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Abstract: The Isparta Basin is a tectonically complex depression situated at the junction between the Western
Anatolian extensional province and the Tauride orogenic belt. It lies near the intersection of the Hellenic and Cyprus
arcs, forming the Isparta Angle. This transitional zone is characterised by intense crustal deformation, complex
fault systems, and active seismicity, making it a key area for geophysical investigation. Microgravity anomalies
were analysed to assess the thickness of the basin’s sedimentary deposits. A 2-D Fourier transformation-based
procedure was used to decompose the gravity data into regional and residual components. This spectral filtering
step isolated shallow subsurface signals from broader tectonic influences, thereby providing a robust foundation
for depth modelling by enhancing the resolution of near-surface features that are often masked by deeper structural
trends. Residual gravity anomalies were further examined using both 2-D and 3-D local optimisation-based inversion
techniques. These complementary methods allowed for cross-validation of results mathematically and improved
confidence in the derived structural interpretations. The resulting basement depth estimates demonstrate consistency
and align well with the established geological framework of the Isparta Basin, including known fault geometries and
stratigraphic boundaries, with the inversion results indicating maximum sedimentary fill thickness of approximately
0.53 km. This result has practical implications for disaster management, particularly in assessing the potential for
seismic amplification. Thick sedimentary sequences can substantially affect ground-motion characteristics during
earthquakes, especially within basin environments. Therefore, mapping the spatial distribution of sedimentary
accumulation contributes to more informed regional risk assessments and supports the development of targeted
mitigation strategies. These findings are expected to provide valuable input for land-use planning and infrastructure
resilience in the Isparta Basin, offering essential baseline information for authorities and engineers involved in
seismic hazard mitigation.
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Oz: Isparta Havzasi, Bati Anadolu genisleme bélgesi ile Toros orojenik kusaginin birlesim noktasinda yer alan
tektonik olarak karmasgik bir ¢okiintii alamidr. Helen ve Kibris yaylarimin kesisimine yakin konumuyla Isparta A¢isini
olusturmaktadir. Bu gecis zonu, yogun kabuksal deformasyon, karmasgik fay sistemleri ve aktif sismisite ile karakterize
edilmekte olup, jeofiziksel arastirmalar agisindan onemli bir ¢calisma sahasidir. Bu kendine 6zgii tektonik ortamda
sedimanter dolgu kalinligini belirlemek amacryla mikrogravite anomalileri analiz edilmistir. Gravite verileri, 2-B
Fourier déniisiimiine dayali bir yontem kullanilarak bélgesel ve rezidiiel bilesenlerine ayristirilmigtir. Bu spektral
filtreleme asamast, yiizeye yakin sinyalleri daha genis tektonik etkilerden etkin bir sekilde ayirarak, genellikle daha
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derin yapilar tarafindan maskelenen sig ozelliklerin ¢oziintirliigiinii artirmis ve derinlik modellemesi igin saglam
bir temel olusturmugstur. Rezidiiel gravite anomalileri, hem 2-B hem de 3-B lokal optimizasyon-tabanli ters ¢oziim
teknikleriyle incelenmigtir. Bu tamamlayici yontemler, sonuglarin matematiksel olarak dogrulanmasina olanak
tamimis ve elde edilen yapisal yorumlarmn giivenilirligini arttirnugtir. Elde edilen temel kaya derinligi tahminleri,
Isparta Havzasi 'min bilinen jeolojik yapisiyla, ozellikle fay geometrileri ve stratigrafik simirlarlia uyum géstermektedir
ve ters ¢oziim sonu¢lart maksimum sedimanter dolgu kalinligimin yaklasik 0,53 km oldugunu géstermektedir. Tahmin
edilen sedimanter dolgu kalinligi, afet yonetimi agisindan pratik onem tasimaktadir. Ozellikle havza ortamlarinda,
kalin sedimanter birikimler deprem sirasinda yer hareketi ozelliklerini onemli dlgiide etkileyebilir. Bu nedenle,
sedimanter birikimin uzamsal dagilimimin haritalandiriimasi, daha bilingli bélgesel risk degerlendirmelerine
katkida bulunmakta ve hedefli azaltma stratejilerinin gelistirilmesini desteklemektedir. Bu bulgularin, Isparta
Havzasi 'nda arazi kullamim planlamas: ve altyapt dayanikliligr icin degerli ¢iktilar olusturacagi ve sismik tehlike
azaltma ¢alismalarina katilan yetkililer ve miihendisler i¢in temel bilgi kaynagi saglayacagi ongoriilmektedir.

Anahtar Kelimeler: Isparta baseni, mikrogravite, spektral filtreleme, temel kaya topografyasi, ters ¢oziim.

INTRODUCTION maturation (Allen and Allen, 2005). Global

Sedimentary basins are the primary continental sea-level fluctuations exert decisive control on

settings where prolonged subsidence creates
depressional terrains at lower altitudes than the
surrounding regional uplands, facilitating the
accumulation of sedimentary deposits (Onajite,
2014; Weismann et al., 2015). Sedimentary basins
evolve through subsidence and sedimentation
driven by a variety of tectonic processes. In
extensional regimes, crustal stretching forms

sedimentation patterns. Marine transgressions
inundate continental shelves with siliciclastic and
carbonate deposits, while regressions concentrate
terrigenous influx (Catuneanu, 2006). Distinct
basin types (e.g. continental rifts, passive margins,
intra-cratonic sag basins) display characteristic
fill architectures. Rift basins commonly exhibit
rapid, asymmetric sedimentation, whereas passive

grabens that accommodate rapid clastic infill, margins develop extensive, gently dipping clastic
whereas flexural loading adjacent to growing wedges. Such architectural differences reflect the
orogens induces broad, regional down-warping interplay of subsidence rate, sediment supply and
and basin development (Allen and Allen, 2005). basin geometry (Catuneanu, 2006). Sedimentary
Thermal subsidence occurs due to lithospheric fills also form vital groundwater reservoirs (Hunt
cooling and isostatic readjustment. This process et al., 2022). Porous and fractured sedimentary
increases accommodation space and promotes formations comprise major aquifer systems
gradual thickening of the sedimentary sequence supplying irrigation and potable water, especially
over geological time (Allen and Allen, 2005). in arid and semi-arid zones where surface water
The composition of basin fills provides a record is limited. Aquifer yield and water quality are
of key aspects of palaeoenvironments. Fluvial, governed by the depositional and diagenetic
lacustrine, deltaic and shallow-marine depositional characteristics of the basin fill (Todd and Mays,
systems deliver sediments of varying grain size 2004). The geothermal energy potential of
and mineralogy, generating complex, multi- sedimentary sequences has attracted increasing
storey stratigraphy that archive palacogeographic interest. Thick, high-heat-flux basins may yield
evolution and climatic shifts (Catuneanu, 2006). hot water or steam for district heating and power
Subsequent deformation (e.g. faulting, folding generation, with reservoir performance dependent
or compaction) of these sequences preserves on porosity, permeability and thermal conductivity

a chronicle of tectonic pulses and structural of the fill (Wu et al., 2025).
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In seismically active regions, basin geometry
and fill properties intensely influence ground-
motion characteristics. The natural resonance
frequency of a sedimentary basin depends on
sediment thickness and shear-wave velocity. This
can lead to significant seismic-wave amplification
and increased damage to overlying structures
(Borcherdt, 1970). Variations in a sedimentary
basin’s geometry and internal architecture can
markedly influence seismic wave amplification and
transmission, which result in differences in ground
shaking intensity and distinct propagation patterns
(Ghose et al., 2023). Moreover, water-saturated,
low-density sediment layers elevate liquefaction
potential during strong ground-motions, a factor
critical to seismic design and risk mitigation (Seed
and Idriss, 1982). Integrating seismic studies with
complementary microgravity surveys enhances
characterisation of basin architecture and fault
networks beneath sedimentary layers (Pamuk et
al., 2017; Biiyiliksarag et al., 2023, Bektas et al.,
2025). This integration improves the accuracy of
ground-motion modelling and underpins more
effective disaster-risk-reduction strategies
tectonically active basins.

in

Despite the critical importance of accurately
characterising sedimentary deposit thickness for
urban seismic hazard assessment, an inadequate
number of studies have been conducted to quantify
sedimentary fill thickness beneath the city in
the Isparta Basin. In addition, the Isparta Basin
has remained largely underexplored in terms of
gravity-based inversion studies. In contrast, most
geophysical research has concentrated on the
western Anatolian extensional regime, particularly
the Biiylik Menderes and Gediz grabens within
the Aegean Graben System, which have attracted
considerable attention due to their pronounced
tectonic activity and well-defined subsurface
geometries (e.g. Sari and Salk, 2006; Isik and
Sener, 2009; Lima and Silva, 2014; Timur et al.,
2019; Ekinci et al., 2021, 2023; Roy et al., 2025).
This study aims to fill that gap by providing new
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insights into the basin’s subsurface configuration
and the sedimentary architecture of the Isparta
region, with a specific focus on the densely
populated and seismically active urban area. The
2-D Fourier-based anomaly separation technique
was applied to microgravity anomalies to isolate
residual signals tied to shallow subsurface
structures. These residual anomalies were then
inverted using both 2-D and 3-D approaches. By
integrating these methodologies, we produced
reasonable estimates of basement relief depth,
which provide sedimentary fill thickness in the
Isparta Basin.

STUDY AREA and DATA

Tectonic and Geological Setting of the Isparta
Basin

Tiirkiye is located at the convergence zone
of several major tectonic plates, namely the
African, Arabian, and Eurasian plates (Figure
1). This geodynamic interaction gives rise to a
highly active tectonic regime that governs much
of the deformation across the Anatolian plate
(McKenzie, 1972; Bozkurt, 2001). Western
Anatolia is shaped by extensional tectonics due
to westward movement of the Anatolian plate,
which escapes the collision between the Arabian
and Eurasian plates through strike-slip and normal
faulting (Sengdr and Yilmaz, 1981; Reilinger et
al., 2006). Within this broader tectonic framework,
two significant subduction-related arc systems
play critical roles: the Hellenic (Crete) Arc to the
southwest and the Cyprus Arc to the south (Figure
1). Both arcs represent subduction zones where the
African plate is descending beneath the Eurasian
margin (Barka and Reilinger, 1997). These arcs
not only accommodate plate convergence but
also influence crustal deformation, seismicity,
and magmatism across the eastern Mediterranean
region (Barka and Reilinger, 1997; Robertson et
al., 2003).
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Figure 1. Simplified neotectonic map of Tiirkiye (compiled from Okay & Tiiysiiz 1999; Yigitbas et al. 2004; Ekinci
& Yigitbasg, 2012, 2015; Ekinci ef al. 2013, 2020). GMT software (Wessel & Smith 1995) was used to produce the

map.

Sekil 1. Tiirkiye nin basitlestirilmis neotektonik haritast (Okay & Tiiysiiz, 1999; Yigitbas,et al., 2004; Ekinci ve
Yigitbag, 2012, 2015; Ekinci vd., 2013 ve 2020 den derlenmistir). Haritay iiretmek icin GMT yazilimi (Wessel ve

Smith, 1995) kullanilmistir.

At the intersection of these two arcs lies a
geologically intricate area known as the Isparta
Angle, which marks a transition between
compressional and extensional tectonic domains.
This structurally unique zone is shaped by the
interplay of arcuate fault systems and varying
stress regimes, and it serves as a key area to
understand the tectonic evolution of southwestern
Anatolia (Sengdr and Yilmaz, 1981). The Isparta
Basin is located at the apex of this angle, acting as
a structurally controlled sedimentary depression
influenced by both local and regional tectonic
forces. There is consensus that the Isparta Angle
attained its present position during the neotectonic
period. Based on paleomagnetic data, Kissel and
Poisson (1986) and Piper et al. (2002) suggest
that the Beydaglari carbonate massif forming
the western limb of the Isparta Angle may have
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experienced counterclockwise rotation throughout
the Miocene.

The basin is delineated by two prominent
fault systems: the Fethiye-Burdur Fault Zone
trending northwest along its western margin, and
the Aksehir Fault Zone trending northeast on its
eastern flank. These fault systems converge in
the north with the Sultandagi Fault, outlining a
triangular tectonic setting (Kogyigit and Ozacar,
2003). The structural geometry of the basin
promotes localised subsidence and accumulation
of thick sedimentary sequences. Seismological
data confirm that these faults are seismically active,
with multiple moderate-to-large earthquakes
occurring over the past century (Taymaz and Price,
1992; Wright et al., 1999; Emre et al., 2003). The
Isparta region also contains local-scale structures,
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such as the Davraz and Kay1 Faults, which
further influence the seismic behaviour within the
basin. Instrumental earthquake recordings show
clusters of microseismicity near the urban centre
and surrounding areas. These patterns correlate
with local fault lines, which indicate ongoing
deformation even within the sedimentary basin
interior (Kogyigit and Ozacar, 2003).

Isparta Basin has a diverse stratigraphy
consisting of sedimentary, volcanic, and
volcaniclastic units from the Mesozoic to the
Quaternary. The stratigraphic succession in
the study area is grouped into autochthonous
and allochthonous units (Senel, 2007a & b;
Demer, 2008). The autochthonous sequence
comprises the Mentese Formation (Msm), Davras
Limestone (Msd), Sobiidag Limestone (Kriids,
member of Davras Limestone), Cigdemtepe
Limestone (Krii¢), Kogtepe Formation (Tk),
Kayikdy Formation (Ti), and Golciik Volcanics
(pyroclastics as PQgp and volcanic lavas as
PQgv), all of which are unconformably overlain
by slope debris (Qy) and alluvial fan deposits
(Figure 2). The allochthonous assemblage consists
of the Gokgebag Complex (Mg) and the Akdag
Limestone (Ma). The Mentese Formation consists
of grey to greyish-black, medium- to thick-bedded,
densely vuggy dolomitic limestones that form the
basal unit of the Davras Limestone and contain
abundant megalodontid moulds (Demer, 2008).
The Davras Limestone has extensive outcrops
in the eastern part of the study area. The unit is
dated to the Upper Triassic Turonian (GOrmiis
and Ozkul, 1995). The Sobiidag Limestone
constitutes the Late Cretaceous carbonate section
of the Davras Limestone (Demer, 2008). The
rudist-bearing carbonates of the Late Cretaceous
Cigdemtepe Formation unconformably overlie
the Davras Limestone unit (Karaman et al., 1988;
Yildiz and Toker, 1991). Based on its lithological
and faunal characteristics, the unit is interpreted
to have been deposited in a shallow lagoonal
setting, with locally restricted lagoonal conditions
(Gérmiis and Ozkul, 1995). The Cigdemtepe

107

Limestone is represented by pelagic limestones
and is predominantly composed of light-cream
to whitish-grey, platy pelagic limestone (Demer,
2008). Based on its faunal and lithological
characteristics, the unit is interpreted to have been
deposited in a pelagic environment (Karaman et
al., 1988; Gormiis and Ozkul, 1995). The Kogtepe
Formation begins with a conglomeratic-breccia
basal layer and this is succeeded by thin- to
medium-bedded pelagic marls that range in colour
from red and reddish-pink to wine-red, locally
exhibiting kidney-shaped weathering (Yalginkaya,
1989). The flysch-character Kayikdy Formation
comprises interbedded claystone, siltstone,
sandstone, and conglomerate. The dominant
lithologies are claystone and sandstone (Karaman
et al., 1988; Gormiis and Ozkul, 1995). The
pyroclastics largely consist of weakly consolidated
interbedded tuff, tuffite, and pumice layers (Demer,
2008). Volcanic lavas occur as subvolcanic
stocks and dikes composed of trachyandesite and
trachyte, and these volcanic stocks are locally
overlain by pyroclastic deposits derived from
the Golciik volcano (Demer, 2008). Slope debris
typically developed in front of steep slopes where
high hills descend into the plain. They consist
of clay, silt, sand, gravel, and blocks (Demer,
2008). The alluvial fan deposits provide the most
extensive outcrops in the study area. Within the
plain, the deposit consists of unconsolidated sand,
gravel, clay, and silt-sized materials, with grains
predominantly composed of limestone, chert, tuff,
and volcanic clasts (Demer, 2008). The Gokgedag
Complex comprises basic to ultrabasic lithologies
containing blocks of variable size. It exhibits
a multi-coloured appearance, predominantly
green, and locally displays olistostromal features
(Yalginkaya, 1989). The Akdag Limestone, which
overlies the rock units in the study area together
with ophiolitic mélanges, comprises white,
medium- to thick-bedded recrystallised limestones
whose bedding is completely disrupted, and which
are highly fractured and jointed (Demer, 2008).
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Figure 2. Geologic map of Isparta Basin (compiled
from Senel, 2007a & b; Demer, 2008).

Sekil 2. Isparta Baseninin jeoloji haritasi (Senel, 2007a
ve b ve Demer, 2008 'den derlenmistir).

Microgravity data

The microgravity data were acquired using a
CG-5 Scintrex gravimeter, which provides high-
precision measurements and includes internal
correction systems for temperature, tilt, and tidal
effects (Beyhan etal., 2017; Silahtar etal., 2020). A
total of 108 gravity stations were measured across
an area approximately 14 km south to north and
14.8 km west to east (Beyhan et al., 2017). While
the survey targeted a gridded layout, practical
constraints such as terrain and road access led to
minor deviations from the planned grid (Silahtar et
al., 2020). To control for instrumental drift, a fixed
base station was established, and readings were
taken at regular two-hour intervals throughout
the survey. After fieldwork, the raw gravity
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measurements were processed through a standard
sequence of corrections to isolate the geological
signal from external influences (Beyhan et al.,
2017; Silahtar et al., 2020). These corrections
included instrumental drift adjustments, tidal
corrections, latitude corrections, and free-air
corrections. The last step was the Bouguer
correction, which modelled the gravitational
effect of the rock mass between the station and sea
level, using a reduction density of 2.4 g/cm?® based
on regional rock properties (Dolmaz, 2007). The
data set used here was digitised from Beyhan et
al. (2017).

METHODOLOGY

Regional and Residual Separation via 2-D
Fourier Transform

To separate the microgravity anomalies into
regional and residual components, a 2-D Fourier-
based spectral filtering method was applied. This
method decomposes gravity anomalies into their
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components to distinguish shallow from deep
crustal effects. It identifies regional and residual
contributions in the wave-number domain. The
microgravity data set G(x,y), was transformed
into the wave number domain via fast Fourier
transform (FFT), and its spectral representation
was calculated using the following equation
(Buttkus, 2000).

) )

In this equation, N and N represent the
number of samples (or data points) in the x
and y directions of the microgravity data grid,
respectively. In Fourier space, the energy density
of each component is defined by the following
equation.

E(kx' ky) =

kxx

Glloy) = 25 27 Gy o

|G (k. ky)|” 2)

These energy values were grouped at specific
intervals based on the magnitude of the radial
wavelength, as given below (Blakely, 1996).

T'kx'ky = ’kxz‘l'kyz (3)

Thus, the resulting 1-D energy spectrum was
calculated, and the average energy values for each
radial wavelength band were obtained via the
following equation.

EG) = () Zrepiy e trrean] 6(ke ky)|° &)

The first derivative of the spectral energy
curve, OE/Or, indicates the variation in energy
distribution. At the point of the steepest negative
derivative on this curve, the abrupt drop in energy
density is identified as the critical threshold radius,
R This value is used as an optimal threshold in
the wave number domain to separate regional and
residual components. With this approach, instead
of selecting a fixed threshold, the separation is
performed based on the data-specific spectral
behaviour, which allows for effective isolation of
shallow anomalies in the microgravity data. The

obtained spectrum is separated into regional and
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residual components according to this threshold
value, using the equations given below (Buttkus,
2000).

TEJ(kx'ky) G(kx, ky) 1 [rk ky < Rope

Crez(kx' ky) = C(kx‘ k)’) A [rkkay > R"pt

)
(6)

Through this process, a masking operation
was applied, followed by an inverse Fourier
transform to transition into the spatial domain.
Both components were then obtained in the spatial
domain using the following expressions.

GTE]' (x,y) = F [Cre]' (kx' ky)] =
_ Ny_ R o kxx+kyy
lezvy X =i&2k2 _i&Grej(kx, ky) .e< (Nx Ny)>(7)
x 2 y=—
GT@Z(x' y) = F_l[érez(kx: ky)] =

kyxx

52 s 2_ Gres (s ky) - LG ) s)

NxNy ky=—"2% ky=

2-D inversion of gravity anomalies

The gravity anomaly at any point caused by 2-D
rectangular blocks is expressed by the following
equation (Rao and Murty, 1978).

Ag(k) = 5 F (D] zr )
Here, Ag(k) is the observed gravity anomaly
at point x,, F(z) is the gravity effect of the block
located below station i, Z7(i) is the depth to the top
of the block below i. The derivation with respect
to the depth parameter is given below.
dx
;7>] (10)

Xk+E Xk
. 2 ) — arctan (

Here G, is the gravitational constant, Ap is the
density contrast and dx denotes the station interval.
The normal equations are given as follows (Murty
and Rao, 1989).

arg(k)\ [90g(k
Iivzl( =1 (ﬂ)( g¢ ))+ /15l])Aal =

da; daj
S 8900 (B29), f = 1,2,..,N

aFk(Z) _
0 = 2GAp [arctan(

(11)



Here Ag(k), is the misfit at the kth data point
Aa,, represents the parameter update, ("’Aag_a(i")) is
the partial derivative of the misfit with respect
to the ith parameter, 511_ denotes the Kronecker
delta, A is the damping factor, N is the number
of the parameters and M represents the number
of observations. According to this inversion
scheme, the algorithm begins with the Marquardt
damping factor set to 4 = 0, corresponding to a
diagonal coefficient multiplier of (1 + 1) = 1.0 in
the normal equations. This means that the first
iteration proceeds with a standard Gauss-Newton
step. If the objective function does not improve,
the damping factor is adaptively increased using
the control parameter NLAMDA, which serves as
an iteration index for adjusting 4. The relationship
between these variables is given by this equation.
1= % (2NLAMDA-1 _ 1y, (12)

This results in successive A values (0.5,
1.5, 3.5, etc). When convergence is achieved,
NLAMDA is reduced and A returns to zero. The
iteration terminates when A becomes excessively
large (typically greater than 15.0), or when
the objective function reaches the predefined
tolerance. To provide a normalised measure of data
fit, we used the root mean square error (RMSE),
calculated after each iteration, as follows.

RMSE = \/% Z:V:_Zl[gobs(xi) = Geal (x)]? (13)

Here, g , (x)and g (x)represent the observed
and calculated gravity anomalies at station i,
respectively, and N denotes the total number of
observation points. In this formulation, the first
and last observation points are excluded because
they correspond to artificially extended boundary
nodes added for numerical stability at the profile
ends. The details of the inversion algorithm are
given in Murty and Rao (1989).
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3-D inversion of gravity anomalies

The method presented by Rao et al. (1990) focuses
on the 3-D inversion of gravity anomalies caused
by subsurface geological structures, modelled as
a juxtaposition of rectangular prisms. We used a
constant density contrast between the sedimentary
fill and the underlying basement. The forward
modelling step computes the vertical gravity
anomaly at a surface point caused by such a prism.
The exact expression of the anomaly is derived by
integrating Newton’s law over the volume of the
prism. For a single prism, the expression is given
below (Rao et al., 1990).

Ag(x,y) = GAp 2,y — Z,B, + 2B, +

5B, + 2B, + 2B, (14)

Here G, is the gravitational constant, X -
X, and Y , Y, are the horizontal offsets from the
prism centre to its edges in the x-and y-directions,
respectively. B, to B, are composite terms
involving arctangent and logarithmic functions
of the distances from the observation point to the
corners (vertices) of the prism as given in Rao et
al. (1990). To invert the gravity data, the depth to
the base of each prism is estimated such that the
calculated anomalies match the observed ones.
The procedure begins with an initial depth estimate
based on a linear approximation of the Bouguer
slab formula, adapted from Bott’s method as given
below

(15)

Agops(xy)
Z(x,y) = ngrczy

This provides a rough starting model for
the basement Following this, the
inversion proceeds iteratively. At each iteration,
the gravity anomaly is calculated by summing the
contributions from all prisms. The discrepancy
between the observed and calculated values is
then used to update the basement depth (Rao et
al., 1990).

interface.
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Znev (x,y) = Z°9(x, y) + Agobs(X¥)=Agcatxy) (16)
2nGp

The iterative correction continues until
residual anomalies fall below a set tolerance or
the iteration limit is reached. We used the same
RMSE function given previously, serving as a
diagnostic measure of convergence. The process
yields a 3-D basement relief model that explains
the gravity data under constant density contrast.
This method is particularly well suited for
modelling basin structures where lateral density
variations are negligible. It offers a practical
compromise between interpretational accuracy
and computational efficiency. The details of the
inversion algorithm are given in Rao et al. (1990).

ANALYSES and FINDINGS

In the applications, the critical threshold radius
R, was determined as 1 (Figure 3). This value
represents a very small circular region in the
spectral domain, located very close to the origin,
which includes only the components with the
longest wavelengths. Mathematically, this implies
that only the components with a radius value
of at most one are classified as regional, while
the rest are included in the residual component.
In this case, the regional component becomes
highly simplified, and shallow structures located
at shorter wavelengths become more pronounced
in the residual component. The threshold value
of 1 is not a ratio or percentage, but rather a unit
of radial distance defined in wave number space,
which is related to the data dimensions according
to the definition of the Fourier transform. Such low
threshold values can enable clearer observation of
the residual signal, especially in regions where
crustal trends are weak and local anomalies are
dominant.
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Figure 3. Spectral energy distribution and critical
threshold radius.

Sekil 3. Spektral enerji dagilimi ve belirlenen kritik
esik yaricapi.

Figure 4 presents a sequential analysis
of the Bouguer gravity data through spectral
decomposition. Figure 4a shows the complete
Bouguer gravity anomaly, reflecting the combined
effects of both deep and shallow density variations.
The regional component obtained via 2-D Fourier
transform, highlighting long-wavelength features
that likely correspond to deeper crustal structures
or broader isostatic trends, is shown in Figure
4b. The residual component, which isolates
short-wavelength anomalies associated with
shallow subsurface features such as sedimentary
fill variations and fault-controlled basement
relief is shown in Figure 4c. When compared
with the geological map in Figure 2, a notable
spatial correlation emerges between the residual
gravity anomalies and the mapped sedimentary-
volcaniclastic sequences in the central Isparta
Basin. Areas of relatively negative residual
anomaly values coincide with the known extent
of thick sedimentary and volcaniclastic deposits,
while positive anomalies generally correspond
to the outcropping or shallowly buried basement
units. This spatial agreement confirms that the
residual gravity component effectively captures
geologically meaningful variations in subsurface



density and validates the use of spectral filtering
techniques in this context. The coherence between
residual anomaly patterns and surface geology
supports the reliability of the applied procedures.
This consistency indicates that the gravity-based
interpretations are geologically sound.

Here, we used a density contrast of -0.58 g/cm?
(Silahtar et al., 2020) in the 2-D and 3-D inversion
procedures. The 2-D inversion results obtained
from four gravity profiles are shown in Figure 5.
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Figure 6 illustrates the convergence behaviour of
the 2-D inversion algorithm, shown here for the
P4 profile since the inversions performed for the
other profile data sets exhibited nearly identical
convergence characteristics. The outcomes

reveal a consistent pattern of sedimentary deposit
thickness and basement topography across the
Isparta Basin. The sedimentary fill reaches a
maximum thickness of approximately 0.52 km,
accommodation

indicating significant
within the basin interior.
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Figure 4. a) Bouguer gravity anomaly, (b) regional anomaly and (c¢) residual anomaly for the Isparta Basin. The
profiles used for 2-D inversion are shown in (¢). Black square and dots show settlements given in Figure 2.

Sekil 4. a) Isparta Baseni Bouguer gravite anomalisi, (b) bolgesel anomali ve (c) rezidiiel anomali. 2-B ters ¢oziim
icin kullanilan profiler (c) de verilmistir. Siyah kare ve noktalar Sekil 2’ de verilen yerlesim yerlerini gostermektedir.
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The basement surface exhibits an undulatory
(wavy) morphology characterised by alternating
highs and lows, which suggest a tectonically
controlled structural configuration rather than
a purely depositional subsidence pattern. This
undulation likely results from block faulting
mechanisms  associated  with  extensional
tectonics, as well as superimposed deformation
due to compressional reactivation. The structural
irregularity is consistent across all profiles, which
highlights a high degree of internal coherence and
strengthens the reliability of the inversion results.
The geological map of the Isparta Basin (Figure
2) supports these interpretations. The basin is
bounded by major fault zones such as the Fethiye-
Burdur Fault Zone and the Aksehir Fault Zone,
which converge in the north to define a triangular
tectonic depression. These active fault systems,
along with smaller-scale faults like the Davraz
and Kay1 Faults, likely contribute to the observed
relief of the basement. Furthermore, the presence
of unconsolidated Quaternary alluvial fans, slope

debris, and volcaniclastic sequences in the central
part of the basin corresponds spatially with areas
of maximum accumulation inferred from gravity
inversion. The abrupt basement depth changes at
short lateral distances may reflect fault-controlled
subsidence zones or tilted fault blocks, supporting
the interpretation of a tectonically segmented
basement structure.

Geologically, the Isparta Basin lies within a
complex transition zone between the compressional
Tauride belt and the extensional Western Anatolian
domain. The undulatory basement relief observed
in this study likely reflects these dual tectonic
influences. The basement highs may correspond to
relatively uplifted blocks of Mesozoic carbonates
(e.g., Davras Limestone), while the lows align
with graben-like structures infilled by younger
Neogene-Quaternary  clastic  sediments and
volcanics. This interpretation is consistent with the
mapped stratigraphy, where older autochthonous
carbonate and flysch sequences are unconformably
overlain by thick basin-fill deposits.
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Figure 5. 2-D inversion results of selected four profiles.

Sekil 5. Secilen dort profile ait 2-B ters ¢oziim sonuglari.
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Figure 6. Convergence behaviour of the 2-D inversion
algorithm.

Sekil 6. 2-B ters ¢oziim algoritmasmin yakinsama
davranisi.

The 3-D inversion results presented in Figure
7a illustrate the detailed spatial distribution of
basement topography across the Isparta Basin,
with the sedimentary fill thickness effectively
visualized as the vertical distance between the
modelled basement and the surface. The model
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reveals that the thickest sedimentary accumulations
(>0.5 km) occur predominantly in the central and
southwestern parts of the basin, forming an arcuate
zone that aligns well with the mapped extents of
alluvial fan deposits and volcaniclastic units shown
on the geological map (Figure 2). This sedimentary
wedge appears to taper toward the northeast and
southeastern flanks of the basin, where basement
highs are more prominent and shallow carbonate
rocks (e.g., Davras and Cigdemtepe Limestones)
crop out or lie close to the surface. The deposit
thickness pattern suggests structurally controlled
deposits, possibly bounded and shaped by major
fault systems such as the Fethiye-Burdur Fault
Zone to the west and the Aksehir Fault Zone to
the east. The observed asymmetry in sedimentary
fill distribution may reflect tilted fault blocks or
syn-depositional subsidence linked to extensional
tectonics.
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T T T -1e-9
280 284 288 292
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Figure 7. a) The basement depth obtained from 3-D inversion and (b) the difference between observed and calculated
anomalies. Black square and dots show settlements given in Figure 2.

Sekil 7. a) 3-B ters ¢oziim ile elde edilen temel kaya derinligi (a) ve (b) él¢iilen ile hesaplanan anomali arasindaki
fark. Siyah kare ve noktalar Sekil 2 de verilen yerlesim yerlerini géstermektedir.
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The inversion algorithm excluded positive
gravity anomalies to avoid contamination from
high-density basement outcrops
intrusions. Because sedimentary deposits are less
dense than the basement rocks, they generate
negative gravity anomalies. Therefore, to ensure
the 3-D inversion accurately represents the
sedimentary thickness distribution, only these
negative anomalies were used. This exclusion
led to localised blank zones in the deposit
thickness map, particularly over areas dominated
by high-density lithologies. Despite this, the
calculated infill distribution closely corresponds
with the 2-D inversion results, indicating high
internal consistency across different inversion
methodologies. The misfit map (Figure 7b) further
supports the reliability of the 3-D inversion,
showing minimal discrepancy between the
observed and calculated gravity anomalies.
Thus, the forward model adequately captures
the basin’s subsurface density structure. These
findings, when considered alongside the regional
tectonic framework of the Isparta Angle, where
compressional and extensional regimes converge,
emphasise the complex interplay between basin
infill patterns and active fault systems. The
agreement between geophysical models and
geological observations supports the validity of
the inversion methodologies and confirms that the
resulting sedimentary fill thickness distribution
is both geologically plausible and geophysically
robust. Figure 8 presents the variation of RMSE
values with iteration number for the 3-D inversion.
A clear convergence trend is observed, which
indicates that the optimisation process effectively
minimised the misfit between the observed and
calculated gravity data. In addition, to explicitly
assess the internal consistency between the 2-D
and 3-D inversions, the P4 profile was extracted
from the 3-D basement model along the same
trace used for the 2-D inversion (Figure 9). The
3-D-derived P4 section closely repeats the 2-D
solution (Figure 6), including the position of

or volcanic
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basement highs and lows and the peak sedimentary
thickness within the central part of the basin. Very
minor discrepancies are confined to the margins
and are attributable to methodological differences
between the two schemes, rather than substantive
mismatch. This cross-sectional agreement
corroborates the strong 2-D/3-D coherence and
provides additional confidence in the basin-scale
interpretations presented here.
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lteration
Figure 8. Convergence behaviour of the 3-D inversion

algorithm.

Sekil 8. 3-B ters ¢oziim algoritmasimin yakinsama
davranisi.
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Figure 9. P4 profile extracted from 3-D inversion
results.
Sekil 9. 3-B ters ¢oziim sonu¢larindan elde edilen P4
profili.

The spatial variability of sediment thickness
revealed by the gravity inversion provides
fundamental insights into the local dynamic
behaviour of the Isparta Basin. This information is



particularly relevant for seismic microzonation and
urban planning, as variations in sediment thickness
directly control site response parameters such as
fundamental resonance frequency, amplification
potential, and the impedance contrast between
the sedimentary package and underlying bedrock.
Areas characterised by thicker
are expected to have lower
resonance frequencies and stronger amplification
of long-period ground-motions, while shallower
zones tend to respond at higher frequencies. These
relationships enable the gravity-derived sediment
thickness model to serve as a first-order dataset
for delineating microzonation zones and guiding
future site-specific  investigations,
shear-wave velocity profiling and ambient noise
Therefore, the proposed approach
offers a cost-effective and regionally consistent
framework for identifying areas with distinct
dynamic characteristics, which can support
engineering design, seismic hazard assessment,
and disaster-risk mitigation strategies within the
Isparta Basin.

sedimentary
accumulations

including

analyses.

CONCLUSIONS

The application of a 2-D Fourier-based spectral
filtering method, followed by both 2-D and 3-D
local optimisation-based inversions, produced a
reasonable model of the Isparta Basin’s basement
relief and sedimentary fill. By selecting a data-
specific threshold radius in the wave number
domain, shallow residual anomalies, those most
directly tied to sedimentary fill thickness and fault-
controlled relief, were successfully isolated from
deeper regional trends. Geologically, the Isparta
Basin occupies the apex of the Isparta Angle,
where the extensional regime of Western Anatolia
converges with the compressional Tauride orogen
and intersects the Hellenic and Cyprus subduction
arcs. Its stratigraphy spans Mesozoic carbonates
and flysch through Neogene-Quaternary volcanics
and clastics, all unconformably overlain by
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thick alluvial-fan and slope-debris deposits. Two
principal fault systems, the northwest-trending
Fethiye-Burdur Fault Zone and the northeast-
trending Aksehir Fault Zone, frame the basin
and drive block-faulted subsidence. These
structures are mirrored in the gravity anomalies:
long-wavelength regional trends trace deep
crustal flexure and subduction-related loading,
while short-wavelength residual anomalies
sharply define block-faulted basement highs and
sedimentary fills. Residual anomalies highlight
zones where sedimentary accumulations reach up
to 0.53 km. The undulatory basement topography,
marked by alternating uplifted highs and subsiding
lows spaced roughly 2-5 km apart, closely follows
the trace of the Fethiye-Burdur and Aksehir Fault
segments. The highs coincide with outcropping
Mesozoic carbonates, whereas the deepest lows
align with thick Neogene-Quaternary clastic and
volcaniclastic infill. This pattern implies that
block-fault rotations and differential subsidence
have shaped the basin architecture. Moreover,
the amplitude of the residual gravity signal scales
with the density contrast between rigid carbonate
blocks and softer sedimentary fills, strengthening
the idea that gravity anomalies faithfully map both
structural and depositional features. These patterns
indicate a history of episodic extensional faulting
driven by the westward escape of the Anatolian
block. Localised compressional reactivation at
fault intersections produced the wavy basement
relief and variable sedimentary thickness in the
Isparta Basin. 2-D inversion along four profiles
revealed an undulating basement surface with
highs corresponding to uplifted Mesozoic
limestone blocks and lows marking Neogene-
Quaternary graben-infills. The 3-D inversion
further delineated an arcuate deposit in the central
and southwestern basin where sedimentary fills
exceed 0.5 km in thickness, tapering toward
basement highs in the northeast and southeast.
The strong agreement between the 2-D and 3-D
inversion models, further confirmed by the P4
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profile extracted from the 3-D basement surface
(Figure 9), and their close correspondence with
both residual gravity patterns and mapped geology,
collectively attest to the robustness and reliability
of the integrated workflow applied to the Isparta
Basin. This consistency across different inversion
dimensions strengthens the credibility of the
derived basement relief and sediment thickness
distributions, enhancing confidence in the overall
geological interpretation of the basin.

From a seismic-hazard perspective, the
mapped sedimentary thickness and fault-controlled
undulations are crucial. They strongly influence
ground-motion amplification, basin resonance, and
liquefaction risk in the densely populated central
part of the Isparta Basin. The combined spectral-
filtering and inversion approaches for gravity
data therefore provide essential data for seismic
microzonation and targeted land-use planning,
offering a practical framework for identifying
zones with differing site-response characteristics
and for designing resilient infrastructure
throughout the Isparta Basin within this dynamic
extensional-compressional transition zone.

GENISLETILMIS OZET

Bu c¢alismada, Isparta Havzasi'min jeodinamik
evrimine bagli olarak gelisen havza igindeki
sedimanter dolgu kalinligini ile temel kaya iist
yiizeyinin uzaysal degisimini belirlemek amactyla
mikrogravite anomalileri, 2-B Fourier dontistimii
tabanli spektral filtreleme ve 2-B ile 3-B ters
¢oziim algoritmalarvmin  kullanimina  dayanan
bir metodolojiyle analiz edilmistir. Ilk asamada
gravite verisi, dalga sayisi uzayinda veri odakli bir
kritik esik yarigapi belirlenerek bélgesel egilimler
ile s1g yapt sinyalleri birbirinden ayrilmis, derin
kabuksal egilimi temsil ettigi diistintilen uzun
dalga boylu bilesenlerle yerel blok-fay kontrollii
anomaliler izole edilmistir Bu yaklasim, dalga
sayisi uzayinda tamimlanan kritik yarigapinin
yalnizea uzun dalga boylu bilesenleri bolgesel
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egilim olarak kabul edilmesine dayanmaktadir
ve boylece zayif kabuksal egilimlerin etkisinde,
sig anomalilerin daha net bigimde aywt edilmesi
Ardindan
tizerinde dort ayrt 2-B profil ve tiim ¢alisma

saglanmustir. rezidiiel —anomaliler

alamimi  kapsayan 3-B  modelleme adimlart

gerceklestirilmis, iteratif giincellemelerle hem
gozlenen hem de hesaplanan gravite anomalileri
arasindaki cakismazlik olciitii minimize edilerek
yaklagik 0,53 km’lik maksimum sedimanter dolgu
kalinligt ve blok-fay segmentasyonu sonucunda
olusmus dalgalr bir temel kaya topografyasi
Ban

Anadolu’nun genigleme rejimi ile Toros kusaginin

elde edilmistir. Jeolojik olarak havza,

stkisma etkilerinin kesistigi, Hellen ve Kibris alt
dalma zonlarimin yakiminda yer alan “Isparta
Acist”  icinde  konumlanmis ve  Mezozoik
karbonatlari ile Neojen-Kuaterner volkanoklastik
ve klastik birimleri, kalin aliivyon yelpazeleri ve
yamag molozlaryla iist iiste gelmistir. Kuzeybati-
Fethiye-Burdur

kuzeydogu-giineybati yonlendirmeli Aksehir Fay

glineydogu  dogrultulu ve
Zonu, havzamn iki ana simirint olusturarak blok-
fay kontrollii yiikselme ve ¢okiintii alanlarinin
sekillenmesine neden olmug, bu yapisal kontrol
elde

rezidiiel anomalilerde negatif anomalilerin kalin

spektral —ayristirma  sonrasinda edilen
sedimanter birikimiyle, pozitif anomalilerin ise
sig karbonat ve ofiyolitik bloklarla értiismesiyle
dogrulandigi diistintilmiistiir. Elde edilen dalgall
temel kaya yiizeyi, 2-5 km dlgeginde birbirini
izleyen yiikseltiler ve cukurluklar formunda ortaya
ctkmis, bu ozellik Anadolu plakasinin batiya
kacisvyla tetiklenen faylanma asamalarimin, lokal
olarak sitkismaya ugrayan segmentlerde yeniden
etkinlesme gostergesi olarak yorumlanmistir.
Hem 2-B hem de 3-B ¢éziimler arasinda saglanan
yiiksek — uyumluluk ile gravite anomalileri
arasindaki tutarlt korelasyon, spektral filtreleme
ve lokal optimizasyon yontemlerinin jeolojik ve
Jeofiziksel verilerle giiclii bir ortiisme sergiledigini

kanitlamistir.



Uygulama agisindan, haritalanan maksimum
0,53 km civarindaki sedimanter dolgu kalinliklart,
depreme duyarlt mikrobdlgeleme ¢alismalarina
kritik girdi saglamaktadwr ve rezonans frekansina
ve yer hareketi biiyiitme potansiyeline bagli olarak
zemin tepki davranmisinin ve siwvilasma riskinin
degerlendirilmesinde dogrudan kullanilabilecek
derinlik profilleri sunmaktadir. Sedimanter dolgu
kalinlhigindaki uzaysal degisim, yerel zemin tepkisi
ve dolgu-temel kaya empedans kontrasti hakkinda
birinci dereceden bilgi saglayarak miihendislik
tasarimi, kentsel planlama ve afet risk azaltumi
stireglerine on bilgi olusturur. Ayrica, blok-fay
kontroliindeki kalin birikimlerin konumu, kritik
altyapr tesislerinin ve yogun niifus alanlarinin
giivenli  bolgelerde  konumlandirilmasi
kullammi  planlamasinda rehber olma
potansiyeline sahiptir. Sonu¢ olarak, kullanilan
veri isleme agamalar, Isparta Havzasi gibi
dinamik bir genisleme-sikisma gec¢is zonunda
hem bolgesel tektonik segmentasyonu hem de
yerel ¢okelme alanlarmin yeralti yapisini ortaya
koymustur. Boylece gravite verisinin, jeotektonik
yorumlardan miihendislik ve afet yonetimi
uygulamalarina kadar genis bir yelpazede
temel on bilgi kaynagi olarak kullanilabilecegi
gosterilmistir.
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