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Crustal Deformation Before and After the 2018 M6.1 Northern Osaka Earthquake
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Synopsis
We clarified crustal deformation before and after the 2018 M6.1 northern Osaka
earthquake using GNSS, InSAR, and extensometers at Abuyama Observatory. The

earthquake occurred in a strain concentration zone in which the high strain rate was

observed before the earthquake by GNSS. Small coseismic displacement was observed

by GNSS and was reproduced by dislocation fault models. Distinctive pre-, co-, and

post-seismic strain was observed by the extensometers located ~5 km away from the

epicenter. The strain in each period showed different directions of the principle strain

and cannot be explained by simple elastic dislocation models. We constructed new

GNSS stations across the Arima-Takatsuki fault zone after the earthquake. Combining

new stations, stations operated by collaborative institutions, and existing GEONET

stations, a detailed deformation in the Kyoto-Osaka-Kobe area will be clarified in a few

years.
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Fig. 1 Horizontal velocity at continuous GNSS stations from. The reference station is 950344. Blue lines

denote surface trace of major active faults (Earthquake Research Committee, 2020). (a) Velocity from
April 2005 to December 2009. (b) Velocity from December 2014 to March 2018. The red star and beach
ball indicate the epicenter and focal mechanism of the 2018 northern Osaka earthquake determined by the

Japan Meteorological Agency.
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Fig. 2 Corrected maximum shear strain rate from
April 2005 to 2009. Elastic
deformation due to interplate coupling along the

December

Nankai Trough is removed using the block model
(Nishimura, 2018). Red dots show epicenters of
shallow earthquake (Depth < 20 km) from 1998 to
2017. The other symbols are the same as Fig. 1.
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Fig. 3 Quasi-vertical velocity from 2.5D analysis of

Persistent Scatterer InSAR of ALOS during
2006-2010 (F&4, 2014; Hashimoto, 2016).
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Day from May 1, 2018
Fig. 4 (a) Strain measured by extensometers at the

vault of Abuyama Observatory for two months
before the northern Osaka earthquake. Tide
components is removed. (b) Precipitation at the
Ibaraki AMeDAS station.



Table 1 Parameters for the rectangular fault model for the 2018 northern Osaka earthquake. Latitude,
longitude, and depth are the location of the northern upper edge of a rectangular fault. Rigidity is 30
GPa. Bold numbers represent the fixed parameters in the inversion. (a) Single fault model. (b) Double

faults model.

(a)

Lat.(°) Long. (°) Depth(km) Length(km) Width(km)  Strike(°®) Dip(°) Rake(°) slip(m) M,
34.837 135.603 7.2 4.0 4.0 49 73 152 0.30 5.38
(®)

Lat.(°) Long. (°) Depth(km) Length(km) Width(km)  Strike(°) Dip(°) Rake(°) slip(m) M,
34.837 135.602 6.1 4.0 4.0 52 77 151 0.24

34.837 135.600 9.6 4.0 4.0 351 50 90 0.13 5.41*

*Total moment magnitude of two faults
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Fig. 5 Single rectangular fault model of the 2018
northern Osaka earthquake. A blue rectangle, red
circles, and red broken lines represent an
estimated fault, aftershock epicenters determined
by the Japan Meteorological Agency, and active
fault traces evaluated by the Earthquake Research
Committee (2020), respectively.
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Fig. 6 Local deformation along the
Arima-Takatsuki fault (Fujiwara et al., 2020).
(a) Interferogram depicting surface deformation.
The interferogram was constructed using
ALOS-2 data captured between April 9 and June
18, 2018. A displacement lineament exists
between the two arrows. The star indicates the
epicenter of the main shock. (b) Gradient shade
map of line-of-sight displacement. Gradients
along 60° and 150° (positive clockwise from
north to east) directions were calculated and the
one that is larger in magnitude was mapped. (a).
(c) Comparison with topography and active
faults. The red line indicates a displacement
lineament. The red broken line indicates a
displacement lineament, the existence of which
is uncertain owing to small displacements.
Dotted lines indicate known active faults.



Fig. 7 Horizontal velocity of GNSS stations from
June 20, 2019 to June 19, 2020. Blue, black,
purple vectors indicate GNSS stations operated by
DPRI of Kyoto University, the
Information Authority of Japan, and collaborative

Geospatial

institutions, respectively. Stations represented by
open blue vectors were constructed in September,
2019.

Fig. 8 Strain measured by extensometers at the
vault of Abuyama Observatory for two hours after
the northern Osaka earthquake.
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Fig. 9 Observed and calculated principle strain at
Abuyama Observatory before and after the
northern Osaka earthquake. (a) Preseismic strain
for 24 hours.
Postseismic strain for 90 minutes. (d) Coseismic

(b) Coseismic strain. (c)
strain calculated from a single fault model. (e)
Coseismic strain calculated from a double fault
model. (f) Coseismic strain calculated from a
shallow creep and double fault model.
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