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Heekyoung Lee and Tae-Seob Kang, 2019, Seismic activity in the southwestern region of the Pyeongnam Basin
of the Korean Peninsula. Journal of the Geological Society of Korea. v. 55, no. 4, p. 415-429

ABSTRACT: The western region of the Pyeongnam Basin has relatively higher earthquake activity than the rest
of the Korean Peninsula. We analyzed 48 earthquakes in the area, with a magnitude (M) of 2.0 or more, from January
2009 to June 2019. The hypocentral parameters were re-determined using an iterative algorithm that repeats the
calculation until the residual error between the observed and calculated arrival time of a seismic phase at each station
is minimized. Using the hypocenters and the optimal 1-D velocity model derived from this process, the focal
mechanisms were determined using the first-motion polarities of body waves. Many earthquakes are associated
with left-lateral strike-slip faults, with a strike in the NW-SE direction and a normal faulting component. A stress
inversion was performed using data of the pressure and tensional axes from the focal mechanisms. The maximum
principal stress in the study area acts in the NW-SE direction with high angles of plunge and differs from the
maximum horizontal principal stress in the rest of the Korean Peninsula. This stress perturbation is caused by the
detachment of a small local stress from the regional stress field due to the presence of weak faults with low shear
strength that develop in the sedimentation environment of the Pyeongnam Basin.
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(Heekyoung Lee, Division of Earth Environmental System Science, Pukyong National University, Busan 48513, Republic
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Fig. 1. Seismic activity in the Korean Peninsula since 1978 (Korea Meteorological Administration, 2019, database
last accessed in July 2019). The blue box indicates the study area. The major tectonic boundaries are adopted from
the Korea Institute of Geoscience and Mineral Resources (2001), and are depicted by a thick solid line; HFB (Hambuk
Fold Belt), GMB (Gilju-Myeongcheon Basin), NM (Nangnim Massif), PB (Pyeongnam Basin), OB (Ongjin Basin),
IFB (Imjingang Fold Belt), GM (Gyeonggi Massif), OFB (Okcheon Fold Belt), YM (Yeongnam Massif), GB
(Gyeongsang Basin), HUB (Hupo Bank and Basin), YIB (Yeonil Basin).
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Fig. 2. Geological map of the Pyeongnam Basin adopted from the Tectonic Map of Korea (Korea Institute of
Geoscience and Mineral Resources, 2001). The magenta line indicates the Yeseonggang Fault which runs along
the NNE-SSW direction through the Pyeongnam Basin. The tectonic domains are indicated in Fig. 1. The study
area indicated by the blue box lies between the Yeseonggang Fault in the east and the tectonic boundary with the
Ongjin Basin in the west. The solid red circles indicate the events that were analyzed.



Table 1. Origin time, locations, and parameters of the focal mechanisms obtained in this study. The magnitude is adopted from the online catalog of the Korea

Meteorological Administration (http://necis.kma.go.kr; database last accessed in July 2019).

Origin time (LT; UT+9h) Fault plane 1 Fault plane 2 P-axis T-axis Data
No. Lat. Lon. Depth Mag.
yyyy-mm-dd hh:mm:ss  (°N) (°E) (km) (Mr) Strike Dip Rake Strike Dip Rake Trend Plunge Trend Plunge Loc. Foc.
1 2019-06-23 13:15:10.4 38.790 125.716 11 2.4 71 50 83 261 40 98 166 5 297 83 5 15
2 2019-06-23 05:26:24.2 38.828 125.673 10 34 240 36 -73 39 56 -102 272 76 138 10 8 41
3 2019-06-22 05:49:36.6 38.849 125.669 7 34 268 51 -34 22 64 -136 241 49 142 8 8 52
4 2019-06-22 05:44:00.6 38.838 125.651 12 2.7 89 45 36 333 66 129 35 12 289 53 6 16
5  2019-06-21 13:20:40.0 38.872 125.591 15 2.5 121 50 57 347 50 123 234 0 324 65 5 14
6  2019-05-17 11:08:29.0 38.489 126.231 5 2.4 53 53 -65 195 44 -120 22 70 126 5 6 16
7 2019-02-13 05:16:12.0 38.898 125.768 15 2.7 72 51 -34 185 64 -136 45 49 306 8 5 9
8  2018-11-25 02:58:35.0 38.780 125902 19 22 73 50 4 340 87 140 34 25 289 29 5 12
9  2018-09-27 12:24:33.0 38.651 125.658 13 24 107 52 51 340 52 129 223 0 313 60 5 8
10 2018-01-01 18:34:59.1 38389 126.121 10 2.1 286 46 -76 86 46 -104 275 80 6 0 5 7
11 2017-12-12 10:06:06.2 38.381 126.061 7 25 347 50 -57 121 50 -123 324 65 54 0 4 10
12 2017-08-16 00:35:27.7 38.603 125.620 29 2.5 30 38 -36 149 69 -123 19 54 263 18 5 10
13 2017-08-07 20:53:09.5 38.665 125560 15 2.6 163 81 34 68 56 170 291 17 31 30 5 18
14 2017-06-14 02:43:48.0 38382 126.130 12 22 263 55 -84 73 35 -99 196 79 349 10 9 22
15 2017-04-09 14:12:46.6 38.878 126273 12 24 259 32 -49 33 67 -112 269 62 140 18 5 22
16 2017-04-08 23:13:13.2 38.646 125.586 13 2.1 356 64 -16 93 76 -153 317 29 223 7 6 5
17 2017-03-21 23:19:48.1 38.586 126.029 11 24 63 42 -67 214 52 -109 65 74 317 5 6 13
18 2017-02-10 18:01:35.4 38.614 125804 4 2.6 144 86 55 48 35 173 263 32 23 39 6 11
19 2017-01-17 16:06:55.6 38.825 125.860 2.8 109 58 48 349 51 137 227 4 323 55 7 14
20  2016-12-30 15:04:40.1 38.815 125.770 25 344 67 -46 96 48 -149 301 48 44 11 5 14
21 2016-12-29 05:53:13.1 38.759 125.796 14 2.6 69 52 27 322 69 139 19 11 279 44 7 13
22 2016-08-18 22:21:11.6 38.846 125.743 15 26 311 70 -52 65 42 -149 264 50 14 16 8 15
23 2016-07-09 13:16:48.3 38.748 125.891 7 2.6 54 73 18 318 73 162 186 0 276 25 6 20
24 2016-06-25 03:24:53.0 38.869 125.887 11 2.6 96 42 31 341 70 128 45 16 294 50 6 19
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Table 1. continued.

Origin time (LT; UT+9h) Fault plane 1 Fault plane 2 P-axis T-axis Data
No. Lat. Lon. Depth Mag

yyyy-mm-dd hh:mm:ss ~ (°N) (°E) (km) (ML) Strike Dip Rake Strike Dip Rake Trend Plunge Trend Plunge Loc. Foc.
25  2016-03-14 05:17:049 38.829 125.879 13 3.1 322 69 -41 69 52 -153 279 43 19 10 7 21
26 2016-02-28 16:52:38.6 38.836 125.876 7 25 318 75 -48 64 44 -158 269 44 18 19 7 15
27 2016-01-23 07:14:02.1 38.425 126.294 11 24 291 82 -50 30 41 -168 237 39 351 26 6 18
28 2015-01-06 13:06:39.6 38.462 126.267 14 2.8 84 71 5 353 85 161 40 10 307 17 6 21
29  2014-11-15 03:31:382 38.816 126332 6 2.5 4 83 -45 100 46 -170 312 36 61 24 7 22
30 2014-06-21 08:29:30.9 38.787 125.941 13 26 344 75 -48 90 44 -158 295 44 44 19 4 13
31 2013-12-04 06:28:05.9 38.723 125.625 13 24 319 67 -63 85 35 -138 267 59 29 18 4 13
32 2013-12-02 20:02:58.1 38.574 126.116 7 2.8 346 52 -51 113 52 -129 320 60 50 0 9 17
33 2013-11-20 21:07:11.0 38.436 126.176 11 2.1 291 75 -48 38 44 -158 242 44 351 19 8 14
34 2013-11-16 22:32:45.6 38.582 125.654 10 2.1 347 45 -36 104 66 -129 327 53 221 12 7 15
35 2013-08-11 04:19:36.1 38.489 126.153 8 2.3 108 86 50 14 40 174 229 29 344 36 7 18
36 2013-07-01 11:24:54.1 38.869 126.346 12 3.0 337 68 -28 79 64 -156 297 35 28 2 5 18
37  2012-06-12 09:01:25.7 38.843 125.656 11 2.1 157 84 40 61 51 172 283 22 27 32 6 13
38  2012-06-05 08:18:40.5 38.444 126.220 13 2.1 347 50 -57 121 50 -123 324 65 54 0 7 15
39  2012-01-19 15:42:58.6 38552 126212 7 2.7 107 48 39 348 62 131 51 8 310 54 5 18
40  2011-09-28 13:20:03.5 38.500 126.275 10 2.6 306 64 -56 69 41 -139 263 57 12 13 6 14
41 2011-09-08 01:56:38.7 38910 125983 14 32 317 70 -52 71 42 -149 270 50 20 16 4 16
42 2011-08-15 06:10:40.0 38.504 125.624 5 3.2 80 70 15 344 76 159 33 4 301 24 8 20
43 2011-07-05 02:13:28.3 38.590 126.332 15 23 336 51 -43 96 58 -132 311 55 215 4 4 16
44 2011-03-06 11:04:39.4 38.730 125.668 11 29 326 61 -42 80 54 -143 289 49 24 5 12
45  2010-08-24 03:59:44.0 38.833 125945 15 2.5 36 31 -17 140 81 -120 21 45 255 30 5 16
46  2010-04-16 19:56:11.0 38.874 126.043 14 22 58 45 0 328 90 135 23 30 273 30 5 11
47 2009-07-17 13:14:05.6 38.428 126.185 5 25 342 48 -63 124 48 -117 324 70 53 7 14
48  2009-01-09 20:53:19.6 38.889 125.753 15 32 333 57 -33 82 63 -143 300 45 207 4 5 12
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Fig. 3. Seismograph stations used in this study. The blue box indicates the study region with the events (red solid

circle) that were analyzed.
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Table 2. The optimum 1-D velocity model derived by iteratively inverting the hypocentral parameters of earthquakes
in the Pyeongnam Basin using the VELELLIPSE program.

Top of layer (km) P-wave velocity (km/s) S-wave velocity (km/s)
0 5.72 3.20
6 6.02 3.37
18 6.32 3.53
33 7.95 4.44
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