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Abstract 

On 24 January 2020, a devastating earthquake struck the town of Sivrice in Elazığ province at 20:55 local time (17:55 

UTC), resulting in 41 death and significant loss of property. The magnitude of the earthquake was determined to be Mw 

6.8 and strong shaking of main shock lasted about 20 seconds. The Sivrice earthquake triggered about 30 landslides over 

an area of ~55 km2. This article presents the preliminary results of comprehensive study on mapping of the distribution 

of landslides, lateral spreading and other ground damaged effects triggered by the Sivrice earthquake occurred on the East 

Anatolian Fault. Following Sivrice earthquake, based on detailed on-ground field studies: (1) The Sivrice earthquake 

produced fewer landslides than empirical prediction for shallow earthquakes of these magnitudes (Mw 6.8) would 

suggest; (2) the Sivrice earthquake triggered extensive lateral spreading in Holocene age river banks, and result in the 

ground tears, opening surface cracks and fissure on flat ground; (3) primary surface rupture was not produced by Sivrice 

earthquake. 
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Öz 

24 Ocak 2020 tarihinde yerel saat ile 20:55’ te (17:55 UTC) Elazığ ili Sivrice ilçesinde büyük bir deprem meydana gelmiş 

ve neticesinde 41 kişi hayatını kaybederken önemli maddi kayıplara yol açmıştır. Depremin aletsel büyüklüğü Mw 6,8 

olup, kaynak alanda 20 sn. sürmüştür.  Sivrice depremi ~55 km2 bir alanda 30 civarında heyelan tetiklemiştir. Bu makale, 

Doğu Anadolu Fayı'nda meydana gelen Sivrice depreminin tetiklediği heyelanların dağılımını, yanal yayılmayı ve diğer 

yüzey deformasyonlarının haritalandırılmasına ilişkin kapsamlı bir arazi çalışmasının sonuçlarını sunmaktadır. Sivrice 

depreminin ardından gerçekleştirilen ayrıntılı saha çalışmalarına dayanarak: (1) Sivrice depremi, bu büyüklüklerdeki 

sığ depremler için (Mw 6.8) ampirik bağıntılarla hesaplanan tahminlere göre daha az heyelan üretti; (2) Sivrice depremi 

Holosen yaşlı nehir kıyılarında geniş yanal yayılmaları tetikledi ve zemin yırtılmalarına, yüzey çatlaklarına ve büyük 

yarıklara neden oldu; (3) birincil yüzey kırılması (yer değiştirme) Sivrice depremi tarafından üretilmedi. 

 

Anahtar kelimeler: Deprem, Doğu Anadolu Fayı, Heyelan, Yanal yayılma 
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1. Introduction 

 

Many of people in Turkey live in or close to 

seismically active area due to its proximity to the 

fault lines such as East and North Anatolian Faults, 

Aegean grabens, etc., have experienced two 

deadliest earthquakes in the world in 2020. A 

devastating earthquake occurred at 20:55 local time 

(17:55 GMT) centered on 8 km beneath the 

Çevrimtaş town of Sivrice in Elazığ province 

caused 41 fatalities and 1600 injuries (AFAD). 

Based on several seismological observatories and 

institutes including AFAD, KOERI, USGS, the 

magnitude of earthquake estimated as Mw 6.6 or 

6.8 with depth in range from 5 to 10 km. Great 

numbers of aftershocks were located along the 

trace of the 2020 rupture, tending to concentrate 

near the ends of the rupture. Aftershocks were 

strong and frequent include one on 25 January 2020 

with magnitude of 5.1, four others equal M 5 or 

greater, twenty larger than M 4, and about 3,000 

smaller than M 3 in the first year of the main event. 

There are several remotely triggered events include 

the most remarkable one on 27 December 2020 

(Mw 5.3) occurred on other structures, away from 

the EAF itself, such as the Uluova secondary fault 

zones, has not been mapped in detail in the area 

(Köküm and Inceöz, 2018, 2020). 

 

The East Anatolian Fault (EAF) is a left-lateral 

strike-slip fault that extends between Karlıova 

(Bingöl) in the northeast and Iskenderun Bay in the 

southwest (Arpat and Şaroğlu, 1972; Jackson and 

McKenzie, 1984; Şengör et al., 1985; Lyberis et al., 

1992; Şaroğlu et al., 1992). It forms the tectonic 

boundary between Anatolian and Arabian plates. A 

recent study by Duman and Emre (2013) divides 

the EAF into three main sections with several 

subsegments: the southern (main) branch, the 

northern strand (Sürgü-Misis fault) and the Karasu 

trough. On 24 January 2020, a devastating Mw 6.8 

earthquake occurred in the Pütürge segment of the 

southern (main) section of the East Anatolian Fault 

(EAF) (Figure 1). 

 

 
 

Figure 1. Tectonic map of Eastern Anatolia, and historical and instrumental seismicity along the EAF. 

Historical earthquakes modified from Duman and Emre (2013) (Ambraseys, 1989; Ambraseys and 

Finkel, 1995; Ambraseys and Jackson, 1998; Tan et al., 2008; Palutoğlu and Şaşmaz, 2017). 

Instrumental seismicity (KOERI, 2020).  

 

The 96 km long Pütürge segment runs between the 

Lake Hazar releasing bend and Yarpuzlu 

restraining double bend. The Pütürge segment has 

several sub-sections with lengths vary from 21 to 

28 km. Many large earthquakes have occurred on 

the EAF in historical and instrumental periods 

(Duman and Emre, 2013; Köküm and Özçelik, 

2020) (Figure 1). There; however, are only two 
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large known historic earthquakes on the Pütürge 

segment of the EAF, the most recent in 1905 

Pütürge, and before that one in 1875 Lake Hazar 

(Ambraseys, 1989; Ambraseys and Jackson, 1998). 

The 1875 (Ms 6.7) and 1905 (Ms 6.8) earthquakes 

might have been ruptured on northern and southern 

sub-segments, hence central part should have been 

unbroken till 24 January 2020. 

 

After the Sivrice earthquake, some studies were 

made by few researchers, which are mostly based 

on off-ground (seismology, GNSS, InSAR etc.) 

studies (Xu et al. 2020; Bletery et al., 2020; Pousse 

Beltran et al., 2020), and less on-ground field 

studies (Tatar et al., 2020; Kürçer et al., 2020; 

Sayın et al., 2020). Based on studies consist of 

monitoring with GNSS and InSAR suggest that 

about 50 km section of the Pütürge segment was 

ruptured (Xu et al. 2020; Bletery et al., 2020; 

Pousse Beltran et al., 2020). On the basis of on-

ground field studies, coseismic surface rupture 

does not show a significant horizontal component 

and is probably mostly gravitational (Tatar et al., 

2020; Kürçer et al., 2020; Sayın et al., 2021). One 

of the most detailed field reports by Kürçer et al., 

(2020) suggests that surface deformation features 

(Riedel shear fractures, en-échelon tension cracks, 

etc.) were observed along approximately 50-km-

long section of Pütürge segment in the area 

between Lake Hazar and Pütürge. The most 

interesting finding of that study is that the 

recording the trace of surface rupture on the 

Euphrates river. Although there are several surface 

deformations were observed during field studies, 

Kürçer et al., (2020) did not document notably 

permanent ground displacements. On the basis of 

Tatar et al., (2020), surface deformations were 

observed in the area between Gezin (Elazığ) and 

Ormaniçi (Pütürge) villages; they are classified 

into two as seismotectonic and seismo-

gravitational features. Interferometric SAR 

(DInSAR) studies indicate that at least 30-km-long 

section of the Pütürge segment in the area between 

southwest of Sivrice and Pütürge is broken during 

the main shock. Tatar et al., (2020) discussed lack 

of surface rupturing earthquake, and they stated 

that it could be related a few reasons such as fault-

bend geometry, existing of Pütürge metamorphic 

rocks in the region and the earthquake didn’t reach 

the surface.  

 

I conducted on-ground field survey immediately 

after Sivrice earthquake to document the general 

distribution and extend of landslides, lateral 

spreading, and to seek evidence of primary surface 

fault rupture (surface displacement) generated by 

this earthquake. Preliminary results from these 

field surveys are presented in this paper. 

 

2. Geological setting 

 

Turkey is located in one of the most seismically 

active area with the collision of the Arabian, 

African, Eurasian and Anatolian plates (McKenzie, 

1972). Inconsequence of these collision, primary 

deformation structures have developed in Turkey, 

such as the North and East Anatolian faults, 

Aegean grabens, Bitlis Zagros Suture Zone 

(BSZS). The EAF, Turkey’s second active fault, is 

a continental transform fault that forms part of the 

tectonic boundary between the Anatolian plate and 

the African plate. The strike-slip fault is 

characterized by mainly lateral motion in a sinistral 

sense, where the eastern (African) plate moves 

northward relative to the western (Anatolian) plate.  

 

The Bingöl earthquake on 22 May 1971 attracted 

attention to activity on the fault. In the studies after 

the earthquake accomplished by Seymen and 

Aydın (1972) and Arpat and Saroğlu (1972; 1975), 

EAF was mapped for the first time on a regional. 

The EAF has been studied by many researchers 

since the early 1960s. Altınlı (1963) mapped the 

fault between Karlıova and Bingöl on 1/500.000 

scale maps prepared by MTA.  The EAF was 

connected with North Anatolian Fault (NAF) in the 

north and Dead Sea Fault (DSF) in the south by 

Allen (1969).  

 

Several authors have proposed segmentation of the 

EAF into subsegments based on its geometry and 

seismic behaviour: five were proposed by Hempton 

and Dewey (1981) six by Şaroğlu et al., (1992), 

fourteen by Barka and Kadinsky-Cade (1988) and 

eleven by Herece (2008). EAF extends between 

Karlıova (Bingöl) in the northeast and Iskenderun 

Bay in the southwest, a distance of about 580 km. 

A recent study (Duman and Emre, 2013) divides 

the EAF into three main sections with several 

subsegments: the southern (main) branch, the 

northern strand (Sürgü-Misis fault) and the Karasu 

trough. On 24 January 2020, a devastating Mw 6.8 

earthquake occurred in the Pütürge segment of the 

southern (main) section of the EAF (Figure 1 and 

2).  

 

Geological and morphological features in different 

parts of the EAF reveal left-lateral offsets which 

cluster around 9 to 30 km (Arpat and Şaroğlu, 

1975; Hempton 1985; Herece and Akay 1992; 

Saroglu et al., 1992; Westaway and Arger 2001; 

Westaway 2003; Herece 2008). The Pütürge 

segment is home to around 22 km lateral offset on 
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middle Eocene volcanic rocks, and 13 km lateral 

offset on the Euphrates river valley (Hempton, 

1985) suggest high tectonic activity on this fault 

segment (Figure 2).  

 

 
 

Figure 2. Geological and tectonic map for the study area (simplified from Akbaş et al. 2011 and Emre et 

al. 2013; Köküm and Inceöz 2018, 2020) shows distribution of landslides in geological unit and 

epicentre of Sivrice earthquake. 

 

3. Results and discussion 

 

3.1. Landslides 

 

A landslide is defined as the movement of a mass 

of rock, debris, or earth down a slope (USGS, 

2021). Landslides can be triggered by earthquakes, 

precipitation, erosion, human effect, or any 

combination of these factors, here I concentrate 

earthquake-triggered landslides. Figure 3 shows 

the overall distribution of landslides and other 

ground damage effects such as lateral spreading, 

cracks, and liquefaction induced by the Sivrice 

earthquake. Total of 30 landslides were mapped by 

on-ground field studies. A peak horizontal 

acceleration (PGA), which are calculated by 

AFAD, for the Sivrice and Pütürge county is 0,30g 

at 24 km distant, and 0,24g at 25 km distant 

respectively during the Sivrice event. In addition, 

apart from the direct damage caused by the 

earthquake, many landslides were triggered in an 

area of ~ 55 km2. 

 

 
 

Figure 3. Main structures including the distribution of landslides, lateral spreading and other ground 

damaged effects triggered by the Sivrice earthquake have been highlighted. 
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In the study area, different types of rock units 

ranging in age from Paleozoic to Holocene are 

exposed (Akbaş et al., 2011; Köküm, 2019; Köküm 

and Inceöz, 2018, 2020) (Figure 2). The oldest 

geologic unit is Permo-Triassic gneiss and schist, 

which forms a basement under the Paleozoic, 

Mesozoic, and Cenozoic rocks and sediments. 

They are very common in the southern part of the 

map. The late Cretaceous units are mostly 

composed of gabbro and volcanic rocks. Middle 

Eocene unit contain basaltic, andesitic rocks 

intercalated and lateral-vertical transitive with 

sedimentary succession. The geological types of 

contacts of the Permo-Triassic rocks and middle 

Eocene rocks are tectonically controlled by the 

EAF, hence about 10 km left-lateral offset 

accumulated along the EAF in the middle Eocene 

rocks. Steep cliffs cut in middle Eocene volcanic 

rocks are the sites of many landslides during 

Sivrice earthquake. The middle Eocene-Oligocene 

unit are mostly composed of basal conglomerate 

and reef limestones. The Pliocene unit is a 

terrigenous clastics which is observed as narrow 

outcrops in the study area. The Holocene unit, 

mostly found in the strike-slip basin, consists of 

poorly sorted weakly cemented conglomerates and 

cross-bedded coarse-grained sandstones.  

 

Many landslides were triggered from terrace edges 

cut into fluvial valley fill (Figure 4). Steep 

topography and thin soil cover make the region 

susceptible to shallow debris slides and falls. In 

addition to the high density of landslides near the 

epicentral region, there were many displaced 

boulders on terrace surfaces that also confirm to 

high levels of ground shaking in this area (Figure 

5a). It is also worth noting that, besides landslides 

failed completely, incipient landslide cracking, and 

cracking along ridge crests exist along the 

epicentral area (Figure 5b). These ground 

deformations were mostly observed in gentle 

topography. 

 

 
 

Figure 4. View of the landslides near the epicentral area induced by the Sivrice 

earthquake (taken 20 May, 2020). a) A large landslide was triggered from terrace edges cut into fluvial valley 

fill. (Location of the photo, 380 22’ 50” N, 390 10’ 11” E, looking to south). b) Fresh slump scarp is visible. 

Arrow indicates fresh slump. (Location of the photo, 380 23’ 15” N, 390 10’ 19” E, looking to south). 
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According to the landslide inventory map prepared 

by MTA (General Directorate of Mineral Research 

and Exploration) and field observations, there are 

many active and paleo landslides in the region 

(Duman et al., 2011). The historical earthquake 

catalogue summarized most recently by Soysal et 

al., (1981) includes several destructive earthquakes 

on the Pütürge segment of the EAF. Presence of a 

particular large and group of landslides is often 

assumed with evidence of large historic 

earthquakes. This assumption would cause 

overestimation of a seismic hazard or 

underestimation of landslide hazard ignoring other 

triggering phenomena like precipitation (Strom, 

2013).  

 

No doubts that the Sivrice earthquake produced 

fewer landslides than the empirical prediction for 

shallow earthquakes of these magnitudes (Mw 6.8) 

(Tanyaş et al., 2017). Yet, similar size earthquakes 

that triggered fewer landslides may have not been 

documented. The main reason for having fewer 

landslides could be that in addition to geologic 

environments and geomorphological factors, there 

are already many existing paleo landslides that 

were thought to be largely triggered by past seismic 

origin in the region. Presence of a large and group 

of paleo landslides near the fault zone in the region 

supports the idea that these landslides are largely 

associated with past earthquakes. Magnitude as 

well as local geologic conditions, earthquake focal 

depth, and the specific ground motion 

characteristic of a particular event controls the 

numbers and distribution of landslides (Keefer, 

1984). 

 

 
 

Figure 5. a) View of the displaced boulders near the epicentral area confirm to 

high levels of ground shaking. (taken 26 January, 2020, location of the photo, 380 21’ 59” N, 390 06’ 29” E, 

looking to north). b) Incipient landslide cracking, and cracking along ridge crests exist along the epicentral 

area. (taken 27 January, 2020, location of the photo, 380 19’ 40” N, 390 00’ 35” E, looking to northeast). 



Köküm. / GUFBED 11(3) (2021) 751-760 

757 

3.2. Lateral spreading 

 

Lateral spreading or flowing are terms referring to 

landslides that commonly form on gentle slopes 

and that have rapid fluid-like flow movement, like 

water (USGS, 2021). The Sivrice earthquake 

generated extensive lateral spreading in Holocene 

age river banks, and result in the ground tears, 

opening surface cracks and fissure on flat ground 

(> 5% ground slope). Pütürge is the most 

prominent area that shows extensive lateral 

spreading, however very few sand boils were 

tracked (Figure 6). In this region, lateral spreading 

was mostly developed in the fields and coasts 

where outside of the settlement area. 

 

Along the Şiro River, an ~2 km length of river bank 

experienced lateral spreading and liquefaction 

during the Sivrice earthquake (Figure 2). 

Maximum lateral ground displacements at the river 

banks ranged from several tens of centimeters up to 

1 m. These features of lateral spreading are 

presented in Figure 6 where the location and width 

of surface cracks and fissures observed on the flat 

ground. 

 

 
 

Figure 6. View of lateral spreading in Holocene age river banks near Pütürge. (taken 6 February, 2020, 

location of the photos, 380 11’ 39” N, 380 46’ 49” E, looking to southwest). a) Opening surface 

cracks on flat ground. b) Close view of horst and graben structures. c) Sand boils. 
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On-ground field visits shows that most of the 

cracks run parallel to the river indicating that they 

are associated with lateral movement of the ground 

towards the river. It is also evident, however, that 

some cracks are concentrated at ridges and higher 

elevation areas, both near and away from the river, 

providing clear evidence that topographic features 

also played an important role in driving and 

manifestation of lateral spreading. 

 

Large-displacement lateral spreads occurred at 

sites composed predominantly of fine sand, but in 

some instances, medium sand dominated. Most 

alluvial material in lateral spreads were Holocene, 

and a few were Pliocene. 

 

3.3. Surface rupture 

 

Surface rupture is displacement that reaches the 

earth's surface during slip along a fault (USGS, 

2021). A main purpose of the on-ground field 

survey following the Sivrice earthquake was to 

seek evidence of surface fault rupture (surface 

displacement). In this work, on-ground field 

excursions were performed an area between Sivrice 

and Pütürge area. If the fault that ruptured in the 

Sivrice earthquake extended to the ground surface, 

any structures (roads, bridges, settlement, etc.) 

built across the faults were cut and displaced near 

and around the epicentral region. After detailed 

examination of the nearby roads and other 

structures, it was concluded that the Sivrice 

earthquake did not produce surface rupture. There 

certainly was cracking and slumping nearby roads, 

but this was the result of failure of unsupported 

embankment slopes. 

 

4. Conclusion 

 

Each type of earthquake induced ground 

deformation (landslides, lateral spreading, etc) 

occurs in a particular suite of geological and 

geomorphological environments. The following 

conclusions were obtained as a result of this study. 

 

(1) The Sivrice earthquake produced fewer 

landslides for shallow earthquakes of these 

magnitudes (Mw 6.8) would suggest. The main 

reason for having fewer landslides could be that in 

addition to geologic environments and 

geomorphological factors, there are already many 

existing paleo landslides that were thought to be 

largely triggered by past seismic origin in the 

region. 

 

(2) The Sivrice earthquake triggered extensive 

lateral spreading in Holocene age river banks, and 

result in the ground tears, opening surface cracks 

and fissure on flat ground. There is clear 

concentration of cracks and fissures along the 

banks of the Şiro River. 

 

(3) There is no evidence of primary surface 

rupture associated with Sivrice earthquake. 
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