. 087 £256 0.0902 =59 1428 1430 1430
12 177 689 0.53 0.2041 55 2.452 198 0. 0871 =56 1198 1258 1364
13 285 869 0.74 0.2427 +64 3.097 +247 0. 0926 +59 1401 1432 1479
14 185 989 0.45 0.1610 +44 1.571 £127 0.0709 =46 962 959 954
15 149 961 0. 08 0. 1472 £43 1.485 124 0.0730 £49 885 924 1014
16 110 715 0.14 0. 1381 +40 1.376 £123 0.0725 £57 834 879 1000
17 87 454 0.46 0.1613 +43 1.577 £129 0.0710 47 964 961 957
18 235 990 0.36 0.1917 £51 2.376 +188 0.0899 +57 1131 1235 1424
19 117 366 0.47 0.2467 £70 3.102 £254 0.0913 60 1421 1433 1453
20 154 843 0.38 0. 1588 +42 1.587 £133 0. 0726 =50 950 965 1003
21 130 148 2.17 0.4932 +134 11. 86 +96 0.1747 114 2584 2593 2603
22 79 636 0.20 0.1110 34 1. 056 96 0. 0694 +53 679 732 910
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Continoued Table 2
_ 5T Hfi KR (Ma)
ik b v Th/U 206 207 207 206 207 207
W& (x107%)  (x107%) WPJ‘ 235‘3’ ﬁ WPJ’ WPU}’ ﬁ
23 70 267 0.98 0.2007 £57 2.432 £210 0. 0876 +60 1179 1252 1373
24 66 211 0. 49 0.2459 £72 3.081 £258 0.0921 67 1417 1428 1470
25 129 426 0.62 0.2470 +69 2.933 +244 0. 0858 +57 1423 1391 1333
08HN79 Bz F kA
01 40 321 0.43 0.1174 £24 1. 109 £ 69 0. 0685 +47 716 758 884
02 36 257 0.39 0. 1387 £23 1.352 £89 0. 0706 49 838 868 945
03 115 630 0.42 0.1595 +13 1. 750 81 0.0794 +38 954 1027 1183
04 65 486 0.18 0.1407 17 1.346 £ 66 0. 0692 +33 849 866 904
05 58 403 0.12 0.1589 £13 1.517 £75 0. 0698 +36 951 937 924
06 63 449 0.25 0.1444 =11 1.389 64 0. 0698 +33 869 884 923
07 88 1303 0.03 0.0747 £6 0.5757 £301 0. 0557 30 465 462 441
08 42 291 0.23 0. 1446 =14 1.389 £70 0. 0696 +37 871 884 917
09 81 1250 0.02 0.0754 =6 0. 6004 =297 0.0576 +£29 469 477 514
10 40 317 0.20 0.1364 +29 1. 300 +93 0.0691 +46 824 846 902
11 37 261 0.10 0.1584 +16 1.739 +97 0.0799 +45 948 1023 1195
12 92 1427 0.03 0.0767 =11 0. 6067 +393 0. 0569 +37 477 481 487
13 54 395 0.19 0.1403 17 1.382 +74 0.0711 +£38 846 881 959
14 60 444 0.13 0.1408 =11 1.340 +62 0. 0687 +33 849 863 890
15 50 330 0.17 0.1587 £13 1.517 £72 0. 0693 +34 949 937 908
16 22 112 1.01 0.1585 18 1.484 £79 0. 0681 +37 949 924 872
17 93 1307 0.02 0.0753 =7 0. 6140 +307 0. 0590 +31 468 486 568
18 47 323 0.08 0.1585 +15 1.477 £72 0. 0676 +34 949 921 858
19 70 490 0.08 0. 1581 £20 1.554 £82 0.0712 +40 946 952 963
20 45 294 0.33 0. 1589 £23 1. 404 £ 66 0. 0640 =33 951 891 741
21 40 308 0.16 0.1401 =14 1. 359 +66 0.0702 +35 845 871 933
22 23 117 0.74 0. 1608 +29 1.574 £107 0. 0708 +46 961 960 950
23 54 357 0.16 0.1590 £13 1.543 £76 0.0700 35 951 948 927
24 54 428 0. 44 0.1128 12 1. 004 +50 0.0644 =31 689 706 755
25 90 1274 0.03 0.0778 £5 0. 6091 +281 0. 0567 +27 483 483 480
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Fig.3 Chondrite normalized REE patterns and primitive-mantle normalized trace element patterns of gneisses from Qinling Group

( Chondrite data from Taylor and McLennan, 1985 ; Primitive-mantle data from Sun and McDonough, 1989)
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Fig.4 Zircon and U-Pb ages and cathodoluminescene (CL) images of typical grains from the gneiss sample (08HN79)

Circles are referred to the dating spots
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FIRIIE 5 @ 1(1&l 4b) o ARG 25 AT s At 4 5, Al i
i AR KB 3 2 (B 4a) o 55— 10 s A 1B AL R
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et al. ,2004 ;Zheng et al. ,2005) , 5, 3 26 85 47 W Ky i 3%
HLARET Hoo AR A A . 55 41 10 Wigh 4 CL
UG 7R BT 25 TN 45 70 5 T — 2 4 A SR AR AH W] (8] 4b) |
8 AT A IS R B A, Y Ph/P U AR IS A T 824 ~
871Ma Z [A], INALF- Y 4E 1% g 855 + 11Ma, 54 U & A8 4k
JEEE R 257 x 107° ~ 486 x 10°°, Th & & 28 1k 315 [l by 48 x
107° ~112 x 10 ™% #4714 Th/U HefEAF 0. 13 ~0.39 2],
FIHNRE A 53 T BB D BT R, R — B Pb &R,
26 Ph/ U AR E 4> 3% 689Ma Fi 716Ma, Th/'U H{H 4351 H
0.43 F10. 44 R T EA IR A KA A 1878 T Fiocily
R BIA G . Z WIS IR RS A YR 2%,
SEEAUAE IR 5 AN M, PO P/ U AR I A T 465 ~
483Ma , IALEHAF I8 A 472.9 £9. OMa, #54 U S AN 4
L AR R 1250 x 10 7% ~ 1427 x 10 % [fif Th & &A%,
AFALTLFE R 22 x 107° ~40 x 10, A4 £7 Y CL E{% b thnl
R EATEA m U Bk, B S8 CL SR BE, R IR, N
SERANIEFE (B 4b) , Th/U HAAARML, AT 0. 02 ~0. 03 Z i,
FLAG AR 5 R A A R

B RHC R A O8HNTT . g5 A ki T A& W, L HIE .
KRR =, Wbk 22 8 100 ~ 150 pwm, K SE R 2 ¢ 1 ~
3:1(ES) . MBS CL BRI SR (5 K 6a)
AR S A A o 3 A, Bl EE A R B AR, A%
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CL images of typical zircon grains of four gneiss

Circles are referred to the dating spots
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Fig.6  Zircon U-Pb ages of four gneiss samples from Qinling Group
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JUH AR -] (29 750 ~ 850Ma) Jy = (A AR HI (U : Zheng
et al. , 2004, 2008 ; Zhou et al. , 2006; Wang et al. , 2010)
TERAT 1 Bl AL 36 U7 I (0 22 08 3t X, Y A ) i 2 0
SETHT A A S JR T Bl (29 700 ~ T50Maj; % SCRRAE,
2007 ; HL A 45, 2008 ,2009 ) i 25 e A BE AL ) BT IE B A
PREY 5 3 RO R T ol AU Y, 2 s T T 890 ~
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U-Pb 5g 4F 315 2% 0% 25 BE 0 BI A R & B9 4F 1% O 2226 ~
2217Ma, 855 FH A N A 425 Sm-Nd [ 37 3 45 I 28 4F 1%
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