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ABSTRACT: An earthquake (ML 3.5) occurred near Geochang on 5 February 2013. Although this was a rather
small earthquake, a number of aftershocks unusually followed in this region. We analyzed the main shock and
11 aftershocks with magnitude greater than My 1.0 in detail. The main shock occurred at 127.9837°E, 35.7657°N,
and a depth of about 8 km. The fault plane solutions from P-polarities and amplitude ratios of SH and P waves,
and the relative locations of main shock and aftershocks represent that the events could be related with a lateral
strike-slip fault with 300° in strike, 86° in dip and -15° in rake. For the main shock, seismic moment of 6.42e+21
dyne/cm and moment magnitude of 3.8 are obtained from the S-wave displacement spectra. The empirical Green’s
function analysis yields a radius of 468 m for a circular rupture and the stress drop about 27.3 bar, which is similar
to the result from S-wave displacement spectra. It was found that similar microearthquake have consistently
occurred within 0.1° of the main shock from 2000 to the present, which suggests that a comprehensive monitoring
and analysis for microseismic activity be necessary to understand the seismic characteristics in this region.
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Fig. 1. Location of epicenter and distribution of seismic stations used in this study.
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Fig. 2. Normalized seismograms of vertical component of main shock (thick line) and 45 aftershocks (thin lines)
without instrument correction. The values at the end of signals indicate the peak amplitude (in count). Seismograms
of 11 aftershocks used in this study are indicated by circles at the right. Vertical dashed lines represent the arrival

times of P and S waves.
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Table 1. Hypocentral parameters of main shock and 11 aftershocks used in this study, obtained from NECIS.

No.  Event ID Origin time (KST) Lat. (°N) Long. (°E) Mag. Note
0 E00 2013/02/05 21:25:36 35.77 127.97 3.5 Main shock
1 E02 2013/02/05 21:32:29 35.75 127.99 1.5
2 E09 2013/02/05 22:43:55 35.77 127.97 1.3
3 Ell 2013/02/05 23:36:26 35.77 127.97 1.1
4 El4 2013/02/06 00:30:43 35.76 127.99 1.4
5 E20 2013/02/06 04:12:47 35.78 127.96 1.2
6 E22 2013/02/06 04:47:58 35.77 127.98 1.2
7 E24 2013/02/06 22:59:31 35.77 127.98 1.4
8 E28 2013/02/07 22:24:53 35.77 127.98 1.4
9 E29 2013/02/07 23:54:44 35.76 127.99 1.8
10 E36 2013/02/11 02:04:05 35.76 127.98 1.0
11 E42 2013/02/16 05:10:42 35.76 127.99 1.5

Table 2. Hypocenteral parameters for the Geochang earthquakes determined by HYPOELLIPSE and JHD.

HYPOELLIPSE JHD
Event io
D Origin Time Long. Lat. Depth re}:}\gsal (,)rrllngllen Long. Lat.  Depth r::?c/llsal
UTO) (B (N () FEEN S B ON) (k) FRES

2013/02/05

E00 12:25:36.70 127.9837 35.7657 7.57 0.18 36.6178 1279731 35.7726 7.74 0.02
2013/02/05

E02 12:32:29 76 127.9721 35.7720 9.93 0.07 29.4774 1279817 35.7715 8.79 0.11
2013/02/05

E09 13:43:56.06 127.9784 35.7725 9.23 0.17 55.8826 1279750 35.7712 8.21 0.02
2013/02/05

Ell 14:36:25.90 127.9687 35.7741 10.09  0.17 25.7470 127.9697 35.7722 8.29 0.04
2013/02/05

El4 15:30:43.36 127.9683 35.7732 8.51 0.17 43.1375 127.9713 35.7727 7.74 0.02

E20 1281132/327/?% 127.9641 35.7763 9.45 0.17 46.9699 127.9701 35.7743 8.03 0.03

E22 20_13/,02/05 127.9747 35.7693 9.89 0.07 58.9548 127.9770 35.7712 8.42 0.03
19:47:59.19

E24 12;)1539/%22/(;61 127.9794 35.7738 8.91 0.18 31.9566 127.9739 35.7729 8.07 0.02

E28 20,13/'02/07 127.9650 35.7774 7.47 0.19 52.8272  127.9708 35.7732 7.44 0.04
13:24:53.00
2013/02/07

E29 14:54-44 94 127.9746 35.7737 7.98 0.16 447518 127.9716 35.7728 17.74 0.02
2013/02/10

E36 17-04:06.04 127.9769 35.7653 11.45  0.06 5.8971 127.9731 35.7721 8.66 0.07
2013/02/15

E42 20:10:42 38 127.9753 35.7736 8.16 0.18 42.1273 127.9743 357719 8.01 0.04

Average RMS (sec)  0.15%0.05 Average RMS (sec) 0.04+0.03
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Fig. 3. Locations of events and fault planes of main shock. Circles and stars represent the locations determined by
HYPOELLIPSE and JHD, respectively. Black symbols indicate the locations of the main shock. The fault planes,
obtained from the P-polarities and SH/P ratio, are represented by solid lines. A-A’ and B-B’ show the cross-sectional
view along fault planes. Thick line in plain view and empty circles in cross-sectional views correspond to the fault radius.
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Fig. 4. Focal mechanism and observed polarities of P waves at the stations. Polarities of (a) main shock and (b)
aftershocks are superimposed on the focal mechanism of main shock. Each station’s location on the focal sphere
is indicated by triangles. Black and white triangles correspond to compressional and dilatational polarities,
respectively. Black and white dots represent the P and T axes, respectively.
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Table 3. Parameters for estimating fault radius at each seismic station.

r
o
>
A
i
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Station Azimuth (°) Take-off angle (°) 6 (°) Fault radius (m)
KCH 199.26 114.00 150.38 268
HAC 142.82 105.11 110.94 646
HAMB 217.50 100.63 163.79 246
GIC 17.05 100.30 14.38 169
CHR 117.99 97.81 87.56 949
EURB 150.59 97.37 119.74 626
OKCB 328.27 96.18 61.47 734
YSU 205.64 95.42 169.89 190
DAG2 89.52 95.35 59.38 524
MGB 12.02 94.35 17.90 251
MKL 91.65 93.56 61.56 550
Fault radius average 468+247
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Table 4. Hypocentral parameters and correlation coefficients of microearthquakes near the Geochang earthquake.
Hypocentral parameters were obtained from NECIS.

No. Event ID Origin time (KST) Lat. (°N) Long.(°E) Mag. Coefficient Scaled coefficient

1 HO1 2008/09/25 22:26:26 35.75 128.00 1.76 0.26 6.64

2 HO02 2009/03/15 22:58:34 35.76 128.03 1.04 0.23 4.73

3 HO3 2010/05/18 18:12:34 35.75 128.04 1.50 0.42 9.91

4 HO04 2011/02/05 04:18:23 35.79 127.93 1.02 0.25 5.04

5 HO5 2011/05/13 00:50:29 35.80 127.89 1.05 0.23 5.30

6 HO06 2011/11/10 08:40:32 35.82 127.96 1.19 0.42 8.65

7 HO7 2011/11/13 08:37:52 35.82 127.96 1.27 0.18 7.83

8 HO08 2012/05/06 16:46:22 35.75 128.01 1.23 0.52 10.84

9 HO09 2012/07/02 03:29:42 35.73 128.06 1.63 0.28 13.04

10 H10 2013/05/07 17:38:40 35.78 127.93 1.07 0.65 15.44

11 H11 2013/09/07 05:00:25 35.72 128.00 1.50 0.41 7.29

12 H12 2013/10/07 21:10:57 35.81 128.05 1.38 0.35 7.63

13 H13 2013/12/15 07:00:54 35.77 127.96 1.26 0.54 8.06

14 H14 2014/08/26 05:26:40 35.76 127.98 1.34 0.33 5.87

15 H15 2015/01/31 09:51:56 35.77 127.97 1.28 0.67 12.64

16 H16 2015/02/19 04:12:50 35.78 128.07 1.29 0.23 4.73

17 H17 2015/07/20 03:59:27 35.80 127.98 1.23 0.48 7.10

18 H18 2015/07/20 17:53:41 35.77 127.97 1.73 0.56 8.94
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Fig. 7. Comparison of waveforms of the main shock (E00) with microearthquakes. (a) represents the waveforms
satisfying the event identification criteria in this study and (b) the waveforms not satisfying the criteria. The values
at the end of signals indicate the peak amplitude (in count).
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