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Summary. The western Anatolia is an extension region and many horst-graben systems were
developed under this tectonic regime. The Buldan region is located in the northern part of Denizli
region between Denizli and Alasehir grabens where seismic activity is observed. The subsurface
structure of this area was investigated by using aeromagnetic and Bouguer gravity data. The deriv-
ative based edge detection techniques; the horizontal gradient, tilt angle and Theta map were used
to define the tectonic lineaments. The sediment basement relief map of the study area was en-
hanced by 3D inversion of gravity data using Parker-Oldenburg algorithm. The final gravity and
magnetic lineaments map of the study area is presented by the joint interpretation of the results of
the edge detection process with the sediment basement relief map, the existing geology map and
the topographical elevation map of the study area. The sediment thickness ranges between 0.2 km
and 2.2 km and the sediment deposits thickness is 2.2 km in the northern part of Denizli basin.
NW-SE trending reliefs were detected between the Alasehir and Denizli grabens in the sediment
basement relief map, and NW-SE directional lineaments such as fault/fracture which are bounding
basement reliefs were detected. The new lineaments are strongly compatible with the regional geo-
logical trend and sediment basement relief. Based on the findings of this study, new detected
gravity and magnetic lineaments will be lighten up the new research in the future studies to under-

stand the tectonic structure, geothermal potential, mineralisation of the region.

© 2021Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Western Anatolia is a tectonic extension region
where many graben-horst systems were developed
under this extension-compression regime. E-W trend-
ing Biiyliik Menderes and Alasehir grabens and NW-
SE trending Denizli graben are the main tectonic
structures of this complex tectonic region. Buldan is
situated in the junction point of these grabens in the
northern part of the Denizli graben. The main tectonic
structure map of the region and study area is given in
Fig.1. The complex tectonic structure of western Ana-
tolia and its evaluation were the subject of many stud-
ies in the literature (Seyitoglu and Scott, 1996;
Kogyigit et al., 1999; Yilmaz et al., 2000; Bozkurt,
2003; Bozkurt and Sozbilir, 2004; Kaymakci 2006;
Gessner et al., 2013). Two-stage extension in Western
Anatolia was stated by Bozkurt and Sozbilir (2004).
The first stage of extension started in Late Oligocene
— Early Miocene, and the second stage — in Pliocene
(Bozkurt, 2001). Denizli graben is the southeast con-
tinuation of the main grabens that are bounded by the
NW-SE trending faults (Kogyigit, 2005).

The geophysical studies for Denizli graben area,
such as Yiiksel, 2005; Bilim, 2007; Irmak, 2013; Kay-
pak and Gokkaya, 2012, are poor. Bilim (2007) studied
tectonic structure by using potential field data of east-
ern and western Anatolia in regional scale, Irmak
(2013) determined the fault mechanisms of small-
moderate earthquakes in Denizli graben, Kaypak and
Gokkaya (2012) constructed upper crust velocity struc-
ture by earthquake tomography. The northern part is a
less focused area in Denizli basin. The Buldan region is
an important area that just situated in the junction point
of graben systems and has high seismic activity.
Hanger (2013) noticed the high seismic potential of the
region by investigating the earthquake risk of the Bul-
dan region. The study area of this paper is located be-
tween 38.00°N-38.20°N latitude and 28.75°E-28.95°E
longitude with an approximate area of about 400 km?.
Buldan region is located in the northern branch of the
Denizli Basin and in the south-eastern part of the Men-
deres Massif metamorphics which are the Paleozoic
aged basement rocks of Western Anatolia. The Denizli
basin lies in a NW-SE direction which extends to the
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Alasehir Basin that is bounded by normal faults and
divided by the Buldan horst in the north (Fig.1). The
basement Menderes metamorphics are exposed in the
Buldan horst, in the western, north-western and north-
ern part of the study area as given in the geology map
of the study area in Fig. 2b. This study aims to investi-
gate the subsurface structure of the Buldan region
based on potential field data. The shallow crust struc-
tures and linear features of the region were presented to
better understand the tectonic framework by the joint
interpretation of gravity and magnetic data with topog-
raphy (Fig 2a) and geology maps (Fig. 2b).

Geology of the region

The basement rocks of the Denizli basin are
Paleozoic — Mesozoic aged Menderes Massif meta-
morphic rocks. The Menderes Massif covers a large
area in western Turkey, and is composed of various
metamorphic rocks, which are mostly composed of
schist, quartzite and marble, occasionally amphibolite
and quartzite. Neogene sediments generally consist of
clay stone, marl, mudstone, siltstone and partly sand.
Neogene bedrock of the Denizli basin is exposed at its
northwestern Menderes Massif metamorphic rocks
(Bozkurt, 2001; Ten Veen et al., 2009; van Hinsbergen
and Schmid, 2012). The Neogene and Quaternary ba-
sin-fills of the Denizli Basin is consisting of alluvial-
fan, fluvial, and lacustrine deposits (Brogi et al., 2014).
The geology map of the study area is given in Fig. 2b.

Data

The aeromagnetic anomaly and the Bouguer grav-
ity anomaly data of the study area were obtained from
the General Directorate of the Mineral Research and
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Exploration (MTA) of Turkey. The aeromagnetic
anomaly map of the study area shown in Fig.3 indi-
cates a strong positive anomaly up to 170 nT along
the NW-SE direction in the northern part of the study
area representing the effect of magmatic rocks and
negative anomalies up to -70 nT along the NW-SE
direction in the western and southern parts of the study
area representing the effect of the quaternary alluvial
deposits. The high amplitude anomalies are in the
NW-SE directions in the SW and northern part of the
map which are related with the metamorphic palaeozo-
ic basement and the plio-quaternary granitoids. Due to
the low susceptibility sediments, strong negatives
anomalies are seen in the Denizli and Alasehir basins.
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Fig. 1. The main tectonic settings of the western Anatolia (mod-
ified from Konak and Senel, 2002), the study area is shown in
the red rectangle
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Fig. 2. a) Topographic elevation map and b) Geology map of the study area
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Fig. 3. The aeromagnetic anomaly contour map

The Bouguer gravity anomaly map of the study
area is given in Fig.4, the anomaly values range be-
tween -36 mGal and 6 mGal. The gravity highs (pos-
itive anomalies) reflect the effect of high-density
Menderes Massif granitoids hosted in the Buldan
horst in the W and SW part of the study field. The
maximum negative gravity anomalies implies the
low-density sedimentary deposits of the Denizli gra-
ben in the SE part of the study region.
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Fig. 4. The Bouguer gravity anomaly map of the study area data

Methods

To remove the deeper sources effects from
aeromagnetic and Bouguer gravity anomalies, re-
gional-residual separation was done by frequency
domain filtering. The radially averaged power spec-
trum of aeromagnetic and gravity data were per-
formed and given in Fig. 5a and 5b, respectively. To
obtain residual magnetic anomaly map a Butter-
worth high-pass filter with kc=0.105 Hz was used.

Some researches, e.g. Blakely (1995), Milligan and
Gunn (1997), Ramotoroko et al. (2016), indicated that
reduced-to-the-pole anomaly maps are more correlat-
ed with the near surface geology. So, to simplify the
interpretation of magnetic data, residual aeromagnetic
anomalies were reduced-to-the-pole with using 55°N
inclination and 4°E declination angles. A Butterworth
low pass filter with kc=0.409 Hz for gravity anomaly
was used to improve the quality of the regional gravi-
ty anomaly data; then, the regional anomaly data was
subtracted from the gravity data to improve the quali-
ty of the residual gravity anomaly map.
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Fig. 5. The radial power spectrum of a) magnetic anomaly and
b) gravity anomaly data

Edge detection methods

In potential field methodology, defining the
boundaries of the causative body that causes gravity
and magnetic anomalies is an important task. Many
derivative based edge detection techniques were usual-
ly proposed and used to solve this problem in the litera-
ture (Verduzco et al., 2004; Cooper and Cowan, 2006;
Ma and Li, 2012; Ferreira et al., 2013; Zhou et al.,
2013; Ma, 2013; Yuan et al., 2014; Wang et al., 2014;
2015; 2017; Du et al., 2017; Rezaie et al., 2017).

Horizontal gradient

Horizontal gradient method (Blakely, 1995;
Cordell, 1979; Cordell and Grauch, 1985) is the old-
est and widely used edge detection technique to de-
fine the boundaries of density contrast and magnetic
susceptibility from potential field data. Given as:
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The tilt angle method (Miller and Singh, 1994)
is based on the relation between vertical and hori-
zontal derivative, zero values located over the source
boundaries. Tilt angle is given as:
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where @ indicates the tilt angle parameter.

The tilt angle is positive over a source and zero
values reflect the source edges (Miller and Singh,
1994). This method is useful in enhancing edges of
anomalies for both shallow and deep sources.

Theta map

Wijns et al. (2005) proposed the theta map
method that is the normalization of horizontal gradi-
ent and is given as:
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The maxima of the theta map corresponds to
source edge (Wijns et al., 2005; Cooper and Cowan,
2008).
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3D inversion

To image the sediment basement relief, 3D in-
version of gravity data was conducted using a code
written by Pham et al. (2018), which used the algo-
rithm of Granser (1987) and the technique of Cordell
and Henderson (1968). The code does not demand a
mean depth or filter in the inversion process.

Results

The residual magnetic anomaly map is charac-
terized by positive and negative anomalies given in
Fig. 6a, high positive anomaly values up to 70 nT
are observed in NW part of the study area and the
observed high positive values are concerned with the
Menderes Massif granitoids and gnays based on the
study area. E-W trending maximum values are ob-
served in the eastern part of the study area that may
reflect the effect of buried magnetic sources below
the Neogene deposits in Fig.2b. The NW-SE trend-
ing low gravity anomalies in the residual gravity
map in Fig.6b are observed in the central and south-
eastern parts of the study area while the high anoma-
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lies range between - 5 mGal to -10 mGal in SW,
NW and NE parts of the area that reflect the effect of
high-density Menderes massif granitoids; however,
low anomalies reflect the quaternary sedimentary
deposits. The residual gravity map correlates in a
good manner with the geological map of the cover-
age area. The residual gravity and magnetic anomaly
maps are in accordance with the general regional
trend. In order to determine the buried structural
boundaries and discontinuities in the study area, hor-
izontal gradient, tilt angle and theta map edge detec-
tion techniques were applied to the residual gravity
and residual magnetic maps. The enhanced maps of
edge detection techniques to residual magnetic map
are presented in Fig. 7a-c. The maximum of horizon-
tal gradient map and theta map that indicate source
body boundaries are drawn by black lines and the
zero contour of the tilt angle is drawn by a white line
in the tilt angle map. The general trend of the de-
fined magnetic lineaments is NW-SE for magnetic
data, and also E-W and NE-SW directional linea-
ments are observed in the centre, E, SE, SW parts of
the study area. The enhanced maps from the applica-
tion of edge detection techniques to residual gravity
data are shown in Fig. 8a-c. The maximum value of
horizontal gradient map (Fig. 8a) is given with black
lines indicating the density discontinuities. The zero
contours of the tilt angle map are drawn by a white
line exhibited in Fig. 8b. The maximum values of the
theta map represent the discontinuities. They are
drawn by black lineaments. The horizontal gradient,
tilt angle and theta maps reveal NW-SE and E-W di-
rected gravity lineaments that reflect the main struc-
ture of the study area. The tilt angle and theta maps
(Fig. 8b and Fig. 8c) of the gravity map give detailed
information about the geologic units and lineaments
of the region. The results of tilt and theta angle deriv-
ative methods are compared with the existing surface
faults in five different derivation methods.

To better understand the tectonic structure, the
sediment basement topography was modelled from
residual gravity anomaly data by using Pham et al.
(2018) Matlab code. Density contrast (Ap) is — 0.3
g/cm?® and decay constant (A) is 0.001 g/cm?® and the
enhanced basement relief map is given in Fig.9. In the
sediment topography map, the general regional NW-
SE direction tectonic trend can be seen easily, and
maximum thickness is observed in the northern end of
the Denizli basin. The sediment basement topography
map indicates that the maximum depth levels are ob-
served in the southeastern part of the Denizli basin
and northwestern part of the Alasehir basin. In the
centre of the map, small basins structures were ob-
served parallel to each other with 2 km depth nearly
in E-W direction. The linear features which bordered
these parallel basin structures were detected by edge
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detection methods from gravity and magnetic data.
The sediment thickness ranges between -0.2 and -2.2
km and the sediment deposits thickness is 2.2 km in
the northern part of Denizli basin. This result is coin-
cide with Turgay et al. (1980) geoelectric studies
which indicate 2 km depth for the basement in the
Saraykoy-Denizli areas; Sar1 and Salk (2006) gravity
studies indicate 1.5-2 km in northern Denizli basin
and Altinoglu (2012) gravity studies defined 2-3 km.
The new tectonic lineament map of the study ar-
ea was generated by the joint interpretation of the re-
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Fig. 6. a) Residual magnetic anomaly b) residual gravity anomaly maps
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Fig. 9. The sediment basement relief map enhanced by 3D in-
version of gravity data of the study area

Discussion and Conclusion

The derivative based edge detection techniques
are essential tools in potential field data to delineate
the lineaments, buried faults, contacts etc. The
aeromagnetic and gravity data were used together
for the first time in the study area. Horizontal gradi-
ent, tilt angle and theta map edge detection tools
were used to image structural features in the Buldan
region, Denizli. In the sediment topography map, the
general regional NW-SE direction tectonic trend can
be seen easily, and maximum thickness is observed
in the northern end of the Denizli basin. The sedi-
ment basement topography map indicates that the
maximum depth levels are observed in the south-
eastern part of the Denizli basin and northwestern
part of the Alasehir basin. In the centre of the map,
small basins structures were observed parallel to
each other with 2 km depth nearly in E-W direction.
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CTPYKTYPHAS HHTEPIIPETAIIASI PETHOHA BYJJIAH 3AIIATHOM AHATOJIAA
C UCIIOJIb30OBAHUEM MATHUTHBIX U T'PABUTALIMOHHbBIX JTAHHBIX

AurtbiHoriy @.0.
Dakynomem unsicenepuu, omoenenue 2eopusuxu, Ynueepcumem Ilamyrrane
20017, Jenusnu, Typyus, Keinviknor Kaunyc: faltinoglu@pau.edu.tr

Pe3ztome. 3aniagHast AHATONINS TEKTOHHIECKH SBISICTCS PETHOHOM PaCIIUPEHNs, © MHOTHE CHCTEMBI TopcT-TpabeHa ObIIH pa3pa-
00TaHBI B 5TOM TEKTOHMYECKOM peknMe. Paifon Byminan pacnonoskeH B ceBepHOH yacTi o6nactu JeHus3mu Mexy JIeHU3IMHCKIM 1
AnamexupckuM rpabeHamH, e HalrogaeTcs ceiicMuaeckast akTHBHOCTD M BCTPEYAIOTCs Topsiare HCTOYHUKN. CTpYKTypHOE CTpO-
€HHE Pa3pe30B ITOT0 paioHa OBLIO UCCIEAOBAHO C MIOMOIIBIO A3POMATHUTHBIX M IPaBUTALHOHHBIX JaHHBIX Byre. [l onpenenenus
TEeKTOHUYECKUX JTHMHEAMEHTOB OBIIM HCIIOIb30BaHBI IPOM3BOAHBIE METOa OOHAPYKEHUS KpaeB (BBIIEICHUS TPAHHIL); TOPU3OHTAIb-
HBII TpaJIMeHT, yroi HakioHa u kapta Tera. Kapra penbeda moacrunaromumx oTI0KeHUH H3ydeHHOTo paifona Obuia qornosnHeHa 3D
WHBEPCHEl TPaBUTAIIMOHHBIX JAHHBIX C UCIOIb30BaHHEM anroputMma Ilapkepa-OnpaenOypra. OkoHuaTeNnpHas KapTa I'paBUTAIMOH-
HBIX U MarHUTHBIX JINHEAMEHTOB HCCIIEAYyEeMOTo paifoHa Ipe/cTaBlIeHa Kak COBMECTHAss HHTEPIIPETalns pe3yIbTaToB Iporecca 00-
Hapy)KeHHs KpaeB (BBIJETICHHS T'PaHNI) U KapT — peibeda MOACTIIAIONMX OTIOKCHUH, CYIIECTBYIONEH Ie0JIOTHIECKO, a Takke
udpoBoit Tonorpagudeckoil kapTel penseda ncenexyemoro pationa. TolHa MOACTIIIAIONIMX HOPOJ KOJIEOIEeTCs B IMpeienax oT
0.2 kM 710 2.2 KM, a 0CaI0OYHBIX MOPOJ B CeBepHOIl yacTn GacceliHa JleHu3mu nocturaer 2.2 kM. Mexay rpabeHaMu Anamexup 1
Jlennsnu Ha KapTe penbeda MoACTUIIAIOMNX OTI0KEHUH Obl 00HapykeHs! penbedsr C3-FOB npoctupanus, a Takke IMHEAMEHTHI,
Takue Kak casur/tpemmHa, C3-FOB HampaBieHus, KOTOpbIE OTPAHUYMBAIOT penbed MOACTHIAIONINX OTIOKeHHH. HoBbIe TnHEaMeH-
THI B 3HAUUTENHOM CTETICHN COBMECTHMBI C PETHOHANBHOI TEHCHIHEH Te0IOTHYeCKOr0 Pa3BUTHS paifoHa U penbehoM MOACTHIIA-
0mux oTnoxeHunid. OGHapyXeHHBIE B Pe3y/IbTaTe STOTO HCCIECJOBAHUS HOBBIE IPAaBUTALOHHBIC I MATHUTHBIC IMHEAMEHTHI 00Jer-
YaT MMOHMUMAaHHE TEKTOHHYECKOTO CTPOEHMs, FeOTepMAIBHOTO MOTEHIMANIA, MHUHEPaIH3alliyd PErHOHA IPU NPOBEICHUN OYyITyLIHX
HCCIIeI0OBAaHUM.

Knrouesvie cnosa: Bynoan, epasumayuonuvie u aspomazHumele 0anuvie, 0OHapyicenue Kkpaes (svldenenue epanuy), 3] mooenu-
posaHue

MAQNIT VO QRAVITASIYA MOLUMATLARINDAN iSTiFADO ETMOKLO
QORBi ANADOLUNUN BALDAN REGIONUNUN STRUKTUR INTERPRETASIYASI

Altinoglu F.F.
Pamukkala Universiteti, miihandislik fakiiltasi, geofizika boImasi
20017, Danizli, Tiirkiya, Kintkli Kampus: faltinoglu@pau.edu.tr

Xiilasa. Qorbi Anadolu tektonik cohatdon genislonmo regionudur va horst-grabenin ¢oxlu sistemlari bu tektonik rejimds islonil-
misdir. Buldan rayonu Danizli vo Alasehirgrabenlorinin arasinda Danizli oyalstinin simal hissasinds yerlosmisdir vo burada seysmik
foaliyyat miisahids edilir, isti bulaglar rast galir. Rayonda kasilislorin struktur qurulusu Buge aeromaqnit vo gravitasiya malumatlari-
nin komoayi ils todqiq edilmisdir . Tektonik lineamentlorin toyini tigiin konarlarin agkar olunmasi (soarhadlorin ayirilmasi) térome me-
todundan, horizontal gradiyent, meyil bucag: vo Tet kartindan istifads edilmisdir. Oyralinon rayonun désonen (ana, koklii) siixiirlari-
nin relyef xaritosi Parker-Oldenburq algoritmindon istifado etmokls gravitasiya molumatlarinin 3D inversiyas ilo tamamlanmigdir.

Tadgiq olunan rayonun gravitasiya vo magnit lineamentloarinin yekun Xaritasi konarlarin askar edilmosi (serhadlorin ayirilmast)
prosesinin vo désonan (ana, koklii) ¢okiintiilorin relyef xaritosi, miiveud geoloji xarits, homginin tadqig olunan rayonun relyefinin ro-
gomli topografik xaritasinin naticalorinin birgs interpretasiyasi kimi tomsil edilmisdir. Désonan stixurlarin galindigr 0.2-2.2 km hii-
diidundadir, Danizli hévzasinin gimal hissesindoki ¢cokmo siixurlarin galinlhigr iss 2.2 km-o catir. Alagehir vo Donizli grabenlori ara-
sinda dogenan ¢okintiilorin relyef xaritasindo SmQ-CS uzanma relyeflori, homg¢inin SmQ-CS istigamatli torpadilmoe-gat lineament-
lor agkar edilmisdir va onlar désenen ¢okiintilorin relyefini mohdudlasdirirlar. Yeni lineamentlar rayonun geoloji inkisafinin regio-
nal tendensiyast ilo vo dosonon ¢okiintiilorin relyefi ilo xeyli dorocado uygunlasir. Bu todgigat noticasindi askar olunmus yeni gravi-
tasiya vo maqgnit lineamentlori golocokdos aparilacaq radgigatlarda regionun tektonik qurulusu, geotermal potensiali, minerallagmasi-
nin dark edilmasiniasanlagdiracaqdir.

Acar sozlar: Buldan, gravitasiya va aeromagnit malumatlars, konarlarin askar edilmasi (sarhadlorin ayiriimasi), 3D modellagdirma
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