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Stable Isotope and Biomarker Characteristics of Organic Matter from the
Drilling Core Sediments, Jeju Basin

Tae-Jin Cheong’, Young-Joo Lee'*, Ji-Hoon Kim!, Jae-Ho Oh', Myongho Park? and Hoon Young Song>

Petroelum and Marine Resources Research Division, KIGAM, Daejeon 305-350, Korea
2Petroleum Technology Institute, KNOC, Anyang 431-711, Korea

Stable isotope and biomarker analyses were carried out for the organic sediments from the exploratory wells in
the Jeju Basin in order to understand the characteristics of organic matter. Organic matter in Geobuk-1, Okdom-1,
JDZ VII-1 and VII-2 well is predominantly originated from land plants rather than marine algae according to car-
bon (813C0,g) and nitrogen (815N0,g) isotopic compositions. In the Geobuk-1, geochemical characteristics such as car-
bon (613C0rg), nitrogen (815ng) and TOC contents are obviously changed by the depth 2,400 m, which is likely
due to the change of origin of organic matter, sedimentary process or sedimentary environments. Analysis of the
saturated fraction of the bitumen suggests the contribution of migrated oil to the indigenous bitumen from the sam-
ples 2,509, 2,833 and 3,163 m of the JDZ VII-1 and 3,253 m of the Geobuk-1 well. However, this characteristics
can be derived from the contribution of the original organic matter. Based on the biomarker analysis, the samples
from the Okdom-1 and Geobuk-1 appear to represent sedimentary organic matter of similar composition, that is rel-
atively immature, and which was probably deposited in the fluvio-deltaic setting with minor offshore marine influ-
ence. The samples from JDZ VII-1 appear to have been deposited in a more terrestrially dominated setting.

Key words : Jeju Basin, Organic matter, Stable isotope, Biomarker

AFEA M55 A8 TEE 57189 548 dotslr] s AlF AEE AFsl HAEdL: 2 4EE
713t E 248 AN s Geobuk-1, Okdom-1, JDZ VII-1, VII-2 A5F #7189 @4 2 A4 E9U9584
A= K71EEY 7€) YR F 79ude $A44E 7ol $MATE HoFET. T Geobuk-1 FNME 2,400
mE 71E0E o A A AEe] T Halr) #EEEY o]RL 2400 milM 715 J)gely EARE
2 HEHAol F43] w3l A JRlske Aog FHdEr). HiFwe xsigslei ¥4 A3 Geobuk-1F
3,253 m, JDZ VI-1¥ 2,509, 2,833 2]2 3,163 m F7+ AlFHME ojxd 4H2 &48 YehlX|# ojAL 7]
4 f71E9 E4L Uele Aoz AHEAT. YER7S3EY 93 Geobuk-13 3,253 m 73] ABE A9
3l 4% Okdom-1, Geobuk-1 AlFF Al ¥Fog uis Aoz, sl 719 47189 93L o wie
oy HiAE -3 A HFE ZAe=R vkt vA JDZ VIl AlFF AIEE dFE Geobuk-l,
Okdom-1 Al3F A58} 4 870 AT 30 3" Aoz ey},

FQ0| : AFEA, #7218, AFAE, SYTHEL, AER7|HTE

.M B 3 o] Zo|A Okdom-1, Geobuk-1, JDZ VII-1
% JDZ VI2E 59 4 A3 7o A 29

= Felol weste HEARZA AN A7 55 o] o] 7had 2UE 2E Z2E JERth
GAE flalA 147] 3ol AFEHA 7|E AAE 9 Rock-Eval @84, §71%2 Ai284 21359 2shd o]
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E P13 AFAEE AR §4 LERE 7199
type Mol vBlZHEs F71ES ZFtE AAT
Okdom-1, Geobuk-1¥2] AEE52 314 71€9¢] type
I #7180 gy X3 5 e AR el
thLee, 1997). o] AFAME HEH7|3EE(bio-
marker), AZ2Ae] FHLL BAG AJYFOEA o
E g NEF HRE 23 7189 543 53
B34S 2rd A Hristaat sisick Okdom-l,
Geobuk-1, JDZ VI-1 % JDZ VI2F o ZRE F
49709] P EAYALE B30, A9 gl F
X e JDZ VI23-2 AL IiFe=Re F
20709] BER7SE o] olFojHtHTables 1
and 2). AEE 7|29 B4 Ade FAD sl T
71et4 o] Ao wo AIRE M. &

)
o

AEAd4 $4Le AgEla sYHE 35717 1AH
AqM, 282 FAEFV|FLE EHE 290}
Applied Petroleum Technology ASell &|j3le] =3}
pil=a

2. XML

AEd pho] AFFo] YAske AFEAE T
3 EAle] R A5, &S 437, 53T,
6-24F 2 3 et (Korea-Japan Joint De-
velopment Zone: JDZYE ¥}, AFEA= A%
o2 AR (ZhemnyF§7 1, $Fo2 FHRyukyw)
87, EEoR AIF(Xihy) T2 HIch(Fig.
1), 59 RE ¢ 28 B9 gARiE T &

120° 122° 124° 126 128° 130° 132°

34 , “\‘ 34°
By thern Yellow Sea \
Basin e e

32’ 32
30° 30°
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Fig. 1. Basin distribution and structure map of the East China Sea Basin area.
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A=) st FF538 tEs EAY A4 FA=
27km WA 3B5km=z SR siF=D, L7t}
3ol o] X7k AA) B Fehs Al9jslals &4
A)zte] EA1S Boltk(Uyeda and Miyashiro, 1974;
Li and Tao, 1992; Geological Survey of Japan,
1994). 3} 0|5 AEE o|&3l] ENH TeEAS
He| Ax= gibde g BEZOR JHHA ZoA L &
Z02 71AA oAl AFE Uehdtk(Lee o al,
1980; Zhou et al., 1989; Sibuet e al., 1987; Qin
et al., 1996).

53 UES EAol sl /i YA
A} olF dEshe FAY YR FAH
o} sPgehe] AFAUE AgaE S943 371
271571 Wely)7 e+ ch(Honza, 1976; Zhou et
al, 1989; Park et al., 1987, 1989; Bong ef al.,
1993; Oh et al, 1994; Western Atlas and CNOOC,
1994; Silverman et al., 1996; KNOC, 2004). &%
3] 55 A9 71Nt Hole A¥ELE 12km
olde] A HEZo| wEEe] ATHKNOC, 2004).
e} SFERS Aol 7Rt Ao 10 km ©]
o FAe EAZo| deEoe] Jti(Yin and Liy,
1990).

BE=E UEE 2R 34e 7] el g
o] Feprloldt okllg A9 (subduction) HWA &
A7 AZEiEen, ol QI Exlde B A+
Ee w27 YA H A Ludwig, 1966; Karig,
1971; Zhou et al., 1989; Zhang and Kou 1989; Li
and Tao, 1992; KNOC, 2004). ©]2Ig 7225
SA 7k R&d Aoz ByEe] ItHZhou e
al, 1989; Li and Tao, 1992; Liu et al., 1994). i
oA Z gE|aAels BEgE olF W] A
of me} op7|d UEAH 871wl <=t = i
5 #AE WIS ISPT 1993). S8jaA &
oA 27] ulo]eAlel] BF=3l thEE A9 A5
Ae 3¢ ¥2 &4 2 J &M HHSE
o] T &3, §71=3 Hag ol HHEA =AUk
(Zhou et al., 1989). Z7] vlo| QAo FEZ tF
B 2Ae A "ol S0 (Zhou ef al., 1989),
o] Al71el sPHEol AUl A1FF(PZ-1, Okdom-
1, Geobuk-1) A& £48 E3l #3FH 7] w0
LA-57] mol oAl 717k SFFE S5 FA A
= A9 A7kl wE FERE o] o|foift). &
7] wloloAlol eF|vhel SR/ AR ARt
Hom™(Zhou et al, 1989), sIHEA ] gzt AHH

N ¥ B

sRkaRgo] dojidtt, F7] wlol oA T FFFHE o
S5 EA9 FRoMe 7E 9] dojut 7|Ee
G Adkzo] dgkzow gAstHon, §71¢9
HAzgo] dojwkrh(Zhou et al, 1989). ZEto] 9 A2}
Eol2BEN e 5573 5 BXdA Y] #AA
a9} T BX9] oz EAR| =
A710lt}, Eejo| QAINE FF=d e EX9 &
7} SRR AAIAQ] SH sl s i
3} dA= A}

3. oi7 4y

3. HEEYEA BY

H2E U 471849 22680) 2 246N &
AhAE 23] felde Fr1 BRI (CaCoy)+ &
7] A2 (inorganic nitrogen)s AlAsHs AA27F 2o
3lt}, dA =] FHE A|EE H|o)Ad| Hol 3N gA
o= 77 v B 7] AAE 2407 B9t g3lst
o] AAsIL, 4~58] FE 33 FRGE ARSI 70
°CE AxX7|0A 2477F AZSIIT}. AXS A8 2
B}= o}A|o|E(mortar agator)® E3t ).

A2 g 9 2 94 #47](NA Series 2,
CE Instruments, Italy)o] 928 9% 35 H354
A4 A gEA 7] (IsoPrime-EA, Micromass, UK)E o]
#3190t FF=EFIZ = ©49 A9 PDB(Pee Dee
Belemnite), 249 7A9E 2719 AL (atmospheric
N7t o) 8-=3Ack B4 2 HAe] 4 g 7zt
<01%% <02%cIth HHE W {71829 g
(B5Cop) B AEEN,p) FALE 24 A 3 47]
SAFEHTOC) 2 44 FHINE 5Y¢ 71712
Z2A53ch BAGEBC,y B BEGE N $994
Ul olefie} 7H& 2]l o8] Allsiact.

8(%0)=(Rample~Rstandara) Rstandara 1000
R: A& % REEAS BCMC 7} BNMN v,

3.2, 4EEI|8EE 24

AEF7|SIFHE 42 o 22 S AA o]
Fojged, 4 B4E 98 Age B HTE F
Hof olgg AAsteiof gith AlRA HIFES 3
Z3] M 28" (Soxtec Tecator)ollA] D182
ek (dichloromethane)2 &1l AME3IRon a3l
AE Aidz 28] 98l E Tatro-scan MK-
5(TLC/FID Analyzer)s A5t Th £28 @sledh
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382 HP 5890 I 7|4 A2ulEaHE AR
Talebsleaol ARG EMG. BN 43e
CPSil-5 CB-MS(60 mx0.25 mmx0.25 um) & ©|-8-8}
Ax e ZRaAL 5004 ARl 1R HE
o2 320°C7HA] 4°C/minZ 5231 2687k F-A15H3
t}. 7t @3kra AERVIFEEY 248 A8
Micromass ProSpec 714l 2ulE1gly] FA3EA 7]
(GC-MS)E  AH23ted  Selected Ton  Record-
ing(SIR) W2lo2 EAsict. 22 7|A A2rE
29} FUS g olgslden 2E TIPS
50°ColA Algtele] 12 o1& ohE 12000744 20°C/
ming $&33 3200074 2°C/ming 523l 20&
7+ AT

4 orgsglels BN En

4.1. Eta S AH|EC,y)

F71EA9) Bi FAYAEVC e HF F 2
& BUYAB PN FR7Te/AL AFE|(TOC/
TN)ET} Bl EgaQl Ao Z 7so] 54 4 &
A 719 f71E TR Bo] AMETE 84 HE2
2399} 7329 wa} Calvin(Cy)# Hatch-Slack(Cp)e-
2 7R, olgd FAY HEE vh FHEL4]
Zell J3e Fr} G AEELS A 2EY 90%E
A5 32%1A -21%02) B B94H] He
G -27%0% 7KL Utk Gy AEL UidE AL
7% Aol BES, -17%04 9% B F
g9aH HYHFE: -14%)E 71 tHDeines,
1980). Coll &8he g 2FE -30%NA -26%0°]
g4 FH94n S /XY, 8 2FE 2%
A -16%0] BA S994H]) ¥AS JtHLamb e
d, 2006). £48 @4 FHLAY) Fg AVEE
Okdom-1ZoME  -2696%A14 -24.85%0 Geobuk-1
e 2863%AH -25.27%0, JDZ VI-1FoX =
-2953%NA -27.10%0, JDZ VI-2Z3-NME -29.06%0
oA 26.35%02] WS 7IRItK(Table 1 and Fig. 2).
aBE o) AFFY FIE Ba FHLaHE Al
F39) §71850] UAZ 84 71¥e]a IR AEE
o] g 27 71UYE BoFETHFig. 2).

Geobuk-139M e &4 SHLAH) {7189 &
o) we} ZA) F 2FoE B§Es| HEdrk(Table 1
and Fig. 2). R ¥x 282 A% 2,136 molAM 2,283
m7HAe] F7elA BAE AEEEA, B4 YL
H|7} -2539%PNA 2537%0, 715 e 222 wt%ell

L oAT - WEE - $EY

Table 1. Analyzed result of TOC, TN, 13C0,g and ISN(,rg in
the samples from the Okdom, Geobuk, JDZ VII-1 and JDZ
VII-2 wells.

Depth TOC TN TOC &"C &°N

Core ") (wth) wt%) N (%o (%o
2140 051 0.109 47 2696 402
2270 186 0.144 129 -2611 558
2310 220 0099 222 -2602 5.60
2410 242 0117 207 -2580 6.09
2500 181 0.117 155 -2577 535
Okdom-1 550 578 0114 244 2674 2380
2630 295 0.112 263 -2567 2.85
2700 300 0.134 224 -2639 3.66
2800 399 0.29 309 -2485 3.53
2880 2.07 0091 227 -2694 254
2136 222 0.12 198 -2539 4.00
2199 297 0149 199 -2527 391
283 314 0.114 275 -2534 322
Geobuk-1 2490 158 0.114 139 -27.78 0.18
2580 160 0.112 143 -2801 2.04
2697 149 0104 143 -27.86 185
3253 091 0134 68 -2863 198
1387 042 0057 74 -2746 359
1573 447 0252 177 2865 2.55
2191 180 0.138 130 -2826 229
2323 038 0068 56 -27.10 134
JDZ VIL1 2419 146 0.101 145 -2854 058
2509 033 0070 47 2779 251
2593 062 0072 79 -2881 3.90
2683 1.1 0102 109 -2853 253
2719 049 0078 63 -27.58 256
3013 378 0.160 236 -28.56 168
3073 152 0144 22 2953 171
3163 079 0100 7.9 -27.80 293
1873 4636 1327 349 2742 304
DZ VIFL 1e03  g41 0338 249 2807 2.66
2113 1352 0461 293 - -
2383 536 0286 187 -27.84 182
2833 662 0252 263 2734 275
2273 178 0.118 151 -2851 225
2729 223 0148 151 -2867 2.03
2747 247 0113 219 2906 238
2837 111 0088 126 -2893 133
2951 1.82 0081 225 -2840 229
1915 39.59 0.898 44.1 -27.33 348
IDZ VI2 1015 654 0247 265 2679 1.66
2045 31.14 0835 282 -2635 165
2045 949 0337 37.3 -27.02 -11.01
2420 770 0170 453 -27.14 168
2453 015 0021 7.1 2673 -2.04
2567 023 0056 4.1 -2785 174

-:not analyzed
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Fig. 2. Plots of profile of §'*Corg, atomic TOC/TN ratio vs. §1*Corg and 8"*Corg vs. TOC (a) for samples from the Okdom-
1 and Geobuk-1 wells, (b) for samples from JDZ VII-1 and JDZ VII-2 wells.

A 341 wt%e) WS
2,490 m 3H¢] F7relA
QA&H|7} -28.63 %04

7R 7 A 252 A=
e AEEEM Bh B9
-27.86%0, F71& FF 048

59 FR7IeAa/AA d3E vimshd, A WX
IFNNE 257 EA/A A A7 19.8004 27.59
&g 7Y, F AR 258 6.8904 1629 e b

wt7%lA 1.90 wt%e] H$E 7ETh A WA 250
T WA 2EET /789 @A FHQ4n7F oF
2~3%0 AE I, FH7EA qEE = £ F

AR AL FARG JhEes B e T
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Fig. 3. Plots of profile of §'°N, 8"°N vs. atomic TOC/TN ratio, and 8N vs. §'*Corg (a) for samples from the Okdom-1 and
Geobuk-1 wells, (b) for samples from the JDZ VII-1 and JDZ VII-2 wells.
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o

e @, FR7eaAda Aol 343 ¥
glahed o)]AL o] #7HE AAR 3o f71'Y 7
4, B3z 52 g0 F43] #Hadd A&
Uehle Ad 5= 3

71229 g4 Fdan|e FReeAds 4
F)E =S, Okdom-133} Geobuk-13-4E o
FEo] CIESE vellle F9d 95, o3 #
71840 C;F AEE olgske 4 4E 7Y
o] S-Astths AE AAgck(Fg. 2). JDZ VI3
JDZ VII-23¢] 790l 47184 e C; 33 A=E
ol§sh= 4 AE 7ol AElL FEAoR T
ZF 719E vepdoh f7159] gk F494m)e) F
Az 715 TF Aol AAEAe wif gsitt
Fig. 2).

:

i

]

42, HAL B9

dird ez §4 2E7dolxe Aa F94M]
@GNt 5%0A 18%c«(H 3k 3%0)S] HHE 7HA
o (Schoeninger and DeNiro, 1984), 3l =% 719
L HFZ0] 7%oNA 10%00] =] 3Ich(Peters et al.,
1978). ¥4 4 FHY4AYE BH Okdom-13-l
A= 254%0°014 6.09%0, Geobuk-13-°14+= 0.18%0
N 4.0%0, JDZ VI-1Fo1A= 0.58%0°NA 3.90%0,
IDZ VI-23oME -11.01%014 3.48%02] WS 7}
FItKTable 1 and Fig. 3). JDZV M-232] -11.01%0
2 g2 ASEHR ml§- 2 AolE Hol vl

1.0 ~

08
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Peak Value
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02

0o

P AT - UE -

M

T3

]

D)

ST

Frol7] wzoll siAellA At gl
A2 PEo] 3% T2l fAsH, olsh
de B4E MEEY f71EE0) 8 =RFR
4 AHE 7ol AlsitE Ag ojudthFig. 3).
A 248 da F99a = ga FHds
Az} vR7IRAR f718d0] 4 48 71do
Asltke Z21& BoEn. 49 dAa F9idan 3t
< Holu Ff7da/As A, B FHALaH%
Atolell ofm§ FHAAE HolA] e

o b

P
o B do i off
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5. MEH|slEE

5.1. O|S & M7 A

TaEtslras ¥A4E TE AIFAA =degie] Cp
N CyetA AEFHNUT Geobuk-13-9] AEE A=
3253me] AEE A= BT 58 B 94
& HvhFigs. 4 and 5). o|AL &4 7| K=
9] fgol $AstE B84 Merrt vlwA yre A
& JebdthPeters and Moldowan, 1993; Peters ef
al., 2005). A= 3253m A= TS A5 &
Crog =% gzo] 74 $AEA el &4 4
£ Jehlix] &olA olF8 M/ sFeAe Btk
AT o] AFE °)E AHfEte fU1E A
B4 gt Aom AztEed o) frlEe] €3
o2 vgdsd gNoA HBEH A(BI=100xSY
TOC)7F 100%0 ©1dR1 749l ol5d A/ FAE

indigenous bitum en
<Some migrated oil
AMigrated oil

—&— 2,198 m

2,208 m
—@— 2,490 m
—#— 2,688 m

—®— 2697 m
—&— 3,253 m

A-C12 +———&

n-C13 -

2C12-0C36 Profile Normalized to Highest Peak

Fig. 4. Distribution of n-alkanes in the samples from the Geobuk-1 well.
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Fig. 5. Distribution of n-alkanes in the samples from the Okdom-1 well.

Yellle Aoz 7HEH7] 9 olv(Killops and
Killops, 2005). Geobuk-1¥ 4% 3,253m A|8¢] 7
$ole BI7) ¥ekelgl Rock-Eval G824 ALHAF
(Production Index, PD% - @A vER}A o]FH
HFRrks 4718 AA] 549 o3 A 7l
E}

Peak Value

Okdom-17 AE= UlFE Geobuk-13 A8 v
¢ FARSE = U4zk B P3S BIch(Figs. 4 and
5). &, =% 4zke] B AL Wi FEieted HE
A S AESAEY] 0] wig AEtE Ag
Bojzt). JDZ VIFE AEE Geobuk-1¥
Okdom-13Rths =2 47t B M &5 4ol

ol
=

« ndigenous bitumen
» Some migrated oll
= Migrated oil

—8— 2131 m
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Fig. 6. Distribution of n-alkanes in the samples from the JDZ VII-1 well.
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9 E=35hFig. 6). oA §4 f71EY el 3
A 43 AHert 7] i yehs @4elth
(Peters et al., 2005). 3] 2,509 m, 2,833 m 22|31
3163 me] AEEE UE AEERT 5 A4
opslm2 olFE Af9 rFede JEiE it
Rock-Eval @84 32 {7189 Y4843 2 o
g A3 24 ZA3E2 JDZ VI-1Fe /7180l

Prin-Crr

Ph/n-Cis

Fig. 7. Isoprenoid parameters of the biodegradation and
depositional environment.
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5.2. E|Hgdn 2 RIIE

2] A~E(Pristane)/™o] €(Phytane)s} =9 Uzte]
e v1e-g A9EY DZ VI-1FdA AFHE A5
SN2 AR k28 EAL JERAL Okdom-
125 Geobuk-13¢] AlEo] T3 F7152 A3lg
73 #8734 Ax UvkFig 7; Killops and
Killops, 2005). 2E|2tzt 33] H]&oM% ]9} A}
3 EAS B 2B 53] H|goX 2EF
o] $HTFE FATAT A /718 SA4L vE
WE wbde] v 3he veplle e §4 719 #71
B3} ARBlE3-S AA g

Corogog 2EIH AR B JDZ VI-1F Al
B M43 #73¢ Jehli Okdom-133
Geobuk-13 Al&& ¥ 73o] 7 (estuarine) #73&
Vehl=d 7] A8 (Geobuk-13 3,253 mye di4 &

Table 2. List of the biomarker analysis samples and GC parameters.

Well Sample type depth(m) Lithology CP1 Pr/nC,; Ph/nCig
Geobuk-1 cuttings 2,199 dark grey mudstone 1.99 1.83 1.23
Geobuk-1 cuttings 2,208 dark grey mudstone 2.05 2.01 1.37
Geobuk-1 cuttings 2,490 dark grey mudstone 2.11 1.80 0.86
Geobuk-1 cuttings 2,688 dark grey mudstone 1.87 1.81 0.90
Geobuk-1 cuttings 2,697 dark grey mudstone 2.06 2.08 1.06
Geobuk-1 cuttings 3,253 dark grey mudstone 1.18 0.65 0.31
IDZ VII-1 cuttings 2,191 dark grey mudstone 1.71 2.36 0.62
IDZ VII-1 cuttings 2,419 dark grey mudstone 1.50 3.62 0.52
JDZ VII-1 cuttings 2,425 dark grey mudstone 1.55 432 0.45
JDZ VII-1 cuttings 2,509 dark grey mudstone 1.25 2.59 0.38
IDZ VII-1 cuttings 2,683 dark grey mudstone 1.45 3.25 0.54
JDZ VII-1 cuttings 2,719 dark grey mudstone 1.51 4.23 0.50
JDZ VII-1 cuttings 2,833 dark grey mudstone 1.23 3.55 0.38
JDZ VII-1 cuttings 3,013 dark grey mudstone 1.56 333 0.43
IDZ VII-1 cuttings 3,163 dark grey mudstone 1.20 1.25 0.25
Okdom-1 cuttings 2,270 dark grey mudstone 1.77 1.43 0.97
Okdom-1 cuttings 2,280 dark grey mudstone 1.90 1.47 1.00
Okdom-1 cuttings 2,310 dark grey mudstone 1.92 1.56 1.18
Okdom-1 cuttings 2,500 dark grey mudstone 1.66 1.17 0.68
Okdom-1 cuttings 2,590 dark grey mudstone 2.29 2.38 1.74
Okdom-1 cuttings 2,630 dark grey mudstone 1.84 2.83 1.55
Okdom-1 cuttings 2,700 dark grey mudstone 1.93 293 1.44
Okdom-1 cuttings 2,800 dark grey mudstone 2.13 2.55 1.21
Okdom-1 cuttings 2,840 dark grey mudstone 2.04 4.40 0.98
Okdom-1 cuttings 2,880 dark grey mudstone 1.88 3.43 1.11
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