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ABSTRACT: Tephra layers have been reported in marine sediments from East Sea cores, reflecting long-range
transportation of tephra by Plinian eruptions of various volcanoes around the East Sea, Korea. In Plinian eruptions,
the eruption column reaches the stratosphere over a tropopause that has developed regionally in the jet stream,
enabling long-distance transport of tephra from the source volcano. The direction and strength of the jet stream
and height of the tropopause differ substantially from the geographic location of the source volcano. This may
be a major factor in the long-range transport of tephra, in addition to the magma discharge rate during the eruption.
Marine tephrostratigraphic studies provide more detailed information on the Plinian eruptions history of the
Baekdusan and Ulleungdo volcanoes and several other volcanoes in the Japanese Islands around the East Sea,
compared to previous volcanological studies around these volcanoes. Furthermore, the features of explosive
eruptions from a submarine volcano, during the late Pleistocene, have been newly reported in South Korea Plateau
sediments in the East Sea. Marine tephrostratigraphy has enabled chronostratigraphic studies on various scales
(intrabasin or land-ocean linkage), and provided information about the paleoceanographic (currents and benthic
organism activities) and paleoclimatic (strength and waviness of jet stream) conditions at the time of eruptions
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in the East Sea. Recent studies of marine tephrostratigraphy suggest that Plinian eruptions histories of volcanoes
around the East Sea have not been integrated, necessitating a systematic investigation of the history of Plinian
eruptions since opening of the East Sea. A more detailed reconstruction of the history of Plinian eruptions history
of volcanoes around the East Sea may aid mitigation planning for possible future volcanic hazards affecting the

Korean peninsula.
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3HAke] Z2)u4] B3} (plinian eruption)= TAL
HAZ(eruption columns)7} S (vent) 2EE| =0]
10-25 km OJAHo 2 $4 M0 2 A5EE 498 7}
27|u, o]gt]o} H|4=H|-9-2(Vesuvius) 3HAHS] 79
CE #3HE= Fdo] #3hollA “FU A &23F &
o7} A0 & AR E|tH(Newhall and Self, 1982;
Doronzo et al., 2022). Z2|4 4] B3l= SHAREHER]
Z>(Volcanic Explosivity Index; VEI)7} 4 o]A}o]H,
2% ol7}25 km ol ZH(VEL's o= &
EgkEa|yA](ultraplinian) £3}2 S Newhall
and Sehlf, 1982). Bhte] FelL}a] Haka 2] A%
Sn 4232 Aolo] YAIskE thR
A¥(ropopause) o4 Heie] Wiee} 2l of
7]9] W=7} ZolR|HA] F4] H2|(neutral buoyancy)
o] HHE| T, 1 Fo HaAze] Yl FAg o]
o]5o] dojuti(Sparks, 1986; Fero et al., 2009).
i) £ 5= HlZeH(tephra; 12| L0 2 S
£ U, 571, SKPE(ol4tETR 2, ol4tels,
Iskrd 52 A E T Werner et al., 2006; Evans
et al., 2009). B|Zeh= 7Y SHte 2R A
o] 5t ST g EFEA o o= o] At
SAHE] ETE ARGE =, 7Y SHhte R HE E
ofA|BA A 0.2 U=} AT 237} ghot
A, AjEo wwsh 2 FEolt ehel v
o] ZolSA, Hake] A|3fety B4 Wk
9F=t}(Sparks et al., 1983-1984; Lowe, 2011).

ol yjAJo} EHESK K Toba volcano)oj|A] F 73,000
~74,0001 A 3Hf 5o FHEE (co-ignimbrite) =
U4 EBHVEI 8) 5 o]} 24 °F 32 km
of gotn, 27 A7 A5dE HEHEA HE
o] W&t AHAIE WA A o= At A FH &

£ 3~5°C A= FFE= SHAL A-E(volcanic win-
&l 6 HrtHRampino and Self, 1993; Timmreck

S Hol=Zz 1
§_]_-T7__I_U1__

ter) &

et al., 2012; Williams, 2012). Q1= Y| Ao} B5 a}5}
Ak9) 1815 E2]Y 4] E3}Tambora eruption, VEI
7), vl= AQlEFASH K Mount St. Helens)2] 1980
W 2244 BSHVEL 5), QLEuIAIoL i)
AHMount Pinatubo)®] 1991 Z2]44] ESKVEI
6)F Z3oh= 19~20 Al7]ofl dofd ke 2y
A 23t 54 A7t A UK Self et al., 1981;
Rampino and Self, 1982; Carey et al., 1990; Fero
et al., 2009; Kandlbauer and Sparks, 2014; Criswell,
2021). FZofl= 4] E8jY4] B3} v)gg7] A
7 &40 AR A Asf| a9le 2 W H=d,
1989~1990 ]| u)= Lefj27} 2tk RESH i Redoubt
Volcano, &3 =0| 9F 12 km)3} 20103 of|o|ok
= e}k K Eyjafjalla volcano, 2A3 =o] oF 30
km)9| E2|Y4] &£3l7} v|gY7| 23S o7 ARt
(Casadevall, 1994; Weinzierl ef al., 2012). =A|917+
3}¥7] 9 (International Civil Aviation Organization;
ICAO)A A3t 3FAA7A 1A E(Volcanic Ash
Advisory Center; VAAC)= A AAIE 9l -9 <&
2 FEska 3 23kt 7] S AT olF 4
S AAZrez BYE Sk H]37] 23] &8
st Shit ARt A AT SRR E A
512 Ut Guffanti ef al., 2005; Weinzierl et al.,
2012).

A AAF 2= 1970 e A AlF2t¢do] &
AR SRR P Bl et 4t 2
Azo2 ARSI, 719 SR} A7 S ot
3]7] 9J3t ") =e}&=A]8HKtephrostratigraphy) E+= H]
=g+l 8Htephrochronology) E-oF7} ¥HA31HA| =
tH(Kennett and Huddlestun, 1972; Huang et al.,
1973; Thorarinsson, 1981; Sparks et al., 1983-1984).
e FH A= 1980 ol 53f allA] E]FEA]
oA HE AlFHo] EAoR WEAT 235,
29| shito 2 RE AT o FE o] ot HAH
gHzglso] R E YUY 1; Machida and Arai,

o
A,
S
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1983; Furuta et al., 1986). -2|utate] €=t A
= 5l EFEA 4 9F 2,000 m 0]/e] X HofA
T AFROIE T = Y A AxH o]%<l
1990 o] EAZ o= AIAEJITHZY 1; Chun
et al., 1997a; Chun et al., 1998). o|H =Fox=
3l A HlZeteA AR X MR &5
&, d& MY EYU4 23 s V&
g Hzeke 71 sHbAel 23 Al719] eRES
74 Hesto] Asigict. E3F F3f iAol
AAE= Ao R A== sfjASHike] ZLAl &
3tz EAE "zt B4 d9silth ke
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Fig. 1. Map showing core locations in the East Sea (data from Chun ez al., 2006b; Tada et al., 2015; Um et al., 2017;
McLean et al., 2018; Chun, 2000). Solid red triangles: volcanoes around the East Sea, Solid yellow circles: marine
cores in the East Sea, Solid blue square: Lake Suigetsu (LS) in Japan. JB: Japan Basin, UB: Ulleung Basin, YB:
Yamato Basin.
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A9 Tg|3luKTorihama)olX] 5% 3}ARY] oF
9,300 M E2UA] £3}1= o]F EAH &5-27]
(Ulleung-Oki; U-Oki) HlZ&}7} RO 1;
Machida and Arai, 1983; Furuta ef al., 1986; Machida,
1999). o]% F3f &FEX|(Ulleung Basin)of| A &
A9 NZTol9] Yt BAOR 22T SALY B
24 3ok Aabr} o A41s] EAHEKR 1; Chun
et al., 1997a, 1998; Chun, 2000). E2= 3ol &

LGM) Al7]of| E|AE Aot vHegd 13 g3
2 lof) 2] o] SIrH(Chun, 2000). S5-I g2}
9] Bf= sHHES- IS AR (&5 HU) T
= ;L*E]hﬁ](il"a 2a), =511, E"*‘ = 2oy
Ef| 2} H]sto thke] %ﬂ“iol 323HE B4 Ho|
3 &-5-27|(U-Oki; ©F 9,300 ) H|Zeke} ]
FHtH(Chun ef al., 1997b; Shiihara ef al., 2011). &
-1y HZEe] £3}F Al7]= 2584 AlFE0

Y4 8= 511 (Ulleung-1IT; 9F 16,5008 A RA = 2] FUA|TE 2 AT A= o= Ao
A, 2511 (Ulleung I; €F 9,300 &), 211y A AHH A S2To]oflA 2k 8,400 A L2 & At
(Ulleung-I1y), =51 (Ulleung-I; ¢F 5, 600151 ) H| o] ZTY] E3l2 7|¢% TRGI H|=Zke} T:HH]}\]
k3o o5 ghsﬂ ZTHChun, 2000). €5- 11 §]  ZtK(Shiihara er al., 2011). &5-1 g Za}= AJ3
Zehs HSFdst7|(Last Glacial Mammum, ool A HFE SE7HEEE Xl Il FAS50] /&XH
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Fig. 2. Photographs showing tephra layers in marine cores from the East Sea (modified from Chun et al., 2004).
(a) Ulleung-1II;, and Ulleung-IIy tephra, (b) SKP-I tephra, (c) Aso-4 tephra, (d) Aso-3 tephra.



SliA] Bl Z2tSA] 0]l 215t S5l 4 Shito| E2|LIA 25 HAb

g0 ez, o AL HAHe] HHT o]0
ArBER] AEnda-gol ot A= HHEHA
THChun ef al., 1997a, 1998; Chun, 2000). A|F2
ofol 251 el Zete] HE F7ko] ABT o
S1A1 WA LehRee), ol AS Aol ko] Al
ZAThHo] o]2i8-& ZEHChun, 2000). Yk,
2 EHH HlZSA AT SR FHA, A
EE AR elsix Teko] doluhx] g
/\]f:'% o= shA|e, sk E2Y 4 28 o
A EUS M E St 2 ER1EA] o= I-HE
=2 cryptotephra)E £43}7|= SFcHLim et
al., 2008; Lowe, 2011). Y& F+ 2 deto] x|t
L 717to] Aol A F 6,300 A ZTU4] B3}

96EBP-4

WD 1,413 m
‘N
6'E

Lat. 37°46.1
Long. 131°23.

Frequency (%)

-
o
1

Core Depth (cm)

SKP-II /

|

Frequency (%)

240~

30+

N
T

=3 531

2 532 o]FH 7|7}o]-o7} & oK Kikai-Akahoya;
K-Ah) H|Za}= Z3) 23804 |<to 2 Fo]
2] GARE A|FEF0] EAHES 44 A5 &+
/S](Instrumental Neutron Activation Analysis; INNA)

2 E3)A I HLim et al., 2008). L 25
T SHitoll A ZF A7) SRk BRI At &
3] o]Fo)H=d|(Kim ef al., 2014; Hwang et al.,
2021), &5% 3Kk & s &50] 3,070~3,275E
Aoj 9J3lgo] & FHHChun and Lee, 2019). &
Sr SIS ZHE JdE5&E0F 9F 500 km o]zl
AE T459] Ao|A| =254 (Lake Suigetsu)ofl A =
FE SGl4 A|FZoloM = AP EH =t A e s
2T= 3 EFY A E3E AAY ol s HE
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Fig. 3. X-radiograph showing the SKP-II tephra in marine cores from the Ulleung Basin, East Sea. Grain-size histo-
grams of the SKP-II tephra are shown for bimodal (modified from Chun et al., 2007).
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2} 4 w(2,620~2,737d A, 5,619~5,681d 7, 8,367~
8,455\ 7, 10,171~10,230%d )7} ER1I= T McLean
et al., 2018). A M Zo] AHH AlZ=Hoi} A
AT A== TS 55 Y =Y &
St HAafol| gt A Hol Easiet

2.1.2 South Korea Plateau (SKP) 3JA|3}4} 7]
CEERL

Z3]| opalE 22| (Yamato Basin)ol| 4] R E A3
T4 AL B1E &F-oklE(Ulleung- Yamato;
U-Ym) E+= ofutE(Yamato; Ym) HlZeh= &5
= 3hke] 9F 30,000-50,000 A ZE|Y4] Holz
EXE Aog By rtiMachida and Arai, 1983;
Nakajima et al., 1996). 53l S5EA|A AHA
AlFRolofA = s 3t HZY =, 71, 5
%, A3}t B4 w418t gt A|(South Korea
Plateau; SKP) F=0]| €J%|81= SKP 3{|#3}4k2] 40,000
~41,0009 A FHFAQ] o= &2 ¥ SKP-1 H| =z}
2 A=K Chun ef al., 2007). 12| F 60,000
~61,0004 A SABpLe] Eakael Lotz wAs
SKP-II g|Z2t= 37 A% cHChun et al., 2007,

ra
;

Umet al., 2017). F=eiR]elA] G557 |0Vl (magnetic
anomaly) A29} HEER]TH sub-bottom seismic pro-
fle) 21200 ofaA] 345 SKP S|AsHbe) 913l
SR 2] 2 54] oF 1,050 m x|o]gh, SKP 3
ASpitol gt 2t AAEA] FATHChun,
2000). SKP-1} SKP-II ek 22 27} A
HE U B FEEE TAE0] o5 E(bimodal)
YE=REZES Ho|=H|(ZH 2b, 3), o] 22 SKP 3iA
SHike] HAF7E 71 = UZHA] ZetaL saero] =
Felo] Yo olE 7] vl ofn] s 5l
243} G(EE B9 = Ho]7} 27 oty
A9 FAlo] A e YolEo] o]FRE Y= EA
o] YEPdTH Cashman and Fiske, 1991). ©]<} o=
Ao m 3% 3t FEY4] H3lz o] FH Hl=Z
=L G2 =(unimodal) Y= EAS Hol=g|, o]
AL 7104 ol sE o R4 dH(EE FE)Y
AoEel 2 W Aol AxHel Bgol dojit
51, 71 o] sz datElo] o ahael Bgo] dlo]
A R EZ ER = A o]t Cashman and Fiske,
1991; Chun ef al., 1998). SKP s|43H4F 7|9 €)=
2= Y719t A7} K (total alkali/silica; TAS)

16
[ M Ulleung tephra
@ SKP tephra Y
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Fig. 4. Total alkalis versus silica (TAS) diagram of tephra layers from the East Sea sediments. Ulleung tephra
(Ulleung-1, Ulleung-1ly, and Ulleung-11;. tephras; Chun ez al., 1997a, 1998), SKP tephra (SKP-I and SKP-II tephra;
Chun et al., 2007), AT tephra (Chun et al., 1997a), Aso-4 tephra (Chun et al., 1998), Baegdusan tephra (B-Tm, B-J,
B-Sado, B-Ym, B-KY'1, B-KY2, and B-Og tephras; Chun and Cheong, 2000), and Aso-1 and Toya tephras (Chun

and Cheong, 2020).
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ERA ST St 71 HZEet A [ARE
Z-@to] E(phonolite) = ZHe(trachyte) F<
of EAE=t, Bzt ®gkst £440f 2|3t SKP
A S5 S| £ olHtHaE 4
Chun ef al., 1997a, 1998, 2007; Chun, 2000). 25
T 3R] Elzate] 7] (vesicle)L & WgFo &
A= 0] Qa1 7150l 9] Ho] GFtH 1Y Sa). SKP
At 719 H=Z2he 7152 o] jlen,
71 8Ake19] Hol djd oz T TEE o Stk
(" 5b). 0|23t SKP 3| A3t 7] g zZate] 7]
T EAL2 4] 9F 1,050 moflA] A B} o

2|LIA 22t AL =4 533

MH

o & 49to] ol o] 23t Aoz A
THChun et al., 2007). S3oA= THNE "=
ololl A ®E 2|k 255Hd Eoko] thaT 2. ol47
(Dansgaard-Oeschger; D-0) 17]1% HE 7]&2l 7t
=7)(Stadial) 2} o7+ (Interstadial; IS)] ThH| ==
A} 0] m T Fo] Z HEE o] It Dansgaard
et al., 1993; Nakajima et al., 1996; Tada et al.,
1999). 3] AlFRolol A olxFE7)0] et 224
of 9Jafj& SKP-I(IS 99} IS 10 Ato])d} SKP-II(IS
173} IS 18 Ato) Hl=ate] B3} 27|17} era ot
(2E 6; Chun ef al., 2007). Y& E50] Ao]A=

Fig. 5. Backscattered electron images (BSEI) of tephra layers in marine core from the East Sea. (a) U-II. tephra
(Chun et al., 2007), (b) SKP-I tephra (Chun et al., 2007), (c) AT tephra (Chun et al., 2006a), (d) Aso-1 tephra (Chun
and Cheong, 2020), (e) B-J tephra (Chun ef al., 2006b), (f) B-KY1 tephra (Chun et al., 2006a).
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S4ollA HFE SG932 SG06 Aol A& of
o]2}-ekx}eH Aira-Tanzawa; AT, F 29,000 A) €]
Z2}o} ofA-4(Aso-4; 9F 88,0004 &) H|Ze} Ato]
oA Ei-gto|E Tz 2 npant RO g et
7} BEAEA] gk=t(Maruyama et al., 2019), ©]
A &5 7Y Hl=Zete} 2 SKP HlZrt of
7|2 o] FsHA| gtk S0l

2.1.3 WAL BHAF 7)1 9] Hlaze)
Bl AL SHAFOl A 10A]7] 0] A8 E Sy 4] 23}
(VEI )& WFALEulanto](Bacgdusan-Tomakomai;

MDO01-2407
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SKP-I==mne__. 40

I
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B-Tm) €227} 54 5j B2 2212} Z7lo| = &
Arof| A B %It Machida and Arai, 1983; Furuta
et al., 1986; Machida, 1999). L B¢ 35% 358
o A= e 2ol AZE LN AHE SGO6
A 2T oJo A= B-Tm(F 940~950 CE) 8lZa}r}
B EtH(McLean et al., 2016). 104]7]f TAE
WA EelU 4] Eate} pelE SR pyroclastic
density currents; PDC) $=X =2 ¢ A71e} 3HAL B3}
AS At 5ol o]F|HATH Chang and Yun, 2015;
Hong et al., 2016), 104]7] o] o] AT WAt
3hite] EU A 23F GAtol iRt A= F o

GISP2

Ice Core
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Oxygen isotope (8'°0)
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Fig. 6. Comparison of Dansgaard-Oeschger (D-O) interstadial profiles at the Greenland ice core and sediment color
L* variation at the East Sea core (modified from Chun ez al., 2007). The SKP-1 and SKP-II tephra layers are correlated

with interstadial events, respectively.



ohiAf Bl ZekSA H0f| oI5k Sl S Shite|

A AR gk AF7HA] T3l A HZekgA A+
o SJslA Wizl WAk shate] Eelual Bak
oF 447k 8% R oF 940~950 CE 717t &<kl
24 82| oA o2 FEAE It Chun and Cheong,
2020). WEFAO A ZAQPAIGHE T= 2P 89F
o] 224 oF 149%7hd A o] S HE E2|Y4] &3}
7Fs/3E AR 02 Z71stgl e, 24 oF 448,000
J Hofl= ¥WiFAk 2 7HBaegdusan-Oga; B-Og) H|
g7} B35 It (Chun and Cheong, 2020). W%
Ak H B 7] (Baegdusan-Japan Basin; B-J) €| =&}t
o] B3} Al7|= sliAEZZo] B A A7 1
715 HE71ER1 oxk=7] 14 (IS 14) 7t i
= 51,5009 Ao Z AsA = Chun et al.,
2006b). F3f AlF=FLofo| A B-J Bl Z2}ke] SH4k R 9
£ B-Tm " Zzto] H|g}A] G522 A ¢-FH=t, o]
AL B-J HlZEHe] £33} GA] A ER 4] AAY
ALE AEF EA4Y FAES AAIFTHChun
et al., 2006b). F3]] 7|E}-opn}E s =H(Kita-Yamato
Trough)] 9] oF 39ell4) 225 A% ololA
L SKP-Iz} SKP-II €2} 0] 29| & t}2 SKP 3
A4t 7| H Zekeo| HAEIAIT, S5 = It
7149 HZeks e BAER] 2K Chun et al,
2006a). o] A|FEFHojof|A Aoz HIiEE WiE
Ak-7|ElotE 1(Baegdusan-Kita Yamato 1; B-KY1,
oF 135,000 Z)1} @i FAL-7|ElolutE 2(B-KY2,
©F 196,000 A) g e} A= Chun et al.,
2006a; Chun and Cheong, 2020). o] A1}&52 53
59 oF 39% FFo] S¢te g IIE= 5= o
Ab 719 ElZake] ExFetA Ao, WEAL 3HAE 7]
 "Hzzte] dtA o 2 s Hrt. B-J H 22t
¢} B-KY'1 g|Zgk= u)A| EA4](micropumice), -8
2 AFE(glass shard), FEE2 A5 e, d
&2 T AY SHEERE olF B9 HZekels
YA 1} FEf7E S3lo] FFEHTHH 5).

2.14 9& a7 NS H 7|99 gl ==}

FofollA AHHE Al Fololl e g Far A
SMME Y] Beju4) 2312 o]F H2E K-Ah, AT,
Aso-4, Ata, Aso-3, Aso-1 E|Zg} So] B =T
(Machida and Arai, 1983; Furuta et al., 1986; Chun
et al., 1997a, 1998, 2004, 2006a, 2006b, 2007;
Machida, 1999; Park et al., 2003; Lim et al., 2008;

2|LIA 22t AL =4 535

MH

Um et al., 2017; Chun and Cheong, 2020). ©]=9]|
Al D& 47 oFax(Aso) |2k SRfjFol FHEE
(co-ignimbrite) Z2|U4] E3tZ2 EZEH Aso-3
Hmehe QR Q7RSS R uH AdEs
(Fission track dating; FT, F 103,0001d ), 50|
Y42 Af&A(Thermoluminescent dating: TL, 2F
110,000 A), ZelE-of2 2 A&A(Potassium-
argon; K-Ar, 2F 123,000 ), 4] €5 %<] 3A
A& okt 33 E4 oA g
¥4~ 5d(Marine Isotope Stage 5d; MIS 5d) 522
thoksl B34A7]7F B E 9t Okaguchi, 1978;
Machida and Arai, 1994; Machida, 1999). 53| &
S8R AFTfA A Aso-3 HZake 7
719} s 7] Atolo] FriA 7] B & (penulti-
mate deglaciation or Termination IT)o] $Jx]&}H,
EIA7]= 9F 133,000 AMIS 6)0= A= G
tH1E 7; Chun ef al., 2004). 2 QB T »o]
A=z oA HFE SG3T} SGO6 A|F=F 0] 11
e A BHAE Aso-3 HlTete] BahA]
7} 133,000 Ao.2 AALE It Maruyama et al.,
2019).

2.2 St T Shite| S2|LA Zot A

oo ol
rok

b ok oot

2.2.1 k= =9 S oA o Bzt A

S8 S HARA N = FAWAA LA F=Z
ZT73W(Integrated Ocean Drilling Program Expedition
346; IODP Exp. 346)0)| 4] £9] 43 4580] A 35
% 578717 774e] AlZIolrt AHEAHIY §;
Tada ef al., 2015). X|Z=30]0] 3] 2| Aol whetx
Blze} 22| Zfo]r} 2o, AFolH e
Ul430A A|FEFojollA= REY H =zt Szt
o| 2EA| Ao FAE] UrHLH 8; Tada et
al., 2015). ThE A FoflA HFE A|FFofoAx
Sejol 2B A 717t FAE HlZate] NS} &
AN|stAqE, E2to] 2 A|(Pliocene; 2.58-5.33 Ma)2}
ulo] @ Af|(Miocene; >5.33 Ma) 7]7to| = H|Z2}9)
A7 TRE 1Y 8; Tada et al., 2015). o] A
FolEof FAE =zt SA41F Y= AAdelA
E4E Ao R M B A o5t ERIEXA]
&2 Zo|tiTada et al., 2015). & IODP Exp.
346 AlF2olo] AR HZE A5H7] HsiA
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