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Fig. 1 Distribution of Late Ordovician conodont and
graptolite fossils in the North China (after Chen Xu et al,
2014)
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Fig. 3 Synthetical stratum histogram of the Taoqupo section located at Yaoxian county, Shaanxi Province

(layer number, Conodonts and petrographic description are after An Taixiang et al. , 1990)
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Table 1 The result of major element composition (% ) and trace element composition ( X 10~¢) of the K-bentonite
sample collected from the Upper Ordovician Taoqupo Formation in the Yaoxian, Shaanxi Province
[ETRS SiO, Al Oy TiO, Fe, Oy FeO CaO MgO K;O Na; O MnO P05 La Ce
TQP-9 54. 31 23.74 0.79 1.91 0. 26 1.77 3.10 3.81 0.11 0.008 0. 141 69.08 130. 9
£ s Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
TQP-9 15.33 51. 80 7.96 1.03 7.37 1. 31 9.61 2. 15 6. 28 1. 27 7.86 1. 64 48. 83
RS S Li Be Sc A\ Cr Co Ni Cu 7n Ga Rb Sr Zr
TQP-9 236.4 2.71 14. 67 73.6 17.6 6.5 30.0 19.3 62.7 31. 35 129. 8 288.8 418.9
TS Nb Mo In Cs Ba Hf Ta w Tl Pb Bi Th U
TQP-9 20. 74 0.43 0.07 20. 07 124. 2 10. 64 1. 28 1.47 0. 45 16. 1 0.78 27.38 6. 45
FES S Nb Mo In Cs Ba Hf Ta W Tl Pb Bi Th U
TQP-9 20. 74 0.43 0.07 20. 07 124. 2 10. 64 1. 28 1. 47 0. 45 16. 1 0.78 27.38 6.45

LA-ICP-MS U-Pb il £ 52 56 75 v [ 3l J5z K27 (AL 50
P RIE T e PO 55 88 1 VA 5 i 552 56 8 Fe b o i R
o BT A S K S HUL Xie Chaoming et al.
(2014), KM Glitter 4. 4 # A% A 47 % A & ot
2o o it B3I 4 B (verd. 0,
University) , ffl ISOPLOT F2&F #4785 4G AL 3
W S A R 221

3 4%

3.1 HBREMUERS

HERfE 225 5 (38 1) R BE LA FE o LA 4
5 S10, (54 31%6) , & BB o5 1 2 1) U5 2 o o
PRI, K, O &0 3.81%, B8k T Chen Cheng
et al. (2012)f1 Wang Zhentao et al. (2015a) #zi& %)
TR Z W AR & 17 AN B 1 K, O P2 & &
(4.75%) . BRI K,O>Na, O, iR T HE
PR o JRUE R B B R 1 R B A b (B 4) 3=
B L Bk p 398 200 1) BRE I 2 B i %) D S A R A I
PEMLTE A . Th/Yb-Nb/Yb [&l fift (|&l 4) & 7R A% SCHF
FEMRERhTE AT KRG 9 20 X 38, 45 4 24 i 1) X35
P 75 R AE , T BERAE T 24 B 25 04 ¥ 1) A2 AL AR o FE A
1 8 5K LS R A
3.2 HEARERESER

FAAR & G IR (B 5) 43 1 2R B R b b A1
SOURE 1Y) P B R KRG M R B A A T
AT 119 A 58 300 L A ) A UKL A B S A% . R R
ai P Y 289 JUES TR AT T IR A 240 AT LA B Y
BIESCE AR AR AR L i SRR TE K
MF 1 1~1¢ 3.3 Z[a, BA 51Kz B ik
G A A R 2 B A AR R B L AR K
56~185 pum,

X RE Sl A4 AN EE A OREIEAT T A4 AN 43 HT AR
() U-Pb [AI L RAE W 437 (R 2. Fiatiiss A U

Macquarie

R 40.45X10 °~274. 88X 10 °, Th/U {E7E
0.67~1.50 Z[a], fE%" Pb/* U-*Pb /** U K f#
b B R TR A N s (& 6) . AR 4R
Mk i 3 2 A W b 2 ) R B R L 2) Bl B4 T —
LE200Ph /20U % T8 I8 FA AR 0 1E B 2 A K (469 ~491
Ma) Fifi /N (423~442 Ma) (548 . A 31 M5
T IACE 802 Ph/#° U 4R 4 T 445 £
12 ~ 463 £8 Ma Z[a] , HNAE 408 & 453. 7+
3.3 Ma(MSWD =0. 25), X — LR %28 R
BEJE A 0 507 COURD %

4 Pig

Xof A AL Tz R 2 B VG - X S U ) T X 0
LB K e 2 JEAT RS i i) SHRIMP g% 47 U-Pb 7]
PLEMAE, K15 T 453.256.9 Ma FY4E A 45 5, 1
I IA Ry X 2 I 2H Sy AR L ve R TR B AR B AR R I b 2
(Wu Sujuan et al. ,2014), X5 Chen Cheng et al.
(2012) 75 2 BH 74 B 1) 1) T 19 48 5101 20 vh — T Al )2
TR Y 7 R L i — A BT B B R
(XLG-124. 5) By #5 41 SHRIMP U-Pb 4F % 451. 5+
4.9 Ma fHiF , 2 F Wang Zhentao et al. (2015a)
T BH VG 0 39 ) T RSP 2R AR B R ) TP T 2H
BB e 2 AR AT AR IR O (RN 454 £ 4 Ma,
45245 Ma, 450. 640.5 Ma, LA-ICP-MS %), [A]
IF AR SCHR G A ke PG Bk ity 3 ) e Ak i 3 2H R
TRAR 75 B BE B A AR i LA-ICP-MS U-Pb 4E #% O
453. 743.3 Ma. 5 b ib WA~ Bdis 16 12 22 Y [l A —
B XEADEIRN—BERIIEI G B R e 2
FLBR T A b 2 R A 0 E 4 DA ST A 3 1 AT (R 1 4
XA W B A A . TR AR ST AR B RY AR R g R T
ChenXu et al. (2014) XJ Bk il 35 41 0 i BR 114 BF 5
(BT 449. 73 Ma) , Ui A SCRY B AT 6 b )2 1 JE A AR
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Fig. 4 The protolith and tectonic environment discrimination diagrams of bentonite samples from the Upper Ordovician
Taoqupo Formation and surround area in the Yaoxian, Shaanxi Province (adapted from Wang Zhentao et al. , 2015a, and for

details of each diagram see Wang Zhentao et al. , 2015a)
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x2 BARE RSk AR S M TQP-9 $6H LA-ICP-MS U-Pb BRI ZE R FIR &R
Table 2 U-Pb isotopic ratios and ages of zircons from Upper Ordovician bentonite sample of the

Taoqupo Formation in the Yaoxian County, Shaanxi Province

FH0 D R R R TIE TR M
-{\D][j /I\J_:_'\ Tl’l/U 206 Pb/238 U 207 Pb//235 U 207 I_)b//ZOG Pb 206 Pb/238 U 207 Pb/ZBS U 207 Pb/zoﬁ Pb iLElla *ﬂ
Poop v W | 1o | WE | Lo | WA | 1o | W] 1o | W | 1o |WE | 1o | &
TQP-9-01| 4.80 | 56.21 ] 0.83 |0.0723 | 0.0014 | 0.5586 | 0. 0470 | 0. 0560 | 0. 0048 450 8 451 31 453 155 100
TQP-9-02| 7.03 77.43 0.92 0.0742 | 0.0013 | 0.5770 | 0.0307 | 0. 0564 | 0. 0031 462 8 463 20 467 86 100
TQP-9-03| 7.69 | 86.88 | 1.14 | 0.0717 | 0.0013 | 0.5942 | 0. 0309 | 0. 0601 | 0. 0032 446 8 474 20 608 81 94
TQP-9-04| 5.29 |60.99] 0.81 |0.0721 | 0.0014 | 0.5513 | 0.0418 | 0. 0555 | 0. 0043 449 8 446 27 431 135 101
TQP-9-05| 6.61 75.13 ] 0.97 | 0.0724 | 0.0014 | 0.5543 | 0. 0434 | 0. 0555 | 0. 0044 451 8 448 28 433 141 101
TQP-9-06| 21. 10 {227.58] 1.12 | 0.0729 | 0.0012 | 0. 5689 | 0. 0226 | 0. 0566 | 0. 0023 453 7 457 15 477 59 99
TQP-9-07| 12. 75 |138.25] 0.95 | 0.0755 | 0.0014 | 0.5914 | 0. 0387 | 0. 0568 | 0. 0038 469 8 472 25 484 112 99
TQP-9-08| 9.86 [109.50] 1.01 | 0.0725 | 0.0016 | 0.5588 | 0. 0564 | 0. 0559 | 0. 0057 451 10 451 37 448 187 100
TQP-9-09| 5.02 | 56.85] 0.86 | 0.0726 | 0.0019 | 0.5671 | 0.0912 | 0. 0567 | 0. 0092 452 12 456 59 479 309 99
TQP-9-10| 17.09 {203. 77| 0.86 | 0.0696 | 0.0012 | 0.5336 | 0. 0315 | 0. 0556 | 0. 0033 434 7 434 21 437 100 100
TQP-9-11| 8.62 |95.39] 0.82 |0.0754 | 0.0017 | 0.5911 | 0. 0566 | 0. 0568 | 0. 0055 469 10 472 36 485 174 99
TQP-9-12| 10.10 {112.37] 1.03 | 0.0729 | 0.0017 | 0. 5644 | 0. 0673 | 0. 0561 | 0. 0068 454 10 454 44 458 226 100
TQP-9-13| 23.52 {245.99] 1.08 | 0.0765 | 0.0015 | 0. 6024 | 0. 0355 | 0. 0571 | 0. 0034 475 9 479 22 494 96 99
TQP-9-14| 19.16 {187.37] 1.21 | 0.0791 | 0. 0015 | 0. 6285 | 0. 0456 | 0. 0576 | 0. 0042 491 9 495 28 514 127 99
TQP-9-15| 14. 47 |163. 68| 0.88 | 0.0738 | 0.0014 | 0.5674 | 0.0473 | 0. 0558 | 0. 0047 459 9 456 31 444 152 101
TQP-9-16| 6.45 | 77.33 ] 0.90 | 0.0699 | 0.0017 | 0.5314 | 0. 0724 | 0. 0551 | 0. 0076 436 10 433 48 417 262 101
TQP-9-17| 6. 38 73.30 | 0.86 0.0730 | 0.0016 | 0. 5675 | 0.0481 | 0. 0564 | 0. 0049 454 9 456 31 467 150 100
TQP-9-18| 11.81 {132. 28] 0.91 | 0.0744 | 0.0013 | 0.5728 | 0. 0358 | 0. 0558 | 0. 0035 463 8 460 23 444 108 101
TQP-9-19| 9.50 [108.60] 0.85 | 0.0735 | 0.0014 | 0.5714 | 0. 0460 | 0. 0564 | 0. 0046 457 8 459 30 468 145 100
TQP-9-20| 6.99 | 78.74 ] 0.77 10.0734 | 0.0018 | 0.5618 | 0.1124 | 0. 0555 | 0. 0112 457 11 453 73 431 373 101
TQP-9-21| 5.87 | 68.29 ] 1.17 | 0.0715 | 0.0020 | 0.5489 | 0. 1180 | 0. 0557 | 0. 0120 445 12 444 77 440 391 100
TQP-9-22| 3.54 |40.45] 0.70 |0.0737 | 0.0026 | 0.5675 | 0.2122 | 0. 0558 | 0. 0209 459 16 456 137 444 642 101
TQP-9-23| 6.36 | 72.94 | 0.89 |0.0731 | 0.0016 | 0.5662 | 0.0610 | 0.0561 | 0.0061 455 9 456 40 458 204 100
TQP-9-24| 7.72 | 85.43 | 1.00 | 0.0724 | 0.0015 | 0. 5589 | 0. 0466 | 0. 0560 | 0. 0047 450 9 451 30 452 150 100
TQP-9-25| 4.80 | 56.24 | 0.82 | 0.0733 ] 0.0015 | 0.5675 | 0.0474 | 0. 0562 | 0. 0048 456 9 456 31 459 150 100
TQP-9-26| 22. 47 |274.88] 0.67 | 0.0699 | 0.0013 | 0.5359 | 0. 0400 | 0. 0556 | 0. 0043 435 8 436 26 438 177 100
TQP-9-27| 23.95 {247.98] 1.32 [ 0.0731 | 0.0013 | 0. 6059 | 0. 0400 | 0. 0601 | 0. 0040 455 8 481 25 608 112 95
TQP-9-28| 5.07 59.03 0.84 [0.0743 | 0.0021 | 0.5780 | 0.1485 | 0.0564 | 0. 0146 462 13 463 96 467 452 100
TQP-9-29| 5.71 | 68.20 ] 0.75 |0.0726 | 0.0022 | 0. 5587 | 0. 1569 | 0. 0558 | 0. 0157 452 13 451 102 444 488 100
TQP-9-30| 6.91 | 84.99 | 1.07 | 0.0681 | 0.0020 | 0.5189 | 0.1219 | 0. 0553 | 0.0131 425 12 424 82 423 417 100
TQP-9-31| 7.47 | 88.47 | 0.83 |0.0729 | 0.0023 | 0.5529 | 0.1516 | 0. 0550 | 0. 0152 453 14 447 99 413 474 101
TQP-9-32| 13.55 {150.85] 1.01 | 0.0727 | 0.0015 | 0. 5658 | 0. 0740 | 0. 0565 | 0. 0074 452 9 455 48 470 257 99
TQP-9-33| 19.61 |216.31] 1.19 | 0.0706 | 0.0014 | 0. 5410 | 0. 0510 | 0. 0556 | 0. 0053 439 8 439 34 436 177 100
TQP-9-34| 16. 20 {181. 40| 1.50 | 0.0675 | 0.0014 | 0.4194 | 0. 0568 | 0. 0451 | 0. 0061 421 8 356 41 —17 214 118
TQP-9-35| 6.24 | 70.55] 0.86 | 0.0735 ] 0.0018 | 0.5703 | 0.1110 | 0. 0563 | 0. 0110 457 11 458 72 464 373 100
TQP-9-36| 24. 48 |264. 28] 1.45 | 0.0696 | 0. 0013 | 0. 5336 | 0. 0365 | 0. 0556 | 0. 0039 434 8 434 24 435 119 100
TQP-9-37| 6.51 | 76.91 ] 0.91 |0.0709 | 0.0018 | 0.5459 | 0. 0586 | 0. 0558 | 0. 0061 442 11 442 38 446 196 100
TQP-9-38| 12.13 {136.72] 0.99 | 0.0722 | 0.0014 | 0.5565 | 0. 0363 | 0. 0559 | 0. 0037 449 8 449 24 450 110 100
TQP-9-39| 5.01 60.57 | 0.88 [0.0678 | 0.0020 | 0.5211 | 0.0768 | 0.0558 | 0. 0083 423 12 426 51 442 278 99
TQP-9-40| 6.39 | 71.69 | 0.91 | 0.0743 | 0.0018 | 0.5771 | 0. 0768 | 0. 0563 | 0. 0076 462 11 463 49 465 255 100
TQP-9-41| 8.29 |94.39 ] 1.02 |0.0721 | 0.0017 | 0.5517 | 0. 0494 | 0. 0555 | 0. 0051 449 10 446 32 432 160 101
TQP-9-42| 7.20 | 82.83 ] 0.94 |0.0721 | 0.0016 | 0.5562 | 0. 0552 | 0. 0560 | 0. 0056 449 10 449 36 451 183 100
TQP-9-43| 10.93 {126. 11| 0.92 0.0727 | 0. 0015 | 0.5621 | 0.0428 | 0. 0560 | 0. 0044 453 9 453 28 454 133 100
TQP-9-44| 7.21 | 80.98 | 0.95 | 0.0729 | 0.0017 | 0. 6042 | 0. 0534 | 0. 0601 | 0. 0054 454 10 480 34 607 152 100
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Fig. 5 Representative CL. images of zircons from the the Bentonite sample TQP-9 from the

Taoqupo Formation in Taoqupo section, Yaoxian County, Shaanxi Province
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Fig. 6 Concordia diagrams of zircon U-Pb dating for the Bentonite sample TQP-9 from the
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First Report on Zircon U-Pb Geochronology of K-bentonites from the Lower

Part of the Upper Ordovician Taoqupo Formation in Yaoxian,Shaanxi

WANG Zhentao” , ZHOU Hongrui” , WANG Xunlian” , JING Xiuchun®” , MA Boyong®
1) MLR Key Laboratory of Saline Lake Resources and Environments ,
Institute o f Mineral Resources, CAGS, Beijing, 100037
2) School of the Earth Sciences and Resources , China University of Geosciences, Beijing, 100083;
3) China Geological Survey . Beijing. 100037

Abstract

Discovery of theUpper Ordovician in the North China Craton and determination of its geological time
has received considerable concerns. By verifying the previous records of conodont and graptolite in the top
part of the Ordovician carbonate sequences at different localities, this study defined top of the Taoqupo
Formation in Yaoxian County within the closure position (449.73 Ma, the early Katian) of graptolite
Diplacanthograptus spiniferus Biozone. This position represents the highest sequence of the Orvocician in
North China. However, The Stratigraphic Chart of China (2014) placed the top of the Taoqupo Formation
around the division line between Qiantangjiangian and Hirnantian Stages (445.6 Ma), with the latter
slightly higher than the end position of the graptolite biozone. The difference is evident and needs absolute
age data. This study found one layer of bentonite at the lower part (about 5m to the bottom) of the
Taoqupo Formation in Yaoxian. Geochemical data of bentonite samples reveal that they are potassium-rich
feature (K;O>Na, ), with K,O content of 3. 81% close to the average value (4.75%) of 17 Ordovician
bentonite samples from the southern margin of the Ordos Basin. Zircon LA-ICP-MS U-Pb dating shows
that the bentonite bed emplaced at 453. 743. 3 Ma (MSWD = 0. 25). Considering sampling sequences and
relatively quick sedimentary rate of the limestone, it can be concluded that the bottom of the Taoqupo
Formation is at 454 Ma (late Sandbian Stage). The age obtained in this paper is consistent with the
previously obtained data, with deviation within the error range, indicating that the age in this paper is
credible. Therefore, the bottom boundary of the Taoqupo Formation in The Stratigraphic Chart of China
(2014) should shift downward appropriately.

Key words: North China Craton; Ordovician; Taoqupo Formation; K-bentonite; zircon; LA-ICP-MS



