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89 AFEA = gt G s g AN G EHEA R, A Z-go] EEtAd oA A Fet 54 W
A At g o] LA|sHA WEste o]t} Hehgo] IR H 02 HhHE A= E4S Bt 2 A= AFEA FH 9
23t A FEF J4E 22 HAWK-2 &35 £41} H|EFUo]E JAE(VRo) AR E T8ty 2|14 2H8Y 4718 &
A, A<= T, AR YL AF715H T HAWK-2 24 Aa} 0]¢ke &8 7|ek2(Total Organic Carbon, TOC) 0.3 ~7.0
wt% (Bt oF 1.6 wt%) M2 Exst, £3) 7] S| 1A| o|ollA= g 7tell A =2 HI% S, Ffo] ER1E ¥ ofzt 3
A&7t A58 SA|(Oil Window)ol| 3igsted, AlFEA] FiollA 7P fa3 TULS 22 &) ¥hH, A7) &2]aA o]
2 AE s F1bol| djgste] HISE So7f adhes FE Bl Agh5-2 TOC 10~ 70 wt%ol] Bote i =2 f71E &
FE o, SAH O AIFE 7oA AEET AR = 4% 7tAY ERS UERdTE VR0 T A= S710] ot
AP A== TS Ueblie, oF 2.6 ~3.4 km Fbol| A A58 17L, 1 shRo A 728 Fe 2 Eldnh dHE
Tma-VRo 3] 4] A3}, o]t Hek2 Aot 7] 7|8 B U ASE 34 A] dAHE B o] I a3 AJAlgith HAWK-2
BXS B3 AEE AFEA] g 299 dA BATEs §7)ekA(Generative Organic Carbon, GOC) B] &2 T £ 20% ©]
st2 Alg o, A% F71et @& 2 wet sk AeE Btk 22U HIS A Hilel g5z b2 ¥
3-8(Transformation Ratio, TR)S 17| 123}4] Jarvie et al. (2012)2] B o2 27| A 75 §7|8H4(GOCo) v B3|
© 2 B3 Ao, n| s A s 9 20% F, AR s ol A= 58% o)l 0|2 %GOCo7F == St o= Al
FEA FF LYo A AE ZE YA E Bolu, 4% old DA E BA 2 A7 e v
B8kl a2 AlAsH, ZHA o 9u] gl flea Aol 7He RS A S Ad THY Ala"o] EAFIS XA §r
FTEEHH, AFEA FE U A|2H2 77 A(Type V11D E4-& Hol= o], B2 §718 TS e Auo] F&Es=
232U AAR s =], 53] 7] 2| A o]¢to] 7MY RaT AR SAUET e E BrHEY £ A A= AFEA
LA B0l thE ol E HBHA7|H, FE A A2 B 7hA F4 g AR S 913 7|2 AR E Al

FRO: MF2X|, 2 FOL SRV, 2=k, WIteR7IEA

ABSTRACT: Jeju Basin is a Cenozoic rift-related sedimentary basin located in the southern offshore region of the Korean Peninsula, where
terrestrial to marginal-marine environments prevailed during the Eocene-Oligocene rifting stage, resulting in the repeated occurrence of shale
and coal layers. In this study, HAWK-2 pyrolysis data and vitrinite reflectance (VRo) measurements from borehole J4 in the southern Jeju
Basin were integrated to reassess the organic matter characteristics, thermal maturity gradient, and petroleum generation potential of Oligocene
source rocks. HAWK-2 results show that shales are widely distributed over a broad depth interval with TOC values ranging from 0.3 to 7.0
wt% (average ~1.6 wt%). In particular, some intervals within the Late Oligocene shales exhibit high HI and S, values and occur within the
oil window, indicating that these strata represent the most effective source rock intervals in the southern Jeju Basin. In contrast, Early Oligocene
shales occur in deeper, highly mature zones where HI and S, values are significantly reduced. Coal layers display very high TOC values (10~70
wt%) but are stratigraphically restricted and show gas-prone characteristics in deeper intervals. VRo and Ty increase systematically with

Copyright © The Geological Society of Korea 2026
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depth, defining a typical thermal maturity gradient with the oil window occurring at approximately 2.6~3.4 km, followed by transition to the
gas generation zone at greater depths. Regression analysis of Trax versus VRo reveals different slopes for shale and coal, indicating that
lithology-specific correction is required when interpreting source rock maturity. The present generative organic carbon (GOC) ratios derived
from HAWK-2 data are generally below 20% and decrease with increasing depth. However, by combining depth-dependent HI variation with
thermal maturity-based transformation ratios (TR) and applying the method of Jarvie ez al. (2012), the initial generative organic carbon (GOCo)
was conservatively reconstructed. The estimated GOCo reaches ~20% in immature intervals and exceeds 58% in deeply overmature intervals.
These results indicate that, although the current residual generation potential is limited, the source rocks originally contained a substantially
higher fraction of generative organic carbon and were capable of significant hydrocarbon generation in the past. Overall, the southern Jeju Basin
source rock system is interpreted as a composite system composed of mixed-origin (Type II/III) shales and organic-rich coals. Among them,
the Late Oligocene shales are identified as the most effective petroleum source rock intervals. The results of this study provide an improved
understanding of source rock characteristics in the Jeju Basin and offer fundamental constraints for future petroleum system modeling and

gas-focused exploration strategies.

Key words: Jeju Basin, source rock evaluation, total organic carbon (TOC), thermal maturity, generative organic carbon (GOC)
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Fig. 1. Location map of the Jeju Basin in the northern East China Sea, showing the major sedimentary basins and oil and gas fields
surrounding the Jeju Basin (modified from Weilin et al., 2019).

Table 1. Summary of analyzed intervals, sample types, number of samples, and type of analyses (HAWK-2, vitrinite reflectance,
and 813C0rg) conducted for wells J4 in the southern Jeju Basin.

Well Analysis Interval Sample Type Number of Analyzed HAWK-2 VRo
(m) Samples
Shale 90 0 X
J4 577~4,363
Coal 32 0

3t 07|18 EX TS 24551 g5t Aot o]@dt A ARSI S12 300C oA o] 52 7t THAoA 23
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Fig. 2. Depth profiles of TOC (wt%), kerogen content (mg/g), and Ty, (C) for (a) shale and (b) coal samples from the well J4.
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olo] 94| o]¢F AlZ 2] TOCE 0.32~7.02 wt% W2
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A|F=E J4ol A S4E VRo= 9F 0.20~1.80% Heo
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FE HAHTHE 3).
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Y2 AFT AL F 7P Eon, A= 7l e ¥
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Fig. 3. Depth distribution of vitrinite reflectance (% VRo) for
well J4.
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< 7= TS Btk A5 14 89 TOC= 9.6~
74.5 wt%, Sy+= 5.1~178.3 mgHC/gRock HYZ AT
UTHLH 4b; 3 2). o]2|gt 7H-2 S 7199 A EA 771
0] JAF5H R 4 HEH A0S vy, &9 FA
F A SN = o =2 32 UERdth o
A3 SAH 0 E AIghE Aol AT AFEEH, o]t
22 A&5ZQ x5 HolR] gethe HoA A =
9] 7| =& ST o= F7t D a5t

HI-OI A& GA| &t SA x]o w2 {71 4
Aol He5| HAFTHLE Sa; & 3). |9 ¢ mho]
2A-37] L] aA|olA HI gto] 48 ~353 mgHC/gTOC
2 e §2 1L E Holn, YF A& Type I/ 4
of st o] Al7] T fU1EY 79T HE 270]
A3 02 FA HERSS AARRTE ¥ 7] &8
T4 0]¢he HIZ} 32 22 ~40 mgHC/gTOC ¥ ¢jof| B
st 52 Type IV Q9| sidste], @4==9 5712t
A WA TS gAY o] At FAE Bl

Agt A5 HI 2= o]t oS {2 |9 E vst
Wk (2 5b; 3F 3). vl @A-F7] 2| 1A ekl A=
HI 54~ 501 mgHC/gTOCZ QX A|Z7} Type /11T G
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Table 2. TOC, kerogen content, and source-rock potential classification for shale and coal samples from Wells J4.

Well Type TOC (wt%) Kerogen (mg/g) Evaluation
14 Shale 03~70 02~75 Poor ~ Very Good
Coal 9.6 ~74.5 5.1~178.3 Good ~ Excellent
(a) (b)
© Pliocene
(O Miocene (O Miocene
(© Late Oligocene @ Late Oligocene
@ Early Oligocene @ Early Oligocene
1000 — 1000 —
3 Poor Fair | Good '§ Excellent 3 Poor Fair | Good | g Excellent
7 3 ] 3
] g ] z
7 2 7 > o
100 100 —| oﬁ
) ] = ] o? 8 )
g g e o
g‘l — P Very Good gﬁ 7 Very Good
g 10— o 10 -
E" E ° OCQ Good En E R Good
=~ ] j)o Fair g« ] Fair
w 3§)6 7
4] Poor 1 Poor
7 o ]
. 3 o ]
4 o g 5} ° i
0.1 T T T T T T T T 0.1 T T TTTT T T T TTTT

0.1 1 10 100
TOC (wt%)

0.1 1 10 100
TOC (Wt%)

Fig. 4. TOC-S,-based assessment of source-rock generative potential for Well J4.
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Table 3. Ranges of HI-OI values and corresponding kerogen type classifications for shale and coal samples from Well J4 by geological
interval.

Well Geological HI (mgHC/gTOC) OI (mgCO,/gTOC) Evaluation
Miocene 48 ~ 353 4~129 Type I/111
Shale J4 Late Olig. 28 ~220 10~92 Type IVIII
Early Olig. 22 ~40 22 ~ 65 Type IV
Pliocene 106 ~ 157 79 ~ 85 Type IVIII
Miocene 54 ~ 501 12~78 Type I/111
Coal J4 -
Late Olig. 167 ~ 252 7~11 Type I/111
Early Olig. 53 ~127 1~15 Type III, IV
(a)
O Miocene
© Late Oligocene
@ Early Oligocene
900 LI PR I B TT T T T T T TT T T T T 40 T T T T7 7 Tl T T T T T T T T
- Type I . i / y il
750 L/ . [ Typel ,,-""'Type,."": Type I/IIT 1
_ i ] _ 30 iy -
8 600 _ —é E g 1
) ] % [
O 450 4 O 20L - |
= 300 _ £ L d? Type IIT J
= ] A 10 :
150 - C
A3 oN Type IV ]
0 Q| PR T T NI RTINS ST A AR RN 0
0 50 100 150 200 250 300
01 (mgCO,/gTOC) TOC (%)
(b)
Q© Pliocene
O Miocene
© Late Oligocene
@ Early Oligocene
900 —— T 200 ———— 77—
o Typel . - / i
o B r A ',"' (e} o T
750 | — [ Typel ;Type/ Type IVIIT O ]
- r 1 150 | J I o
- 1 = /4 o
S o . ER! ' o & :
S‘) i | % E ]
O LG _ o E -
= 450 H i (:E) 100 i |
= 300 iy . E - 1
i “o e L i
= i e Type ITT 1 @ 50 -
150 [433 80 yp - i
Jhpre] Q i
LA Type IV ]
A A et T R BT B
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OI (mgCO0,/gTOC) TOC (%)

Fig. 5. Organic matter type and generative potential of (a) shale samples (b) coal samples from Well J4. Left panels show kerogen
type classification based on HI-OI diagrams, and right panels illustrate hydrocarbon generative potential using S,-TOC
relationships.
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Fig. 6. Cross-plot of Tiax versus vitrinite reflectance (%VRo)
for samples from the Well J4.
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Table 4. Comparison of published Tmax-VRo calibration equations from various basins and regions.

Basin (Region) Regression Equation Range of Applicability Reference
Barnett Shale (USA) %VR0 =10.018 X Tyax = 7.16 023_(1)-55%0\/%0 Jarvie et al., 2001
Global multi-basin %VR0=10.013 x Tyax — 5.0 Oﬁ(l)-SS‘iOV%o Evenick, 2021
Duvernay (CANADA) %VRo0 = 0.0149 X Tx — 5.85 023_(1)-:;0\/%0 WUST et al., 2013
Barnet/ V(vgg‘g’rd Shale " 94VRo = 0.01867 * Towe ~ 7.306 023-(1)._;1;)0\0/(1310 Hackley and Cardott, 2016
Western ?;éf;ﬁrpathians %VR0 = 0.0152 X Typyy ~ 5.9375 o 4‘;2_}_':98;:31{0 Waliczek et al., 2021
Western ?;éf;ﬁrpathians %VR0 = 0.0135  Typyy - 5.1855 o 4‘;2_}_':98;:31{0 Waliczek et al., 2021
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A|FF 14 o]ollA =&% 7]-27](0.019)= Barnett-Woodford
A|Y(Hackley and Cardott, 2016)2] 3]74](%VRo = 0.01867
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Fig. 7. Depth profiles of GOC and NGOC for Well J4.
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Table S. Depth-dependent thermal maturity stages showing measured parameters (Tmay, HI, %GOC) and calculated parameters

(TR and %GOC) for the J4 well.

Stage D;E;h T (C) r%ﬁ?/gg‘}glc) TR (%) %GOC %GOCo
Immature 1,243-2,536 423~435 150 0 ~19 19
Mature 2,563-3,400 435~450 97 35 ~14 215
Overmature  3,415-4,363 450~521 31 79 ~12 58.1

Table 6. Comparison of source rock characteristics from Well J4 with global shale plays and Type III coal-derived basins.

. Kerogen TOC HI GOC NGOC
Basin/Well Type (Wi%) (mgHC/gTOC) (%) %) Remarks REF
J4 Type I/IIT  0.3-7.0 22-353 12-19  81-88  Mixed Terrestrial-Marine This study
Haynesville : :
Shale (USA) Type 11 2-5 200-400 60 40 High-quality Gas Shale Hammes et al., 2011
Bar?étsti?ale Type II 4-8 200-600  40-55  45-60 Shale Source Rock Jarvie et al., 2007
Montney . .. Chalmers and Bustin,
anada ) ) ) ) -
Canad Type II/1IT 2-6 100-250 20-30  70-80 Mixed Origin (gas-prone) 2012
Type 111 .
(Coal-derived) Type 111 1-5 <200 <15 >85 Gas-prone Potential ~ Peters and Cassa, 1994
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