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The North Anatolian Fault Zone (NAFZ) is a 1200 km long dextral strike-slip fault zone forming the boundary
between the Eurasian and Anatolian plates. It extends from the Gulf of Saros (North Aegean) in the west to
the town of Karliova in eastern Turkey. Although there have been numerous geodetic studies concerning
the crustal deformation, velocity field and the slip rate of the NAFZ along its western and central segments,
geodetic observations along the eastern section of the NAFZ are sparse. In order to investigate the GPS
velocities and the slip rate along the eastern part of the NAFZ, a dense GPS network consisting of 36 bench-
marks was installed between Tokat and Erzincan on both sides of the fault zone and measured from 2006 to
2008.
Measurement results indicate that the slip rate of the NAFZ increases westwards within about 400 km from
16.3 + 2.3 mm/year to 24.0 + 2.9 mm/year, in consistence with the observation that the Anatolian block is
being pulled by the Hellenic trench rather than being pushed by the Arabian plate as a result of continental
collision between the Arabian and Eurasian plates in eastern Turkey since late Miocene. Modelling the GPS
velocities shows that fault locking depth increases also in the same direction from 8.143.3 km to 12.8 £
3.9 km. Slip rate decreases as moving off the Hellenic trench. An average slip rate of 20.1 + 2.4 mm/year
and a locking depth of 12.5+3.5 km are also estimated for the entire study area by using all of the GPS
measurements obtained in this study. The GPS velocities are in good agreement with the kinematic models
created by paleomagnetic studies in the region and complete the overall picture.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Forming the boundary of the Eurasian and Anatolian tectonic
plates, the North Anatolian Fault Zone (NAFZ) is one of the major
strike-slip fault zones of the world. The 1200 km-long NAFZ runs
along the northern part of Turkey, roughly parallel to the Black Sea
from Karliova in the east to the Gulf of Saros in the west, connecting
the East Anatolian compressional region to the Aegean extensional
region. The study area where the NAFZ and East Anatolian Fault Zone
(EAFZ) meet at Karliova triple junction in Eastern Turkey, comprises a
complicated combination of active plate boundaries (Fig. 1). Sengér et
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al. (1985) and Dewey et al. (1986) hypothesized that, due to the north-
ward movement of the Arabian plate relative to Eurasia, the Erzincan-
Karliova region is squeezed, crushed, and expelled westward along
the NAFZ and EAFZ. As a result of this plate convergence, right-lateral
strike-slip faulting along the NAFZ (Dewey and Sengdr, 1979;
McClusky et al., 2000; Sengor, 1979) and left-lateral strike-slip faulting
along the EAFZ (Jackson and McKenzie, 1988; McKenzie, 1972; Tatar et
al., 2004) in eastern Turkey accommodates the westward motion of
Anatolia relative to Eurasia. GPS observations over the last two decades
however reveal that slab pull along the Hellenic trench is now more
important than the push by the collision in eastern Turkey (McClusky
et al., 2000; Oral, 1994; Reilinger et al., 1997, 2006).

In general, the NAFZ becomes wider from east to west (Sengdr et
al., 2005). While the zone is generally extremely narrow, hardly
wider than 10 km, (Herece and Akay, 2003) between Karliova triple
junction and Niksar basin (Fig. 2) in eastern Turkey it becomes a
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Fig. 1. Tectonic setting of Turkey and surrounding regions. Arrows show the anticlockwise rotation of the Arabian and Anatolian plates with respect to the Eurasian reference frame
increasing westward (after McClusky et al., 2000). Thin black lines are active faults (from Saroglu et al., 1992). Dashed rectangle shows the location of study area along the North

Anatolian Fault (KT] = Karliova Triple Junction).

shear zone of a few hundred km wide around the Marmara region in
northwest Turkey. The long-term geological slip rates have been esti-
mated between 10 mm/year and 20.5 mm/year along different seg-
ments of the NAFZ, based on different geological, seismological and
paleomagnetic methods (Barka and Kadinsky-Cade, 1988; Kasapoglu
and Toks0z, 1983; Kiratzi and Papazachos, 1995; Kozac et al., 2007;
Pinar et al., 1996; Piper et al., 1997; Tatar et al., 1995; Taymaz et al.,
1991). The dextral shear is not confined to the NAFZ but is distributed
in a broader shear zone as confirmed by paleomagnetic observations
indicating clockwise rotations of up to 270° within the past 5 Ma in
the central parts of NAFZ (Piper et al., 1997, 2006, 2009; Tatar et al.,
1995). Where observations are made in the central part of the NAFZ,
the shear-related clockwise rotations are found in areas as far south
as 25 km from the main strand of the NAFZ in contrast to earlier reports
of no rotation by Platzman et al. (1994). However, the rotations within
the NAFZ are not found to be systematic, possibly because of the early
activity of R shears (Piper et al., 1996; Sengor et al., 2005). Farther west,

around the western half of the Sea of Marmara, rotations of Miocene and
younger units are spread over a width of more than 100 km (Tapirdamaz
and ve Yaltirak, 1996). In this region, the rotations are also very complex,
indicating a complicated strain history in keeping with the expected
evolution of a broad shear zone (Sengdr et al,, 2005). By contrast, in
the eastern part of the NAFZ, the rotations are confined to a much
narrower shear zone of some 15 km wide (Tatar et al., 1995).

The present day short-term slip rates obtained by recent geodetic
measurements along the central and western segments of the NAFZ
are estimated to be between 28 mm/year and 24 mm/year, notably
faster than the long-term geological slip rates (Straub, 1996). The
slip rate reported by McClusky et al. (2000) is 22-24 4+ 1 mm/year
for the NAFZ, from the Euler pole estimation, where as Reilinger
et al. (2006) estimated a slightly higher slip rate, 25 mm/year, based
on block modelling. They used the same data set and represent the
average value from Erzincan, in the east, to Bolu, in the west
(Fig. 2). It is obvious that the detailed studies should be run to
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Fig. 2. GPS velocities along the North Anatolian Fault Zone (NAFZ) from various studies (OF = Ovacik fault; EAF = East Anatolian Fault; NEAF = Northeast Anatolian Fault). Note the
gap in the velocity field between Erzincan and Ladik. Rectangle with dashed lines shows the location of Fig. 3.
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estimate the slip rates along different segments of NAFZ. Therefore,
Yavasoglu et al. (2011) established a local GPS network along the cen-
tral part of the North Anatolian Fault Zone between Ladik and Ilgaz
(Fig. 2) and estimated slip rates ranging between 18.7+1.6 and
21.5+2.1 mm/year after five years of observations. As shown in
Fig. 2, there is a significant gap in the GPS network along the eastern
segments of the NAFZ between Erzincan and Erbaa (Tokat). There-
fore, we have established a new GPS network along this section of
the NAFZ and measured it for 3 years. The study area has experienced
intense and devastating earthquakes during the years of 1939, 1942
and 1992. The NAFZ, Northeast Anatolian Fault (NEAF) and Ovacik
Fault (OF) are the most important regional tectonic features of the re-
gion in which several strike-slip related sedimentary basins such as
Erzincan, Susehri, Gélova, Niksar, Erbaa-Tasova, have formed (Figs. 1
and 2). The abundance of historical earthquakes is very much related
with the movements of these three main faults (Kaypak and
Eyidogan, 2002). The December 26th 1939 Erzincan earthquake is
the strongest earthquake ever recorded in Turkish history
(Mw =7.9), which produced a 360-km-long surface break between
Erzincan to Ezinepazari (Ketin, 1976) bounding the Erzincan, Susehri
and Niksar basins (Barka and Kadinsky-Cade, 1988). The 1939 Erzin-
can earthquake was followed, in rapid succession, by a series of disas-
trous earthquakes in Niksar-Erbaa in 1942 (Ms=7.1); in Ladik in
1943 (Ms=7.3); and in Bolu, Gerede, and Cerkes in 1944
(Ms=17.3). On December 20th 1942, a destructive earthquake with
a magnitude of 7.2 occurred around Erbaa and Niksar and created a
new 50 km long surface break bounding the northern margin of the
Niksar pull-apart basin (Tatar, et al., 2006).

2. Data collection and processing
2.1. GPS measurements

Monitoring tectonic movements in this region is a challenging task
for various reasons and, a dedicated geodetic network for geodynamic
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purposes was constructed (Fig. 3). GPS stations were built into bed-
rock using high quality geodetic monuments. Observations were per-
formed at each station for three sections of 10 hours per day during
3 years between 2006 and 2008. Additionally, other available GPS
sites nearby, having a longer data span, have been included in the
present analysis. Observation spans of GPS sites used in this study
are summarised in Table 1.

GPS velocities are determined for 42 stations, 36 measured with
survey-mode GPS (SGPS) in the study area (i.e., including six global
stations in the analysis). GPS measurement campaigns were con-
ducted between July and August in order to minimize annual seasonal
systematic errors. To reduce the antenna phase pattern problems and
the errors on the computation of the vertical components,
we used the same receivers and antennas at all campaign sites
(Trimble 4000 and 5700 with choke-ring and geodetic Zephyr
antennas).

2.2. GPS data processing

The GPS data were processed with the GAMIT/GLOBK software
(Herring et al., 2006a,b). In general, measurements processed in
three phases with using GAMIT/GBLOK (Dong et al., 1998; Feigl et
al., 1993; McClusky et al., 2000; Oral, 1994). At the first step, daily ob-
servations of doubly differenced GPS phase were used to estimate the
coordinates of observation points, atmospheric zenith delays of each
observation point and Earth Orientation Parameters (EOPs). 6 Inter-
national GPS Service (IGS) stations were included within the analysis
to create a link between regional and global networks as overlapping
“tie” sites and combined solutions were obtained in order to use the
precise IGS products.

At the second step, Kalman Filter is to be implemented according
to EOP values, orbit data daily coordinates and covariance to estimate
the site coordinates and velocities from the combined solutions. In
the last step, the reference frame was constrained on each day using
areliable set of global IGS stations with respect to the IGSOO realization
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Fig. 3. The GPS bench marks constructed in this study along the eastern NAFZ. 4 of 36 GPS sites were permanent (white inverted triangles) during 2006-2008 GPS campaigns and
located on both sides of the NAFZ in Kelkit (KLKT), Giirgentepe (GURE), Sivas (SIVA) and Tokat (CRDK).
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Table 1
Horizontal GPS velocities of the Kelkit Region with respect to the Eurasian fixed frame
and 1-sigma uncertainties (plotted with 95% confidence ellipses in Fig. 4).

SITE Longitude  Latitude = E&N Rate E&N 1-sigma RHO
6) (6) (mm/year) uncertainties
(mm/year)

CYRL  40.079 39.852 —5.71 2.73 052 065 —0.086
MUTU 39.853 39.591 —13.11 8.17 054 067 —0.089
CLYN 39.725 39.582 —1219 956 054 067 —0.084
UZUM 39.688 39.724 —1136  3.56 054 067 —0.083
EKSU  39.593 39.733 —1052 337 0.57 073 —0.098
BNKC 39.494 39.652 —1559 535 082 107 —0.055
ER98  39.482 39.793 —1052  0.77 052 064 —0.083
KLKT  39.420 40.151 —4.55 1.60 027 026 —0.034
AHMD 39.361 39.902 —4.24 —126 052 064 —0.090
BHCL 39.349 39.762 —1357 337 0.61 077  —0.078
KMAH 39.164 39.613 —1087 7.71 047 057 —0.088
KRDK  38.836 40.136 —4.09 2.70 049 061 —0.092
RFHY 38.774 39914 —1387 592 044 054 —0.081
ARPY  38.743 39.820 —1839  9.60 045 053 —0.082
AYDG 38.743 40.047 —1058  0.12 0.51 0.64 —0.088
ILIC 38.515 39.614 —11.76  8.02 048 058  —0.092
SBKH  38.448 40.316 —5.05 —170 046 055 —0.087
IMRN  38.121 39.882 —1335 748 055 069 —0.108
SUSE  38.067 40.162 —1474 7.03 055 068 —0.102
SINC  37.958 39.454 —18.18 9388 050 058  —0.068
IKYK  37.869 40.313 —7.74 4.87 045 053 —0.082
MSDY 37.771 40.463 —4.46 4.98 046 054  —0.067
TEKK  37.757 39.867 —18.82 10.13 046 056 —0.101
GURE 37.604 40.778 —2.12 141 026 024 —0.027
DOSA  37.549 40.221 —1747 773 0.41 048  —0.085
KSDR 37394 39.921 —2128 596 045 054 —0.090
BRKT  37.265 40.547 —9.09 5.18 0.41 048  —0.090
SIVA  37.095 39.786 —2033 858 026 024 —0.035
AKKS  37.054 40.863 —-1.13 —0.85 043 053 —0.104
0ZDM 37.001 40.685 —5.48 4.07 045 055  —0.088
ATKY  36.912 40.447 —1995  6.09 097 128 —0.088
TALN  36.804 40.557 —1352 523 048 057 —0.103
PBYL  36.770 40.680 —5.77 312 0.41 048  —0.090
GKDE  36.752 40.476 —1442 674 045 054  —0.097
CRDK 36.554 40.237 —20.73  7.08 025 023 —0.032
KZLU  36.485 40.617 —17.18 4380 039 046  —0.095
POL2*  74.694 42.680 —0.07 0.88 012 012 —0.028
KIT3*  66.885 39.135 —0.69 0.94 0.14 013 —0.039
METS* 24.395 60.217 0.03 —1.09 014 016 0.049
JOZE*  21.032 52.097 —0.33 1.30 019 022 —0.014
TROM™* 18.938 69.663 —0.17 1.00 0.12 014  0.090
GRAZ* 15.493 47.067 0.26 0.73 013 014 —0.025
POTS* 13.066 52.379 —0.78 —0.21 0.11 0.12  0.009
WTZR* 12.879 49.144 —048 —030 013 015 0.007
ZIMM*  7.465 46.877 0.51 1.36 0.14 015 0.042
KOSG* 5.810 52.178 0.53 —0.05 019 023 0.022
BRUS* 4.359 50.798 0.29 —068 012 014 0.044
HERS* 0.336 50.867 —0.06 —014 012 013  0.050

Latitude and longitude are given in degrees North and East, respectively. Station
velocities and their uncertainties are given in mm/year. (*) The Eurasian frame is
determined by minimizing the adjustment to the horizontal velocities of the 12
stations given at the end of table. RHO is the correlation coefficient between the E
(east) and N (north) uncertainties.

of ITRF2000 no-net-rotation (NNR) frame (ITRF2000I) (Ray et al.,
2004), while estimating the translation, orientation and scale parame-
ters for each day with the origin fix module (GLORG) of GLOBK.
Details about the processing method are described in McClusky et al.
(2000).

We defined a Eurasian frame by minimizing the horizontal veloc-
ities of 12 IGS stations. All of them have long reliable times series and
selected after the several alternative realizations of reference frame
using different subset of the stations, distributed between Western
Europe to Central Asia, based on the root-mean-square departure of
the velocities. The root-mean-square departure of the velocities
of the 12 stations after transformation was 0.3 mm/year. Velocities
of stations in Eastern NAFZ GPS network (Turkey) with respect to
Eurasia are shown in Fig. 4 and listed in Table 1.

3. General view of the processing results

Fig. 4 shows the GPS velocity field with respect to fixed Eurasian
reference frame we have deduced from our network in this study.
The GPS vectors on the Anatolian block are pointing NW direction
nearly parallel to the NAFZ, indicating that this section of the NAFZ
has pure strike-slip mechanism. The amplitude of the vectors
increases from north to south, consistent with a locked right-lateral
strike-slip fault. At SIVA and SINC sites located further south velocities
are calculated as 22 mm/year and 21 mm/year respectively. At the
northern part of the fault zone, the GPS velocities are ranging
between 1-6 mm/years and around 6-10 mm/year closer to the
fault zone. Velocity values are decreasing away from the fault to the
north and values become closer to zero gradually. GURE station is
located furthest north and the value obtained from this point is
4 mm/year demonstrating the wideness of deformation on Eurasian
plate as well as the behaviour of elastic deformation affecting a
large zone along the plate boundary in the region.

An increase in velocity is evident also from east to west at the GPS
sites located on the southern side of the fault zone. While the rates
are around 13-15mm/year at MUTU and KMAH in the east,
they are 20-22 mm/year at SIVA, CRDK and SINC site towards the
west.

4. Interpreting and modelling the GPS data

Relative velocity between the Anatolian and Eurasian plates and
the locking depth along the NAFZ in the study area (Fig. 1) can be
estimated from the GPS data using the model proposed by Savage
and Burford (1973) in which the accumulation of strain along a
strike-slip fault is described by a buried screw dislocation in elastic
half-space (Fig. 5). According to this two dimensional model, the
uppermost portion of the fault is locked due to friction between
earthquakes, where as the lower part creeps continuously at a
constant rate equal to the rate of relative plate motion (Fig. 4a). For
an infinitely long, planar and vertical strike-slip fault locked from
surface down to a depth of d (i.e., locking depth) the fault-parallel
velocity (v) as a function of position (x) orthogonal to the fault is
given by

VP 1 X
v(x) = o tan d
where v;, is creeping rate of the deep fault below the locking depth
(d) that is equal to the rate of plate velocity in the far field, and is
often termed as slip rate, in which case it is assumed that crust is
purely elastic and hence all the accumulated strain in the locked sec-
tion of the fault is released coseismically. Fig. 5b shows plots of this
function for varies locking depths, illustrating that while the steady
state deep creep determines the difference in the far field velocity
across the fault (i.e., the limits of velocity axis), the slope of the
curve around the fault is controlled by the locking depth. Note that
the velocity profile is symmetric about the fault as the model assumes
an idealized and isotropic rheology for the Earth's crust and a vertical
fault plane (Fig. 5b). Despite its simplicity the 2D screw dislocation
model has been used in many crustal deformation studies and has
proven to work quite well in producing the overall pattern of defor-
mation observed at transform fault boundaries (Alchalbi et al.,
2010; Cakir et al., 2005; Ergintav et al., 2007; Motagh et al., 2007;
Segall, 2002)

To model the GPS data we construct three fault-perpendicular
profiles, each 100 km apart between Tokat and Erzincan (Fig. 4). In
each profile, the fault-parallel (N70°W) components of all GPS vec-
tors within a distance of 100 km are projected on to the profile and
plotted with %95 confidence error bars (Fig. 6). Four parameters are
estimated form the GPS profiles: slip rate (in other words deep
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Fig. 4. GPS velocity field of the study area with respect to Eurasian reference frame with error ellipses within 95% confidence region on a shaded SRTM elevation model (Farr et al.,
2007). Gray lines are active faults in the region (from Saroglu et al., 1992). Black dashed lines are profiles perpendicular to the NAFZ with about 100 km spacing. GPS vectors pro-

jected onto each profile are indicated by small circles with a different colour at their tails.

creep or secular velocity of the region) (v,), locking depth (d), shift
(horizontal) in fault position along profile (s), and shift (vertical) in
reference point for velocity (s,). To estimate these parameters, we
use (following Segall, 2002) a modified bootstrap procedure. At first
step, for each fixed distance (x;) along the profile, we compute the cor-
responding predicted velocity, V; = f(x;,0) for model i=1,2,...,n
where 6 = (,,d,S;,S,). Then the corresponding residuals (é;
v;—V;) estimated fori=1, 2, ..., n. To correct for the potential hetero-
scedastic residual variances, the residuals are modified (,r; =é;/
/1—h;), and centred (r;—7) for i=1, 2, ..., n. Hence, we built a
random n sample group and update the fitted v;-values with
resampled residuals in order to generate a bootstrap sample of
v-values corresponding to the original fixed x-values. Using a
Levenberg-Marquadt nonlinear optimization algorithm with no priori
bounds, the parameters are estimated within %95 confidence limits
(Arnadottir and Segall, 1994; Motagh et al., 2007). Bootstrap standard

errors and confidence limit are estimated from the 500-parameter
estimates.

Modelling results indicate that the slip rate of the NAFZ increases
westwards within about 400 km from 16.3 + 2.3 mm/year to 24.0+
2.9 mmy/year, in consistence with the observation of Reilinger et al.
(2006) that the Anatolian block is being pulled by the Hellenic trench
(Fig. 1) rather than being pushed by the Arabian plate as result of
continental collision between the Arabian and Eurasian plate in
eastern Turkey in late Miocene (Sengoér and Yilmaz, 1981). It must
be noted that slip rate is not well constrained since there is no GPS
station in the far field beyond about 80 km (Fig. 6).

Locking depth increases also in the same direction from 8.1+
33km to 1284+39km (Fig. 6a-c). While the shifts in the
modelled faults with respect to the location of the NAFZ are negligible
in profiles 2 and 3, the northward shift in the first profile (Fig. 6a) is
quite significant (i.e., 15.14+2.6 km). This can be attributed to the
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Fig. 5. A model for interseismic deformation around a plate-bounding, vertical strike-slip fault in a homogenous elastic medium: (a) Block diagram illustrating a right-lateral strike-
slip fault locked from the Earth's surface to a depth of d, below which it freely slips at a constant rate equal to the relative plate motion vj, (i.e., the far field velocity). (b) Profiles of
fault parallel velocity along A-A’ across the fault for various locking depths. Note the increase in the gradient of the profile around the fault with decreasing locking depth and the
difference in the far field velocity on the two sides of the fault reaching to 3 cm/year at the asymptote (i.e., the rate of deep creep used in the calculations).
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northward right step-over of the NAFZ towards the west near Niksar
(Fig. 4). A slip rate of 20.14+24 mm/year and a locking depth of
12.543.5 km are also estimated for the entire study area by projecting
and modelling all of the GPS vectors in a single profile (Fig. 6d). Scatter
plot of 500-bootstrap estimates illustrates clearly the well-known
correlation, that is, trade off between the locking depth and deep slip
rate (Fig. 6a) (Segall, 2002). 95% confidence limit estimated for the
slip rate ranges from 16.1 mm/year to 25.9 mmy/year and for locking
depth from 6.7 km to 21.9 km (Fig. 7b and c).

5. Discussion and conclusions

GPS velocities across the fault segments between Niksar and
Erzincan along the North Anatolian Fault Zone were calculated
using campaign type GPS measurements between 2006 and 2008.
The slip rate in the central part of the NAFZ located immediately to
the west of the study area was estimated by Yavasoglu et al. (2011)
to be in the range of 18.7 4+ 1.6-21.5 4+ 2.1 mm/year. Whereas, to the
east of the study area, slip rates were deduced by Ozener et al.
(2010) to be in the range of 16-24 mm/year. The dextral Sungurlu
fault (the Ezinepazari-Sungurlu fault, Ertura¢ and Tiiysiiz, in press;
Fig. 2) branching out from the main NAFZ as a splay fault makes a
contribution to the westerly movement and rotation of the Anatolian
block in different amounts according to both GPS (Yavasoglu et al.,
2011) and paleomagnetic results (isseven and Tiiysiiz, 2006; Piper
etal, 1997; Tatar et al., 1995). Although the GPS results do not reveal
a clear sign of contribution possibly due to the short period of

(b)

observation (3 years), the paleomagnetic results obtained from the
Tertiary and Quaternary volcanic rocks in the region indicate both
significant clockwise and anticlockwise rotations among a vertical
axis. The area between the Sungurlu Fault and the main branch of
the NAFZ is dissected by active faults and the blocks bounded by sec-
ondary faults are rotated in both senses (Isseven and Tiiysiiz, 2006).
Comparison between geodetic and geologic slip rates is rather diffi-
cult because of the reliability of the geological data (Reilinger et al.,
2006).

The factors such as fault geometry within major deformation
zones, presence of palaeotectonic structures and variations in fault
strike, crustal thickness and locking depth may cause increase and/
or decrease in the geodetic slip rates locally. However, the slip rates
obtained by geological observations (20.5+45.5-27 +7 mm/year,
Hubert-Ferrari et al., 2002; Hartleb et al., 2003) are consistent with
the geodetic slip rates. The North Anatolian Fault Zone located within
the North Anatolian Shear Belt (Sengdr et al., 2005) becomes wider
especially from the western part of Kargi town centre and branch off
and normal fault controlled young sedimentary basins are formed
along these faults. This indicates that the transpressional character of
the NAFZ along the eastern part of Niksar changes into a transtensional
character along its western segments. This change is also evident along
in the GPS velocity field. While GPS points on profiles 2 and 3 show
generally strike slip with compressional component, to the east of pro-
file 1 located in the central part the strike slip is dominant although the
west of profile 1 covering the Niksar pull-apart basin shows strike slip
with extensional component. As a matter of fact the GPS velocities in

(C)
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Fig. 7. (a) Scatter plot showing the trade off between slip rate and locking depth. Each point is the result of a bootstrap resample of the GPS data for 500 times using all the GPS
vectors projected onto as single profile (Fig. 5d). Probability distribution for the locking depth (b) and plate velocity (c) from bootstrap results. A 95% confidence interval for

each parameter is also given.
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NW Anatolia indicate an increase and a change towards WSW showing
the WSW escape of Anatolian block over the Aegean subduction zone.

The average slip rate obtained in this study is 20.1 + 2.4 mm/year
and compatible with the results of McClusky et al. (2000) and
Reilinger et al. (2006). Slip rates, fault locking depths, shift in fault
positions values were estimated on 100 km scattered and NE-SW
trending 3 profiles perpendicular to the main trend of the NAFZ
between Niksar and Erbaa. Slip rates of the NAFZ along these profiles
from east to west are 16.3 + 2.3 mmy/year, 18.5 + 2.2 mm/year, 24.0 +
2.9 mmy/year respectively and increase westwards. This is consistent
with the findings of Yavasoglu et al. (2011) to the west and Ozener
et al. (2010) to the east of the study area.

Our analyses show that the fault locking depth increases westwards
from 8.143.3 in Erzincan to 12.84+3.9km nearby Niksar. It is
estimated by Yavasoglu et al. (2011) to increase to 16 km further
west near Ladik (Fig. 2). However, their estimation has as a large uncer-
tainty ranging from 6 to 20 km. So, our results can be acceptable for
this region. Several workers have suggested that the locking depth
for the eastern part of the Sea of Marmara ranges between 10 and
15 km according to GPS and seismological data. In contrast to these
studies, Meade et al. (2002) discussed the implications of low strains
observed in the central and western Marmara Sea region with a block
model that accounts for recoverable elastic strain accumulation. They
find that GPS data can be best explained with a fairly shallow locking
depth (5-6 km) on an east-west trending straight fault within the
Marmara Sea. They also used the 2D screw dislocation model to
calculate the locking depth and the velocity of the Ganos fault in the fur-
thest western part of the NAFZ. The model gives the locking depth as 14 +
7 km and velocity as 17 +5 mm/year. Ergintav et al. (2009) also sup-
ported the shallow locking depth in the eastern part of the Marmara Sea.

The change in locking depth from 10-16 km down to 5 km may
have been caused by several rheological and seismological parame-
ters such as thickness of the crust, rock type, geochemical composi-
tion and recent seismic activity. The wideness of deformation belt at
the surface calculated by the GPS measurements on a 120 km wide
belt along the Niksar-Erzincan segment of the NAFZ forming the
boundary between Eurasian and the Anatolian plates varies as well.
Similarly, the North Anatolian Shear Zone (NASZ, Sengor et al.,
2005) including the Niksar-Erzincan segment of the NAFZ widens
from east to the west (see Fig. 2, Sengor et al., 2005). The wideness
of the surface deformation is calculated as 3.1+ 1.6 km at profile 3
covering the Erzincan and its surroundings, 4.0+ 2.7 km at profile
located to the west of Susehri and 15.1 4 2.6 km at profile 1 including
the Sungurlu fault zone and the Niksar basin. This change is also con-
sistent with the Sengor et al. (2005) observations that the wideness
of the NASZ increases towards the west. GPS results obtained from
the eastern part of the NAFZ in this study are consistent with geolog-
ical and fault kinematic data which also show a significant crustal
movement in the region. Furthermore, these results also indicate
the accumulation of interseismic deformation.
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