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environments and processes of the subsurface dacitic volcaniclastic deposits in the Miocene Janggi Basin,
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ABSTRACT: The Early Miocene Janggi Basin in SE Korea, formed in association with backarc opening of the
East Sea, is filled with the Janggi Conglomerate, the Seongdongri Formation and the Noeseongsan Basalt above
the basement rocks of the Eocene Wangsan Formation. A succession of >100-m-thick dacitic volcaniclastic
deposits, which is a potential cap rock for underground CO, storage in the basin, occurs in the lower part of the
Seongdongri Formation at six borehole locations. The deposit can be divided into 15 facies and 4 depositional
units. Unit 1 at the base is composed of angular lithic and subrounded pumice lapilli in an ash matrix. It is generally
massive, very thick-bedded (up to 39.3 m), poorly sorted, and partly pinkish and contains carbonized wood
fragments and fluid-escape pipes, suggesting emplacement by ash-rich pyroclastic flows in a subaerial setting.
The overlying unit 2 is composed of epiclastic conglomerate, sandstone and mudstone, showing features of fluvial
deposits, such as scoured bases, clast-supported texture, and fining-upward trends. Unit 3 is composed of fine
ash-depleted lapilli tuff, containing abundant fractured crystals of plagioclase and quartz as well as accretionary
lapilli and carbonized wood fragments. These features are interpreted to be due to quenching of crystals and
winnowing of fines, which occurred during the entrance of a subaerially derived pyroclastic density current (PDC)
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into a lake. The PDC is inferred to have been divided into a dilute and fine-grained PDC (ash cloud surge), which
passed over water, and a dense, coarse-grained and cohesionless debris flow, which moved underwater via flow
transformation. Unit 4 at the top also consists of fines-depleted, crystal-rich lapilli tuff, overlain by laminated mud-
stone, suggesting deposition of a PDC in a subaqueous setting. Understanding the depositional processes and chang-
ing depositional environments of the dacitic volcaniclastic deposits in the Janggi Basin can help understand the
changes of lithofacies, which result from the entrance of PDCs into subaqueous environments, and the processes
of basin-fill accumulation and basin evolution, thereby contributing to the selection of the most appropriate reservoir
rocks for underground CO, storage in the basin.

Key words: Janggi Basin, volcaniclastic deposit, pyroclastic density current, sedimentary environment, flow trans-
formation
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Fig. 1. Regional geological maps around the study area. (a) Simplified geologic map of the East Sea (after Jolivet
etal., 1991). (b) Simplified geological map of the Early Miocene Janggi Basin with five structural domains based
on stratal attitudes and relative chronology of the basin fills (after Kim ez al., 2015).
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Table 1. Summary of lithofacies characteristics.
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Lithofacies

Description

Interpretation

Volcaniclastic facies

Facies alLTm;
Fine ash-rich
massive lapilli tuff

Facies cLTm;
Crystal-rich
massive lapilli tuff

Facies 1LTm;
Lithic-rich
massive lapilli tuff
Facies pLTm,;
Pumice-rich
massive lapilli tuff

Facies adLTm,;
Fine ash-
depleted massive
lapilli tuff

Facies LTs;
Stratified lapilli tuff

Facies csLT(i-n);
Clast-

supported

inverse to normally
graded lapilli tuff

Facies Tm;
Massive tuff

Facies Ts;
Stratified tuff

Facies wTm;
Well-sorted massive or
crudely stratified tuff

Very thick- to extremely thick-bedded; composed mainly of angular lithic
and subrounded pumice lapilli in an ash matrix; poorly sorted; lithic lapilli
show coarsening upward; interbedded with vitric fine tuft (facies wTm?2)
with transitional contact; fluid escape structures and carbonized wood
fragments present at the base; pinkish matrix in JG-3 and 4

Very thick to extremely thick-bedded; composed of angular lithic and
amoeboid pumice lapilli; contains abundant crystals compared with facies
al.Tm; some are normally graded and pass into facies wTm3; sharp lower
contact with facies wTm3; includes rip up clasts

Extremely thick-bedded; composed of lithic ash and lapilli; moderately
to well-sorted; sharp lower contact with facies adLTm; only occurs in JG-3

Thick to very thick-bedded; composed of medium to coarse, amoeboid
pumice lapilli in a muddy matrix

Very thick to extremely thick-bedded; composed of angular fine to medium
lithic and amoeboid medium pumice lapilli in a vitric fine ash-depleted
matrix; pooly sorted; usually shows gradual lower contact with facies
csLT(i-n) or wTm; some include accretionary lapilli and carbonized woods
(JG-4,5,6)

Thin to medium-bedded; composed of angular fine to coarse lithic ash and
subrounded medium pumice lapilli; shows gradual lower contact with fa-
cies aLTm

Very thick-bedded; composed of angular to subrounded, medium to coarse
lithic lapilli in a pumiceous matrix; pooly sorted; irregular lower contact
with facies wTm or adLTm due to erosion and loading; occurs in JG-4, 5
and 6

Thick to very thick-bedded; composed of angular lithic and subrounded
pumice lapilli in an ash matrix; interbedded with facies Ts or wTm in the
lower part of Unit 1

Thin-bedded; has similar characteristics to facies LTs except grain size

Thin to very thick-bedded; occurs at the base of Unit 1 in association with
facies Tm or aLTm (wTml), interbedded with facies aLTm (wTm?2), at
the top of Unit 1, 3 and 4 in association with facies aLTm, ILTm, adLTm
and csLT(i-n) (wTm3). at the base of Unit 3 in association with facies
adLTm and csLT(i-n) (WTm4); contacts are gradational; vitric fine ash rich
inwTml, 2 and 3; mostly massive but crudely stratified in wTm3; wTm4
shows fine ash-depleted texture similar to facies adLTm

Voluminous ash-rich PDC
generated by subaerial
eruption

Subaqueous crystal-rich
PDC

Subaqueous PDC which
underwent density
segregation

Pumice-raft deposits in a
subaqueous setting

Subaqueous PDC
generated by subaerial
eruption

Subaerial PDC during
waning eruption

Subaqueous PDC
generated by subaerial
eruption

Subaerial PDC generated
by precursory
small-volume eruption

Subaerial PDC during
waning eruption
Subaerial PDC generated
by small-scale precursory
eruption (WTml) or with
flow pulsation (wTm2);
co-ignimbrite ash fall
(WTm3); turbidity current
generated by flow
transformation (wTm4)

Epiclastic facies

Facies Gm;
Massive
conglomerate

Facies Sm;
Massive sandstone

Facies Ss;
Stratified sandstone

Facies Mm;
Massive mudstone

Facies Ml;
Laminated mudstone

Thick to very thick-bedded; composed of subangular to rounded peb-
ble-cobble conglomerates; commonly clast-supported and poorly sorted;
weak imbrication in some layers, sharp erosional lower contact with facies
alTm; fining upward into facies Mm; interbedded with facies al.Tm at the
base of Unit 2 (JG-4, 5); includes crudely stratified sandstone (facies Sm,
JG-6)

Thick to very thick-bedded; occurs in association with facies Gm or Mm
with gradual lower contact; well-sorted; locally includes coals (JG-5) and
rip-up mudstones (JG-6)

Thick to very thick-bedded; alternations of dark-colored very fine sand
and gray medium sand; interbedded with facies Sm or Gm with gradual
lower contact; moderately to well-sorted; some include ripple cross-lami-
nation (JG-4, 5)

Thin to very thick-bedded; gray to dark in color; interbedded with facies
Sm, Ss or in association with facies cLTm (Unit 4) with gradual lower contact

Thin to very thick-bedded; dark-colored; occurs in association with facies
cLTm (Unit 4) with sharp lower contact; partly interbedded with facies Mm
and Sm

Hyperconcentrated flood
flow in a fluvial setting

Hyperconcentrated flood
flow during waning phase or
turbidity current

Suspension settling in a
swamp or lake
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Fig. 5. Detailed graphic log of dacitic volcaniclastic deposits from JG-1 well in the lower part of the Seongdongri
Formation. Pie diagrams give proportions of different clast types from image analysis using core slabs: white for
pumice, black for lithic and gray for matrix (< 500um) including crystal fragments. Note the rapid increase of the
proportions of lithic at 658.5 m indicating an increase of eruption intensity.
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Fig. 6. Detailed graphic log of dacitic volcaniclastic deposits from JG-4 well in the lower part of the Seongdongri
Formation.



Y7|2A| Ko} HAO|ER stitafdetel EXeAnt MUY 783

719 fAo g At 2 alTma} o] & el 4
sk AAE melr)

wTIm2 Tmd}t aLTme] s}iof &EAsh= 3¢
(wTml; 29 7e), aLTm¥} W &5h= H-H(wTm2;
79 76) 9 alTme] Ao ZAf5hs 7-9(wTmd)
E2ihdoh Tm3 gAY 0] gEsh, A=
A} 54 0 ko] Aa Al 9 21 k7t
S A3tk Afol o] Jlok. =2 alTmit
o)Al At HAE Helrh

412 34
MF(< 3em) <] gHHTF HAo] 3HAE3] 716 2]
A=o] glom o FAE 4 mof o] 211, i F

= 3)igoln] AR B4l 71Po] AG HE A2

€ Ae sk, o] PSS SN FEE
SPHEEE FAE a7t S RE SRl os)
EHd Ao 2 s thFisher, 1984; Cas and Wright,
1991; Jutzeler et al., 2014a). A2 0 & F|AFS 1}
ERRE 2e 2= R o Be B 2
=2 34 (Branney and Kokelaar, 2002), &3}
o B ST S GATRE of SR EAL
JHiellA =](emplacement) = 22 A|AZHHCas
and Wright, 1987; Cas and Wright, 1991). ¢ 2]
AR A=Y STl whEh =3 716kt
ol o e gFEEo] T B BEE Ao o
], G G o] Hastal FA4 9] ol
Zobss e U A7hol A F, SR A1t
ool et 749 dro] uE A9 Ay

Fig. 7. Core photographs of Unit 1. (a) Fluid escape structure in JG-1 well. (b) Carbonized wood fragments in the
fine ash-rich massive lapilli tuff (facies aLTm) in JG-6 well. (c, d) Slab photographs of facies aLTm at 666.2 m
and 658.8 m depth of JG-1 well. (e) Base of Unit 1 in JG-5 well composed of massive tuff (facies Tm) and well-sorted,
massive or crudely stratified tuff (facies wTm). (f) Facies wT'm2, showing vitric fine ash-rich texture, interbedded

with facies aLTm in JG-1 well.
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(selective filtering) EI}7} 7HAste] B4 E0] EH
3 4 J9d Ao 2 sdEchBranney and Kokelaar,
2002).

24 ST SIILTS)S) A9, Skslsh E2
g )4} shate 23]9HalTm) T} FHol&Ql Arshy
AAE 7 BT EHE 2 4 girke
HolA Bmrt A dom AvEe o, 2o u
2 Ut 32 AAE Y2 YA Ao SpuE
(Branney and Kokelaar, 2002).

Bgo] FET WY FL Fnlat Fo4E Rol
S8 (wTml)E aLTmi} o] 2 Q1 HAE 7HA|H
shol Ueh e 8 272 alTm H2A7) 2
AEEO) BAROR Yoliy] A R BIYE
o W& Ae = EF(dilute PDC)o]| o3t E]Z S
2 M€tk wTm2+= alTm} Fo] &1 BAE 7t
Ao LBSH= HE 2AR SRS o3k 27
shafrol Fr2 e SRR Afo]9] 72 (interval or
pulse)& X|A|5h= Ao 2 34 Hh(Loughlin et al.,
2002). wTm3+ aLTme] Ao EA5l= & &
A% sRhR7} 2| %2 wjet o SalEA AYe] Azt
So] 912 WAL elutriation) RAZZ(R
H)) 95l E&S(co-ignimbrite ash fall deposits)
© 2 3 ErhHFisher, 1984).

42 5 FHoMet

4217&

4% SPRASLe A, FE B2 Bajo] B3
A 3 2-35]9H(cLTm, ILTm or pLTm), SHHS]
7 Ao 24 3hiE S-3] Y (adLTm), HA[A| H4
ol 3ol Mt S-3] U (csLT(i-n) B 5ol F=gt
g Z2 et FE Hole S U(wTm3, 4)
oz A

LTme 54 mo] $AZ 592 sk
(medium lapilli) 271 743 2t 9] etz ol
vl Pejo] A 9 FPor o]FoA JIrh(1d
8a). FA W Ho 2749 ko] wof SH, ZH4
A 9 NI Zhe AA 5ol Sete 2 yHEkEY, 3t
Ab8]7} FEe D4 3HikE 33| (alTm)ol| H]3)
AtjF ez AYe] f-22 FHAES(vitric fine ash)
7t Ao 45 Bk £33 fHo| vls) fAat
279 Fo] Aoz r}. s wTmd 31
3t AAIE 7Y YR Eo&H Y (rip-up clast)=

Al 2B -

o4
ot

1=

Ik

Tkt Qrul(dike) 02 Yl 55 FS A5y
2210 cm (33 D)~} 163 m (63 F) TA 9]
FHMm) -2 F32 o|gMl)oll o3 F3igt &
FAAE Holm It 1H 8b).

ILTmE ¢F 23 m&| FAE 7HA™ 3% Fofl A7t
TEHL AP~5E2 s (fine~medium lap-
ill)=271& 7 243 9] o] tiiis Apx|skaL
7180]| 27| BA 9 AA 02 o]Fo| A i 1™
8¢c). 3Ht adLTmIH= 3% BAE Holm 252
F2-Fasict

pLTmE ¢ 2 me] FAZ A A (medium
lapilli) 27]9] %4402 4% 99 o 50 cme]
FAZ 2873 A (coarse lapilli) 37]9] F24o]
SHite] 9 o] 7] H o) EAst= 9= Udoi(2E
8d). ojufj F-A12 meFo] B 25t opju} FEfE W
W ol theke] A5 E3tsitt o] M2 cLTm
9] Z5ol ol Ho| AU F33 AAE Holr {4
5HA| 52 Frof| Art T

adLTm2 44 me| T/ 2 tjF-& 315 csLT
(-n) 7} Mol 5] AAE Bolu] alTmel u]s) 4]
Moz 7|he] ME 27 st Aofe 5%
< HRItH(1H 8e). ME~FHE 34 =7](fine~
medium lapilli)& 7} Z+& o] 4 H 1} ofwu} FE)
Ol HA W AR o8 LAEH cLTmit= 2747 7
He] gepo @, esLT(in)The ¢He] Fitol o
BAF2E FEET Wi g3y} Brisie
o] HAETH4, 5,63 F 12 6, 8, 8g).

csLT(i-n)2 4= me] FAZ diHE 7|vket 71¢
9] ollg-Z1g o] A A (medium lapilli)
715 7 o E FAE o] glot RE=okd
o] =HA shiHH(coarse lapill) 3715 7HFAth
(29 8h). 7]d2 4] A 9 AH O 2 o]Fof
A Aok s wTm 4] &2 sh5(loading) ]
2]t B35t A (irregular contact)E HolH A
2 adLTmaHe Mol &el AAS Helth. sh5o] =
oSS ZeH 59 g HEEA &
=tk

wTmZ cLTm, ILTm % adLTme] Ao &4
3= A-(WTm3)2} adLTm3} csLT(i-n) 2] 31
ek Ao (wTmd)2 Ltk wTmde] A9 4
mo| FA| = thFE 3HIE] 2 o] FofA glaL, wTmd
9] 7% adLTma} FARRE 71H(ME Y f-214 34t
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a7} Zolsjo] glom avke] B4, I W Eem
of 7434 5o] AR )& T F A
25 Aol QIS o) Mol AAS ek

ILTm¥} adLTm®] BPA#E o A= 242 i
gL 7HA A g3 HETLZ(jigsaw-fit texture) 2] /\]-
ZgA o] TRETHH 94, 9b).

4.2.2 34

A EENEERER R PR B
9om £ FA7H -4 mef o 21, P 3
Aolw] Bjo] BT SHEE TAZ YR st

5‘11’5_]’“ Y=ol ofs) H2H A= sjAHEn; E3

4 me] FAE 7H GAE(cLTm, adLTm)
-4 713 ol b e ste)7E dod &
A2 G| SAolM R ol sy ol whE Al
A= Erke st Al A2 el IE B
3 BHo] Aoty A & 9erh S 3
Abelel RAjo] Jof =1 U=yt 2 JHS 850
Z 71k A9 D] e 25289 2E 3
A g th(Freundt, 2003; Allen et al., 2012). =3} ]
HAao) A, HEFx2] APEA 9 oful FH|
o] FAL dreRel 7 £o] 2= Zof| o7t §4

Fig. 8. Core photographs of Unit 3 and 4. (a) Slab photograph of crystal-rich massive lapilli tuff (facies cLTm, JG-1
well). Note that the matrix consists of tightly packed crystals and pumice lapilli. (b) Laminated mudstone (facies
M) above facies cLTm with sharp lower contact (dashed line, JG-1 well). (¢) Lithic-rich massive lapilli tuff (facies
ILTm) in JG-3 well. Note that this facies consists mainly of lithic ash and lapilli. (d) Pumice-rich massive lapilli
tuff (facies pLTm, JG-5 well) in the top of Unit 4. Note amoeboid, medium to coarse pumice lapilli in a muddy
matrix. (e) Slab photograph of fine ash-depleted massive lapilli tuff (facies adLTm, JG-1 well). (f) Accretionary
lapilli and (g) Carbonized wood in facies adLTm (JG-6 and 5 well respectively). (h) Clast-supported inverse to nor-
mally graded lapilli tuff (facies csLT(i-n), JG-6 well) composed mainly of angular medium lithic lapilli in a pumi-

ceous matrix.
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3t WYzho] Ax= A FlchFiske and Matsuda, 1964;
Fisher, 1984; Cole and Decelles, 1991).

cLTm] 739, +5ollM 2ol S5t ke 2t
HAA W= F(subaqueous crystal-rich pyroclastic
density currents)o]] &3t & o2 s|Hct. F5
2 sh AA7AS EolgRle) A UEol
SHE(head)o] 374 S50 a2 A AR

ILTmo] A B2 == gHo] SAlst sHtad 9
o] W, Bgo] HlmA YBT YL 450
H =R olE Azlo] te BFe) Az 4
g}, vjebA 35 B2 vl d BalrolA W 97
ohm 24}

pLTmo] A<, olg B S48IE 71d= s
cLTme] A5 ZATHe AE AR EE ¥
T oA it FA S0 A AlZte] At &
ofste] Al HA-Bg ElZZ(pumice-raft de-
posits) 2.2 3|4 EchWhite et al., 2001; Jutzeler et
al, 2014b). eFE o2 wAS o] HAS o
2] Z3}E|of ik ot £49] F7), Y 7]59]
22 3 984 59 o= 9% 717E 49 9lo] 2
+ = JE Ao 2 S| Hh(White et al., 2001).
o] ol FrdsHA 5E TN wEHE= H2 7
PR} vfete] RS WA Sk SAREAIY W
Dejs) uietel olaf 53 B F9lol U5/ =HE A
o 2 A= rHFiske et al., 1998).

adLTmof A TaE)= @3hs W 27182 o
QM) B WERT SN BAE T aFeR
Eol7t HHE8-& AA@HHCas and Wright, 1991).
2B 4, o] WA 9% SR B

;
A2

04 1

xl’ O -

—

foh
ive

Fo| YRHAQl S4F 2o vlsl 4= oA X
golst, Ad9 dA=ol 371 o= Fiste
FAlo £ FHAOA EASH= SV ZURE Qg ¢
59 271 9 i7]2}e] ke dmsto] Holsuiele)
Y4o) Hhe 2L WAL VEAS RO 2T,
o7l Alo2 tjRe] Brlshlee B0 2 Sofrt
£ BERF FHoA FAENLH, T sl D=
7 UHREE So7F 25004 BAE & JAE AL
2 FA " (Carey et al., 2000; Brown et al., 2010).

csLT(i-n)2 A5 adLTmat Hol &2l FAE &
olm 3Hit3] 9] FhFo] W Mg AR SAollA
FAE B=FTL 5o Eolzdol wet ol &2
TE F50] EAF9 sho] JXX| 22| o= 4l
Ao g A Eh 959 duter) Bt i
Eol&H S Xt EF2% sHEAA S £
o] BT 54, YA 343 71d 9 AR 97
o-FHo| L2 F Hol= HE s, tIHE 3
= Yol A feEEsler 2ol gl A dF FH
(cohesionless debris flows) 2 241t 4 E|ZH o=
3|4 FtHSmith, 1986; Sohn et al., 1999, 2002; Sohn,
2000). 3HF H¥o] AA2 URFE=ol gt BAeH
(dispersive pressure) 22 A= T & T
=59 717} ksl ol met ol 2 Hol Ao
2 3|4 " ck(Bagnold, 1956).

wimdE QEF7t 502 Sojzte] et 27
9 Arof 2 EFEE-2 7 om EZ Y A
o] =0 2 3|4 Fch(Fisher, 1984). +HZ o2 A
Aol 3 tiFE 24 € Iu)Ek FYE Hol,

S cLTm, ILTm @ adLTm3} Fo| A2l AAE »

ffs from JG-3 well under closed nicols. (a) Fractured quartz crystal

in lithic-rich massive lapilli tuff (facies ILTm) at 439.5 m depth. (b) Fractured plagioclase crystal showing jig-saw
fit texture in fine ash-depleted massive lapilli tuff (facies adLTm) at 442.5 m depth.
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ol & o] =S BRI HERERE Al
9] Aol WA U7 FHE A= A=R(dilute
turbidity current)®] 2|3t E|F o 2 A Hc}. 0|2}
FAlol B9 A FAE A YWrf(dilute
PDC or ash cloud surge)ol 2J3t E|F o2 34w
th(Fisher, 1979; Jutzeler et al., 2014a).

wTm4+= adLTm ¥ csLT(i-n)2 F-ARSE 7]12-S
7HA AR AAZE FolHolaL, csLT(i-n)o] %
ol A HzFeo] gl 2 Fol o3t EF o2 A5
7] W&o fHEKflow transformation)®] A=
P FHT A AR 3t EH oz A H
(Sohn, 2000b).

4.3 Mo E|FY

13171&

HE B2 A 4HGCm), I R S A
(Sm, Ss), W D HFE ol (Mm, M)z -
Atk 7E 4 em~ me| FAE 7

4} AQHGm)-& ofzkg~o} 215 e] 12 (pebble)
2 927 (cobble) 2719 SR A HC} FHE 5}
AF2)7h R A s S8 (alTm) 3 3
o PAAAE 7, GEE R WgAel ¢
I AR 71AR o, B9 RSt 1E 10a,
10b). 4, 5% FoA= AL W EE™ H(rip-up
mudstone)S T} M= 2F2F 20 em @ 1 m
T72] aLTm 2 3K 10a, 10c). 7 A
A| 2&] o] LA AF2 45 7| AR A] 23] 0]
SAIAIE S R I A (Ss, Sm) 029 A3
A3t A BQItHad 10d). 63 ZoAL o
& Atololl 4= em FAE 7H 3|3t FE 5 Hol=
A1HSm)o] BAES] ATHLE %).

3 ARRK(Se)E B T AA(Gm) F& Y
ARH(Sm) I} Fol2Ql BAE 7t =2 H24 9]
SR CRERNEE EEREREE SABEEE
2 o|RojA glom, YR FoA= AEFZ(current
ripple structure)7} ZEFHTH4, 55 F; I17 9f).

24 ol RHMm) & F2 S-S we. 5}
I AF(Sm) H S AR (Ss) T Mol Al BAE

7H et

432 84
T4 GLHGCm)oA FEE= FAA-7]1-Z AR

25 Ho|al 3HE AHAE Holn, EEHT S

3 o2 Bnjg FelE Holk Aol
7 Ho] gl BN R 4Ze 7 1EE
S5 (hyperconcentrated flood flow)25E wWE
&7 Al o3t Aap= s Eti(Todd, 1989; Jo
etal., 1997; Yang and Jo, 2011; Sohn et al., 2013).

F4 ARG E B A SoHGm) & Akt
(Sm)T} FHolHl AAE 7HAAL dEo] TEE=
A5 AR TFERH 2 H§YEHAU AE
T 9o] AeRo] o3t EjA o= sjAHrH(Todd, 1989;
Joetal,1997; Yang and Jo, 2011).

g o] (Mm)2 SH=R7| 2 Q13 FAE
W EAY Sofl A AR Bl Ao s HT
(Miall, 1977).

5. ElFoe| BM

A2 Sofollq 42 Qhapsh 7)ol A, 24 5
271202 ATTAS F Vo) HAT 72
SHATHIH 3). AT 1, 3, 4% kAo R,
2% M4 HHgos THEG 3-63 FoME
BE SRSt BAEA, 15 olE HHw
9 b WA BT, 25 ol ST 4
Tyt

51 EINES 1

5.1.1 7]«

Hohit EHTe) 12 15 FolA Hf 393 mo]
S8 FAH, $EQ 35 F(163 m)OR L4S
QFOLITHLE 4). 315 T4 S5IoH(Tm) R Ab
T4 2gHGm)ol 7] A7iAle] F7tolth( 1Y
5, 6). i E AT 19] SlAAE Ao B
Fol 5 A B2 Ful3t 222 HolE L7
SHwTm)z} 714 o] 4] o] 2 FEENKLH Te), 3
B ZOHE egt-Algto R ojRol a4 HH
o} =gt Sl AAE Kol w iEy. 5tk
12 spatsl En 34t siake S9HalTm),
24 A SBIHLTS), WA SEIHTm), 54
S 3I9K(Ts) 2 Ego] 5 WA B& Fujat Sl
2 Holt S wTm)o® TA4E ey 1
o] SR Tm, Ts 9 wTmo] 4241 cme] F72
o 23] LEAHLH 5, 6, 7¢). SHRE A2lal
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L E2e9] 19] GlRES alTmo] A3 -5
A eme] B AR LTs7} 2, AFRo] A2
E AT 19 23 E2 439 dH} ofd
ol 20| sAks] 7)Aol 7|50l gom, Ui
FolA= 71-o] At H2 Me Wi, & A=
W ershe A2 T Sol BRECHIY 7a, 7b). 1,
4,63 BoINE ARE 245 Qo] Azl
Zapo] YA o] LTse] 24 0| Btz 3
EHE HAtHaH 5,6, 7¢, 7d). 15 39| A=
aLTm¥} ¢F 70 cm @] FHAE 714 = wImo] 253}
v, 53 ZAR alTme 1% wTma} F3ig 24
A% 7RISk e 1004 714 e 3o A
ASHe alTme] SRBE A, Aol SAl5he K-

4k .

A4, 49 9 Avro] S9 7l BAEHIH 1a).

5.1.2 34

S1 3 %S4 -SEH(Tm, To)2h Bl &S
3 W B2 Bulst Zel8 Mol $3%(wTm)
o] A%, EAA IAHEF o]HY At ik
Sof whe Ao AEch 1 F HAe 19 o)
BRSNS stelrt E5a 34 sk 23
H@LTm)2t WHE = SHikghso] WAyt A
© 2 3|4 Hrh(Fisher, 1984; Cas and Wright, 1991;
Jutzeler et al., 2014a). 3-A4LE] 7] X X], ©3HE 4
2w, g AR 9 95 He Ao 7)d 5ol
E4L HAT 10] SAdollA 2htel7t F7% 1

Fig. 10. Core photographs of Unit 2. (a) Base of Unit 2 showing alternation of massive conglomerate (facies Gm)
and fine ash-rich massive lapilli tuff (facies alL.Tm, JG-5 well). Dashed line for the lower contact of Unit 2. (b) Close-up
photographs of facies Gm showing subrounded, clast-supported texture and (c) facies aLTm composed of angular
lithic and subrounded pumice lapilli in an ash matrix and facies in (a). (d) Fining-upward pattern from conglomerate
to mudstone (JG-6 well). (¢) Crudely stratified sandstone (facies Sm) interbedded with massive conglomerate (facies
Gm) in (a) (JG-6 well). (f) Stratified sandstone (facies Ss) showing ripple-cross lamination (JG-4 well). The white

bar for scale is 1 cm long.
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T Skl o3l FA3E SR 7St (ignimbrite) ¢
= AR AT 19 4R Y wim
B 77t ol F 7ol whet FH-E PRS0l 1= WA
WAY, EAF2RE Yot Ho Al So= 3
Aejn] YRk 0 2 SR 0] ulx|ak AHER oA
k. SRAEE I Aol T3 A AE 7HAH
THA] aLTmo] 4l AL 8 s o] F, &9t
B 3HRso] YeS ARt

52 EIFER| 2

52171&

AT 2= 535 FollA] 295 mo| FARE 71
FALH AFOR 44T grobA 2= HEste 1,
23 Folt WAEA) gh=chad 4). sk 4
HHGm)FE] A 24 ol Mm)7HA] 9] ko =,
SHE AL 7L FES 24 3 Z-3H(alTm)
T F 33 WA HAE Bk HAES] 2= A4k o
H(GCm), I AHH(Sm), S Ar(Ss), I ol
(Mm) 5 432 o|MI) o2 /. sh 4
AHGm) F2 7|5kt 7199 ofztg~ ot F <
A (pebble) AL (cobble) 7|9 JE2
FAEIYI(LY 10a, 10b), AL 7|2 5}
a2 Esith EA TS 29 sHite g7 23]
o] Hto] SIS AHE Z4=E 7)F XA 2329
Apo] SAlskaL, At 9 3/ AFHSm, Ss), T4
4 432 ol&H(Mm, Ml) .2 9] A H3t HFs
HATHZE 10d). 53] FF= 245 AR ol
oznk AE EFE BAtHH 6). 4, 55 ¥
FotR= 22 20 cm@H 1 m 71 SHt)7L S5
e I it S-3] U (alTm)o] A4 HH(Gm)T}
W35k, ojuf aLTmo| 739 HATS] 104 Bzt
= alTm#t FAHFAEEE, 4%, 25, K] 7]
AR A F)shH A 24T} FolA e EFS B
AtH2H 10a, 10c). EZY, 65 FolAl= AG Aol
o) 4 cm &) FAE 7HA = EH|§ S E Hol= A
okSm)o] FA o] (1 10e), 4, 55 3] A}
AZlAE d&F27t FEELE 10f).

5.2.2 3|4

=]

B
S 722 HHAR 55 AR §HTEY 2= 5k
o] o5t oz | Ech(Miall, 1977; Leleu

et al., 2009; Lee and Hwang, 2012). §X]z] =7,
SHE A A|, B0l 9 R gt &
Hol= AReHSm)o] FAAE 4 AHGCm) o A+
5= ZT4F(hyperconcentrated flood flow)Z25
B W2 B 23t Al o3t Bl F o2 A Em, A
A B 24 ARHSm, S6) B B4R} oFeAIE
Aol w2 RgEHo] A2 shHEchTodd,
1989; Jo et al., 1997; Yang and Jo, 2011). &3] &<
T 83| 7, 3R], B A5 (compound bar)
o) 2wl AT 2 gl ofa) ARt A%
£ Hol= Ao 2 4 Ec(Miall, 1977; Collinson,
1996; Lee and Hwang, 2012). AHR-2 Z5 AL}
I ol Et PP EE EAL olF el BY
T USE B A 283 AH(FA T2 AR T
o] FAEASS AAgt 3 4, 55 F9
skl I HHGm) T} w &5k SHAHE7} FHE
o A s 3 (@lTm) ] 49, AT 1
ol A&} T FR| = 2t o] QhH I o} (F o] FA| o]
3Hita] 7)Ao AR = o] Jlar & F E- 1} 4 o)A ¢
< 54 Holn, U ARSE ¢ 22 HATE
7b EE R G HelA AF Y 7Fe8S A
o e Al EAEe] 13 B sHikHs ol
3] BUA] g2 Aol I GH(Gm)o]
AEE Aoz FHHY, 13 FolA HAHEH 1
O] 2ol = alTm} 4, 53 Fof| A B AT 2
o] Zahro] gl alTme Fat kol oJet
Moz wekwlc) webd 3 QohGm)e HHg
9 13 paE SRS Whe) BEA Y
I EPEP RS EY

Lo

53 E|XER| 3

5317]&

B AT 32 3% Foll4 46.8 mo| FAZ 7H
FAL YA AF=Fol A= FARE FA(F 36~39
m)E 7HITHY 4). AsHE7F Ea0] gt 14
2 3u)gt FEE Hole 33 W (wTm)of| &Jsf A
Ao XIct. Bl -] 39] spi= A4 o]H(Mm)t,
A= Aol TR YA A -3 H(cLTm) 2}
53R BAE BRATHIE 5, 6). B AT 39 5H7-
o= FE wImo| S5t 1 Ao 92| 93
o]- o] 3t S5 U(csLT(in)) &= 3HH2|7H
Aojg 74} shite -3 (adLTm)o] EA] 5, 2
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0
|
il

ARG ThA] wTmo] ZAfgkch. csLT(in)& i
2+ o] g4 34t (medium lapilli) 27]1E 7H3
dHom LY=o glom, s wimd} E+f2)%t
ZAl(irregular contact)E B o] AH adLTmIt=
HolHel AAE malth Avkel sl Bl BAL
7122 3] o} A/5k2 adLTm R wTme] 7]
BE GASIE adlTme Saehs] 59 BhrEg
A6k, 7| AR 2] 22 A AP f2d Szt
Ao EAS BT 1Y 8e). EZL FristitE )
HoaS ZARITHH 8f, 8g). 55 FolA= 24
&2 F4(cLTm, pLTm)°], 3% FfA= ol
FRG A4 sbel SEeH(LTm)o] BaE. §
Aeke) 30 ERE PYEE AYF wim Aelat
1 219 st oo} Fejel 34 2 Aoz
FAElo] k. Eak vhE T A] AP, KA,
49, Zem 0 2] BRE YH2RE 71
A Q3 HEFR0] A4 (jig-saw fit texture)o] T
ZEHLY %, 9b, 11b). HAEe) 19 ghrse 3
Aot SHAFS|7E FELE 24 3HAEe §-3 9 (alTm)
¥} vl wsto] B2 3o 23HdE S 249
ol ¥ 2717F 2 B4 HRIth(1 11b).

5.3.2 3]|4

7180l NiEY 218 SHi3]7E dojEo] glor
YR oA et frtstike o] BhEtE =
oo TAE BT 32 S| P SHH
A UER7 508 So7HAR] sk e s
3l EtH(Cas and Wright, 1991). £3] WEALE9]
A Y, HET2Y APEA 9 opuHl FEjo] B4
AL EFRI AL 502 Sojtdol| UE F
23 Yzto] Axtg &4 gr}(Fiske and Matsuda,
1964; Fisher, 1984; Cole and Decelles, 1991). o]uj
2ajo] WE Ao o3, sl3E F2 A27] 229
o] S5k S{(esLT(i-n), adLTm)ofl A FH=2 2
5% 243} SAHE]} B3 S(PLTm, wTm) 02
F7)19 dEof mhE o] WA Ao = A Hch

54 EHE9l 4
54171&
A B HTke) 4 EHThe 13} vl = 1
& ZolA 355 me| FAR A4 FHT FRO
BAZO 2 742 g}, HHTY £ Sl

oy
ol
£
k>

Q
i

235 FoM®= 54 mo| FAE 7HITHLH 4). HZ
o9 4= shE 2ol TS I Y S
(cLTm)# 8 A7 244 9 452 ol¢(Mm, Ml) -

P - 7 - -

Fig. 11. Thin-section photomicrographs showing the
petrographic features of the representative lithofacies
in each units under open nicols. (a) Fine ash-rich mas-
sive lapilli tuff (facies aLTm) in Unit 1 at 676.8 m depth
of JG-1 well. Note the rare occurrence of small biotite
grains. (b) Fine ash-depleted massive lapilli tuff (facies
adLTm) in Unit 3 at 442.5 m depth of JG-3 well. Note
the abundance of crystals compared with facies alLTm
(Unit 1). (c) Crystal-rich massive lapilli tuff (facies
cLTm) in Unit 4 at 600.9 m depth of JG-1 well. Note
the identical mineral assemblage with facies adL.Tm in
Unit 3. P: pumice, L: lithic lapilli, PI: plagioclase, Bt:
biotite, Amp: amphibole.
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7R 9] F710ITHLH 5,6). HATS] 4] Shie 2
Fo| F&g A T2 3u|F S5 Hol= 83

RHwTm)3} F21e 2 AAE Relck B4 49
22 cLTmo] ZR|eHaL, L7 Fof|A] 52 A+
2 7448 7o) Y& Holn wIme g A3l
ot (LTm FHZ 34 (medium lapilli) 2715
7121 ko] Qe ofsu} Weje] 241 W Ao
2 o|FolA AtH(TH 8a). 7]&of AlH] #212
S}AES](vitric fine ash)7} 2oj® E3S Ho|H, 4,
5, 6% Fo|A= st EolE&H H(rip-up clasts)
o] ZEHTE {FYUSHA 55 F9 FAFoll= FAo]
S A 3 S (pLTm)o] oF 50 cm ]
Tz EARI) ol A2 hRE =4 3
(coarse lapilli) Z7]o|H ol Fe| =2 o]¢tx} 3}
AF871 o EAFTHLE 8d). s AlFEollA E
9] 49] AR E @22 EE 34 oloHM], Mm)
o oJsl| Gtk (1 8b). cLTm&| HIHTE A|, ¥
Ache] 37} AT FBRAFEH, KA, 47,
3em 9 ZHA)E Bolo] HEPRY A E
gt TEE (2 110).

5.4.2 34

7180l A" o 28 SHits]7F AojE o] jlor,
39 FAZF A mo] 0|23 giRE Aol TR
st AR 432 =2 A ol (M1, Mm)of| s
Yol BAL 212 HATS) 45 5ol 2]
FHSE 15 HAEA U= F(subaqueous crys-
tal-rich volcaniclastic density currents)o]] 2J3t &|
2 o 2 3j| 4 Fc}(Fiske and Matsuda, 1964; Fisher,
1984; Cole and Decelles, 1991). P& 4He| £
A= BT 49 TE SHiRso] 7]Ee S E
35 B B3t AAY w3 AR ZRE 5
47t o] A2 XA gtch(Walker, 1985). B2
©9] 49] o] MY Y-SR TR Bl ¢
33 A 52 33 FEE Hole S8 (wim)>
FFolA Wef7t olsdl wet 2E gA=Y
7ol 2lgt A o2 s Elch(Cas and Wright, 1991).
S AT A, E AT 19 Bls) 278 9] fgol &1L
3717} 32w, EZTL] oA BEER] o= ZHd4o]
WEEE J2 BAES 134 3, 49 B SHibo]
stutke] ttaobeEl(magma chamber) Wof|A] 2402
© 2 Ba|x]o] BEZ&(eruption from compositionally

==

zoned magma) = JAY L& 77| T2 B2
e 2E5H30S-S A ASHH(Milner ef al., 2003).

6. E 9

6.1 A Z0IMQ FHAtAfAO| HjW

B AT 13} 32 242} S24343 oA 4l 3kt
Aoz sjAE) EATe] 13} Zo] sS4 oA
ARl B, ohi= = A -3 H(Tm) 2 E5o] %
33t M4 Z-2 3|3 S E Hole S3 Y (wTm)
o] = cm?| FAZ WIFTHIE 12a). o] &4
Q1 i o] A 9] Ayt SHitgE ol whE At
2 sjAyEch. v, ERT) 33 o] B4 shk
2 7 SgolH 490 A, SPE 22 wim W 3
Ars)7t Aoj g A4 sHak S5 9 adLTm) -2
A2 Axdo]- Aol 3ty &3H(cLT(i-n))o] &
AScH 2 E 12b). o], wTm-2 - 3Hflow trans-
formation) 2. 2 AJ/JE AeFol o3t EF o= s
HETH62 BT, LT(n)e] 4¢, FYE-222
SLAHS (medium~coarse lapilli) 37]1¢] ¢rHo| &
A FeE Holw thFE ZHES e o3 A s+
o dHol AFH AL YeF7t 528 So0F
o, 7} 22 3Hikel= Bl i Uert 2 oFE
502 7lekere A2 )4 ® ot (Freundt, 2003;
Allen et al., 2012).

Sl A Bl A SR SR F
53t A s S8 (alTm)o] hRES A
K™ 12a). Y FollA 4= em FAIS wTm}
W35t o]= IR 2 (pulse)E A ASh= A
o ajHEt 54 om TS B4k Sk
3 H(LTs)o] aLTm¥ W &5k, FREZOZ 7|2 0]
AR He AL wo, & $A|727 B 71
O] Mo A oA AtSte) whE AR A EY, &
FATEE SRV =AE A Ra= AT
AR A FFA = ARE drE dHY A=Y
3} A7Fo] WEE7| = Fht W pFolA Al A
- HEE SHETE doj" 24 b S8
(adLTm)o] ZFA|ZHeH(1E 12b). HAA] H7o]-4
Aol 2t S8 (esLT(in)2 FAARZAS B
o] =t ¥l adLTm®] ¢ 7|& X %] 225 HQl
th adLTm®| Wiel Exjsk= Fr7iahite o) es}
9 YR 4898 7 2359 A= 2277t
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EAE AeollA SFoRRE F£F O o]Fde
HH-S-S A ARt

T 3 mRoA sk ARE d
Y=7t oA Hgo] FEafx]= 54 (wTm)
BQITHLY 123, 12b). o] WEF7} o] 5] ut
2t A o] EZEo] SRk re] Aol Yatate]
Al AR M E) 53] FollA] Al Shik
Ao 739, SAdollA e A} vlwst] EX o F
AL HHF(WTIm)S FASH=t|(H F 8 m, 55
) ol FFolA e EFREo] SR T
isHA dojd 272 s £, SAolA
2l S 3| (wTm)-2 2 T gl whal] =Z-ofl
A ARl 3] 9 YR Fnjgt FElE Belrh
ol F5 AeollA wE 7k gt Aato| ALt
Ao ot Agle] AR F4Eck(Cas and
Wright, 1987). 55 39| /5 oll= FAo] FH23t
4t 3HAH §3| Y (pLTm)o] o]t & A3 E 7]
A2 sl 2ARITHEA TS 4). ol= F5 AH ol
UE FAFo] o)t T Rl AR A Ht.

tlo J

62 B4 £& $ £302 MY YEF| 54

BT 33 o] Sl F4HE kA

a. Subaerial volcaniclastic deposit (Unit 1)

Ime?.; Massive vitric fine tuff

aLTm; Lithic lapilli inversely-graded

ILTs; Alternations of coarse lithic ash
and pumice lapilli

pu wTmz2; Vitric fine tuff interbedded
7 with facies aLTm
4 / aLTm; Massive and poorly-sorted;
pinkish ash matrix,
fluid-escape structures

Multiple thin beds of facies Tm & wTm1;
includes carbonized wood fragments

;
A2

04 1

xl’ O -

—

foh
ive

LEF7F 52 S0 o, A7 3714 &
2 A= E& elof2|HA] #AdF(debris-flow)
O} AekRy(turbidity current) 2 H3tth= Z4H(Cas and
Wright, 1991; Carey et al., 2000)3} U=7F2] ¢H
B(head) F-& G B3} HE3lo] Aoz vy
Bt QL BT R, B dolueiwA SFo=
Solitthe Adte 7o) EARITH(Sparks et al.,
1980; Fritz and Stillman, 1996). & %317 of| A
= A7t 28 IS 713 )| ] (emplacement)H
A= ot shakad o] Zid|et oA B4
H 73¢(Kokelaar and Busby, 1992)1} =4 m o]
9] &2 £=FEHAA FdE 7--(Howells et al.,
1979)7} tj x5 o] o},

Bleke] 304 BAEE YRRAL 717 24
S UERT $502 Solrbub FAT Y2
& AL AN, ofn), Fe WER 23] 45
o2 So7HA] 3t AlEEE 74" A=y 9
Z=F(dilute PDC or ash cloud surge)7} @4t
(White, 2000; Freundt, 2003; Dufek and Manga,
2008). o] Yef= F 02 So7b= 2HAE
AE deRET EA wWE S5 8 F9] FHA
Yo ypoprty, o7 ¥ JF7|ELE doritt

b. Subaqueous volcaniclastic deposit (Unit 3)

7 I pLTm; Amoeboid pumice lapilli
in a muddy matrix

|me3; Well-sorted, massive or stratified

IILTm; Coarse ash plus medium lithic
lapilli; moderately-well sorted

adLTm; Fine ash-depleted, matrix-supported;
carbonized wood fragments,
accretionary lapilli, pumice-fall deposit
and plagioclase showing jig-saw fit
fractures under microscope

csLT(i-n); Medium-coarse, clast-supported,
inverse to normally-graded lithic
lapilli; irregular lower contact

i

Ime4; Well-sorted; includes scattered lithic lapilli

Fig. 12. Idealized sequences of pyroclastic flow deposits in subaerial and subaqueous environments in the Janggi
Basin. (a) Subaerial volcaniclastic deposit is mainly massive and poorly sorted. (b) Subaqueous volcaniclastic depos-
it shows coarse lithic-rich base to fine ash-rich or pumice-rich top. The deposit includes broken crystals and thicker
beds of well-sorted massive or crudely stratified tuff (facies wT'm) at the top than the subaerial deposit.
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(28 13). olefat Z71Bae A WwEnst e
A A7 o158 4= Y= F212S ARggtc(Freundt,
2003; Allen et al., 2012). E|Z e+ 32 A U=
T GA] olet FARE A o2 o] BHA o
Hlo] 271208 YoRe Ao 25Hn

¢, For Soke 2HEE A4 B
FEAUR)S A9, SoIAe vlwstel B 2 58
Z & (flow resistance)= 87| &0 5= T4F
(hyperconcentrated flood flow)u A& (turbidity
current) 29| F-¥H3Hflow transformation)S €<
717] &c}(Norem et al., 1990; Sohn, 2000a, 2000b;
Sohn et al., 2002). 2Y A JE9] FHefo| =11 7|14
o F2 ARICR o]2oiT HuR| A, ofF 3}
ol A5ol A7 AR front)of] HFEHL T
2 QI8 AAR SE7} Lo, teby 445
B S (surface transformation) 2.2 FA4H A
7k AAREG 9 olEste] Bt v,
T2 A 2719 957 o|HEFTA)E 71”
2 ok 450 B¢, A0 AR o2 2o
A=sio] AARE Holuf A¥(detachment and
disintegration of the hydroplaning flow front)o] &

gt olo} HEo] AAF o) 34 (dilution

., Steam explosion

-

of the flow interior)¥} ™ F-H3} ZHe TS
WAlS] Sl WSl AERE YT o
T A= HEFES #WE o5 s HEFEG
WA HAE 5 AT, HUFI ME SEE £
o e AaRRt L)) o) Foiel 445
] AF%Lo]| B2 E h(Sohn, 2000D).

1,63 FolA HHTH] 39 HohRE 24218 m
37 m8 FAE 7= Bao] ¥ A &2
gt S E Hole S H(wTm)o] EAsHH 5
T FolA= 3.8 m 719 st Ao H 14 3
4+%] $E9HadLTm) 9 wTmo] ZAJgHch. 12)
I Rele QAR QAo ol b S
(SLT(n)o] ZARTE. o] Al e BE fAfet
7TAA-EY fr2d sHts]7h doj s o] lom 4%
of xa, ok W G2} 2414 Hol BHoR 7
Ay 7Y 2 zEel HolHl sk BAE
BAtHH 14a~e). T3}, csLT(i-n)2) F-$- H-92}t
A 4 F(cohesionless debris flow)o]] 2|3t &7
o= A= SOl e sl A e
#HEF)7H 5oz Soiztol wt Alg e f2lE
SHite) o] AeA Al A7 2Ae Ao s s B
2] sLT(in)9] EAZ Hol, pFolA] HdFe

—_

Dilute PDC (ash cloud surge)

Subaqueous debris flow

Turbidity current

Fig. 13. Inferred depositional processes of pyroclastic density currents (PDCs) related to Unit 3. PDCs generated
by subaerial volcanic eruption divide into two density currents: dilute PDC (ash cloud surge) and subaqueous debris
flow. The former is composed mainly of fine ash and passes over water, generating steam explosions whereas the
latter is composed of coarse particles and enters the water via flow transformation. Fine ash from dilute PDC settles
through the water column (downward arrow) whereas pumice is segregated from subaqueous debris flow as soon
as the flow enters the water (upward arrow). The flow may become longitudinally segregated, producing suspended
sediment clouds (turbidity current) which precede the flow. Most accretionary lapilli may be formed around a lake
when PDCs encounter the water (modified from Sohn, 2000b; Jutzeler et al., 2014a).
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15 5 Ao 50| AFHe Ao TG
3 4 Ht o] A& (shear rate)7} 2Rt 24
7ol AR dEo] AsHAY, dEo] MRS
ARFH o WE £25 77| o= s En
(Bagnold, 1968; Suwa, 1988; Sohn, 2000b). o] ZA|
Ao IFH J52 4T A3 1 (resistant
armor)& F/4d5HH, 0|2 s HEFZTE A|A
= GAEY ol AT ofet FAlo YA 7+
L S=2 Q13250 H A (kinematic energy) 9]
W2 H| 2 7O AHE L7} =it 3,
HEAFEZRE AAE YA=2 A7 FH= o5
st 2|3 9] FA}E 2ot o, A4 7o) HH R
vls)] A WE &2 ko 2 Lozt Sohn, 2000b).
A=, AYRE A7 AHY dA=o] HA HAH

_
124 S

04 1

xl’ O -

—

foh
ive

SHof oF 100 m o]/F9] HiAto| EZ Shibafdgfol
E A 5o} Q5= &AL, o] ez AR
it/ B A oH At A i ot ok
1) 4585 oH dAlo| EE iAo 1571
o] B2Vt 470 9] HAT9 = 2 o St
Z|oHE Bl AT 12 SAdollA Al SR
(ignimbrite) © 2 3}A3] 712 2|%], A4}, £
SEY HEE AE G g {2 2 4
g HE2M Y 714 52 o] & gL
3) AT 2= T2 7Nt 7199 5= 4
Eof Jlom, A-Ale-o|g ez kA A}
A o JAHEA 4L dEtE T2 2AE
sHEFl o3t 84 FA Yo sAHT)
4) EAT] 32 7 do) N e d 3HibE) (vitric

N
—

I(wTm, adLTm) I Aol &) o3t EjZ o]
HEAISE 21 0 2 S E tHcesLT(i-n), adLTm).

fine-ash)7} Aol =0 glom &3, B7lakit
g Y YRFES /R ZHEY & 5= 2
AR S o2 FYAH shAEg d
TRt F o R Eo7F ARl sk Aete R
SiAEct ojn 294 YAEE AA4E U=
Eol7} vk whet 520 A
SRE2Y TS doy|= R, diEe s

4B

=

olitsteta o] S ARFAE 7] 3l B2
A Y AR o) A o] Foi R A AT, F5ElS

2L A=
e T

Fig. 14. (a) Core and (b to ¢) slab photographs showing the basal part of Unit 3 (JG-5 well). (b) and (e) are identical
to the under- and overlying clast-supported inverse to normally graded lapilli tuff (facies csLT(i-n), d). (c) has coarser
lithic lapilli than (b). (d) is a part of facies csLT(i-n), which has predominantly matrix-supported texture. Note that
(b to ¢) show similar matrix composed mainly of crystals and matrix of similar grain sizes. Slab size is 6 X 6 cm.
(b, e) Well-sorted massive or crudely stratified tuff (facies wTm), (c) Fine ash-depleted massive lapilli tuff (facies
adLTm), (d) Clast-supported inverse to normally graded lapilli tuff (facies csLT(i-n)).
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A A== A BEFe = 21

Fhehitele] A9 o AERTt aFoR
o}z v B A2 FHHc.

5) 2% E4Te] 4 HAus) 3 S Y
224 % E4L Holw] By Be G3 ol
HMm/MI)©.2 Hej glo], 254 B8
shay ko 2 sA T,

6) %4 sharaaere] A share] 7| A X, &
{7 2, WHE A2 sk 9 7o) g
o S ui v, 5 shHAge) A
SRt 22 $U4 shrelar]e) ool ¢
Alste] g2 24 24 9 spesh F

o So2, 4t 370 uhE 5ol 2T

Rel7t Aotelel glm hy 2@ M 24
So] BEE], 39 HYRL olgh 1A=
Sh= FA S0l H2E 54 Btk

7) B2ee] 10] ]3] BT 33} oAl 24
of gego] {31 2717} A0 BT 104 B
21e)7) gk 2414 o) BRHEIT,

8) 2% EXue) 13} 3, 49} BT Sk0] A2

2 Balgoly 223 2K F& sl
ul70} Hmagma chamber) WollA 244702
Ea|%]o] EZ(eruption from compositionally
zoned magma)® A QIAJof T A7 e
3het.

AL A

o] AL 0I4EE R (u] YR A
dom (A)FTolteits £ D X2 AL
AE 9] 2] 9)(NRF-2014M1A8A1049342) & o}
Y| Qiek. = Fo] el AR oA AAFEA
o] o] ANAEA A=At
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