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ABSTRACT: "Gotjawal" isaJgju diaect for apeculiar natural forest devel oped upon somelavaflows. Gotjawal

terrain has been valued for its geological and environmental importancein additiontoitsbiological diversity. There
have been, however, few geological studieson the Gotjawal terrain, leading to some controversiesregarding the
definition and delimitation of the terrain. Previous geological studies have focused on the surface morphology
and petrology of the lavaflows, although afew recent studies reported that the formation of Gotjawal isnot related
with the surface morphology or petrology of the lavaflows. This study outlines the realms of the Gotjawal lava
flows on the basis of field observations of the lavasand an analysis of surface topography and slope gradient using
digital elevation models (DEM) in the Gujwa- Seongsan Gotjawal and Andeok Gotjawal in the northeastern and
southwestern parts of Jgju Island, respectively. This study also reevaluatesthe origin of the Gotjawal terrain based
onthefield relationships of the lavaflows. It wasfound by this study that the lavaflows of the Gujwa-Seongsan
Gotjawal originated mostly from the Donggeomun oreum except for some lava in the northeastern part of the
gotjawal which originated from Dunjibong, in contrast to earlier studies which suggested several monogenetic
volcanoes for the sources of the lavaflows. Meanwhile, thelavaflow of the Andeok Gotjawal isinferred to have
originated from the Byeongak oreum, as suggested by earlier studies. It is notable that the Gotjawal lava flows
overlie paleosol layers whereas they are mostly devoid of soil at the surface. We interpret that the poor soil

development on the surface of the lavasis attributable to short time span since the lava flow emplacement, which

' Corresponding author: +82-55-772-1476, E-mail: yksohn@gnu.ac.kr
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wastoo short for top soil layer to develop. In other words, the Gotjawal-forming lavas areinferred to be very young.
Thisinferenceisin part supported by the very young radiocarbon ages of the pal eosols beneath the Gotjawal-forming
lavas: ca. 9,400 yr BP at Gujwa-Seongsan Gotjawal; ca. 11,000 yr BP at Seonheul Gotjawal, a part of Jocheon
Gotjawal; ca. 5,000 yr BPat Andeok Gotjawal (Leeet al., 2014). On the basis of the overall characteristicsand
stratigraphy of the Gotjawal terrain, weinfer that three main controls played arolein forming the Gotjawal terrain:
(D very young ages of lavaflows; @ poor soil development on the young lavaflows; (3 topographic relief of the
lavaflowsthat can affect the land use by the humans. Further age dating for lavasrelated to Gotjawa through direct
and indirect methods will contribute to understanding more precise age of the lava.

Key words: Jgu Island, Gotjawal, lava flow, aa, pahoehoe, paleosol, radiocarbon dating
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Province, 2009)0] w2 ZALL “UFet @2
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42 1A #H23ka lt(Jeju Province, 1997). ©]
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th(Park et al., 2014). o] 3t Q7of wiat 22 &
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23 €lu} glth(Song, 2000; Song and Yun, 2002;

Jeon et al., 2012; Park et al., 2014).
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ShAIRE 22 So] ZAFLo] ofo} at ohjat o]
Zo| Aol = WEdtth= Ao] HiE ¢l om(Jeon
et al, 2012), Blrke] AL AT ol RL SokRo
EHZ EAo] oloK(aa), ZtF 0| Fo](pahoehoe), &
o|(transitional) 2] £ & t}oFsl Fe| & HY Mot
ohje}, vhvte] AEThE SEE o) §lgo]
B E T Park ef al., 2014). o]t Lo A+
A ZALL FAok A E 2] s Al
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Fig. 1. Distribution of Gotjawal terrainson Jgju Island. Areas outlined by red lines show the Gotjawal areas defined
and named by Song (2000). Gotjawal terrains designated by the Jgju Special Self-Governing Province (1997) are
represented by colored areas, and are classified after Park et al. (2014).
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Fig. 2. a) Distribution of the lava flows constituting the Gujwa-Seongsan Gotjawal, which originated from the
Donggeomun Oreum scoria cone. Characteristics of four sequential lava flows are briefly described in Table 1. A
black star is the location of the sample for carbon isotope age dating for Darangswi Oreum, which predates
Donggeomun Oreum. b) Digital elevation model of Donggeomun Oreum characterized by irregular morphology
instead of typical volcanic cone morphology. ¢) Elongated scoria mound produced by lava-rafting of scoria . d)

Outcrop of dissected scoria mound.



Table 1. Types and Source of lavaflows related to Gujwa-Seongsan Gotjawal.

Song (2000) This study
Lavaflow Lavatype Source Lavaflow Lavatype Source
QA0 pa DN tgdtan
Gujwa J :
Seongsan Sewha Aa Darangswi 1%ava Pah=Tr=~ Aa
Gotiawal Gotjawal lava Oreum Donggeomun
ofjaw Sangdo-Hado Aa Yongnuni | 4s_ g o mainly Aawith Oreum
Gotjawal lava Oreum partly Pah
Susan Baekyagi th mainly Aawith
Gotjawal lava Aa Oreum 4'lava partly Tr and Pah
Pah : Pahoehoe, Tr : Transition
25 B3 AT SFa(lava flow area) 2 1Y FARLE EATY BRI WF F dFOR T
20} gy YA %XPQH Etﬂﬂ He 9% Hou HEuvesd #EE & 3 AFor Wl

2 ia Ao st 3
SURE EAREo RN BE Y HER

Z49, Song (2000)°fl &J3f 7| FE-TE=
Ao} AR A, =51 AR, Al2Ak A
A Yol £E31aL k. o] FUF= ok Rl A
0.2~1 mm =7]9] 74 HHgo] & wEEm, 7]
AR e ot =27 n|RE Y A Ao &
ZEch g9 EURY) 7|22 Z)7o] 2~15 mm
2 Az $2AY oFlA AR 248 walt.
o] &4F9 ST FAtolA= Fh9lol Fole A
FA ] WA HHAFH(AFOB) T (A +-&
"o & 8 R A U S4F 22 Al
2o 55 F =-otE e w2k BAIRE A
7HA E3 oF2] lfFol A A WA gt 2e
71—%}-&4 n]u]—z-] o] o}oi A JJ-{é_}E]Z] OJ-th 0.2
mm =7]9] vy 2 o] Y4 AP °l =7 HEH
™, 1~2 mm 7|9 $j47go] o} =57 I
ot A= SR A ﬂréPElL =
<= A WA Sl ws) 2717 23(2~5 mm)
AE FEE U, 2 227 H . 2 895
o] &AM SA sl ol Swolew
SUF= 12 mm9| A4 Wgo] o HEE
o} of2joll A = GAF7H A FEH T Al HA &
Hic SATLEY A FAA &3] 55
2 23 AT FE-LE=AE A niAty 7
7| JE3ESk=, oFeloflA A WA EUAFA ¢
A 7142 E3o] frAlsitt. vl MR SoF= A

i

L (scoria raft)o]] ota] WIS vl FHOZ =7
Zttk o] 8UFE &0l E, &4, T T
78 ol TSI W gol=o| o) FAE o
B AY, S ABHLE I s wE E27HHEA
F 7 SEFYe 3T Aoz AN
209] U] W $91R). 5712 o) Akl 771
2o] Fe} obdl WS BT Fehs A B
ARl EZE o7 dAo AX &34 S A
AlSte $77F FtH (2 E 2b). o] SYF= ok =
Solq % ¥R SRt o4 Z1AH SHo] $4}
s, 24k A Blebgo] 02~05 mmz &
331, 2~3mm 327)9 3AZA L5 mm F7]9)
wpa ojzjobulo] 7% BAE. o] SRE BE
oz ZEA o] R0 BEEE &woleE
gorerAaT

SEPREERE P R LR
=g 77 Ame, A WA SARE BARS

5 71 oA E diA 2 gtEo] B o)7L SAlEI,
MSERAES olF= §UFY SHSNA AT

PR 2 7P A 18] 1 AT -G ZARLE o] 2
£ 8URY SRR JuA Hold B4 U
ofo}o] E4S HRItH1H 3; & 1). & ¥4 8947
L ofoke] So] SASR, SUR ARTANE
SUEE A 8U ST WU 2 A3

of WlEo] o 7§ AF ol YRGS o|FiL
StH(Valentine et al., 2007; Riggs and Duffield,
2008; Németh et al., 2011) (LF 2c, 2d). Al H‘WH 2

= BT 55l BEd tAE olF=
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Fig. 3. Various surface features on the 17 lavaflow unit
from Donggeomun Oreum. Locations of the photosare
shown in Figure 2a. The western branch of the bifurcat-
ing 1% lava flow was regarded as Sehwa Gotjawal by
Song (2000), but was not designated as a Gotjawal terrain
by Jgju Specia Self-Governing Province (1997). &)
Pahoehoelava having smooth, billowy, and ropy crust.
b) Crustal featuretransitional between sabby pahoehoe
lava and scoriaceous-spinose aa lava. c) Cultivated
farmland above an Aalavafield, partialy preserving
rough, brecciated clinker surface at the distal lavaflow
margin. d) Exposed clinker on the cultivated farmland.
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EX]o]-&5FE(Jeju Province, 1997) Aol +
F-AAIAEE o] BAZ X RS E&
A YRE A A= A =] gt o] 22}
& A= 3DAFo|H|A] & HARRA L, it 5=
2027 4), FARLE SR} Wi EAE
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o EARL YEoR EQ UEY RATE BA
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Y gtk AT a1 ool vl
2 e Aoo] AR 2zelolt AT Age
o2 g, olaid 5L FARLE BE
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o Ei AfLeis Haolch ol2iRt o §2 B4
wol7h 7 2o BAe 4ok YR of
15 kmE &87itt E5& o2 935t St A
© 2 M FABLERY dRor Zegt
‘UF= 25 ¢ et &AAAY St X F
2 ol gl FaFE ot I AekRof| A XFZAE
v & FSch(1E 4b). Jeju province (1997)= &
A o] YT AR =2 T2t Q=T H
(2% 4b), Song (2000)S EXE-&UFH FdS
AR LRSI T RAEY gREeR
E7|3H QT 1).
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lavaflow iseasily recognized by thick forest (white arrows). Thisarea of Dunjibong lavaflow isnot included in
the Gotjawal terrain by Jeju Special Self-Governing Province (1997), but Song (2000) regarded it asapart of the
Jongdal-Handong Gotjawal. b) Thelavaflow margin with thick forest has steep dope compared with the surrounding
area or the upper surface of the lava flow. c) Cultivated clinkery upper surface of the Dunjibong lava flow. d)
Scoriaceous clinker exposed on the border of arecently cultivated farmland.



(Song, 2000), Z1gar 4= ]_J_EE‘E—__]-Q- v g o,
QAL FYL ool EET &UF
(o1t g 9 %‘944‘1111-3‘1%‘” |3} (Song,
2000), ZAFE Gt vj2AR Foo] HE| i
HH2Y 6a). SHEEAL0] ETIS o|F= ok

P SAFY Aokl AT A I A
FZQl ojole] EAS HQItKSong, 2000; Park et
al., 2014). AL Wolli= @A 2702 247
o], FEEUFY QL SAS & BEFE 5 %
ok efeFollA] 1.4 kme Ao Y18 A4
HollA AR ETiE o= ¥IEYRY A
+ 1.5~4 m3ld] B3}, 4.6 km®] Az|o] Y23 {4
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Fig. 5. 8 Photograph of the border of the SewhaGotjawd,
asdefined by Song (2000). Jgju Self-Governing prov-
ince did not include this areain the Gotjawal terrain.
Gotjawal terrain with poor soil development is dis-
tinguished from the non-Gotjawal terrain with thick
soil. Poor or thin soil on Gotjawal terrain makesit in-
appropriate for cultivation. b) The Gotjawal-forming
lavaoverlies ascoriaceous soil. Thin marginal part of
thelavawas atificialy removed to expand the agriculturd
land. Both Song (2000) and Jeju Specid Self-Governing
province (1997) regarded thissite as Gotjawal . Locations
of the photographs are shown in Fig. 2a.

oAl oF 20 m=2 11 FAV} o FAYZI £
MM Hol ArE, & AR SHAZRE
o 4 EEdE 29S| ° FaA dedt
(727 6b, 6¢). £3), 0] L970] AHojl= g9k &
Eof o3l A7tk (autobrecciation) 2 FAE &3
Hzo| WSt 2YAZY Al Egzol
S sto Gl 60, Tl o] B o
Folls A4 22 Mo NEYgFo] o 05~1m
2 BEFTHIY 6, 60). ol TR 27
2 Aol SR So] TEGEH(AT0ND)
o] ¥ol= 5L FAlsIth & RG-S AT &
7 Al £ 19 QoI HOKL §07%
o] siRol HARREY F& Anoks 5ol
A&H o2 st e HS A S 311:}

33 CICiSA 2o}

ch4l 08 BB YA LEsle teties

B2 Se A A2 LEF] et Sra S
A}, 8415 25| TEFZ0)A 9,400+120 Cal,

yr BP2}9,500+60 Cal. yr BP, 1 E%3 1 80 cm 3
o] F-ZojlA 17,9154215 Cal. yr BP9 AhE Ak
TVEFS2] FSHT(180~185 cm o)) ol A= Tt
FoRX 02 AYE LA FRHA™H 7, £ 2).
2 U AEEARE 55l AR AFA
AAlA A @RS shitef ol
= TEof tjslA 11,150+90 Cal. yr BP, 12|11
A AFA M A3 e ALEFolA= 11,250200
Cal. yr BP2}11,290+120 Cal. yr BP2] A& ¥
tHE 8§ & 3).
4. E 9
ATNNE AFE BAL F P-4 2A
@, el 2Ae kel dhal §ehad, §94 ]
AU £, $U72) 49, U7 o) 5
ZASIelch 2AATHE diEho 2 2A2 S ol
= 89Rel 59 SsSB4 oA
31, ol 2AR 2AY §4°) £ 25 o
sfof Al wl.

L.

o EMX EZ : 0j0l2t I}50|50

1990 e) A 28t Tl AFE 2L A
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Fig. 6. @) Anareal view of the Andeok Gotjawal. White linesindicate the boundary of the Gotjawal terrain designated
by Jeju Specia Self-Governing Province (1997). An white star is the location of quarry on the photo of Fig. 10.
b) Overview of dissected lavaflowsinaquarry, 1.4 km away from the source vent of the Byeongak Oreum scoria
cone. ¢) Overview of deeply dissected lavaflowsin another quarry, 4.6 km away from Byeongak Oreum. These
two outcrops show reddish pal eosol beneath the Gotjawal-forming lava flows. d) Close-up of the upper portion
of clinkery lavawith poor soil development.
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Table2. AM Sradiocarbon datafor paleosol underlying scoriadeposit from Darangswi Oreum which predates the
Donggeomun Oreum related with Gujwa-Seongsan Gotjawal.

. . . 13 14 Calibrated age
Location Latitude Longitude samplecode 6°C (%) ~Cageyr BP (26 range) Cal yr BP
Spot1 N33°29'334" E126° 49’ 50.2" é%“;n ) 181 8350:50 9,500+60
Spot2 N33°29'331" EI126° 49 586" (0_259<‘:‘m) 172 8390450 9,400£120
o \ " (] \ " 294 _
Spot2 NIF29°33I" EI26° 49586 g0l ) 7 14730470 17,915+215
Spot2 N33°29'33.1" E126° 49' 586" 294 ND ND

(180-185 cm)

The *C ageisdetermined by accelerator mass spectrometer at the K oreaiingtitute of geoscience and mineral resources
in Dagjeon, South Korea. ND means no age data by low carbon content.

Table 3. AM S radiocarbon data for paleosol underlying the lava related with Seonheul Gotjawal.

Location Latitude Longitude  samplecode 6™C (%) “‘Cageyr BP (20(?%;?%33?@
Spot 1 N33°31'54.88" E126°41'23.34" 1205-01 -21.98 9,690+70 11,150+90
Spot 2 N33° 39 25.70" E126° 47" 06.8" 1401-02 -20.73 9,810+£70 11,250+200
Spot2 N33° 39 25.70" E126° 47' 06.8" 1401-03 -17.56 9,860+60 11,290+120

TheC ageis determined by accelerator mass spectrometer at the Seoul National University National Center for
Inter-University Research Facilities in Seoul, South Korea.

Scoria deposit from Darangswi Oreum

N SRS T I

e TR o Ty RIS . o i e e mim
.

Fig. . Outcrop features of the radi ocarbo-ed paleosol beneat the scoria deposit, which origniated from the
Darangswi Oreum. Results of age dating are shown in Table 2. The location of sampling ismarked with black star
inFig. 2.
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48 7L gotRe} Belo] Y AL WolA

Spotad
11,150 + 90 yr (B
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6. 8-

§

*_Geomun
“Oreum

"L g AR 1 1 XPalmsocha, 02m
11,150 90 yr (BP) miz ni - Clinker and underlying lava

-
-

- fa
Paleosol % Vg

e

11290 + 12071 (BP)

Fig. 8. Locations and outcrop features of the paleosol
beneath the to Seonheul Gotjawal lava, wherethreera-
diocarbon ages were obtained. The area of the lava
flows including Seonheul Gotjawal was named and
shown on the geol ogica map as Seonheul-ri basdltic an-
desiteby Park et al. (1998). Results of dating are shown
in Table 3. White-lined areas represent Gotjawal ter-
rains designated by Jeju Specia Self-Governing
Province (1997).

rx
0l
A
B
o
H>

2kcH(Song, 2000). S}ATF HE ALY o]RE= &
gFo] ofot(Aa)Rut oljz} 7}50] o] (Pahoehoe)
BEAINE Uehdthe A7 asge] Rad vt
Qltt(eon et al., 2012; Park et al., 2014). o3& &
7] 914A 7kera) “ofo} st “mhz ol Tol 2] o] eat
1 B0 Batol 71eke) A7t

B3] @R R0 BUH 54w
goi2 wzo| 3ol 9} ool 2k foi7} Y 20]
1 th(Hazlett and Hyndman, 1996; Hon et al.,
2003). w5 0] o] = §3re] FEelo] NS}, E
of HEAT} 5 et g0 A gk
e 50| 2 Wekshs 548 7hALd) Hla, ‘ofo
= 831%0] Apsiiel 7FE7bIskE 2 WelE v
A= Rp7kakay 2He, Z 2 (clinker) 7} Wrekeich
(Hazlett and Hyndman, 1996). Y=} o]& &oj=
3lsjo] gFRlSo] ARSI 512}0]0]2, Dana (1849)
ol <J3) kst M=o 27 0} % @&} o] &
$oP g9ko] HUH 54 S 7)Aok muHel &
o2 ARE-E 3 QJtk(Wright and Takahashi, 1989,
1998). 2z A Ao 2713 skxpt sheto] YRS
< ‘g5 o|Fol, ‘ofof of ZLE ZolF ofn] Ao
AT H FAA Y EAS HASH o2 AHS
skt SHA|RE AJZo] AU A o]F g7t A
ShtgFE A g oA E87ka e SAFE 71AsH
£ 8|2 = FrfjE o] ARE WA §o]9f ojn|e} A
o7} BHAA EH U ol23t ol-fr= T skt
o] M FEH EURY TFS AT IS
‘mzolgof, ‘ofof k= o= ofu| ZoljX YAE
7)&8h= A9t Ftste] ARgSkaL, EE7ke 8
oLt Aolk Sl 89 714517 SlaAE ‘olot
£2F (aa flow)e} ‘Ttz 0|5 o] 89HF (pahoehoe
flow)zk= &ol& AT A2 A= stk
E3] £4Ad(lava channel) 9] 23S 7|5}
£ 8ol2& o5 &5 AR T A& Algtst
71% sttt duFetd SAEE wet S8t
|9 o2 279 et FH R ‘ofo 7} H7)
L skaL ‘gz o]z ol 7} H7| = 317 wiiZo|th(Hon
et al., 2003).

ARSI el e] AT w2 Bhte] ehs)
Aol =212 0 2 BZ(eruption) -2 £ (effusion)
o gokes ‘olol 2 YAIE sha ‘ssolso)
£ A7) = gtk (Swanson, 1973; Holcomb, 1976;
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Geological Survey (US) and Holcomb, 1980; Heliker
and Mattox, 2003). oo} &2 wtso| oot e &
IR0 FehH S0 GRS uAE aolow

U] L&, AAUY, ARIAE, LERD B
2 A%AZL 293 g9kl T ABAA 5
S & 4 th(Peterson and Tilling, 1980; Lipman
and Banks, 1987; Rowland and Walker, 1990;
Cashman et al., 1999). ‘olo} = H|w & -2 A|7F
of B ool Skl BAAY BoiA 1L vf S
371l ol Hlw A wo| A3, mpantr} 7hRl 7k
2 27 gloluld, ABH o A HA 71 4
fHoz e ewo] goto] S MHA AW
o). 53] ojgfat geto] AN} Fe 2L T )
Arkgo] 27 dolut olote] Sxo] ek}
(Peterson and Tilling, 1980; Rowland and Walker,
1990; Cashman et al., 1999). o|of H|3|] ‘T o]&
o't At H 0.2 A& gFol ek 28 A|7he] A
&3] EF(effusion)dl= 79 ehubst 2|2 A
8] E2l7hEA 9e 49T o £oh(Mattox
et al., 1993; Hon et al., 1994; Garcia et al., 1998;
Kauahikaua et al., 1998). ¥ & &2 ko] £-9to]
A&H 02 BEstel Tei7hA YAHE vl
Bo] gARel 2 Fmo] AP FUFRo|
53] PHH= Aoz dHA Jch(Greeley, 1987

AOl

o
o= p

10

ol 13

=
T

Kauahikaua et al., 1998)). #at oz} sjlte]
FAA S o 2] SURANE B
& Wojol uje} mzo|zo], Hold, ojoz 3}
2 o 2 3] A Lipman and Banks, 1987; Wolfe
et al., 1988, Cashman et al., 1999; Polacci et al.,
1999), ofote] B42 7HIH $R7 BAE St
3 2ol o|2a) 5ol 5olo Fehg wrlE Frk
(Hon et al., 2003).
ol AN TR TALL FARLE
oM SAHo 2 BET 49MR7} solzo], A
olf B4, oole] 5Y& B Wol Ao 24}
3k HRe] Z7te] exHoE BET 8948
Aol ofot, w5o]Bolo] ARl RAIL] B
A gkl Stelsglch oj2i A ofol %
L ulFo|Fo)9t e FReA a¢to] gAY E
Ao YR 24, B2 B4, B2, 197
A} B3} 2 2Q1o] o) AR ERH B4
o=, AU B4 ARAL 25H 2]

obdg oJmlgict.

42 EXIS Mol =g ol

S SN SA FHH BAS HAE
AT 2AGY A M 2 2ol O
AR S Fe A, @ T2 e EYS B,

Pahpehoe

agricultural
land

Gotjawal

land

| Old lava flow l

e \

Fig. 9. A cartoonillustrating the devel opment of the Gotjawal terrain, whichisinferred to develop and be preserved
on very young lavaflows, irrespective of the surface features of either pahoehoe or aalavas. The Gotjawal-forming
lavaflows have thin soils or lack soils on the surface, thereby making the lavafield uselessfor agriculture. On the
other hand, old lava flows with thick soil covers may have been preferentialy cultivated for farming.
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Park et al. (2014)2 ZA1-&9] 7|91 o] 2= 89
F5ol Tt “Ar/Ar AtiEH o2 SR 11RF5HE ~
oF 2t 6ade] Adjs wusRLh 1Av} o,
Lee et al. (2014)2 A== FAF P22 Y]
Y% o D= o) AT S B
o7l QTSR B 242} 2,250~7,410
Cal. yr BP2} 4,600+300 yr BPS] nj - 32 A&
B s % 59}

ol AF)N BAELE HAZ Yalie nE
FoollA D TAATH(2F 9400 yr BP)= SAHEL
£ SIS oldo] BB e eg0) BEdY
7} Ho]= k9400 yr BP 0| % Y oj S-S x| A3t}
ol oFelE A TACNA T4 0.8 S9F % 24
5 A9lo] ol SATLE SUR(TAAAL 2
21erol 7]&}0] 5= 8912)7} 2o % 9400 yr BPR
o Btk AL A A S Ed, BRG] 93
She A7 ARASHIeLY HakR nEgSo

A 4L ¢k 11,000 yr BP Adf E£3F A S Ao
Qbaigfe] oF 115hd olthe] 9 HE SUARUL
A Ageh HIE B2 Fol| A o] SaAtiESA ol §lof
SHAdE0 AeAEE EHA7ET o A
£ YEA Y} (Weaver, 1991; Eglinton et al., 1997;
Newnham et al., 2004), Bt o] EXFLS A&

o mN

Vel %y ounu lava
unde‘rlymg Hankyeong Got]

<A 12m

Paleosol b,

Fig. 10. Laterally persistent paleosol layer exposed on
a deeply dissected quarry section in Hankyeung
Gotjawal. Thelocation of quarry ismarked in Fig. 6a
with an white star.
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2007). 3FARE Z| <+ Lee et al. (2014)0]49] E £
Ao NEFFANY d7ARE FHHOE F
Aot F2o] Ao AYT F AP TEFFS
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Aol gk 27ke] Aol A ZARES] ol
S0 FEHE Hotuw, TALE “Efo] A9 g
A I BEZ H=7F & Aol Bl AHhE
© 2 gFt}’(Song and Yun, 2002; Park et al., 2014)
= Holck 2 2Age] o] EFo] Wkt A
2 A= g Eo] EqtAsH oA d=(Jeon et
al, 2012)0)2ke @3} 2o gokfe] FHH =
#& 2= =2 sk Rolch
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£ W Aieio} B R)0] REF, O} TEFEL
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oA XA 3HRo Fol= A|EE|HE(epiclastic
sediments) Zo gl o g 7AE R =
& BALL ol S HE STl ol W




HFE <A

o2 UYL g ol
Fe7t ol &
FARYL Aol o*ur Tgo geURel bad
cheh mfgo] okt Bt ojuld A} 9l
A7) Sgle ZAYE o]F L F L gor= o] AF
ol mopo] BHEAG A7 AT 1471 8
%\4_9_ o]g o] OH Eoko] Ho 2O _Q_ol-E_,]

o uTT
HRE 572 A8E S GRS Aole B

= 295 Hlotel a2 52 islel B4
Fotn e Ado] B Ak He 28X
gob Rt g So2 BgEuA 24

golzt e BEd Ziolelr oo o3t
o] 8-2 I A T Lo =0 71A = Q21
HZ YT A 22 A% EGFSY Wk §
ohar o A7k

SRR Bla A g2 Ao AT sHHEE
ofsf FAF7F FAE U steEhE, 1 AR o]
Ho} o 32 shiisol o3t s EE 52 A
sH SHESEHEAY 2320}, KA §)ol
oA =i HEA L3t Ade A sA=
M o] ZAEAHE ARNA] ZRE Aoz 3
ek st o=, LA TS BT &
Ao ZEA A FARLEY A BAF AZ A
Aol = I FIF A BET AFE]op W 89
Froll sl Wug] & Axiejo} glEFo] YA Est
o] ZHAN =2 B-§= o TALE IEFHA] XA
o= g & Axejort Basks Adie A
T3 -89k AR =5 E QR Adides g4
SRAZ /RHERE Aoz Az Bt oYz},
HHY SFA7E EEhe ofol= HIAEA EH
A EAS 2h= who]3o|(E 3a) B3 iAo
2 A A= MR Aoz P 2418 &
U5F9| S5k FolA HHdt &4F (T
H da ~ 4d), AlSltArge] B (1E 3c) % 9
F(2H 3b) F°| TAAZ E-85= A7} ol
A& ST Jeju Province (1997)= ]2 A 7}
T A GE AR ol A A )41 E] H] 3, Song
(2000)2 ZA}L= LESIFH

12343715 @ 3%
Y G0 Fo8 83 Fof shts A%
Bo] Alstrhe Aolth. 87 FoAoA] AFH 712

SiA{o

(@]
AL

10

dol F2 ol 15

2ot nhanke] 4R, 249 Fol, AT
29, 49r0] FErks AR BAY, 71 A
23 5o A I3 T=rhPinkerton and
Sparks, 1976; Lipman and Banks, 1987; Kilburn,
1993; Kilburn and Guest, 1993; Hon et al., 1994).
olfE N FH 7|5 &Y £=F o]F I FH E
of2o0] o] A Hdslrjale =229 AFES B
7Fs 8| S a3 fle] E Aolrh. I &3
Q1 A7F I eFofl A FEet S5 Aol FAE
AL AR GaR EAY wEe 24
& A, 29)m HERALAgelh B3] HER
AL =0l s FRelas} o UEd R
S Z(Jeon et al., 2012), A 2 E-g-sl=t] o]&H-2°]
2 i3l A djo|t}. Tﬂ‘: WA EAEOlA
SR SR BTG A3 BYo) A
o] 47 QAT 4 etk £AB A9 BH7H
HAW A BB 97 BEole So U &
telol 102 s} A2 1%l ST, ole]
1o 57} £ Hol RN A9 Hon
S 32 o) e/l TAeIA SR AR
YT S Holn] SR gAY HuEL
e AN ol2rH 4b). At H o2 HHe X
g oL SUR Al AR FoHT
Ik, o] uls) XA % 7)Bo] e 2%l
VHR(EAZY B2 AR SUFe 1R
2 SBo] BASA A2 AL AT 4 ATk
) 3 5UU BYF oI A A2 e

2 7é l &= Hlsfl, AF7|&5o] 4
l:] 0 _TLZ]_% 1___ 1=} 1:1;_(:]0]
%X]ﬂ ‘a* l HE 4 5 Ath(H 4a, 4b). o]
4 A%7)8 9 AFAAL A dees
A 29 Bl ofelg] TAYE HEY TH5 A
o] olalthe s4jo] 753t

HE HE

°
T
g

Lo

4

|

4.3 _T'_xI.QI- xl[HO' I:H0|
712 A7 (Song, 2000)+= FI-JAE ZAHEE 0]
£ 8457t sARLE HHAeE &EoleE
Hofol o F Foll A FAFTAL A vl ek (=
1). sHAIRE $-8]= o AFE F3ll, EAIEIA
3t ol AER AR AlQdshd, 24
AR A 22 sAZ2E5oIA &3k e
23] got= Alo]| vbgst A 0 2 A3} o)

> B
OIA

i >1H

4k
=2



16 OLSAL . A0im} .

23 A= 7129 davet vwsis o, %
LS o)F = SUFY EEFG2 diEfy ez o
At 11 Aol tigt s A= Aol Ao
oh 2 ol A9 siAof ofstd, FAELE A
o) ofe] SNP4I 28, $ioleg, Weolog
5B 5ARLE ST ol Hel o,
EAROE B2 o|Ho] BT 7 FAH L9F
A B2 kA HAFL SIS FA7 B
ote] BRI u, F4719 HaE, 12
SRR ASS 5ol o) A1 ER g
A Fek. olejet ikt 71 Ue] EFHe ol
£o8 SITE A 1S 2 82Fol ol ¥
14 oz _]_]EE] q. = x]:L__] E_x]_gl-x]nﬁi-_ iﬂ/ﬂt‘ﬂ-
BURE BP0 FAY AL 487 US W
2 Aol Lol sRTF o2 FHH §URY
= v—’:‘—ﬂ S gle o9 e e SRR wE
E golg oo ko] Hlekst ¢to] Egju) A4
A2 A XA = QU o] vl3] o] SR
of HolA] g2 A= & 2.2 Eefe] daste
TRAR T w02 JIESHA Z5HA = Ao
2R 9). STt A SRR A R 7
HApe] 9 STl E A gel ojgt 2
YA AAElY] BAAR Bgo] Be} ol 4
Qleh. 7 ol AlsAl gt e A o e §
IR A SRR FAR AR 2
Apgre] 42 glofr) = et
olel Ak SA et EAS Tk, Wl A
< ST Y] BF LR FEdh= A0

ohieh FRHOR 48y £ s e &
< HHEo| Ardon o $A5A 541 2 5
2 AR ZEFHA] Bl AU B 502

ﬂl

F8d Aoz 4T 5 9lrk ol shitel 8UF
Byl ZAYA|ge] Bxddo] Ax|skA] &
& % 95-S 2jujah Flolck. o] ou]ojA Song
(2000)0] AR AL EAF e &ols 57
A 57 502 &8 4 gl U EYSel Wl
bl W oS He 952, 2 Qe QI
o] 7ol 7RI A] S=thd A= (B4
Q—ﬂ.‘;k}o] A= ”uH [e) 7@1 (o) _9_01-2"94 a:\.,;ogg]_g

2 e 4 9lg Holth B A7 9 o) A
(Lee et al., 2014)0] 4] ZAL-S o] 2= G977} oF
05 ~ 11 ¥hd 1} 2 GobRyg o 4 9ok

or‘n‘.

|

~

r
0t
Ho
]
o
Pl

FF RALE oL U2 SURES Yo A
7829 AtjS A7vt met ol Sudrt

W, BALE o2 Uk BURY AThE vt
sts) ¥l 4= 912 Aol

Y AFEEAAE EA ol g5 I 3
Ag Arhz Pelshs Hae FAYY ot Hs
mjo e gole Hwale Z oEHolty1Y 1).

o] Y92 A 2 ZAE-E-F(Song, 2000) HL]
O H oz, EXol&eHE A FA(1997) FA
% 7|8t 29 BAos SREE AF9S ALt
FEolth & BEXol858% A ZAEAIH(Jeju
province, 1997)= ZAM-8<5R(Song, 2000) ¥4
PollA] “LpEol B2 whelr) ol ojZolA] Bl
ojAsHA | 37 olake A A 2)(Jeju Special
Self-Government Province, 2009)¢f &3h= X2
2A, vl g yele] A& oz gt n)j
T & Adinks Hste] A A= weEh
olfgt 7|E9] Zfo|7t A AL At e
et E=S B Yoy ozt 04741“4

A 22 TR ol A vighEE ZAE-2 A7Ee] A A
E(IA FEAE = 78R 2 Ez“’i—‘l Fds
&F 5)Y 2= FAE AFY AdedS 94
S o Uk mebA QI7HY] AR Ee] ALEHAL H
< gjEo] 7= E7H e @A Aok o, XA}
42 FED 5 U i A2 S WellA of
Z|7HA] w7 E ARG A Y] H LS HEs
8har, AR AT e mE A7) oA
o] Aol nEgt HET &g A8 vldst=s A
o] g ag Ao|}.

4 e

i

AFE B2 THYATALT AFE BA
3 bl ALYl fsfo] 52 nERE(DEM)S o]
5l Sy Ex 9 AARA R ZHA, oF9] %]—M—H]
59 WES olgdtel TAUY ErjE olFE
Freeg Ays Tle s g 7
HARALS] B o] Rt $UFE Yol
%7‘]1":':2':—-0“’\1 g AR Atdn. 47 55
B gREX(ENE YERE)L EX oA &
23 §URF Yol BZact AYRARL 7|2AT
A AN B} Zo] Hote B4 et e

=N

J;ﬁOlDFJOPO

_‘



HFE 22 8

o Yol Ezgict.

A3 BN LS o|F= §UFY sH
o= LESFo] Hagitt. oo vls| §UF AR,
& XA A #oll= EFSol wi$ gdtsitt oy
St 2AL] FHA EAJL2 EUFI IEYS S E
2 o|% 1 FH| o] EFEAL AHEE= Al
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o|F = FUFH AIFE IiHE 2570 FAE
¢ 32 8UAFUS AAXSh= Aolth o]get =
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