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R K G W b Y S BE 2 A R A ) R TR
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and Soloviev, 1997; Chen and Cathles, 2003;
Chen et al. , 2004; Lykousis et al. , 2009; Vaular

T AR SR I A b B R T e TR R R A S0 OB B TR ) 3 4 (G5 PLC201407) | [ 4 9% U8 56 15 IS 5 7 9% 5 o 05 52 56 = T
A4 (5 KLMMR-2017-B-07) [ % F AR B4 1 136450 H (45 41576048) () M T BRYCRHE 37 28 P B A dh- [ B} 2% Be B 32 A 1

T (4 2015 A-4813) 4 %% B R .
Wk B 13 :2016-07-28 5 i [a] A 4 : 2017-02-26 ; B2 AT 4 48 - J fk .

PR RIS ABESR . 4 . 1983 4F A, B, B PI935, B A 32 22 30 3 il A A A0 M V38 K AR SOK A 0 G 15 9% TR T A 45 O 1k A B T
ff. Email: congxr@ms. giec. ac. cn, iRAEFH IR0, 55,1983 4F 4. 18+, Bl 2042 . H Al 32 28 N 35 5K UUBUA 28 B W I00RE i 380 K AR <
TR W I 3 SR 2% A 40 A 25 05 T (R 22 A BB T/E . Email: suming@ms. giec. ac. cn,



1

MNIGE SR A5« 5 AR I T B 1 R T AR PRk 7 5 R F) 5T R 171

etal., 2010), Ht. 7E# B AR MR 5F &
SRR IRE R P ERIE Bl E IR K ST
A =3 1 T o) 1 DG IBE 70 BT R A A PR A X v
TR K G W TR o3 A1 B TR . R T SRR 5 ) B
POFBE PR VAN (0 B . AN 74 R E AR S 3 e R 4
Z 2 AR IS RS B YRR /L T IR AR AR R
J2 F 5 AR IS T 2 1) B OB M) 2 R T
TRAB BRI A K 5 1 B9 5T R (Ostanin et al.
2013, Vadakkepuliyambatta et al. , 2013),

111'E 112°E 113E 114 115 116°E 17 118°E
Z S
B

N
22°N 4

T v A S ol 4 o VA A2 R L K G P B
B H A X, 2007 AR 2015 AR B L BRI ES)T N
T 15T R A R 3 N AT T AR OK G 0 R AR IR
(GMGSO01 Fit GMGS03) - # 4R BT 7K & ¥ 1) 92 9 B
N 1R 2 7/ R TR A P VA m 7 AN B g = P L 21
N CE D S FHBEAR T, 8 1 B8 1 Vg 3 AR 0 IV
5 (Zhu Weilin,2010), 2007 4 GMGSO01 fii % 45
BoR, K E W oSk ke S il 99,899 ~
99.91%,C,/Cor JEF 2 911~1094, 8" Cep, fH 78 [

(b)

1000

[o FRAannk
sites with hydrate from cores
[O PR&BA & s

sites without hydrate from cores

[@)] BsRrs

|
115°30'E
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L1 e v i i 3 X I 35 X 38 o7 ¢ ]
Fig. 1 Regional location map of the northern continental slope in South China Sea
Ca) —BR YT T 730 3 4 3 K] 43 Tl R Aol AT ) 3 /=06 o A7 8 5 (o) — o A T4 3 G 0 550 49 i 5 W W K A 0 i 4 IX 467 T
(e)—2007 4RI HK A P B R (GMGSO D) FE LA 5 (d)—2015 4E 4 IR S8K A 4 4 #R (GMGS03) {3 1]

(a)—Tectonic division of the Pearl River Mouth Basin and the locations of industrial boreholes;

(b)—seafloor topography of the Shenhu area and the locations of gas hydrate drilling areas;
(c)—locations of drilling sites of GMGS01 in 2007; (d)—locations of drilling sites of GMGSO03 in 2015
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A —60. 9%~ —56. 7%, (Fu Shaoying and Lu Jing”’an,
20105 Wu et al. » 20115 Zhu et al. , 2013) . i WK
BV AR P2 B W R R B2 L CO,L 8
YEFIE B W B 7 323 IR & LR ST 2D TR
PR N R mEkE D (Wu et al. , 20115 Zhu et al.
2013), 2015 4 GMGS03 fit¥k W17 357 1 W19 ¥
AL 3 IR AL 23 O 45 A8 7R T BGE S E CBEATT
Bt (B 3) o Bl Tk 52 11 84 /K & 9 75 w6 AU &8 09 A7 7
(Yang et al. , 2015; ] JH ¥ ¥ Ho Bt A 75 J  http: //
www. hydz. en/showinfo-4599. html) , B & &8 #4 i,
HATEERT K G YWIE A R AL SR & T '
YEM.

X T A Bl % X T A ] LR B, o R
FRAR A (B D LR AL T 1 = MTBE B 42 T . 2 A1
25 R T BUE] — & AR R MR 5N S AR B AR AT Y
BRI NK G E W R 22 577 X T GMGS01
Bl P DT 5 TR T A PR A A5 LY N UK B T
R BA DTk, BCE B U R DTk i R T
SR 5T A AR 5 T i PR 22 0 B PR R T
Tk 7 7 SCEEA 3 il AU X I DR TR IR A A
8 5 735 o e X A s a5 0 A 38 S L 1Y 221 T
FUNT H o DA T 288 78 F I 7% R0 RE 22 57 1 #R 8 X R A4S
BRI N K& WY 22 S 06 AT 1 A R AN 0 A 0 T 4
t GMGSO0T B4R X H A “ Hop AUk 45 5 R 2
] 32 B8 BF 25K 3 I8 B8 RRR IR SRR AE AR TE R A
KRS 5343 5 MR AL 3R 43 08 0 AT RE M JF Al X
FiAT BEPE & 2007 4F #f A K G 90 4 1R XN #48 BR<
DN EE LN E YN

1 X R 5

I v A7 T P v I I B %) o 0 YD T A
SRR Z ) KRG 600~1500 m, # 3 b5
J& T ERUL 1 A3 2= MR (BT 1a) o BRVL 1T 280 3
R LR . Z ARV Eshnysm, 3= ME#EZ 1
B 8 44 38 U0 % (Cong Xiaorong et al. , 2013),
[F) I 2R V0 32 3l 5 TR BB 2 A0 AR 10 k5 AR 2k
(Chen et al. , 2013) . FEH = M NIKFHE .2
W2 RS AR s B EE N R . PR
22 J5 o TR P A 0 FR 78 35 DL~ T — T il AH TR
L BRI G = AN TR K K B AR G D BUA 8
N & E (Pang Xiong et al. , 2006),

PR A7 T il 22 Bl Bk X BRVEOK &R 7 T 3
AU BRI AR R e A 6 TR (A 1b) . TR
S AFIE R /R B X — XUk B KEY 17 SRR

(B 1b), B FE 3 PR il 28 9% S 0k 25 % (Li et al.,
2016; Liu Jie et al. , 2016), Su Ming et al. (2015)
IR 2D #5200 £ ik T i IS b 2 19 728 6
fiE s B b 1w e PO I 3 R 3 A XU R Y
W B WY S 1 2 AR AR A8 A Sy T ISR A L T IS I 28 R
R E UTRY) R RO A Y DX P Al oy i B A %
8 T I X

2 XSRS A SN A SR S T

B A AR LA e AL BB KRl & DU T B R
TURZ L JEJE 3K 1000~ 7000 m, 37T FR 91 o (9 43 AL
R (TOC) N 0.46% ~1. 9% , HLAT B KBy R %
Vi 11 (Ma Wenhong et al. , 2008), H = M F4 v
T R BT Y Bk B AR (AL 1) SR BR VL 1 48
b f KB A I TR T AR 2 12000 km” s f K PTRL
JEREE 3T 10000 m, F ¥ )8 8 3 5000 m (Zhu
Weilin, 2010), 4 t— 5L 08 o 01, B = M pE
A F A BRI T L A ) T A R Y A
FEAE RIS (e B DORR B 28, S 32 B 40 SC 5 2 F B 4
R A 8 R At T 4 1 (Pang Xiong et al. ,
2008), LW3-1 A HM A IEE T H o MBEA
B KRB AW /1 (Zha Weilin et al. , 2011),
AR Bon . SCE A UTR Y A WL & R
0.65%~5.2% A HLEZEAILL T, B F B AR b 3, K
43 A 3k J A B B s B A A AE 2 YR 1 e 3 5
ROV 2 R 5 1A HLAK 2 28 0. 3% ~5. 6 %6, Bk S5 2
g LR A ATk 6. 1% ~22. 1%, A5 HL 2K R
DL, BT AR O 3 A T BB B 72 T = MR L
Wi N AT (Wang Cunwu et al. , 2005; Fu Ning
et al. , 2007), LW3-1-1 JF KRS M BRfL 2% 7 B %
B BRI AP R A A HLIR S o 1,00 ~1.5%,
AL A LL T, BT AR O 3 Ak AR B 2 B B
(Zhu Junzhang et al. , 2008), NI, 1 #H 4 5
AR BT R B T o N a4 I 1 R 5 07 (1 4 R 87 X
L ZE I =& X & U5 B 5 0 3RO A
ST,

HRET DR BR YT 1T 4 gk A X 1 DT R B
B i 2 b s DLR R BRI ARL DR R
JEEER R A LT BB A R i SR ) At
Y595 7 (He Jiaxiong et al. » 2008), F| ] SH2 i
K TR V)2 T HiL JZ R 30 0 3 9 B 1 45 % . Su Pibo
et al. (2010) FE48L T 3% o A7 b Hb 22 1) A3 B 5 g A
JE S I R R b 2 U YT A L B A T 4D
BB S R 0.2% ~0. 5%, A HL T AR 2 B A1
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DA 9 B PR 7 A . ARl S I 14 V8 DS L
FHL IR B B L Zhu et al. (2013) 30 o 0 74 358 A= 4y
MR EERIETWIRZ T 416 ~1165 m AY
JUFE . BRAh . e d R SR BT K Y B A R R SR
L B 0% CH (—47. 65%~ —29. 67%) il
BB 0" O {8 (3. 75%0~4. 31%0) » Ui W% g R 19
AR IR Ak 2 H e IR AR I 7= s T & O 1 i
R fE 2R T RAKKEG WM 4 (Lu
Hongfeng et al. , 2006), @I HB R T HIK
VL B FE S B e R4 T .
3 AR SRR SR A

2007 47 OISk ey 7 MV E b R O A R A
LSt T RO RO I K R K AW R
(GMGS0D) , LRI 8 A fEH A 3 A3l 7 (1 37T
Y 3R BT KA W SR (B 1o (Wu et
al. , 2008; Yang et al. , 2008), #Z EIANTLHEY LI
V1) 1) T 15 48 T RE B O LS R e T IR BOK B W 1E
B (Zhu Youhai et al. , 2008) , 3l & PE £ T 25 S F7K
B0 i SO TSR R IR AT A . MR L2
50 M 45 R 8 R AR DR A P T2 A0 0" Con,
R — T4 3%~ —46. 200 KFR4F/NTF —55%0 s KEW
O3S s & iR F) 99. 89 % A 99.91% ., C, /Cos
JEHE 911 ~1094, 8" Cen, H — 60. 9%~ — 56. 7%,
(Fu Shaoying and Lu Jing”an, 2010; Wu et al. ,
20113 Zhu et al. , 2013), FWIE K G YR BE
AR EERA CO, WA /R H (B 2) 8 7m
P S50 1 7K 6 0 R AR AR oA LA sl CO,
W A R BAY R e o 2 S AR A TR TR

POk A BE ) STk AR R 2 (Wu et al. . 20115 Zhu et
al. , 2013),

2015 AF T I Y 1 5T R A JR) A PR AT
T rg g AL ER RGO XS = W K A W SE PR AN IR
(GMGS03), i} 88 K, L4 19 A ulifir (B 1d),
L B b 1 b Bk AR 27 4 B SR o Y B AE T A SR
B il (To B PR R S BRSO A i
HEEZ ST AR AR B 2 WL Sk
AP LE TR LA 135~157.5 m Z [a] (1) ¢ i L ity
JELLTF 100 ~135 m 2Z [A) fb) ¥ B = (Yang et al.
2015) . W17 w57 1y B il v, L 238 ok 32 B 2 7R 7K 5
WAL F AR A IS . H e I e % 8 T REAE
eI B RRA KA Y. £ W19 36 07 ] K 7o
WI19B-21A 2R A 3 BE/R (R e+ 288 = N
FE ok 0.993 = 0.0046 : 0.0022) &R A7 7E [T % K 4R
SKEY (K 3)(Yang et al. , 2015; ) M 1 7 Ho i
W& Jm,
4599. htmD . FARE K 591 1 & AL [ 1 16 1) )
TR X0 T I 3K G ) B B 5 HL A
438 7 AN L3

2o = P
RN
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Fig. 2 Geochemical results of the GMGS01
()—8"Cen, 5 C1/(Co+Co) B 5 (b)—8"Con, 5 0Den, B (B E Zhu et al. , 2013)
(a)—Scatterplot of 8]3(}111 and C;/(C,+C3); (b)—scatterplot of §' Cen, and 6Dcn, (modified from Zhu et al. , 2013)
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Fig. 3 Hydrocarbon gas compositions of Sites W17 (a) and W19 (b) in GMGS03
(modified from Yang et al. , 2015; http://www. hydz. cn/showinfo-4599. html)

I A RSN Y 11 B R R O Uk & 0 (& 3) . A
ER AR B R 0 T R R A X HEAT T X
Fo o Ay B ) — B AR R TR 5 T S AR EEAR T 1Y
BRIXN KRG W) KRR AW B 22 57 #EAT0EoE,
Xof 33— 0] {4 4L 40) 6 114 3 T R A R

AN 2D A1 3D b 52 55k 7 I S
Y O s B 38 5E Hh UM 1 (Sun et al. . 2012)
R B2 S R 368 rh /I RUBE 1 1B 2 08 388 J2 B
ZH i (Chen et al., 2013; Qiao Shaohua et al.,
2014) , I AR it A4 iz 7% 7T RE 132 B Jy 1) 6 Ly i
Wiz #% 38 36 F1 N ) is % i J6 (Su Ming et al.,
2014) . JE 3 F 1 o A ) PL R B, ORORUBE W 2 AR
GMGS01 X BN FFA KT (B da) S 2 1% XI5
PN AR S o) % 1) T S AR TR A L I R Y SR R
i B S AT RE I S 1 & AU MR Y FE T (I Ab AT
de) o MAM AEX — XA & B R /N ROEE Y
J2 X SE TR 5 UM R A % (B 4b FE] 40, 57K T
UM S R E R O AT R E— AR E T S R AR
Y 3 4] 35 7% fE /7 (Su Ming et al. , 2014; Yang et
al. » 2015; Su et al. , 2016a).

Bl Ad #7817 R R T2 0 3 TR 7] LR
)RR W )23 %o A 50t J22 o TS )22 A 30 1) 3 G AR
FH W7 J2 36 T R 1 — 2 S R S A S e v

B DOR TR R 3 7 51 (K] 4d) . X BT DL X 3
P R 0 5 iR MR S SR T AR X R A TR e U B I R
FEOEM TR MR X N ENBREZR. 5
GMGS01 X He 41 L. 75 B 5 35 0 AR i 58 2R 3 19
GMGS03 X He, Ji§ JE 4 38 5 B W, Jmy 38 m] 0L PR <
DA 30 2 P A0 3 S R I S B0 R A Bl R R 4
(l de), BEAL, DX Py R RUEE B2 32 2 43 A1 78 AR
WA A& L &M & B (E 4a) (Su Ming et al.,
2014) .7 GMGS01 X H I A K F » i /£ GMGS03
X Herp o i i 8 O HBE AR LA FN AR | 8 2
£ E 4D,

&S B 8 T TR R . GMGS01 [X
P LUK A e N ROBE W7 2 AE o 2 Z 2 B 12
1M GMGS03 X He A U i 806 R AL 36 A1 R B B J2
(4), UM B 12 1 28 B0 22 5, vl D 25 15 0,
GMGS03 [X e Py 119 38 38 iz B 20 RE 0 &, U5 A BB Y
R SCRB 8 U A5 TR R T )23 B A b T[] 55 % 3K
BWFEN N
4.2 HINBHRBREERSEEZH

£ X 2007 4 GMGS01 45 # 45 3., Gong
Jianming et al. (2010)F1 Hui et al. (2016) AN T{EFE
VAU i 32 XA A B A= 0 s PR R A B PR 7 A 2 A
TG AR BRI K A P R IS AT R TR AR 2R
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¥, Su Pibo et al. (2010) 3 1 xf 1 SH2 3l {37 3 52
FITE (9 43 A7 GMGS01 X & & 1 Wi 24 nf LU #%3
TR OIS o VAT A SR A TR S T S ORE Ak A
AT KA otk B /N X — WS 15 5] T Zhu et
al. (2013) 1A H] . Chen et al. (2013)IN N K
SR AE BT AR 1) 8 R B i B4 R AR

Comparison of the gas-bearing fluids migrating pathways between GMGS01 and GMGS03

BERR , G & AR FE s B e ) 2 30T B X
A AR 5 TR ER P R AR B8 4 B RFR Hb )2 1Y
KEWREN N

SR 2z M AL PY30-1-1,1.19-3-1 i1 L19-
1-1 S5 1 1 3ib Bk A 27 003K 43 #7 388 (Hou Dujie et
al. » 2008;Zhu et al. , 2009), /R 7E 1000 m (¥ Hh
R EAE R R E T T —30% M s . B A B
AR FRRE PR AR AL T SE R AY 650 m Ak, 6" Con, AT
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KF—45%0, H C/Cor /NTF 30, 4K SR 2 B #4% [] 0o 0.C41/CH o _2;&,,_%0) »
UG (B 5) (Su et al s 2016b), JCOh MARHE | oir R
B TUBIRE M R AR A BT R R e | S LIeL A1

JERTF 90%, & — @ 5 S be N bE b T He s
Ci/(Co+C) e fE /N T 504 H. 6" Cen, 9 —29. 8%,
~ —48. 2%, LB ML ) PR PR AR AIE (Huang et
al. , 2011), 2015 4EFEAHEE 15 km &8 GMGS03
X B A BL T FR K A3 9 (Yang et al., 20155
M EE ML R W & /. http://www. hydz. en/
showinfo-4599. htmD) , y ¥RFR 42 2 S AR BE 18 45 &2
B BERAR KB R E N NS AL T AR . @ Xt
GMGSO01 [X He 8 > uf {or s 2R ¥ B2 5% 44 49 23 #r s
Wang et al. (2014) $ %2 28 TR 1 3 17 12 75 A
A DXCIBUK G ORI 23 A R GBI R LA K
SH2 . SH3 #1 SH7 3 {5 7K 55 ¥ i 3 B 17 J2 Tk 8 AR
BRI E 8 F R A N Y 45
4.3 GMGSO01 XHR#E E S 3 7k & 40 A 7L B9 53 ik
4.3.1 REBRESGBAS S RMBELESHE
AT AF R 1 52 58 53 A FRCELRE P00 25 2R R L TR R
KRN B R R b oA 2 4 3 F0 Bk () 432 3R 7T RE
SRR AR RBRE R R T T A
P AF e 22 57 . B B BT RLRE ) AN TR L 51 AR
Hoy R 57 A C/Co (B 12 75 10 B 1 4
T 0 5 FR 2 R T EAE ” (Zhang and Zha,
2008) . Wl Bt i i Co/Cou (HA U B b
BE SR WA FTREHE R TR AR K
iz o FE A kA T T4EAE ] (Lorenson and Collett,
2000; Matsumoto et al. , 2011), B — Ml .H T
HFEARY C LM BKIE M RYC ERES W E
AT AP C-C g PGP C B
BoHWR HEKEEWEBEBRATRSHEC
OBt B 0% Con (R 070 Y AT S BRI K2 AR 0 4 A
7 HX B O0 5 32 B8 L A4 A S (Prinzhofer
and Pernaton, 1997) . i [ml {37 Z& 4318 AF F B9 A A
PR b 32 CH, A CHL A o W B BE A I B B
DL i BB S5 7 T A 7E 22 5%, S 8L T 40 T ik
18 F% R BE 10 2 S, I A0 A [ 46 38 76 9 i 72 o
P E LR #) A 6] (Chanton, 2005), i & 8 % UE
BRI, R AR B SE i T30 CL B 87 Con, BUH
AL/ L B R W AR R X 0
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Fig. 5 Geochemical analyses of the industrial boreholes
in the northern Baiyun Sag showing the existence

of thermogenic gases in the shallow strata

£ & (Zhang and Krooss, 2001), F{E & L0 55 1A
H W ez RS i B P R AL 2R 0 0 R IR T e s i
T T AR A A B %78 (Xia and Tang. 2012), gfk
FORE R IR S S FURK S R B e is B
JEE BN A B8 5 RN RIS DU R AR e Y e
[F) 137 3R 43 10 A B 0 R AR R AT 5000~ 1004
(Zhang and Krooss, 2001),

JE RAMIB B i i v A TR S 38 43 188 008 1Y) S5
e — Sy A H h © 288 TR, i =485 TR
AUH L6 Cy TR Ui Mz B8 3d T8 5 O — 36. 600, J5 U7
N —29.5% ~ —31. 6%, ~ & M2 5.0% ~ 7. 1%
(Boigk et al. , 1976) , 3X Fl 22 57 B A Ay o215 75 i 7
R A & 20 48 S B (Stahl, 1977), 28 F A 7R BTN
Antelope Creek 453 2590.80 m Z Ty 6" C, {H N
— A8V ey » Z LZBUE R R L IR, 2 304. 80 m
bRy — 67005 X PP AZ AL AE FL B Fi 2 I Fecleral 45t
[l £ 75 21 56 UE, r 3048.00 m FE H# % 6" C, M
— 350003 Wi A2 Ak Ry — 6450, B Be i [ 137 R 1t 5
[8] 35 7% 4 76 W] i 1Y 5¢ BX (Reitsema et al. , 1981),
AN 78 56 1 8% 5 3 22 B8 M Lena 0 H A0 i it [
Bengal Hij 4 % UIX A2 B AU ) J2 B 1 72 vh
YI1e 7 8 W e 19 B [6] 457 22 20 1R 800 (James . 19905
Shamsuddin, 1991; PfEZE4E,1994),

4.3.2 R MHEESITKE ¥ B E R BTk

SRR R — AR T 4 i A RS 2
My, AT 43S PG ER AR AN AR 40 AR ORI ) B B
B 138 2 — A~ 58 B 19 4 (Nikishin et al. . 2003),
WG T T T oy 30 1) AR S B 4] Sy R T A 32 B R
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6 5 )2 & (Robinson et al. , 1996) , & — % iy 7l
(0 B AR S TR

B A A B EE KGRI KRG
F8) A1 T8 855 U AR IS R B AT B Y R DG L X SR
RER &M T 2K G YR e i iRt 1 g AE,
e S 3 T EL A S ) M RE R L RT DA K
Yk EH KSR (Blinova et al. , 2003), B4
b SR Y R AL 2 43 BT O L K B o R SR R
b & ik F 99.500. HA D8I & ke N K CF 3
0.5%) (£ 1) FEER 0" Con, fH R —62%0~—66%0,
8Deu, fH ly — 18500 ~ — 209%0 (Krastel et al.,
2003), Blinova et al. (2003) %} 2% Sorokin % i
e kLA & B 7K A D RE S AT T T 2 A AR K TR

S BT S IR TR B B D AR AU M s RS i E
G S SR A W B i e R 7 A R AR A e
(secondary biogenic methane) , X — ¥k 4= 9 B J5¢
ERER A W b AL 22 41 55 5 A A 2R AR AR 3R
B—E, A, I 525, Pape et al. (2010)1A K,
S ER7SH P S P U R R W/ N Sy ¢ S LB R Y 2
TR AR R R P R A T RARA Sy AR
Xof PRI 7 VR JZE K G W AR AR 23 A B A R
TR R TE 328 B 1 B2 W] REAE AE B B T B
NG KA 5 G IV U = 5 o B (3 2 90 A S R W O
TR FR 3 J2 K P B Y TR AN R 20 Y L 7E AR
VU B A A U i A A LAY A 9T (Rise and
Threlkeld. 1983; Brekke et al. , 1997),

F1 EEAME GMGS01 KEHS A FE AL EFFAEXTEL (#] Wu et al. , 2011; Blinova et al. , 2003)

Table 1 The comparisons of gas compositions and isotope features of hydrates between Black Sea
Basin and GMGS01 (from Wu et al. , 2011; Blinova et al. , 2003)
X FF it G = W (m) CHi(%) | C:He(%) | CsHs (%) | 6" Ceny (G6os PDB) | 6Dcn, (%o, SMOW)
M52/1# 34TGC-2 99. 6 0.41 0.0012 —66 —202
M52/1# 37TGC-4 99.7 0. 26 0.0029 —66
M52/1# 38TGC-5 99. 6 0. 38 0. 0006
egs M52/1# 48TGC-7 99.5 0. 54 0. 0000
M52/1#49TGC-8 110 99. 5 0.47 0.0012 —62 —185
M52/1# 49TGC-8 450 99. 6 0. 39 0. 0006 —63 —209
M52/1#63TVG-7 99. 6 0. 37 0. 0009
SH2B-12R 197.50~197. 95 99. 89 0.09 0. 01 —56.7 —199
SH3B-7P 123. 00~123. 85 99.92 0.05 0.02 —62.2 —225
GMGS01
SH3B-13P 190. 50~191. 35 99.91 0.08 0.01 —60.9 —191
SH5C-11R 114.00~114.93 99. 96 0. 04 0 —54.1 —180

4.3.3 #INiEE GMGS01 X 3R 7] gt i #h FR A =X &%

PICTAF S5 32 SR UR R R DR 1Y) SC B A RN IR
2, H G i 5000 m B HLEK & = (TOC) 2
J1.35% ~4% (FREK B, 2003) , BRI 1Y 2
J2FRRAL T8 7R B L B 1 TOC B
po i R A VA A o T 2 G S SR ST 1N e
KU izdh BT R H A B BT (Chen et
al. s 2013) , b J& P8 PR A0 19 2 ] J % 3l JE 0 K
AW B BEAR . BT R DR . L R B 0 2% I
FUT JRE 2 1 2 Uit — R U A bz e SR DL AR . B0y
TR TE 08 R 1A BB e A K . 3K 2 2R R TR
PR SR T 10 K IR 245 78 0 78 b R AR IR
L7y A R R TR AR AR

BEAh, SRR FE 5 = MG 3 s SR AR
K U1 R A 1 TR 2 K & 0 5 el I oK & W
TE 53 A b 3552 S0 A RS R A 3 i 4 oK S i
AR Sy R R AL 2R FRAE A ARRUE (R D 72 R

Fa M | A VY AF SR ALV FE M ) B 58 R (Blinova et
al. » 2003; Pape et al. , 2010; Rise and Threlkeld,
1983; Brekke et al. , 1997) 1 33— 25 W% 715 i1 AN 1 35k
S AR B R A s B 3 e b ] RE A 2 A AR ) s
E s it VA R s o (5

AL E RS HT AR GMGSO1 X He iy
HA BRI 2 2 BB 0% 52 LB 78 /2 1 #y i A
SRR 6) . GMGSO01 X He iy iz #% 18 18 Sy U0 P A
PEA B /N RO BT )Z . 5 GMGS03 X R AR L, i E
0 2 [n) iz B AL BERCAIG . HPoB T LOR R Vb iz 3l 2 3L
TR FAS R R AR 1 R, 22 05 ) Js B 1Y) AR R T
AAERCE IR EAFEW] B A RRAR. TR, B2 Y
26 R — DR AL TURR ) Ry i AR 1 3 ) ds A% it T
BARK) A BB 35 58 2 i — 2D BRI AR R 1 2
) is B A8, O BRCE A PR AL A A K S )
18 A% Bt b R AR S )AL 2R 23 U SORL” A2 gy o) S
PR T b T 2% A BB DR e 2R AR AT BB S A T
TR (Cy /G 3, HUBE ) T Gl A= W 80 IR ARy
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Fig. 6 The possible model for the gas-bearing fluids migrations and forming mechanism of gas hydrates of GMGS01

*x2

ML GMGS01 RRKEH 6°Can, § C/(C:+C ) RMESRIER

Table 2 Geochemical and correction values of 6'3Ccﬂ4 and C,/(C,+C;) of gas hydrates in GMGS01

C1/(Co+Cs) 8% Cen, (%o» PDB) N
KB TR TR WA ik
e A 911.7 1094 1373.5 2447 —56.7 | —60.9 | —62.2 | —54.1 GMGS-1 7K A& Y5 4 o 1
REIEME 1 741. 8 890. 1 1117.6 1991 —51.7 | —55.9 | —57.2 | —49.1 CH 34 m 3. 6 %6 C 34 hm 5%,
BIFAH 2 741.8 | 890.1 1117.6 1991 —46.7 | —50.9 | —52.2 | —44.1 CH, 4 Jm 3. 6% C, 4 Jim 10%,
BIEAE 3 424.8 | 509.7 639.9 1140 —51.7 | —55.9 | —57.2 | —49.1 CH. #4811 % 8" Ci 38 hm 5%,
KEIEfH 4 424.8 | 509.7 639.9 1140 —46.7 | —50.9 | —52.2 | —44.1 CH. #4811 %8 Cy 38 fm 10%,
fIE (8" Con, BB /D) o 33X 26 HORE 0K 5 ik 3B Yy 1 AR o A — o B TR B AR R R

M2 PR AR R ] EiE ., AR S
Pke e e . T B 23 U0 5 7 IS 70 1 4iRL i ARUA B
KA (Su et al. , 2016a),

S A W 7 N £ 5 o = i R - i K VA - S T
ATREIE L Co/Co F8"° Con, 1Y b 3K AL 27 I 235 2R &
AT m AL AT SO GMGS01 XN 1 K &
Y5 22 M 3R I A W R K B W AR AE . fBOE B
W Cy 5t AEA A A M e 3. 600 ~11.0%4
(2255 ,2004)  [m) BF FH B Btk W] 437 3% iz 7% 3 A&
WA 8 E N 5% ~ 10%, (Zhang and Krooss,
2001) . XF [ 2 T 7R (1 GMGS01 X He <M 241 ok
PEHERE AT TARIE (R 2 ME 7 KR IE 5 5L
HE 2RI NIR G THIRHE (& 7a) s O AT o
) LGB S BE (IR 7h) . R IE JE Y 4 S AT B 1
TAEMOINE S GMGS01 X0 4k AR 72K &

T R SN IR A SRR
5 4t

2007 AEF1 2015 4, ) PN 1 ¥ b T O 45 )R AE
T b F Rl Y R OO A3 ) HE AT T K G WA IR
(GMGS01 fit GMGS03) . 3% i 4~ [X He 34 4 F 2R 1T
F 75 = MR [ BE /N F 15 km, KA WA R 11
HbBR AL 2 R 45 R R . GMGS01 X #k & 9S4k
e VR Ry SR 0 TR R B R RO R R STk A R D
R A B A, T GMGS03 X He I BA A iE 52 T 44U
HRAR SR G VI AEAE . T AT 3R G850 BT F 2 X 1Y) 4
JS PR SRR A 1 18 TR SO0 LTS g 6 RS T & R
i A iz B 38 TE S R RN is B e FOBT AT GMGS01 X
He R AR R S SRR AT T e U ) B
s
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Fig. 7 Correction values of geochemical results of the GMGS01
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Abstract

The recent drilling results of marine gas hydrate reveal that the shallow sediments in a hydrocarbon
rich depression are the potential places for gas hydrate formation when hydrocarbon rich depression is of
preferential temperature, pressure and other conditions for hydrate accumulation. However, our
investigation found that the gas compositions and carbon isotope of hydrates in shallow strata show
biogenic or mixed bio-thermogenic characteristics, but no thermogenic, although hydrocarbon-rich
depressions are of excellent potential of hydrocarbon generation and discharge and enough supply of
thermogenic gas, both of which can provide sufficient gases for hydrate formation. Two gas hydrate
expeditions (GMGS 012.03) were carried out in the Baiyun Depression, South China Sea (SCS), as
organized by Guangzhou Marine Geological Survey in 2007 and 2015, respectively. Compared with the
results of no or minor contribution of thermogenic gas to hydrate formation at the drilling sites in 2007,
higher contents of ethane and propane (up to 5%) in hydrates were detected at the sites drilled in 2015,
providing direct evidence that deep thermogenic gas was a significant source for shallow hydrate formation.
Geochemical results of industrial boreholes in the Baiyun depression indicate that part of thermogenic gas
would migrate from hydrocarbon source rocks through faults, diapirs and gas chimney to shallow strata to
form natural gas hydrate, although deep hydrocarbon gas escaped obviously from the reservoir due to the
Dongsha movement in the late Miocene. In this paper we discussed the factors associated with hydrate
formation, based on the model of vertical coupling relation of “deep hydrocarbon source rock-

i

interconnecting migration channel-shallow gas hydrate formation” in the two Shenhu hydrate drilling
areas, and it is found that the type and permeability of gas migrating path might be the reason for the
difference in gas source in the two areas. For the 2007 drilling area, long migration of deep thermogenic
gas along low energy channels might cause differentiation of gas compositions and fractionation of carbon
isotope, resulting in that the gas shows more “biogenic gas” features. 2015 drilling result found that
through well developed faulting and diapir structures, the deep gases can be transported efficiently to
shallow sediment layers in which gas hydrate formed, without oblivious change in chemical and isotopic

composition.

Key words: hydrocarbon-rich depression; gas hydrate; gas component; fractionation isotope; fluid

migration; Shenhu area



