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Investigation of Post-seismic Sites Using Local Seismic Tomography in the

Korean Peninsula.

So Gu Kim'* and Hyung-Sub Bae'
!Department of Earth and Marine Sciences, Hanyang University The Korea Seismological Institute, Ansan 426-791, Korea

Three dimensional crustal structure and source features of earthquake hypocenters on the Korean peninsula were
investigated using P and S-wave travel time tomography. The main goal of this research was to find Vp/Vs anoma-
lies at earthquake hypocenters as well as those of crustal structure of basins and deep tectonic settings. This allowed
for the extrapolation of more detailed seismotectonic force from the Korean peninsula. The earthquake hypocenters
were found to have high Vp/Vs ratio discrepancies (VRD) at the vertical sections. High Vp/Vs ratios were also
found in the sedimentary basins and beneath the Chugaryong Rift Zone (CRZ), which was due to mantle plume that
subsequently solidified with many fractures and faults which were saturated with connate water. The hypocenters of
most earthquakes were found in the upper crust for Youngwol (YE), Kyongju (KE), Hongsung (HE), Kaesong
(KSE), Daekwan (DKE), and Daehung (DHE) earthquakes, but near the subcrust or the Moho Discontinuity for Mt.
Songni (SE), Sariwon (SRE) and Mt. Jiri (JE) earthquakes. Especially, we found hot springs of the Daekwan, Dachung
and Unsan regions coincide with high VRD. Also, this cannot rule out the possibility that there are some partial meltings
in the subcrust of this region. High VRD might indicate that many faults and fractures with connate water were dehy-
drated when earthquakes took place, reducing shear modulus in the hypocenter areas. This is can be explained by due to
the fact that a point source which is represented by the moment tensor that may involve changes in volume, shear frac-
ture, and rigidity. High Vp/Vs ratio discrepancies (VRD) were also found beneath Mt. Backdu beneath 40 km, indicating
that magma chamber existed beneath Mt. Backdu is reducing shear modulus of S-wave velocity.

Key words : Vp/Vs, VRD, dehydration, connate water, shear modulus, poisson’s ratio, magma chamber, resolvability

S o] 3AAZFQ R zZhre) Fe] 58 Pule) Subo] YA BEnadd 71EE o|&dte] Aty ol
A7 Fo FAL Y, B4 8 AR TR Vp/Vs 889 ol tlE 3] figtelth. o)L dbre] B
ot AR AR 12 HolHe oES ZHATE A ERaHIE o83 B A9 é#"ﬂ*ﬂ AYeJre] =2
Vp/Vs H189] 2jo|& AR Ze ¢ ATk H4 EAY 71 22T olgfold £ Vp/Vs vlSo] e
th. ol miaut 2% F wlavrfp A|skE 3, YA (connate water)® E3}E o JL‘HEHQ]' 5ol og Aoz
ZA oA}, thR-Ee] YoM L Vp/Vs HlE x}o}(VRD)E 2g & Idlon, 949, AF, 34, g, U, &
Az19) 739 ARA A &4, AR, X]F/W' AR 5 FFRAZ Eim, B BASH ZF|ol|A HLEPX«H:}
1 o, g 2 et e 23 A9 VRD7} RIS B+ '9}1‘:} A& ®gh o] Ay ‘G}Txlzjr"ﬂ
A—%Xﬂ (partlal melting)} —-—ZH FsAde }\V\}tﬂ-\:} £ Vp/Vs vl X}o] (VR = B5 gaidiel] EAis A
(connate water)7} XA & @3} ﬁ%(dehydratlon)Ol A3}, 73 Eel 7\: 2FE vehdo, ol gt 7;4\3 |
o] Fuje] Wsl A s oh(shear fracture) 7“4‘2(ng1d1ty)4 a2 ¥3)el= RWE WA (moment tensor) o))
o FPERe ARl 7] k= Aolth B2 Vp/Vs ¥l&2] 2] (VRD)yE F3, wlEAte] 40 km Zo] olefoA
2 & YdEd ol AAEL FHANTE= “]’1‘3} "(magma chamber)7} ZA3E GAsIFETH

FR0{ : Vp/Vs, VRD, & 28, 945, ZAHE, Tokd v, vhant ), o449

|
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Fig. 1. Tectonic map of Far East Asia (Kim er al., 2004).
The rectangular is a target area in this study. E. P, O. P, P.
P, Ph. P. and B. K. P. are Eurasian, Okhotsk, Pacific,
Philippine and Baikal Korea plates. Slashed zones are
high seismic zones.

Table 1. Initial Reference Model.

24T -
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29 olgigo B Aejurt §e BEatiKim
and Shin, 2003). g3 HeolHe 4 I7HE ¥
8 Fe ol WAHoR & BEEM Wrel k=
237} £2)50) 3o} & AANEE uo] Fk o)W
A7 E Bl KMACISR), KIGAM@R 213
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Fig. 2. Geological and tectonic map in the Korean
Peninsula. Reproduced from several workers (Masaitisa,
1964; Lee, 1987; Pak, 1993).

) Tumangang Fold Belt (Upper Paleozoic). 1) Kwanmo
Massif (Archean-early Proterozoic). 1) Kilju-Myong-
chon Basin (Cenozoic) IV) Machollyong Massif (Late
Lower Proterozoic). V) Heysan-Riwon Basin. VI) Rangnim
Massif (Archean-early Lower Proterozoic). VII) Pyong-
nam Basin. VIII) Rimjingang Fold Belt (Middie Paleozoic).
IX) Kyonggi Massif (Archean-early Lower Proterozoic). X)
Okchon Neogeosynclinal Zone. XI) Okchon Paleosyn-
clinical Zone. XII) Yongnam Massif (Archean-early Lower
Proterozoic). XIII) Kyongsang Basin (Mesozoic). XIV)
Yongil Basin (Cenozoic).

h(km) Vp(km/sec) Vs(km/sec) h(km) Vp(km/sec) Vs(km/sec)
2.0 4.0 25 32.0(35.0) 7.95 46
4.0 5.1 2.84
55.0 8.09 4.67
8.0 6.2 3.45
80.0 8.07 4.46
12.0 6.35 3.53
115.0 8.05 4.45
16.0 6.5 3.65
150.0 8.03 4.44
20.0 6.7 3.8
265.0 8.64 4.67
240 6.96 4.0 300.0 8.73 47
28.0 7.45 43
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Fig. 3. Distribution of seismic stations (triangles) and local earthquakes (circles) and ray paths used for inversion in (a)

Southern Korea and (b) Northern Korea.
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Fig. 4. The way of searching the best position for the
hypocenter.
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Fig. 5. Plots of the ray density at different depth levels and distribution of the parameterization nodes in (a) Southern part of
the Korean Peninsula and (b) Northern part of the Korean Peninsula.



116 At

A N7 Eradye 934 2y &5 2H9
FA Gkl Z12g £ I SuElee F3A
7+ @ xHresidual time)?] HA Hrhzt(east absolute
values)e l-norme} 71&e] oAzl HAsso
(Tarantola, 1987; Pulliam ef al., 1993). I' 817+
o=}e] HAisHresidual norm minizationys Hlo|E] &
F7} I norme] 913 971 &%, AS 24, AW 2
% QAfel & oo 3 TIZEs}) "elx)y] i

5.86 39,
38—
6.06
37p
6.26
36
6.46
35—
6.66 34 {
125 126 127 128 129 130
6.83 39

B SETS
38l é‘\}{‘@) L_ +
arh — E"/‘@‘P ‘_@ ]
6.99 I (W (g
a6l — !
7.07
35|~
7.15 34
km/sec
3.25

4.08 34
km/sec

125

- w4y

o Gaussian Br} 7l =R (two-sided exponential)
o T8 fARItRE 7HE 3l A4 HckPulliam ef
al., 1993).

min[i | i(Gini'bj) 1 @)

me 3 AZ(ay path)e} 7H4E JERT, nd
2% 259 Ji¢, e 2do) j4E Uelinh G,
9} b FHAZ PP o2 gt = ke viekd

6.24

39

38
37
4.62

36

35

4.74 34

km/sec

Fig. 6. P- and S-wave velocity anomalies for horizontal sections at different depth levels for Southern part of the Korean

Peninsula.
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anomalies at the vertical cross sections in the Korean
Peninsula.
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Fig. 8. Vertical sections of P and S-wave velocity anomalies along A-A', B-B', C-C' and D-D'. SEE, SE, KSE, HE, GNE and
KE denote Seoul, Mt. Songni, Kaesong, Hongsung, Gangneung and Kyongju earthquakes. CRZ, CPN, TB and DJ stand for
Chugaryong Rift Zone, Chupoongryong, Taeback and Daejon, respectively.
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Fig. 9. Vertical sections of P and S-wave velocity anomalies along E-E', F-F', G-G' and H-H'. JE, YE, TBE and SRE denote
Mt. Jiri, Youngwol, Taeback and Sariwon earthquakes. KJ and SC stand for Kongju and Samchok, respectively.
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Fig. 10. Vertical sections of P and S-wave velocity anomalies along I-I', J-J', L-L' and M-M'. PE and UE denote
Pyongchang-Hoengseong and Uljin earthquakes. RFB stands for Rimjingang Fold Belt.
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Fig. 11. Vertical sections of P and S-wave velocity anomalies along g-q’, r-r', s-s, and t-t'. DKE, ME and PYE denote
Dackwan, Moonchon and Pyongyang earthquakes. YB and PAK stand for Yongbyon and Pakchon, respectively.
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Fig. 12. Vertical sections of P and S-wave velocity anomalies along u-u', v-v', w-w', and x-x'. DHE stands for Dachung

earthquake.
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Fig. 16. (a) Recovered checkerboard models of P and S-wave data for Southern Korea. (b) Corresponding resolvabilities for
Southern Korea. The white curves contour the zones in which resolvability values are greater than 0.7.

ol QA= o] =X BRIy Ay-Eol Hs]
£ APEE B ojd ArAGHEL) HE A
< ¥3 HKim and Li, 1998a; Kim and Li,
1998b; Catchings et al., 2002). ©JH G772 VRD
= SHize] B dilol tisiM 23 =HULE BE
olWiEe] MR 7] AU Y A%
10km, B3k 15kmZ F&ed AEA HRew, 1
208 =& RMS 235 Yehdth diteA pags}
Sut FPAIZHE 3H| WS B3 AkE =l
Az e A9 ERTey A7 dXFE & 5
JAtH(Zhao et al, 2002; Kim, 2003).

VRD= {99 S8 ®syt de-S et =
2 Vp/Vs H1&2 st A9e] o5 2 sdizt
slElo] drrt ARl WA & gezkgo] Yoluks:
< AA] Fei(Table 2 9F 3 F=R).

ol AlA T WS Vp/Vs HIE2] AAIHNA

o] EAlgths A& vl F83lth. TBE, HE,
ME, GNE, SEE, YE Z8]¥ KE(Fig. 812 z8%
Table 2)o} 22 jFE9] AR disA &2 VRDY
7AW ol 20km ZHolHTt o ¢ ZojolA
vehdth SE, JE, SRE®] 7475t 1Az} £ B35
W ZoldlA VRD7} WUElT) Profile(u-u), (v-v) 1
3L (w-w)ollA] wizzel o] Exjshs Hgke] WMEAk
I HAA G =L VRD 28 AAHES 40 km
Zio] olgfellA 2& 4 YUt T3 tlTH(DKE), o)
Z(DKE) A7) 149 the VRDE Zel 10kmellA
ZHe- & Uivk(Fig. 113 12).

ol AFoM T 22 ABS AT

1) Pobe} Sube] &% ole 3 AHe) WY
zsle AR o] disiA &2 VRDE JeRk:
o} tiEEe AFL Be VRDY ZAA A Ayt

on, oA TRYL Ve AQo) FAsE B
35 ooz} Al ol EshEle] ot xR
W) & g4 28 (dehydration)ol] <13 AYL A}



126

Table 2. High Vp/Vs ratio discrepancies (VRD) for hypocenters in Southern Korea.

Aot - v

Profiles Region Date Location M

A Mt. Songni E(SE) 09/16/1973 36.6 127.9 52

- Seoul(SEE) 07/02/1518 37.6 126.9 6.7

, 10/07/1978 36.6 1266 5.0

B-B Hongsung E.(HE) 07/20/1594 365 126.6 6.5

, . 06/26/1997 3538 1293 42

c-C Kyongju E(KE) 07/23/1036 359 1293 7.0

oD Youngwol E(YE) 12/13/199 372 1288 438

- Mt. Songni E.(SE) 09/16/1978 36.6 127.9 52

EE Mt. Jiri E.(JE) 07/04/1936 352 127.6 53

Hongsung E.(HE) 10/07/1978 366 126.6 5.0

L 07/20/1594 36.5 126.6 6.5

Youngwo! E.(YE) 12/13/1996 372 128.8 48

Taeback E.(TBE) 01/14/1999 37.0 128.8 33

s Mt. Songm E.(SE) 09/16/1978 36.6 127.9 52

Ulsan 07/24/1643 35.5 129.3 6.7

Mt. Jiri E(JE) 07/04/1936 352 127.6 53

H-H' Youngwol E.(YE) 12/13/1996 37.2 128.8 48

Gangneung E.(GNE) 06/17/1681 37.8 128.8 6.8

Kyongju E(KE) 06/26/1997 358 1293 42

I-I 07/23/1036 359 129.3 7.0

Pyongchang E(PE) 06/17/1681 37.8 128.8 6.8

Hongsung E(HE) 10/07/1978 36.6 1266 50

L 07/20/1594 36.5 126.6 6.5

Kyongju E.(KE) 06/26/1997 358 129.3 42

Ulsan 07/24/1643 355 129.3 6.7

L Gangneung(GNE) 06/17/1681 378 1783 68

: Pyongchang(PE) 07/21/1527 37.7 128.4 5.0

" Youngwol E.(YE) 12/13/1996 372 1288 48

. Uljin E.(UE) 05/29/2004 36.8 11302 52
W, AR o7 o7 AhA| S (shear modulus)yE 7+ E (kimberliteye 2Hd 3 7143=] ol A 4 et

NI, dRrE]

o
#3929 AN B39}

e 89¥Ae €3 e 3-F WS (Sino-Korean

et sRfci(shear fracture) 22X 73-E(rigidity)?]
H3}E 238l Z9E wlA (moment tensor)oll <Js)
A #8E 4 ok

2) Profiler-r), (s-8), (t-t), (v-v) Z&EZ (x-x)olA]
Nt (et APds: A19)e] 10-15km o] 7k
2& VRD7} vebdth ol B2 A AseiE)2
RS A, PP H(mafic rock)olt 2vE2
Z2G713%e] ARAZTe 2 RE|S] kel A4
=& F4TeRA Ve Fa2 aEdEd. &
IEAY Ee 2THEEG] PEHFO
2eheA dRZe] HEARIsh HE
FHA ojAo] B2 FSFo R Qs wAYoe T wWs}
& F(quartzite) 02 ZHEE) dhvkehd o
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HojZt}k, 2%714%¢2 Andol ComplexolAd e &
U 283, telolR =g ¥R P 7B
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- e o
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Falte) &2 rFede ouidin.
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a1 ABFE TolEo] ASS UER)D, sA]zto)
M we VRDE 4@Hperidotite)ol it FuiolE
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Table 3. VRD for hypocenters and postvolcanic areas in Northern Korea.

Location
Prf)ﬁle Anomalous Region Date Remark
Lines Lat Long
,  Daekwan E. (DKE) 01/08/1980  40.2 1250 53 .
99 MoonchonE.(ME)  07/19/1992  39.0 1271 3. High VRDof DKEatadepth of 20 km.
Daekwan E. (DKE) 01/08/1980  40.2 1250 53  High VRD at depth of 20 km.
r-r’ Low VRD at 10km in the Rangnim Massif.
Sariwon E. (SRE) 02/14/1981 383 125.0 5.1  Focal depth=53 km
01/08/1980  40.2 125.0 53  VRD atdepth of 20. Low VRD of quartzite - for-
R Daclewan E. (DKE) mation in the Rangnim Massif at a depth of 10 km.
58 K E. (KSE) 03/06/1260 380 1265 63 Historical earthquakes
acsong & 09/01/1385 385 1265 63
, High VRD in CRZ at 20km, Low VRD in the
t-t Daekwan E. (DKE) 01/08/1980  40.2 1250 53 Rangnim Massif at 10 km.
Mt. Backdu and Heysan High VRD at a depth of 40 km for magma cham-
s bers around Mt. Backdu, Heysan and Samsu.
u-u Daehung E. (DHE) s/ 03 37
Pyongyang E.(PYE) 04/15/1988  40. 126.9 . ‘
Y ’ 06/30/1546  39.1 126.0  6.75 Historical earthquake
High VRD of partial melting around Heysan and
,  Heysan vicinity Samsu.
VM Myohyang Low VRD in the Rangnim Massif at a depth of up
to 15 km
Mt. Backdu Magma chamber at a depth of 40 km, erupted in
11991200, 1668, 1702, 1903 and 1413, 1597,
w-w’ 1702,1724, 1898 near surroundings.
Dachung E. (DHE) 04/15/1988  40.3 1269 3.7
Sariwon E. (SRE) 02/14/1982 383 1257 5.1  Focal depth=53 km
Rimjingang Fold Belt High VRD from surface through Moho beneath
., {(RFB) RFB and CRZ.
XX Chugaryong Rift Zone Low VRD of quartzite - formation in the Rangnim
(CRZ) Massif at 10 km .
(VRDye (Vp/VsP=(1-0)/(05-0)° 9Jallr o7 =7} oEs

FoE= T4 miFe /388 UeEdtH71IM o
o} H]&(Poisson's ratioye fepAn] mjEe] Bxo)
wgl 0.05<0<05A01 ZHS 7D, o dFe
Fhtore] =)zt 28} A9 olsiE F71 )
X FYAZY A RS )83l ks Bl o)
399 A7 S T2 VpVsel oE BH
R 2 Aol

HAlel 2

E dTe dEEieR Ak 713 Aflew
olFolg en, Data% AFsE IRIS (Incorporated
Research Institutions for Seismology), 8= 7144,
F=AEA A7, 22 GE Rkl oig o
F= Z7EZH(CEA)] AFEe|dT720l A=
ek,

Az (1983) AR TS ol &3t dete] X7z o7, &
YriSti AALHS] =, 68 pp.
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