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Abstract: The study presents thermal structure and active-passive tectonic parts of the Eastern Mediterranean Region. Curie point depth, heat 
flow map, Moho depth and sediment thickness are used for interpretation. The levelled magnetic data that obtained from the World Digital 
Magnetic Anomaly Map (WDMAM) is used. The magnetic anomaly is divided into 39 zones for Curie point depth estimation. The Curie point 
depth values are calculated into Fourier domain. Then heat flow map is generated. The estimated Curie point depth values are ranging from 
4.5 km to 25 km. Furthermore, heat flow values are between 55 mW/m2 and 277 mW/m2. Moho depth, Moho depth-Curie depth and sediment 
thickness are used for constraining interpretation. Interpretation indicates that the northern and southern parts of the Mediterranean Ridge 
present different thermal characteristics. 
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1. Introduction
It has been a long-lasting debate that how and when the deep
East Mediterranean basins (Zohr, Herodotus, Ionian Basins,
Levant and Sirte) formed. Even though the East
Mediterranean Region is investigated by many researchers,
the formation and tectonic evaluation is still arguable.  The
region is quite attractive for many researchers due to the
hydrocarbon potential (Khain and Polyakova, 2004; Schenk et 
al., 2010; Eppelbaum et al., 2012; Hodgson, 2012). According
to Schenk (2010), recoverable gas in the Levant Basin is
roughly 4 trillion m3. The combined geological and
geophysical analysis provides more information about
tectonic evaluation and hydrocarbon potential of the region.

Thermal structure of the Eastern Mediterranean can be 
analysed by estimated Curie depth from magnetic data. 
Typically, shallow Curie point depth (CPD) is associated with 
high heat flow and shallow crust depth. Nevertheless, 
Rozimant et al. (2009) indicated that the correlation between 
CPD, heat flow and crust depth may not be valid by reason of 
strongly magnetised rocks and isostasy. The thickness of the 
magnetic crust is associated with the CPD where remnant and 
induced magnetization of the magnetite disappears 
(Buddington and Lindsley, 1964; Gasparini et al., 1979; 
Nishitani and Kono, 1983; Hunt et al., 1995; Salazar et al., 
2017). Curie temperature of magnetite is ranging from 575 °C 
to 590 °C (Hunt et al., 1995; Lowrie, 2007). 

There were many studies conducted around the study 
area. Aydın et al. (2005) computed CPD of Turkey from 
aeromagnetic data. According to Aydın et al. (2005), 
estimated CPD is between 6 and  10 km in the Western 
Anatolia and roughly 25–30 km in the Southern part of the 
Anatolia. Pamukçu et al. (2014) estimated Curie point 
isotherm between 6 and 24 km and computed heat flow in the 

Eastern Anatolia. CPD in the central Anatolia is calculated by 
Ateş et al. (2005) and results are between 7.9 km and 22.6 km. 
Additionally, Hisarlı (1996), Dolmaz et al. (2005a), Dolmaz et 
al. (2005b), Salk et al. (2005), Bilim (2011), Maden (2012), 
Bilim et al. (2016), Bilim et al. (2017), Aydemir et al. (2018) 
and Aydemir et al. (2019) estimated and interpreted CPD 
within Turkey. 

Recently, Elbarbary et al. (2018) proposed relation 
between CPD and seismic activity. Elbarbary et al. (2018) 
claimed that if CPD of the regions is shallower than 25 km, 
these areas are suitable for geothermal exploration and most 
of earthquakes are likely to originate in these zones. Shirani et 
al. (2020) computed CPD by de-fractal method in the 
northwest Iran. The results were fairly compatible with the 
resistivity profiles and well data. Erbek and Dolmaz (2019) 
mentioned the relationship between seismogenic zone and 
high heat flow areas which were derived from CPD 
calculations.        

In this study, the thickness of the magnetic crust or CPD 
is calculated. Furthermore, estimated Moho depths are used 
for constraining interpretation. Generic Mapping Tools and 
Oasis montaj are used for mapping in this study. The aim of 
this paper is to reveal the regional thermal structure and 
magnetic crust thickness of the Eastern Mediterranean. 

2. Tectonic setting
Eastern Mediterranean tectonism is formed by tectonic
movements of African, Eurasian and Arabian plates.
Compression in Eastern Anatolia and extension in Western
Anatolia resulted in W-SW movement of the Anatolian Block
(McKenzie, 1972; Le Pichon and Angelier, 1979; McClusky et
al., 2000; Pamukçu, 2016; Kahveci et al., 2019). The major
subduction along the Hellenic Subduction Zone stems from
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the roll-back system of the Aegean Sea, underlying the 
Mediterranean Slab (Le Pichon and Angelier, 1979; Le 
Pichon, 1983; Mercier e al., 1989).  

Regarding the Western Anatolia, it can be said that the 
region is characterised by a considerably active extensional 
regime (McKenzie, 1978; Le Pichon and Angelier, 1979; 
Dewey et al., 1986; Jackson and McKenzie, 1988; Taymaz et 
al., 1990; Ambraseys and Jackson, 1990; Goldsworthy et al., 
2002). There are various models (Dewey, 1988; Seyitoğlu and 
Scott, 1991; Dewey and Şengör, 1979; Le Pichon and Angelier, 
1979) that explain the extensional regime in the Western 
Anatolia. The suggested models are: orogenic collapse, back-
arc extension, tectonic escape model and combination of the 
three models. 

The Eastern Mediterranean is characterised by complex 
tectonism which contains both terrain belts and oceanic rift 
systems (Stampfli et al., 2013). The region is part of the 
African-Eurasian collision zone (Ben-Avraham, 1978; 
Garfunkel, 1998). Simplified tectonic plates in the study area 
are illustrated in Figure 1. The major tectonic event that 
shaped the Eastern Mediterranean Sea is the Permian opening 
of the Neo-Tethys ocean (Schettino and Turco, 2011; Stampfli 
et al., 2001; Stampfli and Borel, 2002).  

Tortonian (11.6 to 7.2 Ma), Messinian (7.2 to 5.3 Ma) and 
early Zanclean (5.3 to 5.0 Ma) periods are specified by 
tectonic, hydrogeological, climate changes and sea level 
variations (Butler et al., 1995; Rouchy et al., 2001; Flecker et 
al., 2015). During the Messinian salinity crisis (between 5.97 
and 5.33 Ma) which can be described as deposition of thick 
evaporaites, these variations reached peak (Hsü et al., 1973; 
Krijgsman et al., 1999). During Neogene period, dolostone, 
gypsum, limestone, halite, marginal conglomerate and 
volcanic rocks deposited in the majority of East 
Mediterranean basins (Rozenbaum et al., 2019). Oligocene 
period is characterised by Red Sea opening (Zilberman and 
Calvo, 2013).   

It is known that the age of the deep East Mediterranean 
basins are associated with the successive Tethys openings. The 
modern tectonic structure of the East Mediterranean Region 
can be linked to the evolution of the Neotethys Ocean (Ben-
Avraham and Ginzburg, 1990; Robertson et al., 1991; Ben-
Avraham et al., 2002). The Levant margin (Garfunkel and 
Derin, 1984; Ben-Avraham et al., 2002; Gardosh and 
Druckman, 2006; Colin et al; 2010; Gardosh et al., 2010; 
Hawie et al., 2013; Steinberg et al, 2018) and Egyptian margin 
(Camera et al., 2010; Yousef et al., 2010; Tari et al., 2012; Tassy 
et al., 2015) contain prominent stratigraphic constraints that 
shed light on the timing of formation of the deep basins in 
East Mediterranean (Tugend et al., 2019). 

The Levant margin can be traced back to Late Triassic-
Middle Jurassic period (Garfunkel, 2004; Gardosh and 
Druckman, 2006; Gardosh et al., 2010). NW-SE extension in 
the region is be supported by orientation of Eratosthenes 
Seamount, Levant and Egyptian margins (Garfunkel and 
Derin, 1984; Garfunkel, 2004; Gardosh and Druckman, 2006; 
Tari et al., 2012; Tassy et al., 2015). 

There are many Permian marine basins along the Eastern 
Mediterranean (Stampfli et al., 2001; Guiraud et al., 2005; 

Frizon de Lamotte et al., 2013). These basins are located in 
northern Syria (Garfunkel, 1998), southern Tunisia, western 
central Sicily (Catalano et al., 1991) and eastern Crete 
(Robertson, 2006). 

3. Methods 
3.1. Curie point depth (CPD) estimation 
Several methods can be used for CPD estimation: the centroid 
method (Okubo et al., 1985; Tanaka et al., 1999), spectral peak 
(Connard et al., 1983; Blakely, 1995) and forward modelling 
of the spectral peak (Ravat, 2004; Ross et al., 2006). These 
methods assume that the power spectrum of the infinite 
horizontal layer is a random function of x and y (Blakely, 
1995; Cruz et al., 2020) and it is defined as: 

𝐴𝐴"𝑘𝑘!,	𝑘𝑘#% = 2	𝜋𝜋	𝐶𝐶$	𝐴𝐴$	|𝜃𝜃$|	+𝜃𝜃&+	𝑒𝑒'(	)! 	(1−
𝑒𝑒'(	()"	'	)!)), 

(1) 

where 𝑘𝑘!,  and 𝑘𝑘# are wavenumbers along x and y, 𝐶𝐶$ is the 
constant that related to proportionality, 𝐴𝐴$ is the amplitude 
spectrum, 𝜃𝜃$ and 𝜃𝜃& define the direction of the magnetization 
and directional factor of the geomagnetic field, 𝑍𝑍, and 𝑍𝑍- are 
top and bottom depths of the magnetic source. If 𝐴𝐴$ is 
assumed as a constant and magnetization is counted as a 
random and uncorrelated function, Eq. (1) can be simplified 
by radial averaging:  

𝐴𝐴(𝑘𝑘) 	= 	𝐶𝐶	𝑒𝑒'(	)!(1	 −	𝑒𝑒'(	()"	'	)!)), (2) 
where C is a constant which is not dependent on the depth of 

magnetic source and k is 1𝑘𝑘!
2	 +	𝑘𝑘#

2 . 

Regarding the spectral peak method, Conrad (1983) 
suggested the following equation for the numerical solution: 

ln(𝑍𝑍,	 −	𝑍𝑍-) = 𝑘𝑘./0(	(𝑍𝑍, 	− 	𝑍𝑍-) (3) 
with 𝑘𝑘./0( is the wavenumber corresponding to the spectral 
peak. The major limitation of the method is spectral peak may 
not be detected. 

The second method for the CPD estimation is the forward 
modelling of the spectral peak. Basically, the method reduces 
misfit between observed radial average power spectrum 
(RAPS) and synthetic RAPS with varying 𝑍𝑍,	and 𝑍𝑍-. Similar 
to the spectral peak method, the forward modelling of the 
spectral peak cannot present reliable results if the peak is 
absent on the RAPS (Ravat, 2004; Ross et al., 2006; Ravat et 
al., 2007; Cruz et al., 2020). 

The centroid method is the third method for the 
estimation of the bottom depth of the magnetic source. In this 
method, the top depth of the magnetic source is calculated 
from RAPS whereas depth to the centroid is estimated from 
the scaled RAPS.  Top depth of the magnetic source (𝑍𝑍-) can 
be calculated from (Spector and Grant, 1970; Bhattacharyya 
and Leu, 1975; Okubo et al., 1985; Tanaka et al., 1999; Li et al., 
2010; Cruz et al., 2020): 

ln(𝐴𝐴()	 ≈ 	 ln(𝐶𝐶)	 − 	𝑘𝑘𝑍𝑍- (4) 
If Eq. (2) is modified, depth to centroid of the magnetic 

source (𝑍𝑍0) can be estimated as: 
𝐴𝐴(𝑘𝑘) = 𝐷𝐷	𝑒𝑒!"	$0 	(𝑒𝑒!"	($!	!	$0) −	𝑒𝑒!"	($"	!	$0)), (5) 
where D is a constant value. Modifications can be applied 

to Eq. (5) to simplify calculation of  𝑍𝑍0: 
ln(𝐴𝐴(	/	𝑘𝑘) 	≈ 	 ln(𝐷𝐷)	 − 		𝑘𝑘𝑍𝑍0 (6) 
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It is obvious that Eqs. (4) and (6) can be solved by a linear 
fit. 𝑍𝑍- and 𝑍𝑍0 parameters are obtained from the slope of the 
linear estimation. Consequently, 𝑍𝑍, can be defined as: 

𝑍𝑍,	 =	2	𝑍𝑍0	 −	𝑍𝑍-. (7) 

The uncertainty of estimated bottom depth of the 
magnetic source is calculated as (Martos et al., 2019; Cruz et 
al., 2020): 

 

Figure 1. Simplified tectonic map of the study area. 
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∆𝑍𝑍, 	= 		12	∆𝑍𝑍02 	−		∆𝑍𝑍-
2 . 

(8) 

Alternatively, fractal magnetization parameter can be used 
for corrections on the power spectrum (Bouligand et al., 2009; 
Bansal et al., 2011; Li et al., 2013; Salem et al., 2014; Li et al., 
2017; Martos et al., 2018; Kumar et al., 2020; Cruz et al., 2020). 
On the other hand, Ravat et al. (2007) suggested that the 
fractal model may yield overcorrection on the RAPS and 
unreliable results. 

In this study, the centroid method without a fractal model 
is used for the bottom depth of the magnetic sources. The 
CPD estimations are calculated using Matlab based GUI 
MAGCPD proposed by Cruz et al. (2020). 

Since CPD is linked to 580 °C for magnetite, the heat flow 
can be calculated by Fourier’s law (Fourier, 1878): 

𝑞𝑞(𝑧𝑧) 	= 	𝜆𝜆		 12(3)
13

. (9) 

In order to solve the differential equation for conductive 
heat transfer (Martos et al., 2017), boundary limits should be 
taken into account. In this case, Zb is set as CPD, Tc is Curie 
temperature (580 °C for magnetite), λ is thermal conductivity, 
which was used as 2.2 W/mK and T0 is surface temperature, 
assumed as 20 °C. The modified equation is given as: 

𝑞𝑞4 	= 		
5	(2#	'	20)

)"
 . (10) 

In Eq. (10), radiogenic heat production, mass advection, 
the temperature dependence of thermal conductivity and 
transient cooling are neglected (Ravat et al., 2016).  
3.2. Moho depth estimations 
In this study, Moho depth estimations are estimated by Airy-
Heiskanen isostasy theory. Basically, the principle of isostasy 
theory is that topographic features on the surface are 
compensated by subsurface mass-density variations (Kirby, 
2019). Airy (1855) and Heiskanen (1931) proposed major 
undulations on topography must be compensated by crust-
mantle interface variations at a crustal thickness from sea 
level. The prominent assumption for this theory is crust and 
mantle has uniform densities. Airy-Heiskanen isostasy model 
can be computed for sea as:     

𝑡𝑡4/0	 =		
3"$!%	∆7#&

∆7'#
	+ 	𝑇𝑇. (11) 

where 𝑡𝑡4/0 is estimated Moho depths for sea, T is the crustal 
thickness from sea level, assumed as 30 km, 𝑧𝑧,0-8 is water 
column depth, 𝜌𝜌9 is crustal density, assumed as 2.67 g/cm3, 𝜌𝜌: 
is density of water column, taken as 1.03 g/cm3, 𝜌𝜌$ is mantle 
density, 3.3 g/cm3. Hence, ∆𝜌𝜌9: and ∆𝜌𝜌$9	are 𝜌𝜌9	-	𝜌𝜌: and 
𝜌𝜌$	-	𝜌𝜌9 respectively. 
3.3. Earthquake distribution map 
Distribution of the earthquakes in the study area shed light on 
tectonically active areas. Additionally, focal depth of 
earthquakes may distinguish brittle and ductile parts of the 
crust. Earthquake data were obtained from USGS Earthquake 
Catalog (USGS, 2021).  

During the selection phase, 26°–33° East longitudes and 
32°–39° North latitudes are bounded the study area. In order 
to map entire historical earthquake events within the study 
area, date of the earthquakes were not filtered. Likewise, focal 
depth was not constrained. However, minimum magnitude 

threshold is chosen as 2.5. Nonearthquake events were not 
selected.       

4. Results 
The magnetic data of the Eastern Mediterranean Region is 
obtained from the World Digital Magnetic Anomaly Map 
(WDMAM) (Lesur et al., 2016). The magnetic map is levelled 
to the mean sea level. Then the first order trend is removed 
and reduction to the pole is applied to the data for 4.60° ± 
0.32° declination and 44.58° ± 0.21° inclination. RTP 
magnetic anomaly is presented in Figure 2.  

As it can be seen from Figure 2, variations are smoother in 
land areas opposed to sea due to the fact that magnetic data is 
levelled to the mean sea level. The range of the RTP anomaly 
is between –100 nT and 130 nT.   

The magnetic data is divided into 39 subareas by windows 
to calculate the CPD. Each subarea has 200 × 200 km size. The 
window shift is half of the size, 100 km, along only N-S 
direction. The computation zones for CPD is demonstrated in 
Figure 3. 
CPD values (𝑍𝑍,) and its interpolated uncertainty (𝑍𝑍,	𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) 
are estimated for 39 points. The mean 𝑍𝑍,	𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 is ± 0.65 km. 
The calculated depths and uncertainties are mapped in Figure 
4. 

The estimated Curie point depths are varying from 4.5 km 
to 25 km. Mean CPD for the study area is 16.51 ± 7.60 km. 
Heat flow distribution is estimated through Fourier’s law 
using CPD and Curie temperature (580 °C for magnetite). The 
heat flow map is shown in Figure 5. Heat flow results 
indicated that variations are between 55 mW/m2 and 277 
mW/m2. For the study area, the expected heat flow value for 
the normal statistical distribution is 93.42 ± 43.67 mW/m2. 

Digital elevation data is obtained from SRTM30 (Farr et 
al., 2000; Rosen et al., 2000). The horizontal grid spacing is 30 
arc s. For constraining the interpretation, Moho depth is 
calculated using Airy isostasy theory. Figure 6 indicates 
computed Moho depths. Since the computed Moho depths 
using Airy theory directly depend on the bathymetry data, the 
results should be compared to the previous studies for 
assessing the reliability of the results. 

Vanacore et al. (2013) derived Moho map of Anatolian 
Plate using receiver function analysis and the results indicate 
that Moho depth is roughly 25 km in the southern part of 
Turkey. In this study, estimated Moho depth by Airy theory is 
25–30 km for the same area. Additionally, Mechie et al. (2013) 
pointed out Moho depth ranges from approximately 15 km to 
31 km in the eastern part of the study area. Similarly, 
estimated Moho depth in this study is roughly between 18 and 
35 km. Furthermore, variation of the computed Moho depth 
is somewhat correlated with the mentioned previous studies. 
As a consequence, it might be said that calculated Moho 
depth, obtained by Airy theory, produces reliable results.  

In order to evaluate the effect of sediment deposition on 
the observed RTP anomaly. The sediment thickness map is 
given in Figure 7. Sediment thickness map is obtained from 
CRUST 1.0 model (Laske et al., 2013). Distribution of the 
sediment accumulation zones are controlled by basement 
structure, age of the crust, tectonic history, nature of sediment 
and depocentre (Divins, 2003). The sediment thickness map 
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was generated using drilling results and seismic profiles which 
provide depth to acoustic basement. The estimated sediment 
thickness from the seismic profiles reflects minimum 

thickness value since acoustic basement may not clearly 
present bottom depth of the sediments. 
 

 

Figure 2. The RTP transformed magnetic anomaly of the study area. 
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Figure 4. Map for the bottom depth (Zb) of the magnetic source and interpolated estimation error. 

 

Figure 3. Curie point depth (CPD) zonation. 
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Figure 5. Heat flow map of the study area. 
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Figure 6. Estimated Moho depth for the study area. Contour interval is 5 km. 
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Figure 7. Sediment thickness map. Contour interval is 5 km. 
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5. Discussion and conclusion 
Quantitative and qualitative interpretation are used to 
indicate possible hot, cold and active regions of the crust in 
the Eastern Mediterranean. Firstly, qualitative interpretation 
or nonautomated evaluation is preferred. Figure 8 shows the 
qualitative interpretation of the CPD and heat flow maps. 

The computed CPD results are range from 4.5 to 25 km 
(Figure 4). In general, deeper CPD is estimated in the 
southern part of the study area, whereas shallower CPD is 
observed in the northern part. CPD values are deeper where 
crustal age of the ocean floor is relatively old. Even though it 
is not expected to observe 20–25 km CPD in the thin oceanic 
crust, it should be noted that Eastern Mediterranean is the 
oldest oceanic crust with approximately 240–260 Ma oceanic 
lithosphere age (Average age of the oceanic crust is 120–140 
Ma) (Müller et al., 2008). Typically, sediment thickness, which 
increases the CPD and age of the lithosphere are positively 
correlated. Consequently, deep CPD values such as 20–25 km 
can be observed in the southern part of the study area, which 
has a distinctly old oceanic crust age.   

It is possibly said that CPD and heat flow are negatively 
correlated (Figures 4 and 5) since radiogenic heat production, 
mass advection, the temperature dependence of thermal 
conductivity and transient cooling are ignored for calculation 
of the heat flow. For example, regions with a lower CPD is an 
indication for a higher heat flow. From a qualitative 
perspective, the southern part of the Eastern Mediterranean 
Ridge is characterised by deep CPD and low heat flow while 
high heat flow and shallow CPD are observed in the northern 
part of the East Mediterranean Ridge.  

It might be said that oceanic crust is thin where heat flow 
values are higher than 100–110 mW/m2. The thinnest crust in 
the study area is located just northern part of the East 

Mediterranean Ridge. From the tectonic perspective, East 
Mediterranean ridge forms a boundary between underlying 
African plate and overlying Eurasian plate. The African Plate 
underwent fractional melting during the subduction process. 
Then ascending mantle diapirs occur in the overlying crust. 
Consequently, the regions around the mantle diapirs reflect 
notably high heat flow and low CPD values.  

The distance between the trench and fractional melting 
zone (or considerably high heat flow values) or the length of 
the forearc defines the dipping angle of the subduction 
mechanism. Sharp dipping can be interpreted where the 
length of the forearc is small while low dipping can be 
analysed for the high forearc length. In this study, the length 
of the forearc is fairly small since significantly high heat flow 
values are observed just northern part of the trench (Figure 5). 
Consequently, the results indicated that dipping angle of the 
African Plate might be quite sharp. It is prominent to note that 
data coverage should be uniform for determining the length 
of the forearc. Nevertheless, distribution of the WDMAM 
data points is not uniform. Thus, final decision about the 
dipping angle cannot be made from the WDMAM. 

In Figure 8, the region between shallow and deep CPD 
presents different characteristics respect to the surrounding 
area. This midregion is specified by relatively high heat flow 
and shallow CPD. This distinct zone can be explained by the 
subduction mechanism between Eurasian plate and African 
plate. Since dipping angle of the African plate is assumed to 
be notably sharp, inflection points of the subducting plate 
tend to be deformed by stress. As a consequence, relatively hot 
crustal characteristics might be detected in this deformation 
zone (midregion). It should be emphasized that if additional 
geophysical constraints were available, more precise 
interpretation for the midregion would be achieved.           

 
Figure 8. Nonautomated interpretation of the study area: a) CPD and b) heat flow. 
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Figure 9 illustrates Moho depth-CPD and its horizontal 
gradient. Difference between Moho depth and CPD and the 
first derivative of the difference could shed light on 
tectonically active and passive parts of the crust. If the 
difference between Moho depth and CPD produces local 
maxima and gradient fluctuates along N-S and E-W 
directions, the crust is probably considered as young and 
tectonically active. From a different perspective, local minima 
values of Moho-CPD and stable gradient across all directions 
are likely to indicate that old and passive region. The regions 
with abnormal characteristics (stable and unstable parts) are 
marked in Figure 9. It is underlined that marking stable-
unstable parts of the crust is fairly biased and subjective 
without quantitative techniques. 

The automated interpretation by quantitative techniques 
might produce more reliable results than qualitative 
(nonautomated) interpretation. In order to apply quantitative 
interpretation, boundary conditions should be set. Then 
binary format (0 and 1) is used for illustration of the results. 
To exemplify, 1 indicates regions where the boundary 
conditions are fulfilled and 0 denotes the areas which does not 
perfectly fit the boundary conditions.  For cold parts of the 
crust, CPD >15 km (or < –15 km), Moho depth-CPD < 10 km 
(or > –10 km) and heat flow < 100 mW/m2 used as boundary 
limits. The opposite conditions are set as a limit for evaluating 
hot crust. The gradient of the difference might be used for 
detecting tectonically active crust and |gradient| > 5° is used 
as a constraining parameter. Finally, earthquake focal depths 
are used for evaluating recent tectonic activity in the study 
area. The quantitative interpretation binary maps and 
earthquake distribution map are shown in Figure 10. 

Regarding the automated estimation results, the southern 
part of East Mediterranean Ridge may be described as cold 
crust whereas the northern part is likely to be considered as a 
hot crust. Shallow earthquakes are expected in regions with 
hot crust due to deeper parts of the crust is ductile. On the 
contrary, the rigidity of the cold crust is relatively higher and 
it is characterised as a brittle medium. 

If automated estimation results and earthquake 
distribution map is compared, better interpretation of the 
tectonic activity and rigidity of the crust will be obtained. It is 
important to note that earthquakes generally occur in brittle 
regime. Hence, focal depth of earthquakes provides crucial 
information about the brittle crust. Majority of the focal 
depths are 0–20 km which is somewhat compatible with the 
estimated CPD. Number of the earthquakes (Figure 10e) is 
dramatically greater in the northern part of the ridge than in 
the southern part. In other words, vast number of the 
earthquakes occurred in the area which was quantitatively 
interpreted as a hot crust (Figure 10b). Additionally, locations 
of the earthquakes generally correspond to the area where 
|gradient| is higher than 5° (Figure 10c).           

Horizontal gradient of Moho depth-CPD indicates stable 
and unstable parts of the tectonic crust. The threshold for 
determining unstable parts is chosen as 5°. The unstable parts 
where the slope is higher than 5°, generally distributed in the 
northern part of the ridge. It might be said that tectonic crust 
around Crete presents higher slope values which indicate the 
tectonically active region. On the contrary, the southern part 
of the ridge is somewhat stable. The slope is generally lower 
than 5° and its variations are rare. 

 
Figure 9. Maps for constraining quantitative interpretation (Results is multiplied with –1): a) difference between Moho depth and CPD, b) 
horizontal gradient of the difference. 
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Figure 10. Automated interpretation for the study area. Quantitative interpretation binary map: a) cold (blue = 1, black = 0), b) hot (red = 
1, black = 0), c) tectonically active (red = 1, black = 0) crust and d) sediment thickness, e) earthquake focal depth map. 
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Sediment thickness is decreasing from the south to the north. 
It is expected that sediment thickness is higher in the passive 
or cold tectonic crust. The cold crust indicated in quantitative 
interpretation corresponds to thick sediment accumulation. 
On the other hand, red colour in the automated interpretation 
corresponds to lower sediment thickness. 

To sum up, the study area can be divided into two subareas 
in terms of CPD, thermal structure and sediment thickness. 
The Eastern Mediterranean Ridge formed E-W boundary 
between the subareas.  

Cold crust characteristics are observed in the Aegean Sea 
but the results around the Western Anatolia is not reliable. 
Since window size is 200 × 200 km, only 4 windows are used 
for evaluation of the Northwest part of the study area. It is 
apparent that the increasing number of windows in the study 
area provides more reliable and credible results. 

The northern part of the ridge becomes ductile at 
shallower depths. Consequently, shallow earthquakes are 
likely to occur. Moho-CPD gradient is notably higher in this 
part. Difference between CPD and Moho depth is bigger and 
undulations on the CPD are significant in the North which 
indicates unstable parts of the crust.  

The southern part is relatively cold and thick. Sediment 
thickness is gradually increasing from the North to the South. 
Approximately constant Moho depth-Curie  point depth 
values and gradient represent the crust that completes its 
tectonic activity. 

Regarding the depth information, Helen, Pliny and Strabo 
trenches formed the deepest part of the Eastern 
Mediterranean with depths from 3500 to 4000 m (Gönenç and 
Akgün, 2012). Ates et al. (2012) provided about 25 km crustal 
thickness in the Southern Anatolia which is fairly similar to 
the Moho depth results and moderately correlated to the CPD 

result. Brocher (2005) computed crustal thickness of the Crete 
Island as 32–34 km. Furthermore, Snopek et al. (2007) 
indicated 40 km crust thickness around Peleponnese and 30 
km for Crete Island. CPD is estimated about 3–5 km just 
southern part of the Crete Island while it is computed as 23–
25 km just northern part of the island. The estimated CPD 
results are quite compatible with the literature for the 
northern part of the Crete Island. As a result, the southern and 
northern parts of the Crete Island present different crustal 
characteristics. 

Eastern Mediterranean region is qualitatively and 
quantitatively interpreted in terms of CPD, thermal structure, 
tectonic activity and sediment thickness. It could be said that 
northern part of the Eastern Mediterranean ridge presents 
active tectonic characteristics with 4.5–8 km CPD, 130–277 
mW/m2 heat flow and 0–5 km sediment thickness. On the 
other hand, the older crust is observed in the southern region 
of the ridge by 15–25 km CPD, 50–100 mW/m2 heat flow and 
5–15 km sediment thickness. The given empirical data are the 
rough description of the results relative to the location of the 
ridge. 

Future work is recommended for both the north and the 
south of the ridge. On the one hand, the southern part would 
be investigated by data with higher resolution in terms of past 
tectonic evaluation and sediment accumulation zones. On the 
other hand, the relationship between earthquakes and ductile 
parts of the tectonic plate movement in the Northern part 
could be studied. 
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