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Abstract

Eruptive and depositional environment of the
Songaksan tuff ring, Jeju Island

Explosive volcanic eruptions commonly result in rapid aggradation of
pyroclastic materials in a very short period of time, allowing for the
preservation of the details of the deposition history. The Songaksan mount,
located at the southwestern coast of Jeju Island, Korea, is a typical tuff ring
formed by phreatomagmatic activity in the middle Holocene when the sea
level was almost identical to that at present. The purpose of this study is to
unravel the depositional processes of the 150 cm-thick basal portion of the
medial-distal rim beds of the tuff ring, which comprises nineteen units of
alternating primary and reworked volcaniclastic deposits. Primary volcaniclastic
units show pinching-and-swelling but laterally continuous bed geometry and a
variety of deposit features such as migrating megaripple bedforms, accretionary
lapilli, impact sags, and various grading patterns, suggesting deposition from
pyroclastic surges and falls in a subaerial condition. On the other hand,
reworked volcaniclastic units are ripple cross-laminated and better sorted (fines
depleted) with intercalating mud drapes, indicative of reworking of volcanic
debris and winnowing of fines by marine waves and currents. These two
groups of facies alternate seven times and then pass upward into the wholly
subaerial pyroclastic surge deposit with raindrop marks and footprints of birds
on the bedding planes in between. This facies transition suggests repetitive
marine reworking of pyroclastic material during the deposition of the

lowermost rim beds of the tuff ring in an intertidal zone.
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Considering the short duration of monogenetic volcanic activity, it is inferred
that the alternating deposition of the primary (subaerial) and reworked
(submarine) units occurred within "seven days~fifteen days", and that the daily
fluctuations of the sea level due to tides were responsible for the alternation
of the facies. This study implies that coastal tuff rings and tuff cones can
provide high-resolution information of paleo-sea levels, which cannot be

obtained by the study of non-volcanic deposits.
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f*C age dating { - Sampling location of grain-size analysis

Sample name Method of analysis Location Type
Sisesy | comwsmn | BZOATN o

ﬁ;:’fﬂ"ﬁ?}f‘iﬁi’g") Grain-size analysis :1)’3:51%2'4167.:'\613"E Tuff

ﬁ?:zﬁ?gfﬁ;f;p' Grain-size analysis ?g;l?é)f:;\é'z Tuff

Fig. 3. Sampling locations for age dating and grain-size analysis.




Table 1. Clast size-based genetic nomenclature for common types of volcaniclastic deposits.
Modified from Folk and Ward (1957), Fisher (1966) and Sohn (1989).

Clast size Non-volcanics Pyroclastics
Unconsolidated Consolidated
mm 9 tephra pyroclastic rock
Bould Coarse block (angular)
oulder
Coarse bomb (rounded) Agglomerate
256 8 (bomb present)
Fine block roclastic breccia
Cobble tne bloe py
64 6 Fine bomb
Coarse lapilli Lapilli
16 -4 Pebble apillistone
A 5 Medium lapilli (or lapilli tuff breccia)
| Granule Fine lapilli
2 _0 Very coarse sand Coarse tuff
05 1 Coarse sand Coarse ash
025 2 Medium sand
' Fine sand Medium ash
(())(%62255 i Very fine sand Fine tuff
Mud Fine ash
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o] YeuH, 7|& ATl S AT Fi EF ol A HefekA

3}4& 3= A F =0l a4 H ATHCho et al., 2005; Kim and Kim, 2006).

Unit Description/interpretation
Hamo_ri Low- to high angle cross-stratified, volcaniclastic sandstone
Formation produced by post-eruptive reworking of Songaksan tuffringina
nearshore environment (Sohn et al., 2002)

Very thin- and planar- to undulatory-bedded olive gray tuff with
abundant accidental quartz grains

Very thin- and planar- to undulatory-bedded black tuff without
accidental quartz grains; erosion surfaces (e1,e2,e3) at the base

Very thin- and planar- to undulatory-bedded olive gray tuff with
abundant accidental quartz grains

Thin- and planar- to undulatory-bedded tuff/lapilli tuff with
common intercalations of ripple cross-laminated tuff

Unit A

1m

Pahoehoe lava forming low-altitude and low-relief plateau

Kwanghaeak beneath Songaksan tuff ring

Basalt

Fig. 4. (A) Graphic column of sedimentary unit in the Songaksan tuff ring. (B)

Overview of the outcrop section in the study area.

_‘|4_



99 B T8 sHAREH AEE kg 2719 A ER 749
2 S gdoltt, FHEAA ¢F 1.3 m FAE YErYY, 73S (massive bed),
) Z2](planar bedding), X o|5El(inverse graded bedding), I}&F 2l (wave
bedding) & ©FE HZFFx7F UEhdTh o] FE9E SHel w< ST A9
e WS AAES g, A daRE ZdeE FAs AT g
w5 g g AHo) mg} FRAAY] AT F, FHFAAY FEFE, i
Al FRSE R FHHFE2AES7F YEFdTH(Chough and Sohn, 1990). T &9 A%}
B ZAAAM = FEE AW o] HA AR, S FEL e FHEAEY

=27 54 3 NYYAe G Aol Lelw HATEE T TRA,

SH9 ce THE HARE 2HA AR Y] ArE e A E
(Fisher, 1966)°l <J3&l] S3|¢o= EFdAY. 4T,

g 5 oY HAT27F YEu FRA oF
1.5 m FAE 7t & Saeiet 2 waiRzbA Aol FlEm shad

et
—+
oX
i)
a)
e
2
2
S
1
N
AN

3l ¥ 2S A A3} (Chough and Sohn, 1990), EZ o]do] FAH A Ho <3|
5 S99 FystA FRAET By olyg S99 Ce AT S H I
< gARE S B0 ST B e Aoz FZg Ao AolE Ho
_‘|

o, 4R g snol B SRt HA e

ST D AR AR E =HA A =279 sl EE AT
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sarer BRV1Ze o8 gagor RRAET. We AL W, £E B 22

nolA 2 Uepdth FRAAE 5 m ol4e] FAE FURA o 50 cm ©f

B2 FolETh RN H4F % Aol 3o HATEE TR REF
5

2 -& A Al 3TH(Chough and

Sohn, 1990). T&<] CeF D= HA 727} FASL F3d HAUE YA &
ARk, SE9] De iAo R ol g FFol won, T APl T4 &

o ol#e 7lEs w3 S29 Cof DE TSN

415 ST9 E

Agrol FQ FUS BE FoHS FHOE AZI REE 3L w2
km ¥4 Yo B2l «slme S sdety, Bad T dol Hoare sk
FHEYEY A-D)E EAFHoZ ¥E3ta QUk(Sohn et al, 2002; Cho et al
2005). StEEFS o9, A RUA S A, AEQ For FAY

}
=
of gtk 7 YRS UrkEE: FEsY, RRHOE Ny B AT I

o] 9ITh(Sohn et al., 2002; Cho et al., 2005). 3tEg]Ze A=, A= 9 31
bal

AEA a8 FA-8A 5AG st IAS T At o] 3 W
£ 7153t dE B2 34 = A THSohn et al., 2002)
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sl=ol BHAHE 43 BA=E O 247 JeERATHFig. 5, 6, 7).
HAGS Av BHAoRE b 14%, T8 WA 2P kA 77%, AEE
shabAl 8% ke HRlth AAH R kAo FaFo] A, 2 AlE E

kel zhe] SFWst Fo] Anth. FAFH 2 09-67%2 WARAM F TRl A
s YEhith 3 dwHoR FRGR Fibe] Sl FEko] A e
o, SRR AR A2 ¢ Bt $HA 3 =834 MiAE 5 F
H(ASp, Abp)E AT BE FEAA 70% o] FFE Holm, 32.6~98%2

Asels
= -143.1024 AAHoz NP FarE~
A FabA] F7be] BEEH, HAJEE 1.620 24 SRE 3abAo &3
A9 A B P2 2y Aol AP sbAe] ME Holw, A

T27t BEFAE A B SRS R Al

oM Ay sakAe] M E 7AW, SRTNA A JEE B
At BFL 082~220°9 WHARA FA~=EF £ gsiy Hgdo=w
15709 B&F &350 &30 s #3139 E252 £ &5 sidstH dAst
A FAHY R3] 2eET odsAl dehdt. =5 -0.479~0.6340 ¢

HAE 7R A Z(very coarse skewed)ol Al ¥ 9 Z(very fine skewed)ol 2
2 BEESt SHETe dAIFd S 2 % (monomodal and symmetrical)oll <3Fu
FRTHE o et g gmrt FuA WA
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Table. 2. Results of grain-size analysis in Unit A.

MEAN  SORTING SKEWNESS LAPIILI MEDIUM+COARSE ASH FINE ASH

Al1P 1.45 1.62 -0.22 7.86% 89.81% 2.32%
A2R 1.51 1.45 0.11 1.67% 91.41% 6.92%
A3P 0.92 1.85 -0.11 16.10% 81.52% 2.39%
A3R 1.87 1.38 -0.03 1.66% 92.27% 6.08%
A4P 0.52 1.84 0.12 20.94% 76.12% 2.94%
A4R 2.13 1.06 -0.02 0.13% 97.20% 2.67%
A5P -1.12 1.59 0.41 59.01% 40.47% 0.51%
A5R 2.34 1.23 0.01 0.00% 90.38% 9.62%
A6P -0.48 1.94 0.27 45.75% 52.62% 1.63%
A6R 291 1.15 -0.43 0.00% 77.82% 22.18%
ATP 0.82 1.98 -0.05 20.36% 76.90% 2.74%
A7R 3.01 0.85 -0.19 0.00% 91.02% 8.98%

oD 20 40 60 80100 -2 -1 0 I 2 3 4 0711316192225 -06 03

- » | o
ATp
=
< = =
. A6r — = @ — B -E
£
b E =
S Aep — [ ) T = O £
= £ >
= w»
]
*: ASF 1 ® n O ] A
= = D
s & = z E
Q.‘ o w ‘: 7 =
e 12 il 18 3o | :
P - @ =) >
o g = = % =
z g |° = 2l 3 g
= = ® 1P = 2
] Adr ] ) - >
R -~ =
o . = 5
%] o =3 Qo
g - & |eo —HE&l = o] ~”*
&® A
=
) — [} — C
—
Q.‘ A3r
= - q . 0
<
wn A3p
= [ - O
A2r
= [ ] — O

Alp

0 20 40 60 80100 2 -1 0 1 2 3 4 0711316192225 -06-03 0 03 0.6
Composition (%) Mean (M, ¢) Sorting (o, ¢) Skewness (Sk,)

Fig. 5. Variation of textural characteristics in Unit A.
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blocks and bombs

> 64 mm

pyroclastic
breccia

tuff-breccia

lapilli-tuff

A4R

lapillistone tuff |
£5p £od 3| 1 €— A5,6,7R
64-2 mm % Azr::2mm
lapilli e “ash

Fig. 6. Classification of tuff samples from Unit A. The classification scheme modified
from Fisher (1966).
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Fig. 7. Textural characteristics of tuff samples from Unit A.
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4.3 B HEEH

St S8 TS A HAT=E B AE 293 M 58 V2= F 79

A4 19719 AFREHGARE 72 T AhFig. 8; Table. 3).

Columnar section Subunit Description

Stratified lapilli tuff consists of variable amounts of lapiili in
A 1 0 p coarse ash matrix. Adhesion ripples are observed upper
bedding plane.

Stratified lapilli tuff consists of variable amounts of lapiili in
A9 p coasrse ash martrix. Rain drop marks are observed upper
bedding plane.

Crudely stratified lapilli tuff consists of variable amounts of
A8 p lapiili in coarse ash matrix. Foot print of bird are observed
upper bedding plane.

Ripple cross-laminated sand, is well sorted and roundness.;
A7 2 Mud drape is located at the top. Sandsize is fine-to medium-
sand.

Accretionary lapilli bearing lapilli tuff. fine ash matrix,

A7 p2 Thickness is 2cm.

Ripple cross-laminated sand, is well sorted and roundness.;
A7r Mud drape is located at the top. Sandsize is fine-to medium-
sand.

Crudely stratified lapilli tuff consists of variable amounts of
A7 p lapiiliin coasse ash matrix, and normal to inverse grading
pattern.. Accretionary lapilli is distributed in this unit.

Ripple cross-laminated sand, is well sorted and roundness.;
Mud drape is located at the top.

Crudely stratified lapilli tuff consists of variable amounts of lapiili
A6 p in coarse ash matrix, and alternation of lapilli rich layer and
lapilli poor layer. Accretionary lapilli is distributed in this unit.

A Ripple cross-laminatied sand, 1cm thick, the sand is
5 r moderately to well sorted, medium sand size.

Crudely stratified lapilli tuff consists of variable amounts of
lapiili in coarse ash matrix, and alternation of lapilli rich layer
and lapilli poor layer.

Trough cross-laminated sand, The sand is moderately to well
sorted, medium- to coarse sand. Some pebble-size clasts are
located in the lower part.; intercalated mud drape.

Crudely stratified lapiili tuff with abundant accretionary lapilli,
accretionary lapilli is concentrated at the top.; Inverse graded
pattern.

Ripple cross-laminated sand, The sand is moderately sorted,
medium- to coarse sand. bidirectional ripple.

Diffusely bedded lapilli tuff with abundant accretionary lapilli,
inverse graded or massive.

Ripple cross-laminated sand, The sand is moderately sorted,
medium- to coarse sand. bidirectional ripple.

Yellowish tuff with abundant accidental quartz grains,
scoriaceous fragments and shell fragments.; massive
structure.

Megaripple bedded lapilli tuff, thin-to thick- bedded olive gray
tuff with abundant shell fragments.

Megaripple bedded lapilli tuff, thin-to thick- bedded olive gray
tuff with abundant shell fragments.

Kwanghaeak Basalt forming a low relief plateau

Fig. 8. Columnar section and sedimentological characteristics of subunits within Unit A
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Table. 3.

Sedimentary facies of the Unit A.

Facies

code Description Occurrence Interpretation
Mantle-bedded lapilli tuff; fine ash (’?Sh'ﬁf‘tn })r co-ign:mbritg Eall
matrix; poor sorting; poor of Cposils lrom - steam-Tic
mbLT > B ’ A2(a) eruption cloud (Fisher and
roundness; very small amount of shell Schmincke. 1984: Walker. 1984-
fragments and scoria/lithic fragments Cas and V\’/right,’l987) ’ ’
Deposition from turbulent PDCs
by traction and saltation;
Megaripple-bedded lapilli tuff; dominant downslope-oriented
mrlL T west-oriented; juvenile clasts; Al(b) current direction indicated by
alternation of lapilli rich and poor megaripple bedform (Tanner,
layer 1966; Scmincke et al., 1973;
Sheridan and Updike, 1975;
Sohn and Chough, 1989)
Tractional deposition from
Al(a),A3(a) low-concentrated flow,
. i . . ’ > | pyroclastic surge (Cas and
dbLT lefpsely bedded 'lapllh mff or tuff; A3(b),Ad(a), Wright, 1987; Armott and Hand,
centimeter to decimeter thick layers A5(a),A6(a), 1989 Choueh and Sohn. 1990:
A7(a),Al(b) » aoUgh and Sonn, ’
> Sohn, 1997; Branney and
Kokellar, 2002)
Tractional deposition from
Massive tuff or fine lapilli tuff often lf?(\;vn-lcct)ilil;:egg?t:d, rcézgors;tlon
showing variable grading texture, i.e., mechanisI;n (]j%/a ﬁol d u195 4-
normal graded lapilli tuff, inverse A4(a), ; gno°c, s,
gL T ot : Middleton & Hampton, 1973;
graded lapilli tuff, normal to inverse A6(a), A7(a) Sparks. 1975. 1976: Lowe
graded lapilli tuff and multiple 1876' ’Wright’ 1981 Lowe
inverse graded lapilli tuff 19822 Freundi and ’Schminéke,
1985; Sohn, 1997)
xT/tx Trough cross-stratified tuff and lapilli ﬁigg’ igg;’ Deposition from wave and tide
LT tuff showing cm-dm wavelength; cm A6(r)’ A7(r)’ (Reineck, 1980; Gary Nichol,
height AT(r2) 2009)
Hummocky cross-stratified lapilli tuff, D e
. . . eposition from storm wave
showing variable ash to block size (Harms et al, 1982; Walker et
hcLT pyroclastic material; The wavelength B4 al. 1984: Duke. 1985. 1990:
?(f ;hc;n gtlérranCks tens of centimeters Myrow and Southard, 1991)
Ash-fall or co-ignimbrite fall
. o deposits from eruption cloud or
acL T Massive tuff or fine lapilli tuff often A7(b) PDCs from hydrovolcanic

showing variable ash-accretion texture

eruption (Fisher and Schmincke,
1984)

Note: T: tuff, LT: lapilli tuff. m: massive, g:graded, s:stratified, mr: megaripple, mb: mantle
bedded, tx: trough cross-stratified, hc: hummocky cross stratified, ac: accretionary lapilli
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4.3.1. ¥ 8ZF2] -3 ¢ (Facies mbT: mantle-bedded tuff)

oy

o HAAL 12 om T WBFe|7} BB SHLoRA AP Aol
A R A QEEE dehdt FUA S 3s]e gEe o
Aviel BiFol T AP SR J)de] RESE, F2 7Fo] BDE B
¥ (scoria fragments)? A G UA 13 2ATHo] thebdey. o] HAe ot

A SEe A AN BAEH F P LstEo] lem skl AR

r{u:

544 mbTe Aglel we FrA) Wslsl Gehia gor] oht a8 %
T2 UFA A 7]5(convective

ash plume) =+ th7] 3dtoll = 3AFA|(wind-borne ash)7} A|HOE 7}35}3FH A

3 A F th(Fisher and Schmincke, 1984). =3t Y74 sl d/7F 543 & F/5
o] AQ ik E A S A A TH(Walker, 1984). o] H A4 FoH4l $-33S
FHSE B4 F V¢ nEel ow, ok +RE TeW BV} 2

HAEHA H2Eo] PHE Ao R a4 P rHCas and Wright, 1987).

432 AUdIE 48§33 G(Facies mrLT: megaripple-bedded

lapilli tuff)
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71 A M A (base surge)= I, IssE, HASE 5 AA FFoE2 YEUHY
(Scmincke et al., 1973; Sheridan and Updike, 1975), ¢l= 372 o] ol w&
AT B A dtgE Ao 2 &4 E S th(Sohn and Chough, 1989). ¥ xkZ]
o2 FHdFe = ol el Ao ¥V FAdH L ES] HAY o
2 3 sidF R dA vEE 1EEdA AEEE AT ol wet
SR S5 AL, 7|A Rl & ddgo] JheiAH ANAES &

ZE YFETH(Sohn and Chough, 1989). E|& mriLT+ °©l9f 22 =79 d
FoA FAE AR AHT, o4t 3S F o FRHLE =EH o

o 9otd 4 glth SR =E2E FeA Y 9 F

m o1, = oF 20 cm & AEAFRIZE 5 oo R

RShHE =Ed T30l 2 AEE yetdth AN FRAbEC]l ¥ dFHE Ae
=z
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Primary
Il Reworked

Fig. 9. Photo(A) and line-drawing (B) of megaripple-bedded lapilli tuff (Facies mrLT)
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100 110

Fig. 10. Sampling point (A), shell-bearing rock sample (B) and shell fragments (C) for age dating.
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433 Zu|g F7 34+8 835 Y(Facies dbLT: diffuse-bedded lapilli
tuff)

ory
B4 dbLTE H|g SR o] Folxl FAHGOREA, 3aE 2 Ha 16%00 A
A 59%2 FHFS BAY SFEY 45w B0
33, EE e 1802 EFSith S5 AL SEH I e 24
S WM, 7~15 cm FAE 7Rt FEle sHER SkAe] ws, HlEH)
(imbrication), &4+ Y H(lapilli train) 52 T3 LM (Fig. 11), F4HE o]
2 T2 YAAA(clast-supported) = o] UHEFITE AAAAE Hol= FTEFS
$313 YR ME Frjgk SEvF dEe I AT ALY Wslt vEhd
oh Aut=rE B sbEES S 9 R0 E gd A2 wdEo Jo
™ oo wel FaE e e AYE Aok F59 AFALe
T2 s A4t 534 yRde sHo] 23Eo 3l
s wet AR 2 e A £

o3
i
=2
aff
rO
i
2
oy
1o
01)1'

sifidRe AA FRAE D AT ATl w2t g St HoldH
£ WA 2u dRtF o s gdRrt Ade we 8 ), ol dd
7 At BREs $Ad 343 £5= HZFo| Ho
g FelE THEA FH(Cas and Wright, 1987; Arnott and Hand, 1989; Chough
and Sohn, 1990; Sohn, 1997; Branney and Kokellar, 2002). ¥ &’} dbLTS] 3¥Jw]|3k
THTEE o8 2o AAHS T FHH ZoE fAHAT
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. agtate et

~A2r

A2p -

Fig. 11 Photo(A) and line-drawing (B) of diffusely-bedded lapilli tuff.

4.3.4 FolZg] 84+ 33U (Facies gLT: graded lapilli tuff)

HAY oLTe AW o2 &ElH A4S mu, bofst Mol Fert w3 53
Folth(Fig. 12). AHE 2 HA 1%A HA 57% FFS HolH, HHUE 040
g2 B 3|Fs}

9
o, SarEse] Avts w9 Busth B HAge) dolgus gl gy

b

(RS

Aol FH, 9-AHel FH, A-Axo] & Sol YElur, HAS W=

Aol YetA =t 59 FAE o 7~15 cmolH, 3ol A5H HolHd
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wet T ZAarE Bl ol FAY Aot SAlol HolFHE AEA L
GO 2o BAY Wyt et

T}(Sparks, 1975, 1976; Wright, 1981; Freundt and Schmincke, 1985). ¥¥I& o= A
HolTde /A4 &5 oA FHrdAse] dxd wE xpEzl HAE
PAEAT. == EE(eruption cloud) 25 E HHH 73t HAHAANHE
7|5 3$Fth(Middleton and Hampton, 1973; Lowe, 1982). B2 S Ho] Fg|+= 119
SRANA JAETDY TEE FAE= B4 (dispersive pressure) ¥ dRAL] &
F3 s GFAAAY EZAH I (traction carpet)ol] &8l A E Th(Bagnold, 1954;
Lowe, 1976; Sohn, 1997). A o]-HF o] HAGS A FFAAA HAH 3
AR A9, 294 Ade] Ao o5 FASo] WA o], Fo| FrhA
or WAE7F 9 FHo] HA He Eo|3 Holwjrleo] Hud Hiyl Ath(Fiske,
1969). stARE o] TFEE F2 FUIstE o R FAHEM, HAA ] YA wiE A E
=

2, $AGFY 550 A&gol we Ave] WA oo we} AT
Rol Hgioro] WA A 2T oldl Bakgtel s FAE QRS0 ARZ of
et Y4E Holdez AN 5 Yok
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S SRR
verse grading

Fig. 12. Outcrop photos of graded lapilli tuff (Facies gLT). (A) Inverse graded lapilli tuff. (B)
Symmetric grading (normal to inverse). (C) Inverse graded lapilli tuff. (D) Multiple inverse
grading.

435 JASE A FIL/EIY  (Facies &LT/xT; trough

cross-stratified lapilli tuff/tuff)

A kLTXT+ LR 58 ASE 2 d&o] yeuH, 5312 At 2

o s FARY. Hi Jd=E TFF Hle 34 0.58%, A 99.41%E

U, 3= 230, B BF LIS0E EFST. &AFE 38 ASYE

°F 6~8 cm o FAE AFE S0l FHEC WEhUH, T3 F St HAF =

AbEE] AR (crest)= A o= Ao /AT =23 A o UAE o F
3

2l F2E EJITFig. 13). 53 ASE AEESs met YEE3(mud drape)©] &
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AstH, ol Adr FTFoNA F TNF UEIATHFig. 14). vl s
(shell-fragments)& FZ9IE EXEHo] Yeiun, dEudrzes A HEHEA
gt HAGS A s 2 AEe FE A AsY HATEVF TEeiy, 7
Ae ¢ 2~3 cm, FFL 4~5 cm, 15° =2 YEPITHFig. 15). HZY txLT/AT
o] M = AR I SYBE NS wH FEE ZAFE Mo = nt
F xTe AW A2 ol Ay, A E =4 (sinusoidal)®] FEf = e}
o 91X% HAY «Te AAHE o} Jydurgo] Yehdoh

dge wyg=z ¥ HH(Q@%)OM ARQhel FElHoA #AEHE FEAHA
A& zhe o BEY FxoH, f5o il HHEC] FHolFd o3 FAHA
(lee-side)®] AR FE]7F BEFHO RHEXTh ojgd A& {59 &% 2
T wet 242 & FHE THEo X T(Gary Nichol, 2009). & A%
3~4 cm, %£°] 1~2 cm? AEAZTEE YERUH, S EAR T
o7t F5gk §rbsibg Eo] YElUT, o] 3H e
Frlol AT s EC] AFEH A ASR AT =

i)

0
b

(8
=
z
St
r%o

(Gary Nichol, 2009).
HAGS) A FH AN FAFYE F 15 om FAIM, A 771 Uy
Zol A ol vehdth FAZ TAE Y gobAv, Udusel 317

(Reineck, 1980).
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%:%D oob%r\ o@/JQ %%\ o O[acf O;CQQ; 0o ° A oQngr

Fig. 13. Photo (A) and line-drawing (B) of trough cross-stratified lapilli tuff (Facies txLT).
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Fig.14. Mud drape of Facies txLT (Adp).
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Fig. 15. Outcrop photos showing alternating primary tuff and reworked tuff (A, B, C, D)
and stratified tuff of reworked subunit (E, F, G, H).
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¥ 33]¢t (Facies hcLT: hummocky/swaley

SERE SR

cross-stratified lapilli tuff)

4.3.6

oy

, = 8d st =PH st

5

3L
s il

heLlTE S99 B9} CAlolo] &

agar spakerd =719

~,

X

boh T AAe] Arkse o

=
=

BA 727 YElUH, 10~20 cm 4, °F 10~20°9] FALZ UE

3L
[¢]

=
=4

121
=

Tz

)

)
,z_o
~

r
Y

o

]

[e]
== 7% Fgo

/J H (reactivation surface)©] UEFATHFig. 16). 9= £ 753

@ el A

il 83

3]

& #we] vl

=i
=

s

=2

o

TZ7F YEPGTtHFig. 16B, O).

o

49 <

[¢]

= o]

149

&

o
)
o
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5741

T
T

S3 &l YEY

oba

&

= A b

29 Hgun

=

G AL

oy

2+-g5o] A7]= 33F 3 F(oscillatory
AE+= Aoz A d(Harms et al., 1982; Walker et al.,, 1984;

BgHoE

€]

flow)oll 23l

Duke, 1985, 1990; Myrow and Southard, 1991).

j=i]
=

e 2384 s

3

F,

J]

A AA

A

o

fl 4 @ tH(Gary Nichols, 2009).

3

A

RESICIRE S

S

A5k Ao=w
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A

kel A717F 7F
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2 gehdth £3 4R AFe AAE SRR 9ud Feoly
BYzeE xPsol Atk ot shute] FFol Fastel, KA e I
Bt WEoIA ST frel 5] HHol F4E Ao T

Unit C2
Unit C3-Unit C1

A ‘» I'“

Fig. 16. Photos of outcrop section. (A) Erosional surfaces in Unit B and C. (B) Slumped

block in HCS. (C) Reworked tuff margin in Unit B. (D) Hummocky and swaley
cross-stratification in HCS.
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4.3.7 F71 34t $3]Q (Facies acLT; Accretionary lapilli-bearing

lapilli tuff; facies)

A oM 2PA FEA g 7|2 Jepd. BHa99) A sRE
T2 AEd sy 737)19 Rrksiibge] Exsi, AR e 2Hd kg A7)
o] AAERE FAH Utk HATES B, C, DAME AFEA 4y =79 B}
3}4ke o] YERATH(Fig. 17).

Lo

34
U wkA Frtsate e SRS E FAEY, ol tad 2 8l
oty AAAFZHG. (1) £Z7] 5 (eruption column) WH&] &3 2
() FAFHEE FA AEE skAZE F5E A5, (3) SldRIE olsd A

T AlEE A 2HA Y FHe A 2 A% I T(Fisher and

o

ft

Schmincke, 1984).

drtH oz Ao o8] FHEH= FUsAE S AAolFEHE HF o] AT
o 39 Addl BEEdte FUisiiiEEL s HolguHE wH, oy s Ho
3]

49 BT weEkA FH A4 aclTo F7hsiby
o
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~ /
Accretionary lapilli
»

N

Fig. 17. Outcrop photos showing ash-accretion texture (A, B, C, D) and distribution of
accretionary lapilli in Unit A (E, F, G).
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4.4.1 FoHat 38 AUEH

7€ AFolME Tt $3E ¥4 AdiZl 7.0403 KaE E 15 TH(Cheong
et al., 2007). o] 44t §3F S Bol UeUE AY9E o] &3 OSL |l
A Aot ol AFdAE st 338 Fohe Add YEhdE BEF 3
ow, AdEAN A} 3,720+50; 3,740+50;

e B3 AdEse HAs

2006; Cheong et al., 2007).
Sohn et al. (2002)¢] AT = Fatd TG =T Aol YEhE =
MNFe B2 9a duEaS 53 3,900+£100; 4,090£90yr BP| Adjr} X
501, Cho et al. (2005)2] ATIME dtmelZ Yo zadE xR &
YA AYEA S 53 2,955+35; 3,855+35; 3,862+100; 3,779+45yr BP2]

F

£ B K

2

7} B ERATE Cheong et al. (2006)°A+= 3stEEE WFe Z3HE =779
ThAHU AUIEAS 53] 3670+63; 3928+28; 4210+45; 4165+880; 4198+41;
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Table. 4. Results of age dating.

Sample location

Dating method

Age

Reference

11.7£26.3; 10.6+19.9;

ng“ghﬁeak Ar-Ar 24.5:112.6; 24.5:112.6; Cho et al., (2005)
asa 47.3+103.2; 148.1+144.6 ka
Songélr‘lff“f”ff e 3,900+100; 4,090490 yr BP Sohn et al., (2002)
Songaksan Tuff 14 3,720+50; 3,740+50; .
Unit A c 4,130460 yr BP This study
Son%ﬁff“BTuff OSL 7.0£0.3 ka Cheong et al., (2007)
Hamori Formation OSL 5.1£0.3 ka Cheong et al., (2007)
2,995+35; 3,855+35;
Hamori Formation e 3,862+35; 3,779+45; 3,044+35 Cho et al., (2005)
yr BP
3670+63; 3928+28; 4210+45;
Hamori Formation BOTh/A'U 4165+880; 4198+41; 4,345+38 | Cheong et al., (2006)
yr BP
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Fig. 18. Facies association of Unit A.
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Fig. 19. Photos of facies association 1, alternating primary tuff and reworked tuff.
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Fig. 20. Photos of facies association 2. (A) Rain drop mark on the bedding plane of A9p.
(B) Bird track on the bedding plane of A8p. (C) Impact sag and prod mark on the
bedding plane of A8P. (D, E, F) Facies hcLT.
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¥ nIFB arrd G boundary]:

Fig. 21. Photos showing the location of sea level in fair-weather (A) and Storm-weather

(B) conditions. Stratigraphic boundaries are also indicated in figure A.
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