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Abstract: The Çameli basin is situated at the southwestern Anatolia (Turkey), where is tectonically a very active 
region. The reduction to the pole (RTP), the upward continuation and the analytic signal (AS) methods were used in 
this study to determine the tectonic lineaments/bodies caused magnetic anomaly beneath the Çameli basin. The results 
show that the deep-seated magnetic bodies (at least 5 km deep) are possibly emplaced in the upper crust along the NE-
SW trending faults. The AS map indicates that many of the causative sources appear elliptical shaped in the study.  
 
Keywords: The Çameli Basin, Magnetic Anomaly, the Reduction to Pole (RTP), the Upward Continuation, the 
Analytic Signal (AS). 
 

 
Çameli Havzası altındaki kabuksal yapıların havadan manyetik veri 

kullanılarak saptanması 
 
Özet: Çameli havzası, tektonik olarak oldukça aktif olan Güneybatı Anadolu’da (Türkiye) yer almaktadır. Bu 
çalışmada Çameli havzasının altındaki manyetik anomaliye neden olan tektonik hatları belirleyebilmek için, Kutba 
indirgeme (RTP), yukarı uzanım ve analitik sinyal (AS) yöntemleri kullanılmıştır. Elde edilen sonuçlara göre, derin 
kaynaklı manyetik yapıların (en az 5 km) muhtemelen KD-GB yönelimli faylar boyunca üst kabuğa yerleşmiş 
olabileceği belirlenmiştir. AS haritası ise çalışma alanında anomali oluşturan kaynakların eliptik şekilli olduğunu 
belirtmektedir.  
 
Anahtar Kelimeler: Çameli Havzası, Manyetik Anomali, Kutba İndirgeme, Yukarı Uzanım, Analitik Sinyal. 
 
Reference to this paper should be made as follows: (bu makaleye aşağıdaki şekilde atıfta bulunulmalı):  
Funda Bilim, Fahriye Akar, ‘Determination of crustal structure beneath the Çameli Basin (SW Turkey) using an 
aeromagnetic data’, Elec Lett Sci Eng, vol. 18(2), (2022), 31-40. 
 
 
1. INTRODUCTION and GEOLOGICAL SETTING  
 
The Southeast of Western Turkey characterized by mainly extensional the Çameli basin on 
basement rocks (Fig. 1). The south of western Turkey exhibits complex tectonic events such as 
subduction of oceanic lithosphere, a N-S extension and continental escape (e.g., [1]). There are 
mainly three models to explain the neotectonic extension in western Anatolia: 1) Tectonic escape 
model: According to this model, the N-S tectonic crustal extension was caused by the westward 
tectonic escape of the Anatolia since the Late Serravalian [2] [3] [4]. 2) Back-arc spreading model: 
Le Pichon and Angelier [5] suggested that the extension is caused by back-arc spreading 
accompanied by roll-back of the Mediterranean subducted slab along the Hellenic arc since the 
late Serravalian and along the Cyprus arc. 3) Orogenic collapse model: This model proposed that 
the cause of the crustal extension is over thickening of crust along the İzmir-Ankara-Erzincan 
Neotethyan suture during late Oligocene-Early Miocene time [6] [7]. Över et al. [1] suggested that 
as the effect of the Hellenic arc was dominant in the west of SW Turkey, the Cyprus arc was 
dominant in the east of SW Turkey.  
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Figure 1. Tectonic map of western Turkey ([8] [9]). 
 
 
Ten Veen et al. [10] proposed that the Çameli basin is characterized by varied from N-S to NNE-
SSW trending oblique-slip normal faults resulted from E-W extension of western Anatolia (Fig. 
2). The deposits of the basin are terrestrial and represent river, alluvial-fan, fan-deltaic and 
lacustrine settings [11]. The study area is covered mainly by young sediments, ophiolitic rocks and 
Lycian nappes (Fig. 2). The Lycian nappe forms the basement of the Çameli basin and consists of 
the Lycian thrust sheets, the Lycian melange unit and the Lycian ophiolites [12].  
 
There are some geophysical investigation in western Anatolia covering the Çameli basin in 
literature [9], [13], [14]. Över et al. [9] suggested that the formation of Çameli basin is due to the 
NW-SE extension during Mio-Pliocene time using by the inversion of earthquake focal 
mechanism. Ates et al. [13] carried out re-evalution of both gravity and aeromagnetic data of 
Turkey. They proposed that the magnetic anomalies in the SW Turkey are weakly magnetic and  
deep origin. Paradisopoulou et al. [14] calculated the Coulomb stress changes from both the 
coseismic slip in large earthquakes and the slow tectonic stres buildup along the major fault 
segment in western Anatolia.  
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Figure 2. Geology of the Çameli Basin ([15], [16], [17]). 

 
 
Akar ve Özel [18] created a 2D gravity model of the Çameli basin and applied the Analytic signal 
(AS) to the total magnetic data without applying the reduction to the Pole process (RTP). The 
purpose of this study, the determination of buried a bodies/crustal structures and boundaries of the 
basin caused the magnetic anomaly under the study region. The RTP, upward continuation and the 
AS method were applied the reziduel total aeromagnetic data and we provide new results. 
 
2. METHOD 
 
2.1. Reduction to the Pole 
 
A shape and location of magnetic anomaly are affected from the geomagnetic field and remanent 
magnetization of rocks. The dipolar properties of the geomagnetic field vary with respect to the 
any latitude and longitude. Anomalies are observed as asymmetric shape and do not appear on 
their sources. For a solution of this problem, reduction to the pole method (RTP) [19] [20] is 
applied to the magnetic anomaly data in frequency domain. The RTP anomalies act like that the 
magnetic field would be measured at the north magnetic pole, where induced magnetization and 
ambient field both would be directed vertically down [21]. The RTP process is given as, 
 
 
F(ΔTr)= F[ψr] F(ΔT) [21].                       (1) 
 
Where F(ΔTr) is the Fourier transform of the RTP of a magnetic field, F(ΔT) is the Fourier 
transform of the magnetic field. Inverse Fourier transform of this function is the RTP of the 
anomaly and 
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The dipole moment (

m ) = ( zyx mmm ˆ,ˆ,ˆ ); the ambient field (


f ) =  zyx fff ˆ,ˆ,ˆ .  

 
2.2. Upward continuation 
 
Upward or downward continuation process has been applied for many years to determine the 
magnetic anomaly of subsurface geological bodies at measured on any surface [22]. Upward 
continuation reduces short wavelength anomalies from data. Data are smoothed in this process. 
Upward continuation equation is given by Blakely [21], 
 
F(ΔTu)= F[ψu] F(ΔT)                            (3) 
 
Where F(ΔTu) is the Fourier transform of the upward continued field. 
 

F[ψu]=e kz , .0z  
 
Where 2k  is the wavenumber,  =the full wavelength, z= the continuation level. The 

negative sign in the exponent shows upward continuation (away from the sources of the field).  
 
 
2.3. Analytic signal 
 
The Analytic Signal (AS) process is one of the most popular methods in order to determine the 
location of the causative bodies, edge detection of subsurface tectonic lineaments caused magnetic 
anomaly,  

The AS can be given as the sum of the vertical and horizontal gradients of the magnetic anomaly 
in 3D by: 
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Here, i, j and k are unit vectors in the x, y and z directions, respectively [23]. 
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The amplitude of the AS can be given as follows; 
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3. ANALYSIS and DISCUSSION 
 
The aeromagnetic data were obtained from the General Directory of Mineral Exploration and 
Research (MTA) of Turkey (Fig. 3) (CÜBAP Project: M567). International Geomagnetic 
Reference Field (IGRF) was removed from the data using by Baldwin and Langel’s program [24]. 
The residual total aeromagnetic anomaly map is shown in Figure 3.  
 
 

 
 

Figure 3. The aeromagnetic anomaly map of the study area. Contour interval is 30nT. 
 
 

 
Polarity axes of anomalies are generally in the N-S direction. The RTP process were applied to the 
magnetic data using a magnetic declination ~4º E and inclination ~55° N (Fig. 4). Magnetic 
anomalies are correlated mainly with geological rocks outcropping at the surface. The high 
frequency anomalies are originated mainly by shallow magnetic sources. The low amplitude 
anomalies to the center of the study area are associated with Çameli basin-fill units contain 
Quaternary alluvial deposits and Neogene sedimentary rocks, whereas the distinctive high 
amplitude anomalies can be related to basement rocks (mainly Lycian ophiolites) (Figs.2 and 4). 
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Alçicek et al. [25] said that in the basin centre, lacustrine facies, alluvian fan and fluvial deposits 
reach up to 500 m in thickness.  
 
 

 
 

Figure 4. the RTP anomaly map of the study region. Contour interval is 30nT. 
 
 
To eliminate the effect of shallow magnetic sources and determine the deep distribution of 
magnetic sources was applied the upward continuation to RTP-magnetic data for 0.5 km, 3 km 
and 5 km (Fig. 5). Magnetic source bodies under the study area extend down to greater depths 
(Fig. 5c). MOHO depth is changed approximately range 26 to 34 km [26].  
 
The AS method was applied to 0.5, 3 and 5km upward continued magnetic data of the study region, 
to determination the locations and distribution of magnetic bodies/lineaments (Figure 6). Bilim 
[27] suggested from estimated Curie depths that the magnetic basement may be located at the 
upper crust in centre of the western Anatolia. Seven magnetic bodies in the form of ellipses were 
identified from the AS map (Fig. 6, A1-7). Figure 6 suggest that the magnetic bodies (possibly 
ophiolites) extend down to deeper levels of the upper crust. Our results are consistent with [23], 
[24].  In this study, two tectonic discontinuities (possibly lineaments) are determined at a depth of 
5 km (Fig. 6c, dashed line called L1 and L2). The NE-SW trending elliptical magnetic bodies 
spread along L1-L2 tectonic lineaments (Fig. 6c).  
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Figure 5. The upward continuation map of the RTP anomaly data. a) 0.5km, b) 3km, and c) 5km. 

Contour interval is 30nT. 
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Figure 6. The Analytic signal anomaly map of the upward continuation data. a) 0.5km, b) 3km, 

and c) 5km.  
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4. CONCLUSIONS 
 

1. The upward continuation of RTP anomalies reflects not only the boundary of the Çameli 
basin but also deep tectonic discontinuities. 

2. In the study area, seven deep-seated magnetic sources are determined from the analytic 
signal map applied to the upward continuation of RTP anomaly data. The causative sources 
appear generally as circular bodies. In addition, they are possibly located at upper crust and 
structurally controlled.   

3. It can be suggested from Fig.6c that NE-SW trending eliptical magnetic bodies may be 
related with two tectonic discontinuities/linements determined in this study.  
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