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The 2021-05-21 Mw6.1 YangBi earthquake occurs near the southwest boundary of
Chuandian block, Yunnan, China. The mainshock is preceded by three major foreshocks: 05-18
Mw4.3 (f1), 05-19 Mw4.6 (f2), and 05-21 Mw5.2 (F). This foreshock sequence provides a valuable
chance to deepen the insights towards two end-member models of earthquake interaction:
cascade-up and slow-slip triggering. We first construct the fault model with a high-resolution
matched filter seismic catalog. Results show that the foreshock f1 and f2 occur on the same fault
segment with the mainshock (Fault_M), and the largest foreshock initiates on another subparallel
sub-fault (Fault_F). We estimate the source parameters of the major foreshocks with spectral ratio
analysis. The stress drop of f1 and f2 is significantly lower than that of F, indicating a weaker fault
strength of Fault_F. We determine a rectangular rupture surface based on the rupture length
delineated by relocated aftershocks and the rupture area estimated from spectral ratio method.
Based on the fault model, we calculate the Coulomb failure stress (CFS) change from each
foreshock. We find that: (1) f1 triggers f2 with static stress change, (2) f2 does not cause large CFS
change on the hypocenter of F and M, but afterslip may be a possible triggering mechanism, (3) F
is weakly correlated with M. Thus, the YangBi sequence is more than a simple triggered cascade,
but combines multiple mechanisms.

Abstract 1. Tectonic Background & YangBi Foreshock Sequence

1. The foreshock sequence occur on two subparallel fault segments with left-stepping alignment.
The segment associated with the mainshock is weaker than that with the largest foreshock.

2. The mainshock is triggered by the afterslip of foreshock f2 (19th May Mw4.6), but with weak
relationship with the largest foreshock F (21st May Mw5.2).

3. The YangBi foreshock sequence includes multiple triggering mechanisms, i.e. cascade
triggering (f1 to f2), slow-slip triggering (f2 to F & M), and dynamic triggering (F to M)

Conclusions

Figure 1. Tectonic background and
foreshock sequence. (a) Tectonic
background of the YangBi earthquake. In
the main plot, fault traces are plotted by
black lines. The interseismic background
seismicity and YangBi seismic sequence
are plotted by blue and orange dots
respectively, with the depth of YangBi
events color coded. Focal mechanism of
GCMT from 1976 is plotted by black
beachballs. Blue triangles marks the
broadband stations. In the insert plot, the
plate boundary and active block
boundary are plotted by orange and blue
lines, respectively. Main blocks, i.e.
Qiangtang block (QT), Bayan Har block
(BH), Chuandian block (CD), and South
China block (SC), are noted, with their
relative motion marked. (b) YangBi
foreshock sequence. The study time
period is divided by the major foreshocks
(f1, f2, and F) and the mainshock (M).
The focal mechanism of mainshock and
foreshocks comes from GCMT and Yang
et al. (2021), respectively.
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Figure 2. Spectral ratio analysis. (a), (b), and (c) plot the spectral ratio analysis of the foreshock f1, f2, and F,
respectively. The black lines, solid red lines and dashed red lines denote the spectral ratio on single stations,
stacked spectral ratio, and the best fit of Boatwright model to the stacked spectral ratio. The vertical gray line marks
the estimated corner frequency.

Figure 3. Distribution of seismic events and finite fault model. (a) Map
view, (b) cross-section along strike, and (c) fault-normal cross-sections. Events
in different periods are denoted by colors.

2. Modelling of Coulomb Stress Evolution

3. Interpretation of Triggering Mechanism 

Figure 5. Migration pattern and interpretation of triggering mechanism. (a) and (b) plot seismicity migration along
strike. The extension of different asperities are marked by vertical lines. (c) plot fault-parallel cross-section, with the
rough boundary of asperity delineated by solid line.

Figure 4. Evolution of Coulomb
stress change. (a), (b), and (c) plot
cumulated Coulomb stress change
after f1, after f2, and after F,
respectively. Upper and lower panels
plot map view and cross-section for
the mainshock fault (Fault_M) and
largest foreshock fault (Fault_F).
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