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ABSTRACT 
Coastal areas along the lakes are sensitive to climatic, hydrologic, and anthropogenic changes. These areas 

also reveal the interaction between natural driving forces and anthropogenic factors. Lake Van coastal region 

is a dynamic area heavily affected by natural processes and human activities. The present study focuses on 

Lake Van’s coastline evolution and the associated driving forces. Natural driving forces influencing the 

changes in the coastline were determined as rock type, water-level fluctuations, wave and current action, 

tectonics, and fluvial-based processes. The lake’s eastern coast is the most intensive region for erosion and 

deposition in terms of natural factors. 

Most residents prefer to live in Lake Van’s coastal areas, likely a large percentage of the world's population 

choice. Coastal settlements and their coastal protection structures such as embankments and harbours 

negatively affect the natural processes such as erosion, sediment transportation, and deposition. Dams and 

river reclamation channels build on rivers indirectly affect the coastal evolution by reducing the sediment input 

into the lake. These anthropogenic stressors on coastal evolution completely change the natural balance. 

Understanding all these environmental factors is an indicator of the existing circumstances of the Lake Van 

coastal area and provides a broader perspective to assess protection and management of this area. 
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ÖZ 
Göl kıyıları iklimsel, hidrolojik ve insan kökenli değişimlere oldukça duyarlıdır. Bu alanlar aynı zamanda doğal 

itici güçler ile insan kökenli değişimler arasındaki etkileşimi ortaya koymaktadır. Van Gölü kıyıları, doğal 

süreçler ve insan aktivitesinden önemli şekilde etkilenen dinamik alanlardır. Bu çalışma Van Gölü kıyı 
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gelişimine ve bununla ilişkili itici güçlere odaklanmaktadır. Kıyı çizgisi değişimini etkileyen doğal süreçler kaya 

türü, su seviyesi oynamaları, dalga ve akıntılar, tektonizma ve flüvyal süreçler olarak belirlenmiştir. Van 

Gölü’nün doğu kıyıları, doğal aşınma ve depolanma süreçleri bakımından en duyarlı alanlardır.  

Dünya popülasyonunun önemli bir kısmının kıyılarda yaşaması gibi, bölge insanı da yaşamak için Van Gölü 

kıyılarını tercih etmektedir. Kıyı yerleşimleri ile setler ve limanlar gibi kıyı koruma yapıları, aşınma, sediman 

taşınması ve depolanma gibi doğal süreçleri olumsuz etkilemektedir. Barajlar ve nehir ıslah kanalları da, göle 

taşınan sediman miktarını azalttığı için dolaylı olarak kıyı gelişimini etkilemektedir. Bu insan kaynaklı baskılar, 

kıyı gelişimi üzerindeki doğal dengeyi tümüyle değiştirmektedir. Tüm bu çevresel faktörler, Van Gölü kıyı 

alanının mevcut koşullarının bir göstergesidir ve bu alanın korunması ve yönetimine ilişkin değerlendirmelerde 

daha geniş bir perspektif sunmaktadır. 

Anahtar Kelimeler: Doğal itici güçler, Doğu Anadolu, insan kökenli etmenler, kıyı çizgisi, Van Gölü 
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INTRODUCTION 

The coastline can be simply described as the 
boundary between the land and the sea/lake 
water where a large percentage of the world’s 
population resides (Bird, 2008). These are 
defined as valuable areas ecologically and 
economically. Coastal zones are affected by 
intense natural factors, including global sea-
level change, coastal erosion and 
sedimentation, tide, storm, and tectonics. They 
are influenced by several or all of these factors 
(Vafeidis et al., 2008; Ghost et al., 2015; Ai et 
al., 2019; Dai et al., 2019). While some coastal 
processes such as beach erosion, spit 
formation, or cliff retreat work at high speeds 
and allow researchers to observe changes in 
human life scales, coastal-sedimentation, 
tectonic deformation and sea-level changes 
need millennial time-scales (Dornbusch et al., 
2008; Jabaloy-Sánchez et al., 2010). 

Anthropogenic factors also impact coastal 
evolution. Residential on shore, embankments, 
wave-barriers, and harbours directly influence 
coastline, while dominant changes on the 

fluvial system such as dams and river-channel 
reclamations indirectly affect the coastline 
formation by changes in the sediment input 
(Gottgens and Evans, 2007; Yao and Wu, 
2012; Zhang et al., 2013; Rameli and Jaafar, 
2015; Karakuş et al., 2017; Ai et al., 2019). 
Natural or anthropogenic processes in the sea 
coasts are similarly effective in the large lakes 
(Niemi et al., 2007; Thompson et al., 2011; 
Smeltzer et al., 2012; Chraïbi et al., 2014; Lin 
and Wu, 2014). 

Lake Van is a terminal lake located at an 
altitude of 1648 m above sea level in eastern 
Turkey (Figure 1a). The origin, age, water 
chemistry, water-level changes, climatic 
features, wetlands and ecological features of 
Lake Van have been studied by numerous 
researchers (Reimer et al., 2009; Kaden et al., 
2010; Kuzucuoğlu et al., 2010; Huguet et al., 
2011; Düzen and Aydın, 2012; Tomonaga et 
al., 2012; Çağatay et al., 2014; Kwiecien et al., 
2014; Stockhecke et al., 2014; Aydın and 
Karakuş, 2016; Mochizuki et al., 2018). 
However, the evaluation of coastal 
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development and processes in terms of natural 
and artificial factors is lacking. 

It is an essential to understand the natural and 
anthropogenic factors shaping Lake Van’s 
coastline for an optimum evaluation of the 
current coastal areas.  Therefore, this study 
aims to (i) identify natural processes shaping  
the coastlines, (ii) determine the coasts 
affected mainly by natural processes, and (iii) 
introduce the artificial mechanisms interrupting 
the natural development of the coastline in 
Lake Van, using field observations, laboratory 

analyses of physical properties of rocks, and 
satellite images. 

BACKGROUND 

Lake Van is located on Eastern Anatolian 
Plateau formed by the continental collision 
between the Arabian and Eurasian plates. The 
velocity of the ongoing collision is 10–11 mm/yr 
on these plates’ boundary (Reilinger et al., 
2006). Lake Van, Muş, and Pasinler are some 
of the basins formed by compressional tectonic 
regime on the plateau (Şaroğlu and Güner, 
1979; Şengör and Yazıcı, 2020). 

 

Figure 1. a) Major neotectonic features of Eastern Anatolia Plateau and adjacent areas. b) 
Geological map of Lake Van Basin (modified from Acarlar et al., 1991; Şenel, 2008; Koçyiğit, 
2013). 
Şekil 1. a) Doğu Anadolu Platosu ve yakın çevresinin ana neotektonik özellikleri. b) Van Gölü Havzası’nın 
jeolojik haritası (Acarlar vd., 1991; Şenel, 2008; Koçyiğit, 2013’ten değiştirilerek). 
  



99  
Üner / Yerbilimleri, 2022, 43 (2), 96-120 

 

Approximately N-S oriented compressional 
tectonic regime is characterized mainly by E-
W-trending reverse and NE-striking sinistral 
and NW-striking dextral strike-slip faults in 
Lake Van Basin (Dewey et al., 1986; Yılmaz et 
al., 1998; Özkaymak et al., 2011; Koçyiğit, 
2013). Van-Everek, Gürpınar, and Alaköy 
reverse faults and Erciş, Çaldıran, Çakırbey, 
Karasu, and Gülsünler strike-slip faults are 
active faults of the basin (Koçyiğit, 2013; 
Okuldaş and Üner, 2013; Dicle and Üner, 2017; 
Sağlam Selçuk et al., 2017; Toker et al., 2017) 
(Figure 1b). Nemrut, Süphan, and Etrüsk 
volcanoes observed along the western and 
northern parts of the basin are the product of 
the collision-related magmatic activity (Figure 
1b) (Aydar et al., 2003; Karaoğlu et al., 2005; 
Özdemir et al., 2011; Çubukçu et al., 2012; 
Oyan et al., 2016; Açlan et al., 2020). 

Lake Van Basin, has been developing 
unconformably since Pliocene over the 
Miocene and older basement comprising 
metamorphic rocks (Bitlis Metamorphics) 
(Oberhänslı et al., 2010; Okay et al., 
2010)(Figure 2a), Jurassic limestones (Figure 
2b), Upper Cretaceous ophiolites (Yüksekova 
Mélange) (Şengör and Yılmaz, 1981; Üner, 
2020)(Figure 2c), and Oligocene-Miocene 
turbidites (Acarlar et al., 1991; Gülyüz et al., 
2020) (Figure 2d). These rocks are 
unconformably overlain by the Pliocene to 
Quaternary volcanic rocks (Figure 2e) and 
ancient lacustrine deposits of Lake Van 
(Degens et al., 1984; Stockhecke et al., 2014; 
Üner, 2018) (Figure 2f). Quaternary travertine 
(Figure 2g) and alluvium constitute the 
youngest basin fill (Şenel, 2008).  

Lake Van Basin is the largest soda lake in the 
world, developed 600 ka ago (Stockhecke et 
al., 2014). It has a surface area of 3570 km2, a 
volume of 607 km3, a depth of 451 m (Kempe 

et al., 1978), and a coastline of 497.3 km. It is 
an alkaline lake with 9.8 pH and 22–23‰ 
salinity (Reimer et al., 2009; Kaden et al., 2010; 
Tomonaga et al., 2012). Four main rivers, 
namely Engil, Karasu, Bendimahi, and Zilan, 
and numerous temporary streams reach the 
lake.  
The water budget of Lake Van depends on 
balanced precipitation, evaporation, 
groundwater supply and runoff. At Lake Van 
Region the annual average air temperature and 
precipitation are 9 °C (Düzen and Aydın, 2012) 
and 473.4 mm (Aydın and Karakuş, 2016), 
respectively. Their annual variations fluctuate 
the lake level up to 90 cm (Degens and 
Kurtman, 1978; Kaden et al., 2010; Stockhecke 
et al., 2012). 

MATERIAL AND METHOD 

The elements shaping the coastline of Lake 
Van are investigated in two sections as natural 
and artificial. The rock type, water-level 
fluctuation, waves and currents, tectonics, and 
fluvial-based processes constitute natural 
elements affecting coastal formation and 
deformation. In contrast, coastal settlements, 
coastal protection structures, and dams are 
artificial elements. This study evaluates natural 
and artificial processes with field observations, 
satellite images, and laboratory analyzes.  

The field work was conducted along Lake 
Van’s approximately 497 km long coastal area. 

Thin sections of parent-rock samples were 
prepared to determine the mineralogical 
composition and to interpret the strength of 
these rocks. Additionally, some physical 
features of the coastal rocks, such as abrasion 
resistance, water absorption capacity, and 
apparent porosity rate, were determined by 
laboratory experiments. Böhme abrasion test 
was applied to the cubic samples cut into 
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Figure 2. Field photographs of the; (a) metamorphic rocks, (b) limestone, (c) ophiolitic rocks, (d) 
turbiditic rocks, (e) volcanic rocks, (f) lacustrine deposits, and (g) travertine located on the coast 
of Lake Van. 
Şekil 2. Van Gölü kıyılarında gözlenen; (a) metamorfik kayaçların, (b) kireçtaşlarının, (c) ofiyolitik kayaçların, 
(d) türbiditik kayaçların, (e) volkanik kayaçların, (f) gölsel çökellerin ve (g) travertenlerin arazi fotoğrafları. 

 

70x70x70 mm3 ± 1 mm to determine the 
abrasion resistance of these rocks. 

Water absorption capacity and apparent 
porosity values were also calculated from dry 
and wet weights. All values were compared to 

interpret the erosion rates on the Lake Van 
coasts. 

Tectonic structures in the coastal area and their 
geological characteristics were acquired from 
previous studies and compared to field 
observations. Long- and short-term water-level 
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fluctuations with the wave and current activities 
and their effect on outcrops were also 
evaluated in terms of erosion and depositional 
processes in the field.  

Satellite images are one of the most useful 
tools for preparing coastal and deltaic 
environments inventory and detecting their 
changes (Durduran, 2010; Kuenzer et al., 
2014; Flor et al., 2015; Ghosh et al., 2015; 
Zhang et al., 2016; Dai et al., 2019). Landsat 
images, obtained over 42 years (1977–2019), 
were analysed to investigate short-term 
changes along the Lake Van coast. These 
images were mostly used for determining 
beach, spit, and delta evolutions. They were 
also evaluated to identify fault zones 
overlapping with coastal areas. Seismic 
activities of these faults were checked from 
Kandilli Observatory and Earthquake Research 
Institute (KOERI) database.  

Long-term wind-velocity records measured 
from six stations (Van, Erciş, Gevaş, Muradiye, 
Tatvan, and Ahlat) since 1960 were obtained 
from the Turkish State of Meteorological 
Service to evaluate wave activity on Lake Van 
coasts. Monthly maximum wind velocity 
records were compared with the most known 
wind-velocity scale (Beauford scale from 
Isemer and Hasse, 1991) to determine the 
maximum wave-height that can arrive at the 
coast. 

DRIVING FORCES 

Rock type 

Lake Van developed on various basement 
rocks such as metamorphic, ophiolitic, 
volcanic, limestone, turbidite, and 
travertine/tufa. Because of the water-level 
fluctuations, Lake Van’s ancient lacustrine and 
deltaic deposits are also observed in its 
modern coastal area (Figure 2).  

South of Lake Van is covered by metamorphic 
and ophiolitic rocks. Precambrian to 

Cretaceous metamorphics, called Bitlis Massif, 
are composed of schist, gneiss, marble, and 
amphibolite (Oberhänslı et al., 2010). These 
subduction-related metamorphic rocks present 
a south-verging and tectonically imbricate 
structure (Okay et al., 2010). Lake Van’s 106.9 
km long southern coastline lies between 
Tatvan and Gevaş city centres consists of 
these metamorphic rocks. Metamorphic rocks 
are composed of chlorite-schist (Figure 3a) and 
hornblende+ plagioclase-rich amphibolite 
(Figure 3b). These amphibolites and chlorite-
schists present water absorption capacity of 
0.10-0.11%, apparent porosity rates of 0.23-
0.26%, and abrasion resistance values of 0.14-
4.98 cm3/50cm2, respectively (Table 1). 
Metamorphic rocks located on the southern 
coast show 34–56% topographic inclination. 

The remaining southern coastline 
(approximately 14 km long) consists of 
ophiolitic rocks located around the Gevaş city 
centre, and called as Gevaş ophiolites. 
Ophiolitic rocks are also observed at the 7.1 km 
long northwest coast between Ahlat and 
Adilcevaz city centres. Upper Cretaceous 
ophiolitic rocks are made up of harzburgites 
and gabbros (Üner, 2020). While harzburgites 
contain olivine and pyroxene (Figure 3c), 
gabbros are composed of plagioclase and 
pyroxene (Figure 3d). Their water absorption 
capacities  are  0.14-0.51%, apparent porosity 
rates   0.32-1.19%,  and   abrasion  resistance 
values 1.13-6.33 cm3/50 cm2, respectively 
(Table 1).  
Roughly 140 km long north and west coast of 
Lake Van is composed of volcanic rocks. 
Pliocene to Quaternary collision-related 
volcanic rocks include basalt and pyroclastics 
derived from Nemrut, Süphan, and Etrüsk 
volcanoes  (Maxcon,   1936;   Karaoğlu  et  al.,  
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Figure 3. Photomicrographs of the; (a) chlorite-schist, (b) amphibolite, (c) harzburgite, (d) gabbro, 
(e) basalt, (f) limestone, (g) sandstone, (h) travertine, and (j) tufa samples obtained from the coasts 
of Lake Van. 

Şekil 3. Van Gölü kıyılarından elde edilen; (a) klorit-şist, (b) amfibolit, (c) harzburjit, (d) gabro, (e) bazalt, (f) 
kireçtaşı, (g) kumtaşı, (h) traverten, and (j) tufa örneklerinin incekesit görüntüsü. 

 
Table 1. Water absorption capacity, apparent porosity rate, and abrasion resistance test results 
of the different rocks sampled from the coastal area of Lake Van 
Çizelge 1. Van Gölü kıyısından örneklenen farklı kayaçların su emme kapasitesi, görünür gözeneklilik oranı 
ve aşınma direnci test sonuçları  

Sample 
No Rock type Water 

absorption (%) 
Apparent 

porosity (%) 
Abrasion resistance 

(cm3/50cm2) 
1 Tufa 10.53 16.78 36.39 
2 Travertine 2.93 6.06 10.55 
3 Limestone 3.59 7.37 10.35 
4 Sandstone 0.13 0.30 1.93 
5 Basalt 0.31 0.73 2.03 
6 Schist 0.11 0.26 4.98 
7 Harzburgite 0.51 1.19 6.33 
8 Amphibolite 0.10 0.23 0.14 
9 Gabbro 0.14 0.32 1.13 
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2005; Ersoy et al., 2006; Özdemir et al., 2011; 
Oyan et al., 2016). Basaltic rocks with 
hypocrystalline texture contain plagioclase, 
augite, and enstatite minerals (Figure 3e). The 
basalt sample has a water absorption capacity 
of 0.31%, apparent porosity rate of 0.73%, and 
abrasion resistance value of 2.03 cm3/50cm2 
(Table 1). The topographic inclination of these 
rocks differentiates on the coastal area of the 
lake appropriately to the geometry of these 
stratovolcanoes.  
Lower Miocene Adilcevaz limestones represent 
the latest marine carbonates of the region, 
corresponding to the uppermost levels formed 
before the closure of the southern branch of the 
Neo-Tethys (Yeşilova and Yakupoğlu, 2007). 
These rocks are observed on the northwest 
coast of Lake Van between Adilcevaz and 
Ahlat city centres (22.8 km) and west of the 
Erciş city (3.8 km). Adilcevaz limestone is a 
mud-supported, fossiliferous-carbonate rock 
containing > 10% grains and can be defined as 
wackestone (Figure 3f). It has a water 
absorption capacity of 3.59%, an apparent 
porosity rate of 7.37%, and an abrasion 
resistance value of 10.35 cm3/50cm2 (Table 1).  

The Oligocene–Miocene shallow- to deep-
marine turbidites composed of sandstone-
mudstone alternation with gravelly layers 
(Acarlar et al., 1991; Gülyüz et al., 2020) are 
observed along the 19.1 km coastline between 
Mollakasım and Yeşilsu villages at the east of 
Lake Van, and 6.8 km long in Ahlat at the west. 
The sandstone sample contains quartz 
minerals and rare fossil fragments (Figure 3g) 
with a water absorption capacity of 
0.13%,apparent porosity rate of 0.30%, and 
abrasion resistance value of 1.93 cm3/50cm2 
(Table 1).  
The Quaternary terrestrial carbonates formed 
in fluvial and lacustrine environments constitute 
the Edremit travertine and tufa deposits 
(Yeşilova et al., 2015). The carbonates outcrop 

only 10.7 km along the southeast coast of Lake 
Van near Edremit city centre. Travertine with 
microcrystalline texture (Figure 3h) and tufa 
composed of phytoherm framestone facies 
(Figure 3j) have the water absorption capacity 
of 2.93-10.53%, apparent porosity rates of 
6.06-16.78%, and abrasion resistance values 
of 10.55-36.39 cm3/50cm2, respectively (Table 
1).  
The longest coastline of Lake Van with 165.1 
km is located on ancient and modern lacustrine 
and deltaic deposits. The lacustrine sequences 
are formed by horizontally bedded clays, silts, 
and fine- to coarse-grained sandy shallow 
lacustrine and gravelly shore deposits and are 
frequently observed in eastern and northern 
coasts of Lake Van near the Van and Erciş city 
centres.  

Water-level fluctuation 

Water-level fluctuation history of Lake Van 
including last 110 ka was obtained from ancient 
terrace and varve records (Degens et al., 1978; 
Landmann et al., 1996; Kuzucuoğlu et al., 
2010; Çağatay et al., 2014; Akköprü et al., 
2019). The highest water-level was determined 
as +108 m above the present level (105 ka 
B.P.) (Kuzucuoğlu et al., 2010). In contrast, the 
lowest level was recorded as -340 m below the 
present level (8.4 ka B.P.) (Degens et al., 
1978). The water-level have remained the 
same for the last 3-4 ka, except for minor 
changes (Degens et al., 1978; Landmann et al., 
1996; Çağatay et al., 2014). Water budget of 
Lake Van is calculated depending on 
precipitation, evaporation, surface runoff, and 
groundwater recharge. The annual average 
precipitation is 473.4 mm (Aydın and Karakuş, 
2016) and its contribution to the volume of the 
lake is calculated as approximately of 2.5 km3 
water input (Kadıoğlu et al., 1997). The annual 
average air temperature also varies from -3.6 
to 22.7 °C at coastal areas of Lake Van and 
amount of the annually water lost to the 
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atmosphere by evaporation is defined as 5.08 
km3 (Düzen and Aydın, 2012). 

The catchment area of Lake Van is 11,859 km2 
(Düzen and Aydın, 2012). Four major rivers 
(Engil, Karasu, Bendimahi, and Zilan rivers) 
and tens of perennial and seasonal streams 
drain into Lake Van. It has been calculated that 
annually 1.7 km3 of freshwater is added to the 
lake volume by surface runoff (Kadıoğlu et al., 
1997). Water loss of Lake Van due to 
evaporation is balanced by precipitation, 
surface runoff, and groundwater input. Annual 
variation on these components changes the 
lake level up to 90 cm (Degens and Kurtman 
1978; Kaden et al., 2010; Stockhecke et al., 
2012). 

Beachrocks considered as one of the best 
indicators of former water levels (Bezerra et 
al.,2004;Desruelles et al., 2009) are frequently 
observed in different levels at the east and 
southeast coasts of Lake Van. Both subaerial 
(Figure 4a) and submerged sandy and pebbly 
beachrocks deposited parallel to coastline in 
topographically low-incline areas are indicating 
lake-level fluctuations for Lake Van. 

Wave and current activity 

According to monthly maximum wind-velocity 
records measured by the Turkish State 
Meteorological Service on coastal stations 
since 1960, the wind-velocity frequently 
reached the gale/storm-level with 17.2–32.6 
m/s (Beauford scale from Isemer and Hasse, 
1991). This level corresponds to a 5.5–11.5 m 
waveheight (Met Office, 2007). Moreover, the 
wind-velocity unexpectedly reached the 
hurricane-level (> 32.6 m/s) twice, with 42.3 
m/s (Üner, 2018). That highest value 
corresponds to >14 m waveheight (Met Office, 
2007). 

Wind-generated waves can erode coastal 
rocks directly and indirectly (Carter, 1976; 

Kamphuis, 1987; Brown et al., 2005; Trenhaile 
et al., 2015; Da Silva et al., 2018). When the 
beach is narrow, a much higher rate of wave 
energy reaches the coastal rocks. The 
continuous movement of the waves causes the 
erosion of these rocks and makes an unstable 
slope for the formation of a cliff. This type of 
coast, shaped by the direct effect of the waves 
or by the wave-induced landslides, is 
particularly observed at the eastern coast of 
Lake Van (Figure 4b). The other morphologic 
structure formed by wave erosion is the natural 
arch. This rarely observed structure formed by 
carving of the ancient deltaic deposits with 
wave effect is located on the southern coast of 
Lake Van with a height of 3 m and width of 8 m 
(Figure 4c). 

Some accumulation structures such as 
beaches and barrier spits formed by waves and 
related longshore currents are also observed in 
the coastal area of Lake Van. Beaches 
consisting of generally loose, unconsolidated 
sediment, ranging in size from very fine sand 
up to pebble, are narrow and straight or slightly 
concave (Figure 5a). These natural beaches 
have provided their sediments from various 
sources such as rivers, eroded cliffs and 
foreshores, and drifting lake-floor. Barrier spits 
are other accumulation structures formed by 
waves and longshore currents. The drifting 
shore material along the coastline by the waves 
that arrive obliquely to the coastline and 
accompanying longshore currents 
accumulates on an area where the shoreline 
curves and forms a barrier spit.  Bays or  
lagoons  created by that barrier at the landward 
of the accumulation  are observed at the 
topographically low-incline areas in the east of 
Lake Van (Figures 5b, 5c). 
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Figure 4. Field photographs of the; (a) beachrocks, (b) cliffs, and (c) natural arch taken from the 
coast of Lake Van. 
Şekil 4. Van Gölü kıyılarından çekilen; (a) yalı taşı, (b) falez ve (c) doğal kemerlerin arazi fotoğrafı. 
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Figure 5. Field photographs of the; (a) gravelly beach, (b) & (c) barrier spits taken from the eastern 
coast of Lake Van. 
Şekil 5. Van Gölü doğu kıyılarından çekilen; (a) çakıllı plaj, (b) ve (c) kıyı dilinin arazi fotoğrafı. 
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Tectonics 

Lake Van Basin is a compressional area 
characterized   by    N–S     trending     crustal 
shortening  since its  formation.  This  tectonic 
regime is  represented  by  strike-slip faults as 
well  as  coeval  reverse  faults  (Dewey et al., 
1986; Yılmaz et al., 1998; Özkaymak et al., 
2011; Koçyiğit, 2013). N–S trending normal 
faults are rare structural elements. The basin 
has numerous active faults that generate 
intense seismicity (Özkaymak et al., 2011; 
Koçyiğit, 2013; Akkaya et al., 2015; Sağlam 
Selçuk et al., 2017; 2020). 

Active faults, namely Ahlat, Erciş, Çakırbey, 
Çarpanak, Van, and Dilkaya–Edremit, are 
located on the coastline of Lake Van (Figure 
1b). The Ahlat Fault is an ENE–WSW-trending 
normal fault with a strike-slip component 
(Çukur et al., 2017). Approximately 25 km long 
fault lies between Ahlat and Adilcevaz city 
centres at the northwestern coast of Lake Van 
(Figure 1b). It deforms Upper Cretaceous 
ophiolites, Miocene turbidites, Quaternary 
volcanics and coeval lacustine deposits. 

The NW–SE-trending Erciş Fault passes 
through the northern part of Lake Van, which is 
a dextral strike-slip fault with a normal fault 
component (Üner, 2019; Üner et al., 2019; 
Sağlam Selçuk and Kul, 2021). It deforms the 
Quaternary basalts originated from Etrüsk 
Volcanoe and lacustrine deposits of Lake Van. 
The Çakırbey Fault is another strike-slip fault 
(Koçyiğit, 2013) deforming the northeastern 
coast. Approximately 30 km long NE–SW-
trending sinistral strike-slip fault cuts the 
Quaternary basalts and lacustrine deposits of 
Lake Van (Figure 1b). 

The Çarpanak Fault located on the eastern 
coast is a nearly E–W-trending and northerly 
dipping reverse fault. Approximately 15 km 
long fault deforms the Pliocene to Quaternary 
fluvial and lacustrine deposits and forms a 7 km 
long peninsula (Figure 1b). The Van Fault is a 

17 km long, N–S-trending, and westerly dipping 
normal fault. This tectonic structure, located on 
the Arabian–Eurasian compression zone, is 
observed along the eastern coast of Lake Van. 
It cuts the Quaternary lacustrine deposits of 
Lake Van (Figure 1b). Approximately 14 km 
long Dilkaya–Edremit Fault located on  the 
southeastern coast is another sinistral strike-
slip fault that deforms the Quaternary travertine 
and tufa deposits. 

Fluvial-based processes 

Four principal rivers, namely Zilan, Bendimahi, 
Karasu, and Engil and numerous temporary 
streams join Lake Van (Figure 6a). These 
principal rivers provide the main sediment 
input, whereas temporary streams yield a 
negligible amount of sediment. Zilan River, 
located in the northern part of Lake Van Basin, 
has a catchment area approximately of 1320 
km2. It collects their sediments from the erosion 
of the Upper Cretaceous ophiolitic rocks, the 
Quaternary volcanic rocks, and ancient 
lacustrine deposits of Lake Van. These 
sediments have been forming the Zilan Delta 
with a surface area of 5 km2 (Figure 6b). The 
Bendimahi River is another main river located 
in the northern part of the bas in. It has a 
catchment area approximately of 1200 km2, 
dominantly covered by the Quaternary volcanic 
and lesser ophiolitic rocks. It has a relatively 
small delta, namely the Bendimahi  Delta, with 
a surface area of 2.2 km2 (Figure 6c). 

Karasu River is the longest fluvial system 
reaching Lake Van. It passes along the eastern 
part of the basin consisting of ophiolitic rocks, 
volcanic rocks, and fluvial and lacustrine 
deposits. Sediments collected from the 
approximately of 1490 km2 catchment area 
have accumulated at the coastal area and have 
formed the Karasu Delta covering 1.4 km2 
(Figure 6d).  
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Figure 6. Google Earth satellite images showing; (a) drainage area of the fluvial systems, (b) Zilan 
Delta, (c) Bendimahi Delta, (d) Karasu Delta, and (e) Dönemeç Delta at the study area. 
Şekil 6. Çalışma alanındaki; (a) akarsu sistemlerinin drenaj alanlarını, (b) Zilan Deltası’nı, (c) Bendimahi 
Deltası’nı, (d) Karasu Deltası’nı ve (e) Dönemeç Deltası’nı gösteren Google Earth uydu görüntüsü. 
 

Engil River, located in the southeastern part, 
has the largest catchment area of the basin, 
approximately 2680 km2. Sediments derived 
from the catchment area, covered with the 
Oligocene to Miocene turbiditic rocks, the 
upper Cretaceous ophiolitic rocks, and the 
Quaternary fluvial and lacustrine deposits, 
constitute the Dönemeç Delta with a surface 
area of 4.5 km2 (Figure 6e). 
 
 

Anthropogenic Factors 
Some anthropogenic activities directly or 
indirectly affect the natural development of the 
coasts.   Settlements,   coastal   protection 
structures such as embankments and wave-
barriers, and harbours directly influence the 
coastline, while powerful changes on the fluvial 
system such as dams and river-channel 
reclamations indirectly affect as they change 
the  sediment  input   (Kraus  and  McDougal, 
1996; Dean and Dalrymple, 2002; Gottgens 
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and Evans, 2007; Lin and Wu, 2014; Ai et al., 
2019). Six city centres are located on the 
coastal area of Lake Van, namely Van, Erciş, 
Edremit, Ahlat, Adilcevaz, and Tatvan (Figure 
1b).  

Coastal utilization areas of these cities are 
rapidly spreading, and coasts are preferred for 
all kinds of structures such as buildings, 
factories, highways, and airport. Embankments 
are the most common structures protecting 
these coastal areas (Figure 7a). Coastal 
transportation coevally increases with these 
cities’ population growth, resulting in the 
construction of numerous new harbours 
(Figure 7b). 

Dams used for various purposes such as water 
storage, irrigation, and fishing were built on the 
three main rivers (Engil, Karasu, and Zilan 
rivers) mentioned above. These are the Zernek 
Dam, built in 1988, on the Engil River, the 
Sarımehmet Dam (1991) on the Karasu River, 
and the Koçköprü Dam (1992) on the Zilan 
River (Figure 6a). These dams have obstructed 
significant amount of sediments since their 
construction. 

Channel reclamation activity is another 
anthropogenic modification of the fluvial 
system. Regulations applied to river channels, 
which pass through city centres, reduce 
sediment budget as it prevents erosion. This 
type of structure is observed on Zilan and Engil 
rivers at the city centres of the Erciş and 
Gürpınar. The decrease in sediment yield due 
to these dams and reclamation channels 
directly affects the development of the coastal 
zone. 

DISCUSSION 

Effect of rock type on coastal evolution 

Various types of rocks form Lake Van coasts. 
Mineralogical composition, textural 
characteristics, and physical pr operties of  

these rocks, such as water absorption, 
apparent porosity rate, and abrasion 
resistance, are closely related to the shaping of 
these coasts. The southern coast of the lake is 
composed of schist, amphibolite, harzburgite, 
and gabbro. These rocks have low (< 1%) 
apparent porosity and water absorption 
capacity (Table 1), indicating high rock 
strength. In addition, Böhme abrasion 
resistance test values of these rocks are lower 
than 7 cm3/50cm2 (Table 1) which corresponds 
to low abradable rock class (Özvan and Direk, 
2020). Relatively high values (4.98 and 6.33 
cm3/50cm2) obtained from schist and 
harzburgite samples, indicating lesser abrasion 
resistance, may be explained by the 
segregation layers between the platy mica 
minerals in schists and alteration degree of the 
harzburgites.  

Western and northern coasts are composed of 
basaltic rocks and rarely limestones. Basaltic 
rocks have low apparent porosity and water 
absorption capacity (< 1%) and a low 
abradable rock feature (2.03 cm3/50cm2) 
(Table 1). The high abrasion resistance value 
of these rocks is due to the hardness of the 
plagioclase  minerals  and  the  fine-crystalline 
fine-crystalline texture of the rock. Limestones 
observed in a limited area in the north have a 
relatively higher apparent porosity ratio 
(7.37%) and water absorption capacity 
(3.59%).  

The Böhme abrasion test value of 10.35 
cm3/50cm2 corresponds to moderate 
abradable rock level with a value between 7 
and 20 cm3/50cm2, according to the 
classification proposed by Özvan and Direk 
(2020). This value can be attributed to the 
porous structure of fossiliferous limestone. 

The eastern coast of Lake Van consists of the 
Miocene sandstones, the Quaternary terrestrial 
carbonates (travertine and tufa), and
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Figure 7. Field photographs showing; (a) embankments and (b) Akdamar Harbour constructed 
on Lake Van coasts. 
Şekil 7. Van Gölü kıyılarında yapılmış; (a) kıyı seti ve (b) Akdamar Limanı’nın arazi fotoğrafı. 

 
coeval semi-consolidated lacustrine deposits. 
Sandstones have low apparent porosity and 
water absorption capacity (< 1%) and a low 
abradable rock feature (1.93 cm3/50cm2) 
(Table 1). This abrasion resistance value may 
vary depending on the thickness and position 
of the sandstone beds. On the contrary, 
travertines and tufas have high apparent 
porosity (6.06 and 16.78%) and water 
absorption (2.93 and 10.53%) rates,  
respectively (Table 1). The Böhme abrasion 
test value of the travertine sample (10.55 
cm3/50cm2) corresponds to moderate 
abradable rock class with a value between 7 
and 20 cm3/50cm2, while the test value of the 
tufa sample (36.39 cm3/50cm2) falls into the 
abradable rock class (> 20 cm3/50cm2) 

according to the classification proposed by 
Özvan and Direk (2020). Thin bedded and 
semi-consolidated shallow lacustrine and 
coastal deposits representing the longest 
coastline of Lake Van have the lowest abrasion 
resistance. 

Lake-level change and coastal evolution 

Lakes are extremely sensitive environments to 
climate-induced lake-level fluctuations (Street-
Perrott, 1980; Adams and Wesnousky, 1998; 
Haghani et al., 2016; Sato et al., 2016). 
Especially in areas with low topographic 
inclination, small-scale water-level changes 
can cause the coastline to shift a considerable 
distance towards land or lake. Even though an 
annual variation on water budget changes the  
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lake-level up to 90 cm (Degens and Kurtman, 
1978; Kaden et al., 2010; Stockhecke et al., 
2012), 

it is accepted that the water level of Lake Van 
has remained the same for the last 3-4 ka, 
except for minor changes (Degens et al., 1978; 
Landmann et al., 1996; Çağatay et al., 2014). 
The formation of beachrocks on the coasts of 
Lake Van (Figure 4a), which requires several 
century vertical stability of the coastline 
(Neumeier, 1998; Vousdoukas et al., 2007; 
Çiner, 2009; Desruelles et al., 2009), supports 
this idea. 
 
Wave and current effect on coastal 
evolution 

Coastlines are dynamic systems shaped by the 
energy of waves and currents. Wind-induced 
waves and related longshore currents provide 
most of the power for erosion, transportation, 
and deposition of sediments. Although Lake 
Van is a closed basin surrounded by high 
mountains such as Nemrut, Süphan, Artos, and 
Erek, the wind-velocity can reach the 
hurricane-level with a maximum value of 42.3 
m/s (Üner, 2018) corresponding to wave-
heights up to 14 m (Met Office, 2007). 

Coastal erosion results from the power of the 
hydraulic action and the erosive action of 
transported sediments. Wave action is 
extremely variable depending on the 
morphology of the coast and the physical 
characteristics of the bedrock (Bird, 2008). The 
best examples of wave erosion determined on 
the shores of Lake Van are cliff formation 
(Figure 4b) and the natural arches excavated 
on rocky coasts (Figure 4c). 

Natural beaches and barrier spits represent 
accumulation structures formed by wave and 
current activity on the Lake Van coasts. Sandy 
and pebbly narrow beaches are frequently 
observed on straight or slightly concave parts 
of the eastern coasts of Lake Van. Barrier spits 

formed by the accumulation of sediments 
drifted by waves and longshore currents on the 
river mouths or the bays are also observed on 
the  topographically  low-inclined  zones at the 
same coasts of the lake. Whereas some of 
these barriers create lagoons, some are used 
as natural harbours (Figure 5b). 

Effect of tectonics 

Lake Van is located north of the continental 
collision zone between the Arabian and 
Eurasian plates. Numerous faults and dense 
seismicity indicate ongoing tectonic activity for 
the region (Özkaymak et al., 2011; Koçyiğit, 
2013; Akkaya et al., 2015; Sağlam Selçuk et 
al., 2020; KOERI, 2021). Some active faults 
with various characteristics such as Ahlat, 
Erciş, Çakırbey, Dilkaya–Edremit (strike-slip 
faults), Çarpanak (thrust fault), and Van 
(normal fault) cause some of Lake Van coasts 
to be linear (Figure 1b). Besides, earthquakes 
and vertical displacements induced by active 
faults in the hinterland can increase the 
sediment yields reaching the lake. 

Delta Formation 

Deltas formed where the sediment 
accumulation rate in the river mouth exceeds 
the rate of sediment distribution by waves, and 
currents are one of the most known agents that 
shape the coastlines. The development of a 
delta may be influenced by short-term climate 
change, rapid water-level fluctuations, coastal 
processes, and tectonics (Bird, 2008). 
Primary sediment input to Lake Van is provided 
by major rivers such as Zilan, Bendimahi, 
Karasu, and Engil. Their deltas can be 
classified according to their morphology. While 
Zilan and Dönemeç deltas represent fluvial-
dominated delta morphology, Karasu and 
Bendimahi deltas show wave-dominated delta 
characteristics (after Coleman and Wright, 
1975). Lake Van and its deltas are not affected 
by tides.  
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The evolution of the Bendimahi Delta is 
significantly affected by tectonic deformation. It 
was forced to migrate 1.5 km to the north with 
all components due to the capture of the 
Bendimahi river canal by the Erciş Fault (Üner, 
2019). Nowadays, that coastline consists of a 
wave-dominated delta and an abandoned river 
mouth (Figure 6c). 

Anthropogenic stressors 

Marine coastlines are extremely important due 
to the concentration of population near the 
coasts (Bird, 2008). A similar focus is valid for 
lake shores. Coastal settlements require 
coastal protection structures such as 
embankments, wave-barriers, and harbours. 
But these protection structures prevent some 
natural processes like erosion, sediment  
transportation, and deposition on the coast. 
The depositional formations such as beach or 
barrier-spits and the erosional structures like 
cliffs are negatively affected from these artificial 
coastal conditions (Kraus and McDougal, 1996; 
Dean and Dalrymple, 2002; Lin and Wu, 2014). 
Furthermore, the rigid coastal structures can 
cause higher waves due to reflection and 
create more erosion at near-shore (Miles et al., 
2001).  

Dams and river reclamation channels can 
cause another anthropogenically-induced 
change in lake characteristics. The decrease in 
sediment yield due to these structures directly 
affects the development of the coastal zone. In 
order to determine the effect of dams on deltaic 
sediment yield on Lake Van coasts, three rivers 
containing dam (Zilan, Karasu, and Engil 
rivers) and their deltas (Zilan, Karasu, and 
Dönemeç deltas) were investigated using 
Landsat satellite images. The Koçköprü Dam 
constructed in 1992 on the Zilan River 
dramatically affected the sediment  yield  
carried  to  the  Zilan Delta. A  

significant decrease in the dimensions of the 
Zilan Delta is clearly observed between the 
pre-dam to post-dam satellite images (Figs. 
8a). A similar change is valid for the Karasu 
Delta. After the construction of the Sarımehmet 
Dam in 1991 on the Karasu River, a visible 
retreat occurred in the Karasu Delta (Figs. 8b). 

The Dönemeç Delta is the largest deltaic 
system developed along the Lake Van coasts 
and formed by the sediments collected from the 
catchment area of the Engil River. The 
sediment supply to the delta has significantly 
decreased with the construction of the Zernek 
Dam in 1988 (Figure 8c). Although sediment 
yield is not the only component affecting delta 
development, the change in all these deltas 
after the construction of the dams is 
remarkable. 

All the natural elements mentioned above are 
the dominant factor in shaping the coasts of 
Lake Van since its formation, but 
anthropogenic stressors on coastal evolution 
such as coastal settlements, dams, and coastal 
protection structures highly change the natural 
balance. 

CONCLUSIONS 

In this study, the elements that shape the 
approximately 497 km coastline of Lake Van 
were determined with field observations, 
satellite images, and laboratory experiments. 
The factors shaping the Van Lake coastline can 
be distinguished as natural and anthropogenic. 
While natural elements consist  of rock type, 
water-level changes, waves and longshore 
current activity, tectonics, and fluvial-based 
processes, the human impact Lake Van coastal 
evolution occurs through the coastal protection 
structures and the dams and river reclamation 
channels built on the streams. 

The  coasts  of  Lake  Van  exhibit   different 
characteristics against erosional elements 
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such  as  waves,  longshore  currents,  and 
water-level changes due to the diversity of 
coastal rocks and their different abrasion 
resistance. These elements are also effective 
for deposition features. 

The eastern coasts of Lake Van are the most 
intensive region for erosion and deposition 
because of the low abrasion resistance of the 
existing rocks and the low topographic slope. 
These coasts that consist mainly of semi-
consolidated lacustrine deposits and coastal 
carbonates (travertine and tufa) retreat rapidly.  

Other coastal parts are limitedly affected by 
wave and current erosion and water-level 
fluctuation due to high abrasion resistant rocks 
such as amphibolite, basalt, harzburgite, and 
schist. Additionally, numerous faults located on 
Lake  Van  coastlines  such as Ahlat, Erciş, 
Çakırbey, Van, Dilkaya–Edremit, and 
Çarpanak are structural elements that directly 
shape the coastal area. 

Coastal settlements and their coastal 
protection structures, dams on rivers and river 

 

 

Figure 8. Landsat satellite images showing the evolution of; (a) Zilan Delta before and after 
Koçköprü Dam was built, (b) Karasu Delta before and after Sarımehmet Dam was built, and (c) 
Dönemeç Delta before and after Zernek Dam was built. 
Şekil 8. (a) Zilan Deltası’nın Koçköprü Barajı öncesi ve sonrası, (b) Karasu Deltası’nın Sarı Mehmet Barajı 
öncesi ve sonrası ve (c) Dönemeç Deltası’nın Zernek Barajı öncesi ve sonrası değişiminin Landsat uydu 
görüntüsü. 
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reclamation channels negatively affect the 
aforementioned natural processes such as 
erosion, sediment transportation, and 
deposition. These anthropogenic stressors on 
coastal evolution completely change the 
natural balance. Global and regional climate 
changes and related storms, floods, and 
drought are also clear indicators of this human 
impact on natural processes.   
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