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Fig. 1. A view of deep karren (right side) and solutional pits (left side) in the catchment basin of
Vorskhavaran karst spring
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Fig. 2. Sinkholes in the catchment area of karstic spring
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Fig. 3. A view of dry valley (right side),in the vast area of epikarst (left side)
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Fig. 4. A view of Vorsakhuran karst spring
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Table 1. The parameters measured in the manifestation of the karst spring of Vorsakhuran (June 2022-2023)

Temperature Electr_ic_al Dischgrge of _
pH conductivity spring Date of sampling
(°C) (umhos/cm) (lit/sec)
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Fig. 5. Vorsakhuran karst spring Hydrograph (the year 2022-2023)
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Fig. 8. Hypsometric diagram of VVorsakhuran karst spring catchment basin
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Fig. 9. Time variation of electrical conductivity and discharge in the Vorsakhuran Kkarstic spring
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Fig. 10. Time variation of the ions concentration in the samples of Vorsakhuran karst spring from October
2022 to June 2023.
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Fig. 11. Composite digrams of the major ions in the VVorskhoran spring water samples versus electric
conductivity.
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Abstract

The Vorskharan Karst spring with a catchment area of 50 square kilometers and an average
discharge of about 1.35 m?/s is one of the most important springs in the city of Firouzkouh. In
order to asses the hydrogeological and hydrogeochemical charachteristics of the spring, the
physical and chemical properties of the spring water were measured and analyzed for several
months. The results showed that the recession curve of the spring has a slope and the value of its
coefficient is about 0.003. The low coefficienof the discharge variation t, electrical conductivity
and major ions, as well as the single slope of the spring’s recession curve , are mainly due to the
elongated shape of the aquifer and the long-term presence of snow in the catchment basin of the
spring .Considering the relatively high water level of the spring and the existence of a sinkhole
and a polje in the spring’s catchment area, as well as the coefficient of small changes in the
physical and chemical parameters of the spring, it can be said that the dominant flow system in
the aquifer which recharges Vorskharan spring,is conduit-diffusive. According to the field
studies and the evaluation of the percentage of soil cover, the development of dissolved spaces
and other morphological effects of karst, the percentage of annual recharge in the catchment area
was estimated at 56%. With the amount of precipitation, the percentage of annual recharge, the
annual recharge volume of the preliminary water catchment basin equal to 19.2 MCM and the
annual discharge volume of the spring through the annual hydrograph of the spring was calculated
to be equal to 20.1 MCM. It was also observed that the type of water is Ca-HCO3, and the
lithology of the aquifer is calcareous and dolomite.

Keywords: Vorskharan karst spring, hydrogeology, hydrogeochemistry, catchment basin.

Introduction
With an average rainfall of 250 mm per year, Iran is considered one of the arid and semi-arid regions
of the world. The decrease in rainfall and the decline in groundwater levels in the plains, as well as
the pollution of these sources, have led experts to focus on water supply from stable, less affected
water sources. One of the most important sustainable water sources are carbonate karst formations,
which store a large amount of water and are rich sources of groundwater. The catchment area of the
Vorskhavaran spring is located north of the village of Vorskhavaran and on Qaradagh Mountain.
Local people use the water from this spring for drinking and for irrigating their agricultural land.
Based on de Marten's climate coefficient and analysis of weather station data, it was found that the

*Corresponding author: smazrae64@gmail.com
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climate coefficient of the region is in the semi-arid category. Considering that no research has been
done on this stable water source prior to this study, a research was conducted on this karst spring in
order to evaluate the hydrogeological and hydrogeochemical characteristics of the karst spring in
Vorskhawaran. The purpose of this study is to investigate the physicochemical parameters of karst
springs in order to determine the hydrogeological and hydrogeochemical characteristics of the spring.

materials and methods
Collecting basic information and field visits
The first step of the research, in order to investigate the climate of the region, meteorological statistics
and information, geological maps and aerial photographs were collectedIn addition, several stages of
visits to the area and the spring site were carried out for climatic, geological and field studies.

Sampling, measurement and analysis of samples
In order to investigate the hydrogeological and hydrogeochemical characteristics of the karst spring
in Vorsakhuran, sampling was done monthly from June 1401 to December 1402 in compliance with
the standard.
Also, to investigate karst development and karst features, several stages of continuous field visits
were carried out. Flow during one year was measured to assess hydrogeological issues and then
calculated through the following formula.

Q=VxA (8]

Results and discussion
Evaluation of karst geomorphology in Vorskhavaran spring catchment basin
Parts of the studied area are made up of bare rocks without epikarst, and including epikarst is observed
in some parts of the area. In fact, the difference in the amount of epikarst formation is clearly observed
at different heights. Karst morphological forms such as karst, blocked pits, small-scale sinkholes and
hydrogeological features such as springs have been spread in the watershed of VVorskhawaran, which
indicates the development of karst in the region.

5% : g 2 j.-‘_{ , 1 ‘ » ¥ ,{,
Fig. 1. A view of deep karn (right side) and dissolution holes (left side) in the catchment basin of
Varskhavaran karst spring

-

Time variation of Vorsakhuran karstic spring discharge
The water flow rate of the spring changes from 700 liters per second at the end of March to 1600
liters per second at the end of June 1402. The ascending branch of the spring flow chart starts from
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the end of March and reaches its maximum value at the end of June. Due to the expansion of the
catchment area, not all the subchannels that carry the flow in the aquifer of the Karst and
Vorskhawaran spring are discharged into the main channel at the same time, so the water supply of
the spring decreases in a regular process.

Evaluation and analysis of the descent curve coefficient of the Karst spring
Discharge occurs mainly in the initial parts of the descent curve under the influence of channels with
turbulent flow, high transfer capacity and low storage capacity. Among the factors influencing the
descent curve of the karst spring in the Vorsakhuran we can mention the dominant system of spring
flow, the presence of snow on the bottom of the basin for a long time, the presence of formations with
low permeability (Delichai Formation) and the length of the catchment basin of the spring.

Vorsakhuran karst spring catchment basin
Preliminary water catchment drawing
The water catchment area of VVorskhaharan spring has been drawn considering the maximum water
flow of Rakhsh spring (480 liters per second) around this spring. And due to the existence of
hydrogeological dams such as Nemroud fault, Fajan sandstone formation and Karaj formation in the
northern border of the basin, this border has been extended along the mentioned hydrogeological
barriers to the vicinity of Vorskhaharan karst spring.

Evaluation of the average height in the catchment basin of the spring
According to the hypsometric curve, the areas with a height between 2600 meters and 3600 meters
have the highest frequency, which can be clearly seen in the hypsometric curve. Based on the
hypsometric curve, the average height of the studied area was estimated to be 3100 meters.

Hydrogeochemical characteristics of the Vorsakhuran karstic spring

The hydrogeochemical properties of karst waters generally depend on the dissolution of carbonate
minerals including calcite, dolomite, halite and aragonite. As the residence time of water increases in
the aquifer and along the flow lines from the recharge area to the discharge, its chemistry is affected
by various types of geochemical processes. Therefore, it is necessary to study the chemical properties
of water resources in order to conduct hydrogeological and hydrogeochemical studies. In this part,
the quantitative changes of the water (hydrograph) of Vorskhavaran spring, along with its
simultaneous qualitative changes, have been investigated and evaluated in order to identify the source
of recharge, to identify the flow regime and the hydrochemical quality of the spring water.

Time variation of electrical conductivity values and relation with spring watering
Electrical conductivity is a representative of all dissolved solutes and is considered one of the most
important quality parameters in water resources studies. A slight change in electrical conductivity
values is observed in the sample. With the increase of water flow, the electrical conductivity shows a
slight increase due to the piston current in the aquifer and the expulsion of previous waters with a
long retention time, and after its effect disappears, it decreases. Furthermore, with the reduction of
discharge due to the change of regime, the discharge of electrical conductivity maintained its trend
and it can be said that it shows a constant trend to a small extent.
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Fig. 2. Time variation of electrical conductivity and discharge in the Varskhavaran karstic spring

Temporal changes in the concentration of the main elements of spring water
In spring water samples, calcium, bicarbonate and magnesium ions account for more than 90% of the
ion concentration of each sample. The concentration of potassium and chlorine ions is small and their
concentration change is high.

Correlation coefficient between electrical conductivity and values of main elements
There is a positive correlation between electrical conductivity and some dissolved ions in the samples
taken from Vorskhaharan spring water. The lowest correlation coefficients between electrical
conductivity and potassium, chlorine, sulfate, and magnesium ions and the highest correlation
coefficients are related to the concentration of sodium, calcium, and bicarbonate ions.

Evaluation of type and hydrochemical facies of water samples
Piper diagram
According to the Piper diagram, most of the samples have the predominant anion of bicarbonate and
the predominant cation of calcium and magnesium, and in other words, the type of spring water of
Vorskhavaran is calcium bicarbonate.

Piper Diagram
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Fig. 3.Piper diagram of Vorsakhuran spring water samples
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Schuler diagram
Monets in Schuler's diagram indicate the same origin for all samples taken from the spring in different
seasons.
Conclusion

The results of this research showed that bare rocks, relatively deep karsts, dissolution holes and karst
springs are the most important and frequent karst effects in the study area. The dominant flow system
in the aquifer feeding Vorskharan spring is channel-flow type. The annual feeding volume in the
specified catchment area was estimated to be about 19.2 million cubic meters. The maximum water
flow of the spring is observed at the end of June, while most of the rains in the region occur at the
end of February and May. The slope of the subsidence curve of the spring was estimated to be about
0.003, which can be due to the elongation of the catchment basin, the presence of formations with
low permeability (Delichai Formation) in the aquifer, and the remaining snow at the end of the
catchment basin for a long time. Based on the results obtained from the drawing of hydrochemical
diagrams, the hydrogeochemical type and facies of Kalisk Bicarbonate Spring was determined and
general investigations show that the spring water has favorable conditions for drinking and
agriculture.
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