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Abstract: The Shahejie Formation shale in Dongying sag is one of the key formations in shale oil exploration and development.
However, its complex mineral composition and diverse laminae types result in strong heterogeneity in the distribution of favorable
shale oil zones, posing significant challenges for prediction and leading to highly variable development outcomes. In this study it
focuses on the organic-rich lacustrine shale of the lower third member of the Shahejie Formation (Sha-3 lower member) as a case
study. By employing techniques such as core observation, thin section analysis, mineral composition testing, stepwise pyrolysis,
low-temperature nitrogen adsorption, and field emission scanning electron microscopy (FE-SEM), the study characterizes

variations in reservoir quality and oil-bearing potential among different shale types. The analysis clarifies the pore size distribution
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for shale oil occurrence and identifies the lower pore size limit for movable oil, while exploring factors influencing shale oil content.

The Shahejie Formation shale features diverse pore types, including laminar fractures and various intergranular pores. Under

ambient temperature and pressure, residual shale oil is mainly stored in the pores of 15—100 nm in the nanoscale range, with a

lower pore size limit of approximately 3 nm for free oil occurrence. Organic matter abundance (TOC) provides the material

foundation for shale oil generation and enrichment, while sufficiently large reservoir spaces ensure the retention of significant

hydrocarbon quantities. Among the studied shale lithofacies, organic-rich laminated calcareous shale and laminated mixed shale

with high TOC content and high porosity demonstrate superior oil-bearing potential and higher free oil content, making them the

most favorable lithofacies in the study area. These findings offer critical insights for advancing the understanding of lacustrine shale

oil enrichment mechanisms and optimizing development strategies.

Key words: shale oil; reservoir quality; oil-bearing potential; movable oil threshold; Jiyang depression; petroleum geology.

0 5%

ARk B A E TR AR A TR R R H 2R
A FAR AR RR R AT B R AT M Y AT
% (4F A fE 4%, 2023; Hao and Liu, 2024). 76 \ £ 37
PLBEUE P, DU I IR B R A i A 2 e
AH G 5 22 B, 42 R U0 A 0 B R BT OR BUR B R A
2 51242, J2 A 3k i ACHE R R ZR e S T e Y i
ZH L ER 4y (BB IB TF45 20235 Xu et al.,2024a) . Ji H &
136 B DUE A TS R SUR I RO R IR T
B E A, A T AR AR R A S5 A L Mo &
BRBE VRS J5) Y V8 & R AT S g T

AT 35 H Tz & H WA O R E A
e PR oA e B A A (Wang et al., 20225 51
AR A, 2024 ) 31 - T AR Bl ALK A T AR Ak fil
A DU A A S5 A A A 2 AL R
KB i A E ik R h T IR A AL AE (Gou et al.,
2023 ;4 Z 155, 2023 Mk 45, 2023) . Bl AR DU 66 2
AR R B R AR 4 i LA TR O A A
A, TR s 5 s AR 2 R K (B 5, 2024).
DRI, 480 7 i A 0 i )2 P A T AR B R A
fiF B 52w PR 28 2 K5 400 Ak 15 X Bk 16 J2 1 DG B L T
I, AR SC LB BH 38 B 0T 2 T KR ), 1k BROAR B T
B vb = Be Bl 4 & A ML A S ST A 4Ll R
5 1) 1l T R BR Ak 27 53 BT, A B T O 25 R R
P BT DU T A R A B R R LU
S il AH BT T R R0 4R I R B AL R A
WA .

1 Xl o 7 5

AR UL 2 T T VS 2 M T P 34 B AR R R —
AU G T BT S r TR A R AT B i R A

L, HARVIER LY 90 km, 75 b 9829 65 km , ST L2y
5 850 km*( &l 1a). B} 5% X ) 3 il £k 32 2 AT DL 43 o
A B 2 65.0~24.6 Ma I 1] 14 24 54 1, 12 1) 10 Dy 54
T Bl o, 2 b B B Ve TR, B — W R L S —
] 8 7 Bk 22 KA Wi 34 7% b (Feng ez al., 2013) 5
24.6 Ma Z 4 1 I, 322 5 S R0EZ 30 5 =
Ee3 A IN TR R G IR L = S s | s [ e i s |
TR VR I R a5 () B RS, 20205 Shi ez al.,2020).

T R I, AR M RE A A A I DT RRAR
F b2 2 B K R FLE AL U N AR
S N SRR T G T B FINEN R (DO 3 RN o R
VOB V> =B U T BERY— B (& 1b) . Vb Y W B
YD =F B BIE T ROK — 2R UK IR 5 A
ARS8 BT K R e R BT e D (A ) K D
FA R, A WL (TOC) A T 1% ~12% , i 4 e
TR —BAES00 m P b, B K R EEMN—E
A (ZE B4, 2023; Wang et al.,2025).

2 MEaS LR ITE

AU T8 N ZR 8 MG V0 = F 0 Be SE BURE 62
(3O, PR & WLIE 1), RGP T XRD 4
Ao B TOC TR 5O FHE R UL | 5 25 #44 i 5
¥ 7EBLEAN RIS TOC & & 0 W A M S A
SR DU AR 43, I MR A A Y S R
HE— 25 TF J Y i w5 TR N, W B L B RE I L
Gt LB (FE-SEM) WL . A HLAR TOC Fil X
AT 58 S0 59 R AR AR /N T 100 H 898 AR A R,
1 TOC W Leco CS230 YA & 45 , 4 4 177 5 I e
it 50 D/max-2600 9 A 25 43 B, 7 4 I 3K o R
K % AR e B AR 0T 2 0L Gou et al. (2019) F1 Shi
et al.(2020). LB BE Fh & e He SR U6 5 | B 2R 34



% 6 B A Y = T B GO A b B R AT 2901

0 150 km
|

J5 B (m)

100~400

100~600

150~500

100~550

200~450

S (/7] - Il =

g AnE BE OBE ORH

300~1 000

i
ok

LT it 4 b A 7 TV DX sl o 5 R 5 HDR I
Fig.1 Location map and comprehensive stratigraphic column of the Dongying sag in the Bohai Bay basin
i Feng ez al.(2013) 1514

K1 em 37 )5 4, # ] Washburn J7 #2445 A 8 JE 1 T
{18 1 R 2 5 Ak kg FLAR BRI AL B A /IS 1 5 T
FLBRRE (Gou et al.,2023).

a3 5 AR S5 50 R I RE L O 100~200 H 19 #
A BE AL AE ] Rock-Eval 6 #4f# 43 A A . It st
T B A 88 THE 2 200 “CHF1E IR 1 min, #6077 Hy
Sy CFR U B A W AR B M Ak & 1, BRIV AR J5 U 5 9l )
B IS, LA RS DL 25 °C/min B9 T I R 4 B THIR =
350 °C 450 ‘CH 600 °C, I 75 R} N7 i AR 1 min, 3k
WM A 5y S80S, (MR 55 (3 43, B v ot
W B ) S, (e R A b A i A 5 900 R T
AW, BRI BRI S D) RS, (T R S A o ).
TEARWBEFE R, S, 5 S, 2 FIAC T U7 25 i i
(¥ )8 70 55,2016; FR%,2019).

G N 2 B 52 56 2 7 77.35 K 4514 F X RE R
o4 60~80 H B AR 5 4R TF R AXEE Sk 35 [ 27 5
N AV TR ASAP2460 4 F sl S AR I B AR IR N,
W BAF S 56 58 W, B RE A A ke S
PR A B LG S 30 1 AR B A AL ) OF R BRI S
PRI B 2 1R R SE B 25 SRS X R AT
HET A0 I PR U AT AR IR N I B 52 56

FE-SEM | F & 43 ¥ % ZEISS-MERLIN 14 3%
S B T OB AR Uk R T R S AR A
R HEAT A P 2 53 A0 AL BT S5 0L . S 56 i T 2
TUAERER B M 1T em X 1 em X 1 em B9 37 7 & /NRE

JEHEAT WU B | P B B8 T OB 38 X A R
T E AT A A0 AL BE . R T SR &S B b HR e

AR 52 ) 00 D 25 L R 2R T2 1 0.5~1.0 kPa 2
1 o 25 I S8 JRE B 249 0 1.5 nm I

i

sl

3 iR 5iHe

3 MEEHLIRYMER

BAZREMBEFLH F2HM NI 62 ekt
X I SR AT 5 o0 A 45 B R, U e i A DU ) AR
TRk R R B i 3 M R 53.7 % (/1 2) , H o
T A0 i WA X B e, M A A R
11.3%~74.7% ¥ R 44.8% s A=A S0 %~
60.1% , XM 2y 8.9 0. H WK S &5 -89y, 434 X 8] Ny
6.1%~48.4% 14 Jg 24.2% . W AME AL G — E =Y
AYERE AT Y, 55 T 5.1%~30.3% F 0%~
18.7% Z 18], ¥IME 4351 2 15.6 20 A1 4.4 %.

Z NG T Rl 0 43 207 58 AR IR 5T SR
FHA BT 3= B — DORR A 38 — 5 A 4143 X8 T BRURE
HEAT S AR 20 (X B R 4, 2020 Wang ez al., 2025).
BAR A A HURERELL TOC=2% J 5L BR, %143 &
A LT UL A A HILT UL A R 2 A R R )
WA S22 R H R RN T 1 mm & SCHEUR MR, 2
JERF 1 mm 19 R, M2 AR K& N
PR s AR A A 0 W 4Lk, 3 & 2 s 19 0 4312, Rl
oy R BT SO KO DU B B T DU AR A R



2202 HERBL2E  http://www.earth-science.net

5550 %

(%)

BRI (%) 25 50 75 KT (%)
K2 AREMED =T VR TUET Y H e
Fig.2 Mineral composition of the lower submember of

Sha-3 in the Dongying sag
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Pore volume distribution characteristics characterized by N, adsorption before and after oil washing in typical shale sam-
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Fig.9 The controlling effect of mineral components on shale oil content
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