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Abstract
The Mahallat hot springs are located in the city of Mahallat, central Iran. This region is famous for its balneotherapy and 
health tourism attractions. They are located in the transitional zone between the Sanandaj–Sirjan (mainly metamorphosed 
zone) and the Orumieh–Dokhtar (mainly volcanic zone) structural zones. The host rocks of the region include sedimen-
tary to volcanic rocks (Permian to Quaternary), but Quaternary-aged alluvium and travertine layers are the main outcrops. 
Additionally, these features reveal that thermal and shallow ground waters had been mixed before hot springs exposure. The 
chemistry data show that these waters are enriched in  Ca2+,  Mg2+,  Na+,  Cl−,  HCO3

−, and  SO4
2− as well as U and  NO3

−. The 
chemistry of thermal and shallow groundwater samples are graphed in the  Cl−–SO4

2−–HCO3
− ternary and other diagrams. 

In addition, hot springs having high  NO3
−-concentrations indicate that thermal waters mix with shallow groundwater, which 

are attributed to agricultural and other anthropogenic activities. The hot springs have high U concentration that may result 
in shallow groundwater mixing with andesitic tuff, granodiorite, shale, and schist of the region. Therefore, the local farms 
and agricultural crops as well as local residents’ health could be at risk of exposure to the U and  NO3

− pollution.

Keywords Hot spring · U and nitrate · Environmental risk · Mahallat · Iran

Introduction

There are many hot springs in Iran along a belt from Turkey 
to Pakistan (Shakeri et al. 2015). Many surveys were carried 
out to assess various aspects of this belt, including: envi-
ronmental, geological, petrological, geochemical, hydrother-
mal, water chemistry, energy resources, and hydrogeologi-
cal aspects (Gansser 1971; Mehdizadeh et al. 2002; Shakeri 
et al. 2008; Saadat and Charles 2011; Esmaeili-Vardanjani 
et al. 2013; Yazdi et al. 2014; Shakeri et al. 2015; Esmaeili-
Vardanjani et al. 2016; Yazdi et al. 2016). The region is 
also famous for its balneotherapy and health tourism. This 
research aims to assess the hot springs origin and to establish 
hydrogeochemical characteristics of hot springs in Mahal-
lat region (Fig. 1) as well as their adverse impacts on local 
environment. The study region is located at transitional zone 

between Sanandaj–Sirjan and Orumieh–Dokhtar structural 
zones (Aghanabati 2004). These hot springs are used for 
recreational purposes as well as balneotherapy and the study 
region is developed as a domestic and international tourist 
attraction.

Geology of study region

The host rocks of the region include sedimentary to volcanic 
rocks (Permian to Quaternary). Lithologic outcrops include 
(Fig. 1):

 1. Quaternary alluvium.
 2. Quaternary travertine that overlays Eocene sedimen-

tary rocks (angular unconformity).
 3. Marl, sandstone, and conglomerate of the Upper Red 

Formation (Miocene).
 4. Marl and limestone of Qom Formation (Oligocene–

Miocene).
 5. Upper Eocene–Oligocene intrusive igneous rocks 

(mainly granodiorite).
 6. Middle Cretaceous andesitic tuff, shale, and sandstone.
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 7. Oolitic limestone of Badamu Formation (Upper Juras-
sic).

 8. Shale and sandstones of Shemshak Formation (Lower 
Jurassic).

 9. Dolomite of Shotori Formation (Triassic).
 10. Limestone and dolomite of Jamal Formation (Per-

mian).

Field observations show that Quaternary-aged alluvium 
and travertine layers are the main outcrops in the region of 
the hot springs. The travertine layers have been pervasively 
affected by regional structures. Many faults and fractures 
provide conduits for the hot springs outflow from travertine 
and alluvium beddings (Fig. 1).

Materials and methods

A total of six hot-spring water samples were collected from 
the region (Table 1). To minimize dilution of the hot-springs 
water with infiltrated meteoric water and to investigate the 
trace element concentrations in dry season, samples were 
collected during the summer (dry period). The locations of 
the water samples are shown in Fig. 1. Some in situ meas-
urements such as pH, electrical conductivity (EC), and tem-
perature were conducted during sampling. All samples were 
collected as two filtered batches into 250-ml polyethylene 
containers. One untreated batch was taken for anion analyses 
and the second treated with 2.5-ml ultrapure  HNO3 (1 N) for 

cation analyses. The samples were analyzed using a standard 
method suggested by the American Public Health Associa-
tion (APHA 1992) in the Geological Survey of Iran (GSI) 
laboratory. The ICP-OES method was applied to analyze 
major and trace elements and cations measured by flame 
photometry. Sulfate concentration was measured by spectro-
photometry. Chloride and bicarbonate concentrations were 
measured by titration methods. The TDS values were also 
analyzed. The term TDS (Total dissolved solids) describes 
the inorganic salts and colloids present in solution in water. 
We used long-term annual data of cold springs of the region 
from Iran Ministry of Energy database (Table 2) for com-
parison of the hot and cold springs’ chemical characteristics.

Results and discussion

There are several hot springs in different sizes in the Mahal-
lat region. These hot springs are located in an arid zone and 
average annual precipitation is low and about 250 mm. The 
region gains its most precipitation during winter, while the 
summer is extremely hot and dry. The long-term maximum 
and minimum air temperatures are 36 °C (July) and − 6 °C 
(January), respectively. However, the six hot springs are the 
major water supply for some agricultural and recreational 
purposes even in the dry season. Our research was focused 
on these six hot springs. We compared the hot springs’ 
chemical characteristics with that of cold groundwater 

Fig. 1  Geology map of the study area (Sheikholeslami 2005)
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(springs) of the region too. It is very important to show the 
chemical changes in the two types of springs.

Table  1 shows the hot springs’ geochemical analy-
ses results, the main physical and chemical characteris-
tics of cold groundwater are shown in Table 2. Pentecost 
et al. (2003) believe that the conventional temperature for 
considering a spring as a thermal spring is 36.7 °C. The 
thermal springs’ temperature of the study region ranges 
from 35 °C (sample S4) to 47.7 °C (sample S6). pH val-
ues were between 6.7 (sample S4) and 8.09 (sample S5). 
TDS contents range from 1789 to 2214 mg l−1 (Table 1), 
but the TDS values for cold groundwater samples range 
from 636 to 1131 mg l−1 (Table 2). The hot spring waters 
have high EC values as well as high  Ca2+,  K+,  Mg2+,  Na+, 
 Cl−,  HCO3

−, and  SO4
2− as well as high U and nitrate con-

centrations. Cations and anions show the following order 
of abundance, respectively:  K+ < Na+ < Mg2+< Ca2+ and 
 Cl− < HCO3

− < SO4
2− (Table 1).

We used  Cl−–SO4
2−–HCO3

− ternary plot (Giggenbach 
1988; Marini 2000) for an initial classification of these geo-
thermal waters (Fig. 2). The chemical values are plotted 
toward the  SO4

2− corner of the plot. This field is labeled 
where “hydrothermal vapors and steam-heated waters” are 
dominant, but that classification may not be appropriate 
for these waters, as discussed below. Also, we used Piper 
diagram to compare the results with Fig. 2. The results 
show that the samples fields were labeled in the corner of 
 SO4

2− (Fig. 3). These data support the fact that these geo-
thermal waters are mainly of sulfate type.

The groundwater samples, apparently, tailed from periph-
eral and shallow waters field toward the  SO4

2− end member, 
representing that the shallow groundwater has potentially 
mixed with thermal waters. The K/100–Na/100–√Mg ter-
nary plot (Giggenbach 1988) was applied to evaluate the 
state of water–rock chemical equilibrium (Fig. 4). The model 
shows that none of the samples have attained a water–rock 
chemical equilibrium. Additionally, all the points are aggre-
gated at the √Mg2+ end of the plot and reveal that the 
water samples are strongly influenced by Mg-bearing host 
rocks such as dolomitic and/or marly formations as well as 
andesitic tuff volcanic rocks. It is important to note that there 
are no evaporite rocks in the region. So, high sulfate and 
the other ion concentrations could not have resulted from 
interaction between groundwater and evaporites. The plot 
of %Mg/(10 Mg + Ca) versus %K/(10 K + Na) (Giggenbach 
1988) indicates that the these water samples do not attain 
the rock–water equilibrium condition (Fig. 5). Furthermore, 
the dissolved chemicals of the water samples in the region 
have not been originated through simple rock leaching or 
mixing processes and/or dissolution of average crustal rock. 
Result suggests that although the selected springs’ tempera-
ture is low and very similar to low-temperature metamor-
phism conditions, they are exposed from low-temperature Ta
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hydrothermal processes; and regional and/or contact meta-
morphism shall be the heat source in the study area. How-
ever, some minor chemical weathering is suspected.

Uranium was one the most important element in our 
research, because of its environmental impacts. Natu-
ral uranium, distinct from artificially enriched uranium, 
typically exists in schists, black shales, granodiorites and 
granites. Under reducing conditions, the uranium solubil-
ity is low, but is high under oxidizing condition (Milvy 
and Cothern 1990). USEPA suggested 30 μg L−1 of dis-
solved uranium as the maximum allowed concentration 
(MAC) within the drinking water (USEPA 2009). The 
uranium concentration ranges from approximately 200 
to 550 μg L−1 in the hot springs of the region (Table 1). 
But peripheral and shallow waters may dilute the uranium 
concentration, as they mix with thermal waters. However, 
the study region is at risk of high uranium concentration 
in both groundwater and soil, especially during drought 
periods, when there is less peripheral and shallow waters 
to dilute hot springs.

Table 2  The analysis results of shallow groundwater (cold spring) samples (IWRM 2018)

Sample name GW1 GW2 GW3 GW4 Sample name GW1 GW2 GW3 GW4

Sampling date 15 Oct. 2011 5 Oct. 2011 8 Nov. 2014 20 May 2015 Mg2+ 40 25 33.4 26
Ca2+ 50 189.6 46 62

EC (μs/cm) 1066 1886 1059 957 Na+ 80.5 115 92 73.6
K+ 2.3 2.7 1.95 2.3

TDS (mg/l) 639 1131 636 574 Cl− 81.8 127.4 67.3 77.9
HCO3

− 230.3 246.5 230.3 152.5
pH 7.94 7.58 8.19 7.76 SO42

− 154.6 425.3 164.6 180
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Nitrate  (NO3
−) was another important element in our 

research, because of its environmental impacts. Nitrate 
is an anthropogenic contaminant in drinking water that is 
normally derived from sewage and livestock manure or 
from the use of artificial or natural fertilizers. According to 
USA, MAC standard, the  NO3

− normal value is 10 mg L−1 
expressed as  NO3

−–N or 44 mg L−1 expressed as  NO3
−. 

Nitrate concentration in the hot springs of the region ranges 
from < 5 to 252 mg L−1 (Table 1). The data suggest that the 
hot springs water may partially mixed with infiltrating water 
from rural and urban zones in the study region.

Conclusion

Relatively high concentrations of  Ca2+,  Mg2+,  HCO3
−, and 

 SO4
2− resulting from rock–water interaction have been 

observed in the hot springs water of the Mahallat region. 
The widespread structural geology structure (such as faults) 
in the study region may enhance the groundwater circula-
tion and mixing that results in significant increase of ele-
ments concentration. High nitrate concentrations confirm 
that thermal waters mix with shallow groundwater, which 
are attributed to anthropogenic and agricultural activities.

The presence of uranium in these hot spring waters is 
of considerable concern, especially where the uranium is 
over the MAC standard values. High U concentration may 
result in shallow groundwater mixing with andesitic tuff, 
granodiorite, shale, and schist of the region. The prob-
lem becomes even greater, if we consider the diluting 
impact of peripheral and shallow groundwater. Therefore, 
the groundwater and soil toxicity may increase during 
drought periods. In the Mahallat region, the diffusion and 
dispersion of uranium from thermal waters into shallow 
aquifers could contaminate the groundwater. Also, the hot 
springs discharge into the local streams and rivers and 
could affect downstream farms and crops. Therefore, the 
shallow aquifers are vulnerable and the local residents’ 
health is at the risk of contamination with toxic and radio-
active pollutants.
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