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Sang Koo Hwang, Seong Wook Jeong, Young Woo Son and Ji-Hoon Kang, 2020, Interpreting the geometry
and multistage evolution of the Nari Caldera, Ulleung Island, Korea. Journal of the Geological Society
of Korea. v. 56, no. 6, p. 737-752

ABSTRACT: We reconstruct the evolution of the Nari caldera, Ulleung Island, based on geomorphological
observations, detailed stratigraphy, and the distribution and faces changes of the related clastic deposits that are
produced by the volcanism during the past 40 ka. Currently, the caldera shows the overlapped structure of
multicycles related to explosive eruptions, from which we recognize two caldera-forming events. Each collapse
is a special “collapse-marker deposit”, defined by “Bongrae welded tuff (40 ka)”” and “pre-Maljandeung landslide
breccia”, and “N-4C tuff breccia in the Maljandeung Tuff (11 ka)”, respectively. The Bongrae welded tuff was
produced by hot pyroclastic flows derived from boiling-over eruptions, whereas the landslide and tuff breccias
were formed by debris flows from landsliding on the caldera wall, and by dense pyroclastic flows from the collapse
of eruptive columns, respectively. The older Seongin caldera was formed as a result of emptying magma chamber
by boiling-over eruption from magma arising from deep chamber, and the younger Nari caldera by pyroclastic-
forming eruption. However, it is currently impossible for us to recognize clear vertical displacement in the older
caldera because of losing its stepped shape by subsequent collapses and ring faults. The Nari Caldera is the result
of piston block subsidence, which is 3.4 km wide in topographical rim and 2 km wide in structural ring faults. The
caldera block has a vertical displacement of about 750 m, all of which have been accumulated along the ring fault.
Thus we currently conclude that the outer boundary of the caldera is the result of the morphological evolution of
the multistage caldera rim formed from repeated collapses by the voluminous drainage of magma chamber during
the Plinian eruption.
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Fig. 1. (a) Physiographic map, (b) topographic map with 50 m contour interval, and (c) geological map of Ulleung
Island after Hwang et al. (2012). The rectangular boxes in both maps represent the location of Fig. 2 and 3.
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Fig. 2. Geological map of Nari caldera region, showing the bounding ring faults and topographic rims.
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Fig. 3. Schematic map of the Nari caldera complex summarizing the main structural and morphological features

of the calderas.
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Fig. 4. Main morphological features in the Nari caldera complex. (a) Overview of the Nari caldera complex, showing
opening rim northward; (b) Morphological feature showing dendritic pattern in the southern caldera wall; (c)
Morphological feature with scalloped pattern in the western caldera wall; (d) Feature exhibiting scalloped pattern
in the middle part and covered with rock-falling scree deposits in the lower part of the eastern caldera wall.
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Fig. 5. Main lithological images of collapse-maker deposits involved the Nari caldera complex. (a) Bongrae welded
tuff occurred at the base of Bongrae Scoria Deposits in a valley over the Bongrae Fall; (b) Welded tuff lithology
of'a megablock at the base of landslide breccia outcropped in a valley west of Maljandeung; (c) Landslide breccia
exposed below the Maljandeung Tuff in a valley west of Maljandeung; (d) Block-rich tuff breccia overlying crudely

bedded lapill tuff in Member N-4.
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SEAT 27] A=t &S aehs g At
B gHlo] BT THo] AR L Ao %
Ak olejg Zteiet Hnlt Wskd 17] 2ot
Higk Yof Zl40] 2257 % 5lu(Lipman, 1976),
Bltof A A 3t X4 9], FEATF|
Y= o] A 2 (lithic breccia)2.2 FX|E
5 e 2 9 249 A F5Yol7|= st
ST 2t Hof| A LAY SH= thf 2 AR =
A SRS &7]= Aol Yol st o s

Ko} A% o] AR Zrjeke] 2242 whalslr] = &

WES oA A A4 b2 FA7E F AL 5 m o]
k:
T

o &=57] W&

o 55 2t HelA oj9 Fe ol B w
9, g 22 FHy vlojr] 22 71 YRPRE
20 Ao At oh et 7|89 1 2
of RAjet B4 Fo| ¢4 Aol Halo®
ERdth o] Zteghe wX) B 98] ele Hol
Al AR T BE of Akte ZEeke 417]

Zeke] EA ol gt A< SAE AR

4.3 LXS23|Ao| N-4C S322 AT} 11 ka
2UA 2=

D582 At oA FR=RE 5t
274 WY U-2, 3, 4,5 Askgo = AldEaL
(Machida et al., 1984), Zrtl|2} Yo 4= H= N-2,
3,4, 58 AR5 THKim ef al., 2014). 0] AL
=AH 9 iR oR BAKE 7H51E, A A
223} s E2 0 2 ZAETHKIm ef al,, 2014). ©]
2t 5715 UA B S9UA £E2
2y §49 Ao|th(Hwang et al., 2018, 2020). H
H N-59] £& o, o] 3tk A9l 8 ka B¢t 2-&
aF o, 11 ka o] N-4 E&2 TxH-5-3-3] ¢l
N 7128 7P 23 74 Zakmel ao|git. A
Solie W1zt 257010k FEolglot 3]
2 7hwA Fo] BAH B $ER R B
A7 GAstel del WA FHFNIB)S FE=
stk

o) N4BE Bfat 47 MC duSgol uh2w
a9t YEGwof|A 9] U-Oki H|ZaHMachida et
al., 1984; Shiihara et al., 2011)2} 22 Zo]thKim
et a,, 2014). U-Oki HlZgt= >5 cm FAZA Y
Moz Bysln MM g4 dTefel 2 of
e 2 Sge) B 228 noEr. ojeig
e B2 Boire A4 U AR
dol QB JEE o] R4 Hzets
Al B FE RS AA g
8] N-4C A2 13 m FA19] 7|4 A7
S AEA oI, N-4B 9jof] Frez Flot
(Kim et al., 2014). o]&= J2E 1~2 m =42 A+
233 W A USoE A4, 10~20
cm F419] S5 ¢5o] FAEHKIm et al., 2014).
2833 4 S AYYTE E S da =
Y o] o2 W v|s] 53] FHsith I &

YA = g7t SR F2 9ol &

ON

P

A ot
o
i

12

At
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g5 HojEr o] A2 gutE o= Zt|et Ho
A ZAEE AR Zteere] Hla) B AL ol
1=
N-4C¢] 2t 83 ¢ 33748432 1dy
o] AY-FF R FAu=s AEHY A"E
2o 23t sk FEolth(Kim et al., 2014). o]&
Qruel Exgke s ek 34 BaolN B
oA Geafsks o BaE e 1Ud shyid) =
5 Ao|thKim ef al., 2014). & GHE BEEo]
AR Fedhe et FEollA EA4 U2 9]
sk Jeit ol A4k vkt BEEe] S
£ B9 BRHE £t o5 Bestn Bk
A58 Axteta & 4= ¢l (Macedonio et al.,
1994), Zell2} ehEa 295 vkant Y A9 9
A5etel ol o3t Aw 23ETh & 4H-FH
SRS 23HE vhant w9 4RI} |
2} ohEof B agt S 27 = &0 T E
AUrh= A AT A N-dof FAE Fa-F
5 73Y EA= SYUA £ o 2=t
o A= ik SA 0l

EUA B2 T3 AFollA, 2719 A&H
22 BAFE stEAol BE B4 xgste]
$3)57] s, B ohast wee) 24ere] |
2= et 2 TS FER 3 52 EH7
AlZpsictal da] g A frke.g., Druit and Sparks,
1984; Heiken and McCoy, 1984; Polacci et al., 2003;
Kawakami et al., 2007; Bear et al., 2009). =313t AF
Hol i, o] N4o]A] 24-F2 7515(N4B)o] A
F-E AT FNAC) 0 2 SRR, 2AF
7} A& e BaThAo) Bt sk T
= BEP4 WskE ki) o] $3) BAe
U2 SR =2 O e A3 £
2hg-3t AgE| o Qlct. ghE ARt 23 A o EA=
g ZUd 22 Bt ukant 3y 259 E
F/dS AAIRITE WM N-47} s H|=Zeha(U-Oki)
IS4 HlZetE(U4) 715004 EaE= 7P =2
3 7P deH 2 aelehs AS ek, ot
o] £5& 17| Ztg}t Fxof STt FFEofA
Zgte] FEZ MYtk Aes AZEn WS
Zrpg oA 4H-S 5 FHFFS, AFE o5t
£ 529 o8 EAMEJA|TH(Kim ef al., 2014), ]
FAE W= BARZ 2 AU 9ES A=

\J

Tk
02
-0
0y
A
Hol

2308 A 2ok sl oleldt spREe 2
2} 2)30] S ol 4 WA 9] wjEo]
o} wabA &8 Zvet o8 AW HRe B
SR PR ERL B E TR T
= AzkE,

5 E 9

Zehs St A GollM obdd Ax|oH, 27
o] 2 km oo = A B3l7e] ABRT} O 2 ol
th(Williams, 1941). u|=2] 2} 7}2]€l(La Garita) &
Y ZHo] 35x75 kmof o|2& A= QJc}(Steven
and Lipman, 1976). Z-d|gk= 4= moj|A] 4= km7}
A et Y ER FEFT o5 BY of
4F E= b S5 BB L = ATk

ZdoEke ERA0IY FEA 25 5 vkt
HE Ble= A A& oIk FE Ao o=
Aol uEmE e Ui o] Z4ete) A A, AL
9] g0l FEH ] A HHAA AR E AL o Tt
SoZthWilliams, 1941; Druitt and Sparks, 1984;
Branney, 1995; Lipman, 1997). 4 &-&o] AJ21E
W, $iAo] FRE nlante] HRE 3L ARE

oA Dojd Aot

5.1 Li2| ozl 72

Zlehe o) Fuket 2019 Wete A o
2By Zke 1z 2 gkt (Newhall and Dzurisin,
1988; Chadwick and Howard, 1991; Rowland and
Munro, 1992). ThebAle] FHE-E £5] AT 728
2 2rhAZ 4= QI Marti and Gudmundsson, 2000).

£33t A ZHEh= 40 ka(Z2 60~61 ka)o]l
28 $Z2-53%e E&7t 11 ka S-S &
% o FAEGeH, & HEE FHE Aol
th &, AR B2 A7) A Zlzks $A42 &
£2 37] Ue Zu=E A A7) A
£ 27] Zdlgtel solsl7lel v Zd|eke) 2yt
= Yol ug] Zzte A3 A w9 A% (D)
o] th=F 3.4 km¢Ql tHEHQ &7 wAE-JsH 2|
grolth( & 1). 722 2% (d)o] o 2 km?el S35
2 At SAEE & 22X = FUAT, 7t
£ Zd= ¥ Just FAELY HEske o4
EJC2RE FE2H, VA 2 Zd2t Hih &
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Table 1. Caldera elements and calculated volumes for the Nari caldera.

Unfilled

Topo C  Structural Sudsidence Topo C  Structural Sudsidence  Roof
. . collar .
diameter  diameter depth hei area area volume  thickness
eight
Symbol D d s Tca Sa Sv T
Formula n D/} w(dR) Sas
Nari 34 2.0 0.7 0.55 1.53 3.14 2.36 20

2 $UE 7o BANE vt HFELE o] B2

i
Y 4
fin}
=
=
Ry
d

e}
s
h‘.
X
Hz
|
i)
o
D)
T
uz}
R
ofi of

AZof o EHch

Zlet 4% axHmoat) |4 A|F AxKKang, 1989)
< Zuete] A2 v ofgff 24 mFE 120 m 0]
A7 Aol A HEkgh AL AhS T
stgpow, ] “n|FHe e}t Fol”o dAgh
B7HE Al 2=t Wiels A =55 =
ZHSHR ST 117]9) B4R 1 71 A 9l
et A= Hoj® 100 m FAZ X|sfol] SAE
o} waba] oF 550 m&] YRR -2 et =o|(h)
o} Zdgt YRE SH% 45 2 845 ¢
AL Fa st Ax(s)olth 24 E4HF v
O] Uk Lol A Adetli R 3o E= A
7] Zdete] EA4E gulsty A7) Zdet HojlA
freiE AAbe 2SS el o] SEUY FHE
AAIGHH 1 5¢). A AbALe] Z-Eiobnte] 23
@42 7ol A AR E e EE| AT, o] o] At
Fuj= A7) Zdet HollA fefidhs ke AbAHe
A FZo] X|oF ZHIMART 891 ofefjof Z1&0]
AA ke RS AAET SHE WA o
2 M AR Y Eol= i 30 mE FAEERE
Z A= (s)= 700 mE ARFETHEE 1).

BAEAE A-&std U SolA ZHdAE oF
1600~500 MPa Atolof| x| ®3ls= oA 273
= At sttk(Brenna et al., 2014). & T45-3
3|99 ZzTto|EoA ZHAE fAFSHA ¢F 600
MPao| A &= ¢t o= ZEeto|ErL H|wE =
2 4E(eF 600 MPa)of|A] X1&}sH= nf a2 E
FAHE S vebdth meba] B339 1
35 uk2uk= 9F 20 km Ao EEEHASE
u|sh, W $19] 25 FA(T) = o] 2} -FAFS}H

A ol A FFES] EA= AP A polof 23|

=

XY 4 A, ARA o]e] FAEL B
sk ol AN AS, 924} dlgE 5o
sAgEoR s EAT 4 AN, U
Lol S AL ofeEol 74§25ttt of
Rt 1% 77 20 kA X% Eu](A: T/d)
L1002 g A4 Aol o8] st 4 g
SAG o] = s ol97] tiolct. £

2 BAiSo] 957 dekol S Aoy
(29 6), F5S AR 54 Gelo] FAolch 3
B AARE A2} AeSol that Bgla 7
wo] Buld $750] gol ek @A) 25 5 3
Aboll A, Q1S EE-2 20009 Y mloAa}

SW gl outer ring fault N E
) rim
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Fig. 6. Section view of the Nari caldera complex sum-
marizing collapse pattern for piston caldera with small
deep chamber.
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(Miyakejima)of|l 4] 27] FE5<2¢ FAE N oH, %
F7H BEE 7 SR o2 4100 me] 5
£ YePHTH(Geshi et al., 2002). 4= km 2| A, €]
274} SAFGEL hEokr7|oo] ehuhg(Rabaul)
(Saunders, 2001), &:22] o]pk7](Ishizuchi) (Yoshida,
1984), oJellg] 9] Z&] LHl(Colli Albani) (Giordano
et al., 2006), Fefta120] Alojj2t | Z12k(Sierra Negra)
(Jonsson et al., 2005) 5ol A TEE At &= FHAF
952 i ARGANE vt 2= 2t
M2 e} $40] 7bhe WEAAL AR ek
th{1d 6).

2F3Ht ofefo] mhuby| FeiE dopueiw
5% Fujo st o] Wasitt. wike-o-2et
o] £229] 1] AAk]|E th2k 12.4 km® DREO|Th
(Hwang and Jo, 2016). o}21o} Y E A5 v]-ec}
L by RA Aot BhuA) BoRS AZHE o), 2
2 npn} oo} ke W 37)E gk 1230]
o upIu 7L 419 FRu|(2: %) E TR
HAA N prolate) FE Y-S LAIZHHKCioni et al., 1998).

\J

Tk
02
-0
0y
A
Hol

5.2 Li2| Zo2te| ESHEA|

AAL] & A4tE A8 Zdtelld JA FHE
T4 EALS A TEE T ek (Barberi et al., 1991;
Nappi et al., 1991; Hwang and Kim, 1992; Marti
et al., 1997; Florio et al., 1999; Milner et al., 2002;
Gudmundsson and Nilsen, 2006). o]&= A7] #+x
7 REH] S o o JIYPE X5t A= A o]
3, 52 s wet o E s dA dgshe
T25 EEAZ o B F2= 4 Aol
AA =, Zulgt YolA 22 E4o] FEES ¢
A& 4= U Zd|ehe] AA Xtz ofs) 2
o|2te] 213t GAE Q1A h= Ao] YR H o= 7Hs
sith. AF7HA] E5=0l4 AR Are SRS
o|F = &5 ZdlErt o A7) A A=l A
= ¢4 UL T WS At 37 vyE 2
tl2t2 vebd 4= )l

Acocella (2007)& 713 2 &7 467) Zrd|2ko]|
dhel 2 Alske daky oA olsfeka Mz BR
7] $let BA AES stk 2 AEE 5

= ) @
1 volumes(km?)
0-10 | 10-100 [10-2500
_—~ 3000+ ) <) O [ ) )
s ® ,
stage 4:d/s <14 "
) £
g _ - Stage 3:
o 2000+ ° ® & @ -4<dis<18.-
= ¢ 0. ,"/
(D e < /,/
e 1 e N
g ° // ® - stage 2:
1000- ®o o . g.- (8505500
Nari e o e
.9 @ e
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Fig. 7. Variation diagram between subsidence (s) and diameter (d) of he worldwide 47 calderas (modified from
Acocella, 2007). The calderas are classified accordingly with the 4 experimental stages of Acocella (2007). Dashed
lines define specific d/s ratios for each caldera stage. The symbol patterns in the inset represent the DRE volume

of erupted deposits during the formation of the caldera.
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(1) =241, (2) B g3, (3) 9 oA, (4)
T G AT A= ek dovl= 494 X
SAAE AASHAT 23 O ZF ZdEte] &
()3 = (s)E d-s AFT=el ZEAIBHL 4714
A7 dAlof wet ZdEkE 24 Fo=H, d/s
H| o} X5HAA| Thof| #AIE Yot 1A} SFPTH 1™
7). 194 Zdgh=s 19 @25 shde] Ea2s5taL,
Zh2 Fskel 2ol A 71 217 & 7HRI) 29 A Z|
e O 92 S A=Y Jsket S WA B2 2
A& 7t 1 919 39 A Zdlets 7t Akt
A7 7HA 3L, Wil 4dA] ZHeke § 9= ¢
ot} -2 AAH S 7HAAL ek o7t 471
Zu2t 739 -2 d/s(R&/33h #ke] tiA
2 Az o ol g8l A= 99 Wl 4
Btk 1¢hA Zdlel=d/s >40, 25HA1=18< d /s <40,
3THAl= 14< d/s <18, 49HAl= d/s <14 Y 3l
£ o] SR ot U] Zdlgke d/s=2.90]2%
sfetAle] 4xkAle] 455t vlolAAuHMiyakejima)
ZHd|2HGeshi et al., 2002) 2} A2 o}&(Cerro Azul)
Zrg|2H(Munro and Rowland, 1996)2} S-AFSEH
& 7; Acocella, 2007). w2tA o]+ HA SHAL
Aol Yo WS DTS EIA7| L T ok
of| WAL Aol o3l o1& BtF o2 23t
(1™ 6)= ettt

3 22E Hus dA= 23 dA S}
AE o™ 7). 494 Zulzte il 71
& Rt 2= o] = vhd, 294 ZdEte] iR
B2 7 A2 Hojof ddE o] Qlth o= dvky
o2 FxHOF N3t AYept o & EEFH
wEL g Xk Zo2rt o A Rujo B
o] Q&= AlARRT

rid

0)4

53 2ozt =0t SAEE

Zjzt 45, e Hekgat A8 F
H] Aol oJaf AlojE ZAoltk. A5 FRB|7F A<L
A o, T T ARG W] Fujishs A #ofA
A€ AR At FAREHRoche et al., 2000).
o= Zdte] Fuot W =5 7k ik 111 Bl E
Sjw)gtt. B2, A>1Y uf, = o] Fu] Hsh= o
HHR o2 o £AL A golA dolue 4 jle
3 wfjiol 2ol A Zeete] Fujrct @A3) W
thRoche et al., 2000). whebx Zdjetel Wn R

7+e] Hl= <10] E&d|, ol AFAA T 7] ¢
A= AL & mtanrt & E ook o2 o]
gt} o]+= o] 23 A HRoche and Druitt, 2001)2}
A% (Geyer et al., 2006) Ao} dx|gtct. 123t
A5 T2H 9 Aol AFLE ZulgolA ==
A7 = E7A 2&0] golvk, 34 A=t
oA TS WA= BT W2 Y 4
Bzo| Aol A Hs}E 3 IcHCole ef al,
2005). A1, Q3 73 ek £ ko)
Rujo] 27 Peished), A% FYu7E AS1E 7H
HtHGeyer et al., 2006). ©]<} np7IR| 2, va] 2
Hgte A>10|B2 YE7HA] HE He g2 W2 H T
2H(2k 12 km’) 2 & A7) (Hwang and Jo, 2016)2.
2H TEE 5 Uk

TE T g2 npr A 2 Ytk 1o
=22 Ag FHu w2t g2kl Aol AgE]
AL otz thALE WA 7| TS0l A
;o] =GSHA| Y=t} niante] EjZhE B W/ &
2 7]& Fxo| 93f AlojE= M2 Tl ThE
% S5 et AFE T wEhA oA Z|
o] 224 w7 olsfishH EHYEet 39
AAE ASE = A gt o 2 Hstel 34, A
T T2 As YSBEA B WSHEA BYESS
w2} 26H4| (Deception Island; Walker, 1984), 3¢t
Al(Rotorua; Milner et al., 2002), 44| Z-d|2KValles,
Campi Flegrei, Latera, Rabaul, Creede, Batur, Suswa;
Lipman, 1984; Walker, 1984; Newhall and Dzurisin,
1988; Nappi et al., 1991; Skilling, 1993; Di Vito et
al., 1999)0l| A Zre|2}t 39 S5 55| WA
ol Ao gt Wshs, gaoliet 2o, 71&
T25 w2t 3t AW 7FsA SHTh A>1019,
A fle =S B Yok, ASHA gESol o
Ar=] 31 (Roche et al., 2000) ZE|2t7} $HE 52| 3H4t
ZHg &% 23 anbAl Bz AlEsHA £
Zoltt. v Zd|gtol| A et 2o, Zd|et vy 7]s)
Sho] B2 QA vhE A o 2 FstE= A2t Y
oA TE T Y A E= J 3o o5
A% R AL e

6. 2 E

U] Zrdlehs, 40 ka(Z2 60 ka) B3 £2-33]
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glom, 38 A4 BAR ole] Rz of
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o et T} I ShEAT, SARE HHS
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e cheAle) §8 AL BEst gl

Ul Zeeke Hols ¥ Xe A=Y 2
R EREEE R REREE S
7holo GISick. Be) A IS Bl Bol
ofgt e shI5o] o] ofs) WAHT, Abate
Z}ejgre 317] e} wlel Abatehol oj5t b s el
BN S ke, e N4 g8jZeighe 1 B
A7) Baol T AT sHRY Aol o3
4= e,

g B A7) 42 ek A5t 9l
L ohnh Y= RE Y5 ohanke] Fold
52, 57) e Zejeie sR-ay BaE ug
A A=A Y4k 1 17) 2 A
A Gehot BHTEY B A5 1 5 WS
83| eobd 4 gick. Zelet viete] SHAAA)
HAFo2 9ol WA T AT B Y]
LENS
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