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Abstract: The natural gas hydrates—bearing shaly silt reservoirs are considered to be the most difficult target in exploitation. The first
trial production test of the gas hydrate in the South China Sea conducted in 2017 proved that the reservoir is exploitable. On the basis
of the understanding of the previous trial production, optimization and fine description of hydrate deposits, numerical simulation and
onshore tests, the second gas hydrate trial production test were carried out by the China Geological Survey in the Shenhu sea area of
the South China Sea from October 2019 to April 2020. This trial production overcame a series of technical problems, such as well
head stability, horizontal well drilling, reservoir stimulating and sand controlling and accurate depressurizing, and achieved
continuous gas production for 30 days, with a total gas output of 861400 cubic meters and a daily average gas production of 28700
cubic meters, which is 5.57 times the first trial production, thus greatly increasing the daily gas production and total gas production.
The results show that there existed no abnormal methane content in sea floor, sea water and atmosphere during the whole process. The

success of this test shows that it is possible to efficiently and safely develop the gas hydrate in shaly silt reservoirs.
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Fig. 1 The geological setting and location of the second offshore natural gas hydrate production test site
(The red rectangle inside Fig. la indicates the test area, Fig. 1b illustrates the topography and the track of horizontal well )
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Table 1 The reservoir parameters of well GMGS6—SH(2

2B PR/ (m bsf) JEIZ/m P RSB % PRI % VBB /mD
KEDZ 207.8~253.4 45.6 373 31 2.38
A 253.4~278 24.6 34.6 1L7CEREPDN3.20570 6.63
AERE 278~297 19 347 7.3 6.8

PIE 54 47.2% .36.4%F110.2%, H4E GMGS6—
SHO2 FH- 1 H: i B 4 AE (1 2) , JIT i A K A B
RGAE 3R (F45C,2020): (1) KEWRE,JE R
45.6 m, FLBR PN K G PRI K SR RL
B R 37.3% , P& K G PIMERE 4 31.0 %, F1
BiEFE N 238 mD; (2)IRE)Z, JFE8 24.6 m, fLBA
FE KGRI, A LB
H34.6% , X EOK G IR R 11.7% , FH53
JEMIFIRE 13.2% , F-H8iE% 8 6.63 mD; (3) AR
JZ2,J5 19m, FLEH A RS IS K, 7 30fL
BRLBE N 34.7% , -2 S SR A 7.3%, 15
BEEF6.8mD(F1),
2.3 JKEHPTMRE

FE TR XA 2 AR AE , A A < T 45 v i
RARE KA Y =SB B [0 81, v ] b Jo 8 2 =)
BT A KO I R % . 5 E IR
ARLEE AR L, 2SR AS (AT A T B - 42 il i o
HOMA I i SO B AR iR A

27 B B B RRAE T UAT R IR B KR
FEFF R 22 5 7 i F B UOK G W oKk Az B
R o G 1 78 40 R iR AR -
Vo — [ = A IEAE B RS KB B IR S
JZ 3 R %2 B B AU R A M 2 T R
%, X 2AE KAV ZE S5 IRA)ZE S AR KA Yk
FE A B B 5 TR Rt BB 2R 3K A2, ]
B T2 s B R ROK B

W I, L5A % FEIRI R O Z K T
P XU A% (I ) P T e A R AIE A 2 M S8
FEAS 1] 10045 ) S PR AR R RS T sl R T BRI
i 8 45 22 5 T L2, DA = RE TN 45 SR M A 4, LAGE
FEIA ARG F I R EE RIS & .

IR 3 Frs , Fe TR W= 17 67 (A R
i A E#EE K E 5] % ——Hydrate Smart *f- &5
V1.0 7= B8 T A5 (A ASE 0L R 18, F0I0 7K 1 B 28 7E
TRA E AN ) A7 B, AR BOH [R] P~ AKE I
AL (K da) . FEMF S BEAMET, K

P 3 KB [ 2 1) 07 B 25 BaUR A (R M R 73 (a) FIB 1507 (b) 7R 7
Fig.3 The distribution of gas hydrate saturation (a) and permeability (b) with different vertical positions of horizontal segment
through the target sediment
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Fig.4 Production simulation of horizontal well under different conditions
(a—Effect of gas production on bottom—hole pressure with different vertical positions of horizontal segment through the target sediment;
b—Effect of gas production on bottom—hole pressure with different horizontal segment lengths; c— Prediction of sediment temperature with
different horizontal segment lengths; d—Percentage of cumulative gas production with different horizontal segment lengths
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Fig.5 Domestic suction pile

P O DURUI FBR XU o AR Y
W 3 Al e TRV VR T 2 TP AN SRR T I R
SE N K H v RHR AL T H 11 ) KSR 3 T
(] B A 4 v 2 A v B PRI RV ER AR TR
[EREASA]
3.2 KFEHEFHF

AR YRR R IR A I 2o 7 v T i ) o 2
B (D M2 RIS A, e DR REZS 5 s I
Fa (TR IESE, 2008 25 055, 2019) 5 (2) B Il 72
H IR IE I B 7= A G AU 1 25 5 5 S
EREAAMTIR S (2230855, 2019) 5 (3) HbJ2 R 4E
G R AR LR R S T A R () E R

TR BN IAS ER R N BE R, A 5 A% 32 28 Al S Al e M
EHR LR T ARKEZIR; (5) RS IHIRIEEE K,
FE I RHAXE JHIRPUEA G456 ; (6) Bl RHBEE s
AR R, KA B T AMEEE K

X1, A ] ] A Ry KT H R AR AT B o =
AERFSEIR IR, 2R PR T B+ W55 36" 45 B AR I
S P4 Kb B O e, A PTG 2% 32 v 1k e s 411 )
IRIEEE I AR R YRR B rh o RE R |, If &t
FERER TR JoE R T A ARSI
PEAETFNAR WA H )2 ) i 5, B BGER RHE i &)
&R T E B A R BeR G B I
SR, PR T BT A SE AR TR O 2 1 KO
s RV

A TR R B, A B, RIRGFROR
B NATEE T AR S, B, i
RHEN I SER /N RT3l Sk SRR AL a2 | SR 5 B R RAT
Bk IREG E R A S 5 | RES | A R T 2
B IREE . [R M )2 A 1 45 9175 18U 2 F F Wi R
ST AR SRR 9-58"BEE 5 i E
ERAFM I TFEEEART A, &I —FF
H- L5 K 6 R, BRI B 25558 L3 2.
3.3 fEEMIE

ORISR HEE AR B )28 E 22,
(]I, 30 a1 it 2 268 Jo 32 8 - rh AR R BT AR A2 A
TG Y R RB R T R A A2 s T
RN IE  HE R T AR AR AR B S R
77 HE

3 3 il KA AR S A i T2, 45 Ak
SRl 53 A R LA SR IR IR B
St 25 Ak ST AR G, FLr KRR i I ER
2 m.3 mMl4 m = FPREN ST, K
K ARG T 2H0GE )2 . D158, B TFKE Ytk
JZ0 YR G A BB R R 4
et & R I By Ul AR SR HE
RERH AR AT AR FR A 2 6 )2 0L
Tt T 22K, i HA RO R )2

TEfi# 2 0 it T A A v, Stk I Bog g
M. A FIHE A AN BB E CLRTi2 S
HOR, PRIt Tt a 5 SR e 1 b 25 0 o b A
FEHERD T 20 WA 1% 4 s SR S8l FEZRTR
(LS e S (| A e N o= R S A NS R 7 e

http://geochina.cgs.gov.cn H1[EHLJFT, 2020, 47(3)



564 i 5]

H

=

2020 4F

\ N $339.7mmX287.74m
N &460mmX293.00m (& 311.15mmX304.03m)

$244.5mmX896.23m
$311.15mmX927.7m

Kl6 5 —UalRIKFHH B A 1
Fig.6 Casing program of the second production test horizontal well
F2 FIRRRAF B EEEIE

Table 2 Casing program of the second production test well

FFK i ]sF /mm £ RF/mm BT AIB/(m,bsh) IKPEIR IR
—JF 660.4 914.4 0~61.8 TR
—JF 311.2x460(F L) 508+339.7 0~287.7 IR YLk
=JF 3112 244.5 0~896.23

TR, fith J2 oAt A R0 i e 2 B R B, R
R EE R AR R B e A S
3.4 BEbITZ

ORI )2 LAV BUBY D A 3, PSR AR T (B
16 8~16 um (FEI5 45, 2011) , WD MERE R K, 76 B 48
TR B D JE A L, 38 2 TR o 2 P S K 3 b
M = PP RS B, IR0 R+ 20 R AR A e - SR
JEE TR SR LR A 1 = A B D, SEILAR I Ak
KA I R] o K 55 A R 5 T A IR A R A
B G, T 2 B — i 78 55 3 T e SR A (sl o 1t
4,2020) , TEFHIRAS A BT DM RE AN E R ETHRE T, A
R m iR A R, BRI TR AL i —
Ao 3t FE R R 2 TR, TR PR R
Jo Bk FE I E A4S AN RS | LTI S A A Y b
2, KGR iR A R0E B R iR
T8, HCRERERY, IR R E A
B, BRI T BbiEs A TER .
3.5 NI

AR YRR E 3 WK A8 S8 I, DA S R
Wt RO i AR B R A5, S AROK
I RUE T S B R A TR AR S —
N LIRS, H AR 1 K I A A 5 B K R

JEI AL BT 5 53 A — S B A, —
TRABNIKF- BB D7 R HE , 35 3 2L 8 Ab P A 2
TR BET R o AR 7 B 1 3 AN TR R T A
AR 2= 2500 AR W R R A
SRk

TR AR , 1 RV K KB, et
BT AP, AR ATRE T I, |k
A RERY BRI, TF Rel AT KRR B .
L2 AT DL 22 43 2k 1 A BB R 6°/30m, SRy 3 i 7K SF-
FHphy R 3 BB ) K, AR L R HOR . K
GRS RE  SOKIR G 2 B b £ Fa s T
BB, —HR o AU B R A T AT ALAE AR
A A P TR AR A A 38 A P ) L TR
BT B A e B0 e MUY B A B R R
ZFT LA S A PO A 0 K RD B2 T B3R
25, 2K T A T 2 M, 5 K 43 S Al
S, BRI K G 0 A2 BROXURS: , PRIE IR i A2
IR AT
3.6 B&IEM

TR B R I B B, ) 3B LA I i 9 e 4
AR T IR EARE O, KRR SR R S
BOFIAMA i, DATTORG B 455 1 DN R 00 78 [ DX )

http://geochina.cgs.gov.cn 1 EHT, 2020, 47(3)



5478 3

A R A v [ R TR UK B A R R 565

NI 5 B — AR W TAE R H AR, Al 17
SR ECRT H ¥R IR A T R . BRI
RS R 4B BE, WL T R

(DRI R B

Ra T, PR S8 R, VIR o B v, M2
b TROE RS o AR Sl v 2, R VR B
FEHE R M2 B, b 23200 5% o IR, 243 9
e b 22 R T B AR 2K B o R D15 KRG 4%
il , M )2 R P ST ORI AR R A 5
P

(2) 58 JERS =B Bt

B = R, N B A D B 53
BT - B8 8 AT I R AE , S f PN R DL B R R N
F, Gl TR 35, 0T Ty g m 4 kB
8o R T RRAR I P9 B ZE i IR R A B i
i, RS 900 577 - 8 P 7K 5 — Ok A2 1, BRI R R
BN , IR E M2 R I 7E 5~10 psi 80, R

nEBoO M B@ B B ® M E®
Stage®

Stage@

K7 R iaR 2 B

Fig.7 Schematic diagram of the depressurization production

10°

X Lws-1
* SHSC-4
5 Q‘:%ﬁk /'E-“‘ SHSC2-6
1071 - B Black Ridge
W Hydrate Ridge
| M Nankai T h
104- | | -- n - ankai Iroug
-~ |
J
7 ]
J10° -
R gk, REGIEMS
Lo bR ok
10'4 Xx
R ES
10° T T T T
-80 -70 -60 -50 -40 -30

6 °C,/(%s, VPDB)

E8 ¢6"°Cr—C/(CorHCs) KRS % A
Fig.8 Relationship between §"°C, and C./(C+C;)

FEPRIKA A 550 e B A 2K ), 50 877 B PR K
B AR BRI B, IR RS E A
EANBCE DA R SR RO R T
FEFJ R PSR .

(3)FFEER =B BL

BEE R AT AR PR RS R O R
RIS PR N T RTS8 SR BT T
71,3 7 e 22, 3 K R AR FK & 4 i
AR FRE I FVR o [ AR SR AH T I
W TR B A AN S, PR UESE PR
AR R B A, DR Rr VB ST, Rt
GBI DL SR B R AEE 2 T . B
Far=B B, il Rrse g g e A e e 2 ke e it
TR ZREAL, 1A R .

(4) =i g B B

ORGSR R B i — 2R
Bl AR TR 22 BN, S 1 P S AT R B AR, e —
AN = R 22 TE RN s I . ST T
KGO Z RS L TR B B, R Ao e  FE R 22
Azt R P AR R, S B LR MLIE AR
I SAHAHXNE BRI, S BRI,

4 ORI SR 0 B

P AR 25 R B, AR AR R 7= S
FE R b, A& iR KME R 99.07% , i /ME K
98.74% , V- H4{H 99.01% ; £ %5 & 8 43 A 1F 0.6% 2

B9 7 Hh K OB L BE R

Fig.9 Particle size characteristics of particles in produced water

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



566 i 5]

I
i
i
H
L1}
i
’
w|

PRABEAHR
>€F&'ﬁ4£mﬁ§)ﬁ(

S
RACER S -

8K B AT
& B ot it s e MY

i ?LEHﬁiU‘JHSL
&5@ R 2 X

BRI CRER) X

15 (L

SE oy e

K10 25 A RARUK B PR BRI M A F R 18]

Fig.10 Schematic diagram of the environmental monitoring system in the second gas hydrate trial production

P 5 R B 3 1 i — AR A DA R R A IE T e L 5+
TBe ECRE S ebE B b A, s — RN T
0.1% C/(CoCs) I KA A 286, F5e/IME ly 211, °F
BIE 264, 6"Civeos Bt KAA K —66.5%0 , 2/ IME A
—60.9% , “F-HI1H J—64.3%0, MK 8 T L& BLAIK
T 0 U R R 2 SR B 67 C v AR —
0, AT BB 67Cveos TLARISFESUE , AT HEIN P AT 35
TE K-G0 AR AR E 5 383 6°Ci—Cy/(Co+Cs)
i (&1 8) FIWHZ X KRS KA W IR R R B
A= 8 PR AR A B PR SR TR B R AE AN TR T A 3
S £ (Blake Ridge) /K& 4 (Hydrate Ridge) Fl
H 7S w15 i A 7 3¢ B0 09 AR Wl IR SRR AIE
(Greinert et al., 2001 ; Juichiro et al., 2002 ; Colwell et
al., 2004 ; Gieskes et al., 2005 ; Heeschen et al., 2005;
Ye et al., 2018; Burkett et al., 2018) , 5 7&K ik % X
AL ) LW3— 1 X HRIEHR KRS 6°Coveos (—37.1%e
~ —36.6%0, RAR T4, 2008) IRAFEAR KX 51 (£ 8) .

FRAE = K TP B BT AR DU, 7 R
(B A2 20 A T 7.89~25.76 um Y5 L Y, SF- 2 A
12.84 um, 7304 T35 £ O ED Fky b X 38 (81 9) , 3=
BRI S8K & i 2 2 3 R R ab,
J& TARBAEZE , TR A2 H s .

x3 KRPETEEEALRSRBKCHLEE
Table 3 CH., content in atmospheric and seawater around
the platform during test

IR i GRS
KA 17x10%2.0 x10° 1.2 x10°~2.1 x10°
K 3.6~4.9 nM 0.1~12.2 nM
IR 5~20 nM 1.0~105 nM

5 “PUfL— AT IR

FESE R BRI R PR T i -
IRAAR =TT DU — R B WA R (18] 10) , W
B FEI10.77 mo RGP 20 E M0 DT
T FLES O IS B et R s b 2 e
W CoTRg Hr3) A A K B W R B
JEI 3 XK S e e 4 o W 5 2 AR B, T
J& I IR 28 P KGR T Y 4 (AR BE 2%
SEFAN KIR KA R R PR R

Wi 25 SR 0 ﬁb@;ﬁlﬂ -5 TR R K
e VBRI FP b 25 i %%{Ezmﬁlw TR
A 5| L T IS R e kR Xj‘fﬁiﬁéi 5 M 1T 22 W
AT BRI (8] °F- 15 8 34 j(‘h&@ﬂkC&ﬁéﬁﬂi%
3R

http://geochina.cgs.gov.cn 1 EHT, 2020, 47(3)



5478 3

A R A v [ R TR UK B A R R 567

6 4% i

ARG S5 IR KRR SR B iR 76 26
— AR LR T, SR KO R R A, KK
IT AR i 2 e AR, SEBE 2K 30 d, H
FER2.87x10 m®, S B UKIRCR H =S i 5.57 %,
s BRI PR, 7= A B R ARG 4
PVHVGE R 3, 7 LT SRR 3 99% , S s 2445 s
K BRI IR IEAR B A p il ad 72 v F e ik, 22
IR L 2T AR AL T %R
WU ST B IE AR, T AE AR 5 T SE B T AR 28
i, (1) A EWFHI R E R TR R AR,
KR FEAR T AR BLAS 5 (2) R H =35 B R0 1 4
JEE R A T H R, S T SRR 2 K E
& e AR IKOF I e T I, i AR 15.2°C/
30 mj; (3) 1 YAE DR K- FH: v R Ty S i i J2 34 7™
U, B P b SRS 7 S R AR B B 4~6
5 (4) BT A E0 AL BRI B T —&
B = BB RPEOR  (5) BB T AR R4
AR B WP T FF R A R R 1 R M
(6) B3 £ W Tk T [ 42 4 22 T R R S
W RS, iR 2 F B (7) A 20 R IR
FEMIBE R A, S I 55 7K P[] B Aeoas v ) o
Sl (8) LA A TWF A& 3, S8 W -
s B SEt W s (9) L A B A A @ T
ZFE 2SRRI RA KR IR R
DU — AR RS WA FR

ARG T RIREOK B Wbk 2 & 72
H ) FR 7 3 T 1 A A S JF R R T OB R
200, AR ER AR L T EEMROR, 5 EIF
FHEE , KPR AR 7= RROR B A BR IR T,
FE—ANH I N SE 0 T 80P Fa =<, AR B S B ™=l
b T i — B iR KA P TR AR T2,
FRBE 5 T 2 A A A R = W RS O )
K.

Bt A E o i AR IR R
EXBELERNTFEHAIEARER LT
A2 SE BT R H A AT A X 45 & A A B

References

Ashley M Burkett, Anthony E Rathburn, M Elena Pérez, Jonathan B

Martin. 2018. Influences of thermal and fluid characteristics of

methane and hydrothermal seeps on the stable oxygen isotopes of
living benthic foraminifera[J]. Elsevier Ltd,93.

Chen Fang, Zhou Yang, Su Xin, Liu Guanghu, Lu Hongfeng, Wang
Jinlian. 2011. Gas Hydrate Saturation and Its Relation with Grain
Size of the hydrate— bearing sediments in the Shenhu area of
Northern South China Sea[J].Marine Geology & Quaternary
Geology,31(5):95—-100 (in Chinese with English abstract).

Colwell F, Matsumoto R, Reed D. 2004. A review of the gas hydrates,
geology,and biology of the Nankai Trough[J].Chemical Geology,
205(3/4):0—404.

Dai Hengjun.2008.Bearing Capacity Analysis of Suction Anchor in
Soft Foundation[D]. Hangzhou: Zhejiang University (in Chinese
with English abstract)..

Fu Ning, Mi Lijun, Zhang Gongcheng. 2007. Source rocks and origin
of oil and gas in the northern Baiyun Depression of Pearl River
Mouth Basin[J].Acta Petrologica Sinica, 28(3):32—38 (in Chinese
with English abstract).

Gong Yuehua, Yang Shengxiong, Wang Hongbin, Liang Jingiang, Guo
Yiqun,Wu Shiguo,Liu Guanghu. 2009. Gas hydrate reservoir
characteristics of Shenhu Area, north slope of the South China
Sea[J]. Geoscience,23(2):210—216 (in Chinese with English abstract).

He Jiaxiong, Liu Hailing, Yao Yongjian, Zhang Shulin, Luan Xiwu.
2008. The Petroleum Geology and the Resource Potential of the
Marginal Basins in the Northern South China Sea[M].Beijing:
Petroleum Industry Press,1—4 (in Chinese with English abstract).

Heeschen K U, Collier R W, Angelis M A, Linke P, Suess E,
Klinkhammer G P. 2005. Methane sources, distributions and fluxes
from cold vent sites at Hydrate Ridge, Cascadia Margin[J]. Global
Biogeochemical Cycles, 19(2):1-19.

Jens Greinert, Gerhard Bohrmann, Erwin Suess. 2001. Gas hydrate—
associated carbonates and methane— venting at Hydrate Ridge:
Classification, distribution and origin of authigenic lithologies[J].
Natural Gas Hydrates Occurrence Distribution & Detection, 124:
99—-113.

Joris Gieskes, Chris Mahn, Shelley Day, Jonathan B Martin, Jens
Greinert, Tony Rathburn, Brian McAdoo. 2005. A study of the
chemistry of pore fluids and authigenic carbonates in methane seep
environments: Kodiak Trench, Hydrate Ridge, Monterey Bay, and
Eel River Basin[J]. Chemical Geology, 220(3)Doil0.1016/j.
chemgeo.2005.04.002.

Juichiro Ashi, Hidekazu Tokuyama, Asahiko Taira. 2002. Distribution
of methane hydrate BSRs and its implication for the prism growth
in the Nankai Trough[J]. Marine Geology, 187(1/2):177—191.

Li Chunfeng, Xu Xing, Lin Jian, Sun Zhen, Zhu Jian, Yao Yongjian,
Zhao Xixi, Liu Qingsong, Kulhanek Denise K, Wang Jian, Song
Taoran, Zhao Junfeng, Qiu Ning, Guan Yongxian, Zhou Zhiyuan,
Williams Trevor, Bao Rui, Briais Anne, Brown Elizabeth A, Chen
Yifeng,Clift Peter D, Colwell Frederick S, Dadd Kelsie A, Ding

Weiwei, Almeida Ivan Hernandez, Huang Xiaolong, Hyun

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



568 i [

b, J 2020 4F

Sangmin, Jiang Tao, Koppers Anthony A P, Li Qianyu, Liu
Chuanlian, Liu Zhifei, Nagai Renata H, Peleo Alampay. 2014. Ages
and magnetic structures of the South China Sea constrained by
deep tow magnetic surveys and IODP Expedition 349[J]. ProQuest,
15(12): 4958—-4983.

Li Jinfa, Ye Jianliang, Qin Xuwen, Qiu Haijun, Wu Nengyou, Lu
Hailong, Xie Wenwei, Lu Jingan, Peng Fei, Xu Zhenqiang, Lu
Cheng ,Kuang Zenggui, Wei Jiangong, Liang Qianyong, Lu
Hongfeng, Kou Beibei. 2018. The first offshore natural gas hydrate
production test in South China Sea[J]. China Geology, 1(1):15-16.

Li Wenlong, Gao Deli, Yang Jin. 2019. Challenges and prospect of the
drilling and completion technologies used for the natural gas
hydrate reservoirs in sea areas[J]. Oil Drilling & Production
Technology, 41(6):681—689 (in Chinese with English abstract).

Liu Junbin, Li Yufeng, Liu Jinduo. 2007. Application status and
Prospect of suction anchor technology[J].China Water Resources, (22):
37-38.

Ning FulongJiang Guosheng,Zhang Ling,Wu Xiang,Dou Bin,Tu
Yunzhong. 2008.Analysis of key factors affecting the stability of
well wall in gas hydrate formation[J]. Petroleum Drilling
Techniques,(3):59—61 (in Chinese with English abstract).

Qin Xuwen, Lu Jingan, Lu Hailong, Qiu Haijun, Liang Jinqiang,
KangDongju, Zhan Linsen, Lu Hongfeng, Kuang Zenggui. 2020.
Co—existence of Gas Hydrate, Free Gas, and Water in Gas Hydrate
Reservoir System in Shenhu Area[J]. China Geology, 3(2) (in
press). doi: 10.31035/cg2020038.

Shi Haoxian,Qin Xuwen,Xie Wenwei,Yu Yanjiang,Huang Fangfei,
Shen Kaixiang,Chen Liang,Li Bo,Li Bin,Chen Jing. 2020. A New
Complex Sand Control Structure.Guangzhou Marine Geological
Survey,China,Z1.201921020248.9[P].2020—04—-07 (in Chinese).

Sun Zhen,Pang Xiong,Zhong Zhihong,Zhou Di,Chen Changmin,Hao
Hujun,He Min,Huang Chunjun,Xu Hehua. 2005. Dynamics of
Tertiary tectonic evolution of the Baiyun Sag in the Pearl River
Mouth Basin[J]. Earth Science Frontiers,12(4):489— 498 (in
Chinese with English abstract).

Wang Pinxian, Li Qianyu. 2009. History of the South China Sea - A
synthesis[C]//Wang Pinxian,Li Qianyu(eds.). The South China
Sea—Paleoceanography and Sedimentology.Springer,485—496.

Ye Jianliang, Qin Xuwen, Qiu Haijun, Xie Wenwei, Lu Hongfeng, Lu
Cheng, Zhou Jianhou, Liu Jiyong, Yang Tianbang, Cao Jun, Sa
Rina. 2018. Data report:Molecular and isotopic compositions of the
extracted gas from China’ s first offshore natural gas hydrate
production test in South China Sea[J]. Energies.11(2793),1-7.

Yu Xinghe,Zhang Zhijie.2005.Characteristics of Neogene depositional

system on the northern continental slope of the South China Sea
and their relationships with gas hydrate[J].Geology in China,32(3):
470—476(in Chinese with English abstract).

Zhu Junzhang, Shi Hesheng, He Min, Pang Xiong, Yang Shaokun, Li
Zhaowei. 2008. Origins and geochemical characteristics of gases in
LW3—1-1 well in the deep sea region of Baiyun Sag,Pearl River
Mouth Basin[J].Natural Gas Geoscience,19(2):229-233.

Zhu Mangzheng, Graham Stephan, Pang Xiong, McHargue
Timothy.2009.Characteristics of migrating submarine canyons
from the middle Miocene to present: Implications for
paleoceanographic circulation, northern South China Sea[J].Marine

and Petroleum Geology,27(1):307-319.

Bt 32 222 STk

D7, A, o, R B R 21, T 43 2011, A RS 5 7K
YR AR AL S 55 7K A MR R 1 9 ZR (0], ¥ b B 5 55 U 4
H157,31(5):95-100.

FRAEZE 2008, 5+ T 35 7R AR T 43 BT D] AT - WL

B 2K S ZE, R TR . 2007, BRVL 0 404 1 25 MR R I R b 3Rl <
A [I). A 2E47,28(3):32-38.

FEIRAE b L, 0 2, G 4 o, SO, S ik (1,10 B2 .2009. g gL
AT B SR SOK G W B R AIE [, BEAR HB SR, 23(2): 210—
216.

i G X0V U, 1 i 2 KA PR, R B, A5 . 2008, i AL B 2% A
T CH T B IR AT S M. bt Tl B, 1-4.

2300, AR B . 2019 S AR SR G- Wt 28 58 I
PR SRR A AR T.22,41(6):681-689.

XIRIEE, 25 T 04, X 445 2007, W 7 B A 4 T BRAR B R 5[],
JKH](22):37-38.

TR 5 L Bl S 0, Sk, U2 . 2008, 52 5 RAR K5
HbJZ I BERGE WSS R T[], AT AR IR TR (3):59-61.

SV S 2R A SO U ST, L BT LA, R, 2R 2R A R
#2020, — il pr 5 5 4 By 0 45 K- v 1E,Z1L201921020248.9[P].
2020-04—07.

N, Ve e, Sl e, ) 3 R DA 0P 2, (T i, A6 4, VS 1 . 2005,
BRVL T 2 b 1 2 11 397 A= A Qo s 38 P 3 0 2% 0], 5 i 2%, (4):
489-498.

TGRS L 2005, B AL R DCORTIT R DIBUA RRFIE 5 RAR
SOKRE WIS A ZR [I]. B, 32(3):470-476.

AR T il R A 50, e A A /0 1, 22 B 72008, BRIV H 20 (1 = 1M
FATRIK X LW3—1—1 H: R IR IR AL 240 R PR I]. K%
A HBERBIAE,19(2):229-233.

http://geochina.cgs.gov.cn 1 EHT, 2020, 47(3)



