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Abstract The Aegean–Anatolian region is characterised
by an inhomogeneous deformation pattern with high
strain rates and a high seismicity both at the boundaries
and in the plate interior. This pattern is controlled by the
geometry and rheology of the structural units involved
and their tectonic setting. A numerical analysis with a
finite-element model of the region is used to quantify the
influence of different rheological parameters. Viscoelas-
tic material behaviour is implemented for the mantle
lithosphere, whereas the crust is modelled with an elas-
tic–plastic rheology. The variation of the inelastic
material properties (viscosity and plastic strength)
quantifies the influence of these material parameters on
the deformation, stress, and strain patterns. Comparison
of the modelled results with geodetic and geophysical
observations reveals that the viscosity of the mantle
lithosphere is the key to explaining the inhomogeneous
deformation pattern. The best-fit model yields a viscos-
ity of 1020 Pa s beneath Anatolia, whereas adjacent re-
gions have viscosities between 1021 and 1023 Pa s. The
model also explains the intra-plate seismicity and the
stress field as well as its partitioning into regions with
strike-slip and normal faulting. The final model is in
good agreement with seismological, geodetic, and geo-
logical observations. Local deviations can be tracked
down to small-scale structures, which are not included in
the model.
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Introduction

The Aegean Sea region, the adjacent part of the Greek
mainland, and Turkey are strongly affected by the con-
vergence among the African, Arabian, and Eurasian
plates. This has lead to a strong deformation of the
Aegean–Anatolian region since at least the Miocene
time, which is mostly extensional as a result of the roll-
back of the African plate along the Hellenic Subduction
Zone and strongly affected by the extrusion of Anatolia
(Gautier et al. 1999; Jolivet and Faccenna 2000). The
Aegean–Anatolian region has been the subject of
numerous studies, in particular geological studies (e.g.
McKenzie 1972; ten Veen and Postma 1999; Jolivet and
Faccenna 2000; Avigad et al. 2001; Koukouvelas and
Aydin 2002; ten Veen and Kleinspehn 2003). The tech-
nological progress, especially in the field of satellite
geodesy, yields valuable new observational constraints
on the internal deformation of this region (e.g. Le Pi-
chon et al. 1995; McClusky et al. 2000). Seismological
studies revealed the internal crustal structure of the re-
gion and its seismicity (e.g. Papazachos et al. 1967,
2000a, b; Payo 1967, 1969; Papazachos 1969; Calcagnile
et al. 1982; Kalogeras and Burton 1996; Papazachos and
Nolet 1997; Alessandrine et al. 1997; Hearn 1999;
Martinez et al. 2000; Li et al. 2003; Meier et al. 2004;
Endrun et al. 2004). The results of these geological,
geodetic, and seismological studies were the base for
many numerical models (i.e. Armijo et al. 2004; Cianetti
et al. 2001; Giunchi et al. 1996; Kreemer et al. 2004;
Meijer and Wortel 1997; Provost et al. 2003). Most
numerical studies dealt with the possible causes for the
observed deformation and the influence of different
boundary conditions on the deformation. Many of these
models employ either rigid or deformable blocks con-
nected along a-priori boundaries (e.g. known faults) and
are constrained by only one observable (e.g. GPS de-
rived velocities). A different approach and goal is fol-
lowed in this study. The aim is to investigate the
influence of the crustal strength and the viscosity of the
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mantle lithosphere on many different independent ob-
servable parameters such as the deformation, stress field,
and seismicity by a model, which accounts for internal
inelastic deformation without a-priori defined faults or
other internal boundaries. An exception is the North
Anatolian Fault (NAF) that is a large-scale structural
feature of the region, which developed over a long time
span and is essential for the observed deformation field
(McClusky et al. 2000). Nevertheless, the previous
numerical models provide valuable constraints on the
range of material parameters and boundary conditions.

Tectonic and geophysical constraints

For a numerical model of the Aegean–Anatolian region,
it is necessary to understand the complex tectonic setting
among the Eurasian, African, and Arabian plates
(Fig. 1) and to include appropriate initial and boundary
conditions in the model. The relative motion of these
plates causes an overall convergent setting dominated by
the westward counter-clockwise extrusion of Anatolia
and the roll-back of the subducting African Slab. Both
lead to a south-westward motion of the Aegean plate
(Meijer and Wortel 1997).

The motion of Anatolia and western Turkey can be
described by a rigid plate counter-clockwise rotation
(McKenzie 1972; Bird 2003), which is bounded by the
NAF in the north and the East Anatolian Fault (EAF)
in the south-east. Large areas of this region show al-
most no internal deformation. Instead, the deformation
is localised within small regions of large deformation,
which are also visible in the distribution of epicentres
(Fig. 2). The rigid motion of the Anatolian plate also
affects the motion and internal deformation of the

adjacent Aegean plate. This plate was first proposed by
McKenzie (1972) and incorporated in a global plate
tectonic model by Bird (2003). The Aegean plate gen-
erally moves south-westward overriding the African
plate along the Hellenic Subduction Front. The first-
order motion of both the plates, relative to a fixed
Eurasian reference frame, can be described by a rota-
tion around a common Euler pole. More detailed
studies of GPS velocities reveal a small clockwise
component of motion of the Aegean plate (LePichon
et al. 1995; McClusky et al. 2000). Consequently, there
must be a region of deformation between the Aegean
and Anatolian rigid plates. These rigid plate models,
however, do not account for internal deformation of
the plates. The numerical model does not divide the
region into different plates but uses an approach with
one larger plate and takes internal deformation into
account.

Observed deformation, seismicity, and stress field

The quality of the numerical models can be quantified
when the calculated results are compared to observa-
tions. Many different data sets exist for the Aegean–
Anatolian region that are of different spatial and tem-
poral resolution and coverage. A data set has to fulfil the
following criteria to be used as a reference for the
modelling results. It should cover the modelled area, the
spatial resolution of the data set has to be similar to the
spatial resolution of the model, the observed data should
be predictable by the numerical model, and the observed
data should still be valid if extrapolated to longer time
spans. The first criterion seems to be trivial, but is hard
to fulfil particularly for regional studies.
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Fig. 1 The main tectonic
features of the Eastern
Mediterranean region. Thick
solid lines: plate boundaries of
the NUVEL-1A model
(DeMets et al. 1994), North
Anatolian Fault (NAF), and
East Anatolian Fault (EAF),
thin lines: slab depth contours
(50 km interval, after
Gudmundsson and Sambridge
1998), arrows: relative plate
motions (not to scale, after
McClusky et al. 2000)
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GPS velocities

The first data set, which will be used as a reference for
the calculated deformation, is the data set of GPS
velocities published by McClusky et al. (2000). This data
set covers the modelled area and extends over the model
boundaries. The spatial resolution is similar to the
modelled one and the velocity vectors can be easily
calculated from the modelled displacement field. Thus,
the quality of the model can be expressed by a misfit
parameter M ¼

P
vo � vcj j=

P
voj j �

P
vcj jð Þ; where vo

is the observed velocity and vc is the calculated velocity.
The observed velocity field (Fig. 3) is characterised by an
overall counter-clockwise rotation of the Aegean–Ana-
tolian plate (in a Eurasia-fixed reference frame) and an
increase of magnitude from east to west. The velocities
decrease to the north of the NAF and in the stable
Greek mainland. McClusky et al. (2000) identified two
Euler poles to describe the rotation of the Aegean and
Anatolian plates, respectively. The two parts are divided
by a region of large deformation and seismicity in wes-
tern Turkey. The mainland of Greece is decoupled from
this motion by the Korinth rift and an area of large
deformation and seismicity in the northern Aegean Sea,
which is interpreted as the westward extension of the
NAF (i.e. Kokouvelas and Aydin 2002; Gautier et al.
1999; Le Pichon et al. 1995). McClusky et al. (2000)
also compared the observed velocity field to geological

constraints and drew the conclusion that the velocity
field did not change significantly since the Pliocene (�4–
5 Ma). Gautier et al. (1999) discuss the onset of exten-
sion for different metamorphic complexes of the Aegean
and concluded that the Aegean extension started at least
20 Ma ago (lower Miocene) in a back-arc environment.
To summarise, this indicates that the Aegean extension
was already active on a large-scale before the onset of
the collision of Arabia with Eurasia. This data set fulfils
all the criteria defined above.

Seismicity

The large deformation of the area causes many earth-
quakes and the region is well known for its high seis-
micity (Makropoulos and Burton 1981; Papazachos
et al. 2000a, b). Figure 2 shows the crustal seismicity of
the years 1999–2003 as published in the NEIC database
(NEIC 2004), which covers the whole modelled region.
The seismic activity along the Hellenic and Cyprean
subduction zones can readily be seen. The large number
of events in the northern Aegean Sea and north-western
Turkey is an expression of the large extensional and
strike-slip deformation connected to the diffuse west-
ward extension of the NAF. The observed seismicity
cannot be compared directly to any calculated values
since the numerical model does not include the brittle
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Fig. 2 The seismicity of the
Aegean–Anatolian region from
1998 to 2003 in the upper 30 km
of the crust (NEIC 2004). The
events parallel to the Hellenic
and Cyprean Arcs are related to
the subduction of the African
plate, which is not included in
the numerical model. Heavy
solid lines: plate boundaries of
the NUVEL-1A model
(DeMets et al. 1994) and the
North Anatolian Fault (NAF)
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Fig. 3 The observed velocity
field (Eurasian reference frame,
data published by McClusky
et al. 2000) of the Aegean–
Anatolian plate within the
model boundaries (dashed line).
Black line: North Anatolian
Fault (NAF)
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behaviour of the material. The overall deformation by
brittle failure is modelled by non-reversible plasticity
instead. Thus, the calculated plastic strain can locate
areas that might produce seismic events and this can be
compared to the observed high intra-plate seismicity of
the Aegean–Anatolian region. Whether the observed
seismicity is representative for a large time-span or just a
snapshot of the seismicity of the last few hundred or
even only few tens of years is unknown. Even though
this data set does not comply with all the criteria, it is
still valuable to constrain the model and to interpret its
results.

Stress field

The third data set to test against the numerical results is
the stress field obtained from the ‘World Stress Map
Project‘ (WSM, Reinecker et al. 2003; Heidbach et al.
2004). The WSM database contains different stress val-
ues (direction of the largest horizontal stress and regime)
from various data sets such as focal mechanisms, bore-
hole breakouts, overcoring, hydrofractures, and geo-
logical indicators. This data can be compared with the
calculated stress tensor from which the direction of the
largest horizontal stress and the most likely faulting re-
gime can be deduced (Reinecker et al. 2003; Yin and
Ranalli 1992). The main feature is the partitioning of the
region in parts dominated by strike-slip faults and by
normal faulting. The spatial covering of the model area
and the quality of the data set is not as good as it was for
the other two data sets. It is also unknown whether the
current stress field can be extrapolated over large time-
spans. On the other hand, it can be compared directly
with calculated stresses.

Numerical model

The Aegean–Anatolian region is modelled with the
finite-element method using the commercial program
ABAQUS (ABAQUS Inc., Providence, RI (USA)). It
employs three-dimensional (3D) second order inelastic
elements to calculate the deformation and stresses and
their variation in time. Inelastic elements are capable of
calculating the elastic and non-elastic material behav-
iour by separating the elastic components of the stress
and strain from the non-elastic ones like creep and/or
plastic yielding. The numerical model (Fig. 4) consists of
five different blocks with an elastic–plastic crust and a
viscoelastic mantle lithosphere. The descending African
slab is not included in the model.

Geometry and boundary conditions

The five different blocks of the model cover the area of
the Aegean Sea and Anatolia including the Greek
mainland. It is bounded by the Hellenic Subduction

Front and the Cyprean Subduction Front in the West
and the South and the EAF in the East. The northern
and north-western boundaries are defined arbitrarily by
straight lines. They include the stable Eurasian plate.
The outline of the model is included in Fig. 3. Figure 4 is
a map view of the model including the five blocks and
the applied boundary conditions. The total size of the
model is about 1,780·500 km2 with a thickness of
100 km. The Moho depth varies from 30 km below the
Aegean Sea to 45 km below Anatolia (taken from the
Crust2.0 model, Bassin et al. 2000) and is at constant
depth within each of the five blocks.

The model is constrained by different boundary
conditions and forces acting on the model (Fig. 4). The
obliquely subducting African lithosphere is not included
in the model. Instead, the effect of the slab roll-back is
taken into account by prescribing a velocity field along
the Hellenic Subduction Front. Note that the applied
velocities are not normal to the subduction front. This is
clearly indicated by the observed GPS velocities
(McClusky et al. 2000; Fig. 3). Determination of the
local stress field based on focal mechanisms (M. Bohn-
hoff et al. submitted) also indicates a uniform relative
plate motion at the Hellenic subduction front. All
velocity boundary conditions of the model apply verti-
cally from the top to the base of the model (i.e. the crust
and mantle lithosphere). This model assumes that the
deformation and stress field of the crust and mantle
lithosphere are vertical coherent (Kreemer et al. 2004).

It is assumed that the Aegean–Anatolian region
continuously deforms on the considered scale of this
study except along the NAF. The NAF is included as a
slip surface with an effective friction coefficient of 0.2.
Investigations on coulomb stress changes between sub-
sequent earthquakes along the NAF (Muller et al. 2003)
and numerical models of the GPS velocity field along the
NAF (Provost et al. 2003) indicate that an average
effective friction coefficient of 0.2 is valid for the entire
NAF.

Since time-dependent constitutional laws are em-
ployed, it is also necessary to include a proper timing of
the evolution of the region into the model. Geological
indicators show two relevant phases for modelling the
overall deformation of the region (Gautier et al. 1999).
The first phase was dominated by extensional deforma-
tion within the entire Aegean Sea caused by the roll-back
of the African slab. The second phase commences with
the onset of the collision of the Arabian plate with the
Anatolian block, which influences the deformation of
the Aegean Sea approximately since the last 4 Ma. The
deformation propagated northward and focused on the
northern Aegean Sea in this phase and the NAF devel-
oped its present shape (Jolivet and Faccenna 2000;
Koukouvelas and Aydin 2002). Both phases are imple-
mented in the model, but all calculated values are taken
from the second phase only. Nevertheless, the first phase
is included since the used rheologies are time-dependent
and irreversible in time. It spans the time from 5 to 4 Ma
before present to allow for the build up of a stress field
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close to the yield stress and continues for another 4 Ma
in the second phase.

Rheology

The model layers have two different rheologies. The
upper layer (crust) is modelled with a plastic–elastic
rheology and the lower layer (mantle lithosphere) with a
viscoelastic constitutive law. Both layers are calculated
with temperature independent rheologies, but the chosen
material properties take into account different temper-
atures of the crust and mantle at different depths and
locations. This is done by using different static temper-
ature independent values for the material at different
depths or temperatures. This model assumes that the
temperature of the lithosphere does not change signifi-
cantly during the modelled time-span.

The plastic–elastic rheology of the crust follows a
linear Drucker–Prager material law with strain harden-
ing. Its behaviour can be described by pure elastic
deformation up to the yield stress ry. The yield stress r y

is a function of internal material parameters (the friction
angle b), the strain hardening d, and the local pressure p:
ry=d+p tanb. The strain hardening parameter d de-
pends on the total plastic strain and is modelled with a
value of 70 MPa for zero plastic strain and 70 GPa for
plastic strains of 0.7.

The Drucker–Prager model is similar to the well-
known Mohr–Coulomb law (Drucker and Prager 1952)
and has some numerical advantages. The important
difference is that the friction angles b of the Drucker–
Prager model are in general larger than the angle of
Coulomb friction / of the Mohr–Coulomb model. The

numerically important difference is that the three-
dimensional yield surface in the principal stress space of
the Drucker–Prager model is smoother than that of the
Mohr–Coulomb model (Zienkiewicz and Taylor 2000).

The viscoelastic behaviour of the mantle lithosphere
involves a stress-dependent creep in addition to the
normal pure elastic response. The creep strain-rate _e can
be calculated from the material viscosity g and the shear
stress r by the relation _e ¼ ð1=2gÞr: This is a simple case
of linear creep.

The material properties are taken from seismological
studies and are compiled in the seismic model Crust2.0
(Bassin et al. 2000). It provides values for the Moho
depth, the average crustal density, the density of the
mantle lithosphere, and P- and S-velocities of the crust
and mantle lithosphere, respectively. The elastic material
parameters E (Young’s modulus) and m (Poisson’s ratio)
can be calculated directly from these seismic values
(Table 1). The inelastic material properties of the crust
(friction angles b and strain hardening d) and the mantle
lithosphere (viscosity g) are more uncertain. The vis-
cosity g is varied from 1018 to 1026 Pa s and the friction
angle b from 37� to 50.5�. The range of the values is
constrained by results published by Ranalli (2000),
Hearn et al. (2002), and Gerya et al. (2002). The differ-
ent values are summarised in Table 1. Different combi-
nations of these parameters were used to calculate the
deformation with the goal to obtain a good fit between
the calculated deformation and stress field and the ob-
served values. The aim of the model is to pinpoint the
values of the material properties for the Aegean–Ana-
tolian region for further studies and to provide a better
understanding of the deformation, stress, and strain field
as well as of results from seismological studies

Fig. 4 The geometry of the numerical model and its boundary conditions (BC). The northern (upper) and western (right) edges have roller-
style BC (movement only parallel to the edge allowed). The northern edge of block A is fixed. Displacement BC is applied along the
Hellenic Arc and the East Anatolian Fault (32 and 15 mm/a, respectively). The model consists of five blocks divided into crust and mantle
lithosphere with different thicknesses of the crust and mantle lithosphere: A 40 km Moho depth, B 30 km, C 30 km, D 45 km, and E
40 km (NAF). The edges of the model elements are approximately 45 km long. The total dimension of the model is approximately
1,780·500·100 km3
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(e.g. Papazachos and Nolet 1997; Meier et al. 2004).
Table 1 gives an overview of the different rheological
parameters.

Results

Deformation

The first analysis of the model results addresses the
deformation of the blocks and their dependence on the
mantle viscosity in the blocks. Calculations were done
for over 50 different combinations of viscosity values
ranging from 1018 to 1026 Pa s (Table 1). The changes in
horizontal displacement from the beginning to the end
of the second phase were used to calculate average
velocities. These velocities are compared to the observed
velocities from GPS observations by McClusky et al.
(2000) and used to calculate the misfit M. Figure 5
shows the typical velocity field of one of the calculated
models and the one published by McClusky et al. (2000).
One can clearly see that the overall deformation of the
model matches the GPS observations. A more detailed
view can be obtained when looking at the residuals
(Fig. 5b), which reveals that the largest differences occur
in the centre of the model at the edge between the model
blocks C and D. Figure 6a–i shows the residual veloci-
ties for nine out of more than 50 analysed combinations
and their dependence on mantle viscosity. The values
were systematically varied in the first step to find the
minimal misfit. In a second step, the calculated combi-
nations were limited in range to pinpoint the minimal
misfit in the neighbourhood of the best parameter
combinations of the first step.

Since the largest deviations occur in the region of the
Marmara Sea, a misfit value ~M excluding the observa-
tions in this area was calculated. The mean difference of
~M and M is 0.034. The model with the smallest misfit
value (M=0.196) has a low viscosity (1018 Pa s) below
Anatolia and a high viscosity (1024 Pa s) below the
Aegean Sea, but models with a smaller contrast in vis-
cosity show only a slightly larger misfit. One of these
models has a misfit value of M=0.198 ð ~M ¼ 0:165Þ and

a viscosity of 1020 Pa s below Anatolia and 1021 Pa s
below the northern Aegean, whereas all the other vis-
cosities are 1022 Pa s (Fig. 6e). Uniform models having
the same viscosity in each block have a misfit value of
M=0.388 (1020 Pa s), M=0.259 (1021 Pa s), and
M=0.245 (1022 Pa s).

The best-fit model with viscosities of 1022 Pa s in
blocks A, C, and E, 1020 Pa s in block D, and 1021 Pa s
in block B was chosen to investigate the influence of
different plasticity values of the crust on the deformation
and stress field in a second step. Different models with
friction angles b ranging from 37� to 50.5� were analy-
sed. Even though no significant change of the surface
displacement field could be found, they differ in the
amount of inelastic energy released.

Stress field and seismicity

In addition to examining the deformation, the influence
of different rheological properties on the stress field is
investigated. Figure 7 shows the calculated stress field of
the model and the stresses from the WSM project
(Reinecker et al. 2003; Heidbach et al. 2004) for com-
parison. The symbols in these figures indicate the
direction of the largest horizontal stress. The stress is
defined in a way that positive stresses are extensional.

All models predict almost the same stress field with
only minor variations in the direction of the largest
horizontal stress and fit the observed stress field deduced
from focal mechanisms. Figure 7b shows that the model
is divided into two regions with different stress regimes.
The southern Aegean Sea is dominated by normal
faulting, whereas the remaining model is dominated by
strike-slip faults. One should keep in mind that the
shown regime of the modelled stress values gives the most
likely faulting mode in an unfractured isotropic media
and not whether faulting will occur at all or what
mechanism will actually be generated. Especially in the
region of the Menderes Massif (western Turkey), where
many faults are observed, the assumption of an unfrac-
tured isotropic medium is not valid and leads to signifi-
cant deviations from the predicted focal mechanisms.

Table 1 Rheological properties
of the crust and mantle
lithosphere for the five blocks of
the numerical models. The
shown values give the range
used for the different calculated
models. The elastic values
(Young’s modulus, Poisson’s
ratio, and density) are adopted
from the seismological model
Crust2.0 (Bassin et al. 2000).
The range of the inelastic values
is used to find the best-fit model

Block Young’s modulus
(GPa)

Poisson’s
ratio

Density
(kg m�3)

Internal friction
angle

Viscosity
(Pa s)

Crust
A 59.5 0.270 2,810 44.0�
B 54.0 0.276 2,790 37.0–50.5�
C 48.0 0.280 2,810 37.0–50.5�
D 61.0 0.260 2,830 37.0–50.5�
E 63.0 0.260 2,860 44.0�
Mantle lithosphere
A 117.0 0.250 3,300 1021–1023

B 117.0 0.250 3,300 1018–1024

C 126.5 0.255 3,400 1018–1026

D 119.0 0.250 3,350 1018–1024

E 114.0 0.260 3,300 1020–1024
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The area of the model where brittle faulting is pos-
sible is limited to regions with plastic deformation
(Fig. 8). Regions with large plastic strains can be iden-
tified as regions with a high seismic activity (Fig. 2). The
seismicity along the plate boundaries and the NAF does
not correlate with high plastic straining since the sub-
ducting slab is not included and the frictional energy
release at the NAF does not produce plastic deformation
along the fault in the model.

Discussion and conclusions

The results demonstrate that the overall observed
deformation and stress pattern can be reconstructed by
the model and reveal their dependence on the different
rheological properties. The parameter studies can clearly
identify the strong dependence of the total deformation
on the viscosity of the mantle lithosphere beneath
Anatolia. It must be as low as 1020 Pa s, and thus it is
significantly smaller (by a factor of 10–1,000) than that
of the surrounding mantle lithosphere. This is supported
by a seismic dispersion analyses (Meier et al. 2004) that
indicate low P- and S-wave velocities below central
Turkey. A more qualitative discussion of the strength of
the mantle lithosphere by McClusky et al. (2000) also
argues for this result. The low viscosity of the mantle
lithosphere leads to a decoupling of the forces acting on
the mantle lithosphere and the forces acting on the crust

and might be the key to understand the tectonics of
western Turkey and the Anatolian block.

Variations of the viscosity of the other blocks have a
lower impact on the misfit parameter M and the defor-
mation and stress fields. Some models indicate that the
southern Aegean has a slightly larger viscosity (by a
factor of 10–100) than the surrounding regions. It has to
be investigated whether this is the true viscosity of the
mantle lithosphere in this region or a result of the sim-
plified geometry of the model, which does not include
the descending African slab or related vertical forces
(e.g. buoyancy).

Rheology also plays a very important role for the
deformation of the northern Aegean Sea and the
development of the high seismicity in this region. The
steady straining of this region and its rather low yield
strength leads to large inelastic (plastic) deformation.
This is expressed as a large plastic strain component of
the total strain in the model and a high intra-plate
seismicity of the region in conjunction with the devel-
opment of complex fault systems in the area of the
northern Aegean Sea and western Turkey. The quanti-
fication of the influence of the crustal strength is not
possible since it is not clear how much of the plastic
deformation energy is released seismically or aseismi-
cally.

The third measure of quality is the fit of the calcu-
lated stress field that proved to be in good agreement
with the observed stress field regarding the direction of
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Fig. 5 The calculated velocity
field of the final model
compared to the observed
velocities (McClusky et al.
2000). a Absolute calculated
(black) and observed (grey)
velocity vectors in a Eurasian
reference frame. b Residual
velocity field. Dashed line:
model boundary, black line:
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Fig. 6 Example of calculated
velocity residuals for nine
different viscosity combinations
of the mantle lithosphere in
blocks C and D (Fig. 4). Part h
is the same as Fig. 5b. The
calculated misfit parameter and
the viscosity of blocks C and D
are indicated in the figure. The
remaining three blocks have a
viscosity of 1022 Pa s (A,E) and
1021 Pa s (B). The mapped area
is the same as in Fig. 5
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the principal stress axes. The direction of the principal
stress axis is independent of the rheology of the crust
and the mantle lithosphere in contrast to the deforma-
tion pattern and the amount of plastic straining. The
direction mainly depends on the boundary conditions,
that is, the tectonic setting.

There are also same large discrepancies between the
modelled results and the observed data, which have to be
discussed and investigated in further studies. These dis-
crepancies are (1) the large deviations of the calculated
velocities compared to the GPS observations at the
western end of the NAF and (2) the wrong predicted
faulting regime in western Turkey (Menderes Massif).
Both discrepancies can be explained by the simplifica-
tion of the complex fault structures and the neglect of
local geological structures in the model. Especially, pre-
existing faults will change the predicted stress regime

and will lead to local deviations from the overall dis-
placement field.

Besides a parameter study on constraining the mantle
lithosphere’s viscosity, a second parameter study was
carried out to investigate the role of the crust’s strength.
One reason was to check whether a similar fit of the
calculated to the observed deformation field could be
obtained by just varying the crustal strength. There are
some numerical studies that indicate that this might be
possible like the one by Cianetti et al. (2001). However,
they neither included the mantle lithosphere in their
model nor compared their results with the observed
stress field or seismicity. The numerical model presented
here shows that a lateral variation of crustal strength is
not sufficient to explain the observed GPS velocity field,
the principal stress directions, and the intra-plate seis-
micity of the region. From the numerical results shown
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Fig. 7 a The stress field of the
Aegean–Anatolian region from
the World Stress Map project
(WSM, Reinecker et al. 2003;
Heidbach et al. 2004). b The
calculated stress field at the
same locations of the model
shown in Fig. 6e. The directions
of the symbols indicate the
direction of the largest
horizontal stress axis (positive
stresses are extensional). The
quality of the WSM database
ranks from A (good) to D
(poor, not plotted)
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here and from those of Kreemer et al. (2004), it follows
that the thick mantle lithosphere controls the deforma-
tion, whereas the rheological properties of the crust
influence the seismic energy release and has only limited
influence on the principal stress directions.
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