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On February 6th, 2023 at 01:17 GMT-Greenwich Mean Time (04:17 local time), Turkey 
was hit by an earthquake with a moment magnitude Mw of 7.9 (Mw 7.8 according to USGS 
https://earthquake.usgs.gov/ , last access February 8th, 2023). The earthquake affected 
the regions of southern Turkey and northern Syria with the epicenter located between 
the cities of Gaziantep and Kahramanmaraş. Following the main event, more than 200 
aftershocks of magnitude greater than 4 were localized in the first 24 hours including a 
magnitude 6.7 event at 1:28 GMT. Events with magnitude greater than or equal to 5 are 
shown in Figure 1. 
 
The rupture propagated along the East Anatolian Fault (Figure 3), a NE-SW oriented 
fracture in the Earth's crust, characterized by a strain rate of about 1 cm per year and 
responsible for other catastrophic events in the past. The rupture has a length of about 
150-200 km and the estimated slip along the fault plane is about 3 m 
(https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/finite-fault, last 
access February 8th, 2023). 

At 10:24 GMT (13:24 local time), a new event with magnitude 7.5 occurred 
(https://earthquake.usgs.gov/, last access February 8th, 2023), involving a different fault 
segment with EW orientation, intersecting the first one near the Nurhak locality, with 
epicenter located between the towns of Elbistan and Kahramanmaraş, north of the 
previous event. The rupture propagated for about 100 km with an estimated slip greater 
than the previous one 
(https://earthquake.usgs.gov/earthquakes/eventpage/us6000jlqa/finite-fault, last 
access February 8th, 2023). 

Both faults are characterized by a strike-slip focal mechanism 
(https://www.britannica.com/science/strike-slip-fault, last access February 9th, 2023), 
the former with a direction of 228 relative to the north and a slope of 89 degrees toward 
the NW and the latter with a direction of 277 and a slope of 78 degrees toward the north, 
implying a relative horizontal displacement of rock masses along nearly vertical planes. 
The two events with Mw greater than 7 have a hypocentral depth of about 15-20 km, 
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which caused very intense ground shaking in an area bordering Turkey and Syria, with  a 
resonance in parts of Lebanon and Cyprus. 

 
Figure 1. Events with magnitude greater than 5 (Feb. 6 - Feb. 8, 2023) superimposed on 
major regional tectonic lines. 
 
The records of the main events were collected and analyzed by the Milan section of INGV, 
which is involved in the development of the Engineering Strong-Motion database 
(https://esm-db.eu/), a research infrastructure that collects accelerometric records of 
earthquakes with magnitude greater than 4 in Europe and Middle East in a single 
database, included as part of EPOS (European Plate Observing System, 
https://www.epos-eu.org/) activities. For high-magnitude earthquakes, the only 
instruments capable of recording ground motion at short distances from the fault are 
accelerometers, generally configured to record up to 2-4 times the acceleration of gravity 
(9.8 m/s2 or g). Two main monitoring networks coexist in Turkey: the Turkish Civil 
Defense network (AFAD, Republic Of Turkey Ministry Of Interior Disaster And Emergency 
Management Presidency, code TK) and that of the Kandilli Observatory and Earthquake 
Research Institute (Boğaziçi University, code KO). Accelerometer data are distributed 
through the European Integrated Data Archive (EIDA, http://www.orfeus-
eu.org/data/eida/) and AFAD's Accelerometer Data Database 
(https://tadas.afad.gov.tr/) and may be updated or modified in the coming weeks. 
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Accelerometer data were processed and analyzed to derive parameters indicating the 
intensity of ground motion, the most common of which are the Peak Ground Acceleration 
(PGA), Peak ground velocity (PGV), and the ordinates of the acceleration response 
spectrum (SA, Spectral Acceleration) calculated for 5% damping values, used by 
engineers to define seismic action in structural design.  
Looking at the distribution of horizontal PGA values of the magnitude 7.9 event, it can be 
seen that the highest values are distributed along the direction of the fault plane (NE-SW). 
Data from stations at short distances from the fault plane (< 30 km) were also processed 
using a technique to derive permanent ground displacement (D'Amico et al., 2018; 
Schiappapietra et al., 2020). 
 

 
Figure 2 Map of peak horizontal acceleration PGA (cm/s2 or gal). 

 
For this earthquake, the USGS recently provided 
(https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/finite-fault, last 
access February 8th, 2023) the fault plane solution that provides slip values and rupture 
times, represented by isochrones; lines joining points on the fault plane reached by the 
rupture front at the same time. 
Figure 3 shows that rupture occurred along two different fault segments and that the area 
with the greatest slip (about 3m) is located north of the epicenter (represented in the 
figure by a star), near the town of Kahramanmaraş. The rupture propagated in two 
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directions (SW and NE) in the first 10 seconds, with a major slip in the NW direction (3 
m), where it evolved for about 50 km with an average slip of 3 m. A third rupture occurred 
along a southern, NS-oriented segment 70 seconds after the time origin of the event, with 
an average slip of about 1 m. 

 
 

 



 

  

Figure 3. Upper panel: projection on the topographic surface of the fault plane; lower 
panel: solution of the slip along the fault (left the southern segment, oriented N-S, and 
right the main segment, oriented NE-SW); colors indicate the extent of slip in meters 
(from https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/finite-fault, last 
access Feb. 8, 2023) 

 

 
Figure 4: Accelerometer recordings at stations TK.4406, TK4615, TK.2712 and TK. 3145. 
 
Figure 4 shows the arrival of the phases corresponding to the different rupture episodes 
highlighted in Figure 3 at stations TK.4406, TK.4615, TK.2712 and TK.3145. The stations 
closest to the epicenter (e.g., TK.2712 and TK.4615) distinctly recorded the different 
rupture episodes occurring at 20s and 40s from the time origin of the event. At stations 
farther away, such as TK.4406, the different rupture episodes are no longer 
distinguishable and the traces have a continuous pattern, characterized by lower 
amplitudes (PGA = 131 cm/s2 or gal). Stations further south, such as TK.3145 sensed the 
last rupture episode occurred about 70 seconds later than the time origin of the event.   
 
Shown in Figure 5 are the horizontal displacement resulting from the finite fault solution 
calculated by the method of Okada (1985), the projection of the slip along the fault, and 
the horizontal peak ground acceleration recorded at different stations, which show a 
direct correspondence between the recorded PGA values and the level of ground 
deformation. The figure also indicates that soil deformation greater than 20 cm occurred 
in an area of approximately 300 x 150 km. In contrast, Figure 6 shows the trend of the 
Arias Intensity, which is the integral of the square of the horizontal ground motion 
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acceleration over time and a good indicator of the energy released by shaking (a 
parameter that can be correlated with infrastructure damage). The map in Figure 6 was 
obtained by interpolating the recorded values using the Kriging technique. Again there is 
a good match with the observed strain values and slip along the fault, although the 
southern part of the area affected by the event would not seem to be in good agreement 
with the composite fault hypothesis. 
 
Finally, in Figure 7, the permanent ground displacements are shown, calculated by 
processing the accelerometer signals with the stretch baseline technique (D'Amico et al., 
2018; Schiappapietra et al., 2021). The results indicate a permanent displacement of 
about 2 meters at station TK.2708 and about 1 meter at station KO.KHMN. These 
displacements are in good agreement with the fault solution provided by the USGS. 
 

 
Figure 5: Map of horizontal soil deformation (in m) 
(https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/finite-fault), 
projection of slip along the fault, and observed PGA (value in cm/s2 is shown in the figure 
next to the station symbol). 
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Figure 6 map of interpolated values of Arias intensity (cm/s), superimposed on the 

surface projection of the slip along the fault. 
 

 
Figure 7. Location of the stations analyzed for the calculation of permanent soil 

displacement; on the right the graph of deformation over time. 



 

  

 

Bibliography 
 

 
D’Amico, M., Felicetta, C., Schiappapietra, E., Pacor, F., Gallovič, F., Paolucci, R., Puglia, R., 
Lanzano, G., Sgobba, S., Luzi, L. (2018). Fling Effects from Near-Source Strong-Motion 
Records: Insights from the 2016 Mw 6.5 Norcia, Central Italy, Earthquake. Seism. Res. Lett. 
2018, 90, 659–671. 
 
Okada Y (1985). Surface deformation due to shear and tensile faults in a half space. 
Bulletin of the Seismological Society of America, Vol. 75, No. 4, pp. 1135-1154. 
 
Schiappapietra, E, Felicetta C, D’Amico M (2021). Fling-Step Recovering from Near-Source 
Waveforms Database, Geosciences 11, no. 2: 67. 
https://doi.org/10.3390/geosciences11020067 
 
 
 


