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Abstract: The 2021 Mg6.4 Yangbi earthquake in the Weixi-Qiaohou fault zone is preceded by
a prominent foreshock activity, and earthquake swarms are frequently recorded in this area.
Thus, it provides a valuable opportunity to study the differences between foreshock sequences
and ordinary earthquake swarms and to develop recognition features of foreshocks.

Referring to the specific definition of earthquake swarms in previous studies and the actual
seismicity characteristics of the Weixi-Qiaohou fault zone and its surrounding areas, eight
earthquake swarms and two foreshock sequences involving M; =4.0 earthquakes are selected
based on the following criteria: (D The epicenters of the earthquake swarm are distributed in a
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rectangular area of not more than 2500 km’, and there is a clear boundary separated from the
distribution of background earthquakes; @ The maximum daily frequency is not less than 3,
and the total frequency is not less than 10; (3 The magnitude difference between the largest and
second largest earthquakes AM; <1.6; @ If M; =1.0 earthquakes are not recorded for 15 con-
secutive days before and after the start and end of the earthquake sequence, the date of the first
earthquake is the starting date of the earthquake sequence, and the date of the last earthquake is
the ending date of the sequence. 3 For the foreshock sequence, the date of the first earthquake
is the starting date of the sequence, and the date of the last earthquake before the main shock is
the ending date of the sequence. First, we use the double-difference relocation algorithm to
obtain precise relative locations of ten earthquake sequences. Secondly, we collect focal mech-
anism solutions of M| =2.5 earthquakes in these sequences from previous studies and calculate
focal mechanism solutions of those missing important earthquakes by HASH. This study use the
minimum 3-D rotation angle to present the focal mechanism consistency of the ten earthquake
sequences. Thirdly, we calculate the apparent stress of M} =3. 0 earthquakes of these sequences
using waveform data provided by Yunnan Seismological Network. Finally, we apply the max-
imum likelihood method to calculate the b values of four earthquake sequences, while the other
six sequences did not have enough earthquakes to obtain the b value.

Earthquake swarms and foreshock sequences are analyzed in detail based on spatio-
temporal evolution characteristics, focal mechanism and apparent stress of larger earthquakes,
and sequence b value. After analysis, we acquire the following characteristics of the earth-
quake swarms and the foreshock sequences located in the Weixi-Qiaohou fault zone and its sur-
rounding areas: (D Before the occurrence of the mainshock, the frequency of the foreshock se-
quence shows a quiet-enhanced evolution characteristic, which is consistent with the anti-Omori
law. However, ordinary earthquake swarms show different evolutionary characteristics, that
is, rapid attenuation after the occurrence of the largest earthquake of the swarms. 2 The epi-
centers of foreshock sequences show an obvious dominant distribution direction, which is con-
sistent with the strike of the main active fault in the region, and the spatial distribution is relat-
ively concentrated. The spatial distribution characteristics of earthquake swarms are inconsist-
ent. There are both earthquake swarms with obvious dominant distribution direction and circu-
lar distribution. (3 The focal mechanism consistency of ten earthquake sequences is complic-
ated. The focal mechanism solutions of the 2017 Yangbi earthquake swarm and the 2021
Yangbi foreshock sequence have good consistency, respectively. However, no stronger earth-
quake has occurred after the 2017 Yangbi earthquake swarm in the focal area of the swarm.
@ The apparent stress of earthquake swarms and foreshock sequences located in the Weixi-
Qiaohou fault zone and its surrounding areas is the same as that in the northwest of Yunnan,
and the apparent stress of the foreshock did not show a prominent characteristic. (3 The b val-
ues of earthquake swarms and foreshock sequences show that the Weixi-Qiaohou fault zone and
its surrounding areas have a relatively lower b value. There is no significant difference in the b
value between foreshock sequences and ordinary earthquake swarms.

In summary, there is no noticeable difference in spatial distribution, focal mechanism con-
sistency, apparent stress, and b value between the foreshock sequences and the common earth-
quake swarms except for the anti-Omori law of frequency of the foreshock sequences.
However, the foreshock sequences have the following three characteristics in spatial distribu-
tion and seismic parameters simultaneously: (D The dominant distribution direction of epicen-
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ters is consistent with the strike of the main active fault in the region; (@ The focal mechanism
solutions of the sequence have good consistency; (3 The sequence has a lower b value. It is
suggested that spatio-temporal evolution characteristics and seismicity parameters should be
used together to identify foreshock sequences in the future.

Key words: foreshock; earthquake swarm; earthquake relocation; consistency of focal

mechanism solutions; b-value
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Fig. 2 Distribution of M; =4. 0 earthquake swarms in Weixi-Qiaohou fault zone and its surrounding blocks

Geological data and boundary data of active-tectonic block are cited from An and Chang (2018) and
Zhang et al (2003), topographic relief data is from Tozer et al (2019)
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Table 1 Information of ten earthquake swarms in Weixi-Qiaohou fault zone and its surrounding areas
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Fig. 5 Epicenter distribution of earthquake swarms after relocation

(a) 2009 Eryuan earthquake swarm; (b) 2010 Jianchuan earthquake swarm; (c) 2011 Yangbi earthquake swarm; (d) 2015

Eryuan earthquake swarm; (e) 2016 Eryuan earthquake swarm; (f) 2016 Yangbi earthquake swarm; (g) 2017 Eryuan earth-

quake swarm; (h) 2019 Eryuan earthquake swarm; (i) 2021 Eryuan earthquake swarm; (j) 2021 Yangbi earthquake swarm
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Table 2 Apparent stress of My =3. 0 earthquakes of the earthquake swarms in

Weixi-Qiaohou fault zone and its surrounding areas

TS EREAA R M KEHAM KR %) N
1 PSR 4.6 2009-04-14 04:37:09 0.103 807
3.1 2009-04-16 10:36:43 0.013 749
2 2010461 )1 =R 5.0 2010-01-01 10:08:21 0.126 987
2.9 2011-06-16 13:30:35 0.040 069
3 201 V4RI AERE 4.2 2011-06-22 09:42:07 0.034 772
3.3 2011-06-24 00:52:53 0.009 46
4 4.4 2015-06-05 17:06:06 0.041 206
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3.5 2019-11-25 10:33:53 0.026 6
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3.8 2021-05-19 21:13:07 0.0257
3.0 2021-05-20 12:08:41 0.0179
3.4 2021-05-21 21:37:33 0.0351
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