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ABSTRACT: 
 
On 6 February 2023, two major earthquakes occurred in the East Anatolian Fault Zone (EAFZ) of Türkiye. The EAFZ forms the 
east border of the Anatolian Plate. The magnitude 7.7 and 7.5 Kahramanmaraş – Türkiye Earthquakes that struck southern 
Türkiye and resulted in common destruction in 11 provinces in the region. Total 6 main fault segments of the EAFZ ruptured 
during the earthquake sequence on 6 February 2023, and approximately 400 km surface rupture occurred. The life losses are 
reported as over 50000, and approximately 300,000 buildings were collapsed or severely damaged. In addition to damages on the 
buildings and the infrastructures, liquefactions, landslides, rockfalls, and rock avalanches were also observed during the 
earthquake sequence. The purpose of this study is to present a general overview on the 6 February 2023 Earthquake sequence.  
 
 

1. INTRODUCTION 

The Anatolian plate is bounded in the north by the North 
Anatolian Fault Zone (NAFZ) and in the east by the East 
Anatolian Fault Zone (EAFZ). As a result of the northward 
movement of the Arabian Plate, the Anatolian Plate between 
NAFZ and EAFZ moves approximately westward. As a result 
of the plate movement, in the last century, devastating 
earthquakes have occurred along the NAFZ. However, the 
EAFZ had produced relatively few earthquakes in the last 200 
years when compared to historical records and has therefore 
accumulated significant stresses along its length (Nalbant et al., 
2002). For this reason, some segments of the EAFZ were 
seismic gaps, and hence, the region was a high seismic 
potential. Consequently, some severe earthquakes were 
expected in the region (Nalbant et al., 2002; Gokceoglu, 2022; 
Can et al., 2022).  
 
In the last century, only three earthquakes produced surface 
rupture. These are the 1971 Bingöl Earthquake (Ms=6.8), the 
2010 Karakoçan Earthquake (Mw=6.1), and the 2020 Elazığ 
Earthquake (Mw=6.8). In addition, it is known that the EAFZ to 
the east of Lake Hazar was also ruptured by the 1874 Ms 7.1, 
1875 Ms 6.7, and 1866 Ms 7.2 earthquakes (Ambraseys 1988; 
Emre et al., 2018). In addition to these earthquakes, before the 
instrumental period, severe earthquakes occurred along the 
EAFZ (Figure 1).  
 

 
 

Figure 1. Fig. 2 Distribution of both historical (a) and 
instrumental (b) earthquakes along the southern segments of the 

EAFZ (taken from Duman et al., 2020)  
 

As stated, the Erkenek, Pazarcık, Amanos, Antakya, Çardak and 
Sürgü segments of the EAFZ have not produced a significant 
earthquake but they have continued to buildup elastic strain 

energy, until February 6, 2023. On February 6, 2023, at 01:47 
UTC, the Narlı, Erkenek, Pazarcık and Amanos segments 
ruptured and the Mw=7.7 Kahramanmaraş-Pazarcık earthquake 
occurred. Approximately 9 hours later at 10:24 UTC, the  
Mw=7.7 Kahramanmaraş-Elbistan earthquake occurred near 
Ekinözü due to rupture of the Çardak and Sürgü segments 
(Figure 2). As the results of the successive earthquakes, 
Kahramanmaraş, Adıyaman, Hatay, Osmaniye, Gaziantep, 
Kilis, Şanlıurfa, Diyarbakır, Malatya, Adana, and Elazığ were 
significantly affected. More than 50000 people died and 
approximately 300000 buildings were collapsed or heavily 
damaged. In addition to damages on the buildings and the 
infrastructures, surface ruptures, liquefactions, landslides, 
rockfalls, and rock avalanches were also observed commonly 
during the recent destructive earthquakes. The purpose of this 
study is to present a general overview on the 6 February 2023 
Earthquake sequence. 
 

 
 

Figure 2. Epicenters of the 6 February 2023 Türkiye 
Earthquakes (AFAD, 2023) 

 
 

2. GROUND FAILURES 

2.1 Surface Ruptures 

The Pazarcik earthquake was initiated on a smaller Narlı fault 
(326-1 in Figure 3) in the south, jumped to the north, and 
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ruptured the Pazarcık (2-6 in Figure 3) and Erkenek (2-5 in 
Figure 3) segments of EAFZ towards NE and the Amanos 
segment (2-7 in Figure 3) towards SW. This earthquake 
produced left-lateral surface ruptures and the displacements 
reached to 4 m (Figure 4).  
 

 
 
Figure 3. The ruptured segments of DAFZ (yellow frame shows 

the Pazarcik Earthquake while blue frame shows the Elbistan 
Earthquake) (modified after Emre et al., 2018).  

 

 
 

Figure 4. Some views from the left lateral displacements 
occurred during the Pazarcık Earthquake. 

 
The surface ruptures resulted in highway and railway damages 
and the transportation to the earthquake region was blocked. 
The Tarsus-Adana-Gaziantep Motorway (TAG) was cut by the 
displacement of the Amanos segment around Nurdaği (Figure 
5).  
 

 
 
Figure 5. The TAG Motorway cut by the surface rupture (TRT 

Haber, 2023) 
 

The other important state road cut by the surface rupture is 
Gaziantep – Kahramanmaraş State Road (Figure 6). Access to 
the earthquake region was provided by secondary roads due to 
the highway and the state roads that were cut and damaged by 
the surface ruptures, which caused delays in the search and 
rescue efforts for the first few days after the earthquake. 
 

 
 

Figure 6. The Gaziantep – Kahramanmaraş State Rod cut by 
the surface rupture 

 
The railway system under service was constructed in the period 
of 1927-1937 (Nohab Saabye and Lerche Kampax, 1937). The 
surface ruptures were cut by various locations (Figure 7).  
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Figure 7. A view from a railway cut by the surface rupture 
 

The T3 railway tunnel between Gölbaşı and Malatya was cut by 
surface rupture of the Erkenek segment. The fault cut the tunnel 
at the 80th m from the portal of Erkenek side and approximately 
150 m part of the tunnel collapsed completely (Gokceoglu and 
Karahan, 2023) (Figure 8). The failure of this tunnel prevented 
the railway transportation between Malatya and Gaziantep. 
 

 
 

Figure 8. A view from the collapsed T3 tunnel 
 
The dam body of the Erkenek dam was cut perpendicular by the 
Erkenek segment (Figure 9). The dam was damaged heavily 
but, it is not collapsed. As soon as occurrence of the Pazarcık 
earthquake, the water in the reservoir was discharged by the 
authorities. This precaution prevented the occurrence of a 
secondary hazard. 

 
 
Figure 9. A view from the Erkenek dam body cut by the surface 

rupture 
 
In addition to the engineering structures cut by the surface 
ruptures, surface ruptures caused heavy damage to many 
buildings and caused their collapse completely (Figure 10). 
 

 
 

Figure 10. A view from a double stories building cut by the 
surface rupture (Tetirlik village, Pazarcık) 

 
During the Elbistan earthquake, the Çardak segment (226 in 
Figure 3) and the Sürgü segment (227 in Figure 3) ruptured. 
These segments also produced surface ruptures and the 
maximum displacement was measured as 6.7 m by Taylan 
Sancar (Figure 11). 
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Figure 11. The maximum displacement measured by Taylan 
Sancar (modified after Özacar et al., 2023). 

 
2.2 Landslides 

During the earthquake sequence, more than 2500 landslides 
were triggered. The south part of the Amanos mountains are 
generally free from landslides but several landslides in the 
Amanos mountains were triggered. A landslide dam around 
Islahiye occurred, and the GoogleEarth images before and after 
the Earthquake sequence is given in Figure 12. Another large 
and planar landslide occurred around Tepehan (Figure 13) and 
such type failures were also observed around this region. In this 
region, the failure surface was observed clearly (Figure 14). A 
sakung with a volume of around 70M m2 occurred near Ekinözü 
during the Elbistan earthquake (Figure 15). Especially in the 
northern parts of the earthquake region such as Çelikhan, Kahta, 
Gölbaşı, Besni, Nurhak and Tut, many landslides were triggered 
by the earthquakes.   
 

 
 

Figure 12. The GoogleEarth images before and after the 
earthquakes (west of Islahiye, Degirmencik) 

 

 
 
Figure 13. A view from the Tepehan planar failure triggered by 

the earthquake 
 

 
 

Figure 14. A view from the failure surface of the planar failure 
 
 

2.3 Rockfall and Rock Avalanche 

The rockfalls were observed commonly in the mountainous 
areas of the earthquake region. Especially roads and railways 
were affected by the rockfalls (Figures 16 and 17). In addition 
to roads and railways, some villages such as Bektaşlı village, 
Kırıkhan were damaged by rockfall (Figure 18). The rockfall in 
Bektaşlı village resulted in death of 50 person.   
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Figure 15. A view from the sakung near Ekinözü 
 

  
Figure 16. A view from the rockfall on the Gölbaşı – Nurhak 

road 
 

 
 

Figure 17. A view from the rockfall at the south of Fevzipaşa 
Railway Station 

 

 
 

Figure 18. A view from the rockfalls in Bektaşlı village, 
Kırıkhan 

 
In addition to rockfalls, the rock avalanches were observed 
during the 6 February 2023 Türkiye Earthquakes. Rock 
avalanches result from rapid fragmentation of very fast-moving, 
initially intact rock masses during transport (Hungr et al., 2001). 
Especially, along the east slopes of the Göksu river, east of Tut, 
Adiyaman, several rock avalanches were triggered (Figure 19). 
These failures are observed clearly by comparing before and  
after earthquake orthophotos presented on the HGM Küre 
platform of the General Directorate of Mapping (HGM, 2023) 
(Figure 20).  
 
Rock avalanches observed near Nurhak and Tut did not cause 
loss of life or great damage in this earthquake, because rock 
avalanches triggered by the 6 February 2023 Earthquakes took 
place in locations far from settlements. However, this slope 
failures should be considered during the site selection efforts. 
   

 
 

Figure 19. A view from the rock avalanches along the east 
slopes of the Göksu river 
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Figure 20. The HGM Küre images before and after earthquake 
(along the east slopes of the Göksu river) 

 
2.4 Liquefaction 

During the 6 February 2023 Earthquakes, the liquefactions 
occurred commonly. A liquefaction and lateral spreading map 
was prepared by Üstün et al. (2023) (Figure 21). As can be seen 
from Figure 20, severe liquefactions were observed in Elbistan, 
Gölbaşı, Türkoğlu, Antakya, Samandağı and İskenderun.   
 

 
Figure 21. The liquefaction and lateral spreading map of the 

Earthquake region (Üstün et al., 2023). 

In Gölbaşı, liquefaction damaged the buildings, roads and 
railways severely (Figure 22), because the main lithology of this 
region is lake sediments. 
 

 
 

Figure 22. A toppled building due to liquefaction in Gölbaşı 
 

Along the İskenderun coastline, severe liquefactions occurred, 
and as a result of liquefactions, the İskenderun Port was 
damaged heavily (Figure 23), and a serious fire was initiated. In 
addition, the İskenderun coastline settled more than 1.5 m 
(Figure 24). 
 

 
 

Figure 23. A view from the İskenderun Port after the 
earthquake 
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Figure 24. The settled coastline of İskenderun 
 

In the Amik Plain, severe liquefactions and lateral spreadings 
were also observed (Figure 25). The liquefactions in this plain 
damaged the Antakya – Cilvegözü road, and the runway of the 
Hatay Airport (Figure 26). 
 

 
 

Figure 25. A typical view from liquefaction occurred in the 
Amik Plain 

 

 
 

Figure 26. A view from the runway damages of the Hatay 
Airport  

 
3. CONCLUSIONS  

The general characteristics of the 6 February 2023 
Kahramanmaraş – Türkiye Earthquakes are given in this study. 
The main conclusions can be drawn as follows: 

(a) As a result of the rupture of the Narlı, Erkenek, Pazarcık and 
Amanos segments in the East Anatolian Fault Zone, a 7.7 
magnitude earthquake with a Pazarcık epicenter occurred on 
February 6, 2023, at 04:17 local time. On the same day, 
another large Mw 7.6 earthquake occurred at 13:24 with the 
epicenter in Elbistan, as a result of the rupture of Çardak and 
Sürgü faults. 

(b) During the successive earthquakes, approximately 100000 
km2, more than 13 million people and 11 provinces were 
affected directly. 

(c) According to the official data, death toll is more than 50000, 
and approximately 300000 buildings were collapsed or 
heavily damaged. 

(d) Approximately 400 km surface rupture occurred, and these 
ruptures cut railways and highways. This resulted in a 
serious transportation problem during the first few days. 

(e) More than 2500 different types of landslides were triggered, 
and a landslide dam occurred in the Amanos mountains. In 
addition, a sakung with an approximate volume of 70M m3 
was triggered. 

(f) In mountainous part of the earthquake region, rockfalls were 
triggered commonly, and the rockfalls contributed to the 
increase in damage and loss of lifes. Additionally, around 
Nurhak and Tut, some rock avalanches were observed. 

(g) Liquefactions and lateral spreadings were observed 
commonly in the coastlines and plains. These soil 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-M-1-2023 
39th International Symposium on Remote Sensing of Environment (ISRSE-39) “From Human Needs to SDGs”, 24–28 April 2023, Antalya, Türkiye

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-M-1-2023-417-2023 | © Author(s) 2023. CC BY 4.0 License.

 
423



 

behaviours also contributed to increase in earthquake 
damages.     
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