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Evaluation of hydrocarbon source rocks and oil-source correlation of the Chang 7 and Chang 6

Members of the Yanchang Formation in the 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 are important source rock intervals. However, systematic studies on their hydrocarbon generation potential and
contributions to hydrocarbon accumulation remain limited, which has hindered further exploration efforts in this region.
Therefore, this study applies 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. In addition, the geochemical
signatures of the crude oils from the Yan 9 and Chang 2 reservoirs in the Jingbian Oilfield were investigated. [Methods]
By comparing the geochemical parameters of the Chang 7 and Chang 6 source rocks in the study area with those of the
Zhangjiatan Shale in the basin center, the potential sources of the Yan 9 and Chang 2 reservoir oils were identified through
oil-source correlation. [Results] The Chang 7 source rocks are moderate to excellent-quality source rocks, characterized
by wide distribution, large thickness, Type I —1II, kerogen, and a mature thermal evolution stage. Biomarker characteristics
indicate mixed organic matter inputs and deposition under reducing conditions with relatively low salinity. Low Pr/Ph
ratios and high C,,/C,, regular sterane ratios suggest that the organic matter was predominantly derived from aquatic algae
and other lower organisms and accumulated in a reducing freshwater to brackish-water depositional environment. In
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contrast, the Chang 6 source rocks are moderate to good-quality source rocks, dominated by Type II,—Ill kerogen, and
generally at the low-maturity to mature stage. Moderate Pr/Ph ratios and relatively low C,;/C, regular sterane ratios
indicate a predomint innput of terrigenous higher plantsand deposition under weakly reducing conditions. Oil-source
correlation results reveals that the Yan 9 and Chang 2 crude oils have the same originand were primarily sourced from the
Chang 7 source rocks, with a minor contribution from the Chang 6 source rocks. The distinct geochemical characteristics of
the Zhangjiatan Shale compared with the Yan 9 and Chang 2 crude oils further suggest that the Zhangjiatan Shale was not
the major hydrocarbon source for these oils. [Conclusions] (1) The Chang 7 Member is the primary and high-quality
source rock in the Jingbian area, exhibiting advantages over the Chang 6 Member in terms of thickness, lateral distribution,
organic matter abundance, and hydrocarbon generation potential. (2) Distinct biomarker signatures differentiate the Chang
7 (aquatic/algal-derived organic matter under reducing conditions), Chang 6 (terrigenous organic matter under weakly
reducing conditions), and Zhangjiatan Shale (highly aquatic organic matter under strongly reducing conditions) source
rocks. (3) The Yan 9 and Chang 2 crude oils share a common origin and were primarily sourced from local Chang 7 source
rocks, with possible minor contributions from the Chang 6 source rocks. These oils show no direct genetic relationship with
the Zhangjiatan Shale in the basin center, supporting a predominantly local hydrocarbon charging model in the Jingbian
area. [Significance] This study provides critical geochemical evidence for understanding the local hydrocarbon system,
resolving uncertainties regarding oil sources, and evaluating exploration potential in the Jingbian area of the Ordos Basin.
Keywords: Ordos Basin; Jingbian area; source rock evaluation; biomarkers; oil-source correlation
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Fig. 1 Geographical location and sample distribution of the study area

(a) Geographical location map of the study area; (b) Sample distribution map of the study area
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Fig.2 Lithological characteristics of hydrocarbon source rocks in the study area

(a) Black mudstone, Well Jing 12, Chang 6 Member, 1698.55 m; (b) Sandy mudstone, Well Bao 1, Chang 6 Member, 1786.5 m; (c) Grayish-
black mudstone, Well Yang 41, Chang 6 Member, 1642.58 m; (d) Black coal shale, Well Qing 112, Chang 6 Member, 1221.7 m; (e¢) Grayish-
black mudstone, Well Yang 59, Chang 7 Member, 2011.5 m; (f) Dark gray mudstone, Well Yang 59, Chang 7 Member, 2022 m
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Fig.3 Composite stratigraphic columns of Chang 7 and Chang 6 Members in the study area
(a) Composite stratigraphic column of Well Yang 41; (b) Composite stratigraphic column of Well Jing 12; (c) Composite stratigraphic column
Well Bao-1; (d) Composite stratigraphic column of Well Yang 59

GR stands for natural gamma-ray, AC for acoustic transit time, SP for spontaneous potential, and RT for resistivity.
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Trnax 18 defined as the maximum pyrolysis peak temperature.
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Fig. 6 Evaluation of organic matter maturity of hydrocarbon source rocks in the study area
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Fig. 8 Isopach maps of hydrocarbon source rocks in the study area
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Fig. 9 Distributions of n-alkanes and isoprenoids in soluble organic matter from typical hydrocarbon source rocks of the Chang 6 and Chang 7

Members in the study area

Note:Pr:pristane; Ph:phytane; TIC:total ion chromatogram

(a) Well Yang 41, Chang 6 Member, depth 1650 m; (b) Well Mao 38, Chang 7 Member, depth1946.4 m; (c) Well Jing 12, Chang 6 Member,

depth1706.7 m; (d) Well Yang 41, Chang 7 Member, depth 1857.64 m
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H LR R R AR A K AR AR 5 B DR AR R B TR
BN (FE2) . MR, K FEFE A B nCy /nCy'

x2 MRXBREEDRELSHDEE

FLAE A T 0.80~3.42, ${H Ky 2.43( 8 = A5 55, 2020a;
W ENAE, 2020b) , 2 B HAE T DR SR A A0 £ .

Table 2 Selected molecular parameters from source rock samples in the study area

W= REE S FE T A B C D E F G H I

41 1741.9m K6B e 0.26 0.45 1.11 0.12 0.15 0.83 0.35 1.05 0.51
3 976.9 m K6B bleeas 0.39 0.26 1.15 0.12 0.14 0.78 0.46 0.99 0.39
¥h12 1706.7 m K6B e 0.59 0.45 2.10 0.26 0.13 0.67 0.32 0.97 0.65
41 1650.0 m K6B bleeas 0.52 0.40 1.16 0.20 0.06 0.97 0.18 1.10 0.70
%38 1946.4 m KB e 0.72 0.27 0.85 0.27 0.06 1.11 0.36 0.65 0.41
#5176 2282.6 m KB bleeas 1.23 0.23 0.96 0.19 0.18 0.85 0.45 0.68 0.68
59 2021.8 m KB e 0.63 0.36 0.80 0.33 0.18 0.71 0.39 0.52 0.76
41 1855.0 m KB bleeas 0.68 0.34 0.88 0.25 0.13 1.23 0.28 0.78 0.58
#H3 979.5m KB e 0.92 0.38 0.86 0.27 0.14 0.98 0.34 0.57 0.42
176 22773 m KB e 1.33 0.24 0.84 0.18 0.17 0.84 0.47 0.64 0.72

T AnCyy /nCyy's BAPNC 73 CHP/Ph; DIPh/nCg; EXGa/CaoH; FRCan/CagRs G Co HEHF HS e/ (FEHE S e+ FEI 545 ) s HAC30D/CioH; I C3M/CsH
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(5%, 2022) . CHMRGEVR RV, & #EH
I (Pr/Ph > 3.0) 48 7 ili ¥ A B BT 7 SR AL R 55 5% 40 T
A, AR A (< 0.8) 38 % 45 /n B A B2, A T
0.80~3.00 #5 7 55 ib J& 1 3% ( Didyk et al., 1978; Peters
etal., 2005; - 24, 2026) . K 7 BRI A 1Y Pr/Ph LL
fE A T 0.80~0.96, HJ{E Jy 0.82, KB JE A T 55 if Ji

8 (R 2), K 6B IR A W Pr/Ph L (H A T

1.02~1.34, ¥{A R 1.21, F8/R F5 00 R IREE . 5K K ot
A IR A B Pr/Ph L {H A F 0.56~0.86, 1 1A K 0.62
(HER, 2020a), f8 /R0 RS . AN, 76 Pr/nC,, 5
Ph/nCs 221 A S o Y = 35 D0 B A Ak 38 i 2% A
1 X1 (T 10) 6
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FE R A R WL R G 2R A A ) AL R
J5t FI T PR =i B2 (Peters et al., 1991; B & #5845, 2015;
TR, 20185 AP B A, 2022) o IR TR RE S AR
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R A L Co =il ke o 32, 22 “ TR o A AR
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Fig. 10 Cross plot of Ph/nCg vs. Pr/nC,, for hydrocarbon source
rocks in the study area and the Zhangjiatan Shale

B IR ot (Crang TT) BY AR X & 42 8 % 5 i 18 SR UL
TR 85 B A S5 K A 2R i A G (BRE 58, 2017) 6
K 7B o TT B i | T 6 B, Ui LT IR I T
P 30 i, AR A5 7K A A i DR T o B 3

FIR =G e T2 AL G 2 e R A DL KR R e R
1995; % 7+ 4%, 2018) . %&
U85 FF S FE e R 9 rh 2 BEAL AR Coons 1E B BE
Cao EHERESE . Coo L 55, AEHE St R 51 £ AL 5
it o 2 (] 11) o A 2D 8 do 5 R 48 R DURR 34 B8
PR B, SR XoF 5 o 3 DA D I o8 /C g 7E ot (I

51| ( Sinninghe Damsté et al.,



% 44 VB % TR ST G O I K T 6 BRI A B A 1 853
A — a A — b
Ga/Cy,H=0.13 o Ga/Cy,H=0.12 o

m/z=191 miz=191
= =
i i
=y =
E &

IQTT T | - IL U T Lol
» )
ABXT % B8 B[] /min FEXT AR B B5F ] /min
A c.R=067 ¢ A cr=125 C.R d
C R 27

o miz=217 m/z=217
IS IS
£ 2
i i
= =
> >
z z

) >

AEXT 4 B3 A5 18] /min

m/z=191—if B F A5 P RFAE 28 T3 m/z = 217— {5 Be R AL WD RRAE B T 5 Cor/CooR—Cyy 5 Cop ML 55 S8 AH XS 35

AFXH £ B B ] /min
i LU AR 3 Ga/CaoH—{IIl Ty s 4 45 %k

a—7 41 I, K 6 BL, W 1706.7 m; b—1% 38 HF, K 7 Bt, R EF 1946.4 m; c—5 12 -, K 6 Bt, T JF 1706.7 m; d—H 41 3, K 7 B, IR EF 1857.64 m

11 SRk e B g K7 B AR IR S 7T 5 A WL 5

5 @A

Fig. 11 Distributions of terpanes and steranes in soluble organic matter from typical hydrocarbon source rocks of the Chang 6 and Chang 7

Members in the study area

(a) Well Yang 41, Chang 6 Member, depth 1650 m; (b) Well Mao 38, Chang 7 Member, depth 1946.4 m; (c) Well Jing 12, Chang 6 Member,

depth 1706.7 m; (d) Well Yang 41, Chang 7 Member, depth 1857.64 m

m/z = 191: characteristic ion of terpanes; m/z = 217: characteristic ion of steranes; C27/C29R: relative abundance ratio of C27 to C29 regular

steranes; Ga/C30H: gammacerane index

Uit J5¢ 18 B Ga/CyH) # 7% ( Sinninghe Damsté et al., 1995;

IRAF, 2018) o 1K 6 BUR IR 7 1Y Ga/CyoH A T 0.06~
0.15, H{H M 0.12( 11a, £ 2); K 7BiZIE 8N T
0.06~0.18, ¥J{H HJy 0.14, F B ER 5 A T B T IR K 2R
5 (K 11b) .

TEDURR W) Ko A A Bk}, 8 B 28 30 i VR T
Ak 5 e, 43 A REAE AT A ) 0 DT AR R B vh ) 9
A Ok R (e | R AFE A ) 4R B OC MR B
(Yang et al., 2023) . J5iylh 5 8 A b LT 35 il A7 78
HH Cyrv Caga Coo FLI 5§ BE AL WL B “ = HRAK” , EA1Z
(i) P AF X = B2 2 PF Ak IR DU s A ) SOk
A 2R X A DT R 09 A AR B (PR A, 2022)
6 B kR Ui Coy HLIN HS 2 1) AH X = BEAIE T Coo FE I
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GA PR A, B S ) A s ER e O (8] 11e);
K 7R A S Y Coyp B S e L S5 AH X F
Coo B 5 %52, 48 7 1R & R IR FRAE, (0 DR 55 K 4R 4R
WA FE(E 11d) .

Bif 15 220 B T R, HE S5 B AR G T R g
5 B0 S ot 1 L AAE RIS K. Gy F RS S /(Cy E
HE 55 48 +Coy FL S Jot ) 2 8 FH A B2 B 4 A (R At
=4, 2016) . £ 6 BHiZ LA T 0.18~0.46, i’aﬁﬁ
0.33, W B & Ab T BB B K 7 B E A
0.28~0.47, ¥I{H N 0.39, F B 12 I A 5k B ﬁJZ
P B (K 2) .
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5t (Cy/CR) (] 12b) o 5K S8 51 % H A ik Pr/Ph [t
{H . H145 Ga/CyoH. Ik Cao FLHERELE/C 1E H FE K% (C3oD/
CyoH) Fll Cyo BEHBE/Cyg 1E 5 FE 5t (C3oM/CioH) LA I 55 15
Cor/Cao FLI {5 %52 (C/CooR) (B 12¢) o 138 43 A FE1E
FW, S5 XK 7 BRI A S Tk M A A LR
VR TR K A R MR AR, TR BE i
BT, K AR BRI, AR BRI 5, ok RO A K A
I 55 25 0 1 B A L ) B R, T R ER B 1 3 R M T
S, AIREAFAE — B R E KK Z . K6 BRI
BE K R LA i V5 o AE AR A R T2, DUBL R Oy 55 34 R
7N

5 R AEMATTMNA D EAE

JIT AT AR i X R 58 R Y TR A ke e R
B 3 A 15 Bl R nChy~nCs, B4R 5L 3T B 1F 25 43 A
(I 13a, 13b) . AFEEL T B, R P] B A “UCM
BRI R 28 D7 5 A 0 R AR T R
AR, IE 9 BEE A nCyy /nCy HAE A T 0.73~0.92,
BIE A 0.82, £ 2 BEJFIH Y nCyy /nCy HLIE A T 0.77~
0.82, ¥J{H 2 0.80, iz W H: J5 4 B Joi > | I 55 /K 4 4R
Yy F i U v S AR TR A DTRR . AE 9 BRI Y Pr/Ph
fHAF 0.79~0.91, ¥J{H 0.85; £ 2 Bt J5 il #9 Pr/Ph {f

T 0.76~0.78, HIME 0.77, 4§ 7% W6 28 5L ¥ 2 i T
W’u CFE TR (R 3) .

JE I RS S B Crone = FRE BE 2 51 (1] 13c.
13d), Z 5B 5 DL Cyy = BRI B ol 0, 5 “55 bt
R 53 s 75 B ROV LL Cyo 75 8 i B XA # . 4iE 9 B
JCIH B A 2 i g 38 £ (Ga/CyH) A F 0.13~0.20, ¥
B4 0.15; K 2 BEJF I A9 Ga/CyH fH A T 0.13~0.14,
BIE R 014, IR S50k W JE 0B BT IR K A8,
IF C 3 A BB AL B B o B S e 2 VT B A A
([ 13e. 13f), 4E 9 BRI Y Cpr/CoR HLAEAT F 0.93~
1.13, #{EH 1.03; K 2 BEEIH Cor/CooR HAA AT 0.98~
1.14, ¥{E R 1.08(F 3), S WA 5 A B o LK &5
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B e 1k & W) b IARRUE PR BIRAY aoo 4 R0 AT R 4
T2 S A3 P JBE T v 1) SRR AE (1 o F YA S A4

AU Ak, ( Seifert and Moldowan, 1986; 25 % #§ 45, 2002) .
I, Cye 85 %2 1Y PP/(BP+ac) 5 20S/(20S+20R) {H 2 4
R BB FR AR, X R B - B B B R AR R
& X (Seifert and Moldowan, 1986) . #E 9 BZJE I Y Cyo-
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Fig. 12 Characteristic biomarker parameter combinations of
hydrocarbon source rocks in the study area and the Zhangjiatan Shale
(a) Chang 6 Member source rocks; (b) Chang 7 Member source
rocks; (c) Zhangjiatan Shale

The ordinate values in the figure represent the ratios of various

biomarker parameters
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Fig. 13 Distributions of n-alkanes, isoprenoids, terpanes, and steranes from crude oils in the study area

Note: Pr:pristane; Ph:phytane; TIC:total ion chromatogram; m/z = 191: characteristic ion of terpanes; m/z = 217: characteristic ion of steranes;
C27/C29R: relative abundance ratio of C27 to C29 regular steranes; Ga/C30H: gammacerane index
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Table 3  Selected molecular parameters from crude oil in the study area

4 R S0 FE T A B C D E F G H I J K
613 1118m  fE9E Jh 0.87  0.15 0.31 0.31 0.86 1.07 029 051 0.51 0.48  0.64
FK26-141F 101lm  JE9E Jh 0.73 0.13 049 049 091 0.93 029 051 052  0.66  0.68
4s5-113 1000m  ZE9EL Jh 085 021 036 041 079 096 032 051 051 046 041
K21-113 1032m  HE9EL Jh 074 013 044 044 085 113 028 053 050 052 038
Mina1-15194 1026 m  HE9EL Jh 092 013 036 039 085 1.06 028 050 053 037 053
K921 1278 m  K2E Jtih 082  0.13 0.33 0.38 078 098  0.23 0.53 050 042 0.9
K11-209 1284m  K2B JEh 077  0.14 033 040  0.76 1.14 024 053 0.50 038  0.62

F: AinCy /nCyy's BHGa/CsoH; CHPr/nC 53 DPH/nC g3 EXPr/Phy F R Cyy/CooR; GR Coy BHE S ot/ (FHE 5 e+ 55 58 ) s HA Cop-afB/(aicartapB); T Cro-20S/
(20S+20R); I°HC3,M/CyoH; K} C4D/C5H
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