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There are several geothermal fields in Turkey. Most of them are located in the
western part of Turkey. These thermal waters are used for space heating, electricity
generation, bathing, swimming and spa facilities. Heybeli Spa is one of them and
thermal waters around Heybeli have been used for bathing and balneological
purposes for many years. History of Heybeli Spa dates back to Roman times.
Heybeli Spa was known as Red Church Spa in Byzantine and Ottoman times. The
locations of some thermal waters in the study area were affected by an earthquake
in 3 February 2002 (M=6.1). This earthquake affected the field characteristics of
thermal springs in Heybeli Spa. Discharge rate of waters from wells and spring
increased temporary and new low discharge springs appeared after the earthquake
which is known as the Sultandagi-Cay earthquake. The chemical properties of the
new springs are similar to the old ones but the discharge temperature is lower due
to the mixing with cold ground waters. After the earthquake thermal waters flow
from some drilled wells to the surface by artesian. Presently, residents from various
places travel to Heybeli Spa to take baths with the aim of curing various ailments.
Thermal waters are also used as mineral water and are drunk to cure such as
stomach ailments. Thermal waters have various hydrogeochemical properties in
Turkey. They are mostly suitable for bathing, swimming and balneological
purposes. However, they may not be suitable to be used as mineral water due to the
involving of pollutant chemicals such as hydrogen sulfide, arsenic, boron, mercury,
lead, iron, zinc, manganese and lithium. Especially As concentrations in thermal
waters may exceed the drinking water standards. The aim of this study is to
evaluate the hydrogeochemical properties of the Heybeli spa and to determine the
water quality of thermal waters by comparing with the various standards.

MATERIALS AND METHODS

Thermal waters issue from two localities in the study area (Figure 1). The first
group (samples 1, 2, 3, 4 and 6) thermal waters are located around Heybeli Spa.
Their temperature are between 42 and 48°C. Thermal waters are obtained from
wells and springs are used to heat hotels and for spa facilities, bathing, swimming
pools and balneological purposes in the Heybeli geothermal area. A well (sample
2) with 48°C and a spring (sample 4) now feeds the baths at Heybeli spa. Samples
7, 8,9 and 10 are the second group of thermal waters which are located in south
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east of the Heybeli spa. This group of waters has lower discharge temperatures of
24 and 37°C. The cold ground water sample (sample 5) was taken from a shallow
drilled well (Figure 1).

Two samples were collected from each sampling location. One of the bottles was
acidified with HNOs to determine metal contents and the other was unacidified for
anion analyses. Electrical conductivity, pH and temperature values were measured
in the field. The major cations and trace elements in the water samples were
analyzed in the Acme Analytical Laboratories (Vancouver-Canada) by ICP-ES. Cl
and HCO; were determined volumetrically and SO, by gravimetry in Dokuz Eyliil
University laboratory (Table 1). Aquachem (Calmbach, 1997) computer code was
used to evaluate their geochemical properties.

RESULTS AND DISCUSSION

Paleozoic to Mesozoic Metamorphic rocks that are mainly composed of schists and
marbles and Neogene rocks of terrestrial sediments outcrop in and around the study
area (Figure 1). Metamorphic rocks are the main reservoir of the thermal waters.
The aquifer is developed by means of fractures, faults and karstified of marbles.
Overlying Neogene terrestrial sediments (limestone, marl, tuff and sandstone) are
the second reservoir for the thermal waters. Upper parts of this aquifer and
Quaternary alluvium are the aquifer for the cold ground waters.

The chemical composition of water samples are reported in Table 1. Thermal and
cold ground waters are near neutral (pH of 6.3 to 7). The chemistry of the thermal
and cold waters in the study area is similar. Based on their chemical composition,
the waters can be divided into two groups. 1) Na-Ca-HCO;-SO, type waters
(samples 1, 2, 3, 4 and 6) 2) Ca-Na-HCOs type waters (samples 7, 8, 9 and 10).
This differentiation coincides with their geographic locations as well. The first
group waters have electrical conductivity values of 3190-4410 pS/cm. Na and Ca
concentrations of the thermal waters range from 356 to 633 mg/L and 320 to 368
mg/L, respectively. HCO; values are around 1227 and 1601 mg/L, and SO4
concentrations are remarkably high about 865-1243 mg/L. The second group
waters have lower temperatures and electrical conductivity values of 1000-2280
uS/cm. Ca and Na are the dominant cation similar to first group but their
concentrations are lower. They vary between 127-170 mg/L and 87-317 mg/L,
respectively.

Figure 2 show the relative concentrations of Na+K, Ca and Mg (a), Cl, HCO; and
SO4 concentrations of the waters (b) and the distribution of water samples in
Schoeller diagram (c). Both group plots on the bicarbonate area of the diagram (Fig
2b) but first group waters are also close to the sulfate area. In Schoeller diagram
thermal waters give similar peaks. However, second group thermal waters are
located in lower parts of the diagram due to the more ground water mixing. This
coincides with the relatively lower discharge temperatures. Ca is one of the
dominant cation in first and second type waters indicating that carbonate rocks are
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Figure 1. Simplified geological map of the study area (after Erigen et al., 1996)
and the locations of the water samples.

the main reservoir rocks for these waters. The main process that controls the
chemical properties of water is the dissolution of carbonated, silicated rocks.
Dissolution of host rock and ion-exchange reactions in the reservoir of the
geothermal system shift the Ca-HCOs type cold ground waters to the Na-Ca-HCO;
and SO, type thermal waters. Mg concentrations of high temperature thermal
waters are expected to be low (around 0.1 mg/L) (Nicholson 1993). Mg contents of
the thermal waters from the study area range from 16 to 79.9 mg/L indicating that
water rock interactions at low temperatures and mixing with cold ground waters.

Sulfate concentrations were high in the thermal waters especially for the first
group. Relative concentrations of Ca, SO4 and HCO; of waters are shown in Fig. 3
(after Kavouridis et al 1999). The graph indicates the dissolution and deposition of
calcite and gypsum. Water samples show a trend suggesting that dissolution of
CaSO; is one of the important processes in water-rock interaction for Heybeli
thermal waters. Waters dissolve CaSQj in various amounts during the circulation in
the aquifer. Along the trend line Ca/SO4 ratio decreases due to the increasing
CaSO0y dissolution (Gemici et al 2004). As CaSOs4 dissolves, SO4/HCO; values
increase, changing the water from HCOs;—dominant to HCO3 and SOs,~dominant
(Fig. 3). The relations of some major ions and trace elements in water samples
were presented in Figure 4. Sulfate with Ca and Mg show positively good relations
0f 0.98 and 0.97, respectively.
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Figure 2. Relative Na+K, Ca and Mg (a), Cl, HCOs and SO, concentrations of
waters (b) and their distribution in Schoeller diagram (c).

Similarly, Ca and Mg show a close positive correlation (= 0.97). The close
positive linear correlation between Ca, Mg, SO; and some of the other ions
corroborates the dissolution of carbonated and sulphated rocks. There is an inverse
relation for pH and and positive good correlation for temperature between element
concentrations of water samples. Arsenic has high positive correlations with B
(r=0.6), Zn (r=0.63), Cu (r=0.82) and Li (r=0.89) and major ions with correlation
coefficients of higher than 0.8. Positive correlations are seen between As and SO,

(r = 0.98). The relations between As and the other elements suggest a possible rock
leaching.

Chemical analyses indicate that surface and ground waters are more or less
enriched in a number of elements. The first groups of thermal waters (samples 1, 2,
3, 4 and 6) have relatively high total dissolved solids due to the higher reservoir
temperature and low mixing ratios with cold ground waters. Electrical
conductivity, Ca, Mg, Naand SO4; values exceed the Turkish drinking water
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Figure 3. Relative Ca, HCO; and SO, concentrations (mg/L) of thermal waters
from the study area.

standards (TS 1997) (Table 1) for these samples. Especially, SO4 concentrations
are remarkably high (865-1142 mg/L). Al, Ba, Cu, Li, Mn, Zn and Pb
concentrations are below the potable water standards which were presented in
Table 1. Fe concentrations are between 0.05 and 5.11 mg/L and samples 2, 3, 4 and
6 have higher values that the drinking water standards, 0.2 mg/L (TS 1997; WHO
1993). Boron concentrations of thermal waters are relatively low compared to the
geothermal fields of western Turkey (with boron values of reaching to 60 mg/L)
(Gemici and Tarcan, 2001). Elevated boron concentrations do not pose the same
health risk as As. However the contribution thermal waters with high boron
contents to cold ground waters and surface waters can be detrimental to crops.
Boron concentrations of first group thermal water that are between 1456 and 5739
pg/L exceed irrigation water the standards, 1 mg/L (USEPA 1972). Second group
of thermal waters (samples 7, 8, 9 and 10) have relatively lower dissolved solids.
All major ion concentrations and electrical conductivity values are below the
potable water standards with the exception of Na and Ca for sample 7. Fe contents
are between 0.01 and 0.34 mg/L and slightly exceed the drinking standards. The all
constituents of the cold groundwater (sample 5) are below the standard limits and
are suitable for drinking and irrigation.

Modern geothermal fluids may contain as much as 50 mg/L As, although
concentrations between 1 and 10 mg/L are more typical (Ballantyne and Moore,
1988). In deep geothermal fluids As is predominantly in a +3 state (arsenite, mainly
as arsenic acid H3AsOs). Oxidation to the +5 state (arsenate) takes place when
geothermal fluids react with atmospheric oxygen (Brown, 1995). As minerals are
uncommon in geothermal reservoirs. Instead Asis incorporated in pyrite or iron
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Figure 4. Relations of some ions for water samples (in mg/L).
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oxides (Ballantyne and Moore, 1988). Arsenic concentrations of thermal waters
from the study area vary between 30 and 1471ug/L. Thermal waters around the
Heybeli spa (samples 1, 2, 3, 4 and 6; first group) have significantly higher As
concentrations (1122-1417 pg/L). The second group waters have lower As values
of 30-152 ug/L (Table 1). As contents of the thermal waters are above the drinking
water standards, 50 pg/L (TS 1997) and, 10 pyg/L WHO 1993). Discharges of
thermal waters around Afyon more or less affect the quality of groundwaters
(Dogdu and Bayar1 2002). Groundwaters around Heybeli spa are slightly effected
chemical pollutants from the thermal waters. Thermal waters from the Heybeli Spa
geothermal area are suitable for space heating, greenhouses, bathing, swimming
and balneological purposes. However, some major (Ca, Mg, Na and SO4), and
secondary ion concentrations especially As have values that are not suitable to be
used as mineral water. Although the thermal waters from the Heybeli spa have
benefits of curing various ailments, their usage as mineral water and drinking to
cure may cause adverse effects on human health with over use.

REFERENCES

Ballantyne JM, Moore JN (1988). Arsenic geochemistry in geothermal systems.
Geoc Cosmoch Acta 52: 475-483

Brown KL (1995). Environmental aspects of geothermal development. WGC’95
Pre-Congree Courses 18-20 May, Pisa, Italy

Calmbach L (1997). AquaChem Computer Code-Version 3.7.42, Waterloo
hydrogeologic. Waterloo, Ontario, Canada, N2L 3L3.

Dogdu M §, Bayari S (2002). Akarcay Havzasinda (Afyon) jeotermal kirlenme: 2.
yeraltisuyu kirliligi. Yerbilimleri, Hacettepe Universitesi Yerbilimleri
Uygulama ve Aragtirma Merkezi Biilteni 25: 35-49

Erisen B, Akkus I, Uygur N, Kocak A (1996). Tiirkiye Jeotermal Envanteri, MTA
Genel Mudiirligii, Ankara

Gemici U, Tarcan G (2002). Distribution of boron in thermal waters of Western
Anatolia, Turkey, and examples on their environmental impacts. Environ Geol
43: 87-98

Gemici U, Tarcan G, Colak M, Helvaci C (2004). Hydrogeochemical and
hydrogeological investigations for thermal waters in Emet area (Kiitahya-
Turkey). Appl Geochem 19: 105-117

Kavouridis T, Kuris D, Leonis C, Liberopoulou V, Leontiadis J, Panichi C, Ruffa
G L, Capai A (1999). Isotope and chemical studies for a geothermal assessment
of the island of Nisyros (Greece). Geothermics 28: 219-239

Nicholson K (1993). Geothermal Fluids; Chemistry and Exploration Techniques.
Springer-Verlag, Berlin-Heidelberg

USEPA (1972)Water quality criteria. US Environmental Protection Agency Report
EPA R3.73.033, Washington, D.C.

TS (Turkish drinking water standards) (1997). Sular-igme ve kullanma sulari. Tiirk
Standartlar1 Enstitiisii, Ankara

WHO (World Health Organization) (1993). WHO guidelines for drinking water
quality, vol 2. Health criteria and other supporting information. WHO, Geneva

1114



