
    

 

 

 

 
*b Cihan YALÇIN; cihanyalcinjeo@gmail.com, Tel: (0535) 773 05 73, orcid.org/ 0000-0002-0510-2992 
a orcid.org/ 0000-0003-4478-2908 c orcid.org/ 0000-0001-7827-8721  

   

 
ISSN: 2146-538X        http://dergipark.gov.tr/gumusfenbil 

GÜFBED/GUSTIJ (2021) 11 (3): 729-743 

DOI: 10.17714/gumusfenbil.866085                                                                                              Araştırma Makalesi / Research Article 

 

Microthermometric characteristics of vein type U-Th enrichment observed in 

the Fault Zones in Northwest of Arıklı (Çanakkale-Turkey) 
 

Arıklı (Çanakkale-Türkiye) kuzeybatısında fay zonlarında gözlenen damar tipi U-Th 

zenginleşmesinin mikrotermometrik özellikleri 
 

 

Sercan ÖZTÜRK1,a, Cihan YALÇIN*2,b, Mustafa KUMRAL1,c 
1İstanbul Teknik Üniversitesi, Maden Fakültesi, Jeoloji Mühendisliği Bölümü, 34100, İstanbul 

2Sanayi ve Teknoloji Bakanlığı, Sanayi Bölgeleri Genel Müdürlüğü, 06100, Ankara 

 

• Geliş tarihi / Received: 21.01.2021 • Düzeltilerek geliş tarihi / Received in revised form: 12.04.2021 • Kabul tarihi / Accepted: 21.04.2021 

 

 

Abstract 

U-Th enrichments are observed in many regions in Western Anatolia. There are also U and Th enrichments in the fault 

zones developed in the tuffs in Arıklı in Biga Peninsula. The characterization of the mineralization is vein type and 

epigenetic formation. Çetmi Ophiolitic Melange forms the basis of the region. Küçükkuyu formation, which consists of 

Arıklı tuff member and shale-sandstone member, is located on this unit. The youngest unit in the region is diabase dykes. 

The study area was affected by deformations during the Paleogene period and E-W and NE-SW extended dip slip fault 

systems were developed. In the fault zone around Örencik Tepe, 64-1640 ppm values for U and 302-11813 ppm values 

for Th were obtained respectively. At the same time, hydrothermal magnesite breccias developed in this fault zone. 

Because of microthermometric assessments in these breccias associated with mineralization, it was determined that the 

homogenization temperatures (Th, oC) were between 282-348 oC and the % NaCl salinity equivalents were between 4.2-

8.0 respectively. It was identified that the solution system of the liquid inclusions is as H2O-MgCl2-CaCl2 and the density 

of the liquids is between 0.58-0.74 g/cm3. 

 

Keywords: Arıklı tuff member, Hydrothermal magnesite, Microthermometric measurements, Vein type U-Th 

mineralization 

 

 

Öz 

Batı Anadolu’da birçok bölgede U-Th zenginleşmeleri gözlenir. Biga Yarımadası sınırları içindeki Arıklı ve civarındaki 

tüflerde gelişen fay zonlarında da U ve Th zenginleşmeleri bulunur. Cevherleşme damar tipi şeklinde ve epijenetik 

oluşumludur. Bölgenin temelini Çetmi Ofiyolitik Melanjı oluşturur. Bu birim üzerinde Arıklı tüf üyesi ve şeyl-kumtaşı 

üyesinden oluşan Küçükkuyu formasyonu yer alır. Bölgedeki en genç birim ise diyabaz dayklarıdır. İnceleme alanı 

Paleojen dönemindeki deformasyonlardan etkilenmiş ve E-W ve NE-SW uzanımlı eğim atımlı fay sistemleri gelişmiştir. 

Örencik tepesi civarındaki fay zonunda U için 64-1640 ppm ve Th için ise 302-11813 ppm değerleri elde edilmiştir. Aynı 

zamanda bu fay zonunda hidrotermal magnezit breşleri gelişmiştir. Cevherleşme ile ilişkili olan bu breşlerde 

mikrotermometrik ölçümler sonucunda homojenleşme sıcaklıklarının (Th, oC) 282-348 oC arasında olduğu ve % NaCl 

tuzluluk eşdeğerlerinin de 4.2-8.0 arasında olduğu belirlenmiştir. Sıvı kapanımların çözelti sisteminin H2O- MgCl2-CaCl2 

şeklinde olduğu ve sıvıların yoğnuluğunun da 0.58-0.74 g/cm3arasında olduğu ortaya çıkarılmıştır. 

 

Anahtar kelimeler: Arıklı tüf üyesi, Hidrotermal manyezit, Mikrotermometrik ölçümler, Damar tipi U-Th cevherleşmesi 
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1. Introduction 

 

Uranium and Thorium are important radioactive 

elements. Turkey has significant uranium 

enrichment in western Anatolia (Şaşmaz, 2008). 

The International Atomic Energy Agency (IAEA, 

has classified the uranium deposits into 14 groups 

(Anonymous, 2009). This classification was made 

according to age, tectonic, origin rock and location. 

Granitic and volcanic rocks constitute important 

lithologies for uranium enrichment (Zhang and 

Zhang, 1991; Qin and Liu, 1998). According to the 

wall rocks, U deposits are divided into 4 groups as 

granite-rock type (G-type), volcanic-rock type (V-

type), carbon-silica-pelitic-rock type (CSP-type) 

and sandstone type (Li et al., 2002). 

 

Uranium exploration in Turkey was initiated by 

General Directorate of Mineral Research and 

Exploration (MTA) in 1953 and has continued to 

work after (the Contencin, 1960; Uçmak, 1969; 

Kaplan, 2011; Yörükoğlu, 2014, Günaydın, 2017). 

U3O8 value is 0.08% in Miocene aged carbonated 

rocks in Ayvacık-Küçükkuyu field near Çanakkale 

province (MTA, 2009; MTA 2010c). Natural 

radiation sources are found in the volcanic tuffs 

surfacing between Küçükkuyu and Ayvacık with 

phosphate nodules (Atabey, 2006). There are 

magnetite, thorite, zircon and titan minerals in the 

sands at the Geyikli beach close to the region with 

uranium and thorium contents in geochemical 

analysis, and the minerals that cause radioactivity 

are in the form of thorite and uraninites (Andaç, 

1971). The origin of these radioactive minerals are 

the granitic rocks surfacing around Geyikli (Andaç, 

1971). It has been determined that the radiated 

sands in the vicinity of Aladağ village in Ezine 

district are granitoidic rocks and they are rich in U 

and Th (Yılmaz-Şahin et al., 2004, 2006; Örgün et 

al., 2005; Atabey, 2008a; Atabey and Ünal, 2008). 

Günaydın (2017) stated that U enrichment in and 

around Arıklı is related to phosphate, that 

phosphates in this region are sedimentary and are 

of hydrothermal type associated with fault lines. 

The uranium minerals observed in the X-Ray 

Diffractometers analysis (XRD) of the fault lines 

are in the composition of bayleite and ningyoite in 

the old works of MTA (Günaydın, 2017). High 

natural radiation values were reached in the fault 

zones near Örencik and Feyzullah Tepe in the 

northwest of Arıklı (Atabey, 2008a). Magnesite 

breccias located in the northwest of Arıklı were 

formed by the effect of hydrothermal solutions and 

there are up to 700 ppm of U anomalies and greater 

than 1000 ppm of Th anomalies in this fault zone 

(Günaydın, 2017). Fluid inclusion studies have not 

yet been carried out for mineralization in fault 

zones developing due to the opening tectonics in 

the region. In this paper we put forward for the first 

time the microthermometric data obtained from 

magnesites observed in these fault zones will also 

shed light on uranium and thorium mineralization. 

 

2. Material and method 

 

It is aimed to determine the relationship between 

the discontinuity structures of U-Th enrichments, 

which were previously detected around Arıklı 

region, to determine the U and Th values in this 

discontinuity, and to reveal the microthermometric 

properties of hydrothermal magnesites in the fault 

lines with high U and Th values. 

 

2.1. Analyses 

 

2.1.1. Geochemical analysis 

 

Geochemical analyzes were carried out at the 

Istanbul Technical University Geochemistry 

Research Laboratory (ITU-JAL). Major oxides 

were determined by XRF (X-Ray Floresance) 

method in BRUKER S8 TIGER device, and trace 

elements were determined by ICP-MS (Inductively 

Coupled Plasma Mass Spectroscopy) method in 

PerkinElmer ELAN 6000 DRC-e device. 

 

2.1.2. Fluid inclusion studies 

 

Microthermometric measurements from magnesite 

related to mineralization were made at ITU JAL 

using Leica DFC-320, Leica DM 2500, Nikon 

SMZ800N microscopes integrated into Linkam 

THMG-600 heating-cooling system. 5 samples 

were prepared for fluid inclusion study from 

magnesites located in the fault zone associated with 

U-Th enrichment in the study area. Among the 

primary inclusions observed in these samples, 

Eutectic Temperature (TeoC), Final Ice Melting 

Temperatures (Tm-iceoC) and Homogenization 

Temperature (ThoC) were measured. 

 

3. Regional geology 

 

The study area is located in Northwest Anatolia, 

within the boundaries of Biga Peninsula, east of 

Ayvacık (Çanakkale) district. The study area is 

located in the Sakarya zone as a geodynamic 

location (Figure 1.1a). Okay et al., (1990) defined 

the units in Çanakkale region as pre-Tertiary and 

post-Tertiary units. In their subsequent studies, it 

was divided into three pre-Tertiary tectonic zones 

observed in NE-SW direction (Okay et al., 2001, 

Okay and Altıner, 2004). These zones are from 
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northeast to southwest; Ezine Zone, Ayvacık-

Karabiga Zone and Sakarya Zone. 

 

There are many metamorphic facies along with 

ophiolitic rock groups, magmatic, volcanic and 

sedimentary rock groups located in the north of 

Edremit Bay (Figure 1.1b) (Okay and Satır, 2000a; 

Şengün et al., 2011). In the vicinity of Arıklı, the 

Miocene Pliocene aged continental sediments and 

Cretaceous aged Çetmi melange are outcrop 

(Figure 1.1b). 

 

 
 

Figure 1. a. Tectonic location of the study area (modified from Işık, 2016), b. Generalized 

geology map of the Biga region and location of the study area (modified from 

Okay and Satır, 2000a; Şengün et al., 2011). 

 

3.1. Geology of the study area 

 

The Cretaceous Aged Çetmi Ophiolitic Melange, 

Küçükkuyu Formation and Quaternary aged 

alluvial deposits are located in the study area from 

older to younger. In the Küçükkuyu formation, 

shale-sandstone member, and Arıklı tuff member 

were distinguished and diabases that cut these units 

were mapped on the Örencik Tepe (Figure 2). 

 

3.2.1. Çetmi ophiolitic melange 

 

The oldest unit of the study area is Çetmi Ophiolitic 

Melange (Siyako et al., 1989; Okay et al., 1990). 

This unit, which spreads around Çamurlu Tepe, 

Sivri Tepe and Hıdırkaya Tepe in the northeast of 

the study area, consists mainly of spilitic mafic 

volcanic rocks, pyroclastic rocks, limestone, chert-

radiolarite, shale and graywacke. In addition, it is 

located in different levels of serpentinite, radiolaria 

chert and garnet micaschist, metabasic rocks that 

have undergone metamorphism in eclogite facies 

(Günaydın, 2017). 

 

Çetmi melange consists of mafic volcanic rocks, 

limestones, radiolarite-chert, intercalation of 

graywacke and shale contain serpentinite blocks 

and metamorphic rocks consisting of tectonic slices 

(Okay and Satır, 2000b; Beccaletto and Jenny, 

2004). 

 

Beccaletto et al., (2005) stated that the melange in 

the region was affected by a severe tension during 

the Paleogene period. The contacts of the units of 

the ophiolitic melange are limited by the E-W and 

NE-SW trending dip-slip faults (Figure 2). 
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Figure 2. Geological map of the study area. 

 

3.2.2. Küçükkuyu formation 

 

This unit, which was named for the first time by 

Saka (1979), includes continental sediments 

formed simultaneously with Oligo-Miocene 

volcanism, tuff and pyroclastic rocks of this 

volcanism (Siyako et al., 1989). The base of the 

unit consists of conglomerate and towards the 

upper levels, it passes into sandstone, mudstone, 

marl, claystone, shale and tuffs. For this reason, 

mapping was carried out seperately as a member of 

the continental clastics and a member of Arıklı 

ignimbrites. Some researchers have determined the 

age of the formation as Lower-Middle Miocene 

(İnci, 1984; Kesgin, 2001; Çiftçi et al., 2004). 

 

Shale-sandstone member 

 

This unit, which outcrops in most of the study area, 

consists of shale-sandstone intercalation. The unit 

has lateral and vertical transition with Arıklı 

ignimbrites, and located side by side with 

Cretaceous aged Çetmi ophiolitic melange by dip-

slip fault in the northeast. In the south, this unit is 

covered with angular unconformity by Quaternary 

aged alluvial deposit (Figure 2). 

 

Arıklı tuff member 

 

Arıklı iginmbrites are widely outcropped in the 

study area around Arıklı (Figure 2). This unit, 

which is observed topographically at higher levels, 

spreads in Örencik Tepe, Feyzullah Tepe, west of 

Nusratlı, around Kale Tepe and Hasanoba region. 

Arıklı ignimbirites, consists of andesite-dacite lava 

and tuffs (Dönmez et al., 2005). Günaydın (2017) 

divided the tuffs into three groups: vitric, crystal 

and lithic tuff. In the northwest of Arıklı, there are 

hydrothermal magnesite breccias in dip-slip fault 

contacts (Günaydın, 2017). The contact 

relationship of this unit, which has a lateral vertical 

transition with the shale-sandstone member, is 

tectonic in some regions. This unit is located side 

by side with Çetmi ophiolitic melange by dip-slip 

fault in the north of Hasanoba. In the north of 

Örencik Tepe, diabase dyke cuts this unit with an 

E-W trending (Figure 2). 

 

Diabase 

 

This unit, which is observed in limited areas in the 

north of Örencik Tepe in the study area, cuts the 

ignimbrites with an E-W trending. 

 

4. Ore geochemistry 

 

Günaydın (2017) stated that U-Th mineralization in 

this region is of hydrothermal type associated with 

fault lines. Since U and Th mineralization is not 

visible, samples were collected from ignimbrites 

and fault zones around Arıklı and Nusratlı. 

Analysis results of 48 compiled samples are given 
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in Table 1. According to the results of the analysis, 

U and Th anomalies are observed in the NE-SW 

and NW-SE dip-slip fault zones observed in the 

north west of Arıklı (Figure 3). The highest U and 

Th values are found in the area where magnesite 

breccias in the northwest of Arıklı (Figure 4). In the 

F35A and F35B samples, anomalies of U are 

between 64-1640 ppm and Th anomalies are 

between 302-11813 ppm (Table 1). In samples 

compiled around Örencik Tepe and Feyzullah Tepe 

(F36, F37, F39, F40A, F40B, F41, F41A, F42A, 

F42B) U are between 0-11 ppm and Th are between 

21-397 ppm (Table 1). As a result of these data, U 

and Th mineralizations in the region are related to 

fault zones developing in Arıklı ignimbrites. 

Günaydın (2017) stated that the presence of 

minerals such as barite and magnesite in the fault 

lines are of hydrothermal origin of mineralization. 

 

Besides these, bestowing to the geochemical 

analysis of the samples gathered in the region, in U 

and Th rich specimens, MgO is between 17.23-

40.10%, CaO 3.08-30.57% and SiO2 is between 2-

28.69% (Table 1). U-Th anomaly was not detected 

in many samples gathered from fault zones. 

Although Günaydın (2017) determined P2O5 

between 1.7% and 32.4% in his analysis in the U 

and Th rich zone (Feyzullah and Örencik Hill), 

P2O5 contents were between 0.03-0.93% in the 

samples solicited in this study. 

 

 
 

Figure 3. U-Th anomalies observed in fault zones in northeast of Arıklı and general view of the units (without 

scale). 

 

 
 

Figure 4. General view of hydrothermal magnesites in northwest of Arıklı.  

 

 

 



Öztürk et al. / GUFBED 11(3) (2021) 729-743 

734 

Table 1. Major oxide (%) and trace element (ppm) values of the samples compiled in the study area. 

 

Major Oxide (%) F1 F2_3 F4 F5 F6 F7 F9A F9B F10 F11A F11B F12 

SiO2 63.09 61.52 38.33 60.54 64.17 71.32 63.64 61.59 73.9 55.51 59.25 60.12 

Al2O3 15.83 15.07 10.09 14.89 10.55 13.17 15.39 12.89 11.13 19.96 18.55 15.9 

Fe2O3 3.17 2.07 4.43 7.08 3.26 3.85 6.47 5.32 2.99 6.52 5.13 4.75 

MgO 0.77 1.26 5.82 0.4 2.27 0.4 0.44 0.5 0.46 0.84 0.79 0.13 

CaO 0.93 2.93 15.31 0.2 5.6 0.17 0.14 0.79 0.08 0.66 0.68 0.36 

Na2O 0.31 0.1 0.19 0.23 0.14 0.14 0.12 0.19 0.13 0.85 0.71 0.09 

K2O 9.87 8.93 7.43 13.19 5 7.64 9.72 6.98 8.73 8.81 8.13 15.4 

TiO2 0.45 0.38 0.49 0.75 0.45 0.7 0.95 0.78 0.46 0.95 0.87 0.91 

P2O5 0.09 0.09 0.11 0.2 0.58 0.21 0.41 0.3 0.07 0.1 0.11 0.36 

MnO 0.07 0.08 0.17 0.11 0.08 0.07 0.17 0.14 0.02 0.02 0.01 0.11 

Cr2O3 0.39 0.23 0.01 0.04 0.38 0.34 0.05 0.07 0.45 0.28 0 0 

SO3 0.38 0.36 0.06 0.02 0.06 0.03 0.02 0.10 0.03 0.49 0.60 0.03 

LOI 4.03 6.63 17.34 2.17 7.25 1.80 2.21 10.15 1.43 4.78 4.94 1.38 

TOTAL 99.47 99.63 99.88 99.90 99.85 99.91 99.79 99.83 99.47 99.90 99.91 99.84 

Trace Element (ppm) F1 F2_3 F4 F5 F6 F7 F9A F9B F10 F11A F11B F12 

As 357 315 312 261 150 241 295 249 85 141 157 682 

Ba 1172 1117 612 451 300 412 328 389 248 1013 1039 756 

Br ND ND ND ND ND ND ND 15 ND ND ND ND 

Ce 375 106 60 ND ND ND 391 339 ND ND ND 1491 

Cl 2874 580 118 ND 153 ND ND 130 137 88 106 110 

Co ND ND ND ND ND ND 12 3 4 ND ND ND 

Cu 41 49 29 31 46 33 48 35 46 42 ND 38 

Ga ND 39 33 21 ND 27 ND ND ND ND 23 40 

Ge ND ND 15 ND ND ND ND ND ND ND ND ND 

Mo ND ND ND ND 60 ND ND ND ND ND ND ND 

Nb 17 14 ND 13 11 9 16 ND ND 10 10 ND 

Ni 25 35 102 201 210 278 409 225 111 ND 27 102 

Pb 60 59 ND ND ND ND ND ND ND ND ND 54 

Rb 232 197 144 297 123 152 168 132 216 274 236 287 

Se ND ND ND ND ND ND ND ND ND ND ND ND 

Sr 116 136 386 53 355 28 24 44 34 177 159 28 

Th 34 71 ND ND ND ND ND ND ND ND ND ND 

U ND ND ND ND ND ND ND ND ND ND ND ND 

V ND ND ND ND ND ND 154 ND ND ND ND ND 

Y ND ND ND ND 12 ND ND ND ND 14 ND ND 

Yb ND ND ND ND ND ND ND ND ND ND ND ND 

Zn ND ND ND ND ND ND ND ND 28 ND ND ND 

Zr 348 308 111 178 221 121 172 168 157 202 177 123 
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Table 1. Continued. 

 

Major Oxide (%) F13 F14 F22A F22B F23 F24 F25 F26 F27_A F27_B F28_A F28_B 

SiO2 34.96 64.58 48.51 54.01 54.75 63.24 59 59.39 47.45 50.37 59.19 59.46 

Al2O3 9.82 14.87 14.64 14.85 14.87 9.97 13.77 14.21 11.99 12.82 13.87 13.76 

Fe2O3 4.75 2.44 5.48 5.7 5.99 3.02 4.08 3.95 6.26 6.42 6.07 5.89 

MgO 2.08 0.72 7.07 4.92 4.54 3.53 3.12 3.05 4.4 2.97 3.23 3.12 

CaO 26.18 0.56 9.72 4.36 3.68 6.78 4.68 4.34 10.46 11.4 3.63 3.61 

Na2O 1.67 0.19 2.24 1.15 1.26 2.08 1.5 1.65 1.34 0.95 0.97 0.98 

K2O 1.25 13.67 3.5 5.96 5.8 3.19 6.34 6.51 4 3.36 3.93 3.9 

TiO2 0.47 0.38 0.95 0.83 0.81 0.48 0.63 0.63 0.7 0.66 0.78 0.79 

P2O5 0.16 0.07 0.31 0.24 0.23 0.17 0.21 0.22 0.13 0.17 0.25 0.26 

MnO 0.08 0.04 0.07 0.12 0.1 0.06 0.07 0.1 0.17 0.12 0.13 0.13 

Cr2O3 0.53 0.3 0.01 0.03 0.29 0.26 0.01 0 0.01 0.05 0.05 0.05 

SO3 0.31 0.04 0.09 0.15 0.14 0.10 0.15 0.14 0.22 0.19 0.12 0.13 

LOI 17.44 1.87 6.99 7.32 7.15 6.61 6.01 5.37 12.69 10.19 7.58 7.70 

TOTAL 99.83 99.84 99.75 99.80 99.50 99.87 99.82 99.81 99.88 99.86 99.89 99.88 

 

Trace Element (ppm) 
F13 F14 F22A F22B F23 F24 F25 F26 F27_A F27_B F28_A F28_B 

As 32 148 107 182 193 106 213 1942 132 110 107 90 

Ba 1084 548 1370 1269 1157 739 1784 111 457 1733 848 862 

Br ND ND ND ND ND ND ND ND ND ND ND ND 

Ce ND 403 ND ND 230 ND 485 ND ND ND ND ND 

Cl 277 ND 164 124 273 2885 142 156 ND ND ND ND 

Co ND ND ND ND ND ND 6 9 4 ND 3 ND 

Cu 44 22 94 58 68 36 51 54 62 43 44 50 

Ga ND 71 58 30 37 ND 26 25 ND ND 15 ND 

Ge ND 18 ND 21 ND ND ND ND ND ND ND ND 

Mo ND ND ND ND ND ND ND ND ND ND ND ND 

Nb ND 20 ND ND 8 ND 11 ND ND ND ND 12 

Ni 58 32 60 191 202 45 51 40 83 119 173 166 

Pb 50 59 ND 42 ND ND 37 44 ND ND ND 35 

Rb 29 375 93 160 186 73 159 167 110 106 115 112 

Se ND ND ND ND ND ND ND ND ND ND ND ND 

Sr 670 30 1033 397 439 433 421 500 443 419 268 273 

Th ND 46 ND ND ND ND ND ND ND ND ND ND 

U ND ND ND ND ND ND ND ND ND ND ND ND 

V 38 0 168 165 0 0 ND ND ND ND 145 153 

Y 0 0 0 0 11 0 ND ND ND ND ND ND 

Yb 0 0 0 0 0 74 ND ND ND ND ND ND 

Zn 0 0 0 0 0 0 ND ND ND ND ND ND 

Zr 286 441 304 219 375 228 266 386 222 248 179 188 
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Table 1. Continued. 

 

Major Oxide (%) F29A F29B F30 F31_A F31_B F35_A F35_B F36 F37 F39 F40_A F40_B 

SiO2 46.88 51.94 57.76 60.46 59.9 2 4.64 7.75 6.1 6.1 3.66 28.69 

Al2O3 12.16 15.07 11.29 12.1 12.46 0.31 0.83 1.99 0.53 1.26 0.98 8.13 

Fe2O3 6.1 6.39 4.93 5.34 5.2 1.01 0.22 0.55 0.47 0.23 0.39 1.85 

MgO 5.47 3.79 5.04 5.21 4.95 17.25 40.1 36.74 17.69 40.09 33.66 17.23 

CaO 9.32 5.51 7.18 3.87 3.98 30.57 4.93 4.58 29.27 3.08 12.51 9.94 

Na2O 1.69 1.49 1.32 1.18 1.29 0 0.22 0 0 0 0 0.09 

K2O 3.5 5.24 3.7 3.95 3.98 0.03 0.04 1.25 0.09 0.03 0.24 1.86 

TiO2 0.67 0.72 0.64 0.69 0.68 0.1 0.02 0.05 0.02 0.04 0.04 0.25 

P2O5 0.17 0.17 0.17 0.18 0.17 0.93 0.05 0.03 0.04 0.03 0.04 0.13 

MnO 0.18 0.1 0.09 0.09 0.09 0.05 0.02 0.02 0.04 0.02 0.04 0.05 

Cr2O3 0.03 0.02 0.08 0.08 0.08 0 0 0 0 0 0 0 

SO3 0.52 0.39 0.23 0.13 0.13 0.03 0.01 0.01 0.02 0.01 0.01 0.06 

LOI 13.00 8.41 7.31 6.46 6.84 45.57 48.79 46.94 45.57 49.02 48.24 31.51 

TOTAL 99.82 99.77 99.87 99.84 99.78 97.95 99.89 99.95 99.98 99.99 99.94 99.85 

Trace Element (ppm) F29A F29B F30 F31_A F31_B F35_A F35_B F36 F37 F39 F40_A F40_B 

As 207 183 94 93 93 149 30 164 69 16 80 250 

Ba 958 5039 1122 869 869 765 ND ND ND ND ND 304 

Br ND ND ND ND ND ND ND ND ND ND ND ND 

Ce ND ND ND ND ND ND ND ND ND ND ND ND 

Cl 157 148 ND ND 110 ND 140 115 ND 95 137 ND 

Co ND ND ND 6 7 30 ND ND ND ND ND ND 

Cu 46 60 39 46 38 ND 18 22 24 ND 20 32 

Ga 18 19 18 17 ND ND ND ND ND ND ND ND 

Ge ND ND ND ND ND ND ND ND ND ND ND ND 

Mo ND ND ND ND ND ND ND ND ND ND ND ND 

Nb 7 9 7 8 ND 62 ND ND ND ND ND ND 

Ni 183 159 198 231 226 24 12 17 ND 20 13 34 

Pb 56 ND ND ND ND 43 ND ND ND ND ND 28 

Rb 127 174 94 112 112 44 ND 25 ND ND ND 54 

Se ND ND ND ND ND ND ND ND ND ND ND ND 

Sr 540 475 454 358 363 2977 471 434 1175 437 978 485 

Th ND ND ND ND ND 11813 302 21 133 225 261 397 

U ND ND ND ND ND 1640 64 ND ND 11 ND ND 

V ND ND ND 142 ND ND ND ND ND ND ND ND 

Y 16 ND 18 ND ND 864 ND ND ND ND ND ND 

Yb ND ND ND ND ND 243 ND ND ND ND ND ND 

Zn ND ND ND 66 75 ND ND ND ND ND 12 41 

Zr 308 304 256 172 175 ND 5 13 30 9 23 232 
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Table 1. Continued. 

 

Major Oxide E (%) F41 F41_A F42_A F42_B F45 F46_47 F48 F49 F50 F52 F53 F54 

SiO2 3.02 22.12 18.56 24.34 52.26 67.21 62.92 77.51 95.7 64.49 64.16 59.53 

Al2O3 0.11 6.82 3.48 5.93 15.74 14.31 15.32 17.45 1.58 17.67 15.94 13.11 

Fe2O3 0.31 1.13 0.83 1.03 11.27 2.9 3.94 1.22 0.77 2.07 2.55 5.92 

MgO 37.38 21.53 31.99 26.72 1.96 ND 0.07 0.46 0.11 0.77 0.82 4.33 

CaO 10.63 7.78 1.92 2.26 1.67 ND 0.16 0.13 0.32 2.03 2.39 2.75 

Na2O ND ND 0.64 0.45 3.91 0.07 0.36 ND ND 0.21 0.24 0.74 

K2O ND 0.17 0.07 0.32 6.29 13.25 14.52 3.01 0.36 5.49 6.75 5.01 

TiO2 0.01 0.17 0.09 0.16 1.28 0.37 0.64 0.06 0.05 0.29 0.28 0.69 

P2O5 0.02 0.04 0.02 0.04 0.89 0.13 0.24 ND ND 0.07 0.06 0.2 

MnO 0.03 0.03 0.02 0.03 0.13 0.06 0.05 0.02 0.02 0.07 0.08 0.09 

Cr2O3 0.13 ND 0.15 ND ND ND ND ND ND ND ND 0.06 

SO3 0.02 0.04 ND ND 0,10 ND 0,01 0,04 0,01 0,02 0,04 0.07 

LOI 48.14 40.03 42.07 38.52 4.20 1.43 1.44 ND 1.05 6.68 6.53 7.29 

TOTAL 99.96 99.91 99.97 99.96 99.81 99.85 99.84 99.97 100,00 99.93 99.96 99.83 

Trace Element (ppm) F41 F41_A F42_A F42_B F45 F46_47 F48 F49 F50 F52 F53 F54 

As 15 115 96 155 256 466 727 14 ND 13 ND 103 

Ba ND 417 320 418 706 293 494 622 ND 514 817 800 

Br ND ND ND ND ND ND ND ND ND ND ND ND 

Ce ND ND ND ND ND 279 369 ND ND ND ND ND 

Cl 311 ND 160 194 96 ND 107 ND 114 154 300 132 

Co ND ND ND ND ND ND 15 ND 68 1 ND 8 

Cu 23 17 23 ND 91 25 40 29 32 22 28 37 

Ga ND ND ND ND ND ND 17 17 ND ND ND ND 

Ge ND ND ND ND ND ND ND ND ND ND ND ND 

Mo ND ND 21 ND ND ND ND ND ND ND ND ND 

Nb ND ND ND ND ND 18 13 ND ND ND ND ND 

Ni 15 14 17 16 26 21 78 18 25 ND 20 282 

Pb ND ND ND ND ND 75 50 ND ND ND ND ND 

Rb ND 6 9 18 151 395 301 74 0 98 129 123 

Se ND ND ND ND ND ND ND ND 37 ND ND ND 

Sr 1243 291 153 154 218 19 87 50 29 29 34 114 

Th 149 ND 20 21 21 29 53 ND ND ND ND ND 

U ND ND ND ND ND ND ND ND ND ND ND ND 

V ND ND ND 33 458 27 ND ND ND ND ND ND 

Y ND ND ND ND ND ND ND ND ND ND ND ND 

Yb ND ND ND ND ND ND ND ND ND ND ND ND 

Zn ND 24 15 24 88 60 62 40 22 38 40 ND 

Zr ND 193 14 34 79 523 286 101 ND 138 138 150 

 

5. Fluid inclusion study 

 

Microthermometric measurements were carried 

out from two-phase primary inclusions (Figure 5), 

taking into account the criteria specified by 

Roedder (1984) and Van den Kerkhof and Hein 

(2001), among the magnesites in the fault zone, 

where U-Th mineralization was highest in the 

study area (Table 2). Liquid inclusions are mostly 

irregular and contain liquid and vapor (L-V) at 

room temperature (Figure 5). In the measurements 

at these inclusions, all homogenisations occurred in 

the liquid phase. Although the bubbles of the V 

phase are quite large in some inclusions (Figure 
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5a), they are generally small in size (Figure 5b). 

Using the equation of Bodnar (1993), the melting 

temperatures obtained for each inclusion were 

calculated from the measurements, % NaCl 

equivalents of the inclusion (Table 2). In the 

moderate of the data got from the liquid inclusions, 

the density of the inclusions was calculated 

according to Zhang and Frantz (1987) with the 

service of the BULK (Bakker, 2003) package 

program (Table 2). Because of the calculations, it 

was demonstrated that the density of the liquids 

ranged between 0.58-0.74 g / cm3 (Table 2). 

 

Table 2. Microthermometric data from magnesites. 

 

Sample 

No 
Mineral Type 

Eutectic 

Temperature (TeoC)  

Final Ice 

Melting 

Temperatures 

(Tm-iceoC) 

Homogenization 

Temperature 

(ThoC) 

%NaCl 

Salinity 
Density (d) g/cm3 

1 Magnesite LV -47.2 -3.8 298 6.2 0.70 

2 Magnesite LV -46.3 -4.8 348 7.6 0.58 

3 Magnesite LV -44.6 -2.5 315 4.2 0.66 

4 Magnesite LV -46.8 -4.6 341 7.3 0.60 

5 Magnesite LV -38.6 -5.1 283 8.0 0.74 

6 Magnesite LV -29.5 -2.9 315 4.8 0.66 

7 Magnesite LV -34.3 -3.1 334 5.1 0.61 

8 Magnesite LV -35.5 -4.9 342 7.7 0.59 

9 Magnesite LV -40.3 -3.9 322 6.3 0.65 

10 Magnesite LV -46.2 -4.1 320 6.6 0.65 

11 Magnesite LV -46.8 -2.6 289 4.3 0.72 

12 Magnesite LV -44.2 -4.1 345 6.6 0.58 

13 Magnesite LV -43.5 -3.9 282 6.3 0.74 

14 Magnesite LV -39.1 -3.1 312 5.1 0.67 

15 Magnesite LV -45.5 -3.9 329 6.3 0.63 

 

 
 

Figure 5. The photomicrographs of liquid-gas (LV Type) phases of primary inclusions observed 

in magnesites. 

 

In measurements of LV-type inclusions in 

magnesite samples in the northwest of Arıklı, 

where U mineralization is observed, Tm-ice values 

are between -2.5 oC and -5.1 oC and salinity 

equivalents (% NaCl) (Bodnar, 1993) are between 

4.2-8.0. Homogenization temperatures (Th, oC) are 

between 282-348 oC. It is seen that the eutectic 

temperature values (Te, oC) are between -29.5 oC 

and -47.2 oC, while the final ice melting 

temperature values are relatively (Tm-ice, oC) in 

narrower intervals (Figure 6). 
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Figure 6. Distribution of microthermometric values detected in magnesites. 

 

When the homogenization temperature (Th, oC) 

and salinity (% NaCl equivalent) values are 

evaluated, the salinity values are between 4.2-8.0 

(average: 6.2), and the homogenization 

temperatures (Th, oC) values are between 282-348 
oC (average: 318 oC) as seen in frequency 

histogram (Figure 7). While homogenization 

temperatures are encountered in wide ranges in U-

Th mineralization, % NaCl salinity equivalents 

exhibit a tighter distribution than homogenization 

temperatures (Figure 7). 

 

 
 

Figure 7. Frequency histograms of inclusions observed in magnesite; a. Homogenization Temperature 

(The, oC), b. Salinity (% NaCl Equivalent). 

 

Microthermometric data obtained in ore zones 

were compared with data obtained in various 

deposits in the world (Figure 8). According to the 

data obtained, it was determined that the 

mineralization was homogenized at higher 

temperatures close to the epithermal phase, and the 

salinity values showed a similar distribution to this 

phase. 

 

The microthermometric measurement values 

detected in hydrothermal magnesites with uranium 

and thorium mineralization were evaluated 

according to the tables developed by Roedder 

(1979) and Shephard et al. (1985). Accordingly, 

eutectic temperature values (Te, oC) show that the 

solution is rich in CaCl2 and MgCl2 (Crawford, 

1981; Roedder, 1984). As a result of these data, the 

solution system is H2O- MgCl2-CaCl2.  

 

6. Discussion and conclusion 

 

The important uranium mineralization is generally 

sedimentary type in Turkey (Akıska et al., 2019), 

only Demirtepe (Söke-Aydın) as vein-type 

mineralization (TÜSİAD, 1998). In Demirtepe, 

uranium enrichment is observed in fault zones 

developing in Paleozoic aged schists (Akıska et al., 

2019). Thorium deposits, located in Kızılcaören-

Eskişehir (Turkey), formed in barite, fluorite and 

REE deposit (Kaplan, 1977). In addition, thorium 

occurances were found in Malatya-Darende-

Kuluncak, Kayseri-Felahiye, Sivas and Diyarbakır 

regions (DPT, 1996; Akkoyunlu, 2006). 
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Figure 8. Comparison of homogenization temperature-salinity values detected in magnesites with various 

deposits in the world (Wilkinson, 2001). 

 

With the effect of the stress system in the 

Paleogene period in the study area, dip-slip fault 

systems have developed. These fault zones are 

mostly E-W and NE-SW trending. U-Th 

mineralization observed in fault zones in 

volcanoclastic rocks in the northwest of Arıklı is 

epigenetic and vein type (Günaydın, 2017). The 

highest U-Th values are in the area with 

hydrothermal magnesites.  

 

Fluid inclusion studies in ore zones that are thought 

to be in hydrothermal systems provide critical 

information (Lu et al., 2004a; Chen et al., 2007). It 

is possible to evaluate together with the geology 

and geochemistry of the region. Li et al. (2002) 

stated that many uranium deposits in Southern 

China are related with faults and that faults perform 

significant appearances in the formation and 

distribution of hydrothermal uranium deposits. 

 

In an extensional tectonic environment, revealing 

the physicochemical properties of ore-forming 

fluids is an important component to inspect the 

genesis of mineralization. Presumably, the fluids 

existing to the bed rocks rich in U and Th were 

mobilized and deposited in convenient areas 

depending on the fault activity. A complementary 

situation is also observed in U ores in Southern 

China (Bonnetti et al., 2018; Shu et al., 2009; Wang 

and Shu, 2012). The fluids belonging to the 

bedrock in the U fields established by the stress 

tectonic system in Southern China were mobilized 

after faulting and also deposited in sufficient 

physicochemical environments (Riegler et al., 

2014; Bonnetti et al., 2020). 

 

In this study, hydrothermal magnesites in the same 

fracture line as the ore zone exhibit high 

homogenization temperatures (282-348 oC, 

average: 318 oC) and low salinity (4.2-8.0% weight 

NaCl equivalent). Because of the results obtained 

from the inclusions, it was decided that the density 

of the liquids were between 0.58-0.74 g/cm3. 

 

The geology, geochemsitry and fluid inclusion 

characteristics of the mineralisation in the Arıklı U-

Th deposit are consistent with a hydrothermal 

origin. Microthermometric data obtained in ore 

zones show that mineralization was homogenized 

at higher temperatures close to the epithermal 

phase and salinity values showed a similar 

distribution to this phase. 
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