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Abstract: The Eastern Pontide orogenic belt is divided into three subzones (northern, southern and axial zones) based on present
lithologies and facies associations. NE-SW-, NW-SE- and E-W-trending fault systems, which play an important role in palaeotectonics
and neotectonics of the Eastern Pontides, separate these zones. Three different methods were used to estimate the Moho depth from
observed gravity value, namely (i) empirical relationship between Moho depth and Bouguer anomaly; (ii) spectral analysis of the radial
wave number and; (iii) by the gravity inversion method. Power spectrum, a statistical approach, is a widely used technique to
determine the depth of geological sources successfully. The empirical linear relations between the Bouguer anomalies and seismically
determined crustal thicknesses have been used to compute depths to the Conrad and Moho discontinuities, which are consistent with
the average depths obtained from the power spectrum method. The crustal structure was also determined from the inversion of a
Bouguer anomaly profile along longitude 39°. Gravity inversion results are consistent with those obtained from the empirical relations
and power spectrum methods. We calculated the maximum crustal thickness of 43.8 km in the studied region by using the gravity
inversion method, which also showed that crustal thickness increases from north to south.
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Dogu Pontidler’in (KD Tiirkiye) 2 ve 3 Boyutlu Kabuk Kalinligi

Ozet: Dogu Pontid orojenik kusadi kuzeyden giineye dogru litoloji ve fasiyes degdisimlerine gére kuzey, giiney ve eksen olmak izere
(¢ alt zona ayriimaktadir. Dogu Pontidlerin paleotektonigi ile neotektoniginde 6nemli rol oynayan KD-GB-, KB-GD- ve D-B-yonli
kirik sistemleri bu zonlari birbirinden ayirmaktadir. Dogu Pontid Orojenik Kusagdi'nin kabuk yapisini gravite verisi ile belirlemek icin
Uc farkli yontem kullanilmistir. Bunlar (i) moho derinligi ile gravite anomalisi arasinda gelistirilen ampirik baginti; (ii) giic spektrumu
analizi ve (iii) gravite ters 6zim yontemleridir. Gi¢ spektrumu yontemi istatistiksel bir yaklasim olup jeolgjik yapilarin derinliginin
bagarill bir sekilde tespitinde yaygin olarak kullaniimaktadir. Bouguer anomalisi ile sismik yontemle tespit edilmis kabuk kalinligi
arasinda gelistirilmis dogrusal ampirik iligkiler mevcuttur. Dogu Pontidlerin kabuk yapisi 39° boylami boyunca alinan gravite profiline
ters ¢6zim yontemi uygulanarak belirlenmistir. Ters ¢6zim sonuclari ampirik bagintilar ve guc spektrumu yontemiyle elde edilen
degerlerle uyumludur. Ters ¢dzim ydntemi kullanilarak ¢alisma sahasinda maksimum kabuk kalinligi 43.8 km olarak hesaplanmistir.
Bu calisma inceleme alaninda kabuk kalinliginin kuzeyden glineye dogru arttigini ortaya koymaktadir.

Anahtar SézcukKler: Dogu Pontid, kabuk yapisi, moho derinligi, Bouguer gravite, gravite ters ¢6zim

Introduction

The Eastern Pontide orogenic belt, a mountain chain 500
km long and 200 km wide, flanking the southeastern
coast of the Black Sea, is divided into three subtectonic
units: the northern (magmatic arc), southern and axial
(back-arc) zones. The northern zone is characterized by
upper Cretaceous and Eocene TH-CA magmatic arc
volcanics and granitic rocks (Figure 1). In the southern
zone Hercynian basement of the Eastern Pontides (Pulur,

Agvanis and Tokat massifs), phlogopite and hornblende-
bearing mafic-ultramafic intrusions and upper Cretaceous
shoshonitic volcanics are exposed. Further south (back-
arc basin), mantle peridotites and mid- Cretaceous
olistostromal ophiolitic mélange are widespread. NE-SW-,
NW-SE- and E-W-trending fault systems, important in
the active tectonics of the Eastern Pontides (Bektas &
Capkinoglu 1997; Bektas et al. 1999; Eyuboglu et al.
20006) separate these three zones.
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Many recent studies have investigated the crustal
structure of Anatolia and the surrounding regions (e.g.,
Mindevalli & Mitchell 1989; Seber et al. 2001; Gok et al.
2003, 2007; Al-Lazki et al. 2003; Zor et al. 2003;
Pamukcu et al. 2007). Zor et al. (2003) examined the
crustal structure of the Anatolian plateau in Eastern
Turkey from the teleseismic recordings of a 29
broadband PASSCAL temporary network, using receiver
functions. They calculated an average crustal thickness of
45 km for the entire Eastern Anatolian plateau. Seber et
al. (2001) stated that most of the Turkish-Iranian plateau
is underlain by a crust 45-50 km thick. Therefore, the
Turkish-Iranian plateau exhibits a crust thicker than
average continental crust, consistent with the evidence for
post-late-middle Miocene crustal shortening. Studies of P,
tomographic imaging of mantle velocity and anisotropy by
Al-Lazki et al. (2003) and regional wave propagation of
S, waves by Gok et al. (2003) revealed that the mantle
lithosphere is either very thin or completely absent
beneath Eastern Turkey. Recently, Gok et al. (2007)
calculated average crustal thicknesses of 44 km in the
Anatolian Block and 48 km in the Anatolian Plateau, while
Pamukcu et al. (2007) calculated a Moho depth between
38 km to 52 km in Eastern Anatolia.

In this study, we have used three different methods in
order to estimate crustal structure of the Eastern
Pontides from Bouguer gravity data. These are the power
spectrum, empirical relation and gravity inversion
methods. Spectral analysis method of potential field data
has been widely used to determine the depth of anomaly
sources (Bhattacharya 1966; Spector & Grant 1970;
Trietel et al. 1971; Curtis & Jain 1975; Poudjom Djomani
1992; Chavez et al. 1999; Hofstetter et al. 2000; Nnange
et al. 2000; Bansal & Dimri 2001; Lefort & Agarwel
2002; Rivero et al. 2002; Gomez-Ortiz et al. 2005;
Bansal et al. 2006). Spector & Grant's (1970) spectral
method for estimating mean depth to ensembles of
magnetic sources has been generalized to gravity data
(Dimitriadis et al. 1987) and can be used to map geologic
structures from gravity and/or magnetic data observed at
the surface (Trietel et al. 1971). This technique, which is
an easy, fast and affordable method of determining the
depths of anomalous sources, gives reliable depth
estimates (Nwogbo 1998). When the power spectrum
method is applied to the gravity data (Chavez et al. 1999;
Nnange et al. 2000; Lefort & Agarwal 2002), the depths
of the crust may be determined and when applied to the

magnetic data the Curie point depth may be estimated
(Tsokas et al. 1998; Ates et al. 2005; Dolmaz et al.
2005).

The use of Bouguer gravity data is a common
approach to calculate crustal thickness worldwide. Several
studies were made and some can be summarized as
follows: Pal et al. (1979) compiled, based on spectral
analysis of Bouguer gravity data, a crustal thickness map
of India. Poudjom Djomani et al. (1992) applied spectral
analyses to Bouguer gravity data to estimate the depth to
the major density contrasts within the lithosphere of the
Adamawa plateau. The depth between 18 and 38 km
corresponds to the crust-mantle interface. Similarly
Nnange et al. (2000) estimated depths to major
lithospherical density contrasts in the entire region of the
Adamawa uplift (central Cameroon) by applying 2-D
spectral analysis technique on gravity data. The 34 km
depth estimate compares well with the 33 km Moho
depth. Bansal & Dimri (2001) presented a technique to
estimate the depth to anomalous sources from scaling
power spectra of long nonstationary gravity profiles.
They tested power spectrum technique along a synthetic
gravity profile and applied this technique to Jaipur-
Raipuer geotransect in western and central India. The
geotransect has been divided into four stationary parts.
They have interpreted, by using power spectrum
technique, four depths of deeper interfaces (37 km, 32
km, 29 km and 31.5 km) that could be the Moho. Lefort
& Agarwel (2002) analyzed a complete gravity data set
from France and part of the neighbouring countries to
compute the topography of the Moho undulations. The
last segment being the steepest slope of energy spectrum
(33.5 km) corresponds to a mean continental Moho
depth. Rivero et al. (2002) have tested two different
methods to estimate the Moho depth from gravity values.
The first one uses an empirical relationship whereas the
second one is based on a spectral analysis of the radial
wave number using the FFT. In Logarithmic amplitude
spectra of the radial wave number graphic, it is possible
to observe three straight lines, which give three source
depths: 55 km for the deepest, approximately 5 km for
the intermediate and 0.32 km for the shallower. Due to
density differences, the first one was considered as the
Moho discontinuity. Gomez-Ortiz et al. (2005) applied a
multitaper spectral analysis method to the gravity data of
Central Spain to investigate the crustal density structure.
Power spectral analysis of this data set reveals the
existence of two distinct linear segments. The slope of the
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shallowest depth segment (11.6 km) corresponds to the
mean depth of the upper crust base and the depth given
by the steepest slope (31.1 km) corresponds to the mean
Moho depth. Bansal et al. (2006) performed a
comparative study of depth determination by using three
methods of power spectrum computation. The objective
of that paper was to study the suitability of the maximum
entropy method and multi-taper method in estimating the
depth of anomalous sources as compared to the most
commonly used FFT method. The thickness of the upper
crust found to be at 25-26 km and the Moho depth varies
from 39-40 km.

Several studies were made to determine the crust
structure from empirical relations (Wollard 1959;
Wollard & Strange 1962; Ram Babu 1997; Hofstetter et
al. 2000; Rivero et al. 2002). These empirical
relationships between Bouguer anomaly and seismically
determined crustal thickness are linearly related,
indicating that isostasy prevails on a regional scale (Ram
Babu 1997). It is not clear whether the seismic Moho,
identified by a change in velocity, and the gravity Moho,
marked by a change in density, are at the exactly same
depth (Rivero et al. 2002). The empirical relations
between seismically determined Moho depths and gravity
anomaly values are computed in the distinct region and
hence, when deciding which relationship to apply on the
gravity data of a region it is important to take into
account the regional geology and tectonics.

Geological Setting

Anatolia, a seismically active and geologically very complex
domain situated in the Alpine-Himalayan orogenic belt,
has been defined as a lithospheric continental plate,
extruded to the west in response to the N-S relative
convergence of Eurasia and Africa-Arabia (McKenzie
1972; Sengor et al. 1985; Dewey et al. 1986). This
lateral tectonic escape (Burke & Sengdér 1986) occurs
between two strike-slip faults, viz., the dextral North
Anatolian (NAF) and the sinistral East Anatolian Fault
(EAF), which meet at the Karliova triangle in Eastern
Anatolia (Bozkurt 2001).

The North Anatolian Fault Zone, predominantly a
single zone between a few hundred metres to 40 km
wide, is one of the best-known strike-slip faults in the
world. This transform fault zone runs subparallel to the
Black Sea coast and forms part of the boundary between
the Eurasian Plate to the north and the Anatolian Plate to
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the south. This fault zone is also characterized by several
second order faults that splay from it into the Anatolian
Plate. The EAF, considered to be a conjugate structure to
the NAF, is a transform fault forming parts of boundaries
between the Anatolian and the Eurasian plates and
between the Arabian and African plates (Bozkurt 2001).

The Eastern Pontide orogenic belt is regarded as an
example of well-preserved island arcs. There are various
opinions about its geotectonic evolution. Dewey et al.
(1973), Bektas (1986), Bektas et al. (1999) and
Chorowicz et al. (1998) supported a southward
subduction, whereas Sengor & Yilmaz (1981) proposed a
southward subduction model from the Palaeozoic until
the Dogger and a northward subduction model from the
Late Cretaceous to the end of the Eocene. Yet other
authors (Adamia et al. 1977; Tokel 1981; Ustabmer &
Robertson 1995) proposed that a northward subduction
model had generated the Eastern Pontides from the
Palaeozoic till the end of the Eocene. Okay & Sahintlrk
(1997) stated that the opening of the East Black Sea
basin is constrained to the Maastrichtian—Paleocene
interval and the Eastern Pontides magmatic arc was
located close to the present day Black Sea coast during the
Maastrichtian.

Bektas & Gilven (1995) suggested that Eastern
Pontide magmatic arc consists of serpentinized
peridotites, biotite-hornblende-bearing ultramafic-mafic
cumulates (lower crust), granitic and metamorphic rocks
(middle crust) and bimodal volcanics and intercalated
sediments (upper crust) from bottom to top with respect
to composition and density of the rocks exposed in the
region. Similarly, many studies have been made of the
deep structure of other arcs such as Kohistan (Miller &
Christensen 1994), Aleutian (Fliedner & Klemperer
1999), Honshu (Kishiro 1987), Talkeetna (DeBari &
Sleep 1991).

This study focuses on the determination of the two
and three-dimensional crustal structure of the Eastern
Pontides using geophysical and geological data.

Data and Methods

The Bouguer anomaly data (Figure 2) of Eastern
Pontides, gridded at an interval of 2.5 km, was obtained
from the General Directorate of Mineral Research and
Exploration (MTA). The study region is bounded between
36°-42° E longitude and 39°-41°.30" N latitude. Gravity
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Figure 2. Bouguer gravity anomaly map of the Eastern Pontides. The counter interval is 10 mgal; colour bar at top indicates interval
values. Colour levels indicate anomaly intensity from Magenta (positive) to blue (large negative).

values are tied to MTA and General Command of Mapping
base stations related to the Potsdam absolute gravity
value 981260.00 mGal accepted by the International
Union of Geodesy and Geophysics in 1971. Latitude
correction was applied according to the Gravity Formulae
of 1967. Bouguer reduction was done for a density of
2.40 Mgm’3. Topographic correction was calculated up to
a distance of 167 km, assuming a terrain density of 2.67
Mgm®,

The gravity anomaly, which rose considerably with
rising crustal thickness, had evident gravity variation
toward the south. Contour lines are parallel to orogenic
belt and dominated by a negative anomaly on the anomaly
map. Zero contours usually followed the Black Sea coastal
line. The southeastern part of the Bouguer anomaly map
is almost completely covered by a large negative anomaly

due to a sedimentary basin of different age (Maden
2005).

Spector & Grant (1970) established the well-known
method to obtain the average depths to the top of
magnetized bodies, based on the slope of the log power
spectrum. The spectral analysis method provides depth
estimation of the top of source bodies from the
wavelengths of gravity and magnetic fields (Spector &
Grant 1970; Bhattacharyya & Leu 1975, 1977; Pal et al.
1979; Poudjom Djomani et al. 1992; Chavez et al. 1999;
Hofstetter et al. 2000; Nnange et al. 2000; Bansal &
Dimri 2001; Lefort & Agarwel 2002; Rivero et al. 2002;
Gomez-Ortiz et al. 2005; Bansal et al. 2006). This
method does not require a priori knowledge of the
geometry and density contrasts of source bodies.
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Dimitriadis et al. (1987) generalized this approach to
gravity data. Trietel et al. (1971) used this method to
map geological structures from gravity data observed at
the surface. In this technique, gravity data is transformed
into the wave-number domain to analyze the frequency
content of the information. A plot of the logarithm power
spectrum versus frequency exhibits several straight-line
segments with slope decrease with increasing frequency.
The slopes of various segments provide an estimate of the
depths to the various levels of anomalous sources. A
suitable cut-off frequency separates the power spectrum
curve of the Bouguer anomaly into two domains with high
and low wavelengths. The high frequency domain is
associated with shallow sources and the low frequency
domain is related to deeper sources, called residual and
regional anomalies, respectively (Spector & Grant 1970).

Following Pal et al. (1979), the depth to a given
ensemble of prismatic bodies d, can be estimated from
the power spectrum of the associated anomaly, by

applying:

2w, 1
E(k,0)= E(0,0)el ¥ ~I* ()
where k, m, and N are the wave number, the slope of the
average spectrum and number of gravity data,
respectively. The depth, d, to the top of the basement can
be easily calculated, since the gradient of

5o

should be zero.

Reagan & Hinze (1976) pointed out that care must be
taken to minimize the aliasing errors produced by
digitization and to avoid truncating anomalies. The errors
in source depth prediction are related closely to the
profile length. A profile of six times the expected source
depth is required for information loss <10%.

Studies of empirical relationships between Bouguer
gravity anomaly (Ag) and seismically determined crustal
thickness (H) performed by a number of authors (Wollard
1959; Wollard & Strange 1962; Ram Babu 1997;
Hofstetter et al. 2000; Rivero et al. 2002) show a linear
relationship. A brief account of the theory on the linear
relationship between Ag and H is described below:

Let H, and H, be the Moho depths at two locations P,
and P,respectively, with corresponding gravity anomalies
Ag, and Ag, (Figure 3). Let o, and o, be the average
densities of the crust and upper mantle, respectively.
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Figure 3. The schematic cross section of a gravity anomaly profile over
a density surface (after Ram Babu 1997).

Since H,-H,, H, and H,<<x, where x is the horizontal
extent of the structure involved, the maximum gravity
anomaly caused by the plate of thickness H,—H, is given
by

Ag,~Ag= 2nG (0,~0,)(H~H,), @)
where G is the Universal gravitation constant. It follows
from equation (2) that

H,= HA+M(Ag~Ag,). 3)

where M= 1/2nG(o,-0.). If H, is the Moho depth
corresponding to Ag= 0, equation (3) can be generalized
as

H= H,+MAg 4)

This equation represents a straight line with slope M. It is
interesting to note that M is directly related to the density
contrast (o,—o,). To calculate the Moho depths from
equation (4) a number of DSS profiles must be available
in the study region. The M and H, constants are
determined from a graph of seismic Moho depths against
Bouguer values observed in the same stations (Ram Babu
1997).

The gravity inversion method is an exercise trying to
fit observed gravity anomalies to the calculated gravity
anomalies of a geological model using the least squares
method. This technique can be used in other geophysical
applications where, very frequently, one deals with non-
linear problems. The best fit is defined at the minimum of
the objective function, which is the sum of squares of
differences between the observed and calculated
anomalies.
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Any gravity anomaly Ag can be defined by an analytical
function £(x.y,z,a,,a,,as,...) of the space coordinates x, y,
z of positions of anomalies. In this function a,, a,, a,, ...
stand for the density parameters for the geological model
to calculate the gravity anomaly. The observed gravity
anomalies Ag(x,y,z) are available against known (x, y, z)
coordinate values. The inversion method tries to find out
optimum values of a,, a, &, ...such that the gravity
anomalies are adequately determined by the function
S(xy,2,a,,,,a,,...). To fit the calculated gravity anomaly
f(xy,z,a,,8,,a5,...) to the observed gravity anomaly,
Ag(x,y,z) a function F is calculated, which is defined by

F=2. loky2) - f(xy.2.2,2,85...] (5)
0,2

and the a,, a, a, ... are identified with minimum F
(Radhakrishna Murty 1998). We use the strip method in
order to calculate the gravity anomalies of the model. In
the strip method each vertical cross-section is further
replaced by a serious of juxtaposing strips of equal width.
The gravity effects of several parallel vertical cross-
sections of the geological model are numerically
integrated to obtain the gravity anomaly of the geological
model.

The gravity inversion method uses the Bouguer
gravity values on the AA” profile to construct the crustal
model of the Eastern Pontide orogenic belt. The initial
depth of the basalt and granite layers is calculated from
empirical equations. Then these values are modified
according to the power spectrum values. Finally, the
inversion process is fulfilled using iteration. The inversion
results at the last iteration that perform the best fit
between observed and calculated gravity values have been
used for the crust model along the profile.

Determination of the Crustal Structure of the
Eastern Pontides

We used power spectrum, empirical relation and inversion
methods in estimating the crustal structure of the Eastern
Pontides Bouguer anomalies. The power spectrum
method is applied to the complete Bouguer gravity
anomaly data of the Eastern Pontide orogenic belt.

Logarithmic amplitude spectra of the radial wave
number graphic are drawn in order to determine the
average depth component of the gravity source. In this
graphic, it is possible to observe three straight lines that

give three-wave number region and source depths. The
low wave number region, between O and 0.09 km™,
respecting the contribution of long wavelength sources is
considered to be due to density difference at the Moho
discontinuity (35.7 km). An intermediate region, in the
interval 0.09-0.15 km™, is associated with the density
difference between the upper and lower crust called the
Conrad interface (26.5 km). Sediment fill (4.6 km) causes
the third region to have wave numbers between 0.15-
0.35 km". Larger wave numbers (<0.35 km') are
associated with various errors, having an almost
horizontal slope. The depth of 35.7 km may probably
correspond to the upper surface of the Moho
discontinuity in the north adjacent to the Black sea (Figure
4).

J h,=35.7 km

h,=26.5 km

LneP
L

0.0 0.2 0.4 0.6 0.8 1.0
Wavenumber [km|

Figure 4. The Power spectrum curves of the Bouguer anomaly of the
Eastern Pontides. The values over the linear segments are the
depths to various interfaces formed by crustal density
contrasts. h, represents the Moho depth; h, and h; represent
the depths computed for the main density interfaces within
the crust.

A number of studies to determine the crust structure
by using empirical relationships between the Bouguer
anomaly (Ag) and seismically determined crustal thickness
(H) reveal that they are linearly related (Wollard 1959;
Wollard & Strange 1962; Ram Babu 1997; Hofstetter et
al. 2000; Rivero et al. 2002). In this study, we started
with the H= 32-0.08 Ag formula suggested by Wollard
(1959) to estimate the Moho depth of the Eastern
Pontides. We also used the H= 18.6-0.031 Ag
(Demenitskaya 1967) equation to calculate the depth of
the Conrad surface between the upper and lower crust.
The Ag is gravity anomaly, where it should be the
difference of two point values. Hand H_are the Moho and
Conrad depth, respectively. The Conrad values are
determined between 25.0 km and 14.6 km (Figure 5) by
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Figure 5. Surface variation maps of Conrad discontinuity of the Eastern Pontides orogenic belt obtained from empirical relationships
applying gravity anomaly data of the region. The counter interval is 1 km. Colour levels indicate upper surface depth value of
the Conrad and Moho discontinues from magenta (deep) to blue (shallow).

using the H= 18.6-0.031 Ag (Demenitskaya 1967)
equation. Using the Wollard equation, the average Moho
depth is calculated as 28.6 km in the north and 48.4 km
in the south (Figure 6). There is 7.1 km difference
between Moho depths computed using the power
spectrum method and empirical equations. The Wollard
equation was suggested for the whole earth instead of a
specific region. However, the depth values computed by
the Wollard equation give, in general, the information on
the crustal thickness in the Eastern Pontides. In addition,
it provides an opportunity to compare the results
obtained from other methods.

To produce a crustal structure model of the Eastern
Pontides, a N-S Bouguer anomaly profile along longitude
39° was selected. The location of the profile (AA) is
shown in Figure 2. Short and long wavelength component
anomalies coming from shallow and deep sources were
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observed on the gravity profile. The long wavelength
component was assumed to be caused by crustal
thickening. Logarithmic power spectra of the radial wave
number of the anomaly profile along the longitude 39°
were drawn (Figure 7) to determine the average depth of
the anomalous sources in the north and south by
considering two distinct depth segments: the first
between O km to 111 km, the second between 111 km
to 222 km.

The energy spectrum analysis (Figure 7) for the
gravity data of two distinct segments of profile (AA")
reveals three distinct linear segments. The slopes of the
shallowest depth segment (4.1 km in the north segment,
6.2 km in the south segment) may correspond to the
mean basin/basement interface. The depths given by the
middle segment (19.9 km in the north, 25.0 km in the
south) are not far from the depth of the Conrad
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Figure 6. Surface variation maps of Moho discontinuity of the Eastern Pontides orogenic belt obtained from empirical relationships
applying gravity anomaly data of the region. The counter interval is 1 km. Colour levels indicate upper surface depth value
of the Conrad and Moho discontinues from magenta (deep) to blue (shallow).

discontinuity. The last segment being the steepest slopes
(33.9 km in the north, 42.6 km in the south) is attributed
to density difference in the Moho discontinuity (Figure 7).

In the inversion study, a three-layered initial crust
model comprising granitic, basaltic and crystalline crust
was set up. In the model, densities of the mantle, basaltic,
granitic and sedimentary layers are assumed, based on the
local geology of the region, to be 3.20 Mgm™, 2.85 Mgm’
3 2.65 Mgm™ and 2.20 Mgm?, respectively. The initial
depths of the basalt and granite layers are calculated from
empirical equations. Then these values are modified
according to the power spectrum values shown in Figure
4. The best-fit result between the observed and the
calculated Bouguer anomaly values are shown in Figure 8
as the crustal model of the region. At the last iteration,
while the maximum depth value of the Moho was found
to be 43.8 km, the minimum value of the Moho depth
was determined as 30.1 km. The minimum and maximum

depths of the Conrad discontinuity were found to be 17.4
km and 25.0 km, respectively.

Conclusion

The Eastern Pontide orogenic belt is subdivided into three
subzones from north to south identified by their lithologic
and facies variations that are justified by gravity data.
These three zones are separated from each other by
vertical faults which trend NW-SE in the west, are NE-
SW-trending in the east and trend E-W in the central part
of the Eastern Pontides, which displays the block-faulting
tectonic style of the Eastern Pontides (Bektas &
Capkinoglu 1997; Eyuboglu et al. 2007). Each block has
a distinctive geological evolution. These faults, which
bound the blocks, are vertical faults reaching the mantle
by splitting the whole crust, as shown by the gravity data
variations from north to south in the Eastern Pontides.
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Figure 7. The Power spectrum curves of the Bouguer anomaly profile (AA’) along the longitude 39°. The values over the linear
segments are the depths to various interfaces formed by crustal density contrasts. h, represents the Moho depth; h, and h;
represent the depths computed for the main density interfaces within the crust.

The vertical faults display a flower-structure, with
associated shallow low-angle and high-angle faults
(Maden 2005; Eyuboglu et al. 2006, 2007). In short, the
Eastern Pontide orogenic belt should not be divided into
two, but three zones and this view is supported by
geological and geophysical data.

In this study, we used three different methods to
determine the crustal structure of the Eastern Pontides
orogenic belt. The ranges of wavebands in the linear
segments of the power spectrum curve have been used to
estimate crustal depths. From deepest to shallowest,
three depths to the density contrasts are related to crustal
horizons.
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The energy spectrum analysis (Spector & Grant 1970)
for the complete gravity data set (Figure 4) revealed
three distinct linear segments. The slope of the shallowest
depth segment (4.6 km) may correspond to the mean
basin/basement interface. The depth given by the middle
segment (26.5 km) may correspond to the density
difference between the upper and lower crust. The last
segment being the steepest slope (35.7 km) could be the
average Moho depth when compared with the inversion
results.

In the Eastern Pontide orogenic belt, the depths to the
Moho, the Conrad discontinuity and the crystalline
basement obtained from power spectrum curve vary from
33.9 km to 42.6 km, 19.9 km to 25.0 km and 4.1 km
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Figure 8. Two-dimensional crustal structure along longitude 39° using gravity inversion methods. The location of the gravity
profile is shown in Figure 2. The dotted line shows the initial model; the continuous line shows the final crustal structure
obtained from the gravity inversion result. Black boxes on the figure show the power spectrum depth values.

to 6.2 km respectively. Using empirical equations, while
the Moho depth was calculated as 28.6 km in the north
and 48.4 km in the south, the depth of the Conrad
discontinuity was calculated as 25.0 km in the south and
14.6 km in the north. The gravity inversion result showed
that depth to the Moho varies from 43.8 km to 30.1 km,
and the depth of the Conrad discontinuity between 17.4
km and 25.0 km.

The crustal thickening of the southern and axial zones
of the eastern Pontide orogenic belt might be related to
the closing of the Neotethys, situated between the
Eastern Pontides and the Tauride continent during the
Mesozoic, and to the collision of these two continents in
the Cenozoic (Sengér et al. 2003). However, relative
crustal thinning of the northern zone of the Eastern
Pontides and its Black Sea continuation must be related to
the transition from continental crust to oceanic crust,

although the time and formation mechanism of the Black
Sea basin is still debated (Bektas et al. 1999).

Because, all methods give a similar depth for the
Conrad discontinuity at about 25 km, it is evident that all
three different approaches used in this paper produce
similar results. If we omit the results determined by
empirical equations, there is a 1.8 km difference in the
north and a 2.5 km difference in the south between the
Moho depth values computed by power spectrum and
gravity inversion methods. These values are not far from
the results found by Mindevalli & Mitchell (1989); Seber
et al. (2001); Zor et al. (2003); Al-Lazki et al. (2003);
Pamukcu et al. (2007). The maximum difference of the
Moho depth values obtained between this study and other
studies is 5 km.
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