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Abstract: Research on earthquake trends, investigations of seismo-geological characteristics,
and studies of seismic activity in Hubei Province shows that Hubei and its neighboring regions
exhibit a background conducive of moderate to strong earthquakes. In the Yangtze craton of
Hubei Province, which is structurally stable and characterized by low heat flow and strong
rigidity, moderate to strong earthquakes occurred one after another in recent years. The seismo-
genic background and seismogenic structure have drawn considerable attention, but systematic
research in this regard remains relatively scarce.

In this paper we uses CAP (cut and paste) technology to invert the source parameters of the
2018 Zigui Mg4.5 earthquake and the 2006 Suizhou M; 4.7 earthquake. And then we have em-
ployed a joint method of receiver function and surface wave phase velocity dispersion curve to
reveal the shear wave velocity of the crust at the epicenter of three earthquakes with M=6 (doc-
umented since the start of earthquake records) and six earthquakes with M4.5-6.0 (recorded
following the implementation of seismometer observations in 1958) in Hubei Province. The res-
ults indicate that for the 2006 Suizhou M; 4. 7 earthquake, the strike, dip angle, and rake were
126°, 78° and —30°, respectively, the strike direction was NW, and the focal depth was 8 km.
The seismogenic fault was related to the northwest trending Xiangfan-Guangji fault zone and its
subfaults (Zaoshi fault or Qianbei fault). For the 2018 Zigui Mg4.5 earthquake, the strike, dip
angle, andrake were 61°, 58°and 173°, the strike was NNE and NE, and the focal depthis M 4.7
5 km. The seismogenic fault was related to the Xinhua-Longwangchong fault zone and Gaogiao
fault zone. Based on the source mechanism solutions of the 2013 Badong Mg5. 1, 2014 Zigui
Mg4.6, and 2019 Yingcheng Mg4.9 earthquakes obtained by previous researches using CAP
and other methods, as well as the crustal S-wave velocity obtained by the joint inversion of
receiver function and surface wave in this paper, it was found that the seismogenic faults of
medium and strong earthquakes are mainly of strike-slip, which is corresponding to the distribu-
tion of fault structures. For the 2013 Badong Mg5.1 earthquake and the 2014 Zigui Mg4.6
earthquake, their S-wave velocities vary from low to high, with velocity percentage changes of
4% and 7%, respectively. In contrast, for the 2018 Zigui Mg4.5, 2006 Suizhou M;4.7, and
2019 Yingcheng M¢4.9 earthquakes, the S-wave velocities vary from high to low, with velo-
city variations percentage of —4%, —1%, and —2%, respectively. The five moderate-strong
earthquakes, for which the focal mechanism solutions were obtained, occurred in vertical high-
low velocity transition zones with different velocity characteristics. Additionally the four mod-
erate to strong earthquakes with unknown focal depths also exhibited significant vertical high-
low velocity interlayer variations within the traditional depth range of the seismogenic layer.
The risk of moderate to strong earthquakes in Hubei Province has increased. Seismic activity is
significantly higher in the western part of the province compared to the eastern part, with a con-
centration in Zigui and its adjacent areas. Small and medium-sized earthquakes are also
clustered in the source area and its adjacent areas of Zigui, which needs to be monitored spe-
cially. The paper suggests that the 2006 Suizhou M;4.7, the 2014 Zigui M¢4.6, and the 2019
Yingcheng Mg4.9 earthquakes may be structural earthquakes, which are speculated to be re-
lated to the reverse compression of the northwest Yangtze Plate, the relative compression and
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impact of the southwest Indian Plate, and the activation of preexisting faults under the dual
effects of subduction of the Pacific Plate and rock asthenosphere system. The 2013 Badong
Mg5. 1 earthquake and the 2018 Zigui M¢4.5 earthquake occurred in the vicinity of the Three
Gorges Reservoir, with shallow epicentral depth. It is speculated that the reservoir’s water
impoundment and subsequent downward infiltration altered the local seismic environment, po-
tentially rendering these events reservoir-triggered earthquakes.

In summary, it is necessary to persistently focus on and strengthen the research on earth-
quake trends, geological characteristics of earthquakes, and monitoring of earthquake activities
in Hubei Province. This is crucial for averting the earthquake-related disasters risk and reducing
the huge losses caused by earthquakes. The study of the seismogenic environment and focal
mechanism of moderate to strong earthquakes can provide reference for understanding earth-
quake characteristics and earthquake prevention and disaster reduction in Hubei Province.

Key words: moderate-strong earthquake in Hubei Province; seismogenic environment; focal
parameters; joint inversion of receiver function and surface wave data; the CAP

method; the Yangtze Craton
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Fig. 1 Tectonic settings and distribution of moderate-strong earthquakes and stations of Hubei Province
The fault data refer to Deng et al (2003 ). The black solid line is the boundary between

the Qinling-Dabie orogenic belt and the Yangtze craton
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Fig. 4 Inversion results of the focal mechanism solution of the Suizhou M; 4. 7 earthquake event by using the CAP

method based on Crustl1.0 (a), Shen et al (2016) model (b), and joint inversion model (c), and the fitting

results between the theoretical synthesized waveforms (red lines) and the actual observed ones (black lines)

The letters on the left side of the waveform represent different station names, the number represents the epicenter distance

(in km), and the numbers below the azimuth waveform show the time-shift values (in s) and correlation coefficients.

The small red crosses on the source ball show the azimuths of the station. The same below
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Fig. 5 Inversion results of the focal mechanism solution of the Zigui earthquake event by using the CAP method

based on Crust1.0 (a), Shen ef al (2016) model (b), and joint inversion model (c), and the fitting results

between the theoretical synthesized waveforms (red lines) and the actual observed ones (black lines)
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Fig. 6 Distribution of CAP inversion error with focal depth for Suizhou M; 4.7 and Zigui M¢4. 5 earthquakes
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BT I 2 R A B 9T — B

1 CAP ik sR i A1 AL 4 s MR R RS 4L

Table 1 Focal parameters of moderate-strong earthquakes of Hubei Province estimated by the CAP method

WERE My - RIRZHOKI
Kegr  Jedre KkmoSgmye fgEse WS BRSO BRS WSS
20064FFEMMAZ  113.10 31.50  4.14 8.0 126 78 -30 223 61 166  AICHIFE
20134FEARMAE  110.40  31.09 4.9 4.6 73 58 168 169 80 32 Huang&5(2018)
20144EBBIHIBRE  110.77  30.92  4.6(Mg) 7.5 331 71 40 226 53 156  TRKRAE(2016)
20184FFBIHMIAZ  110.47 31.03  4.37 5.0 155 84 32 61 58 173 ASCWESE

20194FMIMRMbAS  113.40 30.87  4.67 7.5 149 68 15 53 76 157 BBz (2022)
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Fig. 7 S-wave velocities beneath the epicentral areas of the moderate-strong earthquakes where the black
boxes show the source depths of the earthquake, and the focal mechanism are also given
(a) Badong Mg5. 1; (b) Baokang Mg4.8; (c) Suizhou M;4.7; (d) Yingcheng M¢4.9; (e) Zigui M¢4.6;
(f) Zigui Mg4.5; (g) Xianfeng M6Y; (h) Zhushan M6Y; (i) Macheng M6.0
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