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ABSTRACT

The aim of the presented study is to review the ophiolites and ophiolitic mélanges of Turkey
and their importance for constraints on the evolution of the region. On the basis of the existing data, the
ophiolitic associations of Turkey are classified into three main groups.

1. Group comprises pre-Alpine ophiolites and mélanges located on the southern edge of the
Istanbul zone. These associations are in Pre-Jurassic age, and represent ophiolitic sequences of the Pontide
Suture zone. The Karakaya complex represents pre-Alpine ophiolitic mélange and developed during the
emplacement of the pre-Alpine ophiolites. The opening and closing ages and polarity of the Paleotethys
is still a question.

2. Group can be divided into two sub-belts and they are the Northern-Northeastern and the Southern
sub belt. They are allied to the North Anatolian Ophiolitic Belt (NAOB). The northern-northeastern sub-
belt extends from Izmir to eastward, continuing as the Ankara-Erzincan zone and as the Sevan-Akera
sub-belt of the Lesser Caucasus Ophiolitic Belt (LCOB). This sub-belt directly represents the northern
branch of Neotethys. The ophiolites of this sub-belt represent dismembered ophiolitic sequences and
take place within the Late Cretaceous melanges. The southern sub-belt begins in the Marmaris area and
continues eastward to the Hadim, Aladaglar, Tecer-Divrigi, Erzurum, Kagizman areas, and then on to the
Vedi sub-belt of the LCOB. The ophiolitic outcrops of the Hinis area and northeast of Lake Van, may be
the southernmost products of the southern sub-belt of the NAOB associations. In the framework of age,
composition, and tectonic setting ophiolites and mélanges of the southern sub-belt and northern sub belt
show similar characteristic features. Therefore the southern subbelt units may be tectonically transported
products of the northern sub-belt. The opening of the northern branch of Neotethys began in Triassic time
in the west, in the Jurassic in the east. The closing of the northern branch of Neotethys was initiated in the
Late Cretaceous and ended in pre-Middle Eocene time.

3. Group is represented by the Southern and Southeastern Anatolian Ophiolitic Belt (SAOB) comprising
Jurassic-Lower Cretaceous ordered ophiolitic sequences and Late Cretaceous mélanges. Opening of the
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southern Neotethys began in Triassic and closure began in the Late Cretaceous and ended in pre-Late
Miocene.

2. and 3 groups of ophiolites with mélanges are separated from one another by the Taurus Unmetamorphic
Axis of the Anatolide-Tauride block These ophiolites together include Mid Ocean Ridge Basalt (MORB)
and Supra-subduction zone (SSZ) type ophiolites, emplaced along double northward subduction zones in
Late Cretaceous. The emplacement style for the ophiolitic units along NAOB and SAOB show a flower
structure, on the basis of the presence of north- and south-facing overthrusts.

Keywords:, Alpine ophiolites, mélanges, pre- Alpine ophiolites, sutures, Turkey.

OZET

Sunulan ¢alismanin amact Tiirkiye 'nin ofiyolitleri ve ofiyolitik karisiklart ile bu birimlerin bélgenin
evrimine yonelik sinirlamalarina iliskin onemini gozden gecirmektir. Var olan verilere gore Tiirkiyedeki
ofiyolitik topluluklar ti¢ ana grup halinde simiflandrilabilir.

1. Grup, Istanbul zonunun giiney kenarinda yer alan pre-Alpin ofiyolitleri ve ofiyolitik karisiklar: kapsar.
Bu topluluklar Jura dncesi yasta olup Pontit Kenet zonunun ofiyolitik dizilerini temsil ederler. Karakaya
kompleksi pre-Alpin ofiyolitik karisiklar: temsil eder ve bu birimler pre-Alpin ofiyolitlerin yerlesimi
swrasinda olusmugstur. Paleotetis’in a¢ilma ve kapanma yast ile polaritesi esas olarak hala tartisma
konusudur.

2. Grup, iki alt kusaga ayrilabilir ve bunlar Kuzey Anadolu Ofiyolit Kusagi (KAOK) ile temsil edilir. Kuzey-
Kuzeydogu alt kusag, Izmirden doguya dogru sira ile Ankara-Erzincan zonu ve Kiiciik Kafkas Ofiyolit
Kusagimin Sevan-Akera alt kusagi olarak devam etmekte olup, Neotetisin kuzey kolunu dogrudan temsil
eder. Bu alt kusagin ofiyolitleri parcalanmis ofiyolitik dizileri temsil eder ve Ust Kretase yasta ofiyolitik
karisiklarla birlikte yer alir. Giiney alt kusagi ise Marmaris yoresinde baslar ve doguya dogru sira ile
Hadim, Aladaglar, Tecer-Divrigi, Erzurum, Kagizman yérelerinde devam ederek Kiiciik Kafkas Ofiyolit
Kusagimn Vedi alt kugsagina baglanir. Hinis yoresi ve Van Goéliiniin kuzeydogusundaki yiizeylemeler,
KAOK toplulugunun giiney alt kusaginin en giineyindeki par¢alart olabilirler. Giiney alt kusaginin ofiyolit
ve karisiklart yasg, bilesim ve tektonik konum agisindan kuzey alt kusaginin ofiyolitik birimlerine benzer
ozellikler sunarlar. Bu nedenle giineydeki birimler, kuzeydekilerin tektonik olarak tasinmis iiriinleri
olabilir. Neotetis’in kuzey kolunun agilmast batida Triyas ta, doguda Jurasik te basladi. Neotetis 'in kuzey
kolunun kapanmasi ise Geg Kretase'de basladi ve Orta Eosen oncesinde sona erdi.

3. Grup, diizenli Jura-Alt Kretase ve Geg Kretase yasta ofiyolitik dizileri ve Geg Kretase yasta ofiyolitli
karisiklart kapsayan Giiney ve Giineydogu Anadolu Ofiyolit Kusagi (GAOK) ile temsil edilir. Giineydogu
Anadolu’da Neotetis’in giiney kolunun a¢iimasi Permiyen-Triyas doneminde, kapanma ise Geg¢ Kretasede
basladi ve Ge¢ Miyosen dncesi donemde sona erdi.

2. ve 3. grup ofiyolitler ve karisiklar birbirlerinden Anadolu-Toros blokunun metamorfik olmayan ekseni
ile ayrilirlar. Bunlar birlikte Okyanus Ortasi Sirti Bazaltlart (OOSB) ve Yitim Zonu Ustii (YZU) tiirde
ofiyolitler icermekte olup kuzeye dalimli ¢ift yitim zonu boyunca Ust Kretase 'de yerlesmislerdir. Ofiyolitik
birimlerin yerlesme bicimi, KAOK ve GAOK boyunca kuzeye ve giineye bakan bindirmelerin varlig
gozetildiginde bir ¢icek yapisini gosterir.

Anahtar kelimeler: Alpin ofiyolitleri, karisiklar, kenedler, pre-Alpin ofiyolitler, Tiirkiye.
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INTRODUCTION

Ophiolites and ophiolitic mélanges are important
rock associations for understanding the evolution
of orogenic belts. In the light of modern global
tectonic theories, ophiolitic rocks within mountain
chains have been interpreted as oceanic lithospheric
fragments obducted onto continental margins
during orogenic processes (Gass, 1967; Coleman,
1971; Dewey and Bird, 1971; Dewey, 1975;
Hall, 1976). In addition, the association which
is characterized by blocks of relatively different
components of rocks, up to a few kilometers in
size and embedded in a matrix, is referred to as
a mélange (Greenly, 1919; Bailey and McCallien,
1950; Hsii, 1968) or ophiolitic mélange (Gansser,
1974; Delaloye and Desmons, 1980; Desmons,
1981). The mélange is commonly considered to be
a product of the intense tectonic deformation and
mixing of rock material in trenches (Hamilton,
1969; Dewey and Bird, 1971; Hall, 1976). Thus,
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there should be relationships between suture zones
and the sites of former oceans (Burke et al, 1977).

On the other hand, while some researchers
emphasized the role of tectonic crushing (Hsii,
1968; Hamilton, 1969), others postulated gravity
1973;
Norman, 1975) as a mechanism of emplacement

sliding (Dimitrijevic and Dimitrijevic,

for ophiolitic rock associations. Therefore, it is
imperative that the development of ophiolites/
ophiolitic rocks and mélanges be evaluated and
interpreted holistically.

Turkey is a key domain for ophiolitic
rock units in the eastern Mediterranean region.
The ophiolitic units of Turkey and surrounding
regions occupy an important part of the eastern
Mediterranean region. In this study, the ophiolitic
rock associations of Turkey have been investigated
in detail and the ophiolites and ophiolitic mélanges
have been differentiated (Figure 1).
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Figure 1.

Sekil 1.

Ophiolites, ophiolitic mélanges and metamorphic massifs of Turkey (MTA, 2002 and our various
observations). Important regions of the ophiolitic units have been indicated in circles with capital letters
in red. A- Aladag (Eastern Taurus), Ca- Cangaldag and Kargi (Central Pontides), Ci- Cigekdag (Central
Anatolia), D- Dipsizgdl (Hadim- Central Taurus), E- Elekdag and Kiire (Western Pontides), G- Gevas
(Van, Eastern Anatolia), I- Ispendere-Kémiirhan, Guleman (Eastern Taurus), K- Kagizman (Agri, NE
Anatolia), Ka- Kizildag (Antakya, Eastern Mediterranean), M- Marmaris (SW Taurus), O- Oltu (NE
Anatolia), P- Pulur and Kopdag1 (Eastern Pontides), T- Tecer and Divrigi (East of the Central Anatolia),
R- Refahiye (Erzincan), S- Sunnice- Cele (Western Pontides).

Tiirkiye 'nin ofiyolitleri, ofiyolitli karisiklar: ve metamorfik masifleri (MTA, 2002 ve ¢esitli gozlemlerimiz).
Ofiyolitik birimlerin bulundugu énemli bélgeler daireler i¢inde kirmizi biiyiik harflerle gosterilmistir.
A- Aladag (Dogu Toroslar), Ca- Cangaldag ve Kargi (Orta Pontitler), Ci- Cigekdagt (Orta Anadolu),
D- Dipsizgél (Hadim- Orta Toros), E- Elekdag ve Kiire (Bati Pontitler), G- Gevas (Van, Dogu Anadolu),
I- Ispendere-Komiirhan, Guleman (Dogu Toroslar), K- Kagizman (Agri, KD Anadolu), Ka- Kizildag
(Antakya, Dogu Akdeniz), M- Marmaris (GB Toroslar), O- Oltu (KD Anadolu), P- Pulur ve Kopdagi
(Dogu Pontidler), T- Tecer and Divrigi (Orta Anadolu 'nun dogusu), R- Refahiye (Erzincan), S- Sunnice-
Cele (Bati Pontitler).
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Indeed, in previous studies, the ophiolitic
rock assemblages in Turkey have been divided
into three groups by Juteau (1980). These are,
namely, the Northern Ophiolitic Belt, the Peri-
Arabic Belt, and the Tauride Ophiolitic Belt.
Attempts to place Tauric subduction in the
geodynamic history of Turkey have led to two
conflicting alternative models (Michard et al.,
1984). The first model involves a single Tethyan
ocean between the Pontides and the Tauric-
Arabian platform, subducting northward beneath
the Pontides and southward beneath the Taurides.
The latter led to the Late Cretaceous opening of
back-arc basins, such as the Elaz1g back-arc basin,
which effectively split the formerly continuous
Tauric-Arabian platform. On the other hand,
Ricou et al. (1984) and Whitechurch et al. (1984)
supported the idea that the eastern Mediterranean
ophiolites originated from a single ocean basin
in central Turkey to the north of the Tauride belt.
This model also implies a single ocean basin and
suggests that ophiolites have been thrust over the
Tauride belt and transported for a long distance
over the platform carbonates. The second model
involves a northern Tethyan ocean and a southern
Mesogean ocean, both were subducting northward
1977) and/or subduction
of Paleotethys and the northern and southern

(Biju-Duval et al.,

branches of Neotethys (Sengor and Yilmaz, 1981;
Robertson and Dixon, 1984). This last model
implies that the Pontides evolved as the active
margin of southern Eurasia.

The ophiolitic rock assemblages along
the Tauride Belt crop out either to the north or
the south of the Taurus Calcareous Axis (TCA),
and the TCA represents a carbonate platform of
Mesozoic age that contains generally dismembered
relicts of oceanic lithosphere derived from the
northern branch of the Neotethyan Ocean during

Late Cretaceous time (Juteau, 1980; Sengor
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and Yilmaz, 1981). It is suggested that the
ophiolitic wildflysch of the Taurus suture in SE
Turkey represents trench mélanges that were not
subducted but were thrust out of the trench zone
due to uplifting associated with the final phase
of subduction (in Late Cretaceous time) between
the Arabian Foreland to the south and the Bitlis
Massif to the north (Hall, 1976). In addition, the
Mediterranean ophiolites are thought to have
formed in a divergent (spreading) tectonic setting
during the early stages of oceanic subduction

(suprasubduction zone) (Pearce et al. 1984;
Robertson, 1994).

In conclusion, there are many
disagreements on  definition, distribution,

characteristic features, tectonic setting, geological
age and correlations of the ophiolites and mélanges
of Turkey, the main reason for which is the lack of
sufficient data. The aim of the present paper is to
review the main characteristics of these ophiolitic
rock associations and to evaluate them based upon
current studies. First, pre-Alpine ophiolites with
mélanges have been defined, and then Alpine
ophiolitic associations have been classified into
two groups, the main features of which have
been presented in detail; these are separated from
one another by the TUA. In this context, it may
be possible to better grasp the discussions and
constraints on the evolution of the region, and to
elucidate the relationship between the ophiolitic
rock associations and suture zones in such a way
as to secure a fresh understanding.

PRE-ALPINE OPHIOLITES AND
MELANGES

The oldest, metamorphosed ophiolites, located
to and in the south and southeast of the Istanbul
zone (Okay et. al., 1994), have been interpreted as
ophiolites derived from the Paleo-Tethyan Ocean



(Sengdr et al., 1980). The Karakaya Complex
developed during the emplacement of the
ophiolites. Therefore, these meta-ophiolites with
the complexes likely originated from the same
oceanic realm. In the presented study, pre-Liassic
ophiolites and melanges have been defined as the

products of the pre-Alpine ophiolitic complexes.

Pre-Alpine Ophiolites

These ophiolites form a discontinuous linear belt
of oceanic fragments immediately, locating to and
in the south and southeast of the Istanbul zone,
constitute the peri-Istanbul zone ophiolites. The
characteristics of pre-Alpine ophiolites have been
presented in terms of definition and distribution,
characteristic features, tectonic setting, geological

age, correlation and conclusions.
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Definition and distribution

Outcrops of the pre-Alpine and/or Paleotethyan
ophiolites are not widespread. Some of the
ophiolites belong to the pre-Alpine ophiolites,
such as those known as the Almacik meta-
ophiolite (Figure 2), Cele meta-ophiolite (Figure
1, S). However, the Elekdag, Cangal and Kiire
units (Figure 1, E) had been interpreted as
ophiolitic remnants of the Paleo-Tethys, as well
(Yilmaz and Sengor, 1985). Then, the Cangal
unit has been defined as the Cangal complex
and as a product of oceanic arc (Ustadmer and
Robertson, 1997). In addition, Permo-Triassic and
Cretaceous complexes of the Central Pontides had
been differentiated from each other by Okay et al.
(20006). In this area (Figure 1, Ca), Cangaldag and
Kargi complexes represent Permo-Triassic units.
Similarly, Permo-Triassic and Upper Cretaceous
complexes differentiated from each other in the
Tokat area (Y1lmaz and Yilmaz, 2004a).
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(Gedik and Aksay, 2002; Pehlivan et al., 2002).

Sekil 2. Akgakoca, Hendek, Diizce ve Dokurcun arasinda yer alan bélgenin yalinlastiriimis jeoloji haritasi ve
enine kesiti (Gedik ve Aksay, 2002; Pehlivan vd., 2002). Yer icin Sekil 1’e bakiniz.
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Isolated outcrops of the Paleotethyan
ophiolites are scarce and their main outcrops occur
between the Istanbul zone and the Pontides (and/or
Sakarya Continent). The Almacik Dag area (Figure
2) is a typical place, where the metamorphic and
unmetamorphic units of ophiolites have been
separated from one another. Figure 2 shows the
setting of the Paleotethyan suture zone, which
is situated between the unmetamorphic Istanbul
zone and the western Pontides. The eastern part
of this complex contains island-arc meta-tholeiites
and transitional to calc-alkaline metabasites that
chemically are quite similar to those of the Cele
meta-ophiolite (Bozkurt et al., 2008).

The ophiolites along the Siinnice Dag
(Fig.1, S) are named as the Cele meta-ophiolite
and, with their cover - the Yellice Formation
(Yigitbas and Elmas, 1997; Tiysiiz et. al., 2004)
- represent other outcrops of the Paleotethyan
ophiolites. The Kiire Nappe (Yilmaz and Sengor,
1985), and/or the Kiire meta-ophiolites (Sengdr
et. al., 1984; Ustadmer and Robertson, 1999) are
outcrops of Paleotethyan ophiolites. However,
some units, representing the basement of the
Istanbul zone along the Siinnice Dag, had been
interpreted as relicts of the Pan-African basement
(Okay et al., 2008).

Pre-Alpine ophiolites are also interpreted
as products of the Intra-Pontian Ocean (Sengor et.
al., 1980). However, the existence of this ocean
is speculative and controversial. There are no
precise data about the age of opening and closure
of this ocean. The passive continental- margin
sequences along both sides of the ocean are no
longer discernible. Because of these discrepancies,
it is difficult to establish the setting of the Intra-
Pontide Ocean in paleogeographic reconstructions
for the Paleotethyan ocean.
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Stratigraphical features

The Almacik meta-ophiolite and Cele meta-
ophiolite at least represent ophiolitic slices,
although the rocks have been deformed via
metamorphism and tectonism. From bottom to top,
in general, this sequence includes serpentinized
peridodite, amphibole gneiss, metagabbro-
amphibolite, metadiabase and metalava (Yigitbas

and Elmas, 1997).

The Cangal complex represents an oceanic
arc (Ustadmer and Roberson, 1997), comprising
serpentinite, metagabbro, metadiabase, metaspilite
and metaporphyrite which took on their present
disposition through conditions of ~ 3.5/ 5 Kb P
and T of ~ 350°C and higher (Y1ilmaz, 1983).

The Kiire meta-ophiolite has also been
studied in detail. For instance, Sengor et al. (1984)
interpreted the Kiire Nappe as a subduction-
accretion complex which accumulated along the
northern margin of the Cimmerian Continent
(later the Sakarya Continent). This unit includes
SSZ zone and oceanic-ridge basalts (Ustadmer
1997). In addition, intrusive

lherzolites cut the lower part of the basalts, which

and Roberson,

form the volcanic upper unit of the Kiire ophiolite.
The lherzolites are massive in character, occurring
in tabular forms with hectometric dimensions.
High T-low P conditions are indicated by mineral
compositions (Cakir et. al., 2006). In short, it can
be said that the pre-Alpine ophiolites represent an
ordered ophiolitic sequence, and that the various
levels of the sequence have been defined in detail.

Ophiolite geochemical signature and tectonic
setting

Despite  hydrothermally  induced element

migration, a tholeiitic affinity is recognizable in
the distribution of the less mobile elements of
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the pillow lavas in the Paleotethyan ophiolites of
northern Turkey (Yi1lmaz and Sengdr, 1985).

On the hand,
geochemical data suggest that the Kiire Ophiolite
represents a fragment of a marginal basin
generated above a subduction zone (Ustadmer
and Robertson, 1999; Kozur et. al., 2000) and/or
a Tethyan suprasubduction marginal basin (Cakir
et. al., 2006). The Kiire Ophiolite is interpreted as
a product of the Paleotethyan ocean, as evidenced

other trace-element

by the presence of IAT- to MORB-type extrusive
rocks and a depleted mantle sequence (Ustadmer
and Robertson, 1999).

On the basis of geochemical data
presented by Okay and Tiiysiiz (1999) and Moix
et al. (2008), the subduction of the Intra-Pontian
Ocean should be northward. The tectonic units and
ophiolites of the region were assembled following
a continental collision between Gondwanaland
and Laurasia during the Late Cretaceous (Y1lmaz
et al.,, 1995). During this collision, Pre-Alpine
ophiolites may have been also added to the Intra-
Pontide Suture Zone.

In addition, south-facing overthrusts are
dominant along Paleotethyan ophiolites in the
area between Kiire and Kargi (Y1lmaz and Sengor,
1985). However, Ustadmer and Robertson (1997)
suggest a model showing at first northward, and
then southward. In the framework of this model,
both south-facing and north-facing overthrusts
have been defined.

On the other hand,
associations of the Intra-Pontide Ophiolitic Belt
have been thrust southward onto the western
Pontides and, in turn, have been overthrusted
by the Istanbul zone to the north. However,

ophiolitic rock

northwest-facing and southeast-facing overthrusts
are widespread (Gedik and Aksay, 2002; Pehlivan
et al., 2002) along the suture in the Almacikdag
area as well (Figure 2).
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In fact, pre-Middle Jurassic and younger
structures have not been separated from each
other among the pre-Alpine ophiolites. Therefore,
it is difficult to reach a conclusion concerning
the polarity of the subduction responsible for the
emplacement of the ophiolites and mélanges.

Geological age

The geological age of the pre-Alpine ophiolites
may have been reset from Precambrian to Triassic.
For instance, the Lower Ordovician Kurtkdy
Formation unconformably overlies the Cele meta-
ophiolite. The nappe package and ophiolites were
metamorphosed together during the Coniacian-
Santonian interval (Y1lmaz et al., 1995).

On the basis of a radiometric age from
metagranite (Okay et al., 2008) that intruded the
meta-ophiolitic rocks, the age of the Cele meta-
ophiolite may be Cambrian and/or Precambrian
(Chen et. al., 2002). However, on the basis of
paleontological and other geochronological data,
the age of the Kiire meta-ophiolite is at least pre-
late Middle Jurassic, and probably between Late
Triassic and Middle Jurassic (Aydin et. al., 1995;
Kozur et. al., 2000; Terzioglu et. al., 2000; Cakir
et. al., 20006).

Although the age of these ophiolites
may be pre-late Middle Jurassic, it is thought to
be in the time interval between Precambrian and
Triassic, in general.

Pre-Alpine Ophiolitic Mélanges

Although there are many local names such as
Almacik ophiolitic mélange (Pehlivan et al., 2002)
and Arkotdag mélange (Tokay, 1973) for the Late
Cretaceous products of the Intra-Pontide Ocean
in the same region, the term Karakaya Complex
generally  represents

pre-Alpine  ophiolitic



mélanges, which tectonically overlie Hercynian
basement, including a thick graywacke section
with Devonian, Carboniferous
limestone olistoliths,

and Permian
which are intercalated
with abundant basic lavas and volcaniclastic and

pelagic rocks of Triassic age.

Definition and distribution

The Karakaya Complex is a metavolcano-
sedimentary unit, a strongly deformed and locally
metamorphosed Permo-Triassic orogenic series in
the Pontides. The name Karakaya Formation was
introduced by Bingol et al (1975). This unit was
renamed the Karakaya Complex by Sengdr et al
(1984). The complex comprises several mappable
rock units (Okay et. al., 1991).

Although there is general agreement that
the Karakaya Complex is restricted to the Sakarya
Zone (Okay, 1989) and/or Sakarya Composite
Terrane (Gonclioglu et. al., 1997) of the western
and central Pontides, it also exists along the
southern edge of the eastern Pontides as far east
as the Erzincan area and the Lesser Caucasus as
accreted tectonic slices along the North Anatolian-
Lesser Caucasus Ophiolitic Belt.

Stratigraphical features

The Karakaya Complex is divided into two
subtectonic units: the Lower Karakaya Complex
and the Upper Karakaya Complex (Okay and
Gonciioglu, 2004).

The Lower Karakaya Complex has been
mapped under various names, and comprises
a highly deformed sequence of metabasites
intercalated with phyllite and marble, representing
a typical metavolcano-sedimentary unit in the
Tokat area (Y1lmaz and Yilmaz, 2004a). The rocks
of the unit are generally foliated, isoclinally folded
and are cut by copious shear zones.
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he Upper Karakaya Complex is made up of
several tectono-stratigraphic units. However, there
is general agreement that this complex includes
a thick series of arkosic sandstones, graywacke,
basalt, limestone, grain flows, debris flows, and
olistostromes, and also the Akgdl Formation. In
most studies, the Akgdl Formation is considered
separately from the Karakaya complex (Okay and
Gonclioglu, 2004); this formation comprises dark
gray to black shales and siltstones intercalated
with scarce turbiditic sandstones and includes
blocks of spilite, diabase, gabbro and serpentinite
within the clastic rocks of the formation.

Ophiolite geochemical signature and tectonic
setting

Two models have been proposed to explain the
tectonic setting of the Karakaya Complex: (1) a
rift model and (2) a subduction-accretion model.

The mafic volcanic rocks in the Lower
Karakaya Complex generally display a within-
plate geochemical signature, and have been
interpreted as an oceanic island (Capan and Floyd,
1985). In addition, the first model assumes that
the Karakaya Complex was deposited in a Late
Permian rift, which developed into a small, oceanic
marginal basin that subsequently closed in the
Late Triassic via southward subduction (Kogyigit,
1987; Geng and Yilmaz, 1995; Gonciioglu et al.,
2000).

The subduction-accretion model was first
proposed by Tekeli (1981a), and was later modified
by Pickett and Robertson (1996) and Okay (2000).
In fact, southward-dipping subduction (eg Sengor
and Yilmaz, 1981) and northward- dipping
subduction (Okay, 2000; Stampfli et al., 2001)
have been suggested for the emplacement of the
Karakaya complex.
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In addition, on the basis of Robertson
and Ustadmer (2012), the accretionary prism of
the Karakaya complex was emplaced northward
over deltaic to deep marine cover sediments
of the Sakarya Continenet during Norian time.
These models assume that the Karakaya Complex
developed via subduction-accretion processes
acting on the oceanic crust during the Late
Paleozoic-Triassic time interval. Despite these
explanations, the original place of subduction
and emplacement mechanism of the Karakaya
complex remains controversial.

Geological age

Paleontological data from the Karakaya Complex
are limited. Scarce chert and pelagic limestone
blocks of Carboniferous age have been recognized
in arkosic sandstones northeast of Balya (Okay
and Mostler, 1994), and north of Bursa these
clastic rocks contain a large number of olistoliths
of Permian and Triassic age (Kaya et al., 1986).

Early Triassic conodonts are reported from
marbles intercalated with metabasites that crop
out south of Bursa; that is, from the type locality
of the Niliifer Unit (Kozur et al., 2000). Similarly,
Middle Triassic conodonts are described from
Kozak Dag in northwestern Anatolia (Kaya and
Mostler, 1992). Lower Triassic foraminifera have
been determined from a low-grade-metamorphic
clastic series (Akyiirek et al., 1979).

Middle Triassic (Anisian)
blocks are also reported from the Akgdl Formation
(Onder, 1988; Kozur et. al., 2000). Based on trace-
fossil content, Kozur et al. (2000) suggested a
Late Triassic age for the clastic rocks. The Upper
Triassic-Liassic,

limestone

foraminifera-bearing ~ Akgol
Formation is cut by Middle-Jurassic granitoids
(Boztug et al., 1984).

Radiometric age data from the Karakaya
Complex that crops out north of Eskigehir (Okay
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et. al., 2002) yield latest Triassic ages (205-203
Ma). In the Pulur Massif of the eastern Pontides,
a metabasite-phyllite-marble series, the Hossa
Group of Okay (1996), has yielded Early Permian
(263-260 Ma) Ar-Ar and Rb-Sr phengite and
amphibole ages (Topuz et al., 2004). The age range
of this complex is from Permian to Triassic in the
Tokat area (Yilmaz, 1982; Yilmaz and Yilmaz,
2004a).

In spite of differences mentioned above,
it can be concluded that the Karakaya Complex
represents an orogeny caused by Latest Triassic
northward obduction of subducted-accreted
products of Paleotethys (Tekeli, 1981a; Kogyigit
etal., 1991; Okay et al., 1996).

ALPINE OPHIOLITES AND MELANGES

The Alpine ophiolites and mélanges of Turkey
can be divided into two main belts. As indicated
in Figure 1, the red dotted line represents the
Taurus Unmetamorphic Axis (TUA), which
separates these ophiolitic belts from one another.
The Northern and Northeastern Anatolian Alpine
Ophiolitic Belt (NAOB) represents the northern
branch of Neotethys, whereas the Southern
and Southeastern Anatolian Alpine Ophiolitic
Belt (SAOB) represents the southern branch of
Neotethys.

The Northern-Northeastern Anatolian Alpine
Ophiolitic Belt

The North Anatolian Ophiolitic Belt(Y1lmaz, 1989;
Yilmaz and Yazgan, 1990) and/or the Northern-
Northeastern Anatolian Alpine Ophiolitic Belt
(NAOB) include two sub-ophiolitic belts as well:
the northern and the southern sub-belts.

The northern sub-belt begins in Izmir
(Figure 1) and continues eastward to Ankara, then
Erzincan and, finally, to the Sevan-Akera sub-
belt of the Lesser Caucasus Ophiolitic Belt. The



southern sub-belt begins in the Marmaris area in
SW Turkey and continues eastward to the Hadim,
Aladaglar, Tecer-Divrigi, Erzurum and Kagizman
areas (Figure 1), and onward to the Vedi sub-belt of
the Lesser Caucasus Ophiolitic Belt. The scattered
ophiolitic outcrops of eastern Anatolia, such as the
ophiolites of the Hinis area and to the northeast
of Lake Van, may be the southernmost products
of the southern sub-belt. Both sub-belts include
allochthonous outcrops of ophiolites and Upper
Cretaceous mélanges which together record, at
very least, the destruction of the northern branch
of Neotethys.

However, there are some ophiolitic units,
representing Alpine ophiolites along the Intra-
Pontide suture as well. For instance, Domuzdag
complex is one of them and includes ophiolitic
fragments, which representing Cretaceous HP/
LT metamorphic rocks. The Intra-Pontide oceanic
basin has also been interpreted as a branch of
Neotethys (Gonciioglu et. al., 2008). On the
basis of data from the Arkotdag mélange (Tokay,
1973), it is suggested that ridge-spreading in
the Intra-Pontian Ocean continued at least from
Middle Jurassic to middle Late Cretaceous time
(Gonciioglu et, al., 2008). This area may be a
critical as a place where ophiolites and mélanges
of Paleotethys and Neotethys are intermixed.
However, there has not been yet enough data to

support this interpretation.

The characteristics of the ophiolites and
ophiolitic mélanges of the NAOB have also been
presented in order of definition and distribution,
characteristic features, tectonic setting, geological
age, correlation and conclusions, respectively,
within the framework of certain particular

locations.
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Definition and distribution

The northern sub-belt of the NAOB is directly
located along both sides of the North Anatolian-
Lesser Caucasus suture, whereas the southern
sub-belt of the NAOB represents typical ophiolitic
outcrops and an accretionary complex; these were
emplaced southward onto the Tauride-Anatolide
Platform during Late Cretaceous time. However,
there are many scattered outcrops of the northern
branch of Neotethys along the north side of the
TUA (Fig.1). The ophiolites and mélanges of the
NAOB can be grouped regionally as NW/SW
Anatolian, Central Anatolian and NE-E Anatolian
ophiolites and mélanges. Some of the ophiolites
and mélanges of each region have been studied in
detail.

For in NW Anatolia, the
Orhaneli (Bursa) ophiolite (Sarifakioglu et al.,
2008) is a typical ophiolitic outcrop situated 20 km
south of Bursa (Figure 3), and is associated with

instance,

an Upper Cretaceous mélange (Ozkogak, 1969),
which is located along the tectonic boundary
between the western Pontides to the north and the
Anatolide-Tauride block to the south (Figure 3).
This ophiolite with mélange is a product/marker
of the Izmir-Eskisehir-Ankara Suture (e.g., Okay
1999). However, the Marmaris
ophiolites (Capan, 1981), including the Lycian

and Tiysiiz,

ophiolitic nappes, make up the southern sub-
belt of the NAOB and the SW Anatolian region
(Figure 1, M and L). These nappes represent the
allochthonous parts of the Anatolian Terrane and
overly the Beydaglari/Menderes autochthonous
rocks in the west (Brunn et al., 1971; Ricou et.
al., 1979; Moix et. al., 2008). There is a consensus
that the Menderes Massif represents a tectonic
window beneath the ophiolitic nappes (eg. Okay,
2008).

In the central Anatolian region to the
north, the Ankara Mélange (Bailey and McCallien,
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1950; Ozkaya, 1982; Capan et. al., 1983) and the
Kalecik Unit (Tiiysiiz et al., 1995) in the Ankara-
Cankir1 region, the Cigekdag ophiolite (Figure 1,
Ci) in the Central Anatolia (Yaliniz et al., 2000),
Yesilirmak Group (Yilmaz et al., 1997a, b) with
the Tekelidag M¢élange (Yilmaz, 1981a, 1982;
Yilmaz and Yilmaz, 2004a) between Tokat and
Sivas (Figure 4), and the Refahiye Complex
with the Karayaprak M¢élange (Figure 1, R) in
the Erzincan area (Yilmaz, 1985a) make up the
northern sub-belt of the NAOB.

However, the Bozkir Unit of the Hadim
area and Dipsizg6l (Fig.1 D) Ophiolitic Mélange
(Ozgiil, 1976), the Aladag Ophiolite (Tekeli,
1981b), and the Tecer and Divrigi (Figure 1, T)
(Giines) ophiolites (Capan, 1981; Yilmaz and
Yilmaz, 2004b; Parlak et. al., 2006) represent
the southern sub-belt of the NAOB. The Central
Anatolian Massif may represent a tectonic window
beneath the ophiolitic nappes as suggested by
Yilmaz and Yilmaz (2004a; 2006).

In the NE-E Anatolian region to the north,
the pre-Liassic Karayasmak ultramafic-mafic
association (Eyuboglu et al., 2010) along the Pulur
Massif (Okay et al., 1991), the Kopdag1 ophiolites
(Akdeniz, 1994) to the northeast (Fig.1, P) of
Askale (Erzurum), and the Demirkent Magmatic
Complex to the east of Yusufeli with Giivendik
dyke complex (Konak et. al., 2009) in the Oltu
region (Figure 1, O) are parts of the northern sub-
belt of the NAOB, whereas the Sahvelet ophiolites
and Bozyukustepe M¢élange (Figure 5) in the
Erzurum area (Yilmaz et. al., 1988, 1990, 2010),
and the Kagizman Ophiolites with mélanges in
the northern part of the Agr1 Province (Figure 1,
K) are part of the southern sub-belt of the NAOB.
The Mehmetalan Unit (Senel, 1987) of the Van
area and ophiolites to the north of Hims (Figure
5) including ophiolites with ophiolitic mélange,
may be the southernmost outcrops of the southern
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sub-belt. For instance, the Akdag Metamorphics
of the Hinis area crop out beneath ophiolites as
a tectonic window (Yilmaz et al., 1988). In this
framework, it is clear that NAOB includes pre-

Alpine and Alpine ophiolites together.

As a result, the Menderes Massif, the
Central Anatolian Crystalline Complex and
the Akdag metamorphics of the East Anatolia
collectively represent the metamorphic northern
margin of the Tauride-Anatolide block (Figure 1).

Stratigraphical features

The ophiolites of the northern and southern
sub-belt of the NAOB comprise dismembered
ophiolitic sequences. The ophiolitic series mainly
include mantle peridotites, mafic-ultramafic
cumulates and plagiogranites notwithstanding
some local differences. For instance, the Orhaneli
ophiolite and the Dagkiiplii ophiolite consist
mainly of ultramafic cumulates and subordinate
mafic cumulates in the NW Anatolian region
(Sarifakioglu, 2006; Sarifakioglu et al., 2008).
In addition, magmatic mineral assemblages of
plagioclase and pyroxene are still preserved in
gabbros of the Anatolian ophiolites (Onen, 2003).
The secondary mineral assemblages in the diabase
dykes show that the Anatolian ophiolites have
not been affected by the HP/LT metamorphism
recorded in the Orhaneli Group (Okay and

Whitney, 2010).
The the

uppermost tectonic units in the region and consist

Lycian Nappes represent
of ultramafic tectonites (e.g., the Marmaris
ophiolites) which are cut by isolated diabase
dykes (Juteau, 1980). The tectonites are underlain
by a metamorphic sole composed of amphibolite

and quartzite resting on a tectonic mélange.
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In the Central Anatolia, ophiolites of the
Kalecik Unit in the Ankara-Corum area constitute
an ordered ophiolitic slice within ophiolitic
mélange (Tiysliz et. al,, 1995). The following
units (from bottom to top) of the Cicekdag
ophiolite are recognized: layered and isotropic
gabbro, plagiogranite, a dyke complex, a basaltic
volcanic sequence and a Turonian-Santonian epi-
ophiolitic cover (Yaliniz et al., 2000). In the area
between Tokat and Sivas, there are dismembered
ophiolitic outcrops within the Tekelidag mélange
(Yilmaz, 1981a, 1982). The Erzincan Nappe
includes ophiolites and mélange with reworked
materials. The dyke complexes of the Yusufeli and
Oltu areas (Konak et. al., 2009) may be a horizon
within the ophiolitic sequence.

On the other hand, the ophiolites of
the southern sub-belt of the NAOB represent
obducted slices of the oceanic crust with ophiolitic
mélanges on the Taurus Platform. On the basis of
data presented by Capan (1981), the ophiolites of
Marmaris, Mersin, Pozanti, Pinarbasi and Divrigi
were obducted ophiolites on the Taurus Platform
and should belong to the same oceanic crust and,
thus, be cogenetic throughout the Taurus Belt.
Among these, the Divrigi ophiolite comprises an
ordered ophiolitic sequence which from bottom to
top includes mantle tectonites, ultramafic to mafic
cumulates, isotropic gabbros and a sheeted dyke
complex (Yilmaz and Yilmaz, 2004b).

The Sahvelet ophiolites of the East
Anatolia region represent dismembered ophiolitic
slices in mélange and comprise serpentinite,
peridotite, gabbro and diabase (Y1lmaz et al. 1990).
The Kagizman ophiolites and Mehmetalan unit of
the Van area (Senel, 1987) have characteristics
those are similar to the ophiolites (including

mélanges) exposed in the Erzurum area.
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Ophiolite geochemical signature and tectonic
setting

Although the NAOB can be divided into two sub-
belts, there are also many scattered outcrops of
ophiolites along the belt. Therefore, the ophiolite
geochemical signature and tectonic setting of the
units should be discussed in detail.

The field and petrochemical studies
suggested that the Orhaneli ophiolite and the
Dagkiiplii ophiolite developed as products of
island-arc tholeitic (IAT) and/or boninite-like
magmatism in an intraoceanic suprasubduction
zone system (Sarifakioglu, 2006; Sarifakioglu et.
al., 2008). On the basis of data presented by Tiiysiiz
et al. (1995), as a result of collision between the
Sakarya and Kirsehir microcontinents, ophiolites,
mélange units and ensimatic- arc volcanic rocks
were emplaced along the suture. In addition, it
has been suggested by Gokten and Floyd (2007)
that the tholeiitic compositions of pillow basalts
within the ophiolitic mélange around Ankara
have affinities with both N- and E- type MORB,
although most of them are probably representative
of tholeiitic ocean islands.

In the Mugla area to the north of TUA,
the models suggested for the origin of ophiolites
indicate that the cpx-harzburgites are products of
first- stage melting and low-degrees of melt rock
interaction that occurred in a mid-ocean ridge
(MOR) environment (Uysal et al., 2012).

The of
volcanic rocks of the Cigekdag ophiolite in the

geochemical characteristics
Central Anatolia are similar to supra-subduction
zone type ophiolites, which were emplaced by
movement of the south-facing arc and/or north-
dipping subduction.

Inthe area ofthe Tokatand Sivas provinces,
the petrochemical features of volcanic rocks in
ophiolitic mélange resemble those of tholeiitic
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rocks that form at mid-ocean ridges, whereas the
Upper Cretaceous (possibly Turonian) volcanic
rocks seem to be identical to those of island arcs
(Y1lmaz, 1981b). In addition, the abyssal-tholeiitic
level of the Erzincan-Refahiye ophiolite is thought
to represent fragments of upper mantle and oceanic
crust (Buket, 1982; Yilmaz, 1985a) that were
generated from the ridge of the Tethyan ocean. On
the other hand, chemical analyses of basic volcanic
rocks in the mélange of the Erzincan Tanyeri area
indicate compositions consistent with low-K
tholeiites and calc-alkaline basalts of an island-
arc setting (Bektas, 1981). Consequently, it has
been suggested that the ultramafic and leucocratic
rocks of the Refahiye ophiolite developed in the
carliest stages of island-arc development in a
suprasubduction setting (Rice et al., 2009) and a
fore-arc tectonic setting in the northern branch of
the Neotethyan ocean, with characteristics similar
to most of the eastern Mediterranean Cretaceous
ophiolites (Sarifakioglu et. al., 2009). In addition,
the Karayasmak ultramafic-mafic association was
derived from high-Al hydrous basaltic magmas
which developed via partial melting of previously
subducted and metasomatized subcontinental
lithospheric mantle (pre-Liassic, Alaskan-type
ultramafic-mafic complex) in the Eastern Pontides
(Eytiboglu et al., 2010).

The geochemical evidence suggests that
the Divrigi ophiolite formed in a suprasubduction-
zone tectonic setting with the metamorphic sole
rocks to the north of the Tauride platform (Parlak
et al., 2000).

For instance, Okay and Siyako (1993)
indicated the position of the Izmir-Ankara
Neotethyan suture between Izmir and Balikesir.
In this framework, the Orhaneli ophiolite with
mélange reflects a flower structure between the
Anatolide-Tauride block and the western Pontides
(Figure 3). In this area, both north-facing and
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south-facing overthrusts are common along the
ophiolitic units (Okay, 1996; MTA, 2002).

In the area between the llgaz-Kargi Massif
and Cankir1 Basin, south-facing overthrusts are
dominant along ophiolitic tectonic units and
indicate evolution of a south-facing arc system
with intra-oceanic subduction (Tiysiiz et. al.,
1995).

However, the area between Resadiye
(Tokat) and Uzunyayla (Sivas) is characterized by
complex structure (Figure 4). In this area, there are
both paleotectonic and neotectonic structures due
to a process of new basin formation. Insofar as it is
necessary to distinguish these structures from each
other, Yilmaz and Yilmaz (2004a) first divided
the paleotectonic and neotectonic structures and
then interpreted the emplacement of ophiolites
and mélanges in the Tokat area. In this area,
the Izmir-Ankara-Erzincan suture separates the
central Pontides from the Anatolide-Tauride block
(Figure 4). On the basis of their interpretation, the
ophiolites with mélanges were obducted onto the
northern and southern platforms thus configuring
a flower structure, and subsequently this structure
was deformed via collisional and post-collisional
tectonic processes.

In the East Anatolia between Erzurum
and Hinis, south-facing overthrusts predominate
(Figure 5) and the Akdag Metamorphics of
eastern Anatolia are exposed as a tectonic window
beneath the ophiolites and may represent the
metamorphic equivalents of the Central Anatolian
Crystalline Complex (Yilmaz et al., 1988, 1990,
2010). Similarly, in the Saray (Van) area (Figure
6),
predominate along the southern boundary of the

south-facing  paleotectonic  overthrusts
ophiolites and ophiolitic mélanges (Yilmaz et.
al., 2010). Therefore, these ophiolites may be the
southernmost products of the northern branch of
Neotethys.



In conclusion, it may be said that the
ophiolites of the NAOB are products of MORB-
, OIB- and SSZ-type tectonic settings, including
fore-arc, island-arc and back-arc basalts. To
explain such a system, double subduction with
northward polarities is suggested for the northern
branch of Neotethys.

Geological age

Many geochronological and paleontological
studies have been done in NW Anatolia. For
example, Harris et al. (1994) obtained an age
of 101+4 Ma by means of Ar-Ar dating of the

garnet-amphibolite metamorphic sole beneath an
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ophiolitic slab. Ar-Ar dating has also been done
on metamorphic sole rocks — that is, basement
to the Tavsanli (Kiitahya) ophiolites; an age of
93+2 Ma was obtained from these rocks (Onen
and Hall, 2000). Radiolarian ages obtained from
the Bornova Flysch Zone indicate an Upper
Ladinian to Upper Carnian deepening of the
Tauride-Anatolide Platform and also opening
of the Neotethyan izmir-Ankara seaway (Tekin
and Gonciioglu, 2007); moreover, formation of
OIB-type intra-plate seamounts within the Izmir-
Ankara Ocean began in the late Bathonian and
persisted until early Aptian (Gonclioglu et al.,
2006). The age of the mélange in NW Anatolia is
Late Cretaceous (Ozkogak, 1969).
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Figure 4.  Geological map and cross-section of the area between Resadiye (Tokat) and Uzunyayla (Sivas) area
(Yilmaz, 1982; Yilmaz et al., 1993a). See Figure 1 for location.
Sekil 4. Resadiye(Tokat) ile Uzunyayla (Sivas) arasinda yer alan bolgenin jeoloji haritasi ve enine kesiti

(Yilmaz, 1982; Yilmaz vd., 1993a). Yer icin Sekil 1’e bakiniz.
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(Senel, 1987, Yilmaz vd., 2010). Yer icin Sekil 1’e bakiniz.
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In SW Anatolia, along the Lycian Nappes,
the age of the Burdur mélange is Cenomanian-
Santonian (Ozkaya, 1982). K/Ar dates from
metamorphic-sole rocks yield a date of 104+4 Ma
for the Lycian Nappes, and these dates have been
interpreted as the ages of the initial displacement
of ophiolitic rocks under intraoceanic conditions
(Thuziat et al. 1981; Dilek and Moores, 1990).
The ophiolites and mélanges are unconformably
overlain by limestones, mudstones, basalts and
turbidites of Maastrichtian-Eocene age. The Irmak
mélange in the Ankara region may be Senomanian-
Senonian in age based upon the results of
paleontological studies, and Maastrichtian clastic
rocks unconformably overlie this mélange (Capan
et. al., 1983). The age of the mélanges and
ensimatic arc is Cenomanian-Maastrichtian in
the area between the Ilgaz-Kargi Massif and the
Cankir1 Basin, and Late Paleocene and younger
sedimentary rocks overlie unconformably all
tectonic units and the intervening contacts (Tiysiiz
et al,, 1995). From a NW-SE section between
Eldivan (Cankir1) and Cigekdagi (Kirsehir), SSZ-
type ophiolite and its plagiogranites yielded an
age of 180.48+0.34 Ma (Dilek et. al., 2009).

However in the area between Tokat and
Sivas, the age of ophiolites may be Jurassic-
Lower Cretaceous, but the mélange is Late
Cretaceous in age and overlain by a Santonian-
Campanian fore-arc unit (Yilmaz, 1981a, 1982;
Yilmaz and Yilmaz, 2004a). Maastrichtian clastic
rocks overlie the ophiolitic units and continental
fragments throughout the region, from Tokat
to the Munzurdag (Yilmaz and Yilmaz, 2006).
However, in the Erzincan area, limestone blocks,
Liassic lavas and different Jurassic-Cretaceous
limestones are abundant in the Upper Cretaceous
mélange. Reworked materials derived from the
mélange occur within the Maastrichtian-Paleocene
clastic rocks. The ophiolites of the Kop Dag1
area (Akdeniz et al., 1994) and dyke complexes

81

between Yusufeli and Oltu (Konak et. al., 2009)
are tectonic slices within the Upper Cretaceous
mélange (Yilmaz et al., 2000). The age of the
ophiolites and ophiolitic mélange in the Divrigi
area is also Late Cretaceous (Y1lmaz and Yilmaz,
2004b).

The pre-Liassic mélange of the Tokat
area occurred in a trench and/or an arc-trench gap
(Tekeli, 1981a). There is also pre-Liassic ophiolite
in the Erzincan area (Tatar, 1978; Kogyigit, 1990,
1991), Early Jurassic SSZ type ophiolites also
(Altintas et al., 2012) along the NAOB. Different
ophiolites from Precambrian to Late Cretaceous
age occurred along the Lesser Caucasus Ophiolitic
Belt (Belov et al., 1978; Zakariadze et al., 1983)
which represents the easternmost extension of
the NAOB. In addition, a pre-Liassic Alaskan-
type ultramafic-mafic complex also occurs in the
eastern Pontides (Eyiiboglu et al., 2010).

In the Erzurum-Hinis area, the ophiolitic
mélange is composed of volcano-sedimentary
matrix that encloses a mixture of diverse blocks of
Triassic to Cenomanian age and, upward, pelagic
limestone of Campanian age. Maastrichtian-
Eocene units with olistostromal levels -comprising
materials reworked from the ophiolitic units -
rest upon the ophiolitic nappes and continental
metamorphic rocks along a regional uncorformity
(Yilmaz et al., 1988, 1990).

In conclusion, pre-Alpine and Alpine
ophiolites coexist along the northern sub-belt
of the NAOB. However, the Alpine ophiolites
include Jurassic-Cretaceous MORB-type and
Upper Cretaceous SSZ-type ophiolites along the
NAOB. The coexistence of pre-Alpine and Alpine
ophiolites along the NAOB may be related to a
congruent Paleotethys and Neotethys and/or a
long-lived relict basin of Paleotethys. Otherwise,
pre-Alpine ophiolites may be interpreted as
reworked materials of Paleotethys.



The Southern and Southeastern Anatolian
Alpine Ophiolitic Belt

The South and Southeast Anatolian Alpine
Ophiolitic Belt (SAOB) includes ophiolites and
mélanges of the southern branch of Neotethys.
This belt begins SW of Antalya and continues
toward Southeast Anatolia to Cilo Mountain
around Hakkari. The Taurus Unmetamorphic Axis
(TUA) separates the SAOB associations from the
NAOB associations (TUA, Figure 1). First, the
characteristics of ophiolites and then the ophiolitic
mélanges of each region will be presented under
separate headings below.

Definition and distribution

Originally, the ophiolitic associations of the
region were named complexes, such as the
Antalya complex, Maden complex (Peringek
1979a, Peringek 1990), Hatay complex, and so
on. Subsequently, the ophiolites and mélanges
have been differentiated from one another. In
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this framework, the Tekirova ophiolite, Mersin
ophiolite, Kizildag ophiolite, Ispendere-K&miirhan
meta-ophiolite and/or Guleman ophiolite, and the
Cilo ophiolite are well known ophiolitic rock units
of the SAOB. In addition, the Goksun ophiolite
and Gevas ophiolite may be other ophiolitic units
of the SAOB, since they are located to the south
of the TUA, as shown in Figure 1 (Yilmaz et al.,
2010).

However, the ophiolitic mélanges of this
belt have been defined under different names,
such as the Kumluca mélange around Antalya
(Figure 7), the mélanges of Antalya basin in the
Western Taurides (Yilmaz et al, 1981a; Yilmaz,
1984), Dipsizgdl melange in the Central Taurides
(Ozgiil, 1984),
and Kozlu, 1984) and/or the Daglica mélange
(Yilmaz et al., 1993a) to the north of the Binboga
Mountains in the Eastern Taurides and the Kogali
complex (Peringek, 1979a, 1979b, 1990; Peringek
and Ozkaya 1981) or mélange in the Southeast
Anatolia (Figs. 8 and 9).

Daglica complex (Peringek
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From these units, the Antalya Complex
lies in a critically important area near the junction
between the Hellenides and Taurides, in an area
with a few contrasting geological histories (Brunn,
1974; Monod, 1976; Robertson and Woodcock,
1982). The Antalya Complex includes a lava-
sedimentary mélange and together with ophiolitic
rocks (Robertson, 1993). Harzburgite and dunite
are mappable units of this ophiolite (Figure 7). In
this area, the Antalya suture is a tectonic contact
between the ophiolites and the western Tauride
unit. The Mersin and Pozanti-Karsant1 ophiolites
contain tectonites underlain by an amphibolite
sole, cumulates, and pillow lavas with volcano-
sedimentary intercalations (Parlak et al., 1995,
1997, 2002).

Other ophiolitic rock units, such as the
Kizildag (Figure 1, Ka; Antakya), Goksun (Figure
8), Ispendere-Komiirhan, Guleman (Figure 1, 1)
and also Gevas and Cilo ophiolites (Figure 1, G)
form a discontinuous nonlinear belt and represent
relicts of obducted ophiolites of the SAOB. These
ophiolites, and also the Kogali mélange (Figure
9), are widespread throughout the region and are
exposed to the north of the Arabian Platform in SE
Turkey. The Kogali mélange is composed of blocks
of ophiolites with epi-ophiolitic sedimentary
rocks, and overlies a wildflysch of the Karadut
complex tectonically (Peringek, 1979a,b).
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All of the ophiolitic massifs mentioned
above are characterized by ophiolitic sequences
and were emplaced with mélanges during closure
of the southern branch of the Neotethyan Ocean
in Late Cretaceous time along the southern side
of the TUA. During the Late Cretaceous-Early
Tertiary, there was a change from platform (that
is, the Arabian Platform) to foreland basin. The
emplacement of ophiolitic nappes coincided with
this change.

In general, the volcano-sedimentary
units of Late Cretaceous (Maastrichtian)-Tertiary
age that crop out in the Southeastern Anatolian
Orogenic Belt are commonly referred to as the
Maden complex (Peringek 1979a,b, Yazgan,
1983; Aktas and Robertson, 1984). However,
the Maden mélange (Hempton, 1985) is defined
as back-arc basin sediments and volcanic rocks
the

Thus, the Maden unit is redefined as a volcano-

metamorphosed  to greenschist  facies.
sedimentary succession of Middle Eocene age
(Peringek, 1979a,b) representing a local short-
lived back-arc basin which reached the stage of
an embryonic ocean (Yigitbas and Yilmaz, 1996).
In our opinion, the Eocene Maden complex and/
or Maden mélange may be reworked materials of
the Kogali mélange along the Southeast Anatolian

Orogenic Bellt.
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Stratigraphic features

The ophiolites of the SAOB, in general, occur
as ordered ophiolitic sequences. The Antalya
Complex includes ophiolite and mélanges. The
ophiolite comprises harzburgitic tectonites,
sheeted dykes,
volcanics and associated sedimentary rocks
(Juteau, 1975; Robertson and Woodcock, 1982;

Bagcr et al., 2006). The mélanges of this region

cumulates, isotropic gabbro,

are represented by a volcano-sedimentary unit.

The Mersin ophiolite comprises ultramafic
cumulates showing adcumulate-heteradcumulate
texture, consisting mainly of dunite, wehrlite and
pyroxenite. Igneous lamination, size grading and
rhythmic layering are observed as accumulation
Mafic
cumulates, mainly gabbro, leucogabbro, olivine

features in the ultramafic cumulates.
gabbro and anorthosite, constitute almost two-
thirds of the whole cumulate section (Parlak et al.,
1996).

The Kizildag ophiolite includes a well-
developed sheeted dyke complex and poorly
preserved volcanic complex (Tekeli et al., 1983;
Erendil, 1983). At the north of the Goksun area,
the Daglica mélange is composed of a volcano-
sedimentary unit in the north, whereas the Goksun
meta-ophiolite (Tarhan, 1982,1984) and/or the
Goksun ophiolite in the south (Y1ilmazetal., 1993a)
and Ispendere-Komiirhan ophiolite (Yazgan,
1983) represent ordered ophiolitic sequences
including, from bottom to top, serpentinite and
peridotite, wehrlitic and gabbroic cumulates,
isotropic gabbro and, locally, a diabasic sheeted
dyke complex and pelagic volcaniclastic rocks.
The ultramafic cumulates of the Guleman ophiolite
begins with dunites that are followed upward
by alternations of wehrlite and clinopyroxenite.
The gabbroic section comprises represented by
troctolite, gabbro and quartz diorite (Ozkan and
Oztunali, 1984, Aktas and Robertson, 1984).
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The Gevas ophiolite is exposed in an
E-W-trending narrow belt immediately to the
south of Lake Van, and comprises serpentinized
ultramafic rocks, cumulate and isotropic gabbros,
microgabbro and plagiogranite overlain by
extrusive rocks and pelagic sediments (Yilmaz et
al., 1981b). In addition, the Cilo ophiolite includes
two tectonic slices, showing reversed stratigraphic
order. Whereas the lower slice comprises pillow
lavas with dykes and sill layers, the upper slice
is made up of cumulate sequences; both slices
are cut by some granitic injections (Yilmaz et al.,
1979; Yilmaz, 1985b).

In southeastern Anatolia, the Kocali
mélange represents an imbricated unit that
is located between wildflysch of the Karadut
complex and ophiolitic sequences. The matrix of
the mélange is made up of sheared serpentinites
or multicolored radiolarian mudstones, cherts,
shales and interlayered basaltic lavas (Yilmaz et.
al., 1993Db).

As a result, it may be concluded that the
ophiolites and ophiolitic mélanges of this belt
are tectonic alternations, and were formed and
emplaced synchronously.

Ophiolite geochemical signature and tectonic
setting

The ophiolites of the Antalya Complex possibly
formed in an oceanic ridge (Juteau et al., 1977)
and/or a suprasubduction zone (Robertson, 1993;
Bagci et al., 2002, 2006). In terms of trace- and
rare-earth-element chemistry, the Mersin ophiolite
has the chemical signature of MORB and VAB,
suggesting a suprasubduction zone. Structural
evidence from the sub-ophiolitic metamorphic sole
suggests that the Mersin ophiolite was obducted
over the Bolkardag Mesozoic carbonates, from
SE to NW (Parlak et al., 1995). The MORB- and
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VAB- type tectonic settings are valid for other
ophiolitic massifs along the SAOB (Erendil, 1983;
Aktas and Robertson, 1984; Tarhan, 1986; Dilek,
1995; Parlak et al., 2009; Varol et al., 2011). Field,
geochemical and petrographical evidence suggest
that the Cilo ophiolite also represents an ensimatic
island-arc association emplaced onto the Arabian
Platform (Yilmaz, 1985b).

In southeastern Turkey, the Bitlis Massif
as the main metamorphic unit of the eastern Taurus
Belt is thrust southward over an ophiolitic-flysch
complex, which is also thrust southward over
sedimentary rocks of the Arabian foreland (Hall,
1976). This geodynamic setting is valid for a great
number of the ophiolitic units of southeastern
Turkey. Within this the Kogali
mélange developed in a subduction zone between
the Bitlis Massif and the Arabian foreland (Hall,
1976). Detailed mapping of the Bitlis Suture, to
the southwest of Lake Hazar also shows that thrust

framework,

faults between units are north-dipping, listric
and, collectively, make up a thin-skinned system
(Sungurlu, 1974; Sungurlu et al., 1984; Hempton,
1985).

The ophiolites of SE Turkey were
emplaced northward as large slices, possibly over
the arc-trench gap, and also moved southward by
gravity-sliding onto the formerly passive Arabian
margin (Aktas and Robertson, 1984).

However, there is a critical area between
Uzunyayla and Kahramanmaras where the setting
ofthe ophiolites and mélanges has been approached
and discussed from different points of view. For
instance, Yilmaz et al. (1993a) suggested that the
Goksun ophiolite originally may have been a klippe
from the overturned ophiolitic sequence over the
Keban-Malatya Metamorphic Unit; conversely,
on the basis of evidence presented by Peringek
and Kozlu (1984), Yilmaz et al. (1993b) and
Robertson et al. (2006), this ophiolite (and/or the
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Berit ophiolite) may crop out as a tectonic window
beneath the Malatya Metamorphic Unit. If that is
the case, the huge metamorphic nappe should have
passed over the ophiolite; therefore, the ophiolite
should have been highly metamorphosed.
However, the Goksun ophiolite has not been
metamorphosed to a high grade, although the root
zone comprises high-grade meta-ophiolitic rocks
within the Piitlirge Metamorphics. Therefore, the
Southeastern Anatolian Suture should be situated
between the Piitiirge Metamorphics and Keban-
Malatya Metamorphics of the Anatolide-Tauride

Platform (Figure 8).

Robertson et al. (2006) pointed out
that the Binboga mélange (Daglica mélange of
Yilmaz et al., 1993a) was a product of a northerly
Mesozoic oceanic basin, and the Berit (or Goksun)
ophiolite formed as an incipient oceanic arc within
the southern branch of Neotethys during the Late
Cretaceous. In addition, on the basis of Parlak
et al. (2012) tectonic restoration of the region
suggests that an ocean basin existed between the
Malatya- Keban platform to the north and Bitlis-
Piitlirge continental unit to the south and Upper
Cretaceous ophiolites and incipient volcanic arc
are interpreted to have formed above a north-
dipping subduction zone within this ocean.

It is compulsory to consider the geology
of the eastern Taurides as a whole. The Giiriin
1993a)
constitutes the main axis of the Taurus Carbonate

relative autochthon (Yilmaz et al.,

Platform, which separates the northern ophiolitic
associations (e.g., the Piarbasi ophiolite and
Kiregliyayla mélange) from the southern ophiolitic
associations (e.g., the Goksun ophiolite and
Daglica mélange) as seen in Figure 8. However,
the age of the ophiolitic associations on both sides
is Late Cretaceous, while the age of the platform is
Cambrian-Lower Eocene without a break between
Uzunyayla and Beritdag areas along the Giiriin



relative autochthon (Yilmaz et al., 1993a). In this
framework, the northern ophiolitic association is
part of the northern branch (and/or Inner Taurides)
of Neotethys, whereas the southern ophiolitic
association is part of the southern branch of
Neotethys. In addition, the tectonic setting of the
ophiolites is another important question. On the
basis of our field study, the setting of ophiolites is
different from that previously envisaged, vis-a-vis
Yilmaz et al. (1993b) and Robertson et al. (2006).

Figure 8 shows the setting of the tectonic
units between Uzunyayla and Kahramanmaras.
The root zone of the ophiolite can be seen to the
north of [licakdy. The Goksun ophiolite is situated
between Binboga Dag and Berit Dag, and the top
of the ophiolite is not tectonically overlain by
the Keban-Malatya Metamorphics. The northern
contact represents a young, overturned structure.
It is clear that the lower levels of this ophiolite
are gabbro and the upper levels are a sheeted dyke
complex preserved along this overturned structure.
The southern contact is an active fault (the Stirgii
fault). In addition, the ophiolite is located between
the root zone and the Daglica mélange to the north
(Y1lmaz et al., 1993a), and the Daglica mélange is
located to the south of the TUA. In this area, the
ophiolite and mélange together are products of the
southern branch of Neotethys. As a result it is not
necessary to interpret the setting of the ophiolite
as a tectonic window in the Goksun area. The
original setting of the ophiolite may have been
changed later during collisional processes.

Figure 9 shows the setting of the tectonic
units in the area between Bing6l and Silvan
(Diyarbakir). This section is a characteristic one;
here, it is possible to exactly determine the present
relationships between the Anatolide-Tauride block
(that is the Bitlis Massif) and Arabian Platform
with the Southeast Anatolian Suture. The Kocali
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mélange with associated ophiolite represents a

suture-zone product.

In addition, it is possible to envisage a
combined setting for the ophiolites and different
ophiolitic mélanges in the Late Cretaceous. Figure
10 shows a simplified setting for the ophiolitic
associations along a geotraverse between the
Istanbul zone and the Arabian Platform during
Late Cretaceous time. In the beginning of the Late
Cretaceous, all dataallow us that double arc systems
were active both to the south of Pontides and also
to the north of the Arabian Platform (Figure 10A).
This perspective explains, better than previously
proposed models, the setting of the ophiolitic
associations and the reasons for the metamorphic
complexes with their evolutionary history. In
addition, it is clear that metamorphic complexes
along both sides of the TUA are equivalents of
the Anatolide-Tauride Platform, which cropped
out beneath ophiolitic associations as tectonic
windows and suggest intense deformation of
platforms near suture zones (Figure 10B).

In fact, along the Southeast Anatolian
Suture, south-facing overthrusts predominate
(Figure 11A) and were reactivated during the
late Tertiary. However, in the Gevas (Yilmaz
et al., 1981b) and Goksun areas (Yilmaz et al.
1993a), north-facing overthrusts are defined along
northern contacts of the ophiolitic units. On the
basis of these data, the structures delineating the
ophiolitic units show both south- and north-facing
overthrusts together in the same tectonic settings

(Yilmaz et al., 2010).

In short, many of the ophiolites of
southern Turkey formed during the progressive
elimination of the southern branch of Neotethys
above a north-dipping, intra-oceanic subduction

zone.
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2002 ve yeni gozlemler). Yer icin Sekil 1’e bakiniz.
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Figure 10. A probable generalized geological cross-section between the Istanbul Platform and Arabian Platform
at the begining of the Late Cretaceous [A] and between the Pontide and Arabian Platform at the end of
Late Cretaceous time [B]. No scale.

Sekil 10. Geg Kretase baslangicinda Istanbul Platformu ve Arap Platformu arasinin genellestirilmis olast bir
enine jeoloji kesiti [A] ve Ge¢ Kretase sonunda Pontitler ve Arap Platformu arasinin genellestirilmis
olasi bir enine jeoloji kesiti [B]. Olgeksiz.

As aresult, it is thought that the ophiolites (Figs. 9, 10 and 11) and were eroded following
and ophiolitic mélanges of the Southeast Anatolian the Late Maastrichtian. The present setting and
Suture may have risen and been emplaced due to
collision between the Anatolide-Tauride block to
the north and the Arabian Platform to the south.
The ophiolites associated with ophiolitic mélanges formation of a Tertiary foreland basin (Yilmaz et

spread to both north and south as flower structures al., 2010).

distribution of the ophiolites with ophiolitic

mélanges in the area is a result of erosion and the

90



Ophiolites and Ophiolitic Mélanges of Turkey: A Review

[A]

i and

North and Northeast Anatolian

BLACK SEA

<— Sakarya Zone
North Anatolian

Suture

and ophiolitic mélanges

“ Intra-Pontian ophiolites

7

j

BLACK SEA
m

Anatolide-Tauride Block

[B]

Hi North Anatolian and Northwest Taurus ophiolites and ophiolitic mélanges — '.

—

SE

-« Southeast Anatolian B

ophiolites and ophiolitic mélanges

<
2
I

-0m

L-10 km

—>T<— Arabian Platform —

Southeast Anatolian
Suture

South Anatolian
ophiolites and ophiolitic
mélanges

E
1~ MEDITERRANEAN

Om

_ e

Antalya
Suture

Anatolide-Tauride Block

Simplified recent geological cross-sections of the eastern (A-B) [A] and western (C-D-E) [B] parts

of Turkey: Paleozoic (Pz), Jurassic-Cretaceous (JC) and Upper Cretaceous (Cu) levels have been
differentiated in the eastern part of Pontide-Transcaucasus continent-arc system. See Figure | for

10 km
g A
<«——  IstanbulZone —>» g g
Intra-Ponfide ™ Noﬂl;LA“:?;olian
Suture ?
Figure 11.
location.
Sekil I1.

[A] Tiirkiye 'nin dogu kesimi (A-B) ile [B] bati kesiminin (C-D-E) yalinlastirilmis enine kesitleri:

Pontid-Kafkasya kita-yay sistemi’nin dogu kesiminde, Paleozoyik (Pz), Jura-Alt Kretase(JC) ile Ust
Kretase (CU) yash diizeyler ayirt edilmistir. Kesit yerleri i¢in Sekil 1’ e bakiniz.

Geological age

On the
evaluations of the Antalya ophiolite, the age of

basis of geochronological
the ultramafic cumulate is 122 Ma, the cumulate
gabbro 50* 10 or 68 * 5.5 Ma, and the diabase
55%3 Ma or 69* 4 Ma, whereas the age of the
mélange is Late Cretaceous (Yilmaz, 1982).
Robertson and Woodcock (1982) and Robertson
(1993) reported a Late Cretaceous age from pelagic
carbonate rocks interbedded with mafic volcanic
rocks, and also suggested that the oceanic crust
of the region was created during Late Cretaceous
time, associated with submergence and onset
of pelagic carbonate deposition on platform
areas. On the basis of evidence set forth by
Robertson (1993) and Bagci et al. (2006), regional
compression in Antalya area began in the latest
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Cretaceous (Maastrichtian) and led to subduction-
accretion, as evidenced by volcanic-sedimentary
mélange. Suturing was completed during the Late
Paleocene-Early Eocene, resulting in collision and

imbrication of the carbonate platform.

K-Ar analyses of rocks from the Mersin
ophiolite yield an age of 93.4 * 2.2 Ma, recording
the initial detachment of the oceanic crust (Parlak
et al., 1995).

The
sedimentary unit of the ophiolites in the Goksun
(Tarhan, 1982, 1984; Yilmaz et al., 1993a) and
Kizildag areas indicate an age of Jurassic-Late

fossil contents of the volcano-

Cretaceous (pre-early Maastrichtian) (Tinkler et
al., 1981; Tekeli et al., 1983). The age of volcanic
sequences of the Kocali complex between Malatya



and Adiyaman has been assigned to late Triassic
based on the radiolarian data from the associated
pelagic rock units (Varol et al.,, 2011) and late
(Sungurlu, 1974,
Uzuncimen et al. 2011) ). K/Ar radiometric dating

Jurassic-early ~ Cretaceous

of the biotites from granodiorites associated with
the Ispendere-Komiirhan meta-ophiolites yielded
ages of 75% 2.5 Ma (Yazgan, 1983). In addition,
paleontological and radiometric means of dating
ophiolites along the SAOB yield Jurassic to Late
Cretaceous ages (90-145 Ma) (Dilek and Moores,
1990). Granitoids associated with the ophiolites
exhibit an age range from 82 Ma to 85 Ma, based
on “Ar/*Ar analyses (Rizaoglu et al., 2009).

However, the ophiolitic mélanges of
the SAOB yield only Late Cretaceous ages. For
instance, the Daglica mélange of the Goksun area
comprises Late Cretaceous and unmetamorphosed
Upper Maastrichtian clastic rocks, including
blocks of ophiolites and metamorphic rocks that
unconformably overlie the ophiolitic sequence
in the Bitlis area (Peringek 1980; Gonciioglu and
Turhan, 1984). This relationship indicates that
the emplacement age of the Gevas ophiolite in
the Bitlis area is pre-late Maastrichtian. Sungurlu
(1974), Peringek (1979a, 1979b, 1980) and Aktas
and Robertson (1984) also suggested that the
ophiolites of SE Turkey were emplaced during
latest Cretaceous time

On the other hand, the matrix of the Kocali
mélange typically yields Late Cretaceous ages
(Yilmaz et al. 1993b; Uzuncimen et al., 2011).
However, the geological age of the Cilo ophiolite
is Late Mesozoic, having been emplaced onto
the Arabian Platform during the Late Cretaceous
(Peringek, 1990). Therefore, it may be said that
the mélanges of this region developed during
emplacement of the ophiolites.

The Elazig Igneous Complex comprises
an imbricated Maastrichtian-Early Eocene island
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arc and young marginal-basin terrain which
evolved until the Middle Eocene (Hempton, 1985).
In addition, the Eocene Maden mélange and the
Miocene Ciingiis mélange (Ozkaya, 1982), along
with other rock associations such as the Maden
complex (Peringek 1979a, 1979 b, 1980; Sungurlu
et all 1984; Peringek 1990; Yigitbas and Yilmaz,
1996), may be materials reworked from the Kocali
mélange.

On the basis of the age interval mentioned
above, it may be concluded that the age of SAOB
ophiolites is Mesozoic, in general and the age
of mélanges is Late Cretaceous, at least pre-
Maastrichtian. In southeastern Turkey, ophiolites
and mélanges were emplaced southward onto
the Arabian Platform
(Campanian) time (Sungurlu 1974; Peringek
1979b, 1980; Sungurlu et al., 1984; Robertson,
2000, 2002). In addition, the Jurassic-Cretaceous
ophiolites, in general, are MORB-type, whereas

in latest Cretaceous

the Upper Cretaceous ophiolites are SSZ-type
ophiolites (Robertson, 1994; Parlak et al., 1996;
Dilek et al., 1999).

DEFINING SUTURE BELTS IN TURKEY

The relationship between suture belts and
ophiolitic associations has been discussed for
a long time. Burke et al. (1977) pointed out that
there is a link between the global distribution of
sutures and the sites of former oceans. In addition,
the ophiolites have been interpreted as indicators
of the geodynamic evolution of the oceans
(Knipper et al., 1986). Accordingly, it is necessary
to demonstrate the relationships between the
Tethyan oceans and ophiolitic associations.

In fact, there is no a consensus on the
classification of the Tethyan realms. For instance,
Paleotethys has been regarded as an oceanic basin
along the Greater Caucasus (Belov, 1981; Adamia
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et al., 1982) and also along the Lesser Caucasus
(Gamkrelidze, 1982). In the present study, the
classificaton of Sengdr and Yilmaz (1981) has
been adopted for using as a general framework.

Withoutentering into adetailed description
of ophiolitic complexes, it is impossible to review
the different geodynamic environments in which
ophiolites have developed, evolved and were later
accreted to continents. In this respect Turkey is a
place of critical importance, for here it is possible
to demonstrate the relationship between suture
zones and the ophiolitic association.

Thus, in this context, it is proposed to
define the suture zones and related ophiolitic
associations of Turkey. Figure 11 gives simplified
cross-sections of the eastern [A] and western
[B] parts of Turkey. In these cross-sections, it is
possible to see the exact locations of root zones
of the sutures and the distribution of ophiolites,
with mélanges. As is seen in Figures 10 and 11,
the metamorphic equivalents of the Anatolian-
Iranian Platform are situated as tectonic windows
beneath the ophiolites of the eastern and western
Anatolian regions. The tectonic setting of the
Central Anatolian Metamorphic Complex may be
similar to a tectonic window as well. Figure 12
illustrates the sutures of Turkey and surroundings
as a whole. In this presentation, it is also possible
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to correlate the sutures of Turkey and surrounding

areas.

On the basis of explanations presented
above, three main sutures have been defined. These
are the Intra-Pontide Suture in the northwest,
the North Anatolian Suture in the middle of the
country, and the Antalya Suture with the Southeast
Anatolian Suture in the south (Figure 12).

In this context, following correlation
of the tectonic units, a new classification of the
continental fragments may be suggested. For
instance, the Istanbul zone can be correlated
with the Moesian and Scythian Platforms. The
Sakarya zone is located between the Intra-Pontide
Suture and the North Anatolian Suture. The
Anatolide-Tauride block can be separated from
the Arabian Platform (and also the African) by
the Antalya and Southeast Anatolian sutures. This
simple classification reflects the actual situation
of the continental fragments of Turkey and
surrounding areas better than previously suggested
classifications.

Today, southeastern Turkey records a post-
collisional setting, whereas areas to the southwest
of Turkey are experiencing the incipient collision
of the Arabian and Turkish plates (Robertson,
2000).
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Sekil 12.

The Intra-Pontide Suture

Sengdr and Yilmaz (1981) called Intra-Pontide
Suture as the suture of the northern branch of
Neotethys which seperated the Rhodope-Pontide
fragment from the Sakarya continenet. Then this
suture was used to denote the suture seperating the
Paleozoic of the Istanbul and Karakaya complex
of the Sakarya zone (Okay, 1989). However,
this suture coincides with the North Anatolian
Fault Zone (Barka, 1992), as well. Pre-Alpine
ophiolites and mélanges cropout along the suture;
accordingly, these ophiolitic associations have
been interpreted as products of Paleotethys (e.g.,
Yigitbas et al., 1999). In this framework, the Intra-
Pontide suture is the best candidate for the Palaeo-
Tethyan suture in Turkey (Okay, 1989).
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Tiirkiye ve yakin dolayinin yalinlagtirilmis tektonik birlikleri ve kenet kugaklart.

Nevertheless, the ophiolitic associations
of the Intra-Pontide oceanic basin are also dated
as Late Cretaceous and interpreted as the products
of a branch of Neotethys (Yilmaz et al., 1995;
Robertson and Ustaémer, 2004; Gonciioglu et
al., 2008). On the other hand, Gonciioglu et al.
(2008) suggested that MORB-type basalts were
generated in the Intra-Pontide Ocean during the
Late Jurassic, and that the ocean existed at least
between the Late Bathonian to Santonian based
on paleontological and geochronological data.
In addition, the preliminary observations on the
melange suggest its formation in Late Cretaceous
during the closure by obduction of an oceanic
basin originated in Middle to Late Jurassic time
span between the Eurasian plate and Sakarya
microplate (Ellero et al., 2012).
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In this framework, the Intra-Pontide
Suture can be interpreted as a relict not only of
the long-lived Paleotethys but also Neotethys and/
or the Late Cretaceous ophiolitic associations may
be reworked materials from the Paleotethys.

There are no data regarding the age of
opening and for the well-recognized passive
margin sequences of the Intra-Pontide Ocean.
The Istanbul zone may represent a northern
passive margin of the paleo-ocean. The age of
its closure, generally based on the appearance of
the first transgressive sediments, is either placed
in the Paleocene-Eocene (Sengdr and Yilmaz,
1981) and Eocene-Oligocene (Okay et al., 1994),
Late Cretaceous (Yilmaz et al.,, 1995), or the
Cenomanian (Tiysiiz, 1999). It is well known
that Upper Cretaceous-Tertiary series in the
region between the Black Sea and Bursa indicate
pre-Santonian juxtaposition of the Istanbul and
Sakarya zones (Ozcan et al., 2012). Data related
to the original location and setting of the suture
was obliterated during formation of the North
Anatolian Fault and, consequently, this situation
resulted in the duplication of major suture zones
(Stampfli and Borel, 2004).

As a result, it may be emphasized that
the opening and closing ages of the oceanic basin
and also the polarities of the subduction zone are
highly speculative and controversial. Therefore,
the opening and closing of Paleotethys and/or
the northern branch of Neotethys in this region
remains an important question.

The Balkan Suture (Yanev and Adamia,
2010) may be the northwestern extension, whereas
the Great Caucasus Suture may be northeastern
extension of the Intra-Pontide Suture. In this
framework, the Istanbul zone and the Moesian
and Scythian platforms were periodically the main
parts of the East European Platform (IGC, 1984).
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North Anatolian Suture

The North Anatolian Suture separates the Sakarya
Zone to the north from the Anatolide-Tauride
block to the south (Figs. 11, 12). The western
part of this suture is known as the Izmir-Ankara-
Erzincan suture (Sengdr and Yilmaz, 1981; Okay,
1989; Rice et al. 2009), which is linked to the
Vardar suture (eg. Zelic et al,. 2010). The Eastern
part of the suture is known as the North Anatolian-
Lesser Caucasus suture (Yilmaz, 1989; Yilmaz et
al., 2000, 2010).

It is known that the eastern Taurus belt of
Turkey may be correlative to the Sanandaj-Sirjan
belt of Iran (Y1lmaz and Yazgan, 1990). Thus, the
Anatolian-Iranian Platform (AIP) has been defined
within a regional framework, and the southern
edge of the eastern Taurus belt with the Sanandaj-
Sirjan belt has been re-interpreted as the southern
passive margin of the AIP (Yilmaz et al., 2010).

This suture zone is generally accepted
as being the major Tethyan suture in Turkey and
characterized by widespread ophiolitic slices with
accretionary mélange units. The ophiolitic slices
generally consist of peridotite massifs, lacking a
complete ophiolitic sequence.

The opening age of the western part of
the northern branch of Neotethys originally was
suggested to be Late Triassic (Gonciioglu et al.,
2006), and for the eastern part of the northern
branch of Neotethys was suggested to be Early
Liassic (Goriir et al., 1983). However, there
are also pre-Liassic ophiolites in the Erzincan
1990, 1991) and Paleozoic
ophiolites along the Lesser Caucasus Ophiolitic
Belt (Zakariadze et al., 1983), which represents
the eastern continuation of the North Anatolian

area (Kogyigit,

Suture. In this framework, it is not possible to
explain the existence of old ophiolitic units well
along the suture.



It is suggested that the ophiolites obducted
in the east before the Late Coniacian (Gasanov,
1986), at least before Paleocene (Sosson et al.,
2010). “Ar/*’Ar ages of the units along the Lesser
Caucasus suture give insights for the subduction
and collage from the Middle to Upper Cretaceous
(95-80 Ma) (Roland et al., 2009, 2011).

On the other hand, blueschists dated at
100-90 Ma are recorded in NW Turkey (Okay et
al., 2006). Although Rice et al. (2009) suggest that
Late Paleocene-Eocene clastics are the oldest unit
unconformably overlying the Upper Cretaceous
melange in the Erzincan area, reworked materials
of ophiolites and melanges have not been separated
from the Upper Cretaceous accretionary prism in
this study. Akdeniz et al. (1994) and Yilmaz and
Yilmaz (2006) suggested that Late Campanian-
Maastrichtian clastic units overlied unconformably
the ophiolitic units. In this framework, it can be
said that subduction was dominanat, in general

during Cretaceous.

On the other side, the ophiolitic outcrops
of this belt are scattered to the north and south of
the suture. Due to young basin-fill cover, it is not
possible to examine the relationships between the
scattered outcrops as well. Thus, the ophiolitic
associations of this belt have been divided
into two sub-belts: northern and southern. The
northern sub-belt represents the NAOB directly,
and the southern sub-belt represents tectonically
transported ophiolitic units of the NAOB..

Most of ophiolitic associations in Turkey
are believed to have originated from the North
Anatolian Suture. Both Alpine and pre-Alpine
ophiolitic associations crop out along the suture.
The opening age of the northern branch of the
ocean 1s, therefore, not well-established and is

quite controversial.
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Numerous tectonic models have been
suggested for the evolution of the NAOB. A single
northward-dipping subduction zone (Sengdr and
Yilmaz, 1981), two northward-dipping subduction
1990),
subduction, followed by reversal of subduction
direction (Okay and Sahintiirk, 1997), single
northward-dipping subduction with the genesis and

zones  (Tiysiiz, southward-dipping

emplacement of a marginal basin (Ustadmer and
Robertson, 1997), northward-dipping subduction
followed by southward-dipping subduction (Rice
et al., 2009) are some of the suggested tectonic
models. The main reason of different models is
the the lack of data, mainly about ophiolites and
melanges.

In spite of lack data, it is possible to
suggest some constraints for the Late Cretaceous
time. For instance, along the North Anatolian
Suture, MORB- and SSZ-type ophiolites crop out
together, and north- and south-facing overthrusts
are widespread. Structural studies indicate that
the ophiolitic complexes and/or assembled
accretionary prisms were emplaced northward
onto the Pontides of the Eurasian margin and also
southward onto the Taurides of the Gondwana
margin during Campanian-Maastrichtian time
(Yilmaz, 1985b; Rice et al., 2009) in the Erzincan
area. In this framework, a new model for Late
Cretaceous (Figure 10) has been suggested to
explain the setting of two northward-dipping
subduction zones with emplacements of ophiolites
like a flower structure. All other data also indicate
that the setting of the obducted ophiolitic units
resembles a flower structure, as defined in the area
between Tokat and Sivas (Yilmaz and Yilmaz,

2004a).

In NW Turkey, the collision between
the Tavsanli zone of the Anatolide-Tauride Zone
and the Sakarya Zone of the western Pontides
began before Paleocene and Eocene magmatism,
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interpreted to have developed in a post-collisional
setting (Okay and Sahintiirk, 1997; Okay et
al., 2010). For NE Turkey, Rice et al. (2006)
suggested that the incipient ‘soft’ collision along
the suture was followed by widespread Paleocene-
Early Eocene sediments on deformed and
emplaced melange, arc and ophiolitic units. Final
closure ‘hard’ collision of the Northern Neotethys

occurred during the Mid-Eocene.

On the other hand, Y1lmaz (1985a) pointed
out that Eocene clastic materials overlie the older
tectonic units unconformably along the upper
Kelkit River, and Topuz et al. (2011) suggested
that Eocene magmatism represents post-collisional
adakite-like activity within the Agvanis Massif. In
addition, sedimentary sequences on both sides of
a suture are expected to show similar depositional
characteristics on the continental margins. In this
respect the collision between the Pontides and the
Anatolide-Tauride block should be at least pre-
Middle Eocene.

Antalya and Southeast Anatolian Sutures

The Antalya suture (or the Pamphylian suture of
Okay and Tiysliz, 1999) is situated between the
western Taurus Platform and obducted ophiolites
(Figure 7), whereas the Southeastern Anatolian
Suture separates the Anatolian-Iranian Platform to
the north from the Arabian Platform to the south
(Figure 9). Along the SAOB, Jurassic-Lower
Cretaceous MORB- type ophiolites and Upper
Cretaceous SSZ-type ophiolites occur, and these
ophiolites were accreted to the Upper Cretaceous
mélange prism during the Late Cretaceous.
MORB- and SSZ-type ophiolites are widespread
in the Antalya, Mersin and southeastern Anatolian
regions.

The Southeast Anatolian Suture (Yilmaz
et al., 1993b) and/or Assyrian and Zagros sutures
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(Okay and Ttysiiz, 1999) separates the Anatolide-
Tauride block to the north from the Arabian
Platform to the south (Figs. 11 and 12). The
Antalya Suture may be a western continuation of
the Southeastern Anatolian Suture.

The Alpine ophiolites and mélanges of
eastern Turkey are believed to have originated
from the Southeast Anatolian Suture. These rocks
are products of the southern branch of Neotethys,
and the products of this suture may be separated
from the Northern and Northeastern Anatolian
Alpine Ophiolitic Belt (NAOB) by the TUA of the
Tauride-Anatolide block (Figure 1).

The ophiolitic outcrops of this suture are
also scatterred to the north and south of the suture.
Therefore, the location of the suture is still under
discussion. For instance, some suggest that the
suture lies to the south of the Bitlis and Piitiirge
Massifs (Sengor and Yilmaz, 1981; Yilmaz et al.,
1993b), while others argue that the suture is located
to the north of the massifs (Yazgan, 1983; Michard
etal., 1984). However, on the basis of data given in
Figures 8 and 9, and scenarios given in Figure 10,
the location of the suture should be to the south of
the Bitlis Massif, but north of the Piitiirge Massif.
The Keban-Malatya Metamorphics and the Bitlis
Massif have similar stratigraphic sequences and
represent the southern metamorphic edge of the
Tauride-Anatolide block (Yilmaz et al., 2010).
However, the Piitiirge Massif is dissimilar from
these two metamorphic units due to its relatively
high metamorphic grade.

The opening age of the southern branch
of Neotethys was Triassic (Peringek, 1980; Sengor
and Yilmaz, 1981). However, the Alpine cycle of
the southeast Anatolian region was initiated with
Late Permian-Middle Triassic rifting (Altiner,
1989). *Ar/*Ar dating of white mica in different
parageneses from the Bitlis comlex reveals a 74-
79 Ma (Campanian) date of peak metamorphism



and rapid exhumation to an almost isothermal
greenschist stage at 67-70 Ma (Maastrichtian)
(Oberhénsli et al., 2012).

All data show that subduction along the
suture is dominant mainly during Late Cretaceous
(Robertson et al., 2007). However, the collision
of the Arabian margin below the Bitlis Massif is
still debated. For collision, it has been proposed as
Maastrichtian (Yazgan, 1983), Mid to late Eocene
age (Hempton, 1985), a late Eocene to Oligocene
(Y1lmaz, 1993), Early- Middle Miocene (Robertson
et al., 2007) and before the Late Miocene (Sengdr
and Kidd, 1979; Dewey et al., 1986; Sengor et al.,
2003). In addition, uplift of the final exhumation
of the Bitlis Massif range by 18-13 Ma (Middle
to Late Miocene) is documented on the basis of
apatite fission track dating (Okay et al., 2010).
Late Miocene molasse deposits overlie the older
tectonic units unconformably from north to south
throughout the region. Therefore, the collision
may have been ended before Late Miocene along
the suture.

Along the Southeast Anatolian Ophiolitic
Suture  (SAOB),
predominate. However, north-facing overthrusts

south-facing  overthrusts
and active faults are recognized along the
northern contacts of the ophiolitic units. On the
basis of these data, structures delineating the
ophiolitic units show both south- and north-facing
overthrusts.

Consequently, it is thought that the
of the
Anatolian Suture may have been uplifted during

ophiolites and mélanges Southeast
collision between the Anatolide-Tauride block to
the north and the Arabian Platform to the south.
The ophiolites associated with ophiolitic mélanges
then spread like a flower structure to the north and
south, en masse, and later eroded prior to the Late-

Maastrichtian. The present-day configuration of
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the ophiolites and ophiolitic mélanges of the area
is a result of erosion and the formation of new
basins (Yilmaz et al., 2010).

In addition, on the basis of existing exotic
blocks derived from the south Taurides, it appears
that Turkey underwent large lateral displacements
inaroughly E-W direction; this movement resulted
in duplication of major suture zones (Stampfli and
Borel, 2004). Major strike-slip movements during
the Variscan orogenic cycle produced the first
juxtaposition of terranes (Moix et al., 2008). The
present juxtaposition of these terranes is far from
their original locations. For instance, Moix et al.
(2008) suggested that the Anatolian terrane was
detached from Eurasia, which was accreted to the
Taurus-Cimmerian domain in the Late Triassic and
then moved together with Gondwana. Therefore,
the geological history of the southern branch of
Neotethys is relatively complex and needs more
detailed study.

If we correlate the suture zones as a
whole, it is clear that all of the suture zones in
Turkey are characterized by ophiolitic mélanges
and by both MORB-type and SSZ-type ophiolites.
It may be suggested that the North Anatolian and
Southeast Anatolian sutures were double north-
dipping subductions during emplacement of the

ophiolitic associations.

In conclusion, a preferable tectonic
model for the Southeastern Anatolian Suture
should involve northward subduction including
MORB- type ophiolites and SSZ-type ophiolites
together. Subduction is dominant during Late
Cretaceous- Early Tertiary, the collision along the
suture may have occurred before Late Miocene.
Recent emplacement of ophiolites shows a flower
structure, because of the north-facing and south-

facing overthrusts.
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COMPARISONS OF THE OPHIOLITIC
BELTS IN TURKEY WITH SURROUNDING
REGIONS

On the basis of definition and distribution,
stratigraphical features, ophiolite geochemical
signature and tectonic setting and geological
age, it is possible to compare and/or correlate
the ophiolitic belts of Turkey with surrounding
regions for pre-Alpine and Alpine stages.

Pre-Alpine Stage

For instance, the Paleotethyan ophiolites located
to the south and southeast of the Istanbul zone
may be correlated to the ophiolites of the Greater
Caucasus (Adamia et. al., 1978, 1991, 2004, 2011)
and the Balkans (Haydoutov, 1987; Von Quadt et.
al., 1998). The ophiolitic rocks of the Caucasus
and Balkans have also MORB and SSZ signatures
and developed during the evolution of Paleotethys
(Yanev and Adamia, 2010; Adamia et al., 2011).

In conclusion, although data is lacking
with regard to some aspects of the pre-Alpine
ophiolites of Turkey, it can be suggested that they
developed in a tectonic setting which changed
from MORB-type to SSZ--type within the
Precambrian-Triassic interval, as defined in the
Greater Caucasus and Balkans, as a product of
Paleotethys.

The Karakaya Complex represents a part
of Sakarya Composite Terrane (Gonciioglu et. al.,
1997) and can be correlated to a part of the Rhodope
terrane of the Balkans (Yanev and Adamia, 2010)
to the northwest and to pre-Liassic complexes of
the Pontian-Transcaucasus continent-arc system
(Yilmaz et al., 2010) to the east and northeast. This
unit developed in a tectonic setting that changed
from ariftto a subduction zone during the Permian-
Triassic time interval within the framework of the
evolution of Paleotethys. However, there are also
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local Late Cretaceous mélanges along the Intra-
Pontide suture.

In this region, therefore, the pre-Liassic
Karakaya Complex and local Late Cretaceous
mélanges may be intermixed and/or the Late
Cretaceous mélanges may be reworked materials
derived from the Karakaya Complex.

In fact, it is accepted that Paleotethys was
a Paleozoic-Early Mesozoic ocean and that the
Karakaya Complex may be a closing product of
Paleotethys (e.g., Bozkurt and Mittwede, 2001,
and references therein). However, there is no
consensus on the polarity, geological age, and
paleogeographic locations of the opening and
closing of Paleotethys during the Cimmerian
Orogeny.

Alpine Stage

The NAOB can be correlated to the Lesser
Caucasus Ophiolitic Belt (Zakariadze et. al., 1983)
in the east and the Innermost Hellenic Ophiolitic
Belt of the Vardar Zone (Smith, 1993) in the west.

The Lesser Caucasus Ophiolitic Belt
includes some magmatic rocks in a serpentinite
mélange, and to these can be assigned a
Precambrian age; for example, pegmatitic gabbro
of the Sevan-Akera subzone yields a K-Ar age
of 583+30 Ma (Belov et. al., 1978; Belov, 1981).
In addition, the radiometric ages obtained from
tonalities (160+4 Ma; Zakariadze et al., 1990)
and gabbros (165.3£1.7 Ma; Galoyan et al.,
2009) of the Sevan ophiolite suggest that oceanic
crust formation continued during the Batonian-
Callovian. Radiolarian ages for the sedimentary
cover of the Sevan ophiolite indicate late Middle
Jurassic (Asatryan et al., 2010). In addition, the
age of the Sevan-Akera and also Vedi ophiolites is
constrained by “Ar/*Ar dating that has provided
a magmatic crystallization age of 178.7+2.6 Ma



(Roland etal., 2010). Jurassic-Neocomian MORB-
type and Cenomanian-Early Coniacian island-arc-
type ophiolites have been identified along this belt
(Zakariadze et. al., 1983). Late Coniacian clastic
rocks overlie the ophiolitic units unconformably,
which were obducted both northward (Sevan-
Akera) and southward (Vadi) along the suture zone
(Knipper and Khain, 1980; Sosson et al, 2009).

On the other hand, Vardar Zone boninites
of the Kopaonik area (southern Serbia) represent
only suprasubduction ophiolites and the melange
occurred in the Early Cretaceous (Marconi et al.,
2004). The Innermost Hellenic Ophiolitic Belt
includes both sub-ophiolitic and supra-ophiolitic
mélanges. The sub-ophiolitic mélange contains
blocks of ophiolitic material and continental
fragments, and represents a subduction-accretion
complex. However, the supra-ophiolitic mélange
and overlying Tithonian-Valanginian flysch
deposits and Barremian-Upper Cretaceous neritic
limestone rest unconformably on the ophiolites
and platform carbonates. The ophiolites of the
Mirdita area of Albania show a transition from
MORB to IAT (Island Arc Tholeiite) and boninitic
affinities from west to east and structurally upward
(Beccaluva et al, 1994; Dilek et. al., 2005). The
basalt samples of the Dinaric-Helenic Chain show
a N-MOR affinity and are associated with latest
Bajocian- early Batonian radiolarian cherts (Nirta
et al,, 2010). The stratigraphic and structural
dataset presented by Zelic et al. (2010) shows
complex tectonic history of the Vardar zone, as
well.

In conclusion, it can be said that the
NAOB and its eastern and western extensions have
not only similar but also different stratigraphic
features, age and tectonic setting. For instance,
although a great deal of the NAOB comprises
Alpine ophiolites, there are also pre-Alpine
ophiolitic outcrops which have been accreted
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tectonically to the NAOB and include Jurassic-
Cretaceous MORB-type and Late Cretaceous
SSZ-type ophiolites. In this respect, there are
similarities between the SAOB and Lesser
Caucasus, but differences from the Vardar Zone.
In addition, the ophiolitic mélange of the NAOB
is Late Cretaceous (locally pre-Maastrichtian)
in age. Along the ophiolitic belts, where NAOB
and SSZ-type ophiolites occur, respectively, the
tectonic setting of ophiolites with mélanges is
characterized by north-facing and south-facing
overthrusts; hence, it may be suggested that the
ophiolites with mélanges developed and rose
as a flower structure, and then eroded during
the collisional and post-collisional processes.
Therefore, isolated and scattered outcrops of these
units along both sides of the North Anatolian
Ophiolitic Suture Zone are not observable at
present.

The SAOB consists of relatively complex,
undeformed, Triassic (Peringek, 1980; Uzuncimen
et al., 2011) and Jurassic to Late Cretaceous
with Late Cretaceous

ophiolites ophiolitic

mélanges.

The ophiolites and mélanges in the
Antalya and Mersin areas may be correlated
to similar units of the External Ophiolitic Belt
(Bortolotti et al., 2004 and Zelic et al., 2005) of
the Dinaric-Hellenic region, from the standpoint
of tectonic setting and geological age. Although
the ophiolites along the External Ophiolitic Belt
range in age from Triassic to Jurassic, and the
ophiolites along the southern Taurus belt from
Triassic-Jurassic to Cretaceous, both belts include
MORB-type and SSZ-type ophiolites. However,
the timing of the onset of rifting on both sides may
be similar.

In addition, the Antalya Complex has
affinities to the Mamonia Complex of western
Cyprus and is a critical piece in tectonic
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interpretations of the easternmost Mediterranean
during Mesozoic and Tertiary time (Robertson,
1998).

The SAOB of the southeastern Anatolian
region is a product of a north-dipping subduction
zone, whereas the SAOB of the southern Taurus
region in the Antalya and Mersin areas may be
a product of a south-dipping subduction zone
(Figs. 7, 8 and 9). However, the ophiolites of the
SAOB of the southeastern Anatolian region were
uplifted and emplaced to the north and the south
as a flower structure. Subsequently, north-facing
structures were overturned and became south-
facing, young structures during the collision
between the Anatolide-Tauride Platform and the
Arabian Platform in the southeastern Anatolian
region.

The ophiolites of the SAOB in the
southeastern Anatolian region may be correlated
with the ophiolites between Iran and Iraq (Adib
and Pamic, 1980; Adamia etal., 1980; Alavi, 1994;
Babaei et al., 2005) and the Semail Ophiolite in
the mountains of northern Oman (Welland and
Mitchell, 1977; Searle et al., 1980) on the basis of
similar characteristic features, geotectonic setting
and age. For instance, the Neyriz Ophiolitic
Complex occurs along the NW-SE-trending Main
Thrust Zone in the Zagros Range, which is the
equivalent of the Arabian Platform of Turkey, and
the Sanandaj-Sirjan Belt (Alavi, 1994), which
is the eastward extension of the Bitlis Massif
(Yilmaz and Yazgan, 1990), that is a part of
the Anatolide-Tauride block. It is believed that
emplacement of the Neyriz Ophiolite occurred in
the Late Cretaceous and this ophiolite may be a
product of island-arc and/or MORB-type setting;
furthermore, uppermost Cretaceous (probably
Maastrichtian)-Paleocene clastic rocks contain
fragments of ophiolite-radiolarite materials,
indicating subaerial weathering of the ophiolitic
rocks (Alavi, 1994; Babaei et al., 2005).
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According to Shirdashtzadeh et al. (2011)
geochemical data of the Nain and Ashin-Zavar
ophiolites point to an island arc tholeiitic affinity
for the amphibolitic rocks and to a MORB nature
for the pillow lavas and sheeted dykes that are
related to a back-arc basin. The suture of the
ophiolites located between the Sanandaj-Sirjan
zone and the Central-Easts Iranian microcontinent
before Middle Eocene. This suture may represent
eastern continuation of the Bitlis suture (Sengor
and Yilmaz, 1981) of Turkey.

On the other hand, the ophiolites of the
Kermanshah area represent MORB type and SSZ
type ophiolites together and emplaced along the
suture between the Zagros belt and Sanandaj-
Sirjan zone (Allahyari et al., 2010). This suture
represents eastern continuation of the Southeast
Anatolian Suture directly.

In addition, amphibolite units -
representing the sole detachments of the ophiolites
- have been reported in Turkey (e.g., Dilek et
al., 1999), in the Neyriz area of Iran (Babaei et
al., 2005), and in Oman (Hacker et al., 1996).
Lanphere and Pami¢ (1983) dated a sample of
pargasite-schist from below the peridodite using
the “Ar/*Ar technique and determined a 94.9 +
7.6 Ma age for the amphibolite. For instance, in
Turkey, as mentioned above, K-Ar analyses of the
Mersin ophiolite yield an age of 93.4* 2.2 Ma,
representing the initial detachment of the oceanic
crust (i.e., the Mersin ophiolite) (Parlak et al.,

1995).

Based on the data presented above, it is
clear that the SAOB continues to the east, along
the border between Iran and Iraq and as far as
Oman. Discussions on the setting of the sutures
in southeast Turkey are valid for the southwest of
Iran.



CONCLUSIONS

Ophiolites and ophiolitic mélanges are the main
indicators of the geodynamic evolution of the
oceans, and thus elucidate the overall evolution
of a region. Accordingly, the ophiolites and
mélanges of Turkey have been reviewed. After
eliminating controversial topics related to the
ophiolitic associations, it is advisable to suggest a
new classification of the continental fragments in
order to better understand the geology of Turkey
and surrounding areas (Figure 12). In that figure,
a simplified picture of the large continental blocks
and the sutures separating them is illustrated. The
Istanbul zone represents a southern promontory
salient of the East European Platform. However, the
promatory salient affected the shape of the southern
continental fragments, such as the Sakarya zone
and the Anatolide-Tauride block together and also
the sutures separating them (Figure 12).

On the basis of the data presented herein,
the age and tectonic setting of the pre-Alpine
ophiolites and mélanges remain controversial.
Due to a relative paucity of data, it is not possible
to present a detailed model for the Intra-Pontide
Suture and the evolution of Paleotethys in Turkey.
In spite of this, it may be said with confidence that
relicts of Paleotethys exist along the Intra-Pontide
and North Anatolian sutures.

The North Anatolian suture is one of
the main and most important ophiolitic sutures
of Turkey. It separates the Sakarya zone from
the Anatolide Tauride block. Along the NAOB,
Paleozoic and Mesozoic MORB-type and Upper
Cretaceous SSZ-type ophiolites occur, and these
ophiolites were accreted to the mélange prism
in Late Cretaceous time. The eastern Anatolian
ophiolites may have been derived from the North
Anatolian Suture. However, it is important to
point out that the basement of eastern Anatolia
does not represent an ophiolitic mélange prism;
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rather, it comprises equivalents of the Anatolide-
Tauride block.

During emplacement of the ophiolites,
north- and south-facing overthrusts developed,
forming a flower structure during the collision of
the Sakarya zone and the Anatolide-Tauride block.
The present-day tectonic setting of the ophiolites
with ophiolitic mélanges along the NAOB is a
result of erosion and facilated the formation of
new basins.

The
ophiolites along the SAOB is similar to the
mechanism for those along the NAOB. Along
the North Anatolian Suture, “Ar/*?Ar ages give
insights for the subduction and collage from
the Middle to Upper Cretaceous (95-80 Ma),
whereas along the South Anatolian suture, Upper
Cretaceous (74-71 Ma) ages exhibit subduction of

emplacement mechanism  for

the southern Neotethys and these data have been
interpreted as a subduction jump from the northern
to the southern boundary of the Anatolide-Tauride
block at 80-75 Ma (Roland et al., 2010, 2011). The
TUA is the only line (crustal unit) that separates
the NAOB ophiolitic associations from the SAOB
ophiolitic associations (Figure 1).

In addition, the Inner Tauride suture
(Gortir et al., 1984; Kogyigit, 1990; Dilek et al.,
1999; Pourteau et al., 2010), the Bitlis suture (or
the Assyrian-Zagros Suture) (Hall, 1976; Yazgan,
1983, Caglayan et al., 1984; Yilmaz et al., 1993b,
Sengiin, 2006) and a suture between Bursa and
Balikesir, which separates the Rhodope-Strandja
Massif from the Sakarya Zone (or Intra-Pontide
Suture), have been suggested as means to interpret
the evolution of other Neotethyan branches.
However, there are insufficient data supporting
the existence of these sutures as well as passive
margins along both sides of the sutures. In
addition, it is not necessary to define a suture zone,
wherever the ophiolitic outcrops can be seen.
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After review of the main geological
characteristics, tectonic setting and age of
the the

interpretations should be emphasized:

ophiolitic  associations, following
1. Itis possible to provide an overall definition of
the main suture zones of Turkey in so far as all of
the recognized suture zones have characteristic
features. For instance, they all include MORB-
and SSZ-type ophiolites of various ages. The
style of emplacement of the ophiolites and
mélanges of the sutures are similar and, in
many cases, result in flower structures due to
the north-facing and south-facing overthrusts.
However, it is not possible to see the whole
flower structure in the present day because of

younger deformation and erosional processes.

The rock associations of these suture zones
mainly comprise ophiolite, ophiolitic mélange,
fore and ensimatic-arc units, being a complete
subduction system. The ophiolitic associations
of the Intra-Pontide suture zone, the North
Anatolian Suture and the Southeast Anatolian
Suture were all initially emplaced with south-
and north-vergent imbricated structures.

. It may also be suggested that collision of
continental fragments initially developed in
the north and, subsequently, collisional events
developed progressively from north to south,
reaching into southeastern Anatolia.

Another important finding of this study is
that the northern and southern branches of the
Neotethyan ocean were not integrated into
the eastern Anatolian region, as seen from the
profiles, there is continental crust beneath the
obducted ophiolitic units and overlying cover,
and this crustal structure has been defined as
the Anatolide-Tauride block by Okay and
Tiiysiiz (1999).

103

As indicated by Moix et al. (2008), vast
areas of eastern Turkey, Iraq and western Iran are
still under-explored; more thorough investigation
of these regions is necessary to go further in
understanding the central Tethyan realm.

In future investigations of the ophiolitic
associations, it will be necessary in Turkey to
separate the mélanges of subduction zones near
continental margins from the mélanges related
to ensimatic arcs. Subsequently, the primary and
secondary settings of the ophiolites and mélanges
should be studied;
sensu stricto and reworked mélanges should be

accordingly, mélanges
distinguished in detail. After further investigation,
it may be possible to make better correlations and
to locate suture zones more exactly.

GENISLETILMIS OZET

Bircok ofiyolitik kened kusag: icermesi
nedeniyle Tiirkive, Dogu Akdeniz bolgesinde
yer alan kitasal bloklarin jeolojik iliskilerinin
bir Bu
bolgede kenet kusaklarinin yeri, konumu ve yast

incelenebilecegi  onemli bolgedir.
konularinda kapsaml bir ¢alismaya gereksinim
duyulmaktadir. Bu c¢alismamin  amact Tiirkiye
ofivolitleri ile ofiyolitik karisiklarina dair bilgileri
derlemek ve bu birimlerin ozelliklerini gozeterek
bolgenin jeolojik evrimine yénelik simirlamalara
bir stk tutmaktir. Ofiyolitlerin yas iliskileri ve
cografik dagilhimlariyla birlikte derlenen verilere
gore Tiirkiye'deki ofiyolitik topluluklar ii¢ ana

grup halinde sumiflandirilabilir.

grup  Istanbul  Zonu nun

giineyinde ve giiney kenarinda yer alan pre-Alpin

Birinci

ofiyolitleri ve ofiyolitik karisiklar: kapsar. Almacik
dag1?, Elekdag, Cele ve Kiire metaofiyolitleri ve
Karakaya Karmasigr bu doneme ait olusuklardtr.
Paleotetisin bu kalmtilart Intra-Pontit Kenedini

temsil eder. Ofiyolitler en azindan Jura oOncesi



(kimileri olasilikla Proterozoyik ya da Alt
Paleozoyik) yasta olan ofiyolitik  dizilerden
Ne

yerlerinde de, ornegin Erzincan yoresinde ve

olusmaktadur. varki  Tiirkiye’nin  bagka
hatta daha doguda ve aymi kusakgi temsil eden
Kiiciik Kafkasya’da da pre-Alpin ofiyolitlerinin
bazi kalintilarina rastlanmaktadur. Istanbul Zonu
ile iliskisi izlenemeyen bu ofiyolitlerin hangi
okyanusa ait oldugu ve giiniimiizdeki konumlarina
hangi mekanizmalarla yerlestigi hala tartisma

konusudur.

Tiirkiye 'nin pre-Alpin ofiyolitleri genel
cercevede yaslart ve konumlart agisindan KD’
da Biiyiik Kafkasya ve KB’ da Balkanlardaki pre-
Alpin ofiyolitlerle denestirilebilirler.

Karakaya  kompleksi ise pre-Alpin
ofiyolitik karisiklart temsil eder ve bu birim
pre-Alpin sirasinda

ofiyolitlerinin  yerlesimi

olusmustur.  Paleotetisin  Tiirkiye'de ac¢ilma
ve kapanma yagslart ile polaritesi esas olarak
coziilememis bir konudur. Ancak, Istanbul Zonu
tistiinde gelismis olan yay istifleri ile Pontidler in
Ust Kretase yasta olan yay istiflerinin benzerligi
gozetildiginde, bu kenedin Ust Kretase éncesinde
tiimiiyle kapanmis olabilecegi, ve kimi pre-
Alpin ofiyolitlerin Ust Kretase sirasinda yeniden
aktarilarak giiniimiizdeki konumlarina yerlesmis
olabilecegi de gozardi edilmemelidir. Karakaya
kompleksi esas olarak Kuzey ve Kuzeydogu
Anadolu  Ofiyolit

almaktadir.

Kusagi’'nin  kuzeyinde yer

Ikinci grup kuzey ve giiney alt kusaklar
olmak iizere iki alt kusaga ayrilabilen Alpin
ofiyolitleri ve ofiyolitli karisiklart icermekte olup
Kuzey ve Kuzeydogu Anadolu Ofiyolit Kusag
(KAOK) ile temsil edilir. Bu kusaktaki ofiyolit
topluluklar daha giineyde yer alan Giiney ve
Anadolu  Ofiyolit
Toroslarin metamorfik olmayan géreli otoktonu

Giineydogu Kusagi indan

ile ayrilirlar ve bir biitiin olarak Neotetis’in kuzey
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koluna ait olabilirler. Kuzeyde yer alan alt kusagin
ofiyolit topluluklarinin Kuzey Anadolu Ofiyolit
kenedi ile iliskisi tartismaya yer vermeyecek kadar
agiktir. Ne varki giineyde yer alan alt kusaga ait
ofivolit topluluklarinin Kuzey Anadolu Ofiyolit
kenedi ile iliskisi tartismalidir. Bu nedenle kimi
arastirmacilar tarafindan bu ofiyolitlerin baska

siitiir zonlarina ait olabilecegi one siiriilmektedir.

Kuzeydeki alt kusak, Izmirden doguya
dogru sira ile Eskisehir, Ankara, Tokat-Sivas
arasi, Refahiye-Erzincan, Kop Dagi ve Oltu’dan
Kiiciik Kafkasya Ofiyolit Kusagi 'min Sevan-Akera
alt kusagina baglanir. Kuzey Anadolu’nun bu alt
kusagi, Neotetisin kuzey kolunu ve Tiirkiye 'nin
ana kenet kusagini dogrudan temsil eder. Bu
alt kusagin ofiyolitleri Mezozoyik yasta MORB
ve Jura- Geg¢ Kretase yas araliginda SSZ tiirde
ofiyolitik  dizilerle
Ofiyolitler genel olarak Ust Kretase yasta olan

parcalanmis temsil edilir.
ofivolitli karisiklarin i¢inde ya da daha giineyde
yer alan Toroslar’'in  metamorfik eslenikleri
(vani metamorfik masiflerin) iizerinde tektonik
dokanaklarla yer alirlar.

Marmaris
Hadim,
Aladaglar, Tecer-Divrigi, Erzurum, Kagizman
yorelerinde devam ederek Kiigiik Kafkas Ofiyolit
Kusagi’'min Vedi alt kusagina baglanir. Hinis

alt

yoresinden doguya dogru,

Giineydeki kusak,

swra ile

yoresindeki ve Van G6lii'niin kuzeydogusundaki
ofivolitik yiizeylemeler dahil Dogu Anadoluda
daginik olarak izlenebilen ofiyolitik yiizeylemeler,
KAOK toplulugunun giineyindeki alt kusagin en
giineyindeki uc iiriinleri olabilirler. Giiney alt
kusagimin  ofiyolitleri ve karisiklart  kayatiirii,
jeolojik yas ve jeo-tektonik ortam ag¢isindan
kuzey alt kusagin ofiyolitlerine ve karisiklarina
benzer ozellikler sunarlar. Ayrica bu toplulukiar,
Toros Platformu’nun iizerinde ilksel bir iligki
ile gelismis olistostromal bir diizeyin iizerinde
yer almaktadirlar. Dolayisiyla bu ofiyolitlerin,
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Neotetis'in kuzey kolunda yer alan ofiyolitlerin
tektonik olarak giineye tasinmasi sirasinda ¢okel
siireglerin de eslik ettigi bir aktariimanin iiriinleri
oldugu kabul edilmektedir.

Yapilan  ¢alismanmin  sonucu  olarak,
Neotetisin kuzey kolunun agilmasimun Tiirkiye nin
batisinda  Triyas'ta, dogusunda  Jurasik te
basladigi bir 6lgiide kabul edilebilir.  Ancak
Neotetisin  kuzey kolunun kapanmasimin Geg
Kretase’de basladigi ve Orta Eosen dncesinde

sona erdigi benimsenmektedir.

Uciincii grup Jura-Kretase ve Geg
Kretase yasta olan diizenli ofiyolitli dizileri ve
ofiyolitli karisiklar: iceren Giiney ve Giineydogu
Anadolu Ofiyolit Kusag1 (GAOK) ile temsil edilir.
Batida Antalya’dan baslayip doguya dogru, siraile
Mersin, Goksun, fspendere—Kdmiirhan, Guleman,
Kizildag, Gevas ve Cilo daglarinda yiizeylenen
birbirinden kopuk olan ofiyolitik masifler ve GD
Anadoluda yaygin olan Koc¢ali Karisigt GAOK 'un
tamimlanmig olan bilegenleridir. Bolgede egemen
olan ofiyolitli karisik, Jura-Kretase yasta olan
MORB ve Ust Kretase yasta olan SSZ tiirde
ofiyolitlerin yerlesmesi sirasinda olusmustur.

Giineyde ve Giineydogu Anadolu’da
Neotetisin giiney kolunun Permiyen sonu-Triyas
bast donemde agildigi, kapanmasinin ise Geg
Kretasede basladigi ve Geg¢ Miyosen dncesi
donemde sona erdigi kabul edilmektedir.

Ikinci ve iigiincii grup Alpin ofiyolitler

ve  karisiklar  birbirlerinden  Anadolu-Toros
Bloku’nun metamorfik olmayan ve goreli otokton
olarak izlenebilen ekseni ile ayrilirlar. Bu eksen
Giirtin ile Van Golii arasindaki bolgede geng
havza ¢okelleri nedeniyle izlenememektadir.
Van'in batisinda ve Iran’in batisinda (Iran
Platformu olarak bilinir) ise bu platforma ait baz
yiizeylemeler izlenebilmektedir. Ayrica, Anadolu-
Toros Bloku nun metamorfik olmayan ekseni,

yani genis anlamiyla Toros Platformu varligini

105

Alt Eosen’e kadar siirdiiriirken Alpin doneme ait
ofivolitlerin Jura Kretase, karisiklarin yagsi ise
Ust Kretase'dir. Dolayisiyla, Tiirkiye'de batidan
doguya kadar yer yer kesikli bir bi¢cimde de olsa
izlenebilen bu eksen Alpin ofiyolitleri ve karisiklar
(vani Neotetis’in kuzey kolu ile giiney koluna ait
ofiyolitik birimleri) ayiran en énemli bir esiktir.
Alpin  ofiyolitler genel olarak Jura-
Kretase sirasinda gelisen MORB ve SSZ tiirlerde
Ofiyolitli
karisiklarin yasi ise Ust Kretase'dir. Ayrica,

Jjeotektonik ortamlarin iiriiniidiirler.

Ust Kretase swrasinda Pontidler’in ve Toros
Platformu’nun giiney kenarvun da aktif yapilar
oldugu gozetildiginde, bu ofiyolitlerin ancak
kuzeye dalimli yitim zonlart boyunca yerlesmis
olabilecekleri one siiriilebilir.  Yani  ofiyolit
topluluklarvmin  aymi  yastaki MORB ve SSZ
tiirlerdeki ofiyolitleri birlikte icerdigi gozetilirse,
Neotetis’in her iki kolunun da , kuzeye daliml ¢ift
yitim zonlart boyunca olusan karisiga eslik ederek
yerlesmis olabilecegi one siiriilebilir. Neotetis’in
iki koluna ait ofiyolitlerin uzanimi ve bunlarin
yerlesimden sonraki yayitlimlarina bakildiginda,
bu iki kolun Tiirkiye'de degil, Iran’da birlesmis
olabilecegi kabul edilebilir.

Tektonik  unsurlarin  egemen oldugu

karisiklar, agwrliklt olarak Alpin kenetlerine
yakin yerlerde, olistostromal karisiklar ise kenet
kusaklarinin kuzey ya da giiney kesimlerinde yer
alirlar. Ornegin Toros Platformu nun metamorfik
olmayan eksenine, yani goreli otoktona yakin olan
yerlerde olistostromal karisiklar ve aktarilmis olan
ofivolitler egemendir. Buna gére, Alpin ofiyolitik
birimlerin yerlesme mekanizmasi, sz konusu
kenet kusaklar:t boyunca kimi yerlerde kuzeye ve
giineye bakan bindirmelerin varligi gozetildiginde
bir cicek yapisuim gésterir. Ancak daha sonra
gelisen deformasyona ve erozyona iligkin siiregler
nedeniyle giiniimiizde bu ¢icek yapisimin tiimiinii
gormek miimkiin degildir.
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