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Abstract By conducting analysis and testing of trace elements in mudstone samples from the Upper Paleozoic
strata in the southeastern Ordos Basin, and integrating various methods such as sedimentary geological charac-
teristics and geophysical logging, this study qualitatively, semi-quantitatively, and quantitatively analyzes the
sedimentary water body environment and paleoclimate features of the Late Carboniferous Benxi Formation to the
Middle Permian Xiashihezi Formation He 8 Member. Furthermore, it explores the evolutionary characteristics
of the sedimentary environment based on these findings. The results indicate that the Upper Paleozoic strata
are primarily characterized by sedimentary structures reflecting traction flow conditions. During sandstone dep-

osition periods, water dynamics were notably strong. The Sr/Ba value suggests that the study area is situated
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within a mixed water-freshwater environment. Qualitative and semi-quantitative assessments based on rock
composition, typical self-formed minerals, the values of V/Cr, Ni/Co, V/(V +Ni), 8U, as well as natural
gamma ray spectral logging data collectively indicate that an oxygen-rich shallow water environment predomi-
nates in the study area. Furthermore, quantitative judgment using La-Co law indicates that paleo-water depths
in this region generally did not exceed 25 meters but exhibited frequent fluctuations. The Sr/Cu value points to
a warm and humid ancient climate prevailing in this area. From Benxi Formation to Xiashihezi Formation He 8
Member, the salinity of water bodies gradually decreased while their depth steadily diminished. Additionally,

the paleoclimate transitioned from humid to dry, revealing a sedimentary evolution process from nearshore ba-

sin to inland basin for Upper Paleozoic strata in southeastern Ordos Basin.
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Fig.1 Location map of the study area and comprehensive stratigraphic clumn chart
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Tab. 1 Calculation table of trace elements of mudstone samples of Benxi Formation-Xiashihezi Formation He 8 Member in south-
eastern Ordos Basin
B2 2f SvBa V/Cr  Ni/Co V/(V+Ni) 38U St/Cu  Co/(pg-g™) la/(pg-g™") HAKFE/m
YH8-1 &8 0.28 1.61 1.76 0.77 0.77 7.68 20.25 36.30 41.56
YH8-2 £&8 0.31 1.46 1.13 0.78 0.79 9.39 19.13 65.81 24.71
YH83 &8 0.32 1.71 1.24 0.75 0.74 8.37 26.52 59.60 55.91
YH84 &8 0.24 2.07 1.56 0.82 0.70 5.84 17.76 62.34 21.62
YH8-5 &8 0.33 1.52 1.06 0.79 0.70 6.63 26.33 56.28 56. 86
YH8-6 £8 0.28 1.32 2.19 0.77 0.95 4.48 16.89 63.52 18.50
YH8-7 &8 0.42 1.85 1.89 0.81 0.74 7.20 13.83 91.26 3.20
YH8-8 &8 0.42 1.80 1.87 0.81 0.75 6.96 14.04 97.95 2.27
YH89 &8 0.28 1.60 0.80 0.82 0.64 8.84 10.50 85.30 0.09
YH8-10 #8 0.34 1.45 2.10 0.80 0.74 2.07 10.49 35.84 10. 10
YH8-11 #8 0.26 1.86 1.81 0.83 0.65 8.49 11.61 40.15 11.62
YH8-12 #£8 0.29 1.74 1.26 0.77 0.79 4.94 27.06 61.93 57.06
YH8-13 #&8 0.26 1.53 1.81 0.83 0.80 3.44 18.04 72.31 18.80
YH8-14 &8 0.34 1.9 1.46 0.56 0.85 24.46 10.34 58.68 3.93
YH8-15 &8 0.28 1.62 0.72 0.80 0.88 4.86 11.71 50.06 8.94
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k1
B2 2 S/Ba V/Cr  NivCo V/(V+Ni) dU St/Cu Co/(pg-g™') la/(pg-g™') WHKE/m
YH8-16 &8 0.28 1.61 0.71 0.79 0.88 4.98 11.99 53.73 8.57
YH8-17 &8 0.29 1.52 1.15 0.74 0.86 6.00 10.55 67.22 2.56
YH8-18 &8 0.28 1.87 3.13 0.72 0.65 9.76 13.22 30.75 19.31
YH8-19 &8 0.39 1.56 1.07 0.79 0.90 5.20 10.72 49.47 6.86
YH8-20 &8 0.25 1.75 1.50 0.79 0.94 5.85 19.46 68.00 24.91
YH821 &8 0.25 1.67 0.32 0.80 0.65 19.81 18.92 33.26 37.85
YSI-1 ilj1 0.27  2.44  0.94 0.85 1.26 4.98 29.09 79.02 56.98
YSi2  ijl 0.30  1.90 3.68 0.78 0.76 3.55 9.37 47.69 4.57
YSI-3 il 0.32 1.64  0.82 0.88 0.72 4.73 21.91 44.17 44.43
YSi4 i1 0.55 1.58 3.31 0.80 0.79 12.55 6.00 36.34 1.37
YSI-55 il 0.34  1.99 1.67 0.86 0.76 4.03 11.71 62.30 5.71
YS1-6  ilj1  0.20 1.53 1.21 0.82 0.81 4.28 21.31 57.62 35.85
YSI-7 il 0.28 1.74 1.54 0.81 0.92 4.88 16.45 47.93 22.96
YSi-8 ilj1  0.26 1.53 2.21 0.69 0.75 3.24 20.87 44.86 40.00
YSI9 i1 0.55 1.74 1.54 0.71 0.88  13.48 21.97 93.57 23.11
YSI-10 i1 0.23  1.70 1.51 0.78 0.96 3.74 20.77 39.31 42.19
YS1-11 (i1 0.25 3.60  4.81 0.88 1.34 1.71 5.30 11.50 5.09
YSI1-12 i1 0.41 3.25 4.73 0.81 1.30 1.48 6.00 38.95 1.00
YS1-13 11 0.60 2.52 3.64 0.77 1.31 2.01 3.90 9.60 2.99
YS1-14 (i1 0.31 1.96 1.71 0.75 0.99 4.12 19.90 72.80 24.47
YS1-15  ii1 0.28 2.63 3.23 0.90 1.11 2.11 5.20 15.26 4.06
YS1-16  ili1  0.28 1.94  2.57 0.72 0.71 4.17 16.90 57.00 20.93
YS1-17 i1 0.22  1.70 1.25 0.82 1.24 3.75 17.50 53.00 24.40
YSI-18 i1 0.25 2.24  2.67 0.86 0.87 5.12 7.90 27.00 6.60
YS1-19 (i1 0.29 2.08 1.58 0.82 0.83 4.31 16.00 45.70 22.37
YS120 (i1 0.28 1.92 1.30 0.82 1.10 5.34 16. 10 53.10 19.91
YS2-1 g2t 0.19 1.6l 0.66 0.77 1.03 4.99 29.43 53.91 72.18
YS22 2t 0.26 1.69 1.45 0.86 0.86 9.62 9.82 53.24 4.17
YS2-3 2! 0.20 1.66  0.94 0.69 0.76 5.70 13. 14 63.59 8.47
YS24 2t 0.31 1.39 1.96 0.78 0.92 5.63 13.34 49.53 13.20
Y25 p2' 0.32 1.56  0.75 0.85 0.81 7.93 24.05 64.45 43.23
YS2-6 ;2! 0.35  2.39 3.02 0.85 0.51 9.63 5.43 32.77 1.20
YS2-7  ij2' 0.47  1.78 0.14 0.80 0.81 3.94 20.78 54.66 35.20
YS2-8  ij2'  0.59 1.47 0.14 0.81 0.22 3.79 21.08 56. 54 35.47
YS2:9 (122 0.44 1.60 0.12 0.85 0.82 9.26 17.75 48.67 26.96
YS2-10 322 0.57 1.24  0.22 0.60 0.84 3.64 18.38 54.66 26.67
YS2-11  pj2*  0.63 1.00  0.18 0.63 0.92 4.15 20. 85 60. 67 32.78
YS2-12 ;2% 0.52  1.93 0.17 0.67 0.91 5.90 20.07 44.80 36.96
YS2-13  (j2*  0.53  1.99 0.24 0.82 0.40 5.36 12.85 61.63 8.35
YS2-14 ;2> 0.83 2.02  0.23 0.78 0.82 3.61 20.78 39.53 42.15
YS2-15  [12*  0.23  1.87 3.50 0.81 0.98 6.10 5.20 12.57 4.65
YS2-16  [Ij2* 0.23  2.67 2.85 0.89 1.15 7.44 5.50 11.45 5.50
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k1
B2 2 S/Ba V/Cr  NivCo V/(V+Ni) dU St/Cu Co/(pg-g™') la/(pg-g™') WHKE/m
YS2-17 3 2*  0.57  2.07  2.63 0.88 1.04 6.12 10. 44 80.20 0.48
YS2-18  [12°  0.57 2.07 2.69 0.88 1.03 6.97 10. 54 82.49 0.33
YS2-19  12°  0.49 0.8 1.42 0.25 1.97 3.74 12.29 1.46 27.66
Y220 3 2* 0.62  1.61  2.50 0.70 0.94 5.83 18.95 68. 86 22.93
Y221 3 2* 0.47  1.65  2.61 0.59 0.82 5.72 17.54 62.13 21.01
YS222 12 0.62  1.43  1.87 0.85 0.76 5.67 13.25 38.95 16.48
YS223 32 0.33 1.75 4.09 0.58 1.22 1.64 17.16 41.64 27.85
Y224 ;2 0.24  1.99  1.65 0.80 0.86 3.59 15.13 50. 80 17.82
YS2-25  32*  0.57  2.51  6.27 0.19 0.92 1.04 15.25 15.26 32.25
YS226 12 0.69 0.38  5.29 0.44 0.93 9.07 21.72 66.96 33.20
YS227 32 0.68  0.91  3.12 0.58 0.93 8.46 20.75 62.95 31.44
YS2-28 qj2°  0.72  1.91  0.27 0.60 0.50 5.06 15.45 45.68 20. 65
YS2-29  12° 0.64 1.48 0.14 0.68 0.60 2.32 18.31 45.34 30.30
YS2-30 32 0.62  1.48  0.07 0.79 0.54 5.39 21.13 46.36 40.31
YS2-31  q;2°  0.27  1.17  0.16 0.75 0.50 8.28 17.45 39.45 29.77
YS2-32  qj2° 0.80 1.15  0.21 0.74 0.71 6.10 15.09 40.31 21.53
YS2-33  q;2° 0.60 1.18  0.18 0.68 0.96 5.27 21.18 42.13 42.49
YS2-34  q;2°  0.43  1.02  0.20 0.66 0.88 3.89 14.75 43.56 19.28
YS2-35  12*  0.57  1.25 0.14 0.78 1.50 2.26 15.07 41.35 21.09
YS2-36  (12°  0.37  1.42  0.26 0.59 1.12 1.86 19.45 55.26 30.10
YS2-37  32* 0.30 1.79  0.25 0.66 0.08 1.54 15.07 42.14 20.79
YS2-38 (128 0.32  1.45  0.24 0.58 0.22 2.72 18.39 52.15 27.73
YS2-39  qj2°  0.67 2.13  0.21 0.82 0.61 2.24 19. 14 41.23 35.08
YS240 ;2°  0.60 2.07  0.32 0.82 0.79 4.43 14.05 51.25 14.57
Y241  p2* 0.74  1.74  0.21 0.76 1.01 2.90 19.39 39.63 36.74
YB-1  AE  0.23 1.64 1.67 0.86 0.81 3.59 21.32 54.55 37.26
YB2 AE  0.33 1.34  2.19 0.73 0.87 3.16 28.12 54.21 65.96
YB3  AJE  4.50 1.58 15.65 0.72 1.08 3.76 11.31 52.36 7.40
YB4  AE 0.26 1.35 1.99 0.75 0.70 2.70 15.57 66.59 13.68
YB-5 A% 0.37 1.38  3.26 0.75 0.69 3.82 19.33 72.68 22.67
YB-6 A% 0.37 1.37 3.32 0.75 0.69 3.82 19.13 71.01 22.67
YB-7 A 0.38  1.40 2.44 0.76 0.82 3.48 21.08 64.40 32.02
YB-8  AE  0.22 1.41  0.18 0.62 0.57 3.23 21.08 18.36 53.83
YB9  AE  0.51 1.47 0.20 0.60 0.51 3.02 16.77 31.24 30. 84
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Fig.2 Typical sedimentary structures of Benxi formation-He 8 Member in the southeastern Ordos Basin

EHAT0.19 ~4.49 4 31 NS St/Ba {H K
3 KIEEHEEES T 0.4, 5 RREE R 34% | BLBIRESE X AIRYL
WP E F A& THE 8 Bl A F kK-
MR PO TR MG AT A2 ARG, e b, AR B 4 8 B
PETUURUA TR RS, AT AR M RS E (9 52 Su/Ba (B BLE B AR 3, AR 4 Sr/Ba I i
JE BRI BN TE 2 St S RG IUESR (HTT35 4.5, 4878 T WA SOk 3R, 12l 2° W
FIWTRREUURREREE T, AKUCRH St/Ba fixt B T5% (19 4. 9 4) [RE S St/Ba (i T
AR UTHA N F O A THE S BUKKTTEE 0.4, 112" WEA 25% (2 1) REfL Sr/Ba (75 T
P57 0.4, KM b, KB B f 2K FS 1 76 E, Sr/Ba
St/Ba AT FF Sy ol 26 BE R 5000 RABChR & H (DA RRARA R, BERIL 2 BRI TR S
LT KSR KIS Lk — BAEAE 2T KIRBE, VB R R AT B 00 2 R 55 [X 1
BT MR L e ORI 5, ASCRITE REE: 101 BRI 8 B2 10% (2 4%) Rk
R \HEFE Sr/Ba =0. 4 fE K AR A KA & Sr/Ba (WG & T 0.4, BRI KA D 5451
FBRZ MR AR AT R (R 2) B IS AE A R B L X 3 2 4N S

XA — F A& T4l A 8 BIEERE S 1 St/Ba

22 SRRZW A AR T AE L —% 8 Bt Sr/Ba (HAL IR

Tab.2 Statistical table of Sr/Ba value of Benxi Formation-He 8 Member in southeastern Ordos Basin

X . Sr/Ba
=2 FE AL
/M SoN ] FHIE

%8 21 0.24 0.42 0.30
i1 20 0.19 0.55 0.32
12! 8 0.19 0.59 0.34
11y 2 8 0.23 0.83 0.49
1y 2° 25 0.24 0.80 0.54

T 9 0.22 4.50 0.80
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Fig.3 Lithology cross-section of well Yan668 to well Yan255 in southeastern Ordos Basin
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Tab.3  Statistical table of iron-bearing minerals of Benxi Formation-He 8 Member in southeastern Ordos Basin

) o BN B
S0 [EITEA
AR/ % SR8/ % N | SEHIE/ %
&8 61 7 0.35 2 0.06
11 44 11 0.56 1 0.07
12 23 8 1.06 3 0.86
ARV 12 4 0.42 10 1.58
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HORFIWOK IR AACIE R M A RSB . AHLE 10 IR BRI B 10 55 — $8 b, o, 8U = U/
Z T CRHATCR B A E e Es , 2AMXHEERE > [0.5x (Th/3 +U) ],8U > 1 S35, 8U <1
SRR, AT B B 47 3 SO WK MR I B GE IR 4% IR ROKIRIREES o 45 b AR SR AT IR 481k
PESHC ) TR K VAR I AR T B s bR ic P W bR W3 4

F4  WoRTR AR FEIAE WS bR

Tab.4 Trace element discrimination index of oxidation-deoxidation environmen

T BRI .
TR s EERZRED
V/Cr >4.25 2.00 ~4.25 <2
Ni/Co >5.0 2.5~5.0 <2.5
V/(V +Ni) 0.54 ~0.72 0.46 ~ 0.60
sU >1 <1
FRXABRA— A& T4HE 8 BlRA MM JE X FAEILPYLLL 1 B vUa h i e e 7

HILR WESITE R FE R S PR, BEE 5L VG A 1,70 ~2.63 Z[a],Ni/Co 434
3 ,V/Cr £ F 0.38 ~3.60 2 [a], Ni/Co 4315 1F TE1.25 ~3.23 Z[a],8U 43045 F 0. 71 ~ 1. 24 Z [q]
0.07 ~15.65 Z[a],V/(V +Ni) 47 0.19 ~0.90 (DL 4) BB T Ll PG 2 TR 3% -5 S A B A
ZIa],8U 4341 T 0. 08 ~ 1.97 Z ], Mg Bik4  ZAR{E, KR Z AL T/ T 25 m 155 5 fk-55 18
AR T 25 40 DT 48 s B o3 B il 25 51, v/ Cr fH JREREE H, HoK#E KRR E TR A BE PR AR 3T
Ni/Co {E AN 8U {HHA BAF MM CHE , I vy il 4.3 HhEKIBE A %

KRR —T A& T E 8 Brylfn K ik Z 4k FFHVE AR i B s 27 KR b, R
TEAREL, HKE—B/NT 15 m HEMPIEA G TRAE B 192 B, ASAE I 10 3% 221 b 2 B
BT A G ) O KRG i il B EHZ KRR B 1 B 280002 R i I+
Xo (HARFZEBI AR TFARE D, AR nTRURBU)Z e m %22 U Th K &, Jones
2 22% (2 AY) FEMARHE TR WEAE 7R T30 S5 AKX AU RICHE DX B R 25t w5 €2 e o 0T o J
SAGDRAEIRET IV AL 2 BR29A 18% (7T M) mIkE &BE,Th/U #E 0 ~2 Z (Al #5783 T IR IR EE, /K
m R IE TR WA FE /R T30 EG, 10 1 Be A0 IRHIER 2 ~ 8 Z I dE /8 T AU 8 KT 8
40% (8 ) HIFESHE /R THVAEE; 60 8 BHY  WHE/R 78 A BRI, K AR 8k ™ i,
A TR T3 AR T  WUESE T AR XA ml R A Th U R 326 (H i 22 Mok &2 T
BA VT R A TS 8 BRI KA B KR,

R T IR A R
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Tab.5 Statistical summary of characteristic ratios of trace elements of Benxi Formation-He 8 Member in southeastern Ordos Basin

=0 FE AL GiitdsRl V/Cr Ni/Co V/(V +Ni) oU Sr/Cu
/ME 1.32 0.32 0.55 0.64 2.07
&3 71 Al 2.07 3.13 0.83 0.95 24.46
SEAAAE 1.67 1.45 0.78 0.78 7.68
oM 1.53 0.82 0.69 0.71 1.45
1 20 Al 3.60 4.31 0.90 1.34 13.48
SEHAAE 2.08 2.30 0.80 0.97 4.68
B/ME 0.38 0.07 0.19 0.08 1.04
12 41 N 2.67 6.27 0.88 1.97 9.63
FIE 1.62 1.21 0.71 0.83 5.09
f/ME 1.34 0.18 0.60 0.51 2.70
ARVRL 9 TN 1.64 15.65 0.86 1.08 3.82
SERAE 1.44 3.43 0.73 0.75 3.40
MR | | msE B SR 1 20 5 HA B A
wle %7 L Sr/Ba viCr 5U Ni/Co V/VNI Sr/Cu
a2 | & | pm 0 0.3 0.6/1 2 0.5 1 Ls|T 25 4506 112,10 0

34404 |

3460——

B4 3E X1 B CRRFAIE L E AL A

Fig.4 Change map of trace elements characteristic ratios of well Yan X Shan 1 Member
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0.44 ~9. 1 X[AI PN, SOt oty K RS AL 2 (L ]
5)o BB K, WE)Z B Th/U (E W] 5 T
=B RO D TURR 32 B R AR A iR K R 5 Y
], A4 Th/U fEA T 1.24 ~5.20, RZH
SRAL T ARG, 1 DLPR S R BT , HEIN AR 4 IR
Py EZIE T 15 ~25 m @50 () S8 oK

JR 2 Th/U fff/N, 4T 0. 44 ~4. 54, KR Z Kb T
PRAGERSE , 1 DLZT SR PR, 48 7 R LA A 1ty 7K
EOR, ATREAEAE R T 25 m, R HA —E R 1)
HEEARER G P P4 Th/U (64 T 2.5 ~9. 1, KRZ
O AL TR IAEE O UL I HED 1L Py 2
UURWY) £ EI AT 15 ~25 m (T B0 (i) 5]
T HER A DI TRIRN T 15 m B RELX; &
8 Bt Th/U {1 T 2. 13 ~ 8. 48 LI PH 4Dk A, E
T A IR I R 22 HED & 8 BrUUBIK
Wit —L N Z8 EFTA, Th'U {7 R E 15
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Fig.5 Relation between Th/U ratio and depth of
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4.4 La-Co %it&

SR NS AT AR AR Ve 5 La F0
Co WyFUERIT R KRS . ZhieE A%
T7H X SR IR 2 3 f A R K A AT
DO R 2 I 2 B K AT TR AR
R AKX (1) ~(3) .

NCO
Vs - Vo SCO _ tTCO (1>
t =8S,,/N,, (2)
h=C/V"? (3)

(1) .V, AR S TR B TR R (B m/
Ma) ; V, MIEH 5 PTFHCR (m/Ma) | W AH T
EUURER— AT 0.2 x10° ~0.3 x 10° m/Ma
(ARKELE 0. 3 x 10° m/Ma) ; N, A 1E & WATTTTRY
Pyrb Co HYF-IME (20 pe/g) 5S¢, NS IAE il Co
FHE (ng/g); Te, HEIEEEJE A Co 9T 341H
(4. 68 pg/g) st Fnhlili Co XHFE B SEm, Al Hy
KL2)HHE . K(2) S, (py/g) TR
i La YRR N, R EEIEREE &b La 59 F34{H
(38.99 pg/g) o K(3)H:h Ryt K (AL m) 5

C MH%0(3.05x10%) ,

AR RN BT X RIS BROR,
I AATEE 0.1 ~72.2 m, 33 23. 6 m, FHBIF X
WA Attt 22 rp B K GRAR AR B (B2 R 2 %K
WAL T /N T 25 m KRR . e m bl
AREA YA E N A& THE 8 BUtHEMATm
ARG EEZ SRR (K 6) , HIE TR T
25 m EOKGRIE AR RO & e A T/ T
15 m P ah MO R T (LI 6) , Fi5 7R 7K
PR R B R B, X 1 bty A AR K
AR ISR Z W X, BEFE X G T d it =R Y
UL
#6  SPRZMEHARMTARELA—R 8 Bt La-Co ik

KT RASR G TR

Tab.6  Statistical table of poleo-water depth calculation re-

sults calculated by La-Co method of Benxi Forma-

tion-He 8 Member in southeastern Ordos Basin

KA &8 B il B 2B A4
YN 0.1 1.0 0.3 7.4

i KMH/m 57.1 57.0 72.2 66.0
SEHE/m 20.7 20.4 24.9 31.8

&8B 1B 2B AEA
= HAKES15m = 15m<F AKE<25m

" 25m<# KES35m HKFE>35m
6 ARAL-fr 8 Bt La-Co Y15k RE M 45 R0
Aii L7
Fig. 6  Histogram of distribution of paleo-water depth sam-

ples calculated by La-Co method of Benxi Forma-
tion-He 8 Member
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WFFE I A T A B B AR 7K = 7 Uy K TR
7E25 m DA, A CH] T La-Co Y113 15 1 2y
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Cu (9 FEELA D ) oty UM A2 A BIE 52 19 2 80, 3l
Sr/Cu FfE/NT 10 F5 78 IR e, R T 10 4575
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M XS AU FE IR i e AT R (K 1.5)
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T4 & 8 B, Sr/Cu {H B L i3 K28 1L
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W b {R TR A

St/ Cu (R /N BT R IF BT 5 5 A1 A Ikt
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BUC™ YR 2 h R R 5, Bk R E
R RAR, 58 Hal JEUE DU R s HF 58 X 2R T
b DX R 25 H, T A2 B IR 0 A R I
PSR 7 — B Rl S AR B s R MR K
R E B TRK -GBS Y 2R
FHEAT, 58 TR AL, BT A R, 458 ik i
DUBRPREG , ity AUl B, TR A B . i 1 B
A B A AR T (HA PR 1 X A9 )5
B2 DU BRI, BB i S AR, 4
N BT A e I R [ T R,
AT OGETHE 8 B R FEAHRALT L
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