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Frequency-divided inversion method of heterogenous natural gas hydrates reservoir in the Shenhu area, South
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Abstract: Drilling results suggest that natural gas hydrates in the Shenhu area of the northern continental slope of South China Sea are
obviously heterogenous in both vertical and horizontal directions, which brings about great difficulties to evaluate accurately the amount of
hydrate resources. Based on integrated well-seismic data analysis for gas hydrates distribution characteristic, using frequency-divided inversion
of SVM method in this research to predicted the hydrate spatial distribution in the area. Frequency —division inversion which is using logging
and seismic data, application the method of support vector machine (SVM) under different frequency versus amplitude response (AVF),
introduced the AVF as independent information, establish the nonlinear relationship between well logging and seismic waveform, make full use
of the whole frequency band in the seismic, thus high resolution inversion results are obtained. The inversion results are in good agreement with
the facts disclosed by drilling wells in this paper. Therefore, the method is believed feasible to the prediction of thickness heterogeneity. The
research results also revealed that the mainily factors which control the thickness heterogeneity of gas hydrates include not only temperature-
pressure conditions. Tectonic movement was frequent since late Miocene in the study area and deep pyrolysis gas shall be transported up along

the vertical channels such as gas chimneys and faults, which is to form thick layer of “leakage type gas hydrate deposits fluid transported”, at
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the same time, the biogas generated by microorganisms will be accumulated in the thin layers of seabed sediments to form the “autochthonously

generated and self-stored diffusion type” gas hydrates reservoir.

Key words: gas hydrates; spatial distribution; heterogeneity; frequency-divided inversion; Shenhu area
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Fig.l1 Frequency-thickness-amplitude response of wedge model

a. wedge model, b. the relation between thickness and amplitude under

different seismic frequencies.

12 XHEEENRE

SVM H Vapnik F 1992 4F 15 ) #2 i, & & —F
AP 2 I 2 ()T H BT s, AT DI A A 2 3R
AN, @ 3SR 0= ik, Ol T
ol 2 ) 245 T A7 B4 BL A ey S dee AL, 2o B 2% 0 RN ) 4%
ANFETE SRS, SR GE T2 2 AN T8 g v Al Je ot
Mk, HIARBEEN T — A Eaitk
B U GRREAS A oo 2 Mk % R A T4 R % T
£ TP R VECE) ), (A5 2 ST HILAS G S B XU 8 31
AN, S BN AR )z AR

815 NAS T 2 =28 Pk 7T 23 B AR (0 R AE Ky x,, €
RICd R FFIEAERO) , HHIFR%E R

ynel{+l,-1}, n=1,2,---N (4)
WA A R P 4 B 0 - T T A
+1 xIw+b=+1
Yn ={ T (5)
-1 x,w+bx<-1
PLEBARTA IR
Ya(xyw+b) =120 (6)

He xIw+b=0
SRIEIAIRE A 2/ wll, A T (8 A 18] B e R, S |
FE A

1 1 1
Mm=5wW=7ﬂw=;wm (7)

SR gt Fre (It 2 28 T AL 2 SR BB (7) XA (6) U R
FRAETT BB AL, 100 A o Y T H R H B RE AR A5 02 A
(B, BEIN SCRF TP I, PR Z N SRR . fERF
fEZS 6] F N, S 1l A (6) SRR T SR A/ IMEA:

minJ(w, &) = %WOW + Z & 3
i=1

I Lagrange {4k 77 72 0] 3K i 13 ] 851, % 52
5 1) £ HIL A O Ak T B 27 A A SR A — Uk U Ak )

n 1 n n
max W(a) = Z a,-—z Z Z aiajyiyjK(xixj)
i=1 i=1 j=1
n ©
s-Zaiyi =0 O0<g<c,
i=1
A, K(x ) R AT Ao — A1l & Mercer 2% 11 19 4% pRi
B, BRI RO 24
K(x,2)=x'z (10)

i=1,2,--n

Z I
K2 =xTz+ 1) (11)



240 % 5 6

SR, A P OIS 2 R SR OB W 2 4 20 0 109

2
llx—zll ] (12)

K(x,z) = exp [— 202

13 SHRESR

(1) % Hhy 7% B4 HE A7 45035 40 A, K45 H AR 2 B
b R AT S PR 75 A 5

(2)TEK WA R E bR 201 A XK &9
IR 1 e S i e, A 3 1 T ol 8 R e 5
SR REAR

(3) XF 1 752 A5 E A7 (A DR I, K m b RR S
- LR IE S, A AR P I A T A SO R A
FH AT A ROT- W R A

(4) AR Hfg T b 7% 5080 (4 00 B L IR — v — e AR A
FATRR S, BT 43 AT ) R A, SR FH /DN IR e A0 R o
iR BCHE AT A3 M, X6 o BB R AT b R e M
L, M 7= A AN [ A3 B ) b 72 e v 0

(5) 757 H B 0 - i 22 0 2 A5 7% i 0 I £
PEBLGS OC R (AVE), FIIH S HE ) i L (SVM) Jr vk 2
A G N E R B B 0K 53 i 5 W on'|
Yiap ), BN RO S5 5 SR I i SRR AT

2 X

MRS T 2RV I A = MR R (5T 2),
Ak T BRRIE | K3 AR B — 3K A I = R R 52

109° 110° 11° 112° 113° 114°

 T—
220000 0

-8000 -6000 -4000
F 4

A B 3T ) 4 T K i R i, HOIE RN K e 5 e v 2
(¥ 3 iz s B VDA O, DT 28 T #OIR . BR3E. BE AN
RIPIBBNAF S WOR IR 32 2h 50 1 7 T i 44
DAk, p T L 0 B 33 Ak T 4 B 10, TR B Ol 15
R —F R0, PR AL LS 7 2, DU HUOR K H R
JE AR b — RS m AT . bR R DLS
X L= AN AR =AM DT 32, W R L R
BRIV AR w KB . BRI n 1, & E
Jit, DA BRI LA R i DR R, DRSO,
AL, B PR B A A L R
A5 2 A BURAF . BT 2 R M58 38 s F £ B Al 1
Hfk, % & T NE. NW HI NNE [a] IE W2, Wi ny &
B B 15 32 2 0 1 R T VR R U T 2 Y
PRV B, T8 WU I RENE st , Ve ISR 5 1 A bk
F1%) U7 24 DA B 3 1) 24 B R e AL W) T O A 19 2 T
Wi, R RKIRR ) LB REREK S YR E e
B3 T RS e,

3 ERRAUKEYUUERZ b Ry B ey
VRS

3.1 BSR hE & GHF{E

KA W R E 32 T R A F PR, HL S B T A
DA R R ) BSR WARAE . EWFFE 4, BSR {7 T

116° 117° 118° 119° 120° 121" E
z PP

Bl 2 pg i b KBl 10 % Bk VL O 2 b X Sl by 32 5 4F 9 [X Aoy L IR O

Fig.2 Tectonic map showing regional structures and study area of the Pearl River Basin on the

northern continental margin of the South China Sea 1!



110 YRR M J5 5 56 D0 20 b TR

2020 4F 12 H

JEZ T 135~230 mbsf, H 58 41 08 5 5 FR4E B &2, 3
oM 55 968 JESAH S5 1E 5 DR b )2 A28, 18 1) 2B
R 1.7~5.36 km (& 3) . FEH 3K KRS K
B WAL E AL, BSR B — R 51 a8 5 A 1 A 4,
& T UL LB ARG 3 5 22 5 S EOR R AK
AU ANE AN, AE TR ) EOY R 22 TR
BSR - J5 #4540 Gk, T %) 24 L AR R
S S5 S AE TR K.

3.2 i FHE N R 4y

2015 4F, TN ¥ I b ST 8 45 SR R 9T X W03 3
L (KR 1295.41 m) BEATFEBS U FOBRURE . 25 53R
B, AL 5 RARSK A Y UTRUZ IR G 80 m, J&i2
S IA R KEMITR T RIER ., &l 4
S WO3 A7 B P G R L RS AR
h 2 o AR R BH R AN o B i £, T 2
TFULR)E B MR R = BEIX )7 AR LR AR . 5
1 BEIX ] A 129541~ 1 424.14 m, JUFR 2 o PR 5L
AAREFEARAS, 25 1.57 Qm, £ HITRY MR E, i
YN o R 2R S L M B K R, B 5T
SAEHA . WS A RN h 2 &R 2 B R /N i
R, BN 1.76~1.89 g/em’®, H SRS 1) F 1
fH R 294 65 APL, % £ 5 [ SR 5 i I ith £k i 41
o B AE T 8 5 UUBRZ ok 0 o A 1 b A AR b D K

FLBK S AR 56 55 2 BeIX [H]h 1 424.14~
1504.24 m, M 1424.14 m AR FEBLAE T, s B R LA
1.57 Q-m FIGAPEFE LL 1770 m/s T 4R s ok, H:
B ARMEST 9355 8 Q-m Ml 2 315 m/s, 1 424~ 1 504 m
TR EE B (JEERE 2 80 m) 11 ey FEL LR | 3 7 0 ol B S
8RB RIRFOK G WAL o WURE SR BT 48 SRR 0,
X TR X N K G )2 R 5 R 4 m, 35508 34 m,
SERE KA YIRS K 24.4%, SEHB B RN 2.58 mD,
BIBEVER 2 . TIAh, X — R BE X [ () 2 B 0 - iy 4%
B B 080/0N, Ul BHIK G AN 2 LR HCR 5RE 2R
FEAE, & LR ECR A FUCRZE . AR il
SR A K — TR X [) 2 I T v — R AR — T i 1Y)
AACERAE o 3 H KR S OK A W AT X BE Y LB B
AR, kSR AR Lt 2 B T, R A [ SR
SR T B, T AL 1 AR 00 D R A A v 1 D R R
FCHHPER A LR AR A, I RAREK B A K
FRAELRML T 23],

3.3 AEHRIEGE R ST

1 T b R i e I Vi I OK B ) ik O LA JRE
FHTE] A9 7K & WD AF A, AH OG22 3 W A8 2015 K5 1)
BEIRAY 19 11 H il 2 AL 0 e A A5
(GVR) KB, JEJZ K & W LLJE JZ IR0 53 BOR 23 A
R K S Y ABEBOR MR AR 0 A o SR JRAROK &

NW~
IL 687 689 693 698 702 717 730 743 756 769 782
ISOOXL 1550 1511 1471 1432 13?4 1322 12?1 1261 12‘31 1200 1170

1600

i
1153
| H;\)“
LI

17004}

)‘ !
1800-R7 5%

ii‘l‘»mi'y‘ DR e
i (L = - )
)<»H%@@%§%ﬁ
- «» »)))) %‘* 'l

- ‘«a :Q.ts«g,gj&\\@‘ﬁzﬁ& ﬁ‘ e

. - M I— P
- . g S
2000 G S %«*ﬁ\&wﬂ“@
LSl L0 1
) « ‘é@««&&ﬁ*

)\
1900/

WURE iR AT I ]/ ms

210(»_\:“
Ml

2200 :)‘WH ‘”j:‘ |

A
NN
At

e
T L

S
n S
T (i
i

=l

2300

3 BSR 7 # H_ 10 J  REAE

Fig.3 Seismic profile of BSR reflection characteristics



5% 404 55 6 S, 5 B I SR 1 Bk SR AR K& W At 2 10 4090 111
T s o4l AR P TN T
FRIEI) st/ my LR/ (Q )| I (Qom)| sy | T O@/em) | SR | ER /AP
1 6 |1 6|1 811600  2350]1.7 218 11150 90
1400 5 ég
1450 éé ?g
1500 /; L
1532.61

K4 EokEWItiRE wos 5 rg gt th 2
Fig4 Logging curves for gas hydrate deposits in the Well W03

Y % BAFAE T W02, W07, W11 F1 W16 3, Hh &
JZARIK A Py MR TR, 22 43 A AE 100~ 200 mbsf,
HIEREEE R, B2 EE A 10 m, 2R )Z
IKAE W JE B TS, H B RS 30, O W B B, 3
BRI AR AW . T —FEE KA P LAy ECIR
oy A, EERBAE W01, W02, W07, W1l, W17 Fl
W19 J-rf, GVR EIME A 43 BIOIR 1= G4 43 A TR i,
JEEWE R, REEE L Sm L b, B8
JEZRAKEMZ T JRZKEGYIZE R, B R
Ry A A T B B, KA R A R o HEZ AR OK
G LABEHCR A3 A0 T, 2R A W02 Al
W19 J i, BEHCR KA P Ak 35 0T vk o, K 0 BE PR
KAWL 0.4 m, /NOBEHRIK A HA 0.1 m,

Oy AT LA W, EE O AT T BOROK ST
i HISZKEYZ B RHR, BA B 0 Bk,
N A — R ROR G . WEIROK G AE RN
He A7 A, G I 2 R I )
#ICE R, RA GVR B L 87 i 58 A B
LB RAFAE

JEAAR B KA W A7 AR 3 A K S P )=
1y BRI ROk A, FAT A5 1 AR B B, RO T
KRS Py T2 00 0 PR M, AR SC 32 R 23 0
B 18 77 ¥k g ok LB I 3 B DL JRE (1 R AR A TR
S, 5 53 SR FH 249 SRR L ok el 52 366 7532 R 3 W 7
T3 G i Xk HE A TIE 2345 S 18 5 1k A 5 A 1) SR 4%
SURG Y )Z S I



112 YRR M J5 5 56 D0 20 b TR

2020 4F 12 H

4 ARB YRR UK S BRBIEAR

41 BETEREBRREGEXLE

H 1T R AR SK A W i )2 P00 32 223 2o 29 R A
B ok e ST i, B R b T DL S I R i
FEFE WA~ 203, 2= 3w B DR B Xof Iz 1 45 SR ) 52 i)
T AR SR HaE RN T Wa~n2 Z R AR EE, W
SR AR B 1) R Bl ) A, AT B R B
TN, 30 B A T FLFRM AR, Sy T 56 5F 43 45 Iz T
Xof JE A 2 R0 A A R, B A BT ) widess #2E
FEA (& Sa), 3 I A5k 30 Hz AY F Il 1 47 1 7 45
PLCIEL 5b) , 43 551 R FHRR Lk o S 158 R 2 90 5 186 7 1%
Al DL R Dk b B T R L VA~ 203

(P 5¢), 2007 ¥ 2 T2 B2 ) T 4t 7 95 6 40005 L
1B G SRR S5 0y A ) R RS L, 5 I A YA 7))
AR AR AR A, i) AR SR B W R v Al O B D
JE S/ m
10 20 30 40 50
10 v,=1700m/s, p=1.8g/cm’
§2(}
v,=2200m/s,p=1.9g/cm’
E’m p g/cm
&
40
v,=1700m/s, p=1.8g/cm’

| X
(g/cm’m/s)
5500
5000
4500
4000
3500
3000
2500

A BN A B0 A AR B 3 DR o 0 B T
F4 000 245 3R B8 R )t TS BE U [ OA W8~ B i R
(P 5d), JEHIE & X H G 3 823 B R 1 8 2K 59
PEAT 220, AR X i ok v S 38 59 BT R I e,
?ﬁw 4 58 2 SN T BT R R AR R, %05 1R T

BT R ARG W5 AR AR E FRLEK B4 it =
?ﬁ{ﬁ!Jo

42 HIfrHZLHE

B ok G W)= B A AR K & 1 T2 BE 75 BT A
HL BH R ST 2 (] 6), 213853 R 3 K G W R i,
RN ARG YRR AL, KRS YDURUZ 5 ARK G P10
FRZ 0 A7 A B B 9 P 5 BT DX TH], BN B4 A1)
F I BT 2 A D s TR R 4T R S st AR AR I
PRI YRR o i AT LR AR A BT A T HE
{6 (G X 53 19 K 5 W AEE K & 9 IXSCR A
R e LR Gl 6, TTHEE S 2.6 Q-m) RZRCR &, H.
PR L 250 L T Y £ B RE 221 i K ) Y TOURE K )

(g/em’-m/s)
5500
5000
4500
4000
3500
3000
2500

Bl s BRI IR N AN A S 38 7 v i )2 T2 R R0 B

a. Widess BRI, b. 30 Hz i % 1E AR L, . A5 ik b S J 45 21, d. 5

HYFRIEL TN

Fig.5 Identification and comparison of reservoir thickness by different inversion methods under Widess wedge model

a. Widess wedge model, b. 30 Hz seismic forward simulation, c. sparse pulse inversion results, d. frequency-divided inversion results.



5% 404 55 6 FUE, 55 IR SR X B KR TR G W 2 14 43 A5 113
6.5 i
6
N
5.5 1 H
54 . Do ol
* . REVEERESLIC SOV, |
—~ 45 N R . ‘A; ata Ho'ﬁ:ﬁ.g-
E a - [ ‘A 2 o oy ﬂt .I.-'t
g 4] + + PRI “‘t- ‘*4' |
‘}é‘t 3.54 .
iy L.
= 31
%
2
1.54
1
2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600
W BT/ (g/em’ m/s)

PEFFAE, PRI A S J8 0 R v, ad e D e B ot R AR

O Wosdkke A Emﬂz*ﬁs & | wirsrrek -/kmmmz

-1r/1< &

Pl 6 75 ik BEL 4 A Re BEL 2 A 52 2 A

Fig.6 Crossplot of acoustic impedance versus resistivity

4.3 MRS

i) FbR, FE45 M = R oA RO PR B AR

X e B AN AR AR AR S B, SR T SRR R
HEL BEL R gt 2K 1) 0 A0 S T8 E A8 BN AT 0 %) i K
Py i) FAAIE 25 FIFE L

CDP 1240

oK G W 2 BB 2 AT T 4 A, O R 2
BLOPATTE 6~160 Hz, T4k 60 Hz(&] 7), BA W i
%) B VAT RN AL A AR AT, Sy 3 43 R 2% A W B i
15 B, Fi BR300 18], B M7 I Bl 6. 15, 30 45,

SE~

1272 1303 WI1l W03 1383 1415 1447 1479 1511 1543

1700

1800 g
A -
- -
g S =
E LS N=SS=A/
N < B
= 1900f . —
= -
~ - ~-
% - - ~ —
' >N ———
il = o6 e
< -
E 2000 N -
——
i - T
2100| B0 !
- 15
3000 N X 3
12000 £2
1000 [~ e ey
0 —-— 3
2200 — fl fe 2
Rl — 0 100 200m 39
e | W
22000 [, 0 20 40 60 80 100 120 140 16
/Hz

A 41 4 1

7 KA 0 7 R T A A3 R A

Fig.7 Spectral characteristics of gas hydrate seismic profile



114 YRR M J5 5 56 D0 20 b TR

2020 4F 12 H

60. 90, 120, 150 Hz % JLAM B2 B o5 .
44 THEEVNSHRE

3 3% b R R R AT A i, A R Y A
I 2 AOGT 45 431 B B A T SR W L 50 A A3 5
R o R H BH = e AR AR AL, X534 1
PEECHE A SVM 7 ik AT U 25, 1T TR R
AVF [ C &, ¥ AVF &R 5| A G0 B i, 57 L pE
R &5 MR Y Z R R &M g e R
(F8) o 2O B4 W Jd P AR A R das A, R I
GRUF (R AR S A 22 [8] 1) AVF 6 2R, A Il &
1) 2 T AR o8 5053 651

5 [AHATR Kb

51 SRRERAEETFN

Hiu 72 A0 60 Hz 1Y b 78 B4 , FLgh ) 43 B R
8 m, XF T/INT 8 m A9 i J2 H M 72 43 B LBk LA
S T T 3 A X L I e M AR R T S a0 R i B
L (B 9a), K BAE T ih 4 558 BOh iR AE R 3R
S BT AT, BN AR R AT LA B g
i Sk T4 S R B — A 8 R S b R i S il S TR i B
B NF N B 4 SRAR G, 45 A b 5 2 5l Ay X0 1 B
S5, T b R BRSOk YRR, =
A 1l 752 Sl A A R A T T R R REAE, TR
BH 2 ih £k R 0 & K& W) 28005 o 38 3 % 546 1

e REAT 90°HH L e e, FEH HEAT R bn € (I 9b), A
AR AT LA B a0 S R A TR e Rl R
5 Z R — A, W5 5 0 SO il e AR
BRI 55 Bl Xk BRSBTS, (HUETC L X IR E
KA W B TS L 5 5% = A 5 S A il i R R 2SR W
WA, S AR LR AR G . E
PA_EBOAR T B B, X T = A M 72 SO RS R
90°HH AL 4% 4 T LA HBE s /K S W R A, (H 2 A g
X R R X TIRZER S KEWZ, FIH
90°FH 37 e 4 77 12 RE AN RE IX 737K 53 W00 B4 TOUJRE 5t T, A2
ANREIX 3 EEHE o

AR SO 53 930 52 188 7 12 68 i T e A T 30K R
SORE WA RGE (K 10), AT LA, g R S
C B8 A W) &, il i 7800 A R A AR A
W, LA M7 4 FRORERR 0, A7 S8 X 0 A S T 4
(A RO BEAT A B 9T, BERE 72 BE N 5 m KA
Yz, RGPl iR IR LU o I,
A A 73 S T 4 SR R U M S R AT 5 X R AR R
KGR RATIEZS

52 oW5iTie

WEGE XK A W 53 A O JE 2 RAE 2ok, TR 2 AR
KEYRMRX ETKEWZE, —BIBERR, £
B AR LETE IR T 100~ 200 m, J5BF 4 )5, P 2
JEH AR 10~80 m, J&)2AR MUK A ¥ 320 Wit
KA, Hok b b i foKk &9, 7l 20 % £ 39 e
[ AR 4340 B 2 S (& 10), KA fEss |) - B

o W03 o WIl1 N W17
TR H BH 22/ Q -m) PRI H BH 22/(Q -m) zz&%‘?@;murﬁﬁll%/(g-mg
8 L . 1
1840 1840
1860
1860 18607
: 2 ., 1880
£ 1880 £ 1880 Z
= = ~
= = = 1900
+ 1900 = 1900 =
‘__ 1 j==4
\z & 1= 1920+
4 1920 ié 1920 \g
E: g B 1940
BX 1940 = 1940 =
1960
1960 1960
1980
1980 1980
2000
2000 2000
MR RH: 0,974 W2 A% 0974 M1 RZ5L: 0. 966

— I AR DI H B AR o 2R

— 5 WS VM i 1Y 7 48 0 r B 26 i 26

8 RSB IE S R JE I SVM Il Zh g L 5 H BH 00 ith 42 ) L

Fig.8 SVM training results compared with resistivity logging curves



ERNECE N SRR, S P Ve R 3R 28 5 R AR SOK G W )2 I 43 115
w03 SE ~ w03 SE>
CDP 1327 VR IR I L BEL 3/ (Q *m)1359 1391
18«)”“'” HI‘”W ”’“HH ’HH“[H mml'u.
” 1““ '; I | HIHM aan L lln ’H»HH” “h
1880 r > bLi »HH)HH” i |
£ \“LJ“’ "<M_~“m”»»mn 3
%1920 \ |H N X a;:
““"'mlr\rr.’.‘;‘ U
& 1960 POy »))’)))‘)}" » i ) = 1960
D)) )T » g
SScld 173
2000} 227 T » ‘ M}] 2000p )y
’?r"’}”"”“l‘”!”lzo :mw» “» ”“"“”' H 0 0 20m %

B9 JRAR A 900AR A 1 T 5 F h £ xf

a. JEUEy 3 7 76 T 5 % f BEL R gl 2 00 L, b. 90 A 7 Ml 722 1 T

TR AR AT L

Fig.9 Original seismic and 90° phase seismic profiles compared with well curves seismic section

a. original seismic corresponding to deep resistivity curve, b. 90 ° phase seismic corresponding to deep resistivity curve.

03
1351

1272

1287 1303 1319 1335

1367

SE N

1383 1399 1415 1431 1447 1463

XUFE Jité 47 1 [8]/ms

2080

0 100 200m

Bl 10

SR BRI T 15 W03 R o B 26 28

Fig.10 Frequency-division inversion profiles versus deep resistivity in the Well W03

A 2RI, AN A ] L if A TR B A o Al
A ERYRFAE o JRJZAROK S P AR R ) | A 4
NFE, — B 2N AR A T R R IROK
B O AE IR S B AR A 0 A, e Ao )
Z, IR T ILH KRB AR A A, W EROK S
W53 A 350 23 0, HUBCRSE, WA i RE N R R OK &
Vi) oy 32 MR S A AL, nT LA AL T %Rk o
i 3 EKRGYMRRAETE ARG I
18 78 TR BEORHIR RELE IR, AL T K& P D RBUZ TIUAT
KT N — 4% NE [a] 1) & #1510 BL BT =, G W J= A
o Pk S K S PR R AR, R T BT
JLEKREWZ, BARTKEDRAT

S KR SOK A W23 (8] 53 A5 A3 5], JEE A [
(4 J5 PR Ik 1 B K R AR R 2% 1, 18 52 B RUR L DL
TR S5 FITAL) 15 PR 25 119 5 g 6671,

TG Bt TF U, BRFER A HIL T $A A AR, AE AR
%%W%?%%NENwﬁNwwm%Fmti
B, FEARIR R R 45 1 T, 3 ORI IR AR 25 6 8 ik
a9, ’%Esﬁ&, KEWRIEZR, ks %
TR KA W, A K A H B TR R — i
#OHE T 30 m/Mal, PTAR IR 45 D TR
AR B R A b B B« ARHIBE B B — A U AE OB R T
Z . WIWMPUERREB WU, 2K AW E ENA
DUBURR A, DURR Y ob i A Hhy 1 2 358 1 FH i 2 ) 1)



116

T M S5 5 1 20 M S

2020 4F 12 H

Jie 52 5 FOCH A 7 KA RE, 2R MUK A8,
AT RIR KA W ia B 19 K 3 46 D = 1 A
Wi )=, MR 1415 BSR BV 120 5 FL AT R 4 25 ]
NS ST oS Rl N AR V-9 55 1
HT T i 72 I B B AT R R B S M s
R A5 SR, AR ) PR 3t J2= R B Y Tl B 25, TR
W R AR I T K R B AR SO IR, U 1 T
oA G 2 IS, T2 7E BSR T af 2k . IRAR A4

CDP 1040

1120 1200

1279

fifp 1L T 4 U0 20 OB R B0 W 208 1B TR <
Wk, llﬁﬁLﬁbliﬁ):'ﬁ R R ) R s A P AL T
i I, W)= 5 BSR 1Y A B HA R4 9 T AR R
(I 11) o X MR K 45 W 3 <R I 45 78
B, R R R, AR AR B R B e, HLRE A AL
BRI R HA B gt gy %XIIE%HEEE%
S5 I BT A A AR IS RSl T L G AR UK
SR EER R

wo03 1479

XU it 47 I 18]/ ms

E|/J\ TV 2 A=t IE W2 Efﬁ
11 ARG 3K A ) sl 43 A A 2 I

Fig.11 Accumulation distribution pattern of hydrate in the Shenhu area

B rh B T & 1 T f, AL T IR K IR R 2
(100~230 mbsf) [ A B A DO, ok A R LR )2
TURR W v A5 BILJBE AR W0 Ak 2 4 TR 1 A= 3 W Joe
S, WA D R R, T AR R R
F R G AR, 8 T 8eE R 08 R
A A AEY O I R RS 7J</—‘%ﬁlia@m°;-ﬁ X
Fh 2SR K A W 0 R K B AR TR
W, — R T 200 m, 7J</E%W@%nr“&$r“fit
o, IR ) B BRI AR N . R R AR K

B E A R R R A R A A A RO

KRG A FE R,
6 émlb

(1) F A i) AL 23 A2 38 45 SR R e ) L L

AR ML W) 5 BE, 1 W2 S T A AR A X R
RAURE W2 Rl Ik . 4R, RIRKE
% ] b BA oA A3 ST IR AL, JRE 2 A 1k L 23 A
BN E , MR TR W R B o i, MRS, AT
JRJZK G733
(2) B2 12 X R AR SR A 1 73 A1 AN 3 50 JEL IR B
TR R AR R4, E2 52 3SR TURREREE FI
Hay i A% 1%[1!? W rhOBT L TT 4, i Az S B,
TR RS AT 3 A L 07 = 25 A 1) e 1) L i
¥, R JZR s BB i KRR 7J<A%
T o TR TUAR Y B A W A U B A X
B Eﬁ?ﬂ@%%%ﬁi“ﬁi&ﬁiE%?ﬁﬁ&iﬂ”%
KRG YR



2405 55 6

SR, A BRI SR 249 B AR KA W )2 9 20 02

117

(2]

(3]

(4]

(7]

(8]

[9]

[10]

2 %E Rk (References)

Milkov A V, Sassen R. Thickness of the gas hydrate stability zone,
Gulf of Mexico continental slope [J]. Marine and Petroleum Geology,
2000, 17(9) : 981-991.

Shankar U, Riedel M. Seismic and heat flow constraints from the gas
hydrate system in the Krishna-Godavari Basin, India [J]. Marine
Geology, 2010, 276 (1-4) : 1-13.

MRy, Bliblaz, B4, BRI D R ARSI R R R UK G
MR R ) R R (D] 2R 2%, 2017, 24 (4) : 57-65. [XU
Huaning, LU Jing'an, LIANG Jingiang. Seismic identification and
geological origin of gas hydrate in near seafloor sediments in the
eastern part of the Pearl River Mouth Basin [J]. Earth Science
Frontiers, 2017, 24 (4) : 57-65.]

e, Bkdte, HRE, & B RRTUKG YRR 7wt
F0I). Ve R S U S HU IR, 2002, 22 (1) : 1-8. [MA Zaitian,
GENG Jianhua, DONG Liangguo, et al. Seismic recognition studies on
marine gas hydrate [J]. Marine Geology & Quaternary Geology, 2002,
22(1):1-8.]

Bk, EFHME, A, & AT SITREER S A WERE R
5E Bl 5 7 1i— LA FlLEE Krishna-Godavari 2 #INGHPO1-10A -y ]
[J]. HbERy I 224, 2016, 59 (7) = 2553-2563. [QIAN Jin, WANG
Xiujuan, DONG Dongdong, et al. Quantitative assessment of free gas
beneath gas hydrate stability zone from prestack seismic data and rock
physics: a case of hole NGHPO1-10A, Krishna-Godavari basin,
India [J]. Chinese Journal of Geophysics, 2016, 59 (7) : 2553-2563.]
A, WWE, Beig, & ML RRUKE RN X Bk
WL ARAE (1], B8 A R, 2010, 31 (5) : 485-488. [SU Pibo,
LEI Huaiyan, LIANG Jingiang, et al. Geophysical anomaly
characteristics of gas hydrate zone in Northern South China Sea [J].
Xinjiang Petroleum Geology, 2010, 31 (5) : 485-488.]

AT, e, AR, . EE A IGERR R UK S =
WU B 70 A RFAIE [T] . BRI EE 2744, 2010, 53 (7) = 1691-1698. [XU
Huaning, YANG Shengxiong, ZHENG Xiaodong, et al. Seismic
identification of gas hydrate and its distribution in Shenhu area, South
China Sea [J]. Chinese Journal of Geophysics, 2010, 53 (7): 1691-
1698.]

WEMN, FRIRE, AR, MR R MR R R IR UK & YR (#5E
0. s 5 7, 2006 (1) : 105-113. [SHA Zhibin, GONG
Yuehua, LIANG Jingiang. How to judge gas hydrates seismic character
from the different kinds of attribute profile [J]. Geological Research of
South China Sea, 2006 (1) : 105-113.]

B, ERVE, JE4KEE. R R R AR UK S YR s A (1.
HhERP) B 23R E, 2011, 26 (2) 1 596-601. [LV Lin, WANG Mingjun,
FAN Jizhang. Seismic attribute recognition in the application of natural
gas hydrate [J]. Progress in Geophysics, 2011, 26 (2) : 596-601.]
TN, GO, TRTE, A5 MY BB K SRR S
T b f 5807 5 I A W (0], Hb A R 2%, 2017, 24 (4) : 51-56.
[SU Pibo, LIANG Jinqiang, ZHANG Zijian, et al. Analysis on the
bright spots and dim out of seismic section for diffusion-type hydrate

in Shenhu area [J]. Earth Science Frontiers, 2017, 24 (4) : 51-56.]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

BrERg, B, W, & ST 5HE 2 B Y Hri i
REZKEYATRAE ] AT 5 38 U200 5T, 2017, 37 (5)
122-130. [JIN Jiapeng, WANG Xiujuan, CHEN Duanxin, et al.
Distribution of gas hydrate in shenhu area: identified with well log and
seismic multi-attributes [J]. Marine Geology & Quaternary Geology,
2017, 37(5): 122-130.]

K, BB, WhALIE. WGPERIR KSR MR LI]. R,
2017,36(4): 1244-1251, 1267. [LIU Tingting, TONG Siyou, HAN
Liguo. Seismic attribute extraction of marine gas hydrate [J]. Global
Geology, 2017, 36 (4) : 1244-1251, 1267.]

TR, LY, Bk, & RIS KRR UK Y o s Ty
YRR (7], B g b B A 72, 2008 (1) : 78-85. [ZHANG Baojin,
ZHANG Guangxue, GENG Jianhua, et al. Discuss on the methods of
velocity inversion of the stratum containing gas hydrates in South
China Sea [J]. Geological Research of South China Sea, 2008 (1) : 78-
85.]

Xy, SR, FMEE, S T TS SR 10 2 R A T
NI, A R 45, 2016, 51(5) @ 909-915. [LIU Jie,
ZHANG Jianzhong, SUN Yunbao, et al. Seimsic velocity estimation
method based on spectral inversion [J]. Oil Geophysical Prospecting,
2016, 51(5): 909-915.]

skanfh, Ztar, SO K, A8 IR B K EPITURZ I RS T
TARFAE 3BT (], HUERP 24, 2016, 59(9) = 3417-3427. [ZHANG
Ruwei, LI Hongqi, WEN Pengfei, et al. The velocity dispersion and
attenuation of marine hydrate-bearing sediments [J]. Chinese Journal
of Geophysics, 2016, 59 (9) : 3417-3427.]

WA, REER, B, & BRHURIELE F LA GAHR RAR S
RGP BRI R (0], B4R, 2010, 24 (3) = 495-500. [YANG
Rui, WU Nengyou, LEI Xinhua, et al. Impedance inversion and its
application in gas hydrate exploration in Shenhu area, Northern South
China Sea [J]. Geoscience, 2010, 24 (3) : 495-500.]

Wik, A, FIRME, 5. LR R MEEOK & Y T
TR T (0], RAATHAER AL 22, 2012, 23 (4) : 784-790. [YANG
Ruizhao, LT Songnan, WANG Yuanyuan, et al. Application of
inversion without well constraint to hydrate forecasting in Shenhu
area [J]. Natural Gas Geoscience, 2012, 23 (4) : 784-790.]

T, IE S, SIS K. % R BT TR & T I AR
BELS7T 52 388 o RS2 BT 9 L) IR IR B4R, 2016, 38(4) = 540-
545. [XU Yunxia, ZHANG Baojin, WEN Pengfei. The application
research of high density velocity analysis in hydrate impedance
inversion without log constrain [J]. Computing Techniques for
Geophysical and Geochemical Exploration, 2016, 38 (4) : 540-545.]
BEAE, IKE®, Ra, 5. W PURIEIE IR B K & PR o
0 2 (90, 3t 55 2 DY 20355, 2016, 36 (2) = 173-180. [XUE
Hua, ZHANG Baojin, XU Yunxia, et al. Application of wave
impedance inversion to gas hydrates prediction in Southeast Hainan
Basin [J]. Marine Geology & Quaternary Geology, 2016, 36(2): 173-
180.]

WEMN, ¥k, BAH, & HETRRHURRA UK G DI ER
WA [T]. BUACH)H, 2010, 24 (3) : 481-488. [SHA Zhibin, ZHENG
Tao, YANG Muzhuang, et al. The seismic detecting technique on gas

hydrates based on wave impedance inversion [J]. Geoscience, 2010,


http://dx.doi.org/10.1016/S0264-8172(00)00051-9
http://dx.doi.org/10.1016/j.margeo.2010.06.006
http://dx.doi.org/10.1016/j.margeo.2010.06.006
http://dx.doi.org/10.6038/cjg20160720
http://dx.doi.org/10.6038/cjg20160720
http://dx.doi.org/10.3969/j.issn.0001-5733.2010.07.020
http://dx.doi.org/10.3969/j.issn.0001-5733.2010.07.020
http://dx.doi.org/10.3969/j.issn.1004-2903.2011.02.026
http://dx.doi.org/10.3969/j.issn.1004-2903.2011.02.026
http://dx.doi.org/10.3969/j.issn.1004-5589.2017.04.023
http://dx.doi.org/10.3969/j.issn.1004-5589.2017.04.023
http://dx.doi.org/10.3969/j.issn.1004-5589.2017.04.023
http://dx.doi.org/10.6038/cjg20160924
http://dx.doi.org/10.6038/cjg20160924
http://dx.doi.org/10.6038/cjg20160924
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.012
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.012
http://dx.doi.org/10.3969/j.issn.1001-1749.2016.04.16
http://dx.doi.org/10.3969/j.issn.1001-1749.2016.04.16
http://dx.doi.org/10.3969/j.issn.1001-1749.2016.04.16
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.010
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.010
http://dx.doi.org/10.1016/S0264-8172(00)00051-9
http://dx.doi.org/10.1016/j.margeo.2010.06.006
http://dx.doi.org/10.1016/j.margeo.2010.06.006
http://dx.doi.org/10.6038/cjg20160720
http://dx.doi.org/10.6038/cjg20160720
http://dx.doi.org/10.3969/j.issn.0001-5733.2010.07.020
http://dx.doi.org/10.3969/j.issn.0001-5733.2010.07.020
http://dx.doi.org/10.3969/j.issn.1004-2903.2011.02.026
http://dx.doi.org/10.3969/j.issn.1004-2903.2011.02.026
http://dx.doi.org/10.3969/j.issn.1004-5589.2017.04.023
http://dx.doi.org/10.3969/j.issn.1004-5589.2017.04.023
http://dx.doi.org/10.3969/j.issn.1004-5589.2017.04.023
http://dx.doi.org/10.6038/cjg20160924
http://dx.doi.org/10.6038/cjg20160924
http://dx.doi.org/10.6038/cjg20160924
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.012
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.012
http://dx.doi.org/10.3969/j.issn.1001-1749.2016.04.16
http://dx.doi.org/10.3969/j.issn.1001-1749.2016.04.16
http://dx.doi.org/10.3969/j.issn.1001-1749.2016.04.16
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.010
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.010

118 T M S5 5 1 20 M S 2020 4 12 A
24(3):481-488.] [32] B, 2508, MIRUK, 5. R KRR UK &) S S AVO%L

[21] Rossi G, Gei D, Béhm G, et al. Attenuation tomography: An R AL [T]. HhERYIEL244R, 2006, 49 (6) : 1826-1835. [RUAN Aiguo,
application to gas - hydrate and free - gas detection [J]. Geophysical LI Jiabiao, CHU Fengyou, et al. AVO numerical simulation of gas
Prospecting, 2007, 55 (5) : 655-669. hydrates reflectors beneath seafloor [J]. Chinese Journal of

[22] kiR, Matsubayashi O, Shin'ichi K. KR K &I K 5THZ 1 Geophysics, 2006, 49 (6) : 1826-1835.]

AP S [T]. HhERY)ER244R, 2003, 46 (1) : 42-46. [SONG Haibin, [33] Song H B, Matsubayashi O, Yang S X, et al. Physical property models
Matsubayashi O, Shin'ichi K. Full waveform inversion of gas hydrate- of gas hydratebearing sediments and AVA character of bottom
related bottom simulating reflectors [J]. Chinese Journal of simulating reflector [J]. Chinese Journal of Geophysics, 2002, 45 (4) :
Geophysics, 2003, 46 (1) : 42-46.] 569-579.

[23] Song H B, Matsubayashi O, Uramoto S. Full waveform inversion of [34] Wang X C, Pan D Y. Application of AVO attribute inversion
gas hydraterelated bottom simulating reflectors [J]. Chinese Journal of technology to gas hydrate identification in the Shenhu Area, South
Geophysics, 2003, 46 (1) : 44-52. China Sea [J]. Marine and Petroleum Geology, 2017, 80: 23-31.

[24] Pecher I, Minshull T A, Singh S C, et al. Velocity structure of a bottom [35] LuSM, McMechan G A. Elastic impedance inversion of multichannel
simulating reflector offshore Peru: Results from full waveform seismic data from unconsolidated sediments containing gas hydrate and
inversion [J]. Earth and Planetary Science Letters, 1996, 139 (3-4) : free gas [J]. Geophysics, 2004, 69 (1) : 164-179.

459-469. [36] AT, sk, MBER, 55 HRECA 0T B IR A K

[25] Minshull T A, Singh S C, Westbrook G K. Seismic velocity structure G ET RE I [ AT [J]. HEERY 244, 2014, 57 (10) = 3363-3372.
at a gas hydrate reflector, offshore western Colombia, from full [XU Huaning, ZHANG Guangxue, ZHENG Xiaodong, et al.
waveform inversion [J]. Journal of Geophysical Research: Solid Earth, Integrated analysis of well logs and seismic data to deduce the possible
1994, 99 (B3) : 4715-4734. distribution in depth of gas hydrate in Shenhu Area, South China

[26] %4, 2, kP, & RBSUKEGVHEm AT FE: o E i Sea [J]. Chinese Journal of Geophysics, 2014, 57 (10) : 3363-3372.]
WEHD 152002 32 A 52 0] BRI, 2005, 19(1) = 33-38. [LIU [37] SE, xR, 1 EIbk, 45, VLACIEER SRS 717 T e o b i
Xuewei, LT Minfeng, ZHANG Yuwen, et al. Studies of seismic fEZ T DAL 3 A AR S T IS B (7], iR S
characteristics about gas hydrate: a case study of line HD152 in the VU4, 2017, 37(3) : 197-207. [WU Shuyu, LIU Jun, XIAO
South China Sea [J]. Geoscience, 2005, 19 (1) : 33-38.] Guolin, et al. Thin clasic sand reservoir prediction based on matching

[27] 4Nz, BEOE, i, % T B Ak AR E K & TR pursuit spectrum decomposition-A case of eastern depression of North

JZEE [T, $GHF b PE 24 3R, 2015, 34(3) : 54-61. [SUN Yunbao, Yellow Sea Basin [J]. Marine Geology & Quaternary Geology, 2017,
ZHAO Tiehu, QIN Ke, et al. Time-frequency-based thickness 37(3): 197-207.]
estimation of hydrate-bearing layer in the Shenhu area of the South [38] Widess M B. How thin is a thin bed? [J]. Geophysics, 1973, 38(6):
China Sea [J]. Journal of Tropical Oceanography, 2015, 34 (3) : 54- 1176-1180.
61.] [39] Morlet J, Arens G, Fourgeau E, et al. Wave propagation and sampling

[28] dkatep, xing, #ck, 2 BT RGH RAERAIK G Z R theory--Part I: Complex signal and scattering in multilayered
SR (T, HEEE R T U, 2015, 31(6) @ 23-29. [ZHANG media [J]. Geophysics, 1982, 47 (2): 203-221.

Jianzhong, LIU Han, HUANG Zhonglai, et al. A synchrosqueezing [40] Partyka G, Gridley J, Lopez J. Interpretational applications of spectral
transform based time-frequency analysis on seismic signals of hydrate decomposition in reservoir characterization [J]. The Leading Edge,
reservoirs [J]. Marine Geology Frontiers, 2015, 31 (6) : 23-29.] 1999, 18(3) : 353-360.

[29] Z=7igr, v, skgrh, & R HLAE S R i AR P8 ma v I 3 [41] Ren H T, Goloshubin G, Hilterman F J. Poroelastic analysis of
RARFKE DR E [T]. P R AT, 2015, 31(6) : 55-62. [LI permeability effects in thinly layered porous media [J]. Geophysics,
Junhong, LIU Jie, ZHANG Jianzhong, et al. Delineation of natural gas 2009, 74 (6) : N49-N54.
hydrate reservoirs in Shenhu area of South China Sea using seismic [42] #pfbige, R40m, Mitee, % milEdbE e R RAR S K & R
spectral inversion technique [J]. Marine Geology Frontiers, 2015, FRAE & B3R R BN [T]. Hh22 /14, 2017,24(4) = 1-14. [YANG
31(6):55-62.] Shengxiong, LIANG Jinqiang, LU Jing’an, et al. New understandings

[30] sRignt, MMIE, Wk, S WERRAUKEWRIHERY T 7 on the characteristics and controlling factors of gas hydrate reservoirs
(11): #7759 (7], HhBRAFE =3k 2, 2001, 16(3) : 110-118. [SONG in the Shenhu area on the northern slope of the South China Sea [J].
Haibin, SONG Linxiu, YANG Shengxiong, et al. Geophysical Earth Science Frontiers, 2017, 24 (4) : 1-14.]
researches on marine gas hydrates (II): seismic methods [J]. Progress [43] B&am, slobsy, Mz, % MR RR UK E 45
in Geophysics, 2001, 16(3): 110-118.] E KRB (1], RAR S Tk, 2016, 36 (10) = 157-162. [LIANG

[31] xIEE, XER, XK, & MR ARE RRSKEMA X Jingiang, ZHANG Guangxue, LU Jing’an, et al. Accumulation
TR A B R ). A R 5 91 K, 2007, 34(5) = 566-573. [LIU characteristics and genetic models of natural gas hydrate reservoirs in
Yanjun, LIU Xiwu, LIU Dameng, et al. Applications of geophysical the NE slope of the south china sea [J]. Natural Gas Industry, 2016,
techniques to gas hydrate prediction [J]. Petroleum Exploration and 36(10): 157-162.]

Development, 2007, 34 (5) : 566-573.] [44] M, Bl TR, % BRI O R R B R R K&


http://dx.doi.org/10.1111/j.1365-2478.2007.00646.x
http://dx.doi.org/10.1111/j.1365-2478.2007.00646.x
http://dx.doi.org/10.3321/j.issn:0001-5733.2003.01.007
http://dx.doi.org/10.3321/j.issn:0001-5733.2003.01.007
http://dx.doi.org/10.3321/j.issn:0001-5733.2003.01.007
http://dx.doi.org/10.1002/cjg2.315
http://dx.doi.org/10.1002/cjg2.315
http://dx.doi.org/10.1016/0012-821X(95)00242-5
http://dx.doi.org/10.1029/93JB03282
http://dx.doi.org/10.3969/j.issn.1000-8527.2005.01.005
http://dx.doi.org/10.3969/j.issn.1000-8527.2005.01.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2015.03.007
http://dx.doi.org/10.3969/j.issn.1009-5470.2015.03.007
http://dx.doi.org/10.3969/j.issn.1004-2903.2001.03.015
http://dx.doi.org/10.3969/j.issn.1004-2903.2001.03.015
http://dx.doi.org/10.3969/j.issn.1004-2903.2001.03.015
http://dx.doi.org/10.3321/j.issn:1000-0747.2007.05.009
http://dx.doi.org/10.3321/j.issn:1000-0747.2007.05.009
http://dx.doi.org/10.3321/j.issn:1000-0747.2007.05.009
http://dx.doi.org/10.3321/j.issn:0001-5733.2006.06.031
http://dx.doi.org/10.3321/j.issn:0001-5733.2006.06.031
http://dx.doi.org/10.3321/j.issn:0001-5733.2006.06.031
http://dx.doi.org/10.1002/cjg2.270
http://dx.doi.org/10.1016/j.marpetgeo.2016.11.015
http://dx.doi.org/10.1190/1.1649385
http://dx.doi.org/10.6038/cjg20141023
http://dx.doi.org/10.6038/cjg20141023
http://dx.doi.org/10.1190/1.1440403
http://dx.doi.org/10.1190/1.1441328
http://dx.doi.org/10.1190/1.1438295
http://dx.doi.org/10.1190/1.3223185
http://dx.doi.org/10.3787/j.issn.1000-0976.2016.10.020
http://dx.doi.org/10.3787/j.issn.1000-0976.2016.10.020
http://dx.doi.org/10.1111/j.1365-2478.2007.00646.x
http://dx.doi.org/10.1111/j.1365-2478.2007.00646.x
http://dx.doi.org/10.3321/j.issn:0001-5733.2003.01.007
http://dx.doi.org/10.3321/j.issn:0001-5733.2003.01.007
http://dx.doi.org/10.3321/j.issn:0001-5733.2003.01.007
http://dx.doi.org/10.1002/cjg2.315
http://dx.doi.org/10.1002/cjg2.315
http://dx.doi.org/10.1016/0012-821X(95)00242-5
http://dx.doi.org/10.1029/93JB03282
http://dx.doi.org/10.3969/j.issn.1000-8527.2005.01.005
http://dx.doi.org/10.3969/j.issn.1000-8527.2005.01.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2015.03.007
http://dx.doi.org/10.3969/j.issn.1009-5470.2015.03.007
http://dx.doi.org/10.3969/j.issn.1004-2903.2001.03.015
http://dx.doi.org/10.3969/j.issn.1004-2903.2001.03.015
http://dx.doi.org/10.3969/j.issn.1004-2903.2001.03.015
http://dx.doi.org/10.3321/j.issn:1000-0747.2007.05.009
http://dx.doi.org/10.3321/j.issn:1000-0747.2007.05.009
http://dx.doi.org/10.3321/j.issn:1000-0747.2007.05.009
http://dx.doi.org/10.3321/j.issn:0001-5733.2006.06.031
http://dx.doi.org/10.3321/j.issn:0001-5733.2006.06.031
http://dx.doi.org/10.3321/j.issn:0001-5733.2006.06.031
http://dx.doi.org/10.1002/cjg2.270
http://dx.doi.org/10.1016/j.marpetgeo.2016.11.015
http://dx.doi.org/10.1190/1.1649385
http://dx.doi.org/10.6038/cjg20141023
http://dx.doi.org/10.6038/cjg20141023
http://dx.doi.org/10.1190/1.1440403
http://dx.doi.org/10.1190/1.1441328
http://dx.doi.org/10.1190/1.1438295
http://dx.doi.org/10.1190/1.3223185
http://dx.doi.org/10.3787/j.issn.1000-0976.2016.10.020
http://dx.doi.org/10.3787/j.issn.1000-0976.2016.10.020

2405 55 6

SR, A BRI SR 249 B AR KA W )2 9 20 02 119

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

R H R FE 7 1], Hu22 T 2%, 2015, 22(6) : 125-135.
[SHA Zhibin, LIANG Jingiang, SU Pibo, et al. Natural gas hydrate
accumulation elements and drilling results analysis in the eastern part
of the Pearl River mouth basin [J]. Earth Science Frontiers, 2015,
22(6):125-135.]

RIS, ZHARER. AP IBORAEAZ TN R (7], Bt k) Rt
&, 2006, 29 (6) : 419-423. [YU Peng, LI Zhenchun. Application of
frequency-divided technique in reservoir prediction [J]. Progress in
Exploration Geophysics, 2006, 29 (6) : 419-423.]

T, #hsesh, XUJIRE. AR T vE BRI (1], Al R
£, 2006, 41 (2) : 193-197. [YU Jianguo, HAN Wengong, LIU Lihui.
Frequency-divided inversion and application [J]. Oil Geophysical
Prospecting, 2006, 41 (2): 193-197.]

FRULAR, EARI, BEWI, &5 SRR BORTERRIR 554 i 2 T o 12
A0, PaRE A K22 244K, 2007, 29(S1) : 5-9. [GONG Honglin,
WANG Zhenqing, CAI Gang, et al. Application of separate frequency
interpretation technique in prediction of carbonate reservoir [J].
Journal of Southwest Petroleum University, 2007, 29 (S1): 5-9.]

R, ZARE. A ARIERAEA O X A2 PR (0] b AT
WML T, 2010, 36 (3): 113-115. [YU Peng, LI Zhenchun. The
application of frequency-divided technique in reservoir prediction [J].
Inner Mongolia Petrochemical Industry, 2010, 36 (3) : 113-115.]
TR, RARME, BRAC, S AU VE B AR BT A X A 2 TR
R [I]. A5 RS, 2010, 31(1) = 38-42. [JI Yuxin,
LIU Chunyuan, CHEN Dong, et al. Frequency-divided inversion and
its application to reservoir prediction in block A of Tahe oilfield [J].
Oil & Gas Geology, 2010, 31 (1): 38-42.]

WO, WEE, WX, & 2 REBORAEAE AR XIQML X ik 74 4
W2 fif 2 O b ) B2 A ] Al RAR 41, 2012, 34 (1) = 52-55.
[HUANG Linjun, PAN Jianguo, HUANG Yu, et al. Application of
frequency-divided inversion of thin sand layer prediction of ancient
vally reservoir in XIQ area of eastern Jungar Basin [J]. Journal of Oil
and Gas Technology, 2012, 34 (11) : 52-55.]

EARM, EZ, SRR, 5. SRR TR A N
Wefig J2 T b 82 A (90, AR IREL 2, 2014, 25 (1) 1847-
1854. [WANG Zhenging, WANG Hongbin, ZHANG Huquan, et al.
Frequency division inversion for the intraplatform shoal reservoir [J].
Natural Gas Geoscience, 2014, 25(11): 1847-1854.]

waCE, B, SR, & T BRI NS KR
Fl——Lhshife CH i o Bl [T]. M ERW L2 3k JiE, 2018, 33 (2) = 886-
891. [ZHANG Jingsi, HE Dianbo, CAI Shaowu, et al. Technology of
oil-gas prediction based on frequency-divided inversion and its
application-a case study from C structure of Bohai bay basin [J].
Progress in Geophysics, 2018, 33 (2) : 886-891.]

FRAENI, PR, XIS, 55, ARSBRE SO PR S AL I B G b
XU R (0] A il Bk Py 8 B ¢, 2018, 53 (S2) = 261-265.
[CHEN Zhigang, SUN Xing, LIU Leisong, et al. Frequency-
segmented inversion based on low-frequency seismic data in the
central block of Pre-Caspian Basin [J]. Oil Geophysical Prospecting,
2018, 53(S2):261-265.]

EM, AEE, AR5, A5 HE T SUSARHRIN A3 RS AL A K Xl R
EHER A BRI [J]. ek B 2=k fE 2019, 34(6) : 2508-2514.

[55]

[56]

(571

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[WANG Bin, NIU Cong, LI Yong, et al. Application of frequency
division inversion based on generalized S transform in oil and gas
exploration in deep water area of South China sea [J]. Progress in
Geophysics, 2019, 34 (6) : 2508-2514.]

KR, FEERLL D 2 (M0 S AT IX 475 MR B 5T (D] At
PN 1 R R B I S BT, 2008, [LIU Jun. The integrated
geophysical study of Baiyun Sag and its peripheral areas of the Pearl
River Mouth Basin in South China Sea[D]. Hangzhou: Second
institution of Oceanography, 2008.]

TV, G, WEM, S IR R AR K& WG <
YR LIT. VUM ATl R 2 25 4R (FARFEAAR), 2014, 36 (2) : 1-8.
[SU Pibo, LIANG Jingiang, SHA Zhibin, et al. Gas sources condition
of gas hydrate formation in Shenhu deep water sea zone [J]. Journal of
Southwest Petroleum Institute, 2014, 36 (2) : 1-8.]

FEFR, G, B, & BRI RN KGR AL ISR
BE[J]. M PEHL BT 5 5 DU S Hh R, 2003, 23 (1) : 81-86. [WANG
Hongbin, ZHANG Guangxue, YANG Muzhuang, et al. Structural
circumstance of gas hydrate deposition in the continent margin, the
South China Sea [J]. Marine Geology & Quaternary Geology, 2003,
23(1): 81-86.]

WaB), B, BEERE A AIE 8 SRR UK G BRIR ]
PR 5 S DU 2 H T, 2008, 28 (4) @ 93-100. [YAO Bochu,
YANG Muzhuang. Tectonic movements in the late cenozoic and gas
hydrate resources in the South China Sea [J]. Marine Geology &
Quaternary Geology, 2008, 28 (4) : 93-100.]

NS, Pk, BhAvt, S BRVL O @ B = MR AE AR IS B
22007, MR 4%, 2005, 12(4) : 489-498. [SUN Zhen, PANG Xiong,
ZHONG Zhihong, et al. Dynamics of tertiary tectonic evolution of the
Baiyun sag in the pearl river mouth basin [J]. Earth Science Frontiers,
2005, 12 (4) : 489-498.]

ERRE, B4R, SR, 55 AL G R AR ORI E R
S A A R (0], M T AT, 2015, 31(1) = 24-30. [WANG
Jingli, LIANG Jingiang, ZONG Xin, et al. Differentiated distribution
of methane hydrate in the shenhu area of the northern south china sea
and controlling factors [J]. Marine Geology Frontiers, 2015, 31 (1) :
24-30.]

FISME, FHREL, TR, 55 B AL R O B iRk OR R SR &
W R ST e R R AR 10T LR, 2015, 29(5) + 1024-
1034. [HE Jiaxiong, LU Zhenquan, ZHANG Wei, et al. Biogenetic
and Sub-biogenetic gas resource and genetic types of natural gas
hydrates in Pearl River Mouth Basin, Northern area of South China
Sea [J]. Geoscience, 2015, 29 (5) : 1024-1034.]

Zhang W, Liang J Q, Lu J A, et al. Accumulation features and
mechanisms of high saturation natural gas hydrate in Shenhu Area,
northern South China Sea [J]. Petroleum Exploration and
Development, 2017, 44 (5) : 708-719.

FRET. SO RRE G T IER R A EREX (R (D],
] b J5fi K 2 (b )il -E 2447 18 3, 2010. [WANG Kangning. The
research of high-resolution post-stack inversion methods and
application in Tahe oil field[D]. Master Dissertation of China
University of Geoscience (Beijing), 2010.]

JAARAL, skEZE, VENEIE. 3Tl S ke FR R i 2 il BOR J AR


http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3969/j.issn.1006-7981.2010.03.056
http://dx.doi.org/10.3969/j.issn.1006-7981.2010.03.056
http://dx.doi.org/10.3969/j.issn.1006-7981.2010.03.056
http://dx.doi.org/10.11743/ogg20100106
http://dx.doi.org/10.11743/ogg20100106
http://dx.doi.org/10.3969/j.issn.1000-9752.2012.11.011
http://dx.doi.org/10.3969/j.issn.1000-9752.2012.11.011
http://dx.doi.org/10.3969/j.issn.1000-9752.2012.11.011
http://dx.doi.org/10.11764/j.issn.1672-1926.2014.11.1847
http://dx.doi.org/10.11764/j.issn.1672-1926.2014.11.1847
http://dx.doi.org/10.6038/pg2018BB0149
http://dx.doi.org/10.6038/pg2018BB0149
http://dx.doi.org/10.6038/pg2019CC0439
http://dx.doi.org/10.6038/pg2019CC0439
http://dx.doi.org/10.6038/pg2019CC0439
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.3321/j.issn:1005-2321.2005.04.018
http://dx.doi.org/10.3321/j.issn:1005-2321.2005.04.018
http://dx.doi.org/10.3969/j.issn.1000-8527.2015.05.005
http://dx.doi.org/10.3969/j.issn.1000-8527.2015.05.005
http://dx.doi.org/10.1016/S1876-3804(17)30082-4
http://dx.doi.org/10.1016/S1876-3804(17)30082-4
http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3321/j.issn:1000-7210.2006.02.015
http://dx.doi.org/10.3969/j.issn.1006-7981.2010.03.056
http://dx.doi.org/10.3969/j.issn.1006-7981.2010.03.056
http://dx.doi.org/10.3969/j.issn.1006-7981.2010.03.056
http://dx.doi.org/10.11743/ogg20100106
http://dx.doi.org/10.11743/ogg20100106
http://dx.doi.org/10.3969/j.issn.1000-9752.2012.11.011
http://dx.doi.org/10.3969/j.issn.1000-9752.2012.11.011
http://dx.doi.org/10.3969/j.issn.1000-9752.2012.11.011
http://dx.doi.org/10.11764/j.issn.1672-1926.2014.11.1847
http://dx.doi.org/10.11764/j.issn.1672-1926.2014.11.1847
http://dx.doi.org/10.6038/pg2018BB0149
http://dx.doi.org/10.6038/pg2018BB0149
http://dx.doi.org/10.6038/pg2019CC0439
http://dx.doi.org/10.6038/pg2019CC0439
http://dx.doi.org/10.6038/pg2019CC0439
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2013.10.16.01
http://dx.doi.org/10.3321/j.issn:1005-2321.2005.04.018
http://dx.doi.org/10.3321/j.issn:1005-2321.2005.04.018
http://dx.doi.org/10.3969/j.issn.1000-8527.2015.05.005
http://dx.doi.org/10.3969/j.issn.1000-8527.2015.05.005
http://dx.doi.org/10.1016/S1876-3804(17)30082-4
http://dx.doi.org/10.1016/S1876-3804(17)30082-4

120

T M S5 5 1 20 M S

2020 4F 12 H

[65]

[66]

[67]

[68]

[69]

IR W RO R R K = AN SR R R (0] P g b,
2015, 27(3): 25-30. [ZHOU Donghong, ZHANG Zhijun, TAN
Huihuang. Super-tihck reservoir characterization technique based on
spectral inversion and its application on extremely shallow sand-rich
delta, Bohai sea [J]. China Offshore Oil and Gas, 2015, 27 (3) : 25-
30.]

A, LV, EWIAR, 55 R DAL HROK = A Ik TR R i
FEASE 0. DA T AR vD &2 B AR B R BOR B L) MR AR
FHAR, 2018, 40(1): 27-35. [GAO Lei, JIANG Tao, WANG
Mingchun, et al. Reservoir prediction of "rich sand" shallow delta and
hydrocarbon accumulation pattern analysis-a case of Shaleitian salient
lower member of Minghuazhen in the western Bohai sea [J].
Computing Techniques for Geophysical and Geochemical Exploration,
2018, 40(1): 27-35.]

PRk, ERHEZE, KT, 45 B R IR UK B R E B A A R E
0. BARHST, 2010, 24 (3) : 467-473. [XU Wei, QIU Nansheng,
SUN Changyu, et al. The distribution characteristics of the thickness of
gas hydrate stability zone in South China Sea [J]. Geoscience, 2010,
24(3): 467-473.]

REER, R, E2W, 5. WAERIRTURE VTR R ST F kR
(J]. B4R, 2008, 22 (3) : 356-362. [WU Nengyou, LIANG
Jingiang, WANG Hongbin, et al. Marine gas hydrate system: state of
the art [J]. Geoscience, 2008, 22 (3) : 356-362.]

SERRAE, WM, E20m, 5. R R AR R SR K S e
HREAE D], BRI, 2009, 23 (2) : 210-216. [GONG Yuehua, YANG
Shengxiong, WANG Hongbin, et al. Gas hydrate reservoir
characteristics of Shenhu Area, North slope of the South China
Sea [J]. Geoscience, 2009, 23 (2): 210-216.]

BN, T, B, A ML RO RN KA A

[70]

[71]

[72]

(73]

M FHE P 2 (1] g P B AT, 2013, 29 (10) : 31-40. [ZENG
Xiaoming, YU Xinghe, WANG Jianzhong, et al. Controlling factors of
natural gas hydrate in the North of Shenhu Area, South China Sea [J].
Marine Geology Frontiers, 2013, 29 (10) : 31-40.]

JRERME, RN, TKObE, S M ARINIHER IR UK S S 1B
BRRAD]. Wb SR, 2008, 28(1): 99-104.
[GONG Yuehua, WU Shiguo, ZHANG Guangxue, et al. Relation
between gas hydrate and geologic structures in Dongsha islands Sea
area of South China Sea [J]. Marine Geology & Quaternary Geology,
2008, 28 (1) : 99-104.]

FISRHE, PPREL, JRANE, S B ALER A TR S IR R S5
A LIT. VU AR A4 (B AR ERR), 2016, 38(6) = 8-24.
[HE Jiaxiong, LU Zhenquan, SU Pibo, et al. Source supply system and
reservoir forming model prediction of natural gas hydrate in the deep
water area of the Northern South China Sea [J]. Journal of Southwest
Petroleum University (Science & Technology Edition), 2016, 38 (6) :
8-24.]

REER, WL, E20R, 5. B AL R IGEE R R A K&
BT RIS R R (1], R L 24R, 2009, 52(6) @ 1641-1650.
[WU Nengyou, YANG Shengxiong, WANG Hongbin, et al. Gas-
bearing fluid influx sub-system for gas hydrate geological system in
Shenhu Area, Northern South China Sea [J]. Chinese Journal of
Geophysics, 2009, 52 (6) : 1641-1650.]

L RIERE, MR, S R GRHECR SR SR S WIS
YR [I]. KA T, 2007, 27(9) = 1-6. [WU Nengyou, ZHANG

.
i

Haiqi, YANG Shengxiong, et al. Preliminary discussion on Natural
Gas Hydrate (NGH) reservoir system of Shenhu area, north slope of
South China Sea [J]. Natural Gas Industry, 2007, 27(9) : 1-6.]


http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.008
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.008
http://dx.doi.org/10.3969/j.issn.1000-8527.2008.03.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2008.03.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2009.02.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2009.02.003
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3321/j.issn:1000-0976.2007.09.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2007.09.001
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.008
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.008
http://dx.doi.org/10.3969/j.issn.1000-8527.2008.03.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2008.03.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2009.02.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2009.02.003
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3321/j.issn:1000-0976.2007.09.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2007.09.001
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1001-1749.2018.01.05
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.008
http://dx.doi.org/10.3969/j.issn.1000-8527.2010.03.008
http://dx.doi.org/10.3969/j.issn.1000-8527.2008.03.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2008.03.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2009.02.003
http://dx.doi.org/10.3969/j.issn.1000-8527.2009.02.003
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.11885/j.issn.1674-5086.2016.09.03.01
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3969/j.issn.0001-5733.2009.06.027
http://dx.doi.org/10.3321/j.issn:1000-0976.2007.09.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2007.09.001

