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ABSTRACT
Gold exploration works in central Anatolia, Turkey, were intensified during the last decade, and potentially important gold mi-

neralizations were discovered. In the region, important gold discoveries hosted by metamorphic and granitic rocks are, in the 

west, Savcılıebeyit and Terziali (Kırşehir), in the middle part, Himmetdede and Mahmatlar (Kayseri), Akçataş (Nevşehir), and at the 

southeast, Gümüşler (Niğde) mineralizations. The Savcılı gold mineralization consists mainly of gold-quartz veins, and is the first 

discovered gold enrichment hosted by metamorphic rocks of west-central Anatolia. These veins are situated at the southeastern 

margin of the Cefalıkdağ-Baranadağ granite-migmatite dome, at 60 km west of the city of Kırşehir. In this study, preliminary 

results of geological and structural investigations of the gold-quartz veins are presented. 

The study area is part of the Palaeozoic-Mesozoic Kırşehir Massif that comprises mainly high-grade metamorphic and plutonic 

rocks covered by Cenozoic sediments. The gold-quartz veins are hosted by migmatite, migmatitic gneiss, gneiss-schist-marble 

intercalations, calc-silicate gneiss and marble. Quartz veins are discordant with respect to the foliation and major lithologic 

boundaries, and have sharp contacts with the enclosing metamorphic wall rocks. Veins occur as single or composite, relatively 

continuous veins that are up to about 2 km long and extend for at least 200 m down dip. Their thickness ranges from a few 

millimetres to two metres.

The gold-quartz veins consist mainly of quartz, arsenopyrite, pyrite and secondary haematite and limonite. Other common 

minerals in the veins are calcite, muscovite, biotite, chlorite and epidote. The distribution of gold is erratic, and only weathered, 

haematite- and limonite-rich parts of the veins near the surface consistently display higher gold contents.

Homogenisation temperatures obtained from fluid inclusions in the quartz vein have a wide range, from 160˚C to well above 

400˚C. The fluid inclusions are generally rich in carbon dioxide and also have high salinities (20-33 % NaCl equivalent).

The gold-quartz veins have many similarities to orogenic gold deposits in terms of metal associations, wall-rock alteration 

assemblages, mineralogy, formation conditions and structural control. The spatial association of the veins with migmatites, 

high-grade metamorphic rocks and granitoids suggests an origin related to metamorphism, uplift and/or migmatite doming and 

granitoid emplacement in central Anatolia.

Keywords: Granitoid-migmatite doming, Kırşehir Massif, orogenic gold deposit, Turkey.

ÖZ
Orta Anadolu’da altın aramaları son on yılda artmış ve önemli potansiyel altın cevherleşmeleri keşfedilmiştir. Bölgede, metamorfik 
ve granitik kayaçlar içinde önemli altın bulguları batıda Savcılıebeyit ve Terziali (Kırşehir), orta kesimlerde Himmetdede ve Mahmat-
lar (Kayseri), Akçataş (Nevşehir), ve güneydoğuda Gümüşler (Niğde) cevherleşmeleridir. Savcılıebeyit altın cevherleşmesi daha çok 
altınlı kuvars damarlarında görülmekte ve Orta-Batı Anadolu’da metamorfik kayaçlar içinde keşfedilen ilk altın zenginleşmesidir. Bu 
damarlar Kırşehir’in 60 km batısındaki Cefalıkdağ-Baranadağ granit-migmatit domunun güneydoğu eteklerinde bulunmaktadırlar. 
Bu çalışmada bu altınlı kuvars damarlarının jeolojik ve yapısal ön çalışmaları sunulmuştur
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INTRODUCTION

Although central Anatolia has historically been rec-
ognised for hosting significant lead-zinc, iron, mo-
lybdenum-copper, fluorite and antimony deposits, 
gold exploration has only intensified during the last 
decade, resulting in the discovery of a few potentially 
important gold-ore bodies (Savcılıebeyit and Çayağzı  
(Terziali)-Kırşehir; Mahmatlar-, and Himmetdede-
Kayseri, Akçataş-Nevşehir and Gümüşler-Niğde) 
(Fig. 1). Some previous studies have established the 
existence of gold in this region. Özcan and Çağatay 
(1989) reported scheelite mineralisation associ-
ated with quartz veins within silicified metamorphic 
rocks of the Kırşehir region. Genç et al. (2003) and 
Coşkun Delibaş and Genç (2004) described sapro-
litic gold enrichments in the same region. Moreover, 
gold grains have been found in some stream sedi-
ments derived from metamorphic rocks of the massif 
(H.Türkmen, pers. comm. 2004). 

In the Gümüşler and Çamardı areas of the Niğde 
Province, Pehlivan and Alpan (1986) found gold, cin-
nabar, and scheelite grains in stream sediments and 
identified several anomalous locations for gold, mer-
cury and scheelite. In the same region, Akçay (1994) 
reported near-surface gold enrichment zones (up to 
37 ppm) in Sb-Hg-W-bearing quartz veins. 

Gold-quartz veins (GQVs) near Savcılıebeyit village, 
60 km west of Kırşehir, are the first discovered gold 
occurrences hosted by metamorphic rocks in west-

central Anatolia (Fig. 1). They were found in 1999 as a 
result of systematic exploration carried out in central 
Anatolia by MTA (Mineral Research and Exploration 
Institute). Gold anomalies were detected through a 
programme of stream-sediment, soil and hard-rock 
geochemical studies facilitated by trenching and 
670 m of drilling. There is no sign of ancient gold-
mining activities at the site. However, the Kırşehir re-
gion does have important vein-type fluorite deposits 
hosted by granitoids (Bayındır, Akçakent, Pöhrenk, 
etc.) (Genç et al. 2003a).

The first studies on these GQVs were undertaken 
by Genç and Türkmen (2002) and Genç (2004). In 
these studies, GQVs were classified as mesothermal 
and orogenic gold deposits. However, their modes 
of formation are still not well understood. According 
to Groves et al. (1998), orogenic gold deposits form 
during compressional to transpressional deforma-
tion processes at convergent plate margins in accre-
tionary or collisional orogens. Central Anatolia is part 
of the Alpine-Himalayan collisional belt and located 
within the convergence zone between the Eurasian 
and Afro-Arabian plates, and GQVs formation may 
therefore be attributed to the regional compressional 
tectonic regime. Recently, Genç and Yürür (2010) 
proposed that an extensional tectonic regime took 
place after the Late Cretaceous convergence in 
the region. This is why geological outlines that may 
be derived from the study of gold mineralizations 
would be useful to better understand the regional 

İnceleme alanı, Senozoyik çökellerle örtülü ve çoğunlukla yüksek dereceli metamorfik ve derinlik kayaçlarının yeraldığı Paleozo-
yik-Mezozoyik Kırşehir Masifi içinde yer almaktadır. Altınlı kuvars damarları migmatitler, migmatitik gnayslar, gnays-şist-mermer 
ardalanmaları, kalk-silikatik gnayslar ve mermerler içinde bulunmaktadırlar. Kuvars damarları metamorfik yan kayaçların yaprak-
lanma ve önemli litolojik düzlemleriye uyumsuz olup damarların yankayaçlarla dokanakları keskindir. Damarlar, tek veya damar 
sistemleri şeklinde gözlenmekte olup, devamlılıkları doğrultu yönünde 2 km ye, eğim yönünde ise en az 200 m ye ulaşmaktadır. 
Damar kalınlıkları birkaç mm den 2 metreye kadar değişmektedir.

Altınlı kuvars damarları başlıca kuvars, arsenopirit, pirit ve ikincil hematit ve limonitten oluşmaktadır. Diğer yaygın mineraller kalsit, 
muskovit, biyotit, klorit ve epidottur. Damarlar içinde altının dağılımı düzensiz olup damarların sadece oksitlenmiş, hematit ve 
limonitçe zengin yüzeye yakın kesimlerinde yüksek altın değerleri elde edilmektedir..

Kuvars damarlardaki sıvı kapanımlarının homojenleşme sıcaklıkları 160° C’den 400° C’nin üzerinde geniş bir aralıkta dağılım 
göstermektedir. Sıvı kapanımları genelde karbon dioksitçe zengin olup yüksek tuz içeriklidirler (% 20-33 NaCl eşdeğeri).

Altınlı kuvars damarları, metal içeriği, yan kayaç alterasyonu, mineraloji, oluşum koşulları ve yapısal kontrol açısından orojenik 
altın yatakları ile benzer özelliklere sahiptir. Damarların migmatitlerle, yüksek dereceli metamorfik kayaçlar ve granitoidlerle olan 
mekânsal birlikteliği bunların oluşumunun Orta Anadolu’daki metamorfizma, yükselme ve/veya migmatitik domlaşma ve granitoid 
yerleşimi ile ilgili olduğunu ifade etmektedir. 

Anahtar Kelimeler: Granitoid-migmatit domlaşması, Kırşehir Masifi, orojenik altın yatağı, Türkiye.
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geological evolution and the relationship between 

mineralization processes. 

The present study aims a) to give the preliminary 

results of studies carried out to date and to iden-

tify geologic and tectonic processes that may have 

controlled and influenced the development of the 

gold-quartz veins in central Anatolia, b) to determine 

the timing of vein formation, and c) to ascertain the 

physical and chemical conditions of vein formation. 

The results of this study provide a basis for further 

studies in central Anatolia and intend to develop a 

better understanding of the geologic and tectonic 

parameters of the environment of gold-quartz vein 

formation. 

Geology

In central Anatolia, magmatic, metamorphic and 

ophiolitic rock assemblages are together termed the 

Central Anatolian Massif, Kırşehir Massif, Kızılırmak 

Figure 1.	Simplified geological map of the central Anatolian massifs, showing the main lithological units and first-
order fault zones (modified from the 1:500.000-scale geological map (Ankara sheet) of Turkey, MTA, 
2002) and gold mineralizations. TGF: Tuz Gölü Fault. Gold mineralizations: 1: Savcılıebeyit , 2: Terziali, 3: 
Akçataş, 4: Mahmatlar, 5: Himmetdede and 6: Gümüşler.

Şekil 1.	 Ana litolojik birimleri ve önemli fay zonlarını (MTA, 2002 1:500.000 ölçekli Türkiye jeoloji haritası, Ankara 
paftasından değiştirilerek) ve altın cevherleşmelerinin konumlarını gösteren Orta Anadolu masiflerinin sa-
deleştirilmiş jeoloji haritası. TGF: Tuzgölü Fayı. Altın cevherleşmeleri: 1: Savcılıebeyit ; 2: Terziali; 3: Akça-
taş; 4: Mahmatlar; 5: Himmetdede ve 6: Gümüşler.
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Massif or Central Anatolian Crystalline Complex (Ke-
tin 1955; Seymen 1982; Tolluoğlu 1986; Göncüoğlu 
et al. 1991). The Central Anatolian Massif is bound-
ed by the Izmir-Ankara-Erzincan suture zone to the 
north, the Ecemiş fault zone to the east, and the Tuz 
Gölü fault to the southwest (Fig. 1). The massif con-
sists of three submassifs, namely the Kırşehir, Akdağ 
and Niğde (Fig. 1).

The oldest rock units in the Kırşehir submassif are 
metamorphic rocks which comprise mainly mig-
matite, gneiss, schist and marble. The stratigraphi-
cally lowest unit mainly contains the highest-grade 
rocks: amphibolite-interlayered migmatites, migma-
titic gneisses, alternations of calc-silicate gneisses, 
schists, and marbles. This basal unit is unconforma-
bly overlain by lower-grade (amphibolite-facies) mica 
schists with marble, amphibolite, calc-silicate gneiss 
and quartzite intercalations. These metamorphic 
rocks grade upward into the lowest-grade (green-
schist- to amphibolite-facies) rocks dominated by 
marble with mica and amphibole-schist intercala-
tions. Silurian-Devonian and Carboniferous-Permian 
depositional ages for the basal and upper parts of 
the Kırşehir Massif, respectively, were proposed by 
Genç (2003). 

Conflicting ages are given in the literature for the 
metamorphism of the massif. Older studies sug-
gested a polyphased metamorphic history with ages 
ranging from Early Palaeozoic to Late Mesozoic (Pol-
lak 1958; Brinkmann 1971 and 1976). However, any 
traces of pre-Alpine movements in central Anatolia 
cannot be observed (Ketin 1966; Erkan 1976; Sey-
men 1984; Whitney et al. 2001). New petrogenic and 
radiometric data obtained from metamorphic and 
plutonic rocks of central Anatolia indicate a single-
phase, Late Cretaceous regional metamorphism 
related to crustal thickening, and a later high-tem-
perature overprint associated with magmatism, uplift 
and exhumation (Erkan and Ataman 1981; Seymen 
1982; Whitney and Dilek 1998; Whitney et al. 2001). 
In comparison to moderate P - high T regional meta-
morphic rocks, the low P - high T - overprinted meta-
morphic areas occupy relatively restricted zones, 
typically with a granitic or gneissic core (Göncüoğlu 
1986; Erkan 1980; Özer and Göncüoğlu 1983; Tülü-
men 1980; Whitney and Dilek 1998). 

Metamorphic rocks of the massif are characterised 
by clockwise P-T paths at moderate P-high T (6-7 
kbar and 750 °C) with local low P-high T (3-5 kbar 

and 700-800 °C) overprinting (Erkan 1976; Seymen 
1984 and Whitney et al. 2001). For peak regional 
metamorphic conditions in central Anatolia, Whitney 
et al. (2003) gave an age interval of 85-92 Ma (U-
Pb SHRIMP) (Santonian-Turonian; Late Cretaceous, 
ICS, 2004). K-Ar cooling ages of biotite and amphi-
boles from gneiss and schists indicate a Late Creta-
ceous (Maastrichtian-Campanian) (69-74 Ma in the 
Kırşehir region, 74-81 Ma in the Niğde region) age 
for the overprinting low P - high T- metamorphism. 
These ages are interpreted to indicate an emplace-
ment or cooling age of igneous rocks injected into 
regional metamorphites, and also the cooling age 
of the metamorphic sequences (Erkan and Ataman 
1981; Göncüoğlu 1986; Whitney et al. 2003). 

The metamorphic rocks are intruded by granitoid 
and syenitoids with radiometric ages ranging from 
79.5 +1.7 to 39.2+1.2 Ma (total Pb, Ar/Ar, Rb-Sr 
and apatite fission track ages) (Ayan 1963; Ataman 
1972; Erkan and Ataman 1981; Whitney et al. 2001; 
Kadıoğlu et al. 2003; İlbeyli et al. 2004).

The metamorphic rocks are overlain by an Upper 
Cretaceous, unmetamorphosed volcano-sedimenta-
ry series of diabase, basalt, radiolarian chert, pelagic 
limestone, shale and serpentinite (Seymen 1982), 
and the two units are separated by the Kaman de-
tachment fault. A sedimentary sequence of Lutetian 
age nonconformably overlies the metamorphic base-
ment rocks, Upper Cretaceous series and granitoids 
of the Kırşehir Massif. 

Savcılıebeyit Area

The Savcılıebeyit area is at the southeastern flank 
of the Cefalıkdağ-Baranadağ granitoid-migmatite 
domal structure (Fig. 2). The long axis of the dome 
trends NE-SW, and dome dimensions are ~ 10 km 
NE-SW by ~ 5 km NW-SE. Although the eastern 
margin of the dome is transitional with metamorphic 
rocks, its western margin is defined by detachment 
faults. The dome is asymmetrical, with the apex lo-
cated on the eastern side of the structure. The gran-
ite-migmatite dome and surrounding metamorphic 
rocks are described by Genç (2004) as the Kırşehir 
Metamorphic Core Complex. The granitic core of 
the dome comprises monzonite, monzodiorite and 
granite. These rocks are coarse-grained and contain 
feldspar megacrysts up to 10 cm in length (Geven 
1992; Aydın and Önen 1999; İlbeyli et al. 2004). The 
youngest magmatic phases are represented by 
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Figure 2.	Geological map of the Kırşehir-Kaman region showing isograds in metamorphic rocks surrounding the 
Cefalıkdağ-Baranadağ granite-migmatite dome (isograd locations modified from Seymen 1981, Seymen 
2000, Tolluoğlu 1986, and Whitney et al. 2001). 

Şekil 2.	 Cefalıkdağ-Baranadağ granit-migmatit domu etrafındaki metamorfik kayaçların izogradlarını gösteren Kır-
şehir-Kaman bölgesi jeooloji haritası (izograd yerleri Seymen, 1981, Seymen 2000, Tolluoğlu 1986 ve 
Whitney vd. 2001’den düzenlenmiştir).
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microgranite stocks and aplitic-pegmatitic dykes 
that cut the monzonitic and granitic rocks of the 
older phases. 40 and 47 Ma apatite fission-track 
ages for these intrusives are reported by Fayon et 
al. (1999). In the Tamadağ area (Fig. 2), metamorphic 
rocks are preserved in the northwestern part of the 
dome roof and are intruded by aplite dykes. At the 
contacts, they are slightly contact metamorphosed. 

Around Savcılıebeyit village, the transitional granitic 
core-metamorphite contacts dip moderately (40-50˚) 
to the northwest and are defined by a narrow zone 
of steeper foliations and closely spaced orthoclase, 
microcline, sillimanite and scapolite isograds. These 
isograds parallel the core-envelope contact in the 
east. In the Savcılıebeyit area, lithologic layering 
and metamorphic stratigraphy are overturned, with 
younging directions facing mainly to the east and 
southeast. In normal, primary metamorphic stratig-
raphy, from bottom to top, the metamorphic rocks 
in the area consist of migmatite, migmatitic gneiss, 
a gneiss-schist-marble intercalation, quartzite, calc-
silicate gneiss and marble (Fig. 3). 

Migmatites are located in the western part of the 
area and have transitional contacts with the granitic-
monzonitic core of the migmatite dome outside of 
the map area (Fig. 4). From core in the west to the 
east, and in the opposite sense of the dip direction 
of the lithological contacts, there is a gradational 
and conformable change from diatexitic migmatite, 
through metatexitic migmatite and migmatitic gneiss, 
and then to gneiss and schist. 

The diatexite migmatite unit has a granitic appear-
ance and corresponds to the hornblende granite of 
Geven (1992). This unit is dominated by a granitic 
matrix and contains enclaves of disrupted refractory 
layers and blocks of amphibolite, marble and meta-
texite (Fig. 5A). In the diatexite, pre-migmatisation 
structures are not preserved, but there is a well-de-
veloped flow banding. 

The metatexite migmatite unit consists of dark 
green-grey, fine-grained layered host containing pre-
migmatisation structures such as layering, banding 
and foliation (Fig. 5B, C and D). The majority of leu-
cosomes parallel these structures. A gneiss-schist-
marble intercalation overlies the migmatite unit, and 
mainly comprises mica gneiss, mica schist, amphi-
bole schist, calc-schist and marble (Fig. 3). It locally 
contains small (15-20 m long) pockets of lensoidal 
pegmatite, tourmaline pegmatite and leucogranite.

 The calc-silicate gneiss unit covers the gneiss-
schist-marble intercalation along a transitional con-
tact, and consists mainly of calcite, wollastonite, di-
opside and garnet. A 5-10 m thick, characteristically 
deep brown-grey quartzite layer is stratigraphically 
between the calc-silicate gneiss and gneiss-schist-
marble intercalation (Fig. 3). The calc-silicate gneiss 
unit grades into white marble at the top of the se-
quence (Fig. 3). 

All units have undergone regional metamorphism 
to varying degrees, from greenschist-amphibolite 
to granulite facies (Erkan 1976; Tolluoğlu and Erkan 
1989; Seymen 2000; Whitney et al. 2001). Metamor-
phic-mineral parageneses reveal steep metamorphic 
gradients away from the granite, through the gran-
ulite-grade cordierite-sillimanite-bearing core, into 
amphibolite- and greenschist-facies rocks towards 
the southeastern flank of the dome (Fig. 2) (Seymen 
1982; Tolluoğlu 1986; Whitney et al. 2001). 

The dominant structural feature of the metamorphic 
rocks is folding. Seymen (1981) distinguished four 
folding and one brittle deformation phases in these 
metamorphic rocks. According to Seymen (1981), 
ductile deformation was followed by a brittle stage 
indicating uplift to higher levels. Whitney et al. (2003) 
reported a minimum age of 69 Ma for fabric-form-
ing deformation in metamorphic rocks of the Niğde 
region. Other significant structural features are the 
NW-SE-trending Savcılı and NE-SW-trending Ka-
man detachment faults (Fig. 2). The Savcılı detach-
ment fault lies in the southern part of the dome and 
the Kaman detachment fault, which limits the dome 
to the west, is between the dome and Upper Cre-
taceous volcano-sediments. Whilst the Kaman fault 
must be older and active during the late stages of 
doming, the Savcılı fault was active after dome em-
placement, during Oligocene-Pliocene time (Genç 
and Yürür 2004). 

Gold-Quartz Veins

Quartz veining occurs in two main types: barren peg-
matitic quartz veins and gold-quartz veins. Barren 
pegmatitic quartz veins are characterised by peg-
matitic texture and comprise mainly K-feldspar and 
massive quartz (Fig. 6A); they occur near the granite 
core, within the migmatites, and have a NE-SW orien-
tation generally parallel to the aplite dykes (Figure 4). 

The gold-quartz veins are hosted by migmatite, mig-
matitic gneiss, the gneiss-schist-marble intercalation, 
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Figure 3.	Schematic vertical section through the metamorphic-magmatic sequence around Savcılıebeyit (not to 
scale).

Şekil 3. Savcılıebeyit yakınlarındaki metamorfik-magmatik birimlerin ilişkilerini gösteren şematik dikme kesit (ölçek-
siz).
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Figure 4.	Geological map of the Savcılıebeyit district showing the location of gold-quartz veins (modified from 
Türkmen et al. 2000, unpublished data).

Şekil 4.	 Savcılıebeyit yöresi altınlı kuvars damarlarının konumunu gösteren jeolojik harita (yayımlanmamış Türkmen 
vd. 2000’den düzenlenmiştir).
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Figure 5.	Migmatites in outcrop. A) Diatexitic migmatite with oriented amphibolite enclaves; B) Stromatic migma-
tite; C) Metatexitic migmatite with remnants of an amphibolite layer; D) Metatexite-diatexite transition. 
Disturbed layered leucosomes and oriented K-feldspar megacrysts within a diatexitic matrix. The photo-
graphs are from the western part of Üç Tepe.

Şekil 5.	 Migmatit mostraları. A) Diateksitik migmatitlerde yönlenmiş amfibolit anklavları; B) Stromatik migmatit; C) 
Metateksitik migmatit içinde amfibolit kalıntıları; D) Metateksit-diyateksit geçişi. Diyateksitik hamur içinde 
ilksel şekilleri bozulmuş tabakalı lökosomlar ve yönlenmiş K-feldspat megakristalleri. 
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calc-silicate gneiss and marble (Fig. 4), and have a 
general E-W orientation. Vein systems consist mainly 
of a well-defined set of closely spaced, subparallel 
and structurally related veins that are individually dis-
continuous and have variable widths (Fig.4, Fig.6B, 
C, D and E). The quartz veins are discordant with re-
spect to the foliation and major lithologic boundaries, 
and have sharp contacts with the enclosing meta-
morphic wall rocks (Fig.4, Fig.6G, H and I). In the 
deeper parts of the system, as seen in the drill core, 
some quartz veins parallel foliation surfaces (Fig. 7). 
Although the thickness of the veins ranges from a 
few millimetres to two metres, and up to hundreds 
of metres in length, most of the quartz veins are less 
than 15 cm wide and continuous for only a few me-
tres. The longest quartz veins made up of massive 
white quartz are on the decimetre to metre scale, 
with minor brecciation and calcite enrichment at vein 
margins. The general strike of the subvertical gold-
quartz veins is E-W (Fig. 4). They have been detected 
down to depths >200m. Adjacent to the quartz veins, 
the host rocks commonly display metasomatic ef-
fects (Fig. 7). Between the distant individual quartz 
veins, the metamorphic rocks rarely show visible 
evidence of alteration. Simple quartz veins are well 
developed in the mica schist, whereas subparallel 
vein sets are observed in the marble. The subparallel 
veins commonly occur in zones up to 40 m wide. The 
vein quartz is generally massive (Fig. 6D and F), clear 
white to dark grey and coarse grained. Banded and 
breccia textures are abundant (Fig. 6C) and, in some 
quartz veins, a fibrous structure is also widespread. 
Breccia and stockwork textures in veins indicate very 
low temperature and pressure conditions. According 
to McCuaig and Kerric (1994), banded veins indicate 
that hydrothermal fluids responsible for vein forma-
tion were approximately at lithostatic pressures and 
underwent transient sublithostatic- to supralitho-
static-fluid cycling. On the other hand, massive to 
laminated and fibrous veins indicate high-fluid pres-
sures during vein formation. Large (up to 15-20 cm 
in length) euhedral to subhedral quartz crystals form 
coarse-crystalline aggregates in some veins. 

The gold-quartz veins consist mainly of quartz, ar-
senopyrite, pyrite, and secondary haematite and li-
monite. Quartz is the most abundant mineral, typi-
cally comprising more than 90% of the veins. The 
other most abundant gangue minerals are calcite, 
muscovite/sericite, biotite, chlorite and epidote (Fig. 
8). Haematite and limonite are dominant near the 

surface, whereas the arsenopyrite and pyrite con-
tents of the veins increase with depth (Fig. 6F, G and 
Fig. 7). The proportion of sulfides is highly variable, 
from only traces to 3-4 volume percent of the veins. 
Other ore minerals detected include tennantite, stib-
nite, galena, sphalerite, chalcopyrite, pyrrhotite, mo-
lybdenite and gold. The quartz veins that cut the 
marble also contain scheelite. 

Supergene minerals include limonite, haematite, 
malachite, azurite and covellite. Scarce gold occurs 
as isolated grains within quartz in limonite-haema-
tite-rich veins near the surface, or as inclusions in 
sulfides in the deeper parts of the veins. The distri-
bution of gold in the veins seems to be erratic, and 
only the limonite-rich parts of the veins near the sur-
face consistently display higher gold contents – up 
to 16 ppm (H.Türkmen, pers. comm. 2004). The gold 
grade decreases downward. Although gold values 
are sporadically higher in the veins, trenching indi-
cates average gold grades of approximately 1g/t Au. 
The gold distribution pattern in the veins indicates a 
close correlation with arsenic (Fig. 7). 

Alteration

In the Savcılı area, host rocks display both super-
gene and hydrothermal alteration. The supergene 
alteration zones are characterised by their reddish 
brown colours (Fig. 6F) and by high limonite, haema-
tite, kaolinitic clay and local gypsum content. Super-
gene alteration is restricted to the upper part of the 
quartz veins and to surrounding metamorphic rocks 
covered by Lutetian sediments (Figure 4). In the un-
covered metamorphic rocks and quartz veins, super-
gene alteration is quite weak or absent. As a general 
trend, the intensity of alteration decreases from the 
contact with the Lutetian sediments at the top to the 
lower parts of the metamorphites and quartz veins.

Hydrothermal alteration is selectively vein-controlled 
and limited to the immediate vicinity of the quartz 
veins (Fig. 7). Alteration zones generally vary from 
a few cm to 2 m in width, with broader zones sur-
rounding the thickest quartz veins. Within the same 
lithology, such as gneiss or schist, the alteration may 
be traced parallel to the quartz veins, both along 
strike and down dip, for tens of metres, showing little 
variation in mineralogy. The proximal alteration zone 
is characterised by the mineral assemblage quartz, 
biotite, albite, calcite, chlorite, sericite and/or mus-
covite, epidote, pyrite, arsenopyrite and pyrrhotite. 
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Figure 6.	Photographs of gold-quartz veins and associated alteration in the Savcılıebeyit area. A) Pegmatitic quartz 
veins, mq: massive quartz core, fs: feldspar-rich selvage, met: metatexitic host rock. B) Parallel quartz-, 
and haematite-limonite veins that cut the metatexitic migmatite. C) Banded quartz vein in outcrop. D) 
Massive quartz vein (mqv) that cuts the migmatitic gneiss. E) Parallel quartz veinlets that cut the meta-
texitic migmatite. F) Supergene alteration zones rich in haematite-limonite veins. G, H and I) Sections of 
drill core D-1 showing vein textures at different depths. G) 25.50-26.0m; metatexitic migmatites cut by 
quartz-pyrite veinlets. Hematitic staining on migmatites is common. H and I) Quartz breccia veins (white) 
with wall-rock fragments (gray) in mica gneiss. 115.5-116 m and 125-125.50 m. 

Şekil 6.	 Savcılıebeyit alanındaki altınlı kuvars damarları ve bunlara bağlı alterasyonları gösteren fotoğraflar. A) Peg-
matitik kuvars damarları, mq: masif kuvars; fs: feldspatça zengin kenar zonu; met: metateksitik yan ka-
yaç. B) Metateksitik migmatiti kesen paralel kuvars ve hematit-limonit damarları. C) Bantlı kuvars damar 
mostrası. D) Migmatitik gnaysı kesen masif kuvars damarı (mqv). E) Metateksitik migmatiti kesen paralel 
kuvars damarcıkları. F) Hematit-limonit damarları açısından zengin superjen alterasyon zonları. G, H ve I) 
D-1 sondajı karotlarının değişik derinliklerinde gözlenen damar dokuları. G) 25.50-26.0 m; kuvars-pirit da-
marcıklarınca kesilmiş metateksitik migmatitler. Migmatitlerde hematit boyamaları yaygındır. H ve I) Mika 
gnaysda breşik kuvars damarları (beyaz) ve yankayaç parçaları (gri). 115.5-116 ve 125-125.50 m.
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Figure 7.	The distribution of gold-quartz veins that cut the metamorphic lithologies in drill core D-1. Data in the up-
per left side of the drill core is derived from surface trenches. The boxes lettered A, B and C show details 
from gold-quartz veins and surrounding alteration types detected in the drill core.

Şekil 7.	 D-1 sondaj karotlarında metamorfik birimleri kesen altınlı kuvars damarlarının dağılımları. Karotların üst sol 
tarafındaki veriler yüzeydeki hendeklerden elde edilmiştir. A, B ve C olarak isimlendirilmiş kutular karotlar-
da saptanmış altınlı kuvars damarları ve bunlarla ilişkili bozunma türlerine ait ayrıntıları göstermektedir. 
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Figure 8.	Gold-quartz veins and associated hydrothermal wall-rock alteration features in thin sections. A) Quartz-
carbonate veins with albite and arsenopyrite selvages in intensely sericitised and chloritised migmatitic 
host rock, ab: albite; aspy: arsenopyrite; cc: calcite; qtz: quartz; ser: sericite (drill core D1, down-hole 
depth 76 m); B) Pervasively carbonatised and sericitised migmatitic host rock, cc: calcite; ms: muscovite 
(drill core D1, down-hole depth 80 m); C) Quartz-biotite-chlorite-arsenopyrite vein. The vein consists of 
a quartz core and biotite-chlorite and arsenopyrite selvages. Biotites grown from the wall towards the 
center of the vein, aspy: arsenopyrite; bt: biotite; chl: chlorite; qtz: quartz (drill core D1, down-hole depth 
100m); D) Biotite vein that cuts plagioclases of amphibolite interlayers in mica gneiss, bt: biotite; plg: 
plagioclase (drill core D1, down-hole depth 140m).

Şekil 8.	 Altınlı kuvars damarları ve damarlara eşlik eden hidrotermal yan kayaç alterasyonlarının incekesit görü-
nümleri. A) Yaygın olarak serizitleşmiş ve kloritleşmiş migmatitik yan kayaç içinde albit ve arsenopirit kenar 
zonlu kuvars-karbonat damarları. ab: albit; aspy: arsenopirit; cc: kalsit; qtz: kuvars; se: serizit (D-1 sondaj 
karotları, yüzeyden derinliği 76 metre); B) Yaygın olarak karbonatlaşmış ve serizitleşmiş migmatitik yan 
kayaç; cc: kalsit; ms: muskovit (D-1 sondaj karotları, yüzeyden derinliği 80 metre); C) Kuvars-biyotit-klo-
rit-arsenopirit damarı. Damarın içi kuvars, kenarları biyotit-klorit ve arsenopiritten oluşmuştur. Biyotitler 
damarın kenarından merkezine doğru büyümüşlerdir. aspy: arsenopirit; bt: biyotit; chl: klorit; qtz: kuvars 
(D-1 sondaj karotları, yüzeyden derinliği 100 m); D) Mika gnaysın amfibolit katmanlarındaki plajiyoklazları 
kesen biyotit damarı; bt: biyotit; plg: plajiyoklaz. (D-1 sondaj karotları, yüzeyden derinliği 140 m).
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The distal alteration assemblage is chlorite, seric-
ite and calcite. Boundaries between proximal and 
distal alteration zones may be sharp or gradational 
over centimetres to decimetres. The hydrothermal 
mineral assemblages vary with depth (Fig. 7). Proxi-
mal alteration in the upper part is marked by light 
white-yellow and brownish colours, indicating seri-
citisation and silicification. In the deeper part of the 
vein system, the main proximal alteration minerals 
are quartz, biotite, muscovite, albite, chlorite, cal-
cite and epidote (Fig. 7, Fig. 8A, B, C and D). Quartz, 
biotite and albite occur as both veinlets and irregu-
lar aggregates in metamorphic rocks whereas mus-
covite, chlorite and calcite in distal alteration zones 
mainly replace feldspar in the wallrock and occur as 
aggregates (Fig. 8A, B). Proximal alteration haloes 
around quartz veins also contain disseminated arse-
nopyrite, pyrite and pyrrhotite (Fig. 7). The muscovite 
+ albite paragenesis of the alteration zones suggests 
that the quartz veins have formed from fluids of ap-
proximately neutral pH (McCuaig and Kerric 1994). 
Opaque mineral assemblages within the quartz veins 
reflect greenschist- to amphibolite-facies conditions. 
According to McCuaig and Kerric (1994), the pyrite + 
arsenopyrite + stibnite + pyrrhotite paragenesis char-
acterises subgreenschist- to low-amphibolite-facies 
conditions, whereas the loellingite + arsenopyrite + 
magnetite + ilmenite + pyrrhotite assemblage is typi-
cal of amphibolite-granulite-facies conditions. The 
variation of hydrothermal mineral assemblages with 
depth suggests changing pressure and temperature 
conditions with depth or lateral proximity to the gra-
nitic core of the granite-migmatite dome.

Fluid inclusions

Studies of fluid inclusions in quartz hosted by differ-
ent types of veins revealed complex phase assem-
blages of the trapped fluids. Primary depositional 
features of the quartz are generally destroyed. They 
typically contain abundant secondary and pseudo-
secondary fluid inclusions along intergranular and 
transgranular fractures. Primary fluid inclusions show 
heterogeneous entrapment features. The same sam-
ple contains both vapour-rich and liquid-rich primary 
inclusions with very different liquid/vapour ratios. 
Their shapes are also highly variable; i.e., inclusions 
with regular forms are mostly liquid fluid-rich and co-
exist with more rounded gas-rich inclusions. The size 
of inclusions varies between 5 µm and 70 µm. The 
homogenisation temperatures of the primary fluid 

inclusions from discordant quartz veins have a wide 
range (160˚C to above 400˚C), whereas quartz sam-
ples from foliation-parallel veins give a slightly more 
restricted homogenisation temperature range, from 
220˚C to well above 400˚C. The fluid inclusions are 
generally rich in carbon dioxide and also have high 
salinities. The salinity of the studied fluid inclusions 
is between 20% and 33% NaCl equivalent (Sezerer-
Kuru and Genç 2003).

Discussion and Conclusions 

Temporal relationships between vein formation and 
geological events

According to the geological and structural evidence 
presented here, the Savcılı gold-quartz veins are epi-
genetic and structurally controlled by E-W-trending 
vertical tensional fractures. The veins cut across all 
rock types except the Middle Eocene sediments. 
Pegmatitic quartz-feldspar veins and auriferous 
quartz veins formed at different structural levels and 
may have different ages of formation within the con-
text of granite-migmatite doming. Pegmatitic barren 
quartz-feldspar veins are hosted by migmatite close 
to the granite core and are spatially related to aplite 
dykes. Gold-bearing quartz veins cut across the fo-
liation and bedding of the schists and gneisses that 
were folded during the granite-migmatite doming. 
To the west, gold-quartz veins also cut progressively 
higher-grade rocks towards the migmatite core. This 
veining post-dates metamorphism and ductile defor-
mations of Late Cretaceous age. Erkan and Ataman 
(1981) reported 69+1.7 and 69.7+1.6 Ma K-Ar ages 
on biotite in metamorphic rocks of the Kırşehir re-
gion; these ages record the cooling of the metamor-
phic rocks to <350°C and provide a minimum age 
for metamorphic deformation, and also a maximum 
age for brittle deformation and/or vein formation. 
The presence of blocks of quartz-vein material in the 
basal conglomerate of the Lutetian sediments sug-
gests that the veins are older than Lutetian (40-46 
Ma, ICS, 2004). These ages are also in agreement 
with fission-track ages (40 and 47 Ma: Fayon et al. 
1999) of the granites, which give the age of the gran-
ites’ exhumation to near the surface. Thus, the hy-
drothermal event associated with mineralisation took 
place between Late Cretaceous (Maastrichtian) and 
Lutetian, during the latest, brittle stages of doming 
and exhumation of the metamorphic rocks of the 
Kırşehir Metamorphic Core Complex. This also sug-
gests that gold-quartz veins were formed by a long-
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lived hydrothermal system of crustal scale. Without 
radiometric age data, it is not possible to give a bet-
ter estimate for the duration of vein formation. Similar 
long-lived hydrothermal systems are also reported 
in the northwestern Alps and in the Variscan belt of 
Western Europe (Pettke et al. 1999 and 2000; Bou-
chot et al. 2000; Boiron et al. 2003). According to 
Pettke et al. (1999 and 2000), the ore-bearing fluid 
was produced by a 20 m.y. history of prograde meta-
morphic devolatilisation of calc-schists at depth. On 
the other hand, for the Variscan Au, Sb, W orogenic 
deposits in the French Massif Central, Bouchot et al. 
(2000) and Bellot et al. (2003) gave a duration of 5 Ma 
for the Au-W-Sb “metalliferous peak”. 

Conditions of gold-quartz vein formation 

Sharp contacts with host rocks and the small extent 
of metasomatism in the wall rocks indicate that fluid/
rock ratio was low during vein formation, and fluids 
appear to have migrated slowly. The banded and 
brecciated nature of some quartz veins suggests 
multiple fluid events. On the other hand, alteration 
mineral parageneses reveal that quartz veins have 
formed at different structural levels and pressure-
temperature conditions. According to McCuaig and 
Kerric (1994), in granitoid host rocks, the quartz-
albite-muscovite-chlorite paragenesis characterises 
sub- to mid-greenschist-facies conditions and shal-
lower formation depths (225 - 400˚C, <1 - 3 kbar and 
<5 to 10 km), whereas the occurrence of biotite in the 
paragenesis indicates higher pressure-temperature 
and depth conditions (375 - 550˚C, 2 - 4 kbar, 7 - 14 
km, greenschist-amphibolite transition). Mono- or bi-
mineralic alteration selvages (Fig. 8 A, C) adjacent to 
the veins are indicative of formation within an open 
hydrothermal system. Homogenisation tempera-
tures of fluid inclusions give a wide temperature of 
formation range, from 160˚C to well above 400˚C for 
quartz veins. Based on fluid- inclusion data, these 
temperature conditions – which are lower than those 
of the amphibolite facies – appear to have devel-
oped during the last stages of doming or the waning 
stages of regional metamorphism. Discordant quartz 
veins in the migmatite and gneiss units suggest that 
vein emplacement must have taken place under ret-
rograde, brittle conditions in a near-surface environ-
ment above the brittle-ductile transition zone. Such 
a situation is possible after shallowing of the high-
grade metamorphic rocks and migmatites through 
migmatite doming and/or post-orogenic granitoid 
emplacement, during brittle fracturing at shallow 

crustal depths (Fig. 9). 

According to structural and petrographic data given 
in this study, the initiation of granite-migmatite dom-
ing was synchronous with low pressure-high tem-
perature metamorphism in the region. The age of 
metamorphism in the Kırşehir Massif is interpreted 
from K/Ar biotite and hornblende ages to have been 
between 69.7 + 1.6 and 74.2 + 2.7 Ma (Erkan and 
Ataman 1981). These data were interpreted by those 
authors as the emplacement and cooling ages of the 
granitoids. Similarly, in the Niğde region, exhumation 
of sillimanite-zone metamorphic rocks and plutons 
to shallower depths (<12 km) occurred between 78 
to 74 Ma (Whitney et al. 2003). Ascent and emplace-
ment of the granitoid-migmatite dome may have de-
veloped partly through ductile remobilization of the 
migmatitic lower part of the metamorphic pile and 
partly through emplacement of successive genera-
tions of hornblende granite and microgranite derived 
by melting of the lower crust (Fig. 9A, B). Blocks 
of high-grade metamorphic rocks and deformation 
structures within metatexite, and the orientation of 
enclaves parallel to the general flow structure within 
diatexite, apparently represent a flow pattern due 
to upward migration of the migmatites (Figs.5 and 
10). Migmatites may have formed at different depths. 
Under normal geothermal gradients (30 - 40˚C/km), 
migmatite formation can occur at depths of about 
15 - 25 km. During metamorphism, the geothermal 
gradient, however, may be higher than normal (50 

- 150˚C/km), and migmatite formation can occur at 
about 4 - 10 km below the surface (Mehnert, 1968). 
High-grade metamorphic rocks and granitoids imply 
a high thermal gradient in the Kırşehir region. Ac-
cordingly, migmatitisation in the Savcılıebeyit area 
may have occurred at shallower depths – at less than 
10 km. Active shallow Curie point depths (8-10 km) in 
central Anatolia (Genç and Yürür 2010) also support 
this conclusion. The cause of the asymmetry and 
southeastward tilting of the dome may have been 
due to movements on the Kaman detachment fault. 
Tilting of the dome may have been responsible for 
the southeastward overturning of the metamorphic 
sequence and the opening of tension fractures later 
filled by gold-quartz veins (Fig. 9B, C).

The origin of fluids

The origin of the fluids responsible for the forma-
tion of gold-quartz veins in high-grade metamorphic 
rocks has long been debated. Different sources have 
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Figure 9.	A schematized scenario (not to scale) for the evolution of granite-migmatite doming and quartz veining 
in the Savcılıebeyit area. A) Prograde metamorphism and partial melting of the lower part of the meta-
morphic sequence by heat input during late Cretaceous underplating felsic/mafic magmatism. B) Wide-
spread partial melting triggered the ascent of the granite-migmatite dome. C) Tilting and emplacement of 
the dome, formation of tension fractures in the upper part of the dome and filling of these fractures later 
with gold-quartz veins. 

Şekil 9.	 Savcılıebeyit alanındaki granit-migmatit domu ve kuvars damarlarının oluşumunun evrimini gösteren öl-
çeksiz şematik senaryo. A) İlerleyen metamorfizma ve Geç Kretase’de felsik/mafik magmatizmadan gelen 
ısı ile metamorfik istifin alt kesiminin kısmi ergimesi. B) Granit-migmatit domunun yükselmesini tetikleyen 
geniş yayılımlı kısmi ergime. C) Domun eğim kazanması ve yerleşmesi, domun üst kısmında açılma çatlak-
larının oluşumu ve daha sonra bu çatlakların altınlı kuvars damarlari ile dolması. 

been proposed for the fluids, such as magmatic, 
metamorphic and upper-mantle degassing, and/or 
lower crust granulitisation (Bennett and Barker 1992; 
Yardley and Bottrel 1992; Groves 1993; Munz et al. 
1995; Robert 1995; Boiron et al. 1996; Bierlein et 

al. 1998; Goldfarb et al. 1998; Stüve 1998; Eilu et al. 
1999; Gleeson et al. 2003; Groves et al. 2003). For 
some regions, the role of meteoric waters penetrat-
ing to deeper parts of the crust through detachment 
faults has also been considered important (Munz et 
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al. 1995; Robert 1995).

For the Savcılıebeyit area, the origin of the gold-
quartz vein-forming fluids is as yet uncertain. The 
close temporal and spatial association of migmatite 
and post-orogenic granitoids with gold-quartz veins 
suggests that fluids may have been both of magmat-
ic or metamorphic origin. However, in the literature, 
highly saline and CO2-rich fluid inclusions character-
istic of the Savcılı area are generally accepted as a 
sign of mantle degassing or lower-crust granulitisa-
tion (Fyon et al. 1984; Cameron 1988). Alternatively, 
saline-H2O fluids are accepted as representing sa-
line brines that have, through time, percolated down 
through metamorphic rocks, or as deeply sourced 
fluids that were trapped during post-peak metamor-
phism (Guha and Kanwar 1987; Bennett and Barker 
1992; Hagemann and Ridley 1993). 

Moderately to highly saline ore-forming brines are 
also detected in iron-oxide copper (gold) deposits 
(Hitzman 2000; Pollard 2000 and 2001). However, 
these deposits display extensive sodic alteration, 
comprising albite, magnetite, chlorite, or actinolite, 
usually associated with scapolite, haematite, epi-
dote, calcite and titanite (Haynes 2000). Neither al-
teration types nor ore-mineral content of the Savcılı 
gold-quartz veins are similar to those of iron-oxide 
copper (gold) systems. The cause of the high sa-
linity of ore-forming fluids in the Savcılı area could 
be metaevaporitic intercalations within calc-silicate 
gneisses, surface saline-water sources, or interac-
tion of hydrothermal fluids with anhydrous rocks. The 
existence of metaevaporitic intercalations within the 
Kırşehir massif was reported by Genç (2001). On the 
other hand, recent deep drilling and isotope stud-
ies have documented the presence of highly saline 
fluids (up to 40 wt% NaCl equivalent) in basement 
rocks at depths of up to 10 km (Möller et al. 1997; 
Smith et al.1998; Stober and Bucher 1999; Gleeson 
et al. 2003). In accordance with this documentation, 
Mullis et al. (1994) reported CO2–rich continental 
fluids from the Central Alps and concluded that the 
CO2 component was derived from the oxidation of 
graphitic matter – especially in the vicinity of sulfate-
bearing metasediments – and from decarbonation 
reactions. 

Observations of drill cores reveal that, in the deeper 
part of the section at Savcılıebeyit, wollastonite-rich 
calc-silicate gneisses are abundant. According to 
Bucher and Frey (1994), wollastonite-rich rocks do 
not form in regional metamorphic settings under 

closed-system conditions; they may only form by 
interaction of a carbonate-rich source rock with a 
foreign, externally derived H2O-rich fluid. These flu-
ids may be released during partial melting of pelitic 
rocks lying in the deeper part of the metamorphic 
pile. Under these conditions, calcite and quartz may 
react and produce wollastonite and release CO2 gas. 
This consideration suggests that CO2-rich fluid inclu-
sions in the Savcılıebeyit quartz veins were mainly 
metamorphic in origin. A similar conclusion is given 
by Pettke et al. (1999 and 2000) for the northwest-
ern Alps. According to those authors, metamorphic 
devolatilisation of Mesozoic calc-schists is the main 
source of ore-forming fluids. This conclusion fur-
ther suggests that higher temperature conditions in 
the deeper part of the crust caused partial melting 
and released metamorphic fluids, while metamor-
phic rocks exhumed to shallower levels are on their 
retrograde path. These fluids precipitated the post-
metamorphic gold-quartz veins in the cooling rocks. 
Heterogeneous entrapment features, such as the 
presence of liquid-rich inclusions in addition to inclu-
sions having highly variable liquid/vapour ratios, and 
vapour-rich inclusions in the same sample, and the 
wide range of homogenisation temperatures of the 
fluid inclusions, suggest that mixing of hot metamor-
phic fluids with cold, surface-derived, oxidised wa-
ters is also an important factor for gold enrichment in 
the quartz veins. 

Consistently higher gold contents of veins near the 
surface may be explained through secondary enrich-
ments caused by supergene alteration. The spatial 
and temporal distribution of supergene alteration 
zones and the absence of abundant hydrothermal 
quartz within the secondary alteration suggest that 
oxidising, limonite- and haematite-forming fluids in 
the Savcılı area did flow downward. The invoked flu-
id source is the overlying Lutetian sediments. These 
fluids have used the preexisting fractures and sur-
faces, hence, mostly affected the upper part of the 
quartz veins and surrounding host rocks.

In conclusion, Savcılı gold-quartz veins have many 
similarities to orogenic gold deposits of the Alpine 
and Variscan collisional belts in terms of metal asso-
ciations, wall-rock alteration assemblages, mineral-
ogy, formation conditions and structural control. The 
known Sb-Hg-W (+ Au) deposits of the Niğde region 
and the newly discovered gold mineralizations of 
the Kırşehir, Kayseri and Nevşehir regions suggest 
that the extensional tectonics and granite-migmatite 
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dome structures of central Anatolia constitute a fa-
vorable geological environment for orogenic gold 
deposits. The existence of gold deposits in similar 
metamorphic and tectonic environments of the Al-
pine and Variscan belts indicates that future discov-
eries in central Anatolia are likely to be of economic 
significance. Further field investigations are neces-
sary to better understand the extent and mode of 
formation of these gold enrichments.
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