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ABSTRACT

Scaling in geothermal sites is one of the factors decreasing the efficiency of geothermal redetmtsticates calcium carbonate,

and calcium sulfate are the most coom types of scaling in geothermal fields. However, sulfides of antimony scaling are local to
some geothermal areas such as Biyuk Menderes Graben (BM&E is one of the major graben systems with theathermal
capacities in Western Anatolia. The mgihas multireservoirs, and different reservoir temperatures may separate them. There are
two main reservoirs in Miocene sediments; fractured and consisting of sandstone. The conglomerate is defined asatveifirst res
with a deep reservoir as the ead one, represented by Menderes Metamorgkigmony sulfide, commonly known as stibnite
(SkeSs), forms in the heagxchanger units and pipelines Blyuk Menderes Graben (BMG), western Tuhleegcope of this study

isto determine the source, type, amdperties 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 stibnatsshistsAlso, pH and temperature change are the
principal causes of stibritdeposition in the geothermal field.

1. INTRODUCTION

One of he most important graben systems of Western Anatolia, which expands inSh#iréttion and has a seismically active

crust, is the Biyiuk Menderes Grabh@eweyandk e tird979 Sengtr 1987)The western Anatolian upper crust, which changed

shape under the effect of these extensional forces, was broken by normal faults bounded by approxivhiaeigiBg graberifhe

Biyiik Menderes Graben is bounded by activ/ Erending normal faults with length of150 km and a width of @0 km(Paton,
1992)(Fig.1). The BMG intersects the Al akehir Graben east of Buldan
1993).This huge structure has several discovered geothermal resources badeasidered as a geothermal basin with a continued
identification of new geothermal systelffsg. 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 Centralohagt Ay d € n e t Theaefore,, this Zy@k@b structure

creates highemperature geothermal systems by providing optimum conditions for shallow and wide heat solvestein

Anatolia. The GermenciK Ay d é n) geot her mal f i e bfdhe BMG wherecis welt knowa for its high we s t
temperature geothermal resourcksrustatscale metamorphic core complex, the Menderes Massif, dissects the approximately east
west graben to form the moptominent features of the regiofihe Germencik geothermal fieltas many altered zones with
hydrothermal fluids that lead to the formation ofi8ih deposits in the geothermal system. In particdonitebased scaling is
frequently observed in westeBMG. With the increase of binary cycle power plants in recent years, stibnite scaling has also increased

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

4 mm thick, has greyish color, and its stoichiometry is closstibnite SSs) ( Kaypakojl u et al ., 2015) .

Stibnite (SkSg), which is the main component of hydrothermal systems, is also known as antimony trigufigecarbonate and
silica scaling has beestudied for many years in geothermal power plants, stibnite scaling is little kdawimony occurs in
trisulfide, SB*, and pentasulfide, Sbin natural geothermal syster(Stauffer and Thompson, 1984; White, 198#)hydrothermal
systems, stibnite skiag is controlled by pH and temperature and occurs inteEmperature equipment such as heat exchangers and
condensersThe concentration of antimony in the brine is less than one Bpow(, 201). However, a major problem at lew
temperature angH in binary cycle power plantsecause antimony can still be deposited as stilimitatural geothermal systems.
Antimony is found in sulfide deposits such as stibnite, sulfosalts, and, in some cases, natural Sb, and dissolvestimewatar in

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

ShSs + 6H20 = 2Sh(OH} + 3H:S (1)

As can be seen from Ed, as the amount of deposited stibnite increases, the amount of hydrogen sulfide also irtlisased.
Mahon (1977) stated thdilite muld also cause corrosion in geothermal systdResently, studies describing and preventing this
type of scaling have started to appear in the literdtukea y p a k o j | uCiftei et ala2D20), 2015
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Figure 1: Location map of thestudy area
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Figure 2:

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

The Buylk Menderes Graben is located in crystalline Menderes makiih is the largest metamorphic massif in TurkEyis

graben, which haseen broken by normal faults during the alpine orogenesis, presents dildosteicture The Menderes Massif
consists of metamorphic rocks that include schists and dolomitic marbles. Sediment deposits overligetiiegical and
geophysical studies shed stepwise graben development, which is an important characteristic of geothermal fields, occurred in the
northern part of the grab€Raulds, 201Q)The geological history of the Menderes Massif can be divided into paleotectonic evolution
and neotectonievolution.Magmatism, metamorphism, and deformations occurreébdepaleotectonic evolutioof the Menderes
Massif.Rock units exposed in the vicinity of Bllyilk Menderes Graben can be classified into two groups: the basementfdhd basin
units. Metamorhic rocks belonging to Menderes Massif constitute theNmegene basement units, which is an extensional
metamorphic core complex in the Western Anatolian extensional province (Bozkurt, B®basin fill consists of four sedimentary
packages formed ahe metamorphic rocks of the Menderes Massif (S6zbilir and Emr®; B82kurt, 2000)The first sedimentary
package is made up of blocky conglomerates and conglomerates containingibdockomponentdVith these features, the first
sedimentary packageshow the characteristics of an alluvial fan from west to €astsediments belonging to the second sedimentary
package are characterized by reddish colored terrestrial conglomerate and sambsttried sedimentary packagecomposed of
dominant caglomerate and sandstoaléernationThe facies characteristics of this unit indicate that it is controlledWytEending

faults. The sediments of the fourth sedimentary package are formed by the alluviums that fill the Bilyilk Menderes Graben today.
These sediments are made up of fimained river sediments carried by the Biylik Menderes Rilex.sequence continues its
formation todayS6zbilir, 2001) The most important characteristic of the BMG is asymmetry, which means a steeper northern side,
ard most of the hot springs are concentrated along the northerrirg&tsection regions betweeri 8l Miocene grabens and the
actual EW grabens in the BMG have a suitable fractured medium for the formation of geothermal sykterks.to the geological
formation and active tectonism, Bilyiik Menderes Graben has a great advantage in terms of gedthiditretrhte, #hough most

of these geothermal systems are located in reservoirs with medium enthvalpiesc h have 12071 180 é&\kiFe t he
geothermal fields are two of the hottest, largest, and have-dat@nated hydrothermal reservoirs discovered in Turkey sdliar.

Ge

Kézéldere geothermal field has,whepasToeGermentikditldhastempefaires@F®& er v oi r

°C (Tureyen et al., 2016)his high temperature in the reservoir is the rapid rise of the uppey causing erosion and high heat
flow. During the uplift period, metamorphic rocks were broken due to the effect of detachment faults, causiothémmalefluid

toriseintheregiofhe reservoirs of the Ger menci k meetamorpKi@eks with difierent ge ot h e

lithological units.The most important feature of these metamorphic rocks is that they have a deeply d¢peass layeoverlying
them.The conceptual model of the study area is given in Figure

The study area hasvo reservoirs. The first consists of mairi{eogeneaged conglomerate and sandstone. The second includes
Menderes Metamorphic rocks. Quartzii@artziteschist, 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 & tretasiezl geology mapf

the study ares givenin Figure4. 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 tectooicthegimes
region, the Meneres massif has gained its present position along thamhgle normal faults of the Oligdliocene period. At the

same time, as a result of tectonics, a favorable environment has been formed for geothermal systems in the region
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Figure 3: 3D Geothermal conceptual modelof the study area
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Figure 4: Geology map of the study area



