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OZET

Giris

Literatiirde, Menderes masifi olarak tanimlanan Menderes ¢ekirdek kompleksi Ege’deki
kristalin temel alanlardan biridir. Masifin Prekambriyen-Erken Paleozoyik ¢ekirdek kayalar
ile bunlar1 6rten Paleozoyik-Mesozoyik ortii kayalarindan olustugu yoniinde yaygin bir kani
bulunmaktadir (6rn. Sengor ve dig., 1984, Dora ve dig., 1990). Bu yaslar, kristalen nitelikli bu
kayalarin genel anlamda ¢okelme ve/veya sokulum yaslarini belirtir. Masifin diger kristalen
kaya tiiriinii geng¢ granitoyid intriizyonlart olusturur (6rn. Bingol ve dig., 1982, Isik ve dig.,
2004a, 2004b). Masif kayalar1 Alpin 6ncesi ve Alpin donemi cok-fazli deformasyon ve
metamorfizma 6zelligi sunmaktadir (6rn. Candan ve Dora 1998). Alpin orojenez dénemi, tiim
Tiirkiye’de oldugu gibi Menderes Masifi’'ni temsil eden alan i¢in de Onemli jeolojik
degisimlerin gelistigi bir donemdir (Sengor ve Yilmaz 1981).

Metamorfik cekirdek kompleksi (MCK) kavrami, 1980’li yillarin basinda kristalen
masiflerin Senozoyik ylizeyleme mekanizmalarini agiklamak icin ortaya atilmistir (Orn.
Coney 1980). Lister ve dig., (1984)’in Ege gerilme alaninda, MCK olusumunu ortaya
koymast sonrasinda bu alan icerisindeki masiflerin MCK olarak yiizeyleyip yiizeylemedigi
sorusuna yanit aramak icin ¢alismalar gergeklestirilmistir. Son 20 yil icerisinde Ege gerilme
alaninda Tersiyer MCK olusumlar1 tanimlanmistir. 1990’11 yillardan itibaren Menderes
masifine bu gozle bakilarak yapilan jeolojik incelemelerde, farkli arastirmact gruplari masifin
bir MCK oldugu yoniinde fikir birligi icindedirler (6rn. Bozkurt ve Park 1994, Hetzel ve dig.,
1995a, Emre ve Sozbilir 1997, Isik ve Tekeli 2001, Gessner ve dig., 2001). Ancak bu goriisi
benimsemeyen ¢aligmalar da bulunmaktadir (6rn. Erdogan ve Giingdr 2004, Westaway 20006).
MCK yiizeylemeleri asimetrik ve simetrik 6zellikte olabilir (Malavieille 1993). Menderes
cekirdek kompleksinin asimetrik mi?, yoksa simetrik mi? oldugu tartisma konusudur. Bir

grup arastirmaci masifin simetrik bir ¢ekirdek kompleksi karakteri gosterdigini savunurken
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(Ring ve dig., 2003) diger bir grup arastirmaci masifin yiizeylenmesinin asimetrik ¢ekirdek
kompleksi olarak bagladigin1 yiizeylemenin ilerleyen evresi igerisinde simetrik cekirdek
kompleksi olarak gelisimini slirdiirdiigiinii ortaya koymustur (Seyitoglu ve dig., 2004).

Bu calisma ile Menderes masifinin Senozoyik donemde c¢ekirdek kompleks olarak
asimetrik ve simetrik olarak nasil bir gelisim sergiledigi 6zetlenecektir.

Litoloji

Masif, litolojik olarak temelde magmatik ve sedimanter kokenli de§isen oranlarda
metamorfizma gosteren kayalar ile bunlar icerisine sokulum yapmis granitoyid
intriizyonlarindan olusur. Genel olarak, orta—yiiksek dereceli metamorfitler ile geng
intriizyonlar Menderes c¢ekirdek kompleksinin alt levha kayalarini olusturur. Kompleks
icerisinde alt levha kayalari, milonit tirii kayalar (protomilonit, milonit, ultramilonit,
blastomilonit) ile bolgesel metamorfizma o6zellikli sist, gnays, mermer litolojileri ve
granodiyorit, monzonit, granit ve az oranda ise daha mafik bilesimli granitoyid intriizyonlar
ile temsil olur. Milonitik kayalarin protoliti hem metamorfik hemde granitoyid tiirii
kayalardir. Ust levha kayalari ise sist, fillit, sleyt tiirii litolojiler yaninda ofiyolitli melanja ait
kayalar ve havza c¢okelleri ile temsil olur. Menderes ¢ekirdek kompleksinin her kesiminde bu
litolojilerin tamamini gérmek olas1 degildir. Alt ve list levha kayalarin1 siyrilma faylar1 ve
stinlimlii makaslama zonlar1 ayirir.

Yap1

Menderes ¢ekirdek kompleksi, gerilme rejimi nitelikli makro-, mezo- ve mikro Slgekte
penetratif karakterde gelismis yapilara sahiptir. Kompleksin makroskobik yapilarint masif
alani igerisinde styrilma faylar1 ve bunlar ile iliskili makaslama zonlar1 olusturur. Ayrica
kompleksin bugiinkii topografyasinin olusumunu denetler yiiksek-acili normal faylanmalar
yaygindir. Giineybatt Anadolu’da giineyden kuzeye dogru Likya (Rimmele ve dig., 2003),
Biiyliik Menderes (Emre ve Sozbilir 1997, Gessner ve dig., 2001), Alasehir (Hetzel ve dig.,
1995b, Isik ve dig., 2003a) ve Simav (Isik ve Tekeli 2001, Isik 2004) siyrilma faylari
tanimlanmistir. Bu faylarin bazilari bir siyrilma fayinin tim 6zelliklerini (6rn. Fay ylizeyi,
stiniimlii-gevrek gecisi, sin-tektonik granitoyid yerlesimi) gosterir konumdadir (Isik ve dig.,
2003a). Ik kez Bozkurt ve Park (1994) tarafindan detayli incelenen Kayabiikii makaslama
zonu (Isik ve dig., 2003b, 2004a) veya giiney Menderes makaslama zonu (Bozkurt 2007) da
gerilmeli rejimi temsil eden 6nemli alanlardandir. Yiiksek-agili normal faylar bolgedeki ya

KD-gidisli ya da yaklasik D-B-gidisli havzalar1 denetler ve/veya keser durumdadir.

89



MENDERES MASIFI KOLOKYUMU — Genisletilmis Bildiri Ozleri Kitabu

Kompleks icerisindeki mezoskopik yapilar1 gerilmeli foliyasyon, lineasyon ve
gerilmeye paralel gelisen kivrimlar olusturmaktadir. Kompleks kayalarinin milonitik ve/veya
milonitik olmayan egemen foliyasyon dogrultulart KD ve KB’dir. Lineasyon yapilari uzama
lineasyonu, daha az oranda mineral lineasyonu ile temsil olur. Bunlarin egemen yonelimleri
KD-GB yoéniinde, dalimlar1 ise KD ve GB’yadir. Gerilmeye paralel gelisen kivrim yapilarinin
eksen yonelimleri, lineasyonlar ile benzer yapisal durumludur. Bu da yapilarin ayni tektonik
rejim igerisinde olustugunu belirtir.

Menderes c¢ekirdek kompleksi kayalarinin mikro yapisal 6zellikleri deformasyonun
(stintimlii, gevrek) penetratif boyutunu ve kinematik 6zelliklerini daha net olarak ortaya
koymaktadir. Ozellikle literatiirde deneysel caligmalar ile de desteklenmis ve kompleksi
olusturan kayalar igerisinde yayginca bulunan kuvars, feldispat, mika minerallerinin
deformasyon oOzellikleri siiniimlii deformasyonun amfibolit fasiyesi kosullarmma kadar
ulastigin1 belirtmektedir. Kayalar icerisindeki diger minerallerin petrografik 6zellikleri de bu
kosullar1 destekler sekildedir. Masifin yiikselmesi ve buna bagli ortam kosullarinin degismesi,
komplekste yaygin yesilsist fasiyesi kosullarini temsil eden deformasyon olusumlarinin
gozlenmesine neden olmaktadir. Siinlimlii ve gevrek deformasyonun kinematigini ortaya
koyan pek c¢ok belirteg, kompleks kayalarinda bulunur. Siiniimlii belirtegler (asimetrik
porfiroklast, S-C—C" fabrik, asimetrik foliyasyon, V-sekilli yapilar gibi) dncelikle kompleksin
timiiyle yaygin K-KD yonelimli hareket ile yiizeyleme egilimi sundugunu belirtmektedir.
Ancak masifin bir boliimiinden itibaren K-KD yo6nelimli yapilarin G-GB yo6nelimli kinematik
yapilar tarafindan {izerlendigi gozlenmektedir. Bu durum masifin asimetrik ylizeylemesinin
ilerleyen zaman igerisinde simetrik ¢ekirdek kompleksi olarak siirdiirdiiglinii ortaya
koymaktadir. Siyrilma fay yiizeyleri ve buralardaki gevrek kinematik belirtegler siiniimlii
yapilarin yonelimleri ile uyum gosterir.

Yas verileri

Menderes masifinin yasi ile ilgili farkli ¢aligmalarda degisik yorumlar bulunmaktadir.
Kompleksin ylizeylemesine iligkin yaslari, sedimanter havzalardan elde edilen yaslar ve
masiften elde edilen yaslar olarak ayirt etmek miimkiindiir. Sedimanter havzalardan elde
edilen verileri palinolojik, mikromemeli ve volkanik kayalarindan elde edilen izotopik yaslar
olusturur. Kompleksin kristalen kayalarindan ise Rb-Sr, K-Ar, Ar-Ar, U-Pb, Pb-Pb metodlari
ile elde edilmis yas verileri bulunmaktadir. Senozoyik havzalardan elde edilen izotopik ve
palinolojik sonuglar Erken—Orta Miyosen (6rn. Seyitoglu ve Scott, 1991; Seyitoglu ve dig.,

1992; Seyitoglu 1997) yasin1 verirken, mikromemeli sonuglari Erken Miyosen’den Pliyosen’e
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stratigrafik konumlarina gore degisik yaslar sunar (6rn. Sarica 2000, Kaya ve dig., 2007).
Masiften elde edilen izotopik yag verileri ise Eosen sonrasindan itibaren masifin ylizeylemeye
basladigini ve ylizeylemesinin Oligosen-Miyosen’de gergeklestigine isaret eder (6rn Hetzel ve
Reischmann 1996, Lips ve dig., 2001, Ring ve dig., 2003, Isik ve dig., 2004a). Bu veriler
arazi verileri ve sedimanter havzalardan elde edilen yaslar ile uyumlu olup, ayrica Ege
gerilme alaninda ortaya konulan (6rn. Dinter ve dig., 1995, Jolivet ve dig., 1996, Brocker ve
Franz 1998, Lips ve dig., 2000, Okay ve Satir 2000) diger ¢ekirdek kompleksler benzer yas
araliklarina sahiptir (Isik ve dig., 2004a).

Tartisma ve Sonuclar

Yukarida belirtilenler, Menderes Cekirdek Kompleksinin Senozoyik doneminde
gerilme rejimini temsil eden oOzelliklerdir. Arazi gozlemleri, mikro tektonik calismalar,
izotopik ve paleontolojik yas verileri ve bolgesel jeoloji yorumlar1 Menderes cekirdek
kompleksinin asagidaki gibi bir yiizeyleme tarihgesi gecirdigini ortaya koymaktadir:
Menderes-Toros platformu ile Sakarya kitasinin-¢carpismasi bolgedeki Alpin sikisma rejimini
temsil etmektedir (Sengoér ve Yilmaz 1981). Sengor ve dig., (1984)’ne gore Menderes-Toros
platformuna ait tektonik dilimler ile Izmir-Ankara kenet zonunu temsil eden ofiyolitik
tektonik dilimlerin y1§ilim1 yaygin metamorfizma olusumuna sebebiyet vermistir (ana
Menderes metamorfizmasi). Eosen sonunda bolgedeki Alpin sikismali rejim, genislemeli
rejim olarak gelismeye baslar. Bu yorum izotopik yas verileri ile desteklenmektedir (6rn.
Hetzel ve Reischmann 1996). Menderes masifinin ¢ekirdek kompleksi olarak yiizeylemeye
baslamasi, masifin olduk¢a giineyinde ve Seyitoglu ve dig., (2004) tarafindan tanimlanan
Datca—Kale ana ayrilma (main break-away) faymnin gelisimidir. KD yanal devamliliga sahip
bu fay, Bati Anadolu’nun giineydogu kesimindeki gen¢ havzalarca ortiiliirken masif alaninda
kuzeyde Simav siyrilma fay1 ile iligkilidir. Bu faylar ve iliskili sliniimlii makaslama zonlarinin
K-KD yonelimli kinematik 0Ozellikleri, masifin asimetrik ¢ekirdek kompleksi olarak
yiizeyledigini ortaya koymaktadir (Seyitoglu ve dig., 2004). Bu olusum Ring vd (2003)
tarafindan simetrik ¢ekirdek komplesi olarak yorumlanmistir. Bélgedeki Alpin gerilme rejimi
derindeki gomiilii kristalen kayalarin yiizeye ¢ikmasini denetlemesi yaninda bu alanlarda sin-
tektonik granitoyid sokulumlarinin gelisimine ve havzalarin olusumuna neden olmustur.
Masifin kuzey kesiminde bulunan ve yaklasik KD-GB-gidisli Senozoyik yasli havzalar,
gerilmeye bagli senklinoryum yapilarimi kullanarak kenarlart normal fay kontrolliinde
olusurken masifin orta kesiminde birbirine zit yonde gelisen siyrilma faylar1 (Alasehir; K’ye

egimli, Biiyilk Menderes; G’ye egimli) masifin artik simetrik olarak yiikselmesini (6rn. Hetzel
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ve dig., 1995a, Gessner et al. 2001, Ring ve dig., 2003, Seyitoglu ve dig., 2004) ve D-B-
gidigli havzalarin olusumunu saglar. Bu havzalarin evrimi ile yapilmis ¢esitli ¢aligmalar
bulunmaktadir (Orn. Seyitoglu ve Scott 1996, Kogyigit ve dig., 1999, Bozkurt 2000,
Seyitoglu ve dig., 2002, Bozkurt ve Sozbilir 2004). Masifin asimetrik ve simetrik ¢ekirdek
kompleksi olarak yiizeylemesi sirasinda ve sonrasinda gelisen yiiksek-acili faylar ile masifin
oldukca pargali bir yap1 kazandig1 goriilmektedir.

Sonu¢ olarak; (a) Menderes masifi bir metamorfik c¢ekirdek kompleksi olarak
ylzeylemistir. Yiizeyleme giineyde Datca-Kale ayrilma fayindan itibaren kuzeydeki Simav
styrilma fay1 boyunca asimetrik olarak gelisirken ilerleyen ylizeyleme evresinde Alasehir ve
Biiyiikk Menderes siyrilma faylar1 kompleksin simetrik yiizeylemesine neden olmuslardir. (b)
Siiniimlii deforme kayalar igerisindeki kinematik belirtegler kompleksin Oligosenden itibaren
ist-K-KD yo6nelimli gerilme rejimine bagli ylizeyledigini ortaya koyarken Miyosen
doneminde kompleksin hem K-KD hemde G-GB deformasyon yapilar1 sundugunu gosterir.
Bu durum kompleksin asimetrik ve ardindan simetrik bir olusum evresi gegirdigi seklinde
yorumlanmaktadir. (¢) Masifin ylizeylemesi sirasinda siyrilma faylari ve yiiksek-acilt normal

faylar bolgedeki geng¢ havza olusumlarini1 denetlemistir.

ABSTACT

Introduction

The Menderes core complex, commonly called the Menderes massif in the literature, is one of
the crystalline basements in the Aegean region. It is generally stated that the massif is characterized
by Precambrian-Early Paleozoic core rocks and Paleozoic-Mesozoic cover rocks (e.g. Sengor et al.
1984, Dora et al. 1990). The ages documented above commonly indicate age of deposition and/or
intrusion of these rocks. Young granitoid intrusions have formed the other crystalline rocks types in
the massif (e.g. Bingol et al. 1982, Isik et al. 2004a, 2004b). Rocks in the massif display poly-phase
deformation and metamorphism of Pre-Alpine and Alpine age (e.g. Candan and Dora 1998). Alpine
orogeny has caused significant change in the regional geology of the Menderes massif, as seen in
entire Turkey (Sengor and Yilmaz 1981).

At the beginning of 1980’s, the metamorphic core complex (MCC) concept was presented to
explain for exhumation mechanism of crystalline massifs (e.g. Coney 1980). After MCC formation was
manifested by Lister et al. (1984) in Aegean extended region, several studies have been carried out to
clarify the question that weather or not formations of the metamorphic core complexes were
widespread in the region. Since the last two decades, Tertiary metamorphic core complexes have been

documented in Aegean extended region. After 1990’s, the geological studies in the Menderes massif
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have been regarded as virtually MCC, which there has been mostly agreement among the researchers
who studied in the Menderes massif (e.g. Bozkurt and Park 1994, Hetzel et al. 1995a, Emre and
Sozbilir 1997, Isik and Tekeli 2001, Gessner et al. 2001). However, some of researchers are not agree
with the view of MCC occurred in western Anatolia (e.g. Erdogan and Giingér 2004, Westaway 2006).
The MCC formations can be either asymmetric or symmetric (Malavieille 1993). There are
controversial models about the exhumation style of the Menderes core complex. While some workers
have advocated that the complex display & symmetric core complex features (Ring et al. 2003), the
others suggest that the massif first exhumed as an asymmetric core complex, and further exhumation
occurred in a symmetric fashion (Seyitoglu et al. 2004).

In this study, we summarize how the Menderes massif evolves as both an asymmetric and a
symmetric core complex.

Lithology

The massif, basically, contain magmatic and sedimentary rocks record with various degree of
metamorphism and young granitoids that were intruded into them. In the lower plate of the Menderes
core complex are middle- high-grade metamorphites and young granitoids. The lower plate rocks
include a variety of mylonitic rocks, (protomylonite, mylonite, ultramylonite, blastomylonite), schists,
gneisses, marbles occurred in regional metamorphism, and granitoid intrusions, including
granodiorite, monzonite, granite, plus minor rocks with mafic composition. The protoliths of the
mylonites are either metamorphic or granitic rocks. The upper plate rocks are comprised of low-grade
metamorphites (schist, phyllite, slate), rocks of ophiolitic mélange and basin deposits. It is not possible
to observe all these exposures in everywhere of the Menderes massif. Detachment faults and ductile
shear zones juxtapose rocks of the lower plate against rocks of the upper plate.

Structure

The Menderes core complex contains penetrative structures with macro-, meso- and micro-
scale. Macro-scale structures in complex involve detachment faults and associated shear zones. In
addition, High-angle normal faults are commonly found in the complex, which they appear to be put
into recent topography of massif. From the south through the north the Lycian (Rimmele et al 2003),
Biiyiik Menderes (Emre and Sozbilir 1997, Gessner et al. 2001), Alasehir (Hetzel et al. 1995b, Isik ve
dig., 2003a), and Simav (Istk and Tekeli 2001, Isik 2004) detachment faults have been recognized in
southwestern Anatolia. Typical features of detachments (e.g. fault surface, ductile-brittle transition,
syn-tectonic granitoid intrusion) can be seen in some of these faults (Isik et al. 2003a). The Kayabiikii
shear zone (Isik et al. 2003b, 2004a), or the southern Menderes shear zone (Bozkurt 2007), first
studied by Bozkurt and Park (1994), is an area representing features of extensional regime. In the
region, deposition of the NE-trending and the E-W trending basins have been controlled and/or later

cut by high-angle normal faults.
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Meso-scale structures within the complex are represented by extensional foliation, lineation
and extension-parallel folding. Mylonitic and non-mylonitic foliations have a general strike of NE and
NW. Lineations are characterized by stretching and mineral lineations trending NE-SW. They plunge
to NE and SW. Coincident with axis trending of extensional-parallel folding and mineral lineation
have been interpreted that both structures occurred in the same tectonic regime.

Micro-scale structures in the Menderes core complex define very well, that how rocks were
penetratively effected by deformation (ductile, brittle) and that rocks include kinematic features.
Deformational features of rock minerals, such as quartz, feldspar and mica, in the complex indicate
that ductile deformation have attained amphibolite facies conditions. Petrographical features of some
minerals in these rocks of the complex appear to support amphibolite-facies conditions. The complex
also contains widespread deformational products representing greenschist-facies conditions, which
suggest that changing of conditions in the complex may have been caused by uplift of the complex
during exhumation. Rocks within the complex include several ductile and brittle kinematic indicators.
Ductile kinematic indicators (asymmetric porphyroclast, S-C, -C’ fabric, asymmetric foliation, V-
shape structure etc.) indicate common N-NE—directed movement in the entire complex. N-NE-directed
structures were overprinted by S-SW-directed structures along the south side of the complex,
suggesting that the complex exhumed as an asymmetric core complex and then continued its further
exhumation as a symmetric core complex. Detachment fault surfaces and brittle kinematic indicators
in their around are mostly similar directions of movement with ductile kinematic indicators that have
been determined.

Age Records

The age of the Menderes massif may be interpreted variably in different studies. The
exhumation age of the complex has been inferred from basins formed in the complex, and isotopic
dating yielded from crystalline rocks of the complex. The age data in sedimentary basins is defined by
palynological studies, micromammal fossils, and some isotopic ages of volcanic rocks exposed in the
basins. Furthermore, the ages, yielded by using isotopic methods, such as Rb-Sr, K-Ar, Ar-Ar, U-Pb,
Pb-Pb, have been found in crystalline rocks of the complex. Isotopical and palynological dating
indicate that the Cenozoic basins may have developed in the Early-Middle Miocene (e.g. Seyitoglu and
Scott 1991, Seyitoglu et al. 1992, Seyitoglu 1997) whereas micromammal fossils present ages from
Early Miocene to Pleistocene times depends on the stratigraphical position of the samples (e.g. Sarica
2000, Kaya et al. 2007). Isotopic dating of rocks within the complex have yielded ages from Eocene to
Oligocene-Miocene times, suggesting that the massif began to exhume after Eocene time and have
exhumed during Oligocene-Miocene time (e.g. Hetzel and Reischmann 1996, Lips et al. 2001, Ring et
al. 2003, Isik et. 2004a). These ages from basins and crystalline rocks of the complex are seem to be in

appropriate. Furthermore, they can comparable to the ages documented (e.g. Dinter et al. 1995,
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Jolivet et al. 1996, Brocker and Franz 1998, Lips et al. 2000, Okay and Satir 2000) from other
metamorphic core complexes in the extended Aegean region (Isik et al. 2004a).

Discussion and Conclusions

The features described above represent extensional regime in the Menderes core complex
during Cenozoic time. Field observations, micro tectonic studies, isotopic and relative ages in massif
rocks and regional tectonic interpretations are consistent with following exhumation history: Collision
of Menderes-Toros platform and Sakarya continent corresponds to contractional regime in the region
(Sengor and Yilmaz 1981). Sengor et al. (1984) suggest that accumulation of tectonic slices of
Menderes-Toros platform and tectonic slices representing Izmir-Ankara suture zone cause extensive
metamorphism throughout the massif (main Menderes metamorphism). By the Late FEocene,
deformational regime had begun to change from contraction to extension, which has been supported
by isotopic age data (e.g. Hetzel and Reischmann 1996). The beginning of exhumation of the
Menderes massif as a core complex is related to development of the Datca—Kale main break-away
fault defined by Seyitoglu et al. (2004). NE-lateral extend of this fault appears to be covered with
young basin deposits in the southeast of western Anatolia, but it is associated with Simav detachment
fault in the north. The fact that these faults and associated ductile shear zones include kinematic
indicators with N-NE sense of shearing suggest that the massif displayed asymmetric core complex
exhumation (Seyitoglu et al. 2004). In contrary, Ring et al. (2003) suggested symmetric core complex
exhumation. In the region, Alpine extensional regime not only caused exhumation of crystalline rocks
at depth, but also caused syn-tectonic granitoid intrusions and basins formation. While the NE-SW-
trending Cenozoic sedimentary basins developing in the northern part of the massif have been
occurred within the synclinorium structures under the control of normal faults, opposite dipping faults
(north dipping Alasehir detachment fault and south dipping Biiyiik Menderes detachment fault) in the
central part of the massif have caused further symmetrical exhumation of the Menderes massif (e.g.
Hetzel et al. 1995a, Gessner et al. 2001, Ring et al. 2003, Seyitoglu et al. 2004), and development of
E-W-trending basins. The evolution of these basins has been documented in some studies (e.g.
Seyitoglu and Scott 1996, Kogyigit et al. 1999, Bozkurt 2000, Seyitoglu et al. 2002, Bozkurt and
Sozbilir 2004). During and after exhumation of the Menderes massif, high-angle faults have provided
disrupted appearance into the massif.

As conclusions; (a) the Menderes massif occurred as a core complex. The complex involving
the Dat¢ca-Kale main break-away fault and the Simav detachment fault, exhumed as an asymmetric
core complex, and it was further exhumed as a symmetric core complex by the Alasehir and Biiyiik
Menderes detachment faults. (b) Kinematic indicators in ductilely deformed rocks within the complex
indicate top-to-the N-NE-shearing, and they were overprinted by top-to-the S-SW-shearing in the

south and top-to-the N-NE-shearing in the north, which suggesting an asymmetric core complex
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formation is followed by a symmetric core complex formation. (c) During the exhumation, the

development of basins has been controlled by normal faults.
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