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ABSTRACT

Introduction

Considering the current water crisis in Iran, especially in arid and semi-arid regions, the
exploration of karst water resources is very vital. The aim of the present study is to
determine the role of lithological, geochemical and hydrochemical characteristics on the
karstification process of the Kalat watershed in northeastern Iran. Therefore, it is
necessary for local managers to pay attention to the environmental management program
in karst areas for the sustainable management of the region's water resources.

The research method in this study is field and laboratory type. First, the study areca was
determined using the base and base maps, namely the topography of 1.100000 Kelat and
the geology of 1.100000 Kelat. Using the 10.8 ARC GIS software, all software work such
as preparing shape files, specifying the study area, etc. was carried out. In the geological
map of the Kelat watershed, the type of karst and non-karst formations was determined,
and the area and percentage of carbonate and non-carbonate formations were given in the
form of a table. In the field survey of the study basin, various photographs of various
karst formations were taken. Photographs were taken of the formations to examine the
lithological characteristics, and in this part, lithological interpretation was made using
field observations and geological maps. In areas of the studied basin such as the Chaman
Bid layered formation, the karst formations were of layered type and no karst landforms
were observed. In the geochemistry of the basin rocks, using two calcimetric techniques
or rock volume and ICP, the amount of calcite or calcium present in the rocks on the karst
formations of the region was determined and it was shown that the higher the amount of
impurities in the rock such as clay and iron, the lower the level of karstification and vice
versa.
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The role of lithology and impurities in limestone in karstification The amount of impurities such as iron and magnesium
in carbonate formations is lower than in other formations. Therefore, the lower the amount of impurities in the
formations, the higher their degree of karstification, and vice versa, the higher the amount of impurities in karstifying
formations, the lower their degree of karstification. The role of mechanical resistance in karstification

In the study area, some layers such as Tirgan and Mozurdan are in a mass state, and the presence of seams provides
suitable conditions for water to penetrate between the layers of rocks, and rainwater can use these seams and cracks and
carry out the dissolution process better and faster. The high thickness of limestone, which is in a mass form in most
places, is a positive factor for the development of karst forms. In some formations, such as the Chaman Bid Formation,
where the layers are in a layered form, the dissolution process takes place more slowly. In the karst formations of Tirgan,
Mozduran, and Kalat, as can be seen in the images, the limestone is in a mass form and significant karst landforms such
as ravines, karst corridors, and canyons are created on these formations.

Laboratory techniques for calculating the rate of lime dissolution

Measuring lime in sediment by calcimetry (volumetric measurement)

According to the calcimetric table, the highest degree of lime purity is observed in the calcareous and thick layer of
Mozduran formation, followed by Tirgan, then Kalat, and finally Chaman Bid, which has the lowest level of lime purity.

ICP (plasma-induced X-ray) method:

According to the ICP table, the highest degree of lime purity is observed in the thick limestone formation of the Tirgan
layer, followed by Mozduran 2, then Kelat, and finally Chamanbid, which has the lowest degree of lime purity.

The importance of electrical conductivity (EC) on karstification

The lowest degree of electrical conductivity is observed on the rivers of Zharf, Hamam Qale, and Qara Su. Therefore,
the higher the electrical conductivity, which indicates the concentration of the solution in the water, the lower the
susceptibility to karstification, and conversely, the lower the electrical conductivity in the water, the higher the
susceptibility to karstification.

Calcium to magnesium ratio

The calcium to magnesium ratio in the Qara Su River in the northwest of the basin on the thick, massive formation of
the Tirgan layer shows the number 1.77, which is a correct indicator for showing the ratio of calcium to magnesium ion
concentrations in karst formations.

Due to the water crisis in the country, especially in arid and semi-arid regions, the need to pay attention to karst areas
is becoming more and more apparent. The aim of the present study is to determine the importance of the role of
lithological, geochemical and hydrochemical characteristics on the karstification process in the Kalat basin in
northeastern Iran. More than 25% of the Kalat basin area consists of carbonate formations, which can be used by
environmental managers in any research in this basin. The research method relies on laboratory and field techniques.
The results of the calcimetric test in the limestone formations of the Kalat basin showed that the average percentage of
calcite in these formations is 39%, which indicates the average purity of lime in the basin formations. The ICP test,
which determines the amount of elements present in the rock, showed that the percentage of calcium in the four
limestone formations of Kalat, Mozduran, Tirgan and Chamanbid is 38%. In the weight method, the average calcite in
the four formations shows the number 56.3. In relation to lithological characteristics, the amount of impurities in
limestone is very important. Because the higher the amount of impurities in these rocks, the less the karstification
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process and vice versa. Also, in the Tirgan and Mozduran karst formations, where the limestones are massive, significant
karst forms such as canyons, narrows and karst.

corridors are formed, and in the Chamanbid karst formation, which is layered, significant karst forms are not formed
and only karsts are formed. The quality of surface and groundwater in the basin was analyzed and showed that there is
an inverse relationship between waters in karst areas and electrical conductivity, which indicates the potential for
karstification in the Kalat watershed. Also, the ratio of calcium to magnesium in the water resources of the basin,
especially in the Qarasu River in the northwest of the basin on the thick and massive formation of the Tirgan layer,
shows a number of 1.77, which is a very close indicator for karstification in karst formations. Therefore, environmental
management in karst areas should be considered by environmental managers for alternative water sources.
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Table (2): Amount of calcium, sodium, magnesium, anion and manganese elements in fine-grained sediment samples of the watershed
(and the average of these elements in its main formations (PPM
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Figure (3): From top right, massive and thick-layered limestone in the Tirgan and Mozduran formations, top left: massive and thick-
layered limestone in the Kalat Formation, bottom right: canyon on the Kalat karst formation, and bottom left: karst corridor in the

Tirgan Formation, respectively.
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.Figure( 4): Right: Image of two-sided pit karns in the northeast of the basin on the Kalat Formation
Figure (5): Left: Ripple karn or wave-shaped karn at the site of the Qara Su waterfall in the northwest of the basin. Photo by the author
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Figure( 6): Right: Meander karn in the northwest of the basin - Left: Shiari karn. Northwest of the basin Photo by the author
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Figure (7): Bernard calcimeter device
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Table( 3): Amount of calcium (Ca) in the Chelat watershed, divided into four formations, in percentage terms
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Figure (12): ICP method and its accessories
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Table (4): Amount of calcium (Ca) in the Chelat Mountain Basin, divided into four formations, in percentage terms
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Figure (9): From the right: inclined, horizontal and vertical joints. Qara Su waterfall. Northwest of the basin
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Table( 5): Sampling of groundwater quality data, 2024
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Table( 6): Chemical quality of water in the rivers of the Kalat watershed
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Table (7): Groundwater status of the Kalat Basin (discharge in million cubic meters

adss Egomo Aol ols BoSdas ol> (oS cl> JL..; ui
LYl
adss Slaws adss Slaws adss Slaws adss Slows
V- 0/AY RAAYS AN < IYOF A < IY¥FY va < IVEY ) YYAY

& 45 63130 3 s el ads> IS 50 ol cenlie CuhS sataolid (e n ) sl e (A (o) 2 Egeme 5
oos Ll e & ey 5 o Ghaot sl wlas F 18 Ol cai 5 38 il el slawsjls ,dbicos bants
Ul ol 428138 sllaal Sl e 5 oo o] plie CaisS s (ol iz Wjle 25 gloay 5 > b sl S
2l oo Glatay 5 LS ez laaiile b ules cle 4 agzz limg §rbosiz 5 0N Jlad ladsisr Of Cgllasl coas
5 S5liS Bilas bloday )il Caglpe 4y (Vojled Jgaz 5 (duejp) ol mlie cutnS (M)ojlads Jgaz slaesls
Das o lid o il
ailaio (oo ol @b S8 s (M) J9a

Table (8): Quality of groundwater resources in the region

Table( 9): Degree of groundwater quality in terms of a;
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