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b F KT IS 5 I SRR AP AR PR 2 g
- X

F BRI R f?fiiﬁ‘ﬂJEW?ﬁ ° 1982 & & i fWFT”f Iﬁﬂﬁp = 10
= ARG FI‘#JE ng’ﬁﬁg’ﬁm » SRR YRS 800 ]‘f“ o FISPIRTFAEE BB = IR A
APIRIRRI PR P o TRk e 2R PO FIRE R A R
Tk e BEIRG PR TR T (1 IS PO RS R TR e =
TVHPIEIER
X 1005 5 IR A RS RS I (PO - 2 R
(Beaufort Sea Play ) ~ I AM%E*JE& ( Bering Sea Play ) [?EWJ mzfg BRI (Aleutian Trench
Play ) ~ [o§F ZrE 8015 (Gulf of Alaska Play ) ~ =T ¥ #4515 (Northern Pacific Ocean
Play )~ k- 7 £<5t018h ( Southern Pacific Ocean Play )~ fﬁ:LT 1B W8, ( Gulf of Mexico Play ) ~
[N 4\7 7 B 1R ( Southeastern Atlantic Ocean Play )~ Fi-] *‘\P 11 BEI1E ( Northeastern Atlantic
Ocean Play ) "~ S [gl] e ¥ 2o fi = F 3}@%?5&1”“ i (Alaska Topset and Fold Belt Plays )
S5V L ERREIE (I 4-1) - PNFEUBETTRR TROPo - (h SUBBIT P I P
PP IR 5,660x10% m3 = %1 (Collett, 1007 ) « 81| FEWREN i 1~10 %7 £5 ' 7
PV IS 2005 & = gRsa s iRl 0.63x10™ m® T RISCRIBS | V5E = 5 P F IR
s Bl o S0 HUEESCE 90~900 i) ﬂ'u’pﬁfgﬁ

’?M

(i

[
El

F B 2006 F F'ﬁJﬁF’i?‘ﬁ%‘I 2 5 F AR ﬁ#";ﬁl‘é@% Hio AR 105,500 F’Jﬁiﬁ
(2006 = 4, 1500;J Z 7~ 2007 F zoooikr 7 ~ 2008 & :3,000@]%71 ~ 2009 &+ 4 -
4,000 f Jq\ ~ 2010 & 4, ¢ 5,000% =&

e 4-1 5L BT 2005-2007 F R 5 1) T S fj" | e RS 1R £ (= 20 s 3
IR PR A S R« T S BV SR P
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(2,074)

et agrue 70
(608) g xsamue
(1,520)
AT ARDE
(208)
i 4-L ~ SIS A PRI 5

IR AR P A Pl

T 4z 3 o 78 4R ) &

Q%ﬂ (%¥H 1 Department of Energy, 1998 ) - §75k] |FVEe
VG v Jr:@ﬁ[ﬁr[@ 6 E 2 (L 12m Yo

% 4-1 - :’xf‘]ﬁ@"f‘ﬁ?’[ﬂﬁé@ﬁ% Fu Y IET PR R A
( Federal methane Hydrate Advisory Committee, 2007 )

2007 BP Milne Point Project

2005 Chevron Gulf of Mexico JIP

2006 Indian Expedition

= f?@ E*:\/ZF%WFF[?J@?:}[ 2
]ﬂ:

AR R T R
G T S

I o BEER TR 5T 1 TV SRR
HA IR A AP 4 -

i B S T PR 1,
[Be 3% i (sound methodology )

Fe 5{‘ A5 %LTI Y ﬁ%ﬁﬁ}lﬁ_\ﬁ—)@ 7J< fi
P EherIRp IR BLRE

TEOH R MY KG B
(Krishna-Godavari Basin) 5&Z =R %]
fJfELf*\}I#%VFF[?Jﬁm%E”’FEji

S Ry TS T

71\

(PSR AR R A B ]
LT PR e -

TSN %MLTHWJH |
TR 3 600 1 L o

wﬁﬁ%ﬁﬁ? AR
Pk _ﬁrfiﬁ' Jﬁﬂ S

R R SR
ey

H o HIR T S T A RS IR
[ [#’J«TF IE R P RLRE

HRLEH SRS PIRR TR I Y 3 ERE R R AT R EEEE RS =
i BRI F T oA A PIpvBA Y - PPV

(1)

o S BT Y BPXA 4 [t 3
Petroleum Exploration, Alaska) - Alaska-Fairbanks 5% ~ fnF{[=e #IA5 -

i (=11 SUE =R - BPXA (the British

F BT

i~ RS2 il (Interpretation: Services Inc.) ~ 3BT dﬁlﬁaﬁ T (AF’A

Petroleum Consultants ) ~ the Ryder Scott Company -
A B R 3 AEBERISOR] » i ) SRS RTSRI L 2] R Y o 2

e iy
i~

i
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WRIFE - Rt BH T 14 (IR T AR I (prospect) 2 H 1Y
~ FY Mt. Elber B =337 3 B’ETFQE*%F%E[ PRI ﬁJE\JJ’?‘i 2007 = yE S~ ZH]) ’v‘ﬂ[
CFRETESI T ERERETEYR] 2 BPXA ?F“ Sf'z L \[fh_% 3 Rt %
reRtRT Hh R TR

(2) SR (Chevron) BUFRMISR £ H.1 TR - £ 1Bf10 B4 Chevron Gulf of
Mexico ~ ConocoPhillips ~ ﬂ\[@“«liﬁ@%‘g\ﬂ? ﬁ%@;mﬁ*‘*ﬁ@ 75"k ~ Total ~ Schlumberger -
oA F Hf{ﬁ iﬁrﬁﬂf}“ﬂ? Reliance Industries ~ Scripps Oceanographic Institute
AR SRR -
Corporation ; JOGMEC) - 5715257 2 BE“F&;P %S 2005 =+ ?j%ﬁ B R R 2 [
HAERVEAE PR RS IAT AT (R S SRR S PR T
ogi] = A = P I i RS 3 IRl - TS i o] o 4R R wa it
i SRR ARV DRI EENES SAM RSl e *’i"i“l'ﬁl » AT 2007 F 5T

| (the Japan Oil, Gas and Metals National

_'_'l>

4 2 1] > 'il]E;; ESE HAYE] G5 5 ISR =2 a2 )] (logging while drilling ; LWD )
ST (0 R 2008/2000 WA A 20y DRI TR TR P -
RN o . N

I'Z"%@@E:‘Eiﬁ%@ﬁﬁﬁﬁﬁuﬁﬁéﬁ%%%ﬁﬁ > U PRI LT SRR 3T 0 ) F IR TR
5t (BSRs) » = E’,lﬁ E’\igﬁrﬁﬁgﬂF IEdzEE uuym Ik D%H?J?F —5 154 ( Nankai
Trough) ~ SaAF RV ~ -7 B ~ FIR ¥l @Wﬂlﬁﬂk%%«_‘*ﬂd?ﬂ@ Vaileh o B5E R
Sl F PR B HT RS 44,000km? ([ 4-2) « FHUTRFHEIF AR
% vﬁﬁfﬁagfj PISEETRIE A9 E) 4.7~6.0 J75 4 2 AU (Okuda, 1993 ; Satoh et al., 1996 ;
http://www.mh21japan.gr.jp/seika.html ) - ﬁlﬁﬁ‘ii? 2003 F |14 B A IRy el (765 [
2L [ 60~80 fif » AUERE IR B AR GRATRED (40 fRiE T 2R i 120~150 ff -

FIAHS 1995 = AH[ 5 = B IR J\F,f}”FJ’I%iﬁ:. R B9 9,000 f 1S 0 i 1999
I AR (PR HO 2 [ (pilot well) ~ 1 12 Uk
#| (main hole) ~ 3 [’[ﬁ‘f%éﬁﬂ%}ﬁ; % (post survey well ) » lFEP 6 [ 1] Fuififel e vl [ 4-2 B o

B R E(RLE R VO (PRI SR IR PP - T R R 5 9
zﬂWWHH¢¢WM”ﬁ£wH@w%@f—%fﬂ¢ﬁﬁ I RS (METD) T
2001 &+ 7 5| TS R kA [f}ﬂ |38 3 (National Methane Hydrate Exploitation Program )
%%%gg@w’ “FW%FH%m”ﬁ.J%HH‘Hﬁﬁﬁﬁir@@@WW%Ff
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Pomp B VR 0 2 R L

<
A3

pa

Tl P (g % o1 > 2001a > 2001b : Tsuji etal., 2004) -

B 4-2~ PR Tl AE S SRSt
SEyEE S ) > 2001b ; Satoh 205

oy

PR Gk (
2 )~ Primorie 915 %

k} Sk F-
Aie .
t

N 78S Za il

2Z NN

51857
ERBA » 5

A

T

ERLARE 1 7 151 (PRSP b 15

T”qaa\l(éfﬂ% F I Satoh etal., 1996 ;
&P RASEL] fF"[ o

342 IR Vo £ PR ALY P FOREERR (Tsuiietal., 2004)

H i SLIHPOHIE 1A BRI 2 = u&ﬁﬂgﬂ‘[ 71 .&ﬁﬂgﬂ‘[ 72 I%ZEIEJ%?I 2 3
- PH-1 PH-2 MH PSW-1 PSW-2 PSW-3
RS 945m 945m 945m 945m 945m 945m
A K 1600m 1486m 1623m/1618m 1300m 1223m 1300m
QEF M%) (655m) (541m) (678m/673m) (355m) (278m) (357m)
2 @ 8-1/2” 8-1/2” 10-5/8” 17-1/2” 10-5/8” 10-5/8” 10-5/8”
oo ——nree | 1999/11/14 | 1999/11/15 1999/11/21 2000/01/22 2000/01/25 2000/01/28
Pz S
1999/11/14 | 1999/11/16 1999/12/10 2000/01/24 2000/01/28 2000/02/01
H rb S 34°12°55.60” 34°12°56.54” 34°12°56.07” 34°12°56.22” 34°12°56.38” 34°12°53.38”
A 137°45°01.60" | 137°45°03.77” 137°45°02.63" 137°45°03.01” 137°45°03.39” 137°45°04.34”
P =R |LWD  ( logging ?l/i«#% : PTCS %=t |Wire-line Logging  [PTCS §#|-~j2& |Wire-line Logging
while drilling ) s DSI-GR-EMS 1149-1158m DSI-GR-EMS
RAB-CDR-CDN | (1110.0-1272.0mbsl) | (1296-998m) 1178-1187m (1293-999m)
945-1486 mbs| Pl 4460 HALS-GR 1199-1214m HALS-GR
(70.1m/157.0m) (1302-998m) 1220-1223m (1299-999m )
Wire-line Logging CSl  ( zero-offset| (FRI%= 46.9% |CSI ( zero-offset
WCQR VSP ) (1300-1005m )[=16.9/36.0m) V'SP )(1299-1005m )
(1140.3-285.3m) (71 levels) (60 levels)
AITH-NGS-DSI-EMS |FMI-GR FMI-GR
(1135.5-1000m ) (1303.5-998m) (1301-999m)
ﬁ'ﬁ%gﬁﬁ 1= 4 HALS-DSI-GR-EMS  [CMR-GR CMR-GR
) (1261-1007m) (1278-1096M ) (1297-996M )
CBL-VDL-GR MDT-GR
(13-3/8") (1209-1197m)

(1563-945M )
Dual CSI (VSP)
Zero-offset
(11555-1000m)
Offset (1555-1085m )
Walk away

(1210-1130m )
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=FHEEE R S - (L) TR IR 4 B RAIE R 5 5 PIROE SO =i 1 5 (2) 48
PV [%”Jﬁiﬁﬁaffr?%ﬁ%'"3‘6“&%??@?‘[ +(3) Pl AR F VST~ (3 = Bh e 2
(resource fields ) » 3% i EURZgRT* (474 5 (4) TR AmELAup 15 I‘F PrevRilh & = IR
F’—‘[fﬁdg EHES (= 2011 & )5 (5) py¥ (“RIdpudersfin (= 2016 & ) (6) g =1 HEIR
EAIEERE SIS S
REPRTRIFIRT 07 £ 3 UL 16 & Uik » 5 PR Pl = e fe R R R (1 4-3)
1. 571 WIFH# (2001~2006 & ) : Al B F FLEOPEEIERT - [ISk-fs & oo nhse e
THRRL PGP > TIPS IIE TR -
(1) PSR AP i Fepoded gl [ -
(2) FE[?J il [N I 5k ﬁ?ﬁ?ffg’ﬁ‘:l}ﬁ ’i"3éjl'ﬁli,?l TR E!
(3) ﬁﬁ—iiﬂlvﬁ NG SECER ST EF“F@:?UF”% ENAEEC I
(4) Fp I T ?[”E*ﬁﬁﬁﬂii i 2 [ 1 (wellhead ) fop 151+ £ i
PR SRR
2. FY2 IR (2007~2011) ¢ Fl 1k b HE0S - SEUBBYIGE ffi P HERIELRERTA » 1)3En
SIE R o
(1) PURA PR RBh AV E PR ORREIE () -
(2) PRI £ Pops & e & i PP -
3. 97 3 FE (2012~2016) : qH*{ﬂiiEFi B TS T (7| igﬁl%g;;fﬁﬁfpur;@ o
Eﬂ#JﬁﬂF”ﬁ%?ﬁ O P T OV R P'%%EYTWE'ﬁTWﬂiTFETU » 2001 = = 2002 =+ HARY »
P PRI B B 0 2 585 3 AGRRR P 5 2004 5 IR - F A A g
T PNTE = A2 PS5, (Tokai-Oki to Kumano-nada ) 144 22| #¢5H# (multi-well drilling) -
T PRAS 720~2,030 2 NSRS HRES 16 [ 0 PTG - S IS R
PUEpOR R EZEI4T - T SR 34T o F U (s 7 phiar 2 e = (79
E‘N’FIF:’I fF‘[;l/"JlZE » 2006-2007 - HH[H] T 6= P EEA IR = IR J(F PO R A R
6,850 =X 7 » Wi 2000 F I R HORGAIS G (1 R R

SRR T R A P R R L 1998£F,HEJ HRNEE S St IR
AT PR 2 L s R U J[[;{%@fiﬁﬁﬁ -~ i@&l%ﬁ%ﬁ A P
A [T A PRI > T S TS s E IR T (Malliko) s HFRES Mallik
2L-38 Hhfb V#H JV‘F’[@\#?V%%}T’? . Bﬂ?j‘*%i‘%’?%@@‘ﬁﬁ%{ °
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BERE 4 r&ﬁ?i{&ﬁvﬁ#ﬁ 13 bt n

&%W’%‘.

(IR H A~ £ R\ REH ii&@ﬁ‘i§3§.§3¥ﬁf$$)
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= LI AR
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# BB E) =
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#F

%

M43~ p A" %k BEFFHARLTIM (2 p gA2 £ > 2001a)

2002 £ [l > FIE IR BT O L Hiﬁ%#%?ﬁ~wﬁiﬁﬁﬁ‘wﬁiﬁﬁﬁ
g‘[ B~ %\@S«If’j’ﬁ‘ﬁ‘ﬁg‘, FiFr [ES«'F WPFF + fls! GFZ ( Geo Forschungs Zentrum Potsdam ) ~ []
I IR Iﬁ[ﬁ ( MOPNG ; Ministry of Petroleum and Natural Gas ) - Chevron Texco-British
Petroleum-Berlington ~ [[F [ #B<E] 2 A 7#8%( ICDP; International Continental Drilling Program )
3 &*#ﬁ"”ﬁ”ﬁ&ﬁ UL A R e B T F/—\ 1% T Mallik 2002 =R F’—‘,}"'Jék A
B ) (Mallik 2002 Gas Hydrate Production Research Well Program ) » 5317545 2,500 f,
7o FRHHPRE | WIS IR R AT B A SR IR TR P
R T AR ETGE] AIREER L 5 1 Mallik 3L-38 41-38 372 [ 12 Bt B2 - Mallik 5L-38
] Fipfh % Pk -

FIP L R RIRTH » FIN R IR AP T P VRORE P -
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50t 7 ORI » 5 LA U LR R 1500 4 2 P T ORI
TRESR I 2 e  EHURII A P o [ [P IR Pk g 2 & 20 G
ENENE (I

2006 F = 2008 =F #fH] » [ 14 JOGMEC ** l:[f%ﬁ‘{lj*{ﬁ T9RE Fl?‘f}{—J Hh FA TS AR
Foh s 2006-2008 - GRgi e P PR » |V ST IR PR IS 5
[OBEARIF « 5t 7 2007-2008 & & 5 W] > gkt § SIS BRAR YO ObS 5T R
A PR et S % SRR - Pt Mallik 2|_ 38 % 3L-38 2 [ 1 AT EIFTIT
TG s o SR IR R TR lﬁ[ F[«FI%ITP puzRe T’*Iﬁp**\’ﬁ%«‘ FF 7

FRERIHID 12 2 RS R T PG Fg 60 /| HARHAEIH 2 % o -

AR TR REET 2007 7 ATHRGOY 1003~1105 2 NV IRt (SR ARge A i 1i
e Pl AR D 75% ) > HRERIRS R Y 1 _@"IEU% C RERDISTIINER: S STk
i 8,000 AR ﬁ L E ey Fﬁ’ﬂﬁfﬁiw » AT Hﬁl“'ﬁﬁﬁl A IRE T
W e TIPS SRS 0% & ok (Dallimore et al., 2008 : Fujii et al., 2008 ;
Kurihara et al., 2008) = [Al[*» 7 2008 & 3 * | RIEI#% 6 I % iz » o
PATbA (sand screen ) » HYIRE SRS A (003 ik Sepopb s ™ il sg S i
P& IR AU 81795 2,000~4,000 = 4 R "I/~ ( Council of Canadian Academies, 2008 ) -
= ~HI%

HI™% PRl IEAT e J’FE[TJ B = [l 1950 £ UG AR R Y R
?F,@ 178,000 “TEI o EH;%?]E[JFEUE[EY#[F@EH—I\ YA T (R 5553 T il ﬁg\lggﬁ ' ] FIJ[E;ILJJ@UJ
TFL7 SRS A P ([ 4-3) » BUrERES [P 5k pi Rl HA5 1,804~14,572 )=, =
(% 4-3)> %IHH@@“ = VRS e P SRR R (7,070 B )

HIE [E?'%\""'J:\?‘Iﬁ%"f‘ﬁ?@ﬁ?f%if? 1997 = E“E?El:\?‘lﬁiﬂﬁﬂf'ﬁ Fi?‘i?ﬂj > 7 2000

EbE B B IR J‘F PrrEE FL o H @?'%’?'J:\ﬁﬁiﬂ‘ﬁ?’%ﬁﬁ%%ﬁmﬁﬁ%ﬁ' i
#2004 FE Fi o R ASHIE thf,«’zﬁﬂwﬁf IR le‘IL%Z‘"' IELI I [Ellg{%gp'ﬁg&;%@&%
ERHI AT R S A PR S/ JJE’?EJE’E’T ; 2005 & I'[ i > 5sY <%
900~2,500 ** Nﬁ’lfii%:’ﬁ%i@‘i;'d?[@\ B b%%’@ (e (CEE(E A 2006 F 8 F]hAY )
2006-2007 = HAR i%{‘?i—“ﬁfﬁjxﬁiiﬁf‘ﬁ?’iﬁ @%ﬁﬁ‘iﬁ%ﬁ% ; 2008 EFJ‘JT] »YEE AR
?P?“J‘ﬁ?"’lﬁi AR S/ AEV L -
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Fo 4-3 ~ FIRNIE ARG (1 B VRRHRELEE (GAIL 1996)

}E' l/’ja |:| H ?féq
PRl (Plays) (Probability of equal to or greater than : )
95% 75% 50% 25% 5%
1A (Bombay Offshore) 135 307 454 630 852
R AL ;
PP -FIE0 i (Kerala-Konkan | o 221 1,137 | 1566 | 2,299
Offshore)
1w b fE’li’—SITE&: (N. Arabian Sea) 226 440 595 798 1,092
ﬁzjﬁﬁ’}j‘ ['EIYQEF&: (S. Arabian Sea) 0 0 312 709 1,094
b BRI RERL A
(Eastorn Offshre) 1038 1527 | 2168 | 3181 | 4,525
15 I A G
(N Bay of Bengal) 245 334 468 648 937
2 ?}JJD}T"ﬁE&I (S. Bay of Bengal) 188 367 1,022 2,468 3,773
F\F&?ﬁ Jest 4 2L TCM) 1,894 3,196 6,156 10,000 14,572
66
72 74 718 g2 88 92 o
T T I ==
SCALE (km) \ 22

Mumbal 0 60 120 180 240
.

Offshore

Mahanadi
Offshore

o Mumbai 2000

(Bombay)

N
\ Kutch
Saura-Shtra
Offshore
\
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Konkan Offshore 4

Offshore
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v"-_'-'__ =t R

\
Arabian Sea

Chennal
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IS Andaman
Kerla AV ery \\ Sea Islands
Offshore Offshore N Aves ‘ 10
\ India
\\
B Highly % i Nlrobar .
Prospective Trivendrum Indian Ocean Islands /
-Cape Comor ; /
o Gulf of Mannar \\ ’

N | 1

[ 4-3 ~ 1% Tl e el A PR B VB9 7)) (Max, 2000b) « s plEHE A it

e R e st

2006 = H|% @'%’Kﬁiitﬁfﬁ?ﬂigﬁ%ﬁ@#%%%ﬁ NGHP 01 (the Indian National Gas
Hydrate Program Expedition 01 : NGHP Expedition 01) > fLpl 1] th s ]’“‘Fﬁ,f}ﬂ W (DGH) ~
[ES«H*H@T‘%E\ A~ YRR f (ODL ; Overseas Drillg Limited ) =Rt J‘F PR *’JI”JD E'l
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F’? » FUGRO McClelland Marine Geosciences %:*Hf fi’?ﬁ’af’—‘,#ﬁ%‘,u ; Fé‘fﬂﬂﬂﬁﬁfrﬁj JOIDES Resolution
FFEPIAGEVIE L {50 [ ODL prfiik (s ]/ W dR R S SRR e
VEF#ESTE (I0DP ; the Integrated Ocean Drilling Program ) [ﬂ EEIEEISES _F’T (NSF) #'
SRy l':*‘JJ’vﬁ['L\#% —F%ﬁﬁ‘%&iﬁéﬁ?% ’ EJ[JE“[ES“F?%‘E@@TE’%?T% / FBTEAET
2 (TAMU ) ~ FUGRO f[J [Eﬁ'i*‘ﬁﬁr%‘ﬁl B~ %‘;[ﬁﬁlﬁii’ﬁlﬁﬁE HYACINTH / GeoTek =#tf#
FY 2 FIAT AR 5 2 (e L RSB R %8 LDEO ( Lamont-Doherty Earth
Observatory ) fifi ; HCE 3 AT TS0 L 3,654 P57 » FHHIL Tt s £
ﬁ (OIDB) 1Y -

R PR EI R R RO SR R R
JHEI SRS AR o 2 T R A R TR e AR
OB —%"ﬂﬁjﬂﬁ“ R A RIS AR - H D )
PP e @ RS0 (P BIRTE A - Gl (regional context) I FJ% [ Agailasi = it
ROFATIRR e () R IE > AR E R BRIPURIER L R SR
P ERV TR SR APV =0 | 1A

N ED

=R B o ST A B RIIHE R K-K 38 # (the Kerala-Konkan Basin) 1 ffi
2l b~ HI A EL N T A s K-G ¥ 4 15 4] i (the Krishna-Godawari Basin) =2
Mahanadi & % 4 %] # (the Mahanadi Basin) ~ = [ 91 v p {fpo-d 3 £y 1 2]
54T ([ 4-4) -

Mahanadi
Basin

Konkan

Basink

Andamari}
Islands 3¢ >

1000 KM

B 4-4 [ YR I SRS A P Al EEER Y S W 3 ) I (Collet et al, 2006
http://energy.usgs.gov/images/gashydrates/India-NGHP_LG,jpg ) °
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FPEFT PO B IIRT R 2006 F 4 7] 28 F1= 8 7 19 FI o BERRIIHFL 113.5 < 0 103 HD

4 it = Ry s YRS 2 (1) v 1 (4 F] 28 F1Z 5 5] 16 [1) - flimikf (Mumbai) {158
S0 5 [0 KK YA ORGP R S ST e I R
(Chennai » £ ¢, Madras 5 fF2) ; (2) 4% 2 (5 F] 17 [IZ 6 F[ 6 [1) > fli7 2 Hb L%
U RATIEE Y K-G YAl 252 Mahanadi Y& 7,37 10 %] &0 > #1kg LWD #] ?ﬂ\' (e b B
[ 5 5 (3) 4% 353 KG 2P 1 v 3A (6 F] 7 F12 6 7] 25 F1) » (A 2 i
I LWD A IR IATRER > 1) K-G a4 2 R A o b o fR & A e
o PR AL [T 4 3B (6 K] 26 1 7 P AT F1) 0 T K-G A
BRI S [ 1 BRG] ARE R T (4N 4T F] 18 12 819 1)
I AR T IR R 1 [ B AR SRR R R

Mahanadi Y&l Z 2 a2 & > dihgds] - ?[ ER 35[1%@k o BV RE] K-G YA 2 FE 2 (W
H b g {ﬁ[' FRE AT i R S o R 1 SRR RAIH EE 19

(16:8%)~ # & VISFSERIEH 242 % (21.3%) » 2| S WL HFH 704 % (62%) - #F
P G 20 e ok 39 TS (K 0 W 10 [ H 12 T LWD-MWD
( Logging/Measurement While Drilling) #3{ =¥ ~ pI9f 27 3’“&[@1?[@\%92[’% ;s 13
(2] b *44)5— F 2 I wireline logging )+ 6 ffi%] i k=5 i 52 JE'H?*UPW JHICVSP; vertical seismic
profile ) « #Z] [ <1555 906~2,674 * N » PR a4k 9.5~718 2 N (mbsf) 5 #7]
L LA £ FhA9E) 9,250 frﬁiﬁ[ AIE) 2,850 N (FRIFEHRAI T8 %) « [l 4-5 KL 4 FP
AT HIR IR D 5 A /S ?Jﬁil’fl“\ﬁf{” °

] R AORRI SR A R E IS (B [ S L g (1)
AT IBNAIS RSe A A PsT f2 f AT (2) S igafs (P i Py BT il - (3)
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ABSTRACT
Offshore southwestern Taiwan, an area where the Luzon subduction system impinges on the
passive China continental margin is characterized by widespread bottom simulating reflectors,
indicative of a presence of gas hydrate beneath the seafloor. Intense geological, geophysical and
geochemical investigations, as well as deep-towed camera survey were carried out in the
prominent area of the accretionary wedge. A number of geochemical anomalies were found in
the cored sediments nearby faults. Anaerobic methane oxidation is indicated by sulfate and
methane depletion, hydrogen sulfide formation and an increase of alkalinity in the near-surface
sediments. Chemosynthetic communities and large scale of authigenic carbonates forming
chemoherms are demonstrated by the seafloor images. These features indicate that active
gas/fluid seepages have occurred on the seafloor. The formation of these seepages could the
result of gas hydrate dissociation and the rising of focused fluids along faults driven by the

convergent tectonics.

Keywords: gas hydrate; seepage; accretionary wedge; offshore southwestern Taiwan

INTRODUCTION

The island of Taiwan is an active mountain belt
formed by the oblique collision of the Luzon
volcanic arc of the Philippine Sea Plate with the
passive China continental margin.  Structure
features of the offshore southwestern Taiwan are
characterized by the outgrowth of the submarine
accretionary wedge extending westward to the
China continental slope (Figure 1). Distinctive
fold-and-thrust structures of the convergent zone
and horst-and-graben structures of the passive
margin are separated by a deformation front that
extends NNW-ward from the eastern edge of the
Manila Trench to the foot of the China continental
slope [1][2]. East of the deformation front, multi-

channel seismic (MCS) data reveal that the frontal
segment of the submarine accretionary wedge is
dominated by discrete folds with blind thrusts,
whereas, the rear segment is characterized by
imbricate thrust systems with common occurrences
of emergent thrusts [3]. Thick Pliocene-
Pleistocene sediments derived from the active
Taiwan mountain belt have been deposited on the
submarine accretionary wedge through the
submarine canyon systems [4] [5]. Seismic facies
indicate that the sedimentation is dominanted by
hemi-pelagic sediments, turbidite deposits, channel
and canyon infills [6].

Bottom simulating reflector (BSR) commonly
found on previous seismic data suggests that gas
hydrate occurs broadly in certain areas within the

* Corresponding author: Phone: +886-2-29462793 ext 252 Fax +886-2-29407771 E-mail: chung@moeacgs.gov.tw
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Figure 1 Tectonic structure of the southern Taiwan
offshore area. The deformation front and
major thrust faults are shown as red lines
with teeth.

thick sediments of the offshore southwestern
Taiwan [7]. In order to investigate the potential of
gas hydrate accumulations in the area, Central
Geological Survey of Taiwan had started a 4-year
multidisciplinary gas  hydrate investigation
program in 2004. During the period between 2004
and 2007, intense geological, geophysical and
geochemical investigations were carried out.
Various methods of geophysical investigations
have been deployed, including MCS reflection
survey, ocean bottom seismometer experiment,
chirp-sonar sub-bottom profiling and heat flow
measurement. In the meanwhile, gravity and
piston coring, water column sampling and deep-
towed camera imaging were conducted on board
the research vessel OR1 for geological and
geochemical studies. The objectives are to map
the regional gas hydrate distribution in the
investigation area and to understand the regional
geological,  geophysical and  geochemical
characteristics. These results will be used to asses
the energy resource potential of gas hydrate in the
offshore area of southwestern Taiwan. In this
manuscript, we present an overview of the results
of geological and geochemical investigations in the
accretionary wedge area.

THE RESULTS OF INVESTIGATIONS
The MCS profile data in the investigation area
have been examined to identify BSR on the

37

seismic section. The newly complied BSR
distribution map demonstrates that gas hydrates are
widely distributed in the area from water depth of
500 to over 3000 m [8]. Active fluid activities are
evident from various features observed on MCS
and chirp sonar profiles, such as mud volcanoes,
gas plumes and gas charged shallow sedimentary
layers [9].

The results of analyses show a number of
geochemical anomalies in the cored sediments
nearby faults, including extremely high methane
concentration [10], very shallow sulfate/methane
interface [11] and reduced magnetic susceptibility
[12]. Anaerobic methane oxidation is indicated by
sulfate and methane depletion, hydrogen sulfide
formation and an increase of alkalinity in the near-
surface sediments. Chemosynthetic communities
composed of bacteria mats and remnants of clams,
as well as large scale of authigenic carbonates
forming chemoherms are demonstrated by the
seafloor images derived from deep-towed camera
survey (Figure 2). These features indicate that
active gas/fluid seepages have occurred on the
seafloor. Although no solid gas hydrates have
been retrieved from the investigation area.
However, the observed gas escape structures in the
cored sediment [13], the heat absorption anomalies
during in-situ thermal conductivity measurements
[14], and the anomalous of pore-fluid chloride
concentration at few cored intervals [15] may
indicate the presence of near-surface gas hydrate.
Furthermore, headspace gases of the cored
sediments were analyzed for 8"°C isotopic ratios or
gas chromatography. The results indicate that both
biogenic gas and thermogenic gas were detected,
inferring that gases of the cored sediments may
have multi-gas origins, with biogenic gas more
widely occur than thermogenic gas [16] [17].

DISSCUSSION

The results of investigations indicate that
enormous amounts of gas hydrate should occur
beneath the seafloor in the accretionary wedge of
offshore southwestern Taiwan. The occurrence of
gas hydrate in the area is probably formed by
upward migration of methane gas produced from a
thick sediment section through biogenic and
thermogenic processes. The dominated faults and
permeable beds in the area provide conduits for
focused fluid and/or gas migration to form gas
hydrate under favorable conditions. Whereas, the
relatively thick and widespread sand-prone
deposits of the area may serve as gas hydrate



Figure 2 Seafloor photo showing carbonate
pavement and crinoid.

reservoirs [18]. The presence of thermogenic gas
and the tectonic features of the area infer an
effective petroleum system that favors the
accumulations of both gas hydrate and
conventional hydrocarbon gases [17] [19].

The MCS profiles demonstrate that the seafloor
gas seepages are spatially associated with the
underlying BSR [9]. This may indicate that the
formation of these gas seepages could the result of
gas hydrate dissociation and the rising of focused
fluids along pathways driven by the convergent
tectonics.  Rapid sedimentation, uplifting and
sediment stacking by thrust faulting are important
factors that govern the dissociation of gas hydrate
in the area. The gases and/or fluids can reach the
seafloor via migration along the emergent thrust,
and altered the seafloor into strong reducing
environment with strong geochemical anomalies.
In addition, the focused high methane flux at the
seepage sites creates unique favorable conditions
for the formation of near-surface gas hydrate [20].
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ABSTRACT
According to the result of regional Multi-Channel Seismic reflection profiles conducted from
2003 to 20006, it is suggested that a gas hydrate-related Bottom Simulating Reflectors (BSRs) is
identified in the broad southwestern offshore region of Taiwan. To understand the regional
distribution of methane hydrate bearing layers and explore concentrated hydrate bearing layers,
we conducted a detailed analysis of reflection coefficient and amplitude-versus-offset (AVO)
pattern of BSR wusing ocean bottom seismographs (OBSs) seismic data acquired in the
southwestern offshore region of Taiwan. We focus on the analysis and interpretation of airgun-
array signals recorded by OBSs during 2004 and 2006. Ten profiles of seismic
reflection/refraction with a total length of about 140 km and recorded by 50 recovered OBSs were
acquired on the active and passive margins in offshore southwestern Taiwan. The profiles of the
2004 and 2006 profiles are oriented in E-W and N-S direction and the 2005 survey is trending in
NW-SE perpendicular to the continental margin. For all the OBS lines, amplitudes of the direct
water arrival, the multiple, and the BSR were picked interactively. A quantitative representation
of reflector strength is provided by calculation of reflection coefficients. In general, the seafloor
reflection coefficients for the active and passive margins are estimated as 0.1-0.25. Maximum of
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up to 0.47 were observed over the topographic high in the active margin. Those high amplitudes
of seafloor reflection could be associated with widespread carbonate pavement observed with
TowCam in the active and passive margins, southwest Taiwan. For the BSR the largest reflection
coefficients were observed in the passive margin. This area has average values of about 0.12 with
localized highs between 0.15 and 0.18, while the active margin area exhibited relatively lower
values of about 0.015-0.05. If we assumed that the velocity below the BSR has a constant value.
Variations in BSR reflection coefficients are attributed to velocity variations of the gas hydrate
above the BSR. Estimates of the hydrate concentration have been made from BSR reflection
coefficients obtained in this study. Mean concentration are abut 20~25% of the total sediment
volume for the passive margin, and are about 5~10% for the active margin. In addition, AVO
pattern of the observed BSR over the active and passive margins also suggests that the probable
velocity distribution across the BSR and infer hydrate/free gas model are different for these two
areas. The results of calculated reflection coefficient and AVO pattern of the BSRs in offshore
SW Taiwan suggest that inferred hydrate concentration for the passive margin profiles is

relatively higher than that for the active margin profiles.

Keywords: gas hydrates, AVO, BSR

INTRODUCTION

Almost all of the Taiwan’s existing energy is
dependent on the foreign fuel, for instance
petroleum, natural gas, coal.., etc. Once the import
of fuel was interfered with any factors, people's
livelihood and economy of Taiwan will get into a
difficult position at once. It is the reason why
relevant units of the government's pay much
attention to explore reliable energy. As report on
literature, natural gas hydrate will become one of
the probably potential energy resources in the
future. The Central Geological Survey of Taiwan
promoted four-year project to investigate the gas
hydrate deposit in the offshore area southwestern
Taiwan. In this article we describe the results of
analysis and interpretation of airgun-array signals
recorded by ocean bottom seismographs (OBSs)
during 2004 and 2005. Five profiles of seismic
reflection/refraction with a total length of about
120 km and recorded by about 31 recovered OBSs
were acquired on the active and passive margins in
offshore southwestern Taiwan. The profiles of the
2004 survey are oriented in E-W and N-S direction
and the 2005 survey is trending in NW-SE
perpendicular to the continental margin. On
seismic reflection data the presence of gas hydrate
is revealed remotely through the observation of
bottom-simulating reflectors (BSRs) representing
the base of the hydrate stability zone (Hyndman
and Davis, 1992). The reflector exhibits a negative
polarity, indicating a clear and negative impedance
contrast. A quantitative representation of the
reflector strength and impedance can be providing
by calculation of reflection coefficients, which
represent the ratio of reflected energy to incident
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energy. In this article we determine the reflection
coefficients of the seafloor reflection and the BSR
over the active and passive margins offshore
southwestern Taiwan. On the basis of this seismic
analysis, we demonstrate (1) that a hard layer,
possibly carbonate is existing at the seafloor in
some areas and (2) that hydrate concentration of
the passive margin is relatively higher than that of
the active margin.

DATA AND ANALYSIS

The active margin seismic data is obtained
along four transects during 2004. Seismic
refraction data were recorded by 6 French
IFREMER‘s ocean bottom seismometers, which
were deployed along each transect. The OBS’s
weight in air is near 250 kg. The OBS and MCS
data is acquired by the National Taiwan Ocean
University and National Taiwan University,
respectively. The sampling interval of the OBS’
data was 2 ms. Air-gun shot was fired at a 30-s
interval at about 4 knots yielding spaced seismic
traces of about 50 m. On the other hand, the
passive margin seismic data is obtained during
2005. Seismic refraction data were recorded by 7
French IFREMER‘s MicrOBSs along a NW-SE
profile. Mechanical specifications for the
MicrOBS are integrated flash and gonio, weight in
air less than 15 kg, and maximum depth 6000 m.
The sampling interval of the MicrOBS’ data was 4
ms.

For all the OBS profiles, amplitudes of the
seafloor reflection, the seafloor multiple, and the
BSR were picked interactively. To obtain absolute
values of reflection coefficient from OBS profiles
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ABSTRACT

It has been found that Bottom Simulating Reflections (BSRs) widely distribute in offshore
southwestern Taiwan which infer the existence of potential gas hydrates underneath the seafloor
sediments. We systematically collected cored sediments and analyzed the gas composition of
pore-space of sediments through ten cruises from 2003 to 2006. The methane concentrations of cored
sediments display an increasing trend with depth. Some abnormally high methane concentrations have
been found in offshore southwestern Taiwan.

In addition, the profiles of methane and sulfate of cored sediments reveal very shallow depths of sulfate
methane interface at some sites in this study. The linear sulfate gradients, low total organic carbon and
high methane concentrations imply that sulfate reduction is mainly driven by the process of anaerobic
methane oxidation in sediments. Thus, the methane fluxes can be determined through the gradients of
sulfate reduction and steady state solutions to diffusion equations and results show that the methane
fluxes are very high, especially at sites G23 (4.12x102 mmol cm?yr?) and N8 (2.11x10? mmol
cm®yr) in offshore southwestern Taiwan. It indicates that there is a methane-enriched venting source,
which may be the product of dissociation of gas hydrates, in this area.

* Corresponding author: Phone: +886-2-3366-5876 Fax: +886-2-2369-5568 E-mail: d94224006@ntu.edu.tw
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Some selected gas samples have also been analyzed for carbon isotopic compositions. The §'*C data of

CH, gases range from -28.29 °/,, ~ -85.17 °/,,. The carbon isotopic compositions of methane show that

biogenic gas source is dominated at shallower depth; however, some thermogenic gases might be

introduced from deeper source in this region.

Key words: Methane, Gas hydrate, Anaerobic methane oxidation, methane flux, carbon isotopic

compositions of methane

Introduction

Gas hydrates are a kind of non-stoichiometric
clathrates and metastable crystal products in low
temperature and high pressure conditions. They are
natural occurring solids that contain natural gases,
mainly methane, within a rigid lattice of water
molecules. Gas hydrates widely distribute in the
permafrost of polar region and the strata of
continental deep sea area in the world. Since
methane is the major gas inside gas hydrates, gas
hydrates have been considered as potential energy
resources for the future. Methane is also a
greenhouse gas that might affect the global
climates from the dissociations of gas hydrates
(Kvenvolden, 1998; Milkov, 2004; Sloan, 1998).
Based on the seismic profiles, scientists have found
many Bottom Simulating Reflections (BSRS)
which indicate gas hydrates widely distributed in
the depths of 700 m to 3000 m under seafloors in
offshore southwestern Taiwan (Chi et al., 1998;
Chow et al., 2000; Schnurle et al., 1999, 2002; Liu
et al., 2006). We systematically collected sea
waters and cored sediments for the dissolved and
pore-space gas composition and isotope analysis

through eight cruises: ORI-697, ORI-718,
ORII-1207, ORII-1230, ORI-732,  Marion
Dufresne (MD) cruise, ORI-758, ORI-765,

ORI-792 and ORI-804 from 2003 to 2006. The
sampling sites are shown in the Fig. 1.
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We will discuss the distribution of methane

concentrations and fluxes in offshore southwestern

Taiwan. Furthermore, we will compare the

different sources of methane in our study area.
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Figure 1: Bathymetric map of offshore Taiwan
showing sampling sites investigated in this study.

RESULTS
1. The Distributions of Methane Concentrations
in Bottom Waters and Cored Sediments

After compiling all the data, we have found the
distributions of methane concentrations in core top
waters and pore spaces of cored sediments as
shown in Fig. 2 and Fig. 3. Many samples contain
methane as the dominant hydrocarbon gas.
However, most C,. gases are below detection
results of methane

limits, so only the

concentrations are given here. Some extremely
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ABSTRACT
Temporal variations in gas hydrate related geochemical signatures under different deposition
conditions are the primary purposes of this study. Accreted wedge located offshore Southwestern
Taiwan receives high terrigenous river materials, 100 MT/yr, at present time. It is not clear how
seep environment varied during the past glacial. A 25 meters long piston core was taken offshore
Southwestern Taiwan on /v Marion DuFresne. Short piston cores and box cores were also taken
on r/v OR-1. Samples were analyzed for pore water dissolved sulfide, sulfate, methane, chloride,
del O18, calcium, magnesium, alkalinity, pH, and sediment AVS, pyrite, inorganic carbon, del O-
18, C13. Changes in deposition environment play a major role in the study area. Three stages of
geochemical processes are identified in the 25 meters long core, interchange between reduce and
oxic depositional environments, with reducing condition in the top 10 m, oxic in between 10-20
meter and reducing below the 20 meter. High concentrations of dissolved sulfide, rapid sulfate
depletion, increase of methane, decrease of calcium were found in pore water in the top 10 m of
sediments together with high concentrations of pyrite, relatively higher proportion of coarse-
grained sediment. Concentrations of pyrite were very low in sediments between 15 to 20 meters
but increased rapidly from 20 to 25 meters with a maximum concentration at 400 umol/g.
Chloride concentrations also increased to a maximum concentration of 630 mM at 20 m. The
rapid increase of chloride indicated gas hydrate formation at this depth. Authigenic carbonate
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nodules were found in sediments below 20 m. The carbonate content also increased rapidly
beneath this depth. Stable isotopic carbon composition of the carbonate varied rapidly beneath 20
m with a low at -28 per mil. The existence of oxic/reducing alterations indicates that methane

seep may vary in the past in the study area.
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INTRODUCTION

Gas venting as a result of gas hydrate dissociation
through sediments could induce a number of
geochemical processes. Strong geochemical
variations, e.g., abnormal pore water chloride,
sulfate depletion, stable oxygen isotope variation,
authigenic carbonate formation with associated
stable carbon and oxygen isotopic variations, often
registered their representative processes in
sediments [1, 2] which enable easy identification
of various stages of gas migrations and their
imprints. Migration of gas to the surface could
discontinue when conduit from subsurface is
blocked by tectonic activity, sealed by authigenic
carbonate or hydrate formation or exhausted
reservoir. Subsequent sediment deposition could
conceal the geochemical signatures leaving little
traces of gas hydrate related activities on the sea
floor. While a number of factors could induce gas
venting within the sediment, substantial evidence
indicated that sea level changes could produce
large scale of gas hydrate dissociation and
gas/fluid flow [3]. However, opening and sealing
of the conduit could also occur irregularly in a
tectonic active environment as versus a result of
pressure difference during the sea level low/high
stand. In this study, we examine a 25 meters long
giant piston core collected at the northeastern
South China Sea continental margin near Taiwan,
where active tectonic activities have been found.
Methane migration up to the sea floor becomes a
primary energy source for the chemosynthetic
communities near the sea floor. In anoxic
sediments, rapid anaerobic methane oxidation
(AOM) occurred via sulfate reduction. Sulfate is
used during methane oxidation with the production
of dissolved sulfide and bicarbonate.

CH, +S0,” > HCO;' "+ HS' + H,0 (1)
2FeOOH+ 3H,S -->2FeS +8° + 4 H,0 2)
3FeS + 28°--> Fe;S, 3)
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Fe3Sy+2 S° -->2FeS, )

Iron oxides are unstable in reducing sediments and
react with dissolved sulfide to form meta-stable
iron sulfide minerals (FeS and Fe;S,) with pyrite

(FeS,) being the predominant form of stable iron

sulfide mineral [4]. With oxidation of methane,
calcium carbonate may precipitate and forming
authigenic carbonate.

Ca’"+C0O5% > CaCO; (5)

Aughigenic carbonate and pyrite become two
minerals commonly found in the AOM related
environments.

STUDY AREA

Southwestern Taiwan is situated at the boundary
between the Philippine and Eurasia Plates with a
fast moving rate of about 8 cm per year [5]. The
accrretionary wedge offshore  southwestern
Taiwan is characterized by a series of anticline and
faults with a trend switching from NNW-SSE,
south of 22°N to NNE-SSW, north of 22°N [6].
This deformation zone is located at the frontal
edge of the accretionary wedge of the Luzon Arc
and the China passive continental margin
subduction-collision  system [7]. Frequent
earthquakes occurred in the region as a result of
rapid plate movements. The existence of a series
of normal faults intersected by thrust faults in the
accretionary prism off southwestern Taiwan may
provide good conduits for gas and fluid venting
upward to the surface. Mud volcanoes were
reported on land [8] as well as on the sea floor [9].
In addition to the accreted wedge, the study area
also receives a high flux of terrigenous suspended
sediment exported from the adjacent Kaoping,
Erjen and Tsengwen rivers with a combined
average river particle load of 120 MT/yr. High
concentrations of gas hydrate derived methane
were found in sediments and overlying water [10].
Shallow SMI (sulfate methane interface) as
shallow as 1 meter beneath the sediment/water
interface occurred on top of the anticline ridges

[11].
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ABSTRACT
A high-resolution seismic reflection survey was conducted during the NT07-05 cruise over the
Formosa Ridge offshore southwestern Taiwan where strong and continuous bottom simulating
reflections (BSR) have been observed. Previous seafloor pictures taken from a deep-towed
camera indicate that there are some chemosynthetic colonies. During the NT07-05 cruise, not
only large and dense chemosynthetic communities were confirmed at the plume site, ROV Hyper-
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Dolphin has also discovered that both deep-sea mussel Bathymodiolus platifrons, and galatheid
crab Shinkaia crosnieri are vigorously populated at this site. By integrating swatch bathymetry,
multichannel seismic and high-resolution seismic reflection data, we now have a better
understanding on the structural characters of the cold seep site. The cold seep is situated at the
summit of the Formosa Ridge southern peak. Submarine canyons that incised continental slope on
both sides of the ridge are the controlling factors of the ridge formation. The sedimentary strata
are generally flat lying but have been deformed by mass wasting processes. Strong BSR is
observed 400 to 500 ms below the seafloor of the ridge, with many bright reflections beneath it.
There is a narrow vertical blanking zone raising from BSR to the crest of the ridge. This narrow
zone is interpreted to be the fluid conduit of the seep site. BSR may form a good cap to trap gas
below, and this “gas reservoir” is shallower than the canyon floors on either side of the ridge. We
suggest that this “ridge type” gas reservoir configuration enables the cold sea water to get into the
fluid system, and forms a special kind of “hydrothermal” circulation that feeds the unusual

chemosynthetic communities observed at the Formosa Ridge cold seep site.

Keywords: gas hydrates, Formosa Ridge, seismic reflection profile.

INTRODUCTION

The area offshore southwestern Taiwan is the
place where the Luzon subduction system
encroaches on the passive South China Sea
continental margin [1]. Distinctive fold-and-thrust
structures of the convergent zone and horst-and-
graben structures of the passive margin are
separated by a deformation front that extends
NNW-ward from the eastern edge of the Manila
Trench to the foot of the continental slope (Fig. 1).
Seismic reflection profiles reveal a complex
system of faults, mud diapirs, submarine channels,
and sedimentary basins in the area [1]. Bottom
Simulating Reflector (BSR) is commonly observed
on seismic records, suggesting that gas hydrate
occurs broadly beneath the seafloor here. BSRs
are observed in both the passive margin of the
South China Sea continental slope and the
submarine Taiwan accretionary wedge, from water
depths of 700 m to over 3500 m [2], and are
concentrated the most underneath anticlinal ridges
in the accretionary wedge terrain and underneath
the slope ridges of the passive continental margin.
Results of the geochemical investigations in the
area offshore SW Taiwan show that some
locations  exhibit unusually high  methane
concentrations in the dissolved gases of bottom
water as well as in the pore fluid of cored samples
[3]. Also, Sulfate reduction depth (SMI) could
be as shallow as 30 cm-300 cm at those sites
[4].

Active fluid activities are evident from various
features such as mud volcanoes, active vents and
gas saturated shallow sedimentary layers. In the
accretionary wedge terrain, most of the mud
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volcanoes can be linked to either mud diapirs or
thrust faults. Over the South China Sea continental
slope, dissociation of gas hydrates should be the
main sources of active vents and mud volcanoes
observed [5].
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Figure 1. Morphotectonic setting of the area
offshore SW Taiwan. Yellow circle shows the
location of the Formosa Ridge. Blue arrow
indicates the subduction direction of the South
China Sea crust underneath the Luzon Arc.
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ABSTRACT

Gas hydrates are ice-like crystalline solids composed of a hydrogen bonded water lattice
entrapping low-molecular weighted gas molecules commonly of methane. These form under
conditions of relative high pressure and low temperature, when the gas concentration exceeds
those which can be held in solution, both in marine and on-land permafrost sediments. Simulating
the mechanisms leading to natural gas hydrate emplacement in geological environments requires
the modeling of the temperature, the pressure, the chemical reactions, and the
convective/diffusive flow of the reactive species. In this study, we take into account the
distribution of dissolved methane, methane gas, methane hydrate, and seawater, while ice and
water vapor are neglected. The starting equations are those of the conservation of the transport of
momentum (Darcy’s law), energy (heat balance of the passive sediments and active reactive
species), and mass. These constitutive equations are then integrated into a 2-dimentional finite
element in space, finite-difference in time scheme. In this study, we are able to examine the
formation and distribution of methane hydrate and free gas in a simple geologic framework, with
respect to geothermal gradient, dewatering and fluid flow, the methane in-situ production and
basal flux. The temperature and pressure fields are mildly affected by the hydrate emplacement.
The most critical parameter in the model appears to be the methane (L+G) and hydrate (L+G+H)
solubility: the decrease in methane solubility beneath the base of the hydrate stability zone
(BHSZ) critically impacts on the presence of free gas at the base of the BHSZ (thus the presence
of a BSR), while the sharp decrease of hydrate solubility above the BHSZ up to the sea bottom
critically impact on the amount of methane available for hydrate emplacement and methane seep
into the water column.

Keywords: gas hydrates, methane solubility, finite-elements, simulation
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ABSTRACT
The dissociation phenomena and its mechanism of sl methane hydrates at 3MPa and 260, 280 and
290K were studied using atomistic molecular dynamics simulations. The two-phase hydrate
system which was composed of the crystalline hydrate and liquid water phase was be used for our
MD simulation. We observed that the potential energy and the volume of the methane hydrate
system increased sharply during the dissociation of methane hydrates. The dissociation
mechanism of the methane hydrates was also suggested.

Keywords: methane hydrates, molecular dynamics simulation

INTRODUCTION

Clathrate hydrates are crystalline compounds in
which guest molecules, such as methane, are
entrapped in the cages formed by water
molecules[1]. The most abundant hydrates in
nature are methane hydrates within the sediments
below deep-sea regions around the world. With the
continued increase of petroleum price, methane
hydrates have been considered as a potential new
energy resource. The energy provided by the
reverse of methane hydrates is estimated to be at
least twice all other current fossil-fuel-based
energy[2]. Recently scientists and engineers have
studied the technologies for efficiently and
environment-friendly obtaining methane stored in
methane hydrates below deep-sea regions[3, 4].

It is essential and fundamental to understand the
growth and dissolution mechanism of methane
hydrates for studying the processes of methane
recovery from methane hydrates. Molecular
dynamics simulations (MD) are recognized as
helpful tools for investigating the structure and
dynamics of condensed systems from molecular
view points. Therefore, molecular dynamics
simulations can provide useful insights into the

growth and dissolution mechanism of methane
hydrates. Recently, several studies on the growth
mechanism of methane hydrates by using
molecular dynamics simulations have been
published. English et al. have investigated the
kinetics of methane hydrate crystallization under
the influence of external electromagnetic fields[5].
Nada have proposed the growth mechanism of a
methane hydrate from a dilute aqueous gas
solution[6]. However, few studies have been
reported on the dissolution mechanism of methane
hydrates. The purposes of this study were to
overview the phenomena during and after the
dissolution of methane hydrates, and to understand
the main dissolution mechanism.

METHODOLOGY

Our simulation model for studying the
dissolution of methane hydrates was based on a
two-phase system consisting of a crystalline
hydrate phase and the liquid water phase. Figure 1
illustrates such a two-phase system model. There
were 64 CH,4 and 368 H,O molecules (2x2x2 unit
cells of the type-l clathrate structure) in the
crystalline hydrate phase, and 6 CH,and 368 H,0O
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ABSTRACT

Bottom Simulating Reflections (BSRs) are widely distributed in offshore of southwestern Taiwan
which infers the existence of potential gas hydrates underneath the seafloor sediments. Many mud
volcanoes and mud diapirs, which are considered to be genetically related to the dissociation of
gas hydrates, are present in offshore and on land southwestern Taiwan. In order to examine the
formation process of mud volcanoes and diapirs in offshore southwestern Taiwan, we conducted
the diving surveys around the selected sites, using ROV Hyper-Dolphin and R/V Natsushima of
JAMSTEC (NTO07-05 Cruise) in March, 2007.

Dense chemosynthetic communities were discovered by direct observation using ROV at water
depth of 1120-1140 m on the top of the Formosa Ridge, where is located in the passive margin of
northern South China Sea. Gas bubbles and hydrates were found within the colony. Subsequently,
the bubbles became hydrates and accumulated within the sampling chamber and tube of WHATS
sampling system. It is the first time to observe the hydrates in-situ at the sea floor surface in this
region.

The gas samples were transferred to the Giggenbach bottles with alkaline solution and the low
permeability evacuated bottles for further gas and isotopic analysis in on-shore laboratory. The
dry gas composition was dominated with CH, (90-94 %), however, CO, and CO were not
detected in the samples. The CH,/C,H; ratios range from 7600 to 15000, and the 8*C and 8D
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data of CH, gases are -68.9 ~ -71.3 °/,, and -205 ~ -208 °/,,, respectively. It indicates a bacteria
origin with carbonate reduction source for those gas samples. Low *He/*He isotopic composition
(0.34 R,) is consistent with the crustal source for the mud volcanoes in this region. The existence
of H,S (216-296 ppm) in the samples can explain the dense occurrence of white crabs, Shinkaia
crosnieri, which usually survive in the hydrothermal vent field.

Keywords: gas hydrates, venting bubbles, Formosa Ridge, Taiwan

INTRODUCTION

Geophysical survey showed that intensive Bottom
Simulating Reflectors (BSRs) are distributed in a
wide area offshore SW Taiwan [1][2]. It indicates
that abundant gas hydrates exist in the sediments
of both passive and active continental margin
offshore SW Taiwan. In addition to the BSRs,
many geological and geochemical data also
support that gas hydrate may exist in the
southwestern ~ Taiwan  continental ~ margin
sediments [2]. Hence, it has been considered as
gas hydrate potential area. Meanwhile, many mud
volcanoes and diapiric intrusion have been found
along tectonic structures both on land and offshore
southwestern Taiwan (e.g., [3][4][5]). The venting
gases from on land mud volcanoes are dominated
with methane [4] and mainly exhibit typical crustal
helium isotopic ratios, i.e., lower *He/*He ratio
(<0.2 times of Ry, R, is the air ratio) [6].

Previous geochemical investigations in the
southwestern Taiwan show that some locations
exhibit anomalous high methane concentrations in
the dissolved gases of bottom water (e.g., [7][8]).
They indicate that those sites at the top of the mud
volcanoes and diapirs possess high methane
anomalies due to the extrusion of free gases from
the dissociation of underneath methane hydrates
possibly caused by the intrusion of deep fluids
through fault systems. Therefore, it has been
considered to be genetically related to the
dissociation of gas hydrates, which are present in
offshore and on land southwestern Taiwan [9]. In
order to examine the formation process of mud
volcanoes and diapirs in offshore southwestern
Taiwan, we conducted the diving surveys around
the selected sites, using ROV Hyper-Dolphin and
R/V Natsushima of JAMSTEC (NTO07-05 Cruise)
in March, 2007.

ROV OBSERVATION AND GAS SAMPLING
This research cruise carried out (1) the direct
observation of cold seep phenomena, (2) direct
sampling of sediments, rocks, chemosynthetic
organisms, water, and gas, and (3) direct
geophysical measurement around the mud
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volcanoes, using 3000 m-class ROV (remotely
operated vehicle) Hyper-Dolphin. This cruise is
the first ROV diving surveys in offshore
southwestern Taiwan. The research, including
bathymetry, side scan sonar imaging, and seismic
reflection survey is also conducted around the mud
volcanoes and diapirs in the proposed sites C, F,
and G (Fig. 1).
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Figure 1 Proposed diving sites of the NT07-05
Cruise

Although three sites have been visited, only F site
(Formosa Ridge) can find the venting bubbles and
dense occurrences of chemosynthetic community
during this cruise. Therefore, we only focus on the
results at this site in this study.

Three dives have been performed at F site. Dense
chemosynthetic communities were discovered at
water depth of about 1120 -1140 m on the top of
the Formosa Ridge by direct observation using
ROV  Hyper-Dolphin.  The community is
dominated by deep-sea mussel, Bathymodiolus
latifrons, and galatheid crab, Shinkaia crosnieri
[10] (Fig. 2). Most of species probably
corresponds to those of hydrothermal vent fields in
the Okinawa Trough, such as the Hatoma Knoll
and the Iheya Ridge (e.g., [11]).





