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1. Introduction
The coastal areas of the Aegean Sea have been 
experienced a number of earthquakes since ancient 
times; most of them resulted in destructive damages on 
human being. The faults that caused these destructive 
earthquakes survive both under the Aegean Sea and on 
the Anatolian and Greek lands in an extensional back-
arc tectonic setting (Figure 1). One of these faults, the 
Samos Fault, which is an east-west striking and north 
dipping normal fault forming the northern margin of the 
Samos island, was documented by several seismogenic 
centers as seismogenic source of the Samos earthquake 
with a magnitude of 6.9 earthquake struck on Friday, 30 
October 2020, about 13 km in the Aegean Sea between 
Sığacık Gulf of Turkish coast and the Greek island 
of Samos. More than five thousand buildings were 

damaged 17 of which are completely collapsed as a result 
of the earthquake; 117 people are known to have died 
in Bayraklı district of İzmir city, 70 km far from the 
epicentral area, with more than one thousand injured. 
As of December 26, over 5000 aftershocks have been 
recorded (Sözbilir et al. 2020). 

The region is dominated by earthquake swarm after 
the mainshock occurred on the 30th of October 2020 (Mw 
= 6.9), which is located at the central-eastern part of the 
Aegean microplates, an extremely deformed extensional 
back-arc area. Fault plane geometry that manifests itself 
under the Aegean Sea with the intensity of aftershocks 
has shown that the seismic source that caused the Samos 
earthquake was under the sea. Generate Mapping Tools 
(GMT) software was used to visualize all data (Wessel et 
al., 2019).

Abstract: A submarine area close to the Turkish and Greek border between the cities of Samos-Greece and Seferihisar-Turkey has 
been shaked on October 30, 2020 by a Mw= 6.9 earthquake. In this study, the finite source mechanism of the Samos earthquake was 
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Figure 1. Major active tectonic structures between Greece and western Anatolia. Bathymetry extracted from the CGMW/UNESCO 
Morpho-Bathymetry of the Mediterranean Sea (Brossolo et al., 2012). Faults are compiled from Mascle and Martin, 1990; Papanikolaou 
et al., 2002; Pavlides et al., 2009; Yaltırak, 2002; Ocakoğlu et al., 2004; Yaltırak et al., 2012; Chatzipetros et al., 2013; Özkaymak et al., 
2013; Sboras et al., 2011; Elitez and Yaltırak, 2014; Tur et al., 2015; Sözbilir et al., 2008, 2009, 2011, 2017; Emre et al., 2018; Eytemiz and 
Erdeniz, 2020. Abbreviations: NAFZ: North Anatolian Fault Zone; İBTZ: İzmir-Balıkesir Transfer Zone; BFSZ: Burdur-Fethiye Shear 
Zone. Black arrows represent velocities taken from Aktuğ et al., (2009) and Reilinger et al., (2006).
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2. Seismo-tectonic setting 
The Samos earthquake occurred in eastern part of 
the Aegean Sea, a back-arc basin behind the Hellenic 
subduction zone (McKenzie, 1978). The Aegean Sea and 
surrounding, is seismically one of the most active and 
rapidly extending region on the Earth, have been deformed 
under the control of a N–S extensional tectonic regime 
at a rate reaching up to 30/40 mm/yr since the Pliocene 
(Dewey and Şengör, 1979; Jackson and Mckenzie, 1984; Le 
Pichon et al., 1995; Aktuğ et al., 2009; Eyübagil et al., 2020). 
Crustal extension is accommodated by a combination of 
normal-slip and strike-slip motions along active faults, 
especially in central Aegean and western Anatolia (Mascle 
and Martin, 1990; Taymaz et al., 1991; Tan et al., 2014). In 
terms of strain, the amount of crustal extension between 
Samos and western Anatolia (the broader Izmir area) is 7.4 
mm/yr according to Vernant et al., (2014) based on GNSS 
(Global Navigation Satellite System) data modeling.

The interaction with the Mediterranean oceanic plate 
underlying the Aegean microplate, and westward motion 
of the Anatolian microplate along the North Anatolian 
Fault and East Anatolian Fault results in progressively 
deformation pattern in these regions (e.g., Papazachos and 
Comninakis, 1971; McKenzie 1972, 1978; McClusky et al., 
2000). The westward motion of the Anatolian microplate 
is transferred by a noncomplex interaction to the Aegean 
extensional area, which includes the western and southern 
region of Turkish coasts and its vicinity of Aegean Islands. 
In the literature, many of researcher had worked these 
interactions to evaluate current deformation pattern and 
seismic activity of the region. From these researchers, Tan 
et al. (2014) investigated a detailed micro seismicity and 
fault plane solutions that are used to determine the current 
tectonic activity of the prominent zone of seismicity near 
Samos Island and Kuşadası Bay. They stated that the 
geometry of each segment is quite simple and indicates 
planar dislocations gently dipping with an average dip 
of 40–45°, maintaining a constant dip through the entire 
seismogenic layer down to 15 km depth. In addition to 
that, fault plane solutions evaluated from both P-wave 
polarity data and moment tensor analysis with magnitude 
of up to Mw :4.9 in 2008-2012 show the predominance 
of normal faulting, along with strong contribution of the 
strike slip motion, with a N-S trending extension (Tan et 
al., 2014). After the 30 October 2020 Samos earthquake, 
other seismotectonic studies were carried out focusing 
on the fault model, the tsunami, the deformation field, 
and aftershocks that were the source of the earthquake in 
and around the island of Samos were evaluated (Çetin et 
al; 2020/2; Ganas et al., 2020; Papadimitrou et al., 2020; 
Akıncı et al., 2021; Doğan et al., 2021; Elias et al., 2021; 
Evelpidou et al., 2021).

Historical and moderate to high instrumental 
earthquakes ranging from BC 200 to AD 1893 in this 

region are documented by several researchers (Figure 2a), 
(Guidoboni et al.,1994; Taxeidis, 2003; Ambraseys, 2009; 
Stucchi et al., 2013; Tan et al., 2014; ISC, 2020). 

According to historical catalogues, 200 BC earthquake 
was significantly harmed the people of Samos Island. In 
addition to that, the Roman province of Asia suffered 
from devastating earthquake in 47 AD. Samos, Cibyra, 
Smyrna, Ephesus, Laodicea, and Hierapolis were damaged 
by this earthquake. They stated that the epicenter of the 
47 AD earthquake was in Samos Island and intensity of 
the quake was VII (Guidoboni et al.,1994; Tan et al., 2008; 
Ambraseys, 2009). The 1751 AD earthquake is reported to 
have caused considerable damage to Samos Island and the 
Turkish coast opposite (Guidoboni et al., 1994; Papazachos 
and Papazachou, 1997). Besides these earthquakes, there 
was an earthquake in 1865 AD and 1890 AD that strongly 
affected Samos Island and Ephesus (Pınar and Lahn, 1952; 
Ergin et al., 1967; Soysal et al., 1981; Guidoboni et al., 
2005; Ambraseys, 2009). 

In addition to these significant historical earthquakes, 
there are many instrumental earthquakes that were affected 
the region since 1901. These instrumental data indicate 
a broader zone and shallow-intermediate earthquakes, 
and there were more than 26000 earthquakes having a 
magnitude greater than 2, more than 7000 earthquakes 
having a magnitude greater than 3, and more than 600 
earthquakes having a magnitude greater than 4. (Figure 
2b, ISC, 2020).

From these earthquakes, the earthquake occurred 
in1904 with Mw = 6.8 caused a severe damage to the 
towns and villages along the northwestern coastal area 
(Tan et al., 2014). Moreover, they stated that while the 20 
June 2009 Samos earthquake swarm concentrated near 
the Pythagorion fault (Chazitrepetros et al., 2013), with 
an event of Mw: 5.1 with more than 80 events with ML > 
1.5 within first 10 days, a second earthquake cluster was 
observed close to the northeastern coast of the Island near 
Vathy fault. In addition to that, the largest earthquake was 
widely felt in Samos and the neighbor islands as well as 
across the coastal area of western Turkey. The instrumental 
earthquakes (Mw > 4) occurred in the coastal of Western 
Anatolia and Samos Island between 1979 and 2020 were 
compiled and given in Table 1.

30 October 2020 Samos earthquake (Mw = 6.9) 
occurred at 11:51 (UTC), and ruptured a fault section 
along the sea, 12 km north of Samos Island (Figure 3). 
Mainshock focal mechanism solutions of the earthquake 
given in Table 2. The nearest settlement is 13 km away 
from the coast of Turkey were severely shaken and damage 
occurred at several level. 

Seismic sources of these earthquakes that have 
occurred in the instrumental and historic period can be 
found under the Aegean Sea and on land as NE-SW and 
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Figure 2. (a). Seismotectonic map of the Eastern part of Aegean Sea region, showing the epicenters of instrumental earthquakes, GPS 
based slip rate and active faults that responsible for both instrumental and historic earthquakes in the region (b). Distribution on the 
historical earthquakes that occurred in Samos Island and its vicinity. While the instrumental seismicity between 1900-2020 are compiled 
from ISC, (2020), information for the historical earthquakes from Taxeidis (2003), Ambraseys (2009) and Stucchi et al. (2013). Active 
faults which are depicted with red in Turkey are taken from Emre et al. (2018). Other faults in Samos island and vicinity are compiled 
from Lykousis et al. (1995), Ocakoğlu et al., (2004), Chamot-Rooke and DOTMED working group, (2005), Pavlides et al., (2009), 
Chazitrepetros et al., (2013), Caputo and Pavlides (2013). 
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Table 1. The list of instrumental earthquakes (Mw > 4.0) occurred the coastal of Western Anatolia 
and Samos Island (Latitude range: 37.289° to 38.490° -Longitude range: from 26.156° to 28.639°). The 
earthquakes are compiled from ISC (2020).

No Date Time
(UTC)

Latitude
(°)

Longitude
(°)

Magnitude
(Mw) D (km)

1 14.06.1979 11:44:45 38.7459 26.5832 5.8 11.5

2 16.06.1979 18:42:01 38.6983 26.5974 5.3 13.0

3 6.11.1992 19:08:11 38.1311 27.0114 6.1 14.9

4 2.04.1996 07:59:26 37.8138 26.8666 5.4 14.0

5 1.03.2001 13:31:19 37.8706 26.7864 4.4 13.0

6 10.04.2003 00:40:17 38.2424 26.8837 5.8 12.6

7 17.04.2003 22:34:28 38.2223 27.0248 5.2 16.1

8 29.01.2005 18:52:29 38.0873 26.8328 4.8 8.8

9 23.06.2005 22:44:17 37.7214 26.7713 4.6 9.2

10 17.10.2005 05:45:19 38.1220 26.6440 5.5 11.9

11 17.10.2005 08:28:53 38.1622 26.6789 4.7 1.8

12 17.10.2005 09:46:57 38.1806 26.7046 5.8 12.0

13 17.10.2005 09:55:32 38.1711 26.6924 5.1 15.9

14 19.10.2005 10:11:31 38.1303 26.6465 4.6 7.7

15 20.10.2005 21:40:04 38.1261 26.7502 5.9 10.9

16 29.10.2005 14:48:40 38.0818 26.6729 4.2 0.8

17 31.10.2005 05:26:41 38.1530 26.6645 4.9 14.1

18 20.06.2009 08:28:20 37.6473 26.8771 5.1 8.7

19 26.03.2010 18:35:55 38.2054 26.2652 4.6 16

20 11.11.2010 20:08:02 37.8756 27.3784 4.6 12.7

21 27.12.2011 05:59:19 37.9709 27.1835 4.3 8.4

22 27.01.2012 17:43:20 37.4543 27.1126 4.2 10.2

23 20.02.2012 06:34:29 38.1483 27.4514 4.4 8.5

24 21.02.2013 10:18:51 37.3694 26.9293 4.5 7.0

25 1.05.2014 14:16:12 38.0246 27.0368 4.1 9.6

26 18.07.2014 03:58:58 38.2407 26.6152 4.0 14.1

27 11.10.2014 06:42:10 38.2097 27.0548 4.0 11.7

28 21.10.2014 03:03:57 38.1657 27.1406 4.1 15.7

29 10.01.2015 04:32:09 38.2036 27.0583 4.3 11.7

30 27.03.2015 01:42:41 37.9736 27.2293 4.1 7.0

31 6.07.2015 01:03:48 38.2338 26.5700 4.1 16.8

32 17.10.2016 01:30:31 37.9376 26.9942 4.3 15.3

33 8.05.2017 08:47:19 37.8786 27.1437 4.2 10.3

34 12.05.2017 05:55:45 37.8599 27.1428 4.2 11.4

35 25.12.2017 05:13:51 38.5779 26.7566 4.9 13

36 26.07.2018 08:17:52 37.6776 26.7115 4.5 13.2

37 26 .7.2018 08:17:52 37.6776 26.7115 4.5 13.2
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38 28.10.2018 08:15:35 38.2008 26.8557 4.1 14.5

39 8.08.2019 08:39:07 38.0488 26.8526 4.7 0

40 30.08.2019 15:38:14 37.4855 26.8329 4.7 10

41 30.08.2019 17:21:04 37.5207 26.8245 4.5 6.2

42 16.07.2020 18:09:24 38.3797 26.6830 4.3 0

43 30.10.2020 11:51:26 37.8442 26.8310 7.0 18.7

44 30.10.2020 15:14:55 37.8705 26.8358 5.2 0

45 31.10.2020 05:31:32 37.7600 26.8500 5.0 10

46 1.11.2020 07:33:07 37.7494 26.8919 4.5 0

Table 1. (Continued).

mm/y GPS based slip rate

 dip/oblique slip normal fault  strike-slip

 fault

 settlement

 

 6,0-6,9

 5,0-5,9

 4,0-4,9

20 km

Manisa

Ikeria
Basin

Ikeria I.

Samos I.

İzmir
Chios I.

500 m

200 m
100 m

50 m

6.4 mm/y

1000 m

21 mm/y

6.0 mm/y

N

AA

°30'00"

38°0'00"

Figure 3. Seismotectonic map of the Eastern part of Aegean Sea region, showing the epicenters of focal mechanism the main shock of 30 
October 2020 and aftershocks. Faults are compiled from Lykousis et al., (1995), Ocakoğlu et al., (2004), Chamot-Rooke and DOTMED 
working group, (2005), Pavlides et al., (2009), Chazitrepetros et al., (2013), Emre et al., (2018), Caputo and Pavlides (2013).
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NW-SE strike slip faults and E-W trending normal faults 
have produced destructive earthquakes in a way that 
triggers each other (Figure 3).

3. Geodetic networks data and modelling
3.1. Geodetic networks processing and coseismic 
displacements
GNSS provides useful information to understand the 
faulting processes using slip rate of the interseismic, 
preseismic, coseismic, and postseismic deformation. 
(Lisowski, 1997; Reilinger et al., 2006; Reddy and Sunil, 
2008; Reilinger et al., 2010; Tiryakioglu, 2015,2018a,2018b). 
In this study, coseismic deformation has been investigated 
based on GPS observations. 62 GNSS sites covering the 
region were used (Aktuğ and Kılıçoğlu 2006; Aktuğ et. al., 
2009; Özener et al., 2013; Çırmık et al., 2017a; Ganas et 
al., 2020; Eyübagil et al., 2021; Havazlı and Özener 2021; 
https://drive.google.com/file/d/1bjSCZu2WnukJeHWLfc
NpZtuxYtARLfeh/). These GNSS sites include CORS-TR 
(Continuously Operating Reference Stations, Turkey), 
TNFGN (the Turkish National Fundamental GNSS 
Network), NOA (National Observatory of Athens), and 
GNSS sites/points established from previous researchers 
and authors of this study. Eight GNSS stations (ANDR, 
CHIO, IKAR, KALY, MKYN, NAXO, LESV, SAMO) 
belonging NOA were on islands located around the 
earthquake epicenter. The RINEX (Receiver Independent 
Exchange Format) data of the sites in previous studies 
were provided via project managers and authors of these 
studies. The most recent GNSS observations from TNFGN 
sites before the earthquake and GNSS observations from 

CORS-TR stations during, before, and after the earthquake 
were obtained from authorized institutions. The combined 
GNSS network consists of 62 sites in total 29 of which are 
campaign types and 33 of which are CORS stations. GNSS 
sites are at distances ranging from 10 to160 km with a 
northern density. 

Min. 8-h with 30s interval GNSS measurement was 
carried out between 5th and 8th of November 2020 
at campaign type sites to calculate post-earthquake 
coordinates Figure 4). 

GAMIT/GLOBK software was used for the evaluation 
of GNSS data. 29 IGS stations with stable time series 
were used for stabilization and IGS final option for orbit 
information; earth rotations parameters and antenna 
information were selected to obtain more accurate 
coordinates. Moreover, the antenna phase center was 
derived according to the height-dependent model. During 
the analysis, LC (L3), which is the ionosphere-independent 
linear combination of the L1 and L2 carrier waves, and 
the FES2004 Ocean Tide Loading (OTL) grid was used 
(Gülal et al., 2013; Herring et al., 2015; Tiryakioğlu et al., 
2013, 2015, 2017a, 2017b, 2018b, 2019). As a result, daily 
adjusted coordinates in ITRF2014 frame of all sites were 
calculated with the accuracy of ~6 mm for the horizontal 
components. In order to calculate the displacement caused 
by the earthquake at GNSS sites, the differences between 
the coordinates of the sites before and after the earthquake 
were used. Since the last coordinates of the campaign 
type sites were before the year 2020, the coordinates of 
these sites have been moved to the pre-earthquake epoch 
(2020.10). In determining pre-earthquake epoch for each 

Table 2. Focal mechanism solutions for the mainshock of the 30/10/2020 Samos earthquake (Mw = 6.9) from various 
seismology centers and GPS (this study). 

Nodal Plane 1 Nodal Plane 2

Model

Long. Lat. Strike Dip Rake Strike Dip Rake Depth Mo

(°) (°) (°) (°) (°) (°) (°) (°) (km) (dyn × cm)

This Study GPS) 26.901 37.809 288 46 –84 - - - 12 2.96 ×1019

USGS 26.790 37.900 93 61 –91 276 29 –88 11.5 40.87 ×1026

KOERI 26.790 37.900 97 34 –85 272 55 –93 10 3.00 ×1026

NOA 26.810 37.900 294 54 –65 76 43 –120 6 26.46 × 1026

GFZ 26.820 37.900 97 41 –85 272 48 –93 15 3.500 × 1026

AFAD 26.780 37.890 95 43 –87 270 46 –91 16.5 32.64 ×1026

IPGP 26.800 37.900 260 36 –116 111 58 –72 14 37.60 ×1026

Abbreviations: USGS: United States Geological Survey, KOERI: Kandilli Observatory and Earthquake Research Institute, 
NOA: National Observatory of Athens, GFZ: German Research Centre for Geosciences, AFAD: Disaster and Emergency 
Management Presidency, IPGP: Institute De Physics Du Globe De Paris. The latitude and longitude is given as the midpoint 
of the computed rectangular fault. The coordinates are the western endpoint of the finite source.
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site, ITRF2014 velocity calculated using GAMIT/GLOBK 
was used (Figure 5). The observed surface displacements 
for all GNSS sites used in this study are given in Table 3.

Coseismic displacement are tightly correlated with the 
time series models. Short term and long-term solution for 
the displacement are clearly exposed using continuous 
GPS data (Aktuğ et al., 2010; Tiryakioğlu et al., 2017a, 
2017b, 2019). The observed coseismic displacements in 
short term solutions of IZMI and MNTS stations are given 
in Figure 6. 

Significant displacements have been observed in 
particular for the stations near the epicenter, which 
are indicated in bold in Table 3.  As can be seen from 
the detected coseismic displacement in Table 3, the 
North components of these stations had more coseismic 
displacement than the East component. The coseismic 
displacements in the North component lie in the range of 
–12 (KALY) and –372 (SAMO) mm, with uncertainties 

of 2–9 mm (negative values shows south direction). 
Significant displacements in the East component lie in the 
range from 9.0 to 65.3 mm, with uncertainties of 2–9 mm. 
From the results, we found that the maximum coseismic 
displacement of –372 mm in the North components 
occurred at station SAMO, the closest site to the earthquake 
epicenter with a distance of 10 km. Stations SIGA and 
HZUR had the maximum coseismic displacement values 
in Turkish side and the coseismic displacement of 132.6 
mm, 23.3 mm and 136.6 mm, 65.3 mm at the north and 
east components, respectively. Furthermore, no significant 
coseismic displacement was observed in the remaining 
stations (28 sites).
3.2 Fault geometry inversion
Using the finite dislocation equations in an elastic half-
space Okada (1985), the observed surface displacements 
were inverted for the fault geometry and slip vector. The 
relation between the coseismic surface offsets and the 

Figure 4. GPS observations (pillar-DMRC Site, Ground monument -GMDR Site).
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Table 3. Observed surface displacements and standard errors at GPS sites.

Site
Λ φ Δe Δn σΔe σΔn

(o) (o) (mm) (mm) (mm) (mm)

AHMB 27.197 37.9984 15.4 29 4.5 5.3

ANDR 24.736 37.886 1.0 3.0 3.7 3.7

ASKE 26.867 38.174 36.8 100.6 3.5 4.6

ASTY 26.355 36.545 –1.0 –6.0 3.7 3.8

AYD1 27.837 37.840 –1.0 2.0 3.0 3.0

AYDN 27.846 37.846 2.0 –5.0 4.7 5.0

AYVL 26.686 39.311 0.0 6.0 2.8 3.0

BAL1 27.892 39.629 0.0 2.0 2.8 3.0

BAN1 27.974 40.348 –1.0 4.0 2.8 3.1

BOZD 28.317 37.672 0.0 –4.0 4.9 5.1

BSYL 27.289 38.527 –4.3 28.3 3.1 3.8

BURS 29.015 40.214 –1.0 1.0 2.8 3.0

BZKY 26.953 38.734 4.8 6.1 4.1 4.7

CANA 26.414 40.111 –2.0 2.0 2.8 3.0

CESM 26.372 38.303 –13.0 51.0 2.8 3.0

CHİO 26.126 38.378 –9.0 19.0 2.8 3.0

CKOY 26.233 38.287 –20.1 13.0 3.8 4.4

CTAL 27.041 38.257 26.5 57.4 4.5 5.4

DATC 27.691 36.708 –1.0 0.0 3.0 3.2

DEI1 28.662 39.050 0.0 0.0 2.8 3.0

DIDI 27.268 37.371 –1.0 –8.0 2.8 3.0

DIDM 27.277 37.373 4.0 –18 4.7 5.0

DMRC 26.686 38.205 16.3 130.8 3.7 4.0

DNZ1 29.043 37.778 0.0 6.0 2.8 3.0

GBHC 26.592 38.308 0.6 76.8 4.6 5.2

GORA 27.115 38.283 32.1 38.7 3.2 3.6

HARC 29.152 39.677 –1.0 1.0 2.8 3.0

HZUR 26.900 38.068 65.3 136.6 4.7 3.8

IZMI 27.081 38.394 13.0 34.0 2.8 3.0

IKAR 26.224 37.628 –12.0 -28.0 3.3 3.4

ILPN 26.924 38.699 –1.2 26.4 3.9 5.0

KALY 26.976 36.955 4.0 –12.0 3.0 3.3

KBR1 26.618 38.498 2.4 36.2 3.0 3.6

KBR3 26.445 38.671 –2.2 25.2 4.8 4.2

KBR4 26.386 38.585 1.5 46.4 5.4 5.1

KBR5 26.415 38.490 –45.1 28.5 5.9 6.2

KIKA 27.671 39.105 3.0 5.0 3.0 3.0

KUSD 27.268 37.869 –7.0 –2.0 4.5 4.6

LESV 26.553 39.100 –1.0 8.0 3.2 3.3

MNTS 26.717 38.426 6.0 47.0 3.2 3.2
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fault geometry and slip vector was modelled as elasto-
static Green’s functions. The slip vector consists of only 
strike-slip and dip-slip components, and no tensile 
component (opening) was allowed during the inversion. 
The slip vector is linearly related to the observed surface 
displacements; whereas, the relation between the surface 
displacements and fault geometry is non-linear. The 
objective function which is defined as the weighted 
residual sum of squares (WRSS) between the observed 
and the modeled displacements will usually have several 
local minima. For this reason, a hybrid optimization 
algorithm which benefits from both the global and local 
optimization methods scheme was employed. The main 
benefit of the global optimization is the ability to avoid 
local minima; whereas, the local optimization methods are 
more efficient. In a two-step approach, we first inverted 
the coseismic displacements for the fault geometry with 
a constant uniform slip over the initial fault geometry. In 
the second step, the slip vector was estimated by fixing the 
fault geometry found in the previous step. The details of 
the employed inversion scheme can be found in (Aktuğ 
et al., 2010). For the global optimization, the Simulated 
Annealing was used with a Boltzmann temperature model 

(Kirkpatrick et al., 1983). While Simulated Annealing is 
a proven technique to approximate the global minimum, 
it is not as efficient as local optimization methods such 
as quasi-Newton methods. Thus, the results were refined 
using a BFGS (Broyden–Fletcher–Goldfarb–Shanno) 
algorithm (Fletcher, 1987). The observed and modeled 
displacements for the uniform slip model are shown in 
Figure 7.

The inversion of the geodetic coseismic offsets provides 
an unambiguous finite source solution as opposed to 
point source mechanisms. The vertical precision of GPS 
measurements is up to an order of magnitude worse than 
the horizontal, which is more pronounced in the survey 
type observations and not necessarily accounted for in 
the formal uncertainties. To account for this, the vertical 
components of the observed offsets are down-weighted 
to one third of the original uncertainties. The distribution 
of the sites at which the coseismic offsets are obtained 
has an impact on the independent resolution of the fault 
geometry and slips. The geometry and slips are estimated 
in two steps to reduce the possible correlation between the 
fault geometry and slips. The general trade-off between the 
fault geometry parameters is given in Figure 8.

MUG1 28.355 37.214 –3.0 0.0 2.8 3.0
MYKN 25.328 37.441 0.0 –2.0 3.1 3.1
NAXO 25.381 37.098 –2.0 –2.0 2.8 2.9
NRDR 26.994 38.382 8.0 46.8 5.0 5.7
ORHL 26.950 38.164 40.2 86.3 3.9 5.3
PAMU 28.543 37.923 –1.0 –6.0 4.8 5.1
PRKV 26.264 39.245 0.0 5.0 3.2 3.9
RODO 28.161 36.292 0.0 –1.0 3.3 3.7
SALH 28.123 38.483 1.0 2.0 3.0 3.1
SAMO 26.705 37.792 –59.0 –372.0 3.7 3.7
SAMU 26.974 37.755 –8.54 –48.92 0.7 1.1
SASA 27.109 38.177 22.7 43.1 3.6 4.4
SFRH 26.820 38.206 19.7 97.4 6.0 6.6
SİGA 26.783 38.169 23.3 132.6 9.6 10.3
TRAZ 26.996 38.267 16.8 60.1 4.1 4.8
TURG 26.801 38.263 22.9 80.4 4.8 5.6
USK1 29.398 38.678 –1.0 –1.0 2.9 3.0
UZUN 26.592 38.251 4.3 96.4 5.2 5.3
YAM2 27.126 38.492 3.3 32.6 4.3 4.7
YEN1 27.258 39.928 0.0 2.0 2.8 3.0
YENF 26.790 38.741 3.4 8.2 3.7 4.1
ZEYT 26.496 38.204 –7.3 99.5 6.0 6.4

*Bold value represents statistically significant coseismic displacement with respect to 3-sigma threshold.

Table 3. (Continued).



AKTUĞ et al. / Turkish J Earth Sci

729

3.3. Distributed slip
The distribution of the slip on the fault plane was 
estimated using a constrained optimization scheme. The 
method employs Okada’s semi-infinite space model to 
simulate elastic Green’s functions in order to converge to 
the observed coseismic displacements (Wang et al., 2009). 
Using the fault geometry determined in the previous step, 
a distributed slip model was estimated using the steepest 
descent method. The coseismic offsets at GPS sites were 
used to invert for the slip patches in a homogenous elastic 
half-space. A grid of 2.5 × 4 km slip patches defined 
over a fault plane of 43 km × 30 km was estimated. The 
distributed slip is shown in Figure 9. The results show 
that almost all the slip is confined down to a depth of 
12.5 km. The slips larger than 1 m are limited down to a 
depth of 7.5 km. The modelled and observed coseismic 
offsets at GPS sites are shown in Figure 10. As opposed 
to the uniform slip model which successfully models the 
observed offsets at far field sites and fails at two near field 
sites, the distributed slip approach successfully models at 
both near and far fields coseismic observations.

4. Discussion and conclusion
In accordance with N-S extensional tectonics of the Aegean 
Region, the coseismic displacements calculated from the 
geodetic data also confirm pure N-S extension. The largest 
movement caused by the 30 October 2020 Samos earthquake 
(Mw = 6.9) occurred at the SAMO station, which is the closest 
station with 10 km to the earthquake epicenter, with 372 mm 
at south component. Similar results were calculated by Çetin 
et al., (2020/2) and Ganas et al., (2020). In Seferihisar and 
its vicinity, the maximum coseismic displacement is 136.6 
mm at the north component. Significant movements in the 
region caused by the earthquake are between Ikaria and 
Kuşadası according to  Figure 6. This fact suggests that the 
stress accumulation caused by this earthquake on the region 
may be transferred to the north of Samos in addition to the 
ruptured fault tips where western and eastern extension of 
Ikaria basin and Büyük Menderes basin, respectively. 

The failure occurred on a fault NE-SW trending fault 
with an estimated strike of 288°, which is consistent 
with the findings of (Doğan et al., 2021). The coseismic 
inversion of dense GPS array in this study reveals a finite 

Figure 6. Observed coseismic displacements at IZMI and MNTS sites.
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source of 43.1 km, which is close to 37 km given by (Elias 
et al., 2021) and about half of 80–100 km given by Doğan 
et al. (2021). Similarly, estimated width of the fault in 
uniform slip modeling was 16 km, very close to 17 km 
found by Elias et al., 2021. However, the average slip of 2.1 
m estimated by Elias et al. (2021) appears to be higher than 
our estimation of 1.42 in uniform slip modeling.

However, Altunel and Pınar (2021) recently published 
an article and put forward a different kinematic model to 
describe seismic sources of the Samos earthquake. They 

stated that the roughly E-W and NNW-SSE trending 
Ephesus Fault, which controls the southwestern rim of 
Küçük Menderes Graben (Sümer, 2015), continues further 
west in the sea to connect with faults in north of Samos 
Island, there should be a step over to the right via possible 
a transfer fault somewhere in northeast of the island. 
However, according to seismic profiles in the Aegean Sea 
between Samos Island and Kuşadası bay (Lykousis et al., 
1995; Chamot-Rooke and DOTMED working group, 
2005; Pavlides et al., 2009; Chazitrepetros et al., 2013), 
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at GNSS sites are shown in red and blue, respectively. Observed GNSS displacements consists of both continuous and survey-mode 
observations. Error ellipses are at %95 confidence level.
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Samos Fault lies through E-W trending and possibly 
connecting to the Kuşadası Fault Zone, which includes the 
active normal faults of Büyük Menderes Graben.

Besides the seismic studies in the nearest Samos region, 
cosmogenic surface dating-based paleo seismological 
studies were performed along the Kalafat and Yavansu 
Faults of Kuşadası Fault Zone, which lies in the eastern 
part of the Samos Fault. Mozafari et al., (2019) stated that 
at least three earthquakes rupture identified between 3.6 

ka to 15 ka with an estimated long-term slip rate of 1.0 
mm/y for Kalafat Fault, between 2.0 ka and 7.9 ka with 
an estimated long-term slip rate of 0.6 mm/y for Yavansu 
Fault. According to their results, the recurrence interval 
did not follow a uniform trend like other active faults 
in Western Anatolia (e.g., Kürçer et al., 2019). For these 
reasons, the possibility of triggering of these faults, which 
have not produced earthquake for a long time, due to the 
Samos earthquake should be examined. 
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