
INTRODUCTION

Recently, the effects of the energy use on
the natural environment has become a popular
issue, because of the increase in the environ-
mental problems all over the world. The most
important environmental issue is the air pollu-
tion. All the countries try to increase the use of
environmental friendly energy sources in order
to reduce and control their environmental pol-
luting emissions. The geothermal energy being
cheap and environmental friendly is useable in
a variety of  areas including heating and cool-
ing procedures, industrial and food drying,
thermal health tourism, greenhouses, fish
farms etc. and therefore becomes more and
more important in all over the world.

Turkey's potential is rich in geothermal
energy resources. The issues of investigating,
improving, operation and protecting the low,
medium and high enthalpied geothermal sys-
tems are very important for Turkey.  The sus-
tainabilities of the known geothermal areas are
as important as investigating for the new ones.
It should always be taken into consideration
that geothermal energy is a renewable one but
geothermal systems are fragile and need care-

ful protection to be sustainable; otherwise,
they could easily be less profitable or the
worst, destroyed. Their chemical compositons
are very important from many respects and it is
important to protect their compositions.

The Bayýndýr geothermal system is located
in the northern margin of the Küçük Menderes
Basin and has a low enthalpy. Up to now, it has
been used for health tourism; for the treatment
of dermatological and reumathological illneses
in particular. However, Bayýndýr has vast agri-
cultural areas and the use of geothermal ener-
gy in the heating of greenhouses is an impor-
tant issue in the area. In this study, the hydro-
geological, hydrogeochemical and isotopic
features of the system, the cold surface and
underground water interactions and probable
natural pollution issues were investigated.

Material and method

The study area is located in about 14 km
Northeast of the Bayýndýr (Ýzmir) town and cov-
ers the Ergenli-Dereköy hot springs in the
nothern margin of the Küçük Menderes
Graben. It is in the Ýzmir L19-a3, d2 maps
(Figure 1).
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There are four drillings in the study area and
their depths vary between 45 and 80 meters. The
flow  of the hot  water is 13 L/s. It is used in the
hot spring resort. The chemical and isotopic data
are obtained from the samples derived from the
hot and cold water drillings, springs and streams
in the study area. The chemical analyses of the
samples were done in the laboratories of MTA
(Ankara) and Dokuz Eylül Universty; the heavy
metal analyses were done in Acme Analytical
Laboratiories (Canada), isotopic analyses were
done in the isotop laboratory of DSÝ (Ankara).
The heat and pH measurement were taken in the
field. 1000 ml samples were used for the chemi-
cal analyses. 50 ml samples were used for the
heavy metal analyses and 500 ml samples were
used for the isotopic analyses. All the samples
were put in polyethylene jars. The sampled  hot
water locations are shown with B5, B6, B7, B8,
K6 and K7 smybols in all of the figures and
tables. The rest belong to the cold water sam-

ples. The results of the analyses were evaluated
in the Aquachem (Calmbach, 1997) and
PhreeqCi (Parkhurst and Appelo, 1999) comput-
er programs. The field and laboratory works were
carried out between 2002 and 2004.

The Ödemiþ meteorology stations is the clos-
est to the study area and according to its records
the most rainy month is December with 124 mm
rain and the driest month is August with 2.3 mm
rain. According to the temperature records, the
warmest month is July with 27 °C and the cold-
est month is January with 7 °C.

GEOLOGY

A vast massive called Menderes Massive
crops out in the Western Anatolia (Figure 1). The
massive is composed of a Precambrian aged
core and Paleozoic and Mesozoic aged cover
series (Ýzdar, 1969, 1971 and 1975).

Figure 1- Regional geological map of western Anatolia ( modified Rimmele at al., 2003)
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The rocks forming the core are mainly high
methamorphic augen gneisses. The origin of the
gneisses are still contraversial. According to
some researchers, their original rocks are se-
dimentary (Schuiling, 1962; Þengör et al., 1984;
Satýr and Friedrichsen, 1986). Some re-
searchers, however, consider the original rocks
as granitic (Konak et al. 1987 and Bozkurt et al.,
1995).

The cover rocks were divided into two as
schist envelope and marble envelope. The schist
envelope is made up of augen, kyanite, stauro-
lite, chlorite and sillimanite schists, quartzites,
augen amphybolites and, pelitic and psammitic
gneisses with black marble intercalations (Dürr,
1975; Akkök, 1983; Ashword and Evirgen, 1984;
Þengör et.al., 1984; Satýr and Friedrichsen,
1986; Konak et al., 1987; Bozkurt, 1996; Hetzel
et.al., 1988). In this sequence, the degree of
methamorphism increases from south to north
(Bozkurt, 1996).

The basic volcanism exist in Kula, Kiraz and
Söke areas in the Menderes Massive. The rich
geothermal resources encountered in the graben
zones of the massive indicate that the volcanic
activity is continuing (Dora et al., 1992).

The fault systems in the active rift zones in
the Menderes Massive provide deep circulation
for the meteoric waters. The geothermal gradient
is high in these zones and young subvolcanic
activities heat the water (Özgür and Pekdeðer,
1995).

The southwestern parts of the Selçuk-
Bayýndýr area is covered by the methamorphics
of the Menderes Massive. The metamorphic
rocks, here, form an anticlinal extending  NE-SW
direction and plunging towards SW called
Bayýndýr anticlinal (Figure 2). Along this structure
of a very thick methamorphic sequence crops
out. This unit is called Bayýndýr formation and is
composed of uniform micaschists, muscovite
and biotite schist, micaschists with augen and
quartz micaschists and Triassic in age. 

The micaschists contain thin marble lenses.
The unit is overlain by  the Kayaaltý formation
which is composed of  marble-micaschist  alter-
nation in its lower levels and of dolomitic marbles
in its upper levels. The contact between the two
formations is transitional in both lateral and verti-
cal directions.  Erdoðan and Güngör (1992) claim
that this transition is a few km thick around of
Bayýndýr. 

The Western Anatolia is subjected to a N-S
tension and  as a result,  an extension of 3-6
cm/year occurs. Because of the N-S tension, E-
W extending grabens were developed. These
grabens are bordered by normal faults. The
marginal fault zones of these grabens extend
100 to 150 km as  fault zones  formed by faults
with extension about 8-10 km. These faults are
the source of a continuous seismic activity
(Yýlmaz, 2000). The seismic activities of the
Western Anatolia are mainly located in those
graben systems. Around Büyük Menderes,
Gediz, Simav, Bakýrçay, Ýzmir, Gönen and
Edremit areas, 123 hot springs and 36 geother-
mal areas were defined (MTA, 1980; Þimþek,
2002).

The core and cover rocks of the above sum-
marized rocks of Menderes Massive crops out
in the study area. The core is represented by
schistose gneisses. The cover rocks are mica-
schists, quartzschists, chlorite schists and
Calcschists. Laterally discontinuous marble
lenses are present in the chalk schists. Besides,
there are quartzite bands in these rocks. These
methamorphic cover rocks are transitional and
named as Bayýndýr formation. The core rocks
are thrusted over the cover rocks. The youngest
formations in the study area are the talus and
the alluviums in the Küçük Menderes Basin.
The micaschists are mainly thin to medium bed-
ded and the calc schists and marbles are medi-
um to thick bedded. The dominant schistozity
and bedding shows N 75 E / 45 SE. The rocks
are densely fractured and the main fracture sys-
tem shows ENE-WSW and NNE-SSW (Figure 2
and 3).
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Figure 2- Geological map of  the study area and location of samples.
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HYDROGEOLOGICAL AND HYDROGEO-
CHEMICAL PROPERTIES

The rock units existing in the study area were
divided into three as basement, reservoir and
cap rocks. The permeabilities of those rocks
vary. Permeability is related to the type of the
rock, fracture systems, schistosity and bedding.
The micaschists are weakly permable or not per-
meable at all and form the basement rocks. The
fractured and faulted calcschists and marbles
form the reservoir rocks. Micaschists and
quartzschists whic are transitional with the reser-
voir rocks form the cap rocks (Figure 2).

The watershed area is defined by both geo-
logical and morphological structures. In the
watershed area, the dip of the dreinage and
schistosity are towards south and provides the
deep infiltration of the water. A deep drilling might
reach to the deep  fractured reservoir rocks. The
meteoric waters filtered through the deeper parts
of the reservoir get heated and then  issue using
the fault with N80E/75 SE strike and dip which
passes through Dereköy (Figure. 3).

The temperature, pH, Ec and chemical analy-
sis results recorded from 1942 up to date by var-
ious researchers are given in the table 1.
According to those records, the temperature vary
between 44 and 48°C, the pH varies between
6.42 and 8.50, Ec varies between 970 and 1299
µS/cm in the Ergenli - Dereköy hot springs. The

hot waters are mixing with the meteoric waters
before and/or after the heating (Tarcan, 2000). 

The chemical analyses of the samples
taken from the hot and cold springs, streams
and drillings are given on the (Table 2). The hot
waters in the study area display Na>Ca>Mg>K
and HCO3>SO4>Cl chemical composition  and
are of Na-HCO3 and Na-Ca-HCO3 type. The cold
waters of the study area display Ca>Mg>Na>K
ve HCO3>SO4>Cl chemical composition and are
mainly of Ca-Mg-HCO3 type (Figure 4).  The cold
water springs issue from three kinds of fractured
aquifer: Gneiss, calcschists and micaschists-
quartzschists aquifers.  The waters issueing from
the gneisses are in the Ca-Mg-Na-HCO3-SO4,
the ones issueing from the calcschists and mar-
bles are in the Ca-Mg-HCO3 and the ones issue-
ing from the micaschists-quartzschists are in the
Ca-Mg-HCO3-SO4 facies. The streams are of
Ca-HCO3 type. 

All the analyzed hot and cold waters are rich
in bicarbonate from the anion content point of
view. From the viewpoint of cation content, hot
waters are sodium and cold waters are calcium
dominant. The pH of the cold waters vary
between 6.28 - 7.80. According to the French
degree of hardness of the samples, majority of
the waters are in soft hard water class. The
majority of the French degree of hardness of the
sampled waters are in the soft- rather hard water
class (Figure 5).
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Figure 3- Cross section of the study area N-S (this study)



When the cold and hot waters of the study
area compared, as it could be seen in the
Schoeller diagram; hot waters are rich in Na ion
and, hot and cold waters are similar with respect
to their content of other ions (Figure 6). This
implies that, either hot and cold waters have the
same watershed area and/or they are mixing
during the elevation of the hot waters.

The heavy metal content of the hot and
cold waters.

There are various kinds of mineralizations in
different parts of the study area which is located
in the north of Sarýyurt villiage which the most
important of those is Sarýyurt Pb-Zn mine (Figu-
re. 2). This mine is known for a long time and was
intensely investigated by MTA between 1971-
1974. In the context of this investigation many
trenches and 72 exploration drillings were done.
A probable reserve of  860 000 tonnes of mine
with 2.76% Pb and 3.7% Zn grades were deter-
mined in the mentioned study (Özcan, 1972).

The micaschists, chloriteschists, calcschists,
marbles and quartzites belonging to the cover
rocks of Menderes Massive crop out in and
arround of the mine. The micaschists contain
muscovite, serisite and quartz as main compo-
nents and may contain calcite. Albite, graphite,
zircon and rutile are important accesory mine-
rals. They contain almost no chlorite and biotite
and were derived from Fe-poor sandstones with
very little clay and some marls. No Pb-Zn miner-
alization were recorded in the micaschists. The
most widespread rocks around the mine are
chloriteschists. The chloriteschits contain quartz,
albite and serisite besides chlorite. Flogopite, cli-
nozoicite, garnet, rutile and graphite are present
as accesory minerals and sometimes are present
as abundant as the main minerals. Almost all
chloriteschist samples contain Pb-Zn pics.
Calcschists and marbles are transitional with
chloriteschists. Calcite is the main mineral of
calcschists and marbles. Some layers of
graphites and thin horizons of mineralizations are
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Table 1-  Chemical analyse of the Fatma  haným hot spring at different time.

Figure 4- Relative Na+K, Mg, Ca and Cl, SO4, HCO3 of waters from the study area.



SURVEYS OF BAYINDIR GEOTHERMAL AREA 27

Ta
bl

e 
2-

C
he

m
ic

al
 a

na
ly

se
s 

of
 th

e 
co

ld
 a

nd
 h

ot
 s

am
pl

e 
w

at
er

s 
of

 
B

ay
ýn

dý
r 

re
gi

on



present in the chalschists. The quartzites are
present as  vertically and laterally discontinuous
masses in the other rocks (Köktürk, 1978).

The main minerals recorded in the mineralisa-
tion are pyrrhotite, pyrite, sphalerite, galena, cal-
copyrite, magnetite and ilmenite. The elements
found in those minerals are Ag, As, Ba, Bi, Cd,
Co, Cu, Cr, Fe, Mn, Mo, Nb, Ni, Pb, Sb, Se, Sr,
Ti, V, Zn and Zr (Köktürk, 1978).  In order to
determine if there is a natural or artificial heavy
metal pollutions in the waters of the study area,
the heavy metal analyses were performed and

the results are given in the table 3. The samples
belonging the cold waters are below the limits for
the drinking water determined by the Turkish
Institute of Standarts (TSE 266, 1997) and World
Health Organization (WHO, 1975) with respect to
their toxic element (As, Cd, Cr, Hg, Ni, Pb, Sb,
Se) contents and undesired heavy metal (Ag, Ba,
Cu, Fe, Mn, Zn) contents (Table 3). K1 cold
spring issuing from the gneisses is rich in Pb
content. The spring K9 issuing in the mine is rich
in S and the drillings in the alluvium are slightly
rich in Zn content comparing with the other sam-
ples taken from the study area (Figure 7).

The heavy metal analyses of the hot waters
show that there is a richening in the contents of
As, Ba, Cu, Fe, Li, Mn and Sr (Figure 7).
However, the values of those contents are below
the limits of Turkish Standarts Institute (TSE 266,
1997) and World Health Organization (WHO,
1975). Only Fe content of the K7 is over the lim-
its. The borate pollution is an important issue in
the geothermal systems of Aegean Region and is
between 0.33 and 0.70 ppm in the study area
and does not seem to be a problem neither for
environmental issues nor the agricultural issues
(Table 2 and 3).

Saturation index

It is crucial to know and take measures
against the probable problems  such as corro-
sion and incrustation in the pipes and pumps
used in the production and usage of the hot
waters.

The saturation indices of anhydrite, aragonite,
dolomite, gypsum, chalcedony, calcite and quartz
were calculated for some of the samples taken
from the study area and the results are given in
the figure 8. All of the evaluated samples of hot
and cold waters are undersaturated in anhydrite,
gypsum, aragonite and dolomite. However, B5 is
oversaturated in aragonite and dolomite. These
samples are oversaturated in quartz and chal-
cedony. Sample B1 is undersaturated in calcite
and the other samples are close to equilibrium
line in calcite contents.
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Figure 5- The classification of the sampled waters of
the study are according to their degree of 
hardness [(°Fr= 5x (rCa+rMg)].

Figure 6-The Schoeller diagram of the waters in  the 
study area.
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Table 3- The heavy metal analyses of the hot and cold waters in the study area 
(August,2003) and the elements  in the Sarýyurt mine.



Metin BULUT and Þevki FÝLÝZ30

Figure 7- Diagram of heavy metal analyes.



The solubilities of the alteration minerals
existing in the water as solutions develop as a
function of temperature. Therefore, different
kinds of minerals would be in equilibrium in the
systems with different temperatures. The satura-
tions of certain minerals are used to estimate the
temperatures of the reservoirs. Thermodyna-
mical equilibrium is a kind of approach for geot-
hermometer applications. It is based on the
changing saturation index values of the alteration
minerals in different temperatures. If a group of
mineral have equilibrium or almost equilibrium, it
could be inferred that the hot liquid is saturated in
those and therefore, the temperature could be
considered as the temperature of the reservoir
(Reed and Spycher, 1984).

The changing saturation index values accord-
ing to the temperature of the sample B6 taken
from Fatma haným hot spring are given in figure
9. The overall evaluation of the saturation index-
es of the minerals shows that quartz and chal-
cedony are in almost equilibrium between 90 °C
and  100 °C (SI=0) and therefore the tempera-
ture of the reservoir could be as high as 100 °C.

Geothermometer applications

It is an important issue to predict the temper-
ature of the reservoir before performing deep
drillings in the geothermal systems. Because it is
expensive and time consuming to measure it
directly, geothermometer applications which are

more economical, are used.  There are many
ways suggested for this procedure. Na-K-Mg
(Giggenbach, 1988) triangular diagram is used to
predict the temperature of reservoirs and the
relationship of equilibrium of the water and host
rock, according to the cation geothermometer
values of the hot water. All the hot water of
Bayýndýr hot springs are in the immature water
(water with no water-rock equilibrium) area in the
graphic. Therefore, the temperature of the reser-
voir calculated from the cation geothermometer
is contraversial (Figure 10).
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Figure 8- Mineral saturation index diagram of waters 
at outlet conditions.

Figure 9- Mineral equilibrium diagrams of the
sample B6.

Figure 10- Distribution of waters from study area in
the Na-K-Mg triangular diagram (Giggen-
bach, 1988; Gigenbach and Corales, 1992).



Some of the results obtained from geother-
mometer calculations are below the surface tem-
perature. The cation geothermometer calculation
results vary between 45 and 226 °C. This situa-
tion is originated from the immature nature of the
water and do not reflect the true reservoir tem-
perature. Silica geothermometer calculations
indicate a temperature between 55 and 118 °C
and seem more reliable (Table 4).

The isotopic features of the water

Filiz (1982) considers the Bayýndýr hot springs
worthwhile to be investigated in detail in his work,
which reveals the main geothermal systems of

Aegean Region with respect to their 18O, 2H,
3H, 13C isotopic contents. In this context, the 

18O and   2H values of the hot and cold water
samples of  the study area are given by using the
Mediterranean Meteoric Water Line   2H=8 

18O+22 (Gatt and Carmi, 1970) and World
Meteoric Water Line 2H=8 18O+10 (Craig,
1961) graphs (Figure 11). The locations of the
waters in the 18O and 2H graphic indicate that
they are of meteoric origin and have the same
watershed area. The tritium analyses of the
samples show that they were effected by the
precipitation and were relatively fed by the pre-
cipitations of the last fifty years (Table 5).
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Table 4-Calculated aqufier temperatures



DISCUSSION AND CONCLUSIONS

The Bayýndýr geothermal system is a shallow
circulation, low enthalpied one. The reservoir
rocks are the calcschists and marbles in the sys-
tem. The theoretical calculations indicate reser-
voir temperatures between 55 and 118 °C. The
hot water of the study area are the type of main-
ly Na-HCO3 and Na-Ca-HCO3; cold waters are
mainly Ca-Mg-HCO3 and the streams are mainly
Ca-HCO3 types of water. Isotopic data indicate
that hot water is of meteoric origin and effected
by the relatively young precipitations. There is no
signs of borate pollution in the hot water of this
geothermal system. The metallic mineralisations
present in the study area cause no heavy metal
pollution. All the water analysed from the study
area posses heavy metal concentration values
below the Turkish Standarts Institute and the
World Health Organization standarts.
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