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Abstract: This paper deals with the origin of overpressure in the Paleogene strata, in south of Liaozhong depression, Bohai
Bay Basin, through comprehensive application and analysis of various geological data and research methods, we suggest that
hydrocarbon generation is the main mechanism. In some areas (W-D structure), there is overpressure formed by superposition
of disequilibrium and hydrocarbon generation. The main evidences are as follows: (1) Except for W-D structure, logging
curves generally do not have typical characteristics of high porosity and low density caused by disequilibrium; (2) The top
depth of overpressure formed by disequilibrium in sedimentary background is inconsistent with the reality; (3) The
overpressure top develops in the internal large mudstone section, with greatly varying depth range (from 2 200—3 100 m),
and it is basically the same as hydrocarbon generation top of source rocks; (4) The relationship between formation effective
stress with velocity and density shows that the overpressure points all fall on the “unloading” curve, and the overpressure
characteristics are hydrocarbon generation; (5) The overpressure source rocks are still in large hydrocarbon generation stage,
continue to provide guarantee for overpressure formation; (6) Overpressure formed by superimposition of disequilibrium and
hydrocarbon generation is characterized by typical formation high porosity and low density, the relationship curves between

effective stress and formation velocity and density formations show obvious unloading phenomena.
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Fig.3 Vertical distribution characteristics of overpressure in single well (Well E-B-1)



%5

DK A < IV 4 b O e T R R AR B R 1835

R)VEAFRX A ABEELER (K RELO
PLE), %K FEW-AWDHMEBW®EEWT 3
AR K& L R R A AR . A
EE NS E LB (B 3FTR), KL 2 300 m
Sy A, AR R R R G, 7R Uk 22 BE IR
T30, 6 Ry M A G B AR B AL IR R AL R — B
AR B, w1 Ak B2 A0 P A b 2 LA K B
HRMBHRAE N E KRB R _BELEFEER
P B EBHLZ OB R G, SR ) R R
1.4, 7 g i 22 10 B0 S5 1K 38 B, X g Y b 2 R AR
SEMYm L, KK ERERRAERT Rk
b U = V) 14 = o | R 1 ol Ol el | R4
WA R AT RERE, BN TBELET
) 3 A, #E R B Al ) b H R R B R R
MR 4 7 U B 22 0 VR A R O R BOAT 8 B 14,

SRNRCES <X (DI =3 WA AR s ]
A e ik 3

3.1 NHmEEE4EKEESE

Xof U Ml 2 B AR B M b 2 DU il 2k 4 A )
DN R AR 2 6T 8 R 1 AT TR e SR R AR O ik
CBRESE AHAE, 2017) , 38 3 U A B s B 22 b 2 4%
AL B 2 B O 1 A8 A R AT L PTG R R
0055 T FURR R & & BCIE AT U0 IS X 27 B
b e B e o NS TR el SR E R S T = RA e X (]
T R . NI 3 RT A, S0 e o e &
B, IR i R OE B, U8 A 22 1 B v
K FRAE Fb 45 B S, 6 6 R LA AR G 1 e Rz T X
o7 VR 11 M S RN b AL R B M R R B T
ol BH S 9 R AR« — R b 2R R i S AL
Bt 246 1 K, 3 2 K SRR e 2 g L I S g
N, TE XN A3 A 52 Ak B 4R I (& 4a F4b i
IR AT ATAE WD Ry i 350G B K, R TR I A
#2900 m, HEHIKS300m iy A KIS 5
— g 2 N b AL R A S AR E R IR
B R A W] AR AL (8] e Ad Tl de TR ) , 2 A B 10 R
V) SRS - w7 E B A DX A ok R PR R
AR TERMZEEXLZ G, TFREELEMAY
ANT]aEE (Tssler, 1992) , k& U 45 09 A48 48 VB AN
2 1 R M 2 AL BB 0 B 8 n, HOR i T T
W Ak S 8 25 B R B 6% T B HE BR L 5 B0k LR
QN e N O % NI A W < O R Bl A T T
W R BE Y A RN T3 B/ 51 R b )2 R Y

% Ik (Bowers, 1995; Teige et al., 1999 ; van Ruth
et al., 2004 ; Tingay et al., 2009) . M #& A4~ 1T rfr U]
B T 3 1% 000 S g 7 AR AE R R AR B R A T8 A
FEh 2 B R T % 0, R A ST X R
R A | N T 3 P R 1 R S W R
JIr 3 B ok 1 TR S8 L A B L 2 & A
A= K AE R kRl B R LR CTF SC Ak ST iR ) .
32 ETHAEE=IMREZEAEBRNEER
HRESEZRARF

WEFE X b 2 B T WA 2 R0 B 4R
AT LIS E) 2 000 m P b, BB KRERE 5 Mab ik s
e vl 2 U8 S UUAR & D F 43 AE 7026 ~90 %0 11491 [l
WL R —BORIR . BR300 m A2 A, b e
HJZW A YA SRR, SRS TN A A
FLA R SR R B R A M S i AR N B X
FJEF AR I 2 2 09 U6 55 TR B T LA #1500 m LA
FLORBEEENAMZER R X EEE R
KR SEAE B B, A6 M 25 PR, 56 2 5 ok Wk 2 1%
S 1 B0 R T3 1 A TR RDIE B E) 5 B R
FAB R AFF B A Ry K SR TR 2 8 R O Y
JR B 5 ST IX W-C-2 A A AR = B Ui
1 LR 1 35 St LR b 23 T R R il R TR, IR o
ATUE AR S B ER N B ORI (25 M
W Ak B 2H D0 AR 0T AR (34 B 399 ) 2 7 1 )22 7 0 AR
AR Bt (=200 m/Ma) , b K RS R & & 1A F
B (HAE AR =B B AR W B UL, th T2
R (<<1 500 m) , 75 I i 48 2 TE A &
KA R SEAE D 5 A WAk B A DO AR LAk b 2
OB R i1 65.5 m/Ma 2 3 Jin & 220 m/Ma, AJ
(R  E AS WS < A s o T B VA P
5 Ma, Xf i (14 8 T00 I B2 28 2 000 m A2 A, {H AR i
W -C-2 -1 I R 4 735 (1% 52 s 8 1 90T A 3L 9K Ry
2 600 m, % 7 FIFE] 4 2 Ma( 8 5 7R ) |, 3% 5 52 bR i
JE H B AY S ) AH 22 3 Ma, 111 88 R T AH 22 T 600 m.
33 BEMABEBSREEERMENCEE
x—H

MR R F 5T X3 00 3 9 ) r 15U 1
TS T A 38R A2 A LR K, 43 A AE 2 200~
3100 m Z ], oA & 55 IR U 1 B 00T ) 7 8 A
— B, AR U A B Y BE 8 A TS I 4 Ok 200~
400 m; RS Bk A BT m A & 54K =T
B R = Bt A SR 7 1 AR — 350, LI IR 1Y i
PR 5 U o T 3R AR 6 R A — B (81 6 TR ).



1836 HERFF2%  http://www.earth-science.net 49 %

7E I B 2 (us/m) B (g/em’) AL B (%) HF 1% (cm)

130 260 390 520 1.8 20 22 24 26 28 0 20 40 60 80 10 20 30 40 50
700 T T T T T T L] T T T T

T
a W-D-17F \ e/,
1200 ope - \x - ‘*}: -
e BE .
T s M¥ i 'f\‘\ i 'g i
E L
0.99

E . - »
s 2200 o ® g:\ ) 3; .
¥ 2700 - * HET AW - }
______________________________________ PN | S —
3200 - .é\ I - ‘
° \ ]
3700 - a3, . - &
75 B 2 (us/m) B (g/cm”) o F FL R B (%) F 4% (ecm)
130 260 390 520 1.8 20 22 24 26 28 0 20 40 60 80 10 20 30 40 50

T 7 I\ T T T

T T T 7 T .
1200 F b W-D-23¢ . L ’kg... L . wt® L )
?':'

TR (m)

B " SN
AT = (us/m) T (g/em’) F 42 (cm)
130 260 390 520 1.8 20 22 24 26 2.8 10 20 30 40 50
700 T T T T T T T T T T T T
cw-a-13# ¥ &: % T
- W/ L * e - F4
1200 .:\: 7... {'o
e L33 .
’E“ 1700 - - A -
= %
5 2200 - * - BEWA@E [
2700 L L L T i L s
[ J 1]
‘\\ e [
XY é .
3200 - . - N -
PR B 2 (us/m) % ¥ (g/em”) BT LR (%) F 4 (cm)
130 260 390 520 1.8 20 22 24 26 28 0 20 40 60 80 10 20 30 40 50
700 T T Ay T T T T e | T I
P *
d w-B-35 f . ..,{. ~ 7: ._.,
1200 | o7, ° - * L , L B
. . "g: . :':\.. ...’“ 2
E 1700} Oﬁﬁﬁ = % = b =
s < k\
’ 2200 :___._'._“. S =, ° _}_*.______ S ; (. i,_ig_?_]jﬁ_g_%_@_ = SN
h °’ of 2
2700 - o L : L oo L
75 BT 2 (us/m) B (g/om”) o F FL R B (%) F 42 (ecm)
130 260 390 520 1.8 20 22 24 26 28 0 20 40 60 80 10 20 30 40 50
1500 T T T L T T T T T T
e E-C-13F O/&:: iﬁ' i t
L ] [}
EhFH ofe® p _§ i
1900 —> '-; - Son - ® -
099 7w 4. & 3
E u.o"f ) *;,: 4 s.
2300 |- L e L . L .
it “Ya ¥
ﬁ;s‘ «= x M TR
27007 .‘# F A F ey F
x4 % !
3100 (L

&4 A v g e e 0 S o 7 2

Fig.4 The well logging characteristics of overpressure in South of Liaozhong depression
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Fig.9 Hydrocarbon potential and calculated formation pressure change with depth in wells
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Fig.10  The relationship between porosity, formation temperature and depth

Sk T BH A e B AL B B AR fR R AE A SCRT
BT 1E F R SEAE T SR BUAY LB BE B Sk A o (8 Sk it
335 F, A A Athy *s Law Hs 924658 3 17 5K B,
b J2 55 70 R Al B O 8 R A v A A R R AT A ST
MALBRE KB RAERE A A& Rk
JENE FITE R TR ) W-A-1 AL Bt B 7 88 TR B i
A B I G S I i R L B S N T
THEE (R 10a R ), Ul B I oK & A= RO SEAE L, i
U iy 2% 4 A 22 30 Ok 0 R SEAE T W-D-1 1 52
LBt B D) W 8 B AL B RE (&1 10b BT 7R ) L B
MR A T R SERIAE A s A W-D-1 J1 it W-D-2 -
JEBESE I E R R E IR IR A ST
W-B-3H 1 W-C Z#iﬁrfx(ik*{’ﬁﬁﬁ)ﬂlmrfx
2 (] 10c fim ), ik B R RESLEH &%
A A TR R, DT 5] RS M R R B A 3

5) énlb

(1) ¥gh v i Sl 3 v U1 g 3 L ol K 7 R B
TR I 76 88 R BE B, A X T IE B S A U
Aef 22 34 K, b J2 AL B RS A0 8 B R R A AR Ak
T 1A 2 PR 43 A 7E 2 200~3 100 m WS BN, 58
8 TOU I AH W) A, M2 A 0N ) R R
2% RO R W oR R B B A B )
#HOMG ; LR R IEAE BF 5T X B A M 10
FE (T8 132 A AR e 5 i R R B TR A Y
Fr 2k A I 68 1 Sk HE R B R (R 8 B4R 4 T 3 Al

(2)WF5R X W-D #3& W HER I & BT RO 52 %

Pl s 0 A4 il A TR A L R B R, HO TR
AL LLIA #3900 m, I - iy 2 3 B Hh AR X OE R
e S5 e, P I 2 0 R M R R /N AR T
AL BB 4G R B R AE T L R AR RE 0 A XT3
(3) R s 552 kg PR R A= e i PRT ) s R E 8
TE X 5% B PR T RE 6 PR AT B R A9 2% A T, A A B
201 368 o 0 oy £ A IR ) ) A o s B A 2
o 2R 1 AR A 52 ), DR IR 7 SR A s R 1)
B, SR i 2 21 5 B A O SR T N A
i 5 ik — 5 A A RN ) e PR s P AR ALBR
JEE K M 2 i L 5 0 R T EL A R L B 2 R A —
%E@Eﬁ% B 2Z AL A e B4l M A 2800 ) o Ak ok
HE AT e RS PR ) 53 TR AR T 2 e X S Y A
B AL ARG RE T T H KA s 330
CES S SINEF Sy
References
Bowers, G.L., 1995. Pore-Pressure Estimation from Veloci-
ty Data: Accounting for Overpressure Mechanisms Be-
sides Undercompaction. SPE Drilling and Completion,
10(2): 89—95. https://doi.org/10.2118/27488-PA
Dan, M., 1978. Some Remarks on the Development of
Sedimentary Basins. Earth and Planetary Science Let-
ters, 40(1): 25— 32. https://doi.org/10.1016/0012-821x
(78)90071-7
Eaton, B.A., 1972. Graphical Method Predicts Geopressure
Worldwide. Word Oil, 51—56. https://doi. org/
10.1016/0038-092X(76)90080-3



1842 HIERRL2E  http://www.earth-science.net

49 %

Gong, Y.J., Zhang, K. H., Zeng, Z. P., et al., 2021.Origin
of Overpressure, Vertical Transfer and Hydrocarbon
Accumulation of Jurassic in Fukang Sag, Junggar Basin.
Earth Science, 46(10): 3588—3600 (in Chinese with
English abstract).

Guo, X. W., He, S., Liu, K. Y., etal., 2010. Oil Genera-
tion as the Dominant Overpressure Mechanism in the
Cenozoic Dongying Depression, Bohai Bay Basin, Chi-
na. AAPG Bulletin, 94(12): 1859—1881. https://doi.
org/10.1306/05191009179

Guo, X.W., He, S., Zheng, L.J., et al., 2011. A Quantita-
tive Model for the Overpressure Caused by Oil Genera-
tion and Its Influential Factors. Acta Petrolei Sinica, 32
(4): 637— 644 (in Chinese with English abstract).

Guo, X. W., Liu, K. Y., He, S., et al., 2016. Quantitative
Estimation of Overpressure Caused by Gas Generation
and Application to the Baiyun Depression in the Pearl
River Mouth Basin, South China Sea. Geofluids, 16(1):
129—148. https://doi.org/10.1111/gf1.12140

He, S., Song, G.Q., Wang, Y.S., etal., 2012. Distribution
and Major Control Factors of the Present-Day Large -
Scale Overpressured System in Dongying Depression.
Earth Science, 37(5): 1029—1042 (in Chinese with
English abstract).

Huang, X.B., Xu, C.G., Zhou, X.H., et al., 2013. Hy-
drocarbon Distribution Characteristics and Accumula-
tion Period of Second Member of Dongying Formation
in the South of Liaozhong Sag. Petroleum Geology
and Engineering, 27(4): 16—19, 145 (in Chinese with
English abstract).

Issler, D.R., 1992. A New Approach to Shale Compaction
and Stratigraphic Restoration, Deaufort-Mackenzie Ba-
sin and Mackenzie Corridor, Northern Canada. AAPG
Bulletin, 78: 1170—1189. https://doi. org/10.1306/
BDFF8998-1718-11D7-8645000102C1865D

Muggeridge, A., Abacioglu, Y., England, W., et al., 2005.
The Rate of Pressure Dissipation from Abnormally Pres-
sured Compartments. AAPG Bulletin, 89(1): 61— 80.
https://doi.org/10.1306/07300403002

Peng, J.S., Xu, C.G., Wei, A.J., etal., 2016. Hydrocarbon
Migration Caused by Rupture of Pressure Compartment
in South Liaozhong Sag, Bohai Bay Basin, Offshore
China. Petroleum Exploration and Development, 43(3):
386—395 (in Chinese with English abstract).

Sweeney, J., Burnham, A.K., 1990. Evaluation of a Simple
Model of Vitrinite Reflectance Based on Chemical Kinet-
ics. AAPG Bulletin, 74(10):1559—1570.

Teige, G. M. G., Hermanrud, C., Wensaas, L., et al.,

1999. The Lack of Relationship between Overpressure
and Porosity in North Sea and Haltenbanken Shales. Ma-
rine and Petroleum Geology, 16(4): 321—335. https://
doi.org/10.1016/S0264-8172(98)00035-X

Tingay, M. R. P., Hillis, R. R., Swarbrick, R. E., et al.,
2009. Origin of Overpressure and Pore-Pressure Predic-
tion in the Baram Province, Brunei. AAPG Bulletin, 93
(1): 51—74. https://doi.org/10.1306/08080808016

Wang, B.J., He, S., Song, G.Q., et al., 2012. Effective
Stress Characteristics of Different Overpressured Origins
in Dongying Depression of the Bohai Bay Basin, China.
Geological Science and Technology Information, 31(2):
72—79 (in Chinese with English abstract).

Waples, D.W., Kamata, H., Suizu, M., 1992. The Art of
Maturity Modeling. Part 1: Alternative Models and Sen-
sitivity Analysis. AAPG Bulletin, 76(1):47—66.

Wei, A.J., 2015. Characteristics, Origin and Quantitative
Evaluation of Overpressure in Strike-Slip and Compres-
sion-Shear Booster Zone of Tan-Lu Fault: A Case Study
in JZ27 Section of Liaodong Bay, Bohai Sea. Petroleum
Geology & Experiment, 37(1): 47—52 (in Chinese with
English abstract).

van Ruth, P., Hillis, R., Tingate, P., 2004. The Origin of
Overpressure in the Carnarvon Basin, Western Austra-
lia: Implications for Pore Pressure Prediction. Petroleum
Geoscience, 10(3): 247—257. https://doi. org/10.1144/
1354-079302-562

Xie, X.N., Li, S.T., Liu, X.F., 2006. Basin Fluid Dynam-
ics in Abnormally Pressured Environments. China Uni-
versity of Geosciences Press, Wuhan (in Chinese).

Yang, J., He, S., Wang, B.J., 2009. Characteristics and
Prediction Model of the Overpressures in the Niuzhuang
Sag of Dongying Depression. Geological Science and
Technology Information, 28(4): 34—40 (in Chinese with
English abstract).

Zhang, X., Chen, H.H., Kong, L.T., et al., 2020. The
Coupling Relationship between Paleofluid Pressure Evo-
lution and Hydrocarbon-Charging Events in the Deep of
Biyang Depression, Central China. Earth Science, 45
(5): 1769— 1781 (in Chinese with English abstract).

Zhao, J.Z., Li, J., Xu, Z.Y., 2017. Advances in the Ori-
gin of Overpressures in Sedimentary Basins. Acta
Petrolei Sinica, 38(9): 973—998 (in Chinese with
English abstract).

Zhou, X.H., Liu, Z., Li, W.L., 2009. Hydrocarbon Accu-
mulation Mechanism in Liaodong Bay Fault Depression.

Petroleum Industry Press, Beijing (in Chinese).



% 5 CE K < R T e I T A A 15145
3 5 % 3k RO ITERAE . M BRI R , 31(2):72—79.

BV, SRR, BIAF, AR, 2021, IR R 4 B I Ok
A 3 )AL KT O . e BB A 46
(10): 3588— 3600.

/NS, AT A AR RS, A, 2011, A i S e R R R 5
. fimeEdi, 32(4): 637—644.

ffte, REAF, FARFF, %, 2012, 45 MG B4 KA K
RO AR S A RRAE K F R M ER B2, 37(5):
1029—1042.

BN, B8, O, 45, 2013, 30 thEg H R L BHIM A0y
i Ry AF 5 8 B R . ATk B S DR, 27(4):
16—19, 145.

WS, KB, BRI, 45, 2016, FIEEE 43 ML g R
FEFHBE ARG TBE . A S L, 4303):
386—395.

EUKE, A, REA, S, 2012, 408 M R AS 6 88 R A 1Y

FBTUE , 2015, %6 )7 W 2418 FE A7 8 T AR AE o P B Lo it 9P
My —— DL 0 S0 ARV BN 27 B M) . i S
B, 37(1): 47—52.

R4, 2RI, X , 2006, 5% T S A R A 5l J1 2%
BRI v K A A

W lge, A, KAk, 2009, AR E M B AR B R AREAIE X
T ALY | b BRI A, 28(4): 34—40.

K EE, BRZLDL, FLAWE, 25, 2020, 5 BH D56 € 1M1 Xy 37 R
Jy A 5ol R R A R L Bk RR AR, 45(5):
1769—1781.

B RE, 2 R, 2017, VAR 2 R TR R RO 5 0 R
A AE R, 38(9): 973—998.

FET, XUGE, AEEE , 2009, 1L 2R V5 I B i A B AL BE . b
B A Tl S AL



