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Gas Hydrate Exploration by using PCS(Pressre Core Sampler): ODP Leg 204

Young-Joo Lee
Petroleum and Marine Resowrces Research Division, KIGAM, Daejon 305-350, Korea

Natural gas in deep sediment may occur in three phases based on the physical and chemical conditions. If the
concentration of gas in pore water is less than the solubility, gas is dissolved. If the concentration of gas is greater
than its solubility (water is saturated or supersaturated with gas), gas occurs as a free gas below the gas hydrate sta-
bility zone (GHSZ) and is present as solid hydrate within the GHSZ. The knowledge of gas concentration in deep
sediment appears critical to determine the phase of natural gases and to understand the formation and distribution of
gas hydrate. However, reliable data on gas concentration are usually available only from the upper section of
marine sediment by the headspace gas technique, which is widely used for sampling of gases from the sediments.
The headspace gas technique represents only a fraction of gases present in situ because sediments release most of
the gases during recovery and sampling. The PCS (Pressure Core Sampler) is a downhole tool developed to recover
a nominal 1 m long, 4.32cm diameter core containing 1,465cm’ of sediment, pore water and gas at in situ pressure
up to 68.9 MPa. During Leg 204, the PCS was deployed at 6 Sites. In situ methane gas concentration and distribu-
tion of gas hydrate was measured by using PCS tool. Characteristics of methane concentration and distribution is
different from site to site. Distribution of gas hydrate in the study area is closely related to characteristics of in situ
gas concentration measured by PCS.

Key words : ODP Leg 204, PCS, in situ gas concentration, gas hydrate

HelA HE B E¥Eshs Adrskaes 28, 3§88 A0 webd Al 71A] AHphase)oE EAditt. &, gl
HolQlE 719 FR7F 8% ofdlelw & 12 HEHE EAF Ao, 8% o] olH A{7tAvHEree gas) ¥
A Aold, 27145 Xgske SA HHEol A AU 27U Flol=HolE A ozt sik slo|mHolE
2 Z3 git) AsiA HH B 7k s E AEs] dUdd 5 drhd AdAvias slol=dolEe] dA4x REIE
A& F ik 2, siA HAE Yol 2gE0] e ske] s AEe Fgske AL wlS oyl 4AsiA H
HzoA 7t2E AHSE PPoR de ol&HE F71F Vi VIS olgdle] HHE ] ste] S hsdle
Re AR HAZMT 71estn A% AFAA AFg 7kae o] Boh AR AFH FAoM iRy 7t &
Ay I3 AR AF BAHEY, 4E Fol(Pressure Core Sampler, PCSi= 4ol 1m, ¥4 4.32cm 7422
% 1465cm® o HAES 68.9 Mpa 48 3ol A3k AHlolth. ODP Leg 204 A5 5ol F 671 A (site)
oA 4 F|E AMEEtY ZF A]F A HA A= ofE HHEY ] rpae ki) sk slolmdo]lEY] BEE F
AT, B4 Az AF g ugA 7ta TR ¥ EX EAo] A= gEA JgiEth delmgelE 3z

(Hydrate Ridge)?] A7 F#dle #iAw A& viertar) xstse] olu A4 S8 9 XX doe 47 4
To gt AESE o] U Sfo]=HolE HAY Ttk Fo|=Ho|E BEe oY Fojd oM 4T

Bglinsiwe] 7hs FE ST v TGS WAV e ROR Yehw,
FR20{ : ODP Leg 204, ¢g 3], &4 we7ts 55, 714 shol=gel=
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AQrke solsglelBE AL 7Y 2NN B
I HArkrd ddstd ¥4 98 e 2AY
228 FEAGN A HHF da] XL 3l

A 3]_
3L

Ut B3 MA7EE sol=o|Evt seiHmA A A
721 713 sk g A EQhde] glo 4
e Aoz FEA o] T At vksiA 28
S JHPaull et o, 1996; Katz ef al., 1999;
Kvenvolden and Lorenson, 2001, Dickens, 2001;
Kennett et al., 2003).

ODP Leg 204= Leg 164 o]o}d F wimlz
P 71= ol=o|E ATE BHOR dh= AIFE
7t Flo|mglo| Bt e B33k Ao U4l
5 slo|ego]E 31X (Hydrate Ridge)ld o A&
AslgcH(Torres ef al., 1999; Tréhu ef al., 1999;
Shipboard Scientific Party, 2002; Suess et al.,
2002). ODP Leg 2049] F8 AlF H4& 03 of
5 ¥ (Oregon continental margin) '35 sto]=g|
olE BX9] 7kX& sjo|=o|E £ JAL uets)
3oy 2 AL olF 7)ze detsle Aot
(Trehu et al., 2003). ODP Leg 2045t &4 3t
ol=#o|E BAoljA F P AlF AHelA 457 A
0] AFEHA F &l AF AN k= Soln
Fo|E7} AU (Trehu et al., 2003).

@ Stol=golE 3R] sik olF B BE 54
2 AlF AR malx] Z2A A AR FRE 4 9L
th &, QA A F2oMe 71 olFo] djAHel7}
Al wl$- g dojuir 3R] SHde kg o]
52 F& Horizon AZ B34 olFstL £4 AHe
7129) o)o] s mlepd Ao B HgirkLee
et al., 2003; Trehu et al., 2003; Lee ef al., 2004).

ODP Leg 204 AjFolr de 435 shie 67
QA B grEIojoltkMilkov ef al, 2003).
gl Fole 4ol 1m, W3 432cm 749 & 1,465
o’ 9] HHEL 689 Mpa(10,000 ps) &3t
AAY ¢ de= etk A= 19799 Hunt
o 28jx] A=A Kvenvolden 5(1983)] 2)iA]
DSDP(Deep Sea Drilling Project) Site 533914 =
22 A APA R ARGEUTE v WA FHI
= ODP Leg 164914 AFHO0E AMEEo] ¢hElso]

o] 7FsAlE F13loH(Dickens ¢f al., 2000) ODP
Leg 201 F<¢tolle= 3% a9 (Peru margin)ollA] 4=
Fole] EAF o] gF- MA= HEY Aol HHE
o & glol A" FHojrb AREE 4 Slths Zo] 9
FHAL A HHZNM AF A=e e sk §
FE A @k 55 F4E 28 F YA
(Dickens et al., 2003). Leg 204o1X <= +& o7}
O S A= W S8 ARG 2o F¢
o]Fof 7} WA Wl HEs AveR 24%
A HATH(Tréhu ef al., 2003). 4L v 527¢
A= AAIZEo R AFE EAlE

o] R4 ODP Leg 204 ¥t AME gt
FojoljA] 729 W] whE Fo| U] qfEel W
sh, I ko] g A3 slo|mFo|E BA
o] 7t AF AN d4Y 7k T 2 FEE
AR 7H= 5 B4 2 VR Sol=HelE &

Eopo] gt AAE AR R s
2. 917 Xl

ODP Leg 204¢] A& X vwl= 232 FoljA
oF 100km Hojz el Q= Y- slol=olE B
ZAolthFig. 1). o] AHL Juan de Fuca To] Hvj
o 45cmyre] £ HYHBEA F4E AFolvhHFig.
D. AYsEe @] 5832 A, old AER 5RE
o] FF-& olFH o] HY=HTAM HHZ FAE
2 FAYAA A 35kmel o]Et} (Westbrook ef
al., 1994; Shipboard Scientific Party, 2002).

o] AL 200 @Al s|AHANA A7k SA7E
Z5o] 112 ZAo)(cold seep) HWHABA(Kulm o
al, 1986) A AFAQ} T2 2+ EQEHHRQ] GAPt o
g i 3 A b s XoE FHIOE 7k ez
o|Ert SAHANE uf g HA HEEe] = Aol 4
AA o] A7t Bl #is] FEE A HolrkFig.
2; Torres et al., 1999; Suess ef al, 2002). €8] BA}
A3 sol=golE SRl =i$- g BSR(Bottom
Simulating Refrector)e] A vepr 71~ 3
olegolErt WA BEIH= A& AAIATHTrehu
et al., 1999).

3. Az & o7 Wy

U8 Zole A HAZe AT YA AAT Y
1 pod

H
eiollA] M B T4, Delal 7k " kA Slele
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Fig. 1. A. Tectonic setting of Leg 204 in the Cascadia subduction zone. B. Bathymetric map of the study area. C. Sampling

Location of the Leg 204 Sites. (Tréhu ef al., 2003).

#o|ES AFHsk= FHo|thFig. 3).

ODP Leg 204 5<%t 6719 X4 (Site 1244,
1245, 1247, 1249, 1250, 1251) % 30/)e] ¢=30]
2 Azdoz ANZstn 35adrt (Trehu o dl,
2003). B =FoME 1245, 1249, 283 2151 A&
oja Al gEEo AEE BT 1245 A
ol A= 17~292 mbsf(meter below seafloor)ol 4 5
A, 1249 AFA M E 13~73 mbsf F7FA 370,
1251 A @M= 20~292 mbsf F7rlA &1 gt

Foj7t HeE At Table 1). A5 ¥ 38 o =
e oA 4L 493 F AgdE &4 98
o] 75 I Bof BEeld L5 5 (°CE A &
RS+ Aol dEAC dAsHTE 9 ol d
22 BASE olfe 252 YA 3o TAA
713 4L AEIATIEA 7120} 714 SlolEgelE
o] Azl AES Anus] YalMeltt ¢E I =
deE Al dAg Foll APl A gFHo] ek E
W W (valve)E FolA 4 Zojollx A WEA
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Fig. 2. A. Water temperature profile from conductivity/ temperature/depth recorder profiles of the water column over southern
Hydrate Ridge. B. Echo sounder records(12 KHz)from the Hydrate Ridge region (Torres ef al., 1999; Trehu and Bangs, 2001).
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Fig. 3. Ilustration of pressure core sampler (PCS)
depressurization experiments (Milkov er al., 2003).

FEAFIEA EAEIATE NGAE Fel #71= 6890
714 Z2etead] B 9 Zho] A= Qe A
o7 B30|27Z7|(FID: Flame Ionization Detector)
2 dA% AZE7|(TCD: Thermal Conductivity
Detector)ol- 884 &8 A%, dAx HE7|e
80°Ce| B0 Akk, A, vieh ok odal, 33
i, 22 Z2dds FA519 8% o238 A
£718 BalMe 50°Ce] F=olA wighiy el
24351 cHPimmel and Claypool, 2001).

4, d3 3 E9j

4.1. 7tx x#
ODP Leg 204 F<hille 3712 7}2~(headspace

gas), o] 7+ 7k (core void gas) @ ¢E=o] 7}
2 F Y oz HHEY ] 7i2F AF s
Fol 715 7kaE AlF Fo7t Fard o] Fof iy
o vl AgE 7h=FolA 7raE AY AFsRe A
o]7] WEo] F4 7ke] AE-S Jepl7le s @
& 7kee] e Agsisle AL Brbssit ldF
5 2003). 371%F 7k W Hof 34 Fo I
o] BHES AF 3l §710 "opA 7k ks 24
= AR 7} 'islra 7R FaE TR
A = ok ST F71% 79 Aol 3t
/et ZASMIL: Sulfate /Methane Interfaceyd %ol
ARE 7h20] A Zgo] Jhsetar wigke] gako] F4
3] Eolvke 71, 53] Wik gEke] 83l=E 2
ke Ao ggrlel titie] kvt diz1Fe
2 frad=o] el 8L Brlesith old #AId
< Wdsl] Sl 4 =7t o] @) 7k
FES vlwd AgsA &4 8 4 ok 1245 X3
AlF A olx o] Wgt7kae] gheks) sarde] ¢
+S A EE oF 8 mbsf FoIA 7ol Ak
ghako) F43] grasla vigrks ko] Zvlske
Al et ZAAE Vebdh(Fig. 4). 219490
vERd Ble} 2] 3715 7k BAe Bl 15 mbst
e 7hee] 2L TFESIATE ] Thme]
] Eol=e S veldith &, vgrtze] g
o] IS 2HeA F71F 7k wHom gl
4L EvFssttte Ag veRdoh SRR 170
mbsfll X A& YE o] kA ke @ skae] g
Fe Uelle Aoz wdEc.
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o o2

4.2 8E JIA B

A ko] ke delsly] i 1245B ¥
1245C FolM Zzk 2709 M, & 509 o =g
AlFslaich 39E e Aoje] ol 0.8~1.0mol
AL o Foirt F4E T AP Ao Zo
Wie 7tag n% wEseEd Z2Y A7e 334
~19,025 Foldx EZHE 7o) % 315~19,025
mlZ VERGTHTable 1). Ao whE 7px 3hake) w
32 AHEW 170 mbsf 27HAA 7 FU
120.0 mbsf F74ollA] B)E Fojolla 7h we %)
7tE7F THEAC 23E 7k AR FM 7 ¢
AstA veigs RAe deeaz AR tx F
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Et} Zojo] FFES ol8sle Al 1245 X
o] ZH=pie] Weke] Fui 1245C-3P FoldlA 7t
& 9A(10.2-11.3 mM) VERsEIL 1245C-16P ool 4
£ 8933~1,116 mM=Z 7Fg &4 et Table 1).

1249 AA@oM= 1249C FolM DY, 1249F FoiA
2] PEFAE 331t 1249C-6P oA 3|4%
Foje] dole AHBE 2do] ofH9] 023~1.0 mZ
ARSI VR 2ol 80% olde] =it o
8 FoloA] EFH 7} %k 4800-95,110 ml o]
7k X AR AR 967~11,268 Ho)AtH(Table
1). o Wj¢] 7iae wghe] 90% oldoR 71g 94
sA JeRt 71eF g8lgea ks 05% gk} 8
FS B mige] 5 1249F-14P oM A3
wo S=xj0] 215.7~217.9 mMS UERET 1249F-4P<]
ME 4,0272~5,0339 mM= "¢ A4 Ui

1251 AFoME 1251B FolA 37, 1251DF<lA
PN 2= 1251GFNA DR & §le] Zolrt 4
At} FolE 80% oY IFHUL 7kE XA
=i £8% A7k 672~1,357 Holch £XE 7}
29] ke 1,320~3365ml & k2 X Fel H|sA A
ol wE 7k gake] Wyt mad e Ao
ERdtH(Table 1). 348 71249 AHES 1251B-18P
1251D-10P5 A|J3ales AA 7k2FolA] werks &
o] 80% ooz A Jehda Gt JELe
01% wigro =2 =9 wA etk 1251B-18B
1251D-10P FojollA @slpd: 7h2e] Adiv|7t thE
Fojofl B|3IA] w9 v Fael Ak AEe] A U
B RS 3700 93k egog AT} 1251 A
Ao Wge FEes 46.9~149.7mMe) HHE ZH=
Ao 2 VEITH(Table 1).

43. 7t29] ME

PN WEH she] AR FHotsir] ¢l
A 1245 A € 7= GFE A )
A ZzefEas £24E AAENIh 1245 A9
A Fo] T 7R TRl 7P A2 1245C-3P%

UNT 7127 TP B 1245-16PA = & 314
g 7k25 WEsld] ZECHTable 2). 1245 A3 2
PCS 7}29] F8 AE-2 gsled 7125, 3] dgr}
22 700,000~930,029 ppme] $HEFS YERNASL TH
Hiol AlEeA 800,000 ppm oS xFR|SHTE, of
B BE AHAA 2R HEEIeH Ha I
14~1,733 ppm 22 vepdr}, =232 1245C-8P=

A ofgt AN EM ASEUL F3FS 8~268 ppmolA
o}, Rk 2 o] ARERe 1245B-17P Fo| A)FoM vt
gelElgith. 1245B-17P ZoljollA TR E sk Ro]
v AL bBileaE ¥Pshe 2 galra vt
£:9] o) 732 Horizon ATHNM 4 32017} A)
FE7] welglar Azt (e]9F & 2003). =
o] 7pzo] g wElgt vl &2 427~32504% I
o] 7+ 7h29) vietele vlg3 vlg- fARE FRS
eIt Fig. 5). Zoi7+ 7149} gEse] 71229
AEo] fARIThs 2 #R7kRe] RS dix g
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Fig. 4. Comparison between headspace gas sampling
technique and PCS. SMI: sulfate/methane interface.
(@ : headspace, a : PCS, [J : sulfate sulfate)
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Table 2. Composition of gas samples from PCS, Site 1245.
Volume  Cl Cz C3 -Cq n-C4 02 ) co2
sample (mL)  (pm)  (pm) _ (pm)  (ppm) _ (ppm)  (ppm) _ (ppm) _ (ppm) V€2
204-1245B-17P(147.1mbsf)
Gl 35 162,032 255 779 532,114 179,217 661 427
G2 230 914,168 2,388 226.0 20.9 19.7 401 61,760 1,039
G3 360 959,519 2,293 276.0 28.0 26.5 89 14,400 2,370
G4 470 841,609 1,867 346.0 342 30.2 5,004 56,562 3,051
G5 290 891,726 1,947 378.0 39.6 36.7 1,828 82,777 5,422
G6 120 739,309 1,649 305.0 293 7401 105,229 3,908
G7 195 688,167 1,778 406.0 449 40.0 63,930 219,608 4,406
204-1245B33P(291.2mbsf)
G1 145 815,141 185 383 23,239 159,993 3,404 9,366
G2 200 954,143 86 6.4 584 28,592 1,339
G3 200 959,964 72 9.0 317 22,379 1,599
G4 280 964,038 81 129 281 18,982 2,470
G35 120 956,861 87 13.9 578 25,174 5,714
G6 120 954,431 88 14.6 1,510 20,389 4,480
204-1245C-3P(17.0mbsf)
Gl 315 700,557 14 8.5 24385 267,649 2,475 21,187
204-1245C-8P(57.0mbsf)
Gl 70 450,834 6 87,858 456,942 976 32,594
G2 220 896,327 5 11,002 79,838 869
G3 320 870,778 148 8.8 5.7 20,647 83,941 793
G4 320 887,127 6 11,134 76,030 885
G5 210 899,704 6 5,821 65,291 2,096
G6 150 887,386 16 4,470 62,667 2,509
G7 80 880,800 8 5,652 71,857 2,677
G8 90 850,832 8 6,677 76,732 2,759
1245-16P(120.0mbsf)
Gl 110 435,628 54 9.4 57,711 497,409 761 3,372
G2 210 909,066 172 17.6 10,046 58,948 567
G3 420 961,719 228 19.1 95 9,206 322
G4 600 962,915 230 18.6 696 8,437 259
G5 350 944,449 233 17.5 7,452 21,038 366
G6 340 949,772 245 18.4 5,339 17,380 310
G7 350 923,146 216 19.6 2,985 12,514 279
G8 420 953,261 279 19.0 2,173 10,454 301
G9 440 952,527 255 18.6 1,829 8,895 309
Gl10 390 941,006 258 18.8 7,382 21,831 375
Gl1 340 951,346 263 20.1 3,345 12,881 384
G12 480 934,755 258 17.5 10,025 23,803 385
Gl13 370 957,017 290 17.7 2,012 8,399 402
Gl4 390 955,475 267 15.3 1,850 8,947 331
GI15 720 959,518 276 19.6 760 3,852 324
Gl6 600 941,737 284 19.5 6,949 13,277 447
G17 940 922,488 285 212 11,771 26,376 459
Gl18 1,010 948,264 306 18.9 3,636 9,736 536
G19 1,015 954,929 298 16.0 1,011 5,831 703
G20 970 951,118 3N 14.2 802 544 866
G21 1,070 954,353 310 18.6 107 5,172 1,215
G22 870 936,476 292 23.8 137 6,384 1,227
G23 990 954,042 314 19.1 164 6,432 1,698
G24 1,050 928,148 330 21.8 5,523 30,934 2,239
G25 970 941,091 301 23.1 2,784 17,927 3,217
G26 730 916,747 290 244 7,000 40,721 3,443
G27 950 924,615 302 23.0 1,996 34,843 4,962
G28 910 905,325 297 233 6,324 50,350 6,093
G29 420 902,677 317 21.1 5,676 53,774 7,291
G30 190 912,392 354 30.8 1,156 20,435 13,608
G31 410 909,907 366 32.0 1,486 23,965 14,481

Note: Cl=methane, C2=ethane, C3=propane, i-C4=iso-butane, n-C4=normal butane,

i-C5=iso-pentane, n-C5=normal pentane, O2=oxygen, N2=NitrogenCO2=carbon dioxide.
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Fig. 6. Three different phases of methane gas below
seafloor. Solid line represent the in situ methane
concentration curve.
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et al, 1997; Dickens et al., 2003). 1245 X|HL 9
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Horizon AE F3lA &8l 7127} a5l o &
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ol=go|Er} EX3= Alw BuE vl AYrkLee of
al, 2003; Lee et al., 2004; Trehu et al 2004).
1245 A7 | g Folofl ol 7= Fjol=golE &
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ek o= Yesiri(Fig. 9).
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Fig. 7. Methane concentration in sediments at Site 1245
based on PCS data. Estimated theoretical solubility of
methane in pore water is shown (Handa, 1990; Duan et al.,
1992). D: field of dissolved methane, H: field of methane
hydrate, F: field of free methane.
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Fig. 9. Gas hydrate distribution with depth based on the

CI" depletion data, Site 1245(Tréhu er al., 2003).
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Fig. 10. Methane concentration in sediments at Site 1249
based on PCS data.
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Fig. 11. Methane concentration in sediments at Site 1251
based on PCS data.
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