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ABSTRACT: Recently, various paleoseismological and seismological studies have been conducting for
understanding the characteristics of past seismic events after 2016 Gyeongju and 2017 Pohang earthquakes in SE
Korea. Paleoseismological studies on past seismic events can provide useful information, such as magnitude,
co-seismic displacement, timing and recurrence interval. Furthermore, archacoseismology, the study of
earthquake-related damages in archaeological sites, has recently been used to obtain useful information, such as
timing, local intensity, distribution of ground motions, relative location of epicenters, and magnitude for historical
carthquakes in many countries. A few researchers have conducted some archaeoseismological studies in Korea
to correlate damaged historical heritages with recorded historical earthquakes. However, there are several
limitations in archaeoseismological studies in Korea due to irregular occurrences of earthquakes according to the
tectonic setting of Korean Peninsula, inaccurate descriptions on historical earthquake records, restriction of direct
access to historical heritages and natural monuments, and restoration of cultural properties. Nevertheless,
archaeoseismology can improve the knowledge for past earthquakes incorporating with paleoseismology,
historical seismology, and instrumental seismology. Therefore, it is possible to obtain useful information on past
earthquakes through intensive investigations for comparative study between damaged historical heritages,
historical earthquake records and application of ESI scale based on natural environmental effects by earthquakes.
Thus, new interpretations of historical earthquake damages based on archacoseismology could contribute to the
study of earthquake geology of Korea.
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1. ME

A NAHCZ g2 XX o] g2 Qg
At sz EAsEA o, of2fjt FAl= AFS7t
A=A} A A &A o7 SUHE Ao Btk
(Wisner et al., 2008; Doocy et al., 2013). 20114 3
2 119ols FUE thA| 2 (T 9.0)0] S4kel 47
SNl Q18] A} ArreAart shalss 2%
SatA) wAbste] B Qe AAIA 242 7
$rth(e.g., Yagi and Fukahata, 2011).

S uElks fErlofe] AFe] 9i3]ste] T
Z8AN X sh= THE YEEol Hlsl tiFE 2179
bR ] AR A 0 2 wrol %) Ko Ta) SHEgE A
doz AR gtk a2y 2o B S
S 3R A4E(e.g, Kim ef al.,, 2004, 2011;
Kee et al., 2007)] 2J3HH $-2luete 7= 2R
T A #G-E SR YR 2| 7E0] Al47] Fet
o 5 TAsHHZol BRI ok §3] g3k
AREE olef ] Rz o2 7|55 20161 9¢
12¢ AFA A (- 5.8) 8t ofu 2}t 20174 11€¥ 15
U ZIAA(FHE 54) 5 2 d5H S AA
S2 Uste] B2 AAA a7t AL, o] =
Q13 S2uete o o) Ax e =R PR =
ofyeh= ¢l4]o] ghitEar it o]9} Zro] XX
et AR21A Talo] S7ketel whet 2| 2E, A2
8}, 2]l a7} Hofpo] AtEo] TRt H3
= 73 &ls] e Qlok

F=Y At XAE A st ZA < A A
7F e A2 1887 o), -2 uake] 79 1905
dH 2AZTEE JATS2) XA A2 4
2 olej 2 A7|A R 752 AAIRE ] 100070 #|
AthLee, 1998; Korea Meteorological Administration,
2001). TP} Seffehe thite M) w7
A71AZ #S717tol| vlsf iAoz Z47] g
ol2|gt -2 717+e] AZ| A AmRte = XA
EA4T AZA ] E4E Aok tle tha ol B
o] gict. ofof Lyt AXEAY B4 Ad=
olafistz] YshAl= AZIAXARE o837 X XEHH]
A8t ofu 2t JARX| XS] Aol S-Sl o
gF R A5 A S FAO) A8 B art QL
t}. o] & &3l ool WA tit 2 A IE
&350 F3g, YA, AT, AR

DS tigt Hoh W ARE 5=
mel ohjeh o} vigo® o2 WY
= 2|70 gt 7] ARl G EI}F o= F=
% 8 % 918 Aolck. Tejut BARkE] ohat 1%
A5k o] Qlo] Fa s BE-e AHohe AjE%
o] ox}e} ghAlol] ke AT} A7) |5e) 2R
o w2 T3 SR Teke] qlojA e A, 1
A7 DAY A7E g 2l 917 Fwol
oL 9 o|= QIFF AFARY AFt T2 3|
w2 2ol @ ol 5o0] 23} QIrk(Kim et al., 2011).

GSolA BTt XX A7), R,
A= A ] e A 77| Fo] HiE A FGofA
£ dS3ke Ao] F H 4T 4= UkMarco et al.,
2003). whebA] F2 A Aol chat A7) g b
o2 BTS FH E3Aut(e.g., Ambraseys,
1973, 2006; Caputo and Helly, 2005, 2008; Marco
et al., 2003; Marco, 2008; Decker et al., 2006)L} 5
4 o7 52 (e.g., Kagan et al., 2005) 5-& o]-&3}
of 2)1l0] E44& ofsfalei AEo] SaEo] g
ok, ol2ig s AT o|g3te] NAWA 5
AL 73t 13X WK archaeoseismology)= 4
A3} w28 BEAE AQsE o2 Hstod
ARzl 3t 83 AHEE g5 4= Uk
A 226 efat LA R e 2] 23] 5}
g B3 7} TS0l X A7 E AHH o R HEs)
o = Q7] el HARRRI Y] WA E HE A
ShalA Aok Tl the X d o] AL
Y3tk 77e] B BE 58 mofa & 9o, of
£ o] 83dly SHE FY = (isoseismal map)E 2}
e 4= Qlof o9~ 5831t} (e.g., Ambraseys, 1973;
Karcz et al., 1977; Karcz and Kafri, 1978). w}2kA
DIAISHA A AT TR XA e
EA4E oldeted wi$- T8 FEE AT 5+
ltk(Marco, 2008).
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U digt Foll Hlal XX HAPRIETL JrjFes
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| A7|A7e] 7| gto 2 o aluete] 2k
E4E olsfsty] ofglgell= st A7|XX19
7129e 272 A)2le] AR A Eo] tht
= A710] g AT Bile] ATiHo vokt
Bk 2y 2 ARG AR o= Ql
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S2liz} xFK|ZE o

3l x| g}of| gk Bt ok 2 thet A7t
AP Aot =9k ZopAfol dist e A=
Z|Z w9 IS Y QAR 22 22
Ao} HEY vhaof et o ged dAwt &
e AP E AuA A B A HI= F
o =3 3] AQle EAtke At A ol
FOIRA] FIL Uk webA o FFo M= %
wete] 7|1& AauxE A5 sk, A A
o E= IR Ate] o] LIA| S T8
43 71992 = e dZol disl 1hds] AEsH
R =

2. faE|Liate] DX EISE o7 ARl

A X18] FEZEAQ T SYEAS olsfstr] HshA
= TS AFE T AT HTo] wiL-
Fasith 28y 24ES Atole RS9 g
Al, A7) X5 £A, ERA] 24| A|oF F 53
oA o W2 oL EAIES 2 Stk &
3] 2uehs fEtrlobRe] 7R o 9jA]skar
U= AAF2A B wj ol B Aol S5k o
gho|u} it 2|3 u]=e] Ae)E1ofel 2 Ao
So) ]3] XA HIEo} FRI} S Wk of
U AE2A) A W SAo] A oz et
Zafo] A7 WA S4L olafshs Aol v o}
tHLiu et al., 2011; Landgraf et al., 2017). E3+ A7)
A2 715 oA 9 Ax&Fof et A= =
QA AR FMbeh Qou, A Ak e
78 B, K, JdZol, i Foll i B
7} o9~ ¥lofsto] N5 AAsk=t ool
tt(Lee, 1998; Lee and Yang, 2006). ©]2]3+ &A|
A& Hashy] 9ote] 22 gF AAlEo] e
AR A= O] 42 Al=star, Z3HAof 28
WA 71, 228 E3A)et AR R ko] At
4, FEAAEY By FH et 1A 7] AS
T Q7= 47 TASHATH(Lee, 1998; Lee
and Yang, 2006; Jin ef al., 2009, 2011; Choi et al.,
2012).

Lee (1998)% -eluefoll Al wbagat oF 19003]o]
Yok AR SAsk LA ste] 1-144)
7)) ¥]a) 151841710 Ao o Be A7
o] WS ATk Basie. o] A7l F3 BE

oM DaX|ESte] 524 253

3o] A BATE H YAk A2 2
ot} Q=] FEof o3 BT SFoll 71 A%
Ao 2 435tH Tt E3F Hwang (2007)2 HF A
Ao tfE 2 2L B - 2o,
BRAZ7IY, 2549 o 3§22 5 A
Aol A-E5E= Sl Bol 38d AR B35 Al
QoA divti X3 " A A 71550 gol ®
19 L AFA o] A2 e TS At
= W53 AR Btk

Seteele] BARMG TmuAQste] 27
A= 20073 5 AF it SA=FolM HE2H
FHIAY & ain|ashy oFA ez 84)7] SRl
AE Aow FHRE vl T
oF 70)0] oF 40-50° = HAR AbHol B
e ol#] gk o] WAL UARE AZEY
th(Jin et al., 2009). o]o] Jin et al. (2009)2 o] EA}
9 S5 IA B2 AT AN S|E o1
F2) 9] A2} ATAA SE5HA SHon, &
5] =72 Adeiet 24 Az Al71el A st 7794
AFAR(RE 9 77; Lee, 1998) 7] @S =
Apehom, dolal B4t Futo] sk gde
5o YYERE u|msto] Yol BAe] AANS
2okt AT Ssn Tt o] BAY ¥
o} 7799 AFAAI) AHA ABHE 74
PR W 572 e Ealelon, viojd
A2 AlzA7|9F SeVIH| & aLEfste] Al
A 2R ghot 2™ Yol o8] o] 4ol
ol Aoznt B ustglrh

O|% Jin et al. (2011)2 A B3t nhofjof )¢
FE S LNS 7FEE] Akl £ FHA #
Agk 2719k B A ROl k4] ofefo] nj2:H
majSollA OSL AdiSgE sk, GAIF
A ZgFA ol WA B A WSk ofy 2} 5}
AR 9 A2 A1 5 A ahalof kg o)
A 7 Sle AR ES v EA s B US4
She 975 FRSIHTHE 1). o] dtllA= OSL
A= A1l AD. 1130-1370d WelolA 22
6 ol4Fe] eJAP L g A3} 10360l HA)
Aol Al WIS AW (ML=6.4)S 4] 53 & oF/]
AZ1 63t 2| Ko 2 F|AstFTHH 1). Jin et al.
(2009)7} Jin ef al. (2011)¢] AP TR ATHE =
ol 2= 278t ek ok}, -2|uEtoll A
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tHe.g., Cadorin et al., 2001; Lacave et al., 2004;

Hz= Eop wafet AR LT Adde 74 =
8t sfjQ]of] B gk 2318t A2 H7HE T

ERE FZ XX g 2okR HIlsE Ul &
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Fig. 1. Summary of geological and social events corresponded with the collapsed Buddha statue and historical heri-

tages in the Gyeoungju (from Jin et al., 2011).
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Kagan et al., 2005; 19 2). 2452 4L oF
S509HA7HA] Qe AtfS7go] 7HedtEE JARR|
2 AZIAZ 2 ST 4= gl= 52 LY A
A A7) gt RS B2 4= Qlrk(Kagan et al,,
2005). 22 Choi et al. (2012)2 A% &7lo]| 1|5}
=472 U 4od s2EEY G HL &
ol gk W3S FAske thefet 524 &0
A U= 2584 ¥y E4Jo] & dx)st= A S
2 Bustglch B3 AR{RE W P8 EEY ol
gt o= AU AL el &gt Aol ofd 2K 5
o] ZH&AH 3o ol FAAH AL R 453

3. faluzt 22xel XTI mls] HElet HE
sy

A1710] olgt a2} 7P Al 2A % shte
oz ARle2 WAR AP olalel fHolLt
AE5E=0| FA=HA HLH A olchMarco, 2008).
)T} PelEl §ASe) Tl of ekl (Belitzky
and Garfinkel, 2005), 8 2th(Klinger ef al., 2000;
Niemi et al., 2001; Haynes et al., 2006), ©|{Ambraseys
and Jackson, 1998), Al2]loHMeghraoui et al., 2003),

oM DOX|FIEe] S 255

J2]2(Monaco and Tortorici, 2004), B]7](Hancock
and Altunel, 1997), $=H(Zhang et al., 1986) ¢l
A o= BaE Qi) 236 9J3) g =AY 2%
g3l ofsf Wl A S8 oy, o
F ASEL AEESY B FdS T3t JAA
Z10] ol fot 1 55§58 4= Stk o] &
ol U] Aol A TEE= GARX]RIS] 1
B/t 710 BArE thE of 2 =7tol| A 9 wsf
F= vl wskal 1 AE s Aestarat gt
AAQE o83t olx] FHY AFESS FE v
o] ofFHAL SHY A Ql F20]7] Wzl o8 vk
Ol W2 A AFESMA o], &, EUE B2
T RS wE o Wol AREESIeH, dRbEo
2 AA ofX= AHE T HRAAE 2] gar A
A& 2ot WA TSt Marco, 2008). 53]
opz] 9] R AFdole M7= ntERE 4
Q1 Z-llEA (keystone)& ARE-SFAET, o] Z¢ll
TALE 7 A xlo] WA -9 A7l o8 A
SES0] IR 59 o offZ e YT 5
Uths Ao] thFet mdl=)a Ay 55 B9l B
=] ith(Blasi and Foraboschi, 1994; Sinopoli et al.,
1997; Boothby et al., 1998; Bicanic et al., 2003; De

I@?\‘ ®

Fig. 2. An example of a paleoseismological study on speleothems of Soreg and Har-Tuv caves, the Dead Sea transform
(from Kagan et al., 2005). a) Stalamite with severed top and postseismic regrowth. b) Collapsed ceiling with pre-
seismic stalactites (below) and postseismic stalactites (above). ¢) Core in flowstone exposing fallen ceiling pieces
(1), thin stalactites (2), and detrital layers (3). d) Section of severed stalagmite with postearthquake unconformable
regrowth; dashed line is paleoseismic contact. €) Schematic cross section of severed stalagmite with regrowth.
U-Th-dated lamine indicated by a. Small circles are schematic representations of stable isotope drilling points. Age
of event is defined by datum intersecting contact (large circle). Scale bars=10 cm.
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Luca et al., 2004). E3F 54 9] 5P X%zt
A Zlof| ofsf ARt B A FA el o7t A
HYZA 5 =2 ARE-E I Qlth(Korjenkov and
Mazor, 2003, 2013; Marco, 2008; Rodriguez-Pascua
et al., 2011; Hinzen et al., 2016; Martin-Gonzalez, 2018).
oayate] el Bok AEEe BIAE
op A ALGR e ael Bt glon, ol o)
ol kg o] =A B} vh= Foflw(Encyclopedia
of Korean Culture © The Academy of Korean Studies)
o] gejolck. B8] whem slio] gl AR oo
A9 ThE Uete) el Btobny] ojele o)
FTER 45 Foot 5 o= thrloixo,

FoAFH A9 BB £ FoFHY vhREe)

2E FFH O THE o EEF 72E Bol
Foh F FABHS BE BRANRY B 2
AT S5 FAFHL okl7t 3 917 He 3
Holn AE FAIFHE 947t F3 ot We §

EERE EEREIEEEDIGISEES S E RN
s} <sh w4 ety A 45 FoENe
Shpom we T2H S Sk jg 3
ahalel Ao 2 g 19 32 19144 Fg8
ALY ARLO 2 A 7 7)ol HUARo] 2y
7] ole] G Holth. o Aol Bt
W9a 25 Fo|FAo] o2 nln Flo] T
w0)(29 3a, 3b), T W) Agko] A5
S22 Z0] FlFTH(22 3¢, 3d).

B2 &2 121(A7] 16861)T} 42 (A7) 17154)
o Weme} HemE F4atArks 7150l glout,
232A)e] A8 YAMAZ &) S54L oA
2ol SlEle, Bx AFE0) A4S ) So=
ofe] el ThA] A AL B4tk 7] 5] 9L
cH(Hwang, 2007). o]t BAbo] 248 44
7149 9492 N AISHE Y Bt ok et AR
oo x|2lo] AftiH 0.2 NS BAHHE 2L

outer keystone

Fig. 3. a), ¢) Overviews of the Bulguksa temple showing destroyed stone structures, those were taken in 1914
(Photographs from homepage of the National Museum of Korea). b), d) Close-up photographs of the damaged ma-
sonry arches and stairs. Note that the keystones were slid downward and deformed stairs, which are common in

earthquake-stricken areas.
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AANeh= Ao R BRIt B3 BExA R ASES
9] 715 EAH] gt E ARIS oA HoA
£ W u e}t Feu Ao HEFH TAF5A 9 5t
7 Z-& ahaje AR 22 A} g2 o oJgk
FEom 5 $k QAT o] ofx|F29 AFiE el
S e o X%} -2 7HREA ™ A ARy
of ot Aoz FAHHE 5 ol2gt E=AY] 1]
= AL A5k A RdE Fo2 &
AT A9 EAL A2 A5E0) gafE & AR
28 RO §50 4 98 Ao BoE,
A gl 2Rzt BE AFES= FHol 2&
sh, EoR ZZol= P2 wj$ =E7] el
A|zlgto] o] 2|3t o} AL A E 7+ npaeE &
FET ¢ 9= TS weol ¥ 4= ok (Marco, 2008;
Rajendran et al., 2013). w}2kA £ 7153 YA
Aol 28 T A2ASESS ARt A - e
o] 1 Abo]7} o 4= ek AlghA|of A el
A5E 5 shiel AAdie ol3A 2 s 4
o 28 W= ASEoItH (™ 4). AW F% &
A LF HAE Abel7E HojA gl=d, ol ARH
s, A5 B9 97, BEAF = 5ol 8 HEE A
= 78S FAIE 5 QAT A3 A9 ALY
71Eo0 A= B uiel Zo] tht Ao o]

HYE S 7HeAE ok T3 W2 Qhakerd o
Aog ASH BT B AN Ao Y7
AAE Ato]7h HolA glom, o] EdF HS 2o
A AR AR RS0l 8l FAE NS 7T
Uk

T3 A xlo] WAYSHA HH & HEolu A&
o] ZZ|o|m AAYS2] mAF Fio| A2 RIAA
Eof 7§R]= @Ade] yehu, o] 23k d4k2 A Xt
AE tiEA) HH o2 g A glckMarcro, 2008).
A5 59, 1341719 Ah=-frAtel oJsh Enrt e
H o]F, ol fAshe AR B gite s
AAA BT AgE0] Wol Y= AHGyeongju
Namsan Institute, 2010). F3 gAlofl= =1 7}
A, HE, A2EY 5ol £XstaL Qlo] A"E
O AHE & 4= UthA 2AjE] RES HUS| 2A}
A5t 21914 wha)of o3t HE FEske] A/
O] AT S FAL = US A E 7didr

o] gjo &= x|Xe] ofaf utu e wsjF e == A
2% EFl o8 FUz ok g, 7Rkt 9
o A=H golu} vl 59 Wy, A uaE
o Bl AFgF7t 5ol Stk o|=et A7l ot
P2 A Foll sl 22| v H|SSHA|
gk sHoluy Z 5 F7159Y BA, gt wiE,

b PSS

Fig. 4. a) Overview of the Cheomseongdae in Gyeongju. b), ¢) Close-up photographs of horizontal shifting of large
blocks within the Cheomseongdae. Note that earthquakes can displace large heavy stone blocks by horizontal sliding.
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A Zlof| ofFt Z|#HO M7 F XXl gt
& & &3 ARl ozt S 2 4= Itk Marco
et al., 2006; Marco, 2008). w2tA JAL7|Zof ot
Wst 243 nA ek s 2Ak] 1A
344 gog Wagthy T o B ge
A0S 2 5 e Ao goEr,

4. SE|L2t DOX|RIE 7ol HistM I
sHAN

Seluete] AUt BB ATl 1E
° DA A7} Rl AHKIGAM, 199;
KOPEC, 2002; Choi et al., 2003a, 2003b; Ree et al.,
2003; Kim et al., 2004, 2011). 23y < AF
Aol A HAE afofoffdatel] thet x| XIsHA
A7F B EHRA=T, Jin ef al. (2011) whofjof )
P L9A| Bt o} BHA|7| & =45}
7] 913 wi&EE E&E2] OSL (Optical Stimulated
Luminescence) AH&78& At ARt
O] Ayl sl A-Fst3ATt. 22t o] AFollA
3 E OSL AtS4<S At A5 5= Z3H =2
IR To2 Qg oA st /el A5t
FollAs AFSHA Eokar, &2 Al7]ol 22 €
o2 FHEUS AL R 5= vEE Qo] ¢
A& FARRE 2719 AXE Zhe 2 dA Y] FekE
oflAl F AT wEtAl o] ARSI dolA
U= mrefof e BHA7IE FAs=T AR
T4 AT AGH BRI E ANk )
= ofge,

E5 1A @ QDA ATl vle §-83
o188 4 Y WY F b HelEE AgEe)
Sh)ok AR Afole] ATfE Z5te] ALY 5
A& o]8l|5h= B olthe.g., Cadorin et al., 2001;
Lacave ef al., 2004; Kagan et al., 2005; 1¥ 2). &
= We] el gt ddiSA-2 ¢F 509hd7HA]
7hssto] 2 -3 27004 Z B-go] FthA HALA|
2 A7E Hesto] 12719 EA4L s Ask=t W
S AEE AFTT 5 U2 Aolh FZ Lt
A% Choi et al. (2012)°)] &J3] FE & 7= Y
FIANESS WIeE BAHEEY JEALTL
DA Aol gt A-E A=t 18
L o] Ao Aes HA7IdERTHO R Q) i

ARES dal L3 AEAH7E 7F=A] Grot
w3 g YYET AT AAAEY Al 4
AJ8HA] Zatgiet.

o]} Zro] mpofjd e Jitell gt H 9 EAHE
ANEAQF Bl R W 524 E e H2
A A2 E3] ol Y3l At ARSEH &
2o ojggo] Wrt waba =] Ao} 7+
o] h& 2] F2 o 2= vl AHE o)} st 2k &
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effects of earthquake and building damages (from Rodriguez-Pascua et al., 2011).
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Fig. 7. Schematic diagram of role and importance of the archacoseismology. Note that archacoseismology may play
an important role to bridge the gap between historical and instrumental seismology on one side and paleoseismology
and earthquake geology on the other side.
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