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ulometry and component analyses of the Maljandeung tuff, Ulleung Island, Korea. Journal of the
Geological Society of Korea. v. 54, no. 5, p. 513-527

ABSTRACT: We have carried out granulometry and component analysis on pyroclastic deposits of the
Maljandeung Tuff, Ulleung Island, to interpret the eruption types and prime dynamic mechanisms. It is divided
into three members in the extracaldera area, each of which comprises the lithofacies of coarse tuffs and lapillistones
in the lower part, and pumice deposits in upper one. The lithofacies present quantitative evidences in the granularity
and component distribution patterns. As compared to the pumice deposits, the coarse tuffs and lapillistones exhibit
a relative increase in both the lithic/juvenile and the crystal/juvenile ratios, and a preferential fragmentation of
the juvenile fraction. The abundance of lithics and crystals in the tuffs and lapillistones can be attributed to
preferential fragmentation of the aquifer-hosting rocks due to explosive evaporation of ground water, and indirect
enrichment in lithics and crystals due to removal of juvenile fines from eruptive cloud. The above data exhibit
that early phreatopmagmatic phase was followed by purely magmatic fragmentation phases. The coarse tuffs and
lapillistones suggest phreatoplinian eruption derived from explosive interaction of magma with ground water near
the conduit, while pumice deposits indicate magmatic eruption by magmatic explosion from juvenile gas pressure.
In early stage, phreatoplinian eruption occurred from explosive magma/water interaction in connecting confining
water with drawdown of the magma column in the conduit; Later it shifted to plinian eruption by explosive expansion
of only magmatic volatiles in intercepting water influx due to higher magmatic gas pressure than confining water
pressure with rising of the magma column in the conduit.
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Fig. 1. Generalized geological map of Ulleung Island (modified after Hwang ef al., 2012), showing sampling sites

of Naesujeon Hill (a) and Jeodong Hill (b).



516 BAML . 0

kaZ, U-3 A& 83~9ka BP.&, U-2 A E 5.6

(@)

Magmatic eruption

{1117 (Plinian eruption)
(el
Soil

e
L1
Vitric ash

u-

Phreatomagmatic eruption

(Phreatoplinian eruption)

Pumices

Lithics

Magmatic eruption

(Plinian eruption)

Phreatomagmatic eruption

(Phreatoplinian eruption)

1 Magmaric eruption

(Plinian eruption)

Yo -

Magmatic eruption

(Plinian eruption)

fo;

——
3
BN
N

OGN

Fig. 2. Columnar sections for extracaldera pyroclastic
sequences of the Maljandeung Tuff near Naesujeon Hill
(a) and Jeodong Hill (b).
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Fig. 3. Outcrop photographs showing some lithofacies in U-4 and U-3 members of the extracaldera Maljandeung
Tuff near Naesujeon Hill. (a) Overall view of extracaldera pyroclastic sequence; (b) Pumice deposits of the upper
U-4 member; (c) Coarse tuffs and lapillistones to lapilli tuffs in the lower U-3 member; (d) Pumice deposits in the
upper U-3 member; (¢) Openwork feature of the pumice deposits; (f) Air-fall tuff between both pumice beds.
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Pie diagram consists of juvenile (unornamented), crystals (stippled) and lithics (solid).
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consists of juvenile (unornamented), crystals (stippled) and lithics (solid).
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d g2l <2 cm FAR 234 A= o] ok
(L9 6b). 7|8} 29 33U &3] Al #4 2
45 EEA FRshar 1 Fgo] FHRAPCZA
A A 2B }-&-3] ol &3t A= Ut 1™ 60).
F242 2 S-2 4~ 18 cm FA|0| L Alf WA
9 2y 27|19 RAEE FAEL ARARRAE
UeRl 1 Atolo]] A7} 71 -2 o ATk
Aol F/9e A= Fol JIth(1E 6d, 6e). 53] 2]
SHRO] B4 2 2|52 18 cm FA|O| A |9k 1 W
of] <2 cm FA 2] 2 33| ¢ho] 2 3ol FA =] o] Sk

AR=14m FAoH, NiFoA 29 2HEe =2
719 214} HAZ 02 A=A oFH 2 e E Rt
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Btk o] HAFL Hgo] e Barstn QAT |
A2 23S HZTHIY 6f). FASS A

A S o 7 aohg/doln BAE 7|2y
BRI} AR BHeAe] 7e2Als HolEtHad
6f). A5 A4 FA5L230° o] HARE 7]
ol(23) 6g) 2t SeSllet o7 WA oIS 1t
EFHTH I 6h).

o] RAFLE oHF I LA Wi HhE &
ZoE-& YEPHTH ™ 7a). o] 7452 58 ¢
T Suol A AAA FHo] fixIgt ehert
i golH, o] 24 54 o] 76 wthE 5718t
2 ghHo] vjekat 248 Mol o] EolcHL
U 7h). 5 AR S SAjE EYe B 7
A910] A7 TafERgo] akElA] gheck, Tejm
2 53 SR ole e REg A
o2 The a4 AL AT,

QMY QIESH Y B vlby W 5270}
by Fof g Solg fjelg Eafuic). o] =
oS BloraolH P4 BAe Baue FAU(E
wth o]} 20} Qi) uleket 2717} B4ol
t}. ol= 23 Yo A wHRE-S A AR
oA 29 SIS I Y=o Ao 3
froll st 57utanty 3] o5k kA -
SoRRE 75t S EAUT o2 siAd 5 Stk
7179 29 34T 39 FH AHAE UEy
o o] 33| AFolA gF 2] A= B3Pt
Lo WES ARt JAT A g =
7] BIAAERE 7 Inknd ol A wimhd Bt
29] Mol & RtFeit AA| A o2 st s
2 BHHOR T AlY Y%, W2 A/ ¢ H)(28
~3.3), 24 449 AT A wafzh-g-} oFH
9] F2 vl 7t 29 33Ut 74 2k et
29 HHELS 9]9] HEAE0] Holrp viEAoR o
o2& AAIRITE 1E|ar 7}et S el A 5
7S S HAS] BAEA G=tl, cl=71E 2
tlzte] ojFe] w9t7] wWiZel iR 52 AR¢}
22 IHE D= TR E 9ES 9
= YS(Kim et al., 2014)S | A gttt

Ao A FA4 0] 30° Uj o] Akt @AE 9
ol5 Uehd AFHE ot 2 ulEls YA (grain
flow)o]] oJgt BARIg o2 BHE A o2 34 Hrt.
o] HAZoA FHzHd e S3Uo] Y= AL E-
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Fig. 6. Outcrop photographs showing some lithofacies in U-2 members of
Overall view of U-2 pyroclastic sequence near Naesujeon hill; (b) Basal coarse tuff (t) intercalated with two thin
fine lapilli tuff beds; (c) Another coarse tuff to lapilli tuff (t2) in the lower U-2 member; (d) Lapillistone (1,) between
both coarse tuffs; (¢) Another lapillistone (14) between both coarse tuffs; (f) Pumice deposits showing openwork
texture in the upper U-2 member; (g) Pumice deposits dipping at 30° in the upper U-2 member near Jeodong Hill,

(h) Remarkable reverse grading within each pumice deposit.

the extracaldera Maljandeung Tuff. (a)
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Fig. 7. Gran size (a) and component (b) distributions for the samples of the pyroclastic sequence in the U-2 member;
Broken line graphs include three coarse tuffs (O), three lapillistone (A ) and four pumice deposits (L1); Pie diagrams
consists of juvenile (unornamented), crystals (stippled) and lithics (solid).
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w1 AJ<lo] ot 5712 SesiAe ek Sl
HIEA] 83t EAJ-L ol tiSheridan and Wohletz,
1983). 3t o]27t 2244 50| §l= AR +F
7ok by shgapi e TiE 2ue ek o
A FAA sh= T old A &g o 2 FetE

6.1 2tatol TN REIF7E

"7 any” BI3E ol SMIAEUT
Zol grts FE= Y E 7=, ol SR 5
7ty A4S AART i 2A o8 YR
FF7vtanbyd & vkanl/ & v7F A4 7FEE
28Z Akt fR|5H= oy A] $7& 2%
(Sheridan and Wohletz, 1981). ¥25-3-3]Qte] =
H Y UFAANE 57ty 231 E4 o]
==, ol #3854t Askret a8
o] dolgtial ©EE0] A& (Im et al., 2012)S F
AR Fo|A At ol = oA 7t
U2 - ol A A5 2HE-S SEHS Aol
ot oy £=F7|EYYUA EAF7E FAAENeH,
U-2 7|7 79 3|ok5 2shF o] 747 g
Aol Aet Zo] Y= thgd(polymodality) &
HFo] BEE I (partial collapse)7} Lojyt2-2 s+
QlA|AZTKSparks et al., 1997). ¥FH | 4243t u}1
uhd £3hs #4450l BEE=Y, ol vkt ¢
A ALY EZ O] B2 QT 7FAY STl &3]
AR 2 AR WEE dojtthaL a4 steltt.
ojf ZY<d EAFVE FAEHNLeH, U3 743
oA AAE Bt sHESA FRZTOE JF 9]
£ AAsh= HRel o], RAFY ol A EE
9 F7He A XA o 2 Fst Tk (Wilson et
al., 1980; Sparks et al., 1997). 583 oA H
AL £F7Inanty 235 FAA17|aL vkt
d B3tz 9] Ho|& Uehin, U304 RAF2 o
SHo8 LAFE 753k W H H3E oA
I U-204 FAZ2 &2 £AFE 15519
o} 2y Zd|eke] T vkl A EXE-8-3 o=
AT AA|E-H(total collapse) S LEHH= 2Haf
2.9} WA 7} 3] AHEE = (Kim ef al., 2014) ¥]
8f o] oA = LA R =Tt

571 1AHg E8h= ofkE ukant 7|E(magma
column)o] W& o A7} Stof 4Lste] wiL
upel ZHEHQ) A5 2R 07 UojdthSparks et al.,

1997). 23y nfaobyd B3k olnte nlaa} 7]5-9]
458 Wi, ofuj sasiglo] A|sigiet
A SR Aok HTs W2 SRRt

Tobyg FEEEAC YA B g 2o

. | SRS

-2 2 (flaring) 371 1), 145 XY
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H gA49 ol 34 Z71= chEichelberger and Koch,
1979). GA| FHLE =X = L 4= §lon o
TUAAFe A=A fHE ok th &5 = 21
U 3o A e ARoA 358 dHe=A 4%
ol EEA AR, olER AAYY Ee
A SHESollA U2 R} EskA HEE . o
Su0) 2] 41e TG o 2e] T HollA] 4
% w10} 7159 Ho) YEo BAg D AzkEct
(Sparks et al., 1997). u}1uk= Stof| A 7k47} 70
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oA w2A A5t 7hA-BHd A E EdAl
A o 2F 108 2 ZA3tck(Wilson et al., 1980).
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o] A= E B Z(Im et al., 2012) 1 3+ X7}
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E=tH(Kieffer, 1984).
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Fig. 8. Correlation diagram between juvenile content
and ash-size fraction (<2 mm). Symbols are the same
as in Fig. 5.
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1973; Self and Sparks, 1978; Sheridan and Wohletz,
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