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ABSTRACT 
 
Although, there are numerous studies investigating the boundary between the 
Anatolian, African and Arabian plates, there are still no definitive results on this 
topic. Continuing intense tectonic deformation in the area has caused tectonic 
lines composed of various types of faults to interact and it is necessary to 
accurately identify the plate borders in the convergence area which is globally and 
regionally important. Therefore, the impact of tectonic deformation on the current 
alluvial fans was measured through morphometric analysis methods such as 
concavity index, best fitted ellipse and sinuosity index to define the relationship 
between fault lines by presenting their recent behavior and the findings were 
evaluated in the light of kinematic-geodetic data. Thus, the relationship between 
tectonic belts which reflect similar effects had been considered at length by trying 
to describe the deformation effect of current tectonics on alluvial fans. Results 
showed that Dead Sea Fault Zone - the border of Arabian-African plates- and 
Cyprus Arc (CA) -the northern border of Africa- intersect on the north of Amik 
Plain and that East Anatolian Fault Zone –the south border of Anatolia- was moved 
further away from this intersection point to Türkoğlu since Late Miocene by 
Arabia’s motions to the North. Continuation of this fault in the west of Türkoğlu 
intersected Amanos Mountains with many branches in northeastern-southwestern 
direction and created a plate border shaped by faults from north to south with 
decreased tectonic activities. 
 
Key words: Alluvial fan morphometry, East Anatolian Fault, 
Maraş/Türkoğlu/Amik Triple Junction, globaltectonics. 

 
 
INTRODUCTION 
 
Morphometry, the measurement and mathematical analysis 
of landscape relief characteristics related to shape and 
dimension (Horton, 1945; Strahler, 1952; Mahadevaswamy 
et al., 2011) has been used in geomorphological studies 
since the middle of the last century as a result of efforts to 
objectively define and quantify relief by removing 
subjective descriptions (Heimann and Ron, 1993). 
Pioneering analytical studies in geomorphology undertaken 
by researchers such as Horton (1932, 1945), Strahler 
(1952, 1957), Schumm (1956), Leopold and Miller (1956), 
Melton (1957), Hack (1957) and Morisawa (1959) matured 
with the help of second generation studies led by Strahler 

(1964), Eagleson (1970), Doornkamp and Cuchlaine (1971) 
and Hack (1973). More recently, the use of remote sensing 
has become popular in morphometric analyses and 
landscapes can now be quickly and cheaply investigated 
using widely available digital datasets (Krishnamurthy et 
al., 1996; Nag, 1998; Nag and Chakraborthy, 2003; Gürsoy 
et al., 2011). 

Alluvial fans have been the topic of these morphometric 
analyses and have been examined from a number of 
aspects; for example, fan geometry (Bull, 1961, 1964; Lecce, 
1990), surface geomorphology (Denny, 1965; Stock et al., 
2008), fluvial  geomorphology  (Blair and McPherson, 1994;  
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Calvache et al., 1997) and hydrogeomorphic structure 
(Marchi et al., 2010). As a result, various measurement 
techniques were developed for the classification and 
categorization of alluvial fans and new methods continue to 
evolve (Bull, 1962; Denny, 1967; Beaumont, 1972; Hooke 
and Roher, 1979; Harvey, 1987; Marchi et al., 1993; Mills, 
2000). These methods allow the differentiation of factors 
that cause changes in the forms of topographic units such as 
alluvial fans (Oguchi and Oguchi, 2004: 128). Although fan 
sequences mostly respond to climatic controls, tectonic 
setting is the main parameter in controlling the location 
and setting of mountain front fans (Harvey et al., 2005). 
Alluvial fans are mainly observed in areas where basin-
range morphology is dominant (Bull, 1977; Erinç, 2000; 
Burbank and Anderson, 2001; Goudie, 2004; Hoşgören, 
2011) creating suitable environments with which to detect 
neo-tectonic traces; primarily the fault morphology (Tatar 
et al., 2004).  

In this context, some features of alluvial fans such as 
morphometric characteristics (Bahrami, 2013), curved 
radial profiles (Bull, 1964), vertical sediment accumulation 
(Calvache et al., 1997), channel incision rates on alluvial 
fans (Lee et al., 2001) and tilting direction and degree 
(Pinter and Keller, 1995a) have been correlated to active 
faulting. This is due to alluvial fans acting as recorders of 
tectonics through their structure and sediment 
architecture. Fans located on active lineaments may 
develop surface fault traces after movements on fault or 
faults, as well as, anomalies in the sediment stratigraphy 
(Wells and Harvey, 1987; Blair and McPherson, 1994). 
Therefore, the investigation and interpretation of 
sedimentological, structural and geomorphic features can 
reveal much about the active faulting shaping of the 
landforms.   

The aim of this research is to investigate the active 
tectonic structures of southern Turkey using a range of 
morphometric parameters derived from active and relict 
alluvial fans present in the study area. Topographic metrics 
will give insight into the sedimentological and climatic 
processes shaping the fans but also the underlying tectonic 
controls. 
 
 
Geological background 
 
The northward migration of the African plate towards the 
Eurasian plate during late Eocene-early Miocene period 
resulted in the formation of a north-dipping subduction 
zone bordering southern Anatolia (Şengör and Yılmaz, 
1983). Following the complete closure of the Southern 
Branch of the Neo-Tethys in the region during the middle-
late Miocene, the Eurasian-Arabian collision along the 
Bitlis-Zagros Suture Zone (BZSZ) produced north-south 
directed shortening, this strain was most pronounced in 
Eastern Anatolia (Şengör and Yılmaz, 1983: 53). However, 
thickening of continental crust also caused increased 

resistance against north-south oriented compression 
resulting in the westwards extrusion of Anatolia towards 
the Aegean and central Mediterranean (McKenzie, 1972; 
Yılmaz et al., 1985; Reilinger et al., 1997). The westwards 
motion of the Anatolia microplate was accommodated 
through the formation of the North (NAFZ) and East 
Anatolian Fault Zones (EAFZ) (Şengör, 1979) during the 
late Miocene to early Pliocene. Furthermore, the differential 
northwards movement of the Arabian plate compared to 
African plate resulted in the development of the Dead Sea 
Fault Zone (DSFZ) (Quennell, 1956; Freund, 1965; 
Garfunkel, 1981; Garfunkel et al., 1981; Courtillot et al., 
1987; Joffe and Garfunkel, 1987; Brink et al., 1999) during 
the middle Miocene (Lyberis, 1988; Garfunkel and Ben-
Avraham, 1996). The DSFZ subsequently propagated 
northwards reaching the Amik Plain during the Pliocene. 
However, the diffuse and complex nature of this continental 
plate boundary led to debate within the scientific literature 
on the precise location of plate margins, this is especially 
true in the easternmost Mediterranean, where the location 
of the triple junction between the DSFZ, EAFZ and Cyprus 
Arc is particularly problematic (Rojay et al., 2001; Över et 
al., 2004a; Oguchi et al., 2008; Duman and Emre, 2013; 
Mahmoud et al., 2013). 

In the study area (Figure 1), the EAFZ cuts across the 
northern Amanos Mountains diagonally and reaches the 
Mediterranean (McKenzie, 1970; Dewey et al., 1973; Gülen 
et al., 1987; Karig and Kozlu, 1990; Kempler and Garfunkel, 
1991; Westaway, 1994; Arger et al., 2000; Koçyiğit and 
Beyhan, 1998; Yurtmen et al., 2000; Robertson et al., 2004) 
(Figure 2a). According to several authors, this fault zone is 
connected to Cyprus Arc in the Mediterranean (Dewey and 
Şengör, 1979; McKenzie, 1976; Muehlberger and Gordon, 
1987; Hall et al., 2005; Kempler and Garfunkel, 1994; Kahle 
et al., 2000) (Figure 2b). However, the EAFZ has also been 
shown either to tip-out close to Türkoğlu (which is located 
to the south of Kahramanmaraş) (Chorowicz et al., 1994; 
Lovelock, 1984; Görür et al., 1984; Perinçek and Çemen, 
1990; Yürür and Chorowicz, 1998) (Figure 2c), or to extend 
into the Karasu Rift Valley (Arpat and Şaroğlu, 1973; Şengör 
et al., 1985).  

In addition, alternative models have the EAFZ directly 
connecting with the northern extent of the DSFZ in Amik 
Plain (Allen, 1969; Arpat and Şaroğlu, 1973; Kelling et al., 
1987; Kiratzi, 1993; Rotstein, 1984; Şengör et al., 1985; 
Rojay et al., 2001; Adıyaman and Chorowicz, 2002; Över et 
al., 2002; 2004b; Westaway, 2003; 2004; Seyrek et al., 
2007; Herece, 2008; Duman and Emre, 2013; Emre et al., 
2013; Seyrek et al., 2014) (Figure 2d). 

In spite of this long-standing debate, a definitive location 
for the northern part of DSFZ, northeastern part of Cyprus 
Arc and southwestern part of EAFZ is still a standing 
question. This current study intends to discriminate 
between the tectonic faults and fault dynamics of the region 
by analyzing the morphometric characteristics of the 
deformation        caused           to         alluvial         fans -young  
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Figure 1: Location map of the study area and its close vicinity, alluvial fans and the position of main faults based on 
their names in the literature. (Allen, 1969; McKenzie, 1970; Arpat and Şaroğlu, 1973; Dewey et al., 1973; McKenzie, 
1976; Dewey and Şengör, 1979; Şengör and Yılmaz, 1983; Görür et al., 1984; Şengör et al., 1985; Yılmaz et al., 1985; 
Perinçek and Çemen, 1990). 

 
 
 
geomorphological units - by active and neo-tectonic faulting 
in the study area (Tatar et al., 2004). The impact of sea level 
change is limited to the structural characteristics of the 
alluvial fans, especially the Quaternary fans located away 
from the present-day shoreline effects, with the exception 
of toe trimming (Harvey et al., 2005). At the same time, 
tectonic movements have a determinative role on the 
shapes, slopes and fluvial morphological developments of 
alluvial fans and leave readable traces behind (Beaty, 1961; 
Hooke, 1967; Harvey, 1990, 2002; Pope and Wilkinson, 
2005). Correct interpretation of these traces will facilitate 
the recognition of the underlying structural controls.  

Segments of tectonic lines of different character have 
been clearly identified through a different method 
previously not used in this area (Reilinger et al., 1997; 
Westaway et al., 2008; Meghraoui et al., 2011; Tarı et al., 
2014) allowing the discrimination of mean tectonic belts 

and plate boundaries based on the association of the fault 
systems displaying similar behavior. 
 
 
METHODOLOGY 
 
The digital elevation model of the study area was generated 
from and the ASTER GDEM 15 m resolution Digital 
Elevation Model (DEM) (METI and NASA) using ArcMap 
10.1 (ESRI). Sections of 1/25,000 scaled topographic maps 
prepared by the General Command of Mapping (Turkey) 
were also used to identify geomorphological units and 
determine the borders of alluvial fans. Contour line spacing 
of 10 m was generally used with 5 m spacing where more 
detailed information was needed. Geological maps of the 
area scaled 1/100,000 (Herece, 2008) and 1/500,000 were 
also    used   to   locate   the   alluvial  fans  (MTA, 2002). The  
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Figure 2: Some different models about the direction of ESFZ and plate boundaries in the study area. (a) McKenzie, 1970; 
Dewey et al., 1973; Gülen et al., 1987; Karig and Kozlu, 1990; Kempler and Garfunkel, 1991; Westaway, 1994; Arger et al., 
2000; Koçyiğit and Beyhan, 1998; Yurtmen et al., 2000; Robertson et al., 2004. (B) Dewey and Şengör, 1979; McKenzie, 
1976; Muehlberger and Gordon, 1987; Hall et al., 2005; Kempler and Garfunkel, 1994; Kahle et al., 2000. (C) Chorowicz et 
al., 1994; Lovelock, 1984; Görür et al., 1984; Perinçek and Çemen, 1990; Yürür and Chorowicz, 1998; Dilek, 2010. (D) 
Allen, 1969; Arpat and Şaroğlu, 1973; Kelling et al., 1987; Kiratzi, 1993; Rotstein, 1984; Şengör et al., 1985; Rojay et al., 
2001; Adıyaman and Chorowicz, 2002; Över et al., 2002; 2004b; Westaway, 2003, 2004; Hardenberg and Robertson, 2007; 
Seyrek et al., 2007; Herece, 2008; Duman and Emre, 2013; Seyrek et al., 2014). 

 
 
 
position of significant faults in the study area was based on 
the reports of Yalçın (1980), Yılmaz (1984), Lyberis et al. 
(1992), Yürür and Chorowicz (1998), Rojay et al. (2001), 
MTA (2002), Yurtmen et al. (2002), Över et al. (2004c), 
Albora et al. (2006), Boulton and Robertson (2008), Herece 
(2008), Karabacak et al. (2010, 2012), Emre et al. (2012a, 
b), Duman et al. (2012) and Yönlü et al. (2013). 

In addition to fundamental characteristics, such as 
surface area, length, width and average slope 
measurements (easily derived from the DEM), concavity 
index, best-fitting ellipse and sinuosity index analyses were 
undertaken for each fan. The fan apex is taken as the point 
at which the stream emerges from the mountain front; this 

is where sediment deposition will commence when the 
main body of the fan is actively accumulating. The fan toe is 
located as the point at which active channel leaves the 
alluvial fan deposits at the downstream extent. 

Concavity index was calculated using two different 
methods. The first method is based on the relationship 
between alluvial fan profiles and the line in the direction of 
fan apex-fan toe (Langbein, 1964; Demoulin, 1998). In this 
analysis, the distance of profile slope along the direction 
between the fan apex and fan toe and also the ratio of the 
distance of the profile slope to the fan floor at the same 
point were calculated at the mid-point of the profile (hmid / 
Hmid) according to both Langbein (1964) method and at the  
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Figure 3: Representation of variables used in concavity index calculation methods used in fan 27 calculations.  

 
 

 
 

Figure 4: Model that represents alluvial fan dimensions and distortion angles according to Pinter and Keller(1995a) 
and its implementation on fan 26 as an example. According to Goswami et al. (2009), parameters used in the direction 
and distortion angle of the tectonic distortion of the alluvial fans can be observed on Fan 26 sample.  

 
 
point of maximum difference between alluvial fan profile 
and fan apex-fan toe directional line (hmax / H(hmax) 
according to the method of Demoulin (1998) (Figure 3). 

The second method used in determining the concavity 
index is based on proportioning the area bordered by the 
alluvial fan profile slope in the ordinate plane (fan profile 
area) and the area of the triangle (triangle ABC) whose 
hypotenuse is made of the line in the direction of fan apex-
fan toe (Demoulin, 1998; Molin et al., 2004; Zaprowski et 
al., 2005) (Figure 3). This method was implemented 
through raster data analysis which identifies each profile in 
equal dimensions to ensure preservation of the ratio 
between profile areas calculated. Since the calculations 
based on area ratio remove problems that can be caused by 
the irregular topographic surface of the alluvial fan profile, 

they ensure more accurate results. Therefore, concavity 
index values obtained through area ratio method were used 
in interpreting morphometric analysis results. But in order 
to cross-check the results of the second method the dataset 
obtained by the first method is also considered. 

Another morphometric analysis method implemented on 
the alluvial fans in the study area is the best-fitting ellipse 
method (Pinter and Keller, 1995a; Burbank and Anderson, 
2001). This method can be summarized as the 
measurement and interpretation of dimensions related to 
ellipses that are nested according to the correlation of 
contour lines on alluvial fans, allowing a simplified 
geometric form of the fans to be constructed (Figure 4). 
Identification of morphometric parameters such as the 
curve axis of the concave region of the alluvial fans, apex to  
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Figure 5: Alluvial fans, their basins and main faults in the study area. 

 
 
toe direction of the axis and arc width is possible through 
the analyses of the ellipses. Like the ratio of short and long 
axes of the established ellipses, the ratio of the short and 
long axes that are stretched to the most outer ellipse by 
going through the center of the most inner ellipse provides 
the angular value of the distortion displayed as regards to 
equilateral fan that would be created under normal 
conditions (Figure 4). A reference circle, placed inside and 
tangent to the biggest ellipse was utilized to facilitate the 
measurements and increase accuracy. In addition, since the 
rotational distortion of the fans was in question, 
measurements were conducted to calculate the difference 
between the fan’s apex-toe directional axis and long axis of 
the ellipses that belonged to the fan (Ron et al., 1984; 
Goswami et al., 2009) (Figure 4). The arc of the two axes 
and the tan α between them were calculated to identify 
angular value and direction. 

While establishing long axis profiles for the fan, 
normalized thalweg profile for the river that formed the fan 
was also drawn. By representing these two profiles 
together, information can be obtained about the erosional 
and depositional activities of the river on the fan. This is 
achieved by identifying the sections that fall above and 
below the active channel with reference to the fan surface 
profile between the fan apex-fan toe, using the long profile 
of the current channel. In this context, evidence regarding 
the tectonic activities that caused deformation on the 
alluvial fan was examined based on these erosional and 
depositional areas.  

The  last  parameter considered  in  the framework of  the 

morphometric analyses of alluvial fans is the sinuosity 
index ratio (Mueller, 1968; Leopold et al., 1964). This 
analysis is based on the ratio between peripheral length of 
the right-angled triangle formed by the fan apex-fan toe 
directional line on the hypotenuse and circumference 
length of the right-angled triangle formed by the alluvial fan 
profile curve. With this method, it was possible to obtain 
information about the sinuosity ratio on the surface of each 
fan through apex-toe profiles.  

Finally, we assume that the climatic controls on the fan 
development will be similar for all the studied locations due 
to the similarity of the focused geographic area of the study 
region. Palaeoclimate data suggests that during glacial 
periods the region was more arid than the present with 2 to 
10 times less rainfall than the current 500 to 1000 mm/yr 
(Robinson et al., 2006). Also given that the majority of the 
fans are > 70 km inland, we assume that relative base-level 
changes are the result of local tectonics not the upstream 
propagation of Quaternary base-level changes in the 
Mediterranean Sea. 
 
 
RESULTS 
 
In total, 28 alluvial fans were selected for study on three 
main controversial tectonic lineaments, the East Anatolian 
Fault Zone, Dead Sea Fault Zone and Osmaniye section 
consisting of nine different fault segments (Figures 1 and 
5). They also have different shapes, sizes and morphometric 
characteristics    (Table 1).   Systematically,    all    fans    are  
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Table 1: Morphometric characteristics of the alluvial fan in the study area and concavity index values calculated with three different methods. 
 

S/No 
Fan 
area 

(km²) 

Fan 
length 

(m) 

Fan 
width 

(m) 

Distance 
mid. to toe 

(m) 

Apex 
Elevation 

(m) 

Toe 
Elevation 

(m) 

Mid. fan 
Elevation  

(m) 

Fan 
profile 
H (m) 

Mid. 
profile 
h (m) 

Concavity 
(hmid/Hmid) 

Concavity 
(hmax/Hmax) 

Concavity Tri. 
ABC-Prfl. 
ABC/0.5 

1 3.851 1852 3250 1018 902.1 879.6 892.4 22.5 11.25 0.138 0.078 1.09 
2 2.159 1623 2225 1011 890.3 871.0 876.0 19.3 9.65 -0.482 1.104 0.74 
3 2.678 1562 2270 591 898.9 871.0 881.0 27.9 13.95 -0.283 0.638 0.84 
4 0.711 930 1159 277 983.2 871.0 904.5 112.2 56.10 -0.403 0.479 0.66 
5 1.038 1064 1440 349 959.6 871.0 899.0 88.6 44.30 -0.368 0.407 0.73 
6 17.094 4944 7103 1645 908.0 871.0 881.2 37.0 18.50 -0.449 1.000 0.71 
7 0.792 1385 1023 423 621.4 575.6 598.0 45.8 22.90 -0.022 0.215 0.95 
8 0.520 766 979 345 625.5 557.7 587.3 67.8 33.90 -0.127 0.133 1.07 
9 0.201 480 516 334 588.2 534.1 559.6 54.1 27.05 -0.057 0.046 1.04 

10 0.193 491 528 222 598.2 528.8 555.2 69.4 34.70 -0.239 0.260 0.86 
11 4.879 2551 3195 1188 501.3 471.0 485.8 30.3 15.15 -0.023 0.773 0.91 
12 14.058 5134 3985 2799 549.0 476.1 485.5 72.9 36.45 -0.742 1.043 0.46 
13 49.729 6292 10537 3741 566.0 429.2 473.4 136.8 68.40 -0.354 0.571 0.73 
14 24.208 5929 6261 3376 506.8 428.4 446.0 78.4 39.20 -0.551 1.422 0.69 
15 0.776 1312 1482 560 796.8 671.9 710.0 124.9 62.45 -0.390 0.638 0.86 
16 3.603 2459 1772 1039 510.2 433.0 456.0 77.2 38.60 -0.404 0.911 0.74 
17 4.105 2301 2406 943 434.7 398.3 408.3 36.4 18.20 -0.451 0.855 0.62 
18 1.168 1417 1542 594 430.1 398.3 403.8 31.8 15.90 -0.654 1.791 0.45 
19 0.476 832 1166 452 681.6 594.9 632.3 86.7 43.35 -0.137 0.233 0.87 
20 1.190 1426 2204 375 895.6 682.1 754.6 213.5 106.75 -0.321 0.359 0.77 
21 2.015 1918 2289 901 825.6 736.4 769.9 89.2 44.60 -0.249 0.265 0.82 
22 10.616 4324 3989 1781 392.9 294.8 328.4 98.1 49.05 -0.315 0.769 0.79 
23 3.372 2105 2000 645 380.2 313.1 336.5 67.1 33.55 -0.303 0.276 0.90 
24 0.178 380 642 169 191.4 157.8 170.3 33.6 16.80 -0.256 0.364 0.97 
25 0.910 1113 1369 330 224.9 159.7 185.9 65.2 32.60 -0.196 0.430 0.76 
26 2.522 1933 1925 697 220.9 114.1 144.4 106.8 53.40 -0.433 1.137 0.65 
27 22.352 5795 5982 1710 224.2 92.00 139.9 132.2 66.10 -0.275 0.327 0.85 
28 0.307 629 639 201 196.7 153.9 180.3 42.8 21.40 0.234 0.053 1.19 

 
 
categorized and analyzed according to their tectonic 
belts. 
 
 
East Anatolian Fault Zone 
 
Fans numbered 1, 2 and 3 are located on the 
southern fault branch of one of the two faults, 
regarded as elements that belong to Eastern 

Anatolian Fault trending northeast to southwest 
starting north of Gölbaşı (Figure 1) (Dewey and 
Pindell, 1985; Barka and Reilinger, 1997; Çıplak and 
Akyüz, 2005; Westaway et al., 2008; Erkmen et al., 
2009; Karabacak et al., 2012; Yönlü et al., 2013). 
However, many previous studies (Ketin, 1965; 
Lyberis et al., 1992; Westaway, 2003; Yılmaz et al., 
2006; Karabacak et al., 2012; Khalifa et al., 2018) 
state that this lineament maybe a thrust zone 

representing the continuation of the Bitlis-Zagros 
Suture Zone.  

Therefore, there is uncertainty regarding the 
nature of the fault crossing these three fans. By 
contrast, the northern segment of the East Anatolian 
Fault (fans number 4, 5 and 6) (Figure 1) is not 
under the influence of the Bitlis-Zagros Suture Zone. 
Therefore, it is possible to separate deformation 
effect  of  these  two  branches   if   the    geodynamic  
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Figure 6: a) Google Earth image of the fans 1 to 6 located area; b) Continuing sinuosity lines along main faults (small 
black arrows) and their position according to fans and ellipse axis rotation direction fit to main faults on DEM; c) 
Folds right to apex-toe profile on fan 1; d) Undulated alluvial deposits in fan 3 (from middle of fan to toe). 

 
 
controls are different by comparing surface profiles of these 
two groups of alluvial fans (Figure 6a). 

All the fans have high short to long axis ratios of > 0.75 
and high fan profile sinuosities (Table 2). However, there 
are a range of rotations recorded from a minimum of 8° for 
fan 6 to a maximum of 44° for fan 3 (Figure 6b). The main 
variations between these six fans can be observed on the 
long profiles. Fans 4 and 5 have concave up smooth profiles 
whereas the other fans show pronounced apex to toe 
profile irregularities and profile convexities within the 
thalweg. These convexities are up to 10 m high on fans 1 to 
3 but < 5 m in height on fan 6 (Figure 6c and d). 

By contrast, fans numbered 7 and 8 are located on the 
southernmost EAFZ segment, which is believed to continue 
southwest from the northeast by-passing Gölbaşı Basin and 
extendings as far as Türkoğlu. Fans 7 and 8 share 
similarities with fans 1, 2 and 3, in terms of overall profile 
surface characteristics and profile surface-thalweg 
relationships (Figure 7); especially in fan 8, which overall 
has a convex shape. The short/long axis ratios for best fit 
ellipses drawn for fans 7 and 8 are 0.573 and 0.648, 
respectively. The fan surfaces show a 16° and 11° sinistral 
rotational movement, and have sinuosity ratios of 0.943 
and 0.956 (Table 2). 
 
 
Interpretation 
 
Examination of surface and current stream bed profiles of 
the fans -by taking all the conditions earlier mentioned 
shows an obvious inconsistency between fans number 1, 2 
and 3 and fans 4, 5 and 6 (Figure 7). Fans 1 to 3 show 

profile convexities in the channel profile suggesting that all 
three fans are located on the same fault segment with 
convex sinuosity bands indicating that the fault has a 
component of reverse motion (Figure 6c and d). It is 
because during the last fifty years local base level (Gölbaşı 
and Azaplı, lakes) for fans 1 to 6 is almost the same (EİE, 
2005; rasatlar.dsi.gov.tr). However, some new progressive 
fan penetration in the lakes (Figure 9) is on. This could be 
the result of fan surface uplift. 

In contrast to the southerly fan surfaces with rough 
sinuosity, the fans on the north branch present simpler 
profiles. When the river beds embedded in the folds 
(through similar process in antecedent gorge forming) 
observed in fans number 1, 2 and 3 were taken into 
consideration it is possible to claim that the lengthwise 
profiles of the fans carry traces of compressional regime. At 
this point, only fan number 6 presents different kinds of 
surface profile lines suitable to its own multichannel fed 
position. 

On the other hand, contrary to clear and wide convex 
folds observed in southbound fan profiles, there is a simple 
concavity in the fans observed in the north branch (Table 
1). In this case, it is understood that the profile slope which 
is supposed to gradually decrease from apex to toe 
(Blissenbach, 1954; Bull, 1964) is highly deformed in the 
fans located in the south branch. Although only the profile 
that belongs to fan number 1 is convex while others are 
concave; three distinct concave folds can be distinguished 
on the surface profiles of all the fans in the south branch 
(fans number 1, 2, and 3). Similarity in the shape of the 
deformation suggests that all three fans are located on a 
different   tectonic  deformation   zone  than  fans 4, 5, and 6  
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Table 2: Values for the distortion directions and distortion ratios obtained from best fitted ellipse analyses of alluvial fans in the study area and sinuosity index values of fans. 
 

S/No 
Short 

axis (m) 
Long 

axis (m) 

Short 
axis/Long 

axis 

Smallest 
ellipse focus 

axis (m) 

Smallest 
ellipse focus 

axis/Long axis 

Fan axis direction 
(According to 90° 

North) 

Ellipse axis direction 
(Accordingto 90° 

North) 

Ellipse axis 
rotation degree 

and direction 

Fan profile 
sinousity 
ındex 

1 3257 3789 0.860 3243 0.856 33° W 71° W 38° L 0.847 

2 2448 3060 0.800 2465 0.806 63° W 75° W 12° L 0.868 

3 2793 3598 0.776 2742 0.762 42° W 86° W 44° L 0.918 

4 1725 2281 0.756 1719 0.754 139° E 123° E 16° L 0.969 

5 1924 2502 0.769 1907 0.762 127° E 107° E 20° L 0.973 

6 6742 8400 0.803 6485 0.772 112° E 104° E 8° L 0.788 

7 1335 2329 0.573 1326 0.569 166° E 150° E 16° L 0.943 

8 1474 2273 0.648 1455 0.640 176° E 165° E 11° L 0.956 

9 805 1486 0.542 801 0.539 166° E 151° E 15° L 0.981 

10 1069 1506 0.710 1062 0.705 139° E 135° E 4° L 0.975 

11 3459 4458 0.776 3312 0.743 131° E 117° E 14° L 0.852 

12 5246 8853 0.593 5159 0.583 124° E 82° E 42° L 0.932 

13 11714 14791 0.792 11524 0.779 136° E 118° E 18° L 0.929 

14 6589 9433 0.699 6154 0.652 123° E 110° E 13° L 0.850 

15 1690 2596 0.651 1641 0.632 51° W 55° W 4° L 0.962 

16 3326 4934 0.674 3264 0.662 95° W 96° W 1° L 0.955 

17 3138 5159 0.608 3087 0.598 48° W 46° W 2° R 0.926 

18 2309 3365 0.686 2303 0.684 40° W 42° W 2° L 0.924 

19 1930 2239 0.862 1928 0.861 133° E 117° E 16° L 0.978 

20 1842 2549 0.723 1796 0.705 139° E 133° E 6° L 0.970 

21 2958 3798 0.779 2872 0.756 95° E 60° E 35° L 0.969 

22 4370 5638 0.775 4173 0.740 68° W 56° W 12° R 0.900 

23 3535 3993 0.885 3440 0.862 67° W 65° W 2° R 0.884 

24 1051 1590 0.661 1042 0.655 48° W 36° W 12° R 0.969 

25 2177 2496 0.872 2165 0.867 38° W 47° W 9° L 0.954 

26 2453 3259 0.753 2377 0.729 44° W 71° W 27° L 0.949 

27 7587 9491 0.799 7309 0.770 40° W 47° W 7° L 0.888 

28 1038 1732 0.599 1032 0.596 174° E 168° E 6° L 0.970 

 
 
(Figure 7). 
The best fitted ellipses formed for the first six fans 
that are studied present a short/long axis ratio in 
0.756 and 0.860 interval. These values point to fans 

with comparatively high roundness ratio at a 
regional scale (Table 2). Therefore, it is not possible 
to define the tectonic regime based on the amount 
of distortion, which will increase in favor of long 

axis based on the impact of the normal faults (Pinter 
and Keller, 1995b). On the other hand, sinistral 
(counter clockwise) rotational movement changing 
between 8° and 44° was detected in the fans  
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Figure 7: Apex-toe (smooth line) and thalweg (dashed line) profiles of the alluvial fans in the study area. 

 
 
numbered from 1 to 6. This movement signifies the fact that 
fan shifted to the right compared to the long axis of the 
ellipses that best fitted the directions of the contour lines 
that belonged to convex profile. Although partial impact of 
slope direction of the plain floor where the fan was formed 
was not ignored, it is apparent that the main factor is the 
direction of the lateral components in the fault slip. 
Therefore, propelling the fan body to the left with left 
lateral slip causes the formation of a deposit field at a lower 

altitude and results in the development of a fan convex 
profile.  

These actions generate new segments to the right in a 
continuous manner and shaping of the convex fan body on 
the right while the left axis that corresponds to the pointed 
ends of the ellipse stay on the left. Therefore, faults with 
vertical slip that are the left lateral slip or left lateral 
components of the fan body intersect with faults with 
vertical  slip  in  all fans  from 1 to 6 (more in fans number 1  
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and 3). Earthquake focal mechanism analyses conducted on 
the faults in the region and earthquake slip data analyses 
obtained from fault planes for previous earthquakes and 
geodetic data obtained from around the vicinity of fault 
planes support this interpretation (Yürür and Chorowicz, 
1998; Yılmaz et al., 2006; Yönlü et al., 2013). 

The high short-long axis ratios observed on fans 7 and 8 
may be due to comparatively high slopes of the plain floor 
where the fans are located. However, the presence of 
convex folds can be regarded as an indicator of 
compressional regime and deeply embedded thalweg lines 
which are more distinctive where the folds are located 
(Figure 7). In short, it is observed that while the fans were 
subjected to continuous and effective deformation 
considering their respective 3.31 and 8.85% apex-toe 
slopes, they also continued their development in favor of 
long axis with the help of new sediments added to fan apex 
vicinity due to high hydrologic energy. Tendency to escape 
southwest triggered by the north northwest-south 
southeast directional compression determined through 
kinematic analysis and geodetic investigations decreased 
the impact of the sinistral lateral slip of the faults that 
intersect the fans (Över et al., 2004c; Reilinger et al., 2006; 
Karabacak et al., 2012; Mahmoud et al., 2013). As a result, 
sinistral rotational movement of the fans weakened and the 
fans with little change in the foot position showed a 
tendency to extend backwards. 
 
 
Dead Sea Fault Zone 
 
Fans 11, 12, 13 and 14, from northeast to southwest in the 
area between Türkoğlu and Hassa, are located along the 
fault that borders the eastern margin of the Amanos 
Mountains (Figure 2). However, fan 11 has a different 
morphology compared to the other three fans. Fan 11 
exhibits two clear convexities within the thalweg profile, 
high amplitude irregularities in the fan surface and a very 
high overall concavity of 0.91.  Fans 12 to 14 by contrast 
have lower concavities and concave up channel profiles 
with lower amplitude and high frequency irregularities on 
the fan surface. All these fans have high sinuosities (> 0.85) 
and axis ratios in the range 0.6 to 0.8. There is also a fairly 
consistent fan orientation (~ 130°) (Table 2) and rotation 
(~ 16 °).  It is interesting to note that fan 12 has slightly 
different values where the ellipse axis is orientated to 82° 
and indicates 42° of rotation. Examination of ellipses that 
are compatible with the fans shows that fan 12 is different 
from the other fans based on its low roundness. 
Furthermore, the thalweg profiles have convolutions 
compatible with fan surface profile in fans 12, 13 and 14 
but apart from fan 11 where the channel is deeply incised 
(Figures 6 and 8a). 

Fan 15, located on the fault that borders the northern 
Karasu Rift in the east and to the immediate east of Nurdağı 
(Figure 2), is represented in Figure 7 with a wide convexity 

on its surface, although the longitudinal channel profile is 
more linear in appearance. While the comparative 
lengthwise images of the ellipses compatible with the 
contour lines that formed the fan are present with 0.651 
short/long axis ratios, sinuosity index value of 0.962 
corresponds to a simple surface with a sinistral rotational 
motion of 4°. 

Fans 16, 17 and 18, located to the south of fan 15, are 
situated on the fault that separates Kurt Mountain and 
Antakya-KahramanmaraşGraben (Karasu Rift) and have 
broadly concave channel profiles and fan surface with 
minor irregularities. Fan 18 has a concavity of 0.45, 
whereas fans 16 and 17 have higher concavities or 0.74 and 
0.62, respectively. Best fit ellipse analyses of the fans 
present comparatively lower distortion ratios such as 
0.662, 0.598 and 0.684, of 16, 17 and 18, respectively 
(Table 2) and only minor evidence of long axis rotation. 
 
 
Interpretation 
 
Fan 11 has been deformed due to shear effect of the fault 
(Bahçe-Karabaldır Fault (Yalçın, 1980; Günay, 1984) that 
strikes southwest and diagonally crosses the Amanos 
Mountains. Fans 12, 13 and 14 with stable and simple 
concave profiles points to a distinct extensional regime. Fan 
profiles are slightly concave but the faults that cross fan 11 
result in distinctive convexities indicating complete push-
up. Hence, clockwise motion of the block between Bahçe-
Karabaldır and Dörtyol-İslahiye faults (Günay, 1984) that 
diagonally cut Amanos Mountains in the northeast-
southwest direction strengthened sinistral lateral slip in the 
fault that cuts through fan 12 (Günay, 1984). The 
lengthwise form of this fan should be assessed together 
with the amount of rotational movement which is also 
significantly different as compared to other fans because 
these two parameters may provide the evidence for the 
existence of a different block tectonics in the region where 
fan 12 is located. 

Results of kinematic analyses between traces of previous 
earthquakes and fault planes also support these views 
(Över et al., 2004b, c). Geodetic data of the region provides 
similar descriptions about slip directions as well (Reilinger 
et al., 2006; Mahmoud et al., 2013). Therefore, as the basis 
of block motion, it would not be wrong to assert the 
existence of south-north or even south southeast-north 
northeast directional compressional impact on the 
northeast-southwest steering faults that border the block.  

The concave profile of fan 15 may be an indication of 
extensional regime because of a fault scarp which transects 
the fan (Figure 8b). However, the extension here is not only 
associated with the normal components of the fault it is 
located on but with the left lateral motion related to a 
possible fault that reaches the north of the fan by diagonally 
cutting the rift valley from the south of Nurdağı. Faulting in 
the vicinity of Kömürler settlement between Nurdağı and  
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Figure 8: (a) Approximately, 2 m incised main channel on fan 11; b) Meanly 6 to 8 m vertically slipped fault scarp near fan 15. 

 
 

  
 

Figure 9: Location of Bitlis-Zagros Suture Zone and East Anatolian Fault in the southern Gölbaşı Basin where fan 1 is 
located. Regeneration is observed in the fan due to compressional regime even though local floor level does not 
change.  

 
 
fan 14, Lyberis et al. (1992), Yurtmen et al. (2002) and Över 
et al. (2004b) provides support for the existence of such a 
fault. Also the fact that independent of fan surface, the 
thalweg line does not reflect the same concave undulation 
with the fan profile is an indication that apex-toe line of the 
thalweg and fan are positioned in the different sides of the 
fan. The low angle of rotation identified in the fan shows 
that lateral slip is sinistral but with less fierceness (Table 
2). As a result, this fan acts as a confirmation that the 
eastern rift valley fault is shaped by the extensional regime 
and the fault exhibits left lateral slip and a vertical 

component of motion (Yurtmen et al., 2002; Karabacak et 
al., 2010). 

Fan 18’s 0.45 ratio concavity is suggestive of an 
extensional regime contrary to the indistinct ridges 
possibly caused by pressures that change direction and 
presents the general characteristic of tectonic activity in 
this part (Table 1). On the other hand, no significant 
discordance was detected between thalweg and fan surface 
profile other than the small-scale irregularities earlier 
mentioned. Discordance in the areas that correspond with 
small   folds   shows   that   these  folds  are  recently shaped  
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because surface flow has not removed these small 
topographic elements on the fan surface but the river bed 
was embedded here as an antecedent. Low distortion ratios 
such as 0.662, 0.598 and 0.684, respectively (Table 2) also 
suggest that the extension affecting the fans is not 
significant. Directions of fans’ apex-toes axes and best fitted 
ellipse axes are also very close whereas lateral slip impact 
is almost non-existent.  

Therefore, evidence shows that lateral motion of the 
tectonic line that fans 16, 17 and 18 are situated upon 
decreases and it mostly corresponds to an area where 
vertical motion shaped by normal faults increases. This 
view also supported by literature (Lyberis et al., 1992) is 
parallel to data related to directions of slip as well 
(Reilinger et al., 2006; Mahmoud et al., 2013). 
 
 
Osmaniye to Türkoğlu Fault Zone 
 
Fans 9 and 10 are located on one of the fault zones 
(Türkoğlu-Haruniye fault (Günay, 1984) that intersect 
Amanos Mountains in the northeast-southwest direction to 
the southwest of Türkoğlu. Fan 9 is slightly convex; while 
fan 10 is slightly concave (Figure 7). Both fans have a 
concave undulation in their middle segments and there are 
no significant discrepancies between fan and thalweg 
profiles. Examination of long/short axis ratios of the 
ellipses drawn for the fans shows the ratio of 0.542 for fan 
9 which is located where fault is closer to Türkoğlu whereas 
the ratio for fan 10 which is located further southwest is 
higher with 0.710 (Table 2). Additionally, it is observed that 
15° left rotational movement in fan 9 decreases to 4° in fan 
10. 
Surface profile of fans 19, 20 and 21 located on Deliçay 
Fault that cuts Amanos Mountains (Figure 2) in the 
northeast-southwest direction starting from the south of 
Kahramanmaraş (Yılmaz, 1984) are rather simple and 
present a monotonous concavity (Figure 7). The fact that 
the concavity ratio values are rather low with 0.87, 0.77 
and 0.82, respectively, and with short/long axes values of 
the ellipses of 0.861, 0.705 and 0.756. On the other hand, 
16, 6 and 35° sinistral rotational motion is detected in the 
fans (Table 2). 

The first three of the fans 22, 23, 24, 25, 26 and 27 
located on Osmaniye-Haruniye Fault that forms a part of 
the west border of Amanos Mountains (Günay, 1984) are 
positioned to the northeast edge of the fault. Fans 22, 23 
and 24 have slightly concave surface profiles and also 
contain distinct convex folds (Figure 7). Concavity in fan 24 
(0.97) is so low as to adopt almost a convex structure due 
to convex folds (Table 1). Thalweg profiles compatible with 
the surface profiles on concave areas are deeply embedded 
in convex areas. Fans present dissimilar results in terms of 
respective short/long axes ratios (0.740, 0.862 and 0.655) 
for ellipses that are best fitted for their contour lines (Table 
2). 

Surface profiles of fans 25, 26 and 27 located further 
southwest on the Osmaniye-Haruniye Fault are similar to 
those of fans 22, 23 and 24. However, concavity in these 
fans is more apparent and convex folds are less 
pronounced. Although fan surface profiles and thalweg 
profiles present a somewhat compatible image in fans 26 
and 27, a significant anomaly is apparent in fan 25 (Figure 
7). However, this feature is the result of sand quarries 
located in the mid-part which corresponds to the apex-toe 
profile line of the fan. Extensive sand intake from the region 
has caused a large scale depression in this region. Concavity 
ratios of the fans are 0.76, 0.65 and 0.85, respectively and 
they present a clear concave profile (Table 1). The best 
fitted ellipse analyses provided 0.867, 0.729 and 0.770 
short/long axes ratios, respectively. 

The last fan investigated in the framework of the study 
was fan 28 located on a fault parallel to Osmaniye-Haruniye 
Fault, to the immediate north of fans 25, 26 and 27. Surface 
profile of this fan represents a clear concavity of 1.19 as 
opposed to the three fans in the south (Table 1). Also, 
distinctive convex folds deeply embedded on the surface 
profile of thalweg indicate the degree of compression 
observed in fan 28 (Figure 7). 
 
 
Interpretation 
 
The profile form for fans 9 and 10 can be considered as an 
indication of normal faults because of the presence of clear 
concave undulations in the middle of an otherwise smooth 
surface profile. However, convex undulations on the fan 
foots in contrast of the middle fan profile concavity, which 
indicates compression is also present (Figure 7). 

This can be interpreted that the impact of the normal 
component in the fault increases southwest. Therefore, it is 
observed that lateral movement decreases from the 
northeast to southwest on the fault where fans 9 and 10 are 
located and parallel to the literature (Günay, 1984; Yılmaz, 
1984) evidence strongly point to the fact that vertical 
movement increases with reverse components in the foot 
and with normal components towards the top. In this 
context, the zone where fans 9 and 10 are located presents 
suitable images for conversion and transformation area.  

Low concavity ratios for fans 19 to 21 suggest a minor 
component of extensional faulting (Table 1). Discordance 
between thalweg profiles and fan surface profiles is not 
apparent. Respective 0.861, 0.705 and 0.756 short/long 
axes values of the ellipses best fitted for fans also suggest 
that impact of the extensional regime decreases from 
northeast to southwest. Existence of a pressure ridge that 
limits the extension field of fan 20 is the reason for lower 
values in the fan. On the other hand, 16°, 6° and 35° 
sinistral rotational motion is detected in the fans 
respectively (Table 2). Therefore, when fan 20 with 
distorted physiology is not taken into consideration it is 
possible   to  claim   that   sinistral   lateral  slip  increases its  
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impact southwest in this part of the study area. This result 
increases the possibility that the block on the north of the 
fault that cuts the fans verges to the west by folding 
towards the southwest just like in the case of the Anatolian 
plate. However, the fact that Deliçay Fault’s lateral slip 
quantity of decreases towards the southwest (Yılmaz, 
1984) creates question marks as to whether this block can 
be considered as a complete part of Anatolian plate.  

Fans 22, 23 and 24 have morphologies consistent with 
variable tectonic control on formation. This result can be 
associated with differences in the dimensions of the 
tectonic impact that the fans are subjected to. Although, 
dextral rotational motion (albeit a little) is noteworthy in 
all fans (Table 2). The fact that west and southwest 
displacement of the blocks between Bahçe-Karabaldır Fault 
and Deliçay Fault, which diagonally cut the Amanos 
Mountains, created a dextral line composed of 
compressional impact with Osmaniye-Haruniye Fault may 
prepare the basis for such a right shift. The documented 
existence of faults with dextral lateral slip in addition to 
normal and reverse faults in the fan area supports this view 
(Över et al., 2004d). 

The morphology of fans 25 to 27 can be interpreted in 
terms of decreasing compression and fierceness of 
deformation. However, sinistral rotational motion of 9, 27 
and 7° was calculated for the fans respectively and it was 
concluded that left lateral slip with decreased fierceness 
existed for the faults that cut the fans (Table 2). Gürsoy et 
al. (2003) also supports this kind of movement, but 27° left 
shift calculated for fan 26 is based on the existence of a 
tectonic deformation zone other than the faults in the fan 
formation mechanism. Existence of a north-south bounding 
fault that diagonally cuts this fan was found and it was 
observed that both lateral and vertical motions in this fault 
affected the left side more compared to fan’s apex-toe 
direction.  Existence of such active faults in the region is 
compatible with the mechanism that was effective in the 
formation of Iskenderun Basin (Aksu et al., 2005; Albora et 
al., 2006). It is apparent that extensions of the fault that 
formed Iskenderun basin reached as far as the fan regions 
and therefore both of these regions were shaped through 
the same mechanism.  

Fan 28 has a short/long axis ratio of 0.596 that is an 
indication of the fierceness of deformation in the fan. 
However, 6° sinistral rotational motion indicates low left 
lateral slip impact (Table 2). Therefore, it is possible to 
claim that the block on the north of the fault that cuts the 
fan is in motion towards the south and southwest. Since the 
direction of this motion is similar in the Anatolian plate, 
possibility of interaction may be said to increase between 
these motion blocks and Anatolian plate. 
 
 
DISCUSSION 
 
Morphometric  analysis  of  28 mountain front alluvial fans 

on faults and fault zones that make up the continental plate 
boundary between African, Arabian and Anatolian plates 
has provided the opportunity to compare the potential 
impact of active faulting upon those fans and evaluate the 
structure of the study area. Morphometric analysis of 
alluvial fans were assessed in conjunction with various 
geological data such as kinematic and earthquake slip data 
analyses obtained from fault planes of previous 
earthquakes and geodetic findings obtained from GPS data 
(Reilinger et al., 2006; Mahmoud et al., 2013), in order to 
shed new light on the structure and processes in this key 
area. 

According to the analyses, many of the faults in the study 
area have dominantly left-lateral slip with a smaller dip-slip 
component of motion, mostly with a normal sense of 
displacement (Günay, 1984; Yılmaz, 1984) (Tables 1 and 2). 
Both the comparative motion of Arabian plate with respect 
to the African plate, and west to southwest direction of the 
Anatolian plate was compared to the Arabian plate support 
left lateral slip (Şengör and Yılmaz, 1981). However, the 
boundary of the Arabian plate with African plate is not 
purely strike-slip but transtensional in character and the 
junction between Anatolian and the northwest corner of the 
Arabian plate during its west and southwest migration has 
also caused the formation of normal faults (Erinç, 1973; 
Erol, 1983; Yılmaz, 1984). Reverse faults, whose existence 
can be clearly observed both on surface profiles of fans 
(that is, fans 9-10-11) and in kinematic analyses results 
such as slip traces in fault planes and earthquake focus 
analyses (Günay, 1984; Yılmaz, 1984; Karabacak et al., 
2012), are the result of the convergence of west -southwest 
Anatolia to the south andthe Eurasian plate in the north in 
addition to the collision of Arabian and Anatolian plates. 
This also includes the resulting extrusion of the Anatolian 
plate towards the southwest along the NAFZ and the EAFZ. 
By contrast, the Arabian plate’s rapid motion (15 mm/year) 
(Reilinger et al., 2006) during Oligocene-Miocene period 
(Gvirtzman and Steinberg, 2011) towards the north 
resulted in the closure of the southern branch of Neo-
Tethys in the east. However, due to slower motion of 
African plate (5 mm/year) (Reilinger et al., 2006) the 
closure is not complete in the west yet. The tectonic 
depression in the north of Cyprus called Adana-Kilikya 
Basin (Şengör and Yılmaz, 1981; Koç et al., 2012) can be 
considered the present day foreland basin to Anatolia. 

The Bitlis-Zagros suture zone in the northeast of the 
study area is positioned immediatly south and parallel to 
the EAFZ. Slope and topography on EAFZ increases as a 
result of this zone and convex folds are established (Figure 
9). However, the EAFZ apparently limits the southerly 
thrust impact and prevents compression from reaching the 
fans that are located on the faults that provide extensions of 
the Gölbaşı Basin. Therefore, the existence of a 
contemporary thrust in southern Anatolian that is 
dependent on the northern motion of Arabian plate is 
unexpected. The thrust deemed as the continuance of   
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Bitlis-Zagros suture zone in the region (Alsdorf et al., 1995; 
Yürür and Chorowicz, 1998; Kearey et al., 2009; Romieh et 
al., 2009) are either fossils that were carried to the west or 
southwest based on the ratio of East Anatolian Fault slip or 
they are independent thrusts. 

Although the Arabian plate continues to move 
northwards, the direction and style of this motion changed 
since the Middle Miocene (Gvirtzman and Steinberg, 2011). 
The plate has approximately 5 to 15 mm/year anti-
clockwise rotational movement towards the north 
(Reilinger et al., 2006; Gvirtzman and Steinberg, 2011; 
Koçbulut et al., 2013). Left lateral slip is observed due to 
Anatolia’s rapid movements towards the west and 
southwest although extensional thrusting is seen in the 
western part due to partial freedom of the south edge of the 
plate, while compression is observed in the north and east 
and dextral slip observed in the northeastern corner 
located between these two opposite tectonic regimes. The 
intersection between these domains falls along a line that 
reaches Hassa from Gölbaşı-Pazarcık. Particularly, the 
sinistral rotational movement which is partly absorbed and 
increased convex folds on fan surfaces of fan 7 and 8 
support this situation (Figure 7). Parallel stretches of the 
fold axes to thrust zone located on the plate’s suture zone 
towards the east and northeast point to the continuity of 
the compression (Lyberis et al., 1992). Traces of specific 
deformation are visible on both sides of the plate boundary 
where lateral motion is observed. Direction of the folds on 
the Arabian plate are parallel to the plate border with 
lateral slip and the plate is exposed to faulting shape as 
dipping arcs from northeast to south (Figure 10). As 
expected, these faults are left lateral with reverse fault 
components (Lyberis et al., 1992; Yürür and Chorowicz, 
1998). In other words, in-plate compressional impact was 
compensated with faults that allow lateral deformation. 

A structure divided into small blocks by concentric arcs 
due to Arabia’s cyclical thrust is seen on the other side of 
the plate border. Faults that border these blocks are also 
sinistral like the faults located on the plate. However, 
reverse fault components on these faults increase 
proportionally to the distance from the plate (Günay, 1984; 
Yılmaz, 1984). Vertical component of the left lateral slip in 
parts closer to plate border is composed of normal faults 
because extension field is generated with the westward 
motions of the Anatolian plate which borders these blocks 
from the north and the west. However, further west, 
western parts of the blocks experience compression due to 
southern bound motions of Anatolia. Therefore, the small 
blocks in this area both move west like Anatolia with the 
thrust of Arabian plate and undergo compression due to 
southwest motion of Anatolian plate. Hence, semi-
independent blocks in question are both a part of Anatolia 
and also compressed between plates (Figure 10) creating a 
complex plate boudary zone rather than a single boundary 
fault.  

The  African  plate  is separated from Arabian plate on the 

left through Dead Sea Fault Zone. Lateral slip observed in 
this zone as a result of African and Arabian plates’ relative 
movements expands into inner parts of the plates on both 
sides of the fault zone with tectonic lines that are similar to 
antithetic and synthetic faults (Figure 10).  

This situation is regarded as the compensation of the 
lateral slip in the north of Syria by distribution in the 
continent (Yılmaz, 1984). The Dead Sea Fault Zone can be 
easily followed to the east of Antakya. However, the faults 
in this area that reach inwards to Arabian plate make it 
harder to define the main fault. In this case, extending the 
fault towards the border of the small blocks between 
Arabian and Anatolian plates would be the best approach 
because the origin of these blocks and their eastern border 
is the Arabian plate. Furthermore, fans 15, 16, 17 and 18, 
which are located at the eastern margin of the blocks show 
little rotational movement, while fans 12, 13 and 14, which 
are located at the western margin of the blocks indicating 
exact divergence regime by steady concave surfaces that 
also include sharp concave folds verified such a scenario. 
Therefore, it is necessary to extend the Dead Sea Fault to 
Kırıkhan in a manner that will allow it to reach the 
Hatay/Samandağhalf-graben, which diagonally cuts eastern 
margin of Amanos Mountains and consists of a complex 
zone of active oblique-normal and strike-slip (Samadağ 
Fault) faulting (Boulton et al., 2006; Boulton and Robertson, 
2008; Boulton and Whittaker, 2009; Karabacak et al., 2010; 
Gönençgil and Karataş, 2012; Seyrek et al., 2014).  

The structural and topographic suggest that this fault 
zone is highly significant and could represent the 
northeastern edge of the African plate. Therefore, Cyprus 
Arc represents the line where African plate dips under 
Anatolia and the Amik Plain represents the intersection 
area of this line with Dead Sea Fault Zone. 

The area between Cyprus Arc-Hatay Fault zone in the 
south and Deliçay Fault in the north is composed of a 
multitude of blocks that are bordered by primary faults 
roughly striking northeast-southwest and cross-cutting 
north-south oriented faults caused by the Arabian plate’s 
sinistral rotational motion and Anatolian plate’s broadly 
westard migration. The eastern extent of these blocks is the 
area where lateral motion is observed in the northwestern 
corner of the Arabian plate whereas the western border is 
composed of the fault that limits Amanos Mountains from 
south and as a parallel, the faults that cut İskenderun Gulf 
and border Amanos Mountains from the west, followed by 
the Anatolian plate that adopts mass characteristics 
starting with Karataş-Osmaniye Fault. These faults are also 
lines where compressional effects generated by Anatolian 
plate in the faults diagonally cut Amanos Mountains end. 
Therefore, farther than the tectonic lines such as 
Karasu/Amanos Fault (Karataş and Korkmaz, 2012) which 
looks like a transition zone between Osmaniye-Haruniye 
Fault and Eastern Anatolian Fault and Dead Sea Fault, the 
compression in the western bound blocks first decreases 
and then increases again towards the west and southwest.  
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Figure 10: Tectonic model supported by morphometric analyses of alluvial fans (Şengör and Yılmaz, 1981; Günay, 1984; Lyberis 
et al., 1992; Barka and Reilinger, 1997; Över et al., 2001; Yurtmen et al., 2002; Toprak et al., 2002; Westaway, 2003; Över et al., 
2004c; Hardenberg and Robertson, 2007; Boulton and Robertson, 2008; Boulton, 2009, 2013; Karabacak et al., 2010; Emre et al.,  
2013; Koç and Kaymakçı, 2013; Seyrek et al., 2014; Tarı et al., 2014; Robertson et al., 2015). (AF: Aslantaş Fault, AP: Amik Plain, 
BZSZ: Bitlis-Zagros Suture Zone, CA: Cyprus Arc, DF: Deliçay Fault, DSF: Dead Sea Fault, EAF: East Anatolian Fault, EF: Ecemiş 
Fault, KOF: Karataş-Osmaniye Fault, MKF: Misis-Kyrenia Fault, SF: Samandağ Fault). 

 
 
This situation corresponds to the view that left lateral 

slip cannot be compensated with the compression in Bitlis-
Zagros suture zone caused by the formation of the Adana-
Kilikya in-plate block due to its south to northeast 
contraction (Şengör and Yılmaz, 1981; Meghraoui et al., 
2011).  

However, this block is not composed of one piece and is 
divided into many small blocks. East Anatolian Fault that 

can be followed up to Türkoğlu in northeast is divided into 
many branches in this point and cuts Amanos Mountains in 
northeastern-southwestern direction. From Türkoğlu-
Haruniye fault to Deliçay fault, all the faults that diagonally 
cut Amanos Mountains are branches of East Anatolian Fault 
(Günay, 1984; Yılmaz, 1984) forming a dispersed plate 
margin (Figure 10). The border where Anatolian plate 
completely   ends    is   likely   the  Cyprus   Arc-Hatay  Fault  
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Zonesystem which is the southerly line on which it moves 
in the south-southwest direction on Mediterranean floor 
and Misis-Kyrenia Fault Zone which is further west. The 
Anatolian plate with the southern thrust provided by 
Eurasian plate drifts towards the Mediterranean. In spite of 
concave surfaces, including very smooth convex 
undulations, indicating a transition from divergence regime 
to convergence regime and sinistral rotational movements 
of the fans 19, 20 and 21 situated at the northeastern end of 
the faults which cuts Amanos Mountains diagonally, sharp 
convex folds containing surfaces, which emphasize an exact 
convergence regime, and dextral rotational movements of 
fans 22, 23 and 24 situated at the southwestern end of the 
same faults are a clear sign of this situation. 
 
 
Conclusion 
 
Intensive tectonic deformation in the region where 
Anatolian -part of Eurasian plate-, Arabian and African 
plates move closest towards each other has made it difficult 
to accurately determine the plate borders. The relationship 
between East Anatolian Fault and Dead Sea Fault has 
turned into a complex one especially in the area called 
Maraş Triple Junction. Data obtained through 
morphometric analyses in the zone woven with active 
faults focusing on alluvial fans were combined with 
kinematic and geodetic data and crucial clues regarding 
recent tectonic fault activities in the region. Accordingly, 
Arabian plate’s northern movement is currently met with 
the thickening of the crust in 150 to 200 km further south 
along the Bitlis-Zagros suture zone. The first contact, when 
based on initial speed of the plate 15 mm/year, can be 
dated to early Upper Miocene for the Northwestern end of 
the Arabian plate. However, after some time, continuing 
northern movement of the Arabian plate reached extremely 
high tension that could not be compensated with crust 
thickening and the southern part rapidly broke starting 
from the north of AmikPlain and formed East Anatolian 
Fault. Sinistral rotational movement of the 24 of 28 fans 
(two of the others have 2° and two 12° dextral) supports 
that the tectonic structures are products of the same left 
lateral dominated mechanism. Anatolian slip to west 
started at this time and while Bitlis-Zagros Suture Zone was 
pushed to north and Eurasian southern movement contiued 
from the north, Anatolian slip continued by collecting the 
broken parts in the Adana-Kilikya Basin. Such a mechanism 
resulted in a classic continental plate margin system 
composed of distributed faults that accomodates 
deformation over a wide region. 
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