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Evaluation of Source Rocks and Qil Source Correlation in Chang 7-Chang 6 Member of Yanchang Formation in
Jingbian Area, Ordos Basin

Abstract: Objective The Chang 7 and Chang 6 Members of the Yanchang Formation in the Jingbian Area of the
Ordos Basin constitute significant source rock intervals. However, systematic studies on their hydrocarbon generation
potential and contributions to petroleum accumulation remain limited, which constrains further exploration efforts in
this region. Therefore, this study integrates geochemical analytical methods to systematically characterize the
distribution and the geochemical properties of the Chang 7 and Chang 6 source rocks in the Jingbian area, as well as the
geochemical signatures of the crude oils from the Yan 9 and Chang 2 reservoirs in the Jingbian Oilfield. Methods By
comparing the geochemical parameters between the local Chang 6 and Chang 7 source rocks and the Zhangjiatan Shale
in the center of the basin, the potential sources of the oils in the Yan 9 and Chang 2 reservoirs were identified. Results
The results demonstrate that the Chang 7 source rocks are high quality, with widespread distribution and considerable
thickness. They are characterized by Type I-II, kerogen and are in the mature stage. The biomarker characteristics
indicate mixed organic matter inputs, deposited in a reducing environment with low salinity. The low Pr/Ph and high
C17/Cy regular sterane ratios further suggest that the organic matter is predominantly derived from aquatic algae and
other lower organisms, consistent with a reducing, fresh to brackish water depositional environment. In contrast, the
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Chang 6 source rocks are of medium to high quality, containing Type II,-III kerogen and are generally in the low-to-
mature stage. The moderate Pr/Ph and low C,;/Cy regular sterane ratios reflect a predominance of terrigenous higher
plant input, deposited under a weakly reducing environment. The oil-source correlation results reveal that the Yan 9 and
Chang 2 oils are of the same origin, primarily derived from the Chang 7 source rocks, with a minor contribution from
the Chang 6 Member. Conclusion (1) the Chang 7 Member is the primary, high-quality source rock in the Jingbian
area, superior to the Chang 6 Member in terms of thickness, lateral distribution, organic richness, and hydrocarbon
generation potential. (2) Distinct biomarker signatures differentiate the Chang 7 (aquatic/algal, reducing), Chang 6
(terrigenous, weakly reducing), and distal Zhangjiatan (highly aquatic, strongly reducing) source rocks. (3) The Yan 9
and Chang 2 crude oils share a common origin and are primarily sourced from the local Chang 7 source rocks, with a
possible minor contribution from the Chang 6 Member. The oils show no direct genetic link to the Zhangjiatan Shale in
the basin center, supporting a predominantly local hydrocarbon sourcing model for the Jingbian area. Significance This
study provides crucial geochemical evidence for a local hydrocarbon system within the Jingbian area, resolving
previous ambiguities regarding oil sources and assessing the resource potential in the Jingbian Area, Ordos Basin.

Key words: Ordos Basin; Jingbian area; source rock evaluation; biomarkers; oil-source correlation
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Figure 1 Location (a) and distribution of samples (b) of the study area
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Figure 2 Lithologic characteristics of source rocks in the study area
Chang 6 Member:(a) Black mudstone, Jing 12 well, 1698.55 m; (b) Sandy mudstone, Bao 1 well, 1786.5 m; (c) Grayish-black mudstone,
Yang 41 well, 1642.58 m; (d) Black coal shale, Qing 112 well, 1221.7 m; Chang 7 Member: (e) Dark gray mudstone, Yang 59 well, 2011.5
m; (f) Dark gray mudstone, Yang 59 well, 2022 m
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Figure 3 Comprehensive stratigraphic column of Chang 7-Chang 6 Member in the study area
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Figure 4 Cross-plot of TOC and hydrocarbon potential (S;+S;) in source rocks within the study area
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Table.1 Geochemical data of source rocks in the study area

JZ30A TOC/% (Si+8)/(mg/g) Tmax/°C HI/(mg/g) Ro(%) FEE
0.42~7.05 0.87~18.88 438~454 41~1009 0.84~0.89
K6
2.26(21) 5.74(21) 446(21) 179(21) 0.86(13) rhisE g7
0.68~8.46 1.02~47.93 438~461 67~1236 0.86~0.9
K7
2.84(62) 13.15(62) 451(62) 344(62) 0.88(15) R R R
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226(21) T K
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JuEN 67~1236 mg/g, “V-34E )y 344 mg/g.

past



900

- o il K62 U8
o 34 K7 U

750

600

HI(mg/g)
N
wn
(=]

300

150

O 1
400 420

4l10 4I60 480 500
Tmax(C)

Kl 5 # % X2 RS Tmax 5 HI X & &

Figure 5 Cross-plot of HI vs. Tmax values show in the study area
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Figure 6 Evaluation of organic matter maturity in the study area

(a) Cross-plot of depths vs. R,%; (b) Cross-plot of depths vs. Tmax
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Figure 7 Comprehensive geochemical profiles in the study area
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(a) Thickness map of Chang 6 source rock; (b) Thickness map of Chang 7 source rock

4 EIFEEEVTSHE IR

4.1 EMEESERK-HRSH

TER BT A SRR B A B2 HE 0 R At T e e 2 BRI 2 B A 2 JLBRE o A A =X mT FH T S W ML 1R
RFFIE . AR E DL DIRIAES . K 6 BE G K 7 BCS R YR AE S (1 IE M GE R o AT RF A B ARBL, 38 2 F
B OERLES A, BETEE 20 T nCienCss, EWETRSAME T T nCa~nCys (B 9) o K6 BRI
nCor/nCo LLAHA T 0.26~0.59, AN 0.44, BARATHAKT, $HRHIEMGERDKEEH 7 N, AL
JBE SR R DA B R = SR A ) 5 It A (Eglinton and Hamilton, 1967) ; & 7 BR VR A 1 nCo/nCy LLAE N T
0.63~1.33, HME N 091, KA HUFORIENKE K EEY SRS SEEYEEHRAN (R 2) o fEAXTH,
TS ME T 1) nCay/nCoy LB A T 0.80~3.42, AMH N 2.43 (BEEREE, 2020) , FKHHBER MRS KAEAY N
*.

gl (Pr) S5Hki (Ph) AFA— XN EZENKR R R REVREY, T IZFAETEMAEES T ()
ZHE, 2022) o CHMARGHFEY, St (Pr/Ph>3.0) faRkEA VLR IE A& TR, Mk
B (<0.8) NIH WTFHEIAREE, NT 0.8~3.0 fiRJ5i0J5IAEE (Didyk et al., 1978; Peters et al., 2005) . £ 7 £
JEURAS 1) Pr/Ph ELAE AT 0.80~0.96, 3{EH°H 0.82, KL T 5L EHIE (£ 2) o MK 6 BURIEA I Pr/Ph b
EA T 1.02~1.34, ¥MEN 121, FRREJEIREE . 5K METUE BIE A 1 Pr/Ph LU/ T 0.56~0.86, 5{H N
0.62 (FENRZE, 2020) , fRREFEIRE. [FFE, 7E Pr/nCi; 5 Ph/nC i 38V F A B R tH = F DU AL I8 TR 4%
XA (E10) .
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Figure 9 Distributions of n-alkanes and isoprenoids from source rocks in the study area
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Figure 10 Cross-plot of Ph/nC s vs. Pr/nC;; values from source rocks in the study area and Zhangjiatan Shale
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JEVR A R I hE 2R AL A W) T LR = PR 05 B8 A1 L PR =5 f¢ (Peters and Moldowan, 1991; & 7% %%,
2018; BLEAMS, 2015; MFEHE, 2022) o BUHEEFE R E) TEE D) Co =F ke (TT) R4 (&
1) o K6 BRIEALLCo =ik hE, 2 “TREE” kil K78 Cy =ik nE, & “ LA~
1A, DEORE S Coo B Cop —FRMEE A, 23 “C1IIER” AT, B CoTT A CooTT & Fifll ¥ Fi 7 Fili U
YN E AN CIILEE, 2019) o K6 BE=3 ikt 2 CioTT > CooTT > Co/TT BB T, S Bk



BRI REIR DT K 7 BRI CoTT < CooTT < Coy TT [RBIGELIA, REKEAEMHAN . thsh, Sl
ZIRGELE (CoaeTT) FIAHNT & BI85 ik SR DU R ST v RS K AR AR ANAR O (R R5E, 2017) « K7
B CoaTT HEm T K 6 B, UIHHITRME ERIC)E, HARE KA Y oIk E N 53 .

FLIR =it 2 BAFEFE bE R4 DU — 26 EE Si R %1 (Sinninghe Damsté et al., 1995; {57755, 2018) . &I
BRI R E AR Cooas IEH BN, Coo EHFELT. CoZbi®, AR bt R 5 L 2AFHM DSk (&
1) o B e # B SR FE /R DR IR B (19 20 B, JCAE G 0l o DA Bl e /Cso BE ot (AN S i b 48 250 RoR
( Sinninghe Damsté et al., 1995; B FF55, 2018) . K 6 BUE IR A KM 5 85 ke 75 20 T 0.06~0.12, ¥JMEH N
0.12 (11, F£2) ; K7EBZHBENT 0.06~0.18, HEN0.12, FURIF AR T R KIFE.

TEVURIAE AR, S BEE I A VE A R 8 bE, L AR AE n] S TR PR 85 Hh (R A7) 2 A = 3k
I, SR RAECEE R (Yangetal, 2023) o JFEIH 5RIEE T L P B IEIEH Coy Coss Cao
WS BELL BRI« = I0CAAR B AT TR AR K R PPk T YA U RR A H i S ) 5 7K A TR SR XN TR KA 2K
fabr (RF%%E, 2022) o W 11 AR, & 6 BIRIEE Co MU S J5t AR ST 32 FEAR T Coo FIU §S 458, IX 32 BH 5L
KIE T AKAEBERMEEEMREGI A, HEE Y sTekes S5 K 78S 20U EK Cr M
TS BEARFAFE XS T Coo BN $8S 055, FE/RTR A SRURARFAE, (HDMESE KA AN N E

B RS T, B S AR TR AR T I, S RN S e A EUAE ARG K. Coy L HEE BT/ (Coy EEHEHS AT
+C, UM S ke ) R A e br HE B2, 2016) o K6 BT 0.18~0.46, Mk 0.33, Erk

VAT AR B K 7 BB T 0.28~0.47, 3MEN 0.39, RURIRE 8K Sk s b (£2) .
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Figure 11 Distributions of terpanes (a and b) and steranes (c and d) from source rocks in the study area
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FR Corf Cog B B2 (Car/CooRD 5 & 7 BURZR K Pr/Ph EUAE L ARAIM b 1R 2L (Ga/CaoHD 145 Cao FHFE
J52/Cs0 IE B AR (CooDICooH) Tl Coo BHR/Co IEH R (CM/CsHD) LU Cor/Coo U552 (Cor/CoRD (I
12) . HFIETUE AA G PrPh L, 8 DB (Ga/Cyol) A% Cao THHERR/Coo E A 17
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Figure 12 Comparison of biomarker parameter combinations from source rocks in the study area and Zhangjiatan Shale
(a) Biomarker compound parameter combinations for Chang 6 source rocks; (b) Biomarker compound parameter combinations for the

Chang 7 source rocks; (c) Biomarker compound parameter combinations for the Zhangjiatan Shale
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Table.2 Selected molecular parameters from source rock samples in the study area

e RIE =02 FEmIEAY A B C D E F G H I
% 41 1741.9 m K6 & V= 0.26 0.45 1.11 0.12 0.15 0.83 0.35 1.05 0.51
H3 9769 m K6 & V= 0.39 0.26 1.15 0.12 0.14 0.78 0.46 0.99 0.39
g 12 1706.7 m K6 & V= 0.59 0.45 2.10 0.26 0.06 0.67 0.32 0.97 0.65
% 41 1650 m K6 & Vv 0.52 0.40 1.16 0.20 0.13 0.97 0.18 1.10 0.70
7% 38 1946.4 m K7 V= 0.72 0.27 0.85 0.27 0.06 1.11 0.36 0.65 0.41
B 176 2282.65m K7 V= 1.23 0.23 0.96 0.19 0.18 0.85 0.45 0.68 0.68
% 59 2021.8 m K7 Ve 0.63 0.36 0.8 0.33 0.18 0.71 0.39 0.52 0.76
% 41 1855 m K7 V= 0.68 0.34 0.88 0.25 0.13 1.23 0.28 0.78 0.58
H3 979.5 m K7 Vo= 0.92 0.38 0.86 0.27 0.14 0.98 0.34 0.57 0.42
7B 176 2277.25m K7 Vo= 1.33 0.24 0.84 0.18 0.17 0.84 0.47 0.64 0.72

: A: nCy/nCy'; B: Pr/nCi;; C: Pr/Ph; D: PhnCi; E: Ga/CsH; F: Cu/CoR; G: Co BEHES K/ (EHES N E LD |

5 Rk AT S AR

WK 13 fras, Frf B m 3k e B R BRI ek R A, BB AT TG BN nCisnCas, B4 5 SR LIS T
Sofi. BIEHERLTFHE, RHEIMHEN “UCMert” , RS RESZREEMEBIEASEHAIR. 29
B JE ) nCor/nCo" HEAE AT 0.73~0.92, ¥J1E 4 0.82, K 2 BXE MK nCao/nCy HEAE AT 0.77~0.82, ¥JMH A
0.80, WL Ji 4f B 5 >k R S5 /K A AR WA ki s s S R (TR & De ik . %E 9 BV 1) Pr/Ph BT 0.79~0.91,
PIME 0.85; K 2 BJslii ) Pr/Ph fE /T 0.76~0.78 , 31E 0.77, F57< W 2K SR 35 7% 1B T i R DT IR (3R
3) .



JE I RS H SERE ) Crone —FRBERE RG] (B 13) , ZHFEM DL Cp =FFME S Ny E W, 5“5 LAY oA
B ERE RV, Co Bt G X W& 9 By i S s e 5 48 (Ga/CioHD /T 0.13~0.20, ¥J{H A
0.15; K2 BJEIM M Ga/CoH B/ T 0.13~0.14, {EN 0.14. FIRSHER AL TR KIS,  HALT B
BAGHT B, ISR “V R (B 13) , %€ 9 BRI Cor/CoR ELAE AT 0.93~1.13, ¥J{E R 1.03; K2
BRI Cor/CooR ELE AT 0.98~1.14, HIMEH N 1.08 (£ 3) , SMLILEHEA B UMRE K AEEY AT, 5HAbA
Vibr EWFE bR TR R RRAE— 2

8 e A A W rh ERE TR cwovon F FRSRT R A4S Y 2 i AT A0 A2 B2 T v 1) SRR 1) opB A TR S A HRY A A

(Seifert and Moldowan, 1986; Z=ZH355, 2002) o Kk, Co K BR/(BR+ac) 5 20S/(20S+20R)MH & A 21
BRE FR bR, AR B BV B B A B FE s B X (Seifert and Moldowan, 1986 ) . 4 9 Bt JE )
Coo-aPp/(aao+opB)E AT 0.50~0.53, HI1EH 0.51; Ca-20S/(20S+20R)H AT 0.50~0.53, 1 0.51. 2 BLJEMM
Cao-0pp/(acatapp) ¥ A 0.53, Cx-20S/(20S+20R) #{E N 0.50 (£ 3D o M Cy-afp/(aao+afp) 5 Cy-20S/
(208+20R) K R (K 14) AJE—2BHfih, WFFC X ATA BRIHRR 5 35 Ok N e B o
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Figure 13 Distributions of n-alkanes and isoprenoids (a and b), terpanes (c) and steranes (d) from crude oils in the study area
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Table.3 Selected molecular parameters from crude oil in the study area

4 R =20 JERTE L] A B C D E F G H I J K
1118 m 0.1 048  0.64
# 161 EIBE 0.87 0.31 0.31 0.86 1.07 0.29 0.51 0.51
5
1011 m 0.1 0.66  0.68
% 26-141 EIBE 0.73 0.49 0.49 0.91 0.93 0.29 0.51 0.52
3
1000 m 0.2 046 041
¥ 45-11 EIBE 0.85 0.36 0.41 0.79 0.96 0.32 0.51 0.51
1
1032 m 0.1 052 038
* 21-11 SEOBE 0.74 0.44 0.44 0.85 1.13 0.28 0.53 0.50
3
1026 m 0.1 037 0.3
¥fn 41-151 EIBE 0.92 0.36 0.39 0.85 1.06 0.28 0.50 0.53
3
1278 m 0.1 042  0.59
*9-21 K2B  JEm 0.82 0.33 0.38 0.78 0.98 0.23 0.53 0.50
3
1284 m 0.1 038  0.62
% 11-20 K2B  JEm 0.77 0.33 0.40 0.76 1.14 0.24 0.53 0.50
4

H: A: nCy/nCxn'; B: Ga/CiH; C: Pt/nCi;; D: Ph/nCis; E: Pr/Ph; F: Co/CuR; G: Co EHEEKE (EHEE B+ S k)
H: ng-aﬁﬁ/(aaa+a[3[3); I: ng-ZOS/(ZOS+2OR); J: C30M/C30H; K: C30D/C30H

6 IR

RAEWMAEIER . RELJG AR B A 2 ke — e 2, (BHSICA Z KR E R R 1)
FIE I SRS MR R R AR AT OB I B0, A BB AR A « AR AL A MR SURFIE LA SRR 52 73



T LGB LE I — 25 50 L A s AR AR O AR e, T AR R v AU R 2 RO, IX A R 1y ACUEORT B 1 3 18 B it
(Peters et al., 2005) -

A BRI X 2 A I ERAAAE 55 R SRIEFR PR A Car-Cos-Coo N ES b = A ¥, DL UTRAIR S
FAFR U1 Pr/nCy7 55 Pr/Ph K RIFGEHATERE 0 . IXEE SR i XK 6 By K 7 BORUiE . SR ME U DA
K2 BRANZE 9 B i A G S s T iR R, PSRRI R SR & ok REE R B E— 8. 4R B,
K2 By 4 9 BR b ERIL SE AR 5k XM T Z R BE, 5K 7BRFEARIHHEREgE xR, Wi,
K6 BURIRA MK 2 Bt 5 1E 9 B 7N AT ReAZ7E B /v ok (& 15a. 15b)

TR 2 Wi K R B R A Y0hs ) — B HERE be, P Cao EHEE BRI A N FE B R A R A 1
DU R AR R ] . TR SCIESE (2009) FIH Cao B HERE 56/ 38 15t J2 C30M/CsoH FEbrobf ZE-K 2 2 A 3E AT
THEBRY, BRI 7 B S S TUE IR L 2 R, CEE IR b, B RAE C R R
FMETL A MR ERAL 225, JFi8 F LR Fabrxt K 2 Bt 5 4E 9 BT R ymisont bk . 45 5RaR W, MFRIX & 2 Bt
1€ 9 BR M EERIET K 7 BRIEE, K6 BURITREAH oiik (15 o WFFLLE 18558 /K 2 37 b b i Y
ey s —8 (KifE%E, 2018) .
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Figure 15 Comparison of biomarkers of crude oil and source rocks in the study area

(a) Cross-plot of C3,D/C30H vs. C30M/C50H values; (b) Cross-plot of Pr/Ph vs. Pr/nC,; values; (c) Cross-plot of Pr/Ph vs. C,7/CR values;



(d) Ternary diagram C»R, CxR and CyR values
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