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Abstract The Pontides, which can be divided tectonically into three main segments as

Eastern, Central, and Western Pontides, is one of the most complex geodynamic settings

within the Alpine belt. The Central Pontides, where the Eastern and Western Pontides met

and formed a tectonic knot, represent an amalgamated tectonic mosaic consisting of

remnants of oceanic, continental, and island arc segments. Subduction polarity, which is

responsible for the formation of the Pontides, is still under debate because of limited

geological, geophysical, and geochemical data. Two-dimensional (2-D) thermal modelling

studies along the Central Pontides magmatic arc (Northern Turkey), Sakarya and Kırşehir

continents are investigated in order to delineate the crustal thermal structure and sub-

duction polarity. The obtained numerical results indicate that arc and back-arc regions

are hot because of the cooling effects of a subducting plate. Moho temperatures in the

investigated region are found between 992�C in the south (back-arc) and 415�C in the

north (arc). Moreover, mantle heat flow values vary from 57.2 mWm-2 in the south (back-

arc) to 34.7 mWm-2 in the north (arc). It is shown from this study that the Eurasia plate

had moved from north to south under the Anatolia plate along the south Black Sea coast.
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1 Introduction

The Central Pontides, which represent a tectonic knot where the Eastern and Western

Pontide units have been tectonically juxtaposed, lie between the İzmir-Ankara suture in the

south and the Black Sea in the north (Fig. 1). It is made up of approximately east–west-

trending zones and includes two Pontide terranes (Sakarya and İstanbul zones). From north

to the south, the Central Pontides consist of the following main components; (1) the

northern zone (the magmatic belt), (2) the Kastamonu Boyabat basin fill, (3) the

Araç-Daday shear zone, (4) the Kargı massif, and (5) the ophiolite belt (Yılmaz et al. 1997;
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Okay et al. 2006) (Fig. 2). The northern zone is interpreted as an Andean type magmatic

belt that developed above the passive continental margin succession during the Late

Cretaceous. The Kastamonu-Boyabat basin fill was deposited within a fore arc basin

formed in association with the volcanic belt. The Araç-Daday shear zone is interpreted as a

highly tectonised basin fill that was deposited in the easterly narrowing oceanic remains of

the Paleotethys. The Kargı massif, which composed the major part of the central Pontides,

is a tectonic mosaic that is composed of various accreted tectonostratigraphic units. The

ophiolite belt is characterized by the disrupted ophiolite and the late Cretaceous ophiolitic

mélange association (Ustaömer and Robertson 1997; Yılmaz et al. 1997).

There are different opinions of the geotectonic evolution of the Pontides and the polarity

of subduction. This argument remains controversial and has not yet been exactly solved.

According to Adamia et al. (1977, 1981), Ustaömer and Robertson (1995), ultramafic rocks

located in the southern Pontide Arc are a remnant of the Palaeotethys Ocean. They claimed

that the Pontides emplaced over the northward-subducting Palaeotethys during much of the

Paleozoic to the late Eocene. However, Şengör and Yılmaz (1981) suggested that Palae-

otethys had been situated north of the Pontides, and that the southward subduction took

place from the Palaeozoic until the Dogger and the northward subduction happened later,

from the late Cretaceous until the end of the Eocene. According to the model of Şengör and

Yılmaz (1981), the Pontides were at the southern active continental margin of Eurasia,

whereas the late Cretaceous arc volcanism occurred above the northward subduction of

Neotethys.

Fig. 1 Tectonic map of the Turkey and surrounding region showing the major sutures and continental
blocks (Okay and Tüysüz 1999; Okay et al. 2006). The dashed-line box shows the location of the study area
shown in Fig. 2
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Dewey et al. (1973), Bektaş (1986), Bektaş et al. (1984, 1987, 1999), Chorowicz et al.

(1998), Eyüboğlu et al. (2006), and Eyüboğlu (2010) suggested a southward subduction

model contrary to the northward subduction of Neotethys. They claimed that this south-

ward subduction of the Paleotethys oceanic lithosphere lasted from the Paleozoic until the

end of the Eocene. In this model, while the Black Sea is explained as a remnant of the

Palaeotethys Ocean, the ultramafic belt exposed in the south of the arc represents portions

of preserved back-arc basin.

This study is the first attempt to focus on the crustal temperatures of the Central

Pontides. Most recently, based on spatial and temporal variations in the magmas generated

Fig. 2 Geological map of the Central Pontides (modified from Yılmaz et al. 1997)
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in the Eastern Pontide orogenic belt, Eyüboğlu et al. (2010) suggested a new geodynamic

model to explain the Meso-Cenozoic tectonomagmatic evolution of the Eastern Pontide

orogenic belt and correlate the adakitic magmatism to ridge subduction and slab window

process within a south-dipping subduction zone.

The aim of this paper is to present numerical results of crustal temperatures and heat

flows and to discuss the subduction polarity of the Central Pontides and thus try to explain

the evolution of the Pontides.

2 Gravity, Curie Point Depth, and Heat Flow Data

The Bouguer anomaly data (Fig. 3) of Central Pontides, gridded at an interval of 2.5 km,

were obtained from the General Directorate of Mineral Research and Exploration (MTA).

Gravity values are tied to MTA and General Command of Mapping base stations related to

the Potsdam absolute gravity value 981260.00 mGal accepted by the International Union

of Geodesy and Geophysics in 1971. A latitude correction was applied according to the

Gravity Formulae of 1967. The Bouguer reduction was done for a density of 2.40 kgm-3.

Topographic correction was calculated up to a distance of 167 km, assuming a terrain

density of 2.67 kgm-3 (Maden et al. 2009a).

Gravity anomaly contour lines are parallel to magmatic belt and zero contours usually

followed the Black Sea coastal line. Most of the gravity anomaly map is represented by

negative anomalies. There are two strong gravity gradients located in the northern and

central part of the region. The E–W-trending anomalies shown in the centre of the region

correlate with İzmir-Ankara suture. The Kirsehir Block located in the south of the study

area shows very large negative anomalies.

Various researchers (Ateş et al. 2005; Aydın et al. 2005; Dolmaz et al. 2005; Bektaş

et al. 2007; Bilim 2007; Maden et al. 2009b; Maden 2009; Maden 2010) have carried out

studies on the Curie point depth using magnetic data in Turkey. Aydın et al. (2005) made a

study to prepare the Curie-point isotherm map of Turkey by using a spectral analysis

technique applied to the aeromagnetic data. According to this map, the deepest Curie point

depths are found in the Eastern Pontides and Western Taurus belt (20–29 km). On the other

hand, the shallowest Curie point depths are found in the Central Anatolian and the Aegean

region (6–10 km). Ateş et al. (2005) showed that the Curie depth values change from 7.9 to

22.6 km in Central Anatolia. Also, Dolmaz et al. (2005) estimated that the Curie point

depth varies from 8.2 to 19.9 km in the Western Anatolia region. According to the Bektaş

et al. (2007), the Curie point depth changes between 12.9 and 22.6 km in the Eastern

Anatolia region.

Maden et al. (2009b) calculated the average Curie point depth with a spectral analysis

method to be 22.2 km using magnetic data of the Eastern Pontides. They found that the

Curie point depths fluctuate between 14.3 km in the south and 27.9 km in the north. Maden

(2009) determined the average Curie point depth as 20.4 km, with values changing from

14.8 km in the south to 21.8 km in the north of the Central Pontides. Moreover, Maden

(2010) applied a spectral analysis technique to the magnetic data of the Erciyes region and

revealed that the average Curie point depth is 13.7 km, thus reflecting the high geothermal

potential of the region coming from partial melting of crust.

A preliminary heat flow map of Turkey was prepared by Tezcan and Turgay (1989) with

a constant thermal conductivity gathered from exploration wells. Tezcan (1995) revised

this map by using temperatures measured in oil and coal wells mostly drilled in the south-

eastern Turkey and Thrace basin. Additionally, İlkışık (1992) made a heat flow map of
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Turkey from the silica and chemical content of thermal springs. In this map, the average

heat flow values were estimated in the western, the central and the eastern Anatolia to be

110.72, 102.78 and 112.81 mWm-2, respectively. Later, Tezcan (1995) stated that the heat

flow values for Anatolia should be much higher than those for the Mediterranean and the

Black Sea.

According to the İlkışık (1995), the mean heat flow values for western Anatolia based

on the silica data and the conventional heat flow data are 107 and 97 mWm-2, respec-

tively. The heat flow data of the İlkışık (1995) indicate a close relation between the high

heat flow value based on silica data and Tertiary and younger volcanism. İlkışık (1995)

obtained the highest heat flow value of 247 mWm-2 from the silica content near Gediz. In

the Ihlara valley, İlkışık et al. (1997) determined the average heat flow value using both

silica and gradient techniques to be 158.5 mWm-2.

Recently, Maden (2009) and Maden (2010, 2011) studied the heat flow values for the

Central Anatolia region and the Central Pontides. In the Central Pontides, the heat flow

Fig. 3 Bouguer gravity map of
the region; the contour interval is
5 mGal. The colour bar indicates
interval values; colour levels
show anomalous intensities from
magenta (negative) to white
(positive)
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values computed from the Curie depth values vary from 94.1 mWm-2 in the south (back

arc) to 63.8 mWm-2 in the north (arc), showing that the south of the investigated area has

relatively high geothermal potential with respect to the northern part of the region (Maden

2009). It may be possible that this phenomenon is caused by movement of the Eurasia plate

under the Anatolia plate.

Maden (2010) estimated heat flow values of 88.8 and 106.5 mWm-2 from the silica

data and conventional heat flow methods, respectively, in the Central Pontides. Maden

(2011) calculated the surface heat flow values from the Curie depth values using the

equation of Sharma et al. (2005). The obtained values vary between 66.5 and

104.7 mWm-2. The tectonic activities after the Late Triassic as suggested by Şengör and

Yılmaz (1981) and Bozkurt (2001) are related to the high heat flow values in the region.

3 Spectral Analysis Method and Crustal Structure

The spectral analysis method has been widely used to determine the depth to the top of

magnetic source bodies without any prior knowledge of the geometry from the wavelengths

of potential fields (Bhattacharyya 1966; Bhattacharyya and Leu 1975, 1977; Bansal and

Dimri 2001; Bansal et al. 2006; Chavez et al. 1999; Curtis and Jain 1975; Gomez-Ortiz et al.

2005; Hofstetter et al. 2000; Lefort and Agarwal 2002; Nnange et al. 2000; Pal et al. 1979;

Pamukcu et al. 2007; Poudjom Djomani et al. 1992; Rivero et al. 2002; Spector and Grant

1970). This method for estimating the mean depth to ensembles of magnetic sources has been

generalized to gravity data (Dimitriadis et al. 1987) and can be used to map geologic struc-

tures from gravity and/or magnetic data observed at the earth’s surface (Treitel et al. 1971).

In this technique, gravity data are transformed into the wave-number domain to analyse

the frequency content of the information. A plot of the logarithm of the power spectrum

versus frequency exhibits several straight-line segments whose slopes decrease with

increasing frequency. The slopes of various segments provide an estimate of the depths to

the various levels of anomalous sources. A suitable cut-off frequency separates the power

spectrum curve into two domains with high and low wavelengths. The high frequency

domain is associated with shallow sources, and the low frequency domain is related to

deeper sources; these are called residual and regional anomalies, respectively (Spector and

Grant 1970). Following Pal et al. (1979), the depth to a given ensemble of prismatic bodies,

d, can be estimated from the power spectrum of the associated anomaly, by applying:

Eðk; 0Þ ¼ Eð0; 0Þe 2p
N d�m½ �k ð1Þ

where k, m, and N are the wave number, the slope of the average spectrum and number of

gravity data, respectively. The depth, d, to the top of the basement can be easily calculated,

since the gradient of 2p
N d � m
� �

should be zero.

The gravity data were separated into five different sub-regions with dimensions of

1�91� and step intervals of 0.5� to reveal a two-dimensional (2D) Moho depth profile for

the region. The gravity anomaly data of the sub-regions were transformed into the fre-

quency domain using the 2D Fourier method. Figure 4 shows as an example the graph of

the power spectra to determine the depth of the crustal interfaces for an analysis of the

gravity data covering the area 358E, 398N to 368E, 408N. With the least squares method,

four straight-line segments are fitted in the graph, related to different wavenumber regions.

This pattern is related to the depths of different anomaly sources. The values over the linear

segments are the depths to various interfaces arising from the main density contrasts within
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the crust. Computations have been carried out for each sub-region with a window length of

1 degrees and a step interval of 0.5 degrees, separately.

The low wavenumber region between 0 and 0.09 km-1 representing the contribution of

the long wavelength sources is considered to be a result of the density difference at the

Moho discontinuity (40.8 km). An intermediate wavenumber region in the interval of

0.09–0.15 km-1 is associated with the density difference between the middle and the lower

crust called the Conrad interface (23.2 km). The wavenumber region between 0.25 and

0.35 km-1 gives the upper crust depth of 10.5 km. The fourth region having wavenumbers

between 0.4 and 0.98 km is related to the sediment layer (depth 2.7 km).

The two-dimensional crustal structure of the study area obtained with the above

determined values for the five sub-regions is listed in Table 1. The Moho depth increases

from 27.1 km in the north (arc) to 40.8 km in the south (back arc) (Fig. 5). In the back arc

regions, where the crust is thicker, the heat flow value is rather high (94.1 mWm-2) with

respect to the arc region, where the crust is thinner (63.8 mWm-2) (Maden 2009).

4 Thermal Parameters

In order to calculate crustal temperatures for the region, it is necessary to fix the thermal

conductivity and the radiogenic heat production values of the crustal layers. Many relations
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Fig. 4 Examples of power
spectra curves used for
determining the depth of anomaly
sources computed at 39�.300N,
35�.300E. The values over the
linear segments are the depths to
various interfaces formed by
crustal density contrasts. Z1, Z2,
Z3, and Z4 represent the depths of
the Moho, lower, upper crusts
and the sedimentary layer,
respectively, computed from the
gravity values using power
spectral analysis

Table 1 The depth values of the 2D crustal model of the Central Pontides computed from gravity data
using the power spectrum method

Location Sediments
(km)

Upper
crust (km)

Middle
crust (km)

Lower
crust (km)

(35.0�E, 39.0�N)–(36.0�E, 40.0�N) 2.7 10.5 23.2 40.8

(35.0�E, 39.5�N)–(36.0�E, 40.5�N) 2.5 8.9 23.1 40.1

(35.0�E, 40.0�N)–(36.0�E, 41.0�N) 2.7 11.7 20.6 36.4

(35.0�E, 40.5�N)–(36.0�E, 41.5�N) 3.1 8.2 19.4 36.2

(35.0�E, 41.0�N)–(36.0�E, 42.0�N) 2.9 10.2 17.8 27.2
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have been proposed which outline the variation of the thermal conductivity of different

geological materials.

Throughout the crust, the thermal conductivity varies with the composition and with

both the pressure and the temperature. The thermal conductivity of most crustal rocks

varies inversely with temperature and tends to increase with depth (or increasing pressure)

according to the following equation:

k ¼ k0 1þ bzð Þ
1þ cT

ð2Þ

where k0 represents the thermal conductivity for surface conditions, b and c are experi-

mental constants that control the behaviour of k depending on the lithology (Chapman and

Furlong 1992).

According to some authors, the pressure effect on the thermal conductivity is negligible

(Kukkonen et al. 1999; Rimi 1999: Mall and Sharma 2009), and the thermal conductivity is

temperature dependent with the following relation:

k ¼ k0

1þ cT
ð3Þ

where k0 is the thermal conductivity measured at one atmosphere pressure and at 0�C; c is a

material constant (Cermak and Bodri 1986). In this study, the thermal conductivity is

assumed to be temperature dependent as suggested by Cermak and Bodri (1986). Jokinen

and Kukkonen (1999a, b) have given thermal conductivity values for the upper, the middle,

the lower crust and the mantle as 3.5, 3.0, 2.5, and 4.0 Wm-1K-1. He et al. (2009)

suggested the use of thermal conductivity values of 2.9, 2.8, 2.5, and 3.0 Wm-1K-1for the

Fig. 5 Heat flow profile and 2-D crustal structure section for the Central Pontides
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upper, the middle, the lower crust, and the upper mantle, respectively. Correia and Ra-

malho (1999) used the thermal conductivity values for the upper, the middle and the lower

crust as 2.7, 2.5, and 2.1 Wm-1K-1, respectively, as suggested by Correia and Jones

(1995). The value of 3.14 Wm-1K-1 has been used as the thermal conductivity for the

sediments (Rao et al. 1970). Turcotte and Schubert (2002) suggested that the thermal

conductivity of the basalts and the granites is 1.3–2.9 and 2.4–3.8 Wm-1K-1, respectively.

The thermal conductivity values used in this study are listed in Table 2 and shown in

Fig. 6.

Heat production values depend on the lithological and geochemical characteristics of the

rock formations. While depleted mantle shows low heat production values, upper crustal

rocks have high heat production values (Moisio and Kaikkonen 2006). The values of the

radiogenic heat production for the upper crustal metamorphic rocks range between 1.5 and

3.5 lWm-3. However, most of the values lie between 2 and 3 lWm-3 (Förster and Förster

2000). Rimi (1999) suggested the heat production values for the sediments as 2.20 lWm-3.

He et al. (2009) used heat production values for the upper, the middle, and the lower crusts

of 1.10, 0.83, 0.37, and 0.24 lWm-3, respectively. In addition, Jokinen and Kukkonen

(1999a) used heat production values for the upper, the middle, and the lower crust and the

lithospeheric mantle as 1.8, 0.6, 0.2, and 0.002 lWm-3, respectively. The heat production

values used in this computation for the sedimentary layer, the upper, the middle, the lower

crusts and the lithospheric mantle are listed in Table 2 and shown in Fig. 6.

A number of models suggested that the radiogenic heat production is related to pro-

cesses of magmatic differentiation within the crust, and several laws were invoked to

Table 2 Thermal conductivity
and heat production values used
for the geotherm calculation

References: 1 Rao et al. (1970),
2 Rimi (1999), 3 Jokinen and
Kukkonen (1999a), 4 He et al.
2009

Layer Thermal conductivity
(Wm-1 K-1)

Heat production
(lWm-3)

Sediments 3.141 2.202

Upper crust 3.53 1.803

Middle crust 3.03 0.834

Lower crust 2.53 0.374

Lithospheric mantle 4.03 0.0023

Fig. 6 Thermal conductivity (k) and heat production rate (A) of the 2-dimensional thermal model along the
Central Pontides
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describe the decrease with depth (Cermak et al. 1991). The most accepted model is the

exponential model defined by Lachenbruch (1970),

AðzÞ ¼ Aoe�
z
D ð4Þ

where A0 is the surface heat production in lWm-3 and D represents the thickness of the

crustal layer in km which is radioactively enriched. Factor D is derived from the surface

and the reduced heat flow and generally ranges from 5 km to 15 km with an average of

10 km (Morgan and Sass 1984; Pasquale 1987).

Heat production within the crust due to the decay of the radioactive elements (U, Th, K) is

the main source that contributes to the surface heat flow density (Rai and Thiagarajan 2006).

Crustal radioactivity in the uppermost 10 km is affected by tectonics, metamorphism,

magmatic intrusion, or U and Th redistribution processes by the presence of micro-cracks and

fluid circulation. In the uppermost 10 km, groundwater movement through micro-crack

systems may cause an enrichment of radioactive elements in the near surface rocks (Cermak

and Rybach 1989). The distribution of the radiogenic heat-producing materials in the con-

tinental lithosphere provides an important constraint on the crustal evolution, the depletion of

the mantle and the thermal evolution of the earth (Perry et al. 2006; Kumar et al. 2007).

For the study region, the heat production versus depth graphs for the five sub-regions are

seen in Fig. 7. In the graphs, a sharp decrease is seen in the differentiation rate of the

crustal radioactivity. The thickness of the radioactively enriched crustal layer (Table 3)

varies from 12.87 km in the south to 9.82 km in the north.

5 2-D Geothermal Modelling

The presentation of the temperature variation with depth is called a geotherm. For the

stable or steady state case, which means there is no change of the temperature with time,

the heat conduction equation (Stüwe 2007) is given by

o2T

oz2
¼ �A0

k
ð5Þ

where T is the temperature (�C), A0 is the radioactive heat production in lWm-3, k is the

thermal conductivity in Wm-1K-1, and z is the depth in m. The integration of this partial

differential equation forms the basis for all calculations of stable geotherms. In the case of

constant heat production, the analytical solution to the heat equation can be given by the

following equation of Cermak et al. (1991),

TðzÞ ¼ T0 þ
Qs

k
z� A0

2k
z2 ð6Þ

where T is the temperature at depth z in �C, T0 is the temperature at the earth’s surface, Qs

is the surface heat flow values in mWm-2, k is the thermal conductivity in Wm-1K-1, and

A0 is the surface heat production value in lWm-3.

Birch et al. (1968) proposed a linear relationship between the surface heat flow values

and the heat production, as

Qs ¼ qr þ DA0 ð7Þ

where A0 is the surface heat production in lWm-3, Qs and qr represent the surface and the

reduced heat flow values in mWm-2. The slope D characterizes the heat source
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distribution in the upper crust. Pollack and Chapman (1977) empirically established that

60% of the surface heat flow density is attributed to the mantle heat flow, whereas 40% is

generated by the radiogenic sources of the upper crust.

A =2.13 exp(-0.0777 z)
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Fig. 7 Heat production versus depth graphs for the 39.5 (a), 40 (b), 40.5 (c), 41 (d), and 41.5 (e) degree
latitude along the Central Pontide Orogenic belt. The values of the crustal thickness are obtained from the
power spectral analysis
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6 Discussion

In this study, a two-dimensional thermal model is derived for the Central Pontides Oro-

genic Belt and surrounding regions for understanding and discussing the evolution of the

Pontides and subduction polarity. First, a two-dimensional crustal structure was con-

structed from the gravity data with a spectral analysis method. According to this model, the

depth of the Moho is 27.2 km in the north (arc) and 40.8 km in the south (back arc).

The numerical results of the geotherm calculation reveal that the Moho temperature

(Table 3, Fig. 8) varies from 992�C in the back arc region, where the crust is thick, to

415�C in the arc region, where the crust is thin. The surface heat flow values estimated

from the Curie depth values change from 94.1 mWm-2 in the south (back arc) to

63.8 mWm-2 in the north (arc) which shows that the arc region has relatively low geo-

thermal potential compared with the back arc region (Maden 2009). High heat flow values

might be related to melting of the lithospheric mantle caused by upwelling of the

asthenosphere.

The mantle heat flow values (Table 3, Fig. 9) change from 57.2 mWm-2 in the south

(back arc) to 34.7 mWm-2in the north (arc). The reduced heat flow values obtained

from the exponential heat production model defined by Lachenbruch (1970) are found

between 66.7 mWm-2 in the south (back arc) and 41.2 mWm-2 in the north (arc) using

Table 3 Numerical results obtained from the geotherm calculations using the constant heat production
model

Location Radioactive
enriched
crust (km)

Moho
temperature
(�C)

Moho heat
flow (mWm-2)

Reduced heat
flow (mWm-2)

(35.0�E, 39.0�N)–(36.0�E, 40.0�N) 12.87 992 57.2 66.7

(35.0�E, 39.5�N)–(36.0�E, 40.5�N) 12.95 817 46.8 55.5

(35.0�E, 40.0�N)–(36.0�E, 41.0�N) 11.52 738 40.9 51.4

(35.0�E, 40.5�N)–(36.0�E, 41.5�N) 10.62 565 33.3 41.8

(35.0�E, 41.0�N)–(36.0�E, 42.0�N) 9.82 415 34.7 41.2

Fig. 8 The two-dimensional north–south cross section of sub-surface temperature for the Central Pontides.
Thin lines show the temperature contours, and thick lines show the crustal layers
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equation (7). The graph of the reduced heat flow versus surface heat flow values indicates

that they are proportional, with a linear relationship

Qs ¼ 1:2qr þ 15:2 ð8Þ

(see Fig. 10). In this graph, the large correlation coefficient (0.99) shows that the reliability

of the results is rather high. The results obtained support the southward subduction of the

Tethys oceanic plate, which is situated between Eurasia and Pontides, below the Pontide

plate along the south Black sea coast (Fig. 11).

On the other hand, the Curie point surface determined from Maden (2009) in this region

changes from 14.8 km in the back arc to 21.8 km in the arc, showing the cooling effect of

the subducting plate and clarifying the southerly dipping opinion which was previously

proposed by Dewey et al. (1973), Bektaş (1986), Bektaş et al. (1984, 1987, 1999),

Chorowicz et al. (1998), Eyüboğlu (2010), and Eyüboğlu et al. (2010).

The paleomagnetic data suggest that the Pontides was located at 23� (Van der Voo

1968; Lauer 1981; Sarıbudak 1989), 25.5 ± 4.5� (Channell et al. 1996), 20.0 ± 2.5�
(Çinku et al. 2010) and 26.6� (Hisarlı 2011) north latitude in the late Cretaceous, and

Fig. 9 2-D cross section of the heat flow values for the region calculated in this study. Thin lines show the
heat flow contours, and thick lines show the crustal layers
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showing that it moved to its present latitude during the Cenozoic. This northward motion

of the Pontide magmatic arc supports a southward subduction model for the origin of the

Pontides.

7 Conclusions

The following conclusions can be drawn from this study:

1. While the Moho thickens from north (27.2 km) to south (40.8 km), the depth to Curie

point surface thickens from south (14.8 km) to north (21.8 km) along the central

Pontides as stated by Maden (2009); this shows that the arc region has a relatively low

geothermal potential with respect to the back-arc region.

2. The Moho temperature increases from 415�C in the arc to 992�C in the back-arc

region, which may be related to the input of water into the subduction zone during

southward subduction of the Tethys oceanic lithosphere below the Pontide plate along

the south Black sea coast.

3. The depth of the radioactively enriched crustal layer varies from 9.82 km in the arc to

12.87 km in the back-arc region.

4. The surface heat flow value rises from 63.8 mWm-2 in the arc to 94.1 mWm-2 in the

back arc region (Maden 2009).

5. The mantle heat flow values change from 34.7 mWm-2 in the arc to 57.2 mWm-2 in

the back-arc regions. According to the exponential heat production model defined by

Lachenbruch (1970), the reduced heat flow values vary between 66.7 mWm-2 in the

south (back arc) and 41.2 mWm-2 in the north (arc).

6. The results support the southward subduction model for the origin of the Pontides

during the late Mesozoic-Cenozoic.

Fig. 11 Structural map based on the interpretation of the BLACKSIS profiles, illustrating the three distinct
tectonic events identified in the area studied (Rangin et al. 2002)
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Bektaş Ö, Ravat D, Büyüksaraç A, Bilim F, Ateş A (2007) Regional geothermal characterization of East
Anatolia from aeromagnetic, heat flow and gravity data. Pure Appl Geophys 164:975–998

Bhattacharyya BK (1966) Continuous spectrum of the total magnetic data due to a rectangular prismatic
body. Geophysics 31:97–121

Bhattacharyya BK, Leu LK (1975) Spectral analysis of gravity and magnetic anomalies due to two-
dimensional structures. Geophysics 40:993–1013

Bhattacharyya BK, Leu LK (1977) Spectral analysis of gravity and magnetic anomalies due to rectangular
prismatic bodies. Geophysics 42:41–50

Bilim F (2007) Investigations into the tectonic lineaments and thermal structure of Kutahya–Denizli region,
western Anatolia, from using aeromagnetic, gravity and seismological data. Phys Earth Planet Interiors
165:135–146

Birch F, Roy RF, Decker ER (1968) Heat flow and thermal history in New England and New York. In: Zen
E, White WS, Hadley JB, Thompson JB Jr (eds) Studies of appalachian geology: northern and mar-
itime. Interscience, New York, pp 437–451

Bozkurt E (2001) Neotectonics of Turkey–a synthesis. Geodinamica Acta 14:3–30
Cermak V, Bodri L (1986) Tow-dimensional temperature modeling along five east-European geotraverses.

J Geodyn 5:133–163
Cermak V, Rybach L (1989) Vertical distribution of heat production in the continental crust. Tectonophysics

159:217–230
Cermak V, Bodri L, Rybach L (1991) Radioactive heat production in the continental crust and its depth

dependence. In: Cermak V, Rybach L (eds) Terrestrial heat flow and the lithosphere structure.
Springer, New York, pp 23–69
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Rangin C, Bader AG, Pascal G, Ecevitoğlu B, Görür N (2002) Deep structure of the Mid Black Sea High
(offshore Turkey) imaged by multi-channel seismic survey (BLACKSIS cruise). Mar Geol
182:265–278

Rao RUM, Verma RK, Gupta ML (1970) Heat flow at Dam and Mohapani, Satpura Gondwana basin India.
Earth Planet Sci Lett 7:406–412

Rimi A (1999) Mantle heat flow and geotherms for the main geologic domains in Morocco. Int J Earth Sci
88:458–466

Rivero L, Pinto V, Casas A (2002) Moho depth structure of the eastern part of the Pyrenean belt derived
from gravity data. J Geodyn 33:315–332

Sarıbudak M (1989) New results and a paleomagnetic overview of the Pontides in Northern Turkey.
Geophys J Int 99:521–531
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