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ABSTRACT

Varto, in the eastern part of Turkey, is settled around the
conjunction point of the East Anatolian (EAF) and North
Anatolian (NAF) Fault zones. The border of these tectonic
zones constitutes seismic belts marked by young volcanic
associations and active faults, the latter allowing circulation
of waters as well as heat. For this reason, there are various
geothermal systems having several hot water springs in the
region. The distribution of hot water springs in the Varto
Region roughly parallels the distribution of the fault systems
and young volcanism. Samples from five hot water and two
mineral water springs together with cold (peripheral) waters
were collected. Hot water samples were assessed through
geothermometers in  terms of geothermal usage
opportunities. All water samples were measured and
analyzed for physical, chemical and isotopic compositions.
Physical parameters such as pH, electrical conductivity (EC;
uS/cm) and temperature (T; °C) were measured in field.
Primary (major ions) and secondary constituents (trace
elements and heavy metals) and Oxygen 18 (**0),
Deuterium (D), Tritium (®H) isotopic compositions were
determined by mass spectrometry. Average discharges of
hot water springs in the study area are between 1 - 5 L/sec.
Surface temperatures of these springs vary 22.5 to 32°C,
electrical conductivity (EC) values 2100 to 5775uS/cm.
Average discharges of mineral waters in that site are
between 0.5 - 2 L/sec. Surface temperatures of them were
measured as 13.2 and 14.8°C. Their electrical conductivity
values are also in the range of 719 - 751 uS/cm. The average
discharges of cold water springs in the study area are
between 1 - 150 L/sec. Surface temperatures of these springs
change between 4.9 - 11.7°C and electrical conductivity
values 51 - 199 uS/cm. Regarding pH values, water samples
belonging to the site are entirely distinguished into the pH
range of ~5.4 - ~6.2 for hot and mineral waters, ~6.2 - ~7.7
for cold waters. Hot water springs have acidic character,
whereas pH values of cold water springs change from
slightly acidic to neutral and slightly basic. In the vicinity of
the study area, volcanic and volcaniclastic rocks crop out.
Groundwater flow in the volcanic rocks is also controlled by
the presence of structural features as suggested by the
alignment of the springs. Their cooling fractures extend
several meters in depth, providing a good avenue for deep
penetration and circulation of groundwater. According to the
Piper diagram, springs fall into Na-HCOs-Cl type for
thermal waters and Ca-HCO; type for cold waters. Due to
the fractures allowing deep circulation of groundwater and
dominant Na-Cl component, the host rock is probably
volcanic origin. Hot waters have the same recharge area
with cold waters. The information on the fluid origin and the
age of springs depicted by their *0-D and T contents shows
that they are all meteoric origin and hot water springs are
older than 50 years. Reliable reservoir temperature ranges
for hot waters were obtained with Li-Mg geothermometer

and B-Cristobalite geothermometer as 44 - 66°C and 54 -
80°C, respectively. These values are also checked with
Saturation Indices (SI) vs T diagrams. Results of SI vs T
diagrams point out equilibration with calcite and aragonite
minerals which gives comparable results with Li-Mg and -
Cristobalite geothermometers. It is possible to get 80°C
reservoir temperature by drilling in this area with the help of
field observations and the data obtained. The geothermal
potential of the study area have not been used up to now.
This geothermal district might make a considerable
contribution to tourism and agriculture usages.

1. INTRODUCTION

Geothermal fields are segregated into active tectonic zones
throughout the world in a range of different geological
settings. As being peculiar characteristics, geological
settings reflect the chemistry of the geothermal fluids and
their potential applications. Geochemistry gives answers to
the broad range of questions that arise from all stages of the
exploration, evaluation and exploitation of geothermal
fields. In the exploration stage, the appraisal of
geochemistry is connected with the judgment of specifying
fluid types (water and vapor phase or both), sources
(origins) and reservoir temperatures. Regarding the
exploration stage, this paper is confined with exploratory
hydrogeochemistry (just meaning aqueous chemistry here)
of thermal springs of Varto, in the eastern Turkey.

The geothermal scheme of Turkey is diminished in scope in
Fig. 1. Spatial extension of geothermal springs and fields are
strewn with volcanics of Upper Tertiary-Quaternary and lies
throughout especially the active faults of the North
Anatolian Fault (NAF) and the East Anatolian Fault (EAF).
In this scheme, The Varto Region is settled around the
conjunction point of NAF and EAF (Fig. 1). The border of
these tectonic zones constitutes seismic belts marked by
volcanics and the active faults, the latter allowing circulation
of waters as well as heat. Notwithstanding being known
surface manifestations of the thermal springs, the region is
untouched. For that reason, the exploratory base study was
launched and its immediate consequences are introduced
here.
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Figure 1. The Geothermal map of Turkey and the Varto
region (modified Simsek, 1997).
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2. THE SITE DESCRIPTION

The Varto Region is settled in the eastern part of Turkey
(Fig. 1), living a population of approximately 10,800
inhabitants. The nearest large population center to the Varto
Region is the provincial capital city of Mus with an
approximately population of 80,000. Modes of the
commercial settings are uniform, significantly sheep-goat
herding and less extensively agriculture. Due to this uniform
view, usage of the geothermal potential can serve directly
the local economy in the meaning of augmentation
employment of that region. For this purpose, exploratory
hydrogeochemistry of geothermal springs is needed.
Thermal and mineral-cold springs considered are situated
throughout the northwestern part of the region and also
cover a spatially small portion of it as seen in Fig. 2.

Figure 2: The geothermal site (marked with red).

Consequently, this fact yields using terms of the site or the
study field, indicating only discharging area of springs,
hereafter in this text. Spatially, the site extends 41° 14' 50"
to 41° 31' 28" in easting and 39° 09' 39" to 39° 17' 40" in
northing (Fig. 2). In the first step, on-site measurement and
sample treatment are performed in this site. In the second
step, exploratory base of aqueous chemistry data was
handled. An explanation covering two steps of methodology
is given in the following section.

3.METHODS

The sampling campaign in this field was performed for five
hot water and two mineral water springs together with cold
(peripheral)  waters in  November 2008. On-site
measurements include physical parameters of pH, electrical
conductivity (EC; uS/cm), temperature (T; °C), redox
potential (Eh; mV) and flow rate (Q; L/s). About sample
treatment, 0.45 um filter membranes were placed to the top
of each wvessel when collecting groundwater samples.
Double-tapped plastic vessels of 50 mL were used and filled
with water to the extent that overflowing is preserved. In
order to prevent complex formation of heavy metals with
oxygen, pH<2 conditions were maintained. These types of
samples were used for primary (major ions) — secondary
constituents (trace elements and heavy metals). 100 mL
water was stored into plastic vessels as unacidified for 20
and D. For *H determination, unacidifed water samples of 1
L were collected. Concentrations and isotopic compositions
of all samples were determined by mass spectrometry.

The data handling was performed by the descriptive manner
of specifying water types (facies), their origins and average
reservoir (host) rock temperature calculation. Piper and
Schoeller diagrams are used to emphasize differences and
similarities in terms of water types. Isotopic signatures of

samples indicate their origins. Solute geothermometer
equations were applied to calculate average reservoir rock
temperatures.

Every step of the data handling is explained in separate
sections below, but the surface geology of the region is
firstly introduced in the following section. The reason why
surface geology is the first place is that it gives a way to
interpret in some depths of subsurface geology that appear to
be wuseful identifying water-rock interaction affecting
ascending geothermal fluids, and is important for confident
application of geothermometers, predicting scaling-
corrosion issues as well.

4. GEOLOGICAL BACKGROUND OF THE VARTO
REGION

In the upper view, The Varto Region sets into the Eastern
Anatolia. This part of Anatolia is called the Eastern Anatolia
High Plateau belonging to the Turkish-Iranian Plateau, more
than half of the area lying at the elevation of about 1.5km.
Young volcanic cones formed as conspicuous peaks are
distinctive morphological features of the Eastern Anatolia
and the Varto Region. The Neo-Tethyan to Quaternary
geological evolution of the Eastern Anatolia and the Varto
Region is just touched upon in the rest of this section.

In the Eastern Anatolia, the latest oceanic lithosphere of the
Tethyan oceanic realm was eliminated when the Arabian
platform initiated to collide with Laurasia during the middle
Eocene and terminated in the late Miocene, resulting the
intense volcanic activity all of the Eastern Anatolia (Yilmaz
et al., 1998; Sengdr et al. 2008). The activity was marked
during the late Miocene-Pliocene period as the whole
plateau is blanket in volcanic rocks, but the first
manifestations are intercalated with the middle-late Miocene
continental deposits (Yilmaz et al., 1998).

The collision (convergence) began at the ocean-continent
boundary and terminated with the continent-continent
boundary. This is accommodated by the crustal shortening
and the consequent uplift of the Eastern Anatolia High
Plateau in terms of deformation (Yilmaz et al., 1998), as a
result of which tectonic slices formed through the Eastern
Anatolia, and an accretionary complex developed. This
complex tectonic feature of the ocean-continent and
continent-continent amalgamation is known as the Bitlis-
Zagros Suture Zone (Bozkurt, 2001). The northward terrain
of the Bitlis-Zagros Suture Zone is underlain by ophiolitic
and metamorphic rocks from the late Cretaceous to
Oligocene, known as the East Anatolian Accretionary
Complex (Sengor et al., 2008). These lead upward to
olistrostrome-flysch association of Paleocene-Eocene age
and the first manifestations of the volcanic activity (Sengor
and Yilmaz, 1981; Yilmaz et al., 1998). The collisional
vulcanicity initiated to accompany the crustal shortening-
uplift in the late Miocene and acted the whole plateau during
the late Miocene-Pliocene period (Yilmaz et al., 1998;
Sengor et al., 2008).

By the onset of collisional volcanism, the driving uplift
mechanism varied from bulge-related to thermally-driven
owing to forming decompression melt pools at the beneath
of the East Anatolian Accretionary Complex. The reason
that young volcanic cones are distinctive features in the
Eastern Anatolia is related to decompression melt pools
(Sengér et al., 2008). This melting phenomenon likely
appears to be heat source of thermal waters in the Eastern
Anatolia as well. By active faults of the Eastern Anatolia,
there exist different depths of avenues circulating thermal
waters as well as heat.



To the continental portray of tectonics given briefly above,
The Varto region is settled into the East Anatolian
Accretionary Complex, around the conjunction point of
NAF and EAF. The Varto region was covered by thick
sedimentary and volcanic units deposited from Tertiary to
Quaternary (Fig. 3).
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Figure 3: The geological map of the Varto Region.

Rocks aged Lower Paleocene to Upper Eocene, crop out
mainly in the northeastern of Varto Region and compose
mainly of limestone, conglomerate, sandstone, mudstone of
the olistrostrome-flysch association. From Middle Miocene
to Upper Pliocene, the succession is represented by volcanic
rocks intercalated with continental deposits, both of which
cover almost 88% of the total area in the Varto Region.
Rock types of the succession mainly compose sandstone,
conglomerate, limestone of the sedimentary rock deposits
and andesite, tuffite, basalt of the volcanic rocks and are
unconformably overlain by Quaternary-aged alluvium,
travertine and debris. These types of rocks which are said to
be the late Miocene and younger developed in an active
tectonic environment of eastern continuation of the NAF
(Yilmaz et al., 1998) into the Varto Basin. The age of NAF
coincides with the volcanic activity of Upper Miocene.
Conjugate pairs of NAF radial lies as NW-SE trending sets
in the region (Fig. 3). From the late Miocene to the present,
branches of NAF demarcate local basins and the
sedimentation developed as well (Saroglu and Yilmaz,
1986). The volcanic activity developed as fissure eruptions
to the surface through cooling fracture zones extending
several meters in depth into local basins delimited by the
branches of NAF. Branches of NAF and the fracture zones
allow the groundwater circulation in shallow and deep
avenues of the depth; also different portions of the
circulation depth reflect representing the hydrogeochemical
data in connection with water types.
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5. REPRESENTING THE HYDROGEOCHEMICAL
DATA

The preliminary evaluation of geological conditions of the
site provides some information regarding depths of water
circulation, bearing potential of the rocks and their
influences on the chemistry of springs. To represent the
chemistry of the site, twenty springs were sampled,
including five hot water springs, two mineral water springs
and peripheral water springs (Fig. 4).

Google

Figure 4: Distribution of springs of the site (not to scale).

Red labeled samples, according to surface discharge
temperatures, are geothermal type waters; the other ones are
mineral and peripheral waters. Measured and chemical
parameters are shown in Table 1 and summarized below.

The average discharges of hot water springs in the study
area are between 1 to 5L/sec. Surface temperatures of these
springs vary 22.5 to 32°C, electrical conductivity (EC)
values from 2100 to 5775 puS/cm. The average discharges of
mineral waters in that site are between 0.5 to 2 L/sec.
Surface temperatures of them were measured as 13.2 and
14.8°C. Their electrical conductivity values are also in the
range of 719 - 751 pS/cm. The average discharges of cold
water springs in the study area are between 1 - 150 L/sec.
Surface temperatures of these springs change between 4.9-
11.7°C and electrical conductivity values 51 - 199 uS/cm.
Regarding pH values, water samples belonging to the site
are entirely distinguished into the pH range of ~5.4 - ~6.2
for hot and mineral waters, ~6.2 - ~7.7 for cold waters. Hot
water springs have acidic character, whereas pH values of
cold water springs change from slightly acidic, neutral to
slightly basic. The ranges of physical parameters measured
are affected by outcropping rocks and structural features of
the site allowing different portions of the circulation depth.

In the vicinity of the study field, volcanic and sedimentary
rocks outcrop. The groundwater flow in the volcanic rocks is
controlled by the presence of structural features as suggested
by the alignment of the springs, yet not exhaustive
information was available as to the circulation depth of
groundwater. The information pointing out the circulation
depth only arises from alignments of the springs. Thermal,
mineral and peripheral water springs discharges from rocks
of Upper Miocene and Upper Pliocene (Yollstll Formation
of Upper Pliocene, Kohkale Lava and Zirnak Formation of
Upper Miocene in Fig. 3).
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These rocks include volcanic rocks and volcanic rocks
intercalated with continental deposits; therefore, they are
water bearing formations. In addition to this, NAF with
Upper Miocene rocks easily mark structural developed
avenues of groundwater. Shallow and deep avenues of the
groundwater reflect the chemistry of the springs.

Regarding the chemistry of the springs, Schoeller and Piper
diagrams are used to classify. Both diagrams give not only
information about different water types of the site but also
their evolution. For comparing the thermal waters with
mineral and peripheral waters, CI-SO,-HCO; ternary plot
was used. This diagram covers the entire spectrum of
naturally occurring waters from virtually pure chloride, over
mixed chloride-sulfate, to bicarbonate (Giggenbach, 1988;
Nicholson, 1993). For the hydrogeochemical data, relative
portions of CI-SO,-HCO; cluster into steam-heated/
condensates and dilute CI-HCO; sectors (Fig. 5), not
separated each other except for the data labeled 2.
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Figure 5: CI-SO,-HCO; ternary plot with the site data
(modified Giggenbach, 1988 and Nicholson, 1993).

The data was plotted on Schoeller and Piper diagrams in
doing so dissimilarities with each other could be visible

(Fig. 6).

According to Schoeller diagram, peripheral waters can be
distinguished easily with low major cations and chloride
when comparing with geothermal and mineral waters.
According to Piper diagram and the water type classification
for it (Deutsch, 1999), thermal springs fall into Na-HCO3-Cl
and Ca-Na-HCO; types; mineral and cold waters fall into
Ca-HCOj; type. The hydrogeochemical facies map of the site
is shown in Fig. 7. As seen in Fig. 7, the lower altitudes are
virtually represented with geothermal waters and the zone of
Na-HCO;-Cl. Cold waters discharge in the higher altitudes
and they represent the zone of Ca-HCOs. In a reasonable
way, thermal and mineral waters originates from cold waters
with shortcut routes.

When taking account of linear arrangement of plotted data in
Fig. 5 and the processes of steam heated and dilution with
chloride acting upon them, it is reasonable that peripheral
waters descends with rising temperature; therefore, water
types are to change from dominant Ca and HCO; ions to
dominant Na and Cl ions as expressed in Eq. 1.

Ca-HCO, — Ca-Na-HCO; — Na-HCO,-Cl (1)
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Figure 7: The hydrogeochemical facies map of the site
(not to scale).

It can be said that Na and Cl ions are fed from the volcanic
rocks. Consequently, volcanic rocks of the site likely
appears to be the host rock owing to enrichment of Na and
Cl ions in water and abundance of those in minerals of the
volcanic rocks. In addition, it is clear that thermal waters
have relatively deeper avenues for the circulation than
peripheral water under the assumption that they are
ascending fluids which deep processes (water-rock
interaction, boiling, and steam heating; see Nicholson, 1993
for details) do not affect their isotopic compositions and
originate from descending peripheral waters. In other words,
thermal waters are meteoric waters and not influenced by
deep processes. To support this view, 580 (%), 8D (%o), °*H
compositions of selected samples in the site was used.



6. 1SOTOPIC COMPOSITIONSOF THE SAMPLES

3180 (%), 8D (%o) compositions of the selected samples are
essential to explore about whether or not they are meteoric
and processed waters. Craig (1961) demonstrated that
meteoric waters (precipitation, river and lake samples from
various countries) fit on a line known as global meteoric
water line (GMWL) represented by the formula in Eq.2.

5D=8880+10 2)

However, 580 and 8D values at any locality are strongly
dependent upon distance from ocean (continental effect),
latitude and altitude (Nicholson, 1993). Thereby, regional
(RMWL), expressly local meteoric water lines (LMWL) are
convenient references for understanding local groundwater
isotopic variations reference to local meteoric waters
(Mazor, 2004). Isotopic signatures of groundwater can shift
from meteoric water lines to schematic trends designating
processes; each process signs a shift in isotopic composition
to the extent that 8D as well as &®0 enrich. Isotopic
processes can be separated as surficial and deep processes
including surface evaporation for the former; water-rock
interaction, steam heating and boiling for the latter
respectively. Groundwater influenced by these processes is
defined as processed water mentioned in the first line of this
section. To explore that whether the selected samples are
processed or not, selected RMWL (Gat, 1983; Eisenlohr,
1995) and LMWL (Sayin and Eyupoglu, 2005) are used (Eq.
3) and the site data given in Table 2 are plotted (Fig. 8).

5D=85'80+22.00 (Eastern Mediterranean)
5D=85'20+16.00 (Marmara)

5D=8880+10.00 (Global & Central Anatolia) (3)
5D=88'%0+11.36 (Dalbahge-Erzurum)
5D=85'0+14.87 (Senyurt-Erzurum)

The data are separated as thermal and cold waters in the
diagram and clustered between RMWL of Eastern
Mediterranean and Marmara. Isotopic signatures of the site
data have not any trend indicating the processes. Thermal
waters of the site are characterized by the very negative %0
and 3D values. It is thought that this is evidence of different
aged waters. To support this view, *H values of the selected
samples were evaluated.

Table 2: %0 and 6D values of the selected samples.

Sample No 3780 (%o) 3D (%o)
1 -10.59 -65.86
3 -12.51 -82.50
4 -12.48 -78.47
5 -12.17 -79.81
8 -12.50 -80.41
(a)
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Figure 8: The 8D (%o) vs 620 (%.) diagram.
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Their amounts of *H give groundwater circulation time
consumed, while reaching from recharge to discharge as
simply stated that the less ®H amount groundwater has, the
older it is, or the longer avenue it has. This statement is
applicable under the assumption of piston flow model (no
dispersion or mixing between different aged flow paths; see
Kazemi et al., 2006 for details). To this model, the passage
of time through which the amount of *H decreased can be
calculated by the decay law in Eq. 4 (Kresic, 2007).

*Hg = *Hoe ™ )

where 3Hg is the amount of *H in the sample, H, is the

amount of ®H in the precipitation, and A is the decay constant
of tritium of 0.056 year. In this equation, the main
important is to determine ®H amount in precipitation
essentially needed for the use of °H as a tracer of
groundwater circulation time. Therefore, how much 3H
atoms there are in precipitation water should be measured to
determine peak values of natural ®H amount. This type
measurements are related to thermonuclear testings started
in 1952 (Kazemi et al.,, 2006). During the tests, large
quantities of tritium released into atmosphere; hence, natural
®H in precipitation between 5 and 20 tritium units (TU),
stated by Kaufmann and Libby (1954) reached up to several
thousands TU in precipitation (Mazor, 2004). To sum up,
the year of 1952, beginning of thermonuclear tests is an
indicator to determine pre and post-1952 recharges entering
into aquifers. To estimate pre and post-1952 recharges
belonging to the site, ®H values in Table 3 are used.
According to Eq. 2, it is not realistic to calculate
groundwater circulation time because of sensitive to mixing
of different aged waters and not exhaustive information
about *H amounts of prior or present precipitations. In the
calculation with Eq.2, 3-6 TU values offered for Europe by
Solomon and Cook (2000) were used.

Table 3: °H values of the selected samples.

Sample No °H Values (TU)
1 6.40+0.80
3 0.40%0.65
4 0.00£0.60
5 0.95+0.65
8 0.20+0.65

The results sign post-1952 recharges for all samples, but this
is unrealistic because thermal waters may mix with cold
waters before being discharged in a spring or well
(Nicholson, 1993). To overcome this informative gap, a
semi-quantitative method (Yildiz et al. 2008) and a
classification (Kazemi et al., 2006) were used to differentiate
pre and post-1952 recharges. ®H values less than 6 TU
indicates mixing of pre and post-1952 recharges, whereas
the values more than 6 TU is a sign for post-1952 recharges.
Except for the spring labeled 1 which indicates cold water
(post-1952), all thermal waters are mixed with cold waters.
In conclusion, in spite of being known that thermal water
samples cluster into steam-heated /condensates and dilute
CI-HCO; sectors in CI-SO,-HCO; ternary plot (Fig. 5), there
is no evidence as to shifting from meteoric water lines.
Therefore, steam-heated condition is available for the site
but robust checking for it, solute geothermometers were
used. It was expected that the host rock temperature are
lower than steam condensate conditions.



Baba et al.

7. APPLICATION OF GEOTHERMOMETERS FOR
THE SITE DATA

Chemical analyses of geothermal fluids can be used to
estimate subsurface reservoir temperature. Chemical
geothermometers depend on water—mineral equilibria and
give the last equilibration temperature for the reservoir (see
Nicholson, 1993 for the list and a discussion). All are based
on the premise that a temperature-dependent water-mineral
equilibrium is attained in the reservoir. Chemical
geothermometry techniques (Kharaka and Mariner, 1989;
Fournier, 1991) were applied to thermal waters in the site.
According to solution geothermometers, B-Cristobalite and
Li-Mg geothermometers are appropriate (Table 4). For a
robust checking, appropriate solution geothermometers
given were made clear by providing Giggenbach (1988) and
Sl diagrams (Reed & Spycher, 1984).

Table 4: Reliable solution geother mometer results.

Geothermometer | Reference *2 *3 *4 *5 *8
Silica .
B-Cristobalite Fournier (1991) 54 55 55 70 80
. Kharaka & Mariner
Li-Mg (1989) 66 54 54 54 44

* All calculated values are in °C.

The ternary plot of Na/1000-K/100-Mg"? of Giggenbach
(1988) is a method to discriminate mature waters which
have attained equilibrium with relevant hydrothermal
minerals from immature waters and waters affected by
mixing and/or re-equilibration at low temperatures during
their circulation (Fig. 9).
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All samples are plotted into immature water zone in Fig. 9.
Reservoir temperature values estimated by this method are
not valid, because thermal waters mix with some portions of
peripheral (cold) and mineral water. As a result of which
Na-K geothermometers show unacceptable results for
groundwater samples in this site.

A different approach to geothermometry (Reed & Spycher,
1984) is illustrated in Fig. 10, where the changes in Sl of
relevant minerals with temperature were investigated for the
thermal water samples of the site.

In the calculation of the mineral saturation indices of the
waters in the study field, PhreeqC code (Parkhurst and
Appelo, 1999) was used. It is observed that the geothermal
fluids are saturated with dolomite, calcite and aragonite
minerals. According to these data, it is possible to report that
the reservoir temperature of the geothermal fluids is between
50°C and 80°C. Fig. 8 shows Sl for selected minerals vs T
for thermal waters of the site. According to Fig. 8, the
reservoir temperatures estimated by this method are 55°C

for sample 2, 60°C for sample 3, 50°C for sample 4, 80°C
for sample 5 respectively. Due to not coinciding at Sl zero
axis for sample 8, the method does not allow a good
estimation of reservoir temperature for it.

Sample No:2 SampleNo: 3

S1 Values

eeeeeeeeee

SampleNo: 8

Figure 10: Sl for selected minerals vs T for thermal
waters of the site.

In conclusion, host rock temperature results are lower so
exceptionally coherent with 5*%0 and 5D values indicating
no deep process or shifting form meteoric water lines.
Hence, thermal water springs are likely heated by steam.

8. CONCLUSION

According to the Piper diagram, springs fall into Na-HCO3-
Cl type for thermal waters and Ca-HCO; type for cold
waters. Due to the fractures allowing deep circulation of
groundwater and dominant Na-Cl component, the host rock
is probably volcanic origin. Hot waters have the same
recharge area with cold waters. Reliable reservoir
temperature ranges for hot waters were obtained with Li-Mg
geothermometer and B-Cristobalite geothermometer as 44-
66°C and 54 - 80°C, respectively. These values are also
checked with Saturation Indices (SI) vs T diagrams. Results
of SI vs T diagrams indicate equilibriun with calcite and
aragonite minerals which gives comparable results with Li-
Mg and B-Cristobalite geothermometers. It is possible to get
80°C reservoir temperature by drilling in this area with the
help of field observations and the data obtained. The
geothermal potential of the study area hadnot been evaluated
until now. Utilization of this geothermal district might make
a considerable contribution to tourism and agriculture
usages.
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Table 1: Chemical and measured parameters.

Saml e | casing | Northing | B e(vrﬁt)' on | T Q EC | 1yme Na K Mg Ca HCO, cl Li SO, S

(°C) | (fs) | (uSlem) (ppm) | (ppm) | (ppm) | (pPm) | (Ppm) | (pPm) | (PPM) | (PPm) | (pPm)
1 712506 | 4339901 1573 116 | 3 187 | 6.22 | cCold 634 | 244 | 7.82 | 2503 | 11091 2.55 000 | 440 | 284
2 708927 | 4337029 1465 29 | 35 | 5775 | 6.04 | Thermal | 970.00 | 77.15 | 177.38 | 218.69 | 1971.72 | 107699 | 126 | 38.70 | 618
3 708625 | 4337352 1434 268 | 5 2100 | 6.09 | Thermal | 335.25 | 30.35 | 83.48 | 100.42 | 1139.04 | 20893 | 050 | 1526 | 63.2
4 710407 | 4339752 1497 225 | 1-2 | 2845 | 6.19 | Thermal | 269.07 | 2578 | 182.74 | 189.52 | 2069.68 | 7731 | 0.75 | 0.86 | 62.9
5 697835 | 4346054 1520 282 | 1 2155 | 5.75 | Thermal | 269.04 | 30.99 | 118.06 | 115.20 | 1391.91 | 102.94 | 060 | 11.89 | 80.0
6 699782 | 4352013 2072 89 | 2 77 772 | Cold 385 | 084 | 267 | 2649 | 89.34 0.55 000 | 156 | 144
7 696479 | 4352499 2050 86 | 50 61 709 | Cold 264 | 114 | 210 7.08 33.89 0.27 000 | 086 | 164
8 694874 | 4339601 1472 32 2334 | 6.06 | Thermal | 225.05 | 34.00 | 131.36 | 200.65 | 1688.28 | 37.44 | 0.40 | 2009 | 930
9 694153 | 4337217 1524 148 | 2 751 | 6.16 | Mineral | 2213 | 6.07 | 5052 | 90.75 | 532.98 353 002 | 954 | 501
10 711941 | 4341403 1659 11 | 1-2 136 | 650 | Spring | 566 | 1.89 | 557 | 1572 | 77.02 0.75 000 | 150 | 284
11 711876 | 4343505 1848 103 | 25 115 | 654 | Cold 412 | 230 | 447 | 1487 | 7394 1.06 000 | 200 | 202
12 712072 | 4343678 1910 7.2 60 6.68 | Cold 268 | 123 | 247 | 1322 | 5860 0.28 000 | 083 | 159
13 711587 | 4344202 1857 92 | 1 105 | 6.73 | Cold 408 | 129 | 438 | 1328 | 7092 053 000 | 149 | 226
14 700947 | 4346658 1936 92 | 18 90 6.93 | Cold 368 | 136 | 358 | 1607 | 67.78 0.63 000 | 1.67 | 194
15 710297 | 4346997 2089 67 | 1 63 709 | Cold 263 | 155 | 241 8.45 36.91 0.51 000 | 203 | 169
16 709989 | 4348552 2147 4.9 51 734 | Cold 235 | 106 | 208 7.06 33.83 0.23 000 | 078 | 145
17 717689 | 4342614 1940 75 | 15 87 711 | Cold 478 | 097 | 260 | 1269 | 5854 0.44 000 | 155 | 17.0
18 717105 | 4343680 1901 132 | 05 719 | 541 | Mineral | 52.80 | 1858 | 27.47 | 8429 | 499.09 4.05 006 | 644 | 569
19 717105 | 4343680 1901 6 | 150 63 730 | Surface | 324 | 1.38 | 208 753 36.91 0.29 000 | 085 | 158
20 713930 | 4344827 2120 54 | 15 52 642 | Cold 259 | 134 | 161 8.08 33.89 0.29 000 | 099 | 143





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


