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Abstract: The earthquake that occurred on September 26, 2019, at 08:46:45 WIT with a 
magnitude of 6.5 on the Richter Scale in parts of West Seram Island facing Ambon Island 
suddenly shook the area around the epicenter. The purpose of this study was to determine 
the CSC of the SBB – Ambon Island earthquake in 2019 and the effect of the main earthquake 
stress release on aftershocks. The results showed that the main SBB earthquake - Ambon 
Island on September 26, 2019, with a depth of 12.7 km, caused aftershocks. In the decreasing 
lobe, the Coulomb stress value changes from around -0.1 bar to 1.0 bar which is located on 
the right and left of the fault plane at a depth of up to 30 km. The distribution of Coulomb 
stress changes in the SBB earthquake - Ambon Island is depicted by the dominant positive 
lobe occurring at the side end of the fault plane, while the dominant negative lobe occurs in 
the area perpendicular to the fault plane due to the influence of the dominant earthquake 
source mechanism in the form of strike-slip. 
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Introduction  

 
One of the areas in Maluku Province that is prone 

to earthquakes is Seram Island. Seram Island is located 
between the confluence of the continental crust of 
Australia, the crust of the Eurasian Continent, and the 
crust of the Pacific Ocean. There are two fault systems 
that border Seram Island, namely the fault system in the 
north of Sorong and the Tarera-Aiduna fault in the 
south. Seram Island is formed from rising faults with 
sharp angles to horizontal faults and has a complex 
tectonic setting, which is generally in the form of rising 
faults and anticline axis trending northwest-southeast 
(Kumparan, 2019). 

According to the Meteorology, Climatology and 
Geophysics Agency (BMKG), the earthquake that 
occurred on Seram-Ambon Island on September 26, 
2019, was a shallow earthquake with coordinates 128.39 
˚E, 3.53 ˚S and a depth of 10 km. This is caused by the 

movement of local faults, namely horizontal faults. The 
main earthquake that occurred had a magnitude of 6.5 
on the Richter scale, and the aftershocks had the 
strongest magnitude of 5.6 on the Richter Scale 
(Sipayung, 2020). 

To understand whether an earthquake with a 
magnitude of 6.5 on the Richter scale in the West Seram 
(SBB)-Ambon Island segment changes the surrounding 
area to failure in the West Seram Bay fault system, by 
discussing the general problem of how one earthquake 
can trigger another. Earthquakes themselves occur due 
to the release of rock stress. So that when the elastic limit 
of the rock is exceeded, there is a release of energy 
because the rock is no longer able to withstand stress 
(Setiadi et al., 2017). 

To understand whether earthquakes with 
magnitude The tendency of rocks to collapse in a brittle 
manner is considered a function of shear stress and 
stress, which are generally formulated as Coulomb 
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failure criteria. It can be explored how changes in 
Coulomb conditions associated with one or more 
earthquakes can trigger subsequent events. First 
consider the appropriate Coulomb criteria for the 
production of aftershocks, where the faults most likely 
to slip are failure-oriented as a result of the prevailing 
regional stress field and stress changes caused by the 
main shock. Thus, the distribution of earthquake 
occurrence patterns can be studied using the Coulomb 
Stress Change (CSC) method approach. 
 
Method  
 
Research area 

Earthquake data collection was carried out at the 
Meteorology, Climatology and Geophysics Agency 
office, Ambon area, namely before the earthquake 
occurred until the earthquake ended. Geographically, 
the research location is located at coordinates 3°19'56.90" 
South Latitude – 3°41'20.53" South Latitude to 128° 
9'1.24" East Longitude - 128°30'38.68" East Longitude.  
 
The model of Coulomb stress change  

The shear stress t in the fracture must exceed the 
critical value T as a linear function of the normal stress. 
This is based on the Mohr-Coulomb collapse (Navas-
Portella et al., 2020, Souisa and Sapulete, 2021).  

In predicting the distribution of seismicity, a 
physical approach can be used by modeling the change 
in Coulomb stress (Cocco and Rice, 2002; Toda et al., 
2005). The calculation model using the Coulomb voltage 
change (Souisa and Sapulete, 2021) is, 

 
CSC = Dt + µ’Dsn    (1) 
 
where ∆𝜎𝑛	 is the normal stress (positive unclamping)	
and µ'= µ(1-B) is the apparent coefficient of friction of the 
fault rupture plane.  

The failure plane (Figure 1) is subjected to a 
primary stress component (sn), which can produce a 
shear stress in the failure plane. The orientation of the 
primary stress to the angle (b) in the failure plane will 
increase (s1) and decrease (s3) the stress in the failure 
plane (Souisa and Sapulete, 2021). Calculation of CSC on 
rock faults due to earthquakes depends on the geometry 
and distribution of the slip, the magnitude of the 
assumptions, the orientation of regional stresses, and the 
assumed value of the friction coefficient. In some 
earthquake events, the uncertainty of the CSC is always 
dominated by the uncertainty of the slip distribution.  

 
Figure 1. Coulomb stress calculation on failure plane by 
applying a coordinate system (King, 2014, Souisa and Sapulete, 
2021). 
 
 
Result and Discussion 
 
Data processing 

CSC modeling using fault parameter input shows 
the inversion of aftershocks promoted by positive CSC 
at shallow depths (0 – 20,0) km. The map shows the 
distribution of aftershocks M > 5.0, which is considered 
to have a greater epicenter uncertainty. This aftershock 
needs to be relocated again to improve the depth of the 
hypocenter. On the other hand, aftershocks in the 
Northwest-Southeast part of the fault (in the Seram 
Strait) are more suitable to be promoted by positive CSC 
at a normal depth of 12.7 km and carried out at a depth 
of 20.0 km. 

 
Main earthquake and aftershocks > 5.0 SR in 2019 

The main earthquake and aftershocks > 5.0 SR that 
occurred in 2019 were obtained from the results of the 
Global CMT and USGS calculations which were then 
verified with BMKG data (Table 1). Parameters from this 
earthquake are used to calculate CSC and display a 
cross-section of stress changes that occur due to 
earthquakes or display the dispersion pattern of rock 
CSC vertically based on depth. The earthquake source 
mechanism issued by the three institutions shows 
compatibility with one another, namely the earthquake 
caused by a strike-slip type fault at shallow depths in the 
crust (crustal earthquake). Calculation of the CSC and 
the effect of stress release using two types of fault 
parameters. The fault parameter in the first nodal section 
is the result of a horizontal fault in a north-south 
direction with an almost vertical dip with right lateral 
movement. And in the second nodal plane is the result 
of left-lateral movement in an East-West direction. This 
calculation uses the coefficient of friction (friction) of 0.4. 
The coefficient of effective friction is between 0.0 and 0.8 
for most faults (Lin et al., 2019). 
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Table 1. Parameters of the main earthquake and aftershocks in 2019 > 5.0 SR 
Time Epicenter (0) Depth (km) Mag (Mw) Strike (0) Dip (0) Rake (0) 
26/09/2019 128.39 dan -3.54 12.7 6.5 345 78 -174 
    253 84 -12 
27/09/2019 128.45 dan -3.54 12.0 5.5 229 40 -62 
    15 56 -111 
11/10/2019 128.28 dan -3.54 14.0 5.2 263 68 -13 
    358 78 -158 
13/11/2019 128.33 dan -3.54 13.4 5.2 270 73 -13 
    4 77 -162 
 
Model of CSC of the main earthquake on September 26, 2019 
 
a. For normal conditions (12.7 km) 

CSC model as shown in Figure 2, was carried out 
on two different fault parameters, namely strike angle, 
dip and rake with normal depth (12.7 km).  
 

 
Figure 2. CSC and cross-section of the September 26, 2019 
earthquake. (a). CSC with fault parameters (strike 345˚, dip 78˚, 
rake -174˚) at a depth of 12.7 km, (b). Cross-section with fault 
parameters (strike 345˚, dip 78˚, rake -174˚) at a depth of 12.7 
km, (c). CSC with fault parameters (strike 253˚, dip 84˚, rake -
12˚) at a depth of 12.7 km, (d). Cross-section with fault 
parameters (253˚ strike, 84 dip, -12˚ rake) at a depth of 12.7 km. 
 

Figure 2(a) shows the shape of the fault leading 
from North-Northwest to South-Southeast, and the CSC 
that occurs is quite large with a positive value (4 lobes in 
red) in the direction of North-Northwest, East-
Northeast, South -Southeast, and West, with stress 
values ranging from 0.1 bar to 1.0 bar. Meanwhile, the 
CSC that occurs is quite large with a negative value (4 
lobes in blue) in the Northwest, North-Northeast, 
Southeast - Northwest and in the Northeast - Southwest, 
with a decreasing stress change value in the range of - 
0.1 bar to -1.0 bar. As for Figure 2c, the fault points from 
East - Northeast to West - Southwest, and the CSC that 
occurs is quite large with positive values (4 lobes in red) 

in the North, South, East - Northeast, and West 
directions, with stress values ranging from 0.1 bar to 1.0 
bar. Meanwhile, there was a decrease in negative CSC (4 
lobes in blue) in the Northwest, Southeast, Northeast 
and Southwest directions, with stress values ranging 
from -0.1 bar to -1.0 bar. 

Figures 2(a) and 2(c), show that the vertical 
coulomb stress distribution pattern which shows the 
hypocenter of an earthquake with a depth of 12.7 km has 
a large enough increase in coulomb stress of about 1 bar 
(0.1 MPa) which can be This means that aftershocks are 
likely to occur with a fairly high frequency and large 
magnitude. In areas with decreased stress (blue lobes) 
tend to provide balance in areas with increased stress 
(red lobes) (Mala and Mohamad, 2020). 

For modeling the distribution of CSC in rock 
vertically with depth, a cross-section at a depth of 30 km 
and a length of 50 km was used (Figures 2b and 2d). 
When viewed from the cross-section (Figure 2(b)), the 
first aftershock occurred at a distance of 45.0 km towards 
the South with a depth of 12.7 km below the earth's 
surface. According to the cross-section, this earthquake 
is in an area of increased Coulomb stress (red lobe) it is 
possible that the earthquake was triggered (triggered) by 
the main earthquake on September 26 which caused 
aftershocks (faults) and made it possible for another 
aftershock to occur. in the future in areas with positive 
stress at a depth of 30.0 km with a distribution of CSC 
ranging from (0.1 - 1.0) bar or equivalent to (0.01 - 0.1) 
MPa. The same thing is also seen in the cross-section 
(Figure 2(d)), and the difference is that the first 
aftershocks occurred at a distance of 40.2 km towards the 
South with a depth of 30.0 km below the earth's surface. 

 
b. Depth variation (10.0 km and 20.0 km) 

The modeling of CSC as shown in Figure 3, was 
carried out in one nodal plane with fault parameters 
such as strike 253˚, dip 84˚, rake -12˚ with a depth of 10.0 
km, and fault parameters in the form of strike 345˚, dip 
78˚, rake -174˚ with a depth of 20.0 km. Figure 3(a) shows 
the shape of the fault leading from North - Northwest to 
South - Southeast, and the CSC that occurs is quite large 
with positive values (4 lobes in red) in the East, West, 
North - Northwest, and South - Southeast, with the 
stress value increasing from 0.1 bar to 1.0 bar. 
Meanwhile, the CSC that occurs is quite large with 
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negative values (4 lobes in blue) in the Northwest, 
Southeast, Northeast, and Southwest directions, with 
the stress value decreasing from -0.1 bar to -1.0 bar.  

 
Figure 3. (a). CSC with fault parameters (strike 345˚, dip 78˚, 
rake -174˚) with a depth variation of 10.0 km, (b). Cross-section 
with fault parameters (strike 345˚, dip 78˚, rake -174˚) with a 
depth variation of 10.0 km, (c). CSC with fault parameters 
(strike 345˚, dip 78˚, rake -174˚) with a depth variation of 20.0 
km, (d). Cross-section with fault parameters (strike 345˚, dip 
78˚, rake -174˚) with a depth variation of 20.0 km. 
 

As for Figure 3c, the fault points from North - 
Northwest to South - Southeast, and the CSC that occurs 
is quite large with positive values (4 lobes in red) in the 
East, West, North - Northwest, and South - Southeast 
directions with an increase in the value of the change in 
stress ranges from 0.1 bar to 1.0 bar. CSC that occurs is 
quite large with negative values (4 lobes in blue) being 
in the West-Northwest, East-Southeast, North-
Northeast, and in the South-Southwest direction, with a 
decrease in the value of the stress change from -0 .1 bar 
to -1.0 bar. 

For modeling the distribution of CSC in rock 
vertically with depth, a cross-section at a depth of 30.0 
km and a length of 50.0 km (Figures 3b and 3d). If 
viewed from the cross-section (Figure 4.3(b)), the first 
aftershock occurred at a distance of > 50.0 km tending to 
the south with a depth of 30.0 km. The same thing is also 
seen in the cross-section (Figure 3(d)), and the difference 
is that the first aftershocks occurred at a distance of < 
35.5 km tending to the north with a depth of 30.0 km. By 
cross-section, this earthquake is located in the relaxation 
area which allows the probability of failure to be greater, 
so the occurrence of earthquakes that may occur in the 
relaxation area tends to increase. 

 
The model of CSC for the September 27, 2019, aftershock 
a. For normal conditions (12.0 km) 

The earthquake that occurred on September 27, 
2019 with Mw 5.5 on the Richter Scale was influenced by 
a strike-slip fault as shown in (Figure 4), the change in 
rock stress resulted in a change pattern displayed in the 

positive lobe area indicating an increase in Coulomb 
stress and in the lobe area. negative indicates a decrease 
in Coulomb stress. 

 
Figure 4. CSC and cross-section of the September 27, 2019 
earthquake. (a). CSC with fault parameters (strike 229˚, dip 40˚, 
rake -62˚), at a depth of 12.0 km, (b). Cross-section with fault 
parameters (strike 229˚, dip 40˚, rake -62˚), at a depth of 12.0 
km, (c). CSC with fault parameters (strike 15˚, dip 56˚, rake -
111˚) at a depth of 12.0 km, (d). Cross-section with fault 
parameters (strike 15˚, dip 56˚, rake -111˚) at a depth of 12.0 km. 

 
The CSC model as shown in Figure 4, was carried 

out on two different fault parameters with a depth of 
12.0 km. Figure 4. (a) shows the shape of the fault leading 
from Southwest to Northeast and the change in 
Coulomb stress that occurs is quite large with positive 
values (3 lobes in red) in the Northeast, West and 
Southwest directions, with stress values increasing from 
0 .1 bar to 1.0 bar. Meanwhile, the CSC that occurs is 
quite large with a negative value (2 lobes in blue) in the 
Northwest and Southeast directions with the stress 
value decreasing from -0.1 bar to -1.0 bar. As for Figure 
4c, the fault is from Northeast to Southwest, and the CSC 
that occurs is quite large with a positive value (2 lobes in 
red) in the Northeast and South-Southwest directions, 
with the stress value increasing from 0.1 bar to 1.0 bar. 
Meanwhile, the CSC that occurs is quite large with a 
negative value (2 lobes in blue) in the Northwest and 
Southeast directions with the stress value decreasing 
from -0.1 bar to -1.0 bar. 

Based on the cross-section (Figure 4. (b)), the first 
aftershocks occurred at a distance of < 30.0 km in the 
direction of South and North with a depth of 30.0 km 
below the earth's surface. The same thing is also seen in 
the cross-section (Figure 4. (d)), and the difference is that 
the first aftershock occurred at a distance of < 28.0 km in 
the direction of South and East with a depth of 30.0 km 
below the earth's surface. Following the cross-section, 
this earthquake is in an area of increased coulomb stress 
(red lobe) it is possible that the earthquake was triggered 
by the main earthquake which caused aftershocks and 
allowed another aftershock to occur again in the future. 
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b. Depth variation (10.0 km and 20.0 km) 

The modeling of CSC as shown in Figure 5, was 
carried out on fault parameters (strike 229˚, dip 40˚, rake 
-62˚) with depth variations of 10.0 km and 20.0 km. 
Figure 5. (a) shows the shape of the fault leading from 
Southwest to Northeast, and the CSC that occurs is quite 
large with positive values in the North and South 
directions, with stress values increasing from 0.1 bar to 
1.0 bar. Meanwhile, the change in Coulomb stress that 
occurs is quite large with negative values in the 
Northwest and Southeast directions with the stress 
value decreasing from -0.1 bar to -1.0 bar. As for Figure 
5.c, the fault is from Southwest to Northeast and the CSC 
that occurs is quite large with positive values in the 
Northeast and South-Southwest directions, with stress 
values increasing from 0.1 bar to 1.0 bar. While the CSC 
that occurs is quite large with negative values in the 
Southwest and Southeast directions with the stress value 
decreasing from -0.1 bar to -1.0 bar. 

If viewed from the cross-section (Figure 5(b)), the 
first aftershock occurred at a distance of about 28.0 km 
in a south direction with a depth of 30.0 km below the 
earth's surface, although the cross-section shows that 
this earthquake was in an area relaxation which allows 
the probability of failure to increase, so that the number 
of earthquakes that may occur in the relaxation area 
tends to increase. The same thing is also seen in the 
cross-section (Figure 5(d)), and the difference is that the 
first aftershock occurred at a distance of about 38.5 km 
towards the North with a depth of 20.0 km below the 
earth's surface. According to the cross-section, this 
earthquake is in an area of increased coulomb stress (red 
color) which means that it is possible that the earthquake 
was triggered by the main earthquake that caused 
aftershocks and it is still possible for another aftershock 
to occur. 

 

 
Figure 5. CSC and cross-section of the September 27, 2019 
earthquake. (a). CCS with fault parameters (strike 229˚, dip 40˚, 
rake -62˚) with a depth of 10 km, (b). Cross-section with fault 
parameters (strike 229˚, dip 40˚, rake -62˚) with a depth of 10 
km, (c). CSC with fault parameters (strike 229˚, dip 40˚, rake -
62˚) with a depth of 20 km, (d). Cross-section with fault 

parameters (strike 229˚, dip 40˚, rake -62˚) with a depth of 20 
km. 
Implications of the 2019 Ambon tectonic earthquake on rock 
CSC and aftershocks 

The 2019 Ambon earthquake which was intraplate 
was preceded by a series of initial earthquakes 
(foreshocks). Usually, the initial earthquake appears in 
January in the northern part near the initial break of the 
main earthquake, then stops in March-May 2019. 
Foreshocks reappear in this northern zone in June-
September 2019, and their activity increases until the 
initiation of the main earthquake. This is clearly seen in 
the spatial and temporal distribution and cumulative 
number (Figure 6). 

The productivity of the aftershocks in the case of the 
2019 Ambon earthquake is quite high (Sianipar et al., 
2020). This may be caused by the main earthquake which 
has a low-stress drop value (< 0.1 MPa). According to 
Wetzler et al. (2016), earthquakes with low-stress drops 
tend to produce more aftershocks. The model shows that 
the 2019 Ambon earthquake occurred on a fault with a 
right lateral strike-slip type in a south-north direction. 
This fault is estimated to be between the islands of 
Ambon and Haruku extending to the north around the 
southwest of Kairatu, Seram Island. As mentioned 
above, the existence of strike-slip and thrust structures is 
a natural thing around Seram Island as a form of 
accommodation for complex deformations (Watkinson 
and Hall, 2017). 

 

 
Figure 6. Seismicity around the western part of Seram Island, 
Maluku, Indonesia from 1 January - 18 October 2019 (source: 
www.inatews.bmkg.go.id). Beachball shows the mechanism 
for September 26, 2019, Ambon earthquake (GCMT). 

 
The earthquake had a significant impact on the 

surrounding area, namely the stress load on the eastern 
segment of the Seram Strait fault zone had exceeded the 
threshold to trigger aftershocks (Toda et al. 2005; 
Parsons et al. 2006; Parsons et al. 2008). In addition, CSC 
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calculations show that the Ambon earthquake only 
occurred in the positive stress change area of the 2019 
Ambon main earthquake. Of course, the calculation of 
the stress change depends on the slip model, receiver 
error, and other parameters, such as depth and effective 
friction coefficient, which causes some differences. in 
displaying results (Wan et al., 2000; Miao and Zhu, 
2012). Nonetheless, it was observed that the increased 
stress in and around the epicentral area of the Ambon 
earthquake (27 September 2019) due to the 26 September 
2019 Ambon earthquake was large enough to trigger a 
series of aftershocks. The aftershock on September 27, 
2019, experienced a fault shift of 7.0 km from the main 
earthquake. 

 
Conclusion  

 
Based on the results of the research and discussion 

that have been stated, it can be concluded that: (1) The 
modeling results obtained that the main SBB earthquake 
- Ambon Island on September 26, 2019 with a depth of 
12.7 km, caused aftershocks. Modeling the main 
earthquake just above the fault plane at a depth of 12.7 
km and aftershocks of about 10.0 km and 12.0 km, the 
Coulomb stress values were identified as homogeneous 
ranging from (0.1 to 1.0) bar. Furthermore, just below the 
fault plane at a depth of about 10 km and 20.0 km, an 
area of significant increase in Coulomb stress was 
identified at (0.1 - 0.5) bar; (2) The distribution of CSC in 
the SBB - Ambon Island earthquake, in Figures 2 – 4, 
shows the dominant positive stress ranging from (0.1 - 
1.0) bar and the dominant negative stress ranging from -
0.1 bar to 1.0 bar. Most of the aftershock’s distribution is 
concentrated in the area of increased Coulomb stress 
with a range of (0.1 – 0.8) bar and is located to the 
southeast of the fault plane. 
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