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The Cameli Basin and its surroundings are located in southwestern Anatolia,
Türkiye, and are one of the tectonically active regions in western Türkiye. The
Curie point depth of continental crust can help us to determine the regional
tectonic and geothermal structures. The aeromagnetic magnetic data of the
study region were used to determine the Curie Point Depth estimates. The
fractal-based centroid method is used for this purpose. The fractal approach
removes the effect of fractal magnetization in the power spectrum. The depth
to the bottom of the deepest magnetic sources in the study region ranges
between 6.9 and 14.05. The estimated thermal gradient varies from 41.28°C/km
to 89.23°C/km and the average value is 58.59°C/km (580°C for magnetite).
The distributions of earthquakes are compatible with NW-SE trending estimated
Curie depth anomalies. Interpretation indicates that the depth to the Curie
isotherm is considerably shallower than the Moho depth.

KEYWORDS

South Western Türkiye, magnetic anomaly, Curie point depth, geothermal gradient,
earthquake

1 Introduction

The magnetic method is very for understanding the thermal characteristics of a
subsurface structure and geothermal information by analyses of magnetic data using
the power spectral method. The Curie temperature, geothermal gradient, and heat flow
can be associated with crustal thermal structure. The depth extent of crustal sources
corresponds to the Curie temperature where magnetic rocks lose their spontaneous
magnetization (e.g.; ∼580°C for magnetite). The well-known method for determining the
Curie Point Depth from magnetic data is the centroid method developed by Okubo et al.
(1985). This method depends on analyzing the shape of the radial power spectrum
calculated from the magnetic data in the Fourier domain (Spector and Grant, 1970;
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FIGURE 1
(A) Tectonic map of Türkiye (simplified from Över et al., 2023). (B) Geological map of the study area (simplified from Özkaptan et al., 2018).

Connard et al., 1983; Okubo et al., 1985).
The study area is situated in southwestern Türkiye (Figure 1A).

Western Türkiye includes the most important geothermal region
(e.g.; the Menderes Massif). Despite several tectonic and geologic
research over the last four decades in western Türkiye (Sengor and
Yilmaz, 1981; Bozkurt and Park, 1994; Hetzel et al., 1995; Bozkurt
and Oberhansli, 2001; Bozkurt and Sozbilir, 2001; Gokten et al.,
2001; Bozkurt, 2004; Seyitoglu et al., 2004; Alcicek et al., 2005;
Alcicek et al., 2006; Westaway, 2006; Dilek and Altunkaynak,
2007; Oner and Dilek, 2013; Elitez et al., 2016; Roche et al., 2018;
Schmid et al., 2020), there are a few geophysical studies based on
the gravity/magnetic methods especially in the south of western and
central Türkiye (Ates et al., 1997; Ates et al., 1999; Ates et al., 2005;
Dolmaz et al., 2005; Dolmaz, 2007; Bilim et al., 2016; Aydemir et al.,
2019; Erbek and Dolmaz, 2019; Pamukcu et al., 2019). Despite that,
there are very limited geothermal studies based on the spectral
analysis of magnetic data in southwestern Türkiye. Aydin et al.
(2005) estimated the CPD of the whole of Türkiye from spectral
analysis of aeromagnetic data without applied to any process (such
as filter or/and the RTP process). They found that the CPD values
were between 6 and 10 km in the Western Anatolia. Dolmaz et al.
(2005) determined the CPD for Western Anatolia ranging between
8.2 and 19.9 km by using the spectral analysis of the RTP anomalies
of aeromagnetic data and selected the fixed window range as 90 km.
Bilim et al. (2016) determined the CPD values of the Aegean
region and the Menderes Massif by using the centroid method
(Okubo et al., 1985) (the constant window range as 70 km). They
suggested that the CPD values are shallower than the Moho depth
in the Menderes Massif and the Aegean region. Recently, Erbek
and Dolmaz, (2019) estimated the CPD and heat flow values of
the aeromagnetic data of the southeastern Aegean Sea using the

centroid method (Okubo et al., 1985) (the constant window range
as 90 km). They calculated as 100–120 mWm-2 for Denizli city and
its surrounding area.

In this article, the crustal structures of the Cameli Basin and its
surroundings are determined by the Curie point depth (CPD) (i.e.;
the base of the magnetized layer within the crust) for the first time
using the fractal-based centroid method (Fedi et al., 1997; Li et al.,
2009) applied to the RTP magnetic anomalies. An article on a
similar topic in the same geographical region was recently published
by Akar and Bilim, (2022). Different methods (such as RTP and
analytical signal) were used in the study of determining the crustal
structure under the Cameli Basin (SW Türkiye) using aeromagnetic
data. The area they examine is narrower. In this article, geothermal
research was conducted in a wider area using the fractal-based
centroid method.

Anatolia is under the influence of tectonic elements such as the
right-lateral strike-slip North Anatolian Fault Zone (NAFZ), the
left-lateral slip-slip Eastern Anatolian Fault Zone (EAFZ), and the
Aegean graben system. The Anatolian plate is moving westwards
along the NAFZ from the north, due to the north-northwest
movement of the African plate from the south and the opening
regime of the Red Sea, and the Arabian plate moving towards the
north. However, the African plate is diving under the Anatolian
plate in the Mediterranean. Thus is formed the Hellenic-Cyprus arc
(Sengor et al., 1984).

Southwestern Türkiye is characterized by a complex neotectonic
deformation that results from the West Anatolian externational
processes associated with Anatolian extrusion and those related
to the eastern Hellenic roll-back (Sengor and Yilmaz, 1981).
Subduction zone roll-back has resulted in a series of sinistral strike-
slip zones that penetrate into SW Türkiye, where the fault zones
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FIGURE 2
Residual aeromagnetic anomaly map of the study area.

are represented by many sub-parallel fault segments called Fethiye-
Burdur Fault Zone (FBFZ) (Teen Veen et al., 2009).

The FBFZ is a transtensional left-lateral shear zone 75–90 km
wide and 300 km long (Elitez et al., 2016). Elitez et al. (2016)
determined that themiddle section of the zone consists of an ancient
basin fill including the middle Miocene to lower Pliocene sequence,
accumulated in fluvial and lacustrine environments and deformed
by left-lateral transtensional shearing. On the other hand, some
researchers mention that the FBFZ is the on-land continuation of
Pliny-Strabo fault system that is thought to be a strike-slip zone
(Over et al., 2010; Over et al., 2010) suggested that the FBFZ is
characterized by late Miocene-Quaternary NE-SW trending faults
and basins (e.g.,; Cameli, Burdur, andAcigol Basins). Cameli Basin is
located on the NE-SW oriented BFFZ, in this region where tectonic
activity is quite intense in southwestern Anatolia (Yaltırak et al.,
2010).

The tectonic development, tectonostratigraphic evolution,
and geology of the Cameli Basin have been studied in detail
by some researchers (Alcicek et al., 2005; Alcicek et al., 2006;
Teen Veen et al., 2009). Alcicek et al. (2006) proposed that in the
Cameli Basin, the youngest deformation is characterized by dextral
shear along NE-SW-trending strike-slipe faults in combination with
continuing NW-SE extension. Alcicek et al. (2005) said that the

Cameli Basin was fully terrestrial and hosted lacustrine, fluvial,
and alluvial-fan depositional systems including river deltas and fan
deltas of both shoal-water and Gilbert type.

The surface of the study area is mostly covered by younger
sediments (Figure 1B). The Lycian Nappes and ophiolitic units
are outcrops found around the center and south of the study
area. The basement unit of the Cameli Basin consists of the
Lycian allochthon units (Alcicek et al., 2005). The Lycian Nappes
consist of Palaeozoic rocks, Mesozoic volcanic rocks, Mesozoic
sedimentary rocks, Mesozoic limestone, Cretaceous ophiolitic
melange, Cretaceous flysch, and Palaeogene sedimentary rocks
(Elitez et al., 2016).

The rocks of Menderes Massif are exposed on the north-western
side of the study area (Figure 1B). The south of Menderes Massif
located on the eastern margin of the Aegean region is bordered by
the Lycian nappes (Alcicek et al., 2005).

2 Materials and methods

The fractal approach removes the effect of fractal magnetization
from the observed power spectrum and estimates the upper
depth and lower depth parameters of the magnetized layer

Frontiers in Earth Science 03 frontiersin.org

https://doi.org/10.3389/feart.2024.1369742
https://https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Akar 10.3389/feart.2024.1369742

FIGURE 3
The RTP anomalies were applied to the residual aeromagnetic anomaly data.

using iterative forward modeling of the power spectrum
(Pilkington and Todoeschuck, 1993a). The advantages of this
method are that the range of applicable fractal parameters
can be estimated and the depth of magnetic field sources or
anomalies to the base can be obtained based on simultaneous
estimation of depth values from the center of gravity method
and visual inspection of the forward modeling of the spectral
peak (Khojamli et al., 2017). The ability to determine the fractal
parameter range is considered an advantage of the fractal method.
Additionally, this method can be used to simultaneously estimate
the depth to the base of magnetic sources through forward
modeling of the centroid method and the spectral peak method
(Shirani et al., 2020).

The Curie-temperature isotherm corresponds to the basal
surface of the magnetic crust and can be calculated from the lowest
wavenumbers of magnetic anomalies (Ross et al., 2006; Nabi, 2012;
Bilim et al., 2016). The centroid method developed by (1) is one
of the most popular methods to infer the depth of CPD. The
centroidmethod is generally based on the (Spector andGrant, 1970)
method that uses the power spectra of magnetic anomalies created
by ensembles of rectangular vertical magnetic prisms related to
geological structures. The slopes of logarithms of Fourier spectra
of magnetic data are related to the depth to the top of the
magnetic sources.

The azimuthally averaged power spectrum is

φ(|k|) = Ae−2|k|zt(1− e−2|k|(zb−zt))2 (1)

Where A is a constant; k is the wavenumber; and zt and zb
are the top and bottom depths of the magnetic source, respectively
(Bhattacharyya and Leu, 1975; Okubo et al., 1985). φ(|k|) is the
radially averaged power spectra of the magnetic anomalies. By
taking the logarithm of both sides of Eq. 1, it is obtained

ln φ(|k|) = ln A− 2|k|zt + 2 ln(1− e
−|k|(zb−zt)) (2)

For wavelengths less than about twice the thickness of the layer,
Eq. 2 can be written as

ln(φ(|k|)1/2) = ln B− |k|zt (3)

The slope of the medium-high wavenumber portion of the
power spectra shows the top of the magnetic source (zt). By setting
z0 = (zt+zb)/2, which is the centroid depth of the magnetic source,
Eq. 1 can be rewritten as

φ(|k|)1/2 = Ce−|k|z0(e−|k|(zt−z0) − e−|k|(zb−z0)) (4)

At long wavelengths, Eq. 4 can be written as follows

φ(|k|)1/2 = Ce−|k|z0(e−|k|(−d) − e−|k|d) ≈ Ce−|k|z0 .(2|k|d),

ln(φ(|k|)1/2/|k|) = ln D− |k|z0 (5)
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FIGURE 4
Spectral analysis results of Blocks 1–8. The depths (z0 and zt) are estimated from the fractal-based centroid method from the RTP data.

where C and D are constant 2d is the thickness of the magnetic
layer and z0 is the centroid depth of the magnetic source (Okubo
 et al., 1985).

The power spectra may include a fractional noise (Berry et al.,
1980; Turcotte and Schubert, 1982; Fedi et al., 1997) that causes an
overestimation of the depth value. Therefore, the power spectra are
proportional to the frequency raised to a scaling exponent (-β),
which is related to the fractal dimension (Fedi et al., 1997; Li et al.,
2009). The corrected Eq. 3 and 5 can be rewritten as

ln(|k|(β−1)/2φ(|k|)) ≈ ln B− |k|zt (6)

and

ln(|k|(β−1)/2φ(|k|)/|k|) ≈ ln D− |k|z0 (7)

Where β is the fractal scaling parameter of magnetization. The
Curie point depth (zb) is estimated from

zb = 2z0 − zt (8)

Thermal gradient values can be estimated using a simple
equation, gradT=580°C/zb (Okubo et al., 1985). The Curie
temperature of pure magnetite is assumed as 580°C for the
calculation of the above-mentioned gradients.

2.1 Magnetic data

The aeromagnetic data of the study region were obtained from
the General Directory of Mineral Exploration and Research (MTA)
of Türkiye (CUBAP Project: M567). The flight line of the aircraft
is 600 m from the ground surface. International Geomagnetic
Reference Field (IGRF) was removed from the original data using
a computer program supplied by Baldwin and Langel, (1993).
The image map of the resulting aeromagnetic anomalies after
the removal of the IGRF is shown in Figure 2. Reduction to
the pole transformed (RTP) (Blakely Richard, 1996) was applied
to the residual aeromagnetic anomalies of the study region
(Figure 3). Distortions occur due to the Earth’s magnetic field
and magnetization. This makes the interpretation of aeromagnetic
anomalies difficult. The RTP method is used to eliminate magnetic
anomaly distortions (Ates et al., 2012).

Generally, anomalies are in harmony with surface geology.
Young sedimentary units of the Cameli Basin show negative
magnetic anomalies (−150 nT). The high elliptical-shaped magnetic
anomalies in the northwest of the Cameli Basin are mainly
related to the basement rocks that are composed of Lycian nappes
outcropped from the faults bounding the Cameli Basin. High
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FIGURE 5
Spectral analysis results of Blocks 9–14. The depths (z0 and zt) are estimated from the fractal-based centroid method from the RTP data.

magnetic anomalies are represented by volcanic rocks and fault
zones. The volcanic outflow in Figure 3 is thought to be associated
with earthquakes.

3 Results and discussion

TheCurie-point depths (also known asmagnetic bottom) values
and geothermal gradient play an important role in the determination
of the thermal characteristics of a region. These physical values
are important for locating areas that contain a high geothermal
potential. In this study, the CPD of the Cameli Basin was estimated
using the de-fractal spectral analysis method from magnetic data.
For this purpose, the RTP process is firstly applied to total magnetic

data (Figure 2) in the Fourier domain that retrieves data as they
would be observed at the geomagnetic north pole, simplifying their
shape and repositioning them above the causative bodies (Figure 3).
The RTP converts the symmetry of the anomaly into a symmetric
shape. The declination and inclination angles of Earth’s magnetic
field were taken as 4ºE and 55ºN, respectively in the RTP processes.
Second, the magnetic anomaly map reduced to the RTP (Figure 3)
was divided into 14 overlapping blocks having the moving windows
selected with different window sizes between 50 km and 150 km.
According to Blakely Richard, (1996) the block size of the grid for
spectral analysis should be at least 5–6 times the expected magnetic
depth.TheminimumCurie depthwas determined as about 8–10 km
for western Anatolia (Dolmaz et al., 2005). Therefore, in this study,
the lower and upper limits of window sizes were taken as 50 km and
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TABLE 1 Curie point depths (CPD) and thermal gradient (grad T) values for each block in the study area.

Block Number Depth to Centroid
(z0) km

Depth to Top (zt) km Curie point Depth
(zb)km

Geothermal
Gradient (°C/km)

Block 1 10.33 2.93 14.05 ± 0.93 41.28

Block 2 7.21 2.46 11.96 ± 0.36 48.50

Block 3 4.16 1.42 6.90 ± 0.98 84.05

Block 4 10.88 4.17 13.71 ± 0.83 42.30

Block 5 7.98 2.24 13.72 ± 0.84 42.27

Block 6 6.40 2.58 10.22 ± 0.09 56.75

Block 7 5.60 2.50 8.70 ± 0.49 66.66

Block 8 5.65 1.10 10.20 ± 0.09 56.86

Block 9 6.63 1.64 11.62 ± 0.28 49.91

Block 10 8.80 4.17 13.43 ± 0.76 43.18

Block 11 4.64 1.50 7.78 ± 0.74 74.55

Block 12 6.50 1.65 1.35 ± 0.20 51.10

Block 13 4.86 1.88 7.84 ± 0.72 73.97

Block 14 4.18 1.86 6.50 ± 1.08 89.23

150 km, respectively.Third, the radially averaged power spectrum in
the Fourier domain is calculated for each block using Equations (6)
and (7) after the fractal corrections (β). The top (zt) and centroid
depths (z0) of the magnetic sources are estimated from Eqs (6) and
(7), respectively. Pilkington and Todoeschuck, (1993b) proposed
a constant fractal exponent (β) of 2.08–2.72 for igneous rocks.
Fedi et al. (1997) applied the centroid method assuming a constant
fractal exponent as 3. We also selected the fractal scaling parameter
as β =3 in Eqs (6) and (7). The radially averaged power spectrum
graphs of the power spectral density against wavenumbers were
produced for each block. To obtain the depths to the top and
centroid of the magnetic layer, the least-square method was used by
fitting certain parts of the power spectrum graph with high and low
wavenumbers. At very longwavelengths, the hyperbolic sinc tends to
unite, leaving a single term of the centroid, z0 (Okubo et al., 1985).
The depths to the top, zt , were estimated through the slope of the
high-wavenumber part of the logarithm of the spectrum (Figures 4,
5). Finally, the CPD values (zb) of all blocks were estimated by
the centroid method with fractal magnetization using zb = 2z0-zt
(Eq. (8)) for the first time in this study (Table 1).

Figure 6 shows the Curie depth distribution in the study area.
The Curie point depths of the study area range between about
7 and 14 km (Table 1). The deeper depth values are located at
the Cameli Basin and vary from 11 to 14 km. The deepest Curie
anomalies display the NW-SE trending elliptical contour closure,
where covered with mainly the basin’s youngest deposits. The
deposits were generated by the FBFZ bounding the NE-SW Cameli
Basin (Elitez and Yaltirak, 2016). The deepest Curie values correlate

well with large sedimentary units in the study area. It can be
suggested fromestimated zt values that the sediment thickness varies
between 1.14 km and 4.17 km (Table 1).

In addition, it is assumed that the magnetic layer is below
the sedimentary layer in the Cameli Basin. The distribution of
the earthquakes is densely accumulated in the two regions: 1) the
west of Cameli district, and 2) the north of the study area, around
Denizli town (Figure 6, filled with black circles).The distributions of
earthquakes are more compatible with NW-SE trending estimated
Curie depth anomalies (Figure 6). Additionally, Figure 7A) shows
the CPD and all earthquake focal depths in the west-east direction
A-A′ section drawn in Figure 6. Figure 7B), shows the CPD and
all earthquake focal depths in the South-North direction B-B′

section drawn in Figure 6. The crustal thickness (Moho depth)
varies between 25 and 34 km in western Türkiye (Saunders et al.,
1998) and according to Ates et al. (2012), the crustal thickness of
our study area varies between 30 km and 35 km. The calculated
Curie depths lie above the Moho in the study region. It is proposed
that magnetic bodies caused by magnetic anomalies could have
emplaced in the upper crust during the NW-SE extension of Cameli
Basin. Akar and Bilim, (2022) determined two distinct states of
stress characterized by nearly orthogonal NW-SE and NE-SW σ3
axis in the Cameli Basin by using the fault kinematic analysis
and inversion of the focal mechanism of shallow earthquakes.
They also proposed that the NW-SE extension is attributed to the
subduction process along the Cyrus arc.The Anatolian Plate and the
Arabian Front thin from north (∼44 km) to south (∼36 km), which
means a shallow Curie point depth (12–16 km) (Elitok and Dolmaz,
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FIGURE 6
Estimated Curie Point Depth (CPD) map from the residual aeromagnetic anomalies of the study area. Contour interval: 1 km. (+) sign shows the centers
of the blocks. Circles show epicenters of earthquakes with M ≥ 3.0 between 2010 and 2022 occurred in the study region.

2008). Pamukçu et al. (2014) found that shallow Curie point depths
(∼12 km), high heat flow values (∼80 mW/m2), and thin crust in the
north and northwest of the Bitlis-Zagros Suture Zone are associated
with volcanic and geothermal areas. Researchers such as (Li et al.,
2019; Abdullahi and Kumar, 2020; Ma et al., 2023; Yaro et al., 2023)
also used this fractal method in determining the Curie depth to
reveal the thermal structure.

Three significant shallow thermal anomalies (7–8 km Curie
depth) are determined from the fractal-Curie depth map (Figure 6).
One of the areas is located around Denizli town on the northern
border of the study area. This area is located at the Menderes
Massif. Dolmaz et al. (2005) found Curie depths of 12 km. Our
estimated CPD values and map are different from the results of
(22) in the Denizli area. One reason for the difference is that (22)
applied the method of (1) for large regional areas without using the
scaling properties of the source distributions. However, our results
are well correlated with the study of (Bilim, 2007) determined the
shallow contour closure in the CPD map (<9 km) for the Denizli
area despite not using the fractal method. The Denizli area is the

highest geothermal system in western Anatolia (the well reservoir
temperature = >200°C, Haklidir and Haklidir, (2020).

Our results are also well correlated with the study of Ilkisik,
(1995). He determined the heat flow of 170–193 mWm-2 from
silica temperature measures of thermal springs in the north of
Denizli. However, these thermal springs could not be shown on
the map as they coincide with the northern border of the study
area (Dolmaz et al., 2005) produced by the heat-flow contour map
of western Anatolia from magnetic data. Their heat flow values
for the Cameli basin and its surroundings range from 60 mWm-2

to 100 mWm-2. Heat flow contours decrease from northwest to
southeast and are inversely related to estimated curie values
(Figure 6). The heat flow values can correlate with tectonism in
continents. Continental extension and tectonically active regions
such as western Anatolia display high heat flow values.

The shallow Curie depths area also shows higher heat flow
values. The other two shallowest curie anomalies determined in this
study are located southeast of Koycegiz (the lower left corner of the
study area) and west of Karamanli (Figure 6). Both areas exhibit
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FIGURE 7
(A) The CPD and all earthquake focal depths in the west-east direction A-A′ section drawn in Figure 6. (B) The CPD and all earthquake focal depths in
the South-North direction B-B′ section are drawn on it. Here, CU: Cover units, PU: Paleogeneunits, OU: Ophiolitic Units, LN: Lycian nappes, MCC:
Menderes core complex represent.

approximately circular contour closures and can be associated with
mainly ophiolitic units of Lycian nappes. These two shallow Curie
anomalies could not be seen in the Curie depth map (Dolmaz et al.,
2005). The study area of (29) did not include the Cameli Basin
and its south.

The thermal structure also constitutes a high thermal gradient
and many researchers used 580°C for determining the geothermal
gradient values from the CPD. The geothermal gradient map of
the study region (Table 1; Figure 8) was produced from grad T=
580°C/zb (Okubo et al., 1985).

The obtained results also show the geothermal gradient is
between 41ºC and 89.23°C km-1 in the study area (Table 1; Figure 8).
These values are higher than a typical geothermal gradient of ∼25°C
km-1 in continental crust (Lowell and Rona, 2005).

According to (Büyüksaraç, 2005), magnetic anomalies
are generally seen in two different shapes: elliptical and
circular. Of these, circular anomalies indicate volcanic outflows,
while elliptical anomalies indicate structural changes. High
and positive magnetic anomalies in Figures 2, 3 indicate
areas with high magnetization. In this study, high magnetic
anomalies are thought to be associated with volcanic rocks,

and fault zones and represent the Lycian Nappes and especially
mountainous areas.

The influence of the Helen-Cyprus arc in the region where the
earthquakes occurred [the distribution of earthquakes is in the form
of an arc (Figure 9)] and the coherence of the magnetic anomalies is
clearly observed. The effects of various discontinuities in the study
area are also seen as elliptical magnetic masses in Figure 3.

Figure 9B, which includes earthquakes larger than 2 that
occurred between 2004 and 2020 in the south of the study area,
and Figure 7A,B show deep-focus earthquakes. An interesting
phenomenon that first attracted the attention of researchers such
as (Akar et al., 2022) is the presence of deep-focus earthquakes
with a depth of more than 60 km in this region. Accordingly,
some earthquake focus was thought to be located in the Upper
Mantle. This indicates that there is a difference between the tectonic
character of this region and other regions (Ergin, 1966). It is
also noteworthy that the earthquake intensity is at shallow Curie
point depths.

Over et al. (2010) suggested that the influence of theHellenic arc
is dominant in the west of southwestern Türkiye and the influence
of the Cyprus arc is dominant in the east of southwestern Türkiye.
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FIGURE 8
Geothermal gradient (580°C/km) map of the study area calculated from the Curie Point Depths (CPD). Contour interval: 5°C/km.

They stated that the Cameli Basin was stretched NW-SSE in the
Late Miocene under the influence of the Cyprus Arc and then
shifted to an NE-SW stress system under the influence of the
Hellenic Arc.

The counterclockwise (N-SSE) motion of the Anatolian-Aegean
region ranges from 20 mm/yr in central Anatolia to 30 mm/yr near
the Hellenic trench (Reilinger et al., 2010). The western extension
zone of the Anatolian plate is deformed by the opening of the arc
behind the Hellenic and Cyprus arcs (Bozkurt, 2001).

The Helen-Cyprus arc is defined as a left-lateral strike-slip fault
with a reverse fault component extending from the south of Crete
and the island of Rhodes to the south of Türkiye towards the Gulf of
Fethiye (Demirtaş, 2018).

Figure 9 shows that the Helen arc is clearly visible both in the
surface distribution of earthquakes (between the blue lines) and in
the depth distribution. In other words, due to this subduction zone
causing the Helen arc, earthquakes can occur at depths of more than
60 km in the region. Therefore, deep focussed earthquakes are also
observed in this region.

There aremany faults that produce earthquakes in the study area.
There is the Cameli basin, which was formed under the influence

of the north-south direction extensional regime. There are normal
faults such as the Dirmil Fault in the southeast of this basin and
the Bozdağ Fault in the northwest (Alcicek et al., 2005; Alcicek
 et al., 2006).

Some of the most active and important faults in the region
are located in the fault zone extending in the NE-SW direction
between Burdur and the Mediterranean. The NE-SW trending
Fethiye-Burdur Fault Zone, located in the northeast of the Cameli
basin, constitutes the main fault zone in the region. Babadağ Fault,
Honaz Fault, Kaleköy Fault, Karakova Fault and Pamukkale Fault
extending between Honaz-Pamukkale-Karahayıt, fault extending
between Honaz-Kaleköy and Özerlik-Sarayköy passing in the near
NE of the Denizli basin; the faults extending between Honaz
and Karakova constitute other important faults in the study area
(Çubuk, 2010).

Earthquakes occur in wide zones where continents collide and
indicate that the deformations there are complex (Alptekin, 1973).
Earthquakes in Southwest Anatolia are related to the westward
movement of the Aegean-Anatolian block as well as the subduction
zone (Dewey and Sengör, 1979) as in the section shown as a blue arc
in Figure 9.
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FIGURE 9
(A) Map of epicenters of earthquakes with Ml ≥ 2.0 between 2004 and 2020 occurred in the study region. Modified from Akar et al. (2022). (B) Map of
epicenters of earthquakes with Ml ≥ 2.0 between 2004 and 2020 occurred in the study region. Modified from Akar et al. (2022).

According to (Elitez et al., 2016), GPS speeds and focal
mechanisms of earthquakes show that there is no single transform
fault along the Burdur-Fethiye region. According to (Koçyigit,
1984) the block faults active in Southwest Anatolia developed as
normal faults intersecting each other in different directions. These
fractures are faults with different directions but formed in the
same period. As a matter of fact, in the magnetic anomaly map
obtained by this study (Figure 3), elliptical magnetic anomalies
representing these NESW, NW-SE, E-W, and N-S oriented faults
are observed.

When the geological map, magnetic anomalies, and heat
flow map are evaluated together, it is seen that the area where
Jurassic Cretaceous ophiolites, known as the Lycian Nappes,
are located, gives high magnetic anomalies. Heat flow values
were also low in areas where earthquakes were intense. The
deepest Curie values correlate well with large sedimentary
units in the study area. It can be suggested from estimated zt
values that the sediment thickness varies between 1.14 km and
4.17 km (Table 1).

4 Conclusion

In this study, the fractal-based centroid method in the
wavenumber domain with the variable windows sizes (50–150 km)
applied to the RTP anomalies of the magnetic data is used for the
first time to determine the Curie point depths of the Cameli Basin
and its surrounding area.TheCPDs vary from about 6.9 to 14.05 km
and the average CPD is 10.57 km in the study area. The CDP values
are commonly associated with the type of basement (igneous and/or
metamorphic) and volcanic rocks. It can be suggested from the
CPD map that minimum circular contour closure in the east of
Karamanlimay include a high ormediumgeothermal potential area.
The thermal gradientmap of the study region shows that the thermal
gradient varies from 41.28°C/km to 89.23°C/km and the average
value is 58.59°C/km. The variation of earthquakes is generally
concentrated in the south of Denizli and the west of Cameli. In the
study area, the shallow Curie depths andmoderate/small magnitude
earthquakes are observed and may be associated with the active
fault zones. In addition, the areas between lower and higher Curie
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depths can be separated by the main faults in the study region. It is
suggested that the depth of the magnetic basement can be located at
the upper crust.

It is known that earthquakes occur at depths ofmore than 60 km
in this region. If we associate this situation with the moho depth, the
moho depth progresses much deeper in this region due to the effect
of subduction. It can be said that the depth of the Curie isotherm is
significantly shallower than the Moho depth. In this study, it was
determined that the geothermal gradient was low in the regions
where earthquakes were most intense. Considering the thermal
structures obtained with aeromagnetic data, the earthquakes that
have occurred, and the tectonism of the region, it is thought that
the Curie depth (6.9–14.05 km) is not related to the depth to the
deep asthenosphere and that mostly thermal structures are related
to faults in the region or to the shallow asthenosphere depth where
the continental crust is thin.
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