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Abstract: High-porosity sandstones are highly susceptible to the development of deformation bands under tectonic
stress. However, limited studies have been conducted on factors controlling the structures and physical properties of
these bands. By combining a systematic literature review and experimental analysis, we investigate the macro- and
micro-structural characteristics and deformation mechanisms of these bands in high-porosity sandstones. Furthermore,
we analyze the primary and secondary factors governing the structural and physical property evolution of these
deformation bands, as well as the mechanisms by which these factors operate. The results indicate that effective normal
stress and shear displacement serve as the primary factors controlling the structural and permeability evolution of the
deformation bands. Specifically, the effective normal stress significantly reduces the permeability by intensifying grain
breakage and modifying the boundary morphologies of shear zones. In contrast, shear displacement predominantly
governs the thickening and structural stratification of the deformation bands. Notably, such controlling effect exhibits a
pronounced nonlinear evolutionary trend, with a critical displacement threshold observed. The secondary controlling
factors include the mineral composition, initial porosity, grain size, sorting degree, clay content, and strain rate of
surrounding rocks. Under certain geological conditions, these factors modulate the structural morphology and physical

property parameters of the deformation bands. The evolution of the deformation bands consists of five stages: non-
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deformation, initial deformation, initial stratification, stratification transition, and stable formation. FEach stage
exhibits regular variations in the microstructural parameters of the deformation bands, including band thickness, grain-
size distribution, grain roundness, and grain orientation. With increasing stress level and displacement, the
deformation bands experience significantly intensified grain breakage and pronounced enrichment of fine-grained
matrix. This leads to porosity reduction of up to a maximum of 70% and permeability decreases of two to three orders of
magnitude. The evolutionary patterns of the structures and physical properties of the deformation bands derived from
laboratory tests are highly consistent with data from field outcrops. Future research on the of deformation bands should
focus on computed tomography (CT) -based three-dimensional structural modeling, thermal-hydrological-mechanical-
chemical (THMC) multi-field coupling simulations, and machine learning-based modeling for predicting structures
and permeability.
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Fig. 2 Different types of deformation bands and theoretical model of their permeability characteristics
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Fig. 3 Deformation bands formed under varying conditions and their associated deformation mechanisms
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Fig. 4 Macro- and micro-scopic characteristics of disaggregation bands
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Fig. 8 Relationships of permeability in clay smears and sand-sand

juxtaposition areas along faults with effective normal stress >

I S HOL R ETE S PAE S s U NS w ReI) IE= ¢ S O
Ak T e~ 2o U DX PR P R RS . AR SR
RSP S5 0, (B S B b J5 B EE v b SR ) T
D FERRE I BN T o

LR WS OB 4 R A E N 13 R 25
FHUBIE AR R (F9) o RO R W, B 1
JIHEI AR A P RIUREAL A T/, DS 63 8 s A 4%

(HL2E 50 AN 35, S WO g 8 5 0 e 230 T 1 A 5 42 o

3.2 BIYIMIRERIE N

STUI A (W) X5 W7 24 B 48 A A P AL AT
RFHMW . Engelder* g AR, UL R 1 R 2%
BOESLBORDALE I/ HLAr BEVEREAR . Cuisiat %45l i
SCYRUE ST, B UV R 3 R e o e A 14 A T i
HREARS B R, ORISR I/ N T BN R, S0 ST 2
Je BB . Torabi ™ BIFE B , B 5T VIR 1
BTYIN S BN Bt 3 TR IR =0 1 S A R R 4R
7o, K LA AL L[R5 OV R B O

GRTIT , J 6 SHLTRY F) AT R SR 928 125 4R PR AR T = 5
DYty VA BRI AR IE BB BT VI LA (3 KM — FL
1458 . Childs % 7R WETE SR W, W2 7 TS 2 BB A 75
SN B EAR SCHE K (H SRR 38 3 i S GEl H 0 I y
J2 45 1 S WAL B BE) I JELBE 8 T AR E . Sadrekarimi
A5O3 S A [ S8 UL A Y U S R e 2 T I A
S A (18 10) - AR (9 1 21 2T B B (1] 10a) , 3]



SEWIW], A AL AT A S R R At £ o D R

W J2 45 bty i 7

WAL
Bl R[N 7 52580 S 00 T AR T A SOt A Pl
Fig. 9 Microstructures of deformation bands observed under test conditions with varying stress levels'®”
a. [ 77 1. 0 MPa, Z8FEHFJEEEE 200 ~ 250 wms b. [ F1 1. 5 MPa, Z5H M7 JEEE 200 ~ 250 pms . ¥ 77 2. 0 MPa, ZSFEHFEEE 250 ~ 400 wms d. Ji 71 2. 5 MPa,
ARG TR BE 400 ~ 600 wm; e. V) 3 MPa, ZEJEAF R 400 ~ 500 pm
(IR R A SRt T SE R A B U224 90. 32 mm.,)

LIMIIORESDN

©

FINR N0

—
ﬁ
ﬂ
(e
gt
it

® ® I | @ EEEE—— I
LIMIIOR 21PN

10 W72 v ot R/ e
Fig. 10 Schematic diagrams showing the evolutionary process of fault zones®

a. BEVBIEHE b, WU AR ST DR AL RN B s e, W2 A4 SRR B s . T2 A UL R BE 5 e BT T AR 25
(DB VIR A 0; DRI DI o ; a—d FUAO— OB AR BT UM IR 7 47 1 i f i 72 )

TG & A B U R AL B Be (& 10b) , i — 20 & SR EIWr  Beach™ J& T387 P4 2% Cumbria Hb X 8 5T B 5 A1 XU 20
J2 T SR B Be (&1 10c) |, 5 Jo e TR B B Be S SO , S TR 5 TR B AR X B AR AR AR T 1Y IEAH
(E10d) o ZAFFEUESE T AL X W2 d i il AA e OCOCHRAEARL . Bernard ™ 58 30 W A2 € ALAFFE R B, BT
YERI ERR™ (LR HE KA T BB 2707 96 B RGN, [R]inf ik 25

P CBA R

Wt JZ Al IR RE 2 5 U1 A0 A% BN B9 B WL R AE .

W X — KBRS T SRS R R



308 £S5 KRR R

F41 %

23 0] % BAS R I s AR . fe S B AF ol ot B
SO 8 7~ (I 11, Bl 25 5 D067 B8 35 K, Sk U5 F il
P R AR 4 SRSV E P o, S SO T TS R, I
TOREARAR RS8N S B BE AR AT ARTTEAR T B 2
PRI B U057 B e % £ B 150 ° 1 190 ° 5236 21 14 728
JEE B OB AR 25 S5 AN B 3, 5k 92 WY B 1) 6 B% ) e S
FEFE 3 THAEAE IR

FEB R RS 7 T, BY 1) 35 B0 o ORI A
FHANE A R IR AE 3 Flag 42 K #5  E2  HlAE Y . 2R
T, A FS B AL I A5, 3% BE R0 X8 385 2R 11 52 1)
TR, X FPAELRE R AR BEIH |, B8R 5 U4 A S ol
W 2 5 T 1l %) O e TR 3R, L HL AR FH 58 B A7 A I A 1)
TBR.

3.3 BEETYMRSHRm

FELA B ) A S IR ) 27 P o 114 26 S Wi 2 52 ikl 28
T N AR BORL AR AL . AR A i &
B I3, TIOR8 B A () S O 2T AR AR o
DX« A o R vy R R AR P 3 3R LA R i % R T 1)
Wit R AR I, B R Al B 3 T A A2 i PA
JH S5 8 102 a2 R i, 7 e R AR B/ N B R TS
WA

) 5 JLART T 25 60 AR A IO 235 48 i Ak R8s i
P HA —EERH . #lin, Zhang ® 38 i I 5 U1 525
a7, B A e KA BB A Y Ul B 2P iU 2
MiE B R3S B A5, b W20 7 ) bl T
REBE RN & F S B0 E R E AR AT
J5 1) B 2 SRS 2 KR R F R ROR 9 04 25

T s (Y B2 2 &R B MESTH (] 12a) . 1
FEZ IR = B BRLAE R B DI B B S 7 1) HE
i W2 4 7 1) BRI MR A B B A T TR R, Bk
BERBOKYIT M AR B 99 VIR 3, W0k e
e I AERLIA) TR PR 2 (P e 28 ) Fn B AR B DI a2
(R , FHOLIB B 4% 1) Pk A T A S K A o
JEPE AR (BT 12b)1 3k BEAHOUL A5 4y 38 A KL A e
W) 3 2 R 5 AR 28 e 4 o e 45X, ] ke
TEF AT B RE T 10 25 6] 5 R R

W1 22 S R IR = R BE S RV LA R 3B P A
o Tembe 27 (9 —Hh JE45 52 40 R B, &5 £1 9% S
AR A1 1 W7 2= 8 A BE 45830 2l (4 oo e o, LR At
AR R B R 2l A1 0 > RG> B L1, HIEE R
AR RREEREL S5 R OHCR . X—id
R[]I PR G 508 3T B IR E T, s i
b b W e 6 AR o R e AR E T Bl B8 XU AN
Wang 557 (1) 8 BT IE— 2D 487 (18113) , 243 1
FETR AW v 5 i o5 LU 25% B, AR FRE 482 58 32 [ AR 24
50%; 4 it FUik 50% I, EE 45800 R FEAR IR RE SR . 7R
MR b | S £ R R B RN 2 5 kAR i, A Al
PR 286 L ORI T2 RS 1 1 4 445 4 T LB MR BE A
PEAGERR Y XA YA 53 A ) O3 A BORE S R,
SU ] ) 25 BT D) T SR, 1 T s W= s A
KB ERE

3.4 BEEFLERE KIEFSER ST

Pl FLB S X AR I A S T 1) e R TR P4 o
YEHI . Ballas™ BYGE 047 7R  TEARSLER BE RV A v

b =ty bty i 77

M J2 485 Al T

BT RESTUIMLRS SEg0 A1 R AR T A SO i [ o

Fig. 11 Microstructures of deformation bands observed under test conditions with varying shear displacemen

t[ssﬁ

a. BIYINERS 30. 11 mm, ZEFHF IR 100 ~ 150 wm; b, BIEI0EL 60. 21 mm, ZEFLHF R 150 ~ 200 wm; c. BIYIAHL 90. 32 mm, ZSFEHF 5 & 250 ~ 400 wm;
d. BYYIEL 120. 43 mm, ZEFEAT LR 300 ~ 350 wm; e. BIYIAAS 150. 53 mm, ZEFEHF IR 350 ~ 400 wum, ;£ BIHIH7EZ 190. 68 mm, ZE AT LS 350 ~ 400 pwm
(R A R SR B e S25e i Ry 131k 2 MPa. )



ZEH 5 AL A

Y 5 FE R s ) PR 2R 309

MM

M
=

Khi#
=

KA
=

BIER& S

BIER K IR

FI12 R[4 RS 2 722 e B U fe s =X
Fig. 12 Evolutionary patterns of fault gouge with different mineral types during the shearing process
a. ARKAFIWTZVE, BV HUN; b, IS BEBTZE TR, BT s o ATERATUETZ TR, BT IR AR d. FIm B2, B DL RS ek
CY TR AR RG2S 2y T 5 P2 MR 5 R e 3 HLAEUR B DAL )

YR P Wa AL

[69]

50% 75% 100%

WAaZEH: 1 3 5 8 10

P13 ZRREERRER IR -G A 7 50 5T U S 0 e e A

Fig. 13 Discrete element models of phyllosilicate mixtures used in simple shear tests

[71]

a. IS ISR PIWZ S UMY s b, 3 B O 2 I SR A I Z S DIRERY s o, RIS R SR G WIRUZE ST UL d. AR
O 2SI 2 IR A I 5T A4k

iR 2447 5 E 3k 47. 6%, 8 R Al AT 2 A 4 B E
16. 7% F135. 7%, H 532 AR i 2 SR o 28 E
7 7 ik 45. 2% 7R s FLBR D v, AR B A
T [958 155 IR (49. 4%) HAR G 7 A2 5 B 3 ek
AR RESIHT (5 FUFE 2 39, 6% SRR G LR T2 26. 8%,
WiZ A% 5 FERRAR 8. 9% (HAF B A, T LI
JERP A (15% ~ 25%) v, 5 3 S B AR I 2 (A 46 4l e
SRS 58R R S0 ) o HUIk 38. 7%, iX FBH TP AR AL
B B A R F S E AR 2 E R G K B -
PR AR X AR T 15 35 P 11 52 ) S22 3L 00
RN o Sammis > fe B4R Y RORE A LAY E AR ORI

R TG, S HARAR A ORI N A G . R
BHED 2 CRif2 > 0. 375 mm) (& 14a) T B FRARAT AT
sy i HL L T ANRD A (& 14b) (B b 5 b B8
PR L 2 DB A TR A AR 22 2. 2%
(42. 9% X 40. 7%) o X P55 25 S U5 T FOR0RRE i iy L
JEE AR < HH R B8 584 7 A= 1 5 I8 B gy e JELFL BRI 3 T
DA R A FL IR S A A 5 2%, R 2R R TR L1 1
ZABEN 4 ST ] BRE TR 8 2 45 1) St

Wap i aiip- AT NEREDVEE T I 8 =3 i ey
TR Z e, Uk fik vy T A v 235 R AU R (R AZ FR T
AU [R] 1) K AR SCHEVE T 18 38 2 e 3l o SR BRAE 1 ~



310 £S5 KRR R F47 5

a it
(FifE>0.375 mm)

b

TS AT (1 ORI
N2 A PR UL A K

WHEEH

d

NI F T Uk R A

> <
TR W JZ AL R

I 55 R4 ~ o iy I 2R P2 ~ 3 M
BEFES ~ 4o I SE RN T2 R

0]

b kL FLER W LIyt

P14 N [RDRLAR RIS [R] 43308 10 R 1 28t 18 i Al s JE IR
Fig. 14 Schematic diagrams showing changes in the permeability of cataclastic bands under varying grain sizes and sorting degrees of
surrounding rocks'*
a. HURIH A BIB AT RO B 5 b, VR LA TR RTHROUR BIE ;oo 7 de2s A BT RTHOUR BIE; d. 200k RAFEIA IR RT OIS B 5 e
LR S T SR AL R (R AR T A MY 5 £, HURE L 25 F T IE T2 AU WA [ 2R RS T Al A 5 g DM B A T 306 )2
PURIE AN R 2 AR A R AL 5 b, AMDREFRLA 264 T TERTZ WL BN [ 28 B FEAF BE R 5 i, R BB 22 BBl 2 1 1 S W 2 LAk AR AN [ 26
RS IEAR LAY 5 j. 3 B REE LA 2 PF T IERTZ MURIE AN [ S B AR TR R 5 k. 20308 RLIF FELE 2 1 30T 2 AL AR IR IS ) 2R 2 A AR
AT 5 1 G R A AR PE T IERTZHLHDE A RZE BV A AR 5 m. DR AT 5 O B8 5 n. AIVREE )04 22 R ST I SOl
B 0. 431k RIFHIAALIE SR HOR BIE

DA BRI Lde) s THAE D TR A0 H 0 8 Ktk Pl WA SRR EDE 7 PR S FL B Ry 5 5
Yy 5 0 0K HE 90T 5 00 0 B R A AR AR MO R R 2 A, LSRR ) T
B3 A T T PR R 3 B S U A TR ) B ARV ) LS 2 2 1
(P 14) . .
L T TR B AT A A e

LI B R R, R o R e mAIR

B P CHIR < 1 ko) , AL BRORL S 22 PR R i o 3 s XS JEA )22 F R A 0B 2
HEQE38, DTS B A T e B IR T L Z TR P Zhang 557 051 99 9152 50 %
W T AR TR 26 P VR > 3 k) B 2% 0 0 L0 11 S5 2 D 8 52 1 P
PR R TR B BB S (AR T IR 3 R F I Tembe ™ B0 = M0 T30 Rt — S T



51 ZEH S AL

®

+H‘Qj:

A AL A sl D 2R 311

Yo I 5 it 55 R S U S IEAH K R

KFRFE ST RSB ERN LR, R LR
(AT PR 2R M3 DB T2 . Takahashi™ (5T 221, 247
5 (RF BN T 18% ~ 24% I, 1837 38 I 25
I8 2. SN EE; U T & i a 25% B, 38 B R IR
0. 5 M ECE S VR i & m i o 29% B, B -9 W o8 4
L 70 R ] L B 1 A 65 4 5 1T 224 98 0T % = 36 50%
i, D R RS R TR I )
LU R AL . X R, YR T A 29% 1 50%
B, Y8 5 25 K S T T 4o B A ARaE B i PR T

Wi e T i 5 B i R U OGO &R L (H Y
Yo o o A ) — o B Wi R B S R TR
FE o Crawford " i 5256 80 F 27~ (& 15) , B i &
HTEO ~ 50% B, 1535 R AL B A2 3T 6 P2
HARRIN - 4l S (R & R 0) B35 35 R Il
BT AR AT REAIG , 5 KRR R A 2 Bl s 24 i
Jo Bk 20% 1), 15385 R T B A D D) 32 2 o A
AL 3 [F R L Fe S A R R LB s
[ E0 5 2985 7 B 1R 3 40% ~ 70% B, FERT LR BT 1)
BB, B iR N | S, (HAE TR A
R 40% 11 50% A9 551 B0 R AE Y U1 s W 25 th
Je i e T sk TR R, X R T A A LR S
it 2 B 0 W AR AR R
60% ~ 70% B , 15335 AL W 4R 59 DI B B F B I IR R AR
SE 3 MU A I 80% )T , BB REAR N Z TG VI N
AR RS o

ANTRVBIF G 2 HE B0 J5 5 X5 1 R R i) A i A
WEFEAFAE — E 22 5 , 9 4l Takahashi'™ $2 H (54115 FE
24% A1 Crawford""** L2 3| (14 115 FAE 40%, X Fh 25 57
A RE S SR RE S MR (k) 28 A 25 55 ) s

Ve /%
mo
|10
W20
M 30
[ 40
050
0 60
@70
M 80
kN
W 100

10?

10!

—_
(=}
=3

—_
(=}

o

—_

BIEZ/(107 um?)
<

—_
(=1

f=4
IS
(=]

8 10 12

BIY)RAE/%

FI15  ORIEIJER & i A1 T B E S AR B PR AR i e R
Fig. 15 Fault permeability vs. shear strain under different
clay contents'"***!

[ AR [ T 2R B (AR AN R BRI T 2 (AR B3 880) 5 %27 o [] —
PR H A T A I 2 R Al I, R BT 4 0 51 100% I |

o 2% 1 PV OB )35 ) S S MO B AT . (ELFA
F5E 3 S04 — ARG D A3+ TR IR A ik A T 20% I
HO R AL (IR IR O ik <159% ) 25 T4 15 T B P 1 32
A B

Rz 3 55 R ) 2 M

N7 75 TR W A T A R I IR E 2 2
AR, Clausen 3 i 318 57 U S 56 #1211 Y A Uk
PREH A BT W25 A BE W 17N T 500 kPa, B 9T
B3R B 300 ~ 400 kPa, 75 7K F KT 30% H AR i 5
. TEXFN A FIE A RB B T A IR K2 T il
Wi 2 Has B

Fukuoka >3l 1 PR E BT V%6 &, X Lo T AN [R] i A%
R BRI AR . ST R B, 7R R Y D) R (S2
SEES AR BT R R S AR, S 3 SS Uk Chz
/T 0. 85 mm) A R /D 5 R B, LLORE CRz 42
4.75 ~9.50 mm) 7E Y YIA BHT 1 om 70 Bl U0 s 4R
(LB )5 5L R B A > 1.0) , i X— %
A 65 WURL R FE AR P AR (| 16) &

Giger 55 BB SCU0 R W, Y YY) 58 SR 45 1L 1)
B R NIRRT B 5 2K 52 5 1) HLsR 3248 5 5 4%
BF, BB RS R AR (A XIS 2 W T4
M), FLACAE R A8 3 38 A8 A e G R A 2 7 A B b 22
5o DXEELEBLIRR | R AR TR XS 7 0 R M WA AR 4
G BRI R IR TS A W) B A A T 25 5 A

4 i ALAD S AR A A5 R A 1 A A
ML

3.6

4.1 ERFLERELNE

LR ETE BT UIME T 401 2 B Bt A8 JE 1
b, LA AL ) 298 30 Ay JA 22 DR 245 ) o a3
B 2 55 VI B 3 K, ORI IR 48 Dy i i R B T 3
SR S AR RT3 SR I £ S| W E R Ty 1|
53 J2 RV B AR E B AR JE A . AR TR A Ak 32 0 B
5N PRE P EEE S o, AR R R AR IR
JEFEY Je T2 1) & T FASE, T INE T 4 A2 D) o] 47 Ak
T o B RN 5 M AL R . TR RS A N Y
WA AT (BT 9, B 1), wRE AR T A B Ak 4l 43 54
BB (E17)

1) WG AR AR TE B B« LA L IR B O 4 i 4 v L
O[] DA ol 32, 256 18055 , VAR BT U IHT i oA
By Y



312 A 5K AR R R F41 %

5
B —
SISEIG M B /122 kPa, BILIEZ 150 cm/s
S2SEI A 813200 kPa, BT # 150 em/s
4

SIS R F1200 kPa, BII#E 9 cm/s

— LLik:
— SSHikL

PR )T %) 755 B /cm

Fl 16 N[ URL) o S BT e 0k B i 2 A

Fig. 16 Variations in the total quantities of varying sizes of grains within fault zones before and after tests under different stress levels and

5
shear rates™™"’

LL. ki % 4.75 ~ 9. 50 mm; SS. Kiff < 0. 85 mm

TE RGBT B
l— VIR ZTE Bl |« B | |«— B B — | |«—BBHE =N B —> | |<— BB B — |

= 7 i

! i {47
§ et =4 V!
= {2 il i

! il E]
I ) e e e
5 o Eil o "
| 200 | R i *
% O 3 it i 0
W Q SO A Q@ ¢ : i i —— — =
IS 2\ a0 o B R B e
Ju 0 D D ) L S, MR RTE | e, mRnmR | E
B Q O~ L RTARERE AR, | WA R L ARAREN S, O |
- [RAC Q) B { BRI, B | A WIS | R B | K
; D m R es e A, | IO Ky A ﬁi‘%ﬁ FH??['ETJ Dot UKL HY 1 2R TR A
Egz o gﬁé;@*ﬁﬁfg N s | SRR R | | O
1 . 1 LR Rl P
e FIATLBR RO, Tk b b b
| AR Lo Lo Lo Lo

W7 2 B L A T i B R
[l kL [ IEp N A TR 5 /N AL

BT AR O A S A PR 3 A

Fig. 17  Evolutionary processes of the microstructures and physical properties of deformation bands'

2) AR — B BE (WA B BE) - Jm T AL U 5
Y7 1) 2 ) e 2 AR Bl , 42 i i AR i 5 ORI
(10 g B v, DL SE A4 A 57 A T 2RI () R A 46
o DX BN ) i 5 | R 2R

3) AR B BE (T ERIAG Y B AR AT IR T
R R ORI 38 A A AR R LR B A A A
R T AE ORIl 1] HE R B i ., Al N AR 5
BRI PEIX

67]

4) ICE =W B (412 R B B ) AR R A IR
T fin, L0 R SURLITOR JE— WL Nk 5 )5
0 4 7 2R I R ORI 24 A0 A o B AR TR RRLk ,
1 — A5 R AN Ak, S 3 X 3 A0 R B 4R 9T 4R 1)
SR AN T RS o N OB R S A A ROk
Kl 52 B BA S 1 B B0 5 1 5 1 HE S ARAE L R R,
ORI T 1) AR T A DN S S, 3 BN A U 422 fk AR
A



514

LW, LA e

LR R P D 3R 313

5) AR U B B (Re 2 R B B ) - Jhr e v 7
AT ARE , WEEORL ) R FURLAR AN P R AR ) AR A
/Db R ORL AR S 1] M I BRI, (H A A AR AR R
TRAFRGE o BN, AR 1T A JBORE I [ e HE 2k 3 e 7K
-, BT BURL S DR BT U1 R E W RS . Bl S AR
A8 AL TE LT W Y BORL 23 B, B 208 i A 18] 9
P11 BT 78 ) S TR 54y < AR A PN AT DL ARk B 5o
RUBURLRG /D, LA BT A i FE 2 AR I 4 N,
R [ PR IR . X R i S BUR A fLBUEE
BRI 70% UL, BdER TREIL 2 ~ 3R 4

TREMEREAE

W 3 T4 2R (B 9) R, I 1 RN AR I 217 45
WEA RFTW . BIRARFRN T & A IR A
TE— 78 22 5, {H 5 S B ) 28 A A T 0RE e SR JBE ) e
AR o B T THE I, AT PR AORL i R , 4R

FLBRE/%

4.2

FLBRSE/%

18

AN RS FLB B A A A (= 4E)

Fig. 18 Three-dimensional diagram showing the variation patterns

of permeability under different influential conditions

e 535 BT, S EORUR AR AR . R A
ELEORE LRER S 90 RNy Rk Sri S i0] S FNNESPSE PN
R 22 22 UTE AL B s ], (45 90 A 1 B A 7
1 D7 7 308 2o 4 ORE B AR B2, 1k S R AR TE A £ LR
JEFIB BENESACHY T E N Z o W A RS 35 ISR
#he FEALBE AR (E 18)

4.3 TRELBRSEHIMERIIL

o
SR A REA WAL ARTEAT S5 48 K B AFLBR i Ak
FROE 7R B YER ST 7 T e I A0 ANl X
bl 52 55 K 5 56 [ PE S HE T 20l (Arches Park) B 2%
ifif] T (Buffington Window) . 2& $i 3£ /R Vb % (San Rafael
Desert) | 2 i # K fifE (San Rafael Reef) | Ji7 37 5 45 by
(Pismo Basin) 5 b Ab 4 78 Sk Y S22 i 2 (K1 19) , &
WA 5B 3 R R R (2 ~ 3D EE ) Y 5 5
SN R V)G o X — AR UE T SR ALY ]
P XBEHERYR 2 ~ 3 km BYRE R PR I Sl A
A G Y S 9B 0B T 25 R+ Al R S 1B 08 R R I A
ANCTABCRE G, T 3 R e R (2 ~ 3B
) XM 2EFAT bR T IR TR B s, R
AR SR ey, A8 A P A DR SE LSO B 3, 2K
FLBR T S T RE R I RS AR AR /N AT 2 i AR
S/\E R &/ AN o
WEFEE— 2P 4a 7 AR A 5 A RE ) 5 R R
FHSR BEAFAE HAERNG OGRS IE R ARG s, kL
BB 7 A 18 240 R 5 S AN A AR AT FL BT B, B8 3 e o AL
Bl W 25 454 1 2 S AR RE ) o X R R RME T 2
) PR S B , A7 AL A AR S Al R S Bl
JEE R P2 3 Rl AR B B AR 04 BELT 80N I Ry

10*
~
A 2R ST A BT D) B SR Y I Sy -
o PR -~
w R : N
10T e smapy i
_ A
£ = $t17123 fE(Arches Park) - nﬁ L r
T:L ® M50 % (Buffington Window) P - . -
(=1
< B X4y 2R VDFE(San Rafael Desert) _ )/.:/ m =
Jg 10° - ® 4 /K7 (San Rafael Reef) _ .. ® 3 }
% = 5L A (Pismo Basin) _ :/ ¥ ° /.
S| s _ ex T ete i . -
7 A ° 2 @ |
= @/@/ ~ +\Q /'. m ,t? /:/ :QA
10 S i S e - =
4{%&‘/’ ,4@%‘/’ o o ) b”;/_ ¢ %@5@ -~
G I T L TS
ez oz N .3 e
5V sV sV 957
= e - W
10° — — Ve~
10° 10! 10? 10° 104
I B55/(10° pmd)
K19 AZJBAT 5 L B A LR X L

Fig. 19 Comparison of permeability between deformation bands and surrounding rocks



314 £S5 KRR R

F41 %

KE

o AT A G PO BT U1 S A Sk SN K HE | s AR
AT R L E Wk S ORI B A 18 7 19 22 RUBE SCHRASE
T ] g TR E Ak 2 U JZ= 2 DA AN 4 B AR, i
SRR A AT SR S

5 HArPkHS AR EE

e SN TRH , S50 38 S5 5 SR BT PR 55 2 (8] 7
TR 3522 5 IR 2022 AR AR R T o 1 SR &b
TE ST I 38 I 5 SR PR 7 H AT SE S Y
X 28 58 DA R [T 235 — 2 [ 45 i B T AR ) 381 i 45 o
AT AR | E S 3 SR AT 01 T AR A2 38 A< S
It A AR R ) S I T T A (OO
BUNBF R TLR ), XE LABEAD M 5T aok A% o 91 0] e 52 I
g5 R AR SRR AR A A P 2 T AR L
b 2R AR A K = AR AR AR
Wi A5 T NI TCTE B4 VR FAFLBR B A, e il 2 K
SRAZ AT 4 2 18] e A 52 K 3 2 il , T BE 22 BRLA 7% L 70
S Z B NS 2 JUAATRRAE , 38 S AR T A 1 ) 27
TN SBIARET

JUE A GE N IZ 50 A X = AL AR AT 1 254
R SR ] R AT T R G B AFTE L
TIVMERRAIR T B I7 1

1) =S50 o R T AR B Y RIF ST 2 4R
T YRR, ROR LSS G CT 7 B a o
BEAE B, TP =AM R 5 B A R G 4

2) W22 AL S B BE ) R &R A AT A
A ELA R Z 0 i s R R T 2 RUEE ) 2% -
TR — Ak 22 R0 A AL, RS (] 381k B B i 3t A 0%
A

3) SERGWT ST A RO OR : A BTS20 %
e PRALDRLARS A AL IR T 64T, AR Al 5 | ARSI i 5
N THERRUA AR DL B0 S50 b S il )22 52 B 4544 N 1
IATH

4) HAE K Bl i TR R Ay . A5 A LERAE  O
ES S O SRR J T m AL A IR A
AR 5535 AR IR AL B 15 5 PR BT T AR 9 1 ]
R

5) ZG G 3B BN AL  RAIR T
J1-i—1k( thermal—hydraulic—mechanical-chemical , THMC )
G I B AR TE AR B 35 AR AL 12, R 2 T T
REIRFF R i SR R — A ARk 3 A7 S 5 N Y L
PR

6 4L RifiE

1) A 88N T3 BT AL R% 2 AR T AT 4540 % M
PR AR BN R b AR RN Syl 5 Al
kR g R N ST I RIE S UR AR TE iR iy
WY Re AR IR Y R ML R T B
A2 B AR 2 PR A 3 AP T i RS MH

2) BUAT YA A FL IR BURDRAS 7 e A
JEE T RN A R A PR 3 D R B R R 3R R
S BT AEAT T XA A A IR S S BOEAT IR
YERT.

3) m L E AR 2 R — R T — )
JERI G — 0 2 S AR R 5 A SR AL B B, 4%
W B AL H AT B KA AL 52 38 AR A 1) 1 A5t
WA SR R

4) B 7 A AS PR3 5 W2 AR, e 2 A
IR 57 5 5k 0 25, AL B d g T R 70%,
BAR TR IR 2 ~ 3 M.

5) T SL I P A% B AT Al 54 5 W v v A ML A
5 R IR T R BRI R Sk T S AL A 3
IR 8

AHITFE R RN B o FLD 5 i 2 PP 2 = Y
B PATAILTR S HRR AL (A % i i U T SR R Al 5
FORSHE . ARWITNL IR =2 CTE M A -T) -
T —AE (THMC) Z 55 & B AN T ML &7 ~] 10 451
5515 15 A PN LRl 2 07 1, 3 e f LD A A
WFERITRIE S ) B

BOA RO e Al A AR O AR R
7o

2 % x #t

(1] RZgsk, APme &, XUk, 5. SR BUWT)ZHT AR A 1) B HExT

I8 B R A7 B PERIAE N [T]. A imasle, 2025, 46(8) :
1502-1516.
SONG Xianqgiang, FU Xiaofei, LIU Zhida, et al. The internal
structure of disaggregation band and its control on hydrocarbon
migration and preservation [J]. Acta Petrolei Sinica, 2025, 46
(8): 1502-1516.

(2] D&, ZRM, w0, 55 . ABFUA T L 2 R R4 R B R AE )
BLEE LR AR Db 28 BRIl o I ], Hor s,
2024, 31(5): 332-343.

GONG Lei, QIN Xinnan, GAO Shuai, et al. Multi-scale fracture
development characteristics and fracture network patterns of
buried-hill in metamorphic rocks: A case study of the Bozhong Z

metamorphic buried-hill [J]. Earth Science Frontiers, 2024, 31



514

LW, LA e

LR R P D 3R 315

[3]

(5): 332-343.
P, BT HL, Wb, S5 TR AR N R Y SR T
R R R AR MO B R[], HBkRl, 2023, 48
(7): 2475-2488.

GONG Lei, CHENG Yuqi, GAO Shuai, et al. Fracture
connectivity characterization and its controlling factors in Lower
Jurassic tight sandstone reservoirs of eastern Kuqa foreland basin
[J]. Earth Science, 2023, 48(7): 2475-2488.

BT, G2, BEH, . BRI AR F U T X P
Mo IR 2 AR UA RO R A T[T ). HERB 2, 2024, 49
(9): 3264-3275.

DU Xiaoyu, JIN Zhijun, ZENG Lianbo, et al. Development
model of natural fractures in continental shale of the Pingdiquan
Formation in the Shuangjingzi area, eastern Junggar Basin [J].
Earth Science, 2024, 49(9): 3264-3275.

T, G2, WK, . FET UGN 0 AR DO
AR RIR G RN [T ], Al 5 KRBT, 2024, 45
(3): 852-865.

DU Xiaoyu, JIN Zhijun, ZENG Lianbo, et al. Evaluation of
natural fracture effectiveness in deep lacustrine shale oil reservoirs
based on formation microresistivity imaging logs [J]. Oil & Gas
Geology, 2024, 45(3): 852-865.

BT, &8, IR, 4% . SRR L WA P A M X K 7 T
FHGEERIRRGER TR SR N R[], HuekBb, 2023,
48(7): 2589-2600.

DU Xiaoyu, JIN Zhijun, ZENG Lianbo, et al. Development
characteristics and controlling factors of natural fractures in Chang
7 shale oil reservoir, Longdong area, Ordos Basin [J]. Earth
Science, 2023, 48(7): 2589-2600.

UG, IR, FEFCR, A M RCE 1 X RGO 5
W) —— LA P A il s e R B A R N BT ] e
W RZE2EH, 2015, 44(3): 514-519.

GONG Lei, ZENG Lianbo, DU Yijing, et al.

Influences of
structural diagenesis on fracture effectiveness: A case study of the
Cretaceous tight sandstone reservoirs of Kuqa foreland basin [J].
Journal of China University of Mining & Technology, 2015, 44
(3): 514-519.

FMF, XEIR, VR, % LB MRS 2 N AR R Rk
AR Bl 14 5 M0 —— LA SR R 4 b VG Z b L 75 A S 10 L) ).
fieEd, 2018, 39(5) : 554-563.

WANG Haixue, LIU Zhida, SHA Wei, et al. Characteristics of

deformation bands in high-porosity sandstone and their influence
on fluid flow: A case study of Youshashan anticline at the western
margin of Qaidam Basin[J]. Acta Petrolei Sinica, 2018, 39(5):
554-563.

e, H/NEE , AR AIRLBRA A rh T TR A A 1 5
MR [T ). P R (A AR R, 2013, 44(6)
2428-2438.

FU Xiaofei, SHANG Xiaoyu, MENG Lingdong. Internal structure
of fault zone and oil/gas reservoir in low-porosity rock [J]. Journal
of Central South University (Science and Technology) , 2013, 44
(6): 2428-2438.

[10]

[11]

FOSSEN H. Structural geology [M]. Cambridge: Cambridge
University Press, 2010.

DU Xiaoyu, JIN Zhijun, ZENG Lianbo, et al. Characteristics and
controlling factors of natural fractures in deep lacustrine shale oil
reservoirs of the Permian Fengcheng Formation in the Mahu Sag,
Junggar Basin, China[J]. Journal of Structural Geology, 2023,
175: 104923.

DU Xiaoyu, JIN Zhijun, ZENG Lianbo, et al. Formation of
natural fractures and their impact on shale oil accumulation in the
Mahu Sag, Junggar Basin, NW ChinalJ]. International Journal of
Coal Geology, 2023, 279: 104385.

SCHUELLER S, BRAATHEN A, FOSSEN H, et al. Spatial
distribution of deformation bands in damage zones of extensional
faults in porous sandstones: Statistical analysis of field data[]].
Journal of Structural Geology, 2013, 52: 148-162.

TAKAHASHI M, MIZOGUCHI K, KITAMURA K, et al. Effects
of clay content on the frictional strength and fluid transport
property of faults [J]. Journal of Geophysical Research: Solid
Earth, 2007, 112(B8): B08206.

CRAWFORD B R, FAULKNER D R, RUTTER E H. Strength,
porosity, and permeability development during hydrostatic and
shear loading of synthetic quartz-clay fault gouge [J]. Journal of
Geophysical Research: Solid Earth, 2008, 113(B3): B03207.
ANTONELLINI M, CILONA A, TONDI E, et al. Fluid flow
numerical experiments of faulted porous carbonates, Northwest
Sicily (Ttaly) [J]. Marine and Petroleum Geology, 2014, 55:
186-201.

FISHER Q J, CASEY M, HARRIS S D, et al. Fluid-flow
properties of faults in sandstone: The importance of temperature
history[J]. Geology, 2003, 31(11); 965-968.

e, M, K. W R b & B AL B b
2O NS [T]. MR i (L ER B2 D), 2014, 44
(1):25-37.

FU Xiaofei, XIAO Jianhua, MENG Lingdong. Fault deformation
mechanisms and internal structure characteristics of fault zone in
pure sandstone [J]. Journal of Jilin University (Earth Science
Edition), 2014, 44(1): 25-37.

AYDIN A, JOHNSON A M. Development of faults as zones of
deformation bands and as slip surfaces in sandstone[J]. Pure and
Applied Geophysics, 1978, 116(4): 931-942.

SHIPTONI Z K, EVANS J P, THOMPSON L B. The geometry
and thickness of deformation-band fault core and its influence on
sealing characteristics of deformation-band fault zones [M]/
SORKHABI R, TSUJI Y. Faults, Fluid Flow, and Petroleum
Traps. Tulsa: American Association of Petroleum Geologists,
2005: 181-195.

X, B, E AR, & B AL A AT eI Ry
AE LA B L], v 7l 244, 2017, 46(6) @ 1267-
1281.

LIU Zhida, FU Xiaofei, MENG Lingdong, et al. Types,
characteristics and genetic mechanism of deformation bands in

high-porous sandstone[J]. Journal of China University of Mining &



316 AT IR NN EXYES
Technology, 2017, 46(6): 1267-128]1. 1844.

[22] XlaRIk. LB M A v AR Al BRI WL % it 43t 3l ) 5% [36] FOSSEN H, BALE A. Deformation bands and their influence on
LD KPK: AR, 2017, fluid flow[J]. AAPG Bulletin, 2007, 91(12): 1685-1700.

LIU Zhida. The mechanisms and the influence on fluid flow of [37] SAMMIS C G, OSBORNE R H, ANDERSON J L, et al. Self-
deformation bands[D]. Daqing: Northeast Petroleum University, similar cataclasis in the formation of fault gouge [J]. Pure and
2017. Applied Geophysics, 1986, 124(1): 53-78.

[23] BALLAS G, FOSSEN H, SOLIVA R. Factors controlling [38] WONG T F, DAVID C, MENENDEZ B. Mechanical compaction
permeability of cataclastic deformation bands and faults in porous [J]. International Geophysics, 2004, 89: 55-114.
sandstone reservoirs [J]. Journal of Structural Geology, 2015, [39] FISHER Q J, KNIPE R J. The permeability of faults within
76: 1-21. siliciclastic petroleum reservoirs of the North Sea and Norwegian

(24] FEICHHUBL P, HOOKER J N, LAUBACH S E. Pure and shear- Continental Shelf[J]. Marine and Petroleum Geology, 2001, 18
enhanced compaction bands in Aztec Sandstone [J]. Journal of (10): 1063-1081.

Structural Geology, 2010, 32(12): 1873-1886. [40] EXNER U, GRASEMANN B. Deformation bands in gravels:

[25] DENG Shang, AYDIN A. Distribution of compaction bands in 3D Displacement gradients and heterogeneous strain [J]. Journal of
in an aeolian sandstone: The role of cross-bed orientation [J]. the Geological Society, 2010, 167(5): 905-913.

Tectonophysics, 2012, 574/575: 204-218. [41] ENGELDER J T. Cataclasis and the generation of fault gouge[J].

[26] ALIKARAMI R, TORABI A. Micro-texture and petrophysical GSA Bulletin, 1974, 85(10): 1515-1522.
properties of dilation and compaction shear bands in sand []]. [42] RAWLING G C, GOODWIN L B. Cataclasis and particulate flow
Geomechanics for Energy and the Environment, 2015, 3: 1-10. in faulted, poorly lithified sediments [J]. Journal of Structural

[27] KLIMCZAK C, SCHULTZ R A. Shear-enhanced compaction in Geology, 2003, 25(3): 317-331.
dilating granular materials [J]. International Journal of Rock [43] FOSSEN H, JOHANSEN T E S, HESTHAMMER ], et al. Fault
Mechanics and Mining Sciences, 2013, 64: 139-147. interaction in porous sandstone and implications for reservoir

[28] DRAGANITS E, GRASEMANN B, HAGER C. Conjugate, management; examples from southern Utah[J]. AAPG Bulletin,
cataclastic deformation bands in the Lower Devonian Muth 2005, 89(12): 1593-1606.

Formation (Tethyan Zone, NW India) : Evidence for pre- [44] 200, TS &, A%, 5. LD A2 N ROIESE F4 B
Himalayan deformation structures [J]. Geological Magazine, BRI B[], M ERBL2E, 2022, 47(5) : 1805-
2005, 142(6): 765-781. 1818.

[29] BALLAS G, SOLIVA R, SIZUN J P, et al. The importance of the JIANG Mingming, FU Xiaofei, SHI Lei, et al. Physical analogue
degree of cataclasis in shear bands for fluid flow in porous experiment of microstructure and variation law of permeability
sandstone, Provence, France [J]. AAPG Bulletin, 2012, 96 within faults in High-Porosity sandstone [J]. Earth Science,
(11): 2167-2186. 2022, 47(5): 1805-1818.

[30] MILLIKEN K L, REED R M, LAUBACH S E. Quantifying [45] ANTONELLINI M, AYDIN A, POLLARD D D, et al
compaction and cementation in deformation bands in porous Petrophysical study of faults in sandstone using petrographic image
sandstones [ M ]//SORKHABI R, TSUJI Y. Faults, Fluid Flow, analysis and X-ray computerized tomography [J]. Pure and
and Petroleum Traps. Tulsa: American Association of Petroleum Applied Geophysics, 1994, 143(1): 181-201.

Geologists, 2005: 237-249. [46] W atE. mALBRMEA A ARG FRIE S B 248 s ik [ D], K

[31] WALDERHAUG O. Kinetic modeling of quartz cementation and P ZRAbaihRe, 2014,
porosity loss in deeply buried sandstone reservoirs [J]. AAPG XIAO Jianhua. The characteristics of deformation band and the
Bulletin, 1996, 80(5): 731-745. evolution of fault in high porosity rock [D]. Daqing: Northeast

[32] SOLIVA R, BALLAS G, FOSSEN H, et al. Tectonic regime Petroleum University, 2014.
controls clustering of deformation bands in porous sandstone []]. [47] PITTMAN E D. Effect of fault-related granulation on porosity and
Geology, 2016, 44(6): 423-426. permeability of quartz sandstones, Simpson Group (Ordovician) ,

[33] STERNLOF K R, RUDNICKI J] W, POLLARD D D. Anticrack OklahomalJ]. AAPG Bulletin, 1981, 65(11): 2381-2387.
inclusion model for compaction bands in sandstone[J]. Journal of [48] KNIPE R J. Faulting processes and fault seal [ C ]//LARSEN R M,
Geophysical Research: Solid Earth, 2005, 110(B11): B11403. BREKKE H, LARSEN B T, et al. Structural and Tectonic

[34] BERNARD X D, LABAUME P, DARCEL C, et al. Cataclastic Modelling and Its Application to Petroleum Geology, Stavanger,
slip band distribution in normal fault damage zones, Nubian 1992. Amsterdam: Elsevier, 1992: 325-342.
sandstones, Suez rift[J]. Journal of Geophysical Research: Solid [49] B54, fHBE K, T4, 4. Wrsd A H PR A fobe 1t Xop A ) 2
Earth, 2002, 107(B7): ETG 1-ETG 6. SEEEBCE NI ], A, 2017, 38(3): 286-296.

[35] SHIPTON Z K, COWIE P A. Damage zone and slip-surface JIA Ru, FU Xiaofei, MENG Lingdong, et al. Transformation

evolution over pm to km scales in high-porosity Navajo sandstone,

Utah [J]. Journal of Structural Geology, 2001, 23 (12) : 1825—

mechanism of fault and its associated microstructures for different

kinds of reservoirs [J]. Acta Petrolei Sinica, 2017, 38 (3) :



514

LW, LA e

LR R P D 3R 317

[50]

286-296.
ROTEVATN A, TORABI A, FOSSEN H,

et al. Slipped
deformation bands: A new type of cataclastic deformation bands in
Western Sinai, Suez rift, Egypt[J]. Journal of Structural Geology,
2008, 30(11): 1317-1331.

FOSSEN H, SCHULTZ R A, SHIPTON Z K, et al. Deformation
bands in sandstone: A review [J]. Journal of the Geological
Society, 2007, 164(4): 755-769.

KNIPE R J. Juxtaposition and seal diagrams to help analyze fault
seals in hydrocarbon reservoirs [J]. AAPG Bulletin, 1997, 81
(2): 187-195.

TORABI A, BRAATHEN A, CUISIAT F, et al. Shear zones in
porous sand: Insights from ring-shear experiments and naturally
deformed sandstones [J]. Tectonophysics, 2007, 437 (1/4) .
37-50.

CUISIAT F, SKURTVEIT E. An experimental investigation of the
development and permeability of clay smears along faults in
uncemented sediments [ ] ]. Journal of Structural Geology, 2010,
32(11): 1850-1863.

TAKAHASHI M. Permeability change during experimental fault
smearing [J]. Journal of Geophysical Research: Solid Earth,
2003, 108(B5): 2235.

FUKUOKA H, SASSA K, WANG Gonghui. Influence of shear
speed and normal stress on the shear behavior and shear zone
structure of granular materials in naturally drained ring shear tests
[J]. Landslides, 2007, 4(1): 63-74.

ISSEN K A, CHALLA V. Influence of the intermediate principal
stress on the strain localization mode in porous sandstone [1].
Journal of Geophysical Research: Solid Earth, 2008, 113(B2) :
B02103.

SADREKARIMI A, OLSON S M. Shear band formation observed
in ring shear tests on sandy soils[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2010, 136(2): 366-375.
BEACH A, LAWSON BROWN J, WELBON A I, et al
Characteristics of fault zones in sandstones from NW England:
Application to fault transmissibility [J]. Geological Society,
London, Special Publications, 1997, 124(1): 315-324.

BEACH A, WELBON A I, BROCKBANK P J, et al. Reservoir
damage around faults; outcrop examples from the Suez Rift [J].
Petroleum Geoscience, 1999, 5(2): 109-116.

ZHANG Fengshou, AN Mengke, ZHANG Lianyang, et al. The
role of mineral composition on the frictional and stability properties
of powdered reservoir rocks[J]. Journal of Geophysical Research :
Solid Earth, 2019, 124(2) : 1480~1497.

SAMMIS C, KING G, BIEGEL R. The kinematics of gouge
deformation [ J]. Pure and Applied Geophysics, 1987, 125(5) :
777-812.

SOLUM J G, BRANDENBURG J P, NARUK S J, et al
Characterization of deformation bands associated with normal and
reverse stress states in the Navajo Sandstone, Utah [J]. AAPG
Bulletin, 2010, 94(9): 1453-1475.

CRAWFORD B R, FAULKNER D R, RUTTER E H, et al

Influence of clay content on strength, permeability and
microstructure of synthetic quartz: Kaolinite fault gouge [ C ]//AGU
Fall Meeting Abstracts. [S. 1. ]: [s. n. ], American Geophysical
Union, 2001: T12G-05.

GIGER S B, CLENNELL M B, CIFTCI N B, et al. Fault
transmissibility in clastic-argillaceous sequences controlled by
clay smear evolution [J]. AAPG Bulletin, 2013, 97 (5) :
705-731.

CLAUSEN J A, GABRIELSEN R H. Parameters that control the
development of clay smear at low stress states: An experimental
study using ring-shear apparatus [J]. Journal of Structural
Geology, 2002, 24(10): 1569-1586.

CHILDS C, MANZOCCHI T, WALSH J J, et al. A geometric
model of fault zone and fault rock thickness variations[J]. Journal
of Structural Geology, 2009, 31(2): 117-127.

JIANG Mingming, JIN Yejun, FU Xiaofei, et al. The
development of cataclastic bands in high-porosity sandstones:
Insights from ring shear experiments [J]. Journal of Structural
Geology, 2023, 175: 104952.

ZHANG Shuqing, TULLIS T E, SCRUGGS V J. Permeability
anisotropy and pressure dependency of permeability in
experimentally sheared gouge materials [J]. Journal of Structural
Geology, 1999, 21(7): 795-806.

TEMBE S, LOCKNER D A, WONG T F. Effect of clay content
and mineralogy on frictional sliding behavior of simulated gouges :
Binary and ternary mixtures of quartz, illite, and montmorillonite
[J]. Journal of Geophysical Research: Solid Earth, 2010, 115
(B3): B03416.
WANG Chaoyi, ELSWORTH D, FANG Yi. Influence of
weakening minerals on ensemble strength and slip stability of faults
[J]. Journal of Geophysical Research: Solid Earth, 2017, 122
(9): 7090-7110.

P&, EgaE, R, 5. 52 TR B2 2 ) B e
PP O i SO D] R PR BT 5 0T &, 2024, 43
(4): 95-104.

FU Xiaofei, WANG Haixue, SONG Xiangiang, et al. Quantitative
evaluation method and its application for vertical fault seal of thick
caprock intervals[J]. Petroleum Geology & Oilfield Development
in Daqing, 2024, 43(4): 95-104.

WG, DA, A, 55 . TRIZ-HIRZ BUR K2 KR 2LLE 5y
A R AE B B AR [T ). A5 KRR, 2024, 45(1) -
1-14.

ZENG Lianbo, GONG Lei, SU Xiaocen, et al. Natural fractures
in deep to ultra-deep tight reservoirs: Distribution and
development[]J]. Oil & Gas Geology, 2024, 45(1): 1-14.
JEEAR, FWGF, BRGS0 T2 0] )
PREITRYPERIAE ALY ], REFii R, 2024, 31(4): 64-70.
YAN Nianbin, WANG Haixue, HOU Jiayi, et al. Control of
effective normal stress on fault lateral sealing capacity[J]. Special
0il & Gas Reservoirs, 2024, 31(4): 64-70.

R, HAE, JURME, S B HUR SR M XA B £
S IR A Tl K CH i S P —— LU 3% 1 R L]



318 Al 5 KR T 414
TSI HL , 2023, 45(4) : 770-779. Benxi Formation in the Ordos Basin [J]. 0il & Gas Geology,
HAN Jun, DONG Shaofeng, YOU Donghua, et al. Hydrothermal 2024, 45(6): 1524-1536.
dissolution of deep-buried carbonate rocks and its significance for [81] Z=#%, fal g, BRfd:, 558 . CNN AL M3 2 sk Bt 1k X 7E
hydrocarbon exploration in Shunnan area, the Tarim Basin: taking I 15 W8 L R b iy R A (0], B el <, 2023, 30(1) :
Well Peng-1 in Shunnan area as a case[J]. Petroleum Geology 107-113.
and Experiment, 2023, 45(4): 770-779. LI Hui, YAN Jianguo, CHEN Yugui, et al. Optimization of loss

[76] WU Xiang, WANG Fei, ZHANG Xiaoqiu, et al. Extraction of function in CNN algorithm and its application in low signal-to-
fractures in shale CT images using improved U-Net [J]. Energy noise ratio data [J]. Fault-Block Oil and Gas Field, 2023, 30
Geoscience, 2024, 5(2): 100185. (1):107-113.

[77] fL%dz, RI7WL, #4082 IR SUR RO SRk S Pl L [82] iftmH, EAL, TAAT, . ZETHLE T W SRIR 2 1 G b
B um%ﬂm%ﬁﬁﬂﬁA#@EﬂﬁﬁWUlﬁm AR DX 7 BOE AR I IR D5 ik (D], RO 50T K&
SCEGHLIT, 2024, 46(4): 683-697. 2023, 13(4): 525-536.

KONG Lingyun, SONG Guangpeng, JIANG Shu, et al CHEN Li, WANG Caizhi, NING Conggian, et al. Well-log
Micromechanical characteristics and controlling mechanism of lithofacies classification based on machine learning for Chang-7
deep shale: A case study of well JYA in Pingqiao Block, Fuling member in Longdong area of Ordos Basin[J]. Petroleum Reservoir
area [J]. Petroleum Geology & Experiment, 2024, 46 (4) . Evaluation and Development, 2023, 13(4): 525-536.

683-697. [(83] TR, MmN, MILLL, 45 . FETUREES: o iy i e £ A 0

(78] EARHE, Zf, S04E. P EORMHET CO, ARRAIRROILE Hah P s WG Ir ik (0] R AR M CH AR,

PAFAERSLLLT ] & P B, 2024, 36(6): 181-188. 2024, 48(5): 103-114.
CUI Chuanzhi, LI Jing, WU Zhongwei. Simulation of microscopic WANG Sen, XIANG Jie, FENG Qihong, et al. Deep-learning-
seepage characteristics of CO, immiscible flooding under the effect based acceleration method for automatic history matching of
of diffusion and adsorption [J]. Lithologic Reservoirs, 2024, 36 reservoir numerical simulation[J]. Journal of China University of
(6): 181-188. Petroleum (Edition of Natural Science ), 2024, 48(5): 103-114.

(797 B, TR, Ahibil, 2. A PR BTSSR P A AR LA [84] BEFIKR, 8 KL, XUME, &5, KA T R iR fbdtise
[ine=AN) ] B 2 4 CHLER B2 R L 2024, 54(5) : 1645- SRR SR S]], S KRR, 2024, 45(2)
1656. 581-592.

NIU Yao, SU Zhandong, SUN Jinzhong, et al. Proportioning of MI Lidong, ZENG Dagian, LIU Hua, et al. Key technologies and

similar materials in rock physical simulation experiments [J]. development trends for intelligent construction of underground gas

Journal of Jilin University (Earth Science Edition) , 2024, 54 storage facilities[J ]. Oil & Gas Geology , 2024, 45(2) : 581-592.

(5): 1645-1656. [85] EJuff, 2/, 8L, 4. Ak 5B A7 5 M BT
[80] XURHL, 58, BREEM, 4. JET ResNet k2 £ 25 5] [J]. ARSI, 2024, 45(4): 1168-1179.

TR J2 Wb e 2 o R i 3R 4 4 25 [0 ).
2024, 45(6): 1524-1536.
LIU Dameng, WANG Zihao, CHEN Jiaming, et al. Classification

Al KRR

of macerals and microfractures in deep coal seams based on

ResNet: A case study of the No. 8 coal seam of the Carboniferous

WANG Guangfu, LI Yang, WANG Rui, et al. Recent advances
in geological carbon dioxide storage and utilization[J]. Oil & Gas
Geology, 2024, 45(4): 1168-1179.

(p4g £ i)



