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Introduction

� Water resources and potential
� Hydrological properties of study area 
� Water quality 
� Result and discussion
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Location map

Varto is located in the eastern part of Turkey. The n earest large population center 
is the provincial capital city of Mus with an approx imately population of 80,000.

Geology map of study area

Varto and surrounding area was covered by a thick sed imentary and volcanic 
units deposited from Tertiary to Quaternary. Paleoce ne and Eocene rocks crop 
out mainly in the east of Varto and composed mainly of limestone, sandstone and 
mudstone
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Tectonic properties of Varto

� Varto and surrounding area, 
i.e. Eastern Anatolia, is 
seismically very active region. 
Because it is settled around 
the conjunction point of the 
East Anatolian Fault (EAF) and 
North Anatolian Fault (NAF), 
very important fault zones of 
the world. 

� In the east of the area of 
intersection of the EAF and 
NAF zones, around Varto, a 
conjugate system of NE-SW 
trending and NW-SE trending 
sets were developed which are 
left-lateral and right-lateral 
strike-slip faults respectively. 

� The latter set are more 
numerous and better 
developed than the other. 

Kuterdem and Nurlu, 2005

� aro� lu and Y�lmaz, 1986

Hydrogeological properties of study area

� In the vicinity of the study area, volcanic and 
sedimentary rocks outcrop.

� The groundwater flow in the volcanics is also controlled 
by the presence of structural features as suggested by 
the alignment of the springs.

� No information was available as to the depth of 
groundwater in the volcanics at the area. 

� It can be seen different water resources such as cold 
water springs, mineral water springs and geothermal 
spring around Varto Plain. 
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Water sample

� During the study twenty-four water 
resources were monitored in field;

� fourteen cold water springs
� six thermal water springs
� two surface waters
� two mineral waters

Sample location map
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Cold water springs
� Volcanic rocks are generally dark colored basalts, black-

brown tuffites and agglomerates.  Although the volcanic 
rocks have some water bearing potential, they do not form 
good aquifers of regional extent. 

� Their cooling fractures extend several meters in depth, 
providing a good avenue for deep penetration and 
circulation of groundwater. 

� Several springs emerge from these rocks in the north of 
Varto. Most of these springs are used as a source of 
drinking water supply for villages.  

� The flow rate of water is change from 2.0 L/sec to 100 
L/sec. Fourteen springs were sampled for field parameters 
during the site visit

Cold water springs
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Cold water springs

Mineral waters

In addition to cold water springs in the Varto Plain,  two mineral springs are 
present.  They are situated in Baskan and Hottan
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Thermal water springs

Geothermal potential of Varto
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EXPLANATION

Geothermal is one of the most important renewable e nergy resources in Turkey 
being country with a significant geothermal energy potential. Turkey is the 7th 
richest country in the world in terms of geothermal  potential.

Varto is one important region for hot water resources . Six thermal springs are 
present around Varto region. They are located in Alag oz Tepe, Dipsiz Gol, 
Güzelkent Village and Baskan Village

Modified from Simsek 2007
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Temperature and Discharge Values of 
Thermal Springs
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Methods
� For this study, twenty-four locations were 

evaluated. Also, twenty samples were collected for 
physical, chemical and isotopic composition of 
water. 

� All physical parameters such as flow rate (L/sn), 
pH, electrical conductivity (EC) and temperature 
(0C) were measured in field.

� All data evaluated with Regulation on waters for human 
consumption (ITASHY, 2005), water quality criteria of U.S 
Environmental Protection Agency (EPA, 2003) and 
Drinking water quality criteria of world health 
organization (WHO, 2004)
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pH values in water resources around Varto
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According to TS 266 (Turkish Standards 266), pH value s must be between 6.5 and 
8.5. The pH values of the samples were in the limit s
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Ec (µS/cm) values in water resources 
around Varto
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Cold water resources

Thermal
springs

The electrical conductivity (EC) is sensitive to cha nges in ion concentrations. In 
the study area, spring water EC values very good for  drinking water .

Water chemistry

+
3Na ,HCO ,Cl- -

2+
3Ca ,HCO-

Schoeller and Piper diagrams also give information of  hydrogeochemical facies evolution and different 
types or patterns of water resources in this site.  According to the Piper Diagram, the geothermal fluids in 
the area fall under the Na+- HCO � - type water class. The cold water springs , on the other hand, fall under 
Ca+-HCO� - type water class. Mineral water is fall under the Ca-Mg-HCO3 type water class.
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Heavy metals

Cold water springs have not contaminated by any nat ural and anthropological 
factor.

The concentrations of all heavy metals such as As, Pb and Zn in water resources 
can be compared with the limits established by the USA Environmental Protection 
Agency (US.EPA), World Health Organization (WHO), Tur kish Standard (TS 266) 
and Republic of Turkey Ministry of Health (RG25730) . 

Such comparison shows that, except heavy metals in g eothermal resources, the 
concentrations of the other heavy metals in cold wa ter springs are lower than the 
limit of the US.EPA, WHO and the standards established  in Turkey . 

��3.0��-�.-��- )�&�.-��-�#�&�0�0�".�0)�" �0.�- �1�0& .

No Location F Cl NO2 Br NO3 PO4 SO4 CO3 HCO3 Li 
   ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
1 Tas Cesme 0.05 2.55 0.00 0.00 6.56 0.00 4.40 0.00 110.91 0.00 
2 Alagoztepe Kaplicasi 0.13 1076.99 0.00 0.91 4.22 0.00 38.70 0.00 1971.72 1.26 
3 Alagoztepe Dere Kaplicasi 0.38 208.93 0.16 0.12 0.49 0.00 15.26 0.00 1139.04 0.50 
4 Dipsiz Gol Kaynagi 0.17 77.31 0.00 0.07 0.51 0.00 0.86 0.00 2069.68 0.75 
5 Guzelkent Koyu 0.21 102.94 0.00 0.16 0.39 0.00 11.89 0.00 1391.91 0.60 
6 TasliYayla 0.06 0.55 0.01 0.00 6.02 0.00 1.56 0.00 89.34 0.00 
7 Hizir Cesme 0.04 0.27 0.00 0.00 2.06 0.03 0.86 0.00 33.89 0.00 
8 Baskan Kaplicasi 0.15 37.44 0.00 0.00 0.00 0.00 20.09 0.00 1688.28 0.40 
9 Baskan Koyu Maden suyu 0.19 3.53 0.09 0.00 0.29 0.00 9.54 0.00 532.98 0.02 
10 Acarkent Koyu Kaynagi 0.09 0.75 0.00 0.00 4.82 0.12 1.50 0.00 77.02 0.00 
11 Oglakci Koyu iki goze 1 0.04 1.06 0.00 0.00 5.20 0.14 2.00 0.00 73.94 0.00 
12 Soguk Gol Kaynagi  0.04 0.28 0.00 0.00 1.99 0.00 0.83 0.00 58.60 0.00 
13 Yali Golu- Oglakci Koyu 0.04 0.53 0.00 0.01 5.33 0.04 1.49 0.00 70.92 0.00 
14 Seki Koyu Kaynagi 0.03 0.63 0.00 0.00 5.83 0.02 1.67 0.00 67.78 0.00 
15 Cadir Baba Kaynagi 0.02 0.51 0.00 0.00 3.19 0.02 2.03 0.00 36.91 0.00 
16 Seki Koyu Seker Kaynagi 0.01 0.23 0.00 0.00 3.14 0.00 0.78 0.00 33.83 0.00 
17 Deregolluk Kaynaklari 0.05 0.44 0.00 0.00 2.13 0.00 1.55 0.00 58.54 0.00 
18 Kamerkomu Maden suyu 0.21 4.05 0.00 0.00 0.00 0.00 6.44 0.00 499.09 0.06 
19 Hotan Deresi 0.05 0.29 0.04 0.00 1.33 0.00 0.85 0.00 36.91 0.00 
20 Hotan Kaynagi 0.04 0.29 0.00 0.00 3.01 0.00 0.99 0.00 33.89 0.00 

WHO, 2006 1.5 250     50   500       
US EPA, 2003 2 250     10   250       

TS266 1 30     25   25       
RG25730, 2005 1.5 250  0.5   50   250       
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Saturated index

In the calculation of the mineral saturation indices of the waters in the study area, 
“PhreeqC” (Parkhurst and Appelo, 1999) software 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 ºC and 80 ºC.

A different approach to geothermometry
(Reed & Spycher, 1984) is illustrated in 
Figure, where the changes in SI of relevant 
minerals with temperature were investigated 
for the thermal water samples of the site.
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RESULT AND CONCLUSION
� Mountain is located north part of Varto is very 

important for water resource. 
� Most of the water resource can be seen in this part .
� The flow rate of water varies between 2.0 L/sec and  

100 L/sec. 
� Three water springs can be used around Varto. Water 

source name, with following order from the most 
important one to the least, are given below. 

� All these resources are suitable to be used for bot tled 
water industry. 

� H�z�r Baba Region
� Hotan Region  and
� Cad�r Baba Region

Important water resources

3

Cad�r Baba Region

Hotan Region
2

1

H�d�r Baba Region
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