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A B S T R A C T   

Earthquake locations are mainly determined by the strength of the rocks and the subsurface temperature. 
However, other geophysical factors may play a role in the localization of earthquakes. Noting that the anomaly in 
magnetic intensity is positive in the aseismic regions of Taiwan, we investigate the spatial correlation between 
the magnetization and earthquake locations. We estimate the magnetization from the surface down to the depth 
of 45 km from the magnetic intensity map at the surface of Taiwan. Focusing on the regions where the rocks are 
brittle and the temperature less than 450 ◦C, we find that earthquakes tend to occur in the strata with relatively- 
low magnetization. Conversely and in agreement with the observation that rocks undergo ductile deformation 
when the temperature is greater than 450 ◦C, we find that the subsurface temperature is the key determinant for 
the localization of earthquakes within regions where the temperature is higher than 450◦C. Magnetization should 
be considered as an additional parameter that governs the earthquake locations.   

1. Introduction 

Taiwan is located at the collisional plate boundary on the western 
margin of the Pacific Ocean (Hsu and Sibuet, 1995; Lacombe et al., 
2001; Lin et al., 2003). The Philippine Sea Plate interacts strongly with 
the Eurasian Plate, forming two subduction zones in the northeastern 
and southwestern parts of Taiwan. These interactions cause a great 
number of earthquakes in the surrounding area, which is well known 
globally for its high-seismicity. On average, three or four earthquakes 
with magnitude ≥6 strike this area each year (Chang et al., 2016). To 
improve the earthquake catalog in Taiwan, the number of seismometers 
increases with time. A total of 192,548 earthquakes were detected close 
to Taiwan by using dense seismic arrays comprising modern seismom
eters between 2013 and 2017 that can be retrieved from the Central 
Weather Bureau, Taiwan. We plotted those earthquakes with magni
tudes ranging from 0.03 to 7.69 occurring between 1991 and 2017 in 
Fig. 1a. It can be found that the spatial distribution of seismicity is un
even in the land areas of Taiwan. Four aseismic regions (Kuan-Yin (KY), 
Pei-Kang (PK), Kao-Ping (KP), and the Southern segment of the Central 
Range (SC); (Yen et al., 2009)) with relatively-low seismicity can be 
shown in the map (Fig. 1a). In general, seismicity activities are supposed 

to be dominated by the strength of rocks (Whitcomb et al., 1973; Leary, 
1997; Singh et al., 2011; Tarasov and Randolph, 2011; Bassett and 
Watts, 2015; Ikari et al., 2015). Rocks beneath aseismic regions are 
generally considered to be harder than their vicinity. 

Various geophysical prospection methods, such as gravity, magnetic, 
electrical, and seismic, have been employed to investigate complex 
underground geological structures (Tsai et al., 1974; Yen et al., 1998; 
Chen and Chen, 2000; Chen et al., 2001; Wang et al., 2002). An island- 
wide magnetic prospection was carried out in Taiwan in 2005 (Yen 
et al., 2009). A total of 6063 observation points was processed, mainly 
along secondary roads with a spatial interval of approximately 2 km in 
the plain areas and 5 km in the mountainous regions. A magnetic 
anomaly map of Taiwan (Yen et al., 2009; Fig. 1b) was obtained from the 
field prospection data using the standard protocols (Regan and Cain, 
1975; Barton, 1997). The magnetic anomaly in Taiwan mainly ranges 
between − 650 nT and 400 nT. The positive magnetic anomaly is roughly 
distributed around the northern (I), central (II), and southwestern (III) 
regions, the southern part of the Central Range (IV) and the eastern 
margin (V) (Fig. 1b). The positive anomaly is generally identified by the 
remains of igneous, iron-rich sedimentary rocks and intrusive magma 
(Yu and Tsai, 1979; Deschamps et al., 2000; Tong et al., 2008). In 
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contrast, the negative geomagnetic anomaly is located in the plain areas 
and in the northeastern part of Taiwan resulting from the presence of 
sediment. We compared the seismicity map with the magnetic anomaly 
map and found a spatial correlation between the aseismic regions 
(Fig. 1a) and the positive magnetic anomaly (Fig. 1b). Hsu et al. (2008) 
inverted the magnetic anomaly to obtain the equivalent crustal 

magnetization distribution in Taiwan, and found that earthquakes 
occurred in areas with relatively-low magnetization. Meanwhile, the 
correlation (i.e., a rough overlap between the aseismic regions and the 
positive magnetic anomaly) can also be found in Tang-Shan, Luan-Xian, 
Sichuan Basin, and Japan Island (Hasegawa and Yamamoto, 1994; 
Zhang et al., 1995a, 1995b; Nakatsuka et al., 2005). These suggest that 

Fig. 1. Seismicity and magnetic anomaly map of the Taiwan 
area. The seismicity map is shown in (a). Gray dots indicate the 
epicenters of earthquakes with magnitudes ranging from 0.03 
to 7.69 occurring during 1991–2017 as reported by the Central 
Weather Bureau, Taiwan. Locations of four aseismic regions 
(Kuan-Yin (KY), Pei-Kang (PK), Kao-Ping (KP) and the South
ern segment of the Central Range (SC)) are marked by blue 
text. The dotted line is the dividing line between the east and 
west of Taiwan. The magnetic anomaly map in Taiwan Island is 
shown in (b). Five profiles (AA’, BB’, CC’, DD’ and EE’) cross 
the aseismic regions and the FF’ profile is located along the 
eastern margin of Taiwan Island over the suture zone. Loca
tions of the five positive magnetic anomalies are indicated by 
I–V with dashed lines. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web 
version of this article.)   

Fig. 2. The horizontal slices of the 3-D magnetization distribution from shallow to deep depths with an interval of 3 km. The colour denotes the intensity of the 
magnetization within the underground grids. 
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magnetization would be an additional parameter that is related to the 
earthquake locations. 

In this study, we construct a 3-D magnetization structure beneath the 
study area (from latitude 21.8–25.3◦ N and longitude 120.0–122.0◦ E) 
by using the inversion method (Li and Oldenburg, 1996, 2003). Five 
profiles that cross the four aseismic regions are selected to reveal the 
relationship between the underlying magnetization structure and the 
location of earthquakes. In addition, the sixth profile, which is located 
along the suture zone between the Philippine Sea Plate and the Eurasian 
Plate, is selected to clarify the relationship between seismicity and the 
magnetization structure under distinct geological conditions. 

2. Methodology 

The inversion method proposed in Li and Oldenburg (1996, 2003) is 
utilized in this study for investigating the distribution of magnetization 
beneath the study area. The inversion work begins from a homogeneous 
initial model, which was comprised of 56 × 29 × 15 grids with a size of 
7 × 7 × 3 km3, and was set to be a zero model because the distribution of 
the underground magnetization was unclear. The thickness of the initial 
model was determined to be 45 km to fully cover the distinct Curie point 
depths (Lin, 2000; Simoes et al., 2007; Hsieh et al., 2014; Tang et al., 
2019). The differences between the observation data and the forward 
data contributed by the initial model are shown in Fig. S1. 

The magnetic anomaly on the Earth’s surface caused by underground 
magnetization can be computed by. 

MAn = dnm⋅Mm (1)  

where MAn is the magnetic anomaly (nT) in the nth datum on the Earth’s 
surface obtained from magnetic prospection using standard correction 
methods, Mm is the magnetization (A/m) in the mth grid, and dnm 
quantifies the contribution of a unit of magnetization in the mth grid to 
the nth datum (Li and Oldenburg, 1996; Luo and Yao, 2007). 

We defined a misfit function in Eq. (2) using the L2 norm of the 
difference between the observation (MAn) and the simulation (dnm ⋅ Mm), 

Fig. 3. Magnetization and P-wave velocity along the cross-section AA’. White dots indicate the hypocenters of earthquakes with magnitudes ≥2 and within a 
distance of 5 km perpendicular to the profile. 

Table 1 
Formation ages of magnetic materials in Taiwan.   

Ages (Ma) References 

KY Palaeogene (~66–23) Lin et al. (2003) 
PK Palaeogene (~66–23) Hsu et al. (1998) 
KP Miocene (~23–12) Nagel et al. (2013) 
SC Neocene (~5–0) Lin (2000) 

Eastern margin Neocene (~6.5–0) Sibuet and Hsu (1997)  
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Φ = ‖Wn(dnm∙Mm − MAn) ‖
2
2 (2)  

where Wn is a diagonal matrix, whose nth element is 1/σn and σn is the 
standard deviation of the nth datum. Wn is generally set to be a unit 
matrix due to the unknown deviation of the magnetic anomaly. A 
minimum model constraint (‖Z(Mm − Mref)‖2

2) in Eq. (3) was applied to 
suppress the non-uniqueness problem in the inversion process. We then 
rewrote Eq. (2) as 

Φ = ‖Wn(dnm∙Mm − MAn) ‖
2
2 + μ∙‖Z(Mm − Mref) ‖

2
2 (3)  

where μ is the regularization factor utilized to balance the weighting 
between the data misfit and model constraint, the Mref is a reference 
model, and Z is the depth weighting matrix that given by: 

Fig. 4. Magnetization and P-wave velocity along the cross-section BB’. White dots indicate the hypocenters of earthquakes with magnitudes ≥2 and within a distance 
of 5 km perpendicular to the profile. 

Fig. 5. Magnetization and P-wave velocity along the cross-section CC’. White 
dots indicate the hypocenters of earthquakes with magnitudes ≥2 and within a 
distance of 5 km perpendicular to the profile. 

Fig. 6. Magnetization and P-wave velocity along the cross-section DD’. White dots indicate the hypocenters of earthquakes with magnitudes ≥2 and within a 
distance of 5 km perpendicular to the profile. 
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Z =
1

(zm + z0)
(3/2) (4) 

Where zm is the center depth of the mth grid; z0 is a constant which is 
set to be zero in this study. The depth weighting matrix is used to avoid 
the over-concentration of the magnetization close to Earth’s surface (Li 
and Oldenburg, 1996). The reference model (Mref) is given by a homo
geneous model of zero to avoid the effect of an artificial factor due to 
subjective uncertainty. In addition, we constrained the magnetization of 
the underlying materials by using positive values through the logarith
mic barrier method (Li and Oldenburg, 2003; Li et al., 2018) to adapt 
nature. The formula was then rewritten as 

Φ = ‖Wn(dnm∙Mm

− MAn) ‖
2
2 + μ∙‖Z(Mm − Mref) ‖

2
2 − 2λ(ln(Mm)+ ln(Mmax − Mm) ) (5)  

where λ is the barrier parameter and Mmax is the limitation of the 
magnetization maximum in each grid. The Gauss-Newton method was 
utilized to find the optimal solutions of Eq. (5) by minimizing Φ through 
the iteration process. The preconditioned conjugate gradient (PCG) 
method (Pilkington, 1997; Li and Oldenburg, 2003) was used to deter
mine the changes in Mm during the iterative process. 

In practice, the selection of the regularization factor (μ) at Eq. (5) is 
more flexible that often dominates the depth of magnetization in 
inversion results. Hansen and O’Leary (1993) used the L-curve criterion 
to choose an optimal regularization factor. The L-curve is constructed by 
the misfit functions versus to the minimum models that are computed by 
using a series of regularization factors. The optimal regularization factor 
is determined by the inflection point of the L-curve. In this study, μ is 
given from 150 to 3000 to construct the L-curve and the optimal regu
larization factor is determined as 500 (Fig. S2). 

3. Inversion results 

The 3-D magnetization structure was obtained after 40 iterations 
(Fig. S3) with the Gauss-Newton method. The differences between the 
magnetic anomaly calculated from the inversion results and the obser
vation data are generally ranging from − 0.3 nT to 0.2 nT (Figs. S4 and 
S5). This suggests that the inversion results do show a potential distri
bution of the magnetization beneath the area around Taiwan. Fifteen 
horizontal slices of the 3-D magnetization structure from the surface to 
the depth of 45 km with an interval of 3 km are shown in Fig. 2. Ma
terials with a high level of magnetization cluster beneath the KY, PK, KP, 
SC, and the eastern margin of Taiwan, at a depth ranging from about 6 

Fig. 7. Magnetization and P-wave velocity along the cross-section EE’. White dots indicate the hypocenters of earthquakes with magnitudes ≥2 and within a distance 
of 5 km perpendicular to the profile. 

Fig. 8. Magnetization and P-wave velocity along the cross-section FF’. White dots indicate the hypocenters of earthquakes with magnitudes ≥2 and within a distance 
of 5 km perpendicular to the profile. 
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km to 36 km. The aseismic regions located above the highly magnetized 
materials confirms the findings through comparison between Figs. 1 and 
2. 

The KY high region associated with the AA’ profile is shown in Fig. 3. 
The KY high region was forged in the Palaeogene (Table 1), due to the 
uplift of the magnetic basement (Lin et al., 2003). Earthquakes around 
the AA’ profile locate close to the volcanic neck and magma reservoir of 
the Tatun Volcano Group (Konstantinou et al., 2007), which is far from 
the KY region. The relatively-high level of magnetization mainly dis
tributes at both sides of the earthquake cluster between 3 km and 15 km 
in depth (Fig. 3b). The P-wave velocity increases with the depth of the 
AA’ profile (Fig. 3c). No significant lateral change in the P-wave velocity 
can be found from the AA’ profile. Earthquake locations are difficult to 
be directly referred to changes in the P-wave velocity. 

The BB’ (Fig. 4) and CC’ (Fig. 5) profiles cross the PK aseismic region 
in the west of Taiwan. The PK basement high is over the eastern end of 
the positive magnetic anomaly belt from the Taiwan Strait (Hsu et al., 

1998; Doo et al., 2015). The materials with a relatively-high level of 
magnetization in the PK aseismic region locate at depths from 12 km 
down to about 36 km (Figs. 4b and 5b). The highly magnetized materials 
are referred to igneous rocks that were formed during the Paleocene (Lee 
and Din, 1993; Lee, 1996, also listed in Table 1). Locations of the 
earthquakes are distant from these magnetic materials. The strong 
basement rocks of the PK region can be characterized by the relatively- 
high level of P-wave velocity (Figs. 4c and 5c). Earthquakes usually 
occur around the depths with the P-wave velocity of ~5 km/s due to the 
series of décollements at the shallow and friable sediment layers formed 
by orogeny in the west of Taiwan (Suppe, 1981). 

The underground magnetization distribution, earthquake locations, 
and P-wave velocity structure beneath the SC region are shown in the 
BB’ and DD’ profiles (Figs. 4 and 6). Figs. 4b and 6b reveal that the 
relatively-high level magnetization roughly distributes at depths from 
12 km to 30 km underlying the SC region. The existence of the relatively- 
high level magnetization agrees with the magnetic anomaly map (Yen 
et al., 2009; Chen et al., 2021). Few earthquakes locate in the region 
with highly magnetic materials. The SC region is composed of the 
Paleogene metamorphic rock basement (Yu et al., 1997). The P-wave 
velocity underlying the SC region shows a relatively-low level that 
ranges from about 4 km/s to 7 km/s. Earthquakes distributions locate at 
shallow depths (3 km–18 km) with the P-wave velocity of about 5 km/s 
to 6 km/s (Fig. 6c). 

The southwest Taiwan around the EE’ profile (Fig. 7) is filled with 
thick sediments formed in Miocene (Nagel et al., 2013; also listed in 
Table 1). The materials with relatively-high magnetization beneath the 
KP aseismic region in southwestern Taiwan distribute at depths from 9 
km to 24 km (Fig. 7b). Hypocenters of earthquakes are located away 
from regions with high-level magnetization. Horng et al. (1992) re
ported that greigite/pyrrhotite-bearing materials exist beneath the KP 
region, and the relatively-high level of magnetization is caused by these 
magnetic materials. The low P-wave velocity is supposed to be related to 
the thickly sedimentary strata around the KP region (Fig. 7c). Earth
quakes seem to occur around strata with the P-wave velocity of 6 km/s 
(Fig. 7c). 

In short, the four aseismic regions consist of strong basements or 
thick sediments. Earthquakes roughly locate in areas with a relatively- 
low level of P-wave velocity. However, earthquakes cluster in a partic
ular region beneath the AA’ profile in Fig. 3 and in the two places un
derlying the CC’ and DD’ profiles in Figs. 5 and 6 without significant 

Fig. 9. The relationship between the average number of earthquakes and the 
normalized magnetization in Taiwan. The blue, red and black lines show the 
relationship in the west and the east of Taiwan, and along the FF’ profile, 
respectively. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 

Fig. 10. The thermal gradients (Lee and Cheng, 1986) in the Taiwan area are shown in (a). The open circles indicate the measuring points. The black dashed line 
roughly indicates the eastern margin of the Central Range. Areas enclosed by red lines with the marks of I, II, III, and IV is the four regions with high geothermal 
gradients. The GG’ line indicates the location of the temperature structure which are shown in (b). (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 
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lateral changes in the P-wave velocity. This suggests that earthquake 
distributions are not only governed by the strength of rocks but also by 
other geophysical parameters. Significant lateral changes beneath the 
four aseismic regions can be observed in the magnetization structure. 
Earthquakes roughly distribute away from the relatively-high level 
magnetizations. It suggests that the magnetization would be an addi
tionally promising parameter dominating earthquake locations. 

In terms of the FF’ profile (Fig. 8), the relationships among the P- 
wave velocity, the magnetization, and earthquake locations are unclear 
due to complex geological structure. The eastern margin is the youngest 
part of Taiwan that formed in the Neocene (Table 1), a series of volcanic 
islands lie on the Philippine Sea Plate that moves northward to Taiwan 
Island at a rate of 8.2 mm/y (Yu et al., 1997). Materials with a relatively- 
high level of magnetization roughly located at from 12 km to 40 km in 
depth (Fig. 8b) that is mainly caused by the igneous rocks formed by the 
cooling and precipitation of the intruded magma. P-wave velocity shows 
a relatively-high level underlying the eastern margin of Taiwan (Fig. 8c). 
Earthquakes around the FF’ profile roughly distribute in areas with 
relatively-low magnetization and relatively-low level of P-wave veloc
ity. An obvious exception, which earthquakes locate close to areas with a 
relatively-high level of magnetization and P-wave velocity (Fig. 8b and 
c), is found in the northern part of the FF’ profile. Complex results 
suggest that multiple parameters dominate earthquake locations. 

4. Discussion 

Earthquakes seem to occur away from strata with relatively-high 
magnetization in the studied profiles. We further examine the relation
ship between the magnetization from the inversion results and earth
quakes with magnitudes are greater than or equal to 2 occurring in 
onshore Taiwan Island between 1991 and 2017. We normalized the 
magnetization by using the difference between the maximum and the 
minimum to mitigate the discrepancy in ranges of the magnetization 
values underlying distinct examined regions for faire comparison. The 
normalized magnetizations were further classified into 10 groups from 
0 to 1 with an interval of 0.1. We computed the average number of 
earthquakes from the total count in each grid with the normalized 
magnetization that belongs to a particular classified group. The 

proportional relationships suggest that earthquakes occur away from 
strata with relatively-low magnetization. In contrast, the inversely 
proportional relationships suggest that earthquakes occur away from 
strata with relatively-high magnetization. In the west of Taiwan, the 
average number of earthquakes is inversely proportional to the 
normalized magnetization (Figs. 1a and 9). The inversely proportional 
relationship roughly agrees with the observation from the profiles 
(Figs. 3-7). However, the average number is roughly proportional to the 
normalized magnetization in the east of Taiwan (Figs. 1a and 9). We 
further examine the relationship associated with the suture zone (Chen, 
2008) around the FF’ profile (Figs. 1b and 9), and the inversely pro
portional relationship can be found with the normalized magnetization 
between 0.15 and 0.45. In contrast, the proportional relationship is 
observed for the normalized magnetization ranged between 0.45 and 
0.95. The analytical results around the FF’ profile comprise the re
lationships from the both sides of it due to the suture zone. This suggests 
that the opposite relationships from the west and east of Taiwan should 
be the fact and other factors would dominate earthquake distribution. 

Fig. 10a shows the reproduced data of the geothermal gradients from 
Lee and Cheng (1986) in Taiwan. The geothermal gradients in the west 
of Taiwan are generally lower than them in the east (also see Chen, 
2008). The difference of the geothermal gradients in the west and east of 
Taiwan suggests that the subsurface temperature would be one of the 
potential factors dominating earthquake distribution. We examine the 
relationship between the earthquake numbers and the magnetization 
underlying the four regions (marked by I, II, III, and IV in Fig. 10a) with 
relatively-high geothermal gradients around the FF’ profile. The 
inversely proportional relationships between the average number of 
earthquakes and the normalized magnetization were found in the region 
I, III, and IV (Fig. 11a, c, d) that agree with what is observed in the west 
of Taiwan. For the region II, the average number of earthquakes is 
roughly proportional to the normalized magnetization (Fig. 11b). To 
expose the causal mechanism behind, we further examine the relation
ship between the normalized magnetization and the average number of 
earthquakes for the strata from the surface to the bottom boundary 
varying from 3 km to 45 km with a step of 3 km (Fig. S6) beneath the 
region II. The inversely proportional relationship between the average 
number of earthquakes and the normalized magnetization gradually 

Fig. 11. The relationships between the average number of 
earthquakes and normalized magnetization in the four regions 
with high geothermal gradients. The relationships in the region 
I, II, III, and IV are shown in (a), (b), (c) and (d), respectively. 
In each subgraph, the gray dashed line represents the original 
relationship; the red solid line represents the relationship after 
the three-point moving average. (For interpretation of the 
references to colour in this figure legend, the reader is referred 
to the web version of this article.)   
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disappears at the depth of 15 ± 3 km (Fig. S6). This suggests that the 
inversely proportional relationship certainly exists in the shallow depth 
but the subsurface temperature dominates earthquake in the deep depth. 

We retrieved the subsurface temperature (Fig. 10b) along the GG’ 
profile (Fig. 10a) from the numerical model proposed in Simoes et al. 
(2007). The temperature underlying the region II is ~450 ◦C at the depth 
of 15 km. We thus re-examine the relationship between the normalized 
magnetization and the average number of earthquakes for the depths 
with subsurface temperature is lower than ~450 ◦C in the three study 
regions (i.e., the west and east of Taiwan and the Central Range with the 
numerical model proposed in Simoes et al., 2007). Note that the esti
mation of the depth with the temperature ~ 450 ◦C for exterior areas of 
the numerical model proposed in Simoes et al. (2007) is based on an 
assumption of 0 ◦C in the subsurface with a constant value of the 
geothermal gradient from Lee and Cheng (1986). The average number of 
earthquakes is inversely proportional to the normalized magnetization 
for the underlying strata from subsurface to the depth of the temperature 
threshold in the three regions (Fig. 12a). In contrast, the temperature 
replaces the magnetization to examine the relationship between the 
average number of earthquakes and the normalized temperature by 
using the same method for the underlying strata which is deeper than 

the depth of the temperature threshold to the bottom (i.e., 45 km) in the 
three regions. The average number of earthquakes is inversely propor
tional to the normalized temperature, which is also obtained in the three 
regions (Fig. 12b). The problems of the opposite relationships in Figs. 9 
and 10 can be partially resolved when the temperature threshold of 
~450 ◦C is considered. We further examine the average number of 
earthquakes and the normalized temperature which is lower than the 
threshold of ~450 ◦C and the results are shown in Fig. 12c. However, the 
average numbers increase with the normalized temperature of < ~0.5 
which is different from the common sense. Scott et al. (2015) found that 
the brittle to ductile transition temperature 450 ◦C is a critical temper
ature controlling the formation of supercritical resources. This suggests 
that earthquake distributions are dominated by the subsurface temper
ature of > ~450 ◦C when the rocks transform from brittle to ductile. 

5. Conclusion 

The strength of rocks is the major factor that governs earthquake 
locations. However, earthquakes usually cluster in particular regions 
without obvious lateral changes in the P-wave velocity. Earthquakes 
mainly distribute away from areas with a relatively-high level of 

Fig. 12. The relationships among the average number of earthquakes, the normalized magnetization and the normalized temperature. (a) shows the relationship 
between the average number of earthquakes and the normalized magnetization for the depths with the subsurface temperature is lower than 450 ◦C in the west (blue 
line), the east (red line), and the Central Range (black line) of Taiwan, respectively. (b) shows the relationship between the average number of earthquakes and the 
normalized temperature for the depths with the subsurface temperature is greater than 450 ◦C in the west (blue line), the east (red line), and the Central Range (black 
line) of Taiwan, respectively. (c) shows the relationship between the average number of earthquakes and the normalized temperature for the depths with the 
subsurface temperature is lower than 450 ◦C in the west (blue line), the east (red line), and the Central Range (black line) of Taiwan, respectively. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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magnetization when subsurface temperature is lower than ~450 ◦C. 
When subsurface temperature is greater than ~450 ◦C, earthquakes 
roughly locate in strata with relatively-low level of temperature. 
Magnetization and subsurface temperature dominate earthquake loca
tions when rocks are brittle and ductile, respectively. Earthquake loca
tions are governed by the well-known factor of the strength of rocks 
accompanying with the magnetization and subsurface temperature. In
vestigations of the magnetization and temperature underground provide 
an opportunity to understand the earthquake distributions, which is 
advantageous in conducting risk assessments of the occurrence of 
earthquakes. 
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