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Research advances on hydrocarbon sealing properties of gypsolyte/saline rocks
Li Yonghao',Cao Jian' ,Hu Wenxuan',Lu Xiancai',Fan Ming2 ,Zhang Dianwei’ , Hong Dongdong'

(1. School of Earth Sciences and Engineering , Nanjing University , Nanjing , Jiangsu 210023 , China ;2. Wuxi Research Institute of
Petroleum Geology ,SINOPEC Petroleum Exploration and Production Research Institute , Wuxi , Jiangsu 214151, China;
3. Petroleum Exploration and Production Research Institute ,SINOPEC , Beijing 100083 , China )

Abstract ; Gypsolyte/saline rocks are one of the most important hydrocarbon cap rocks worldwide. More and more explora-
tion cases indicate that their sealing properties are highly variable from well to well. To better understand the rocks and its
implication as cap rocks, we present in this article an overview of the research advances in the industry. It shows that
these rocks are mostly originated from evaporitic basins and sabkhas, largely presented themselves as annular rings or
bands parallel to shorelines. The rocks of the former origin have been considered ideal cap rocks as they are usually wide-
ly distributed and big in thickness. The sealing mechanisms of the gypsolyte/saline rocks may be summarized as favorable
physical properties,overpressure and plasticity. The dissolution of the rocks was recorded vertically by four zones: top
dissolution zone, fault dissolution zone ,intra-layer water dissolution zone and bottom dissolution zone,and horizontally by
three zones: karst uplift, karst slope and karst basin. Many factors, such as the distribution area, integrity , thickness and
etc. (the internal controlling factors for sealing properties) ,shall be taken into consideration during the evaluation of sea-
ling properties of the rocks. The impacts of dissolution and tectonism ( external controlling factors for sealing properties )
on the sealing properties of the rocks are then analyzed. Current research is focused more on quantitative evaluation of the
sealing capacity of the rocks,especially the impacts of dissolution and tectonism. The research is still in a stage of explo-
ration and it is both challenging and exciting.
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Fig.1 Typical genetic models of gypsolyte/saline rocks
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Fig. 2 Sketch map showing the lateral sealing of the evaporite rocks in the east-west section of the Mittelplate oil field"*’
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Fig. 3  Statistics showing the relationship between

the thickness of cap rocks and gas accumulation rate in

some large and medium scale gas fields in China'**’
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Fig. 4 Typical model of dissolution of gypsolyte/saline rocks
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sealing capacity of gypsolyte/saline rocks

B b it i ”
REME/  >1x10* >100
e (kg % e 5
E JEJE/m >1 000 >100 >40 <20
N4
WO SeAis T
;f;f'g T T RS bR
’ s
M g ‘ Worsigsn A et
iy o DRES ERE
N
WL AN M- M-t et
(HE%/m) (>3400) (1700 ~3400) (1000~1700) ( <1000)




640 GiME KK R MR

5537 %

LRI N E SR T T — SRR, I R A T
)54 P AR B AR L S T v G — D A g 1 I
1740 m, i — S BB PR R A BRERAR 24 T 3 400
m( & 6), AN, 20U 55 P o A 78 S YR I A
KIS iR J3E F15% A 5 38 s TR ) ( BDRE e T %) ix —
JEUHE S H T A R B A Sy Y A I LR A 68. 5
MPa, 74 PR 4 029 m, 0 A KR TF £ 4 e 4
A A T R R R BIF ST, (5L DR 52 B o 5 A A1
BIREAS | BRI IR B A AN, IeAh, T
BHR A FF AR T SRR T, R
e

5.3 XkEBRBRASMEHEM

SR XA 1) B R0 4 5 1 S R b, B
JRyERIX I SE A % T R, ™ B RR L S 1
B (H H RHA AR F R $hoa B e PR i id J5 PR T
IR T BN TAR R R R it g, —A4
AT T RS K i (T 4, 5)  Z A X
SR GRS IERIIAL RN, L R 6 A e I it A e p o
fiff S , 3z P2l 12 19 7 kg B e i XN e 1Y
ol A b R, S T 0 T H X R R e S Y
SN o
5.4 RIEBEBREILEREEN BIESHEN

XA T AR P BEHOIR 25 T B o 1R WA
FEM AR SRR, BRI HEE T RS s T 81, i
% FEAL B R BT Z 0 52 R BIR . 15 JR 52
F i Ak FL B A T 384 0 B VR W PR R oK 1

___e————= 40 MPa
T ®35MPa

— —#®]5MPa

T |0MPa

FR S /MPa

5 MPa
o UR{E R

m BN

0 1 2 3 4
REAE /%

=] egffini g thik

%L, Gaarenstroom 5 RGEMST 1 AL LREIR
B2 T PP K TR S B—R 5 1, R /N KF
ER NS LB AR R T 2R (E PR, SR K
K TR RS A, I T 5 b v 98 i J= kAR K
I SR I1 R 7 MPa ™

W2 X8 o 3 2 R, HATA ST n R A
ROWTHE IS L SR VR, BV 5 )2 — B = 48T
Ja , B AT A 3 J2 B BE AN PR IR 9 2 )= R
T 2= P 2 5 25 3 SR I RHE ISR RO W I8
Wi a2 BB P RE ) T 52 W7 J= 5K PR R B A8 R )
FCSLPRES A BE e S8 /INT (B5E T ) Dt 58 J2= A ) 5 2
AP RE 1 , K W42 J5E 182 3 LA IR 2 061 A7) ) A% 52 AL, 4
o SURAT RO R o BB ™ R TR LR
LM 2 I P A S AR 2% 5 R 1 S 1A
PRI SRR T SR AT RN R B AR I, R A
JEURAR S AR Sl SR AR R AR B v — P S X 2 A 2
T2 ARRK S M3 S LR HB X, PRI AR 52 )2 44
BB RBIR, 2Kk KB ARSI HIAEE , C BRI o

55 REMEREMSERSHEN

FRER A A TR R DRSS PRI, S A7 BEAR P o
VAN FCHERR e T R s T A% v, 3L PR HG HL R
TR, T A PO 2 e N e AR S8/ 2 AN <
B thr) RN R . BORRRE LS, R 2 n
i a2 ) AT (AR AR T 8™ A S AR B IR S
RETE S 5 S 2, R 2 B 3 )l LA A i 3 B
HATS RS HE S, NI 23 B 38 J2 V52 B2 5 4 3 A i
SR RARIC N TR HATR TEIER BIA F R

2 1 /MPa
0 020 40 60 80 100 120 140 160 180 200
K- T T =T T T T
10 e ~e 4378
9 "
20 + e " 4756
30 + B + 1134
A o
40 - 41512
= Tk £
P X —
‘: 50 - 41890 E
B B
60 2268
70 L ~ 2 646
95
80 - 43024
90 » 13402
b E@AIT _~7—0.048 8x2+4.823 9x+51.328 4
100 3780

i A i i - Jie-H A

© Weflifiif) w AR [ Byereetilll [ Goetzeiill (AT yypnpesn e B yyin i o

6 A oS0 3R AR BB 0 ) — AR 2% (a) B e SRS R I A% (b)

Fig. 6 Stress-strain curves (a) and critical depth (b) of brittle-ductile transition of the Paleogene Kumugeliemu

Group gypsolyte in the Kuga Depression, Tarim Basin

[58]



%5 1

BIREE, G5 T A i T ST S 641

EIFHIR AL TERR OB, ERE A HLEOR R,
IBRRE AR K s, w] DR B O B 7 ik,
G55 X N )3, X DX B R A R 1 2 Bl
AR AT 5 B R A, S Bt 17
FEAEAIE A, PR MW R S AR I % i A
MBI 2] 2T 11, IR S BrR TAF /5 224
AL AT o

ZE B3R X T RIR AR Y B B R, T
TRAE AT R 52 3 S DAY FL IR 4% s g 1
JEXN S SRE AR o R T YA T X AT
FRISEIAAAL TR B, W T AH X TR 3L 7y B 174 98
B, FB A 32 205 i8R I 5 M A FH 3 114
KR, F IR B AFAEER IR H LU B B LA, Aok —
ANATATHY T 1) 2 2R FH O G AR 7 36 X AT .
B A SR AP R K, EH IR S
oz MARZ TR EE— 2T R,

1) BRI BRI A B o HE B <R =
U T R 52 G B PR s ), 5 A K e i DL A
A e P R 2, RO e A DUTE (Y R
IR A AR R, Fe Bt S

2) HE AW B SIS Gl A =
NGNS LU A LRSS E S G IS T
FIENA, A DR B e 1) T A R B M S, b
BRIV P/ Y AL T A FH AR S A AL R R

3) TR A b AR Lt o5 1 1) R e [
BN TS, e ) BRI g3 Ty 4 A TIER R
(LGN eayt N A i e G R | S i R ]
BRI 3 A X A L AR AR

4) EVPNE A B wE e e T R A
OrAR TR SERE R TR (N IR, 7R B SE R L, F 0 A
SR RER I b R (VRN WISDUES R ik AU Iy
SEAE B A AR E S TN I R G R AT
MEREARK , 25 IR SRR 2 P 2 T A T A i
YER BRI AL TR B

2 % X W

[1] Surkov V S,Grishin M P, Larichev A 1,et al. The Riphean sedimen-
tary basins of the Eastern Siberia Province and their petroleum poten-
tial[ J]. Precambrian Research,1991,54 (1) ;37 —44.

[2] Chen Z H,Osadetz K G,Li M W. Spatial characteristics of Middle
Devonian oils and non-associated gases in the Rainbow area, north-
west Alberta [ J]. Marine and Petroleum Geology, 2005,22 (3)
391 -401.

[3] LiuS G,Zhang Z J, Huang W M, et al. Formation and destruction

processes of upper Sinian oil-gas pools in the Dingshan-Lintanchang

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

structural belt, southeast Sichuan Basin, China [ J ]. Petroleum
Science,2010,7(3) :289 -301.

Beydoun Z R. Arabian plate oil and gas:why so rich and so prolific?
[J]. Episodes-Newsmagazine of the International Union of Geological
Sciences, 1998 ,21(2) .74 -81.

Halbouty M T. Giant oil and gas fields of the decade, 1990 — 1999
[M]. Tulsa; AAPG,2003 ;1 - 340.

JEICER. PR ARG T S R [T ] A R 5 T
&% ,2001,28(2) :8 - 10.

Zhou Xingxi. The reservoir-forming process and model in the Kuqga
petroleum system [ J ]. Petroleum Exploration and Development,
2001,28(2) :8 -10.

Eh A SRR 2 . 1O 1] 2 0l R B S B A R A B
P AR )] B2 42,2005, 79(6) 858 —865.
MaYongsheng, Cai Xunyu, Li Guoxiong. Basic characteristics and
concentration of the Puguang gas field in the Sichuan Basin[J]. Acta
Geologica Sinica,2005,79(6) :858 —865.

LK AR U1 23 3 D' R Y < TH I LRI LT ] A il = i,
2007,28(2) :9 - 14.

Ma Yongsheng. Generation mechanism of Puguang gas field in Si-
chuan Basin[ J]. Acta Petrolei Sinica,2007,28(2) :9 - 14.
ZEME T, BRSPS R A b P 3 e i SRR T
FRAE[T]. P E b ,2002,29(1) 1103 —108.

Qin Shengfei, Jia Chengzao, Tao Shizhen. Some characteristics of oil
and gas accumulation in the Kuqga depression, Tarim basin[ J ]. Geolo-
gy in China,2002,29(1) :103 - 108.

SR, PR, SR HEZE, A5 MG BRI G A R T R Rl
R G RHIE B SRy 1w [T ] o A ¢, 2007 ,12(1) 81
86.

Zhang Huai,Rao Yiqun, Zhang Tingjun, et al. Features and explora-
tion trends of hydrocarbon accumulation assemblage of the subsalt
strata in Marginal Caspian Basin of Kazakhstan[ J]. China Petroleum
Exploration,2007,12(1) .81 - 86.

XN, KBTS W B, 4. U I A AR R 2 AR I b Ry
AELT]. P RS AR A= 5441 ,2002,24(3) < 11 - 15.

Liu Luofu,Zhu Yixiu,Hu Aimei, et al. Petroleum geology of pre-salt
sediments in the Pre-Caspian Basin[ J ]. Journal of Southwest Petroleum
Institute ,2002,24(3) .11 - 15.

S8, FIR R, S IR B AR R i SR E R R
BT m[J]. A7 b SR 5T ,2007,29(2) (111 ~ 115,

Jin Zhijun, Wang Jun,Zhang Shenggen, et al. Main factors controlling
hydrocarbon reservoirs and exploration directions in the pre-salt se-
quence in Precaspian Basin[ J]. Petroleum Geology and Experiment,
2007,29(2) ;111 - 115.

INETE, ZEEMR R IOR, 45 B BRI A 1 5 0l < A L
AT # TR ,2002 37(S1) =1 - 13.

Sun Longde, Li Yuejun,Song Wenjie, et al. Tectonics and oil-gas dis-
tribution in the North Tarim Basin, NW China[ J]. Chinese Journal of
Geology ,2002,37(S1) :1 —13.

SRIEAR, AL e e AR AT [ ML JE s A Tl
Jiikt: 1999 :123.

Zhang Houfu,Fang Chaoliang, Gao Xianzhi, et al. Petroleum geology
[ M]. Beijing: Petroleum Industry Press,1999:123.

Gale J] F W,Reed R M, Holder J. Natural fractures in the Barnett
Shale and their importance for hydraulic fracture treatments [ J].
AAPG Bulletin,2007,91(4) :603 —622.

Yumuang S, Khantaprab C, Taiyagupt M. The evaporite deposits in



642 73 5 K 537 4
Baronet Narong area, Northeastern Thailand [ J ]. GEOSEA V Pro- Yuan Jiangi. Several problems about the formation conditions of potash
ceedings,1986,11:249 -267. deposits[ J . Journal of Salt Lake Research,1975(4) :36 —41.

[17]  SKOCHE, MEFE, RIEH AR O XE 4 55 )2 4040 F fiE [31]  ZRue, WAL, ARFF A5 DU 4 e Ve LB S IR R B 3k 4
[J1. %ﬁﬁgﬁ‘{ﬂif@ﬁﬁ,%lz ,33(4) :450 —452. TRE A SR )], #5240 ,2012,86(2) :316 - 324.
Zhang Yuanchun, Lu Huangsheng, Wu Haiyan. Distribution of gyp- Li Ling, Tan Xiucheng, Zou Chun, et al. Origin of the Leikoupo for-
sum-salt cap rocks in Yuanba Area of Northeastern Sichuan Basin mation gypsum-salt and migration evolution of the gypsum-salt pot in
[J]. Xinjiang Petroleum Geology,2012,33(4) ;450 —452. the Sichuan basin,and their structural significance[ J ]. Acta Geologi-

(18] PHRENE, B WLAF , S H . DO 1] 0 A i PR E R & ST 5B ca Sinica,2012,86(2) :316 —324.

WLI] R IL,2008,28(5) :5 -9. [32]  ABIRHT. ST HEAG IS P (9 A B FORE AR TR [T ] iR LR
Ran Longhui, Xie Yaoxiang, Dai Tanshen. New knowledge of gas- M HARBRAER) ,1981(2) 31 —38.

bearing potential in Cambrian system of southeast Sichuan Basin[]]. Deng Erxin. About the Sabkha gypsum and anhydrite deposit[ J].
Natural Gas Industry,2008,28(5) ;5 -9. Journal of Chengdu University of Technology (Science & Technology

[19] Raines M A,Dewers T A. Mixed transport/reaction control of gypsum Edition) ,1981(2) :31 -38.
dissolution kinetics in aqueous solutions and initiation of gypsum [33] Treesh M I, Friedman G M. Sabkha deposition of the Salina group
karst[ J]. Chemical Geology,1997,140(1/2) ;29 -48. (Upper Silurian) of New York state [ C ]//Fourth Symposium on

[20]  B¥RTE, JBIRE, hmeny £ Syl Gt 8 £ e B X S B Salt. Cleveland ; Northern Ohio Geological Society,1974,1:35 —46.
MEZm ()], A0S KR AT ,2007,28(2) 1299 - 308. [34] B R, BN, T AR 5 @?ﬁﬁ(’h"—ﬁ%ﬁi
Zhao Zhenyu,Zhou Yaoqi, Ma Xiaoming, et al. The impact of saline 5% 5 bR R BB R 75 R A L BT [ ] oy S
deposit upon the hydrocarbon accumulation in petroliferous basin 2004,6(3) ;279 —288.

[J]. 0il & Gas Geology,2007,28(2) :299 —308. Bao Hongping, Yang Chengyun, Huang Jiansong. “ Evaporation dr-

[21]  PMELHE, 9 , skt , %5, v B AR AR A TR 3R B 59l R ying” and “reinfluxing and redissolving”—a new hypothesis con-
AR M] . dEEE A Tl ik, 1997 :179 - 216. cerning formation of the Ordovician evaporites in eastern Ordos Basin
Sun Zhencheng, Yang Fan, Zhang Zhihuan, et al. Sedimentary envi- [J]. Journal of Palaeogeography,2004,6(3) :279 - 288.
ronment and oil and gas generation of the new generation of salt lakes [35] —R, s, X4, &5 U1 2 AR AL R =& 50 KAl e 4 ik
in China[ M]. Beijing ; Petroleum Industry Press,1997:179 -216. fREh7% Kk G DTFRAR [ T ], i3 F4k ,2005,7(3) ;357 -371.

[22] 4, B, B, 55 A8 R UL 228 30 el RS X R HE Wang Yigang,Zhang Jing, Liu Xinggang, et al. Sedimentary facies of
AR R L], P EA MR FIR (A REFERR) ,2008,32 evaporative carbonate platform of the Feixianguan Formation of Lower
(3):30 -35,39. Triassic in northeastern Sichuan Basin[ J]. Journal of Palaeogeogra-
Xu Lei, Cao Yingchang, Wang Yanzhong, et al. Genetic model of salt- phy,2005,7(3) :357 -371.
gypsum rock of Paleogene in Dongying depression and its relationship [36] Mgtk skdei. iR B2 A SEMMEECRT]. R Al
with hydrocarbon reservoir[ J]. Journal of China University of Petrole- B2#4R ,1994 ,16(3) .7 - 13.
um ( Edition of Natural Science) ,2008,32(3) :30 -35,39. Yang Chuanzhong, Zhang Xianpu. Relationship between dynamics

[23] Masson P H. An occurrence of gypsum in southwest Texas[ J]. Jour- of Caprocks and characteristics of seal [ J]. Journal of Southwest
nal of Sedimentary Research,1955,25(1) .72 -77. Petroleum Institute,1994,16(3) .7 - 13.

[24] Kinsman D J J. Modes of formation, sedimentary associations,and di- [377 SSRGS, A B 2, 45 35 HEOK G0 Hb 78 75 30 F Eh A0 1 43 E %
agnostic features of shallow-water and supratidal evaporites [ J]. HE5MRMEERT]. HER2,2004,39(4) :580 —588.

AAPG Bulletin, 1969 ,53(4) :830 - 840. Hu Jianfeng, Liu Yukui, Yang Minghui, et al. Salt structure characteri-

[25] RULSF, R, 250 8. w1 IR 2 0 ik R B ——— Fh g 19 stics and its relation to hydrocarbon accumulation in the Kuqga depres-
A RFIHT [ T] . IS PE,1983,29(2) 159 - 165. sion, Tarim Basin [ J ]. Chinese Journal of Geology,2004,39 (4 ).
Yuan Jianqi, Huo Chengyu, Cai Keqin. The high mountain-deep basin 580 - 588.
saline environment—a new genetic model of salt deposits[ J]. Geo- [38] Wagner IIl B H, Jackson M P A. Viscous flow during salt welding
logical Review,1983,29(2) ;159 - 165. [J]. Tectonophysics,2011,510(3/4) ;309 —326.

[26] Schmalz R F. Deep-water evaporite deposition:a genetic model[ J]. [39]  CfF il B ke, BEBOE. 28 KA k& R AE T HO Kl = B L)
AAPG Bulletin, 1969 ,53 (4) ;798 —823. S0 [ J]. s e 5 ,2012,33(3) 1373 - 378.

[27] Babel M. Depositional environments of a salina-type evaporite basin Wen Zhu, He Dengfa, Tong Xiaoguang. Global evaporites develop-
recorded in the Badenian gypsum facies in the northern Carpathian ment characteristics and their effects on formation of giant oil fields
Foredeep [ J ]. Geological Society, London, Special Publications, [J]. Xinjiang Petroleum Geology,2012,33(3) ;373 —378.
2007,285(1) :107 - 142. [40] Warner M J C,Elders C,Davis T,et al. Salt Tectonics above complex

[28] Hsu K J. Origin of saline giants:a critical review after the discovery of basement extensional fault systems: results from 3D seismic analysis
the Mediterranean evaporite [ J ]. Earth-Science Reviews, 1972, 8 of central graben salt structures[ C]//2002 AAPG Annual Conven-
(4):371 -396. tion. 2002:10 - 13.

[29] BEF. Bkl & MBI ZE R A R B [T ] # BT 3T, 1986, 32 [41]  JifE, 288 KRR, 4 i RRET IR SR BER ()] 4
(1):59 -66. TS R ,2012,34(3) 234 - 245.

Xue Ping. Ogigin of evaporates in a vast epicontinental plaform sea Zhou Yan,Jin Zhijun,Zhu Dongya,et al. Current status and progress
[J]. Geological Review,1986,32(1) :59 - 66. in research of hydrocarbon cap rocks[ J]. Petroleum Geology & Ex-

[30] ZWIF. RTHED RIU AR ILA LT ] . IR 5T, 1975 periment,2012,34(3) :234 -245.

(4):36 -41. [42] Grassmann S, Cramer B, Delisle G, et al. Geological history and petro-



%5 1

KSR

M AE N

643

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

leum system of the Mittelplate oil field, Northern Germany| ] ]. Inter-

national Journal of Earth Sciences,2005,94(5 -6) :979 —989.

Harding T P, Lowell J D. Structural styles, their plate-tectonic habi-

tats,and hydrocarbon traps in petroleum provinces[ J]. AAPG Bulle-

tin,1979,63(7) :1016 — 1058.

AR, PN R AR, A5 1] A I AR R A Sy i B LA
SAEFILI]. A5 KA HbJ%,2014,35(5) :622 - 631.

Li Shuangjian, Sun Dongsheng, Zheng Menglin, et al. Salt-related

structure and its control on hydrocarbon of the Cambrian in Sichuan

Basin[ J]. Oil & Gas Geology,2014,35(5) :622 —631.

Osborne M J, Swarbrick R E. Mechanisms for generating overpressure

in sedimentary basins:a reevaluation[ J]. AAPG Bulletin, 1997, 81

(6):1023 - 1041.

Philipp S L. Geometry and formation of gypsum veins in mudstones at

Watchet, Somerset, SW England[ J ]. Geological Magazine,2008 ,145

(6):831 -844.

TRk, ﬂkfi W, 55 R B R X S o R AR A Y

FERVERILT]. V2 R 22 0 ( H AR FHA ) ,2004,19 (4)

5-8.

Xu Shilin, Lv Xiuxiang, Yang Minghui, et al. Controlling effect of

gypsum and salt rocks on abnormally high pressure in Kuche Depres-

sion[ J ]. Journal of Xi” an Shiyou University ( Natural Science Edi-

tion) ,2004,19(4) .5 -8.

NS M0 2, 20, SR 352 RRAE R R o bR ) ] KRR

Tok,2008,28(8) :36 - 38.

Sun Mingliang, Liu Guangdi, Li Jian. Features of cap rocks of gas

pools and criteria of identification[ J]. Natural Gas Industry 2008 ,28

(8):36 -38.

XUBARL, F0NEG, B0 53,45, VU1 B 2R 2 M AR B R L A T <Y

B ATEEARTE [ T]. o A R, 2016,21 (1) 15 -27.

Liu Shugen,Sun Wei,Zhong Yong, et al. Discussion on the theories of

the hydrocarbon formation and distribution of the deep-seated marine

carbonates in the Sichuan superimposed basin, China[ J]. China Pe-

troleum Exploration,2016,21(1) ;15 -27.

Kemper W D, Olsen J, DeMooy C J. Dissolution rate of gypsum in

flowing water[ J]. Soil Science Society of America Journal,,1975,39

(3):458 -463.

Liguori V,Manno G, Mortellaro D. Evaporite karst in Sicily[ J]. Envi-

ronmental Geology,2008,53(5) :975 -980.

Gutiérrez F ,Calaforra J M, Cardona F, et al. Geological and environ-

mental implications of the evaporite karst in Spain[ J ]. Environmental

Geology ,2008,53(5) :951 - 965.

Johnson K S. Evaporite-karst problems and studies in the USA[J].

Environmental Geology,2008,53(5) :937 —943.

RRGZE, Wpyrikis , el , 5. SRR 230 f 8 P 2R 5 SRV ALV B

JEHLELLT]. AR ,2003 ,21(2) :260 -265.

Di Lingjun, Yang Chengyun, Yang Yihua, et al. Solution spot genetic

mechanism of Majiagou formation in Ordovician of Ordos Basin[ J].

Acta Sedimentologica Sinica,2003,21(2) :260 - 265.

Giles K A, Lawton T F. Attributes and evolution of an exhumed salt

weld, La Popa basin, northeastern Mexico [ J |. Geology, 1999, 27

(4):323 -326.

Rowan M G,Lawton T F,Giles K A. Anatomy of an exposed vertical

salt weld and flanking strata, La Popa Basin, Mexico[ J]. Geological

Society, London , Special Publications,2012,363(1) ;33 -57.

T Ie, S IR, S BT AT 7 b At IR 2R ) b B <08 Xk A SC B

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

ZURFAE S b
803 - 808.

BRSO A5 R AR H BT, 2013,34 (6)

Nie Minglong, Wu Lei,Sun Lin,et al. Salt-related fault characteristics
and their petroleum geological significance in Zarzhu terrace and its
adjacent areas,the Amu Darya Basin[ J]. Oil & Gas Geology,2013,
34(6) :803 - 808.

S, AR, EE SF TR A NEIANE I AT S B AT RE )
EHIEA[T]. RIS, 2016,62(1) ;127 - 137.

Wu Tong, Fu Xiaofei, Wang Haixue, et al. Brittle ductile deformation
characteristics of anhydrite—salt rock and quantitative evaluation of
its sealing ability[ J]. Geological Review,2016,62(1) ;127 -137.
GBI, =R, RERMIZE A 5206 5
WAERTT R L] 475 RAA S HLET,2010,31(6) 715 - 724.
Jin Zhijun,Zhou Yan, Yun Jinbiao, et al. Distribution of gypsum-salt
cap rocks and near-term hydrocarbon exploration targets in the marine
sequences of China[ J]. Oil & Gas Geology,2010,31(6):715 -
724.

BRI, BOCE BRI ST, A5 s S AR ] AR S
% ,2003,30(2) .17 - 19.

Jia Chengzao,Zhao Wenzhi, Wei Guoqi, et al. Salt structures and ex-
ploration of oil and gas[ J]. Petroleum Exploration and Development,
2003,30(2) :17 - 19.

AR, O, 2K Bk PRSI Ak 2 R R
[ J]. Ariha4 ,2008,29(2) 1173 - 178.

Li Yalin, Wang Chengshan,Li Yongtie. Characteristics of the Jurassic

i

saline deposits and its significance to hydrocarbon accumulation in
Qiangtang Basin of Tibet area[ J]. Acta Petrolei Sinica, 2008, 29
(2):173 -178.

Guerrero J,Gutiérrez F,Lucha P. Paleosubsidence and active subside-
nce due to evaporite dissolution in the Zaragoza area ( Huerva River
valley, NE Spain ) ; processes, spatial distribution and protection
measures for transport routes| J]. Engineering Geology,2004,72 (3/
4):309 -329.

Gaarenstroom L, Tromp R A J,de Jong M C, et al. Overpressures in the
Central North Sea: implications for trap integrity and drilling safety
[ C1//Proceedings of 4th Conference on Petroleum Geology of North-
west Europe. London ; Geological Society, ,1993,4:1305 - 1313.
BERT , T4, U0 T, 55 DT B 55 )2 B P RE 0 VP40 T ik
LHRIHLT]. # iR ,2008 ,43 (1) :162 —174.

Lv Yanfang, Wan Jun, Sha Zixuan, et al. Evaluation method for seal
ability of cap rock destructed by faulting and its application[ J]. Chi-
nese Journal of Geology,2008,43(1):162 —174.

Faulkner D R, Mitchell T M, Rutter E H, et al. On the structure and
mechanical properties of large strike-slip faults[ J]. Geological Socie-
ty, London , Special Publications,2008,299(1) :139 - 150.

Byerlee J D. Brittle - ductile transition in rocks[ J]. Journal of Geo-
physical Research,1968,73(14) :4741 -4750.

Kohlstedt D L, Evans B, Mackwell S J. Strength of the lithosphere :
constraints imposed by laboratory experiments [ J]. Journal of Geo-
physical Research,1995,100(B9) :17587 - 17602.

ZERUAE, JEIHE , PN A . VA 55 )2 A M B A 0 T 2 SRR
[J]. TS U ,2013,35(5) :574 - 578,586.

Li Shuangjian,Zhou Yan,Sun Dongsheng. Rock mechanic experiment
study of evaluation on cap rock effectiveness| J]. Petroleum Geology
& Experiment,2013,35(5) :574 - 578 ,586.

3)

(%4



