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¢atal­am Zn-Pb-Au mineralization is located in the western part of the Sakarya Zone 

in western T¿rkiye. The Sakarya Zone includes segments affected by magmatism 

that existed from the Late Cretaceous to the Late Miocene as a result of the 

convergence of Laurasia and Gondwana which provided productive mineral 

deposits. Tectonically, ¢atal­am lies to the west of the NNE-SSW-oriented Ķzmir-

Balēkesir Transfer Zone (IBTZ), whose eastern and western borders are not clearly 

defined. There are six units identified in the study area; these units are Karakaya 

Complex, Soma Formation, Terziler Granodiorite, Yuntdaĵ Volcanics, ¢atal­am 

Diorite and basaltic andesite dykes, generally located in the same orientation as most 

of ore-bearing veins. 

The ¢atal­am Pb-Zn-Au mineralization occurs along 

quartzÑbariteÑcarbonateÑsulfide veins hosted in Miocene (~17 Ma) volcanic and 

sub-volcanic lithologies. Fault surfaces and vein exposures correlate well with 

surface geochemical anomalies. Geochemistry results show that Au mineralization 
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accompanies Pb-Zn mineralization in the west of the study area, while Pb-Zn 

anomaly is dominant in the east. This difference is explained by control of two main 

fault segments. The first one is the westward dipping normal P318 fault, whose 

orientation corresponds to the general orientation of the IBTZ, which caused the 

western subsidence of the site and erosion of the eastern block, which is observed as 

a 100 m vertical offset in the drilling data. The other is the P2 fault, mapped along 

the western sector. 

Pb-Zn-Au mineralization at ¢atal­am is mainly accompanied by widespread argillic 

alteration in the volcanic wall-rocks with predominant quartz-illite/smectite 

alongside varying amounts of chlorite and carbonate. Beneath the mineralized levels, 

argillic alteration transitions first into quartz-sericite and later into potassic alteration 

with increasing depth. Mineralized veins and breccias contain variable amounts of 

pyrite, sphalerite, galena, chalcopyrite, tetrahedrite, and rare native gold. The 

abundance of base metals, presence of Mn-carbonates, and the ore assemblage 

suggest that ¢atal­am is an intermediate-sulfidation epithermal system underlain by 

a weakly-mineralized porphyry Cu mineralization. This mineralization style differs 

from all known gold-rich systems in and around the IBTZ, which are generally of 

low-sulfidation epithermal style. 

Keywords: Western Anatolia, Ķzmir-Balēkesir Transfer Zone, Epithermal Pb-Zn-Au 

Ore Deposits, Tethyan Metallogenic Belt 
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¢atal­am Zn-Pb-Au cevherleĸmesi T¿rkiye'nin batēsēnda Sakarya Zonu'nun batē 

kesiminde yer almaktadēr. Sakarya Zonu, verimli maden yataklarē saĵlayan Laurasia 

ve Gondwana'nēn yakēnlaĸmasē sonucu Ge­ Kretase'den Ge­ Miyosen'e kadar var 

olan magmatizmanēn etkilediĵi kesimleri i­ermektedir. Tektonik olarak ¢atal­am, 

doĵu ve batē sēnērlarē kesin olarak belirlenemeyen KKD-GGB yºnl¿ Ķzmir-Balēkesir 

Transfer Zonu'nun (IBTZ) batēsēnda yer alēr. ¢alēĸma alanēnda tespit edilen altē birim 

bulunmaktadēr; bu birimler Karakaya Kompleksi, Soma Formasyonu, Terziler 

Granodiyoriti, Yuntdaĵ Volkanitleri, ¢atal­am Diyoriti ve genellikle cevher i­eren 

damarlarēn ­oĵuyla aynē doĵrultuda olan bazaltik andezit dayklarēdēr. 

¢atal­am Pb-Zn-Au cevherleĸmesi Miyosen (~17 My) volkanik ve subvolkanik 

litolojilerde yer alan kuvarsÑbaritÑkarbonatÑs¿lfit damarlarē boyunca meydana 

gelir. Fay y¿zeyleri ve damar y¿zeylenmeleri y¿zey jeokimyasal anormallikleri ile 

doĵru iliĸkilidir. Jeokimya sonu­larē, ­alēĸma alanēnēn batēsēnda Pb-Zn 

cevherleĸmesine Au cevherleĸmesinin eĸlik ettiĵini, doĵusunda ise Pb-Zn 

anomalisinin hakim olduĵunu gºstermektedir. Bu fark iki ana fay bºl¿m¿n¿n 
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kontrol¿ ile a­ēklanmaktadēr. Bunlardan ilki, yºnelimi IBTZ'nin genel yºnelimine 

karĸēlēk gelen, sondaj verilerinde 100 m'lik d¿ĸey ºtelenme olarak gºzlenen, alanēn 

batēya doĵru ­ºkmesine ve doĵu bloĵunun aĸēnmasēna neden olan batēya eĵimli 

normal P318 fayēdēr. Diĵeri ise batē sektºr¿ boyunca haritalanan P2 fayēdēr. 

¢atal­am'daki Pb-Zn-Au cevherleĸmesine esas olarak volkanik yan kaya­lardaki 

yaygēn arjilik alterasyon eĸlik etmekte olup, baskēn olarak kuvars-illit/simektit ve 

deĵiĸen miktarlarda klorit ve karbonat bulunmaktadēr. Cevherli seviyelerin altēnda 

arjilik alterasyon derinlik arttēk­a ºnce kuvars serisite, daha sonra potasik 

alterasyona ge­er. Mineralize damarlar ve breĸler deĵiĸken miktarlarda pirit, sfalerit, 

galen, kalkopirit, tetrahedrit ve nadir doĵal altēn i­erir. Baz metallerin bolluĵu, Mn-

karbonatlarēn varlēĵē ve cevher topluluĵu, ¢atal­am'ēn zayēf mineralize porfiri Cu 

cevherleĸmesinin altēnda yatan bir ara s¿lfidasyon epitermal sistemi olduĵunu 

gºstermektedir. Bu cevherleĸme tarzē, IBTZ i­inde ve ­evresinde, genellikle d¿ĸ¿k 

s¿lfidasyonlu epitermal tarzda olan, bilinen t¿m altēn bakēmēndan zengin 

sistemlerden farklēdēr. 

Anahtar Kelimeler: Batē Anadolu, Ķzmir-Balēkesir Transfer Zonu, Epitermal Pb-Zn-

Au Maden Yataklarē, Tetis Metalojenik Kuĸak 
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CHAPTER 1  

1 INTRODUCTION   

1.1 Purpose and Scope 

Mining of metals have been a crucial activity for humans since ancient times.  

Western Anatolia has been a major mining region, especially for mining of precious 

metals, since the Neolithic Period (Oy, 2017). During the past three decades, Western 

Anatolia has gained further significance as a part of the Tethyan Metallogenic Belt 

following the discoveries of economic magmatic-hydrothermal deposits including 

the Ovacēk and Efem­ukuru epithermal Au and Kēĸladaĵ porphyry Au deposits. 

Majority of the economic precious and base metal deposits and numerous other 

occurrences of porphyry, epithermal and skarn/carbonate replacement-type 

mineralization, are clustered in the Biga Peninsula and in the region that lies to the 

south of the Biga Peninsula, adjacent to the Kozak Pluton (Figure 1).  

This study focuses the ¢atal­am Pb-Zn-Au-Ag prospect, which is one of the recent 

and most significant discoveries in Western Anatolia. Tectonically, ¢atal­am is 

positioned in the northern margin of the Bornova Flysch Zone, to the south of Biga 

Peninsula and approximately 30 km ENE of the Kozak Pluton (Figure 1). In the study 

area, Pb-Zn-Au-Ag mineralization is associated with epithermal-style quartz-

carbonate-barite-sulfide veins hosted in Miocene volcanic and sub-volcanic 

lithologies. The prospect was initially targeted by the General Directorate of Mineral 

Research and Exploration (MTA) through surface geochemistry and subsequent 
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drilling campaigns. Following early exploration, MTA, claimed that ¢atal­am 

contains gold reserves of Ó100 tons (or Ó 3.2 Moz), which resulted in a major interest 

in the prospect. Since 2018, the prospect is owned by the T¿rkiye Wealth Fund 

(TWF), who continued with more detailed surface sampling and follow-up drilling 

of the prospect. A recent study by Sarē et al. (2022) presented preliminary geological, 

mineralogical, and ore paragenetic data from ¢atal­am. Despite this, the true 

potential, detailed geology, geometry, and kinematics of the structural elements that 

controlled the mineralization in the prospect are not well-known at the present time. 

In this regard, one of the primary purposes of this study is to unravel the tectonic and 

structural controls as well as the geometry of ¢atal­am related to epithermal ore 

formation.  

For this purpose, the following tasks are performed within the scope of this thesis; 

i. Mapping out 3D geometry of the ore bodies and associated host rocks 

lithologies as well as alteration zones,  

ii. Mapping out structural elements related to the ore development and 

evolution, 

iii.  Determining kinematic characteristics of the structural elements,  

iv. Investigating the spatial relationship between the existing epithermal 

mineralization and the deeper porphyry system.  

v. Providing insights into the spatial and temporal constraints on the 

development and emplacement mechanisms of minerals in the study area.  

To reach these goals, an extensive field study was carried out, which also included 

sampling of the key lithologies and mineralized/altered rocks from ¢atal­am. Field 

investigations are complemented with petrographic studies on collected samples. 

The obtained results are then interpreted to provide information regarding the genetic 
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relationship between the local (¢atal­am and regional (NW Anatolia) 

mineralization. Additionally, they help elucidate the lithological and structural 

controls on the mineralization within the study area. 

1.2 Tectonic Setting  

Mesozoic evolution of Anatolia is related to the opening of various branches of 

Neotethys Ocean and the convergence between Gondwana-derived continental 

fragments and Laurasia since the Paleozoic (ķengºr and Yēlmaz, 1981). Tectonic 

subdivisions of Anatolia were first made by Naumann (1896) based on 

geomorphological features such as mountain ranges. Afterwards, Staub (1924), 

Seidlitz (1931), Kober (1931), Arni (1939), Blumenthal (1946), and Egeran (1947) 

proposed their classification schemes. Most of these classifications have not survived 

the advent of plate tectonics, however, the classification scheme proposed by Ketin 

(1966) is partly still in use, which divides Anatolia into four major tectonic units. 

From north to south, these are: the Pontides in the north (north of 40ÁN latitude), the 

Anatolides are located at the center, Taurides lie at the southern margin of Turkey, 

and the Border Folds located in SE Anatolia. Recent studies indicated that Pontides 

have Laurasia affinity while the other tectonic units were mainly evolved in relation 

to Gondwana. After the seminal work of ķengºr and Yēlmaz (1981), the tectonic 

units of Anatolia are subdivided into three major units. These are from north to south; 

(1) Pontides that comprise all the Laurasia-derived units as well as the Sakarya Zone 

and is distinguished with metamorphosed Paleozoic basement except for the Ķstanbul 

Unit. (2) Taurides that, have Gondwana affinity and are characterized by almost 

continuous Paleozoic to Tertiary continuous sequences with metamorphic 

Precambrian basement. The metamorphosed northern part of the Taurides is named 

Anatolides (Ketin 1966). The age of Metamorphism is generally accepted as Late 
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Cretaceous to Early Cenozoic and resulted from the southwards obduction of the 

ophiolitic m®langes and the Pontides over the Taurides by Late Cretaceous (ķengºr 

and Yēlmaz 1981).  

The southernmost tectonic units comprise 3) African and Arabian plates which have 

been shaping the recent tectonic scheme of Turkey.  

The study area is located in the western part of the Sakarya Zone. The tectonic 

position of the Sakarya Zone is still under debate since it comprises Paleozoic to 

Triassic lithologies derived from the Taurides but unlike Taurides it comprises a 

metamorphosed Paleozoic basement.  

The magmatism associated with the subduction and further convergence between the 

Laurasia and Gondwana-derived units resulted in widespread late Cretaceous to Late 

Miocene magmatism, creating a very fertile metallogenic environment containing 

calc-alkalic and alkalic porphyry Cu (-Mo-Au) and magmatic-hydrothermal systems 

introduced in various segments of the Sakarya Zone (Kuscu et al., 2019). 

The present tectonic scheme of T¿rkiye is dominated mainly by two major tectonic 

processes. These are related to the westwards flee of the Anatolian Block along the 

dextral North Anatolian and sinistral east Anatolian Fault Areas Y and West 

Anatolian Extensional Regime that is associated with the back-arc extension related 

to slab roll-back processes manifested by migration of locus of extension and 

magmatism southwards (Uzel et al., 2020) as the northwards subducting African 

lithosphere below Anatolia migrated southwards along the South Aegean-Cyprean 

convergence zone (ķengºr et al., 1985, Kaymakci et al., 2018, Uzel et al., 2020, 

¥zkaptan et al., 2022).   
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One of the most prominent structures in western Anatolia is the recently recognized 

Ķzmir-Balēkesir Transfer Zone which transfers differential extension strain between 

Cycladic and Menderes Core complexes (Uzel et al., 2013). It is a wide NNE-SSW 

striking major transcurrent structure extending south of Marmara Sea to north of 

Crete Island in the south. Its western and eastern boundaries are not well defined, but 

the study area is located within central parts of the ĶBTZ (Uzel et al., 2015). 

1.3 Metallogeny of NW Anatolia 

The study area is located in the eastern margin of the Biga Porphyry Belt (Kuĸ­u et 

al., 2019) which is included within the late Cenozoic Western Anatolian Volcanic 

Province (WAVP) (Ersoy et al., 2012).  The Biga porphyry belt is associated with 

18.2-42.6 Ma porphyry belt dominated by porphyry Cu-Au and Mo deposits 

including quartz diorite to granite porphyry and andesite to dacite porphyries (Kuĸ­u 

et al., 2019). Yiĵit (2012) claimed that Biga Peninsula magmatism is related to 

collision to post-collisional tectonics regime and contains almost all varieties of 

epithermal deposits ranging from high-, intermediate-, and low-sulfidation deposits 

as well as base metal skarn systems with high economic importance in addition to 

porphyry deposits. Yiĵit (2012) further claimed that, of the 128 known ore deposits, 

67 mineral deposits are reported as epithermal deposits, and the number of porphyry 

deposits is only 12 and 24 for skarns. In addition, the porphyry deposits in the Biga 

Peninsula are spatiotemporally associated with high-sulfidation epithermal deposits 

(Leroux, 2016).  

In Biga Peninsula, exploration studies were focused on quartz alunite epithermal 

deposits which are Aĵēdaĵē (Taylor, 1981; Kuĸ­u et al., 2019), Kuĸ­ayēr (Taylor, 

1981; Kuĸ­u et al., 2019). 
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Leroux (2016) argued that there were at least three porphyry phases and two 

epithermal phases of mineralization in accordance with geochronological data 

(Figure 2) and Stage 1 magmatism produced porphyry and epithermal mineral 

deposits, while skarn type mineral deposits are the result of Stage 2 magmatism.    

 

Figure 2. Age distribution of magmatic activity and metallic mineralization in 

western T¿rkiye (redrawn after Leroux, 2016; references paper for age database are 

inside). 

In the Biga Peninsula, Cenozoic volcanism began in the Eocene extensively and is 

characterized by andesitic and dacitic calc-alkaline trend that continued with alkaline 

basaltic volcanism through the Late Miocene (Yēlmaz, 1990). On the other hand, the 

middle Eocene volcanism starts with medium-K calc-alkaline character then 

continues with high-K calc-alkaline character during the Oligocene. Early Miocene 

volcanism is characterized by high-K shoshonitic lavas, while in the Middle Miocene 

to Late Miocene volcanism shifted from mildly alkaline to alkaline (Yigit, 2012, 

Uzel et al., 2020). Volcanism during the Middle to Late Miocene exhibits 

geochemical signatures with decreasing crustal contribution and it is accompanied 

by an enriched melt derived from the asthenospheric mantle (Altunkaynak and Gen­, 

2008). 
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CHAPTER 2  

2 LOCAL GEOLOGY  

The study area is located ~110 km northeast of Ķzmir, ~30 km northwest of Soma 

district of Manisa and in the southeast of the Biga Peninsula. The area comprises a 

number of lithologic units including the local basement rocks of the Karakaya 

Complex, and Late Cenozoic igneous rocks including the Terziler Granodiorite, 

Soma Formation, the Yuntdaĵ Volcanics, ¢atal­am Diorite, and basaltic andesite 

dykes.  

A large portion of the study area is covered by dense vegetation, and therefore 

surface exposures are relatively limited. However, based on outcrop observations 

combined with drill hole data an integrated geological map of the study area is 

prepared at a scale of 1: 30000 (Figure 3).  

2.1 Karakaya Complex  

The Karakaya Complex, which crops out in the northernmost part of the area, has 

undergone low-grade metamorphism, the veins cutting the Karakaya Complex are 

thought to be barren (Figure 4). Detailed descriptions of the lithological units are 

provided below. 

The Karakaya Complex forms the local basement at and around the ¢atal­am 

prospect. It is first recognized by Bingºl et al. (1975), who assigned the name 

ñKarakaya Formationò. The Karakaya Formation includes two distinct lithologies, 

Nil¿fer Unit and the Upper Blocky Series (also named as North Anatolian M®lange; 
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Tekeli, 1981). These consist mainly of sedimentary rocks, and the Karakaya 

Complex is characterized by the existence of exotic blocks Permian and 

Carboniferous limestone (Okay and Gºnc¿oĵlu, 2004).   

The main lithologic unit of the Karakaya Complex in the study area is a 

metasandstone unit which crops out in the northern part of the study area. In the 

outcrop the rocks are gray (Figure 4a), whereas fresh surfaces are dark gray to dark 

green in color (Figure 4b). Quartz and subordinate plagioclase are the main minerals 

recognized in hand specimens. Same minerals were also identified in thin section as 

medium-grained, interlocking crystals, that are cemented by mica/sericite and 

chlorite (Figure 4c). 

Metamorphic lithologies of Karakaya Complex are generally not associated with any 

mineralization in the study area, but these are locally cut by barren barite and quartz 

veins (Figure 4d). However, according to Sarē et al. (2022) chloritized metamorphic 

units contain weak disseminations of pyrite and chalcopyrite.  
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Figure 3. Geological map of the study area. Structural measurement points are also 

shown (red diamonds). 
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Figure 4. a) Outcrop, b) hand specimen, c) thin section images of weakly 

metamorphosed metasedimentary unit of the Karakaya Complex, d) barren barite 

vein cutting the Karakaya Complex. 

2.2 Soma Formation  

The Soma Formation (Philippson, 1910) comprises early to middle Miocene 

lacustrine and fan delta deposits, as well as shallow lake sediments that contain 

economic coal beds (Ķnci, 1998, 2002; Hokerek and ¥z­elik, 2015; Karayiĵit et al., 

2022). The Soma Formation is not exposed on the surface, but it is encountered in 

the drill holes, generally intersected beneath 250 m depth with thicknesses varying 

between 2 and 22 meters. It comprises intercalations of limestone, clay, marl, 

siltstone, sandstone and conglomerate in the north, west and southeast of ¢atal­am 

outside the limits of the mapped area.  
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2.3 Terziler Granodiorite  

The Terziler Granodiorite was first mapped by ¥zcan (1971). According to ¥zcan 

et al. (1971), this unit comprises orthoclase, plagioclase, quartz, hornblende, biotite, 

and opaque minerals, and local chloritization was observed after amphibole and 

biotite.  

During field studies the Terziler Granodiorite was observed as a porphyritic unit 

dominated by quartz and lesser plagioclase and biotite (Figure 5a). Similarly, quartz, 

plagioclase and biotite are the main phenocryst phases in thin section, although both 

plagioclase and biotite have been affected from moderate to strong intensity 

hydrothermal alteration. Plagioclase has been transformed into sericite/clay and 

biotite has been completely altered to chlorite, calcite, and sericite. Amphibole was 

not detected in any of the collected samples. Quartz phenocrysts are commonly 

resorbed with embaye textures (Figure 5b). Phenocryst phases are surrounded by a 

microcrystalline to glassy groundmass (Figure 5b). 

 

Figure 5. a) Hand specimen, and b) thin section images of Terziler Granodiorite. 
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2.4 Yuntdaĵ Volcanics 

Middle Miocene ï Pliocene Yuntdaĵ Volcanics were first mapped and named by 

Aky¿rek and Soysal (1981). The volcanic sequence consist of andesite and silicified 

tuffs, andesites, and lahar deposits. Seghedi et al. (2015) described Yuntdagi as a 

composite volcano. They identified various lithologies, which they dated through 

K/Ar dating. Main units from the Yuntdagi volcanic field were classified as andesitic 

and dacitic sub-volcanic intrusions (15.02Ñ1.75 Ma and 15.87Ñ0.69 Ma), andesite 

and rhyolite lava flows (15.79Ñ0.59 Ma, 15.90Ñ0.62 Ma, 17.22Ñ0.67 Ma, and 

17.52Ñ0.67 Ma), and pyroclastic flow deposits with andesitic clasts (16.65Ñ0.62 

Ma).  Seghedi et al. (2015) highlighted that the main phenocryst of andesites in 

Yuntdaĵ Volcanics are plagioclase with sieve texture, pyroxenes, amphibole with 

marginal or total oxidation, and biotite that have rarely amphibole intergrowth.  

At ¢atal­am, the main lithology identified as a part of the Yuntdaĵ Volcanics is an 

andesite lava unit covering the eastern part of the prospect area (Figure 3). Andesitic 

lavas are quite friable in the outcrop due to intense alteration and low quartz content. 

Plagioclase occurs as the main phenocryst phase (up to 1.5 mm in length), but it is 

mostly altered into clays/sericite. In thin section, plagioclase phenocrysts display 

sieve and seriate porphyritic textures, and are surrounded by a fine-grained 

groundmass. Similar to plagioclase, all ferromagnesian (generally <500 microns) 

phases have also undergone complete replacement by sericite or they are opacitized, 

but former presence of biotite and amphibole is suspected due to their well-preserved 

crystal forms (Figure 6a,b,c). In the thin section, a zone of intense oxidation is also 

observed, which has affected both phenocrysts and groundmass (Figure 6d). 

Andesitic lavas of the Yuntdag Volcanics are commonly cross-cut by epithermal-

style quartz+bariteÑcarbonateÑsulfide veins, and in places these veins form dense 

stockworking zones in the outcrop (Figure 7). 
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Figure 6. a) Outcrop, b-c) hand specimens, and d) thin section image of Yuntdaĵ 

Volcanics. 

 

Figure 7. a) Strongly deformed and clay altered stockwork zone is cut by epitermal 

vein, and b-c) hand specimen images of epithermal vein.  
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2.5 ¢atal­am Diorite 

The ¢atal­am Diorite is first identified by Sarē et al. (2022) as an intrusive phase, 

with dioritic composition and porphyritic texture. As such it is interpreted to be a 

sub-volcanic unit cross-cutting the Yuntdaĵ Volcanics (Figure 8a). Sarē et al. (2023) 

reported a U-Pb zircon age of ~17 Ma from this unit. 

The ¢atal­am Diorite is a porphyritic unit predominantly consisting of coarse-

grained plagioclase and relatively finer-grained amphibole and biotite phenocrysts 

(Figure 8b). This unit is distinguished from the Yuntdaĵ Volcanics by higher 

intensity sericite/clay alteration and stockwork veining, as well as by the presence of 

coarser-grained plagioclase phenocrysts (Figure 8c). Plagioclase is accompanied by 

quartz and the ferromagnesian mineral content is significantly lower compared to the 

Yuntdaĵ Volcanics. Plagioclase phenocrysts have been affected by sericitization and 

clay alteration, whereas biotite has been replaced by a mixture of sericite, rutile, and 

quartz. Silicification is also present in the fine-grained groundmass. 

 

Figure 8. a) Outcrop image including boundary between Yuntdaĵē Volcanics and 

¢atal­am Diorite , b) hand specimen image with slightly clay alteration, and  c) 

intensely clay altered and weathered hand specimen image.  
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2.6 Basaltic Andesite Dykes 

At ¢atal­am, the youngest identified igneous unit is represented by basaltic andesite 

dykes. These are observed to cross-cut the Yuntdaĵ Volcanics in the outcrop (Figure 

3 and Figure 9a), and all other igneous units in drill core (Figure 9b, c). Where 

mapped basaltic andesite dykes predominantly trend in NW-SE, and less commonly 

in NE-SW direction (Figure 3). Dyke thicknesses range between 10 cm to 60 meters. 

Basaltic andesite dykes are generally green in color owing to hydrothermal alteration 

(Figure 9a, c) but the intensity of alteration is generally weaker particularly in 

comparison to that was observed in Yuntdaĵ Volcanics, the ¢atal­am Diorite. Dykes 

have an overall low phenocryst-to-groundmass ratio, but this ratio may vary within 

individual dykes (Figure 9b). 

Plagioclase is medium- to coarse-grained and is the most abundant phenocryst phase. 

It shows partial alteration to sericite/clay. Phenocrysts are set in a glassy to 

microcrystalline groundmass, which has been replaced by secondary minerals such 

as chlorite, clay, pyrite, and minor chalcopyrite (Figure 9d, e). 

Basaltic andesite dykes observed in drill core generally show close spatial 

relationship to epithermal-style veins. Vein fragments were locally observed within 

some dykes, and in some places dykes were emplaced parallel to and along the vein 

margins. 
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Figure 9. a) Outcrop image of basaltic andesite dyke, b) core sample showing 

boundary between basaltic andesitic dyke and andesite, c) core sample showing 

basaltic andesitic dyke with carbonate fragment, d) outcrop with 

quartz+barite+carbonate veins and weathered sulfide stockworks, e) outcrop images 

of basaltic andesitic dyke with quartz+barite+carbonate veins and patchy pyrite and 

chalcopyrite. 
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CHAPTER 3  

3 METHODOLOGY  

The methodology followed in this study includes 

V Preliminary studies,  

V Fieldwork,  

V Relogging,  

V Kinematic Analysis,  

V Petrography and ore microscopy,  

V Surface geochemistry  

V 3D Modelling.  

3.1 Preliminary Studies 

Prior to fieldwork collection of literature, and study of the fieldwork and its vicinity 

using GoogleEarth imagery as well as collection of available geochemical data. The 

collected data were analysed in detail and used for the classification of the fieldwork 

area for its mineral potential and level of detail during fieldworks. 

3.2 Fieldwork 

Fieldwork was conducted with an aim to prepare the lithological, structural and 

alteration maps of the ¢atal­am prospect. During lithological mapping, boundaries 

of various rock units were followed as much as possible despite dense vegetation. 

Rock sampling was also carried for accurate identification of the exposed rock units 
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and alteration zones. Surface data was later integrated with the available drill hole 

data.  

Fieldwork also included collection of orientation data from bedding planes, and other 

geological structures such as faults, veins, and joints. These data are used to 

understand kinematic characteristics and paleostress configurations in the study area. 

During the field observations, veins and fractures are distinguished and recorded 

based on the presence and type of the infilling minerals. Relevant information was 

recorded on the spot and these were later verified through petrographic studies. 

3.3 Relogging 

Relogging comprises careful examination of the available drill cores and revision of 

existing drill hole data, which was obtained during separate drilling campaigns 

carried out by MTA and TWF. One of the most important aspects of relogging is the 

reclassification and standardization of the drill logs prepared by different exploration 

teams. During the relogging in addition to petrographic information, structural 

features such as veins and faults are recorded. The veins are classified according to 

their ore contents and thicknesses, while fault data were classified according to the 

thickness of the damage zone kinematic characteristics. These were compared and 

integrated into surface data. 

3.4 Kinematic Analysis  

In order to understand the kinematic evolution of the study area, 271 vein orientation 

measurements and 604 fault-slip data measurements were performed on 56 different 

fault planes in the field. Vein data is grouped according to their mineral content 

whereas fault-slip data are grouped and evaluated separately for each fault. 
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Paleostress studies were also carried out together with the fault data and vein data 

collected. 

3.5 Petrographic Studies 

Within the scope of the study, a total of 77 samples (76 drill core samples and 1 

outcrop sample) were taken from 9 different drill holes for petrographic examination. 

Samples were taken from intervals considered to be representative of different 

lithologies, alteration styles, and mineralization types of the ¢atal­am prospect as 

well as from intervals that have significant metal grades. Polished blocks and 

polished thin sections were prepared at the laboratories of MTA and Istanbul 

Technical University. For sampling, CTL002, CTL004, CTL006, CTL008, CTL011, 

CTL020, CTL030, CTL032, and SCS-15-8C drill holes were selected. Prepared 

polished blocks and polished thin sections were examined using a transmitted-

reflected light polarizing microscope with a camera attached. Obtained data was used 

to determine primary rock forming minerals and primary rock textures, alteration 

and ore mineralogy, ore textures, and ore paragenesis.   

3.6 Surface Geochemistry 

In the study area, 991 soil samples were taken by MTA, and another 738 samples 

were taken by the Turkey Wealth Fund (TWF) for geochemical analyses. MTA 

samples were analyzed in-house for 8 elements (Ag, As, Au, Cu, Mo, Pb, Sb, Zn), 

whereas TWF samples were analyzed at the SGS and ALS Laboratories for >35 

elements. Soil sampling was done on a grid pattern, which is useful for the gridding 

to be created for surface geochemistry. Soil anomaly maps were created using 
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Kriging method. While using the Kriging method, sill, range and nugget values were 

determined from the experimental variogram created for each element.  

Apart from the pathfinder and indicator elements used to determine the alteration 

and mineralization areas together with the literature research, a correlation study was 

carried out within the data itself and the behavior of the elements relative to each 

other was examined. Correlation coefficients were calculated using the Geosoft-

Target program using the Pearson method. Surface geochemistry studies were 

performed by creating anomaly maps and anomaly contours for both known 

pathfinder and indicator elements and elements indicated by correlation coefficients. 

Surface geochemistry studies have played an important role in the detection of 

mineralization, alteration, and post-mineralization faults. 

3.7 3D Modelling 

Both the lithological and structural model creation process, along with the drill core 

re-logging process were made using the Leapfrog Geo software. In the Leapfrog Geo 

software, data validation was performed in the geological and structural model 

creation processes, and then the topography surface was created. After the 

topography surface was created, the data collected from the surface along with the 

drill hole data were combined and the model was improved. At the same time, the 

cross-sections created together with the concept models created throughout the 

process were used to improve the models that were verified. Therefore, the implicit 

modeling was fed with additional data and the final model was obtained. 
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CHAPTER 4  

4 STRUCTURE 

Structural elements in this study comprise faults, veins and various non-systematic fractures 

observed during field studies. During the field studies 604 fault slip data from 33 different fault 

surfaces, and 268 vein data with different contents measurements are collected (Table 1). 

Table 1. Information about the Amount and Characetristics of Measured Structures in the 

Field. 

Type of Structure Content  # measurement 

Fault Slip Data  - 604 

Vein 

barite 

268 

bariteÑgalenaÑsphaleriteÑpyrite 

quartz+barite+carbonateÑgalenaÑsphaleriteÑpyrite 

quartz+barite 

quartz+bariteÑgalenaÑsphaleriteÑpyrite 

quartz+pyrite 

quartz+galena 

4.1 Faults  

Paleostress and extensional regime studies were carried out with 604 measurements taken from 

33 different fault surfaces. Faults are grouped spatially so that they can be examined in detail 

visually (Figure 10).  
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Figure 10. Geological map showing the studied fault structures and the main Fault Areas.  

 

4.1.1 Fault Area 1 

Fault Area 1 comprises the faults P198N, P199N and P200N. A total of 53 measurements are 

collected from the P198N fault. The kinematic indicators and slicken sides on the fault indicate 

that it is a normal fault with slight right-lateral strike-slip component (Table 2). While the fault 
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named P198N can be followed on the surface for approximately 50 meters, slight hematite 

coating was also observed on the fault surface. In addition, measurements are collected on the 

fault surface named P199N to the west of the P198N fault. The P199N fault surface is fresh 

and does not appear to be mineralized. Also, this fault is classified as a strike-slip fault with 

normal component. In addition, the fault surface named P200N is located to the west of the 

P199N fault. A total of 17 measurements are collected from the P200N fault which is 

interpreted as a normal fault with right-lateral strike-slip component (Figure 11).  

Table 2. Summary Table of Fault Measurements in Fault Area 1 

  

Principal Stress Axes 

  

Name of 

Fault 
#nt n R ů1 (D/P) ů2(D/P) ů3(D/P) 

P198 53 53 0.17 314N/77 123N/13 214N/02 

P199 10 7 0.27 246N/45 031N/40 137N/18 

P200 17 17 0.39 319N/86 128N/04 218N/01 

#nt: total measurements, n: used number of measurements, R: stress ratio, D: Direction, P: 

Plunge 
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4.1.2 Fault Area 2 

Fault Area 2 includes the faults P2, P6 and P95 (Figure 12a). The P2 fault is 

interpreted as a normal fault with right-lateral strike component from slicken-sides 

and kinematic indicators. (Table 3; Figure 12b; Figure 12e). 

Fault P95 is a right-lateral strike-slip fault with normal component from the 

kinematic indicator and slicken-sides. A total of 5 measurements were taken from 

the surface of the P95 fault. The rocks along the fault are partially weathered and 

clay alteration is observed on the fault surface visible along the roadcuts (Table 3; 

Figure 12c; Figure 12f). 

Fault P6 is interpreted as normal fault with a right-lateral strike component. A total 

of 11 measurements are taken from this fault surface. Extensive clay alteration is 

observed along the fault. However, no metallic mineralization took place along the 

fault (Table 3; Figure 12d; Figure 12g). 

Table 3. Summary Table of Fault Measurements in Fault Area 2. 

  

Principal Stress Axes 

  

Name of 

Fault 
#nt n R ů1 (D/P) ů2(D/P) ů3(D/P) 

P2 12 10 0.24 237N/75 008N/10 100N/11 

P95 5 5 0.2 236N/17 053N/73 146N/01 

P6 11 11 0.51 225N/65 070N/23 336N/09 

#nt: total measurements, n: used number of measurements, R: stress ratio, D: 

Direction, P: Plunge 
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4.1.3 Fault Area 3 

Fault Area 3 comprises the faults P209, P318, P208, P317, P315, P33, and P30. 

There is a normal fault with slight left-lateral strike component fault located in the 

river named P318 in the northwest of the designated Fault Area 3, and this fault is a 

normal fault with left-lateral strike component (Figure 13; Figure 14a). Slickensides 

were also observed on the silica-rich vein on the fault surface named P318. Fault 

P208, which is located at the north of fault P318, is classified as a normal fault with 

left-lateral strike component (Table 4; Figure 13). On the surface of the P208 fault, 

slickensides were found over the hematite (Figure 14b). The fault surface named 

P209 lies to the east of the faults named P318 and P208. By examining kinematic 

analysis and slicken-lines, this fault is classified as a normal fault with right-lateral 

strike component. This fault surface vein was traced along the surface of the silica 

vein, but no ore mineral was found in the surface studies within this silica vein 

(Figure 14c). The fault surfaces named P317 and P315 are located to the east of the 

abovementioned faults (Table 4; Figure 13). P317 is classified as a left-lateral strike 

slip fault with normal component, and P315 fault is interpreted as normal faults with 

left-lateral strike component, and it was observed that the fault surfaces were fresh, 

and no ore mineral was encountered (Figure 14e). P30 and P33 faults are located in 

the easternmost part of the Fault Area 3 (Table 4; Figure 13). While oxidation is 

observed on its surface, pyrite decompositions are also observed in places (Figure 

14d; Figure 14f). Both P33 and P30 faults are normal faults with left-lateral strike-

component.  
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Table 4. Summary Table of Fault Measurements in Fault Area 3. 

  

Principal Stress Axes 

  

Name of 

Fault 
#nt n R ů1 (D/P) ů2(D/P) ů3(D/P) 

P209 25 21 0.55 316N/53 127N/37 316N/53 

P318 22 22 0.46 135N/82 330N/07 240N/02 

P208 8 8 0.19 194N/60 325N/21 064N/21 

P317 6 6 0 084N/02 184N/78 354N/12 

P315 11 11 0.23 033N/67 263N/15 168N/17 

P33 10 7 0.09 237N/75 116N/08 024N/13 

P30 4 4 0.22 089N/60 293N/27 198N/10 

#nt: total measurements, n: used number of measurements, R: stress ratio, D: 

Direction, P: Plunge 
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4.1.4 Fault Area 4 

Fault Area 4 includes the faults P87N, P83N, P82N, P73N, and P72N from north to south 

(Figure 16a).  

Surface of P87N fault is is oxidized, clay alteration has been observed, at the same time there 

are brown-colored veinlets on the surface caused by pyrite weathering (Figure 15a). This fault 

is classified as a normal fault with left-lateral strike component from kinematic analysis and 

surface studies (Figure 16b; Table 5). 

Just south of the P87N fault lies the fault surface named P83N. While there is no mineralization 

on the surface of the P83N fault (Figure 15d). This fault is classified as a right-lateral strike 

slip fault with normal component (Figure 16c; Table 5). 

A total of 15 and 9 measurements are collected from the faults named P73N and P72N. On the 

fault sufaces, strong clay alteration is observed on this fault surface, there is also a small amount 

of weathering (Figure 15b, c). Both of these faults are classified as a normal fault with left-

lateral strike component (Figure 16d, e; Table 5). 

Table 5. Summary Table of Fault Measurements in Fault Area 4 

  

Principal Stress Axes 

  

Name of 

Fault 
#nt n R ů1 (D/P) ů2(D/P) ů3(D/P) 

P87N 9 9 0.33 267N/76 022/06 114N/12 

P83N 10 8 0.36 357N/15 223N/69 091N/15 

P73N 20 15 0.1 128N/76 014N/06 283N/13 

P72N 9 9 0.11 172N/69 034N/16 300N/13 

#nt: total measurements, n: used number of measurements, R: stress ratio, D: Direction, P: 

Plunge 
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Figure 15. The outcrop image of a) P87N fault, b) P73N fault, c) P72N fault, and d) 83N 

fault. 
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Figure 16. The figure including a) Fault Area 4 with faults which are named as b) P87N, 

c)P83N, d) P73N, and e) P72N. 
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4.1.5 Fault Area 5 

Fault Area 5 includes 9 different fault surfaces as shown in Figure 17. 

A total of 16 measurements are collected from the fault surface named as P106N at the far 

southwest of Fault Area 5. In the kinematic analysis studies and surface studies, the P106N 

fault is interpreted as a normal fault with slight right-lateral component, and this fault surface 

is well oxidized, and pyrites appear from place to place (Table 6; Figure 17; Figure 18a). 

P150N fault surface is partially weathered and slicken-sides can be observed on dark gray 

colored quartz vein on the fault surface. This fault is classified as a normal fault with slight 

right-lateral component from kinematic analysis and surface studies (Table 6; Figure 17; Figure 

18b). 

A total of 9 measurements are collected from P117N fault. From the kinematic indicators and 

slicken-sides, the P117N fault is interpreted as a normal fault with slight right-lateral 

component. On the fault surface, oxidation is observed, and slickensides are also observed on 

gray colored silica veins on this surface (Table 6; Figure 17; Figure 18c). 

There are P133N and P136N fault surfaces to the east of the P106N and P117N. P133N is a 

normal fault with left-lateral strike component and P136N is a left-lateral strike-slip fault with 

normal component based on kinematic indicators and slickensides. Both of these surfaces are 

partially weathered (Table 6; Figure 17; Figure 18d). 

There is a fault named P147N and 6 are collected from this surface. Based on kinematic 

indicators and slickensides from the fault surface, the fault is a right-lateral strike-slip with 

normal component. This fault surface is severely weathered and breccias are observed in places 

(Table 6; Figure 17). 

There are fault surfaces named as P190N, P193N, and P194N in the far northeast of the 

mentioned faults and a total of 52, 15 and 9 measurements are collected from these surfaces. 

Clay alteration is visible on the surface of fault P190N which is interpreted as normal fault with 

right-lateral strike component (Table 6; Figure 17; Figure 18e). On the P193N fault surface, 

disseminated pyrite is observed. The fault is interpreted as a normal fault with slight right-

lateral strike component (Table 6; Figure 17; Figure 18f). There are fault breccias on surface 

of faults P194N which is interpreted as normal fault with left-lateral strike component, although 

slickensides are not as clear as other fault surfaces (Table 6; Figure 17). 
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Table 6. Summary Table of Fault Measurements in Fault Area 5 

  

Principal Stress Axes 

  

Name of 

Fault 
#nt n R ů1 (D/P) ů2(D/P) ů3(D/P) 

P106N 16 16 0.32 187N/67 071N/11 337N/20 

P117N 10 9 0.51 239N/60 009N/21 107N/21 

P150N 18 18 0.38 326N/64 098N/18 194N/18 

P147N 10 6 1  207N/67 060N/20 326N/12 

P190N 55 52 0.24 226N/74 093N/16 002N/02 

P193N 15 15 0.16 063N/70 331N/01 241N/20 

P194N 9 9 0.5 059N/85 271N/04 180N/03 

P136N 12 12 0.5 113N/39 335N/42 223N/22 

P133N 6 6 0.5 066N/88 176N/01 266N/02 

P106N 16 16 0.32 187N/67 071N/11 337N/20 

P117N 10 9 0.51 239N/60 009N/21 107N/21 

P150N 18 18 0.38 326N/64 098N/18 194N/18 

#nt: total measurements, n: used number of measurements, R: stress ratio, D: Direction, P: 

Plunge 
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Figure 18. The outcrop image of a) P106N fault, b) P150N fault, c) P117N fault, d) 

P133N fault, e) P190N fault, and f) P193N fault. 
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4.1.6 Fault Area 6 

Fault Area 6 consists of six faultsas shown in Figure 19. 

A total of 9 and 17 measurements are collected from the faults P187 and P159 (Table 

7). From kinematic indicators and slickensides observed on the fault surfaces, P187 

fault is a normal fault with sinistral-lateral strike component, whereas P159 fault is 

a normal fault with right-lateral strike component (Figure 19). The clay alteration 

and oxidation observed along the fault is thought to be facilitated by mechanical 

wearing and tearing along the fault (Figure 20b, c). 

From the faults P167, P173, P181 total of 13, 14, and 11 measurements are collected 

respectively (Table 7). The dominant azimuth and plunges of each of these faults are 

106N/52, 072N/59, and 070N/56. Based on slickensides and kinematic indicators 

observed in the field, all these faults are normal faults with right-lateral strike-slip 

component (Figure 19). Similarly, oxidation is also developed on each fault surface 

(Figure 20a, d). 

A total of 25 measurements from the fault surface called P177 are collected from 5 

different fault surfaces (Table 7). This fault is classified as a normal fault with left-

lateral strike-slip component (Figure 19). On the fault surface, 

quartz+barite+galena+sphalerite vein can be observed (Figure 20e, f, g).   

Table 7. Summary Table of Fault Measurements in Fault Area 6.  

  Principal Stress Axes  

Name of 

Fault 
#nt n R ů1 (D/P) ů2(D/P) ů3(D/P) 

P187 9 9 0.18 150N/68 004N/18 270N/11 

P159 49 47 0.41 193N/80 354N/09 085N/03 

P167 13 13 0.54 243N/53 039N/35 137N/11 

P173 14 12 0.37 131N/67 001N/15 266N/17 
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  Principal Stress Axes  

Name of 

Fault 
#nt n R ů1 (D/P) ů2(D/P) ů3(D/P) 

P177 25 25 0.36 238N/56 353N/16 093N/29 

P181 11 11 0.47 152N/68 004N/19 270N/11 

#nt: total measurements, n: used number of measurements, R: stress ratio, D: 

Direction, P: Plunge 

 

Figure 19. The figure including Fault Area 6 with faults which are named as P187, 

P159, P167, P173, P177, and P181. 
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Figure 20. The outcrop image of a) P181 fault, b) P159 fault, c) P187 fault, d) P167 

fault, e) P177-1 fault, f) P177-2 fault, and g) P177-3 fault. 
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4.2 Veins 

A total of 268 measurements were taken from exposed veins(let)s in the ¢atal­am 

prospect. Except for less common barren silica veinlets, most epithermal veins 

contain quartz, barite, calcite, pyrite, and sulfide ore minerals as vein fill. The veins 

were initially classified into 22 types based on vein content. For simplicity and ease 

of modeling, however, these were later divided into 7 different groups based on the 

dominant vein fill and on the basis of mineralization, as shown in Table 8. Veins are 

generally exposed in or around stream channels and valley floor as well as along the 

road cuts. 

Table 8. Main Vein Groups Identified at ¢atal­am. 

Vein Content (from field) Grouped Vein 

qtz+ba+ga 

Mineralized quartz-barite-dominant veins  

 qtz+ga+py 

 qtz+ba+hem 

 qtz+ba+ga+hem 

 qtz+ba+ga+sph 

 qtz+ba+ga+sph+hem 

 qtz+ba+ga+py+aspy 

 ba+ga+sph 

Mineralized barite-dominant veins 

 ba+sph+hem 

 qtz+ba+ga+py 

 ba+cpy+mh 

 ba+ga 

 ba+hem 

 ba Barren barite veins  

 ga Galena veins  
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Vein Content (from field) Grouped Vein 

qtz+ga 

qtz+ba Barren quartz-barite-dominant veins 

 qtz+ba+ca 
Mineralized quartz-barite-carbonate-

dominant veins 
 qtz+ba+ca+ga+sph 

qtz+ba+ga+py+cpy+mh 

 qtz+py+hem 
Barren quartz-pyrite veins 

 qtz+py 

 

 

Figure 21. Map view showing spatial distribution of vein zones prepared using 

Leapfrog Geo. 

All 268 vein measurements were plotted on a stereonet to detect extensional 

directions and sets based on density of measurements. By looking at density of all 

vein measurements, three different vein sets named 1m: Set A, 2m: Set B, and 3m: 
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Set C are defined. 1m: Set A contains the most measurements; although this set 

includes all different types of veins, it includes dominantly barren quartz-pyrite veins 

and mineralized quartz-barite-dominant veins. The dip direction and dip of the mean 

plane of this set are 228N/58 (Figure 22). 

2m: Set B contains 32 different measurements; this set includes mainly barren 

quartz-pyrite veins. Although this set contains mineralized veins, it mostly consists 

of veins called barren. The dip direction and dip of the mean plane of this set are 

029N/67 (Figure 22). 

Finally, one more set is defined as 3m: Set C which includes 10 different 

measurements; therefore, the direction is not as major as the other sets.  No major 

vein type is seen in this set, it contains both mineralized and barren veins. The dip 

direction and dip of the mean plane of this set are 108N/75 (Figure 22).  

 

Figure 22. The stereonet projection (Equal Angle, Lower Hemisphere) displaying 

poles of all veins colored and shaped according to vein content, and 3 sets of these 

veins with plane directions.  


















































































































































































































