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ABSTRACT: This study investigated the thermal maturity of organic matter (Tmax and vitrinite reflectance, Ro) in mudstone and coal
fragments from the J5 well in the Jeju Basin. Tmax and Ro ranged from 430 to 535°C and 0.5-1.8%, respectively. Considering the thermal
maturity of organic matter, the oil window is estimated to begin at a depth of approximately 2,500 m, while the gas window is reached at
around 3,400 m. Based on Tmax and Ro measurements, a Jeju Basin optimized correlation equation (Ro = 0.0123 x Tmax —4.5769) was
established. Using this equation, the reconstructed paleogeotemperatures indicate values predominantly above 170°C in the early Oligocene
interval, mostly within 120-170°C in the late Oligocene interval, and gradually decreasing to 108-120C in the Miocene interval. Geothermal
gradients derived from these paleogeotemperatures show a decreasing trend from the Oligocene to the Miocene, which is consistent with
the progressive evolution of the rift basin. Discrepancies among previously published Tmax-Ro correlations were attributed to the lack of
overmature samples. By incorporating overmature samples from the Jeju Basin with previous data, this study proposes an improved,
internationally applicable Tmax-Ro correlation (Ro = 0.01 x Tmax — 3.5854).
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719 €3 A4 T (thermal maturity)+= 57| &°] 7}
ol oJste] WA HES ofulaich, §7]2L 7dwol
A 5 A0} 22 Bhsiga W Ey] thEo](Peters
& Cassa, 1994), 57|52 €& AT ©3l40 A
Al A A, AA] F7Hoil window, gas window) 52 ¥
Vo= dlo| ¢lo] m$- £93t @ Ao|ti(Curtis et al., 2011).
E3 G AasEe 71E0] AP A 222 HekE
4+ glonz, nAe Belo] 7hsstol AP} 2 2
X9l 7|2 Ar 2 &85 It Bostick and Foster, 1975;
Scheidt and Littke, 1989; Grobe et al., 2015).

7189 84 AsTE H7Isl| st bt s
o] AL Ao, F2 dRAE 53 =& Tmaxe} H]
Eefifo]= WARERo)7} 50 A2 Ak 284 7]
We A B ARE YW LE 4o SEZ sdsl
AEE= Bl s S5k Aot Jarvie er al., 2007).
ojnf &3lea A 7Hs/dol = A=A (kerogen) ] ¥
(82)°] o] =gdh= =E Tmaxztal sh=d], f71&
o] E& WS,E Tmax7t YAsHA S71517] Wl o1&
ol g3to] 7182] 4 wE BrHE 4 SIcKEspitalié et al.
1985; Peters and Cassa, 1994). Rox= AJgle] 22] HHoj A
719 abA|ZH(maceral) = 3Fl B E #Jubo] E(vitrinite)
O WRH=E St f71E9 €4 AsE Btk
How, d4 A&yt F7HE W7t dAsH 5
7Fohe 542 HAtKBostic, 1979). 53], Ro= F71&°]
At A 22 HgkE = 9leug, IX BYds 9
3 o) ARR-E| o] YFth(Waliczek ef al., 2021).

T E AE BE 98 4% Bl A KD
Qltt. Tmax= §7] 52 RAJof| FE2 dFo (Peters ef al.,
2005), Al57} 2 220 §d HAY, F771%2(Total
Organic Carbon, TOC)2] 3t=Fo] o] & o A Qo 0 =27}
WIS 4= QJTh(Peters, 1986; Evenick, 2021). Ro 24
< Tmaxe] H|sjA Hete= A9 B EZUo|ES I3
3 7ol AR ARG 3 % 9IEk Aato] Sith(Kenrick and
Crane, 1997; Hong et al., 2018). H|E2|U0|Ex= SAF 4]
2o gdo] WY s} 7|8 AR A1=o] 2sh] A
1 HlE7] o] 9] Al mofAl= A8l Algte] $itkKenrick and
Crane, 1997; Cheshire et al., 2017; Hong et al., 2018).
olot 22 FAlE RS THE A 4T AR
£ DA 28 BUp] 8 T AXE BPHoE A}
ok gt} Tmaxet Ro= AHHAE Ho|BR o] 4
VUANE 484 T Ro RS FuT 5 9
t}. w2hA] Tmax-Ro AHHA S AASh= TRkt A+
59| 3= th(Jarvie ef al., 2001; Lewan and Kotarba,

olo

2014; Hackley and Cardott, 2016; Waliczek et al., 2021).
T ol Aol A AXE Tmax-Ro ABEALL &
71%e) B4 9 E)H Se) Jol2 2ls) A uje zfolE
Helrh wzbA A2 & Ro A7 FHE 98 A+ A
o] #gHe Tmax-Ro ABVALE E251E Aol vhgt
23t} Tmax-Ro ARAAL] £Zo] o2l 492 919
Lewan and Kotarba (2014)+= t}oFst x| 9 9] A& £
5to] Tmax-Ro A##A A Ao, A7 F7H]
A Rz P Awst RE AAS A
F 37t A2 Sustel FAHOE 54D & Ut Py
¥ Tmax-Ro AJAHA4] E&o] DRt Aol

AFEAL ol ts2e] 9 HARAZ, 44 @
7h2o] whabel RS olgt A} 19704 T) ZukEE A
Y=o} rtk(Yoon et al., 2009). AFEAA A3, =
G4, EYEA 59 Z4F ARES 7|6t R B9 &
A, A2 AL A A AE 5 A7 g o] gtk
(Kwon et al., 1995; Lee, 1997; Kim and Son, 2013; Son
and Lee, 2018; Lee et al., 2019). 57|59 €& A<= 3
7 A= IR SE o, AFAQ] IAR EHEY
£ ANHEel 2o A Wl S BT 9lrkLee,
1997; Lee et al., 1998).

AFEANAE A4 D AT LA THALE 9la) 5 870
Azgo] N2tk AFERA Bz gR/sks IS A
= EF AT AT A, AlF A Aol 24 f7]
ESH 0|9 Ul Ak TS Tk IR o, IS
& 96 H4E BI1E Bo) TINE DAL B
o Hgksiet. Weta 2 AT 15 ARTAN 718
o] 2 olgt At TS 2E3}e] A5 Wik
2% Tmax®} RoE SH43IATh o] & HIF 22 AFEA|
o A A" W] WAl whsked FA T AR
2 ANSIAT. Ea A QAL D oA} B4 0] 72 2= 3
HE 98 AlFEA A3 Tmax-Ro AFHHAAS
E2310] THALE Ro A2E Busly 1AL BYst
Atk o] & B8l A7 AR HES B4k Al
HiE motstglon, A7 A2 WE LS 85t
Sk bk, W 9l0) 94 4= WES ol A
27)9] Tmax9} Ro AH5Z 0|4 Q7 A29} E3ksto] &
AH oz §8E 4 9l TmaxRo ATHALS G4
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2. XIZHR

A|FEA = 5578 dE5 £X|(East China Sea Shelf
Basin; ECSSB) B-E-Ho| 9x|5H A57]o|t}, H|ZEA]
© HA-5F UFOR WEd G EARAM, BARS



HIFETX19 2= 24

L AIFHA (Jeju Plateau) 2} H5Z0 2= glo]| 9417 &
Zt|(Taiwan-Sinzi Belt)Q} 3}aL thLee et al., 2006,
2019). T5=3 56 A= 7] Wetr]oA T2
of o]2&= Al7|e] FEtAlob, B S, Dt 7] A
3 F23o o WAaE IRl sl FAAE
(Meng and Chou, 1976; Li, 1984; Jolivet et al., 1989; Lee
and Son, 2016; Son and Lee, 2018). 55=3| tj&5 &
A 9] A4tz a2 371 2] GAZ FRET 7] Wetrof
Al o @A) o]2= Al7]ols GV A A o= WAt
A, S| of| A ufo] L NI7EA] 8] Al7]ofl= HREE o2 3]
7ol SABIE, 719 7ol WEHoR dofih Ao
2 AeA ok BejoloANE BRI FeiHel 3
7o) Loyt Yun et al., 1999).

AFEA = Al 34E S4 4 i EHFo=
=] ek AFEA = oAl Bt S ol A
stlou, SEaAoll= sl o) s SH o= Aol
H AYx B VJeEPdTK Yun et al., 1999; Koh et al., 2016).
Z7] o] e Aol = §7] g2 Qs S/ o] U

83

0x
H>
H1
b=
=l
b
ro
I
rio

515l e™(Koh et al., 2016), 7] nfo| o= 23 4
o g Qs uto] oA EHE9 A Fio] At o
2t EXof FFA Q1 F2aEH] FAEHU o] F E7to]
SAREE SRR Qste] BA] Aulte] AA 4] EA
o] A=A Lee, 1997; Lee et al., 2006; Kim and Son,
2013; Lee and Son, 2016).

AT L IS AlFEE-2 AFRA] 440 X]5HH (L
g 1), Axzof w2} 1,000 m o]sh= Sato] o-ERfo| AR
A, 1,000-2,600 m= TFo] SA], 2,600-3,800 mi F7] &
2|24, 3,800-4,190 me= 27| S IA|Z FEETKH Yun,
2019).

3. g4

3.1. M MM 23 ot 9 0] U MEH A M

2 Ao AGE J5 A15Fe F A= 431-4,190 mo]
ok, ek AJFEe) AR T 431-1495 mi= AR A
B7} Bastel, 2 AT AL 1,495-4,190 m 7ZHE ThAt
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Fig. 1. Map illustrating the tectonic provinces of the East China Sea Basin (ECSB) and location of the J5 well (red star) (modified

from Koh et al., 2016).
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A3t o|¢t whHo] E3td AHlE E'A 2y FlEs
(TOC) FHgol A 74 = o} AR = Tmax 40| of

= 7 Aok TEbA & dFollME 15 AlFESelA 7'
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Fig. 2. Vertical variation of mudstone fragment proportions and location indicating coal fragments in the J5 well.
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Table 1. Summary of TOC, HI, S2, Tmax, and Ro for the Miocene and Oligocene intervals in the J5 well.

Interval TOC HI S2 Tmax Ro
(Wt.%) (mgHC/gTOC) (mgHC/gRock) (C) (%)
. 0.38-8.41 21-166 0.19-13.92 430-439 0.50-0.68
Miocene
(av. 2.36) (av. 77) (av. 2.24) (av. 435) (av. 0.57)
Late 0.24-5.26 23-139 0.08-5.68 441-518 0.91-1.54
Oligocene (av. 1.54) (av. 66) (av. 1.15) (av. 462) (av. 1.18)
Early 0.64-3.12 13-30 0.11-0.68 480-535 1.70-1.85
Oligocene (av. 1.32) (av. 24) (av. 0.31) (av. 512) (av. 1.77)

AEA D UAEH B3ae] 2UekT AR o
H498 2957 918 AR 4.0 2(Maende, 2016;
Maende et al., 2017; Beti and Ring, 2019), &4 B A]
55 o8 Y 7tgstiA f71E9 o 9 24, €4
&= 52 B7I8ks 71 olth. HAWK-PAME= E-&8f 1}
A3} Atsl Ay o 2 AR RS Do A= 5o &
A ¥kg 27to] LR Oil-1(50CojlA 718), 0il-2(100C
oA 718), 0il-3(100C2} 180°C AlolollA 712), Oil-4(180C
2} 350C Atoof|l A 71Z)= ofu] AH eshrao] s
3h, S2(K-1, 350 C 2} 650°C Apolof ] 25C/E) &g
A7 718)e g3kead] BA 7FsAd0] Sl A=
A 9] k& oju|gtth(Beti and Ring, 2019). S27} Fthgkol|
Lol 25F Tmaxgal k=t ol €4 A<= ¥
7hol 2842 &= Stk FR7IeaE gus oA W=
H sisleao A ghaet Akt I oA BEE Ak A
e T2 = TSt SFEH

ol e

3.3. A THHO| Ro E4

Ro &3& 5to] A 25719 A&k A|8Z 0.71 mm
- 1 mm 272 E4% F, o FA] R} St E 2:1 H|
E2 E3sto] AIAZ Bl(pelletyS AZSHATE A=
O] B4 gt= & 71 a¢tste] SR AR At
Qo] B83111 9)= Buehler AF2] AutoMet 250 #HH| S o)
&5to] Anpstint. dnkE FlS o]-8-5te] =R AR
HAFYo] H{3kal Q= Hilger Fossil MOT-2 system<
g-85}o] 83 (oil immersion) A2 2 UHAZRE &3] Ro
£ ZA8t9r) 3 A2 & 20070¢] Ro gHS EAstgo,
I Bt ghE G AR HiEG e 2 ARSI IS AlF
39 Ro= F7] Z=|aLAof|A 47}, 27] S2|3A] 14
A 137, ufo] @A 7oA 87)9] A|RE oz &3
Bli=g

4. 2 1t

4.1. 01 IHRO RJI= &8
HAWK @4 23 J5 X559 =9 TOC, 82, HI

9 Tmax =52 A= L A7)0 whet H3kE HYoh(E 1).

TOC ke 27] ZE M| F17tollA] 0.64-3.12(FF - 1.32)
wt.%, 7] | 3A] F7H)| A 0.24-5.26(F: 1.54) wt.%,
afo] @A FE7tof| Al 0.38-8.41(38<t: 2.36) wt.% 2] HE
HRItHZH 3a). Y7 A=A 5 wt.% o4 =2 TOC
Sheo] yhztE|=|, Mgt uhHo] yIHsH| FA sk E4
S ug uf, o]t o]t i Al gof Agh o] £ x|
P 7S A E 4= gict

Tmaxs 27] 2234 T7ro) A 480-535(8: 512)C,
37] 1A FTHolA] 441-518(F 4t 462)C, mho] A4
bl A 430-439(Bwt: 435)C o] MHIE 73t LE 3b).
Tmax= HE7}F F715tel et 3161 Asshe 23
B0, 450C o]4F2] Tmax-g Kol 7oA W ¥
= HFTTHTH 3b).

HIZ 27] &2 3A| Ft7tol| A 13-30(F+f: 24) mgHC/
gTOC, 37| & 3LA| FL7koll A 23-139(F < 66) mgHC/
gTOC, Tto] 24 T7Hll A 21-166(B2: 77) mgHC/gTOC
© 2 FIIE K 3c). 829 FE 27| A
Zrol A 0.11-0.68(F 4 0.31) mgHC/gRock, 7] 2|1
Al F7rol| A 0.08-5.68(FF: 1.15) mgHC/gRock, 10| 2
Al F7Eo A 0.19-13.92(FF: 2.24) mgHC/gRock 2] H ]
£ HtHZ9 3d). HI® S2+= =7t S7He5 AN
© 2 sl %S BT

4.2, ME+TIHHO| Ro HE

upAE T A3, AT ZoldE v EUIE ¢
A7t AL oA e A eko] SRIEUTHH 4). 3L
AE7} 2 7hof| Fdete AR SOlA = HIEU|E
YA el ThekRt i 271 5 WEE A=, A=t
AoAPE ol2gt F2E0] AFFA AL YAFE0] o #4E5t
I ARSHA TR = o] et 2E 4).

Ro:= 0.5-1.85% 9ol Al MESIETHE 1). 27] 22
IA| FZE A= 1.70-1.85% (B 1.77%) 9] HAE E3
1, 37] LA A= 0.91-1.54%(H 1.18%)=
z27] g aAle] BlE) o YW HejolA HEsT uto)
QA oM A&HoE ZFaste] 0.50-0.68%(Hwt
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5.1. Eigtea

HY U EE

7189 9473 A& AUty o2 n)A<(immature),
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A<z (mature), THAJ<(overmature) GAZ FEE W, GF
K&z o] neh AR elese] f30l 24T
TH(Tissot and Welte, 1984; Peters ef al., 2005). B]Ad<s o
AollX= f7lEo] T8 85 A Zof AYgH ez 9
o] Q= Bheleat Ae) AR gtk 44 TAE &
J1o] BpelE Zon oA Belpart £ TS
TRro =, vty ow Af A DA (oil window)= 7F 9
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Fig. 3. Vertical variation of TOC (a), Tmax (b), HI (c) and S2 (d) in the the J5 well. Blue, red, and black circles represent the Miocene,

Late Oligocene, and Early Oligocene samples, respectively.
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Hr} o]F 43 4&wrt b S716HH AA| e@ifeart
Z7}12 91 GBS W} 7kA AR o2 Mgl o] thA
= & 94, & 71& A DAl (gas window) 2 R
ot mEtA] 84 445 eE ol SUYe] UR E 7k A
A opetst 4= qlrt

J5 A|Fgol|lA S4H Tmax2 430-535C 2 g2 HY
oA HFITHLE 3b). A7HE AHEH, nfo] A F+
Zto]l Tmax: 430-440C 2 u|Ad<: DAl A L5 A &
Al 27| st AR FHETt T7] SN +
7kl Tmax= 441-518 C2 U5 A TAE do 7k A

R0=0.68%

=2 = 87

rio

d GAZIA] Z3bske 2 HYY €3 s ok
b 27| 814 73] Tmaxs diF-E 500C oj4fe
2 7IA 3 dAE FrhE

3HH, Ro= 83 =S H7kehe d#3Q 59 A7
2, Y¥FH 2 2 Ro 0.6% o]stollAl= nl/d< @A, 0.6-1.2%
= A5 94, 283 1.2% o2 s BAE ERE
THTissot and Welte, 1984; Peters et al., 2005). T}o] @A
T7H2] Rox= 0.50-0.68% 2 m)Ad<: THA oA 96 A ©
A 24l sfigztct $7] S23A] 1749 Ros= 0.91-1.54%
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Fig. 4. Reflected white-light photomicrographs of vitrinite from the J5 well, used for Ro measurements.
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Fig. 5. Comparison of measured Ro (a) and Ro (b) calculated from the Tmax-Ro correlation equation in the J5 well
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Fig. 6. Distribution of HI versus Tmax showing kerogen type in the J5 well.
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Moz Yok A HEEE eIt njo] 2.4 o 2,500
m A% 0|31 98 A4o] AZE Ao BrE, &
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Fig. 7. Correlation equation between Tmax and Ro in the J5
well.
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Fig. 8. Vertical variation of paleogeotemperature estimated
from Ro in the J5 well.
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Table 2. Correlation equations between Tmax and Ro proposed in previous studies.

Equation Author
Eq. 1 Ro=0.018 x Tmax - 7.16 Jarvie et al., 2001
Eq.2 Ro=0.0103 x Tmax - 3.785 Lewan and Kotarba, 2014
Eq. 3 Ro=0.01867 x Tmax - 7.306 Hackley and Cardott, 2016
B Waliczek et al., 2021
Eq. 4 Ro=0.0152 x Tmax - 5.938 (For Kerogen Type VIIT)
B Waliczek et al., 2021
Eq.5 Ro=0.0135 x Tmax - 5.1855 (For Kerogen Type 1)
3
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=
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Fig. 9. Tmax-Ro correlation equations proposed in Table 1, shown on a Tmax versus Ro plot.
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