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A Study on the Crustal Structure of South Korea by using

Seismic Waves

Sang Jo Kim* - So Gu Kim**

Abstract: By using local earthquake data, the Korean crust model and travel-time tables were determined.
The upper crustal earthquakes (Hongsung event and Ssanggyesa event) were considered as auxiliary infor-
mation, and the lower crustal earthquakes (Uljin event and Pohang event) played an important role in de-
termining model parameters. The possible existence of Low Velocity Layer (LVL) in the upper mantle was
suggested by discrepancy in the arrival times of Sariwon earthquake which occurred below Moho discontin-
uity.

Computer program for the determination of the model parameters was developed in order to screened
out the optimum parameters by comparing the travel times of observed data with theoretical ones.

We found that the discontinuities of Conrad, Moho, and upper and lower boundaries of LVL have their
depth of 15, 32, 55 and 75 Km, respectively. The velocities of P-and S-wave in the layers between those
discontinities were found to be (1) 5.98, 3.40 Km/sec (2) 6.38, 3.79 Kmy/sec (3) 7.95, 4.58 Km/sec (4) unknown
(5) 8.73, 5.05 Km/sec, respectively from the top layer. Travel-time tables were also computed for the inter-

local earthquakes which have their direct wave paths above the LVL.
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Fig. 1 Seismic ray paths showing the region considered
in this model study.
POHANG EARTHQUAKE (Apr. 15, 1981)
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Fig. 2 Selected seismograms iliustrating the clear phase discrimination.
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Fig.3 Diagram showing the notation of the model parameters and seismic waves. The refracted waves and
direct wave are denoted in the solid lines and broken lines, respectively.
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Table 1. Comparison of Parameters of the Pohang and

Uljin Earthquakes.

Origin Time Epicenter Depth

IIMS LAT(N) LONG(E) Km

Ph Pohxng(Apr. 15, 1981)

PDE 11,47002 35.741 130.050 33N

ITMA 114703404 3572 13022 40

CMO 114700 359 1301

Average 11 47 00.2 35,79 130.13  30-40
Uljin (Mar. 1, 1932)

PDE 0028 03.3 37.141 129.656 33N

JMA 002801,005  37.38 12993 60

CMO 002802 4715 129.8

Average 00 28 02.1 337.22 129.980 30-40

Table 2. Travel-Time of the Pohang and Uljin Earthq
uakes.
Epicentral Travel-Time(sec) of each Phxse
No Stations Distxnce T(Pn) T(®) T(Sn) T(S)
(Km)
1 Gangreung 98.96 15.9 28.0
2 Busan 125.80 18.8 31.8
3 Chupoong 197.82 28.3 31.3
4  Gangreung 243.59 352 39.5 59.8 65.3
5 Seoul 253.53. 35.8 39.9 68.0
6 Gwangju 300.34 41.7 483 723 823
7  Seoul 344.55 469 549 81.8 92.8
8 Gwangju 347.60 47.5 56.4
9 Seosan 348.26 57.9 569 32.7 94.3

No. 1, 5, 8 data of the Uljin event.
No. 2, 3, 4, 6, 7, 9 data of the Pohang event.
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Table 3. Comparison of Parameters of the Sariwon Earth-
quake (Feb. 14, 1982).

Origim Time Epicenter Depth
HNS LAT(N) LONG(E) Km

PDE 2337338

38.299 125.941 55
IJMA 2333325409 3823 125.68 60
CMO 233730 38.4 1255
Average 23 37 32.1 38.31 125.71  50-60

Table 4. Travel-Time of the Sariwon Earthquake.

Epicentral Travel-Time(sec) of each Phase

No Stations  Distance(Km) T(Pn) T(P) T(Sn) T(S)
1 Seoul 133.81 229 241 50.9
2 Seosan 181.93 27.5 30.1 495 509
3 Gangreung 286.82 38.8 45.1 779
4 Chupoong 308.24 44.1 50.7 86.4
5 Gwangju 368.98 50.1 60.0 101.9
6 Busan 463.39 59.4 723 1224
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Table 5. Comparison of Parameters of the Ssanggye-sa
Earthquake (Jul. 4, 1936).

Origin Time Epicenter Depth
IIMS LAT(N) LONG(E) Km

06 02 16.6 35°14’
0602174 35 16°

127°39 10
127 73° 15
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D(1)————————— Surface
THK(1) v(1)
D(2) —————— Conrad Discontinuity
THK(2) v(=2)
D(3) ~———————— Moho Discontinuity

THK(3) V(3)

?(L) Half Space V(4)

Fig. 4 Basic model with the notation of variables.
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4-2 Computer Program

7 Wgeel {ER= program - Eaton(1965)9] HYP
OLAYR % TR 518l &A= subroutine TRV-
DRV o] 11®_ o] Z & main program o 5 A-§-5A o
£317] $}3le subroutine THKLAY, NTRCPT ¥ CR-
TDST & 78 - RAJ(S. 8 EHERY HAS
5HE 8= subroutine SINTHT & & FFseo]A] A 2o
frpE A ol=t,
~ Main program -& model ##& F3}7] 93 CRST
MD o} JER HBHEEAN A WBY ETRES o
HeE TRVIM oo}, o] & 3 & BgeY TEZHS
o] & CRSTMD ¢] system flow = Fig. 5o %45
ol ¥}, RE program ] EFEE HAFEL B2
€9 Bggo] =& /

START

READ )

Model Parameters (variables)

Observed Travel~Time (T-T) Data
v

DO Loeps for each Parameters
1)

Compute T-T of refracted wave using subroutine
THKLAY and NTRCPT te compare with observed T-T
of event 1 -

1st Screening out Parameter Sets which have
-properly small deviation between observed T-T and
calculated T-T

PRINT
lst Screened Parameters and Errors

DO Loops for each Screened Sets of Parameters

1
Compute T-T of direct wave using subroutine THKLAY
and SINTHT to compare with observed T-T of event 1

[2nd Screening out Paramster Sets |

PRINT
2nd Screened Parameters and Errors

DO Loops for each 2nd Screened Sets of Parameters

L
Compute T-T of direct wave using subroutine THKLAY
and SINTHT to compare with observed T-T of event 2

L
[3rd”Screening out Parameter Sets

DO Loop for variable D{4)

Compute T-T of refracted wave using
subroutine THKLAY and NTRCPT to compare with
observed T-T of event 2

[4th Screening out Parameter Sets |
L

PRINT
3rd and 4th Screened Parameters
and Errors

Execute the above process for various focal depth ]

G®

Fig. 5 System flow of the main program CRSTMD.

- Subroutine THKLAY (THK, TKJ,D,N,G H, J, J)):
B model o] Zb= Bl B(N), NEEES 2
ol (D), BEZIM7 F4 #, 7 F 74 (TH
K), BE 2 B3 5AES 224 (TKD) 2 EEol
<8 g W5 )E o= Aomd D HA
2 wiebeh AgaA "ok

Subroutine NTRCPT(V, THK, TKJ, TINK, J, JJ,
N) : 2@e) BN Wi (V) THK-TKJ, J, JJ, N &
7}A] = intercept time (TINJ) & &8}

Subroutine CRTDST(V, THK, DIDJ, J, JJ,N,TKJ) :
JBHI¥ES) B2 Ve BERFERE (critical distance)
E TIE Ao2A, TR HES $1E main pro-
gram TRVTM gt o] &5 e},

Subroutine SINTHT DELTA, THK, V, TKJ, H, J,
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IR S BMEEEA A program 2 18,304
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BEol whE P-3e) SEATRERI GBI : To)s 3t &
IR GIEAE: To) 9] o) Ql HE#EFE (standard error:
YREZ(To—To%] AA% BFME T oF 10042
BEEAS BEST (1 ARE). 2KEEZA, o
£ 100589} el NS EEEke EEMS HEd
o BHEREIT 152 oyl Ko RE muuas
£ o 202 Fo| &,

eb e 1, 2% BEBRE-S H=25, 30, 35, 40km o]
W3] K 273 HR H=25Km U= Autdozn
7t A2 HES RAFH o] F EEME 102
o Q] BEHEAL STkl AR

TR oR BEHAA(VL, V2,D2,D3)9 & =3
71 918t ol 549 #E FigF O Hios
T BEFRET B A5 #EEAT BT =
dov, HMEBRAT SER ddx 129 REE
REA=EZ, 1285 52 FES Ksle] 5F &
BE o M BB AL EEEHK

REREZA 92 model 8o o, P-3e MEE V
(1) =5.98Km/sec, V(2)=6.38Km/sec 0|5 D(2)=15
Km, DG3)=32Km & Ezdrc}

S-¥ A, AAA wHd D), DOB)S &ae
B (V(3) =4.58Km/sec) & 714 = P39 @A 2
2 HHEeE VD), VOEF w3 = #&E S
V (1) =3.40Km/sec, V (2) =3.79Km/sec 7} =t}

V(@)9 S-3 #EE, 3P mantle oA Possion’s
ratio 7} -~%E5teH= fiEok, V()9 P-3ke S 3

o =598
$ =3.40
5 ————— Conrad Discontinuity
o =-6.38
8 =3.79
32 —————— Mohorovicic Discontinuity
o =795
¢ =4.58
BE(?)mmm - - e e e — e mmm - m— e =
?
Low—Velocity Layer .
7K5 o =8.73
m @ =5.05
Km/sec
Fig. 6 Model of Korean crustal structure as a result of
this study.
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3% mantle o] TEMERS BREEN 285471 3
S Nuttli 5(1967)0] =)= difuniRe] B £
Fef} FHEC] ]88 model o A] E-& F ATHD,

4 model ¥ D) & HEdt H4L &7 Ao, &
HERLVLE 283 gz 5ET SR B
Fdk ETHS H27F 60Kmo)z D@47 80Km Y
) BNRE(0.96 2)E ZtEth Y]] LVLo &3
ETE BES 285 D@E 7SKmzE H#Es
Ao},

5. Bk ol {KEBERE (Low Velocity Layer)

PrE" model 9 {EHER (LVL) S ki BRY =
Bl R EEE X HRdAr ARt ¥4 g%
=, =23y LVL 9 e o83 2 mRpAEy
BIfRE HH @5 Reidh

L% mantled] EMER(LVL)> HKEER (plate
tectonics) ¥ FHH] Fo g vE FAErl FaE
(19779 8¢S w29y LVLYZY I3 mantle 3t
HiZ S 233le lithosphere 2 3} LVL -2 asthenos-
phere 7} AT, E3§ Santo(1975)& S Edhd
T8 A K (plate)d] A& 50~100Km AP =05 X
BEo] ¥R Tz #Rstm, | TEHERS
o] &= low-velocity zone & #9] EHHS FH 3 soft
material &) XF 5 E BHRE L33 #HFA O,

EEER (LVL) o #38 :H HEE Byerly(1956) 7}
gad vl Bed et 2o,

Gutenberg &= 19254 oj=] HELH A Zo] EE
B4 A3 R ASE AR A3kl 80~150Km
Zol &, MohoH olelo] LVLS ##EE BE 84
2w}, 195430] California #BZRZ T8 HH
TRl BEER T o 72 o2 HH e 1A
o]ZAe] LVL ¢ #EAdS F4 9k zute] Lehm-
ann, Bath 5-¢] Moho [ o}e] (13F mantle) 9} i
el LVL 7} FEd s #Rstdth

=9 HEE EHER WES BB B3 (atte
nuation), AW 2L HoEE B Aol Ut
Barazangi 5 (1975)-& {9 RFIE (island arc) ¥
W9 B mantle R4 ZE P-If ERE RS
S-Ie MR, B EX 2 SHEN Mkt 95
Fe nglon, o3 P-¥9 HMFEE LI mantle
WEY "R € Bmonme AsE msa o, =
3k £ mantle o ERERS & AHmabRel @4
fERel A1 Ag s ol A Stocker 5-(1975) e = #
el R AHNE AFE 5 s o,

WA LVLY #AE #%% Fie Crough &

(1976)°] w23 KEE HAES Thermal Model of A
otz o}, EHRE (lithosphere) o F & ol A low-
veloccty zone(LVZ) 74A| 2 Eof, JhsEkped BR=2
FH, B BHES FaEY FAY A2 Kt
Bl & RSP, AL LVZIE & s
WA F& 2 ERES ZAd.

HRAFS LVL o] 8 e A2 #ifne &
ol AHF . Keller 5(1975)2 v]Z Utah ¢ Great
basin 3 Colorado plateau A}¢] 9] transition #i3%-& wh
2t EBHTE FEE QAT A3 o] ¢ (% 25Km)
=z WF < 8-15KmZole] LVLo} H#AFE 93
B0 wg GANES BRERE o] &3 Steeples &
(1976) 2 California 9] Long Valley 9] 9] 312l
EHE #HEHel Zo] TKme]A 40Km Abo] (o}ulx 2.5
Kmel)ol FETE dobllz, oA P& Zd g
= FIEENLE =A HERdE ozgtz AHTG2,

Lg1hel 99 LVL o] d3dle] Abe ¢ Kanamori
(1970) = F ¥ (surface wave) & ©]-2-3}F H#5 2] mantle
BE HRAA g o] AFIATD, HA dtig
B 529 #REC ®HRE AA A& REEEmEs
(WWSSN) o] Fogxd REHE 4473 3, mantle
9] shear-velocity 7} TE#RYS] ¥ model o #$-u o}
Fo] 30~60Kmeo} AR, 8% 4 Aoz e
Ak, =3 HiFO mantle EHEBT =& MBWNE
(heat flow)& BRI} #4#ARE (partial melting) 2+-e
¥EN BRE #rdd= fEhstg o

At WPEe] WEREEI HES EiBE (high
heat flow) & WEKERS 943 49& Park3 Kim
(1971) €] W72} bl AZFE] trench margins 9
WEPEE dFe Uyeda 5 (1980) o #2%1 i (Japan
Sea)o] HHEWRT KTHERS HEBESHC BRI
SEoEs

e} e AAE HEHES A, HiEE EEol FBET
plate margin o IA & - 1hete] EEE mantle of i
Bl EEERC FEIS 47 dolEo A

6. Mol FE1TERR (Travel-Time)

B model o] PrEEw e WE ETRHE
e "ok $A AFE MBS EfTEHRAA
EEERS 2354 dlenz ofF FAY FHEHE
R 3 2 HEs fed &,

(1) BRA 7k 55Kmol gl g EfTRR, &
8 EEE @, D SHEE fHE) TR R
BEel RIEE) Slew,

(2 Bl 55Kmoliel HiEe| RIE TR
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A BHE A5 REVF AR

Main Program TRVTM & %% model o] 4 9]
9 BEAlS BRES & 7 wENE (i &
TREE HEYE & =5 FRIAAT. 284 -9
vt RS 44 FIAE 4 Je ®EE A,
BRGEEE 1000 Km 71x] BEZ ] SKm A o2 HiH
A,

Table 6. Travel-Time Table selected for H:25Km (time

in sec).
DELTA P Pn S Sn
{Km)
0.10 S 4.08 7.05
10.00 4.39 7.59
20,00 5.22 9,01
30.00 6.36 10.99
40,00 7.67 ° 13,24
$0.00 9.09 10.19 15.07
60.00 10.56  11.44 18 17 19,61
70,00 12,07 12.70 59,73 21.80
B0.00 13,59 13.96 53,32 23.98
90.00 15.13 15.22 25%.90 26.16
100,00 16.68 16.u8 28.53 28£.3%
110,00 16.23 17.73 31.148 30.53
120,00 19.78 18.99 . 33,76 32.71
$30.00 21,34 20.25 36,39 34.90
140.00 © 22.90 21.51 ~ 39,02 37.08
150,00 24,46 22.77 41 .65 39.26
160,00 26,01 24,02 44,28 41.4%
170,00 27.57 25.28 46,91 03,63
180.00 29.25 26,54 49,54 AS.81
190,00 30,71 27.80 52,17 48,00
200,00 .. 32.27 29.05 54,81 50.18
210,00 = 33.84 30.21 57,43 52,36
220,00 35.41  31.57 60,07 S4.55
230.00 36.96 32.63 62,71 56.73
240,00 38.53 34,09 5,34 S8.91
250.00 40.10 35.34 47,99 61.10
260,00 41.67 36.60 79,60 63.2¢
276.00 43.23 37.86 73,25 65.46
280,00 44.80 39.12 75,89 67,65
290.00 46.36 40.36 74,53 69,83
300,00 47.93 41.63  gy,16 72.0t
325.00 51.84 44,78  g7.75 77.47
L 350,00 S5.76 47.92 94,34 82.93
375.00 59.68 51,07 100,93 88.39
400,00 63.59 54.21 107,53 93.85
425,00 © 67.51 S57.36 114.12 99.31
450,00 = 71.43 60.50 120,72 104.76
475.00 .. 75.34 ©3.65 127,31 110.22
500.00 = 79.26 66.79 133.69 115.68
525,00 - 83,17 69.93 140.49 121.34
$50.00 "7 87.10 73.08 147,09 126.60
S75.00 © 91,02 76.22 153.68 132.06
600,00 © 94,93 79.37 160.28 137.52
65C,00 162.77 B8S5.66 173,47 1468.43
700,00 110.61 91.95 186,65 159.35
750,00 118.45 98.24 199.85 170.27
800.00 126,25 104,53 212.99 181.18
900,00 341.94 117.10 239,36 203,02
1000.00 157.85 129.68 265,86 224.85

Table 6 o 2.9l EfTHRIFEE 31 il BEZ
o] 25Km ¢l #ES P-¥st S-Ho EEEST EHTH
FEfTRgfE el =

& P @AE BREseh MR model o &
B HEE TR (travel-time curve) ©] Fig. 7 il
w#E o] giv}, Fig. 7(b)9] A%, EHER KR
EfFR R mEs EE EEke EaEme 49T
ERE polw gt o] ERE BRIEHW) I AR
&} 2713l 450 Km 3ol e ¢ 1329 wE &
EEE Yebd o, o] Bl ki mantle of MREE &
HERS #4547 £ BRI

B et mBELHAE 43tz e BA
L5 (MA)S] Travel-Time Table 3 X HEZRE
Wgrsts BREEEES} AAA wet 2 2R FAE
F 8E A5 o2 AL & F Atk A f=
BfiZol 20 Kmql 9 P-¥ RS 14, IMA
o] EfFEeRie] dA=Z A vebdch RRER 200
KmEg 13z ol4e #|EZ nold, BRMEY R
Rz E F ¥ S00KmaAME K BEKRT 2.34
Z whaA g

o] 23l Bife Ichikawa 5 (1971)¢] IMA E1THH
= HEC o] 438 HAS MBEE modelVo] JHAE
#R WEYT. F, Mohom TES P-¥st S-¥
HES A AE 7.95 Km/sec 9 4.58 Km/sec ¢l
gy A9l A% 7.13 Km/sec 9 4.11 Km/sec ¢l A
o] IMA TRl &2 FEELE FHdch

7T 8 W

SE et S Ihele] HMIRWEEN Wt
Al =X & BEpEl EEE WRES FIAESY
B HEHEES model & T3tz ol HE RIS
AT (Travel-Time Table) S HHI3IG=E dlol
& AR BEE o

RERRE sk,

(1) BERHES K (Seismogram) 0. 2 F-5 P-J
o} S-p59 EEES BHEE Stz SRS R
BE frastd BEY XEmEQ T dmE 1981, 4,
15), A=l Qe (1982, 2. 14) 2 A #®(1982. 3. 1)
o] BFERS EOH 33 B EREE E
Hi 8} o} (Table 1~5 BEE),

) BiEAZF 2 T M9 EfTER BRBEHNE
Fimshe] HE#EE mocel & PR ESE computer prog-
ram & BAEESIA oL

(3) H#HEE model 0] ZHE HEC 2 LI mantle
o) #EI {EHFENG (Low Velocity Layer) o] @4R %
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Fig.7 Comparison of the calculated travel-time curves with the observed data for Pohang and Uljin earthquakes (a), °
and for Sariwon earthquake (b). Broken lines indicate the calculated travel-times of direct were which show
the remarkable deviation from the observed data (open circles).

olth, Modelo]A 7+ Jge 3R+ =L Conrad F
Moho 1} ¥ EHER I - THEY Zol% 474 15Km,
32Km, 55Km 9} 75Kmo|t}, o]& ERFEe 2 73

t 7 B P-3s) S HEE $12%H 5.98Km/
sec 9} 3.40Km/sec, 6.38 Km/sec 9} 3.79 Km/sec, 7.95
Km/sec ¢+ 4.58Km/sec, F41(IEHER) 2 8.73 Km/
sec 9} 5.05 Km/sec o] t},

(4 BED model A Bz oo} B e
7+ RS BTG FHESlY EAMEY R
T & &{TRERIFE (Travel-Time Table) & 917 = ¢
ool HA FAEEl (FAIE JTEEEE AT
x4 HEE W &4 w2A () BEZo] 20Km, B
REEHE SOOKm el A oF 2&)vela] siike] =t 4
BHEE model o] ZRE @S,

BLik9) #Rel dste] dg3 e Bzt A

HERY 4 HRTARZ £ 4 9 model & Moho
i Aol 32Km¥, HAC 26~32Km 9] 44iS 2
A3} Sakhalin-Kamchatka 9] -t Aol ] gk
FA7F 35 Km o Al 25 Km 2 83 =040 u] 3
o] Z AEHE ZET

A QRS EEE BT S E BMES
FTHEES BE@EE T2)E 1 mantled] #HEM &

HFEERF (Low Velocity Layer)o] fffests Faar =7
b H Y, K WRAAE o) B Al @l sk
EESt Zol ) meres A @i=x),

W EfTRMEE EEERS 2Hsx Sgon
E 2 FHHE BRZCl S0OKmolue A$z Himet
o},

& Poel A R HBMEE model & ¥ mo
WEBN BN =t ATIBEHE B Bxde &
Hel BIE - FH5wd Aom g
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