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Geochemical and Geophysical Characteristics of Shallow Gases in the Deep
Sea Sediments, Southwestern Ulleung Basin
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Deep sea core samples were taken in the southwestern part of the Ulleung Basin in order to characterize the proper-
ties of shallow gases in the sediment. Amount of shallow gases in the sediments were calculated by head space tech-
niques, and chemical and isotopic compositions of hydrocarbon gases were analyzed. Geochemical analyses were
carried out on the gas bearing sediments to find out relationship between natural gas contents and organic characteris-
tics of the sediments. Seismic characteristics of shallow gases in the sediments were also examined in this study. The
amount of the hydrocarbon gases in the sediments range from 0.01% to 11.25%. Calculation of volume of gas per vol-
ume of wet sediment varies from 0.1 to 82.0 ml HC/L. wet sediment. Methane consists 98% of the total hydrocarbon
gases except for two samples. Based on the methane content and isotopic composition(8'>C: -94.31%0 ~-55.500 ), the
hydrocarbon gases from the sediments are generated from bacterial activities of methanogenic microbes. Contents of
hydrocarbon gases are variable from site to site. Volume of shallow gases in the sediments shows no apparent trends vs.
either characteristics of organic matter or particle sizes of the sediments. Gas concentration is high in the area of seis-
mic anomalies such as blanking zone or chimney structures in the section. Physicochemically the pore water and the
formation water systems are saturated with gases in these areas. Concentration of hydrocarbon gases in the sediments in
these area shows favorable condition for generation of gas hydrate, as far as the other conditions are satisfied.

Key words : Ulleung Basin, headspace gas analysis, shallow gas, gas hydrate
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DA i Aol Af1r) olalstels HjZato)

o] AR E EREc) 53] Wgriae
7P &7 A3PERl wslkrd 7hol 3 e 2
tf oA w7k slol=glo]E9) Avtsle) FES
E3L Sl wigks do=go)Exs BEALR o] Fo]
X A7} el wigo] SoirtA] AR By s 9
= Zo® vErks slojugo)Ex FAMA wiAtEo
U BE A, Mutdll =] Sl wae] of 2wy
oje] BAE XTI Y= ALFE HuEel Ytk
(Kvenvolden, 1998). Hgt slo|=glo|Ex ujzl|d o
A1 ZA Hrle] ol SiAW S AYslE FQ
g 24 F9] dhto]thSnowdon, 1999; Paull and
Dillon, 2001). B3}, Wgt 7t o)Akglekk R 20
uf o) uxpPdo] At Ao g dejR 7k slol=gle]
E9 sjizjol] oJgh werkie] Al wijE 2 &gkl o
g A7 A 715 e L 7 EAl9 AREo
A+H3 JcHKennett ef al, 2000; Henriet and
Mienert, 1998; Dickens ¢ al, 2001; Borowski,
1997).

Aaix] B4 8ol E3Elo] = AR sRAdl tigk A
T 19808t FRHEE A7 HUL HTole vt
7k= slol=go| B} AFEe] BS ATt FeAe T
S Qloh FellM alisk B3l AelA AR HA=
o Ak 7ol tigh e AEE kel gat
£ 5314 BSRE 3= A7EHA 5, 1998; 314 &,
1999) 2 £5 ¥X9 H2E Fo} AlFolM AF w3t
T 7EE A, BAEl BAS Q7§ nt glokel
VT 5, 1999; 1999b). AT EHZolN 7% 7}
2 7ol oA HE 7pAE AjFHsle] galrs o
H] ghslpds 7k tisk ekl #4926k, A E
= A3t ow sl weke] Exe) uwsly &
A5t ApwAge] A4 ARAA A4S 3 d7e ol
7HA] o]FolR u} itk opH ATolME &5 B ¢
AR AR A 533 HeE 1e1e] B A
& Fo} HAENA 39 7148 TR sl ehelra
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Fig. 1. Physiography of the Ulleung Basin and the surroun-
ding area.
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Fig. 2. Detailed bathymetry of the study area(contuour
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Fig. 3. Track lines of the seismic profiles and locations of
piston cores.
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Table 1. Hydrocarbon and non-hydrocarbon gases detected from the head space gas analysis.

Sample Hydrocarbon Gases (%) Non Hydrocarbon Gases (%)
No. C, C, Cy C/C, HC total 8°C N, 0, Ar CO,
1-518 11.23 0.03 0.00 99.8 1125 -78.04 - - - -
1-118 10.14 0.02 0.00 99.8 10.16 - 86.60 2.74 1.07 0.37
2-186 0.01 0.00 0.00 100.0 0.01 - - - - -
2-586 0.01 0.00 0.00 100.0 0.01 - - - - -
3-400 0.13 0.00 0.00 100.0 0.13 - - - - -
3-575 0.11 0.00 0.00 100.0 0.11 - - - - -
4-400 0.20 0.01 0.00 97.4 0.21 - - - - -
4-800 0.73 0.01 0.00 98.5 0.74 - - - - -
5-400 0.95 0.00 0.00 99.7 0.95 - - - - -
5-800 1.59 0.00 0.00 99.6 1.59 -94.31 N.73 477 1.14 0.60
6-400 3.09 0.00 0.00 99.9 3.10 -87.49 93.65 3.14 1.15 0.77
6-800 5.64 0.00 0.00 99.8 5.65 - - - - -
7-400 8.64 0.01 0.00 99.9 8.65 - - - - -
7-800 9.58 0.01 0.00 99.9 9.59 -75.33 35.99 372 1.06 0.51
8-400 0.17 0.00 0.00 97.9 0.17 -55.50 93.06 5.09 1.17 0.32
8-800 7.24 0.01 0.00 99.8 725 -87.02 85.67 6.67 1.12 242
9-400 10.11 0.00 0.00 100.0 10.11 - - - - -
9-800 9.43 0.00 0.00 100.0 943 -74.64 86.10 3.41 1.06 0.92

10-400 7.76 0.01 0.00 99.9 7.77 - - - - -

10-800 8.77 0.00 0.00 99.9 8.77 - - - - -

11-400 8.13 0.00 0.00 100.0 8.13 - - - - -

11-800 10.36 0.00 0.00 100.0 10.36 - - - - -

12-400 7.09 0.00 0.00 100.0 7.09 - - - - -

12-800 9.34 0.00 0.00 100.0 9.34 - 84.27 3.04 1.04 0.74

13-400 1.83 0.00 0.00 99.9 1.83 - - - - -

13-800 0.61 0.00 0.00 99.8 0.62 - - - - -
14-400 0.01 0.00 0.00 100.0 0.01 - 92.85 4.95 1.15 0.18

14-800 0.10 0.00 0.00 98.8 0.10 - - - - -
15-400 8.64 0.00 0.00 100.0 8.64 - - - - -

15-800 8.96 0.00 0.00 100.0 8.96 - 83.13 2.62 1.03 1.62

16-400 6.33 0.00 0.00 100.0 6.33 - - - - -

16-800 7.16 0.00 0.00 100.0 7.16 - 87.29 3.70 1.08 0.84

e Rom Hyer, & S7eIA WA upElobs] wALst B Y

H) sl 7hs Folla " sh2r) HHEC|
e o)Fo] WA= AL AkA(oxic) BAF FAta
(anoxic) F7E o2 rolx] Az ¢ ok A4 F
AdMde drvol 2 A GEE Ikl AW F
7180) FF% 232 (heavy metal oxides)olv) AFA
off ofsf] AkstElo] A4 727t A4 Erh(Hunt, 1996).
ESH FAk: Aol wEzjote] @A (denitrifi-
cation) Aol A (GCH0+4NOs —4HCO; +
COy+2N,+3H,0) A4d=le] HAE ol A== A
o2 4d#3A Yri(Val Klump and Martens, 1983).
i I o2 7lge WEAA EEEHe 7kold
AR BhzoMe 7ldely) olalg Aoz Az

o|akaleti: 4k4 gAolM= 3.7]/d(aerobic) BFE
glote] & oA AAEAY (CH,0)xNHy)y-
(HPO4)z+x0,— xCO,+xH,0-+yNH;+2H;P0,) T4t

F

p

3+ (nitrate  reduction; 2CH,0+NQO; +2H—2CO0,
+NH,*+H,000 Qs A= 283, 7k2847)
(carbonyl, C=0), "&47](methoxyl, -OCHy), #H=
A 42k8}7] (phenolic hydroxyl, -OH) & At4E
e 8717t g FAAGumic) F7180] B2
ute|glolol| osA WA (fermentation)= A A= 7]
% 3tHDeming and Baross, 1993). o]#l d#e] o]
hsiga ARIEE BalA sl Ag A A
Aol ol27] M7= olitsigkio] ghake Zvlske
Zo] ARkl Egoltt, vlwA FHIolw= wlE 7k}
uhe|zjo} 2 A Al (Archaea)ell SJsliA 714
Absl Z8-(anaerobic oxidation) 8-& A oliksl
7t2ot ARt ArE gRE v Aok oF
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124 s} doh=

=5

=3
53

T

gl
Ao
Wl iAo e R

o o8 ¢



SFEA AT A HEFe Bazshes AT 7RRe) Asgt 9l ATEY 54

Aog delA AUrkBoetius ef al, 2000). ATFA o]
A olabslekA vhe] dheke] ElA wiglE ARy
Axzt ¥Mad He Fe oibtgra FEe
1.62~242%% FeRdl=vl HeiA vlaa] HEelad 2
3 AlgelMe ggol 2F 1% vvkl 2o et
ok o)ikstaA: vhe] ofo] WlwEH EA JEhte
A9 wgke] Fr)Ad As) 8ol QJsliA] olqtsleta
7k AAEDAE 7FeES AAE SR A 3l
uke} Zho] oliksittd: 7h2e) AR toFeirR
A4 A0S Bge] vhelHw AW HAZ 4ls)-
3 273 VI Akl 282 o= dERol &
AA] Aol thek X 5Ek, wEs] Aol Ha
stk

A 71220 ko] B4 f7hoA] ANk o Z wiw
A A vepd AL s|IAEANA Arart 5714 gl
gote] $F AR, st Z-&(nitrification) 3 71E
213t A-gell fair FA3T] 2AEW] HELRE A7)
3tk (Deming and Baross, 1993).

42, EtstxA JpA

gt Jths 1670 AN HRE Fold] F
A= XS} F2F A=A Zz Uiy 324E A8t
At B4 AE F EslA 7R e 0.01%
oA 11.25%5 YERATHTabe 1). ©3ld 7h29] 4=
M5 $x0| SHL F A= AN =7t F7 4
5o) AR R Bsed 7kAE Bol BRSHe O
2 etk &, 37 Axe] ARCAN gsles 7ks
o] o] = Vet ¥714 #A4 EHHEAEANAM
ety k2= 34 §-9%1 (sulfate reduction zone)ell
A o] BE SlE o]Fo] AEE R ¢
24 AtH(Borowski ef al, 1999). S17A oA H2
£ 3o} et AR AHA F3lpa ke WAzt
o] v 2108 Hol IXE Folg ARG Axe
FirE 9 Y o) Sl Aem Azl e,
Hilras 7 oppm AEY AFCER WA Be) o
= 554 7ol R A5E AAEY] YelMe 1=
FoljM BElpa 712E AAT Fof| 3RS FA|
A gad da v B3 99 7 A (Sulfate
reduction-Methane generation Interfce: SMDE 2o}
of gh}. SMIe| EAe] TR she olXoZNE v
g 7k2e] fgo] FA3] Frishe A, 4=
SRS wgk 7p2e] hgo] 23] Ho)g Hol=
&1 AeM= gty B 3do] T2 A= F A
59 AlelE Adoha 7Y & 4 Qo
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Fig. 4 Amount of gas content at sampling sites by heads-
pace gas analysis technique (unit: ml hydrocarbon / L wet
sediments).
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Table 2. Quantitative calculation of the hydrocarbon volume in the wet sediment, southwestern Ulleung Basin.

Sample Total Wt. Sample  Sample Space Pore water Sediment  Sedient& HC Total HC HC gas in

No. @ Wt. volume  volume  volume volume  pore water gas gas (ml) sediment

(g (ml) (ml) (ml) (ml) volume (ml)  (v%) (ml/L)
1-118 1091.59  631.59 776.16 282.24 189.48 166.84 476.16 10.16 28.68 59.6
1-518 1100 640.00 749.70 308.7 192.00 169.06 449.70 11.25 34.73 772
2-186 110227 64227 784.98 273.42 192.68 169.66 484.98 0.01 0.03 0.1
2-586 9352 4752 679.14 379.26 142.56 125.52 379.14 0.01 0.04 0.1
3-400 1027.08 567.08 732.06 326.34 170.12 149.79 432.06 0.13 042 1.0
3-575 94728  487.28 661.50 396.9 146.18 128.72 361.50 0.11 0.44 1.2
4-400 1053.53 593.53 758.52 299.88 178.06 156.78 458.52 021 0.63 1.4
4-800 108238  622.38 776.16 282.24 186.71 164.40 476.16 0.74 2.09 4.4
5-400 103822 578.22 749.70 308.7 173.47 152.74 449.70 0.95 2.93 6.5
5-800 1131.67 671.67 793.30 264.6 201.50 177.42 493.80 1.59 4.21 8.5
6-400 1085.71  625.71 784.98 273.42 187.71 165.28 484.98 3.10 8.48 17.5
6-800 1140.83  680.83 837.90 220.5 204.25 179.84 537.90 5.65 12.46 232
7-400 1117.64  657.64 829.08 229.32 197.29 173.72 529.08 8.65 19.84 375
7-800  989.43 52943 696.78 361.62 158.83 139.85 396.78 9.59 34.68 87.4
8-400 92736 467.36 679.14 379.26 140.21 123.45 379.14 0.17 0.64 1.7
8-800 1203.15 743.15 882.00 176.4 222.95 196.30 582.00 7.25 12.79 22.0
9-400 1049.12  589.12 83790 220.5 176.74 155.62 537.90 10.11 2229 414
9-800 980.52  520.52 705.60 352.8 156.16 137.50 405.60 9.43 33.27 82.0
10-400 1151.97  691.97 864.36 194.04 207.59 182.78 564.36 7.77 15.08 26.7
10-800 919.02  459.02 696.78 361.62 137.71 121.25 396.78 8.77 31.71 79.9
11-400 109726  637.26 811.44 246.96 191.18 168.33 511.44 8.13 20.08 393
11-800 1053.57  593.57 793.80 264.6 178.07 156.79 493.80 10.36 27.41 55.5
12-400 1109.31  649.31 811.44 246.96 194.79 171.52 511.44 7.09 17.51 342
12-800 104256 58256 749770 3087 174.77 153.88 449.70 9.34 28.83 64.1
13400 1220.71  760.71 882.00 176.4 228.21 200.94 582.00 1.83 3.23 5.5
13-800 937.02  477.02 661.50 396.9 143.11 126.01 361.50 0.62 2.46 6.8
14-400 94825  488.25 635.04 42336 146.48 128.97 335.04 0.01 0.04 0.1
14-800 1125.01  665.01 837.90 220.5 199.50 175.66 537.90 0.10 0.22 0.4
15-400 1043.74  583.74 749.70 308.7 175.12 154.20 449.70 8.64 26.67 593
15-800 1101.34 64134 811.44 246.96 192.40 169.41 511.44 8.96 22.13 433
16-400 1058.54  3598.54 749.70 308.7 179.56 158.10 449.70 6.33 19.54 435
16-800 919.95  459.95 679.14 379.26 137.99 121.50 379.14 7.16 27.16 71.6

gas/1 L wet sedimentS YHESele 2108 et
ol A AT Hle} o] VT 71 BA e
Ag AH @Gn sitw)e] FEA =S {FAEA E
She AelelM 7ie] FE g8k Zol7] Wil |
#e] 7129 Ao 3PS FHHe Rt 53], &
Aol 41 o] T AHoMEs BE Y] 7tavt
ol g 4 el AlF Al Solrt el &2t
QE TFd o gl T ¢go] MizlelEA W
& <o) 7p2vt Aje] ke Ao} Apdelrh. a#A|RE
Ak g 70 AR el ERE Uk g3l
2ol ke HlwA A YET 2R 7] i
q e FE 2 F Uk 31E
ZHo| 7%t Hig 712=9] ke Bt
el AEE 71Eo 2 1,14 mM(Paull and Ussler,
2001)20 A2 A Ark. Sloan(1998)0] AAIEH %t
o gl 7k 27410 ml/wet sediment) 3715

Fhola Beless BEshE AEE AAse B
= A7,

44. EINE 4

AR 7k e BAES] B4
A 32709 A Algel = #HA
A 8 f7] Azksh 24 dAlskn

B A3} 9EE 4419~11.648 m7HAe] H9E
ERl 243k A8 29 AE YAE A d=s
B2 50t (Boggs, 1992). 14-400 Al5elA Y%= 4
A7t 05 VERE R o] kel AlETE i w7t
Ho g offolzl7] Wi vehd BdeR ghavt B
TR BAR ofeiitke ARTt ol SRR

Aslety JEe) Wizl F & ghe 84 ARCIA
L14%90A 627%71412] BEE YR, 7] &4
o] Feke 0.53~3.74%2) HHE viehdct. &3k,
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Table 3. Geochemical analyses of the sediments from the southwestern Ulleung Basin.

Sample Grain size Total Carbon Total Organic Mineral Carbon ON . HCdgas
No. (Mic.) (%) Carbon (%) in sediment
(%) (ml/L)
1-118 4971 3.94 1.91 2.03 7.10 59.6
1-518 4419 1.65 1.64 0.01 7.70 772
2-186 6.442 2.24 1.23 1.01 6.41 0.1
2-586 6.846 228 1.57 0.71 7.58 0.1
3-400 6.661 2.35 0.93 1.42 5.05 1.0
3-575 6.538 2.14 1.19 0.95 5.02 1.2
4-400 8.311 4.30 232 1.98 7.76 1.4
4-800 7.6 3.63 2.26 1.37 7.87 44
5-400 9.125 5.13 2.26 2.87 6.89 6.5
5-800 6.605 1.46 1.20 0.26 6.98 8.5
6-400 5917 2.87 1.45 1.42 5.87 17.5
6-800 8.339 2.65 2.36 0.29 7.89 232
7-400 7.231 4.02 3.62 0.40 9.16 375
7-800 5.365 2.52 0.90 1.62 4.62 87.4
8-400 6.012 2.54 1.91 0.63 6.22 1.7
8-800 6.899 3.35 3.74 0.00 8.90 220
9-400 5.385 2.63 2.08 0.55 6.17 414
9-800 7.608 1.66 0.53 1.13 2.88 82.0
10-400 4.799 2.60 1.80 0.80 5.66 26.7
10-800 4723 2.76 1.65 1.11 5.06 799
11-400 4.584 2.54 1.30 1.24 433 393
11-800 5.838 2.60 1.53 1.07 5.19 55.5
12-400 7.672 243 0.58 1.85 2.97 342
12-800 6.439 1.14 0.89 0.25 5.14 64.1
13-400 7.524 2.39 1.40 0.99 5.00 5.5
13-800 9.542 2.31 1.63 0.68 7.55 6.8
14-400 0 6.27 0.01 6.26 0.26 0.1
14-800 6.846 3.20 3.62 0.00 9.81 0.4
15-400 9.972 3.06 1.27 1.79 5.10 59.3
15-800 10.138 2.99 1.21 1.78 4.82 433
16-400 11.908 2.83 0.61 2.22 333 43.5
16-800 11.648 3.1 2.32 0.79 7.61 71.6
Bo] FFE Algo| tﬂraw AolE B 0~626% O FHE ZALE Zhe dISAM

7HA YR th(Table 3). & /7] B4 & A4 _4 H]
&2 0260014 9.81 7kA19] H9E JeplA diFE 10

ojsl2 EH 2 o] Uz} WAHE(Primary Production)
o g dAY f71E9 Fo-o
(Stein, 1991). f7] BAe] g f7189] 54
HetH & Al e] WErts A 7L k3
g Aoz vERith (Table 3).

A AR oalH HAE) f7) Kaletd B4
I 4= Y AgE A9HQ1 rkae] Bxehs A
o] Sle Ae® Wtk e}, ofs Aol ) XA
oA EAE g7l o] E4lgt AR 757t FHo
A defd Al 7Hs4E ok

o mlo
kJ

45, ST S
st YAl Brel SR S40) olal A7)y
o REshe Ay e

ZA o7 sl= BX —Zrl‘ﬂj-‘,ﬂ-q AS B R =g
3] L3ako] A7
ERdT}. ze E}%ktvl Foe) wzalE)
= 2gsi deﬂcﬂ ‘/}E]"’PEP(Flg 54), 71&9¢] AT
Aol faid, A7) 548 e 4L F=
debris flowo] <3 FA4E Aoz sAET
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Fig. 5. High-resolution air-gun profiles collected from the
southern part (A) and the northern part (B) of the study
area showing two distinctive seismic facies.
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(Sloan, 1998). Z2\}, A&7 7129} E719 7kt
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dARTHe)], Middle America Trench, Alaska, Rus-
sia, Gulf of Mexico ).
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