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Examination of the kinematic structuresin Izmir (Western Anatolia) with repeated GPS

Observations (2009, 2010 and 2011)

Abstract

The Western Anatolia and the Aegean Sea regiom one of the most significant seismically
active and rapidly deforming fields in the worlder@grally, seismic activities cause deformations
and these deformations are monitored with Globaltming System (GPS) / Global Navigation
System (GNSS). In this context, GPS data were tsegétermine the deformation &mir and
its surrounding to estimate the relative plate oii In this study, the kinematic structures of the
faults, which control the seismic hazardiamir and its surroundings, processing results ef th
three-year (2009, 2010 and 2011) episodic GPS wéisens and the estimation of displacements
for 21 GPS stations were presented. The aim ofstindy is to examine interplate motion of the
stations and their relations with the tectonic dtites, seismicity and paleomagnetism and
additionally, to interprete the motions of the stuarea relative to different block motions.
Consequently, the mean motion of the study areafaasd approximately 25 mm/yr (towards
the SSW) in the Eurasia fixed frame solution. Theg@an block fixed frame and the Anatolian
block fixed frame solutions were computed relatiweEuler vectors. In Aegean and Anatolian
block solutions it was determined that the statimuwe separately, not as a group. In Euler pole
solution, some stations are separated from eadr atid meanwhile some stations are grouped
by considering the differences and similaritieghed station motions. According to this solution
three lines and two regions were described in thdysarea. The relations between seismicity
and paleomagnetic studies and the kinematic stestdetermined in Anatolian block fixed

frame and Euler pole solution were also investdjlai®hen the Anatolian block fixed frame
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solution and the earthquakes occurred betweendghres 1973 and 2011 were evaluated together,
it was found that in the high seismically activgiom especially near to gacik bay, the motions

of GPS stations were different even though thaiations were close to each other. As a result
of this, the relationship between the vector diced and active tectonism was determined.

Additionally, in the Euler pole solution direction$ the motion were found to be coherent with

the paleomagnetic results, particularly in Urla @asdsurroundings. Here, the block fixed frame

and Euler pole solutions and additionally, relasiarf them with seismicity and tectonism were

mentioned as difference from previous studies. dssiin this study, high importance was given

to locate each station in main geological formatiohthe study area.

Keywords. GPS/GNSS, Western Anatoliamir, Tectonic features

1. Introduction

The study region locates in the west side of thestédfa Anatolia and it is very active
extensional area. In this region with the effecthedf high seismicity, a N-S trending extensional
zone was described as “West Anatolian Extensioraliffce” by Bozkurt (2001). This zone is
bordered by the North Anatolian Fault (NAF) and Hhalenic-Cyprus arcs, in north and south,
respectively. (McKenzie, 1972; Le Pichon and Angelil979; Eyidgan and Jackson, 1985;
Jackson and Mckenzie, 1988; Westaway, 1990; TaysnazPrice, 1992; Yilmaz et al., 2000;

Bozkurt, 2001; Aktg and Kiligglu, 2006) (Fig. 1).
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In izmir Bay and its surroundings, 24 earthquakes @adbl that had destructive effects
occurred between 17 (AD) and 1883 (Emre et al. 5200he largest one occurred on 10 July
1688 (Poirier and Taher, 1980) and it damaged grateofizmir. The 1739 Foca and 178&8nir
earthquakes followed this earthquake (Altinok et2005). In the instrumental time-period, the
region was shaken with the 1992gambey (M=6.0), 2003-Urla (M=5.7) and 200%:&t1k Bay
(M=5.7, 5.8, 5.9) earthquakes (Akyol et al., 20Bénetatos et al., 2006; Zhu et al., 2006; Aktar
et al., 2007). The seismicity is described with @akness zone which is called as fhmir-
Balikesir Transfer ZondBTZ) (Fig. 2) (Sozbilir et al., 2003a , 2003b; Silizket al., 2004; Emre
et al., 2005; Ozkaymak and Sézbilir, 2008; Uzel &ddbilir, 2008; Sozbilir et al., 2009). This
zone lies throughout the Kadasi Bay-Torbali-Kemalpa-Akhisar line in eastern side. This line
also corresponds to the line where the E-W trendnadpen system turns into to the NE-SW

trending strike slip fault basin.

Dramis and Blumetti (2005) defined two fundamaé groups for the structures which are
formed by co-seismic and pre-seismic effects, ngmstismotectonic (landforms related to
tectonic stress) and seismogravitational (landforelated to the seismic shaking and earth’s
gravity) structures. The formations associated wite tectonic stresses which are called as
seismotectonic structures, are the geothermalsfielde ridges, the faults and, horst-graben
systems. The occurred earthquakes up to presemet geverated the deformation in Western
Anatolia, particularly in and arounidmir. Additionally, in the study of Pamukcu et é015a),
these relations were investigated with gravity datd in the study of Pamukcu et al. (2015b)
realized in the surrounding of g@acik Bay, the seismic activity of the region wasatded in

details with the GPS/GNSS solutions and the chaogegavity anomalies.
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In the study of Nyst and Thatcher (2004) thesinilarities in the GPS vectors between in and
aroundizmir and Western Anatolia were identicated. By tkimwledge, for monitoring the
kinematic motions of the seismically active fauftsar toizmir and its surroundings, GPS
measurements were realized in 2009, 2010 and 2021 &PS stations which located in the

south ofizmir.

In this study, Eurasia fixed frame solutioadditionally, unlike previous studies (Aktug and
Kiligoglu, 2006; Dogru et al., 2014) Aegean-Anatolian klGged frame solutions and interplate
motions (Euler pole) were calculated. AccordingBorasia fixed frame solutions, the mean
motion of the study area was found approximatelyr2d/yr towards the SSW. In Aegean block
and Anatolian block fixed frame solutions the vépdirections were generally towards N and

S, respectively.

According to the Euler pole solutions two mts were described in the study area by taking
account of the similarities of the motion direcgBoBesides, some stations are separated from

each other with three lines by noticing the dirawal differences of the station motions.

Consequently, the velocity fields observed H§SGmeasurements were examined with the
vector directions of paleomagnetic studies anchseity based on the distributions of earthquake

focal depth.
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2. Geologic Settings of Study Area

The study area which coveiamir and its surroundings, locates in the westem @f an area
called as “West Anatolian Extensional Province” (BB by Bozkurt (2001) (Fig. 1 and Fig. 2).
Additionally, IBTZ which is located around the study area forneswiestward of WAEP (Uzel

and Sozbilir, 2008; Sozbilir et al., 2009; 2011 eUet al., 2012) (Fig. 2).

In the study area, the NE-SW directional dexstrike-slip faults are dominant and among
them the most significant faults, Seferihisar ff@F) and Orhanl fault zone (OFZ), border the
Seferihisar High. The length and wide of SF, whistiends alondzmir Bay and Ssacik Bay, is
30 km and 2-5 km, respectivelin¢i et al.,2003; Emre et al., 2005; Sozbilir et al., 2009; P01
OFZ, which is 45 km in length and extends aldngir Bay and Kgadasi Bay, contains some
NE-SW directional faults (Uzel and Sozbilir, 2008)he other dextral strike slip fault is
Gulbahce fault zone (GFZ) and its length is 70 kamf N to S. This fault corresponds with the
east border of the N-S trending Karaburun Penin@tiare et al., 2005). Karaburun fault zone
(KFZ) which dominates the southwesterninfir Bay is 2—4 km in wide and 25 km in length
(Uzel et al., 2013) (Fig. 2). The E-W directionallts are generally normal faults and they are
located throughout northern and southern of therimrfi theizmir Bay (Fig. 2). Thdzmir Fault
(IF), which locates in the southern of the innedzrfir Bay, is approximately 2—4 km in wide
and 40km in length (Sozbilir et al., 2011; Uzelakt 2012). SF, OFZ, GFZ, KFZ and IF are
Holosen faults (Emre et al., 2011; Emre and Oz204,1). The other significant fault of the study

area is Manisa Fault Zone (MFZ) and it is locatedarthern side and its length is approximately
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10 km (Fig 2). Since Miocene at least three distmovements reactivated this zone (Ozkaymak

and Sozbilir, 2008).

3. Processing of the GPS Data

GPS measurements were realized in 2009, 20d@@l11at 21 stations of the GNSS network
which were built in the south dizmir (Fig. 3). As the first campaign in 2009, Thé%
observations were performed in two groups (Day ea¥DOY: 183-185 and 186-190). In each
group, 10 stations were observed per session fowolifs. The station “UZUN” was observed for
four days in 2009 campaign. In the 2010-campailya, dbservations were performed in three
groups (DOY: 184-186, 187-189 and 190-192) witle¢hsessions for 10 hours in each group. In
2010 campaign, UZUN and DU12 stations were obseffeednine days. In 2011, 10-hour
measurements were realized at 21 stations in tin@egs, each consisting of three session days
(DOY: 183-185, 186-188 and 189-192). During thimmpaign DUO5, DU12 and UZUN stations

were observed continuously.

For linking the local network with the ITRF {amnational Terrestrial reference Frame) global
network International GNSS Service (IGS) statiomsenalso included in the processing. These
IGS stations allow the estimation of necessary mpatars in analysis of the GPS data (station
coordinates, earth orientation parameters, atmogphenith delays etc.). 12 IGS stations were
used to characterize the Eurasia-fixed referenaendr ISTA, TUBI, ANKR (Turkey), ZECK
(Russia), NSSP (Armenia), NICO (Cyprus), MIKL, GLSWkraine), BUCU (Romania), PENC

(Hungary), WTZR (Germany) and MATE (Italy) (Fig 4aYRF2008 coordinates of these IGS
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stations were used as reference stations in thepw@tons. The GPS observations were

processed by using GAMIT/GLOBK software (King anddR, 2002; Herring et al., 2010).

Velocity vectors of 3-year GPS campaigns (2@T8.0 and 2011) and displacement vectors of
2009-2010 and 2010-2011 are shown in Fig. 4b. Dimeponents of the velocity field of 3 years
combined solutions in the Eurasia-fixed frame argigina @) uncertainties are shown in Table

2.

Reilenger et al. (2006) developed an eladockbmodel for African, Arabian, Eurasia plates
for constraining present day plate motions (re&tluler vectors). Besides, Anatolia was
separated into 3 blocks (plates) as Anatolian hldelgean block and Southwest Anatolian block
and for determining the block model and the Eulectors were calculated relative to Eurasia.
The Euler vectors are 30.8°N, 32.1°E and 1.231°/KdyrAnatolian and 15.9°N, 52.3°E and
0.563°/Myr for the Aegean block fixed solutionse{lfhger et al., 2006) (Fig. 5). In this study,
Aegean and Anatolian block fixed velocity vectorere calculated by using Euler vectors
(Reilinger et al., 2006) which represent generakRiatics in relative coordinate system (Fig. 6

and Fig.7).

As the last application, a single Euler polesvestimated using these GPS stations and thus
the mean motion of these stations was evaluated 8fi The Euler pole solutions are calculated
with a weighted least square solution with the wnvkm parameters being the rotation rates
around the XYZ axes. The partials used in thereds are;

V= Zuwy-Y wz

Vy='zwx+xwz
Vz= Y wx - Xowx



162 where v, v, v, are the station velocities in XYZ frame, wx wy @& the rotation rates around
163 the XYZ axes. Other quantities are computed ustagdard analytic formulas and propagation
164 of variance-covariance matrices assuming that tr@esin wx, wy, wz are small compared to

165 their estimates.

166

167 4. Resultsand Discussion

168

169 In this study, the Eurasia fixed frame, Aegean-Ahaih block fixed frames and Euler pole

170 solutions were calculated for investigating theekiratic structures of Izmir and its surroundings
171 (Western Anatolia). The mean motion of the studgaawas found approximately 25 mm/yr
172 towards the SSW in Eurasia fixed frame solutiong.(#). In the Aegean block fixed frame
173 solutions, the velocity directions are approximatelwards N, NE and NW (Fig. 6) and in the
174 Anatolian block fixed frame solutions, the velocdiyections are approximately towards S, SE
175 and SW (Fig. 7). In Anatolian block fixed frame wibns (Fig. 7), an approximately N-S
176 directional transition zone was estimated througimm UZUN to DU12. The direction of same
177 line was monitored in Aegean block fixed frame (Fyas NE-NW

178

179 According to the Euler pole solutions (Fig.tB¢ study area was described by three lines and
180 two regions (Fig. 9). DU09, DU10 and DU16 which hhd most important movements relative
181 to other stations (DUO1, DU02, DU0O3, DU04, DUO05, @3,)DU07, DU08, DU11, DU12, DU13,
182 DuU14, DU15, DU17, DU18, DU19 and UZUN) were showadthe same region called as
183 “region A” (Fig. 9).. The N-NW directed velocity grs of the stations in “region A” were
184 bigger than DUO1, DU02, DU03, DU04, DU0O5, bU06, @) DUO8, DU11, DU12, DU13,

185 DuU14, DU15, bU17, DU18, DU19 and UZUN (Fig. 9). Ta®re, it can be said that the largest
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deformation occurs in this area. The displacemehthe stations in region A (Fig. 9) show the
activation of Karaburun and Menemen basins (Fig.®)01, DU06, DU13 and DU14 were
defined in “region B” due to their similar velocityector directions (Fig. 9). The velocity vectors
of these stations were smaller than the statiorisegion A”. Additionally; it was seen at Fig. 9
that the stations which are located outside ofitreg)\” and “region B” had different velocities
and vector directions.. The region B is seemed restily with the east and west branched
hypothetical fault which is described by Aktar €t(@007) for Sgacik Bay. In the area of the
Line No.1 (Fig. 9) which was drawn by noticing t#ferences on the directions of velocity
vectors of DUO6 and DUOQ7, it is thought that thissamay have a thrust fault mechanism. The
opposite velocity vector directions of DU10 and UXINW and SE, respectively) which were
located at eastern side of Karaburun were showhireg No. 2 (Fig. 9). This line might
correspond to the continuation of Gulbahce fauitez{GFZ) (Fig. 2) It is seen that the velocity
vector directions of UZUN and DU16 are differerdrfr each other. Therefore, a boundary (Linr
No:3, Fig. 9) was determined. This boundary maydated with the NW-SE directed normal

fault (Dondurur et al., 2011; Uzel et al., 2012).

If Aegean ( Fig. 6), Anatolian block fixed i@ (Fig. 7) and Euler pole (Fig. 8) solutions are
evaluated together, it can be said that the veqgbartially line up because the motion of the
stations are transitioning between these blocksone of the blocks (Aegean or Anatolian) in

partially pushing or pulling the stations in itsedition.

Additionally, in this study, in order to deteine the motion differences betwelamir and the

Western Anatolia graben system (FigiBTZ), DU18 was built. As seen in the Aegean block,
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Anatolian block and Euler pole solutions (Fig. 6arid 8) the motion of DU18 is different from

other 20 stations.

It is determined that the velocity vector direcaf DU0O9 and DU10 (located in the north
of Karaburun Peninsula) (Fig. 3), are differenifreach other (Figures 6, 7and 8). The existence
of KFZ between DU09 and DU10 may effects the kintorstructure of Karaburun. .By noticing
the differences on velocity vector directions of @) DU11, DU13 and DU14 (Fig. 6 and 7) it

can be said that these differences are relatedextimsional regime of the region.

In order to investigate seismic activity of ttegion, the earthquakes which occurred in the
study area between 1973 and 2011 were obtainedtfiretdSGS (U.S. Geological Survey) (Fig.
10) and additionally, the 2005 earthquake seriesaher earthquakes which occurred in GPS
campaigns years (2009, 2010 and 2011) frongaBizi University (BU), Kandilli Observatory
and Earthquake Research Institute (KOERI) NatidBaithquake Monitoring Center. These
earthquakes with focal depths ranging from 0 t®389n were given with thénatolian fixed

frame solutions in Fig. 11a-c.

In Fig.10 it is seen that the seismicity waghhn the GPS campaigns years (2009, 2010 and
2011). In Fig.11.a, it is shown that the earthqsadketween the years 1973 and 2011 occurred in
the entire region; the earthquake intensity wash hpgrticularly in Sgacik Bay and its
surrounding. Besides, in the Anatolian block fiXesime solutions, the differences on the vector
directions were noticed in gacik Bay and its north. In Fig. 11.a, when thehleprakes and GPS
solutions are compared together, it is pointedtioat although the locations of DU05, DU11 and

DU13 are close to each other, these stations shifeveht directional characteristics. It may be

10
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thought that this case can be related with 2008sef earthquakes which are given in Fig. 11.b,
hence there is no earthquake intensity to cre@eal#formation between the years 2009 and 2011
(Fig.11.c). This case cannot be interpreted corajyletince there is no GPS/GNSS data in the

same points before 2009. These approaches arefomtite Aegean block fixed frame (Fig. 6).

In the comparisons of the results of this gtwith the previous paleomagnetic studies (Kissel
et al., 1987; Zanchi et al., 1993) some changes determined while passing from Karaburun to
zmir city center (Fig. 12). It was noticed that tieections of paleomagnetic rotations (Fig 12)
are similar with Euler pole solutions of DUO5, Du@fad DU16 (Fig. 8). Kissel et al. (1987)
noticed that paleomagnetic rotations were diffictdt explain of the global geodynamical
evolution of the Western Anatolia and these rotetizvere most likely associated with the local

tectonic regime.

Additionally, according to the field observats there is a shallow water table at the west side
of DUO5 and there are geothermal natural outfloitha east side of this station. As a result of
the GPS/GNSS observations, it was observed thdidheontal displacement direction of DUO5
was different relative to other 20 stations (Figude 6, 7 and 8). This difference can be related
with the local tectonic characteristic of the laoatof DUO5 and its surrounding. As a result, the
deformation of this station and its surrounding nieey shaped by paleomagnetic effects and

geothermal features.

11
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5. Conclusions

In this study, the dissimilarities on the stural elements of Western Anatolia graben system
andizmir and its surroundings were determined and thenkatic mechanism of the study area
was presented in detail. Particularly, accordingthe Anatolian block fixed and Euler pole
solutions, the boundaries which control the tea®nif izmir and its surroundings and the
motions of the kinematic structures which are effecon seismic activity of the region were
defined. Besides, the border which separates thWg &rectional graben system of Western
Anatolia from the N-S directional structural elertserof izmir and its surroundings was
established. Additionally, due to the similaritizstween the paleomagnetic rotations and recent
GPS velocities, it was pointed out that the movasiehsome regions in the study area have not

changed a lot in long geological time scale.

Acknowledgments
This study has been achieved under the scope o108¥285 The Scientific and Technological
Research Council of Turkey (TUBITAK) project. Werlkey wish to thank Prof. Dr. Zafer Ak
from Dokuz Eylul University, Prof Dr. Haluk Ozendrom Bogazici University and
Technological Research Council of Turkey Marmaradech Center for providing equipment,
and undergraduate and graduate students for thklrassistance. Additionally, we would like to
thank Prof. Dr. Hasan Sdzbilir for personal intewviand the editor Dr. Damien Delvaux and the

anonymous reviewers for their comments.

12



280

281

282

283

284

285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

References

Aktar, M., Karabulut, H., Ozalaybey, S., Childs, R007. A conjugate strike-slip fault system
within the extensional tectonics of Western Turk@&gophysical Journal International, 171
(3), 1363-1375.

Aktug, B., Kiligoglu, B., 2006. Recent crustal deformation of Izmi¥estern Anatolia and
surrounding regions as deduced from repeated GRSurements and strain field. Journal of
Geodynamics, 41, 471- 484.

Akyol, N., Zhu, L., Mitchell, B.J., Sozbilir, H., &oval K., 2006. Crustal structure and local
seismicity in western Anatolia. Geophysical Jouin&rnational, 166 (3), 1259-1269.

Altinok, Y., Alpar, B., Ozer N., Gazjgu, C., 2005. 1881 and 1949 earthquakes at thesChio
Cesme Strait (Aegean Sea) and their relation to tsusiaNatural Hazards and Earth System
Sciences, 5, 717-725.

Benetatos, C., Kiratzi, A., Ganas, A., Ziazia, Mlessa, A., Drakatos, G., 2006. Strike-slip
motions in the Gulf of Jacik (western Turkey): Properties of the 17 OctoB605
earthquakes seismic sequence. Tectonophysics2836279.

Bozkurt, E., 2001. Neotectonics of Turkey a syntheSeodinamica Acta, 14, 3-30.

Dogru, A., Gorgun, E., Ozener, H., Aktug, B., 20G&odetic and seismological investigation of
crustal deformation near Izmir (Western Anatolizgurnal of Asian Earth Sciences, 82, 21-
31.

Dondurur, D., Cif¢i, G., Drahor, M. G., Gkun S., 2011. Acoustic evidence of shallow gas
accumulations and active pockmarks in the IzmirfGikgean sea. Marine and Petroleum
Geology, 28, 1505-1516.

Dramis F., Blumetti, A.M., 2005. Some considerasi@oncerning seismic geomorphology and

paleoseismology. Tectonophysics, 408, 177— 191.
13



304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

Emre, O., Ozalp, S., Ban, A., Ozaksoy, V., Yildirnm, C., GoktaF., 2005. Active faults and
earthquake potential of 1zmir and its surrounding$A Report No:10754 (in Turkish), 80p.
(not published).

Emre, O., Ozalp, S., Duman, T.Y., 2011. 1: 250,668le Active Fault Map Series of Turkey.
Izmir (NJ 35-7) Quadrangle, Serial Number(6), GenBiactorate of Mineral Research and
Exploration, Ankara-Turkey.

Emre, O., Ozalp, S., 2011. 1: 250,000 scale Adfaelt Map Series of Turkey, Urla (NJ 35-6)
Quadrangle, Serial Number (5), General Directocdt®ineral Research and Exploration,
Ankara-Turkey.

Eyidogan, H., Jackson, J. A., 1985. A seismological stafiyjyormal faulting in the Demirci,
Alasehir and Gediz earthquake of 1969-1970 in westemkéey: implications for the nature
and geometry of deformation in the continental truSeophysical Journal of Royal
Astronomical Soc., 81, 569-607.

Goneng, T., Akgin, M., 2012. Structure of the HatteSubduction Zone from Gravity Gradient
Functions and Seismology. Pure and Applied Geophysil69 (7), 1231-1255 doi:
10.1007/s00024-011-0391-2 online issn: 1420-9136.

Herring, T.A., King, R.W., McClusky, S.C., 2010.tdoduction to GAMIT/GLOBK, Release
10.4, Massachusetts Institute of Technology, Cahgieri

Inci, U., Sozbilir, H., Erkil, F., Sumer, O., 200he cause of the earthquakes between the Urla
and Balikesir is a fossil fault. Cumhuriyet Newspafscience and Technical Jourried
Turkish).

Jackson, J., Mckenzie, D., 1988. The relationskdfvben plate motions and seismic moment
tensors, and the rates of active deformation in Mhediterranean and Middle East.

Geophysical Journal of the Royal Astronomical S88,,45-73.
14



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

King, R. W., Bock, Y., 2002. Documentation for tB&AMIT GPS Analysis software, Mass. Inst.
of Tech., Scripps Inst. Oceanogr., Release 10.0.

Kissel, C., Laj C., Sengor A.M.C., Poisson A., 198aleomagnetic evidence for rotation in
opposite senses of adjacent blocks in Northeasteegea and Western Anatolia.
Geophysical Research Letters, 14, 907-910.

Le Pichon, X., Angelier, J., 1979. The Hellenic Aamd Trench system: a key to the neotectonic
evolution of the eastern mediterranean area. Teptoysics, 60, |-42.

Makris, J., Stobbe, C., 1984. Physical propertied state of the crust and upper mantle of the
Eastern Mediterranean Sea deduced from geophykital Marine Geology, 55, 347-363.

McClusky, S., Balasdsanian, S., Barka, A., Demir, @orgiev, |., Hamburger, M., Hurst, K.,
Kastens, K., Kekelidze, G., Kotzev, R.K.V., Lenk, ®ahmoud, S., Mishin, A., Nadariya,
M., Ouzounis, A., Paradissis, D., Peter, Y., PiilgpM., Reilinger, R., Sanli, ., Seeger, H.,
Tealeb, A., Toksoz, M.N., Veis, G., 2000. Globakpioning system constraints on crustal
movements and deformations in the eastern Mediteara and Caucasus. Journal of
Geophysical Research, 105, 5695-5719.

McKenzie, D., 1972. Active tectonics of the Meditarean region. Geop. J.R. Astron. Sot., 30,
109-185.

Nyst M., Thatcher W., 2004. New constraints ondbgve tectonic deformation of the Aegean.
Journal of Geophysical Research, 109, B11406, ddigr9/2003JB002830.

Ozkaymak, C., Sozbilir, H., 2008. Stratigraphic atictural evidence for fault reactivation:The
Active Manisa Fault Zone, Western Anatolia. Turksurnal of Earth Science, 17, 3, 615-

635.

15



350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

Pamukgu, O., Goneng, T., Cirmik, A., Sindirgi,Kaftan I., Akdemir, O., 2015 a. Investigation
of vertical mass changes in the south of Izmir Kéy) by monitoring microgravity and
GPS/GNSS methods. Journal of Earth System Scié@deNo. 1,137-148.

Pamukgu, O., Goneng, T., Cirmik, A. Y., Kahveci, BD15 b. Investigation of thegaicik Bay's
Displacement Characteristic by using GPS and gralata in Western Anatolia. Journal of
Asian Earth Sciences, 99, 72-84

Poirier, J.P., Taher, M.A., 1980. Historical seieityi in the Near and Middle East, North Africa,
and Spain from Arabic documents (VIIith-XVIlith Ceny). Bulletin of the Seismological

Society of America, 70 (6), 2185-2201.

Reilinger, R., McClusky, S., Vernant, P., Lawren8e, Ergintav, S., Cakmak, R., Ozener, H.,
Kadirov, F., Guliev, I., Stepanyan, R., Nadariya, Mahubia, G., Mahmoud, S., Sakr, K.,
ArRajehi, A., Paradissis, D., Al-Aydrus, A., PrilapM., Guseva, T., Evren, E., Dmitrotsa,
A., Filikov, S.V., Gomez F., Al-Ghazzi, R., Kara@,, 2006. GPS constraints on continental
deformation in the Africa-Arabia-Eurasia contindrdallision zone and implications for the
dynamics of plate interactions. Journal of Geoptgldresearch, 111, 2-26.

Sozbilir, H., Erkil, F., Stimer, O., 2003a. The #iBlata of After Miocene Aged NE-direction
accommodation zone between Gumaulddr (Izmir) andadiiig (Balikesir), Western Anatolia.
56" Turkey Geological Workshop (in Turkish), Ankar&urkey, Abstracts book 85-86.

Sozbilir, H., inci, U., Erkul, F., Sumer, O., 2003b. An Active dmnitten transform zone
accommodating N-S Extension in Western Anatolia émdelation to the North Anatolian
Fault System, International Workshop on the Norttatslian, East Anatolian and Dead Sea
Fault Systems. Recent Progress in Tectonics amb&gbmology, and Field Training Course

in Paleoseismology, Ankara- Turkey.

16



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

Sozbilir, H., Stimer, O., Uzel, B., Saygil, A., Ramanglu, I., Uysal, E., 2004. Geological and
Geomorphological Parameters of Izmir Faull! Bleeting of Turkish Active, Tectonic
Research Group, Abstracts Book 2 (in Turkish).

Sozbilir, H., Stumer, O., Uzel, B., Ersoy, Y., Erk#., inci, U., Helvaci, C., Ozkaymak, C.,
2009.The Seismic geomorphology of thez&eik Gulf {zmir) earthquakes of October 17 to
20, 2005 and their relationships with the strestdfiof their Western Anatolian region

Geology Bulletin of Turkey, 52 (2), 217-238 (in Kigh).

Sozbilir, H., Sari, B., Uzel, B., Sumer, O., AkkiraS., 2011. Tectonic implications of
transtensional supradetachment basin development @xtension-parallel transfer zone: the
Kocacay Basin, western Anatolia, Turkey. Basin Redg 23, 423-448.

Taymaz, T., Price, S., 1992. The 1971 May 12 Buigarthquake Sequence, SW Turkey: A
Synthesis of Seis. and Geo. Observations. Geomlydournal of International, 108, 589-
603.

Uzel, B., Sozbilir, H., 2008. A First record ofik&slip basin in western Anatolia and its tectonic
implication: The Cumaovasi basin as an examplekiSturJournal of Earth Science, 17, 559-
591.

Uzel, B., Sozbilir, H., Ozkaymak, C., 2012. Neoteit evolution of an actively growing
superimposed basin in western Anatolia: The in@grdf 1zmir, Turkey. Turkish Journal of
Earth Science, 21, 439-471.

Uzel, B, Sozbilir H., Ozkaymak C., Kaymakgl, N. ngereis C. G., 2013. Structural evidence for
strike-slip deformation in the Izmir-Balikesir tfar zone and consequences for late

Cenozoic evolution of western Anatolia (Turkey)utd@l of Geodynamics, 65, 94-116.

17



397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

Wessel, P., Smith, W.H.F., 1998. New, improved ieer®f the generic mapping tools released.
American Geosciences Union, 79, 579.

Westaway, R., 1990. Block rotation in western Tyrkk. Observational evidence. Journal of
Geophysical Research, 95, 19857-19884.

Yilmaz, Y., Geng, S.C., Girer, O.F., Bozcu, M., nvalz, K., Karacik, Z., Altunkaynals.,
Elmas, A., 2000. When did the western Anatoliarbgres begin to develop? In: Bozkurt, E.,
Winchester, J.A. & Piper, J.D.A. (eds), Tectoniasd aMagmatism in Turkey and the
Surrounding Area. Geo. Soc., London, Special Patitos, 173, 353—-84.

Zanchi, A., Kissel, C., Tapirdamaz, C., 1993. L&@enozoic and Quaternary brittle continental
deformation in western Turkey. Bulletin de la S¢ei€eologique de France, 164, 507-517.

Zhu, L., Akyol, N., Mitchell, B.J., Sozbilir H., ZIB. Seismotectonics of western Turkey from
high resolutions and moment tensor determinati@eophysical Research Letters, 33 (7),
L07316, doi: 10.1029/2006GL025842.

KOERI; http://www.koeri.boun.edu.tr/scripts/IstGoas

USGS; https://earthquake.usgs.gov/earthquakeslgearc

18



Tables

Table 1. Large historical earthquakes occurredzmir and its surroundings (Modified from
Emre et al., 2005)

Time Latitude Longitude  Intensity (1)
(N°) (E%)
17 38.40 27.50 X
105 38.90 27.00 Wil
176 and 177 38.60 26.65 VII
178 38.30 27.10 VI
688 38.41 27.20 IX
1039 38.40 27.30 VIl
20" March 1389 38.40 26.30 VI
20" May 1654 38.50 27.10 VI
2" June 1664 38.41 27.20 Vi
1668 38.41 27.20 IX
14" February 1680 38.40 27.20 Vil
10" July 1688 38.40 26.90 X
13" January 1690 38.60 27.40 il
September (October) 1723 38.40 27.00 VIii
4™ April 1739 38.50 26.90 IX
24" November 1772 38.80 26.70 VIl
348" July 1778 38.40 26.80 IX
13" October 1850 38.40 27.20 VIl
3" November 1862 38.50 27.90 X
1° February 1873 37.75 27.00 IX
29" July 1880 38.60 27.10 IX
15" October 1883 38.30 26.20 IX

15" November 1883 38.30 26.30 VI




Table 2: Velocities of Eurasia-fixed frame from 3-year (202910 and 2011) GPS data and
1-oguncertainties in ITRF2008 frame (in Fig. 4b).

Station Longitude() Latitude

DUO1
DU02
DUO03
DU0O4
DUO05
DUO06
DUO07
DUO08
DU09
DU10
DU11
DU12
DU13
DU14
DU15
DU16
DU17
DU18
DU19
DU20
UZUN
NSSP
ZECK
NICO
ANKR
MIKL
GLSV
TUBI
ISTA
BUCU
PENC
MATE
WTZR

27.06
26.96
26.92
26.82
26.58
26.47
26.29
26.47
26.40
26.55
26.69
26.76
26.61
26.87
27.11
27.13
27.38
27.53
27.30
27.08
26.71
44.50
41.56
33.39
32.75
31.97
30.49
29.45
29.01
26.12
19.28
16.70
12.87

(*)
38.39
38.31
38.31
38.27
38.32
38.30
38.28
38.39
38.56
38.53
38.23
38.35
38.19
38.14
38.21
38.55
38.55
38.30
38.32
38.01
38.47

40.22
43.78
35.14
39.88

46.97
50.36
40.78
41.10
44.46

47.78
40.64
49.14

VE VN Oy’ OuN°
(mm/year) (mm/year) (mm/year) (mm/year)
-21.79 -19.11 1.06 1.30
-19.42 -1594 1.01 1.26
-18.95 -14.94  0.90 1.14
-17.47 -19.16  0.99 1.23
-13.11 -20.60 1.44 1.71
-20.37 -22.34 1.00 1.22
-15.87 -21.37  0.87 1.09
-19.16 -19.95 0.92 1.14
-18.15 -15.05 0.93 1.14
-23.03 -18.16  1.13 1.34
-21.98 -18.52  0.95 1.18
-19.02 -19.80 0.67 0.89
-19.84 -21.92  0.99 1.24
-20.09 -19.40 1.01 1.25
-18.57 -17.20 1.29 1.56
-24.24 -11.94 1.05 1.31
-20.50 -16.01  1.07 1.32
-16.80 -16.14 1.04 1.30
-22.72 -17.13  1.37 1.66
-16.04 -20.48 1.13 1.39
-18.76 -21.77 0.54 0.71
3.45 7.30 1.36 1.05
1.67 0.48 0.91 0.52
-4.82 2.04 0.52 0.89
-21.90 -2.31 0.79 0.92
0.63 -0.18 0.49 0.63
-0.45 0.24 0.44 0.82
-3.85 -1.77 0.43 0.55
0.00 -2.39 0.36 0.47
-0.06 -1.20 0.43 0.46
-0.41 1.54 0.73 0.56
-0.48 4.50 0.88 0.55
-1.43 0.24 1.09 0.62

b
/AEVN

-0.007
0.053
0.012
0.008
-0.018

0.007
0.038
0.021
0.017
-0.005

0.0013
0.067
0.008
0.007
-0.014
0.010
-0.035
0.002
-0.019
-0.024
0.153

-0.363

-0.108

-0.484

-0.131

0.191
0.163

-0.049

0.001

-0.074

-0.520

0.540

-0.531

21-0 uncertainties

b Correlation coefficient between east and nortredainties



Figure Captions
Figure 1: The main tectonic framework of the Western Anatadiad its surroundings

(Makris and Stobbe, 1984; McClusky et al., 2000zBot, 2001; Goneng¢ and Akgln, 2012).

Figure 2: Main geological structure of the Westdemir (modified from Uzel et al., 2013).

Black dotted lines show the bordersiBTZ. Dotted red rectangle shows the study area.

Figure 3: Observed GPS stations in study area which givéagrl with red circle. The high

topography is in black color.

Figure 4.a: The locations of IGS stations which were used liocessing.b: The black
vectors show the 3-year (2009, 2010 and 2011) Gie&g ted vectors and green vectors show
the displacements of 2009-2010 and 2010-2011, casply with 95% confidence ellipses of

the project stations computed in Eurasia-fixed #drom in ITRF 2008.

Figure 5: The red point shows the location of the refergpomat (15.9°N, 52.3°E given at
Reilinger et al., 2006) used in the calculatiorAaftolian block fixed frame and the orange
point shows the reference point (30.8°N, 32.1°Eegiat Reilinger et al., 2006) used in the

calculation of Aegean block fixed frame (GoogletBavas used for creating this figure).

Figure 6: The velocity field with 95% confidence ellipses tbe stations computed in the

Aegean block fixed frame from 3-year (2009, 2010 2a611) GPS data.



Figure 7: The velocity field with 95% confidence ellipsestbe stations computed in the

Anatolian block fixed frame from 3-year (2009, 2Cdtd 2011) GPS data.

Figure 8: The Euler pole solutions with 95% confidence skig.

Figure9: The interpretation of interplate motions whichshan Fig. 8.

Figure 10: Number of earthquakes occurred in the study aedwden 1973 and 2011

(obtained from the USGS).

Figure 11: The focal depth distributions of the earthquakeuosd in the study area and the
velocity vectors of Anatolian fixed frame solutiores The focal depths of earthquakes
ranging from 0 km to 39.9 km between the years 18@@ 2011 in the study area from
USGS)b: The focal depths of earthquakes ranging from Ot&n89.9 km in 2005 in the
study area (from BU, KOERI, National Earthquake Mamng Center)c: The focal depths
of earthquakes ranging from 0 km to 39.9 km betwenyears 2009 and 2011 in the study
area (from BU, KOERI, National Earthquake Monitgri€enter). Generic Mapping Tools

(GMT) (Wessel and Smith, 1995) was used to crdmset figures.

Figure 12: The reverse directions were inverted through tigiro(modified from Kissel et

al., 1987).
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Figure 1: The main tectonic framework of the Western Anatadiad its surroundings

(Makris and Stobbe, 1984; McClusky et al., 2000zot, 2001; Goneng and Akgin, 2012).
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Figure 4.a: The locations of IGS stations which were used liocessing.b: The black

vectors show the 3-year (2009, 2010 and 2011) GR& ted vectors and green vectors show



the displacements of 2009-2010 and 2010-2011, c&sply with 95% confidence ellipses of

the project stations computed in Eurasia-fixed #drom in ITRF 2008.
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O City of Izmir The Study Area

Figure 5: The red point shows the location of the refergpamt (15.9°N, 52.3°E given at
Reilinger et al., 2006) used in the calculatiorAoftolian block fixed frame and the orange
point shows the reference point (30.8°N, 32.1°Eegiat Reilinger et al., 2006) used in the

calculation of Aegean block fixed frame (GoogletBavas used for creating this figure).
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Aegean block fixed frame from 3-year (2009, 2016 2611) GPS data.
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Figure 9: The interpretation of interplate motions whichwhan Fig. 8.

Number of Earthquakes

Figure 10: Number of earthquakes occurred in the study aedwden 1973 and 2011

(obtained from the USGS).
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Figure 11: The focal depth distributions of the earthquakeuoed in the study area and the
velocity vectors of Anatolian fixed frame solutiores The focal depths of earthquakes
ranging from 0 km to 39.9 km between the years 18@@ 2011 in the study area from
USGS)b: The focal depths of earthquakes ranging from O0t&89.9 km in 2005 in the
study area (from BU, KOERI, National Earthquake Maomng Center)c: The focal depths
of earthquakes ranging from 0 km to 39.9 km betw&enyears 2009 and 2011 in the study
area (from BU, KOERI, National Earthquake Monitgri€enter). Generic Mapping Tools

(GMT) (Wessel & Smith, 1995) was used to creatséifegures.
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Figure 12: The reverse directions were inverted through tigiro(modified from Kissel et

al., 1987).



Highlights

1

The motions of the tectonic structures of Izmir and its surroundings were
defined.

Processing results of three years GPS campaigns were presented.

Aegean and Anatolian block fixed frames were calculated relative to Euler
vectors.

Three lines and two regions were described in study area by Euler pole
solutions.

Results of the solutions were compared with seismicity and paleomagnetic
studies.



