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Abstract: The Cumaovası basin, formerly known as the Çubukludağ Graben, is located at the western end of Gediz and Küçük
Menderes grabens in the west Anatolian extensional province. It is 5–17-km wide and 35-km-long, NNE–SSW-trending, asymmetric
basin that was formed under the control of strike-slip and oblique-slip normal faults.

The basin contains two different infills that are separated by an angular unconformity: (1) an ancient basin fill consisting of Lower
Miocene–Lower Pliocene sequences which accumulated in a fluvio-lacustrine depositional setting, and deformed by NE–SW-trending
strike-slip faulting; and (2) a modern basin fill consisting of Plio–Quaternary units that are controlled by synchronous strike-slip and
normal faulting. Movement on these faults resulted in deposition of the gently tilted Plio–Pleistocene Görece formation and the recent
horizontal alluvium. The Görece formation consists of reddish alluvial fan deposits, while the unconformably overlying recent alluvium
is made up of alluvial fan, alluvial plain, and fluvial deposits. Metamorphic rocks of the Menderes Massif and rocks of the Bornova
mélange form the basement to the basin fill units.

Structural data from both of the northern and southern margin-bounding faults of the Cumaovası basin are consistent with
oblique-slip normal faults with sinistral and dextral strike-slip components. The western margin is bounded by strike-slip faults. The
geomorphologic indicators along the western margin of Cumaovası basin and kinematic analysis on the striated fault planes support
two senses of movements, each having opposite kinematic indicators. Quantitative indications are presented for the polyphase
evolution of the Cumaovası basin, with a change from transpressional to transtensional tectonics, due to an anticlockwise rotation of
the stress tensor around vertical axis. The earliest period of evolution is represented by sinistral strike-slip faulting that is documented
in outcrops along the Orhanlı Fault Zone. This transpressional regime is inferred to be responsible for the NW–SE shortening
associated with NE–SW extension. The younger structural data obtained from the Cumaovası basin support a mixture of normal and
strike-slip movement in a transtensional tectonic regime that formed under an approximately N–S extensional direction associated
with an approximately E–W compression. This transtensional phase is still ongoing in the region, as indicated by active fault planes
and focal mechanisms of shallow earthquakes. The transition from transpressional to transtensional tectonic regime in the Cumaovası
basin has been a consequence of local stress field inversion in the region. This local inversion should be taken into account during
discussion of the regional tectonics of western Anatolia.
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Batı Anadolu’da Doğrultu-atımlı Havzaya Ait İlk Kayıtlara Bir Örnek: Cumaovası Havzası

Özet: Daha önce Çubukludağ Graben’i olarak bilinen Cumaovası havzası, Batı Anadolu genişleme provensi içerisindeki Gediz ve Küçük
Menderes grabenlerinin batı ucunda bulunur. Doğrultu atımlı ve oblik atımlı normal fayların kontrolünde gelişen havza 5–17-km
genişliğinde, 35-km uzunluğunda ve yaklaşık KKD–GGB uzanımlı asimetrik bir havzadır.

Havza açısal uyumsuzlukla birbirinden ayrılan iki farklı dolgu ile temsil edilir: (1) eski havza dolgusu flüviyal-gölsel çökelim
ortamında biriken ve daha sonra KD–GB-uzanımlı doğrultu atımlı faylarla deforme olan Erken Miyosen–Pliyosen yaşlı istiflerle
simgelenir; (2) yeni havza dolgusu doğrultu atım ve normal faylar kontrolünde gelişen Pliyo–Kuvaterner yaşlı birimler içerir. Bu
faylardaki hareket Pliyo–Pleyistosen Görece formasyonu ve güncel alüvyonu eğimlendirmiştir. Kırmızı renkli alüvyon yelpazesi
çökellerinden oluşan Görece formasyonu, alüvyon yelpazesi, alüvyon düzlüğü ve akarsu kanal çökellerinden oluşan güncel alüvyon
birimini uyumsuz olarak üzerler. Menderes Masifi’ne ait metamorfik ve Bornova melanjına ait kayalar havza dolgusu birimlerinin
temelini oluşturur.

Cumaovası havzasının kuzey ve güney sınır faylarından elde edilen yapısal veriler oblik atımlı normal faylanmayı karakterize
ederken, batı kenarı doğrultu atımlı faylarla sınırlıdır. Cumaovası havzasının batı sınırında topoğrafik haritalar, uydu fotoğrafları ve
arazi gözlemleri ile saptanan jeomorfolojik indisler ve fay yüzeylerinde yapılan kinematik analiz çalışmaları iki farklı hareketi destekler
niteliktedir. Cumaovası havzasının çok evreli gelişimini gösteren transpresyondan transtensiyona değişen nicel indisler gerilme
tensörünün düşey eksen boyunca saat yönünün tersine dönüşü ile ilişkilidir.

Bu evrimin ilk safhası olan sol yönlü doğrultu atımlı faylanma Orhanlı Fay Zonu boyunca gözlenen yüzleklerde bulunur. Bu
transpresyon rejimden KB–GD sıkışma ve bununla ilişkili KD–GB açılma gerilmeleri sorumlu görülmektedir. Havzadan elde edilen daha
genç yapısal veriler, yaklaşık K–G genişleme ve D–B sıkışma gerilmeleri ile ilişkili transtensiyonal tektonik rejim altında, normal ve
doğrultu atımlı hareketin birlikte işlediğini destekler niteliktedir. Aktif fay düzlemleri ve deprem odak mekanizma çözümleri bölgedeki
bu transtensiyonal rejimin halen devam ettiğini göstermektedir. Cumaovası havzasında saptanan tektonik rejimin transpresyondan
transtansiyona değişimi bölgedeki yersel gerilmenin terslenmesi ile ilişkilidir. Yersel gerilme dağılımındaki bu terslenme Batı Anadolu’
nun bölgesel tektoniğini tartışılırken gözardı edilmemelidir.

Anahtar Sözcükler: Cumaovası doğrultu atım havzası, transpresyon, transtansiyon, genişleme, Batı Anadolu
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Introduction

Many sedimentary basins of variable sizes are formed
under the control of both strike-slip and normal fault
systems. These are defined as transtensional basins that
have various geometries and complex tectonic and
depositional histories. Transtensional basins are most
likely to form along oblique-divergent plate boundaries or
in transfer and accommodation zones in major rifts and
extensional provinces (Christie-Blick & Bilddle 1985;
Fauld & Varga 1998). Ingersoll & Busby (1995) defined
transtensional basins as those basins formed by extension
along strike-slip fault systems. The classic examples of the
transtensional basin are the pull-apart basins that are
elongated depressions where one strike-slip fault steps
over to another strike-slip fault (Aydın & Nur 1982;
Christie-Blick & Bilddle 1985). These basins are
commonly bounded by large strike-slip fault zones,
adjacent to which sediments are strongly deformed. The
pull-apart origin of these basins is clearly demonstrated
by the character of the basin. Proximal provenance of
high energy mass-flow deposits indicate areas of local
basement uplift and erosion adjacent to areas with rapid
subsidence and deposition features characteristic of a pull-
apart origin (Sylvester 1988). However, basins that form
where normal or oblique-slip faults splay from large
strike-slip faults without a step to another strike-slip fault
are best defined as transtensional fault-termination basins
(Miall 2000). Fault-termination basins have
characteristics of both classic rift and pull-apart (strike-
slip) basins (Umhoefer et al. 2007). Examples are present
in the northern Aegean Sea (Mann 1997; Koukouvelas &
Aydın 2002), along ancient strike-slip faults (Olsen &
Schlische 1990), and in the southern Gulf of California –
an oblique-divergent plate boundary (Dorsey & Umhoefer
2000; Dorsey et al. 2001; Umhoefer et al. 2007).

A few studies have documented some characteristic
structures of strike-slip basins comprising solid structural
and sedimentological data (e.g., Crowel 1982; Aydın &
Nur 1985; Christie-Blick & Biddle 1985; Nilsen &
McLaughlin 1985; Ingersoll 1988; Sylvester 1988; May
et al. 1993; Campagna & Aydın 1994; Ingersoll & Busby
1995; Nilsen & Sylvester 1995; Dooley & McClay 1997;
Rahe et al. 1998; Lee & Chough 1999; Ryang & Chough
1999; Barka et al. 2000; Miall 2000; Wysocka &
Swierczewska 2003). For example, the Ridge basin in
southern California is one of the best studied strike-slip
basins in the world (Crowel 1982; Nilsen & McLaughlin
1985). It was developed during the Late Miocene–

Pliocene time under the control of the dextral San Gabriel
Fault, which bounds it to the southwest, while the San
Andreas Fault forms its northwest boundary. The Ridge
basin is a syncline-like asymmetrical basin filled with up to
14 km of sedimentary sequence. Across the southwestern
margin of the basin, there is a thick alluvial fan of deltaic
clastics shed from the San Gabriel Fault into the lacustrine
sediments (May et al. 1993). Another well-defined pull-
apart basin is the rhomb-shaped Eumsung basin in Korea
(Ryang & Chough 1999). It is approximately 40-km long
and 5-km wide. It was formed in an overstep of the
sinistral Kongju fault system. On the pull-apart margin of
the southwestern part of the Eumsung basin, three
alluvial-to-lacustrine systems are recognized: (1) a
volcaniclastics-dominated alluvial fan, (2) an alluvial plain
dominated by channel shifting within floodplain, and (3) a
floodplain and lake. The Lo River basin which is located in
Vietnam also demonstrates many of the characteristic
structures of a pull-apart basin (Wysocka & Swierczewska
2003). The basin was formed in relation to sinistral
transtensional regime through the Red River and Lo River
fault zones. It has an alluvial sedimentary fill of 6000-m
thickness consisting of three main packages: (1) alluvial
fan deposits, (2) gravel- and/or sand-dominated fluvial
channel deposits, and (3) alluvial plain deposits. The basin
fill was accompanied by syn-depositional tectonism
responsible for the development of intraformational folds
and local unconformities. These unconformities were e
result of transition from transtension to transpression in
the basin (Wysocka & Swierczewska 2003).

Most of the strike-slip basins that have been described
in Turkey, are related to the North Anatolian and East
Anatolian fault zones (e.g., Koçyiğit 1988, 1989, 1990;
Westaway & Arger 1996; Barka et al. 2000; Koçyiğit &
Erol 2001; Şengör et al. 2004). The Taşova-Erbaa Basin,
as an example, developed along the North Anatolian Fault
Zone (Barka et al. 2000). It is approximately 65-km long
and 15–18-km wide. Barka et al. (2000) have mapped
numerous extensional and compressional faults which
deformed the basin fill. The compressional structures are
isolated and associated with master faults, whereas the
pervasive extensional faults trend perpendicular to the
principal displacement zone of master faults that
accommodate secondary pull-apart stretching within the
basin.

Although, many studies have concluded that western
Anatolia is dominantly characterized by approximately E–
W-trending graben-forming high-angle normal faults that
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developed since the Upper Miocene–Pliocene (the last
stage of N–S-extension in the region; e.g., Koçyiğit et al.
1999, 2000; Bozkurt & Sözbilir 2004), there are some
studies revealing the presence of a number of NE–SW-
trending strike-slip faults deforming the western Anatolia
crust onshore (Kaya 1981; Genç et al. 2001; Kaya et al.
2004, 2007; Erkül et al. 2005a; Uzel & Sözbilir 2006a)
and offsore (Ocakoğlu et al. 2004, 2005). The models for
the neotectonic evolution of these basins include
(summerized in Bozkurt 2003): tectonic escape (Dewey &
Şengör 1979; Şengör 1979, 1980, 1982, 1987; Şengör
et al. 1985; Görür et al. 1995), back arc spreading
(McKenzie 1978; Le Pichon & Angelier 1979; Jackson &
McKenzie 1988; Meulenkamp et al. 1994; Okay & Satır
2000), orogenic collapse (Seyitoğlu & Scott 1992;
Seyitoğlu et al. 1992), episodic two-stage extension
model (Sözbilir & Emre 1996; Koçyiğit et al. 1999;
Bozkurt 2000, 2001a, 2003; Işık & Tekeli 2001; Lips et
al. 2001; Sözbilir 2001, 2002; Bozkurt & Sözbilir 2004;
Koçyiğit 2005), and the velocity differences between the
overriding plates (Aegean and Anatolian plates) on the
African plate (Doglioni et al. 2002; Tokcaer et al. 2005).

In this paper, we present the structural features of the
NE–SW-trending Cumaovası basin which is located within
an intermittently active zone of weakness, the İzmir-
Balıkesir Transfer Zone (Figure 1). This study presents
structural data collected from the strike-slip faults that
bounds the western margin of the basin and the
transverse, dip-slip faults to the south and north of the
basin. The goal of this study is to resolve the local relative
stress axes of various ages in order to understand the
deformation history and process of strain transfer in an
active, evolving strike-slip basin.

Tectonic Setting

Western Anatolia, the eastern part of the Aegean
extensional province, is a seismically active region of N–S
continental extension (Bozkurt 2001a). The region is
bounded by the North Anatolian Fault Zone to the north
and the Aegean-Cyprus Arc to the south (Figure 1). The
formation of Pliocene to recent N–S extension in western
Anatolia is attributed to tectonic escape-related
deformation. This caused westward motion of the
Anatolian platelet along its boundary structures; dextral
North Anatolian Fault Zone and sinistral East Anatolian
Fault Zone (Şengör et al. 1985). According to recent GPS

measurements, the westward motion changes direction in
western Anatolia with an abrupt anticlockwise rotation
toward southwest over the Aegean Trench (McClusky et
al. 2000). The main axis of southwestward motion of
western Anatolia is characterized by a transfer zone
located between İzmir and Balıkesir, approximately trends
N20°E (Sözbilir et al. 2003a, b; Erkül et al. 2005a). The
zone forms the western boundary of the E–W-trending
Gediz, Küçük Menderes and Büyük Menderes grabens and
accommodated N–S extension during the formation of the
grabens. Most of the Quaternary basins included in this
zone are bounded by segments of the NE–SW-trending
strike-slip faults and E–W-trending normal faults oriented
obliquely to the strike-slip faults, and therefore the
Quaternary basins lying within the zone have the
characteristics of rhomb grabens or strike-slip basins
(Uzel & Sözbilir 2005a, 2006b). 

The İzmir-Balıkesir Transfer Zone was first identified
by Okay & Siyako (1991) as a transform zone of
weakness and was interpreted to be the depositional site
of the Bornova Flysch Zone during the Late Cretaceous.
The Miocene sedimentary basins lying within the zone
were described by Kaya (1979, 1981) and Kaya et al.
(2007). The authors described the region that coincides
to this zone as the Akhisar depression and claimed that
the structural lines bounding the depression were
inherited from pre-Miocene oblique-slip normal faults.
Ring et al. (1999) rename this feature as a sinistral
wrench corridor and propose that the zone was active
during the Miocene. They noted that this zone has been
sinistrally displaced by ~150 km and that the Vardar-
İzmir-Ankara Suture bent to the south along the zone
(Figure 1c). Differential extension between the Aegean
and the Menderes Massif is indicated by palaeomagnetic
data showing an abrupt switch from clockwise rotation on
the Aegean (Kissel & Laj 1988) to anticlockwise rotation
in western Turkey during the Middle Miocene (Kissel &
Laj 1988). The palaeomagnetically determined rotations
from Kissel & Laj (1988), have been interpreted by Ring
et al. (1999) as a sinistral wrench corridor, which is
thought to have accommodated differential extension
between the Cyclades and western Turkey. 

Sözbilir et al. (2003a, b) was the first to suggest that
the zone is the result of intermittently reactivated
basement-involved strike-slip and normal faults. Plio–
Quaternary rocks within the NE–SW-trending corridor
are primarily broken by multi-orientated faults that have
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Figure 1. (a) A map of the regional tectonic structures of Turkey and surroundings. WAHGS– West
Anatolian horst-graben system, NAFZ– North Anatolian Fault Zone, EAFZ– East Anatolian Fault
Zone, PST– Pliny-Strabo trench, İBTZ– İzmir-Balıkesir Transfer Zone. Arrows indicate senses of
motion relative to the Eurasian plate (modified from Barka 1992, 1999; Bozkurt 2001a). (b)
Simplified geological map showing the Neogene-Quaternary basins in the western Anatolia with
main tectonic lines and distribution of the Neogene–Quaternary deposits (modified from MTA
2002, Geological map of Turkey, scale 1:500 000; Bozkurt 2000, 2001a, b). Inset (c) shows a
sinistral wrench corridor which abruptly caused a bend of the Vardar-İzmir-Ankara Suture to the
south along the İBTZ (modified after Ring et al. 1999). Note differential extension between the
Aegean and Anatolia. IZ– Internal Zones LN– Lycian Nappes, MM– Menderes Massif, VİAZ–
Vardar-İzmir-Ankara Zone. 



dextral, sinistral and oblique-slip displacements. The
displacements result in subsided and uplifted areas that
may form the negative or positive flower structures
(Sözbilir et al. 2007a, b). Some of the displacement faults
can be traced offshore where they have been studied in
detail (e.g., Ocakoğlu et al. 2004, 2005). Most of these
faults are presently active within the İzmir-Balıkesir
Transfer Zone of distributed seismicity that is presently
considered the transfer zone between Aegean and
Anatolia (e.g., Sözbilir et al. 2003a, b; Nyst & Teatcher
2004; Uzel & Sözbilir 2005b, 2006a, b).

Within this complex framework, the study area is
located at the western termination of the Küçük
Menderes Graben, close to the southeastern part of the
zone (Figure 1b). Although the basin (formerly known as
the Çubukludağ Graben) is cited as a classic example of a
graben basin (Genç et al. 2001), there remain many
unresolved questions about its structural style and
history, the complex relationship between active
structures and reactivation of ancient structures, and the
partitioning of strain. 

Stratigraphy of the Cumaovası Basin

The stratigraphy of the study area is considered within
three main groups: (1) the basement rock units, (2)
Neogene volcano-sedimentary units (ancient basin fill
units), and (3) Plio–Quaternary units (modern basin fill
units) (Figures 2, 3 & 4). The ancient basin fill is exposed
farther away from the modern depression, whereas the
modern basin fill is restricted to the interior of the
depression. The two basin infills are separated by an
angular unconformity (Figure 4).

Basement Rock Units 

The basement units consist of Palaeozoic–Mesozoic
metamorphic rocks of Menderes Massif and Upper
Cretaceous–Palaeocene rocks of Bornova mélange.
Detailed descriptions of the basement rocks are beyond
the scope of this paper, and the readers are referred to
(e.g., Akartuna 1962; Eşder & Şimşek 1975; Kaya 1979,
1981; Başarır & Konuk 1981; Erdoğan 1990; Bozkurt &
Oberhänsli 2001; Genç et al. 2001) for further reading.
However, a brief description of these units will be given
below.

The metamorphic rocks of the Menderes Massif are
exposed in the southeastern part of the study area around

Değirmendere High (Figure 3). The massif consists of
schists and marbles with local phyllite intercalations (Dora
et al. 1990; Güngör 1998; Güngör & Erdoğan 2002).
The metamorphic rocks are tectonically overlain by the
Bornova mélange (Başarır & Konuk 1981; Erdoğan
1990). 

The Bornova mélange (also named as Bornova Flysch
Zone by Okay & Siyako 1991) is well-exposed on the
Seferihisar High forming the western margin of the
Cumaovası basin and on the Değirmendere High to the
south (Figure 3). The Bornova mélange is made up of a
deformed and locally metamorphosed flysch-like matrix
of Maastrichtian–Paleocene age in which blocks of
Mesozoic limestones, serpentinites and submarine
volcanics occur (Erdoğan 1990). The Menderes Massif
and tectonically overlying Bornova mélange are
unconformably overlain by the Neogene volcano-
sedimantary successions.

Neogene Volcano-sedimentary Units (Ancient Basin-
fill Deposits)

The Neogene successions are exposed mainly in the
western part of the Cumaovası basin, along a topographic
high between the Seferihisar and Değirmendere highs,
and in the northern part of the basin, where it is a
topographic high between Buca and Kunerlik depressions
(Figures 2 & 3). According to Genç et al. 2001, the
Neogene successions are divided into five major
lithostratigraphic units: Çatalca, Karaburun, Ürkmez,
Yeniköy and Cumaovası volcanic units (Figure 4). The
main lithology in the lower part of the Neogene sequence,
the Çatalca formation, is composed of thin-to-thick
bedded conglomerates, sandstones, siltstones and shale
alternations including lignite lenses. The Çatalca
formation is interpreted as a lacustrine-fan delta facies
and dated as Lower–Middle Miocene based on the
palaentological and palynological studies (Akartuna 1962;
Kaya 1979, 1981; Genç et al. 2001; Sözbilir et al. 2004).
Lower–Middle Miocene lacustrine deposits outcrop at
various localities in the western Anatolian basins; e.g.,
Dereköy formation in the Kemalpaşa-Torbalı basin
(Sözbilir et al. 2004), Soma formation in the Soma basin
(İnci 1991, 1998, 2002), Demirci formation in the
Demirci basin (İnci 1998; Yılmaz et al. 2000), Hacıbekir
Group in the Selendi Basin (Seyitoğlu 1997; Ersoy &
Helvacı 2007), Hasköy and Başçayır formations in the
Büyük Menderes Graben (Sözbilir & Emre 1990; Emre &
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Sözbilir 1995; Çemen et al. 2006), and Alaşehir
Formation in the Gediz Graben (Koçyiğit et al. 1999;
Yılmaz et al. 2000; Sözbilir 2001, 2002; Seyitoğlu et al.
2002; Bozkurt & Sözbilir 2004) can be correlated with
the Çatalca formation. In the north of the study area, the
fine-grained clastics of the Çatalca formation are
intercalated with the lavas and tuffs of the Karaburun
volcanics. Radiometric datings on the lavas yield ages
ranging from about 21 to 15 Ma (Yılmaz 1997). 

The middle part of the sequence, the Ürkmez
formation (Eşder & Şimşek 1975; Genç et al. 2001), is
dominated by red conglomerate and sandstone
alternation with lacustrine limestone lenses. Upward in
the sequence, lithology displays a fining-upward profile
where the conglomerates are replaced gradually by fine-
grained conglomerates, sandstones and mudstones.
According to Genç et al. (2001), the Ürkmez formation is
of latest Middle(?)–Late Miocene in age and is interpreted
as alluvial fan and lateral fan deposits interfingering with
low energy lacustrine facies. This clastic rocks are
interbedded with lacustrine limestones of the Yeniköy
formation in the upper parts of the unit (Eşder & Şimşek
1975; Genç et al. 2001). The Yeniköy formation also
consist of sandstone, mudstone and claystone alternations
with thin lignite seams. Upward, the sequence is
dominated by thin- to medium-bedded lacustrine
limestones and green laminated claystone alternations.
These are interbedded with pyroclastic rocks of the
Cumaovası volcanics (Eşder & Şimşek 1975; Özgenç
1978; Genç et al. 2001). The outcrops of the Cumaovası
volcanics are aligned in the NNE–SSW direction forming
‘central volcanics’ for the basin. They are exposed around
the Karadağ, Dededağ, Karakaya, Kızılcaağaç,
Çakmaktepe, Dikmendağı and Çubukludağ hills (Figures 2
& 3). The rhyolitic volcanic rocks of the Cumaovası
volcanics yielded 11.5–9 Ma K/Ar ages (Borsi et al. 1972;
Özgenç 1978; Genç et al. 2001). They are mostly
rhyolitic pyroclastic rocks and lava flows with local domes.
Genç et al. (2001) suggested that the Cumaovası volcanics
begin with air fall tuffs of about 15 m thickness, forming
early products of the volcanic activity. They are overlain
by pyroclastic flow deposits, which are commonly
composed of fragments of angular lavas within a
pumiceous matrix. These are intercalated with rhyolitic
lavas, locally included obsidian flows and perlites. The
rhyolitic domes are aligned in the NE–SW-direction giving
rise to NE–SW-directed hills in plan view (Figure 3). The
lava domes are located between Orhanlı Fault Zone and

Kunerlik fault, which was responsible for the
transtensional opening. This structural origin for the
domes is similar to that for the central volcanics
previously documented in the NE–SW-trending basins
located north of the Gediz Graben (e.g., the Gördes,
Demirci, Selendi and Uşak-Güre basins; see Bozkurt 2003
for detail). An ideal pull-apart basin of Crowell (1974)
also shows the presence of volcanic products within the
centre of the basin. There transtensional forces caused
rupture of the centre of the basin and the emplacement
of volcanic rocks and shallow intrusions. Thus the strata
would pass into volcanoclastics and lava flows, below
which diapiric masses of hypabyssal rocks occur. The
readers are referred to Genç et al. (2001) for detailed
description of the ancient basin fill units.

Plio–Quaternary Units (Modern Basin-fill Deposits)

The Plio–Quaternary units consist of two terrestrial
successions that are separated by an angular
unconformity. These are here named, from bottom to
top, as the Görece formation and Recent alluvium
(Figures 3 & 4).

The Görece Formation, defined in this study, crops out
mainly in the middle part of the basin, around the Görece,
Kısıkköy, Buca and Değirmendere settlements (Figure 3).
The geological map of the area reveals that the unit is
mainly exposed along the NE–SW- and E–W-trending
faults (Figure 3). The entire sequence is more than 50 m
thick and can be divided into three sedimentary facies:
matrix-supported massive breccia, massive/poorly
stratified conglomerate, and cross-bedded conglomerate
with massive sandstone lenses.

The matrix-supported massive breccia facies (FI) is
characterized by generally red-coloured, poorly-sorted,
medium- to thick-bedded and loosely-cemented
conglomerates (Figure 5). It is up to several metres thick.
According to a reference section from a unit in the east of
the Görece village, clasts range in size from gravel to
boulder. Clasts are widely dispersed in the brownish mud
matrix and show random orientation. Some units are
inversely graded and interlayered with massive/poorly
(facies IIA) and cross-bedded conglomerates (facies IIB).

The matrix-supported breccias are interpreted as
debris-flow deposits, based on poor sorting, randomly
oriented floating clasts, and brownish mud matrix.
Deposits with angular clasts larger than 40 cm can be
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interpreted as rockfall deposits. Random orientation and
angular shape of clasts may reflect short transport (cf.
Miall 1977, 1978; Rust 1978). Based on the facies

characteristics and their radial distribution pattern,
massive breccias are interpreted as proximal deposits of
an alluvial fan (Stanistreet & McCarthy 1993).
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Figure 5. Field photographs showing the main facies characteristics of the Görece formation. (a) Poorly-sorted and disorganised
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(e) a foreset bed of facies IIB interbedded with the facies IIA; and (f) an alternation of the massive/poorly stratified
conglomerates (Facies IIA) and the massive sandstones and the cross-bedded conglomerates (Facies IIB).



The massive/poorly stratified conglomerate facies
(FIIA) has either matrix- or clast-supported fabric with
poorly- to well-sorted reddish-brown sand and silt matrix
(Figure 5). According to a reference section from the unit
in the north of the Cumaovası village clasts range in size
from granule to boulder (Figure 7). Most clasts show
random orientations but some are oriented to the flow
direction. The normal and/or inverse grading are usually
observed in the sequence. Some units rarely includes
stratification and small-scale cross-bedding. The facies are
commonly interlayered with cross-bedded conglomerate
(facies IIB) and massive sandstone (facies III). Some
boundaries with massive sandstones are also erosional.

The clast orientation and imbrications indicate that the
gravels were transported as bedload or lag deposits. The
mechanism of gravel bedload transport is related to
longitudinal bar migration that possibly indicates poorly
defined horizontal beds under high flow energy (Miall
1977, 1978; Rust 1978). Based on the facies
characteristics and their radial distribution pattern,
massive conglomerates are interpreted as proximal
deposits of an alluvial fan (Stanistreet & McCarthy 1993).

The cross-bedded conglomerate facies (FIIB) includes
planar and trough cross-bedded conglomerates (Figure
5). The foreset angle averages 10º to 40º. The foreset
units consist of alternating units of conglomerate,
conglomeratic sandstone and sandstone. The combined
units are generally up to several metres thick and clast
size ranges from gavel to boulder. Most clasts show
imbrications that are oriented to the approximately W to
E flow direction. Conglomerate layers are commonly
fining upward to the sequence and the upper boundary of
the cross-beds is usually planar. The trough cross-bedded
units commonly show channel geometry. This facies
alternates with massive/poorly conglomerate (facies IIA)
and massive sandstone (facies III). It is also overlain by
massive sandstones with an erosional surface.

This facies was most likely deposited by migration of
various gravel bars. The graded upper boundary of the
cross-beds supported this basin progradation. In
sequence, partly graded units suggest a dispersive
pressure during flow (Miall 1977, 1978; Rust 1978).
Based on the facies characteristics and their radial
distribution pattern, cross-bedded conglomerates are
interpreted as middle-distal part deposits of an alluvial fan
(Stanistreet & McCarthy 1993).

The massive sandstone facies (FIII) is characterized by
massive, poorly to moderately sorted, yellowish red
sandstone units which comprise minor amount of
conglomerates and siltstone (Figure 5). It is up to 1 m
thick and the poorly defined beds usually occur between
each massive package. The package includes some isolated
pebbly sandstone lenses and layers with a fining upwards
trend. Some units contain channel fill conglomerates, and
also rarely include organic fragments. This facies is
commonly interlayered with massive/poorly stratified
(facies IIA) and cross-bedded conglomerates (facies IIB).
Its boundary with massive conglomerates is also
erosional.

Based on sedimentary and geometric characters, the
Görece formation can be considered as an alluvial fan
deposition including proximal, middle-distal and alluvial
plain parts of the fan system (DeCelles et al. 1991;
Stanistreet & McCarthy 1993; Nemec & Postma 1993;
Blair 1999a, b). It was formed in front of strike-slip
(Orhanlı Fault Zone) and normal faults (Buca,
Değirmendere and Kısıkköy).

The Görece formation unconformably overlies the
ancient basin fill units and is disconformably overlain by
recent alluvial deposits. No palaentological data has been
acquired from the Görece formation. Close to the study
area, Sözbilir et al. (2004) defined the Plio–Pleistocene
Sütçüler formation in the Kemalpaşa-Torbalı basin, which
probably correlates with the Görece formation. Plio–
Pleistocene sediments exposed along most of the western
Anatolian grabens can also be correlated with the Görece
formation (Koçyiğit et al. 1999; Yazıcıgil et al. 2000;
Yılmaz et al. 2000; Sarıca 2000; Seyitoğlu et al. 2002;
Koçyiğit 2005; Rojay et al. 2005; Emre & Sözbilir 2007;
Ersoy & Helvacı 2007). Its stratigraphic equivalent in the
west Anatolian grabens are the Asartepe formation in the
south part of the Gediz Graben described in Emre (1996),
Aydoğdu formation in Küçük Menderes Graben described
in Emre et al. (2006), Hüseyinciler formation in Büyük
Menderes Graben described in Sarıca (2000) and
Yamaçköy formation in Söke area described in Gürer et
al. (2001); it can be presumed as Plio–Pleistocene in age
(Ünay et al. 1995; Ünay & de Bruijn 1998). 

The Recent alluvium is formed in front of the normal
faults (Buca, Kısıkköy and Değirmendere faults) and in the
middle part of the basin. The unit consists of alluvial-fan
deposits, the alluvial plain deposits and the fluvial
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deposits. The alluvial-fan deposits crop out around the
villages of Buca, Kısıkköy and Değirmendere (Figures 3 &
8). The alluvial-fan deposits are characterized by red-to-
grey, unsorted, loosely-cemented, boulder- to pebble-size
sediments and controlled by E–W-trending normal faults.
The clasts were mainly derived from the limestones of the
Bornova mélange and from the Neogene units. 

The fan deposits interfinger with alluvial plain and
fluvial deposits. The alluvial plain deposits can be followed

along the Yobaz River in the Cumaovası plain. The alluvial
plain deposits consist of clay and silt, matrix-supported,
loosely-cemented sands and organic material-rich mud
and clays. The fluvial deposits are characterized by cobble
to boulder conglomerates and sands deposited along the
river channels in the Cumaovası plain. These are
controlled by the present-day drainage system in the
region (Figures 2 & 3). 
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Structural Geology

Two distinctly oriented fault sets are mapped in the
Cumaovası basin (Figures 2, 3 & 8). These are: (1)
approximately NE–SW-striking strike-slip faults and (2)
approximately E–W-striking normal faults. They bound
and control the present tectonic framework and overall
geomorphic configuration of the Cumaovası basin. The
western part of the Cumaovası basin is bounded by strike-

slip faults, whereas the central, southern and northern
parts of the basin are bounded by normal faults. All these
faults are brittle and the kinematics of faulting are
determined by using structural criteria that are well
documented in the literature (Hancock 1985; Means
1987; Petit 1987; Stewart & Hancock 1991). Virtually all
faults have slickensides with structures indicative of slip
direction and in some cases shear sense. Shear direction
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indicators include striae, grooves, gashes, elongate calcite
crystals and riedel shears. In several localities, more than
one set of slip lineations on a single fault plane is
established. We have also studied the stress field
orientations using the observed slip surfaces at 17
stations along the faults where the fault-plane related
features are well exposed.

Strike-slip Faults

Numerous strike-slip faults of variable sizes occur at the
western margin of the Cumaovası basin. They are mostly
dextral-slip faults with normal- and locally reverse-slip
components. The fault planes are well-preserved where
they cut the pre-Neogene basement rocks and the
Neogene rhyolitic lavas and conglomerates. The strike-slip
faults that control the drainage pattern of the basin are
the Orhanlı Fault Zone and Yeniköy, Deliömer and
Kunerlik faults (Figures 2 & 3). Descriptions and
kinematic analyses of the faults are given below.

The Orhanlı Fault Zone forms the western margin of
the Cumaovası basin, and is also the most prominent
structure in the region south of İzmir city (Figures 2, 3 &
10). It bounds the Seferihisar High to the east. It may be
traced for about 45 km, between İzmir Bay in the north
and Kuşadası Bay in the south. The fault zone includes
several dextral fault segments extending mainly in a NE–
SW-direction. At st-1, to the northwest of Gaziemir
village, the pre-Neogene rocks and the Görece formation
are tectonically juxtaposed along the Orhanlı Fault Zone.
The fault segments have an overall strike of 10° NE and
48° NE and average dips of about 89° NW and 72° NW,
respectively. The main motion along the slip surfaces is
dextral strike-slip, however, there is some
geomorphological and structural evidence for the
presence of an earlier sinistral strike-slip motion. The
calculated rake angles for the older sinistral-motion are in
the range of 09° to 22° S, whereas for the younger
dextral-motion there is a range of 13° to 17° N (Figures
9, 11 & 13).

Three stations (st-2, 3 & 4) on a fault segment lying
between Orhanlı village and Gaziemir town also reveal
two sets of slickenlines. These show sinistral and dextral
strike-slip movements where the rake of slip lines average
10° N (03–18° N) are superimposed by striations with an
average rake of 20° S (14–27° S).

There are several well-exposed fault planes trending
N35°E and 80° to 86° SE-dipping on limestones of the

Bornova mélange to the northeast of the Doğanbey village
(st-5). Well-preserved slickenlines on these planes reveal
dextral strike-slip faulting with minor normal-slip
component and rakes ranging from 20° to 27° S. On
some of these fault planes, there is also evidence for older
sinistral strike-slip movement with rake angles in the
range of 17° to 22° N.

At st-6 to the north of the Çatalca village, the principal
displacement fault of the Orhanlı Fault Zone juxtaposes
the Bornova mélange rocks with the Ürkmez formation.
Here, fault planes show dextral strike-slip faulting with a
minor normal-slip component trending approximately
N36°E and dipping 68° to 76° SE (where the rakes of
slip-lines are in a range of 14° to 22° S). The asymmetric
structures show that a dextral shear sense is predominant
in the fault zone, consistent with that inferred from
tectonic landforms and focal mechanisms for moderate
earthquakes occurred along the Orhanlı Fault Zone
(Figure 11). On the contrary, a sinistral shear sense is also
identified in the same zone, where the rakes of slip-lines
are in a range of 09° to 17° N. This discrepancy of shear
senses in the same fault zone shows that a slip sense
inversion has occurred along the Orhanlı Fault Zone.

To understanding the recent activity of the Orhanlı
Fault Zone, morphotectonic features (cf. Lin et al. 2002;
Maruyama & Lin 2004; Ganas et al. 2005) are
investigated by interpretation and analysis of 1:25000-
scale topographical maps and by detailed field mapping at
the 1:25000 scale. Typical tectonic landforms, such as
systematically deflected stream channels and ridges,
shutter ridges, and fault scarps, are recognized along
segments of the Orhanlı Fault Zone. These reveal a major
active strike-slip fault zone to the south of İzmir city.

Three representative topographic maps are prepared
to show special drainage patterns that developed in the
areas along the fault zone (Figure 10). In these areas,
most of the southeastward flowing stream channels are
deflected dextrally to flow southwestward along the fault
traces and then turn their traces again southeastward.
However, relatively less sinistrally deflected rivers are also
established. 

Along the northern part of the fault zone, the Bahçe
River and Dana River exhibit approximately 300 m dextral
bends (Figure 10b). In the Middle part of the fault zone,
the deeply incised Balaban River exhibits a complicated
river morphology. Where the river intersects the active
fault traces, it presents a hairpin-shaped bend (Figure 10)
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Figure 9. Field photographs showing outcrops of strike-slip faults in the Cumaovası basin. (a) and (b) shows reactivated nature of the
Orhanlı Fault Zone. (a) Two striae with different sense of motion developed on the sandstone of the Bornova mélange. Here,
sinistral slip occurs on ridge-and-groove and iron-coated slickensides, whereas striae with dextral slip predominantly indicating
dextral faulting are superimposed on the same planes. The dextral faults are marked by grooves and clay-gauge; (b) a fault
plane with superimposed striae on the conglomerate of the Ürkmez formation. Note the dextral lineations superimposed on
the sinistral strike-slip. These crosscutting relations of different kinematic markers give a good relative age determination of
both kinematic phases; (c) slip-plane of the Orhanlı Fault Zone indicating nearly horizontal slickensides. Note a thick fault
breccia in front of the slickensided fault plane; (d) close-up view of the fault plane, and (e) a slip-plane of the Kunerlik fault
indicating nearly horizontal slickensides.



similar to those observed across the active faults in
northwest Indochina (Lacassin et al. 1998) and in
southwest Japan (Maruyama & Lin 2004). On the hairpin-
shaped river, the segments following the active fault trace
for 300 m are interpreted to be formed by cumulative
dextral offsets (Figure 10c). When 300 m dextral offsets

are removed to reconstruct the river morphology prior to
dextral faulting, the river channels can not be restored to
simple straight morphology but show a sinistral deflection
up to 700 m (Figure 10c). Several shutter ridges are also
established along the fault zone between Orhanlı Village
and Çatalca Village. The Karapınar stream flows southeast
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into the fault where it is diverted approximately 1200 m
to the southwest by a 140 m high shutter ridge. These
ridges are aligned parallel to fault segments of the fault
zone (Figure 10d). On the basis of their morphological
and structural features, it can be interpreted that the
early sinistral offsets are later overprinted by dextral
offsets. In addition to that, several hot springs occur in
the central part of the fault zone, implying that the fault
zone provides effectively conduits for the geothermal
field. This indicates that the hotsprings in the area are
associated with active faults.

The Yeniköy Fault is a 200-m-wide, 30-km-long, NE–
SW-trending strike-slip fault, running approximately
parallel to the Orhanlı Fault Zone (Figures 2, 3 & 10). It
is located between the Görece and Ürkmez villages.
Northwest of the basin, near Görece, it cuts and tilts the
Plio–Quaternery alluvial sediments of the Görece
formation. The fault planes indicate a dextral strike-slip
faulting with minor normal-slip components. They bound,
the morphological high of Çubukludağ, Dededağ ve
Karadağ to the east and cut Neogene sandstones,
conglomerates and rhyolites. Near the Bahçecik village
(st-7), there are a few fault planes indicating a dextral
strike-slip faulting with a minor normal- and reverse-slip
component. These have fault planes trening in N50°E
direction and NW-dipping at 72° to 82°. The slickenlines
on the planes shows a rake angle ranging from 03° to
27° S (Figure 13). It can be explained as a synthetic riedel
shear (R shear) that has the same shear sense as the
Orhanlı Fault Zone.

The Deliömer fault running in a nearly E–W direction
is marked by a well-developed fracture zone having a
width of >20 m. The fructure zone is composed of
nonfoliated cataclasite, fault breccia, and fault planes with
nearly horizontal slickenlines. It also displays abundant
morphologic features characteristic of strike-slip
movement. Abundant striations (plunging 14° SE)
generated on the fault plane show a principal strike-slip
sense of motion. The fault, as seen in Figure 2, appears
as single continuous trace, but a closer view reveals that
in fact it is made up of arrays of meso-scale synthetic and
antithetic riedel shears forming a narrow damage zone.
The shear sense indicators including lineations and riedel
shear geometries suggest sinistral strike-slip motion. The
Deliömer fault can be interpreted as an antitethic
conjugate riedel shear (R’) of the Orhanlı Fault Zone
(Figures 2 & 3).

The Göllükaya fault is 50-m wide, 20–22-km long,
and located between the Cumaovası and Gümüldür
villages (Figures 2 & 3). It cuts Neogene sediments and
volcanic successions through the Çubukdağ, Dikmendağ
and Kızılcaağaç highs. Northwest of Kunerlik village, well-
exposed fault planes show dextral strike-slip faulting with
nearly horizontal sliplines. Volcanic centres also form
along the N–S-trending faults that form structural highs
between sub-basins.

The Kunerlik fault is a dextral strike-slip fault and
displays abundant morphologic features characteristic of
strike-slip faults. It is a 200-m-wide, 20-km-long, N25°E-
trending dextral strike-slip fault (Figures 2 & 3). It
bounds morphological highs, Çubukludağ, Dikmendağ ve
Kızılcaağaç hills, to the east, and cuts Neogene
sandstones, conglomerates and rhyolites. Along the
Kunerlik, Şaşal and Keler villages, there are several well-
exposed fault planes dipping at 76° to 89° SE, where the
rakes of slip-lines range from 02° to 12° S (st-9). Around
Şaşal village, the Kunerlik fault separates Neogene
rhyolites from the recent alluvial unit. To the north (st-8),
it cuts and tilts the alluvial fan deposits of Görece
formation. Well-preserved slickenlines on the fault planes
show dextral strike-slip faulting with rake of sliplines
ranging from 0° to 11° NE. The Kunerlik fault is
interpreted as an active fault, because it has several fault-
parallel-aligned hydrothermal springs (near Şaşal village)
and fresh slickensides that cut the Plio–Quaternery to
recent sediments.

Normal Faults

Numerous normal faults of variable size were mapped
along the northern and southern margins of the
Cumaovası basin. The E–W-trending normal faults display
well-developed step-like pattern dominated by first- and
second-order synthetic fault segments. They are termed,
from the north to the south of the study area, Buca,
Kısıkköy and Değirmendere faults (Figures 2 & 3). 

The Buca fault bounds the morphological high
between the Buca and Kısıkköy villages to the north
(Figures 2, 3, 8 & 12). It is a 30-m-wide, 8-km-long,
approximately E–W-trending normal fault zone, which is
located near the Buca village. The fault is characterized by
a curvilinear range-front fault trace along which Neogene
claystone-limestone alternations and red-coloured alluvial
fan deposits of Görece formations are tectonically
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juxtaposed. There are also series of actively growing
alluvial fans upon these rocks. The Buca fault also displays
several well-exposed fault planes and well-preserved
slickenlines. Kinematic data on these planes show that the
Buca fault is an oblique-slip normal fault with a minor

sinistral strike-slip component. The rake of slickenlines
ranges from 64° to 89° W.

The syn-extensional sedimentary strata formed in the
hanging wall of the Buca fault were rotated to form a
WNW–ESE-trending fold. The length of the fold is not
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longer than two kilometres and has formed close to the
fault line (Figure 8). The fold is open, almost upright
syncline with a fold axes plunging towards N78°W at 07°.
The hinge line of the fold is closely parallel to the strike
of the Buca fault, but normal to the extension direction.
The extension-related folds that have formed in the
hanging wall of the normal faults are termed as fault-
parallel longitudinal folds (drag folds; Schlische 1995).
The axes of these extensional folds form as longitudinal
drag to the associated normal faults (Mancktelow & Pavlis
1994; Fletcher et al. 1995; Schlische 1995). Drag folds
are expected to be formed as a result of the lateral end
upward propagation of faults into regions that have been
monoclinally flexed at the fault tips (Hancock & Barka
1987).

The Kısıkköy fault (KF) bounds the morphological
high located between the Buca and Kısıkköy villages
(Figures 2, 3 & 12). The fault is a 10-m-wide, 6-km-long,
approximately E–W-trending oblique-slip normal fault
with a minor sinistral strike-slip component. It separates
Neogene limestones from red alluvial fan deposits of
Görece formations. There are also a series of actively
growing alluvial fans aligned parallel to the fault. The
well-exposed fault planes are dipping an average of 60° S
and the sliplines have rake angles ranging from 51° to
73° E.

The Değirmendere fault (DF) is the southern margin-
bounding fault of the Cumaovası basin (Figures 2, 3 &
12). It bounds the Değirmendere high to the north, and
is located in the area between the Şaşal and Değirmendere
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Figure 12. Field photographs showing outcrops of normal faults in the Cumaovası basin. (a) The approximately E–W-trending and
southerly-dipping range-front fault, and (b) close-up view of oblique-slip Kısıkköy fault; (c) close-up view of the
Değirmendere fault. Note slickensides indicating oblique-slip normal faulting with a minor sinistral strike-slip component; (d)
close-up view of the slip-plane of the Buca fault indicating nearly dip-slip.
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villages. The fault zone displays a well-developed step-like
morphology and triangular facets. It cuts pre-Neogene
rocks of the Bornova mélange and Neogene sandstone-
conglomerates and formed several recent alluvial fans
aligned parallel to the fault. Kinematic data show that the
Değirmendere fault is an oblique-slip normal fault with a
minor sinistral strike-slip component. The fault zone
includes fault planes dipping an average of 65° N with
rake of sliplines ranging from 63° to 71° NW.

Kinematic Analysis of Fault-slip Data 

The inverse analysis of fault-slip data (the orientation and
dip of the faults, and sense of slip along them) within the
pre-Neogene to Quaternary deposits were used to
calculate the principal stress direction responsible for
faulting. The fault-slip data are analyzed using the Direct
Inversion Method of Angelier (Angelier 1979, 1984,
1994; Angelier et al. 1982). The method is based on the
assumption that the rigid block displacement is
independent and that striations on a fault plane are
parallel to the maximum resolved shear stress (τ) applied
on this fault. All inversion results include the orientation
(plunge and azimuth) of the principal stress axes as well
as the ‘stress ratio (ϕ) [ϕ = (σ2 – σ1)/(σ3 – σ1)]’, a linear
quantity describing relative stress magnitudes. The stress
axes σ1, σ2, and σ3 correspond to maximum intermediate,
and minimum principal stress axes, respectively. In order
to understand the kinematic history of the Cumaovası
basin, 140 fault-slip data have been analysed from 17
stations (Figure 13 & Table 1). The computed results of
the slip data measurements for each fault will be given
below.

In the western margin of the basin, we have studied
the observed slip surfaces at six localities (st-1–6) along
the segments of the Orhanlı Fault Zone where the sinistral
strike-slip are superimposed by dextral strike-slip motion.
The inverse analysis results of fault-slip measurements for
early phase of sinistral strike-slip faulting define steeply
plunging σ2 axes (53° and 76°), but gently plunging σ3

axes (09° and 32°). The main orientation of σ1 axis is
very variable with an approximately horizontal plunge
(10° and 30°). The results suggest that sinistral strike-
slip faulting developed under an approximately N–S-
trending compression associated with E–W extension. The
fault-slip measurements for the later phase of dextral
strike-slip faulting define a near horizontal σ1,

approximately 260° trending, and, 10° plunge, whereas
σ3 axes have attitudes of approximately 25°/260°,
respectively. The orientation of σ2 axes is variable with
approximately vertical plunging. The results suggest an
approximately N–S-directed extension associated with E–
W compression (the readers are referred to Table 1 for
more details).

The stress field orientations at st-7 along the strike of
the Yeniköy Fault suggest a NNE–SSW-directed extension
associated with WNW–ESE compression (Figure 13, Table
1). The calculated σ1 trends 275° and plunges at 14°,
whereas σ2 and σ3 axes have attitudes of 76°/086° and
02°/185°, respectively.

Fault-slip data from two localities (st-8 and st-9)
along the strike of the Kunerlik fault define an
approximately vertical σ2, plunging at 74–77°, whereas
the σ1 and σ3 axes are almost horizontal, plunging at 03–
07° and 12–15°, and trending 259–106° and 350–198°,
respectively. The results suggest that the faulting is
consistent with an approximately N–S extension
associated with E–W compression. 

The fault-slip data collected from st-15 along the
Deliömer fault include nearly horizontal σ1 (18°) trending
at 074°, whereas σ2 and σ3 axes have attitudes of
72°/239° and 04°/342°, respectively. The results suggest
strike-slip faulting in an approximately NW–SE-trending
compression associated SW–NE extension.

Seven stress-sites are characterized by tensors with a
subvertical σ1 that are consistent with approximately
NW–SE extension (Figure 13). There, the σ2 and σ3 axes
are subhorizontal, but vary in trend, which makes
evaluation of this tensor difficult. These tensors have been
collected from stations located along the Buca, Kısıkköy
and Değirmendere faults. The computed results of fault-
slip measurements along the Buca fault in two localities
define a relatively steeply plunging σ1 axes (53° and 62°),
but gently plunging σ2 axes (03° and 25°). The
orientation of the σ3 axis is very similar for both localities
with attitudes of 25°/336° and 27°/341°, respectively.
Along the strike of the Kısıkköy fault, the computed
results in two localities show remarkable similarities and
define an approximately vertical σ1, plunging at (65–69°).
The σ2 and σ3 axes are almost horizontal, plunging at 25–
20° and 00–06°, and trending at 205–218° and 114–
126°, respectively. In the southern margin of the basin,
the stress field orientations using the observed slip
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surfaces along the strike of the Değirmendere fault define
a near vertical σ1, plunging at 73°, whereas σ2 and σ3

axes have attitudes of 16°/065° and 06°/333° ,
respectively (Table 1). 

The relatively low value of φ derived (0.170 at several
stations (st-11, 12 & 14) indicates that the magnitude of
σ1 is much higher than σ2 and is consistent with the
extensional deformation. The calculated φ value from the
slip surfaces in st-12 is small (0.080) and indicates very
high magnitude for σ1 then σ2; this is in line with the
almost pure N–S extension. However, the calculated high
value of φ (more than 0.5) at stations located along the
western margin of the basin are consistent with strike-slip
motion.

With respect to the above results, there are generally
two types of faults (strike-slip faults and normal faults)
but three different sets of fault-slip data in the Cumaovası
basin. The strike-slip faults are steeply dipping and trend
approximately NE–SW. Some of them (several segments
of the Orhanlı Fault Zone) show clear evidence of early
sinistral slip reactivated by later dextral motion. During

sinistral motion, the maximum compressive stress (σ1)
was mainly oriented N–S, whereas during dextral slip σ1

was oriented approximately E–W. The third set of fault-
slip data obtained from the normal faults reveal NE–SW,
N–S and NW–SE extension. The orientation of principal
stress axes for the normal faulting is very similar to an
orientation for dextral strike-slip faulting. This indicates
that dextral strike-slip faulting and normal faulting likely
operated concurrently. Examples of analysis of polyphase
deformation have been also performed on the Efes
(Dumont et al. 1980) and Manisa faults (Bozkurt &
Sözbilir 2006).

Age of Faulting

There are three views dealing with the N–S compression
that may be responsible for the former sinistral strike-slip
motion in the study area: (1) the Bornova Flysch Zone
was deposited in a NE–SW-trending sinistral transform
fault zone during the Late Cretaceous–Paleocene (Okay et
al. 1996), (2) there was a wrench-dominated corridor
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Figure 14. A block diagram showing structural configuration of the Cumaovası Basin. 
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lying along the Bornova Flysch zone that separated the
Aegean region from West Anatolia during the Miocene
(Ring et al. 1999), and (3) an intervening N–S
compressional phase existed during the Early–Middle
Pliocene (Koçyiğit et al. 1999; Rojay et al. 2005; Bozkurt
& Sözbilir 2006; Kaya et al. 2007; Emre & Sözbilir
2007). 

Based on the timing of the E–W and N–S graben
evolution in the region, a number of studies (Dumont et
al. 1980; Şengör et al. 1985; Seyitoğlu & Scott 1992;
Erinç 1955; Lips et al. 2001; Rojay et al. 2005; Bozkurt
2001a, 2003; Bozkurt & Sözbilir 2004, 2006) help
identify the possible Pliocene compression that may be
responsible for strike-slip motion in the study area.
According to palaeomagnetic studies, a rotation existed in
the region since the Late Miocene (Kissel et al. 1986,
1987; Mercier 1981; Westaway 1990; Temiz et al.
1998; Rojay et al. 2005). A N–S compressional period
reflected by strike-slip faulting in the central western
Anatolia was accepted as contemporaneous to the
intervening compressional phase in the region (Dumont et
al. 1981; Angelier et al. 1981). Kaya et al. (2007)
documents structural evidence for a compressive phase
characterised by a NW–SE-trending dextral wrench-
dominated fault zone (the Halitpaşa transpressive zone)
which is located in the northwestern continuation of the
Gediz Graben. The deformation is Early Pliocene in age
according to field relations and mammalian data and is
attributed to the known compressive pulse of the Aegean
Arc. In addition, the Late Serravalian–late Early Pliocene
is presumed to be the time of N–S compression in the
Gediz Graben region (Koçyiğit et al. 1999). Based on the
principle stress direction, anticlockwise rotation is
observed from N–S compression to E–W compression.
This indicates that the palaeostress field seems to be
changed by major tectonic events; probably related to the
dextral movement on the North Anatolian Fault Zone.
According to Rojay et al. (2005), one compressional
period, multidirectional extensional periods (three
successive deformational phases), and a possible
counterclockwise rotation for the post-Miocene period
have been developed in the Küçük Menderes Graben.
According to Angelier et al. (1982) both extension and
compression took place during Miocene times and at least
three compressional events occurred in western Anatolia.
The first event, between the Aquitanian and Burdigalian
formed NW–SE compressive structures in the Lycian

molasse basin (Sözbilir 2005). The second compressional
event produced numerous folds, thrusts and strike-slip
faults in the Miocene near İzmir, with compression varing
from E–W to NW–SE and occurring during Langian–
Tortonian times. The last important NE–SW
compressional event occurred at the end of the Miocene.

The Cumaovası basin is characterized by episodic
tectonic activity, where superposed transpressional and
transtensional deformation occurred. The sinistral offset
is consistent with that recorded in the pre-Neogene
basement rocks (st-5). It has been proposed that strike-
slip faulting was active during the Late Miocene as the
basin was divided into sub-basins by NE–SW-trending
volcanic domes. The radiometric ages (11.5–9 Ma K/Ar
ages) obtained from samples of rhyolitic lavas are coeval
with the strike-slip tectonism (Borsi et al. 1972).
Structural evidence for the Pliocene compression phase is
established at st-2, 3, 4 and 6, where the Ürkmez
formation deformed by a reactivated strike-slip fault
segment of the Orhanlı Fault Zone. We believe that
transpressional deformation had ceased prior to
deposition of the Plio–Pleistocene Görece formation. The
structural observations show that the dextral strike-slip
fabrics were overprinted on sinistral ones which formed
during a previous deformation phase. During the Late
Miocene–Early Pliocene compression phase, the entire
Aegean and Anatolian region was affected (Mercier
1981). Some workers consider that the subduction along
the Aegean trench is closely related to the compression
phase referred to above. The presence of two sets of
striations on the slip surfaces suggest that the fault is a
reactivated structure. Slip sense should have changed over
time from sinistral to dextral movements. The latter
episode of dextral strike-slip deformation phase coincides
with a regional change in stress regime that occurred
during the Plio–Quaternary as a response to the onset of
westward tectonic escape of Anatolia along the NAF and
EAF (Dewey & Şengör 1979; Şengör et al. 1985; Şengör
1987). The switch to NE–SW extension in the Late
Pliocene relates to a regional change in stress direction
throughout in the Aegean region. Strike-slip faults as well
as normal faults developed, suggesting that the later
palaeostress field was a transtension one. Relative ages
are inferred from cross-cutting relationships between
successive striae on the same fault plane and from
geomorphological evidence along the fault zone. During
this time interval the transtensional Cumaovası basin
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developed, in which Plio–Quaternary sediments were
deposited. The Plio–Quaternary transtensional
deformation has also been described along the İzmir-
Balıkesir Transfer Zone within several basins (e.g.,
Kemalpaşa-Torbalı basin in Sözbilir et al. 2004; Bigadiç
basin in Erkül et al. 2005a, b).

Kissel et al. (1987) stated that major differential block
rotations occurred between the Karaburun Peninsula and
the area immediately NE of İzmir. For the İzmir area, the
most striking feature is that the Karaburun Peninsula
west of the Gülbahçe fault appears to have rotated
clockwise since the Late Miocene (Kissel et al. 1987;
Orbay et al. 2000). On the other hand, Kissel et al.
(1987) documented that the area immediately north and
east of İzmir shows anticlockwise rotation. Aktuğ &
Kılıçoğlu (2006) have established a GPS monitoring
network in 2001 to investigates active deformation
around İzmir. Their results show E–W shortening
between the Karaburun Peninsula and the northern part
of İzmir Bay. According to these authors, this stress
regime is related to dextral faulting and clockwise
rotation around Karaburun Peninsula. These results
suggest that the dextral slip of the fault has mainly
accommodated the E–W shortening associated with N–S
extensional forces during actual regime.

Discussion and Conclusion

For over 30 years, earth scientists have conducted field-
oriented studies in western Anatolia and these studies
revealed that the deformation in the brittle upper crust is
accompanied by the normal faults and related basins since
Miocene time. However, recent earthquakes occurring to
the south of İzmir Bay region indicate that strike-slip
motion in this region is the major cause of such seismic
events (1992, Doğanbey MW = 6.0; 2003, Urla MW = 5.7;
and 2005, Sığacık MW = 5.4-5.8, see Benetatos et al.
2006 and Aktar et al. 2007 for detailed descriptions of
the seismic events). Field-oriented geological studies also
support a strike-slip dominated zone of weakness (the
İzmir-Balıkesir Transfer Zone) that may responsible for
the listed earthquakes. Within the zone, the structure and
kinematics of the Cumaovası basin are documented. We
found that the central and northern parts of the
Cumaovası basin are shaped by normal faults while
western part of basin is deformed by major strike-slip
faults. As such, this study is the first detailed field-based

investigation of active strike-slip faults in Western
Anatolia.

Based on stratigraphical, sedimentological and
structural data, we describe the Cumaovası basin as a
strike-slip basin because: (1) it is an asymmetric basin
which is bounded by strike-slip and normal faults
synchronously, (2) the basin fill is longitudinally and
laterally asymmetric; and (3) the basin fill is generally
characterized by abrupt facies changes and multiple basin
margin sources (Figure 14). The normal fault population
strikes approximately E–W, whereas the strike-slip
population has a clear pattern with a predominant NE–SW
orientation. The regionally significant one, the Orhanlı
Fault Zone, has distinctive sinistral and dextral strike-slip
geomorphic features including deflected river channels,
offset ridges, shutter ridges, and fault scarps. The
geomorphic evidence suggests that the Orhanlı Fault Zone
is active. The recent activity is also indicated by a
moderate magnitude seismic event (the 6 November
1992 earthquake; Tan & Taymaz 2001) and by the
presence of several hot springs located along the fault
zone. Alternatively, previous geological studies interpret
the Orhanlı (Tuzla) Fault Zone as a thrust fault, dextral
strike-slip fault and sinistral strike-slip fault by Eşder &
Şimşek (1975), Emre & Barka (2000) and Genç et al.
(2001), respectively. Our kinematic analyses on the
striated fault planes suggest two sense of movements
with opposite kinematic indicators. The earlier sinistral
strike-slip movement is overprinted by the subsequent
dextral strike-slip markers. Geomorphologic indicators
such as the offset of river channels and pressure ridges
also support two different movement along the Orhanlı
Fault Zone.

According to Seyitoğlu & Scott (1992), the region
underwent a single tectonic period since the Late
Oligocene–Early Miocene. As an alternative interpretation,
we suggest the possibility of a stress regime that changed
with time. A total of 140 measurements of striated fault
planes from 17 sites along both strike-slip and normal
faults were collected in pre-Neogene basement in
Neogene sediments and volcanites, as well as in Plio–
Quaternary sediments. Field data and kinematic analyses
along these major faults show that the strike-slip and
normal faulting are developed synchronously. Kinematic
data derived using the Angelier method indicate that the
first movement in the region was related to
approximately E–W extension associated with N–S-



directed compression. On the other hand, the later stage
of activity is consistent with approximately N–S extension
associated with E–W-directed compression. This
transtensional phase is still ongoing in the region, as
indicated by active fault planes and focal mechanisms of
shallow earthquakes. These successive events of extension
and compression may be related to the westward escape
and southwestward motion of western Anatolia along the
North Anatolian Fault Zone and then the Aegean-Cyprus
subduction zone.
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