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Searching for the surface ruptures of the February 6, 2023 Pazarcık earthquake 

(MW7.8) near the northern end of the Erkenek Fault Segment of the East Anatolian 

Fault Zone in Çelikhan (Adıyaman). 
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Introduction 

 

Two destructive earthquakes struck SE Türkiye on the February 6, 2023. (Figure 1) (AFAD 

2023; KOERI 2023; USGS NEIC). The earthquakes occurred along the East Anatolian 

Fault Zone (EAFZ), within or in close vicinity of a prominent seismic gap known as the 

Maraş Seismic Gap (Figure 2) (Nalbant et al. 2002; Duman and Emre 2013; Aktuğ et al. 

2016; Utkucu et al. 2023). Thousands of buildings collapsed, killing or trapping thousands 

of people under the debris. Both earthquakes proved again that Türkiye is one of the most 

earthquake prone country on the Earth. 

 

 

 
 

Figure 1. Major tectonic elements of Türkiye (inset map) along with seismicity along the 

East Anatolian Fault Zone. Seismicty include MW ≥4.0 earthquakes (white circles) after 

1970 and destructive historical (red shaded ellipses) and M≥6.0 instrumental (red stars) 

earthquakes. The seismicity data is taken from the catalogue of Kandilli Observatory and 

Earthquake Research Institute of Türkiye. The triangle denotes the largest dam of Türkiye. 

The thick blue and purple lines represent surface rupture extents of the 2023 Pazarcık and 

Elbistan earthquakes, respectively. Information on the map is compiled from Barka and 

Kadinsky-Cade (1988), Ambraseys (1989), Taymaz et al. (1991), McClusky et al. (2000), 

Emre et al. (2013), Tan et al. (2011), Utkucu et al. (2018, 2023). NAFZ: North Anatolian 

Fault Zone, EAFZ: East Anatolian Fault Zone, DFZ: Dead Sea Fault Zone, NB: Northern 

Branch of the EAFZ, AS: Amanos Segment, PS: Pazarcık Segment, ES: Erkenek Segment, 

NS: narlı Segment 
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Figure 2. Earthquake occurrence model of the East Anatolian Fault Zone after the 1513 Kahramanmaraş earthquake. 
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The EAFZ and the North Anatolian Fault Zone (NAFZ) are continental strike-slip faults 

that undertake westward movement of the Anatolian Plate with frequent generation of large 

destructive earthquakes (Figures 1 and 2) (Barka and Kadinsky-Cade 1988; Ambraseys 

1989; Taymaz et al. 1991; Hubert-Ferrari et al. 2003; Şengör et al. 2005; Ambraseys 2009; 

Bulut et al. 2012; Duman and Emre 2013). The EAFZ constitutes the southern boundary of 

the Anatolian plate and is a sinistral fault extending between Karlıova in the north, where it 

connects with the NAFZ, and Antakya, where it meets with the Dead Sea Fault (Figure 1) 

(Barka and Kadinsky-Cade 1988; Duman and Emre 2013). Additionally, it has a branch, 

called the Northern Branch, separates from the main fault in the immediate west of the 

Çelikhan and extends through Adana Basin to the Mediterranean Sea (Figures 1 and 2) 

(Westaway 2004; Duman and Emre 2013; Seyrek et al. 2014). GPS studies indicate 9-10 

mm/year slip rate for the EAFZ (McClusky et al. 2000; Reilinger et al. 2006; Aktuğ et al. 

2016), about one third of which is shared by the Northern Strand after the bifurcation 

(Westaway 2004; Altunel et al. 2009; Mahmoud et al. 2012; Emre et al. 2013). The 

geologic slip rate of about 8 mm/year has also been proposed from the data coming from 

the field studies (Herece 2008; Duman and Emre, 2013). 

 

The EAFZ was relatively quiescent in the 20
th

 century comparing with its activity in the 19
th

 

century as indicated by the historical seismicity studies (Ambraseys 1989; Nalbant et al. 

2002). Only the 1905 Malatya and 1971 Bingöl earthquakes occurred along the EAFZ in 

the 20
th

 century. Recent occurrence of the 2003 Bingöl, 2010 Başyurt and 2020 Sivrice-

Doğanyol earthquakes and current occurrence of the 2023 Pazarcık and Elbistan 

earthquakes suggest that the fault is much more active in the 21
st
 century. 

 

Occurrence of the MW7.8 shock was not surprise because it filled a section of the EAFZ called 

as Maraş Seismic Gap and known for its large earthquake quiescence for at least 500 years 

(Figure 2). The data coming from the trenches excavated along the fault indicated that the 

1114 and 1513 earthquakes were the last earthquakes to rupture the gap (Yönlü 2012). The 

stress load and anomalous changes in the background seismicity around the gap have been 

previously indicated (Nalbant vd. 2002; Utkucu et al. 2023a). Utkucu et al. (2023a) estimated 

a size of MW7.45 for the expected earthquake along the gap. The preliminary results of the 

project carried out by the authors also indicated increased stresses along the gap. 

 

However, it is complete surprise that MW7.6 occurred along the Northern Strand of the EAFZ 

approximately 9 hours later. As an earthquake prone country such earthquake doublets with 

shocks close in space and time are not uncommon in Türkiye. The doublets were 16 days 

apart in 1114, a month apart in 1866, 2 months apart in 1943-1944 and 3 months apart in 1766 

and 1999. Notice that none of these previous earthquakes occurred within hours of each other. 

It is known that the Northern Strand active. Nevertheless, it produced much rarer destructive 

earthquakes compared the NAFZ and the southern strand of the EAFZ. Limited earthquake 

science efforts in Türkiye focused on the source of frequent large earthquakes, mainly on the 

NAFZ and EAFZ. Thus, an earthquake along the Maraş Seismic Gap was successfully 

foreseen by the earth sciences. 
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The 2023 Pazarcık and Elbistan earthquakes 

 

The 2023 Pazarcık and Elbistan earthquakes occurred along the EAFZ. The hypocentral and 

source parameters of the 2023 Pazarcık and Elbistan earthquakes obtained by different 

seismological institutes (Table 1, Figure 1) confirm that sense of faulting is sinistral. The 

source mechanisms suggest NE-SW and E-W trending fault ruptures for the first and latter 

mainshocks, respectively. 

 

 
 

Figure 3. Surface ruptures of the 2023 Pazarcık earthquake at different part of the fault 

rupture. Photos are from (a) Hassa (Amanos Segment), (b) east of Kahramanmaraş (Pazarcık 

Segment), (c) Balkar, (d) Ozan and (e) Balıkburnu (Erkenek Segment) and north of Narlı 

(Narlı Segment). 
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Table 1. The hypocentral and source parameters of the 2023 Pazarcık and Elbistan earthquakes obtained by different seismological institutes.  

Date Origin 

Time 

Lat Long Depth Mw 

(GCMT) 

Mo 

x10
20

Nm 

NP1 

Strike 

NP1 

Dip 

NP1 

Rake 

NP2 

Strike 

NP2 

Dip 

NP2 

Rake 

CMT 

Depth 

Institute 

FEBRUARY, 6 2023, MAINSHOCK_1, 01:17 Mw7.7  

06.02.2023 01:17:35 37,1736 37,032 17,9 7,8 

7.9 

5.383* 

7.92** 

228 89 -1 318 89 -179 17,5 USGS 

NEIC 

06.02.2023 01:17:31 37,1123 37,1195 5 7,7  222 64 -27 324 65 -152  KOERI 

06.02.2023 01:17:32 37,288 37.043 8,6 7,7         AFAD 

06.02.2013 01:18:10 37,56 37,47 14,9 7,8  54 70 11 320 80 160  GCMT 

FEBRUARY, 6 2023, THE LARGEST AFTERSHOCK, 01:28 Mw6.7  

06.02.2023 01:28:15 37,127 36,943 14,5 6,7  2       USGS 

06.02.2023 01:28:16 37,304 36,920 6,2 6,6         AFAD 

06.02.2023 01:28:21 37,18 36,85 25 6,8         GCMT 

                                                                                                    FEBRUARY, 6 2023, MAINSHOCK_2 10:24 Mw7.5 

06.02.2023 10:24:49 38,024 37,203 10,0 7,6 

7.74 

2.637* 

5.05** 

277 78 4 186 87 168 13,5 USGS 

NEIC 

06.03.2023 10:24:46 38,0717 37,2063 5 7,5         KOERI 

06.02.2023 10:24:47 38,089 37,239 7 7,6         AFAD 

06.02.2023 10:24:59 38,11 37,22 12 7,7  261 42 -8 358 84 -137  GCMT 

USGS: United States Geological Survey; NEIC: National Earthquake Information Center; KOERI: Kandilli Observatory and Earthquake Research Institute; AFAD: Republic 

of Turkey Ministry of Interior Disaster and Emergency Management Authoity; GCMT: Global Centroid Moment Tensor Project;  

* Point Source; ** Finite Fault 
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The first mainshock struck just before the sunrise, mostly catching the people while they 

slept. The most powerful in the sequence the first mainshock ruptured a fault length of about 

300 km. A field study implemented by two of the authors confirmed that the fault rupture 

extends from Kırıkhan (Hatay) in the south to Çelikhan (Adıyaman) in the North (Figures 1, 

3). As documented from the field study the first earthquake produced clear surface ruptures 

along three segments of main strand of the EAFZ, called Amanos, Pazarcık and Erkenek fault 

segments from the south to the north (Emre et al. 2013; Duman and Emre 2013) (Figure 1). 

Nevertheless the rupture did not initiate along these segments that constituting the main strand 

but rather along a secondary fault segment called the Narlı Segment (Gülen et al. 1987; Emre 

et al. 2013), bifurcating from the main strand in the North of Pazarcık town (Figure 1). We 

measured sinistral and vertical displacements of as much as 4.5 m and 1-2 m along the fault 

rupture, respectively. The aftershocks recorded and located by AFAD agency and Kandilli 

Observatory and Earthquake Research Institute of Türkiye and seismogram analysis by the 

institutes across the globe in accordance with our field study, regarding the ruptured faults. It 

is interpreted that the fault sections ruptured during the 1114-1513, 1822 and 1893 

earthquakes ruptured together to produce 2023 Pazarcık earhquake. 

 

Table 2. The hypocentral and source parameters of the 17 August 1999 İzmit earthquake.  

 

KOERI1 

ÖZ2 TI3 
Harvard 

CMT 

USGS RE4 

Gülen 

et al. 

20025  

Delou

is et 

al. 

20026  

Li et al. 

20027 
Utkucu 

et al. 

20097 

Lat. (o) 40.770 40.729  41.010 40.748      

Long. (o) 29.960 29.967  29.970 29.864 
 

 
   

Depth (km) 10 13  17 13      

Mo 

x1020Nm 
  1.47 2.88 1.4 1.7 2.42 2.4 

1.3 2.6 

Strike (o)   270 182 185   
 90  

Dip (o)   83 74 90    90  

Rake (o)   181 3 9   
 -180  

1 
Kandilli Observatory and Earthquake Research Institute. 

2
Özalaybey et al. (2002). 

3
Tibi et al. (2001). 

4
 

Reilinger et al. (2000).
3,5,7 

From the inversion of the teleseismic P and SH waveforms.
4
 From the modelling 

of the GPS data. 
6
 From the inversion of the strong-motion, teleseismic, GPS and InSAR data. 

 

Table 3. Source prameters of the November 12, 1999, Düzce earthquake. 

 

ERD
 

USGS HRV Tibi et al.,   

2000 
1
 

Ayhan 

et al., 

2001
3 

   

Wright et 

al., 2001
4
 

Utkucu et 

al. 2003 

 

Latitude (
o
) 40.818 40.77 40.93      

Longitude (
o
) 31.198 31.15 31.25      

Depth (km) 12.5 14 18      

Mo(x10
19

Nm)  4.5 6.7 4.6 5.1-5.8 4.2 0.4 5.5  

MW  7.1 7.2      

Strike (
o
)   264 264     

Dip (
o
)   54 64  57 4   

Rake (
o
)   -167 184  -134 17   

1
 From the inversion of the P and SH waveforms. 

2
 From the inversion of the P and SH waveforms. 

3
 From the 

inversion of the GPS data. 
4
 From the inversion of the InSAR data 
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In order to better understand size of the 2023 Pazarcık earthquake, its rupture length and 

seismic moment compared with the devastating earthquakes of the 1999 İzmit and Düzce 

earthquakes. The 1999 İzmit and Düzce earthquakes ruptured fault lengths of 150 and 45 

kilometres along the NAFZ, respectively. The focal and source parameters of the 1999 

earthquakes are compiled in Tables 2 and 3. The MW7.8 earthquake released a seismic 

moment that about two-fold larger than the seismic moment of the 1999 İzmit (MW7.6) and 

Düzce (MW7.2) earthquakes summed (compare point- and finite-source estimations of 

between 5.38 and 7.9 x 10
20

 Nt.m in Table 1, respectively, with the sum of 3.46 x 10
20

 Nt.m 

for the 1999 earthquakes in Tables 2 and 3). Strong aftershocks as large as MW 6.7 followed. 

The first mainshock rupture triggered the second mainshock, the 2023 Elbistan earthquake 

(MW7.6-7.7) as it was proven from Coulomb stress modeling (Figure 4) (Utkucu et al. 2023b). 

The second mainshock occured along a fault branch of the EAFZ, called the Northern Strand, 

mainly rupturing a fault perpendicular to the first one. The first mainshock, depending on 

faulting type of the EAFZ caused a damage area elongated in NE-SW direction along the fault 

rupture. However, the second mainshock mainly ruptured a E-W trending fault, causing 

further broadening of the damaged area in the east-west direction. Adding the magnitudes of 

both shocks, this is why a wide damaging area comprising 11 provinces that complicates the 

disaster relief efforts took place.  

 

A

 

B

 

Figure 4. The stress changes caused by the 2023 Pazarcık earthquake (the first mainshock) 

calculated (a) along a fault with parameters 285
o
, dip 90

o
 and rake 0

o
, representing the fault 

segment that host the 2023 Elbistan earthquake’s (the second mainshock) epicenter, and (b) 

along a fault with parameters 274
o
, dip 90

o
 and rake 0

o
. After Utkucu et al. (2023b). 

 

The magnitude of the first mainshock is also stunning for earthquake science community 

because the historical seismology studies have suggested the maximum magnitude of large 

earthquakes along the EAFZ were MW7.5-7.6. Considering the nature of earthquake magnitude 

scale and the magnitude of the first mainshock, this means considerable difference in size. It 

was known that faster slipping NAFZ produced Mw7.9-8.0 Erzincan earthquake in 1939 but it 

was not expected such a large earthquake to take place along the EAFZ. 
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Figure 5. The aftershock activity of the 2023 Pazarcık and Elbistan earthquakes. 

Aftershocks are taken from AFAD catalogue. 

 

The aftershock activity 

 

Numerous aftershocks, including several MW≥ 6.0 aftershocks, occurred in the earthquake 

struck area (Figure 5). A large aftershock of MW6.4 occurred along the Antakya Fault Zone on 

the February 20, 2023 causing collapse of many damaged buildings and several casualties. The 

MW6.4 sparked great fear among the people. Focal and source parameters of this aftershock are 

given in Table 4. The source mechanism suggests a dominant sinistral faulting with significant 

normal component. Coulomb stress modeling clearly indicates that the MW=6.4 shock is an 

aftershock triggered by the 2023 Pazarcık earthquake (Figure 6). Coulomb 3.2 software is used 

to estimate Coulomb failure stress changes (Lin and Stein 2004; Toda et al. 2005). An 

animation of the aftershock activity hour by hour from origin time of the first mainshock to the 

February 12 and day by day after that day to the February 20 is provided as a supplementary to 

this report. Note that the animation also includes month by month background seismicity 

activity from the February 2022 to the occurrence of the first mainshock. The aftershocks are 

still continuing to shake the earthquake struck area. 
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Table 4. The hypocentral and source parameters of the 20 February 2023 aftershock. 

 Time 
Lat. 

(o) 
Lon. (o) 

Depth 

(km) 
Mw 

NP1 

Strike (o) 

NP1 

Dip 

(o) 

NP1 

Rake 

(o) 

NP2 

Strike 

(o) 

NP2 

Dip 

(o) 

NP2 

Rake 

(o) 

KOERI 17:04:28 36.10 36.13 16 6.3 330 68 -143 225 56 -25 

AFAD 17:04:28 36.121 36.074 16.7 6.4 332 55 -138 214 57 -44 

Harvard 

CMT 
17:04:31 36.04 36.04 12 63 329 79 -134 227 45 -16 

USGS 17:04:29 36.109 36.017 11.5 6.3 333 69 -139 225 53 -27 

 

 

 

Figure 6. Coulomb stress changes due to the 2023 Pazarcık and Elbistan eartquakes calculated 

along the fault plane of the February 20, 2023 Defne aftershock. 

 

Some remarks about future earthquake hazard in Türkiye 

 

There are still two well defined seismic gaps in Türkiye, both are along the NAFZ. These are 

Yedisu Seismic Gap in the east of Erzincan and East Marmara Sea Seismic gap, lying 

offshore İstanbul, between Kartal district of İstanbul and Marmara Ereğlisi town of Tekirdağ. 
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The first was lastly ruptured by the 1784 earthquake while the latter produced no major 

earthquake since May 1766. As the both gaps generated no large earthquake that enough for 

deformation relaxation along the respective fault segments, the passing 250 years are 

sufficient for them to produce MW7.0 or larger earthquake, meaning high earthquake hazard. 

 

All these show how high earthquake hazard and how vital earthquake science studies in 

Türkiye. Türkiye has experienced dozens of the major earthquakes in the last millennia. The 

1668 North Anatolian earthquake might be a MW8.0-8.1 shock (Ambraseys 2009). Even 

earthquake that could be classified as “great” in seismology perspective occurs in Türkiye. 

Earthquake science studies and education, earthquake safety and disaster management should 

be among the first priority things in Türkiye. Despite all structural design procedures, the 

buildings are still collapsing. Considering the high standards of civil engineering in Türkiye 

and the past experiences, the collapses are mostly due to application process and lack or 

neglecting of proper inspection during the construction process. Since, these problems could 

not be overcome in short term, in order to mitigate earthquake risk necessity of short building 

designs or giving priority to the risk rather than hazard should be discussed by the civil 

engineering community. 

 

Conclusions 

 

 The first mainshock ruptured a fault length of about 300 km. A field study 

implemented by the authors confirmed clear surface ruptures along three segments 

of main strand of the EAFZ, called Amanos, Pazarcık and Erkenek fault segments 

from south to North. The fault rupture extends from Kırıkhan (Hatay) in the south to 

Çelikhan (Adıyaman) in the North. It is interpreted that the fault sections had 

ruptured during the 1114-1513, 1822 and 1893 earthquakes ruptured together to 

produce 2023 Pazarcık earthquake. 

 

 The sinistral and vertical displacement of as much as 4.5 m and 1-2 m were 

measured along the fault rupture of the 2023 Pazarcık earthquake in the field 

studies, respectively. 

 

 The rupture did not initiate along the main strand but rather along a secondary fault 

segment called the Narlı Segment, bifurcating from the main strand in the North of 

Pazarcık. 

 

 The size of the 2023 Pazarcık earthquake about two-fold larger than the sum of the 

1999 İzmit (MW7.6) and Düzce (MW7.2) earthquakes and caused a damage area 

elongated in NE-SWdirection along the fault rupture, depending on the faulting 

type. However, the second mainshock ruptured a E-W trending fault, causing further 

broadening of the damaged area in the east-west direction. Adding the size of both 

shocks, this is why a wide damaging area comprising 11 provinces that complicates 

the disaster relief efforts took place.  
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 The February 20, 2023, MW6.4 shock occurred along the Antakya Fault Zone is an 

aftershock of the 2023 Pazarcık earthquake. Coulomb stress modeling in the present 

study clearly indicates that the MW6.4 shock was triggered by the 2023 Pazarcık 

earthquake. 

 

 There is a high earthquake hazard in Türkiye. Not only the current mainshocks but 

dozens of the major earthquakes in the past support this fact. Even earthquake that 

could be classified as “great” in seismology perspective occurs in Türkiye. This 

shows how vital earthquake science studies in Türkiye. Earthquake science studies 

and education, earthquake safety and disaster management should be among the first 

priority things in Türkiye.  
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