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Abstract: In this study, the physico-chemical properties of hot spring water of Bursa 

province and Erikli cold water were investigated. Erikli cold water is bottled for 

commercial use. Water samples were collected in-situ for testing and some physical 

measurements were carried out. Other major analyses were carried out in the geothermal 

laboratory. Water samples were evaluated by both field observations in-situ and also 

geological and petrographical observations. Data collected were evaluated by using 

Aqua-Chem software program in consideration of field observations and the geology 

and petrography of the sampling area. Data obtained from Aqua-Chem and field 

observations of the sampling area in consideration of geology and petrography were 

used for interpretations of hot water samples and cold spring water. Consequently, water 

samples were characterized according to sources of magma or meteoric waters with the 

aid of isotope studies and cation and anion data. Also, information on water circulation 

leading to water-rock interaction where the water passes the Bursa Geothermal system 

helped the interpretation. The water sample radioactivity results were shown to be within 

acceptable limits. Water resources were determined for Bursa province and vicinity 

using Piper diagram. Waters in Cekirge, Kaynarca, Kükürtlü, Zeynine, Dumbuldek, and 

Inegol Oylat contain Ca-Mg-Na-SO4, Na-Ca-SO4, Na-Ca-HCO3-SO4, Ca-Na-Mg-SO4, 

Na-Ca, Ca-SO4-HCO3 ions respectively. 

Keywords: Hot spring water, Geothermometer, Geochemistry, Ions, Reservoir Rock, 

Isotope geochemistry.  

 

INTRODUCTION 

This research was performed in Bursa, which is a province in North-West (NW) Turkey, along the Sea of 

Marmara outskirts of Uludag Mountain (Fig-1). The meteoric waters seeping through the cracks of earth crust get heated 

by the underlying hot rocks, then heated waters and steam collected by the reservoir rock by convectional currents. 

 

Geothermal energy which is extracted from the heat stored in the earth has gained importance as a renewable 

energy resource recently. In general, Turkey has large geothermal resources and will be a leading country in obtaining 

and producing geothermal power in the world, particularly; Bursa is one of the most important spot in geothermal 

resources of Turkey. There a lot of young igneous and volcanic rocks are rising due to lying in the edges of tectonic plate 

covering as a large area and the geothermal gradient show very high anomalies in the region. These hot fluids are stored 

in reservoir rocks and covered by impermeable cap rock. Cap rock also prevents cooling of the carbonate reservoir lying 

below Fig-1. 

 

Hot springs and mineral waters carries dissolved minerals due to water rock interaction. This hot spring 

geothermal water is drinkable as mineral water. Hot spring water has a curing effect and is also used for physical therapy 

due to healing effect on some gynecological diseases and rheumatism. 

 

It’s a known fact that thermal water is a cure for healing many skin diseases. Human beings have enjoyed hot 

water and spas since ancient times and so many people visit Bursa for this purpose. Bursa is a thermal resort city in 

Turkey in the NW of Anatolia near the Marmara Sea. On the other hand, Turkey lies on the active Alpine-Himalayan 

Orogenic Belt, that is an important geothermal energy zone which is located at a geologically recent magmatic and 

volcanic activity. Turkey has more than 1000 hot springs with temperatures ranging from 25ºC to 230ºC with many 

fumaroles, and has numerous hydrothermal alteration zones that indicate occurrence of geothermal fields. Geothermal 

areas are widely spread in western Anatolia, extending up to the Sea of Marmara. Temperatures of hot springs are higher 

in the Western Marmara Region of Anatolia than Eastern Anatolia. Grabens which are thought to be an important 

structures that form existence of a geothermal energy area in the Marmara Region of Anatolia. The 9 hot springs around 

Bursa are mainly used by local people for balneological purposes. Widespread young volcanism, granitoids and 
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hydrothermal alteration are observed around hot springs which occur in Bursa and surrounding area. In Eastern Anatolia, 

7 geothermal areas have been identified so far. To the south of the Marmara Sea at the northern slope of Mount Uludağ 

(2543 m ), the highest mountain in north western part of Turkey. Bursa was the first Ottoman Capital City (1326-1451) 

and now it's population is over 900,000. Bursa thermal waters at Cekirge and Kukurtlu are very famous for hot springs 

which are used for bathing and curing purposes. Due to the differences in water temperature and chemistry, the two 

thermal water resorts have developed different curing effects for skin diseases. 

 

 
Fig-1: Location map of the study area. 

 

In Cekirge, thermal water with low salinity, discharges from four springs and from some caves and boreholes 

within the Quaternary rock units. The temperature varies only slightly, from 14.6-68.5 ºC (TDS 23-2860 mg/l). Bathing 

at Çekirge which is dates back to 500 A.D. A well-organized health resort has been established until now. A common 

water authority distribution system shared by private and public rehabilitation centers controls the use of thermal water in 

this district.  

 

In the Uludag Rehabilitation (Kukurtlu) which is located at 2 km east of Cekirge where  thermal water flows out 

a small travertine complex which covers a tectonic contact. Temperature and mineralization of the Kukurtlu thermal 

water vary within the location from 68.5 ºC (TDS~652 mg/L) at the highest elevation of the travertine complex at the 

Kaynarca spring to 66.4 ºC (TDS~584 mg/L) in the shallow excavations and boreholes close to the plain. Until today, the 

geothermal power potential of the thermal waters has not been fully explored. The Uludag Rehabilitation water which is 

68.5 ºC and it is cooled to 40ºC for bathing by the cooling system. 

 

MATERIAL AND METHODS 

Different types of water samples were collected from Bursa and vicinity. Some are hot spring waters, one is 

bottled Erikli cold water, and another one is a mineral water collected for the comparison according to their physical and 

chemical properties.  

 

Results were evaluated using the AquaChem software program. Most of the diagrams are output obtained by 

this program.  

 

The pH, Eh (eV), EC (mS/cm), O2(mg/l), T(
0
C), h(m) was determined in-situ Geothermal waters of the 

province. Besides, anion and cation in the geothermal waters of the province were analyzed for Na
+
 (mg/l), K

+
 (mg/l), 

Mg
2+ 

(mg/l), Ca
2+ 

(mg/l), NO3
-
(mg/l), HCO3

-
 (mg/l), Cl

-
 (mg/l), SO4

2-
(mg/l), F

-
 (mg/l) and TDS (mg/l)., The water 

resources are having Na
+1

, Ca
2+

, SO4 
2-

, Cl
-1 

, on the other hand, Erikli cold spring water resources are having Na
+1

, Ca
2+

, 

SO4 
2
 based on analytical results. The Na-K, Na-K-Ca, Na-K-Ca-Mg geothermometers were used in evaluation using 

Aqua-Chem diagrams in order to determine temperature of the reservoir rock. All the collected spring waters were 

evaluated in Bursa province and surroundings by using Piper and the other diagrams. Water in Cekirge, Kaynarca , 

Kukurtlu, Zeynine, Dumbuldek, Inegol Oylat are having Ca-Mg-Na-SO4, Na-Ca-SO4, Na-Ca-HCO3-SO4, Ca-Na-Mg-

SO4, Na-Ca, Ca-SO4-HCO3, respectively. 
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RESULTS AND DISCUSSION  

Geology and tectonic setting 

The scope of this study is to evaluate existing data from earlier work of Turkish Mining Exploration Institute 

(MTA) and other academic studies of the geothermal resources of Bursa province. The Bursa geothermal springs within 

the aquifer rocks are discharged mainly as hot spring waters from the Uludag which is a granitic massive, metamorphic 

rocks and travertines. The fracture paths are the most important flow paths in the travertine, metamorphic and igneous 

rocks. The Karapınar and Pınarbaşı springs which are huge karstic springs on the border of the Bursa Plain, show the 

importance of the karstified marble series as a groundwater aquifer above the valley on the Uludag massive that charge 

geothermal resources [1, 2]. Nilufer River waters and other meteoric waters from Uludag are naturally infiltrated into this 

karstified marble series to reach to volcanic and igneous rocks below which are the heat source, and then collected at the 

reservoir rocks which consist of carbonate rocks. The heat loss is prevented by cap rocks which consist of succession of 

shale and sandstone units.  

 

The study area around Bursa has high seismic activity, due to existence of Northwest Anatolian Fault Zone 

(NAFZ) at the south of the Marmara Sea, in the investigated area of North Western Anatolia. Within this pattern of fault 

zones in Western Anatolia several strong earthquakes took place in the last century: Gonen magnitude (M) 7.2 

(18.3.1953), Yalova, M 6.3 (18.9.1963), Manyas M 7.0 (6.10.1964) in the Western branches and Bolu Gerede M 7.3 (1.2. 

1944) and especially Mudurnu M 7.1 (22.07.1967). In the eastern branch of the study area seismic activity is higher in 

the other parts of Bursa province. Therefore, Izmit earthquake [3] is a proof that the crustal movements as evidenced 

which is based by the GPS and geodetic measurements of the Marmara Poly-Project indicate strong earthquakes in the 

geothermal area in Bursa [4]. These earthquakes are created many cracks and fractures which allow meteoric water 

seepage through the surface rocks reaching to the cap rock. Therefore, seismic activity is vital for the geothermal area. 

The precipitation in the region is increasing during the winter months and this water feeds the geothermal area. 

 

Bursa and vicinity are covered by metamorphic, igneous, volcanic and sedimentary rocks (Fig-2). Igneous rocks 

consist of phaneritic textured rocks that are composed of large crystals that are clearly visible to the eye with or without a 

hand lens or binocular microscope. The entire rock is made up of large crystals, which are generally 0.5 mm to several 

cm in size; no fine matrix material is present. This texture forms by slow cooling of magma at great depth in the plutonic 

environment. Light colored acidic type of granites constitutes orthoclase, oligoclase, hornblende and biotite minerals and 

some other accessory minerals. Volcanic rocks consist of rhyolite which contains phenocrysts of sanidine, oligoclase, 

biotite and quartz in a microcrystalline matrix. Magmatic rocks are very important for being as heat sources for 

geothermal systems. 

 

 
Fig-2: Geological map of Bursa and the surrounding area [5]. 
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Metamorphic rock types are made up of gneiss, mica schist and marbles which are metamorphosed in 

amphibolites and greenschist facies. Orogenic movements are causing to the metamorphism around Bursa and 

surrounding area. Marbles are a very important type of carbonate rocks being the reservoir rocks for the percolation of 

the geothermal fluids which are heated by magmatic rocks that are deep seated in the geothermal systems. After heating 

the hot waters ascend by convectional currents and are deposited in the marble type reservoir rocks. 

 

The cap rocks are neogene aged continental clastic rocks and or volcano-clastic rocks. The cap rock is made of 

sandstone and shale in succession. The thickness is changing between 60-200 m. That is the reason why a thick deposit 

prevents cooling of reservoir rock. On the other hand shale is containing clay minerals which make cap rock impervious 

strata. 

 

Bursa and surrounding area is popular with the various types of rocks such as granite, volcanic and metamorphic 

rocks the latter made up of gneiss and marble. The carbonate rocks such as marble, limestone and shale which have vital 

importance for the geothermal systems. Granite type and their volcanic equivalent rocks are the heat source for 

geothermal energy. Carbonate rocks such as marbles belong to Nilüfer formations which are the reservoir rocks for 

geothermal fluids. Neocene aged conglomerate, sandstone and clayey type of clastic rocks are covering the reservoir 

forming cap rock. 

 

Granite intruded during the Oligocene age as Uludag granite by cutting all the other older rocks. It is outcroped 

in a large area around the South of Bursa which is associated with sub intrusive equivalent hypabyssal porphyritic type of 

rocks and different volcanic dikes which cut Uludag Granite throughout the big batholiths. 

 

Geochemical evaluation of Bursa hot springs 

Water samples at hot springs were collected from Bursa and surrounding geothermal areas. The physical 

properties and chemical compositions are given in Table-1 and Table-2 respectively. The chemical parameters of 

geothermal spring waters play a significant role in classifying and assessing water quality. Chemical classification also 

highlights on the concentration of various predominant cations, anions and their relationship with each other in forming 

the geothermal water. 

 

The pH is near neutral or slightly alkaline (6.6-8.4). The redox potential (Eh) is ranges from 50 to 647 mV. 

These values indicate oxidizing conditions (Table-1). Chemical data for samples which are collected from Bursa and the 

surrounding area is presented by plotting them on a Piper and related diagrams. These diagrams reveal the analogies and 

dissimilarities between different types of waters in the study area, which are identified and listed in Table-1 and 2. The 

concept of hydrochemical facies is developed in order to understand and identify the water composition in different 

classes. 

 

Water hardness was caused basically by the presence of cations such as calcium and magnesium and anions 

such as carbonate, bicarbonate, chloride and sulfate in geothermal water. The Bursa geothermal water contains from 3.05 

mg/l to 128.5 mg/l of Ca. If the water contains less than 75 ppm Ca, it is called soft water, if it contains more than 75 

mg/l, it is moderate to hard water. According to above regulation, Dumbuldek and Oylat hot springs contain moderate to 

hard water, the rest of them are soft water (Table-1 and 2). 

 

Flow rate of hot spring waters are changing from 10 l/s to 120 l/s (Table-3). Higher flow rate of spring water is 

important for space heating.  

 

A Piper diagram clearly shows the variation or domination of cation and anion concentrations in geothermal 

water from Bursa and surroundings as Ca-type of water and for anion concentration, HCO3-type of water. On the other 

hand, meteoric water passing through granite dissolves only small quantities of minerals because of the relative 

insolubility of the rocks. 

 

Bursa hot springs were evaluated with respect to cations and anions using Stiff diagrams. Stiff diagrams give 

information on water-rock interaction. Water from carbonate rocks is rich in Ca-Mg-Na-CO3, water from volcanic rocks 

is rhyolite rich in Na-Mg-HCO3-SO4, water from basalt is rich in Mg-Ca-Na-HCO3-Cl, water from gypsum is rich in Ca-

Mg-Na-SO4-Cl, water from shale is rich in Na-Mg-Ca-SO4-Cl, water from oil fields is rich in Na-Mg-Ca-Cl-SO4-HCO3 

(Fig-3). 
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Table-1: Physical properties of geothermal spring water samples from Bursa 

 
 

Table-2: Chemical composition of hot spring waters from Bursa. 
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Table-3: Flow rate of hot spring water in Bursa Province. 

 
 

 
Fig-3: Stiff diagrams with respect to rock-water interaction [6, 7, 8]. 
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Stiff diagrams for Bursa geothermal spring water imply that some of the hot springs are the result of the 

dissolving of marble which contains calcite (CaCO3) and others are the result of the dissolving of shale that contains Ca, 

Mg, Na as cations and Cl, SO4 and HCO3 as anions (Fig-4 & 5).  

 

 
Fig-4: Stiff diagrams from Bursa Geothermal water (Babasultan Kaynak-1, Çekirge Polisevi, Citli Madensuyu, 

Dumbuldek). 

 

Mineral weathering can contribute to the geothermal spring water chemistry in the study area. Feldspar and 

carbonates are the most important minerals regulating the chemistry of natural waters from the standpoint of reactivity 

and abundance in the earth’s crust [9, 10]. During the water rock interaction, most of the Ca and HCO3 ions are from 

carbonate rocks and Na, Mg, SO4 and Cl ions from shale. When shale and other mudrocks are weathered and washed by 

rain water, SO4, HCO3, Cl, Na, Mg and Ca ions dissolve in the percolating hot water as a result of interaction.  

 

 
Fig-5: Stiff diagrams from Bursa geothermal water (Erikli Su, Gemlik-Terme Kaplica, Kaynarca, Uludag 

Unv.Reh.Merk.). 

 

Based on the Durov diagram in Fig-6, the main anions and cations were found to be HCO3 and Na-Mg-Ca 

respectively. 
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Fig-6: Durov diagram for mineral hot and cold water 

 

H. Scholler (Fig-7) and Stiff diagrams (Fig 4-5) were prepared as well as Wilcox and ABD salinity diagram. 

Based on the present analytical results, Bursa province hot water resources contain Na-Ca-SO4-Cl ions and Erikli cold 

water contains Na-Ca-SO4 ions. Reservoir rock temperatures using Na-K, Na-K-Ca, and Na-K-Ca-Mg geothermometer 

equations, were found to be as follows:  

 

Çekirge 42.6 
0
C, Zeynine 40.2 

0
C, Gemlik-Terme 61 

0
C, Kaynarca 115

0
C, Uludağ Rehabilitation 125 

0
C, 

Dümbüldek 99 
0
C, İnegöl-Oylat 155 

0
C.  

 

 
Fig-7: Scholler diagram. 

 

According to the Piper diagram, Çekirge Region geothermal waters are Ca-Mg-Na-SO4 type, Kaynarca Region 

waters are Na-Ca-SO4, Kükürtlü region waters are Na-Ca-HCO3-SO4, Zeynine region geothermal waters are Ca-Na-Mg-

SO4, Dümbüldek Region geothermal waters are Na-Ca, Inegol-Oylat geothermal waters are Ca-SO4-HCO3 type of spring 

waters. Dissolved Mg concentration is generally lower than Ca in the study area. There is no significant Ca contribution. 

On the other hand SO4 is lower than HCO3 (Fig-8). 
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Fig-8: The Piper diagram for Bursa and surrounding geothermal waters. 

 

Electrical conductivity and spring water temperatures were measured for every geothermal spring. All the data 

are plotted in the graph, and there is a positive correlation between electrical conductivity and temperature of spring 

water (Fig-9).  

 

 
Fig-9: Electrical conductivity EC(S)-Temperature (

o
C) diagram for Bursa hot spring waters 

 

Determination of Reservoir Temperature 

Geothermometers are one of the most important indicators used for prediction of the geothermal water reservoir 

temperature, chemical composition of the geothermal hot spring that was acquired by the water-rock interaction which is 

used in the geothermometer equations. Determination of possible reservoir temperature of the thermal spring water is 

quite important for the development and operation of the geothermal area. There are many methods of geothermometers 

like cation, silica, gas and isotope, generally used for the prediction of reservoir temperature; cation and silica 
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geothermometers are generally preferred. Since their chemical analyses and evaluations are easy. By applying a computer 

programme, it has been prepared by using of the Aqua-Chem computer programming, which determines the thermal 

water reservoir temperature by cation geothermometer equations. 

 

The maturation index is an important parameter for the chemical results in determination analysis can be used 

for geotermometer. The obtained results are between 2.0 and 2.66, so they are suitable for geotermometers. The Na-K, 

Na-K-Ca and Na-K-Ca-Mg were measured to be 155 
o
C at Inegöl Oylat, at Uludağ Rehabilation Center is 125 

o
C, at 

Kaynarca is 115 
o
C, at Gemlik Termal is 61 

o
C and at Zeynine is 48 

o
C. So a detailed prospection study is important for 

Inegol-Oylat and Uludag Rehabilation Center. 

 

Isotopic characteristics of Bursa geothermal hot spring waters 

It has long been recognized that the chemical and isotopic composition of geothermal water is important for 

studying its origin and history. We have taken water samples which are collected from 5 different locations to determine 

water isotope radios. Isotope analyses for thermal water (Çekirge-Polisevi, Kaynarca, Dumbuldek, Oylat Hotel) are 

showing in Table 4 and isotope analyze for Erikli cold water in Table-5, respectively. 

 

Table-4: Bursa thermal water samples δ
18

O and δD analysis results 

LOCATION Source No 

Coordinates 

Date δ
18

O % δD % 
3
H (TU)) 2σ(TU) X Y 

Dümbüldek B-D-2 35 622257 4423155 30.10.2009 -10.38 -68.3 <0.7 - 

Çekirge B-D-3 35 671712 4452016 30.10.2009 -10.78 -69.5 <0.8 - 

Kaynarca B-D-5 35 673576 4451972 30.10.2009 -10.47 -68.9 <1.3 - 

İnegöl-Oylat B-D-11 35 721067 4423064 30.10.2009 -10.84 -67.5 3.6 0.7 

 

Table-5: Bursa -Erikli cold water δ
18

O  and  δD analysis results 

LOCATION Source No 

Coordinates 

Date δ
18

O % δD % 
3
H (TU)) 2σ(TU) X Y 

Erikli Su B-D-7 35 688705 4450340 31.10.2009 -11.10 -69.3 5.2 0.7 

 

Çekirge thermal water region: Stable isotope radios for the samples taken from Çekirge thermal water region are 

shown in Table-4. This region's δ
18

O and δD values were determined as -10.78 ‰ and -69.5‰, respectively. 

 

Dumbuldek thermal water region: Stable isotope radios for the samples taken from  Dümbüldek thermal water 

region are shown in Table-4. This region's δ
18

O and δD values were determined as -10.38‰ and -68.3‰, respectively. 

 

Oylat thermal water region: Stable isotope radios for the samples taken from Oylat thermal water region are 

shown in Table-4. This region's δ
18

O and δD values were  determined as -10.84 ‰ and -67.5‰ respectively. 

 

Cold water source: Stable isotope radios for the samples taken from Kaynarca thermal water region are shown in 

Table-5. This region's δ
18

O value and δD value were determined as -11.10 ‰ and -69.3‰ respectively. 

 

A δ
18

O vs. δD diagram showing results for δ
18

O and δD ratios in both thermal and cold waters in Fig-10. 

Reference lines in the diagram include Global Meteoric Water Line (KMSD) [11], the Bursa Meteoric Water Line 

(BMSD) [12], and Mediterranean Meteoric Water Line (AMSD) [13]. The Erikli cold-water is more close to the linear 
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line and more takes place between Mediterranean Meteoric Water Line (AMSD).Thermal water from Bursa is closer to 

BMSD. Different characteristics fields show them, Samples from the Çekirge thermal water region between BMSD and 

AMSD in Fig-10. 

 

 
Fig-10: Distribution of Bursa hot springs stable isotopes in δ

18
O and δD diagram (cold water blue, hot water  red, 

mineral water purple colored, KMSD Global meteoric line, BMSD Bursa meteoric water line, AMSD 

Mediterranean water line) 

 

Benefits and economy of Bursa geothermal energy 

Turkey has great potential of geothermal energy possessing one-eighth of the world's total geothermal energy 

capacity. Besides, Turkey has upgraded all geothermal energy projects planning to install 500 MWt electricity power 

systems in the Western Anatolia. 

 

Bursa, through the history, has well known thermal spas which attracts attention of people around the world. 

Many spas in the region are about to update their technologies. 

 

Geothermal energy is used directly in Bursa for growing flowers, heating swimming pools and heating 

buildings. There are a number of basic types of direct use applications in aquaculture, greenhouses, industrial and 

agricultural processes, resorts and spas, space and district heating, and cooling. Bursa hot springs have a capacity of 

heating energy which can heat directly 821 dwellings, which provides important contribution to the economy of Bursa in 

Turkey [14]. 

 

Bursa and the surrounding area are covered by igneous and volcanic rocks which are intruded in the cracks by 

depositing sedimentary rocks along the NS directed faults. They are heat sources for the geothermal system which related 

to Bursa Geothermal hot springs. Metamorphic marbles have high porosity. Heated waters ascending by conventional 

currents are filling those porous spaces in the metamorphic marbles. However, the upper part of the marbles is covered in 

succession by shale and sandstone acting as cap rocks preventing cooling of reservoir rocks as shown in Fig-11.  
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Fig-11: A simplified geothermal system. 

 

Balneologists generally accept the following classification of mineral springs: Cold Springs with temperatures 

below (25° C); Tepid Springs - temperatures ranging from ( 25°-34° C ); Warm Springs - temperatures ranging from (34° 

- 42° C); Hot Springs-temperatures above (38° C).  Bursa and surrounding waters are classified according to their 

temperature; Cold Springs temperatures below (25° C): Erikli cold spring sold in Turkey and exported abroad. We have 

no tepid spring. Warm Springs temperatures ranging from (34° - 42 °C) are Gemlik, Zeynine and Cekirge springs. Hot 

Springs - temperatures above (38° C ): Oylat, Gemlik, Dumbuldek, Uludag Rehabilitasyon, Cekirge, Kaynarca, and 

Zeynine. 

 

Bursa geothermal reservoirs of low and moderate temperature (between 20
o
C - 68.5

o
C) are convenient for 

heating homes, offices, and greenhouses; in aquaculture and food processing plants; and a variety of other applications. 

Hot waters are used in balneology curing for certain sicknesses such as rheumatism, containing certain cations and anions 

like Na, HCO3, and SO4, of these ions, especially Na is beneficial for muscle system which activates stomach, secretes 

HCO3 [15]. 

 

Sodium chloride and other natural salts assist in the alleviation of arthritic symptoms, and may stimulate blood 

circulation when used in baths. Citli and Dumbuldek hot springs are rich in Na with 1295 and 355 ppm, respectively. 

Both these two spas are useful for stimulating the body's lymphatic system and assist their work which is useful by 

alleviating arthritic symptoms [15]. 

 

Hot spring waters rich in sulfur in Bursa and surroundings and other places, are used to address a wide variety of 

sicknesses, including skin infections, respiratory problems, and skin inflammations. Hot springs rich in sulfates (i.e. 

sulfur compounds) have far reduced "sulfur" effect compared to sulfur-rich springs. Such waters are often prescribed 

internally for liver and gastrointestinal conditions, as well as for some respiratory conditions with inhalation therapy, in 

European spas [15]. 

 

Spring waters that contain bicarbonate (sodium bicarbonate, calcium bicarbonate, carbon dioxide, etc.) may be 

utilized for the water observed benefits which commonly associated with bicarbonate hot springs. Sodium bicarbonate 

values ın Bursa hot springs vary between 244 and 1562 ppm. The balneologist believe that bathing in bicarbonate water, 

assists opening peripheral blood vessels and helps to improve circulation to the body's extremities. European 

balneotherapists also utilize bicarbonate waters for bathing to address hypertension and mild atherosclerosis. For these 

conditions, from tepid to warm baths are utilized (25°C -34°C). Some researchers believe that bicarbonate baths also 

assist cardiovascular disease and nervous system imbalances [15]. 

 

Fluoride varied between 0.3-4.84 ppm but according to World Health Organization (WHO) limitations, the 

concentration of Fluoride must not exceed 1.5 ppm. The fluoride concentration of Kaynarca, Uludag and Dumbuldek hot 

waters have higher than the limit value. When this water is drunk, the flouride concentrations of the water damage to the 

teeth, as fluorosis sickness changes the original teeth color to brownish. The other water sample concentrations were 

below the limit so there was no harm to teeth [7]. NO3
1- 

values is varied 0.1-3.95 ppm. Acceptable daily intake (ADI) 

nitrate 0–3.7 ppm nitrate ion/kg body weight. This intake appears to be safe for healthy children, and adults [16, 17] 
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Radioactivity in hot springs cures rheumatism and gynecological sicknesses. It must not exceed a certain level. 

Turkish spas' radioactivity is showing in Table 5 [15]. According to Table 3, the Bursa geothermal hot springs 

radioactivity is 5540 pCi/L. This value is relatively low compared to other Turkish spa radioactivity. 

 

Table-5: Radioactivity of Turkish spa waters [15]. 

 
 

Bursa hot spring waters descend through the cracks of the Uludag granites and rhyolites to hot rocks, and are 

then heated by a heat source. After that, heated waters ascend by convectional currents to the reservoir rocks. These 

waters were classified as meteoric waters according to results of their isotope studies. These results are comparable to the 

other researchers findings [18]. 

 

CONCLUSIONS 

In this study, the physico-chemical properties of Bursa and surrounding spring hot waters and Erikli cold water 

which is bottled were investigated. Water samples were collected in-situ and some physical measurements were 

performed during sampling. Other major analysis was carried out in the geothermal laboratory. Water samples were 

evaluated by both field observations and geological considerations with respect to petrographical formation of the 

sampling area. The data were evaluated using Aqua-Chem program with respect to the field observations and the geology 

and petrography of the area. Water samples were characterized by type according to their sources, whether waters were 

magma origin or meteoric waters by the isotope studies and with the help of cations and anions data on water circulation 

geosystem by the interaction where the water passes through the Bursa Geothermal system (Fig.12). The radioactivity is 

below acceptable limits. Using Piper diagram hot water resources were determined for Bursa province and surroundings. 

The waters in Cekirge, Kaynarca, Kukurtlu, Zeynine, Dumbuldek, Inegol Oylat are Ca-Mg-Na-SO4, Na-Ca-SO4, Na-Ca-

HCO3-SO4, Ca-Na-Mg-SO4, Na-Ca, Ca-SO4-HCO3 waters respectively. 
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Fig-12: As simplified geothermal modeling for Bursa Province geothermal area. 

 

ACKNOWLEDGEMENTS 

We thank to S.D.Ü Ground Water Analysis Centre team members Prof. Dr. Nevzat Ozgur, Tugba Calıskan and 

Umit Memis for chemical analyses of water samples.  

 

REFERENCES 

1. Imbach, T., 1993, Environmental hydrology of Karst systems, with thermal and normal ground waters, examples 

from Bursa Region,. Hydrogeological Process in Karst Terranes Publ. No.207, 7-14. 

2. Imbach, T.1997. Deep Groundwater Circulation in the Tectonically Active Area of Bursa, Northwest Anatolia, 

Turkey. Geothermics. Great Britain: Pergamon Press Ltd. 26, no. 2, 251-278. 

3. Barka, A. (1999). The 17 august 1999 Izmit earthquake. Science, 285(5435), 1858-1859. 

4. Suner, F., Yalçın, T., Bozkurtoğlu, E., Balderer, W., 2000, Effect of Earthquake on Heavy Metal Composition of 

Thermal Waters in the Marmara Region, NW Turkey. Istvàn Lakatos (ed.): Novelties in Enhanced Oil and Gas 

Recovery. Akademy of  Kiado, Budapest. 

5. Okay, A. I., Satır., M., Zattin, M., Cavazza, W., Topuz, G, 2009, An Oligocene ductile strike-slip shear zone:The 

Uludağ Massif, northwest Turkey-Implications for the westword translation of Anatolia. GSA Bulletin, 120, no.7/8, 

893-911. 

6. Bilgin, A., Bolattürk, A., Caran, S., 2001, Isparta yöresindeki jeotermal  suların kullanılabilirliği ve bunlarla ilgili  

kabuklaşma ve korozyonun önlenmesinin araştırılması. (SDÜ, proje no.391). 

7. Bilgin,A., Bolatturk,A.,  Kurbanoğlu, C., 2001, Geothermal Energy in Western Anatolia and Preventation of Scaling. 

12 th International Conference on thermal Engineering and thermogrametry (Thermo), 13-15 June, Proceedings 121-

129, 2001, Budapest,Hungary. 

8. Hounslow, A. W., 1995, Water quality data, Lewis Publishers, 397 p., London. 

9. Bowser C. J,. Jones, B.,F.,1993, Silicate mass balances of natural waters, dissolution kinetics, clay products, and the 

calcium problem. In: Proceeding 10th Int Clay Conf. Adelaide, Australia. 

10. Kenoyer, G. J., Bowser, C. J., 1992, Groundwater chemical evolution in a sandy silicate aquifer in northern 

Wisconsin: 1. Patterns and rates of change. Water Resour Res 28, 579–589. 

11. Craig, H., 1961, Standart for reporting concentrations of deuterium and oxygen-18 in natural waters. Science. 

133,1833-1834. 

12. Öztürk, A., 2001.  Kalite Kontrol Teknik Semineri Bildirileri, DS5 No. 949, 349 p. 

13. Okay, A.I., 1981. KB Anadolu’daki Ofiyolitlerin Jeolojisi ve Mavişist metamorfizması; (Tavşanlı-Kütahya). TJK 

Bülteni S. 24. 85-95. 

14. Etemoglu, A. B., Isman, M.K., Can, M., 2006, Bursa ve cevresinde jeotermal enerjinin kullanılabilirliginin 

incelenmesi. Uludag Universitesi Mühendislik-Mimarlık Fakültesi Dergisi Cilt 11, Sayı 1, 55-64. 

15. Bilgin, A., 2009, Geothermal Potential of Turkey, Seminar notes, SDÜ, Geology Department, Isparta. 

16. Özkan, G., Köseoğlu, M., Bilgin, A., 1988, Isparta içme  suyundaki fluorürün çevre kayaçlarla ilişkisi,  Ulusal  

I.Hidrojeoloji Sempozyumu, 247-256, Ankara. 



 

 

 

 

Beşir Dağ & Ali Bilgin .; Sch. Bull.; Vol-3, Iss-12 (Dec, 2017):640-654 

Available Online:  http://scholarsbulletin.com/   654 

 
 

17. Bilgin, A., Özkan, G., Köseoğlu, M., 1988, Fluorürün  kayaçlardaki dağılımı ve bazı cevher yataklarının 

prospeksiyonunda kullanılması. Akd. Üniv., Isparta Müh. Fak. Derg., 4, 63-79, Isparta. 

18. Grant, R. A., Halliday, T., Balderer, W. P., Leuenberger, F., Newcomer, M., Cyr, G., & Freund, F. T. (2011). 

Ground water chemistry changes before major earthquakes and possible effects on animals. International journal of 

environmental research and public health, 8(6), 1936-1956. 


