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Abstract: Shales are well-developed in the 8th to 9th oil groups of the Triassic Yanchang Formation (also referred to as
the Chang 8 —9 oil groups) in the Ordos Basin. However, their mineral composition and pore and microfracture
characteristics, as well as the impacts of these factors on shale oil enrichment and mobility, remain insufficiently
understood. In this study, we comprehensively investigate the shale reservoir characteristics and their controlling effects

on shale oil in the Chang 8—9 oil groups using data from a series of analyses and tests, including X-ray diffraction
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(XRD), field emission scanning electron microscopy (FE-SEM ), CO» adsorption, low-temperature N, adsorption, high-
pressure mercury injection (HPMI) , and geochemical analyses. The results indicate that the shales in the two oil groups
exhibit three lithofacies: felsic clayey shales, clayey felsic shales, and clayey-felsic mixed shales. The Chang 8 oil
group is dominated by felsic clayey shales and clayey felsic shales, while all the three lithofacies types are relatively well-
developed in the Chang 9 oil group. A comprehensive assessment of pore and microfracture characteristics, fracability,
and shale oil mobility reveals that clayey felsic shales are the most favorable lithofacies, followed sequentially by clayey-
felsic mixed shales and felsic clayey shales. The shale reservoirs in the two oil groups contain organic pores,
intercrystalline pores, intergranular pores, dissolution pores, and microfractures. There are distinct positive correlations
between total organic carbon (TOC) content and the volumes of micropores and mesopores. Compared to the Chang 7 oil
group, organic pores are less developed in the Chang 8—-9 oil groups. Microfractures are well-developed in both oil
groups, primarily including bedding-parallel fractures induced by abnormally high-pressure from hydrocarbon
generation, followed by pressure dissolution-induced bedding-parallel fractures and shrinkage fractures in organic
matter. Key factors contributing to the development of pores and microfractures in the study area include high TOC
content, high organic matter maturity, and high brittle mineral content. Specifically, high TOC content and high organic
matter maturity promote the development of organic pores and the formation of bedding-parallel fractures induced by
abnormally high-pressure from hydrocarbon generation. In contrast, carbonate cementation inhibits pore development
and fills fractures with cements. A high clay mineral content favors micropore development but adversely affects
mesopore and macropore growth. Primary factors controlling movable oil enrichment include TOC content (< 4%) ,
organic matter maturity (vitrinite reflectance (R,) > 1.2%) , brittle mineral content (> 60%) , and fracture density (>
1.6 X 10*/m). As the assessment criteria for shale oil sweet spots in the study area shown, type I sweet spots should
have oil saturation index (OSI) values of greater than 100 mg/g, possess the highest shale oil mobility and are primarily
distributed in the Fuxian, Ganquan, and eastern Zhidan areas. These areas represent the most favorable shale oil
enrichment regions, holding promising exploration prospects. In contrast, type Il sweet spots are characterized by OSI
values ranging from 70 mg/g to 100 mg/g, and exhibit a moderate mobility, while type Il sweet spots, with OSI values
below 70 mg/g, show the lowest mobility. The type Il shale oil predominates across the study area.

Key words: mobility, pore, fracture, reservoir features, shale oil, Chang 8 oil group, Chang 9 oil group, Ordos Basin
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Fig. 1 Location of the study area in the Ordos Basin (a) and composite stratigraphic column of the Chang 8-9 oil groups in the study area (b)

FE-SEM X 29 M i (LB 23 (8] 28 8 F ) 28 )itk A 7
WL, #E & 28 GATAN 697 RGBS Tl e Aab ¥, 5256
HAE SY/T 5162—2021 #5#E o 53 ffi | CrossBeam—540
A FIB-SEM Xit 4 HURE dh A T = dEFLBREEFIZRAE , 5145 5
HEARIE 10 nm, SEIL 1 FL I RE SE 140 B AL % 3 1
TIE RN = 2 PR S 25 ) EL A

4) S AR BR 5 FL— 200 52 « SR R B S 56 R FHAX
v i ASAP2460 7 L 2% 1 B FLBR 43 AT A3, AR SY/T
6154—2019 pRifExXs 23 AL AR T 43 1o A AL
T2 ASCRI bk w32 38 R AN 16 4N b 4 FL B EE T35 i3
FHATRI , AR GB/T 29172—20 12 bRiEHAT 43 HT o

5) fo He R SE 5 - i ] Autopore 9500 H [ R4,
W Ca A BRI I 2 ) (GB/T 29171—2012)
BRI X R S EA T R R R TR AT, R 408 g i 2k
R ALAR 34 2RIk

6) TOC AL : 5% FH CST744 Bk 70 BT AL, % 53 k¢
i T I8 GB/T 19145—2022 FRAEFEAT 4310 # 1 Rock—

Eval S 3845 TR B e & 2 (S,) TR AR 24 ke & 2
(S,) A ML B — Ak & 1 (S,) Ml o P At s L
(T,.) M EA8E(HD F350

3 4

M i A R 2 A BIL S = B ST 40 b o) (SY/T
5735—1995) , WF5¢ XK 8 F it A HILJGT = 3= BEAE P 7
AR -G R IR A U (B 2b) |, TOC A T 0. 95% ~
14. 60% , F-IME 1 4. 22%; K 9 2 4 RE S A HLT F
LG s E (El 2b) , TOC A F 0. 51% ~ 7. 09%,
SEYAE R 4. 36%.

K 8 il Z LA 9 Z I TUA A AL 2 M 2 2
LI B £ (F2a) . K 8MZA IR A R AT
0.74% ~ 1. 49%, F-Y{H 1 1. 21%; £ 9 i 2 4 12 5 4+
R AT 0.75% ~ 1. 56%, F-YHE N 1. 25% , 45 B )it 35



A 5K AR R R

546 5

1558
1 000 102
a A8l Z4l
200 o Kol 241
800 -
700
10
5 600 )
] 2
= 500 }’N
= 7
400 )
1
300
200
100

510

& 2

A KgiEH
® o KoilZ4H

1 10
TOC/%

SRR 2 L S — T LXK 8- ORI U A MU HT 5 T, S22 B () FI(S,+8,) 5 TOC 22 2318 (b)

Fig. 2 Cross plots of the hydrogen index (HI) vs. T, (a) and S+S, vs. TOC content (b) of organic matter in the Chang 8-9 oil groups,

Wugi-Fuxian area, Ordos Basin
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Fig. 3 Bar charts showing the whole-rock mineral (a) and clay mineral (b) compositions of the shales in the Chang 8-9 oil groups, Wuqi-

Fuxian area, Ordos Basin
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Fig. 6 Geochemistry-lithofacies column of the Chang 9 oil group in well L256, Wuqi-Fuxian area, Ordos Basin
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Table 3 Brittleness indices of varying shale lithofacies in the Chang 8-9 oil groups, Wuqi—Fuxian area, Ordos Basin
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= f‘ jae) j: AE/% 1 //\
A A i YN T F T O i FE A
KO Lo 48.6 38.9 45.2 52.7 8
K 8 )22
KesEAl i+ KT 65.8 62.7 64.5 34.1 3
KBETREE + 0T 65.3 46.5 57.0 53.9 8
KomE4A LR BT 85.0 65.2 75.1 40. 8 6
Fit+ KRG I 77.1 62.4 69.2 44.7 7




1562 £S5 KRR R

546 5

3.2 TIEMEFLIRABFE

3.2.1 FLmEA

FLBUEAS R RUFNE w2 PP U8 50U = P 1
O SCHREA Z22  Ko B MR A AL AL 8 A AL
Bl o A HUSUAL 4 IRAa HLBAL BB AT
PLBEAL A 4 B A HLBE AL o Loucks ™ #R i Barnett 5t
A LB LSS 73 B i oL AT L
PRALRIREE 3R . Horp B Wy L Bl L ST it — 20
53 FRE AL AL AL

WF5E XA 81 9 712 20 A HIL I L 32 240 47 13 4
AP A B R AL L AT A A LB AL 3 Fh
KA O ARAILALL LT TK8MZEA, &M

2 AHLEIL oC

DU 3 5 B - 00 o L FLEE A T 100 ~ 500 nm, JE
RZ R RIAE , 55284 A & (- Ta—c) ;
QUL AA WLURFLAFE T A oUsh, &
B TR OMZ4L, A MU KIS L0 s oh &,
LA F 40 ~ 200 nm, # &K B T H AR B % b
(F 7g,h) s @R A PG FLIE K F AL 5579
Z 18], FE K 8 2 4L A 9 Il 2 20 K 7 FEE ARG , LA
A F 40 ~ 100 nm, £ & B FEK TR+ oA g+ -
KRG T (K 7b,d) .

WFSE XA 8—K 93 2 41 TC AL AL 3= 540 45 1)
FL KEIA]FL 3 L AN 2R 4 AT . (D S AR R ] AL
AEEE, FELTEKS-KoOMZEAR + R KIETUA
H, FLARA 72500 ~ 5000 nm, 2K F T MK A 4%
SR EORETIE E RS =it st /) el [ W | VAN < B A %

A

i

%

BHUFEFL

E7 SPRZHa R — B X 81 9yl 2 21 Ui 0L M AR FL B A0 1) 5 ot -3 2 S R i s B IR A
Fig. 7 Argon ion milling-FE-SEM images of typical pore types in shales in the Chang 8-9 oil groups, Wugqi-Fuxian area, Ordos Basin
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Fig. 8 SEM images of pores in shales in the Wuqi-Fuxian area, Ordos Basin derived from the processing and analysis using the Image] software
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Fig. 9 Pie charts showing the thin-section porosity proportions of varying shale lithofacies in the Chang 8-9 oil groups, Wuqi-Fuxian area,
Ordos Basin
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Table 4 Pore structure parameters of shales in the Chang 8-9 oil groups, Wugqi—Fuxian area, Ordos Basin, characterized using

focused ion beam-scanning electron microscopy (FIB-SEM )

FE S JEL LB LB % MFL=/% BT FLE /% Fic (37 5k
HHUTAL 0. 100 80.70
B-9 Koz THLITAL 0. 020 18.70 0.12 0.04
RO TIEIEN 0. 001 0. 60
HHUTAL 0. 400 36. 80
6-13 KomZA THLIBTAL 0. 700 62. 50 111 0.13
WY E] 1L 0.010 0.70
B HLFTAL 0. 200 58.10
6-3 K82 H TeHLBTAL 0. 100 41.80 0.31 0.03
BEEAT AL — 0.08
HHLBTAL 0. 400 98.90
2-11 KR TeHLBTAL 0. 080 1.10 0.48 0.16
BERRAT A L — 0.02

T 3R —" R TR
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e 620 201.08 f 620 201.08 g 620 201.08 h 620 201.08
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PR 2 F M SR — i EL X 81K 9 Tl R 2 4 BRI U AR Al FLER S UL IY K AL 12 3 P BRARAS R

Fig. 10 Pore type models and pore-connectivity ball-and-stick models of four samples from the Chang 8-9 oil groups, Wugqi-Fuxian area,
Ordos Basin
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Fig. 12 Bar charts showing the pore volumes and specific surface areas of varying shale lithofacies in the Chang 8-9 oil groups, Wuqi-

Fuxian area, Ordos Basin
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Table 5 HPMI-derived parameters of shale samples from the Chang 8-9 oil groups, Wuqi-Fuxian area, Ordos Basin

FE ) N N BIER,  HEKIET) PMERT) BOORM moRKALME hEALME SFIHLIE ROk ik
14 =30 HR/m  FLBEE % ., i § . N .
%5 107 wm?) MPa MPa Y%  2BEpam 2ERE/am PR /um OR%
7-4 R K8uhE4l 2145 0.5 0.003 0 13.8 13.8 86. 7 0.05 0. 007 0.011 71.5 12k
B-8 EHHE  KouEA 1482 1.0 0.000 3 13.8 13.8 90.9 0.05 0. 007 0.011 80. 6 1%
B-10 ®H&  KouEH 1484 1.3 0.0102 8.3 114.6 89.9 0.09 0. 006 0.013 81.6 12
5-1 EPE O KowhzEdl 2011 2.2 0.001 2 23.5 — 44.0 0.05 — 0. 100 79.4 I
5-3  EHMF O KowE4l 1801 2.3 0.001 1 20. 6 — 45.0 0. 04 — 0. 009 51.0  II2%
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Fig. 13 Capillary pressure curves of five shale samples from the Chang 8-9 oil groups, Wuqi-Fuxian area, Ordos Basin
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Table 6 HPMI-derived pore volumes and specific surface areas of shale samples from the Chang 8-9 oil groups, Wuqi-Fuxian

area, Ordos Basin

. FLARFEY (mL/g) FLER LR T A (mg)
iE RS2 N r., N
AL AL AL AL AL AL
B-8 0.003 2 0.000 6 0.003 8 0.3800 0.0300 0.4500
B-10 0.007 7 0.001 3 0.009 0 0.3850 0.068 0 0.4530
7-4 0.001 4 0.000 3 0.001 7 0.3820 0.070 0 0.4520
5-1 0.003 2 0.000 8 0.004 0 0.7200 0.090 0 0.8100
5-3 0.003 8 0.000 8 0.004 5 0.498 0 0.0220 0.5200
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Fig. 14 Pore volume change rate (dV/dlogD) vs. pore size curves of various shale lithofacies in the Chang 8-9 oil groups, Wuqi-Fuxian

area, Ordos Basin (derived from gas adsorption)
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Fig. 15 Pore volume vs. pore size curves of shales in the Chang 8-9 oil groups, Wuqi-Fuxian area, Ordos Basin (derived from HPMI and
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Table 7 Microfracture parameters of shales in the Chang 8-9 oil groups, Wugqi-Fuxian area, Ordos Basin

JEE BT /(S5/m) SEHEER/pum 48 FE/pum FESEUA
K8z 14 808 239 0. 88 14
KohZdH 11889 238 0. 60 15
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Fig. 22 Carbonate mineral content vs. pore structure cross plots of shales in the Chang 8-9 oil groups, Wugqi-Fuxian area, Ordos Basin
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Fig. 23 Cross plots showing the relationships of pyrite content with pore structure and TOC content for shales in the Chang 8-9 oil groups,
Wugi-Fuxian area, Ordos Basin
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Table 8 Classification assessment of shale oil sweet spots in the Chang 8-9 oil groups, Wugqi-Fuxian area, Ordos Basin
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