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Chronology and its significance of the Lower Jurassic tuff
in Ordos Basin and its periphery
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(1. Institute of Geomechanics ,Chinese Academy of Geological Sciences ,Beijing 100081 , China ;2. Exploration and Development
Research Institute of Changqing Oilfield Company , PeiroChina ,Xian ,Shaanxi 710018 , China )

Abstract; Tuff in stratigraphic sequences of sedimentary basins is a direct product of the orogenic activity of the source
region,and is closely related to orogenic activity. The successive discovery of the Lower Jurassic tuff in Ordos Basin and
its periphery is very important for constraining the key timing of tectonic evolution and tectonic background. In this pa-
per,we determined the critical time of tuff eruption for the Lower Jurassic using zircon U-Pb geochronology. In conjunc-
tion with the tuff geochemistry in the key areas,we discussed the tectonic background for tuff eruption. The following re-
sults were obtained. The distribution of the Lower Jurassic tuff show obvious regional differences. They mainly occur in the
Pingliang and Ankou counties in the southwestern Ordos Basin and in the Ningwu-Jingle Basin and Guangling Basin of
the northeastern Ordos Basin,and are closely related to the evolution of the North Qinling Orogenic belt and the Yanshan
Orogenic belt. The eruption of tuff is not completely synchronous in different regions. The tuff on Cedi section and Ankou
section of the southwestern Ordos Basin are dated at 175.2 Ma +2. 4 Ma and 168. 4 Ma + 1. 3 Ma respectively, the volca-
niclastic rocks on the Chenjiabangou section of Ningwu-Jingle Basin at 179.2 Ma +0. 79 Ma,and the tuff on the Bantasi
section of Hunyuan-Guangling Basin at 171. 0 Ma = 1. 0 Ma. Overall , the eruption of tuff is date at the late Early Jurassic
to early Middle Jurassic. On the Th/Hf-Ta/Hf diagrams,all the points fall into the continental rift zones or the initial rift
zones ,which indicates the extensional tectonic setting from the Early Jurassic to early Middle Jurassic in Ordos Basin and
its periphery. The timing of tuff eruption may provide a direct chronological evidence for study of the Mesozoic thermal e-
volution of the Ordos Basin.
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Fig.2 Typical stratigraphic column of the Lower Jurassic of Ordos Basin and its periphery

a SRIRHIE ;b 2 HI e TR - FRAHIBRZCH AR s d. ) 5 G AR <7 ) i 5
I THREGERA  Tye. L=F5%Z0U),y. TR GELZY;Tyy. =& GERKA;0. BER Jyp. TR Gad

KRR A

SRR ZHT IR LR G TR GBEICA (KRR ) BF A1 R Sk SL T R

Fig.3 Typical photos of the tuff and the volcaniclastic rocks of Lower Jurassic in Ordos Basin and its periphery
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Fig.5 Representative cathodoluminescence ( CL)images of zircon grains for the Lower Jurassic tuff in Ordos Basin and its periphery
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Table 1 U-Pb isotope dating results for the zircons in the tuff from the Lower Jurassic

Fuxian Formation on Cedi section in western Ordos Basin Ma
*32 l?llzll’l 7IT,L /a\%/lo -6 206 Ph/238 U 207 Pb/235 U 207 Pb/ZU() Pb 206 Pb/238 U 207 Pb/235 U 207 Pb/Z()ﬁ Pb

HbOl  Pb U e 2 RE/% WHE  WE O RE%  HE e RE% FR WE FR MR AR W2

1 46 236 0.1792 0.0012 0.66 1.8627 0.0130 0.70 0.0754 0.0006 0.75 1063 7 1068 7 1079 15
2 47 601 0.071'1 0.0004 0.61 0.5502 0.0060 1.10 0.0561 0.0006 1.15 443 3 445 5 457 25
3 31 867 0.0343 0.0002 0.60 0.2421 0.0020 0.83 0.0512 0.0004 0.77 218 1 220 2 248 18
4 47 1669 0.0288 0.0002 0.65 0.1975 0.0019 0.96 0.0498 0.0004 0.79 183 1 183 2 185 18
5 69 1589 0.0409 0.0003 0.73 0.2869 0.0030 1.04 0.0509 0.0005 1.07 258 2 256 3 238 25
6 30 1026 0.0263 0.0002 0.58 0.1780 0.0020 1.10 0.0492 0.0005 1.10 167 1 166 2 156 26
7 26 880 0.0267 0.0002 0.59 0.1823 0.0027 1.48 0.0496 0.0008 1.71 170 1 170 3 174 40
8 12 294 0.0399 0.0003 0.78 0.2819 0.0024 0.84 0.0512 0.0004 0.85 252 2 252 2 250 20
9 13 185 0.0664 0.0004 0.59 0.5046 0.0082 1.63 0.0551 0.0009 1.65 414 2 415 7 417 37
10 18 236 0.0727 0.0004 0.57 0.5657 0.0095 1.67 0.0565 0.0009 1.68 452 3 455 8 471 37
11 16 207 0.0724 0.0004 0.58 0.5586 0.0067 1.21 0.0560 0.0007 1.23 450 3 451 5 451 27
12 22 277 0.0763 0.0005 0.60 0.8469 0.0088 1.04 0.0805 0.0007 0.87 474 3 623 6 1208 17
13 44 727 0.0551 0.0004 0.68 0.4065 0.0026 0.64 0.0535 0.0004 0.74 346 2 346 2 351 17
14 45 656 0.0695 0.0004 0.59 0.5741 0.0049 0.86 0.0599 0.0006 0.92 433 3 461 4 600 20
15 41 525 0.0699 0.0004 0.57 0.5350 0.0076 1.43 0.0555 0.0008 1.41 435 2 435 6 433 31
16 22 289 0.0713 0.0004 0.60 0.5545 0.0045 0.80 0.0564 0.0005 0.84 444 3 448 4 468 19
17 40 1132 0.0318 0.0002 0.76 0.2197 0.0026 1.18 0.0502 0.0005 0.98 202 2 202 2 202 23
18 79 1690 0.0316 0.0002 0.63 0.6702 0.0180 2.68 0.1540 0.0043 2.80 200 1 521 14 2391 48
19 23 516 0.0475 0.0003 0.61 0.4696 0.0090 1.91 0.0718 0.0014 1.90 299 2 391 7 979 39
20 24 330 0.0707 0.0004 0.62 0.5459 0.0039 0.71 0.0560 0.0004 0.77 440 3 442 3 453 17
21 42 561 0.0719 0.0004 0.56 0.5558 0.0053 0.96 0.0561 0.0006 1.00 448 2 449 4 455 22
22 43 580 0.0694 0.0004 0.56 0.5298 0.0114 2.15 0.0554 0.0011 2.05 432 2 432 9 428 46
23 11 394 0.0273 0.0002 0.62 0.1904 0.0015 0.80 0.0505 0.0004 0.84 174 1 177 1 220 19
24 16 565 0.0278 0.0002 0.59 0.1906 0.0062 3.24 0.0498 0.0016 3.17 177 1 177 6 185 74
25 14 476 0.0282 0.0002 0.62 0.1927 0.0012 0.64 0.0496 0.0003 0.70 179 1 179 1 175 16
26 49 1568 0.0315 0.0002 0.56 0.2192 0.0029 1.33 0.0505 0.0007 1.33 200 1 201 3 217 31
27 42 1259 0.0336 0.0002 0.56 0.2318 0.0016 0.68 0.0501 0.0003 0.59 213 1 212 1 199 14
28 94 426 0.2068 0.0015 0.71 2.3106 0.0213 0.92 0.0810 0.0009 1.17 1212 9 1216 11 1223 23
29 65 897 0.0675 0.0004 0.62 0.7427 0.0181 2.43 0.0798 0.0020 2.45 421 3 564 14 1193 48
30 9 219 0.0376 0.0002 0.60 0.2846 0.0021 0.73 0.0549 0.0004 0.73 238 1 254 2 409 16
31 45 587 0.0694 0.0004 0.62 0.5316 0.0073 1.37 0.0556 0.0009 1.57 432 3 433 6 436 35
32 24 398 0.0490 0.0003 0.69 0.3506 0.0034 0.97 0.0519 0.0005 1.01 308 2 305 3 282 23
33 36 169 0.1871 0.0015 0.80 3.1102 0.0199 0.64 0.1206 0.0009 0.71 1105 9 1435 9 1965 13
34 64 444 0.1407 0.0008 0.56 1.3063 0.0273 2.09 0.0673 0.0014 2.08 849 5 849 18 848 43
35 17 230 0.0696 0.0004 0.56 0.5298 0.0059 1.11 0.0552 0.0006 1.13 434 2 432 5 420 25
36 19 253 0.0699 0.0004 0.58 0.5364 0.0046 0.86 0.0556 0.0005 0.94 436 3 436 4 437 21
37 30 411 0.0693 0.0004 0.57 0.6105 0.0169 2.76 0.0639 0.0017 2.73 432 2 484 13 738 58
38 25 359 0.0673 0.0004 0.57 0.5038 0.0073 1.45 0.0543 0.0007 1.27 420 2 414 6 385 28
39 23 751 0.0273 0.0002 0.71 0.1871 0.0023 1.25 0.0497 0.0006 1.27 174 1 174 2 182 30
40 17 520 0.0273 0.0002 0.58 0.1863 0.0017 0.92 0.0495 0.0004 0.91 173 1 173 2 174 21
41 14 392 0.0274 0.0002 0.83 0.1893 0.0073 3.85 0.0501 0.0019 3.79 174 1 176 7 200 88
42 13 230 0.0432 0.0003 0.64 0.3113 0.0031 1.01 0.0522 0.0006 1.06 273 2 275 3 296 24
43 26 355 0.0689 0.0004 0.56 0.5268 0.0077 1.47 0.0554 0.0008 1.53 430 2 430 6 430 34
44 26 346 0.0692 0.0004 0.58 0.5283 0.0079 1.50 0.0554 0.0011 2.00 431 2 431 6 427 45
45 21 286 0.0695 0.0004 0.59 0.5207 0.0072 1.39 0.0544 0.0006 1.09 433 3 426 6 386 25
46 28 460 0.0582 0.0004 0.70 0.6122 0.0193 3.15 0.0763 0.0010 1.28 365 3 485 15 1102 26
47 21 296  0.0722 0.0004 0.58 0.6397 0.0142 2.22 0.0643 0.0015 2.29 449 3 502 11 751 48
48 16 388 0.0397 0.0002 0.61 0.2822 0.0024 0.85 0.0515 0.0005 0.88 251 2 252 2 263 20
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Table 2 U-Pb isotope dating results for the zircons in the tuff from the Lower Jurassic

Fuxian Formation on Ankou section in western Ordos Basin Ma

Bfg /1070 206ph/2B U 27ph/2 U 207 ph/ 26 p}, 06ph/28y TPy 27pL/20Ph

HbO1  Pb U LU AE iz RE/% WHE WE RE%  E 2z RE% R W2 AR W2 AR 2
1 8 164  0.0443 0.0003 0.64 0.3807 0.0093 2.44 0.0623 0.0015 2.34 280 2 328 8 684 50
2 20 463 0.0414 0.0003 0.72 0.3481 0.0065 1.87 0.0610 0.0009 1.48 261 2 303 6 641 32
3 18 249  0.0648 0.0004 0.64 0.541'1 0.0074 1.36 0.0606 0.0009 1.40 405 3 439 6 625 30
4 15 209 0.0630 0.0003 0.53 1.0056 0.0109 1.08 0.1158 0.0012 1.04 394 2 707 8 1892 19
5 31 426 0.0694 0.0004 0.58 0.5813 0.0059 1.02 0.0608 0.0006 0.95 432 3 465 5 631 20
6 17 610 0.0265 0.0002 0.73 0.3169 0.0103 3.24 0.0866 0.0024 2.74 169 1 279 9 1351 53
7 35 1256 0.0265 0.0002 0.60 0.1818 0.0018 1.01 0.0498 0.0005 0.91 169 1 170 2 184 21
8 33 1318 0.0264 0.0001 0.52 0.1798 0.0032 1.80 0.0494 0.0009 1.77 168 1 168 3 165 41
9 31 503 0.0622 0.0003 0.53 0.5212 0.0065 1.24 0.0608 0.0007 1.15 389 2 426 5 630 25
10 23 892 0.0268 0.0001 0.55 0.2037 0.0021 1.03 0.0552 0.0006 1.02 170 1 188 2 419 23
11 19 647 0.0266 0.0001 0.55 0.2729 0.0044 1.61 0.0745 0.0012 1.57 169 1 245 4 1055 32
12 16 554 0.0266 0.0002 0.57 0.2569 0.0070 2.73 0.0701 0.0017 2.45 169 1 232 6 930 50
13 29 1048 0.0266 0.0001 0.54 0.3057 0.0044 1.44 0.0834 0.0010 1.26 169 1 271 4 1279 24
14 29 1113 0.0266 0.0001 0.53 0.2180 0.0022 1.01 0.0594 0.0006 0.97 169 1 200 2 581 21
15 17 617 0.0268 0.0002 0.65 0.1794 0.0034 1.92 0.0486 0.0008 1.74 170 1 168 3 126 41
16 29 615 0.0422 0.0002 0.54 0.5401 0.0043 0.79 0.0928 0.0007 0.75 266 1 438 3 1484 14
17 24 893 0.0266 0.0001 0.56 0.2547 0.0025 1.00 0.0695 0.0007 1.07 169 1 230 2 914 22
18 18 700 0.0266 0.0001 0.53 0.1817 0.0028 1.55 0.0495 0.0008 1.54 169 1 169 3 170 36
19 22 806 0.0263 0.0002 0.61 0.1795 0.0097 5.42 0.0495 0.0026 5.20 168 1 168 9 169 121
20 18 258 0.0696 0.0004 0.52 0.5775 0.0115 1.99 0.0602 0.0011 1.90 434 2 463 9 610 41
21 24 938 0.0262 0.0001 0.52 0.1798 0.0023 1.27 0.0497 0.0006 1.26 167 1 168 2 180 29

®3 FE-I REMPRTFERARBERETER U-Pb Fi08IE
Table 3 U-Pb isotope dating results for the tuffaceous zircons from the Yaopo

Formation at the bottom of Middle Jurassic on Hunyuan-Guangling Basin Ma

BeiE AE/107° 206 ph/ B8y 27ph/35Y 27 ph/26 p W6ph/28y - 27ph/PU WTPh/MePh

HbO1 Pb U 18 iz R/ % WE WE RE%  WHE iz RE% FE WE FR WE FR WE
1 17 618 0.0266 0.0002 0.84 0.1829 0.0057 3.12 0.0499 0.0014 2.75 169 1 171 5 191 64
2 21 784 0.0265 0.0002 0.89 0.2129 0.0053 2.47 0.0583 0.0012 1.98 169 1 196 5 539 43
3 20 738  0.0268 0.0002 0.83 0.1845 0.0051 2.78 0.0498 0.0012 2.38 171 1 172 5 187 55
4 22 834 0.0270 0.0002 0.8 0.1843 0.0048 2.58 0.0494 0.0011 2.17 172 1 172 4 168 51
5 14 516 0.0271 0.0002 0.85 0.1833 0.0069 3.74 0.0491 0.0016 3.33 172 1 171 6 151 78
6 257 520 0.4734 0.0039 0.82 10.7469 0.2188 2.04 0.1647 0.0025 1.53 2498 20 2501 51 2504 26
7 14 529 0.0271 0.0002 0.84 0.1833 0.0052 2.82 0.0491 0.0012 2.41 172 1 171 5 153 57
8 14 476 0.0270 0.0002 0.84 0.1844 0.0057 3.11 0.0495 0.0014 2.73 172 1 172 5 173 64
9 10 347 0.0269 0.0002 0.87 0.1835 0.0075 4.10 0.0496 0.0019 3.75 171 1 171 7 174 87
10 11 340 0.0291 0.0002 0.84 0.2420 0.0089 3.68 0.0603 0.0021 3.41 185 2 220 8 615 74
11 2 45 0.0461 0.0005 1.08 0.5138 0.0546 10.62 0.0808 0.0089 10.98 291 3 421 45 1216 216
12 32 93 0.3233 0.0027 0.82 4.9084 0.1100 2.24 0.1101 0.0019 1.77 1806 15 1804 40 1801 32
13 7 208  0.0329 0.0003 1.01 0.2948 0.0147 4.99 0.0650 0.0029 4.53 209 2 262 13 775 95
14 31 90 0.3245 0.0028 0.8 4.9312 0.1059 2.15 0.1102 0.0018 1.63 1811 16 1808 39 1803 30
15 27 75 0.3375 0.0028 0.82 5.3440 0.1123 2.10 0.1148 0.0019 1.61 1875 15 1876 39 1877 29
16 14 481 0.0270 0.0002 0.83 0.1832 0.0062 3.36 0.0492 0.0015 3.10 172 1 171 6 156 73
17 24 68 0.3233 0.0027 0.8 4.9289 0.1034 2.10 0.1106 0.0018 1.60 1806 15 1807 38 1809 29
18 30 91 0.3234 0.0028 0.87 4.9280 0.1044 2.12 0.1105 0.0018 1.63 1807 16 1807 38 1808 30
19 12 388 0.0295 0.0003 0.85 0.4061 0.0106 2.61 0.0997 0.0021 2.12 188 2 346 9 1618 39
20 19 629 0.0288 0.0003 0.91 0.3098 0.0090 2.89 0.0780 0.0019 2.47 183 2 274 8 1147 49
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Table 4 Major elements content of the tuff from the Lower Jurassic Fuxian Formation

on the Ankou section in western Ordos Basin %
FEM S Si0, TiO, Al, 04 Fe, 05 FeO MnO MgO Ca0 Na, O K,0 P, 05 H,0 CO,
HbO3 -1 68. 95 0.91 21.06 0.07 0.20 0.01 0.15 0.22 0. 06 0. 47 0.13 7.22 0.96
Hb03 -2 64.96 0.90 23.74 0. 08 0. 31 0.01 0.16 0.27 0. 08 0.49 0.22 8.48 0.26
Hb03 -3 66.45 0.91 22.85 0.07 0.25 0.01 0.16 0.25 0.08 0.48 0.15 7.52 0.76
Hb03 -4 65. 82 0.95 23.25 0.07 0.30 0.01 0.15 0.25 0. 06 0. 47 0.18 7.85 0. 65
Hb03 -5 67.25 0.90 22.25 0.07 0. 28 0.01 0.18 0.23 0. 06 0.45 0.15 7.45 0. 65
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Fig. 7 Diagram for classification and nomenclature of volcanic tuff in Ordos Basin and its periphery
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Fig. 8 REE patterns of the tuff on the Ankou RS TR . P, 7E 179 ~ 168 Ma J (8], 57K 22
section in western Ordos Basin T b JE) 5 b DX AR 3 3 B B 3 B DX R AT 1 B

RS SBREFAMABMEROTHRSHEREARKERL/ MELESE

Table 5 REE elements and trace elements content of the tuff from the Lower

Jurassic Fuxian Formation on the Ankou section in western Ordos Basin 10-°

e La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y Th Hf Ta
Hb0O3 -1  5.51 35.5 1. 11 3.86 0.8 0.12 0.73 0.11 0.57 0.12 0.39 0.05 0.31 0.05 2.8 6.02 7.41 1.41
HbO3 -2 11.50 56.5 2.48 9.17 1.92 0.36 1.76 0.29 1.57 0.29 0.8 0.12 0.66 0.10 5.87 9.69 7.39 1.34
HbO3 -3 10.50 55.3 2.38 9.05 1.85 0.32 1.55 0.25 1.52 0.25 0.82 0.10 0.65 0.10 5.85 7.55 7.40 1.36
HbO3 -4 5.45 34.5 1.05 3.65 0.78 0.10 0.68 0.10 0.52 0.10 0.35 0.04 0.29 0.05 275 7.8 7.38 1.4
HbO3 -5 10.20 54.5 2.25 8.95 1.75 0.3 1.45 0.25 1.48 0.23 0.78 0.10 0.58 0.10 5.65 9.55 7.25 1.38
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