Supplementary material

Previous work on the Kalaograia-Ardana Formation 

Baroz (1979) described the Kalaograia-Ardana Formation as being well layered in the lower part but chaotic in the upper part. He termed the lower part the Flysch de Mavri Skala (Mavri Skala Flysch), which he estimated to be up to 400m thick in the Eastern Range and up to 120m thick in the Central Range. Mavri Skala is located ~2 km east of Tatlısu. (Akanthou). The longest section was reported as being exposed further east near Ayios Ioannis, which is located near the new road from Ardahan (Ardana) to Kantara. According to Baroz (1979) a chaotic upper part of the formation, termed the Armenian Monastery Breccia, appears gradationally above the Mavri Skala Flysch, reaching a thickness of 500m thick in the Eastern Range and 200m in the Western Range. The Armenian Monastery Breccia includes exotic blocks of mainly neritic limestone, up to several hundred metres in size, traditionally known as the Kantara Limestone (Ducloz, 1972). Baroz (1979) dated these limestones as Middle Permian to Late Cretaceous (see below). Reflecting this range in ages the term Kantara Limestones is used in this paper. 

In addition, Baroz (1979) described a thin (~40 m) unit of well-lithified limestone breccia from the base of the formation in the central range that was reported to overlie Palaeocene-Lower Eocene pelagic carbonates of the Ayios Nikolaos (Yamaçköy) Formation. This unit, known as La Breches des Milous (Milous Breccia) was described as being rich in limestone clasts (up to 1 m in size) containing large foraminifera of no younger than Mid-Eocene (Lutetian) age. The type section is located near Milous spring, south of Alsancak (Karavas) (Fig. 3). Previously, Ducloz (1972) reported a similar unit further east in the Central Range, known as the Bellapais Breccia, for which the type locality was two small outcrops in the Arma stream to the east of Beylerbey (Bellapais). A similar facies was reported from the eastern Kyrenia Range near Eptakomi for which the Turkish name is Yedikonuk (Henson et al. 1949). 

During the present study, the Mavri Skala Flysch in the Central Range was found to be dissimilar to the facies exposed in the type area of this unit in the Eastern Range. Also, the Armenian Monastery Breccia in the type area (near the Armenian monastery (Antifonitis kilise) is dissimilar to the upper part of the Kalaograia-Ardana (Bahçeli-Ardahan) Formation in the Eastern Range. In situ outcrops of the Milous Breccia were not studied during this work. One outcrop south of Alsancak (Karavas) (Fig. 3) that was mapped as Milous Breccia by Baroz (1979) was found to comprise clasts of limestone rich in large foraminifera, as reported by Baroz (1979). However, rather than forming an intact succession the limestone breccia forms a crudely stratified unit of palaeo-colluvium (up to 25 m thick) beneath the basal conglomerates of the Bellapais (Beylerbey) Formation. This lacks the typical penetrative cleavage of the Kalaograia-Ardana (Bahçeli-Ardahan) Formation and the Lapithos (Lapta) Formation. Similar limestone clasts were observed within the basal conglomerates at Beylerbey (Bellapais). 

In this paper we utilise an informal stratigraphy for the Kalaograia-Ardana (Bahçeli-Ardahan) because a formal stratigraphical subdivision is not well suited to describe a melange, especially one that varies considerably along the length of its outcrop. 

Existing biostratigraphical data

The succession of the Lapithos (Lapta) Group, made up of the Melounda (Mallıdağ) and Ayios Nikolaos (Yamaçköy) Formations is well dated as Maastrichtian to Early Eocene in age (see Henson et al. 1949; Baroz, 1979; Hakyemez et al., 2002; Hakyemez & Özkan-Altıner, 2007; Robertson et al. 2012a). This succession passes transitionally upwards into the Kalaograia-Ardana (Bahçeli-Ardahan) Formation.

Baroz (1979) reported that the matrix of the Kalaograia-Ardana Formation ranges from Middle Eocene, based on the foraminifera Globorotalia cerroazulensis cerroazulensis, Truncorotaloides rohri and Globigerinita pera, to Late Eocene based on the foraminifera Halkyardia sp., Globigerina angiporoides, Queraltina espistominoides, Globorotalia cerroazulensis cocoaensis and Globigerina praebulloides
Large foraminifera characteristic of the Middle Eocene were reported from the Milous Breccia in the Central Range, as noted above (i.e. Nummulites sp., Discocyclina sp., Globigerinatheka sp., Truncarotaloides topilensis, Globorotalia cf. lehneri, Globorotalia spinulosa). The Armenian Monastery Breccia was inferred to be no younger than Middle Eocene based on the presence of the foraminifera Globigerina sp., Globorotalia cf. centralis, Globigerinatheka sp. and Hantkenina sp.

The oldest age reported from the unconformably overlying succession of the Kythrea (Değirmenlik) Group is Late Eocene. Globorotalia cerroazulensis was reported in two thin intercalations of marl close to basal conglomerates, from near Kayalar (Orga) (Fig. 3). Marls higher in the succession are better dated as Oligocene (Baroz, 1979; McCay et al., 2012c). 

A Permo-Carboniferous age for the exotic blocks of Kantara Limestone was initially suggested (see Reichel, 1945a,b). According to Baroz (1979), P. Knup and others later determined a Mid-Late Permian age for the oldest exotic blocks. Baroz (1979) reported a range of Mid-Late Permian to Late Cretaceous ages from the Kantara Limestones. Late Palaeozoic limestones contain the large foraminifera (Cancellina sp., Neoschwagerina sp., Globivalvulina sp., Endothyra sp. Hemigordiopsis sp., Pachyphloia sp., Palaeotextularia sp.). Hemigordiopsis sp. (=Hemigordius sp.) is generally accepted as Late Permian in age (see Nestell & Pronina, 1997; Jin & Yang 2004). In addition, other exotic blocks include: Late Triassic pelagic limestone with the pelagic bivalve, Halobia sp.; Jurassic pelagic limestone with Saccocoma sp. and Globochaete sp.; Mid Jurassic limestone with Protopeneroplis sp.; Cretaceous pelletal and micritic limestone with orbitolinids, miliolids, Cuneolina sp. and Pithonella sp., and also Late Cretaceous limestone with rudist bivalve debris (Hippurites). Lower-Middle Eocene planktonic foraminifera were reported from the matrix of the limestone blocks; i.e. Globorotalia cf. bullbrooki, Globigerina seni, Globigerina frontosa and Globigerina cf. corpulenta (G. Bizon, in Baroz, 1979).

Clast composition-Bellapais (Beylerbey Formation)

As a guide to the provenance, clasts in the basal conglomerates were counted at 6 localities (see McCay, 2010). The counts utilised transects across a 50 cm grid with spacing intervals of 10 cm using the method of Kellerhals & Bray, (1971). Between 50 and 150 clasts were counted (mainly 100). The results were as follows. Sedimentary clasts make up 65-84% of the clasts counted and igneous clasts 16-34%. Igneous clasts are common, mainly dolerite and microgabbro (Fig. 13f). Basalt is rare owing to preferential weathering compared to diabase and microgabbro. Relatively fresh basalt, where present, was collected for chemical analysis. There are also occasional metamorphic rocks (e.g. marble, quartzite, schist), calcite vein material and intraclasts (e.g. shale). The sedimentary rocks can be correlated with the Triassic-Cretaceous Trypa (Tripa) Group and the Maastrichtian-Paleogene Lapithos (Lapta) Group.
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Illustrations

Supplementary Table 1. Listing of planktonic foraminifera identified in the Kalaograia-Ardana (Bahçeli-Ardahan Formation). Sample locations and details. K10/56-K/10/67, from the forest road between Mallıdağ and the crest of the Range. K10/68-K10/74, from the Ardahan (Ardara) to Kantara new road section. 

Supplementary Table 2. Authorship of foraminifera listed in Fig. 8 and the text of the paper and in Supplementary Table 1.

Supplementary Table 3. Listing of calcareous nannofossils identified in the Kalaograia-Ardana (Bahçeli-Ardahan Formation). Sample locations and details. K-12-10 & 13 to 17, from the forest road between and the crest of the Range (same section as sampled for planktonic foraminifera; see Supplementary Table 1). K-12-20 to 22, along the crest forest directly north of Yamaçköy (Ayios Nikolaos) (see Baroz, 1979). K-12-2 to -12, from the Ardahan (Ardana) to Kantara new road section; K-12-23, from chalky debris-flow deposits in the mid part of the succession along the access road to the Armenian monastery (Antifonitis kilise).
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