
Proceedings World Geothermal Congress 2020+1 

Reykjavik, Iceland, April - October 2021 

1 

Source and Behavior of Stibnite Scaling:  

Case Study: Büyük Menderes Graben (Western Turkey) 

1Serhat Tonkul, 2Simona Regenspurg, 3Mustafa M. Demir, 4Alper Baba 

1,4Ķzmir Institute of Technology, Department of Civil Engineering, Program of International Water Resources, 35430, Urla, Ķzmir, 

Turkey 

3Ķzmir Institute of Technology, Department of Material Science and Engineering, 34530, Urla, Ķzmir, Turkey 

2Helmholtz-Zentrum Potsdam, Deutsches GeoForschungsZentrum GFZ, Potsdam, Germany 

E-mail: alperbaba@iyte.edu.tr 

 

Keywords: Stibnite, scaling, Büyük Menderes Graben 

ABSTRACT 

Scaling in geothermal sites is one of the factors decreasing the efficiency of geothermal resources. Metal silicates, calcium carbonate, 

and calcium sulfate are the most common types of scaling in geothermal fields. However, sulfides of antimony scaling are local to 

some geothermal areas such as Büyük Menderes Graben (BMG), where is one of the major graben systems with their geothermal 

capacities in Western Anatolia. The region has multi-reservoirs, and different reservoir temperatures may separate them. There are 

two main reservoirs in Miocene sediments; fractured and consisting of sandstone. The conglomerate is defined as the first reservoir, 

with a deep reservoir as the second one, represented by Menderes Metamorphic. Antimony sulfide, commonly known as stibnite 

(Sb2S3), forms in the heat-exchanger units and pipelines Büyük Menderes Graben (BMG), western Turkey. The scope of this study 

is to determine the source, type, and properties of the stibnite in the BMG. According to the mineral solubility diagram, stibnite starts 

to precipitate below ~90 °C. The result shows that the source of stibnite is calcschists. Also, pH and temperature change are the 

principal causes of stibnite deposition in the geothermal field. 

1. INTRODUCTION  

One of the most important graben systems of Western Anatolia, which expands in the N-S direction and has a seismically active 

crust, is the Büyük Menderes Graben (Dewey and ķengör 1979; Sengör 1987). The western Anatolian upper crust, which changed 

shape under the effect of these extensional forces, was broken by normal faults bounded by approximately E-W trending graben. The 

Büyük Menderes Graben is bounded by active E-W trending normal faults with a length of 150 km and a width of 10-20 km (Paton, 

1992) (Fig. 1). The BMG intersects the Alaĸehir Graben east of Buldan and changes from Saraykºy to the Denizli basin (Westaway, 

1993). This huge structure has several discovered geothermal resources and can be considered as a geothermal basin with a continued 

identification of new geothermal systems (Fig. 2). Curie point temperature studies show that the depth of the heat source is 7 km in 

Western Anatolia, 30 km in Eastern Anatolia, and 25 km in Central Anatolia (Aydēn et al., 2005). Therefore, this graben structure 

creates high-temperature geothermal systems by providing optimum conditions for shallow and wide heat sources in Western 

Anatolia. The Germencik (Aydēn) geothermal field is located at the west edge of the BMG where is well known for its high-

temperature geothermal resources. A crustal-scale metamorphic core complex, the Menderes Massif, dissects the approximately east-

west graben to form the most prominent features of the region. The Germencik geothermal field has many altered zones with 

hydrothermal fluids that lead to the formation of Sb-rich deposits in the geothermal system. In particular, stibnite-based scaling is 

frequently observed in western BMG. With the increase of binary cycle power plants in recent years, stibnite scaling has also increased 

in Turkey (Zarrouk et al., 2014). Especially in Germencik, stibnite scaling was examined, and results showed that it is between 1 and 

4 mm thick, has a greyish color, and its stoichiometry is close to stibnite (Sb2S3) (Kaypakoĵlu et al., 2015).  

Stibnite (Sb2S3), which is the main component of hydrothermal systems, is also known as antimony trisulfide. While carbonate and 

silica scaling has been studied for many years in geothermal power plants, stibnite scaling is little known. Antimony occurs in 

trisulfide, Sb3+, and pentasulfide, Sb5+ in natural geothermal systems (Stauffer and Thompson, 1984; White, 1967). In hydrothermal 

systems, stibnite scaling is controlled by pH and temperature and occurs in low-temperature equipment such as heat exchangers and 

condensers. The concentration of antimony in the brine is less than one ppm (Brown, 2011). However, a major problem at low-

temperature and pH in binary cycle power plants because antimony can still be deposited as stibnite in natural geothermal systems. 

Antimony is found in sulfide deposits such as stibnite, sulfosalts, and, in some cases, natural Sb, and dissolves in water in the form 

of hydroxide (Williams-Jones and Norman, 1997). The dissolution of stibnite in water is explained by the following equation. 

 

                    Sb2S3 + 6H2O = 2Sb(OH)3 + 3H2S                                                                                                                                     (1)             

 

As can be seen from Eq. 1, as the amount of deposited stibnite increases, the amount of hydrogen sulfide also increases. Ellis and 

Mahon (1977) stated that stibnite could also cause corrosion in geothermal systems. Recently, studies describing and preventing this 

type of scaling have started to appear in the literature (Kaypakoĵlu et al., 2015; Çiftçi et al., 2020). 
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Figure 1: Location map of the study area 

 

Figure 2: Geothermal power plants (red circle) around the Germencik region 
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2. THE SITE DESCRIPTION  

The Büyük Menderes Graben is located in crystalline Menderes massif, which is the largest metamorphic massif in Turkey. This 

graben, which has been broken by normal faults during the alpine orogenesis, presents a dome-like structure. The Menderes Massif 

consists of metamorphic rocks that include schists and dolomitic marbles. Sediment deposits overlie them. Geological and 

geophysical studies showed stepwise graben development, which is an important characteristic of geothermal fields, occurred in the 

northern part of the graben (Faulds, 2010). The geological history of the Menderes Massif can be divided into paleotectonic evolution 

and neotectonic evolution. Magmatism, metamorphism, and deformations occurred in the paleotectonic evolution of the Menderes 

Massif. Rock units exposed in the vicinity of Büyük Menderes Graben can be classified into two groups: the basement and basin-fill 

units. Metamorphic rocks belonging to Menderes Massif constitute the pre-Neogene basement units, which is an extensional 

metamorphic core complex in the Western Anatolian extensional province (Bozkurt, 2001). The basin fill consists of four sedimentary 

packages formed on the metamorphic rocks of the Menderes Massif (Sözbilir and Emre, 1990; Bozkurt, 2000). The first sedimentary 

package is made up of blocky conglomerates and conglomerates containing block-sized components. With these features, the first 

sedimentary packages show the characteristics of an alluvial fan from west to east. The sediments belonging to the second sedimentary 

package are characterized by reddish colored terrestrial conglomerate and sandstone. The third sedimentary package is composed of 

dominant conglomerate and sandstone alternation. The facies characteristics of this unit indicate that it is controlled by E-W trending 

faults. The sediments of the fourth sedimentary package are formed by the alluviums that fill the Büyük Menderes Graben today. 

These sediments are made up of fine-grained river sediments carried by the Büyük Menderes River. The sequence continues its 

formation today (Sözbilir, 2001). The most important characteristic of the BMG is asymmetry, which means a steeper northern side, 

and most of the hot springs are concentrated along the northern side. Intersection regions between NïS Miocene grabens and the 

actual EïW grabens in the BMG have a suitable fractured medium for the formation of geothermal systems. Thanks to the geological 

formation and active tectonism, Büyük Menderes Graben has a great advantage in terms of geothermal. To illustrate, although most 

of these geothermal systems are located in reservoirs with medium enthalpies, which have 120ī180 ÁC, the Germencik and Kēzēldere 

geothermal fields are two of the hottest, largest, and have water-dominated hydrothermal reservoirs discovered in Turkey so far. The 

Kēzēldere geothermal field has approximately 245ÁC reservoir temperature, whereas The Germencik field has temperatures up to 276 

°C (Tureyen et al., 2016). This high temperature in the reservoir is the rapid rise of the upper crust, causing erosion and high heat 

flow. During the uplift period, metamorphic rocks were broken due to the effect of detachment faults, causing the geothermal fluid 

to rise in the region. The reservoirs of the Germencik and Kēzēldere geothermal fields are located in metamorphic rocks with different 

lithological units. The most important feature of these metamorphic rocks is that they have a deeply located gneiss layer overlying 

them. The conceptual model of the study area is given in Figure 3. 

The study area has two reservoirs. The first consists of mainly Neogene aged conglomerate and sandstone. The second includes 

Menderes Metamorphic rocks. Quartzite, quartzite-schist, calcschist, mica schist, graphite schist, gneisses are basement rocks of the 

geothermal system. The main fault systems in the study area are located in the north and west of the site. A detailed geology map of 

the study area is given in Figure 4. The geothermal reservoir rocks in the geothermal field are Neogene limestones, Paleozoic marbles, 

and quartzite schist in the basement complex. In addition to graben morphology formed under the extensional tectonic regimes of the 

region, the Menderes massif has gained its present position along the low-angle normal faults of the Oligo-Miocene period. At the 

same time, as a result of tectonics, a favorable environment has been formed for geothermal systems in the region.  

 

Figure 3: 3D Geothermal conceptual model of the study area 
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Figure 4: Geology map of the study area 

 


