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ABSTRACT 

Several earthquakes in and around Bursa, NW Anatolia, are known since historical time 
and are indications for present tectonic activity. Also hot thermal springs, which have 
been used since Roman and Byzantine times flow out on the northern slope of the 
Uludag massif within a lateral zone just above the Bursa plain. These springs can be 
distinguished by the geographical and geological situation of the outflow zone and also 
by the chemical composition of the outflowing water. Based on the hydrochemical data, 
a conceptual model was developed which shows there is a common origin for all the 
thermal springs. Evidence from isotopic analyses which indicates that there is no 
connection between two thermal water districts is explained by a mixing with cold young 
groundwater. 

INTRODUCTION 

Within the framework of a scientific collaboration between the Mining Geology 
Department of the Technical University of Istanbul and the Engineering Geology Section 
of ETH Zurich (Swiss Federal Institute of Technology), hydrogeological, geological and 
geophysical studies were undertaken in the Bursa region as part of the Ph.D. thesis of 
the author of this paper. 

Several earthquakes in and around Bursa are known since historical time and are 
indications for the present tectonic activity. Also hot thermal springs, which have been 
used since the Roman and Byzantine epoch flow out at the northern slope of the Uludag 
massif within a lateral zone just above the Bursa plain. One aim of this work was to 
study the thermal water, the mixing processes with cold groundwater from the Uludag 
massif and their relation to recent tectonic activity. 

GEOGRAPHICAL INTRODUCTION 

Bursa is situated south of the Marmara Sea at the northern slope of the Uludag massif. 
The city is located on a huge alluvial fan and on travertine terraces which has made 
Bursa famous both in the past and also in recent times. 

GEOLOGICAL INTRODUCTION 

The northern slope of the Uludag massif, which rises from 300 to 1700 m consists 
mainly of marbles, amphibolites and gneisses. This part of the massif is morphologically 
characterized by steep, deeply eroded narrow valleys. The central high plateau (1800 
m) is formed by plutonic rocks (granodiorite). The highest peaks on the Uludag massif 
(2500 m) consists of white marble. The western part of the Uludag massif consists of 
deeply altered, slight metamorphic schists on which relics of sedimentary Neogene 
deposits can be observed (freshwater limestone, volcanic sediments and tuffs). There are 
also two important travertine complexes, which lie discordant on Neogene deposits (Figs 
1 and 2). 
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Fig. 1 - Geological units on the Uludag massif with the most important 
springs and their electrical conductivity (/iS/cm). 

Fig. 2 - Location of hot and cold springs in the Çekirge-Bursa area. 
location names see Table 1. 

For 

Further information about the geology of the Uludag massif may be found in Ketin 
(1985). 
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Table 1. Chemical analyses from hot and cold springs in the Çekirge-Bursa area (their 
locations are shown in Fig. 2) 
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HYDROGEOLOGICAL INTRODUCTION 

The Bursa plain groundwater within the alluvial plain aquifer is recharged mainly by 
water from the Uludag massif. Fractures are the most important flow paths in 
metamorphic and igneous rocks. Huge karst springs on the border of the plain, the 
Karapnar and Pnarba springs, show the importance of the karstified marble series as a 
groundwater aquifer above the valley on the Uludag massif. River water from Uludag 
is artificially infiltrated into this karstified marble series to intensify the groundwater 
resources in the plain. Bursa itself is built on a third important aquifer. 

The natural terraced morphology of this complex was used as a fortification by the 
founder of Bursa. But only the highest part of this karstified travertine complex is 
visible. Drill holes in the plain at Kûltûrpark and Stadion, prove the extent of 100 m 
thick travertine deposits, which act as an aquifer with artesian water. 

On another travertine terrace not far to the west, also on the border of the plain, 
thermal water with a temperature of up to 82°C flows out. These thermal springs within 
and around the historical bath of Yeni Kapl'a (Kukiirtlii district) all orginate from a 
travertine complex lying on metamorphic rocks. This travertine complex, which is 
karstified, can be distinguished from the Bursa travertine complex by a lamination 
structure. 

The hydrogeological situation of the thermal springs within the second thermal water 
district of Çekirge is not well defined because the spring locations are situated in the 
urban area. The outcropping rock within the Çekirge district consists of Neogene 
sediments and limestone. 

The only information about the hydrogeological situation is given by the existing spring 
captures and boreholes from DSL The hot thermal water seems to originate from these 
rocks, as can be deduced from the old capture gallery of Byzantine or Roman times at 
the Vakfbah'e spring. 

FIELD PROGRAMME 

Geological mapping of the Uludag massif is the basic work of the present studies. The 
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most important springs from all over the Uludag massif were sampled for hydrochemical 
analyses and some for isotopic investigations (D, T, <5180) in the summer of 1989 
(Fig. 1). 

This hydrological information on a large scale was the basis for the geographical 
limitation of further detailed field programmes on a smaller scale (Fig. 2). The isotopic 
analyses were done at GSF Neuherberg. 

RESULTS 

The interpretation of the data from the hydrochemical analyses, isotopic investigations, 
ideal gas measurements and periodical water investigations in the Bursa-Çekirge area 
(Tables 1 and 2) permits the postulation of a conceptual model about origin of the 
thermal waters and the mixing processes. 

Thermal springs in the Kukiirtlii district (Nr. 17) are characterized by a Na-Ca-
HC03S04 water composition. Their total mineralization is about 1 g/l and the maximum 
temperature is 82°C (Yeni Kapl'a). 

Based on observations from the established monitoring network (through sampling on 
the thermal springs and boreholes by DSI) the flow path of the thermal water within a 
hillslope aquifer of Kukiirtlii towards the plain can be distinguished from the cold 
groundwater within the main Bursa travertine complex, which exits also in confining 
layers within the plain (Nr. 910). 

The thermal water in the Çekirge district (Nr. 1115) is characterized by a Ca-Mg-Na-
HC03-S04 water type with a total mineralization of about 0.5 g/l and a maximum 
temperature of 46°C (Vakfbah'e). From the present observations the thermal water in 
the Çekirge district also behaves as ordinary groundwater from a hillslope aquifer. 

Model I (based on hydrochemical analyses) 

The hydrochemical analyses and physical parameters alone are misleading and postulate 
a common origin for the two thermal water types which have evolved along different 
flow paths. The Yeni Kapl'a thermal water represents the most original thermal water 
type and the thermal water of the Çekirge district seems to be a result of mixing of the 
original thermal water endmember and a cold groundwater endmember with the chemical 
composition of the Inkaya karst springs (Nr. 1617). 
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Fig. 3 - A silica-enthalpy graph (Truesdell & Fournier, 1977) for the 
Kukiirtlii thermal water within the hillslope aquifer. 
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Table 2. Tritium analysis 
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Nr. Probe 

1 Yeni Raplica 
2 KOk.I 
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Model IT (based on a combination of hydrochemical data and the results from isotopic 
analyses) 

The low tritium concentration in the Çekirge thermal water does not confirm the single 
hot water origin model. Figures 4 and 5 prove that the Çekirge thermal water did not 
develop from the hotter Kukurtlii area as it behaves as an ordinary groundwater from 
a hillslope aquifer. 

The linear trend of the Kiikiirtlii and Çekirge data towards the Inkaya karst water data 
indicates there is a mixing with cold water within the hot water spring aquifer 
(travertine). For the hot unknown endmember of both thermal water provinces a tritium 
content at or below the detection limit has to be admitted. 

For the interpretation of the cold water endmember data we need the tritium input 
function. The tritium concentration in present meteoric water is not known but the 
Inkaya karst water probably represent very young rainfall water. The evidence for a 
connection between thermal water and rainfall water is shown in Fig. 6. 
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Fig. 4 - Electrical conductivity-tritium plot for sample number 1-18. 
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Fig. 6 - Precipitation measurements from DSI in the Bursa area, doganci 
barraj, compared with electrical conductivity from thermal water in the 
Çekirge district. 

Figure 6 shows a positive correlation between rainfall in the Bursa area and electrical 
conductivity of the thermal water. The positive correlation without any delay proves an 
that the residual hot water with higher electrical conductivity (summer water) is forced 
out by a rapid rising of the hydrostatic pressure. The conductivity measurements were 
done on 18 October 1989, one day after a heavy rainfall (180 mm in 24 hours) in the 
Bursa area. This behaviour provides evidence for a karst or fracture aquifer. 

CONCLUSION 

New isotope data do not support the first model developed only on hydrochemical data. 
This application demonstrates the importance of environmental tritium as a tracer, 
especially in the case when old and young groundwaters are mixed. 
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