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SUMMARY

Three main shocks M-1, M-2 and M-3 (17 October 2005 at 05:45 WM 5.4; 17 October
at 09:46 UTC,M,, 5.8 and 20 October at 21:40 UT®1,, 5.9) and their associated after-
shocks within the Gulf of S6gacdk, 50 km southwest of I1zmir, Turkey were studied in detaﬁi.
A temporary seismic network deployed during the activity allowed the hypocentre of M-3 an@
subsequent aftershocks to be determined with high accuracy. A relative relocation technigge
was used to improve the epicentres of M-1 and M-2. All three main shocks have strike-sliﬁ
mechanisms which agree with the linear trends of the aftershock locations. Two distinct zongs
were illuminated by the aftershock locations. The zones contain clear echelon patterns w@,?n
slightly different orientations from the trend of the aftershock distribution. M-2 and M-3 rup-2.
tured along of the eastern rupture zone which aligns B4b5lowever the strike direction of

M-1 is not clearly identibed. The alignment of the two rupture zones intersect at their south
terminus at an angle of 90The fault zones form conjugate pair system and static triggerinﬁ
is considered as a probable mechanism for the sequential west to east occurrence of M-1, %42
and M-3. This earthquake sequence provides seismological evidence for conjugate strikeGhp
faulting co-existing within a region dominated by northBsouth extension and well-developes
eastbwest trending normal faults.
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INTRODUCTION faults are crucial. in. order to understand the nature of the strike-sli
fault systems existing between the large graben structures.
The Aegean Sea and Western Turkey are characterized by broad In this paper, we studied an earthquake sequence that occurr
scale lithospheric extensional processes that result in crustal thin-from 2005 October 17 to 20 within the Gulf of Sd@acok, south
ning and associated faulting (Angelier 1978; McKenzie 1978; the Karaburun Peninsula (Fig. 1) near Izmir, Turkey. Three main
LePichon & Angelier 1981; Siengetr al. 1984). Several large-  shocks occurred within a time window of 3 d. The improved state
scale graben structures oriented EDW dominate the region (Bozkurtof permanent seismic networks in the region together with an ad-
2001). Large destructive earthquakes have occurred within theseditional installation of a temporary network allowed unprecedented
grabens, nearly all of them having normal mechanisms striking EP accuracy in the determination of hypocentre locations and the rup-
W that bt well with NDS extensional tectonics (Eyidogan & Jackson ture geometry for this sequence. The seismic sequence started with
1985). However in the last 20 yr several moderate size earthquakeswo main shocks (M-1 and M-2, respectively) separated by 4 hr
(M > 5.0) with strike-slip mechanisms were recorded (Fig. 1). Most (2005 October 17 at 05:45 UT®},, = 5.4; October 17 at 09:46
of these events have strikes which orient obliquely to the EBW trend- UTC, M, = 5.8). Following the occurrence of M-1 and M-2, four
ing structures and they are mostly located in zones that lay betweentemporary stations were installed within 10 km of the epicentres in
the grabens. Recent studies based upon surface morphology (Emrerder to monitor the aftershock activity closely. Immediately after
& Barka 2000) and using marine seismic ref3ection data (Ocako@luthe installation of the temporary network a third main shock (M-3)
et al. 2004; Ocako @let al. 2005) provide evidence of active strike-  occurred (October 20 at 21:40 UTH,, = 5.9). Data from the tem-
slip faults in the area. Analogue models that were developed to sim- porary network allowed the hypocentre of the third main shock to
ulate the extensional processes of the Aegean (Gaattadr 1999) be determined with good accuracy. Relative relocation techniques
also demonstrate that oblique strike-slip features can be generatedwere subsequently used in order to locate M-1 and M-2. The reloca-
Accurate description of the seismic activity and details of active tions combined with high quality aftershock locations indicate two
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26" 27 28

Figure 1. A general view of seismogenic features around the S6gacdk Bay. Thick black lines indicate active normal faults (aftereh 489@)uThin black
lines around S6gacok Bay show the compilation of faults based on recent studies §520®1; Ocako glet al. 2004; Emreet al. 2005). Focal mechanisms
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and locations of the earthquakes that have occurred within the last 30 yr with magnitude greater than 5.5 are also shown (USGS, NEIC). Large triangles shdw

the permanent seismic stations in the region, the small triangles shows temporary stations and square shows the location of the acceleration station (URL).

distinct zones nearly orthogonally oriented forming a conjugate fault There is convincing evidence that the region is formed by an as-
system. sembly of microplates of which the exact number and boundaries is
an area of active research. (Nyst & Thatcher 2004). In this context
accurate location of earthquakes together with well-identibed active
fault systems provide a keyrole in identifying the boundaries of the
TECTONIC SETTING assumed microplates.
It is widely accepted that the southern Aegean Sea and Western As a primary characteristics of the most extensional provinces
Turkey are currently undergoing a continental lithospheric extension worldwide, well-developed EBW trending grabens, located both
in the NDS direction (McKenzie 1972; Angelier 1978; McKenzie inland and off-shore are the dominant structural feature of West-
1978; LePichon & Angelier 1981; Siengeoral 1984). However ~ ern Turkey (Angelieret al. 1981; Y8lmaz 1997; Kuet al. 1999;
the arguments diverge when it comes to explain the driving mecha- Y0lmazet al. 2000; Genigt al. 2001). Well studied and instrumen-
nism of this extension process. Some authors associate the extensiotdlly recorded earthquakes with magnitudes up to 7.0 located along
with slab pull of the retreating Hellenic Subduction Zone (McKenzie hormal faults bounding the graben features constitute the Prst or-
1978; LePichon & Angelier 1979). Other authors (McKenzie 1978; der seismological evidence for the extensional tectonics within this
Dewey & Sienger 1979, Taymetzal. 1991) assert the westward ~ region (Eyido@an & Jackson 1985; Taynedal. 1991; Kiratzi &
extrusion of the Anatolia due to ArabiaDEurasia collision as the Louvari 2003). More recently, deformation inferred from extensive
major agent for the extension. In recent years extensive GPS sur-GPS surveys shows NBS oriented crustal extension which increases
veys have shown that a single unibed plate motion cannot accountin amplitude from north to south (Kahlet al. 1998; Hurstet al.
for the observed crustal movements and deformations. The mod-2000; McCluskyet al. 2000). The northern Aegean is dominated
ern paradigm that deformation pattern of continental lithosphere is mostly by strike-slip faults and in particular the North Anatolian
far more complex than the oceanic one applies well to the Aegean. Faultalong the Marmara Sea and possibly most of the North Aegean
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Conjugate strike-slip fault system 1365

trough (Taymazt al. 1991; Karabulugt al. 2006). A component the phase picks and the geometry of the stations, the true uncertainty

of extensional nature is also observed in the north but as a sec-which depends on many other factors including the velocity model

ondary constituent to the dominant dextral shearing. The issue of should be higher. We relocated aftershocks using both the Double-

the co-existence and interactions between strike-slip and normal Difference (Waldhauser & Elseworth 2000) and the Source-Specibc

faults systems is presently a topic of active debate particularly for Station Term (SSST) methods (Lin & Shearer 2005). Both methods

the case of the Marmara Sea in the context of seismic hazard relatedead to a limited improvement in the locations probably due to the

to the city of Istanbul (LePichoet al. 2001; Armijoet al. 2002). Al- use of relatively low number of stations. Fig. 3 illustrate the results

though the interactions of two types of faulting are much discussed obtained using the SSST method.

for the northern Aegean and Marmara regions, no major arguments Local magnitudes were calculated and show a lower threshold of

have been proposed for similar features observed in the southwestl.0. The magnitude of largest aftershock recorded by the temporary

of Turkey. Recently, Ocako gt al. (2005) reported evidence from  network was 4.6. The catalogue is complete down to the magnitude

marine seismics for extensive strike-slip faulting in the vicinity of of 1.7. Slightly differentb-values were obtained for two branches

the Karaburun Peninsula. Their explanation for the presence of thisgiving 0.9 for the western and 0.8 for the eastern one.

observed strike-slip faulting was based on the hypothesis of EBW

compression in addition to the well-documented NBS extension. A

local GPS survey in the surroundings of Izmir revealed a differential MAIN SHOCK LOCATIONS AND

motion between Karaburun Peninsula and the mainland in addition SOURCE MECHANISMS

to the extension (Aktug & KGl6&o glu 2006). The epicentre of M-3 was well constrained using the high quality
Large destructive earthquakes are documented for the 19th cen- 2

- . . : data from the temporary network. However, the locations of M-1,
tury (AltGnoket al. 2005) however this type of information lacks M-2 and their aftershocks which occurred before the installation S

accuracy and reliability necessary to un_derstand their relation with of temporary network had uncertainties on the order 10 km due to =
the active faults. Earthquakes of magnitude greater than 5.5 have . . - L g
poor station coverage and did not provide any dePnitive insight on G

been instrumentally recorded during the last 50 yr, however none of . . by
. . . the geometry of the rupture zones. To improve the epicentre loca-
them have correlated well with surface fault mapping (Fig. 1). Large .. . . . :
ST . . tions of M-1 and M-2 we used a relative location technique. Using
uncertainities in epicentre locations on the order of 20 km due to .
. . M-3 as the master event, M-1 and M-2 were relocated uBingve
poor station coverage may be the primary reason for the lack of cor- __ = "7 . . ) - .
. . . arrival time differences to all stations within a 1500 km radius of the
relation. Fault plane solutions for these events were obtained from _ . . . .0
epicentre. Assuming that the depth of the three events are similar,5

teleseismic data (Kiratzi & Louvari 2003) and the strike directions . . - . ¢
. ) ) .~ the relativeP arrival time differences between events should follow 8

show predominant NEBSW or NWBDSE orientation. Fault mapping _ _. : . . ; . S
a sine curve if plotted against the azimuth of the stations relative to =

based on surface observations and areal photography analysis in th‘Fhe epicentre. The similar depth assumption is not critical since any =
Karaburun Peninsula dominantly gi';\ve NBS strike direction ¢Genudiﬁerence in aepth between two events will mainly shift the sine
etal. 2001; Emreet al. 2005; Ocakoglat al. 2005). curve up or down but not signibcantly modify its shape. If such a

sine curve can be estimated, the relative distance between the ton

events is obtained from the amplitude and the azimuth of the seconds
DATA ANALYSIS event with respect to the master event can be taken from the phas%
angle of the sine curve. The results of this analysis are shown in 2
Figs 3A and B. All three main shocks are located off-shore within &
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The seismicity in the vicinity of the Karaburun Penisula is con-

tinuously monitored using permanent stations located both on I.[hethe Gulf of S8@acsk and activated consecutively from west to east

Turkish mainland and on the Dodecaneese Islands of Greece. Smcel’he depth of the M-3 is well resolved by the use of high quality Q
O

the average spacing of permar_lent sta_tlons_, Is on the order of 100 I(mtemporary network data. The depth of the brst and second events=<
location accuracy is not sufbcient to illuminate structures on a lo-

«Q
. L however were re-estimated only using the permanent network datag
cal scale. A four station temporary network, consisting of three- y 9 P %

component Mark Products L-28 short period sensors recorded byg?/];xgg the horizontal locations obtained from the relative location
Reftek 130 24-bit digitizers, was deployed on 19 October, 2005, YSIS. . .
4 Fault plane solutions of the main shocks and some of the larg
36 hr after the occurrence of the brst main shock (M-1) and 6 hr be- - :
- aftershocks obtained by several agencies (USGS, Harvard, ET
fore the occurrence of M-3. The data were recorded continuously for = . o ; . : . )
: using teleseismic and regional wave inversion techniques were i
1 month. More than 3500 events were located during the brst 7 d of . ) e
. . agreement with each other. We also used the prst motion polarity &
the installed local network and 3200 of them with the best accuracy . . o ) L N
. - approach in order to improve the sensitivity of the strike direction. +
were selected for the present analysis. The majority of the located

aftershocks occurred after M-3 (Fig. 2a). We also used the contin- Al threg main shocks gave strlke-sllp mEChamS.mS with M-2 and
o . ) . .. M-3 having nearly the same strike. Focal mechanisms of some of the
uous seismic data and available readings from stations operating in

the region (Fig. 1). A 1-D crustal velocity model was obtained using fégso?fktzrrsehgé l;sé:f’;ﬁ?ndegu;[ﬂg tshtt;Igeeglrcr)ggeor}ttﬁgt?oeczn;pg:g
the VELEST inversion code (Kisslingt al. 1994). Initial locations )

- ) . . . nisms is less than°Zor the three main shocks and less thards
were obtained using hypoinverse location code (Klein 1989). Both .

. ) : L the aftershocks. The results are summarized on Table 1 and the fault
P andS arrivals from temporary stations were used in determining

the locations and the average rms error of the traveltimes for the plane solutions (FPS) of the main shocks and three aftershocks are

3200 events was less than 0.05 s. presented in Appendix Fig. Al.
The location of hypocentres were well constrained by the closely

located temporary statlgns and the addition of regdlngs from the ANALYSIS OF THE ACTIVITY

nearby permanent stations reduced the error ellipsoid down to

0.9 km in longitude, 1.4 km in latitude and 2 km in depth The aftershock activity is clustered in two distinct zones which are

(Figs 2cbe). Since the error ellipsoid only depends on the accuracy ofroughly perpendicular to each other (Fig. 4). Events recorded during

¢ 2007 The AuthorsGJl, 171, 1363D1375
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Figure 2. Statistics of the located aftershocks: (a) occurrence of aftershocks during the 7 d of the operated network; (b) magnitude distribution; (c) latitud

errors; (d) longitude errors; (e) depth errors and (f) frequency magnitude relations of two branches.

the prst 6 hr after the installation of the temporary network largely trated at shallower depths than the nucleation points of the three
correspond to the aftershock activity of M-1 and M-2 . The epicentre main shocks. This indicates that the rupture started at the bottom of
of M-1 is located on the southern terminus of the western rupture seismogenic zone and propagated upwards to shallower depths as
zone which lies off the western coast of the S6 gacdk Bay. The activityt has been observed in similar strike-slip earthquakes in the region
partly extends on land with a strike of N2&. The location of the (Ozalaybeyet al. 2002).
M-1 does not let us to associate the event with a particular branch  The two branches observed from the seismicity do not debPne
with conbdence. The fault planes obtained by focal mechanism so-simple planar fault zones. We clearly observe in the western branch
lutions are consistent with the orientation of both zones. that fault segments form an echelon array with individual segments
M-2 which occurred 4 hr after M-1 was located in the east- at slightly different orientation from the general trend of the fault
ern aftershock zone which aligns along a strike of N&t8M-3 zone. However such segmentation is not obvious within the east-
is located on the northeastern terminus of the eastern zone extendern branch. This is partly due to the larger latitude errors resulting
ing the rupture zone of the M-2 further to the NE (Fig. 3). Ma- from the orientation of the seismicity with respect to the station ge-
jority of the aftershocks located in this study occurred after M-3 ometry (Fig. 2d). Considering the size of M-2 and M-3 the length
(October 20 21:30y1,, = 5.9) and are concentrated within the east- of the ruptured zone is expected to reach 10 km in total. However
ern zone. Fig. 5 shows 3-D view of the activity zone and two depth the observed aftershock zone only covers approximately 6 km. The
sections oriented along the long axis of both the western and east-3-D view and the depth sections shows localizations of aftershocks
ern branches. The depth of the aftershock activity is conPned to awhich align at slightly different orientation from the strike direction
seismogenic zone between 511 and 8D13 km for the western andf M-2 and M-3. This is an indication that the activity is distributed
eastern branches, respectively. The aftershock activity is concen-over an array of weakness zones. An aftershock of magnitude 4.6
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Figure 3. Relative relocation of M-1, (17 October, 2005 05:45 UNGy 5.4) and M-2 (17 October, 2005 09:46 UTI@,, 5.8) referenced to M-3 (20 October,

2005 21:40 UTCM, 5.9) which was located from the temporary network data. The azimuthal variation of the differential P-phase arrival times at each
station (shown as black dots) for events M-1 and M-2 relative to M-3 recorded at regional stations are shown in A and B, respectively. Sine curve btted in the
least-squares sense is also shown in the bPgure. Since the majority of the seismic stations are located within epicentral distances between 20001000 km, tf
brstP-arrival is Pn which travels roughly at a velocity of 8.0 kf} sThe azimuth of the relocated event with respect to the reference event is given by a phase
shifted sine curve. Onli?-phase picks with timing accuracy of 0.1 s were used in the analysis, therefore, plots (A) and (B) have different station suites.
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Table 1. Focal parameters of three main shocks and three aftershocks.

Origin time Mw Lat Lon Depth Strike Dip Rake
M-1  17/10/2005 05:45 54 38.166  26.637 11 246 823172
M-2  17/10/2005 09:46 5.8 38.174  26.676 11 238 85 177
M-3  17/10/2005 21:40 5.9 38.191  26.696 10 50 84 S172
A-1 22/10/2005 01:05 3.6 38.223  26.612 8 320 76 7
A-2 22/10/2005 15:34 3.6 38.183  26.630 9 334 80 S9
A-3 22/10/2005 11:47 4.6 38.159  26.612 9 150 90 0.0

with a similar mechanism to the M-1 located SW of the junction neither the nodal plane nor the directivity (Fig. 6B). This is mainly
also provide evidence for the presence of such weakness zoneglue the smaller size of M-1 and larger distance to the station, which
(Fig. 4B). limits the resolution of the strong motion analysis. .

STRONG MOTION MODELLING
The only accelerograph station at the proximity of the activity zone DISCUSSIONS AND CONCLUSIONS

was located on the northeast at distances of 60, 58 and 57 km awayThe main shocks (M-1, M-2 and M-3) and the aftershocks reveal
from the three main shocks, respectively (Fig. 1). The station is what appears to be a conjugate fault system which consists of two
located on a hard rock site and maximum accelerations recorded affault zones with strike-slip character intersecting with a north fac-
the station were 17, 22 and 36 mg for three main shocks, respectively.ing interior angle of 90 The directivity analysis of the main shocks
The azimuth of the station is approximately same as the fault planesM-2 and M-3, together with the NEDSW trending aftershock pattern
of M-2 and M-3 and the orientation of the eastern branch of activity. on the eastern branch leaves no doubt about the right lateral char-
Therefore, we expect that the ground motion appears mostly on acter of these two main shocks. On the other hand, the unresolved
the transverse component of the recordings (Bouchon 1981). Thedirectivity for the main shock M-1 makes either of the nodal planes
displacements for three main shocks are obtained by integrating theequally likely to be the true fault plane. However, we note that the
accelerograph records twice and only the transverse components arenain shock M-1 is located on the western branch which is clearly
displayed on Fig. 6. isolated from the eastern one by a gap of 3b4 km. Furthermore,
We modelled the transverse component of the displacement ina number of large aftershocks located along the western branch all
order to verify the parameters such as focal mechanisms and depthgave nearly identical FPS which bts well the general alignment of the
of the three main shocks and to possibly infer the rupture directions. aftershocks, strongly supporting that the western branch essentially
The velocity model for the modelling is given in Table 2. The earth- refRects left lateral character in the NWBDSE direction. Therefore,
gquakes are modelled as propagating faults imbedded in a layereddespite the lack of direct evidence, we believe that M-1 located on
media (Bouchon 1982; Bouchat al. 2000). The rupture starts at  the western branch is very likely to have the same mechanism which
one of the lower corners (hypocentres) of the rectangular fault plane is left lateral in N25W direction. Regardless of the arguments on
and spreads radially. The computation is carried out by representingthe fault plane for the M-1, the clear V-shape pattern formed by
the source as a superposition of shear dislocations points distributedhe intersection of the two aftershock lineaments indicates the ex-
over the fault plane. The ground displacements were calculated us-istence of a conjugate fault system ig&&ik Bay. A close look at
ing discrete wavenumber method (Bouchon 1981). the seismicity pattern, particularly at the western branch show clear
The previously determined focal mechanisms were tested for var- evidence that the fault zone is not constrained to a single fracture
ious hypocentral depths between 9 and 13 km to search for a bestdine but to a complicated pattern of smaller segments of 4D5 km
ptting model. The fault parameters leading to the best results areeach and subparallel to each other. These type of a particular seg-
given in Table 3 and the waveform bts are shown on Fig. 6. Initial mentation is called vein arrays and are known to exist in conjugate
tests have shown that the simulation results were not sensitive to thefault systems (Kellyet al. 1998).
variations of the rupture velocity held within realistic limits (2.0Db Conjugate strike-slip fault systems may bt well within the NBS
3.0 km @), we therefore, bxed it at 2.5 knfs The sensitivity for oriented extensional regime of western Turkey. Gaetiat. (1999)
the rupture directions was tested for the three earthquakes. The twdhave modelled viscous Bow under gravitational force to simulate the
extreme cases in which the rupture starts at the epicentre and propAegean extension. Their analogue models have shown that exten-
agates unilaterally away from the station and towards the station aresional processes generate large numbers of intersecting strike-slip
illustrated in Fig. 6. The epicentral distances were same for both curvilinear faults with north facing concavity and at a later stage of
rupture directions. The synthetic waveforms were most sensitive to the extensional history large grabens start to dominate the general
the thickness and shear wave velocity of the uppermost layer andmorphology. Ganast al. (2005), in their study of the 2001 Sky-
the focal depths. The large kinks are the results of the reRections inros earthquake (M = 6.4), mention other examples of strike-slip
the uppermost layer and are not related to any source complexity.faults in the central Aegean that form conjugate fault systems. The

These ref3ection can only be observed when peaks are sufpcientl2005 October Gulf of S gacdk earthquake sequence provides strong

narrow so that they can be distinguished from each other. This is seismological evidence for an active conjugate fault system within

only happens when the rupture propagates towards the station duehe region.

to the directivity effects. It is not uncommon to observe intersecting faults slipping during
The best bts for earthquakes M-2 and M-3 were obtained when the same sequence. Both the Gamura and Yamada faults ruptured

the rupture is assumed to propagate towards the station, that is, innearly simultaneously during the 1927 Tango earthquake on two

NE direction. For the smaller event M-1 located near the junction orthogonal planes (Yeatst al. 1997). The Superstition Hills and

of two conjugate system, the tests were not conclusive to resolve EImore Ranch earthquakes of 1987 November 23 and 24 are other
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Figure 5. 3-D view of aftershocks (above) and depth view of the probles along the AB and AC (below).

examples of intersecting faults (Yeatsal. 1997). The fault systems  tively short time (4 and 50 hr) and distance (5 and 3 km). Benetatos
triggered by mutual static stress transfer mechanism have been studet al. (2006) provides a triggering mechanism based on Coulomb
ied in detail (Hudnuet al. 1989; Thatcher & Hill 1991). This stress  criteria although the locations of the nucleation points of the three
transfer mechanism (Steét al. 1992) may provide an explanation  main shock are slightly different than the locations presented in this
for the interaction of three main shocks that occurred within a rela- study.
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Figure 6. Strong motion modelling of the transverse component of the three earthquakes recorded at URL station (Gbsstvealculated blue). (A) g
Left : rupture propagates towards the station and right: rupture propagates away from the station, (B) Left : rupture propagates towards thensethiion o Q
plane and right: rupture on the NW plane for M-1. o

Table 2. Velocity model.

Depth (km) Vp (km ) Vs(km )
3.00 4.0 2.20
18.0 5.3 2.95
30.0 6.0 3.40
7.9 4.50

ferent microplates: the Central Anatolia and the Southern Aegea
(McKenzie 1978; Taymaet al. 1991; McCluskyet al. 2000; Nyst &
Thatcher 2004). Models show slight variations over the exact bloc
boundaries and behaviour. Aktug & KalGi¢co @lu (2006) recently cary]
ried out a local GPS survey and used the velocity Peld to obtain the 3
strain rates. They indicated a westward increasing extension in Izmir -
Bay and a clockwise rotation of the Karaburun Peninsula. They also
postulated the existence of a small size block, squeezed between
the Karaburun Peninsula and the mainland, which they called the

In recent years much effort is devoted to identify and verify the Urla Block. The present study is consistent with the existence of this
microplates that are assumed to constitute the Aegean region. In genblock of which the boundaries probably coincide with two branches
eral GPS data provides the general kinematics of such microplatesof the conjugate fault system.
while accurate earthquake locations may reveal the boundaries. Nyst We present the velocity Peld obtained by Aktug & Kalo@oglu
& Thatcher (2004) have recently made a summary of various pro- (2006) with respect to a different reference velocity vector in order
posed models. In this context intersecting active fault structures t0 emphasize the relative motion between Karaburun Peninsula and
supported by well-located earthquakes such as conjugate fault systhe mainland (Fig. 7). The change on the direction of velocity vec-
tems may provide clues to explain the complex interaction and the tors across Izmir Bay shows a signiPcantrelative motion between the
geometry of microplates. Recent GPS observations favour the as-Karaburun Peninsula and the mainland indicating a transition zone
sumption that the study area lies at the boundary of at least two dif- roughly oriented in NS direction. The plate boundary between South
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Table 3. Rupture parameters of the three main shocks

Main shocks M,, Length (km) Vr(km@‘) Slip (m) Correlation (SW) Correlation (NE)

M-1 54 4 2.5 0.8 0.67 0.63
M-2 5.8 5 25 1.0 0.85 0.83
M-3 5.9 55 2.5 1.0 0.83 0.83

Sigaclk Bay

266" 268’ 27

Figure 7. lllustration of the observed seismicity together with the GPS vectors and active faults in the region. Horizontal velocities shown in IPRF2000 frame

are taken from Aktug & Kdldi@oglu (2006). The active faults (GF, Gaufmliij UF, Urla Fault; SF, S6gacdk Fault; TF, Tuzla Fault) are from @loatcal

(2004); Emreet al. (2005); Geniet al. (2001). The top map shows velocity vectors at regional scale, indicating different trends on both side of the inferred
microplate boundary (Nyst & Thatcher 2004), which is shown in grey band. The bottom Pgure shows the inland extension of the conjugate fault system (dash

lines). The velocity vectors are plotted with respect to a the reference velocity debP¥edsby 1.5 mm yPl andVorth =S 3.5 mm yPl.

Aegean and Anatolia that was proposed by Nyst & Thatcher (2004) It is therefore, unlikely that M-1 corresponds to the activation of the
roughly corresponds to the same transition zone. The western branciGuibahice Fault.

of the conjugate fault system together with other NS oriented fault ~ The origin of the eastern branch however is connected to a dif-
systemin the area (G wlbahice Fault, Urla Fault) may be considered a®grent structure than the western one and is probably related to the
part of this transition zone. Different authors identiPed active faults westerward extension of the Gediz Graben. It constitute another ex-
in the Karaburun Peninsula based mainly on surface morphology. A ample of NEDSW oriented right lateral strike-slip faults that splays
compilation of the major fault lines are depicted in Fig. 5. The ones from Gediz Graben, such the Tuzla fault and the Seferhisar Fault.
that are located close to the seismic activity are the Gwlbahite Faulfhese faults are likely to continue into the Aegean Sea (Goldsworthy
(Emreet al. 2005), also named as the Karaburun Fault (Oghaket et al. 2002)where they possibly connect to other major strike-slip
al. 2005) and the Urla Fault (Ocako@lual. 2004, 2005). We note  structures such as the North Ikarian Basin (Lykowial. 1995).

that M-1 occurred close to the Glbahite Fault. This is a NBS trendThere is mapped fault that can be directly associated with the M-2
ing fault located off-shore for the most part and follows the western and M-3. We use the GPS data to constrain the inland prolongation
coastline of the So@acok Bay. However, the strike direction of M-1of the eastern branch towards NE. If the eastern branch is extended
given by its fault plane solution as well as the trend of the aftershock NE, we note that the two stations (SFRH and PAYM) are located
activity are signibcantly different than the G+lbahite Fault (Fig. 5). on both side of this prolongation line which can be considered as
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hypothetical fault line. Their relative motion, if projected along the  western Turkey: implications for the nature geometry and deformation in
direction of the hypothetical fault (i.e. N4#) shows an annual the continental crusGeophys. J. R. Astr. So81,569D607.
displacement of 7 mm ﬁ This not only implies that the eastern Emre, O. & Barka, A., 2000. Active faults between Gediz graben and Aegean
branch of the conjugate fault continues inland in the NE direction _ Sea (Izmir region)BAD SEM 2000 Symp., Izmir. Abstract o
but may also provide a rough estimate on the location and the an-EM"e: O- Dogan, A., Ozalp, S. & Yildirim, C., 2005. The 17 October S6gactk
nual slip rate. These type of NEDSW oriented strike-slip faults, (also earthquake preliminary report, Mineral Research Institute, No. 10756,

. . - . Ankara (in Turkish).
including Tuzla Fault and Seferhisar Fault) are considered as SUb'Ganas, A., Drakatos. G.. Pavlides, S., Stavrakakis, G., Ziazia, M., Sokos, E.

parallel tran.sfer fault systems that terminate, splay or occasionally ¢ karastathis, V., 2005. The 2001 Mw6.4 Skyros earthquake, conjugate
connect major graben structures. The latter takes up most the exten- gyrike slip faulting and spatial variation in stress within the central Aegean

sional movement, we therefore, do not expect that these strike-slip Sea,J. Geodyn.39,61D77.

faults are able to produce large earthquakes comparable those foundsautier, P., Brun, J.P., Moriceau, R., Sokoulis, D., Martinod, J. & Jolivet, L.,
along major plate boundaries, such the North Anatolian Fault. As-  1999. Timing, kinematics and cause of Aegean extension, a senario based
suming that the maximum length of these faults is bounded by the ~on acomparison with simple analogue experimeTestonophysicS15,
average separation distance between grabens, the magnitude of the 31972. ) )

largest earthquake that may occur in the area is limited to about 6.5 €&, C-, Altunkaynak, S., Karacok, Z., Yazman, M. & Y6lmaz, ., 2001. The
(based on a maximum rupture length of 40 km). However, being Cubukludag graben, south of Izmir: tectonic signibPcance in the Neogene O

. . geological evolution of the Western Anatoli@eodin. Actal4,1D12.
closely located to densely populated settlements they still ConStltUteGoldsv‘orthy, M., Jackson, J. & Haines, J., 2002. The continuity of active

a serious hazard for cities such as Izmir. fault systems in Greec&eophys. J. Int 148,596D618.
Hurst, K. et al., 2000. Global Positioning System constraints on plate kine-

matics and dynamics in the eastern Mediterranean and Caudagas;
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Figure Al. Focal mechanism solutions from brst motion polarities of three main shocks and three aftershocks shown in Fig. 4 (a) M-1; (b) M-2; (c) M-3; (d)
A-1; (e) A-2 and (f) A-3.
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