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ABSTRACT: The Hanon volcano is one of the outstanding geoheritages representing the late stage of volcanic
activity in Jeju Island, Korea. Its volcanic topography and strata have a world- to national-class geological value
for following three reasons. First, Hanon is only one hydrovolcano possessing maar-type crater in Korea, which
assigns a national significance in volcanic topographic field. Second, the unique maar-type crater of Hanon volcano
improves the diversity of geoheritage in Jeju volcanic islands expending a spectrum of the hydrovolcano from
tuff cone and ring to maar. Finally, the crater-lake deposit in Hanon has a world-class geological value, providing
various paleoenvironmental proxies to studies on paleoecosystem and paleoclimate changes in East Asia region
as well as Jeju Island. In spite of these invaluable geological significances of Hanon, the anthropogenic modification
and destruction of topography and ecosystem have continued until very recently. For an improvement of geoheritage
value of Hanon and its sustainable utilization, it is necessary to make elaborate plans for restoration and land usage,
differentiating the crater and its surrounding areas into conservation, eco-friendly utilization and development
zones depending on geological significance and integrity of individual areas. The Hanon geoheritage can be utilized
as a place of environmental education, geo- and eco-tourism, culture-historical tourism, and ecological park for
local resident. Furthermore, designation of a complex heritage area (i.e. geo-cluster) including Hanon and its
neighboring geoheritage sites and tourism infrastructures will help local communities maximize the sustainable
utilization and social-economic development.
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1. Mo

A AN 54000 A1 B2 2)740] 10~
1.2 kmol 5h A2 Hv) 729 sk #oko]
tH(a™ 1). gjFE 4+ (scoria cone) 2 EF5H+&=
ATz b shiAET:s 99, sh=2 339
SE T el Y oF 15 m FA19] 54 3
o] WA =0 glon] HolT AR} A\
kB 30 m = b Fujas 1) =2
}2(maar) @ SHAHEAIZ EFEtH(Yoon ef al., 2006a).
53] SAEHZ = AT FH ok oF X H 9

37 Agzolel 7| FHSHE Bl 4 e Fad
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Ho

RG] A H o] QlolH 17155t % T
gat E7HE0) 4lel Ao o) w9tk
(Matsuoka et al., 1995; Lee et al., 2008; Park et al.,
2014a; Hyun et al., 2017).

Sh= A= Alge 25 E 9F 35,0009 Hofl 4=
E=o) o3l A= o B3 Yol ¥ 355
A7} B E o] JURE A= d2A drkYoon et al,,
2006a). L2{1} 5004 & Aol FR1E0| SE 4F
£ B4 FAE =22 A A A& AR 9
o 1900t SHtol|l = Eaar, AF, T8, =
2 T A A o] B3 Qholl 2= WA
2] S A1} A o] HZeHA FEE Aok
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Fig. 1. Geological map (a) and schematic cross-section (b) of the Hanon crater and surrounding area. Contour interval
is 5 m. Distribution of volcanic rocks in the surrounding area is modified from Jejudo (2000). BTB: Beobjeongdong
trachybasalt, CTA(s): Cheongiyeon trachyandesite or scoria, GTA: Gaksubawi trachyandesite, HTA(s): Hanon tra-
chyandesite or scoria, HSD: Hanon crater-lake deposit, HTF: Hanon tuff, JTB: Jeongbangdon trachyandesite, SPS:
Seogwipo Formation. Modified from Yoon et al. (2006a).
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3], 20020 oF P AA TR 7o) 2T 5
e 91719 At x st e, 2
ARIRAIEE 5402 shze) Ate) o A3 7
of W& HE o] A7|= o] HUAY-S WR| 5}
Holtk. 1 F ok BET B9 a7 Aot
3] o 2o HA} i =EHA] 20123 AARAEHZ
3](World Conservation Congress)ollA] E-H2]A|
2 AEIT o F hEY D AFEAA} AA Tk
S 2 AAHE T she 289 HUe AT #4
TS dol A AFEEAR =L} AEA 7}
2oto] TAlZel A % 2 Algdo] o|RolA T
It} o] =oAL = Rarol dhat 722 A
st Hojo] AFEL Do) AYAH 7S
AEoET B A4715 2o WS AN
C 24 k= B3] Hdof thigt e LA &

0o} 24 Wk AAe] £ 717 gt

o,
2
M
N
o

I

=2 PHT AN O R AT AFEA] AT
&3, sh=2] SAFE AFZA] e iRtz
B BZo2 oF 12 km "Gojd dfehfiSol YJx)gick
B3l i 50] WAL % 989,300 m?o]w, 2014 7
£02 B 755% = A, &, I 59 Aol
ARFAIZE % o de = tiiE-a AFAIFHSeogwipo
City, 2014). FHA| Foll= 4k AL (A, 3t
AAG(EH, E9E) T ZEZ(HA ) So] YLl
I glow, B Yol = <, A 0], AAY
] 5 3709] £247 Qltk. FApIE(REHARSH,
HElA] 5ol B2, ol5 §H4E Fa Yo R 5}
o] Sh=ofl = Yl $A] T2 d5o] FAE A A2
1500 o]l A E(xel7t 7H R e 3
B2 ol £HE 2= Tl =iko] A=k @A)
7R = Bty o] Az dofAE S RE 2
= Yo ==A7) o]20)x| 2 itk 1960 o)A 1980
dd Futoll= B3k Qo] A9 54 5 o
HEo] Ex|o M= ZHasA} AREI QAL o]of) wat
T, A3, FAE SRS, AR 5] ASERE S04
A o] AHAEAE A9 AFEHA = ict. 5)
=9 FEAL 27/ olF AT [ T 5
Z 47% 03 1 E|QrKSeogwipo City, 2004). A1
Ao FAALE 21%, URMIE 115, 141 340

%5, %3730 Husllid], A&HOR ojFolx]
9 2 59 1918121 7] Ak A4 L A
ke, SlejaiEe] vigo] A LehdrhGeogwipo
City, 2014).

31 XE

8= SHHA|= gheti EE A= 50~110 m
O] AL AL SfiQEA| o]l Z|Th 63 mo] &o|=
A=o] )= ut=2d -3-3|3ko|th(Yoon et al., 2006a).
S = @A A Fo A == S RERE &
o] SAHFo 2 oF 1.8 km, YEHEFo 2 oF 1.3
km@| Yu|& Zk3 QItHE 1a). SHAHAIY] F4l0
= 939 B3 FAE Y=l IHEY A
AL 1.0~12 kmZ AFE 3 FoA 714 &
TrEO|th E3Y JTAIHS FAS AR XG9S
Al2Jstd thFE 10° o]ste] SFAE Hol= B,
E3 WSAPAS i RE 10° o4, ZH 50°7HA]
o] AR Yehdth gl B3t oF 80
me| VEAE Hol= A LFA 9] vt H] B
= HRItH(Z Y 1b). RS- Witolli= B A]9} H]a 20
m W 9]9] &qtE F5(EA ) =0] TEsk=T, B
A= IH-E AR o 90 m, 3R 9] A&
HECH Y 60 m P F F1E Btk 0|2 ¢l
3 k= B3 Yol o A5 38 29 X
Skt AR E St e s S457H gk Qo

(2 1a), SH= SHAMIE AA Az H ARt} 2t
B2 RSHAIRKS 7]5Ieko 2 5fo] SRS Alo]
AE ST &YF R &3 o (scoria) T2
o]Fo|A Qltt(Yoon et al., 2006a).
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OF A FAPHOIA Z3]t o2 HolR| P FA|F o
2 &5 o] yehdth Afz-stas] @ = (Park
et al., 2000)0) W2 W, AR A X AL =2 5]
= M9 FE T FHE Ao E2st=d], A
38t2RA3L Si0, 54.02~54.62%, NayO 4.76 ~4.81%,
K,O 3.36~3.48% HYE Holn, BZA7|= 116
T A H(Ar-Ar) 02 B Eo] gt gHH, 7k
HE 2 HRPAE oF 1 m A9 L ESSS Aol
of T HAAXHLANSE o &5kl ql=d|,
2 St SHIEA| 9] BZ o 2ttt 34 2] ¢+
A4S ww 5~10 mm 7] &] APGA WHAS 235}
1 9l om, 3h= A FH I B3 Y 7o) o
A 75 729 oY AuhfZHE (autobreccia)
o] grE SYAZo| TEHL sh= B3t Yo
LEE Si0; 54.16%, NayO 4.4%, KO 2.69% 2]
S}etzA-E Holu(Yoon ef al., 2006a), FAAAT = oF
7.69HA(K-Ar)) 02 B u1%]o] QIthPark et al., 2000).

32.2 8= Ak}

Sh= M= B3 Wi 25k &%
SPIRkg A2jala e S3ge R T4
et BHYFL HTEES FHOR F2 FA
o2 W7 600~900 m 2| o] EEsl=d], T+
FollA 5~65 mo] FAZ et} tiFE =g
shaAlel efde), 2l A% ¢hmE o]Fold
AT = F2 2HMI (trachyandesite) 9
A4S Hol= AR} T @72 (basaltic)
oI HFUA T oA UA = A vt
(Yoon, 2004; Yoon et al., 2006a). -5-3|5 A/A|
ol BAR, BERR, A4 ¥ HETE,
e T I ZHE SAUTolA gt e s A
5= siHE A2 Eo] YERdTh(Park ef al., 2003).

SHH, 23 Yol SRS Aol 349 &4
& Z2A7F yehue, AR5 F8l B3 Sl
AZ sHoA & SHitero] EXst=
Aoz ERIF It BAFE FA5t= 2F ok
et 2719 o YA EA AZ2AS Yo f2
2 EAS HRIth A& &5t AFE §dF=H
3N 22 S W o A 02 A, giFE v
AR 9 f2d 245 Hoji 1~3 mm 37|19
A4 wPgo] 25 BeElo] itk AsjsA Azt
o] = R £ Hite(basaltic trachyan-

S
.

o @

H0

ol

desite) 2.2 EFHtH(Yoon et al., 2006a).

33 575 EXSE

SYU FJHELE SHUR h= B3 Wl
Ao} H7EANE B8 B 19 402 AY
570 k15 me] AR AERUE 7.8 0) HHZo] A
A= 9l Ao Z EE T Yoon, 2004; Yoon
et al., 2006a). 3h= E|ZFo] 27|, 53}, AL
E42 33 9 SA S04 HAHE AdS A
A|8H=d]|(Yoon et al., 2006b), SHA1eS50] ZA o ut
£ s}50) YHA7IE sekaly] Asie M
o= A0 £ ST AR B2 A
7} By E|ofof ahAlat ARj7iA] oleh BaE 2AZ
7} w3 vk glck ok, HASelq 258 A
Zx 29| gt C 994 A& (Matsuoka et
al., 1995; Yatagai et al., 2002) 3} SpAHe]| ZakZ=o] o
H](Lee, 2004)2 E3) AHe 22(A=0~10m
Zholl A et A7t AA = o] 2ict. gHH, Yoon
et al. (2006b)2 A|2Tojol A EHBe] 27, Ma}
0 XA AP Abe] 7R 52 Tafelo] 47fe] 2
& FESII(IY 2a), Yatagai et al. (2002)0]
AAet B &S 1 1£712] AMS (Accelerator Mass
Spectrometry) “C Aol 7|2 5}o] 3H= 3M 13
22 oo W A)7]2 ok 34,0004 Ho 2 24
SFATHLE 2b). o] Aol w2, 23 29l 1
2 MIS (Marine Isotope Stage) 1] 3jg3l= 2
Al Botel, Sek9] 2= HFWsFEHY7|(LGM: Last
Glacial Maximum)®f| sg-5k= MIS 2 F<tof], 18]
T 29| 37} 45 MIS 3 53l0] F4% Ao 8
H59{eH(L 2b).

34 SMA B U 75 B

SIge g 1A4E A= tEE FAEEEY
AN A E =, sk B3 @A =
65-85 mol| 915} Ui, BAHEEO] Aol of
34,000 Aojl= o] FAETHE 2F 65 m o}
A Ak mebA skl AAEES vkanirt A
s4pot 1 E5EA o718 A0R B Ro] Bt
o}, B8, 8= BB 270] 1km o4Fo 2 o
Rojn, §3YFoll= Alsh 22 ol AR A
T XHARS] I HETF T2 US(Jeong
et al.,, 2016) 223 E {HE A Gt 2=



HFEE oh= sHtEeiel XERL Tx|et #8eet

A E= = A mofA4 100 m o]
A9E Aeg Helry, THHET 7S
73S, T ZHe A= gEE 9o g AHZ
7] fzoll &2 A=ollA gt &2 vl 8
7t TS dov|A =, o]z sf of7|H 3}
HFF (pyroclastic surge) & F3f £33 FHof &
350 AA = Ack(Yoon et al., 2006a). 121} 3}
A gol ALEHHA Rstprt Ao =AY 3t
T2 F9o] AdE o] EEFAE FAEZIA
npanpyd £E2 Ao|H Rl I A} sk SR
£9] FH7) o= 3 Al §¢ho] BEste] 3}
T Sl B4t £33 W AR ol 8-9rdo]
FAE o2 A= 1 ek (Yoon et al., 2006a).
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shikEo] $hs] $AE T BAT Yol k7
37 AEE 1 olF A7 e 15 m £
o 875 EHZo] WAHITh sk Bok7 P4
27|10 Bk75 el Ao] nlopstn 34
Ap] B8k Ablol A A7k A wAbshe ] T
o sh7Tel 7 Soloro Ny FoE 2y
M4 AApEe] T AV ARl WeE &
YEIk. o) F Fobt A&slo] Hap Aol &
£ 579 Eofo] BAE T A4e] BESIHA 4
A S0 592 Zhaste] Wl (MIS 2) B2t
EHT Aol 54 2 m o]4e} ZE T
o] §AHE o= welth ST F2Ao] ¥
P17k FAH D AR} 7157 LA ke
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Fig. 2. (a) Columnar section and sedimentary facies of Hanon crater-lake deposit (modified from Yoon et al., 2006b).
(b) The sediment age and MIS correlation of the Hanon core on the basis of AMS "*C dates (circles) by Yatagai
et al. (2002). Age of the bottommost sediment (11.4 m deep) is extraploated based on the sedimentation rate of

core interval between 8.0 and 9.2 m.
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72 F0) thekat Ao AASA Heic ole} 3
7 A%AQ) BAE §lo2 8759 $400] 2m
olatz LA WA £ABH0] SAaA E %t

4. XN|AFACZ M| TIA]

A& -3-4Hgeoheritage) o]t ool EajFojop &
A AAA-FAE 59 SR A, ThFet AL AL} A
E9 A5 HAFAY @A dojuhar gle A&t
A @A Uehe A4 B A ou|sitkju
and Woo, 2019). o]2{gt ol A] Sh=2 A& A
o] ¥l3eo ZFHTh. 53], vt 553 34
P ST B F S oF 2009 | AR FA7EA]
olo]d A= PG FollA T7 A s
O] thF S olsfistar A} 7| F RS Ao S8
gk XA tfidolat= HellA Hold A A e 7t
A& A drha & 4= glct.

4.1 I 79| D= X

AR AlF=Leol| FEZsh= 3700 712 T SHite] o
FES AEFEYY Ex stotolq E=0f s vt
Soj7l BAT-S0IH of 10617l S4BRYE E
£ $%7)-nkaubd B (phreatomagmatic eruption)
of| &Jaf B 32t 3= LA rkSohn,
1996). 8h= MM = W2 =0]9 33 S
Ao gt HoA SEgte s ERE o QL
O}, B3 o 7]REeto] ke Eo] gl £
T 7| A o] ShakA| FH A FHECTH25~45 m H =
27 el S5 e SA7h BAHATHS FelA
2o} SRR EEE YA SR R B
75 7k Selkahe EE Aolg Balh ol
3t EAJofl w2} Yoon et al. (2006a)2 Sh= FAHAIE
‘0t2 (maar) T2 ‘02 -$3|FHtuff ring with a
maar crater) &2 EHF3l¢t}. AA= Fisher and
Schmincke (1984), Bardintzeff and McBirney (2000)
o] gojo] mh2 Ho]m, FAR= Wohletz and Sheridan
(1983)°] o}E ue Rolth. 58] she SRk 3
172 1740] 1 km ol4Fo.2 Frehat o) Ry
Q) S (27 oF 700 m) Rk 2 o], B
Fol dolut 57 FE 5| FAH L2E o}
22| Z|EE ALt o= 7 & 3t
AhEstetar 3 4= Qi

H0

ol

S E k= iR M= A MAR R B
=) ofo|a(Eifel) 2| =o] FAA|2k1 3 5= gl 0],
ool v, Y&, Ayt 7HE, ol=JEY, A
o] SolE theeo] ol Sk} RS Ao o
## Ick(Sohn, 2011). T3 ZhAE =g
AQJetH AFee B0l 2F, e, &5%
S A sAIg Y Hd, A8 5 SAN-A1A
& SR ol A £ oh2 g Stto] B E Hhs o}y
7] ik oo AEe] Agiel B3k} o}
23z d=A Ao, A9 FEEC] S
B9}l obd Azejolo} §UF SHIto.E Hoj 9]
oA BAGLE 7|Hke 2 Sl= $HE-ES(pit crater,
Z)74o] 1 km o]5}Ql &% Zu2h) 2 s =L gl
th(Park et al., 2003). wehA] =L E& A2 X
Fo| FFHE & BHEHo] Q= ML EA nf
28 PREE 2oT fEonE FoH $U5)
u, ol2i3t a0 2 ols) AFAATH o 2L
RHE7IXE 2= 2o = B7HE 4= ¢ioh Ju and Woo
(Q019)= AAfATe] A5 FE Bt ) Qo]
A ) EA(representative), &AiA(rarity) 22|21 &
A (integrity)& A|F 2 Sh= WA (BHEEE A 7}
3], B 712, F7VE 74, AL 712 98 A
stk ol % A8 A9, e 914 e
nk2 3HiEA O] A AlA A E2 5 e gthE b
I} o 3/d R FOA i WA B o] MR &
opoflA= =7H 7K TEE A Aer ERE

4 9leh

42 MFEE XAFA| CN HD

Seltate] A SRS AREE A
A47] Eepo| AN 2715 E AR doll 24
ot 55 e NA 9 RS T olFY 7+
Al 54 SUEES 351 FAE A2 UHA
QItH(Koh e al., 2013). 71 A}, AFEo| = F et
2 298 9 SR HER A E SHIGET 3
‘o5 olgtal stz &F SHIAI} B3I, &YUE =,
S 5 thekel sl A A4Sl Y
F 32k & iAol = BEE o] ot ojet &
= A R4 EA G 2 A= A o) =
2 e ARt Gulas AARRIGAH2007
)T NAXED-FH(20109) 02 AHEHA 1 F
2T 727 AAA EH2 5 = 5kt
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2 FONE AFE Aae] ol g 4
=370 i) A% SRRIAIES E4)5(scoria cone),
53)8/ T (tuff ring/cone), &5 (lava dome) 5
oz EREe, 3K 3 ot 23 F
B, YA, ASTF=E, BEA7], BEAF Tl Al
Z 24 Yeh7] &9 (Kim, 2001; Sohn et al.,
2002; Lee and Yun, 2012; Yoon et al., 2014) AlF=
FAA A= B8 AFAE 9 3 sk F
a3 giido] Ha ok 53], YAdEE, ¢= 5
U, S, e o) Al wieE wet A
HE SIS S5 A3 R E Fo) AR}
4 vhanbh £3} 4SS S v WAlsh: =
WA ST, 5 ANP(AEL, $E 270
A 5E Bt (e, 4t S 7RIS &
S29E BAsHA HoFa glck(Sohn, 2010). ©]
o} 22 ZSHA AT B HEA 7HA) =
2 AAR 7HAE Ad @FUE 54 24
2} 3 = Qlek Sk B QA SAAEES 59
4 3% 7R S PER ol ojH vz B
=l ik ofelat she SabAle] )
SET-STRAIZR ofof Az SyEI 2
e el Ro2H ARE AUt tht
g A3 Qxsti glek. oke e, she Sk 5
ool 2| 9] 42274 ZxHphreatic explosion) 7]
Aol MY nt=ob= Fe A4 M) EE ©
o= FHEEE o|oAHA B3 Hofl &4
oF gordo] sl Ha3hA Y B4 2 3l

= AollA mt23 3HibA| o] thdd Sfjoll e 7]

sk 2 4 gk,
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o

(M rr
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koM

43 TEA X|A|IXQ| Ef A=

URtE o2 IS EX S B3k A7 Yt
Q7)o ElHER LA AA Y HHES
33 YollA 349 5714 9 =4 45 E, 19
3 SR BIE s S3olu Shaker
o] Z3H5 ol AAH M FHE U 345 FH
o Aalshs FAEZRRE FHE AEY A=
o] s ko 2 39H AL EF3ITE S, o F
719 ERELS F2 vl g3 tf7] L& °]E3t
o] 31LEE 89E Ao ZA, Hx|, A}, 3HkAY,
SHET 23} 5o 2 o|FojZnt. wEtA I3 E

22 4L BT vhe] GAISHE S ®al oh]

2}, FH A 9 FA O FFE vA= 7158
z2719] &J8f| AufEth. T Lo] ST = Ao A ¢
H4 HHeF oz of7|o] HAAH EFHELS &
22l A Folt mehS A o) W] gFal FLoHA B
E57] 2o A 9 17]5 Ao vl 1+
e 24& 283 ik o] H g WA oA Bl Bt
5 HHae WAEsE, Asje, BEEon o
&3t 187 R A RHproxy)E ZFEIAL Qe B
Fole} & 4 Ik, B3, AFEL FHopAlol oj%
3} B AR Aol ) F9= Aol $13/5h1 9]
whgo] sh= 2ok tRA 715kt sy 75k
ABtgo] 2R of|ghe T 4 U W Bkl
FolAjoh Bl %0] 2714 WS A7 4 9l
FZ 2| 2 7= Qleh(Kitagawa, 2010; Lim, 2011).
Lee et al. (2008)2 3li= E|AH&2] 7784, T
A, FAAEEE A4S S8 23,000~9,0008 A
Koo} Fotalo} £ wistel 171 WEHE et
A=, T WSEAED tha =2 18,000 A9
3954 7](LGM) Al1d3} 14,0008 A =34
Z 7] oA ks 7|29 HIkE A5
S, Park et al. (2014a)3} Park et al. (2014b)2 3=
Elm2o) 4 ShE, ul7]0] 2 sHanhysteretic
remanent magnetization), 77184, 344, ©
/A% v, Ba 9 Ad FHs T4, F74Y
2, YEEA 5= B4k A 16,0000 |7H] 100
~1,000 =9} 7|5 2 A3} | 35,000
of W7ke] A%/48 717 MEPHS TS
t}. Park and Park (2015)2 3t& £4& 53 127]
2= BEU e 24 LGM A7]9f AlFe ¥ A<
9] 7] 2o] A Ht oF 8T S Kol A|47]
Sk Fobxlot SR H o] A 7| FHste] 54
I AlS AABHTE Z2oll Hyun et al. (2017)>
Sh= FAEAS FR7I94, C/NH|, 84 n-al-
kanes, TraF 94 50 2|2}5H BAS Foto] X
@ 35,0000 A 7] 7] S ste} Az oko] TA|
£ A8k, 9,200 Hof| Fx|H oz FAg
715 HEo] AlFE FHAG U= AAIEHA
t}. o|e} o] oh= E3 SAIE S el 23T
o] Y= SRR, X|EEH &, EHE T2 A4A
o] e} EE A THA 35k | o] A= 9 Fot
AoFR| Y 7| 3BS85k ] 43Rt 71 E St
I o, I+ &8 9= sHA|(Matsuoka et al.,




360

1995; Yatagai et al., 2002)0f| A= THA1S ZH=
ofct. webA] Sk A2 okl A !
£ Ad A& fAtol2 7k 4= Sl

A

A4 AR

5. 3=

ol

QG HES Sh= eHyEt v E 7}
29 $ALS A 9)5 U NES R3]
g o2 889 Bl Hlo] Al A o]t} o]
3 A Agato] BHg-o gAx| 0] BA) BABE =
B3l BAlo] gAbRZo] et FulS o] FA A ¢l
A1g nofety Bk A2 Aoz §A HEEE I
A= 2 Gt a7} ek AR Yo T8-5
Ho BAY, o] 47, ity Soz TEI 5 ok
(Lee, 2011). HAF-E FARA 9 Hl&S 2| 43)st
T gk EAS AR 0 R o] g3k AR
ou} BhAT 9150 Ego] o]Rof R Ao| T, o]
£82 BX @ 22190 A77 3L A& &8
olu} jHgo] ol Ax FEHE Aot v
of ke RpARte] M-S Bukhs A4 B0
A7) So] mr}h FH st 385 Aolck Tt
A AL F FEw deo) AR Bty
7} A 2] o]F7) wjRol, A DAk BHE-L GAlo] ZF
T Qe Eefo] AL BB GAe] ZhAE
722 ook WeA R0 T R&THsTh Tgol
ofof gt} =, BAFo|} 0] 43 o] WA T
o] o] o) zof gt}

A7) R sh= A EXE =, ZETRY,
Zel, Suba) A, AR S0 2 o] 4|1 ok o]
oA Hehd sH= HEHQ ke o] Brgo] o] F
oA 1 Qi olgt & 4 Qiet. whebA] sH=o] 2 A
AL 71X 2 oW A WA H o B 9
HAE BAe 5 AA S et st Ao
S oz Pasich 2} sk SRRIE REW
o] YIRS URH A Z 989,300 m*) L
E2]9] 90% olAto] AkgRloln A d i F=r}
As7] 8o 717k Yol E FejofA] Eo] o]
Zo|2]7)= WA 07 L ofglgo] it} o,
=2H S0 7 AT e S A5 A
Sl gt A4 B)Eo] Ao Brhsaict. ulet
A BARE 7| RO R 1] 9Ae AskA A o|go]
U 5= risetes fud(@ind, Agst

H0

Hol

5/, AA/ AT, 0|8/ HY F)& A5t &
At &S FReka, J2}F HAL S us/ A
T Fist= 59 S s 4= St} &,
VAo 7 S T EHF2 o] A5t
of tjEE]o] QoA I &A=t MR gFon=r
AMFA B2 3l EA A SR o £3
T SRS ELT e =N 715 T HHV|EH
L 2A 9 &4 7150l A7NE 4= =T shofof Fith
i B4 St BYo] BV SEYSS
ZIEL Y= HE R oE AF2 A 9319 7o
U S B0l S sk ANkl 2| g
AAXAY Bl S Fol BAF R BYS
SRR, R JAFHS AX BAY T2 o]
B Y= sto] ZEAYS st Aol BT
Aot

NFH R B, 5= 5|2 ut2 A9 &
A& 83 SRS, AdE AeEE 59 n
SE5 AT, 223 A sh=o AN
23 FRAR) T A BUNRE AxY
) g BSle Y, (AN P FIFAT
5oz B8 5 e Aolth ol He Hy U
g IAE NSt AAEEE, s, A=,
A, AT, S AAE 59 HOXEE 3
a3t Aot o|¢t T2 wSTgF T2 Iy} 7|9k
Al o] ZkF0i%] Sofl= SH Aol il A|A Al HE
I E-8-2 A3 et iR A AF=AAREE
Ao AP 42 2 B art Slck A AFH A
Agag AQE7| QoM shad], wsd 9 w3
2 7127} a3 Ei=t|(Woo, 2014), $HA] AAIRE HEeL
7o) sl A AP a2A 9] FHEI 7HAE 2L Q)
o, oju] AF=AAAEFHLY SHE ¢et A E
HAh THEZNE 35 o] Jlth(Jeju Special Self-
Governing Province, 2017).

SHH, k= FHolE AA7IE 9 AFEAAA
AL XY ALE X ZH AA A} AH2S, 1
I S, Al Al SO BFE L, FFAIERL
A i 9 7|Fuls, AV o ARzt
3, 27HEFER 5] e, oleHY] A= 5
f3lth &, oh=a 1 FHY A AEA 9 AP
58 FojA XA AT (geo-cluster) 22 2| A3}L,
AATHY] w9 W T2 aHof| Y| 737
T AEES AAAECEZN AEFAY] 8-S F

222
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kAL A FALR] o)) Tt AA A SEaTE w0l=
Hhote = 31 sjjof ghtk(Woo, 2010). o]} $H4,
Sl=0] 2123 A Q1 E8-5 S| Yslixde A
£29) ALE TR 2R} B9 WU WA T
A7} ool X7 ghE A9 FORE e A
AES] o HY o= A8 7Hstt ME
£ b 5o 402 thAIslelof g, &
AL A7 sheo] BREETS} S5 S0
43 gl T o RE SR 47k 1A%
AEAY, AATEH, SAEAH] glen o] F
off A B HEAR Folu SR HSX|H oz 24e
= 9} (Cho and Woo, 2018).

o rlo N

o

6. & o

AFE A FAE] sH= A= A F o2 RE oF
34,0009 Aol =4 m o]4Fe] A&} 72 FLof| A mf
oot X|skprh FESHEA HAYSE ZUE Q] 24
shiHEE ] Aatoltt. 27 o] 1 km7t W& sh=9)
E3te BT S8/ SR EREE gE
£l o2 AT A SRR of| Aok g FAR
7t 3 A FHECT B 30 m P& E2 ul2 e
£ Fata 9o, 1 yRole Hdf 2k 15 m 572
E|Z30] AR ol & = o] glt. ol#et E3 3
g} B2 S0 2= A 717E Eohtel g g
S 5A7F B AU AAIFHE

AR B3 QR tiFE AR R AEEY] 9]
Aqh 3= SHHEAE $7] dAY AFE s
ALE i E3he= A AR SR A T2} o] A
7HA] TR A A T2 IV £ (AT
7 E Zhet) A4, sh=2 Il fYst nf= g
SR RA SRR FEH R 714 7HR]E A|d
A& fAtoltt A, = A= AlAI- o= &
Y3t 7HRE A AF A Q] A - A Sl
£3] S 1-$3T-ut2 R o]ofX| = A <]
A g3t AHEY S S 2N AFE A AH
Abo] theFAd A|arel| 7]t Qlot. mpA|Ete & 5f
1= B3 Yol o] 9l SR EHS2 1A
£, 2314, FETHOR tiefet 137 A
AAE ZF3HIL Q= EFAERE A, A 39k o]
Ao] AlFE W Fol|oh 2| A} 7| TSNS
g8k dl 835 I A4 7IXE 2] X AfAtelt.

A A FRET R A 34 HEE
o A= h=e] AAAL 7S Eol i XA
285 gish] Heide BdS T30 AT AH
B AdS iRt BlEshe Zlo] Easit. o
€ HdliAE WA A9 Sl of wet B
AR A A A o] golut AEo] 7hsdt 79
o= 2pdsste] By 285 FA% Fofl HA}
AT A o] & F9E Fiske 59 &
AR ek astoof fitk. B8t RE &
Aok up2 sk o] S4& B89 S, Ad
S5, AHwE 59 A58 A, 1
2|3 =9 Flia B S B2 EeARE
3 AGFNE A S 2 S AN
AT ofet A FH A G AA Ak BF 7Rk
Al S AR AL EL O AT A, A
e E A A=A oA nhe] kg e Y
E|ofof gt

=

ZAe 2

o R 20169 AFrhetm wUHTA AL
Qo] ofte] ATH ST}, =8 ARTNA Folet
2L FA 974, o4 AASIAYT o2E
W29 Qe wAkE SRtk
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