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Table 1 Major elements compositions of sandstone from the Tongchuan Formation of the southern Ordos Basin
[EnEs SiO; Al, O3 TFe; O3 MgO CaO Na, O K,O P, 05 MnO TiO, Pege 5 FeO Fe?* Felt
HC-6 77.58 9.15 1. 24 1. 25 3.01 1.48 1.43 0.03 0. 05 0.13 4.43 0.48 0. 37 0.49
HC-7 64. 56 6.02 2. 10 1. 31 12. 30 0. 37 1. 24 0.07 0. 06 0. 34 11. 57 0. 89 0. 69 0.78
YC-3 66. 50 14. 41 3.54 1. 09 3. 56 8, 23 2.60 0.13 0. 06 0.48 4.19 0.78 0.61 1. 87
RS-1 78.58 10. 34 2.43 0. 66 1.19 1. 88 2.42 0. 05 0. 05 0.28 2.01 1. 40 1.09 0.61
RS-2 72.68 12.78 3.01 0. 89 1.52 2.75 2.94 0.07 0.07 0. 34 2. 80 0.79 0.61 1. 49
LY-1 72.69 13.08 3.35 1. 81 0. 87 3.21 1. 88 0.07 0. 04 0. 40 2o B2 2.17 1. 69 0. 66
HC-8 66. 04 12. 95 4.17 2.32 3.79 1.77 2. 46 0.12 0. 04 0.61 5.61 2.33 1. 81 1. 10
LY-3 69. 96 14. 54 3.17 1.62 1.07 4.29 2.32 0. 08 0. 04 0. 35 2.43 1. 22 0.95 1. 27
LY-7 55. 61 12. 86 4.66 2.69 9.43 2.10 1.41 0.15 0.23 0. 54 10. 22 2. 64 2.05 1.21
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Fig. 2 The distinction of the Tongchuan Formation detrital

rocks from the southern Ordos Basin >
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Table 2 REE compositions of sandstone from the Tongchuan Formation of the southern Ordos Basin
FfS La Ce Pr Nd Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu Y SREE LREE HREE LREE/HREE Lay/Yby &Eu
HC-6 22.6 39.0 4.69 19.9 3.25 0.87 3.26 0.41 2.17 0.50 1.19 0.16 1.14 0.16 12.5 99.30  90.31 8.99 10. 05 14.22  0.81
HC-7 25.9 51.6 5.56 25.0 4.44 0.98 3.45 0.54 3.13 0.54 1.88 0.26 1.74 0.22 18.4 125.24 113.48 11.76 9.65 10.68  0.74
YC-3 28.6 58.2 6.20 26.0 3.87 1.41 4.61 0.52 3.26 0.62 1.62 0.19 1.55 0.17 14,1 136.82 124,28 12.54 9.91 13.24  1.02
RS-1 24.2 47.6 4.85 19.9 3.19 0.77 2.78 0.41 2.32 0.38 1.24 0.19 1.20 0.18 10.8 109.21 100.51 8.70 11.55 14,47 0.77
RS-2 23.8 47.8 5.26 20.6 3.70 1.00 3.38 0.37 2.34 0.47 1.50 0.19 1.11 0.21 11.6 111.73 102.16 9.57 10. 68 15.38 0.85
LY-1 24.5 50.8 5.26 21.1 3.45 0.82 3.00 0.48 2.52 0.49 1.28 0.23 1.25 0.19 12.2 115.37 105.93 9.44 11,22 14.06 0.76
HC-8 43.7 85.4 9.11 38.1 6.15 1.18 5.74 0.76 4.04 0.76 2.24 0.31 2.35 0.26 19.9 200.10 183.64 16.46 11.16 13.34  0.60
LY-3 20.7 40.6 4.56 19.2 2.95 0.87 3.08 0.39 2.45 0.40 1.29 0.14 0.92 0.13 9.31 97.68 88.88 8.80 10. 10 16.14  0.88
LY-7 35.0 69.3 7.10 31.3 4.57 1.32 5.51 0.80 3.91 0.46 2.17 0.22 1.53 0.27 19.1 163.46 148.59 14.87 9.99 16.41 0.80
Loo T Hf—La/Th Elf# (& 6) . K 2 8O 7% 18 1K 3 5
TN SRR A KR W LR U T K 1L B K
SRS | RTERBETRATN R AWK . SR
5 00 YUK B _EFE . DK B A R A
2 KRR TP
at
! 5 ERE A R
Bhatial 4 £ 25 T 7R B9 i 95 3 T OB
REE $FHIEH (FR 5) DAy UK FE E 19 8 3l oK fiti i 2 3]
& P Nd Sm e Ga T By To Br Tm¥b T JERaE M K 5 9T IX , 2 REE fi . X LREE/ > HREE
B3 WRSHRIEHEE AHEE REE 5 %2 fi Lo/ b 565 ] 60 AR F 5 IX 4111 4165 4 REE
Fig.3 Chondrite-normalized REE diagrams of the Tongc- S S & MG R T aS ML, Ra Atk

huan Formation detrital rocks in the southern Ordos Basin

Floyd %103l 1o % 75 K% 2% 74 b 8 5 7 vy AR AE Jo
UUBRVE 3 BR AL A R AR BT 5, §2 Al HE—La/Th
FA5) P A 3o A [ ¥4 2 B0 858 DO RR 0 U AT R ) A

J53 55 BI R il 140 25 R OK il 5 9 EE S B 15 B L)
U5 DR 5 DA 1 sl Rl i % AR 5 9

Bhatia 457 XK A0 AR 36 A AR BUA Bl
JCER BRI A R AR I 9F 5T - Sl S 1T — R B0 ) D i

x3 SIREHTAMEHREINABDERETREN
Table 3 Trace elements compositions of sandstone from Tongchuan Formation of the southern Ordos Basin
&S Zr Se \ Cr Cu Zn Pb Rb Cs Th U Co Ni Nb HIf
HC-6  78.9 3.6 16. 3 18.1 7.9 24.5 12.4 53.0 1. 81 16.6 1. 20 3.12 8.85 3.33 1.68
HC-7 198 8.3 31.5 33.4 11.4 29.3 18.5 51.0 2.22 9.83 1.62 4. 33 15.4 8.28 1. 88
YC-3 140 6.6 55.6 47.3 27.2 48.2 12.8 77.2 2.70 7.21 2.42 10.2 21.5 6.91 1.53
RS-1 113 6.2 40.9 30.2 6.9 29.0 15. 6 69.0 1.38 6. 24 1. 80 6.17 13.4 B, 1% 2.11
RS-2 125 7.8 45. 4 36. 0 8.0 39.7 18.6 81.6 1.87 4.64 0. 94 8.41 11.7 6. 37 2.16
LY-1 143 b 9 54.3 37.2 10. 6 47.0 15.7 56. 4 1.42 9.22 1.74 9.21 17.5 6.98 2.41
HC-8 252 952 54.8 47.2 11.9 59.2 14. 6 99. 8 4.78 14.1 3.71 8. 86 19.9 11.8 3. 10
LY-3 130 7.1 52.0 45. 6 8.8 37.9 13.3 55.4 0.83 7.10 1. 88 7.23 24.0 4.38 1.61
LY-7 154 10.5 65.7 75.1 29.0 69. 8 21.9 46. 5 2.12 8.02 2.72 13.8 29.7 6.77 1.76
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Table 4 Variables and their coefficient of discriminant function for provenance of sandstone-**
AR TiO, Al, O; Fe; O3 (T) CaO Na, O K,O R
F1 2% —1.773 0. 607 0.760 —1.500 0.616 0.509 —1.224 —9.090
F2 2% 0. 445 0.070 —0. 250 —1.142 0.438 1. 475 1. 426 —6.861
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Table 5 The REE geochemical parameter of sandstone in different tectonic settings™*!

4 3 5 5 Wy X 2 La Ce >'REE La/Yb Lax/Yby X LREE/XHREE Eu/Eu*
P T EIE RSN 8§+1.7 1943.7 58410 4.241.3  2.840.9 3.840.9 1.04+0. 11
Bt 5 3K IE = 27+4.5 59+8. 2 146420 114+3.6  7.5+2.5 7.7+£1.7 0.79+0.13
1% 2l KBt i1 2 JE I R 37 78 186 12.5 8.5 9.1 0.6
U EIPNBUE SRR AE SRR B 39 85 210 15. 9 10. 8 8.5 0.56
5T X 38.00 81. 50 128. 77 19. 82 14. 21 10. 48 0. 80
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Fig.7 Th-Sc-Zr/10 and La-Th-Sc plots of sandstones for tectonic setting discriminationt™
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Fig. 8 Major elements composition of sandstones for tectonic setting discrimination’®!
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Geochemical Features of the Detrital Rocks of Tongchuan Formation in the

Southern Ordos Basin and Its Constrains on Provenance

ZHANG Yu',YANG Hua*® ,WANG Duo-yun',FU Jin-hua®®,YAO Jing-1li** , XIN Bu-she'
(1. College o f Resources Science&. Technology ,Beijing Normal University ,Beijing 100875 ,China;

2. PetroChina Changqing Oil field Company s Xi'an 710021 ,China;3. National Engineering Laboratory
for Exploration and Development of Low-permeability Oil & Gas Fields,Xi'an 710021,China )

Abstract ;: Based on the analysis of major elements, trace elements and rare earth elements (REE) , combined with

previous results, the source of Tongchuan Formation in the southern Ordos Basin has been investigated. Geochemi-

cal analysis shows that sandstones consist mainly greywacke and lithic arenite. The rare earth element (REE) pat-

terns are characterized by enriched light rare earth element (LREE), flat heavy light element (HREE) and poor

negative Eu anomalies. The primary materials of sedimentary rocks should come from the upper continental crust,

and are mainly composed of felsic rocks. According to the structure discriminant figure, the tectonic settings of

source rock area for Tongchuan Formation sandstones in the southern Ordos Basin belong to active continental

margin and continental island arc. In combination with previous data of the detrital zircons, we suggest that the

source of the Tongchuan Formation is most likely recycled from previous sedimentary rocks from the North China

Block. The initial source for the Tongchuan Formation is the northern margin of the North China Block. The Qin-

ling orogen did not provide source for the Tongchuan Formation.

Key words: Ordos Basin; Tongchuan Formation; Major elements; Trace elements;Rare earth elements



