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Abstract: Using data from core observations, geochemical analysis, logging, crude oil physical properties, and well
tests, we investigate the geochemical characteristics and spatial distribution of hydrocarbon source rocks in the 8th
and 9th oil groups of the Yanchang Formation (also referred to as the Chang 8 and Chang 9 oil groups, respectively)
in northern Shaanxi, Ordos Basin. The implications of tight oil accumulation within the lower hydrocarbon play of the

Yanchang Formation in the study area are explored, and shale oil resources in the area are calculated. The results
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indicate that the silty mudstones, mudstones, and shales of the Chang 8 and Chang 9 oil groups contain total organic
carbon (TOC) content ranging from 1. 0% to 16. 0% (average: 4. 8%) , suggesting that they represent source rocks
with organic matter abundance of good to excellent level. The kerogen of the source rocks exhibits type index (T1)

values from —25.9%o to —29. 8%o (average: —27. 8%o) ,

indicating a predominance of type Il | kerogen. The source rocks show peak hydrocarbon pyrolysis temperature (T, )

max

ranging from 444 C to 470 °C (average: 456 ‘C) and R, values from 0. 72% to 1. 56% (average: 1. 16%), indicating

that the organic matter is primarily in the mature to highly mature stage. Effective source rocks with TOC content >

values ranging from 47 to 92 (average: 70) and §'"C

kerogen

1. 0% and R, values > 0. 70% are identified across all oil sub-groups of the Chang 8 and Chang 9 oil groups. Among
them, the Lijiapan shale of the Chang 9 oil group represents the most favorable source rocks, followed by shales of the
2nd and 1st oil sub-groups of the Chang 8 oil group (also referred to as the Chang 8> and Chang 8' oil sub-groups,
respectively) , as well as the Chang 9 oil group. The Lijiapan shale of the Chang 9 oil group thickens progressively
from Dingbian to Ganquan, with thicknesses ranging from 4.0 m to 17.0 m (average: 7.5 m). Its primary
depocenters are located in Ganquan and southern Ansai, where zones with shale thicknesses exceeding 10. 0 m cover
an area of approximately 3 574 km?. In the Ganquan area, the Lijiapan shale of the Chang 9 oil group shows a
thickness of up to a maximum of more than 35.0 m. The source rocks of the Chang 8 oil group are extensively
developed in the Zhidan, Ganquan, and Fuxian areas, with those of the Chang 8' and Chang 8 oil sub-groups showing
maximum single-layer continuous thicknesses exceeding 10. 0 m and 30. 0 m, respectively. Vertically, four types of
source rock assemblages are identified within the lower hydrocarbon play of the Yanchang Formation : the Zhangjiatan
shale (type A), the Zhangjiatan shale + the Lijiapan shale (type B), the Zhangjiatan shale + source rocks at the base
of the Chang 85 oil sub-group + the Lijiapan shale (type C), and the Zhangjiatan shale + source rocks in the middle
Chang 8 oil group + the Lijiapan shale (type D). Since source rocks act as both oil source rocks and cap rocks, the tight
oil reservoirs of the Chang 8 oil group with source rock assemblages of types B, C, and D manifest favorable oil sources
and strong sealing performance, which contribute to high tested oil production rates. Effective source rocks are further
subdivided based on the oil saturation index (OSI) values, free hydrocarbon content (S,), chloroform bitumen “A”
content, saturated hydrocarbon content, and aromatic hydrocarbon content of source rocks, as well as experience in the
exploration and exploitation of the Gulong shale oil in the Daqing oilfield and international analogues. Specifically,
effective source rocks with OSI values of greater than 100 mg/g, 70 ~ 100 mg/g, and less than 70 mg/g are categorized
as resources with readily movable (class 1 ), potentially movable (class I ), and hardly movable (class Il ) shale
oil, respectively. Silty mudstones are found bearing class 1 shale oil due to their high hydrocarbon generation
capacity and better reservoir spaces than mudstones and shales. The classes 1 , Il , and Il shale oil resources in the
study area are calculated at 0. 38 X 10° t, 0. 75 x 10’ t, and 2. 95 X 10° t, respectively.

Key words: geochemical characteristics, source rock, tight oil, shale oil, 8th oil group of the Yanchang Formation

(Chang 8 oil group ), Chang 9 oil group, northern Shaanxi, Ordos Basin

SI RS WA, FURR 200, 45 SRR 2 A B b X AE R 4K 8 54 9 Wil 2 AR I 43 A 5 IR 2E R AR B DA I IR e [T ] A
FARE IR, 2025,46(5) : 1410-1429. DOT: 10. 11743/0gg20250503.

CAO Lei, YAN Xinzhi, LI Hui, et al. Geochemical characteristics, distribution, and shale oil resource potential of source rocks in the 8th and 9th
oil groups of the Yanchang Formation, northern Shaanxi, Ordos Basin[J]. Oil & Gas Geology, 2025, 46 (5) : 1410-1429. DOI: 10. 11743/
0gg20250503.

SRV s s AR S TR R e TUA T o K T R LR S SUE AT LB E

il 42 3 B R 22 3 A M v — B = B A S A OB Y]
211 T PIRPEE TR JE T 2 BRI, 0Bl
IR (1) 9 il JZ LA Z M 5 AR 7 il = 4 5K S

BA WU &8 (TOC)FHME R 13. 80%, A ML
TR -1, 8, B8 AR I 57 R (R) AT 0.70% ~
1.20%, JEEJE EZ AT 10 ~ 30 m, 43 A 1 fLik 6. 5 x



1412 £S5 KRR R

546 5

10* km? 2, JE SRR 22 37 77 1l HE K 21 3508 1 R 0 2 v
FERMIR A o T SCIE SRS e R P b X P 48 Fil Pt
OIFPERER T KIMZHBERIET S NN K9
WMZHBERMETUE EFE S MEEPFE I, MY
4336 km?, RiTEEAES ~ 18 m, TOC A T 1. 19% ~
8. 64% (F-¥IMA 5. 03%) , A AL A FE R JF e AL R,
AF0.92% ~ 1. 05%, 4bF A= jih i, 2 Jey i b IX K 8
HWZARK 9OMmBHBE MM EERIEA . B LR
2ASPUAVRIF A AL, BT R SR VGRS v e
HPHACT R FEVGERE I T IREN T2 ~ 10 m 9K 8
MEHRE S, HTOCH T 1.68% ~ 11. 43%(FH{E
4.35%) , FHHLEZEM A T -1, %, R AT 0.84% ~
1. 37% A 1. 17%) , 4bF A B B, W i@ U5 4 .
PR TR 724 R E MU, K 8 iHZ A A 92
ZH 2R K T B 43 A0 5 MU ERTE 22 R E AT 5 2 SR BR T2 7)N
JEE

UL AR, it 25 SR /R 22 i 4 M B b s X SE K 41 4]
A AR IR AT R AN [E) 3 X 5 K 8 241 5K 9
TR RN 26 B8 0 DTN W ik s . 3L
H B 8 IR AL R IE T 7 I E 4L R R
L R ORI R Z s H AR YR 82T J2 W2 i
K 8 T Z LRI 9 Wl Z 4Lk IR 7 vk, H IR AR ER K 82
THZ W41 J 3 O 9 T E AR IR A TR & gk
K92 R M 7 AL 9 i Z LR TR AR
A DTERS  BSHARIRAK 8 T2 41— 10 W2 4R 3
Bk AR 9 AIR IR A SRR bR T LXK 8
HZAH—K 1024 5 B2k A K 72480
L K OMZA R A A —E DTk R AR —E AR
o A 9 T2 LRI AT K 9 T2 AL R TR S TR
Bedb s X K 10y Z A EEZ Sk A K owmEH IR
AR

ZECREAFETYCR SR Z I A K 9O R B K T
HZA A N R E—E S —H R —& B i —
PR BH— )11 3 A%, e BBt b X 0 A 9 il 2 AL
FER BRI SR, BT IR R R i X K
SIMZA 5K 924 IR UE A TOkE, SERT AT B LR
T E AT L A B A X R DA 4 PR SR
VAo A0 A IR TR . S8 T 308 i 22 5L R b el
5 RCTR™ , HE U 1) 3 A 4 T SO TR 43 A, HAK 8
HZ4 5K 9 Z AR IR A X et X K2 F e A
ORI Y DR O BIE S, PRI, SRR 22 1 2 BTk b X
K 8IME A 5 9 M Z LR 7 70 A RN A= 2 v 1 FRAE
IRFFAFST

ARSCHEET SR Z W A Pt i X e i Rl R

CHOR AT B A DRI I S RO A R e
SRR AWK 8 IMEA 5 K 9 MR AR IR A o
A AR S 9 T R AR, A OGS S 2R 4 A B
JRCTR A SC, T3 DU I B R, D B AL M DX RE 4T
45 B I A 5T i B RO A A DXOIE e 4 4 1
A

i

1 HFE

3

~

SRR 23 e X A % e i SRR GBS
SRR BLAE I, A2 2. 08 X 10° km* ([ 1a) . %
P Sz ghig v - = & AR db AR B R 7 AR B
f8 (28K 41 2P 1R T8 A, K 8 Il Z 4R K 9 3 2
AR A I T A e Ak i . K 9T E A
i S (O 1 [ o N e s = S Ny = B 12 012
A 1) 32 00 AR 725 Ak i R AE o0 7 9L (8] 1b) L K 9 iR 2
AT T BNl NERRE A, K oHZE4H
TR EAR P A RS R R
P TUH FIEE K 2 o K 8 )2 4L U AT, eIk
X F B R WA T A R B AR s
O RIS R L . Ko
24 A B4y A 9 hZ WAL R 9YhZ WAL ; K
S )Z 4 A T b4y oA K 82 2 4 A 81 2
WEH

&

2 FEAn N

2.1 SCIRHEMR

AR AR XA 8 2L AN 9Tl E 2
PoaFE G 64 15 o Horb K 8l 2 LR U5 A 4 i 28 1
(K 8 MZ AN 8% Z AL , 1< 92 A ke T B
af 36 PF (KM TS AR R IR IR ) , 45 E 14
5PF R 6 B8 H AR 6 PFRNE B 3914 XA
REREAT SATHLBR S BE e R T B A
S5 HEIE IR A 2 23 I I AR A o3y
Br AT AR R S B R AR S YRR
A TE -G T A S5

2.2 IGAE

S LB 5 0 2 A FH CS744 B 2 A, A I
CUURLA A HLBR A I 52 ) (GB/T 19145—2022) 47
SEHG AT RS HTE P ROCK EVAL 6 #Ui A, 44
CHA SRS HTY (GBIT 18602—2012) #EAT528 . T



H5W W &L SRS AP DT R 8 K 9 MR IR oA S ERAL A AR AE S DA BV Y 1413

a b HhJZ e | 17D | SRRy
G (o | mga] o TR o (= |~
A | o S e | B
K1 0~ 240
''''''''' o Wi
K2 [120~150 =1 T
£ === | WA
= =" | =i
- 3 | 90~110 é
g | & | K4+5 | 80~90 —=p -
i
g | Ke |10~130
K7 |100~120 E PRI %2
4
k8 | 75~90 MR
: - |
K9 | 80~110 =M
i
40km|| = s ik | ViR
" K10 TR | Bk
%
30
A o —
> JE<10 10 40 >40 Hivg7i]
K7l 2 4R [ [ [ [ [ ] H e
AL ] ]~ B o == I e |

FIBIAF KTMEH BRMET MiEeon = b WERE  H-th -4 poinill k)
IR AR Rk PRE i W W

K1 SRR Z M A 9 T JZ 4 4R M BUE 3 A1 (a) BSE R ZESAEAR I (b) (8 STk [ 19-20 [ 50

Distribution map of the Lijiapan shale in the Chang 9 oil group (a, modified after reference [20]) and stratigraphic column of the

RIS TCH TRl

Fig. 1

Yanchang Formation (b, modified after reference [ 19]) in the Ordos Basin
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Fig. 2 Evaluation of organic matter abundance in source rocks of different lithologies within the Chang 8 and Chang 9 oil groups, northern

Shaanxi, Ordos Basin
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Fig. 14 Evaluation charts of shale oil mobility in source rocks of the Chang 8 and Chang 9 oil groups, northern Shaanxi, Ordos Basin
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Fig. 15 Bar charts showing the distribution of classes I, II, and III shale oil resources among source rocks of the Chang 8 and Chang 9 oil

groups, northern Shaanxi, Ordos Basin
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