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ABSTRACT: In the Maljandeung Tuff, Ulleung Island, eruption styles and shifts in eruption regime can be heralded
by differences in granularities, and changes in the vesicularities and microtextures. The volcanism of members
U-3 (8.4 ka B.P.) and U-2 (5.6 ka B.P.) in the Maljandeung Tuff first began with phreatomagmatic activities, and
shifted to magmatic activities in the eruptive style before its long dormancy, We focus here on the processes leading
to the start, shift and termination of these two volcanic events. Pumices from both volcanic members show a very
high and similar range 71.8~81.5% in mean vesicularity. In member U-3, the vesicularity of early erupted pumices
of phreatoplinian lapillistones (L3) shows a lower range 73.7~73.9%, and markedly increases into 81.5% toward
the top of later plinian pumice deposits (Us). In contrast, that in early erupted pumices of phreatoplinian lapillistones
(L») from Member U-2 shows a higher range 76.7~79.1%, and decreases into 71.8% toward the top of later plinian
pumice deposits (Us). Pumice clasts from the top of each member represent textural extremes. At the top of Us,
the clasts have very thin bubble walls and a predominance of large bubbles, whereas at the top of U», those have
thick bubble walls and more small bubbles. Eruption styles and regimes between both members appear to have
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a slight differences. In 8.4 ka B.P., the phreatoplinian eruptions were more dominant owing to the pressurized gases
derived from heated ground water rather than the exsolved magmatic volatiles. At that time, the magmatic volatiles
might still lead to fragmentation of the melt at the level of groundwater aquifer. This shift to plinian eruptions is
marked by the progressive increase in vesicularity due to the rapidly rising of magma in the conduit. In contrast,
in 5.6 ka B.P., when it was led to a magmatic explosion by exsolved volatiles in the conduit, the phreatoplinian
activities were perhaps triggered by highly pressurized gases derived from the magmatic and phreatomagmatic
interactions. At that time, the location of the fragmentation surface by the magmatic volatiles might be almost equal
to the level of groundwater aquifer. This shift to plinian eruptions is marked by bubble collapse due to the progressive
development of permeability in the melt and the onset of partial degassing.
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Fig. 1. Physiographic map of East Sea and geological map of Ulleung Island after Hwang et al. (2012), showing
the sampling sites of Naesujeon hill (site A) and Jeodong hill (site B) in the extracaldera.
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Fig. 2. Outcrop photographs showing the depositional features in U-3 and U-2 members of the extracaldera
Maljandeung Tuff. (a) Overall view of the pyroclastic sequence of the U-3 and U-2 members near the Naesujeon

hill; (b) Overall view of the upper pyroclastic sequence of the U-2 member near the Jeodong hill.



285 LTSSEIANM 74

A= YeRZ] 98, ZF AlZ+= Houghton and Wilson
(1989)2 wHel 16~32 mm 2|7 2] 20~607] HHAEE
o] L=t 7 AHNEL 72t EE2F9] dix
2 AYEQT g it 7] A P4/ 7=
oo A2 7Izto2 AEE L) o5 £ Ao
AU ARELS WH U4, 3 D204 Y2 2 S
319 (t..a), FAH 2L (o) T BAZ(pr..s) S
e 7okeS B3t 4o et vetlr] ¢
3, Zou A= 1L 1L IV 2 V& 2o} 1] 2
g} 980 Y52 1.7 km, X Ao)A W U-49]
A U-271A] o] & Holee 2 w2 Ho v]&E U-29
U, A= 2AHo ofa] Zegict. 212 )
o} 918 $52 3.0 kmol| o AT Uy AehRs} A
7 Bol :=ZHck N7 Bol A FA4E A Ao B
ot of ©atct 2y 7|ek ZdlEk gl A &
A ZdEt 979 213 A 9 BEG & B33}
Kim et al. (2014)7} 71413t =X 2?1 7515, HAZ
I} PDCE& Z 3t

134 AlEE AR AdA =2 FE W9 U4, 3 2
2004 & ¢F 6507] H-AHo| H = = Wy
U-49] Z2|Ud F4Zo0A 1745, Wy U-39] 2
Ha|eto] 27453t B4 5] 570, W U-29] 2k
2 ST BAF 275 oA St 1
ol 37 A2 A Bof|A| U-29] £4F2 3715
oA 2F 18077} =3 =] et

32 U9 7128

24 g WErt 27l wet wsss] o
Fof|(ofl, Walker, 1981), 16~32mm 37] HHE 7}
A gE SR Mg o 271 Wl
S7h e 2 nE Raus 78] ofdx) e A
2 ZBa| 2 BARE TR, Walker,
1981), e} 79) BE S HABOIH 2
He] 271 gejoln Yk HEe 2] o)
Bof, W& o] RAWG S3512 Al&alA A7
3717} 4.

WESAE A7 A% Bol A B ARZEE U
& 2 Az R s 3] oM FA(Wa)
o} B0 9] BA(Wa) E 2HTH2H of2d
0] e)o] wet AEE T ojn) Fd 7| gL 3
o] et o] £A% Aweta Az o
20l M]%(5.G.)& Wan/( War-Weo) 2} 220] Z0] ek

9| 7|SEY 23R A 457

Z} B H o gt £1]7]-5-E(bulk vesicularity)
< FA o] AR|sh= TR FollA 7180l Hst
= 79| wEgolt) o] 7| F3ES &3] TYE A
9] A/UH(DRE) Y=F 0|83t ZAAsloigith
(Spera, 2000). T2y} 9-2|= Al2te5gtoA &3]
AN EE AT o) 7|3 ES B T3] R4
of tisl 371 FolA FA(Ws1) 2k 200418 FA
Wo)E SHTe=2HN AAsith. #4He B4
ol A 200~250C 1222 oF 2~3A7F B¢t 7|27}
A di7kR] BYo2A 7|35 B2 SHs] A
9] ZA . wEbA 7188 (Wa-War) / (Wa-We)
x1003} o] A= T of7] A H]FE HA] War/
(Wa-We) 2t Zo] A AXtE At o] vl & 2
E(lg/cm) & UHeo 24 YR AEE i

3.3 O|O|X|] &AM

SHMEEY 27, 53] 713 4%, 715 2%
ulg e shEalg S ATshey) o8 4 ol
(Cashman and Mangan, 1994; Mangan and Cashman,
1996; Hammer et al., 1999). BfHA &2 o]u]X]|
= NE SAEMEA U2 B4 244 S-S
At G-I YoM EEHEY] F ol5F
SH715E9 H3E 54517 Y8l o] & H U

7} g BET9ol A e 1~37) 34 we vk
ol olmlA] 4Tt HA gia) At Ale
o 3 Ao BE SAH0) WE 2=} A
o] 712 53 shch 9 whEelA 71F o
= 9 mope] BFAAL 37he] ThE B olmX| 2
o} BAakeiT). o] A 71T Y=g LA
E437] 913 S 2k BA5-38)] thted,
7V 243 Sojul&-2 25x, 50x9F 100x0] ATk &
HH&(25x) ©lu] A% 2} 16~32 mm 4B 7}
2 713(1-2 mm) & E3el7] 1) A9ie. o 2
Hhgo] ofmlA i 2HaHo] £ 7] 93] Wk
o2 ofu)x] AIER EFAZ. He] 25x of]
A= A DA 71524 9] WA E Yehl7] ¢k
ZAAHA Adste] Fgioh

4. 4 1}

41 Uxot JISE
A U-39] 2R ¢t L, L (9= )9 743



458

Table 1. Densities and vesicularities for eruptive units sampled from members U-3 and U-2 of the Maljandeung Tuff.

. Sampling Eruptive Density (g/cm’ Vasicularity (%
Member  Age  Episode Sirt)e ¢ llﬁit Min. Max.y (I\%Iean)Modal Min. Max. M}e]a(n )Modal
ps 030 066 049 054 5933 87.15 71.80 72.08
B ps 030 070 044 044 6034 8658 75.13 77.63
\% ps 028 066 046 0.54 53.09 8735 72.06 78.13
Uo 56 A P 025 069 041 045 69.85 87.92 81.36 81.81
ka pi 032 063 047 045 7047 8522 7835 81.76
L 031 050 041 044 6832 84.77 7693 76.84
v A L 030 071 041 034 6021 86.05 76.74 78.13
1, 026 0.60 039 034 67.72 8582 79.11 79.76
ps 031 058 041 035 74.17 8592 8146 83.45
ps+ 030 080 047 0.45 5820 85.85 78.11 77.40
I A ps 027 079 045 034 6454 87.60 78.89 83.06
U-3 i: p2 029 055 039 035 73.72 86.59 81.41 82.63
p 026 059 045 043 66.11 86.76 79.11 79.40
I A L 032 060 047 043 63.65 83.19 73.65 73.02
1 029 0.83 049 045 61.16 86.92 73.88 77.31
U-4 11150 I A pi 039 055 047 046 70.89 8248 77.17 77.29
P1 P2 P3Py p5 (CIHAE M)A 2 FAHE
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Fig. 3. Lowest (1), mean (#) and highest () density val-
ues for samples collected at sites A and B against nor-
malized stratigraphic column from Hwang ez al. (2018).
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Fig. 6. Photomicrographs captured from pumice clasts of eruptive units that show textural features in Member U-3
of the extracaldera Maljandeung Tuff. (a) coarse tuff t; showing small pumice clasts in a fine ash matrix; (b) Stretched
fine to intermediate vesicles in a pumice clast from lapillistone 1;; (¢) Very fine vesicles between intermediate vesicles
in a pumice clast from lapillistone 1; (d) A coarse vesicle surrounded by fine vesicles in a pumice clast from pumice
deposits pi; (¢) Range of fine vesicle sizes is evenly distributed in a pumice clast from pumice deposits p; (f) Domains
of very fine vesicles surrounded by intermediate to coarse vesicles in a pumice clast from pumice deposits p4; (g)
Coarser vesicles are dominated in a pumice clast from pumice deposits bed p3; (h) Range of vesicle sizes is evenly
distributed in a pumice clast from pumice deposits ps.



462 AT - 0|27 - 94|

2o ] AEE Holid), ol 71 4%e He  IolH e RATS 7 K] % Hw| oA
@A} olante) e ARALE ANRGT B molRn], 2o v|Ee] REL H4H V) ERT,
AZET WH U39 ZeUd $AZ(INAE 5 7] E8Kvesiculation)Z 913 ol A7h W

§ P4 it P+ i e MRS

p4 24 > w 43

Fig. 7. Photomicrographs captured from pumice clasts from eruptive units that show textural features in Member
U-2 of the extracaldera Maljandeung Tuff. (a) coarse tuff t; showing small pumice clasts in a fine ash matrix; (b)
A coarser vesicle crossing fine vesicles in a pumice clast from lapillistone 1;; (¢) Complex vesicle shapes among
fine vesicles in a pumice clast from lapillistone 1; (d) Range of vesicle sizes is evenly distributed in a pumice clast
from pumice deposits pi; (¢) Complex vesicle shapes are exhibited and range of vesicle sizes is evenly distributed
in a pumice clast from pumice deposits p»; (f) Range of smaller vesicle sizes is evenly distributed in a pumice clast
from pumice deposits ps; (g) Coarser vesicles surrounded by domains of smaller stretched vesicles in a pumice clast
from pumice deposits pa.
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Fig. 8. Outcrop photographs showing textural features of some pumice clasts from the extracaldera Maljandeung
Tuff. (a) and (b) Big pumice clasts showing such coalescence features as convolute donuts D, wall rupture R; wrin-
kling W and polylobate planar walls P from pumice deposits ps of the Member U-2 in site B.
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