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The mechanism of “convergence ahead of accumulation” and its geological
significance for gas reservoirs in Paleogene Huagang Formation across the central
inverted structural zone of Xihu Depression, East China Sea Shelf Basin

ZHANG Yingzhao,ZOU Wei, CHEN Zhongyun, JIANG Yiming, DIAO Hui

(Shanghai Branch, CNOOC , Shanghai 200335, China)

Abstract: Inverted structural zones in many onshore basins around the world are frequently found to be home to oil and
gas traps and have been the targets for studies for years. However, offshore inverted structural zones, in the contrary,
are seldom explored because of less drilling due to high cost. Taking the central inverted structural zone of Xihu
Depression as an example, this paper focuses on the original capacity of hydrocarbon convergence in the source rock
series and the dynamic accumulation of hydrocarbons from source to reservoir, with the aim of revealing the hydrocarbon
enrichment law. The correlation of structural evolution, hydrocarbon generation and reservoir evolution as well as
hydrocarbon charging history reveals that the massive hydrocarbon generation and charging of source rocks preceded the
formation of traps in the northern part of the zone. The early-generated gas formed “semi accumulation” with high
abundance within the series, i. e. , “convergence first” ; and then migrated upwards and accumulated in traps formed
later during tectonic movements, i. e. , “later accumulation”. The reservoirs show a trend of increasing natural gas
maturity from deep to shallow. Based on these results, the paper proposes the new model of “convergence ahead of

accumulation” , which not only reasonably explains the mismatch of timing among the hydrocarbon generation, trap
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formation and hydrocarbon charging in the Huagang Formation in the series, but also reveals the control effect of ancient

tectonic background on the current accumulation of oil and gas. Under the guidance of this model, the key factors for the

formation of large-scale natural gas reservoirs in the zone are revealed, and the B structure in the zone is pinpointed to be

a perfect place for “convergence ahead of accumulation” . The new model can be applied to other offshore petroliferous

basins with similar geological conditions.

Key words: convergence ahead of accumulation, accumulation mechanism, dynamic accumulation process, gas

reservoirs, Huagang Formation, Xihu Depression, East China Sea Shelf Basin
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Fig. 1 Structural unit division and stratigraphic column, Xihu Depression (modified after [ 38-391])
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Fig. 2 Structural evolution history across Well B1 in the north central

Xihu Depression (see section EE' in Fig. la for the location)
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Fig. 3 Diagrams showing the matching between simulated and measured R, for Well C1 (a), the hydrocarbon generation evolution of the

top middle Pinghu Fm. (T3) in the north central Xihu Depression (b) and the thermal simulation and hydrocarbon generation of dark

mudstone in the slope zone (¢) (modified after [24])
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Fig. 4 Comprehensive map showing the reservoir and pore evolution in the Huagang Formation of Well A1 in the north central

Xihu Depression
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(A—D MHE A FK.)

=

=

z X W

JAGH T, TIARHE, A0, %5 2R 10 VU T U 6 VU k3 72—
P RS TN R R S BT  [J ], A se g, 2022,
44(5): 747-754.
ZHOU Liging, JIANG Donghui, ZHOU Xinghai, et al.
Evaluation system and exploration optimization for fault-lithologic
reservoir on the western slope of Xihu Sag, East China Sea Shelf
Basin[J]. Petroleum Geology & Experiment, 2022, 44(5): 747-
754.

WRie, T, AR0C0fR . ASIEVE I I 20 T DX %2 AR TR 1)
B oy R LI, AR5 TR, 2021, 35(2): 11-16.

CHEN Bo, CHENG Chao, LI Wenjun. Identification and potential
analysis of thin sand bodies in middle and deep layers of few well
blocks in Xihu Sag, East China Sea [J]. Petroleum Geology &
Engineering, 2021, 35(2): 11-16.

PNESE, WET, W, 5. VUM RE AL 3 A 1) )
PIREREZEL) ). Wik <, 2022, 29(3): 353-359.
SUN Siyao, FAN Changyu, PU Renhai, et al. Research on

vertical sealing of faults in Pinghu structural belt of Xihu Sag[J].
Fault-Block Oil and Gas Field, 2022, 29(3): 353-359.

(4]

TLARWE, RE2ol, 2R, 55 . AR DU 1M B SR ABURI i P 4
AR T K R TR B H OB A R I ()
AR M, 2022, 44(5): 771-779.

JIANG Donghui, DU Xuebin, LI Kun, et al. Distribution of
sedimentary system multi-controlled by palaeo-geomorphology,
water system and break during the deposition of Pinghu Formation,
Baochu slope belt, Xihu Sag, East China Sea Shelf Basin [J].
Petroleum Geology & Experiment, 2022, 44(5): 771-779.
WrRiBZe, RRAAi, R0 <0 DG M B - 380 ARty -] £ TR
PR AT DR B 22 S P RA LT ). A SE g b i, 2022, 44
(5): 780-789.

CHEN Zhongyun, DU Xuebin, LI Shuai. Distributional signatures
of depositional system of Pinghu Formation, Pinghu slope, Xihu
Sag, FEast China Sea Shelf Basin [J]. Petroleum Geology &
Experiment, 2022, 44(5): 780-789.

SR, H B, B, A PR P AR AE 4L Bk )=
P2 DR R R e DX (9], ORI TR A 4 (AR
1), 2019, 46(5): 597-607.
ZHANG Wu, XIAO Xiaoguang, MIAO Qing, et al. Main
controlling factor of high quality reservoir and prediction of strong

dissolution area in Huagang Formation, north-central Xihu Sag,



F5H

SRIMT A AR VR 2R 2 PG U o S e R i o 0 AR AR A O TS SR LA B i S

1267

[12]

East China Sea[J]. Journal of Chengdu University of Technology
(Science & Technology Edition), 2019, 46(5): 597-607.

Bk, SR, T . AT VU M TR AL A e AR S S e AL
RHIE B R R [T ], B H TR (1 SRR ) L 2018, 45
(4): 478-486.

ZHONG Tao, ZHANG Wu, MIAO Qing. Characteristics and
Genesis of anomalously high porosity zones in the Huagang
Formation sandstones in Xihu Sag, East China Sea[J]. Journal of
Chengdu University of Technology (Science & Technology Edition) ,
2018, 45(4): 478-486.

R, 0, H IR, A5 ARG AL A PG ) B b AR AL
YL )= BB AL R A AT D], Al SR T, 2021, 43 (1) -
86-95.

ZHANG Wu, JIANG Yiming, XIAO Xiaoguang, et al. Densification
process of Huagang Formation in northern and central Xihu Sag of
East China Sea Shelf Basin[]].
2021, 43(1): 86-95.

XY, VEICHE, W52, S AR T AR A T K M A T 3
FEAELT]. Al Sesb i, 2021, 43(6): 949-957.
LIU Huan, XU Changhai, SHEN Wenlong, et al.

Petroleum Geology & Experiment

Tectonic
evolution characteristics of Lishui Sag, East China Sea Shelf Basin
[J]. Petroleum Geology & Experiment, 2021, 43(6): 949-957.
AR, R, f, . BURTA 2N TR A0 2
VAN I i —— LU 2R 4 b o 38 1V B B e A e 4 b B M3 b4
NBILT]. ATIMSERHT, 2021, 43(6): 1097-1106.

GAO Mengtian, LU Yongchao, DU Xuebin, et al. Multi-factor
evaluation for fine grading of tight sandstone reservoirs: a case
study from H3 sand group in the upper section of Oligocene
Huagang Formation, Xihu Sag, FEast China Sea Basin [J].
Petroleum Geology & Experiment, 2021, 43(6): 1097-1106.
JRFHTE TLARNE, SRR, 4. ARV E I 11 4 K v R A
B 2% PE B B 1 07 1 (D). ik S0 Ml B, 2020, 42 (5) -
803-812.
ZHOU Liqing, JIANG Donghui, ZHANG Shanghu, et al.
Formation conditions and exploration direction of large and
medium oil and gas reservoirs in Xihu Sag, East China Sea[J].
Petroleum Geology & Experiment, 2020, 42(5): 803-812.
sREAE, SREES | AU REAR A A G S R KB R LR )
[J]. WAk, 2015, 22(1): 260-270.

ZHANG Guohua, ZHANG Jianpei. A discussion on the tectonic
inversion and its genetic mechanism in the East China Sea Shelf
Basin[J]. Earth Science Frontiers, 2015, 22(1) : 260-270.
TRERE, 1807 K, SIE, 55 VU R e S H i AL T
HECERY A2 A PR S FLBE AL [ ], AR TR 2
R CHIRRIERL , 2016, 43(4) : 385-395.

XU Guosheng, XU Fanggen, YUAN Haifeng, et al. Evolution of
pore and diagenetic environment for the tight sandstone reservoir of
Paleogene Huagang Formation in the central reversal structural

belt in Xihu Sag, East China Sea [J]. Journal of Chengdu

University of Technology (Science & Technology Edition) , 2016,

[14]

[17]

43(4): 385-395.

PR, TRob 2, R, 5 R G0 v ) IR oh e S At
T SR TR A OB R R R (D). S R AR AU
JiT, 2017, 38(3): 570-581.

CHEN Zhiyuan, XU Zhixing, XU Guosheng, et al. Coupling
relationship between abnormal overpressure and hydrocarbon
accumulation in a central overturned structural belt, Xihu Sag,
East China Sea Basin [J]. Oil & Gas Geology, 2017, 38(3) :
570-581.

U7 5, PRI, XI55, AF . A VY ) M6 v e SR AR A
IR A B AR R R R ] o ST &,
2020, 47(1): 98-109.

XU Fanghao, XU Guosheng, LIU Yong, et al. Factors controlling
the development of tight sandstone reservoirs in the Huagang
Formation of the central inverted structural belt in Xihu Sag, East
China Sea Basin [J].
2020, 47(1): 98-109.
ZENGR), 2R 55, BRMETE , S5 . 0 1B R e AL v A R T I
5 IGURBURRAE B 2 95 R 2 (). oy M2 4, 2020, 22(3)
493-503.
LI Shunli,

Petroleum Exploration and Development,

LI Jing, CHEN Bintao, et al. Sedimentary
characteristics and controlling factors of large-scale longshore bar
in the Oligocene Huagang Formation, Xihu Sag[J]. Journal of
Palaeogeography , 2020, 22(3): 493-503.

ZHANG Jingyu, LU Yongchao, KRIJGSMAN W, et al. Source to
sink transport in the Oligocene Huagang Formation of the Xihu
Depression, East China Sea Shelf Basin[J]. Marine and Petroleum
Geology, 2018, 98: 733-745.

XUt BRI, A5 . AR U 2R R 0 I 11 B R S A
HEALAE AR RO Z P St s s U [T ], A5 RAR T,
2022, 43(4): 990-1004.

LIU Xian, GE Jiawang, ZHAO Xiaoming, et al. Time scale and
quantitative identification of sequence boundaries for the
Oligocene Huagang Formation in the Xihu Sag, East China Sea
Shelf Basin[J]. Oil & Gas Geology, 2022, 43(4): 990-1004.
ZRAL, TR, BN, L AR AT U TR
T 2R AR U S IR AL A AR S RS AT L LT ] Al
RIRS T, 2022, 43(2): 432-444.

LI Tianjun, HUANG Zhilong, GUO Xiaobo, et al. Geochemical
characteristics of crude oil from coal measure source rocks and fine
oil-source correlation in the Pinghu Formation in Pingbei slope
belt, Xihu Sag, East China Sea Shelf Basin[J]. Oil & Gas Geology,
2022, 43(2): 432-444.

Mg ARER, XK, A5 AR PG D I BT TR S e AR
P 3 AL = o B SRR 2540 22 5 0B AR [T ). b3k Fla7,
2020, 45(3): 968-979.
JIANG Yiming, ZOU Wei, LIU Jinshui, et al. Genetic
mechanism of inversion anticline structure at the end of Miocene in

Xihu Sag, East China Sea: A new understanding of basement

structure difference[J]. Earth Science, 2020, 45(3): 968-979.



1268 A 5 R R R R $ a4
[21] /NG, SEEAR, PYRRIGE . A<V S0 75 180 111 A i o X B L e abnormal overpressure and hydrocarbon charging: A case from the
1E[1]. ER T A4, 2010, 16(1): 86-93. Huagang and Pinghu formations of Xihu Sag, East China Sea Shelf
SONG Xiaoyong, CHU Chenglin, RUI Zhifeng. Structural Basin [J]. Petroleum Geology and Experiment, 2017, 39 (2) :
framework and evolution of Xihu Sag in East China Sea Basin|[]]. 186-194.
Geological Journal of China Universities, 2010, 16(1) : 86-93. [(29] HiA:fe, BREER, BIAK. 4 rh iR Chindwin 75 i < 8
[22] LI Chunfeng, ZHOU Zuyi, GE Heping, et al. Rifting process of PRI, KRR T, 2005, 25(11): 21-24.
the Xihu Depression, East China Sea Basin[J]. Tectonophysics, LAI Shenghua, MA Jianming, LIAO Lin. The oil-gas exploration
2009, 472(1/4): 135-147. potential of Chindwin Sag in the central basin in Burma []].
(23] WhAh%, Foidd, TE, . PG RE AR T Ak s AR A B Natural Gas Industry, 2005, 25(11): 21-24.
BT PRI, 2020, 32(1): 42-53. [30] A7, fiif D X Bl R T [D ], s . BHEEE TR
SHEN Weifeng, YU Zhongkun, DIAO Hui, et al. Simulation of 2%, 2011: 14-64.
heat flow evolution history in Xihu Sag and its significance for YANG Lei. Analysis of hydrocarbon accumulation conditions in D
hydrocarbon accumulation [J]. China Offshore Oil and Gas, areas of Myanmar[ D ]. Chengdu: Chengdu University of Technology ,
2020, 32(1): 42-53. 2011: 14-64.
[24]  TRBRAS, W, XUGK, S5 ARV 180 110156 180 £ 100 250 i [31] EE, PR Fifa Sl RS s (L &k 3l 2
MRS e # R R B ] i 5 R AR, 2020, 41 S[T]. smRHE R , 2021, 40(1): 27-35, 48.
(2): 359-366. WANG Ying, XIN Renchen. Evolution and geodynamic
XU Chenjie, YE Jiaren, LIU Jinshui, et al. Simulation of background of Myanmar petroliferous basin group [J]. Bulletin of
hydrocarbon generation and expulsion for the dark mudstone with Geological Science and Technology, 2021, 40(1): 27-35, 48.
type— I kerogen in the Pinghu Formation of Xihu Sag in East [32]  BAR, SHFEAK, SRNI, S5 IR0 T IR b A 0wy B
China Sea Shelf Basin [J]. 0il & Gas Geology, 2020, 41(2) : PR ] PR BTETY , 2018, 34(8): 61-67.
359-366. HUANG Zhong, HU Xiaolin, GUO Gang, et al. Structural
[25] RS, BfEEE, X5, 5. AR 450 04 0 1M1 o i R AR 2 zonation and hydrocarbon accumulation model of the Sumatra back
@aﬁ%%ﬁeﬂtﬁyﬁaﬂfﬁk,%u ] MR AR, 2020, 39 arc rift basin [J]. Marine Geology Frontiers, 2018, 34 (8) :
(3): 20-29. 61-67.
XU Guosheng, CUI Hengyuan, LIU Yong, et al. Relationship (33] M. EIJETEI5 120 M A by AR A A 5 R il =ORS 4
between sandstone reservoirs densification and hydrocarbon charging HHEEID]. WEB . BEHHE TR, 2016: 10-56.
in the Paleogene Huagang Formation of Xihu Depression, East TIAN Xin. Study of the hydrocarbon accumulation rules and fine
China Sea Basin[J]. Bulletin of Geological Science and Technology , exploration of hydrocarbon reservoirs of South Sumatra Basin,
2020, 39(3): 20-29. Indonesia [D]. Chengdu: Chengdu University of Technology,
[(26] XI55, TRIEEE, &5, 45, A ALV W) 1 6 A6 W 21 62 FLBR 2016: 10-56.
WAL S AR E R R [I]. 1M L BT, 2018, 40(2) : [34] #pda. hoRr IR A BRAE S i SR T [T ]. B
168-176. ST, 2011, 32(3): 329-331.
LIU Yong, XU Guosheng, ZENG Bing, et al. Relationship YANG Lei. Petroleum geology and exploration potential analysis
between porosity evolution and hydrocarbon charging in tight in central Sumatra Basin[J]. Xinjiang Petroleum Geology, 2011,
sandstone reservoirs in Oligocene Huagang Formation, Xihu Sag, 32(3): 329-331.
East China Sea Basin [J]. Petroleum Geology and Experiment, [35] RODRIGUEZ N D, PAUL PHILP R. Productivity and paleoclimatic
2018, 40(2): 168-176. controls on source rock character in the Aman Trough, north
[27]  JELOMR, BRERE, At , . 40 P e v e B i v central Sumatra, Indonesia[J]. Organic Geochemistry, 2012, 45:
L FR AL HE A B Eﬁ%‘%)z'z%i B RHE S I RO 18-28.
[J]. A 5F %, 2020, 47(3) : 462-475. [36] LUNT P. Partitioned transtensional Cenozoic stratigraphic development
ZHOU Xinhuai, XU Guosheng, CUI Hengyuan, et al. Fracture of North Sumatra[ J]. Marine and Petroleum Geology, 2019, 106:
development and hydrocarbon accumulation in tight sandstone 1-16.
reservoirs of the Paleogene Huagang Formation in the central reversal [37] kAR, XI4ok, 2222, 45 VUM R S AL ik 20 KA
tectonic belt of the Xihu Sag, East China Sea [J]. Petroleum PRFTVTRUAR ZBAELT ], P EEE i/, 2018, 30(3): 10-18.
Exploration and Development, 2020, 47(3): 462-475. ZHANG Guohua, LIU Jinshui, QIN Lanzhi, et al. Characteristics
(28] BRFIm, AR, MK, % 2HEESMRAENES of the large braided river depositional system of the Oligocene
PE——— LA 7R I8 i B 235 b 75 090 1M1 P AL s 2R P-4 R [0, A Huagang Formation in the Xihu Sag[J]. China Offshore Oil and
JHEEEE LT, 2017, 39(2): 186-194. Gas, 2018, 30(3): 10-18.
CHEN Zhiyuan, XU Zhixing, CHEN Fei, et al. Coupling of [38] f—nms, HRIESC, 2R, 5. VG I 11 56 1 T80 44 i 75 ST 2 D A



F5H

SRIMT A AR VR 2R 2 PG U o S e R i o 0 AR AR A O TS SR LA B i S

1269

[41]

[42]

[44]

TR BJZ PRI [) ], BURMLT , 2020, 34(1): 141-153.
JIANG Yiming, SHAO Longyi, LI Shuai, et al. Deposition
system and stratigraphy of Pinghu Formation in Pinghu tectonic
belt, Xihu Sag[J]. Geoscience, 2020, 34(1): 141-153.
SRR, W, A, A5 7R VR SR A VG I
I VA Bl o P TR S T SOOI 1 43 A U [T ], o A g
7, 2019, 24(2): 153-164.

ZHOU Xinhuai, GAO Shunli, GAO Weizhong, et al. Formation
and distribution of marine-continental transitional lithologic
reservoirs in Pingbei slope belt, Xihu Sag, East China Sea Shelf
Basin[J]. China Petroleum Exploration, 2019, 24(2): 153-164.
B, ERE, R, A I IR S A i A s Bl
o RO AR )] iR, 2010, 31(4)
596-601.
YANG Fengli, WANG Minxue, ZHUANG Jianjian, et al.
Kinematical processes of inversion structure and its contribution to
hydrocarbon accumulation in Xihu Depression of East China Sea
Basin[J]. Acta Petrolei Sinica, 2010, 31(4): 596-601.

WANG  Yingxun, CHEN Jianfa, PANG Xiongqi, et al
Hydrocarbon generation and expulsion of tertiary coaly source
rocks and hydrocarbon accumulation in the Xihu Sag of the East
China Sea Shelf Basin, China [J].
Sciences, 2022, 229: 105170.

QIAN Wendao, SUN Qiliang, JONES S J, et al. Diagenesis and

Journal of Asian Earth

controlling factors of Oligocene Huagang Formation tight sandstone
reservoir in the south of Xihu Sag, the East China Sea Shelf Basin
[J]. Journal of Petroleum Science and Engineering, 2022, 215
(Part A): 110579.

XU Fanghao, XU Guosheng, LIU Yong, et al. Factors controlling
the development of tight sandstone reservoirs in the Huagang
Formation of the central inverted structural belt in Xihu Sag, East
China Sea Basin [J]. Petroleum Exploration and Development,
2020, 47(1): 101-113.

WANG Wenguang, LIN Chengyan, ZHANG Xianguo, et al.
Provenance, clastic composition and their impact on diagenesis:

A case study of the Oligocene sandstone in the Xihu Sag, East

[48]

China Sea Basin[J]. Marine and Petroleum Geology, 2021, 126:
104890.

BHBTRE, DRIR, A IR T AL T W 4D R R AE
KEFEHNED] A RRSMIT, 2013, 34(2): 185-191.
HU Mingyi, SHEN Jiao, HU Die. Reservoir characteristics and
its main controlling factors of the Pinghu Formation in Pinghu
structural belt, Xihu Depression[J]. Oil & Gas Geology, 2013,
34(2): 185-191.

W R SRR, RERE .
185-193.

12, 1992(2) :

DAI Jinxing. Identification of various types of alkane gases [J].
Scientia Sinica(Chimica), 1992(2): 185-193.

W, RIHE, By, % AR R ALUARAE BB
HFPRI]. PR 2k, 1987(6) : 647-656.

SHEN Ping, SHEN Qixiang, WANG Xianbin, et al. Isotopic
composition characteristics of gaseous hydrocarbons and identification
of coal type gas [J]. Scientia Sinica (Chimica) , 1987 (6) :
647-656.

EHERT . A 531 T DAL o e A Rt B 14 2 e A e B R [ ).
A, 2000, 21(5): 16-20.

PANG Xiongqgi. The quantitative identification model of the
evolution degree of mixing natural gas source material and the
application of this model[J]. Acta Petrolei Sinica, 2000, 21(5):
16-20.

Wi, WUE R, R SRR B S TR PRI b
T[T, AriheAd, 1985, 6(2): 31-38.

DAL Jinxing, QI Houfa, SONG Yan. Preliminary discussion on
several indicators for distinguishing coal formed gas and oil formed
gas[J]. Acta Petrolei Sinica, 1985, 6(2): 31-38.

FRAE, RN, B, A PO MIRA AR IR ROk T S A
[T]. i Fm s, 2019, 31(3): 50-60.

CHENG Xiong, HOU Dujie, ZHAO Zhe, et al. Analysis on the
genesis and source of natural gas in Xihu Sag, East China Sea
Basin[J]. China Offshore Oil and Gas, 2019, 31(3): 50-60.

(%% KRIAf)



