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E Ao A 23} 58] 7tAslo| = o] E A E A 3(The 2™ Ulleung Basin Gas Hydrate Drilling
Expedition: UBGH2)ol|A] <2l% A 7§¢] &Y (chimney) X (UBGH2-3, UBGH2-7, UBGH2-11)°]A4 &
23S 2 XIS ARE EA5t] 7hASto| B |o|E AMEE hetsta T 2 - 8 S ettt Al AF
£ AN 0 R AR QHARE Mo} B S FHSHE TkAsto| Ealo]E RETTe) 4 U vhale) deeky,
astolsdlols EohE Bold Aol molth siAsiolsdlels RETe A o] N
UBGH2-11 A& A 134 mE 7} T4 1 UBGH2-33} UBGH2-7 A Ao A= 2+zE 97 me} 65 mE WaE] o]
AT €8] Wiz azimuth) & UBGH2-3 A1 olA] ARA] Hho 2 AT AFAS Rof 1 42lo] F2&
ol 71918-& AlAFH: HHE, UBGH2-73} UBGH2-11 Aol A1 Qg g e 1olx) g Ho s )
o] 7kAsto|Ed|o| B g ut Bo] Q= AR s H. EEAS P & 3 7|WO R A4l 7kAst
o|EYolE I Al N BF AR} 100051 T itoll A Bt 64.7%E =A|T, oF 40~70°(F
52.6°)0] AAZHS ZHe gjELE o] Thadof| A 43.3%(UBGH2-3), 35.1%(UBGH2-7), 17.6%(UBGH2-11)& &
Al vrebdet. o]} 34 UBGH2-11 A3 ol A= 7kAsto]| Ego| B9 sfi2] 2 Q3] 3= Faol 5271 4
=7t ZojRol| wet Zrasks wiAZEY o "olX= @ Sk(freshening)@Ado] =L, UBGH2-31}
UBGH2-7 A|H Y] AE o= 2 355 940l a7t disiot #A VehA e v 54
(methane flux)2 Q13| 7kAsto| EFo|EZL §45] = U2 AXNET wetA 47 A5 T8 &
o, Y 2 oA 7tAsto| Ego| E Q] AW @ 9 T E o WE et} wigt =20 o 2™ =, o
Aol 7kAsto| Eg|o| E S| AW HSto]| W 2= 2 A H o2 & Ao R FMHTt

FQ0}: 7hAsto|Seo] £ ALY, B 8 B, 7Asto| Sdlo] £ Eohw

Jin-Heuck Lee and Jang-Jun Bahk, 2013, Characterization of gas hydrate-bearing sediments within chimney
structures in the Ulleung Basin, East Sea. Journal of the Geological Society of Korea. v. 49, no. 5, p. 587-604

ABSTRACT: Differences in occurrences of gas hydrate (GH) and their controlling factors were examined using
well-log and core data from three chimney sites (UBGH2-3, UBGH2-7, UBGH2-11) of the 2 Ulleung Basin Gas
Hydrate Drilling Expedition (UBGH2) in 2010. Although fracture-filling GH hosted in hemipelagites is dominant
in all of the three chimney sites, thickness of their occurrence zone, fracture patterns, and GH saturation are different
from each other. The thickness of the GH occurrence zone is 97 m at Site UBGH2-3, 65 m at Site UBGH2-7, and
134 m at Site UBGH2-11, respectively. Azimuth of the fractures developed at Site UBGH2-3 is consistently aligned
to WNW direction indicating relations with the tectonic movement in the closing stage of Ulleung Basin, whereas
those at Site UBGH2-7 and UBGH2-11 are randomly oriented suggesting relations with formation of GH. The GH
saturation, calculated from effective medium theory (EMT), is generally high (average 64.7%) in fractured zone where
dip angle is less than 10 degree. In high angle fractured zone (40 to 70 degree), the GH saturation is 43.3% at Site
UBGH2-3, 35.1% at Site UBGH2-7, and 17.6% at Site UBGH2-11, which is relatively lower than that of the low
angle fractured zone. Unlike UBGH2-11, the pore-water chlorinity of Sites UBGH2-3 and UBGH2-7 is highly
enriched at shallow depth, suggesting rapid formation of the GH with sustained high methane fluxes. The differences
in fracture patterns and methane fluxes might have had primary control of GH occurrences in the three chimney sites.

' Corresponding author: E-mail: 1geene@ust.ac.kr
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7Asto|Edo| B A2y A HIE,
ojitalgkay, A, 4bAr 5O 7hA BAS 0] & #A
7} sk AAtel x| 24 SEelth H
7kAsto|Ego|ES B9 F2 HRTIAE 236t
7] wR)(>99.9%) HEkstol=dlolEatnE Hel
th(Kvenvolden, 1988). 7}23lo|EF|o| Ex= A2
e 24F Hol= A AlA dis FHEY A
A5 FTEE Aol FH kA FEH o 2tk
(Kvenvolden and Lorenson, 2001; Makogon, 2010).
7kAsto| o] B SAoURE AT = =
AN 37 olv AP ez Zgikar QIR s A
of] 3 AFHALE] TAY (Mclver, 1982; Dillon et al.,
1998, 2001) & @415 7} 22 (Shine ef al., 1990) 715
Ao) gl7) uhol 7 @43 a2 Bl ek st
4 242908 ofafehs 2S uhe- Fasith 744
9l AFERHE vleke] §EaK(methane flux) 2 o]
742, HHE9 g% 5 ot nold o5 23
Hh(Borowski et al., 1996; Nimblett and Ruppel,
2003; Boswell et al., 2011).

FhestolSHlo|E o] AEHE A A EHHE
of| RE3H= 3= 4 (pore-filling) Fejt YA EF
Z Yol A @3(nodule) = FE-S 5H(fracture-
filling)3l= FEI2 Wiz 4= QIth(Holland et al., 2008).
53] @854 7tAsto| Edo| E= U (chimney)
T2 YellA &3] YA JY 2= IS
FA o= 7hzde Wgsty, o] MY = Yo 7}
2slo|Efo| BV} HESH= 79 B/du AHR Aol
A E(pull-up) #2771 FEHH(Horozal et al.,
2009; Ryu et al., 2009; Yoo et al., 2013). T3+ Y]
FzoA WHThe BAL 4R HhFomyy
SRV U] 45 4 Qe B2 ABL Sfel, A
3 Ea30] kel Aol =do| =S FATt
(Nimblett and Ruppel, 2003; Tréhu et al., 2003;
Hornbach ef al., 2004). AH €& H& 9 7}A
Sfol=dlo| B sl W, sl wsl 5 L

Qrelzzie] wiste] Bzl vk stel, aAlE oy
43} 75 tslo] Alket 9aRg u1A 4 YIck(Paull
et al., 2003; Torres et al., 2011).

o]} Zro] |50 thefdt 7kAsto| =0l E A
£ FHle 3= Aol FIFe =T, dRkH
© 2 o}7]9] FAS Bl ALt 7tAslo|EYo|E
Z3E = EHF HY I 7hAsto| =g o| BVt
&S EEZ5HL ok 7ML= s o
£oll, 7kxsto| Ego| BVt 8-S Ssk= 79l 2t
H7te = AS Btk (Riedel et al., 2006; Lee
and Collett, 2009). o]&3t 225 E43}7]| 5+
Pu} £&= 712 o] &3t famdo|2Hol 285
o, ol §&F ol £Esh= 7HAsto| =g o] Evt
HSH S 2e © 853 FH = AREEHE B9
et 23} o] ALk 71s3HA gtth(Helgerud et
al., 1999; Jakobsen et al., 2000). wetA & X3 =
AL S F8l AFERE 7hAsto| Ed|o| EY 23}
T S o835t 3534 FH Y 7hAsto| =0
ES dd5d FE 9| 7tisto|=o|E REATE
=TT 5 Utk

T SRR NN E o] Y 27 A E
%0 ™ (Horozal et al., 2009; Ryu et al., 2009; Yoo
et al., 2013), 2007 A2} SFE ] 7}23510| =4
O|E AJFA|Z(1st Ulleung Basin Gas Hydrate
Drilling Expedition; UBGH1)E &3l FY 2| g9
Fhrsto|Edjo|E BEZEA N AZAE, A v}
{E(mound) 112 5& ERIFHHBahk ef al., 2011,
2013a; Chun et al., 2011; Kim et al., 2011). $=2] &
A AL 20109 533 A2} S FEA] 7hAs)
o|=go]E AR A]3(2nd Ulleung Basin Gas Hydrate
Drilling Expedition: UBGH2) || 4] % 1078 Z|g ]
A Fo](core)E F3t=d], ©] 5 UBGH2-2_1,
UBGH2-3, UBGH2- 7, UBGH2-11 5 47}] X7 ]| A]
Y 725 Aoz A% HAe st of
% UBGH2-2_1 A|Fo|A= Y +27F A= ¢F 25
mbsf (meter below seafloor)7}A] ¥l Wi,
UBGH2-3, UBGH2-7, UBGH2-11 x| A o] 4= 3#]




W7 HY G271 E o QIthRyu et al., 2012).

2 AToINE P 7RI UL A ) A
A% UBGH2-3, UBGH2-7, UBGH2-11& tjAto =2
AFApRS} BelazAadA Uehis 7pastol
EFo|E 1M wotstar, 7 A HE Aol e
7h2sto| =0l E ARl ZF 27| RpolE
Hlal- 2A43te] oof tigt xdsha 2 891&
Wt sheich

2. XA

SEEAE AFo2HE oF 3,0008 | ARE
1,0009F | A Afolof] QRE =] FH o2 FAHH &
3l TE=(back-arc) EX]o|tH(Yoon and Chough,
1995). E5-82A dEAl= (1) $7] S AollA
7] uto] M| 7kA] 2] 218]& E7H(pull-apart open-
ing) @4, (2) A7] nfo] 2 Aof|lA] F7] uto] A7t
2| ¢] HaJEF E7H(fan-shaped opening) &4, (3) ¥
7] whol 2 Aol BRI 2] FAE B (back-arc
closing) ©A|Z FEHt}H(Jolivet and Tamaki, 1992).
o A|ge] ZFo| A T
(Korea Plateau) ] FAMHY Hstal §loH, EA]H
22 oF 2,000~2,500 me] 4241 Zbm BEHro

o
ESRAE

THABIOISHOIE BR SXE S 6T 589

2 SsHA 7oA+ FEHE BAt(a™ 1). A
O] A& 7HIE BARE 2 = tiEAM
Ao, 527 F&52 9RK<3) HAE 7Y 2
/W 3(Oki Bank)$} Hskal QJthChough et al,
2000). 53] &SEA] FARAE Sofe B
AN RZHe] $2eF0 7 9l5te] FAH ujAL

220 T2, Eae Az} 218 ] oJek(Lee
et al., 2004).

$5ER9 hrdfolEdo|E RES TR
2722 ehgn} ShAol A R )4 s
AP (bottom simulating reflector: BSR), Y
Z, 3Z YA (enhanced reflection)%-0] A|¢tE
S tHRyu et al., 2006; Horozal et al., 2009; Yoo et
al, 2013). 53] eut A2 AolA EHEL 5
07 7N2AE2= 2EFHY 3 (acoustic

Holk FU FAE F2 25Y

blanking zone)&

x| EA\B 0] BAol BER T8 dAbee)
AR R o] tha= BEZ3FITHRyu et al., 2006, 2009;

Yoo et al., 2008, 2013; Horozal et al., 2009). 55
A o]l A JJr’&El“ AY F2+= sA™e| 77 A
A YRR AR, QRE AR weEf
nheE Et Eoim Pash I BAEE St
(Ryu et al., 2006, 2009; Yoo et al., 2013).
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Fig. 1. Bathymetric map of the Ulleung Basin. Contours are in meters. Seismic chimney sites are denoted by open circles.
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2 A9 B AlFA1- UBGH2-3, UBGH2-
7, UBGH2-11 A& 27} S 5&A 9] F5 AHd,
EABLY FARe} 55 fAs, 53
UBGH2-3 XA 2] ¢k 15~20 kmZofi= HjAFEZ
l =3 [, EarE 1T 7271 YA o]5 Al A]
ol Tgd Y F2= 2F 400~600 mo| 5 7F
(R 2). A AHON B siAro2yE of
0.2 s (TWT)7}A] §H€ % (hemipelagic) Y A&+
(turbidity-currents) B & E-& | Alsh= 4291 vt
Abdo] widslal, T 5192 A7 (debris-flows)
B2 g sidEe &=t (chaotic) FHAbHO] LtE}
dtl 3] UBGH2-3 A& 3} UBGH2-7 A H A=
siARol A4 2ok AAE AAE ko= 727}
TRETHY 24 and B). 2 AHo) A IS H By
v} T o)A #E == BSRE| A= B AlFIH ol A
SHE AAHUE v LR ALt 7hAsto| =
O|E I slete] e & 100 et vkt
2t

o WY FE7h etk AWM H5T 8
245 9 g 2o Ao yehes 9E54d 7t
Aslo|= o] E0] uiekoFARe Kim ef al. (2013)TF
Lee et al. (2013a) 5-of| &J3] 2115 v} Qc}. o] A
M= 71ES] A2 F718te A5 EH =9
EZA 9 Aol I3 (infrared thermal image)
Ao A UeEhtes 7HASIO|EF0)E AedE
2943 A=of vlmslgon, 2 A8 7hastel
EHo|E A2 AolE 355 G0l EE
BAATOIA T vE B se) Yuof A
afod stk

3.1 MM AstA 24

294 3t FF2 7HAsto| =g o] E 9 e
2 7t &&= AT ERlste] ZkAsto| =)o) E gt
e A&GsH stotd B oz A|FAIR 34
A% Aol A st AThRyu et al., 2012).
A QA d3Mf Ap7 o] L% Bz S FLIR™Systems
9] ThermaCAM™ Researcher Z & 722 o] 85}
of BAsI o, &= Hart Yehts =014
(anomalies) 9} 71 FHE0] 2 =2} (0|5} AT)E #|
Abstgdeh AT gk Al 22 &55A] 7kasto]| =8
O|E A|F HIAO| HiH F54 @40l 55
Az o} oA ZFAsto| Eg|o| E REO] ZAALZ AL
L35 cH(Ryu et al., 2012).

32 E|FA BN

7 A2A HAge) B 2t B Tiete
sxon P4 A4S NSl B4 7% 9
Sy L skl AN B A A 9
Sojo] tj XA AT} HAL ER F =AAAL
Aol BAgt Fo] A0 AH|E o]-&ste] &Y
gt A & A Y ARE ol8SHtHRyu et
al., 2012). T3t A= AL Thotslr] H38) ¢F0.05 g
o] EHE ARE ¢F 50 cm 7HH 0 &2 2 FH 3t 10%
sl §7188 AZTT IN Qare Bt
BE AAT F 0.1% Z(calgon)S H7}ste] gk
Skt A= B4 o) 0|83t 717]& #lolA] 4tet ¢
= BX7](Microtrac S3500) 0™ S H = 0.021 -

A © UBGH2-3 B

® UBGH2-7 c ® UBGH2-11

Seismic
chimney

TWT (s)

Seismic

Fig. 2. Seismic profiles showing seismic chimney structure in the Ulleung Basin. (A) UBGH2-3, (B) UBGH2-7,

and (C) UBGH2-11 (Modified from Ryu et al., 2012).
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Table 1. Summary of chimney site locations and logging/coring results from the UBGH?2.
Hole Latitude Longitude = Water Depth BSR'/BGHSZ D' Remarks
N) (E) (mbss) Depth (mbsf) (mbsf)
UBGH2-3
UBGH2-3A 36'41'15.8”  13020'38.5” 897.9 168" 280 LWD/MWD’
UBGH2-3B  36'41'16.1” 130720'38.5" 897.8 131.6 6 Coring
UBGH2-3C 36'41'16.17  130°20'38.5” 897.8 131.6 170 Coring
UBGH2-7
UBGH2-7A  36'54'53.2"  13022'00.6"  2,144.6 183" 299  LWD/MWD’
UBGH2-7B  36'54'53.6” 130°22'00.6” 2,144.6 124 Failure Coring
UBGH2-7C  36°54'53.6” 130°22'00.6” 2,144.6 124 8 Coring
UBGH2-7D  36°54'53.77 130°22'00.6” 2,144.6 124 238 Coring
UBGH2-11
UBGH2-11A  36739'46.8” 130°54'24.9” 2,081.47 160" 230 LWD/MWD’
UBGH2-11B  363947.0” 130°54'24.9” 2,082.6 159 181 Coring

The water depths were measured with the length of seafloor touching drill pipe; mbss = meter below sea-surface;
mbsf'=meter below sea-floor, BSR = Bottom-Simulating Reflector; BGHSZ = Base of Gas Hydrate Stability Zone
derived from in-situ temperature measurements; TD' = termination depth; LWD/MWD?’ = Logging-While-Drilling/

Measurement-While-Drilling; Failure = the failure in core recovery

1,408 ymo|ct. El&E = £ A= FAA =
GRADISTAT (Blott and Pye, 2001)S AF&-3}%.©.
o, JFYEet 5% 52 BHE ¥ (method of
moment)& ©]-&5t] O T2 Alilst Tt

3.3 24330 JA BN

FhastolEdo| 20| AEFHYS AUstA o}
317 915t} UBGH2:3 X|3e)A] #l4:3+ 37H2] o1l
Fo](pressure core)2} UBGH2-11 A|Fof|A 3|4
o 47)e] Qo) S tAROR XA CT 4 8418
oYttt DHPAS A AR Aol B
gt “KIGAM CT” & o]-8-3to] <t 140 KeV,
A 40 pA ZANA 780 X 773 T A (pixel) A=
Z FopufE 1 mm% & 5704 HESIFHHKIGAM
2010). FH53 A2 7kaslo|=d 0|29t 1 E
B2 o] WElo] 2 XA £719) Ho] 2 <lajo]
=35 ot tiu|S Holth( 2 3A). CT ¢ FA+
M|E+ Image | T2 I 0|83} 3214 CT 4
Aro 2 Wglstgot. E3k 321 CT JA A=A
St ISR ThAslolEdo|E AEHES
A7)0 A AFF FAHRAB image)d} H|R3}7]
9lstel 379 U G 9 Zee] TAH: 3

-

129HA| 9] 7+ Aol st SADH G4 F53
T Adste] 22do 2 AASAHIH 3B). B=
Z]42(L)%= Uchida et al. (2000)0] A|¢kat 23t <
SO A7) AR, AY, = 2ol A
CT ZHCT number)S vl 2 ZAKSIF 01, o]
of et B -E(25~48)3 F=(50~55), 7kAsto|=
go|E(>60) T teg SRkt 7kastel=
glo|E Zstiei= Q4 AA A 7kAsto| =gl B}
A SH= vl &S Allsto] WE-g2 Alsletglch

34 E2[AE XE 24

UBGH2 LWD(Logging-While-Drilling) &2|4
5 SchlumbergerAte] Fu]E o] g5to] = 3]
o, o] AFME FHEHE ERES A= T A7
H] A &H(ring resistivity), P} &= (P-wave veloc-
ity), A7]8| A& A|FF(resistivity-at-bit: RAB) F
A}, Zobid(gamma ray), AEE(bulk density), 573
(caliper) ASARE o] &3 THRyu et al., 2012).
o] A7E2 Kim et al. (2013) | A AH&3H AL =0} 5
sich. 7 AEA R 41 IHEE A7 HI AL
5~8 cm, P} £2 =61 cm, AL 46 cm, AU =
+ 16 cmo|th(Mrozewski et al., 2009). =3t F7|H]




592 O|ZI& -

A} Pok o] fste] 2kt o] B4 (Archie,
1942)7} Helgerud (1999) 2] -2 ufj & o] E(effective
medium theory; EMT)H'H-& 28510 ARt 7k
lo|edo]E ok 242(0]5} Sh_Archie, Sh_EMT)
£ 7 23 S2EA| 7P| 0| E A% HIA
oA FzsHATHRyu et al., 2012). A7 AF A3
T GAo A ARl Al (sine curve)?] FE|E e}
e 9% 0 T We)zazimuth)3 AN
(dip angle)2 WellCAD Z 2 138 0]-83}o] E4]
ShGlT E3F o] A o838t w2 H7|H|ATF
qrom alsto] A% FAoIA W Aoz ekt
= A& D (resistive fracture) T} -2 A 7]H] ]|
3 o clale] ofFg Mo Uehi HEA
@8 (conductive fracture), 12|31 AH2] $=H3}1L
g Yehts A4 Z(resistive bedding) 52
SRk,

4, A0}

4.1 S2HSXE 24

UBGH2-3, UBGH2-7, UBGH2-119] A A]3X]
oA FST 22AS AEme A7HIA T gholl =
2t 24 3719 A5 (logging unit)2 23S
THE 4,5, 6). HSDH =2 A7|8A7 3he] 1 Q
mo|st= g 2 R AR EHF 17t 3

1z
S
Ho

FEteh UBGH2-7 215 ¢] 79 sjxH ez ie of
18 mbsf177HA] = HSARE FS5HA] Zdto] 2
oA =E Hige 2 LRSI ST 1= A7
H| A3} gho] Metd o2 uje w3 W3yt & 73t
o=, 1 WHE Z Hd go] AFAF o weh F31
o] tidHtt. ST M F-2 A7 A3} ZH(H
1+ 0~1 Qm)& Holm W7} A 9| gl api47t
of iFHt 2+ AFAH Y FHAS 2= Ant
Hog uje FF AFF FHE AASL AL
1}, UBGH2-3 2|3 9] A5 12} UBGH2-7 x|
O] ST Mof| A U Eggt 17ko] 2817 =
gt

411 UBGH2-3 A3

UBGH2-3 A42] A2t 11 A% 7 mbsfd]
AR 1045 mbsf7Hx] F7be] REFh o] F7HE
A% 45 mbsfE 7|20 2 AHR0| [1.13} 5}2.0] 112
2 ARSI 1119 9 AR A7l Aaka P
5} 4 ghe] Wb o] Holt vkl 112014 A7)
HIARRE ARl H)3) AR A 02 FThskARE Pu}
SEL QAR A AR Holk Ro| &
#olch(Y 4B). A7]81 A5 ghe I10]4] o 6-15
Qmoli} 26l 4 BF 200 QmAER 27 %
7}tm) 2} 1135 Qme] Ttk vhel Pat S gt
9] AL 11194 tiAZ 1800~3000 m/s HH oA

Sediment

Gas hydrate

3D CT image

Fracture-filling \
gas hydrate

Unfold Planar CT image

Fig. 3. (A) An example of pressure core X-CT raw image(UBGH2-3C-7P). (B) The concept of making planar CT
image from 3D CT image(UBGH2-3C-7P). Note that the cylinder-shaped 3D CT image is considered to be a
dodecagonal prism, each side of the prism is rolled out and merged.
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Table 2. Summary of sedimentary facies classification and interpretation.

Facies code Color Interpretation
. Hemipelagites formed under generally oxigenated bottom-water
Bioturbated mud (BM) condition (Bahk ef al., 2000, 2011, 3013a, 2013b)
. Bottom-current reworked turbidites (Massé et al., 1998; Bahk et
Bioturbated sandy mud (BSM) al., 2005, 2013a, 2013b)
. Hemipelagites formed under poorly oxigenated bottom-water
Crudely laminated mud (CLM) W i 0ba et al., 1991; Tada ef al.. 1999)

Homogeneous mud (HM) [ | Fine-grained turbidites: Piper (1978) E, (graded mud) division
Laminated mud/sandy mud (LM) [ | Fine-grained turbidites: Piper (1978) E; (laminated mud) division
Laminated Sand/muddy sand (LS) [ | Coarse-grained turbidites: Bouma (1962) T, or T4 division

.. Disintegrated BM or CLM by gas hydrate dissociation or gas
Disintegrated mud (DITM) expansion (Bahk et al., 2011, 2013b),
. Disintegrated HM, LM or LS by gas hydrate dissociation or gas

Disintegrated sand (DITS) expansion (Bahk et al., 2011, 2013b),

Deformed mud (DM) [ | Deformation during coring or deformed by gas expansion
Mud-clast mud (MCM) [ | Muddy debrites (Lewis et al., 1980; Stow et al., 1984).
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2013b).
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Table 3. Average grain-size statistical parameters of each sedimentary facies. For facies codes, see Table 2.

Facies Mean SD Sk Sand Silt Clay Number of
code () () (D) (Wt.%) (Wt.%) (Wt.%) samples
BM 6.5 1.5 -0.02 6.2 87.4 6.5 68
BSM 6.4 1.8 -0.04 11.7 80.8 7.5 15
CLM 6.4 1.6 -0.05 93 84.0 6.7 9
HM 6.5 1.7 -0.05 9.0 82.9 8.1 21
LM 5.9 2.1 -0.17 222 71.8 6.0 3
LS 3.1 1.2 2.15 86.1 13.9 0.0
DITM 6.6 1.7 0.04 8.6 82.9 8.5 70
DITS 4.6 1.5 0.60 48.9 49.0 2.1 7
DM 6.2 1.6 0.00 13.2 81.1 5.7 22
MCM 6.5 1.5 -0.06 10.3 82.6 7.1 19
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Fig. 7. Photographs and X-radiographs of typical sedimentary facies from selected core sections. (A) Sequence
of LS, HM, and BM facies. Bioturbation mottles (photograph) and pyrite-filled burrow tubes (X-radiograph) are
delineated by dash lines (B) Sequence of LM, HM, and CLM facies. Bright part(X-radiography) of the top of HM
facies are diatom-ooze layer. (C) MCM facies. Mud-clasts (photograph) are delineated by dash lines. (D) DITS
facies overlying DITM facies. Note the nodules and/or veins of partly dissociated gas hydrates in DITM facies.
For facies codes on the right of X-radiographs, see Table 1.
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Fig. 9. Rolled out X-CT 3D images of pressure core sections from UBGH2-3 (A-C) and UBGH2-11 (D-G). Average
gas hydrate saturation values calculated by image analysis are given at the bottom of each X-CT image.
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