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Abstract  The September 21, 1999, Jiji (Chi-Chi) MW7.6 earthquake is the strongest event occurred since 1900 in Taiwan 
of China. It is located in the middle segment of the western seismic zone of Taiwan. Based on several versions of China 
earthquake catalogue this study found that a seismic gap of M≥5 earthquakes appeared, in and around the epicenter region, 
24 years before and lasted up to the mainshock occurrence. This study also noticed that there existed a lager seismically quiet 
region of M≥4 earthquakes, which lasted for about 2.5 years before the mainshock occurrence. The spatial variation pattern 
of regional seismicity before the mainshock seems to match with its coseismic source rupture process. The mentioned seis-
micity gap and seismic quiescence might be an indication of the preparation process of the Jiji strong earthquake. 
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1 Introduction 

On September 21, 1999, a MW7.6 strong earth-
quake occurred in Jiji (Chi-Chi), Nantou county in the 
central part of Taiwan, China. The epicenter location 
determined by China Earthquake Networks is 23.97°N, 
120.75°E and the depth of seismic focus is 5 km. The 
final epicenter location issued by the Seismological 
Center of Taiwan Weather Bureau is 23.86°N, 120.81°E 

and the depth of seismic focus is 11 km. The focal 
mechanism solutions for the Jiji MW7.6 earthquake cal-
culated by Xu et al (1999), Harvard University and 
United States Geological Survey are shown in Table 1. 

The seismicity characteristics in Taiwan are studied 
in this paper. Before the Jiji MW7.6 earthquake, distinct 
seismicity gap and seismic quiescence were discovered. 
They were similar to the anomalies appeared before the 
great earthquakes occurred in Chinese mainland. 

Table 1 Parameters of focal mechanism solution of the 1999 Jiji MW7.6 earthquake 
P-axis  T-axis  Nodal plane I Nodal plane II 

No. Azimuth 
/° 

Dip  
angle /° 

 
Azimuth

/° 
Dip  

angle /° 
 

Strike 
/° 

Dip  
angle/°

Slip 
angle/°

Strike
/° 

Dip  
angle /°

Slip 
angle/° 

Resource 

1 290 17 115 73 17 28 87 201 62 92 Xu et al (1999) 
2 302 19 133 71 26 27 82 215 64 94 Harvard University 
3 297 17 138 69 357 29 67 202 63 102 United States Geological Survey 

 

2 Regional tectonic environment and 
historical intensive seismicity  

As a part of circum-Pacific seismic zone, Taiwan is 
located at the collision intersection of the Eurasia, Pa-
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cific and Philippine Sea plates, where seismic intensity 
and earthquake frequency are the highest in China. Seno 
(1977) indicated the Philippine Sea plate drives in the 
WNW direction with an average rate of 7 cm/a. In the 
southwestern part of Taiwan, the Eurasia plate has an 
eastwards underthrust along the Manila trench to the 
underneath of the Philippine Sea plate; while in the 
northeastern part of Taiwan, the Philippine Sea plate has 
a northwestwards underthrust along the Ryukyu trench 
to the underneath of the Eurasia plate (Angelier, 1986). 
Therefore, the convergence of plates in this area is com-
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plex. And the longitudinal valley in the eastern Taiwan, 
which is located between the central range and the 
coastal range, is the collision suture line of the two 
plates on the Earth’s surface.  

Many historical data (Gu, 1983a, b; Department of 
Seismic Hazard Prevention, China Seismological Bureau, 
1999) indicated the historical earthquake in Taiwan oc-
curred as early as the year 1624. During the period from 
1900 to the time before the 1999 Jiji MW7.6 earthquake, 
totally 41 M≥7 earthquakes (two of them were M8 
earthquakes) occurred, and most of them were in the sea 
area to the east of Taiwan (Figure 1). The seismicity in 
Taiwan is characterized by a NNE-trending distribution, 
which is consistent with the trends of margins of geo-
logical structures like the large sea fault on the east of 
Taiwan, the longitudinal valley in the eastern Taiwan 
and the fore down-warping subsidence in the western 
Taiwan, respectively, as well as the strike of interior 
faults in Taiwan island. There are three major seismic 
zones: western seismic zone, eastern seismic zone and 
northeastern seismic zone (Ye and Huang, 1992). 

The epicenter of Jiji MW7.6 earthquake was just lo-
cated in the middle segment of western seismic zone 
(Figure 2), and it is the most intensive earthquake in the 
historical records in Taiwan (Table 2). Stretching in the 
NNE trend in the coastal plain area along the west margin 
of Taiwan, the western seismic zone is approximately 
parallel to the axial line of Taiwan island. With a width of 
80 km, it starts from Taipei and passes through Hsinchu, 
Taichung, Chia-i to Tainan, covering the large area on the 
south of Taoyuan county and Pingtung county in the 
western part of Taiwan. Four M≥7 earthquakes occurred 
here since 1900, amounting to 40% of the M≥7 earth-
quakes in Taiwan. The M7.3 earthquake near Taipei in 
1909, the M7.1 earthquake near Taichung in 1935, the 
M7.0 earthquake near Tainan in 1941 and the M7.0 
earthquake to the southeast of Tainan in 1964, manifest a 
transfer line of M7 earthquakes with time from the north 
to the south along the western seismic zone, while the Jiji 
earthquake turned back northwards from this line to the 
middle segment of the western seismic zone. The time 
interval is 64 years and the spatial span is about 

  

Figure 1 Spatial distribution of M≥7 earthquakes in Taiwan 
island from 1900 to 1999 (from China Earthquake Networks). 
The four earthquakes denoted by solid circles manifest a trans-
fer line of M7 earthquakes with time from the north to the south 
along the western seismic zone. 

Figure 2  Spatial distribution of M≥6 earthquakes in 
Taiwan island from 1900 to 1999 (from China Earthquake 
Networks). The rectangular denotes the western seismic 
zone of Taiwan island. 
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Table 2 M≥7 earthquakes occurred in Taiwan island 

No. 
Date  

 a-mo-d 
Lat./°N Long./°E M Location 

1 1902-11-21 23.0 121.0 7.2 NW to Taitung 
2 1909-04-15 25.0 121.5 7.3 Near Taipei 
3 1935-04-21 24.3 120.8 7.1 Near Taichung 
4 1936-08-22 22.3 120.8 7.2 N to Hengchun 
5 1941-12-17 23.3 120.3 7.0 Near Tainan 
6 1951-10-22 23.7 121.3 7.2 Near Fenglin 
7 1951-10-22 23.8 121.3 7.1 Near Fenglin 
8 1964-01-18 23.2 120.6 7.0 SE to Tainan 
9 1994-06-05 24.8 121.7 7.0 N to Ilan 

10 1999-09-20 23.9 120.8 7.6 Near Jiji 

 
40 km to the M7.1 earthquake in 1935 (Figure 1). In 
addition, it should be pointed out that the epicenter of 
the M6.2 earthquake occurred on January 5, 1917 almost 
coincided with the epicenter location of the MW7.6 
earthquake occurred on September 21, 1999. The time 
interval between the two earthquakes is 82 years.  

3 M≥5 seismicity gap and M≥4 seismic 
quiescence before the Jiji earthquake 
3.1 Data source 

The earthquake catalogues used in the paper are 
China Earthquake Catalogue (23 Century BC–1969) 
(Gu, 1983a), China Earthquake Catalogue (1970–1979) 
(Gu, 1983b), China Historical Strong Earthquake Cata-
logue (23 Century BC–1911) (Department of Seismic 
Hazard Prevention, China Seismological Bureau, 1995), 
China Current Earthquake Catalogue (1912–1990) 
(Department of Seismic Hazard Prevention, China 
Seismological Bureau (1999) and China Earthquake 
Catalogue Monthly edited by Center for Analysis and 
Prediction, China Earthquake Administration.  

The above-mentioned literatures are the earthquake 
catalogues widely used in the seismological circle in 
China at present. The seismic basic parameters of time, 
location and magnitude of M≥5 earthquakes are taken 
from the former four literatures and the basic parameters 
of M<5 earthquakes are drawn from the China Earth-
quake Catalogue Monthly edited by Center for Analysis 
and Prediction of China Earthquake Administration. One 
of the principles for compiling the China Earthquake 
Catalogue Monthly is that the basic parameters of M≥5 
earthquakes are from the data observed by China Earth-
quake Networks and those of M<5 earthquakes are from 
the data obtained by the regional earthquake networks. 
3.2 Data analysis and results 

From the analysis of time sequence and spatial 

pattern of seismic activities occurred in Taiwan before 
the 1999 Jiji MW7.6 earthquake, it has been discovered 
that the seismicity in the central part of Taiwan is char-
acterized by the following obvious anomalies. 

In the first 50 years of the 20th century, the M≥6 
seismic activities were quite active along the western 
seismic zone with an average interval of less than 2 
years and the maximum intensity of M7.1. After that, 
the intensive seismicity turned to be quiescent gradually. 
In the period from 1965 to 1997, along the western 
seismic zone, only one M6 earthquake occurred on 
March 12, 1991 to the east of Tainan. 14 months before 
the Jiji MW7.6 earthquake, a M6.3 earthquake occurred 
on July 12, 1998 in Chia-i county, which is about 40 km 
from the epicenter of Jiji earthquake. In the period of 
about 100 years, the seismicity in the western seismic 
zone went through a process of activeness – quietness – 
intensiveness (Figure 3). 

 

Figure 3 Time sequence of M≥6 earthquakes occurred since 
1900 along the western seismic zone of Taiwan island. 

Consistent with the M≥6 seismic quiescence along 
the above-mentioned western seismic zone, an elliptic 
seismicity gap of M≥5 earthquakes (indicated by circles 
in Figure 4) had formed gradually in the central part of 
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Taiwan in a period as long as 24 years. This seismicity 
gap remained for eight years till the occurrence of 1999 
Jiji MW7.6 earthquake. With a length of 140 km for its 
major axis and a trend of NW, this elliptic seismicity 
gap obliquely crossed with the western seismic zone. 

And it is consistent with the trend of relative movements 
of the Eurasia plate and the Philippine Sea plate in the 
southwestern part of Taiwan. After the occurrence of Jiji 
MW7.6 earthquake, aftershocks (shown by solid circles 
in Figure 4) filled the gap. 

 

Figure 4 Distribution pattern and seismicity gap of M≥5 earthquakes occurred in Taiwan island since October of 1967. 

Considering from a time scale of several years, the 
M≥4 seismicity was relatively quiescent (the solid cir-
cles in Figure 5) since the year 1997 in the northwestern 
part of Taiwan (the rhombic area in Figure 5) till the 
occurrence of the 1999 Jiji MW7.6 earthquake. The qui-
escence was as long as 32 months, while before the year 
1997, M≥4 earthquakes frequently occurred in this area 
(the circles in Figure 5).  

The seismic quiescent area is rather large, but it can 
be seen clearly from the time sequence of M≥4 earth-
quakes shown in Figure 6 that the distribution of earth-
quakes occurred in the past are basically homogeneous. 
However, the M≥4 seismicity suddenly disappeared be-
fore the Jiji MW7.6 earthquake, showing a kind of ten-

dency variation of M≥4 seismicity pattern. Moreover, 
the M≥4 seismic quiescence appeared in the period be-
fore 1991 shown in Figure 6 might be related to the 
M6.0 earthquake occurred to the east of Tainan on 
March 12, 1991. 

The Jiji MW7.6 earthquake occurred in the eastern 
part of M≥5 seismicity gap and at the southern end of 
M≥4 seismic quiescent area. The seismicity on the south 
side of the quiescent area is stronger than that on the 
north side. The M6.3 earthquake occurred on July 17, 
1998 in Chia-i county, which is about 40 km to the 
south of Jiji MW7.6 earthquake’s epicenter, indicates that 
the rupture process of regional medium has a trend of 
extending from the south to the north. It is interesting  
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Figure 5 M≥4 seismic quiescent area near the epicenter of 1999 Jiji MW7.6 earthquake since 1997.

 

Figure 6 Time sequence of M≥4 earthquakes occurred in the 
seismic quiescent area since 1970. 

to note that, in the results obtained from the study on the 
Jiji earthquake sequence and the focal rupture process 
reported by Xu et al (1999), the M≥4.5 aftershocks of 
Jiji MW7.6 earthquake are generally distributed along the 

zone with a length of 100 km to the north of the main-
shock. The rupture extends basically from the south to 
the north along one side. Huang (2000) reconstructed a 
2-D spatial seismic wavefield with the data of strong 
ground motion. The result indicates that after the initial 
rupture of Jiji earthquake, the focal rupture spreads to-
wards the north end of the fault, resulting in the asym-
metric propagation of wavefront from the fault plane to 
the northwest direction.  

Qualitative analysis considered that the M≥5 seis-
micity gap and the M≥4 seismic quiescence appeared 
before the Jiji MW7.6 earthquake might be related to the 
seismogenic mechanical condition of a great earthquake, 
and its spatial range is related to the seismogenic body 
to a certain extent. The anomalous variation in the spa-
tial pattern of regional seismicity before an earthquake 
is well consistent with the coseismic focal rupture proc-
ess in a certain sense. 
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4 Discussion and conclusions 
It is well known that the seismicity gap hypothesis 

was proposed respectively by Fedotov (1965) and Allen 
et al (1965) based on the study of space-time pattern of 
earthquakes occurred along the marginal seismic zones 
of the Pacific plate. From then on, many seismologists 
have made extensive studies on seismicity gap and pro-
posed different viewpoints (e.g., Sykes, 1971; Kelleher 
et al, 1973; Kagan and Jackson, 1991; Nishenko and 
Sykes, 1993). The pattern of regional seismicity gap 
appearing before a great earthquake is a kind of mani-
festation of stress concentration in the seismogenic 
process, reflecting the secular development and varia-
tion of stress and strain in the seismogenic zone. And 
the seismic quiescence before great earthquakes is listed 
as one of the five basic precursors by IASPEI. This kind 
of phenomenon can be found before many great earth-
quakes. For example, Wang et al (1998), Wang and 
Zhao (1998) proposed that before the Zhangbei M6.2 
earthquake occurred on January 10, 1998 in China, there 
was a M≥4 seismic quiescence lasting as long as eight 
years near the epicenter. However, there are also nega-
tive examples. A number of moderately strong earth-
quakes did not occur in the seismicity gap. Some of them 
occurred in the location with continuously strengthening 
seismic activities and some of them occurred in the lo-
cation without corresponding pre-earthquake precursory 
seismicity in the vicinity of epicenter. The possible rea-
sons are two: the first is that the earthquake is not an 
independent event but the precursor activity before a 
great earthquake; the second is the earthquake is an in-
dependent event, but the medium in the region might be 
broken (with higher inhomogeneity). In this circum-
stance, earthquake might occur while the strain has not 
accumulated to a high extent. So, stronger earthquakes 
might not occur in such an area. 

Generally speaking, the plate-margin seismicity 
gap and the intraplate seismicity gap are different in the 
spatial pattern. The former is characterized by periodic 
gap between great earthquakes (I-type gap), while the 
latter is predominated by circularly confined gap of low 
intensity under a certain space-time conditions (II-type 
gap). Considering from the regularity of seismic activity 
in the western part of Taiwan, the seismicity gap ap-
peared before the 1999 Jiji MW7.6 earthquake belongs to 
the second type. The major-axis direction of the seis-
micity gap before the Jiji MW7.6 earthquake was consis-
tent with the trend of the western seismic zone and its 

origin is closely related to the surrounding tectonic con-
ditions. It means that the stress field of the focal region 
was stable, or it was in the quasi-static stage in the de-
veloping process of a great earthquake. The M≥4 seis-
mic quiescence appeared near the epicenter of Jiji 
MW7.6 earthquake since 1997 indicates that the stress 
and strain of seismogenic medium is in a critical locked 
state in the late seismogenic period. The evolution proc-
esses of M≥5 seismicity gap and the M≥4 seismic qui-
escence have shown a better consistence with the rup-
ture process of Jiji MW7.6 earthquake, which indicates 
that an inevitable internal relationship must exist be-
tween the regional seismicity and the development of 
Jiji MW7.6 earthquake. 

The relationship between the M6.2 earthquake oc-
curred on January 5, 1917 and the MW7.6 earthquake 
occurred on September 21, 1999 will not be discussed 
here. However, this is a phenomenon occurred quite 
often in Chinese mainland. The authors have made a 
preliminary investigation that among the 19 M≥7 earth-
quakes taken place in North China since the year 1000, 
M5 or M6 earthquakes occurred before 18 of them near 
the epicenter with a time interval of several years to tens 
years.  

The authors therefore conclude from the seis-
mogenic process of the 1999 Jiji MW7.6 earthquake that 
its seismogenic mechanism has the characteristics of 
intraplate earthquake, and its variation of regional seis-
micity occurred before the earthquake is similar to those 
of the earthquakes occurred in Chinese mainland. 
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