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Abstract: Migration pathways of gas have close relationship with migration and accumulation of natural gas hydrate. Based on high

resolution quasi—3D seismic data, and combined with practical drilling results, the authors studied the geological and geophysical
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features of gas migration pathways and their controlling effects associated with high saturation gas hydrate in GMGS3 drilling sites
of Shenhu area. The results show that multiple types of migration pathways are developed in high saturation gas hydrate drilling
sites in GMGS3 drilling area, which have favorable corresponding relation with BSR in space. Enhanced reflections occur closely
beneath the BSR, and gas charging phenomena are obvious under the enhanced reflection, indicating migrating pathways exist under
the gas hydrate stability zone and deep gas has migrated to shallow formations through those pathways. Deep faults, mud diapirs,
gas chimneys act as vertical migrating pathways that connect deep thermogenic gases with shallow biogenic gas and pressure—
temperature stability zones, and gas hydrate can be formed and accumulated just over those pathways. Shallow slump surface and
high continuous sand bodies composed of channel sandstones and submarine fans provide lateral migrating pathways for the
migration of shallow biogenic gas and partial thermogenic gas from deep formations, which expands the range of gas supply and
increases the gas hydrate distribution scales. It is concluded that tectonic structures and regions with favorable coupling relationship

between hydrocarbon migrating system and other elements are prospective targets with high saturation gas hydrate.

Key words: natural gas hydrate; high saturation; migration pathway; GMGS3 expedition; drilling site selection; Shenhu area;
northern South China Sea
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Fig.1 Location of the natural gas hydrate enrichment region in Shenhu area, northern South China Sea
a—Geological setting of Shenhu area; b—Distribution of seismic lines and well location in GMGS3 drilling area
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Fig.2 Characteristics of LWD data (a-b) and cores (c) of gas hydrate with high saturation in GMGS3 drilling place of Shenhu area
(Sh: Saturation of gas hydrate , /K5 ¥y FIE )
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Fig.3 Seismic profiles crossing high saturation gas hydrate drilling sites in GMGS3 drilling place of Shenhu area
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Fig.4 Characteristics of faults developed in high saturation gas hydrate sites in GMGS3 drilling place of Shenhu area
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Fig.5 Seismic reflection characteristics of gas chimneys (a,b)and mud diapirs(c)developed in high saturation gas hydrate sites in
GMGS3 drilling place of Shenhu area
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o WA NKGE 1Y & 7 33 B A R
A E, BRI, e T KE TR A E
I VA5 7K 38 & A= BT 0 AR T o A Te] /K G
A B B9 R IR IE—IK T B DLRUA & (Wang et al,
2014; FRWI5E,2015) o {H A2 BTG R R R 2
B, KR B B oA AN R AR 20, T
ANELEK U, RIRGE LAY ni iy AR, 1l
HKIE—RIRVEN AT , WA K AR 1T 78 BT ) Jin
P, RIRSE b it R AK R B AR 25
(&l 6b, [517) FEKE P42 3 LK KBRS i i ]
GORABURERAL , th T I OB ALBE , DU G 800 13
R AESE P ZILTE R T A 1 R S R (Wang et
al,2014) . 7KiE KoK T B AHXPHURLTCRR B9 0 A4
S ¥ H 2K B Z AR OO F 52 < K
BRI AR T GE R RE R R IA BE

DO IR R U — 2D T AR PRRL TR A 2
PRSI ATEAS AR I A LIS E S A 1 T K&
YISO ] B T O RR A, X = i AR K A ris 3R
B AT e 2 —EER , BT e R BUK G WA 5153
i (Wang et al,2014; FRHH5E,2015)

6 1 ®

6.1 ARXEEBRHESEASKEMSBEERELR
6.1.1 IR KRBT EL JRFER SR B sHR IR AR M) E B 3R F

GMGS3 Fl R B R & BT RUK AW, 5 i FEE 2
NG or ffh & A — 5 F il CoHe . C:H 55 DA
KR, ELAT RETREE B0 W 38 A0 (484 35 (Zhang et al,
2017) , R BIK A W 0y AW & A T RS BT
ko F1 2 U1 T A T SRS B T TR0 114 ol
— R AR R B AN AT SRR R

BRI AT I TR/ s

BUAETRAT IS/ s

K6 MR GMGS3 BliR X We 5 Wd 3 {3 AR U 1 12 7 W = A AIE
a—id We F Wd Bl i 2R ; b—ih We Fl Wd 35 31625 T2k
Fig.6 Seismic reflection of lateral migrating of natural gas in Wc&Wd drilling sites of GMGS3 drilling place in Shenhu area
a—Crossing the inline of We&Wd; b—Crossing the crossline of We&Wd
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PRI R ICRE SR 11 4538 8 1Y 52 i 5 2 0
R K M ep e vh G (R AT AR SE, 2007 it Fl
A 252010, it A1 A= 25,2014 , 6 SE 1 B8 R A 5 1Y
i B FR G0 AT N IO R S R S s B S AR AL
RERBIEE- S Lo

TG, W8 & B TR TR K W 24 0T B L) 2F
R R, W SO R TR A B
— A S S W R LaE R, —
AT, 22438 38 RSP R B i 21 22 ) ) R 3 A5 T sl A
B 2 TR 19 3% S MDA, G A0 A AT 1 X 2
WA KA R, 78418 0 P P RN figg )2 o) sy
FUI AL 5 75— 5 T, F 53 A CRT AR B2 U W 2 1)
B R ZE s, ik A B S IR K S Yk
PR PR Bl A <7 T J2 B e i
BUKE Y (W ErES,2017) . Ok, i FnEE K &4
7 S A T T B UG RE B SR 1] T AR S TR R A
fifp S ) 1% 242 F B 19 3 6] 38 1B (Wang et al,2014;
W M 1%, 2017 ;Zhang et al,2017) , T 3E3E SR A7 Hb
FE R b, PRI RE B AU 11 26 A AR sl i L B ST
A, TEASCR AT ) AT UL 3] 5 AR S s R, L
VRICRE SUHH 1 5 BSR XN ¢ & R 4T, 76 BSR [ffifT
i H BE P A LR 19 V' AMP 45 4 (Zhang et al,
2017) , 7645 3 B 7y T 20 $A i A o U8 IS RE 2 SR
& T[] 3 18 A 2E T a8, 7E BSR MR 7RSI

MR T A I AR B SRS A R SR
REL T AKED(ES5) . Wa, Wb 47 B S &
3 3 Ik DR 43 T TSR RS RS R T A A A
FEK G 1A, KGR 7 B B & A R D2
FIS A & B B BSRFEHE , S i A K &4
SMRIBRAILL B F W (R4, B S) .
6.1.2 REAH 5 i 40k 5 3L5 BN & 35

TSR A T B A BT K A T R 11 1
oA, SRS TR R Y B A b2 R ) 2 85 . R
] iz B 38 T — M S AN 3 G TRV PR R A )2
GMGS3 i #R X PN Z 0 (L AF AR 2 B T8 i i 7K
TR, T RIE A 582 S DI C -
PSRRI K . H DAL AT, B DU 22 I I /KGE
1Rk FE Y B AN A T SR m LB et
RO R S 06 JES ¥ 335 T B %) T B0 TR ) B T VR 2 R M2
B 1% 7] 5 538 3 (Zhang et al,2017) . GMGS3 K
53 a7 BSR & B0 B S5 EEAE G, HirHE
S 1A B B L 3% SR MR R B S, R B AR T B T 1)
M2 BT ) kA T S, DR B A SR
PG BT T K AW M Wd sl o7 i 72300
LRTE KB YR T W AR AEAS B ., 5 A
TE 1 58 S SRR AIE 5 1 2 = R i B 8 1 01 56 &R
(&1 6) , BSR 43 1fi 5 16 J§& e 35 T i A0 i 233 1 e A o
A, VLA AR T I R A T B s i, I AR 1 4

7 ISR GMGS3 SR DI G A TR S SR RFIE B S ey R BE 7K 5 ) IO 2
Fig.7 Seismic reflection characteristics of canyons and their relationship with the migration and accumulation of high saturation gas
hydrate in GMGS3 drilling place of Shenhu area
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W 2% 7K T A T DG Bt A v AL 9B i S P 1Ak [
FERTAE RS AR 0132 % A T8 , SIS B R T
i 3 X, e 73 /K G AR 1k T VDA AR B, e 43 /K GE
NP IR BOK TR , % LA AT AT DU LA
TR, H NG s OB R, 7K 8D B 06 i i 1)
2 M s J2E it >0 5 07 J22 R JRCRE A=A 4] AH D
BCHS, ATAEIE 78 &8 L the—5 pu 4 b 23 b i <A
(A0 )32 Bl A, AR 2o 3 SRR 17 15 F LB i 452
G N Gl = VAl [ B 417 e B AN |
KA YR B ATIE K A4 (Wang et al,2014; 75
HI4E,2015) . SEPRK A WA RG KRB KEW E
B AR TE R DX 75 7K I (] (858 L AR L skt
TR & B DRI B v 33k S A IO AR A A
FEXTESH, A R TR 2 B R E (K 7)o
6.2 SEEHBHRESE R SEIMEKEYWEHIRE

i) =Pan

IKE YA I T 45 R B, RTS8 I TR
AR5 A LK B R Y FE A A, B T H =
MR & AR M B =2 v, TG e A Y A R IR S A
PRI ACHEUR, #B A LA K G Py B e IR HE 25 (fr] S
85,2013; P40 A,2014) HSCPREGIREE BT, K
Fek 7/ iy oE 1 I R 20 O T e O W S 7 O <3 e 7 o 1
(ARFAE (A7 EAEAE, 2017 s SRARHEAE,2017) , e T B2
KGR SRR I ™= . LIRS R, #iR
R R 28 R A SR E RS o a0 2 B B 2
NE, Ky X i S5 AREAE, A [) 308 3 B A DG K G S5 AR
E A A X RGEH LR, SFEZ K ]k
R ItAR i R e, A e R i i R T A A
e K AE N ) IE & R s R . MR KA Y
AT TR IG5 W 3R B B 7 i X I I 7
VSR DX, PR B R SR K S5 &, LA
At 3l 7 B A R T B vy, R I LA IS RS R
PESh 25 f oA I, T Ak T3 A b — L U B R 43
S IR R W R R E , TR CRE B U 14 54
HA 22 5 KB HRHAE, 13 SR RS0 K A PR 2%
SR, — 7, GMGS3 iR IX BR KT T 25
eSS AR SER R (SR NEESIN A SERIERT)
SIRPE T M A AR 22 57 i e B R R
SRR BCH I R B2 A S T T L T IR
TSR IR 530 3 T 1) 5, SRR Bt T A AR

L4y s Mz 2 2=JE LRt —S 2 TR iy <
PR DL S AN IR IR R ALB S SR
REIRE 2 5%, 57K T AU B R TE TR T
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RIS , 3 JICAR 0 A b 3 2R 9 IR Y, SRR R 1 A 1B
JZ2 V) 8V R S el 3 0 el AR Ak s S
I, B2 AR UL R BE | e 28 3 BUK -5 W 1 FiEE
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