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and geological characteristics of small-scale volcanoes applicable to field guide for Jeju Island geoheritages.
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ABSTRACT: In this study, geomorphological and geological characteristics of 6 small volcanoes in Jeju Island
(Ilchulbong, Songaksan, Hanon, Sanbangsan, Seobjikoji and Geum-orm) are analyzed based on field survey and
analysis of digital topographic maps, which are applicable to field guide for students and visitors. These volcanic
bodies are classified into 5 different types of volcanic landform including tuff cone, tuff ring, maar, lava dome
and scoria cone, and distinct from each other by lithology, texture and structure and chemical composition of the
rock formation as well as caliber, depth and slope gradient of the crater. It is particularly noteworthy that maar,
tuff ring, tuff cone, scoria cone and lava dome are in order of increasing slope gradient of outer rims, but the ratio
of crater caliber to volcano diameter is in the reverse order. The formation of a lava dome seems to be influenced
mainly by the chemical composition and higher viscosity of magma, but the other types of volcanos are preferably
controlled by physical properties of magma and/or external condition (e.g., gas content and water interaction) rather
than chemical property of magma. The major results of this study are presented by tables, figures and a flow chart,
which will help to understand the diverse nature of volcanic geoheritages of the Jeju Island.
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o= @A &5 < M2 YA AR, 55,
5, WEAF ol Bluz 29| AAY sHighs
of oJaf| FAHE Aoz dHA Utk 53], AT
OF 1805 1 H3E] 415 o] A oft thEE
oM L) SRS T 015 11417] 2714 o]o]
A 4 4REES Bolo] WA S2luetel o
22l 3HAkA| o]tk (Won, 1976; Lee, 1982; Won et
al., 1986; Lee et al., 1988; Sohn et al., 2008). A|F=
ol lEEhe n)Re BRI, HPE(A), 49U
2, Fe, AR §9R U SHHNE 5
shat7| o] cheret A A gakgo] 2 maEEo] ek,
1 ZoHE B3] AEE A AAfahs 3709 7
9] 27 KA AlFolz ‘eF olgt 8=,
olF A AFE AAF TS = T8 7IH=
7h =i gtk 3MstH o g o5 @552 B4
(scoria cone), 5-8g/F-(tuff ring/cone), EL&
(lava dome), 02 (maar) 59 FIFLE EREH+=
o, £30) o), 72, TAALAS B8 £EAY
T FAAAZI7E S FR ol Tt A= ThEA U
ERLFS oFARS: 1 QITH(Kim, 2001; Sohn et al., 2002;

i

0k
A
i

Lee and Yun, 2012). o]e} 22 &g X2 EX49]
ggdez Qs A7 LEFES AlFE AdHE
ol HA QAR HYIE T Qlon, HHEoe HEXY
o2 A, B ok 23 HIe AFE
7 il &2 AR -FARS = FAH(2007E) = 2L Al
AANAZTHO R 2Z(20104) WroHA, AF 0 E
o] AJRlat FAdmgol ek s =1, IFA F
ARk 9] T4l o] v ol 2L YTt

AT 27 A XA AeH E4do o
A= oln] W Te=iS Fo REUY 1
AU v AZ7He] YAolA BH, o3t A=E9
FE-2 T 8ol HEHololA offslr| 7t 2t
s JAstw o] W wAERALE ShguAY H
MR RE A2k o] 88517171 HA 92 4
golct. whabA st duiel 5 HIFAEVE HE
AT AZDFA P A AR YsiAe Hot
A ol 4= U= AT Aol et Akz 2
75 o] Aito] Fasirt. o] Atol| e AlFetar
SS9 opRAGF LTS Foo] FojRl A=
£ 7|1Z2E sto] FF SRPA ARt &8
UET, FFo] o2 6709 SHibA|(2™ 1)of thgt
A 9 A EAS vlw BAstaL, O s
A SR 18 Zpolet LR AE A BWH O R o]

Seobjikoji

Fig. 1. Locations of small-scale volcanoes analyzed in this study.
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= AFE &% KA

AER(SIT) SOHS ), He(vh2), APgAL
(§98), AATA (A T), FOBEAT) 52
A} O

2 P ™ 1). A BALS 7+ sdAol
A AAE ofR A 2ALS} 7| E £ S T
o|Foj Rtk AFEA2 I AP e3F 1:5000 4
AANP=E 7| 2AARE 8to] AP EILY LZE
A1l ArcView E Sl £2H-9] FEIE vhefsia
APAZIARSE o), B3 A & AL,
TG =e} 3D PA NG =S 2SR

|

3. HIFEEZ XIE Jja

AT oF 1809hd Al 4T Erto] AEA ¢
A2t S B2l o 34" s =A, A
| A AL G0l AT FAL st 3
HEA (S E BAYL = 4= o] ek (Won,
1976). 3Hteke AR, 2HARY, AFdExd
QRARY), ZHGHAIG W 2HY SoE EREY, &
Ze sPIAAFe Astets 54e HAtk(Lee,
1982; KIGAM, 2000). F& AFE FH} AHoj
BEsh AR BB o) e A4 oo
e Aolg velnl Beket AW o] AL, 4
fHoR £ PHE ZHe ZUIFE $540] 2
of B i) &L 7|8 Hol 8L B4}
%A cH(Won, 1975).

MM EYS M EE 2EEETT
(Strombolian) £&¢f 23 FAAH HAo=
<l TSRS s FAHE FEHH

25 SR AT F|ol(scoria)ZA]
(LBE EREHe 2F dAAMHAIEE F4stL
QItH(Sohn, 1996; Park et al., 2006).

SAHOhe F2 897 Alolo] WA B
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Ho] QA oje} o1H B2 visilol A BE Aee
HEx L v Agk&o|t(Park et al., 2006). $HH A|
o) Rl FRajelo] 212} o] Y A7
Z3T AN EHFT 2N AeE 3
HEBS TSR A A olg T Ao ot
o= ojolx glom, e H5e] sl
AFEE T ek (Kim, 1969, Park ef al., 2005; Yoon
and Chough, 2006).

sh, 22 ARES FPNY, AFE FRE
s~ 3F 150 m7HA], A7 A5 50~70 m7HA]
S BAIgtol Bamsh, 1 kol AHE 33}
n|1g EAS(UZ) ol EE3ch AFE 519 A
HAEZZE AFE HHEE 27| A0 FAE 5F
FO2A, Mgt oll A Lot == 34
AET IAHEE FA710 B SGEHER 4
& o] Itk Sohn and Park, 2004; Yoon and Chough,
2006). HAEZ sFRe) vl LAHAZ(UZ) o o
& 530l ZFE SlojA A itk o)A
o BHE shHo2 sHE glrkKoh, 1997)
Rl TAEAE SRl SAT vely] A3
H| == Ao 2 FAEE ST A 2
LA o5 BYUZ ATl EEITHAhn et
al., 1995; Koh, 1997).

AFE 52 2 HAE et 918 A28 (2
U 1) AFE SuAT AAR G4 AAA D
24o] A o2 A, AR AR 1A B
7o) B Folth, AR TS e USY
S BA% QRS Aoshat hrio) st
A AR} shEe] ofs) 4ol G4k sjerd
2g YUY 2. YEBe) RIE 179 mo|
o], 29 WA $Je] oF 175 mo] ol (4] 1) 2 Srok3)
CH(E 1). HAImES} B H7o] oF 550 molu,
Vg ke AR E37} 89 mzA 8h7e) Hrha
oli= oF 90 molc}. BhaA|o] AR o] F4lE w
o gloA WzA|ur ARe] SIS FAateh,
SRS AL oF 1920 me 24T SHAHA) A}
wo) AR A9 $3g N3 HAreh A3t
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gt oF 22°0| 0, B A| o)A 35° ol Akl FAHA
ol A] BALA| Q] 2FHo 2 sHH A 20° o]5k= HA} 7+
23HcH(LE 2b, 2d).

41.2 XA EA4

UE% sHHAE §U4F7} ofd A= Beld o
BAEE QAL ol GHE Solekat ok
Azo] 42l F 1 UNIt AFH ] 2o A5
HFOR o|FolA IrHIY 3 F 2). YAUSE
2] $Blh3-E AR 7130 Fgol L ARG

A spakelz) EAE fel A sk A s o] glo
w, whnsh vx) s A ek saieh)
= F3o Abiste] ek, 9] o 60%s
shareie] of 5% Z]glel ] £4 gete 244
ARYHO R 0|2l it UE | SIYEL
S vhsHEo] ZolwlA ke wet k)2 3
Arofu Al Ao 2 S} 9l3( 3a), o3
oA chopet FEES WA 4 gk 53] AEY
oA EHgrel BEEE AT fA BAZ
7} 2 Vehuel (18 3a, 3b), SpkEsk SBlek
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Fig. 2. Topography of Ilchulbong tuff cone. (a) Topographic relief map (contour in meter), (b) distribution of slope
gradient (°), (¢) 3D topography, and (d) cross section (x-y).
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o3t EF 252 TUHQ 3 HHEY S
= Aoz AL 2A, Q4 el 25T FAl
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Table 1. Summary of topographic analysis.
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9| S SN Rt G Ee] HAE A o
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A%, Z 2770 9F 120 mel HAR 8ok Y|
A dofd Ao 2 s|Aslant. YEFo| HEA7]E
A2E S3YS WET Y& AFeE] 243}
A Ar)(“C)ell ZA3k oF 5,000 Aoz FA
31 QtH(Kim et al., 1999; Cheong et al., 2006).
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Max. Relative Base Crater caliber Crater caliber Crater  Average Original
height height* diameter** (m) vs.base  depth***  slope shi .
(m) (m) (m) diameter ratio  (m) gradient P
Tlchulbong o Bowl
tuff cone 179 174 1,920 550 0.29 90 22 (circular)
Songaksan o Bowl
tuff ring 104 99 2,500 850 0.34 35 13 (circular)
Hanon 43 4 63 1300~1,800 1,000~1,150 0.63 90 7° Bowl
maar (circular)
Sanbangsan 395 345 1 400~2,000 0 0 - 37°  Dome
lava dome
Seobjikoji 53 g 370 100%* 0.27 Crater 30 Copjcal
scoria cone eroded
Geum-orm — 4h7 5 178 850~1,000  260~300 0.30 52 27° Conical

scoria cone

* Altitude difference between the highest point of volcano and the surrounding plain.
** Restored.
*** Altitude difference between the highest point on crater rim and the lowest point of crater floor.

(c) bomb sag.

~

X

Fig. 3. Outcrop photos of Ilchulbong tuff cone. (a) Steeply-inclined stratificaion on the seé- cliff, (b) tafoni, and
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Ayolm, 71 Yj3e] 27 2F 150 mQl BT st}
=] Qi BTl P BlTk(E 1). &
obabe] H1HL Fobe] Baje] Yehtad £
104 mo|u, ¥ 2F 100 mo|t}. 3k e] X H7HA]
Uehts 23950 B2 E B SRR AA L
2232500 m o[/ 2 ). o g8 &
Sho] Zloji= oF 35 mo|H, SRR AFAR 2] AL
L B 13° Y=2 YUY 4b, 4d). FIES}

T Zo] 69 m 70° ool F7AF g ke,

422 A& EX

AlFE Aol A2 St A SEge
2 o] Fof 3 shibAolA| R, A& FE THF
ol £F2|ol= o] Fo|x £4 7ot SUFT} Liet
e SdehiAel £4& Htk(Hwang, 2000)
(¥ 5a). FAE FAIRC) 2T op Hato A
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Fig. 4. Topography of Songaksan tuff ring. (a) Topographic relief map (contour in meter), (b) distribution of slope
gradient (°), (¢) 3D topography, and (d) cross section (x-y).
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T QT 50). Fopare] BA%S At RE £ 9] v $818 S Ry T2 &
W] A4 Ho] Aol 80 m olo] SherERS o] wEslof Ik of TRl BAZ e S,

Table 2. Basic information and outcrop characteristics of study areas.

. Approx. . % Grain
Location age (ky)* Lithology Texture Structure stacking
Tichulbong Tuff . Stratification; bomb sag; .
tuff cone Coastal > (basalt) Vesicular accretionary lapilli; slide; fault Discrete
Tuff Stratification; bomb sag;
(andesite to Vesicular accretionary lapilli; channel;  Discrete
S;)lilf%aksan Coastal 5 trachyandesite) syn-depositional fault
ring -
Scoria . Partly
(trachybasalt) Vesicular Structureless coalescent
Tuff . e .
- (trachyandesitc) Vesicular Stratification; bomb sag Discrete
anon
I
maar nland 34 . . Partly
Scoria Vesicular Structureless
coalescent
Sanbangsan Lava Massive; dense;
lava dome Coastal 750 (trachyte) aphanltlg or Structureless -
porphyritic
Seobiikoii Scoria (bomb; Partly
VO hastal 95 spatter) & lava Vesicular Partly stratified coalescent
scoria cone
(basalt) or discrete
Geum-orm Scoria & lava Vesicular; Partly
r) b
scoria cone Inland ’ (trachybasalt?)  porphyritic Structureless coalescent
* See text for the data sources.
a Songaksan Tuff :
Scoria cone

Ld P | b, : f. o ¥ s
Fig 5. Photos of Songaksan tuff ring. (a) Panoramic view, (b) parallel stratified tuff, and (c) outcrop of scoria cone.
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2006). SHHEL T T& 22FRE WOl
o, & v WA= 29 St} ehde=
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of A3k ¢F 34,0008 Moz FH=1 Yot
(Yoon et al., 2006).
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Fig. 6. Topography of Hanon maar. (a) Topographic relief map (contour in meter), (b) distribution of slope gradient

(°), (c) 3D topography, and (d) cross section (x-y).

Crater rim

Scoria cone

Crater floor

Fig. 7. Photos of Hanon maar. (a) Overview of the crater, (b) crudely stratified tuff on the crater rim, and (c)

basement rocks (trachyandesites) exposed on the inner crater wall.
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Fig. 8. Topography of Sanbangsan lava dome. (a) Topographic relief map (contour in meter), (b) distribution
of slope gradient (°), (c) 3D topography, and (d) cross section (x-y).
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Fig. 9. Photos of Sanbangsan lava dome. (a) Distinctive dome-shaped external appearance, (b) light gray trachyte,
and ( c¢) well-developed columnar joints on the cliff.

200m
b

y

Fig. 10. Topography of Seobjikoji scoria cone. (a) Topographic relief map (contour in meter), (b) distribution
of slope gradient (°), (c) 3D topography, and (d) cross section (x-y).
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APARS oF 759 H(K/Ar Aol 344 &
s o2 A (Won et al., 1986)(2F 9a), S3|4o =2
& el golel $8)8e v)sska qlrkSohn,
1995). S}itA| 9] FstRo A= I HEo] T2k
57| SRR, ARAL) CRES vl v A
23S Wi T §oho.2 o] FoiA ek
d 9b). ABAE 912 A|3fed B mEW 2
Heto st (Lee et al., 1994; KIGAM, 2000),
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of] oJ5hH, o] EA= 9F 95,0004 H(K/Ar Hetd
ol 2EFEDY £52 50 FHEUeH, ol
A dojt SUEEE I3 A FHd= 7Y
2 895 SHtero] EE5HA =]l 2AFE 34
gt == sfiehAolA oF 50 m ol Ql=tl, 3=
£ A& mkanpt 2ol 4% 7ol &5 m, 0]
23 m9] AE(sea stack) 2 golltt. 4732 ALt
HAZd dRgor A= o] glon, FH 9| 3kt
A 71 A Foll= A2 WA GBS = v AR
I =717} vhekRt E(2uE) i} Shite, 43 Fol
AHfske] vrepdth 1| 11b; 3 2). o] =8 YA+
S 23] F T JRF oz 7HHA 2717 2
OFR| 1 AFETFE ZoJ AL} tjAl A 5o ozl 9]
23 g]o}e] Jhgo] FTIRit AFgolFollA= 4
FHE 7HHA F271 2 E o] Yehtsd, 39
O AALE A= 7HAA 20° f2JoflA] 45° o) ko=
71t AE A0 FAET 55 siokdd
< et s & 7N 89 Ao Hol
= %1 m oJ5t] R FAE 2= 4RIl A4

o] o] LhEPdeh( 1 110).

AT BAZ YRe) duke Behat AhEo] 9

- S e

Fig. 11. Outcrop photos of Seobjikoji scoria cone. (a) Eroded scoria body with volcanic neck (seastack), and
(b) crudely stratified agglomerate composed of scoria and spatters, and (c) downslope lava-flow units erupted
from Seobjikoji scoria cone.
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Fo= 1,050 m, FAWEFOZ 850 mo|H,
1= 427.5 mojt). 3HiE FHE A& o2 Atst
Al AAA e BAoIH, 1 Yol H 178 m&] &
oj(Hla)2 FAE AThE 1). A FAol
e BEHE EEHECE 300 m, FAYFOE
260 m&] qfxLolm, Zlo}i= 52 mo|ch. SHikA|&] AFA
& 3 25°~30°2] HARS R Itk 12b, 12d).

200m e

y

Fig. 12. Topography of Geum-orm scoria cone. (a) Topographic relief map (contour in meter), (b) distribution
of slope gradient (°), (c) 3D topography, and (d) cross section (x-y).
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Table 3. Generalized geomorphological and geological characteristics of small-scale volcanos in Jeju Island.

Lava dome Scoria cone Tuff cone Tuff ring Maar
Crater size* - 4 3 2 1
Slope
gradient* ! 2 3 4 >
Level of crater ) Above ground ~ Above ground Above ground Under ground
floor surface surface surface surface
Eruption Lava Scoria Pyroclastics Pyroclastics Pyroclastics
product
Texture & Dense. massive Vesicular, Vesicular, Vesicular, Vesicular,
structure ’ massive stratified stratified stratified
. Red brown, dark
Rock color Light gray aray Dark gray Dark gray Dark gray
Chemical . Intermediate to  Intermediate to  Intermediate to  Intermediate to
g Intermediate
composition (ultra) mafic mafic mafic mafic

* Numbers denote ranking of relative crater size or slope gradient.

Fig. 13. Outcrop photos of Geum-orm scoria cone. (a) Bowl-shaped crater, (b) scoria and basalt blocks on the
crater rim, and (c) scoria outcrop on the creeping slope near the crater rim.
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Table 4. Eruption condition and style of small-scale volcanos in Jeju Island.
Volcano type Lava dome Scoria cone Tuff cone/ring Maar
Chemlp ?l . Intermediate to Intermediate to Intermediate to
composition Intermediate
(ultra) mafic mafic mafic
of magma
Eruption  Viscosity High Intermediate to low Intermediate to low Intermediate to low
condition Gas ) . )
Low High High High
pressure
In.teractlon « O O
with water
Eruption Effusive Explosive Explosive Explosive
style (lava fountain) P p
Type of Lava (liquid) Lavato scoriaand  Pyroclastics and  Gas and subordinate
Eruption  products q bombs subordinate gas pyroclastics
style

Stacking up directly
over and around a
vent

Behavior of
products

Ballistically ejecting Pyroclastic flow or
and subsequently
stacking up around a

vent column

Dispersed in the air
and pyroclastic flow
or surge

surge and settling
from eruption

O] gAY m|oFelA yehdt). 8852 7150] A9
e et Sl Mo s A EY, S3, &
A nt2E nE S A g o S
2 o]FolA it} g, A9 JEES R H
BUE2 TAHSIO,) g €2E(NaxO+K0) &
Fol AdHer £ YR A=, A
EO) E O E Sl WEE A 2 FA7HoA
= AR A o] fAVSHA| & AR e o
= Hole U] Uehhs o2 HuEo| glck
(Jeju Provincial Government, 2000). RFH || -89t
< A g 4 FHAIEE NayO+K0 32 tha
AR AE e thFste] dAdelA TS
7R g0 = gelof gl

5.2 CHYdo| 29I

SHibA| o] 23 W AT A ok vt
T 3159 E491 X Eeky 4, A= 2 714
o] gheg, 18|11 221 0 2 upamprt AAgdhs 5t
E0 HAEP =l wet FFS = Ao R siME
TH(IE 4, 19 14). vpanf & FollA A ol
2 vkante] JA T 7k ARl L
waba] B2 §92 He HXA)7] Xt st
of Ho|HA 8T} 22 =2 HMIAIE FA5HI
HthSchmincke, 2004). &Y, €95 0]9]9] th
2 HHAEE gt FFY FAGAS A=A

2 Ho} ZAF 33 A9 FAo lolA
nt1mke] Slsktigo] SHAEA| R ol oFA 2 Ao
0| 2)= FFE IR IA] 2 A2 Helth
upanf &of gafjEo] e 71419 A A
Lo FEFE vA7= SHA|TL S EEF
ARA 0w JFE vtk & 7AYol WS ==
789, T2 =2 RE A o] A o
9| 7|A1¢} A EeAE 3522 £, 3t
TR BolA Fo| A A HH Axgolt AufE]
2 749 24771 A D thSchmincke, 2004). 1
Bt 7|RIdo] e A g3k vBUHo 2 §2
sho] Ha] BAME 7] tiizo] St ol R 3t
A7 A=A etk $H, vlanbh A EES
ol Asdte Aol A HistEo|Y Astret JE
A =W G243 viantky] = st AEe 5
719 BAo g sMA7E FEA o2 EE6H
I(F, $EES), M AES Tt SR
2 SHWA Foh(Cas and Wright, 1987;
McPhie et al., 1993; Schmincke, 2004). -&3]+, -&
38 nt=9) FEl= o He FUAQ S FY 2
&l o3l A== A= g A $tk(Sohn, 1996).
olnff =3tk ol AR == ST FAA=7
Zto He7hR] S A 2kt -3-3]gko] A E 1,
gt o] A -f-oll= AAE g S EEstA |
t}. 3HH, SR of] vl 7] 4|9 oFo] W 79 Fi
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Fig. 14. Major geological factors and their interrelationship influencing formation of small-scale volcanoes in

Jeju Island.
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