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Abstract: In Qiongdongnan Basin, Baodao sag is considered as the one where the strongest Cenozoic tectonic activity occurred. In
2022, China’s first large deep-water and deep-layer gas field, i. e. , Baodao 21-1 gas field, was discovered in Baodao 21 transition
step-fault zone, thus verifying the potential of natural gas resources of Baodao sag. Based on the understanding of the basic geological
characteristics of Baodao 21-1 gas field, the paper systematically analyzes the enrichment and hydrocarbon generation mechanism of
source rocks, the reservoir-trap formation mechanism, the migration and accumulation mechanism of fault system, and the accumula-
tion stages and accumulation models of natural gas of the gas field, and summarizes the groundbreaking and innovative geophysical
and testing technologies for deep-water and deep-layer gas fields. Baodao 21-1 structure develops “double source” organic matter en-
richment, and the intense crustal thinning leads to high heat flow in the structure, as well as accelerated thermal evolution and high
gas generation intensity of source rocks; the provenance of the uplift is injected into the sag along the transition slope, forming a tec-
tonic and lithologic trap controlled by large delta lobes; large-scale tectonic ridges are conducive to natural gas accumulation, and the
differential activities of main faults and delta sandstones constitute an efficient transport system, which can provide a geological foun-
dation for the formation of large-scale gas fields. Baodao 21-1 gas field has multi-stage oil and gas charging, proving that the transi-
tion step-fault zone develops a natural gas accumulation and enrichment mode of “enrichment in semi-enclosed environment/accelera-
ting hydrocarbon generation at high temperature for source control, relay ramp for trap control, long-term active fault for controlling

hydrocarbon migration, late multi-stage strong charging, and weak active fault for controlling accumulation”. This study develops
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the key technologies for deep layer oil and gas geophysical exploration in the rugged seabed area of deepwater steep slope land, thus
achieving the fine construction of structure and successful prediction of gas-bearing properties, and creates key technologies for safety
control of flowing of deepwater and deep layer complex fluid and capacity release, thus guaranteeing the release of real production ca-
pacity of the formations. The discovery of the large gas field Baodao 21-1 has confirmed the oil and gas accumulation and enrichment
mode of passive epicontinental basin with strong activity. It is believed that the relatively stable strike slope type transition zone is
the “golden zone” for enrichment in medium- and large-scale gas fields. The relevant research and understanding point out the direc-
tion for natural gas exploration in Baodao sag, and have important reference and enlightenment significance for natural gas explora-
tion in Qiongdongnan Basin, the northern and central-southern South China Sea.

Key words: Qiongdongnan Basin; Baodao sag; transition step-fault zone; deep-water and deep-layer; hydrocarbon gas; large gas field
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Fig.2 Stratigraphic correlation of the drilled wells in Baodao 21-1 gas field
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Fig.7 Faults characteristics in Baodao sag and its periphery and the structural architecture of Qiongdongnan Basin
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6 #t i

D) FH 211 KHEEHTIERE BB =B
BB ERRAE. . EHE0RZERK =Bk
BRI ERAT = A N DTS i 2 5 M DA 0k — 2 b
R ECHP AL PR R DR N
E,8C, h—45. 1%0~ — 38. 6%0s Ry £ 1.5%~2.1%,H
e BB T O TR A A R T SRR A

(2) 5 & 21-1 b 3 A Bl 5 0 o AH 58 28 XL
AL E A B R A b e o Z AL S 300 s AR A

R IR P AL B L A OB R R B R DX ) TR
BRI AT 8 21-1 M3 Z RO SR 7R
T 5T IR RO R = P 2 R P ] A A 3+ 2k
Rl A R B A A T R AR B4 2 T4l
L 22 500 35 = M A s ke T R 48 R
R L Y A

(3) FE& 21-1 HEAFAER e 3 i e i
ST MW i A o B PR PR T AR B A e
T — TP R I 2Vl — R I 3 sl B 2 4 i — W S 22 0 i
FELE — 559 15 Sl BT 245 7 1 R AR AU AR . AR



728 al H

e

ki 2023 4F EF 44 %

HREY S By 20 B B S 8 21 Wi B ALY
JERRRAIE S S R T A ML R X

(4) 3 N7 TR K TG ol ity 00K 7 B DX T2 il At Bk )
PRGN S BB A , S BLTR B DR 22 fh R A9 90 mo 47 /) 1]
10m PLA . & SR TN A R ik 92% . A TRK IR
SRR Bl 26 R B 5 7 RE R T G B A R o 7
AE I X4 Jo] S04 R 3 0 26 e XU 2 o A S e A A AL
7 58+ e R PR E R B A U2 7 e PR e b J2= 7 RE R L

(5) FE8y 21-1 R B9 & B R SE T 5 3% ) 2
W2l il % £ inh OB R A A 2L A S AR N AR 1
i) AR ke R A6 T B 1 R GF 3t PR R R L A R TR TR A
AR R & - e R— B R AR I a7

2 £ x #

D10 BRIt v 130 it oy 0000 5000 0k e 5 B8 P e e o v [0 ). o [ i
B, 2022,34(1) 9-16.
XU Changgui. New progress and breakthrough directions of oil
and gas exploration in China offshore area[ J]. China offshore oil
and Gas,2022,34(1).:9-16.

(2] JAA A il Tkl 55, 3R i 2 b b ST R BIET 5 R K S,
KA PRE R WELT ] b BEA h 4. 2019,24(6) :691-698.
SHI Hesheng, YANG Jihai, ZHANG Yingzhao, et al. Geological
understanding innovation and major breakthrough to natural gas
exploration in deep water in Qiongdongnan Basin[J]. China Pe-
troleum Exploration,2019,24(6) :691-698.

(3] SRodud, W 250 30, 55 g i b B R R SO0 L A 45 B 4R 3t
LT A B, 2022, 34(5) : 23-35.
WU Kegiang, ZENG Qingbo, LI Hongyi, et al. Accumulation
laws and exploration fields of natural gas in northern South Chi-
na Seal J]. China Offshore il and Gas,2022,34(5) ;23-35.

(4] BRI MR A, w6 VG 30 30 ¥ A o 2y /<0 PR IB) 500 0 e 5 00
CJJ. o g 1k, 2021,33(2) : 13-25.
XU Changgui, FAN Caiwei. New exploration progress and thinking of
offshore large-medium-sized oil and gas fields in the western South
China Sea[ J]. China offshore oil and Gas,2021,33(2) :13-25.

(5] SRR, TR AL, @ . ma I b 3 O i 320 2% 725 3t il b AR AE 5
B 7 ] (1. 4790 ~# 412, 2008,29(1) : 1-9.
ZHU Weilin, ZHANG Gongcheng, GAO Le. Geological charac-
teristics and exploration objectives of hydrocarbons in the north-
ern continental margin basin of South China Seal J]. Acta Petro-
lei Sinica,2008,29(1) :1-9.

Lol miRIA: it , TR T, 55, 35U R 7 b 3t BA TR BT 5 TR K ST
RAR SR E RG], o B Al . 2019, 24(6) :691-698.
SHI Hesheng, YANG Jihai,ZHANG Yingzhao, et al. Geological
understanding innovation and major breakthrough to natural gas
exploration in deep water in Qiongdongnan Basin[]J]. China Pe-
troleum Exploration,2019,24(6) :691-698.

[7] Efide, PhRMG sk 59, 55 g ¥ AL 3 B AR e 4 3 TR K b el 45
R A 5 AL LT ] v B Al B . 2016, 21(4) 15464,
WANG Zhenfeng, SUN Zhipeng, ZHANG Yingzhao, et al. Dis-

tribution and hydrocarbon accumulation mechanism of the giant

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

deepwater central canyon gas field in Qiongdongnan Basin,
northern South China Sea [ J]. China Petroleum Exploration,
2016,21(4) :54-64.

FR I AR IV L 45 AR R A K X SR A% 1
By LI, o E Bl 2011,23(1) 1 7-13.

WANG Zhenfeng, LI Xushen, SUN Zhipeng, et al. Hydrocarbon
accumulation conditions and exploration potential in the deep-
water region, Qiongdongnan Basin[ J]. China Offshore Oil and
Gas,2011,23(1) :7-13.

TR AR T AR UK R A TR K R H M SRR AE
JRORRE S B B PR D [ B E LT ] M 52441, 2017, 91(7) £ 1620-1633.
ZHANG Yingzhao, XU Xinde, GAN Jun,et al. Study on the geo-
logical characteristics,accumulation model and exploration direc-
tion of the giant deepwater gas field in the Qiongdongnan Basin
[J7. Acta Geologica Sinica,2017,91(7) ; 1620-1633.

DU+ VTV ARSE AL 55 . BUR 9 3 TR 7K DXUR 2R — B 7K 1M1 B A
L 2H R AR SRR AE 5 B Ry LT . o B E il <0, 2021, 33
(5):24-31.

YOU Li,JIANG Rufeng,XU Shouli,et al. Accumulation charac-
teristics and exploration potential of Meishan Formation gas in
Ledong-Lingshui sag, deep water area of Qiongdongnan Basin
[J7]. China Offshore Oil and Gas,2021,33(5) :24-31.

oy G e B, RS S5 R I AL AR i G A 3V X< B R e
U S ER SRR AT LT ], A2 41 . 2006, 27 (4) :8-14.

HE Jiaxiong, XIA Bin, WANG Zhixin, et al. Hydrocarbon accu-
mulation and exploratory orientation in the western marginal ba-
sin of the northern South China Sea[ J]. Acta Petrolei Sinica,
2006,27(4) :8-14.

WA, AR AE A5 U L 45 UK 19 A o R e 45 R K R HTE
KR 5 TR L) ] 4224, 2015,36(11) £ 1358-1366.
YAO Zhe, WANG Zhenfeng,ZUO Qianmei, et al. critical factors
for the formation of large-scale deepwater gas field in central
canyon system of Southeast Hainan Basin and its exploration po-
tential[J]. Acta Petrolei Sinica,2015,36(11) :1358-1366.

B IERAR L T ABOR L BRI A B AR R R AE L 2R
TR BRI LT ], A 5 KRR A BT . 2015,36(6) :897-905.
TONG Hengmao,FAN Caiwei, TONG Chuanxin, et al. Characteris-
tics, types and genetic mechanism of Baodao transfer zone, Qiong-
dongnan Basin[]]. Oil & Gas Geology,2015.36(6) :897-905.

AR St W S I e Al B NS oK Bl S T A A 1 4 T
[J]. HBR Bl ,2016,41(9) :1548-1560).

XU Changgui. Strike-slip transfer zone and its control on forma-
tion of medium and large-sized oilfields in Bohai Sea areal J].
Earth Science,2016,41(9) :1548-1560.

XU Changgui, PENG Jingsong, WU Qingxun, et al. Vertical domi-
nant migration channel and hydrocarbon migration in complex fault
zone, Bohai Bay sag.,Chinal J]. Petroleum Exploration and Devel-
opment,2019,46(4) :720-728.

IRAC B U B5UAR T A P T 5 B [T b B e 4ty AR A B X
KA BV H R L] AR 5 IF K . 2022,49(6) :1061-1072.
XU Changgui, YOU Li. North slope transition zone of Songnan-
Baodao sag in Qiongdongnan Basin and its control on medium

and large gas fields, South China Sea[ ]J]. Petroleum Exploration



%53 ®

<A g YL R SR T Sl L B Sl Bl G A T 211 AU A e B R M B X 729

[17]

[18]

[19]

[20]

[21]

[22]

and Development,2022,49(6) :1061-1072.

XU Changgui, YOU Li. North slope transition zone of Songnan-
Baodao sag in Qiongdongnan Basin and its control on medium
and large gas fields, South China Sea[ ]J]. Petroleum Exploration
and Development,2022,49(6) :1229-1242,

HB T A L BAAK L AL R I P AR 211 A A R IS R
LT ] A B Bl <, 2022, 34(5) 1 13-22,

DENG Yong, PEI Jianxiang, HU Lin, et al. Discovery and hydrocar-
bon accumulation models of Baodao 21-1 gas field in the western
South China Sea[ ] ]. China Offshore Oil and Gas,2022,34(5)
13-22.

K R A S 2 R I G R A A A b T B R g O
B Iy R L) ] B ERREA 2019, 44(2) :603-625.

ZHANG Yuanze, QI Jiafu, WU Jingfu. Cenozoic faults systems and
its geodynamics of the continental margin basins in the northern of
South China Seal J]. Earth Science,2019,44(2) ;603-625.
JURAE TR N B A5 SR TS A0 AR R L B K TR P B e e
P 4t 2 P A 0 2% 4 D . o B B9 <0, 2016, 28(2) :53-59.
FAN Caiwei, LI Xushen, LIU Kun,et al. Hydrocarbon accumula-
tion condition of Miocene litho-stratigraphic trap in Ledong &
Lingshui sags, Qiongdongnan Basin[ J]. China Offshore Oil and
Gas,2016,28(2) :53-59.

SRR ARHT T, T AL R R A TR K R R b TR AE R
FEORE 3 R S T WA SE LT . 3t B4 4, 2017,91(7) :1620-1633.
ZHANG Yingzhao,XU Xinde, GAN Jun,et al. Study on the geo-
logical characteristics,accumulation model and exploration direc-
tion of the giant deepwater gas field in the Qiongdongnan Basin
[J]. Acta Geologica Sinica,2017,91(7) :1620-1633.

PERE AT E KB4 2= 2 45 Bl % 52 SR 20 A% 5 WAL VR R il <
Hb TR —— D g T AU R B S R K DX 2 MR A B8 LT . A o
W5 & .2018,45(1) :27-39.

PANG Xiong,REN Jianye, ZHENG Jinyun, et al. Petroleum ge-
ology controlled by extensive detachment thinning of continental
margin crust:a case study of Baiyun sag in the deep-water area of

northern South China Sea[ J]. Petroleum Exploration and Devel-

[23]

[24]

[25]

[26]

(e B 2023-02-01

opment,2018,45(1) :27-39.

ARl P T8 5 5. i VA I 98 Bl 5 TR K — 8 TR K 4 b 1 I AL
5T ). HER P B2 41, 201861 (12) :4901-4920

REN Jianye, PANG Xiong, YU Peng, et al. Characteristics and
formation mechanism of deepwater and ultra-deepwater basins in
the northern continental margin of the South China Sea[ J]. Chi-
nese Journal of Geophysics,2018,61(12):4901-4920.

AL, 5 W o (B B, 465 VA VG 1 U I A 3t 5 2 A R e Y
AR AR TURURL S S AR I [T, skl 2. 2022, 47(7)
2287-2302.

REN Jianye, LUO Pan, GAO Yuanyuan, et al. Structural, sedi-
mentary and magmatic records during continental breakup at
southwest sub-basin of South China Sea[ J]. Earth Science,2022,
47(7) :2287-2302.

JICRANY N R e 7 R R 9 e P R S R A
B E M) #2512, 2017, 24(3) :56-64.

SHI Xiaobin, YU Chuanhai, CHEN Mei, et al. Analyses of varia-
tion features and influential factors of heat flow in the northern
margin of the South China Sea[ ]J]. Earth Science Frontiers,
2017,24(3) :56-64.

[0 I P o I I S 2 e ol BUR s PSR S5
ALY b A B 44 2016,21(4) :38-53

ZHANG Gongcheng,ZHANG Houhe,ZHAO Zhao, et al. “Joint
control of source rocks and geothermal heat”-oil enrichment pat-
tern of China’s offshore basins[ J]. China Petroleum Explora-
tion,2016,21(4) :38-53.

SR KBV X S A WV T TR S AL AR A A 1 E A B
Ko {1 L —— LR RS 292/ 2E A B oM BT, KRR
HERBF 24 ,2021,32(5) :633-644.

ZHANG Li, ZHANG Xintao, LIU Yimeng et al. Evidence of deep
fluid and its influence on gas reservoiring in Bohai Sea: case study of
QHD29-2/2E oilfield[ ] ]. Natural Gas Geoscience,2021,32(5)
633-644.

i H O

o H ] 2023-04-23



