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Abstract ; Caprock directly determines the scale of oil-gas accumulation. The lithology of caprock in large-medium oil and
gas fields is mainly mudstone, gypsolyte/saline rock and carbonate rock. In recent decades,we have made great progress
in the sealing mechanism and evaluation methods for sealing property study. Scholars have proposed the capillary, hydrau-
lic ,overpressure ,and hydrocarbon concentration sealing mechanisms through the years. For different sealing mechanisms,
the sealing property evaluation criteria were set up,which played an important role both in the evaluation of hydrocarbon
plays and the selection of exploration targets. Conventional study on the sealing properties of caprock is mainly based on
static evaluation, but in fact, its sealing properties may change during multi-stage burial-uplift tectonic evolution. Jin

(2013) established a quantitative evaluation method for the dynamic evolution of caprock sealing properties, which was
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based on the relationship between the porosity and capillary pressure during burial , the permeability and capillary pres-
sure during uplift,and the OCR ,a quantitative prediction method for the evolution of capillary sealing properties. And the
method provides a reasonable basis for the study of oil and gas accumulation in multi-stage tectonic evolution basin.
Thus , based on the study of the above-mentioned mechanisms and methods, it was pointed out that faults, tectonic frac-
tures and hydraulic fractures were the key factors to the integrity of caprock,and the condition for the oil and gas to break
through caprock was clarified, which provided a new way to find the secondary reservoir. The formation and evolution
process of faults and fractures and their destruction to the caprock integrity depend on the seal’ s mechanical characteris-
tics, that is,the caprock brittle-deformation prone or ductile-deformation prone. Based on the density and rock mechanics
of mudstone ,a method for distinguishing brittle and ductile deformation of mudstone was established. According to Byer-
lee’ s friction law and Goetes’ s criterion,a method for distinguishing brittle-ductile deformation of gypsolyte/saline rock
is formulated. Therefore , the mechanisms for destruction of faults and fractures on brittle, brittle-ductile or ductile cap-
rocks were clarified. Nowadays, there are still many problems necessary to be explored further, including the effects of dif-
ferent caprocks on hydrocarbon preservation ,the effects of regional geologic factors on the sealing properties of caprock,
the division of diagenesis stages and the dynamic evolution of sealing properties of shale,the brittle-ductile transition of
caprocks and quantitative characterization of fracture conditions, the effect of deep faults on oil and gas migration and
preservation , quantitative evaluation of caprock integrity, etc.

Key words: dynamic evolution, brittle-ductile deformation, capillary pressure, rock mechanical characteristics, sealing

mechanism , caprock , superposed basin
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Fig. 11 Schematic diagrams showing the types of overpressured reservoirs
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Fig. 13 Schematic diagram showing the brittle-ductile deformation stage of rock ,the stress-strain curves and brittle-ductile transition

critical confining pressure of Kumugeliemu Formation gypsolyte in the Kuqa Depression

T BN S A, R g — A2 2k 7R BAT BB Ay
N FIWE o A LR BBE AN, A SRR UG B TS £, 1
JIREEBB /N, > 3G 0 380 B — i B, 1 7 A
F, RICA A AR AR o P e A 2K 4 5 BE R TR i A0 2%
ARSEI 0 TE IR 5 28 S BRI AN A Jife M 1l
2L, Goetze WFFEFRWI, YN 106 0T, R 73 Kt 3%
B J it i ] e 24 5 8 28 5 B8 R BT I, 0 5 55 2 i 12k 1)
S I AR

I T AT REDE TR A M - B vess
PGB o S SRR A, T 2 G 490 1 s J6 ife L s 1

BART &4 JEZE,Eﬂ*ﬁﬁﬂHﬂHin<#F7‘,d@zﬁi§£%i@ﬁ@
PERE, A T REC 2R N eI =, NI,

%FWﬂﬁ%ﬁﬂﬁﬁﬁﬁﬁﬁﬂ%ﬂﬁﬁZﬁ
i )z 0 e 900 1 B 4 0 i B S5 A, 430 Ry 46 MPa FiI
90 MPa,

3.2.2 RREN -IE T RAE

it 25 1 R B B R e A D R A 2 G — ﬂr
A B AE K B00T AR 25 M Y BB PR Y8 B, T
mﬁﬁfkﬁm?2lym%M@wﬁAkiﬂ@
AT AN Ss Je 2B e e 200 i SR A 1 5 E K

T 2.1 g/om® FE RGNS T K KA MRS, Cor-

coran 1 Dore 71| FH % B R 24 B b7 7% 72 £ ) r U1 a2
ffe — EEEE AL AR (| 14) o MEbk B B, % KT
2.5 g/em’  WERRGTRIAS/NT 3%, s IEHBE, HEA T
2.5~2.25 g/em’ BB T 5% ~8% ., WIPEN B, %
FENT 2.25 g/cnt 7K T 8%, i Nygard 26 ABF

; | etk
26F L — e
- -
24} L B
&22f ' "
@ -
& .
20} E2
18 ‘ : :
0 5 10 15 20
B/ %
14 I T % i RIVRRE 2R s 1 2 S o Mg

Fig. 14 Ductility and brittleness distinguished

by means of mudstone density(g/cm’) and

fracturing strain''"’



3 ]

IR, A5 I AU S PRI S IR RO A SR H 465

R, B LG5I A AE 15 MPa BT 83 MG EAS TE 1] )
PEASREAL ™ o LR IEOX S 3 R BT NG - )
PEFAL T RE Y N 2 A B B o TRHLR [ 45 — >[5 45 1%
OB, BN T 2.1 g/em’, BRI AR
o 145 e B B, 52 Bl R 58 52 i 28 197 Mg L 3o %
FIPERE AL (1 12b) 10 A2 il 3 3008 3
AR R SR N 2 D WAL W ARG
PEREE 36 Th o e, 8 00 O I 45 e B B, B Bl
i T3 R R R S R, Y 8 G, 5 T R A8 In-
gram 1997 AR 452 ] T [ 45 L B0 e 58 O A 1Y
A IR OCR KT 2.5 B a5 )20 24 S 308 T 1) KUK

ij]u[8,12,14,59] .
4 55 )RR

i J2 S B R i e R Rl R R TR
JRHB IR S T 5 R, 4 R (18] 15)
4.1 EIEMHEHRE

a5 2N FLIUB I AR B S 30 e WA 15 %%
PR B 7K R AT J2 R0 55 2 B 422 ful v i R VE AL S
Mt s e AR B K b K SRR VAL S W EA

2 X B R AR AN S AR R IE PR TE
WA EYIE SA L - SRAE Y, Wi o) 3R,

SEUKIRBE, AL - & m a5 B0 F Ak
AR AR R I, DN A T T, R A6 R S Ik AN
AR,

4.2 BT REBIRER

Wi ZEAEAN I — 00k 55 J2 AR TR LA [R], 3 1A
REI VP Iy s WA Tm] . MatER B, i v il 25 2 i 7
T BN ] 2 W T 2 0O , B 6 BT L ) 1 R, 45 1) 7 T2
BT K, 2 A % I A £ i o )2 R A T
35850 o BPANLSEAIE S e T T b e — T S R R
T PERY T2, W7 2807 38 4 W2 A Bk A AR
W2 I, A0 R A7 L KL =8 R kA
PO E T2 o T A a5 R 2 4 T 36
J2JEEEE FIMTRE, $72 H W 49 B J32 O o e SR AE 2 4 e (]
WPE, RIS A7 T W7 0 5 2R S W R A R Y 2
% RAEBR, 24T I Pl A s b TG
Sl 1 5 SR A AE I S 1 DB 5 S R, V(LR B AT 6B )
R

e - BITERY B, 3505 K B AL IR R A5 i, R
TR PRORF 3 S, B )22 2 1) gl 2 B AT Y 3l 5 Ve
%K % % SSF ( Shale smear factor) , Rl W i 5 8 & J&
JER AR R AT IR R A S B R, S BR J
MR E PR . 2B AR O TR s R R i
e A5 T Wi S e A R A LR /N AR I 2 (B

@ TR
@ BIRBSMER
© WEH AW SRR
® KA wH

Wi 2 2 7 95T

M 7 T
SRb A

KIS a2 se Rt e R A

Fig. 15 Schematic diagram of factors affecting the caprock integrity



466 M5 KRR b iR

539 &

B/NT 15 m) R H RS SSFAHAELIEFE R 1 ~
50,8 F Ve HIZEE R 0 ~ 10 cm, WifE R 3 cm L5
K X T U R BT E (WTEE R T 15m) |, A TR
AR VLA I LR/, — il 4 ~ 819 fH
A SSF {HH 6 ~ 20 F W7 25 35 18 2 9 8 4 i 4k o
Takahashi 38 25 25 1 25 FE A B4 2 BT A 3800F v
430 MPa, 24 SSF KT 4.9 i, B 278 i v 3R 2k
FoELEE A RN S HE R B 40 MPa, IR AR HR i S bk
HIlE A SSFE R 6.6, [HIL, e Bl & HEER G i, e
WA, HAS RRRELE,

PIPERY B, R B TR R, £ I DT 24 396 oo v
B, R AV W I 3, AR e R AR BT Y DL B
BWWEEm A, HEEEZSELERT, ¥
PR 2 i A s v R S (IR L g X)) 37 3l A e 3 4 o
5 b 2 A A e T AR F 36 5 T) Psf AE KE X)
Fky i R A b ) B0 B4 R A X, A A B 1 2 B
Jl— S SR 2 T 2 2 T R e ik X B R
w7 TR B A SR KM 35 2 2 T R
R bR AR R PR AL T IA . A B P R
F RNV LA 7 b Sagizski X B i) 31 1 & AT LU
R AR A 0 S R T R B B
FHSEE 7

4.3 TEERSUEEE

3 o R R M R AR, R AT A MR ) R
ROBEWr AR, /N RUBE W 2244 FH AL 8 8 38 4o 5 [|) | 9K
S —HEH ORI TR o (R RUBE (Y I 24
YER (i KRATE L7 K E] 30 m Z[H]) , H PR R I Hb
W2 3 A BE RS U, AN R A B
B EARBITY BRI, 33l b RLRE A BT LA R A
SWHEBRNEBERNET . RN THERAS
T A 0 T R S A AL A5 T (R DI S
V6 B )2 55 )2 2 ] 5 P v O T R A R A S R 2
B T WA KRR AR W 2 B ST O R
55 I K HZ VG R BE 4 A1, AT LU 1 R o )22 3 o)
Bl f /)N W B RN BT R AU, Ingram 486 HY > W7 2 25 8K
(WiBE K TR R ZIE R ) RIREH 22505 f5aT,
i 2T [0 T KU B R
4.4 MEHEER

Ve U 36 20 F A R st e IR H
RS T AT RIS 5 G/, Bt AR %38, 55 )2 7] LA
1S/ e = T W D A BT NPT e s el B R |
BHT A ok 24 4 B PR 5 24 4% T Sk T, DT {6 Ak 24 4

HE I B T2 18] o 516 I Rh 0 g % A A2 4k
AR ML = A A 3 BF 1 H 38 46 T LR S R TR R
PRAET S  FE IR PR T h R B A K 2
TET i A0 B AR 58wl 30 T ) R 3 2 A AR I IS
AR R, R E S RN R T IR E
JE T L AR AT T2 S, AR R — B SE TR
BB EEE T A R RS Py, 2
SERYF- X115 REBL T2 A1 1 V8 S A A 4R
PSR, LR AR 2B A1 B L A (FSR) , 2L4E I B
PO 5 0 A B8 S OE P MR 4k DR o B O B Sk 52
I, 25 FSR < 1. 17 i fe 0 )2 b A A B XA 2 2
58, AR IS H) A EBRY, 24 FSR > 1. 17 i}, JF
i BB o 548 H BT AR RO IR FSR BRI,
i W07 Y 38 S BOR BE R A A, N TTIE 2 T
WAE o M3 AR TR A B e R FE R g (H R Al
TR/ NN T AR, 2 BN T B O (8 A R A 4% A
A AR ARG AR RS A, A
M G T = 1)

4.5 KHhaEz

Vit )2 LB A4 7 2k B 1 e/ LR B, 55
MBI S 4 o R A P EE ST M T = TR TR
B MR- =Y (R =R $vixu i b= R NS 114 DN/ R S P o
RBENATIERS , KA IR HEBOE 3l , Bl IR 2 2 e
B FLBR AR R T BEAR, 5 ™ W e 45 DTTE , 2448 1 58
BEWR/N 1B 15 R, e A P A AR HEROS sh 2%
IR — B G, S RS — RSN,
FINTRFRIZ B oA 1) 0t A4 L B 9 4 1 07 388 I 2= 1 24
AE B HEOE 2 i DT R I PE BB AR A . X6 T AR X
A (1 35 )2 , 448 22 1E 20 ~ 50 4F R IR ST
Caillet LIRS Snorre i HI A 1], 58 K Bl 56 )2 h & A
E5A)2 P A R IR AT A R e R S0 0, > i
JE TGS FLIR I AR R 7 38 B A R 11 82 %, 45
T/ KR T, Az 7K i 4 3500 8 3
Hahn AR ki ok

S5 HaJEBRIEATAE ) T B ]

JUERIREPAVERT IS T R BE R (B A 1
Z A BER AR R, FE AR LT L5 o

ARG 2525 10 TRAT o R SRR 2230 i T
BT TE R, AR R - 8 R R H)Z Oy X
Peie)=, EAHE HIES R A RAS LS, TS
HAER RN AR R IR W)Z AR R N T S



3 ]

IR, A5 I AU S PRI S IR RO A SR H 467

8 2 A2 , =906 23 SR A7 2 R R T Do
ST, X A AT ) S 2 DR 2 T L TR
AT T X 25 R, AR X B 3 R 4
T 200 s % R TR AR T L I R T
TR DX A 25 2 R B 9 A 7S T 10 TR A AR
FH 3 JHL S = 0 36 J2 4 A, 45 4 S 280 ol = e 1),
R )G 36 2 56 AR AE A X Tl SO AR A fig ke
B AR

SR 36 SR P e (2 WA S PR 2, 35 2 JELRE
P2 £ 0 36 H LG 3 P B 7 10 W ol D B S 4 5
BN B A LR, 25 2 T8 B OF 4R 2 B P o 4 A
212 (A AR IR i IS T T SR B AR R 3
JEIEE T TR S R AR A e MR e
BT R IEY N 3 26— R A IR, WAAIT 45
M — BRI — B A5 R R R AR OK,
Wi A 10% 2 s AP IR 2 VR , I Sek A 4
MoK SPE R R = R BB ORI T S R A
BB I L T 7 IR 2 DU B b 55 2 . 55
My LR 36 2 BT TP A T A AR, R b O e
JE PRI — S Hb R 0T 2 5 1k 2 5 e VA 252 5
RRK B EESR "7,

Ve T AT PR F R i AL Y B, YR T 35
T2 ILE S, FLIRSE R R A R 2 B 5 TR 22
SE A W B AE R R s AL B BB A ORI . 2
U ORHRISE G T B BRI , % U8 0T 25 2 Uk
B G — AT AL bR, B R T X 35 2 2 AE 1 3h
A AR

S IZ B RE ) S AR, R Jin S A HEST T 5
JE BN B RE S S IE e (EH G A v
T 75 2 LR 7 — 2 5 P N B LR K, BB 5 R
ORAE T 72 1E AR 56 56 2, 300 7 B A1) S [ 2 8 0 1
SRR R ITE . R 4 S UE SR T i R b s
BRSO YEL, SEER T R s
75 B AL A T R R O SR A R S BT
o B 5 S U6 E AR OCR KT 2.5 22 H k)3
= BIEARIE . Hao 25 A ST 1K 1 P 20 25 38
AR P AR F 0 IR E , R R T R A
B S A F FR 0 53 RF 5, A R 2 7 A S 21 ik
I f) b B A7

SR — B A B R 2 A% s R A, 1
WL AR PR AN — BT A Sy 3 AN B, B
PERY B e — FIERY BERIBIE Y B, #RTHB BE S
iR AR = Oy AR HIR AN - B
AL BRI Z Y% T 2.1 g/em’ W& 44

AT 010 R4 LR A2 R B R A, th
BTG M - BRI AL RE O Y 4L
ez Ba A I T e S BRI AR By Brik ok . #R 71
e, PEBEIE SR, B A e A e . S2 R e iUs
e — BIVEASTE 1 TR 3R 22 M0 52 2%, 22 90 0 A i X L
il 2, H AT AR

GRIZ W20 Tl S da 2 S PR AT, DR 2t
(IBIFSE o I J2 i S AR AR AR A T — s R
(EVER % 55 12 4 T A S5 R IS Bl = R e AR i
BEWRAEA R IS — B0 5 2 2SR ML | B 2R
2 At PR P AN D kR AR Al AR AR
WRAWIIE TAFINE - BIPER R A W s 4 # J 2t ]
AEFIVPA 55, Holland i) 17 J68 [ 45 ¢ ¢ 07 5415
PN ARG e K P BE 0 AL M, XS — B T o DA
KB MBI T RGEHF5E ST ARyl
(5 TN T7 15, X W7 2 S AN OR AT A 3h 25 i Ak ik
FERTFEAT A 55

o 2 SE B VPO, T8 A T AR MK ) R
Je PG R SEBAEBIAR E N, H AT {CAFLEE R T
A o SE R 7 R A I B R
P Tk

6 mZIFIHE

6.1 HRMEEWAETRMNBEINZRRR

Wr 24 5 2 AR AT AR R RN R L
T 20t )2 EL A R e 1 T SO i 2 v
SO N EB B TR s B aE | TR S 1
P 5 o 4 R X M 5 2 A BB TR R AR
PRI, TR I DBy 28 70 DX 3 o )22 30 i )22 o AR
FE BRI T LR B )2 b 07 247 K98 35 1
fg 1TSS SR A ) AT S TR R
AR T2 Rl 2 I 6 2 RE A A
o PEBEMN UM 40 DR , 78 R ROZ DU AR BT 5T /Y S
filt b, BRATT Rl =i e 1), 5 T P B4 55 2 R
P2 DX 25 J2 R T 28 5 10 S PR B A4
TR
6.2 FEEBEZEZEMK

Ok

EFRUERHARNNTEL

AR A B Bk o3 e w5 2 A B RE ) sh A 1k
(LA, 5 R DR BB Xt i )2 S = OO AR X
Bz, PEREART MM TERTRA, R IE O T



468 M5 KRR b iR

539 &

FLE IR H R OO BOR 2 o B A A [R] S
TREE RS [RG T B2 10 2t 2 Wk LB S5 | e i
HHERR R 7 Bk AL 2 A 0 1 B2 B K
3 45 Fh 2 O SHLBCRT A TH I W R 2 K L B
BeAEAL G SR B 5 A~ O 7 RO B f AR
THBr B iy L ik — 25 40 5y, 45 G Wi 2R A 2R A8 I il
P B i J2 B , TRABIE IS S e 8 AL R ) 3l A5 T A

Ui

6.3 ZEI -#FIEELTIREEERMTENMAINZLILE
FREW

FESRREAE T B 52 2 A HsE A e W R
6 ARTEAT 250 T B2 R A M - B AR AR 2
ANMERST, 5 20 i = e 4 K P A SRR L RO
FEHLER A5 2= WA I A SRR AE AT SR A S 5 2 e — 9
PERAG I e BERALTT i o F T8k X2 TR E
AR, o3 Ar U 224 A0 L4 AN [ S A1 7 2 Rk 2 )2 BE
ARFEAILA B G A UL, A BE 4 15 W SRR 248 X 3
JERIAAEA

6.4 ZERZTEMEHERREETMN

e T T3 T3 e 2 R 5 32
]l WG B0 SRR R B I 352, T
P52 3 AT B A AR R S 7
Z1 SRR N (A A PRI R
RO S22 e 10 R 0 T 24 i 4k T
S HORE T2 RS IR I AT 2 R T 2
S 0 J3 24 T 5 AT 24 0 2
TR 4RI 45 AT A 8T I
SO B A A s KT TR ) S AT RO LR
A T T S T R A 2 5
PER A T B
7 &g

1) 2 B P BLE 47 A DA Ky
PIBLER. 36226 A B4 DA R ) S WU R
ST F1 30 G P O . 200k
A 0 5 2 A 7 S8 A 0, G R
FRBEFR 92 B R B0 B R 3, 36 2 AL O
WIS , 20160 ) 5 W0 K5 46 T i o T 44
P Y A TSN, B A T T, R AL
B BB A PR 32 0 0 R T R )
ST 6 F2 1 SO 94 T B P R 18 3K

FIE R 3 A2 e /N KE 0 5 LB AR R T
il , N ORARE ) R DA 7K 0 1 4 AU, PR ARE 1)
JRUBG 2 3

2) 5 S WE B AR T By B e 2 F 5 55 )2 T 4
FIRE S I hl, X T B A EZE, N HER - EE
YD) T 2% R 4 e A A I g R R AR i ) T G 0
PRI I A e o i A e - B PER AL R R
SR TEVRHE R [ 45 — 2 [ 45 B By B, 2 5 35 38 /)N
T 2.1 g/em’, BB R ARV ; B 458U B B, %
] G R e 28 g o 500 1k AP AR T 5 A2 il
BB TUSAE = B A T ARG D B AR T 1
KAEWEPER S H T AR U T A [ 4 s B B
Tese i, 5 TR, HRS#IAhH OCR 5T 2.5
i R WRB T I A

3) SN G 2 o0 B I P R AL EE S AN T
— 2 A O I B TS T 25 TR 2 W R A B
N Y A Sk UE S W7 2 A i M 5 )2 AR R R AR R
S44% | FI] FH Ve 2 JEE ) DT DT A T g AT M 5 BT A
ff — 5 2 AR TR A MR R, R R SSE K] Wy 2
A B =R R W2 S AR 8 e S
], 22457 Hh 5% W7 J2 SR B0 5 SR 55 AR IR i ek i
BUREIE . DY A 1 248 Y K 0B T S H], 2
FSR>1.17 B}, JF b5 1 B BT 28 24 6% , FSR B K, 4%
SUSTIR N iy N I < R -5 A Ao R/ 7 3
23 1H]

4) B SR 1) R R R SRR 2 T A
TR A O e, R B
()38 T AR R B b R [ 25 A 2870 25 23 1) i 25 i
AR B BRI B4 B B4 43 O v, B AS [R) B e B
Ji 490 1 55 )2 5 DA 68 1 AN S50, DT R 55 )2 5 AT g
NS E BVEM . BEAN, 3R T B R I AORURS 40
fift ), BB AS [) 5 ) 5 2 R T R 5 T % 4 R L
PR AR RO X 5 A B A RE T 24 A RLCT0 N . M R W7 2
FNZEAE A, 36T I Hb V. g 3 R o 440 28 o 4 K &2
TR T, A R TI E 2 R 2 4% i P P AT A2 R A

i J2= S
2 % X

[1] Smith D A. Theoretical consideration of sealing and nonsealing faults
[1]. AAPG Bulletin, 1966 ,50:363 - 374.

[2] Watts N L. Theoretical aspects of cap-rock and fault seals for single-
and two-phase hydrocarbon columns| J . Marine and Petroleum Geolo-
ay,1987,4(4) ;274 -307.

[3] Downey M W. Evaluating seals for hydrocarbon accumulations[J].
AAPG Bulletin, 1984 ,68 . 1752 - 1763.



3 ]

IR, A5 I AU S PRI S IR RO A SR H 469

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Grunau H R. A worldwide look at the cap-rock problem[ J]. Journal
of Petroleum Geology,1987,10(3) :245 - 266.
EVHER AT R, A I AR SR AT
HH:, 1996 :118 - 120.

Lv Yanfang,Fu Guang, Gao Daling, et al. Study on the cap rock of
reservoir[ M]. Beijing : Petroleum Industry Press, 1996118 - 120.
Skerlec G M. TR P 5 W72 B P PEATAR [ C ] /7/ XUAEK i LTS
TP AR, ALt A Tl kL 2002 :395 - 444,

Skerlec G M. Evaluation top and fault seal[ C] // Liu Delai, Xue Li-

M. dE5t A7l Tl

angqing. Hydrocarbon traps exploration. Beijing: PetroleumIndustry
Press,2002 ;395 —444.

Jin Zhijun, Yuan Yusong, Liu Quanyou, et al. Controls of Late Juras-
sic-Early Cretaceous tectonic event on source rocks and seals in ma-
rine sequences, South China [ J ]. Science China Earth Sciences,
2013,56(2) ;228 —239.

Ingram G M, Urai J L, Naylor M A. Sealing processes and top seal as-
sessment[ J ]. Norwegian Petroleum Society Special Publications,
1997,7.165 - 174.

Ingram G M, Urai J L. Top-seal leakage through faults and fractures:
the tole of mudrock properties [ J ]. Geological Society, 1999,
158(1):125 - 135.

Corcoran D V,Dore A G. Top seal assessment in exhumed basin set-
tings-some insights from Atlantic Margin and borderland basins[ C] //
Koestler A G, Hunsdale R. Hydrocarbon Seal Quantification. NPF
Special Publication,2002 .89 - 107.

Hao F,Zhu W,Zou H,et al. Factors controlling petroleum accumula-
tion and leakage in overpressured reservoirs [ J]. AAPG Bulletin,
2015,99(5) :831 —925.

Nygard R, Gutierrez M, Bratli R K, et al. Brittle-ductile transition,
shear failure and leakage in shales and mudrocks[ J]. Marine and Pe-
troleum Geology ,2006,23(2) :201 -212.

Hme&, B g, Flg, 55 iR - BRI E =P - DI
REH PRI RAL ~ SERiart i o ()] A B i 5 07
% ,2015,42(3) :300 -309.

Fu Xiaofei, Jia Ru, Wang Haixue, et al. Quantitative evaluation on the
fault-caprock sealing capacity of Dabei-kelasu structural belt in Kuqa
depression , Tarim basin, NW China[ J]. Petroleum Exploration and
Deveopment ,2015,42(3) ;300 - 309.

Jin Zhijun, Yuan Yusong, Sun Dongsheng, et al. Models for dynamic
evaluation of mudstone/shale cap rocks and their applications in the
lower Paleozoic sequences, Sichuan basin,SW China[ J]. Marine and
Petroleum Geology,2014,49.121 - 128.

Baranova V, Mustageem A, Brouwer F. Application of seismic stratig-
raphy , multi-attribute analysis and neural networks to mitigate risk in
new exploration frontiers-west newfoundland example[ J]. GeoCana-
da,2010.

A4 WK . 352 B A AR A A T WP i O LT
UJ?Fﬂ&ﬁ%%ﬂi( FSAREA ) ,2015,34 (4) : 28 - 36. DOIL:
10. 16452/j. cnki. sdkjzk. 2015. 04. 004.

Fu Guang, Hu Xinlei. Quantitative evaluation method of sealing gas
efficimey of caprock and its application[ J ] Journal of Shandong Uni-
versity of Science and Technology ( Natural Science) ,2015,34(4) .
28 -36. DOI:10. 16452/j. cnki. sdkjzk. 2015. 04. 004.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Ovcharenko A V,Ermakov B V, Myatchin K M, Shlezinger A E. Ca-
procks in hydrocarbon fields[ J]. Lithology and Mineral Resources,
2007,42(2) .180 —191.

Zieglar D L. Hydrocarbon columns,buoyancy pressures,and seal effi-
ciency ; comparisons of oil and gas accumulations in California and the
Rocky mountain area[ J]. AAPG Bulletin,1992,76(4) ;501 - 508.
T S TR 2 I 5 BT e v B G R IR [T ]
RARR T ,1998,18(2) :20 -23.

Jiang Youlu. A discussion on the relation between the cap rock thick-
ness of oil & gas reservoir and its hydrocarbon column height[ J].
Natural Gas Industry,1998,18(2) ;20 - 23.
A58, XN, A, A6, Hh ] o P ST o b
SR T . MBS, 2008 ,54 (1) .82 - 93.

Fu Xiaofei, Liu Xiaobo,Song Yan,et al. Caprock quality and hydro-

2 AR

carbon accumulation in the basin of foreland thrust belts, central and
western China[ J]. Geological Review,2008,54(1) :82 —93.

King P R. The connectivity and conductivity of overlapping sand
bodies[ C] //North Sea Oil and Gas Reservoirs- [[ . Springer Nether-
lands,1990:353 - 362.

Jackson M D, Yoshida S, Muggeridge A H, et al. Three-dimensional
reservoir characterization and flow simulation of heterolithic tidal
sandstones[ J ]. AAPG Bulletin,2005,89(4) :507 —528.

Lei Yuhong,Luo Xiaorong,Zhang Likuan,et al. A quantitative method
for characterizing transport capability of compound hydrocarbon carrier
system[ J ]. Journal of Earth Science,2013,24:328 —342.

Dewhurst D N, Aplin A C, Sarda J P. Compaction driven evolution
of porosity and permeability in natural mudstones; an experimental
study[ J ]. Journal of Geophysical Research, 1998a, 103 ( B1),
651 -661.

Dewhurst D N, Yang Y L, Aplin A C. Permeability and fluid flow in
natural mudstones[ C] //In:Aplin A C,Fleet A J,Macquaker J H S.
Muds and mudstones physical and fluid flow properties. Geological
Society , London , Special Publications,1999,158,23 —43.

Schlémer S, Krooss B M. Experimental characterisation of the hydrocar-
bon sealing efficiency of cap rocks[ J]. Marine and Petroleum Geology,
1997,14(5) :565 - 580.

Mallon A J,Swarbrick R E. Diagenetic characteristics of low permea-
bility, non-reservoir chalks from the Central North Sea[ J]. Marine
and Petroleum Geology,2008,25(10) ;1097 - 1108.
FEAL, A IR AR L B I R AR R S A R L) ]
B A A, 1997,

Gao Ruiqi, Cai Xiyuan. Formation conditions and distribution rules
for oil-gas fields in Songliao basin[ J]. Beijing: Petroleum Industry
Press,1997.

Sayyouh M H, Hemeida A M, Al-Blehed M S, et al. Role of polar
compounds in crude oils on rock wettability[ J |. Journal of Petroleum
Science and Engineering,1991,6(3) ;225 —233.

Bennett B, Buckman J O,Bowler B F J,LARTER S R. Wettability al-
teration in petroleum systems : the role of polar non-hydrocarbons. Pe-
troleum Geoscience 2004 ,10:271 -277.

Rueslitten H G, Hjelmeland O, Selle O M. Wettability of reservoir
rocks and the influence of organo-metallic compounds. North Sea Oil

and Gas Reservoirs-Il[. Norwegian Institute of Technology ( NTH) ,



470 VAN I N N 5539 &
1994 .317 -324. 2001,106(B3) :4061 —4078.

[32] Melrose J C. Valid capillary pressure data at low wetting-phase satu- [49] &/, B, 20,55 WSO X Eh A 7 4 5w nd i 56
rations[ J]. SPE Reservoir Engineering,1990:95 —99. W], 54 7177,2005,26 (11) 1775 - 1778.

[33] Rodgers S. Discussion: ‘ Physical constraints on hydrocarbon leakage Gao Xiaoping, Yang Chunhe , Wu Wen, et al. Experimental studies on
and trapping revisited” by P. A. Bjgrkum-further aspects[ J]. Petroleum temperature effect of mechanical properties of rock salt[ J]. Rock and
Geoscience ,1999,5(4) .421 -423. Soil Mechanics,2005,26(11) ;1775 -1778.

[34] Bjgrkum P A, Walderhaug O, Nadeau P. Physical constraints on hy- [50] Hamami M. Simultaneous effect of loading rate and confining pressure
drocarbon leakage and trapping revisited[ J]. Petroleum Geoscience, on the deviator evolution in rock salt[ J]. International Journal of
1998 ,4.237 -239. Rock Mechanics and Mining Sciences, 1999 ,36(6) :827 —831.

[35] ZE B, B, XU, & BB AR LA RELT ] A [51] Davison I. Faulting and fluid flow through salt[ J]. Journal of the
T SZB6 T ,2011,33(4) 1336 - 340. Geological Society,2009,166(2) ;205 -216.

Yuan Yusogn, Fan Ming, Liu Weixin, et al. Several discussions of [52] Thorel L, Ghoreychi M. Rock salt damage-experimental results and
sealing capacity studies of caprock[J]. Petroleum Geology & Experi- interpretation[ J ]. Series on Rock and Soil Mechanics, 1996, 20
ment,2011,33(4) :336 —340. 175 - 190.

[36] Engelder T, Lacazette A. Natural hydraulic fracturing [ J ]. Rock [53] Alqahtani A A. Effect of mineralogy and petrophysical characteristics
joints : Rotterdam, AA Balkema, 1990 .35 —44. on acoustic and mechanical properties of organic rich shale[ C] // Un-

[37] Sibson R H. Structural permeability of fluid-driven fault-fracture me- conventional Resources Technology Conference ( URTEC ), 2013
shes[ J]. Journal of Structural Geology,1996,18(8) :1031 —1042. 199 —-411.

[38] Lacazette A. Mechanics of natural hydraulic fracturing-review and in- [54] Jarvie D M, Hill R J, Pollastro R M. Assessment of the gas potential
troduction[ C] // AAPG Hedberg Research conference structural dia- and yields from shales:The Barnett shale model[ J]. Oklahoma Geo-
genesis ; fundamental adrances and new application from a Holistie logical Survey Circular,2005,110:9 - 10.
view of mechanical and chemical Processes,2004. [55] Faulkner D R, Mitchell T M,Rutter E H, et al. On the structure and

[39] Anderson R N,He W ,Hobart M A et al. Active fluid flow in the Eu- mechanical properties of large strike-slip faults[ J]. Geological Socie-
gene island area, offshore Louisiana[ J]. The Leading Edge, 1991, ty, London, Special Publications,2008,299 (1) ;139 —150.

10(4) .12 -17. [56] Kohlstedt D L, Evans B, Mackwell S J. Strength of the lithosphere

[40] Caillet G. The caprock of the Snorre field, Norway :a possible leakage constraints imposed by laboratory experiments [ J]. Journal of Geo-
by hydraulic fracturing[ J ]. Marine and Petroleum Geology, 1993, physical Research: Solid Earth (1978 - 2012),1995,100 (B9 ) .
10(1) .42 -50. 17587 - 17602.

[41] Gaarenstroom L, Tromp R A J, Brandenburg A M. Overpressures in [57] Byerlee J D. Friction of rocks[ J]. Pure and Applied Geophysics,
the central North Sea:implications for trap integrity and drilling safety 1978,116(4 -5) :615 - 626.

[ C] // Geological Society, London, Petroleum Geology Conference se- [58] Goetze C. High temperature rheology of Westerly granite[ J]. Journal
ries, Geological Society of London,1993,4.1305 — 1313. of Geophysics Research,1971,76.1223 - 1230.

[42] Mildren S D,Hillis R R. FAST;a new approach to risking fault reacti- [59] Nygird R, Gutierrez M, Gautam R, et al. Compaction behaviour of ar-
vation and related seal breach[ J]. AAPG Bulletin,2002:101 - 103. gillaceous sediments as function of diagenesis[ J]. Marine and Petro-

[43] Leach W G. Maximum hydrocarbon window determination in south leum Geology,2004,21(3) :349 -362.

Louisiana[ J ]. Oil and Gas Journal ,1993,91(13) .81 —84. [60] Teige G M G,Hermanrud C,Thomas W L H,et al. Capillary resistance

[44] Fuenkajorn K, Sriapai T,Samsri P. Effects of loading rate on strength and trapping of hydrocarbons: a laboratory experiment [ J]. Petroleum
and deformability of Maha Sarakham salt[ J ]. Engineering Geology, Geoscience ,2005,11 ;125 —129.

2012,135.10 -23. [61] Bolton A,Maltman A. Fluid-flow pathways in actively deforming sedi-

[45] De Paola N,Faulkner D R, Collettini C. Brittle versus ductile deforma- ments ; the role of pore fluid pressures and volume change[ ] ]. Marine
tion as the main control on the transport properties of low-porosity and Petroleum Geology,1998,15(4) :281 —297.
anhydrite rocks [ J]. Journal of Geophysical Research; Solid Earth [62] De Paola N, Collettini C,Faulkner D R, et al. Fault zone architecture
(1978 -2012) ,2009 :114( B6)258 - 266. and deformation processes within evaporitic rocks in the upper crust

[46] Hangx S J T, Spiers C J, Peach C J. Mechanical behavior of an- [J]. Tectonics,2008 ,27(4) :1156 —1178.
hydrite caprock and implications for CO, sealing capacity[ J]. Jour- [63] BZER;, T %, Vb1, 55, DT IR i) 55 2 5t PR BB 1340 ik
nal of Geophysical Research: Solid Earth (1978 - 2012 ) ,2010. MR )], HuFRR2%,2008 ,43(1) ;162 —174.
115,B07402. Lv Yanfang, Wan Jun, Sha Zixuan, et al. Evaluation method for seal

[47] Brantut N,Schubnel A,Guéguen Y. Damage and rupture dynamics at ability of cap rock destructed by faulting and its application[ J]. Chi-
the brittle-ductile transition: The case of gypsum[ J]. Journal of Geo- nese Journal of Geology,2008,43(1) :162 —174.
physical Research:Solid Earth(1978 —2012) ,2011:116,B11404. [64] Lindsay N G,Murphy F C,Walsh J J, Watterson J. Outcrop studies of

[48] Popp T,Kern H,Schulze O. Evolution of dilatancy and permeability shale smear on fault surface[ J]. International Association of Sedimen-
in rock salt during hydrostatic compaction and triaxial deformation tologists Special Publication,1993,15:113 —123.

[J]. Journal of Geophysical Research: Solid Earth (1978 -2012), [65] Yielding G,Freeman B,Needham D T. Quantitative fault seal predic-



3 ]

IR, A5 I AU S PRI S IR RO A SR H 471

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

tion[ J]. AAPG Bulletin,1997,81(6) :897 -917.

Faerseth R B. Shale smear along large faults ; continuity of smear and

the fault seal capacity[ J]. Journal of the Geological Society,2006,

163.741 -751.

Doughty P T. Clay smear seals and fault sealing potential of an ex-

humed growth fault,Rio Grande rift, New Mexico[ J]. AAPG Bulle-

tin,2003,3:427 —444.

Takahashi M. Permeability change during experimental fault smearing

[J]. Journal of Geophysical Research,2003,108(B5) :1 -15.

Lo, WS AT, KA, 45 B SR ARG S BB RHE L5

REMRARLT]. H MR M (HEREBL 2 M) ,2013,43(2)

360 -370.

Ma Zhongzhen, Xie Yinfu, Zhang Zhiwei, et al. Salt development

characteristics and its controlling on hydrocarbon accumulation in

eastern margin of south America[ J]. Journal of Jinlin University

(Earth Science Edition) ,2013,43(2) ;360 —370.

AT RMR, AR, R OKObR. T HLIEE A Sagizski IXHER |2 FR A
FCARAT Ko A R AT SR LT ] vh A b ¢, 2012,17(2) :57 -

61.

Gu Junlin,Zhu Guisheng, Li Yonglin. Study on reservoir formation

conditions and distribution in post-salt strata of Block Sagizski, Pre-

Caspian Basin [ J]. China Petroleum Exploration, 2012,17 (2) .

57 -61.

Lohr T, Krawczyk C M, Tanner D C, et al. Prediction of subseismic

faults and fractures; integration of three-dimensional seismic data,

three-dimensional retrodeformation, and well data on an example of

deformation around an inverted fault [ J ]. AAPG Bulletin, 2008 ,

92(4) :473 -485.

AT, ST RN, 5. e AR HIB U AL S5 B B K

L], s Rz 241, 2012,41 (1) 152 - 63.

Fu Xiaofei, Guo Xue,Zhu Lixu,et al. Formation and evolution of clay

smear and hydrocarbon migration and sealing[ J]. Journal of China

University of Mining & Technology,2012,41(1) ;52 - 63.

Zeng Lianbo, Qi Jiafu, Wang Chenggang, et al. The influence of tec-

tonic stress on fracture formation and fluid flow [ J]. Earth Science

Frontiers 2008 ,15(3) :292 —298.

Narr W, Suppe J. Joint spacing in sedimentary rocks[ J ]. Journal of

Structural Geology,1991,13(9) :1037 —1048.

Lamarche J,Lavenu A P C,Gauthier B D M, et al. Relationships be-

tween fracture patterns, geodynamics and mechanical stratigraphy in

carbonates ( south-east basin, France ) [ J ]. Tectonophysics, 2012,

581.231 -245.

Roberts G, Stewart 1. Uplift, deformation and fluid involvement within

an active normal fault zone in the Gulf of Corinth,Greece[ J]. Journal

of the Geological Society,1994,151(3) :531 -541.

Luo X R,Lei Y H,Zhang L. K, et al. Characterization of carrier forma-

tion for hydrocarbon migration: concepts and approaches [ J]. Acta

Petrolei Sinica,2012,33(9) :428 —436.

ZERUEE, JRHE , IV . PR 35 2 A SRR A A T

[J]. AL %, 2013 ,35(5) :574 - 578.

K

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[90]

Li Shuangjian,Zhou Yan,Sun Yongsheng. Rock mechanic experiment

study of evaluation on cap rock effectiveness[ J]. Petroleum Geology

& Experiment,2013,35(5) :574 -578.

Fossen H. Structural Geology[ M] //Structural geology. Cambridge U-

niversity Press,2010:1 —4.

Wibberley C A ], Yielding G, Toro G D. Recent advances in the un-

derstanding of fault zone internal structure:a review[ C] // Wibberley

C A J,Kurz W, Imber J, et al. The internal structure of fault zones,

implications for mechanical and fluid-flow properties,2008,299.5 —

33.

Holland M, Urai J L, Van der Zee W et al. Fault gouge evolution in

highly overconsolidated claystones[ J]. Journal of Structural Geology ,

2006,28 :323 -332.

B, AT K, A AR A IR RGP A B 3 X A [ R R A2

MBGENLEELT]. Aih244R 2017 ,38(3) :286 -296.

Jia Ru, Fu Xiaofei, Meng Lingdong, et al. Transform mechanism of

fault and its associated microstructures to different types of reservoirs

[J]. Acta Petrolei Sinica,2017,38(3) :286 —296.

Hﬂkjﬁ,ﬁff CEVE IR SRR — BERGEAR G Hb AR I8 e ol ik
BEFENESN T —W)Z 2R [ 1], E R

lﬂlf*ﬂ—%' ,2013,43(8) .1338 - 1351.

Fu Xiaofei,Chen Zhe, Yan Baiquan, et al. Analysis of main control-

ling factors for hydrocarbon accumulation in central rift zones of the

Hailar-Tamtsag basin using a fault-caprock dual control mode[ J].

Science China;Earth Sciences,2013,43(8) :1338 —1351.

Aydin A, Johnson A M. Analysis of faulting in porous sandstones| J].

Journal of Structural Geology,1983,5:19 -31.

Fossen H, Bale A. Deformation bands and their influence on fluid

flow[ J]. AAPG Bulletin,2007,91(12) :1685 - 1700.

Bernard X D, Labaume P, Darcel C,et al. Cataclastic slip band distri-

bution in normal fault damage zones, Nubian sandstones, Suez rift

[J]. Journal of Geophysical Research Atmospheres,2002,107(7) :

1-12.

Bernard X D, Eichhubl P, Aydin A. Dilation bands: A new form of lo-

calized failure in granular media[ J]. Geophysical Research Letters,

2002,29(24) :2176.

Knipe R J. Juxtaposition and seal diagrams to help analyze fault seals

in hydrocarbon reservoirs[ J]. AAPG Bulletin, 1997,81(2) . 187 -

195.

FIUHE, PRI AR, 4. T Il ORI IR 26 B B A A [T ] b

i ,2002,48 (4) :377 -383.

Wu Yuanyan, Ping Junbiao, Fu Jianlin, et al. Destructive style and

distribution of oil and gas reservoirs in China[ J |. Geological Review,

2002 48(4) :377 —383.

TKALTE, B R, RIS, 55 i sl e b )2 5

FAE i‘i&ﬂlﬂ:ffr[ 1. friha4,2013,34(1) :92 - 100.

Zhang Likuan, Luo Xiaorong

PP 1) Ak

,Song Guoqi, et al. Quantitative evalua-
tion of parameters to characterize fault opening and sealing during
hydrocarbon migration[ J]. Acta Petrolei Sinica,2013,34(1) ;92 —
100.

(/3 £ %)



