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Geological Applications and Limitations of Regional Tephra Layers
in Terrestrial Deposits in Korea
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Abstract: Tephrochronology uses regional tephra for age dating and stratigraphic correlations. Regional tephras are
important in Quaternary geology and archaeology because they can be used as stratigraphic time-markers. In this review,
identification and dating methods of tephra are summarized. In addition, the characteristics of regional tephras in terrestrial
deposits of the Korean Peninsula are elaborated, and geological applications and limitations of the regional tephra layers
are also discussed. So far, AT, Ata, and Kb-Ks tephra layers from Kyushu, Japan have been found in Pleistocene
paleosol, marine terrace deposits, and lacustrine deposits in Korea. Also, although not officially confirmed, Aso-4 tephra is
likely to occur in terrestrial deposits. The regional tephra layers are vital for dating, especially with regard to sediments
over 50 ka beyond the range of radiocarbon dating, and for dating of active faults. Furthermore, it can provide important
information for preparing countermeasures against volcanic disasters. However, in order to use the tephra layer
geologically, it must be confirmed whether it is a primary deposit based on sedimentological study.
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U A7ol| Fol7] wjiToll 414 AZ(keybed or
time-marker)2 2 7FHEE 4= Qlo] HAZ] A2
o} A tiulel] f-&sltt,

Hzehs Z7]9 wet s (<2 mm), 2HEE](2-64
mm), 3 Ee SRIEGe4 mm)eE sk,
H| Z2}Ad] & (tephrochronology) X & F2 sHHAIE
ol&stt}t, XF7HA] HuUoXe SRkAet HZep
gk 807k 8o YA, o] =N e £5S
7] fJal Blzebels g0l ARSIt Bzt
> A Q=2%H27](e.g, Kolata et al, 1996)
NMFE 7R oA QoA AL AR
AtiEAelt SAHe] o] F e A FE
e A|Gof| B¥xsl= 39 H Z(regional tephra)©]
o} Ao Zept Exshe A9 51, f1Y, d&,
sotzE)gl, wAAE, HeiHY 9 @5 Solth(Lim
et al., 2000).

A7 d=e] "z dte 2 FEY] Y

EZEol|A o]Fo)HtHe.g, Chun et al, 1997, 1998,
2004; Park et al., 2003). 9732 A$- U EAS
22l E&Zo]7] wite] sYFE A E] Hls) FgE =
9] AlFo] Atizoz u|eksiR|qE 1998 o}o]
2}-ekalel(Aira-Tanzawa, AT) BlZEl7} 2o 3213
o7 HIHE o]% AEKZAQ A7t FIHL Yot
(e.g., Yi et al, 1998; Danhara et al., 2002; Lim et
al., 2006, 2007; Kim et al,, 2021).
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3 ArEEE EE B4, skl Agsix
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Aot shkaelel 2HE WAV Wol o HE

BEolM 7198 shele 248 W 59

T ke AIES 7R Ak B 29Rd oy
AHE zh= SIS $°8Hhydration) B=el w
ZA8E0] uPgA == (Steen-Mclntyre, 1975),
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Hrelo] FEdhEel =eE 24E

71eh= 73S Hth(Ross and Smith, 1955).
SEAIRE 19600 $HHAE HAFA WA 7] (electron
microprobe; EPMAY’} HF=HA sHikree] ¢
& & ol&ske WHol FE AREAL theg.,
Smith and Westgate, 1969). ©]= EPMAE ©]&3t
Th4 Aol WEN 7hsly] miitoloth. AR o
oA shihfEe] FHEY 250 AE st
(thermal immersion method) ZH4ES A3
(#2x10-4) S43= ] (Refractive Index Measuring
System: RIMS)7} 7HEHA 2HES o83 &%
e s wol AREIL Utk(Danhara et al.,
1992; Nakamura et al., 2002). 45| FFS F=
Fafol| oJgk FAE JHdoly EAAE R ke T
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(Froggatt, 1992). #4& T3l Si0, TiO, ALO;,
FeO (total Fe), MnO, Mg0O, CaO, Na,0, K;0O & 9-
1071¢] T2 gt wt% TERls 9A 9o 5
o1& He Fslddo] A= LOI (loss on ignition)
ol F7keb7| wiell, TAFFe] 95% ol =
S Addajofsin, o] FH Q1 skl FS wiAlsH
7] Sl 100%= AAEE 3 AMgshe o] Hig
281 (Froggatt, 1983). ShiHrele AXZAH| =&
g As A HdEHERE 34 248 ARl

d

7107 AREal] olfa, Az wet o] &
3 & ogleme Foph Westh skl

EPMA #4A] F013 3} v‘i—éﬂ‘ﬂc}‘ﬁ‘)ﬂ HalMe 7414
Q1 z7do] AAE vF Ath(Froggatt, 1992; Hunt and
Hill, 1996),

shHrE e 4% Folle 712
X ARES I Z(Harker and triangular plots)
o Sl ZAjste Blwd 4 AR, B} Hegh &
S 93 dFAS (similarity coefficient; SCYE ©]
g3jo] Audez wamsie Wl AgEY
(Borchardt et al., 1972; Sarna-Wojcicki et al., 1987).
SCe offieh 2 AOom A& 9l

O] A ZAS

T A=

n

2R
d, =t
“wB =~
dap=dpa=similarity coefficient for comparison
between sample A and B,
i=element number,
n=numer of elements,
Ri=XiA/XiB if XiB>XiA; otherwise XiB/XiA,
XiA=concentration of element i in sample A, and
XiB=concentration of element i in sample B.

ojEHoR %‘Q?‘& 7]%94 sPhEQl A9 SCak
i, sk <) Hdé‘_r)r 3-4%9)
=4 o ]3| li% ~0.96-0.97 &2 Fte] v}
o= Aog d#HA  UAri(Samna-Wojcicki et al.,
1987). Atz o2 = A|Fd tsh SCtel 0.95 o4
ol FAMAHoE Z JAFHH FUS 71doE #*
73t} (Sarna-Wojcicki and Davis, 1991; Busacca et
al., 1992; Hallet et al., 2001; King et al., 2001).
SCate AN ) Fa3 A FA2ESe Yol
U EY oA, Fa I8 9F 52 welst] 2t 9

TFeAE AEshe Zio]‘:‘r. ‘Qt“lﬂﬁi
l:z‘u Aol tialiA = s
Zo] AL} o]FAlo] o 9 EiiE
VeAE ALsAY AQsA dn dE
Ti¢t Mg®] 79 |7t ol o= <lsj A
SA A S71E ¢ Q7] Wil 0.259] 7HA|
283 (Rieck et al, 1992; Hallet et al., 2001;
King et al., 2001). Cr3} Mn, P2 7ol fAleH
o= SC#H AXtAM  Aeld 4 Jrk(Sarna-
Wojcicki, 1976; Carson et al., 2002). Na2| 7Z-$- &
A71ex Adle] el (Smith and  Westgate,
1969; Sarna-Wojcicki et al., 1984), E&37ol|A o]
0] E2 Ze® dHA UKCerling et al,
1985; Sarna-Wojcicki and Davis, 1991). wW=h4 SC
& ARE Al Na®] 7FsAIE 0252 3FAY oo Al
Al7171%=  SHck(Sarna-Wojcicki  and Davis, 1991;
Rieck et al., 1992; King et al., 2001; Toms et al.,
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Az I SRS FE9E
WA= Akt nhanpel] oet 797t B o
ol 94 240 AR & A, 53] 5Y skt
oA T A7l EE3 shitElel Ay FEA
/4ol A9 FLE F vk AT UTh(Westgate
et al,, 1994). ol¢} 72 Ffole #olAE o &%

FEATE= AFEA7|(LA-ICP-MS)Z 3k

F/H nEday JERAL A4S st o8

UTHPearce et al., 1996, 1999, 2004). SIA|TF 1]
FAae}t S|ERYL A tsixe FEg tlolE
Hlo] 27} FEEo] SUA] kot tir|7}t ofHrhe EA
o] ItHLim et al., 2006).

(2) Bl=2l&e| AACjEX

HEelae Bzaetsol} HEeaAs of
A ALgE] A HEeze] AYeE, & g

2 YA Al BEA)E dolel de
ko AE A5l WHogE FHZel by
I} 74 A ¢l wiHol 9t} A Aol HpHO gzl

o FHe SE} AolRg olgslel Hran
At="dH (fission track dating)®Z AU E
Z1o|th(Westgate and Briggs, 1987). 7Hd2<]
Az Aizel duE 24a Tz o
HAN7IE FAshe 20|, Yo Hzelgol 5
ghd o]l ol Blzels Aol AEEw



7185 ol&st] WAMIRRINE S5k 2]
718 Ak Wolnt. st o .

Ade HI2ed 25 42
Aol A2 sbAATizE ofw] A7 of 3]
ol Hzeise] ddE HxR 24T e

SHItE SY0|M &L

rir
K

ZoiE| =2}

Ofo|2}-EtXte}Aira-Tanzawa; AT) H=2}

AT HZghs ZEo|2EA 7)d Y& F4 g
o] olol2HAira) ZHZtolM E&T FEdE Hlzet
2 dE e FRY S 3 sgEA e 3
SBHAl 23, & Al71el FAE Fouzet Fof
A 7P FEls AZo® ARg-¥thMachida and
Arai, 1976; 1983; 1992; Machida, 1999). AT ®|=~z}
< AF7H 1003] o] WAV RAAt S0l A
AERen, EEAZIE U 25keE  EEAT
(Matsumoto et al., 1987; Murayama et al., 1993;
Miyairi et al., 2004). ©] A]7]= MIS(marine isotope
stage) 2%} 3¢] ZAFel sFEER 17|98 fof
JME F83 onE Zeth 71E A7) mEW
AT ElZ25o] 94 Al7]el 9 5ol of
gifo] FgrEoR A ®ispt HiElon,
AN AR F& 7158 W dllaHs AN
sl A0 2 BIEQtH(Touji and Kosugi, 1991).

AT HlZghs 39 SAolA 7P EabA U7
© htAjoln, 53] A47]1A A8} Loket 47|
8F wofolld ol AREAL UTKYi et al, 1998;
Danhara et al., 2002; Lim et al., 2006). AT H|3zZ}
© o] SEto|2EA AEYR] a9 EE
(soil-wedge layer) 2149 #7] THEAA AEH
= Ao2 U4HA AJth(Lim et al., 2006, 2007).

Of-4(Aso-4) E|=z2}

TFor Tl X ofk ke o] 2EA|
7194 71714 B2 £ES =], Aso4 HZ
2 I FolM 7P FRUF 323 3 HEgEe
2 SdXe FAaelx ZTelerA, slgelre
Salet B e AELlet Aol HA =
(Machida, 1999). Aso-4 ElZzfe] H¥ e of
4x10° km’S 2 AT HZzlel FARE Aoz 4#A
ATk Aso-4 HlZels HAIE ZAolm @z 4

& gl =2 548 7KL Sink AR

3139 SN WSl YoHmersel XYs #83 3

£ 9F 70-89 kao] A2, Aso-4 BlZgl= MIS 5b &
5a/5b ZAAFoA HAE7] wiiEo] 89+7 ka®] K-Ar
A7t 7P AEETE 2o AR B IEATHODba,
1991).

Choi et al. (20052 3SHit: Hafe] TrEdSE
oA Aso-49} Ata BHlZgle] EA1Z, Aso-4 BH|ZTko
S st Hasii o, skhkele] =
A} Aty 59 AFTE FAXOE AAEA|
ool FAA o= Q17| ofHr). AR Aso4 H
zho] FHof 2HH97F 1500 km (Machida, 2002)°]l

gelt Zoz U4 Jomz, FF F5 A7
Fa ShlE SN 383 wAE 5 U Ao

2 ojddt.

71710]-EF2F512}(Kikai-Tozurahara, K-Tz) Ef|=2}

717ke] ZdjgtellA 719e Zo= Ul e
o] K-Tz BlZ2hs f4p @iolx & 79 e%
WA W AGoA AEHE Jguzesos,
29 WER G B-Quartrys EFFoE Fksitia
244 drk(Machida and Arai, 1992). K-Tz =2}
= Yk oR &9 FUHC] 2EH (Ontake) SHitoll
Al 7198 E2l44] HZ2R] Ontake 1 HZ25<]
2P oA WAL FoHZES 2 A5HY
U5 eulgltio](Obaradai) ST HA ol W
7A%]7] wzol, eukeirto] obH7](Obaradai interstadial)
o] AAAZ dHA AtH(Machida, 1999). K-Tz ©
zZte] FEAIE A A 2 ERuiAds
(thermoluminescence, TL) A&7 ZAzel] <Js) oF
95 ka® X% tHMachida and Arai, 1992).

Danhara et al. 2002y 3 x]9j9] Zelo|~EA
IEYSOIM AT HlZ2} i5 sHtol K-Tz Bl
ghgo] AT Bsisith A K-Tz2 F4H
= skHele o vt 2AEN, dAEes
stele] Qlo] FEFot AspekAe] i A
73] o] Fojz|A] kt}. TP B33l Danhara
et al. 2002y 7+e FFo|M K-Tz HZ2ke] 49l
HERGo] o dAETE olfE K-Tz |2z}
Tog Fgslen, 2§ Be Aelx A=A
FEGZIAM K-Tz HZet AEEe 208 <&
HJch@l, Shin et al, 2004). 3HAI9F Bl Za}zo]
ZFEH 71904 AlsE AAA tist HEet S
glo]l A FANE olgald], ol dAtSA
SA R o]k A2 wig- fFsitt tso] o
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Table 1. Detailed information of regional tephra layers found in the Quaternary terrestrial deposits in Korea (after Machida,

1999).
. . . Petrographic properties
Tephra Agih(k;a) I tMarlr;f Erup tlonb lE rup tl(]);ln; References
(method”) Isotope Stage sequence’  volume (km”) vol. glass® phenocrystd
24-25 . bw, pm opx, cpx, (ho, qt) . .
AT ©) 2-3 p, i, c >450 1.498-1.501 opx 1.728-1.734 Machida & Arai (1976)
ho, opx, cpx .
84-89 . bw, pm Machida et al. (1985)
Aso-4 Sa-5b i, € >600 opx 1.699-1.701
(KA, MIS) 1.506-1.510 ho 1.685-1.691 Ono et al. (1977)
90-95 . bw, pm opx, cpx, qt Machida & Arai (1992)
K-Tz (TL) Sb-5c pp. 1. ¢ ~150 1.494-1500  opx 1.705-1.709  Machida (1999)
95-110 . bw, pm opx, cpx, (ho) . .
Ata (MIS) Sc pp, P i, € >300 1.508-1512 opx 1.704-1.708 Machida & Arai (1992)
ca. 520 . . bw, pm bi, ho, (opx) . .
Kb-Ks (FT, MIS) 13-14 iLpic >100 1.504-1.507 ho 1.677-1.685 Machida and Arai (1992)
Tephra Major element composition of volcanic glass (wt.%) No. of Reference
S0,  Ti0, ALO; FeO MnO MgO Ca0 NaO K,0  analyses and notes
AT 779 0.13 123 13 0.04 0.13 1.1 3.6 35 46 Furuta et al. (1986)
72.7 0.37 14.6 1.5 0.1 04 1.1 45 4.7 36 Furuta et al. (1986)
Aso-4 74.0 045 13.9 1.6 0.1 04 1.1 44 42 20 Machida et al. (1985)
72.0 0.48 153 1.7 0.1 0.5 1.5 4.6 3.8 4 bimodal
K-Tz 79.0 0.22 12.0 1.1 0.05 0.2 1.0 32 32 44 Furuta ez al. (1986)
Ata 74.7 0.48 135 2.2 0.1 0.5 1.9 4.0 2.8 11 Furuta ez al. (1986)
Kb-Ks 74.7 0.34 14.0 1.3 0.06 0.26 1.1 4.0 43 12 Machida (1999)

“Dating methods: C=radiocarbon, KA=K-Ar, TL=thermoluminescence, FT=fission-track, MIS=marine isotope stratigraphy
*Eruption sequence: arranged in chronological orcer from older to younger. pp=phreato-plinian, c=co-ignimbrite ash, i=ignimbrite,

p=plinian
“Volcanic galss: pm=pumiceous type, bw=bubble-wall type

dPhenocryst: opx=orthopyroxene, cpx=clinopyroxene, ho=hornblende, qt=quartz, bi=biotite (numerals are frefractive indices)

o

Hola ATE K-Tz HZ#He] £xH9el 5=25%
(isopach map)E e{st¥ ghite FH A9 K-
Tz HZEP} B4R E ofg]e Ao Helt 5
S SAEASAA K-Tz Bl2Zeprt 2

g WA e AT SAEYEE §
o 3 AoE dAYEE KTz BlZdlhte
WA 7RsA0] B& Aso-4 HZEho] HEsE Ao
v g Ao w3}

f
-4
N

OlE}Atq) El=2}

Y& Far B z
Ata Zdgte] Fido] o] BES FEdd 249
Ata BlZE= S AR f-835 A2
2 AREo] githMachida, 1999). Ata HlZgh= 3
Aok 3M, A T FRER FAEY de

o, &7 AAR7]EH (electron spin resonance;
ESR)z} & u]ud|A 2 (thermoluminescence, TL), K-
Ar A=A o8] °F 105-110ka® H LT
(Machida and Arai, 1992). Ata B|X2}e] EXAHS
ERE E5E o 500 km7HA] SAEE Aow
B 5] ATHMachida, 1999),

Ata HZ2}= Inoue et al. (20023 Kim et al.
(2006)2l ©Jsf = FEi A stk HAS
A AEHE Aoz AFEAth. 53] Kim et al.
(2006 Ata H2Z2}7} 24F Abslsst Fbs, 23
okl AlEelA A"t Basigloy, o
=rdAE Ata Bl2ZEke] Aoy Asleted, 24
B 22 FAAR BAAHTE AAEA] ol Ata
glzete] W] el FAAoRE QIR RIoh
AR F2 Kim et al. (2021)0] &4+ Aalsat 4
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Fig. 1. Map showing the distribution of the representative marker-tephras of the Late Pleistocene in and around Japan (modi-
fied from Machida and Arai, 1992). Kc (Kuccharo); S (Shikotsu); On (Ontake); D (Daisen); Sb (Sanbe); A (Aira); K (Kikai); B

(Baekdu), U (Ulreung).

AFsel A2drEolM Aed kbl 2dEs
FHaA SCRHE ol &3 4 AFE HishiA
e SAolA Ata BlZEhe] wdo] FAHoR

AP =L, 71 AT Ata H2Z2PrE shbEo]
A Qe A= e AeE BuHg oY
(Machida, 1999), Kim et al. (2021)2] BHI=Z <3|
Ata HEZke] EXH7F B2&02 A 40km ©)d
o 2PgE A

THIOA|-FIALR2| (Kobayashi-Kasamori;  Kibo-Ks)
B =2}
5_‘41 g EET @ A9 Ae-2ARA A
YWok(shatter cone)t 2199l W TZ(planar
deformatlon features)’} WASHA 1 FUF =
U A9 FAd71zke] RAFE ofg Aol

B A THLIm et al, 2021). o] EAE AFE F
7t A0l FAL TEAEe] HAEE,
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A AZZAEA 66m A1F30)(20HCL04)®] 18.32-
1844 m T7lA ¢ 12cm FA19] 3RkZ0] WA
Hct. Shin et al. 2022)5 3RHAFoIN k="
sPHrEe] 2dER YA SCES ]85t
Kb-Ks HZ2I2 F431=, ol 48 99 &4
oM HL&or Hiw Holth,

Senel 4 ukgo] A AkEEe 54 b
A& KbKs HZd= 719 sh7F AgahA] ARt
7FHE(Kakuto) A €] JrnfeRA] Zuefela Hs)st
Aoz FAHEK(Machida and Arai, 1992). Kb-Ks
glzgle] BEE2A7IE MIS 133 149 ZAA <F
520-530 ka® FAEH, HZele] Frxe FrolARt
H & T AEEe 202 BiElth(Machida
and Arai, 1992). B|2Z2}5-9] FA= AAAA] oF
25 cm, FEA A F 15cmE HIEo] AT H|Z
BeHT 25 o AL 202 dEHthMachida
and Arai, 1992).

E 9
SHIE SMOIN AEEE FEHZ2AE0 Chet
olal]
Aed v} o] e S BEE B

HIZohs 2% 42 o Al shilelM 7ide
Zoln, WlEstol &FE 7|99 HZohs S
A BAER] geth 7 RA R Hzee skt &
WAL Este] o8 W Al HAA Hed, &
3] Zgy4] E3Kplinian eruption)?] 72 EAF
(eruption column)’} 10-25km ©]’ 43 <34
HRds ASd Alele] thFZAAA F2oM FA45
o] YAl A AA olFo] TATH
(Sparks, 1986, Fero et al., 2009). Bl=Zz}e] 7|5
ke AYPex, I v, g ¥, Hzg
o % ¥3% 5 oY exd gEe wer
(Bonadonna and Houghton, 2005, Costa et al.,
2009). FoElZete] B Hele A owE it
Fuko] el FEFel| o3) AojHA|RE, X A
< npgke] Wkl s A%

sPikEdo] WIS Ui HE
of AstER HAFo] AT AN 1R
slollq shite] Fareh A HlZehs ke S5
EAE]7] offil FE FEOE lEo] FI %
HA=EcH(Lee et al., 2014). AT st Zdha] Y

Folu 5ol wEske 5ol 7Y A H=ZH
7 AR e st 8 o' IgT 4 3
THLee and Yun, 2011; Yun et al, 2016). ]9} 7
AP o] SAJEAECA AT Ata, Kb-Ks
Hlze}t 2R f747 7199 Hzgige] wasE e
2 oln JSHAT Egk R HyE 71E A

21 K-Ah®} Aso4, K-Tz HZz= o
T e SAlA B AE ThsAel ot

FIHA=AM AEHe F9HZHES vEA

¢

rlo

L 54 o) T guisol
AGAD F5Hol gom, B8 S99 A% A
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