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ABSTRACT: The Turkish orogenic collage can be divided into a number of Alpine tectono-stratigraphic 

units or terranes, which were formed in a wide range of tectonic settings, including active and passive 

continental margins, rifts, arc and suture complexes, related to the opening and closure of various 

Neotethyan oceanic branches. On the other hand, vestiges of former orogenic events such as Pan-

African/Cadomian, Variscan and Cimmerian are represented by disrupted/metamorphosed tectono-

stratigraphic units within the Alpine terranes.  

In this brief review, the lithologies and tectonic relations of the Alpine and pre-Alpine terranes will 

be summarized and their tectonic evolution discussed. 
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INTRODUCTION 

 
All along its geological past Turkey has been located between the two mega-continents: 

Gondwana to the south and Laurasia to the north. It is generally accepted that numerous 

continental fragments belonging to one of these mega-continents were rifted off from the main 

body and amalgamated to the next, so that the Anatolian realm is made of several oceanic and 

continental “terranes” with different geological features. The last main orogenic event, the Alpine 

orogeny, related to the closure of various Neotethyan branches directly controls the present 

distribution of these terranes (Fig. 1).  

In this review, the Pan-African/Cadomian, Variscan and Palaeotethyan terranes that occur as 

tectonic inliers within the Alpine terranes will be described and their Alpine evolution will be 

discussed. The aim of this review is to summarize briefly the processes and the products of the 

very complex Alpine events, excluding the Neotectonic period. It includes many over-

simplifications for the sake of better-understanding of the very complex geology of the Turkish 

area.  This review is based on the published and unpublished data of the author as well as 

findings and interpretations of many Turkish earth-scientists working on this subject.  

 

 

Figure 1- Distribution of the main Alpine terranes in Turkey (after Göncüoğlu et al, 1997) 
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CLASSIFICATION OF THE TECTONIC UNITS 

 
The following classification of the Turkish terranes will be mainly based on the Alpine period, the 

most prominent orogenic event. It finally controlled the paleo-geographical distribution of the pre-

Alpine tectonic units and also changed their initial features. From S to N the Alpine terranes are: 

the Arabian Plate, the northern edge of the Gondwanan Arabian-Libyan Platform; the SE 

Anatolian Ophiolite Belt, remnants of the southern branch of Neotethys; the Tauride-Anatolide 

Composite Terrane, an Alpine microcontinent; North Anatolian Ophiolite Belt, representing the 

allochthonous oceanic assemblages and subduction-accretion complex of the Neotethyan Izmir-

Ankara-Erzincan Ocean; Sakarya Composite Terrane, another Alpine microcontinent; Intra-

Pontide Ophiolite Belt, remnants of a small branch of the Izmir-Ankara-Erzincan Ocean; 

Istanbul-Zonguldak Terrane another composite terrane of continental crust origin and Istranca 

Unit, a suspect terrane of Laurasian affinity (Fig. 2). 

 

 

 

Figure 2- Generalized columnar sections of the Alpine terranes in Turkey (after Göncüoğlu et al, 1997) 
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PRE-ALPINE AND ALPINE TECTONIC UNITS OF TURKEY 

 

1- The Arabian Plate and the SE Anatolian Autochthon 

The Arabian plate in southeast Anatolia comprises two main Alpine tectonic zones: Southeast 

Anatolian Autochthon and Bitlis Zone, representing the sliced and metamorphosed northern 

edge of the former. 

 

A- Southeast Anatolian Zone (SAZ): 

This unit is the northern promontory of the Arabian Platform, which mainly consists of a pan-

African basement and its Paleozoic-Tertiary cover (Sungurlu, 1974). 

SAZ is separated from the northerly located Bitlis Unit by an active thrust zone, known as “SE 

Anatolian Fold and Thrust Belt”, which can be traced south-eastward for hundreds of km’s 

(Zagros Fold and Thrust Belt).  

The pre-Cambrian metamorphic basement of SAZ is locally observed in SE Anatolia (Ketin, 

1964, 1966). It includes andesitic and rhyolitic lavas and pyroclastics with bimodal chemistry, 

alternating with fluvial-deltaic type red clastic rocks and mudstones (Fig. 3).  

 

 

Figure 3- Composite stratigraphic section of the rock-units in the SE Anatolian Autochthon . 
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This rift-related basement complex is transgressively overlain by quartz-arenites that grade into 

shelf type carbonates and nodular limestones of Middle Cambrian age (Schmidt, 1966; 

Sungurlu, 1974; Dean, 1975, 2006; Demircan and Gürsu, 2009). They are followed by a thick 

package of Ordovician siliciclastic rocks. During Early Silurian a regional depositional break 

occurred in the region. The Late Silurian-Late Devonian deposition began unconformably with 

continental clastics and restricted marine sediments, followed by tidal-dominated clastics and 

terminated with regressive (fluvial) sediments in the central part of SE Anatolia. In the eastern 

areas, however, the Ordovician clastics are overlain by coastal to shallow marine sediments of 

Late Devonian-Early Carboniferous age (Perincek et al, 1991). A regional depositional break of 

Late Carboniferous-Early Permian age indicates to an important uplifting event, which is very 

probably related to the Variscan events in the northern terranes.  

Late Permian shelf-type carbonate deposits are transitional to Triassic shallow marine 

sediments, indicating to the stabilization of the platform conditions in the northern margin of 

Gondwanaland during Late Paleozoic. 

The Alpine cycle in SAZ has started with the Late Permian-Middle Triassic rifting (Altiner, 1989) 

and opening of the “Southern Branch of Neotethys (Sengör and Yilmaz, 1981)” between Arabian 

and the Tauride Platforms. The deposition up to the Early Cretaceous is characterized by 

platform carbonates on SAZ. During Late Cretaceous a change to foreland deposition and arrival 

of northerly derived ophiolitic nappes are recorded. Eocene bimodal volcanism (Erler, 1984), 

related to the opening and southward propagation of foreland basins and deformation of foreland 

sediments are following events. 

Overstep sequences in SAZ are represented by upper Maastrichtian-lower Miocene shallow 

marine sediments. During late Early Miocene the second set of allochthons were emplaced onto 

the SAZ due to ongoing N-ward movement of the Arabian Plate. The boundary between the SAZ 

and the Tauride-Anatolide Platform in the N is an active thrust zone.  

 

B- Bitlis Zone (BZ): 

BZ consists of a large number of S-verging slices of metamorphic and sedimentary rocks. It 

represents the northernmost edge of the Arabian Platform, which has been deformed and 

metamorphosed during the Alpine closure of the Southern Branch of Neotethys (Göncüoğlu and 

Turhan, 1984). 

BZ is composed of post-Eocene imbricated tectonic slivers. The primary contact to the northern 

terrane, SE Anatolian Ophiolite Belt, is a thrust zone. Towards west BZ is bounded by the East 

Anatolian Fault, a major left-lateral strike-slip fault in SE Anatolia. 
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The basement rocks of the BZ comprise various para- and orthogneisses, migmatites, 

amphibolites and micaschists (Fig. 4). Bands and lenses of kyanite-eclogites are found as minor 

intercalations within the gneisses (Okay et al, 1985). 

Petrographic data indicate to a plurifacial HT/HP event in the basement (Göncüoğlu and Turhan, 

1984). The pre-Early Paleozoic age of the metamorphism in the basement is clearly documented 

by the presence of HT/HP metamorphic clasts in the basal micro-conglomerates of the Early 

Paleozoic cover. Rb/Sr isochrone ages about 450my from the basement (Helvacı and Griffin, 

1984) confirm the geological data.  

The basement is unconformably overlain by a low grade metamorphic sequence of Early–Middle 

Paleozoic age, where Givetian-Frasnian fauna could be documented in the recrystallized 

limestones (Göncüoğlu and Turhan, 1984). This lower part of the sequence is followed by 

olistostromal felsic metavolcanic/volcanoclastic rocks with the blocks of recrystallized limestones 

and intruded by granitoids of Carboniferous age (Göncüoğlu, 1984). Permian-Early Triassic 

platformal carbonates unconformably cover these rocks. The regional Permian unconformity and 

the presence of Carboniferous granitoids strongly suggest a Variscan event in BZ.    

In BZ, the initiation of the Alpine cycle is characterized by the Middle Triassic metavolcanic and -

volcanoclastics, which are related to the rifting and opening of the “Southern Branch of 

Neotethys”. These volcanic rocks are conformably overlain by a condensed series, mainly 

consisting of metapelites interlayered with basic metavolcanic, metachert and metatuffs of Late 

Triassic-Early Cretaceous age. 

This sequence is interpreted as the northern slope deposits of the Arabian passive margin. 

Ophiolites and ophiolitic olistostromes of Late Cretaceous age are observed as thrust sheets on 

the metamorphics. The clastics of the Alpine cover sequence contain metamorphic mineral 

assemblages that indicate to an Alpine low-grade metamorphic event. This Alpine overprint is 

also documented by radiometric age data (Yazgan, 1984). 

Overstep sequences in BZ are represented by Middle Eocene shallow marine sediments. During 

the Early Miocene the BZ is imbricated and emplaced on the foreland deposits of the SAZ. 

Equivalents of Bitlis Terrane occur as metamorphic inliers within the Sanandaj-Sirjan Zone of the 

Zagros Belt. 

 

2- Southeast Anatolian Suture Belt (SASB) 

The Southeast Anatolian Suture Belt is composed of different imbricated structural units 

representing oceanic and island-arc assemblages of the Southern Branch of Neotethys. 
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Southeast Anatolian Suture Belt is separated from the northern Tauride-Anatolide Terrane by 

pre-Maastrichtian S-verging thrusts, which were reactivated during Late Tertiary. I-type 

calcalkaline plutonic bodies (Baskil Magmatic Arc, Yazgan and Chessex, 1991) of Late 

Cretaceous age, created by the northward subduction of the Southern Branch of Neotethys at 

the southern active margin of the Tauride-Anatolide Platform (Malatya-Keban Metamorphics) 

represent the lowermost tectonic sliver of this terrane. 

 

 

Figure 4- Generalized columnar section of the Bitlis Massif (Göncüoğlu and Turhan, 1984). 
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In the tectonic slivers with almost complete ophiolitic sequences (e.g. Guleman Ophiolites, Fig. 

5), the relative abundance of peridotites versus lherzolites, abundance of podiform chromites 

and plagiogranites and a depleted mantle composition are the striking features indicating to a 

supra-subduction setting (Beyarslan and Bingöl, 2000; Robertson, 2002; Parlak et al, 2002, 

2004; Bağcı et al, 2005).  

Further ophiolites/meta-ophiolitic slivers intruded by dioritic-granodioritic bodies of Late 

Cretaceous age (Kömürhan Metaophiolites; Yazgan and Chessex, 1991) and its volcanic cover 

(Yüksekova Complex; Perincek and Kozlu, 1984) are interpreted as ensimatic arc complexes 

(Yilmaz, 1993). Slices of HP/LT metamorphosed basalts are reported from the eastern part of 

the belt (Göncüoğlu and Turhan, 1984). The paleontological data from the pelagic sediments of 

the epi-ophiolitic rocks suggest that the age of the ophiolitic unit is Jurassic-Late Cretaceous. 

The Kızıldağ Ophiolite in Hatay and Guleman Ophiolite in Diyarbakir are the best examples of 

the allochthonous ophiolitic bodies in this belt. The former forms a more or less complete 

ophiolite succession (Tekeli and Erendil, 1986; Dilek and Thy, 2006) and displays, together with 

several other ophiolitic complexes of the Southeast Anatolian Ophiolite Belt supra-subduction 

zone type tectonic setting and can be correlated with the Zagros and Oman Ophiolites in the 

east and the Troodos Massif in Cyprus. 

 

 

Figure 5- Generalized columnar sections of the ophiolitic members of the SE Anatolian Suture Belt (Özkan 

and Öztunalı, 1984; Robertson, 2002)  
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3- Tauride-Anatolide Unit (TAU) 

 

The Tauride-Anatolide Unit represents the continental platform between the Neotethyan Izmir-

Ankara-Erzincan Ocean to the north and the Southern Branch of Neotethys to the south. It 

comprises three groups of structural units. From south to north these are the Taurides (sensu 

strictu) a package of mainly non-metamorphic nappes, Anatolides representing the metamorphic 

central part and the Kütahya-Bolkardağ Belt, representing the northern margin of the platform.   

 

A- Taurides  

Taurides (sensu strictu) or the Tauride Belt is represented by a Neoproterozoic basement (e.g. 

Gürsu et al, 2004) and its non-metamorphic Paleozoic-Mesozoic cover made of platformal 

sediments. The Late Cretaceous closure of the northern and southern branches of Neotethys 

gave way to a double-verging napped structure, which consists of a number of tectono-

stratigraphic units with distinctive stratigraphic and structural features characterizing different 

depositional environments of the platform. Based on the palinspastic reconstruction and 

interpretation of Özgül (1976, 1984) these units are arranged from north to south as: Bozkır Unit, 

Bolkar Dağı Unit, Aladag Unit, Geyik Dağı Unit, Antalya Unit and Alanya Unit (Fig. 6). 

The initial thrusting of ophiolitic nappes and marginal sequences onto the Tauride platform has 

started during the Early Eocene. In Mid-Miocene the entire nappe-pile has been re-thrust on the 

Late Tertiary cover (Fig. 6).  

The stratigraphy of the single tectonostratigraphic units of the Tauride unit is given in Figure 7 a 

and b. 

In brief; outcrops of slightly metamorphosed Precambrian rocks are reported from different parts 

of the Taurides (Gürsu and Göncüoğlu, 2006). The relatively well-studied areas are located in 

Sandıklı Area, Anamur-Silifke region in Central Taurides and Feke Area in Eastern Taurides 

(Kozlu and Göncüoğlu, 1997; Özgül and Kozlu, 2002; Göncüoğlu et al, 2007). The basement in 

these localities comprises metaclastic rocks (slates, conglomerates and greywackes), 

stromatolithic limestones and lydites together with meta-rhyolites and quartz-porphyries. Early 

Cambrian red clastics with trace fossils (Erdogan et al, 2004) overlie the basement with a gentle 

unconformity. On the basis of clay mineral studies Bozkaya et al (2006) suggest that the 

metamorphism was realized at very low grade conditions. In Sandikli area highly sheared and 

mylonitized porphyroids yielded xenocryst single zircon ages about 550 my (Kröner and Sengör, 



 12 

1990, Gürsu et al, 2006) which suggests that the age of the metamorphic/deformational event is 

pan-African/Cadomian.  

The platform-type deposition in Paleozoic sequences of the Taurides varies in different 

tectonostratigraphic units, especially in those in the north (Göncüoğlu et al, 2004 a). However, in 

general terms it can be correlated with the Southeast Anatolian Paleozoic sequences, thus  

 

Figure 6- Original position and geodynamic evolution of the main tectonostratigraphic units of the Taurides 

within the Tauride-Anatolide Platform in Central Taurides (Özgül, 1984). 
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Figure 7a- Generalized stratigraphy of the Geyik Dağı tectono-stratigraphic unit in the Taurides (after 

Özgül, 1984). 

 

indicating that Taurides and the Southeast Anatolian Zone formed together the northern part of a 

huge platform contiguous to the Gondwanaland, supported by the presence of Hirnantian glacial 

deposits (Monod et al, 2003). In Figure 8 the generalized columnar sections of the Paleozoic 

rock-units in the Taurides are presented for correlation. The main differences in this correlation 

chart are between the Paleozoic units in the northern part (Bolkardağ Unit and/or Kütahya 

Bolkardağ Belt) and the Geyikdağı Unit. In the former, the Silurian rocks reflect a basin-type 

deposition with oceanic basalts, whereas the Early Carboniferous is characterized by the 

development of flysch-type sediments. The absence of Late Paleozoic sediments, an important 

regional unconformity during Early Late Permian and the presence of Carboniferous pyroclastics 

in the northern tectonostratigraphic units in the Aladag Unit, on the other hand suggests a Late 

Paleozoic event to the north of the Tauride Platform (Göncüoğlu et al, 2007).  
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Figure 7b- Generalized stratigraphy of the Bozkır, Bolkar, Aladağ, Antalya and Alanya tectonostratigraphic 

units in the Taurides (after Özgül, 1984). 

 

The Permian sequence represented by epicontinental carbonates is followed in the south and 

north of the platform by rift related Early-Middle Triassic sediments and volcanics which indicate 

to the opening of Neotethyan basins and thus the beginning of the Alpine cycle. The Bozkır unit, 

consisting of Triassic-Cretaceous pelagic sediments interlayered with basic volcanics and slices 

of ophiolites, which are interpreted as oceanic crust-starved slope-margin sequences. This unit 

is observed as a nappe-pile on the platformal carbonates of the Taurides. Bozkır Unit, however, 

is interpreted as allochthonous assemblages of the Izmir-Ankara Ocean, which have been 

tectonically transported ca 300km toward south, passing on the internal platform units such as 

Kütahya-Bolkardağ and Menderes. 

Middle Triassic-Early Cretaceous time interval in the central part of the platform was dominated 

by neritic carbonates, while in the northernmost margin, facing the Izmir-Ankara-Erzincan Ocean 
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pelagic conditions continued. During the Senonian the oceanic basins to the south and north of 

the platform started to close. Ophiolitic as well as marginal sequences were thrust from north 

onto the more external parts of the platform, the resulting crustal thickening generated a 

metamorphic zone (Menderes and Kütahya-Bolkardağ units) to the north of it. The arrival of 

these external nappes onto the Taurides is Early Eocene. 

The oldest lithologies of the overstep sequences in the Central Taurides is Lutetian in age 

(Özgül, 1976). The final re-thrusting of basement nappes in Western Taurides, however, is 

Middle Miocene. 

 

 

Figure 8- Generalized stratigraphic columnar sections of the Paleozoic rocks in the Tauride units 

(Göncüoğlu and Kozlu, 2000 and Göncüoğlu et al, 2004a). 
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B- Anatolides: 

Anatolides represent the metamorphic northern margin of the Tauride-Anatolide Platform, 

separated from the Sakarya Composite Terrane by the Neotethyan Izmir-Ankara Suture. 

Anatolides consist of two huge crystalline complexes: the Menderes Massif to the west and the 

Central Anatolian Crystalline Complex to the east (Fig. 9). Kütahya-Bolkardağ Belt (KBB) 

represents the northern and HP/LT metamorphic peripheral belt of the Menderes Massif and 

also corresponds to the allochthonous units such as Bozkır and Bolkar Dag Unit of Özgül (1976) 

which are observed as nappes on the northern flank of the Taurides. 

 

Figure 9- Distribution of the Tauride-Anatolide Unit in Turkey (after Göncüoğlu et al, 1997) 

 

 a- Menderes Massif (MM): This metamorphic core-complex forms the western nuclei of 

the Anatolides. Its petrographic features have been relatively well studied (for a brief review see 

Dora et al, 1991). The Menderes Massif comprises of a pre-Alpine "gneissic core" and an Alpine 

"schist and marble envelope" (Fig. 10). 

The northern boundary of MM is rather a tectonic zone, where less metamorphosed slices of 

Kütahya-Bolkardağ unit are thrust onto the former.  

The core of the MM consists, in ascending order of migmatites, para- and orthogneisses 

(leptites), amphibolites, granulites and eclogites (Oberhansli et al, 1997; Candan et al, 2001). It 

is generally accepted that the "core" of the MM was affected at least by two progressive 

metamorphic events. Sengör et al (1984b) suggests a depositional age of 680my for the 
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protoliths of the "core"-gneisses. The first metamorphic event in the partially melted gneisses, 

evidenced by an Rb/Sr whole rock isochrone age of 500my is regarded by the same authors as 

the age of the pan-African high-grade metamorphism. Dora et al (1991) confirm this data by 

additional Rb/Sr data. This event has probably led to the formation of the anatectic granitoids, 

which yield an Rb/Sr whole rock isochron age of 470my (Sengör et al, 1984b). 

 

Figure 10.  Generalized columnar section of the Menders Massif (Dora et al, 1991).  
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Recent work (Candan, 1994) suggests the presence of relict granulitic and eclogitic 

metamorphisms of pan-African age in the core series, thus suggesting a complex pan-African 

history. 

The core is unconformably covered by the schist unit, which starts with metaconglomerates and 

consists mainly of kyanite+staurolite+garnet schists and garnet+mica schists with minor 

intercalations of metaquartzites and garnet amphibolites. Calc-schist and phyllite interlayers 

increase towards the top of the unit. Based on sparse paleontological data Konak et al (1987) 

suggest a Paleozoic age for this sequence. A post-pan-African/pre-Alpine metamorphic event 

accompanied by granite intrusions during Late Paleozoic in northern Menderes is suggested by 

Sengör et al (1984b).  

The schist unit is conformably overlain by platform type marbles, calc-schists and dolomitic 

marbles of Mesozoic age. A conformable sequence represented by thin-bedded red marbles of 

Paleogene age forms the uppermost part of the Unit (Dora et al, 1991). The age of the Alpine 

main metamorphic event (Paleocene-Late Eocene) is documented by paleontological and 

geochronological data (Sengor et al, 1984a). 

Recent work suggests that Menderes Unit has been effected by extensional tectonic and 

represents a Miocene “core-complex” (Bozkurt et al, 1993; Bozkurt and Oberhansli, 2001; Ring 

and Collins, 2005, Çemen et al, 2005). The E-W trending graben-structures in the massif 

indicate an ongoing extension in the eastern Aegean. 

 

b- Central Anatolian Crystalline Complex (CACC): This unit forms the eastern 

continuation of the Anatolides. It has been separated from the main trunk of the Anatolides by 

the Tertiary Tuz Gölü Basin. CACC is bounded to the north by ophiolitic slivers of the Izmir-

Ankara Suture Belt. Its southern boundary is covered by Tertiary sediments of Tuz Gölü, 

Ulukışla and Sivas Basins. 

The lowermost unit of CACC is composed of sillimanite- cordierite bearing gneisses, pyroxene 

gneisses, micaschists, amphibolites, bands and lenses of marbles/calc-silicate marbles and 

migmatites (Fig.11). The zircon and sphene ages (Göncüoğlu, 1982; Köksal et al, 2004, 2007, 

2008) from S-type granitoids suggests a Precambrian basement of Gondwanan origin.  

A thick quartzitic band, probably representing a post- Pan-African transgression, is followed by 

an alternation of marbles, sillimanite gneisses, amphibolites, calc-silicate amphibolites and 

quartzites (Göncüoğlu, 1986). The amphibolites are originated from alkaline basalts, ascribed to 

the Triassic rifting event (Floyd et al, 2000). 
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Figure 11- Generalized columnar section of the metamorphic rocks of CACC (Göncüoğlu et al, 1992b). 
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The upper unit of CACC consists of a thick sequence of marbles passing upwards into cherty 

marbles and finally into cherts and amphibole schists. Correlating these carbonates with those in 

Kütahya-Bolkardağ Belt, Göncüoğlu et al (1992b) suggests a Triassic-Early Cretaceous age for 

this very thick carbonate unit in the upper part of the metamorphic sequence. As it is the case in 

most Tauride-Anatolide units the upper part of the carbonate succession is characterized by 

slope- to basin-type sediments and followed by an ophiolite bearing meta-olistostrome and 

finally by disrupted supra-subduction zone-type ophiolites of Late Cretaceous age (Yaliniz et al, 

1996; 2000; Yaliniz and Göncüoğlu, 1998). The metamorphics as well as the ophiolites are 

intruded by post metamorphic collision-type granitoides (Göncüoğlu and Türeli, 1994; Akıman et 

al, 1993; Boztug, 1998, 2000). 

The Alpine metamorphism is supported by zircon, Rb/Sr and K/Ar mineral ages, which range 

between 74 and 78my (Göncüoğlu, 1982, 1986; Whitney et al, 2003). Non-metamorphic Upper 

Maastrichtian-Paleocene clastics unconformably overlie the CACC. Eocene marine deposits are 

formed along E-W trending transtensional basins, whereas Late Tertiary is characterized by 

fluvial and lagoonal sediments, which were affected by Neogene tectonics (Dirik and Göncüoğlu, 

1996; Dirik et al, 1999; Ocakoğlu, 2004).  

It is suggested that the pre-metamorphic stratigraphy of CACC correlate well with the Anatolide 

units and that CACC had been part of the Tauride-Anatolide Platform during the Alpine period. 

The southward emplacement of the ophiolitic nappes and related crustal thickening during the 

closure of the Izmir-Ankara-Erzincan branch of Neotethys has been the cause of the high-grade 

metamorphism in CACC units. The main difference from the MT is that the ophiolite 

emplacement, crustal thickening and thus the metamorphism were earlier than the former but 

coeval with the KBB.  

  

c- Kütahya-Bolkadag Belt (KBB): This unit represents the northernmost edge of the 

north-facing passive margin of the Tauride-Anatolide Platform. KBB constitutes a number of 

tectonic slices that belong to a- subducted and accreted rocks of the Izmir-Ankara oceanic 

lithosphere and the subduction-accretion prism, b- subducted and variably metamorphosed 

slope sediments of the Tauride-Anatolide platform, c- flysch-type deposits formed in fore-land 

basins on the platform, in front of nappes. The relatively northern units with distinct HP/LT 

metamorphism were ascribed by Okay (1985) to a separate belt (Tavşanlı Zone), whereas the 

southern ones lacking HP/LT metamorphism were named as the Afyon Zone. 

The reconstructed stratigraphy of the KBB in its lower part comprises metasediments (mainly 

sandstones) alternating with felsic-intermediate meta-volcanics and volcanoclastics, black slates 
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and lydites intruded by granites. Radiometric age data suggests a Late Neoproterozoic age for 

this part of the sequence (Gürsu and Göncüoğlu, 2008). This Precambrian basement is 

unconformably overlain by quartzites, sandstones and slates with a few recrystallized limestone 

sequences. In the Konya region, a thick carbonate succession with Devonian fossils is overlain 

by a sedimentary mélange with various blocks of Silurian, Devonian and Early Carboniferous 

limestones associated with bimodal volcanic rocks that were attributed to the Early 

Carboniferous back-arc deposition on the northern margin of the Tauride-Anatolide platform. 

(Özcan et al, 1989; Göncüoğlu et al, 2003a, 2007).  

The Paleozoic rocks of the KBB are transgressively overlain by micro-conglomerates, quartzites 

and recrystallized limestones of Late Permian (Figures 12, 14). Rift related continental red 

clastics of Early Triassic age representing the opening of the Alpine Izmir-Ankara-Erzincan 

Ocean and thus, the separation of the Tauride-Anatolide Platform from the Sakarya Terrane, 

unconformably cover the Paleozoic basement (Göncüoğlu et al, 2003a). 

 

 

Figure 12- Generalized columnar section of the Paleozoic and Early Mesozoic rocks of the KBB 

(Göncüoğlu et al, 2003a) 
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The Middle Triassic-Early Cretaceous deposition is characterized by continuous platform-type 

carbonates, which is followed by pelagic micrites and radiolarian cherts indicating a deepening 

and transition to slope and basin conditions. This transition commences in some tectonic slivers 

already in Late Jurassic or Early Cretaceous. Late Maastrichtian fossils were found in the lower 

part of flyschoidal foreland deposits, represented by sedimentary mélanges and olistostromes 

with huge ophiolite, blueschist and neritic limestone blocks. Oceanic lithosphere   of the Izmir-

Ankara Ocean is observed as pieces of a discontinuous nappe on this mélange (Göncüoğlu et 

al, 2006 b). Upper Paleocene sediments in KBB represent the post-tectonic cover (Göncüoğlu et 

al, 1992a). We suggest that KBB was imbricated during Late Cretaceous and the oceanic, and 

subducted margin successions were emplaced first onto Menderes and subsequently as huge 

nappes onto the Taurides in further S during Middle Eocene. 

Detailed work in the KBB (for a brief review see Göncüoğlu, 2007) has shown that the 

stratigraphy of the northern “Tavşanlı Zone” and the southern “Afyon Zone” is very similar 

(Figure 13). Moreover, HP/LT metamorphism, although variable, can be observed in both units. 

Hence a subdivision into two units is not justified.  

 

Figure 13- Stratigraphy of the Tavşanlı-type HP/LT platform and melange-complexes in Konya area (Floyd 

et al, 2003)  
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The well-developed HP/LT metamorphism of Alpine age (Okay, 1980; Kulaksız and Phillips, 

1985; Okay and Kelley, 1994a) in this zone is attributed to the subduction of the passive margin 

sediments prior to the collision of the Tauride-Anatolide platform with the Sakarya Terrane 

(Okay, 1985, Floyd et al, 2003). 

 

4- North Anatolian Ophiolite Belt (NAOB) 

The North Anatolian Ophiolite Belt represents allochthonous assemblages of the Neotethyan 

Izmir-Ankara-Erzincan Ocean, which were emplaced southward onto the Tauride-Anatolide 

Platform during Late Cretaceous. The units of Sakarya Composite Terrane tectonically overlie 

the ophiolites in NW Anatolia. In Central and East Anatolia, the ophiolites are thrust along steep 

basement-thrusts onto Tertiary basins (e.g. Çemen et al, 1999). 

NAOB consists of huge bodies of almost complete ophiolitic sequences (Fig. 14) and tectonic 

mélanges of the Izmir-Ankara accretionary complex (Göncüoğlu et al, 1997; Okay and Tüysüz, 

1999; Robertson, 2002)   

 

 

Figure 14- Rock units and structural relationships of the NA Ophiolitic units in the Central Sakarya area 

(Göncüoğlu et al, 2000a).  
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The ophiolites display characteristic geochemical features of MORB, OIB and supra-subduction 

zone-type ophiolites including island arc basalts, fore-arc and back-arc basalts (Göncüoğlu and 

Türeli, 1993; Yalınız et al, 2000; Göncüoğlu et al, 2006a, b). These ophiolitic units and the 

mélanges are transported for more than a hundred meters towards south onto the Tauride-

Anatolide Platform and are observed as allochthonous units.  

The suture zone in situ is only observed in a Central Sakarya area, where Göncüoğlu et al 

(2000a) studied the structural relations and the internal stratigraphy of the allochthonous units in 

detail (Fig. 14 and 15). However, the allochthonous bodies of the mélange complexes were 

studied in detail in Bornova (Aldanmaz et al, 2008 and the references therein), Ankara (Ankara 

mélange, the classical work of Bailey and McCallien, (1954 in Sengör, 2003), and Sivas areas 

(Yilmaz, 1980).   

 

Figure 15- Correlation of the generalized columnar sections of the Izmir-Ankara Suture Belt with the 

Anatolides (Tekin and Göncüoğlu, 2007). Explanations: 1-platform carbonates, 2- slope-basin deposits, 3- 

continental clastics, 4- mudstone, 5- olistostromal deposits, 6-chert-mudstone alternations, 7- sandstone-

mudstone-chert, 8- pillow-lava.  
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A well-documented blueschist metamorphism is recorded from the mafic volcanic blocks and 

slivers within the mélange (Okay et al, 1998). The peak metamorphic conditions (20 Kb/430o C; 

70 km subduction) are recorded in continental margin slivers of the Tauride-Anatolide platform, 

whereas melange blocks were subducted not deeper then 30 km (Okay and Kelley, 2007)  

Pelagic limestones and radiolarites associated with pillow-lavas in the mélange yielded 

(Göncüoğlu et al, 2006a) formation ages that range from mid Triassic to Late Early Cretaceous 

(Fig. 16).  

 

 

Figure16- Age of the radiolarian cherts within the mélange complexes of the Izmir-Ankara Suture Belt 

(after Göncüoğlu et al, 2006b) 
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The geochemistry of the pillow-basalts within the melange shows the presence of MORB, OIB, 

and supra-subduction-type (island arc, fore-and back-arc type volcanics, e.g. Gökten and Floyd, 

2007; Aldanmaz et al, 2008) volcanic rocks indicating a complex oceanic lithosphere- formation 

(Fig.17)  The earliest ages of MORB are Carnian and the youngest ones are Cenomanian 

suggesting that the formation of Izmir-Ankara oceanic crust started as early as Middle Triassic 

(Fig. 16) and lasted until Late Cretaceous (Göncüoğlu et al, 2000a; Tekin et al, 2002). The 

presence of middle Cretaceous SSZ type ophiolites (Yaliniz et al, 2000, Göncüoğlu et al, 2006 a, 

b) together with radiometric ages around Albian-Campanian (Önen, 2003; Önen and Hall, 1993) 

indicate that its closure started along an N-directed intra-oceanic subduction (Fig. 18). The final 

closure, however, must have realized by formation of another subduction (e.g. Bektaş, 1983) 

beneath the northerly Sakarya continent during the end of Cretaceous, generating a marginal 

arc (Late Mesozoic-Tertiary Pontide Magmatic Arc). By this, the subduction/accretion complexes 

together with the pieces of the Izmir-Ankara oceanic lithosphere thrust towards S, onto of the 

Tauride-Anatolide Platform.    

 

 

Figure 17- Geochemical features of the pillow-basalts in Bornova Melange of the Izmir-Ankara Suture 

(Aldanmaz et al, 2008) 
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Figure 18- Geodynamic scenario for the closure of the Izmir-Ankara branch of Neotethys (after Yalınız et 

al, 2000) 

 

5- Sakarya Composite Terrane 

Sakarya Composite Terrane is an Alpine unit, which is bounded by the Izmir-Ankara Suture to 

the south and the Intra-Pontide Suture to the north. It is a 100-200km wide east-west trending 

belt covering almost the entire northern Anatolia (Fig. 19). It is considered as a composite 

terrane (Göncüoğlu et al, 1997) as it comprises several pre- Alpine terranes in its basement as 

tectonic assemblages presenting completely different geological histories. These 
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tectonostratigraphic units represent pieces of Variscan and Cimmerian continental as well as 

oceanic assemblages. The lower part of the overstep sequence is Early Jurassic in age, 

followed by a more or less continuous succession of Jurassic-Cretaceous platform sediments. 

From Late Cretaceous onward, slope-type sediments dominate, which in turn were covered by 

flysch-type deposits with ophiolitic blocks, derived from the northerly Intra-Pontide Ocean. 

 

 

Figure 19- Distribution of the rock-units of the Sakarya Composite terrane and the Intra-Pontide and Izmir-

Ankara Erzincan suture belts.   

 

 A- Pre-Jurassic assemblages 

The pre-Jurassic basement of the Sakarya Composite Terrane comprises Variscan massifs and 

the Cimmerian Karakaya Complex with Küre-Yusufeli ophiolites.  

 

a- Variscan Terranes  

They are represented by metamorphic massifs such as Kazdağ, Uludağ, Sögüt, Devrekani, 

Pulur and Harsdere massifs that occur as tectonic inlayers within the Sakarya Composite 

Terrane in N Anatolia. They comprise ortho- and paragneisses, amphibolites and marbles (Okay 

et al, 2006a).  They are associated with metamorphic mafic and ultramafic rocks resembling 

ophiolites (e.g. Kazdağ: Bingöl et al, 1975; Duru et al, 2004; Pulur: Topuz et al, 2004). The age 

of the sedimentary protoliths are unknown, however the high-grade metamorphism in 

amphibolite to granulite facies is Late Carboniferous in age. The Variscan terranes are 

characterized by Late Carboniferous to Early Permian calk-alkaline magmatism, ascribed to the 
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arc-magmatism during the closure of the Variscan Ocean (Göncüoğlu, 1989).  The oldest post 

orogenic –in regard to Variscan - cover rocks are latest Carboniferous in the NE Anatolia and 

Early Permian in the West. The Permian platform carbonates are covered by rift-related 

sediments of Triassic age (Turhan et al, 2004).  They are also frequently observed as olistoliths 

in the Triassic Karakaya Complex (e.g. Bingöl et al, 1975).        

b- Cimmerian Terranes 

Karakaya Complex, and several volcanic-volcanosedimentary units in it were collectively 

identified as a subduction/ accretion complex (Tekeli, 1981; Sengör et al, 1984a; Tüysüz and 

Yigitbas, 1994). It is still the most debated geological unit in N Anatolia. Recently, Okay and 

Göncüoğlu (2004a) reviewed the available data and proposed the following subunits: i- HP/LT 

metamorphic assemblages including metabasic rocks and sediments of oceanic origin, ii- 

Hawaii-type oceanic islands and their platform and slope sediments, iii- flysch-type sediments 

with Paleozoic neritic limestone blocks, iv- dismembered ophiolites.  

The HP/LT metabasic rocks include the “Nilüfer Volcanics” (Okay, 1986; Okay et al, 1991) 

shown on Figure 20. Their formation age is not known. The unit is metamorphosed in high-

pressure greenschist-facies conditions, however, in several localities in the Sakarya Composite 

Terrane tectonic slices of metabasic rocks in blueschist and eclogite facies conditions were 

reported (Okay and Monie´, 1997). Their metamorphism is dated as latest Triassic (205–203 Ma, 

Okay et al, 2002). The Nilüfer-type volcanic rocks are dominantly ocean island assemblages 

including E-MORB and OIB-type pillow-lavas (Fig. 21). They alternate with early Middle Triassic 

neritic limestones, red mudstones and radiolarian cherts, black shales and volcanogenic 

sandstones (Sayıt et al, 2008, Sayıt and Göncüoğlu, 2009). Locally, the basic rocks include 

sodic amphiboles, indicating to an initial metamorphism developed in higher pressure conditions 

and hence to subduction. The flysch-type deposits are characterized by olistostromes. These 

clastic rocks act as the matrix for all other types of Karakaya lithologies. They also include neritic 

limestone blocks of dominantly Carboniferous and Permian age that belong to the Variscan 

basement. While the metamorphism occurs generally in lower greenschist facies conditions, the 

deformation is semi-brittle, giving a broken formation character to the unit.  

Most typical representatives of the Cimmerian ophiolites in the Sakarya Composite Terrane are 

the Küre and Yusufeli Ophiolites.  

The Küre Terrane is an imbricated unit, comprising slices of Early Mesozoic clastics (Fig.22) 

within a dismembered ophiolitic assemblage (Küre Ophiolite, Aydın et al, 1987; Ustaömer and 

Robertson, 1999). It contains disrupted ophiolites, basic volcanics with Cyprus-type massive 
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sulfide deposits, deep-sea radiolarites, turbidite sequences and flyschoidal sequences including 

olistostromes. Immobile major- and trace element data on volcanic rocks indicate MORB and 

 

 

Figure 20- Sub-units of the Karakaya Complex (from Okay et al, 1991) 

 

VAB-type characteristics and strongly suggest that the Küre Terrane was generated in a supra-

subduction-type tectonic setting (Ustaömer and Robertson, 1999). Kozur et al (2000) suggests a 

Mid Triassic-Early Jurassic depositional age for the flyschoidal sequences and correlates this 

unit with the Karakaya Complex.  
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Figure 21- The OIB-type samples are highly enriched in HFSE (Nb and TiO2) relative to the E-MORB 

group (A and B). These samples have distinctive trace element patterns, including REE. variable 

enrichment of incompatible elements relative to N-MORB, D) fractionation of HREE relative to LREE 

indicating that residual garnet may have been involved in the source (Sayıt et al, 2008).  

 

In N central Anatolia several metamorphic ophiolite-bearing units such as Çangal Dag, Elekdağ 

Domuzdağ and Kargı were ascribed to the Paleotethyan oceanic lithosphere and accretionary 

complexes (Okay and Tüysüz, 1999). The Çangal Dağ mainly consists of basic lavas, sheeted 

dykes, mafic- and ultramafic cumulates and serpentinized peridotites (e.g. Eren, 1979). The 

immobile trace element geochemistry of the basic volcanics within this terrane indicates a 

volcanic -arc type tectonic setting and thus the unit is interpreted as remnants of an ensimatic 

arc that had developed on a supra-subduction type oceanic crust (Ustaömer and Robertson, 

1999). Elekdağ Unit includes bands and lenses of eclogites and overlies a glaucophane-bearing 

ophiolitic mélange along tectonic contact. The Cr/Cr+Al ratio of the Cr-spinels of the ultramafics 

is >0.8 and hence suggests a supra-subduction setting (Ustaömer and Robertson, 1999). The 

basal mélange complex was metamorphosed to greenschist facies. Figure 23, based on recent 

studies, however, shows that these metaophiolitic assemblages are younger (alpine, Okay et al., 

2006b; Tüysüz and Tekin, 2007) and of Neotethyan (Intra-Pontide Ocean) origin. 
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Figure 22- Tectonic units of the Küre Complex and their stratigraphy (Kozur et al 2000).   

 

  

Tectonic Unit Lithology-Ages-Origin Metamorphism-Ages 

Küre Complex Mélange with ophiolite blocks (SSZ-

type) - TRIASSIC 

Sub-sea floor metamorphism- 

PRE- LATE JURASSIC 

Çangaldag Unit Metabasalts-metagabbros ? HP/LT metamorphism 

LATE CRETACEOUS 

Elekdag Unit Ophiolitic mélange –MID JURASSIC HP/LT metamorphism- 

LATE CRETACEOUS 

Domuzdag Metamorphics Ophiolitic mélange –MID JURASSIC Polimetamorphic, ALBIAN 

Kargı Metamorphics Tectonic slices of platformal 

successions and oceanic assemblages- 

of Paleo- and Neotethys 

Amphibolite Facies 

LATE CRETACEOUS 

 
 Figure 23- Rock units, metamorphism and suggested ages of the tectonic assemblages in central 

N Anatolia. 
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The Yusufeli tectonostratigraphic unit in NE Anatolia consists of ultramafic-mafic assemblages, 

associated sediments and an epi-ophiolitic cover (Yilmaz and Sengör, 1985). Together with the 

Demirkent Unit, consisting essentially of serpentinized ultramafics, meta-gabbros, meta-

diabases, amphibolites and amphibole gneisses (Konak et al, 1991) it is the easternmost 

representative of the Paleotethyan ophiolites in Turkey. 

The formation age of the Karakaya Complex is Late Permian to Late Triassic so far documented 

by paleontological data (Göncüoğlu et al, 2004 c). The deformation and accompanying HP/LT 

metamorphism of the Karakaya Unit is latest Triassic (Okay et al, 2002). Views on the structural 

setting, age of deposition and metamorphism of this complex are still controversial (see Okay 

and Göncüoğlu, 2004a, Robertson et al, 2004). 

Karakaya Complex as a whole is interpreted by Okay et al (1991) as the representative of 

Permo-Triassic intra-oceanic fore-arc complex, sliced with Late Paleozoic-Triassic accretionary 

complexes of the Paleotethyan active margin, which was located to the south of Central Sakarya 

Terrane (Fig.24).  
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Figure 24- Geodynamic models for the tectonic evolution of the Karakaya Complex (Okay and Göncüoğlu, 

2004a). 
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Sengör and Yilmaz (1981), however, suggest that Karakaya Complex has formed as a marginal 

basin within the Variscan Sakarya Microplate which was located to the south of the southward 

subducting Paleotethys (Fig. 24). Göncüoğlu et al (2004c) interpreted the complex as remnants 

of a subduction-accretion prism, formed by southward subducting Paleotethyan oceanic 

lithosphere and emplaced on the Triassic autochthonous rift-related deposits of the Variscan 

Sakarya units. Sayıt and Göncüoğlu (2009) suggest that the OIB and E-MORB-type oceanic 

assemblages of Middle Triassic are indicative for a pre-Middle Triassic opening (Fig. 25) of 

Paleotethys. 

 

 

Figure 25- Model for the formation of OIB and E-MORB-type volcanic assemblages in the Karakaya 

Complex (Sayıt and Göncüoğlu, 2009). 

 

 B-  Mesozoic Cover of the Sakarya Composite Terrane 

The stratigraphy of the Mesozoic cover units of the Sakarya Composite Terrane differs very 

much in the eastern and the western parts.  

In the eastern areas, known as the “Pontide Magmatic Arc”, there is a distinct zonation in the 

Eastern Pontides: a Northern Zone where magmatic arc-type rocks dominate, and a Southern 

Zone mainly with sedimentary rock-assemblages (Okay and Sahintürk, 1998). The boundary 

between these two zones is more or less the Niksar-Ispir-Ardanuç line (Fig. 19).  
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In the Southern Zone, the Mesozoic cover starts unconformably with Liassic conglomerates and 

volcanoclastic rocks, followed by Mid Jurassic clastics and coal seams. The conformably 

overlying Late Jurassic-Early Cretaceous (Abtian) succession is represented by limestones and 

dolomites. The Turonian- Senonian series mainly comprise turbidites, unconformably overlain by 

Tertiary basic volcanic rocks (Fig.26). 

 

The Northern Zone includes two distinct volcanic cycles:  

 

          f- dacite-rhyodacite lavas (mineralized)  

Upper Volcanic Cycle (Turonian- Paleogene): 

          e- upper basic series (basalt lava and dolerite) 

 

          d- volcanosedimentary rocks 

Lower Volcanic Cycle (Malm-Turonian):                  c- dacite-rhyodacite lavas-pyroclastics (mineralized) 

          b- dacite lavas-pyroclastics 

a- lower basic series (basalts, andesites, diabases) 

 

The igneous rocks are interpreted as representatives of a magmatic arc (Tokel, 1977; Karslı et 

al, 2004; Boztuğ et al, 2007) formed by the subduction of the Izmir-Ankara-Erzincan oceanic 

lithosphere beneath the Sakarya Composite Terrane during the Late Mesozoic. The igneous 

rocks of the Lower Volcanic Cycle are mainly tholeiitic, formed by the subduction induced 

melting, whereas the Upper Volcanic Cycle mainly includes calkalkaline rocks, followed by 

shoshonitic assemblages.  

In the western part of the Sakarya Composite Terrane, to the west of Sinop, the Alpine 

deposition starts on the Cimmerian basement (formed by the amalgamation of the Paleotethyan 

elements) either with Liassic (in the west) or with Malm (in the central part). In both areas the 

deposition is characterized by platform to slope type carbonates during the Late Jurassic to 

Early Cretaceous interval (Fig.27). The Late Cretaceous sediments are mainly of flysch-type. 

They were formed by the closure of the Intra-Pontide oceanic basin to the north of the Sakarya 

Composite Terrane and deposited on the passive margin of the Sakarya microplate. The 

following emplacement of ophiolite-bearing oceanic assemblages onto these flysch-basins from 

north to south realized during latest Cretaceous time, prior to the oblique collision of the Sakarya 

and Istanbul-Zonguldak plates. 
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Figure 26- Alpine overstep sequences of the Sakarya Composite Terrane in N central and NE Anatolia 

(Robinson et al, 1995) 

 

 

Figure 27- Generalized columnar section of the Sakarya Composite Terrane’s cover in NW Anatolia 

(Saner, 1980; Altıner et al, 1991) 
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6- Intra-Pontide Ophiolite Belt  

The Intra-Pontide Ophiolite Belt is composed of imbricated structural units representing oceanic 

assemblages and mélange complexes generated in a northern branch of Neotethys, which was 

located between the Sakarya Composite Terrane in the South and Rhodope-Istranca and 

Istanbul-Zonguldak (Yilmaz, 1990; Göncüoğlu et al, 1997; Elmas and Yigitbas, 2001; Yigitbas et 

al, 1999; Göncüoğlu et al, 2008) terranes in the North (Fig. 28). 

   

 

 

Figure 28- a: Location and tectonic setting of the Intra-Pontide Suture Belt in NW Anatolia and b: the 
distribution of melange complexes (after Göncüoğlu et al, 2008). 
 
 

The oceanic assemblages of the Intra-Pontide Ophiolite Belt are thrust southward onto Upper 

Cretaceous flyschoidal sequences of the Sakarya Composite Terrane. To the north the 

ophiolites are overthrust by the Istanbul Terrane (Göncüoğlu and Erendil, 1990, Robertson and 

Ustaömer, 2005). 
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Large bodies of ultramafic and volcano-sedimentary rocks, basic lavas, radiolarian cherts and 

allochthonous blocks of Jurassic-Early Cretaceous neritic-pelagic limestones are the main 

constituents of the unit (Okay et al 1991). The original contacts of the rock-units are affected by 

oblique and strike-slip movements within the still active North Anatolian Transform Fault. In NW 

Anatolia the Upper Cretaceous mélange is known as Arkotdağ Mélange to the east and Abant 

Complex (e.g. Göncüoğlu et al, 2008) to the west of Bolu.  

The Arkotdağ Mélange is composed of a sedimentary mélange with blocks of serpantinites, 

gabbros, and pillow basalts, pelagic limestones and radiolarian cherts. Locally, the unit is several 

kilometers thick and associated with intensively deformed and slightly metamorphosed debris 

flows. A tectonic sliver of this mélange to the east of Bolu comprises massive and pillow lavas 

that includes radiolarian chert interlayers and intra-pillow mudstones. The silicified mudstones 

from the upper part of an intact section yielded moderately preserved but diverse radiolarians of 

late Kimmeridgian to early Tithonian age. Geochemically, the associated tholeiitic basalts 

suggest generation in a mid-ocean ridge setting. Combined with data from a number of similar 

occurrences (Robertson and Ustaömer, 2005) along the inferred suture belt in NW Anatolia, it is 

concluded that the ridge-spreading in the Intra-Pontide Ocean continued at least from middle 

Middle Jurassic to middle Late Cretaceous. 

The overstep sequence starts with Lutetian shallow-marine sediments. The opening age of the 

Intra-Pontide oceanic branch has not yet been clearly documented. The interpretations include a 

wide range of suggestions, including a Jurassic opening age (e.g. Robertson, 2004), which 

seems to be most appropriate. It is commonly accepted that its oceanic lithosphere had been 

consumed by northward subduction, giving way to the Eocene calkalkaline arc-granites in the 

Armutlu Peninsula in NW Turkey. 

 

 

7- Istanbul-Zonguldak Composite Terrane 

The Istanbul-Zonguldak Composite Terrane consists of two Paleozoic terranes and their 

Mesozoic overstep sequences. Okay et al (1994) suggest that Istanbul Terrane was attached up 

to the Early Eocene to the Moesian Platform and has gained its present structural position by 

southward migration along two main strike-slip faults by the opening of a westerly Black Sea 

basin (Fig.29).  
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A- Istanbul Terrane:  

This terrane includes a Cadomian-consolidated basement, unconformably covered by a well-

developed sequence, extending without any major break from Early Ordovician to the Late 

Carboniferous. The basement is made up of ortho- and paragneisses, meta-gabbros, ortho-

amphibolites and amphibole-gneisses and oceanic basic igneous rocks intruded by arc-type 

granitoids (ca 500ma, Ustaömer and Rogers, 1999). 

 

 

 

Figure 29- Tectonic setting and structural relations of the Istanbul-Zonguldak Terrane (map after Okay et 

al, 1994).   

 

The unit as a whole is interpreted to include slivers of an intra-oceanic island-arc, oceanic and 

continental crust that were accreted during the Late Neoproterozoic (Göncüoğlu et al, 1997; 
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Yigitbas et al, 2004). This accretion is ascribed to the Cadomian event rather then the Pan-

African event in N Africa. The overlying Paleozoic succession, represents a passive continental 

margin deposition from Early Ordovician to Early Devonian (Yanev et al, 2004), and is 

conformably overlain by Middle Devonian to lowermost Carboniferous (Kaya 1973) slope-type 

sediments (for a detailed review see (Gedik et al, 2005) and flysch-type sediments of Visean age 

(Fig. 30). This Paleozoic succession is affected by Variscan deformation and unconformably 

overlain with Early Triassic continental clastics, which pass upwards to an Alpine-type Triassic 

sequence.  
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Figure 30- Generalized columnar sections of the Upper Paleozoic rocks of the Istanbul Terrane in Istanbul 

area (Göncüoğlu et al, 2004b). 

 

B-  Zonguldak Terrane 

To the E of Çamdağ, this unit has a common basement with the Istanbul Terrane with Cambrian 

granitoids (Chen et al, 2002). In the Zonguldak area, a distinct unconformity separates the early 

Late Silurian and the Early Devonian successions (Dean et al, 2000), indicating to a Caledonian-

time event (Göncüoğlu and Kozur, 1998). The Middle Devonian and Early Carboniferous 
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succession is in contrast to the Istanbul Terrane mainly made up of shelf-type carbonates, 

followed by the well-known non-marine, coal bearing units of Carboniferous (Fig 31). Continental 

clastics of middle Permian to Scythian age lie unconformably over the deformed Paleozoic 

Sequence in western and central parts. This succession is interpreted as a Permo-Triassic 

molasse-type deposition. Middle Jurassic granitoids intrude the unit in the southeastern part 

(Yilmaz and Boztug, 1986).  
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Figure 31- Stratigraphy of the Zonguldak terrane (Göncüoğlu et al, 2003b) 

 

     

C- Alpine cover of the Istanbul-Zonguldak Terrane 

The post-Triassic cover of the Istanbul Terrane is made up of Cretaceous flysch-type sediments 

that unconformably cover earlier successions. In the Zonguldak Terrane, on the other hand the 

Alpine cover sequences rest on an irregular (fault-controlled) basement, where Mid Jurassic to 

Early Cretaceous basins (Fig. 32) was formed (Tüysüz, 1999). The Berriasian-Campanian 

volcano-sedimentary deposits here are interpreted as rift-sediments, related to the opening of 

Black Sea Basin to the north (e.g. Görür, 1988; Derman, 1990).   

 

 Figure 32- Mesozoic-Tertiary cover of the Istanbul-Zonguldak terranes (Tüysüz, 1999). 

 

The Early Tertiary deposits in the Istanbul-Zonguldak terrane are represented by carbonates and 

clastics with volcanic intercalations and were deposited in E-W trending narrow basins.  

 

 

8- Rhodope - Istranca Composite Terrane 

 

 The Rhodope-Istranca Terrane includes a complex tectonic unit located to the N of the Intra-

Pontide Ophiolite Belt and to the W of the Istanbul-Zonguldak Terrane (Fig. 33). It includes the 



 45 

metamorphic complexes such as the Serbo-Macedonian Massif, Rhodope Massif and Istranca 

(Strandja) Massifs of the E Balkan Peninsula (Papanikolaou and Demirtaşlı, 1987). In NW 

Anatolia, it is represented by two distinct units. 

 

 

 

 

Figure 33- Distribution of the Rhodope-Istranca Terrane in NW Anatolia (Okay et al, 2001) 

 

A- Istranca Terrane  

The Istranca Terrane is characterized by a complex nappe-pile that includes metamorphic 

assemblages (Fig. 34) unconformably overlain by Tertiary sediments of the Thrace basin. Its 

western continuation is found in the Balkans.  

The gross-structure of metamorphic rock units in this area is characterized by distinct nappes.  
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The stratigraphically lowermost units of the terrane include gneisses, amphibolites and 

amphibole-schists with minor intercalations of meta-pelites. This lower sequence (Lower Nappe 

of Okay et al., 1991) is intruded by 244my old (Variscan) granitoides with blastomylonitic 

textures Aydin (1974). The recent study by Okay et al (2001) with new single zircon data yielded 

ages that range between 221-309 Ma. This crystalline basement is unconformably overlain by 

continental metaclastics and shallow-marine metacarbonates assigned (Çağlayan et al, 1992) to 

Triassic-Mid Jurassic. These carbonates include in Bulgarian Istranca Devonian conodonts and 

corals (Yanev et al, 2004).  

 

 

 

Figure 34- Generalized columnar section of the Istranca Massif (after Aydin, 1974) 

 

The overlying units, also known as the Upper Nappe (Okay et al, 2001) with turbiditic metaclastic 

rocks and metabasics is of Triassic age (Fig. 35), based on fossil findings from the Bulgarian 

(Chatalov et al, 1988) and Turkish (Hagdorn and Göncüoğlu, 2007) parts. The Istranca Terrane 

is interpreted as the southern part of the Moesian and the juxtaposition of the nappes is 

assigned to the closure of a Paleotethyan ocean to the south of this platform (Fig. 36, Okay et al, 

2001). Both nappes and their tectonic boundaries are covered by Upper Cretaceous 
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sedimentary and volcanic rocks intruded by calkalkaline granodiorites-diorites, interpreted to be 

arc-plutons formed during the northward subduction of the Neotethyan Vardar oceanic plate.   

 

 

Figure 35- Triassic succession of Istranca Terrane in Turkey (Hagdorn and Göncüoğlu, 2007) 
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Figure 36- Geological evolution of the Istranca Terrane (after Okay et al, 2001). 

 

B- Ezine Terrane 

To the NW of Kazdağ in NW Anatolia (Fig.33) a completely different tectonic unit (Karadağ 

Unit) had been described by Okay et al (1991).  From the bottom to the top (Fig. 37) the unit 

includes, a slightly metamorphic unit with clastics (conglomerates and sandstones) and 

recrystallized limestones (Geyikli Formation), Middle-Upper Permian platform-type 

carbonates (Karadağ Formation), and  a Triassic turbiditic unit with limestone blocks 

(Çamköy Formation).  
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Figure 37- Generalized columnar section of the Ezine Terrane ( modified from Boccaletti, 2003). 

 
This platform-type succession is tectonically overlain by the Denizgören ophiolite (Okay et al, 

1991). It is almost totally made of serpentinized harzburgite and underlain by sub-ophiolitic 

amphibolites. Geochemical analyses from the peridotite suggest supra-subduction zone (SSZ) 

tectonic setting.. The age of the sub-ophiolitic amphibolite facies metamorphism is 125 Ma ± 2, 

interpreted as the age of the inception of the obduction process at or near the ridge (Boccaletti, 

2003). This age is slightly older than the 40Ar/39Ar ages (117±1.5 and 118.3±3.1 Ma) found by 

Okay et al (2006a).  

The Ezine Terrane resembles the Pelagonian Zone of Greece, by considering the Permian 

successions. It is arbitrarily considered as a part of the Rhodope, but should be actually 

evaluated as a suspect terrane. 
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LATE AND POST ALPINE FORMATIONS: THE TERTIARY BASINS OF TURKEY 

 

The closure of the Neotethyan oceanic basins in the Turkish area; namely the Intra-Pontide, 

Izmir-Ankara and Amanos-Elazığ-Van-Zagros oceanic basins, has resulted in the emplacement 

of the oceanic-accretionary prism complexes towards south onto the passive margins of the 

Sakarya, Tauride-Anatolide and SE Anatolian micro-plates respectively. This event is associated 

with the formation of fore-land fore-deep-type flysch basins, where tectonic slices of 

allochthonous oceanic material (ophiolite complexes, blueschist facies metamorphic rocks) 

together with slices of former continent margin assemblages (mainly former slope deposits) were 

emplaced for tens of kilometers onto the passive margins during the latest Cretaceous-Early 

Tertiary period.  

This is followed by the formation of numerous molasses-type basins in Anatolia, which were 

formed all along the Paleogene time (Görür and Tüysüz, 2001). By this, Early Tertiary is the time 

of Alpine collisional period, accompanied by the generation of huge post-transtensional and 

transpressional basins.  

Some of these basins (e.g. Sivas, Çankırı, Şarkışla, Ulukışla, Tuz Gölü basins in central 

Anatolia) are related to post-collisional extension, whereas others (e.g. the Thrace Basin in NW 

Anatolia, Adana, W Taurus and SE Anatolian basins) were formed in front of advancing nappes. 

In the former ones including Tuz Gölü Basin, together with Sivas and Şarkışla basins in central 

Anatolia the basin development started above the ophiolitic rocks with olistostromal clastics (e.g. 

Şarkışla Basin, Gökten, 1986) associated with within-plate-type alkaline volcanism (e.g. Ulukışla 

Basin, Kurt et al, 2008). Paleocene and Eocene are characterized by continental red clastics, 

evaporites and lagoon and reef-type carbonates at the basin-margins (Fig. 38). In the 

depocenters, turbiditic sandstones with olistoliths are common. Marine deposition has ended at 

the end of Eocene or probably Early Oligocene. A regional transpressional event resulted in 

thrusting of basin-margin successions and basement rocks onto the basin sediments (Dirik et al, 

1999). This period lasted until middle Miocene in the Sivas basin. Thereafter, Miocene-Pliocene 

continental (fluvial to lake sediments associated with lavas and volcanoclastic rocks) deposition 

dominated in almost all of these basins (e.g. Temel, 2001, Helvacı et al, 2009).  

In the Thrace Basin in NW Anatolia (Fig. 39) the basin-margins are dominated by carbonates 

during the Eocene, whereas turbidites were deposited in the basin-centers until Early Miocene. 

After a gap in Early-Middle Miocene the basin-fill is dominated by continental clastics and 

carbonates.  
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Figure 38- Stratigraphy of the Tuz Gölü, Şarkışla and Sivas basins in central Anatolia (after  Gökten, 1983; 

Görür et al, 1984; Clark and Robertson, 2002)  
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Figure 39- Stratigraphy of the Thrace Basin (after Çağlayan et al, 1992) 

 

THE NEOTECTONIC PERIOD 

The Neotectonic Period covering the Late Miocene-Quaternary time-span in Turkey is out of the 

scope of this review. However, very briefly, this period is mainly characterized by a 

reorganization of the plate-boundaries after the closure of the Neotethyan oceans in the 

Anatolian peninsula. The only active subduction zone during this period is the Hellenic 

Subduction Zone in southern Aegean, along which the remnant Eastern Mediterranean plate 
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was subducting towards north beneath the Aegean-Anatolian plates. This new reorganization of 

the plate movements was triggered by the collision of the Anatolian plates and the Arabian 

promontory.  By this, first the East Anatolian continental crust shortened and the thickened, 

resulting in the formation of the waste collision-type East Anatolian Volcanic Province (Sengör, 

1991, Koçyiğit et al, 2001; Keskin, 2003). Ongoing compression resulted in the rupture of the 

Anatolian continental crust along two main transform faults: the right-lateral North Anatolian 

Transform Fault dissecting north Anatolia in E-W direction from the N Aegean to East Anatolia 

and the left-lateral East Anatolian Transform Fault as the northern continuation of the Dead Sea 

Transform (Rojay et al, 2001) trending in NE-SW direction (Fig. 40).  

 

 

 

Figure 40- Simplified tectonic map of Turkey showing the major Neotectonic elements and the direction of 

tectonic transportation (NAFZ: North Anatolian Transform Fault; EAFZ: East Anatolian Transform Fault; 

EFZ: Ecemiş Fault Zone; SLF: Tuz Gölü Fault Zone). Arrows indicate the sense of tectonic transportation 

(Bozkurt, 2001). 

 

The main bulk of Anatolia (Anatolian Block as a distinct plate) escaped –and still escaping- 

during this period towards west and southwest.  The westward escape of Anatolia along the 

main transform faults is accompanied by the formation of second-grade strike-slip faults and 

fault-zones (e.g. Ecemiş and Tuz Gölü faults, e.g. Dirik, 2001) along which Late Neogene–
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Quaternary pull-apart basins were formed. Another implication of this event is the formation of 

the main volcanic provinces and volcanoes (e.g. Erciyes and Hasandağ volcanoes).  

The West Anatolian continental crust, on the other hand, was the side of extension during the 

Neotectonic period where core-complexes (e.g. the Menderes Core Complex) and numerous 

intra-cratonic fault-controlled basins (grabens; e.g. Aegean Graben System) were generated 

during the Neogene. This extension was also accompanied by alkaline to tholeiitic volcanism 

(Yılmaz, 1989; Savaşçın and Oyman, 1998). Both the transform and the normal faults (Fig.41) in 

Turkey are the foci of the recent earthquakes.  

 

Figure 41- Distribution of the active faults in Turkey (Şaroğlu et al, 1992; Barka and Reilinger, 1997). 

 

 

OUTSTANDING PROBLEMS AND CONCLUDING REMARKS 

 

Rifting of a number of continental microplates from the main continental blocks, their drift 

through time across the oceans, their subduction/collision with other plates during the 

Cadomian, Variscan, Cimmerian and Alpine orogens has created a very complex geological 

puzzle in the Turkish area. Hence, there are quite a lot of outstanding problems due to limited 

data, as well as a number of disagreements in proposed geodynamic scenarios.  

An attempt to review the geodynamic evolution of this very complex area necessitates an 

objective evaluation of these disagreements and problems not yet solved.  
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To start with the earliest events; these are alternatively called as Pan-African (e.g. Şengör et al, 

1984) or more recently as Cadomian (e.g. Ustaömer et al, 2005), as proposed by Murphy ve 

Nance (1991) for peripheral orogens at the extremity of Gondwana during Late Neoproterozoic). 

In this sense, no pre-Cadomian rocks or events has been proven yet in Anatolia, even if there 

are some > 600 Ma zircon ages, mainly obtained from cores of alpine ones. However, 

Neoproterozoic granitoids in Menderes (Candan and Dora, 1998), Central Anatolian (Göncüoğlu, 

1982) and Bitlis (Okay et al, 1985) massifs intrude a polymetamorphic basement with granulitic 

ortho- and para-gneisses and eclogites. Hence, the presence of a pan-African 

metamorphosed/consolidated basement can not be excluded. Cadomian units were described 

from several localities in the basements of almost all alpine terranes with the exception of the 

Sakarya Composite Terrane (Fig 2). As originally suggested by Göncüoğlu (1996, Göncüoğlu et 

al, 1997, Gürsu and Göncüoğlu, 2006), the N Gondwanan origin of the Cadomian units in Turkey 

is confirmed by recent zircon data (e.g. Ustaömer et al, 2005, 2007; Okay et al, 2008). An 

outstanding problem (e.g. Bozkurt et al, 2008) relates to the presence of Cadomian ophiolites 

(Göncüoğlu et al, 1997; Yiğitbaş et al, 2004) in the Istanbul-Zonguldak Terrane, indicative for the 

involvement of an oceanic lithosphere and hence the location, subduction direction and exact 

life-span of the corresponding ocean.  

In the southern terranes, Cambrian is marked by a marine transgression above post-Cadomian 

continental clastics, probably indicating an extensional event on the Cadomian basement (e.g. 

Gürsu et al, 2005; Bozkaya et al, 2006). In the northern terranes, however, the marine 

transgression onto the Cadomian arc-rocks is earliest Ordovician in age (Lakova et al, 2006). 

The Ordovician is characterized in all terranes by siliciclastic rocks indicating that they were 

located on N Gondwana margin in similar paleogeographic settings. The Mid Ordovician 

(Darriwilian) limestone lithofacies in the Taurides (Kozlu et al, 2002), is recently recognized also 

in Zonguldak Terrane (Göncüoğlu, 2008) that is also indicative for similar paleo-latitudes. 

Towards the end of Ordovician the northern terranes must have been in lower latitudes, as they 

do not include the Hirnantian glacio-marine deposits reported (Monod et al, 2003) in the 

Taurides. With the exception of the Istanbul Terrane, where carbonate deposition dominated, 

Silurian deposits are very similar in all terranes. These similarities may suggest that the Rheic 

Ocean must have been located to the north of the Anatolide terranes, which is in contrast with 

Stampfli and Kozur (2006) reconstructions.  The late Early Devonian is characterized by local 

unconformities that may mark the early Variscan events. Well-documented Variscan events 

were mainly described in the northern terranes (e.g. Görür et al, 1997) and along a narrow zone 

in the northern margin of the Anatolides (Özcan et al, 1989). Obviously, the northern terranes 
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migrated across the closing Rheic Ocean towards Laurussia (e.g. Yanev et al, 2006). Yet there 

is no consensus on the paleogeographic configuration of the Turkish terranes and on the 

subduction polarity of the Rheic oceanic lithosphere. Recent discovery of Carboniferous 

metamorphic rocks (Topuz et al, 2004) and arc-type granitic intrusions in İstanbul-Zonguldak 

basement (e.g. Nzegge et al, 2006);and Sakarya basement (Yılmaz, 1981; Okay et al, 2006a); 

back-arc type volcanics in N Anatolides (Göncüoğlu et al, 2007); post-collisional granites in Bitlis 

Massif (Göncüoğlu and Turhan, 1997) and remnants of Carboniferous ocean-islands in the 

Taurides (Göncüoğlu et al, 2000b) clearly shows that the Variscan events are not restricted to 

the Istanbul Terrane as previously believed (e.g. Sengör et al, 1984). In brief, the Variscan 

history is scarcely understood and some models proposed (e.g. Stampfli, 2000; Moix et al, 

2007a) are not based on solid evidence. Hence, detailed work is required for the 

paleogeographic settings of the continental microplates and oceanic basins.  

The Late Paleozoic- Early Mesozoic Cimmerian events related to the closure of the enigmatic 

Paleotethyan oceanic branch was mainly observed in the Sakarya Composite Terrane (Okay 

and Göncüoğlu, 2004), with several less-known outcrops in the eastern  Pontides. Recently, new 

models (e.g. Moix et al, 2007b) were proposed, involving a multi-armed (Paleotethys, Küre, 

Meliata, Maliac, Pindos, etc) Late-Paleozoic-Triassic Tethys with an additional oceanic branch 

between the Taurides (s.s.) and the Anatolides. Once more there is no consensus at all on the 

number, locations, life-spans and subduction polarities of these oceanic branches/marginal 

basins (for a brief review see Robertson et al, 2004) and the Karakaya Complex as a product of 

its closure. Moreover, these new suggestions are not in accordance with field data (for a brief 

discussion see e.g. Göncüoğlu et al, 2003a)     

The distribution of the alpine terranes is relatively better-known, as they are marked by ophiolitic 

suture zones (Fig 1 and 2). However, there are still a number of unknowns in several aspects. 

To start with the southern Neotethyan branch; there are disagreements on the location of the 

suture and its western continuation (e.g. Parlak and Robertson, 2004). The former problem is 

mainly based on presence of ophiolitic nappes above and beneath the Bitlis/Pütürge 

metamorphic complexes. One model (e.g. Yazgan, 1984; Göncüoğlu and Turhan, 1984) 

suggests that these metamorphic complexes represent the subducted and partly 

metamorphosed passive margin of the Arabian Platform and the southern Neotethyan branch 

was to the N of them. By this the oceanic lithosphere subducted to the N, generating the island 

arcs (e.g. Yüksekova arc, Yılmaz 1993) and the continental arc (Elazığ arc, e.g. Parlak, 2006). 

The other model (e.g. Robertson, 2002, 2004) advocates that the oceanic basin was located 

between the Bitlis/Pütürge metamorphic complexes and the SE Anatolian Autochthon 
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representing the N promontory of the Arabian Platform. The opening age of this oceanic branch 

is also yet not well-documented in the Turkish area. In contrast to the Permian opening ages 

reported from Zagros (e.g. Stampfli et al, 2002) the paleontological ages obtained from W (e.g. 

Tekin, 2002) and E Turkey (e.g. Tekin and Bedii, 2007) are Late Triassic.  

Izmir-Ankara-Erzincan Ocean is considered as the main northern Neotethyan sea-way. The 

initial models (Şengör and Yılmaz, 1981; Yılmaz et al, 1995) assume that it was opened 

between the Sakarya Composite Terrane in the N and the Anatolides in the S during the 

Jurassic. Subsequent work on the suture complexes has shown that it actually opened already 

during the Triassic (Tekin et al, 2002) and closed by two northward directed subduction zones; 

one beneath the Sakarya Composite Terrane generating the Pontide arc (e.g. Tokel, 1977)  and 

another intraoceanic one creating the supra-subduction-type oceanic crust (Yalınız et al, 1996; 

Toksoy-Köksal, 2001). Recently, new models were proposed (e.g. Stampfli and Kozur, 2006), 

where the Izmir-Ankara Ocean has opened at the end of Triassic as a marginal basin above the 

northward subducting S Neotethyan oceanic lithosphere. These highly speculative and complex 

multi-armed Northern Neotethys (Vardar, Lycian, Izmir-Ankara oceans) models are not 

supported by reliable field-data and are matters of debate (e.g. Robertson et al, 2004; 

Göncüoğlu et al, 2006 b, 2008).  

The Inner-Tauride Ocean, another point of disagreement was initially proposed (Şengör and 

Yılmaz, 1981) as a branch of Izmir-Ankara Ocean that opened during the Jurassic (Görür et al, 

1984) between the Central Anatolian Crystalline Complex and the Taurides. Seemingly, it was 

subducted north-northeastward and created the arc granites (Görür et al, 1984, 1989) in the 

Central Anatolian Crystalline Complex. Recently, several detailed work has shown that these 

Central Anatolian granites are not arc-related (e.g. Göncüoğlu and Türeli, 1994; Otlu and 

Boztuğ, 1998; Boztuğ, 1989; Aydın et al, 1998), the metabasic rocks in the “suture” are Late 

Cretaceous – Eocene in age and not oceanic (e.g. Kurt et al, 2008). Moreover, it has been 

shown that the Tuz Gölü-Ulukışla Basin complex, juxtaposing the “suture” is a latest Cretaceous 

extensional system (Çemen et al, 1999) and the gross stratigraphy of the Crystalline Complex is 

very similar to the Anatolides (Göncüoğlu, 1981). By this, Goncuoglu et al (1992) suggest that 

this “suture” is representing a post-collisional basin. However, some other studies (e.g. Dilek et 

al, 1999; Kadıoğlu et al, 2006) still claim for a subduction-related event. The most critical 

evidence of this suggestion is the high pressure metamorphic rocks at the Bolkardağ (e.g. 

Demirtaşlı et al, 1984), which is ascribed to the partial subduction (Dilek et al, 1999) of the 

Tauride-Anatolide’s N margin beneath the Central Anatolian Crystalline Complex. In brief, the 

properties of the Inner Tauride Ocean are not known and there are a number of questions to be 
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answered. The problem with the Intra-Tauride Suture directly relates to the geological evolution 

of the Central Anatolian Crystalline Complex. Since the initial suggestion of Özgül (1976), this 

unit was considered as the northern promontory of the Tauride-Anatolide microcontinent. This 

suggestion was supported by the detailed mapping in the Crystalline Complex (e.g. Özer ve 

Göncüoğlu, 1983; Seymen, 1984; Göncüoğlu et al, 1991, 1992 etc). Recently, this unit is 

considered as a Eurasian terrane and juxtaposed during the Carnian with the Gondwanan 

Tauride-Anatolide platform (e.g. Stampfli and Kozur, 2006; Moix et al, 2008). It rifts off 

Gondwana by the opening of the Pindos Ocean at the end of Triassic and amalgamates again 

with the main Tauride-Anatolide body during Santonian. No solid data is presented for these 

models in the corresponding papers.  

The Intra-Pontide Suture is mainly accentuated by the presence of two completely different 

continental microplates; the Istanbul-Zonguldak Terrane to the N and the Sakarya Composite 

Terrane to the S (Şengör and Yılmaz, 1981). In NW Anatolia, the suture juxtaposes the North 

Anatolian Transform Fault and can be traced only by discontinuous outcrops of ophiolites, and 

ophiolitic mélanges. By this feature, Elmas and Yigitbaş (2001) argued that the no Intra-Pontide 

Ocean existed in this area. This suggestion is also supported in the evolutionary cartoons of 

Stampfli and Kozur (2006).  However, oceanic basalts of middle Middle Jurassic to middle Late 

Cretaceous are recently proven from NW Anatolia (Becaletto et al, 2005; Göncüoğlu et al, 2008). 

Nevertheless, the data on its original location and opening age are still scarce and there are 

disagreements on its subduction polarity as well as eastern continuation to the E of Kastamonu. 

Moreover, in the N Central Pontides there are several ophiolitic units, which were attributed (e.g. 

Yılmaz et al, 1997) to Paleotethys without reliable age data. More recently, some of them are 

proven to be alpine (e.g. Okay et al, 2006b; Tüysüz and Tekin, 2007). A detailed study of these 

mainly metamorphic units may contribute to fix the location of the Intra-Pontide suture towards E 

of Kastamonu.   

Regarding the alpine history of the Istanbul-Zonguldak and Istranca terranes, the main problem 

remains their paleogeographic setting during the very complex alpine events. It is commonly 

accepted that the Istanbul-Zonguldak Terrane was on the northern margin of the Intra-Pontide 

oceanic branch until the opening of the Black Sea basin during the Late Cretaceous (e.g. Okay 

and Tüysüz, 1999). However, geophysical date from Black Sea offshore (Banks and Robinson, 

1997) do not confirm the presence of the bounding strike-slip faults, along which it is assumed to 

be translated to the S. Towards E, some tectonic inlayers in the Central and Eastern Pontides 

displaying similarities to the Istanbul-Zonguldak terrane in their stratigraphy and magmatic 

evolution (e.g. Devrekani Metamorphics, Boztuğ and Yılmaz, 1995) were previously considered 
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as klippen on the Karakaya-type Cimmerian mélanges (Akgöl Flysch of Şengör et al, 1984). This 

is not confirmed by field-data (e.g. Kozur et al, 2000) and a systematic reevaluation of the 

tectonic units in the Central Pontides is needed.    

Recent work on the Istranca Terrane (Okay et al, 2001; Göncüoğlu et al, 2006c) suggests that it 

probably includes nappes of different Balkan terranes and is actually also a composite terrane in 

the sense of Howell (1989). 

To conclude, the last fifty years of geological mapping in Turkey, associated with some limited 

biostratigraphic and petrological work has only helped to recognize the main geological 

problems. To solve them, additional studies using conventional methods accompanied by 

geochronological, geophysical (paleomagnetic and seismic) and microtectonic work is inevitable.  
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