Effect of Salt and Thermal Stress on the Chemical and Mineral Properties of Soil
Abstract
     Three sites were selected within Nineveh Governorate (Al-Salamiyah, Bartala, Al-Mawali) Because they are areas of agricultural importance. Samples were collected on 9/13/2024. Soil samples were taken from a depth of (0-30) cm. To prepare for analysis, well water samples were taken from the same study areas from which the soil was taken. The results showed the effect of wetting for five cycles with well water of different salt concentrations and drying at temperatures (5, 25 and 50) °C degrees Celsius on the chemical properties of the study soils.. The electrical conductivity values ​​of the study soils increased with the increase in drying temperature regardless of the concentration of well water. In the Al-Salamiyah site, the electrical conductivity increased from (1.80 dSm-1) to (2.4, 5.5 and 6.4) dSm-1, in the Bartella site, the electrical conductivity values ​​increased from (0.55 dSm-1) to (3.5, 5.8 and 6.8) dSm-1, while in the Al-Mawali site, the electrical conductivity values ​​increased from (0.55 dSm-1) to (3.5, 5.8 and 6.8) dSm-1 when drying at (5, 25, 50) °C, respectively. The reason for the high electrical conductivity values ​​is the high values ​​of the main cations and anions that play a major role in the formation of salts in the soil (calcium, magnesium, sodium, potassium, bicarbonates, chlorides and sulfates) with the high drying temperature and concentration of the well water used for humidification. 
The results showed that all minerals and salts were in a state of dissolution before the wetting and drying process, but some types of minerals precipitated after wetting and drying at different temperatures. Drying at a temperature of 5°C resulted in the precipitation of the following minerals (Calcite, Aragonite, Dolomite (ordered)), while when drying at a temperature of 25°C, in addition to the minerals that precipitated when drying at a temperature of 5°C, the precipitation of the mineral (Dolomite (disordered)) occurred. When drying at a temperature of 50°C, the precipitation of the minerals (Calcite, Aragonite, Dolomite (disordered), Dolomite (ordered)) occurred, with an increase in the saturation index values ​​of the minerals that precipitated with an increase in the drying temperature and an increase in the solubility of the minerals that did not precipitate with an increase in the drying temperature, The results showed that when using irrigation water with a high salt concentration, the increase in temperature leads to a rapid increase in the concentration of salts in the soil..
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Introduction
     Soil is the fundamental basis of agricultural production and global food security, as it provides the chemical, mineral, and biological environment essential for plant growth. However, this vital ecosystem is currently facing profound shifts in climatic phenomena that persist for long periods, often for decades or longer. These changes include alterations in average climatic conditions, irregular rainfall, increased frequency and intensity of extreme weather events, and rising sea levels, whether caused by natural variability or human activity. Global warming, primarily attributed to greenhouse gases from the combustion of fossil fuels such as coal, oil, and natural gas, is a major driver of these changes (Tan et al., 2020). Such climate change exerts significant impacts on the environment, including the sustainability of soil productivity. It may threaten global food security by influencing soil properties (Brevik, 2013), as soils meet the global demand for food and fiber for a growing population.
    The Report Fifth Assessment of the Intergovernmental Panel on Climate Change (IPCC) An increase in the global warming phenomenon of approximately 1°C above pre-industrial levels, with a likely range of 0.8–1.2°C, and is very likely driven by human activities. Several researchers (Oishy et al., 2025 and Sposito, 2008) have acknowledged the effect of liquid phase salinity on surface conductivity and DDL. As liquid phase salinity increases, the effect of surface conductivity increases due to increased ion mobility (Hasan et al., 2018). On the other hand, high temperature affects fluid viscosity, thereby increasing soil salinity by causing spatial and temporal variations in measurements. Some researchers have identified temperature as a key variable in understanding the sensitivity of clay physical properties, but few have considered electrical conductivity due to the complexities involved in understanding this parameter. Recently, Ko, and Choo (2023) reviewed current methodologies for modeling soil electrical conductivity and presented a modified equation that incorporates temperature variations. While the results represent improvements in the field of liquid phase electrical conductivity and temperature, the potential outcome of this work when applied to higher-plasticity soils remains unclear, despite the consideration of bentonite in the experiment. Soil is a complex material that can be considered a multiphase unit consisting of a solid and a liquid phase. The liquid phase typically contains varying salt concentrations (molarity), which can directly affect the electrical conductivity within the liquid phase. However, the electrical conductivity of soil also varies depending on the mineral properties that control fluid-particle interactions; this can lead to the formation of a surface conducting layer surrounding the surface of the solid particles (Hasan et al., 2021; Shokri, 2023). This layer is called the diffuse double layer (DDL), and it plays a fundamental role in the overall electrical conductivity of clay. The electrical properties of this layer are controlled by the salinity of the pore water and the surface charge characteristics of the clay particles , Stress affects the decomposition and mineralization of soil organic matter, accelerates the rates of chemical reactions, and alters the solubility of secondary minerals such as gypsum, calcium carbonate, iron oxides, and manganese. Recent studies have shown that daily and seasonal temperature fluctuations enhance mineral weathering processes, leading to increased ion release and interaction in the soil solution (Walche et al., 2024). Combined, salt stress caused by irrigation with high-salinity water and thermal stress caused by rising temperatures pose a serious agricultural and environmental challenge, especially given rapidly changing climatic conditions. Investigating this combined effect opens new avenues for understanding soil dynamics under complex environmental stresses, contributing to achieving one of the Sustainable Development Goals by enhancing the sustainability of natural resources and ensuring food security for future generations.
Materials and Methods
Soil Sampling and Preparation for Study
Three sites within Nineveh Governorate (Al-Salamiyah, Bartella, and Al-Mawali) were selected due to their agricultural significance. Soil samples were collected on 13/09/2024. Natural surface soil samples were taken from a depth of 0–30 cm and subsequently prepared for laboratory analyses and experiments following the procedures described by Salem and Ali (2017). Additionally, wells water samples were collected from wells at the same locations where soil samples were obtained. 


Table 1. geographical location of the study sites
	Irrigation type
	soil salinity dSm-1
	Geographical location
	Location

	Supplementary irrigation
	1.80
	36º.0856.1"N  43º1838.9"E
	Al-Salamiyah

	drip irrigation
	0.50
	36º.2131.0"N  43º2402.7"E
	Bartella

	drip irrigation
	0.55
	36º.1905.7"N  42º25042.6"E
	Al-Mawali



Chemical and Physical Analysis
   Soil extract  (1:1) was used to estimate dissolved ions as follows: Electrical conductivity (EC) and soil pH were measured using a WTW Multi 4001. Calcium and magnesium were determined by titration with (0.01) N EDTA di-Na in the presence of ammonium purate (Ammonium purate) as an indicator for calcium and Eriochrome Black T as an indicator for calcium + magnesium, taking into account the pH adjustment for each measurement. A Flame photometer was used to measure both sodium and potassium in the soil extract after calibrating the device with standard solutions. Carbonates and bicarbonates were determined by titration with 0.01 N sulfuric acid, using phenonphthalene as an indicator for carbonates, and methyl orange as an indicator for bicarbonates. Chlorides were determined by titration with 0.01 N silver nitrate (AgNO3) using Potassium chromate (K2CrO4) indicator, sulfate was calculated from the difference between the sum of the dissolved positive and negative ion equivalents, total carbonates in the soil were estimated by adding an increasing amount of hydrochloric acid at a concentration of (1 M) with heating at a temperature of (50-60) °C to dissolve calcium carbonate and estimate the acid residue by titration with a solution of sodium hydroxide (NaOH) (1 M) in the presence of phenolnaphthalene indicator, cation exchange capacity (CEC) was estimated using sodium acetate (1 M) with a pH of (8.2) and sodium was measured with a flamephotometer and from it the cation exchange capacity was calculated, the hydrometer method was used to estimate the soil separations of clay, silt and sand, and the bulk density was estimated by the paraffin wax method According to the methods mentioned in (Salem and Ali, 2017) .



Table 2. chemical properties of  soils study sites
	NO.
	Location
	EC

dSm-1
	pH
	Na+
	K+
	Ca+2
	Mg+2
	Cl-
	HCO-
	CO3-2
	SO4-2

	
	
	
	meq l-1

	1
	Al-Salamiyah
	1.80
	7.3
	5.21
	0.46
	7.50
	6.50
	5.0
	nil
	4.10
	10.50

	2
	Bartella
	0.55
	7.4
	1.17
	0.28
	2.50
	1.0
	1.50
	nil
	1.80
	1.50

	3
	Al-Mawali
	0.50
	7.5
	1.10
	0.25
	2.50
	1.50
	2.0
	nil
	1.20
	2.10




	PV.
	texture
	Soil separates
	ρb
Mg/m³
	O.M
g kg-1
	CaCO3
g kg-1
	CEC
meq 100gm-1
	Location
	NO.

	
	
	Clay
	Sailt
	  Sand
	
	
	
	
	
	

	229
	SCL
	52.77
	8.05
	39.18
	1.40
	0.99
	400
	36.52
	Al-Salamiyah
	1

	205
	SC
	40.0
	16.3
	43.7
	1.30
	0.10
	270
	35.65
	Bartella
	2

	210
	SCL
	49.25
	14.55
	36.2
	1.40
	3.87
	300
	34.78
	Al-Mawali
	3


 Table 3. Physiochemical properties of soils study sites

Chemical Analysis of Well Water
[image: C:\Users\3D\AppData\Local\Temp\ksohtml4308\wps4.jpg]The electrical conductivity, degree of interaction, and dissolved positive ions (Na+, K+, Ca+2, Mg+2) and negative ions (Cl-, HCO3-, CO3-2 and SO4-2) were measured according to the methods described by (Salem and Ali, 2017) and classified according to the American Salinity Laboratory (Richard, 1954) as shown in Table (2). The sodium adsorption rate was calculated according to the following equation:

	NO
	Location
	EC

dSm-1
	pH
	Na+
	K+
	Ca+2
	Mg+2
	Cl-
	HCO3-
	CO3-2
	SO4-2
	SAR
	Class

	
	
	
	meq l-1
	meq l-1
	

	1
	Al-Salamiyah
	3.2
	8.0
	16.6
	0.1
	7.5
	9.0
	13.5
	5.6
	nil
	14.2
	5.7
	S1C4

	2
	Bartella
	5.4
	7.5
	28.5
	0.1
	13.6
	14.5
	24.0
	6.1
	nil
	26.5
	7.6
	S1C4

	3
	Al-Mawali
	3.3
	8.1
	13.8
	0.1
	10.4
	8.5
	10.5
	5.1
	nil
	16.2
	4.4
	S1C4


 Table 4. Some chemical properties of well water
Preparation and Setup of Soil Columns
     Soil columns were prepared at a rate of three columns for each site, with a height of 0.15 m and a diameter of 0.075 m, using durable plastic (PVC) columns. The columns were filled with soil after drying and sieving through a 4 mm mesh. The pore volume was determined by the capillary rise method until water reached the soil surface, after which the mass of the wet soil column was recorded. According to the soil pore volume (PV) using the arithmetic difference between the weight of the dry and wet soil column as mentioned by (Sellassie et al., 1992),  the soil columns were moistened by capillary action with well water of different concentrations for (24) hours for a full pore volume, then placed in the oven to dry at a temperature of (5, 25 and 50) degrees Celsius. The process of moistening and drying in the oven was repeated for five successive moistening and drying cycles. After completing the moistening and drying cycles, the soil was removed from the columns and ground with a sieve with a diameter of (2 mm) holes. A (1:1) soil-to-water extract was prepared to measure the electrical conductivity, the degree of interaction of the dissolved positive ions (sodium, potassium, calcium, magnesium), and negative ions (chlorides, carbonates, bicarbonates, and sulfates). To know the effect of the quality of the salinity of the well water and drying at different temperatures on the chemical properties of the soil, the program (Visual Minteq A2) to identify the ability of the liquid phase of the study soil to precipitate or dissolve minerals, using the program inputs, which is specialized in geochemical equilibrium, and through which saturation index values ​​can be obtained (Gustaffon, 2005).
The number of experimental units for the experiment: 
3 regions x 3 sites x 3 repeat = 27 experimental units for soil samples.
3 regions x 3 sites x 3 repeat = 27 experimental units for well water samples.

Results and Discussion
     The results in Table (5) show the effect of five wetting cycles with well water of different salt concentrations and drying at temperatures of (5, 25 and 50) °C on the chemical properties of the study soils. The results show an increase in the electrical conductivity values ​​of the study soils with the increase in drying temperature, regardless of the well water concentration. The electrical conductivity values ​​at the Al-Salamiyah site increased from (1.80 dS m-1) to (2.4, 5.5 and 6.4) dS m-1 when drying at (5, 25 and 50) °C, respectively. The electrical conductivity at Bartella site increased from (0.55 dS m-1) to (3.5, 5.8 and 6.8) dS m-1 when drying at (5, 25 and 50) °C, respectively. At the Al-Mawali site, the electrical conductivity values ​​increased from (0.55 dSm-1) To dS m-1 (3.5, 5.8 and 6.8) when drying at (5, 25 and 50) mº respectively, but when studying the effect of well water quality on the chemical properties of the soil, the results showed that well water in the Bartella area has the most effect, followed by well water in the Al-Salamiyah area and then Al-Mawali. The reason for this is that the electrical conductivity values ​​were concentrated at (5.40 dS m-1), (3.20 dS m-1), (3.30 dS m-1) for the study areas, respectively. These results are consistent with what was obtained by (Khamidov et al., 2022).
     The reason for the high electrical conductivity values ​​is the high values ​​of the main cations and anions that have a major role in the formation of salts in the soil with the increase in the drying temperature and the concentration of the well water used for humidification (Omar et al., 2024). The sodium concentration in the Al-Salamiyah area increased from (5.21) ) meq l-1  to                (21.0 ,26.5, 30.1) meq l-1, while in the Bartella area the concentration increased from (1.17) meq l-1 to (13.4, 25.4, 32.0) ) meq l-1, in the Al-Mawali area the concentration increased from (1.10) meq l-1 to (8.3 ,12.2, 20.5) meq l-1with the increase in the drying temperature (5, 25, 50) Cº, respectively. Calcium values ​​in Al-Salamiyah area increased from (7.50) meq l-1to (10.5, 15.6, 17.6) meq l-1 , while in Bartella area the concentration increased from 2.50 meq l-1 to (15.5, 18.5, 18.6) meq l-1 , in Al-Mawali area the concentration increased from (2.50) meq l-1 to (10.5, 14.4, 15.6) meq l-1 with increasing drying temperature (5, 25, 50) Cº respectively, magnesium values ​​in Al-Salamiyah area increased from (6.50) meq l-1 to (9.0, 11.4 and 14.7) Cmolc l-1, while in Bartella area the concentration increased from (1.0) meq l-1 to  meq l-1 .( 7.5 , 13.5 and 15.8), in Al-Mawali area the concentration increased from (1.50) meq l-1 to (6.5, 9.5 and 14.6) meq l-1 with increasing drying temperature (5, 25 and 50) °C, respectively. Potassium values ​​No significant differences were observed in concentration with increasing drying temperature and different quality of well water used for humidification. The reason for this is the fixation of potassium on the surfaces of soil colloids and between clay mineral layers (Chen et al., 2024).
     The effect of wetting with well water and drying at temperatures (5, 25, 50) Cº on the anions was as follows: the concentration of chlorides in the Al-Salamiyah area rose from (5.0) meq l-1  to (6.0, 7.5 and 7.8) meq l-1 , while in the Bartella area the concentration rose from (1.5) meq l-1 to (12.0, 27.5 and 31.6) meq l-1. In the Al-Mawali area the concentration rose from (2.0) meq l-1 to (5.5, 13.5 and 22.4) meq l-1 with the increase in drying temperature (5, 25, 50) Cº, respectively. The concentration of bicarbonates also rose in the Al-Salamiyah area, rising from (4.1) meq l-1 to (6.0, 7.5 and 7.8) In the Bartella area, the concentration increased from 1.8 meq l-1  to 6.0 meq l-1 (5.0, 7.3 and 7.5) meq l-1, in the Al-Mawali area, the concentration increased from (1.2) meq l-1 to  (5.0 ,6.5 and 7.1) meq l-1  with the increase in drying temperature (5, 25, 50) Cº respectively, while the sulfate concentration increased in the Al-Salamiyah area, rising from (2.15) meq l-1  to (20.2 ,16.4 and 21.6) meq l-1, while in the Bartella area, the concentration increased from (2.15) meq l-1 to 18.8 meq l-1 (18.8, 22.8 and 27.6) meq l-1, in the Al-Mawali area, the concentration increased from (2.15) meq l-1 to (2.15 ,20.2, 16.4 and 21.6) meq l-1 with increasing drying temperature (5, 25 and 50) °C, respectively. These results are consistent with what was obtained by (Khan, 2024 and Daba and Qureshi , 2025).
Table 5. Chemical properties of soil columns of the study sites before and after completing the wetting and drying cycles under the influence of temperatures (5, 25 and 50 °C)
	Location
	EC

dSm-1
	pH
	Na+
	K+
	Ca+2
	Mg+2
	Cl-
	CO3-2
	HCO-1
	SO4-2

	
	
	meq l-1

	before wetting and drying   

	Al-Salamiyah
	1.80
	7.3
	5.2
	0.4
	7.5
	6.5
	5.0
	4.1
	nil
	10.5

	Bartella
	0.55
	7.4
	1.1
	0.2
	2.5
	1.0
	1.50
	1.8
	nil
	1.6

	Al-Mawali
	0.50
	7.5
	1.1
	0.2
	2.5
	1.5
	2.0
	1.2
	nil
	2.1

	after wetting and drying at 5 °C

	Al-Salamiyah
	4.20
	7.4
	21.0
	0.46
	10.5
	9.0
	22.5
	6.0
	nil
	12.4

	Bartella
	3.50
	7.5
	13.4
	0.4
	15.5
	7.5
	12.0
	6.0
	nil
	18..8

	Al-Mawali
	2.70
	7.5
	8.30
	0.4
	10.5
	6.5
	5.50
	5.0
	nil
	20.2

	after wetting and drying at 25 °C

	Al-Salamiyah
	5.50
	7.4
	26.5
	0.4
	15.6
	11.4
	26.5
	7.5
	nil
	19.9

	Bartella
	5.80
	7.5
	25.4
	0.4
	18.5
	13.3
	27.5
	7.3
	nil
	22.8

	Al-Mawali
	3.80
	7.5
	12.2
	0.4
	14.4
	9.5
	13.6
	6.5
	nil
	16.4

	after wetting and drying at 50 °C

	Al-Salamiyah
	6.40
	7.4
	30.1
	0.4
	17.6
	14.7
	29.5
	7.8
	nil
	25.5

	Bartella
	6.80
	7.5
	32.0
	0.4
	18.6
	15.8
	31.5
	7.5
	nil
	27.6

	Al-Mawali
	5.10
	7.5
	20.5
	0.4
	15.6
	14.6
	22.4
	7.1
	nil
	21.6



Evaluation of the ability of natural and drying water at different temperatures to dissolve and precipitate according to the Saturation Index (SI):
    The aim of this analysis is to identify the ability of the liquid phase of the soil of the study sites to dissolve or precipitate the minerals it contains, using the inputs of the V.Minteq A2 program (Gustaffon, 2005). This program specializes in geochemical equilibrium and through it, it is possible to obtain the values ​​of the saturation index, which is calculated from the difference between the logarithm of the ionic product (IAP) and the solubility product constant (Ksp). Using the input data, which represent the values ​​of the concentration of ions (calcium, magnesium, sodium, potassium, bicarbonates, chlorides and sulfates), and depending on the degree of interaction and ionic strength of the soil solution, the program calculates the ionic activity and calculates the values ​​of the saturation index (SI) for the minerals that make up the solid phase. If the values ​​of the saturation index are positive, this means that the solution in equilibrium with the solid phase is in a supersaturated state for the mineral described by this value, which indicates the possibility of its precipitation from water. If the values ​​of the SI are positive, this means that the solution in equilibrium with the solid phase is in a supersaturated state for the mineral described by this value, which indicates the possibility of its precipitation from water. The saturation index is negative, which means that the solution in equilibrium with the solid phase is undersaturated for the metal described by this value, and here the metal is in a melting state (Allison et al., 1993 and Ullah et al.,2021).
   The results in the Figure (1,2) show the outputs of the V.Minteq A2 program, which includes the values ​​of the saturation index (SI), dissolved and precipitated minerals, and formed mineral salts that have precipitated (positive values). As for the salts expected to be formed, they are still in a state of dissolution because they did not exceed the saturation index (negative values). The results of Figure (1) show that all minerals and salts were in a state of dissolution before the wetting and drying process, The results of Figure (2) some types of minerals precipitated (positive values) after wetting and drying at different temperatures. Drying at a temperature of 5°C resulted in the precipitation of the following minerals (Calcite, Aragonite, Dolomite (ordered),). When drying at a temperature of 25°C, in addition to the minerals that precipitated when drying at a temperature of 5°C, a mineral (Dolomite (disordered)) was precipitated. When drying at a temperature of 50°C, the same mineral that precipitated when drying at a temperature of (5°C) precipitated. 25°C) namely (Calcite, Aragonite, Dolomite (disordered), Dolomite (ordered)) with an increase in the saturation index values ​​of the precipitated minerals with increasing drying temperature, and an increase in the solubility of the minerals that did not precipitate with increasing drying temperature. This explains the reason for the increase in electrical conductivity values ​​with increasing drying temperature. The ability of the liquid phase to precipitate both salt and non-salt minerals may be attributed to its high content of calcium, magnesium, sodium, bicarbonate, sulfate, and chloride ions, which led to the water reaching a state of supersaturation with these minerals, leading to their precipitation. This is consistent with the findings of (Eswar et al., 2021 and Hasan et al., 2018).

Figure 1. Saturation index values ​​before conditioning and drying for the soil at Al-Salamiyah site


































Figure2. of the saturation index values ​​after wetting and drying at temperatures (5, 25 and 50) ºC for the soil of the Salamiyah site

CONCLUSION
The results showed that the process of wetting with well water with different salt concentrations and drying at temperatures (5, 25 and 50) ºC had an effect on the chemical and mineral properties of the soil, which led to an increase in the concentration of salts in the study soil, and more quickly as the drying temperature increased. As for the effect on soil minerals, the precipitation of minerals increased with the increase in drying temperature and the solubility of minerals that did not precipitate increased with the increase in drying temperature. This explains the reason for the increase in electrical conductivity values ​​with the increase in drying temperature.
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drying at 25 ºC
Sat. index	Anhydrite	Aragonite	Artinite	Brucite	CaCO3xH2O(s)	Calcite	Dolomite (disordered)	Dolomite (ordered)	Epsomite	Gypsum	Halite	Huntite	Hydromagnesite	KCl(s)	Lime	Magnesite	Mg(OH)2 (active)	Mg2(OH)3Cl:4H2O(s)	MgCO3:5H2O(s)	Mirabilite	Natron	Nesquehonite	Periclase	Portlandite	Thenardite	Thermonatrite	Vaterite	-0.79300000000000004	0.23400000000000001	-5.7640000000000002	-5.0369999999999999	-0.95899999999999996	0.378	0.214	0.76400000000000001	-3.1560000000000001	-0.54500000000000004	-4.9160000000000004	-2.806	-12.071999999999999	-6.0789999999999997	-20.513000000000002	-0.76400000000000001	-6.7309999999999999	-10.959	-3.6890000000000001	-4.8040000000000003	-7.5570000000000004	-3.5569999999999999	-9.52	-10.518000000000001	-6.23	-9.4949999999999992	-0.189	


at drting 50 ºC
Sat. index	Anhydrite	Aragonite	Artinite	Brucite	CaCO3xH2O(s)	Calcite	Dolomite (disordered)	Dolomite (ordered)	Epsomite	Gypsum	Halite	Huntite	Hydromagnesite	KCl(s)	Lime	Magnesite	Mg(OH)2 (active)	Mg2(OH)3Cl:4H2O(s)	MgCO3:5H2O(s)	Mirabilite	Natron	Nesquehonite	Periclase	Portlandite	Thenardite	Thermonatrite	Vaterite	-0.68899999999999995	0.26500000000000001	-5.593	-4.9560000000000004	-0.92800000000000005	0.40899999999999997	0.33600000000000002	0.88600000000000001	-2.9929999999999999	-0.442	-4.8259999999999996	-2.5019999999999998	-11.627000000000001	-6.0179999999999998	-20.492000000000001	-0.67300000000000004	-6.65	-10.757	-3.5990000000000002	-4.6239999999999997	-7.4489999999999998	-3.4670000000000001	-9.4390000000000001	-10.497999999999999	-6.048	-9.3859999999999992	-0.158	


Before watting and drying
Sat. index	Anhydrite	Aragonite	Artinite	Brucite	CaCO3xH2O(s)	Calcite	Dolomite (disordered)	Dolomite (ordered)	Epsomite	Gypsum	Halite	Huntite	Hydromagnesite	KCl(s)	Lime	Magnesite	Mg(OH)2 (active)	Mg2(OH)3Cl:4H2O(s)	MgCO3:5H2O(s)	Mirabilite	Natron	Nesquehonite	Periclase	Portlandite	Thenardite	Thermonatrite	Vaterite	-1.0840000000000001	-0.254	-6.47	-5.3330000000000002	-1.446	-0.11	-0.68700000000000006	-0.13700000000000001	-3.367	-0.83499999999999996	-6.27	-4.532	-14.015000000000001	-6.7510000000000003	-20.884	-1.177	-7.0270000000000001	-12.132999999999999	-4.0979999999999999	-6.2530000000000001	-9.202	-3.968	-9.8160000000000007	-10.888999999999999	-7.6859999999999999	-11.147	-0.67700000000000005	


drying at 25 ºC
Sat. index	Anhydrite	Aragonite	Artinite	Brucite	CaCO3xH2O(s)	Calcite	Dolomite (disordered)	Dolomite (ordered)	Epsomite	Gypsum	Halite	Huntite	Hydromagnesite	KCl(s)	Lime	Magnesite	Mg(OH)2 (active)	Mg2(OH)3Cl:4H2O(s)	MgCO3:5H2O(s)	Mirabilite	Natron	Nesquehonite	Periclase	Portlandite	Thenardite	Thermonatrite	Vaterite	-0.79300000000000004	0.23400000000000001	-5.7640000000000002	-5.0369999999999999	-0.95899999999999996	0.378	0.214	0.76400000000000001	-3.1560000000000001	-0.54500000000000004	-4.9160000000000004	-2.806	-12.071999999999999	-6.0789999999999997	-20.513000000000002	-0.76400000000000001	-6.7309999999999999	-10.959	-3.6890000000000001	-4.8040000000000003	-7.5570000000000004	-3.5569999999999999	-9.52	-10.518000000000001	-6.23	-9.4949999999999992	-0.189	
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