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1.1 Introductio n 

On January 24, 2020 at 8.55.11 p.m. local time (UTC 5.55.11 p.m.), a moment magnitude Mw 

6.8 (AFAD; Disaster and Emergency Management Presidency; www.afad.gov.tr) or Mw 6.7 

(USGS) earthquake occurred on the East Anatolian Fault zone, due to a NE-SW strike-slip fault 

rupture along the Sivrice-Pütürge Segment in El©zēĵ, Turkey. Within the confines of this report, 

the findings of geological, seismological and geotechnical and structural reconnaissance studies 

as well as preliminary field investigation studies will be presented. In addition to geological 

and geotechnical evaluations in the course of reconnaissance studies, some typical lifeline and 

superstructure damage examples are also given. Independent engineering groups composed of 

earth scientists, geological, geophysical, and civil engineers have compiled and documented 

perishable data immediate upon El©zēĵ-Sivrice earthquake. For the purpose of honoring 

collaborative research studies among different disciplines and universities, it was decided to 

present the findings in a co-authored report. We believe that this report and others will 

encourage and reinforce further interdisciplinary studies and culture of collaborative research. 

 

The cities of El©zēĵ and Malatya are located in the eastern Turkey as shown in Figure 1.1. The 

epicenter is located at N38.3593°, E39.0630°, approximately 37 km south-southwest of El©zēĵ, 

and 64 kms east of Malatya with a focal depth of 8.06 km (AFAD). Sivrice-Pütürge segment is 

located within the East Anatolian Fault system in association with the tectonic boundary of the 

Eurasian, Arabian and African plates and Anatolian Block, which accommodates 

approximately 5-10 mm annual slip (Gulerce et al., 2017). The effects of the El©zēĵ-Sivrice 

earthquake have been widely observed across El©zēĵ and Malatya regions, extending from 

Hazar Lake in the east to downtown Malatya in the west. The cities of Kahramanmaraĸ, 

Diyarbakēr, Adēyaman, ķanlēurfa and Batman have also felt the earthquake shaking relatively 

strongly. Despite attempts to identify and map surface expressions of fault rupture, a clear 

evidence has not been reported (yet). However, in the literature and the press, there exist 

contradicting opinions. 

 

Turkey is a tectonically active country, and regularly experiences damaging earthquakes. 

Within 250 km of January 24, 2020 earthquake event, on the EAFZ, seven other Mw 6 or larger 

events have been reported to occur since 1870ôs. Several of these events have been destructive: 

 

¶ In May 1971, Mw 6.9 Bingöl earthquake, 150 km to the northeast of this recent event 

killed 65 people and also caused significant damage.  

¶ In September 1975, Mw 6.7 Lice earthquake, about 140 km to the east of the recent event 

killed more than 2,000 people and caused significant local damage. 

¶ In May 1986, Mw 6.1 Sürgü earthquake, about 120 km to the west of this earthquake, 

killed 15 people and damaged over 4,000 houses. 

¶ In May 2003, Mw 6.4 Bingºl earthquake, 140 km to the northeast of the recent eventôs 

epicenter killed 177 people, injured hundreds, and destroyed over 700 buildings. 

¶ In March 2010, Mw 6.1 El©zēĵ-Kovancēlar earthquake, 100 km to the northeast of 2020 

event killed 42 people, injured 100 people, and destroyed close to 300 buildings. 
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Figure 1.1 Map of Turkey (Google Maps) The epicenter of the January 24, 2020 Earthquake 

is shown with a red pin. 

 

On the basis of the events listed and the map shown in Figure 1.2, it can be concluded that 

January 24, 2020 event has occurred on a segment of the east Anatolian fault, which has been 

seismically quiet since the last earthquake in 1875. 

 

41 citizens lost their lives, and owing to successfully managed search and rescue operations, 45 

citizens have been rescued from the heavily damaged and/or collapsed residential structures. 

1,587 out of 1,631 injured citizens are soon discharged, 46 of citizens, 5 of whom are under 

intensive care, continue to be treated, as of February 3, 2020. Following the major shock of 

El©zēĵ-Sivrice earthquake, again as of February 3, 2020, a total number of 1,948 aftershocks 

occurred in the region. 23 of these aftershocks have magnitudes over 4.0. 
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Figure 1.2 Different segments of the East Anatolia fault zone (Duman and Emre, 2013) 

 

In response to this event, several research teams have visited the region to investigate the effects 

of the earthquake. The preliminary objective of the reconnaissance efforts was to document the 

effects of strong shaking on buildings and ground failure such as the prevalence of liquefaction, 

landslides and surface fault rupture. Our research team has visited the area on the 31st of January 

to collect and document perishable data in the form of ground deformations, liquefaction, lateral 

spreading and slope instabilities, rock falls and retaining structures. Additionally, the 

performances of railway systems, hydraulic structures, highways and residential structures on 

the investigation route are also documented. As a result, the subsequent investigative efforts 

have been mostly focused on documenting the following topics: 

 

¶ Background information related to the geology of the region, 

¶ Seismology and ground motions of the event, 

¶ Detailed mapping of ground deformations, 

¶ Measuring ground deformation in the very near fault region, 

¶ Assessing the performance of slope instabilities 

¶ Assessing the performance of hydraulic structures and railways. 

 

The findings regarding all these will be presented next. 
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2.1 Tectonic Setting  

January 24, 2020 El©zēĵ-Sivrice Earthquake occurred on Turkeyôs the second largest fault 

system: left lateral strike slip East Anatolian Fault Zoneôs (EAFZ) Sivrice-Pütürge segment. 

The EAFZ is defined by a zone of fault segments that joins the eastern end of the North 

Anatolian Fault Zone (NAFZ) to the Mediterranean Sea in the Gulf of Iskenderun (Taymaz et 

al 1991). NAFZ meets EAFZ at the Karlēova junction. 

 

EAFZ exhibits translational characteristics, which is induced due to continent-continent 

collision of Arabian-African and the Eurasian plates. The interaction of four major tectonic 

plates of Arabian, Eurasian, Indian, and African with relatively smaller tectonic block of 

Anatolia is the source of high seismicity in the region, as shown in Figure 2.1 (USGS, Bozkurt 

2001). Owing to more recent tectonic processes, EAFZ is under a tectonic compression regime 

in the N-S direction. The Anatolian block, squeezed between NAFZ and EAFZ, is moving 

towards the west. (ķengºr et al., 1985; AFAD Report, 2010). The EAFZ predominantly 

produces left-lateral strike-slip events with occasional normal segments, but its fault trace is 

less continuous and less localized than that of the NAFZ. Recent GPS data indicated that the 

slip rate in the EAFZ has an upper bound of 8±1 mm/year (Ambraseys, 2009). 

 

Historically, the EAFZ has nucleated relatively small magnitude earthquakes in the twentieth 

century (www.koeri.boun.edu.tr) contrary to NAFZ, which characteristically generates Mw 

greater than 7 events. Figure 2.2 shows the active fault map of Turkey as provided by General 

Directorate of Mineral Research and Explorations (MTA). 

 

 
Figure 2.1 Tectonic structure of Turkey (from Bozkurt 2001). 

http://www.koeri.boun.edu.tr/
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Figure 2.2 Active faults and fault segments in the vicinity of El©zēĵ and Malatya cities (MTA, 

2020) 

2.2  Historical Earthquakes  

In the twentieth century, EAFZ produced several large earthquakes (Mw>7) with surface 

rupturing exhibiting complex migration patterns, as shown in Figure 2.3 (Barka, 1996; Utkucu 

et al., 2003). As reported by AFAD 2020, in the 20th century, on the EAFZ, 299 earthquakes 

http://yerbilimleri.mta.gov.tr/anasayfa.aspx 

(Palutoĵlu ve Tanyolu, 2006) 

http://yerbilimleri.mta.gov.tr/anasayfa.aspx
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occurred with Mw larger than 4.0, the largest of which was a 6.9 moment magnitude event. 

Also, before year 1900, 40 historical earthquakes have been reported in the region.  

 

Several of these destructive earthquakes as summarized by USGS are briefly discussed below:  

 

¶ Mw 6.9 Bingöl earthquake in May 1971, 150 km to the northeast of the killed 65 and 

also caused significant damage.  

¶ Mw 6.7 Lice earthquake in September 1975, about 140 km to the east of todayôs 

earthquake killed more than 2,000 people and caused significant local damage.  

¶ Mw 6.1 Sürgü earthquake in May 1986, about 120 km to the west of this earthquake, 

killed 15 and damaged over 4,000 houses.  

¶ Mw 6.4 Bingöl earthquake in May 2003, 140 km to the northeast of todayôs event killed 

177 people, injured hundreds, and destroyed over 700 buildings.  

¶ Mw 6.1 El©zēĵ-Kovancēlar earthquake in March 2010, a 100 km to the northeast killed 

42, injured 100, and destroyed close to 300 buildings. 

 

 
 

Figure 2.3 Seismicity of EAFZ during the last century (AFAD, 2020) 

2.3  Geological Setting of the Region   

The geological units of El©zēĵ province, starting from the oldest to the youngest, are listed as:  

 

¶ Keban metamorphites consisting of Permo Triassic aged crystallized limestones, 
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¶ El©zēĵ Magmatites consisting of senonian aged granite, granodiorite, basalt, basaltic 

pillow lava, andesite and dacite dykes and volcanosedimanter rocks, 

¶ Harami Formation consisting of Upper Maestrichtian aged massive limestones,  

¶ Kērkge­it Formation consisting of Middle Eocene-Upper Oligocene aged conglomerate, 

sandstone, marl and limestones,  

¶ Mine Complex consisting of sedimentary rocks such as mudstone, sandstone, claystone 

and magmatic rocks such as basalt, andesite and diabase,  

¶ Karabakēr Formation, consisting of upper Miocene-Lower Pliocene aged tuff, 

agglomerate, basaltic lava and lacustrine limestones with lateral transition.  

 

Figure 2.4 shows the geological map of the province. Units will be discussed in the next sections 

as compiled by Aksoy (1993), Avĸar (1983) and Ķnceºz (1983). 

 

 
 

Figure 2.4 Geological map of El©zēĵ province (Palutoĵlu, M., Tanyolu, E., 2006, in Turkish) 

2.3.1 Keban Met amorphics   

Keban metamorphics in El©zēĵ, is mostly located in the area between Abdullahpaĸa-Sarē­ubuk 

districts and Allahuekber Hill, and on the skirts of Mount Meryem southwest of Sürsürü district. 

It is covered by angular unconformities of Kērkge­it Formation and exhibits unconformity with 

Karabakēr Formation at the foot of Mount Meryem in the area between Abdullahpaĸa, 

Cumhuriyet Sarē­ubuk districts, and Allahuekber Hill. 
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Keban Metamorphics consist of recrystallized limestones-calcschist, marble, 

metaconglomerate-calcillites, but are mostly represented by recrystallized limestones in the 

study area. 

2.3.2  Ah¥vÿĜ Magmatites  

El©zēĵ Magmatites are sub-divided into magmatic rocks and Volcano-sedimentary rocks. 

Magmatic rocks are located in the west of Harput, north of Fevziçakmak, Esentepe and Safran 

districts, at the north of Fērat University, Cumhuriyet and Abdullahpaĸa districts, about 1 km 

east of ķahinkaya Village, Yenikºy and Yadig©r districts, and in the vicinity of Keklik and 

Karataĸ hills. Volcano-sediments are usually located in between Eski Beyyurdu-Karĸēyaka 

districts. 

 

Keban Metamorphics tectonically overlie El©zēĵ Magmatites, whose base is not visible in the 

central settlement area of El©zēĵ province, and in accordance with Harami Formation, Kērkge­it 

and Karabakēr formations are angular unconformity. El©zēĵ Magmatites are lithologically 

composed of gabbro-diorites at the base, basaltic-andesitic volcanic rocks, and volcano-clastics 

overlying them, and granodiorite-tonalites and dacite dykes cutting them. 

2.3.3  Harami Formation  

Harami formation exists as a few hundred square-meters pockets in the north, south and east of 

Harput. The unit covering El©zēĵ Magmatites is covered by Kērkge­it Formation generally 

represented by massive limestones. This unit consists of lenticular red conglomerate and 

sandstone at the bottom, sandy limestone and massive limestone at the lower levels. Formation 

environments are shallow, clear, not widespread, disconnected and exhibit recifal 

characteristics. Harami Formation was deposited in a narrow and shallow basin in 

Maastrichtian. Red conglomerates and sandstones at the base are terrestrial deposits with fan 

delta character. The sandy limestone and limestones overlying them are carbonate deposits, 

deposited in shallow sea. According to paleontological findings, it is Maastrichtian or older. 

2.3.4  Gÿngca©epģBkni]tion  

The Kērkge­it Formation, which extends to the city of Van, is mapped in three different 

lithological columns. Sandstone-marl units outcrop in the north of Virane district, northeast and 

northwest. The conglomerate-sandstone is observed in the vicinity of Sarē­ubuk and ķahinkaya 

Villages and Kºrpēnar district, in the north of Cumhuriyet and Zafran districts, in the north and 

northeast of Harput, and the Marn units in the north of Akyazē and Virane districts, and about 

1 km to the north. The sandstone-marl layers are interchangeable and bear conglomerate levels. 
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2.3.5  G]n]^]gÿnģBkni]tion  

Karabakēr formation is mapped in three geological units: volcanics, limestone and 

conglomerate-sandstone. Volcanic rocks are located about one km east of Yeniköy, and west 

of Yadig©r districts. Limestone member can be seen in the vicinity of Rēzvan and Baz Hills and 

west of Doĵukent, Salēbaba, ¢atal­eĸme districts. The conglomerate-sandstone lies in the north 

and northeast of Yenikºy District, around Yadig©r District. Karabakēr Formation covers the 

Keban Metamorphics, El©zēĵ Magmatites and Kērkge­it Formation unconformity. There are 

also unconformity Pleistocene aged alluviums. The age of the Karabakēr formation is the Upper 

Miocene according to its paleontological findings. 

2.3.6  Alluvium  

Alluvium sediments, which spread over large areas, are mapped in three separate units. Due to 

their different lithologies they are classified as silty clay, sandy gravelly-clay and sand-gravel.  

 

Silty clay dominates the southeast of S¿rs¿r¿, K¿lt¿r, Olgunlar, Hicret, Akpēnar, Sarayatik, 

Nailbey, University and ¢arĸē districts. 

 

Sandy gravelly clays are mapped in the Sanayi district, south of Kērklar district, in the middle 

and north part of Ķzzetpaĸa district, Yeni district, south and east of Fērat University campus, 

south, north and northwest of S¿rs¿r¿ district, east of Abdullahpaĸa district and in the south, 

near the north of Yadigâr district, in the direction of Aksaray district. 

 

The sand-gravel layer is in the north and northwest of Abdullahpaĸa district, south of 

Cumhuriyet district, in Ulukent, Yēldēzbaĵlarē, Rēzaiye, Ķcadiye, Mustafapaĸa, R¿stempaĸa, 

Aksaray, Kēzēlay, G¿m¿ĸkavak and north of Sanayi districts. It is also observed in ¢atal­eĸme, 

Doĵukent districts between Salēbaba-Karĸēyaka districts. The sand-gravel proportions vary 

from district to district with also variable clay layer thicknesses. 

 

Figure 2.5 shows the geological units mapped in the vicinity of El©zēĵ city center, along with 

representative cross-sections, as explained in the preceding subsections. Also Figure 2.6 

presents the generalized stratigraphic columnar section representing El©zēĵ geological setting. 
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Figure 2.5 Geological map of El©zēĵ City Center (Palutoĵlu, M., Tanyolu, E., 2006)  
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Figure 2.6 Generalized stratigraphic columnar section of El©zēĵ  

(Palutoĵlu, M. and Tanyolu, E., 2006)  
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3.1 Introduction  

On January 24, 2020 at 8.55.11 p.m. local time (UTC 5.55.11 p.m.), a destructive earthquake 

occurred on the East Anatolian Fault Zone (EAFZ) due to the rupture of the fault with a left 

lateral strike slip source mechanism more specifically along the Pütürge segment extending in 

the NE-SW direction. The earthquake was reported with a moment magnitude Mw=6.8 

according to the Disaster and Emergency Management Presidency (AFAD) and a moment 

magnitude Mw=6.7 according to the United States Geological Survey (USGS). The epicenter 

was located at N38.3593°, E39.0630°, approximately 37 km SSW of El©zēĵ and 64 km east of 

Malatya with the focal depth of 8.06 km according to AFAD. 

3.2  Seismological  Characteristics of the Earthquake  

EAFZ is a NE-SW striking, left-lateral intra-continental strike slip fault system that extends 

between the Karlēova junction and Antakya at the NE corner of Mediterranean Sea (ķaroĵlu et 

al., 1992). Duman and Emre (2013) proposed seven segments with segment lengths ranging 

between 31 and 113 km for the EAFZ master fault strand which is adopted in the Updated 

Active Fault Maps of MTA as well (Emre et al., 2013). Two separate segments are defined by 

Duman and Emre (2013): the Palu segment between Palu and Lake Hazar and the Pütürge 

segment between Lake Hazar and Sincik separated by the Lake Hazar releasing bend. The 

rupture zone of the 2010 El©zēĵ-Kovancēlar earthquake (Mw=6.1) coincided with the Palu 

segment; whereas, the rupture zone of this event is associated with the Pütürge segment (Figure 

3.1). The causative fault of the 2020 event is considered to have increased stress levels due to 

the 2010 Kovancēlar earthquake (Akkar et al., 2011). 

 

According to the preliminary report of field observations published by MTA, surface 

deformations related to this earthquake was observed for approximately 48 kilometers, starting 

from the Hazar Lake down to Pütürge (Malatya). These observations are consistent with the 

spatial distribution of the aftershocks shown in Figure 3.2. Therefore, the approximate rupture 

plane defined by the surface deformations given in the preliminary MTA report is considered 

in this report to calculate the source-to-site distance.  

3.3  Source Characteristics  of the Event  

The mainshock focal mechanism solutions provided by AFAD and USGS are shown in Table 

3.1. They both provide planes that prove left lateral strike slip motions as dominant source 

mechanisms consistent with the regional tectonics and the properties of the causative fault. 

Additionally, geometric distribution and focal mechanism solutions of the aftershocks with 

moment magnitude values ranging between 4.0-5.1, are also shown in Figure 3.3.  
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Figure 3.1 Major tectonic structures and epicenters of the 2020 (red star) and 2010 (grey star) 

earthquakes along with seismicity within the last century (Figure is modified from Akkar et 

al., (2011)) 

 

  
Day 1 Day 2 

  
Day 3 Day 4 

  

Figure 3.2 Spatial distributions of the aftershocks between 24/01/2020-28/01/2020 

(https://deprem.afad.gov.tr/ddakatalogu) 

 

https://deprem.afad.gov.tr/ddakatalogu
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The mainshock was followed by 1948 aftershocks with magnitudes ranging in between 0.8 and 

5.1, within 10 days after the event. The focal depths of the aftershocks are mostly concentrated 

in between 5-20 kms from the ground surface consistent with the seismogenic depth of the 

region (Figure 3.4). 

3.4  Preliminary Analysis of Recorded Strong Ground 

Motions  

The mainshock is recorded by 66 strong ground motion stations according to the preliminary 

report published immediately after the event by AFAD. In the preliminary report, only three-

component peak ground accelerations (PGA) recorded by five nearby stations were provided. 

Up this date, the waveforms or the response spectra of the recordings were not disseminated to 

the public by AFAD. Therefore, a detailed analysis of the strong motion characteristics is not 

included in this report. On the other hand, provided PGA values are useful for the preliminary 

and comparative analysis of recorded ground shaking levels with the current ground motion 

prediction equations (GMPEs) and the design PGA values provided in the recently-updated 

Turkish Seismic Hazard Map (2018). 

 

Table 3.2 provides the PGA values recorded in this event that are gathered from AFADôs 

preliminary report. Fortunately, the shear wave velocity profiles for all stations are available: 

the time-averaged shear wave velocity at the first 30 meters (VS30) for Pütürge (ID#4404), 

Center (ID#2301), and Maden (ID#2302) stations are measured by Sandēkkaya et al. (2010) 

and disseminated through http://kyhdata.deprem.gov.tr (last accessed January 31, 2020). The 

VS30 values of the other two stations, Sivrice (ID#2308) and Gerger (ID# 0204), are taken from 

the final report of a recently finalized project funded by AFAD (Kurtuluĸ et al., 2019). These 

values are also provided in Table 3.2. To compare the distance attenuation of the recorded 

strong ground motions with the distance scaling of current GMPEs, the recorded values are 

normalized to VS30 = 400 m/s by using the site amplification scaling utilized in each model. 

Rupture (RRUP) and Joyner-Boore (RJB) distances given in Table 3.2 are calculated by using the 

fault plane shown in Figure 3.5. Because the termination points at both ends of the rupture plane 

are still controversial, the source-to-site-distance metrics for Sivrice and Maden stations include 

a certain degree of uncertainty.  

 

Abrahamson et al. 2008 (ASK08) from NGA-West GMPEôs is used along with the appropriate 

distance metrics and site conditions to predict the peak ground accelerations (PGA). Figure 3.6 

shows the geometric mean of the recorded PGA values as compared with the GMPE predictions 

for Vs,30=200, 350, 500 and 1100 m/s. Based on these comparisons, it is concluded that the 

recorded PGA values are in conformance with the predictions of Abrahamson et al GMPE. 

According to Wells and Coppersmith (1994) relationship, the length of the rupture is estimated 

as to vary in the range of 40-60 km consistent with the field and aftershock observations. This 

value is also compatible with the regional characteristics of the local tectonic environment, as 

stated in Gulerce et al. (2017).  

 

http://kyhdata.deprem.gov.tr/
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Table 3.1 Moment tensor solution by AFAD and USGS 

AFAD Strike 1 Dip 1 Rake 1 Strike 2 Dip 2 Rake 2 

 

248 76 1 158 89 166 

USGS Strike 1 Dip 1 Rake 1 Strike 2 Dip 2 Rake 2 

 

337 78 -170 245 80 -12 

 

 

 
 

Figure 3.3 24/01/2020 Malatya-El©zēĵ Earthquake Mw=6.8 and aftershock distribution along 

with focal mechanism solutions given by AFAD. 

(https://deprem.afad.gov.tr/) 

 

 

https://deprem.afad.gov.tr/ddakatalogu
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Figure 3.4 Mw vs. focal depth scatters recorded between January 24 to February 03, 2020 

following the mainshock of 2020 El©zēĵ-Sivrice Earthquake (AFAD) 

 

Table 3.2 Strong Ground Motion Stations and Recorded PGA values (AFAD) 

Stations 

Measured 

Acceleration 

Values (gals) 
*R rup 

(km) 

*R jb 

(km) 

Vs30** 

(m/s) 
Station 

Code 
Town Latitude Longitude N-S E-W U 

2308 Sivrice 38.451 39.310 238 292.8 190.1 1.76 1.45 450 

4404 Pütürge 38.196 38.874 207 239.2 153.9 5.49 5.4 1380 

204 Gerger 38.029 39.035 94 110.1 60.8 28.62 28.6 555 

2301 Center 38.670 39.193 119 140.7 66.3 27.87 27.85 407 

2302 Maden 38.392 39.675 26.3 34 22.8 31.27 31.25 907 

*   Estimated based on the approximate location of the rupture plane based on the preliminary 

MTA report. 

**  Adapted from AFAD Ground Motion Station 

 

The geometric mean of the PGA values for the closest five stations to the zone of energy release 

are compared with the predicted median values obtained by ASK08. Figure 3.6 shows the 

calculated PGA values at different distances as compared to the values recorded at strong 

ground motion stations. Based on these comparisons, it is concluded that despite slightly lower 

values recorded at Sivrice and Maden stations, the PGA values are roughly in good agreement 

with the predictions of GMPE. The discussions and interpretations will be enriched when strong 

ground motion records and station data become publicly available.  
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Figure 3.5 Locations of the five strong motion stations included in the AFADôs preliminary 

report.  

RJB values are approximately estimated according to the surface rupture given in MTA report 

(blue dashed line). Blue and green lines are the Palu and Pütürge segments that are slightly 

modified for their termination points by Gülerce et al. (2017) 

 

A recent study by Kale (2019) has utilized several ranking methods for comparing the predictive 

performance of GMPEs for shallow crustal and active tectonic regions with the Turkish strong 

motion database. Analyses results indicated that the regional Kale et al. (2015) model, Turkey-

adjusted version of the Boore and Atkinson (2008) model (Gülerce at al., 2016) and the global 

Chiou and Youngs (2014) model have better predictive performance among the other 

alternatives. Based on these findings, the normalized PGA values from this event are compared 

with the predictions lying in the medianÑ1ů range given by TR-adjusted Boore and Atkinson 

(2008), TR-adjusted Chiou and Youngs (2008), Boore at al. (2014), Chiou and Youngs (2014) 

and Kale et al. (2015) in Figure 3.7. According to Figure 3.7, the PGAs recorded in Pütürge, 

Gerger and El©zēĵ Center stations are equal to or very close to the median estimations of the 

tested GMPEs. The PGA values recorded at the Sivrice recording station, which is the closest 

location to the epicenter, are lower than the median estimations of Kale et al. (2015) and are 

approximately one standard deviation lower than the median estimations of the other GMPEs. 

Similarly, the PGA value recorded at Maden station is significantly lower than the median 

estimations, lying outside the medianÑ1ů range of each model. These findings are consistent 

with the distance attenuation plots given in Akkar et al. (2011): faster attenuation of waves due 

to low quality factor values in the region beyond 100 km was observed in the recorded ground 

motions of the 2010 El©zēĵ-Kovancēlar Earthquake. The amount of data at the locations beyond 

30 km distance is currently very limited; therefore, the discussions and interpretations given 

here will be further elaborated when the strong ground motion records are publicly available.  



22 

 
 

Figure 3.6 Comparison of the PGA values at different distances estimated by ASK08 to the 

recorded PGA values at the SGM Stations 

 

The Turkish Seismic Hazard Map (TSHM) was updated in 2018 (Akkar et al., 2018) and is 

enforced by the updated Turkish Building Earthquake Code (TBEC, 2019) to obtain the design 

spectrum of regular buildings since the beginning of 2019. The short period ground motions 

(SDS) with 50% and 10% chance of exceedance in 50 years (72 and 475 years return period, 

respectively) are downloaded from https://tdth.afad.gov.tr (last accessed in Feb 11, 2020) for 

each station as shown in Figure 3.8 and presented in Table 3.3. To calculate the SDS values, the 

site classifications given in Table 3.2 are considered and the PGA values at the same hazard 

level are calculated by taking 40% of SDS.  

 

TSHM suggests that the PGA values for 475-years and 72-years return periods are equal 0.722g 

and 0.277g respectively for Sivrice station with the closest distance to the fault plane. Maximum 

accelerations recorded in this station (0.3g) is significantly lower than the PGA for 475-years 

return period and close to but slightly higher than the PGA for 72-years return period. A similar 

observation is valid for the Pütürge station as well. For the other stations with higher source to 

site distances, recorded maximum accelerations are smaller than the PGA suggested by TSHM 

for 72-years return period. As a result of these inferences, it is clearly seen that the El©zēĵ event 

is less severe than the design level earthquake. 
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(a) (b) 

  
(c) (d) 

 
(e) 
 

Figure 3.7 Comparison of the normalized geometric mean of recorded PGA values with the 

distance scaling of GMPEs for Mw=6.8, VS,30=400m/s of a strike slip event  

(a) for TR-adjusted BA08, (b) for TR-adjusted CY08, (c) for BSSA14, (d) for CY14, (e) for 

Kale et al. (2015). 
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Figure 3.8 The Updated Turkish Earthquake Hazard Map (from https://tdth.afad.gov.tr). 

El©zēĵ-Sivrice station (ID#2308) is pinned in blue color on the map and 475 years PGA value 

for that particular location is shown on the same figure. 

 

Table 3.3 Strong Ground Motion Station Characteristics and Recorded PGA values 

 
*   Maximum values of the recorded PGAôs are reported  

** Since PGA values that are compatible with field conditions are not available, the scaled SDS 

value for field conditions is converted to PGA values approximately by multiplying SDS with 

0.4.  

 

PGA** 

(g)

2308 ZC 450 0.3 0.539 0.126 0.692 0.189 0.277 1.504 0.396 1.805 0.594 0.722

4404 ZB 1380 0.24 0.548 0.122 0.493 0.098 0.197 1.578 0.403 1.42 0.322 0.568

204 ZC 555 0.11 0.344 0.085 0.447 0.127 0.179 0.883 0.233 1.06 0.35 0.424

2301 ZC 407 0.14 0.342 0.097 0.445 0.146 0.178 0.912 0.257 1.094 0.386 0.438

2302 ZB 907 0.04 0.428 0.107 0.385 0.086 0.154 1.148 0.306 1.033 0.245 0.413

PGA** 

(g)
SDS SD1 SS S1 SDS SD1

Station 

Code

Site 

Class
Vs,30

PGA* 

(g)

72-year return period 475-year return period

SS S1

https://tdth.afad.gov.tr/
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It must be noted that, without full acceleration waveform data, it is not possible to compute and 

comment on the spectral accelerations which are critical on the evaluation of the seismic 

performance of the structures in the region. 

3.5  Spatial Distribution  of Macroseismic (Felt) Intensity 

in the Region  

One way to measure the anticipated levels of ground shaking is to employ macroseismic 

intensity values. Particularly, a spatial distribution of such values is valuable immediately after 

an earthquake to evaluate the effects of the earthquake. Even though, the macroseismic intensity 

values have certain degrees of uncertainty when compared to instrumental measures of ground 

motions, they are employed all over the world for immediate assessment of earthquakes, 

particularly to see the effects on built environment and humans. It is possible to prepare 

empirical iso-seismal maps on the field by observations on human response and building 

damage. Another alternative is to use correlations between intensity and peak or spectral ground 

motion parameters.  

 

The closest city center, El©zēĵ downtown, is approximately at 26.5 km from the zone of energy 

release, similarly Malatya and Adēyaman city centers are located 33.8 and 62.7 km away from 

the epicenter respectively. However, there are several smaller towns and villages in the fault 

vicinity probably experienced higher level of excitations. The preliminary intensity map in 

terms of Modified Mercalli Scale (MMI) by AFAD is shown in Figure 3.9. The values in this 

map are obtained by AFAD-RED system which employs correlations between MMI and strong 

ground motion parameters. The earthquake intensity map suggests that the maximum predicted 

MMI value is IX around the vicinity of the epicenter. Next, an estimated MMI map is shown in 

Figure 3.10 where MMI distributions are computed from the following empirical correlation 

(Bilal and Askan, 2014): 

 

ὓὓὍ σȢψψτÌÏÇὖὋὃ πȢρσς                       (1) 

 

To compute the PGA values, Kale et al. (2015) is employed followed by calibrations at the 5 

stations where PGA values are known. Then, conversion to MMI is performed through 

Equation (1). After the ground motion data is made public, these efforts will be repeated for the 

entire dataset.  

 

It is observed that very similar MMI values are computed in the study area. The distribution of 

the intensity values is consistent with the fault plane as well as the spatial distribution of damage 

observations in the field, particularly around the rural area. In addition, an observed MMI map 

is currently being prepared with the team efforts. 
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Figure 3.9 Preliminary Intensity Distribution given by AFAD  

 

 
 

Figure 3.10 Computed MMI distributions using MMI-PGA correlations (Bilal and Askan, 

2014) 
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4.1 Introduction  

This chapter discusses the preliminary geotechnical field observations made during and after 

the reconnaissance studies performed during the period of January 26-February 1st. After a brief 

introduction of the geotechnical conditions in El©zēĵ Province, the field observations in the 

form of pictures and maps along with simple interpretations will be presented. On the path 

during reconnaissance studies, some structural performance observations were also made, 

which will be presented for documentation purposes. Detailed geotechnical discussion and 

interpretations including in-depth analyses will be the scope of future studies. 

4.2  Downtown Ah¥vÿĜ Soil Site Conditions  

On the basis of available local geotechnical data, the geotechnical setting of downtown El©zēĵôs 

most affected four districts namely, i) Mustafapaĸa, ii) ķahinkaya, iii) S¿rs¿r¿, iv) Zafran will 

be discussed next. The available shear wave velocity measurements by Multi-Channel Surface 

Wave Analysis Method (MASW) along with Standard Penetration Test results establish the 

basis of these assessments. A generalized representative borehole is constructed for these 

districts as discussed in the following sections.  

4.2.1 Downtown Ah¥vÿĜ 

4.2.1.1 Ah¥vÿĜ- Iqop]b]l]ğ]ģ@eopne_p 

Several structurally damaged residential buildings were mapped in El©zēĵ-Mustafapaĸa district, 

which is located in the city center of El©zēĵ city. Mustafapaĸa district consists of Plio-

Quaternary aged young sediments. Typical soil type observed in the district is classified as 

brown gravelly sandy clay. Groundwater table is typically observed at 15 meters. A 

representative lithology is presented in Figure 4.1. Shear wave velocity of the upper 30 m (Vs,30) 

for the region is estimated as 300-350 m/s by Multi-Channel Surface Wave Analysis Method 

(MASW). Note that the borelog given in Figure 4.1 reflects idealized soil conditions, which 

may not representative for the whole district.  
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Figure 4.1 Typical Borelog for El©zēĵ-Mustafapaĸa District 

4.2.1.2 Ah¥vÿĜ- Ğahinkaya District  

In ķahinkaya district, again a concentration of structural damage has been observed. The district 

foundation soil/rock profile is composed of mostly weathered sandstone. The weathering and 

fracturing decreases with depth. Groundwater table is located at 6 meters. A representative 

soil/rock profile is presented in Figure 4.2. Shear wave velocity of the upper 30 m (Vs,30) for 

the district is estimated as 400-500 m/s by Multi-Channel Surface Wave Analysis Method 

(MASW).  
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Figure 4.2 Typical Borelog for El©zēĵ-ķahinkaya District 

4.2.1.3 Ah¥vÿĜ- Sürsürü District  

The most of the structural damage had been concentrated in El©zēĵ-Sürsürü district, where Plio-

Quaternary aged young sediments dominate foundation profiles. The upper surficial layers are 

classified as brown gravelly sandy clay. Groundwater table is located below 15 m depth. Two 

representative lithology are presented in Figure 4.3. Shear wave velocity of the upper 30 m 

(Vs,30) for the region is estimated as 350-400 m/s by Multi-Channel Surface Wave Analysis 

Method (MASW).  

 

Core 

Recovery

RQD 

(%)

Weathering 

Degree

Crack 

Frequency

23 0 W5 >50

66 0 W5-W4 10--50

46 28 W3 3--10

66 28 W3 3--10

80 56 W3 3--10

90 14 W3 3--10

GWT: 6 m

Elazēĵ-ķahinkaya District 

0

1

2

3

4

5

6

7

8

9

10

0 10 20
d
 (

m
)

N

Gray 

sandstone 

Organic Soil



31 

 
 

Figure 4.3 Typical Borelog for El©zēĵ-Sürsürü 

 

During the site visit, a field investigations study including borehole drilling, undisturbed and 

disturbed soil sampling with SPT measurements, was witnessed. The borelog of this study is 

retrieved by personal communication and is presented in Figure 4.4. 
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Figure 4.4 Typical Borelog for El©zēĵ-Sürsürü District 

4.2.1.4  Ah¥vÿĜ- Zafran District  

Mainly weathered and fractured gray-beige sandstone is observed in El©zēĵ-Zafran District. The 

rock becomes relatively intact with depth. Groundwater table is observed to be deeper than 10 

meters. A representative soil/rock profile is presented in Figure 4.5. Shear wave velocity for the 

upper 30 m (Vs,30) is estimated as 650-700 m/s by Multi-Channel Surface Wave Analysis 

Method (MASW). The structural damage patterns specific for the district are not available yet 

and will be the scope of future studies. 
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Figure 4.5 Typical Borelog for El©zēĵ-Zafran District  

 

4.3  Ground Deformations in the Very Near Fault Region  

The reconnaissance team visited El©zēĵ and Malatya regions on the days of 31.01.2020 ï 

01.02.2020. Hazar Lake is visited on the first day, the route of which is shown in Figure 4.6. 

The team stopped at 16 locations around Hazar Lake. The detailed observations are discussed 

in Section 4.2.1.  
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Figure 4.6 Site Visits-Day 1 

 

Kamēĸlēk, Fērat River, Malatya and El©zēĵ, Kapēkaya Dam sites are visited in the second day, 

as shown in Figure 4.7. The team stopped again at 16 locations. The detailed observations from 

day two are discussed in Section 4.2.2.  
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Figure 4.7 Site Visits-Day 2 
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4.3.1 Day 1: Hazar Lake  Coast  

1st stop - Sivrice Road  

 

The surficial soils and the alluvial geological setting are concluded to be suitable for 

liquefaction triggering. However, no signs of liquefaction in the form of sand boils, lateral 

spread, excessive settlements, etc. were observed at the first stop, as shown in Figure 4.8.  

 

 
Figure 4.8 A view of the site taken by Sivrice road 

 (38°28'08.6"N 39°16'40.2"E / 31.01.2020 / 11:47) 
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A small crack indicating a local bench failure was observed near the Sivrice road embankment, 

as shown in Figure 4.9. The crack is examined and presumed as a sign of a local small-scale 

slope instability problem. 

 

 
Figure 4.9 A small crack observed near the highway embankment 

(38°28'08.0"N 39°16'38.7"E / 31.01.2020 / 11:50) 

 

Ground cracks near the 

road embankment 
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On the first stop just down the road embankment, a neighboring site was also visited, as shown 

in Figure 4.10. The site is composed of surficial clayey soils based on field observations. No 

damage and surface manifestation of ground deformations were observed.  

 

 
Figure 4.10 Clayey site and no signs of ground failure  

(38°28'09.0"N 39°16'46.8"E / 31.01.2020 / 11:51) 

 

A crack was observed on the sidewalk near to Sivrice road as presented in Figure 4.11. The 

orientation of the cracking does not support a slope instability problem, which may be 

interpreted as an old crack existing before the earthquake.  
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Figure 4.11 Clayey site, no signs of failure   

(38°28'10.0"N 39°17'03.6"E / 31.01.2020 / 11:56) 

 

2nd stop - Sivrice Dock  

 

Seismically-induced lateral spreading and volumetric settlements were observed on the natural 

beach of Hazar Lake shoreline and Sivrice dock. Observed ground failure was mapped and 

discussed in a detailed manner in Section 4.7. Distribution of volumetric settlement and lateral 

displacements are mapped as shown in Figures 4.12 to 4.19, respectively. Next to the lake 

beach, where liquefaction manifestation is observed, a neighboring beach has exhibited no signs 

of ground failure, as given in Figure 4.20 and 4.21.  

Cracks on pedesterian 

way 
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Figure 4.12 Seismically-induced volumetric settlement in the dock of Hazar Lake 

(38°28'10.0"N 39°17'03.6"E / 31.01.2020 / 12:11 & 38°26'53.2"N 39°18'53.4"E / 31.01.2020 / 12:14) 

 

3-5 cm of settlement 
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Figure 4.13 Measurements of seismically-induced volumetric settlement in the dock of  

Hazar Lake 

 (38°26'53.1"N 39°18'53.6"E / 31.01.2020 / 12:16 & 38°26'53.2"N 39°18'52.9"E / 31.01.2020 / 12:13)

 
Figure 4.14 Displacements observed on reinforced concrete dock blocks 

Inundated Dock 

 






























































































































































































































































