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OZET

Kabuksal o6lgekli Metamorfik c¢ekirdek kompeksi (Menderes Masifi) ve bu masifi
yaklasik D-B ve KD-GB dogrultusunda pargalayan havzalar Batt Anadolu’nun ana yapilarim
olusturur. Ug ana tektono-stratgratigrafik birimden (Menderes Masifi, Bornova Filis Zonu ve
Likya Naplari; Okay ve dig. 1996) olusan bolge, Miyosen’de gelisen biiylik olgekli diistik-
acili siyrilma faylartyla pargalanarak iist kabugun incelmesine neden olmustur (Bozkurt ve
Park 1994; Hetzel ve dig. 1995; Emre ve Sozbilir 1997; Kogyigit ve dig. 1999; Bozkurt, 2000,
2001, 2003; Sozbilir 2001, 2002a; Seyitoglu ve dig. 2002; Bozkurt Bozkurt ve Sozbilir,
2004; Isik ve dig. 2003, 2004). Bolgede tanimlanan siyrilma faylarinin taban blogu domsal
ylkselimli Menderes Masifi ¢ekirdek kompleksi ve tavan blogu da asimetrik supradetachment
havzalarin varhigiyla simgeseldir (Bozkurt ve Park 1994; Hetzel ve dig. 1995 ve buradaki
referanslar).

Son yillarda yapilan jeokronolojik ¢alismalar, Menderes Masifi’nin yiizeyleme tarihinin
anlagilmasina 6nemli katkilarda bulunmustur. Tersiyer metamorfizmasini belgeleyen Rb/Sr
mika yaslar1 35.5 My vermistir (Sengor ve dig. 1984; Satir ve Friedrischen 1986). Bu yas
yaklasik olarak Hetzel ve Reishmann (1996)’nin 43-37 My Ar/Ar muskovit yasi veren
Menderes Masifi’ndeki makaslama zonunun olusum zamaniyla esdegerdir. Gessner ve dig
(2004) Tersiyer metamorfizmasinin énemine deginmis ve metamorfizmanin yesil-sist fasiyesi
sartlartyla siirl oldugunu belirtmistir. Tavas-Bozdag birimi ve Menderes Masifi’ne ait Cine
asmasifinin {ist diizeylerinden alinan veriler, Menderes Masifi’nin dogu ve giineyinde bulunan
kayalarin Orta Paleosen-Eosen zaman araliginda bindirdigini gostermektedir (Okay 1989;
Ozer ve dig. 2001; Ozer ve Sozbilir 2003; Collins ve Robertson 2003). Bunun yaninda, Lips
ve dig. (2001) ¢ok evreli ylizeyleme 6nermistir: Yiizeylemenin 40-35 My’da olusan ilk evresi
Menderes Masifi’nin kuzeye dogru imbrikasyonuyla karakteristiktir. Daha geng, Geg

Oligosen-Erken Miyosen genisleme Lisian orojeninin ¢6kmesi sonucunda gelismistir
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(Bozkurt ve Park 1994, 1997a, b, 1999; Bozkurt 2001). Siyrilma faylariyla esyash granitler
geniglemenin 20 My bagladigini gostermektedir. (Bingdl ve dig. 1982; Isik ve Tekeli 2001;
Ring ve Collins 2004) Genislemenin daha sonraki Pliyosen-Giincel evresi Menderes Masifi
nin gnaysik ¢ekirdeginin yiizeylemesinden sorumludur (Gessner ve dig. 2001; Ring ve dig.
2003). Yukarida aciklandigi gibi, Menderes Masifi’nde ¢ok sayida c¢alisma yapilmasina
ragmen, metamorfik kayaclarin yas, koken ve yilizeyleme mekanizmasi ile iistleyen
sedimanter havzalarla olan zamansal ve mekansal iligkileri hala tartismalidir. Bu ¢aligmada
Menderes Masifi’nin ylizeyleme tarihiyle ilgili olarak sedimanter havzalardan elde edilen
stratigrafik, yapisal ve sedimentolojik veriler sunulacaktir.

Bati Anadolu’da uyumsuzluklarla sinirlandirilmis dort ana sedimanter havza istifi
bulunur. En yash olan1 Ge¢ Paleosen-Ge¢ Eosen yaslidir ve Baglamis (Akhisar), Derekoy,
Baklan ve Inceler (Denizli)’de kiiciik mostralar seklinde yiizlek verir. Bu zaman aralig
Menderes Masifi’nin Likya naplari altinda gomiilerek deformasyonu ve metamorfizma
gecirdigi doneme karsilik gelir (Sengdr ve Yilmaz 1981; Satir ve Friedrichsen 1986; Konak
ve dig. 1987; Bozkurt ve Satir 2000; Bozkurt ve Oberhansli 2001). Istif bir biitiin olarak
tabanda transgressif iiste dogru ise regresif bir 6zellik sunar. Bu istifler Bornova filis zonu ve
Likya naplarinin farkli yapisal birimleri {izerinde olusmustur ve Ge¢ Paleosen-Ge¢ Eosen
yash supra-allokton havzalar seklinde gelismistir (Akdeniz 1980; Poisson 1984; Ozkaya
1990; Okay ve Siyako 1993; Collins ve Robertson 1997; Senel 1997). Derekdy istifi havzanin
farkli evrelerle olustugunu gostermistir. Ana evreler (1) Likya naplar iizerinde transgresyon
ve ince bir karbonat selfinin olusumu, (2) selfin ¢okmesi ve gomiilmesi sonucunda denizalti
yelpaze ortaminda tiirbiditik ¢okelimin olmasi, (3) deniz diizeyinin diismesi ile komiirli
deltaik-regresif istifin olusumu (Sozbilir 2002b). Istifte sadece ofiyolitlerden tiireme
bilesenlerin bulunmasi Paloesen sonunda Likya naplarinin yiizlek verdiginin isaretidir. Geg
Eosen’de Likya naplarmin ilerlemesi (Collins ve Robertson 1998, 1999), supra-allokton
havzasinin kapanmasim1 ve ofiyoltik naplarin havza tortullar1 iizerine bindirmesini
sonuclamistir. Lisian orojenin genislemeli ¢okmesi sirasinda (Collins ve Robertson 1998;
Lips ve dig., 2001), Baslamis, Derekdy, Baklan ve Inceler’deki istifler bindiren dilimlerin
gravite etkisinde yayilmasiyla birbirlerinden ayrilmiglardir.

Bolgedeki genislemeli ¢okmenin ilk evresi ana Menderes metamorfizmasini izleyen
Oligosen basinda (Rupeliyen) baglamistir (Collins ve Roberson 1997, 1998, 1999, 2003;
Yilmaz ve dig., 2001). Lisian molas havzasinin giliney kenar1 (Kale-Tavas althavzasi) havzaya

dogru biten formasyon-i¢i uyumsuzluklarla simgelenir. Havza dolgusu dogudan batiya dogru
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genclesir. Doguda, Cardak-Dazkir1 arasinda en yash ¢okel Rupeliyen yaslidir. Batiya dogru,
Kale-Tavas alt-havzasinda en yaslh tortul Sattiyen yashidir (Akgiin ve Sozbilir 2001). Bu
veriler tortullasmanin dogu kenarda Rupeliyen de basladigimi ve batiya dogru Erken
Miyosen’e kadar genclestigini gostermektedir. Metamorfik kirinti igeren ilk tortul kayalar
Erken Miyosen’de Cokelez Dagi giineyindeki Emirardi¢ mevkiinde saptanmistir (S6zbilir,
2002b). Bu lokalitede kesit tabanda diizlemsel katmanli kumtagiyla baglar ve iiste dogru
Erken Miyosen yasini veren mercan ve foraminifer fosilli kumlu kiregtaglarina geger. Bu
fosilce zengin diizey uyumlu olarak kumtasi-cakiltaglariyla tizerlenir. Cakiltaglari mermer,
sist, gnays, metakuvarsit ve ofiyolit kirintilar1 icerir. Bu veri, Menderes Masifi’nin ilk
ylizeylemesinin Erken Miyosen’de olustugunu gostermektedir. Molas tortullagsmasinin son
evresi, Menderes Masifi’'nde genislemeyle esyasl Egrigdz graniti ve Simav styrilma fayinin
olusumuna karsilik gelir (Isik ve Tekeli 2001, 2003, 2004; Ring ve dig. 2003; Ring ve Collins
2004).

Erken Miyosen sonunda veya Orta Miyosen’de, molas havzasi Likya naplariyla
deforme olmaya baglar. Bu zamanda, Likya naplar1t molas cokelleri {izerine bindirir ve
boylece KD-GB-uzanimli kivrimlar olusur. Boylece, molas havzast KB-GD sikigsma ile
deforme olurken beslenme alaninda siyrilma faylariyla iligkili geniglemeli havzalar (Gediz ve
Biiyiik Menderes grabenleri) ve granitik intruzyonlar geniglemeli ¢cokmenin ikinci evresine
isaret eder. Bu olay Likya naplarinin dniinde olusan sinorojenik Kasaba-Kas havzasiyla ayni
zamanda olusmustur (Hayward 1984).

Gediz Grabeni giiney kenar1 boyunca uzanan ve taban blogunda metamorfik kayalar
progressif olarak deforme eden ve yiizeyleten diisiik agili normal fay (Gediz siyrilma fay1)
tavan blogunda milonitik gnayslar, rudist-iceren mermer bloklar1 ve amfibolit mercekleri
iceren sistler, Neotetis-ofiyolitleri ve Miyosen tortullari bulunur (Hetzel ve dig., 1995; Emre,
1996; Kogyigit ve dig. 1999; Yilmaz ve dig. 2000; Sozbilir, 2001, 2002a; Emre ve Sozbilir,
1997; Lips ve dig. 2001; Seyitoglu ve dig. 2002; Bozkurt ve Sozbilir, 2004). Bu kompleks
stratigrafi genislemeli styrilma oncesindeki sikismaya bagli deformasyona isaret eder. Gediz
styrilma fay1 batiya dogru Izmir-Balikesir transfer zonu iginde kaybolur. Izmir-Balikesir
transfer zonu Gediz ve Kiiclik Menderes grabenlerini KD-uzanimli transtensiyonal-
supradetachment niteligindeki havzayla yan yana getirir. Bu havza dogrultu—atimli faylarla
diisiik acgili normal faylarin birlikte iglemesiyle olugsmus Erken-Orta Miyosen yasl bir

havzadir.
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Sonug olarak Paleosen-Eosen yasl supraallokton havzanin kapanisindan sonra, Bati
Anadolu’da ¢ok evreli havza gelisimi sozkonusudur. En yash evre Oligosen-Erken Miyosen
piggy-back havza olusumuyla es yasli orojenik ¢dkmeyle iliskilidir. Izleyen evre 20-7 My
arasinda gelismistir. Bu evre diislik-acili normal fay, yiiksek ag¢ili normal fay ve dogrultu
atimh faylarla simgelenir. 5 My’dan beri aktif olan son evre D-B uzanimli normal faylar ve

K-uzaniml transfer faylartyla karakteristiktir.

ABSTRACT

A crustal-scale metamorphic core complex, the Menderes Massif, and dissecting approximately
E-W and NE-SW basins form the most prominent features of western Anatolia. The region, comprises
mainly three major tectono-statigraphic units (e.g. Menderes Massif, Bornova Flysch Zone and Lycian
nappes, Okay et al. 1996) that was highly dissected in Miocene time and resulted in crustal thinning
and regional scale faulting along low-angle detachment faults (Bozkurt and Park 1994, Hetzel et al.
1995; Emre and Sozbilir 1997; Kogyigit et al. 1999; Bozkurt, 2000, 2001, Sozbilir 2001, 2002a;
Seyitoglu et al. 2002; Bozkurt 2003, Bozkurt and Sozbilir, 2004, Istk et al. 2003, 2004). Detachment
fault systems in this province are associated with domal uplift of the Menderes metamorphic core
complex of the lower plate and the formation of asymmetric supradetachment basins in the upper-
plate (e.g. Bozkurt and Park 1994, Hetzel et al. 1995 and references therein).

In the last two decade numerous geochronological studies have greatly advanced the
understanding of the unroofing history of the Menderes Massif. Tertiary metamorphism has been
constrained by Rb/Sr mica ages of 35 £ 5 Ma (Sengor et al. 1984, Satir and Friedrischen 1986). This
age was roughly contemporaneous with 43-37 Ma muscovite 40Ar-394r ages of Hetzel and
Reischmann (1996), who suggested that this dated the time of shear zone development in the Menderes
Massif. Gessner et al. (2004) recently questioned the significance of Tertiary metamorphism and
deformation and suggested that it is confined to greenschist-facies conditions. Evidence from the
upper levels of the Cine submassif of the Menderes Massif and the Tavas/Bozdagi unit suggest that
rocks found to the south and east of the Menderes Massif were overthrust by mid-Palaeocene to
Eocene times (Okay 1989, Ozer et al. 2001; Ozer and Sozbilir 2003; Collins and Robertson 2003).
Lips et al. (2001) suggested a multistage exhumation; a first stage of exhumation around 40-35 Ma
was induced by northward-directed imbrication of the composite basement in the central Menderes
Massif. Younger, Late Oligocene-Early Miocene extension was suggested by Bozkurt and Park (1994,
1997a, b, 1999) and Bozkurt (2001) and interpreted as being a result of collapse of the Lycian
Orogen. Dating of syn-detachment granites has demonstrated that extension was underway by 20 Ma
(Bingol et al., 1982; Isik and Tekeli 2001; Ring and Collins 2004). A later Pliocene-Recent phase of

extension is responsible for unroofing of the gneissic core of the Menderes Massif (Gessner et al.,
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2001; Ring et al., 2003). Although a number of the mentioned studies have been carried out, the age,
origin and mechanism of the exhumation of the metamorphics, as well as the spatial and temporal
relationships with the overlying sedimentary basins are still controversial. In this study, we present
solid stratigraphic, structural and sedimentological data for unroofing history of the Menderes Massif.

There are mainly four unconformity-bounded sequences of sedimentary basins in western
Anatolia. The oldest one is located in Baslamis (Akhisar), Derekéy, Baklan and Inceler (Denizli) areas
as small exposures of Middle Palaeocene to Late Eocene age. This time interval is also known as the
main deformation and metamorphism of the Menderes Massif as a result of burial beneath the Lycian
nappes (Sengor & Yilmaz 1981; Satir & Friedrichsen 1986, Konak et al., 1987, Bozkurt & Satir 2000;
Bozkurt & Oberhansli 2001). This succession, as a whole, shows trangressive character at the bottom
and regressive tendency towards the top. These successions were formed on the Bornova Flysch Zone
and on the different structural units of the Lycian thrust sheets and developed as supra-allochthon
basins during the Late Palaeocene-Late Eocene time interval (Akdeniz 1980, Poisson 1984, Ozkaya
1990; Okay & Siyako 1993; Collins & Robertson 1997; Collins & Roberson 1997; Senel 1997).
Important detrital episodes in the Derekdy succession provide evidence for discrete phases during the
evolution of the basin in which the strata were deposited. The main episodes appear to be related to:
(1) trangression over the Lycian nappes and the birth of a thin carbonate shelf (Late Palaeocene-
Early Eocene); (2) collapsing and drowning of the shelf causing turbiditic deposition in a submarine
fan environment, (3) low-stand of the sea level causing deltaic-regressive sequence with coal
formation (Middle to Late Eocene, Baklan succession); The presence of ophiolite-derived sediments
through these succession is an indicative of subaerial exposure of the Lycian ophiolites by Palaeocene
times. The Late Eocene phase of thrust-sheet translation (Collins & Robertson 1998, 1999), resulted
in the closure of the supra-allochthonous basin and thrust the ophiolitic nappes on the basin
sediments. During the extensional collapse of the Lycian orogen (Collins & Robertson 1998; Lips
et.al. 2001), the Baslamis and the others Derekéy, Baklan and Inceler successions may have been
separated from each other by gravitational spreading of the thrust piles.

The first phase of extensional collapse in the region is marked by the Lycian orogenic collapse
which may have been initiated by the beginning of Oligocene (Rupelian), following the main Menderes
metamorphism. (Collins and Roberson 1997, 1998, 1999, 2003; Yilmaz et al. 2001). The southern
margin of the Lycian molasse basin (e.g. Kale-Tavas sub-basin) is characterized by internal angular
unconformities, that are laterally extensive along strike for up to a few km before dying out. The basin
fill sediments become younger from east to the west of the basin. In the east, between Cardak and
Dazkar, the oldest age of the molasse sediments is Early Oligocene (Rupelian), while toward the west,
in the Kale-Tavas sub-basin, the oldest sediments are of Chattian age (Akgiin and Sozbilir, 2001). The
data suggests that at the eastern margin of the basin deposition commenced during the Early

Oligocene and extended with time to the west until Early Miocene. The first appearance of
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metamorphic-derived sedimentary rocks did not occur until Early Miocene times to the south of
(Cokelez Mountain, in Emirardi¢ (Sozbilir, 2002b). In that locality, the section starts at the bottom with
planar bedded sandstone and grades into sandy limestone with coral and benthic foraminifera which
indicate Early Miocene age. These fossil-rich beds are conformably overlain by sandstone and
conglomerate. The conglomerate consists of clasts of marble, schists, metaquartzite, gneiss and
ophiolitic rocks. This data suggests that initial subaerial exposure of the Menderes Massif in the study
area took place during the Early Miocene time. The late phase of the Oligo-Miocene time interval of
the molasse sedimentation was also contemporaneous with formation of the Simav detachment fault
and synextensional Egrigoz granite in the Menderes Massif (Isik and Tekeli 2001, 2003, 2004, Ring et
al. 2003; Ring and Collins 2004).

Starting in the latest Early Miocene or in the Middle Miocene, the area of the molasse basin
was subject to deformation with the Lycian nappes, and to erosion as well. At that time, Lycian nappes
including ophiolitic assemblages thrust over the molasse deposits and thus, NE-SW trending folds
were formed. Thus, the molasse basin underwent NW-SE compression while, in the hinterland, the
second phase of extensional collapse is marked by the formation of the Miocene detachment-related
extensional basins (the Gediz and Biiyiik Menderes grabens), and granitic intrusions. The
unconformable late orogenic sedimentation of these hinterland areas is coeval with the synorogenic
deposition in front of the Lycian nappes in the Kasaba/Kas basin (Hayward 1984).

The presently low-angle normal fault (Gediz Detachment Fault), forming the southern margin
of the Gediz graben, along which the metamorphics in the lower plate were progressively deformed
and exhumed. Upper-plate stratigraphy of the Gediz detachment is made up of Mylonitic gneiss,
schists including amphibolitic lenses and blocks of rudist-bearing marble, Neotethyan ophiolites and
Miocene synextensional sedimentary sequence (Emre, 1996; Kogyigit et.al. 1999, Yilmaz et.al. 2000;
Sozbilir, 2001, 2002a, Hetzel et.al., 1995, Emre and Sozbilir, 1997, Lips et.al. 2001, Seyitoglu et al.
2002; Bozkurt and Sozbilir, 2004). This complex stratigraphy may be consequences of the
contractional deformation prior to the formation of the extensional detachment. The Gediz detachment
fault become to desappear across the Izmir-Balikesir Transfer Zone consisting of obliquely oriented
strike-slip, normal oblique slip and low angle normal fault. The zone juxtaposes the E-trending Gediz
and Kiiciik Menderes grabens with the NE-trending transtensional supradetachment basin (e.g.
Kemalpaga-Torball basin). The basin has formed in Miocene time in response to evolution of the low-
angle normal fault and strike-slip fault system, which together make up the eastern margin of the
basin.

As a result, after closure of the Paleocene-Eocene supra-allochthonous basin, several episodes
of extension have been reported within the west Anatolan extensional province. The oldest episode
involves normal faults that pre-date Miocene supradetachment basins and attributed these faults to

extensional collapse that was partly coeval with the formation of the Oligocene-Lower Miocene
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piggyback molasse basin in southwest Turkey. The main episode of extension occurred from about 20
to 7 Ma. This episode was characterized by movement on upper crustal detachment faults, high angle
normal, oblique and strike-slip faults. The final episode of extension produced predominantly E-W
trending rift-mode high angle normal faults and transfer faults that have been active since at least 5

Ma.
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