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The MW 5.7 Changning earthquake occurred in southern Sichuan basin on 17 June 2019 and was the largest event ever recorded in this region. There are still some arguments existing about the causes of the earthquake and its possible links with water injections. Many studies on this earthquake have been performed, but the event depths obtained among them are significantly different and the source mechanisms also exhibit variations. In this study, we design an inversion scheme and use 3D Green’s functions considering the rugged topography of this region to determine the event location and moment tensor of the Changning earthquake based on waveform fittings. The 3D model can reduce the uncertainty due to the approximation of 1D model and better constrain the solutions. The latitude and the longitude of event location are 28.34°N and 104.82°E respectively and the depth is 3.14 km. The nodal plane solutions are strike 295°/dip 88°/rake 14° and strike 204°/dip 76°/rake 178°. The percentages of DC, CLVD and ISO components are 10, −83, and −7%, respectively. The good waveform fittings at 17 broadband stations indicate the reliability of the source mechanism in this study.
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INTRODUCTION
Sichuan basin is a highly productive field of oil and shale gas in China, which exhibits rather stable geological settings with a very small tectonic shear strain rate of (0.5–7) × 10–9/yr (Gan et al., 2007; Ma, 2017; Wang and Shen, 2020). The historical seismicity is low in this region although there are two neighboring seismically active blocks to the southwest and northwest (Lei et al., 2020). However, the number of earthquakes occurring in Sichuan basin dramatically increases since 2015, including several moderate to large damaging events (Lei et al., 2017; Meng et al., 2019; Lei et al., 2020). The industrial activities, including the disposal of wastewater and the water injections for hydraulic fracturing and salt mining, are active in this region recent years. Possible links between the induced or triggered earthquakes and the fluid injections were discussed and debated in many studies (Ellsworth, 2013; Clarke et al., 2014; Goebel and Brodsky, 2018; Grigoli et al., 2018; Lei et al., 2019; Tan et al., 2020; Wang et al., 2020).
On June 17, 2019, a MW 5.7 earthquake struck Changning in southern Sichuan basin of China, which is the largest destructive earthquake recorded there since 1,600 and caused a huge economic loss and 13 deaths (Yi et al., 2019). After the mainshock of the Changning earthquake, a number of events with magnitudes up to 5.6 followed subsequently within very short period (Zhang et al., 2020). The hypocenter of the Changning earthquake is close to the salt mine with water injection well at the depth of 2.7–3 km, which belongs to Changning anticline fold system with no active faults existing (Lei et al., 2019; Jiang et al., 2020).
There have been many studies on the location and source mechanism of the Changning earthquake. Regional 1D layered velocity models are commonly employed to locate the hypocenter (Lei et al., 2019; Yi et al., 2019; Liu and Zahradník, 2020). Besides, the development of dense arrays makes it possible to obtain the three-dimensional (3D) model. Long et al. (2020) and Zuo et al. (2020) applied double-difference tomography method to invert the 3D velocity structure of Changning-Gongxian and Changning-Xingwen area respectively and relocated the Changning earthquake sequences. But for the determination of source mechanism for the Changning earthquake, previous results are still limited to the utilization of the 1D model. For instance, Yi et al. (2019) simulated the synthetic waveforms at 50 stations in the local 1D model and used the CAP method (Zhao and Helmberger, 1994; Zhu and Helmberger, 1996) to demonstrate that the earthquake is a thrust event with some strike components. Liu and Zahradník (2020) provided a new explanation in terms of the shallow doublet of two different subevents, initial thrust fault followed by a strike-slip, both estimated in 1D model of Zhao and Zhang (1987). In addition, the calculation of the rupture directivity for the Changning earthquake was also based on the 1D crustal velocity model (Li et al., 2020). The 3D model can improve the event location and reduce the error due to the simplicity of 1D model (Johnson and Vincent, 2002; Myers et al., 2015; Zhou et al., 2016). Zhu and Zhou (2016) and Wang and Zhan (2019) highlighted that the accuracy of source mechanism can be significantly improved when the appropriate 3D model is used.
In this study, we determine the centroid location and source mechanism of the Changning earthquake using 3D strain Green’s tensors (SGTs) considering the rugged-topography model of this region. The SGTs are accurately synthetized by the curvilinear-grid finite-difference method (Zhang and Chen, 2006; Zhang et al., 2012) to avoid the simulation errors caused by the staircase approximation of the irregular surface. The horizontal centroid location is obtained by minimizing the traveltime misfits of P- and surface waves in the 3D grid volume, and the full moment tensors and event depth are determined similar to the CAP approach but using the 3D SGTs at this horizontal location.
INVERSION WORKFLOW
In this section, we will describe the inversion workflow of the Changning earthquake in 3D velocity model with rugged topography (Figure 1).
[image: Figure 1]FIGURE 1 | The brief inversion workflow for the source parameters.
Raw Data Processing
The continuous waveform data of the Changning earthquake can be downloaded from the China Seismic Experimental Site (CSES) website1 and we use 17 local broadband stations surrounding the epicenter to determine the source parameters in the study. These stations are distributed in Sichuan basin and four provinces of China with a good azimuth coverage and epicenter distances from 70 km to 370 km (Figure 2). After removing the mean, trend and instrumental responses, the displacement seismograms are cut to 400 s starting from the origin time, resampled with an interval of 0.04 s after lowpass filtering with corner frequency of 12.5 Hz, and then bandpass filtered to two period ranges (0.04–0.2 Hz and 0.03–0.1 Hz) respectively. The 2nd-order Butterworth filter with the same parameters is used for the seismograms and synthetic data.
[image: Figure 2]FIGURE 2 | The topography in the study along with the centroid location of the Changning earthquake (red star) and 17 broadband stations (triangles) in the four provinces (black texts) of China. The white numbers above the triangles are the z-component time shifts of surface wave at stations (positive in green and negative in yellow) in Figure 10. The white texts below the triangles denote the names of seismic network and stations and the white dashed line marks the location of grid profile in Figure 5.
3D SGTs Construction
3D Model and Topography
Compared with averaged 1D layered models, a 3D velocity model shows more advantages in the estimation of the source parameters to obtain the more reliable solution, especially the light to moderate earthquakes (Johnson and Vincent, 2002; Hejrani et al., 2017; Nayak and Dreger, 2018; Wang and Zhan, 2019). In this study, we use the 3D P- and S-wave velocity model of the crust and uppermost mantle in the southwest China (SWChinaCVM-1.0, doi: 10.12093/02md.02.2019.01.v1) to compute the synthetics. The 3D model is obtained by the joint body and surface wave traveltime tomography, which involves 390,000 P-wave and 370,000 S-wave first-arrival traveltimes from more than 230 permanent stations and 8,100 dispersion curves of surface-wave phase velocity (5–50 s) extracted from the ambient noise data (Fang et al., 2016; Liu et al., 2020). The horizontal resolution of the model is about 50 km and the depth ranges from the surface to 70 km with an interval of 5 km. We extend the 3D model to 100 km in depth using the velocity at the depth of 70 km. Figures 3, 4 show the map view and two profiles of the P-wave velocity and S-wave velocity across the event location in the study area.
[image: Figure 3]FIGURE 3 | The map view and two profiles of the 3D P-wave velocity model across the event location (red star). The horizontal and vertical white lines in map view (A) show the location of XOZ profile (B) and YOZ profile (C) respectively.
[image: Figure 4]FIGURE 4 | As in Figure 3, but for S-wave velocity.
The Changning earthquake occurs in the south of Sichuan basin and the east of the Tibetan plateau. The elevation in the study area rises from about 200 m in the south of Sichuan basin to over 4,000 m of Longmenshan Mountain within a very short distance (Figure 2). In order to accurately calculate the SGTs database, we should consider and handle the effect of the topography on the results. We utilize the topography data with a spatial resolution of approximately 90 m from CGIAR-CSI SRTM website2 and perform the down sampling of 500 m as the preparation of the next step.
Numerical Simulation by Curvilinear-Grid Finite-Difference
The traditional finite-difference methods commonly apply the strategy of grid refinement to fit the surface shape as much as possible, but it cannot avoid the artifacts due to the staircase approximation. We use the curvilinear-grid finite-difference approach with the Traction Image free surface boundary implementation (Zhang and Chen, 2006; Zhang et al., 2012) to construct the SGTs database in the 3D model with the rugged topography of this region. Figure 5 shows the partial curvilinear grids along one vertical profile (XOZ) as marked with dashed line in Figure 2.
[image: Figure 5]FIGURE 5 | The curvilinear grids along one vertical profile (white dashed line in Figure 2) in the presence of the topography of the region.
Generally, the number of forward modeling is proportional to the total number of potential source points, which seems not feasible for the large 3D grid volume. Fortunately, we can adopt the reciprocity theorem and calculate the SGTs from each station to all source points instead of computing the Green’s functions source by source (Eisner and Clayton, 2001; Zhao et al., 2006). In this way, the number of the simulations is reduced to the three times of the total number of stations when the three-component data are needed, which dramatically saves the computational costs. Using the SGTs, the calculated displacements at the station [image: image] from the source [image: image] can be represented as (the Einstein summation convention is used):
[image: image]
where [image: image] is the SGT at location [image: image] when the n-direction force acts at location [image: image], [image: image] is time, [image: image] is the bell function as the source time function (STF) and [image: image] denotes the moment tensor component with [image: image] (Zhao et al., 2006). Advantage of the direct finite-difference calculation is that the SGTs used in this study can be easily obtained in our codes and we can avoid the numerical differentiation of Green’s tensor presented on the first line of Eq. 1.
The geographical coordinates are projected to the Cartesian coordinates with the reference origin point (25.0°N, 102.5°E). The computational model size in the study area is 480 km × 550 km × 100 km with a horizontal grid spacing of 500 m. We employ the complex-frequency-shifted perfectly matched layer based on auxiliary differential equations (ADE CFS-PML) technique and configure 12 layers as the non-reflecting boundaries in the forwarding modeling (Zhang and Shen, 2010). For accurately simulating the surface wave in the presence of the rugged topography, we set the vertical grid spacing to 200 m. Thus, the number of grid points for three dimensions becomes 960 × 1,100 × 500. The simulated maximum frequency reaches 0.5 Hz and the sampling interval is set to 0.02 s derived from the minimum grid spacing and the maximum velocity. The recording time length is 400 s along with a total number of time steps of 20,000. The calculation of SGTs for 17 stations totally costs about 160 thousand CPU hours. We save the SGTs of a 3D grid volume (200 × 200 × 140) in the neighborhood of the epicenter from CENC with a mesh of 500 m × 500 m × 200 m and an interval of 0.04 s, resulting about 95 TB of total storage for the 17 broadband stations. We use the cubic-spline interpolation approach to retrieve the SGTs at the finer grids (200 m × 200 m × 10 m) near the event to improve the resolution of location and depth.
Source Mechanism Estimation in Each Trial Point
In this step, we optimize the source mechanism in each trial source point of 3D grid volume in terms of the initial solutions from Global CMT. With the representation of the synthetics using Eq. 1, the moment tensors can be linearly inversed by solving the normal equation:
[image: image]
and [image: image] and [image: image] are represented as:
[image: image]
[image: image]
where [image: image] denotes the model parameters including six independent moment tensor components, [image: image] and [image: image] are the P- and surface-wave observed displacement data of the jth component at the ith station after alignment by waveform cross-correlation with the synthetics, [image: image] and [image: image] are the P- and surface-wave SGTs with the same definitions of subscripts, [image: image] is the scale factor of P wave relative to surface wave and [image: image] represents the weighting to consider the geometrical spreading effects of the ith station. In this study, [image: image] is set as 1.5 and the frequency bands we use for P wave and surface wave are 0.04–0.2 Hz and 0.03–0.1 Hz, respectively.
The frequency bands in the inversion are relatively low, so we can use a simple function to approximate the complex real STF and ignore the high-frequency variations. We choose the bell function as the form of the STF (moment-rate function). The source duration [image: image] can be derived from an empirical relationship (Ekström and Engdahl, 1989; Ekström et al., 2012):
[image: image]
where [image: image] is the scalar moment measured in dyne-cm. And [image: image] is calculated by:
[image: image]
Specifically, the optimal moment tensors and STF in each trial source point are determined by the following procedures. We first use the source mechanism from Global CMT as the initial approximated solution to calculate the synthetics. Then we cross-correlate the observed and the synthetic waveforms to obtain the time shifts for each component of P- and surface waves. After aligning the SGTs with the corresponding time shifts, we can solve the Eq. 2 to determine the moment tensors. Subsequently, the calculated moment tensors are considered as the new initial source mechanism to the next inversion. The inversion procedures can be carried out repeatedly until both of moment tensors and STF become stable for each trial point.
Horizontal Position Locating
For each trial source point in 3D grid volume, we obtain the optimal source mechanism and STF at this point that can best fit the observed seismograms in Source Mechanism Estimation in Each Trial Point. Then, the time shifts of the P wave and surface wave are derived by cross-correlating the observation and the synthetics for all stations. The traveltime residual [image: image] in each trial source point [image: image] is defined as:
[image: image]
where [image: image] represents the time shift of the kth phase for jth component at the ith station, [image: image] is the cross-correlation coefficient between the aligned observation and the synthetics, nsta, ncomp, nphase are the total number of the stations, components and phases respectively, and [image: image] denotes the correction term of origin time that can be averaged directly with all time shifts:
[image: image]
The weighting factor of [image: image] can ensure more contributions of the segments with better waveform fit to the residual. Applying the grid search method, the candidate source point with the minimum traveltime misfit in 3D grid volume indicates the located event position [image: image], i.e., the earthquake centroid. As the investigated earthquake is not big (MW < 6), we do not distinguish the centroid and hypocenter in the following text. Meanwhile, the horizontal coordinates of the located event are considered as the horizontal centroid location [image: image].
Figure 6 shows the map of the traveltime misfit with a grid size of 1 km × 1 km at the event depth (3.14 km) of Changning earthquake which is determined later by minimizing the waveform misfit in Event Depth Determination. The coordinates of initial location are 235.1 km (X) and 371.8 km (Y). The searching X-coordinate ranges from 199.5 km to 298.5 km and the Y-coordinate ranges from 324.5 km to 423.5 km. A nest grid search strategy and a local finer searching with the grid size of 200 m is applied to accelerate the locating process and refine the centroid location. The map illustrates the reasonable characteristics of the misfit value increasing gradually with the grid far away the true location. In addition, the three contours near the event show that the error distribution does not exhibit apparently directional pattern.
[image: Figure 6]FIGURE 6 | The traveltime misfit map along with three contours (white lines), the centroid location in this study (white star), epicenter location by CENC (white square) and centroid location by Global CMT (white dot) at the event depth (3.14 km).
Besides, we also plot the traveltime misfit maps with a coarse grid size of 6 km × 6 km at the various depths from 1.2 km to 27.7 km (Figure 7). From the top to the bottom, the patterns of the misfit distribution exhibit generally consistent except for some little anomalies probably caused by model complexities.
[image: Figure 7]FIGURE 7 | Traveltime misfit maps along with the centroid location in this study (white star), epicenter location by CENC (white square) and centroid location by Global CMT (white dot) at various depth from 1.2 km to 27.7 km.
Event Depth Determination
The traveltime information has a better constraint on the horizontal position of the event, but it is not suitable for the estimation of the event depth unless the epicenter distances are short enough relative to the depth. Nevertheless, the waveform misfits in terms of L2 norm between the observation and the synthetics are sensitive to the variation of hypothetical depth. As a consequence, we minimize the waveform misfits at different depths to find the optimal event depth while the horizontal location is fixed for each calculation. The corresponding source mechanism and STF in the optimal depth are accepted as the final solution. As the Figure 8 shows, the waveform misfit reaches a minimum when the trial depth is 3.14 km.
[image: Figure 8]FIGURE 8 | The curve of waveform misfits vs. trial event depths with the horizontal location fixed. The middle solid rectangle is a partial enlarged drawing for local smaller grid-searching size (50 m) from 2.8 km and 3.6 km depth.
The moment magnitude can be easily derived from the source mechanism by Eq. 6 and the formulas proposed by Hanks and Kanamori (1979). Based on the event location from Horizontal Position Locating and Event Depth Determination, the origin time is also updated with the correction item from Eq. 8.
RESULTS
Table 1 summarizes the source parameters of the Changning earthquake in this study, Global CMT, Liu and Zahradník (2020), and CENC. The origin time (2019-06-17 14:55:45.0 GMT) in this study is about 2 s earlier than Global CMT and 2 s behind CENC. The magnitude results are almost the same among these reports excluding that of CENC in MS. The horizontal centroid position in our research (28.34°N, 104.82°E) is located on the west of the others and has a maximum distance deviation of about 15 km with respect to Global CMT, which is possibly caused by the effects of the local 3D model we used. With the optimization of waveform misfit along depth, we find the final event depth is 3.14 km which is the shallowest among all the results and very close to the operation geological layer of shale gas in Sichuan basin. The two nodal planes are strike 295°/dip 88°/rake 14° and strike 204°/dip 76°/rake 178°. The moment tensors are decomposed to DC, CLVD and ISO components using the method proposed by Knopoff and Randall (1970), with the percentages of 10, −83 and −7% respectively. The optimum duration of STF is 3.48 s. The comparison of beachballs between this study and the other two agencies is shown as Figure 9. The shaded areas among the three beachballs are similar and nodal planes of the DC part of the moment tensor are not the same which could be explained by the low DC percentage. Overall, our results are in agreement with the other two agencies.
TABLE 1 | The source parameters of Changning earthquake from different affiliations.
[image: Table 1][image: Figure 9]FIGURE 9 | The beachballs along with the fault plane solutions and the percentages of DC, ISO and CLVD components at the bottom of each panel (A) This study (B) Global GMT (C)Liu and Zahradník (2020).
The reliability of our results in Table 1 can be evaluated by comparing the observed seismograms and the synthetic waveforms. Figure 10 shows the waveform fitting of six segments from three-component P waves (0.04–0.2 Hz) and surface waves (0.03–0.1 Hz) at all stations. The waveforms in each segment are aligned with the cross-correlation time shifts. In the determination of the event location, these time shifts with large deviations relative to the other two components for the same phase are abandoned directly, which is possibly caused by the insufficiency of the used 3D model. Specifically, they are E components of surface wave at BJT and HMS station, Z component of surface wave at ZYT station as marked with red rectangles in Figure 10. In addition, the corresponding time shifts in these segments with bad quality [image: image] are also removed in the calculation of traveltime residuals.
[image: Figure 10]FIGURE 10 | The waveform fitting of the three-component (ENZ) P wave (left three columns, 0.04–0.2 Hz) and the surface wave (right three columns, 0.03–0.1 Hz) at all stations utilized for inversion. The leftmost texts in each row mark the seismic network and station names. The red and blue solid lines indicate the observation and the synthetic data using the optimum source position and mechanism respectively along with the time shift below each waveform. The red rectangles mark the segments in which the time shifts are not used in the calculation of traveltime residuals.
Apart from the analysis of waveform fitting segment by segment, we also plot the whole observed seismograms and synthetics without the artificial time alignment at each station in Figure 11, 12. The seismograms at all stations are starting from the same origin time in Table 1 and then bandpass filtered with 0.03–0.06 Hz (Figure 11) and 0.03–0.1 Hz (Figure 12) as well as the synthetics. We can observe the waveforms at most of stations fit very well except for the ZYT and HMS station which could be caused by the possible error in absolute timing at ZYT station and in sensor orientation at HMS station.
[image: Figure 11]FIGURE 11 | The waveform fittings (0.03–0.06 Hz) of the whole three-component data at all stations with the origin time of Table 1. The red and blue solid lines indicate the observation and the synthetic data using the optimum source position and mechanism, respectively. Here, the artificial time shifts are not applied. The leftmost texts in each row mark the seismic network and station names.
[image: Figure 12]FIGURE 12 | As in Figure 11, but for frequency range of 0.03–0.1 Hz.
While the horizontal centroid location is fixed, the uncertainties of the event depth and moment tensors for the Changning earthquake are estimated by the bootstrapping method (Efron and Tibshirani, 1991; Zhan et al., 2012) with 17 stations resampled independently for 1,000 times totally. The bootstrapping results show that the percentages of DC and ISO components do not have very small uncertainties with standard deviations (STD) of 10.5% and 8.1% respectively, which are possibly caused by their low percentages in moment tensor (Supplementary Figure S1A,B in Supplementary Material). The CLVD exhibits a little bit larger STD of 15.0% but with about 65% of the statistics more than 70%, indicating the confident existence of the large CLVD component (Supplementary Figure S1C). The Kagan angle (K-angle) is defined as the minimum rotation angle between two focal mechanisms, which can be employed to transfer one focal mechanism to the other (Kagan, 1991). The focal mechanisms are regarded as similar with K-angle among them less than 30° and significantly different for larger than 40° (Zahradník and Custódio, 2012; Dias et al., 2016). The average K-angle with respect to the presented fault-plane solution in Results is 26.3°, indicating good consistency between our results and those in the bootstrapping test (Supplementary Figure S1D). The small STD (0.4 km) shown as Supplementary Figure S1E illustrates the event depth is well constrained in this study. Similarly, the centroid location is relocated many times with the same configuration of bootstrapping but using moment tensor and depth in Table 1. The local refinement of grid (200 m × 200 m) in the locating step is not applied but with overall grid size of 1 km × 1 km for efficiency. The estimated STDs of X- and Y-coordinate are 2.7 km and 1.6 km respectively (Supplementary Figure S1F,G). The azimuth gaps of the current seismic network possibly become large in some directions if several stations are removed in the resampling of bootstrap, which could affect the uncertainty estimate. From our perspective, more stations used with better coverage will reduce the uncertainty of the Changning earthquake and other local events in the further study.
DISCUSSIONS
The attenuation factors are not incorporated in the construction of SGTs database by curvilinear-grid finite-difference simulation in this study. We estimate the average quality factors of P- and surface waves (QP ≈ 500 and QS ≈ 500) at the depth of 5 km in this region from Dai et al. (2020). The distances from the Changning earthquake to 17 broadband stations range from 70 km to 370 km. In terms of the used frequency bands, the amplitudes with attenuation for P- and surface waves at the farthest station decrease to about 96% of the simulated amplitudes without attenuation by approximately multiplying an exponential term. The effects of attenuation on the determination of source parameters would be very small.
Besides, in order to evaluate the effects of topography and 3D complexities on the centroid location and moment tensors, we perform another two tests for 3D non-topography model (Supplementary Figures S3, S4) and 1D model in Supplementary Material. The 1D model is extracted from the 3D model at the horizontal centroid location from the surface to the bottom (Supplementary Figure S8). The comparisons of the source parameters of Changning earthquake are summarized in Supplementary Table S1. Compared with results in 3D model with topography, the event latitude and depth for 3D non-topography model have a difference of 1.4 km and 60 m respectively. The results for 1D model show larger difference of 3.0 km in latitude, 0.8 km in longitude and 160 m in depth. Supplementary Figure S2 shows the beachballs along with nodal plane and the percentages of the decomposed DC, ISO and CLVD components for the three models. The pattern of nodal planes for 1D model exhibits large variances with 3D model and 3D non-topography model. Although K-angle of the mechanism found in the 1D solution with respect to the 3D solution with topography is about 35°, it is still within 95% confidence region of the K-angle bootstrap variation in Supplementary Figure S1D. Using the source parameters in Supplementary Table S1, we plot the waveform fit for 3D non-topography model (Supplementary Figure S5–S7) and 1D model (Supplementary Figure S9–S11), respectively. Because the frequency bands we used are relatively low, the consideration of topography has no significant improvement on the waveform comparison. If we move to the higher frequency in the inversion, the distortion of waveform due to the topography will play a more important role in the results analysis. Although the waveform fit is very similar between Figures 10–12 and Supplementary Figure S5–S7, the moment tensor components and its decomposition change indeed when the topography is ignored. Supplementary Figure S9–S11 show an overall good fit except for the shifts on some stations, indicating the 1D model extracted in this way is a feasible and reliable approximation of 3D model.
CONCLUSION
The 2019 MW 5.7 Changning earthquake caused huge economic losses and casualties, which is the largest earthquake recorded in southern Sichuan basin. There are many studies reporting this event, but the location, depth and source mechanism of them are different each other. In this study, we use 3D SGTs to obtain centroid location, moment tensors and other source parameters of the Changning earthquake. The 3D SGTs are calculated by curvilinear-grid finite-difference method with the 3D model of southwest China considering the rugged topography of this region. The event location is derived by minimizing the traveltime residuals of P wave and surface wave in the candidate 3D grid volume and the depth is determined by the minimum waveform misfit along trial depths between the observations and the synthetics when the horizontal location is fixed. Based on the waveform inversion, we refine the event location to (28.34°N, 104.82°E) and the optimized depth is 3.14 km. The strike, dip and rake angles for the nodal planes are 295°/88°/14° and 204°/76°/178°. The moment tensors can be decomposed to DC, CLVD and ISO components with the percentages of 10, −83, and −7% respectively. The waveform fit for the corrected origin time (2019-06-17 14:55:45.0 GMT) is good, and it indicates the reliability of the results.
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