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OZET

Bat1 Anadolu’da ylizlek veren Menderes Masifi ana hatlariyla Geg Alpin sikisma
tektonigi ile bigimlenmis karmagsik bir nap yi1gin1 yapisit sunmaktadir. Bu kristalin kompleksin
litostratigrafik istifi; /-Pan-Afrikan temel (¢ekirdek serisi) ve 2-Paleozoyik — Erken Tersiyer
vasl seri (ortii serisi) olmak lizere iki ana lniteye ayrilmaktadir. Kalinlig1 sekiz kilometreye
kadar ulasan diizenli bir seri olusturan paragnayslar ve onlar1 uyumlu olarak {izerleyen mika
sistler Menderes Masifi’nin Pan-Afrikan temeline ait en yaslh birimleri olusturmaktadir (Dora
ve dig., 2002). Heterojen karakterli kratonik bir kaynak alanindan tiireyen bu metaklastik
serinin ilksel tortullarinin ¢okelim yas araligi, icerdigi en geng kirint1 zirkon yasi ve bunlari
kesen granitlerin sokulum yaslarina dayanilarak 550 — 610 My (ge¢ Proterozoyik) olarak
belirlenmistir. Anatektik granitlerin gelistigi, yaygin migmatizasyona ugramis yiiksek dereceli
bu metaklastikler ¢ok evreli metamorfizmadan etkilenmis Prekambriyen yasli gabrolar ve sin
- post Pan-Afrikan granitoidler tarafindan kesilmektedir.

Cekirdek ve ortii birimleri arasindaki ilksel dokanak iliskisi bolgesel bir uyumsuzluk
karakterindedir (Sengér ve dig., 1984; Konak ve dig., 1987; Candan ve dig., 2006). Ortii
serisine ait Paleozoyik yash birimler fillit, kuvarsit ve Permiyen yagh siyah mermerlerden
yapili olup Triyas yashh metagranitler (Koralay ve dig., 2001) tarafindan kesilmektedir.
Mesozoyik ortii birimleri Triyas — Ust Kretase yashi platform tiirii kalin mermerlerle
karakterize olmaktadir. Kirmizi pelajik mermerler ve iizerleyen filis tiirii bloklu seri ortii
serisinin en iist birimlerini olusturmaktadir.

Pan-Afrikan temel igerisinde gozlenen ve granulit, eklojit ve amfibolit fasiyesi
kosullarim1 tanimlayan kalintt mineral topluluklar1 ve kayalar bu temelin c¢ok evreli
metamorfik karakterini agik¢a ortaya koymaktadir. Granulit fasiyesi kosullarii tanimlayan

yiiksek sicaklik metamorfizmasi hipersten tiirli ortopiroksenin varligi ile karakterize
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olmaktadir. Bu kalntilar genelde Odemis — Kiraz Asmasifi'nde tanimlanmistir (Candan
1995). Ortopiroksen igeren pelitik granulitler, ortopiroksen gnayslar, metatonalitler ve kalk-
silikat kayalar1 Masif’te gozlenen tipik granulit fasiyesi kayalarmi olusturur.
Jeotermobarometrik hesaplamalar ortalama 730 C° sicaklik ve 6 kbar basing kosullarini
tanimlamaktadir (Dora ve dig., 2001). Onceki yaslandirma c¢alismalarinda ortopiroksen
gnayslardan ayiklanan monazitlerden EMS yontemiyle yapilan U, Th ve Pb dlglimleri genis
bir hata pay1 ile Pan-Afrikan yaghi bir olayr tanimlayacak sekilde granulit fasiyesi
metamorfizmasi i¢in 660 +61/-63 My yas vermistir (Oelsner ve dig., 1997). Granulit ve onu
lizerleyen amfibolit fasiyesi metamorfizmalarin1 yaglandirmak {iizere zirkonlara iyon
mikroprob (SHRIMP II) yontemi uygulanmistir. Ortopiroksen igeren pelitik granulitlerden
ayiklanan zirkonlarin granulit fasiyesi kosullarinda biiylimiis, zonlanma gostermeyen dis
kesimleri 583+5.7 My da kiimelenen yaslar vermistir (Koralay ve dig., 2006).

Menderes Masifi’nin Pan-Afrikan temeli igerisinde, iizerleyen Barrow tiirii orta basing
amfibolit fasiyesi kosullarinda geri donilisime ugratilmig yaygin eklojit kalintilart
bulunmaktadir (Candan ve dig., 1994; Oberhinsli ve dig., 1997, Candan ve dig., 2001).
Yiiksek basing metamorfizmasi kalintilar1 eklojit ve eklojitik metagabrolardan olusmaktadir.
Granat mika sist ve paragnayslar icerisinde mercekler ve budinlenmis damarlar seklinde
bulunan eklojitlerin boylar1 5 — 400 m arasinda degismektedir. ilksel kayaca ait kalint1 doku
icermeyen, tlimilyle yeniden kristallesmis ince taneli, masif yapidaki bu kayalar ‘omfasit (jdao-
sp — granat — klinozoisit — rutil’ bilesimindedir. Eklojitik metagabrolar Prekambriyen yaslh
gabrolardan tiiremekte olup ilksel magmatik kayaca ait kalint1 doku ve minerallere sahiptir.
Gabrodan eklojitik metagabroya doniisiim bir koronitik gecis evresi ile gerceklesmekte ve
ilksel magmatik fazlar artar bir sekilde granat ve omfasit tarafindan replase edilmektedir.
Metagabrolarin yiliksek basing toplulugu ‘omfasit (jdo.3¢ — granat — rutil £ disten’ den
olusmaktadir.

Pan-Afrikan yiiksek basing metamorfizmasinin basing — sicaklik kosullari, yaklagik 50
km’ lik bir gomiilmeye karsilik gelecek sekilde, 644 C° ve minimum 15 kbar olarak
hesaplanmustir (Candan ve dig.,2001). Eklojitik metagabrolardan TIMS ile elde edilen **°Pb/
38U zirkon vyaslari, yiiksek basing metamorfizmanin Pan-Afrikan yash oldugunu ortaya
koyacak sekilde 529.9+22 My olarak belirlenmistir (Oberhinsli ve dig., 2007).

Granulit ve eklojit fasiyesi topluluklar1 anatektik granitlerin gelistigi, migmatizasyon
asamasina kadar ulasan, iizerleyen Barrow tiirii orta basing metamorfizmasi nedeniyle yaygin

geri donilistime ugratilmistir. Bu metamorfizma {iriinii, eklojitlerden tiireme granath
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amfibolitlerin olusum kosullar1 7 kbar basing ve 628 C° sicaklik olarak belirlenmistir.
Paragnayslarin migmatizasyonu ile iligkili anatektik granitler ve l6kokratik damarlar 551+1.4
My (Hetzel ve dig., 1998) ve 540 My (Dannat ve Reischmann 1998) olarak yaslandirilmstir.
Geri dontisime ugramis granulitlerdeki zirkonlarin en dig kesimlerinden U-Pb iyon
Mikroprob (SHRIMP) yontemiyle 560.0+5.6 My yaslar elde edilmistir. Bu yaslar, ¢ok evreli
Pan-Afrikan metamorfizmasinin son evresini tanimlayan, 6nceki metamorfizmalarda yaygin
geri doniigiimlerin yan1 sira temelde yaygin migmatizasyona neden olan orta basing
metamorfizmasinin yasi olarak yorumlanmaktadir (Koralay ve dig., 2006).

Ortognayslar Pan-Afrikan temelin baskin kaya tiirlinii olusturur. Bu kayalar ilksel
mineralojik bilesim ve dokusal Ozelliklerine dayali olarak turmalin igeren l0kokratik
metagranite, fanerokristalin metagranite (gozlii gnays), metagranit porfir ve hornblend
metagranit gibi tiirlerine ayrilabilir (Dora ve dig., 2006; Bozkurt ve dig., 2006). Bu
kayalardaki zirkonlarin Pb-Pb ve U-Pb yaslarindan 520 - 570 My arasinda degisen degerler
elde edilmistir (Hetzel ve Reischmann, 1996; Loos ve Reischmann 1999, Koralay ve dig.,
2002; Dora ve dig., 2006). Bu yaslar gnayslarin ilksel granitlerinin Pan-Afrikan orojenezi
sirasinda ve onu izleyen evrede sokulduklarini ortaya koymaktadir.

Pan-Afrikan temelden elde edilen tiim magmatik ve metamorfik yaslar Gondvana siiper
kitasinin biitlinlesmesi siirecinin son evresiyle uyum gostermektedir. Pan-Afrikan temeldeki
paragnays ve sistlerin ilksel kayalarinin, ge¢ Proterozoyik’te Dogu ve Bati Gondvana arasinda
yer alan bir havzanin (Mozambik okyanusu) pasif kita kenar1 ortaminda c¢okeldigi
diistiniilmektedir. Bu tortullar ge¢ Proterozoyik’te, Dogu ve Bati Gondvana’nin ¢arpigsmasi
sirasinda derin gomiilmeye ugramis ve granulit, eklojit ve amfibolit fasiyesi kosullarinda
baskalasima ugramistir. Ortognayslarin ilksel kayalar1 olan dev boyutlu granitoidler, es ve
izleyen evrede bu metamorfik temel igerisine sokulmuslardir.

Menderes Masifi’nin ¢ekirdek ve oOrtii serileri, onceki calismalarda ‘Ana Menderes
Metamorfizmasi’ olarak adlandirilan (Sengdér ve dig., 1984) Alpin yash bir bolgesel
metamorfizmadan etkilenmistir. Bu olaym yasi ve kosullar1 giiniimiizde hala tartigmalidir.
Son yillara kadar, bu Alpin olayinin Barrow tiirli orta basing metamorfizmasi karakterinde
oldugu ve istifin alt diizeylerinde amfibolit, iist diizeylerinde ise yesilsist fasiyesi kosullarinda
gerceklestigi genelde kabul edilmektedir. Ozellikle Paleozoyik yash fillitlerde granat, staurolit
ve disten yaygin olarak bulunmaktadir. Alpin metamorfizmasi ile ilgili baz1 basing — sicaklik
hesaplamalar1 (8 kbar ve 530 C°, Okay 2001; 5 kbar ve 530-550 C°, Ashworth ve Evirgen
1984; maksimum 6 kbar ve 430-550 C°, Whitney ve Bozkurt 2002) bu yaygin petrografik
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gozlemlerle uyugmaktadir. Menderes Masifi’'nin Triyas yashh kuvars metacakiltaslar
icerisinde karfolit — disten toplulugunun varliginin kesfi Menderes Masifi’nin Mesozoik ortii
serilerinin Alpin yash bir yiiksek basing — diisiik sicaklik metamorfizmasindan etkilendigini
ortaya koymaktadir (Rimmelé¢ ve dig., 2003). Bu topluluk, tortullarin minimum 30 km
derinlige karsilik gelecek sekilde 10-12 kbar basing ve 440 C° sicaklik kosullarinda
baskalasima ugradigini gostermektedir. Yiiksek basing topluluklarinda, es sicaklikta basing
diismesi kosullarindaki bir evrimi tanimlayan geri donlisiim dokular1 gelismistir. Giiniimiize
degin gerek Paleozoyik ortii gerekse Pan-Afrikan temel igerisinde Alpin yash bir YB / DS
metamorfizmasinin etkilerine yonelik herhangi bir bulgu saptanmamistir. Dolayistyla Alpin
yasli YB / DS metamorfizmasi ile ¢ok yaygin bir sekilde gozlenen Barrow tiirii orta basing
metamorfizmasi arasindaki iligski heniiz netlik kazanmamustir.

Masif’in Ortii serisinin en iist dlizeyinde yer alan flig tiirli bloklu birimden elde edilen
fosil bulgular1 tortullasmanin Erken Tersiyere kadar devam ettigini gdstermektedir. Ote
yandan Masif lizerindeki metamorfik olmayan en yasli tortul ortii birimlerinin Erken Miyosen
yasli olmasi, Alpin yasli metamorfizmay1 biyostratigrafik olarak Erken Paleosen (Ozer 1998)
veya Erken Eosen (Konak ve dig., 1987) — Erken Miyosen araligina sikistirmaktadir. Alpin
metamorfizmasina yonelik az sayidaki izotop verisi s6z konusu zaman araligi ile uyum
gostermektedir. Beyaz mikalardaki Rb/Sr analizleri 63 — 48 My arasinda sagilan, ortalama
561 My (Geg¢ Paleosen) yaslar vermistir. Bu yaslar Alpin metamorfizmasini ifade eden
kristalizasyon yaslar1 olarak yorumlanmaktadir. Biyotitlerden elde edilen 37+1 My lik (Geg
Eosen) Rb/Sr degerleri ise soguma yaslar1 olarak kabul edilmektedir (Satir ve Friedrichsen
1986). Mikalardan elde edilen yeni Rb/Sr ve Ar/Ar yaslar1 eski verilerle uyum
gostermektedir. 62 — 43 My (Paleosen — Erken Eosen) arasinda degisen Rb/Sr mika yaslarinin
Barrow tiirii Alpin metamorfizmasimin hemen izleyen evresini, 36£2 My’ lik (Orta Eosen)
Ar/Ar yaslarinin ise soguma siirecini tanimladig1 kabul edilmektedir (Bozkurt ve Satir 2000).
Benzer sekilde, 43 — 37 My arasinda degisen Ar/Ar muskovit yaslart Eosen’de gerceklesen
soguma yaslari olarak yorumlanmaktadir (Hetzel ve Reischmann 1996).

Anatolitlere ait tektonik zonlarin Alpin metamorfizmalari, ana hatlariyla Neotetis
Okyanusu’nun kuzey kolunun kapanmasi ve Paleojen’deki ¢arpisma ile iliskilendirilmektedir.
Bu model igerisinde, Menderes Masifi’nin Alpin yashh metamorfizmasi, yitim ve izleyen
evrede Anatolid — Torid platformunun Menderes Masifi’ne karsilik gelen kesiminin giineye
gecmekte olan Likya naplarimin yikii altina gomiilmesi ve i¢ dilimlenmesi ile

iligkilendirilebilir (Sengdr ve dig., 1984).
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ABSTRACT

Menderes Massif, which is exposed in the Western Anatolia, can be described as a complex
nappe pile mostly modified by the Late Alpine contractional deformation. The lithostratigraphic
succession of this crystalline complex can be divided into two units: 1-Pan-African basement (core
series) and 2-Paleozoic — Early Tertiary metasedimentary rocks (cover series). The Pan-African
basement of the Menderes Massif is made up of a Late Proterozoic metaclastic sequence consisting of
paragneisses and conformably overlying micaschists (Dora et al., 2002). This high-grade metaclastic
sequence was extensively migmatized with anatectic granite generation and was intruded by the poly-
metamorphic Precambrian gabbros and syn- to post-Pan-African granitoids.

The primary contact relationship between core and cover series is a major unconformity
(Sengor et al., 1984, Konak et al., 1987; Candan et al., 2006). The Paleozoic units of the cover series
which are intruded by Triassic metagranites (Koralay et al., 2001) consist of phyllites, quartzites and
Permian black marbles. The Mesozoic units of the cover are dominated by Triassic to Upper
Cretaceous platform-type thick marbles. Reddish pelagic carbonates and overlying flysch-type blocky
unit form the uppermost units of the cover series.

Relic mineral assemblages and rocks reveal the complex polyphase metamorphic evolution of
the Pan-African Basement under granulite, eclogite and amphibolite-facies conditions. High-
temperature metamorphism under granulite-facies conditions is mainly recognized in the Odemis —
Kiraz Submassif (Candan 1995) and is characterized by the presence of hyperstene. Orthopyroxene-
bearing pelitic granulites, orthopyroxene gneisses, metatonalite and calc-silicate rocks form typical
granulite-facies rocks. The geothermobarometric estimations give an average temperature of 730 °C
and pressure of 6 kbar for granulite-facies metamorphism (Dora et al., 2001). In the previous age
determinations, monazite ages based on U, Th and Pb concentrations measured by EMS from
orthopyroxene gneisses yielded a Pan-African age of 660 +61/-63 Ma for granulite-facies
metamorphism (Oelsner et al., 1997). Zircon ion microprobe geochronology (SHRIMP II) was applied
to provide timing constraints on the granulite and overprinting amphibolite-facies metamorphism. In
orthopyroxene-bearing pelitic granulites, U-Pb ion microprobe (SHRIMP II) analyses of unzoned
overgrowths of zircons yield data clustered at 583+5.7 Ma which is interpreted to represent the timing
of new zircon growth during granulite-facies metamorphism (Koralay et al., 2006).

Relics of eclogites overprinted by regional Barrovian-type, amphibolite-facies metamorphism
have been documented in the Pan-African Basement of the Menderes Massif (Candan et al., 1994,
2001; Oberhdnsli et al., 1997). The high-pressure relics can be divided into two groups: eclogite and
eclogitic metagabbro. The eclogites occur in garnet-micaschists and paragneisses as pods and
boudinaged layers ranging from 5 m to 400 m in dimension. The mineral composition of these
completely recrystallized massive, medium-to fine-grained rocks, is composed of “omphacite (jd 4.5, -

garnet — clinozoisite — rutile”. The eclogitic metagabbros are derived from Precambrian gabbros and
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characterized by the relic igneous texture and phases. The transition from gabbro to eclogitic
metagabbro, with a transitional coronite stage, involves a gradual increase of garnet and omphacite
at the expense of igneous phases. The high-pressure assemblage of the metagabbros is “omphacite
(jdo.36 — garnet- rutile + kyanite”. The P-T conditions of the Pan-African high-pressure metamorphism
are estimated to be 644 °C with a minimum pressure of about 15 kbar which corresponds to a burial
depth of about 50 km (Candan et al., 2001). *’Pb/ ***U ages of zircons from eclogitic metagabbro
obtained by TIMS yield 529.9+22 Ma, revealing the Pan-African age of high pressure metamorphism
(Oberhdnsli et al., 2007).

The granulite and eclogite-facies assemblages are mostly retrograded by the Barrovian-type
overprint reaching up to migmatization with widespread anatectic granite generation. P-T conditions
of garnet amphibolites which were derived from completely retrograded eclogites by the Barrovian-
type overprint are estimated as 7 kbar and 628 °C respectively. Anatectic granite and leucocratic
dikes generated by migmatization of paragneisses were dated at 551+1.4 Ma by Hetzel et al., (1998)
and ca. 540 Ma by Dannat and Reischmann (1998), respectively. U-Pb ion microprobe (SHRIMP II)
analyses of planar zoned zircon overgrowths from overprinted granulites give an age of 560.0+5.6 Ma
which is attributed to the amphibolite-facies overprint causing partial melting and migmatization in
the basement during the last stage of the poly-phase Pan-African metamorphism (Koralay et al.,2006).

Orthogneisses are one of the most dominant rock types of the Pan-African basement. In terms
of their mineralogical compositions and primary textures, different type of orthogneisses, tourmaline-
bearing leucocratic metagranite, phanerocrystalline metagranite (augen gneiss), metagranite porphyr
and hornblende metagranite, are recognized in the Menderes Massif (Dora et al., 2006; Bozkurt et al.,
2006). Pb-Pb and U-Pb ages of zircons range from 520 to 570 Ma indicating that they are syn- to
post-metamorphic intrusions with respect to the Pan-African event (Hetzel and Reischmann, 1996,
Loos and Reischmann 1999, Koralay et al., 2002, Dora et al., 2006).

All the magmatic and metamorphic ages obtained from Pan-African basement coincide with
latest stages of the assembly of the Gondwanaland super continent. The protoliths of the paragneiss
and schist of the Pan-African basement were deposited on the passive continental margin of a basin
(Mozambique ocean) occurring between East and West Gondwanaland during the Late Proterozoic
time. These sediments were deeply buried and metamorphosed under granulite, eclogite and
amphibolite-facies conditions during the Pan-African event which is probably related to the collusion
of East and West Gondwanaland. In the subsequence stage, the metasediments were intruded by huge
syn- to post-metamorphic granitoids, the precursor rocks of the orthogneisses.

Both the core and cover series of the Menderes Massif were affected by a regional Alpine
metamorphism termed in the previous studies as the ‘Main Menderes Metamorphism’ by Sengor et al.,
(1984). The age and conditions of this event are controversial. Until the recent years, it has been

generally accepted that this Alpine event is a Barrovian-type medium pressure metamorphism reached
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amphibolite-facies conditions in the lower parts of the sequence and greenschist-facies conditions in
the uppermost parts of the cover series. Garnet, staurolite and kyanite are documented in Paleozoic
phyllites. P-T estimations (8 kbar and 530 °C, Okay 2001; 5 kbar and 530-550 °C, Ashworth and
Evirgen 1984; 6 kbar maximum and 430-550 °C, Whitney and Bozkurt 2002) are consistent with
petrographic data. Discovery of carpholite — kyanite assemblages within the Triassic
metaconglomerates of the Menderes Massif suggest that a HP-LT metamorphic event affected the
Mesozoic cover series of the Massif during its Alpine history (Rimmelé et al, 2003). The
metasedimentary rocks were buried under minimum P-T conditions of about 10—12 kbar and 440 °C
corresponding to minimum depth of 30 km. The retrogression of HP parageneses follows an
isothermal decompression path. Until today, evidence for an Alpine HP—LT metamorphism has been
described neither in the Pan-African basement nor in the Paleozoic phyllite - schist sequence of the
Menderes Massif. Therefore, the relationship between the HP—LT metamorphic imprint and the
commonly considered Barrovian-type medium-pressure metamorphism is still questionable.

The fossil evidence from the flysch type blocky unit occurring at the uppermost level of the
cover series indicate that the sedimentation continued up to Early Tertiary (Ozer 1998, Middle
Paleocene; Konak et al., 1987, Early Eocene). The age of the oldest unmetamorphosed sedimentary
cover is Lower Miocene and therefore biostratigraphic evidence marks a time span between Middle
Paleocene (Ozer 1998) or Early Eocene (Konak et al.,1987) and Early Miocene for Alpine
metamorphism. The isotopic data are in agreement with biostratigraphic and tectonic evidence. Rb/Sr
analyses on white mica yield a spread of ages between 63 and 48 Ma (56+1 Ma, Late Paleocene, on
average which is interpreted as crystallization age reflecting Alpine metamorphism). Biotites yield an
average Rb/Sr age of 37+1 Ma (Late Eocene) as Alpine cooling ages (Satir and Friedrichsen, 1986).
New Rb/Sr and Ar/Ar age determinations on mica are consistent with the previous data. Rb/Sr ages (c.
62-43 Ma; Paleocene — Early Eocene) closely post-date the time of Barrovian-type metamorphism
and Ar/Ar data yield 36£2 Ma (Middle Eocene) for the subsequent cooling (Bozkurt and Satir, 2000).
Ar/Ar muscovite ages of 43-37 Ma are interpreted as cooling age occurred in the Eocene (Hetzel and
Reischmann 1996).

The Alpine metamorphism of the tectonic zones of Anatolides is interpreted as the result of the
Palaeogene collision across the northern branch of Neotethys. In this tectonic model, the Alpine
metamorphism of the Menderes Massif can be attributed to subduction and consequent internal
imbrication of the Menderes segment of the Anatolide—Tauride platform under the southward-

advancing Lycian Nappes (Sengor et al., 1984).
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