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Abstract

Of single channel, 70 km, and 900 km of multi-channel seismic reflection data show that İzmir Gulf and surrounding

regions are widely deformed by N–S to NE–SW trending active transpressional strike-slip faults, reverse faults and some E–

W normal faults. Normal faults are mapped offshore Karaburun–Foça, in inner part of İzmir Gulf; offshore AlaçatV–Teke and

offshore KuşadasV delimiting the southern scarp of Lesvos basin, İzmir basin, northern scarp of Ikaria basin and continuation

of Küçük Menderes Graben, respectively. Normal faults are cut by strike-slip faults. The major strike-slip faults are the N–S

oriented Karaburun reverse fault bordering İzmir Gulf on the west and uplifting the Karaburun Peninsula and the NE–SW

oriented strike-slip Tuzla Fault extending from Doğanbey Promontory towards Seferihisar ridge onland. This fault pattern can

be explained by pure-shear model indicating that the area is under E–W compression, N–S extension, NE–SW and NW–SE

strike-slip deformation. Moreover, Tuzla Fault has a regional importance. It separates NE–SW trending structures of the

study area from E–W oriented Gediz and Küçük Menderes grabens and probably continues towards to İznik at north

constituting a transition zone between northern transpressional region and southern extensional region in the western

Anatolia–Aegean Sea.
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1. Introduction

The study area is located in the central Aegean Sea,

along the western coast of Anatolia including İzmir

Gulf and areas offshore from AlaçatV, Doğanbey and

KuşadasV (Fig. 1). Western Anatolia and Aegean Sea

are commonly considered as under N–S extension in
(2005) 155–171



Fig. 1. Simplified faults, instantaneous deformation, seismicity, topography and bathymetry map of the Aegean region. Instantaneous

deformation with white and gray arrows show extension and compression strain rates, respectively calculated from the velocity field in the

eastern Mediterranean relative to a Europe-fixed reference frame by GPS data (modified from Kahle et al., 1998). Note N–S oriented extensional

and E–W oriented compression strain rates in the study area. Seismicity with International Seismological Center (ISC) epicentres for Mwz4

earthquakes between 1964–1997 are also shown. There is a seismically active zone for 4VMwV5 earthquakes along a NE trend between the

study area and İznik. Abbrevations are: NAFZ—North Anatolian Fault Zone, SG—Saros Gulf, EG—Edremit Gulf, L—Lesvos island, İG—

İzmir Gulf, C—Chios island, S—Samos island, I—Ikaria island, GG—Gediz Graben, KMG—Küçük Menderes Graben, BMG—Büyük

Menderes Graben, GKG—Gökova Graben. Inset shows regional framework: arrows indicate sense of motion relative to the Eurasian plate.
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response to westward motion of Anatolian block

which is in collision with Arabian Plate (McKenzie,

1972; Dewey and Şengör, 1979) (Fig. 1 inset). How-

ever, the topographic and bathymetric features and

instantaneous deformation of Aegean region based

on seismicity and strain rates from GPS data indicate

complexity of structures from north to south and

raise some questions about active tectonism of the

Aegean region, as to whether whole region is under

a pure N–S extension regime or not (Fig. 1). Mascle
and Martin (1990) divided the Aegean region into

three main areas. The northern Aegean area is well

known to be developed under the influence of the

North Anatolian Fault Zone (NAFZ). When NAFZ

enters into the north Aegean sea, it splits into

branches bending south, in Saros and Edremit gulfs

and the north Aegean trough (Barka and Kadinsky-

Cade, 1988; Taymaz et al., 1991; Barka, 1992; Kurt

et al., 1999). Bending of branches is shown by GPS

strain rates (Kahle et al., 1998) which change from
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NNE–SSW extension and ESE–WNW compression

to NNW–SSE extension and ENE–WSW compres-

sion. The sense of E–W compression along with N–

S extension in this area can be explained by conti-

nental collision occurring at NW Greece, which

resists to the westward motion of northern Aegean.

Güney et al. (2001) show that a positive flower

structure of a strike-slip fault cuts the normal fault

in Edremit Gulf.

On the other hand, the southern Aegean area,

which is morphologically characterized by separate

troughs (Mascle and Martin, 1990), is under the in-

fluence of Hellenic subduction and Pliny–Strabo Fault

Zone (Le Pichon and Angelier, 1979; Woodside et al.,

2000; Huguen et al., 2001; Piper and Perissoratis,

2003). The sinistral Fethiye–Burdur Fault Zone was

interpreted as the onshore extension of Pliny–Strabo

Fault Zone (Barka and Reilinger, 1997). The offshore

area of Crete Island was interpreted as an extensional

area with some NE–SW directed dextral strike-slip

faults (Piper and Perissoratis, 2003). The GPS strain

rates show mostly pure N–S extension in this area.

The rapid SW motion of southwestern Anatolia and

southern Greece towards the Hellenic arc with values

of 30F2 mm/year (McClusky et al., 2000) can be

explained by a lack of collision in SW Greece, where-

as NW Greece is blocking the westward motion of

Anatolia.

Under these geodynamic settings in the Aegean,

the study area seems to be a puzzle both from its

morphological and structural point of view. İzmir Gulf

(İG) incompatibly extends in a NNW–SSE direction

across E–W grabens of western Anatolia, such as

Gediz Graben (GG), Küçük Menderes Graben

(KMG) and Büyük Menderes Graben (BMG) (Fig.

1). Both active normal and strike-slip faulting are

observed in the area. Kaya (1979, 1981) determined

İzmir Gulf as a Neogene depression, which is formed

by N–NE trending blocks, by steep, oblique faults and

smaller E–W striking normal faults between these N–

NE trends cutting them. He partly noticed that these

Neogene structures influenced Quaternary tectonics in

the area. According to some researchers (Şengör et al.,

1984; 1985; Seyitoğlu and Scott, 1994; YVlmaz et al.,

2000), these N–NE trending faults accommodate on

hanging walls of E–W grabens and do not offset the

footwall of grabens. Although NW–SE extension of

İzmir Gulf and N–S to NE–SW structures of the
surrounding area are seen as dominant trends across

the E–W grabens, these authors considered them as

secondary features in the area. Moreover, there are

some other onland studies that show active N–S to

NE–SW trending faults with strike-slip character in

the study area (Şaroğlu et al., 1992; Emre and Barka,

2000; Altunkaynak and YVlmaz, 2000; Genç et al.,

2001). In addition, offshore Samos island, Lykousis et

al. (1995) showed that both northern and southern

Ikaria basins were developed under a compressional

phase related to transpressional activity during Qua-

ternary. This strike-slip deformation is still active

along the southeastern part of the North Ikarian

Basin. Also, GPS strain rates show E–W compression

as much as N–S extension in this area (Fig. 1). In

addition, Stiros et al. (2000) indicated some uplifts on

the NW coast of Samos Island and the SE coast of the

neighbouring island, Ikaria. They argued that this

uplift may be related to either tilting of a normal

fault or a strike-slip fault passing through between

Samos and Ikaria islands.

These discussions show the necessity of detailed

investigation of active structural features of the study

area both offshore and onland. Moreover, the seismic-

ity reveals a second importance of the study area in

the western Anatolia in terms of regional setting. Fig.

1 shows that a seismicity zone (4VMwV5) extends

between the study area and İznik, bordering the E–W

grabens of Anatolia and with a dense E–W trending

seismicity to the north of grabens. Crampin and Evans

(1986) suggested that this seismic activity can identify

an active boundary. From this point of view, they

defined the Marmara block behaving as a separate

tectonic unit with its eastern boundary bordered by

this NE–SW seismicity zone.

Considering the discussions above, we acquired

approximately 900 km of multi-channel and 70 km

of single-channel seismic reflection data and we pro-

cessed and interpreted them to address the following

questions:

1. What are the main structural and stratigraphic fea-

tures of the İzmir area?

2. Are the structural features of the İzmir area and

adjacent land areas similar or not?

3. Can the structural features of the study area con-

stitute a transition zone between the northern and

southern Aegean regions?
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2. Geological, seismological and geomorphological

setting

Onshore geology map shows that the study area

is widely covered by Mio–Pliocene and younger

units (Fig. 2). Additionally, Pre-Miocene basement,

which consists of Silurian, Carboniferous, Triassic,

and Cretaceous rocks, only crops out along high

elevated areas such as Karaburun, Seferihisar, and

KuşadasV ridges (Fig. 2). In the study area, several

faults are seen, some of which are determined to

be active faults (marked with bold lines on Fig. 2)

and the others are undetermined and reverse faults
Fig. 2. Geology map of the study area (simplified from MTA 1:500,000 sc

marked onland with bold lines.
are related to paleo-tectonic activities (thin lines on

Fig. 2). Even though these faults are mapped as

inactive, they align with lineaments on the mor-

phology which will be discussed in the following

paragraphs (compare Figs. 2 and 3B). The previous

onland studies give more knowledge about the

active faults of the study area than the geology

map. These faults marked on morphology (Fig.

3B) are called as Karaburun Fault (KF), Urla

Fault (UF), Bornova Fault (BF), İzmir Fault (İF)

and Küçükmenderes Fault (KMF) (Erinç, 1955;

Dumont et al., 1979; Dewey and Şengör, 1979;

Kaya, 1979; Şaroğlu et al., 1992; Emre and Barka,
ale geology map) and location of the seismic lines. Active faults are



Fig. 3. (A) Map of the study area showing detailed topography obtained by digitising 20 m contours of 1 :25,000 scale topographic maps of the Turkish General Command of

Mapping with ~75 m precision and bathymetry taken from the Turkish Navy with ~350 m precision and location of the seismic lines. Highlighted segments of these lines are

displayed in article. Location of Foça-1 well (TPAO, 1987) is shown by bold circle. (B) Active onland faults; ZBF—Zeytindağ–Bergama Fault, BF—Bornova Fault, İF—İzmir Fault,

KF—Karaburun Fault, UF—Urla Fault, TF—Tuzla Fault, KMF—Küçük Menderes Fault (Kaya, 1979; Şaroğlu et al., 1992; Emre and Barka, 2000; Genç et al., 2001), offshore faults

(Mascle and Martin, 1990) and the main lineaments (L) are shown with black lines. Fault plane solutions for recent earthquakes from McKenzie (1972), Kocaefe and Ataman (1976),

Drakopoulos and Delibasis (1982), Kalafat (1995), Tan and Taymaz (2001, 2003) are also added on figure.
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Table 1

Shooting and recording parameters

Parameter 1996 (MC) 2000 (MC) 2000 (SC)

Channels 108 48 or 60 6

Source 9 GI gun 6 GI gun 2 GI gun

Volume (in.3) 1080 780 180

Pressure (PSI) 1600 1500 1500

Streamer length (m) 1350 600 or 750 75

Near offset (m) 237.5 50 or 100 30

Far offset (m) 1575 900 105

Shot interval (m) 50 25 10

Group interval (m) 12.5 12.5 12.5

Sampling (ms) 2 2 1

Folding 14 12 or 15 –

GI: Generator–injector airgun, MC: Multi channel, SC: Single

channel.
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2000; Altunkaynak and YVlmaz, 2000; Genç et al.,

2001). In spite of these onland studies, there are a

few offshore study showing active faults. Mascle

and Martin (1990) mapped some E–W trending

normal faults bordering the main offshore basins.

They called them as Lesvos Fault, Chios Fault,

Samos Fault and Ikaria Fault (Fig. 3B). These

E–W faults are compatible with onland normal

faults (BF, İF and KMF) with their orientations

and characters (Fig. 3B).

In this study, linear scarps, long valleys and dis-

placed shore lines are considered as constituting a

lineament. The lineament map in Fig. 3B show that

N–S to NE–SW oriented lineaments are more com-

mon on morphology than E–W ones. Some of NE–

SW trending lineaments correspond to strike-slip

faults. The important ones are Zeytindağ–Bergama

left lateral fault zone extending to SW coast of

ÇandarlV Bay (Şaroğlu et al., 1992) and Tuzla Fault

extending at NE–SW along 40 km between İzmir

and KuşadasV (Emre and Barka, 2000; Genç et al.,

2001). These faults can be traceable on morphology

with lineaments L38, L39 and L19, respectively.

Especially, the character of Tuzla fault (L19) is

well recognised by recent earthquakes (Mw 6.0;

Tan and Taymaz, 2001) that occurred on Doğanbey

promontory. Although left-lateral slip is seen on

morphology at Doğanbey promontory, the focal

mechanism solutions show right-lateral slip on

Tuzla fault (Tan and Taymaz, 2001). In addition,

Emre and Barka (2000) measured ~200–700 m of

right lateral slip from the offset of river channels.

Therefore, we considered that Tuzla fault is right-

lateral strike-slip fault. The other focal mechanism

solutions of recent earthquakes in the study area

indicate both normal faulting and strike-slip faulting

(Fig. 3).

The other lineaments marked on the morphology

can be described as follows: On Karaburun Penin-

sula, NE–SW lineaments L1 to L7 delimit the ridges

and partly the west coast of the peninsula, some of

which may be correlated to the reverse faults in the

geology map (compare Figs. 2 and 3B). L8 and L9

extend in N–S direction in AlaçatV. Lineaments L10

and L11 in NNW–SSE bound the Teke peninsula.

N–S oriented lineaments L12 to L16 are a surface

expression of Karaburun and Urla faults, which may

be correlated to reverse and undetermined faults in
Urla. These lineaments seem to control the shoreline

of Uzun Island and Urla ridge. Uzun Island is

affected by a right lateral displacement along L15.

Lineaments L20 to L28 south of İzmir more or less

extend N–S and NE–SW and shape the morphology

around KuşadasV. Lineaments L29 to L33 delimit

the Gediz river and the ridges around TorbalV and

İzmir city, some of which may be correlated to

reverse faults on the geology map (Fig. 2). Finally,

lineaments L34 to L37 bound Menemen and Foça

ridges.
3. Seismic data acquisition and processing

During two surveys on board MTA Sismik-1

research vessel, approximately 900 km of multi-

channel and 70 km of single channel seismic re-

flection profiles were acquired in 1996 and 2000

(Figs. 2 and 3A). Different recording parameters

were used in these surveys (Table 1). The data

collected in 2000 has shallower penetration and

higher resolution, enabling it to have better image

sedimentary packages and Miocene basement,

whereas the data from 1996 has better penetration

but lower resolution.

The seismic data were processed in the Depart-

ment of Geophysics, at İstanbul Technical Univer-

sity (İTÜ). A conventional data processing stream

was applied to the data as follows: data transcrip-

tion, in-line geometry definition, source–receiver

array datum correction, editing, muting of direct



Fig. 4. The seismic section extracted from western part of the line Dog-2 (see Fig. 3A for location). Note that the unconformity surface is well

marked by truncated basement reflections at ~1 s. Vertical exaggeration is ~2.
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and refracted waves, gain analysis, common depth-

point sorting, stacking velocity analysis, normal

move-out correction and muting, stacking, spiking

and predictive deconvolution, bandpass filtering, fi-

nite-difference time migration and automatic gain

control. Strong multiple reflections due to the shal-

low seafloor and basement reflector were observed

in the seismic data. These multiples were eliminated

as much as possible by predictive deconvolution

techniques.
4. Stratigraphic and structural interpretations of

the seismic sections

Two main stratigraphic units can be seen on the

seismic sections (Figs. 4, 6–10). The lower unit,

which has more or less parallel or wavy reflectors,

is interpreted as basement whose top is identified by

high amplitude reflections indicating an unconformity

(Fig. 4, Line-Dog2). The upper seismic sequence is

interpreted as basin deposits that onlap the basement

surface (Fig. 4). It generally consists of parallel reflec-

tors with good continuity, but frequently cut by faults

(Figs. 4, 6–10). Top of the basement unit on line-25 is

well correlated with the unconformity between Upper

Miocene and Pliocene sediments noted by the Turkish

Petroleum Corporation (TPAO) (Foça-1 well, TPAO

1987, Fig. 3A). Also, YVlmaz et al. (2000) and Genç

et al. (2001) noted an unconformity between Upper

Miocene and Pliocene sediments in western Anatolia.
Therefore, the lower and the upper units can be

interpreted as the submarine extension of Miocene

and older rocks, and Pliocene–Quaternary deposits,

respectively.

Contour maps of the basement surface and the

thickness of Pliocene–Quaternary deposits were

constructed from seismic sections. These maps, in

Fig. 5, indicate two main basins on offshore. One

of them is located offshore Karaburun, Foça and

Lesvos Island in the north, and the other one is

located offshore AlaçatV, Doğanbey and KuşadasV in

the south. Moreover, two sub-basins are observed in

İzmir Gulf. The inner sub-basin (Sb1) deepens to

1000 ms, filled with 900 ms thick basin deposits,

which were probably supplied by the Gediz river.

The outer one (Sb2) deepens towards the north and

connects to the northern main basin. These two

sub-basins are separated by a N–S oriented ridge

lying between Urla and Foça. This ridge extends

onshore along Urla Promontory and Uzun island.

Moreover, there is another ridge offshore Doğanbey

to the south. This ridge extends onshore along

Seferihisar at NE–SW direction.

The basins in Fig. 5 are characterised by active

normal faults in the study area. The normal faults

were distinguished by smooth vertical discontinu-

ities and vertical displacements on the seafloor

and deeper reflection units of seismic sections.

They deform both Pliocene–Quaternary deposits

and Miocene basement units and generally extend

in E–W orientations compatible with contours of the



Fig. 5. (A) Shaded topographic image and top of Miocene basement contour map (depths in milliseconds). Gray lines and dashed gray lines show active normal faults and their

possible extensions, with footwalls indicated by plus symbol. Abbrevations are: Sb1—Inner sub-basin, Sb2—Outer sub-basin, R—Ridge, NMB—Northern Main Basin, SMB—

Southern Main Basin, IB—Ikaria Basin, KMB—Küçük Menderes Basin. (B) Contour map of the thickness of basin sediments in milliseconds.
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Fig. 6. Time migrated seismic sections, offshore Teke and Karaburun, showing active normal faults marked with white lines and strike-slip faults

with black lines (see Fig. 3A for locations). Vertical exaggeration is ~2. Observed vertical displacement on the seafloor and basement surface by

normal fault (marked with bold circle on Line-10) looks the same, thus this normal fault is Quaternary age. On line-18, vertical displacement

seen on basement units are greater than displacement on Pliocene–Quaternary deposits due to fault marked with a bold circle thus this normal

fault can be interpreted as Later Miocene–Pliocene age.
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basement surface and thickness of basin deposits

(Fig. 5). On Fig. 5A, some normal E–W trending

faults border Küçük Menderes basin (KMB) off-

shore KuşadasV, another NW–SE oriented fault bor-

ders the northern scarp of Ikaria Basin (IB). This

fault marked on line-10 show the highest vertical

displacement with ~74 m in the study area (Fig. 6).

Another group of active normal faults borders the

north main basin offshore Karaburun (Line-18, Fig.

6). Vertical displacement observed in the seafloor

and top of basement by a normal fault which is

marked with bold circle in line-10 looks the same.

Thus this fault can be interpreted as Pliocene to

Quaternary in age. On the other hand, another

normal fault on line-18 (marked with bold circle,

Fig. 6) shows different vertical displacement at
seafloor and the basement surface. Thus this fault

should be of late Miocene to Pliocene age.

The N–S and NE–SW trending ridges that are

observed on Fig. 5A are recognised on seismic

sections by an another group of faults which have

generally strike-slip and reverse fault characters

(Figs. 7–10). These active strike-slip faults are

marked on sections with vertical discontinuities

that generally cut the all seismic units and do

reach the seafloor or just below it and cause no

or minor vertical displacements on the seafloor.

Most of them are interpreted as positive flower

structures (Figs. 7–10).

N–S to NE–SW trending strike-slip faults are

recognised on seismic sections and are well correlated

to onland active faults and lineaments (Fig. 11). In the



Fig. 7. The western part of line-19 in the entrance of İzmir Gulf shows two active positive flower structures. These strike-slip faults deformed

the Miocene basement and Plio–Quaternary sediments. Vertical exaggeration is ~2.5. On the top figure, the black arrows indicate the active

faults cutting the seafloor.
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entrance of İzmir Gulf, two active positive flower

structures cutting Miocene basement and Plio–Qua-

ternary deposits are marked on the western part of

line-19 (Fig. 7). As seen in Fig. 7, the top of Miocene

basement forms a basin which trends approximately

N–S at eastern offshore Karaburun (Sb2 in Fig. 5). It

is seen that this basin is highly deformed by a positive
flower structure (N11 fault, Fig. 7). N10 and N11

faults gain reverse character along the margins of

sub-basin (Sb2) where their orientations turn from

NNW–SSE to N–S direction (Compare Fig. 5A

with Fig. 11). These faults are correlate well with

onland morphology and geology (Compare Fig. 2

to Fig. 11). Especially, N11 fault corresponds to



Fig. 8. Line-28 in the eastern side of Karaburun Peninsula. This section shows active Karaburun reverse fault (N11, see details in zoomed

section on the right) and the other active strike-slip faults in İzmir Gulf (N12, N13). Vertical exaggeration is ~2.5.
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Karaburun Fault (KF) onland (Kaya, 1979; Emre

and Barka, 2000) (Fig. 3B). Line-28 in Fig. 8 show

that Karaburun fault is an active reverse fault with

upthrown reflection levels along all seismic units

and raises the Karaburun Peninsula from its eastern

edge. The N–S trend of this reverse fault (Fig. 11)

is followed from the entrance of the gulf to the

southern inner part, Gülbahçe Bay on seismic lines

26 to 29 and 33 and 34. In addition, the faults

between N1 to N8 offshore Karaburun (Fig. 11) are

marked on seismic line-17 (Fig. 9) as active reverse

faults extending in N–S (correlate Figs. 2 and 11).

Onshore extension of these faults correlate with the

lineaments and reverse faults on the geology map

(Fig. 2). Although some of these faults are shown

on the onshore geology map (Fig. 2) as passive

faults, the zoomed part of Line-17 (Fig. 9) indicates

that these faults are active.

The most important active strike-slip fault zone in

the study is the Tuzla Fault Zone (S10 and S12),

which lies at Doǧanbey Promontory (Fig. 10). In

Fig. 10, section Dog-1 shows a large active positive
flower structure raising Seferihisar Miocene basement

units and also deforming Pliocene–Quaternary sedi-

ments. S10 and S12 fault zones on seismic section are

well correlated with the onshore extension of the

Tuzla Fault (Fig. 11). The asymmetry of the Tuzla

Fault Zone in cross section (Fig. 10) indicates that this

fault is an oblique fault, and thus the eastern faults in

this zone should have also reverse component (Fig.

10). This result is also well correlated with onland

geology (Fig. 2). Seismic line Dog-1 shows that the

Seferihisar horst thrust from west to east at Doǧanbey

Promontory (correlate Figs. 2 and 10), as seen in the

Karaburun reverse fault (Fig. 8). Another important

strike-slip fault extends in a N–S direction (S8 fault in

Fig. 11) and is connected to the onshore Urla Fault

(Kaya, 1979; Genç et al., 2001). This fault borders

Gülbahçe Bay at eastern side, and Uzun island at

western side and continues towards the north in the

gulf with N12 and N13 faults. Other strike-slip faults

in the study area can be summarized as follow: faults

between S1 to S7 with positive flower character

extends onshore at AlaçatV and Teke. N–S trending



Fig. 9. The western part of seismic Line-17 located offshore Karaburun. The interpreted active reverse faults on this section (see details in

zoomed part) are well correlated with onland structures. Vertical exaggeration is ~2.5.
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S15 to S18 faults constitute a large positive flower

character and cut the E–W trending normal faults of

Küçük Menderes Basin offshore KuşadasV. The

same style is seen in the E–W trending inner part

of İzmir Gulf. NE directed branches of Urla fault

cut Sb1 (Fig. 5A) offshore Gediz Delta and are

possibly connected with the faults of Foça, Aliağa

and Menemen. N15, N16 strike-slip faults (Fig. 11)

are correlatable with the NE trending Zeytindaǧ–

Bergama Fault Zone (ZBF) onland (Fig. 11).
5. Discussion and conclusions

The study area is characterized by N–S to NE–SW

strike-slip faults, N–S reverse faults and some E–W
normal faults (Fig. 11A). These faults generally cut

both Miocene basement units and Plio–Quaternary

basin deposits.

Normal faults marking the inner part of İzmir

Gulf and offshore KuşadasV are well correlated with

the E–W oriented İzmir Fault (İF) and Küçük

Menderes Fault (KMF), respectively (Fig. 11A).

The other E–W normal faults are located at the

northern scarp of Ikaria basin offshore AlaçatV–

Teke and at the southern boundary of the north

main basin offshore Karaburun. The normal faults

are disturbed frequently by strike-slip faults (Fig.

11A). The strike-slip faults are interpreted as pri-

mary active faults both offshore and onshore (Fig.

11A). These faults generally have transpressional

character such as NE–SW trending Tuzla fault



Fig. 10. Part of line Dog-1 located offshore of Doğanbey promontory. This seismic section shows a basement high and a large active positive

flower structure with a reverse component at its southeast. This fault is associated with a right-lateral strike-slip fault which is called the Tuzla

Fault (TF) onland. The white arrows in zoomed section on top show the active faults. Vertical exaggeration is ~ 2.5.
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(TF). Strike-slip faults transform to reverse faults

where their orientations change from NW–SE or

NE–SW direction to N–S direction, such as Kara-

burun fault (KF). A simplified fault map (Fig. 11B)

shows that the fault pattern of the study area can be

explained by the pure-shear model (Fig. 11C). E–W

compression in the area causes N–S trending re-

verse faults, E–W oriented normal faults, NE–SW

oriented right lateral faults and NW–SE oriented

left-lateral faults which correspond to Karaburun

Fault, İzmir Fault, Tuzla Fault and NW–SE oriented

strike-slip faults, respectively. Based on this inter-

pretation, İzmir Gulf and the surrounding area

shorten in E–W direction thus some uplifting
occurs on Karaburun Peninsula and Seferihisar

ridge along Karaburun and Tuzla faults (correlate

Fig. 11B with Fig. 11C). GPS strain rates also

support this pure-shear model in the study area

with N–S extension and E–W compression strain

vectors (Fig. 1). This tectonic framework shows

that the structures in the study area are not com-

patible with adjacent areas. The fault patterns indi-

cate that E–W trending grabens of western Anatolia

such as Gediz and Küçük Menderes do not contin-

ue towards to west. On the contrary, they are

delimited westward by N–S to NE–SW trending

strike-slip faults of the study area. We interpret

that the Tuzla Fault Zone has not only local but



Fig. 11. (A) The correlations between offshore and onshore active fault systems in the study region. N–S, NE–SW and NW–SE oriented lines

and dashed-lines show interpreted active strike-slip faults and their possible extensions. These faults are annotated with dNT for those at north
and dST for those at south. E–W oriented lines and dashed lines show interpreted active normal faults and their possible continuations, with

footwalls indicated by the plus symbol. (B) Simplified active fault map of the study area. The bold lines show the master active faults. (C) Pure-

shear model can explain the development of active structures in the study area.
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Fig. 12. Proposed cartoon model. The Tuzla strike-slip fault zone (TFZ) and its probable continuation towards the İznik at the north and towards

the Samos island at the south constitutes the eastern border of the northern Aegean area (gray area). This transition zone separates the western

Anatolian grabens such as Gediz (GG), Küçük Menderes (KMG), Büyük Menderes grabens (BMG) from the NE–SW trending structures of

northern Aegean area. In the south of this transition zone, there is a rapid extension toward the Hellenic Trench. Abbrevations are: NAFZ—

North Anatolian Fault Zone, SG—Saros Gulf, EG—Edremit Gulf, ZBF—Zeytindağ-Bergama Fault, İG—İzmir Gulf, S—Samos island, I—

Ikaria island, GKG—Gökova Graben, R—Rodos island, CLFZ—Cephalonia–Lefkada Fault Zone.
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also regional importance, as illustrated in a cartoon

model (Fig. 12). The Tuzla Fault Zone probably

extends towards İznik at the north. The presence of

a zone of seismicity (Fig. 1) also supports the

presence of this transition zone which separates

the northern Aegean from the southern Aegean.

Changes of GPS strain rates (Fig. 1) also support

such a transition zone in the area (Fig. 12). We

propose that the northern part (gray area on Fig.

12) of this transition zone is under E–W compres-

sion and N–S extension regime probably due to

resistance of mainland Greece against the westward

motion of Northern Anatolia (Fig. 12). The com-

pression in this area is shown by YaltVrak et al.

(2000, 2002) and Güney et al. (2001) in Saros and

Edremit Gulfs and in the western Marmara Sea. E–

W shortening in the northern Aegean area probably

causes NE–SW sliding in this region from north to

south such as the right lateral strike-slipe branches

of the NAFZ, the Zeytindağ Bergama Fault Zone

(ZBF) (Şaroğlu et al., 1992) and the Tuzla Fault

Zone (TFZ) (Emre and Barka, 2000; Tan and Tay-
maz, 2001) (Fig. 12). From this point of view, the

northern Aegean area can also be interpreted as

Marmara block behaving as a separate tectonic

unit as proposed by Crampin and Evans (1986).

On the other hand, the southwest Anatolia and

Aegean Sea, which is though to be at the southern

part of this transition zone rapidly moves towards

the Hellenic trench by right lateral Tuzla Fault and

left-lateral Pliny–Strabo fault zones. GPS strain rates

in the southwest Anatolia and south Aegean Sea

support the rapid extension in this area (Fig. 1,

Kahle et al., 1998; McClusky et al., 2000).
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