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Recent Research for the Seismic Activities and Crustal Velocity Structure

Sung Kyun Kim'*, Myung-Soon Jun®> and Jeong-Soo Jeon’

ISchool of Earth Systems and Environmental Sciences, Chonnam National University, Gwangju 500-757,
South Korea

’Earthquake Research Center, Korea Institute of Geoscience and Mineral Resources, 30 Gajeong-dong,
Yuseong-gu, Daejeon, 305-350 Korea

Korean Peninsula, located on the southeastern part of Eurasian plate, belongs to the intraplate region. The charac-
teristics of intraplate earthquake show the low and rare seismicity and the sparse and irregular distribution of epi-
centers comparing to interplate earthquake. To evaluate the exact seismic activity in intraplate region, long-term
seismic data including historical earthquake data should be archived. Fortunately the long-term historical earth-
quake records about 2,000 years are available in Korea Peninsula. By the analysis of this historical and instrumen-
tal earthquake data, seismic activity was very high in 16-18 centuries and is more active at the Yellow sea area
than East sea area. Comparing to the high seismic activity of the north-eastern China in 16 -18 centuries, it is
inferred that seismic activity in two regions shows close relationship. Also general trend of epicenter distribution
shows the SE-NW direction. In Korea Peninsula, the first seismic station was installed at Incheon in 1905 and 5
additional seismic stations were installed till 1943. There was no seismic station from 1945 to 1962, but a World
Wide Standardized Seismograph was installed at Seoul in 1963. In 1990, Korean Meteorological Adminstra-
tion(KMA) had established centralized modern seismic network in real-time, consisted of 12 stations. After that
time, many institutes tried to expand their own seismic networks in Korea Peninsula. Now KMA operates 35 veloc-
ity-type seismic stations and 75 accelerometers and Korea Institute of Geoscience and Mineral Resources operates
32 and 16 stations, respectively. Korea Institute of Nuclear Safety and Korea Electric Power Research Institute
operate 4 and 13 stations, consisted of velocity-type and accelerometer. In and around the Korean Peninsula, 27
intraplate earthquake mechanisms since 1936 were analyzed to understand the regional stress orientation and tecton-
ics. These earthquakes are largest ones in this century and may represent the characteristics of earthquake in this
region. Focal mechanism of these earthquakes show predominant strike-slip faulting with small amount of thrust
components. The average P-axis is almost horizontal ENE - WSW. In north-eastern China, strike-slip faulting is
dominant and nearly horizontal average P-axis in ENE - WSW is very similar with the Korean Peninsula. On the
other hand, in the eastern part of East Sea, thrust faulting is dominant and average P-axis is horizontal with ESE -
WNW. This indicate that not only the subducting Pacific Plate in east but also the indenting Indian Plate controls
earthquake mechanism in the far east of the Eurasian Plate. Crustal velocity model is very important to determine
the hypocenters of the local earthquakes. But the crust model in and around Korean Peninsula is not clear till now,
because the sufficient seismic data could not accumulated. To solve this problem, reflection and refraction seismic
survey and seismic wave analysis method were simultaneously applied to two long cross-section traversing the
southern Korean Peninsula since 2002. This survey should be continuously conducted.

Key words : Seismic stations, Historical earthquakes, Instrumental earthquakes, Focal mechanism, Crustal velocity
structure
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Fig. 1. The broad-band, short-period stations of KMA.
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Fig. 2. The accelerograph stations of KMA.
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Fig. 3. The seismic stations of KIGAM.
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Table 1. Focal mechanism analysis results of 27 events occurred in and around the Korean Peninsula. (Modified Jun et al., 1999).

Location Nodal plane 1  Nodal plane 2 P-axis T-axis

No. Date Mag.
0°N A°E 0 3 s 8 Az.  Dip. Az.  Dip.
1 1936.07.04 35.20 127.60 5.1 14 64 121 60 67 3 335 42
2 1963.09.06 36.47 130.76 5.7 32 69 129 72 260 2 351 28
3 1963.09.07 36.53 130.79 5.8 25 61 122 79 250 12 347 29
4 1973.11.24 40.25 125.13 4.0 30 70 125.5 75 762 3 168 25
5 1976.10.06 35.31 124.18 5.4 199.5 61.8 3068 61 253 1 163 43
6 1978.08.29 39.18 124.50 4.6 30 75 120.5 84 745 55 166 15.6
7 1978.11.23 38.37 125.65 45 43 75 3085 75 86 22 176 11
8 1979.12.25 38.82 126.28 37 220 70 318 70 268.5 1 358 29
9 1980.01.07 40.22 125.02 5.1 2157 623 309.1 836 79 15 176 24
10 1980.07.25 38.88 125.75 3.6 213 65 308 79 258 105 353 25
11 1980.09.20 38.30 130.70 49 210 60 66 355 316 14 83 67
12 1981.04.15 35.78 130.10 5.2 312 75 219 79 266 3 175 19
13 1981.11.19 40.42 127.53 34 218.5 80 124 70 262.5 22 169.5 7
14 1982.02.14 38.46 125.65 53 2452 438 100.6 52 72 71 174 4
15 1982.02.28 37.00 129.52 4.6 33 75 128.2 70 2612 4 170.5 26
16 1982.03.27 37.58 125.10 3.7 31 70 126.5 75 785 35 170 25
17 1982.08.28 37.13 125.90 42 375 70 137 65 2678 35 176 33
18 1983.01.10 38.79 125.67 3.7 78 59 174 80 220 29 121.8 14
19 1983.09.17 38.33 126.07 4.0 214 85 123 75 259 14 167 10
20 1983.10.11 38.83 125.65 3.8 83.5 80 175.5 80 220 14 310 1
21 1987.04.30 39.48 124.15 3.6 215 70 123 85 256 18 350 10
22 1994.07.25 35.00 124.51 55 215.2 37 3274 741 825 218 200 493
23 1996.12.13 37.30 128.80 45 181 50 292 65 58 8 158 30
24 1997.06.26 35.82 129.18 43 135 52 25 66 83 9 344 46
25 2003.03.23 34.97 124.44 49 340 60 200 35 84 13 209 68
26 2003.03.30 37.71 123.83 4.7 345 45 180 50 262 1 169 83
27 2004.05.29 36.63 130.05 5.1 337 56 178 36 76 10 210 77
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Focal mechanism in and around the Korean Peninsula
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Fig. 6. Focal mechanisms of 27 events in and around the Korean Peninsula (modified Jun et al., 1999).
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Fig. 8. Average P -wave velocity distribution in the crust
of Southern Korea.(Chang and Baag, 2005).
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Fig. 9. P-wave velocity structure on Yeonchon-Gosung cross section (http://bh.knu.ac.kr/~jung/).

de AFE BNl A Se72E AU B
3 200439 AH-2AS 4= 9 380 kme]
ARl E4E AAsl FH] ARE dNeH, 2
Ao Q1) AREHJL Fg. 9= 20044=9] 23
AFE sjAsle] A& Aolrt,

5. Eo| ¥ A&

o B Adel E4e AR
FpHos BuE BXE Holn, WA waA
A

© Ag w3t ohjet Wy JAE ups B o
. ol B3e) FEF/L W Lo} Fuhd Fe
ZyERdel FhAN ALEIAN AVE PYATIE A
2 jugt.

old M °F 20004 B3] ARG} 715
go} P& Stk olF ARE FYs B
AAPIT] Felol BAF A7lo] B3t AU YE
AT Wl AL by Fasith el GAR
21 712¢ oF 2,000d Fek 700024 Hzo] 715
o} Qi FhE GO ol Ag U AAH
Rl WAZA BET DEA Relth AF e

o GAAR ARE AR e tgel 212
spatel GALEkAL B BAle) A%, PRES] 54 o
Heke B2, AEuAE0] Eo2 FHsjofol T A
olc.

AAR A A 2N olde] YA e FE
ARERe] FAER %A B Srele 7477
o] Qe AAZ 2 Athe Fxo] Aol HF o]
AT A ey, ol ke dAe] A
$5e 2ol wgE] Hoke wold ATERE, A
Aol g BuAALel AR 4T £ YL
Rolth, olo] whaled 2Nl MPH7E FubexdA
o) AA ¥aslo] Vet 19N FEEE 2
) 2, dwe] FAE Hoke Msiekge] |
AYFo] JiH o Fasin], ntmgrel UG
o2 AJPFO) LT Aejo] Yepdrt. A4 &
Zomxe AUEE ANBEL HEH BH NG
Fe 24 27] & 16184710] 53] BRPLE B
F3 gith B8 TUE 25 e AR w2 ks
o] Acke AMIE AT & ok 22y vz A
w7} 2 SR B se vasitiehs 28 §
719} ARgEe] AhFes gty & & Ak
ol o713k1998)e] ATAFHANE Fhikwe] G
FL A W7~1447) 2ol BlmA Be Holh ot
15417) ~ 1841710 olgld oz wl$ Egkw I o}F
2E O] 2 AErt ASET Atk ol EeR &
& ARgE 7 FF HER9} YR ol o]

ek




U AZEF Y Arx A7 383

FAGe AREFo] A A= A AAL
ok, 3 ANBF) TURE G| MsieiEe] B
3, Shle ERoA AEA] Weko 2 ksl o
S HAFE

TR }ﬁ 2771 Az
l olabd his 2 °1%j7<1°ﬂow
B ZFiols TE oFo 9%
H7h]E} o °—d|‘?l'v 5] Arle 9Ee% &
g HAF. s 2 FHdX 9E8E do
7 F89 Wk A £ SEFAGA HFS
vepdch, e s AAd S5 A5 viwsid 5
58 ol v AL B3 FR-ohs dEd &
= ke 9 O FA R2s
EF 1 A freprloll oz 7kt
ofel MPZEoA FESI=
Zgske AoR A ETh
3g Hasslr] HsiMe A 2
o, A B A5 A8 A
A9de 7 &ltﬂe A7Fs A9 9% 2 AR 58
AR slof 30, WREAS #8712 dExErE I
83tk Aas AAReAS 2] Yeire FE
o AZEET2rE 940 gusolof gt 2 &
o S RAHST ujn] ke Ule] whe A
) HIE Bo] olfE Yo AWARE T8 o
Y AzREE ol lekiz 2ol tig IF7t
3] Agdog °l$ —*r‘#oﬂ Ak =3k A
AZL o) 43 NA&EETRE FHE] Ysirle A
g Ax4Y g7t %30}1 A3g AP 8AE
&7 flsiMe B AdSET2rr Bad A3
o)&ZQl FAIFo] o] ExE 7l B o|Ae]
A=
ey FUl] oy ARASTA SE A7)
£5 o]gsly, ATHuE o83 WL 2 2d ¥y
3} EAE F3lEhe A Uil 20029 5E 3
5471 *12—}6}04 Matgs g 9 AR-THL JFs)
27H Aol disl] AAEATE o] 7 AT
olg-gt xmiEﬁ% TEE) fEiMe e
%J.Jr ik doE g Agor] ARVIEY 3
=42l L047} Q3 Aot

10369 o|% WE vl
ARy HFIF o5
WAE AR e

i 1

pu)
OREE
b 10 g8
a.~o°‘
ol Mz
_drﬂ,

5
W
"“J:‘moﬂ.r\o

::‘4

031_
10,
y fo
o
2
, o

il

=

EoEs

7147 (1993) ARE é
714 (2001) ARH

31(1978-1992). 71747, 112p.
1 37(1978-2000). 71737, 166p.

7124 (2004) 2003 71787 ARYGHE. 713,

7143 SR IAYRAE F o)X (httpy/www.kmaneis.
go.kr/)

AduBr
p.279-359

%%Eﬂgf/f)ﬂ_ olAR s E¥olA] (http//bhknu.ackr/~
jun,

ZAxZ (1980) Study on earthquakes of Korea based
onl {ge local data of 1926-1943. ZAt=1d, 134,
p.1-19.

2AZ (1983) AXHAE o] &3t Fate] Azhizx AF, 8
Fgt A—MFEML:T 68p.

AT, BEE (1985) Fle G| A7z, Fat

A 181 p. 151-157.

AAF (1995) shikze] xzkpze] B A7, A A8
A, 319, p. 393-403.

A 1997) ko) X X&5: A, AAf, e, 22
ETHA], 94, p. 4-12.

AT (1978) =e] AAEF, ARHAT4, A
AR,

AT (1980) THbeel 1 QA He] AREE, FAA|
A, 134, p. 51-63.

793, AT, 2BE, AF4, ol3d 2004) Fhitzs}
Fte o) RZARA T2, AT BAA,
FEF (2006) S ARBSTe) B2HA 299 8
AXNZF Xz Aol A A Agista g}

k| \awafr%ﬁ, 166p.

AA3 5 (1978) 9AEEEAA WILAE H§ AT}
] “‘ A 713 S g A7), ALF
vH *347]%@%*

AT, R, AEe, AT (1983) Thteel X2
. SFEAIATA ATFRAA, 295p.

01718}, AEY, UFE (1986) k=] ADEFD: ¥
Aol AReE. A AgER], 224, p. 164-175.
o713}, T, AE)S- (1987) Fhrse] A AeF: 3737]

£39] AAGF. XA A, 23H, p.257-276.

o713}, AHF, v, Ful$, AFT (1988) =2
ARGE: 4, LHd e NS, 2 AeE)=], 243, p.
464-488.

o718}, AWE, FES- (1989) =] AALE: 5. F
$53e] AAGE. XA, 259, p. 474-494.
o]713} (1990) LAY AXNEF FE 1), FFez

A} FZYRIA, Y 7|34 3|AL
0175}2(1998) gubee] AR ARE. AFEE, 19, b

olgt, AAT (1998) AAFANTLFE o83 Mewt ¢
ATEA 3] AzhEE 29 Moho EHEH EA
A7 ALEAA 4, 314, p. 339-347.

A, HAF (2001) Sl 277 71X R R E(1905-
1942). AFAE73A4, 349, p. 573581

A, A4, ALD (1999), ke xR Wy E,
F2AAFES SEnns =54, 349, p. 58-63.

Ay 1981) 3=te] ZAF #E A7, AFDFA,
174, p. 257-268.

A3 (1995) 1991-9439] AAARE o83 e A
zhpze] HBx A, X THE3A], 164, p.
152-157.

ZAARAGTA (1984) ZAALES (2-1983). 69p.

AP (1986) HES HRe] S dig A7, AH2HE
o HRAFSROR=E, 110p.

FFAAH LAY &Y A XNDAAAE  E5 o) A (httpy/
emc.kins.re kr/ )

(1997) WRAEA 712d7d), ALdxsH



384 W -

SR AT (2004) 20033 A XA,

A E AT (2005) 20043 ARAR,

A AL ATY AAATAE 5 o] A (http:/quake.
kigam.re.kr)

NIRRT BRRIET (1905-1912), SRR (1905-1912).

HEHEERf FEE (1940-1942) PHEERFTER (1940-1942).

BB RBE (1943) HEFHR 1940.

FEHEF (1983) HEIHE HEk BEHHRRT, p. 894.

RESE (1951) HAR HEEhos HE, Bk, e
CBAE SR, AT,

FEHAMH (1936) FEERS 3054, DI E ITELRAT.

EHAM (1940) HRILUEE SR8mRiml, SRREn
BRI S, #15%, p. 145-157.

RX (1995) =i R R PR, EHiRit, 347p.

FIMAES (1912) SRk 4, SREEER BINET 841
o B2, p. 16-38.

Central Meteorological Observatory of Japan (1952) The
catalogue of major earthquakes which occurred in
Japan (1885-1950). Seismological bulletin of the Cen-
tral Meteorological Observatory, p. 99-184.

Chang, S. J. and Baag, C. E. (2005) Crustal Structure in
Southern Korea from Joint Analysis of Teleseismic
Receiver Functions and Surface-Wave Dispersion.
Bulletin of the Seismological Society of America, 95,
1516-1534.

Hayata, K. (1940) Report of Ssanggye-sa strong earth-
quake on the southern foot of Mount Chiri(in Jap-
anese). Bulletin of the Meteorological Observatory of
the Government General of Korea, v.1, p.145-157.

Kim, S. G. and Li, Q.(1998a) 3-D crustal velocity tomog-
raphy in the southern Part of the Korean Peninsula,

Econ. Environ. Geol. Korea, 31, 89-99.

Kim, S. G. and Li, Q.(1998b) 3-D crustal velocity tomog-
raphy in the central Korean Peninsula, Econ. Environ.
Geol. Korea, 31, 235-247.

Kim, S. K. (1979) Geodetic and geophysical analysis of
gravity data in Korea, Kor. Inst. Mining Geol., v. 12, p.
17-28.

Kwon, B. D. and Yang, S. Y. (1985) A study on the crustal
structure of the southern Korean Peninsula through
gravity analysis. Jour. Kore. Inst. Mining Geol., v. 18,
309-320.

Kyung, J. B. (1989) The characteristics of the seismicity
of the Korean Peninsula, Ph.D. Thesis, Seoul National
Univ., 327p.

Lee, K. (1979) On crustal structure of the Korean Pen-
insula, Jour. Geol. Soc. Korea, v. 15, p. 134-150.
Lee, K. and H. O. Jung (1980) A study of instrumental
earthquake data of the Korean Peninsula, Jour. Geol.

Soc. Korea, v. 16, p. 32-45.

Meteorological Observatory of the Government-General
of Chosen (1918-1934) Annual report of the mete-
orological observatory of the Government-General of
Chosen for the year 1916-1932.

Tsuboi, C. (1954) Determination of Guternberg-Richter's
magnitude of earthquakes occuring in and near Japan,
Zishin, 7, 185-193.

Weather Bureau of Tyosen (1935-1940) The seismolog-
ical bulletine of weather bureau of Tyosen for the year
of 1933-1938, The Government General of Tyosen.

2006 79 84 A, 2006 8¥ 119 AAE<.



