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Fig. 1 Comprehensive geological map of the southern Nanpu Sag, Bohai Bay Basin
(a) FEARIMIBE AL E I 5 (b) B MR T R VD — BTN AR B (8 AR5 2011 80 5 (o) B8 3 SRS I IE AR V0 — B TOU IR AR5 4]
(a)locations of the Nanpu Sag; (b) palaecogeomorphologic map of sedimentary period of Paleogene Es; in Nanpu Sag ( modified from

T H

oil well

Wang Hua et al. , 2011&) ; (¢)buried depth of Paleogene Es; in Nanpu No. 3 structure
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Fig. 2 Characteristics of core, grain size and logging response by main sedimentary sand bodies

"2 4%
BB (0)

in the south of Nanpu Sag, Bohai Bay Basin

(a) 84 2 3F,4253. 58 m, Vb—BE, t R8I L S 04 i S rpoLED o, IE RSP ARAE ; (b) B AR 306x 1 H,4243. 80 m, Vb — B, RV R
s () B 2 91,4255, 04 m, Vb — B, Wi, o TE 2N R AN 22 L AP ERA ) SRR A 5 (d) £l 2 JF,4666. 31 m, ¥ — B TR
IREIET 5 (e) HtR 3-27 F,4391. 01 m, b —Be TREIRAIHD BT 5 (1) B8 306x3 JF:,4974. 33 m, ¥h—Be, i F ) E W AR5 i v
W, OB ; (g) P 28 306x 1 J,4249. 41 m, ¥ —Be HPIRZCHER L ; (h) BIER 3-27 JF,4319. 55 m, b —Be b SIBUMD A TR,
TR A K B EPE 5 (i) Bty 2 HF,4255.73 m b —BoRLEEAE R M2k AT, W BE; () 487 2 F C—M I8l & NO—OP Bt; (k) i 3-26 JF,
KT A3-TRE TS F e — L WA B RRAIE 5 (1) B & 3063 JT I 30U AR S — R i A5 E , SP— FI AR HLAL s GR— H #8401 B ; RLLD—T#M) 15]
FLBH % s RLLS— P il 1) o BH 3

(a) Pg2, 4253.58 m, Es,, the gravel-bearing sandstone gradually changes to medium—coarse sandstone from bottom to top, Positive grain order;
(b) Np306x1, 4243.80 m, Es,, massive sandstone; (c) Pg2, 4255.04 m, Es,, erosion surface, Below the scouring surface is fine sandstone,
and above it gradually changes from conglomerate to conglomerate sandstone; (d) Pg2, 4666.31 m, Es,, deep grey mudstone; (e) Np3-27,
4391.01 m, Es,, sandy banding of dark mudstone; (f) Np306x3, 4974.33 m, Es,, degradation from fine sandstone to medium sandstone from
bottom to top with inverse grain order characteristics; (g) Np306x1, 4249.41 m, Es,, trough cross stratification; (h) Np3-27, 4319.55 m, Es,,
interbedded siltstone and argillaceous siltstone with grey black mudstone at top; (i) Pg2, 4255.73 m, grain-size probability curve of Es,, two-
segment; (j) C—M diagram of Pg2, development of NO—OP segment; (k) NP3-26, Rock—electric logging response characteristics of
subaqueous distributary channel; (1) Np306x3, Rock—electric logging response characteristics of estuary dam; SP — natural potential; GR —
gamma ray ; RLLD — deep lateral resistivity; RLLD — shallow lateral resistivity
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Fig. 3 Petrology characteristics of reservoirs of Es, in the south of Nanpu Sag, Bohai Bay Baisin
(a) PRI FE R SRR Z 002 5 0 2R E =0t . T — a3 I —Ka A g —amawhs  N—Kawd, Va2l Ko
s VI— KA AB A 4B (b) 805 2 JF,4254. 60 m, 1b—BE, A8 — ORI T W, YRR, 1B (o) Bl 2 JF,4252.09
m, D — B AT, T TR R 4% TR0 IESD; (d) #8412 91,4524, 02 m, Y0 — B, BHCA R AU, IE20E; (o) #8278 2 Tt

4214.31 m, V—B A RA AR WK AR

(a) Three-terminal element diagram of petrological features of deep reservoir in the south of Nanpu Sag: | —Quartzose sandstone; Il —Feldspathic

quartz sandstone; lll —Debris-arkosic sandstone ; [V—Arkose; V—Debris-arkosic sandstone; VI—Feldspar lithic sandstone; VI—Debris sandstone;

(b) Pg2, 4254. 60 m, Es,, Primary gray-white interference color of quartz, secondary enlargement, orthogonal light; (c¢) Pg2, 4252.09 m, Es, ,

potassium feldspar, casba double crystal; Microcline, tartan twinning, orthogonal light; (d) Pg2, 4254.02 m, Es,, plagioclase, polysynthetic

twin, orthogonal light; (e) Pg2, 4214.31m, Es,, magmatic debris, tooth-shaped poikilitic texture
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Fig. 5 Types of Reservoir space of Es, in the south of Nanpu Sag, Bohai Bay Basin

(a) 887 2 I ,4251. 21 m JEABRAORIIEFL , R AR KLV L, IR AR KL AU L, UKD 24 5% , S5 5 (b) B8l 2 9, 4249. 66 m, IR AR SR AVKLIE]
AL, KB 58 pm ZEF KR A SRR S BRIRER ), SR LB (o) #8772 9F,4249. 29 m, JEUAEFRAVRLIAIAL , KAlR /D 50 wm ZE 47,
L) A3 A 7S T RER A S AR LB s (d) #R 4y 2 3F,4254. 95 m, A FRAVRLIAIAL , JE il K/ 25 wm ZE A, BLIE] 43 A Bk BR AR 6 4
BRI AR s (o) B9 2 91,4214, 31 m  RASKLIRNA AL AR/ 50 wm Z47 , I A7 B VA I, S fL B8 5 (£) 2878 2 JF,4251. 21 m,
DA RLENA AL R AR IR FL , A T BRAR VA T, TR AP 53R 2 R R e 0 I L (o) #8712 01,4254, 5 m JRABRAVREIE] AL IR AR IR
AR L, YR AR P L, R R A7 TR | 5 R (h) B 3-82 FF,4339. 5 m, IRAK IR SL, KA BURLA MR IR B, 5 1A A
(i) #81h 2 3 ,4216. 43 m SR R AL BRI IR R84 , S LR PIP—JRUZL SR AR AL ; SIDP 1— W ARt [R5, s SIDP2— U A
PP FL s MP—RREE ; I A 47 I/ S—THRIRIZ ; Qe— 1 08 s F— K A7 5 Cal —BRIREL W4

(a) Pg2, 4251.21 m, primary residual intergranular pores, secondary intergranular dissolved pores, Secondary intragranular dissolved pores,
fracturing fracture, casting thin section; (b) Pg2, 4249. 66 m, primary residual intergranular pores, the long axis is about 58 wm in size, surface
distribution of illite—montmorillonite and carbonate minerals, SEM; (c¢) Pg2, 4249.29 m, primary residual intergranular pores, the long axis is
about 50 pum in size, intergranular distribution of hexagonal columnar microcrystalline quartz and illite, SEM; (d) Pg2, 4254.95 m, Primary
residual intergranular pores, the stub axis is about 25 pwm in size, intergranular distribution of carbonate minerals and illite, SEM; (e) Pg2,
4214.31 m, secondary intergranular dissolved pores, the long axis is about 50 pwm in size, leaching dissolution of feldspar, SEM; (f) Pg2,
4251.21 m, secondary intergranular dissolved pores and secondary intragranular dissolved pores, feldspar dissolved along the cleavage fracture,
partially filled with illite—montmorillonite clay, SEM; (g) Pg2, 4254.5 m, primary residual intergranular pores, secondary intergranular dissolved
pores, secondary intragranular dissolved pores, cleavage crack of feldspar, casting thin section; (h) Np3-82, 4339.5 m, secondary intragranular
dissolved pores, the feldspar particles were dissolved to form the mold hole, casting thin section; (i) Pg2, 4216.43 m, micro-fracture formed by
rupture of structure are linear; PIP—primary residual intergranular pores; SIDP1—secondary intergranular dissolved pores; SIDP2—secondary

intergranular dissolved pores; MF—micro-fracture; I—illite; I/S—illite—montmorillonite ; Qz—quartz; F—feldspar; Cal—carbonate minerals

] LA G AR B LIRSS R, TS R Z B S e (R R R A R 9 I (1A] Sa
ERET B LA 1, OWEREE PRI MREE T2 o0) WG WCEREE [l (4 ¥ Dok il 3k — 25484 fin FL Wk 1
LTS B TEAE ] A AR R e e s el bk (18 51) I AFTC R LB AR A AL B
AP Z BRI AR R R LKA 2.4.2 MRIERE

KLR R BHEESS , WT9T XA R S BB PR 3 3 L 5 R R L, B M I e TR TR 2 VD — B

Pl 6 Flit 125 3 b Pl B 11156 Pl T 0 — B fi J il 216 8 R R 2
Fig. 6 Types and characteristics of reservoir throats of Es, in the south of Nanpu Sag, Bohai Bay Basin

(a) Bl 2 31,4252, 50 m, SO#FER . D RS ARG 2205 8 i il RRAF B 0 v il 5 MRS D KA ML, SRS TEDIR ; @ A IR I | F 5%

/DL 5 (B FLBRAS /N B MG, BIF 5 DX/ DL R AL, AL B 2 FL B PR, B AT 15 (b) BBl 2 JF 4254, 26 m, T0#FE

Wk BN , 7 8 AL B LB S 2 SR

(a) Pg2, 4252.50 m, sample 59#: (D Flake or curved flake throat, dissolution characteristics of this kind of throat are obvious, the throat expands

L

and becomes thicker after dissolution, showing a harbor shape; @ Necking throat, the study area is rare; 3 Pore-reduced throat, the study area is
rare, throat overall thicker, more connected pores, pore connectivity is good, casting thin section; (b) Pg2, 4254.26 m, sample 594, fine throat,

less connected pores, poor pore connectivity, casting thin section
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Fig. 7 Histogram of throat distribution of 59 # sample (a) and 70 # sample (b) in Pg2 well, Bohai Bay Basin
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Table 2 Statistics table of lithology and physical properties of main sedimentary sand bodies of Es,

in the south of Nanpu Sag, Bohai Bay Basin
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Fig. 8 Diagram of the relationship between the rigid particles
and the original porosity of Es; in the south of Nanpu Sag,

Bohai Bay Basin
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which improves the reservoir permeability



1384 Mo R

it

2021 4F

O ) 4%, DA T 6 ML 32 30 1, 28 s )2 1 32 i e
(B 11b) . PIERT 2 I 59#FF i (4252. 50 m) FE
FITO#E i (4254. 26 m) A5 YR A= I TE AT LASE i
JE2) 27. 5% Wit )25 08 1 (X FL R 2 18] B 38 n 4
JRIBR 3k 2 5T X AR AL R B i R I Y
AEREFE X PO T34 T i /208 375 R 0 B0 T i
£Ehe

4 g

(1) B B2 MR R AR 2 00— B ST I8 25 it 42
WA R A S BRI BRSSP A
SRR = AN TRL, DURR B A g &R v 242 (i
IR AE K F, A0 IR A A T8 SR NI 4 oy i
B A AR R A A E,

(2) BB MR R AR R 2 VD — B T i A i 2
FEREEA LI KA FLBUR R 244k 3 Rk
[i) , S A FL IR 5 A FL IR A > 5 el 32 otk
o R ;A 2T LB R 10. 9%, 3B
BEHRH 26.36x107° um” & TKFL B2,

(3) BB M R AR R 2 10— B A TR I 5 it )2
BRI ML 3 B R P OB i R A 4L 4 75
A E PR PR A L | B EE 18 iR A ) o
FEhil TR ETRE AR S T PR T AR A A SR K
1, 2 S B PGl S ORLA M S NI
PEL o3 i TR T2 5 AN B TR 1 TR A2 A A
TR XA it )2 T8 R SR, A i J2 TR 5K
A R Tl FH 25 7 LAt i Tl R XL R 25 ] 1)
Ik SR B BB T 1A R AL R 2% 2 =i 6 )2 8
B,

2 % X # / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

W&, e, 2. 2012, thEBED A AT L -
MR E RS AR SIT A, 39(3) : 257~264.

HHE, B0, B, E8, EoR. 2014, B A AR = A
TR TR A A R A —— D) B 2R IR e 3 i R D — By
Bl AR STk, 41(4) : 429~436.

fild:, %, fliqss, RIEE, T8, &INJE. 2009, MK H
20 8 s T AT S0 82 0 S B R R JSE 28V FH R A= i ok L U
BHLEE. HbERTLF:, 34(5) : 759~768.

BURIE, AR, skokig. 2012, v EEE S RLM S8 IS B EROT AR
S ARSI R, 39(2) : 129~136.

ok, Fa X, KKE, RER, @Ok, HEfE. 2009. BEE
FHTRIA PR LT EHIH R, WS, 55(1) . 73~78.

VAT, Bide, WEM, 5K, 2015, BhEES G730 1 6 R 6] X
MR 2 S e ERE R, MBI, 61(6): 1321~

1331.

SR kB, TA, FRA, TAERI, AESE, B 2018, W
3 R 2R R I 25 A 4R U2 R T LB —— LAt v 3 b R B
MEE k. AR S5 &, 45(2) ; 264~272.

W, FC, TR, MBEE, RiH, kR, 2013, BEE A E2
AT BUR Stk . sbERBLEERE ) 28(1) « 39~50.
R, ZEEN, 22T, T, T 2021, S A HET 19-6 < H

BENTIARAE B A OC R, LB 4R, 95(3) : 913~923.

XUEpk, Mkiis, FREE, XFER, XIME, R, B, skt
2018. BUBREDA it A 2 SO S F R AR S A A At —— LSRR &2
Wi A X & 6 BEAIK 8 BE Bl AR 5H &, 45
(2): 223~234.

RKFFF, T, B, T/, B, BT 2006, FHEE
IR i AR I k. IR M TS R IR, 13
(2):21~23.

TREE, XEE, A, 2285, Refl. 2020, FERMFE R
TR I A A 5 2 A AR AE SO L. AR 5 %, 47
(2): 321~333.

THE, K, T, BRIK, EAK, FHA. 2020, GRS
LI 11574 DT 2075 5 5 40 W R T4 b3ty A= B 1) 42 4 FHF
Y. HUFEEHR, 94(10) ; 3062~ 3073.

T, EA OMRIER, B, 2011, R MG AR E 4L R TR 1 T
kS UURRS J5 10 e B 5 R PSS, M ERBLF SRR, 33
(1): 70~77.

THq &, BRBHSR, #h 11, 2008. BR/R LT b gk K A KB B A
%2 HORFLBRZE M R RS . HBBRIRIT, 54(2) . 270~277.
T, REX, KFMT, BIR, BRRA. 2019, BF/RZ WA ECH 1D
Fr AL A A R AR O 22 AR R AR SRR 30

(10) ; 1439~1450.

T, L, BEF, sk, XIET. 2015, FEMERZEN
T A SORUUE T 6 2 AR AE JOE I BRI E. MRS T, 61
(BT . 263~264.

TEPRIN, FRLLEE, Me2etls, # A 85, 2008, FIAR M IR I Bt &
SRS A ST &, 35(1) : 11~16, 39.

R, WA, NE, 225, TR, 2017, REERIMIBERE R IR AT
AU —BLUURBURRIE. Widim <, 24(3) : 333~336.

S, Bk, RE, BAW, kg, RiE, EREE, mEE, K
28k, SUEEAL. 2019, R AR MR R R O O R VR Z AT A
HE LR, 48(3) ¢ 514~530.

Bk, XIRe, TBUE, CE, F/ha. 2017, B 2R 51
[ P 2R 75 4 = Bt — VD VA A 4 — B S TR 8 R DR AR AE S Hh
SN L. AiheEd, 38(4) : 399~413.

WY, HLrss, A, A, BBUE, M. 2006. REEEM
P77 A2 T Ml 2 A 20 R DT RAR 0. A i B S T &, 33
(4) : 437~443.

WRR, 4%, WKW, B3, i, Dok, G, R, sk
5. 2017. Hp[E bk IR AR BRI R B B R KR
S HERBFSE, 28(8) : 1139~1153.

Btk , BB, 22H, W, B, 5. 2010, IS A0
RS 1115 I o T 2 R TE S L TG L. b I TF, 56(5) « 647 ~
652.

fate, B, AN, e, JUUR. 2017, REAEECE T S R
FU R EEFERE, USMREMAm =8 REKHN 7 BN
Bl ARSI R, 44(1) ; 12~20.

o, BR, ARG, IFBA, JT4E. 2015, B AR MR R A 2 T IR
Wi RRAERESE. HUTR T, 61 (34 HI) . 185~186.

MR B, RARE, FkIT, TKORE, ELE, IR, R,
2020. 7000 m LATRE BTHD 5682 0O RRAE | B BRI ML) B o B R



%5 3

AR IDE AR 25 « 7 125 2 M Pl B [T i B R 2 00

— BUOU T i R A B R L] 1385

MU —VEESE T AEEEA T wa b6, REKT
Ak, 40(1): 38~47.

R, AR, EAE, KSR, B, BEN, kel BRI
2018. RS AR ORIV B S R R G I OB sUHLBE. A
HRIRSTHT, 39(04) : 664~675.

TR IC. 2006. T FHIFEEE = R RHOH SRR IS 590, A
H5RIRSEHMT, 27(6) : 731~740.

IO, XU, BRUEBL, TokEE, #ER, dkZE4e, @3, 2017.
] 2R 0 T 7 T A 2R DR A AR R 4 B R —— LA it
F L EE TR I R AL OB A . A, 91(5) . 1108 ~
1119.

BRAR, MIe, TR, 255, XIFR3E. 2015, BIMR 3 S T iR2
4Dﬂ£é$h%ﬁ2ﬁ&1h%LM%#§?F. FERPIM AR, 22(5) ; 28~32.
A, dkaoE, TR, AW, FRE, FB. 2018. %im%%
TR R & B RIES %2 T . ﬂFﬂﬁhﬁ 37(1):

~134.

eray, WA, KOUH, FIUR, BEX. 2007. MRMFEOLTEIE
LRI, ARSI, 34(4) : 385~391.

B KRE, AL, R, wﬁ mm &%%Mﬂh EVE XD 2
FLER I A 1 5 IRIUE B RTE R
1. ULipf”%& 25(6) 885~ 890.

JAEES, BUESC, Wz, NRLE. 2000. AR MG A TE B AL S il
4\ﬂﬁﬂé%’ Zifm SRS HT, 21(4) ; 345~349.

KA, WKE, THE, THE, sy, e, A&, TR,
%m2m1%@@Eﬂ%%k@ﬁ%tmmHHE%MM
TR, 85(1) : 97~113.

A5AfE, WOE, AR, IR, 2/, ZERR, EORE, RN
B, RER, BER, B, BE, Tk, mwﬁ #ﬂ%,
T, ZEHR. 2010, A BRIl ARG HL FURAE | R R B
e R . AR S IR, 37(2) : 129~145.

Chen Xiangfei, Li Sumei, Dong Yuexia, Pang Xiongqi, Wang Zhengjun,

Ren Miaosong, Zhang Hongchen. 2016. Characteristics and genetic

Bohai Bay
Basin, eastern China. Organic Geochemistry, 94. 68 ~82.

Dai Jinxing, Ni Yunyan, Wu Xiaoqi. 2012&. Tight gas in China and its
significance  in
Development, 39(3) ; 257 ~264.

Dong Yuexia, Xiao Long, Zhou Haiming, Wang Chunzeng, Zheng

mechanisms of offshore natural gas in the Nanpu Sag,

exploration. Petroleum  Exploration  and

Jianping, Zhang Ning, Xia Wenchen, Ma Qian, Du Jingxia, Zhao
Zhongxin, Huang Hongxiang. 2010. The Tertiary evolution of the
prolific Nanpu Sag of Bohai Bay Basin, China: Constraints from
volcanic records and tectono-stratigraphic sequences. Geological
Society of America Bulletin, 122(3) . 609 ~626.

Dong Yuexia, Yang Shang, Chen Lei, Wang Qi, Cao Zhonghong.
2014&. Braided river delta deposition and deep reservoirs in the
Bohai Bay Basin: A case study of the Paleogene Sha 1 Member in
the southern area of Nanpu Sag.
Development, 41(4) . 429~436.

Guo Xusheng, Hu Dongfeng, Li Yuping, Duan Jinbao, Zhang Xuefeng,

Petroleum Exploration and

Fan Xiaojun, Duan Hua, Li Wencheng. 2019. Theoretical progress
and key technologies of onshore ultra-deep oil/gas exploration.
Engineering, 5(3) : 458~470.

Guo Yingchun, Pang Xiongqi, Dong Yuexia, Jiang Zhenxue, Chen
Dongxia, Jiang Fujie. 2013. Hydrocarbon generation and migration
in the Nanpu Sag, Bohai Bay Basin, eastern China: Insight from
basin and petroleum system modeling. Journal of Asian Earth
Sciences, 77(15) : 140~ 150.

He Sheng, Yang Zhi, He Zhiliang, Wu Hengzhi, Wang Furong, Meng

Xianlong. 2009&. Mechanism of carbonate cementation and
secondary dissolution porosity formation in deep-burial sandstones
near the top overpressured surface in central part of Junggar Basin.
Earth Science
(5): 759~768.

Jia Chengzao, Zheng Min, Zhang Yongfeng. 2012&. Unconventional

hydrocarbon resources in China and the prospect of exploration and

Journal of China University of Geosciences, 34

developmen. Petroleum Exploration and Development, 39(2) . 129
~136.

Jiang Lingzhi, Niu Jiayu, Zhang Qingchang, Xu Guomin, Men Yuanlin,
Xiao Lihua. 2009&. Major factors analysis on controlling the
favorable reservoir in deep level of Bohai Bay Basin. Geological
Review, 55(1): 73~78.

Jiang Youlu, Fang Lei, Tan Yuming, Mu Xiaoshui. 2015&. Differences
and main controlling factors of accumulation periods in Dongpu Sag,
Bohai Bay Basin. Geological Review, 61(6): 1321 ~1331.

Jiang Fujie, Pang Xiongqi, Li Longlong, Wang Qiaochu, Dong Yuexia,
Hu Tao, Chen Lijun, Chen Jian, Wang Yingxun. 2018. Petroleum
resources in the Nanpu sag, Bohai Bay Basin, eastern China.
AAPG Bulletin, 102(07) ; 1213~1237.

Jin Fengming, Zhang Kaixun, Wang Quan, Niu Xinjie, Bai Guoping,
Zhao Xuan. 2018&. Formation mechanisms of good-quality clastic
reservoirs in deep formations in rifted basins: A case study of
Raoyang sag in Bohai Bay Basin, East China. Petroleum Exploration
and Development, 45(2) : 264 ~272.

Kashif Muhammad, Cao Yingchang, Yuan Guanghui, Asif Muhammad,
Javed Kamran, Mendez Jose Nicanor, Khan Danish, Miruo Lin.
2019. Pore size distribution, their geometry and connectivity in
deeply buried Paleogene Es, sandstone reservoir, Nanpu Sag, East
China. Petroleum Science, 16(5) : 981~ 1000.

Wang Shuchen, Chen

Jing, Luo Guanxing. 2017. Diagenesis and reservoir quality in tight

Lai Jin, Wang Guiwen, Cai Chao, Fan Zhouying,

gas sandstones: The fourth member of the Upper Triassic Xujiahe
Formation, Central Sichuan Basin, Southwest China. Geological
Journal, 53. 629 ~646.

Lai Jin, Wang Guiwen, Wang Shunan, Zheng Yiqgiong, Wu Heng,
Zhang Yongchen. 2013&. Research status and advances in the
diagenetic facies of clastic reservoirs. Advances in Earth Science,
28(1): 39~50.

Li Wei, Li Youchuan, Lan Lei, Fu Ning, Wang Ke. 2021&. Genetic
type of candensates oil and oil—gas relationship in the Bozhong 19-6
gas field, Bohai Bay Basin. Acta Geologica Sinica, 95(3);: 913~
923.

Liu Hanlin, Yang Youyun, Wang Fengqin, Deng Xiuqin, Liu Ye, Nan
Junxiang, Wang Jin, Zhang Hongjie. 2018&. Micro pore and throat
characteristics and origin of tight sandstone reservoirs: A case study
of the Triassic Chang 6 and Chang 8 members in Longdong area,
Ordos Basin, NW China. Petroleum Exploration and Development,
45(2): 223~234.

Meng Wei, Niu Zicheng, Hu Yang, An Tianxia, Liu Keqi, Qiang Gao.
2020. Genesis of authigenic kaolinite and its indicative significance
to secondary pores in petroliferous basins: A case study in the
Dongying Sag, Bohai Bay Basin, Eastern China. Journal of
Petroleum Science and Engineering, 186: 698 ~714.

Song Ziqi, Wang Jing, Lu Xianwei, Yu Xiaolong, Yang Lilei, Zhao

Hongyu. 2006&. An quantitative assessment method of the

diagenetic reservoir facies in extra-low permeability oil—gas

reservoir. Petroleum Geology and Recovery Efficiency, 13(2) . 21



1386 Mo R

it I 2021 4F

~23.

Wang Enze, Liu Guoyong, Pang Xiongqgi, Li Changrong, Wu Zhuoya.
2020&. Diagenetic evolution and formation mechanisms of middle to
deep clasticreservoirs in the Nanpu sag, Bohai Bay Basin, East
China. Petroleum Exploration and Development, 47 (2). 321 ~
333.

Wang Enze, Pang Xiongqi, Zhao Xiaodong, Wang Zhenjun, Wang
Zhaoming, Hu Tao, Wu Zhuoya, Yang Jiaqi, Feng Yue, Zhang
Zehan. 2019. Characteristics, diagenetic evolution and controlling
factors of the Es; deep burial high-quality sandstone reservoirs in the
PG2 oilfield, Nanpu Sag, Bohai Bay Basin, China.
Journal, 1~17.

Wang Hongyu, Fu Xiaofei, Wang Haixue, Chen Mo, Meng Lingdong,

2020&. Research on the controlling effect of

quantitative analysis and evaluation of fault activity on oil and gas

Geological

Ping Guidong.

accumulation in Qikou sag of Bohai Bay Basin.
Sinica, 94(10) : 3062~3073.
Wang Hua, Jiang Hua, Lin Zhengliang, Zhao Shue, 2011&. Relations

between synsedimentary tectonic activity and sedimentary framework

Acta Geologica

of Dongying formation in Nanpu Sag. Journal of Earth Sciences and
Environment, 33(1) . 70~77.

Wang Ruifei, Chen Minggiang, Sun Wei. 2008&. The research of
micro-pore structure in super-low permeability sandstone reservoir of
the Yanchang Fromation in Ordos Basin. Geological Review, 54
(2):270~277.

Wang Wei, Zhu Yushuang, Yu Caili, Zhao Le, Chen Dayou. 2019&.
Pore size distribution of tight sandstone reservoir and their
differential origin in Ordos Basin. Natural Gas Geoscience, 30
(10) : 1439~ 1450.

Wang Zhengjun, Yang Yushan, Zhao Lili, Zhang Yongchao, Liu
Haiqing. 2015#. Characteristics of high quality reservoirs and main
controlling factors of formation in deep structural lithologic reservoirs
in Nanpu Sag: Taking Es, of Nanpu No. 3 structure as an example.
Geological Review, 61( Supp. ) : 263 ~264.

Wang Zecheng, Zheng Hongju, Xu Anna, Dong Yuexia. 2008&. Oil—
gas exploration potential for above-source plays in Nanpu Sag.
Petroleum Exploration and Development, 35(1): 11~16, 39.

Wen wen, Zhao Xiaodong, Liu Xiao, Li Liang, Qiao Haibo. 2017&.
Sedimentary characteristics of southern provenance of Paleogene Sha
1 Member in Nanpu Sag. Fault-Block Oil & Gas Field, 24(3) ; 333
~336.

Wu Hao, Ji Youliang, Zhou Yong, Meng Lingjian, Zhang Yunzhao, Wu
Heng, Hou Gaofeng, Yang Jiaqi, Zhang Yilou, Zhu Jianjun.
2019&. Origin of the paleogene deep high-quality reservoirs in the
southern Nanpu Sag. Journal of China University of Mining and
Technology, 48(3) : 514~530.

Liu Xiaohan, Wen Wen,

Xiaoyun. 2017&. Sedimentary characteristics of sandy flow in the

Jingsheng, Wang Zhengjun, Tang
3rd Member of Dongying Formation and the 1st Member of Shahejie
Formation of the western Nanpu sag, Bohai Bay Basin and its
significance in hydrocarbon exploration. Acta Petrolei Sinica, 38
(4):399~413.

Xu Anna, Zheng Hongju, Dong Yuexia, Wang Zecheng, Yin Jifeng, Yan
Weipeng.  2006&. Sequence stratigraphic  framework —and
sedimentary facies prediction in Dongying Formation of Nanpu Sag.
Petroleum Exploration and Development, 33(4) . 437 ~443.

Xu Chunchun, Zou Weihong, Yang Yueming, Duan Yong, Shen Yang,

Luo Bing, Ni Chao, Fu Xiaodong, Zhang Jianyong. 2017&. Status

and prospects of exploration and exploration of the deep oil & gas
resources onshore China. Natural Gas Geoscience, 28(8): 1139~
1153.

Yan Shiyong, Wu Zhiping, Li Yue, Huang Zheng, Guo Xin’ an, Fan
Rui.
fault in the Huiming Sag, Bohai Bay Basin. Geological Review, 56
(5): 647~652.

Yang Hua, Liang Xiaowei, Niu Xiaobing, Feng Shengbin, You Yuan.

2010&. Characteristics and faulting mechanism of Linshang

2017&. Geological conditions for continental tight oil formation and
the main controlling factors for the enrichment: A case of Chang 7
Member, Triassic Yanchang Formation, Ordos Basin, NW China.
Petroleum Exploration and Development, 44(1); 12~20.

Yang Rongchao, Chen Lei, Ren Lu, Shi Yang, Wan wei. 2015#. Study
on characteristics of oil source faults in mid-shallow reservoirs of
Nanpu Sag. Geological Review, 61( Supp. ): 185~186.

Zeng Qinglu, Mo Tao, Zhao Jilong, Tang Yongliang, Zhang Ronghu,
Xia Jiufeng, Hu Chunlei, Shi Lingling. 2020&. Characteristics,
genetic mechanism and oil & gas exploration significance of high-
quality sandstone reservoirs deeper than 7000 m: A case study of the
Bashijigike Formation of Lower Cretaceous in the Kuqa Depression.
Natural Gas Industry, 40(1) . 38~47.

Zhang Jianguo, Jiang Zaixing, Gierlowsli-Kordesch Elizabeth, Xian

2017. A

double-cycle lake basin formed in extensional to transtensional

Benzhong, Li Zhenpeng, Wang Siqi, Wang Xiabin.

setting; The Paleogene Nanpu Sag, Bohai Bay Basin, China.
Sedimentary Geology, 349. 15~32.

Zhang Jiankun, Gao Jian, Wu Jizhong, Lyu Qiqi, Fang Du. 2019.
Sedimentary characteristics and seismic geomorphology of the upper
third member of Eocene Dongying Formation in double slope systems
of Laoyemiao transverse anticline, Nanpu Sag, Bohai Bay Basin,
China. Marine and Petroleum Geology, 109: 36~55.

Zhang Lei, Xiang Caifu, Dong Yuexia, Zhang Mengyuan, Lv Yue, Zhao

Chen Shuang. 2018&.
pressure system and its origin in the Nanpu Sag, Bohai Bay Basin.
0il & Gas Geology, 39(4) : 664~675.

Zhang Shanwen. 2006&. Exploration theory and practice of the Tertiary

Zhongxin, Long Huashan, Abnormal

subtle reservoirs in Jiyang depression. Oil & Gas Geology, 27(6) :
731~740.

Zhang Shun, Liu Huimin, Chen Shiyue, Wang Yongshi, Pu Xiugang,
Zhang Kuihua, Han Wenzhong. 2017&. Classification scheme for
lithofacies of fine-grained sedimentary rocks in faulted Basins of
eastern China: Insights from the fine-grained sedimentary rocks in
Paleogene, southern Bohai Bay Basin. Acta Geologica Sinica, 91
(5): 1108~1119.

Zhao Xiaodong, Liu Xiao, Zhang Boming, Li Liang, Liu Cuiqin.
2015&. Microscopic pore—throat structure characterization of
medium—deep and medium—TIlow permeability reservoirs in Nanpu
Structure 3. Special Oil and Gas Reservoirs, 22(5) : 28~32.

Zhao Yingdong, Zhang Yongchao, Wang Quanli, Diao Fan, Du Jingxia,
Zhou He.

system and formation of the high quality reservoir in Nanpu Sag.

2018&. Characteristics of distribution of provenance

Geological Science and Technology Information, 37(1); 128~ 134.
Zheng Hongju, Dong Yuexia, Zhu Guangyou, Wang Xudong, Xiong
Ying. 2007&. High-quality source rocks in Nanpu Sag. Petroleum
Exploration and Development, 34(4) : 385~391.
Zhong Dakang, Zhu Xiaomin, Li Shujing, Xie Nan. 2007&. Influence
of Early Carbonate Cementation on the Evolution of Sandstones: a

case study from Silurian sandstones of Manjiaer depression, Tarmi



%5 W A AR S5 . IV 125 240 1 B [T i PR A= 10— B i I ettt J2 A Tk B A BIL 1387

basin. Acta Sedmentologica Sinica, 25(6) ; 885~890. Bin. 2011&. Forming condition and enrichment mechanism of the
Zhou Haimin, Wei Zhongwen, Cao Zhonghong, Cong Liangzi. 2000&. Nanpu oilfield in the Bohai Bay Basin, China. Acta Geologica
Relationship between formation, evolution and hydrocarbon in Sinica, 85(1): 97~113.
Nanpu depression. Oil & Gas Geology, 21(4) : 345~349. Zou Caineng, Zhang Guangya, Tao Shizhen, Hu Suyun, Li Xiaodi, Li
Zhou Yong, Ji Youliang, Zhang Shanwen, Wang Lu. 2016. Controls on jlanzhong, Dong Dazhong, Zhu Rukai, Yuan Xuanjun, Hou
reservoir quality of Lower Cretaceous tight sandstones in the Laiyang Lianhua, Qu Hui, Zhao Xia, Jia Jinhua, Gao Xiaohui, Guo Qiulin,
Sag, Jiaolai Basin, Eastern China: Integrated sedimentologic, Wang Lan, Li Xinjing. 2010&. Geological features, major
diagenetic and microfracturing data. Marine and Petroleum Geology, discoveries and unconventional petroleum geology in the global
76: 26~50. petroleum exploration. Petroleum Exploration and Development, 37
Zhu Guangyou, Zhang Shuichang, Wang Yongjun, Wang Zhengjun, (2): 129~ 145.

Zheng Hongju, Xiong Ying, Dong Yuexia, Wang Xudong, Zhang

Characteristics and genetic mechanism of high-quality clastic reservoirs
in the 1st Member, Paleogene Shahejie Formation in the southern
Nanpu Sag, Bohai Bay Basin

ZHAO Xiaodong" , SHI Yang” , WEN Wen® | LI Liang®’ , ZHANG Boming®’ ,
LIN Shiyao” , CHEN Ganggiang'’
1) School of Petroleum, China University of Petroleum ( Beijing) at Karamay, Karamay, Xinjiang, 834000;
2) Exploration and Development Research Institute, Jidong Oilfield Company, CNPC, Tangshan, Hebei, 063000 ;
3) Offshore Operation Zone, Jidong Oilfield Company, CNPC, Tangshan, Hebei, 063000;
4) Chuanxi Drilling Company, Chuanging Drilling Engineering Company Limited, CNPC, Chengdou, Sichuan, 610051

Objectives: It is generally considered that the lower limit of the effective reservoir depth of clastic reservoirs in
the Nanpu Sag of the Bohai Bay Basin is 4 km. If deeper than 4 km, that the deep clastic reservoirs would be no
longer have industrial oil and gas production capacity. However, the Well PG2 in the southern Nanpu Sag
encountered high-quality clastic reservoirs in the 1st Member of Paleogene Shahejie Formation (Es,) to a depth of
4.2 km and obtained a high-production oil & gas flow. In order to reveal the characteristics and genesis of this
reservoirs, and reduce the exploration risk of deep oil and gas layers, we discussed its characteristics and genetic
mechanism.

Methods: To investigate the characteristics and genetic mechanism of the Es, reservoirs, thin sections and
scanning electron microscopy ( SEM ) images were obtained from the Petro China Jidong Oilfield Company.
Reservoir physical properties, including porosity and permeability, were evaluated from 126 core samples selected
from 5 boreholes; the samples were tested with a RecCore-04 Nuclear Magnetic Resonance Rock Spectrometer at
room temperature (20 °C). The grain size, diagenetic features, and porosity were evaluated from 127 samples
acquired from 3 boreholes, and thin sections were analysed under a polarizing microscope to highlight the reservoir
spaces ; the thin sections were dyed with blue epoxy. A total of 27 samples from 1 boreholes were selected, and the
samples were tested using a QUANTA 200 scanning electron microscope with an accelerating voltage of 20 kV and
a current of 50~ 100 pA.

Results: Research shows that the type of reservoirs deeper than 4 km in south of Nanpu Sag are low porosity
and medium permeability, and reservoirs space incudes primary pores, secondary pores and micro-fractures. The
sedimentary period of Es, was in a strong hydrodynamic sedimentary environment. The braided river delta front
divergent channel sand bodies were widely developed. The lithology is mainly coarse lithology such as medium—
coarse sandstone, conglomerate sandstone and gravel. Rock type is mainly lithic feldspar sandstone. High content
of rigid components such as quartz and magmatic rock cuttings. The reservoir still retains some of the original
residual intergranular pores under strong compaction, and some rigid components form micro-fractures. There is

regional unconformity contact between Es, and Ed;. The organic acid produced by the acidic fluid of atmospheric
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water in the early stage of diagenesis and after the source rock matures enters the reservoir through the oil source
fracture and unconformity surface in the late diagenesis, resulting in feldspar and soluble debris dissolves to form
secondary pores. The dissolution not only increases the pore space, but also enlarges the throat width.

Conclusions ; It is concluded that coarse lithology, high content of rigid components provide the material basis
for the preservation of primary pores. Oil source faults and unconformities provide pathways for the entry of acidic
fluids and promote the development of secondary pores. And the dissolution effect is better than the reservoir
capacity for increasing the reservoir permeability. This study provides references for the evaluation of high-quality
reservoirs and benefit exploration in the Bohai Bay Basin.

Keywords: Bohai Bay Basin; the southern Nanpu Sag; the 1st Member of Shahejie Formation; high-quality
clastic reservoir; reservoir characteristics; formation mechanisms
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