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ABSTRACT  Eastern Anatolia is one of the most active volcanic and tectonic systems, caused by 
the covergence of Arabian and Anatolian Plates. In this study, the crustal and thermal 
structures of eastern Anatolia are investigated by using the values derived from Curie 
Point depth (CPD). The thermal gradient, the radiogenic heat production and seismic 
compressional velocity (Vp) values of eastern Anatolia are obtained using calculated 
CPD. Additionally, seismic shear velocities (Vs) of eastern Anatolia are calculated by 
CPD values for the fi rst time in this study. The calculated Vs values prove consistent 
with the Vs values obtained by a previous seismic study. Therefore, it can be said 
that Vs values can be obtained for an area that includes the aeromagnetic data in the 
case of absence of seismic studies. Finally, the heat fl ow and Vs values are evaluated 
with the focal depth distribution of the earthquakes to investigate the crustal features. 
The existence of high heat fl ow, high seismicity and low Vs values along the eastern 
Anatolian Fault Zone and around Karliova Triple Junction indicate that these regions 
have high geothermal potential.
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1. Introduction

In the Alpine-Himalayan Belt, one of the youngest continent-continent collision occurres 
between the Arabian and Anatolian Plates (Fig. 1a). Eastern Anatolia has a complex tectonic 
mechanism and a high topography with a ~2 km high elevated plateau and Neogene and Holocene 
volcanics as the result of the collision. As a result of the compressional tectonic regime, the 
Anatolian Plate was cut by the right-lateral North Anatolian Fault Zone (NAFZ) and the left-
lateral East Anatolian Fault Zone (EAFZ) (McKenzie, 1972; Burke and Şengör, 1986; Bozkurt, 
2001). Additionally, this region is dominated by the Bitlis Zagros Suture Zone (BZSZ) (Koçyiğit 
et al., 2001) (Figs. 1 and 2).

Eastern Anatolia has active faults and volcanic activity (Fig. 2), therefore, it is very 
signifi cant to investigate the tectonism and subsurface features of the region for receiving 
information about the brittle-ductile transition of the crust, crustal thickness, lithospheric and 
asthenospheric boundary. Due to the complex tectonic structure of the eastern region, numerous 
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Fig. 1 - Simplifi ed map of 
Turkey (Anatolia): a) the red 
rectangle shows the location of 
the study area, eastern Anatolia; 
b) regional tectonic map of the 
study region (eastern Anatolia) 
with topographic relief. 
Legenda: EAFZ = East Anatolia 
Fault Zone, NAFZ = North 
Anatolia Fault Zone; BZSZ 
= Bitlis Zagros Suture Zone, 
KTJ = Karliova Triple Junction 
(modifi ed from Bozkurt, 2001). 

Fig. 2 - Regional tectonic map 
of eastern Anatolia (study 
region) with topographic relief 
(EAFZ: East Anatolia Fault 
Zone, NAFZ: North Anatolia 
Fault Zone; BZSZ: Bitlis 
Zagros Suture Zone, modifi ed 
from Bozkurt, 2001), Neogene 
volcanic regions (lilac areas), 
Holocene volcanoes (blue 
triangles) (Zor et al., 2003), and 
hot spots (red circles) (MTA, 
2005).
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studies (McKenzie, 1972; Rotstein and Kafka, 1982; Dewey et al., 1986; Pearce et al., 1990; 
Al-Lazki et al., 2003; Gök et al., 2003, 2007; Keskin, 2003; Sandvol et al., 2003; Şengör et al., 
2003; Türkelli et al., 2003; Zor et al., 2003; Gürbüz et al., 2004; Bektaş et al., 2007; Pamukçu et 
al., 2007, 2014, 2015; Özaçar et al., 2008; Pamukçu and Akçığ, 2011; Bektaş, 2013; Oruç et al., 
2017) have been undertaken in the region to investigate the geodynamic models, lithospheric-
asthenospheric features and the thermal structures of eastern Anatolia.

According to Şengör et al. (2003), in the Anatolian Plateau with the addition of the mantle 
to the topography, the crustal thickness is thin and the mantle lid is non-existent. In the Gök et 
al. (2007) study, based on Vs calculations with receiver function analysis, very low upper mantle 
velocities were calculated to the east of the Karliova Triple Junction (KTJ) (surrounding the 
Anatolian Plateau, Fig. 1b). In this area the asthenospheric materials took place of lithospheric 
mantle.

According to Pamukçu et al. (2007), the crustal thickness of eastern Anatolia, which 
was obtained by applying the moving windows power spectrum analysis to the gravity data, 
increases from 38 to 52 km from the south to the north. In the studies of Zor et al. (2003) and 
Gürbüz et al. (2004), the mean crustal thickness of eastern Anatolia was found to be 45 km. The 
crustal thickness, which is 42 km to the south of BZSZ, extends to 50 km throughout NAFZ and 
increases from 40 to 46-48 km north of the Arabian Plate to the centre of the Anatolian Plateau 
(Zor et al., 2003; Gürbüz et al., 2004). In the study of Türkelli et al. (2003), due to the lack of 
lithospheric mantle in some areas of eastern Anatolia, very low Pn velocities (lower than 7.8 
km/s) were obtained particularly east of the Anatolian Plateau and the Anatolian Plate. Gök 
et al. (2007) pointed out that the lack of subcrustal earthquakes in the Arabian Plate and the 
Anatolian Plateau was related to the non-existence of the Arabian Plate subduction under the 
Anatolian Plateau.

The Curie Point depth (CPD) estimates the average depth of magnetic sources and is 
considered to refl ect thermal structures and volcanic fi elds. CPD analysis allows determining 
the depth at which the magnetite passes from a ferromagnetic to paramagnetic state and there is 
a relationship between the thicknesses of the crust. CPD investigations including information 
about the crustal features have been used in various studies (e.g. Bhattacharrya and Morley, 
1965; Okubo et al., 1985; Tsokas et al., 1998; Tanaka et al., 1999; Ateş et al., 2005; Aydın et 
al., 2005; Dolmaz et al., 2005; Bektaş et al., 2007; Bilim, 2007; Saleh et al., 2013; Obande et 
al., 2014; Pamukçu et al., 2014; Bilim et al., 2016). Therefore, the regions characterized by 
shallower CPD values are related to the thinner crust and high geothermal potential (Pamukçu 
et al., 2014).

In the light of this knowledge, eastern Anatolia, a very complex region, was examined by 
using thermal gradient, heat fl ow, heat production and seismic values obtained from CPD values 
and compared with previous studies. In this study, the CPD values of eastern Anatolia, which 
were obtained by Pamukçu et al. (2014) from the aeromagnetic data [the Directorate of Mineral 
Research and Exploration of Turkey (MTA, 2005) in the scope of N.101Y124, The Scientifi c 
and Technological Research Council of Turkey (TUBITAK) project] using spectrum analysis of 
Okubo et al. (1985), were initially used for calculating the thermal gradient, the heat fl ow and the 
heat production values of eastern Anatolia. Additionally, P-wave (Vp) and S-wave (Vs) velocities 
of eastern Anatolia were calculated using the empiric relation between the heat production and the 
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seismic velocities. Finally, the resulting values were evaluated together with the previous studies 
and focal depth distributions of earthquakes.

As a fi rst step in the study, the thermal gradient values of eastern Anatolia were calculated, 
with values varying between 20 ºC/km and 100 ºC/km. Then, the heat fl ow values which indicate 
the thermal characteristics of the crust were estimated for different thermal conductivity values 
(k = 2.5 Wm−1K−1 and k = 2.7 Wm−1K−1), the values varying between 50 and 250 and 50 and 265 
mW/m2, respectively. As a third step, the heat production values were calculated for different 
near-surface radiogenic heat production rate coeffi cients (A0 = 1.5 μWm−3, A0 = 3 μWm−3 and 
A0 = 4 μWm−3); the heat production values range between 0.10-0.85 μW/m3, 0.2-1.6 μW/m3 and 
0.2-2.3 μW/m3. Finally, Vp were estimated for each heat production values, which were obtained 
by different A0 values and vary between 5.9-6.9 km/s (for heat production value estimated by A0 

= 1.5 μWm−3), 5.6-6.6 km/s (for heat production value estimated by A0 = 3 μWm−3) and 5.45-6.45 
km/s (for heat production value estimated by A0 = 4 μWm−3). Additionally, Vs were calculated 
for the fi rst time in this study for each Vp value by using the relation between seismic velocities. 
These vary between 3.42-3.96 km/s (for Vp estimated by A0 = 1.5 μWm−3), 3.22-3.76 km/s (for 
Vp estimated by A0= 3 μWm−3) and 3.14-3.68 km/s (for Vp estimated by A0 = 4 μWm−3). The Vs

values obtained indirectly from heat production values estimated for A0 = 3 μWm−3, are found to 
be consistent with the Vs values of Zor et al. (2003), which were obtained by receiver function. 
Therefore, it is safe to say that Vs values can be estimated for a region by using CPD values 
obtained from aeromagnetic data.

Finally, the focal depth distributions of earthquakes (M≥2.5), occurring between 1973 and 
2016 up to 50 km depth in the region, were evaluated together with the heat fl ow and Vs values, 
therefore the crustal features of eastern Anatolia are investigated.

2. Methodology and estimations of thermal features of eastern Anatolia

2.1. Determination of CPD

CPD is a signifi cant value to determine the magnetic bottom of the crust, since the crustal 
minerals which represent ferromagnetic features lose their magnetism and change to paramagnetic 
features related to the temperature increase at this depth. Regions with shallow CPD values are 
related to the thin crust and geothermal and volcanic structures (Pamukçu et al., 2014). CPD 
values used for determining the thermal structure of the crust (Okubo et al., 1985; Ateş et al., 
2005; Bilim, 2007, 2011; Saleh et al., 2013; Obande et al., 2014; Pamukçu et al., 2014; Bilim 
et al., 2016), are estimated from aeromagnetic anomaly data using the magnetic spectral method 
(Spector and Grant, 1970; Okubo et al., 1985). A relationship between the power spectrum of 
magnetic anomalies and the depth of the magnetic sources is presented and the data is transformed 
into frequency domain with this method. In this method, the Curie depths (zb) are calculated by 
using the equation:

zb = 2z0 – zt        (1)

where zt is the depth of the top of the magnetic source and z0 the depth of the centre of the 
magnetic source.
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2.2. Determination of the thermal gradient, the heat-fl ow and the radiogenic heat 
production

Thermal gradient (grad T, ∂T/∂z) values are obtained by dividing the Curie temperature 
(580 ºC) value to the CPD values:

                               
–580° C

grad T = –––––– .       (2)
           CPD (zb)

There is an inverse relationship between the heat fl ow values and CPD values. In other words, if 
the heat fl ow values are high in a region, this region has shallow CPD values; conversely, if the heat 
fl ow values are low, the region is related to deep CPD values (Pamukçu et al., 2014; Bilim et al., 2016). 
The heat fl ow (q0) values are estimated (Turcotte and Schubert, 1982; Artemieva and Money, 2001) by:

q0 = grad T * k       (3)
where k is the thermal conductivity.

Ever since the universe has existed, natural radioactivity has continued up to the present due 
to the long half-lives of numerous radioactive element series. By using radiometric methods, 
the geochemical and geological mapping and radiogenic heat production calculations can be 
accomplished. A great amount of the source of the crustal radiogenic heat production is the decay 
of the heat producing elements, namely Uranium−238 (238U), Uranium−235 (235U), Thorium−232

(232Th), and Potassium−40 (40K) (Durrance, 1986; Uyanık and Akkurt, 2010; Uyanik et al., 2010, 
2015). Lachenbruch (1970) devised an exponential decay model that provides the radiogenic 
heat production of the continental crust dependent on depth. Therefore, the heat production (A) is 
calculated as the function of depth [A(z)] by:

        
–zA(z) = A0 exp (––)       (4)   

         D
where A0 is the radiogenic heat production rate coeffi cient measured in near-surface rocks, z is 
CPD values, and D is the radiogenic scaling depth representing the characteristic depth over the 
heat producing elements (Lachenbruch, 1968; Artemieva and Money, 2001).

2.3. Estimation of Vp and Vs from the heat production
There is an empirical relationship between the P-wave seismic velocity (Vp, km/s) and heat 

production (A, Wm−3) (Rybach, 1978/1979; Rybach and Buntebarth, 1982, 1984; Correia and 
Ramalho, 1999), which is given as:

ln A = 12.6 – 2.17 Vp .      (5)

By this equation, the Vp values presenting the signifi cant case for clarifying the brittle-ductile 
transition of the crust are estimated. There is an inverse relationship between the Vp values and 
the heat production (A); in a region containing crystalline elements, while Vp values increase, 
inversely the heat production values decrease (Rybach, 1978/1979).

By obtaining the Vp values of a region, Vs values can be estimated by using the well-known 
relation between the velocities:

Vp
Vs =[2 –––––](1– )

(1–2 )

1
2

             
(6)

where μ is the Poisson ratio and it is assumed as 0.25 for the crust (Christensen, 1996).
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3. Applications

In this study, CPD values (Fig. 3) obtained by applying the spectrum analysis of Okubo et al. 
(1985) on aeromagnetic data by Pamukçu et al. (2014), were used. In the study of Pamukçu et al. 
(2014), the aeromagnetic data were surveyed by MTA (2005) in eastern Anatolia between 37º-44º 
E and 37º-42º N with 1 km sampling intervals, and were reduced to the north magnetic pole. The 
data were separated into 154 overlapping blocks with dimensions 90 × 90 km2, the averaged log 
power spectrum was calculated for each divided block, and the depths (zb, z0, zt) were measured 
by using Eq. 1 for each block.

Firstly, the thermal gradient values of the region (Fig. 4) were calculated using Eq. 2, where 
the Curie temperature of the domain is assumed as 580 ºC (Okubo et al., 1985). As a second 
step, the heat fl ow values of the study area were calculated by using Eq. 3 with these thermal 
gradient values and for different thermal conductivity (k) values. In the studies of Springer 
(1999) and Artemieva and Money (2001), it was suggested that thermal conductivity (k) 
varies between 2.5 and 3.0 Wm−1K−1 for the upper crust. In this study, the heat fl ow values are 
estimated by assuming k as 2.5 and 2.7 Wm−1K−1 (Fig. 5). As a third step, the heat production 
(A) values were obtained (Fig. 6), by assuming the coeffi cient D as 10 km (Lachenbruch, 1968; 
Jaupart, 1986) and near-surface radiogenic heat production rate coeffi cients (A0) as 1.5 μWm−3, 
3 μWm−3 and 4 μWm−3 (Springer, 1999) with Eq. 4.

As the last step, the Vp values of eastern Anatolia are estimated for the heat production 
values obtained with A0 = 1.5 μWm−3, A0 =3 μWm−3 and A0 = 4 μWm−3 by using Eq. 5 (Fig. 7) and 
fi nally, Vs values are calculated with the aid of Eq. 6 for each Vp value (Fig. 8).

Fig. 3 - CPD values of eastern Anatolia.
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Fig. 5 - The heat fl ow values of eastern Anatolia which are estimated by using thermal conductivity (k) as 2.5 W m−1K−1

(a) and as 2.7 W m−1K−1 (b).

Fig. 4 - The thermal gradient values of eastern Anatolia.
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Fig. 6 - The heat production values of eastern Anatolia which are estimated by using near-surface radiogenic heat 
production rate coeffi cient (A0) as 1.5 μWm−3 (a), 3 μWm−3 (b), and 4 μWm−3 (c).
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Fig. 7 - Vp of eastern Anatolia which are estimated from the heat production values obtained by using A0 as 1.5 μWm−3

(a), 3 μWm−3 (b), and 4 μWm−3 (c).
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Fig. 8 - Vs of eastern Anatolia which are estimated from Vp values obtained by using A0 as 1.5 μWm−3 (a), 3 μWm−3 (b), 
and 4 μWm−3 (c).
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4. Results and discussions

In this study, the thermal gradient, the heat fl ow, the heat production, and Vp and Vs values 
of eastern Anatolia, were calculated using CPD values in order to examine the crustal features 
of eastern Anatolia. In Fig. 3, the CPD values obtained by Pamukçu et al. (2014) range between 
6 and 27 km. The shallower CPD values (Fig. 3) are generally seen in the regions where the 
Holocene and Neogene volcanic and hot spots are located (Fig. 2). In other words, CPDs are 
shallower around Lake Van and to the SW of BZSZ, south of the Anatolian Plateau and in the 
region where NAFZ and EAFZ meet (Fig. 3) relative to other parts of the eastern Anatolia region.

In the next step of this study, the thermal gradient and heat fl ow distributions of the study area 
were investigated. The thermal gradient values are found to be between 20 and 100 ºC/km. Then, the 
heat fl ow values which indicate the thermal characteristics of the crust were estimated for different 
thermal conductivity values (k = 2.5 Wm−1K−1 and k = 2.7 Wm−1K−1), with values varying between 
50-250 mW/m2 and 50-265 mW/m2, respectively (Fig. 5). In this study, the higher heat fl ow values 
are found in the regions where the shallower CPD values are determined (Figs. 3 and 5), the highest 
heat fl ow values being obtained in the northern part of Lake Van  (Fig. 5). Additionally, the CPD 
values are shallower than the Moho depth; therefore, Pamukçu et al. (2014) suggested that the 
magnetic sources in the study area were located in the upper crust.

The study of Pollack and Chapman (1977) highlighted that the heat fl ow values change in 
relation to the age of the tectonic movements and that the heat fl ow values are higher in the younger 
tectonic regions. According to the study of Keskin (2003), based on radiogenic dating, the volcanic 
activity began earlier in the north compared to the south and the age of the volcanic activity is found 
to be younger from the latitude 40º toward 38º, i.e. 11 Myr at latitude 40º and 2 Myr at latitude 38.5º. 
When this knowledge is evaluated together with the CPD, thermal gradient and heat fl ow maps 
(Figs. 3, 4 and 5), the regions having shallower CPD and high thermal gradient and heat fl ow values 
represent volcanic features (Fig. 2). The heat fl ow values obtained in this study are coherent with 
this knowledge and the results of tectonic age investigations by Keskin (2003).

According to the study by Zor et al. (2003), based on the features of the volcanic products, the 
origin of the heat sources differs for each of the regions where the heat production and heat fl ow 
values are high, namely surrounding EAFZ (Fig. 1). According to Keskin (2003), the Holocene 
volcanoes surrounding Lake Van play an important role in the variation of the lava chemistry.

The heat production values are calculated for different near-surface radiogenic heat production 
rate coeffi cients as A0 = 1.5 μWm−3, A0 = 3 μWm−3 and A0 = 4 μWm−3 (Fig. 6). The heat production 
values calculated with A0 = 1.5 μWm−3, A0 = 3 μWm−3 and A0 = 4 μWm−3 vary between 0.10-0.85 
μW/m3 (Fig. 6a), 0.20-1.60 μW/m3 (Fig. 6b) and 0.20-2.30 μW/m3 (Fig. 6c), respectively. In the last 
step, Vp are estimated for each heat production value obtained by different A0 values and vary between 
5.9-6.9 km/s (for heat production value estimated by A0 = 1.5 μWm−3; Fig. 7a), 5.60-6.60 km/s (for 
A0 = 3 μWm−3; Fig. 7b) and 5.45-6.45 km/s (for A0 = 4 μWm−3; Fig. 7c). In this study, the S-wave 
velocities (Vs) are calculated for eastern Anatolia for the fi rst time using aeromagnetic data. Here, 
Vs values are estimated for each Vp value by using the relation between seismic velocities (Eq. 6) and 
are found to vary between 3.42-3.96  km/s (for Vp estimated by A0 = 1.5 μWm−3; Fig. 8a), 3.22-3.76 
km/s (for Vp estimated by A0 = 3 μWm−3; Fig. 8b) and 3.14-3.68 km/s (for Vp estimated by A0 = 4 
μWm−3; Fig. 8c). The Vs values, which were obtained indirectly from heat production values estimated 
for A0 = 3 μWm−3 in this study, are found to be consistent with the mean Vs distributions of Zor et al. 
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(2003), which were obtained from seismological data, fi nding on average a 45 km crustal thickness. 
This result, obtained for the fi rst time in the literature for eastern Anatolia, is the most signifi cant 
fi nding of this study. Therefore, it is clear that the seismic velocity distribution interpretations can be 
realized with the aid of Vs values obtained by CPD values of the region.

Under ideal geophysical conditions, in the crust Vp and Vs are generally 6.5 and 2.5 km/s, 
respectively. These velocities rise to 8.1 and 3.4 km/s, respectively, in the upper mantle boundary 
at 100 km depth. In this study, Vp values vary between 5.45-6.90 km/s, the minimum velocity is 
estimated for A0 = 4 μWm−3 (Fig. 7c) and the maximum velocity is estimated for A0 = 1.5 μWm−3

(Fig. 7a). Vs values vary between 3.14-3.96 km/s related with the Vp values. The minimum and 
the maximum velocities are reported in Figs. 8a and 8c, respectively. Therefore, the estimated 
velocities in this study are in accordance with the geophysical conditions.

Sandvol et al. (2003) indicated the directions of the upper mantle/asthenospheric fl ows for 
eastern Anatolia (Fig. 9) in their study. In the region where the directions of the mantle fl ows are 
crossing each other (Fig. 9), the CPD values are shallow (Fig. 3), the heat production values (Fig. 
6) are high, therefore, the seismic velocities (Vp and Vs) are slow (Fig. 7 and 8). If the mantle fl ows 
(Fig. 9) located in southern BZSZ are investigated, the absence of the mantle fl ow towards SE is 
coherent with the relatively deeper CPD values and lower thermal gradient and heat production 
values (Figs. 3, 4, 6). The mantle fl ow investigations of Sandvol et al. (2003), are consistent with 
the regional extending of volcanoes and hotspot areas (Fig. 2), shallow CPD (Fig. 3), high heat fl ow 
(Fig. 5) and heat production values (Fig. 6) and slow Vp (Fig. 7) and Vs (Fig. 8) values which are 
obtained in this study.

The existence of earthquakes and focal depth distributions represent a signifi cant knowledge 
on the lithospheric features such as brittle-ductile transition zones. Therefore, the focal depth 
distributions of earthquakes (M≥2.5) occurring between 1973 and 2016 [obtained from United 
States Geological Survey (USGS)], are examined initially with heat fl ow to investigate the brittle-
ductile transition zone and the relationship with the thermal features of eastern Anatolia in Fig. 
10. It can be seen that the earthquakes generally occurred in the regions having low heat fl ow 
values (Fig. 10). According to Watts (2001) and Pamukçu et al. (2014), in the regions with high 
seismicity and low heat fl ow values, the elastic zone is thick. Therefore, it may be inferred that 
the regions (west side of NAFZ, the region located to the NE of KTJ, eastern side of BZSZ and 
eastern side of Lake Van) seen in Fig. 10 with high seismic activity and low heat values, can be 
related to the existence of the thick elastic zone. In particular, the surrounding area of EAFZ 
includes magma-crust intersection (Zor et al., 2003) and the reason for high seismicity is the 
rigid crust made up of a highly brittle partion and plumb-like magma. Additionally, in the regions 
shown by dashed squares in Fig 10, the absence of earthquakes is notable and these regions 
show high heat fl ow values. The absence of seismicity is, therefore, related to the low crustal 
rigidity and the crust is dominated by a ductile part (Fig. 10). To further investigate the crustal 
features of the study region in detail and evaluate the earthquakes with seismic velocities, the 
focal depth distributions are drawn from the surface to 50 km depth on the Vs maps (Fig. 11). 
If all focal depth distributions are investigated, it can be observed that the greatest number of 
earthquakes occurred from the surface down to 10 km depth (Fig. 11a) and from 10 to 20 km 
depth (Fig. 11b). It can be deduced that the brittle part of eastern Anatolia is approximately down 
to 20 km depth and the rigid part of the crust is between 10 and 20 km depths. This result is 
consistent with the effective elastic thickness of eastern Anatolia which was found to be 15 km 
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Fig. 9 - Thermal gradient values of eastern Anatolia. The red vectors represent the directions of possible asthenospheric 
fl ows according to Sandvol et al. (2003).

Fig. 10 - Focal depth distributions of earthquakes (M≥2.5) occurred between 1973 and 2016 (https://earthquake.usgs.
gov/earthquakes/search/) on the heat fl ow map obtained by using k as 2.5 W m−1K−1.  Red dashed squares represent 
non-seismic regions with high heat fl ow value.

on average by Pamukçu et al. (2007) and ranging between 12 and 17 km by Oruç et al. (2017).
Fig. 11a shows that the earthquakes, whose focal depths are from the surface to 10 km depth, are 

located along the main faults, particularly at NAFZ, EAFZ, and at the western part of BZSZ (close to 
EAFZ) and intensely at the SE part of Lake Van. In Fig. 11b, the intensity of the earthquakes, whose 
focal depths range from 10 to 20 km depths, increases along NAFZ and EAFZ and particularly, 
in the region where NAFZ and EAFZ are close to each other, at the western part of BZSZ and 
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Fig. 11 - Epicentres of earthquakes (M≥2.5) between 1973 and 2016 on the Vs map estimated from Vp using A0 = 1.5 μWm−3

according to different focal depth ranges: a) 0 to 10 km; b) 10 to 20 km; c) 20 to 30 km; d) 30 to 40 km; e) 40 to 50 km.
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decreases at the SE part of Lake Van relative to the focal depth 0-10 km (Fig. 11a). In Figs. 11c 
and 11d, indicating the focal depth between 20 to 30 km and between 30 to 40 km, respectively, 
it can be seen that the intensity of the earthquakes decreases rapidly after 20 km depth (Fig. 11c) 
and increases very little after 30 km depth (Fig. 11d). The focal depth distribution, between 40 and 
50 km (Fig. 11e) shows that seismicity is almost absent and it can be said that ductile feature is 
dominant at these depths.

According to the results of Pamukçu et al. (2007), based on the Euler deconvolution method, it 
was highlighted that the crustal features of the western and eastern parts of the region were different 
from each other if 41º longitude was assumed as the border. If Figs. 10 and 11 are evaluated together, 
due to the diversity of the heat fl ow, Vs values and the focal depth distributions at the western and 
eastern side of the region (if 41º longitude is assumed as the border), we may infer that these regions 
represent different crustal features as pointed out in the study by Pamukçu et al. (2007).

Fig. 11 - continued.
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The regions along EAFZ, surrounding KTJ, and the eastern part of NAFZ include high 
seismicity, high heat fl ow and represent lower Vs values ranging between 3.42 and 3.58 km/s 
(Figs. 11a and 11b). The existence of high seismicity, high heat fl ow values and the low Vs values 
in these regions (Figs. 11a and 11b) verify that a lateral brittle-ductile transition and brittle features 
may be dominant in the crust. It may be inferred, therefore, that the origin of the heat is mantle-
sourced and due to the long time-scaled friction (Bird et al., 1975; Pamukçu et al., 2014) between 
Anatolian and Arabian Plates at these regions. The asthenospheric uplifts and the frictional heating 
can increase the potential of the geothermal sources along EAFZ and surrounding KTJ.

5. Conclusions

In this study, the thermal conductivity, the heat fl ow, the heat production, and the seismic velocities 
(Vp and Vs) values are obtained by using calculated CPD values (Fig. 3) of eastern Anatolia. The 
thermal gradient values of the eastern Anatolia vary between 20 and 100 ºC/km (Fig. 4). The heat 
fl ow values are estimated for three thermal conductivity values, which are assumed as 2.5 and 2.7 
Wm−1K−1 and the values vary between 50-250 (Fig. 5a) and 50-265 mW/m2 (Fig. 5b), respectively. 
The heat production values are calculated for different near-surface radiogenic heat production rate 
coeffi cient (A0)given as 1.5, 3.0 and 4.0 μWm−3 and are found to range between 0.10-0.85 (Fig. 6a), 
0.20-1.60 (Fig. 6b) and 0.20-2.30 μW/m3 (Fig. 6c). Vp are estimated for each heat production value 
obtained by different A0 values and vary between 5.90-6.90 (Fig. 7a), 5.60-6.60 (Fig. 7b) and 5.45-
6.45 km/s (Fig. 7c). For the fi rst time, Vs are calculated for eastern Anatolia indirectly by using CPD 
values; Vs vary between 3.42-3.96 (Fig. 8a), 3.22-3.76 (Fig. 8b) and 3.14-3.68 km/s (Fig. 8c). The 
Vs values which are estimated indirectly from Vp using the heat production values estimated for A0 = 
1.5 μWm−3 (Fig. 8a) are found to be consistent with the Vs values obtained from receiver function by 
Zor et al. (2003). If the calculated Vs values, by using A0 = 1.5 μWm−3 (Fig. 8a), A0 = 3 μWm−3 (Fig. 
8b) and A0 = 4 μWm−3 (Fig. 8c), are evaluated, it can be seen that while the A0 value decreases, the 
calculated Vs values come close to Vs values at Moho depth. The high thermal gradient, heat fl ow, 
heat production values and low seismic velocities are seen along EAFZ, surrounding KTJ and Lake 
Van, where there are volcanic features. Additionally, the focal depth distributions are investigated 
with heat fl ows and Vs values (Figs. 10 and 11). In Figs. 10, 11a and 11b, it can be observed how a 
great number of earthquakes occurred in the fi rst 20 km depth. Therefore, it may be deduced that the 
rigid part of the crust for eastern Anatolia is between 10 and 20 km depth and if the 41º longitude 
is assumed as a border, the eastern and western sides of eastern Anatolia include different crustal 
features.
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