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This study presents shear wave splitting analysis results observed at ISP (Isparta) broadband
station in the Isparta Angle, southwestern Turkey. We selected 21 good quality seismic events
out of nearly 357 earthquakes and calculated splitting parameters (polarization direction of fast
wave, φ and delay time between fast and slow waves, δt) from mainly SKS and a few SKKS
phases of the selected 21 seismic events. Then, we compared calculated splitting parameters at
ISP station (56◦ ≤ φ ≤ 205◦; 0.37 s ≤ δt ≤ 4 s) with those previously calculated at ANTO (Ankara)
and ISK (İstanbul) stations (27◦ ≤ φ ≤ 59◦; 0.6 s ≤ δt ≤ 2.4 s and 26◦ ≤ φ ≤ 54◦; 0.6 s ≤ δt ≤ 1.5 s)
which are located at 230 and 379 km away from ISP station in central and northwestern Turkey,
respectively. The backazimuthal variations of the splitting parameters at ISP station indicate a
different and complex mantle polarization anisotropy for the Isparta Angle in southwestern Turkey
compared to those obtained for Ankara and İstanbul stations.

1. Introduction

The Isparta Angle (figure 1) is a triangular-shaped
region with 120 km length along N–S direction and
50 km width in the south (Glover and Robertson
1998). It is an important segment of the east-
ern Mediterranean region for the study of the
lithospheric deformation for two main reasons.
Firstly, it is located at the intersection of the
southward-convex Aegean and Cyprus arcs. Sec-
ondly, it is located also at the boundary between
central/eastern Anatolia and Aegean/western
deformation areas (Reilinger et al 1997).

Faccenna et al (2006) have described the tectonic
evolution of the Anatolian-Aegean block in three
stages by using formation time of the North Ana-
tolian fault (NAF) as a reference point (figure 2).
The NAF is a right-lateral strike-slip fault zone
with 1400 km length along E–W direction extend-
ing from Karlıova triple junction (KTJ) in the
east to the Aegean Sea in the west. It is also

the northern boundary of the Anatolian–northern
Aegean block. Before the formation of the NAF
(Early-Middle Miocene), the Bitlis–Pontide colli-
sional belt between Arabia and Eurasia plates in
the east and the Aegean extension area in the west,
were formed. During the formation of the NAF
(Late Miocene–Pliocene), the Turkish–Iranian
plateau was uplifted (1.5–2 km) and volcanism
started. In the west, extension took place and the
Aegean trench retreat developed. These tectonic
conditions triggered the lateral escape of Anatolia
from the east to the west and formed the NAF.
After formation of the NAF (Late Pleistocene–
present day), the deformational pattern in the
region has been locally different from the previous
stages, a short-lived N–S compression episode in
Ionian islands, a strike-slip episode in south central
Anatolia, a right-lateral strike-slip regime in the
eastern part of the NAF and wide-spread heteroge-
neous extensional regime in south central Anatolia
(NNE and NE).
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Figure 1. Map of tectonic setting of the Isparta Angle. Inset map shows two tectonic provinces bounding the Isparta Angle:
the Aegean extensional province and the Anatolian plateau. The areas of the inner and outer Isparta Angle are shown by
dotted lines. NAFZ: North Anatolian Fault Zone; EAFZ: East Anatolian Fault Zone (Glover and Robertson 1998). Map
also shows the locations of the broadband stations used in this study (ISP) and those (ANTO and ISK) used in the studies
presented by Şapaş and Boztepe-Güney (2005).

During tectonic evolution of the region in Late
Miocene to Early Pliocene time, the Isparta
Angle was situated between the Aegean exten-
sional province (N–S) and rotational movement
of the Anatolian plateau and experienced right
lateral shear (figure 3a). Lycian Nappes replaced
the Isparta Angle during Late Miocene time.
A change in stress regime from N–S to NE–SW
occurred in the Aegean province around Late
Pliocene–Early Quaternary time (figure 3b). This
also affected the tectonic evolution of the Isparta
Angle and surroundings by the occurrence of
presently active NW–SE trending asymmetrical
graben system in the center and strong uplift of
the Bey Dağları region of the Taurus Mountains in
the west (figure 1). Glover and Robertson (1998)
have mapped the directions of fault planes bound-
ing both the limbs and the core of the Isparta
Angle (figure 1). They have found that the fault
directions are NE–SW, NW–SE to N–S and some
intervening orientations. Based on stratigraphical
and geomorphological evidence, they have dated

the faults in the study area as reverse faults in Late
Miocene age, right lateral faults in Late Miocene–
Early Pliocene age and normal faults in Late
Pliocene–recent age.

In the present day, a mean westward motion
of Anatolia with respect to Europe is about
22 mm/yr along the NAF. The speeds of the south-
ern Aegean and the central Anatolian blocks are 30
and 20 mm/yr (McClusky et al 2000). These two
blocks are separated in western Anatolia by a N–S
stretching area indicated by E–W trending grabens
(figure 2).

To establish a geodynamic model for Anatolia,
investigation of the role of mantle flow is very
important since the upper mantle lithosphere
dynamics is mainly controlled by shear and nor-
mal tractions associated with both large-scale
plate motions and with local mantle dynamics
(Christensen 1984). We have here investigated
the traces of past mantle deformation episodes
affecting the Isparta Angle by using shear wave
splitting (Savage 1999). Firstly, we have calculated
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Figure 2. Tectonic map of the eastern Mediterranean–Middle East region. GPS vectors with respect to Eurasia are from
McClusky et al (2000). Abbreviations: KTJ: Karlıova triple junction; EAF: East Anatolian Fault (Faccenna et al 2006).

Figure 3. Tectonic regime of the Isparta Angle during (a) Late Miocene to Early Pliocene and (b) Late Miocene and
Early Quaternary time (Glover and Robertson 1998).

the shear wave splitting parameters (polarization
of fast wave, φ and delay time between fast and
slow waves, δt) for the study area. Secondly, we
have suggested a model for the mantle anisotropy
beneath the Isparta Angle by using the results of
previous model studies and results obtained from
the geophysical and geologic data (Brechner et al
1998; Piromallo and Morelli 2003; Al-Lazki et al
2004; Şapaş and Boztepe-Güney 2005; Dolmaz
et al 2005; Allmendinger et al 2007). Thirdly, we
have compared our results on the investigation of
the anisotropic mantle model beneath the Isparta

Angle with the ones beneath the Aegean region
and eastern Anatolia (Hatzfeld et al 2001 and
Sandvol et al 2003).

2. Data and method

In this study, we have used a broadband
(0.01–50 Hz) Mednet/GEOPHONE seismograph
station, ISP (Isparta), in southwestern Turkey
(latitude 37.82◦N, longitude 30.52◦E). Data are
obtained from IRIS archive through Wilber II
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utility. The sampling rate of the three-component
records is 20 samples per second. Out of 357 tele-
seismic earthquakes that occurred between 1996
and 2006, we have selected shear wave seismograms
of 21 events (table 1), which have a sufficiently high
signal-to-noise ratio. The earthquake parameters of
the selected events are mainly: magnitude ≥ 5.8,
depth ≥ 65 km, 86◦ ≤ epicenter distance ≤ 117◦

and 127◦ ≤ backazimuth ≤ 280◦.
At the high strain associated with the flow

near the ridges and subduction zones, dislocation
creep is the most important mechanism producing
the preferred orientation of olivine crystals in the
mantle (Ribe 1989). As a result of progressive sim-
ple shear, the fast direction of olivine, which is
the crystallographic a-axis, aligns along the flow
direction. Since olivine is a highly anisotropic and
abundant mineral in the mantle, seismic anisotropy
in the mantle is mainly controlled by the pre-
ferred orientation of olivine. A commonly accepted
simple model for the upper mantle anisotropy is
a localized single homogeneous layer beneath the
receiver having hexagonal symmetry with a hori-
zontal symmetry axis. For this model, investigating
the existence of SKS splitting in the upper mantle
is the most effective way to study the upper mantle
anisotropy beneath the receivers (Silver and Chan
1988; Savage et al 1990; Teanby et al 2004). The
SKS phases travel through the outer core as com-
pression waves and emerge into the mantle as shear
waves possessing nearly vertical mantle paths for
even the most distant earthquakes. If the upcoming
SKS ray path emerges into an anisotropic region in
the upper mantle, S-wave splitting occurs and the
separated two components of the SKS wave polar-
ize at a right angle from each other and travel with
different velocities.

In general, splitting correction method (Silver
and Chan 1988; Vinnik et al 1992) is used to
calculate the shear wave splitting parameters; fast
polarization direction (φ) and delay time (δt)
between the fast and slow shear waves. In this
method, calculated φ and δt are sensitive to the
choice of manually selected shear wave analysis
window. Therefore, we have preferred a technique
with automated selection of the window based on a
grid search over the range of window lengths to find
stable splitting measurements with small errors
(Teanby et al 2004). We have used the following
five steps to determine φ and δt from SKS and
SKKS phases on the seismograms of the selected
earthquakes recorded at ISP station. Since the lim-
itation of station and earthquake distributions for
using SKS phases requires including other phases
into the calculations to fill the backazimuthal gap,
we have included the SKKS phases, which bounce
once from the underside of the core-mantle bound-
ary, of three events given in table 1. After the data

selection step, we have first filtered the noisy seis-
mograms by using a Butterworth band-pass filter
(0.03–0.2 Hz) to improve the signal-to-noise ratio.
Second, we have identified the phases (SKS or
SKKS) on the seismograms. Third, we have cut
and prepared the data for the analysis. Fourth, we
have performed the splitting analysis (Teanby et al
2004) to calculate φ and δt for a range of window
lengths. Fifth, we have obtained parameters, which
are stable over the different windows. If anisotropy
exists, particle motion diagram of the radial and
transverse components of the shear waves is ellipti-
cal (lower diagram on the left, figure 4c). Thus, the
selected splitting parameters (φ and δt) should pro-
vide the best linearization on the particle motion
diagram (lower diagram on the right, figure 4c)
of the corrected radial and transverse components
of the shear waves (corrected R and T in figure 4b).
The φ and δt pair with the lowest error (plus sign
in figure 4d) minimizing the energy on the trans-
verse component (T and corrected T in figure 4a
and 4b, respectively) is calculated. The obtained
splitting parameters (φ and δt) for the selected 21
earthquakes recorded at ISP station are given in
table 1.

3. Results and discussions

The observed splitting parameters at ISP station
(φ and δt) are shown with filled triangles as a func-
tion of backazimuth in figure 5(a) and (b) and rose
diagrams in figure 6. The fast polarization direc-
tions, φ show two distinct groups (82◦ and 162◦)
in the interval of backazimuth between 127◦ and
280◦. The delay times show both a great scat-
ter and an increase from 0.37 s up to 4 s in the
same backazimuthal interval. The observed split-
ting parameters (φ and δt) at ISP station present
a backazimuthal dependency although the method
used in this study (Teanby et al 2004) is based
on the assumption of one layer anisotropic model
with a horizontal symmetry axis. This indicates an
anisotropic complexity in the mantle, which may
be caused by laterally varying anisotropy, dipping
axis of symmetry other than horizontal symmetry
axis, different forms of symmetry other than hexa-
gonal, the effect of incidence angle, multiple lay-
ers of anisotropic media with different symmetry
axes (Özalaybey and Savage 1994). Before we sug-
gest a model for the mantle beneath the Isparta
Angle based on the results of shear wave splitting
studies, we first examined the results of previous
studies given below and used them as additional
information in our forward modeling studies.

Brechner et al (1998) have investigated the
resolving power of the SKS technique for com-
plicated anisotropic structures such as multilayer
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Table 1. List of the selected earthquakes used in this study and calculated splitting parameters (fast polarization direction,
φ and delay time, δt) for ISP station.

Date Origin−time Dist. Lat. Long. Baz. Mag. Depth φ δt
(d.m.y) (hour:min:sec) (deg.) (deg.) (deg.) (deg.) (Mw, Ms) (km) (deg.) (sec)

02.11.1996 00:08:50.6 92 7.56 S 117.30 E 127 5.8 302 75 3.20

23.01.1997 02:15:22.9 107 22.0 S 65.72 W 235 7.1 276 110 0.95

19.02.1997 18:25:12.5 100 4.56 N 76.49 W 230 5.8 101 56 2.40

22.12.1997 02:05:50.0 114 5.50 S 147.87 E 129 7.2 179 205 1.27

05.04.1999 11:08:04.0 116 5.59 S 149.57 E 129 7.4 150 69 1.60

26.02.2000 18:24:39.2 98 9.41 N 78.53 W 229 6.1 65 179 3.95

03.03.2000 22:09:13.7 100 7.32 S 128.49 E 127 6.3 142 80 0.45

23.04.2000 09:27:23.3 109 28.31 S 62.99 W 236 7.0 609 176 4.00

23.04.2000 17:01:17.4 109 28.38 S 62.94 W 236 6.1 610 182 1.12

12.05.2000 18:43:18.1 109 23.55 S 66.45 W 236 7.2 225 180 4.00

16.06.2000 07:55:35.3 117 33.88 S 70.09 W 241 6.4 120 185 3.75

21.06.2000 16:25:06.3 99 14.11 N 144.96 E 133 5.9 112 190 1.00

04.10.2000 14:37:44.15 86 11.12 N 62.56 E 280 6.1 110 86 3.30

14.03.2001 18:56:18.8 90 0.45 N 121.89 E 127 5.9 109 85 2.00

29.06.2001 18:35:51.9 106 19.52 S 66.25 W 235 6.1 274 69 0.37

12.10.2002 20:09:11.3 104 8.26 S 71.53 W 233 6.8 536 182 1.80

27.04.2003 22:57:43.7 104 8.14 S 71.51 W 233 5.9 546 110 0.95

04.08.2003 04:37:20.1 115 60.53 S 43.41 W 212 7.5 10 176 1.75

21.08.2003 12:12:50.9 147 45.18 S 167.12 E 117 7.0 33 144 2.10∗

02.11.2004 10:02:12.8 91 49.28 N 128.77 W 347 6.6 10 87 3.62∗

02.01.2006 06:10:49.2 107 60.93 S 21.58 W 203 7.4 10 72 3.70∗

∗ Indicates that SKKS phase was used for the splitting analysis.

anisotropy and/or inclined symmetry axes. They
have suggested that observed splitting parameters
obtained under the assumption of one layer are
apparent splitting parameters for a multilayer
case but they are still meaningful. They have
presented examples for the backazimuthal varia-
tions of the splitting parameters for incidence in
inclined single anisotropic layer (model A), for
vertical incidence in a system of two horizontal
anisotropic layers (model B) and for non-vertical
incidence in a system of two dipping anisotropic
layers and symmetry axes (model C). They have
observed the following on the calculated splitting
parameters:

• The fast polarization directions show no back-
azimuthal variation for model A, monotonous
increase including jumps with 90◦ periodicity for
model B and irregular increase including jumps
for model C.

• The delay times between the fast and slow waves
show polynomial variations as a function of back-
azimuth for model A, harmonic variations as a
function of backazimuth with 90◦ periodicity for
model B and irregular and non harmonic varia-
tions as a function of backazimuth for model C.

• The splitting parameters depend on the fre-
quency of the incident wave.

Since we have a limited backazimuthal coverage
in our dataset, we have preferred to start with a
simple model for the mantle anisotropy beneath
the Isparta Angle. Therefore, model B presented by
Brechner et al (1998) is an appropriate one for our
model studies for the observed apparent splitting
parameters at ISP station.

Global P -wave model of tomographic images
presented by Piromallo et al (2003) have shown
that the deep slab beneath the Bitlis-Zagros colli-
sional belt is not continuous towards west. The slab
is detached from its upper part beneath the belt
and the rupture is prolonged to the west till Cyprus
and to the eastern end of the Hellenic arc. This
mechanism is possibly responsible for the Miocene–
Plioecene re-organization in the Anatolian–Aegean
region and westward escape of Anatolia (Facenna
et al 2006). The results of P -wave model of tomo-
graphic images in the region have indicated that an
inclined single anisotropic mantle model may not
work for the mantle beneath the Isparta Angle.

A measure of azimuthal anisotropy in the
upper most and entire mantle is obtained from
Pn anisotropy and SKS splitting results (Savage
1999). Al-Lazki et al (2004) have mapped Pn
wave velocity and anisotropy structures at the
junction of the Arabian, Eurasian and African
plates (figure 7). They have found that the fast
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axes of Pn anisotropy within the Anatolian plate
are predominantly E–W in the east, N–S at the
center and E–W in the west. They have shown that
the fast axes of Pn anisotropy along the strike of
the NAF change from NE-SW in the east to E–W
and N–S in the center and to NW–SW in the west
of the Sea of Marmara. Figure 7 shows the lack
of correlation between westward plate motion and
sudden variations of the fast axes of Pn anisotropy
beneath the Anatolian plate. This figure also shows
that there is no match between the azimuthal
Pn anisotropy and the polarized anisotropy of
SKS fast splitting directions in eastern Anatolia.
Al-Lazki et al (2004) have observed that localized
anisotropy orientations are underlined by very low
Pn velocity zones (Pn < 7.8 km/s) such as northern
Aegean zone and the Isparta Angle. They have
suggested that there is a complex process including
crustal and upper mantle deformation beneath
the Arabian plate. The results of Pn tomography
study (Al-Lazki et al 2004) have indicated that the
fast axis direction of the upper mantle anisotropy
beneath the Isparta Angle is approximately N–S.

Dolmaz et al (2005) have investigated the ther-
mal structure of southwestern Turkey by using
Curie Point Depth (CPD) estimates from the
aeromagnetic data. They have suggested that a
NNW–SSE trending belt of deep CPD region
separates two shallow CPD zones and that the
processes related to the African-Eurasion plate
convergence zone control the regional thermal
structure of southwestern Turkey. They have also
shown the deepening CPD towards the active mar-
gin of Eurasia and have interpreted this as the
cooling effect of the subducting old crust around
100–150 km. The results of the estimated CPD val-
ues (Dolmaz et al 2005) have indicated that the
thermal conditions of the upper mantle beneath the
Isparta Angle are suitable for creating a ‘frozen-in’
anisotropy from a past tectonic episode (Vinnik
et al 1992).

An accurate deformation pattern, which is con-
sistent with long-term geologic features over a
large area, can be obtained from the GPS vec-
tors. Allmendinger et al (2007) have shown that

Figure 4. (a) Radial (R) and transverse (T ) components of
the data recorded at ISP station, (b) corrected waveforms
of R and T components after splitting correction, (c) fast
and slow shear waveforms before correction (top, left) and
their particle motion (bottom, left) and fast and slow shear
waveforms after correction (top, right) and their particle
motion (bottom, right), (d) best fitting φ and δt pair (cross
symbol) determination is based on a grid search method
which provides the best linearization on the particle motion
diagram. The contour values range from 1 to 20 with inter-
vals of 5 (thick curved lines) and 1 (thin curved lines).
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Figure 5. (a) Calculated apparent splitting parameters
(filled triangles); fast polarization directions (φ) and
(b) delay time (δt) versus backazimuth (baz) moduli π
from the station ISP with error bars. Solid curves show
splitting parameters for the best fitting forward model
with two-layer mantle anisotropy with horizontal symme-
try axis (upper layer: φu = 150◦, δtu = 1.6 s, lower layer:
φl = 40◦, δtl = 1 s) minimizing the errors between observed
and calculated splitting parameters (φrms = 46.31◦ and
δtrms = 1.42 s). Dashed curves show splitting parameters for
one of the non-fitting forward models with two-layer man-
tle anisotropy with horizontal symmetry axis (upper layer;
φu = 70.0◦, δtu = 1.0 s, lower layer; φl = 180.0◦, δtl = 1.0 s,
φrms = 84.09◦ and δtrms = 1.68 s).

Anatolia has regions of positive dilatation on
the outboard sides of the rotating blocks. They
have concluded that positive dilatation observed
in the Aegean region correlates with a region
of crustal thinning and the rotation of Anatolia

is related to the rollback of the Hellenic trench
(figure 8). In this study, we have assumed that the
anisotropy at deeper levels of the mantle beneath
the Isparta Angle may be caused by recent defor-
mation in the asthenosphere (Vinnik et al 1992).

Based on the results of previous studies, our
study and assumptions given above, we have con-
sidered a two-layer anisotropic model with a hori-
zontal symmetry axis for the mantle beneath the
Isparta Angle. Our proposed model for mantle
anisotropy beneath the Isparta Angle consists of
‘frozen-in’ anisotropy in the upper mantle and
anisotropy caused by the asthenospheric flow. The
‘frozen-in’ anisotropy in the upper mantle beneath
the Isparta Angle is a remnant of the past defor-
mational episode of the Aegean extensional regime
in N–S direction (figure 3a), which was active in
Late Miocene to Early Pliocene time (Glover and
Robertson 1998). The anisotropy caused by the
asthenospheric flow is a result of changing stress
regime from N–S to NE–SW that occurred on the
Aegean province around Late Pliocene–Early Qua-
ternary time (Faccenna et al 2006). Based on the
strain field obtained from GPS vectors (figure 8),
we have considered that the crust is also under the
effect of stress regime in the direction of NE–SW
similar to the asthenospheric flow. We have inves-
tigated the validation of our proposed model for
the mantle anisotropy beneath the Isparta Angle
by using forward modeling technique for a sim-
ple two-layer anisotropic model with a horizontal
symmetry axis (Savage et al 1990; Özalaybey and
Savage 1994; Silver and Savage 1994).

Inspite of a limited range of backazimuthal
coverage of the observed splitting parameters at
ISP station, we have searched for possible solu-
tions to minimize errors between the observed
and calculated splitting parameters for a sim-
ple two-layer anisotropic model with a horizontal
symmetry axis, by using the standard least squares
method. We have constrained the splitting para-
meters of the lower layer of our proposed model to
decrease the number of possible solutions. We have
obtained the constraints from results of our previ-
ous shear wave splitting studies for ANTO, Ankara
(latitude, 36.90◦N; longitude, 30.65◦E) and ISK,
İstanbul (latitude, 41.07◦N; longitude, 29.06◦E)
stations, which are 230 and 379 km away from
ISP station (Şapaş and Boztepe-Güney 2005).
Figure 6 shows the average splitting parameters
at ANTO (φ = 43◦ ± 8◦, δt = 0.74 s) and ISK
(φ = 43.7◦ ± 5◦, δt = 1.96 s) stations. The split-
ting parameters at ANTO and ISK stations show
no backazimuthal variations suggesting one layer
anisotropy model with a horizontal symmetry
axis. Şapaş and Boztepe-Güney (2005) have sug-
gested that the crust deforms similarly to the
asthenospheric flow direction in this region based
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Figure 6. Map showing averaged fast directions and delay times beneath ISP, ANTO and ISK stations on rose diagrams
(Şapaş and Boztepe-Güney 2005).

Figure 7. Map of GPS strain for eastern Mediterranean/Middle East. Short coloured line segments by the absolute value
of their magnitude show the principal infinitesimal horizontal strain axes. Red and blue colours indicate extension and
shortening (Allmendinger et al 2007).

on the strain deduced from the GPS displacements
(Allmendinger et al 2007). Similar results have
been suggested by Hatzfeld et al (2001) for the
Aegean area.

We have searched for forward models of two-
layer mantle anisotropy with a horizontal sym-
metry axis beneath ISP station with different
splitting parameters by using analytical equa-
tions given by Silver and Savage (1994). We have
also used the average splitting parameters cal-
culated at ANTO and ISK stations (Şapaş and
Boztepe-Güney 2005) as constraints for the split-
ting parameters of the lower layer of our proposed

model (φ = 43◦, δt = 1 s). We have investigated the
root mean square (rms) errors of pairs of calculated
splitting parameters (φ, δt) for 3640 forward mod-
els of two-layer mantle anisotropy with a horizontal
symmetry axis (Özalaybey and Savage 1994). The
range of parameters used in the forward model-
ing studies are, for upper layer: 0.0◦ ≤ φ ≤ 180.0◦,
Δφ = 2.0◦; 0.1 s ≤ δt ≤ 4.0 s, Δδt = 0.1 s and for
lower layer: φ = 40◦, δt = 1 s, and dominant
frequency = 0.125Hz. The splitting parameters
for the best fitting forward model minimizing
the rms errors (φrms = 46.31◦ and δtrms = 1.42 s)
are, lower layer (l): φl = 40.0◦, δtl = 1.0 s; upper
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Figure 8. Map of Pn anisotropy in solid blue lines (Al-Lazki et al 2004), SKS shear wave splitting in solid green lines
(Sandvol et al 2003) and GPS vector direction in solid pink lines (McClusky et al 2000).

layer (u): φu = 150.0◦, δtu = 1.6 s. In figure 3(a)
and (b), we have plotted the observed (filled
triangles) and the calculated splitting para-
meters as a function of backazimuth for the
best fitting forward model (solid curve) together
with one of the non-fitting forward models,
φl = 180.0◦, δtl = 1.0 s; φu = 70.0◦, δtu = 1.0 s
with φrms = 84.09◦, δtrms = 1.68 s (dashed curve).

The thickness of a localized anisotropic layer
(L) for the fractional difference in velocity between
the fast and slow directions (ε � 1) is defined by
L = δtβ/ε assuming a localized anisotropic mate-
rial with constant shear velocity (β) and a ray
path with vertical incidence angle (Silver and Chan
1988). If we assume β = 4.6 km/s and ε = 0.04 for
the upper mantle (Crampin and Booth 1985), the
calculated delay times, δtl = 1, δtu = 1.6 s corres-
pond to anisotropic layers about 115 and 184 km
thick.

In this study, we have suggested a two-layer
anisotropic model with a horizontal symmetry axis
for mantle anisotropy beneath the Isparta Angle
consisting of ‘frozen-in’ anisotropy in the upper
mantle (φu = 150.0◦, δtu = 1.6 s) and anisotropy
caused by the asthenospheric flow (φl = 40.0◦,
δtl = 1.0 s). We have suggested that the crust is
also under the effect of stress regime in the direc-
tion of NE–SW similar to asthenospheric flow.
The ‘frozen-in’ anisotropy in the upper mantle
(φu = 150.0◦, δtu = 1.6 s) beneath the Isparta
Angle is related to the tectonic evolution of the
region in Late Miocene to Early Pliocene time
(figure 3a). In this time of period, the Isparta
Angle was situated between the Aegean exten-
sional province (N–S) and the rotational movement
of the Anatolian plateau and experienced right

lateral shear (Glover and Robertson 1998).
The asthenospheric flow (φl = 40.0◦, δtl = 1.0 s)
beneath the Isparta Angle is a result of a change in
stress regime from N–S to NE–SW that occurred
on the Aegean province around Late Pliocene–
Early Quaternary time (figure 3b).

In the east of the Isparta Angle, Sandvol et al
(2003) have investigated the shear wave splitting
for eastern Turkey. They have found that the fast
polarization directions are relatively uniform and
exhibit mainly NE–SW directions and the observed
delay time range from 0.7 to 2.0 s. They have sug-
gested that there is a fundamental difference in the
asthenospheric flow directions and surface defor-
mation across the Arabian and Anatolian plates.
Also, they have suggested that large surface faults
do not have any influence on the upper mantle
flow patterns or deformations in the area. In the
west of the Isparta Angle, Hatzfeld et al (2001)
have investigated the shear wave anisotropy in
the upper mantle beneath the Aegean area. They
have mapped the fast polarization direction of
anisotropy superimposed on the strain deduced
from the GPS measurements (McClusky et al
2000). They have shown that the fit is better
in the northern Aegean Sea and western Turkey
and have suggested that the crust and the upper
mantle deform similarly in this region.

Since the Isparta Angle is at the boundary
between central/eastern Anatolia and Aegean/
western deformation areas, it is expected that
future shear wave splitting studies consisting of
more data with a good backazimuthal cover-
age might give us detailed information about
the anisotropic complexity beneath the Isparta
Angle.
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Şapaş A and Boztepe-Güney A 2005 The analysis of
SKS splitting in western Turkey, International Earth
Sciences Colloquium on the Aegean Region, IESCA
2005, Abstracts Book, Dokuz Eylül University, Engineer-
ing Faculty, Department of Geology, Izmir, Turkey, 4–7
October: 262.

Teanby N A, Kendall J M and van der Baan M 2004
Automation of shear-wave splitting measurements using
cluster analysis; Bull. Seismol. Soc. Am. 94 453–463.

Vinnik L P, Makeyeva L I, Milev A and Usenko A Yu
1992 Global patterns of azimuthal anisotropy and defor-
mations in the continental mantle; Geophys. J. Int. 111
433–447.

Wessel P and Smith W H F 1995 New version of the generic
mapping tools (GMT) version 3.0 released; Trans. AGU,
Eos 76 329.

MS received 28 August 2007; revised 10 January 2008; accepted 2 May 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


