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ABSTRACT: Seismic chimneys ranging in width from 200 m to 1,000 m are observed in the seismic sections
obtained in the Ulleung Basin, East Sea. Concentrations of gas hydrates were discovered within the chimneys.
The seismic facies of the some chimneys show the pull-up structure and acoustic blanking. The existence of
near-seafloor gas hydrate and gas within the chimneys is certainly shown by using the seismic section displayed
in multiple gradational colors which could highlight amplitude changes. It can be interpreted that strong positive
amplitude anomalies recognized near the seafloor indicate the existence of near-seafloor gas hydrate and strong
negative amplitude anomalies indicate the presence of gas trapped below the near-seafloor gas hydrate. In the
seismic chimneys, the solid state gas hydrate exists from the seafloor to the base of gas hydrate stability zone.
However, by the analysis of amplitude anomaly, it can be inferred that the surficial sediments could be partially
charged with gas.

Key words: Ulleung Basin, Seismic chimney, Acoustic anomaly, Gas, Hydrate

(Dong-Hyo Kang, Jong-Hwa Chun, Dong-Geun Yoo, Nam-Hyung Koo, Won-Sik Kim, Bo-Yeon Yi and Ho-Young
Lee, Petroleum & Marine Research Division, Korea Institute of Geoscience & Mineral Resources (KIGAM),
Daejeon 305-350, Korea; Ji-Soo Kim, Dept. of Earth & Environmental Sciences, Chungbuk National University,
Cheongju 361-763, Korea)

LMEZ oA HaA7IAe} Fol At FHE Edolth
(Sloan and Koh, 2008). $-gJu-zto A= ul oy

7IASIO|EF0|Ex FAFE X Foln, 4] 2| (Milkov, 2004) H S| A AFH 2H4 A3 (Paull et al.,
300 m o4 ElE SHOEAGOIAY AL, Mk A 1996)0] HAI FaF Bl thet BALO R e AT

' Corresponding author: +82-42-868-3339, E-mail: dhkang@kigam.re.kr



606 AT

Y k=1 o
- MBS 7S

rd

2|

[=]

fol
r

AP = o m(Kang et al., 2009; KIGAM, 2009; Ryu
et al., 2009; Kim, 2012) 58 X]of| x| 2] AlS|A|52HY
(UBGH1&2: Ulleung Basin Gas Hydrate Expedition
1&2)& 3l 7kAsto|EgolE AEE SRIEITH
(Park et al., 2008; Ryu et al., 2010). 7}A3 0] =] 0]
E& AR 23RS, JY, g W,
AE3WE TRE, Bpgo] $2 ARSI WHET
(Hyndman, 2006; Milkov and Sassen, 2002). &5
Ao A= AAIF AY 5 7224 JY(chimney)
oAl HE ZpASPO|EFHO|E FEo] FRIEC]
(KIGAM, 2008; Ryu et al., 2010), HY7} 7kA38}0]
Edo|Est WA o W 2o shidle 3l
skl

AUo] Shadnt Thlo] 4 Aubdom BaEs w
KA B Sergate} U5 whajro] 9= 2
E3F 9 Fx0|tH(Yoo et al., 2008; Matsumoto
and Hiromatsu, 2011). T3t A Fo| A S| AH7}FA]|
Q7 Eo] Lehhe Aol A S=g A5je 3 27
A= BT} 29 Au Bst gEdlq 2
& 1% oS wolk 7 el Bl o)
A 3204 A Fh2stol=olE T(cap)ol
FE2 HojE(Riedel et al., 2006b; Chun ef al.,
2011). S-Eueto A= el SHPARE 7= (back-
scatter intensity) O THE HAFE= oA A
£ Fo|= A 3H 50 cm Zlo]of|A] 7pAsto| =
glo|E7F P HLH o] o= Yot |
ZAE o] 2L HoFAth(Bahk et al., 2009).

A E7EA] Ao UEhts Y siAE 22
B &0l 7kAstol=glo] Byt ZkATE EAEHE &
23 EA4o] DA A HAAG=9] Z}o| 7} A st
AR S O] 54 E Z1Zof §isk 71k A H
F 7kasto| =g o] By 7kA R QI8 JY A=
S3Folidol Uehd 4= QAT e ut oA &3]
ARgShs MAA B 2 F8lo] Ho|R] gt}

o] Aol A= AYelA 7tAsto|=go|EY 7}
20 Zh2 oA fFE THotsty] al 5 A
Ak E] glo] Bdu} T ol IZASHE 7F2s A4
A& 28513, T/ T oA of WA wlot
EAE AABELAL g} s A 7tAslo] Eglo] E
OF 7kA7F e/ ut ol A fA AR HTHA Yol
A 7kASto| EF0] E BE = Ht 47 sf4 0]

74 & Rolrt.

2. AR A

A7A] ¢l 2282 (Ulleung Basin):= oA o}
S5} Y& % (Japan Arc)ol| 2J5te] ERIC] Uiy
/g 3 (semi-closed marginal sea)?] 53] &
Ao )23 S FEAIZ AsiA BLolth(2HE 1).
Bt 9F 1,350 m, Fdig=4de] oF 3,700 mS Ho|
= F3f|oll= A& 2 1A d(topographic high)<]l 2J5}
o] YEEZ|(Japan Basin), ©FHEEX](Yamato Basin),
2584 5 Al A9 SiFEREAZE T et
(Chough, 1983). 28X BZoaL F=)|
(Korea Plateau), 3&%°22= 27|W3(Oki Bank),
HEmo L gzl e AR, YEmosE i
A% (Japan Arc)9} 9aket AARR kT glom, &
SE9} Ex Ao]of wdE “Korea Gap (Lee et al.,
2007)"& &3l dEEA| 2} A2t

ATA A LBRA BET 4E FARE FA
7t G35t it AFH A, AbHE 2 (slump), A
WA (slide), 283 ¢HAF E|ZH(debris flow
deposit)7} S A 02 Wt glom J&it 5
% BAR= tha BAPE ebskR|nE HA] ookt
APH A AFAEE, AFEARE, &gt F3o] B
ot ik S HARbR O st &FEA 9
22 A37|(Tertiary) H25-9 FA= €49 F
FRoNAE F 5 km Hrolu HFO 2 7HHA =
7AYA Zd] 10 kmeof @3tcHChough, 1983).

S5EA Y AREHZLE FEFol 3 HEAL
Holle A7 E&Eo] WA #Eskar EA|F ol
£ e AR HHE flol AYF 4 v
R Eo] 2A51A Ex3HChough et al., 1997).
dAF HHEL 4AAF ZH (debris lobe) FE|Z
FTHEI e X Ho w2t A g EAE Es vl
HH HAEo| 7T 2H Afolof =it A
T F WA H QL 33 FAR HS 252419 F
Gl YA 8H HEA S-S A7 EHAE B it
A HAEE, I obfoll= 2 4R HAS

o= Fgsjolglet

3. ATRIE ¥ Ay

Aol o] $H AR SFEA A SHH 2249
Bgu} TAALR, 2] FRelA S 300 km”



Zof 2S=AI 712510|=2|0|1E FU 9| B £ 607

(12 km x 25 km) 2] 32} et o} ARl 2o}

279 W ApRRE o) 3 km, 18U
125 m, A4 2402] 4417 (streamer) 2} 1,035 in’
gFo] ool 7airgun) SUE AFE3lo] YIS
o A2E A& (sampling) 7+ 1 msZ 71E5
oo, WAL 25 ma stk 33+ e uker
Apo) AR E Wt 234 SAke} BB,

A58 A2AE P9 0% A= Tey
(Landmark Graphics)AFe] Z 2 A (ProMax) 43
Edo7F ARG E T A=A E] T2 7|24t A2
g2l Edlo]A HF(trace editing), a4 FEF
(frequency filtering), ©]5-3]43(gain recovery), <

HX(velocity analysis), 5}(stack) &2 ©]|Fo]
Aok o1F oIS BE AFol SR L AR 9
a1 bl ofRt X A B Faeof] of7t 24
a3k BAFsEe] Al 2 Z(true amplitude)of| 77k
Su} TS AT itz 234, 33k
ARE ST E AR 1w WD
3 JHHYA] e g g (GeoGraphix) T2

A& g3kl 59l

NLAMAE QAkote] AET whakste] A E o)
W2 A0 WEeh SEE pr, Viol2t 512, 5150)
Lot £ E py, Vot & o (p2Va-p1 Vi) (p2Vatp
Vo= e groz AR gHo) stoleo]
E9| Pu} £ 5= 3.2~3.6 km/so| 1L 3lo| =g|o|E
£ 53 §3 &9 &% T3 1.7~3.5 km/s2 7}
zelo|EHo|ES FeoiA e WRERZY &
Euchith H830] 71AS BT 948 T P
no] £%7} 14~1.6 km/s2 7FAS 984T )
A & g B} Puke] £ = i (Goldberg et al.,
2000). o]t 7kAsto|Ego]EQ} 7tA0] EE A
5490l of3) Sl H2e] Hazo] siastol =
o2k 7hart £ v FHi] e HEST
HIALA|4=0] 2tolE HolA "t & iAW FLof
Aesiol=dlo| 7t £l the 197) S dx
o o 2 ol WAPARE BojFe] slag B
E| &S ol A= 22 BAHAIE oA "ot

WSS Aol QIS ZIEWIBIE hyin} T

37 N

36 N

|
Busan |

o2 0

74

700
/-

130 E

131 E

Fig. 1. Bathymetry of the Ulleung Basin and locations of seismic profiles shown in Fig. 7. Inset is the 3D seismic

survey area.
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Fig. 2. A seismic profile showing a chimney structure located in 3D seismic area. An amplitude anomaly at the seafloor
is clearly defined by changing the color palette from (a) continuous normal to (b) gradational. This amplitude anomaly
is interpreted as a gas hydrate cap. Near-seafloor gas hydrate is discovered in this chimney site. See Fig. 3 for the

location of the profiles.
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Fig. 3. Elliptical reflection amplitude anomalies (dotted green circle) on the seafloor of the 3D seismic area. They
are linked by chimneys and same as strong positive reflector on the seafloor in seismic profiles (Figs 2, 4 and 5).
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(cyan) curves which show strong positive reflector on the seafloor and strong negative reflector beneath seafloor
within the chimney. Strong positive reflector with high resistivity and velocity is interpreted as with near-seafloor
gas hydrate. Strong negative reflector is interpreted as the gas trapped beneath near-seafloor gas hydrate. However,
association with low velocity with strong negative reflector is not evident. See Fig. 3 for the location of the profiles.
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Fig. 6. Three traces (a) before and (b) after sparse spike deconvolution. These traces are located within the chimney
of Fig. 4(a). Positive amplitude of seafloor and negative amplitude of free gas are distinctly shown (Modified from

Kim et al., 2007).
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Fig. 7. Seismic profiles showing strong negative reflector beneath the seafloor. This reflector is interpreted as the
gas trapped beneath possible near-seafloor gas hydrate. Free gas migrates to seafloor through the faults and fractures

developed in chimney.
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Fig. 8. Schematic diagram for the occurrence of near-seafloor gas hydrate and gas on the chimney. Fractures and faults
are interpreted to be the upward migration pathways of free gas in the chimney. Near-seafloor gas hydrate could
be built as hydrate cap and free gas is trapped beneath hydrate cap. Gas hydrate take the forms of layer, nodule,

vein in mud within the faults and fractures.
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