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Sun-Moo Lee and Sung-Joon Chang, 2019, A study on the dependence of focal depth of the 2017 Pohang earth-
quake on crustal velocity models using moment tensor inversion. Journal of the Geological Society of
Korea. v. 55, no. 6, p. 649-662

ABSTRACT: The 2017 Pohang earthquake (M. 5.4) is the most devastating earthquake in South Korea since
modern seismometers were installed in 1978. One of the reasons why the Pohang earthquake caused more damage
than the 2016 Gyeongju earthquake with My 5.8 is due to its shallow focal depth. The focal depth of the Pohang
earthquake is estimated to be between 2 ~ 10 km according to recent studies. It is necessary to quantitatively measure
the exact focal depth of the Pohang earthquake because it is closely related to whether the Pohang earthquake is
induced by the nearby enhanced geothermal system site or not. Travel times usually used in the estimation of focal
depths suffer from the trade-off between crustal velocity models and focal depths, hampering accurate estimation
of focal depths. Therefore, we applied moment tensor inversion method to waveforms from the Pohang earthquake
to estimate focal depth. Furthermore, to estimate the trade-off between crustal velocity models and focal depths
quantitatively, we used 8 different crustal velocity models. Our results show stable estimations of focal depth of
about 3 ~ 5 km regardless of using any crustal models, which is very similar to the water injection depth of4.215
and 4.340 km.

Key words: moment tensor inversion, 2017 Pohang erthquake, crustal velocity model, focal depth, induced earth-
quake
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Fig. 1. Distribution of the 2017 Pohang earthquake and
seismic stations used in this study.
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Table 1a. The results of deviatoric moment tensor inversions using crustal models a and A. The crustal model a is
from Kim et al. (2011). The crustal model A is obtained by combining the upper part of the Korean Government

Commission’s crustal model and the model a.

Freq-  Strike, dip, Time FM Focal
Model band rake %ig[)h ?(VC) C(I;/V)D I(E/C)) shift SNR (V(VR) CN VAR VSATR Mech-
(Hz) (©) o o ) (sec) o (°) anism

0.05- (224, 63, 140),

0.10 (335,55,34) 4> 3835 65

-0.60 2034 944 21 13 022

0.05- (224, 63, 140),

0.11 (335, 56, 34) 4.5 39.6 604

-0.60 2185 944 21 12 0.19

0.05- (224,63, 141),

012 (335 56,34 45 420 580

-0.60 2329 94.0 21 12 0.18

a  0.05- (224, 63, 140),

013 (335,55,34) 45 425 575

-0.60 2440 93.1 21 13 0.16

0.05- (224,62, 139),

-0.60 2599 919 20 12 0.14

0.05- (224, 63, 139),

015 (336.55.34) 45 440 560

-0.60 2727 910 19 11 0.13

(224, 63, 140),

(335, 55, 34) 45 41.6 584

mean

-0.60 2386 93.1 2.0 12.2 0.17
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010 (337,50,38) S0 348 652

-1.35 2034 905 2.17 17 024
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Table 1b. The results of deviatoric moment tensor inversions using crustal models b and B. The crustal model b
is from Chang and Baag (2006). The crustal model B is obtained by combining the upper part of the Korean
Government Commission’s crustal model and the model b.

model band rake DO CLVD SO Qg VR oy var ST e
(Hz) © (sec) ©) anism
069150_ (%3139{;’626’1212)), 45 346 654 - -1.05 2034 919 21 13 021 @
069151_ (%32%,6%,1;4?))’ 40 37.0 63.0 - -1.05 2185 920 21 10 0.19 @
b 0(59152' (%32336,652§,13?’67))’ 40 383 617 - -1.05 2329 916 22 11 0.16 @
069153_ (%532%’652’1;’;))’ 40 382 618 - -1.05 2440 90.8 22 13 0.16 @
mean (%:,332,’7’6525’1;76))’ 41 37.0 63.0 - -1.05 2247 916 21 11.8 0.18
B 069150_ (%31385762&1229))’ 50 339 661 - -135 2034 904 225 17 0.12 @

Table 2a. The results of full moment tensor inversions using crustal models a and A.

freq-  strike, dip, time FM Focal
model band rake ((11?;1)1 ?‘V(; C(I;;])D I(§/O) shift SNR (VO/R) CN VAR VSATR Mech-
(Hz) ©) o ’ " (sec) ’ ) anism

0.05- (215, 55, 125),

0.10 (344, 48, 50 40 40.0 423 176 -0.60 2034 942 38 19 0.26

0.05- (217, 56, 128),

0.11 (343,49, 47) 40 403 430 167 -0.60 2185 943 34 18 0.23

0.05- (219, 57, 130),

0.12 (341,50, 45) 40 418 426 156 -0.60 2329 941 3.0 16 02

0.05- (219, 58, 131),

0.13 (341, 50, 44) 40 418 430 151 -0.60 2440 934 27 16 0.17

0.05- (219, 57, 130),

0.14 (342, 50, 46) 35 384 457 159 -0.60 2599 920 24 16 0.15

0.05- (219, 57, 130),

0.15 (342,50, 45) 35 387 455 158 -0.60 2727 914 23 15 0.14

0.05- (220, 58, 132),
0.16 (341, 51,43)

(218, 57, 129),
(342, 50, 46)

35 404 439 157 -0.60 2805 90.5 2.1 14 0.13

mean 3.8 402 43.7 16.1 -0.60 2446 92.8 2.8 163 0.18

0.05- (213,57, 121),

0.10 (345,44, 51) 40 400 36.6 234 -1.35 2034 904 41 18 0.28

O Dy
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Table 2b. The results of full moment tensor inversions using crustal models b and B.

Mode] peqr Strike, b, pepy pe cLvp 150 LM VR o oM st (0%
(Hz) ©) (km) (%) (%) (0 (qor) (%) @) VAR iem
00 (%312;,524,15159))’ 35 386 377 237 -1.05 2034 921 39 17 024 @
0.05° (%31:&,5%’15222))’ 35 373 403 224 -1.05 2185 924 35 16 02 @

b 00 (f;fé,sfg,lslg))’ 30 418 294 288 -1.05 2329 920 40 19 0.7 @
005" %jé’sjg’lslg))’ 30 412 304 283 -1.05 2440 914 3.6 20 0.I5 @
mean (f;f;ffg’lszg))’ 33 397 345 258 -1.05 2247 920 38 180 0.19

B 069150_ (331:;,515’1512))’ 40 397 369 233 -135 2034 904 404 16 025 @
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Fig. 6. Comparison of observed and synthetic waveforms of deviatoric moment tensor inversion for all stations
with a frequency range of 0.05 ~ 0.10 Hz using crustal model a. Values in blue on the right-hand side are VR values.
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Fig. 7. Comparison of observed and synthetic waveforms of deviatoric moment tensor inversion for all stations
with a frequency range of 0.05 ~ 0.10 Hz using crustal model A. Values in blue on the right-hand side are VR values.
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Fig. 8. Comparison of observed and synthetic waveforms of full moment tensor inversion for all stations with a
frequency range of 0.05 ~ 0.10 Hz using crustal model a. Values in blue on the right-hand side are VR values.

Fig. 9. Location of the 2017 Pohang earthquake and the enhanced geothermal system site.
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