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ABSTRACT: Human beings have been benefiting from geothermal energy for different uses since the dawn
of the civilization in many parts of the world. One of the earliest uses of geothermal energy was for heating
and was used extensively by Romans in Turkey, where is an area of complex geology with active tectonics and
high geothermal potential. The highest concentrations of naturally occurring aqueous arsenic (As) are found
in certain types of geothermal waters, which are generally related to faults and alteration zone. The especially
volcanic activity led to the delineation of wide-ranging areas of alteration within mineral assemblages, from
advanced argillic type to silica type to prophylitic type at deep levels. The advanced argillic alteration zones
are typified by enrichment of sulfur in volcanic rocks that have been dominant in the geological formation of
Turkey and the primary mechanism for the presence of numerous trace elements in earth’s crust, including but
not limited to arsenic. Also, secondary epithermal gypsum has a high concentration of As in the form of realgar
and orpiment along the fracture zones of metamorphic and carbonate aquifers. The temperature of geothermal
fluid ranges from 40 to 295◦C in Turkey. The high arsenic concentrations in geothermal resources have been
detected in different part of Turkey from 1 to 6000 µg L−1 in geothermal fluids.

1 INTRODUCTION

Plate tectonics control the thermal conditions in the
crust. These large-scale movements of plates produce
geothermal systems in different part of the world. For
example, geothermal systems in Turkey located in the
active Alpine-Himalayan Fold and Thrust Belt where
the collision of African and Eurasian plates and also
the closure of the Tethys Ocean occurs today (Bozkurt,
2001). The graben systems and major faults accompa-
nied by young volcanism form abundant geothermal
areas in tectonically-active in most part ofTurkey. Gen-
erally, geothermal field in Turkey roughly parallel the
trends of the graben-bounding faults, young volcan-
ism and hydrothermally altered areas (Mutlu & Gülec,
1998; Simsek et al., 2002; Baba & Ármannsson, 2006;
Baba & Sözbilir, 2012) (Fig. 1).

Turkey is favored by a large number of thermal
springs known since classical and even prehistoric
times. Most important geothermal exploration studies
in Turkey began in 1962 by the General Directorate
of Mineral Research and Exploration (MTA). There
are a total of about 1,500 thermal and mineral water
spring groups sped all over the country (Simsek et al.,
2002; MTA, 1980; Simsek, 2009).The highest (295◦C)
bottom hole temperatures have been measured in cen-
tral Turkey. In Turkey, geothermal energy is also used
in various applications such as power generation,
greenhouse, district heating, industrial processes, and
balneology. The installed capacity is 3322 MWt for
direct use (heating) and 1053 MWe for power gen-
eration (Akkuş, 2017). The application of geothermal
energy for power generation has increased exponential
in Turkey (Fig. 2).

Figure 1. Simplified tectonic map of Turkey showing major
neotectonic structures, volcanic province and geothermal
spring area in Turkey (from Şimşek et al., 2002; Yiğitbaş
et al., 2004).

Figure 2. Application of geothermal system in Turkey
a) direct use and b) power generation.

2 ARSENIC IN GEOTHERMAL FLUID

Based on the tectonic characteristics and the geologi-
cal structure, many parts of Turkey are likely to have
arsenic containing geological formations. Particularly,
high arsenic levels have been naturally detected in
along the fault system where volcanic, metamorphic
and sedimentary formations out croup. The especially
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Figure 3. Alteration zone which is including arsenic (a: Lif
(Siirt), b: Alaşehir (Manisa), c: Varto (Muş) and d: Tuzla
(Çanakkale)).

Figure 4. Concentration of arsenic in some geothermal
field in Turkey (Some data taken from MTA, 2005).

volcanic activity led to the delineation of wide-ranging
areas of alteration within mineral assemblages, from
advanced argillic type to silica type to prophylitic type
at deep levels (Fig. 3). The advanced argillic alteration
zones are typified by enrichment of sulfur in volcanic
rocks that have been dominant in the geological for-
mation of Turkey is the primary mechanism for the
presence of numerous trace elements in earth’s crust,
including but not limited to arsenic (Baba & Gun-
duz, 2010; Baba & Sözbilir, 2012). The concentration
of arsenic in geothermal fluid changes in each field
because of geological properties. The concentration
of arsenic is range from 10 to 6936 mg L−1. The high-
est As concentration was found in the Hamamboğazı
(Uşak) geothermal spring with values of 6936 mg
L−1. The concentration of arsenic in some geother-
mal field is given in Figure 4. Except for arsenic,
boron values also are quite in the geothermal system
of Turkey. The concentration of boron reaches about
70 mg L−1 in some geothermal field such as Aydın,
Manisa and Düzce Region. Boron concentration is
related to volcanic and sedimentary rocks, but may
also be controlled by degassing of magma intrusive
(Baba & Armmansson, 2006).

Figure 5 illustrates dominant hydrochemical fea-
tures of geothermal fluid in Turkey. Each geothermal
fluid has different compositions generally most of
geothermal fluids which have a deep circulation are
of Na-HCO−

3 type, whereas shallow fluids are mostly
of the Ca-HCO−

3 type. Along the coastal region such
as western Turkey, hot spring exhibited a Na-Cl type
with high concentrations of Na+ and Cl−.

Figure 5. Chemical properties of geothermal fluid inTurkey
a) Piper diagram and b) Schoeller diagram.

3 CONCLUSIONS

The study shows that geothermal fluid has a dif-
ferent water types in the different region and some
geothermal fields have high concentrations of arsenic.
Re-injection is one of the important processes to min-
imize environmental problem and sustainability of
the system. It was observed that the deterioration of
local shallow groundwater resources through arsenic
contamination was due to the mixing of geother-
mal fluid or utilization of geothermal resources for
energy regeneration. Therefore, proper management
and control strategy must be adopted in order to ensure
environmental safety to freshwater resources which is
currently under threat from geothermal (Bundschuh
et al., 2013).
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