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Q9 TALE AR FHHL Bolhe] Gt 43S BYSHE WA Lol AT, T A J) BrH= gH EYZ A1
A A 7ol BEAS 2T 4 Qe £ Aol olefat IAS HAeL7] I3 G A5 T AR ojgtat 4
o shule] HE2 slotsta, 2} ShiY 718 BAS S0 Brstel AFEA B3 A9 TUY S-S FUsH Bt
STk, 7] 2] o]k 94 TULGMI, GM2, GM3) Fair-Good2] ehaed: A4 A& Bols], 2150l 7HA8 AT 4=
QIck. 27] 22304 o]gF 4] TULHGM4)S] Thaked: A4 FAAS Good-Very goodo] =, U5y 4ol f12fat 210 2 Bt
o 7] &2l 1A Mg EF 2AWGC])E AE Tha Fepo] 20% ofshol = BFoka 0|9 4] LU Hek S BokA 4
8 PSS Lrehe, AJgk Sk o] o) HI (HImax) S 2@ vf 7k2ek ofjeh 48 A4S 7Hs3 202 Bergh 7] o
o) 2] B8} Lol mA] TAGL F57h ST 9] WG BBk A Aol ot AR TEed A S
AT 4 GOk ANH 0 2 w2 A} ol S T A Lol BRSA RT A AR BAFE AE 4 gleh

FRO0|: HFE2X], F7|=, OMIE, MBS 0| ofH, 2

rio

2, Erebea 4 HHY

ABSTRACT: Source rocks play a critical role in controlling both the quantity and type of hydrocarbons accumulated in reservoir rocks.
Nevertheless, evaluations based on drill cuttings can introduce significant uncertainties in assessing hydrocarbon generation potential due
to the admixture of lithic fragments. To minimize these limitations, this study analyzed the distribution of mudstone and coal fragments in
drill cuttings from G well and independently evaluated the organic matter characteristics of each fragment to precisely assess the source rock
properties in the northern Jeju Basin. The late Eocene mudstone-dominated source rocks (GM1, GM2, GM3) exhibit Fair-Good hydrocarbon
generation potential and are capable of generating both oil and gas. The early Oligocene mudstone-dominated source rock (GM4) shows
Good-Very good hydrocarbon generation potential, favorable for oil generation. The late Oligocene coal-bearing source rock (GC1), despite
containing less than 20% coal fragments, exhibits higher hydrocarbon generation potential than the mudstone-dominated rocks, and
considering the maximum HI (HImax) of coal fragments, it can generate both gas and oil. Compared to the late Eocene source rocks, the
Oligocene source rocks are thinner but have higher hydrocarbon generation potential per unit area, potentially resulting in greater total
hydrocarbon yield. However, due to relatively shallow burial depth, they may not reach sufficient generation temperatures, which could limit
the actual hydrocarbon generation amount.

Key words: Jeju Basin, Organic matter, Maceral, Mudstone and coal fragments, Source rock, Hydrocarbon generation potential
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ARl 2"l (petroleum system)> Aol A A9 H T
sl ARIOR ofF W YHEE Yo Yo,
o] 7k L (source rock)> A-FA| A ] A7 ofH
£ AAsk= A 942 7RIt (Magoon and Dow, 1994).
S Aol e o RE2 'AF A H 9] AR el
2 B ARSI B A FUHE 5 9leH, ol
A ATES A= 8% Al 248 A8 5
Uk

TUHLE F7IES o 5k AlEE EREU I, Al
o) 2 MeS Z3tsi, A E = Tl G F382
F71E T, f71E 24, 28 g3 =) o 24
EItKEspitalié et al., 1977). §71& $=Re 287]Ek(total
organic carbon, TOC)Z H7}=o, dWt& o2 TOC 0.5-1
wt.% oA Gojn|gt 2o &2 7IEth(Peters and Cassa,
1994). §71&8 AL AZA e (kerogen type) 1, 112}
M2 FEEH, 4 A& 7|99 A=A 8§ e 7k
Aol fElet BH, 2 27 W SF3E 7|49 AZA
B9 13} 11 4 A4 Aol B2 A0 oA gt
(Dow, 1977, Peters and Cassa, 1994). 84 =375
o] &iglpag HelE= e A|AISHH, nl/d<(immature),
A< (mature), I < (overmature) TA 2 FESICE A<
@A|(oil window, 2F 80-160C)ollA Y57+ A=, 3}
34 @A(gas window, >160C)ol| 4] 7kA7} L-A5HA A8
A= th(Peters, 1986; Sajgo, 2000). webA] AlZA €Y 1
T2 FAE T =2 TOC =L 7K oil windowo]|
N UL el wrEig A AAO] £ A
© g Hrhech

AFEA = k= QI s oA ©kea FAL 7hs
ol A7 8 Ao ZHUd X W f7E S o

= B3 g@3laea A A Y BaAo] A7|E
I ek Ty AIFEA Y AFE AlmE ol AR, A
& uhHo] EAE AEHR 4hEE o] YU e HEE
etstar, §718 54 B7Hstetl #4171 ok E31, Al
2o 218 o2 x3tE= Ag H2 =2 TOC S
Holz 43 299 §A4S HolA|uk, oHA ohH FHE
EAE] o] AFEE7] wiEoll A gEkea A 7= E
AFH o2 Bgristy] ojFot E=3F At mhH o 292 A
A A &S TOCE F7HIA LA AA eafpa A4
AAEE T AT 7HsAde] it o= Esta
71& AFolA= A aHE A7 AAIE she] 24 T
2 338t §718 545 F7FATHKIGAM, 1997).

wEba] £ Aol A ol2gt oA whE AR Q) SHAIE =
E3517] flof AlFHEA| BF o) /A% G AlFES ez

oX
1=
=
1

o whA A|Rof HHshE U EA B 7IHE AA
Sttt HA A o] W Mgk mhH o] B RS ot
Sl o)t 9 At wES &3t 5718 5L B

o}, 015 7|¥ko 2 0|9 A LT Aek uhE ¥ 2UY
< Agskar GE3l(pyrolysis) E43F 7] -4 8K organic
petrology) ¥4 A7+ F3 4718 242 A8 B7st
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k. 53] 45t vhyio] ERH TUL A9, A el
T4 lee Teistel Hekea Y $ES AFHO
AVHSIAL o2 olgh Al UL MO RN, AFE
A B8 Ao FHHOR 94 ok A A
e e TULE FESACE olHF AT A G
QA AfA2E Baol Y AR B 5 9o
o, 2 Aol AT RS AFEA U THE A% E
ok ohjet o4 Tk A muk EASHE ThE Xelg) 29
oF H7hel 448 4 olek

2. XIZHR

o0l dEe BA= = JelRE v £ 5
AR EE-EA] o 2 vhdst oF 770,000 km® T2 o]
oh= A7 A] o] H(Wang et al., 2019), 718k} A1x] Tl o]
O FEE = o] 7)o ARAZ =] JITHH 1).
AFEA = 5=l H5e £X19 5558 AAg 28
2 & shvoltt. AFEAE AL 2= AFA(Jeju
Plateau), T'3Z 0 2= Elo|Y-A1X] &=1d)|(Taiwan-Sinzi
Belt)7} skl JItH2H 1). =Wl ths5 438 533 62
Fet AT FNETHIDZ) o] AlFEA o 2A ATk

$7] wiolr]-of @A Fet B FHe] HYHUA FF=
sfol] &go] dojut R0l 243 = (Jolivet et al.,
1989; Wang et al., 1995), o] T4 Tk 724 37} 9
A AlFEA7E =S ol eAle] Fol Bt AlTE
A= &4 E7o] Aol 5Hd H &4 EZFol &
AISH ElZ =t Kwon et al., 1995; Yun ef al., 1999;
Koh et al., 2016). 84 EAEAL T H7) A]7]Q] ulo] 2
AI7HA AEE ek S 2A] B¢ 2 #9 so] )l
o, GF G2 sl e o2 HolHKYun et al., 1999).
$7] npol e Ajo]| B FFHE] AU el ATt A3t ¢F
Yol Y3f| E|ZFo] P =L At HA BA7Ho| §
A=K Lee et al., 2006; Cukur et al., 2011). E&to] L
Al o] % AlFEA = T FF A 7S AL glem, 5
A E|&Zo] 24|51 E& =L UckJolivet et al., 1989;
Wang et al., 1995).

G A|F=3-& AIFEA 557, 538 F5oll f1x]sh |
Ae=2,722.5 mo|ti( 13 1). Lee et al. (2025)0] w29
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2,224.3-2,722.5 m7}A|= o ©A], 2,103.4-2,224.3 mi= =
7] &34, 1,887.3-2,103.4 m= F7] 28314, 1,731.8-
1,887.3 m= %7] ufo] @A), 826.7-1,731.8 m= $7] ufo]
QA|, 473-826.7 m (well top)= Zato]oAo]| FFalc}
(19 2).

3. 9171
3.1, Q0| AEIH B U MEHIH HIE Tiot

o AL 34l G- A|(Korea National Oil Corporation,
KNOC)e| B3t 5% G A|F=39] ¢4 ohH A 88 -85}
o] YL}t G AFF9 A2L 580-2,722.5 mo] &

S0l D1t HFEX =25

RIOLO| EfslaA M4 ZHTHA T} 97

rd

oF A F7to 2 L ESFH tH(Pettijohn ef al., 1987). E3H
Agt ghEo] T|AE = 7h2 A A HE =
Fof| =2 FA|5t] ZHL 1 A o) &85t

Aet ohe SRS Agd o g Prishy] 98, £7) 22
A Ak 23 ZAY 7] 671 A T A RE A
© 2 ot BX(modal analysis)2 $35t3th A& A
€ Adobe Photoshopol| 4 B7]|¢} thu| & B35t B
32 109 x 109 =27]9] AA=E AAsIaL & 11,8817119)
AR A ZF 21 Y] oFA] v (-3 (A% ST AR o]
912 94 nhE)S WS A e 2 B A4
HE TAISI] Aot T vl8-2 AgarATE

427 P70 ALk e S H BEg wetsly] 3.2, SEHEN
o1s) A T7ke] whE ARE SQLOE BRI ZIEE ol Awt nhHo] 9718 B4 WM 95 QuE B
Ak G AZF ARE 72 ATt ol fpoR THE 42 98] 0|9k SA| 1277kak Mg 4] 337ZkelA o]
W, A8 Ak uh g TRk §7180] FRG YT A 9l HT ohE A28 YUAS olgsle] FEeidT 22
B TR Wi o) HatelE e, ojgh hHo] 75%  H oleh W ARk ¥ A RS agate mortar o431 &
oA EFHE TG o SA FHOR, T 9o P AL T F AFHIAYATAUKIGAM)O| THE Hawk-2
Yellow Sea o \'\w g
0
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Fig. 1. Map illustrating the tectonic provinces of the East China Sea Basin (ECSB) and location of G well (red star) (modified

from Koh et al., 2016).



ofot
010
1z
Olot

98

S o] &sto] FRal A4S st Hawk-2 E&
3 BAS 9 AlZY o] oF 100 mg, A&k oF 10 mgS
AT AEE 300C 9 SEelA 387 FFastol 4
& B8l AFF(S1, mgHC/grock) S 33190, o] &
F25CH L5 A5AA 650 C7HA] 7Hgste {718
A FAE 4= 9= e3l=48KS2, mgHC/grock) S H7}s}
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Fig. 2. Vertical changes of the proportion of sandstone and mudstone fragments throughout G well and the distribution of coal

fragment proportions in the late Oligocene sequences.
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S0l J1gtst

TOCE U30] $2A2]4(HI) S AR 40 H7}s}gtt.

3.3 QAN 24
K713 B2 shetshy] 915) e A AR 20

At 712 o] T2 ook T AR 9742 Hgals
t}. Ak o}H A|Ro|A] vitrinite HFAFE(RO)YE &78}1,
A 9l ol T A ROH $712 24 B71E A o
AlE(maceral) ¥ 35+t

AEE 1 mm o|ste] 7|2 243t F 25 mm X|5<
Eof Y11 "L A &8t & Buehler AF2] Automet 2502
o]-g3to] AnslPYTHASTM, 2004). dupel Fog 3t
R DAL AL LA B-3F2L U= Zeiss Axio Imager

diA} o)Ak Hllger Fossil Not-2 system= -85} ¢
71948k BAL £33t Ak a1l 2] Ro= 500u)

€29 24 AX|(0il 1mmer510n) H=ZE AR5t 23519
T} N-LASF46A (Ro=1.312%)2 17 sto] EAlo] 43)L]
ATt A ZG 20070 o]A+e] vitriniteo] 4] 0.28 pm?* HA O
2 W} 24 E g0, BRGE AHEIo] Rod A
SHATE vhAE B4 7] 2| A At 9 A= 67)

NIESIONES

=]
-

HRAO| Eropra dd HHE It

99

rd

oF 77] oA B 27] ST 3A) o]t o A& 97HE T

Aro 2 3w it vl Aol A vitrinite?} inertiniteS T
Zslgon), IR (fluorescent mode)2] Aol A
liptiniteE -3} Th.
4. Z 1}

QM0 ATH T

G *1—7—%'—94 At o|of ohH A Y] F A B
= 329 29k ) $7] o @A) 2,436-2,722 m FHE T2
oj¢f B o2 FAEM, 2,589-2,640 m koA A}
uhH o] tha= FRE T BHHo| $7] o @A) 2,244-2,421 m
TR A AR o A F7bo] i AR 234
(1,890-2,223 m)ollA] 27] ulo] 2A4|(1,732-1,887 m) 22
< o]k mhE A 7 AR o ARl WS Sh=
S35 Eolth 7] nto] 2.4)(820-1,729 m)

ol tH o= FAEH, A} PA| F31o] SF Tl F
gt} Zato] @ A|(580-810 m) 222 F & ALQ}F BH O
2 A, ol Al o] FARIT. oo whE o] A4

=320 Zi
O 1 T
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Fig. 3. Vertical changes of TOC, HI, OI and Tmax measured from mudstone fragments from G well.
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0tk
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< AR, 5] | en] F2 ojg T F2 5o
©2 Uehdt}. 27] L aold Sefol oA F2) olg)
ShAL 158)82 Mol UK T7K(1,687-1.744 me} 1,000-
1213 m)& A|9faka h e 582 Rtk 2). olgt
shale] AARE QA 2179 Ws Avkel gtk Sl
olg THRAL R HEQO R TAEE vl 34 5l
34 o]t SHHE AEQhS T EHsic

N He 27] gelnA] SEoIN BAEL 4712
£4 BHo] ofelg Y= T3] 2 T v,
27 mho] oA Alefsa, $7] LAl Set
ol Aol o2 S5 Aubell AR Ak wo] T T
Ak 2).

=20
ov &2

o
=

42 0|2 S MEHTIHHO| RJIZE EY

4.2.1.TOC

o|¢ mtHoj A EAE TOC T2 0.20-2.79wt.% 2] H
91 Ho|H, H 0.88+0.71wt.% = UEPITH 1Y 3). &
7] o @A) o]t T H O] TOC TS 0.23-2.57wt.%(Hat:
1.37+0.48wt.%) 2] HE 7}t E 1). 3], 2,490-2,529
m F7ro|A &2 TOC §=K(1.74-2.57wt.%, B+t 1.97+
0.35wt.%)& Hltk. 27] S2|1A| ¢k 5HH S| TOC &
RO 1.05-2.79wt.%(B 1.97£0.59wt.%) 2 H7lEch &
7] &2 3LA|, mto] @A & E2to] @A o] ¢k ubH S| TOC
F20.5% o|st=2 A F7HATHIH 3).

et 5hH o] TOC Tk 30.94-61.58wt.%(B 43.73+

Table 1. Average TOC, HI and OI of mudstone and coal fragments in the G well.

Mudstone fragments

Coal fragments

Age TOC HI (0] TOC HI (0]
(wt.%) (mgHC/gTOC) (wt.%) (mgHC/gTOC)
Pliocene 0.38 59 165 4431 165 42
Miocene 0.30 60 116 41.21 114 73
Late Oligocene 0.38 76 115 47.09 210 42
Early Oligocene 1.97 389 19
Late Eocene 1.37 224 34
TOC(wt.%) HI(mgHC/gTOC) Ol(mgCO2/gTOC) Tmax(°C) Ro(%)
0 20 40 60 8 O 100 200 300 5 100 200 400 410 420 430 440 00 02 04 06
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Fig. 4. Vertical changes of TOC, HI, OI, Tmax, and Ro measured coal fragments in G well.
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6.36wt.%)= o|¢F apHo| H]sA AFs] =2 ghe ok
(" 4). 37] S2IA|, vto| A W Eto| @A Agt oA
9] TOC 3tk 717} 38.02-61.58Wt. %(B- 49.16+6.80wt. %),
30.94-47.01wt.%(T 41.21+4.92wt.%) L 40.02-49.56wt.%
(Bt 443144 22wt.%) 0.2 B7FETHE 1).

4.2.2. HI2t Ol

o|¢t wbH o] HIX 34-543 mgHC/gTOC(Hd 157+125
mgHC/gTOC) .2 F7FATtH ] 3). $7] &2 aA], ufo]
oA 9 Zato] A o] ] HI= 100 mgHC/gTOC
o|st= F7}E= BHdo|, $7] o A&} 27] S 1A o]
oF b2 150 mgHC/gTOC ©]A4re] HIS BEIth 1 3).
37 oA 2,229-2,334 m 7k] HI (223-425 mgHC/gTOC
(B4t 330£77 mgHC/gTOC))+= 2,436-2,722 m +7+2] HI
(79-262 mgHC/gTOC (H 188+37 mgHC/gTOC)<] H]
A =2 7 Helrh 7] 2 3A o]¢h T Hi=
225-543 mgHC/gTOC (B 388+99 mgHC/gTOC)ZE A A
A& ZoA 71 =2 HIZ 2eIth 0|9 #hH 2] Ol 15-229
mgCO,/gTOC(F 77+52 mgCOy/gTOC)E H7}=m, HI
o} AHbElL HES Belth( 1Y 3). 150 mgHC/gTOC o]
Y HIE Kol 37| o @9} 27] &2 1A o|¢F uHH
9] Ol= F= 60 mgCOy/gTOC ©|5}9] W2 g3 Helck
(¥ 3). ¥Fd9j] 100 mgHC/gTOC ©]3}2] W& HIE Ho|
= 371 S aAoA EEto] oA o| W 9| Ol= 2
100 mgCO,/gTOC 0]4H¢] =2 OIE Bt 1 3).

ek mhH 9] HIE= 26-356 mgHC/gTOC (B 148+85
mgHC/gTOC) 2] 9IS HRITHH 4). 7] 22|14 Agt
ot 9] HI= 95-350 mgHC/gTOC (B4 217+80 mgHC/
gTOC)) ] HAE Z=t}. 7] uto| eA| Agt whH 9| HI
& 26-356 mgHC/gTOC (Bt 113+77 mgHC/gTOC) .=
iFE 150 mgHC/gTOC wm|vto= BFr7hEn). Sato] A
Aek g el HI= 121-205 mgHC/gTOC (B4 165+30
mgHC/gTOC) .2 uto] @ A 17t} AR 1| 4; &
1). Aer 2} 9] Ol 22-443 mgCO,/gTOC (H 59+28
mgCO,y/gTOC)Z HF7HEH: 7] S8 aA|9}t ZTto] 24
Aet 7191 9] Ol= 72 50 mgCO»/gTOC °Jstz F7}
THZH 4). 50 mgCO,/gTOC ©]/42] Ol= F2 nfo] A
Agt st ol A WRETHIH 4).

4.2.3. Tmax?} Ro

o]¢t wHH oA Z7H Tmaxe Y+ A|Rof|A 400T o]
ako] 2 7k Holx|ut, g AlRE A|LJsHH 413-43
9C <] HYAE Uepdch 53], 27] o e Aol 27| &2
A o]¢t THH O] Tmaxi= 431-439C 2] M9 Holth 3]
2 A A Feto] @A At 7H 9] Tmaxi= 413-436C

S0l D1t HFEX =25

POl Bl Al BTG Bt 101

rd

WS Bolu, i 9k 425C )2 EX3THIH 4).

At g oA B7HE Rot 0.23-0.48% WS zH=t)
(TE 4). 37] P3N, 7] vto] oA & Eeto] A Mgt
79| Rot= 212} 0.41-0.48%(B 0.45+0.02%), 0.25-0.42%
(B 0.37+0.06%) L 0.23-0.32%(FHT 0.27+0.04%)2]
WS Helth Roe A&7t oo npah g og &
7Fhe S BRIt 1™ 4).

4.2.4. OHHE =4

57] o @A) 2,652-2,722 m2] 0| THH-L S vitrinite
ohEe 2381, liptinite7} 23F TECH 28 5). Liptinite
+= Z= spotinite, lamalginite, liptodetrinite (liptinite T}H)
2 FAE ) Vitrinite IHE 10 um €9 Elgddo =2
UERATH 19 5). Spotiniter= BFYE &= A2 FHIE 2
+ trilete spore2 A= tH(de Vernal, 2015). Lamalginite
= A&4d0] A Bt of v Bofo g HEHETHIH 5).
o] FL7k4] liptinite7} HREA 02 HAgofA o] Fg M
H= o= Al S22 nEY SE o2 Q% EjF oA
o] #HAo] YQlo & WltkPickel ef al., 2017). 7] | &
Al 2,424-2,580 m 7+t 7] 22]31A) 2,337-2,292 mo|
o THHO| A= sporinite7} A THEHE M A g
Kol lamalginite7} TheF ZRETH 1Y 5). Lamalginite
= QAo FoH, FHE e FHE HEEHIH
5). 3t Qg o 2 7}t FPoke 5 E= B 3
B 9] telalginite”} HEPFTHIH 5). 7] o Aol A 27|
S IANZ 7HHA] vitrinite IH O] o] A 3] FolE=th
53], 27| S| FFY ol HHA L=oflA] Al
FA o7 YA FH3F3= lamalginite?} telalginite7} $-A])
SHA TEE

&7] 28314 1,917-1,998 m Ft7+e] A&t wFH-L vitri-
nite7} -A|3HH, F2 telovitrinite?} detrovitrinite7} TH2F
FHH(2 ¥ 5). Detrovitrinite+= inertiniteE Z 3517 %= 3+
t}. Liptinite+= sporinite, resinite @ cutinite”} 2 e}
Wr}(Peters and Cassa, 1994; Pickel ef al., 2017). o]&3t
Liptinite> A4 Slof|A] gk ol A 25340, o) =3 A1
7HA] thokst AALO 2 FHIASITH 1Y 5). Inertinite= fun-
ginite, semifusinite, fusinite”} $2 &= H, vitriniteL;
liptiniteo]] B|&} B w2 AgF Lephdrt

5.E9

5.1. 28 = It

TOC gFo] ¢ Yo} S27} 0.5 mgHC/grock ©]3}<1
7] )Mt Zeto] oA o] wH oA Tmax7} 400°C
ostZ U= Aae Bt o]= S271 53] ¥ Al
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ol A= Tmax Z3ol A7} a2 | Aghch(Lafargue er & A5 7ol &85ttt o]t Agt 2] Tmax
al., 1998; Yang and Horsfield, 2020). w2px] & dAtolx & TSI, 37 ST A ETtol A S5 R
£ TOC §Fo| 2 $7] o eAlet 7] gejuA] o]k 3t 430TC o312 Bri=w, F7] o eAet 7] 1N S
A3t 7] SN2t ZTto| oA Mgt oHHe] TmaxE E 2 430-440C HYE Holuh, tjRE 435C o]tz H7}

50um

Fig. 5. Maceral images photographed under reflected white light (a, c, e and g) and under blue fluorescent light (b, d, f, and h).
a-b: Mudstone fragments from 2,652-2,722 m (GM1) containing vitrinite fragments and sporinite (S); c-d: mudstone fragments
from 2,337-2,292 m (GM3) showing telalginite (TA) and lamalginite (LA); e-h: coal fragments from 1,917-1,998 m (GC1) exhibit-
ing telovitrinite (TV) and detrovitrinite (DV) with some inertinite (semifusinite (SF) and funginite (FG)) and liptinite(cutinite
(C), resinite (R), and sporinite (S)).
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Ht} Tmax7} 435-450C 4 ) 4 LT L oil window
2 BEE5 B Z(Peters, 1986; Peters and Cassa, 1994), G
Al 55 29| #2712 oil window TAO XIY3HA] X5t
Aoz W w3 F7] SATANA Zefol Ao
0|2 =Z29] Ro= 0.5% ©]3}=, oil window7} A|ZHE]=
0.6% Xt} FtH(Dow, 1977, Peters, 1986). wakA G A|3
2o 94 o Ao ngS dAo] st
Ssle A THs A0l B A0 Wek

G A1232] Rox Awrt Z7kete] wheh G202 4
%81, 100 m3 ¢F 0.017%4] F7}sh= B3 Hlt(a
d 4). o] 7| & A4SHA, G AlFF Qo] BEsk=
A Z0] oil windowo]] 3dH= Ro7} 0.6%9] =2sh= 4

£ 9F2800 m o] &2 FHHA}E 1Y G AlFF2 12
Yoz £ 9ixjo] AFEon, FHe] 77 oA B
ST 3L 2,800 m ol4Fe] AEoIA] BT 7HsA
o] JIthKwon et al., 1995). Bj&o] G A|&Fi= A7}
UA R AFER] FAZ YT AFFY oA H &
2 3A] FF2 2,800 m o] 49| HEof ExtH, Tmax$}
Ro= ©3lpar A 220 E23las HoETHKIGAM,
2002). wEbA ol eA|et AN S @k A4
A&z Ao wdE
5.2. 2@ MF

G AZEe] agote Aualr] e 4718 2 A<
L9} B0l TOC T34 A4 FA 2 (petroleum yield,
PY = SI + S2)& Hrl5lgch PYE: o|n] YAE A1 &

(2]
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Sra(SHe AZAORRY WA 7He ©3kead]
(S2)= &3t groe=, A U el At A A
AAJERS: viedsl= 2| o |chPeters and Cassa, 1994; Shaaban
et al., 2006). A¥H O 2 TOC F} PY o] £S48
T HIlea Y Y2 et AR HriEnh
2 doAe= olEigt f71EY A4 A Y &4
o A3 £ 5 FHHoE ISt G A|FFY Y
< | ThH 9A| ZUS Met 23 TP E FES)

o] A7gstt.

5.2.1. 01 IIHH M 22

57] 9| 2A) o] 2] TOC T3} PY+ 0.23-2.57wt.%
(BT 1.37+0.48wt.%) 2+ 0.21-9.82 mgHC/grock (4 3.39+
2.02 mgHC/grock)Z Fair-Good &3lea A 28
ZHAAL AT 6). 27] &2]a1A] o] S =2 TOC
312H(1.05-2.79 wt.%, FHaF 1.97+0.59 wt.%) 1} PY (2.43-15.22
mgHC/grock, 84t 8.32+4.27 mgHC/grock) 2 Good-Very
Good ©3}pa: A S HolEth Al 6). 7] &
23N e} wfo] oA Bl EEto] @A) o] whE2 1 wt.% ©]
819 W2 TOC e 2 ¥k ofy2} PY 7} 0.60 mgHC/
grock o512 ©alras A FAA =2 Poor2 F7HATH L
6).

37] &3], mho] oA B Fefol oA FES W2 E
2| et ofugt o|¢f whH O] Yo el A 7
Aoz sl ZHYe = FAgtsit). vhd, Sk A
A 2o =2 7hsAol e F7 dleAlet 271 &9
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Fig. 6. Cross-plots of TOC versus PY indicating hydrocarbon generation potential of the mudstone (a) and coal (b) fragments
in G well. TOCm and PYm represent the measured TOC and PY, while TOCc and PYc represent TOC and PY corrected by using

the proportion of coal fragments.
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A FEL2 Fair~Very Good 59| ghalea A4 2R
e 2= ol TS b ZFITE whEkA] o] 23t R
E EAY oA B2 2 11830, o|ek ulH S A Y
7] o oA & OM 2,652-2,722 m F7HGM1), 2,424-
2,580 m F7HGM2), 2,337-2,292 m F7HGM3)T}F 27

22| TA| 22004 2,118-2,157 m FZHGM4) 0.2 A3}
FAH™ 7).
o] T A TS o] wHHo| 75% o)} 3t

b2 ol wHA S8E
Sk Ao 2 7Hsgleh 7] oAl GM1, GM2, GM3
9 27] &2 34 GM4 L] TOC 3k 22t 0.23-
1.56Wt.%(B 1.09+0.49wt.%), 0.71-2.57wt.%(Fa 1.44+
0.44wt.%), 1.03-2.29wt.%(B ¢ 1.61+0.42wt.%), & 1.58-
2.79wt.%(B 2.24+0.51 wt.%) 2.2 B7}E

7B EHS ZYorS gin

P=LY [
HHL =2 TOC &=} PYZ Good-Excellent EFgl4
WA FAE ZRETHAE 6). Tei Beke A4 7ks

Aol Bx3 7H5Ao] Y 5] L2 3A] SFolA 4
g obHo] o WAEE= 1,917-1,998 m HZHGCH= A
o otg 29 2o @ Atk aY 7).

GC1 Z99e] TOC g} PY = 38.02-53.08 wt.% (%
ot 47.09+£4.89 wt.%)<} 50.53-183.33 mgHC/grock(H+t
104.09+48.32 mgHC/grock) 2 tl|-%- =4 H7FEtH 1Y 6).
I Zho] A whEe we ugs ZgHne A
& oA S f71E 540 29Y A8 dix
= gloh whebA 2ol A o 9| Bl &S et
TUEE EZ 5 = TOC(TOC=TOCx A& 1}H 9
B]2)9} PY(PYc, PYc=PYxAle}t u}# o] u]2) 9] A|A|7} &
a3k 2] et uhH H]8-2 5.29-26.62%(F 14.86+
8.08%)%2 H7FETH 1 2). o]2J]t Hl&= 112fshH GCI
9%+e] TOCc} PYc Tk 2.01-13.41 wt.%(BH 7.18+

57] %ﬂilxﬂon/ﬂ wa}o]mﬂ Z2Zo] Bx3= AE 412 wt.%)$} 3.34-38.81 mgHC/grock(B 16.22+11.88
Mudstone fragment Coal fragment
| | | |
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Fig. 7. Vertical variation of TOCo and GOCo estimated from mudstone and coal fragments within the late Eocene to early Oligocene
sequences, and TOCoc and GOCoc corrected by considering the proportion of coal fragments within GC1.
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mgHC/grock) &2 B7FEAtH 1 6). ek 9bH v] L2 vt
e TOCcS} PYci= o|% Hd A o] HIsiA] o
A3] =2 ©@3lea A4 58 Uehdt2d 6).

5.3. ZEAUNM SHEl= Bl QE EE

etolA] AAEE Belse] $3E B4 Ao
Tt ofUel §71&E Al o8l 2 tH Peters, 1986; Peters
and Cassa, 1994; di Primio and Horsfield, 2006). YHH2]
2 AZA By [ 1= 975 T2 A5t v, Al
ZA ] = 7145 2A51A] AAISITH Peters and Cassa,
1994). G A|FF1} o] njids3t A 7ofAl= HIE A=
A ERY Fio) B4 4 ek 22 A2 o2 Az
ERjlo] AT B9 T A= 8 frlE 24S B
3] g5k ©l eA17F et

Vitrinitet= 2159] £4 FEo g A=ZA g9 119 sf
Sshu, inertinitel TARZOIL} A5} o] Aol £7]
2 5o FRe e 54 AR s Ao Az e
o] Iva g tHLittke er al., 1989). Liptinitels 240
o] w2 A Bl 712 FRE wokin 4
A2 o] =th(Hutton, 1987, Stout, 1994; Pickel et al.,
2017). ohofst 2579 25 7|99l alginite= gylEoz
A=A e 1o sfgst, sjgd 27 R A=A el
119]) st} (Peters and Cassa, 1994; Abarghani ef al, 2018).
weha & dAtollAs HIZ &0 mpAE &4 295 F
stol 2] A=A B Bk U B,
ol vlgo 2 ojer sk 4| 2T Aok TE EY 2
Aol A A 7He3t el d] f3& EE5H3Th
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5.3.1. 01 IIHH LM =&

GM13} GM2 2999 HI= ZH 79-216 mgHC/gTOC
(B 171448 mgHC/gTOC), 141-262 mgHC/eTOC(BF
197+26 mgHC/gTOC) 2 Ykt ThE LA vls) &
A B o] g7 R4S A=A e 117} L
ESEY, A=A BRQ] M7F 941k A4 Vitrinite
A I} A9 spotinite, lamalginite, liptodetrinite7} 342+
Hh(a ¥ 5). GM3 2999] HI= 225-425 mgHC/gTOC
(B 355+73 mgHC/gTOC)2 GM1T} GM2 LgorHth
AA 3] F HIE Hom, A=A &) = A=A B
7} SA8HA H7FHt) Telalginite?} lamalginite o] 3=
o] Z7tstH, A2 S 2 vitrinite 3} 9] FHFo] Attt
(29 5). E3], GM4 Z¥L-2 352-543 mgHC/gTOC(H
T 44173 mgHC/eTOC) Q] 7H =& HIS Holn, =z
AZA el] N2 LA ) Telalginite?} lamalginite7} <
HollA 7H ¥iwis] Bt webs GMI1T GM2 &
Aol Hlsf GM3¢9F GM4 LUgo] A A4t F=E
Ao 2 wokEc) HI® TOC =X EA3|EH, GM13};
GM2 Y2 Fair oil 24U 2, GM3¢F GM4 2L
2 Good oil Z¢%0 2 FrpETh Y 8).

5.3.2. MEHTI}H Mok 2

GC1 2] HIE= 95-350 mgHC/gTOC (B 210+84
mgHC/gTOC) B $1E Holn, Y& A=A &) 117} 2
Hu dukd oz A=A el HI7F $AsHA A€t vt
A ZA E5F 439 liptiniteE EZ35, o522 vitri-
nite2 FAJHC} o] EAAES 1185tH GC1 g9t
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Fig. 8. Cross-plots of TOC versus HI indicating the type of generated hydrocarbon of mudstone (a) and coal (b) fragments within

the source rocks. The HImax was inferred from Figure 9.
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Fig. 9. HI plotted against Tmax for the coal fragments in G well.
Measured HI is represented as HIm. The HImax was de-
termined from dashed lines indicating HI evolution paths in
Cenozoic coals (Petersen, 2006).

7k AAgo] RAIE Ao sAETt 17 8o ZAFE
Ao A% GC1-& Gas T4 2 7Tt

Boudou ef al. (1994)+= n|Ad<s3t Agte] A B} 12
W Ak FEFo] A 0 & ol HIZE AA| A5 A4 A
ol v]af| WA B7H = a2 Earsigith. 0% Petersen
(2006)2 A A|A A Mgt A7 E vigo g 93 ds
T 37l o2 HI §iE 542 BAIE 1828 AA5HA
o, o] & Fal Agto] AA & ol = 7HeEt F
o HI(HImax)2] ARE-Z AT G A3 Mg ot
A &= ulds dA o) FsHER, Petersen (2006)0] A|A]
3t E X E 831 HimaxE 32435t 23} 250-370 mgHC/
gTOC W& Yepdth (19 9). o]:= GC1 L4gto] 7k
Ayt opy gt AlghA Rl Uh A 7R A3E 7H 4= 3l

£S5 A|A}EFcK(Sykes and Snowdon, 2002; 1 8).

0N
I
1

AH
o

5.4. 230 EtolA My It

TOC= ©3)raE A9 4 = T Generative Organic
Carbon, GOC)2} Etslrar ;A o] 7]6431K] &= EkA(Non-
generative Organic Carbon, NGOC)2 EEItl(Jarvie, 2012).
TLYeo] EHAS gro ™ GOC7}F & aR My o]
WETm, 2elote) Theles A SRS UKo 3
7¥e7] ShehA= @A o, = B8 £7]9] GOC(GOCo)
of %7}7} Wastth GOCok= the 418 B9 B712 4 9
tHJarvie, 2012):

=8 I{
[k

GOCo=TOCo x GOC0%
GOCo%=HlIo/1177
(TOCo: 7] TOC, GOCo:%7] GOCo, GOC0%:
TOCo¢]| GOCo H]-&, Hlo: 7] Hlo)

G AlF39 €3 AaEe tiiE ndssty g5 +
Foll A oil window 7] Ao XIQYSIEE, A|ZoA ZF
3l= TOCS}F HIZ %27]|3C 2 7135k GOCoZ A4k
Faz, ©3leas A A8 BI7IsHATHER 2). §3], 4
o 23 ZLUY A= ABW7HE Himaxs E-83]
Aet e TEske] 2AY-S tlFE5k= GOCo (GOCoc,
GOCoc=GOCoxA&tutH 9| vl&)E BH7IsIcHId 7,
H#2).

57] oA 2329 GMI1, GM2 ¥ GM3 Z9golA 3
7}l GOCo: 0.02-0.27 wt.%(Hat 0.18+0.10wt.%), 0.09-
0.57 wt.%(Ba 0.25£0.11wt.%) 2 0.20-0.83 wt.%(B
0.51+0.21wt.%) 2] WS Zr=thF 2). 7] &Y1A =
Z9] GM4 299He] GOCox 0.47-1.29wt.%(H 0.87+
0.32wt.%) 22 o]t A LAY FolA 7HE =2 S
Helok GM4 ZeHe] =2 GOCo g2 £7] o 249
thE 2ol HlgiA =2 TOCSHHIE 27| W2 o= &
T GM2 2] Ht GOCo= [ Bt GOCoE
Holi= GM4 Zetol| va] oF 4uff Wt o] = & WA

N

Eli,

ol

Ko

Table 2. Thickness and average TOCo, Hlo, HImax, GOCo, and GOCoc of source rocks in the G well.

Mudstone  Thick-" 0y oo Coal- Thick g v Goco GOCoc
Age -dominant  ness bearing  ness

source (mgHC/ Source (mgHC/

Rock (m) (Wt.%) oTOC) (Wt.%) Rock (m) (wt.%) oTOC) (Wt.%) (Wt.%)
Late GCl 81 4709 294 1189  1.84
Oligocene
Early GM4 39 224 441 087
Oligocene

GM3 45 1.61 355 0.44
Late

GM2 156 1.44 197 0.25
Eocene

GM1 70 1.09 171 0.18
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A dolra ool iAo s Was AART 1
Bt GM2 ZEU2 F7A7F GM42] oF 4ul =77] fi 2
THH DA NN A E e dofrd FF2 T AR
otET

$7] 9 3A| 359 GC1 T2 At =t 2
do=, Aete] vlas 123t ZUYU2] GOCoc RS 0.43-
3.87wt.%(Ht 1.84+1.16wt.%) =2 BH7}=Ric}. Hd GOCo
7} 7P =2 GM4 4ol H3) 28 oo w2 e 2
olw, 77 °f 80 mZ H|1 A FAL SFE Bt} mzt
A GC1 ZYLE2 G AlFFoA 71 o3t dofea A
4 s8S 7 Aoz ddHnh

¢

6.2

Sakpa A I o] 473 2 TOCLHHIE 2=
ol¢f AL 57| o A9t 27| ST|A| SN HF
o2 A=Hct B Mg w2 o]t o) oF 30u) =2
TOCE Holu, 2 7] ST IA-Eto| A FFo0A
Uehdth 284 93 s EE Ve AdS e ), &
7] o eA-E2 3N S0l A LY ke w wt
Hoh AAA 2SN fr1E S8 Y £EE
THH o2 aste], 37] o 249 Al £ZHGMI, GM2,
GM3)T} 27| S| IA|Y §F FIHGM4A)E o] ¢4 24
deg, 37] SHIA|9 g FIHGC)& A&t 23 29
o= Attt 7] ol A o] A LU vitri-
niteZ7} SA|SFL AFF9] liptiniteZ} SWHE W, HI2F GOC7}
Ao s Pt vbH 27] S| o) A U
alginite7} F=X5}1 HI Y GOC7} =0}, ©@sked A &
o] L3t oil A TUU LR FrHETh T7] S A
Alet sZ3F U2 Alg 5 3] 20% o|stdol®E &
TBEL o] $A| TUFET F2 ©kea A A
< Yehditt. o] 47k Agtolgte Al £X] AfAlA
gof o1 = 7195 T 5 e HoErh B3 BTt
H Himax@} vpA|E 243 12 of, s Aek 23+ &
A2 7k o2} U o) 7hed Al o= gk
=234 ZLMHGCM4, GC1)Z F7] of| @A TAKGMI,
GM2, GM3)9]| H]3} 5= SFAIRE 9] AT edlpa
B FAA o] ot A Sl BT SHolA= H
FARE Aoz FrHE Ty Ao g miE H=rt
Yol SHet Tdkea A 250 =EsiA] X 7R
o] Qlof, AA| Tl BAFES AlRME 4= AUtk 2 A
= AlFEA S5 299 54 FAUsHA Brtsto] g3t
T A AL FEskATh o)t At AFEA
AFAILE ofsf gl DAl 72 ARE AlTE &
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