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Abstract: In this study, therapetic effects of thermal waters were investigated in Zilan valley, eastern part of 
the Turkey. Purpose of this study is determination of chemical properties of thermal waters and investigation 
of therapautic effects of them in terms of human health. Also relations between chemical properties of 
thermal waters and geological units were investigated in Zilan Valley. Samples were collected from five 
sample points and anion / cation analyses were carried out for five thermal water samples (from three thermal 
wells and two thermal springs). First well was drilled in 1988 by MTA (Mining Research Center in Turkey) 
and sample was collected by MTA in 1988. Also other two thermal wells were drilled by MTA and samples 
were collected in 2000 by MTA. Analyses were carried out by MTA in 1988 and 2000. Two thermal spring 
waters were collected in 2014 in content of this study. Anion / cation analyses were carried out in content of 
this study in ACME Analytical Laborataries. Also, geological map of the Zilan Valley was prepared in 
content of this study.

As a result of the study, water types were detected as Na-Cl type for all thermal well waters (numbered ZG-1, 
ZG-2 and ZG-3 wells) and numbered 111 thermal spring. Water type was detected as Na-Cl-SO4 for 
numbered 112 thermal spring. Thermal waters with Na-Cl have a lot of therapeutic effects. Thermal waters 
with Na-Cl can be used in rheumatism, gynecologic diseases, neuritis, treatment of unconsolidated fractures 
and at the upper respiratory tract diseases. Geologically, all thermal waters are originated from marl 
(limestone with cla

Thermal waters in Zilan Valley are so important for human health and they should be use 
for treatments.
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Introduction

Hydrotherapy is one of the basic methods of treatment widely used in the system of the natural medicine, 
which is also called as water thetapy, aquatic therapy, pool therapy and balneotherapy.Use of water in 
various forms and in various temperatures can produce different effects on different system of the body. 
Many studies /reviews reported the effects of hydrotherapy only on very few systems and there is lack of 
studies/reviews in reporting the evidence-based effects of hydrotherapy on various systems (Mooventhan and 
Nivethitha, 2014). Chemical properties of the thermal water and relation with geological units is also 
important for hydrotherapy. Especially, salt water contains a unique combination of minerals and enzymes 
that help soften the skin. Salt water helps extract extra fluid from the skin, which helps with swollen joints 
and inflammation. People who suffer from arthritis can experience greater relief in a salt water. Dissolved 
mineral salts and sulfur compounds in the mud are used to treat skin inflammations such as eczema and 
psoriasis, as well as reduce stiffness and inflammation in joints due to osteoarthritis and rheumatoid arthritis 
(Bostwick, 2018).
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In this study, chemical properties of thermal waters in Zilan valley and relations with geological units were 
investigated in the area. Also, therapeutic effects of thermal waters was examined in the area. Zilan valley is 
located in the eastern of the Turkey and it is shown in Figure 1.

Figure 1. Location map of the study area.



Geological and Hydrogeological Setting

The basement of the stratigraphic column in the study area is consisted of Late Cretaceous Mehmetkaya 
Granitoid and other geological units follow from base to top including of Eocene clastics, Miocene units with 
clay and marl, Middle Miocene - Late Miocene esite, Late Miocene – Pliocene clastics, 
respectively. Quaternary alluviums cover all geological units (Figure 2 and Figure 3).  

Figure 2. Stratigraphic column of the study area.



Figure 3. Geological map of the study area.

In the region, Neotectonic episode started in Middle Miocene. The compression regime has resulted in the 
regional uplifts (and subsidences) and the faults, trending E-W and inclined either to north or south have 
occurred along withfolds extending in E-W direction. In addition to these structures, dextral faults in NW-SE 
direction and sinistral faults extending along SW - NE have developed too. Most of the thermal waters 
discharge along the SW–NE trending faults in the Zilan valley. The circulation of thermal waters is closely 
related to major fault and fractured zones. Fractured Middle Miocene - are 



assumed to be the cap rocks of the geothermal system and Miocene units with clay and marl are assumed to 
be the main reservoir rocks for the Zilan thermal waters.

Hydrogeologically, there are 3 rock types including permeable, semi-permeable and unpermeable in the Zilan 
valley. Unpermeable units which are magmatic rocks such as granitoid in Mehmetkaya Granitoid. Semi-
permeable units are andesite and
clastics in Yöreli Formation and permeable units are alluviums. Numbered ZG-1, ZG-2 and ZG-3 wells and 
numbered 111 and 112 thermal springs are located at the permeable and semi-permeable units (Figure 4). 
Well numbered ZG-1 has 394.20 meters, ZG – 2 has 490 meters and ZG – 3 has 264.70 meters. Physical 
properties of wells were showed in Table 1.

Table 1. Wells in Zilan geothermal field (MTA, 2005).

Well
Number

Date Depth 
(m)

Tempererature 
(oC)

pH TDS
(mg/l)

EC
( ohm/cm)

Discharge 
(l/s)

ZG - 1 1988 394.20 80 7.9 3330 3696.5 40
ZG - 2 2000 490 92 7.5 2793 3051.4 4
ZG - 3 2000 264.70 98 7.7 2843 3256.9 22
*TDS (Total dissolved solids), EC (Electrical Conductivity).

Table 2. Thermal Springs in Zilan geothermal field (Düzen, 2017).

Spring Number Date Tempererature 
(oC)

pH TDS
(mg/l)

EC ( ohm/cm)

Hasanabdal Thermal 
Spring (Number 111)

2014 51 8.5 - 4620

(Numbered 112)
2014 53 7.5 - 3800

*TDS (Total dissolved solids), EC (Electrical Conductivity).

Material and Method

Samples were collected from five sample points and anion / cation analyses were carried out for five thermal 
water samples (from three thermal wells and two thermal springs). First well was drilled in 1988 by MTA 
(Mining Research Center in Turkey) and sample was collected by MTA in 1988. Also other two thermal 
wells were drilled by MTA and samples were collected in 2000 by MTA. Analyses were carried out by MTA 
in 1988 and 2000. Two thermal spring waters were collected in 2014 in content of this study. Anion / cation 
analyses were carried out in content of this study in ACME Analytical Laborataries. Also, geological map of 
the Zilan Valley was prepared in content of this study.

Also, the analytical precision for the accurate measurements of ions was determined by calculating electrical 
neutrality (EN %) which is acceptable at ±5 % (Appelo and Postma, 1999). Samples which are ZG-1, 111 
and 112 have EN % values within ±5 %. Other two samples (ZG-2 and ZG-3)which is made by MTA have 
not EN % values within ±5 %.

on - 



Figure 4. Hydrogeological map of the study area.



Results 

1. Chemical Properties and Therapeutic Effects of Thermal Waters

Anion and cation analysis were carried out for Well ZG-1, ZG-2 and ZG-3 by MTA in Zilan Valley. 
Analyses of numbered 111 and 112 thermal springs were carried out by Düzen (2017). Water types were 
detected as Na-Cl type for all thermal well waters (numbered ZG-1, ZG-2 and ZG-3 wells) and numbered 
111 thermal spring. Water type was detected as Na-Cl-SO4 for numbered 112 thermal spring (Table 3).
Chemical analysis results are shown in Table 3 and in Figure 5. 

Table 3. Chemical analysis of wells and thermal Springs in Zilan geothermal field (MTA, 2005; Düzen, 
2017).

Cation/Anion Unit Well ZG-1 Well ZG - 2 Well ZG - 3 111 112

Calcium mg/L 96 36,9 29,5 56,9 131,3

Magnesium mg/L 56 54,6 47 24 52

Sodium mg/L 830 773 858 1008 777

Potassium mg/L 74 110 108 98 82

Bicarbonate mg/L 994 897 779 220,00 214,00

Sulfate mg/L 565 470 491 213 476

Chloride mg/L 715 543 560 1440 1106

Water Type - Na-Cl Na-Cl Na-Cl Na-Cl Na-Cl-SO4

Figure 5. Pie charts of chemical analyses in the study area (mg/l).



Chemical properties of thermal waters in Zilan valley shows that salty waters for all thermal water samples. 
Water type of Well ZG-1, ZG-2 and ZG-3 and Hasanabdal thermal spring (numbered 111) is Na-Cl. Water 

s Na-Cl-SO4. 

Thermal waters with Na-Cl have a lot of therapeutic effects. Thermal waters with Na-Cl can be used in 
rheumatism, gynecologic diseases, neuritis, treatment of unconsolidated fractures and at the upper respiratory 
tract diseases. Salt water helps extract extra fluid from the skin, which helps with swollen joints and 
inflammation. People who suffer from arthritis can experience greater relief in a salt water. Hasanabdal 
thermal spring is used as spa for rheumatism and treatment of unconsolidated fractures. 
spring isn’t used yet and it can be used therapeutically.

2. Relations Between Chemical Properties and Geological Units in Thermal Waters

has suggested a theory about relations between ions in geological units (rocks) and waters 
which discharge from this geological unit.
acidic rocks (granite, granitoid etc…) are rich with alkaline elements such as sodium and potasium. Also 
amount of sodium is more than
from acidic rocks is Mg and HCO3 SO4 Cl or Cl HCO3 SO4. In additon to this, 

is Mg and 
Cl SO4 HCO3.

Table 4. Ion arrangement of thermal water samples in the study area.
Ions ZG -1 ZG -2 ZG -3 111 112

Na (meq/l) 36,1 33,6 37,3 43,9 33,8

K (meq/l) 1,9 2,8 2,8 2,5 2,1
Na+K 
(meq/l) 38,0 36,4 40,1 46,4 35,9

Ca (meq/l) 4,8 36,9 29,5 2,8 6,6

Mg (meq/l) 4,6 54,6 3,9 2,0 4,3
HCO3
(meq/l) 16,3 14,7 12,8 3,6 3,5

Cl (meq/l) 20,2 15,3 15,8 40,6 31,2

SO4 (meq/l) 11,8 9,8 10,2 4,4 9,9

Na+K (%) 80,2 28,5 54,6 90,6 76,8

Ca (%) 10,1 28,8 40,2 5,5 14,0

Mg (%) 9,7 42,7 5,3 3,9 9,2

HCO3 (%) 33,8 36,9 32,9 7,4 7,9

Cl (%) 41,8 38,5 40,7 83,5 69,9

SO4 (%) 24,4 24,6 26,3 9,1 22,2

47,392 127,933 73,45 51,2 46,7

48,22 39,805 38,79 48,7 44,6

Ion Balance 0,9 52,5 30,9 2,5 2,3
Ion
arrangement

- - - - -

In this study, Wells numbered ZG-1, ZG-2 and ZG-3 thermal field and they can be 
discharge from the Mehmetkaya Granitoid due to their ion arrangement. Numbered 112 thermal spring is 

their ion arrangement. Numbered 111 thermal spring is located in Hasanabdal thermal field and it can be 
Ion balance was 



controlled in content of this study for thermal water samples. Ion balance was detected suitable for Well ZG-
1 which was analysed by MTA and 111 and 112 thermal springs which were analysed by Düzen (2017). 
Numbered ZG-2 and ZG-3 wells which were analysed by MTA are not suitable for ion balance but they are 
in same system with ZG-1. So, origin of ZG-2 and ZG-3 wells were accepted same with ZG-1. Ion 
arrangement table is shown in Table 4.

Discussion and Conclusions 

In the study area, chemical properties of thermal waters in Zilan valley and relations with geological units 
were investigated and therapeutic effects were revealed. Water types were detected as Na-Cl type for all 
thermal well waters (numbered ZG-1, ZG-2 and ZG-3 wells) and numbered 111 thermal spring. Water type 
was detected as Na-Cl-SO4 for numbered 112 thermal spring. All thermal waters are rich with alkaline 
elements such as sodium and potasium ZG-1,
ZG-2 and ZG-3 which discharge from the Mehmetkaya Granitoid and Hasanabdal thermal spring discharge 

Ion balance was controlled in 
content of this study for thermal water samples. Ion balance was detected suitable for Well ZG-1 which was 
analysed by MTA and 111 and 112 thermal springs which were analysed by Düzen (2017). Numbered ZG-2
and ZG-3 wells which were analysed by MTA are not suitable for ion balance but they are in same system 
with ZG-1. So, origin of ZG-2 and ZG-3 wells were accepted same with ZG-1. Thermal waters with Na-Cl 
can be used in rheumatism, gynecologic diseases, neuritis, treatment of unconsolidated fractures and at the 
upper respiratory tract diseases. Salt water helps extract extra fluid from the skin, which helps with swollen 
joints and inflammation. People who suffer from arthritis can experience greater relief in a salt water. 
Hasanabdal thermal spring is used as spa for rheumatism and treatment of unconsolidated fractures
thermal spring isn’t used yet and it should be used purpose of therapeutic.
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