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Elemental geochemical characteristics of mudstones in Upper Carboniferous Benxi
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Abstract: To reveal the sedimentary environment of Benxi Formation in Gaoqiao-Yichuan Area of Ordos Basin, this
study selected mudstone samples of Benxi Formation from two exploratory wells in the study area and tested their
main trace elements by using ICP-MS. The results show that the characteristic parameters of trace element
environment indexes of mudstones in the Gaoqiao and Yichuan Areas differ greatly and their formation environments
are different too. The rare earth element spheroidal meteorite standardization shows a V-shaped feature with a weak
Eu-negative anomaly of right dip, and the trace element crustal standardization curves are consistent,indicating that
the source of Benxi Formation at the southeastern margin of Ordos Basin is from the crust. Dominated by terrestrial
freshwater-seawater, the Gaogiao Area is formed in a warm-wet-oxidizing environment with more frequent sea level
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changes, whereas the Yichuan Area, dominated by brackish water-seawater, is formed in a warm-wet-arid-warm-
wet weakly oxidizing environment. The sedimentary environment in the Gaogiao Area is relatively more complex.

Key words: element geochemistry; paleo-water temperature; redox environment; Benxi Formation; Ordos Basin
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Fig. 1 Regional geological schematic diagram and sampling location map of Ordos Basin

Ca) 124 T B 8 5 (b) P IR € 8

BREGAMEH EIIMEXZAEERA

Fig. 2 Core photos of Benxi Formation in Gaogiao-Yichuan Area, Ordos Basin
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Tab.1 Test results of trace elements in mudstones in the southeastern Ordos Basin 10°°¢

[ETE R=2 Sc \Y% Cr Co Ni Cu Zn Ga Rb Sr Mo Ba w Pb Th U Ta Hf

Y51-1 17.7 123.0 103.0 39.4 72.7 35.1 133.0 20.3 81.5 152.0 1.42 308 1.81 32.0 17.0 4.4 1.7 2.4

Y51-2 24.6 146.0 108.0 11.9 38.1 43.8 159.0 22.7 109.0 168.0 1.25 360 2.76 15.7 18.0 4.8 1.8 2.0

Y51-3 22.8 217.0 178.0 25.5 90.9 51.9 60.2 36.1 164.0 205.0 1.52 437 3.23 43.6 23.7 4.0 2.3 2.9

Y51-4 21.6 157.0 124.0 20.9 52.2 49.2 68.9 28.4 151.0 128.0 2.11 395 2.68 10.8 21.5 4. 1.6 2.0

1971

Y51-5 16.8 187.0 192.0 33.3 106.0 37.1 29.2 383 26.1 101.0 13.80 105 2.37 78.1 30.9 8.3 2.6 4.4

Y51-6 22.6 147.0 102.0 104.0 104.0 60.1 35.6 21.1 92.9 79.8 1.96 390 2.01 30.3 15.4 3.3 1.6 1.4

Y51-7 31.3 179.0 143.0 4.5 37.9 11.2 14.4 35.3 5.3  46.4 0.38 25 2.94 8.3 27.5 10.2 2.4 5.9

Y51-8 22.3 220.0 134.0 57.1 133.0 31.5 27.8 27.8 63.0 94.2 2.97 218 2.97 86.6 22.3 7.5 2.1 3.1

Y51-9 31.0 275.0 196.0 53.0 94.8 41.3 38.5 41.8 108.0 91.0 2.30 534 3.93 69.3 28.6 7.0 2.6 3.9

Y51-10 34.8 384.0 583.0 17.8 96.5 131.0 48.6 41.9 86.5 119.0 6.98 241 2.32 110.0 32.4 31.3 2.3 4.0

S434-1 21.1 158.0 129.0 17.9 77.8 27.9 98.0 37.6 38.2 147.0

—

98 119 2,19 27.9 15.3 5.9 1.2 3.7

S434-2 26.3 171.0 105.0 20.3 42.0 52.0 125.0 32.7 67.8 342.0

—_

.39 170 2.28 29.8 16.5 6.3 1.1 3.8

S434-3 22.6 161.0 129.0 14.6 46.1 37.9 40.0 30.0 149.0 155.0

—

.16 484 3.01 12,9 22.7 3.3 2.0 2.2

S434-4 18.8 169.0 145.0 5.8 41.5 33.5 71.1 30.5 51.7 158.0

—_

19 203 3.99 12.4 23.6 9.3 1.9 7.6

S434-5 20.8 155.0 131.0 18.2 78.2 28.4 100.0 38.9 39.0 150.0 2.05 121 3.33 30.0 19.8 6.5 1.9 5.2

S434-6 20.9 236.0 142.0 4.8 16.2 14.3 26.9 37.8 149.0 299.0 0.66 389 3.21 34.2 22.6 5.3 1.7 4.1

S434-7 21.6 248.0 139.0 4.7 15.6 14.6 27.7 38.5 157.0 310.0 0.63 394 3.16 33.7 23.1 5.3 1.8 4.2

S434-8 16.6 154.0 110.0 20.5 62.9 26.8 66.0 36.5 21.6 175.0 3.61 73 2.03 30.7 21.6 11.7 1.5 6.4

S434-9 12.1 111.2 58.3 9.6 14.8 14.5 24.8 18.8 66.7 177.2 1.23 197 0.99 14.1 11.7 2.4 0.7

131
©

S434-10 8.3 70.3 43.9 5.7 34,5 16.3 32.1 21.3 41.4 361.5 4.85 146 1.55 24.0 17.1 5.4 1.1 4.9

S434-11 9.6 74.8 45.6 6.2 34.8 18.2 39.3 21.2 40.1 429.8 4.65 420 1.65 26.8 18.2 4.6 1.2 5.3
S434-12 10.3 77.5 50.8 7.2 40.6 20.0 41.8 24.0 41.6 415.3 5.01 400 1.82 27.1 19.8 5.8 1.3 5.6
S434-13 9.3 71.0 44.9 6.2 36.9 16.9 35.2 21.2 40.5 385.7 4.65 363 1.53 24.3 17.2 5.2 1.1 4.9

M 202 169.2 136.4 22.1 59,
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30.6 77.9 203.9 2.95 282 2.51 353 2.2 7.1 1.7 4.2

A2 (E00) 18.0 140.0 110.0 25.0 89.0 63.0 94.0 18.0 78.0 480.0

—_
w
(=)

390

—
—
(=)
—
o
o
2l
e

1.7 1.6 1.5




17

HELR R

1
72y

R AL A AL B IR

HIT

PIR 2 R 2k bR G A B LT

W25 UK 45

2Vt 9T ¥zl 8eIl 812 SVhE 27992 H B4
61°T  99°0 9%°0 2Ly 06 6°2€1  0°8¥1 3
LT TST 86T 88°LT €08 6907 G'gEd Hy g
19T 2T 98°0 288 ST 62T 0°8FVI 822 €0 Sz 70 27 8°0 L0 €y 6°0 €y 0°€Z 99 SL9 908 €I-FEVS
65T €I'T 260 2’6 P91 676VT €991 L2 ¥0 92 770 Sz 60 'y 30 9'F 01 0°¢ €97  ¥L 2L 6VE  ZI-FENS
9T  SI'T 00T 9576 ST 0PI T'6ST  ¥'12  ¥°0 ¥4 7°0 £z 30 3¢ L0 i 60 ¢y 8FZ 69 S€L  Fee  TI-FEFS
09T ZI'T 00T  ¥¥'6 97T SLET 1281 612 V0 €7 70 €7 8°0 L'e L0 'y 6°0 ¢y 622 L9 169 638 OI-FEPS
6V°T  ¥Z'l  ¥Z1 STl 681 S'IIZ  b0€Z  ¥LZ 0 87 ¢0 0°¢ 01 ¢y 01 LS Pl L'9 6’8 I'IT  S'€0I  F0S  6-PEFS
LT ¥6°0 ST gSET 0702 L0406 892 S0 T'e S0 ve T'1 67 0T 9°g Z'T '8 647 TET 0l L7998  §-FETS
ve'T 62T 86T €6°CT  S°SZ  6°90F  S'ZEF 863 S0 9°¢ 9°0 e z'1 z'9 €1 6°8 7'z 21 008 722 0881 07201 L-VE¥S
oV’T 62T 68T 2091 €7 650V Z'Ie¥ L'82 S0 9°¢ 9°0 €'e I'1 Z°9 Z'1 '8 vz 6'1T 06, 6712 0261 L'86  9-VE¥S
ST 8T'T 80T 868 §'9Z  6°L8T7  VF9Z 6798 S0 g 9°0 G eT gL ST 98 6T 96 6°L7  €2T  0°CIT  2TIS  SPEIS
€T 8T'T 860 19°8 9.7 €LEZ 6792 L¥P L0 'y 9°0 L'y o1 'L €1 9°, 91 6°L  ¥¥P 72l 0'€IT  0°8¢  F-EYS
LT LT €91 86°2l €12 S92 8°L62  9°LE VO 6°Z ¢0 87 01 €°g I'1 € 31 0°0T 976 LT 07221 VL9 €-VEVS
PET ST 680 €96 8¢z ¥'8¥¢  Z'¥Lz  1°0F 80 0°g 8°0 0¥ el 0°9 1 L9 02 6'8 906 Z'€l  0°2Il  L'19  Z-PErS
€T IST 680 866 €9z L9¥Z  0°€LZ  L'Se L0 'S 8°0 'y €1 9 z'1 6°9 4 1’8 ZTS 621 0°60T 879  I-FEFS
9¢'T  86°0 68T PSEL 967 L9¥E  €°7LE  OTVVL L0 vy L0 6°¢ €1 c'9 Z'1 0L €1 08 669 I'6T 0F9T 888  OI-TSA
OV'T L0 98T 66°ST L'z 0°€9¢  L68E 908 970 i L0 9°¢ 'l 0°g 6°0 €9 6°0 2L S8 161 0°8LI 266  6-1GA
6T°T 97T 29T  L6WT  L'92  S66¢ 2928 €2 9T 60T 8T 0¢T  €§ 6°8¢ 62T 0°SIT LA 0°9ST 0°68¢ 0°G0T 079G 0'8TZ 8-TSA
82°T 990 970 aL¥ €06 677V T'€LT 0°ST 80 g 01 ¢'g 61 6°8 €1 7S 9°0 'S 642 08 VWY L'98  L-TCGA
LT 28T 08T 096 €60 9681 6°%0Z  1'€2 €0 €7 70 ¢'Z 6°0 g 1 9°9 L1 67 168 L6 €8 vy 9-T1SK
YT 22T 80°1 I9°0T €61 T°6ST  ¥FLT €61  F°0 L2 7°0 ¥4 30 'y L0 6°¢ 60 9% ¥LZ 6L Z9L T'ZF STSKA
€8T 61T 29T LS'IT 15z 006z TSI L6210 6°Z c'0 0°¢ T'T 0°9 7l 00T T2 621 ¥°29  ¥ST 0°82T  6'89  P-TGA
02T LIT 16T 881 06 27091 Z°69T €01 €0 61 €0 A 70 61 70 7'z 9°0 e 957 8L €0L  L2%  EICA
Ge'T  SI'T 60 8.8 8°¢7 1922 $'7%7  8°¢e 90 0¥ L0 L€ eT 99 el 9L LT 9'¢  ¢'9F  €Zr 060l 9FS  Z-ISK
8¢'T 860  80'T  €0°IT 122 ¥'€¥¢  $°592 883 S0 9°¢ 9°0 e T'T GG 01 79 €1 78 8IS Z'€T 03Il L'9S  T-TSA
NAX  dd¥H
o0 nHe AA¥H  dd¥T  dd¥2 X 0 qx wp, it oH £q qL PO ic wg PN id Ee) L8 Q= A<
/NET /AT
m\OH memm wOT.:u CuwﬂmGQLHSOm wﬁj Em wwﬂoﬁmﬁﬂa ﬁm m~C®E®~® SZN@ oIvI wO w:3m®H ~m®H N QN,H\

WEOMEL T HZYRELEHEH L

¥



. 18 - L AFBEXFFROERAZ RO 2022 % 1 48
20 F 8 F
[ —Y51-1 —m—Y512 Y51-3 Y51-4 [ o—S434-1 W 54342 S434-3 S434-4 S434-13
L Y5155 Y51-6 —+—Y51-7 ——Y51-8% ¥ S434-5 —@—S434-6 —+—S434-7 . §434.8
¥ —— Y519 —+—Y51-10 /\ ———5434-9 —— S5434-10——S5434-11 —A— S434-12
15} A
Rl
% L
B 10}
o E
ji; L
= |
5 18

Sc V Cr Co NiCu Zn Ga Rb Sr Mo B
(a) B HL X

0 L L L L 58 i L 2 L L L L L L L L L L L
S¢c V Cr Co Ni CuZn GaRb Sr MoBa W Pb Th U Ta Hf
(b) =5 A7 i X

3 H/ISEHtRERETRFELKENE

Fig. 3 Standardization cobweb map of trace elements in the crust of Yichuna and Gaoqiao Area
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Fig. 4 Standardized graphs of rare earth element chondrites in mudstones of

Benxi Formation in Gaogiao and Yichuan Area
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Tab. 3 Characteristic ratios of trace elements in mudstones of Benxi Formation in the southeastern margin of Ordos Basin

X K G 5 Sr/Ba Sr/Cu V/Cr Ni/Co U/Th Cu/Zn T/C
Y51-1 0.49 4.33 1.19 1.85 0.26 0.26 30.02

Y51-2 0.47 3.84 1.35 3.20 0.27 0.28 29.83

Y51-3 0.47 3.95 1.22 3.56 0.17 0.86 29.37

Y51-4 0.32 2.60 1.27 2.50 0.21 0.71 30.32

Y51-5 0.96 2.72 0.97 3.18 0.27 1.27 30.66

B X Y51-6 0.20 1.33 1.44 1.00 0.22 1.69 30.92
Y51-7 1.85 4.14 1.25 8.44 0.37 0.78 31.33

Y51-8 0.43 2.99 1.64 2.33 0.34 1.13 30.74

Y51-9 0.17 2.20 1.40 1.79 0.24 1.07 30.78

Y51-10 0.49 0.91 0.66 5.42 0.97 2.70 30.43

RO 0.59 2.90 1.24 3.33 0.33 1.08 30.44

S434-1 1.24 5.27 1.22 4.35 0.39 0.28 30.09

S434-2 2.01 6.58 1.63 2.07 0.38 0.42 27.67

S434-3 0.32 4.09 1.25 3.16 0.15 0.95 29.99

S434-4 0.78 4.72 1.17 7.11 0.39 0.47 29.95

S434-5 1.24 5.28 1.18 4.30 0.33 0.28 30.05

S434-6 0.77 20.91 1.66 3.38 0.23 0.53 28.21

S434-7 0.79 21.23 1.78 3.33 0.23 0.53 28.07

1= A7 b X

S434-8 2.41 6.53 1.40 3.07 0.54 0.41 29.74

S434-9 0.90 12.19 1.91 1.54 0.20 0.59 29.71

S434-10 2.48 22.15 1.60 6.08 0.31 0.51 27.43

S434-11 1.02 23.56 1.64 5.58 0.26 0.46 26.59

S434-12 1.04 20.79 1.53 5.65 0.30 0.48 26.77

S434-13 1.06 22.85 1.58 6.00 0.30 0.48 27.13

SEH 1.23 13.55 1.50 4.28 0.31 6.38 28.57
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Fig. 6 Climate change characteristics of Benxi Formation in Ordos Basin
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