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ABSTRACT

The Aegean region (Western Anatolia, Aegean Sea and Greece) is one of the areas of the
earth under the effect of extensional tectonics and includes the typical features of core
complexes in this type of region. The Menderes Massif in Western Anatolia was exhumed
initially as an asymmetric core complex in the Early Miocene due to extension beginning
in the Oligocene and then the central Menderes Massif was further exhumed as a
symmetric core complex. This article discusses the exhumation mechanisms of the
Menderes Massif and development of surrounding sedimentary basins in light of new
findings. The proposed model successfully explains, the location of the Oligocene Kale
basin, different movement directions of the Lycian nappes in northern and southern parts
of the Datca-Kale Main Breakaway Fault and the top-to- the NNE directed shearing
dominantly observed in the whole Menderes Massif.

1. Introduction

The Aegean region (Western Turkey, Aegean Sea
and Greece) is one of the rapidly extending areas of
the earth. The determination of a metamorphic core
complex in the Aegean region (Lister et al., 1984),
similar to that previously described in the “Basin and
Range” region of North America with comparable
tectonic characteristics, has created results deeply
affecting tectonic perceptions of the region.

The similarity of structures, sedimentary basins,
volcanism and underground sources developing
under extensional tectonic regimes in two different
and distant regions of the earth is noteworthy. Earth
scientists working in these two different regions have
encountered similar problems with mechanisms and
initiation age of extensional tectonics, basin
stratigraphy, and relationship of volcanism and
tectonism. Currently in the Aegean region, where
many national and international research groups
continue to study, the search for answers to scientific
problems continues.

This article comprises the viewpoint and
assessment of the Ankara University Tectonics
Research Group on the Cenozoic geology of Western
Anatolia, located east of the Aegean region,
containing underground sources in the form of borax,
lignite, uranium, oil, gold and geothermal energy and
where frequent destructive earthquakes are
experienced. There are many research papers and
tectonic hypotheses in the Aegean region making it
impossible to explain each in detail and provide all
related references. By drawing the reader’s attention
to this point, it may be appropriate for the reader to
perform their own literature search.

1.1. Detachment Faults and Core Complex Formation

Metamorphic core complexes are the main
tectonic features under the effect of large-scale
crustal extension (Coney, 1980; Wernicke, 1981;
1985). Described for the first time in the “Basin and
Range” region of North America, core complexes are
known as “Cordilleran” metamorphic core complexes
in the literature. Metamorphic core complexes
comprise one or more tectonic slices represented
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structurally from top to bottom by metamorphic
and/or non-metamorphic lithologies, low angle
normal fault(s) and basement rock units (Figure 1).
The tectonic slices in the hanging wall block of the
fault carry widespread effects of brittle deformation.
Again metamorphic rocks have very low-low grades
of metamorphism. Detachment faults (low angle
normal faults), the main structural element of the core
complex, and related ductile shear zones separate the
non-metamorphic and/or low grade metamorphic
rocks from crystalline (plutonic, high grade
metamorphics) basement rocks. The basement units
are generally Precambrian metamorphic rocks
accompanied by Tertiary granitoid intrusions. In the
literature movement of the detachment fault and
related ductile shear zone are mentioned as
compatible with Tertiary granitoid intrusions (Hetzel
et al., 1995b; Isik et al., 2003b; 2004a; b).

Metamorphic core complexes are common
extensional mechanisms in regions that have
experienced thickening of continental crust in the
past. Typical examples are described from different
regions of the world (Cordillera, Aegean region,
Himalayas, Alps). Metamorphic core complex studies
in previous years have been completed on the areas of
special interest of these basic concepts: (1)
Metamorphic core complex models, (2) Low angle
normal faulting (detachment faults) mechanics and
geometry and (3) relationship between magmatism
and extensional deformation (Fletcher et al., 1995).

Metamorphic core complex models: When the
geometry and kinematics of regional scale extensional
shear zones are considered, two different metamorphic
core complexes are found. These are symmetric and
asymmetric core complexes (Malavieille 1993)
(Figure 2). Symmetric metamorphic core complexes
are represented by two detachment faults with
opposing directions and the ductile shear zones related
to them. Middle and lower crustal rocks symmetrically
outcrop along these zones. Contrary to symmetrical
ones, exhumation of asymmetric metamorphic core
complexes occur along a single detachment fault and
related ductile shear zone.

Mechanics and geometry of detachment faults:
Used by Armstrong (1972) to describe Tertiary-age
normal faults, detachment faults control exposure of
middle-lower plate rocks (Lister and Davis, 1989).
According to Davis and Lister (1988) detachment
faults have these basic characteristics: (1) Detachment
faults bring non-metamorphic or low grade
metamorphosed upper plate rocks into contact with
high grade metamorphosed lower plate rocks. (2)
Detachment faults separate uppermost younger rocks
from older rocks below. (3) Detachment faults have
regional scale. (4) Normal faults in the upper plate may
link to detachment faults with different geometries. (5)
Detachment faults show large displacements; this
displacement may be on the scale of tens of kilometers.
(6) Detachment faults are commonly ductile
deformation structures and these are overlain by brittle
deformation structures (Figure 3).
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Figure 1- Typical metamorphic core complex and related structures (redrawn after Fossen 2010).
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Figure 2- Metamorphic core complex models. A) Symmetric and B) asymmetric core complexes.
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Figure 3- Cross-section of a typical detachment fault and internal structural characteristics.
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While these characteristics of detachment faults
are largely accepted, there is still discussion on the
formation of the faulting and whether it is low-angle
throughout development, in other words there is
controversy over their origins. The first model of
detachment faults proposed that these faults had low
angles (dip lower than 30°) (Davis and Lister, 1988;
Lister and Davis, 1989); however if the largest stress
direction (o;) had a vertical direction during
extension, the formation of a low-angle normal fault
is not mechanically possible and thus it was reported
that not every seismicity could produce such faulting.
The latest developments on this topic may be seen in
studies by Collettini (2011) and Prante et al. (2014).

Contrary to the “detachment faults develop with
low angle” model, Buck (1988) and Wernicke and
Axen (1988) recommended that detachment faults are
initially high-angle normal faults and that due to
doming of the footwall linked to the extensional
regime, the faults become low-angle. In the flexural
rotation/rolling hinge model, detachment faults in
situations where the possibility of developing a
sliding motion are not present, high-angle faulting
develops in the hanging wall block. Thus within the
system while motion continues along high-angle
faults, non-active faults rotate to become low-angle.
According to Buck (1988) and Wernicke and Axen
(1988) the youngest faults are those with the most
vertical dip.

Relationship between magmatism and extensional
deformation: Many studies of metamorphic core
complexes have proposed that crustal extension
forms during magmatic activity and there is a genetic
relationship between the two processes. According to
this, rising mantle heat flow and/or mafic magma
located at the bottom of the crust causes thermal
softening and this initiates extension (Rehring and
Reynolds, 1980; Reynolds, 1985; Gans et al., 1989;
Lister and Baldwin, 1992).

Detachment faults in metamorphic core
complexes typically present a “ridge and groove”
structural topography (Spencer, 1982; 1984; Davis
and Lister, 1988; Yin, 1991; Yin and Dunn, 1992).
The undulated appearance of detachment faults and
sedimentary deposition is related to (1) macroscopic
geometry of banded rocks in upper and lower plates,
(2) mesoscopic finite strain in upper and lower plates
and (3) relative time of mylonitization. The structural
characteristics representing the transition from ductile
to brittle deformation in the footwall block of the
detachment fault are generally related to evolution of

the shear zone (Isik et al., 2003b). Accordingly, rocks
in the ductile shear zone at middle crustal levels are
carried into faulting zone in the upper section of the
crust (Davis and Lister, 1988).

1.2. Extensional Tectonic Models in the Aegean
Region

In the Aegean region with N-S extensional
tectonics dominant, there are differing opinions on
the initiation time of extension and its causes. Plate
tectonic concepts were used in an attempt to explain
the current structure of the Eastern Mediterranean
(McKenzie, 1970) and focal mechanism solutions of
earthquakes in the region were presented, forming the
basis of a tectonic escape model (McKenzie, 1972;
Figure 38). The tectonic escape model develops a
cause-effect relationship and describes a process
triggered by collision along the Bitlis Suture in
Southeast Anatolia in the Middle Miocene resulting
in development of the North Anatolian and East
Anatolian Faults, western escape of the Anatolian
plate, and concluding with the N-S extensional
tectonic regime displayed in E-W grabens in Western
Anatolia in the Late Miocene (Dewey and Sengor,
1979; Sengor, 1982; Sengor et al., 1985).

However, the N-S extensional tectonics in the
Aegean is also explained by a back-arc extensional
model. The time of subduction of the Aegean arc has
key importance for back-arc extension, with the trench
migrating south and southwest causing extension in
the back-arc region. The initiation of subduction has
been proposed as Middle Miocene (13 Ma) by Le
Pichon and Angelier (1979; 1981) and as Pliocene (5
Ma) by McKenzie (1978) and Jackson and McKenzie
(1988). Taking note of Cretan geology according to
Meulenkamp et al. (1988) and tomographic images
obtained from the subducting plate by Spakman et al.
(1988), the initiation of subduction in the Aegean arc
must have begun before at least 26 Ma; however for
back-arc opening to form related to subduction the
subducting plate must reach a certain length and
accordingly the extension of the back-arc in the
Aegean was stated to have begun in the Middle-Late
Miocene. However, Thomson et al. (1988) have
proposed that the roll-back process of the Aegean arc
began to have effect in the Early Oligocene (Figure 4).

Among the reasons for acceptance of the initiation
of extensional tectonics in Western Anatolia as “Late
Miocene” (Sengor et al., 1985), the Late Cenozoic
stratigraphy developed during lignite exploration by
Turk-German cooperation in Western Anatolia
played an important role (Becker-Platen, 1970;
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Figure 4- Temporal relationship of models proposed for Late Cenozoic N-S extensional tectonics in Western Anatolia.
Chronological divisions from Steininger and Rogl (1984), age intervals of sporomorph assemblages from Benda et
al. (1974), Benda and Meulenkamp (1979; 1990) and Seyitoglu et al. (1994). The chart was adapted from Seyitoglu
and Scott (1996), by including data from Yilmaz et al. (2000) and Thomson et al. (1998).

1971). This study described the Neogene sequence in
Western Anatolia as, from bottom to top, Upper
Miocene Turgut member, Upper Miocene-Lower
Pliocene Sekkdy member, Lower Pliocene Yatagan
member and Upper Pliocene-Lower Pleistocene Milet
member. At the same time palynologic studies
defined the sporomorph associations in Western
Anatolia and related them to the above stratigraphy.
According to Benda (1971) the Eskihisar sporomorph
association is found between the base of the Turgut
member and the lowest portion of the Sekkdy
member. The Yenieskihisar sporomorph association
is found in the upper portion of the Sekkoy member.
With the possibilities presented by radiometric age

dating, age dating began to be completed on volcanic
rocks in Western Anatolia and the true placement of
volcanic rocks and interlayered lignite levels and
sporomorph associations began to be determined.
From this point of view, Benda et al. (1974)
represents the beginning, Benda and Meulenkamp
(1979) the development and Benda and Meulenkamp
(1990) the final stage. According to these studies, the
age of the Eskihisar sporomorph association is
determined as 20-14 Ma (Early-Middle Miocene), the
age of the Yenieskihisar sporomorph association is
14-11 Ma (Middle-Late Miocene), the age of the
Kizilhisar sporomorph association is 11-5 Ma (Late
Miocene), the age of the Akga sporomorph
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association is 5-2 Ma (Pliocene), and the Megalopolis
sporomorph association is younger than 2 Ma
(Pleistocene) (Benda et al., 1974; Benda and
Meulenkamp, 1979; 1990) (Figure 4).

The presence of Early Miocene basins in Western
Anatolia were revealed by Kaya (1981) using
radiometric age dates for volcanic rocks in the region;
however taking note of the NNE strike of the basins,
a cross-graben model (Sengor, 1987) was proposed.
According to this model, north-trending basins
developed similarly to Tibet-type grabens during N-S
compression in the Early Miocene and from the Late
Miocene the E-W trending graben system continued
to develop by cutting the north-trending basins.
Sediments from the north-trending basins should be
found as remnants in the E-W trending graben
systems. The cross-graben model (Sengor, 1987)
explains both the locations of the basins developing
in the Early Miocene and the opinion that the N-S
extensional tectonic regime began to develop in the
Late Miocene in Western Anatolia. As a result,
extensional tectonics in the Aegean continues to be
linked to the tectonic escape model.

By using the establishment of the sporomorph
associations age intervals, especially the position of
Eskihisar sporomorph association on the west
Anatolian stratigraphy, Seyitoglu and Scott (1991)
stated that “Late Miocene” timing of the initiation of
basin development in Western Anatolia should
change, because basin development is largely
beginning in the Early Miocene and it is linked to the
orogenic collapse (Seyitoglu and Scott, 1991).
Required for the cross-graben model (Sengor, 1987),
as described in the short explanation of the hypothesis
above, it is clear that finding Early Miocene age rocks
in north-trending basins is not sufficient to refute to
opinion that the cause of the N-S extension in
Western Anatolia is the tectonic escape model. Here
the important thing is Early Miocene age data from E-
W trending basins and showing that these sediments
are controlled by E-W trending faults. This data was
obtained from Eskihisar sporomorph association in
Haskdy, noted in brief by Becker-Platen (1970; p.
174). A field study of the sedimentary unit including
the Haskoy lignites checked whether it was within the
Biiyiik Menderes graben or not and showed the E-W
graben system developed in the Latest Oligocene-
Early Miocene. It was clearly stated that the tectonic
escape model could not be shown as the reason for N-
S extension in western Anatolia due to timing
inconsistencies (Seyitoglu and Scott, 1992a) (Figure
4).

In the Gordes basin, one of the north-trending
basins, Early Miocene central volcanics cut both the
ophiolitic basement of the Izmir-Ankara suture zone
and the sedimentary sequence. This situation requires
that compression due to the Izmir-Ankara suture zone
end before the Early Miocene, if it is correct that the
Lycian nappes in southwest Anatolia are originated
from the Izmir-Ankara suture zone (Ricou et al.,
1975). The Menderes Massif must be free of Lycian
nappe cover before the Early Miocene due to Early
Miocene basins observed at Gordes and Dalama. As a
result the last Lycian nappe movements, documented
as continuing until the Late Miocene in southwest
Anatolia (de Graciansky 1970; Besang et al., 1977),
must have developed as rootless gravity slides
(Seyitoglu et al., 1992).

It has been stated that there is a relationship
between extensional tectonics, thought to begin in the
Late Miocene period in Western Anatolia, and the
character of volcanism with calc-alkaline volcanism
dominant in the Early-Middle Miocene attributed to a
compressional regime and alkaline volcanism
becoming widespread in the Late Miocene related to
extensional tectonics (Yilmaz, 1989; 1990; Savascin
and Giile¢, 1990; Giile¢, 1991; Savas¢in, 1991).
However, when the beginning of extensional
tectonics in Western Anatolia was pulled back to the
Latest Oligocene-Early Miocene, the volcanism in
the region was reexamined and the geochemical
signature of calc-alkaline volcanism developing
during the extensional tectonic regime was found to
be inherited from previous subduction events while in
the advanced period of the continuing extensional
tectonics alkaline volcanism developed with thinning
of the crust. The situation of calc-alkaline volcanism
at the beginning of the extensional tectonic period
followed by later alkaline volcanism has also been
observed in the “Basin and Range” province
(Seyitoglu et al., 1992, Seyitoglu and Scott, 1992b).

E-W grabens in Western Anatolia contain
sediments from the Early Miocene period based on
palynological data (Seyitoglu and Scott, 1992a;
1996a; Seyitoglu, 1992); together with radiometric
age data from volcanic rocks and palynological
analyses in north-south basin fill which indicate that
north-south basins began to develop in the Early
Miocene (Seyitoglu et al., 1992; Seyitoglu and Scott,
1994; Seyitoglu et al., 1994; Seyitoglu, 1997,
Seyitoglu and Benda, 1998), all reveal that these two
differently trending basins developed simultaneously.
Noting that the tectonic escape and back-arc
extension models could not explain the sedimentary
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basin development in Western Anatolia due to age
inconsistencies, an orogenic collapse model was
proposed for the Early Miocene (Seyitoglu, 1992;
Seyitoglu and Scott, 1996b). This proposal is
different in terms of age from the Late Miocene
orogenic collapse proposed by Dewey (1988) for the
Aegean (Figure 4).

Kocyigit et al. (1999) determined different
structural and temporal relationships for extension in
Western Anatolia and explained their findings with
an episodic two-stage model. According to the model,
extension in the region developed in two separate
stages. The first event is related to orogenic collapse
in the Early-Middle Miocene. The second event
encompasses the Plio-Quaternary to the present day
and is represented by normal faulting and graben
formation. These two extensional stages are separated
by a N-S crustal compressional period (Late
Miocene-Early Pliocene). The two-stage graben
model has been supported by a variety of later studies
(Bozkurt, 2000; 2001; 2003; Sozbilir, 2002; Bozkurt
and Sozbilir, 2004; Kaya et al., 2004; Beccaletto and
Stenier, 2005; Bozkurt and Rojay, 2005).

Yilmaz et al. (2000) related the basis of extension
in Western Anatolia to the tectonic escape model.
According to the researchers the region was under the
effects of a N-S compressional regime until the Early-
Middle Miocene period. The Late Miocene-Early

Pliocene (?) is a period of peneplanation. Then the
region felt the effects of a N-S extensional regime.
Similarly Giirer et al. (2009) advocated the presence
of a NE-SW trending compression and E-W
extensional regime in the Early-Middle Miocene. In
the Pliocene-Quaternary period the basin formation in
the region is explained within a N-S extensional
regime related to the tectonic escape model.

1.3. Metamorphic Core Complex formation in the
Aegean Region

Since the beginning of the 1980s the formation of
metamorphic core complexes has been propounded to
explain the exhumation of crystalline massifs in an
extensional regime in the “Basin and Range” region
of North America (Coney, 1980; Wernicke, 1981;
Norton, 1986; Hill, 1987; Hodges et al., 1991;
Malavielle, 1993). After Lister et al. (1984) proposed
the formation of a metamorphic core complex similar
to the regional extension in the “Basin and Range”
province for the Aegean islands, many similar
formations have been described in the Aegean region
(Gibson, 1990; Gautier and Brun, 1994; Bozkurt and
Park, 1994; Dinter et al., 1995; Jolivet et al., 1996;
Vandenberg and Lister, 1996; Hetzel et al., 1995;
Okay and Satir, 2000; Isik et al., 2001; Gessner et al.,
2001). These are the core complexes of Menderes,
Kazdag, Rhodope, Cyclades and Crete (Isik et al.,
2004) (Figure 5).
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Figure 5- A) Map showing the location of Aegean extensional province. B) Metamorphic core complex formations in the
Aegean region (Western Turkey, Aegean Sea, Greece) (adapted from Isik et al., 2003; 2004).
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2. Menderes Core Complex

In the literature the Menderes Massif, defined as
the Menderes core complex, is one of the areas with
crystalline basement in the Aegean (Figure 5B). The
massif is bounded to the north by the Izmir-Ankara-
Erzincan zone and by the Lycian nappes to the south.
While it is covered by Neogene sequences to the east,
in the west it passes to units of the Cyclades massif.
The Menderes Massif has a NE-SW broad dome-
shaped exposure in Western Anatolia and is a
complex formed of mainly metamorphic and granitic
rocks.

The first geological information related to the
massif was presented by Tchihatcheff (1867-1869).
The first detailed geological mapping and
investigation was performed by Philipson (between
1910-1915) and it was named the “Lydia-Caria
massif”’. Philipson considered the massif a core
unaffected by the Alpine orogeny and interpreted the
gneisses as being Precambrian. In later years while
Akyol (1924) described the massif as the “Saruhan-
Mentese massif”’, Ketin (1966) investigated it under
the name “Western Anatolian massif”’. Today the
widely-used nomenclature of “Menderes Massif” was
used by Pajares (1944). The placement of the massif
within the framework of plate tectonics and
description of its evolution were completed by
Sengor et al. (1984).

Since the 1950s many studies have increasingly
been completed on the massif. In these studies the
lithodemic nature of the units in the massif, timing of
deformation and metamorphism and exhumation
mechanism have all been topics of debate. Studies in
the region specified the two main lithology groups
that form the massif many years ago and these are
widely accepted (Schuiling, 1962; Diirr, 1975;
Sengor et al., 1984; Konak et al., 1987; Dora et al.,
1995). However, some uncertainties still continue
related to the concepts of core and cover and different
opinions are common. One of these is related to the
contact relationship between the two units. Some
studies have determined the contact between the two
units as unconformable (Caglayan et al., 1980;
Sengor et al., 1984; Konak et al., 1987; Dora et al.,
1995; Candan et al., 2011). According to Sengor et al.
(1984) this unconformity represents the Pan-African
unconformity in the region. The character of the
contact between the two units has also been defended
as intrusive (Erdogan, 1992; Bozkurt et al., 1993;
1995). Another of the uncertainties related to the units

defined as core or cover is formed by their lithology,
age and metamorphism. Core rocks are dominantly
gneiss species and high grade metamorphic rocks. A
significant portion of these gneisses are named
“augen gneiss” due to their appearance. There are
different interpretations of the primary rock for augen
gneiss. While Schuiling (1958; 1962) determined
they were originally sedimentary based on zircon
morphology, Graciansky (1965) determined they
were originally magmatic. Bozkurt et al. (1995)
stated they were originally magmatic based on the
geochemistry of the rocks. There are different
opinions on the age of these gneisses. There are those
who defend the gneisses as Precambrian (Sengor et
al., 1984; Dora et al., 1995; Satir and Friedrichsen,
1986; Hetzel et al., 1998), in addition to those who
consider them Tertiary (Bozkurt et al., 1993, 1995).
Cover rocks, dominantly comprising lithologies such
as schist and marble, are formed of low grade
metamorphics. The limited fossil findings in these
rocks are interpreted as from the interval between the
Paleozoic and Tertiary (Diirr, 1978; Caglayan et al.,
1980; Sengor et al., 1984; Satir and Friedrichsen,
1986; Dora et al., 1995; Ozer et al., 2001).

A variety of studies have examined the
metamorphic characteristics of the massif. Just as
some of these studies have interpreted that the massif
was affected by a single metamorphism (Ashworth
and Evirgen, 1984), some have determined
characteristics of multiple metamorphism events
(Schuiling, 1962; Akkok, 1983; Sengor et al., 1984,
Candan, 1994; 1996; Oberhansli et al., 1997, Candan
and Dora, 1998; Whitney and Bozkurt, 2002). The
general view is that the character of the current
metamorphism of the massif was shaped by
Barrovian-type metamorphism in the Tertiary and
that metamorphism developed under green schist-
amphibolite facies conditions. This metamorphism is
known as the “Main Menderes Metamorphism” in the
literature (Sengor et al., 1984).

Since the 1990s studies in different regions of the
massif have propounded the view that the massif is a
core complex (Verge, 1993; Bozkurt and Park, 1993;
1994; Hetzel et al., 1995a, Emre and Sozbilir, 1997,
Gessner et al., 2001; Isik and Tekeli, 2001; Ring et
al., 2003; Seyitoglu et al., 2004). Contrarily there are
studies in the literature that do not concur that the
formation is a metamorphic core complex (Okay,
2001; Erdogan and Giingor, 2004; Westaway, 2006;
Akay, 2009).
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2.1. Lithological Characteristics

When we investigate the terminology of massif
for the broad outcrop of the Menderes core complex
in Western Anatolia, it appears to be based on
metamorphic rocks with different metamorphisms
and deformations and the young granitoid intrusions
that cut them.

Taking note of the protolith stratigraphy of the
metamorphics within this, defining them as core/Pan
African basement and cover units has become a
tradition. According to this, Pan-African basement is
formed of Precambrian-Cambrian metasedimentary
rocks and metamagmatites that have intruded them.
Within this framework the basement rocks are
paragneiss and schist and metamagmatite lithologies
with a primary intrusive relationship to these. Cover
units are Paleozoic-Mesozoic metapsammite,
metapelite and metacarbonate rocks. The lower
sections of the cover units are mainly represented by
marble intercalated with schist and quartzite while
upper sections commonly include thick marble
lithologies. Within these sections it is possible to
observe metabauxite levels with rudist fossils. The
uppermost section is formed of pelagic marble levels
(Sengor et al., 1984; Satir and Friedrichsen, 1986;
Konak et al., 1987; Oberhansli et al., 1997; Candan et
al.; 1998; 2011; Dora et al., 1990; 1995; 2001; Isik,
2004; Koralay et al., 2004). A variety of studies have
determined the primary relationship between Pan-
African basement and cover units as a regional scale
unconformity (Caglayan et al., 1980; Sengor et al.,
1984; Candan et al., 2011).

Apart from metamorphics the other lithologies in
the massif are local granitoid intrusions cutting the
metamorphics and deformed with the metamorphics.
Isotopic dating of these rocks, exposed at various
scales especially in the upper and northern sections of
the massif, have revealed them to be Miocene age
(Hetzel et al., 1995; Delaloye and Bingdl, 2000; Isik
et al., 2004b; Glodny and Hetzel, 2007). The
intrusions are petrographically granodiorite, quartz
monzonite and granite, with lesser amounts of quartz
diorite and diorite. Geochemical data suggest the
intrusions are generally subalkaline-peraluminum I-
type (Isik et al., 2003; 2004a, b; Aydogan et al., 2008;
Akay, 2009).

All these lithologies were transformed at varying
rates and into different types of shear zones during
exhumation of the massif.

2.2. Structural Characteristics

In structural terms the Menderes Massif is a
regional-scale Tertiary core complex. Within this
framework, the massif represents mega, meso and
micro structures developed with penetrative character
in the extensional regime (Figure 6).

The megascopic structures in the Menderes Core
Complex are formed of detachment faults and/or
shear zones related to these (Figure 6) (Isik et al.,
2003a,b; 2004b; Isik and Seyitoglu, 2006; 2007).
From south to north, these are (Figure 7): (1) Datca-
Kale Main Breakaway Fault, (2) Lycian Detachment
Fault, (3) Kayabiikii Shear Zone, (4) Biiyiik
Menderes Detachment fault (5) Alasehir Detachment
Fault and (6) Simav Detachment Fault. These
structures are accompanied by high-angle normal
faults that control the current topography of the core
complex.

2.2.1. Dat¢ca-Kale Main Breakaway Fault

Datca-Kale Main Breakaway Fault is NE-SW
trending normal fault zone extending from Gokova
Gulf near Datga to the Denizli basin (Figure 7). It was
interpreted by Seyitoglu et al. (2004) as the fault
playing a role in the initial exhumation of the
Menderes core complex (see: Section 4). The Gokova
graben at the southwest corner of Turkey is 150 km
long and between 5 and 30 km wide. The north and
south sides of the graben are bounded by faults; the
south side is bounded by the Datca Fault (Kurt et al.
1999). On submarine seismic reflection profiles the
Datca Fault (Kurt et al., 1999) appears to be a north-
dipping listric normal fault with clear control of the
sedimentary sequence on the hanging wall (Seyitoglu
et al., 2004). Investigations in the NE-SW-trending
Kale basin have discovered that the basin begins with
Upper Oligocene units (Hakyemez, 1989; Akgiin and
Sozbilir, 2001; Giirer and Yilmaz, 2002). During our
investigations in the southeast section of the basin we
observed the Kale-Tavas basin units are bounded by
NE-SW-trending and NW-dipping normal faults.
These faults are interpreted as having a genetic
association with the Datca Fault located to the
southwest. The footwall of the breakaway fault
comprises dominant carbonate rocks of the Lycian
nappes outcropping in the region and ophiolite and
ophiolitic melange rocks. Basin fill is found in the
hanging wall of the fault (Hakyemez, 1989; Akgiin
and Sozbilir, 2001; Giirer and Yilmaz, 2002).
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Figure 6- Cross section showing detail of a general detachment fault observed in the Menderes Metamorphic Core Complex.

2.2.2. Lycian Detachment Fault

The Lycian nappes, bordering the south and
southeast of the Menderes core complex, have a
special importance for the evolution of the Tethys
ocean and Alpine orogeny. The Lycian nappes
represent tectonic slices with different extents and
tectonically overlie the relative Beydagi autochthon
to the south. Basically the nappes are formed of three
main units. These are; Lycian thrust slices formed of
Upper Paleozoic-Tertiary aged sedimentary rocks;
ophiolitic melange rocks called the Lycian melange
and peridotite nappes called the Lycian ophiolite
(Collins and Robertson, 1998). Though there is no
full consensus related to the origin of the Lycian
nappes, it is widely accepted that these tectonic slices
represent the northern branch of the Neo-Tethys
ocean located north of the Menderes Massif and
moved from north over the massif to south (Sengor
and Yilmaz, 1981; Sengor et al., 1984). It is proposed
that emplacement of the nappes in the region
occurred in the interval from the Upper Cretaceous to
Late Miocene (Okay, 1989; Collins and Robertson,
1998; 1999). Studies in recent years which found
carpholite mineral representing high pressure

metamorphism at the base of the Lycian nappes
(Oberhansli et al., 2001; Rimmele et al., 2003) have
led to different interpretations relating to the
geodynamics of the region. Rimmele et al. (2003)
defined a shear zone between the Menderes Massif
and the Lycian nappes. They determined three
deformation events based on interpretations of the
kinematics of deformation in the region. These are;
(1) deformation represented by  southern
emplacement of the Lycian nappes; (2) main Alpine
deformation and (3) deformation representing
regional extension. Accordingly, the first deformation
represents the transport of the Lycian nappes from the
north and emplacement in the south. Later
deformation represents Eocene main Alpine
deformation and related metamorphism. Researchers
explain northerly kinematics of this deformation as
back thrusting. The deformation related to Oligo-
Miocene extension is defined in the core and cover
units of the Menderes Massif (Rimmele et al., 2003).

Ring et al. (2003) interpret the discontinuity
between the Menderes Massif and Lycian nappes as
reactivation of thrust faults forming the detachment
fault. According to the researchers, the Menderes
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Figure 7- Detachment faults and ductile shear zones observed in the Menderes Core Complex (adapted from Isik et al. 2003,
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Massif is a symmetric core complex with the Lycian
Detachment Fault controlling the southern section.

2.2.3. Selimiye (Kayabiikii) Shear Zone

Though the Selimiye (Kayabiikii) Shear zone was
first described as an extensional detachment fault by
Bozkurt and Park (1994), it was named the Kayabiikii
Shear Zone by Isik et al. (2003a, 2004). The
extensional structures in this section have been
examined in numerous studies (Bozkurt and Park,
1994; 1997a; 1997b; 1999; Bozkurt et al., 1995;
Bozkurt, 2004).

The region of the Selimiye Shear Zone is
important in some regards. A significant portion of
the interpretations and assessments of the Menderes
Massif are the result of studies in this section. The
presence of the core-cover contact and character of
the contact proposed within the basic stratigraphy of
the massif is debatable. Many studies have interpreted
the contact between the two units as the Pan-African
unconformity (Sengor et al., 1984; Konak et al.,
1987; Candan et al., 2011). According to Bozkurt and
Park (1994), cover rocks of the Menderes Massif are
separated from the core rocks by a south-dipping
detachment fault with the extensional character of the
contact examined in detail by later studies (Bozkurt
and Park, 1997a; 1997b; Bozkurt et al., 1995;
Bozkurt, 2004). The interpretation of the contact as
again having intrusive character with Cenozoic-age
metamagmatites representing the core rocks has been
made (Bozkurt and Park, 1994). However, isotopic
ages obtained from these rocks indicate the
metamagmatites are Precambrian in age (Hetzel and
Reischmann, 1996; Loos and Reischmann, 1999;
Gessner et al., 2004).

Our field studies in the region have shown that
there is no typical detachment fault between the two
units and that the contact relationship has the
characteristics of a ductile shear zone (Figures 7, 8).
Stated differently, the contact was not affected by
brittle deformation processes. The protolith rocks of
the Selimiye Shear Zone comprise metamagmatite,
metapsammite, metapelite and metacarbonate rocks.
These rocks have been affected by upper green schist
and amphibolite facies metamorphism. The multiple
metamorphism features in the massif have been
determined in a variety of studies (Candan and Dora,
1998; Whitney and Bozkurt, 2002; Gessner et al.,
2004). Metamorphic rocks are cut by small outcrops
of young granitoid intrusions.

The effects of extensional deformation are clearly
observed in the rocks of the region. Our hand sample
and microscopic investigations have shown
widespread mylonitization in these rocks. Foliation
and lineation structures are typical in mylonitic rocks.
In outcrop and hand samples mylonitic foliation is
represented by flattened feldspar minerals and quartz
banding and mica mineral orientations. Though the
development of this foliation is penetrative, it
presents a heterogeneous development linked to
lithology differences. Foliation planes are dominantly
NW-SE trending and dip SW with dip amounts
varying between 5° and 55°. These planes are found
with E-W and ENE-WSW trends locally. These clear
foliation planes are overprinted by secondary weak
and poorly developed foliation planes. The secondary
foliation has similarly oriented trend, however dips
are from 30° to 70° southwest. Lineation is another
typical structural component of extensional
deformation. Stretching lineation is represented by
lengthened minerals and mineral groups. Stretching
lineation strikes NNE-SSW and NE-SW with dips
SSW and SW.

Microscopic investigation has found that
blastomylonite is dominant in metamorphic rocks in a
wide area in the region. These rocks are accompanied
by different mylonite formations. Porphyroclast
composition is dominantly large feldspar grains in
mylonitic rocks. Biotite, muscovite, quartz and
tourmaline minerals are observed at varying sizes as
porphyroclasts. Matrix composition of the rock is
mainly recrystallized quartz and mica minerals.
Recrystallized feldspar minerals are again observed
in the matrix. In areas where crystal plasticity
deformation mechanisms developed strongly,
development of bands up to a centimeter thick
parallel to foliation in quartz minerals is typical. In
addition to band development kinking of
recrystallized grains and core-shell textures are
among other features of the crystal plasticity
deformation mechanisms.

Mesoscopic and microscopic kinematic indicators
reveal that exhumation of core rocks along the
Selimiye shear zone occurred with NE oriented
movement followed by SW oriented movement.
Young intrusions outcropping in the region include
structures representative of SW movement showing
that these intrusions were affected by the late stages
of extension.
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Figure 8- Field view of Selimiye (Kayabiikii) shear zone.

2.24. Biiyiik Menderes Detachment Fault

Biiyiik Menderes Detachment Fault bounds the
northern side of the Biiyiilk Menderes graben (Figure
7). This fault has also been named the Bascayir (Emre
and Sozbilir, 1997) or Giiney (Gessner et al., 2001a;
Ring et al., 2003) detachment fault. With a curved
geometry, the footwall of the Biiyiikk Menderes
Detachment Fault is composed of metamorphic rocks
of the massif and young granitoids (Figure 9). Here
the metamorphic lithologies and structural features
may be correlated with the characteristics of the
Selimiye shear zone. Common mylonitic orthogneiss
with mylonitic paragneiss (mica gneiss, garnet mica
gneiss, biotite gneiss), schist (mica schist, garnet mica
schist, muscovite quartz schist, quartzitic schist,
kyanite staurolite schist) and marble are contained in
the footwall of the detachment fault. Mesoscopic and
microscopic kinematic analysis data from mylonitic
rocks have revealed two different kinematic
orientations, similar to the Selimiye Shear Zone.
Accordingly the footwall rocks were first affected by

ductile deformation representing top-to-the NE
movement linked to regional extension and then by
deformation related to a top-to-the SSW movement
overprinting textural features. The Biiylik Menderes
Detachment Fault is related to the second
deformation. Hanging wall rocks are low-grade
metamorphic rock masses of varying sizes and
sedimentary units of the Biiylik Menderes graben.
Lithologies representing mylonitic gneiss are
observed in local areas. The fill in the Biiyiik
Menderes graben is dated as Early Miocene-
Quaternary and consists of mainly clastics (Seyitoglu
and Scott, 1992a; Sen and Seyitoglu, 2009).

There are outcrops where the detachment fault
plane and slip surface are visible (Figure 10). The
lithology which best preserves the plane is marble.
The Biiyiilk Menderes Detachment Fault trends NE-
SW and NW-SE and dips from 10°-42°. In sections
where fault striations have been preserved on the
plane, the lineations are NE-SW; with a small amount
NNE-SSW. The dip direction of the fault lineations is
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Figure 10- Appearance of brittle deformation of the hanging and foot walls of the Biiyilk Menderes detachment
fault in the field (right). Thin section appearance of the slip plane of the detachment fault. Upper section
of the photograph shows development of cataclasite on the thin section slip plane (left).
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toward the SW. Along the detachment fault, rock
above and below the fault plane comprises a
cataclastic zone (Isik et al., 2003b) with thickness
varying from 1 to 60 m. While the severity of brittle
deformation is very intense in sections close to the
fault plane, in areas distant from the plane this effect
gradually reduces. The systematic development of the
effects of brittle deformation is clearly observable,
especially in the footwall. Accordingly, in sections
close to the fault plane cemented (cohesive) breccia
and cataclasite formations are dominant (Figure 10).
The hanging wall of the fault plane has characteristic
uncemented breccia and/or fault gouge.

2.2.5. Alagehir Detachment Fault

The Alasehir Detachment Fault is among typical
detachment faults developed within the crust (Figure
11). In this regard, it has been a study topic for many
research groups (Emre, 1992; Hetzel et al., 1995aq;
1995b; Emre and Sozbilir, 1997; Kocyigit et al.,
1999; Gessner et al., 2001a; Seyitoglu et al., 2002;
Isik et al., 2003b; Seyitoglu et al., 2004; Purvis and
Robertson, 2005; Hetzel 2007, Oner and Dilek,
2011). The Alasehir Detachment Fault has been
described as the Allahdiyen (Emre, 1992), Karadut
(Emre and Sozbilir, 1997), Camkoy (Kogyigit et al.,
1999) and Kuzey detachment fault (Gessner et al.,
2001a; Ring et al., 2003) in the literature. The
characteristics of the Alagehir Detachment Fault have
been determined in detail by Isik et al. (20035).

The footwall of the fault is again various
metamorphic rocks of the massif and syn-tectonic

young granitoid intrusions (Isik et al., 2003b). The
metamorphic rocks have similar lithological
characteristics to the Selimiye Shear Zone and the
footwall of the Biiyiilk Menderes Detachment Fault.
Along the detachment fault, outcrops of varying sizes
of syn-tectonic intrusions are granodiorite, monzonite
and granite rock types. These lithologies are
accompanied by mafic inclusions in places. The main
mineral composition of these rocks is feldspar, quartz
and varying ratios of biotite and hornblende;
secondary minerals include apatite, sphene, ilmenite
and opaque minerals. Both metamorphic rocks and
young intrusions show the effects of ductile and
brittle deformation indicating exhumation linked to
extension (Figures 12 and 13).

Ductile deformation in these rocks is
characterized by widespread mylonitic formations.
Apart from Dblastomylonite formations in
metamorphic rocks, protomylonite, mylonite and
ultramylonite formations are found within granitoid
rocks. Typical structural elements in these rocks are
mylonitic foliation and lineations, with similar
textural characteristics to mylonitic foliation and
lineations observed in other zones in the massif.

Along the detachment fault foliation has NE-SW
orientation, with dominant dip direction to the NW.
Fewer SE dip directions have been measured.
Stretching lineations are typical lineation features in
these rocks. They have NE-SW trend and NE dip.
Kinematic data obtained along the zone (asymmetric
porphyroblasts, S-C, -C’ structure, oblique foliation,

Kursunlu Fm.

Figure 11- General appearance of the Alasehir Detachment Fault (Kavaklidere-Horzumkeserler road). For characteristics of
the detachment fault see Isik et al. (2003b), for its role in graben development see Seyitoglu et al. (2002) and for
the “Horzum Turtleback” formation mechanism see Seyitoglu et al. (2014).
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Figure 12- Appearance of brittle deformation features of the footwall of the Alagehir Detachment Fault in
the field.
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field and schematic sections of this relationship.
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mica fish) indicate ductile deformation developing as
a result of a top-to-the NE directed extensional
regime.

In the field ductile-brittle transition is clearly
observed along the Alasehir Detachment Fault
(Figure 13). Isik et al. (2003b) described a cataclastic
zone within the detachment fault, which incorporates
products of brittle deformation. The cataclastic zone
is 1 to 20 m thick, and represents different brittle
deformation events (Figure 12). The zone begins with
systematic and non-systematic fracturing at the base,
before transitioning to breccia toward the top. The
textural features of the breccia levels change toward
the top and a transition is seen to cataclasite-type fault
rocks (Figure 12). Especially in cataclasite rocks
lateral continuity is limited and rough cataclastic
foliation is locally observed. Generally this foliation
appears parallel to mylonitic foliation. The top of the
zone is bounded by the detachment fault surface. The
slip surface is locally preserved and fault striations
are clear. The slip lineations are NE-SW trending and
dip NE, in accordance with the stretching lineations
linked to ductile deformation. This situation indicates

that the Alasehir Detachment Fault was formed by
ductile and brittle stages within the same regime (Isik
et al., 2003b).

The hanging wall of the Alagehir Detachment
Fault is mainly formed of sedimentary rocks of the
Alasehir graben. This sedimentary sequence of
different formations is Early Miocene-Quaternary in
age (Seyitoglu et al., 1996a; Seyitoglu et al., 2002;
Sen and Seyitoglu, 2009).

2.2.6. Simav Detachment Fault

The Simav Detachment Fault is at the very north
of the Menderes core complex. The fault was first
described by Isik et al. (1997) and Isik and Tekeli
(2001) (Figure 14). The Simav Detachment Fault
divides the moderate-high grade metamorphic rocks
of the massif and young granitoid rocks in the region,
from low-grade metamorphic rocks, ophiolitic
melange rocks and Neogene-Quaternary sedimentary
and volcanic basin sediments.

Moderate-high grade metamorphic rocks in the
footwall of the fault are mainly composed of gneiss

Figure 14- General appearance of the Simav Detachment Fault in the field.
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(banded gneiss, orthogneiss, biotite gneiss) and
schists. Migmatitic banded gneiss outcrops in the
lowest sections of the region structurally. Sequences
of light- and dark-colored bands are clear, with
thickness of bands from a few mm to a few cm. These
metamorphics structurally transition to biotite gneiss
in upper sections. Schist interlayering in the gneiss
and marble, amphibolite bands and lenses at varying
levels are present. Orthogneiss has similar features as
those mentioned in other sections of the massif. Other
lithologies in the footwall of the Simav Detachment
Fault are granitoid intrusions (Egrigéz and Koyunoba
plutons). Granitoids are medium-grained, have
holocrystalline granular texture in hand samples and
are formed of granodiorite, granite and monzonite
rock types. Occasional felsic, with lesser amounts of
mafic, dikes and pegmatites are among other rocks
found in the footwall.

Along the Simav Detachment Fault these rocks
have been affected by differing amounts of ductile
deformation, and may be compared to the Alasehir
Detachment Fault, especially. Mylonitization has
affected metamorphics and granitoids by varying
amounts. Mesoscopic and microscopic investigation
has provided important information related to

mylonitization along the Simav Detachment Fault
(Isik and Tekeli, 1998; 1999; 2001; Isik, 2004; Isik et
al., 2004). Mylonitic foliation and lineation are
characteristic. In gneiss and schist rocks mylonitic
foliation is represented by quartz banding,
recrystallized quartz and mica minerals and
preferential orientation of biotite, plagioclase,
sometimes muscovite, sillimanite, kyanite and
tourmaline porphyroblasts. In marbles foliation is
visible as recrystallized calcite and/or calcite
prophyroclasts with preferential stretching. In
pegmatites a foliation formed by stretched
recrystallized quartz and muscovite grains is typical.
In granitoids mylonitic foliation is generally
represented by recrystallized quartz and biotite
minerals. The measured foliation planes are
dominantly NW-SE striking and slope to the SW.
Other sections of the foliation measurements are NE-
SW striking and slope to the SE. The mean dip
amount is 27°. Stretched quartz, feldspar, kyanite,
tourmaline, hornblende and mica are common
minerals and groups that form the mylonitic lineation
(Figure 15). The lineation direction is NE-SW. The
dominant dip direction of these lineations is SW, with
fewer NE dips measured. In this section of the massif,
there is NW-NE stretching lineation found. The dip

Figure 15- Typical mica fish appearance on oriented thin section. Movement direction top-to-the NE.
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direction of these lineations is SW. Perpendicular to
mylonitic foliation and on parallel surfaces to
lineation, there are common Kkinematic indicators
(asymmetric porphyroclasts, oblique recrystallization,
mica fish, S-C and S-C’ fabrics, shifted grains and V-
pull apart micro textures). These indicators show the
extensional tectonics forming the Simav Detachment
Fault represented a top-to-the N-NE directed
movement (Figures 15 and 16).

Brittle deformation structures in the Simav
Detachment Fault are defined by a cataclastic zone.
The apparent thickness of the zone reaches 100
meters, but typical features are observed within 30
meters. Mylonitic rocks within the cataclastic zone
have fractured outcrops and hand samples, small-
scale faulting, fragmentation, crushing and alteration
features. In sections close to the fault plane there are
high rates of crushing and milling with cataclasite and
local breccia fault rocks observed with fracturing,
mesoscopic faulting and breccia formation in sections
slightly further from the plane.

The hanging wall of the Simav Detachment Fault
within the north of the Menderes core complex is
represented by metamorphic and non-metamorphic

lithologies, generally formed of allochthonous rock
units and Neogene-Quaternary basin sediments.
Especially in low grade metamorphics and non-
metamorphic rocks, the effects of varying amounts of
brittle deformation are commonly observed. These
rocks are characterized by high-angle faults of
mappable scale with WNW-ESE and NW-SE
directions. The normal component is clear on surfaces
with relative movement visible. The movement
direction is mainly toward the NE. However, there
are a few SW dipping faults found. Some faults have
clear listric geometry.

3. Neogene Basins in Western Anatolia
3.1. East-West-Trending Grabens

One of the dominant morphological features in
Western Anatolia is E-W-trending grabens (Figure
7). The most comprehensive explanation of the basis
of Turkey’s neotectonics at time of publication, in the
article by Sengor et al. (1985) the E-W grabens
represented the initiation of N-S extensional tectonics
in the Aegean (revolutionary structures). After Early
Miocene ages were obtained from E-W graben fill
(Seyitoglu and Scott, 1992a; Seyitoglu, 1992),

Figure 16- S-C fabric on oriented thin section. Horizontal foliation represents C-plane, diagonal foliation represents the
S-plane. Movement direction is top-to the NNE.
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sedimentological investigation determined whether
graben fill in E-W grabens belonged to them and not
pre-existing structures, a matter significantly
emphasized by Cohen et al. (1995). This was because
the data obtained from this fill determined the
initiation time of extensional tectonics in Western
Anatolia and was used to test the validity of proposed
tectonic models (Seyitoglu, 1992). If a section of the
sedimentary sequence within the grabens is revealed
to belong to cross grabens as proposed in the cross
graben model, it would question the validity of age
data obtained from the fill for initiation of E-W
grabens. In a sedimentological study of both Alasehir
(Gediz) and Biiyiik Menderes sediments by Cohen et
al. (1995), the fill in both grabens were coeval with
the E-W graben system and they determined that the
ages obtained from graben fill could be used for
graben formation (Cohen et al., 1995; p. 637).
Contrary to this, interpretation of the deepest graben
fill as belonging to north-trending basins continues in
some studies (Yazman, 1997; Yilmaz et al., 2000;
Yilmaz and Gelisli, 2003; Giirer et al., 2009).

3.1.1. Alagehir Graben

Grabens are generally named after the river they
contain; as a result the name Gediz graben is
commonly used. However, it is thought that using the
name Alagehir graben is more appropriate than Gediz
graben (Seyitoglu, 1992) because; (1) the town of
Alagehir is located within the graben while the town
of Gediz is not within the graben, (2) the Gediz river
does not run along the whole graben but enters in the
middle of the graben at Adala, (3) the surface ruptures
of the 28 March 1970 Gediz earthquake (M=7.0)
developed outside the graben near the town of Gediz,

and (4) Alagehir stream, Alasehir town and surface
ruptures of the 28 March 1969 Alasehir earthquake
(M=6.1) are within the graben (Arpat and Bingol,
1969; Ketin and Abdiisselamoglu, 1969; Eyidogan
and Jackson, 1985).

While studies related to basin fill in the Alasehir
graben have proposed many formation names, it is
not possible to observe or map some of these
throughout the whole graben. In the field three
different formations are clearly distinguished and
their relationships to faults are observable (Figure
17). The lowest Alasehir formation and the Kursunlu
formation above it are unconformably followed by
the Sart formation and the sequence ends in current
alluvial sediments (Figure 18) (Seyitoglu et al.,
2002).

The first two sedimentary sequences in the
Alagehir graben, the Alasehir and Kursunlu
formations, are bounded by the Alagehir Detachment
Fault (Fault I). In the lower sections of the Alasehir
formation (iztan and Yazman, 1990) angular blocky
conglomerates are found. The clasts are formed of
mylonitic rocks. Toward the top of the unit it
transitions to  yellow  sandstone-mudstone
intercalations. Generally within 50 m toward the top
the clast size rapidly reduces and angular blocky
conglomerates up to 1.5 m are found within very fine-
grained lacustrine sediments. The upper section of the
formation passes to very well lithified laminated
mudstone rich in organic material passing into
sandstone and limestone with conglomerate levels
observed. Grey sediments indicating underwater
environmental conditions intercalate with red
sediments, before passing into a unit dominated by
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Figure 17- Geological map of the Alasehir graben (taken from Seyitoglu et al., 2000). Pink represents metamorphic basement,
blue represents the Alasehir formation, dark yellow-orange represents the Kursunlu formation, light yellow
represents the Sart formation and gray represents Quaternary alluvium.
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Figure 18- Stratigraphy of the Alagehir graben (modified from Demircioglu et al., 2010).

red color. This unit is described as the Kursunlu
formation (Seyitoglu, 1992; Seyitoglu and Scott,
1996a; Seyitoglu et al., 2002). The Kursunlu
formation comprises angular conglomerates followed
by coarse and fine sandstone in a cyclical
sedimentary sequence. The typical red color of the
Kursunlu formation is seen in the lower levels while
in the upper levels the color lightens to pink with gray
intercalations.

The Eskihisar sporomorph association (20-14 Ma)
has been defined in both the Alasehir formation
(Ediger et al., 1996) and the Kursunlu formation
(Seyitoglu and Scott, 1996a). Taking note of
magnetostratigraphic age data obtained from the
transition between the Alasehir and Kursunlu
formations (14.6-16.6 Ma) and the thickness of the
lower Alagehir formation, the age of initiation of the
graben is determined as Early Miocene (Sen and
Seyitoglu, 2009).

The Sart formation which overlies the Alasehir
and Kursunlu formations above an unconformity
comprises light yellow, slightly consolidated

conglomerates and sandstones. The name Sart
formation is taken from the ancient city of Sardis
(Seyitoglu, 1992; Seyitoglu and Scott, 1996aq;
Seyitoglu et al., 2015a). The Pliocene Sart formation
contains microfossils (San, 1998). Within the graben
this formation developed on the hanging wall of Fault
I (Seyitoglu et al., 2002). Quaternary alluvium is
found on the downdropped block of Fault III forming
the graben plain and surface rapture from the 28
March 1969 Alasehir earthquake developed along
this fault (Arpat and Bingol, 1969; Eyidogan and
Jackson, 1985) (Figures 17 and 18).

When studies of the tectonic evolution of Alasehir
graben are investigated, it is possible to observe
traces of the “low angle vs. high angle” argument
about normal faults in structural geology in
assessments of the faults controlling graben
formation. There are two different views on
formation of the Alasehir graben. The first group of
researchers says the graben bounding faults were
low-angle from the time of basin formation and these
are cut by the higher-angle faults which young toward
the north (Hetzel et al., 1995; Emre and Sozbilir,
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1997; Sozbilir, 2001; Oner and Dilek, 2011). The
second group of researchers proposes that initiation
of the Alagehir graben involved high-angle normal
faults which gradually became low angle over time
(Seyitoglu and Sen, 1998; Gessner et al., 2001;
Bozkurt, 2001; Seyitoglu et al., 2002; Purvis and
Robertson, 2005; Cift¢ci and Bozkurt, 2009; 2010;
Demircioglu et al., 2010; Seyitoglu et al., 2014).

According to Oner and Dilek (2011), from the
first group of researchers who define the Alasehir
graben as a supradetachment basin developing on the
Alagehir Detachment Fault, at the start of basin
development from the Early Miocene low-angle
detachment faults were active, accompanied by
scissor faults and from the Late Pliocene (3.5 Ma)
high-angle faults cut the detachment fault leading to
back-tilting of the sequence (Oner and Dilek, 2011).
The lack of validity of this model may be shown with
a few points. (1) Comparing basin fill in “rift basins”
and “supradetachment basins” the clearest difference
is the distance of the lacustrine depocenter from the
main fault (Friedmann and Burbank, 1995). In
supradetachment basins due to the giant alluvial fan
deposits, lacustrine basins develop far from the basin
edge whereas in rift basins due to high-angle normal
faults the largest depocenter is very close to the edge
of the basin and alluvial fans are of limited size
(Friedmann and Burbank, 1995). When the geologic
map of Oner and Dilek (2011) is examined, it is
possible to observe the oldest rocks in basin fill are
organic-rich mudstone and lacustrine limestone
[Gerentas fm. and Kaypaktepe fm. in Oner and Dilek,
(2011)] located very close to the basin-edge fault.
This feature was mentioned by Seyitoglu et al. (2002)
and the necessity of high-angle faults bordering the
basin/graben initially was stated. (2) The Alagehir
Detachment Fault is one of the most dated faults on
the earth. With the age dating completed to date it is
possible to access relative spatial locations of the
Alagehir Detachment Fault (Seyitoglu et al., 2014).
Age dates on the Alagehir Detachment Fault vary
from 1.75+0.62 Ma to 21.70+4.50 Ma (Lips et al.,
2001; Gessner et al., 2001; Catlos and Cemen, 2005;
Glodny and Hetzel, 2007; Catlos et al., 2010; Buscher
et al., 2013; Hetzel et al., 2013). In the
supradetachment basin model of Oner and Dilek
(2011), the Alagehir Detachment Fault is cut by high-
angle faults from 3.5 Ma and must cease activity.
However, the age data mentioned above identified
movement on the fault up to 1.75+£0.62 Ma. (3) In the
supradetachment basin model, the crosscutting
relationships of faults in the Alagehir graben are

ordered relatively (Oner and Dilek, 2011; Figure
12¢). The faults are ordered from old to young as high
angle, low angle, high angle, low angle. When it is
considered that the proposed model involves
development of first low angle and then high angle
normal faults, it appears that this situation is not
observed in nature.

The second group of researchers who believe the
Alagehir graben began with high-angle faults have
adapted the flexural rotation/rolling hinge model to
the Alasehir graben (Seyitoglu et al., 2002). In the
original “flexural rotation” model (Buck, 1988;
Wernicke and Axen, 1988) initially high-angle
normal faults reduce in angle due to isostatic rebound.
New normal faults developing in the hanging wall of
the first fault undertake the task of the first fault
which cannot cope with the extension. This situation
implies that movement should end on the rotating
first fault and primary throw on faults formed pre-
rotation will remain unchanged. At the end of the
process, faults and related sediments young towards
the center of the graben (Buck, 1988; Wernicke and
Axen, 1988; Manning and Bartley, 1994; Axen and
Bartley, 1997).

In the initial stages of the Alagehir graben, the
Alagehir and Kursunlu formations were deposited in
front of high-angle faults (Fault I) in the Early
Miocene. This conclusion is reached due to the
proximity of the lacustrine facies to the graben edge
in the mapped area of the Alagehir formation
(Seyitoglu et al., 2002) (Figure 19). Additionally,
geological maps by Cohen et al. (2005), Purvis and
Robertson (2005) and Oner and Dilek (2011) include
similar results. As observed in gravity data (Ak¢ig,
1988; Ates et al., 1999) and seismic profiles parallel
to the graben (Cift¢i and Bozkurt, 2010) in front of
the towns of Alasehir and Salihli, there are two
separate sub-basins separated by possible “relay
ramps” (Seyitoglu et al., 2002). Thermochronological
data from the Alasehir graben (Gessner et al., 2001;
Figure 3f) show that rocks in the footwall of Fault I
were rapidly exhumed since about 5 Ma. This data
supports the view that Fault II formed in the
downdropped block of Fault I and while the Sart
formation was being deposited ahead of this, Fault I
rotated to become low angle (Figure 19).

As Fault I rotated and became low angle, different
to the original “rolling hinge” model, activity
continued and field data show this caused a larger
amount of metamorphic basement to be exposed
(Seyitoglu et al., 2002; Figure 11). Here as a result of
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Figure 19- “Alasehir-type rolling hinge” model for the Alasehir graben (A-D) and seismic reflection profiles of the graben
showing Fault II and Fault III merged to Fault I (E-F) (Adapted from Seyitoglu et al., 2002; Demircioglu et al.,

2010; Seyitoglu et al., 2014).

the low angle normal faults affecting the Kursunlu
formation with activity on these low angle normal
faults occurring after deposition of the formation, it is
understood that there was activity on the rotated low
angle fault. Age dating (9.2+0.3 - 3.7+0.2 Ma) from
the same location confirms this (Hetzel et al., 2013;
Samples 10Me09 and 10MelO, Figure 3b).
Preservation of activity as Fault I rotates to low angle
is different to the original model. This difference is
described as the “Alasehir type rolling hinge model”
(Seyitoglu et al., 2014). This model explains (1) the
extensional tectonic regime continuing from the Early
Miocene to Quaternary without major disruption, (2)
the large interval of dates obtained from the Alasehir
Detachment Fault (1.75+0.62 Ma to 21.70+4.50 Ma),
and (3) the formation mechanism of the Horzum
Turtleback (Seyitoglu et al., 2014).

In the hanging wall of Fault II, Fault III developed
and Fault I and II continued to rotate to lower angles
and Quaternary alluvium was deposited on the
downdropped block of Fault III. At the same time

faults developing on the northern side of the Alasehir
graben made the graben symmetric. High angle faults
(Fault IV) developing from the Quaternary to the
present appear to cut low angle faults (Seyitoglu et
al., 2002) (Figure 19).

Faults identified on seismic reflection profiles
completed by TPAO match faults mapped on the
surface and named as Fault I, II and III (Demircioglu
et al., 2010). Accordingly at depth Faults II and III
merge to Fault I but do not cut it (Figure 19). This
finding supports the “rolling hinge” model of
evolution of the Alagehir graben. Seismic reflection
profiles also illustrate the wedge geometry of the
Alagehir formation. This data shows that the Alasehir
formation was deposited simultaneous to E-W
striking faults (Demircioglu et al., 2010) and are not
the product of north-trending basins as advocated by
Yilmaz et al. (2000).

One of the most striking models for the evolution
of the Alagehir graben is the two-stage extensional
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model. Kogyigit et al. (1999) examined sequences in
the Alasehir graben and found folds in rocks of the
Salihli group and assuming a horizontal position for
the Karatag group above an angular unconformity,
they determined a N-S oriented short regional
compressional stage in the Late Miocene-Early
Pliocene. Seyitoglu (1999) mentioned the radiometric
age dates and palynologic analyses (Seyitoglu,
1997b; Seyitoglu et al., 1997; Seyitoglu and Benda,
1998) from the Selendi and Usak-Giire basins
immediately to the north of the Alasehir graben along
with the horizontal placement of the Inay Group with
age interval in the Lower-Middle Miocene and lack
of effects from regional compression as contradicting
this view. Seyitoglu et al. (2000) investigated folds in
the Alagehir graben and found they were drag folds or
rollover anticlines related to normal faults showing
they were folds related to extensional tectonics, given
a theoretical basis in Janecke et al. (1998). Purvis and
Robertson (2005) concur with this observation.
Sozbilir (2002) introduced the interpretation that the
folds in graben fill developed in an extensional
regime and formation was related to the ramp and flat
geometry of detachment faults.

3.1.2. Biiyiik Menderes Graben

The Biiyiikk Menderes graben is an east-west
structure where the main fault is located on the north
side. The base of the graben fill is blocky
conglomerate, sandstone and mudstone with lignite
levels of the Haskdy formation and it is reported that
the formation includes E-W trending normal growth
faults (Sozbilir and Emre, 1990). The Haskoy
formation was determined to have been deposited in
the Middle-Late Miocene by Sozbilir and Emre
(1990) and this age was supported in palynological
studies by Akgiin and Akyol (1999). Among our
reservations about this age data are the lack of first
hand correlation of the proposed age with isotopic
age data, and mammal or marine biochronological
ages (Seyitoglu and Sen, 1999). The response to this
debate states the lack of confidence in isotopic age
data (Akyol and Akgiin, 2001).

It is known that Leopold Benda’s Haskoy locality
is where the Eskihisar sporomorph association was
recorded (Becker-Platen, 1970). Taking this
information together with the new age interval for the
Eskihisar sporomorph association (20-14 Ma), the
age of initiation of the E-W-trending Biiyiik
Menderes graben, and as a result the N-S extensional
tectonics in the Aegean, is determined to be Early
Miocene (Seyitoglu and Scott, 1992a).

The Gokkirantepe formation, conformably
overlying the Haskdy formation (So6zbilir and Emre,
1990), is formed of red conglomerate, sandstone and
mudstone and is accepted as the second sedimentary
sequence in the graben (Figure 20). The transition
from the Haskdy formation to the Gokkirantepe
formation was dated to 14.88 - 1597 Ma by
magnetostratigraphy (Sen and Seyitoglu, 2009).
According to a mainly sedimentological study of the
Biiyiik Menderes graben, each of the formations is a
product of the E-W graben (Cohen et al., 1995) and
the initiation age of the graben is described as Early
Miocene (Seyitoglu and Scott, 1992a; Sen and
Seyitoglu, 2009).

The Asartepe formation in the Biiyiik Menderes
graben unconformably overlies previous units
(Sozbilir and Emre, 1990; Sen and Seyitoglu, 2009).
At the Sevketin Dag1 location within the formation,
micromammalian fossils with Late Pliocene-
Pleistocene ages are found (Unay et al., 1995; Unay
and De Bruijn, 1998) (Figure 21).

Giirer et al. (2009) proposed the presence of a
Late Pliocene-Pleistocene sequence according to
micromammalian data from between Aydin -
Ortaklar in the Biiyiik Menderes graben. According to
age data, there is a high possibility that the position of
this sequence in Biiylik Menderes stratigraphy is
equivalent to the Asartepe formation with certain
position. To confirm this it is necessary to complete
careful geological mapping laterally from the
Sevketin Dag1 location where the Asartepe formation
is observed toward Aydin. The lack of validity of the
claim of inconsistency between palynological ages
near Nazilli and the micromammalian ages proposed
by Bozkurt (2000) has been shown by similar
geological mapping (Sen and Seyitoglu, 2009). Here
while the Eskihisar sporomorph association (20-14
Ma) was recorded in the Haskoy formation, the Late
Pliocene-Pleistocene micromammalian age findings
are within the Asartepe formation at different
stratigraphic levels (Sen and Seyitoglu, 2009) (Figure
21).

The newest study to support the cross graben
model proposed by Sengor (1987) is by Giirer et al.
(2009) who propose that the Lower-Middle Miocene
sedimentary sequence in the Biiyiik Menderes graben
was deposited under a N-S compressional regime in
north-trending basins (Tibet-type grabens). Based on
the Late Pliocene-Pleistocene micromammalian ages
obtained from the sequence between Aydin —
Ortaklar in the Biiyilk Menderes graben, mentioned
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above, it is advocated that the extensional regime in
Western Anatolia began in this period and evidence
of the compressional regime continuing to the Late
Pliocene is shown by the last movement of the Lycian
nappes in SW Anatolia. This model does not comply
with several observations and studies in Western
Anatolia. (1) Sedimentological studies of both the
Alagehir and Biiyilk Menderes grabens have stated
that the sediments are coeval to tectonism and the age
of these sediments may be used to identify the age of
formation of E-W grabens (Cohen et al. 1995). The
lowest sequence in the E-W grabens of Alasehir and

Biiyiik Menderes has been proven to have Early
Miocene age by magnetostratigraphical studies (Sen
and Seyitoglu, 2009). (2) As discussed in the previous
section, data from studies based on seismic reflection
profiles in the Alasehir graben show the sequence at
the bottom of the graben fill (Alagehir formation)
developed simultaneously to the east-west normal
fault system (Demircioglu et al., 2010; Cift¢ci and
Bozkurt, 2010). In the study by Ciftci et al. (2011)
assessing seismic reflection data from the Biiyiik
Menderes graben, seismic reflection profiles in an E-
W direction showed the lowest two sequences in the
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Figure 21- Geological map and cross section north of Nazilli in the Biiyiik Menderes graben. Dashed red line indicates
location of magnetostratigraphic section (Taken from Sen and Seyitoglu, 2009).

graben fill (equivalent to Haskdy and Gokkirantepe
formations) have lens-shaped geometries, while on
N-S seismic reflection profiles E-W normal faults
acting as growth faults for the first two sequences.
North-trending faults, observed at the surface and
proposed by Giirer et al. (2009) as controlling units
equivalent to the lowest unit of graben fill, the
Haskoy formation, developed after deposition and are
reported to be transfer faults frequently observed
developing in basins with normal faults (Cift¢i et al.,
2011). These findings make the proposed assessment
by Giirer et al. (2009) invalid. (3) Giirer et al. (2009)
used movement of the Lycian nappes to the south as
data showing continuation of the compressional
tectonic regime until the Late Pliocene. However, the
ages of basins in the Menderes Massif (Gordes and
Dalama-Kulogullar1; Seyitoglu et al., 1992) and
thermochronological ages (Gessner et al., 2001b)

show that the massif was freed of Lycian nappe cover
before the Early Miocene, requiring the last
movement of Lycian nappes toward the south,
thought to have been sourced at the Izmir-Ankara
suture zone, to be rootless and for this crustal
shortening is not required. This was stated by
Seyitoglu et al. (1992) and this opinion was supported
by Collins and Robertson (2003). (4) The deformed
units and reverse fault images used to support the
view of Giirer et al. (2009) that the compressional
tectonic regime continued to the Late Pliocene.
Firstly it must be determined whether the deformation
is due to slump folding. Additionally, it must not be
forgotten that folds and reverse faulting in sequences
above detachment faults may develop linked to the
ramp-flat geometry of the detachment fault (McClay,
1989; 1990). In recent times data from within the
Alagehir graben was published in a study assessing
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similar structures as products of progressive
deformation (Sengér and Bozkurt, 2013). Another
dimension of the topic are the regional effects of the
proposed compression continuing to the Late
Pliocene (Giirer et al., 2009) or short-duration
compression between the Late Miocene-Pliocene
(Kogyigit et al., 1999). As discussed in an earlier
section, the Inay Group, with definite Lower-Middle
Miocene age based on palynology and isotopic age
data in basins immediately north of the E-W trending
grabens, is in a horizontal position and was not
affected by the proposed regional compression
(Seyitoglu, 1999). However, compressional data
published in papers to support the regional
compression of Giirer et al. (2009) has been refuted.
For example, the folds mentioned by Kogyigit et al.
(1999) have been shown to be drag folds or rollover
anticlines (Seyitoglu et al., 2000). The reverse fault
proposed by Kogyigit et al. (2000) in the Aksehir-
Afyon graben was not found on seismic data (Kaya et
al., 2014). Folds in Neogene units of Eskisehir plain
in Kogyigit (2005) were determined to be related to
active strike-slip faulting (Seyitoglu et al., 2015b).
All these studies show the compressional regime in
Western Anatolia did not continue to the Late
Pliocene and there was no short-term compression
between the Miocene-Pliocene.

3.1.3. Denizli Graben

The WNW-ESE-trending Denizli graben is
located in the SE of the Menderes Massif. The graben
is 70 km long and 50 km wide, with the southern edge
of the graben forming the northern slope of the
Babadag reaching 2000 m. On these slopes the
southern edge of the graben is bordered by the
Babadag Fault Zone with 45-50° north-dipping
normal faults. The Buldan horst in the NW of the
graben divides the graben fill in two. In the northern
section of the graben, the Denizli graben with NW-SE
normal faults developed in the Quaternary nearly
unites with the Alagehir graben. The southern section
is linked to the Biiyilkk Menderes graben by E-W
Quaternary normal faults (Figure 22). Seismic
activity in the region is very high due to the Babadag
and Pamukkale fault zones (Kaypak and Gokkaya,
2012).

Denizli graben fill is reported as Pliocene age
(Taner, 1974a, b; 1975), so have attracted less
attention of the studies dealing with the initiation of
extensional tectonics. However, after the
identification of micromammalian fossils showing
Early Miocene age (Sarag, 2003), as the Denizli
graben aroused more interest as it houses sedimentary
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Figure 22- Geological map of the Denizli graben (Taken from Sun, 1990 and Algigek, 2007).
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fill from a very broad time interval. Kogyigit (2005),
Westaway et al. (2005) and Kaymakgi (2006) do not
accept the Lower-Middle Miocene sedimentary
sequence as a product of the Denizli graben, but
defend the opinion that these sediments developed
outside the graben system.

According to Kogyigit (2005) the Denizli graben
developed under two stages of extensional regime
separated by a compressional phase. The first
extensional regime was in force from the Middle
Miocene-Middle Pliocene, and then in the Latest
Middle Pliocene a compressional regime reigned and
from the Latest Pliocene to the present the second
stage of the extensional regime developed. Westaway

et al. (2005) proposed that current continental crustal
extension in the Denizli region developed about 7 Ma
at the beginning of the Late Miocene, revising the
proposal of Westaway (1993). Kaymake¢r (2006)
interpreted Denizli graben fill as Upper Miocene to
present sediments advocating the extension had been

effective since the Late Miocene.

Algicek et al. (2007) revised the previously
created stratigraphy (Simsek, 1984) and geological
maps (Sun, 1990) and using micromammalian
findings determined the sedimentary characteristics
of Denizli graben fill. The lowest level of Denizli
graben fill begins with the Kizilburun formation
(Figure 23). Matrix-supported coarse conglomerates
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Figure 23- Generalized stratigraphy of the Denizli graben (Taken from Simgek 1984;

Alcicek, 2007).
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and red mudstone laminations pass upwards into
clast-supported channel-fill conglomerates and fine-
grained sediments including coal. At the localities of
Bostanyeri and Kabaagag MNS5-MN6 (Late
Burdigalian-Early Serravallian) fossils have been
found (Sarag, 2003). The lower sections of the
formation have been interpreted as proximal-medial
alluvial fans while the upper sections are thought to
be distal alluvial fans (Algicek et al., 2007).

The Sazak formation comprises limestone
containing gypsum, green marl laminated siltstone-
mudstone, clay limestone and fine mudstone with
gypsum intercalations. Toward the top of the
formation it passes into cherty limestones,
gypsarenites, gypsum levels and shales. The Sazak
formation includes fossils representing MN6-MN8
(Langian-Serravallian) levels (Sara¢, 2003). The
sequence in this formation is interpreted as lake-edge,
shallow lacustrine and playa lake (Alcicek et al.,
2007).

The Kolankaya formation conformably overlies
the Sazak formation and overlies the metamorphic
basement at the north edge of the graben (Simsek,
1984; Sun, 1990; Algicek et al., 2007). The
formation, comprising laminated mudstone-siltstone,
marl and clayey limestone, passes to laminated
sandstones, cross-bedded conglomerates and
sandstones and has been assessed as lacustrine,
coastal, offshore and alluvial fan sediments (Alcicek
et al., 2007). The Kolankaya formation includes
MN11-MNI12 level mammalian fossils (Babadag,
Giizelpinar and Mahmutgazi locations: Sickenberg
and Tobien, 1971; Sarag, 2003). Based on
mammalian remains at Tosunlar and Kiranyer the
Kolankaya formation was evaluated as Late Pliocene
by Kaymake1 (2006).

The Tosunlar formation comprises loosely
consolidated yellow-brown conglomerates,
sandstone, siltstone and mudstone. It includes
claystone and marl intercalations. This formation
unconformably overlies previous units and is thought
to be Pleistocene in age. The sequence ends with
recent alluvium (Algicek et al., 2007) (Figure 23).

The WNW-ESE Babadag Fault Zone bounding
the Denizli graben controls sedimentation of graben
fill nearly continuously deposited from the Early
Miocene to the present. The relationship between the
Babadag Fault Zone and Kizilburun formation is
observed in a deeply gouged valley 2 km south of

Aksaz (Figure 22). Here blocky conglomerates of the
Kizilburun formation overlie synthetic faults of the
Babadag Fault and it is seen that the Kizilburun
formation thickens towards the Babadag Fault with
very well-developed wedge geometry (Figure 24).

Geotraverse from the Kabaagag¢ fossil locality to
the Babadag Fault Zone have shown clearly that
though the original positions are disrupted by young
normal faults, in the Early — early Middle Miocene
period, the Kizilburun formation was controlled by
the Babadag Fault Zone (Figure 25).

Near Babadag village (60588N-85191E) blocky
conglomerate layers belonging to the Kolankaya
formation have progressively less dip in the upper
levels in the downdropped block of the Babadag Fault
Zone. This observation shows that the Babadag Fault
acted as a growth fault during deposition of the
Kolankaya formation in the Late Miocene-Late
Pliocene (Figure 26).

Recent activity on the Babadag Fault Zone is
clearly observed in development of alluvial fan
deposits in the Quaternary (Figure 22) and seismicity
(Kaypak and Gokkaya, 2012). Sar1 and Salk (2006)
showed that basin fill thickened toward the Babadag
Fault Zone and had a wedge geometry using gravity
data. All this data shows that the Babadag Fault Zone
played a significant role in the development of the
Denizli graben from Early Miocene to Quaternary.
Folds observed in the Neogene sequence in the
Denizli graben and attributed to a compressional
phase by Kogyigit (2005) are the anticlines and
synclines of drag folds developing on footwal or
hanging wall of normal faults with an extensional
origin, similar to those in the Alasehir graben
(Seyitoglu et al., 2000).

Quaternary faults border the Buldan horst and the
northern edge of the graben. A series of high-angle
normal faults have created a stepped topography on
the south slope of the Buldan horst and metamorphic
basement together with Mio-Pliocene sequences have
been uplifted. The Pamukkale Fault Zone borders the
north of the Denizli graben in which travertine
development and archeoseismology of Hieropolis are
well known features (Altunel, 1996; Uysal et al.,
2009).

3.1.4. Kiiciik Menderes Graben
The Kiiciik Menderes graben, slightly less

prominent compared to the Alasehir and Biiyiik
Menderes grabens, has a basement of metamorphic
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Figure 26- Reduction in dip of upper layers of the Kolankaya formation, wedge geometry thickening toward the Babadag
Fault, SW of Babadag village.
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rocks namely mica gneiss, mica schists, garnet mica
schist, calc-schist, quartzitic schist and marble
(Seyitoglu and Igik, 2009). Basova andesites cut the
metamorphic rocks and have been dated to 14.3-14.7
Ma (Emre et al., 2006). Graben fill begins with the
Suludere formation. Unconformably overlying the
metamorphic basement and Basova andesites (14.3-
14.7 Ma), this formation includes conglomerates,
sandstone, mudstone and lacustrine limestones and is
interpreted as flow-dominated alluvial fan and
lacustrine sediments (Emre et al., 2006). The
Aydogdu formation unconformably overlies the
Suludere formation and comprises conglomerates
with light brown, reddish brown weakly lithified
sandstone and mudstone intercalations. Recent
alluvial sediments cover previous units (Emre et al.,
2006).

At the north edge of the Kiigliik Menderes graben
the boundary between metamorphic basement and
graben fill was mapped as a reverse fault by Bozkurt
and Rojay (2005), with this relationship indicating the
presence of the N-S compressional phase of the two-
stage extensional model. Contrary to this, Emre et al.

(2006, Figure 4) mapped the same boundary as a
normal fault. However, later studies by the same
researchers determined that the sedimentary sequence
was deposited in a compressional system in the late
Middle Miocene-Early-Middle Pliocene and that
normal faults developed in the Plio-Quaternary (Emre
and Sozbilir, 2007). With different characteristics of
the tectonic contact shown by different researchers,
the north edge of the Kiiciik Menderes graben was
carefully mapped by Seyitoglu and Isik (2009). The
results of this mapping revealed that the contact
between the metamorphic basement and graben fill
had characteristics of a brittle deformation zone and
was bounded by an east-west-trending normal fault
dipping >45° to the south. Overturned layers of the
sedimentary sequence were not observed, asymmetric
synclines observed on the downdropped block were
interpreted as a drag fold syncline (Seyitoglu and Isik,
2009) (Figure 27).

The Kiiciik Menderes graben has a unique
tectonic position (Figure 28). In the north normal
faults bounding the south edge of the Alasehir graben
and in the south normal faults bounding the north
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Figure 27- Geological map of the north edge of the Kiiciik Menderes graben near Suludere (Taken from Seyitoglu and Isik,

2009).
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Figure 28- Unique tectonic position of the Kiiclik Menderes graben (Taken from Seyitoglu and Isik, 2009).
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edge of the Biiyiikk Menderes graben have developed
in accordance with the rolling hinge model and a
gigantic synclinal with wave length of 45 km and
width of 10 km has developed. The Kii¢iik Menderes
graben is located in the axial region of this syncline.
According to kinematic analysis of folds, in the center
of the fold reverse faults developed parallel to the
fold axis linked to narrowing (Ramsey and Huber,
1987; Davis and Reynolds, 1996). If this basic
kinematic rule is applied to the Menderes Massif
between the Alagehir and Biiyiik Menderes
detachment faults rotating in opposite directions to
each other, it may be expected that reverse faults be
observed around the Kiiclik Menderes graben
(Bozkurt and Rojay, 2005; Emre and S6zbilir, 2007).
However, field studies have shown that only
unusually high-angle normal faults are found north of
the Kiiciik Menderes graben (Seyitoglu and Isik,
2009). Possibly the high-angle faults in the Kiiciik
Menderes graben initially were about 45°. It is
thought that the current angles greater than 45° may
be due to rotation of the horizontal axis. This rotation
may mean results of rotation of the Alasehir and
Biiyiilk Menderes detachment faults observed in the
Pliocene of the central Menderes Massif may be
related to rotation on the limbs of a large syncline
developing due to the effects of an extensional
tectonic regime (Seyitoglu and Isik, 2009) (Figure
28). If compressional structures had been
successfully demonstrated near the Kiigiik Menderes
graben or even if they are in the future, it is not
possible to attribute these types of structures to a
regional compressional regime because the giant
synclinal structure of the central Menderes Massif
was created by rotational flexure of the Alasehir and
Biiyiik Menderes detachment faults; in other words a
result of extensional tectonic processes. For this
reason, it is not possible to attribute local contractions
observed in the Kiigiik Menderes graben located in
the axial region of the giant syncline to a regional
compressional regime (Seyitoglu and Isik, 2009)
(Figure 28).

3.1.5. Simav Graben

The Simav graben is one of the important E-W
trending grabens in Western Anatolia with a
topographic difference between the south edge of the
graben and the floor of 1100 m. One of the first
studies in the graben is Zeschke (1954). Konak
(1979) advocated that the Simav Fault is a strike slip
fault active since the Early Miocene and determined
that since the late Miocene 6 km of displacement has

occurred based on offset metamorphic zones (Konak,
1982). The effect of this opinion may be observed on
the current MTA active fault map (Emre et al., 2011).
While Eyidogan and Jackson (1985) advocated that
the north and south edges of the Simav graben are
bordered by faults with the northern edge currently
dominant, Westaway (1990) mentioned that the main
normal fault is found on the southern edge.

The nearly E-W trending and 65-70° north-
dipping normal fault on the southern edge of the
Simav graben is known as the “Simav Fault” in the
literature, different to the Simav Detachment Fault
(Seyitoglu, 1997a). The Simav Fault is a high-angle
fault and is post-tectonic compared to the Simav
Detachment Fault (Isik, 2004). Unconsolidated
blocky conglomerate and coarse sandstone is found
on the hanging wall of the Simav Fault and the
contact with the metamorphic basement is clearly
seen. However, in the uplifted block of the Simav
Fault it becomes difficult to observe the Simav Fault
within basin sediments of the north-trending Demirci
basin. In this situation the only criterion to separate
conglomerate with blocks derived from metamorphic
basement in the Demirci basin from blocky
conglomerate on the downdropped block of the
Simav fault is consolidation. One of the clearest
morphological effects of the eastern extension of the
Simav Fault is the drop of the northern section of
Kibletepe. Further east it is difficult to observe the
trace of the Simav Fault in the Hacibekir Group
sediments of the Selendi basin (Seyitoglu, 1997a).
The Simav Fault is active, with focal mechanism
solutions of recent earthquakes showing dominant
pure normal faulting (Yolsal-Cevikbilen et al., 2014).
North of the Simav Fault, the north-trending Akdere
basin has semi-consolidated blocky conglomerates,
coarse sandstones and white tuff units, grading up to
pink conglomerates, sandstone and tuff layering
covered by Nasa volcanics. According to the
determination of the age of Nasa volcanics (15.8+0.3
Ma and 15.2+0.3 Ma) (Ercan et al., 1997) the
sedimentary fill in the Akdere basin must be older
than 15.8 Ma. The Akdere basin began to develop as
a symmetric graben with activity on the eastern edge
lasting longer than activity on the western edge
(Seyitoglu, 1997a).

3.1.6. Early Miocene-Quaternary Paleogeographic
Development of East-West Grabens in the
Central Menderes Massif

The paleogeographic development of the
Alagehir, Biiyilkk Menderes, Denizli and Kiiciik
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Menderes grabens in the interval from the Early
Miocene to Quaternary is summarized in figure 29.
After the first exhumation of the Menderes massif
with a dome shape (see: section 4) as a result of
continuing north-south extension the proto Alasehir,
Biiyiik Menderes, Denizli and Saricaova grabens
began to develop in the Early Miocene (Figure 29a).
Proof of sedimentation in this period in the Alasehir,
Biiyiik Menderes and Saricaova grabens comes from
the Eskihisar sporomorph association (Becker-Platen,
1970; Seyitoglu and Scott, 1992; 1996; Ediger et al.,
1996). In the Denizli graben sedimentation data
comes from mammalian findings from the Early

Miocene at Bostanyeri and Kabaagac¢ localities
(Sarag, 2003; Algicek et al., 2007). In accordance
with descriptions by Gawthorpe and Hurst (1993) the
remaining area between the Biiyiik Menderes graben
and Denizli graben may be assessed as a antithetic
transfer zone while the area between the Denizli
graben and Alagehir graben may be a synthetic
transfer zone (Figure 29a). In the Middle Miocene the
antithetic transfer zone between the Biiyiik Menderes
and Denizli grabens was semi-parallel to the Babadag
Fault controlling the Denizli graben forming the
Bozdogan and Karacasu grabens and the proto Kiigiik
Menderes graben formed (Figure 29b). In the Late
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Figure 29- Early Miocene-Quaternary Paleogeographic Development of Alasehir, Biiyiik Menderes, Denizli and Kiiciik
Menderes grabens. Pink areas represent flexural rotation of the Alagehir and Biiyiik Menderes detachment faults.
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Miocene the Karacasu graben and Denizli grabens
became linked (Figure 29c). In the Pliocene second
faults developed in the downdropped blocks of the
first faults in the Alasehir and Biiylik Menderes
grabens, the first faults became low-angle in
accordance with the rolling-hinge model and they
began to exhume as detachment faults. The Denizli
graben continued to develop under control of the
Babadag Fault (Figure 29d). In the Quaternary the
third faults developed in the Alasehir and Biiyiik
Menderes grabens and then antithetic faults in all
half-grabens activated and they became full grabens
(Figure 29 e). In the interval from the Quaternary to
the present, young faults and the Buldan Horst
developed leaving sediments from the Denizli graben
suspended above it. The Biiyiik Menderes graben and
Denizli graben joined and the north of the Denizli
graben and east of the Alasehir graben
morphologically approached each other (Figure 29f).

3.2. NE-SW-Trending Basins

North of the E-W trending Alasehir graben the
presence of parallel NE-SW trending basins attracted
the attention of researchers many years ago (Kaya,
1981; Sengodr, 1987). As mentioned briefly in the
introduction and to be further explained in the next
sections, their role within the extensional tectonics of
Western Anatolia is still debated (e.g., Ersoy et al.,
2011; Karaoglu and Helvaci, 2014).

3.2.1. Gordes Basin

The first observations on the basin are in studies
by Nebert (1961) and Yagmurlu (1986). Seyitoglu et
al. (1992), Seyitoglu et al. (1994) and Seyitoglu and
Scott (1994) investigated the isotopic age dating of
volcanic rocks, palynology and stratigraphy in the
basin. According to these studies, in the northwest
section of the basin, the basement is composed of
Izmir-Ankara suture zone and Dagdere formation
starts with rounded cobble conglomerate derived
from the ophiolitic basement and pebble
conglomerates derived from metamorphic basement
interlayers before passing up into sandstone,
mudstone, lignite levels (Citak lignite) and marls.
Lignite samples from three locations in the Dagdere
formation were investigated by L. Benda and
Eskihisar sporomorph association (20-14 Ma) was
identified (for detailed pollen list see Seyitoglu, 1992;
Seyitoglu et al., 1994) (Figure 30).

The lower levels of the Tepekoy formation,
outcropping on the south and east edges of the Gordes
basin, have been uplifted by the effect of central
volcanics and are observed near Azimdagi (Figure
31). After a thin conglomerate derived from
ophiolites, blocky conglomerates derived from
metamorphics, coarse sandstone and red lithified
sandstone form the lower levels of the Tepekdy
formation. The upper levels of the Tepekoy formation
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Figure 30- Stratigraphy of the Gordes basin (Taken from Seyitoglu, 1992; Seyitoglu and Scott, 1994). A) Conglomerate with
recrystallized limestone blocks derived from ophiolitic basement which dominates the Dagdere formation. B)
Upper levels of the Dagdere formations comprise fine-grained sandstone and mudstone and include lignite levels.
C) The Kuslukkoy formation is distinguished by tuffs, comprising tuff, marl and limestone layers. D) Tepekoy
formation includes conglomerates with blocks derived from metamorphic basement, blocks include mylonitic

rocks. E) Yellow sandstone forming the upper levels of the Tepekoy formation. F) Cross cutting relationship of

Gordes central volcanics and basin fill.
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interfingers with the Kuslukkdy formation. Their
general lithology is dark yellow sandstone and
mudstones including conglomerate levels. The
Tepekoy formation includes two locations with the
Eskihisar sporomorph association (20-14 Ma)
(Seyitoglu, 1992; Seyitoglu et al., 1994). The
Kuslukkdy formation conformably overlies the
Dagdere formation and shows lateral transition to the
upper levels of the Tepekoy formation (Figure 30).
The general lithology is tuff, sandstone, marl and
silicified limestone intercalations. The tuff levels are
the distinguishing element of the formation
(Seyitoglu and Scott, 1994). The central volcanics
(18.4+0.8 Ma - 16.3+0.5 Ma) cut all basin fill and in
the eastern margin of the basin a dated leucogranite
dyke (24.2+0.8 Ma -21.1+1.1 Ma) provide its pebbles
to the basin fill. As a result, the Gordes basin fill is
broadly dated to the Early Miocene from 24 to 16 Ma
(Seyitoglu et al., 1992) (Figure 30).

Recent dating studies using new techniques for
the Gordes basin have provided roughly the same
results as isotopic age dating of volcanic rocks
(Purvis and Robertson, 2005; Ersoy et al., 2011).
Purvis and Robertson (2005) assessed the
sedimentary facies of the basin fill while Ersoy et al.
(2011) differentiated on the basis of formation. The
Kizildam formation at the bottom of the basin has
been mapped near the basin margin faults. However,
in the north of Dagdere village, the overlapped
section is composed of limestones belonging to the
upper levels of Dagdere formation. It is not a clastic
unit of so-called Kizildam formation. The Kizildam
formation described by Ersoy et al. (2011) has a
conglomeritic unit with rounded clasts derived from
ophiolitic basement and a conglomeritic unit with
angular clasts derived from metamorphic basement.
This situation means the Kizildam formation is
equivalent to the lower levels of the Dagdere and
Tepekdy formations named in Seyitoglu and Scott
(1994) (Ersoy et al., 2011, p. 166). Contradictory to
this statement, the type locality for the Kizildam
formation was chosen as the upper stratigraphic
section where it interfingers with the Kuslukkdy
formation (Ersoy et al., 2011). These clastic units
found immediately east of Gordes are the upper
sections of the Tepekdy formation, interfingering
with the Kuglukkdy formation, found both above and
below this formation (Seyitoglu and Scott, 1994).
However, in the general stratigraphic sequence of
Ersoy et al. (2011) the Kizildam formation is shown
below the Kuslukkoy formation. The name used for
the Kuslukkdy formation above the Kizildam

formation is the same as in Seyitoglu and Scott
(1994), but the descriptions are different (Ersoy et al.,
2011). The contact of the original Kuslukkoy
formation was drawn as the first observed tuff unit in
the sequence (Seyitoglu, 1992), in this situation the
Citak coals remain within the Dagdere formation.
However, Ersoy et al. (2011) include the Citak coals
in the Kuslukkdy formation. According to Ersoy et al.
(2011) the Kuslukkdy formation covers a large area
including blocky conglomerates of the lower sections
of basin fill cut and steepened by the central
volcanics. The geological map in Ersoy et al. (2011,
Figure 4) does not show a faulted/overlapped
relationship in the southwest section of the basin.
Seyitoglu (1992) and Seyitoglu and Scott (1994)
showed that basin fill overlies metamorphic basement
in the east section of the basin. These data and effects
of the newly-described Kizildam formation on the
proposed regional model will be discussed later (See;
Section 5.2).

3.2.2. Demirci Basin

Demirci basin sediments were examined by Inci
(1984) and two sequences separated by an
unconformity were determined. At the bottom of the
basement fill, contrary to the original description of
the Kiirtkdoyli formation (Ercan et al., 1978),
conglomerates including clasts derived from
dominantly metamorphic rocks were reported to
occur (Inci, 1984). Basin stratigraphy was examined
by Yilmaz et al. (2000) and Early-Middle Miocene
sequence and  Pliocene limestones  were
distinguished. Ersoy et al. (2011) proposed the
presence of two sequences separated by an
unconformity. Here the Kiirtkdyii formation found in
the lower section and outcropping in the north of the
basin was determined to be formed of blocky
conglomerate derived from metamorphic basement. It
is necessary to emphasize this situation as it will be
used as data in the discussion in Section 5.2 (Ersoy et
al., 2011; Seyitoglu, 1997a).

3.2.3. Selendi and Usak-Giire Basins

The classic basin stratigraphy in Western Anatolia
was created near Usak by Ercan et al. (1978) and near
Selendi by Ercan et al. (1983). The lower Hacibekir
Group comprises the Kiirtkdyii, Yenikdy and
Kiiclikderbent formations (Figure 32). While the
Kiirtkdyii formation is formed of conglomerates with
a single source from ophiolite basement below, above
schist and marble fragments are observed and are
interpreted as alluvial fan deposits. The conformable
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Figure 32 — Stratigraphy of the Selendi and Usak-Giire basins and revised position of the Kemiklitepe fossil location (Taken

from Seyitoglu et al., 2009).

Yenikdy formation is formed of dark yellow-colored
conglomerates, sandstone, claystone, tuffite and
clayey limestone layers. Conformably overlying the
Yenikdy formation, the Kiiciikderbent formation is
composed of sandstone, claystone, tuffite and marly
limestone and includes levels of organic-rich
mudstone and gypsum. The Inay Group,
unconformably overlying the Hacibekir Group, is
formed of the lower Ahmetler and upper Ulubey
formations (Figure 32). The Ahmetler formation is
divided into three members, generally formed of
light-colored conglomerate, sandstone, claystone,
tuffite and marls. The Ulubey formation is composed
of lacustrine limestones (Ercan et al., 1978; 1983).
Overlying both the Hacibekir Group and the Inay
Group unconformably, the Asartepe formation has
red and orange/brown conglomerates and sandstone
intercalations. This stratigraphy, along with
simultaneously developing volcanic products, was
named and stratigraphic positions were determined. It
was reported that the Hacibekir Group was deposited
in the Early — Late Miocene, while the inay Group
formed during the Early — Late Pliocene and the
Asartepe formation was assessed as Quaternary
(Ercan et al., 1978; 1983).

Later studies identified the relationship between
volcanic units and sedimentary units in the Usak-

Giire and Selendi basins. Isotopic age dating has been
completed and palynological age dates obtained for
lignite levels within the sequence (Seyitoglu, 1997b;
Seyitoglu et al., 1997; Seyitoglu and Benda, 1998).

Within the Hacibekir Group in the Selendi basin,
the Eskihisar sporomorph association (20-14 Ma) was
identified, while the age of rhyolites cutting the group
was determined as 18.9+0.6 Ma. Within the Inay
Group, with an angular unconformity above the
Hacibekir Group, in both the Selendi and Usak-Gtire
basins the Eskihisar sporomorph association has been
determined. In the Selendi basin 14.9+0.6 Ma
trachyandesites interfinger with the Inay Group, in
the Usak-Giire basin 15.2+0.6 Ma and 15.1+0.4 Ma
trachite and trachyandesites cut the Inay Group and
155404 Ma trachyandesite interfingers the Inay
Group (Figure 32). While all of these age data show
the Hacibekir Group was deposited in the Early
Miocene, they show the Inay Group formed in the
early Middle Miocene. As the Inay Group includes
the Eskihisar sporomorph association it cannot be
younger than 14 Ma and as a result the Kemikliktepe
fossil location (Sen et al., 1994) within the Inay
Group and given an age of Late Miocene needs to be
re-evaluated. This study once again reveals, with
comprehensive data, that the E-W grabens and north-
trending basins in Western Anatolia began to form
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simultaneously under a N-S extensional tectonic
regime (Seyitoglu, 1997b).

After using the early Middle Miocene age of the
Inay Group and its horizontal position to disprove
(Seyitoglu, 1999) regional compression in the
proposal of a two-stage extensional model by
Kogyigit et al. (1999), discussions of the age of the
Inay Group are found in a series of articles
researching the regional uplift, especially. Westaway
et al. (2003; 2004) investigated the uplift history of
Western Anatolia by using terraces of the Gediz
River covered by Kula volcanics. Using the
mammalian fossil content of the Kemiklitepe fossil
location, shown within the Inay Group, and
magnetostratigraphy (~7 Ma) it was proposed that
Gediz river erosion began after the end of deposition
of the Inay Group in the Late Pliocene about 3 Ma
ago (Westaway et al., 2005; Westaway et al., 2006).
Uplift calculations in the region are based on this
acceptance and it is proposed that as edge faults of the
Usak-Giire basin are not found, and there is a problem
between the isotopic ages of the inay Group and
mammalian fossil ages, palynological ages need to be
reworked (Westaway et al., 2005; 2006). Seyitoglu et
al. (2009) reviewed the stratigraphic position of the
Kemiklitepe fossil location and as stated in the study
first defining the age (Sen et al., 1994) determined it
was not within the Inay Group, but contrarily it is in
the Asartepe formation unconformably overlying the
Inay Group. Additionally the Kemiklitepe fossil
locality within the Asartepe formation was compared
with the Karabeyli fossil location newly found in the
same formation deposited in front of NE trending
normal faults in the Usak-Giire basin and it was
determined that the Asartepe formation was deposited
in the Late Miocene. This data confirms studies
reporting the age of the Inay Group as early Middle
Miocene and the isotopic age data and palynological
findings (Seyitoglu, 1997b; Seyitoglu et al., 1997;
Seyitoglu and Benda, 1998) and disproves studies
proposing a contradiction between mammalian
fossils, and palynological and isotopic age data in
Western Anatolia (Figure 32). As a result, it is
necessary to reconsider studies (Westaway et al.,
2003; 2004; 2005; 2006) extending the deposition of
the inay Group to the Pliocene and beginning erosion
around 3 Ma, as well as all uplift models ignoring
NE-trending faulting (see Seyitoglu et al., 2009 for
detail).

Other data showing the Asartepe formation
deposited in the Late Miocene is found in the Selendi

basin (Ersoy and Helvaci, 2007). Here the Kocakuz
formation, accepted as equivalent to the Asartepe
formation, is covered (Ersoy and Helvaci, 2007) by
trachybasalts with ages from 8.5+0.2 Ma and
8.37+0.07 Ma (Ercan et al., 1996; Innocenti et al.,
2005).

The volcanic rocks in the Selendi and Usak-Giire
basin have been dated by a more sensitive method
(Ar/Ar) (Purvis et al., 2005) and obtained similar
values to K-Ar results in Seyitoglu et al. (1997).
Ersoy et al. (2008) defined calcalkaline and alkaline
volcanic products with two different compositions
from the Early Miocene (20.03-17.87 Ma)
interfingering the Hacibekir Group and determined
the presence of bimodal volcanism. The tectono-
sedimentary development proposed by this study will
be discussed in the latest developments section about
exhumation mechanisms of the Menderes Massif
(See: Section 5.2).

4. Exhumation Mechanism of the Menderes Core
Complex

According to nearly all thermochronological data
obtained from the Menderes Massif (Gessner et al.,
2001; Ring et al., 2003), the Menderes Massif
reached the surface nearly 25-20 Ma ago. Under the
control of the Alagehir and Biiyiikk Menderes
detachment faults, the central Menderes Massif
appears to have been rapidly exhumed a second time
since 5 Ma. Based on this data Ring et al. (2003)
determined the Menderes Massif was exhumed as a
symmetrical core complex between the north-dipping
Simav Detachment Fault and south-dipping Lycian
Detachment Fault in the Late Oligocene-Early
Miocene. In the Miocene-Pliocene period the
Alagehir and Biiyiik Menderes detachment faults
worked in accordance with the flexural rotation
model in the central Menderes massif and it was
determined that the symmetric core complex was
uplifted once more.

Seyitoglu et al. (2004) used previous studies and
microtectonic data in the massif to propose an
alternative model for the complete exhumation
history of the Menderes Massif (Figure 33).
Accordingly the Menderes Massif was first exhumed
as an asymmetric core complex.

The main breakaway fault extends from west to
east from south of the Gulf of Gokova following
south of the Kale basin toward the northeast (Figure
33). This north-dipping normal fault is named the
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Figure 33- Menderes core complex and location of main tectonic elements in Western Anatolia (Taken from Seyitoglu et al.,

2004).

“Datca — Kale Main Breakaway Fault” (Seyitoglu et
al., 2004) and is clearly seen on submarine seismic
reflection profiles in the Gulf of Gokova (Kurt et al.,
1999). The north-dipping listric normal fault
observed on seismic reflection profiles continues in
the land toward the northeast (Caglar and Duvarci,
2001). A wedge geometry on the downdropped block
thickening toward the main fault is clearly observed
and contains a sedimentary sequence that may be said
to have deposited simultaneously with faulting (Kurt
et al., 1999) (Figure 34).

Though the age of this sequence was interpreted
as Late Miocene-Quaternary by Kurt et al. (1999),
there is no definite data on this topic. Oligocene
conglomerates have been mapped north of the Gulf of
Gokova (Giirer and Yilmaz, 2002) controlled by
antithetics of the Datca Fault; as a result the sequence
observed on the downdropped block of the Datga
Fault may possibly be Oligocene (Ozerdem et al.,
2002). Toward the northeast the Kale basin developed
in the Oligocene-Early Miocene (Diirr, 1975; Yilmaz
et al., 2000; Akgiin and Sozbilir, 2001) begins with
coarse conglomerates derived from ophiolite
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Figure 34- At top, geological cross section including the Simav Detachment Fault north of the Datca-Kale Main Breakaway
Fault (Seyitoglu et al., 2004). Lower left, reinterpretation of seismic reflection profile of the Dat¢a Fault in the Gulf
of Gokova from Kurt et al. (1999). Lower right, cross section of the region interpreted as where the Datca-Kale
Main Breakaway Fault flexes and comes to the surface (Rimmele et al., 2003). See text for details.

basement and continues with conglomerates,
sandstone, siltstone, shale and limestone
intercalations. The coarse clastic debris flows at the
base of the sedimentary sequence, fluvial deposits
show paleocurrent directions from southeast to
northwest and are controlled by the Kale Fault in the
south of the basin (Giirer and Yilmaz, 2002).

Thinning toward the top of the Kale basin, the
Oligocene — Lower Miocene sequence is
unconformably overlain by the Upper Miocene —
Pliocene sequence. The section where the Datga-Kale
Main Breakaway Fault flexes upward and reaches the
surface is found 6 km north of Yatagan on the
Yatagan-Cine road (Figure 35).

Figure 35- Section where the Datca-Kale Main Breakaway Fault flexes to reach the surface on the Yatagan —Cine road.

87



88

West Anatolian Extensional Tectonics and Related Basins

The footwall block is overprinted by scattered
brittle structures of top-to the NNE shearing. A
similar shearing direction is observed between the
Lycian ophiolites and the Menderes Massif (Bozkurt
and Park, 1999; Rimmele et al., 2003). It is thought
that the Datca-Kale Breakaway Fault which flexes up
toward the top-to the NNE shearing was formed by
the main shear zone (Seyitoglu et al., 2004) (Figure
34). According to this assessment, Gokova and Kale
basin fill, Lycian ophiolites and Menderes Massif
cover rocks form the upper plate above the main
breakaway fault. From north of the Yatagan-Cine
road to beyond Mount Simav, the whole Menderes
Massif are lower plate rocks of the Datca-Kale Main
Breakaway Fault and its northern continuation, the
Simav Detachment Fault. Apart from this, remaining
upper plate pieces from the first detachment above
the massif are found currently at Dalama south of
Aydin, in the southeast of the Gordes basin, in the
east of the Demirci basin and south of Simav. When
all data are evaluated, according to this model
(Seyitoglu et al., 2004), which is in accordance with
thermochronological ~ data, explains  basin
development, provides a logical explanation for the
contradictory north and/or south movement within
the Lycian nappes, and does not contradict geological
observations, the exhumation of the Menderes Massif
occurred in the following way (Figures 36 and 37).

In the Late Paleocene-Early Eocene continental
collision between the Menderes-Taurus block and the
Sakarya continent occurred along the Izmir-Ankara
suture zone and the Lycian nappes were emplaced
above the Menderes Massif causing main Menderes
metamorphism in the Late Eocene (Sengor et al.,
1984) (Figure 36a).

After completion of Lycian nappe emplacement,
the orogeny developing as a result of collision began
extension in a N-S direction. In the Oligocene at the
surface the north-dipping Datca-Kale Main
Breakaway Fault controlled deposition in the Gokova
and Kale basins, while in the middle crust top-to-the
N directed shearing occurred. This shearing is dated
to 43-30 Ma in the South Menderes Massif (Hetzel
and Reischmann, 1996; Lips et al., 2001; Catlos et al.,
2002); however debates continue about this date
(Gessner et al., 2004; Bozkurt, 2004; Erdogan and
Giingor, 2004). On the Simav shear zone, the
northern continuation of the Datca-Kale Main
Breakaway Fault, syntectonic intrusion of the
Egrigoz granitoid occurred at 22 Ma (Isik et al., 2003;
2004) (Figure 37a)b). This age data (Ar-Ar and

apatite fission-track) generally is observed to become
younger toward the north. Flexure of the Datca-Kale
Main Breakaway Fault upwards began around 25 Ma
according to thermochronological data. This flexure
caused the development of apatite fission-track ages
which young to the south in the southern Menderes
Massif. Finally the flexure of the main breakaway
fault brought lower plate rocks to the surface (Figures
36c and 37b) at 20 Ma as shown by
thermochronological data (Gessner et al., 2001).
Micro tectonic data obtained from the Menderes
Massif show that post Eocene movement direction
was top-to-the NNE. However, the top-to-the NNE
structures in the southwest of the massif were
overprinted by weaker top-to-the SSW structures (see
also: Hetzel et al., 1998; Lips et al., 2001; Bozkurt,
2004). This situation may be related to the Menderes
Massif having a dome shape and the main breakaway
fault slipping slightly south (Seyitoglu et al., 2004).

In the interval from the Oligocene-Early Miocene
uplift of the footwall of the Datca-Kale Main
Breakaway Fault caused movement of the Lycian
nappes to the south due to gravity sliding and the final
Lycian nappe emplacement in the Burdigalian
(Seyitoglu et al., 1992; Collins and Robertson, 1998;
2003; Seyitoglu et al., 2004).

The dome-shaped uplift of the Menderes Massif
was fragmented by the E-W Alasehir, Biiyiik
Menderes and Denizli grabens and north-trending
basins in the Early Miocene (Seyitoglu, 1997,
Seyitoglu et al., 2002; Sen and Seyitoglu, 2009;
Algicek et al., 2007). Due to the flexural
rotation/rolling hinge of the Alasehir and Biiyiik
Menderes grabens, the central Menderes Massif was
exhumed for a second time, this time as a symmetric
core complex (Gessner et al., 2001; Seyitoglu et al.,
2002) (Figures 36c¢,d and 37c.d.e). In the Pliocene to
Quaternary young grabens developed (e.g., Simav),
other main grabens became symmetric and high-
angle faults fragmented older structures masking the
previous extensional history of the Menderes Massif
(Seyitoglu et al., 2004) (Figure 37f).

5. Discussion

5.1. Movement of the Lycian Nappes in Southwest
Turkey and First Exhumation of the Menderes
Massif

In Southwest Anatolia in the area between Lake
Bafa and the Gulf of Gokova, movement of the
Lycian nappes above the Menderes Massif was



Bull. Min. Res. Exp. (2015) 151: 47-106

SOUTH 5.3 NORTH
£-x 5
@ 23
A : LATE EOCENE s _BEe
cE = o =
N é’& ng
5 = c § &
; s 28
LycianNappes & & E § =

Antalya nappes = E @ Sile Thrust

/
A

B : OLIGOCENE

The Main Breakaway Fault

C : EARLY MIOCENE

p‘mnmll ‘

Kale-Tavas Basin

400
a.qrv\ "‘%m __‘M
= 300 400
g Em '?;300 —
E20‘) %m gam %W
E 100 = E‘m 2 200
T U5=36775 20 15 10 5 0 k: g

0 35 30 25 20 15 10 5 0 T (W) Q3025 20 15 10 5 0 Ewo

Time (Ma)
5302520 15 10 5 0
Time (Ma)

/ T (Vo)

LLNE

D : PLIOCENE

Temperature (°C)
-~ 2 B 8

Temparature (°C)

- 1]

g2 8 8

5 30 25 20 15 10 5 0 %536 25 20 15 16 5 0

Time (Ma) Time (Ma)
Biyik Menderes Graben agehir Graben

Figure 36- Two stage exhumation model of the Menderes Massif as asymmetric and symmetric core complex (Taken from

Seyitoglu et al., 2004). Thermochronologic ages belong to Gessner et al. (2001) and Ring et al. (2003). LLNE: Last
Lycian Nappe Emplacement.

89



90

West Anatolian Extensional Tectonics and Related Basins

Simav detachment
(Ig1k and Tekeli 2001)

Datga-Kale Main Breakaway Fault

Simav detachment
{1k and Tekeli 2001)

of the Lyca
YCiAn RAppes
the south

Birylik Menderes graben

E-W trending grabens

Simav detachment (Igak et al. 2003;
Seydodiu et al. 2004)

Kﬂ%h‘m‘:hm

A) Late Eocene - Oligocene

North
Egrigéz Pluton

B) Oligocene - Early Miocene

__— Kale basin

Narth

North

Figure 37- (A-B-C) Three-dimensional representation of exhumation of the
Menderes Massif as asymmetric and symmetric core complexes.




Bull. Min. Res. Exp. (2015) 151: 47-106

D) Early, Middle, Late Miocene

Sedimentary successions overlap
the basin "E»T faults )
i Scolt 1984, 1997)

F) Quaternary

Al transformed from half graben into full Simav graben
soun Later o sysiem i up further by high angle normal

Figure 37- (D-E-F) Three-dimensional representation of exhumation of the

Menderes Massif as asymmetric and symmetric core complexes.

91



92

West Anatolian Extensional Tectonics and Related Basins

toward the north (Bozkurt and Park, 1999; Rimmele
et al., 2003). This data does not comply (Seyitoglu et
al., 2004) with the assumption that the Menderes
Massif was sheared with top-to the S shearing (Ring
et al., 2003) by the south-dipping Lycian Detachment
Fault in the Oligocene-Early Miocene. On the other
hand, the S-SE movement (Collins and Robertson,
2003) of the Lycian nappes between the Menderes
Massif and Beydaglar1 gives the impression of the
contradiction about movement direction of the Lycian
nappes in southwest Anatolia (van Hinsbergen,
2010). In fact the model of the first exhumation of the
Menderes Massif as asymmetric (Seyitoglu et al.,
2004) provides a logical explanation of the two
opposite directional movements of the Lycian
nappes. In the area remaining north of the Datca-Kale
Main Breakaway Fault, the movement to the north
(Rimmele et al., 2003) observed for the Lycian
nappes between Lake Bafa and the Gulf of Gokova is
in accordance with shearing as the Datca-Kale Main
Breakaway Fault reached the surface through upward
flexure. The south-southeast movement of the Lycian
nappes south of the Datga-Kale Main Breakaway
Fault is related to the rootless gravity sliding to the
south of the Lycian nappes as a result of uplift of the
footwall of the main breakaway fault (Seyitoglu et al.,
2004).

5.2. Latest Developments about Exhumation
Mechanisms for the Menderes Massif

On the exhumation of the Menderes Massif, van
Hinsbergen (2010) proposed that as the Menderes
Massif was exhumed with a top-to-the NE direction
on the Simav Detachment Fault, Lycian nappes were
detached above the massif toward the southeast. The
element of this proposal that requires explanation is
that while the movement developing on the Simav
Detachment Fault in the north Menderes Massif left
traces, the Lycian detachment proposed by van
Hinsbergen (2010) left no trace on the massif. The
dominant kinematic data from the south Menderes
Massif has top-to the N direction, slightly overprinted
by a top-to the S directed movement (Seyitoglu et al.,
2004). The proposal of van Hinsbergen (2010),
similar to that of Ring et al. (2003), does not appear
to comply with kinematic indicators in the south
Menderes Massif.

A recent study investigating the complete
exhumation history of the Menderes Massif (Gessner
et al., 2013) proposed that the first exhumation of the
massif occurred with top-to-the N directed unilateral
shearing and shows it is one step closer to the

asymmetric exhumation model than the symmetric
exhumation model (Ring et al., 2003) by the same
researchers. However, this proposal does not include
any recommendations related to the necessary
sedimentary basin forming in the hanging wall of the
main breakaway fault (Gessner et al., 2013). In this
study, Gessner et al. (2013) proposed a left directed
shearing west of the Menderes Massif named the
“Western Anatolian Transfer Zone”. Seyitoglu et al.
(2004) stated the necessity for a transfer zone linking
the main breakaway fault north of Crete proposed by
Faure et al. (1991) with the Datga-Kale Main
Breakaway Fault, and advocated that the Cyclades
and Western Anatolia had a common extensional
history (Seyitoglu et al., 2004) (Figure 33, attached
small sketch).

Recent studies encompassing only the north
Menderes Massif and aiming to explain the Simav
and Alagehir detachment faults and north-trending
basin development will be discussed below in terms
of compliance with field observations.

The proposed model for the evolution of the
northern Menderes Massif in the article by Ersoy et
al. (2010) occurs in advanced stages within an
extensional tectonic regime. In the Late Oligocene-
Early Miocene the Simav Detachment Fault
developed along with deposits of the Hacibekir
Group and bimodal volcanism above it. In the Middle
Miocene, the Gediz (Alasehir) detachment fault
formed and the deposits of the Inay Group above it.
On the hanging wall of the Gediz (Alasehir)
detachment fault, cross grabens bounded by oblique
normal/strike slip faults developed and controlled the
deposition of the Inay Group and Kocakuz (Asartepe)
formation. At this stage, the noteworthy elements of
the proposed model may be listed as: (a) the Gediz
(Alagehir) graben (basin) begins as a low angle
detachment fault, (b) contains coeval sediments to the
Middle Miocene-age inay Group, and (c) in the Plio-
Quaternary period high-angle normal faults form E-
W trending symmetric Gediz (Alagehir) and Simav
grabens. The opposing opinions to the above model
proposed in the article by Ersoy et al. (2010) may be
summarized as follows.

(1) First exhumation of the north Menderes
Massif by the Simav Detachment fault the stage
where the massif is cleared of ophiolite cover (Lycian
nappes) above the Simav Detachment Fault is not
well reflected to the sediments of the Hacibekir
Group. The measured stratigraphic section given in
Ersoy et al. (2010) has thickness of ophiolite-source
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clasts as around 10 m. After such a small amount of
ophiolitic material, there are conglomerates derived
from rock fragments from the massif below.

The impression Ersoy et al. (2010; 2011; 2014)
wish to create in their articles is the presence of the
well-developed Kiirtkoyii formation derived from
ophiolitic basement at the bottom of all north-
trending basins. If this can be shown it supports
deposition of the Hacibekir Group simultaneous to
the Simav Detachment Fault.

The Kiirtkoyii formation was first investigated in
the Usak-Giire basin in an article by Ercan et al.
(1978) and was described as dominantly clastic
material derived from ophiolitic basement (majority
conglomerates, sandstone). However, in the Selendi
basin the Kiirtkdyii formation is not differentiated on
the geological map of the Selendi Basin in Ersoy et al.
(2010) (or has such a small area that it cannot be
shown on that scale of map), while the text says the
conglomerate at the base of the Kiirtkdyii formation is
metamorphic origin and emphasizes that the
conglomerates in the Usak-Giire basin mentioned in
passing have ophiolitic origin. On the other hand,
measured stratigraphic sections in both basins show
ophiolitic-origin conglomerates. Their thickness is
too thin for them to be the first detachment material
considering the gigantic presence of Lycian nappes
causing main metamorphism in the Menderes Massif.

In Ersoy et al. (2011) the Kiirtkoyii formation
with proposed presence in the north of the Demirci
basin is blocky conglomerate derived from
metamorphic basement (according to our personal
observations these blocks include mylonitic rock
fragments observed below the detachment fault)
which does not fit the description of the original
Kiirtkoyiti formation. This formation is more in
accordance with the description of the Borlu
formation by Yilmaz et al. (2000). The Borlu
formation shown by Yilmaz et al. (2000) at the base
of the Demirci basin, is carried to the upper sections
of the sequence by Ersoy et al. (2011) (See Ersoy et
al., 2011; Figure 3). Shown underneath the Yenikody
formation in the Demirci basin (Ersoy et al., 2011;
Figure 9b) the Kiirtkdyii formation is not the original
Kiirtkoyii formation described by Ercan et al. (1978)
formed of ophiolitic-origin rock fragments.

In the Gordes basin the Tepekdy formation,
coeval with the Hacibekir Group as revealed by
isotopic age dating and explained in detail in Section
3.2.1, is formed fully of mylonitic material derived

from metamorphic rocks while the Dagdere
formation which interfingers with it, contains
material derived from dominantly ophiolitic rock
(Seyitoglu, 1992; Seyitoglu and Scott, 1994). This
observation indicates that in some areas of the massif,
north-trending basins formed after being denuded of
ophiolitic rock with the basins filling with clasts
derived from whatever lithology was located as the
basement locally. However, Ersoy et al. (2011)
ignored this distinction in the Gordes basin and
combined formations containing conglomerates with
different composition and named them the Kizildam
formation. This formation is correlated with the
Kiirtkoyii formation observed in other north-trending
basins (Ersoy et al., 2010). When it is considered that
the above explanation is incompatible with the
original Kiirtkdyii formation in the Demirci basin, it
is clear that the correlations made will create
confusion in basin stratigraphy.

In the geological map of the Gordes basin
presented by Ersoy et al. (2011) the conglomeratic
units of the lower levels of the basin deformed by
volcanics near the central volcanics are shown as the
upper levels of the Kuglukkdy formation in basin
stratigraphy. Apart from this the tuff levels used as a
characteristic marker for the original Kuglukkoy
formation definition (Seyitoglu, 1992; Seyitoglu and
Scott, 1994) appear to not to have been taken into
account by Ersoy et al. (2011). The clastic Kizildam
formation, the lower part of basin fill, overlaps
ophiolitic basement on the north of Dagdere (Ersoy et
al., 2011), in fact this overlapping occurred with
limestone in the upper levels of the Dagdere
formation (Seyitoglu, 1992). The faulted/overlapped
relationship of the Tepekdy formation, with
palynological samples from lignite levels in the
southwest of the Gordes basin identified to contain
the Eskihisar sporomorph association, was
determined to have deposited under control of high
angle faults since the beginning of the Gordes basin
(Seyitoglu, 1992; Seyitoglu and Scott, 1994);
however maps for this section of the basin are not
observed in the study by Ersoy et al. (2011).

In conclusion, the Hacibekir Group or equivalent
sedimentary units alleged to have been deposited
above the Simav Detachment Fault do not contain
significant thicknesses of sedimentary material
derived from the upper plate (mainly ophiolitic
rocks), with the initial sediments in some basins
observed to contain mylonitic rock fragments from
below the detachment fault. In the location where the
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Kiirtkoyii formation is found in accordance with the
original description (Ercan et al., 1978), there are
sections with patches of ophiolitic fragments
belonging to the upper plate of the Simav Detachment
Fault. As a result, this casts doubt on the claim that
the Hacibekir Group was deposited simultaneously to
the Simav Detachment Fault.

(2) The photograph showing the relationship
between the Simav Detachment Fault and the
proposed coevally deposited Hacibekir Group (Ersoy
et al.,, 2010; Figure 9b) does not show slipped
sediments above the detachment fault but shows a
buttress unconformity.

(3) In the model by Ersoy et al. (2010), it is
proposed that the first stage of the Gediz (Alasehir)
basin is controlled by low angle detachment faults.
The counter argument (See: Section 3.1.1) to the
similar proposal by Oner and Dilek (2011) is valid for
the model by Ersoy et al. (2010). Additionally the
first sedimentary unit in the Alasehir (Gediz) graben
of the Alagehir formation was deposited in the Early
Miocene, which is inconsistent with the proposed
Gediz (Alasehir) graben in Ersoy et al. (2010)
presented as beginning in the Middle Miocene. The
Early Miocene age data (Catlos et al., 2010) obtained
above the Alasehir Detachment Fault is not explained
in the Ersoy et al. (2010) model.

(4) In the last stage of the Ersoy et al. (2010)
model (Plio-Quaternary), high angle faults cut the
low angle Gediz (Alagehir) detachment fault. As a
result, movement is not expected on this low angle
fault. However, age data above the Alasehir
Detachment Fault (Gessner et al., 2001; Buscher et
al., 2013) shows activity on the Alasehir Detachment
Fault in the Plio-Quaternary period. Age data from
above the Alasehir Detachment Fault in the Early
Miocene to Quaternary interval show the initial high-
angle normal faults of the Alasehir (Gediz) graben
rotated and activity continued to develop in a “rolling
hinge” model (Seyitoglu et al., 2002), or in other
words an “Alagehir type - rolling hinge model”
developed. Readers can reach collected age data
above the Alagehir Detachment Fault in the article by
Seyitoglu et al. (2014).

Karaoglu and Helvaci (2012) proposed a similar
model to the one discussed above by Ersoy et al.
(2010). The tectono-stratigraphic sequence presented
by Karaoglu and Helvact (2012; Figure 3) shows a
physical contact between the Ahmetler and Ulubey
formations and the Gediz (Alasehir) detachment fault

(Ersoy et al., 2010). Such a physical contact is not
observed in the field, is not reflected in field
relationships and is based on assumption. The
Menderes Massif did not reach the surface in the
Early Miocene near Usak-Giire as asserted by
Karaoglu and Helvaci (2012) and it is stated that the
Hacibekir Group does not contain rock fragments
from the Menderes Massif. But even in the upper
levels of the Kiirtkdyii formation at the bottom of the
Hacibekir Group, there are metamorphic pebbles
reported (Ercan et al., 1983). In the Gordes and
Demirci basins, containing coeval sediments to the
Hacibekir Group, blocky conglomerates derived from
the Menderes Massif are clearly observed. Similarly
in the Selendi basin at Pabuglu village metamorphic
rock fragments are clearly seen in the Hacibekir
Group (Figure 38). Additionally within the Usak-
Giire basin the typical Yenikdy formation within the
Hacibekir Group observed along the Usak-Kiitahya
road contains metamorphic pebbles within
conglomeratic levels. At Eynehan village, the tilted
Yenikdy formation is overlain above an unconformity
by the Inay Group and metamorphic pebbles are
clearly seen in the conglomeratic levels (Figure 39).

All of these observations show the Menderes
Massif was already exhumed under the Simav
Detachment Fault during sedimentation of the
Yenikoy formation (Hacibekir Group) and provided
material for the Yenikoy formation. The fault shown
between the Menderes Massif and the Yenikoy
formation NE of Kurtcami on the geological map
presented in Karaoglu and Helvaci (2012) does not
have “detachment” features but is a moderate-angle
normal fault. The cover unit of this fault is not the
Merdivenlikuyu member as shown on the map, but
belongs to the Asartepe formation unconformably
overlying the Inay Group. The most striking
relationship mapped by Karaoglu and Helvaci (2012)
is the presence of sediments belonging to the Yenikdy
formation dipping toward a very low angle
detachment fault near Kadiroglu village (Karaoglu
and Helvaci, 2012). Foliation of metamorphic rocks
and layering of sedimentary units above them are
nearly parallel in this area with an overlapping
relationship. Near to the Kadiroglu village, Inay
Group sediments have turned yellow from the heating
effect of the Zahman volcanics. Moving from here,
the sedimentary units colored yellow due to the
heating effect may be confused with the Yenikoy
formation. The true Yenikody formation outcrops on
the lower altitudes inside the valley to the east of
Kadiroglu village.



Bull. Min. Res. Exp. (2015) 151: 47-106

overlain above an unconformity by the nearly-horizontal inay Group. Clear examples shown by red arrows. Length
of the pickaxe is 80 cm.

The presence of metamorphic pebbles within
sediments in the lower sections of the north-trending
basins; in the Tepekoy formation of the Gordes basin
(Seyitoglu and Scott, 1994), in the Borlu formation of
the Demirci basin (Yilmaz vd., 2000), and in the
Hacibekir Group of the Selendi and Usak-Giire basins
(Seyitoglu, 1997) show that during deposition the
Menderes Massif was already at the surface and as a
result indicate that the model presented by Karaoglu
and Helvaci (2012; Figure 13) is invalid.

6. Conclusions and Recommendations

The exhumation of the Menderes Massif in the
Oligocene as an asymmetric core complex caused the
formation of the Oligocene Kale basin in the hanging
wall of the Datca — Kale Main Breakaway Fault
(Seyitoglu et al., 2004). The observed field
relationships and other observations shed doubt on
the claim that the coeval sediments of Simav
Detachment Fault are sediments supposedly

belonging to the Hacibekir Group observed in the
north-trending basins. This situation should lead to a
search for an answer to the question: if coeval
sediments to the Simav Detachment Fault are not the
Hacibekir Group, what group are they? Outcropping
in a very small area of the north Menderes Massif the
Baglamig formation is described as an Eocene-
Oligocene (?) sedimentary unit (Akdeniz, 1980) and
no other Oligocene-age sedimentary outcrop is
known.

Detailed kinematic analysis of the Kazdag core
complex in the Biga Peninsula has shown the first
exhumation of the Kazdag core complex was top-to-
the N directed (Kurt et al., 2010). This observation
allows us to speculate that the Simav Detachment
Fault passed under the ophiolites of the Izmir-Ankara
Suture Zone and over the Kazdag core complex to
reach Marmara. If this is true, investigation of the
relationship of the Oligocene magmatism in south
Marmara with the detachment is necessary and
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Figure 39- Metamorphic pebbles, shown by red arrows, within conglomerate levels in the tilted yellow-colored Hacibekir
Group on the Eynehan road in the Usak-Giire basin. Length of the pickaxe is 80 cm. Scale on the close up is 25
kurus coin.
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Figure 40- Sketch showing possible relationship between the Menderes core complex and the Kazdag core complex.

possible candidates for remnants of the lower plate of
the Uludag Massif and Marmara Island granites
should be reinvestigated. In this situation, the
candidate for the sedimentary basin developing
further north of the Simav Detachment Fault is the
Eocene-Oligocene Thrace basin. If this is proven the
indication that the ophiolites known as the Izmir-
Ankara suture zone is a true suture zone will come
under suspicion and these will have to have moved
above the Simav Detachment Fault (Figure 40).
Testing this hypothesis in the field, based on the data
that the first detachment direction was top-to-the N in
the Kazdag core complex, will help us better
understand the late Cenozoic extensional tectonics in
Western Anatolia.
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