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ABSTRACT: We analyzed several microtextures and measured densities and vesicularities to interpret its eruption
type, and fragmentation type and mechanism in the Member N-5 of the Maljandeung Tuff, Ulleung Island.
Occurrence of wet pyroclast materials, such as accretionary lapilli and armoured lapilli in the Member N-5A and
D, suggests that the volcanic activity at the Maljandeung during 18.8 ka B.P. originates from ‘wet’ explosive
eruptions, and reflects the environment in which magma may encounter external water. It means that the explosive
eruption is a ‘wet’ phreatomagmatic eruption than ‘dry’ magmatic eruptions, as considering water-rich wet plumes
and abundance of finer grains. Considering the occurrence of charred woods in the member, the external water
is considered to be groundwater that can come into contact with magma. Mean vesicularities in pumiceous
lapillistones of the Member U-5B range from 54.5 to 63.3%, indicating that the level of the phreatomagmatic
fragmentation surface in which magma comes into contact with aquifer is lower than level of the hypothetical
magmatic fragmentation surface, because the level where magma can cause magmatic fragmentation in the conduit
is where the magma rises and expands at a vesicularity of 75 to 83%. Thus, the phreatomagmatic fragmentation
was driven by volumetric expansion of groundwater after it was rapidly heated by contact with magma in the conduit
during 18.8 ka B.P. Exsolving magmatic volatiles may also contribute to expansion and fragmaentation during
the phreatomagmatic event. At this time, the phreatomagmatic fragmentation resulted in a higher gas pressure
caused by groundwater than the magmatic volatiles. The blocky grains dominant the Member resemble shattered
glass or glass that has been partially twisted and deformed while still plastic during the fragmentation. These
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fragments form a fragmentation mechanism that stress waves propagate through a melt and produced strain rates
that exceed its bulk modulus due to quenching during the fragmentation.

Key words: Maljandeung tuff, member U-5, phreatomagmatic eruption, fragmentation surface, fragmentation

mechanism

(Sang Koo Hwang, Department of Earth and Environmental Sciences, Andong National University, Andong
36729, Republic of Korea; Sang Koo Hwang and So Jin Lee, Institute of Basic Sciences, Andong National
University, Andong 36729, Republic of Korea, Kyung Sik Oh, Division of New Material Engineering, Andong

National University, Andong 36729, Republic of Korea)

1. Mo

Zupy BEhe SIS Fol Zesta wj gl
S, 27| 2749] ThE 717e] 23 Loftt. up
anbg B AZY BEE 99 viane] 21
7kl jsh At ojubu, whelo] 457 |uk kA
Fe HeN BEe nianbt onEm 39 o
oyttt

o] AT Selt BokgRu 3, B3] B
14 AR, & shambge] 284S BEch st
o T 27} SHAFESl} of @A) Aojuhex S
ol35 R Aol 2L 7] phZolch. THafAg-L o
A vhantel 4 £l g 7har| 25 7k vhankE B
AbE) WA (+7] 20} TA)) B2 Y TAYA
£ 7 AAA 2 WA SRS O] Zarele
Sk RS A S, o714 WRSHe vhank(d
E+712)9) FANU AL A o] LFeuA =
A2 ol o3 BB EO 2 BHHTE

2oty 2 = ShEolq Yojuks 3
of uet = ch2 2 o] ek mkanby shay
ALg-2 whs) A5 s njantRR §& 7hac)
wh2 sl ofs) SLENRE ¢ oIt} vhanke 7
AL ARolA] 7H7| £ TR RE kA 71
She 7hs BE0.2 WshEo] S AR (R et 3
R QA& Lkttt vhanke) X E4(E4 S v
) e A50] WET ATAL§-L 57]}2n}
4 ka8 o) Y2lo] Hick. niante] 454 Fyo
2RE Ty 23719 B AUEYL vhant
7} B3t A& BN Sofehe waH

Aol PR ST BT B
Aafat BEIAL ol3fsh B4 ko) HTAGE
BS54 itk BEeishe (1) nkant A, (2) 3}
%, (3) 3F7el A Aoz FAF o3 FH A

2 oJapg wh), ulapuolH 24T SE A
2.¢ vlantel wE $ole HER B3 ks 27}
Felol 2 ke v Flolck. SRR, v
i} -2 B714-8-(degassing) 1} A7 2-8-5¢ 2
E f-5°f HaE do7Ith(Cas and Wright, 1987;
Jaupart and Allegre, 1991; Cashman et al., 2000).
SHolA] mnrt A AL FAE S YT, ol
£ HE §59Y HkE oA FEel F3E 1l
ZtHGardner et al., 1998). E5<5-2 HWEA &
< =AY 7|29 = Sl wet HSlsl=
E #5°) ##E o] Jk(Pinkerton and Stevenson,
1992; Manga et al., 1998; Rust et al., 2003).

=T =N 7 & FEAY B3| sidete
TRHG-3-3] -2 e A Fol 2R Y E
A17S AesiA siAstR EE e 5511
tHKim et al., 2014). 21U B2 Sl of| A 1t
HZHg o 2 RE AlRBSte] 2G-S AR = 1Y)
7)o o] 5ol tht AFA A 75 I5Fe=RE H
A= e Al & g art ok

o] AtoflA] 2= o] WrhE-S-3|¢e] 474 HH 5
of| Zd2} o Fol| A WA R gt Zdet Yol =
SelE W N5} 242 28] AR, o] W
SEENSELENE EEREENEERES
Z70E Eok o] RIEE-L Zu Ho] b 3
2 AFST BRI = oJ5he §3sh]
149 AP S o S Ak 2 Holt o
shal w71, kel BT BakgRL o el
MM EERRY A $9E o 7] "ot 1t
A2 H3H-8-0) - of WRE YRbA o F2 1)
H N-5 BAH| sl A2el 9= 9 7|35, 4
AR A o2 HE HAE 4= vk ZF EET9]
A 2 B gl 22 &4, Uret 7|3ES
AFH o= A-FL2A, S8= o]t Y=ol &

ol

£ AL



Mo
ol
]
oln
0[0
Tol
jif

FHA ARgsH7] fiste, $-Ele
Z U 2R-g(explosion)2 ZHto]| gt 2| 213 FA| =
< T4 EAE Yuista, B3F--(eruption)
oA 28 2SS AS Tk, TRk
(fragmentation)2 7| 25 7H &4 HA| 52 31
A 2HE 713243 HA 2 1A 9] Fof=|E sk A
22 7|A|2.9] AghS VeRHTHCashman et al., 2000).

2. XEHE

21 28k M

o= Tl ARl 529 Tl ¢
A8t oF 2,200 m Zlo]o] HafjA oA s H=
984.6 m 7HA| $:otR)= Sttt

o] shite] SA = FAgT % =4dAtelof o) 5t
HEAY m5dr AT 55 AUss
IS ) S 2 T2t (Hwang et
al, 2012). =@ FAFE= 74 S H 74
A B 7 Z9] A4:A|(1.43~0.97 Ma; Hwang et al.,

A0IA HE N-59| FAH 7|SEN 2ot 433

2012; Brenna et al., 2014)0]1 tjHE HlT}ZHS
40~70° AAFE], 0]9] 7| AL 1w BE]A] eFach &
oo 2HYE A8 H 8UF(1.25~0.51 Ma;
Hwang et al., 2012)2 FA= 1, B85 =
A shgaf At H 89H7(0.73~0.23 Ma; Hwang
etal,, 2012)¢} ZzTto|ER 89kE 0 2 LA FH L L}
IS Tzl ER ST 2t
4% 9 SO R THET B EA S, BE
Solg, UelEA S, SRENYT FARNS SO
2 FEE

22 LRSS 30| SA

PSSR wslEo] C ArjEge] olsiE
oF 188~5.6 ka B.P.o| 2% 3(Im et al., 2012)
S7¢ Hl2e} ALA7E S X FeHKim et
al., 2014). o]u} Yele] Zefat ghEo] SulElglon,
o 4o] Foysio] 4y AX2A UeEXE B4
ATk WSS TR F7 2| ol ] AR2RE 5
22 7PHA U204 U552 AEE ]2 (Machida
et al. (1984), 272504 N-20]Aq N-52 AL

130° 50' 00"

37°30' 00"

130° 55' 00"

]

~~~ Unconformity ~~~

~~~ Unconformity ~~~

~~~ Unconformity ~~~

B

Alluvium

Jugam B
Scoria Deposits

Albong
Trachyandesite

Nari
Scoria Deposits

Nari Group

Maljandeung
Tuff

Bongrae
Scoria Deposits |

Phonolitic rocks

Upper
trachytic rocks_|

> > | Lower 7
I I ] trachytic rocks

Volcaniclastic
rocks

Ulleoung Group Seonginbong Group

=

~~~ Unconformity ~~~

Dodong
basaltic rocks

Fig. 1. Geological map of Ulleung Island after Hwang ez al. (2012), showing the sampling sites (S) in the southern

wall of Nari caldera.
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Fig. 2. Outcrop photograph showing a vertical section
of the Member N-5 in the southern caldera wall.
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Fig. 3. Outcrop photographs showing the deposit features of some lithofacies of the Member N-5 in the southern
caldera wall. (a) Three pumice lapillistones (11, I, and 13) alternated with diffusely stratified lapilli tuffs in the lower
part of the member; (b) Pumice lapillistone consisting of juvenile pumice lapilli with subordinate grey trachyte
lapill, thinly coating with volcanic ashes; (c) A coarse pumice lapillus showing the irregular distribution of some
vesicle clusters; (d) armoured lapilli tuff in the upper part of the member.
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Fig. 4. Photomicrographs that show textural features in modal pumice clasts from lapillistones (1, > and 13) of the
Member N-5, under plane light. (a) A coarse vesicle, with irregular ameoba shape, surrounded by fine and inter-
mediate vesicles, x25; (b) Intermediate vesicles with irregular ameoba shape, x25; (c) Range of vesicle sizes is evenly
distributed in a domain, x25; (d) Irregular distribution of fine vesicles between intermediate vesicles in a pumice
clast, x25; (e) The central part of the x25 enlarged to the x50; (f) The central part of the x50 enlarged to the x100.
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Table 1. Parameters for lapillistone units from Member N-5, and average parameters for units of lapillistone and

pumice deposits from the other Maljandeung Tuff.

. . Strati Density (g/cm’) Vasicularity (%)
Member  Lithofacies . . - -
-graphic unit| Mijn. Max. Mean Modal | Min Max. Mean Modal
I3 0.55 137 1.00 1.17 | 41.15 78.01 57.51 66.88
N-5 Lapillistone I, 080 1.37 1.07 1.04 | 41.15 67.59 5447 56.21
Li 055 1.18 085 0.74 | 46.76 78.01 6333  66.85
U-4 gum‘?e i 039 055 047 046 | 70.89 8248 77.17 77.29
eposits
Pumice average | 029 0.66 044 038 | 6735 86.54 79.80 81.18
U-3 deposits
Lapillistone average 0.31 0.72 048 044 | 6241 8506 73.77 75.17
Pumice average | 029 0.67 045 048 | 62.62 86.84 7574 7828
uU-2 deposits
Lapillistone average 029 0.60 040 037 | 6542 8555 77.59 7824
%_-‘.0 %.40
§](a) N-5 11 551(a) N-5 I1
;\o;zo— ’0:20*
gm— :‘5'10_
g 03.4 E 6 07 08 09 10 11 12 13 14 15 ’g”;o 50 60 70 80 90
density (g/ar) vesicularity (%)
%_-‘.0 %.40
550 (D) £ 5] (D) N-5 I
;\o;zo— “’0;20*
gm— :‘5'10_
g 03.4 05 06 07 08 09 10 11 12 13 14 15 ggo;o 40 50 60 70 80 90
density (g/ar) vesicularity (%)
o N-5 | =
3 30 (c) TS 5104 (C) N-5 s
2 s
3 20 20
gm— %10_
g 03.4 05 06 07 08 09 1.0 11 12 13 14 15 :‘;’_0;0 40 50 60 70 80 90
density (g/ar)

Fig. 5. Histograms showing range in density for the
pumice lapillistones (1;, I, and 13) from the Member N-5.

F2 H9)(055~137 g/em’)%} 71389 F W9
(41~78%)= o152 M7t o W2 A 23
(pelean eruption)Q} H7 ESKvulcanian erup-
tion) @} 44s] F Rpol & 717t E3t o] 77T
2553t ohE W R et s o 1
718E0] A4s] o W2 (2™ 7)2 gyt wpant
4 23R E =SS HEA Y=tk

SHE B AR Uil v £ UEofA

vesicularity (%)
Fig. 6. Histograms showing vesicularity distribution
for the pumice lapillistones (1, 1, and 13) from the
Member N-5.

HAZ AR F2 T4 135 7HARTE Sa,
5b) ti 5t 29 54 et A= vk
9 5c). U= AR O] Tt Bx = 7] FEl st
L AlgojA E&E vianprh v nd 449332 A
ABHARHLE 6b), I A|ZoA BEE npavi= tha
Ed AT AXFTHLE 6a). A BRETS Ao
oA A5 R 7153289 sh=aby-e 2 Ao §lo]
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Qth(c.f., Hoblitt and Harmon, 1993). ©]& H3}73
re 257 uoict vl ok B2 oj2le 7t
2SS AT olele UE U 7128 Hxe) Y
A= Bt gk A Alzbol| whah X 24 714 Wty
& UeliEd, o]&= N-5B 25520 2 EE29
£ AXoke BEY Boka-gS A A akcHHwang ef
al., 2018).
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Fig. 7. Histograms showing that the mean vesicularities
of the Member N-5 are significantly distinguished from
those of the other members.
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61 524 B2£E: B3twd

253249 2{5HE W N-5+= % 13 m 77
A 74 23, FAE e, S *
A7 2R e 33, T B4 23 Ed,
24733t ¥ AHA AEY FY Rt e
2 FAEHKIm et al., 2014). o] HH o] S
o2 2R & AlQstar $31E 7o =g W
A G 27]8] Zsepo|EF BAo s AL F
Z old 2HYE 4T E 7t o] &Y B2 A
npa-g-o] oby il TEARgof| ot uhafRE-S A
gtk o] Bl = AlFE o] SAlSHY & =/
np1up H|E A A3

53] SH(N-5A)0llA] =2 2REe)-3-3]%ke] Al
o5t 3Pt Ago] FHI HEFEY EA
&4 WEs A7 ¥ 570k antd &
2 AAE AL RYTHKIm ef al., 2014). EIF A
F(N-5D)ollA o8] 74 28} 3-3l -2 Al
527|010 BBl feEs Hx) 8 WERo
tdet 47 & TS YAISTHc L, Schumacher
and Schmincke, 1991; Rosi, 1992; Houghton et al.,
2000). o]=gt =L B =77 SRS 583
EESEE 7IAEHY, 589 T ESEREH &+
A U= AAISHL vt &5 T S8
HREITE o] Zuhy Boks B-ERG 5943 2
220) YA YES AIshE AR vlanhy 2
slaly| et $27]0kny Beleie A ojuig
THKim et al., 2014).

olu) A5 5H B3} ojnte) oA Qe
of ket 28(4571) B2 270 AN RIS RSl £
Az HekE Aok, 2L ] 2914 (metastable)
FOo g2 7gE o] o F Fof sl AL AT wf &
Hoz YR ZHo|th ditF o s, o854t ¢
B2 YRE0] fYHY, EE2 H S8(9A7HF
Fe AN S Aot} JA| niavt/ & 2280 4
ol &J&f| &= FA= v d Aotk

o] 5 BHE HEE2 ST HEER
7|1 = e, EET o] 5 5 HE Bo] AHOR
A=A o2 A A o] £&2 #3570t
g A g o2 e WA R w2 489 7k
7h dRlojet Bztdt. 37| & YA £&2 3
AadEo] ABEolg= 2& AYsta EUA £
S FARE FAE 7HITE AR EEokol B
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H AP EES 22T ol T T Y tiRRel &
Hoz AGH AN A5V ER IS AR &
SRR & 4 Slek

[=))

2 4 8 J|ZE Aol: = Oranf SM
FE(N-5B, C)ol 4| 241 el g slota ol

A== 74 2 e ok ohekgt sfj4lo] 7Hsgt
o, 947k 4o Q4IE AT ook ShETigrel &
HHEL Fthg*Hmoderately vesicular, 40 ~60%)
71380l SJshH Shwol A 3] e uhInky Fha
WA, Bl a& A nkanbyd g S 5 7In
oby SRS QPASRET, ol uknky Be
7 ok o] ofi= shafalge] dRre wskeA)
£ Y5 of gtk

HA W &9 Aol A 53] R mianbyd 7}
2 o e FeRao] g vhAHg (Sparks,
1997)& zaf Ay o] 8= 7IdEeRA &
ea g e §orel shafol sl iR B Sl
2z e)o} K7} 4R 3R (block and ash-
flow)E do7]+= A B3 pelean eruption)E
Uehdic}. webA o] QHSlRE RAIAIE ke o
o Zheiohg AR Zolck. i o] ZHeigre 2
A dFE0]1.0~25 g/ em’9] WlEol A4 Hdense,
<5%) A Atka-AH(poorly vesicular, 20~40%) 7]
FEE 8 Werh &7 7150 BE AWl
713 -A|FcH(Wright et al., 1980). o]&]gt &2 3]
FAYdE 4E 2 U3 ES g o s
FAe] 247 ehE QT Lt o et ohje
ehgele A1 9w @A SARE FRE ot
o] 2t a3 g 23 o Qv

e T2 SEEOIA v 242 9$
= 271t (over-pressurization) &2 g ZHkA
EIIE A o)== Hyly A ESHHammer et al., 1999;
Wright et al., 2007)E A2 4= Qlot. ofaobr} &
=5 AeH s=rt BetE o] ZhEa, MR vk
w7} R0 AU E(cap)S ol & 4
3 ook e g2l 7 Es) doft
1 7R7) gstel AR whantel BRL o] Erh
olelg S AL ) WA 23t Alole]
717k Fet g Aot} o] A WE2 o
250 875= 71 §8ske ARAY B
HRA HAROIN §2)8 FUHEA) &4, 19

4% vhante) 7| mse] w2 ks Yo A
3 S upnlol] 719ke elnlsis Folk. 2l
7t s, hast Hote ddss aalrt wg
%o Qojyich, Bak g AR el sigtol
240 2718 ko] FEE 574 v o]
T, A S vlante] RS <1s) Al vhante)
W2 7|2l 2T Aol 5 7k 9B i
2 njan} B58 opjshs Ao ofum AR 5
T upambe] 7kA o2 Qs 7 o £EE
oF7]8t= Zlolth 1] aL A viante] 2748
T} o] 2 Qg YEHgol| oJ5k B Frhe Hakrio}
A 3k npat Atojof] & WEet 7| F-E Aol E o]
£ Zlo|the.g., Sparks, 1997; Cashman and Blundy,
2000). 1¥thd o] EE=RE U2 2AHESS U=
7} <04~25 g/cm’9] W& Hejel 7] Fgo] XY
A(dense, <5%) A Lthg4H(highly vesicular, 60
~80%)9] W2 HE 7Hd Aoltt. &3] ittt
2e 2 EAUE & Fo= 7] YA7set W
Fof ol S EA L g2 WA o *
2 U= Y w2 7|3 ES 7H = Utk (Wright
et al., 2007). 121} o] FA4 g otolA 24 7
HAREL W=7} 055~1.37 g/em’ W 9lo| 1 7]%
£0] 545~63.3% H(E 1)EA FohaAre ek
H HAE UE7] wizoll, d7h A B3k o] A
FAQ Aol A=A G=th. E3F RAHO A
2 ol W=, AA= 22 A7717t] g8 7]
4%, aea 22 9] 53 9 w3t gt A|7to]
33| AlRHA oAk LA 2R 7|32 Ao X|ul
Ho| 1 BT 7|2 4kl ZASIYE Ao
zker) oleiet FASE 71 ARARS 7HAE 8
7hy e Bafol o) 227 ek Eak iU
B3jo4] Ea] AEEE W SIS B
o A= |8 A A,

olafzt o} -5 W], HhAeke R FR(N-5B, Q)
o4 47 2hEel g sleat olo] BAlehe 4
ehEPIoNE oA ojREn HEFo RN WAsH:
S27I0kanhy RE1E TR Sl gtk 457
ahanh Beks Ao el go] nhavtel
Fof o3 m=A 7HEE F, £ Bl o) Yo
drh(Morrissey et al., 2000). 2= ul1ad] 3
WAL A S50 b AAS B o)

Hj2g] 7]i8 Rolet.
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63 7|3E Hel: mMFE

HH HolA 7155 A=2=2RE 73S ot
9 5 Sl 7|32 B 271w E+F2lst
(2™ 3c) Bt 7155 WH N-5 g tollA
ARt wheh 24| H3}sHA] o=t HH N-5 2122
o] Bt 7|85 54.5~-63.3% M| ATHIE 1),
THE-32UelA T2 HHE0] 74~80% HLIJA A
of vl A4ds] W Ho|tH (2] 7). ] 7]5& W3t
= knhsEet 7128 E St disf dofuk=
71724 A= AEES] HIE YAz Mangan
and Sisson, 2000). T2}A] 0] 7| 352 Sz of A 7}
2] miambd o )R E E ofefof & HE
OJu|gteH(1E 8). Siuksbd mhntbyd E3ko] £
3= Woll A 2 apafj i o] Y27} Asshe] BAsh=
nmte] 7]5-50] 75~83% Heof Bot= Hell 9
&) X|uf =] 7] wjZo]|th(Sparks, 1978).

3t o2 o] ZAek8-2](decompressional exolution)
o] J3 Al S first boiling) Slo] B2 5% 42
(crystallization-induced exsolution)o]] 2J3}+ o|X}H|5
(second boiling)& AZEIE == Q. L 23] 9]
2|50l Sfsfialt Zakgo] YojubaH Hoje of
20% o)/de] AEA-go] dojuolt sh=t], o] F4
HoflA mEgo] 3% olstz EAstE R o|x}u]F
Ot wafA-g-S 1 4= gltt. olo W=, 2HE
gJeollA 7]l A mgo] S5 2E FAHES
FHHd £33} Ao v)g A2l ti-S-5t= 27
(over-pressurization)< Z$Jttal ®= Z(Sparks,
1997; Hammer ef al., 1999)3} AA5H . o|23gt o]
§ o], Sl of Pt kanbt X Es 0
Asieet 2L o REI HETo 2N B2 S, 5
Z2go) Aol 4 9leirh Azbar 4ol gl
szl vkaslr} sligte] 2L 457]k1n}
d EF9] Yglo] H3Atk 2 A FF7Intand &
3lo] B2 Ag o] IR EF0IU AHE 34
HEEo] FHEISS Uetli= Aol

== YEELS S S I E e &
& 5Y AxEE Astp7t 7 Aoloh a9y
@] N-5Boj|A] ©r5lEo] Ak et o= St =9
of| +5o] Al e gttt 2 ohd s
T SAoloopA] B4 T2 T 5ol AEEfA]
£ ¢t "ok 2ot st X #47 o ek
2ty 29t 22 A A o] AREEiof ARt

GsEo] A2 EY A|sier} Bolgik B ol
e)Hol7] wiolch. o]d o] 2 o) RES X Hs
e met Aakert vhantel AEE Aow BeE
tHHwang et al., 2018).

ez, 504 18.8 ka B.P.9] £=~F7|ut1
obg T2} Sl A XSk} whavke HE
o= w2 7t E o] sl ofs) FEE ot
ojet FAlol &-2lHe nand HEAEES G4
o] :37|uk by AFAE L WA mhaago] of
L Y% s|ols ik wabal 7P ohaekA skt
89) 13 ok Aalei4% At 9o Sict
T Y2k 5 UTHLE ). ol :37]vk by st
A vanky SRR s ot Fe
Fhegrelo] ) 2A) AHEsIgrka AZkET QA 4
S71EYYA &2 M Eol o Aydelzhe
A& A sk FAo] YA 2ET FASHT

6.4 AXIFH: T27|F

Fo71ut ek Eslo A JRES 34 W
4, o714, WA, 8|3 3 32 weAto) Stk
(Wohletz, 1983). ®lH N-52] 3 Zo= ES

: hypothetical
/[ —— magmatic
fragmentation

phreatomagmatic

¥ =———— groundwater
fragmentation

<«—exsolution

Fig. 8. A longitudinal section showing the levels of hy-
pothetical magmatic and phreatomagmatic fragmenta-
tion surfaces in the conduit of the Member N-5.
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A} QA7 LM Sk BAF A7 Z3HETH Y 3b).

224 QA ARG §17) B opw Set
2ea o) BRHoE moln WHE £ gtk
o5 THE-E 557|010k A St G &
2 (stress wave)7} WES F3) A=} 32 e
/J&(bulk modulus)& &715h= HEFES AR o
FAEHMorrissey et al., 2000). HA] BE2] 2|2
=7} A 2A0) T 314 Belo] Z7]Hvapor
film) o} 5-2of o] AtE= A 5 Z2 A%
4 Sjo] ofa) wwitn Az Seui
Autzr o 2 Fukthermal wave) 2t} o W24 &
oE7] ol WE A Zo] w=A 7|AH $HS
S o ot g4 52 02X WE #H 9
akg o)A,

wE o] Fsold, ghelo] WE o] 45° oo}
9 4w 2 AutE 3, WA W] F A (curviplanar)
HE 2= 554 HEES IAT AolchMorrissey
et al.,, 2000). Z7|9t AEL M WEO] T A
TEE HE 2458 2/ HFY BHE =54
71t oh5-8 AR Zloick FE7] Hol Ty
£ HE BRIA, 57 4F= vl 9= ¥R
A7l Eelo] B WE sAte o] fA|2H 24|
£ YHII=S 2N,

AT YA vku A HAZ] Y 2ju) 2
27ro 2 A th(Morrissey et al., 2000). ©] k2]
HHE F7149 ] AF, 718hne] Mut, 22 E9H
4] oh7 uhEe 4 glrk o|u} & EApHE o
2 Tk FEA o g 52 obs] EH ool 7+
3] 4= Tk (Wohletz, 1983). o] 73] &2 HE &1
A 7E|o] WE o] 2714 whajhgof 212lo] Hel.

7.8 B

$-2]9) z=o) o5l Bahgd, w3t whaf
717 YA Eo| v 237, Yrol 7] F-Eof 23]
Q14)E 4= glek. WH N-5A, DojlA] S=2jahdz]|e}
Zetga) 5o 88 HHES ghioll 9Jsid, T
5o A 18.8 ka B.P.of| siHEE-S ‘HaA 2
A 32 RE = 9SS A XS uhnkrt 9
B2 W= 33 ubgiith o] iy 3=
Ho3 25T TR A GRS AbEhE 5
7lutaoby E3lebs AL oujsict o] Wrdle

EIS}E 0] ARES TRbSHH QREL X|8lrt wtl
uket &S A 0 2 wobE )

A N-5BS] ghgdejetol|lx] Bt 7]5E0] 545
~63.3% H$I2Ad, ol FHwoflA ti=Z3t v 1nt
7} AEshe £37vkanHg wH o] KIA]7F 71
2 npauby o YRR o ool e
epdict ofukstd wianbyd E3h= 3= WellA 2
A 9127} Agste] BAsH= vkanty 7)E
£0| 75~ 83% # ol D5}7] =it

agug, D504 18.8 ka B.P.oj| $2%7|ul1
nhg Ta2HE-2 SHeof| A RSkt niankeke]
o= w2 7tgE o] Fugipe] oaf U= gl
t}. oje} FAlY &= utanhy A ELLS
AA] o] =F7|ukubyd AbEt BT} ok 2hg-
o oj= H& 7]of8titt. ojwf =F7|nt1uhg =t
H2Hg-2 npanby AU ED R} Ashof ot
E2 7taggo] v 2A 25kt

371t anby ahfRRgoll A -A1g B84
A= At 7] 2 o= SStAEE
HEAoZ mo|u HPH (g Bolrh ol o
HE2 570 ankd st ¥ Seut
7t HEE Fof AgEo] Ay &S 57s=
HEES YA o) FA4E Aot

2ol 2

o] A= 7|4 1] (KMI2018-01610)0f| 23]
A Q=] et =R AR A A 0] FE A A= 0]
Aol A SA W= A Ao S TS 5HH
o Uo7 352 Qe tisha Azt A doA
SR B AAIP oA A vjE e R &
2]0] Aztat sjAE gt s F £ A
A= ALS)E 3T
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