//.E\
) )

Check for

updates
A Qs3] A A 558 Al 3%, p. 291-313, (20194 6Y) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 55, no. 3, p. 291-313, (June 2019) ISSN 2288-7377 (Online)

DOI http://dx.doi.org/10.14770/jgsk.2019.55.3.291

AFE BAR HGE A AP SHAE

1% 2 3 5] 2 =<4 = 5
Hge'" . molel. uEw . 2. YJIE - REY
1 -
HFEYXIRE MAGLUHES
2 < I
HESERRSHLBA EPee
3 = =
DS TISTYE KuEHEss
HFESEXR T YD
IR M ATL
2 o
1

H| = A9 A2 sHEREE AES, 24T, SUFE HAE Hh A ES2 HYE 55
I AE ekl 22319, YA 22 A9E S} E shitges 36t o 2452 H FEY S
Tt 2450 AR E FEHZ ZE3T. FUFE ME S Al gt A Hof 2, diFE
To|To] YT EAS Belrk A 4SSl vIYE SUFE F2ut 6 W Ao P A=
FEET v = Skl siero] AR oF 90~110 m RW9LH Al7] o] S48 oA =2 713t ¢k 29
B9} g shitetso] FojA vet A E IS AT AHEE F4 olF ol shitehgo] A5 H|
FEolA Tt FHFE FASHAT o] I oM SHE FiL fTo|Zo] FUFIF SR Lot A3 ok
ZES} FEAF 0] FAHNUT L7 EdF= 4 € T=20A A=-Y] FEAE(FCDof o3t #Eutd
(bubble burst) A2 FEEYF] TUEE FAoHH. TTo|To] E 5 F 479 ofot SAFI
02 U AS E22 shiias2 FRAJ. shitehgo] vt sjw Aol nhet mheof ofgt 3
Ao 2 AuE 29| g fZo] ApdtE|o] ‘7)Y uie’of A|AE 0 2 gA| H1, Ao S d w2 v
T2 999 FHE AR HYEE AFE 2 £3] B7] o SS9 54 sl 9
3 RhEo1zl & s Aol 23 Hol | AR gkt Abee BEE 5 e A Ao,
20149 A= A DY HEYLE F7HE T

FR04: v]FE, “Ar-VAr Ao A, SpHEE, AR, A2 ETY
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Geology and volcanic activities of Biyangdo volcano, the northwestern part of Jeju Island, Korea. Journal
of the Geological Society of Korea. v. 55, no. 3, p. 291-313

ABSTRACT: The volcanic body of Biyangdo consists of spatter deposit, scoria deposit and lava flows from bottom
to top. The lowest spatter deposit is exposed on the northern and western coasts of the islet and contains agglutinated
spatters and large volcanic bombs. Biyangbong, the central part of the islet, is a scoria cone consisting of
clast-supported scoria deposits. Its coastal areas are composed of the lava flows except the west, most of which
possess the characteristics of pahoehoe lava flows. “°Ar-**Ar age dating suggests that the lava flows of Biyangdo
formed around 26,000 years ago. The volcano was formed by strombolian eruption on land when the sea level
was approximately 90 ~ 110 meters lower than it is at present. For a short period, spatters and large volcanic bombs
were emitted to form a spatter cone. Its crater, then, shifted, followed by subsequent volcanic activities at
Biyangbong to form Biyang Scoria Cone. During this process, the pahoehoe lava flowed through its base and formed
scoria rafts and collapsed trench structures. Some lava flows formed chimney-shaped hornitos resulting from bubble
burst phenomenon caused by the fuel-coolant interactions while flowing on the wetland. Volcanic activities came
to an end with effusion of a small volume of aa lavas flowing southward after the pahoehoe lava flows. As the
sea level rises, major portion of the spatter cone was removed by wave erosion, leaving behind several sea stacks
including Elephant Rock, and Biyangbong, relatively less eroded, have remained in its original shape. Biyangdo
is a textbook example to take a look at various products of terrestrial volcanic activity of monogenic volcanoes,
which are hard to observe in Jeju Island. The island was thus included in the Jeju Geopark in 2014.
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e A A47] Sl B4 = Ack(Park et al.,
2000a, 2000b). BhrtA| A sts] Fgof| A AT 24

Fe) A47] BHHEL 47 $3 0 ths 4 9k
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N BAHSE, AAE, FAN), © §%
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A, o] 52 27| thE Al7] B2t sl HEE vE
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2005; Koh et al., 2013).
H|FE+= sl fAe A Yol= Etsta S4
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H&E (5 m oA =27]) 3HAkE, AufjE|(spatter) 5 THF
3 sk e} P do] werElo] glol(21Y 1),
AFE AR B JEPLR 201400] 71EwA
o W2 AlEo| 2k Qlth(Jeon et al., 2016).
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Fig. 1. Bathymetric map around Biyangdo. Broad Lava plateau with a gentle slope is developed to the north and
west of the island. Seven volcanic rocks (BYDO with numbers) were sampled along the coast of Biyangdo.
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Table 1. Whole-rock compositions of major (wt%) and trace elements (ppm) of lava flows at Biyangdo, Jeju Island.

BYDO-3 BYDO-4 BYDO-5-1 BYDO-5-2 BYDO-6 BYDO-7 BYDO-8

Si0, 49.67 49.77 50.37 50.11 50.04 49.78 49.41
TiO, 2.39 2.39 241 2.38 2.40 2.39 2.45
ALO; 15.24 15.21 15.45 15.36 15.35 15.28 15.59
FeO* 10.77 10.86 10.92 10.82 10.89 1091 11.00
MnO 0.16 0.16 0.16 0.16 0.16 0.16 0.16
MgO 6.12 6.16 6.19 6.19 6.03 6.30 5.95
CaO 7.92 7.92 7.95 7.93 791 7.95 791
Na,O 3.72 3.76 3.81 3.77 3.69 3.72 3.81
K0 1.69 1.70 1.72 1.70 1.70 1.67 1.66
P,0s 0.61 0.61 0.61 0.61 0.61 0.61 0.63
Total 98.29 98.53 99.59 99.04 98.78 98.78 98.56
Ni 92 94 96 95 89 99 85
Cr 161 158 170 164 163 162 130
Sc 19 19 19 19 18 18 18
v 164 162 167 162 163 161 161
Ba 449 450 458 456 461 454 451
Rb 39 39 41 40 39 33 35
Sr 538 538 535 539 538 541 569
Zr 258 260 254 259 261 257 249
Y 28 28 27 27 27 28 27
Nb 43.0 442 44.9 435 44.8 43.6 42.8
Ga 23 22 22 23 20 22 21
Cu 35 27 34 28 37 31 25
Zn 129 128 131 130 125 130 131
Pb 2 1 4 1 1 2 1
La 37 41 39 38 34 35 38
Ce 70 76 71 77 69 70 76
Th 7 6 4 6 6 7 6
Nd 35 38 37 36 36 39 37

NOTE: Total FeO as FeO*; Analyzed by XRF at Oregon University Noble Gas Chronology Lab

D ARSI 15 SN ASUAL ST 3a). 27l vheyE 2vERe) WPH BEAR

oHaw ). A ol7} o 20 mo] 31 AsfEe} 23 A& Fabek
S =3k SItHLE 3b, 30). Z2te] AvEle
41 ATHEIS 2717} 4 emell 4 424 cmelw], B 2525

2 S B Y SHEA|) A1d &9 F et 8F(agglutination)=]o] It ¥ 3c). HFo| A&
HE 15, HgE A& ke wet £t <l £2" AES YollAE Fuldt S8t ddst
(29 2). o] T2 t}eFst Fejet i7l§ 7R A5E w1 m ol Eold FEHE Eol7|& stal A=
ot EWEPOE =, g2 ot AhtEe] GeZo R 7] go)A UTHIH 3a). o= E3Htel
el A| A8 59 oH"JX]“‘éEE EAHIE A FFo2 BEAE A Eo] HolA ¢zt uf
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Table 2. “*Ar/*Ar age dating results of whole rock samples of lava flows at Biyangdo, Jeju Island.

Total Fusion Weighted Platcau Normal Isochron Inverse Isochron

Sample Rock N N N N

No. Type* A& Hgq 88 ngd % Ar Steps MSWD % 2sd “ArfAri 2sd MSWD % 2sd. “ArfAri 2sd MSWD
(ka) (ka) ’ . (k) (ka)

BYDO-3 TB 576 440 304 243 1000 7/7 060 131 583 2970 46 063 128 139 29702 456 0.63
BYDO-4 TB 343 236 182 95 1000 7/7 055 155 103 2983 41 025 155 97 29839 410 026
BYDO-5-1¥*  TB 333 172 269 89 1000 55 046 261 103 2961 50 058 262 99 29615 497 058
BYDO-5-2** TB 390 194 276 118 1000 77 081 213 139 3012 68 036 21.7 127 30129 6.82 037
BYDO-6 B 316 196 229 107 1000 7/7 047 171 137 2983 41 017 1701 128 29830 4.08 018
BYDO-7 TB 177.7 458 567 201 731 57 031 641 463 2942 73 031 640 435 29424 726 031
BYDO-8 B 738 29.1 278 192 894 67 034 151 296 2982 48 009 IS0 254 29820 475 0.09

*TB-trachybasalt; **Rock core sample
3% Sample irradiated at OSU TRIGA reactor for 6 hour at IMW power. Neutron flux measured using FCT-3 biotite monitor

\:’ Lava flows(Trachybasalt)

B8 Scoria . Q\ N
Spatter ' v %% B
/‘ Large sized volcanicbomb & Strike & dip

. . . 0 100 200 300 m
—— Lavaflow direction @ Hornito [ s |

Fig. 2. Geological Map of Biyangdo.
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A emol A Hdf 2 m FA19] o] SdF7H FA
sh=dl, 29E7F AUSHA YA 22 FEjolth(
H 3d). 29 B S 7ol A SAF EA= S
o] 2=7hHjaE a-go] FAHE BoIUe= 2
ottt H7] o2 ZARE A -S4 FolEl(Ee

H R Yz Ad o] Hout 95kg it} o] 2 Q13|
el 892 vlad A 58S AT 5=
pow, 89 goja| o] =3 o 2 HE 71zl gl
O] WA U2 WAL ool A I XOoR 5
A 2985 Yo 2A4; &¢ho] wEod 4= Stk
(Head III and Wilson, 1989; Sumner, 1998; Sumner
et al., 2005). o|AH A AujE| 0| AR A

29 E)E A Fo] Holil Fol= oF FHol| F4 2ol FUFAH F2 2o Ae SHLEAY &

a

Fig. 5a

Fig. 3. Spatter deposits around Elephant Rock located in the western part of Biyangdo. (a) A sea stack on the
west coast of Biyangdo. The spatters around the Elephant Rock are tilted from the west towards the Biyangbong
and the volcanic bombs are arranged in the same direction. (b and c¢) A section of Elephant Rock with large
and small agglutinated spatters. (d) Coalescence of agglutinated spatters. (¢) Large volcanic bombs around Elephant
Rock.
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¢H(clastogenic lava)o|2} s} (Wolff and Sumner,
2000), 1959 seto] Azhp-ofjot o]7](Iki) SHHE
3}9} 1983-1986 3te}o] ZAeke-oof F2 2 (Pu'u
‘Oo) SollA Harg v} gt §3], Y& Izu-Oshima
SHRESoA = A AEEERE MAUE &
ol 1 kmE E2it @4o] Harw7] = s1ickSumner,
1998; Francis, 1995).

SHH ‘H7)e] vkl 29 Sl 2 2R 3H4t
50| o TE ] ok AR F7|= BE
A em Y7 LAISEA| g 4= mejA] |t 7 moj)
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©o] moke (BHEF T by o] fAskL dR
AE3 g3, A3, 3o 5 st (2
9 4a, 4b). Y SR AufE]S 92 oA o
9] ZZ o5 ofz] 2Zte g2 BAX Pz EA)
ghth A% o shabeke] go A= A4 Agf

=°] YAEE FH(2E 4c) B= 4T 29

Eo] JAEL FH(TY 4d) 2 Yehdth AR F o
2 SIS ] B2l Wk AvE 5] FEloh Ut
SHA BEdhe AFE UehiiH, viet Holl 12k
o1& shakel 10719 majHere HE&~ HBEe o
Sl QITH 1™ 2). 3, Siteke] U= v
=9 ARZE ddjof IgE, 5E 9F SUF
BxA oA e TAHA Beth2E 2).

T OE FHY 2fES2 vdE A% BYE
SHE= o]l ¢F 10~20 m £0] 9] A FL o]FH,
1 Aol BAFo] EE5ka Yt 1Y 5a). o]
AT E Fol| = o] wokstA F27t adste, 5
2 BEAZA GE5E2E F20~30°2 Z4ER 7]
£0|A ALY 5b). 2HEFL 4= cmoflA] 4]
cm 3719 F2M A A7 A 20 &
o]F1, AR AufEl = 5ol FHE Ho|7|= &
tH2H 5¢). 1)1 o] AufEFe =)E) ukeY
o] AgE Fae 2 203 shighe 238t

Fig. 4. Volcanic bombs at Biyando. (a) A huge volcanic bomb, 7 meters in diameter and 4 meters in width. (b) A
volcanic bomb, 5 meters in diameter, the tail direction of which is well-preserved. (c) The cross section of a large
volcanic bomb with agglutinated spatters. (d) A cross section of a large volcanic bomb with agglutinated spatter

and lava.
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T vekstA v EE o ATH( L™ 6b). 3HitE §

B B AT T g mofo] SAISHAT 4 2l
FHZ oA AW, 270t FEE d= AS0]
EZE ] Ak

4.3 2UF(=HsF 2

H|F= iAo SR (2EERNE A% 3l
kS A3t AR A G BESIHH 2). ]
ST dive ﬁ}zol:@] $4F] 54g ®o|
ARt s G uhE A FH O F2 A Hofl A= otot &
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Fig. 5. Fleld relatlonshlp of spatter and scoria dep0s1ts at Blyangdo (a) The spatter deposits on the western coast
of Biyangdo. The scoria deposit is overlying the spatter deposit. (b) A stratum of spatter deposits that dip from the
west coast towards the Biyangbong. Scoria deposits, fine-grained and homogeneous, are lying at the top. (c) A
close-up photograph of an agglutinated spatter of several tens of cm in grain size.
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£ 50.1~50.6 wt% (B 50.5 wt%) 24 A2l A H(Le Bas et al,, 1986)0l] B RN trachybasalt)
S AU, [ Azt o ¢t e EF 0 SR ERETHE D). B3 A A REs= 8

a

Fig. 6. Photographs of scoria deposits at Biyangdo. (a) A scoria deposits at the top of Biyangbong contains a small
amount of volcanic bombs of several tens of cm. (b) Red scoria deposits at the northern coastal outcrop section.
(c) Black scoria deposits. Both red and black scoria are clast-supported regardless of clast size.

Collapsed
trench

e

Pahoehoe lava oy
.
s
.

2
Pahoehoe lava

Fig. 7. Distribution of lava flows along coastal area of Biyangdo. Other than its western part of aa lava flows, the
island is surrounded by pahoehoe lava flows. Scoria rafts and collapsed trench structures, pushed by lava flows,
occur along the coast.
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¥ 5 79 W2 sietol w9 FAZH 1 m o]
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A T}Fo| 50| §UFE ARl BYFo)
AL o| R = AF o} FHZE(scoria raft)7]—
YERH (19 7, 10a), B4 G5 APE =S o
2t B =g 22 AEAPE EARITHIE 7).
e 72A) Eajuhs HIFE 25 oA 15 km
o] W& ¥ 9jollis okt 7t o] EEskn
(39 1), BF 5T 240 Eo]so] &
F2 745} gt 10b).

AR o2 G BER SUFE HIFE
Ro 4] sigto® Futel vl FES 7 H &
AR BRITHH 1,7). ol £4771 A4 HE 3
Ao BT S0E et FHE SR B4
39 QRS WAL A0 HH e (T 10a), o]
ol A F7t wA U rka o] B3 EHA] of
P2 0BG FEAF ol BAE Aoz 2t
(e.g., Wolff and Sumner, 2000; Németh et al., 2011).
ole} o] BT} HAE = Tol A BT 20
& E3 goto] T lEA WAR AFRET) Sof
o3l FA 7R 7L FHEE = Abel= 1986W ¢
& Jzu-Oshima £Z(e.g., Wolff and Sumner, 2000)
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% ¥2

fu o

02

Fig. 8. Photomicrographs of lava flows containing olivines and clinopyroxenes (in the middle of each photo) as
major phenocrysts in a groundmass with pilotaxitic texture.



HFEE SMF HIZE sttHef XEn s 301

H]OHE B m}5o|Fo] #9kR REAL 2 B ot of 30079 FUES} NSIES] W
= wobo| BURS} BEST YA Y. A 2 o2 Uhe] wjdElo] YohI 11b). BUREE B
Fmel EUEL o) 3m Fol2A Hleke] RUE WAL 2E DS AU o2 Ao 2Eo|
o719l Folet REn, 20048 HAVUE A T PR Uehieh SUE Ui gl v
13952 A% - BEET YT 11a). 719 AAY SHYAe) 727} e, sUR o2 &

Fig. 9. Characteristics of pahoehoe lava flows around Biyangdo. (a) Ropy structure on the surface of lava flows,
the southern coast of Biyangdo. (b) Tumulus structure developed at the edge of the pahoehoe lava flows. The central
part of the tumulus is split apart. (c) The lava plateau with several thin overlapping pahoehoe lava flows on the east
coast of Biyangdo. (d) Tumulus structure on the bottom of Paolrangmot wetland. The direction of the tumulus crust
is arranged parallel to Biyangbong scoria cone along the island (see Fig. 7).

scoria raft

add

Fig. 10. The scoria raft topography, which was pushed along with the lava flow from the scoria cone's base.
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Holle TRt 3719 FA4I A2 shitgtsel g2t S HEsheT(TE 11d), ol SYETL 3
ol Qith(@d 11c). TYES YR Bdeli=om  AE FA| =AL ARG golo] Bw e net &
719 gY7| =t goko] ZHUH S 2§ FUlEEA RS AR B SYETL

{ Hornito (Stone carrying baby)
© Hornito
APiava flow direction

Fig. 11. (a) A photo of a large hornito known as Stone Carrying a Baby. (b) Distribution of hornitos in the same
direction as lava flows. (c) A hornito with vacant sphere. (d) The lava flowstone structure on the inner wall of the
hornito. (e and f) Lava levee structure, formed inside pahoehoe lava flows with hornitos distributed along the inner
lava bank.
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Fig. 12.

Photographs of aa lava flow at Biyangdo. (a) A cross section of aa lava flow below

HA S8 AABHATE & 201 770 A& &
N AR BRES vl 2 A} doln B8
§(Total Fusion), Z2E(Weighted Plateau), % %
o544 (Normal and Inverse Isochron) ©f|o]€]
£ TESI 44 AR 59 Ar S9¥4 HlolE
£ 600~1400 C7}A] 5~7 A Q] 7}E-& B3l Bl
Rom, Aoy ge] EFEHA = 200t

77N -5k A=l thel gk “Ar/PAr A &
A7}, BYDO-7 (56.7+20.1 ka) S A|2J5}H 30.4+24.3
ka (BYDO-3)0]| 4] 18.2+9.5 ka (BYDO-4)¢] Ze{=
At WIS HOITKE 2 1Y 13). oS Se=
A2 1) vlE SR Ao 49
oz zo] o3l Jope Mok ANsh, B o
o HS B3l ol 2et FFS AlASI] Al=E gt
A AEE €S & U HERdT 3H, o]5Y
28§ dAdiE o] A (Miyake et al., 1993)<]
K-Ar At AAT)(0.0434+0.0059 Ma) 7t} -GARIE. 770
A& 25 MSWD (Mean Square of Weighted Deviates)
=1 o5ty = vehil e, EHE ddl, FSA
Al A, SEAA Al )3 SAAeNA PAr/ Ar
o) &L 1 FiFom 2 GO R Hol=
BYDO-7 (56.7+20.1 ka)gt= Al 2|2t 671 A 22| Bt
A A= 25.6 kao|tH(ZE 14). WEhA] B|YE+=
oF 29k 6 | A$9| 3HibESo] o FHH RS
2 Mg

6. E 9

6.1 3HAH23L A|7]12F B3 2(X|
AFE oA Aot 22 s &7

VA X

he maritime police

office. (b) Platy lava slab on the upper part of the aa lava flow.




304

2
0t
MO

kd

i

s
HA

A 235 Al SHEo R Fobi(eF 33 79 |
A: Ahn et al., 2015; Sohn et al., 2015)7—]- AL E
B(eF5H W A: Sohn etal, 2012y & & glon,

o & MM =

Age (Ka)

Age (Ka)

Age (Ka)

800

Tt &= 715 sk

700

600

500

400

300

200

BYDO-3

30.4£24.3 Ka

100

800

40 5 60 70
Cumulative 3°Ar Released (%)

80

90

100

700 A

600

500 A

400

300 A

200 A

BYDO-4

18.2+9.5 Ka

—

500

100 -—‘
0 L

30 40 50 60 70

Cumulative °Ar Released (%)

80

90

100

450
400
350
300
250
200
150

BYDO-5-1

26.9+8.9 Ka

100
50

10 20

30 40 50 60 70
Cumulative 3°Ar Released (%

80
)

90

100

0E

S8Ar [ 4Ar

38Ar / 4°Ar

38Ar [ 4°Ar

Ho
iny
2

N

N
~
F

0

P

N

FAIA 2 Sl (paleo-sea level) ] & Q] 7|52 &
7 2 4= ltke.g., Yoon et al., 2017). 2L} H]

oo]: E

AFE FH R 4 FolA fLshA B4

9k §UFEEF ol FolA glow, uhIok-Bate] 4

0.0030 A

0.0025 A

0.0020

0.0015 4

0.0010 A

0.0005 A

BYDO-3

12.8 + 13.9 Ka

0.0000

0.0040

20 40

60

80 100 120 140

39Ar [ “Ar

160

180 200

0.0035 {
0.0030
0.0025
0.0020
0.0015
0.0010

0.0005

0.0000

155 £ 9.7 Ka

20 40

60

100 120 140

39Ar / 4°Ar

160

180 200

0.0030 A

0.0025 -

0.0020 +

0.0015 4

0.0010 A

0.0005 A

26.2 £ 9.9 Ka

0.0000

10 20

30

40

50 60 70 80 90

3°Ar / “0Ar

100

110 120

Fig. 13. “°Ar/*Ar plateau age spectrum and inverse isochron diagram for 6 whole rock samples of lava flows at
Biyangdo.
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Fig. 13. continued.
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2B Sofolet B AEEEIS B3y FAE Eold FHE AR IA B2 2SS Ho
oAl ZojR)7] Gk AL HA| Folg] FEHE £ = FLE YA Y(agglutinate)o|zt s, A
AHE &4fo] B3 R Woj A Al Mt dE YRy oA &3] W Eth(Vespermann and
< D3 (Sumner et al., 2005; Rader et al., 2018). Schmincke, 2000; Sumner et al., 2005). A3E 2} &
20jE = SAEA| Y (clastogenic) §HET 2= A9 7P @eg ES BE5te] ol P &
7hRE A GHoRRE 2 AT, JHE 2 Y7ol2 ol HEA(E4]) ot A HA B
I JzrEo] wet AujE oA Bl Z2tE T AuE 13 AHE oA JA EU=A(LHH) Y Aol
oAl oz HolEo] Yehr|= gtk (Sumner 2Rl T 4= Stk o3 AufE 9] A1 EAS A
et al., 2005; Rader and Geist, 2015; Jones et al., A FHAke] Bt QA& 2=A 5=t 23 thA
2019). 28321 AE]E0] A Fof| WEA HojA & 7} 2 4= it} (e.g., Wolff and Sumner, 2000).
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Fig. 14. Variation of “°Ar-**Ar absolute ages (with 2 SD) of volcanic rocks from Biyangdo Volcano, Jeju Island.
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Fig. 15. Quaternary sea level change (e.g., Williams and Gutierrez, 2009). The sea-level curve suggests that the
sea level was about 90-110m lower than it is at present at the time of the volcanic eruption of Biyangdo. It is presumed
that volcanic eruptions were Hawaiian to strombolian because volcanic activities occurred on land.
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H| = SR ¢ 23] AR E o] F= A9
B3 SAESERE Theold 7] £EEEA
‘78] vhe) Ao} H|FE A S E Sl BF
FTYHA YA B2 29 E FAE] e, XF
O T} HAME AL Ty 272 vhel
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W, WjoRE QT ATEEL QA 2717 23 5
Abeko] gH4-80] W BHS Bt ojgf 2L 3
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cone)©] QPAPASIE RolF Ao R A, Trle) Hhey
A7} Ao E Z 9] FAFol 717k W (proximal
lithofacies) &, B|& Y= 2 EZo] YA o
AH(distal lithofacies)& ©]F11 Q= o2 45
THe.g., Sumner ef al., 2005). ESt, B2 Z3} A o) g
2 A= W ke g 7180 A glen, S
L g2 EAFo] A9EF Aol YIXIskaL Yt
2, 5a). o]l A A& e} Zro], AufjE o] FEjo}
PR 27] 9 7F - AL A =27 - RiE -
F o= YA vYE A 9] SHHE2 14
7hHE 72U BEERY g A9 3t
ARESER Qlel WA A o= FAHECHTH 16a).
3L, A0 3] S ke Bigko 2 E o,
2 E S-S FAAAIX] MRS T4 A H|Yg
% w37} ob gt A& - A EE Y sl
Erh 53], 29832 v E MRS 27] &
SEEA H|SE BAT7E FAET] ol 4 H
Rom, o]% vk BATE FAHAX] E32 R E
FAE A4S HEEJcH(TH 16b).

2985 P4 o|F B3] HA7F SE(EAY
H|g5) o2 o5& o 41} 270 shitets g
£ 2EEETR B3} XY= HA] v]fE £A
7} FAE7] AESAAL, FAlol 2470 S 5t
HE ozt ggolgo] EUF7F RESIHATHLH 16b).
AT SHAA U BtEo| T o] SR H]
P FAGE AL &8 SUHAIE BAsIe
, YHE B5Z02 15 km ol &2 Al59 5H
O A HAMH XS FABIR ©] AR
UR= EE ZIE 4 52 Avts 3o =

& &I} A7HE v Eo] FA5H| A oA
AR 23714 F 4 Yol 25 2ge &
YE g2 WHSAUTHTE 16b). EA A F =2} i
T Ao &R v A 5522 1.5 km 7t

H

A J3ESHL Qo] H|gE B A AL AFHT
oF 2~3uj) o]} HE AR FAH. 12 gt
So|5 o] 89T BEol| Flolo] &7 oo} 891F
7t AF9 #F gEs QFoR B Foz 2
=rH(2 160).

g, HlokE BATE AR JET A& 2
7] Fefe] B35 7L Y=t Al A9
D&} JT P02 Ejlo] THAIT FE
E3E B A E2 899 3502 TEo7l g
E7E 9t HgE £ o8 SHS o
2 477 S E AR B4 AMH o] B B3
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3§ DUt e 24 sh50] ThrtstA 2HE-51A]
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3tR R E EojA U2 £4 50 o= 8o 1Y
E|37] tEQ] Ao FgEr. o]ef 22 All= v
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A& AlelA ZokE: 4= Jltke.g., Riggs and Duffield,
2008).

6.2 =CHE sStALEHD} SLIEQ &M
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A7 YehdTH (3™ 4c, 4d). o]23t E42 t3
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FE Aotk &, 29HE BEA7] siiEEe] A
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ghH, g shabgte] i RE2 Al 7i7ke B
Aot 1ul ek i glo, YH= Fof




308 HMee - WY - eE
A FeHE o|Eck 2717F 4] em W2 2h2 3}
AP Zoltoll A FoA wet il Hold wi7tA]
7] FollA ol st 2 Sl ols) FEi7t AE

R Qb2 shiverel @4 ofZolck. et
29] 4740] 5 m olAfo|xm §A7} 20 of Eof s}

l‘l

0E

= HE SRS ti7] FolA 2 el fsiAet o
Foll 77he FEE wA Hrk= 22 gA 95351
o]F]the.g., Fisher and Schminke, 1984; Wentworth
and Macdonald, 1953; Francis 1995; Lockwood and
Hazlett, 2010). H|%¥= 3HitEro] 2F Yoll= (ED

a

d elephant
rock

sea level rising

Biyangbong lava
hornito  fijelq

Fig. 16. Cartoons illustrating the volcanic activities in Biyangdo Volcano.
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