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Figure 5. The calculated dip angle maps from the total magnetic anomaly data in Figure 4c for s = 1 (a) and s 
= 0.1 (b), and the calculated dip angle maps from the filtered data for s = 1 (c) and s = 0.1 (d).

half-graben (Price and Scott, 1994) developed during the 
Late Miocene to recent (Price and Scott, 1991) under the 
control of the FBFZ (Bozcu et al., 2007). It hosts lacustrine 
sedimentary deposits from the Miocene onward and rests 
on the Mesozoic basement of allochthonous limestone and 
ophiolitic units of Lycian nappes and Eocene–Oligocene 
parallochthonous sedimentary units (Alçiçek et al., 2013). 
The major tectonic elements in the studied region are the 
NW-dipping, slightly listric basement faults (Taymaz and 
Price, 1992; Price and Scott, 1994, Özkaptan et al., 2018), 
specifically the Burdur Fault Zone segment of the FBFZ in 
the northeastern are, which bounds the Burdur Basin to the 
southeast. This region is regarded as the most seismically 
active part of the zone (Över et al., 2013), resulting in a 
stepwise topographical feature in the region.

The Bouguer gravity anomaly of the study area was 
previously interpreted by Dolmaz et al. (2003), Beyhan and 
Keskinsezer (2016), and Oksum et al. (2019). These studies 
aimed to determine the depth structure of the Burdur 
Basin. The Bouguer gravity data of the study area were 
collected by the General Directorate of Mineral Research 
and Exploration (MTA), Türkiye, with 2–5 km intervals 
(Ates et al., 1999). Besides, the latitude, free-air, tidal, 
Bouguer, and topographic corrections were performed 
by MTA (Ates et al., 1999). Figure 7a shows the Bouguer 
anomaly map of the study area digitized by Dolmaz et al. 
(2003) within 2 mGal contour resolution on a cell array of 
176 × 301 data nodes.

The Bouguer gravity anomaly of the region displays 
anomaly values ranging from –48 to –92 mGal. Here, 
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relatively high anomalies are seen mainly to the SE and 
NW of Burdur Lake towards the Katrandağ and Söğüt 
Mountains horsts (Figure 6), which are compatible with 
the pre-Neogene basement units. On the other hand, 
relatively lower values due to the sedimentary deposit 
units with lower density are seen in the depression parts 
of the basin following the tectonic extension of the basin 
demonstrating a NE–SW pattern parallel to the tectonic 
elements of the basin area. 

Figure 7b shows the calculated dip angle map for s = 1 
obtained from the original Bouguer anomaly data given in 
Figure 7a, and Figure 7c shows the dip angle map for s = 1 
after the preprocessing of the data by the Kuwahara filter 
with a window size of 13 × 13 and Gaussian filter with a 
standard deviation of 0.5. Examining Figure 7b, it is seen 
that a detailed lineament estimation is not possible from 
the dip angle map calculated using the original Bouguer 
gravity data. However, the subsurface lineaments in 
the study area appear more clearly in the dip angle map 
calculated from the data filtered using the Kuwahara and 
Gaussian filters (Figure 7c). Besides, comparing Figures 7b 
and 7c, it is seen that the dip angle amplitudes obtained 

from the filtered data in Figure 7c are more balanced than 
those obtained from the original data in Figure 7b. On the 
other hand, the peaks of the dip angle map in Figure 7c 
also show a good correlation with the known structural 
elements of the basin area. Here, the lineaments observed 
with NE-SW direction high amplitude dip angle anomalies 
along the Katrandağ horst and southeast of Burdur Lake 
are consistent with the segments of the Burdur Fault Zone, 
the main boundary faults of the basin. Besides, the NE-
SW directional lineaments detected in the southwest are 
compatible with the tectonic extension and boundaries of 
the Karamanlı Graben. Moreover, the lineaments curving 
towards the southeast observed in the south of the map 
are compatible with the course of the geological contact 
of the pre-Neogene basement units of the Katrandağı 
horst. Similarly, the lineaments observed on the western 
side of Burdur Lake are compatible with the geological 
boundaries of the pre-Neogene basement units of the 
Söğüt Mountain horst, which also forms the western 
border of the basin. The SE-NW trending lineament in the 
northeast of Burdur Lake is compatible with the course 
of the Dinar Fault, which forms the northern border of 
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Figure 7. a) Bouguer anomaly of the study area. b) Dip angle map calculated from 
the data in (a) for s = 1. c) Dip angle map calculated from the data filtered by using 
the Kuwahara filter with a window size of 13 × 13 and Gaussian filter with a standard 
deviation of 0.5. The black solid lines indicate the borders of the Burdur Lake.

the basin. Consequently, the results obtained from the 
synthetic and real data examples have shown that the dip 
angle maps calculated from the potential field data filtered 
with Kuwahara and Gaussian filters can reveal geological 
boundaries more clearly and in detail.

5. Conclusions
Estimating crustal lineament patterns is an essential 
application of geophysical data. This kind of estimation is 
crucial because the detected lineaments usually coincide 
with the lateral boundaries of structures such as geologic 
contacts, faults, and other tectonic features that could help 
determine potential sites for mineral deposits or energy 

resources. The dip angle is a transformation method that 
has recently been used in the interpretation of potential 
field data for such operations. In this study, the effects 
of using Kuwahara and Gaussian filters for the dip angle 
transformations of potential field data are demonstrated 
with two different synthetic data applications. For both 
synthetic data sets, the dip angle and its rescaled version 
obtained from the filtered data are found to be less noisy 
and have sharper peaks than those obtained from the 
original data. In addition, the results show that the dip angle 
anomalies from the filtered data are more balanced for 
structures at different depths than the anomalies obtained 
from the original data. In the real data application, the dip 
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angle map calculated from the original Bouguer gravity 
data of the Burdur Basin and its filtered version using the 
Kuwahara and Gaussian filters are compared. Here again, 
similar to the synthetic examples, the dip angle map of 
the filtered data has highlighted much more detailed and 
clear gravity lineaments than the map obtained from the 
original data. On the other hand, it has been observed that 
the trends of the lineaments obtained from the filtered 
Bouguer gravity data are in good agreement with the 
major structural elements of the region.

Acknowledgments
We thank Mineral Research and Exploration General 
Directorate (MTA) for providing the gravity dataset of the 
Burdur region in Türkiye. We also thank the anonymous 
reviewers for their constructive comments on an earlier 
version of this article.

References

Alçiçek MC, Brogi A, Capezzuoli E, Liotta D, Meccheri M (2013). 
Superimposed basin formation during Neogene Quaternary 
extensional tectonics in SW-Anatolia (Turkey): Insights from 
the kinematics of the Dinar Fault Zone. Tectonophysics 608: 
713–727. https://doi.org/10.1016/j.tecto.2013.08.008

Altınoğlu FF, Sari M, Aydin A (2015). Detection of Lineaments in 
Denizli Basin of Western Anatolia Region Using Bouguer 
Gravity Data. Pure and Applied Geophysics 172: 415–425. 
https://doi.org/10.1007/s00024-014-0911-y

Altınoğlu FF, Polat G (2022). Structure and seismo-tectonic 
investigation of the Sarıgöl- Buldan region, Western Anatolia, 
by using gravity and seismicity data. Journal of Mountain 
Science 19: 2758–2775. https://doi.org/10.1007/s11629-022-
7452-0

Angelier J, Lybéris N, Le Pichon X, Barrier E, Huchon P (1982). 
The tectonic development of the hellenic arc and the sea of 
crete: A synthesis. Tectonophysics 86: 159–196. https://doi.
org/10.1016/0040-1951(82)90066-X

Ates A, Kearey P, Tufan S (1999). New gravity and magnetic anomaly 
maps of Turkey. Geophysical Journal International 136: 499–
502. https://doi.org/10.1046/j.1365-246X.1999.00732.x

Barraud J (2013). Improving identification of valid depth 
estimates from gravity gradient data using curvature and 
geometry analysis. First Break 31 (4): 87–92. https://doi.
org/10.3997/1365-2397.31.4.67470

Beyhan G, Keskinsezer A (2016). Investigation of the gravity data 
from Fethiye Burdur fault zone using the Euler deconvolution 
technique. Geomechanics and Geophysics for Geo-Energy and 
Geo-Resources 2, 195–201. https://doi.org/10.1007/s40948-
016-0028-0

Bozcu M, Yagmurlu F, Şentürk M (2007). Some neotectonic and 
paleosismological features of the Fethiye-Burdur fault zone, 
SW-Anatolia. Jeoloji Mühendisliği Dergisi 31: 25–48.

Cevallos C, Kovac P (2015). 3D geophysical model of the Glyde Basin 
Northern Territory, based on curvatures derived from airborne 
gravity gradient data. ASEG Extended Abstracts 2015. https://
doi.org/10.1071/ASEG2015ab079

Cooper GRJ (2022). Enhancing potential field data using its dip 
angle. Near Surface Geophysics 20: 229–237. https://doi.
org/10.1002/nsg.12208

Cordell L (1979). Gravimetric expression of graben faulting in Santa 
Fe country and the Espanola basin, New Mexico. In: New 
Mexico Geological Society 30th Annual Fall Field Conference 
Guidebook. https://doi.org/10.56577/FFC-30.59

Cordell L, Grauch VJS (1985). Mapping basement magnetization 
zones from aeromagnetic data in the San Juan basin New 
Mexico. The Utility of Regional Gravity and Magnetic Anomaly 
Maps. https://doi.org/10.1190/1.0931830346.ch16

Dolmaz MN, Hisarlı ZM, Orbay N (2003). Interpretation of Bouguer 
gravity data of Burdur Basin. İstanbul Yerbilimleri Dergisi 16 
(2): 25–36.

Dolmaz MN (2007). An aspect of the subsurface structure of 
the Burdur-Isparta area SW Anatolia, based on gravity 
and aeromagnetic data, and some tectonic implications. 
Earth, Planets and Space 59: 5–12. https://doi.org/10.1186/
BF03352016

Ekinci YL, Ertekin C, Yiğitbaş E (2013). On the effectiveness of 
directional derivative based filters on gravity anomalies for 
source edge approximation: synthetic simulations and a case 
study from the Aegean graben system (western Anatolia, 
Turkey). Journal of Geophysics and Engineering 10 (3): 
035005. https://doi.org/10.1088/1742-2132/10/3/035005

Eldosouky AM, Pham LT, Mohmed H, Pradhan B (2020). A 
comparative study of THG, AS, TA, Theta, TDX and LTHG 
techniques for improving source boundaries detection of 
magnetic data using synthetic models: a case study from 
G. Um Monqul, North Eastern Desert, Egypt. Journal of 
African Earth Sciences 170: 103940. https://doi.org/10.1016/j.
jafrearsci.2020.103940

Eldosouky AM, Pham LT, Henaish A (2022). High precision 
structural mapping using edge filters of potential field and 
remote sensing data: A case study from Wadi Umm Ghalqa 
area, South Eastern Desert, Egypt. The Egyptian Journal of 
Remote Sensing and Space Science 25 (2): 501–513. https://
doi.org/10.1016/j.ejrs.2022.03.001



KAFADAR and ÖKSÜM / Turkish J Earth Sci

405

Ghosh GK (2020). Curvature interpretation of gravity data for 
delineating structural features across the transition zone of 
NarmadaSon lineament in central India. Journal of Earth 
System Science 129: 142. https://doi.org/10.1007/s12040-020-
01402-3

Hansen RO, deRidder E (2006). Linear feature analysis for 
aeromagnetic data. Geophysics 71: L61–L67. https://doi.
org/10.1190/1.2357831

Kafadar O (2017). CURVGRAV-GUI: a graphical user interface to 
interpret gravity data using curvature technique. Earth Science 
Informatics 10: 525–537. https://doi.org/10.1007/s12145-017-
0306-6

Kafadar Ö (2022). Applications of the Kuwahara and Gaussian filters 
on potential field data. Journal of Applied Geophysics 198: 
104583. https://doi.org/10.1016/j.jappgeo.2022.104583

Kalyoncuoğlu ÜY, Elitok Ö, Dolmaz MN, Anadolu NC (2011). 
Geophysical and geological imprints of southern Neotethyan 
subduction between Cyprus and the Isparta Angle SW Turkey. 
Journal of Geodynamics 52: 70–82. https://doi.org/10.1016/j.
jog.2010.12.001

Koçyiğit A, Deveci Ş (2007). A N-S-trending Active Extensional 
Structure, the Şuhut (Afyon) Graben: Commencement Age of 
the Extensional Neotectonic Period in the Isparta Angle, SW 
Turkey. Turkish Journal of Earth Sciences 16: 391–416.

Le Pichon X, Angelier J (1979). The hellenic arc and trench system: A 
key to the neotectonic evolution of the eastern mediterranean 
area. Tectonophysics 60: 1–42. https://doi.org/10.1016/0040-
1951(79)90131-8

Lee M, Morris W, Leblanc G, Harris J (2012). Curvature analysis 
to differentiate magnetic sources for geologic mapping. 
Geophysical Prospecting 61: 572–585. https://doi.org/10.1111/
j.1365-2478.2012.01111.x

Li X (2016). Terracing gravity and magnetic data using edge-
preserving smoothing filters. Geophysics 81: G41–G47. https://
doi.org/10.1190/geo2015-0409.1

Liu Y, Yang G (2015). Application of the Curvature Attribute 
in Predicting Fracture Distribution. In SEG Technical 
Program Expanded Abstracts 2015. https://doi.org/10.1190/
segam2015-5843423.1

Maden N, Gelisli K, Eyuboglu Y, Bektas O (2009). Determination of 
tectonic and crustal structure of the eastern Pontide orogenic 
belt (NE Turkey) using gravity and magnetic data.  Pure and 
Applied Geophysics  166: 1987-2006. https://doi.org/10.1007/
s00024-009-0529-7

Maden N, Elmas A (2022). Major tectonic features and geodynamic 
setting of the Black Sea Basin: Evidence from satellite-derived 
gravity, heat flow, and seismological data. Tectonophysics 824: 
229207. https://doi.org/10.1016/j.tecto.2022.229207

Miller HG, Singh V (1994). Potential field tilt-a new concept 
for location of potential field sources. Journal of Applied 
Geophysics 32: 213–217. https://doi.org/10.1016/0926-
9851(94)90022-1

Nabighian MN (1972). The analytic signal of two-dimensional 
magnetic bodies with polygonal cross-section: its properties 
and use for automated anomaly interpretation. Geophysics 37: 
507–517. https://doi.org/10.1190/1.1440276

Nathan D, Aitken A, Holden EJ, Wong J (2020). Imaging sedimentary 
basins from high-resolution aeromagnetics and texture 
analysis. Computers & Geosciences 136: 104396. https://doi.
org/10.1016/j.cageo.2019.104396

Oksum E, Dolmaz MN, Pham LT (2019). Inverting gravity anomalies 
over the Burdur sedimentary basin SW Turkey. Acta Geodaetica 
et Geophysica 54: 445–460. https://doi.org/10.1007/s40328-
019-00273-5

Oruç B, Sertçelik İ, Kafadar Ö, Selim HH (2013). Structural 
interpretation of the Erzurum Basin eastern Turkey, using 
curvature gravity gradient tensor and gravity inversion of 
basement relief. Journal of Applied Geophysics 88: 105–113. 
https://doi.org/10.1016/j.jappgeo.2012.10.006

Över S, Yilmaz H, Pinar A, Özden S, Ünlügenç UC et al. (2013). 
Plio-Quaternary Stress State in the Burdur Basin SW-
Turkey. Tectonophysics 588: 56–68. https://doi.org/10.1016/j.
tecto.2012.12.009

Özkaptan M, Kaymakci N, Langereis CG, Gülyüz E, Özacar AA et 
al. (2018). Age and kinematics of the Burdur Basin: Inferences 
for the existence of the Fethiye Burdur Fault Zone in SW 
Anatolia (Turkey). Tectonophysics 744: 256–274. https://doi.
org/10.1016/j.tecto.2018.07.009

Pham LT, Oksum E, Nguyen DV, Eldosouky AM (2021a). On the 
performance of phase-based filters for enhancing lateral 
boundaries of magnetic and gravity sources: a case study of the 
Seattle Uplift. Arabian Journal of Geosciences 14: 129. https://
doi.org/10.1007/s12517-021-06511-x

Pham LT, Kafadar O, Oksum E, Eldosouky AM (2021b). An 
improved approach for detecting the locations of the 
maxima in interpreting potential field data. Arabian Journal 
of Geosciences 14: 43. https://doi.org/10.1007/s12517-020-
06399-z

Pham LT, Kafadar O, Oksum E, Hoang Minh T (2021c). A 
comparative study on the peak detection methods used to 
interpret potential field data: a case study from Vietnam. 
Geocarto International 37: 3679–3696. https://doi.org/10.108
0/10106049.2021.2007297

Pham LT, Oksum E, Kafadar O, Trong TP, Viet DN et al. (2022). 
Determination of subsurface lineaments in the Hoang Sa 
islands using enhanced methods of gravity total horizontal 
gradient. Vietnam Journal of Earth Sciences 44 (3): 395–409. 
https://doi.org/10.15625/2615-9783/17013

Phillips JD, Hansen RO, Blakely RJ (2007). The use of curvature in 
potential-field interpretation. Exploration Geophysics 38: 111–
119. https://doi.org/10.1071/EG07014

Price SP, Scott B (1991). Pliocene Burdur basin SW Turkey: tectonics, 
seismicity and sedimentation. Journal of the Geological Society 
148: 345–354. https://doi.org/10.1144/gsjgs.148.2.0345



KAFADAR and ÖKSÜM / Turkish J Earth Sci

406

Price SP, Scott B (1994). Fault-block rotations at the edge of a 
zone of continental extension; southwest Turkey. Journal of 
Structural Geology 16: 381–392. https://doi.org/10.1016/0191-
8141(94)90042-6

Roberts A (2001). Curvature attributes and their application to 
3D interpreted horizons. First Break 19: 85–100. https://doi.
org/10.1046/j.0263-5046.2001.00142.x

Roest WR, Verhoef J, Pilkington M (1992). Magnetic interpretation 
using the 3-D analytic signal. Geophysics 57: 116–125. https://
doi.org/10.1190/1.1444366

Sertcelik I, Kafadar O (2012). Application of edge detection to 
potential field data using eigenvalue analysis of structure 
tensor. Journal of Applied Geophysics 84: 86–94. https://doi.
org/10.1016/j.jappgeo.2012.06.005

Sertcelik I, Kafadar O, Kurtulus C (2013). Use of the Two Dimensional 
Gabor Filter to Interpret Magnetic Data over the Marmara Sea 
Turkey. Pure and Applied Geophysics 170: 887–894. https://
doi.org/10.1007/s00024-012-0587-0

Taymaz T, Price S (1992). The 1971 May 12 Burdur earthquake 
sequence SW Turkey: a synthesis of seismological and 
geological observations. Geophysical Journal International 
108: 589–603. https://doi.org/10.1111/j.1365-246X.1992.
tb04638.x

Temiz H, Poisson A, Andrieux J, Barka A (1997). Kinematics of 
the Plio-Quaternary Burdur-Dinar cross-fault system in SW 
Anatolia (Turkey). Annales Tectonicae 11: 102–113.

Ten Veen JH, Woodside JM, Zitter TAC, Dumont JF, Mascle J et al. 
(2004). Neotectonic evolution of the Anaximander Mountains 
at the junction of the Hellenic and Cyprus arcs. Tectonophysics 
391: 35–65. https://doi.org/10.1016/j.tecto.2004.07.007

Van Hinsbergen DJJ, Kaymakci N, Spakman W, Torsvik TH (2010). 
Reconciling the geological history of western Turkey with 
plate circuits and mantle tomography. Earth and Planetary 
Science Letters 297: 674–686. https://doi.org/10.1016/j.
epsl.2010.07.024

Wijns C, Perez C, Kowalczyk P (2005). Theta map: edge detection 
in magnetic data. Geophysics 70: L39–L43. https://doi.
org/10.1190/1.1988184

Williams S, Fairhead JD, Flanagan G (2002). Realistic models of 
basement topography for depth to magnetic basement testing. 
In SEG Technical Program Expanded Abstracts 2002. https://
doi.org/10.1190/1.1817384

Yuan Y, Huang D, Yu Q, Lu P (2014). Edge detection of potential 
field data with improved structure tensor methods. Journal 
of Applied Geophysics 108: 35–42. https://doi.org/10.1016/j.
jappgeo.2014.06.013

Yuan Y, Zhang X, Zhou W, Wu G, Luo W (2020). Application of 
the normalized largest eigenvalue of structure tensor in the 
interpretation of potential field tensor data. Earth Planets and 
Space 72: 143. https://doi.org/10.1186/s40623-020-01282-3


