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Abstract; Lower Paleozoic carbonate buried hill is an important oil and gas exploration field in Bohai
Bay basin. The existing buried hill is mainly concentrated in the high structural position. The reservoir
development and hydrocarbon accumulation scale in the low structural position of low slope carbonate
buried hill are less understood. In order to understand the developing principles of slope carbonate buried

hill and the forming conditions of hydrocarbon accumulations, the tectonic evolution of buried hill, the
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genetic mechanism of reservoir spaces, the comprehensive analysis of hydrocarbon accumulation were
carried out in northwest Shaleitian. It is concluded that: 1) The lithology of the lower Paleozoic buried
hill in the slope belt of northwest Shaleitian is composed of the upper association (large set of limestone
and muddy limestone) and the lower association (oolitic limestone, interbedded limestone and
mudstone) , the stable mudstone in the Gushan Formation is the boundary between these two units. 2)
The buried hill in the slope zone have undergone five periods of tectonic movements, namely the
Indosinian, the Early Yanshanian, the Middle Yanshanian, the Late Yanshanian, and the Xishanian,
and had the characteristics of seesaw-type structural evolution. A large number of fractures formed by
multi-stage tectonic activities is favorable for the foundation of reservoirs. The component coupling of
dominant lithology, superposition stress fracture formation and multi-stage karst transformation
controlled the development of carbonate buried hill reservoirs, forming stratiform fracture-soluble high-
quality reservoirs, of which the upper association is the dominant oil-gas accumulation layer. 3) The
low-slope carbonate buried hill is located in the transitional zone, with the oil-gas accumulation model of

upper supergene karst reservoir-lower dense layer shielding and sealing formation, forming large and

medium-sized oilfield groups in the slope area.

Key words: carbonate rock; slope type buried hill; fracture-soluble reservoir; stratigraphic lateral

sealing; Oil-gas accumulation; Bohai Sea
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Tectonic outline and buried hill stratigraphic outcropping characteristics in northwest Shaleitian
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Fig.3 Comprehensive histogram of Lower Paleozoic in northwest Shaleitian

BB R B 2 P e T A VA IO B A it 4 2 TR
PR R d 5 AU 2

D s W X E MW AR T AL
A ERKER UL CE 4h D, 3205 0050 5 ), 44 1 24
YR TR P R i gk (A de) . TRl — kA h 4&
AR B Y8 A — B — AT 0. 03~1.00 em
ZIa) . BEEW G WRIREL A0 W T R (] de) . £
BGET] WY 48 & B Wy KL (B 4b.g) .
WAR R s P X E Bk P 4, — b
AR E 5 — A LA TE v )k L oAb AR AR )
e hESF. HHN RER T WIRE T R 50507
REJIC A LA B — 3.

WAL T2 B IRE R kR A B AT
fift 7= — R YR AL (B de ) LR /N, —
BN T 1 mm xRS I,

FoT

DEEFELMRKBLREERLEER

W FERBEKGH)Z T WL T 5%
ZHFIE BLAL— 52 H LAl il ST o0 A B T AR A AT
BRKNA—, — B EBE R 1~2 cm(H 4a),

FH A - s T I T & B L s B i )2 .
VL4 L P4t )2 o8 325 W 1l b T A 2 AR SL &
B LIALIR -2 4 A 2 o £ (B 5) . Seib &, %
DX LUt )2 3 28 43 A #E BE U L0 T T 300 m 3 [l LA
W EAG T, TAGIURH A = A B LT HZ
2 Z B AR 5 .

3.2 fAETE
3.2.1 B8 TB R

VOV AL Hb X oy AR Ui R i R R A T 8 B 3
HE1L e T RUHE 2 R 15 35 2, Az b VvE AT dE AR 1) R
F R B R N )& N B i R R
My . BRI FER 2R AL m B AR TR LB AR



%6l éii

A AF T T A v 2 T P I AR W A AV LA R T S

1821

- %

w 9
® [ERiE

2 \ '__".
\\“"_ '\@ ,‘

a. CFD2 - A -2 #,3 600. 45 m, H =, &1 ;b. CFD2 -B-3 H.3 715. 00 m, K5 . R M FL;c. CFD2 -B-3 3,3 333. 00 m, 5% fhid
JB IR R E LR 4% s d. CFD2 - B -3 3,3 664. 00 m, H = BUK A AT W H = A1 dhild se. CFD2 —B -3 3,3 817. 00 m. K4 . K & KiLlH]
WihFlsf CFD2 -B-3 3.4 082. 00 m.H A - Hza AW hfl;g. CFD2 - A -2 3,3 709. 50 m, 24 & HFH AL h. CFD2 - B-3 3,
3955, 00 m, i ki K F ¥ 4% % B si. CFD2 - B -3 3,3 757, 00 m, KA M E R L H .

& 4

MWEBATEME THERGRBIELSEERETESFE

Fig.4 Spatial characteristics of Lower Paleozoic carbonate reservoirs in northwest Shaleitian

— ZR AV AC TG R AR 1) 305 o Dy 2 A O A8 A, 1 Bl D
SURIRER A R B ALV m s IR R . el R 7
V8 — AR B IEAE R T AR RO R g Sl a1 S
TR ek R, ML E SRR, fE iR
FEIADE SR/ M N S ITEE: 3V Ny g2l =g i
JE WS A T8 BT P 0 ) R A il A A

I A TR 5 T 2 SRR R, S T
ANRIA AR B e kR FLEEE 6),
GEREWM LR T B KA (H s AR B 3
W R Z AN AR LB A= A R B B 1
T, B ) B HAT I B A R g, LR L
= B BT SR B 49.00 MPa, K i = 5K
70.74 MPa, 1= BT K %5 Bt R 58 B R 75.40 MPa, 1fij
TR ISR S8 B AT 3k 104.90 MPa®", B 25 % R

A o A R TR B 3G L P R BRI
iR as, HiEE. 0= A WP0E = AU KA R
/2, A A R B BOBR 6 0 U 5 kAR OB
AR I RAE . T A N EE YN n r A . FH A S
PR — RGBT T FHEGNER
FBRAERNEEE S, FHTHGHRERET %
F18 L PR 2 R B 1 2 B R e . R AR AR 2
1Tz A A
3.2.2 R EEM IR AR

Ha) 3 5% S AR 8 U B AR TR A Y O L X
AR R E ML B4R TR A LR LA Kk
AR T4 SRR PR X =D KA T S
WY A = R A L C R R
T =20 ~0ZH, ORI KA T —16%~ — 8%



1822

BOMK R o RO BR B 2 O

W/

PEEK JE/m
0——m78M10

Hega )%/ (%/m)
0O— 10

HEEALIRIE/ %

510.001

L8 1E /mm

It

1.000| f#

3400

~3500

~3 600

3700

—3 800

~3900

~4000

4100

—

T

K&

KB B &

k)

5 CFD2-B-2 #REFEREHE
Fig.5 Vertical development characteristics of fractures in Well CFD2 - B - 2

Z A (] 7) ] BE AR 3 2 AR I R AR K i it s 55 — 3
VIS A 2 5/ o . C R B A T — 4%~ —2%,
Z0al, O [ EA T —18%~ — 8%, Z i (& 7) , F W] H:

W T i S I A

EERERR A, DI X B4 & LUK S N

il

E AT ARKET 1S 2 C ke LB i =
FAEROR 2E 5 2 IX B B I R Rk UL At )2
ARRAS A . 3 A O R B AN H A B A i
it J22 6 A 5 AELTR TR A o 8 o PR 52 ) 3
K e v A 2 A T S B (] 2 0] G o o i 7



A AT A M VD AR TV U AR B R A v L RO S R

1823

121
or * N=197
£
Qi‘é o ¢ ° o °
[ ]
w OF ° ’ 0.0. ®e o .0
554_ .o,o':"..'o. '..
i O X X LI
M2“"0,, "0\!... :..“
Lo . .
0 .?%'. ".;# "'.:‘ : 0'... ;
0 10 20 30 40 50 60
H = AT 5%
N.FEAKL,
Be6e REPHEZTESAZAGRSBMNXER

Fig.6 Relationship between the content of calcite in limestone

and density of fissures

3_
2F °
® )
I+t e .: ° o
g o
ELY ©o o ° o
L ° o °
il | P weo , o8
_ o °
2 (] ® e °o © o [H 4+
—l o %o © Ul 1 B /IR
e © O ML 1 = /KA

4 L L 1 L 1 L 1 L
—18 —16 —14 —12 —10 —8 —6 —4 —2
6" 0/%o
7 BLBERMEREXTHEWCORNERS
Fig.7 Intersection diagram of C and O isotopes in buried hill

surrounding rock and tectonic fracture fill

HEFE L A A R B B9 o it I AR AL S
A BN EM GG R s A = A BB R
15 20 I I A E T 5 1 & A R B B SO GG &R
LW H = K o X S0 e P B T AT o i )2 114
71, M X T AR TN S ZNHETAS
BRAE MK A I m B H TR AT A
MHAZBK AR ARG AR SR NKE A
KA ZE . BRATPH A BRI BERZH T
50~ 1500 Z [l , 7 A FH ik, 5 T 90 R 2= AR o
fiff )2 .

ST UL A3 B 455 R T A A L A R IE S IX
ST VU A T A — R AT . BRI
P38 S AR  H A KA 1.5 42 a i KAL)
Tl (18] 8a) 5 B S, A2 1 b ) B¢ 1, AF 58 DXHE ik b
VP 1) 8 58 7 B S A0 308 o BTy SR8 R A T S A
ety . G R I e AR 5 RGR AR T 2 ML T

A8 1T B4 U DX Ay o 9 o M 3 S 3 3 07 1
b 1w (AT 8b) s el L30T 78 PR ALAE T W7 2 B 3
HE— I AL AR 1) W 2R 4 DX, Gy 2R B L
V39R B W 15 S 3R ARV 1 (18] 8o, B4R Y TR I W %
B A AR 9 C )7 3 R AF 5 3l L0 P e ) — 5 S
S0 ol T AR R AR T A TS SR AR T AR L R
TR VD 28 Ty S 8 v M AR 1) B 3 2 (B 8D s B 5
T AE R A) oty 2B AR RN T SR S A MR =
F TSR R R S BT B C R 3R i
5 BB B AR AR SRR, O W) 7 R AR f . A
e ML AR I S B0 A M di v L AR AR A 2

BRI AEBER .
3.2.3 fEEEFHEX

YoV b X TR O AR A R AL A R S )
THEMEERN, THAAEARLEANE. AL
IR A T B N —  HRELHRE . %
Je WA T ek i L AE TR 200~ 300 m Y 5 B A i
B, THERE B LA A ok 5 A kL K A
DL e 18 Sk gl Ao U A HL sk 324 i R K 5 AH X T
TREE VTSR AR 53 Ah T AL ORE K A Y B
Mt i A () — g s DX iR 5 448 R B AR K
HMA R 2%, MR B R ik A
HECEZ . WL 4 A M DU SRR A )2 —
BB AR S Y .

BT A A O SN ) 4 A I DL K
VA A L A R v G I i KRR R R A L 32 A B
PR A A RN R e -2 W ek Y I ) B
il AL AT T VR L IO & I L R A 1
LUZRGEERIGEZE, TA & — W WEHEZ, LaG
12 J00 K A T 8 g 1 0 I 3k ik 5 TR) A 37 31 B
e 1l iz B R RN 132 Bl g ) ) A o B R
1 A 2 A 2T SO B AR R S TR 4k
W R R AT 22 100 0 el i, B S R AR K i b 1)
B L P R R R K E I dbis
R R M 4 A8 A5 B4 3 s S IR AR AL 1 K
BHBERE  ZREME T JE B — 00 1L 0
KB HAG 2RO A R TR A D2 R A
UGG (B 9) 2 2 it 2 TE i 5 F I G 0 1) I )22 25
7S W AR AT X )

4 RO S B AR R 2 S 8 LU AR ET AR 3K

YDV b DRtk PR A A TR L A A 3 B R IR [
T o7y DX ek 9 ) AR B o A 8 RS XA O L R



1824 WOMROK 2 G Bk OB 22 O

5% 54 &

v v

1-ARL i

fe——
' ¥
AR Wi T4 3 7Y B

€-0

a Ar-Pt

[ 7 1w KA A Agam L Bt R T
a. SN AR 0 (R ARSI 1L ) 5 b B S O 284 ) 3R A 230 5 e A8 LI R 30 O 2R 4 S e AR 2B ) s . 6L v e 31— 5 I 9 (3R A R
HE) . €. FRF;0. BB R Ar. Kl F5Pe ol 3, #lW B- B E LK 1.
B8 miMEAERFHERNBARESESRER

Fig.8 Paleolandform inverted to form four stages of supergenetic karst

A7 Y SRR Ll T XU 5 i R 3
PRAF AT SR XU R e R

WEFE DR ol A B PR 9 A ik A R B
MR . B R BN B AR TR A B B TR R
EJSE RSV B )2 5 00 25 R iR K L K S FE
AL H b B R R S Y R 2 ) 58
AP P BOZE MR I O R AR L BTR IR R T)
FAR TR R 5y 2k T ) 2 M U f R
1L METE LR R i i 4, RN BV R A A
Bro TR AR BUA R S R k)2 # 22 AL L
ST TORMOE R R R A i I B AR
A T BT 2 A O R Y B i A BT Y R
2 IATRE iy 98 L R A ELAT 0B Tl <CRE T R

7 5T gk /L 2 4

T R Hp R 3 A B PR A 2R A (B 10D

LA VD TG I b DX R Y BR AR A T A 0 v
L TR RS 20 A B 2 9 it = 5 U T A AL B U e
L S BRIV LN i A R L X o 8 L T T
R FR KB B SE 7 B A2 7T LA S =R s 8k
(LA LS VARG SO ol SRTYa o W DR R L =i R D g 2
HERAE s e 2 - B A4y B 4T B bR A Y A 4
MW R FBES  BKE S RETA 1.7 K
B PO IR L 5 R TR R AR R B S A L
Ab TR P S BUIR AL A R L R i Rz
o RN IR A i 1) IX, i B TR B8 T il CRE 55 R
AR s .

TR 2 BT A IR E B 1 B R S e



iy

55 6 )

A AT A M VD AR TV U AR B R A v L RO S R

1825

IR SE T [0 B g fe) 2 — B i A AT U 1L gk — 2B R
B0, TERMEAR A5 4R CFD2 — B - 2 FF, ik 3k

PRI AR AR ) R T A ) 2 - B B R
TER LV L IS BE K 1 200 mo, A Ak B VT T AE

oL T35 K 1 M 0 5 BB HR R L 8 7
\\\\\\ ~ KAHIK \\\\\\, . \\\\\\ -
Ty KA
VR —
+ + 4+ + S
* ¥
+ + e ++ +
o + o -:_+
T + o
+ . . .
o + ooyt o+
+ + ++t + S
> 4 +
+ 2 + + +
+ -+ -+ + k5
+ + " e + Ij}zﬂ
+ + + + . + ++ 2
- F¢0]
.‘ | ] FOF S ot [k ] e
(/] = = e o o [ [ L) b (5] il % T
7 % RE  HEH KA O ER AER O M e K KA 4 g 4
iy 4 e SR K Z*H"KI, /}{,4.\;‘ PR ‘1?[35}'; ifL‘iLllfJ N % /Jé ILM g;
41 41

B9 SEBNTHERRBRE‘FHERBUERBEELEER
Fig.9 Development pattern of slope-type Lower Paleozoic carbonate rocks “through” fracture-like layered reservoirs
CFD2-B-5

CFD2-B-2  CFD2-B-1

—\ Nm
N.g

—2000

—3000

W3R/ m

—4000

—5000

+
1 km

0 ar

\
S e R e I B en = B K R S |

3 S - N R 1 SE o L T = T PR
ade TR we o owme P ke mxr wms mE EEW KHF

+

| [ |

LR

| ]

T A B AT

RN

Vhinf
Kl
Ar. KT Pty A B Eos WL Es d R B H =BG Ed REBH B T#; Esd' + Esd REBEHA—B+REH B LH;N g /W
M Nym B EYL,

E10 EiEE2- BEBEMKETREEXE

Fig.10 Accumulation model of slope zone of Caofeidian Oilfield 2 - B



1826 B g ARG BR OB 2 D

5 g

Db PaAb R0 E 2 AT T B R, A
PEFHm EHG M T AGHMR., FAHA AR ARR
HAB R RER AT = E) 0T A G ik
WA KA R BT M A S H 2 s bR A P
Ly 20 ¥ AR RS RE Y8 R o B T R AT DXCIEAE L B A
B JZ o3 A AL 4R W R R

2) b & H Ty R R B B L 28 g B S gt
LR 40 e Ly v 30 b L g BB A A ) S A
iz 8l 8 e e Al R T v AL L BIE ST IX R R P R
A S T A — S R A S O A b s AL A
PR AL 34 HAT 5058 1 H A

DRI AR A IR R 2 L H a5 & 5
T EE-Z W A o = ool AR R — B
L T THT A 75 09 B 5 I RO 18 B R T AR 3 A 4 AR
JRAIRGEBIGEZ

O RO IR IR £h A WAL TR S Y R H
A AR U S BOR Z R B A
P UESRTHEWI %S Wi FE S &I NI B 0 NG SR
RliiRER o
£ % 3L Hf (References) :

(1] FERP LRI 458, 4. 2R BB Rk R LA <
LR IR L)) 3 )2 % 44 5. 2008, 32(4) 1363 — 373,

et al. A
Review of Global Ordovician Carbonate Reservoirs[ ] ].
Journal of Stratigraphy, 2008, 32(4): 363 —373.
RSO LR =5 T E BRI A iR R
KB BT 5 5 o A ke AR LT oA R 5 97 &
2012, 39(1): 1-12.

Zhao Wenzhi,

Wang Jianbo, Shen Anjiang, Cai Xiyao,

(2]

Shen Anjiang, Hu Suyun, et al.
Geological Conditions and Distribution Characteristics
of Large-Scale Development of Carbonate Reservoirs in
China[ ] ]. Petroleum Exploration and Development,
2012, 39(1): 1-12.

B BRI 5, 2280, A5, b [ AR IR A T
JRRRAE S ALY A7 il 2441 2013, 34 ) 1. 29 -
40.

(3]

Xie Zengye, Wei Guoqi, Li Jian, et al. Accumulation
Characteristics and Models of Marine Carbonate Gas
Field in China[J]. Acta Petrolei Sinica,2013, 34 (Sup.
1): 29 —40.

g Az VA AL b AR S B R S 2 = i
VS 3 AT Py VR LU R B R IS R LT i A R

[4]

Hb 5T, 2005,10(3) :43 = 50.
Fei Baosheng, Wang Jianhong. Exploration of Marine
Oil and Gas Fields in China: 3

Buried Hill

: Discovery and
Exploration of Large Oil Fields in
Rengiugu in Bohai Bay Basin[ J]. Marine Petroleum
Geology. 2005, 10(3): 43 - 50.

A, BT, 0K e, 58I R B T R R
TR AU LA AR R s 1) 25 4 e ST R Ay 5RO L) A
MRS IF % ,2022,49(6) . 1107 - 1118.

Yi Jian, Li Huiyong. Shan Xuanlong, et al. Division

(5]

and Identification of Vertical Structural Units of
Ararchean Metamorphic Rock Reservoir in Bohai Bay
Basin[ J ]. Petroleum Exploration and Development,
2022,49 (6): 1107 —1118.

LR B EE MR E IR I A R i A
SRR R AW I B = A LR B SR LT, A T 2
#,2018,24(6) :833 - 840.

(6]

Hua Xiaoli, Li Huiyong, Sun Xijia, et al. Study on the
Formation Mechanism of Buried Hill Dolomite of
Paleozoic Carbonate Rocks in the Northwest Tectonic
Belt of Bohaisha [J]. Geology Journal of Chinese
Universities, 2018, 24(6): 833 —840.

HUR. b 4 Nk R G SRS RS LD g
< AR B TR 2 2020.

Chen Chen. Study on the Accumulation Conditions of
the Uplift and Periphery Buried Hills in Shaleitian
[D]. Chengdu: Chengdu University of Technology,
2020,

BB T TR O 21 - 22 Ml X
AL O I AR AR AR LT D, AR AL i R 2 2 4
2016,40(2) :36 — 45.

Hu

7]

(8]

Hewei, Li Huiyong, Yu Haibo. et al. Fault
Evolution in Bozhong 21 — 22 Tectonic Area and Its
Controlling Effect on Oil and Gas [ J]. Journal of
Northeast Petroleum University, 2016, 40(2).: 36 -
45.

T, EARYE, 2R B R S T S e A R R R
ERE WL A 2 R AR A BUPL R L], A i 52 56 4t SR
2015, 37(2):150 - 156.

Yu Haibo,

(9]

Wang Deying, Niu Chengmin, et al.

Characteristics and Formation Mechanism of Low-
Raised Carbonate Buried Hill Reservoirs in Bonan Sea
[]]. Petroleum Geology &. Experiment, 2015, 37(2)
150 - 156.
[10] #E. B2, W R, 5. 2 V16 20 P R Ak R 1
S i gk P P I AR W O KR SCOT D A i e
2015,36(6) :653 — 663.



55 6 ) i

A AT A M VD AR TV U AR B R A v L RO S R

1827

[11]

[12]

(13]

[14]

[15]

[16]

Dong Yuexia, Zhao Zongju, Cao Zhonghong, et al.
Exploration Potentialand Significance of Ordovician
Carbonate Karst Remnant Mound Trap in Nanpu Sag
[J]. Acta Petrolei Sinica, 2015, 36(6): 653 —663.
AR 22 BB INA 5 S b I Bk TR 2 0 L
F TR A5 UL B R 2 A RIS LT ] A
JBi 774k ,2020,26(3) :333 — 338.

Hua Xiaoli, Li Huiyong., Sun Xijia, et al. Study on
the the

Characteristics of Karst Zoning and
Distribution of High-Quality Reservoirs in Carbonate
Buried Hills in Bozhong Sag[J]. Geological Journal of
Chinese Universities, 2020, 26(3): 333 —338.
o, Bl R e AR R AR R T A SR R
A Ak 2R R E R LT Wi <H
2020,27(4) :448 — 453.

Yang Yimin, Luo Jian, Xu Yunlong, et al.
Characteristics and Controlling Factors of Buried Hill
Reservoirs in Paleozoic Carbonate Rocks Under the
Low Bulge of Bonan Province[ ]J]. Fault-Block Oil &
Gas Field, 2020, 27(4) . 448 —453.

K, B/ SRE WL L R Z o ET AR R
FREh s EE AR K2 R H ] b5 %R,
2023,32(1) :49 - 56.

Zhang Lan, Wang Shaopeng, Wu Qiongyuan, et al.
Main Controlling Factors and Reservoir Development
Model of Lower Paleozoic Carbonate Rocks in Buried
Hill Z Oilfield[]]. Geology &. Resources, 2023, 32
(1) :49 - 56.

BEHELCHBE A BB IR T
A ST L 2 R R R R R T, sk B
2023,48(1): 329 — 341.

Li Huiyong, Xiao Shuguang, Li Fei, et al
Characteristics of Paleozoic Buried Hill Reservoirs in
the Northwest Slope Belt of the Western Bohai Sea
and the Main Controlling Factors of Accumulation
[J]. Earth Science, 2023, 48(1): 329 —341.
R R R S B A TR R S AL
SERE AR ], MR %%,2010,17(4) 64 - 89,

Li Sanzhong, Suo Yanhui, Dai Liming., et al.
Formation of Bohai Bay Basin and Craton Failure in
North China[]J]. Earth Science Frontiers, 2010, 17
(4) .64 —89.

Rl ine I, 2R 4k, 52 LA, S b ) e v LA 3 3 1k
FrE K H A e B LT ). Al R AR AR, 2010,
33(11):35 - 40.

Lu Shikuo, Li Jiyan, Wu Kongyou, et al. Tectonic

Evolution Characteristics and Petroleum Geological

[17]

[18]

[19]

[20]

[21]

(22]

(23]

Significance of Buried Hills in Jizhong Depression[ ] ].
Journal of Oil and Gas Research, 2011, 33(11): 35 -
40.

)57 80, M ik 220 72, A5 B 30— 1L 3B B o K R
Dt T LB B 2 4 LD, A3 il =2 4, 2016, 37
(12):19 - 30.

Fu Lixin, Lou Da. Li Hongjun, et al. The
Controlling Effect of Indo-Yanshan Movement on the
Buried Hills in Dagang
Exploration Areal J]. Acta Petrolei Sinica, 2016, 37

(12): 19 - 30.

Formation of Ancient

Huang Z, Yang H, Ye T, et al. Characteristics and
Formation Mechanism of Carbonate Buried Hill
Fractured-Dissolved Reservoirs in Bohai Sea, Bohai
Bay Basin, China[]J]. Front Earth Sci, 2023, 11
1135905.

HERBEIE AL A RN, S5 3 5 A A O Lk
B E PN R S B R SE B (T ). A A, 2012, 33(1)
71-179.

Zhao Xianzheng. Wang Quan. Jin Fengming. et al.
Main Controlling Factors and Exploration Practice of
Concealed Buried Hill Oil and Gas Reservoirs in
Jizhong Depression[ ] ]. Acta Petrolei Sinica,2012,33
(1. 71-79.

ES 7 B, K TE 52 T i T A b U B 34 R T
L3 T 2 B R HG J SCLT . A7 3 52 56 b I L 2020, 42
(1). 13 -18.

Ma Lichi, Wang Yongshi, Jing Anyu. New Discovery
and Significance of Hidden Buried Hill Reservoirs in
Jiyang Depression of Bohai Bay Basin[ ]J]. Petroleum
Geology &. Experiment, 2020, 42(1); 13 - 18.

B 5L, W SCIR. SL5% b BT A B &y 2 ALkl [V dt
AU B R L 2013,

Hou Guiting, Pan Wenqing. Geological Modeling and
Mechanical Mechanism of Fractures [ M ]. Beijing:
Science Press, 2013.

AOCR BESE KR . R RS ARSI RER
H PR 5T . LUSRIR £ S i R 4 ] [ .
JEEOR 2 2 4l CH AR B 24 R0 . 2015, 51(6): 1047 -
1058.

Zhao Wentao, Hou Guiting, Zhang Juzeng, et al.
the Mechanism  of

Study on Mechanical

Thickness

Layer

and Lithology Controlling Fracture
Development: A Case Study of Yanchang Formation
in Ordos Basin [J]. Journal of Peking University
(Natural Science),2015, 51(6):1047 —1058.

DA bR, R B B, 45 35 T g L L AT B A= AU



1828

BOMK R o RO BR B 2 O

5% 54 &

[24]

[25]

[26]

AR 2 6 5 B S m) 6L 8RR AE Moty PR BE 7 SC [T ). v it
A4, 2007,9(3): 303 - 312.

Yi Haisheng, Lin Jinhui, Zhou Kenken, et al.
Characteristics and

the

Carbon and Oxygen Isotope

Palaeoenvironmental Implication of Cenozoic
Lacustrine Carbonate Rocks in Northern Qinghai-
Tibetan Plateau [ J ]. Journal of Palacogeography,
2007, 9(3): 303 —312.

XML . R U1 e v Yo 17 26 910 A Btk R 6 25 ik A R) £z
A5 B WA 2 38 LT ] DU, 1998, 16
(3): 109 - 114.

Isotopic

the

Liu  Chuanlian. Carbon and Oxygen

Compositions of Lacustrine Carbonates of
Shahejie Formation in the Dongying Depression and
Their Significance [ ] ]. Acta
Sedimentologica Sinica, 1998, 16(3): 109 —114.

UL, R AR (DB B B Dk R AR R IR R B
KA LD]. 3 & - b A0 (BB 4D, 2019,

Shi  Zheng. Study the

Development Mode of Paleokarst in Nanpu Sag and

Paleolimnological

on Characteristics and
Surrounding Bulges[D]. Qingdao: China University
of Petroleum (East China), 2019.

TR AT BUAE T, Th B, AR R R 00V e B ) 2
AEFVRCWTE 3018 & & Ak [T, TR % 4. 2009, 27
(6): 1033 —1042.

Zhang Tianfu, Bao Zhengyu. Ma Ming, et al.
Dissolution Kinetic Characteristics and Morphology
[J 1. Acta

Sedimentologica Sinica, 2009, 27(6): 1033 —1042.

Evolution of Oolitic Limestone

[27]

(28]

[29]

[30]

KRR IR B i 46 m ot IX P R R AR T2
MR R S5 R TR ], M BT FE SRR
2002, 3(4): 64 —69.

Zhu Qingjie, Su Youpo, Chen Yanhua. Controlling
Factors and Development Mechanism of Ordovician
Natural Fractures in Lunnan Area [ ]J]. Geological
Hazard and Environmental Protection, 2002, 3(4) .
64 - 69.

NI M) 56 38 T 2. B AR T B S TR o3 Al 5
SR4E [T BT . 2010.4(6) ; 1126 - 1131,

Sun Mingliang, Liu Guangdi. Dong Yuexia. Anomaly
Pressure Distribution and Hydrocarbon Accumulation
in Nanpu Sag[J]. Modern Geology, 2010, 4 (6):
1126 - 1131.

WA, T A E AF T AR R I B b 2
Ji 3 8 A B L R R LT ] BR B 27, 2016, 41 (5)
85 - 96.

Tang Jianrong, Wang Hua, Meng Lingjian, et al.
Evolution of Stratigraphic Pressure in Nanpu Sag in
Bohai Bay Basin and Its Accumulation Significance
[J]. Earth Science, 2016, 41(5): 85— 96.

MRS L T, A S R R T R [
B R 2 2 TR ) [T ] il < B 5 2R i %, 2016, 16
(4): 34 —40.

Sun Zhaojun, Cao Qiang, Ye Jiaren, et al. Prediction
of Overpressure Distribution in Mid-Deep Strata of
Nanpu Sag Based on Seismic Velocity[ J]. Petroleum
Geology and Recovery Efficiency, 2016, 16(4);: 34 —
40.



