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Introduction  31 
We calculate the moment tensors for events in the 2019 Ridgecrest sequence use a 1D 32 

velocity model (Dataset S1) and a 3D velocity model in southern California (Dataset S2). The 33 
comparisons of the results using these two models are shown in Text S1 and Figure S1.  The 34 
moment tensors solved using 3D velocity model show much less non-double-couple (non-DC) 35 
components compared with those using 1D velocity model, suggesting the importance of using 36 
high resolution 3D velocity model for robust estimation of non-DC components. The 37 
relationships between the percentages of non-DC components and the other event properties 38 
(depth, magnitude) are shown in Figure S2, S3. Figure S4 shows robustness of isotropic 39 
components under different frequency contents. Figure S5 shows the isotropic components of 40 
three closely located events. Figure S6 shows the comparison between the potency distribution of 41 
major ruptures and the isotropic components of M3-5.5 earthquakes. Dataset S1 and S2 are also 42 
available through the Mendeley Data (https://dx.doi.org/10.17632/w4t3k63779.1) (Cheng et al., 43 
2021).  44 
 45 
 46 
 47 
 48 
Text S1. Moment tensor results using 1D velocity model 49 
To evaluate the effect of different velocity models on non-DC components, we invert the full 50 
moment tensors using 1D velocity model in southern California (Hadley and Kanamori, 1977), 51 
and compare the results with those obtained using 3D velocity model (see main text). 52 
 53 
We first choose all M>3.5 earthquakes in the Ridgecrest area (Figure 1a) and manually remove 54 
the bad waveforms with low signal-to-noise ratios. We keep the inversion parameters the same 55 
as used for 3D moment tensor inversions for comparisons. We obtained moment tensors for 52 56 
M>3.5 earthquakes and compare the solved non-DC components with those obtained using 3D 57 
velocity model (Figure S1). Many events show strong non-DC components in inversions using 58 
1D velocity model and very limited non-DC components using the 3D velocity model. The 59 
dramatic decrease of the percentage of non-DC components suggests that the large non-DC 60 
components shown in 1D moment tensor inversion might be due to large misfit between 1D 61 
velocity model and the heterogeneous velocity structure. However, some events still have large 62 
non-DC components using 3D moment tensor inversion. As shown in Figure 1 and S5, co-63 
located events exhibit highly different percentages of non-DC components, suggesting that the 64 
large non-DC components cannot be fully explained by the inaccuracies in the 3D velocity 65 
model and are more related to the source rupture processes. 66 
 67 
Reference 68 
Hadley, D., & Kanamori, H. (1977). Seismic structure of the transverse ranges, 69 
California. Geological Society of America Bulletin, 88(10), 1469-1478. 70 
 71 
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 72 
 73 
Figure S1. Comparisons of the percentages of the (a) isotropic components and (b) CLVD 74 
components obtained using 1D and 3D velocity models. 75 
 76 

 77 
Figure S2. (a) Distribution of the analyzed events as a function of time and distance along AA’ 78 
colored by the percentage of ISO components. (b) The CDFs (cumulative density function) of 79 
the percentage of isotropic component in different time intervals. Vertical lines denote the 80 
chosen time intervals. 81 
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 83 
Figure S3. Variations of the percentage of (upper) ISO components and (lower) CLVD 84 
components in relation to events’ (left) depth and (right) magnitude. 85 
 86 
 87 
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 88 
Figure S4. (a) The effect of frequency bands on moment tensor inversion. (b) and (c): Example 89 
of waveform fits at different frequency bands.  90 
 91 
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 92 
Figure S5. Waveform comparisons for nearly co-located events. The locations and focal 93 
mechanisms of these events are shown in the up panel. All of these events have similar fault-94 
plane solutions. The comparisons of waveforms (filtered to 0.2  - 0.5 Hz) between different 95 
earthquakes are shown in the bottom. The black-blue pair show similar waveforms as they have 96 
very similar moment tensor solutions (similar fault plane solutions with negligible 97 
 ISO components). While due to the significant difference in ISO components for the black-red 98 
pair, they show very different waveforms.   99 
 100 
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 101 
Figure S6. Map view of M ³ 3.0 events (a) between the M6.4 and the M7.1 earthquakes and (b) 102 
within 5 days after the M7.1 earthquake. (c) Potency distribution of the M6.4 event and the cross 103 
section view of M ³ 3.0 events between the M6.4 and the M7.1 earthquakes along AA’. (d) 104 
Potency distribution of the M7.1 event and the cross section view of M ³ 3.0 events within 5 105 
days after the M7.1 earthquakes along AA’. Events are colored by the percentage of ISO 106 
component. 107 
 108 
 109 
 110 

Data Set S1. Moment tensor solutions of events in the 2019 Ridgecrest, California, earthquake 111 
sequence (solved using 1D velocity model) 112 

Data Set S2. Moment tensor solutions of events in the 2019 Ridgecrest, California, earthquake 113 
sequence (solved using 3D velocity model) 114 
 115 


