DI 20264F 444 55
ACTA SEDIMENTOLOGICA SINICA http://www.cjxb.ac.cn

SIFA&  whlpudk, RERIE P, 55 . 2026. TUAFLBR—SUZSE AR o A= ko
(5):1905-1918.
HAN WanLu, XIONG ZhouHai, LIANG Chao, et al. 2026. Characteristics and Distribution Patterns of Pore-Laminar Fractures of Shales: Case

A BH8 B 5 A HLBTSUZ R T A ORI, 44

study of the organic-rich laminated shale in the Jiyang Depression[J]. Acta Sedimentologica Sinica, 44(5): 1905-1918.
DOI:  10.14027/j.issn.1000-0550.2025.021 CSTR: 32268.14/j.cjxb.62-1038.2025.021

ETL BRSNS ER S HERTR
—— LA BRI B = A L 802 R 0 s ok

B, R, AR K, BRI R, B
LPEATH RS (EAR)RBM AR & B E GRS LR E S 266580

2. T EA IR (R ) MR B S EAREBE INARE & 266580

3PHLATINAR S MR 5 TR B V% 710065

4. PRI B A A ] ILARACE . 257000

B ZE [HWILBR—S8U24% R 508 TURNE Z A2 [VRB T , 45 55 TUA M A o B TFLBRR S22 7e i A
B NFEIR 3R | PR AL B —S02 48 R G Ve — Rk A T 5 [ 3R JA U BRI A 1 3 R U = F —V0 00 BB s R i), A
202 RUBE X W R LR 5 AR T 8 S B 008 148 Pl B R 8 P B — RIS o W — A sh ™ 9 25008 243 HT R 45 (SEM-EDS-AMICS )
KA — RG0S R L B — 802 4 RGN RHIE [ B R ] B A MU SUZ RIS EEER B A2 AR AL GRIET L DRETRIFL 9 ik
£L) 5 B FLAR Y 32.48% , BUZ FERNE I, SUZSERE o W A MURBUZ RIS 2 LIS 0 W3% A= L (R RIAL R [R1FL DREmlAL) 5y
BH b AL 37.51%, AR R B RAFSUZEE [G5I8 E A HURSUZ R A RS A LTS IRIE S LB —S02 48 R 56
53 R T AT R FL—SUZ S8 RGBT W) iR —SUZ 8 R G A R . R A LB —S0Z2 2 RGN kK B Z DU U1
FAR 4] TR IR R i 45 U2 2 e 0 6 5 20 AR A SRR v, & A USSR 232 Jy A0 T 45 S Ve A A
FHBRYREMR , & A HUBTSUZRIE 0 LR L0 Wy e AL R HLBE i Pas A E S o S e W 1 fLBR—LU 258 R 3 A
R R BHEHI R X485 53 5 B B 50 T & AT R

KBIA  LBR—SBURBE RS oA BEAH DU TR L 50T

F—1EE B, &, 200 4F A LS AR TUSIRAUAE)Z MU, E-mail: Z23010009@s.upc.edu.cn

BIEMEE BN, B BI# P2, E-mail: xiongzhouhai@126.com; %2 #, 5, 4%, E-mail: liangchao0318@163.com

FESES P618.13 XHAREM:A XE4S:1000-0550(2026)05-1905-14

0 5l HH BT YUZEEMIE L (BRI AE , 2016) o SUZ 2
ZH N U R A U RR BT 254 (5 R FH 45 ,2024)
SURIMAE N R E EE AR MR — I8 RREISUZ G W45y | S IREEH 0RO 13 45 2% S
JERFAE RO A I — B F ST S (AR A BESE . fRAE SR 5, 2 ARAR 2 J7 2 M o 2 S K B i Ab
2023) . BliAH At A =S TRl G AR AR A R4  FLBRAY 13 ) VR RS W T 7E S02 S R B B A48 B0 )2 5%
TN IEBE VL B EE R SR S A SE AR EXT TUA IR (B4, 2018, W 75 I, 2019; X W 1F 45, 2023; i
SEVEREA B EE M, X TUA TR B CEZ (IR 3445 ,2025; PB4 ,2025) . BUZEE IAETERTHE
B4 ,20165Su et al.,2023; EHRAE,2024; T 3%, EM/KEBRAE A BRI, A R T s
2024; EARPRAE,2024) o SZUURIAGE 2, PeBH3IPE A 4E (£ 85 4%, 2017; Liu et al., 2019; % 5% -,
==V EICASUR T RE AFRSZIE  2023),
FEHLH AR AR T, T X 2R 1 S22 Je el AT WF5E % DA FLBR RN S22 2K 80 A K

s B HA:2024-11-28; &[5 H #5:2025-07-02; % A H #§:2025-09-23 ; M 45 tH kit H 5 : 2025-09-23
BEEWHE : FEARRAIEETH (42302152, 42072164 ) 5 IR A SARL#HE 450 H (ZR2023QD076) 5 LU AR 5 A A 1411 (2020ZLYS08 )



1906 A

T H44t

W B A — & INH (Lai et al., 2022; Zhang et al.,
2024) , HET N ZHALBR L2483 | BEATIFGE . 56
bR b A2 BT A AR A A PRI BB A
AE IS EE -G R , — B TE A A — & N TE
BX & (Chen et al.,2025) . A [AF AR 802 B (45
G D R S T i OC 2R 1Y) 2 S 52 e FL B RN 20 )2
BEMEAY JES R A SERRIE s RS 3 1 DU
R A RIS B i L EE I e B R T S
KA — A A R EAE A ] L B b LB Y
FRAE E R T S BUR SRR LRI 25 ; [R] 202 5
T AL 1) LB 25 7 2B 1 Ty B v, R TS 3 802 4 11
K HY & (Chen et al.,2025) . SUZ4EFFLERAE
3, IR i AR B WAE 5 Bl 4 LB —E202
A SCUABE BRI B VD = F —Ub U s A B SUZ
ARIEE NG A URSUZ AR A PR L AE A 461, DA
202 R FLBR A2 S8 01T 2 BEALSRAE , BT 1L
Bi—SUZ4E RGN A N H R TR R L
FHFF T fEFARTUA B |5 R, X
TUA TR T & B5E 1 1 B AN S e RE A

1 MR

T BR3) FEa (5 T4l 145 2 b 2 Pl 3 2 TV VS 2
A IR A & T2 — (K 1a) , ST AR 20 2y 2.65x%
10" km®, AR N BAR—EF e 7, P AR AL
PR T R, M A B VIR, NI R E AR E M
B 2R TMTRE L3 A T 2 B TT 8 Y A [T
(Wang et al., 2018; Ma et al., 2023; Xiong et al.,
2024) , R 2 Z2 M1 U1 AR )R A T AR R
(El1b).

Tr BB i A= R 203 &/, A B R K
PR MR L RMBNR (K 1), Hrb ik
AU A2 At o )z, a2 R b
VB b =B W B —B, R =T —1 i
B (Esy-Es, ) I 380 22 BUR e 5k, Ui i
IR BEAN WS KT I R — R 2 5, DAL
TR R, SUZR K H CRUSE,2017) o AAHLLE AL
B BUR RIS T A WL SUZ AR A e o SR,
ARz (IMGR L 201734595 ,2023 ) o

(a)

AN
S o JEAV UKL
WL@ WAk 1M FE

BRI FE M

2N
gx\\i\\‘

Bk

MG AE MG

(©)  HERL
E BB VRIS
E /B o L
EAILEA IR " 250~350 e HEZ
Wikl 100~1 200 s e
HHE A
5.1 =
E{(GE:N 300~400 etk
24.6 ———
RE4 100~800 =
32.8
—B 0-450 B i
B [—38.0 | 0-350 EEE T =
= % 700~1200 =i
WER = i
ey 425
b
||
g — 1500 i?;;
T —
—L—1-50.0 —
fLmm [ =B 100~2000[F= bR JE— i
s E=LEvE NS
= wwa = w= == emw
Edrmazs [E=dus

B U PH) B DA 8 S 28 5 A AR BT (5 Ma et al. , 2023 5 Xiong et al. , 2024 15 210)
Fig. 1 Regional map and comprehensive stratigraphic column of the Jiyang Depression

(modified from Ma et al., 2023; Xiong et al. ,2024)



5 53]

FHIIIAT : DUA LB —SUZ SR RRE L2 A BRI 7Y

1907

2 SRR SRR TTE

21 TEHS

VENGE BRI R VD =T — b I b3k 43 Hele TUA F
A, WTRE S EAT S LR (TOC) FIBR A3 4T, I T
AR AR R B EE , A FPEIR 19 SR AT B
Y S HOE T HT R GE (AMICS) 7 P #5751
B AVSUZRIE s AL SZ RV A2
XA 1207 AR PRIk B 9 v s 0
AH (3L 3 HekE 5 ) XF LB — 80)2 4 R ik 17 o
Mr(Z1).

22 ZTIWTTE

B WA BT R T CS-T44 BRBR AT 58 . FRE
150 mg BFEE 22 200 H AR AKE A 8 TP Bttt da v, 2D
HZ YA ML 5% (MR ERIRIR AL, LAFE 4> 22 BRICHL
e, FEC A = A I, FHZEIR K i 10~15 K B F
60 CHEFE 12 h, 55 AR RN J5 il e 4 R
JE L IR

A0 RS B8 T Rock-Eval 7 5 A7 P AN 58
o FREC40 mg BF 5 22 200 H (1983 AL & B T4 R
BRI R S HTAY, LA 25 °C/min AT R R
JEAEE 300 °C, 4584 5 min A5 S, (FBI R & i) , 4k Sk
T2 1600 CIFE S, RS ) , S, WEXT N 1Y) 5 (e
WL RIS T, (R R VIR IR )

Xof BT 3 BORE i EA T S BB L RN 3 & S
R BEEE , 4 5 G AR RBEX T A LA R &
FRIE B EA TR o S0 BT A 44 e - 8 A
(SEM) , 5 i 43 R 0] 15 0.9 nm (4 URIAREE ) , ek
KGR 40 Ti A

18 1 SEM-EDS-AMICS 43 A1 4 AR B , X5 FE Y
B IR T ST, AMICS BERS KR W) A ] I
FERT B RS A SR AR RE IS £ i RAE R A5 B
SRR T B Y E B T A ShICRC, T4 3
RSB PR3, X TR A Ui Y Re TS 45 , 7E4K
Pt b P ST 388 aok SR AT AR SR UER B R
H I EA T EEXT VAL, AR e i Rh s

FIFH AMICS 75 21 (1 kb B , 3 HRE S 10 )
AT A S R AR B XA AR S [ 40 A R AE
AT, SEI B A AMICS, 348 43 9 R ] 3k
20 nm, iC 5 H 3 2 000 FhARIES™ 1) 0948 HEW P £ s
JE AT R R AR ) L o BRI 2 H
ST, PR VR I R O T A R
fE YA R B R A RS )
AR RELER . AT G FLB G SE PR
FLBR S SRS AL NS oA UL W 55 BT
A S BT 7E o EA R (R RE R 2
AT E T

3 4%

B A VLSRR IEE FE A LSRR A TR
QR A LA ES (E2) , HAKE 2 A H
31 ERIRYERRE: FBAYNESHTUE

B AVLSUZRIE F % 52 5 7 il 802
EAPURE - SUZ AR (K 2a) , LB 20 &
[ L, FEAERR i AL B RL Rl FL A DAL A & 3D
(F3), QU288 MZENMEE%E LT, SFLEILFEIE L
RAUFRAEEE 25 (H]

HRAEFLBR—0 WA I 25 57 W S R
ELEEE ) Z AR R LR SRR R i A AL, a0
A i A LALEE A d TR L O A i el AL DL S
fif A 5 A Py e Z Rl ARl fL . H SC g SR T
I SE NGO N & D h (SR (R oy A=
A7 BT FLAR Y 32.48% (K da) , A B0 Wi Ak
FL, BT FLRM) 17.02% (El 4a) o ZAAH T, LLSHIR]
LR B W7 A U2 SR FLE S, e ] ik 8.51%,
LU= B AT B T LR (E5) o
3.1 mah A A

SEan T A 802 FE R T 7 kA b L (E
3a) , LB SO, FLE S RIE ), f/MUA
23 nm, i K AT 35 80 wm, 5 fiff £ 0 SE 2%, df AR fil
LTI N7 A SR SE , TFEE T 16~159 nm; 57

F1 FEYEAMARSHEFRER

Table 1 Data for two typical lithofacies samples from the Jiyang Depression
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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

FY1,3209.42 m
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Fig. 3 Main pore-fracture types of organic-rich laminated limestone in Jiyang Depression (well 169, 3 047.02 m )
(a) calcite intercrystalline pores; (b) calcite dissolution pores; (c) quartz intercrystalline pores; (d) feldspar dissolution pores; (e) calcite dissolution fractures due to organic acid
erosion; (f) clay mineral intercrystalline pores; (g) laminar fractures at interface of calcite and clay laminae
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Fig. 4 Relationships between minerals and pores in organic-rich laminae of different lithofacies

(a) organic-rich laminated limestone; (b) organic-rich laminated mudstone
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Fig. 5 Distribution of associated pores in organic-rich laminated limestone
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(a) organic-rich laminated limestone with weak dissolution ;(b) organic-rich laminated limestone strongly modified by dissolution
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Fig. 6 Main pore-fracture types of organic-rich laminated mudstone in Jiyang Depression (well FY1, 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) ‘banded’ laminar fractures formed at clay/organic laminae interface; (i) organic matter shrink-

age pores; (j) ‘bifurcated” laminar fractures formed at clay/organic laminae interface
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Fig. 7 Distribution of associated pores in organic-rich laminated mudstone
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(a) distribution pattern of reservoir facies; (b) distribution pattern of pore-laminar fracture system in organic-rich laminated limestone; (c) distribution pattern of pore-laminar frac-

ture system in organic-rich laminated mudstone
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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 Esi-Es; in the Jiyang Depression was selected as an example, and a se-
ries 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 dissolved 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
59.42% 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 34.72% 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 mud-
stone was dominated by clay mineral transformation and thermal evolution of organic matter. Clarification of the distri-
bution pattern and development control factors of the pore-laminar fracture systems is of great significance for guiding
the exploration and development of shale oil in the Jiyang Depression.
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