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Fig. 1 (a) Location map of the Shenhu Area on the northern continental slope of the South China Sea;
(from Ding et al, 2013[28)) (b) Bathymetric map of the study area (Shenhu Area) showing nearly seventeen

slope-confined submarine canyons; (¢) Locations of hydrate drilling sites of GMGS01 in the Shenhu Area
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Fig. 2 Correlation of core samples and logging curves at Sites SH1, SH2, SH5 and SH7 in GMGS01 of the Shenhu Area
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Fig. 3

Variation in mean grain sizes at Sites SH1, SH2, SH5 and SH7 in GMGSO01 of the Shenhu Area
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Fig.5 Grain size C-M pattern at sites SH2, SH7, SHI and SH5 in GMGS01 of the Shenhu Area
, 1 .
¢ 5,
( SH2 SH7)
(  SHI1 SH5) s
SH1 SH5 s
( 1 )
6 GMGS01 cM 5
( SH2.SH7.SH1 SH5 )
Fig. 6 Comprehensive C-M pattern in GMGS01 of the Shenhu GMGS01
Area(using the results of sites SH2, SH7, SH1 and SH5) .
C 4 CM
( 100) s « 5 6),
Cc=M « 6 (
), . ,GMGS01 ), A
( ) . BSR
M 2~20( 10).C 20~ 2
500 , CcC=M ( 1)
o ( 2),
Cc-M (

6) GMGS01 , ;



GMGS01 137

37 5 s
, SH1,SH4,SH5,SH6  SH9
(26,27 , 5
[37,38] )
(3132 .2
Lsod | Krishna — Godavari (403 |
[41,42] . [43,44] .
RERTI
7 GMGS01
° ’ ( [27D)
Fig. 7 Possible model for the formation of hydrates in
s GMGSO01 of the Shenhu Area (from reference[27])
()
(18] | 6
( ) )
e GMGS01
o C-M
, » BSR 2 BSR
,GMGS01
, ) 1< ,  BSR 2
) , 2( 1 . N
) . , 2 . N
BSR i ,
GMGS01 2 Cc-M )
. 7 ; S 1,
) C=M .
o C-M )
( D ) ,
; ( 2) 1 .
) 2 o
o , GMGS01 2
“ ” ’ (27 i )
, BSR ) o
SH2,SH3  SH7 )
10~40 m ;

[26]



138

2017 10

GMGS01

[1]

(2]

(3]

(4]

[5]

[6]

7]

[8]

(References)

Wu Nengyou, Yang Shengxiong, Zhang Haiqi, et al. Prelimi-
nary discussion on natural gas hydrate reservoir system of
Shenhu area, North Slope of South China Sea [C]//6th Inter-
national Conference on Gas Hydrates (ICGH 2008), 7 pp,
World oils, Vancouver B C, Canada, 6-10 Jul, 2008.
Yang Shengxiong, Zhang Haiqi, Wu Nengyou, et al. High
concentration hydrate in disseminated forms obtained in Shen-
hu area, North Slope of South China Sea [ C]//6th Interna-
tional Conference on Gas Hydrates (ICGH 2008), 10 pp,
World oils, Vancouver B C, Canada, 6-10 Jul. 2008.
Ll . 2011,
31(5): 95-100. [CHEN Fang, ZHOU Yang, SU Xin, et al.
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 and Quaternary Geolo-
gy» 2011, 31(5): 95-100. ]
LiuCL, Ye Y G, Meng Q G, et al. The characteristics of gas
hydrates recovered from Shenhu area in the South China Sea
[J]. Marine Geology. 2012, 307-310; 22-27.
LIl , 2016, 61(3):
388-397. [ZHANG Hui, LU Hailong, LIANG Jingiang, et
al. The methane hydrate accumulation controlled compellingly
by sediment grain at Shenhu, northern South China Seal J].
Chinese Science Bulletin, 2016, 61(3): 388-397. ]
[J1. .
2009. 29(2): 1-8. [CHEN Fang. SU Xin. ZHOU Yang. ct
al. Variations in biogenic components of Late Miocene-Hol-
ocene sediments from Shenhu Area in the northern South Chi-
na Sea and their geological implication[ J]. Marine Geology and
Quaternary Geology, 2009, 29(2): 1-8. ]
R . 2010,
30(2): 1-8. [CHEN Fang, ZHOU Yang, SU Xin, et al. Ben-
thic foraminifera and stable isotopic composition of gas hy-
drate-bearing sediments from Shenhu Area in the northern
South China Sea[ J]. Marine Geology and Quaternary Geolo-
gy, 2010, 30(2): 1-8. ]
L1l — ,
2013, 38(1): 1-9. [CHEN Fang, SU Xin, ZHOU Yang.
Late Miocene-Pleistocene calcareous nannofossil biostratigra-
phy of Shenhu gas hydrate drilling area in the South China Sea

and variations in sedimentation rates[ ] ]. Earth Science-Jour-

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

nal of China University of Geosciences, 2013, 38(1); 1-9. ]
[l — , 2013,
38(5): 907-915. [CHEN Fang, SU Xin, LU Hongfeng, et
al. Relations between biogenic component (foraminifera) and
highly saturated gas hydrates distribution from Shenhu Area,
northern South China Seal J]. Earth Science-Journal of China
University of Geosciences, 2013, 38(5): 907-915. ]
0.
, 2016, 46(9);: 1223-1230. [LI Chengfeng, HU

Gaowei, ZHANG Wei, et al. Influence of foraminifera on
formation and occurrence characteristics of natural gas hy-
drates in fine-grained sediments from Shenhu area, South
China Sea[ ]J]. Science China; Earth Sciences, 2016, 59(11)
2223-2230. ]

[l . 2010, 30
(10): 103-108. [SU Pibo, LEI Huaiyan, LIANG Jingiang,
et al. Characteristics of gas source in the waters of Shenhu
and their significance to gas hydrate accumulation[J]. Natu-
ral Gas Industry, 2010, 30(10): 103-108. ]
Wu N Y, Zhang H Q, Yang S X, et al. Gas hydrate system
of Shenhu Area, northern South China Sea: geochemical re-
sults[J]. Journal of Geological Research, 2011, 2011; Arti-
cle ID 370298.

ZHU Youhai, HUANG Xia, FU Shaoying, et al. Gas
sources of natural gas hydrates in the Shenhu Drilling Area,
South China Sea: Geochemical evidence and geological analy-
sisLJ]. Acta Geologica Sinica (English Edition), 2013, 87
(3): 767-776.

L. . 2009,
52(7): 1849-1857. [ WU Shiguo, DONG Dongdong, YANG
Shengxiong, et al. Genetic model of the hydrate system in
the fine grain sediments in the northern continental slope of
South China Sea[J]. Chinese Journal of Geophysics, 2009,
52(7): 1849-1857. ]

’ ’ ’

[J]. , 2013, 32(2): 359-365.
[MA Junming, XUE Linfu, FU Shaoying. et al. Seismic-
sedimentary facies analysis and evolution of sedimentary envi-
ronment in Shenhu Area, South China Seal J]. Global Geolo-
gy, 2013, 32(2): 359-365. ]
Yu X H, Wang J Z, Liang ] Q. et al. Depositional character-
istics and accumulation model of gas hydrates in northern
South China Sea[J]. Marine and Petroleum Geology, 2014,
56 74-86.

LIl » 2008, 22(3); 447-451.
[LU Jing’an, YANG Shengxiong, WU Nengyou, et al. Well
logging evaluation of gas hydrates in Shenhu Area, South

China Seal J]. Geoscience, 2008, 22(3): 447-451. ]



37

wl

GMGS01

139

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Wang X J, Lee M W, Collett TS, et al. Gas hydrate identified in

sand-rich inferred sedimentary section using downhole logging and

seismic data in Shenhu area, South China Sea[ J|. Marine and Pe-

troleum Geology, 2014, 51: 298-306.
0.

[ WU Nengyou,

, 2009, 52
(6): YANG

WANG Hongbin, et al. Gas-bearing fluid influx sub-system

1641-1650. Shengxiong,
for gas hydrate geological system in Shenhu Area, northern
South China Sea[ J]. Chinese Journal of Geophysics. 2009,
52(6): 1641-1650. ]

SH5 [J]. , 2010,
24(3): 450-456. [WANG Lifeng, SHA Zhibin, LIANG Jin-
qiang, et al. Analysis of gas hydrate absence induced by the
late-stage diapir domination in the Borehole SH5 of Shenhu
Area[J]. Geoscience, 2010, 24(3): 450-456. ]

Sun Y B, Wu S G, Dong D D, et al. Gas hydrates associated
with gas chimneys in fine-grained sediments of the northern South
China Sea[J]. Marine Geology, 2012, 311-314; 32-40.

[J7. , 2012, 55(5); 1764~
1774. [SU Zheng. CAO Yuncheng, YANG Rui, et al. Ana-
lytical research on evolution of methane hydrate deposits at
Shenhu Area, northern South China Sea[ ]J]. Chinese Journal
of Geophysics, 2012, 55(5); 1764-1774. ]
Wang H B, Yang S X, Wu N Y, et al. Controlling factors
for gas hydrate occurrence in Shenhu area on the northern
slope of the South China Sea[]J]. Science China; Earth Sci-
ences, 2013, 56(4): 513-520.
0. , 2014, 34(7).; 128-
135. [LIANG Jingiang, WANG Hongbin, SU Xin, et al.
Natural gas hydrate formation conditions and the associated
controlling factors in the northern slope of the South China
Sea[J]. Natural Gas Industry, 2014, 34(7); 128-135. ]
Wang X J, Collett T S, Lee M W, et al. Geological controls
on the occurrence of gas hydrate from core, downhole log,
and seismic data in the Shenhu area, South China Seal[]].
Marine Geology. 2014, 357; 272-292.

[yl ,

2015, 58(8): 2975-2985. [ SU Ming. SHA Zhibin, QIAO
Shaohua, et al. Sedimentary evolution since Quaternary in
the Shenhu hydrate drilling area, northern South China Sea
[J]. Chinese Journal of Geophysics, 2015, 58 (8); 2975-
2985. ]
Su M, Yang R, Wang H B, et al. Gas hydrates distribution
in the Shenhu Area, northern South China Sea: comparisons
between the eight drilling sites with gas-hydrate petroleum
system[ ] ]. Geologica Acta, 2016, 14(2): 79-100.
Ding W W, LiJ B, LiJ, et al. Morphotectonics and evolu-

tionary controls on the Pearl River Canyon System, South

[29]

[30]

[31]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

China Sea[ ]]. Marine Geophysical Research, 2013, 34(3-4) ;
221-238.
LiX S, ZhouQJ, SuTY, et al. Slopeconfined submarine
canyons in the Baiyun deep-water area, northern South China
Sea: variation in their modern morphology[ ]J]. Marine Geo-
physical Research, 2016, 37(2): 95-112.

[l » 2016, 34(5): 940~
950. [LIU Jie, SU Ming, QIAO Shaohua, et al. Forming
Mechanism of the Slope-confined Submarine Canyons in the
Baiyun Sag, Pearl River Mouth Basin[J]. Acta Sedimento-
logica Sinica, 2016, 34(5): 940-950. ]
He Y, Zhang G F, Wang L L, et al. Characteristics and oc-
currence of submarine canyon-associated landslides in the
middle of the northern continental slope, South China Sea
[J]. Marine and Petroleum Geology, 2014, 57 546-560.
Chen D X, Wang X J, Volker D, et al. Three dimensional
seismic studies of deep-water hazard-related features on the
northern slope of South China Sea[ J]. Marine and Petroleum
Geology, 2016, 77: 1125-1139.

[N].

(001). [LI Gang. China’s production of combustible ice en-
ded[N]. Peoples Daily, 2017-07-30(001). ]

, 2017-07-30

s .

[Jl. , 2007, 27(9); 7-10. [ZHANG Shulin,
CHEN Duofu, HUANG Junquan. Conditions of accumula-
tion of gas hydrate in Baiyun Sag[J]. Natural Gas Industry,
2007, 27(9): 7-10. ]

(1] . 2014, 88(3): 318-326.
[SU Ming, YANG Rui, WU Nengyou, et al. Structural
characteristics in the Shenhu Area, northern continental slope
of South China Sea, and their influences on gas hydrate[ J].
Acta Geologica Sinica, 2014, 88(3): 318-326. ]
Passega R. Grain size representation by Cm Patterns as a ge-
ological tool [J]. Journal of Sedimentary Petrology, 1964,
34 830-847.
Lidmann T, Wong H K, Wang P X. Plio-Quaternary sedi-
mentation processes and neotectonics of the northern conti-
nental margin of the South China Sea[]J]. Marine Geology,
2001, 172(3-4) . 331-358.
Zhou W, Wang Y M, Gao X Z, et al. Architecture, evolu-
tion history and controlling factors of the Baiyun submarine
canyon system from the middle Miocene to Quaternary in the
Pearl River Mouth Basin, northern South China Sea[ J]. Ma-
rine and Petroleum Geology, 2015, 67 389-407.
Torres M E, Tréhu A M, Cespedes N, et al. Methane hy-
drate formation in turbidite sediments of northern Cascadia,
10DP Expedition 311[J]. Earth and Planetary Science Let-
ters, 2008, 271(1-4) . 170-180.
Riedel M, Collett T S, Shankar U. Documenting channel
features associated with gas hydrates in the Krishna — Goda-

vari Basin, Offshore India[ J]. Marine Geology, 2011, 279



140 2017 10

(1-4) . 1-11. as aid in regional gas hydrate assessments. Part-1I: prediction

[41] Boswell R, Frye M, Shelander D, et al. Architecture of gas- of reservoir properties, gas hydrate petroleum system analy-
hydrate-bearing sands from Walker Ridge 313, Green canyon sis, and Monte Carlo simulation[ J]. Marine and Petroleum
955, and Alaminos canyon 21: northern deepwater Gulf of Geology, 2013, 47 269-290.

Mexico[ J]. Marine and Petroleum Geology, 2012, 34 (1) [46] Riedel M, Collett T S, Kim H S, et al. Large-scale deposi-
134-149. tional characteristics of the Ulleung Basin and its impact on e~

[42] Boswell R, Collett T S, Frye M, et al. Subsurface gas hy- lectrical resistivity and Archie-parameters for gas hydrate sat-
drates in the northern Gulf of Mexico[]J]. Marine and Petro- uration estimates[]J]. Marine and Petroleum Geology, 2013,
leum Geology, 2012, 34(1): 4-30. 47, 222-235.

[43] Noguchi S, Shimoda N, Takano O, et al. 3-D internal archi- [47] Mills P C. Genesis and diagnostic value of soft-sediment de-
tecture of methane hydrate-bearing turbidite channels in the formation structures—a review [ J]. Sedimentary Geology,
eastern Nankai Trough, Japan[]]. Marine and Petroleum 1983, 35(2): 83-104.

Geology, 2011, 28(10); 1817-1828. [48] Hineke H, Mulder T. Deep-Sea Sediments| M|//Developments

[44] Tto T, Komatsu Y. Fujii T, et al. Lithological features of in Sedimentology. Amsterdam; Elsevier, 2011 1-849.
hydrate-bearing sediments and their relationship with gas hy- [49] Normark W R, Gutmacher C E, Chase T E, et al. Monterey
drate saturation in the eastern Nankai Trough, Japan[]]. fan, pacific ocean[C]//Bouma A H, Normark W R, Barnes
Marine and Petroleum Geology, 2015, 66: 368-378. N E. Submarine Fans and Related Turbidite Systems. New

[45] Riedel M, Bahk J J, Kim H S, et al. Seismic facies analyses York: Springer-Verlag, 1985: 79-86.

FINE-GRAINED TURBIDITES IN GMGS01 OF THE SHENHU AREA,
NORTHERN SOUTH CHINA SEA AND ITS SIGNIFICANCE

JIANG Heng ", SU Ming'» WU Daidai’, SHA Zhibin', KUANG Zenggui' .
WU Nengyou’, LEI Xinhua', LIU Jie*, YANG Rui’*, CONG Xiaorong®

(1. School of Ocean Sciences, China University of Geosciences, Beijing 100083, China;
2. Key Laboratory of Natural Gas Hydrate, Chinese Academy of Sciences, Guangzhou Institute of
Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China;
3. School of Marine Sciences, Sun Yat-sen University, Zhuhai 519082, China;
4. Guangzhou Marine Geological Survey, Guangzhou 510075, China;
5. Key Laboratory of Gas Hydrate, Ministry of Land and Resources, Qingdao 266071, China)

Abstract : Based upon the high-resolution seismic data acquired by the Guangzhou Marine Geological Survey
and the cores collected by the First Hydrate Drilling Expedition (GMGS01), a kind of fine-grained turbi-
dite is identified in the Shenhu Area of the northern South China Sea. According to the seismic profiles
crossing hydrate drilling sites, two seismic units are recognized above the BSR (bottom simulating reflec-
tors) : the Unit 1 at the bottom consisting of thin-bedded lenticular chaotic seismic reflectors and the Unit
2 at the top consisting of thick continuous moderate-amplitude seismic reflectors with wavy structures.
Grain size analysis illustrates that the deposits are composed of fine-grained silt or silty clay ranging 4-63
pm in grain size. Both the lithological features and grain size parameters are consistent from bottom to top
without significant changes. It implies that all the deposits should be the results of a similar depositional
process. Moreover, on the C-M diagram, the samples from the hydrate bearing sediments show a distribu-
tion pattern parallel to the C=M baseline, indicating an origin of fine-grained turbidites. Regional survey
suggests that these fine-grained turbidites might be associated with some small-scale channels in the north
of the Shenhu Area. The sediments provided by these small channels move downslopewards and re-deposi-
ted in the middle to lower slope as fine-grained turbidites. Based upon the above interpretation, a model is
proposed to reveal the relationships between fine-grained tuebidites and hydrates, It says that the hetero-
geneous distributions of gas hydrates in GMGS01 of the Shenhu Area, northern South China Sea probably
owes its origin to the uneven distribution of fine grained turbidites.

Key words: fine-grained turbidites; gas hydrate; northern continental slope of the South China Sea;Shenhu

area



