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ABSTRACT 

 

STRUCTURAL CONTROLS OF ÖZYURT SHEAR-HOSTED GOLD 
DEPOSIT, NİĞDE, CENTRAL TÜRKİYE 

 
 
 

Onat, Kaan 
Master of Science, Geological Engineering 
Supervisor: Prof. Dr. Nuretdin Kaymakcı 

 
 

August 2022, 136 pages 

 

Shear-hosted Özyurt Gold Deposit is located in the Niğde Massif, a metamorphic 

core complex at the southern tip of Kırşehir Block, in Central Türkiye. The massif is 

composed of alternations of gneiss, schist, quartzite, marble, and amphibolites. It is 

tectonically overlain by Neotethyan ophiolites and intruded by Üçkapılı Granite. 

Gold mineralization is hosted along the foliation surfaces, by oxidized cataclastic 

breccias formed in schists along a high-angle fault network, as well as the gossans at 

the contacts of schist and overlying marbles. The pre-existing fault network was cut 

by syn-tectonic dikes that are coeval with the exhumation. The deposit undergone a 

supergene stage causing the breakdown of all sulfide minerals and liberating the gold 

in oxide zones. Two mineralization stage was observed in the polished thin sections. 

The primary mineralization is composed of disseminated marcasite-pyrrhotite-

chalcopyrite±pyrite within the foliation surfaces. The secondary mineralization 

consists of pyrite±carbonate veins and veinlets followed by cross-cutting 

arsenopyrite-pyrite-chalcopyrite±tetrahedrite in carbonate±chlorite±sericite veins. 

The low-grade primary mineralization is the hypogene ore while high-grade 

secondary mineralization is formed due to supergene enrichment. Since schists were 

less competent than quartzites and marbles between ∼5-13 km depths, they deformed 
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intensely during the exhumation of the massif. This deformation along foliation 

planes of schists provided fluid pathways for hydrothermal fluids. The spatial 

association of syn-tectonic dikes and gold mineralization within the foliation planes 

suggests that the intrusion might have played a role in mineralization. The possible 

age of the hydrothermal activity is interpreted as ∼75 Ma considering the youngest 

dike age in the massif. The mineralization occurred at ∼11 km depth and the peak 

temperature was ∼350℃, under brittle-ductile to brittle conditions. 

 

Keywords: Central Anatolia, Niğde Massif, Orogenic Gold, Shear-hosted Gold 

Deposit, Structural Control 

 



 
 

vii 
 

ÖZ 

 

ÖZYURT MAKASLAMA ZONU ALTIN YATAĞININ YAPISAL 
KONTROLLERİ, NİĞDE, TÜRKİYE 

 
 
 

Onat, Kaan 
Yüksek Lisans, Jeoloji Mühendisliği 

Tez Yöneticisi: Prof. Dr. Nuretdin Kaymakcı 
 

 

Ağustos 2022, 136 sayfa 

 

Özyurt makaslama zonu altın cevherleşmesi, Kırşehir Bloğu’nun güney ucunda 

bulunan ve gnays, şist, kuvarsit, mermer ve amfibolit ardalanmasından oluşan bir 

metamorfik çekirdek kompleksi olan Niğde Masifi’nde yer almaktadır. Metamorfik 

kayalar tektonik dokanak ile Neotetis ofiyolitleri tarafından üzerlenmiş ve Üçkapılı 

Graniti tarafından kesilmiştir. Altın cevherleşmesi tamamen oksitlenmiş yüksek açılı 

fay ağında bulunan şistlerde gelişen kataklastik breşlerde, şistlerin foliyasyon 

düzlemlerinde ve şist ve mermer dokanağında düzlemsel gelişen gossanlarda 

bulunur. Önceden oluşmuş olan fay ağı, tektonizma ile eş zamanlı sokulum gösteren 

dayklar tarafından kesilmektedir. Hidrotermal aktivite sonrasında gerçekleşen 

süperjen evre, sülfit minerallerin bozunmasına ve içlerindeki altının serbest 

kalmasına olanak vermiştir. Mikroskop çalışmalarında iki cevherleşme evresi 

edilmiştir. Birincil cevherleşme evresi, foliyasyon düzlemlerinde saçınımlı markazit-

pirotin-kalkopirit±pirit minerallerinden oluşmaktadır. İkincil cevherleşme evresi, 

pirit±karbonat damar ve damarcıklarını kesen karbonat±klorit±serizit damarlarında 

bulunan  arsenopirit-pirit-kalkopirit±tetrahedrit minerallerinden oluşur. Düşük 

tenörlü birincil cevherleşme hipojen cevherleşmeyi oluştururken, yüksek tenörlü 

ikincil cevherleşme bunun süperjen zenginleşmiş halidir. Şistler, mermer ve 
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kuvarsitlere göre ∼5-13 km arasında dayanımı daha düşük kayaçlar olduğu için daha 

yoğun deformasyon geçirmişlerdir. Şistlerin foliasyon düzlemlerinde gelişen bu 

deformasyon, hidrotermal sıvılar için akış yolları oluşturmuştur. Dayk ve altın 

cevherleşmesinin mekansal birlikteliği cevherleşmenin intrüzyon ile bir ilişkisi 

olabileceğini düşündürtmektedir. Hidrotermal aktivitenin, masifteki en genç dayk 

yaşı olan ∼75 Ma zamanında gerçekleştiği tahmin edilmektedir. Buna göre 

cevherleşme ∼11 km derinlikte ve ∼350℃ sıcaklıkta, gevrek-sünümlüden ila gevrek 

koşullar altında gerçeklemiştir. 

 

Anahtar Kelimeler: Orta Anadolu, Niğde Masifi, Orojenik Altın, Makaslama Zonu 

Altın Yatağı, Yapısal Kontrol
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CHAPTER 1  

1 INTRODUCTION  

1.1 Purpose and Scope 

From the beginning of early human history to modern times, various civilizations 

mined metals in Niğde Massif like tin, antimony, copper, mercury, iron, lead, zinc, 

tungsten, and gold (Klein, 1971; Akçay, 1995; Tümüklü et al., 2018; Powell et al., 

2021). The latest archeological study in the southeast massif shows that Kestel mine, 

the world’s oldest tin mine, extends to the early Bronze Age. Although it was not 

mined for gold, by-product gold was mined from hematite-quartz veins. (Powell et 

al., 2021) 

The most recent mineral exploration strategies have led the mining companies to 

look into underexplored areas of the massif for new discoveries. The newly found 

Özyurt Gold Deposit (ÖGD) within the Niğde Massif is a good example of this effort. 

Understanding of characteristics and mechanism of the ÖGD may help to improve 

targeting strategies to explore undiscovered gold deposits in Anatolia and elsewhere. 

In this context, this study aims to understand the main characteristics and structural 

development of the ÖGD based on a local and regional geological perspective. The 

specific research questions addressed in this thesis include; 

1. the associated lithologies and alterations with the mineralization, 

2. the structural features controlling the geometry of the ore body, 

3. temporal relationships and pressure-temperature-depth conditions during 

mineralization, 

4. the possible source of the gold, 

5. the type of mineralization in the Özyurt gold deposit. 
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1.2 Methodology 

1.2.1 Remote Sensing and Fieldwork 

Before the fieldwork, a remote sensing study was performed to prepare a lineation 

map to determine the probable faults of the study area and its surroundings. The 

lineaments were grouped into three depending on the presence of appreciable off-set 

features on the images. The fault category involves apparent off-sets, while the 

probable fault category involves linear features with prominent morphological 

features on the images, but lack of obvious off-set features. The lineaments category 

involves marked linear features on the images, but they do not display any off-set or 

prominent morphological feature to be classified as faults. All interpreted features 

were checked in the field, and then their categories were assigned on the final 

geologic map and the database.  

An extensive fieldwork has been carried out between June-November 2021, which 

includes ground truthing of interpreted lineaments and detailed mapping of geologic 

features and metamorphic packages also involving measurement of planar and linear 

features such as foliation, shear zone, fault, mineral lineation, etc.  The mapping was 

performed on 1 m ground resolution Worldview imagery obtained from Digital 

Globe.   

At the end of the fieldwork, field observations and final geologic map of Özyurt area 

were combined to prepare cross-sections, which were also used for the development 

of 3D solid model of the study area with the help of drillhole data. 

1.2.2 3D Solid Modelling 

By the drillhole data provided by Esan Eczacıbaşı Raw Industrial Co., a 3D solid 

geological model was created by using Leapfrog Geo software of Seequent Limited. 

A total number of 141 drillholes, the geological map, and cross-sections were used 
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to create the model. The geologic map was utilized to determine the extent of the 

model. The intervals along each drillhole were interpreted into geologic units in 

Leapfrog Geo, by checking their core photos and the location of specific drillhole on 

the geologic map. After all of the drillholes were interpreted, a lithologic model was 

produced in accordance with the geologic map, cross sections and regional structural 

trends. 

The faults related to mineralization were modeled by combining the surface fault 

traces with the fault intercepts along the nearby drillholes. Both surface fault traces 

and all intercepts of the same fault were included in a surface to show the 3D 

geometry and extent of each fault.  

Modeling procedures and assumptions are discussed in more detail in Chapter 3. 

1.2.3 Polished Thin Section Studies 

A total of 19 polished thin sections were prepared from the selected intervals of OZD 

91-97-103 drillholes and also one surface sample collected from the field, to 

determine petrography, ore and gangue mineralogy, dominant alterations, and 

deformation styles. The polished thin sections are prepared at İstanbul Technical 

University (İTÜ) and analyzed at Middle East Technical University (METU).  

1.3 Previous Studies 

Due to its unique geological characteristics and importance in the geology of the 

Tauride-Anatolide Belt, Niğde Massif has been studied by numerous researchers 

mainly during the last century. Below, a chronological summary of those studies 

focused on the massif’s regional and economic geology is presented.  

In the literature, Niğde Massif is first mentioned as a distinct rock assemblage and 

mapped as a circular granitic body on a 1/2000000 geological map of Turkey 

(Tchihatcheff,1869). 
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Phillipson (1918) showed the massif as a granite intrusion in his 1/3700000 scaled 

geological map. 

Tromp (1942) first mentioned Niğde Series as a distinct body of rocks with pre-

Devonian age. 

Blumenthal (1941, 1952) did the first brief petrographic studies and defined the 

metamorphic rocks in the massif and grouped the metamorphic lithologies under the 

name of Niğde Complex.  

Okay (1955) prepared the first geologic map of the massif with a scale of 1/100000. 

Klein (1968) worked on the geology and geochemistry of the Niğde Massif in the 

scope of Hg-Sn-W prospection project led by the General Directorate of Mineral 

Exploration and Research (MTA). This study marked that antimony, mercury, 

tungsten and iron deposits are prominent within the massif.  

Klein (1970) divided Niğde Massif into three packages as lower, middle and upper 

series according to the dominant lithologies. This study suggested that the 

metamorphism of the massif occurred before the Variscan Orogeny and there are 

three different structural deformation stages as pre-Variscan Orogeny, early Alpine 

and Alpine. 

Klein (1971) studied the relationship between structural features and the economic 

occurrences of antimony, mercury and tungsten mineralizations. The study 

concluded that both dikes and mineralized quartz veins are structurally controlled. 

Klein also observed that marble and gneiss contacts host stibnite-scheelite-cinnabar-

quartz veins, which is another structural control. 

İleri (1972) studied the stibnite mineralization in Niğde metamorphics and divided 

the massif into four different packages, with a succession of 11 kilometers. 

Viljoen and İleri (1973) studied the geology of the massif and stibnite mineralization. 

They grouped metamorphics as Pozantıdağ Massif with four formations as Maden 

formation, Ilıca formation, Kılavuz formation and Çamardı formation. According to 
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this study, stibnite mineralization in the massif occurs as open-space quartz veins 

(Klein, 1971) and as planar lens-like bodies along distinct stratigraphic levels; thus, 

showing a lithologic control.  

İleri (1975) suggested stibnite mineralization is formed after the deformation of the 

massif and discussed the importance of lithologic control of mineralization. 

İleri and Köksay (1977) concluded that the stibnite mineralization in the Niğde 

Massif is epigenetic. 

Göncüoğlu (1977, 1981) prepared a 1/25000-scaled geologic map of west Niğde 

Massif and grouped metamorphic rocks into Niğde group and defined packages as 

Gümüşler formation, Kaleboynu formation, Aşıgediği formation, Sineksizyayla 

formation (gabbro), Üçkapılı granodiorite and meta-ophiolitic units. His studies 

include detailed inspections of the metamorphic rocks based on field study and 

microscopic studies. According to these studies, the Niğde Massif had experienced 

a series of complex deformation history. Older E-W to ENE-WSW recumbent folds 

verging to the north and relatively younger N-S to NNE-SSW upright open folds are 

defined in the massif. Göncüoğlu noticed that the folded flysch sediments are 

unconformably overlain the metamorphic rocks in the south-southeast of the massif. 

Flysch sediments are also unconformably overlain by a conglomerate and sandstone 

which are covered by Neogene tuffs (subsequently called as Cappadocian volcanics) 

Yıldız (1978) carried out a study on mercury occurrences in Turkey. In the study, he 

noted that Gümüşler area contains an economic stibnite, scheelite deposit with 

cinnabar. 

Özgüneyli (1978) worked on the base metal, iron, wolframite and gold occurrences 

in the massif, and suggested that the mineralizations are epigenetic. 

Yetiş (1978) studied the Ecemiş Fault Zone, which delimits the massif in the east 

and claimed that the fault zone is of post-Paleocene to pre-Lutetian age. 

Oktay (1982) worked on the geology of the Ulukışla Basin and established its 

stratigraphy. He claimed that the magmatic rocks in the basin are of magmatic-arc 
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origin. The opening of the basin is suggested to be constrained between early 

Paleocene to late Paleocene, or even up to middle Eocene in some places. 

Göncüoğlu (1982) reported U/Pb ages of zircons extracted from paragneiss of 

Gümüşler formation and concluded that paragneisses should have been originated 

from a Proterozoic terrane with an age of 2059±77 Ma. 

Oygür et al. (1985) made a compilation of the geology of the Niğde Massif as well 

as historical and current mineralizations. The report focuses on the potential iron 

mineralization zones in the massif.  

Göncüoğlu (1986) performed a geochronological study on the Üçkapılı granodiorite 

of the massif and acquired the crystallization age as (lower Cenomanian) 95±11 Ma 

by using whole rock Rb/Sr and cooling ages as 77.8±1.2 Ma and 76.5±1.1 Ma by 

using whole rock/mineral K/Ar methods. According to this study, Üçkapılı 

granodiorite is a post-tectonic intrusion, which is derived from either by partial 

melting of the continental crust or from a considerably contaminated continental 

crust. The study concluded that ophiolite obduction and main metamorphism event 

occurred prior to Cenomanian. 

Çağatay and Pehlivan (1988) worked on the mineralogy of tin mineralization around 

Celaller in the SE of the massif. They claimed that cassiterite mineralization is 

related to the quartz-hematite veins. 

Gizaw (1992) studied the geology of the massif in Gümüşler area, prepared a 

1/25000-scaled geological map and defined the occurrences of antimony deposits. 

He suggested that Sb-Hg mineralization in the Gümüşler formation is associated with 

the quartz veins along gneiss-marble contacts or within marble. According to the 

geochemistry results of the samples, Sb-Hg±Au and trace amounts of base metals 

are determined in the mineralized zones. Gizaw proposed a model for mineralization 

in the area where the hydrothermal fluids circulated through the faults providing fluid 

pathways and deposition sites for the mineral deposits. Also, fluid-wall rock 

interaction is responsible for the subsequent deposition of ores within the carbonates. 
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Kuşcu (1992) studied the geology of SE massif and the Madsan antimony deposit 

near Çamardı. He claimed that the mineralization is confined to the 

quartz±stibnite±pyrite veins hosted in the gneisses and marbles of the Gümüşler 

Formation. Geochemical studies show that trace cinnabar and gold are present within 

the veins. Sericitic alteration and silicification are the common wall rock alteration 

assemblages with minor chloritization. Kuşcu (1992) proposed lateral secretion and 

source bed models for the mineralizations and claimed that a source bed is more 

accountable for the genesis of Madsan antimony deposit. 

Kuşcu and Erler (1993) studied the deformations of stibnites of the Madsan antimony 

deposits and suggested three different deformation phases. They proposed secondary 

remobilization of a mineralized source bed to explain the formation of Madsan 

deposit. 

Kuşcu et al. (1993) studied the geology of the Çamardı region. There, Gümüşler 

formation overlies Aşıgediği formation with an unconformity. The whole 

metamorphic package is intruded by Üçkapılı Granodiorite and its pegmatite dikes. 

Conglomerate and sandstone bearing Çamardı formation (Late Cretaceous-

Paleocene) are composed of the metamorphic clasts from the massif and overlies the 

massif with a nonconformity whereas it is overlain by the Evliyatepe formation 

(early - middle Eocene). Ulukışla Basin fill is composed of; from bottom to top; 

chaotic flysch and volcano-sedimentary rocks of the Ovacık formation and volcano-

sedimentary and volcanic rocks of the Ulukışla Formation. Authors reported Celaller 

thrust and Üçkapılı normal fault as the prominent neotectonic features of the region.  

Akçay (1994, 1995) studied the geology of Gümüşler area and prepared a model for 

the evolution of the hydrothermal fluids responsible for the formation of the mineral 

deposits. There are two different types of deposits as Sb±Hg±W±Ba±Au veins with 

subsequent Ba-Sb mineralization (Rasih İhsan deposit) and Hg±Sb±Au breccias 

(Mehmetler Yurdu Sivrisi Tepe-MYST).  The vein deposits are observed in marbles 

and at gneiss-marble contacts along E-W striking and north dipping faults. Felsic 

dikes are reported to have a spatial relationship with both breccia and vein deposits. 



 
 
8 

The most common wall rock alteration is silicification but lesser sericite alteration, 

kaolinization, dolomitization and tourmalinization through the distal parts of 

mineralization are reported. Fluid inclusion studies revealed that the mineralization 

occurred in a broad temperature range from 350°C to 150°C with a salinity of 8±2.5 

to 4 eq. wt. % NaCl, suggesting an increasing association of non-magmatic fluids. 

Pyrite and stibnite sulfur isotope compositions vary from -4.3 to +2.2‰ and 

approximately 18‰ for barite; thus, indicating a magmatic sulfur origin for 

sulfides/sulfates. Akçay (1995) pointed out that gold mineralization extends up to 

37.3 ppm at MYST but concluded that ores are not economic due to their small sizes. 

Whitney and Dilek (1997) pointed out the similarity of Miocene core complexes in 

West Anatolia and Central Anatolia based on petrologic and structural observations 

and the timing of exhumation. They suggested that the development of Niğde Massif 

is related to a north-dipping Alpine-type collision of continental fragments causing 

thickening and followed by exhumation due to thermally weakened/thickened crust. 

Their U-Pb monazite ages between 20 and 13.7 Ma from the Üçkapılı Granite 

contradicts with the earlier Rb/Sr whole-rock age of 95±11 Ma of Göncüoğlu (1986). 

Whitney and Dilek (1998) conducted petrological and thermobarometric studies and 

prepared a P-T-t diagram for the high-grade metamorphics of the Niğde Massif. The 

results imply that the massif experienced a possible second stage of burial history. 

Kuşcu and Erler (1999) proposed three deformation stages based on the textures of 

stibnite and pyrite from the Madsan antimony deposit (SE of Niğde Massif). 

According to this study, pressure lamellae in the first stage, curved pressured 

lamellae and annealing texture in the second stage and truncation of pressure 

lamellae represent the third deformational stage. Authors claim that the deformations 

developed at 0.2 MPa pressure and at nearly 180°C conditions. 

Floyd et al. (2000) studied geochemistry and the tectonic setting of ophiolites and 

metabasites in the Central Anatolian Crystalline Complex (CACC). They divided the 

Upper Cretaceous ophiolitic-metabasic rocks into three different groups: the first 

one, stratiform ophiolites, has geochemical similarities and show subduction 
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characteristics while they were developing. The second group is composed of a 

mixture of sheared blocks in an ophiolitic mélange, shows MORB-like geochemistry 

with some OIB basaltic rock and are related to accretionary complex development 

(Ankara Mélange). The third one consists of amphibolites of the Kaleboynu 

metamorphics of the Niğde Massif reflects OIB type geochemistry and is thought to 

be involved in rifting of the Tauride-Anatolide carbonate platform. The authors also 

claimed that the ophiolites on the CACC and Ankara Mélange belong to an oceanic 

lithosphere, which was obducted onto the Tauride-Anatolide carbonate platform 

during the Late Cretaceous. 

Fayon et al. (2001) dated Kırşehir, Akdağ (northeastern CACC) and Niğde massifs 

(southern CACC) in Central Anatolian Crystalline Complex using apatite fission-

track method. Whereas northern massifs yield an age of ≈47-32 Ma, southern Niğde 

Massif yield ≈12-9 Ma; these ages are interpreted as exhumation ages. Therefore, 

the Niğde Massif was still at depth when Kırşehir and Akdağ massifs were at the 

surface. They proposed that Niğde Massif was unroofed along an oblique wrench 

zone related to the Ecemiş Fault Zone. 

Whitney et al. (2001) subdivided the Central Anatolian Crystalline Complex 

(CACC) into four different tectonic blocks, according to their P-T-t paths, as Kırşehir 

(NW), Akdağ (NE), Aksaray (W) and Niğde (S) massifs. They concluded that the 

Niğde Massif is different than others since it is developed as a core complex within 

a wrench-dominated setting. The study also shows the evidence for a secondary low 

pressure-high temperature metamorphism over the regular P-T path of high-grade 

metamorphics and apatite fission-track ages ranging between 12-9 Ma (Miocene).  

Gautier et al. (2002) observed that metamorphics of the Niğde massif are 

nonconformably overlain by early Eocene sedimentary rocks in the SE. The basal 

conglomerates of this sedimentary package include both metamorphic and granite 

pebbles; thus, the metamorphics and the intrusion should have been on the surface 

by early Eocene at the latest, and the granite intrusion which was previously dated 

as 12-9 Ma (apatite fission-track) and 20-13.7 Ma (U-Pb, monazite) possibly reflects 
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another thermal event, proposedly widespread late Neogene Volcanism. A 

detachment fault zone is observed in the northern parts of the massif, between meta-

ophiolitic rocks at the top and high-grade metamorphics at the bottom. Field studies 

led to a discussion of whether a tectonic contact or a nonconformity developed 

between metamorphics and Eocene sedimentary rocks. Assuming the synchronous 

regional extension in Kırşehir Block, the authors suggested that the massif was 

affected by an intense extension between Campanian to Paleocene. 

Whitney et al. (2003) performed U-Pb SHRIMP and 40Ar/39Ar analysis of granite 

and metamorphic rocks of the Niğde Massif. The results are interpreted to record 

melting interval of 92-85 Ma, peak metamorphism temperature of 725℃, and age of 

91.0±2.0 Ma and cooling ages of 83-74 Ma. Considering the unroofing of the massif 

in the Late Cretaceous and new radiometric age data, the authors interpreted that the 

crust melted and incipient intrusion during the peak metamorphic conditions and/or 

decompression caused by the extension.  

Whitney and Hamilton (2004) dated garnet-sillimanite gneiss from the Kırşehir 

Massif in central Anatolia and acquired the age of 84.1±0.8 Ma (Late Cretaceous). 

They also and compared the massif with the Menderes Massif in western Anatolia. 

They argued that such an age difference (gap) should not exist for the similarly-

evolved terranes; thus, the authors concluded that Anatolia formed due to the 

collision of various microcontinents. 

Fayon and Whitney (2007) reviewed the apatite fission-track (AFT) ages from the 

high-grade metamorphics of the Niğde Massif, assessing if there is resetting due to 

Neogene Volcanic activity. Combining geological observations, models of AFT ages 

together with track length data and thermal modeling, they claimed that AFT ages 

were not disrupted by any thermal event; therefore, timing of AFT ages report 

exhumation of the Niğde Massif. 

Umhoefer et al. (2007) and Whitney et al. (2007) suggested that the Niğde Massif 

had undergone two different burial-exhumation cycles, name by “yo-yo tectonics”, 

due to the interplay of transpressional and transtensional deformation along the 
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Central Anatolian Fault Zone (CAFZ). By evaluating all radiometric and 

biostratigraphic ages and geologic data, they constrained the durations of 

exhumation and burial cycles for the Niğde Massif. 

Gautier et al. (2008) observed two different synchronous shearing trends in the 

metamorphics of the Niğde Massif. The high-grade metamorphic rocks of the massif 

are considered as lower unit. The authors determined that the lower levels of the 

lower unit show top-to-SSW shearing, while the higher levels of that unit show top-

to-NE/ENE shearing. By using 40Ar/39Ar ages and previously published age data, 

they suggested that two opposing shearing events occurred synchronously. Authors 

interpreted oblique shearing as a lateral underflow event where the lower crust 

flowed horizontally oblique to the extensional direction. 

Idleman et al. (2014) presented new age data that sheds light on to reheating and 

reburial history of the Niğde Massif. Although four of eight samples are consistent 

with the cooling age of ≈75 Ma (40Ar/39Ar muscovite ages from gneiss), the other 

four samples taken near the faulted unconformity contact of the Ulukışla Basin rocks 

have perturbed spectra. The thermal perturbation age is interpreted as reheating event 

peaked at ≈30 Ma. Transpression caused by the Ecemiş Fault resulted in reburial. 

Reburial event is considered as the reason for thermal perturbation. 

Tümüklü et al. (2016) reported that iron mineralization in the Niğde Massif has a 

hydrothermal origin and is accompanied by copper and gold. 

Tokoğlu et al., (2016) studied the shear zone-hosted gold occurrence in metapelitic 

rocks near Gümüşler, Niğde. The mineralization in the area is grouped as (i) Au-Hg-

As mineralization at cataclasites along the foliation surfaces and (ii) Au-Pb 

mineralization along low-angle faults with cataclasites, crosscutting the foliations. 

The second mineralization is hosted in quartz veins with stibnite±galena±marcasite 

±gold.  

Ray (2016) studied the Niğde mafic complex (NMC), a part of the Central Anatolian 

Ophiolite (CAO), which is obducted onto the CACC, during the closure of the 
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Neotethys Ocean. NMC is composed of a metamorphosed assemblage of diabase, 

gabbro, plagiogranite and ultramafic rocks and overlies the metamorphic rocks of 

Niğde Massif, tectonically. The mineral assemblage of the NMC gabbros indicates 

supra-subduction conditions. Geothermometry studies from hornblende and 

plagioclase minerals show that the NMC experienced middle to upper amphibolite 

facies conditions, which is similar to the metamorphics of the massif. 

Demircioğlu and Eren (2017) studied the SE of Niğde Massif and differentiated at 

least four distinct ductile deformation stages. 

Ballı (2017) studied the geology of south and east Niğde and mapped the faults in 

the area. 

Radwany et al. (2017) performed whole-rock analyses on gabbro pebbles of middle 

Miocene sedimentary rocks which derived from both CAO and Tauride ophiolites 

and Late Miocene sedimentary rocks which originated from CAO. Authors 

interpreted that the uplift of the Niğde Massif occurred in late Miocene, forming a 

topographic high. Arching of the Taurides changed the distribution of sediments and 

their depositional centers.  

Seyitoğlu et al. (2017) and Gürer et al. (2018) claimed that İvriz detachment fault is 

responsible for the exhumation of the CACC. Where it is defined the İvriz 

detachment fault juxtaposes the metamorphic Bolkar group of Taurides and 

Paleocene-Eocene Ulukışla Basin fill. Two groups similarly suggest that the 

detachment fault should be active during Late Cretaceous-Eocene time interval (∼80 

and ∼48 Ma). 

Tümüklü et al. (2018) and Altuncu et al. (2018) reported the known historical mines. 

In the region, tin, iron, mercury, antimony, lead and zinc mineralizations were 

observed. They noted that mineralizations commonly occurs along the discontinuity 

zones. 
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Tosunbaş (2019) and Safalı (2019) studied the Sb mineralization in the Niğde 

Massif; they concluded that mineralization is found as bands or in fault breccias. 

Native gold is also present with antimony as determined in polished thin sections. 

Çoban (2019) studied geology and structural features of the east of Niğde Massif and 

Ulukışla Basin concluded that they deformed together due to the closure of Inner-

Tauride Ocean before Oligocene. In the neotectonic stage, strike-slip and normal 

faults are developed. 

Özözlü (2019) compared Esendemir Tepe skarn mineralization with Horoz skarn 

mineralization. While the first one formed after the intrusion of Esendemir Tepe 

diorite (60-56 Ma) into limestone levels in the Ulukışla Basin, the second one is 

formed after the emplacement of Horoz granitoid (56-47 Ma) into Tauride 

carbonates. The study includes the mineral assemblages of both mineralizations in 

each phase. 

Radwany et al. (2020) conducted a geochronology study and provided new ages for 

the CAO and NMC. Comparing the crystallization age of an unmetamorphosed CAO 

fragment (~ 91 Ma), 40Ar/39Ar hornblende age of highly metamorphosed metagabbro 

from NMC (~87 Ma) and 40Ar/39Ar biotite age of highly metamorphosed quartz-

feldspathic rock with metaophiolite rocks (~78 Ma) shows that the ophiolites are 

imbricated on each other and metamorphosed with the rocks of the Niğde Massif, 

whereas unmetamorphosed CAO fragments in CACC obducted on land in the north. 

Authors claimed that this difference is caused by oblique convergence. 

Umhoefer et al. (2020) discussed the tectonic history of the Ecemiş Fault Zone with 

Niğde Massif and Taurides. The second burial of the Niğde Massif with the 

sediments of the Ulukışla Basin in Late Eocene-Oligocene occurred due to a 

transpressional deformational stage and resulted in a north vergence thrusting. The 

change of tectonic regime to transtensional deformation stage in Late Oligocene 

caused the onset of the second exhumation of the Niğde Massif and at least 25 km 

sinistral displacement along the Ecemiş Fault. The authors suggested that the 
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transtensional stage started at 23-22 Ma, based on geochronological and 

thermochronological data. 

Demircioğlu and Coşkuner (2020) suggested that multi-phased deformations caused 

NE-SW plunging recumbent folds in the metamorphic rocks of the Niğde Massif. 

Tümüklü and Tosunbaş (2021) studied Gümüşler Sb mineralization, discussing two 

structural controls: (i) quartz band parallel to the foliation planes in the 

metamorphics, (ii) fault breccias along faults. Ore and gangue mineralogy are 

stibnite±cinnabar and quartz±barite, respectively. Quartz crystals locally contain 

native gold. 

1.4 Tectonic Setting: The Kırşehir Block 

Kırşehir Block (KB) comprises the Central Anatolian Crystalline Complex (CACC) 

(Göncüoğlu et al., 1991), which was previously named as Central Anatolian Massif 

(Ketin, 1955) or Kırşehir Massif (Görür et al., 1984) or Kırşehir Complex (Lünel, 

1985). The KB is a triangular shaped, tectonic block in Central Türkiye (Figure 1.1) 

delimited in the west by the Tuzgölü Fault, in the east by the Ecemiş Fault Zone and 

in the north by the Ankara-Erzincan Suture zone. The rock assemblages of the 

Kırşehir Block are grouped into four main categories as (i) metamorphics, (ii) 

ophiolites, (iii) intrusives and (iv) volcanics and sedimentary rocks. The crystalline 

rocks of the KB include various rocks metamorphosed to greenschist to amphibolite 

facies rocks (Central Anatolian Metamorphics). The intrusive bodies range from 

granitoids to syenitoids (e.g., Aydın et al., 1998; Lefebvre et al., 2013). The other 

crystalline rocks of the KB include mafic and ultramafic rocks and epi-ophiolitic 

deposits belonging to supra subduction zone ophiolites (Central Anatolian 

Ophiolites) (Yalınız et al., 1996, 1997, 2000; Yalınız and Göncüoğlu, 1998; Yalınız, 

2008) 

 



 
 

15 

 

Figure 1.1: (a) Simplified tectonic map of Türkiye (b) Simplified geological map of Kırşehir 
Block. The study area is shown by the blue rectangle, (from Lefebvre et al., 2013). 

Kırşehir Block experienced collision and subsequent amalgamation with Pontides 

along the Ankara-Erzincan Suture Zone (Şengör and Yılmaz, 1981), and with the 

Taurides along the Inner-Tauride suture (Görür et al., 1984, Gülyüz et al., 2013; 

(Figure 1.1). Closure of the intervening oceans around the Kırşehir Block gave way 

to the obduction of ophiolites during the Late Cretaceous which have been intruded 

and overlain by widespread post-collisional magmatic rocks (İlbeyli and Pearce, 

1997; Boztuğ, 1998, 2000; Aydın et al., 1998; Düzgören-Aydın et al., 2001; Kuşcu 

et al., 2002). 
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The Paleozoic-Mesozoic metamorphics are consistently observed all over the 

Kırşehir Block and are composed of gneiss, mica-schist, quartzite, marble, calc-

silicate and amphibolite. Hence, they are named as Central Anatolian metamorphics 

(CAM) (Göncüoğlu, 1977; Göncüoğlu et al., 1991). The Central Anatolian 

metamorphics are observed in the three massifs of the Kırşehir Block; Kırşehir 

Massif (northwest) (Seymen, 1981), Akdağ Massif (northeast) (Vache, 1963) and 

Niğde Massif (south) (Göncüoğlu, 1981). The massifs show similar lithologies and 

have undergone a Barrovian-type metamorphism (HT/MP regional metamorphism 

conditions up to upper amphibolite facies (Erkan, 1976; Seymen 1981; Göncüoğlu 

et al., 1991). The peak metamorphic conditions in the Kırşehir Block are determined 

as 6-8 kbar and 700-800℃ at 91-92 Ma and overprinted by a secondary metamorphic 

event reaching 2-3 kbar and 300℃, locally (Kocak and Leake, 1994; Whitney and 

Dilek, 1988; Whitney et al., 2001). The metamorphics are tectonically overlain by 

ophiolites. 

Late Cretaceous Central Anatolian Ophiolites (CAO) (Yalınız et al., 1996, 1997, 

2000, 2008; Yalınız and Göncüoğlu, 1998) refers to the isolated supra-subduction 

(SSZ)-type ophiolites dispersed all over the Kırşehir Block as klippen. CAO consists 

of mainly mafic rocks such as gabbro, plagiogranite, basalts, rarely felsic volcanics, 

ultramafics and pelagic sedimentary rocks. The crystallization age of the CAO is 

estimated as ~ 90 Ma by U-Pb zircon dating of plagiogranites at Sarıkaraman (van 

Hinsbergen et al., 2016).  Although most of the CAO rocks have not been 

metamorphosed or have only been slightly metamorphosed under sub-greenschist 

facies conditions, metagabbros in the Niğde Massif (Sineksizyayla metagabbro of 

Göncüoğlu, 1977) show ductile deformation and higher-grade metamorphic 

conditions reaching middle to upper amphibolite facies conditions. They are 

subgrouped as the Niğde mafic complex (NMC) to differentiate them from the rest 

of the CAO (Ray, 2016; Radwany et al., 2017, 2020). 

Central Anatolian Intrusives (CAI) intrude both metamorphics (CAM) and ophiolitic 

fragments (CAO) and covers vast areas (Erler and Göncüoğlu, 1996). CAI has calc-

alkaline characteristic and shows felsic composition such as syenite, granite and 
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monzonite. The timing of intrusions within the Kırşehir Block determined as 95-75 

Ma by several researchers (Akıman et al., 1993; Aydın et al., 1998; İlbeyli et al., 

2004, Köksal et al., 2004). The intrusions are syn to late-kinematic with the 

exhumation of the massifs in the Kırşehir Block (Whitney and Dilek, 1998; Whitney 

et al., 2003; van Hinsbergen et al., 2016).  

All units in the Kırşehir Block are unconformably overlain by Upper Cretaceous-

Quaternary sedimentary and volcanic rocks. Contemporaneous and subsequent 

depressions formed prior to the exhumation of massifs acted as depocenters to 

sediments and volcanics. Basins located at the edges of the Kırşehir Block such as 

Ulukışla, Tuzgölü, Haymana and Çankırı basins, documented the evidence for Late 

Cretaceous to Recent deposition (Görür et al., 1984, 1998; Erdoğan et al., 1996; 

Çemen et al., 199; Kaymakcı et al., 2009). Also, intracontinental Yıldızeli, Sorgun, 

Kaman Çiçekdağı and Ayhan basins recorded sedimentation between Paleocene-

Eocene times (Göncüoğlu, 1992; Görür et al., 1998; Advokaat, 2011; Advokaat et 

al., 2014; Gülyüz et al., 2013; Tokay, 2015). Neogene magmatism, mainly 

comprising rhyolite, rhyodacite and ignimbrites, covers large areas in the south of 

the Kırşehir Block and named as the Cappadocian Volcanic Province (CVP) (Le 

Pennec et al., 1994; Toprak, 1998) (Figure 1.1).  

1.5 Tectonic Setting and Geology of the Niğde Massif 

Niğde Massif is an extensional metamorphic core complex located at the 

southernmost edge of the Kırşehir Block (Whitney and Dilek, 1997, 1998, 2003; 

Gautier et al., 2008) (Figure 1.2). Low to moderate dipping foliation measurements 

outward from the center of the massif to the periphery and vergence of folds at 

different localities supports an antiformal dome structure (Whitney and Dilek, 1997, 

Gautier et al., 2008).  
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Figure 1.2. Geologic map of Niğde Massif (modified from Gautier et al., 2008; after 
Göncüoğlu et al., 1991).  The blue rectangle shows the location of the study area. 

The massif is composed of high-grade metamorphics, meta-ophiolites and intrusives. 

The metamorphics of the massif are grouped from bottom to top as Gümüşler 

metamorphics, Kaleboynu metamorphics and Aşıgediği metamorphics (Göncüoğlu, 

1977, 1981). Niğde mafic complex (NMC) is composed of mainly meta-gabbros and 

tectonically overlies the metamorphic sequence with a tectonic boundary. Üçkapılı 

Granite intrudes all units of the massif and covers a large outcrop area in the massif, 

especially in the NE of the massif. 
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Niğde Massif is either unconformably overlain by or has a faulted contact with early 

Eocene Ulukışla basin sedimentary rocks, which suggests that the massif should have 

been exhumed at the earliest by the Eocene (Gautier et al., 2002) (Figure 1.2 and 

Figure 1.3). Locally, tuffs of the Cappadocian Volcanic Province overlie the 

metamorphics unconformably (Figure 1.2). 

 

Figure 1.3. Representative cross-section of the Niğde Massif (modified from Gautier et al., 
2008). The line of section is given on the map (see Figure 1.2) 

1.5.1 Gümüşler Metamorphics 

Gümüşler metamorphics is the lowermost unit of the Niğde Massif. It is dominantly 

characterized by paragneiss with amphibolite, marble and bands of calcsilicate- 

marble-quartzite (Göncüoğlu, 1977, 1981). It starts with sillimanite-biotite gneiss 

occasionally shows  evidence for partial melting. This unit had undergone highest 

metamorphic conditions during the burial cycles.  Structurally lowest portions of the 

Gümüşler metamorphics experienced partial melting which resulted in the formation 

of migmatites in some exposed localities.  Within the Gümüşler metamorphics, 

garnet-sillimanite paragneiss are formed at 5-6 kbar and >700℃ and thermometry 

results of garnet-biotite pair yielded a temperature interval of 680-780℃ (Whitney 

& Dilek, 1998). The parent rock of the gneiss is interpreted as psammopelitic 

sediments (Göncüoğlu, 1981).  

The southeastern part of the massif contains a slice of the Gumusler Metamorphics 

(Figure 1.2).This slice is essentially considered as the Gümüşler metamorphics since 

it shows also metapelitic origin; yet, it lacks migmatitic textures, and 

amphibolite/garnet mica schists of this unit indicate relatively lower formation 
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temperatures (630-650℃) (Whitney et al., 2001). Unlike the migmatitic Gümüşler 

metamorphics at the core, this slice is tectonically located on the Aşıgediği 

metamorphics. 

1.5.2 Kaleboynu Metamorphics 

Kaleboynu metamorphics overlies the Gümüşler metamorphics.  The unit consists of 

alternation of marble and mica-schist with amphibolite and quartzite bands. The 

alternating nature of the unit can be easily recognized at the outcrop scale. Its 

thickness of the unit is approximately 600 m. The protolith of the Kaleboynu 

metamorphics is thought to be an alternating series of sandstone-claystone and 

limestone with basic volcanics and tuff intercalations (Göncüoğlu, 1981). 

1.5.3 Aşıgediği Metamorphics 

Aşıgediği metamorphics overlies the Kaleboynu metamorphics. It is generally 

composed of massive calcitic/dolomitic marbles with minor amphibolite, mica-schist 

and quartzite inter layers in the upper levels (Göncüoğlu, 1981). Aşıgediği 

metamorphics are approximately 2000 m thick. 

At the higher levels of the Aşıgediği metamorphics, there are alternations of foliated 

serpentinites (different from meta-gabbros of the NMC) and amphibolite layers with 

marbles (Figure 1.4). The serpentinites and amphibolites are intensely foliated and 

metamorphosed up to amphibolite facies (Gautier et al., 2008).  Göncüoğlu et al. 

(1991) explain the alternating nature of these rocks as ophiolitic nappe fragments 

and underlying olistostromes while Floyd et al. (2000) and Gautier et al. (2008) 

interpret the alternated series as a metamorphosed ophiolitic mélange. 
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Figure 1.4. (a) Alternation of serpentinite and amphibolites in the upper levels of the 
Aşıgediği metamorphics (37.856306, 34.860103), (b) foliated serpentinite, (c) layered 
amphibolite 

1.5.4 Niğde Mafic Complex 

NMC (Ray, 2016, Radwany et al., 2017, 2020) or previously called Sineksizyayla 

Metagabbro (Göncüoğlu, 1977) refers to the massive ophiolitic fragments 

metamorphosed up to amphibolite facies. Although NMC is geochemically similar 

to the rest of the CAO, the latter shows no metamorphism or very low 

metamorphism, to greenschist facies conditions (Floyd et al., 2000). In contrast, 

NMC shows a higher degree of metamorphism.  
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NMC consists of dominantly metagabbros but also contains metaplagiogranite, 

metadiabase and metaperidotite (Radwany et al., 2020). It shows ductile 

deformation, and the foliation planes are coherent with the underlying metamorphics 

(Radwany et al., 2017, 2020). Between metamorphics and the NMC, flat to low-

angle, mylonitic shear zones occurs (Gautier et al., 2008; Radwany et al., 2017).  

NMC is deformed together with the metamorphic series, showing similar 

metamorphic facies with underlying rocks, and both are intruded by Üçkapılı Granite 

(Figure 1.2 and Figure 1.3). 

1.5.5 Üçkapılı Granite 

Üçkapılı Granite is a peraluminous, crustally-derived (S-type), two-mica granite and 

crops out at vast area in the center (Üçkapılı Village) of the massif. It is generated 

by the partial melting of continental crust during crustal thickening and subsequent 

decompression (Whitney et al., 2003). It intrudes into metamorphic rocks and the 

NMC in the massif. Although intrusion  cuts all metamorphic units in the massif, the 

main intrusion level is along the Kaleboynu metamorphics (Göncüoğlu, 1981). The 

aureole zone contains andalusite and cordierite in metapelitic rocks and its thickness 

ranges from centimeters to decimeters (Göncüoğlu, 1986). The granite intrusion is 

accompanied by a dense array of dikes and sills in aplitic and pegmatitic 

compositions. Üçkapılı Granite is a late-kinematic intrusion since it undergoes the 

same deformation with the surrounding basement rocks (Gautier et al., 2008). 

1.6 The Exhumation of the Niğde Massif and Mechanisms 

The metamorphics of the Niğde Massif are composed of gneiss, schist, marble and 

amphibolite; the protoliths of these rocks are a mixed carbonate-clastic sequence 

(Göncüoğlu, 1977; 1981; Atabey et al., 1990), deposited on the platform of 

Neotethys Ocean (Umhoefer et al., 2007). 
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Figure 1.5. Pressure-Time diagram showing the burial and exhumation cycles of the Niğde 
Massif (Umhoefer et al., 2007) 

Niğde Massif experienced two different burial and exhumation cycles (Umhoefer et 

al., 2007) (Figure 1.5).   The first burial occurred in Late Cretaceous due to crustal 

thickening caused by stacking of ophiolite slices onto each other, presumably during 

closure of the so-called Inner Tauride oceanic basin.  (Tekeli et al., 1984; Andrew 

and Robertson, 2002; Parlak and Robertson, 2004). The oblique convergence of 

Tauride and Anatolide blocks in the NE direction along the Inner Tauride subduction 

zone resulted in with obduction of ophiolites and subsequent continental magmatism 

along the western boundary of the Kırşehir Block (Radwany et al., 2017, 2020; van 

Hinsbergen et al., 2016) (Figure 1.6). The interleaving of ophiolite slices caused 

duplex structure development and was followed by crustal thickening in the southern 

tip of the Kırşehir Block (Radwany et al., 2017, 2020). Increasing metamorphic 
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conditions combined with initial decompression caused the partial melting of the 

crust and generation of the Üçkapılı Granite (Whitney et al., 2003). 

 

Figure 1.6. (a) Oblique convergence along Inner Tauride subduction zone and predicted 
geometry of future CACC, (b) obducted ophiolite and continental magmatic belts formed in 
CACC due to subduction, (c) ophiolite slices stacking onto each other causing rapid burial 
and subsequent metamorphism and generation of crustally-derived Üçkapılı Granite (from 
Radwany et al., 2017) 

The peak metamorphic conditions at the Niğde Massif occurred at 725℃ and were 

dated as 91.0±2.0 Ma from zircon rims and 84.7±0.7 Ma from monazite of sillimanite 

schists by using U-Pb geochronology (Whitney et al., 2003). Therefore, the peak 

metamorphic condition period is marked as 85-91 Ma for the massif. Migmatization 

and partial melting of the middle crust occurred due to high temperature gradients. 

Partial melting accompanied by subsequent unroofing resulted in the formation and 
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emplacement of the Üçkapılı Granite. Similar geochronologic measurements of both 

crystallization and cooling times of high-grade metamorphics and deformational 

history similar to the high-grade metamorphics indicate syn to late-extensional 

emplacement of the Üçkapılı Granite between 85-76 Ma (Whitney et al., 2003; 

Gautier et al., 2008) 

Niğde Massif is nonconformably overlain by Paleocene-Eocene aged, conglomeratic 

Çamardı Formation of the Ulukışla Basin which includes pebbles of metamorphics 

and the granite (Gautier et al., 2002). Çamardı Formation intertongues with the 

Evliyatepe Formation, which is composed of marine sedimentary rocks and fauna, 

deposited during early to middle Eocene times (54-46 Ma, Gautier et al., 2002). 

Therefore, the massif had been exhumed in the early-middle Eocene and completed 

the first burial and exhumation cycle (Figure 1.5). The unconformity plane between 

the metamorphic rocks of the massif and the Çamardı Formation is sheared (Gautier 

et al., 2002; Umhoefer, et al., 2007) (Figure 1.3).  

Folding and reverse faulting observed in the Paleocene-Eocene strata of the Ulukışla 

Basin and overprinting greenschist facies metamorphism in both Niğde Massif and 

the Ulukışla Basin fill suggests a secondary burial and exhumation cycle (Whitney 

et al., 2007; Umhoefer et al., 2007, 2020) (Figure 1.5). The peak metamorphic 

conditions (6-10 km burial depth) at the eastern massif are determined as 30.5± 5 Ma 

by Idleman et al. (2014) and the massif then started to exhume and cool after 25 Ma 

(Fayon et al., 2001; Idleman et al., 2014). Apatite-fission track (AFT) ages of 17-9 

Ma are interpreted as the final exhumation/cooling period of the massif and adjacent 

Ulukışla Basin fill (Fayon et al., 2001; Whitney et al., 2007; Umhoefer et al., 2007, 

2020). Gautier et al. (2002) argue that protracted Neogene magmatism in the 

Cappadocian Volcanic Province or a concealed intrusive at depth might have 

thermally reset the system; however, others claimed that (Whitney et al., 2007; 

Fayon and Whitney, 2007; Umhoefer et al., 2007) AFT ages (17-9 Ma) are 

considerably older (at least 5-15 Ma older) than ignimbrites of Neogene magmatism 

in the region. early-middle Miocene Çukurbağ Formation unconformably overlies 
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Paleocene-early Miocene Ulukışla Basin strata thus indicating a second stage of 

unroofing of the Niğde Massif. 

There are three different hypotheses on the exhumation mechanism of the Niğde 

Massif.  

Umhoefer et al. (2017) and Whitney et al. (2017) suggested that transpressional to 

transtensional stress regime variations caused by the activity of the Ecemiş Fault 

Zone is responsible for the mechanism of repeated burial and exhumation cycles in 

other words, “yo-yo tectonics”.  

On the other hand, Gautier et al. (2008) discussed the presence of two synchronous 

shear zones in the massif; one is more ductile and observed in the deeper levels with 

top-to-SSW direction, other is more brittle and occured in the upper levels, along 

top-to-NE/ENE direction. Authors suggests that two oblique contemporaneous 

shears resulted in due to a lateral underflow, in other words, a lateral flow of lower 

crust in a direction oblique to the extension direction; thus, two distinct shear 

domains and a migmatitic core could co-exist in a metamorphic dome.  

Seyitoğlu et al. (2017) and Gürer et al., (2017) similarly accounted for the existence 

of regional-scale İvriz detachment, a low-angle northward-dipping detachment 

extending from the Taurides and Afyon Zone to north Kırşehir Block. It is thought 

to be active between Late Cretaceous and early Eocene (∼80 - ∼48 Ma). While 

metamorphic massifs are interpreted as the exhumed parts of this detachment, Late 

Cretaceous-Eocene sedimentary basins have developed on the depressions formed 

due to differential exhumation of the detachment. 
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CHAPTER 2  

2 GEOLOGY OF ÖZYURT GOLD DEPOSIT 

The Özyurt gold deposit (Figure 2.1 and Figure 2.2) is located 3 km SSW of Özyurt 

Village. Geologically, the deposit lies at the contact of the Kaleboynu and Aşıgediği 

Metamorphics. Doing detailed field studies, the metamorphics were subdivided into 

several sub-units. In this chapter, the geologic map of the deposit (Figure 2.3) and 

related cross-sections (Figure 2.4 and Figure 2.5) are presented and each sub-unit, 

mineralized outcrops, and structural geology are discussed, in detail. 

 

 

Figure 2.1. General view of Özyurt Gold Deposit. Main faults related to the mineralization 
and position of the dike are illustrated. See the truck on the road as a scale (+: upthrown; -: 
downthrown) (Looking east). 
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Figure 2.2. General view of the mineralized shear zone and dike relationship (looking SE). 
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Figure 2.4. Cross-section AB, see Figure 2.3 for location and legend. 

 

Figure 2.5. Cross-section CD, see Figure 2.3 for location and legend. 

2.1 Deposit Lithology 

In the study area, Kaleboynu and Aşıgediği metamorphics are divided into seven 

different units, all of which have been intruded by the Üçkapılı Granite.  

2.1.1 Lower Kaleboynu Metamorphics 

Lower Kaleboynu metamorphics consists of alternation of marble, amphibolite and 

quartz-sericite schists. It is the predominant unit in the eastern part of the study area. 

It is not possible to trace the same lithologic levels consistently in the field since this 

unit is highly deformed by E-W-striking faults (Figure 2.6). Sericite alteration is 

observed in the marbles in this unit. Schist and amphibolite are generally weathered 

and covered by soil; however, white-cream-colored marbles are easy to recognize in 

the field. The texture of the marbles is usually granular and coarse-grained at lower 

levels (Figure 2.7), but the granular texture gradually disappears upwards and 

become pure white massive marbles in the upper levels. Banded texture is also 
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present in the lower levels.  Oxidation typically increases near the E-W faults. When 

oxidized, marbles are pinkish colored and have hematite veinlets. 

 

Figure 2.6. General view from Aşılık Tepe Note that the Kaleboynu metamorphics are 
oxidized along EW faults (looking west) 



 
 

32 

 

Figure 2.7 Granular textured marbles from lower Kaleboynu metamorphics (37.933860, 
34.837332). 

2.1.2 Lower Kaleboynu Schist 

Lower Kaleboynu schists is a distinct mappable schist level located forming part of 

the Kaleboynu Metamorphics. It corresponds to the second schist-dominant layer 

from the top of the Kaleboynu metamorphics. It is composed of yellowish-brownish 

to orange-colored quartz-sericite schists but there are also reddish schists due to 

increased oxidation in some places. Schists are generally cataclastically deformed, 

brecciated, and clay altered. 

2.1.3 Upper Kaleboynu Marble 

This unit is composed of white to gray pure massive marbles. Karstification is 

common along joints and foliation planes. Near the contact of the overlying schist 
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unit, the texture of the marble is spotty. There are reddish-purple colored oxide veins 

and veinlets, mostly hematite, filling these joints and foliation planes. Also, 

discontinuous quartz lenses along foliation planes of the marbles are observed 

(Figure 2.8). 

 

Figure 2.8. Quartz lens formed along the foliation planes in marble (37.933073, 34.843609). 

2.1.4 Upper Kaleboynu Schist 

Upper Kaleboynu schist forms the uppermost part of Kaleboynu Metamorphics and 

starts with an approximately 70-80 m thick reddish-brownish schist unit. In general, 

the unit consists of sericite-quartz±carbonate±biotite schists but also contains rare 

marble layers with massive texture. This unit is generally found as deformed 
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cataclasites and brecciated fragments. In the SW of the main ore zone, foliation of 

the schists has been obscured due to intense brecciation. The monomictic breccias 

consist of marble fragments, whereas polymictic breccias are composed of schist and 

marble fragments. Although oxidation degree is moderate to high in the main 

mineralization zone, it is especially higher in breccias. Oxidation assemblages are 

hematite-Mn oxide±goethite and are associated with clay alteration. Calcite veins 

crosscutting the foliations are very common. In the lateral continuation of these units, 

a dark gray resistant quartz schist level (Figure 2.23), which can be traced as a key 

horizon is present showing ductile deformation features. Discontinuous quartz lenses 

are present within the schists. 

2.1.5 Marble-Schist Alternation 

Upper Kaleboynu schist unit is overlain by alternating series of marble and schist. 

Rarely, quartzite, banded marbles and calc-schist levels are also present (Figure 2.9). 

The marbles are massive while thin schist levels are commonly white to yellow and 

clay altered. 

 

Figure 2.9. Banded marbles alternating with schists (37.941461, 34.849938). 
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2.1.6 Beige Marble 

Beige to yellowish marbles overlie marble-schist alternation. The marbles are thick 

bedded and jointed. This unit has been commonly karstified along joints and faults. 

2.1.7 White Marble 

White to cream-colored marble overlies the beige marbles. The two marbles are 

separated by a thin amphibolite level. Siderite-ankerite-hematite veins and karstic 

cavities with reddish hematite fillings within the marbles are rarely observed (Figure 

2.18). 

 

Figure 2.10. Hematite mineralization in a karstic cavity and coatings along fractures are very 
common (37.932669, 34.850327). 
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2.1.8 Üçkapılı Granite and Dike/Sill Array 

Although Üçkapılı Granite covers vast exposure on the surface 5 km to the east of 

Üçkapılı Village; there are however only a few outcrops present in the study area 

(Figure 2.3). One of these exposures is located at the west of Aşılık Tepe, where 

unaltered granite exposure intruded into Lower Kaleboynu metamorphics (Figure 

2.11). The other outcrop is located in a drill siteat the SW of the Aşılık Tepe, altered, 

arenitized, sheared granite outcrop (Figure 2.12). This outcrop is found as a slice 

bounded by two faults from top and bottom.  

 

Figure 2.11. Unaltered granite outcrop crosscut by late sub-vertical quartz veins with N20-
30W strike (37.935555, 34.834833). 
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Figure 2.12. Clay-altered and sheared granite slice, bounded by late faults from above and 
bottom (37.932200, 34.842607). 

A dense aplitic and pegmatitic dike and sill array accompany the granitic intrusions. 

Aplitic and pegmatitic units were distinguished based on their relative crystal sizes 

in the intrusives. Whereas pegmatitic dikes and sills contain well-developed coarse 

crystals of quartz, tourmaline and muscovite; aplitic ones have finer crystals. These 

intrusives are commonly clay altered and are occasionally carbonate altered. Many 

of the intrusives in the Niğde Massif are concordant with the foliation of 




