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59 AT AHAEA PG AR oA AF2Yo] o] Roi ek, AFE UZol =erstd $2 dgolql
on], ZAAEE oF 150 m2 2ASHET T2t % 310 mE ZHGOU USe] =iy 2ahga, A5
oA S5 ghol Lrehdeh. Tolt 160 m SAAS] SR 150 m T SHAERHA(NAEZ) 02 T
A, SAEAAQRE Qbalel whet HATe I 1L .2 TRt HAWS] 12 15 m $72 Fej7t was)
of QL. ThoFe 37], W, 24, A2, UnhES ol gSo] 714 Ei K o] glow] ZHiH e A%
7 5o o3 S AZo] A=A Ao AT HAWS I 60 m FAZ )7k SEe Brera(s)
A¥2]) SBIGK(LITS), ASel7h Hareh(eHI) SBISH(LITes), 123 BAe] SHTe SBHLTm) O 2 T8
wn, shg ol B71SHIE, Qo) HE TR Fo| Ueht S48 S] ofs) Y48 Aoz 4t 8
9] T2 70 m FAZ BRPA(BHI) $2190] FHAH30-60°)9] 582 Holt HAR(LITion AR
PABHIE) S8l 43 Ex AZER 4l SHAN(LITs), P4 BRAEHIE) SEI%(LITm), 18]
327k Hold HAR(T) 02 TRk H2The] 119 58-S Axshe HA4 [LiTisk )¢ 2est
SPAIZ} Bk ok, AAaRe] B WSlel A Bl oizel WE v HAe) ML She o]
PP oA QIE S B B30 AR} SMHEE 37 B ARiEetao] ofs) Bakr Rz )
HeA A Fe B2 cholok=g o A Hch. Eok BT lllo] XS AAEZY BRE
71 20-50 mol H]3} 130 m o|AF0.2 5718 91 Bape} o) ol 2.8 Zv)] mape] F1ko] NS5
o] B =lo] £ el AT SN HTh teby AEsiol ol s A4 BE A2 Bakr U

FE olsfstal A2 IS FF skt ol T83% ulE Ad Aol g = 3t
FRO: A =F0], olotEY, AEZ, AlFE=

Yongmun Jeon, Choon Kil Ryu, Wooseok Yoon, Soonseok Kang and Shitae Song, 2013, Characteristics and
interpretation of subsurface diatreme deposits from western Jeju Island. Journal of the Geological Society
of Korea. v. 49, no. 5, p. 537-551

ABSTRACT: Boring for groundwater development was carried out at a site in Sindo-ri, Daejeong-eup, Jeju Island.
The boring was initially planned to reach the U Formation supposed to be located at about 150 m below the surface.
The U Formation was not, however, recovered although the bore hole reached a depth of 310 m. Instead, a core,
named the Sindo core, showing unique lithology, was acquired, which is composed of lava flows (ca. 160 m thick)
and volcaniclastic deposits (ca. 150 m thick). The volcaniclastic deposits are divided into three depositional units
L II, and I1I. Unit I (ca. 15 m thick) comprises well bedded and clast- or matrix-supported reworked volcaniclastic
deposits, in which the clasts have different shapes, compositions, colors and roundness. This unit is interpreted
to have been deposited by surface runoff and intermittent floods. Unit II (ca. 60 m thick) consists of bedded basaltic
(lapilli) tuff ([L]Ts), cross-bedded (lapilli) tuff ([L]Tcs), and massive lapilli tuff (LTm). This unit has bomb-sags,
accretionary lapilli, and jigsaw-fit structures of lithic clasts, and is interpreted to have formed by hydrovolcanic
activity. Unit III (ca. 70 m thick) is composed of steeply inclined (30-60°) ([L]Tis), horizontal or low-angle stratified

' Corresponding author: +82-64-710-6027, E-mail: ymjeon74 @korea.kr
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([L]Ts), massive ([L]Tm) and disturbed basaltic (lapilli) tuff (Tc). The facies [L]Tis constituting the majority of
Unit I11 has stratification that dips in excess of the angle of repose and in opposite directions within short core depths
repeatedly. This unit is thus interpreted as diatreme deposits produced by collapse of unstable materials from the
vent walls and crater rims into the volcanic conduit probably caused by volcanic tremors or shockwaves. The
thickness of Units II and III (totally ca. 130 m) is much larger than the average thickness (generally 20-40 m) of
the volcaniclastic deposits (Seoguipo Formation) in the nearby area because Unit III was deposited in the deeply
excavated, funnel-like structure inside a crater, i.¢., a volcanic conduit. The Sindo core is therefore interpreted to
have penetrated the inner part of a hydrovolcanic crater and may provide a glimpse into the subvolcanic structures
of hydromagmatic volcanoes in the subsurface of Jeju Island and help understand the volcanic history of Jeju Island.

Key words: Sindo core, Diatreme, Seoguipo Formation, Jeju Island

(Yongmun Jeon, Jeju World Natural Heritage Department, Jeju Special Self-Governing Provincial Government,
Jeju 690-700, Korea; Choon kil Ryu, Korea Institute of Geological Environments, Busan 617-731, Korea; Wooseok
Yoon, Department of Earth and Marine Sciences, Jeju National University, Jeju 690-756, Korea; Soonseok
Kang, Jeju Geological Institute, Jeju 690-825, Korea; Shitae Song, Jeju seo middle school, Jeju 690-818, Korea)
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1. M

AFEE S Aer] SIS gEshs
Adon ge AW A7sh o|RolA o,
£5] 2|5} ALL 9o AR A4S 5
AstR el ot At oo AR olA gt
(Koh, 1997; Sohn and Park, 2004, 2005). A]l5=A}
= AFE Ak FE S0 tigt FE et of
Yt AR AskA e gigh A5 3 5= Q)
th= Aol =T, olfl RAMA = AF7HA &
27 QA e BET HAke] A0l Betn
255 WIS A wsleh

QP A F0] 2013 ST T AR
A e G Aol q Golpom, Aoz ¥y
Sk3t) A= 0]9] F Zol= 310 mo|™, 160 m &
79] &4FT 150 m FA| 9] S E A AEZS)
07 A Qtt AEFoj= AIFAY] FAl &
AT AAEZSS W3t Ul =Eatd &Y
= 45T qFolglor, g S E= IS F
St &rE] A Y AJFF (&Y oF 100 m, A
AZZ F50 m FA)E v 2 o150 m Y2
st tHe.g., Koh et al., 2008; Koh and Park, 2010a,
2010b). 22t AlF=Hgof|lA] el = 150 mof| A
UZo] S8R P, 160 mE F712 2219 C
U EY Ul =2a1A] ZslaL 2ol TR E U

o] A= o] A&l A= H|E AFHE U
Zoll EEhA = ZRAT 71 22 oA A7
7HA| AlFEo A G AR S 53 /) A

AT

ZZo] JAE Y} AEFojo] HPLEL

AEA G (&2, 7522 Bt FA oF 50 m
H|3}| 2F 100 m o|A} T I R]52] HA}Zo] 45° o]
Aro 2 oo et X Z0] AL wWgko] uj$- e
HelolA FHsks FEHE 2ol Ut weEki 2
=olAE ARGl =S 160 m 273
o= Bty Ugol =aha] 23t o] 42k A7)
ES0| FAZE v LA 2 I Aol 55T
delo] HARIZIE FHetaA} ghch 18]l o] A
Z307t AFE FAIYAA ol Ju]S AUz
U=A] =St

2. X& I

AFEE AT F7158 A e
AP 2ok SRS of3) W4T S
o= gofut SISl L HageE 74
=)o Jtk(Lee et al., 1994; Park et al., 2000a, 2000b).
A= A o] FolR AFAtao] 2w A
o] 3k Hspiol] sligto] B, 1 AR
o U3 A7IES 1213 S9k57h wi5sie 2
2 FAHHKoh, 1997; Park et al., 2000a, 2000b; 1
21).

AF=9] 7Rk 32 AW 2 A8 #|37]
SPIIRe} SHIGHR R FAEID, o5& AR X33
£ HIE BRI ) GHOR S8 TH]eon,
2009). 7]1igFe] Aol Bl ek Algle] 41
4 oo} oW HHEE 74E vl HE3el U
20] 70-250 m =A|2 BE3tHKoh, 1997). UZ<]
ARoe @R SEET SepiEe) B4
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< T3 AHESo] B 100 m FAR AFE A
s} Ao Btk (Koh, 1997; Koh et al., 2013). A

AxZFE UFo| old Hafl iF5 oA 4
SHikgEo] A 7R Q1 At ozt Ao g, g3l
of wet U} EA LT o)A B AF HAGLE
TEEH, EHgo] wet S s e
TEETE AAZFY YA AL T2 SR
oF datol o S48 oA S3 33 HE B
AT E|FAdolH, o|x} BRIt 4 Ee 5l
Al SRR O] S E= 38 g oA AE A = o]
Tk=0]7 ElZAko]tk(Yoon and Chough, 2006; Sohn
et al., 2008; Jeon, 2009; Sohn and Yoon, 2010). A
EZY| ARl RGN 2HAE 0|2}
oFst 20| §okRv} HhEalm ok, Al2A Az}
of mh2, s sjio] EAfel 4ekRo] Zoks
F22] o] T 3100-150 m L), H3ehEx]
0] 50-70 m W&}, 283 YEA]FL 10-80 m HY
o Exsl= Aoz d#A QriPark et al, 2000a,
2000b; Koh et al., 2008).

Z|* Koh et al. (2013)2 AF=7} gHepibs S4
°2 3 AFARA &ABHIAIZE ok} EMIAIE
S0 2 3= B4 B3EHH|(polygenetic compo-

site volcano)e} 4~ H-2 TAJSHAHmonogenetic vol-

126°30'E

cano}S25E BET SRt sk EEo] A
SRR R LR FEPEEL RUE

3. &k JIx & s

A= F0]9] & Zo]i 310 mo|H, Zo|7} 345
A9 sl 332 moth(21d 1). 8¢F9)
FAE= 160 mo|w, T IARQ] LotFo} gk
2] §YFIE St FHE YeEldth(™ 2).
2917 Alo]oll= T E S (paleosol) T} T om
ErAg 2 2 o] AEY = it
SUAFY sHoll= oF 150 m £ 9] AAEZFo| &
IZskal glon, AR o A% EES= AoE S
FEth AAESS GA27], -1 R, 99 27]
o} F5, 7149 EA Fol wet 24 Al 712 4t
AR FEE, FRERE 247 FHEY [ 11, 1T
o7 FHEAHIH2).

SY7e FA= oF 160 mo|, A|3} 2-162 m7}
A #EZSEL ok SR 7, @S BIEsHo

@ Oldcoreslocation
& Study core location

K - Tuff rings/cones

Scoria cones
5km
Lavas

Fig. 1. Simplified geological map of Jeju Island with the outlines of lava flows and monogenetic volcanic cones
and the locations of the cores (modified after Sohn and Park, 2005). Inset map shows the location of the island.



540 HEE - REL - BN - LM - SAE
BErtHa¥ 3A), 3B). 2 §okirol TAFE 713 2 AR} sho

AE 254 m Afolo] RESIE GURE $A7H3 @R F7H REL 7| go] Ao %i% =42 Bl
mollA Zoj 13 molo], ARe} sie] B @ 7130 Fele BHsA Soz SoluAt ¥
Wz 7 ohpd ARekHe] WAIEe] Ity oA Qon], YR F1FE S o) A= (sheet)y )

165

Unit |
180
~ Paleosol
Unitll
Lava
Flows  *
Unit 11l
- Paleosol

s e el
Lava sS S

Fig. 2. Simplified columnar log and overview of the 310 m-long Sindo core consisting of lava flows in the upper
part and three volcaniclastic units in the lower part.

Pahoehoe
lava

Aa
lavas

Massive
lava

Pahoehoe | __|
lava

——paleosol

Massive
lavas

Fig. 3. A) Columnar log of the lava flow units in the 160 m-long upper part of the Sindo core. B) Rough and rubbly
surface of highly vesicular clinker occurs at the top of aa lava flow. C) Vertical coalescence of pipe vesicles developed
in aa lava flow. D) Thin pahoehoe lava flows with vesicular top and bottom. E) Massive, dense and thick lava flows
with rare vesicles.
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& Bo|AY 208 A%E glo]Z(pipe) FEY
£ W29 30). o] §UF+= Aol =2 &Y+
7F ARE 35 o AW 7|5l =EH EHS
o 3 WRE AS f-55HHA EH0] A=
A 72+ 3128 (auto-brecciation) 2.2 8¢+ Ak
ahtol] 227 (clinker) 7+ BAH ofo} Stz
A ch(Macdonald, 1953; Cas and Wright, 1987).

A% 56-74 m Ato]ofli= 1 moj|A] Ztf 3 m F7
o WA gre BokR7} 3-4r] Ao vehdt
(72 3A). 717}e] SFFE A7} hS Bt ok
o AAH R 7129 gl ¥ 54 Bt
(2% 3D). 713 BAZ 52 Fefoln, 27 o)
B2 1 em wjgolch, 2R weelA] 2 gL
U7 F Aol Uehte 54 740l we
Bo| 50| gl o8] YA HHSE AAFEHCas
and Wright, 1987; Self et al., 1998).

A% 74-82 m F7koll= 3-5 m FA|9 SUAFIH =
zalu), gobRo] Aol aliol g oln
Ao 2 AstE Qese] BEst gk 4249 &
U= AR olol 715l &1L, 7152 2&
H| Eold FEE WL Stk o] YR+ HAdol
=2 ook -gel sl FE A2 s HT

AlE 82-164 m 7 =229 m, 13 m, 29 m 5

| .
~eoSsa slime

79| FAL &5 3oz 2325t ek o] 84T
IS Wz 7]Fo] A9 i AU 4] FE
£ Holm, IAFo) AP whgo] A i7toll A o
HoH2™ 3E). o] &2 HAol =ob & E2|7HA
Foh= 8Uel s BAHE Aoz A Hr

3HH, 892 Alo]9] A% 39-40.5 m, 53.5-56 m, 136-
139 m 7kl m| skE BEgREo] A= o] vk
H 3A). BT Ao A S wjn, G-t
Az 2719 ehaso] wao] Bt AEE gA=
4o k. o] EFE2 SHE FA17] Bt -84
APELo|| B & g o] a8 (pedogenic alteration)
S Hke TEQRE 0 2 3|4 H i (e.g., Jeon, 2009).

32 MAES

321 EAHGY |

1) 4

AT 1215 m (A= 165-180 m) FA|o]H, A
2ol 3 m 7o) T4 A EZAHSm: massive
sandstone) ¥} 310 oF 8 m FHA| =2 Z2|7t & wd
H A 92 93 E|Z4H(Sh: horizontally stratified
sandstone) 0.2 FAJE|o] It IH 4A). B &4 Sm
< A% 167-170 mofl A Uehe, Ego] B33t 2
me) Al A2 FAElo] g, el e 2

Fig. 4. Lithofacies characteristics of depositional unit I. A) Columnar log of the 15 m-long unit I. B) A massive,
volcaniclastic pebbly sandstone. (C, D) Stratified and poorly sorted volcaniclastic pebbly sandstone characterized
alternating coarse-grained and fine-grained layer. Clasts are polymictic (basalt, mudstone and acidic volcanic rocks)

and mostly subrounded to rounded.
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718 A A% ZoRteh(T1Y 4B). ¥, HA4 Sh

< A= 170-178 m 3ol A e, S2j71 2
HEE o] Ut E3, o] HAASL GrH-itd 2
719 dAEo] ol B AR ARl 71 ®=
< I AR H| 2 wEsE FEHE AT
40). 952 FEACE veHdE Holv, 49
TR ATl PAISHAL ol Atek B A3 3
AE 47 Z3E ik AFAE dEHe VF
E7F s ollA A A7HA] thefsi, A=
S|, S, M9 o 27HA] MEE Wil duk=T)
G2 4D). At} o] P 2 G-k}
Z A7)0|v, dnter} FEstal 7P = A dA

© 2 AkghE|o] ik

2) 34
HATY [ ooft 24, FE(F), Az, d=

T Yot Hol= JHES

of osf| ER o= 2Rt thFe] E&Eo] §43] §
HEHA F4E A2 s Erk(Miall, 1977; Smith,
1987; Kwon et al., 2011). ¥Hd, NE2d 353 2H32
S0l nEsta SE7h UEE A4 She AERF
7} oFafiAls IgollA ER =R E a7t EE =,
23 ol&ol sl AR 279 G50] HAHe
ol MEHHEA 4 AR sjMEri(Miall,
1977; Jo et al., 1997). &3], Z|7} g HELS &
2] ot ARG o= FAHUNeH, g A=
EAS FE A QAo Y AlA == 718%
B(winnowing)ol| &J3t 27 E|FF o= FfAHrt
(Sohn and Chough, 1992).

322 FAG 11

1)

EAEY II+= 2F 60 m F7 2 4= 180-240 m A}
olof] Rastal Qlr}. EATe ll= ol et 3
P37 EEe dFdE Sty 33U 3
S3|QH(LTs & Ts: stratified [lapilli] tuff), AFEE]7}
et s 33y 3hts] S U(LTes &
Tcs : cross stratified [lapilli] tuff), 22|31 F]A+9]
S W 3RAES] -2-5]9H(LTm & Tm: massive [lapilli]

P4 - 22K - Sl

tuff) & 2 LEETHIH 5A).

Blekg] 1 Zi2te] hao] Bt FRER
ok EAEo] Lpeihe 97} ol AEdE 54
2j2] gtof thsl kel st cheat 2k A
180-184 m 7+ E|AAF LTm3} Ts, Tes, LTes7} &
T nEsh= FEE Hol=d|, H2 TesollA
€ 57t ol 2 e55H $loid ehdxrt BE
"1™ 5B). E3L HAA LTes Wolle g= 2
719} chgl BRI ol W AQIUEE Rk
=Jo] 9lck. 8 184 m ol 70| o 2-4 mm
3715 7= 9P 9] F71sHiE (accretionary lapilli)
o] FFE FH= YT 1™ 5A).

A= 184-209 m 742 A4 (DTm H&44
(D)Tes o LTso 2 A=, F2 F50] &3
SHAMIAM G 279 7] TRt 2719 o
HEo] 71d AAH et gHY FHe F2E
AR, T ARG ol TolH 53, 0|
ZPEARIZE iy FAIAE oiu #1013 &
Fo FHE He A= ArH(TH 50). drgH
< 7P FE71AE e e EduE
(cauliflower) FEE T+ F¢E 3, dHEE0]
2 FH=E AA lew 7R 7PgAre] FE7E o
S9h @R A2 QA She HETE igsaw-fit
texture)7} Y7 | = StcH (2 5D).

A= 210-239 m 7 EJZAF LTes@} LTsZ2 14
Fof Qlom, Fual-dAtd 5719 dREe] F2 =
S ASEE TEATIH EAsHA isshe P
BRIt} A9 Zh=s oF 10° mRteH FEgxjos
ARSEle] ol AR Nt wAlshs FeiE HE
"™ 5F). hEe] FR= thed aFdoel A
S, AIRI olgiTt §re1d AR Ao Eeiwo]
Stk T ARYHE YRR -9 37
2 4R Hh, o] EE 4 mmoflA 20 em =9
7] FEE HolH 7PAE7E vl 1 FEjrt A
= QAIshe TE 77 wree) e 5E).

2) 34

s ek] lo] T3l 4rei7] 9 2ol el
ARSIAT METRsL U AR U ook
2 41E ol B g 0] 2 A HU
2)& Tt SHo] 343 FolomwA 3714
Eul(steam explosion) T FY L 2 3] uf1n} 7] &
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o] hafargo] ofs) BAEHEL A A3tk Busby-
Spera and White, 1987; Skilling et al., 2002). 12
3 o] oA EFE & $Eo Rujrt 3435] 3
Hoiun BHEL SAska (fluidization) B
of BHAT $599 oS FAT 2o 9
AH i Wohletz and Sheridan, 1983; Wohletz,
2002).

gHH, IAFo| A Engt FE7t it A
(DTm S-3] AbHo|| A SHitaldEo] §43] Yo}
3ol BRI Yol A% B3RS A2 olgahuA
EHE Ao 34 HHSohn and Chough, 1989).
a2 EZ4 (L)Tmo] Ego] Bk, 31+ 74
A7 geeteh, eigolt & We g 54
& Bk go] 8t U AL Sk Ses
EFZ&-(hydrodynamic sorting)©] T|eFslH22

18077 270 LTm

ez
Al . "

== bomb sag(Fig. 58)

>

cs
== accretionary lapilli

Tm&LTs

190
Y UTm 220-]
LTcs

LTs
195:

225+

LTes

200 :

2304 <= mudstone(Fig. 5E)

LTecs

235 ~—mudstone

LTcs LTcs

240-
ZEMCGPCL
S S

A A gtcHKokelaar, 1986; Sohn et al., 2008; Kwon
et al,, 2011). webA EHeHe) 1= ARH el 245}
AHEEo] O3 A= e, X594 ZHAZro] A
2 gnkg 54 ®olT glo] 29| Y
Ao ssich Tei & ol E3ha Sale) of
-2 7|REQt Aol EAsts USolA f=iE A
o 24,

3.2.3 EHe] 111

1) ¢4

BTG M2 A= 240 mojlA] A&7t E85E
310 m7HA] % 70 m A ehte, 3k o @
A Ao g FPAHIH 6A). EHEY I &
Ford skt 339 9 3HiES] 33t F7 AR
%2E Ho|= EZFAKLTis & Tis: inclined strati-

Fig. 5. A) Columnar log of the 60 m-long unit II. B) Well stratified tuff and bomb sag structure in the middle part
of Ts. C) Partly laminated mudstone clasts with fluidal margin in LTm. D) Detailed view of the irregular jigsaw-fitted
vesicular basalt clasts. Irregular clasts with ragged margin. E) Irregular mudstone clasts have jigsaw-fit margins
and are set in greenish gray tuff matrix. F) Low angle cross-stratified tuff deposit.
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fied [lapilli] tuff)x} 4+ §-3oF 9 3Hitk3] &3]
ol % Ee= AZE=R ARl EHHLTs & Ts:
stratified [lapilli] tuff), Z)A} 34k 339k W SHAk
3] &3¢ HAAHLTm & Tm: massive [lapilli] tuff),
283 271 3o A S35 B &K (Te: convoluted
tuff) © 2 FRETHIH 6A).

B2 LTis9} Tis= B2 ] 119 oS 2}
Aska glow, 22 AEdy 244 EHFo| i
Zkal Z2]9) ZH=E 30-60° WOl = HA1ZF Kok i
SHA| ZJAA ATHIH 6B). 53], ARS] el o
Zo| A LEZC 2 H5HA 7]=01 7 Aejoll A Zut
2 QEZA xR o= vgko] uiy= FE|7} vE
EEHA Ueue 297 dif-2oloh 12| HAL
9 vhgko] FHshs o) HAIHEE AlF o] Aol
A EZASAY Ueh R o= A7 goi(aE
6C-6E). E|ZA} LTis®} Tisoll«= S af-A212d 37]

275,

LTis

LTm
basalt

LTis

LTis

LTis
LTm
LTis
LTis | LTm
LTis
~=— mudstone
LTis

300
LTm
LTis
LTis
~=— mudstone

307
Z:EMCIGIRGL ZFMCGPCL
sSS £¥¢

UM SAl

o] 3 o] ZA FRetHo| L-A|SkaL &
H 49 3Rt Ho] ZEE o] gt dFeH
2171 FE71AE S5 EEe ZiS ¥
ol7|= 3ta 7F FHEL] et A2 A=
HEFZ7 e | = gt o] Y-S 3j4S uj1
REAoZ ZE/t st oy, 7EgRtEl=
W IH T, FAIAE FolX 58S HolAY &
o2 HEF27 e = it

EZAF LTs¢t Ts= FA7F = em-24 ecm W€
2 gFn gmel-ixpg A7)0 gl SA FRet
Hi}p &7F9] o|¢tHo| £ E= AL FEE
Hols HZA o= EZAF LTise} Tis Atolof E4f
2514 A= o] Sl

EZ4 LTm3I Tm I)449] ity 9 3hitks]
3o g2 FAl= 4 cm-5 mo| E|&A4 LTisek
Tis Ato]of] FE22 0 2 FA=|o] YepdTh 1 6A).

Fig. 6. A) Columnar log of the 70 m-long unit III. B) Detailed view of steep-inclined, stratified (lapilli) tuff, which
commonly has an internal bedding inclined at an angle of 45° to 55°. (C to E) Steep-inclined, stratified lapilli tuff
and tuff, consisting of alternations of cm-thick, basaltic lapilli-rich and lapilli-poor layers with steep bedding inclined
at an angle of 50° to 60°. F) Steep-inclined, convoluted tuff layer in 270 to 272 m.
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24 LTm¥} Tm&] 74 YAte a2 a7
Ho| tjHELS 2|5t YR o|YHI} shiktHo|
EFE| o] Stk o|AH 9| A= gr-A TV
ojm 2 IS w3 FFE7HEEEHo| qick

E A4 Tee A= 271-273 m F-7bol| A Yeho
(LE 6A), Z27} ¢F 40-50°= 7] A e, F
2= B2 itE FEE HAth 1 6F). o] EF
& T2 AYE-L= 2719 A== A,
A= 272 m 7ol = EfE]gh uhE FEE $oizl
FE7H A= W= BAR Uit = g

2) ah

S59] o] F2l7h 2 wee =44 LTise}
Tise AAEZON T3] BT sl o
2 R0} 29l W sl ofsl B BT 4
3t E2)-& ® Itk (Sohn and Chough, 1992; Branney
and Kokelaar, 2002; Dellino et al., 2004). 121}
AAZE o) FHAH30-60°)F HolH A= e
3] ohE WFe s AR e HALS AF7HA|
HuE ShftF B2 s vk 53] AF7HA
M 2o BAEE & e RS gol &
et Aol S %ot 2 45° Welds e
(e.g., Sohn and Chough, 1992), E|&A4} (L)Tis=
T/ HA vpPZo] )4 E-3(rim beds)S T3t
AZolA 719 Zo] ofy gt £33 ¢HEof B2
SHA| B QA S (crater sidewall) &= SL&E
(crater rim)9] YR7} FHHEEC] o3t 4 E=
APHEQH (slope instability)o]] oJ8)] B3 Ul H
2 A gH(mega- block) Fej= F2FH tholo}
Ed(diatreme) E &Aoo 2 A c}(Lorenz ef al.,
2002; McClintock and White, 2006). tho|otER
Yol sk o] gujeh B R A6 5
ofl Ja vl Yol ket BT} FAE
= Aoz dHA Qtt(Lorenz, 1986; Lorenz and
Kurszlaukis, 2007). ©]¢} Zro] St UjFof| A UkAY
sk 32 E 2150 de A vhanhl 2 E
£ 28 e 0| 0o 5 Eate) Zuael Anat
& (thermohydraulic explosive interaction)e]] £]3j|
of]-9- 7333t o1 x| A uHenergetic shock waves)
E AT o]2olH, A H g FHEH
(Houghton and Smith, 1993; Zimanowski et al.,
1997; Zimanowski and Buttner, 2002; McClintock

and White, 2006).

A4 (DTs % LTm2 &4 119} npxb7ix| =2
BT PEEEE EE e
S FHE ol Sol EFEH SHe2 2 o
A 5717 FhI Tl o F" Aoz
Ayzt=ltHooten and Ort, 2002; Skilling et al.,
2002). L} AFspiel A B4 (U)Tis Abo]
o4 B BH=] Yeh Ao ujRo]
S 0] B AoiE e Fo) U
7 EEFHRE 2o YRR FUA WE o gutst
A 71017 23z st 123 FEA (L)Tm
w3t shRe) 3 ool <f3) 378 2
o o7t 28 iR R S 2R siMd

o
r'l

, EA Tes A3 Aol oF40° Y ej2
Fo12L FE7F dEFEHE o S HAA
(L)Tis2} Zo] 23 W7ol 7hp=A) 4o QlE 2|
29 YEIF TR A= Bs|HA BAget 34
o o3 S e gz Fjoj7l Aut= Yzt
o} 223 B A Tes A S5 Aol A B4
FAll 7HHE APE-E wet v A W2 HA B4
o WY SRS AR BPL WOl A3t
ol bzt o0 2 el EA (L)Tis7} 2as}
L AOR B o o7 e Zobd tejui
T 3 20] T § A5 28] o5 F2)7} FleiA
Ao 2 X HrhMoretti ef al., 1999). u}zbx] EZ
9 12 A3kt RE2 oA B3t o) 7t
o2 Qe 2F=0] FEIHA TAE F
2t Sof o8 2oh7 R WelSols F4)
HAsl Tgold BHE A0 A 4 vk
(White, 1996; Zimanowski ef al., 1997; Neuwerth
et al., 2006).

4. EQ| & &

4.1 SI=3A E[FA 9 JMuA

AG7HA] A= Ao 72 AlF2APL
Y= glom, o|E HIF o= AT A5k AR A
Z2ehA A7) H g o] Lek(Koh, 1997; Park et al.,
2000a, 2000b; Sohn and Park, 2004; Koh et al.,
2013). Z| Aq-A ol WEH AT oF 1805 |
A 8% Ei ok 0| B3} vjofe] ub
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221 ¥kgof| &gt At &R S8k 837t
THEoi A3t AEH IS AXHEA Bt ©F 100 m F
AY AAZZFo] 4 (Yoon and Chough,
2006; Sohn and Yoon, 2010). AHxEZF EF o|&
AT Ao 2EFEHTE &) D5t &
J3tito] S| AL W2 FY| BRI EETT
ARE Y& o5 &R+ AR FAEH
2 A= SN o] F FEHbE FACE &4
3t E2o] WSt Aot 22 AlFE FEzt
S A A = AH(Koh et al., 2013). 0|2} Z=2 I}
e AXAA AF= A Foll= oF 3709712 T4
3hito] FAAE AL, A stoll e 2 iSO EA
A = iek o]AH A= X5t AYoll= H2
SbEo] AT BT MBI A2
oM Bolt AAE BEA AL Ae) e
&ttHe.g., Jeon, 2009).

A el A= o= AF7HA] ATk A Fo|
Al ol A|FAES} F Alo]E Hol=t, Al=d
o7} 235 BET 3t SHE A E= tholof
£9 7jgo g HNsks 2AL e gt wA
AE0]0] 2ahR EHTH) ol 412} o) ate.
2 2l g4 (L)Tis7F Ak, o] AF=9 4
APl A2 glo] QZdEle FEE vehdth
Uvkr o2 F3|Fo| K| HAzto] 45°0]m, g3
2o} - A W AN XYL ok g4
(L)Tist= 30-60°2] AARE Holal o] SRfdtH E

=)
us

P4

YA Al

+ 99 A7 HAIANAE FEE & e
A Zoltt. whahA AT ML ShkiE FgolA
Hlofoll Zei7] mope] Bak el FhuteA] 4
SPEEEE LN EEEPERE REESEY
(2%¢] shockwave) 2 AEESEH o] J3) H1]7]
WA 4% A o= s 4= JltkLorenz, 1986;
Houghton and Smith, 1993). 712811 E & 1119
A7 70 me WA O AL Ul TR
Ja @) ol A 0= vredshsd), Ak
P A% AL 70 mehe AL Aok 0B
F2¥0) Qol7k 1 olipolehs AL A Alg:

2% g o) B24 Tek 2347 5
of vl 2s}El e Al AFo] HET r B
el Tgol A BT FA 0 15 227} Flol
A S5 28T e =24olz 2 4 QIthOwen,
1996; Neuwerth et al., 2006).

T 4lE=Fo] Qo] YRR Fe &A1
AlFEo o] AAEZF FA7E 20-50 mofl SRt
Hl3f AlE=50] AHES2 FA7F 150 m(E| 2
120 m + EFHS 160 m + EZTHS] I 70 m)2
HA A 082 FAL AN EHTS 1lo] o=
L Z3 Z)7] mofe| 23 RS A AT
= SHRRITH Y 7). 25, AeFols FH A Y
I 2] FAL tholotEY HAA 7L EA St 23
T RS A e AYgHes USH A
oA I AL =2 A EH

Yongsu 2
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Fig. 7. Distribution of the Seogwipo Formation in the subsurface of western Jeju Island. The Seogwipo Formation
is anomalously thick in the Sindo core in contrast to the other cores.
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42 3T 0|
HAT9) 118 AEHHo2 NEs HAn I
TR HEE ARHAA 3%/ SIFE
AT SR ElFG o2 A URbAQl tholotE
At g BLs Tojol A Lehty] o}
NS NEECE PEERE P
A2 i B3] upgEo) AolA EHo &
sl e 21 TRl 5 Ejxato] g Ut
g 4= gltke.g.,Vespermann and Schmincke,
2000; Schmincke, 2004; Lorenz, 2006). w2tA] &
AThg) 1113} 1L Ajol7h ST i gk glo]
A&H o2 o] Y YA BUHQ 4TI
Zo| gojuyt 3 YWHE 259 7 It
o S=FA EHF(EHTEY I)o] FAFHL, o]
Aol A E37F 9 A STt o] Fjt A=
FAHt}(e.g., Sohn, 1995). 1811 o]FH Jlzo
A oA 2A43HkE o] WSt QIS d 7]
= 2ol Y] HHTe] 17} 2l Ao 2 oA
e}
AS7HA] GER 23 5 B &4 o] tigt
FATE A R EEP YR Sk o sk
A &) Z2Hexplosive excavation)T} FEZ Q13
FHET 053 A Fo| THEo|X| 1L oA H o2 B
Bhtof Eo] ALo|HA I3 Fo] FAH= AR
& A It Lorenz, 1986; Lorenz and Kurszlaukis,
2007). e} AlE o] A9 SR HAF §
o BT 7| 9| T E A Fo| Aol R] ghal FutE
Az} sHkf A Aol ST AL B3 &
T o]F ojo] FHkEEO] UNS XAl o
A AEFojs 7] PAMIEER SHHA7L F
A= (1E 8A) TAlOl BMHEE 2 Ee= AHE
2H 5o ols) Bk ualstel Halprt ol
o] WrAStATH Y 8B). 18| 1 B3 tr} utl
o wke} Spwr} ofFake] ZHAA ThA] Zikstol
S (EAES IDE Aa(2d 8C), ol |48
AolH £ 84R7L 1 9IS NEg Aee
oFg 4= QtH( 1 8D). & AFE Fol WEE A F
ANE Gl ZAISEH, FHA Y gt 5
A)efe] AZAbae} gl AlEFol Sokwe} A
230 tholotEd S WEsI o sHof f1X|gh
US7AE BEeA 23 Ao spuEck1Y
8D).

Mo L ool ofh

4.3 A=30{9 Q0|

AR AL SHE AFARE0] &
oA 913, o2 HiEte 2 AFE ez gt
W ofalr} ololA Shk. T3} AlEolet 2
o] HETE M7 BEW ARE Ao] 2 w7
Qe AL To) ARES} BEhe S4l0= Fh
o] 222 P48 A AksHlo] ozt S
& WY (EEA BY) SHSRRE B2 898
o SR B o] FAAT S4ko 2 rElo] Yy
Holon, AFE Aol = S SHibso] EA) 5}
I QS RshE AmE T 4= )tk (e.g, Koh
etal,2013). ESL A =T o= AT FHALH S &
E AAEZS 348 FA A3 E o8l FAE
23 W RE olafst=d] 3lo] Ta% ou|E A|d
Aolgt & 4= ok 53] Al=Foj= A|FF oY 4=
A& AAHIZRE ST o]F(vent migration)S
A 4 G A2 A4S AN Ao B
th A7 /3 3Htoll A BteolE-2 3Hitke] 2| F
BT Bop v A}l ikl S0 X3 H,
BA4 28 a3k EAE ol SR gkev
(e.g., Sohn, 1995; Sohn and Park, 2005; Sohn et
al.,, 2012) AZ=Fol= A|FHo|9] 214 st
ERE L 3l o]FY FAE e 7 UeS Ho
o] Ashike] Ay Ao} Bestol e
RS AAZT Qe Ea olef Zo] EE3t 3}
34 9279 N3223E Baugos nrt 4
B AFE AEA QL] FEE TS AFE 3
27)9) SHIRFEALE Sl ahet] Eeo] 9 4 31
Aol AZrant.

5.2

AlFE MR Aol A7 AAZA] - A
EEjof A Sl AR HFEFo] HlopdH o
AL Bl HHFEE 7R AFR|(AER
)7t FA5EA AEF0)9] F Zoli= 310 mo]
™, 2] 160 m F79] §UF 2} 31721 150 m
A9 st Adge 2 FE §YRe FAL of
oF §URF} FE I SARTE LA, £
50| 5 o] SR At E A=, SARF A
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o] Zhuk2a Eobgai) Belgld A5 Sol £
Zapgel A WA S5t S of3) HalT e
B =lo] YA Ao A gch H2eke] I
7} S glo] A4HoR A EE AL EuAal
SAshHEE ] Yolubn BalT R X5 ¥
H7h pgstel SEFA HAF(HATS M)o] 3

B Recycling and mixing (Unit Ill)
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C Vent migration (Unit II)
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Yongsu Core

Fig. 8. Cartoons illustrating the hydrovolcanic activity and diatreme formation in the Sindo core site. (A) Explosive
hydrovolcanic activity caused by the interaction of basaltic magma with the unconsolidated and probably
water-saturated U Formation produces a tuft ring, which probably had a root zone near the base of the formation.
An initial primary diatreme was formed by the partial collapse of the conduit wall and the mixing of magma and
wet sediment, resulting in a complex zone of breccia composed of irregularly shaped basalt and mudstone clasts.
(B) Large-scale collapse of the rim deposits and conduit wall rocks, triggered by slope instability and volcanic
shockwaves, resulted in the formation of depositional unit III and the clogging of the vent. (C) The clogging of
the vent made the ascending magma to follow a new route and erupt at a new vent site, resulting in a new tuff ring
at a nearby vent site. (D) Part of the rim beds of the new tuff ring accumulated inside the crater of the older tuff
ring, producing depositional unit II. Afterwards, reworked volcaniclastic deposits (unit I) and lava flows were

superposed above the hydrovolcanic deposits.
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