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 Except loading rate, the earth-
quakes interaction might also play 
a role. Chen et al. (2010) observed 
the variation of recurrence inter-
val for individual sequence. They 
found that large earthquake influ-
enced the repeater’s interval sig-
nificantly. 
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 From numerical, analyti-
cal, laboratory studies, sta-
ble creeping in the sur-
rounding of the repeaters 
(the white circle) is re-
quired to explain the re-
currence of earthquakes 
(the yellow area). 

 From observation, re-
peating events are com-
monly found in the sub-
duction zones and creeping faults. So it has been 
widely accepted that the repeaters can be used to 
detect fault creeping and locations, where the creep-
ing and locked areas abut. 

 The way to use them is based on the idea that re-
peated ruptures catch up with the creep in the sur-
rounding areas. Therefore, recurrence behavior chang-
es along with local condition changes.  

Chen and Lapusta (2009) 

Mechanism 

From previous studies, it is well-
accepted that bigger earthquake has 
longer return period. As the figure on 
the figure shows, longer interval is corre-
sponding to bigger magnitude. So, the 
magnitude might be one possible factor 
that controls the recurrence interval. 

 But previous study found that the recur-
rence interval is area dependent. This figure 
shows the relationship between the magni-
tude and the recurrence interval in Taiwan, 
Japan, and California.  

 Chen et al. (2007) found when the loading rates are 
adjusted to be the same, all the repeaters’ data fits into 
the same regression line. Therefore they concluded:  

Instead of magnitude, loading rate controls the recur-
rence interval. 

 Repeating earthquakes 
are a group of earthquakes 
with highly similar wave-
forms and locations. The 
similarity can be defined by 
cross-correlation coefficient: 
The higher the coefficient is, 
the more similar the wave-
forms are. 

The examples of repeating events and non-repeating events at 
the same station. The former have nearly the same waveforms 
with high coefficient, while the latter have very low coefficient. 
Further more, the former are able to maintain their size and 
location over time, but the latter are not. 

Repeating Factor 

 And for a given magnitude, the repeating sequences 
in Taiwan (blue and green triangles) have two times 
shorter intervals than those observed along the central 
San Andreas Fault (red circles), and Japan (pink circles) 
are four times shorter than those observed along the 
central San Andreas Fault.  

 When we assume that the recurrence interval is in-
versely proportional to the regional loading rate, we 
can re-calculate the recurrence interval: 

The arrow indicates much shorter interval 
after the M6 earthquake, which occurred 
on the same fault.  

 Based on timespan, repeating earth-
quakes can be divided into continual type 
(> 3 years) and burst type (< 3 years).  

 Also, they can be divided into two types 
based on regularity: the sequence with 
regular interevent time called ‘quasi-
periodic type’, and the sequence with ir-
regular interevent time called ‘aperiodic 
type’. Usually, coefficient of variation of 
interevent time can used to quantify regu-
larity. In general, coefficient of variation > 
0.3 could represent as aperiodic type, 
while others could represent as quasi-
periodic type. 

 In this study, to understand the control 
factors of recurrence intervals, only the 
continual-type sequences are considered. 

From the review paper in 2017, the continental creeping 
faults have been found around the world. All of them are  
strike-slip faults, except for the normal fault in Italy and 
thrust fault in Taiwan. Therefore, thrust creeping faults in 
Taiwan provides an unique opportunity to study the  

recurrence behavior of repeating earthquakes. 

 First, I study the basic understanding of repeating earth-
quakes by visual inspection on the waveforms, and learn 
how to calculate cross correlation. And then, I used the re-
peating events catalog by Chen et al. (2020) to study: the 
type of repeating earthquakes sequences, and where they 
occur, what controls their recurrence interval. 

 To know if there exists a regional 
difference between areas, in each ar-
ea enclosed by the rectangles, the his-
tograms of magnitude for aperiodic 
and quasi-periodic sequences are 
plotted below. Also, we determine the  

slip for each area by using the recurrence interval, seismic mo-
ment, and the loading rate on the fault. Then we sum the slips 
from all repeating events, in order to obtain the regional slip rate. 

 Most of the seismicity occurred above the depth of 30 km 
as a result of Chi-Chi source area and Sanyi-Puli seismic zone. 
There are sequences with the magnitude range from 2.0 to 
3.4, and recurrence intervals range mainly in 1 to 2 years. 

 To profile AA’, the sequences didn’t seem to follow a main 
structure but were sparsely distributed; to profile BB’, the 
seismicity extended deeper to 40 km, and that is likely asso-
ciated with M6.7 Nantou earthquake in 2000. The sequences 
tend to concentrated in two cloud-like clusters. 

 The slip rate from aperiodic type is stable through the 
study period, about 4 cm/yr. The earthquake of magnitude 
greater than 6 in this area happened in the middle of 2000 
didn’t influence the regional slip rate. 

 There are sequences with a smaller magnitude range com-
paring with three other areas, from 2.1 to 3.2. and the aver-
aged interval for aperiodic type concentrated near 1.2 year. 

The seismicity is not very active comparing with other areas, 
while the majority of sequences are located beneath the 
Chachou fault. 

 Since there are only two Quasi-periodic sequences, the slip 
versus time curve of it is not reliable; the slip rate from aperi-
odic sequences is about 3.7 cm/yr. And it seems that the re-
gional slip rate wasn’t influenced by nearby 2010 M6.7 event. 

 The termination of Ryukyu subduction zone leads to a 
large number of earthquakes. There are sequences with 
similar magnitude range of 2.0 to 3.8, and the averaged in-
terval of aperiodic type is concentrated near 1 year, while of 
quasi-periodic type are evenly distributed from 1 to 3 years. 

 To profile AA’, the seismicity are mostly within 20 km 
depth, while the sequences are strongly localized as a clus-
ter; to profile BB’, the background seismicity is relatively 
diffuse. The sequences also concentrate underneath Central 
Range and located at the depth from 10 to 20 km. 

 Same as Chi-Chi source area, the slip rate from aperiodic 
and quasi-periodic type are stable through the study period,  
about 4 cm/yr. Compared between the M6 events and the 
repeater slip as the function of time, it seems nearly no in-
fluence to slip rate by nearby large earthquakes. 

 Both aperiodic and quasi-periodic sequences are strong-
ly influenced by the 2003 M6.4 Chengkung earthquake, 
after which the slip rate were elevated, suggesting a strong 
influence of large event in the same fault. 

Types 

 There are sequences with the similar magnitude range of 2.1 to 3.9. 
The averaged interval for aperiodic type is concentrated near 1.2 year, 
while the quasi-periodic type shows a peak around 2 years. 

 This is the area where the creeping Chishang fault is located. Note 
that the sequences on the southern Longitudinal Valley Fault is distrib-
uted along the east-dipping Chishang fault, unlike those in northern 
Longitudinal Valley Fault. 

 In the northern Longitudinal Valley Fault, we 
believe that the sequences are concentrated 
along the Central Range  fault, which is less influ-
enced by nearby large earthquakes that oc-
curred at different fault zone.  

 In the southern Longitudinal Valley 
Fault, the sequences are distributed 
along the Chishang fault. The regional 
slip rate is largely influenced by the M6 
event on the same fault. 

 In the Chichi source area and Chao-
chou fault area, the sequences are mostly 
aperiodic, and they are sparsely distribut-
ed without strong association with active 
faults. 

 In this study we have learned 
the basic information for continual 
type repeating earthquake se-
quences in Taiwan, which can be 
divided into four groups: 
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