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A rapid and automatic procedure for seismic analysis based on deep learning and
template matching: a case study on the M 4.1 Goesan earthquake on October 29, 2022
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ABSTRACT: As various seismological tasks with deep learning have been implemented, it has been reported that
fundamental seismic analysis processes were replaced with deep learning techniques while minimizing the
intervention of skilled analysts. In addition, the template matching method using the GPU (Graphic Processing
Unit) architecture has enabled effective detection of smaller earthquakes than previously known. In this study,
we analyzed a magnitude 4.1 earthquake that occurred in Goesan-gun, South Korea, around 8:27:49 on October
29,2022, and foreshocks and aftershocks of this earthquake in an automated way using deep learning and template
matching techniques. Using deep learning techniques, seismograms from permanent seismic stations within 50
km of'the epicenter were used to create an initial earthquake catalog for 11 days from October 21 to October 31,
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2022. It was found that a total of 50 events, including 25 events published by the Korea Meteorological
Administration, occurred from the morning of October 29th. The focal mechanisms of 10 events, including the
mainshock of magnitude 4.1, were automatically determined, and all of them were characterized by a strike-slip
faulting mechanism. By cross-correlating waveforms of template events, it was identified that more than 500
micro-earthquakes near the hypocenter occurred for few days from October 29, 2022. These tasks took only about
70 minutes to generate an initial earthquake catalog of 11-day seismograms and about 10 minutes for template
matching. To investigate seismic activity in this region, template matching with the same templates was carried
out with data from March 18, 2020 to October 20, 2022. The result shows that more than four micro-earthquakes
have occurred since May 2020. Therefore, this study suggests that the automatic seismic analysis procedure using
deep learning and template matching can quickly deliver important information about earthquakes in the early

stages.
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Fig. 1. Location of the Goesan epicenter and seismic stations. A start denotes the epicenter of the earthquake. Triangles
indicate seismic stations and those with thick lines were used for template matching.
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Table 1. Initial earthquake catalogue obtained from this study.

N Longitude  Latitude  Depth Magnitude Strike i o
Event ID Origin time (UTC) (§N) (°E) (kgl) This study (M) KMA (M) ©) (01)3 rake (°)
GO1 2022-10-28 23:08:15.00 127.8785 36.8782 13.71 1.90 1.6 106 84 -16
G02 2022-10-28 23:09:32.43 127.8767 36.8785 13.22 1.38 1.3 296 81 3
GO03 2022-10-28 23:27:33.46 127.8775 36.8785 13.64 3.22 35 108 83 -11
G04 2022-10-28 23:27:50.22 127.8808 36.8775 13.41 3.71 4.1 107 85 -4
GO5 2022-10-28 23:29:09.95 127.8648 36.8828 12.31 2.53 2.2 - - -
G06 2022-10-28 23:29:18.73 127.8818 36.8788 13.22 2.59 2.9 117 89 -13
GO07 2022-10-28 23:31:06.95 127.8782 36.8770 13.70 0.87 1.0 - - -
GO8 2022-10-28 23:32:09.14 127.8782 36.8798 12.98 0.68 1.2 - - -
G09 2022-10-28 23:32:42.86 127.8768 36.8763 13.45 0.59 - - - -
G10 2022-10-28 23:35:33.76 127.8827 36.8775 12.44 0.51 0.9 - - -
Gl11 2022-10-28 23:39:33.58 127.8785 36.8770 13.46 0.90 1.1 - - -
G112 2022-10-28 23:41:16.46 127.8812 36.8773 12.88 0.63 1.1 - - -
Gl13 2022-10-28 23:42:28.26 127.8673 36.8843 12.92 0.41 - - - -
Gl4 2022-10-28 23:43:40.44 127.8835 36.8767 13.39 0.75 0.9 - - -
Gl5 2022-10-28 23:44:34.66 127.8835 36.8777 12.95 0.60 - - - -
Gl6 2022-10-28 23:46:07.25 127.8790 36.8782 13.65 0.85 0.9 - - -
G17 2022-10-28 23:49:12.04 127.8772 36.8777 13.45 0.38 - - - -
Gl18 2022-10-28 23:51:25.10 127.8845 36.8767 15.17 0.27 - - - -
G19 2022-10-29 00:13:34.47 127.8785 36.8768 13.19 0.32 - - - -
G20 2022-10-29 00:28:05.69 127.8733 36.8790 13.88 0.66 - - - -
G21 2022-10-29 00:33:42.90 127.8768 36.8808 13.72 0.41 - - - -
G22 2022-10-29 00:39:29.13 127.8865 36.8760 13.50 0.58 1.2 - - -
G23 2022-10-29 00:47:55.23 127.8833 36.8770 13.54 0.90 0.9 - - -
G24 2022-10-29 00:52:25.72 127.8792 36.8713 18.15 0.49 - - - -
G25 2022-10-29 00:54:10.84 127.8778 36.8777 13.75 0.77 1.2 - - -
G26 2022-10-29 01:04:37.06 127.8818 36.8742 13.41 0.22 - - - -
G27 2022-10-29 02:04:00.61 127.8802 36.8770 13.30 0.73 1.1 293 74 3
G28 2022-10-29 07:09:43.09 127.8772 36.8783 13.28 0.83 1.3 298 87 7
G29 2022-10-29 08:09:30.56 127.8802 36.8770 13.59 0.70 - - - -
G30 2022-10-29 10:16:06.60 127.8748 36.8787 13.88 0.13 - - - -
G31 2022-10-29 12:10:55.78 127.8782 36.8777 13.61 0.54 1.1 - - -
G32 2022-10-29 13:16:26.26 127.8805 36.8843 14.23 0.25 - - - -
G33 2022-10-29 14:50:38.28 127.8800 36.8800 14.53 -0.03 - - - -
G34 2022-10-29 17:00:26.78 127.8903 36.8755 13.78 0.18 - - - -
G35 2022-10-29 18:03:51.34 127.8803 36.8803 13.82 0.34 - - - -
G36 2022-10-29 19:02:27.13 127.8793 36.8788 14.04 0.52 1.2 - - -
G37 2022-10-29 19:21:00.14 127.8820 36.8807 13.74 0.25 - - - -
G338 2022-10-29 22:17:47.97 127.8858 36.9012 14.90 0.06 - - - -
G39 2022-10-30 00:05:44.94 127.8890 36.8835 13.72 0.32 - - - -
G40 2022-10-30 00:31:53.31 127.8933 36.8738 13.34 0.42 - - - -
G41 2022-10-30 15:09:26.81 127.8873 36.8767 13.06 0.39 - - - -
G42 2022-10-30 16:37:59.53 127.8768 36.8783 13.22 0.68 - 295 87 8
G43 2022-10-30 23:49:07.18 127.8803 36.8778 13.15 0.36 - - - -
G44 2022-10-31 09:10:46.44 127.8802 36.8777 14.03 0.14 - - - -
G45 2022-10-31 09:11:17.99 127.8835 36.8808 14.37 0.18 - - - -
G46 2022-10-31 10:00:23.43 127.8825 36.8738 13.51 0.57 0.9 - - -
G47 2022-10-31 11:22:22.48 127.8832 36.8792 13.34 0.61 1.3 300 84 10
G438 2022-10-31 17:27:52.82 127.8765 36.8802 13.34 2.98 2.9 114 83 -16
G49 2022-10-31 17:30:16.69 127.8788 36.8808 13.09 0.38 - - - -

G50 2022-10-31 20:32:38.09 127.8783 36.8773 13.37 0.16 - - - -
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Fig. 2. Distribution of epicenters. Pink starts indicate the
epicenters from the Korea Meteorological Administration.
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in the circle denote the spatial error of the location.
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Fig. 4. Focal mechanisms of the Goesan earthquakes. Beachball diagrams for the mainshock from (a) the Korea
Meteorological Administration and (b) this study. (c) Kaverina diagram (Kaverina ef al., 1996) for 10 focal solutions

obtained from this study (Table 1).
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