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Abstract 

 

The October 30, 2020 Kuşadası Gulf-İzmir earthquake took place along a fault bounding Kuşadası 

Gulf in the South causing significant damage and loss of life, especially in İzmir city. The earthquake 

damage due to the strong ground motion is augmented by a tsunami that caused a water inundation. 

In the present study the source properties of the earthquake are investigated by inverting teleseismic 

P waveforms. The complex waveforms are fit with two subevents in the point-source inversion that 

requires dominant normal faulting along a roughly E-W trending normal fault dipping north. The 

finite-source inversion shows that the earthquake is due to failure of a two asperities with slip as 

high as 2.4 m and the rupture covers a fault area of 30 km x 20 km with unilateral propagation 

toward west. The finite-source model defines two asperities that are located at hypocentral area and 

shallow depths near the west top corner of the fault.   The earthquake rupture lasts for 17 s and 

released a seismic moment of 2.21 x 1019 Nt.m (MW=6.83). Presence of a shallow asperity indicates 

that rupture reaches to the sea bottom which provides a reasonable explanation for the damaging 

tsunami.   

Key words: The 2020 Kuşadası Gulf-İzmir earthquake, teleseismic point-source inversion, 

teleseismic finite-source inversion, Extensional tectonics. 

 

 

1. Introduction 

 

The general tectonic setting of Western Turkey and Aegean Sea region is mainly affected by 

The North Anatolian Fault Zone (NAFZ) in the North and subduction of the African plate 

beneath the Anatolian plate along the Crete and Cyprus trenches in the South (Figure 1). The 

subduction related tectonic pull results in westward movement of Anatolian Plate along the 

NAFZ with increasing velocity and counter clockwise rotation [1, 2]. This general tectonic 

framework causes an extensional tectonic regime in western Anatolia and under the Aegean 

Sea with multidirectional extensional structures [3-8]. Kuşadası Gulf is one of these extensional 

structures extending roughly in E-W direction and is characterised by N-S extension (Figure 

2). 

 

The October 30, 2020, Kuşadası Gulf-İzmir earthquake took place along a normal fault 

bounding Kuşadası Gulf of in the South [9-10]. The source mechanism of the earthquake 

determined from the seismological data indicated normal faulting along a nearly E-W striking 

fault (Table 1). The earthquake caused 115 fatalities, hundreds of injured peoples and collapse 
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and damage of the buildings in İzmir, one of the largest city in Turkey. The earthquake also 

produced a tsunami that caused a water inundation that augmented the damage [11]. The 

earthquake source region and surrounding has been seismicaly active area both in historical and 

instrumental period with damaging earthquakes (Figure 2) [12, 13]. This can historically be 

examplified by the 1668 İzmir, 1881 Çeşme and 1899 Büyük Menderes-Aydın earthquakes. 

Many large earthquake also struck the area in the instrumental period, including the 1949 and 

2017 Karaburun and 1955 Söke earthquakes (Figure 2) [14, 15]. Further several M 5.4-5.9 

earthquakes after 1990 also shook the area with light damage [16].  

 

 

Figure 1. General tectonic setting of Turkey. The red rectangle encloses the fault area shown in Figure 2 

 

 

Figure 2. Seismotectonic map of the 2020 Kuşadası Gulf-İzmir earthquake source region. The star shows 

significant earthquakes’ epicentres while the pink shaded ellipses denote rupture extends of the labelled 

earthquakes. Red circles represent epicentres of M≥4.0 earthquakes from Kandilli Observatory and Earthquake 

Research Institute Catalogue between January 2010 and April 2017 
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Table 1. Source parameters of the October 30, 2020 Kuşadası Gulf-İzmir earthquake 

 KOERI1 AFAD2 USGS 

NEIC 

GCMT This study 

(point-source inversion) 

     Subevent1 Subevent2 Total 

Origin 11:51:24 11:51:24 11:51:27     

Latitude (o ) 37.9020 37.8881 37.918     

Longitude (o) 26.7942 26.7770 26.790     

Depth (km) 12 16.5 21     

Strike (o)   276 270 256 258 251 

Dip (o)   29 37 49 34 41 

Rake(o)   -88 -95 -66 -116 -102 

Mo (x1019Nm)   4.09 4.01 0.70 1.07 1.55 

MW 6.9  7.01 7.01 6.50 6.62 6.75 

CMT depth 

(km) 

  11.5 12 12 20  

Centroid time    11:51:34.8    
1 Kandilli Observatory and Earthquake Research Institute 
2 Disaster and Emergency Management Presidency 
 

In the present study the source process of the earthquake will be illuminated using the 

teleseismic point- and finite-source inversions. Since the earthquake caused significant 

structural damage, determination of the source properties would be valuable in studying the 

strong-ground motion and modelling of the tsunami. 

 

2. Teleseismic data 

The teleseismic broadband P waveforms from stations having epicentral distances between 30o 

and 90o are used for the teleseismic source inversions. The data have been downloaded from 

IRIS Data Management Centre. The waveforms are bandpass filtered from 0.01 to 0.5 Hz and 

resampled at 0.5 s time interval. The data comprise 14 P displacement waveforms, onsets of 

which are determined from the time tables of Jeffreys and Bullen [17]. The record lengths 

selected for both point- and finite-source inversions are 50 s. The data has a good coverage 

around the source (Figure 3). 

 

 

Figure 3. The teleseismic P displacement waveforms at 14 stations that used in the inversions. Note that 

waveforms are drawn 10 s before the first arrivals and bandpass filtered between 0.01 and 1.0 Hz 
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3. Teleseismic source inversion methods 

 

3.1. Point-source inversion 

 

The point-source inversion methodology of Kikuchi and Kanamori [18] is utilized. The 

earthquake rupture has been approximated by a vertical grid of 12x5 point-sources along the 

strike and dip, respectively (Figure 4). The point source spacing is 4 km for both strike and dip 

directions. The orientation of grid (strike) scheme is taken as 276o (Table 1).  The point sources 

are represented by a moment tensor, components of which are iteratively determined. The 

crustal structure given by Özer and Polat [19]. (Table 2) and a trapezoid source-rise time 

function with 2 s rise and fall and 8 s total duration are used in the calculations of the synthetics. 

The rupture velocity is taken as 3.3 km/sec. Regarding complexity of the waveforms (Figure 3) 

modelling is carried out using multiple subevents and the observed waveforms are fit 

sufficiently using two subevents. The results are shown in Figures 4 and 5 and subevent source 

parameters are listed in Table 1. 
 

Table 2. Crustal velocity structure used in the waveform inversions (Özer and Polat [19]) 

Thickness(km) VP (km/sec) VS (km/sec)  (kg/m3) 

7.0 4.75 2.75 2660 

8.0 6.20 3.29 2750 

9.0 6.80 3.89 2900 

- 7.70 4.45 3300 

 

 

Figure 4. Point-source grid scheme used in the point-source inversion along with the subevent locations resulted 

from the inversion. See Table 1 for the subevent source parameters. R.P.: Rupture Point 
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Figure 5. The point-source inversion results showing source time function, subevent source mechanisms and 

synthetic-observed waveform comparison 

 

3.2. Finite-source inversion 

 

For the finite-source modelling inversion technique developed by Kikuchi et al. [20] is used. 

The target earthquake is represented by equally spaced (4 km) 10 x 6 grid points along the strike 

and the dip, respectively. The strike, dip and rake angles of the grid plane are based on the 

available source mechanisms (Table 1). The Green’s functions for the grid points are calculated 

using the method given by Koketsu [21] and the velocity structure defined in Table 2. The 

strike, dip and rake angle of the grid plane are taken as 276o, 29o and -88o, respectively (Table 

1). The rake angle can vary ±45o of the defined value in the modelling. The modelling is carried 

out by incorporating 5 time windows with isosceles triangle rise-time functions of 1.0 s rise and 

fall. A maximum rupture velocity of 3.3 km/s is defined for the modelling. Though the source 

parameters resulted from point-source inversion in the present study (Table 1) is also tried in 

the inversion it is seen that using a grid plane with the source parameters given by the USGS 

NEIC provides better fit to the data. The results of the finite-source inversion are shown in 

Figure 6.  
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Figure 6. The finite-source inversion results showing source time function, source mechanism, slip distribution 

and synthetic-observed waveform comparison 

 

4. Discussion 

 

The point-source inversion results suggest that the earthquake rupture consists of two subevents 

both having dominant normal fault mechanisms (Table 2; Figures 4 and 5). The earthquake 

rupture started with a subevent at hypocentre at 12 km depth. The seismic moment release of 

the first subevent lasts 8 s with a seismic moment of 7 x 1018 Nt.m (MW=6.5). The second 

subevent is larger than the first one and is located at 20 km depth and 4 km west of the of the 

first subevent. Its rupture starts 3 s after the earthquake rupture initiation, lasts 12 s and releases 

a seismic moment of 1.07 x 1019 Nt.m (MW=6.62). Regarding aftershock distribution (KOERI 

2020) northerly dipping rupture planes in the source mechanisms are selected as the fault planes 

in coincidence with the fault bounding the Kuşadası Gulf in the south. The whole earthquake 

rupture takes place in 15 s and corresponds to a total seismic moment release of 1.55 x 1019 

Nt.m (MW=6.75).  

Figure 6, in which the finite-source inversion results are shown, suggests that the earthquake is 

due to failure of a two asperities and the rupture covers a fault area of 30 km x 20 km. The 

rupture is unilateral to the west (or toward the sea) and propagated updip from the hypocentre 

to the top western corner of the fault. The asperity at the hypocentral area is nearly circular in 

shape with 10 km in diameter and slips as high as 2.4 m. The other asperity is located over a 

shallow fault area and covers a rectangular fault area of 20 km by 8 km with a peak slip of 1.8 

m. The rupture lasts for 17 s and slip vectors obtained indicate dominantly vertical slip with the 
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fault block beneath the Kuşadası Gulf or hanging wall is down. A seismic moment of 2.21 x 

1019 Nt.m (MW=6.83) is calculated for the slip model. Presence of a shallow asperity indicates 

that rupture reaches to the sea bottom which provides a reasonable explanation for the damaging 

tsunami.   

2020 Kuşadası Gulf-İzmir earthquake shows similarities with the July 20, 2017 Bodrum-Kos 

earthquake (MW=6.6). The 2017 Bodrum-Kos earthquake also occurred along a E-W trending 

normal fault that bounds Gökova Basin in the south and caused a damaging tsunami [22, 23]. 

Nonetheless, the 2020 Kuşadası Gulf-İzmir earthquake is notably larger and its rupture seems 

to be more complex than the 2017 Bodrum-Kos earthquake. Both earthquakes have shown 

importance of tsunami hazard along the Turkish coasts.  

 

5. Conclusions 

 

The teleseismic body waveforms of the October 30, 2020 Kuşadası Gulf-İzmir earthquake are 

inverted using both point- and finite-source inversion techniques to study the source process. 

The point-source inversion results indicate two subevents with dominant normal faulting along 

a roughly E-W trending normal fault dipping north. Failure of a two asperities with slip as high 

as 2.4 m is apparent from the slip model resulted from the finite-source inversion. One asperity 

is located at hypocentral area while the other one is located at shallow depths near the west top 

corner of the fault. The rupture covers a fault area of 30 km x 20 km with unilateral propagation 

toward west and lasts for 17 s, releasing a seismic moment of 2.21 x 1019 Nt.m (MW=6.83). 
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