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ABSTRACT
In the western Anatolia, the tectonic regime transitioned from crustal shortening to extension during 
Late Cenozoic time and evidence of this event was imprinted on basement lithologies and N-S 
and E-W oriented two distinct basin sub-types. Here, we examined the exhumation mechanism of 
the Menderes massif that forms the basement of these basins from a different perspective. The N-S 
oriented basins overlying different basement rock types were re-evaluated based on new evidence 
that has potential to put new constrains for interpreting the tectonic evolution of the area. Unroofing 
of the Menderes Massif must have developed due to compressional core complex. Per the model 
generated from our observations, we propose that the western Anatolia underwent a N-S contraction 
during the Early-Middle Miocene time. In this period from Marmara Sea at north to Mediterranean 
Sea at south, numerous basins, as in Gördes and Demirci, were bound by N-S oriented oblique 
faults. Evidence of contraction in the region during Early Middle Miocene time is understood by 
N-S oriented obique, strike-slip faults, folds, and reverse faults. Starting from the Plio-Quaternary 
time, the contractional regime was shifted to extension and ensuing E-W oriented grabens were 
formed in Gediz, Büyük Menderes, and Gökova. The structural deformation associated with these 
E-W oriented grabens are normal faults and related open folds. Geological evidence of multi-
generation extension is recognized in the basins and basin-filling deposits throughout the Neogene 
to Quaternary time.
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1. Introduction

Western Anatolia was exposed to the mutual 
interaction of contraction and extension systems 
during the Late Cenozoic. According to their 
position, two groups of basins are mainly present in 
the region as E-W and N-S trending, and there are 
several discussions on them. The most important 
of the major issues is to reveal the main data of the 
compressional and extensional tectonics and their 
relations and, accordingly, dating the initial ages of 
compressional and extensional tectonics. There is 
no consensus has yet been reached on these issues 
(Şengör, 1979; Seyitoğlu and Scott, 1991; Yılmaz et 

al., 2000; Bozkurt, 2003; Gürer et al., 2001, 2009, 
2014; Sözbilir et al., 2011; Özburan and Gürer, 2012; 
Gürbüz et al., 2012; Sangu et al., 2020). Three main 
problems have not been fully reconciled regarding the 
Neogene-Quaternary geology and structural elements 
of the region. These are;

1) What is the origin of extension? 

Six different models have been proposed to 
answer this question: a) the southward rollback of 
the African plate or the back-arc spreading model 
(McKenzie 1978; Jackson and McKenzie 1988), b) 
orogenic collapse model (Dewey 1988; Seyitoğlu 
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and Scott 1991; McClusky et al., 2000), c) tectonic 
escape model (Dewey and Şengör 1979; Şengör 
1987), southward retreat of the northward subducting 
African slab due to post-orogenic collapse (Gautier 
et al., 1999; Jolivet, 2001), e) two-phased extension 
model (orogenic collapse/rollback of the subducting 
slab and tectonic escape) (Koçyiğit et al., 1999; 
Yılmaz et al., 2000; Bozkurt 2000, 2001b, 2003, 2004; 
Purvis and Robertson 2004; Bozkurt and Rojay 2005), 
f) extension in the Aegean Region due to different 
convergence rates towards the northeast between 
African slab and the Eurasian lithosphere. The faster 
southwestward motion of Greece than that in Cyprus 
and Anatolia resulted in the Aegean-West Anatolian 
Rift (Doglioni et al., 2002).

2) What is the origin of the N-S basins? 

For the origin of N-S trending basins, one of 
the following six models has been suggested: a) the 
basins developed as paleotectonic Tibetan type cross-
grabens under N-S compression, then changed into 
neotectonic Aegean type cross-grabens under N-S 
extensional regime (Şengör et al., 1985; Şengör, 1987; 
Görür et al., 1995). b) the basins developed as Aegean-
type cross-grabens, similar to the strike-slip basins 
associated with syn-sedimentary volcanism (Bozkurt, 
2003). c) the third model suggests that the N-S basins 
are related to the strike-slip faults developed under 
N-S compression and E-W extension (Yılmaz et al., 
2000; Gürer et al., 2009, 2013; Özburan and Gürer, 
2012). d) The basins in N-S and E-W directions 
developed simultaneously during the N-S extensional 
regime since the late Oligocene-Early Miocene. The 
extension was attributed to late orogenic collapse, 
which occurred just after the Paleogene compression 
had been ended (Seyitoğlu and Scott, 1991, 1994). 
e) N-S trending basins are not extension-related, 
they are intermountain basins (İnci, 1998, 2002). 
f) the basins are either supradetachment basins or 
depositions occurred in transtensional basins (Purvis 
and Roberston, 2004; Seyitoğlu et al., 2004; Ersoy et 
al., 2011; Sözbilir et al., 2011; Sümer et al., 2020).

3) Is the extension in the region continuous or 
discontinuous? 

a) According to some researchers, the extensional 
system was continuously active from the Late 
Oligocene to the Quaternary (Seyitoğlu and Scott, 

1991; Işık et al., 2003). Seyitoğlu and Işık (2015) 
claimed that there was no compressional regime in 
the region that continued until the Late Pliocene or 
between Miocene-Pliocene, even for a short period. 
b) Some other authors have proposed a multistage 
extensional history with two different suggestions. 
The first group suggested that the Late Oligocene-
Early Miocene stretching could not be responsible for 
all extensional tectonic history and that continental 
extension in the region was not a continuous event 
(Purvis and Robertson, 2004; Bozkurt and Sözbilir, 
2004; Bozkurt and Rojay, 2005). According to this 
model, the stretching direction in Western Anatolia 
has always been N-S. The second group suggested 
multiple stretching phases in different directions 
(Koçyiğit et al., 1999; Yılmaz et al., 2000; Genç et al., 
2001; Gürer and Yılmaz 2002; Ring et al., 2003; Gürer 
et al., 2001, 2003, 2006, 2009, 2021; Koçyiğit, 2005; 
Kaymakçı, 2006; Çemen et al., 2006; Koçyiğit and 
Deveci, 2007; Alçiçek and Ten Veen, 2008; Gürbüz 
et al., 2012; Özburan and Gürer, 2012; Gürboğa et al., 
2013).

The largest E-W trending grabens are Bakırçay, 
Kütahya, Simav, Gediz, Küçük Menderes, Büyük 
Menderes and Gökova grabens. These grabens 
and the normal faults restricting them are the most 
seismically active structures of western Anatolia. 
There is no consensus on the onset of the formation 
of E-W trending grabens. However, some researchers, 
based on paleontological and geochronological data, 
suggested that grabens began to develop in the Early 
Miocene (Seyitoğlu and Scott, 1991, 1996), in the 
Late Miocene (Şengör and Yılmaz, 1981; Şengör et 
al., 1985; Şengör 1987; Kaymakçı, 2006), or in the 
Plio-Quaternary (Dewey, 1988; Yılmaz et al., 2000; 
Sarıca, 2000; Bozkurt, 2000, 2001b; Gürer et al., 2009; 
2013; Özburan and Gürer, 2012; Yılmaz, 2017a, b). 
Other structural elements of Western Anatolia are the 
N-S trending basins and uplifts. These basins, mainly 
Urla, Çubukludağ, Seyitömer, Sabuncupınar, Gördes, 
Demirci, Selendi-Uşak, Ören, Eskihisar and Tınaz, 
join-up with the E-W grabens at high angles.

This article aims to give brief information about 
the basins in Western Anatolia and reevaluate the 
debates, particularly on the formation of N-S trending 
basins. These evaluations will be discussed within the 
scope of the author’s studies in the region and other 
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publications from the literature. Although the origin 
of the crustal extension is controversial, it is possible 
to examine the hypotheses about the continuity of the 
extension with detailed geological studies, especially 
in the basins.

2. Regional Geological Setting

There are two main types of rock groups in 
Western Anatolia as the pre-Neogene basement and 
the Neogene-Quaternary sequences (Figure 1). From 

north to south, the main tectonic units are a) Sakarya 
Continent, b) İzmir-Ankara Suture Zone, c) Menderes 
Massif, d) Lycian Nappes, and e) Taurides. These 
tectonic units were amalgamated by the closure of the 
northern branch of Neo Tethys (Vardar-İzmir-Ankara) 
in the Late Cretaceous-Eocene interval.

2.1. Pre-Neogene Basement Units

In Western Anatolia, pre-Neogene structural units 
with different geological features such as Sakarya 

Figure 1- a) Outline map of Türkiye, b) Simplified geological map of Western Anatolia (simplified from Konak, 2002, Konak and Şenel, 
2002). D: Denizli, M: Muğla, AH: Alaşehir Basin, KSH: Kuşadası-Söke Basin, ÖG: Ören Basin, BH: Bakırçay Basin, KMG: Küçük 
Menderes Graben, İAKZ: İzmir-Ankara Suture Zone.

Figure 1- a) Outline map of Türkiye and b) Simplified geological map of Western Anatolia (simplified from Konak, 2002, Konak and Şenel,
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Continent, İzmir-Ankara Suture Zone, Menderes 
Massif, Lycian Nappes, and Taurides are present. 
These structural units will be briefly introduced below, 
from north to south.

2.1.1. Sakarya Continent

Sakarya Continent is characterized by a 
strongly deformed Triassic basement with various 
metamorphics, namely the Karakaya Complex, 
which is covered by an extensive unconformity by 
Liassic conglomerate and sandstones, which pass to 
middle Jurassic-Lower Cretaceous carbonates and to 
Upper Cretaceous flysch (Bingöl et al. 1975; Okay, 
1989; Genç and Yılmaz, 1995). Sakarya Continent 
is a unit bounded by the İzmir-Ankara Suture to the 
south and the Intra-Pontide Suture to the north. Based 
on consisting of several pre-Alpine sequences as 
tectonic assemblages presenting completely different 
geological ages in the basement, the unit is assumed as 
a composite terrane (Göncüoğlu et al., 1997).

2.1.2. İzmir-Ankara Suture Zone

İzmir-Ankara Suture Zone represents the northern 
branch of Neo-Tethys. This suture, which separates 
the Sakarya Zone from the Anatolide-Taurides, is 
generally accepted as the major Tethys suture in Türkiye 
(Yılmaz, 1981). The northern branch of Neo-Tethys 
was consumed beneath the Sakarya Continent by 
northward subduction during the Cretaceous-Eocene. 
This suture zone contains intense HP/LT blueschist 
facies metamorphism in some parts (Sherlock et al., 
1999; Okay, 2002; Çelik et al., 2011). It also contains 
a number of fragmented ophiolite slices, which 
are interpreted to represent remnants of the Tethys 
oceanic lithosphere (Göncüoğlu et al., 2000). These 
oceanic lithosphere fragments were thrusted over the 
passive margin of Anatolide-Tauride platform (Şengör 
and Yılmaz, 1981; Gürer and Aldanmaz, 2002; Çelik 
et al., 2011).

2.1.3. Menderes Massif

The Menderes Massif is accepted as one of 
the metamorphic core complexes in which lower-
middle crustal rocks outcrop (Bozkurt et al., 1993; 
Bozkurt and Park, 1994; Hetzel et al., 1995; Emre 
and Sözbilir, 1997; Gessner et al., 2001a, b; Ring 
et al., 2003; Seyitoğlu et al., 2004). This crystalline 

complex is tectonically overlain by different tectonic 
units or zones such as the Lycian nappes in the south, 
and in the north and northwest by the Tavşanlı zone, 
Selçuk mélange, the Dilek Nappe, the Afyon zone, 
Ören   Unit with high pressure metamorphism (Okay, 
1981; Sherlock et al., 1999; Candan et al., 2001, 2005; 
Önen and Hal, 2000; Güngör and Erdoğan, 2001; 
Pourteau et al., 2010; Yılmaz, 2017a). In the west, 
the metamorphic rocks extending along the Dilek 
Peninsula are accepted as the eastern continuation of 
the Central Aegean Region Cycladic Massif, based 
on their geological and metamorphic characteristics 
(Candan et al., 2005; Rimmele et al., 2003, 2005; 
Gessner et al., 2001a, b; Van Hinsbergen and Schmid, 
2012; Yılmaz, 2017a). The massif is covered by 
Neogene-Quaternary sedimentary/volcanic units in 
many areas.

The tectonic position and evolution of the Menderes 
massif is controversial. The ongoing debates about the 
massif concerns the type and timing of metamorphism, 
magmatism, and deformation (Yılmaz, 2017a), the 
overall structure of the massif, how and when the 
massif’s lower-middle crustal rocks were exhumed, 
and the relationship of the massif to the other 
surrounding massifs (Whitney and Bozkurt, 2002). 
The debates are especially related to the structural 
position of the southern part of the Menderes Massif. 
Suggested models are mainly as follows: a series of 
north-vergent thrusts within the massif (Bozkurt and 
Park, 1994) (Figure 2a), southern Menderes sub-
massif as a large north-vergent recumbent fold (Okay, 
2001) (Figure 2b), a series of nappes stacked during 
south-directed thrusting (Ring et al., 1999; Gessner et 
al., 2001b). It has been suggested that the Menderes 
Massif, which was thought to have a simple structure in 
previous studies, presents a complex internal structure 
defined by the Late Alpine compressional tectonic 
product thrust faults (Partzsch et al, 1998; Candan and 
Dora, 1998; Gessner et al., 1998; Ring et al., 1999, 
2003; Dora et al., 2001; Regnier et al., 2003; Ring 
and Collins, 2005; Bozkurt, 2007). The metamorphic 
rocks of the Central Menderes Massif consist of 
four nappes stacked during plate convergence from 
Late Cretaceous to Eocene along the İzmir-Ankara 
Suture Zone (Ring et al., 1999; Van Hinsbergen, 
2010; Gessner et al., 2013). From the bottom to the 
top, these nappes include the Bayındır, Bozdağ, Çine 
and Selimiye nappes that are structurally overlain 
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Figure 2- a) the north-vergent thrust model in the Menderes Massif (Bozkurt and Park, 1999), b) a schematic cross-section illustrating the 
recumbent fold in the Menderes Massif (Okay, 2001), c) the interpreted cross-section of the Menderes Massif by Gessner et al. 
(2001c), Lips et al. (2001), Regnier et al. (2007). 40Ar/39Ar white mica ages for the Selimiye shear zone were taken from Hetzel 
and Reischmann (1996). The Bayındır low-grade mylonite zone is shown with a thick dashed line. BMG: Büyük Menderes Graben, 
GG: Gediz Graben, KMG: Küçük Menderes Graben (Regnier et al., 2007), d) an interpreted cross-section showing the positions of 
different thrust slices along the Menderes Massif (Yılmaz, 2017a). 
GG: Gediz Graben, KMG: Küçük Menderes Graben (Regnier et al., 2007) and d) an interpreted cross-section showing the positions of
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by the Cycladic blueschist unit in the west (Ring et 
al., 1999; Gessner et al., 2013; Heineke et al., 2019). 
Regnier et al. (2007) demonstrated the napped internal 
structure of the massif by conducting a study focusing 
on metamorphic conditions along the contact of 
orthogneiss and surrounding metasedimentary rocks in 
the southern Menderes Massif (Figure 2c). According 
to Yılmaz (2017a), the Menderes Massif has been 
subjected to semi-brittle to brittle, N-S compressional 
deformation, which causes the shortening, thickening 
and imbrication in the entire region. Thick-skinned 
deformation has occurred in the Menderes Massif 
and its tectonic components have been structurally 
rearranged. Deep-seated metamorphic rocks (core 
rocks) were thrusted over the cover rocks (Figure 2d, 
Yılmaz, 2017a).

A large number of studies have been conducted on 
the metamorphisms and deformations of the Menderes 
Massif and its surrounding massifs (Table 1). In these 
studies, different opinions have been put forward about 
the deformation times of the massif. Ages varying 
from Eocene to Miocene for compression, while from 
Miocene to Pliocene for N-S trending extension in the 
massif have been suggested.

2.1.4. Lycian Nappes

The Lycian nappes form a nappe stack consisting 
of fragmented ophiolites forming the uppermost 
nappe, together with the slices of the Western Tauride 
metamorphic basement and the overlying Mesozoic 
platform carbonates. Lycian nappes are widespread in 
the south of the Menderes Massif (Figure 3). Lycian 
nappes as in tectonic slices tectonically overlie the 
Beydağı parautochthon of the Western Taurides at 
the south (Poisson, 1977, Gutnic et al., 1979; Ricou 
et al., 1979; Collins and Robertson, 1998; Ersoy, 
1990). It has been accepted that the Lycian nappes 
were transported from the Neo-Tethys Ocean at the 
north of the Menderes Massif in the Late Cretaceous-
Late Miocene interval as tectonic slices, over the 
massif from north to south and emplaced in the region 
(Şengör and Yılmaz, 1981; Şengör et al., 1985; Okay, 
1989; Collins and Robertson, 1998).

2.1.5. Taurides

In the west of the Taurides, located in the south of 
Türkiye, rock units, which are mostly allochthonous, 

developed in the Precambrian-Quaternary interval crop 
out. Beydağları autochthon is a carbonate platform 
during the Mesozoic and witnessed the emplacement 
of Antalya and Alanya nappes at the end of the 
Mesozoic and/or in Paleocene, and the Lycian nappes 
at the end of the Early Miocene and the beginning of 
the Middle Miocene (early Langhian). The first two 
of these nappes are south-originated, while the Lycian 
nappes of north-origin (Konak, 2007). The northern 
branch of the Neo-Tethys Ocean was closed in the 
Eocene as a result of the collision of the Sakarya zone 
in the north and the Tauride-Anatolide Platform in the 
south (Şengör and Yılmaz, 1981). The first thrusting 
of ophiolitic nappes and platform successions from 
north to south over the Tauride platform initiated in 
the Early Eocene, and its final emplacement lasted 
until the Middle Pliocene (Poisson, 1977; Yılmaz et 
al., 2000).

2.2. Neogene-Quaternary Basins

Neogene-Quaternary sequences are mainly found 
in basins in two different directions. The N-S trending 
basins are rhomboidal- or trough-shaped, with an 
average length of 20-25 km and a width of 5-10 km 
(Figure 1). The faults controlling the opening of the 
basins are generally oblique faults with a dominant 
strike-slip component (Yılmaz et al., 2000; Bozkurt 
2003; Gürbüz et al., 2012; Gürer et al., 2001, 2009, 
2013; Ersoy et al., 2011, 2014; Yılmaz 2017a, b). 
The basins, generally have similar stratigraphy, and 
are filled with terrestrial sediments and volcanics, 
presenting lateral and vertical changes within the facies 
and lithologies. The sediments were mainly deposited 
in alluvial fan, fluvial and lacustrine environments. 
The succession, which starts with blocky conglomerate 
and conglomerate at the basin margins, then passes 
into alternations of sandstone and mudstone, and into 
marl and limestones in the basin interior. In addition to 
the sediments, volcanics in andesite, latite and dacite 
composition and volcanoclastic rocks are commonly 
found in the northern basins (Yılmaz, 1989; Yılmaz et 
al., 2000). Basin fills can reach a thickness of 1500 m.

The N-S oriented basin sequences were influenced 
by syn- and post-depositional open-closed folds and 
reverse faults at different scales and were deformed. 
Miocene deposits of the basins located in the north 
of the Gediz Graben were deformed by wide folds 
with parallel axes to the basin margins (Yılmaz et al., 
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Table 1- Views on the metamorphism and deformation of the Menderes Massif and its surrounding massifs.

Reference Deformation Components Metamorphism Conditions Time of Deformation

  Ring et al., 1999
Samos

 D1-D2, WNW-ESE oriented nappe 
emplacement

Blueschist and blueschist-greenschist 
transitional metamorphism (M1) D2, 
Blueschist metamorphism in Kerketas 
nappe (M2)

Eocene-Early Oligocene

D3, Oligocene-Miocene horizontal 
stretching,

Crustal horizontal stretching, then 
greenschist metamorphism (M3)

Early Oligocene

D4, <8.6 and 9 My, E-W short-term 
compression

The cause of this event is unknown. Miocene

D5, <8.6-Recent N-S oriented normal 
faulting phase

Late Tortonian- Recent

Bozkurt and Park, 
1999 Southern 

Menderes Massif

D1 related deformation; N-S
M1 Barrovian type regional 
metamorphism

Early Eocene-Early 
Oligocene

D2, WNW-ESE trending
?

Late Oligocene-Early 
Miocene

Gessner et al., 2001b 
Menderes Nappes

DPA, compression, top to the NE sense of 
shear

Amphibolite facies metamorphism Pre-Alpine (Proterozoic)

DA3+D4, compression, top to the S Greenschist facies Late Oligocene

Gessner et al., 2001a
Menderes Massif

First cooling phase Temperature over 110ºC
Late Oligocene-Middle 
Miocene

Second cooling phase Temperature below 60ºC Pliocene-Pleistocene

   Rimmele et al., 
2003

South of Menderes 
Massif

1st phase, top to the N sense of shear, 
compression

HP association magnesiocarpholite–
kyanite

Late Cretaceous-Eocene

2nd phase, top to the N sense of shear

AMM peak, gradual cooling (Late 
Eocene)
HP metamorphism in the cover 
metaconglomerate.
Northward thrust of the Lycian 
Nappes over the Menderes Massif,  
Reactivation of the Menderes-Lycian 
contact as a NE shear zone in the upper 
plate leading to the exposure of the 
Lycian HP rocks.

Paleocene-Eocene

3rd phase

N-S bi-directional extension, Top to 
the SW shear sense in the chloritic 
shear bands in the late exhumation 
phase.

 Oligo-Miocene

Rimmele et al., 2003
South of Menderes 

Massif

Top to the NE shearing concurrent with the 
syn-orogenic extension and exhumation of 
the Cyclades

 HP-LT  Eocene

 Extension, NE trending shear in the 
regional upper plate Miocene

Ring et al., 2003 
Gördes-Çine

Napping Late Cretaceous-Tertiary

Extension, Rapid Cooling, southward 
movement of the upper plate

Late Oligocene (25My) - 
Miocene

Extension, Cooling Pliocene
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 Regnier et al.,
 2003

South of Menderes 
Massif

Selimiye shear zone, MM burial, top to the 
S shear sense 

Greenschist and amphibolite facies, 
degree of metamorphism decreases 
from bottom to top in the Selimiye 
Nappe.

 Eocene

Çine Nappe
Max. P-T conditions, 8–11 kbar and 
600–650º C

ca. 550 My was stated 
for the amphibolite facies 
metamorphism

No evidence for the northward thrust of 
the upper plate for being an early Alpine 
phase.

Ring et al., 2007
Samos, Menderes 

Massif

Ampelos/Dilek nappe was thrusted 
southward over the MM with greenschist 
facies, Cyclades-Menderes thrust, cutting a 
30 to 40 km thick crust.

 Detailed Rb-Sr and 40Ar/39Ar 
dating of mylonites indicate 
that both shear zones operated 
between 42-32 My.

The upper contact of the Ampelos/Dilek 
wedge is the top to the NE Selçuk normal 
shear zone where the Ampelos/Dilek nappe 
exhumes about 30-40 km.
No evidence for a duration of 10 Myr 
episodic motion of shear zones, implying 
both shear zones worked steady, non-
episodic manner (42-32 My).
Our data provide supporting evidence for 
that simultaneous thrusting and normal 
shear can result in early exposure of deep-
seated rocks.

Ten Veen et al., 2009
Menderes Massif

1st phase, detachment faulting in which 
the upper plate moves to the north in the 
uplift of Menderes Massif and accordingly 
the southeastward sliding of the Lycian 
Nappes. These faults reactivated in 
younger deformation stages.

Early-Middle Miocene

2nd phase, NNE–SSE and ENE–WSW 
oriented extension, E-W trending main 
grabens

Late Miocene–Late Pliocene

3rd phase, Stage 2 type of extensions are 
dominant in W Anatolian Graben Region 
and Lycian Taurids.

Post-Pliocene

Van Hinsbergen, 
2010

Menderes Massif

MM formed a rectangular, NE-SW 
oriented, 150×100 km size tectonic 
window.

 Early Miocene

Van Hinsbergen and 
Schmid 2012

Aegean Region

1st phase, 110 km extension Between 25-15 My

Most of the 2nd extension occurred After 15 My (max. 290 km)

Cenki-Tok et al., 
2016

North of Menderes 
Massif

Compression

Extensive amphibolite facies 
metamorphism reaching the peak. 
Approximately 625–670°C and 7–9 
kbar

Eocene

Extension 19.8-25.5 My

Ring et al., 2007
South of Menderes 

Massif

Menderes Nappes, Ören Nappe
Apatite fission-track dating 
18-28 My, 31-42 My

Menderes Nappes Cycladic blueschist unit 
Ören Nappe

Zircon fission-track dating
29-31 My
30-33 My
93 My and 129 My

Table 1-(continued).Table 1- Continued.
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2000; Sözbilir, 2002; Bozkurt, 2003) (Figures 4, 5). 
Some researchers associated the folds with the N-S 
extensional regime (Seyitoğlu et al., 2000; Sözbilir, 
2001, 2002; Çemen et al., 2006), while some others 
does with the N-S compressional regime (Yılmaz et 
al., 2000; Gürer et al., 2009, 2013; Özburan and Gürer, 
2012).

The youngest basins of western Anatolia are 
approximately E-W oriented, long and narrow 
(several km wide, tens of km long), asymmetrical, 
and generally arcuate (arc-shaped). One margin of 
each basin is characterized by steep topography 
associated with surface ruptures of active faults. 
Numerous closely spaced high-angle antithetic and 
synthetic faults developed in the footwall and hanging 
wall blocks of the basins. The horst and graben 
type morphology dominates the Western Anatolian 
landform and controls the major westward-flowing 
drainage system (Yılmaz, 2017b).

The faults of E-W oriented grabens cut and offset 
N-S oriented basins (Koçyiğit et al., 1999; Yılmaz et 

al., 2000; Sözbilir, 2001,2002; Bozkurt, 2001, 2003; 
Gürer et al., 2001, 2009, 2013; Westaway et al., 2004; 
Purvis and Robertson, 2004; Ersoy et al., 2011). Most 
of the N-S basins are generally observed as hanging 
basins on neighboring young uplifts. Gördes, Demirci 
and Selendi basins, for instance, are located in the horst 
block rising between the Gediz and Simav grabens. 
In addition, it was determined by the magnetotelluric 
method that the N-S trending basins in the Gediz 
Graben were trapped under the graben fill (Gürer et 
al., 2001, 2002).

E-W-oriented basins can be examined under two 
groups. The first group of basins (e.g., Simav, Gediz, 
Büyük Menderes) began to develop by a detachment 
fault and then continued evolving by high-angle 
antithetic and synthetic normal or oblique faults. 
Faults limiting the second group of basins (e.g., 
Bakırçay, Kütahya, Küçük Menderes, Gökova) are 
high-angle normal or oblique faults.

The basin fills are mainly terrestrial clastic deposits. 
The sequence, which starts with coarse clastics at 

Figure 3- Simplified geological map of the SW Anatolia (simplified from Konak and Şenel, 2002).
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Figure 4- Examples of folds observed in Neogene successions in different parts of Western Anatolia; a) an overturned folding in the Küçükkuyu 
formation in the Bahçedere village (Edremit) road cut (39º 590685 N/ 26º 621073 E), b) a recumbent fold in the Tunçbilek formation 
in the Seyitömer coal pit (39º 35’12,28”N, 29º 53’04.40”E), c) examples of overturned and recumbent folds developed in the Lower-
Middle Miocene succession in the east of Bergama (39º12’14.4”N, 27º40’46.6”E), d) vertical bedding in the Middle Miocene aged 
succession in the Soma Kısrakdere coal pit (39º6’41,5”N, 27º34’2,27”E), e) tectonic lens structure developed by compression in 
the Lower-Middle Miocene succession north of Ortaklar (37º56’19,73”N, 28º16’59,98”E), f) recumbent folding developed in the 
Lower-Middle Miocene unit in the north of Nazilli (37º58’36,57N, 27º37’21,20E).
the Lower-Middle Miocene succession north of Ortaklar (37º56’19,73”N, 28º16’59,98”E) and f) recumbent folding developed in the
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Figure 5- Examples of reverse faults observed in Neogene successions in different parts of Western Anatolia; a) a reverse fault observed in 
the Lower-Middle Miocene succession in the Çırpıköy coal pit, north of Kazdağ (39º 799565 N/ 27º 335935 E), b) ophiolite slice 
of the Tavşanlı Zone thrusted over the Emet formation on the Kütahya-Eskişehir highway (39º29’10,25”N, 30º02’41,17”E), c) 
reverse faults cutting the Lower-Middle Miocene succession in the Sevişler coal pit, north of Soma (39º5’39,3”N, 27º44’23,5”E), 
d) a reverse fault cutting the Middle-Upper Miocene succession in the southeast of Kuşadası (37º49’46,10”N, 27º17’29,48”E), e) 
A reverse fault developed in the Late Miocene-Pliocene aged Yatağan formation in the Tınaz Coal pit at the south of Yatağan (35º 
606117, N/41º 21810E), f) reverse faults and synclinal fold structure developed in the underlying Sekköy and overlying Yatağan 
formations, in the Tınaz coal pit (35º 4121395N/ 60º7818E).
606117, N/41º 21810E) and f) reverse faults and synclinal fold structure developed in the underlying Sekköy and overlying Yatağan
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the basin margins, continues with fine-coarse clastic 
alternations in the basin interior. The basin fill is 
generally horizontal; however folding and back tilting 
associated with stretching toward faults are observed 
(Sözbilir, 2002; Bozkurt and Sözbilir, 2004). Actual 
rivers such as Bakırçay, Gediz and Büyük Menderes 
flow through these basins.

The relations and origins of these two groups of 
basins in the region have long been controversial. 
In this study, based on our own observations and 
literature knowledge, brief information about the 
underlying structural units and Neogene-Quaternary 
basins will be given, and debates on their relationships 
and origins will be discussed. The readers can obtain 
detailed information about the basins from the related 
resources.

2.2.1. Edremit Basin and the Surroundings

Edremit Basin, the largest basin in Northwest 
Anatolia, extends into the sea towards the west by 
expanding (Figure 6). While the northern margin of 
the basin is steeper, linear, and distinct, the southern 
margin is gently inclined, indented, and indistinct. 
The structural and geometrical features of the basin 
indicate that it is a transtensional basin (Gürer et al., 
2014, 2016).

A basinal sequence represented by lacustrine 
deposition in the Early-Middle Miocene is present 
around Edremit. This clastic sequence consisting 
of bituminous shale, tuff, mudstone, sandstone, and 
limestone, which are mainly the products of lacustrine 
depositions, outcropping in the Küçükkuyu and the 
surroundings at the north and in the Ayvalık and its 
surroundings at the south are defined as Küçükkuyu 
Formation. The unit, mainly grey, brown, and green 
colored, is thin- to medium-bedded and is monotonous 
in terms of succession features (Gürer et al., 2016).

The Küçükkuyu formation was probably 
deposited in interconnected lacustrine environments 
in the central and eastern parts of the Biga Peninsula 
(Ayvalık, Küçükkuyu, Bayramiç, Çan, Yenice, 
Kalkım etc.). The sequence was developed mainly on 
the Çetmi mélange in the south of Kazdağ and rarely 
on the Asos volcanics. The succession, which started 
with conglomerate and sandstone alternation, then 
continued with alternation of sandstone, siltstone, 
and mudstone. Considering the lithology, facies 
distribution, geometry and structural position of the 
formation, it can be inferred that the basin margin rests 
against a high-angle rim and deepens from east to west 
(Yılmaz and Karacık, 2001). The formation, which is 
partially deformed in all areas where it outcrops, is the 

Figure 6- Simplified geological map of the Edremit Basin and its surroundings (adapted from Emre et al., 2012 (Gürer et al., 2016)).

2014, 2016. Koçyiğit and Gürboğa, 2021).
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equivalent of Early-Middle Miocene-aged lacustrine 
deposits widely exposed in Western Anatolia. The 
deformation developed as folding and faulting, and 
examples of overturned folds were observed as well 
as open folds (Figures 4a, 5a).

2.2.2. Kütahya Graben and the Surroundings

Kütahya and its surrounding area is one of the 
regions where the compressional and extensional 
system is well observed, exhibiting extensive 
Neogene-Quaternary successions, folds, reverse 
faults, uplifts and basin systems. The most prominent 
morphological element of the region is the Kütahya 
Graben with an approximately N65ºW orientation, 50 
km length and 2-8 km width (Figure 7). The northern 
margin of this asymmetrical graben is indistinct and 
irregular, while the southern margin is more distinct, 
linear and high-angled. The boundary between the 
Graben and the Yellice horst located in its south is 
a normal fault zone with a left lateral component. 
Small-medium-sized alluvial fans developed between 
the horst and the graben.

To the north of the Kütahya graben, two NE-SW 
trending basins, Seyitömer and Sabuncupınar basins, 
extend. Seyitömer Basin is approximately 25 km long 
and 14 km wide. Both basins are filled with a sequence 
consisting of two successions belonging to the Lower-
Middle Miocene and to the Pliocene. Stratigraphic 
and sedimentologic data indicate the presence of 
a significant angular unconformity between these 
two successions. The initial fillings of the basins are 
different from each other. Beke Formation (Lower 
Miocene) consisting of conglomerate, sandstone and 
siltstone and Tunçbilek Formation (Lower-Middle 
Miocene) consisting of coal seams intercalated with 
conglomerate, sandstone, siltstone, marl, claystone, 
tuff, limestone form the main filling of Seyitömer 
Graben. The Sabuncupınar Basin with an approximate 
N30º-35ºE orientation is filled with volcanics mainly 
composed of tuff and pyroclastics. Different fillings 
of these two parallel basins suggest that Karaöz Uplift 
located between them was a significant barrier in 
the Early-Middle Miocene period (Özburan, 2009; 
Özburan and Gürer, 2012).

Figure 7- Geological map of the Kütahya graben and its surroundings (Özburan, 2009; Özburan and Gürer, 2012).
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The common cover of these two basins and uplift 
is Late Miocene-Pliocene aged sequence that starts 
with an angular unconformity on the first succession 
in Seyitömer Basin and a parallel unconformity in 
Sabuncupınar Basin. The first unit of the sequence is 
the Çokköy Formation, which starts with conglomerate 
and later changes into alternating sandstone, siltstone 
and claystone. The overlying Emet Formation begins 
with an alternation of sandstone and claystone at the 
bottom and continues with mudstone, limestone and 
marl.

2.2.3. Bakırçay Basin and the Surroundings

Bakırçay Basin is a NE-SW trending, bow-tie 
shaped basin with a length of approximately 60 km 
and a width of 5 km (Figure 8). In the west of the 
basin, which has an asymmetrical morphology, the 
northern margin is steeper and linear than the southern 

margin. However, there is an opposite morphology 
in the east of the basin. The basin is located in a 
tectonically complex region where the N-S extensional 
regime of the Aegean extensional system and the NE-
SW trending North Anatolian Fault System (NAFS) 
intersect. Therefore, it is accepted that these two factors 
concurrently control the neotectonic deformation of 
the region (e.g., Taymaz et al., 1991; Yılmaz et al., 
2000; Pfister et al., 2000; Bozkurt, 2001a, b, 2003; 
Gürer et al., 2006, 2016; Yılmaz, 2017).

Three successions around the basin, separated by 
unconformable contacts between them, are as follows: 
The Early-Middle Miocene aged Dikili group, the 
Late Miocene aged Zeytindağ group and the Plio-
Quaternary aged Bergama Basin fill. Early-Middle 
Miocene aged terrestrial sediments and the volcanics 
interfingering with them at all levels are located in the 
north and south of the basin. The sediments consist 

Figure 8- Simplified geological map of the Bakırçay Basin and its surroundings (modified from Konak, 2002). Two earthquake mechanisms in 
Bakırçay Basin are taken from Paradisopoulou et al. (2010) (Sangu et al., 2020). 
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of sandstone, mudstone, marl and shale alternations 
deposited in a lacustrine environment. Lacustrine 
deposits outcropping in NE-SW direction, especially 
in the east of the Çandarlı-Bergama line, exhibit 
widespread outcrops in the east of Bakırçay Basin and 
around Soma. In the sequence known as the Dikili 
group, open and closed folds and reverse faults have 
sporadically developed (Figures 4c, 5c).

2.2.4. Gediz Graben and the Surroundings

The Gediz Graben, one of the most developed 
grabens in Western Anatolia (Figure 9), has been studied 
in detail by many researchers in recent years (e.g., 
Cohen et al., 1995; Emre, 1996; Seyitoğlu and Scott, 
1991, 1996; Koçyiğit et al., 1999; Yılmaz et al., 2000; 
Sözbilir, 2001; Işık et al., 2003; Çiftçi and Bozkurt, 
2008, 2009; Öner and Dilek, 2011, 2012, 2013). The 
140 km long and 10-15 km wide Gediz Graben, which 
has an arc-shaped geometry, is asymmetrical and its 
southern margin is steeper and more seismically active. 
Most of the graben fill outcrops around the southern 
margin. There are sedimentary basins developed in 
two different directions around the Gediz Graben. 
The NE-SW trending and Early-Middle Miocene aged 
ones are filled with younger clastic, volcanoclastic and 
volcanic rocks. The Gediz Graben, on the other hand, 

is E-W trending and is mainly filled with clastic rocks 
(Yılmaz et al., 2000; Purvis and Robertson, 2004; 
Ersoy and Helvacı, 2007; Ersoy et al., 2010; Öner and 
Dilek, 2011, 2013).

The NE-SW trending major basins, mostly 
bounded by high-angle normal faults with strike-slip 
components, are Gördes, Demirci, Selendi, Uşak-
Güre Basins (Yılmaz et al., 2000; Bozkurt, 2003; 
Ersoy et al., 2010). Gördes, Demirci and Uşak-Selendi 
basins are filled with a succession dominated by 
Early-Middle Miocene aged terrestrial clastic rocks, 
unconformably overlying the metamorphic rocks of 
the Menderes Massif and the İzmir-Ankara ophiolites. 
The stratigraphic and structural features of these 
basins have been introduced in detail in recent years 
(e.g., Seyitoğlu and Scott, 1994, Seyitoğlu et al., 1994; 
Seyitoğlu and Scott, 1996; Yılmaz et al., 2000; Purvis 
and Robertson, 2004; Ersoy et al., 2011).

The faults generating the Gediz Graben cut the NE-
SW trending basins and slightly offset in a lateral sense 
(Yılmaz et al., 2000; Gürer et al., 2001). As a result, 
NE-SW trending basins remained as hanging grabens 
on the footwall blocks. This relationship indicate that 
NE-SW trending grabens were continuous before the 
development of the Gediz Graben.

Figure 9- Simplified geological map of the Gediz graben and its surroundings (modified from Konak, 2002). IASZ: İzmir-Ankara Suture Zone.
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2.2.5. Büyük Menderes Graben and the Surroundings

Büyük Menderes Graben bounded by the Menderes 
Massif from the north and south, is a 140 km long and 
2.5-14 km wide graben with an arc-shaped structural 
geometry. The Graben extends approximately in an 
E-W direction until Ortaklar, and extends mainly in 
a NE-SW direction from there to the west (Figure 
10). The northern margin of the graben is bounded 
by the linear mountain frontage of the Mount Aydın, 
which rises steeply from 50 m up to 1750 m, while 
the southern margin has a lower topography. These 
morphology and structural features indicate that the 
Büyük Menderes Graben is an asymmetrical graben 
(Gürer et al., 2009; Yılmaz, 2017a).

Two main rock groups, a basement consisting 
of the Menderes Massif and a Neogene-Quaternary 
sedimentary cover up to 2.5 km thick, are distinguished 
in and around the Büyük Menderes Graben. 
Interpretation of the data obtained from the cover 
units reveals the existence of three non-systematic 
lithostratigraphic units named A, B and C (Gürer et 
al., 2009). These three units outcrop on the northern 

margin of the graben, while units A and C outcrop on 
the southern margin. The relationship between the 
successions and the underlying metamorphic rocks 
is generally tectonic. Different tectonic processes 
produced diverse fault systems and basins in the 
region during the Neogene-Quaternary period.

The graben and its surroundings are cut by various 
fault groups ranging from oblique faults to high and 
low angle normal faults. Conjugate faults mainly 
strike NE and NW directions, while most of the 
normal faults strike E-W direction. Two fault systems 
have developed in the region: 1) Approximate NE and 
NW oblique faults adjacent to Unit A, 2) E-W trending 
faults adjacent to B and C units. The second group 
of faults can be subdivided into a) low-angle Büyük 
Menderes Detachment Fault with E-W direction and 
b) synthetic and antithetic en echelon normal faults 
(Yılmaz, 2017a).

The geological map of the Büyük Menderes 
Graben shows the existence of two structural basin 
systems of different ages and directions. The first 

Figure 10- a) Geological map of the Büyük Menderes graben. BMDF: Büyük Menderes Detachment Fault, EF: Eğridere Fault, ZF: Zeytinli 
Fault, SF: Sıralılar Fault, b), c), d), e) and f) show the locations of the extended maps given in Figure 10. A-B, C-D and E-F represent 
the section lines given in Figure 10a (Gürer et al., 2019).
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system is represented by N-S oriented structural 
depressions filled with Lower-Middle Miocene 
continental sediments. The second system cuts the 
preceding one and is represented by the E-W trending 
Büyük Menderes Graben filled with Plio-Quaternary 
terrestrial deposits. The synthesized data indicate 
that two different basin formations around the Büyük 
Menderes Graben, which developed in different 
structural environments, resulting from two successive 
and different tectonic regimes. 

The Lower-Middle Miocene fillings (Unit A) of 
the NW and NE trending basins have been deformed 
in places by folds and reverse faults (Figures 4e, 
f, 5d). It has been suggested that folds and oblique 
faults correspond to a N-S compression in the region 
(Yılmaz et al., 2000; Gürer et al., 2009). It has been 
proven by fault kinematics studies that the N-S 
trending Bozdağan and Karacasu Basins, located 
in the south of the Büyük Menderes Graben, were 
deformed by N-S compression in Miocene and Early 
Pliocene (Ocakoğlu et al., 2014).

2.2.6. Gökova Graben and the Surroundings

Four groups of basins with different development 
periods and directions are present around the Gulf of 
Gökova, which is located in the southernmost part of 
the Western Anatolian Extensional Region. It has been 
suggested that the formation of the basins occurred 
in different structural environments and resulted 
from different consecutive tectonic regimes (Gürer 
and Yılmaz 2002; Gürer et al., 2013). Two different 
basement units, Lycian Nappes and Menderes Massif, 
coexist in the region (Figure 11). Gökova is a critical 
region for a better understanding of the transition from 
the compressional system to the extensional system.

The first group is represented by a NE-SW trending 
basin (Kale-Tavas Basin) filled with Oligocene-Lower 
Miocene shallow marine-terrestrial sediments. Kale-
Tavas Basin extends in the E-W direction to the 
north and south of the Gulf of Gökova and NE-SW 
direction between the Gulf of Gökova and Denizli. 
The sequence of the Kale-Tavas Basin unconformably 
overlies the crystallized limestone and marbles of the 
Lycian nappes in the north of the Gökova Gulf, and 
the ophiolitic basement of the Lycian nappes around 
Acıpayam, Denizli and Burdur in the south and east of 

the Gökova Gulf. The basin succession, which starts 
with a thick conglomerate, sandstone alternation at 
the base, and continues upward with conglomerate, 
sandstone and mudstone alternations, ends up with 
reefal limestone lenses.

The NE and NW trending structural depressions 
(Eskihisar and Tınaz Basins) in the second group 
are filled with Lower-Middle Miocene terrestrial 
deposits. Both of these basins bounded by oblique 
faults are geometrically L-shaped. In both basins, the 
successions start with conglomerate and sandstone 
alternation at the bottom (Turgut Fm.) and end up with 
sandstone, mudstone and marl alternation containing 
lignite intercalations (Sekköy Fm.). Fossils obtained 
from the limestones provide a Middle Astarasian age 
(Middle Miocene, 14 My) (Atalay, 1980; Gürer and 
Yılmaz, 2002).

The third group of basins in the region is the 
Yatağan Basin, which is located between Yatağan 
district and Gökova Bay. The NW-SE trending basin 
is 30 km long and 10 km wide, with unclear borders 
and geometry. The basement of the basin is the 
Menderes Massif in the north and the Lycian nappes 
in the south. The basin fill consists of brown, poorly 
sorted, thick-bedded alluvial conglomerate at the 
bottom, passes upwards into grayish-brown sandstone 
and mudstone, and ends up with light grey-white 
clayey limestone intercalations. Limestone and marl 
lenses, tuff intercalations and travertine are present at 
different levels of the succession. The succession is 
300-500 m thick, and the red-colored beds provides a 
mammal fauna in the Muğla region representing the 
time interval spanning from the Middle Astaracian 
to the Turolian (Atalay, 1980). The basin has been 
interpreted as an intermountain basin developed 
without significant tectonic control (Gürer et al., 2013). 
Reverse faults were observed in places in the Miocene 
and Pliocene successions in the region (Figures 5e, f). 
The fourth group of basins in the Gökova region are 
Muğla, Paşapınarı, Yeşilyurt, Ula and Gökova Basins. 
These basins are filled with block-gravel, pebbly 
sand, sand and clays of the alluvium, colluvium and 
alluvial fan deposits. The sequence consists of marine 
sediments in the Gulf of Gökova. Muğla and Gökova 
basins are located at the altitudes of 650-700 m and 
850 m respectively. 
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Figure 11- Geological map of the Gulf of Gökova and its surroundings (Gürer et al., 2013).
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Çameli and Eşen Basins, placed within the Fethiye-
Burdur Fault Zone in SW Anatolia, are also continental 
basins developed in the Neogene-Quaternary period. 
Compressional deformational structures were also 
observed in these basins bounded by oblique faults. 
Detailed information about these basins can be found 
in related studies (e.g., Alçiçek et al., 2004, 2006; 
Elitez and Yaltırak, 2014).

3. Discussions

In the evaluation of the above-mentioned studies on 
the Neogene-Quaternary basins in Western Anatolia, 
it is seen that there are disagreements, especially 
about the onset of the extension, the continuous 
or discontinuous nature of the extension, and the 
origin and evolution of the basins. In this section, 
the discussions about the compression and extension 
phases in the region will be briefly summarized.

The Late Cretaceous period marks the initiation 
of a convergent tectonic regime in and around Turkey 
and is particularly characterized by the emplacement 
of ophiolite nappes. These nappes were moved to 
large carbonate platforms that began to collapse by 
the onset of settlement (Yılmaz, 2017a, b). It has been 
suggested that the ophiolite slices derived from the 
closure of the northern branch of Neotethys, which 
was located between the Sakarya Continent and the 
Tauride-Anatolide continent in the Late Cretaceous-
Eocene interval, progressed from north to south as 
nappes (Şengör and Yılmaz, 1981; Özgül, 1976, 1984; 
Hayward and Robertson, 1982; Dixon and Robetson, 
1984; Şengör et al., 1985; Collins and Robertson, 
2003; Okay, 2001; Ten Veen et al., 2009; Nemec et 
al., 2018). The nappes emplaced on the Taurides 
by moving over the Menderes Massif caused the 
deformation of the Taurides and the formation of thick 
nappe slices. Compression and the nappe slices have 
caused the continental crust in Western Anatolia to be 
thickened (Yılmaz, 2017a). 

From the Oligocene period, on the other hand, 
the first uplift of the metamorphic complexes of the 
Aegean occurred and was partially exposed (Lacassin 
et al., 2007). Different opinions have been suggested 
on the uplift time and mechanism of the massifs, 
especially the Menderes Massif, in the region. Some 
researchers have claimed that the Menderes Massif 

was uplifted by compression in the Oligocene-
Middle Miocene interval and by the N-S extension 
after the Late Miocene or Plio-Quaternary (Yılmaz et 
al., 2000; Erkül et al., 2005a, b; Gürer et al., 2009, 
2013). According to these researchers, during the 
Late Oligocene-Early Miocene, the Menderes Massif 
and all Western Anatolia underwent a compressional 
deformation in N-S direction. In addition, it has been 
suggested that the Thrace Basin and the Balkans were 
compressed in the NW-SE direction during the Late 
Oligocene-Early Miocene and thus folded (Erbil 
et al., 2021). As a result of this compression, the 
entire region was shortened, folded, imbricated, and 
thickened. This was followed by an extensional phase, 
probably due to the orogenic collapse (Seyitoğlu et al., 
2004) or the rollback mechanism in the South Aegean 
Trench (Bozkurt, 2003; Gürer et al., 2009, 2013; 
Yılmaz, 2017a,b). Some researchers have suggested 
that the massif has been uplifted as an extensional core 
complex since the Late Oligocene (e.g., Ring et al., 
2003; Seyitoğlu et al., 2004; Emre and Sözbilir, 1997; 
Sözbilir, 2005). 

Various studies have been carried out associating 
the development of the basins in Western Anatolia 
with the uplift of the Menderes Massif (e.g., Gessner 
et al., 2001a; Ring et al., 2003; Seyitoğlu et al., 2004; 
Seyitoğlu and Işık, 2015). However, researchers 
working on the Menderes Massif have suggested 
different point of views about the geometry and 
movement directions of the nappes in the massif (Table 
1). The northward movement of the upper plate has 
been suggested as pre-Alpine (Gessner et al., 2001b), 
pre-Eocene (Regnier et al., 2003), Eocene (Rimmele, 
2003), Late Oligocene-Early Miocene (Bozkurt and 
Park, 1997; Seyitoğlu et al., 2004; Bozkurt et al., 
2006).

Most of the researchers suggested that the Menderes 
Massif was uplifted by the core complex mechanism 
associated with the N-S directional extension in 
western Anatolia during the Late Oligocene-Miocene 
period. In general, metamorphic core complexes 
(MCCs) are interpreted as domal structures caused 
by ductile to brittle, high-stress metamorphic rocks 
extending under a high-stress detachment fault 
that undergo tens of kilometers of displacement in 
response to lithospheric extension. In such structures, 

2005;
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it has been argued that stress is the driving force that 
regulates uplift (Searle and Lamont, 2019).

Searle and Lamont (2019) stated that various core 
complexes such as the Himalayan, Karakoram and 
Pamir domes, completely occurred in compressional 
environments and are not related to the lithospheric 
extension. They suggested that many MCCs 
previously thought to have formed due to extension 
are related to compressional tectonics. According to 
the authors, low-angle normal faults due to regional 
Aegean extension previously generated contraction 
folds and metamorphic fabrics associated with crustal 
shortening and thickening in Naxos.

The exhumation mechanism of the Menderes 
Massif during the Late Oligocene-Early Miocene is a 
controversial issue. Has the uplift of the massif been 
caused by low-angle thrusts or normal faults commonly 
defined in the massif? Otherwise, considering its 
internal structure consisting of nappe slices where 
there is no consensus on the movement directions and 
times; the idea that the Menderes Massif may also be 
a compressional metamorphic complex, just as in the 
Himalaya, Karakoram, Pamir and Naxos examples 
proposed by Searle and Lamont (2019) becomes more 
likely. 

Debates on the continental collision that started 
in the Late Cretaceous in Western Anatolia and the 
duration of the subsequent compression have been 
continuing. According to some researchers, the 
Lycian nappe stack advanced southward during the 
Early Miocene and finally emplaced on the Lower 
Miocene basin fill of the Antalya Basin prior to the 
Late Miocene (Okay, 1989; Collins and Roberston, 
1998; Yılmaz et al., 2000, Gürer et al., 2009, 2013). 
According to some other researchers (Şengör, 1982; 
Hayward, 1984; Şengör et al., 1985), the compression 
lasted in the Western Taurides in the south and along 
the frontal thrust zone of the Lycian Nappes until 
the Late Miocene. It is claimed that the Taurides 
advanced over the younger Mediterranean basins in 
the south by carrying the Lower-Middle Miocene 
marine sediments on its back and started to uplift 
(Y. Yılmaz, personal communication). According to 
Seyitoğlu et al., (1992), on the other hand, the nappe 
movement from the Early Miocene in the north (in 

Isparta) until the Late Miocene in the south and the 
west was attributed to the gravity sliding rather than 
N-S directional compression. This hypothesis was 
later supported by Collins and Robertson (1998), who 
suggested that the compressional shear zone at the 
base of the Lycian allochthon was reactivated as an 
extensional detachment during the Late Oligocene-
Early Miocene extensional collapse.

The fluvial and lacustrine sediments, which were 
commonly developed in the Early Miocene, rest on 
the high-grade metamorphic rocks of the Menderes 
Massif, occasionally with an unconformable contact. 
The outcrops of the Menderes Massif observed from 
the northern margin (Demirci-Simav region) to the 
southern margin (Çine-Yatağan region) suggest that 
the main uplift of the Menderes Massif that resulted 
the exhumation of middle and lower crustal rocks 
occurred just before the Early Miocene, and removed 
approximately 20 km of material from the massif 
(Yılmaz et al., 2000a,b). Metamorphic and plutonic 
rocks and the minerals developed under the influence 
of faulting mechanism in Western Anatolia were dated 
by different methods, the geological/geodynamic 
evolution of the region was interpreted, and the 
plutonic rock emplacement related to the extension, 
the uplift rate and timing were discussed (Sümer 
et al., 2020). In addition to detailed structural and 
geochronological studies in the Menderes Massif, two 
models have mainly been proposed for N-S trending 
basins. The first is extensional type basins such as 
rifts (Figure 12b) (e.g., Görür et al., 1995) or supra-
detachment basins (Figures 12a, c) (e.g., Lips et al., 
2001; Sözbilir et al., 2011; Öner and Dilek. 2013). 
Low or high-angle normal faults are the main factor 
causing the stretching in such environments. Supra-
detachment systems are characterized by significantly 
higher rates of crustal extension than that in the 
rift systems (Friedmann and Burbank, 1995). The 
second model is transtensional or transpressional 
basins specific to compressional environments. The 
differences between the N-S and E-W trending basins 
in Western Anatolia are presented in Table 2.

The Early-Middle Miocene aged basins in 
Western Anatolia developed on different basement 
rocks, from the Marmara Region in the north to the 
Mediterranean in the south. In the southern Marmara, 
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Gönen and its surroundings (Gürer et al., 2003, 2006), 
Ayvalık-Altınova Basin (Yılmaz et al., 2000; Sangu 
et al., 2020), Soma and its surroundings, Urla Basin, 
Çubukludağ and Kocaçay basins (Genç et al., 2001; 
Uzel and Sözbilir, 2008; Göktaş, 2020), Seyitömer 
and Sabuncupınar basins in the northeast of Kütahya 
(Özburan and Gürer, 2012) are some of them. As 
can be seen, some of the basins were developed on 
or around the detachment faults, while others are 

distributed to the areas where detachment faults are 
not present. Thus, it is not possible to associate all 
basins with detachment faults or normal faults.

During the Early Miocene-Quaternary period, 
Western Anatolia has been approximately compressed 
in the N-S direction in different periods (Figures 4, 
5). Several researchers working in Western Anatolia 
have displayed folds and reverse faults associated 

Table 2- Comparison of the N-S and E-W trending basin characteristics.

N-S trending basins E-W trending basins

Geometry Rhomboidal or trough shaped Curved (arched), graben-half graben

Faults Strike slip, oblique normal Normal, oblique normal

Basin fill
Conglomerate, sandstone, marl, limestone 
interfingering with volcanics 

Conglomerate, sandstone, mudstone with rare tuff 
intercalations 

Basin symmetry Variable Generally asymmetric

Facies changes E-W N-S

Environment Fluvial, alluvial fan, lacustrine Fluvial, alluvial fan

Period Early-Middle Miocene Plio-Quaternary

Deformation Open and closed folds, reverse faults
Open folds related to the extension, back-tilting, normal 
faults 

Basement
Sakarya Continent, İzmir-Ankara Suture Zone, 
Menderes Massif, Lycian Nappes

Sakarya Continent, İzmir-Ankara Suture Zone, Menderes 
Massif, Lycian Nappes

Figure 12- Block diagrams illustrating the characteristics of supra-detachment and rift basins (Modified from Serck et al., 2021).



Bull. Min. Res. Exp. (2023) 170: 117-146

138

Bull. Min. Res. Exp. (2022) 170: 117-146

138

with the compression (Koçyiğit et al., 1999; Yılmaz 
and Karacık, 2001; Kaya et al., 2004; Beccaletto and 
Steiner, 2005; Bozkurt and Rojay, 2005; Rojay et al., 
2005; Erkül et al., 2005a, b; Çiftçi and Bozkurt, 2009).

The main basins that can develop in compressional 
environments are the foreland basin, piggy-back basin, 
transpressional or transtensional basins. Considering 
the geology of the region, N-S trending basins may be 
related to strike-slip basins, many of whose geological 
features are given by Nilsen and Sylvester (1995). 
If the characteristic features of the strike-slip basins 
are compared with the stratigraphic, sedimentologic, 
geometric and structural features of the N-S trending 
basins in Western Anatolia, it is thought that these 
basins may be pull-apart or transtensional pull-apart 
basins associated with strike-slip faults (Figure 13). 
However, detailed studies in the region will provide 
new approaches to the origins of N-S trending basins.

4. Conclusions

The main results obtained in the light of the 
arguments regarding the Neogene-Quaternary geology 
of Western Anatolia are listed below.

1- Although many studies have been carried out 
on the Menderes Massif, there are still debates about 
the exhumation age and mechanism of the massif. The 
internal structure of the Menderes Massif, consisting 
of nappe stacks, strengthens the idea that the massif 
may be a compressional core complex as shown in the 
Himalayan, Karakoram, Pamir and Naxos massifs. 
In the light of the data discussed in this article, it is 
possible to figure out this problem with a problem-
focused approach.

2- Early-Middle Miocene aged N-S trending 
basins, which developed in a wide geography from 
Marmara to the Mediterranean, were opened on 
different basements. Therefore, since all of these 

Figure 13- The sketch block diagrams proposed for the development of the N-S and E-W basins in Western Anatolia within a) the drawing 
of the internal structure of the Menderes Massif, b) the drawing of graben by Brunn et al. (2018), c) adapted from Fossen (2010).of the internal structure of the Menderes Massif, b) the drawing of graben by Brunn et al. (2018) and c) adapted from Fossen (2010).
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basins didn’t develop on detachment faults, it is not 
possible to explain their origins only with the supra-
detachment basin model as well.

3- The N-S trending basins are bounded by 
oblique faults with major strike-slip components. 
Volcanic and sedimentary sequences filling these 
basins were folded and faulted under the influence of 
syn- and post-sedimentary compressional tectonics. If 
the variety of the basement rocks in the region and 
the stratigraphic, geometric and structural features 
of the basins developed on them are evaluated 
together, it strengthens the idea that the N-S trending 
basins developed in a N-S directed compressional 
environment.

4- In the Miocene-Pliocene interval, Western 
Anatolia was also subjected to N-S directional 
compression, resulting folds and reverse faults. 
However, the transition from the compressional system 
to the extensional system in Western Anatolia occurred 
in the Plio-Quaternary. In contrast to the proposed 
single-phase extensional system, the obtained data 
suggest the existence of phases by consecutive 
compression and extension in the development of the 
region.
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