MENDERES MASIFI KOLOKYUMU — Genisletilmis Bildiri Ozleri Kitab

Menderes Masifi'ndeki, Pan-Afrikan ve Triyas Yash Metamagmatik
Kayaclarin Jeolojisi ve Jeokronolojisi, Bati Anadolu, Tiirkiye

Geology and Geochronology of Pan-African and Triassic Metamagmatic
Rocks in The Menderes Massif, W Anatolia, Turkey

0.Ersin KORALAY', Osman CANQAN‘, 0.0zcan DORA!, Muharrem SATIR?,
Roland OBERHANSLI® ve Fukun CHEN*

'Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
Tinaztepe Yerleskesi 35160 Buca / Izmir-Tiirkiye (e-mail: ersin.koralay@deu.edu.tr)
’Eberhard-Karls-Universitdt Tiibingen, Institut fiir Mineralogie, Petrologie und Geochemie
Lehrstuhl fiir Geochemie, Wilhelmstrafie 56, 72074 Tiibingen, Germany
3Institut fiir Geowissenschaften, Universitdt Potsdam, Postfach 601553, Potsdam 14415, Germany
Insitute of Geology and Geophysics, Chinese Academy of Sciences
P.O. Box 9825, Beijing 100029, China

OZET

Menderes Masifi (MM), Tiirkiye’nin batisinda Alpin Orojenik Kusagi igerisinde yer
alan biiylik bir metamorfik komplekstir. Masif, ana olarak, Pan-Afrikan yaslh bir temel ve onu
tizerleyen Paleozoyik-Erken Tersiyer yasl Ortii serilerinden yapilidir (Sengor ve dig. 1984;
Dora ve dig., 2001). Temel ve ortii serileri Tersiyer’de etkin bir Alpin deformasyon ve
bolgesel metamorfizmadan etkilenmistir. Pan-Afrikan temel, kismi migmatitlesme sunan
paragnays ve yliksek dereceli mika sistlerden olusan Proterozoyik yasli metasedimentler,
bunlar i¢ine sokulum yapmis sin-/post-tektonik Pan-Afrikan ortognayslar, metagranitler ve
eklojitik metagabrolardan olusmaktadir (Candan ve dig. 2001; Dora ve dig., 2001). Ortii
serileri ise Paleozoyik ve Mesozoyik-Erken Tersiyer yash iki tiniteden meydana gelmektedir
(Diirr, 1975; Konak ve dig., 1987).

Jeolojik ve jeokronolojik veriler Menderes Masifi’nde, (i) Pan-Afrikan, (ii) Triyas ve
(iii)) Miyosen yash {li¢ ana magmatik aktivitenin varligin1 gostermektedir. Pan-Afrikan
ortognayslarin ilksel kayalarini olugturan ana asidik magmatik aktivite faz1 ge¢ Prekambriyen-
Kambriyen’de gerceklesmistir. Pan-Afrikan ortognayslar, mineralojik bilesim ve ilksel
dokularina gore, fanerokristalin metagranit (gozlii gnays), metagranit porfir, turmalin
l6kokratik metagranit ve hornblend metagranit gibi tiirlere ayrilabilmektedir. Pan-Afrikan
ortognayslarin kokeni uzun yillar tartismali kalmis, sedimanter (Schulling, 1962; Sengor ve
dig. 1984; Satir ve Friedrichsen 1986) ve magmatik (Graciansky 1965; Erdogan 1992;
Bozkurt 1994; Bozkurt ve dig. 1993; Hetzel ve Reischmann 1996; Koralay ve dig., 2004)
kokene yonelik farkli goriisler onerilmistir. Dora ve dig., (1994) farkli yapidaki gnayslarin

24


mailto:ersin.koralay@deu.edu.tr

MENDERES MASIFI KOLOKYUMU — Genisletilmis Bildiri Ozleri Kitab:
ilksel kayalarinin Pan-Afrikan orojenezinin son evresinde temel igerisine sokulan sin/post-
tektonik granitler oldugunu belirtmektedir. Jeokimyasal 6zellikleri, gozlii gnayslarin ilksel
kayalarinin, kalk-alkalin, S-tipi, peralumino karakterli ve sin/post-tektonik granitler oldugunu
ortaya koymaktadir (Bozkurt ve dig., 1995; Dannat, 1997; Koralay ve dig. 2004).

Menderes Masifi'nde ortognayslarin doku ve bilesim bazinda tiirlere ayrimi son
yillarda kabul gérmeye baglamistir. Literatiirdeki gnays tanimlamalarinin hangi tiire karsilik
geldigi cogu kez anlagilamamaktadir. Yas tayini ¢alismalarinin ¢ok biiyiik bir kesiminde bu
siniflama g6z Online alinmaksizin Ornekler go6zIli veya granitik gnays olarak
tanimlanmaktadir. Masifte gergeklestirilen jeokronolojik c¢alismalarin biiyiikk kismi Cine
Asmasifi’nde yiizlek veren ortognayslar iizerinedir. Bu ¢aligmalara ait sonuglar asmasifler
bazinda asagida verilmektedir. ilk jeokronolojik calismalarda, Menderes Masifi’nin
giineyinde Cine Asmasifi’nde ortognayslardan Rb-Sr toplam kaya yas tayinleri yapilmis ve
490+90 My (Dora, 1975, 1976) ve 47149 My (Satir ve Friedrischsen, 1986) yaslar elde
edilmistir (Tablo 1). Bu yaslar gnayslarin ilksel kayalarinin sokulum yaglar1 olarak
yorumlanmistir. Hetzel ve Reishmann (1996) Cine Asmasifi’'ndeki gnayslarin ilksel
kayalarinin intriizyon yasi olarak 546.2+1.2 My vermektedir. Ayn1 Asmasifte, Loos ve
Reischmann (1999) Selimiye’nin kuzeyindeki gnayslarin sokulum yas1 olarak 521£8 - 572+7
My arasinda degisen yaglar saptamistir. Gessner ve dig. (2001, 2004) Cine Asmasifi’ndeki
metagranitlerin sokulum yas1 olarak tek zirkon Pb/Pb evaporasyon yontemiyle 547.2+1.0 My
ve U-Pb SHRIMP yontemiyle ise 541+14 My ve 566+9 My yaslar1 elde etmistir. Demirci-
Gordes ve Odemis-Kiraz Asmasiflerinde de 528 — 544 My arasinda degisen benzer yaslar
Dannat (1997) tarafindan verilmektedir. Dora ve dig. (2002), Demirci-Gordes Asmasifi’nde
paragnayslar icerisine sokulum yapan gnayslarin ilksel kayalarinin sokulum yasi olarak
549.7+7.6 My vermistir. Odemis-Kiraz Asmasifi’nde Prekambriyen sistler icerisine sokulum
yapan gnayslarin yaglari ise 561.5+0.8 My ve 570.5+2.2 My olarak bulunmustur (Koralay ve
dig., 2004).

Dora ve dig. (2006) tarafindan, Cine Asmasifi’'nde gnays tiplerinin yaslandirilmasina
yonelik bir ¢alisma gergeklestirilmistir. Arazi gézlemlerinde, goreceli olarak gozlii gnayslarin
en yasl evreye iligkin granitler oldugu ve bunlarin diger granit tiirleri tarafindan kesildigi
belirlenmigtir. Jeokronolojik ¢aligmalardan bu iliskiyi destekler veriler elde edilmistir. Gozli
gnayslarin sokulum yasi 552.1£2.4 My olarak belirlenmistir. Metagranit porfirlerden
551.5+2.9 My olarak elde edilen tek bir yas tayini bulunmaktadir. U-Pb ve tek zirkon Pb/Pb

evaporasyon yoOntemleriyle turmalin I6kokratik ortognayslardan sirasiyla 549+26 My ve
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545.6£2.7 My sokulum yaslar1 elde etmistir. Cine Asmasifi'nde Prekambriyen sistler
igerisinde kiiglik sokulumlar seklinde gozlenen hornblend metagranitlerin kristalizasyon yasi
ise 530.9+£5.3 My olarak saptanmustir.

Bazi arastiricilar jeolojik gozlemlere dayanarak ortognayslarin sokulum yaslarinin daha
geng olmast gerektigi goriisiinii ortaya atmaktadir. Erdogan (1992) ve Erdogan ve Glingdr
(2004) gnaysik granitlerin Geg¢ Kretase-Erken Senozoyik’te gergeklesen ana Menderes
metamorfizmasi sirasinda sin-tektonik olarak Cine Asmasifi’ndeki Triyas ve Ust Paleozoyik
metasedimentlerin igerisine sokulum yaptigini ileri siirmektedir. Bozkurt ve Park (1994) ve
Bozkurt ve dig., (1995), gozlii gnayslarin ilksel granitlerinin kalinlagan kabukta ge¢ orojenik
genlesmenin yarattig1 ¢cokme sirasinda, olasilikla Geg Oligosen’de yerlestigini belirtmektedir.
Bozkurt (2004), jeolojik ve deformasyon verilerine dayanarak, turmalin 16kokratik
metagranitlerin makaslama zonu boyunca ortognays-sist dokanagina yerlesmis, Geg
Oligosen-Erken Miyosen yash granitler oldugunu ileri siirer.

Ortognayslardan elde edilen bu yaslar ana olarak 540- 550 My arasinda
yogunlagmaktadir. 520-570 My araliginda sagilan bu yaslar, Masifteki gnays tiirlerinin
tiimiiniin Pan-Afrikan yash oldugunu ve ayni bir asidik magmatik aktivitenin ayrimlagmis
iiriinleri olarak yorumlanabilecegini gostermektedir. Menderes Masifi’ndeki bu yaygin
magmatik aktivite, Mozambik okyanusunun kapanmasiyla baglantili Pan-Afrikan orojenezi
ile iligkilendirilebilir.

Triyas yash lokokratik ortognayslarin ilksel kayalar1 Menderes Masifi’'ndeki ikinci
etkin magmatik aktivitenin irilinleridir. Bu kayalar iizerine gerceklestirilmis jeolojik ve
jeokronolojik calismalar olduk¢a smirhidir. Lokokratik ortognayslar, Odemis-Kiraz
Asmasifi'nin dogu ve giiney (Akkok, 1981; Koralay et al., 2001), Demirci-Gordes
Asmasifi’nin ise giineydogu kesimlerinde yiizlek vermektedir (Candan 1994). Bunlar, temel
serilerinin Prekambriyen yasli mika-sistleri ve Gec¢ Palezoyik yashh ortii serilerinin
metasedimentleri ile intriizif dokanak iliskisi sunmaktadir (Koralay ve dig., 2001).
Jeokimyasal Ozellikleri, 10kokratik ortognayslarin ilksel kayalarinin tipik kalk-alkalin
karakterli, S-tipi granitler oldugunu ortaya koymaktadir (Koralay ve dig., 2001). Dannat
(1997) ve Dannat ve Reischmann (1998) tek zirkon Pb/Pb evaporasyon yontemiyle 227-240
My arasi intriizyon yagslar1 elde etmislerdir. Benzer sekilde, Koralay ve dig. (2001), 16kokratik
ortognayslardan 246+5 My, 241+£5 My ve 23546 My yagslar1 elde etmis ve bunlar ilksel

kayalarinin Triyas’taki yerlesim yas1 olarak yorumlamistir. Onceki calismalarda, 16kokratik
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Tablo 1. Menderes Masifindeki Pan-Afrikan gnayslardan jeolojik ve jeokronolojik yontemlerle elde
edilen yaglar. Tablodaki gnays tanimlamalar1 ¢alismalardan aynen alinmistir.

Kaya tipi Yontem Yas (My) Referans
Demirci-Gordes
asmasifi
Simav GD’si . 541.4+2.5 (20)
Demirci GB’si Gozlii gnays Tek zickon Po/Pb | 557 5 15 4 (2 Dannat (1997)
Demirkdprii baraji €vaporasyon 544.1+4.3 (20)
.. . Tek zirkon Pb/Pb .
Kula giineyi Granitik gnays evaporasyon 549.7+£7.6 (20) Dora ve dig. (2002)
Odemis-Kiraz
asmasifi
Kuyucak KD’si . 528.0+4.3 (20)
Buldan batis1 Gozli gnays Tek zirkon Pb/Pb 528.1+1.6 2o Dannat (1997)
. . evaporasyon (20)
Kiraz GD’si 538.142.6 (20)
. 561.5+0.8 (20)
o . Tek zirkon Pb/Pb .
Alasehir giineyi Gozli gnays evaporasyon 570.5+2.2 (26) Koralay ve dig. (2004)
Cine asmasifi
- Rb-Sr toplam kaya 490490 Dora (1975, 1976)
Sengor ve dig. (1984)
Cine GB’si Metagranit Rb-Sr toplam kaya 47019 Satir & Friedrischsen
(1984)
Erken Oligosen-
. . N . . . Bozkurt & Park (1994)
Selimiye kuzeyi Gozli gnays Jeolojik veri Erken M}yosen / Bozkurt ve dig. (1995)
Geg Oligosen
Selimive kuzevi Az deforme gozlii | Tek zirkon Pb/Pb | 546.0+1.6 (1) Hetzel & Reischmann
Y Y gnays evaporasyon 546.4+0.8 (15) (1996)
56343, 53649,
Selimive kuzevi Granitik enavs Tek zirkon Pb/Pb 57247, 52148, Loos & Reischmann
y y ghay evaporasyon 556+4, 54645, (1999)
55145 (20)
Cine GB’si Metagranit Tek zirkon PP | )7 51 6 (26) | Gessner ve dig. (2001)
evaporasyon
Cine GB’si . X 541+14 (1o0) .
Bafa Golii dogusu Metagranit U-Pb SHRIMP 566+9 (10) Gessner ve dig. (2004)
ie 1w I .. . Geg Kretase — Erdogan (1992)
Bafa Golii dogusu Gozli gnays Jeolojik veri Erken Senozoyik | Erdogan & Giingdr (2004)
- . . . . Geg Oligosen-
Selimiye kuzeyi Tur. 16ko. ortog. Jeolojik veri Erken Miyosen Bozkurt (2004)
5 .| Gozlii gnays 552.142.4 (20)
Yatagan kuzeyi gnay :
Kavaklidere KB’si | Metagranit porfir Tek zirkon PO/Pb | - 555 546 2 (20) Dora ve dig. (2006)
Yatagan kuzeyi Tur. 16ko. ortog. ¢vaporasyon 545.6+2.7 (26)
Yatagan kuzeyi Tur. 16ko. ortog. U-Pb zircon 549+26 Dora ve dig. (2006)
K bat Hornblend Tek zirkon Pb/Pb | 530 945 3 (20) Basil :
aracasu batis1 metagranit evaporasyon astlmamus veri
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ortognayslar Plaeotetis okyanusunun kapanmasiyla iliskili Erken Kimmeriyen olaylarla
iligkilendirilmistir (Koralay ve dig., 2001)., Afyon Zonu’'nda (Akal ve dig., 2005) ve
Karaburun’da (Akal ve dig. 2007), Neotetisin acilmasiyla iliskili olarak yorumlanan, yaygin
Erken-Orta Triyas yasli magmatik aktivitenin varligi belirlenmistir. Anatolidlerin tektonik
zonlarindaki Triyas yasli magmatik aktivitelerin bolgesel karakteri géz oniine alindiginda

l16kokratik granitler Neotetis okyanusunun agilmasiyla iliskilendirilebilir.

ABSTRACT

The Menderes Massif (MM) forms a large metamorphic complex within the Alpine orogen in
the western part of Turkey. Mainly, the MM can be divided into two units; 1- Pan-African basement
and 2- Palaeozoic-Early Tertiary cover series (Sengor et al. 1984, Dora et al. 2001). Basement and
cover series have experienced an intense phase of Alpine deformation and regional metamorphism in
Tertiary time. The Pan-African basement comprises partly migmatized late Proterozoic clastic
metasediments, (i.e. paragneisses and high-grade mica schists) which are intruded by the protoliths of
syn-to post Pan-African orthogneisses, metagranites and metagabbros with eclogite relics (Candan et
al. 2001; Dora et al. 2001). The cover series can be subdivided into two units consisting of Palaeozoic
and Mesozoic-early Tertiary series (Diirr, 1975; Konak et al. 1987).

Based on the geologic and geochronological evidence, three distinct acidic magmatic activities
have been recognized in the MM: (i) Pan-African, (ii) Triassic and (iii) Miocene. The major phase of
magmatic activity, represented by the protoliths of Pan-African orthogneisses, took place at the late
Precambrian-Cambrian. Four different magmatic types of orthogneisses, phanerocrystalline
metagranite (augen gneiss), metagranite porphyry, tourmaline leucocratic metagranite and
hornblende metagranite, are distinguished in the MM in terms of their mineralogical compositions
and primary textures. The origin of these Pan-African orthogneisses has been controversial for many
years. Although, in previous studies, most of the authors have suggested sedimentary origin
(Schulling, 1962; Sengor et al. 1984; Satir & Friedrichsen 1986), a granitic protolith has also been
claimed by Graciansky (1965), Erdogan (1992), Bozkurt (1994), Bozkurt et al., (1993), Hetzel &
Reischmann (1996) and Koralay et al. (2004). Dora et al. (1995) suggests that the protoliths of the
gneisses with different structures are syn- to post-metamorphic granites which intruded into the
basement during the late stage of the Pan-African orogeny. Based on geochemical characteristics, the
protoliths of the augen gneisses have been interpreted as calc-alkaline, peraluminous, S-type, syn- to
post-tectonic granitoids (Bozkurt et al. 1995; Dannat, 1997; Koralay et al. 2004).

In recent years, it has been generally accepted by authors that based on the mineralogical

composition and texture, different type of orthogneisses can be distinguished in the MM. In great
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majority of the previous studies, the gneisses have not been classified based on this evidence. All the
gneisses were described as augen and/or granitic gneisses in the previous geochronological studies.
In previous geochronological studies, Rb-Sr age determinations carried out on whole-rock
orthogneiss samples from the Cine submassif, southern submassif of the MM, yielded isochron ages of
490+£90 Ma (Dora, 1975, 1976) and 471+9 Ma (Sengér et al. 1984, Satir & Friedrischsen, 1986)
which were interpreted as the intrusion ages of the protoliths (Table 1). Hetzel and Reishmann (1996)
suggest that 546.2+1.2 Ma can be interpreted as the intrusion age of the protolith of gneiss in Cine
submassif. In the same submassif, Loos and Reischmann (1999) have obtained 5218 Ma to 572+7 Ma
intrusion ages from gneisses in north of Selimiye. Gessner et al. (2001, 2004) claims that the ages of
547.2+41.0 Ma by single zircon Pb/Pb evaporation method and 541+14 Ma and 5669 Ma by U-Pb
SHRIMP method can be interpreted as the intrusion ages of metagranites in the Cine submassif.
Similar intrusion ages, 528 Ma to 544 Ma, have been reported from various parts of the Demirci-
Gérdes and the Odemis-Kiraz submassifs by Dannat (1997). The intrusion age of the protolith of the
gneisses into paragneisses in the Demirci-Gordes submassif was dated at 549.7+7.6 Ma by Dora et al.
(2002). The gneisses in the Odemis-Kiraz submassif yield Pb/Pb ages of 561.5+0.8 Ma and 570.5+2.2
Ma which are interpreted as the intrusion age of the protoliths into the Precambrian schists (Koralay
et al. 2004).

In order to determine the ages of different type of gneisses, a geochronological study was
carried out by Dora et al. (2006) in the Cine submassif- The contact relationships reveal that the
augen gneisses are the oldest granites of the MM and are intruded by the other type of granites. The
geochronological data are consistent with this field evidence. The age of 552.1£2.4 Ma was obtained
from an augen gneiss sample in the Cine submassif. There is only one age determination on
metagranite porphyry which yielded an intrusion age of 551.5+2.9 Ma. Tourmaline leucocratic
metagranites were dated at 549+26 Ma and 545.6+2.7 Ma by conventional U-Pb and Pb/Pb single
zircon evaporation method, respectively. Hornblende metagranites occurring as small bodies in
Precambrian schists of the Cine submassif yielded an intrusion age of 530.9+5.3 Ma (unpublished
data).

Based on geological evidences, some researchers believe that the intrusion age of
orthogneisses should be younger. Erdogan (1992) and Ervdogan and Giingér (2004) advocated that the
protoliths of the gneisses are syn-tectonic granites and intruded into the Triassic and Upper
Palaeozoic metasediments of the Cine submassif during the main Menderes metamorphism occurred
in Late Cretaceous —Early Cainozoic time. Bozkurt and Park (1994) and Bozkurt et al. (1995)
maintained that the augen gneisses were probably emplaced during late orogenic extensional collapse
of the thickened crust during Late Oligocene. Based on geologic and deformation evidences, Bozkurt
(2004) claimed that tourmaline leucocratic metagranites intruded into gneiss — schist boundary along

the extensional shear zone and the age of tourmaline metagranite is Late Oligocene-Early Miocene.
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The geochronological ages of these orthogneisses are concentrated mainly between the time
intervals of 540 to 550 Ma. The ages of gneisses which range from 520 to 570 my reveal that the
gneisses can be interpreted as the differentiated products of the same Pan-African acidic magmatic
activity. This widespread magmatic activity in the MM can be attributed to the Pan-African orogeny
which was related to closure of the Mozambique Ocean.

The protoliths of Triassic leucocratic orthogneisses represent second significant magmatic
activity in the MM. Limited number of geological and geochronological studies was carried out on
these rocks. The leucocratic orthogneisses are exposed in the eastern and southern part of the
Odemis-Kiraz submassif (Akkok, 1981; Koralay et al. 2001) and in the southeast of Demirci-Gérdes
submassif (Candan 1994). They have intrusive contact relationships with mica-schist of Precambrian
basement and metasediments of Late Palaeozoic cover series (Koralay et al. 2001). Geochemical data
suggest that the leucocratic orthogneisses have typical chemical composition of calc-alkaline and S-
type granite (Koralay et al. 2001). Dannat (1997) and Dannat and Reischmann (1998) obtained
intrusion ages of 227-240 Ma based on single zircon Pb/Pb evaporation method. Similarly, Koralay et
al. (2001) reported the ages of 246+5 Ma, 241+5 Ma, and 235+6 Ma and interpreted these ages as the
time of protolith emplacement of the leucocratic orthogneisses in Triassic time. In the previous
studies, these leucocratic orthogneisses have been attributed to the Early Cimmerian events related to
the closure of Paleotethys (Koralay et al. 2001). Widespread Early-Middle Triassic magmatic
activities which are assumed to be related to the rifting of the Neotethys have already been reported in
the Afyon Zone (Akal et al. 2005) and Karaburun (Akal et al. 2007). Considering the regional
distribution of the Triassic magmatism in the tectonic zones of the Anatolids, the leucocratic granites

can be assumed to be related to the opening of the Neotethys.
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