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Oy AT SRR IERT TUE B SEMERE A 5 M, XWITUAMIFREXEE (RIEFE, 2016;
Suetal, 2023; WS, 2024; TR, 2024; EHKS, 2024) o ZURAMEER W,
FrRRIBa Y = F—W I ETCAESUZ T3 K E, ANESUZ LRI BRI AR R, BAZ
FERISUZ R R A B T SUR SRR R (BRIEENEE, 2016) o SUZRARTUE SR A T
FREIGEE R (RS, 2024) , ARISUZHET WA SRS SRR 552 5 Wi 7-1E
SUZ TV, SZAHSRGUZ 71 0 22 e I S THT AR IS S TR0 I FE 602 T R 5 1 BB FR N BL
JE4E (FH%, 2018; A NI, 2019; RXBEIESE, 2023; MifRA%, 2025; REFES, 2025).
BUZRSEIAFAER i 2 IS TR A R, AR T AmisB e & (EH5%, 2017;
Liueral., 2019; 1R%CF, 2023) .

DA BTN UG FLBR SR 82 1281 L 73 Afi S R E 4 — %€ WA IR (Lai e al., 2022; Zhang
etal., 2024) , {HRATHIHE 7T 2 A4 FLBRRISUZ 48> BIHHATRE 7T, SEbr RAZ DURIRER . A ARZRAL,
FE AR R RIE DR RV S LR G, —H 7E AN M FEEX R (Chen et al.,
2025) o REEAMPLURS G, A LU S BARONRN 2 5 5 i FLBR IS0 Z 4% 11
KA A REE. HAERHE; ERSENTUE T, SZ4RMMERNEERIE, £18
Bl i h o RAERA—E A TAER , (RUEE B3R h LRI =4, TR T 5 802 4 AHE
FLBRIR LS ;5] S0 S AR R FLRR o> FE AN b, JETTT 5 S 8UZ 4414 K & I J& (Chen
etal., 2025) o SUZEERALREAH EER, IEIFRIE RN SR, MWL —8Uz4%
RG A ST BRI =T —3b 00 B & A HLURSUZ R ICE A A LR SURIR e 5 o g
EARAB, INSUZ X SUBRI SR 43T 8 BRI, R FLBR—SUZ 48 R Gl o Ai B X
REREEHEE, XHAFT THRARTUS MR . SRR, X TUE B
% B 2 G ER A S e i

1 MRS 5

GrBHMIE L T B S W AR R, R A R st — (B 1a) , AAH
L) 2.65 X 10*km?. PG R A RR—FH TR, AL IETRE, Mg
PR, WEBRE ARE MG B ERMIFE bR . 28R PO AR (Wang et al., 2018;
Ma et al., 2023; Xiongetal., 2024) , RI N “ZMZ M., M NAHE]” PEER R (B 1b).

GBI IRT A E TR T RE, IKIKRBEHIER. FERMENR (B 1o . Hh,
L R HM R A o) 2, W BRI IR W= W B — B fE
W="T—1M BV (Ess*-Ese®) B, IR A K 9K, SURIRIE, KAAREAKIER,
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Regional map and comprehensive stratigraphic ‘eolumn of the Jiyang Depression (modified from Ma ef al.,

2023; Xiong et al., 2024)
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Table 1 Data for two typical lithofacies samples from the Jiyang Depression
FE i RS 1% TOC Si+Ss Tnax
HAA
£ A EKA Fid A=f JifkA ERs| HAtw (%) (mg/g) (°C)
L-1 9.86 0.17 11.29 3.46 48.31 19.77 2.79 BANBRLUZRIKE 1.68 7.33 450
L-2 4.66 0.12 5.09 5.62 69.86 7.97 2.29 BANBRLUZRIKE 2.66 23 445
FY-1 9.51 1.44 22.01 7.66 7.97 42.57 3.82 EHITRLUZIRTEE 248 21.63 443




22 KEHEE

AU TR CS-744 BRER /S HTAX5E . FREX 150 mg WFEE 45 200 H AU A FE L E T
gt DEZUHNIKEE S% MM SRR, PLAs ZBRTIHER, =4 )s,
FAZE KL 10~15 WE BT 60 CHAE 12 h, &5 MANBAE J5 5 B /EH IR L |, IF
AR o

AR T Rock-Eval 7 6 A1 VB SE . FREX 40 mg WS 28 200 H HH ACH: i
BT, BN BRI, LA 25 °C/min FIFHEE R N E 300 °C, £ 5 min
Mg s GEEEEE) , TR 1600 °CITT S, CGRIBIEEE) , Sy X i B B
A Trax (R EFAMRIETRD .

X T I EORE b AT O 2 A B L AN R B AR FE BTS2 AR K RUBE X 5
(M FLEER B RHE XTI . SEER BT M B 0488 (SEMD , e /0 R ATk
0.9 nm CERRAFRE) , BRABOREZEN 40 Fifh.

it SEM-EDS-AMICS Z3 Hr B RECH, X it i) S0 AY I 0T 38439, AMICS BEf
HRIEH S [ 2K 2 1 e MR 1 3R A R RS A , 6 R AE B 1015 (B 5 A S5 v (™ )
G RUEAT BT, AT RS T gy, % T ok B3R R i B, 78 0 Ab 2 AT
I EE ST H T AR, SRR ER B D (R AT LU XS LS, DA E R

FIFH AMICS 13211 B A G, S HAMT VRS TEERREEE, AL
R A RHEBEAT 23 0T . SRER BT AMICS, #3373 §F 2T ik 20 nm, FCA&E I 2 000 Fibs
HER DA R P800 B NI JE KT . 07 w3 B W B sh i, Dok,
AERf LI 52 R S I BB, R RFE B IIRATRRAE . DRI AT IR, BT
EAERREGR . A TG 9 FLBR 4 S B (1 AL B2 70 SELLE FLBE A 350 m 13 40 A LR
WiEE. ASCE LRI E P EA MRS (EAR) RZE A E M S5 % 58 M.

3 4R

BANRSUZREKEMEAIRSZRIEEELZAE EAAEER (K 2) , KRS
[t AFAE A
3.1 ERNRYERRE: FRAYESHLIYE

BAVRSUZIRK S FE BT A sUZ N E GIURE LSUZ A (K 2a) , LI
R EFONFIESL, AR EMALE, REAMEHIAREERD (B3 . SUZEMEN
WMERER T, SILEILFEE R R S a1 .
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(2) BAENRSUZRKE, R B a sz MEBIRR LLSUZ AR, Le9 Hf, 3047.02m; (b)) EAMNRSZRIES, H
AHURSUEAR LSRR, FY1HF, 3209.42m
Fig.2 Characteristics of lamina assemblages of organic-rich rocks
(a) laminated sparry limestone composed of sparry calcite and clay laminae, Well L69, 3 047.02 m; (b) laminated mudstone composed of

organic and clay laminae, Well FY1, 3 209.42 m
e
e
H
g%ﬁ §ICIE
o

-l 7/N Y AN
N :

K3 BrERRE AU SUZIRACE EEALEERM (L69 F, 3 047.02 m)
(a) HfRF AL (b) FiAREMIL: (o) AEGEREAL: (D KAEEMAL: (o FLydamEdl: O ZHIBRRMmIE
FIEREI T A g (o) i 8Uz 58 HLRL LU T8 s i o0z 48
Fig.3 Main pore-fracture types of organic-rich laminated limestone in Jiyang Depression
(a) calcite intercrystalline pores; (b) calcite dissolution pores; (c) quartz intercrystalline pores; (d) feldspar dissolution pores; (e) clay
mineral intercrystalline pores; (f) calcite dissolution fractures due to organic acid erosion; (g) laminar fractures at interface of calcite and

clay laminae



WRYEFLRE—H WIRAF 7 N2 57, #5 5 BMh ) LAk 1) 22 b SR AL B SLER AR M IE A AL
W7 A S A AL ELAE T A b T FL T A Ve L B T A 5 A 0 RORE 2 8] PRI 18] L o
HISEIRZ R T, B ANURSUZ RIS LT e LRV R E R IALEA 32.48% (]
4a) , HOF L PEASL, HEMEALER 17.02% (Bl 4a) . ZafP, UREEAKE
M7 A SUZ S AL, B ATk 8.51% (Kl 5, SUZ S A BB i fLE (K 5).
a] bl
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(a) BANRLUBIRKE: (b)) ®AHIBRLZERIEE
Fig.4 Relationships between minerals and pores in,organic-rich laminae of different lithofacies

(a) organic-ich laminated liméstgne; {6) organic-rich laminated mudstone
3.1 ESh TR ESE

SMARALEEBERE N RA L (B 3a) , LRI, LEMiTEE,
/MU 23 nm, KIS0 i, T7 A TR e, R AL S R] T T A A4
TR T 16~159 nm; R EWAE A E RETTHAEmAL (8 3b) , fLiE—KAT 20
nm~2.32 pm, JERIEMAE (K30 o EEmAmLt, MaaiEks, FkERERE
mlAlFL (B 30) , FLAE—MAT 100 nm~5 pm, KAFMAEZATMBAERZLKE (B 3D,
fAREHAE 100 nm LAN, FLBUEESZ NBEIR. s REARNIER, LEHE ZHTICRE
8, A —E MY . J7 A )L B RT 0SS AR R T R Bk, BBk TR A 2 Uik,
REAHEA IR B b 8] L o £ET7 WA ah A RO B fuk 10 2% ) 07 M A ot (B) 6%, T AE 7 1k
R R MBI R T, 2R B ML BT ERN, EEEs .

BAET, A EALRNKE, HIZGUZE BHALERR 50%L L, &ETIE 58.55%
(B 5) 5 HUONVASEARIMKAEARTL, DRAERMILRE, QU2 HFEAERLI &L
AIHEMK, HEEI5%L L, BEATIA 44.43% (B 5) , MEREAEBMK T HAaSZ
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i, AHOEETLE 10% A4, RN 5.4% (B1S) , HAzf AL b e s vl e F
RAETTREAS, BARAL L 0.97% (B 5) o BT EAFUHA B, BHEE 10%LLF, Lk
W 507 A R AE A E A, SR AR AL S B BN, FmATIA 22.86% (K 5)
3.12 FAMAELLE

BANRE LLZ IR RANE L W& RS, BRRER L W&/ AL, g
VOB, WHEAE 13~259 nm (8], BT E BRI S i, fLRES B2 2R
MREEIR . FAREAR (B 3e) . ZAEPREBRZAE. KASWBEN, 5REE
R R LR AL L. A=A AUES 2 MR B ETE, A28 /DT 2 pm. £
JEHR B ERRR IR, TR R R AL VR RALRR, — AT 53~284 nm, AR
(TR 25 A5 AL ) LA 5L e 1

ZLURT, B REA LA S R T I 63.34%, HUCAK IR MEAL, K
HEALH & EEILE 10% 0L L, ASEAARK S R TIWUE S - BAMKEREH
HoAEEL &S TIMALZE, BafEAEA G RN BERN, mEHT EAEALRD,
BHEANT 3%~10% (E5) .
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FEQUZAETAL, BRTT A AR L0 MIUE W DS R T 04, S A S AN AR Bk
BERKE, FHWAEEEAMERT EEALRFTRE . Mtk 77 i a MV R L YA B
BT R A R, RE RIFNSUESE (B 3) , ZHYEHERERBETTRRK, 5
HABNFE, —SO AR, ERBEKT, RS, MR, Hit
Z (M EEBER . HAMWAYT DR, Wi, A%, WEE. Thygzss5AERE
()% FLBGAR FL BT 27 T, SRR T AL —BUZ 5 R G
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Fig.5 Distribution of associated pores in organic-rich laminated limestone

32 BREINRLERES: #ETLAES5H/IRYE
BANSUZREE EEBR LSV MENRSURAR (B 2b) , EEALBRA
AL dalal AL, HOOUEMILBEAE IS (B 6) o REERTMWBINEHE, SUZHEK
BRI (B6) « EERILRT, URLTWEELRAKE, HRAHAER 37.51% (K
4b) , HANREISEETL, H23.41% (B 4b) , KEEEMEET S BEREKRE .
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El 6 FrIHHIGEANITSUZRIEE hEEALEKT (FYL I, 3209.42m)
u)ﬁiﬁ%%ﬁ%;ﬂ»ﬁﬁﬁ" o) FEGETL; () HERSBEL: (o AFASEL: (D HkT G
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Fig.6 Main pore-fracture types of organic-rich laminated mudstone in Jiyang Depression, well FY'1, 3 209.42 m
(a) clay mineral intercrystalline pores; (b) quartz intergranular pores; (c) quartz intercrystalline pores; (d) calcite intercrystalline pores; (e)
dolomite intercrystalline pores ; (f) pyrite intercrystalline pores ; (g) siderite intercrystalline pores; (h) organic matter shrinkage pores ; (i)
‘banded’ laminar fractures formed at clay/organic laminae interface; (j) ‘bifurcated’ laminar fractures formed at clay/organic laminae

interface

321 fEuk

EGUZHUE LY CRD [E LA PR Loy (B 6a~c) , KAWL,
BRER SR 0 el AL . SOBkA R IRlAL. 2Rk @R AHURIAEfLEE (& 6d~h) A KH .
AT WREALESZ ERR, JFENT 15~398 nm, KAIAIEJUHCK (B 6a) - SUZAK
BAREARE., KASEHERRL, B L0V 5 v K my YA EaR, BT =& e
PEZE R, AT W RURL A B OB 0 W R AR AT TR R H TR AL R & B = ik



dadk, FLBIAGENTIE . WED 24 KER LI MMKITRT W20, FEUREERES
RIS HO=H, R E— DR R E KT, &R EE B REAN TN 20
TEALBE, SLBR A R A MU 73, FLAREUN, — AT 35 nm~1.14 pm (K& 66)
BHRBAAS 2R, 2 ERHMURMEARY, FEEFEEMKEUT (B 6h) .

W 7 R, ZSUZIALRAAN BN, — BT 3.15%~4.28%. FiLi WiEESAEE,
BRZ WL 59.42%, HUCHAIGELEAMKAEES, AREELL#ET 10%, K&
34.77%, MKAEAEIKE MM E D, S5y EEANSERR &, HamlEm
2.64%~18.43%, £ AESUE LS.

322 AMRLE

FHRSZ R Z R, BRI MR B 2. SR ERRKESR
WUALAIZG L )AL (B 6a, h) , HuChAgEmESL (Bl 6c) , ZMIELUZE RN,
BN AN A SA L BB ST S R LR E (B 6e~g) ©

HHURLUZH LR E BN T 5.58%~6.90%, WEETHRIZE (B . HZLZEF,
KEARBRMEORE. Baf. B 25055 Y, HPhUHEARRAKRE, A%
EATLM SR Z FRLLUZE, BEa BRIl 3427% (B 7)) . S5y Mgy
EALBERINAET, HOWIEEIL A ES.11%~10.61%, Y EAFLAT SR HLER
2.98%~11.35%, T A= AIEEL G D, HhigaEdrRZ KT 2% (B .
323 %ER®G

FEGUZAENRSUE N R B RENSUZSE, SN FERHAENUR. ESERE, &
J7 4% 5 ) TRl bR A 286 W e T L/ 4% AH TR, TR <R A0 A M FLBR— U248 R 40 (B
61) , MBUZEEPRIAE AR JEAE SRR, HARCILE M & SEURSEAHIEE, 1AL
WAL, 2“5 R MILB—8UZ% 5% (K6 .
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Fig.7 Distribution of associated pores in organic-rich laminated mudstone

4 i

TUA ik 2L —SUZ 5% R 5t i B AR I FLBR M 2% 5 SUR 480k R GG AR KA.
MR, REA—. AN RMEBRSRAE (FTSCM, 2022; RRHES, 2025) . FLERRILZUZ
S TUA R I E B G Sr, 2 RIF IR M ANS s S . FLR—SUZ 4RGN RE
FIF T MK EE B E®, W e TUE MR IS M AR B L, e SR il <= Ak
(25, 202D .

41 FB—UBERGHNLEEHER

TUA TG R T T AR SINE 1 55 — RAN B R AE 2, HALE RGO & 2
FAFN B ZMERERHRE RS, 2022; HhRESE, 2023) .

4.1.1 FARER

EAZ PRI RE ], ANF S AR s G50 LA M iE 28 0K, T R M AL 4 11 2K
R T7 A (GRS, 2016) o W="F—ib I kA FER BAEZEHRARTKIAE, B
F K ELE 5 T KA R, TEBUZ IR RE CREESE, 2021) o 245 T K&,
IR R B TR VR, B NURSUZIRICE & A HURSUZ R E BA AR EUZ 4
HRER (TS, 2018; #MN K, 2023; Liangeral., 2023) . EIRRMEEZET, 7
e ) DR B AR O A A SR T K R 4 pHLAE, BLAE A2 T SR E T 7 A I DTTE
I RASUR: RAET I SBOKMKBE, GHURREE, ShZEMIEH B0 &
DL, HREANEE 82 (Liangetal., 2023) . BB HURLSUZRKE I BRITEA




SURMF LOZHZ, —F BRDHM, SUZFLI L. R R i A SRR B S a
BRAEMBIER, 7 ASZE SR LEZZ BB ELSIZE (RIS, 2015) , b =3
TR ZE S, SUZSE T AL —AN 15 55T, T 5 T T 8Lz 4% (Xiong et al., 2022).
IR P BRER SRV AN BEAS R I, A LK BT A UTUE IS5, A BRI T, IR
FIAHE K= BT, ANURBAIIN, R E ANURSUZ, 14K IR AR A F) T 5
TLURM GRS (Liang etal., 2023) . BHIRSEREE R ER LLEMAIRLZE, &
BEREECABMN, DRI WEAIRARE (B4 . ZRIFESARE, FLZ2NnHm
AREAYE, KASERIMERRL, BA—gMPuksett, MFLEME §MRERE £ REEN
Y (Macquaker et al., 2014; Wang et al., 2023) , PR EH PSR EHRL KA %
BAEAMKAEESL (B4 .
412 maElEA

AR PR AE VTR A B A3 — B A I 08, bR G 48 R G K B 43 A
FIEZMEH . BEEMIRBIIN, TUA )2 52 2K S Ve F I S60 | 3G R AR FLBR R, etk
¥ (EFMS, 2015; Milliken ef al., 2020; Zhang et al., 2021) . {HEEESZERAEF, K
RO LW W5 KA E R HES, T RS, A F T2 8 FLBR A1 SUZ 42 K T2 A
(Ingram, 1953; Lietal., 2022) o ok, ANEH AR WM BRI 7E — 8 F2 RS b AR 2 FR il 3
JER I S P P R FLBR ARG, T OR B — & W R AEFLBE (Huang e al., 2023) .

BANURSUZRICE I FLBR—BUZ 5% R 48 E B 52 )7 ff A 26 45 R il A PR P B o« %6
ARTE B8 A A R TR A ATOR 7T 2 35 S 0 A (VR A R, — 5T, A ALIR (A7 E P {1
BEJT AT (VA R 5 PR U SN 4 T O BIRL Ty b, AR T lal LR E (B 5
SH— T, TERVBRRAENENERTT, J5 A R AR e T e A LB (Xin et al,
2022; RECE, 2023) , TR KB B ALBERE A S A oA A (B 30, WL
—QURRG RN . EIXEA AL, WILEAEAENRIE RN, 2024,
Raoetal., 2024) , FULEMAML, AIGEEILMSGEBRER (B S . FiarKES &
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from Liu et al., 2019)

(a) distribution pattern of reservoir facies; (b) distribution pattern of pore-laminar fracture system in organic-rich laminated limestone; (c)
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Characteristics and Distribution Patterns of Pore-laminar
Fractures of Shales: Case Study of the Organic-rich
Laminated Shale in the Jiyang Depression
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Abstract: [Objective] Pore-laminar fracture systems are important reservoir spaces and seepage channels for
shale oil, since they control the distribution of the oil. Most previous studies have discussed pores and laminar
fractures separately but, in fact, they are closely related genetically. This study considers the pore-laminar fracture
system as a whole. [Methods] The shale of the Paleogene Es;*~Ess® in the Jiyang Depression was selected as an
example, and a series of experiments was carried out to investigate each of the laminae as a unit. Two typical
lithofacies of organic-rich laminated limestone and organic-rich laminated mudstone were studied by microscope
observation, scanning electron microscope (SEM) and SEM-EDS-AMICS analysis. The development, distribution
mode and influencing factors of the pore-lamellar fracture system are discussed. [Results] It was found that the

organic-rich laminated limestone has mainly developed intercrystalline, intergranular and/or dissolved
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calcite-associated pores, accounting for 32.48% of the total porosity area, followed by 17.02% due to
intercrystalline and intergranular pores in clay minerals. The boundary between the limestone and mudstone
laminae is clear, and both have well-developed laminar fractures. In the sparry calcite laminae, calcite-associated
pores are dominant (up to 56.86%); in the clay laminae, clay-mineral-associated pores dominate (up to 46.69%).
The organic-rich laminated mudstone contains mostly clay-mineral-associated pores, accounting for 37.51% of the
total pore area. In the clay laminae, clay-mineral-associated pores account for up to 60.80% of the total pore area.
In the organic laminae, the percentage of quartz-associated pores is significantly higher than in the clay laminae,
accounting for up to 35.11% of the total pore area. The boundary between these two laminae is relatively vague,
and laminar fractures are also highly developed. [Conclusions] The pore-laminar fracture system of organic-rich
laminated limestone is mainly composed of calcite intercrystalline pores, clay mineral intercrystalline pores and
laminar fractures. The organic-rich laminated mudstone is mainly composed of clay mineral intercrystalline pores,
organic pores and laminar fractures. The development of different pore-laminar fracture systems in the two
lithofacies is controlled by sedimentation and diagenesis. The depositional environment has influenced lithofacies
development. Their composition, structure and tectonic histories vary greatly, affecting the type and distribution of
pores and fractures. Diagenesis has further evolved and modified the sediments, and has also been an important
factor in the development and distribution of the pore-laminar fracture system. In the process of diagenesis, the
organic-rich laminated limestone was mainly affected by calcite recrystallization and dissolution. The organic-rich
laminated mudstone was dominated by clay mineral transformation and thermal evolution of organic matter.
Clarification of the distribution pattern and development control factors of the pore-laminar fracture systems is of
great significance for guiding the exploration and dévelopment of shale oil in the Jiyang Depression.

Keywords: Pore-laminar fractures; lithofacies; continentalshale; formation mechanism; shale oil
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