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Abstract 

The Pontides orogenic belt (Ketin, 1966), is the central portion of an extensive belt running 

from western Bulgaria (Rhodope Mountains) through northern Turkey to the Caucasus. Three 

tectono-stratigraphically different sectors can be distinguished: the Western Pontides (Đstanbul 

zone), the Central Pontides and the Eastern Pontides (Sakarya zone). The Central Pontides, 

located between the Đzmir-Ankara suture to the south and the Black Sea to the north is the 

geographical term for the arched central part of the Pontides orogenic belt (Fig. 1.1). The 

Central Pontides is one of the well preserved areas where the late Early Cretaceous 

juxtaposition of the Western Pontides (Đstanbul Zone) and the Eastern Pontides (Sakarya Zone) 

(Okay and Tüysüz, 1999; Tüysüz, 1999) can be observed (Şengör and Yılmaz, 1981).  Four 

main units are comprised in the Central Pontides: two major tectonic units, the Devrekani 

metamorphic unit (Eurasian-derived basement) and the Çangaldağ arc complex separated by 

two oceanic basins, the Küre and the Domuzdağ-Saraycıkadağ complexes.  

 
The study area is marked by the Çangaldağ arc complex, and numerous granitoids and 

associated volcanics collectively called the Kastamonu granitoid belt (KGB) (Yılmaz and 

Boztuğ, 1986), that pierced the imbricated Palaeotethyan continental and oceanic basement 

assemblage. The Kastamonu belt documents large scale, multi-episodic magmatism, formed 

in response to subduction of the Palaeotethys and the subsequent late orogenic tectonics. The 

occurrence of these plutons and ophiolites in the Central Pontides has attracted geologists for 

several decades, because of their importance in understanding Palaeotethyan evolution, and 

the Tethysides-Variscides connection. However, data necessary to identify the type and origin 

of all the intrusions are not available. On the basis of stratigraphic correlation and a few K-Ar 

data earlier workers assigned Middle Jurassic emplacement time to all the plutons of the KGB. 

In an attempt to elucidate the petrogenetic and magmatic evolution of this belt, zircons from 

Deliktaş, Sivrikaya and Devrekani granitoids and their basement have been analyzed by 

means of Pb-Pb evaporation and U-Pb isotope dilution combined with isotope and 

geochemical data. Geochemical compositions, isotopic data and geochronological constraints 

are presented and interpreted for the evolution of the Palaeotethys in the Central Pontides. 

 
The Late Carboniferous Sivrikaya granitoid (SG) comprises biotite-hornblende granodiorite, 

tonalites and minor two-mica granites. Sivrikaya rocks are slightly metaluminous to 

peraluminous, and transitional to S-type (ASI= 0.9 to > 1.1).  The rocks are characterized by 

variably low initial 87Sr/86Sr ratios [Sr(i)= 0.705 - 0.708], moderate εNd(t) values (-1 to -3.8) 

and young Nd-model ages (TDM= 0.75 - 1.05 Ga), suggesting variable degrees of mixing 
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between mantle and crustal components. Chondrite-normalized (cn) rare earth element (REE) 

patterns are characterized by fractionation between the light (LREE, [La/Yb]cn= 9 - 49) and 

heavy REEs (HREE, [Gd/Yb]cn= 0.79 - 2.37) and no to strong Eu depletion (Eu/Eu*= 1.19 - 

0.18). All these characteristics, combined with moderate δ18O(whole-rock) values (10 - 11.6 ‰) 

point to dehydration melting of heterogeneous amphibolites-metagreywackes-type sources 

with variable mantle contribution.  

 
The Early Permian Deliktaş leucogranite (DLG) is host to muscovite-bearing monzogranites. 

Deliktaş rocks are strongly peraluminous S-type granites (ASI >1.1), as reflected in the 

mineralogy that includes highly aluminous phases such as muscovite and cordierite. DLG 

samples exhibit strongly fractionated REE patterns ([La/Yb]cn= 3.6 - 35), rather flat HREE 

([Gd/Yb]cn= 0.59 - 0.78) and small positive to distinct negative Eu- anomalies (Eu/Eu*= 1.15 

- 0.42) suggesting melting of metapelitic-type source with residual plagioclase and/or high 

degree fractional crystallization. Rocks from this intrusion have high Sr(i) ratios (0.7103 - 

0.7123) and low εNd(t) values (-2.2 to -5.0), indicating an arc underlain by a mature 

continental crust. Nearly constant δ18O(whole-rock) values (~11.5 ‰) and old Nd-model ages 

(TDM= 1.2 - 2.2 Ga) of the rocks, in conjunction with the geochemical characteristics further 

support material contribution from mature continental crust in their genesis.  

 
The Middle Jurassic Devrekani pluton (DG) consists of metaluminous I-type (ASI= 0.55 - 

0.88) hornblende-biotite diorites and tonalites. The samples have low Sr(i) ratios (0.705 - 

0.706) and very low negative εNd(t) values (-0.8 to -2.2). These features together with the low 

δ18O(whole-rock) values (7 - 9 ‰), very high Mg# values, young model TDM ages (1.04 - 1.6 Ga) 

and high CaO/Al2O3 ratios suggests dehydration melting of mafic lower crustal rocks, and/or 

derivation from amphibolite-type source with significant upper mantle-derived material input. 

DG rocks are further characterized by moderately fractionated REE patterns ([La/Yb]cn= 2 - 

11), flat HREE patterns (Gd/Yb)cn= 1.35 - 1.68) indicating garnet and zircon accumulation. 

The high Sr/Y ratios (10-37), no to distinct positive Eu-anomalies (Eu/Eu*= 0.72 - 0.95), and 

Sr-spikes, indicate plagioclase accumulation. These geochemical characteristics indicate 

magmas derivation from an enriched mantle and/or metasomatized mantle sources with minor 

crustal contamination. It is suggested that, after the Cimmeridgian continent collided with the 

south Eurasian margin subsequent slab break-off and flip in subduction polarity, resulted in 

asthenospheric upwelling and the production of the near primary melts of the Devrekani 

pluton. The melts en route to higher levels interacted or not with mantle- and crustal-derived 

magmas. It can be concluded that the Middle Mesozoic magmatism was initiated by the brief 
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southward subduction of the Küre marginal basin (e.g. Ustaömer and Robertson, 1997) 

beneath the newly formed Late Carboniferous orogen (e.g. Okay et al. 2006).  

 

 The mineralogy and geochemistry of the rocks distinct from those closer to the Black sea 

coast, and their location in the far south of the Küre ophiolite, the similar WSW-ENE 

orientation of the Devrekani pluton and the major thrust system that resulted from the 

gravitational collapse, indicate a juvenile stage of a subduction system (Nzegge et al. in 

review). Because the intrusion is late syn-tectonic with respect to the shear fabric it is 

reasonable to assume that its generation in some way is related to the extension-collapse 

events. According to Dewey (1988) large volumes of mantle partial melts are injected into the 

lower crust during gravitational collapse of mountain chains by detachment faulting. I 

speculate that during this collapse event the geotherm crossed the garnet-lherzolite solidus 

and mafic melts were produced. The melt had little interaction with the felsic upper crust, 

accumulated plagioclase, and intruded in the shear zones, giving rise to the Devrekani I-type 

pluton. 

 

Geochronologic analyses yielded ages ranging from 295-270 Ma for DLG, and 303-300 Ma 

for SG and in the south of the belt DG 190-165 Ma. Zircon xenocryst ages as old as ~2.7 Ga 

provide evidence for Proterozoic protolith, and highlights the association of the Central 

Ponitdes with Laurasia and Gondwana. The 360-340-320 Ma episodes of Pb loss in zircons 

are indicative of Variscan metamorphism. These new geochemical and age data from the 

Sivrikaya, Deliktaş and Devrekani granitoids indicate the evolution of the Kastamonu 

magmatism from tholeiitic to calc-alkaline to tholeiitic compositions with time. Furthermore, 

the presence of Late Palaeozoic pre- to post-collisional, transitional to peraluminous granites 

and Middle Mesozoic juvenile arc (post-collisioinal) rocks challenges previous evolution 

models for the Kastamonu granitoid belt and the Central Pontides.  

 

The data presented herein underlines the complex thermo-tectonic history of the Central 

Pontides, and the magmatism associated with a “long-lasting”  northward and a “short-lived”  

southward subduction of the Palaeotethys respectively during the Palaeozoic and Mesozoic 

times (proposed model), and the subsequent crustal growth processes (collision-accretion of 

Gondwanan-derived continental fragments with Laurasia).  

 

The Precambrian-Palaeozoic Eurasian-derived basement (Devrekani metamorphic unit) of the 

Central Pontides is exposed between the Küre and Çangaldağ complexes. Evidence of the 
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Precambrian basement in the Central Pontides comes from a Büyükçay sample (BÜ-20, 

ortho-amphigneiss, ~502 Ma), from inherited zircons (U-Pb upper intercept ages) and Nd 

isotope data. Probably the BÜ-20 zircons crystallized in the Late Cambrian-Early Ordovician 

magmatic event as part of the wide-spread subduction-related magmatism in the Gondwana-

derived terranes (e.g. Linnemann et al. 2000 and the references therein). 

 

Key words: Central Pontides-Turkey; Variscan plutonism; Palaeotethyan convergence 

system; Palaeozoic oceanic crust; long-lasting Palaeozoic subduction; Late Palaeozoic pre-

collisional magmatic arc (Çangaldağ complex); Palaeotethyan collision-accretion; extensional 

collapse of orogen; Late Palaeozoic rift; Eurasian continental fragment; slab roll-back; Küre 

back arc (marginal) basin (IAT-MORB-type); short-lived subduction flip; Mesozoic post-

collisional magmatic arc; VAG, volcanic-arc granitoids; Kastamonu granitoid belt; Sivrikaya, 

Deliktaş and Devrekani granitoids; basement complex; whole-rock Sr-Nd-O isotopes; 

geochemistry; major and trace elements; petrogenesis; U-Pb and Pb-Pb zircon dating; Rb-Sr 

ages; suggested geodynamic model for magmas genesis.   

 

Kurzfassung 

Die Pontiden (Ketin, 1966), sind der zentrale Teil eines ausgedehnten Gebirgsgürtels der sich 

von West-Bulgarien (Rhodope Berge) über die Nord-Türkei bis in den Kaukasus erstreckt. 

Sie lassen sich in drei tektono-stratigrafische Abschnitte gliedern: die West-Pontiden (Đstanbul 

Zone), die Zentral-Pontiden und die Ost-Pontiden (Sakarya Zone). Die Zentral-Pontiden, 

zwischen der Đzmir-Ankara-Sutur im Süden und dem Schwarzen Meer im Norden gelegen, 

sind geographisch gesehen der gebogene, zentrale Teil des Pontidengürtels (Fig. 1.1). Die 

Zentral-Pontiden sind eines der am besten erhaltenen Gebiete wo die frühkretazische 

Nebeneinanderstellung der West- und Ost-Pontiden (Okay and Tüysüz, 1999; Tüysüz, 1999) 

beobachtet werden kann (Şengör and Yılmaz, 1981). Die Zentral-Pontiden umfassen vier 

Hauptabschnitte: Zwei tektonische Großeinheiten, die metamorphe Eurasische Devrekani- 

und die Çangaldağ-Einheit, die durch zwei ozeanische Becken, den Küre- und den 

Domuzdağ-Saraycıkadağ-Komplex getrennt sind. Der metamorphe präkambrisch-

paläozoische Devrekani Abschnitt ist ein Störungsgebundenes tektonisches Fenster, das 

zwischen der Küre- und der Çangaldağ-Einheit liegt, und die zusammen das Grundgebirge 

der zentralen Pontiden bilden. 

 
Im Untersuchungsgebiet liegen der Çangaldağ-Inselbogen-Komplex und zahlreiche 

Granitoide und mit ihnen verbunden Vulkanite, die als Kastamonu-Granitoid-Gürtel (KGB) 
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bezeichnet werden. Die Magmen durchdrangen die Vergesellschaftung der paläotethischen 

Kontinental- und Ozeanboden-Einheiten. Der KGB dokumentiert großmaßstäblichen, 

vielphasigen Magmatismus, der im Zusammenhang mit der Subduktion der Paläotethys und 

spätorogener Kollisions-Tektonik der Pontiden gebildet wurde. Für das Verständnis des 

Tethys-Varisziden-Übergangs hat das Auftreten dieser Granitoide und Ophiolite in den 

zentralen Pontiden große Bedeutung. Wie auch immer, Daten über Typ und Ursprung der 

Intrusionskörper sind nicht vorhanden. Auf Grundlage stratigrafischer Korrelationen und 

wenigen K-Ar-Daten haben frühere Geologen mitteljurassische Alter für die gesamten 

Kastamonu-Plutone angenommen. Um über Petrogenese und Magmenentwicklung die 

Bildung des Gebirgsgürtels zu klären, wurden Zirkone von den Deliktaş-, Sivrikaya- and 

Devrekani-Granitoiden mit der Pb-Pb-Evaporationsmethode und der U-Pb-

Isotopenverdünnungsmethode untersucht und mit geochemischen Daten kombiniert. 

 
Die spätkarbonische Sivrikaya Granitoide (SG) besteht aus Biotit-Hornblende-Granodioriten, 

Tonaliten und wenigen Zweiglimmer-Graniten. Sivrikaya Gesteine sind schwach 

metaluminöse bis peraluminöse, und in Richtung S-Typ entwickelt (ASI = 0.9 to > 1.1). Die 

Gesteine zeichnen sich durch niedrige initiale Sr-Verhältnisse [Sri= 0.705 - 0.708], moderate 

initiale εNd(t)-Werte (-1 to -3.8) und junge Nd-Modellalter (TDM= 0.75 - 1.05 Ga) aus, die auf 

unterschiedliche Mischungsverhältnisse zwischen Mantel- und Krustenkomponenten 

hinweisen. Chondritnormierte (cn) Seltene Erden-Elementmuster zeigen Fraktionierung 

zwischen leichten ( [La/Yb]cn= 9 - 49) und schweren Seltenen Erden ([Gd/Yb]cn= 0.79 - 2.37), 

sowie keine zu starke Eu-Abreicherung (Eu/Eu* = 1.19-0.18) an. Diese Charakteristika 

kombiniert mit moderaten δ18O-Werte (10 - 11.6 ‰) weisen auf Dehydrationsschmelzen von 

heterogenen Amphibolit-Metagrauwacken-Typen mit variabler Mantelmaterialbeteiligung hin 

(Nzegge et al. 2006). 

 
Der frühpermische Deliktaş-Leukogranit (DLG) enthält muskovitführende Monzogranite. 

Deliktaş Gesteine sind stark peraluminöse S-Typ Granite (ASI >1.1), was die Mineralogie mit 

hochaluminösen Phasen wie Muskovit und Cordierit zeigt. DLG Proben zeigen stark 

fraktionierte Seltene Erden- ([La/Yb]cn= 3.6 - 35),  eher flache schwere Seltene Erden-

Elementmuster ([Gd/Yb]cn= 0.59 - 0.78) und kleine, positive bis deutlich negative Eu-

Anomalien (Eu/Eu*= 1.15 - 0.42), die auf Schmelzen von metapeltischen Gesteinen mit Rest-

plagioklas und/oder hochgradige Kristallisationsfraktionierung hinweisen. Gesteine dieser 

Intrusion haben hohe Sr(i)-Verhältnisse (0.7103 - 0.7123) und niedrige εNd(t)-Werte (-2.2 bis -

5.0), die einen Inselbogen mit unterlagernder, entwickelter kontinentalen Kruste nahelegen. 

Nahezu konstante δ18O-Werte (~11.5 ‰) und alte Nd-Modelalter (TDM= 1.2 - 2.2 Ga) der 
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Gesteine, in Verbindung mit geochemischen Charakteristika unterstützen weiter die 

Beteiligung von entwickelter kontinentaler Kruste in ihrer Genese. 

 

Der mitteljurassische Devrekani pluton (DG) besteht hauptsächlich aus metaluminösen I-Typ 

(ASI = 0.55 - 0.88) Hornblende-Biotit Dioriten und wenigen Tonaliten. Die Proben haben 

niedrige Sr(i)-Verhältnisse (0.705 - 0.706), sehr niedrige negative εNd(t)-Werte (-0.8 bis -2.2). 

Diese Merkmale zusammen mit den niedrigen δ18O-Werten (7 - 9 ‰), sehr hohen Mg# 

Werten, jungen Nd-Modellaltern (TDM = 1.04 - 1.6 Ga) und hohen CaO/Al2O3-Verhältnissen 

legen Dehydrationsschmelzen von mafischen Unterkrusten-Gesteinen und/oder die 

Abstammung von amphibolithischen Quellen mit einem signifikantem Beitrag von Material 

aus dem oberen Mantel nahe. DG Gesteine sind weiterhin durch moderat fraktionierte leichte 

Seltene Erden- ([La/Yb]cn= 2 - 11), flache schwere Seltene Erden-Elementmuster ([Gd/Yb]cn= 

1.35 - 1.68), welche Granat- und Zirkon-Anreicherung anzeigen, charakterisiert. Die hohen 

Sr/Y-Verhältnisse (10 - 37), keine bis deutlich positive Eu-Anomalien (Eu/Eu* = 0.72 - 0.95), 

und Sr-spikes, zeigen Plagioklas-Anreicherung an. Diese chemischen Charakteristika zeigen 

Magmenabstammung von einer angereicherten und/oder metasomatischen Mantelquelle mit 

geringer krustaler Kontamination an. Es liegt nahe, dass nachdem der kimmeridgische 

Kontinent mit dem Südrand Eurasiens kollidierte, Platten-Abbruch und Subduktion eintraten, 

was in einer Asthenospärenaufwölbung und der Produktion von nahezu primären Schmelzen 

des Devrekani-Plutons führte. Die aufsteigenden Schmelzen interagierten mit vom Mantel 

und der Kruste abstammenden Magmen. Es kann gefolgert werden, dass der 

mittelmesozoische Magmatismus durch die kurze südwärts gerichtete Subduktion des Küre-

Randbeckens (Ustaömer and Robertson, 1997) unter das neu gebildete spätkarbonische 

Orogen (Okay et al. 2006) ausgelöst wurde. Die WSW-ENE-Orientierung des Devrekani-

Plutons und der Scherzone, die mit dem gravitativen Kollaps verbunden sind, die Mineralogie 

und Chemie der Gesteine Verschieden von der, die näher an der Schwarzmeerküste liegen, 

und der DG Lage weit im Süden des Küre-Ophioliths zeigt ein Subduktionssystem in jungem 

Stadium (Nzegge et al. in review). Da die Intrusion bezogen auf die Schergefüge spät syn-

tektonisch ist, kann angenommen werden, dass ihre Bildung mit dem Dehnungs-Kollaps-

Ereignis zusammenhängt. Nach Dewey (1988) spritzen, verursacht durch Trennungsbruch 

während Gravitations-Kollaps eines Gebirges große Volumina von Mantelpartiellschmelzen 

in die untere Kruste. Es ist vorgeschlagen, dass während dieser Einstürzung die Geotherme 

den Granat-Lherzolith-Solidus überschritten hat und mafischen Schmelzen erzeugt wurden. 

Die Schmelze wurde kaum von der felsischen Oberkruste beeinflusst, reicherte Plagioklas an, 

und drang in die Scherzonen ein, den Devrekani metaluminöse I-Typ Pluton bildend.  
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Geochronologische Analysen lieferten Alter, die für Deliktaş zwischen 295-270 Ma, für 

Sivrikaya zwischen 303-300 Ma und für den Devrekani Granitoid im Süden des Gürtels  bei 

190-165 Ma liegen. Zirkonxenokristall-Alter von ~2,7 Ga liefern den Nachweis für 

proterozoischen Protolith, und unterstreichen die Verbindung der zentralen Pontiden mit 

Laurasia und Gondwana. Die 360-340-320 Ma Phasen von Bleiverlust in Zirkonen sind für 

variskischen Metamorphismus bezeichnend. Diese neuen geochemischen Daten, und  

Altersdaten der Sivrikaya-, Deliktas- und Devrekani- Granitoide zeigen die Entwicklung des 

Kastanmonu Magmatismus mit tholeiitischer bis kalk-alkaliner zu tholeiitischer 

Zusammensetzung in Abhängigkeit der Zeit an. Weiterhin stellt das Vorkommen von 

spätpaläozoischen prä- bis postkollisionalen Graniten, Übergangsgraniten  und peraluminösen 

Graniten, sowie mittelmesozoische junge Inselbögen bisherige Enwicklungsmodelle für den 

Kastamonu-Granitgürtel und die zentralen Pontiden in Frage. 

Die hier präsentierten Daten unterstreichen die komplexe thermo-tektonische Geschichte der 

Zentralen Pontiden, den damit verbundenen Magmatismus mit einer “long-lasting” 

nordwärtigen und einer “short-lived”  südwärtigen Subduktionsphase der Paläotethys 

(beziehungsweise während des Paläozoikums und Mesozoikums??) (vorgeschlagenes Modell), 

und der folgende Krustenwachstumsprozess (Kollison-Akkretion von Gondwana Kontinent 

Fragmenten mit Laurasia).  

Das präkambrisch-paläozoisch von Eurasien stammende Basement (Devrekani Metamorphe 

Einheit) der Zentralen Pontiden liegt zwischen den Küre und Çangaldağ-Komplexen. Der 

Nachweis des präkambrischen Basements in den Zentralen Pontiden kommt von einer 

Büyükçay-Probe (BÜ-20, Ortho-Amphigneis, ~502 Ma), von ererbten Zirkone und Nd 

Isotopen Daten. Wahrscheinlich  kristallierten die BÜ-20  Zirkone in einem spätkambrischen-

frühordovizischen magmatischen Ereignis als Teil des weit verbreiteten 

subduktionsgebundenen Magmatismus Nördliche von Gondwana (e.g. Linnemann et al. 2000).  
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1. INTRODUCTION 

The Pontides (Ketin, 1966) is a prominent segment of the Tethyside superorogenic system, 

and bear the records of Variscide, Cimmeridge and Alpide orogenic events (e.g. Şengör, 

1987). This belt is an amalgamated tectonic entity that differs in their metamorphic, magmatic 

and tectono-stratigraphic character (Robertson and Dixon, 1984; Şengör et al. 1984). Of all 

the Turkish blocks, the Pontides alone preserve a nearly complete record of the evolution of 

the Tethysides (Yılmaz et al. 1997). The Pontides belt shows a complex history beginning 

with the separation of micro-continents from Gondwana in the Early Palaeozoic and 

cumulating in collision of these fragments and island arc segments with Variscan Laurasia 

(Okay et al. 1996; Robertson and Dixon, 1984; Şengör et al. 1993; Stampfli 2000, Stampfli et 

al. 2002; Chen et al. 2002b; von Raumer et al. 2003). The continental fragment in the Central 

Pontides have Proterozoic-Palaeozoic basement (e.g. Devrekani metasedimentary group, e.g. 

Tüysüz, 1990; Yılmaz, 1980), overlain by the fossiliferous Ordovician-Devonian Samatlar 

metacarbonate group (Boztuğ, 1992a). During the Palaeozoic-Mesozoic, this basement and 

the overlying units were soaked with mafic to felsic magmas (e.g. Peccerillo and Taylor, 1976; 

Ustaömer and Robertson, 1993), grouped together in the Kastamonu granitoid belt (KGB) 

(e.g. Yılmaz and Boztuğ 1986).  

  The Central Pontides includes two Pontides Terranes: The Western Pontides (Đstanbul Zone, 

Tüysüz, 1990) and the Eastern Pontides (Sakarya Zone) juxtaposed during the Early 

Cretaceous opening of the Black Sea basin (e.g. Tüysüz, 1999), structurally mixing 

Cimmeridgian and Eurasian continental fragments (Şengör et al. 1988), and Palaeotethyan 

oceanic assemblages (Yılmaz et al. 1997). The Đstanbul zone (Western Pontides) is 

characterized by an Ordovician-Carboniferous sedimentary succession of passive margin type 

overlain by Triassic to younger rocks (e.g. Görür et al. 1997). In contrast, the Sakarya Zone 

(Eastern Pontides) is made up of Permo-Triassic subduction-accretion complexes overlain by 

Triassic and younger sediments (Okay and Tüysüz, 1999; Okay and Göncüoğlu, 2004). 

  The Eurasian-derived basement of the Central Pontides (Devrekani metamorphic unit), is a 

fault-bound tectonic window, exposed between the Palaeozoic-Early Jurassic Küre Complex 

to the north (e.g. Yılmaz et al. 1981; Yılmaz and Tüysüz, 1991; Ustaömer and Robertson, 

1994, 1995, 1997) and the Late Palaeozoic-Early Triassic Gangaldağ Complex to the south 

(e.g. Aydin et al. 1995; Okay et al. 1994, 1996; Ustaömer and Robertson, 1991, 1993, 1994, 

1997) (Figs. 1.2). This highly sheared and isoclinally folded basement unit is interpreted as a 

fragment  rifted off  the south Eurasian continental margin, to form a continental sliver within 

the Palaeotethys (e.g. Ustaömer and Robertson, 1990, 1991, 1994, 1997).                  
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       Fig. 1.1- Tectonic map of Aegean and Black Sea region showing the location of main Tethyan 
       sutures and major continental blocks and study area (modified from Okay and Tüysüz, 1999) 

 

Based on metamorphic-grade, source material and assumed age, the basement of the Central 

Pontides is sub-divided into two groups (Yılmaz and Boztuğ, 1995): (1) The Precambrian 

Devrekani metasedimentary group (DM), made up of basic to felsic high-grade amphibolite- 

to granulite-facies (Ustaömer and Robertson, 1991, 1997) metasedimentary rocks (Boztuğ et 

al. 1984, 1995) of south Eurasian continental origin (Robertson and Dixon, 1984; Boztuğ et al. 

1984; Ustaömer and Robertson, 1997). The Devrekani metasedimentary group (DM) 

comprises gneisses, amphibolites and high-grade metacarbonates at the base (Yilmaz, 1981), 

(2) transgressively overlain by the Lower-Middle Palaeozoic Samatlar group (epicontinental 

cover), composed of low-grade metacarbonates.  
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                      Fig. 1.2- Simplified geological map of the Central Pontides showing the  

                        main tectonic units and study area after Ustaömer and Robertson, (1997).                         

           

This Eurasian-derived basement is lithologically and stratigraphically similar to the 

Precambrian continental basement units of the Rhodope-Pontides belt and the Caucasus 

(Ustaömer and Robertson, 1991, 1997). Based on stratigraphic correlation with the Cambrian-

Silurian sequence of the Palaeozoic of Istanbul zone (Okay and Tüysüz, 1999), both 

Precambrian (Yılmaz, 1980) and Palaeozoic ages (Tüysüz, 1990) have been suggested for the 

Devrekani metamorphic Unit. This imbricated Precambrian-Palaeozoic (e.g. Yılmaz, 1980; 

Tüysüz, 1990; data herein) Eurasian-derived continental basement assemblage (e.g Aydin et 

al. 1995; Ustaömer and Robertson, 1993; 1994; 1997), and the Triassic-Early Jurassic 

country-rocks (i.e. Akgöl formation) are pierced by the Late Palaeozoic to Middle Mesozoic 

Kastamonu intrusions (Nzegge et al. 2006, in review). A low-grade contact aureole developed 
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within the country-rocks (e.g. Yılmaz et al., 1996; 1997), but contact with the basement is 

mylonitized/sheared. The Devrekani metamorphic unit (DM) crops out between the Deliktaş 

and Sivrikaya granites, in the Ösek area and  Büyükçay river valley, and in the south Musa-

Osman river valley, NE of the Devrekani town (Figs. 1.2, 2.1, 3.1). 

 

1.1.   Tectonic framework of Turkey  

The Pontide orogenic belt (Ketin 1966), of NW Turkey is the central portion of an extensive 

belt (Tethysides) running from the Balkans (Rhodope-Serbo-Macedonian Massif) through 

north Turkey to the Caucasus (e.g. Boccaletti et al. 1974; Burchfield 1980; Yılmaz et al. 1997; 

Stampfli 2000; Stampfli et al. 2001). It shows a complex history beginning with separation of 

micro-continents from Gondwana in the Early Palaeozoic and cumulating in collision of these 

fragments and island arc segments with Variscan Eurasia (e.g. Okay et al. 1996; Okay and 

Tüysüz, 1999; Robertson and Dixon 1984; Şengör et al. 1993; Stampfli, 2000; Stampfli et al. 

2002; Chen et al. 2002b; von Raumer et al. 2003) (Fig. 1.1). The northern boundary of the 

Pontides is hidden under the waters of the black Sea.  

  The southern boundary is the Erzincan-Ankara suture in the east, which splays into the Intra-

Pontides suture and the Đzmir-Ankara suture in the west. The Intra-Pontides and the Đzmir-

Ankara Oceans separated Turkey into three continental blocks through most of the Mesozoic 

(Okay and Tüysüz, 1999; Okay et al. 1996, 2001, 2006; Şengör and Yılmaz, 1981) (Fig. 1.1). 

The Intra-Pontide suture separates the Đstanbul and Strandja Zones from the Sakarya Zone 

(Sakarya continent, Şengör and Yılmaz, 1981). The Sakarya Zone had an important 

Carboniferous (Variscan) and Triassic (Cimmeride) orogenic history. The Istanbul-Strandja 

Zone was a peri-Gondwana terrane until Earliest Silurian (e.g. Stampfli, 2000), but during the 

Late Mesozoic was an appendage of Laurasia (e.g. Okay et al. 1996, 2001, 2006; Chen et al. 

2002b; Evans et al. 1991; Kalvoda, 2003; Kalvoda et al. 2003). The Strandja Zone is part of 

the Balkan block and crops out both in Turkey and Bulgaria. 

The Đstanbul Zone, the Moesian and Scythian Platforms formed the Late Proterozoic-Early 

Palaeozoic Moesian-Istanbul-Scythian Terrane (Okay et al. 1996, 2006; Okay and Tüysüz, 

1999) (Fig. 1.1). The closure of the Intra-Pontide Ocean and the Cretaceous-Palaeocene 

collision of the Đstanbul Zone with the Sakarya continent led to the Present-day plate tectonic 

assembly in NW Turkey (Okay et al. 1994, 1996, 2006; Yiğitbaş et al. 1999).  
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1.2.   Previous works 

  Northwestern Turkey comprises several Palaeozoic and Mesozoic continental and oceanic 

fragments assembled during the Variscan and Cimmeridgian orogenic events (e.g. Okay et al. 

1996, 2006; Yiğitbaş et al. 1999). The strong effects of the Alpine orogeny have wiped out 

some of the characteristic features of the older events, and the lack of detailed geochronologic 

data base render the presentation of a convincing model for the Palaeo-Tethyan evolution in 

the NW Turkey very difficult. Most studies (e.g. Aydin et al. 1986; Boztuğ et al. 1984, 1995; 

Okay et al. 1996, 2002, 2006, 2007; Pickett and Robertson, 1996; Robertson and Dixon, 1984; 

Şengör, 1984; Şengör et al. 1980, 1984; Stampfli, 2000; Tüysüz, 1990; Ustaömer and 

Robertson, 1993, 1994, 1997; Yılmaz, 1980; Yılmaz and Şengör, 1985; Yılmaz and Boztuğ, 

1986; Yılmaz et al. 1997; Robertson et al. 2004) from the Central Pontides play an important 

role in models regarding the evolution of the Palaeotethys.      

          

The Palaeotethys was initially believed to have been located to the north of the Đstanbul 

Zone (Okay, 1989; Okay et al. 1994; Şengör et al. 1980, 1984). However, recent evidence 

demonstrating the continuity of the Đstanbul Zone (Western Pontides) and Laurasia until the 

Late Cretaceous opening of the Black Sea shows that that could not be the case (e.g. Okay et 

al. 1994). On the other hand, Robertson and Dixon (1984) and Okay (1989) have placed the 

Palaeotethys between the Đstanbul and Sakarya zones (e.g. The Carboniferous-Triassic Intra-

Pontides Ocean, Ustaömer and Robertson, 1997) and have left the Sakarya Zone (Eastern 

Pontides) as part of the Gondwana margin, in continuity with the Anatolide-Tauride block. 

According to Okay et al. (1994, 1996) the Palaeotethys has been located to the south of the 

Sakarya Zone, leaving the Palaeozoic basement of the Sakarya Zone in possible continuity 

with the Moesia-Istanbul-Strandja zones, all presenting a post-Variscan continental area along 

the southern margin of Laurasia. The northwestward emplacement of the Late Palaeozoic 

carbonate thrust sheets and the inferred Lower Triassic back-arc-related rifting in the 

Anatolide-Tauride block indicate a southeastward-dipping subduction (Okay et al. 1996, 

2006). The formation of the Karakaya (Alköy) subduction-accretionary complex which 

reflects the final Palaeotethys ocean closure was caused by the Latest Triassic collision and 

thrusting of the oceanic arc and the associated accretionary complexes with the Laurasian 

passive continental margin (e.g. Okay et al. 1996; Tüysüz et al. 1993). These processes ended 

the Palaeotethyan episode in the Pontides as a whole but later (Dogger) in the Central 

Pontides (Tüysüz, 1990).  
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There are still contrasting views on the location, age span, even the number and the name of 

the Tethyan oceans that existed after the Precambrian (e.g. Şengör and Yılmaz, 1981; 

Robertson and Dixon, 1984; Şengör et al. 1984; Decourt et al. 1986; Robertson et al. 1996; 

Ricou, 1994; Stampfli et al. 2001, 2002). However, existing models for the Palaeotethys 

evolution consider the continental units of the Pontides as remnants of the continental margins 

bordering the Palaeotethys. The numerous geological data obtained until now from the 

Central Pontides have been used to interpret two controversial hypothesis by different authors 

grouped together in two tectonic models:  

 

 

 

���� The Şengör (1984) southward subduction model (Fig. 1.3). The Palaeotethyan ocean 

was located to the north of the Cimmeridgian continent, part of which form the Pontides 

basement. During the closure of the Palaeotethys, an “Andean-type” magmatic belt was 

developed on the Cimmeridgian continent due to the southward subduction of the 

Palaeotethyan ocean floor. During this period, the Neotethys began to open as back-arc basins 

behind the Cimmeridgian continent.  

   The Dogger collision between the the Scythian platform of Laurasia and Cimmeridgian 

continent (Gondwana fragment) that took place in the north, eliminated most of the 

Palaeotethys ocean floor, while the Neotethys grew in the south. The Late Cretaceous 

witnessed the gradual elimination of the Neotethys due to its northward subduction under the 

Pontides, thus creating a new active continental margin arc. Collision between the Pontides 

arc and the Tauride-Anatolide Platform resulted in the final closure of the Neotethys.  
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The Pontides except Istanbul-Zonguldak region was part of the northern 
margin of Gondwana Land, facing the Palaeotethys, while the Istanbul-
Zonguldak Zone, represents a southward-facing passive continental 
margin of Laurasia. The northerly situated Palaeotethys subducted 
southwards beneath the northern Gondwana acttive margin, resulting 
in calc-alkaline bimodal plutonism ( ).   ++

The Triassic rupture of the Gondwanan platform produced 
 in two different areas. Cimmerian 
during the the Karakaya rifting began during the Late 

The Early Triassic saw the establishment 
continental margin and the opening ofthe “Neotethys” (the 

zmir-Ankara ocean).  

extensional basins
continent rifted away from Gondwanaland

Ladinian, while 
Permian-Triassic. of a south-facing 
“Atlantic-type” 
Đ

The Cimmerian continent  and the Eastern-Central Pontides and 
continent separated from the Tauride-Anatolide. 
Domuzda  subduction mélange werev  onto
the continental margin units (the Akta Gümüsolu u and Bekirli formations).

—
Õ —, 

the Sakarya
The Küre ophioli te and the

formed and collectively emplaced

Upper Cretaceous-Eurasian continental fragments (the Devrekani  
stanbul-Zongulda  Zone) were thrusted from the north 

amalgamated ophiolite association. 

and the 
southwards onto Đ — the 

Upper Cretaceous- Early Eocene. The oceanic assemblages 
between the two continental fragments are interpreted 
closure of the Palaeotethys, that resulted in the 
Platform and the Cimmerian continent .

sandwiched
as the products of  the 

collision of the Scythian 

A “Tibetian type” bimodal calc-alkaline magmatism 
assemblage of the Central Pontides (e.g. The 
plutonic complex into the Küre Complex) and felsic volcanism. 

began on the collided
intrusion of the Çangalda
subareal 

—

 
       Fig. 1.3-Şengör (1984) southward subduction model (Yılmaz et al.,1997). Palaeotectonic maps 
      depicting  the tectonic evolution of the Pontides from the Permian to the Eocene. ++, Arc plutonics; 
      vv , arc volcanics. Heavy black lines, subduction zones; lines with half arrows, transform faults.  
      Thin lines, Atlantic-type continental margins. ADSZ, Araç-Daday shear zone; BP, Bigam Peninsula;  
      GG, Gümüşhane granite; KaG, Kazdağ granite; KA, Kargı area; KG, Kırklareli granite; S, Sinop; 
      SG, Söğüt granite;TP, Tharce Peninsular; Đ, Đstanbul; Z, Zonguldak. 
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���� The Robertson and Dixon (1984) (Fig. 1.4) northward  subduction model proffers 

the northward underthrusting of a southerly situated Palaeotethys oceanic basin (represented 

by the Domuzdağ-Saraycıkdağ complex, Figs. 1.2, 1.4d) beneath the the Pontic basement that 

formed the southern tip of Eurasian continent, during the Late Palaeozoic-Mid-Jurassic. 
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Late Palaeozoic-Middle Jurassic northward subduct ion of the southerly located Tethys 
beneath the South Euras ian active margin.

Northward subduction of the Palaeotethys cont inued with pre-arc spreading and 
of oceanic crust.

genesis

Continued northward subduction of the Palaeotethys beneath the angalda   
and the rifted Eurasian continental fragment and rifting of Gondwanan  
Complex = Carbonate Platform and passive margin sequences).

G — Complex
fragment (kargı

Development of a Pacific-type active continental  margin and oceanic arc  
Complex) above the subduct ion zone.

(the angaldaG —

Lower Triassic collision of the Karg  Complex and a Seamount wi th the south 
active margin ( stanbul-Devrekani Units), with further north the 

basin, which closed by southward underthrus ting. 

ı
Đ

Eurasian
collapse of the Küre 

marginal 

Late Jurassic-Early Createceous; collapse of the  recently formed orogen, and carbonate
platform sedimentation. Renewed northward subduction. Dissection of the Carbonate 
platform into hal f-grabens, precursor of the Western Black sea marginal basin opening. 
The also extensions act ivated the exhumation of high-grade metamorphic rocks. 
 

Late Palaeozoic- Earliest Triassic rifting of a continental fragment 
Units) related to t ransform fault to form back-arc 

( stanbul & Devrekani
basin systems.

¤ Late Cretaceous-Early Tertiary, sea-floor spreading in the western Black Sea basin and
rapid subsidence of the southern margin, and northward obduction of ophiolites and
ophilit ic mélanges. The Early Tertiary suturing of the Pontides to the Anatholides to 
the south, resulting in south-vergent reimbriccation of the Palaeotethyan basement 
especially in the southerly areas and north-vergent compression near the Black Sea coast.   
  

     Fig. 1.4-The Robertson and Dixon (1984) northward subduction model (from Ustaömer and  
     Robertson, 1997). Pre-Jurassic tectonic evolution of the northern Tethyan margin in the Central  
     Pontides. MORB=mid-ocean rich basalt. 
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A “Pacific-type” oceanic arc (the Çangaldağ arc complex) developed above the subduction 

zone, followed by the rifting of a continental fragment (Đstanbul and Devrekani units), related 

to transform and/or active margin processes, to form marginal basin system (the Küre 

complex and equivalents) in the Latest Palaeozoic-Earliest Triassic times. A carbonate 

platform and passive margin sequence (the Kargı Complex, Fig. 1.4d), of Gondwana-origin, 

drifted northwards, collided with the trench, subsided and was then overridden by the 

accretionary complex, partially closing the Palaeotethys. This collision triggered the 

southward undertrusting of the Küre marginal basin, in the Jurassic. The Upper Jurassic 

closure of the Küre marginal basin led to accretion of the entire tectonic assemblage to the 

southern margin of Eurasia during the “Cimmeridgian orogeny”. The Late Palaeozoic-Middle 

Mesozoic granitoids of the Central Pontides could relate to the northward Palaeotethyan 

subduction (Nzegge et al. 2006, in review) and/or to the southward underthrusting of the Küre 

basin (e.g. Ustaömer and Robertson, 1997; Nzegge et al. in review). During the Late Jurassic-

Early Creteceous, the recently formed Late Carboniferous orogen subsided, possibly triggered 

by renewed northward subduction of Tethys. 

  In this model, the “Palaeotethys” is considered as essentially a Palaeozoic ocean that finally 

closed during the Early Tertiary time and the “Neotethys” is the collective name for oceanic 

basins that rifted in the Early Mesozoic. 

 
1.3.   Regional geologic setting  

The Central Pontides (Fig. 1.1) is the Early Cretaceous juxtaposition of the Western Pontides 

(Đstanbul Zone) and the Eastern Pontides (Sakarya Zone) (Ustaömer and Robertson 1991; 

Okay and Tüysüz 1999; Tüysüz 1999; Şengör and Yılmaz, 1981). Four major tectonic units 

are identified in the Central Pontides (Fig. 1.2): (1) the continental basement unit comprised 

of Precambrian-Palaeozoic Devrekani metamorphic unit in the Devrekani-Kastamonu region 

(Yılmaz 1980; Tüysüz 1990; data herein); the Dorukyayla gneiss in the Karadere-Araç, 

Kastamonu region (Boztuğ 1992a, Boztuğ and Yılmaz 1995) and the Dönmeyol 

metamorphics in the Küre-Kastamonu region (Boztuğ, 1992b). This unit is inferred to have 

rifted from the south Eurasian active margin, thereby producing the Küre marginal basin 

(Ustaömer and Robertson, 1997) in the Late Permian (Robertson and Dixon 1984; Aydın et al. 

1986, 1995; Ustaömer and Robertson 1993, 1994). (2) A Late Palaeozoic-Mesozoic 

subduction-accretion Küre complex in the north, related to the southward-directed subduction 

and closure of Palaeotethyan Küre marginal basin (e.g. IAT-MORB type, Robertson and 

Dixon, 1984; Ustaömer and Robertson, 1993, 1997). (3) The Çangaldağ complex, interpreted 

as a Late Palaeozoic-Early Triassic south-facing oceanic-arc-trench complex (e.g. Ustaömer, 
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1993; Ustaömer and Robertson, 1997). (4) To the south is the Palaeozoic-Mesozoic 

Domuzdağ-Saraycıkdağ subduction-accretion complex of northward polarity (e.g. Tüysüz and 

Yiğitbaş, 1994; Ustaömer and Robertson 1997). The latter complex is underlain by the Late 

Palaeozoic-Early Triassic Kargı complex (e.g. Ustaömer and Robertson 1997). All the above 

units are overlain by the Late Jurassic-Cretaceous Cover units (Yaraligöz group) (Figs. 1.5,  

3.1), comprising basal conglomerates, limestones, sandstone-shale intercalated with marl, 

representing the new sedimentary cycle that followed the major collision and uplift (e.g. 

Yılmaz, 1980).  
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             Fig. 1.5- Simplified geological map of the Kastamonu granitoid belt (modified from 
             Aydin et al. 1995; Boztug, 1983).  

 

The first three units are in tectonic contact in the south (Fig. 1.2), and are all intruded by the 

fifteen plutons of the  Kastamonu belt (Boztuğ et al. 1984, 1995; Yılmaz and Boztuğ 1986). 

The intrusions crop out in an area of about 200 x 50 km2  south of Đnebolu-Abana towns about 

30 km away from the Black Sea coast (Fig. 1.5). In earlier studies Boztuğ et al. (1984, 1995) 
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and Yılmaz and Boztuğ (1986) attributed all the Kastamonu granitoids to Middle Jurassic arc- 

and collision-related magmatism, produced during the northward subduction of Palaeotethys 

oceanic crust beneath south Eurasian margin, that subsequently closed during the Latest 

Carboniferous-Early Permian/Triassic. However, recent studies (Nzegge et al. in review) 

attributed the Middle Jurassic Devrekani granitoid to post-collisional magmatism, related to 

the collision of Gondawa- and Eurasian-derived fragments, following the southward 

underthrusting and closure of the Küre marginal basin.  

Another interpretation is that the granitoids are related to the southward subduction of 

Palaeotethys beneath the Cimmeridgian continent during the Silurian-Early Carboniferous 

time (Sengör, 1980). A third possibility refers to  them as granitoids related to subduction and 

closure of the Küre marginal basin in the Middle Jurassic (Robertson and Dixon, 1984; 

Yılmaz and Boztuğ, 1986; Ustaömer and Robertson, 1997). The genesis of these granitoids 

remains enigmatic because data necessary to identify the type, origin and emplacement time 

of all the plutons are not available.   

 

1.4.   Aims of this study 

There are no reliable age data for the Kastamonu granitoid belt (KGB), due primariliy to the 

lack of published geochronological and geochemical data. Until recent years the Kastamonu 

granitoids were generally believed to be hybrid products geochemically related through 

fractional crystallization and emplaced during the Middle Jurassic. Detailed geochemical and 

geochronological data for the Kastamonu granitoids are very limited and imprecise. The few 

ages published so far are: K-Ar K-feldspar age of 134±6 Ma obtained from a late pegmatite 

vein cutting the Deliktaş and Sivrikaya granitoids in the north of the belt (e.g. Boztuğ and 

Yılmaz, 1991; Yılmaz and Bonhomme, 1991). Boztuğ and Yılmaz (1995) reported K-Ar 

hornblende and biotite ages of 146±6 to 176±7 Ma and 162±5 Ma respectively, from the 

Asarcık granitoid in the southeast of  KGB. Generally K-Ar biotite and feldspar ages date a 

cooling process and not intrusion, so that the Middle Jurassic emplacement time assigned to 

all the plutons of the Kastamonu belt is incorrect.  

 

The main questions are: Are all the Kastamonu granitoids of the same origin but separated 

only by younger events, did they derive from different geochemically distinct magma 

chambers and at different times? Is the basement really Eurasian-derived and Variscan? To 

address these problems zircon U-Pb isotope dilution and Pb-Pb evaporation complemented 

with isotopic and whole-rock geochemical analyses have been performed, on the three largest 
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and most accessible granitoids, with contrasting geochemical characteristic (i.e. representative) 

and their basement. 

 

The ultimate goals are: (1) to present the new major and trace element and isotopic data, and 

first absolute ages of selected plutons and basement rocks exposed in the Kastamonu area. (2) 

To discuss the petrogenesis of the plutonic rocks and their tectonic setting. (3) To re-evaluate 

the relationship between the Precambrian-Palaeozoic Eurasian-derived basement and the 

Kastamonu granitoids. The data in this thesis will contribution in the understanding of 

Palaeotethyan subduction processes in the NW Turkey and, the formation, growth and 

preservation of the Eurasia continental crust in the Central Pontides.  

  The results reveal Late Palaeozoic to Middle-Mesozoic igneous activtivies in the Central 

Pontides, and that the KGB displays many features common to modern collisional belts such 

as: (1) syn-post-collision-related granitic magmatism associated with the Deliktaş and 

Sivrikaya granitoids,  (2) juvenile magmatism (e.g. Devrekani and Asarcık granitoids), and (3) 

deformation and regional metamorphism. Besides shedding light on the intrusion time, the 

data provide the first direct evidence for the existence of Late Variscan magmatic events in 

the Central Pontides, the involvement of Proterozoic protoliths in magma genesis and pre-

Variscan basement relic. Such old ages (Late Palaeozoic) are the first of their kind reported 

from the KGB, but have been identified in the other parts of the Sakarya Zone. This study 

therefore, indicate that the magmatism and/or crust-formation processes in the Central 

Pontides was longer than previously alledged, and thus correlates well with those of the 

Western and Eastern Pontides.  
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2.   ANALYTICAL METHODS 

2.1.  Determination of major and trace element concentrations 

Rock samples (>5 kg) were splintered using a jaw crusher and splits powdered (grain-size <63 

µm) in an Agate mortar. Major and trace elements abundances were determined by X-Ray 

Fluorescence (XRF) spectrometry (Bruker AXS S4 Pioneer spectrometer) at the University of 

Tübingen, using standard techniques. Loss on ignition (LOI) was calculated after heating the 

sample powder to 1000°C for one hour. Major and trace element analyses were performed on 

fused glass disks made from rock powder/Lithium borate (Li2Br2O7, 1.5:7.5) and melted at 

1150°C. Total iron concentration is expressed as Fe2O3. Analytical uncertainties range from 

<1-2 % and 5-16 ppm respectively, for major and trace elements. The trace elements Cs, Th, 

U, Ta, Hf, Sc and Pb and REE were determined by Inductive Coupled Plasma-Mass 

Spectrometry (ICP-MS) at the Memorial University of St. John`s Newfoundland, Canada 

using the sodium peroxide (Na2O2) sinter technique, which ensures a complete digestion of 

resistant REE-bearing accessory phases such as zircon and allanite. The detailed analytical 

procedure, precision and accuracy of the data are outlined in Longerich et al. (1990) and 

Dostal et al. (1986, 1994).  

 
2.2.   Whole-rock Nd-Sr isotopic compositions and Rb-Sr isotopes of minerals 

Mineral concentrates were separated from whole-rock samples by standard procedures using 

jaw crusher, steel rolling mill, Frantz Isodynamic magnetic separator, Wilfley table and heavy 

liquids. Finally, biotite, muscovite and K-feldspar were hand-picked under the binocular 

microscope to avoid visible features that might be associated with hydrothermal activity. 

For the determination of Nd and Sr isotopic ratios, ~50 mg sample splits of whole-rock and 

minerals (biotite, K-feldspar and muscovite) were spiked with mixed 84Sr-87Rb and 150Nd-
149Sm tracer solution, and decomposed in a mixture of conc. HF-HNO3 in Teflon vials in 

PTFE bombs at 180°C for 6 days. Digested samples were dried and redissolved in 2.5N HCl. 

Rb, Sr, Sm, Nd and REE were separated by conventional cation exchange chromatography 

techniques. Rb, Sm and Nd were run on Re double filaments. Sr was run on W single filament 

with a Ta-HF activator. A detailed description of the analytical procedures is outlined in 

Hegner et al. (1995). Isotopic compositions were measured on a Finnigan MAT 262 multi-

collector mass spectrometer at the University of Tübingen in data static collection mode. The 

Sr and Nd isotopic ratios were corrected for mass fractionation by normalizing to 86Sr/88Sr= 

0.1195 and 146Nd/144Nd= 0.7219, respectively. Total procedural blanks were <160 pg for Sr 

and <80 pg for Nd. Replicate analyses of the NIST-987 Sr standard during the course of this 
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study yielded a mean value of  87Sr/86Sr =0.71026 ± 10 (2σ). Measurement of the Ames Nd 

standard prepared at Tübingen, within the same period, gave a mean 143Nd/144Nd ratio of 

0.512129 ± 8 (2σ, n=5). 87Rb/86Sr ratios for whole-rock samples were calculated based on the 

measured 87Sr/86Sr ratios and the Rb and Sr concentrations determined by XRF. Errors are 

given in 2 sigma (95 %) confidence level.  

 

2.3.   Oxygen isotopes analytical procedures 

Minerals were concentrated by hand-picking under the binocular microscope. Quartz was 

further purified by treating with warm hydrofluoric acid (HF), to eliminate residual feldspars. 

Oxygen was extracted from ~5mg of silicate minerals and ~10mg of dried whole-rock powder 

at 550°C using BrF5 as a reagent following the technique of Clayton and Mayeda (1963). 

Oxygen yields were between 95 and 100 %. The Oxygen was converted to CO2 using graphite 

rod heated by a Pt-coil. CO2 was analysed for its 18O/16O ratios with a Finnigan Mat 252 gas 

source mass spectrometer, at the University of Tübingen. The isotopic ratios are reported in *-

notation relative to Vienna Standard Mean Ocean Water (V-SMOW). All analyses have been 

duplicated with analytical precision better than ± 0.1 ‰. Replicate analyses of the NBS-28 

standard quartz were δ18O(V-SMOW) of +9.7 ± 0.1 ‰ (2F). All data have been normalized to 

NBS-28= +9.7 ‰. 

 

2.4.   U-Pb zircon isotope dilution analyses 

For U-Pb analysis, zircons were hand-picked under a binocular microscope to avoid 

inclusions, turbidity and visible features that might be associated with grains affected by 

alteration. Single- and multiple-grained fractions were made on the basis of morphology, 

colour, limpidity and size, and air-abraded (Krogh, 1982). Prior to dissolution, the abraded 

grains were washed in warm 6N HCl and 7N HNO3 for about 30 and 10 mins respectively, 

followed by intermediate and repeated rinsing with ultra-pure water and ultrasonication. After 

spiking with a mixed 205Pb/235U tracer solution, zircon fractions were vapour digested by 22N 

HF in micro-Teflon beakers put in steel-jacketed digestion bombs at 200°C for 6 days, 

following the procedure of Parrish (1987). After decomposition, HF was replaced by HCl and 

the bomb was heated at 180°C over night to convert fluorite salts into more soluble chlorite 

salts. Separation and purification of Pb and U were performed in Teflon mini-columns with a 

40µl anion exchange resin (Bio-Rad, AG1-X8, 100-200 mesh) chromatography (Krogh, 1973) 

and HBr-HCl-HNO3 chemistry, following a similar method described in Poller et al. (1997). 

Pb and U were loaded with silica gel and 1N HNO3 respectively on Re-filament and measured 
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in single- and double-filament configuration. Isotopic ratios were measured in a static mode 

using a Finnigan MAT 262 solid-source multicollector mass spectrometer. The Pb standard 

NBS 981 was measured for the determination of the thermal fractionation of Pb isotopes and 

the isotopic ratios were corrected for 0.11% fractionation per atomic mass unit. Total 

procedural Pb and U blanks were <10 pg. Initial common Pb remaining after correction for 

tracer and blank was corrected using the Stacey and Kramers (1975) model. U-Pb data were 

evaluated using the software PbDat (Ludwig, 1994) and were regressed using ISOPLOT 

program of Ludwig (2000). Errors are given as 2F standard deviations. The zircon standard 

91500/Canada analysed by isotope dilution method during the course of this study yielded 

nearly concordant U-Pb age of 1065.6 ± 2.2 Ma (e.g. Chen et al., 2002a), consistent with the 

U-Pb age of 1065.4 ± 0.3 Ma obtained in different laboratories (e.g. Wiedenbeck et al. 1995).  

 

2.5.   Pb-Pb zircon evaporation method  

The 207Pb/206Pb zircon evaporation method was performed following the technique developed 

by Kober (1986, 1987). The measurement of isotopic abundances was performed in dynamic 

mode with a mass sequence 206-207-208-204-206-207 using an ion counter. Data collection 

started at 1450°C and the temperature was increased by 20-30°C after each evaporation-

deposition cycle. The ages were calculated from 207Pb/206Pb ratios obtained on a stable ion 

beam, and only ratios with 206Pb/204Pb >5000 were considered. Common lead correction was 

after Cocherie et al. (1992) using a Pb composition with a two-stage evolution (Stacey and 

Kramers, 1975). Five measurements of Pb standard NBS 981 in ion-counting mode yielded an 

average fractionation of ~0.1 % per atomic mass unit. This value is considered the best 

estimate for the fractionation of Pb isotopes, and it was used for the correction of the 
207Pb/206Pb ratio. The errors on the ages are reported as 2Fmean of the population of weighted 
207Pb/206Pb ratios. Details on the analytical techniques are given in Chen et al. (2002a, b). 

 

2.6.   Cathodoluminescence and internal structure of zircons 

Prior to isotopic analysis, representative zircon grains (~63-200 µm) were encased in low 

luminescence epoxy mount, polished down to expose grains centre. After polishing the 

mounts were carbon-coated and investigated under cathodoluminescence (CL) and back-

scattering imagery using a JEOL JXA-8900RL microprobe at the Institute of Geosciences, 

University of Tübingen. Operating condition of 15 KV accelerating voltage, 12-15 nA beam 

current, and a 1 µm beam diameter.  
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  The external morphology and the internal zonation patterns of zircon have been proven to be 

of petrogenetic and paragenetic significance (e.g. Poldervaart, 1955, 1956; Larsen and 

Poldervaart, 1957; Hanchar and Miller, 1993; Hoskin and Black, 2000; Hoskin et al. 2000). 

The internal textures are observed by cathodoluminescence (CL) and back-scattered electron 

(BSE) imaging (Ono, 1976; Paterson et al. 1989; Vavra, 1990; Benisek and Finger, 1993; 

Koschek, 1993; Hanchar and Miller, 1993; Hanchar and Rudnick, 1995; Watson and Liang, 

1995; Watson, 1996; Cherniak et al. 1997a, b; Rubatto and Gebauer, 2000; Kempe et al. 2000; 

Corfu et al. 2003; Hoskin and Schaltegger, 2003). These techniques are applicable because of 

the heterogeneous distribution of elements in most zircons, particularly trace elements. These 

images allow for visual distinction between oscillatory/magmatic and sector zoning, 

metamorphic growth zones, preserved igneous cores, new zircon, recrystallized domains and 

domains showing other types of structural reorganization.  

  While CL spectra are primarily controlled by trace constituents in zircon, particularly the 

REE, BSE reveals contrasts in average atomic number of regions of a mineral phase, i.e. the 

higher the number the brighter the area (e.g. Paterson et al. 1989). CL and BSE images are 

very similar, except that dark areas in CL are bright in BSE, and vice versa. Some subtleness 

in zonation is often visible in one but not in the other. For example, CL images of zircons 

from the Central Pontides usually show more details than BSE images. Both techniques are 

particularly useful in identifying different growth phases within zircons and to recognize 

inherited cores and overgrowth patterns (Vavra, 1990, 1994, 1996; Vavra et al. 1996; Hanchar 

and Miller, 1993; Poller, 1997; Hoskin and Black, 2000; Hoskin et al. 2000). BSE method can 

give more information on inclusions, which could be further quantitatively identified using 

the energy dispersion system (EDS). These methods further allow the identification of 

resorbed areas in zircon grains (e.g. Hanchar and Miller, 1993; Hoskin and Schaltegger, 2003). 

  The internal structure of zircon could be regarded as primary (formed during crystallization) 

or secondary (formed after crystallization). Although the internal growth patterns in igneous 

zircons has been documented in numerous cases (e.g. Pidgeon, 1992; Vavra, 1994; Hoskin et 

al. 2000 for example), there are relatively few cases of well-described metamorphic zircons 

(e.g. Hoffmann and Long, 1984; Vavra et al. 1996; Kröner and Willner, 1998; Schaltegger et 

al. 1999). Vavra et al. (1996) related sector zoning patterns to abrupt changes in zircon growth 

rate, probably caused by small environmental changes such as temperature or variations in 

supersaturation of crystallizing particules.  

  During high-grade metamorphism, some sort of ripening mechanism occurs in which the 

zircon material contained in small crystals are dissolved and transferred to larger grains,  
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thereby forming overgrowth (e.g. Hanchar and Millar, 1993; Hanchar and Rudnick, 1995; 

Vavra et al. 1996), a coarsing mechanism (Poitrasson et al. 2002), by way of solid-state, 

closed system recrystallization (e.g. Hoskin and Black, 2000; Hoskin et al. 2000) of 

preexisting zircon along chemical reaction fronts migrating from outer surface towards the 

interior of the zircon crystals (e.g. Schaltegger et al. 1999), the consequence of 

recrystallization, the present evidence of partial resetting of the Th/U ratios, U/Pb and Pb/Pb 

ages (e.g. Pidgeon et al. 1998; Geisler et al. 2002). However, the resistance of zircon confirms 

that, the total resetting of the U/Pb system in zircon during metamorphism process is a rarity 

rather than a norm (e.g. Maurel et al. 2002). Recent Pb diffusion experiments on pristine 

zircon (e.g. Cherniak and Watson, 2000) suggest that mean closure temperatures are in excess 

of 900°C, higher than that reached during the Variscan metamorphism. In general, resetting 

appears to depend mainly on the hydrous content of the subducted rocks and on the 

importance of fluid circulation driving zircon dissolution and recrystallization, or growth of 

new grain. It is inferred that in the absence of penetrative deformation and fluid circulation at 

high to moderate pressure, zircon cannot exchange Pb via diffusion, allowing the preservation 

of pre-metamorphic U/Pb ages (e.g. Maurel et al. 2002). Pb exchange occurs when fluids can 

freely infiltrate the rocks and partially dissolves zircons, most likely at the time the subducted 

rocks reached upper crustal levels (e.g. Maurel et al. 2002).  

  Hence, the combination of CL technique and isotope dilution (ID)-thermal ionization mass 

spectrometry (TIMS) are very useful tools for geochronology allowing more precise 

evaluation and better constraints of zircon U-Pb data.  

 

2.7.   Classification of rocks-granite types 

To stress on their different origin Chappell and White (1974) described the two contrasting 

granite types in the Lachlan Fold Belt-Australia as: the S- (sedimentary) type, derived from 

the partial melting of sedimentary source-rocks and I- (igneous) type originating from the 

melting of igneous rocks. Studies on granitic rocks by O`Neil and Chappell (1977); Chappell 

and White (1987); White and Chappell (1988); White (1986), have demonstrated that S- and 

I-type granitoids can be distinguished on the basis of δ18O(V-SMOW) values and initial 87Sr/86Sr 

(Sr(i)) ratios. For example the S-types are characterized by higher values δ18O (10.4 - 12.5 ‰) 

and initial Sr ratios (Sr(i)> 0.708), while I-types have lower δ18O(V-SMOW) values (7.7 - 9.9 ‰) 

and Sr(i) ratios (< 0.708). The δ18O(V-SMOW) values and initial Sr ratios have then been used as 

criteria for the classification of I- and S-type granitoids (e.g. Chappell and White, 1974; 1983; 

Didier et al. 1982; Pitcher, 1982; White and Chappell, 1988). 
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   Table 1.1- Summary classification criteria for I- and S-type granites after Chappell and White  
   (1974, 1983); Didier et al. (1982); White and Chappell (1988)   
   

I-Type S-Type

SiO2 Variable from mafic to felsic   Narrow range

Hornblende More abundant than biotite   Muscovite, biotite, no hornblende

Na2O > 3.2 wt % in felsic and ~2.2 wt %   <3.2 wt %

in mafic rocks
ASI <1.1, metaluminous   >1.1, peraluminous
C.I.P.W. normative corunduim<1%   >1%
Harker trends More regular linear trends   Irregular trends
87Sr/86Sr(i) ratios <0.708   >0.708

εNd(t) values High and variable   Low and constant 

Texture Often unfoliated, discordant contacts   Foliated, contact aureole 
18O(SMOW) <10 ‰   >10‰δ

 
 

  Applying the Chappell and White (1974, 1983); Didier et al. (1982); Pitcher (1982); White 

and Chappell (1988) criteria and compared to the typical Lachlan Fold Belt granites (Chappell 

and White, 1992), the Andean granites (Pitcher, 1985) and Hercynian/Variscan granites of 

Western and Central Europe (e.g. Pagel and Laterrior, 1980; Lameyer et al. 1980, Liew et al. 

1989; Barbarin, 1999; Fernandez-Saúrez et al. 2000), the Deliktaş, Sivrikaya and Devrekani 

granitoids can be classified as S- type, transitional- (e.g. Liew and Hofmann, 1988) to S- type 

and I-type respectively. 

  Analyzed Deliktaş samples (DLG) have normative corundum of 2.0 - 5.0 % and ASI> 1.1, 

Sr(i) and δ18O(V-SMOW) values ranging from 0.7326 - 0.7482 and 11.5 to 12.1 ‰ respectively. 

Whereas the Sivrikaya granitoid samples (SG) have transitional values of normative 

corundum (0.9 to 4.7 %), ASI of 0.92 to 1.8, Sr(i) of 0.704 to 0.708 and δ18O(V-SMOW) values of 

10.3 to 12.4 ‰. In contrast, the Devrekani rocks (DG) have ASI in the range of 0.76 to 0.94, 

and Sr(i) and *18O(V-SMOW) values ranging from 0.705 to 0.706 and 7.2 to 9.5 ‰ respectively. 

The presence of hornblende xenoliths, the absence of primary muscovite and high HFSEs 

contents (e.g. Nb and Zr) support I-type sources (low Rb/Zr ratios) for the DG (e.g. Harris et 

al. 1986).   
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3.   THE SIVRIKAYA (SG) AND DELIKTA Ş (DLG) GRANITES  
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Fig. 3.1- Simplified geological map of Sivrikaya-Deliktaş area (modified after Aydın et al. 1995; 
Boztuğ and Yılmaz 1983). 
 

 

3.1. PETROGRAPHY 

Sivrikaya samples (SG) were collected at new road cuttings and quarries in the 

Sivrikaya/Elmalıçay village and SG-186a was collected at the Dıkmentürbet village quarry, 

close to Ösek town (Fig. 3.1). The SG is host to medium- to coarse-grained hornblende-biotite 

granodiorites, tonalites and two-mica granites. The major mineral assemblage of this granitoid 

is quartz, K-feldspar (orthoclase-microcline), dark-green hornblende, brown biotite (in mafic 

members), quartz and euhedral plagioclase (anorthite in the more basic samples). Zircon, 

calcite, hematite, apatite and allanite are the subordinate phases. In some samples the 

plagioclase grains are twinned and faintly zoned. Quartz forms aggregates and displays 

undulatory extinction under polarized light. Locally, biotite and hornblende are partially 

chloritized and epidotized, and usually contain zircon inclusions (Fig. 3.2).    
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           Fig. 3.2- Representative microphotographs showing microstructures of Sivrikaya granite 
           rocks. Abbreviations: K-F, k-feldspar; Bt, biotite; Plg, plagioclase; Musc, muscovite;  
           Hbl, hornblende; Qtz, quartz; Zr, zircon. 
 

  The presence of hornblende in some SG samples (granodiorites, tonalites) suggests magma-

water contents of ≥ 4 wt% (e.g. Naney, 1983). The muscovite in the Sivrikaya leucocratic 

members is almost completely altered. K-feldspar exhibits a microperthitic to perthitic texture 
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wrapped around the plagioclase. Some Sivrikaya samples are relatively poor in silica and 

alkalis, and rarely orthopyroxene occurs in the more mafic samples.  
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                       Fig. 3.3a- Representative microphotographs showing microstructures of  
                      Deliktaş granite rocks. Abbreviations: K-F, k-feldspar; Bt, biotite; Musc,  
                      muscovite; Qtz, quartz.  
               
 
 
Deliktaş granite rocks are muscovite-rich monzogranites. Samples were collected from 

quarries and new roads, at a distance of ~500m around the Deliktaş (Ahiçay) village which is 

located on this pluton and DLG-114 near a pegmatite vein (Fig. 3.1). All of the Deliktaş rocks 

are leucocratic, predominantly coarse-grained displaying porphyritic texture with K-feldspar 

and muscovite phenocrysts (Fig. 3.3). 
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                 Fig. 3.3b- Representative microphotographs showing microstructures of Deliktaş  
                 granite rocks. K-F, k-feldspar; Bt, biotite; Musc, muscovite; Qtz, quartz. 
           
 
In addition to quartz, K-feldspar (albite-orthoclase-microcline), muscovite and plagioclase, 

minor cordierite, calcite, apatite and zircon occur. Quartz occurs as anhedral crystals partially 

recrystallized as graphic quartz and myrmekite (Fig. 3.3). K-feldspar is cream-white and 

occurs as anhedral to subhedral crystals, often displays microcline twinning. Plagioclase is 

generally sub-euhedral, faintly zoned, twinned and mostly sericitized. Muscovite is coarse-

grained, idiomorphic and “apparently primary” (Saavedra, 1978). Rare biotite occurs as 

minute flakes scattered throughout the rock. 

 

3.2. GEOCHEMISTRY  

3.2.1. Major and trace elements geochemistry 

Representative geochemical analyses of samples are listed in Table 3.1. Generally the bulk 

-rock concentrations of the Sivrikaya and Deliktaş granites are characterized by high SiO2 and 

low MgO, and low abundances of high-field strength elements (HFSE) (Nb, Th, Ta, Zr and 

Hf). These features are commonly considered as characteristics of subduction-related (e.g. 

Floyd and Winchester, 1975; Keppler, 1996). Major and trace elements variations are 

illustrated in Harker diagrams in Figures. 3.4 and 3.5.  
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   Table 3.1- Major, trace and rare earth element analyses of Deliktaş (DLG) and Sivrikaya  
   (SG) granitoids rocks. 

Sample DLG-82 DLG-83 DLG-4  DLG-84 DLG-114 SG-132  SG-124  SG-125 SG-276 SG-116  SG-115 SG-74  SG-88bSG-72  SG-75a  SG-186a SG-72a

SiO2 77.1 77.4 77.6 78.5 79.8 68.7 69.0 69.4 69.8 69.9 71.2 74.9 75.0 75.1 75.9 76.0 76.1
TiO2 0.04 0.04 0.04 0.03 0.07 0.39 0.39 0.34 0.15 0.36 0.23 0.34 0.07 0.19 0.34 0.04 0.58
Al 2O3 14.3 13.7 13.2 13.9 11.4 16.2 16.1 15.8 14.5 15.9 15.8 14.5 14.3 11.8 13.7 14.5 15.1
Fe2O3 0.64 0.35 0.31 0.57 0.34 3.29 3.08 2.89 1.19 2.77 1.95 0.35 0.67 0.73 0.56 0.42 0.26
MnO 0.04 0.01 0.00 0.06 0.00 0.08 0.06 0.08 0.03 0.06 0.03 0.000.02 0.003 0.00 0.01 0.00
MgO 0.18 0.12 0.11 0.15 0.13 0.99 1.13 0.83 0.55 0.84 0.63 0.15 0.25 0.14 0.11 0.12 0.21
CaO 0.37 0.22 0.22 0.51 0.14 3.55 0.45 2.48 3.10 3.32 3.57 0.120.39 0.10 0.12 0.22 0.07
Na2O 4.44 3.85 3.67 4.82 2.63 3.79 3.73 3.87 4.17 3.96 4.02 2.19 4.14 1.74 3.12 4.75 1.76
K2O 3.67 5.16 5.16 2.14 4.66 1.54 3.36 3.01 3.04 1.94 1.80 5.48 3.98 4.55 5.28 3.43 4.87
P2O5 0.08 0.06 0.05 0.11 0.03 0.11 0.17 0.16 0.07 0.14 0.15 0.04 0.09 0.05 0.03 0.06 0.04
LOI 0.84 0.54 0.83 0.85 0.81 1.67 2.20 1.46 3.78 1.46 0.73 1.63 1.18 1.58 1.28 1.05 2.48
Sum 101.7 101.5 101.3 101.7 101.9 100.6 101.8 102.0 102.2 100.7 100.1 100.2 100.5 100.5 100.7 100.7 100.0
ASI 1.20 1.11 1.10 1.25 1.18 1.13 1.52 1.12 0.92 1.08 1.05 1.491.21 1.5 1.24 1.21 1.82
Mg# 54.8 59.4 61.6 54.2 63.6 56.9 61.8 55.9 66.9 57.3 58.8 65.162.0 45.8 46.8 55.7 77.8
Cr 2.2 6.0 2.4 5.9 1.9 45.9 7 6.3 52.3 33 58 12 5 24.0 29 16.8 27
V 5 4 2 <0.1 4 29.0 37 31 15.9 28 16 19 2 50.9 14 4.2 39
Li 7.54 8.18 7.31 12.85 24.82 <0.1 28.16 <0.1 <0.1 <0.1 <0.1 5.34 7.52 <0.1 <0.1 <0.1
Rb 142 127 136 138 150 49.5 124 100.1 87.0 69 66 254 135 29.0 272117.8 207
Sr 73 71 67 53 75 408.6 164 382.0 253.6 345 330 52 141 166.0 69 55.2 74
Y 14.7 9.0 18.0 10.5 18.2 12.4 19 18.4 13.7 14 15 28 15 32.7 29 20.1 27
Zr 93.4 79.2 86.5 90.3 133.9 224.5 172 181.2 115.6 197 203 20694 122.4 196 100.1 247
Nb 15.4 19.1 10.6 12.7 14.8 10.0 16 20.8 0.0 0 0 13 19 7.1 13 8.4 14
Cs 2.67 0.86 0.78 1.36 3.25 <0.1 3.67 <0.1 <0.1 <0.1 <0.1 2.881.17 <0.1 <0.1 <0.1
Ba 306 430 341 56 418 457 629 872 990 488 491 287 448 558 318 185 334
La 13.5 14.3 32.0 16.0 27.1 50.9 31 40.0 20.7 44 22 46 17 33.0 41 17.4 42
Ce 11.4 6.3 4.8 <0.1 42.1 64.0 62 71.1 34.3 62 0 85 13 42.9 80 <0.1 82
Pr 1.35 0.82 0.59 5.16 6.19 7.94 <0.1 <0.1 <0.1 <0.1 1.44 5.05<0.1 <0.1
Nd 13.9 23.3 4.1 14.0 24.8 31.5 29 33.3 10.4 30 14 30 16 20.2 42 9.1 37
Sm 3.0 4.9 0.9 3.9 5.2 5.7 6 5.87 3.1 4 <0.1 6 4 4.5 5 29.5 7
Eu 0.25 0.21 0.19 <0.1 0.27 1.15 0.70 1.20 0.70 1.00 0.30 0.700.31 0.78 0.20 <0.1 0.40
Yb 1.2 0.6 0.6 0.8 5.0 0.7 1.5 1.4 1.1 0.9 0.8 2.1 1.2 3.2 2.3 1.7 1.9
Gd 1.16 0.54 0.45 4.13 1.66 4.17 1.14 4.67
Tb 0.23 0.10 0.10 0.65 0.20 0.55 0.22 0.75
Dy 1.54 0.66 0.85 3.95 1.02 2.80 1.38 4.96
Ho 0.30 0.14 0.15 0.76 0.17 0.45 0.27 1.08
Er 1.00 0.50 0.48 2.15 0.42 1.12 0.79 3.30
Tm 0.17 0.07 0.08 0.32 0.06 0.16 0.13 0.50
Lu 0.17 0.06 0.08 0.30 0.04 0.12 0.15 0.49
Hf 1.13 0.39 0.61 1.16 0.70 1.54 1.67 1.25
Ta 3.34 0.43 0.21 1.52 0.38 1.73 4.89 0.37
Pb 33.2 33.2 36.3 25.3 27.9 14.3 23 52.6 27.4 11 15 34 44 9.0 30 26.0 11
Th 3.7 0.9 1.4 15.1 21.8 11.9 13 14.6 10.9 12 5 23 6 6.3 23 8.1 18
U 5.2 1.3 2.1 1.3 1.2 4.8 0 1.9 0.8 4 3 <0.1 15 0.9 <0.1 <0.1 <0.1
Co 0.0 0.0 0.0 0.0 0.0 3.3 4 3.1 0.0 3 1 <0.1 0 7.5 <0.1 <0.1 <0.1
Ni 0.0 0.0 0.0 0.0 0.0 15.6 0 0.0 10.7 2 16 <0.1 0 6.4 <0.1 <0.1 <0.1
Zn 0.0 0.0 0.0 0.0 2.4 51.6 63 54.3 10.5 36 21 <0.1 0 17.8 <0.1 <0.1 <0.1
Mo 0.20 0.18 0.00 0.00 6.00 0.14 0.07 3.16
Tl 0.46 0.58 0.62 0.67 0.19 0.53 0.59 0.06
Bi 5.54 0.02 0.02 0.03 0.14 0.33 0.98 0.05
Eu/Eu* 0.31 1.19 0.92 0.18 1.15 0.75 0.42 0.53
Nb/Ta 4.6 13.3 15.6 13.4 19.4 12.0 3.9 19.1
[La/Yb]N 7.6 15.9 35.5 13.4 3.6 48.6 13.7 19.1 12.6 32.5 18.3 14.5 9.5 6.8 12.0 6.8 14.8
[Gd/Yb]N 0.8 0.7 0.6 0.7 1.9 2.4 0.8 1.1
Sr/Y 5.0 7.9 3.7 5.0 4.1 33.0 8.7 20.8 18.5 24.0 22.8 1.9 9.4 5.12.4 2.7 2.7
Fe O /MgO2 3 3.6 3.0 2.7 3.7 2.5 3.3 2.7 3.5 2.2 3.3 3.1 2.4 2.7 5.2 5.0 3.5 1.3
K O/Na O2 2 0.83 1.34 1.41 0.44 1.77 0.41 0.90 0.78 0.73 0.49 0.45 2.50 0.96 2.76 1.69 0.72 2.76
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- = not determined; ASI= aluminium saturation index= [molar Al2O3/(CaO+K2O+Na2O)];  
Mg#= 100 x molar [MgO/(MgO+0.9xFe2O3)]; (Eu/Eu*= √[Smcn x Gdcn] 
 
 
The samples exhibit a narrow range of SiO2 content, 68 to 79 wt % for the Sivrikaya and 77 to 

78.5 wt % for Deliktaş (except for one pegmatite sample DLG-114, 79.8 wt %). MgO, Al2O3, 

Fe2O3 and CaO decrease slightly with increasing SiO2, whereas K2O remain nearly constant. 

SG rocks exhibit a cluster of data in two groups, the intermediate and felsic samples (Fig. 3.4). 
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         Fig. 3.4- Selected Harker variation plots of major elements (wt %) for Deliktaş and Sivrikaya  
         granitoids samples. (e) Shows field boundaries between medium-K (normal calc-alkaline) and 
         high-K series of Peccerillo and Taylor (1976) 
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              Fig. 3.5- Harker variation plots of selected trace elements for Deliktaş and Sivrikaya  
               granitoids samples. 
 
 

In terms of normative mineralogy, the Sivrikaya granite has tonalitic-granodioritic to granitic 

compositions (Fig. 3.6). In contrast, the Deliktaş granite melt approach minimum melt 

compositions (e.g. Tuttle and Bowen, 1958; Johannes and Holz, 1996). The molar A/CNK vs. 

A/NK diagram (Maniar and Piccolli 1989) defines the rocks as slightly metaluminous to 

strongly peraluminous, and of transitional to S-type character (Fig. 3.7a) (e.g Chappell, 1999).  
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                         Fig. 3.6- (a) Ternary diagram illustrating the compositions of Deliktaş-  
                         Sivrikaya granites. Nomenclature from Le Maitre (1989): quartz (Q);  
                         alkali feldspar (A); plagioclase  (P) and (b) The An-Or-Ab diagram of  
                         Baker (1979) and O’Connor (1965). 
 

All samples are of sub-alkaline affinity, belong to the calc-alkaline series (Figs. 3.7b-c), and 

plot in the volcanic arc granitoids field of the Pearce et al. (1984) diagram. The K2O vs. SiO2 

plot shows Deliktaş samples to be dominantly of high-K affiliation (Fig. 3.4e). Sr shows two 

groups of rocks for SG, but rather constant contents in the DLG (Fig. 3.5f). Although some 

rocks of both granitoids exhibit typical high-K, calc-alkaline compositions, the variation 

diagrams reveal some differences between them (Figs. 3.4, 3.5). The Deliktaş rocks exhibit a 

higher and smaller range in SiO2 content. Among the trace elements, samples of Sivrikaya 

show a much larger range in concentration than those from Deliktaş granitoid, indicating that 
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the DLG was not derived by crystal-liquid fractionation processes from SG, but could 

represent a distinct group of rocks derived from different sources.  
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     Fig. 3.7- Geochemical composition of Deliktaş and Sivrikaya plutons plotted on the (a) A plot 
     of Shand`s Index with fields of different granite-types after Maniar and Piccolli (1989), and (b) 
     SiO2 vs. alkaline and (c) Calc-alkaline diagrams of Irvine and Baragar (1971, 1989) 
 
     
  Some aspects of the chemical variations between the SG granitic samples and the DLG 

monzogranites could be interpreted as evidence for a comagmatic linkage between these 

granitoids. However, there are important differences, such as the higher Rb contents, and 

much higher Rb/Sr ratios, that precludes such an interpretation. Also, in terms of Sr, Nd and 

O isotopic compositions DLG has a more crustal signature. Taken together, this suggests that 

the protolith of the DLG was more crustally evolved and distinct from the SG. Jakes and 

White (1971, 1972) proposed that differences between calc-alkaline rocks from island arcs 

and continental margins have genetical significance. The main differences between the two 

series: SiO2 range, K2O/Na2O ratio and K2O, Rb, Ba, Sr, Th, U and Zr abundances are all 

thought to be higher in the continental margin calc-alkaline suite. 
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3.2.2.   Rare earth elements 

Chondrite-normalized (cn, Sun and McDonough, 1989) REE patterns are plotted in Fig. 3.8. 

The patterns of all samples from both plutons are characterized by fractionation of the light 

and heavy REEs. The Sivrikaya samples are characterized by moderately fractionated REE 

patterns ([La/Yb]cn= 6.8-49) and flat to concave-upwards HREE ([Gd/Yb]cn= 0.76 - 2.37) 

patterns, and have mostly very small Eu-anomalies (Eu/Eu*= 0.42 - 1.15).  
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                  Fig. 3.8- Chondrite-normalized rare earth element abundances for DeliktaÕ and 
                  Sivrikaya granitoids. Normalizing values from Taylor and McLennan (1985).       
                                                             

The Deliktaş samples exhibit less fractionated REE patterns ([La/Yb]cn= 3.6 - 35.5), flatter 

HREE ([Gd/Yb]cn= 0.59 - 0.78), and have positive to negative Eu anomalies (Eu/Eu*= √[Smcn 

x Gdcn]= 0.18 - 1.19). The pegmatite sample, DLG-114 has the highest absolute REE 

abundances but the lowest [La/Yb]cn ratio (3.6), which shows slight enrichment of middle 

REEs (Gd to Er) relative to the other HREEs. SG samples yielded moderate amount of 

zircons, while DLG samples are very poor in this mineral. As zircon has very high affinity for 
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HREE (Gromet and Silver, 1983), the different abundances of zircon may be sufficient to 

explain the different HREE patterns. From these considerations, it appears possible that the 

SG owe its origin to mantle-derived magmas that assimilated the amphibolitic basement rocks 

while undergoing fractionation. Primitive mantle-normalized (Sun and McDonough, 1989) 

trace elements show enrichment in large ion lithophile elements (LILE) (e.g. Cs, Rb, Th, K 

and U) and SG samples exhibit troughs for HFSE (Nb and Ti) (Fig. 3.9). Whereas, DLG 

samples virtually have no negative Nb anomalies but more distinct Ti depletion.  
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                Fig. 3.9- Primitive mantle-normalized trace element abundances for the Deliktaş 
              and Sivrikaya granitoids. Normalizing values are from Taylor and McLennan (1985). 
        
 Negative Ti anomaly can be attributed to fractional crystallization of accessory phases, e.g. 

allanite and titanite. Some samples show decoupling of Ba and Sr from Rb and K as indicated 

by the troughs for Ba and Sr. Geochemical and geochronological (U-Pb, see below) data 

indicate that the protolith for SG rocks were essentially of igneous origin, while those for 

DLG were sedimentary. 
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3.2.3.   Sr-Nd-O isotopic compositions 

The Nd, Sr and O isotope data are presented in Table 3.2. Calculated initial 87Sr/86Sr (Sr(i))  

and 144Nd/143Nd (εNd(t)) isotopic compositions are based on U-Pb and Pb-Pb zircon ages of 

300 Ma for Sivrikaya and 295 Ma for Deliktaş. The isotopic data highlights the considerable 

crustal residence age of the source region and show that the granitoids magmas do and/or do 

not represent new additions to the crust. Possible protoliths could be lower crust, and 

consisting of amphibolites and metagreywackes. Figure 3.10a-b shows the variation of initial 
143Nd/144Nd (εNd(t)) values with initial 87Sr/86Sr (Sr(i)) isotopic ratios. For Deliktaş samples 

gNd(t) values decrease with increasing Sr(i). Sivrikaya samples have similar εNd(t) but lower 

Sr(i) values. Sivrikaya rocks show relatively large variations in isotopic composition (εNd(t)= -

1.0 to -3.8; Sr(i)= 0.7040 - 0.7080) further suggesting their derivation from heterogeneous and 

old sources. The wide range in εNd(t) values and Sr(i) ratios of the SG samples, and high Sr 

content indicate low degree of partial melts of mantle and/or plagioclase fractionation. The 

relatively high εNd(t) values shown by some samples (-1 to -2) further suggest involvement of 

mantle or mafic crustal sources. However, a young, more siliceous, LREE-enriched crustal 

source cannot be ruled out, such as detritus from young calc-alkaline arc-rocks which likely 

were part of the source region of this granitoid. Furthermore, the small to strong negative 

gNd(t) values and low Sr(i) ratios, indicate significant input of mantle-derived component 

during magma generation. Young TDM ages of SG rocks (0.75-1.08 Ga) indicate the presence 

in their source of a component with short crustal residence time. Such a source is compatible 

with young calc-alkaline arc-rocks (Ghosh and Lambert, 1989).  

 

  Sivrikaya δ18Owhole-rock values are slightly lower and more variable in the range of 10.0 to 

11.6 ‰, ~12 ‰ for quartz and ~6 ‰ for biotite. The wider range in δ18Owhole-rock values of the 

Sivrikaya samples, reflect a heterogeneous source. There is a slight positive correlation 

between δ18O and Sr(i) and SiO2 values indicated for the Deliktaş samples (Fig. 3.10b-c). The 

δ18O values of the Deliktaş samples are high with a narrow range from 11.5 to 12.1 ‰ for 

whole-rocks, restricted 13 ‰ for quartz and 11.5 ‰ for K-feldspar. These values are typical 

of intracrustal melts or “S-type” granites (e.g. Taylor, 1968; O’Neil and Chappell, 1977).  
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However, the SG and the surrounding basement rocks yield overlapping TDM ages (e.g. 

basement, 0.6 1.3 Ga) suggesting that the SG may be strongly influenced by the Nd from 

these rocks. 
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  High and nearly constant Rb/Sr ratios (~5.6) Deliktaş granite samples may be indicating 

derivation from a homogeneous source. However, the samples have variably high initial Sr(i) 

ratios (0.7326 - 0.7482) and low εNd(t) values (-2.1 to -4.8) and Nd model ages of 1.2 -  2.2 

Ga. These, and the positive to negative Eu anomalies, emphasizing that young and old crustal 

material contributed in their genesis. An origin through dehydration melting of homogeneous, 

felsic upper crust is regarded as the most viable model for generating the Deliktaş 

leucogranite, consistent with low Sr concentration (53 - 75 ppm, because plagioclase is 

residual) and some high negative εNd(t) values (-4.8), which implies melting of a considerable 

proportion of old crustal material. 
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           Fig. 3.10- Isotopic compositions of samples from Deliktaş and Sivrikaya granitoids  
          (a) initial εNd(t) values vs. initial Sr ratios, (b) and (c) initial Sr isotopic ratios and 
          δ18O values vs. SiO2 respectively 
     

  Based on Sr, Nd and O isotope variations (Fig. 3.10), it would seem feasible that the 

Sivrikaya granite magmas were formed by variable degrees of mixing between mafic magmas 

and partial melts derived from older metasedimentary components (with high Sr(i), low εNd(t) 

and high δ18O) in the lower crust, with additional crustal component. In either a mixing or a 

separate source model for the SG magmatism, the protoliths probably constrained variable 

amounts of a recycled crustal component that had been subjected to surface weathering as 
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suggested by δ18O values (Table 3.2, Fig. 3.10c). Partial melting of crustal rocks was probably 

in response to heat input in the form of mantle-derived mafic magmas underplating (e.g. 

Davies and von Blanckenburg, 1985; von Blanckenburg and Davies, 1985; Dummond and 

Defant, 1990; Pearce and Parkinson, 1993 Schiano et al. 1995; Martin, 1997; Henk et al. 

2000). 

The relative mafic composition of the granodiorite-tonalite samples compared to the 2-mica 

granite coupled with dissimilar isotopic signatures, suggests derivation either from different 

protolith or that the granodiorite-tonalite samples represent a cumulate from the magma that 

also formed the granite (e.g. Roberts et al. 2000). However, petrological, geochemical and 

isotopic data show that the Sivrikaya 2-mica granites could represent a separate magma batch. 

The common association of the granodiorite-tonalite with the intermediate and basic 

basement rocks (Ösek and Büyükçay metabasic) suggests that the magmas may have inherited 

some of the signatures from the basement, the result of partial melting, assimilation, magma 

mixing during ascent to and emplacement in higher magma chamber (e.g. Collins, 1996). It 

should be noted that the 2-mica granites have marginally higher Sr(i) and lower εNd(t) than the 

granodiorite-tonalite, which is expected from mixing.  

The DLG and SG (KGB) rests on Precambrian-Palaeozoic granulite-amphibolite facies 

basement (gneisses, amphigneisses and amphibolites), which have variable Rb-concentrations 

(5 - 117 ppm) and initial Sr isotopic values in the range 0.70395 to 0.71256. It is noteworthy, 

that these values are compatible with those shown by SG and DLG, which are thought to be 

derived from these high-grade rocks. It seems most likely, therefore, that the isotopic 

compositions of the granitoids result from the mixing of old continental material with mantle-

derived magmas, mafic continental crust or young LREE-enriched crustal rocks. The main 

question therefore is, whether the component with the mantle signature represents magma 

from the mantle that fractionated and assimilated continental crust, or whether this magma 

induced anatexis in a heterogeneous rock in the crust. 
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3.2.4.   Discussion on geochemistry 

3.2.4.1. Petrogenetic considerations  

Petrogenetic models for the origin of arc magmas fall in two broad groups. Firstly, felsic arc 

magmas are derived from parent magmas of basaltic composition through fractional 

crystallization or AFC processes (e.g. Grove and Donnelly-Nolan, 1986; Bacon and Druitt, 

1988). The second model is that basaltic magmas provide heat for partial melting of crustal 

rocks (e.g. Bullen and Clynne, 1990; Roberts and Clemens, 1993; Tepper et al. 1993; Guffanti 

et al. 1996). The first model is considered unlikely, because the Sivrikaya and Deliktaş 

granitoids rocks are voluminous (all samples have SiO2 content > 60wt %). Furthermore, the 

rocks compositions do not represent a fractionation sequence from basalt-granodiorite-

leucogranite. Such voluminous felsic magmas could not be generated solely by differentiation 

of mantle-derived mafic magmas. Rocks of Deliktaş and Sivrikaya granitoids show little or no 

variation in initial Sr-isotope ratios and δ18O values with SiO2 (Fig. 3.10b-c), which does not 

support derivation from mafic magmas through AFC processes. Experimental evidence (e.g. 

Wyllie, 1984) has shown that hydrous melting of basalt could produce tonalitic-trondhjemitic 

magmas that might evolve by fractional crystallization and/or crustal contamination towards 

more granitic compositions. Tepper et al. (1993) and Watson and Harrison (1982) reported 

that partial melting of the lower crustal metabasalt under variable H2O conditions could yield 

a variety of granitoids. Similarly, Roberts and Clemens (1993), based on the results of 

experiments on partial melting of common crustal rocks stated that medium- to high-K, 

transitional- to S-type calc-alkaline granitoid magmas could be derived from partial melting 

of intermediate to felsic metamorphic rocks of the crust. Given the existing experimental 

constrains, the most reasonable model for the origin of the Sivrikaya and Deliktaş granitoids 

involves partial melting of crustal protoliths having different compositions, under variable 

H2O activities, leaving restite with variable proportions of amphibole and plagioclase. This 

process combined with fractional crystallization and upper crustal contamination [as 

exemplified by basic to intermediate (amphibolitic) and felsic (gneissic-granitic) basement 

rocks], respectively could have generated the SG and DLG magmas. Fractional crystallization 

of the melts en route to higher crustal levels can generate the whole spectrum of rock types 

represented in the Sivrikaya granite. Some SG samples are transitional-types which could 

represent highly differentiated I-types which assimilated the metasedimentary (mafic-

intermediate) basement rocks or the product of graywackes melting (e.g. Turpin et al. 1990) 

(Fig. 3.11a, b). The dispersion of the isotopic data for the SG and the high-grade metamorphic 
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basement rocks in the Sivrikaya area highlights the wide diversity of the material involved in 

the episodic differentiation. 

  The more evolved and less variable geochemical and isotopic characteristics of the Deliktaş 

rocks are similar to Moldanubian granites that are entirely derived from crustal sources (e.g. 

Liew and Hofmann, 1988). These characteristics further reflect low water activity and lower 

melt fraction, the most probably source lithology is a muscovite-rich metapelite (e.g. 

Thompson, 1996), which has sufficient volume to generate the observed proportion of the 

Deliktaş leucogranite. The parental magma characteristics, potential sources and crystal 

behaviour can be constrained by geochemical and isotope data.  

  

3.2.4.2. Fractional crystallization  

Small increases in SiO2, K2O, Rb and decreases in Al2O3, TiO2, Fe2O3, CaO and MgO 

contents within both granitoids are compatible with very limited evolution through fractional 

crystallization processes (Figs. 3.4, 3.5). Slightly positive to strongly negative Ba and Sr 

anomalies of Deliktaş rocks are associated with small positive to huge negative Eu anomalies, 

indicating evolution by fractionation of K-feldspar (and plagioclase) either in the magma 

chamber or during magma ascent. This is also supported by negative correlations between 

CaO, Al2O3, and SiO2. In contrast, fractionation of plagioclase has not played an important 

role in the petrogenesis of Sivrikaya granite, as indicated by small or no negative anomalies of 

Eu, Ba and Sr (Figs. 3.8a & 3.9a). Decreases in TiO2 and P2O5 with increasing SiO2 (Fig. 3.4) 

are attributed to fractionation of titanite and apatite, respectively. The fractionation of 

accessory phases such as zircon, allanite and titanium can account for depletion in zirconium. 

The Sivrikaya samples display moderate concave upward REE patterns and relative depletion 

of middle REEs with respect to HREE (Fig. 3.8a), which can be attributed to fractionation of 

amphibole and/or titanite (e.g. Romick et al. 1992; Hoskin et al. 2000). Some Sivrikaya 

samples have high SiO2 contents and high values of Fe2O3/MgO ratios (Table 3.1) suggesting 

that the parental magma experienced magmatic differentiation (e.g. Whale et al. 1987). 

  The δ18O values range from 10 - 12.4 ‰ for Sivrikaya and 11.5 - 11.7 (12.1) ‰ for 

Deliktaş (Table 3.2, Fig. 3.10b-c). There is an increase in δ18O values of ~ 0.6 ‰ in the 

Sivrikaya granite, and this may be attributed to fractional crystallization (e.g. Matsuhisa, 

1979). Without significant contamination by continental crust, since closed-system fractional 

crystallization is known to modify δ18O values by about 0.5-1 ‰ (e.g. Taylor 1978; 

Woodhead et al. 1987; Harmon and Grebe 1992). The wider range in δ18O values of the 

Sivrikaya samples (10 - 12.4 ‰) may reflect a heterogeneous source. In contrast, the high and 

narrow range in δ18O values (11.5 - 11.7 ‰)  (Table 3.2) of the Deliktaş whole-rocks samples 
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and restricted values of ~13 ‰ and 11.5 ‰ respectively for quartz and K-feldspar could be 

attributed to significant contamination by continental crust (e.g. Taylor, 1978; O’Neil and 

Chappell, 1977).  

  The discontinuous and separate chemical variation trends illustrated in Harker diagrams 

(Figs. 3.4 & 3.5) and the considerable difference in emplacement time (Nzegge, in review), 

despite the close spatial and temporal association of both granitoids precludes the same 

magmatic source. To elucidate this problem, variation diagrams of the concentration of some 

oxides and elements, which are strongly affected by fractional crystallization process, have 

been plotted against Mg#. It is evident that the crystallization behaviour between the 

Sivrikaya and Deliktaş granites is different. Except for Mg# > 65, the Sivrikaya samples 

generally exhibit more coherent trends whereby TiO2, P2O5, Fe2O3, MgO, CaO, and Sr 

decrease with increasing Mg# (Table 3.1, Fig. not shown). In contrast, the Deliktaş samples 

are less variable.  

Nd model ages (TDM) range from 0.75 - 1.08 Ga for the Sivrikaya and 1.2 - 2.2 Ga for the 

Deliktaş granitoids (Table 3.2). The Deliktaş granitoid has distinctly older TDM age than 

Sivrikaya suggesting that they were derived from separate magmas or underwent different 

petrogenetic processes. Therefore, a comagmatic and continuous crystal fractionation 

relationship between the Sivrikaya and the Deliktaş plutons is unlikely. The slightly higher 

HREE concentrations, lower (La/Yd)N and (Gd/Yb)N ratios, but higher SiO2 content of 

Deliktaş samples (Table 3.1) argue against a co-genetic relationship through crystal 

fractionation. The Deliktaş samples, in spite of some scatter, generally exhibit more coherent 

trends for most elements, but display less significant variation in Mg# (55-64). Differentiation 

of Sivrikaya parent magma alone to produce the Deliktaş granite rocks is excluded because 

the samples have overlapping Mg#.   

The initial Nd and Sr isotopic compositions of Deliktaş samples lie outside the range of  

Sivrikaya rocks (Fig. 3.10a-b) and the concentration of trace elements (e.g. Ba, Sr & Zr) do 

not fall on a straight line between the samples of Sivrikaya and Deliktaş in Harker variation 

diagrams (Figs. 3.4, 3.5). Furthermore, rocks of the Deliktaş granite are all leucocratic and 

exhibit porphyritic textures, with “apparently” primary muscovite megacrysts, myrmekite and 

graphic quartz (Fig. 3.3), which are not observed for the Sivrikaya rocks. All these features 

preclude a comagmatic origin for the Sivrikaya and Deliktaş granites. 

 

 

 

 



 52 

3.2.4.3. Nature of parental magma and possible sources  

Rocks of both granites are high-K, calc-alkaline, are characterized by negative Ba, Sr, Nb 

and Ti anomalies, and are enriched in Rb, Th, K and La. These features are typical for crustal 

melts, e.g., granitoids of the Lachlan Fold belt (Chappell and White, 1992) and Himalayan 

leucogranites (Harris et al. 1986, Searle and Fryer, 1986). Hence a derivation from crustal 

sources is apparent. The crustal source, the crystalline basement that was intruded by the 

Kastamonu granitoids, is exposed and is locally called the Devrekani metamorphic unit. This 

basement comprises amphibolites, gneisses and granites (see basement chapter below).  

Compositional diversity among crustal magmas may arise in part from different source 

compositions, in addition to conditions such as H2O-activity, pressure, temperature and 

oxygen fugacity (e.g. Vielzeuf and Holloway, 1988; Wolf and Wyllie, 1994; Patino Douce 

1996, 1999; Thompson, 1996; Borg and Clynne, 1998). Compositional differences of magmas 

produced by partial melting conditions of different crustal source rocks such as amphibolites, 

gneisses, metagreywackes and metapelites, may be visualized in terms of major oxides ratios.  
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        Fig. 3.11- Plots showing compositional fields of experimental melts derived from partial 
              melting of felsic pelites, metagreywackes and amphibolites(Patiño Douce, 1999) and the 
            composition of studied samples from Deliktaş and Sivrikaya granitoids 
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Partial melts originating from mafic source rocks, for example, have lower 

Al 2O3/(FeOt+MgO+TiO2) and (Na2O+K2O)/(FeOt+MgO+TiO2) than those derived from  

felsic metapelites (Fig. 3.11). Sivrikaya rocks have moderate Al2O3/(FeOt+MgO+TiO2), 

(Na2O+K2O)/(FeOt+MgO+TiO2) and a rather wide range of CaO/(FeOt+MgO+TiO2) ratios. 

These features, in combination with relatively high and wide range of Mg# values (61-28), 

suggest a derivation from felsic pelite, metagreywackes and amphibolite rocks.  On the Na2O 

vs. K2O diagram (Fig. not shown) the Sivrikaya transitional samples (SG-115, -116, -125, -

132) plot in the field outlined for typical I-type granite of the Lachlan Fold Belt (White and 

Chappell, 1983). High contents of CaO, Sr, and negligible Eu/Eu* depletion in the REE 

patterns of these samples all suggest melting of a plagioclase-bearing source. Some of the 

Sivrikaya samples fall in the range of felsic pelite (Fig. 3.11), as these samples contain 

secondary muscovite. Muscovitization of feldspar and chloritization of biotite in these 

samples suggest hydrothermal alteration. Partial melting models, e.g., incongruent melting of 

muscovite and biotite (Clemens and Vielzeuf, 1987; Vielzeuf and Holloway 1988; Patiño 

Douce and Johnston 1991), suggest partial melting of metabasic rocks might generate rocks 

which exhibit transitional- to S-type geochemical characteristics. The fact that some Sivrikaya 

samples are compositionally transitional between the I- and S-type granites implies that the 

Sivrikaya granitoid might have been derived from partial melting of acid to intermediate 

igneous rocks or immature sediments, consistent with the relatively large variations in 

isotopic composition (εNd(t)= -1.0 to -3.8; Sr(i)= 0.7040 - 0.7079; δ18O= 10 - 12.4 ‰), 

underlining their derivation from heterogeneous sources. The slight to strong negative gNd(t) 

values, low Sri ratios, and young Nd model ages (TDM= 0.75 - 1.08 Ga) indicating significant 

input of mantle-derived component during magma generation. The Sivrikaya basement 

consists of gneissic rocks and amphibolites with variable isotopic compositions, similar Sr(i) 

ratios (0.704 - 0.706), higher εNd(t) values (-1.4 to 6.8) and lower δ18O values (8.2 to 10.3 ‰) 

(Table 3.2) compared to Sivrikaya granitoid samples. However, the young model Nd ages of 

the SG samples indicate that the petrogenesis of this granitoid involved the input of juvenile 

component (e.g. DePaolo et al. 1992). Therefore, a mixture of juvenile material and old 

continental crust may characterize the petrogenesis of this granitoid. In this case, the Nd 

model ages represent the average crustal residence time for the Sivrikaya granitoid (e.g. De 

Paolo et al. 1991, 1992). Furthermore, the rocks show the concave-upward REE patterns and 

are depleted in MREE relative to HREE (Fig. 3.9a) indicating that amphibole played a more 

significant role than garnet during magma segregation. The MREE depletion and the negative 

Ti anomaly can also be attributed to fractional crystallization of allanite and titanite (e.g. 

Weaver 1990; Hoskin et al. 2000).  
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Muscovite and/or biotite dehydration melting produces melts that strongly peraluminous, K-

rich, and very poor in Fe, Mg, and Ti (Clemens and Vielzeuf, 1987; PatiZo Douce and 

Johnson, 1991); incompatible with the slightly metaluminous and high Na2O/K2O nature of 

SG rocks. Amphibole dehydration melting can produce large volumes of metaluminous to 

slightly peraluminous granitoid magma with high Na2O/K2O ratios (Ellis and Thompson, 

1986), and this process may have been important in SG. A combination of biotite and 

amphibole dehydration melting from a plagioclase (albite component) and quartz-bearing 

crustal rocks can explain the general high Na2O/K2O values. 

 

All plots in Figure 3.11 indicate an origin of the Deliktaş magmas by dehydration melting of 

felsic pelite-type source rocks. The Deliktaş samples have high initial Sr ratios (0.7109 - 

0.7185), variably lower εNd(t) values and older Nd model ages (TDM= 1.2 - 2.2 Ga). These, 

emphasizing that mature crustal material played a very important role in their petrogenesis. 

The high and nearly constant Rb/Sr ratios (5.6 - 5.7) indicating derivation from a rather 

homogeneous melt that underwent closed-system fractional crystallization as indicated by 

high δ18O values (11.5 to 12.1 ‰) of the rocks. Excluding sample DLG-114 (porphyroid), the 

Deliktas granite samples show less HREE depletion (Fig. 3.8b) predicted for melts that 

equilibrated with residual garnet (e.g. Tepper et al. 1993). The basement rocks (gneisses and 

granites) of the Deliktaş granitoid have similar εNd(t) in the range of -6.6 to -3.4 and δ18O 

values ranging from 10 to 11.3 ‰, lower but similar Sr(i) ratios (0.707 - 0.712) and Nd model 

ages (TDM= 1.1-1.3 Ga) (Table 3.3), compared to the granitoid samples. All these 

characteristics indicate the contribution of the basement to the genesis of Deliktaş granitoid. 

 

3.2.4.4. Tectonic implications 

Both granitoids rocks are high-k, calc-alkaline enriched in LILEs such as Cs, K, Rb, U, and 

Th with respect to HFSEs, especially Nb and Ti (Fig. 3.9). Magmas with these chemical 

features are typically generated in subduction (collision-related) environment (e.g. Pearce et al. 

1984; Harris et al. 1986; Rogers and Hawkesworth 1989; Sajona et al. 1996). Numerous 

studies suggest that trace elements could be used as discriminatory tools to distinguish among 

different tectonic settings of granitoids magmas. Pearce et al. (1984) used the elements Rb, Y 

and Nb as the most efficient discriminants amongst oceanic-ridge granitoids (ORG), within-

plate granitoids (WPG), volcanic arc granitoids (VAG) and syn-collisional granite (syn-

COLG). Applying their discrimination criteria, the Deliktaş granitoid is classified as volcanic 

arc granitoid (VAG) (Fig. 3.12a-b).   
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Fig. 3.12. Geochemical compositions of Deliktaş and Sivrikaya samples plotted 
                 in tectonic setting discrimination diagrams: (a) Rb vs. Y+Nb and (b) Rb vs. Y 
                 (Pearce et al. 1984), and (c) R1 vs. R2 (De La Roche et al. 1980) the fields 
                 boundary based on Batchelor and Bowen (1985) 
        

 

  The high silica content (75-79 wt % SiO2) samples from the Sivrikaya granitoid plot around 

the boundary between VAG and syn-COLG fields (Fig. 3.12a). This is likely due to 

progressive differentiation (e.g. Förster et al. 1997). Crossing of the VAG and syn-COLG 

boundary as observed for the Sivrikaya samples could be the results of a magmatic 

differentiation trend. On the R1 vs. R2 diagram (De La Roche et al. 1980) Sivrikaya samples 

fall in the pre-plate collision and the syn-COLG fields (Fig. 3.12b). In contrast all the Deliktas 

samples plot in the post-orogenic field. Collisional tectonic setting commonly involves an 

early syn-collisional stage of thrusting and folding, resulting in crustal thickening followed by 

a late post-collisional stage of strike-slip and extensional faulting, reflecting adjustments of 

accreted blocks (Sylvester, 1998). Pitcher (1982, 1983) revealed that granite types broadly 

correlate with geological environment and tectonic regimes, his view has been substantiated 

by studies of the relationship between trace element abundance patterns and tectonic setting 

(e.g. Floyd and Winchester, 1975; Pearce et al. 1984; Thompson et al. 1984; Harris et al. 

1986). Using the Pitcher-Pearce-Harris scheme, the strongly peraluminous (ASI $1.1) 

assemblage of DLG would undoubtedly be classified as post-collisional, that is, were 
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emplaced after the climax of crustal thickening (e.g. Sylvester, 1998). In this tectonic setting 

the granites are often recognizably S-type, i.e., ultimately derived from sedimentary 

lithologies (Miller, 1985). Increase in K- and Sr-contents, high Rb/Sr ratios and initial Sr 

values and low gNd(t) of the DLG samples, are clearly related to crustal thickening and the 

involvement of more crustal material in their genesis (e.g. Bennett and De Paolo, 1987). K-

rich peraluminous granitoids are generally considered to be post-orogenic (e.g. Lameyer et al. 

1980; Pitcher, 1983; Pearce et al. 1984; Harris et al. 1986). In addition Deliktaş 

monzogranites have K-feldspar megacrysts and apparently “primary” muscovite, common in 

the leucogranites of Variscan belts of western and central Europe (e.g. Pagel and Laterrior, 

1980; Lameyer et al. 1980; Liew et al. 1989; Barbarin, 1999; Fernandez-Saúrez et al. 2000). 

The isotope systematics (Table- 3.2, Fig. 3.10a) in combination with the REE pattern of 

Deliktaş granite (Fig. 3.8b) are therefore considered as products of post-collisional 

magmatism.  

  The geochemical data of the Deliktaş and Sivrikaya granitoids can be summarized as follows: 

the SG group ultimately derived from a sub-arc mantle wedge enriched by silica-rich melts 

and fluids from escaping subducting slab (e.g. Hawkesworth et al. 1993), and crustally 

derived high-K Deliktaş leucogranites resulting from partial melting of crustal material, 

indicating a major crustal thickening episode (e.g. Boztuğ et al. 1995) that followed 

subduction and collision of Gondwana-derived micro-continental plates with South Eurasian 

active margin (e.g. Şengör 1984; Robertson and Dixon 1984; Ustaömer and Robertson 1993). 

The activity of the Eurasia-Pontides convergent zone probably consisted of successive periods 

of compression and piling of the crustal fragments on one hand and tension on the other hand, 

to permit respectively genesis of magmas and alternating emplacement of (1) mixed (crust 

and mantle) origin (e.g. Sivrikaya granitoid), the result of subduction, transitional regimes and 

continental collision; and (2) peraluminous granitoids (cordierite-bearing, and muscovite- and 

K-rich peraluminous granites, associated with the climax of orogenesis) dominantly of crustal 

origin (e.g. Deliktaş granite).  Deliktaş rocks were probably emplaced during the relaxation 

phases (e.g. Barbarin, 1999) where anatectic complexes formed are commonly porphyritic-K-

feldspars-rich (e.g. Wyllie, 1977).             

 
3.2.4.5. Conclusions on geochemistry and isotopic systematics    

Overall geochemical signatures, a wide range of Sr-O isotopic compositions and 

geochronological data preclude a comagmatic origin of the Sivrikaya and Deliktaş magmas. 

An origin through dehydration melting of homogeneous, felsic upper crust is regarded as the 

most viable model for generating the Deliktaş leucogranite, whereas, the Sivrikaya magmas 
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composition are intermediate between crustal and mantle sources. In contrast, the Sivrikaya 

magmas originated by partial melting of heterogeneous pelite-amphibolite-greywackes-type 

sources. The lowermost crust must have been hot, implying extensive heating by mantle-

derived mafic magmas.  

   Individual K-feldspar from Sivrikaya granitoid yield Permo-Carboniferous ages 5 to 30 

Ma younger than the crystallization age of the host rock. Further minerals from the same 

samples but with different closure temperatures (Rb-Sr biotite, muscovite, and hornblende) 

(Table 3.5, Appendix) show similar young ages, thereby, making it likely that these rocks 

achieved post-crystallization isotopic homogenisation. The homogenisation of the strontium 

isotopic signature probably took place under thermo-metamorphic and/or hydrothermal 

conditions. The mineralogical and geochemical data and isotopic characteristics of the 

Sivrikaya and Deliktaş granitoids are therefore, predominantly the consequences of melting, 

mixing and assimilation of crustal rocks, and the compositions of the source regions rather 

than large-scale, post-emplacement differentiation. Major and trace element compositions 

suggest the Sivrikaya granitoid to be syn-collisional to subduction-related, while the Deliktaş 

granite may be post-orogenic, with inherited arc-related signatures. However, the spatial and 

temporal relationships appear to indicate a convincing genetic link amongst the basement, 

granitoids emplacement and the subduction processes in this area.  

   The occurrence of peraluminous primary muscovite-rich S-type monzogranites along with a 

somewhat less peraluminous suite of hornblende granodiorites-tonalites and two-mica-

granites is a situation common to many segments of the European Variscan. Therefore, the 

SG and DLG correspond to magmatic activities which bear analogy with Variscan 

magmatism documented in the domain extending from central Europe (e.g. Finger et al. 1997; 

Stampfli et al. 2002; Hann et al. 2003; Liew and Hofmann 1988; Liew et al. 1989), through 

the Balkans (e.g. Chatalov, 1988; Carrigan et al. 2005; Cherneva and Georgiova 2005; Okay 

et al. 2006), and beyond the Variscan suture systems, to the Lesser Caucasus (Şengör et al. 

1993). The Variscan evolution of northern Turkey and the Balkans, therefore, appears to be 

similar to that of central Europe, with the Istanbul-Moesia-Scythian block (Fig. 3.13) 

corresponding to Avalonia, and the Sakarya-Strandja to Amorica (e.g. Stampfli et al. 2002). 

In the east, such intrusions appear in the so-called Variscan-Cimmeride transition region, 

where it is uncertain whether they are collisional-related (Variscan) or subduction-related 

(Cimmeride, Şengör et al. 1993). In fact, this difficulty also occurs in the central Pontides 

(this study) and in the Greater Caucasus (Şengör et al. 1993).  
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   Fig. 3.13- Simplified geographic locations of the Variscan massifs in Europe and Turkey. Ib, 
   Iberian massif; Ar, Armorican massif; Mc, Massif Central; Vm, Vosges massif; Bf, Black Forest 
   massif; H, Harz massif; BM, Bohemian massif; Aa, Aar batholith; Bb, Bernina batholith; Tb,      
   Tauern batholith; Ab, Alboran massif; B, Balkans; Sm, Strandja massif; Kz, Kazdağ massif; Ul, 
   Uludağ massif; A,   Armutlu massif; Ç, Çamdağ massif; Al, Almacık massif; S, Sünnicedağ 
   massif; K, Karadere- Kastamonu region; D, Devrekani massif; P, Pulur massif; G, Gümüşhane 
   massif (adapted from von Raumer et al. 2002, Carrigan et al. 2005) 
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3.3. GEOCHRONOLOGY 

3.3.1. Zircon internal structure  

CL photos of typical zircon population of granitoids are displayed in figures 3.14 and 3.15.  
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           Fig. 3.14- Cathodoluminescence (CL) photographs of characteristic zircon population 
           from Sivrikaya granite (a) SG-114 and (b) SG-132. The crystals are ca. 100-125µm 
           long and 60-100µm wide. Zircon grains typically have prismatic morphology and 
           oscillatory zoning, indicating magmatic origin. Truncation of some zircons (grains 2, 7 
           from sample SG-116) show they not armoured in other minerals (e.g. biotite, quartz)   
 
                 

Zircons of the Sivrikaya granite rocks (Figs. 3.14) are all euhedral and reveal typical igneous 

zonation. Xenocrystic cores and overgrowth are not commonly observed; however, some SG-

116 zircons show truncation of zoning (Figs. 3.14a, grains 2, 7) and recrystallized domains 

(Figs. 3.15a, grains 1, 5, 6). Such truncated grains show that they were not armoured in other 
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minerals and that partial dissolution occurred prior to rim growth. Rare very small xenocrystic 

cores occur (Fig. 3.14b, grains 2-3), truncated zoning and post-magmatic overprint are absent 

in SG-132 zircons.  
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             Fig. 3.15- Cathodoluminescence (CL) photographs of characteristic zircon population  
             from Deliktaş granite: (a) DLG-114 and (b) DLG-83. The crystals are ca. 90-125 µm long  
             and 60-80 µm wide. CL images reveal two morphological grain-types; elongated, euhedral  
             with oscillatory zoning of igneous origin, and multi-faceted stout, euhedral, with a  
             pre-exiting inherited detrital and altered (metamict) core rimmed by magmatic zoning.  
 
 

The Deliktaş leucogranite samples (DLG-83 and DLG-114) are zircon-poor (typical of felsic 

melts, e.g. Paquette et al. 1985) and the zircon grains are very fragile. This could be due to the 

combined effects of metamictization, recrystallization and replacement processes. The CL 

images (Fig. 3.15) reveal a heterogeneous population made up of two contrasting 
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morphological grain-types: elongated, euhedral, long prisms with oscillatory zoning (grains 

3.15a, grains 3-6 & 3.15b grains 1, 5) and multi-facetted stout, euhedral grains with an 

inherited/endogenic detrital core more or less altered enclosed by a faintly zoned thin rim 

(grains 3.15a 1, 2 & 3.15b 2-4). Some DLG-114 zircons show partly re-crystallized domains 

(Fig. 3.15a, grains 5-6).  

 

3.3.2. U-Pb, Pb-Pb and Rb-Sr data    

1. Sivrikaya granitoid (SG) 

Tonalite sample, SG-116.  Five zircon fractions were analysed from this sample (Table 3.2, 

Fig. 3.16), three are concordant at ~303 Ma and one at ~ 345 Ma, and one fraction has an 

older Pb-component, although inherited cores were not identified in the CL images. 

Regressing the fractions at 303 Ma and the one with relic core yields an upper intercept age of 

1846 ± 65 Ma (MSWD= 1.7), indicating the presence of a Proterozoic component.  
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             Fig. 3.16- Concordia plot showing U-Pb zircon isotope dilution analyses from Sivrikaya 
             sample, SG-116. The upper intercept age of 1846 ± 65 Ma is given by a discordia through 
             303 ± 0.54 Ma defined by three concordant data points and one fraction with relic core; 
             the inset is an enlargement of the lower intercept of the discordia. Error ellipses are 2 σm. 
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Granodiorite  sample, SG-132. For this sample the Pb-evaporation and U-Pb isotope dilution 

methods were employed. Three out of six analysed zircon fractions are nearly concordant at 

~304 Ma (Fig. 3.17a, inset). Two fractions are discordant indicating old Pb-component, which 

can be observed in CL images in the form of small inherited cores with brighter luminescence 

(Fig. 3.14, grain 3). A regression of all data points define intercept ages of 301.1 ± 1.4 and 

2383 ± 87 Ma (MSWD= 0.89) (Fig. 3.17a).  
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    Fig. 3.17- Zircon ages for the Sivrikaya granitoid sample SG-132. (a) U-Pb concordia plot for  
   isotope dilution analyses; discordia through the data points give intercepts at 301.1 ± 1.4 Ma and 
   2383 ± 87 Ma. The inset is an enlargement of the three nearly concordant data points at ~304 Ma. 
   Error ellipses indicate 2σm. (b) Histogram showing the frequency distribution of radiogenic 
   207P/206Pb ratios of single zircon Pb-Pb evaporation. The spectrums for three idiomorphic grains,  
   integrated from 308 ratios give an age of 317 ± 16 Ma.   
    
 
 
Three separately evaporated SG-132 zircon grains yield a mean 207Pb/206Pb evaporation age of 

317 ± 16 Ma (Table 3.4, Fig. 3.17b). This age agrees within analytical error with the U-Pb age. 

 

Table 3.3- Radiogenic Pb/ Pb ratios of evaporation of single zircon grains and corresponding ages207 206

Sample Grain   Zircon features
Number of

Pb/ Pb
   ratios

207 206
Mean of

Pb/ Pb
  ratios

207 206

207 206Pb/ Pb
 age (Ma)

SG-132, granodiorite 1 medium, stout, brown 59 0.052500±22 307±10
2 long, thick,brown 84 0.053125±37 322±16
3 long, thin, yellow 11 0.052795±28 320±12

Weighted mean no. Of ratios and mean age 51 0.052810±29 317±13
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  All the U-Pb zircon analyses from SG-116 and SG-132 calculated together on the same 

concordia diagram, yield a discordia with a lower intercept age of 303 ± 1.4 Ma (Fig. 3.18), 

which is well defined by six nearly concordant fractions at ~303 Ma, most likely the age of 

the Sivrikaya granite. 
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                 Fig. 3.18- Summary U-Pb concordia plot for zircon analyses of two Sivrikaya  
                  granitoid  samples (SG-116 and SG-132). Data points ellipse are 2 σ. 
        

   From samples SG-116, SG-132 SG-125 and SG-186a minerals were separated for Rb-Sr 

analyses (Tables 3.2 & 1, Appendix). The whole-rock data of samples SG-88b, SG-125, SG-

132 and SG-186a yield an isochron age of 302 ± 32 Ma (MSWD= 3.4, Sr(i)= 0.7075 ± 0.0016) 

(Fig. 3.20a). However, Rb-Sr whole-rock and mineral (micas, K-feldspar, hornblende) 

analyses of sample SG-116 give an age of 275 ± 21 Ma (very high MSWD, Sr(i)= 0.717 ± 

0.046) (Fig. 3.20b). Whole-rock, K-feldspar and two biotite fractions from SG-132 yield a 

Rb-Sr age of 275.4 ± 9.7 Ma (MSWD= 90, Sri= 0.705 ± 0.011) (Fig. 3.19c).  Two biotite 

fractions from this sample yield a mean Rb-Sr age of 274.6 ± 2.7 Ma and one muscovite gives 

an age of 281.6 ± 2.8 Ma (Table 1, Appendix). The young mica ages of SG could either mean 

slow cooling or rejuvenation during the intrusion of the younger granitoid-generation (see 

below).  
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         Fig. 3.19- 87Sr/86Sr vs. 87Rb/86Sr whole-rock and mineral isochron plots of data from  
         Sivrikaya granitoid (samples SG-88, SG-132, and SG-186). 
         

 

2. Deliktaş leucogranite  (DLG)                                                                                                                                                                                                                                    

Monzogranite sample DLG-114. Nine zircon fractions were analysed from this sample (Table 

3.3). Uranium concentrations range from 244 up to 3258 ppm. Four zircon fractions with 

variably small degrees of Pb loss plot close to the concordia curve at ~295 Ma and two are 

concordant at ~375 Ma. The latter age indicate the presence of a xenocryst which can be 

observed in the CL images as turbid/metamict cores or endogenic zircons (Fig. 3.15a-b), 

which had earlier lost Pb and/or U during a Devonian event. The presence of two 

morphological types of zircons in this sample as revealed by CL images (Figs. 3.15a, b) is 

clearly visible in the result, for example, the clustering of the data points in two groups (~375 

& 295 - 298 Ma) (Fig. 20). Meanwhile, one other fraction (DLG-114-1) is discordant 

indicating the presence of an old Pb-component. This zircon fraction has significantly low U 

(244 ppm) and Pb (32 ppm) concentrations than the other fractions. A discordia calculated 
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through DLG-114-1 and the fractions concordant at ~300 Ma yielded an upper intercept age 

of 2682 Ma (Fig. 3.20).  
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                   Fig. 3.20- Concordia plot showing U-Pb zircon isotope dilution analyses from 
                   Deliktaş sample DLG-114. The upper intercept age of 2682.0 ± 4.6 Ma is given 
                   by a discordia calculated through the data points nearly concordant at ~295 Ma 
                   (inset) and one fraction with relic core. Error ellipses are 2σm. 
 
 
Monzogranite sample, DLG-83. 206Pb/238U and 207Pb/235U ages of nine zircon fractions show 

a large scatter, the discordant analyses cluster at 206/Pb238Pb ages of ~275 Ma and 295 Ma (Fig. 

3.21). Only one fraction is concordant at ~290 Ma. The discordance in these zircons most 

likely resulted from Pb-loss combined with minor contribution of preexisting grains (e.g. the 

homogeneous and metamict crystals without pronounced zoning patterns, Fig. 3.15b, grains 2, 

3). Uranium concentrations are very high, ranging from 928 to 8067 ppm (Table 3.2). Zircon 

grains with the highest U content (8067 ppm) yield the lowest 206Pb/238U age (~260 Ma) 

indicating Pb loss related to radiation damages and metamictization process (e.g. Davis and 

Krogh 2000; Nasdala et al. 1996). It is impossible to draw a discordia line through the data 

points and to find a precise age for this sample. 
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               Fig. 3.21-U-Pb concordia plot for zircon analyses from sample DLG-83. A discordia 
                through five data points yields 291.1" 5.1 Ma ( inset). Error ellipses indicate 2Fm.            
                      
       
A plot of all the U-Pb data from the two DLG samples on a concordia diagram further shows 

two groups of ages (Fig. 3.22). However, six fractions are nearly concordant and define an 

average 206Pb/238U age of ~295Ma. Considering the Rb-Sr muscovite age (Fig. 3.23) I 

tentatively interpret the age 295 Ma as the crystallization time of main bulk of the Deliktaş 

granite. 
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               Fig. 3.22- Summary U-Pb concordia plot for zircon analyses of Deliktaş granite 
                samples (DLG-114 and DLG-83) 
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  Most of the Deliktaş (DLG-83, DLG-114) zircons show very high U-concentrations, high 

radiogenic and total Pb-content, as was observed in U-rich metamict zircons by Wiedenbeck 

et al. (1995), Mattinson et al. (1996) and Corfu (2000), for example, fractions 3, 4 and 9 from 

DLG-114 (2000-3200 ppm U) and DLG-83 (928-8100 ppm U). Abrasion of the outer rims of 

zircons did not reduce the discordance in Deliktaş samples (DLG-83). Therefore, Pb-loss also 

occurred in the zircon cores, which show altered interior and totally destroyed zonation (Fig. 

3a-b). This attests that Palaeo-weathering caused the Pb-loss in the Deliktaş zircons (e.g. 

Black, 1987). I therefore, think that the zircon age pattern of the DLG monzogranites reflects 

a syn-magmatic-metamorphic and sedimentary source.   
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                      Fig. 3.23- 87Sr/86Sr vs. 87Rb/86Sr whole-rock isochron plots of data from  
                      Deliktas granite. 
 

Rb-Sr whole-rock analyses from the Deliktaş monzogranites define an isochron age of 292 ± 

27 Ma (MSWD= 0.28 and Sr(i)= 0.7109 ± 0.0024) (Fig. 3.23).  The Rb-Sr age, although with 

large error is similar to the U-Pb ages.                               

Four muscovite separates give an average Rb-Sr age of 290.1 ± 2.9 Ma and one K-feldspar 

gives an age of 273.8 ± 2.8 Ma. The muscovite in these samples is coarse-grained and 

euhedral, the blocking temperature for coarse-grained muscovite may reach 600-650°C (Cliff 

1985), i.e., are close to the crystallization temperature of a granite. Therefore, the Rb-Sr 

muscovite age of 290.1 ± 2.9 Ma is considered to be close to the crystallization time of this 

pluton. Probably a post-intrusive event had rejuvenated the Rb-Sr-system of the K-feldspar.   
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3.3.3.  Discussion and conclusions on geochronology 

The zircon ages presented in this study provide the first reliable age constraints on the 

magmatism in the Kastamonu area and have significant regional implications. From the new 

data the following tentative conclusions can be drawn:   

- The ages from the different radiometric methods allows us to suggest that the emplacement 

times of the Sivrikaya and Deliktaş plutons were between 303-300 Ma, and 295-270 Ma 

respectively, much older than the previously estimated Middle Jurassic ages. Three zircon 

fractions from Sivrikaya and Deliktaş granitoids contain relic cores that yield Precambrian 

protolith ages. These ages, in conjunction with the Nd average crustal residence time although 

younger indicate the contribution of recycled Precambrian material. This reiterates the 

observation by former workers that the central Pontides constitutes fragments of Gondwana 

and Laurasian Superterranes. The difference in age between the Sivrikaya and the Deliktaş is 

also accompanied by a change in the magmatism, from slightly metaluminous transitional-

type to peraluminous S-type. The Late Carboniferous-Early Permian ages justify the 

conclusion that Variscan plutonism (until now, unidentified in the central Pontides), despite 

the tectonic setting, is a common feature of the Tethysides (Şengör et al. 1993), co-existing 

with Middle Mesozoic plutons in the Kastamonu granitoid belt (Boztuğ et al. 1995; Yılmaz 

and Boztuğ 1986).  

 

   - The geodynamic setting of the Carboniferous-Permian granitoids in the Central Pontides is 

complicated, and they could be explained by subduction of the Palaeotethys beneath Eurasia 

or Gondwana. Such pre-Jurassic granitoids are common in other parts of the Pontides and 

have been interpreted to be of Gondwanan origin. The Sivrikaya and Deliktaş granites 

therefore, indicate the Central Pontides is contiguous with the Sakarya and the Istanbul Zones.  

   - The Central Pontides is a juxtaposition of the Precambrian-Palaeozoic Istanbul and the 

Sakarya Zones, with distinct Devonian-Palaeozoic-Mesozoic metamorphic and  magmatic 

histories (e.g. Chen et al. 2002b; Görür et al. 1997; Haas 1968; Stampfli 2000). The 375-345 

Ma event recorded in some zircons is a common feature of pre-Variscan metamorphism and 

magmatism (e.g. Matte 2001; Warr 2002). This means that, the magma-source inherited 

Devonian zircons from the heterogeneous Central Pontides basement that did not have enough 

residence time in the small dyke to develop growth zonation.  

-The Late Carboniferous-Early Permian ages for the Sivrikaya and Deliktaş granitoids and 

the geochemical and isotopic data of the granitoids and basement, suggest that they were 

components of the Variscan orogenic belt.  
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The geochemical and isotopic signatures of the Sivrikaya and Deliktaş granitoids in 

combination with the protolith ages, therefore, could be interpreted to indicate an evolution 

from Eurasian continental arc magma-type represented by the Sivrikaya granitoid, to entirely 

anatectic Gondwana-Eurasian continental post-collisional magma-type, as crystallized in the 

Deliktaş monzogranite. The younger ages, the high U-content of the zircons and the highly 

evolved nature of the rocks, the Deliktaş leucogranite appears to represent the final stage of 

the magmatism linked to the Late Palaeozoic subduction of the Palaeotethys beneath south 

Eurasian margin (e.g. Chen et al. 2002b; Okay et al 2006). Apart from continental convergent 

zones, both granite types can be expected in mature continental magmatic arcs to sit on 

continental crust. In this light, the Late Carboniferous-Permian magmatism can be considered 

as the consequence and culmination of a long-lasting active margin setting that has occurred 

since the Palaeozoic.  

 

 
 

 

 

 

 

 

 

 

 

Granites are not simply chemical numbers but are 
representative of central geological processes. 

 

 

 

 

 

 

 

 

 



 71 

4.   DEVREKANI  GRANITOID (DG)  
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            Fig. 4.1- Sketch map of Devrekani granitoids and basement Complex (modified from 
             Şengün et al., 1990; Tüysüz et al., 1999) 
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4.1. PETROGRAPHY 

The Devrekani granitoid is geochemically zoned (with a more mafic core), and highly 

tectonized indicating the emplacement before the Early Cretaceous collision-accretion-

extention regime that followed the south-dipping subduction of the Palaeotethys Küre 

marginal basin (e.g. Okay, 2000; Okay et al., 2006; Ustaömer and Robertson, 1997). It crops 

out for ~60-70 km2 in the Devrekani town, Kastamonu province, where it intrudes the  

Proterozoic-Palaeozoic (Tüysüz, 1990; Yılmaz, 1980; own unpublished data) Eurasian-

derived continental basement (e.g. Aydin et al., 1995; Ustaömer and Robertson, 1993, 1994, 

1997), and the Triassic-Early Jurassic flyschoid country-rocks (Đnalti/Börümce formation) 

(Fig. 4.1). A low grade contact aureole developed between the intrusion and the flyschoid 

country-rocks (Yılmaz et al., 1996, 1997). The association of Kastamonu granitoids with 

contemporaneous volcanic rocks shows that the plutons were emplaced at high level 

(Peccerillo and Taylor, 1976; Ustaömer and Robertson, 1992, 1993). 

  DG samples were collected from around Devrekani town and at the Musa valley (Fig. 4.1, 

DG-4b). Petrographically the rocks are plagioclase-hornblende-biotite diorites, and quartz and 

minor tonalitic-diorites.Generally, the Devrekani granitoid rocks are medium to coarse-

grained accassionally with micro-granular enclaves. They display porphyritic textures with 

euhedral plagioclase, hornblende, and pyroxene megacrysts set in a medium-grained 

subhedral-anhedral groundmass of latter minerals, biotite and quartz (Fig. 4.2). The major 

rock-forming mineral assemblage is plagioclase (albite + Ca-rich anorthite 40 to >50% in 

DG-2a, DG-2b and DG-3), dark-green pleochroic subhedral to euhedric hornblende (basal 

sections) and subhydral pyroxene (enstatite) make up >45 % of rocks. Accesssory zircon, 

calcite, magnetite, dark-brown biotite, clinopyroxene (augite), quartz (interstitial), magnesite 

and ilmenite occur in variable proportions. Temperatures of granitoids magmas may be 

estimated from apatite and zircon saturation temperatures that can be calculated from 

chemical composition of rock samples (Harrison and Watson, 1984; Hanchar and Watson, 

2003). For any given melt, saturation temperatures for apatite and zircons components depend 

on both melt composition and temperature, whereby the solubilities of both components 

increase with temperature. Apatite and zircon saturation temperatures calculated from bulk-

rock chemical analyses will therefore correspond to maximum or minimum temperature limits 

for the intruding magma depending on whether the melt was saturated or undersaturated in 

these components. Zircon is abundant and euhedral, and does not occur as inclusions in other 

minrals. Inferring crystallization took place together with other minerals and at high 

temperatures. The dominance of hornblende throughout the rocks suggests that the magmas 

were either hydrous at the onset or became hydrated through contamination in the crust. 
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   Fig. 4.2a- Representative microphotographs of Devrekani granitoid rocks (DG-1, DG-3, DG-4b).  
   Note the late magmatic formation of hornblende (Hbl) (DG-4b). Plagioclase (Plg) and Hbl are at 
   times sericitized (Se). Abbreviations: Qtz, quartz; Pyx, pyroxene.  
 

With accessory K-feldspar (orthoclase, DG-1, DG-4b, DG-92-1, DG-134 in DG-3) chromite, 

apatite, titanite, allanite and secondary hematite. The plagioclase phenocrysts are euhedral, 

twinned and zoned, rarely altered (sericitized, e.g. Fig. 4.2b, DG-92-1, DG-134) and at times 

exhibit microperthitic to perthitic texture with K-feldspar (DG-1, DG-3, DG-2, DG-134). In 

some cases the pyroxene is twinned and well zoned, and rarely with hour-glass zonation (DG-

1, DG-4b) indicating that the clinopyroxene have relatively high Ti-content. 

Microphotographs of sample DG-134 show magmatic growth of hornblende at the expense of 

plagioclase. Locally, biotite and amphibole are partially chloritized and epidotized, and 

usually contain zircon or apatite inclusions. The epidote is secondary, and occurs as fine-

grained aggregates replacing plagioclase. Some rock (DG-2a, DG-2b, and DG-3) thin-

sections show evidence of biotite and hornblende sericitization.  
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Fig. 4.2b- Representative microphotographs of Devrekani granitoid samples (DG-92-1, DG-134). 
Note the formation of hornblende (Hbl) at the expense of pyroxene (Pyx) (DG-134). The plagioclase 
(Plg) is strongly sericitized (Se). 
  

 

4.2. GEOCHEMISTRY 

4.2.1.   Major and trace elements  

Representative chemical analyses of samples are listed in Table 4.1. The bulk whole-rock 

concentrations of the Devrekani granitoid is characterized by low SiO2 (49-59 wt %). Harker 

variation plots (Figs. 4.3) show a cluster of data points in two groups of rocks; diorites (e.g. 

DG-2a, DG-2b and DG-3) characterized by high Al2O3, FeO, MgO, CaO and Co 

concentrations but low Na2O, K2O, Rb, Ba and REE contents (Figs. 4.4) and tonalites (DG-1, 

DG-92-1, DG-01-1, DG-4b, DG-4c, DG-134). These geochemical differences are reflected in 

the DG-1, DG-2a, DG-2b and DG-3, composed largely of plagioclase (>60%), hornblende 

and pyroxene megacrysts, and more porphyric texture (Figs. 4.2).  
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Table 4.1- Major (wt %) and trace (ppm) element abundances of  Devrekani granitoid samples.
Sample DG-01-1 DG-1 DG-92-1 DG-2a DG-2b DG-3 DG-4b DG-4c DG-134

SiO2 58.37 56.74 55.81 49.97 50.41 49.92 55.52 59.94 55.54
TiO2 1.14 1.05 0.60 1.89 1.54 0.43 0.83 0.81 0.88
Al2O3 15.81 16.11 16.25 20.13 19.16 19.06 16.27 16.35 18.26
Fe2O3 6.53 7.01 5.44 8.15 7.72 6.53 6.71 5.25 6.49
MnO 0.14 0.14 0.10 0.17 0.16 0.13 0.13 0.10 0.13
MgO 4.55 5.56 5.27 6.05 6.21 8.91 5.76 3.50 4.45
CaO 4.26 6.70 6.11 10.81 11.70 12.24 7.01 5.13 7.07
Na2O 4.03 3.38 3.70 2.91 2.77 1.93 3.34 4.02 3.66
K2O 2.01 1.29 2.31 0.18 0.17 0.20 1.22 1.49 1.22
P2O5 0.133 0.135 0.100 0.137 0.067 0.031 0.139 0.179 0.020
LOI 2.17 1.86 5.40 0.32 0.36 0.76 2.08 1.63 0.76
Sum 99.3 100.8 103.8 100.9 101.2 100.8 100.6 101.5 99.7
ASI 0.94 0.83 0.82 0.82 0.73 0.76 0.85 0.92 0.88
Mg# 58.0 60.8 66.0 58.8 61.8 73.1 62.6 57.3 57.6
Cs <0.1 <0.1 <0.1 <0.1 <0.1 0.25 1.77 2.20
Rb 86 56 102 8 6 10 52 53 61
Ba 468 242 327 126 120 58 179 225 237
Sr 290 248 332 307 303 271 365 269 123
Y 27 25 22 12 14 10 18 18 19
Pb 12 8 12 6 3 10 15 20 10
Zn 61 66 56 70 65 62 61 41 89
V 127 150 119 223 240 228 135 94 107
Cr 170 229 140 210 228 461 173 117 117
Li <0.1 <0.1 <0.1 <0.1 <0.1 7.36 19.8 8.1
Nb <0.1 4.0 <0.1 7.0 6.0 0.5 6.0 8.0 6.5

La 21 25 36 8 15 4 14 31 10
Ce 23 23 37 <0.1 <0.1 9 30 28 17
Nd 17 12 17 8 <0.1 6 15 16 7
Sm 4.9 4.9 5.0 3.0 3.6 1.5 3.4 3.9 1.2
Eu 0.98 1.13 0.79
Yb 2.5 2.5 2.1 1.1 1.1 1.0 1.8 1.6 0.5
Th 6.1 5.0 6.9 0.1 <0.1 <0.1 10.0 9.2 6.1
U <0.1 <0.1 <0.1 <0.1 <0.1 0.18 1.23 <0.1 <0.1
Co 24 24 20 28 26 32 25 16 18
Ni 2.5 11 18 24 14 45 32 38 30
Pr 1.19 3.69 1.81
Gd 1.72 3.32 0.99
Zr 114 99 103 25 24 31 84 118 92
Tb 0.28 0.52 0.14
Dy 1.81 3.27 0.81
Ho 0.38 0.67 0.16
Er 1.08 1.90 0.45
Tm 0.16 0.28 0.07
Lu 0.15 0.27 0.08
Hf 0.64 0.99 2.31
Ta 0.07 0.47 0.95

Sr/Y 10.8 9.9 5.6 25.6 21.7 27.1 20.3 15.0 6.5
Zr/Y 4.2 3.9 4.7 2.1 1.7 3.1 4.7 6.6 4.8
Ce/Yb 9.1 9.1 17.5 8.8 16.5 17.5 37.4
Eu/Eu* 1.84 1.04 2.22
[La/Yb]N 2.6 5.0 14.0
[Gd/Yb]N 1.35 1.44 1.70
K2O/Na2O 0.50 0.38 0.63 0.06 0.06 0.10 0.37 0.37 0.33
Fe2O3/MgO 1.44 1.26 1.03 1.35 1.24 0.73 1.17 1.5 1.46

    = not determined; = Aluminium Saturation Index [molar Al O /CaO+K O+Na O)];
loss onignition;  =100 x molar [MgO/(MgO+0.9Fe O )]

ASI  
LOI = Mg#
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              Fig. 4.3- Selected Harker variation plots of major elements for Devrekani granitoid,  
              (f) shows field boundary between medium-K(normal calc-alkaline) and high-K series  
              of Peccerillo and Taylor (1976) 
          
 
 

Low aluminium saturation index (ASI= 0.73 - 0.94) describe the rocks as metaluminous I-

type (e.g Chappell (1999); Chappell and White, 1974; Maniar and Piccolli, 1989) (Figs. 4.6c). 

The rocks are tholeiitic (DG-3) to calc-alkaline (Irvine and Baragar, 1971). Chappell and 

White (1974); Arculus and Johnson (1978); Saunders et al. (1980) suggested that many arcs 

showed temporal progression from tholeiitic through calc-alkaline rocks. The (Y + Nb) vs. Rb 

diagram (Pearce, 1982) define the rocks as volcanic arc granitoid (VAG) field. However, on 

the R1 vs. R2 diagram (De La Roche et al.; 1980) they spread from the mantle fractionates to 

pre-collision fields (Figs. 4.8a, b, d).     
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                    Fig. 4.4- Normative classification of Devrekani granitoid rocks according  
                    to modal mineral contents using (a) the QAP diagram of Streckeisen (1976)  
                    and Le Maitre (1989) and (b) the An-Or-Ab diagram of Baker (1979) and  
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            Fig. 4.5- Harker variation diagrams of selected trace elements for Devrekani granitoid 

 

   Geochemical features such as low K2O/Na2O ratios, high Ni, Cr and Sr contents, 

fractionated REE patterns and low Sr/Y, high La/Yb and Sr/Yb ratios (Table 4.1) are similar 

to modern adakites/ mantle-derived arc magmas, which formed in subduction environments, 

where the subducted slab is young and still hot, therefore, capable of undergoing partial 

melting (Dummond and Defant, 1990; Schiano et al. 1995; Martin, 1997; Davies and von 

Blackenburg, 1995; von Blackenburg and Davis, 1995; Kampunzu et al. 2003).  
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         Fig. 4.6- Geochemical composition of Devrekani granitoid samples plotted on the (a) 

Calc-alkaline and (b) Silica vs. alkaline diagrams of Irvine and Baragar (1971, 1989), 
           and (c) A plot of Shand`s Index with fields of different granite-types after Maniar and  
            Piccolli (1989) 

 
      

     
4.2.2.   Rare earth elements 

Generally, all the Devrekani granitoid samples show enrichment in large ion lithophile 

elements (LILE) such as Cs, Rb, Ba and K, and depletion in Cr and Ni and depletion in high 

field strength elements (HFSE, Nb, and Ti) with respect to MORB. These features are 

commonly considered as characteristics of subduction-related magmatism (e.g. Floyd and 

Winchester, 1975; Keppler, 1996; Tatsumi and Kogiso, 1997). Sample DG-3 contains 461 

ppm Cr and 44.5 ppm Ni at Mg# of 73, is tholeiitic and represents the most primitive near-

primary magma.  

  Chondrite-normalized REE (cn, Sun and McDonough 1989) plots show broad spectrum of 

sub-parallel patterns characterized by little enrichment in light rare earth elements (LREE) 

(10-50x Chondrite values) and display flat heavy rare earth elements (HREE, 6-12x Chondrite) 

patterns with a small negative (DG-4b) to distinct (DG-3, DG-134) positive Eu anomaly 

(Eu/Eu*=√[Sm(cn) x Gd(cn)]=1.04 to 2.22), and mildly fractionated REE patterns (Table 4.1, 
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Fig. 4.7a). The flat REE patterns and slight to moderate Eu anomaly may be related to 

plagioclase accumulation.  
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                 Fig. 4.7- (a) Chondrite-normalized rare earth element abundances and (b) 
                 Primitive mantle-normalized trace element abundances for the Devrekani  
                 granitoid. Normalizing values are from Sun and McDonough (1989) 
 
 

Primitive mantle-normalized (Sun and McDonough, 1989) trace element patterns (Fig. 4.7b), 

similarly show two groups of samples with the diorites (e.g. DG-3) having lower 

concentrations and more pronounced Nb depletion. These features and slightly high V 

contents (94-240 ppm) are typical of less evolved I-type granitoids and suggest involvement 

of mantle material in the DG magmas genesis. Comparison of the normalized trace element 

patterns of DG samples allows the distinction into two groups of rocks. Low Rb contents 

(troughs) and variable Sr contents, suggesting derivation from plume-like mantle source; and 
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negative Nb and Rb anomalies, and restricted Sr concentration, which are usually interpreted 

as derived from mantle lithospheric sources. This is supported by the isotopic signatures 

which show a compositional range from OIB-like ratios to highly radiogenic MORB-like 

compositions (Fig. 8c). However, the linear relationships observed in the trace element data 

(Fig. 4.5) and the Sr-Nd plots probably invoke a binary mixture between two components 

crustal and enriched lithospheric mantle sources (e.g. McDonough and Sun, 1995; Sun and 

McDonough, 1989). 

 

R1 = 4Si - 11(Na + K) - 2(Fe + Ti)
0 500 1000 1500 2000 25003000

0

500

1000

1500

2000

2500

R
2 

=
 6

C
a 

+
 2

M
g 

+ 
A

l

1

2

3

4

5
6

4 - Late-orogenic
5 - Anorogenic
6 - Syn-collision
7 - Post-orogenic

1 - Mantle Fractionates
2 - Pre-plate Collision
3 - Post-collision Uplift

7

(d

S
r/

Y

Y  (ppm)

0 10 20 30 40 50
0

40

80

120

160

200

normal arc
magmatic rocks

adakite

(c

Oceanic ridge granitoid

Within-plate granitoid

Volcanic-arc granitoid

syn-collisional granitoid

1 10 100 1000 1999
1

10

100

1000
1999

Y + Nb  (ppm)

R
b 

 (
pp

m
)

a)

1 10 100 1000
1

10

100

1000

Y  (ppm)

N
b 

 (
p

pm
)

Ocean  Ridge  Granite

Within  Plate  Granite

VAG +
syn-ColG

b)

 

           Fig. 4.8- Geochemical composition of Devrekani granitoid rocks plotted in the tectonic  
           discrimination diagrams (a) Rb vs. Y+Nb and (c) Y vs. Nb (Pearce et al. 1984) and (c) 
           Sr/Y vs. Y, fields from Martin et al. (2005); and (d) R1 vs. R2 (Batchelor and Bowden, 1985)  
 
  
The elemental compositions and the inter-element ratios of DG rocks are similar to values 

documented in arc igneous provinces linked to three main processes: (1) mantle wedge 

enrichment by sediments recycled in the mantle along subducting slabs (e.g. Plank and 

Langmuir, 1993); (2) mantle wedge enrichment by fluids from the dehydration of a 

subducting slab (e.g. Keppler, 1996; Tatsumi and Kogiso, 1997) and (3) enrichment of the 

sub-arc mantle by slab-derived melts (e.g. Kelemen, 1995; Yogodzinski et al. 1995; 

Kepezhinskas et al. 1996; Sajona et al. 2000). The studies related to the mobility of elements 

in aqueous fluids escaping from the subducting slab (e.g. Stolper and Newman, 1994; You et 
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al. 1996) showed that more than 95% by mass are made of LILE and other highly compatible 

elements. LREE have low to moderate mobility whereas HREE are the least mobile. 

Therefore, arc magmas derived from partial melting of a mantle wedge enriched by fluids 

escaping from a subducting slab will be characterized by a strong enrichment in LILE (e.g. Sr, 

Pb, and Hf) versus a moderate enrichment in LILE/LREE in the melt. Mafic magmas 

generated in a sub-arc mantle source enriched by slab-derived fluids are generally marked by 

high Sr/Ce values (>>20), low Sr/Ce and low Ce/Pb ratios (<20) (e.g. Chauvel et al. 1995; 

Kapenda et al. 1998). However, Sajona et al. (2000) emphasized that the same enrichment 

style characterize mantle wedge sections metasomatized by slab melts.  In contrast, mafic 

magmas originating from a sub-arc mantle enriched by subducting sediment melts are marked 

by low Sr/Ce, Ce/Pb and Sr/Y values. The large variation of ratios between incompatible trace 

elements, indicate a heterogeneous mantle source. This interpretation is supported by the 

coexistence of enriched rocks with both flat (DG-4b) and fractionated (DG-3 and DG-134) 

REE patterns. The flat REE patterns of some Devrekani granitoid samples and their relatively 

high Y and Yb contents indicate a garnet-free source. High Mg# and transition metal contents 

of the rocks are acquired during interaction of slab-derived melt with the overlying mantle 

and this is consistent with the following geochemical features of DG:  (1) an increase of SiO2 

from diorites to tonalitic-diorites, and a correlative increase of [Gd/Yb]cn and [La/Yb]cn; (2) 

mild to no LREE and HREE fractionation in the diorites (Fig. 4.7a) and (3) high Ni and Cr 

abundances requiring an ultramafic source.  

 

4.2.3.   Sr-Nd-O isotopic compositions 

The Devrekani granitoid Sr(i) ratios range from 0.7052 to 0.7061 and the εNd(t) values of -0.8 

to -2.2 (Table 4.2, Fig. 9).  

 
Table-2  Sm-Nd; Rb-Sr and O isotopic data of the Devrekan2 granitoid  (DG)

Sample Rb Sr [ 87Rb     [ 87Sr [ 87Sr Sm Nd [ 147Sm   [ 143Nd [ 143Nd gNd(t) TDM *18O(VSMOW)

             (ppm)
   86Sr ]m        86Sr ]m      86Sr ]i            (ppm)

 144Nd ]m     144Nd ]m 144Nd ]i (Ga)     (l)

DG-1 54 283 0.547 0.70713±10 0.70584 4.1 17.1 0.147 0.512529±12 0.512370 -1.1 1.16 8.8
DG-2a 5 304 0.041 0.70544±9.3 0.70534 1.9 6.8 0.166 0.512566±09 0.512385 -0.8 1.51 8.2
DG-2b 3 296 0.029 0.70546±10 0.70539 3.5 11.6 0.183 0.512574±09 0.512376 -0.9 0.00 8.2
DG-3 10 365 0.074 0.70523±10 0.70523 1.6 5.7 0.170 0.512570±09 0.512385 -0.8 1.64 7.2
DG-4b 52 270 0.427 0.70692±9.4 0.70591 3.4 15.1 0.139 0.512479±23 0.512328 -1.9 1.14 8.4
DG-4c 54 266 0.558 0.70747±8.5 0.70616 3.5 16.3 0.130 0.512452±08 0.512311 -2.2 1.07 8.8
DG-134 44 348 0.366 0.70691±10 0.70605 3.6 16.6 0.129 0.512457±10 0.512317 -2.1 1.05 8.7
DG-01-1 86 290 0.565 0.70764±20 0.70631 4.3 17.8 0.145 0.512537±10 0.512380 -0.9 1.11 9.5
DG-92-1 96 327 0.852 0.70743±26 0.70542 4.0 17.7 0.138 0.512523±11 0.512374 -1.0 1.04 9.1

m= measured isotopic ratios; i = calculated initial isotopic ratios; εNd(t) values were calculated using present day (143Nd/144Nd)CHUR = 0.512638 and
147Sm/144Nd)CHUR = 0.1967; CHUR =Chondrite Uniform Reservoir; 8=6.54. 10-12 a-1 (Steiger & Jäger, 1977). The age of 165  Ma is used for the 

 Nd(t) and Sr(i) calculations.[Sr(i)= (87Sr/86Sr)i  = (87Sr/86Sr)m-87Rb/86Sr(e8t-1)]; 8= 1.42.10-11 a-1
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Young Nd model ages (TDM) in the range of 1.6 to 1.0 Ga, indicate short crustal residence 

time compatible with young calc-alkaline arc-rocks (e.g. Ghost and Lambert, 1989), and the 

in put of recycled Precambrian material in DG genesis. Figure 4.9a shows a variation of εNd(t) 

versus Sr(i), whereby εNd(t) values decrease slightly with increasing Sr(i) relative to mantle 

values, suggest mantle origin for all the DG rocks, with the diorite samples distinctly situated 

in the OIB field (e.g. Zhang et al. 2005). In the 87Sr/86Sr vs. 143Nd/144Nd plot of Machado et al. 

(2005) (Fig. 4.9c) the samples plot between the EMI and EMII fields, with the diorites 

situated closer to the EMI field. 
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      Fig. 4.9- Isotopic compositions of Devrekani granitoid samples (a) Initial gNd(t) vs. initial 
      Sr isotopic ratios; (b) and (c) SiO2  and δ18O values vs initial Sr isotopic ratios respectively.  
      (d) Initial 143Nd/144Nd vs. initial 87Sr/86Sr isotopic ratios, fields of DMM (depleted mantle),  
      HIMU, EMI (enriched mantle I) and enriched mantle (II) from Machado et al. (2005) 
 

  The δ18Owhole-rock values of the Devrekani rocks are low with a narrow range from 7.2 to 9.1 

‰ is representative of a mantle and mixed origin respectively for the diorites and the 

quartz/tonalitic diorites. The nearly uniform δ18Owhole-rock values (within uncertainties) for 

groups of rocks suggest that these rocks have not been severely affected by subsolidus 
18O/16O alteration, and requires that any material assimilated during crystallization must have 

been similar to the magma in 18O/16O or only moderately enriched in 18O. A positive 
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correlation between δ18O and Sr(i) and SiO2 values observed for the quartz/tonalitic diorite 

samples further indicate crustal contamination (Fig. 4.9d).  

High and narrow range in Sr(i) ratios and εNd(t) values, and high Sr content (mantle signature) 

for DG rocks, indicate recycled juvenile continental crust and/or small proportions of recycled 

older crust, consistent with the lack of inherited Precambrian zircons in all the samples.   
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          Fig.  4.10- Plots showing compositional fields of experimental melts derived from partial 
          melting of amphibolites (PatiZo Douce, 1999) and the composition of studied samples 
          from Devrekani granitoid. 
       

  The composition of the DG supports its derivation from tholeiitic magma (amphibolite, e.g. 

Fig. 4.10). The HREE is flat suggesting garnet and zircon accumulation/formation. The DG 

crops out in a major extensional shear zone related to gravitational collapse of the Late 

Carboniferous orogeny. Because the intrusion is late syn-tectonic with respect to the shear 

fabric it is reasonable to assume that its generation in some way is related to the extension-

collapse events. According to Dewey (1988) large volumes of mantle partial melts are 

injected into the lower crust during gravitational collapse of mountain chains by detachment 

faulting. I speculate that during the collapse event the geotherm crossed the garnet-lherzolite 

solidus and mafic melts were produced. The melt may have little interaction with the felsic 

lower crust, accumulated plagioclase, and intruded in the shear zones, giving rise to DG. 

 
4.2. GEOCHRONOLOGY 

4.2.1. Zircon internal structure  

Devrekani samples are rich in zircons. Generally zircons from all the analysed samples are 

relatively large and of good quality, with relatively low U-content. The CL images reveal a 

population made up of euhedral grains with different morphologies (Fig. 4.11): long prism 

and stout multifaceted with combination of prism {(100)} and {(110)} and pyramid forms 
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{(211)}, {(101)}, and {(301)}, predominantly yellow to light brown, and variations between 

the two types. Inherited cores and overgrowth are not commonly observed.  
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This implies that the zircons grew in a melt and had not experienced alteration after 

crystallization. Such zircons usually yield concordant U-Pb ages (e.g. Poller et al. 1997).  

DG-92-1 zircons are all light brown. CL analyses show three grain-types; simple euhedral 

long-prism, stout multifaceted with combination of prisms and mixed crystals (Fig. 4.11a). 

Zircons internal structure show sector and oscillatory zoning (grains 1-5). DG-1 zircon 

population is homogeneous comprising stout multi-facetted crystals with different 

combination of prisms. CL images show magmatic zoning (Fig. 4.11b, grains 1-5) and rare 

recrystallized domains (grains 3-5). The style of zoning (oscillatory and broad) may indicate 

differentiation of the pluton from diorite through quartz-diorite to more felsic compositions 

(e.g. Corfu et al. 2003). DG-3 zircons have long prisms and are multifaceted. CL images of 

zircons are similar, more commonly oscillatory and sector zoning (Fig. 4.11b). Rare 

recrystallization domains (e.g. Pidgeon, 1972) can be observed (Fig. 4.11c, grains 3-5). DG-

4b zircons are yellow to brown, big, have very similar morphologies, consisting of euhedral, 

prismatic crystals rarely multifaceted (Fig. 4.11d). CL images reveal two types of grains: 

entirely oscillatory zoned zircons (grains 1, 3, 5) and grains with a sector-zoned inherited core 

surrounded by rims of magmatic overgrowth resulting in the euhedral shape (grains 2, 4).  

 

4.2.2.   U-Pb, Pb-Pb and Rb-Sr data 

Tonalitic-diorite, DG-92-1: Eleven single zircons yield nearly concordant U-Pb ages between 

164 Ma and 190 Ma (Fig. 4.12a). Regression of all eleven data points define an intercept age 

of 172.0 ± 9.7 Ma (MSWD= 7.9).  

 
Quartz Diorite, DG-1: The U-contents in the range of 317 to 655 ppm are low. Nine data 

points from this sample plot close to and/or on the concordia between 164-175 Ma (Fig. 

4.12b). Two fractions are reversely discordant at ~172 Ma and ~175 Ma. Regression of all the 

analytical points give a lower intercept age of 165.0 ± 5.3 Ma (MSWD=23). Four concordant 

fractions yield a mean 206Pb/238U age of 168 ± 0.73 Ma (MSWD=0.73), interpreted as the 

crystallization time of this rock (Fig. 4.12b, inset).    

 
Diorite sample, DG-3: U-contents range from 351 up to 1294 ppm (Table 3). One fraction 

with minor surface related Pb-loss is discordant at ~164 Ma and two other fractions are 

reversely discordant at ~180 Ma (Fig. 4.12c). Regression of all the analyses define an 

intercept age of 170.0 ± 1.8 [±3.3] Ma (MSWD= 1.6), considered the crystallization time of 

this rock. 
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               Fig. 4.12- Concordia plot showing data points of U-Pb isotope dilution analyses from the 
              Devrekani granitoid; (a) sample DG-92-1, 11 single zircons, (b) DG-1 and (c) DG-3 and  
              (d) Summary plot of all four (analyzed samples. Error ellipses represent 2σm. 
 
               
Quartz diorite sample, DG-4b: U concentrations are in the range of 176-3901 ppm (Table 

4.3). Most zircons analysed are concordant between 160-172 Ma (Fig. 4.13a). Four zircon 

fractions with variable small degrees of Pb-loss plot close to the concordia curve at 162-172 

Ma and 220 Ma. Although xenocrystic cores were not discerned in the CL images, one 

fraction has a small inherited Pb-component and plot close to 330 Ma. One fraction is 

reversely discordant at ~220 Ma. Three fractions are concordant at 165.0 ± 0.54 Ma (MSWD= 

0.67) (Fig. 4.13a, inset).  

 

Weighted mean no. of ratios and mean age

DG-4b, quartz-diorite 1 thick, multi-facet, clair 16 0.048853"35 141"17
2 long, thick, brown 81 0.049400"28 167"13
3 medium, thick, brown 73 0.049160"19 156"09
4 medium, multi-facet, brown 125 0.049310"30 163"14
5 thick, multi-facet, brown 116 0.049470"28 171"13

82 0.049239"28 166"16

Sample Grain  Zircon features Number  of   Mean of 207Pb/206Pb

  (Ma)
  ratios   ratios

207Pb/206Pb
207Pb/206Pb

Table 4.4- Radiogenic Pb/ Pb ratios of evaporation of single zircon grains and corresponding ages207 206
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Five separately evaporated DG-4b zircons yield a mean 207Pb/206Pb age of 166 ± 16 Ma 

(Table 4.4, Fig. 4.13b), which is within the error limit similar to the average 206Pb/238U age. 

The lack of inherited zircons in DG zircons is due to either derivation from juvenile (volcanic 

arc, back-arc development [εNd(t) -2.2 to -0.8] material or complete resetting of the pre-

existing zircon. 
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Fig. 4.13- Zircon data from the Devrekani granitoid, quartz diorite sample DG-4b. (a) U-Pb concordia 
plot for zircon analyses. Ellipses indicate 2σm error. (b) Histogram showing the frequency distribution 
of radiogenic 207Pb/206Pb ratios derived from single zircon Pb-evaporation. The spectrum for five 
idiomorphic grains, integrated from 411 ratios give a mean 207Pb/206Pb age of 166 ± 16 Ma. 
 
 
Rb-Sr whole-rock analyses from the Devrekani granitoid define an isochron age of 176 ± 43 

Ma (MSWD= 0.041 and Sr(i)= 0.70538 ± 0.00028) (Fig. 4.14 ).  The Rb-Sr age, although with 

very large errors are similar to the U-Pb age (Figs. 4.12 & 4.13).      
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                              Fig. 4.14- 87Rb/86Sr vs. 87Sr/86Sr whole-rock isochron plots of data from 
                                 Devrekani granitoid 
                
  

  The Middle Mesozoic basic magmatism is documented by Rb-Sr(whole-rock) and zircon ages of 

175-165 Ma from four samples. Xenocrystic cores were not discerned in zircons of these 

samples. Zircons of four rocks have similar ages and internal morphologies displaying 

primary magmatic structures (oscillatory zoning) and minor secondary structures 

(recrystallization domains). Ages from all samples are similar within the error range and show 

little spread.  The pooled age 165 Ma is interpreted as the crystallization time of this pluton. 

 

4.3. DISCUSSION 

4.3.1. Magma genesis and possible sources  

Devrekani (DG) rocks are rich in Ca-plagioclase, hornblende, biotite, orthopyroxene and 

"clinopyroxene, implying an origin through partial melting of mafic source rocks. 

Experiments by PatiZo Douce (1995, 1996) have shown that dehydration melting of 

amphibolite at ~0.4 GPa can produce a melt assemblage dominated by Ca-rich plagioclase 

(An77) and orthopyroxene with subordinate clinopyroxene. Devrekani rocks have moderate 

Na2O/K2O ratios (2-17), low Al2O3/(FeOt+MgO+TiO2), (Na2O+K2O)/(FeOt+MgO+TiO2) and 

narrow range CaO/(FeOt+MgO+TiO2) ratios (Fig. 4.10). These features combined with very 

high Mg# values (75-86), suggest derivation from an amphibolitic source rock close to 

primary mantle melts (e.g. PatiZo Douce, 1995, 1996, 1999). High CaO (5-14 wt%) and 
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moderate Sr (271-370 ppm) contents, and positive Sr and Eu anomalies further suggest 

melting of a plagioclase-bearing source and/or slab melting outside the plagioclase stability 

field (e.g. Martin, 1999), and the magma crosscutting a thicker hotter mantle wedge or mafic 

plutons, having efficient interactions with it, resulting in MgO, Ni and Cr enrichment (e.g. 

Sajona, 1995; Sajona et al. 2000; Tatsumi et al. 1986), and slightly adakitic signature for the 

diorites (e.g. Martin, 1999; Condie, 2005).  

   Although Sr- and Nd-isotopic ratios are within the mantle array (Fig. 4.9a), slight shift of 

the data to more radiogenic Sr isotopic compositions may be interpreted as the result of Sr-

rich slab fluid mixed into the mantle wedge (e.g. Churikova et al. 2001; Dorendorf et al. 2000; 

Prouteau et al. 2001; Rapp and Watson, 1995; Rapp et al. 1999; Smithies, 2000). The high 

gNd(t) values (-0.8 to -2.2) and the low Sr(i) ratios (0.7052-0.7061) of the samples reflect the 

involvement mantle material and/or mafic crustal source in their genesis. The fact that older 

Pb-components are almost absent in the analyzed zircons (Figs. 4.11, 4.12, 4.13) further 

ascertain the lack of important old continental material contribution in the DG magmas. These 

characteristics and the fact that this pluton is geochemically zoned (batches of magma 

intruding each other) suggest coeval magmas generated from different mafic sources, 

consistent with the isotopic data indicating OIB-EMI- type source for the diorites and the 

EMII-type source represented in the dioritic-tonalitic rocks (Fig. 4.9c). Generally the main 

difference between the EMI and EMII enriched mantle source types is that the former may 

include recycled oceanic crust, pelagic sediments and/or metasomatized subcontinental 

lithospheric mantle (i.e., low 143Nd/144Nd and 87Sr/86Sr ratios, Table 4.2) and the latter 

recycled oceanic crust and continentally-derived sedimentary rocks (i.e., low 143Nd/144Nd and 

slightly elevated 87Sr/86Sr ratios) (e.g. Hart et al. 1986; Hoffman, 1988; McKenzie and 

O´Nions, 1983; Zindler and Hart, 1986). As has been suggested by many authors adakitic 

melts can be derived from the partial melting of the mafic oceanic crust (Defant and 

Drummond, 1990; Drummond and Defant, 1990; Kay et al. 1993), could interact with the 

metasomatized mantle wedge (Stern and Kilian, 1996; Rapp and Watson, 1995;  Rapp et al. 

1999; Smithies, 2000; Prouteau et al. 2001). 

   Albeit slightly elevated *18Owhole-rock values (8.2 to 9.1 ‰) compared with mantle melt 

composition, they signal differentiation from a mantle source with only minor crustal 

contribution (Fig. 4.9d), most probably subduction-related. Accordingly, it could be assumed 

that the composition of the analysed rocks have not been significantly modified by crustal 

contamination, rather they reflect the variations in chemical and isotopic compositions of 

different sources and magmatic processes in the mantle. 
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  In conclusion, the geochemical and isotopic data suggest the generation of Devrekani 

magmas involved both active continental-margin melting of the metasomatized mantle 

lithospheric plate and asthenospheric mantle (e.g. Henk et al. 2000; Pearce and Parkinson, 

1993).  

 

4.3.2. Subduction  versus mantle wedge components 

Slab fluids are known to be enriched in LILEs and LREEs but depleted in HFSEs and HREEs 

(e.g. Ayers, 1998; Brenan et al. 1995; Tatsumi et al. 1986). Melting in subduction zones is 

triggered by the interaction between the mantle wedge and slab-derived hydrous fluids and 

melts. So that, typical volcanic arc granitoid rocks are characterized by high LILE/HFSE and 

LREE/HREE ratios, which are commonly attributed to mantle metasomatism. These elements 

can migrate with the dehydrating fluid phase, whereas the HFSEs and HREEs are retained in 

the slab and subducted to the deeper mantle (Keppler, 1996; Tatsumi et al. 1986). Devrekani 

granitoid samples plot in VAG field on the Y+Nb vs. Rb diagram (e.g. Pearce, 1982) and on 

the R1 vs. R2 diagram (De La Roche et al. 1980), they trend from the mantle fractionates 

(diorites, DG-3) to pre-plate collision (quartz diorites) and post collision (tonalitic diorites) 

uplift fields (Fig. 4.8b, d). However, active continental margin magmas normally show 

greater degree of enrichment in incompatible elements compared to those of Devrekani rocks. 

Implying, the VAG chemical signatures shown by the samples only reflect the arc 

environment in which they were generated (e.g. Harris et al. 1986; Pearce et al. 1984; Rogers 

and Hawkesworth, 1989; Sajona et al. 1996). Low TiO2 contents, low Sr(i), high εNd(t) ratios 

and flat HREE patterns of the samples are consistent with derivation from mafic lower crustal 

source, where HREE-bearing mineral phases are unstable. Positive Eu-anomalies, shows the 

activity of Eu increased in the melt, may be due to elevated temperatures, hence increased 

feldspars breakdown. Such conditions are possible during high-temperature hydrothermal 

processes in subduction zones (e.g. Uysal and Golding, 2003). The δ18O values are lower than 

continental crustal values, but trends on the Sr(i) vs. δ18O diagram show that the source was 

contaminated by some limited amount of continental crust. These trends could have resulted 

from mantle wedge-derived magma and the continental crust interaction. Negative correlation 

observed between the 143Nd/144Nd and 87Sr/86Sr ratios strongly indicates two mantle reservoirs 

involved in the genesis of these rocks: asthenospheric MORB-like source with a fairly high 

143Nd/144Nd (εNd(t)) and low 87Sr/86Sr, and another component, the EMI source of Zindler and 

Hart (1986). The primary magma of the rocks might be the product of partial melting of either 

enriched subcontinental lithospheric mantle or a mixture of this enriched source with an 

MORB-type asthenospheric source. In either case, subcontinental lithospheric mantle made a 
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significant contribution to these rocks. After the previous subduction in the Late Palaeozoic 

and Earliest Mesozoic continent-continent collision, (Ustaömer and Robertson, 1997, 1999; 

Okay et al. 2006; Nzegge et al. in review), it was possible to derive a greater proportion of 

such melts from an enriched mantle reservoir.  

 

4.3.3. Tectonic evolution: evidence for slab break-off/detachment 

The Late Palaeozoic-Early Triassic evolution of the NW Turkey was dominated by the 

subduction of the Palaeotethys oceanic plate beneath the Eurasian plate. The thermal effect of 

subduction might have caused asthenospheric currents beneath the Central Pontides, NW 

Turkey and the resultant lithospheric stretching, crustal thickening/thinning and extensive 

magmatism intruding the Palaeotethyan subduction-accretion complex. Therefore, the major 

sources of the magma are the subcontinental lithospheric mantle and the MORB-like 

asthenosphere. The Kastamonu granitoids are located at the juxtaposition of the Eastern and 

Western Pontides, where the very complicated tectonic setting can be summarized as follows: 

(1) The Palaeotethys oceanic plate transporting Gondwana-derived continental fragments 

subducted beneath Eurasia and continental rifting and strike-slip movements (Istanbul Zone 

and Devrekani Unit) during the Latest Palaeozoic-Earliest Triassic (e.g. Robertson and Dixon, 

1984; Ustaömer and Robertson, 1991, 1997; Robinson et al. 1992, 1995; Okay et al. 2006); (2) 

During the Latest Palaeozoic-Earliest Mesozoic, collision of Gondwana- and Eurasia-derived 

fragments led to accretion, large-scale extension by gravitational orogenic collapse, and the 

development of marginal basins (e.g. the Küre marginal basin) (e.g. Dewey et al. 1989; 

Robertson and Dixon, 1984; Yılmaz and Boztuğ, 1986; Aydin et al. 1986, 1995; Banks and 

Robinson, 1997; Ustaömer and Robertson, 1993, 1994, 1999; Bοztuğ et al. 1984, 1995; 

Robinson et al. 1995); (3) The post-collisional regional extension probably triggered slab 

detachment or lithospheric delamination (e.g. von Blanckenburg and Davies, 1995; Davies 

and von Blanckenburg, 1995; Henk et al. 2000;). This resulted in Early-Middle Jurassic 

regional metamorphism (e.g. Boztuğ et al. 1984, 1995; Yılmaz and Boztuğ 1986); (4) 

subduction reversal (i.e. the southward dipping of the Küre marginal basin) in the Earliest 

Triassic (e.g. Ustaömer and Robertson, 1994, 1997, 1999), and the Middle Mesozoic 

emplacement of I-type mafic granitoids (Devrekani granitoid, this study and Bοztu— et al. 

1984, 1995) in the south of KGB.  

  It could be concluded that, the post-collisional extensional tectonics that started at ~190 Ma 

ago with regional metamorphism (Yılmaz and Boztuğ, 1986; Yılmaz et al. 1996) was 

accompanied by granitoids emplacement and fast tectonic exhumation till 165-155 Ma. This 
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was followed by deposition of polygenic basal conglomerate of the Bürnük formation, the 

Đnalti limestone formation, and finally deep sea sediments of the Çağlayan formations. 

Therefore, the regional metamorphism, the emplacement of the plutons in the south of KGB, 

and the exhumation can be interpreted as the product of post-collisional lithospheric 

detachment of the subducted Palaeotethys oceanic lithosophere from the continental 

lithosphere during collision of Gondwana- and Eurasia-derived fragments. Such post-

extensional tectonics could have brought hot asthenospheric mantle into direct contact with 

the earlier metasomatized lithospheric mantle of the overriding plate, and induced melting 

(e.g. McKenzie and Bickle, 1988). The contemporaneousity of shearing, magmatism and 

metamorphism at ~185-165 Ma suggests the processes (Palaeotethyan subduction, continent-

continent collision (Eursian-Gondwana-derived fragment) and post-collisional extension) in 

the Kastamonu region, Central Pontides,  were closely related geodynamically.  

 

4.4. CONCLUSIONS  

The Devrekani granitoid encompasses diorites to low-Si tonalitic-diorites were emplaced in a 

volcanic arc environment comprising accreted Eursian-Gondwana-derived and occeanic 

fragments fragments, during the Middle Jurassic.  

Geochemical and isotopic data reveal two magma types low-K tholeiitic and medium-K 

calc-alkaline metaluminous I-type. The isotopic composition of Sr and Nd suggests that the 

Devrekani granitoid rocks represent either mantle-derived magma that experienced slight if 

any assimilation of isotopically different crust, or were generated from mafic sources in the 

lower crust. High MgO, CaO, Cr, and Ni contents are supportive of derivation from a mantle 

source. Other characteristics such as low-Ti, moderate K2O of some samples indicate the 

rocks may represent two distinct magmas (EMI and EMII), which were probably derived 

from variably enriched mafic sources including the upper mantle with high εNd(t) values, and 

a high radiogenic Sr source, with a moderate time-integrated Rb/Sr such as ancient 

amphibolitic lower crust. Enrichment is interpreted to be related to metasomatic processes in 

response to previous Late Palaeozoic Palaeotethys subduction.   

  Post-collisional extention-induced slab break-off must have contributed to a major extend 

after the closure of Palaeotethys oceanic basins, as indicated by the presence of basaltic 

magmatism in the south of the Kastamonu belt. From the geochemical and isotopic signatures 

we think Devrekani magmatism represent a juvenile stage of an active margin evolution, 

formation in an extensional tectonic setting  and/or genesis in an oceanic arc underlined by a 

`recently´ thinned continental crust. Relatively low negative εNd(t) values (-2.2 to -0.8) point 

to magma sources with variably small proportion of old continental crustal material, 
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consistent with the lack of inherited zircons. The associated metabasites of Bekirli 

metamorphics (BM) showing enriched MORB signatures (very low Rb content 0.5 - 2.1 ppm, 

Sr(i), ~0.70525; εNd(t), +0.8 to +1.2, own unpublished data) is presumably derived from 

subcontinental lithospheric mantle source. Geochemical signatures of the Devrekani granitoid 

samples and the Bikirli metabasites therefore, suggest development within the back-arc basin 

of an active continental margin, for the Middle Mesozoic magmatism in the south of the 

Kastamonu belt. 

  The Precambrian-Palaeozoic basement rocks of the Central Pontides had a complex thermo-

tectonic history, with Mid-Carboniferous (Variscan), Late Triassic (Cimmeride), and Oligo-

Miocene (Alpide) thermal events. It is noteworthy that the Devrekani granitoid (except for 

one), has no inherited zircons of Variscan age, although it is in direct contact with the 

Variscan basement (Devrekani metamorphics), suggesting major Middle-Upper Jurassic 

crustal shortening. Pb loss and/or U loss at 220-200 Ma probably reflect the time of regional 

metamorphism associated with the extensional tectonics, basins opening and deposition of the 

deep-Sea formations.  

Our Middle Mesozoic ages and ~152.0 ± 1.9 Ma (own unpublished data) for the small pluton 

NE of Devrekani town, along with reported K-Ar hornblende and biotite ages of 146 ± 6 to 

176 ± 7 Ma and 162 ± 5 Ma respectively, from the Asarcık granitoid in the southeast of  KGB, 

document a “short”  period of mafic (unimodal) magmatism, which may be interpreted in 

terms of south-dipping subduction and closure of the Küre MORB-type marginal basin.  
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4.5. General conclusion on granitoids: Geodynamic interpretation of Palaeozoic and 

Mesozoic plutonism 

 
Earlier studies were mostly based on stratigraphy and whole-rock major and trace element 

geochemistry which are very sensitive to later tectonic/thermal events, alteration and other 

secondary processes. However, the geochemical and Sr-Nd-O isotopic features, and zircon 

and Rb-Sr ages in this study, allows a reassessment of the geological evolution of the 

Kastamonu granitoid belt and the surrounding area in the central Pontides.  

  When the data herein for the Sivrikaya (~303-300 Ma) and Deliktaş (~295-270) are 

considered together with those of central European Variscan granitoids, (e.g. Finger et al. 

1997; Hann et al. 2003, Carrigan et al. 2005, Okay et al. 2006), it could be conclude that the 

Sivrikaya granitoid magma was derived either through renewed subduction and/or from 

decompression melting near the crust-mantle boundary in a syn- to post-collisional extension-

related geodynamic setting as described by Finger et al. (1997). Or part of the Late Visean-

Namurian post-collisional, collapse-related or lithospheric delamination-related granitoid 

magmatism (e.g. Hann et al. 2003). As for the Deliktaş granitoid, it is very similar to post-

collisional, strongly peraluminous (SP), S-type granites common in the Hercynides (e.g. 

Sylvester (1998). The latter author asserted that the strongly peraluminous S-type granites of 

the Hercynides (Variscides) and the Lachlan Fold belt (Chappell and White 1974, 1992; 

White and Chappell 1983) originated not solely through syn-collisional crustal thickening 

processes rather predominantly through crustal anatexis related to “high-temperature” post-

collisional lithospheric delamination and upwelling of hot asthenospheric material, producing 

large volumes of SP, S-type granitic melts. 

All the data above in conjunction with published data on the geodynamic interpretation of 

Variscan granitoids in the central Europe (e.g. Finger et al. 1997; Hann et al. 2003) and in 

Bulgaria (e.g. Carrigan et al. 2005), allow us to suggest the following geodynamic model for 

the genesis of Sivrikaya and Deliktaş granitoids from the Devrekani-Kastamonu region, 

Central Pontides-Turkey (Fig. 4.15, below): (1) Palaeotethys is situated between the Sakarya 

continent (Gondwana fragment) and Laurasia with an intra-oceanic arc constituting the supra-

subduction zone (SSZ) type Domuzdağ and Çangaldağ ophiolite complexes. The oceanic 

crust northward subducted underneath Laurasia forming arc magmatism in the active margin 

of Laurasia during Silurian-Devonian time (Fig. 4.15, below). Continued northward 

underthrusting of Palaeotethys oceanic crust beneath Laurasia margin during the Early 

Carboniferous produced a magmatic arc (Çangaldağ complex), followed by collision of 

continental fragments (Sakarya continent and Devrekani metamorphics, DM) and back-arc 
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marginal basins formation (e.g. Küre basin) in the Latest Carboniferous time. (2) Late 

Carboniferous collision between the Sakarya continent and Laurasia probably provoked slab 

break-off and/or lithospheric delamination and the genesis of metasomatized mantle-derived 

magma and subsequent incorporation of upper crustal-derived felsic melt to produce the 

Sivrikaya granitoid magma source (Fig. 4.15, below). The geochemical and isotopic features 

of the Deliktaş granitoid suggest derivation of the magma predominantly from crustal sources, 

through partial melting in an extensional geodynamic setting following lithospheric 

delamination as proposed by Sylvester (1998) for the SP, S-type granites of Hercynides. 

In Turkey, the incoming Eurasian continental fragments were narrow, with substantial 

subsequent shortening, so that the Carboniferous collisional `suture-crossing´ magmatism 

became later the site of the later continental margin arc and related magmatic episode (e.g. 

Şengör et al. 1993; Okay et al. 1996, 2006). This resulted in the intermixing of collisional- 

and subduction-related magmatism, aided by extensive conjugate strike-slip faulting that 

frequently follows collisions. Although this scenario may not be wholly compatible with 

many currently held ideas on the evolution of the Palaeotehtys in the Central Pontides it is 

partly compatible with the works of Sengör et al. (1984, 1993); Aydin et al. (1986); Okay et al. 

(2006), and the data herein that support a Late Carboniferous orogeny related to the Late 

Palaeozoic subduction of the Palaeotethys beneath south Eurasian.  

  Such a geodynamic model is particularly similar to those of Late Variscan granitoids in the 

Balkans and Sredna-Gora terranes in central Bulgaria (315 to 285 Ma e.g. Carrigan et al. 

2005), which are spatially close, and having mineralogical and geochemical compositions 

very similar to those of Sivrikaya and Deliktaş granitoids. Furthermore, the latter authors 

contended that these Late Variscan granitoids as well as those in the Iberian and the intra-

Alpine massifs were all post-collisional and generated after the main compressional and high-

grade metamorphic events during the Variscan Orogeny.  

 
Geochemical and isotopic compositions suggests that the Middle Jurassic Devrekani 

metaluminous I-type granitoid rocks represent either mantle-derived magma that experienced 

slight if any assimilation of isotopically different crust, or were generated from mafic sources 

in the lower crust. Post-collisional extention-induced slab break-off must have contributed to 

a major extend after the closure of Palaeotethys oceanic basins, as indicated by the presence 

of basaltic magmatism in the south of the Kastamonu belt. From the geochemical and isotopic 

signatures we think Devrekani plutonism represent a juvenile stage of an active margin 

evolution, formation in an extensional tectonic setting and/or genesis in an oceanic arc 

underlined by a `recently´ thinned continental crust.  
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It noteworthy is that the Devrekani granitoid (except for one), has no inherited zircons of 

Variscan age, although it is in direct contact with the Variscan basement (Devrekani 

metamorphics), suggesting major Middle-Upper Jurassic crustal shortening. Pb loss and/or U 

loss at 220-200 Ma probably reflect the time of regional metamorphism associated with the 

extensional tectonics, basins opening and deposition of the deep-Sea formations. Our Middle 

Mesozoic ages and ~152.0 ± 1.9 Ma (own unpublished data) for the small pluton NE of 

Devrekani town, along with reported K-Ar hornblende and biotite ages of 146 ± 6 to 176 ± 7 

Ma and 162 ± 5 Ma respectively, from the Asarcık granitoid in the southeast of  KGB, 

document a “short”  period of mafic (unimodal) magmatism, which may be interpreted in 

terms of south-dipping subduction and closure of the Küre MORB-type marginal basin (Fig. 

4.15).  

 

  The data herein from the Sivrikaya, Deliktaş and Devrekani granitoids indicate that a “long-

lasting” Carboniferous-Permian bimodal magmatism commenced probably in the north and 

gradually migrated to the south followed by “short-lived”  Middle Mesozoic unimodal 

plutonism in the Devrekani area, in the south of the Kastamonu granitoid belt. The possible 

rearrangement of the original locations of the Kastamonu plutons by later tectonic events and 

incomplete age information on all the 15 plutons makes such a conclusion only preliminary. 
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5.    EURASIAN-DERIVED BASEMENT  

The Pre-Jurassic basement of the Central Pontides comprises a thick subduction-accretion 

complex, amalgamated since the Late Palaeozoic (Ustaömer and Robertson 1997). Detailed 

structural, sedimentological and geochemical studies reveal four E-W tectonic units, 

assembled through plate tectonic processes, and exposed beneath Late Jurassıc-Tertiary cover 

units (Fig. 1c). The first, the Devrekani metamorphic unit (DM), gneisses and amphibolites at 

the base, transgressively overlain by metamorphosed carbonates, interpreted as basement of a 

rifted south Eurasian margin fragment. The Palaeozoic of Đstanbul Zone and the Early 

Mesozoic sequences of the Western Pontides may represent the cover of the Devrekani unit. 

The second unit, the Çangaldağ Complex, thick, imbricated pile of evolved volcanics and 

volcanoclastics, overlying oceanic basement, comprising sheeted dykes and basic lavas. The 

Çangaldağ unit is interpreted as a south-facing oceanic arc. The northern oceanic basin, the 

Küre Complex, a structurally thickened (>29 km) wedge of thrust-imbricated siliciclastic 

turbidites, interleaved with dismembered, subduction zone ophiolites; in which Late 

Palaeozoic-Mid Jurassic fossils have been identified (Aydin et al. 1986). The Küre Complex 

is interpreted as Triassic-Early-Jurassic subduction-accretion complex of southward polarity. 

The southerly basin represented by the Domuzdağ-Saraycıkdağ Complex, is a Palaeozoic-

Early Mesozoic subduction-accretion complex of northward polarity, comprising an ophiolitic 

melange in the north and an accretionary prism in the south, both metamorphosed to 

blueschist facies. This  basement was affected by Alpine metamorphism, that resulted in 

rertrogressive effects inprinted on the rocks (e.g. Boztuğ and Yılmaz, 1995).  

 
Available data suggest Palaeotethys was subducted northward beneath the active south 

Eurasian margin (long-lived Pacific type, Robertson and Dixon, 1984), during the Late 

Palaeozoic time resulting in continental margin arc and rifting off a continental crustal sliver 

(Devrekani metamorphic unit) (e.g. Ustaömer and Robertson, 1990), related to transform fault 

and/or active margin processes, opening the Küre back-arc basin, in the Latest Palaeozoic-

Earliest Mesozoic.  

The the Devrekani metamorphic unit (DM) is exposed (in the Musa-Ousman river valley, 

ENE of the Devrekani granitoid), as a WSW-ENE fault-bound tectonic window sandwiched 

between the Küre and the Çangalda— Complexes respectively to the north and south 

(Ustaömer and Robertson, 1991) (Fig. 1c). This high-grade metamorphic assemblage 

comprises gneisses and amphibolites at the base, transgressively overlain by metacarbonates. 

The Devrekani metamorphic unit is divided into two groups: the Precambrian Devrekani 
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metasedimentary group, made up of basic to felsic high-grade granulite to amphibolite-facies 

(Ustaömer and Robertson, 1991, 1997; Boztuğ et al. 1984, 1995) and the Lower-Middle 

Palaeozoic Samatlar group (epicontinental) made up of low grade metamorphic rocks. The 

Devrekani Unit is lithologically and stratigraphically very similar to the Precambrian 

basement of continental units of the Rhodope-Pontides belt and in the Caucasus (Ustaömer 

and Robertson, 1991). Based on stratigraphic correlation with the Cambrian to Silurian 

sequence of the Palaeozoic of Istanbul Zone (Okay, 1989, 2000; Okay et al. 1994; Okay and 

Tüysüz, 1999; Tüysüz, 1990), both Precambrian (Yılmaz, 1980) and Lower Palaeozoic ages 

(Tüysüz, 1990) were proposed for the Central Pontides basement. The Devrekani 

metamorphic unit is intruded by Late Palaeozoic to Middle Jurassic plutons (Nzegge et al. 

2006, 2007, in review). 

The rocks are medium to coarse-grained, granular and displaying foliated texture with at 

times augen formation. The amphibolite and granulite facies metamorphic rocks include 

ortho- and para-amphibolites, gneisses and gneissic-granites, and meta-basalts and -andesite.  

Granulite facies rocks are important in the reconstruction and evaluation or orogenic 

processes as they represent crustal material transformed at highest grade (i.e. temperature) of 

metamorphism at conditions where melting (i.e. magmatic) processes prevail. These 

conditions can be those of a stable lower crustal geotherm or, alternatively, those attained 

during the peak of regional metamorphism. Many of the large exposed granulite domains 

around the world were formed in the Precambrian, but most were exhumed by much later 

tectonism and so yield long-term information pertaining to conditions and processes in the 

lower continental crust. The most voluminous of the scattered  granulite relics in the 

crystalline core of the European Variscides are high pressure (HP), kyanite-k-feldspar 

varieties of granitic composition (e.g. Pin and Vieleuf, 1983; Fiala et al. 1987).  

Although a Precambrian age was proposed for the Central Pontides Eurasian-derived 

basement (e.g. Yılmaz, 1990), our geochronological studies have produced Palaeozoic, and in 

many cases Carboniferous, ages for the metamorphism consistent with the works of Tüysüz 

(1990). U-Pb zircon dating of a metabasic sample (BÜ-20, amphibolite) define Cambro-

Ordovivian events from 502 Ma to 488 Ma within the Pontides belt. Interpreted as magmatic 

protolith formation. The detection of pre-Variscan ages within the basement of the Central 

Pontides must reflect a complex history involving significant pre-Variscan activity. 

An understanding of the formation, modification and preservation of the granulite-facies 

rocks will provide important information for the interpretation of the Palaeozoic, and 

especially Variscan evolution of the European basement. The purpose of the present study is 

to investigate the formation and the age of the rocks in the basement units. To accomplish this 
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I have determined geochemical and isotopic compositions, U-Pb and Pb-Pb zircon and Rb-Sr 

whole-rock ages. 

 

5.1. PETROGRAPHY  

The Deliktaş basement samples (MN-1, MN-3, MN-5, MN-11, MN-12, MN-72) were 

collected from the south of Deliktaş, Hürsü Gölköy (Ülukoy) towns and between Hacibrahim 

and Kirazsoku villages (Fig. 3.1). The samples are quartz-rich granites and gneisses, with 

adamellitic tendencies. They are all  holocrystalline, coarse to very coarse-grained, granular, 

porphyric to granoblastic, and more or less foliated. Textures range from gneissic to granitic, 

with the micas forming bands around the more competent quartz and feldspars. The 

plagioclase and k-feldspar (orthoclase, microcline) are xenocrystic and rarely perthitic.  
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          Fig. 5.1- Representative microphotographs of Deliktaş basement samples (para-gneisses  
          and granitic- gneisses). K-F, k-feldspar; Bt, biotite; Musc, muscovite; Qtz, quartz; pyx,  
          pyroxene; Hbl, hornblende; Ep, epidote; Se, sericite; Plg, plagioclase 
          
               

The typical rock-forming minerals quartz, euhedric plagioclase, k-feldspar, biotite lamellae, 

pink idiomorphic garnet often skeletal, muscovite (more or less chloritized), " hornblende and 

" orthopyroxene (hypersthene, e.g. MN-1, MN-5, MN-12) occur in different proportions. 

Quartz forms aggregates between the other mineral and at times vermicular intergrowths 
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(myrmekite, e.g. MN-11, MN-12, MN-72) with feldspars. Accessory phases include opagues 

from garnet alteration, zircon, calcite, apatite, hematite and ilmenite. 

 

The Sivrikaya basement crops out in Ösek (ÖS) ( and between Göynüdaği and Dikmentürbet 

towns) and in the Büyükçay (BÜ) river valley (Fig. 3.1). The Ösek metabasic (ÖS) rocks 

(ortho-amphibolites) are rich in green minerals, e.g. epidote and plagioclase with amphibolitic 

to gabbroic compositions, and metamorphic texure (foliated). Minerals are granular and 

euhedric and undeformed. The original magmatic and sedimentary textures are still preserved 

in the ortho-amphibolites/gneisses (amphigneiss). The grain-size is medium to coarse and 

minerals are elongated. 
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              Fig. 5.2- Representative microphotographs of Sivrikaya basement samples collected  
              around Ösek town (ÖS). Samples are typically hornblende and the plagioclase are 
              mostly sericitized and/or replaced by hornblende. Symbols as in Fig. 5.1. 
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The rock types include amphibolites and gneisses. Samples are quartz-poor and the feldspars 

(plagioclase > K-feldspar) constitute 50-62 % of the rocks. The minerals plagioclase (albite-

anorthite), green hornblende, biotite, epidote, and k-feldspar (orthoclase), olivine, pyroxene 

(hypersthene, 3-11 %) and garnet (mostly altered to dark brown-opague mineral) occur in 

variable proportions. Plagioclase occur as megacrysts and often zoned. Zircon, calcite apatite 

and ilmenite are the minor components. Büyükçay (BÜ) metaigneous rocks, mainly epidote-

garnet ortho-amphibolites (plagioclase gneiss or amphigneiss?) are green, porphyric and 

foliated with rudimentary granular/sedimentary texture.  
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     Fig. 5.2b- Representative microphotographs of Sivrikaya basement rocks collected around  
     Büyükçay(BÜ) river valley. Samples (ortho-amphigneiss) are Ep, epidote, Grt, garnet, Stau, 

         staurolite and Plg, plagioclase rich. Plagioclase and Hbl, hornblende are mostly sericitized. 
         Abbreviations: K-F, k-feldspar; Bt, biotite; Musc,  muscovite; Qtz, quartz; Pyx, pyroxene    
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    The rocks are foliated with the light band made up of quartz aggregates and feldspars, and      

dark band the mafic minerals, which at times form boudinage. The samples comprise, 

plagioclase (>40 %), hornblende, garnet, biotite, k-feldspar (orthoclase 1-5 %), pyroxene 

(hypersthene, diopside), "olivine and "phengite in BÜ-20. The garnet is more or less altered 

to opagues. Hematite, zircon, apatite, calcite and ilmenite are accessory.  

 
The Devrekani granitoid basement (Osman valley) forms a transition zone between the 

Devrekani granitoid and the Devrekani metamorphics (Musa valley). This basement 

comprises mainly banded gneisses (augen gneisses) and mylonitized grano-diorite sample 

(DG-4b, basement of DG-4a). The mylonitized (sheared) contact between Devrekani 

basement and granitoid crops out in the Osman valley east of the Devrekani town.  
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                         Fig. 5.3a- Representative microphotos of Devrekani pluton basement rocks 
                         [granodiorites (DG-4a) and granites (DM-5)] taken from around Devrekani 
                         town and in the Musa valley. The convex boundary of myrmekite (DG-4b)  
                         suggest texture formed through the replacement of k-feldspar (K-F) by Plg, 
                         Plagioclase in the solid state. Bt, biotite; Musc, muscovite; Hbl, hornblende; 
                         Qtz, quartz     
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This basement is comparable to the Devrekani metamorphic unit [(ortho and para), 

amphibolites and gneisses, grano-diorites and granites], which is well exposed in the Musa 

valley between the Küre and Çangaldağ complexes (Fig. 4.1).                            

The rocks are fine to coarse-grained, micro-granular to granular and foliated, with the 

stretched quartz and feldspars surrounded by bands of micas, resulting in “eyes”. The main 

rock forming minerals are quartz, feldspars [(plagioclase (albite) > K-feldspar (orthoclase)], 

muscovite, biotite, hornblende and skeletons of garnet. The quartz is porphyric, graphic, 

deformed (lenticular/boudinaged), intersitial and at times forms myrmekite with feldspar (Fig. 

5.3b, DM-30, DM-33). Magnesite and hematite occur in variable proportions. Subordinate 

phases include opagues (from biotite and garnet alteration), zircon, calcite, apatite and 

ilmenite.  

Some rocks (gneissic-granites, DM-5, DM-21, DM-25 and DM-30) show start of melting 

and segregation of amphiboles and garnet (migmatization), and boudinage formation. The 

main rock forming minerals of the amphibolites are green hornblende, occurring as 

subeuhedric to euhedric phenocryts: plagioclase (oligoclase, andesine), k-feldspar, epidote 

often altered, green biotite more or less chloritized, pink garnet, pyroxene (augite) quartz, 

±muscovite and ±olivine. In samples DM-32 (meta-andesite) a reaction rim can be observed 

between plagioclase and pyroxene, and biotite forms aggregates. In samples DM-21, DM-28 

and DM-33 (granites in an amphibolitic country-rock) quartz occurs as anhedral crystals 

partially recrystallized as graphic quartz and the plagioclase (albite) and k-feldspar (orthoclase) 

are perthitic. Additionally, hematite/ilmenite, zircon, calcite, opagues, apatite and chromite 

occur as accessory phases. 
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       Fig. 5.3b- Representative microphotographs of Devrekani granitoid basement samples from 
       around the Devrekani town [granodiorites (DG-4a) and granites (DM-5)]. Convex boundary 
       of  the myrmekite (DG-4b) suggest this texture formed  through replacement of k-feldspar 
       (K-F) by  Plagioclase (Plg) in the solid state. Bt, biotite; Musc,  muscovite; Qtz, quartz; 
       Hbl, hornblende; pyx, pyroxene.                                               
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5.2. GEOCHEMISTRY 

5.2.1. Major and trace element 

Major and trace element concentrations of samples are listed in Table 2, Appendix. In the 

Ternary anorthite-albite-orthoclase normative compositions diagram (O’Connor, 1965), (Fig. 

5.4a), as well as in the ternary quartz-plagioclase-K-feldspar modal compositions diagram 

(LeMaitre, 1987  based on Streckeneisen, 1976), the samples from the Deliktaş-Sivrikaya 

basement plot in the tonalite, granodiorite and granite fields (Fig. 5.4b), while those of the 

Devrekani are defined as trondjemite, tonalite, granodiorite and granite. Generally samples 

form a diagonal variation field that is nearly continuous from quartz diorite through tonalite,  

granodiorite to granites (monzo- and quartz-rich).  
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    Fig. 5.4- Normative compositions  plots:  (a) Q-A-P  (after LeMaitre, 1987; Streckeneisen, 1976)   
and (b) An-Ab-Or (after O’Connor, 1982) of  Deliktas-Sivrikaya and Devrekani metamorphics. 
 
 

The bulk-rock concentration of the basement samples is characterized by a wide range in SiO2 

content, 52 to 75 wt % and 47 - 75 wt % for Deliktas-Sivrikaya and Devrekani respectively 

(except the leucogranite sample MN-11, 79.8 wt %). The low aluminium saturation index 

(ASI= 0.58 - 2.20) and high aluminium index (AI= 1.0 - 3.5) ratios of samples indicate a 

metaluminous I-type, transitional and peraluminous S-type (e.g Chappell (1999); Chappell 

and White, 1974; Maniar and Piccolli, 1989) (Fig. 5.5) compositions, consistent with an 

origin from basaltic to felsic precursors (e.g. Drummond and Defant, 1990).  In order to get 

information on the geotectonic setting the basement samples were plotted the on the Pearce et 

al. (1986) diagram (Fig. not shown), and nearly all the samples plot in the volcanic arc 

granites field. 
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                      Fig. 5.5- Geochemical compositions of the Devrekani metamorphic unit; 
                        Deliktaş, Sivrikaya and Devrekani basements plotted in the ASI vs. AI, 
                        Shand`s Index (1927) discrimination diagram, with fields of the different 
                        rock types after Maniar and Piccolli (1989) shown. 
                                
 
Samples show a wide range in trace elemental concentrations (Table 2, Appendix), with the 

highest values in mafic samples and the lowest in felsic rocks, indicating they could be 

derived from similar sources by crystal-liquid fractionation processes. Chondrite-normalized 

(Sun and McDonough 1989) REE patterns are plotted in Fig. 5.6. The patterns are sub-

parallel and show moderate to strong fractionation between the LREE and HREE ([La/Yb]cn= 

10 - 24), and concave-upwards HREE ([Gd/Yb]cn= 0.93 - 2.7) patterns. The mafic samples 

(BÜ) have small negative Eu anomalies (Eu*/Eu= ~0.90), but better developed in the more 

evolved samples (Eu*/Eu= 0.76 - 0.96). The moderate to strong fractionated REE patterns and 

small to large Eu-anomalies in samples support melting of amphibolite-type protoliths (e.g. 

Patino Douce, 1999) and different roles for garnet and plagioclase. Furthermore, samples 

show distinct troughs in the high-field-strength elements (HFSE) Ba, Nb, Hf and Ti, which is 

consistent with a subduction-related origin of the protoliths (e.g. Floyd and Winchester, 1975; 

Keppler, 1996). 

 

  The Devrekani metamorphics (DM) samples similarly show a broad spectrum of sub-parallel 

REE patterns characterized by moderate fractionation between the LREE and HREE 

([La/Yb]cn= 6.4 - 27.6), small concave-upwards LREE ([Gd/Yb]cn= 0.93 - 2.7) and almost flat 
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HREE patterns. Moderate fractionated REE patterns and no to small negative Eu-anomalies 

(Eu*/Eu= 0.62 - 0.87) in rocks support melting of mafic protoliths and subordinate or no role 

for garnet and plagioclase.  
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      Fig. 5.6- (a) Chondrite-normalized REE spidergrams and (b) Primitive mantle-normalized plots  
  of basement complex samples: Deliktaş (MN), Sivrikaya (ÖS, BÜ) and Devrekani metamorphics 
  (DM). Normalizing values from Sun and Mc-Donough (1989). 
 
     

  All the basement samples show enrichment in large ion lithophile elements (LILE) such as 

Cs, Rb, Ba, Th, U and K, and depletion in high field strength elements (HFSE, Ba, Nb, Sr, Hf 

and Ti), consistent with subduction-related origin of the protoliths (e.g. Floyd and Winchester, 

1975; Keppler, 1996; Tatsumi and Kogiso, 1997). 

              
5.2.2. Sr-Nd-O isotopic compositions 

      The Nd, Sr and O isotope data are presented in Table 3, Appendix. Calculated initial 
87Sr/86Sr (Sr(i))  and 144Nd/143Nd (gNd(t )) isotopic compositions are based on U-Pb ages. The 

isotopic data highlights the considerable crustal residence age of the source region and show 

that protolith magmas represent new additions to the crust. Possible protoliths could be lower 

crust, and consisting of pelites, amphibolites and metagreywackes. Figures 5.7 show the 
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variation of initial 143Nd/144Nd expressed as εNd(t) values with initial 87Sr/86Sr (Sr(i)) isotopic 

ratios for the Deliktaş-Sivrikaya and Devrekani basement respectively. The εNd(t) values 

decrease with increasing Sr(i) from the mafic to the felsic samples (exception of two quartz-

rich samples with high Sr(i)), indicating mantle origin for the protolith of basement rocks. 

Sivrikaya mafic and intermediate basement rocks have similar gNd(t) and Sr(i) values (e.g. ÖS, 

εNd(t)= -1.4 to -2.7; Sr(i)= ~0.706; BÜ, εNd(t)= 6.8 to 2.6; Sr(i)= ~0.704)  but the evolved 

samples show relatively large variations in isotopic composition (MN, εNd(t)= -3.4 to -6.6; 

Sr(i)= 0.706 to 0.712) (Fig. 5.7a). Negative to positive gNd(t) values, low Sr(i) ratios (Fig. 5.7a), 

and young Nd model ages (TDM= 0.6 - 1.3 Ga) for the Deliktaş-Sivrikaya basement indicate 

significant input of mantle-derived component during protolith magma formation.  
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      Fig. 5.7- Sr(i) vs. εNd(t) plots of Devrekani metamorphic unit: (a) Deliktaş (MN), Sivrikaya (ÖS,  
      BÜ) and (b) Devrekani (DM) basements.                  

         
The εNd(t) and Sr(i) values range from 0.2 to -5.4 and 0.7002 - 0.7097 respectively for 

Devrekani basement, with the most evolved samples (DM-21, DM-33) having higher values 

(Fig. 5.7b). The small positive (0.2) to large negative (-5.4 ) gNd(t) values, variable  Sr(i) ratios, 

and young Nd model ages (TDM= 0.9 - 1.3 Ga) indicate variable proportions of juvenile and 

old, recycled continental crust-material contribution during protolith genesis.  

 The basement δ18Owhole-rock values are very variable in the range of 8 to 12 ‰, is 

representative of mantle and mixed origin. The basement samples from all three outcrops 

plotted on the same diagram show a strong positive correlation between δ18O and SiO2 values, 

indicating crustal contamination (Fig. 5.8).  
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                     Fig. 5.8- *18O vs. SiO2 plots of  Devrekani metamorphic unit: Deliktaş, Sivrikaya  
                   (Ösek and Büyükçay) and Devrekani (Ousman and Musa valley) basement  
                   illustrating the effect of source (mantle) and crustal contamination 
             
    
                      
   Very high, negative εNd(t) values (-4.1 to -6.6) are shown by some basement samples, 

strongly indicate melting of, or contamination of by old continental crust or sediments derived 

from such crust. In contrast, more intermediate εNd(t) values (-1.4 to -3.5) shown by Sivrikaya 

basement rocks (ÖS), may be explained by mixing old continental and mantle materials or 

young LREE-enriched arc-rocks. Evidence for the involvement of old continental material 

includes inherited Precambrian zircons in some samples. Although the trends on the εNd(t) vs. 
87Sr/86Sr and δ18O vs. SiO2 diagrams may show that the basement rocks could be derived  from 

a single source, the narrow range in Sr, Nd and O isotopic compositions of the whole-rock 

samples and the small to distinct negative Eu-anomalies, reflect derivation of the basement 

rocks protoliths from heterogeneous sources with variable immature and old crustal material 

contribution.  

The evolution of the Variscan Belt in Carboniferous times was characterized by 

contemporaneous formation of sedimentary basins and migmatites, by the intrusion of 

granitoids, and the formation and exhumation of granulites (e.g. Finger and Clemens, 1995; 

Kröner et al. 1998; Schaltegger et al. 1996).  The magmatic rocks show chemical signatures 

that refer to remobilized mantle and lower crustal sources in variable proportions (Hegner et 

al.1996; Langer et al. 1995; Liew and Hoffmann, 1988; Michard-Vitrac et al. 1981; 

Reischmann and Anthes, 1996). Compressional deformation, magmatism, exhumation of 

high-grade rocks and sedimentation in basins during extension were successsive or spatially 

associated contemporaneous processes. The temporal resolution can only be achieved by 
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precise dating tools such as the conventional U-Pb and Pb-Pb techniques using zircon and 

monazite, which provides analytical uncertainties of better than ± 0.5% of age results.  

 

5.3. GEOCHRONOLOGY  

5.3.1. Zircon internal structure  

The closure temperature of zircon for the U-Pb system is probably well above 900°C (e.g. 

Mezger and Krogstad, 1997; Kröner et al. 2000) as documented by the survival of zircon 

xenocrysts in a variety of igneous rocks, notably basalt (Compston et al. 1986). Zircon can 

also survive regional metamorphism and partial melting (e.g. Gulson and Krogh, 1973; 

Pankhurst and Pidgeon, 1976; Harrison et al. 1987). This makes it almost certain that 

metamorphic zircon records the isotopic composition near or at its growth stage (Kröner et al. 

2000). Survival of magmatic zircon and preservation of original crystallization age 

information in rocks that experienced high temperature overprint is shown by Möller et al. 

(2002), implying that resetting of zircon by diffusion during high-grade metamorphism is 

negligible. The composition of metamorphic zircon in equilibrium with an anatectic melt does 

not differ greatly from igneous zircon (Hoskin and Schaltregger, 2003), the only apparent 

systematic distinction is the Th/U ratio, which is very low for the former (<0.07 ppm, Rubatto, 

2002). U-Pb isotopic ages can be linked with specific P-T conditions but allowing direct 

assessment of the rate of tectonic and metamorphic processes (Hoskin and Schaltregger, 

2003). Concordant U-Pb ages for such zircons can therefore be interpreted as dating the peak 

of pressure, and the observed highly variable diffusive Pb loss is probably due to the very 

short exposure of such rocks to extreme depths. These two factors, resistance to resseting and 

protection of inclusion, make metamorphic zircon probably the best currently available 

mineral to allow precise dating of regional high-grade metamorphism (Krogh, 1993; Kröner 

and Jaeckel, 1995; Mezger and Krogstad, 1997). Zircons that grew in high-grade 

metamorphic rocks often shows a distinct sequence of internal structures: an initial low-

luminescence growth zone (sometimes overgrowing an inherited core) sequentially 

overgrown by sector zoned domains. These textures are commonly followed by oscilatory 

zoned domains (Vavra et al. 1996, 1999; Schaltegger et al. 1999). The discordance in zircons 

could result from multiple episodes of growth indicating thermal events, variably small 

degrees of younger Pb loss that moves the points toward the origin, combined with minor 

contribution from preexisting grains (xenocrystic cores) that move the data point to the upper 

right on the concordia diagram (e.g Todt and Büsch, 1981). Linear distribution of the data 

points could be ascribed to the derivation of the zircons from a cogenetic suite that underwent 
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an episodic Pb loss or from averaging of the zircon population during sample selection by 

sizing, combined with the effects of an isotopic disturbance. 

Two explanations for the negative value of lower intercept age of some samples: The studied 

zircon fractions may be comprised some grains with an inherited Pb component, which 

caused different discordant and nearly concordant starting points before the Pb loss event. 

Different degrees of subsequent Pb loss may have caused a negative lower intercept without 

significantly influencing the geological relevance of the upper intercept. The data points 

provide a relatively small spread of isotopic ratios and cluster at the higher end of the 

discordia line. As a consequence, the upper intercept is well anchored and of geological 

significance, whereas the lower intercept is vaguely defined.  

  

5.3.2. U-Pb and Pb-Pb zircon data 

No geochronologic data have been previously published for the Central Pontides basement. 

In order to constrain the timing of the high-grade metamorphism that produced the granulite 

facies metamorphic zircons were analyzed from samples from four basement outcrops. The 

results will be presented and discussed in three groups: Deliktaş and Sivrikaya basement, 

Devrekani basement/Devrekani metamorphics. I now present and discuss the individual 

results of U-Pb and Pb-Pb zircon analyses combined with cathodoluminescence study. 

 

Deliktaş-Sivrikaya basement  

Ortho-amphibolite sample BÜ-20. Ep+Grt(alm)+Stau+Hbl±Pyx±Qtz-Amphibolite. Albite-

epidote-amphibolite facies regional metamorphism rock formed under P-T conditions of 3-7 

kbar and 250-450°c respectively, and high shearing stress, or in the outer contact 

metamorphic zone.  BÜ-20 zircon population is homogeneous. A date of this rock would 

provide an important time mark and greatly aid in determining the chronology of the pre-

variscan events in this region and/or region of origin of the Central Pontides. 
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             Fig. 5.9- CL photographs of characteristic zircon population from Deliktaş-Sivrikaya 
              basement; Büyükçay river valley (BÜ-20) and Ösek area (ÖS-80 and ÖS-185a). Note 
              the dissimilar morphological grain-types from both outcrops. 

 
There is a problem in plotting the Rb-Sr whole-rock data, may be because of the thermal 

influence of the younger events, conditions under which Sr is mobilized and/or 

rehomogenized. The U-Pb-dating method on zircons of polymetamorphic rocks (Gebauer and 

Grünenfelder, 1979a,b) shows that it is possible to date first event of a polymetamorphic 

history, if the younger metamorphic overprints did not reach temperatures high enough to 

open the U-Pb-system completely.   
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Abundant medium (63-80 µm), euhedral, clear, short and at times stout zircons were 

separated from BÜ-20. CL images reveal two prismatic grain-types (Fig. 5.9), short and long 

prisms. The core may be surrounded by a small non-luminescent domain. Xenocrystic cores 

which are visible in all the zircons are of two types: in the prismatic grains multi-facetted core 

with oscillatory zoning, and prismatic core with sector zoning rimmed by magmatic zoning 

and over growth. This could be taken to represent many growth stages, as indicated by zones 

of high and low CL intensity and/or recrystallized domains.  

Six (3 abraded) out of ten zircon analyses are nearly concordant to concordant at ~502 Ma 

(Fig. 5.10, inset), is interpreted as the crystallization time of the magmatic precursor. Two 

zircon fractions with variable small degrees of Pb-loss plot close to the concordia curve at 

~450 Ma and 575 Ma. Two other fractions are reversely discordant at ~450 Ma and 800 Ma.  
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                Fig. 5.10- U-Pb concordia plot for isotope dilution analyses for BÜ-20. Six analyses 
                are concordant to nearly concordant at~502 Ma (inset). A discordia through most of 
                the data points yield an upper intercepts at 1104 " 330 Ma. Error ellipses are 2Fm. 
         

              

The analysis at ~800 Ma may represent a Proterozoic inherited component and analysis at 

~575 Ma is probably a mixture between inherited component and radiogenic Pb loss since the 
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closure or the zircon U-Pb geochronometer.  Reverse discordia may be due to geologic events 

such as high-grade metamorphism, so are not considered for age calculation. A discordia 

forced through most fractions yield a Precambrian protolith age. The linear distribution of the 

data points could be ascribed to the derivation of the zircons from a cogenetic suite that 

underwent an episodic Pb loss. 

The age 501.92 " 0.81 Ma is interpreted as the primary age (time of crystallization). This 

age is equivalent to that of several Cambrian rocks found in the Hercynian belt (e.g Pin and 

Ducrot, ; Maurel et al. 2002; Paquette et al. 1999) in the Schwarzwald (e.g. Hofmann and 

Köhler, 1973; Steiger et al. 1973; Todt and Büsch, 1981; Gebauer and Grünenfelder, 1979b). 

There are no evidence of regional and Variscan (320-344-370 Ma) tectonometamorphic 

overprint, and intrusion of the Kastamonu granitoids on the zircons. In contrast, upper 

Ordovician Pb loss event is documented. Therefore, this outcrop may be one of the rare 

preserved relics of the continental crust that was subducted northward during the Variscan 

orogeny (Matte, 1986, 1998; Ziegler, 1989, Carboniferous collision between Gondwana and 

Laurentia-Baltica). Additional Pb-Pb zircon age and microprobe data is required for further 

evaluation of the significance of this 502 Ma age cluster! 

                              

Ösek samples (ÖS-80 and ÖS-185a). Contain near-spherical metamorphic zircons as well as 

long-prismatic, magmatic zircons with pointed termination. Zircon grains are euhedral, clear 

to light pink and/or light brown, with darker terminations. Zircon grain-sizes range from 63-

200 µm, are beautiful, clear to light brown (dark ends), euhedral, transparent and inclusion 

free. CL images show very heterogeneous zircon population (Fig. 5.9): (1) long needles with 

V-shaped sector zoning; (2) prismatic grains with a compositional zoned core rimmed by 

regular magmatic zoning, with dissolution gaps and recrystallized domains; (3) magmatic 

zircons with oscillatory zoning, sector- as well as magmatic-zoned cores and rounded low CL 

core followed by a very luminescent portion, (4) stout near-spherical grains with kidney-

shape zoned cores; (5) thick halves with faint broad-band zoning surrounded by a thin rim of 

magmatic zoning. Recrystallized domains and dissolution gaps are common. 

 

Amphibolite sample ÖS-80. Pb and U contents respectively range from 600 to 1700 ppm and 

17 to 86 ppm. Ten data points cluster in two groups of ages ~298 Ma and ~305 Ma with 

variable degrees of discordance and/or Pb loss, corresponding to the emplacement of the 

Deliktaş and Sivrikaya granites. Two further fractions with inherited Pb-component plot 

below the concordia line. A discordia calculated through the first group of data points gives 

U-Pb ages of 949 ± 96 Ma and 295.0 ± 1.7 [±2.4] Ma (MSWD= 2.3). 
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              Fig. 5.12- U-Pb concordia plot for isotope dilution analyses for ÖS-80. Two separate 
              discordia through the cluster of data points and the fractions with old Pb-components 
              intercept the concordia respectively at 1304 " 140 Ma and 305.0 " 0.98 ["1.5] Ma, 
              and 949 " 96 Ma and 295.0 "1.7 ["2.4] Ma. Error ellipses are 2Fm. 
                               
                                                       
The second group of analyses yielded an upper intercept age of 1304 ± 140 Ma and lower  

intercept of 305.0 ± 0.98 [±1.5] Ma (MSWD= 1.2). Similarly, nine zircon analyses from 

another sample (ÖS-185a) plot on a well-defined line of Pb loss, that intercept the concordia 

at 310.0 ± 1.6 [± 3.9] Ma (MSWD= 4.2), however, four data points are nearly concordant 

yield a mean 206Pb/238U age of 306 ± 4.4 (MSWD= 0.52) (Fig. not shown). The results are 

supported by the CL images of zircons revealing three grain-types. The upper intercept ages 

indicate Precambrian components. The linear distribution of the data points could be ascribed 

to the derivation of the zircons from a cogenetic suite with an original age of 1340 Ma that 

underwent an episodic Pb loss ~300 Ma ago or from averaging of the zircon population 

during sample selection by sizing, combined with the effects of an isotopic disturbance.   
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Tonalitic-amphibolite sample ÖS-185. Ten zircon fractions were analyzed from this sample. 

The analyses cluster in two groups. Four data points are nearly concordant at ~306 Ma (Fig. 

5.13, inset) and four others are reversely discordant between 320-335 Ma.  All the analyses 

plot on a well-defined line of Pb loss (Fig. 5.13, inset) intercepting the concordia at 310.0 ± 

1.6 [± 3.9] Ma (MSWD= 4.2). The 320-325 Ma Pb loss may indicate either partial resetting or 

new components (overgrowth) as the result of Carboniferous metamorphism. Different 

degrees of subsequent Pb loss may have caused a negative lower intercept.  
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              Fig. 5.13- Concordia plot showing U-Pb zircon isotope dilution analyses from Ösek 
               metabasic sample, ÖS-185a. The lower intercept age of 310 " 1.6 Ma is given by a                  
               discordia line calculated through all nine data points. The inset is an enlargement of 
               four slightly concordant fractions. Error ellipses are 2 Fm. 
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            Fig. 5.14- CL photographs of characteristic zircon population from Devrekani basement  
            samples (Osman valley) DG-4a and DM-5. Note the similar morphological grain- types, 
            presence of two-three growth stages, rounded relic cores and recrystallized  domains  
                                   
 
Quartz diorite sample, DG-4a. Zircon grains are idiomorphic, large and colourless to light 

yellow/brown. Two morphological grain-types make up the zircon population of this sample: 

euhedral, prismatic crystals with well developed [100] and [101] phases and more abundantly 

multifaceted grains. The grain-size ranges from 123 to 200 µm in length. CL images reveal 

that the prismatic zircons consist of detrital core and recrystallized domains, rimmed by 

magmatic overgrowth resulting in euhedral grains (Fig. 5.14). This rock occurs as an 

apophysis in the Devrekani granitoid. 

  From DG-4a (Fig. 5.15), eight zircon grains were analysed by U-Pb isotope dilution method. 

Three data points are nearly concordant at ~220 Ma and three other fractions with small Pb 

loss plot close the concordia at ~ 195 Ma. A discordia calculated through all the data points 

yielded an upper intercept of 2070 ± 24 Ma (inset, Fig. 5.15) may indicate the presence of 
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older cores of Proterozoic age.  A further unabraded zircon analyses plots below the concordia 

line at ~ 190 Ma, probably Jurassic overgrowth or substantial Pb loss.    
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                Fig. 5.15- U-Pb concordia plot for isotope dilution analyses for DG-4a. A discordia 
                through all the nearly concordant data points cuts the concordia at 444 " 33 Ma and 
                184.0 " 5.2 Ma. Inset is a plot of the fraction with relic core and the other 7 fractions. 
                Error ellipses are 2 Fm.                    
 

Para-gneiss sample, DM-5. sample contains beautiful, large/thick and clear to light brown 

garnet-shaped euhedral zircon grains.  CL photographs of zircons reveal a population made up 

of euhedral grains multi-facetted habit with two morphologies: stout and prismatic with 

combination of prism {(100)} and {(110)} and pyramid forms {(211)}, {(101)}, and {(301)}. 

Zircons internal structure show a rounded relic core, two-three magmatic growth stages 

followed by a small overgrowth. Recrystallized domains and truncated zoining are common. 

(Fig. 5.14) This may imply the zircons grew in a melt and experienced alteration after 

crystallization. Such zircons usually yield discordant U-Pb ages (e.g. Poller et al. 1997).  

  The 206Pb/238U and 207Pb/235U ages of nine zircon fractions show a large scatter (Fig. 5.16). 

The scattered U-Pb data suggest multiple sources for the protolith of the para-gneisses. Four 

fractions are concordant between 290 Ma, 360 Ma and 400 Ma. It is not possible to draw a 

discordia line through the data points and to find a reasonable age. The discordance in these 

zircons most likely resulted from variably small degrees of younger Pb loss that moves the 

points toward the origin, multiple episodes of growth indicating thermal events, combined 
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with minor contribution from preexisting grains (rounded xenocrystic cores, Fig. 5.14) that 

move the data point on the concordia diagram to the upper right. 

 

0.04

0.05

0.06

0.07

0.08

0.2 0.3 0.4 0.5 0.6

280

320

360

400

440

480

206Pb
238U

207 238Pb/ U

         
-gneiss sample
DM-5

Para

Data largely scatter between 290 Ma & 440 Ma,
with episodes at 330 Ma, 370 Ma & ~430 Ma
  

Pb loss 

 

                        Fig. 5.16- Osman valley, large spread of ages between 290 - 440 Ma  
                          and small inheritd core at ~430 Ma 
                                                     
 
The linear distribution of the data points could be ascribed to the derivation of the zircons 

from a cogenetic suite that underwent an episodic Pb loss ~300 Ma ago. It is also likely that 

this metasedimentary zircon suite is comprised of zircons of different origins and ages. A 

linear distribution of data points on a concordia plot could result from averaging of the zircon 

population during sample selection by sizing, combined with the effects of an isotopic 

disturbance (e.g. Pidgeon et al. 1970), and the lower interception of the discordia  will give 

the approximate age of the isotopic disturbance (e.g. Todt and Büsch, 1981).  

 

Ortho-amphibolite sample, DM-23. Abundant small (63-125µm) euhedral zircon grains were 

extracted from this sample. The crystals are prismatic, clear to light brown (dark tips), 

transparent and devoid of inclusions. Two to three growth stages can be recognized in CL 

images (Fig. 5.17). A characteristic feature of the zircons is oscillatory zoned core with high 

luminescence, indicating a magmatic origin. A thick low CL intensity overgrowth or 

recrystallized domain, probably resulting from magmatic overprint, is observed in all grains. 
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  The radiogenic Pb and U contents respectively range from 24 to 90 ppm and 460 to 1640 

ppm (Table 4, Appendix). Of the twelve zircon fractions analyzed, ten (8 abraded and 2 

unabraded) are concordant to nearly concordant between 285 Ma and 300 Ma (Fig. 5.18). 
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               Fig. 5.17- CL photographs of characteristic zircon population from Devrekani  
                basement samples (Musa valley). Noteworthy are the dissimilar morphological  
                grain-types, internal structure shows many growth stages and recrystallized 
                domains. Sample DM-23 is very peculiar with high luminescence magmatic  
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                zoned parts and low CL intensity overgrowth or recrystallized domains with  
                on/faint zoning   
                   

Two fractions variable degrees of Pb loss plot close to the concordia at 290 Ma and 300 Ma. 

But five data points cluster at ~300 Ma. A discordia line forced through most of the analyses 

gives intercept ages of 1203 ± 821 Ma and 291.5 ± 6.8 Ma. The upper intercept age 

corresponds within the error limit to the Nd model age (TDM= 1.2 Ga) of this sample (Table 3, 

Appendix). 
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                      Fig. 5.18- Concordia plot of U-Pb zircon isotope analyses from Devrekani 
                        metamorphics (Musa valley), sample DM-23. Error ellipses are 2 Fm. 
                            
 
Granite samples, DM-33. Zircons from this sample have similar morphology and consist of 

euhedral prismatic crystals. The grains are colourless to light brown, transparent and 

translucent with dark brown points. CL reveals internal structures with at least two growth 

periods, simply oscillatory zoning, compositional zoned cores with and without magmatic 

overgrowth or recrystallized domains (Fig. 5.17). Uranium concentrations range from 602-

2062 ppm (Table 4, Appendix). U-Pb analyses of nine fractions yielded U-Pb ages with 

variable degrees of discordance (Fig. 5.19a). U-Pb data provide evidence for Palaeozoic 

zircon growth and/or Pb-loss episodes at 290-300 Ma and ~ 370 Ma.  When eight data are 

regressed together on the same discordia line, they yield intercept ages of 509 ± 43 Ma and 

225 ± 23 Ma. The latter age is similar to the one got from sample DG-4a (Fig. 5.15), while the 
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upper intercept age correspond to the concordant data points of the sample BÜ-20. 

Evaporation of five euhedral zircon grains yielded a mean 207Pb/206Pb age of 310 ± 9 Ma with 

thermal events at ~360 Ma (Fig. 5.19b), Table 5, Appendix). The former age is similar to the 

U-Pb 300 Ma episode of new growth. The young lower intercept age might be a thermal 

overprint/resetting related to the intrusion of the middle Mesozoic Devrekani granitoid.  
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                 Fig. 5.19a- U-Pb concordia plot for isotope dilution analyses for granite sample DM-33, 
                 from the Devrekani metamorphics (Musa valley). A line forced through eight of the nine 
                 data points yield intercepts at  225 " 23 Ma and 509 " 43 Ma. Error ellipses indicate 2Fm. 
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                  Fig. 5.19b- Histogram showing the frequency distribution of radiogenic 207P/206Pb  
                  ratios of single zircon Pb-Pb evaporation from sample DM-33. The spectrums for 
                  six idiomorphic grains, integrated from 332 ratios give an age of 310 ± 9 Ma     
     
           

5.3.3. Rb-Sr whole-rock data 

Rb-Sr whole-rock analyses from the Deliktaş-Sivrikaya basement define an isochron age of 

314 ± 15 Ma (MSWD= 1.2 and Sr(i)= 0.70698 ± 0.00029) (Fig. 5.20a).  The Rb-Sr age, 

although with large error is similar to the U-Pb ages (Figs. 5.12, 5.13). Similarly, the whole-

rock data of samples DG-4a, DM-5, DM-23, DM-25, DM-27, DM-30, DM-32, DM-33 and 

MN-32 yield an isochron age of 301 ± 8.4 Ma (MSWD= 1.03, Sr(i)= 0.706474 ± 0.00030) 

(Fig. 5.20b).   
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                       Fig. 5.20- 87Sr/86Sr vs. 87Rb/86Sr whole-rock isochron plots, samples from the 
                       different basement outcrops. (a) Deliktaş-Sivrikaya and (b) Devrekani  
 
The Rb-Sr whole-rock ages, although with big error is similar to the zircon ages (Figs. 5.15, 

5.16, 5.18 & 5.19). The Rb-Sr whole-rock ages from both basement outcrops are regarded as 

the cooling ages. These ages confirms a Late Carboniferous metamorphism and deformation 

in the Pontides, and forms a link between the Variscan orogeny in Central Europe and the 

Uralides of Eastern Europe. 

 
 

5.4. DISCUSSION 
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The basement largely includes Proterozoic-Palaeozoic gneisses, granites, amphibolites and 

meta-volcanics. The steep REE patterns shown by some samples, confirms the presence of 

garnet in the source because this phase strongly concentrates HREE (Hanson, 1978). Some 

samples have steep LREE and flat HREE patterns, resulting in a change in slope at Tb. This 

feature suggests fractionation of sphene or amphibole (Hanson, 1978; Fourcade and Allégre, 

1981; Witt and Swager, 1989). The very high concentrations of Sr (117-588 ppm) in the 

samples are also important for petrogenetic considerations because crust-derived melts most 

likely have low Sr concentrations whereas the concentration in mantle-derived melts may be 

high. Subsequent fractionation of hornblende, for example, from mantle-derived melts may 

further increase the Sr-concentration (Dempsey et al. 1990). According to Halliday et al. 

(1985) melt composed of 50 % mantle-derived magma and 50 % crust-derived magma may 

obtain 90 % of its Sr from the mantle. Calc-alkaline rocks are frequently enriched in Sr and 

Ba (Hawkesworth et al. 1979; Meen and Eggler, 1987), suggesting that the rocks calc-alkaline 

or detritus from such rocks may have been involved in their generation.  If the protoliths are 

derived by partial melting of a heterogeneous crustal source, consisting of components with 

different crustal residence time, this would reflect in the Nd-model ages (TDM). The basement 

samples yield TDM ages ranging from 0.6 to 1.7 Ga suggesting Proterozoic and possibly 

Archean crust as the Nd model ages will always give the minimum values. These ages, in 

some cases, are compatible with the inherited U-Pb ages of the granitoids and basement.  

 

   The relatively high εNd(t) values shown by some of the rocks (-0.6 to -4) suggest 

involvement of mantle or mafic crustal sources. However, a younger, more siliceous LREE-

enriched crustal source cannot be ruled out, such as detritus from the young calc-alkaline arc-

rocks which likely were part of the source region. More intermediate εNd(t) values (-4 to -6) 

may be explained by mixing old continental material with mantle material or young LREE-

enriched arc rocks, consistent with Proterozoic zircons upper intercept ages. The 

heterogeneity of initial Sr isotope ratios, and wide range in εNd(t) could also reflect varying 

influence of xenocrystic accessory mineral phases on the Sm-Nd isotope system. 

From geochemical and isotope results it seems most likely that at least two sources, mantle-

derived and old continental crust are necessary to explain the isotopic compositions of the 

basement rocks of the Central Pontides. There is also strong evidence that the source with 

mantle signature was rich in LREE. These characteristics are compatible with a subduction-

related calc-alkaline source. Overall, the geochemistry of the basement rocks indicates a 

subduction zone setting for their protolith, in the Palaeozoic. 
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    Zircon U-Pb and Pb-Pb, and Rb/Sr whole-rock data from the investigated basement 

samples indicate the protoliths to be of Proterozoic to Palaeozoic ages, which is a 

characteristic feature of the Variscan belt. The age data and the protolith ages in this study 

further indicate Cadomian and Variscan tectonometamorphic events within the basement. The 

360-340-320 episodes of Pb-loss document regional metamorphism, migmatization and 

granitoid magmatism, widespread in the entire Variscan belt. The Carboniferous age for 

metamorphism from zircons coincides with the results from Rb-Sr whole-rock investigations 

which yielded Late Palaeozoic isochron ages. All the basement rocks were overprinted during 

Variscan cycle and regional metamorphism. The postmagmatic Early Variscan amphibolite-

facies metamorphism and mylonitic shear/deformation had variable affected the U-Pb isotopic 

system of zircons.  

   

5.5. CONCLUSIONS 

5.5.1. Regional geological implications 

The region between the Eastern Mediterranean and the Black Sea consists of several small 

continental fragments/terranes bearing evidence for various periods of deformation, 

metamorphism and magmatism, associated with Variscide, Cimmeride and Alpide orogeny, 

(the strongest). The Alpide orogeny started with the convergence between Africa-Arabia and 

Eurasian plates during the Late Mesozoic, and resulted in the amalgamation of the continental 

fragments which were situated on the margins of the Tethyan oceans, into a single landmass 

in the Tertiary.  Pre-Alpide orogenic events are especially strong and well documented in the 

Pontides.  

   In the Early Palaeozoic, the east European craton formed part of the Baltica plate, which 

collided in the west with Laurentia, Avalonia and Armorica creating Laurasia in the Late 

Palaeozoic (e.g. Pharaoh, 1999; Matte, 2001; Warr, 2002; Okay et al. 2006). In contrast, 

Africa and the Arabian Platform constituted part of the Gondwana, which preserved its unity 

until the Early Mesozoic opening of the southern Atlantic (e.g. Okay et al. 2006). Large areas 

in the northern margins of Gondwana are characterized by Neoproterozoic-Cambrian 

plutonism and metamorphism forming part of Pan-African/Cadomian orogenic cycle (e.g. 

Stern, 1994), and are therefore easily distinguished from the Palaeoproterozoic basement of 

the East European Craton. During the Late Palaeozoic and Mesozoic, Tethyan oceanic basins 

separated Laurasia from northeast Africa-Arabia. Parts of the present Eastern Mediterranean 

Sea represent a Triassic to Jurassic remnant of a Tethyan oceanic crust (e.g. Şengör and 

Yılmaz 1981; Garfunkel, 1998).  
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   The pre-Alpide geological history of northern Turkey-Balkan region involved episodic 

growth of Laurasia by accretion of oceanic and Gondwana-derived continental fragments, 

interrupted by the opening of narrow back-arc basins on the southern margin of Laurasia. The 

continental terranes were accreted to Laurasia during the Late Ordovician-Early Silurian and 

Late Carboniferous, whereas a major accretion of oceanic crustal material occurred during the 

Late Triassic-Early Jurassic. The ensuing suture is probably an extension of the Rheic suture 

in central Europe (Ziegler and Stampfli, 2001). The Carboniferous accretion of the Strandja-

Sakarya terrane to Laurasian margin resulted in strong deformation, Mid Carboniferous high-

grade regional metamorphism, and latest Carboniferous-Early Permian post-orogenic 

plutonism.  

 
   The Late Carboniferous orogeny in the Pontides forms a link between the Variscan orogen 

in Central Europe and the Uralides of Eastern Europe. The Variscan orogeny comprises 

Carboniferous to Early Permian deformation, metamorphism and magmatism linked to the 

collision and amalgamation of Gondwana, Laurasia and the intervening terranes (e.g. Matte, 

2001). It is marked in the Pontides by high-grade regional metamorphism, deformation and 

post-orogenic latest Carboniferous-Early Permian plutonism. The East European Craton is 

bordered in the south by a narrow tectonic belt, called the Scythian Platform, which is 

generally considered as a Late Palaeozoic (Early Carboniferous) orogen (e.g. Nikishin et al. 

2001). During the Devonian and Carboniferous the Đstanbul Zone (Western Pontides) and the 

Moesian Platform were adjacent to the Scythian platform, and formed a south-facing passive 

continental margin (Fig. 1.2).  

The Late Carboniferous deformation in the Đstanbul Zone is coeval with the high-grade 

metamorphism in the Sakarya Zone (Eastern and Central Pontides). The deformation and 

regional metamorphism is related to the collision of the Laurasia margin with a continental 

arc represented by the basement rocks of Sakarya and Strandja zones. The ocean between the 

Laurasia margin and the Sakarya-Strandja microplate started to close by the Early Devonian, 

producing a magmatic arc represented by the Çamlik granite in the Sakarya zone (e.g. Okay et 

al. 2007). The Late Carboniferous collision was followed by the latest Carboniferous-Early 

Permian plutonism in the centre of the orogen in the Strandja and Sakarya zones (e.g. Deliktaş 

and Sivrikaya) linked to crustal thickening (e.g. Nzegge et al. 2006). The latest 

Carboniferous-Early Permian molasse deposition in the Eastern Pontides and the Caucasus 

marked the end of the Variscan orogeny in northern Turkey. The intra-Pontides suture 

between the Istanbul and Sakarya zones links up the Late Carboniferous Rheic suture in the 

central Europe (e.g. Ziegler and Stampfli 2001). The Variscan evolution of northern Turkey 
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and the Balkans appears to be similar to that of NW Europe, with the Istanbul-Moesian-

Scythian Block corresponding to Avalonia, and the Sakarya-Strandja to Armorica (e.g. 

Stampfli et al. 2002; Okay et al. 2006). 

 
5.5.2. Precambrian basement 

   Evidence for Precambrian basement in the Central Pontides comes from sample BÜ-20, 

from inherited zircons (U-Pb upper intercept ages) and model Nd ages. Analyses from two 

DM samples (DG-4a and DM-33) roughly align on a regression line with upper intercept ages 

between 411 Ma (MSWD= 1.7, Fig. 5.15) and 509 Ma (MSWD= 7.9, Fig. 5.19a) respectively. 

The latter age is comparable to the concordant age of the oldest group of the abraded zircons 

(BÜ-20, 502 Ma), which is taken as a tentative estimate for the magmatic formation of these 

zircons. Most discordant zircons point to upper intercept ages of 1.0 Ga to 2.2 Ga (Figs. 5.10, 

5.12, 5.15, 5.18). From the pattern of ages and the contrasting internal morphology of the 

different basement outcrops zircons, it could be assumed that Late Cambrian-Early 

Ordovician Büyükçay zircons crystallized in a ~502 Ma magmatic event as part of the wide-

spread subduction-related Cadomian magmatism in the Gondwana-derived terranes (e.g. 

Linnemann et al. 2000; Nance and Murphy, 1996; Nance et al. 1991), and that recrystallized, 

originally ~1.0 - 2.2 Ga  old zircons suffered Pb loss while being incorporated in the 

Cadomian magmas at ~502 Ma. 

   The ~1.0 and 2.2 Ga old xenocrystic zircons fit into the range of inherited and detrital zircon 

ages known from the Schwarzwald, Bayerischer Wald and Bohemian massif (Todt and Büsch, 

1981; Quadt, 1997; Gebauer and Friedl G, 1994; Gebauer et al. 1989; Grauert et al. 1973; 

Kröner et al. 1988; Dörr et al. 1992, 1998;  Wendt et al. 1993; Teipel et al. 2004), from the 

Hercynian belt of Massif Central, France (Matte, 1998, 2001; Maurel et al. 2002; Pin and 

Ducrot, ; Paquette et al. 1999), they are also direct evidence of Precambrian in the Eurasian-

derived basement of Central Pontides. The Büyükçay metabasics may be related to the wide 

spread thermal event in Europe, an expression of the Early Palaeozoic continental break-up 

recorded in the Cadomian basement across the Variscan belt from Spain to the Polish Sudetes 

(Pin and Martini, 1993 and references therein). 

  Overall geochemical and isotope signatures [low δ18O (~8.4 ‰) and high positive εNd(t) 

values (2.6 to 6.8), and low and narrow range in initial 87Sr/86Sr ratios (0.70352 - 0.70445)] 

indicate a position at an active continental margin, probably with back-arc development, for 

the Upper-Cambrian-lower Ordovician magmatism. Possible source rocks for the inherited 

zircons are located at the northern Gondwana margin (e.g. Nance and Murphy, 1996; Söllner 

et al. 1997), consistent with the Mesoproterozoic inherited zircon ages and Nd model ages 
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(~1.0 to 1.69 Ga). Upper-Cambrian-lower Ordovician, ~502 Ma zircons are seen as evidence 

for the wide-spread, subduction-related Cadomian magmatism and are very important for the 

evolution of the Tethys. However, additional microprobe, age and CL data is required for 

further evaluation of the significance of this 502 Ma age cluster! 

 

The new  ages, combined with the overall geochemical variation in the basement samples, 

indicate the existence of rock assemblages representing both Eurasian and relics of pre-

Variscan basement (Gondwana active margin). The recognition of Neoproterozoic (zircon 

protolith and Nd model ages) and Palaeozoic subduction-related basement rocks and  Late 

Palaeozoic plutonism (DLG and SG) provides additional arguments for the hypothesis that 

equivalents of Variscan domain are exposed in the Central Pontides. Earlier workers had 

suggested that the Central Pontides represents a composite tectonic entity that juxtaposes 

elements of Variscan (± pre-Variscan relics) basement, intruded by Upper Palaeozoic and 

Middle Mesozoic granitoids (Nzegge et al. in review).             
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Samples [ Rb87   Erorr [87Sr   Erorr Age at 2F 
86Sr]m      % 86Sr]m   %     Ma

Sivrikaya granitoid

K-feldspar 1.276 0.13 0.71110 0.07
Biotite 398.8 35.9 2.24570 0.42 271.3  2.6 "

Muscovite 177.8 17.8 1.44870 0.20 293.0  2.9 "

Biotite 398.8 35.9 2.24570 0.42 271.0  2.6 "

Whole-rock 0.557 0.06 0.71043 0.07
Muscovite 177.8 17.8 1.44870 0.20 283.2  2.8 "

Hornblende 0.190 0.02 0.70480 0.07
Muscovite 177.8 17.8 1.44870 0.20 294.0  2.9 "

0.342 0.034 0.70899 0.07
Biotite (300-180 m): 158.79 15.9 1.33150 0.30 276.5  2.8 "

SG-132 (Bt 300-180 m): 158.79 15.9 1.33150 0.30 279.0  2.8 "

148.74 14.9 1.28370 0.17 272.6  2.7 "

SG-132 (Bt>300 m): 148.74 14.9 1.28370 0.17 275.0  4.1"

5.884 0.58 0.73246 0.07
Muscovite (>300 m): 971.62 97.1 4.60007 2.3 281.7  2.8"

    DLG-4 5.889 0.59 0.73540 0.07
215.8 21.58 1.58138 0.30 283.2  2.8"

5.720 0.57 0.73461 0.09
139.2 13.92 1.29110 0.30 292.2  2.9"

5.779 0.58 0.73479 0.08
159.0 15.9 1.36617 0.30 289.8  2.9"

K-feldspar 21.3 2.13 0.79330 0.08 273.8  2.8"

21.3 2.13 0.79330 0.08
159.0 15.9 1.36617 0.30 292.5  2.8"

7.563 0.76 0.74231 0.07
836.7 83.6 4.23018 1.70 295.2  2.9"

Delikta  granitoid Õ

Table 3.5- Rb-Sr ages for selected samples from  granitoids. 
The  mineral ages were calculated using the method of Wendt (1986). , measured ratios m

Sivrikaya and Deliktaş

SG-116

SG-132 Whole-rock

Biotite (>300 m):

4.118 0.41 0.71844 0.07K-feldspar

SG-186a Whole-rock

Whole-rock
Muscovite 

     DLG-82

DLG-83 

DLG-84 

Whole-rock
Muscovite 

Whole-rock
Muscovite 

K-feldspar
Muscovite 

Whole-rock
Muscovite 

 

 

 

 

 

 

 

 

  
    Table 5.1a- Major, trace and rare earth elements analyses of the Deliktaş (MN) and Sivrikaya  
    (BÜ, ÖS) basements  
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Sample MN-1 MN-3 MN-5  MN-11 MN-12 MN-72 BÜ-20 BÜ-22 BÜ-26
SiO2 63.5 72.7 59.7 79.8 65.6 75.1 59.9 53.4 53.7
TiO2 0.79 0.11 0.62 0.05 0.64 0.60 0.94 1.22 1.71
Al203 17.0 16.0 15.9 14.1 16.7 15.2 16.9 15.5 15.4
Fe2O3 6.8 0.9 6.4 0.7 5.6 0.2 6.1 13.2 13.3
MnO 0.06 0.01 0.11 0.04 0.10 <0.1 0.11 0.20 0.21
MgO 2.6 0.3 6.3 0.2 2.4 0.1 2.9 4.4 4.8
CaO 1.6 1.4 5.2 0.6 1.3 0.1 5.3 6.8 7.1
Na2O 2.2 5.2 2.8 2.7 2.8 1.5 4.4 3.2 3.2
K2O 2.7 1.6 1.4 2.5 2.3 4.9 0.8 0.3 0.3
P2O5 0.161 0.055 0.143 0.056 0.086 0.027 0.228 0.095 0.201
Ba   639 266 562 306 670 351 462 119 233
Cr   108 7 392 6.4 98 33 106 30 113
Nb   15 2 8 9.3 10 8 9 1.0 12
Ni   62 6 109 <0.1 45 8 42 1.0 8
Rb   92 61 75 83.6 91 216 17 5 8
Sr   278 579 588 78.0 255 80 585 255 214
V    124 16 126 6 97 39 96 436 394
Y    35 10 19 19.0 22 28 29 21 30
Zn   81 13 83 <0.1 79 5 74 87 91
Zr   201 63 130 98.0 125 262 277 59 117
LOI 2.75 1.34 1.82 1.64 2.27 1.58 2.23 2.3 2.04
Sum 100.3 99.8 100.6 102.4 99.8 99.3 99.9 99.8 99.2
ASI 1.8 1.1 1.0 1.7 1.5 1.8 0.9 0.8 0.8
Mg# 62.6 66.1 81.4 60.2 65.5 77.8 67.3 59.5 59.3
Li      _      _ 116.0      _ 47.7      _ 22.9      _ 26.7
Mo      _      _ 0.5      _ 0.8      _ 0.4      _ 0.9
Cs      _      _ 18.8      _ 7.0      _ 2.5      _ 1.1
La      _      _ 24      _ 28      _ 26      _ 19
Ce      _      _ 50      _ 58      _ 60      _ 45
Pr      _      _ 5.6      _ 6.7      _ 7.4      _ 6.0
Nd      _      _ 22      _ 26      _ 31      _ 28
Sm      _      _ 4.4      _ 5.0      _ 6.4      _ 6.7
Eu      _      _ 1.1      _ 1.4      _ 1.7      _ 2.0
Gd      _      _ 3.7      _ 3.8      _ 5.8      _ 7.0
Tb      _      _ 0.5      _ 0.5      _ 0.9      _ 1.1
Dy      _      _ 3.2      _ 2.7      _ 5.2      _ 6.7
Ho      _      _ 0.6      _ 0.5      _ 1.0      _ 1.4
Er      _      _ 1.8      _ 1.2      _ 2.9      _ 3.9
Tm      _      _ 0.3      _ 0.2      _ 0.4      _ 0.5
Yb      _      _ 1.6      _ 1.1      _ 2.5      _ 3.5
Lu      _      _ 0.2      _ 0.2      _ 0.4      _ 0.5
Hf      _      _ 2.5      _ 0.8      _ 0.8      _ 0.4
Ta      _      _ 0.5      _ 0.7      _ 0.5      _ 0.6
Tl      _      _ 0.7      _ 0.7      _ 0.0      _ 0.0
Pb      _      _ 38      _ 25      _ 6      _ 2
Bi      _      _ 0.1      _ 0.1      _ 0.0      _ 0.0
Th      _      _ 9      _ 10      _ 5      _ 3
U 2.5      _ 3.2      _ 0.7      _ 0.8

Eu/Eu*      _      _ 0.87      _ 0.96      _ 0.86      _ 0.91
K2O/Na2O 1.24 0.28 0.46 0.93 0.67 2.76 0.19 0.07 0.07

 
      - = not determined; ASI= aluminium saturation index= [molar Al2O3/(CaO+K2O+Na2O)];  
      Mg#= 100 x molar [MgO/(MgO+0.9xFe2O3)]; (Eu/Eu*= √[Smcn x Gdcn] 
 

Table 5.1a, continued 
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Sample ÖS-70 ÖS-75b ÖS-77a ÖS-77b ÖS-78 ÖS-80 ÖS-88a ÖS-131ÖS-185a
SiO2 60.7 60.3 57.4 62.1 52.4 65.0 58.8 52.2 56.0
TiO2 0.75 0.73 0.89 0.69 1.03 0.40 0.43 1.34 0.95
Al203 18.0 15.5 17.1 16.3 17.3 18.0 15.57 16.19 16.62
Fe2O3 7.0 5.7 7.0 5.3 8.3 3.1 4.01 8.90 7.59
MnO 0.39 0.11 0.15 0.11 0.16 0.06 0.12 0.17 0.18
MgO 3.1 4.1 4.1 2.9 4.9 1.3 3.14 5.68 4.27
CaO 3.5 4.3 5.7 4.1 7.1 3.8 6.50 8.33 5.87
Na2O 1.2 3.2 2.6 2.6 2.6 3.7 2.60 2.46 2.49
K2O 3.1 2.9 2.2 2.5 2.0 2.1 2.19 0.87 1.97
P2O5 0.13 0.261 0.215 0.108 0.282 0.186 0.106 0.19 0.243
Ba   403 1173 580 330 529 596 448 272 582
Cr   127 148 53 109 260 71 183 270 62
Nb   16 6.0 6.0 7.0 5.0 8.5 19 10 15
Ni   92 58 23 46 10 17 58 79 39
Rb   120 104 81 69 85 69 63 23 64
Sr   160 500 421 143 417 490 141 226 489
V    141 115 155 86 175 43 79 197 149
Y    30 26 18 20 25 10 15 24 31
Zn   110 82 64 58 71 34 60 70 75
Zr   162 178 111 128 140 128 88 124 133
LOI 2.02 1.71 2.35 2.41 2.59 1.57 5.77 2.64 2.73
Sum 100.1 99.1 99.9 99.2 98.8 99.4 99.3 99.1 99.1
ASI 1.5 0.9 0.9 1.0 0.8 1.1 0.8 0.8 0.9
Mg# 66.1 76.0 71.5 70.1 71.6 65.7 76.9 73.3 70.9
Li      _ 32.3      _      _      _      _ 5.34      _ 50.23
Mo      _ 0.5      _      _      _      _ 0.074      _ 2.316
Cs      _ 4.7      _      _      _      _ 2.88      _ 5.68
La      _ 32      _      _      _      _ 6.2      _ 22.5
Ce      _ 64      _      _      _      _ 13      _ 50
Pr      _ 7.9      _      _      _      _ 1.4      _ 7.0
Nd      _ 32      _      _      _      _ 5.3      _ 30
Sm      _ 6.5      _      _      _      _ 1.3      _ 6.8
Eu      _ 1.6      _      _      _      _ 0.31      _ 1.7
Gd      _ 5.5      _      _      _      _ 1.14      _ 6.5
Tb      _ 0.7      _      _      _      _ 0.22      _ 0.9
Dy      _ 4.1      _      _      _      _ 1.38      _ 5.7
Ho      _ 0.8      _      _      _      _ 0.26      _ 1.1
Er      _ 2.1      _      _      _      _ 0.79      _ 3.2
Tm      _ 0.3      _      _      _      _ 0.13      _ 0.5
Yb      _ 1.8      _      _      _      _ 0.98      _ 2.8
Lu      _ 0.3      _      _      _      _ 0.15      _ 0.4
Hf      _ 2.0      _      _      _      _ 1.7      _ 0.8
Ta      _ 0.6      _      _      _      _ 4.9      _ 1.0
Tl      _ 0.7      _      _      _      _ 0.6      _ 0.5
Pb      _ 19      _      _      _      _ 44      _ 16
Bi      _ 0.3      _      _      _      _ 0.98      _ 0.18
Th      _ 12      _      _      _      _ 4.63      _ 7.43
U      _ 4.9      _      _      _      _ 15.2      _ 1.6

Eu/Eu*      _ 0.84      _      _      _      _ 0.76      _ 0.79
K2O/Na2O 2.49 0.78 0.71 0.82 0.64 0.47 0.28 0.62 0.70

 

- = not determined; ASI= aluminium saturation index= [molar Al2O3/(CaO+K2O+Na2O)];  
Mg#= 100 x molar [MgO/(MgO+0.9xFe2O3)]; (Eu/Eu*= √[Smcn x Gdcn] 
 

 

 

Table 5.1b- Major, trace and rare earth elements analyses Devrekani basements (Devrekani 
metamorphics) and Bekirli metamorphics (BM) for comparison 
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DG-4a DM-5 MN-30 MN-32 MN-33 DM-16 DM-17 DM-18 DM-21 DM-23 DM-25 DM-26 DM-27 DM-28 DM-29
70.1 67.2 67.3 74.0 74.9 56.7 48.9 47.7 75.2 49.8 66.3 67.0 55.7 73.1 68.2
0.38 0.75 0.80 0.89 0.53 0.86 1.53 1.24 0.14 1.53 0.50 0.74 1.06 0.14 0.31
15.2 14.9 18.2 12.0 13.9 18.1 14.5 19.5 12.3 18.8 16.8 15.1 18.1 14.1 17.0
2.1 5.24 6.96 5.03 3.66 6.78 10.64 9.12 1.19 10.17 4.05 4.13 7.41 1.24 2.56
0.03 0.12 0.38 0.17 0.10 0.14 0.18 0.12 0.04 0.17 0.11 0.08 0.12 0.04 0.09
1.19 2.30 2.16 1.88 1.31 4.18 7.25 6.67 0.58 4.81 1.60 1.52 4.22 0.48 0.86
2.0 1.7 2.0 0.8 2.1 4.8 9.9 10.4 3.3 7.1 2.2 2.6 5.9 1.0 1.8
4.1 2.7 4.8 1.6 3.1 3.3 2.4 3.1 3.6 3.5 3.9 3.3 2.9 3.8 5.4
3.8 2.5 3.2 2.4 4.7 2.9 1.7 0.8 1.4 1.7 3.0 3.5 2.4 5.1 2.9
0.147 0.16 0.21 0.08 0.11 0.19 0.14 0.11 0.02 0.21 0.24 0.20 0.28 0.25 0.40
0.87 1.48 1.86 1.13 1.15 2.55 1.91 1.37 1.53 1.09 0.77 0.49 1.00 0.56 0.83
100.9 99.1 99.9 100.0 99.9 100.6 99.2 100.2 99.4 99.1 99.5 98.7 99.2 99.8 100.5
1.0 1.4 1.2 1.8 1.0 1.0 0.6 0.8 0.9 0.9 1.2 1.1 1.0 1.0 1.1
89 91 93 92 93 88 87 86 90 90 92 92 89 92 93
36.2 72 165 86 92.5 58 282 50 19 28 57 84 38 40 32
1.2 54 66 39 34.3 25 65 20 18 7 20 28 28 25 26
34 97 127 91 72 140 281 278 12 253 37 49 146 8 22
494 750 632 386 335.7 452 179 214 210 364 533 558 517 474 549
104 93 177 78 164 130 72 24 61 84 187 130 105 168 150
204 377 225 143 138 302 152 419 123 414 248 158 410 91 190
10 13 11 12 11.4 6 3 5 7 9 21 4 8 13 30
160 222 191 245 237 144 101 89 115 133 242 229 163 94 161
32 66 104 64 54 122 83 46 19 89 75 60 84 34 65
18 25 28 22 18 25 35 27 8 30 28 26 26 21 19
29.7 35.1 38.6      _ 31.7      _      _      _      _      _ 34.6      _      _      _      _
47.0 74.2 60.5      _ 42.1      _      _      _      _      _ 69.0      _      _      _      _
24.7 33.0 28.7      _ 15.8      _      _      _      _      _ 29.0      _      _      _      _
4.0 6.2 4.7      _ 4.1      _      _      _      _      _ 5.3      _      _      _      _
0.7 1.5 0.6      _ 0.3      _      _      _      _      _ 1.1      _      _      _      _
25.2 22.7 17.0      _ 34.3      _      _      _      _      _ 21.3      _      _      _      _
2.0 3.7 1.7      _ 0.0      _      _      _      _      _ 8.8      _      _      _      _
16.6 13.2 16.7      _ 18.4      _      _      _      _      _ 13.1      _      _      _      _
1.3 0.85      _      _      _      _      _      _      _      _ 1.01      _      _      _      _
2.13 3.82      _      _      _      _      _      _      _      _ 5.14      _      _      _      _
15 33      _      _      _      _      _      _      _      _ 32      _      _      _      _
0.91 0.80      _      _      _      _      _      _      _      _ 2.83      _      _      _      _
1.82 0.90      _      _      _      _      _      _      _      _ 1.08      _      _      _      _
0.69 0.31      _      _      _      _      _      _      _      _ 1.28      _      _      _      _
0.10 0.18      _      _      _      _      _      _      _      _ 0.23      _      _      _      _
0.48 0.48      _      _      _      _      _      _      _      _ 1.14      _      _      _      _
5.14 8.37      _      _      _      _      _      _      _      _ 7.69      _      _      _      _
3.25 4.40      _      _      _      _      _      _      _      _ 4.18      _      _      _      _
0.46 0.55      _      _      _      _      _      _      _      _ 0.57      _      _      _      _
2.50 2.64      _      _      _      _      _      _      _      _ 3.04      _      _      _      _
0.46 0.44      _      _      _      _      _      _      _      _ 0.51      _      _      _      _
1.21 1.03      _      _      _      _      _      _      _      _ 1.26      _      _      _      _
0.17 0.15      _      _      _      _      _      _      _      _ 0.17      _      _      _      _
0.14 0.12      _      _      _      _      _      _      _      _ 0.14      _      _      _      _
14.1 27.5 16.1 14.1      _      _      _      _      _ 22.9      _      _      _      _

0.62 0.87       _       _       _      _      _      _      _      _ 0.70      _      _      _      _
0.93 0.92 0.67 1.51 1.53 0.86 0.70 0.26 0.37 0.49 0.78 1.05 0.81 1.31 0.53  
- = not determined; ASI= aluminium saturation index= [molar Al2O3/(CaO+K2O+Na2O)];  
Mg#= 100 x molar [MgO/(MgO+0.9xFe2O3)]; (Eu/Eu*= √[Smcn x Gdcn] 
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Sample DM-30 DM-32 DM-33 DM-01-1 DM-01-2 DM-01-4 DM-01-5 DM-01-6 BM-6 BM-7 BM-8 BM-9
SiO2 66.7 53.9 74.0 72.3 71.6 68.6 67.2 66.6 57.0 52.8 55.2 50.9
TiO2 0.47 1.19 0.15 0.20 0.19 0.40 0.38 0.42 0.17 0.20 0.19 1.06
Al 2O3 16.6 16.6 14.3 14.2 14.0 15.7 15.8 16.4 12.5 12.8 12.8 16.3
Fe2O3 3.76 8.62 1.21 1.52 1.46 3.08 2.97 3.38 6.90 7.99 7.40 8.82
MnO 0.10 0.18 0.03 0.05 0.04 0.06 0.08 0.07 0.07 0.11 0.08 0.15
MgO 1.46 5.76 0.36 0.65 0.60 1.37 1.35 1.32 8.63 11.15 8.97 7.75
CaO 2.0 5.6 0.63 0.86 0.78 2.20 2.33 2.20 9.52 8.40 9.74 9.18
Na2O 4.0 2.2 3.96 4.33 4.12 4.54 4.80 5.74 3.27 3.13 2.97 4.92
K2O 3.0 3.5 5.14 4.23 4.34 3.23 2.85 2.12 0.21 0.53 0.35 0.17
P2O5 0.22 0.30 0.12 0.10 0.12 0.13 0.14 0.23 0.04 0.19 0.19 0.26
LOI 0.79 1.47 0.49 0.78 0.57 0.48 0.72 0.42 1.74 2.77 2.01 0.58
Sum 99.3 99.5 99.7 99.3 97.8 99.8 98.7 99.0 100.3 100.2 100.0 100.1
ASI 1.2 0.9 1.1 1.1 1.1 1.0 1.0 1.0 0.5 0.6 0.6 0.6
Mg# 92 87 94 91 92 91 91 92 78 76 78 83
Cr   12 183 13 13 14 15 15 17 589 664 640 223
Ni   8 30 12 <0.1 <0.1 <0.1 <0.1 <0.1 244 311 280 114
V    34 185 7 13 14 51 45 33 220 200 212 210
Ba   515 536 529 593 609 522 655 353 14 55 56 106
Rb   186 280 169 143.7 153.8 135.5 109.6 147.8 4 8 7 6
Sr   170 148 114 121 119 182 255 224 132 140 151 192
Nb   16 10 10 8.1 10.3 0.0 9.9 21.6 2 5 4 5
Zr   231 144 115 140 133 128 144 193 30 34 32 80
Zn   84 108 34 22 26 48 43 74 14 34 20 58
Y    23 31 20 24 20 12 16 20 8 8 6 21
La      _ 21.4 28.0 30.5 28.8 31.7 27.3 45.4      _      _      _      _
Ce      _ 46.7 41.2 52.8 40.5 42.6 32.2 70.5      _      _      _      _
Nd      _ 23.8 16.1 24.8 32.2 19.0 16.5 31.6      _      _      _      _
Sm      _ 5.2 2.4 4.3 3.6 3.0 3.1 4.9      _      _      _      _
Eu      _ 1.5 0.3 0.5 0.1 0.6 0.8 0.8      _      _      _      _
Pb      _ 9.1 43.6 32.4 32.5 9.5 19.0 18.6      _      _      _      _
U      _ 1.9 0.0 0.0 0.0 1.7 >0.1 >0.1      _      _      _      _
Th      _ 3.8 14.4 17.6 16.7 3.6 4.6 15.5      _      _      _      _
Yb      _ 2.22      _      _      _      _      _      _      _      _      _      _
Cs      _ 7.08      _      _      _      _      _      _      _      _      _      _
Li      _ 43      _      _      _      _      _      _      _      _      _      _
Ta      _ 1.07      _      _      _      _      _      _      _      _      _      _
Hf      _ 1.40      _      _      _      _      _      _      _      _      _      _
Mo      _ 1.29      _      _      _      _      _      _      _      _      _      _
Bi      _ 0.69      _      _      _      _      _      _      _      _      _      _
Tl      _ 1.84      _      _      _      _      _      _      _      _      _      _
Pr      _ 5.64      _      _      _      _      _      _      _      _      _      _
Gd      _ 5.15      _      _      _      _      _      _      _      _      _      _
Tb      _ 0.80      _      _      _      _      _      _      _      _      _      _
Dy      _ 4.78      _      _      _      _      _      _      _      _      _      _
Ho      _ 0.94      _      _      _      _      _      _      _      _      _      _
Er      _ 2.58      _      _      _      _      _      _      _      _      _      _
Tm      _ 0.36      _      _      _      _      _      _      _      _      _      _
Lu      _ 0.31      _      _      _      _      _      _      _      _      _      _
[La/Yb]N      _ 6.5      _      _      _      _      _      _      _     _      _      _
Eu/Eu*      _ 0.8      _      _      _      _      _      _      _      _      _      _
K2O/Na2O 0.75 1.61 1.30 0.98 1.05 0.71 0.59 0.37 0.06 0.17 0.12 0.04 
- = not determined; ASI= aluminium saturation index= [molar Al2O3/(CaO+K2O+Na2O)];  
Mg#= 100 x molar [MgO/(MgO+0.9xFe2O3)]; (Eu/Eu*= √[Smcn x Gdcn] 
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Geochemical and isotopic constraints on the genesis of the Late Palaeozoic Deliktaş and 

Sivrikaya granites from the Kastamonu granitoid belt (Central Pontides, Turkey) 

  

 
                       Nzegge, O. M. a, b, *, Satir, M. a, Siebel, W. a & Taubald, H a  
 

  a Institute of Geosciences, University of Tübingen, Wilhelmstr. 56, D-72074, Tübingen-Germany 
  b Institut des Recherches Géologiques et Minières, B. P. 4100, Nlongkak-Yaounde, Cameroun 
 * Corresponding author, E-mail: odinzeggs@yahoo.com                                                                
   

Abstract  

The Late Palaeozoic Sivrikaya and Deliktaş granitoids of the Kastamonu granitoid belt (KGB) 

are of sub-alkaline affinity, belong to the high-K calc-alkaline series and display features of 

transitional to S-type granites. Sivrikaya granitoid is host to biotite-hornblende granodiorite-

tonalite and minor two-mica granites. The rocks are 303-300 Ma old, have low initial 87Sr/86Sr 

ratios (0.7041 - 0.708), moderately low εNd(t) values (-1 to -3.8) and young TDM model ages 

(0.75 to 1.08 Ga). All these characteristics, combined with low Al2O3/(FeO+MgO+TiO2) and 

(Na2O+K2O)/(FeO+MgO+TiO2) and δ18O values of 10-11.6 l point to dehydration melting 

of heterogeneous protoliths dominated by amphibolite and greywackes-type sources with 

mantle contribution. Chondrite-normalized REE patterns of the Sivrikaya rocks are 

characterized by concave-upward patterns suggesting that amphibole played a more 

significant role than garnet during magma segregation. The main portion of the Deliktaş 

granitoid consists of peraluminous muscovite-rich monzogranite. Compared to Sivrikaya, 

rocks from this pluton have higher initial Sr ratios (0.7109 - 0.7185), older Nd model ages 

(1.2 to 2.2 Ga) and similar εNd(t) values (-2.0 to -4.7). U-Pb zircon analyses give an age range 

of 295-275 Ma. The nearly constant δ18O values (~11.5 to 11.7 l) in conjunction with the 

chemical characteristics indicate a predominantly pelitic source similar to the basement, 

which consists of felsic high-grade granulite-facies metasedimentary rocks, of continental 

origin.  

 

Key words: NW Turkey; Central Pontides; Kastamonu granitoid belt; Palaeotethys; 
Hercynian magmatism; Genesis; VAG, volcanic-arc granitoids; Sr-, Nd-, O- isotopes.  
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Abstract 

The Middle Jurassic Devrekani pluton (DG) belong to the Kastamonu granitoid belt (KGB), 

and intrudes the Late Palaeozoic-Mesozoic imbricated basement units. The DG includes low-

K tholeiitic and medium-K, calc-alkaline, metaluminous I-type (ASI= 0.73-0.94) hornblende-

biotite diorites, quartz diorites and tonalites. Rocks have moderate initial gNd(t) values (-0.8 to 

-2.2) and relatively low initial 87Sr/86Sr ratios (0.7052-0.7063). These features combined with 

high Mg# suggest an origin through partial melting of mafic lower crustal source rocks with 

additional input of mantle-derived material. In addition, samples have almost flat chondrite-

normalized (cn) REE patterns ([La/Yb]cn= 2.6-14.0) and positive Eu anomalies (Eu/Eu*= 

1.04-2.22) indicating plagioclase played an important role in the magma petrogenesis. Overall, 

geochemical and isotopic data indicate the existence of two magma sources for the rocks: a 

depleted source with low initial Sr(i) and εNd(t)  ratios, and low δ18O values (7.2-8.2 ‰) for the 

diorites, and an enriched source with intermediate compositions for quartz diorites and 

tonalites. U-Pb and Pb-Pb zircon ages range from 185-160 Ma with a cluster at 165 Ma. The 

Latest Palaeozoic-Earliest Mesozoic saw the opening of the Küre back-arc marginal basin and 

brief southward underthrusting beneath the recently imbricated Palaeozoic-Mesozoic arc 

massif.   

 

 

Keywords: NW Turkey. Central Pontides. Kastamonu granitoid belt. Palaeotethyan collision. 

Devrekani granitoid. Sr-Nd-O isotopes. Zircon ages.  
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Abstract  

The Late Palaeozoic Sivrikaya (SG) and Deliktaş (DLG) plutons of the Kastamonu granitoid 

belt (KGB) pierced the Late Palaeozoic-Mesozoic imbricated basement units that formed 

during the collision of the western and the Eastern Pontides. SG consists of biotite-hornblende 

granodiorite-tonalite and minor two-mica granites, with low initial 87Sr/86Sr ratios and εNd(t) 

values. In conjunction with moderate δ18O values, these features indicate crystallization from 

heterogeneous protoliths dominated by amphibolite and greywackes-type sources with mantle 

contribution. Chondrite-normalized (cn) REE patterns characterized by concave-upward 

shapes of HREE and lack of significant Eu anomalies suggest that amphibole played a 

significant role during magma segregation. The Deliktaş pluton includes primary muscovite-

rich monzogranite, with high initial Sr ratios, constant δ18O values but similar εNd(t) values. 

The isotopic signatures, mineralogy and geochemistry of the Deliktaş monzogranites suggest 

formation from meta-igneous crustal protoliths (metapelites).  

Here, we present the first U-Pb and Pb-Pb zircon emplacement time of ~295-270 Ma and 

~303 Ma respectively for Deliktaş and Sivrikaya plutons. Zircon xenocryst ages as old as 2.6 

Ga bear the memory of an ancient basement, that suggests an association of the Central 

Ponitdes with Laurasia and Gondwana. Many analyzed zircon fractions show records of 

Variscan metamorphism, indicating the Sivrikaya and Deliktaş plutons, and the basement 

were components of the Variscan orogenic belt.  

 

Key words: Variscan plutonism; Palaeotethyan convergence system; Kastamonu granitoid 

belt; Sr-Nd-O isotopes and zircon ages; Central Pontides-Turkey 
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Abstract 

The Central Pontides orogenic belt documents the Early Cretaceous juxtaposition of the 

Western and Eastern Pontides. This belt includes two remnant Palaeotethyan oceanic basins, 

separated by a continental fragment (Devrekani metamorphic unit) and an oceanic arc. The 

basement (Devrekani metamorphic unit) is a fault-bound tectonic window between the Küre 

accretion complex and the Çangaldağ arc complex. During Palaeozoic-Mesozoic, these units 

were soaked with mafic to felsic magmas, the Kastamonu granitoids. The Devrekani unit 

comprising amphibolite-granulite facies gneisses and amphibolites, is inferred to have rifted 

from the south Eurasian margin, to form a sliver within the Palaeotethys. 

Pioneer U-Pb and Pb-Pb zircon ages and Sr-Nd-O data for the Devrekani metamorphic unit 

are presented. Geochemisty (ASI= 0.58-2.20) and isotopic data; Sri (0.704 to 0.712), εNd(t) (-

1.4 to 6.8) and δ18Owhole-rock values (8-12 ‰), indicate a continental arc setting and material 

contribution from mantle and crustal sources. Fractionated Chondrite-normalized (cn) REE 

patterns ([La/Yb]cn= 6.4-27.6), negative Eu anomalies (Eu*/Eu= 0.62-0.96) and troughs in Ba, 

Nb and Ti, are consistent with arc-related milieus. U-Pb and Pb-Pb zircon ages indicate rocks 

formation during Variscan 540-300 Ma magmatic events. Late Variscan and Mesozoic ages 

(and/or Pb loss episodes) obtained from zircon analyses reflect regional metamorphism and 

magmatic growth of zircon during the Palaeozoic-Mesozoic time. Xenocryst ages in the range 

of 1.2 - 2.1 Ga indicate Proterozoic-material presence, confirming the basement of the Central 

Pontides was a component of the south Eurasian margin. 

 

Key words: Central Pontides orogenic belt; Turkey; Continental sliver; Devrekani 
metamorphic unit; Çangaldağ arc complex; Zircon ages; Sr-Nd-O data; Variscan belt 
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Magmas reflect differences in source and process in 
response to changing geological environment! 
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Field photo: Sivrikaya Anticline and Asbestos mine 
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