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ABSTRACT: This study addresses the evaluation of lithology and porosity of 155 and 171 drill-cuttings obtained
respectively from Inga-1 and Kachi-1 boreholes in order to screen deep saline reservoir formations suitable for
storing CO, in the Gunsan Basin, offshore Korea. The sedimentary succession of Kachi-1 consists mainly of Early
and Late Cretaceous rocks. The upper part of the Late Cretaceous succession is truncated by the regional middle
Miocene unconformity. The porosity range of the Cretaceous succession is 8.6542.42% with minor variations along
the depth. It is expected that the Cretaceous succession in the West Subbasin, where Kachi-1 was drilled, has poor
injectivity due to its low porosity and tight texture. The Inga-1 was drilled in the East Subbasin and penetrated
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the Early Cretaceous basaltic and volcaniclastic rocks (2,728~4,103 m) in the lower part. The overlying succession
(2,316~2,728 m) is dominated by fine-grained deposits and has low porosity less than 10 %. It is, however, overlain
by a thick sedimentary succession (506~2,316 m) with relatively high porosity (about 10~20%). Within this
succession, the section from 1,767.8 to 1,959.9 m has relatively high content of sandstone with the porosity and
depth suitable for storing a great amount of CO; in supercritical phase. The Early Miocene succession ranging
from 506 to 917.5 m in depth is interpreted to contain porous sandstones, but its distribution and thickness are
quite limited to the area surrounding Inga-1 borehole. We suggest to drill the northern part of the East Subbasin
where the Early Miocene succession is relatively thick and extensive for evaluating its CO, geological storage

potential in the Gunsan Basin.

Key words: CO, geological storage, Gunsan Basin, porosity, storage formation, drill-cuttings
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A9 BRE G451 $18) 2050 4ol A7 el 6
AEES] ojiksheas 4 Bl A% 7]=(CCS, CO,
capture and storage)=Z *|&E3]oF StcH(Republic of
Korea, 2021). AEE= 2|9} a0l A CCS AFYS
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Fig. 1. Major geological structures demarcating base-
ment highs and subbasins in the Gunsan Basin (after
Shinn et al., 2010). The Cretaceous to Tertiary ba-
sin-fills comprise nonmarine deposits up to 6 km thick.
Ablack dashed-line box denotes location of Fig. 7. bsl
= below sea level; GB = Gunsan Basin; NSYSB =
Northern South Yellow Sea Basin; SB = Subei Basin;
SSYSB = Southern South Yellow Sea Basin; CS =
Central Subbasin; ES = East Subbasin; WS = West
Subbasin; HP = Haema Platform; NS = North Subbasin;
NES = Northeast Subbasin.
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skar 317] wiigoll A7 R 2 S EE Al71E
IA37)12 3JA3FHTHRyu et al., 2000; Park et al.,
2010). Wot7|E A XSk B S S 2A= L
A37] HA5L Wety] BHFoR AT AT 2
e BAY F8 B A7 Hep)d S g
& ANF. ST ARA T B2 @4 2719}
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Shinn, 2015). F7] wfo] Aol YA F2250I
Bl F FAgHe] Asl Ao FAHEUL,
57| ntol 2 A-AAY B 250 FetstAl B4 =it
(Chough et al., 2000; Hong and Shinn, 2014).
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Fig. 2. Lithologic unit, geologic log and biostratigraphy of Kachi-1 and Inga-1 boreholes (modified from Cheong
etal., 1998; Shinn ez al., 2010). Note that capitalized lithologic units have no correlation between the two boreholes.
LU = lithologic unit; Md = measured depth; Paly = palynology; Charo = charophytes.
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Table 1. Lithology and depositional environment analyzed from drill-cuttings of Kachi-1 borehole (Parson and
Saltmarsh, 1991; Park et al., 1997; Cheong et al., 1998). mMD = meters measured depth.

Interval (mMD)

Unit Lithology and depositional environment
Top Base
Interbeds of unconsolidated sandstone and calcareous mudstone; the lower boundary
A - 613 . . . : . .
is regional unconformity (middle Miocene unconformity)
Mainly composed of silty mudstone; intercalated sandstone, sandy siltstone and mi-
B 613 914 o ) . .
critic limestone; shallow lacustrine environment
Mainly composed of silty mudstone; intercalated sandstone, sandy siltstone and mi-
C 914 1,145 o . .
critic limestone; shallow lacustrine environment
Mainly composed of silty mudstone; sandier/siltier than Unit B and C; calcareous par-
D 1,145 1,335 ticles more frequently observed,; relatively thick sandstone beds compared to Unit B
and C; shallow lacustrine environment
Interbeds of siltstone and mudstone, with thinly intercalated sandstone and limestone;
E 1335 1.586 few calcareous materials observed; rare presence of reddish mudstone in the upper
’ ’ part; fluvial sandstone is dominant between 1,587 and 1,592 m; pores are mainly filled
by calcareous minerals; fluvial to deltaic environments
Interbeds of'siltstone, mudstone and sandstone; similar to Unit E, but sandier/siltier;
F 1,586 2,280 intercalated sandstone beds as thick as several meters; porosity less than 10% and not
over 15%
Composed of fragile siltstone and fissile shale; significant decrease in sandstone; rhyo-
G 2,280 2,452 . .
litic tuff in the middle part
H 2452 2,522 Volcanic rock§; aphanitic andesite or basalt; some mineral weathering and alteration
due to subaerial exposure
I 2502 2607 Sandstone with volcanic fragments; poorly sorted; tightly cemented; average porosity
’ ’ of 3 to 5 %, estimated from neutron density logs
J 2607 2,693 Dolomitic siltstone, mudstone and dolomite; small pebble-size clasts of dolomite and

chert between 2,670 and 2,684 m

throat) 2] ¥} 1}0] {AE o]-&5t] 3=
7F Uk od dEoA JFE ¥5F
7S Washburn 2] © 2 EHZ tHBrugnara
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et al., 20006).
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Table 2. Lithology and depositional environment analyzed from drill-cuttings of Inga-1 borehole (Waton ez al., 1989;
Chang et al., 1990). mMD = meters measured depth.

. Interval (mMD) . .. .
Unit Lithology and depositional environment
Top Base

Composed of gray siltstone, poorly-sorted sandstone and claystone; semi-con-

A 506 917.5  solidated; the lower boundary shows sharp lithologic break associated with un-
conformity
Mainly composed of claystone; consolidated; anhydratic shale between 1,027

B 917.5 1,136.9 and 1,082 m; floodplain, shallow lacustrine and marginal lacustrine environ-
ments
Interbeds of sandstone and claystone; relative abundance of sandstone; a gradu-

C 1,136.9 1,356.4 al increase of claystone to the lower part (to 1,274 m); floodplain and fluvial
environments

D 1.356.4 1.767.8 Mainly composedhof cla}_/stone; relatively thick claystone between 1,527 and
1,551 m; floodplain environment

E 17678 1.959.9 Inte;rbeds of sa_ndston_e and claystone; relative abundance of sandstone; flood-
plain and fluvial environments

F 19599  2.206.8 Mainly cpmpos_ed of siltstone; relatively rare presence of sandstone; floodplain
and fluvial environments

G 22068 23165 Malply composed of siltstone; relatively rare presence of sandstone; floodplain
environment
Mainly composed of siltstone; relatively rare presence of sandstone; calcareous

H 2,316.5 2,426.2  or dolomitic cements frequently observed; intercalation of thin limestone beds;
floodplain, shallow lacustrine and marginal lacustrine environments
Interbeds of sandstone and claystone; relative abundance of sandstone; a high

1 2,426.2 2,645.7 content of calcareous material; floodplain, fluvial, shallow lacustrine and mar-
ginal lacustrine environments
Interbeds of siltstone and claystone; relative abundance of siltstone; volcanic

J 2,645.7  2,728.0 - . . ;
fragments often observed; floodplain and fluvial environments

K 2,728.0  4,103.0 Volcanic rocks

4. AFYH S

AFH G BAL AR AHADTLAY A5
A= B4 BaAeh £ 7S Sla) AHet A3et

& ZowA Ahtslo] of 613 m H=el4 57

uo] o4 2|53 2T P2 ghdeh 1 3a).
A1 A2 B AR A ol 3}

o 731 N2TE 107)e] F7roe FRalst

W AlE oA BAE EHelel Al HREAS
th2-2] Aojlx ABIHTHE 1, 2)(Waton ef al., 1989;
Parson and Saltmarsh, 1991; PEDCO, 1991; Park
et al., 1997; Cheong et al., 1998).

A1 B FAHEA HAEAY G3 A )
Az NI 3a). 7129 A ATE
7H21-1 B8] A7) Wol|(1,445-2,280 m) &
57] Webr|(613~1,445 m)o] B AI(TY 2),
o] Wopy] AFS GETE 5] 3] §712 ¥

(3 1; 19 2)(Parson and Saltmarsh, 1991; Park et
al., 1997; Cheong et al., 1998). 7t A=n|1 4%
Ajrt 431 o|gro 2 F2 FAEITE 77 B C
£ F2 Al olgro s A o7HY A4 A}
A Asen nl2 A Aslehe sk e 72t
D A9le] Lo 77k ehapel SASILE AT
Moz bl EL AEW YRSl Wol Egsl]
911, 2 YArEel & o WS ehdth 7
7t B, C, D 2704 B4 %] wrgo] njofsta, &
A9 A Ho] A A0 2 B O R Hop 4ol
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(Park et al., 1997; Cheong et al., 1998).

77 B F2 A= olgom 7AIHo] 3]
I, GRS ARt A 3ok Z3RITE 17 Ex A
S m= EF Y Wgo] F3shH, o]= /A
242 Aol HAHALS AAHTPark et al,
1997; Cheong et al., 1998). 37t F= A EQL, o]¢t,
Ajpo] RESRE HAFoR 77 ES] AT HAF
sht Aoz s AEA o] &3, 4 m
T Aol AR ARES i) Egol &
FotaL, o, F=, A o, A3 ARES
Zaksla 9k

77 GE & 7R AT el g fisile) A
Q2 T4, AjFe] o] WA He Zo] B4
o|t}h. 17t H= SHIIAIZ F77F oF 70 mo]aL 5=

(a)

Kachi-1
. SSW Q

- ASH

o
oy
Ho

= u]@ %4 Y(aphanitic) SISt E= FReroz 7
AEo] ok SAIAA A= d7] Foll =55
Fsl=i9ln WAE B4jo] epd). 77 1 s
oH Matite] Uehte FU3 AkEoz 748
ok AR B0 - Bk, 2 Alg oA F
Y2 Qa2 TAEE shielE e Tyt WA
2o ofgt 702 22o] AUslehPark er
al., 1997). FRABE ASL F=E°| B+ 3~
5% AE=YJS XA Parson and Saltmarsh, 1991).
Aotz W gk =Sk ojgto] FAjg) 77
= wheok A=Y, ofgk, wggto s Tk
Az 2719 W), AE J& ZFst= Joo] o
H FZ7H2,670~2,684 m)of| A UEPLTHPark ef al.,
1997).
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Fig. 3. A geological cross section of (a) the West Subbasin and (b) the East Subbasin of the Gunsan Basin. Note
the upper boundaries of lithologic units at Inga-1 borehole. Geological ages of seismic units recognized in the East
Subbasin are not fully established. For location of the cross section see Figure 1. SU = seismic unit.
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Table 3. Summary of lithologic interval, sample numbers, major lithology, density and porosity of Kachi-1 borehole.

MST = mudstone; VOL = volcanics; SST = sandstone.

U.pp.er Sample numbers Lithology Density (g/cm3) Avg. porosity (%)
Interval  limit b d ]
et Ty nera
(m) All SST observe W D M 1 All SST
A 475 5 - MST 1.822 1.381 2.463 44.09 -
B 614 12 2y MST 2609 2500 2808 1096  13.72
ominant
C 914 18 8 MST/SST 2.640 2.549 2.803 9.06 9.17
D 1,145 - - - - - - -
SST
E 1,335 13 10 domi 2.679 2.602 2.819 7.65 7.59
ominant
SST
F 1,586 104 59 . 2.740 2.654 2.906 8.63 8.07
dominant
G 2,280 15 - MST 2.773 2.694 2.924 7.84 -
H 2,452 3 - MST/VOL 2.833 2.777 2.943 5.68 -
I 2,522 1 - MST 2.778 2.682 2.966 9.59 -
J 2,607 - - - - - - -
42 4oj-1 2 EATHPEDCO, 1991; Cheong et al., 1998).
oJol-1 B PAHEA BAEA BE A BF  UEY] AT T BE FE A3k ol

- [P

Q1A AISEHJATHIH 3b). SHL/EA} S o
T= $7] vtoleA FAed off 5 506~
1,380 m 775 7] vpo| A2 i3t 1
2, 3b)(Cheong et al., 1998; Byun et al., 2013). 5}
ARk, FL7E A5l tiRt /2R, NP 2H
7= 7] "Wprld 7hsAde AABHITHIHE
2)(Yi and Batten, 2002; KIGAM, 2004). 1,380~
2714 m 774e] EAZL Wopy] Ex o o4 A3
°2 A=Y (Byun ef al., 2013), 1 FHE=
e Aok e,

oJol-1 AFF FEAR B} A ATARE
7IREe 2 oS 11 7 o2 FESIATHE 2
1% 2)(Waton ef al., 1989). H]& Agto] 2A&k
T C,E F7rolck @434 HA o )3}
H, ¥ 23 A7 7Rt AR 7l 1,356~1,960 m
7k EAfgictn BT o] F7h& D, E 77
o siB=THPEDCO, 1991). o A5 A3l &
oro 2 KA A|2UHE £ C, E 7712 A|39H
o] AFth&. 0.2 Aketo] SABHATHE 4). Aoke ¢
E7} thekstal ofZMAF e ZRAk] FE|lE AU,

2TE BE B By, @vl7 o At fE
FIEL P W, Bhge B ACE B1

= 7450} 93, 2R FEHIt R AL
Zo] AR P7o|x] PATE Aol SHo|s, 73t
He FE2oz w29, A3¢to] FAsh= Aol
EAJo|tPEDCO, 1991; Cheong et al., 1998). +
ZHI= 5o SMIAIE 1 e AEYT HE
0]—_4 J.LE.—Z‘OE 5_—1@:]01—7‘;‘] }x']v‘f'__.Q_ Et;s‘jl- ]4:[:1 g}.}\]-ol—
He AR 7 K 2 F74& IHA=
T o] 3Hiere] Ay $7] Welr|2
B EAcHJin et al., 1991; Cheong et al., 1998).
Aok o] B2, Jol-1 B HHZL F
2 HAo] oloto g LAE|Y] 9l At AHHE
3 25d $408 245 Qo] 2 AxH
239 d=hlo] WA #Eshes A HollA HAEHS
AOR ol AT AGHe B4 2R 51y &
24 870l HAE S o2 SN,

=
a5

wn
o

M2

Hr

5173]-1 2 A|2QH 228

7HR- B0 2RE = AA 1717] X152
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Table 4. Summary of lithologic interval, sample numbers, major lithology, density and porosity of Inga-1 borehole.

MST = mudstone; VOL = volcanics; SST = sandstone.

Uppér Sample numbers | .y 0 gy Density (g/cm®) Avg. porosity (%)
Interval limit -
et Ty nera
(m) Al ssT  observed D Mineral All SST
A 4500 14 7 MST 1.983 1.614 2.544 36.98 36.42
B 9175 12 - MST/VOL 2481 2323 2.761 15.79 -
C 11369 26 20 SST 2.399 2211 2.725 18.84 18.92
ominant
D 13564 34 Ty MST 2.469 2308 2753 16.13 17.10
ominant
SST
E 1,767.8 24 B om 2.404 2.246 2.668 15.84 17.54
ominant
F 19599 6 4y MST 2374 2.171 2724 2027 24.05
ominant
G 22068 3 - MST 2.551 2.439 2.747 11.22 -
H 23165 7 gl 2550 2452 2719 980 .
ominant
I 24262 7 1 MST 2.593 2.506 2.745 8.70 10.62
J 26457 5 - MST 2611 2.537 2.739 7.38 -
K 27280 17 - VOL 2.665 2.572 2.834 9.21 .
of ZF Ako] A=kt Bul g FLatqtt ol E2RE 2 HoEh 7HA]-1 FoA Y FFES ol 614 mo

Az EHE(p,,, ), AZUE(0,,) BEE=(0min)
4 FFEMS FOATHE 3). Z4 AEe 22 2
o110 m B9 olA] Lhe of2 7] Qree 74 E)
of glow 27)o] whet BRsH7) Hel B of
202335 mm o= oHHo| 2EEA] 3L 7
& T o) o Aol 4 Utk 2 ARl
AzUEsb b A7, TopE, FEUE] 2o
2 AAT, BBUEE gae] F4RET R
HleRREE 73 5 gon, 29 27y mef
= BA7E gt Goodman, 1989). wh2bs] FEE
S ghe] R RS vhdsiel 2R 7
O BHE 26~3.0 gem’e] £ HYE 7127 g &
o SHLAE 7T = A= AR ARSE 5+
ok 2 2AIA = 22 S A]71 o] HY ¢l

31 Qo] AR =7 AAGS| okl g 4 Qo d
4a) FEYUE O] FHFZH )L 2.87 glem’E Yuly
Ql A EHE] FHZH(2.74 gem’) B} o 2
Th(Noorany, 1984; ASTM International, 2005). ©]
2 vRe] R R} @INE HE Aoz
Holch

T9 5 oot Al W 74 249 HIlE

Ue FATE AR Fds] deERithad sa).
AT A 571 vtol @A AFl 7 AdA =
F250] 44.09+3.54% 2 1t =01} BAF} 519
o] woly] X ZoAL 8.65+2.42% 2 AE U oA}
ek Aglo] vnd dAsiet. ol wiolr] A
Zo] o Hof 2,000 m o]Ae] Zolo| A LAZFE
o2 A3} Hof Uo7t AR A S0l AtE £ uf
o] A A Z-o] EHE Ao Heltk 3t oA+
ARepo] AZE o FFEC] ~10%E FHS
o Hlaf &2 Z715I9x FELEE ~3.0 gem’ 2
71 BER TEHAR S HAETHR 3). F=E
‘?n_‘E(pmin)7P 1,500 m ©]3} ZloJo| A FE A A3] F
7¥et= A S Hof B|A Q] FEAEC| A48 F
== gl iﬁo}— Aoz Helth wWoly] 2|5
1L W 3FEE TUE(0,,), DEEE(0y,),
EUE(0n) 2 A1 7L ABEA] YTt

52 Q0f-1 2 Al2H 2328

ojo}-1 g0 2 RE] 228 A 1557 Aot Al
S0l ESlAHM,), AXAHM,) D AZHTY(1))
228 Q)70 yehd 4 BAE olgatel 2
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Ako] Aekal Bulg ek o]E2RE ZH AR 7R 3.35 mm oA} Hi o] & 3 g o]Ato]
_Q] Eﬂ“gﬂpwetx 71_4_}_‘?—-_!5(‘0{;7@), %%?E]E(pmm) I;Ll qu]: ‘6—]_7] UH'ET':O“ '5‘}‘14‘53] }\]ioﬂ% ‘6.]_14- O]%_Q‘
TIFEME TIACHE 4). 7HA]-1 FolAet ik ol A 4= ok Jrok EFolA dFEHA o

40 40

Count
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(a) Prmin (g/cm3) (b) Pmin (g/cm3)

Fig. 4. The distribution of the mineral density measured from drill cuttings of (a) Kachi-1 and (b) Inga-1 boreholes.
Note that 1 is the average density and o is the standard deviation of data.
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Fig. 5. Porosity measured from drill cuttings of (a) Kachi-1 and (b) Inga-1 boreholes.
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< & Stk K-35 iR R FEUE
B327}2.6~3.0 glem® o] 9lom HFZE2.72
gem’o 2 BE HAHHES] FAgH2.74 glem’)
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W oo U g HojEo
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2% A= A Ugten ARboA= 8% H&= Wot
2tol7b 2A el tH1d 6b). 2 352 o
H o] EF2I3E FH 93 kS A5 wiiel
AIAE o83 3R 22 3 vEhdoh
A #2380 § A Haste AL 1 %
HOl EF2g A=) o) H]g o 27| tfEd
7Fs/do] Atk 2,000 m Zo] oA 2 7o A
AR A HofF= & FTFE(30~40%)2 2
TE SAX R Hol AY o2 7HsAdo] Ak

Jol-1 F A EEY FELU=7} o B4 =
SEA|GE TEE 2.7~2.8 g/em’ o] Hof glow
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Fig. 6. Porosity variation versus the effective vertical stress (o,") of (a) Kachi-1 and (b) Inga-1 boreholes. MIP =

mercury intrusion porosimeter.
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48 ZFL HoIZT, o] Zolo] et gtalel
12 HE7h 74 o] A3 Aol ol
Kol Upeht @0 2 Bt Zzuwst ot
WEl 232 AL T/ FI4E E o
2o g38o] AA4E Fojxlc. tehy AxUE
o ot golo] wet F7heke A Mtk

6. E 9|

6.1 2| 52| 5t50f| IE S3& s}

Hzigre] B 913 k5ol e Zolt
Az Mol o2 2hagih i) S7lerE of
of chat wbatg-o 2 FIate] Z7kshet] B34
7 Segfo] e AR WALk 99le] Hick F
0] a4l AT F0| FolB0] HH2| T
7} skt o5 drgAgolzt dtk(Biot, 1941;
Gibson, 1958; Skempton, 1969). 13 62 X|&9]
SHFEFAEE, o)l THE BREY| WSS B
ot 7189 BFEE AR BTN
slR2 G2l gasla, 1 olfes Yides
ek sl the B3Ee) Hold gras) o2
A WA AT IS HATHIY 6a). o] 3
A% obele] wlelr] x|%o] 2|5t & RN 17
SJSAehh WAl of3) Ao} A F7to]2
§718 202 HoZoh A dSolMe B2
shgoz geigo] S/ dojubA] o2 2tz
Helth Joj-13oflAe a2l ot 3589
HolZQ A2E F HolFH 5159 o3 359
Aa7t Agste2 FEETHIE 6b). o|FoflA 9
5150 F7t] e 3559 AT ARrellA
9] =5 AaRstETh otk SN 1 Ajol= 1]
n)sitt. Rk o 2= YA Q1 B2 ol A= o]
Yol A FFE A0 AdelA 9 FagH
X ZtH(Magara, 1980).

6.2 O|AFBIERA 2222 212 A

6.2.1 FAREA] AAEX]

7-1 2 wjely] x)&e) 77k K)o Al
o] 228 BEHL 7K 5.68~10.96% o] Qlch
 3). AR olAtslers AAAS e
o8] FES A% AlRTole] 228 24 F= )
BB Ry, o|5t2 WA A YHKIGAM, 2014).

~

R FFES A9 8T gEo EA A% 3
oF ol ofet E4 Ago 7]k A= oA
ZAthRong et al., 2021). 7}A]-1 & AlS9# #32
of W= ARQFE SHEE o] U FAEA] W
oF7] At FAHA I A= wdEo] &
Hrdste] 22)o] 21Uk Ao| EAo|t} kA, A
2EA] Wol7] B|ASE 3580 Wil ¢Ao] Bl
2 gt olitabeta F A3 A F-8F SH
A A% FA o] W Ao ' o AXITH

7HA-1 & A5 §x| oA W] X|F-2 WAl
(half-graben)E F215}% o1, $7] #o}7] o]0
e 2hg-of o) WAL 27 QA= HA wWot
7] A50| BA SS(7HA] ©GF)= T2t §715HHA
SEH UK E 3a)(Shinn, 2015). BEAF H -
25 AL Q= AA @59 it sigE=
5% 22e Yokl o8 72 WS WA U
o} o] Aol ulelr] A 2g BATeR W
S A 3ol vlid B7IA Wk
297 olksfeke A AR] 7Rsa Aol
SIY 3a). WebA, A2EAE 71 2
of MY FEE YOI Y= T ALY

o Tk Al -2t B7H7} d e st

a,

dr 32
e

%

o\

N

I

6.2.2 FAEX] F4AEX]

oJol-1 B A AlFerE A A=Y HF BT
E2 16.80+9.08%, A%t A|R0] Bt =252 20.92+
8.77% WA FBSICHGE 4). T A ARE F
A WA e F3ELS Hol:, 71k Gol A
g 80| A okt AFL HolErha
Y 5). b5 sl i BHIekE TRk B B
o SR B A Bo] BgH o HaEo] 9]
o8] £77} 24 1,000 mol o] 2k, o] BT 2
52 T} Sl FekA BEE /8L B
ofm b5 HAE uhet ¥bATFEo] 912 % (onlap)
Bhe vjgo] @ TAETHLY 3b). SHAIE HIA
o g4 A7) A 77] Wep) 2 A ET(Kim
et al., 2012), Fo] HHE HHFEL A2 F7)
Wjot7) Q) 7RsAo] etk A E|ZA) TRHH, 1, I
E o= AP o] SAsk, FIEo] e Aol
A9 o] AHEH SARAY HHE FFo] <
GO 2R U G7NEA AFT0] S
4 AT E S SR ARe e A
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o] EA3} 2 Foll Yl 12 3= A7t Do
W Ao Z By v QItKKim et al., 2022). ©&t
A, F7EH, 1, I S3 A Agro] £/3 2485 ot
A o2 olitsleka: AFAE FaAdo] Wa A
o= oA,

T2 BAA Gol o] 2= ko] B2E gHE A
FAPSI} A% B Ao k2R 33} C, Evp ol
Akl $-AJstE. o]#l Aol ke Al RetHE
F7C, BOllA] HIEA Ajgto] SAE o= Thots]
STHE 4). 72 P o]gto] $AI P7hoz 9%
A& F=E0] ASH A SAEH A= At
ARl F=F st HS 1T o 4 2A1d 7t
7301 k. @l Bf Aol A] AR AlF9HHS
AvA oz §8 580 Wi, Feert 55
Aoz BWAERJTHPEDCO, 1991). IHo|= £+
shal 38, A H B2 WAS T o 2HE
7h AR U AoR sA e 7 Bl
HFE= XSS dol-1 & fX A EE 52 &
BXZOo 2 opx|= Fo] F35t(1E 3b) &
2FA 5 AFoA A5 53l Bt 7HsE
Ao},

Adtd oz 2o I55L YJoi-1 3 AlF 9|
7h BA A} 717 dRE o= ARREY] 220]
0/d< 5 S 7FeAdol e ojxpF o=z 4 35}
B85l oAt £42H8-9] Gl 71¢lsh= Ae=
A AZI ol2e e 1T o £A] FA &5
Al Bl de] oA QL SHE-5o FFol 4
o2 245 A0 2 AR = F4EA B A
o] Akefo] FFEM ARG 2A0] B T A
o2 7=tk

PBol-1 F RSN FFE0] 7 Fogt 1t
< Ao|th. 57| ulo] 24 FA7HH vz offof ¢
Aotz EHF R BF A7|= E8Ysitth S/
Z2} A At o] Xk A7| v A= At
3FF A (Byun et al., 2013), 7/EEF 3 A= &
7] Wot71d 7hs/d& AAISHATHKIGAM, 2004).
T A9 A FUHEE I o]t Ego] EFTE
Aol SAJsH, o]= 7H]-1 F-9 £7] Wef7] -
Zroll A4 o|¢to] HIHSHA E&dh= AT 24
olch. Eat FE el WS 71 FoIA Lhe}

£ 7] wely] AlRehE 238 gtel weler 4
olatty. eHafolLt BRE ] SAMT Aol Atk
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Fig. 7. Time structure map of the lower boundary of pos-
sible early Miocene unit, corresponding to the lower
boundary of lithologic interval A of Inga-1 borehole.
Note the extensive distribution of the early Miocene
unit in the northern part of the East Subbasin. For loca-
tion of the structural map see Figure 1.
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of ek, SHAEL, Wety] X)) 12 AHe Zow
A FA BAR A37) AZo] -1 B FEel |
A Bxaka glo] ool e AAY Bt Bas)

CBAEA gol1 Bo| R HAZL HakE A
7] wjoly] shileh MRS W I AR H2S
T2k A WA 22 Al Fe] A
A 9p3keh. 37 vholo) FRW Hsto] Hzst
= AT 7 As Bt 35E°] 36.98% % - &
SR BE AESE Wobd Aol-1 F 79 o]
N 4502 7105 oAtk s, olet o
HIEE AZo] FAEA] B Ao A Ao
H7 B3 ARs Aol glof 7 A%t Lasi
a5 A% TR E A% 3 Ao R 3
8o FEat Aol SAIStEE Pol-1 FolA
A% 77F B FA7oF 192 m o] o] FAg A B8
A0 FheA HA} Fol Ack. Pol-1 FL 1A
AA ©E Aol SIX)ska, FAL shakro] SR
o £ESHT glo] A% 77 ES vEA HAF T
7Rl AbgFe] A%t 3 Eo] B A0 E 3
HEn], S B2 Kjolx § 77k) Aot A
4ot Falo] F3F Ao 7|,

ALl =

o] AT AFIEAA AR Ao o
X)71487109) UG ot 243 “CO, XFA
Z} oFAA B H 7]<7l4H20212010200020)” AR
o) A7AT F RS Yaln, AH] 2o 7
AFERUT B, o] AT 20218 E FHsor
ek AEg FEATAANY Ao A
& vl 9E 4TS YT =R A}
ol e 2AE B 8] AH Ao B2

& 741 o o) JARIEA A=Y YT
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