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A source and phase identification study of
the 10 December 2002 Cheolwon, Korea, earthquake of M. 3.6
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ABSTRACT

We analysed seismic phases recorded by the 10 December 2002 Cheolwon, Korea, earthquake of M. 3.6 and obtained source parameters
s.ch ¢s hypocenter, origin time, earthquake magnitude. Velocity and acceleration records used in this study are from the KMA and KIGAM
szismic networks. Due to the location of the epicenter in the north of the DMZ(Demilitarized Zone), direct Pg phases were recorded only at five
st ations in the area south of DMZ. Identification of refracted Pn phase as the first arrival is difficult in most stations. Therfore, the hypocenter
datermined by existing routine methods could be affected by a large error. In order fo avoid the possibility of the problem, we employed a
r~=tho 3 of seismic phase andlysis developed by Kim et al.”’, The direct, refracted, and reflected P and S phases were successfully identified using
-2 method together with the travel time curve data. In order fo improve the accuracy in defermination of the hypocenter and origin time, we
inzluded PmP and SmS phases in the analysis in addition fo the phases such as Pg, Pn, Sg and Sn. The epicenter, depth, and origin time of the
Cheoh/on earthquake determined based on data of 11 stations within 200km from the epicenter are 38.81°N, 127.22°F, 12.0km, and 7:42:51.4¢ocal
tre). espectively. The average value of the local magnitude based on the Richter's definition from all the stations is 3.6 in M. This magnitude
i smaler by 0.2 and 0.5 compared with magnitudes determined by KMA and KIGAM, respectively.

K2y words ;. the 10 December 2002 Cheolwon, Korea, earthquake, phase analysis, hypocenter, origin time, local magnitude
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Fig. 1 Crustal P-wave velocity structure used in this study
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Fig. 2 Locations of seismic stations and the epicenter of the

December 10, 2002, Cheolwon earthquake, Korea. Symbols
star and triangle represent the epicenter and station, respectively
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Fiy. 3 Rectilinearity and directivity functions of seismograms recorded at the PCH station (a) and the BRD station (b} by the December 10,
2002, M. 3.6 Cheolwon earthquake, Korea. From top to bottom, U-D, E-W, and N-S dencte up-down, east-west, and north-south
components, respectively, of velocity seismograms. Symbols R and D denote rectilinearity and directionarity functions, respectively. The

vertical line represents the arrival time of a seismic phase.
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F-3. 4 Travel times of seismic phases recorded by the December 10,
2002, M. 3.6 Cheolwon earthquake, Korea. Symbols of open
circle, open rectangie, and open triangle represent Pg, Pn, and
PmP phases, respectively. The solid circle and solid triangle
represent Sg and SmS phases, respectively.
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Table 1 Hypocentral parameters and travel times of seismic phases determined using data of 11 stations recorded by the 10 December 2002

Cheolwon earthquake
Hypocenter : 38.8108N, 127.2214E, depth=11.955km, Origin time : 07:42:51.436 with rms(P) error range of 0.09(sec)
Seismmic station P-arrival Time | P-arrival tirpe , S-P time k S-P Time qﬁf. Epicentral P-Travel 'Time Phase
(sech error(sec) difference(sec) Error(sec) Distance(km) (sec)

CHNB 43:01.93A 0.026 7.69A 0.127 60.825 10.4%4 Pg, Sg

PCH 43:07.40A -0.070 11.58A -0.104 94.561 15.964 Pg, Sg

DDC 43:08.73B -0.142 12.70C -0.084 102.901 17.294 Pg, Sg

INJ 43:111.31A -0.030 14.57B 0.111 117.834 19.874 Pg, Sg

CHC 43:12.82A 0.124 15.28A -0.009 125.889 21.384 Pg, Sg
HOC 43:15.15A 0.137 17.06C 0.104 137.779 23714 PmP, SmS
KHD 43:15.84A 0017 17.60B -0.063 143.391 24,404 PmP, SmS
SEO 43:16.75B 0.055 18.27B 0013 149.227 25314 PmP, SmS
YJD 43:18.84B -0.104 20.13C 0.083 164.194 27404 PmP, SmS
WON 43:20.75C 0.043 21.46C 0.281 175.691 29.314 PmP, SmS
DGY 4321.13A -0.058 21.58A -0.48 177.873 29.6%4 PmP, SmS

* P indicates Pg or PmP phase, and S indicates Sg or SmS phase specified in the phase column of the table. The characters A, B, and
C assigned to the arrival times and arrival time differences represent the levels of the data quality. The character A means a good quality,

B a normal quality and C a bad quality.

Table 2 Hypocentral parameters and travel times of seismic phases determined using data of 22 stations recorded by the 10 December 2002

Cheolwon earthquake

Hypocenter : 38.8156N, 127.2078E, depth=10.830km Origin Time : 07:42:51.472 with rms(P) error range of 0.21 second
Seismic P—arrival P—arrival S‘P time S-P time diff. Eplioenteral P-travel
station t|me' time erfor d|ﬁereqce error distance fime (sec) Phase
(sec) (sec) (sec) (seg)x {km)

CHNB 4301.93A -0.065 7.69A 0.056 61.238 10.458 Pg, Sg
PCH 43:07.40A -0.176 11.50A -0.342 95.017 15.928 Pg, Sg
DDC 43:08.73B 0213 12.70C —-0.266 103.287 17.258 Pg, Sg
INJ 43:11.31A -0.241 14578 -0.329 119.070 19.838 Pg, Sg
CHC 43:12.82A -0.022 15.28A -0.383 126.881 21.348 Pg, Sg
HOC 4315.15A -0.104 17.06C -0.405 138.779 23678 PmP, SmS
KHD 4315.84A -0.083 17.60B -0.332 143.283 24.368 PmP, SmS
SEO 43:16.75B -0.111 18.27B -0.375 149,570 25.278 PmP, SmS
YJD 43:18.84B -0.251 20.13C -0.282 164.425 27.368 PmP, SmS
WON 43:20.75C -0.186 21.46C -0.235 176.638 29.278 PmP, SmS
DGY 4321.13A -0.184 21.58A -0.388 179.132 29.658 PmP, SmS
CHJ 43:28.70B 0.244 26.558 -0.205 225,956 37.228 PmP, SmS
CHA 43:28.90B 0.298 27.11B 0.303 226.907 37.428 PmP, SmS
SND 43:29.58B 0.298 27.51C 0.207 231.340 38.108 PmP, SmS
SES 43:29.70B -0.076 27.86C -0.178 234.562 38.228 PmP, SmS
BRD 43:29.82A -0.328 28.22C -0.341 236.986 38.348 PmP, SmS
TAB 43:31.04C 0.316 28.30C -0.039 240.741 39.568 PmP, SmS
HKU 43:31.588 0.115 29.06B -0.024 245.172 40.048 PmP, SmS
HSB 43:33.38B 0.280 30.01B -0.098 256.200 41.908 PmP, SmS
UJA 43:35.32B 0.137 269,734 43.848 PmP, SmS
TIN 43:35.68B 0.311 31.68B -0.054 270,944 44.208 PmP, SmS
AND 43:37.15B 0.041 33..26B -0.014 282,239 45678 PmP, SmS

« P indicates Pg or PmP phase, and S indicates Sg or SmS phase specified in the phase column of the table. The characters A, B, and
C assigned to the arrival times and arrival time differences represent the levels of the data quality. The character A means a good quality,
B a normal quality and C a bad quality.
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Fig. 5 An example of transformation process of a raw record into <.
simufated Wood-Anderson seismogram. The simulation is done:
from the step A to D : (A) Original velocity seismogran
recorded by JC-V100 seismograph at PCH station, (B) seis-
mogram after removing the instrument response of JC-V1Q(
seismograph, C) Displacement seismogram, D) Simulated Wood:
Anderson seismogram after being convolved with the instrumer
response of the Wood-Anderson seismograph
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Table 3 Maximum amplitude of the horizontal displacement com-
ponent in the simulated Wood-Anderson seismogram and
local magnitude determined at each seismic station.

saton | sensor 492 | N0 | et | 2
CHNB | Broad Band 60.8 394 394
PCH | Short Period 945 335 3.35
CHJ | Broad Band 2254 092 320
HKU | Short Period 2450 295 375
TIN Broad Band 2708 1.20 34
SEO | Broad Band 149.2 328 355
KHD | Short Period 1434 2.78 3.46
SES Broad Band 234.7 257 367
BRD | Broad Band 2445 292 3.73

average 3.56
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