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Abstract. The Sunda Strait region is the riskiest area between Java and Sumatra. The impact of seismic activities must be 

considered to reduce disaster risk. This study has answered the lack of information about detailed seismotectonic conditions 

in the Sunda Strait. It confirms geotectonic actions controlled by the Asymmetry Subduction of the Sunda Arc between Oblique 

Subduction (Sumatra) and Frontal Subduction (Java). These activities produce five main seismotectonic zones based on their 10 

respective sources: Megathrust Seismotectonic Zones, Benioff Wadati Seismotectonic Zones, Sumatra Active Fault 

Seismotectonic Zones, Lampung Block Seismotectonic Zone and Center Part of Sunda Strait Seismotectonic Zone. Based on 

these seismic source zones, the Probabilistic Seismic Hazard Analyses (PSHA) of Sunda Strait have maximum Peak Ground 

Acceleration (PGA)=0.465g, Pseudo Seismic Acceleration (PSA) Ss=0.2 second=1.114 g, PSA S1=1second=0.465g in Site 

Class SB at 7% probability in 75 years (equivalent to a mean return of 1000 years), maximum Peak Ground Acceleration 15 

(PGA)=0.484g, Pseudo Seismic Acceleration (PSA) Ss=0.2 second=1.159 g, PSA S1=1second=0.484g in Site Class SB at 2% 

probability in 50 years (equivalent to a mean return of 2500 years), Peak Ground Acceleration (PGA)=0.499g, Pseudo Seismic 

Acceleration (PSA) Ss=0.2 second=1.193g, PSA S1=1second=0.499g, in Site Class SB at 2% probability in 100 years 

(equivalent to a mean return of 5000 years). The results of this effort are expected to be used as the primary data for seismic 

risk assessment in the Sunda Strait and its surrounding area. 20 

Keywords: seismotectonic, PSHA, Sunda strait, seismic source zones  

1 Introduction 

The Sunda Strait is one of the earthquake-prone regions in western Indonesia. This strait is the gateway connecting the 

mainland of Sumatra and Java islands. The growth of strategic industries in this area is accompanied by population growth 

and the rapid development of residential areas, services, and tourism. It is considering the density of land used in the land 25 

region and its coastal zone, which are vulnerable to seismic risk. Therefore, a seismotectonic study and seismic hazard 

assessment have been conducted to prevent the effects of seismic risks. The seismotectonic in Sunda Strait can be interpreted 

as a transition zone between the oblique asymmetric subduction zone in western Sumatra and the frontal asymmetric 

subduction zone in southern Java (Huchon and Pichoen, 1984; Harjono et al., 1991). 
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Furthermore, this area's seismicity could be used as data and information about present geotectonic activities, Pramumijoyo 30 

and Sebrier, 1991. It will concisely illustrate the relationship between tectonics and the occurrence of earthquakes in particular 

regions. It presents basic information regarding the tectonic setting, the late tectonic activities, and seismicity. Nevertheless, 

this data does not automatically explain the seismic risk, but it only provides essential information for evaluating seismogenic 

sources and potential seismic hazards to mitigate the seismic risk. The seismotectonic is also used to examine many strategies, 

such as those conducted by Adinolfi et al., 2021; Rakshit et al., 2022, and their parameters and zones (Razaghian et al., 2018; 35 

Ahadov and Ozturk, 2021; Mammadli, 2022; Omishi et al., 2022). In order to create a seismic hazards map in the Sunda Strait 

region, a probabilistic seismic hazard assessment (PSHA) will be applied to the seismic hazard zonation map. Even though the 

controversy of the PSHA analysis is still debatable (Stein et al., 2011), this method is still used worldwide (e.g., Shedlock al., 

2000; Kowsari et al., 2022; Ordaz et al., 2022). Thus, this study aims to reveal the updated seismotectonic situation in Sunda 

Strait as a new insight due to the risk of seismic hazards by using PSHA as a basis for zonation.  40 

2. Data and Methods 

The geological data has been used from the systematic geological map on a scale of 1: 100.000 (Java) and 1:250.000 (Sumatera) 

published by the Center of Geological Survey, Amin et al., 1993; Andi et al., 1993. The seismicity and focal mechanism have 

been applied for the coordinate of 103° East to 107° East and 4° South to 10°30' South from the Global Centroid Moment 

Tensor (GCMT), the United States Geological Survey Earthquake Catalog and International Seismological Center  Earthquake 45 

Catalog. The seismicity of this region was collected from PDE USGS  Earthquake and Global Centroid Moment Tensor 

Catalogs at coordinates of  -10.51o to -4.071o  and 103.001o to 107o. Duration of the earthquakes catalogue is 1976 until 2022, 

range of magnitude 4.4 ≤ Mw ≤ 6.9 (309 records), 3.4 ≤ Mb ≤ 5.9 (1939 records), and 4.9 ≤ Ms ≤ 6.3 (17 records), range of 

depth 3.6 to 640.8 km. 

The research methodology started with evaluating and analyzing geological and seismicity parameters. It included an 50 

assessment of the stratigraphy and lithology, structural geology, seismicity, and focal mechanism. The earthquakes Magnitude 

Distribution for each zone attempts to determine the yearly seismicity rate for each location. Earthquakes of varying 

magnitudes may be caused by tectonic faults (i.e., magnitudes). The previous study analyzed the observations of earthquake 

magnitudes and discovered that the distribution of these earthquake sizes in an area follows a specific distribution, as shown 

by Zuniga et al., 2020; Beydokhti and Abbspour (2015), which calculated based on Gutenberg and Richter (1954) as a pioneer 55 

in this design. The distribution of these earthquake sizes in a region generally follows a particular distribution, given as follows. 

log⁡(𝑁) = 𝑎 − 𝑏𝑚          (2.1) 

N is the earthquakes rate with magnitudes greater than m, and a and b are constants. This equation is called the Gutenberg-

Richter recurrence law. The model of this distribution is one of seismic activity within the area. The a and b values, as one key 

parameter of PSHA, can be used to characterize the area. The a and b constants from equation (2.1) are estimated using 60 
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statistical analysis of historical observations in each zonation, with additional constraining data provided by other types of 

geological evidence. The a value indicates the overall rate of earthquakes in a region, and the b value indicates the relative 

ratio of small and large magnitudes.  

Since the seismotectonic and seismic source zone analyses are used as the primary data for PSHA, thus, they have been 

determined in each seismic source zone. The Probability Density Function (PDF) for magnitude M for this seismicity area with 65 

minimum magnitude mmin = 4.1 and maximum magnitude mmax = 6.5, and probabilities of occurrence for the discrete set of 

magnitudes 4 to 7 can be found as follow: 

𝐹𝑀(𝑚) ⁡⁡= 𝑃(𝑀⁡ ≤ 𝑚⁡|𝑀⁡ > ⁡𝑚𝑚𝑖𝑛)⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡ 

⁡=
𝑅𝑎𝑡𝑒⁡𝑜𝑓⁡𝐸𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒⁡𝑤𝑖𝑡ℎ⁡𝑚𝑚𝑖𝑛 < 𝑀⁡ ≤ ⁡𝑚

𝑅𝑎𝑡𝑒⁡𝑜𝑓⁡𝐸𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒⁡𝑤𝑖𝑡ℎ⁡𝑚𝑚𝑖𝑛 < 𝑀
 

=⁡
𝜆𝑚𝑚𝑖𝑛−⁡𝜆𝑚

𝜆𝑚𝑚𝑖𝑛
, 𝑚 > ⁡𝑚𝑚𝑖𝑛 (2.2) 70 

FM(m) is the Cumulative Distribution Function for M. computation of the Probability Density Function (PDF) for M by taking 

the PDF derivative. 

𝑃𝐷𝐹(𝑚) = ⁡
𝑑

𝑑𝑚
𝐹𝑚(𝑚), 𝑚 >⁡𝑚𝑚𝑖𝑛 ⁡  (2.3)  

The probabilities of occurrence of these discrete sets of magnitudes, assuming that they are the only possible magnitudes, and 

computed as follows 75 

𝑃(𝑀 = 𝑚𝑗) = 𝐹𝑀(𝑚𝑗+1) −⁡𝐹𝑀(𝑚𝑗)  (2.4) 

Where mj are the discrete set of magnitudes, ordered so that mj < mj+1, this calculation assigns the probabilities associated 

with all magnitudes between mj and mj+1 to the discrete mj, the approximation will not affect numerical results as long as the 

discrete magnitudes are closely spaced. 

The GMPEs model reflects the model of the propagation of earthquake waves from an earthquake source location for each 80 

type of earthquake to location observations which are expressed by mathematical models that are very specific for each region. 

Ideally, the local attenuation equation calculates earthquake hazards in an area study. Still, due to the unavailability of an 

empirical equation model for the Indonesian region, the PSHA process in this study selected several empirical equations 

obtained from the place of others. GMPE selection uses the OpenQuake software, Weatherill, 2015 and Pagani et al., 2014 for 

processing computational earthquake hazard assessment. Several GMPE models are used in this study and refer to the models 85 

commonly used in some references, namely to the source of the earthquake megathrust, Zhao et al., 2006 and the source of the 

earthquake fault (shallow crustal): Boore et al., 2014; Campbell et al., 2014; Chiou and Youngs, 2014. 

Ground Motion Prediction Equations (GMPEs) used to estimate ground motions in this study are the Chiou and Youngs, 2014. 

GMPEs provide a means of predicting the level of ground shaking and its associated uncertainty at any given site or location 
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based on an earthquake magnitude, source-to-site distance, local soil conditions, and fault mechanisms. The documentation 90 

and programs for these NGA WEST-2 GMPEs 2014 were downloaded from the PEER website.  

Site class is any site with bedrock underneath approximately 3 m of the ground surface. Five zones of interest are laid on the 

surface with average seismicity Velocity Shear 30 meters deep (Vs30) according to the BSN,SNI-1726-2019 shown in Table 

1. 

 95 

Table 1: Site Class Vs30 (BSN, SNI 1726:2019) 

 
 

The seismic-hazard source model has provided N earthquake scenarios En, which has an associated magnitude (mn), location 

(Ln), and rate (rn). The scenario of location can determine the distance Dn to the site. Based on  mn  and Dn, the attenuation 100 

relationship shows that the distribution of possible ground-motion levels for this scenario is (figure 1): 

Pn(LnPGA) = ⁡
1

σn√2π
e−(lnPGA−g(mn,Dn))

2
/2σn (2.5) 

 

 
Figure 1. lnPGA and Standard deviation  105 

Where g(Mn, Dn) and σn are the mean and standard deviation of lnPGA given by the attenuation relationship, the integration 

of Pn(LnPGA) is known as the probability exceeding each lnPGA (figure 2). 

Pn(LnPGA) = ⁡∫
1

σn√2π
e−(lnPGA−g(mn,Dn))

2
/2σndlnPGA

∞

lnPGA
                               (2.6)  

 

 110 
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Figure 2. Probability PGA Occurance  

It gives the probability of exceeding each lnPGA where the event is to occur. If we multiply this by rn, we get the annual rate 

at which each lnPGA is exceeded (Rn) due to the scenario: 

Rn⁡(> lnPGA) ⁡= ⁡rnPn(> lnPGA) (2.7) 115 

This sum of overall N scenarios, we get the total annual rate of exceeding each lnPGA: 

Rtot⁡(> ⁡lnPGA) ⁡= ∑ 𝑅𝑛⁡(> ⁡lnPGA)𝑁
𝑛−1 ⁡⁡= ∑ 𝑟𝑛𝑅𝑛 ⁡⁡(> ⁡lnPGA)𝑁

𝑛−1  (2.8) 

Using the Poissonian distribution, the compute the probability of exceeding each Ground-motion level in the following T years 

from this annual rate as: 

Ppois (> lnPGA,T) = 1- e-RtotT                                                                                                                                                                               (2.9) 120 

3. Result and Discussion 

3.1 Geology and Tectonic of Sunda Strait 

The geology of the inland region of Sunda Strait and its surroundings has been compilated from geological maps of the Sumatra 

region at a scale of 1: 250.000 on the Tanjungkarang sheet (Andi et al., 1993) and Liwa sheet (Amin et al., 1993) and geological 

maps Java region at a scale of 1: 100.000 are Anyer sheet (Santosa, 1991) and Cikarang sheet (Sudana and Santosa, 1992). 125 

Especially for the oceanic region, the structural geology has been re-linearized and simplified from Susilohadi et al., 2009. 

Based on this map, the geology of Sunda Strait and the surrounding area can be divided into the oldest Mesozoic Metamorphics 

Group and the Cretaceous Intrusives Group in the southern part of Sumatera Island. Unconformable in these oldest groups 

found the Transitional Sediments Group. The oldest Mesozoic Group and Cretaceous Intrusives Group on Java Island are not 

located. The oldest group is the Paleosen-Oligosen of Transitional Sediments Group in western Java. Unconformable on the 130 

Paleosen-Oligosen Transitional Sediments Group, the Marine Sediments Group was intruded by Middle Miocene Intrusives 

Group. Unconformable on this Marine Sediments Group overlain the Volcanic Group. In several western Java and southern 

Sumatra locations, this volcanic group intruded by the Pliocene-Pleistocene Intrusives Group. The Volcanics of Krakatau 
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Group was the youngest volcanic product in this region. Several sites of this region, especially the lowland area and the coastal 

zone, are covered by the Surface Sediments Group, consisting of alluvium and terrace. 135 

The Sunda Strait lies between Sumatra Island's oblique asymmetry subduction and Java's frontal asymmetry subduction. These 

different tectonic conditions make the Sunda Strait an extension tectonic region. The emergence of young and old volcanoes 

in the Sunda Strait and the mainland of Lampung is controlled by extensions tectonic system, such as Panaitan Tua Volcano, 

Anak Krakatau Active Volcano, Sebesi Old Volcano - Sebuku, Rajabasa, and  Sukadana Old Volcanoes as a feature of the 

Sunda Strait. This region's earthquake and tsunami hazard originates from the active tectonic zones and active volcanoes. This 140 

region's active tectonic source zones are of subduction between India's active oceanic tectonic plate - the Australian and the 

active continental tectonic plates of the Eurasian. Besides, active seismotectonic source zones are also triggered by Sumatera 

Fault, Lampung Fault, Panaitan - Krakatau – Rajabasa Fault, and Banten Fault. Based on the geological and tectonic conditions, 

this area has four tectonic periods: Paleogene, Oligo-Miocene, Plio-Pleistocene, and Holocene. Figure 3 depicts the Sunda 

Strait and its surroundings' stratigraphy, lithology, and tectonic era. The unconformable tectonic stratigraphy shows every 145 

tectonic period in this region. Based on stratigraphy and lithology, this area can be classified into two majors. The bedrock 

consists of metamorphic/Pre-Tertiary and marine sediments/Tertiary. The near-surface rock consists of volcanic rock and 

alluvium/Quartenary. The contrast of the physical properties of these two lithological groups is an index of the potential for 

seismic hazard in this region. 

 150 

Figure 3. Tectono Stratigraphy of Sunda Strait and Surrounding area. 

3.2 Seismicity of Sunda Strait 

The distribution analysis is based on the earthquake epicenter's focal depth and focal mechanism. The results demonstrated 

that subduction tectonic activities between the Indian-Australian oceanic plate and the Eurasian continental tectonic plates 
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cause the most frequent earthquakes. Active fault seismic sources follow this incident in and near the Sunda Strait, including 155 

the Sumatra active fault (SAF), Mentawai active fault, Lampung active fault, and Banten-Ujungkulon active fault, as can be 

seen in figure 4. 

 

Figure 4. Seismicity map of Sunda Strait and surrounding area, modified from USGS, 2022 

3.4 Seismotectonic and Seismic Source Zones of Sunda Strait  160 

The seismotectonic analysis is extensively used in numerous regions of the globe, such as Imaeva et al., 2018 in Siberia, 

Mulabisana et al., 2021 in Azerbaijan, and Rakhsit et al., 2022 in northeast India. According to the earthquake's magnitude 

distribution, the Sunda Strait and surrounding area have three seismotectonic provinces: the Asymmetry Oblique Subduction 

Seismotectonic Province of western Sumatera Island, the Asymmetry Frontal Subduction Seismotectonic Province of southern 

Java Island, and the Asymmetry Extention  Seismotectonic Province of Sunda Strait. Generally, this region's earthquakes are 165 

associated with the Asymmetry Oblique Subduction Seismotectonic Province and show the focal mechanism of the thrust fault 

mechanism. Similar earthquake focal mechanisms are related to the Asymmetry of Frontal Subduction Seismotectonic 

Province. In contrast to the earthquakes associated with the Asymmetry Extension, Seismotectonic Province show the strike-

slip fault and normal fault focal mechanisms. Based on these parameters, the seismotectonic zones around Sunda Strait may 
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be classified into five (5) zones, Sunda Megathrust Seismotectonic/SMS Zones (Z4 and Z5), Benioff Wadati Sumatra and 170 

Mentawai Active Faults Seismotectonic Zone/BWSMAFS (Z2), Benioff Wadati and Banten Active Faults Seismotectonic 

Zone/BWBAFS (Z3) and Lampung Block Seismotectonic Zone/LBS (Z1). 

The seismotectonic map and seismotectonic zones as the seismic source zone of Sunda Strait and surrounding areas are shown 

in Figure 5A-B. These seismotectonic provinces have been used as seismic sources in probabilistic seismic hazard studies. 

 175 

Figure 5. Seismotectonic map and Seismic Source Zone of Sunda Strait  

The a and b constants from equation (2.1) are estimated using statistical analysis of historical observations in each zonation, 

with additional constraining data provided by other types of geological evidence. The a value indicates the overall rate of 

earthquakes in a region, and the b value indicates the relative ratio of small and large magnitudes, Figure 6. 

 180 
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Figure 6. Guttenberg and Richter function for the zones of the Sunda Strait region 

3.5 Probabilistic Seismic Hazard Analyses (PSHA)  

Probabilistic Seismic Hazard Analyses of this region have been completed to produce the PGA (figure 7) and PSA maps. The 

PSA consists of PSA short period Ss=0,2 second and  PSA long period S1= 1 second, shown in figures 8 and 9. Based on these 185 

maps, in general, the inland region of Sunda Strait can be divided into regions of PGA < 0.20g, PGA >0.20g-0.35g, and PGA 

>0.35-0.40g and for PSA Ss=0.2 second divided into regions of PSA <0.30 g, PSA >0.30-0.40g, PSA>0,40-0.55g and PSA 

>0.55-0.90g. PSA S1=1second divided into regions of  PSA<0.20g, PSA >0.20-0.40g, and PSA >0.40g. Probabilistic Seismic 

Hazard Analyses (PSHA) of Sunda Strait have maximum Peak Ground Acceleration (PGA)=0.465g, Pseudo Seismic 
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Acceleration (PSA) Ss=0.2 second=1.114 g, PSA S1=1second=0.465g in Site Class SB at 7% probability in 75 years 190 

(equivalent to a mean return of 1000 years), maximum Peak Ground Acceleration (PGA)=0.484g, Pseudo Seismic Acceleration 

(PSA) Ss=0.2 second=1.159 g, PSA S1=1second=0.484g in Site Class SB at 2% probability in 50 years (equivalent to a mean 

return of 2500 years), Peak Ground Acceleration (PGA)=0.499g, Pseudo Seismic Acceleration (PSA) Ss=0.2 second=1.193g, 

PSA S1=1second=0.499g, in Site Class SB at 2% probability in 100 years (equivalent to a mean return of 5000 years). The 

PGA and PSA map shows the high PGA, and PSA concentrated in the Liwa, Krui until Bangkunat, Kalinda (Sumatera), 195 

Ujungkulon, and Labuan (Java). Comparison of the maximum acceleration value of PSHA of 1000, 2500, and 5000 years 

return period for PGA and PSA S1=1second is 2% and for PSA Ss=0.2 second is 4%. 

 

Figure 7. Sunda Strait seismic hazard reference map, displaying the mean value of peak ground acceleration (PGA): figure A with 

a 2% probability of being surpassed in 50 years (equivalent to a mean return of 2500 years) assessed for a rock soil (VS 30 = 750-200 
1500 m/s); figure B: with a 7% probability of being surpassed in 75 years (equivalent to a mean return of 1000 years) assessed for a 

rock soil (VS 30 = 750-1500 m/s); figure C: with a 2% probability of being surpassed in 100 years (equivalent to a mean return of 

5000 years) assessed for a rock soil (VS 30 = 750-1500 m/s). 
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    205 

Figure 8. Sunda Strait, seismic hazard reference map, displaying the mean value of probabilistic seismic hazard analysis (PSHA): 

figure A shows a 7.5% damped with T=0.2 second 2% probability of being surpassed in 50 years, figure B shows a 5% damped with 

T=0.2 second 7% probability of being surpassed in 75 years; and figure C shows a 5% damped with T=0.2 second 2% probability 

of being surpassed in 100 years. 
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 210 
Figure 9. Sunda Strait, seismic hazard reference map, displaying the mean value of probabilistic seismic hazard analysis (PSHA): 

figure A shows a 7.5% damped with T=1 second 2% probability of being surpassed in 50 years, figure B shows a 5% damped with 

T=1 second 7% probability of being surpassed in 75 years, and figure C shows a 5% damped with T=1 second 2% probability of 

being surpassed in 100 years. 

According to the Indonesian Standardization Agency,  the PSHA of 2% probability of being surpassed in 50 years at site class 215 

SB is used as the primary data to assess potential seismic hazard and risk for building and non-building (BSN, SNI 1726:2019), 

the PSHA of 7% probability of being surpassed in 75 years at site class SB  on assess potential seismic hazard and risk for a 

bridge (BSN, SNI 2833:2016) and 2% probability of being surpassed in 100 years at site class SB on assess potential hazard 

and risk for analysis of the stability of the static slopes of the dam (BSN, SNI 8064:2016). 

4 Conclusions   220 

This study provided new insight into the seismotectonic circumstances in the Sunda Strait region by updating the zoning 

seismic source zone around the Sunda strait and demonstrating the probabilistic seismic hazard analysis (PSHA). The Active 
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Subduction Zone of the Sunda Arc and shallow crust active faults are the primary potential seismic source that controls the 

potential seismic hazard of this region. High PGA and PSA index inland regions are concentrated in Liwa, Krui until 

Bangkunat, Kalinda (Sumatera), Ujungkulon, and Labuan (Java). The maximum PGA is 0.465g, 0.484, and 0.499, PSA Ss=0.2 225 

seconds are 1.114g,1.159g, and 1.193g, and PSA S1=1second are 0.465g, 0.484g and 0.499g (return period of 1000, 2500 and 

5000 years). According to BSN SNI, these potential seismic hazard indexes are expected to assess this region's potential 

seismic risk in implementing infrastructure development regulations. 
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