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Abstract 
This study was conducted to identify the salt phase and the causes of the chloritization phenomenon, 
which transforms the group of smectite or montmorillonite minerals into chlorite, or the chlorite 
originally present, inherited from the parent material of these soils. This negatively affects the soil 
properties, such as the specific surface area (SSA) and the cation exchange capacity (CEC), thus 
affecting the soil's chemical and fertility aspects. The research was carried out in the Al-Wahda 
project in Wasit Governorate, which is subject to conditions of drought and salinization. (6) surface 
samples representing the region's soil were collected to a depth of (0-30) cm. Chemical and 
mineralogical analysis was carried out using X-ray technology. However, the salinity standards 
were determined and the predominant salt phases in the samples under study were identified. The 
results indicated that the salt phases ranged between the chloride phase, which indicates the 
predominance of chloride salts, and the sulphide phase, which indicates the predominance of 
sulphide salts. Moreover, the results revealed the presence of the mineral chlorite type (Real 
chlorite), which causes the prevailing chloritization phenomenon in the study area, and not of the 
type of chlorite formed pedogenically. As well as the presence of metamorphic mica minerals was 
also identified, the most prevalent of which is mica-smectite as an interstratified mineral, and the 
mineral biotite, which belongs to a group of minerals Tri-octahedral, affects the exchange reactions 
in these soils and also the availability of nutrients in the exchange complex. 

Keywords: (Real chlorite, Sulphide phase, Chloride phase, Tri-octahedral group of minerals). 

Introduction  

Saline soils, or those that are constantly under the influence of salinization, have wide importance 
in the agricultural sector. In recent years, studies have been directed towards the deterioration caused 
by the phenomenon of salinity in arable lands, which can be defined as soils that were formed due 
to the accumulation of a large percentage of easily soluble salts in water, which causes its 
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deterioration and departure from its usual agricultural range. There are two types of salinization. The 
first includes the sources from which the soil was formed, which is called primary salinization. The 
second occurs as a result of the accumulation of salt in the soil with time, which is called secondary 
salinization 1 and 2. The gradual accumulation of salts in the soil occurs as a result of a large number 
of geochemical and pedogenic processes taking place in the upper part of the surface layer of the 
earth’s crust. The phenomenon of soil salinization is common in the arid and semi-arid regions of 
the world as a result of the prevailing conditions in them of high temperatures, low annual 
precipitation rates, and high evaporation rate of groundwater near the surface of the soil with high 
salinity levels3,36. The salinization phases differ in Iraqi soils, especially in the alluvial plain, from 
Shura to Shura, sabkha, and sabkha, and these are local names used to express salinity relative to its 
predominance of salts and the nature of the salt phases in it, which naturally reflects its surface crust, 
color, and nature of its consistency 4. The mineral composition of the soil is among the important 
properties that indicate the severity of soil formation factors and the extent of homogeneity in the 
soil body. Studying soil-forming minerals of various kinds and then tracking the path of their 
physicochemical transformations from one mineral to another is considered an absolute necessity in 
understanding each of their chemical and fertility properties 5,6,7,8,9,37. Chloritization is among the 
natural phenomena that may be observed in some soils, which in turn depends on the chemical, 
mineralogical, and pedological properties of the soil and as a result of the deposition of hydroxides 
of each of the ions (magnesium, aluminum, and iron) in the inner layers within the composition of 
minerals 1:2 such as montmorillonite (MMT), to gradually shift with the aging of time to the 1:1:2 
chlorite. This layer of deposits of hydroxides in these minerals is called the inner layer of magnesium 
hydroxide (brucite) Mg (OH)2 if the deposits of magnesium ions are prevalent in it. In the case of 
aluminum ions being deposited, they are then called gibbsite Al(OH)3, and if the iron ions are 
deposited in the inner layer of the mineral, they are called (the inner iron hydroxy layer), with that 
soil being exposed to successive cycles of wetting and drying, and the time factor having a direct 
effect on the gradual transformation of the montmorillonite mineral towards Chlorite mineral and its 
negative effects on soil properties in terms of affecting CEC, the specific surface area of the soil and 
the minerals prevalent in it 10,11,12,13,38.  Likewise, the fact that some soils contain high concentrations 
of magnesium ions as a result of the accumulation of salts in them has a direct effect on the deposition 
of a layer of magnesium hydroxide in the inner layers of the montmorillonite mineral. This causes 
the phenomenon of chloritization in some saline soils and through high groundwater levels, causing 
successive cycles of wetting and drying, with the predominance of the mineral montmorillonite in 
these soils. As 13,14,15,16,39,40 stated among the most important factors encouraging the occurrence of 
this phenomenon in Iraqi soils are (soil pH, oxidation, and reduction processes, its content of organic 
materials, wetting and drying processes, ratio of the presence of positive ions to hydroxyl ions in the 
inner layer of the mineral, salts accumulation in soil, size of clay mineral particles, filling degree of 
the inner layer, high groundwater levels, prevailing positive ion concentration, and the chronological 
age of deposition in the inner layer as a result of wetting and drying cycles). 

Research materials and methods 

The sampling sites for the study area were determined through repeated field visits to the area using 
the reconnaissance survey method for the period from 1/11/2023 to 30/11/2023, as surface samples 
were taken from different areas of the study soil to a depth of (0-30) cm from the soil located under 
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the influence of salinity in six samples. It was dried air-dried and struck with a wooden hammer, 
then passed through a sieve with holes diameter of 2 mm, and then packaged and preserved in plastic 
bags, with detailed information written on them. Later transported to specialized laboratories to 
conduct the required analyses. Table 1 shows some of the physical and chemical characteristics of 
the study soils. Table 2 shows some salinity standards and the prevailing salt phases in soils. 

     Physical analyses:  

- Particle size distribution 
The International Hydrometer method was used to estimate the size distribution of soil separates 

according to what was mentioned in 33. 
Chemical analysis:    
- Soil reaction number (pH) and electrical conductivity (ECe). 
They were estimated in the saturated dough extract using the pH meter and EC-meter according to 
what was mentioned in17. 
- Cation exchange capacity (CEC)   
 The soil cation exchange capacity was estimated using the sodium acetate method according to 18. 
- Soluble Ca +2 and Mg +2   
   It was estimated by titration with (Na2 - EDTA) (N 0.01) according to17. 
- Soluble Na+ and K+    
 It was estimated using a flame photometer, Biotech model AFB100, according to17. 
 Identification of clay minerals using X-ray diffraction: 
Clay minerals were identified using X-ray diffraction using a Philips X-Ray Diffraction device 
according to what was mentioned in Jackson (1979), in the laboratories of the College of Science, 
University of Baghdad, Department of Earth Sciences, and laboratories of the Department of Science 
and Technology, integrated with the Ministry of Higher Education and Scientific Research. 
Identification of salt phases: 
  It was determined using the following equation: 

Salt Phase =
[Cl‾]

[SO4¯²]
 

  If the ratio is greater than 1, the dominant salt phase is the chloride phase, and if less than 1, the su 
sulphide phase dominates.   
Salinity standards: 
Salinity standards in soils (SAR, ESR, TDS, and ESP) were determined according to what was 
mentioned in (35 ,17). 

 
Results and discussion 

- Particle size distribution  
The results showed in Table (1) the size distribution values of the soil separate under study, which 
indicates that there is a variation in the size distribution of the separate values and the nature of their 
distribution. The results indicate that the clay separates in the study soils ranged between (168-508) 
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g.kg-1, which is considered the most effective and influential component in the formation and 
transformation of the chloritization phenomenon under study. As for the percentage of silt separate, 
it ranged between (260-400) g.kg-1, and the sand separate ranged between (92-532) g.kg-1, and this 
reflects the nature of the locational factors specific to the samples under study in terms of the erosion, 
sedimentation, and transport processes to which the area is exposed due to the prevailing climate 
conditions of the study area and the resulting variation in soil texture for the selected sites. The 
presence of four types of texture was identified. Sandy Loam texture was texture for each of Samples 
No. 1 and 5, Loam texture for Samples No. 2 and 6, while Sample No. 3 texture was Clay and Sample 
No. 4 Silt Clay. The identification of these textures in the project area is due to the activity of 
transport and sedimentation processes, as it is a newly formed, undeveloped sedimentary soil 
characterized by the characteristic of stratigraphy transferred from one region to another due to 
various transport factors. In some areas, they may be affected by the effectiveness and activity of 
water movement during the seasons of the year, which causes the region to have water sedimentation 
environments accompanied by weak and slow-moving water currents, which has contributed, to the 
accumulation of clay separates in the surface horizons. This is reflected in the specific surface area 
of soil particles and thus affects the soil properties as a whole. 

- Soil pH  
The degree of soil reaction is a clear reflection of the nature of the original soil-forming materials 
from which those soils were derived. It is also considered a reflection of the nature of the 
physicochemical reactions taking place in the soil from the process of adsorption, oxidation, 
reduction, precipitation, and dissolution, and the nature of the exchange complex, the nature of the 
mineral and organic colloids presents in the horizons of those soils, and the nature of the pedogenic 
changes to which these soil horizons are exposed as a result of washing operations or the rise of 
groundwater by capillary action. It also depends on the values of the dominant carbonate minerals, 
which have a high regulatory capacity and which work to increase the soil resistance to any change 
in the degree of its reaction. it can be found that the pH values of the study soil samples ranged 
between (7.77-7.98) for the surface horizons, as they range from neutral to slightly alkali soil. In 
addition to the presence of carbonate minerals that work to regulate the buffering capacity of the 
soil. The reason may also be attributed to the accumulation of some natural plants after their 
decomposition, as they will affect the pH values. These results were consistent with 8,19,20. 

- Electrical conductivity EC 
The results of Table (1) showed the electrical conductivity values for the soil samples under study, 
which is a quantitative scale to express the salt content of the soil. As the EC values were recorded 
between (0.4 - 164.1) dS.m-1. These results were consistent in terms of the nature of the soil samples 
under study, being Salty, Shura, Sabkha soil, as the conditions of the region were characterized by 
complete drought. Accordingly, most of the values exceeded the limits of 50 dS.m-1 for soil samples 
(2, 3, 6), so they are considered highly saline soils in which chlorides, sodium sulfates, magnesium, 
and calcium salts predominate. However, the areas (A, 4, 5) under study, they were lower salinity. 
Here, the method of irrigation using systems or irregular irrigation was adopted, using different types 
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of water, such as well water, drainage water, or wastewater. This is consistent with 20,21, which led 
to the deterioration of these soils and their transformation from fertile soils to saline soils that are 
not suitable for agriculture. These results reflect the long-term state of drought that the region under 
study is exposed to, which will lead to salt accumulations that later develop into salt minerals or 
evaporite minerals, which in their characteristics reflect the chemical and fertility properties of the 
soil. These results are consistent with 22,23. 

- Cation Exchange Capacity  
The CEC characteristic is an indicator of the mineral content in the soil, the values of which show a 
clear variation depending on the nature of the soil in terms of its content of carbonate minerals, the 
percentage of clay separate, the percentage of organic matter, the degree of its decomposition, the 
nature of the decomposition products, as well as the soil content of free iron oxides and gypsum 
minerals. The CEC of the soil samples under study ranged between (18.25-28.92) Cmol.kg-1 as the 
variation occurring is attributed to the difference in soil texture, difference in composition, and 
prevailing mineral content, as well as the role of carbonate minerals that contribute effectively to 
binding clay particles. Consequently, it blocks a large portion of the negative charge sites, and the 
soil content of organic matter decreases, which greatly affects the CEC values. This is in line with 
8,24,40. Furthermore, the CEC values of the soil samples were consistent with the soil content of sand, 
clay separates, and carbonate minerals, the content of organic matter, and the soil content of clay 
minerals quantitatively and qualitatively in terms of the dominance of certain clay minerals with 
high or low CEC, which directly reflects on the CEC values of the soil 25,26,39. 

- Organic matter content 
The results of Table (1) showed the amount of organic matter in the soil samples under study, as the 
organic matter content values ranged between (5.3-8.9) g.kg-1. The results evident that there is a 
noticeable decrease in the amount of organic matter in the study soil samples, which may be 
attributed to the area being exposed to continuous wind erosion, which reduces the presence of 
vegetation, resulting in a decrease in the organic matter content. The decrease in the soil content of 
organic matter may be attributed to its weak development due to surrounding environmental factors 
that did not help the activity of pedogenic processes. As well as the prevailing drought conditions in 
the study area, which have a role in increasing the occurrence of oxidation and decomposition 
processes due to high temperatures with the decrease in moisture content through wind erosion 
processes and decreased vegetation negatively affected the organic matter content in the soils under 
study. 

- Carbonate minerals 
One of the most important manifestations of the active pedogenic processes in arid and semi-arid 
areas, including the study area, is the dominance of the process of accumulation and deposition of 
carbonate minerals in varying quantities. The results in Table (1) showed the values of carbonate 
minerals, which ranged between (312-399) g.kg-1. 
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Table (1) Some physical and chemical properties of soil 
Characteristic 

 
 

Unit Sample number/samples at depth 0-30 cm 
1 2 3 4 5 6 

ECe dSm-1 61.39 144.54 156.56 4.00 31.39 164.1 
pH  7.82 7.81 7.93 7.77 7.83 7.98 

Available 
nitrogen 

Mg.kg-1 23 24 26 15 16 28 

Available 
phosphorus 

7.82 7.66 7.31 6.33 6.15 8.91 

Available 
potassium 

192.13 191.02 198.32 115.28 178.35 20.10 

Organic 
matter 

g. Kg-1 8.3 7.2 7.9 6.2 5.3 8.9 

Carbonate 
minerals 

g. Kg-1 397 391 399 312 368 394 

Soluble 
calcium 

 
 
 
 
 
 
 

Meq L-1 

 

291.9 760.0 876.0 21.84 134.66 911.2 

Soluble 
magnesium 

276.6 620.0 622.0 16.43 120.04 676.0 

Soluble 
sodium 

37.8 48.02 56.0 7.89 47.36 58.02 

Soluble 
potassium 

3.96 6.00 8.02 2.00 3.46 5.0 

Soluble 
bicarbonate 

3.00 3.4 3.2 3.00 3.8 4.8 

Soluble 
chlorine 

344.5 439.2 478.4 29.94 180.4 360.42 

Soluble 
sulfates 

266.4 1002.8 1094.0 16.16 129.76 1275.78 

Soluble 
carbonate 

Nill Nill Nill Nill Nill Nill 

Exchangeable 
calcium 

57 288 358 7 21 308 

Exchangeable 
magnesium 

34 196 205 5 16 221 

Exchangeable 
sodium 

4.49 19.01 17.97 2.15 6.28 28.62 

CEC Cmol.kg-

1 
19.17 23.16 28.92 27.12 18.25 22.83 

Particle size 
analysis 

 Texture 

 
 

          Sand 
 

g.kg-1 Sandy 
loam 

Loam Clay Silt 
clay 

Sandy 
loam 

Loam 

532 392 232 92 552 432 

Clay 168 208 508 508 168 168 
Silt 300 400 260 400 280 400 

 
The reason for the presence of limestone carbonate minerals is due to the nature of the parent 
materials that are derived from limestone, as it can find a large accumulation of carbonate minerals 
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of various sizes and shapes in the surface layer of the soil, which is located at a depth of (30) cm. It 
is observed that there is an accumulation of calcium carbonate at the surface due to the accumulation 
of carbonate minerals in it due to the successive cycles of wetting and drying that the study area 
suffers from. This indicates that most of the carbonates in the soil under study were transported by 
water and appear in the form of fine particles that are re-deposited with other soil components 27, is 
in line with 6, who confirmed that the relative distribution of carbonate minerals in newly formed 
sedimentary soils depends on their distribution and behavior in line with sedimentation and transport 
factors 

- Positive and negative ions 

Positive ions: Table (1) shows the values of dissolved positive ions in the study soil samples, as the 
values of dissolved calcium ions ranged between (21.84-911.2) Meq L-1, this variation reflects the 
content of carbonate minerals in the soil samples under study and the extent of the ability of these 
minerals to dissolve and preparation of calcium ions in the surface layers of those soils. As for 
magnesium ions, the values ranged between (16.34-676) Meq L-1. The existing variation is due to 
the nature of the minerals carrying magnesium ions and the ability of these minerals to dissolve in 
the soil solution as a result of their exposure to various factors, which affects their solubility and 
thus the preparation of dissolved magnesium ions as a result of the balance or equilibrium occurring 
between the carbonate minerals that control the process of dissolution and precipitation of these ions, 
such as the minerals calcite CaCO3 and dolomite CaMg(CO3)2 28. The presence of calcite and calcite 
minerals carrying magnesium ions, which is called Mg-berscalcit, since this mineral is one of the 
dominant minerals in Iraqi soils at the expense of dolomite mineral CaMg(CO₃)₂ due to the ability 
of this mineral to secondary precipitation when the concentration of magnesium ions in the soil 
solution increases. Dissolved sodium ions also recorded values that ranged between (7.89-58.02) 
Meq L-1, and potassium ions recorded values that ranged between (5-8.2) Meq L-1, as the soil content 
of these ions is affected by the nature of the dynamic equilibrium between these ions in the soil 
solution in the samples under study and the process of sedimentation and dissolution as a result of 
successive cycles of wetting and drying and the rise of groundwater by capillary action and 
pedogenic factors. Through the results, it is clear that the positive dissolved ions in the study soil 
samples took the following sequence in terms of dominance: -  

Calcium > Magnesium > Sodium > Potassium  

The soil samples under study were located in arid or semi-arid areas where the lack of rain and 
washing contributed to the accumulation of these ions in the surface layers of the soil compared to 
the subsurface layers. Moreover, the nature of these dissolved and released ions depends on the type 
of the parent materials and the severity of weathering, transport, and deposition that the region is 
exposed to over time, which affects the nature of the prevailing minerals, which is one of the most 
important sources that produce these ions 26,29. It also depends on the density and spread of vegetation 
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cover, the percentage of presence of organic matter and the degree of its decomposition, the nature 
of the decomposition products in terms of humic acids represented by humic acid and fulvic acid, 
and the nature of the formation of humic complexes that are characterized by being insoluble with 
basic ions, especially single ions, which works to reduce their presence in the soil solution. On the 
other hand, Fulvic acid forms completely soluble complexes with binary and single basic ions, which 
limits its presence in a dissolved ionic form in the soil solution. This agrees with 14. 

Negative ions: The results showed in Table (1) the concentrations of negative ions dissolved in the 
soil solution in the samples under study, as the concentrations of bicarbonate ions were between 
(3.0-4.8) Meq L-1. While no concentration of carbonate ions was recorded because the pH ranged 
between (7.77-7.98) there is no presence of carbonate ions in such a medium and calcium ions are 
abundant, which leads to the possibility of its precipitation in the form of carbonate minerals. 
Similarly, the carbonate ion is present in soils with high levels of pH, which reach 10.33, and this is 
not present in the soil samples under study due to the buffering capacity as well as the effect of 
wetting and drying cycles on the mechanism of converting this ion to bicarbonate 30. The values of 
the dissolved chlorine ion range between (29.94-478.4) Meq L-1 . As for sulfate ions, their values 
ranged between (16.16-1257.78) Meq L-1, as it is known that ions having negative charges are 
washed out and expelled from the surface of the exchange complex towards the subsurface horizons 
as a result of the fact that the negative charges carried by these ions are incompatible with the charges 
of exchange surfaces and between various soil components having the same charges. It can be 
observed that there is a clear variation in the concentration of negative charges in the soil samples 
under study, as they vary between high charge values in the saline soils that include the Shura and 
Sabkha soils, where chloride and sulfate salt phases prevail. As well as due to the decrease in 
precipitation and washing operations in the study area and the rise in groundwater levels by the 
capillary action with the dissolved salts it carries. In addition to the rise in summer temperatures, 
which may exceed 50°C, and the increase in evaporation processes, which work to increase the 
concentrations of salts and their dissolved ions in the soil samples under study in general and the 
surface horizons in particular. Sulfate ions have recorded a noticeable increase in the soil samples 
under study, in varying proportions, and the increase was according to the prevailing salt phase 
formulas in the study area. 

Table (2) Salinity standards and predominant salt phases in the study soils 

Sample 
Number 

SAR 
 

ESR 
 

TDS 
mg.L-1 

ESP 
% 

Prevailing 
salt phase 

1 1.59 0.05 39289.6 53.44 Chloride 

2 1.30 0.04 92505.6 82.08 Sulfur 
3 1.44 0.05 100838.4 66.26 Sulfur 

4 1.28 0.14 3200 7.43 Chloride 
5 2.97 0.18 20089.6 34.41 Chloride 
6 1.46 0.05 1050240 125.36 Sulfur 
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The results in Table 2 indicated the predominance of the chloride phase for each of the samples (1, 
4, 5) and the sulphide phase for each of the samples (2, 3, 6), which are characterized by being salts 
with a high ability to dissolve, which may have contributed to increasing their concentrations in the 
equilibrium medium. In addition to the decrease in the activity of washing operations due to the lack 
of precipitation, which is less than (50-100) mm/year, that contributed to their remaining in the 
surface layers of the soil. Sulfate ions from the ions that are affected by the oxidation and reduction 
conditions prevailing in the region are known to contribute to determining the soil content of this 
ion and thus is reflected in the salt phase and then in the prevailing mineral composition of these 
soils under study 31,32,41. 

- Salinity standards 

The results in Table 2 showed some salinity standards used to express the extent of soil salinity. 
Sample No. (4) was used as a comparison sample. The sodium adsorption ratio (SAR) ranged 
between (1.30-2.97), and the exchangeable sodium ratio (ESR) values ranged from (0.05-018), and 
the total dissolved solids (TDS) ranged between (3200-1050240) mg.L-1. However, the 
exchangeable sodium percentage (ESP) ranged between (7.43-125.36)%. 

- Salt phases 

The results in Table 2 showed the predominant salt phases in the soils under study. Both the chloride 
and sulphide salt phases prevailed in varying proportions in the soil, and they naturally represent the 
common salt phases in the soils of the arid and semi-arid regions of the world, depending on the type 
and quantity of salts prevailing in them. 

- X-ray diffraction XRD examinations of clay separates 

Figure (Model 1) shows the results of X-ray diffraction tests of the clay separates of the soil samples 
under study for the surface horizons (0-30) cm. The results showed the presence of diffraction 14.47 
A0 in the magnesium saturation and air-dried treatment and its transformation to the basal distance 
17.49 A0 in the treatment of saturation with ethylene glycol and the basal distance returned by 
changing to 14.37 A0 within the potassium saturation treatment heated to a temperature of 550 °C 
which indicates the presence of smectite mineral. Just as the increase in diffraction intensity to 
diffraction 10.02 A0 at the expense of diffraction intensity 14.37 A0 in the ethylene glycol saturation 
treatment indicates that the smectite mineral within the examination sample is inherited from mica 
minerals, and the evidence is the presence of diffraction 4.99 A0 for the second diffraction of the 
mica mineral. The appearance of diffraction 14.32 A0 in the saturation treatment with potassium and 
heated to 550 °C, confirms the presence of the Real chlorite mineral, which is resistant to heat. This 
is supported by the presence of diffraction 4.75 A0, which represents the third diffraction of the 
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chlorite mineral, which indicates that the development of the chloritization phenomenon in the study 
area was due to the presence of chlorite mineral inherited from the parent material and not pedogenic 
in the region. This is consistent with the findings of 8 regarding the presence of the heat-resistant 
Real chlorite inherited from the parent material in the soil of Wasit Governorate in Iraq. The presence 
of diffraction 10.49 A0 in the magnesium-saturated and air-dried treatment and its remaining 
constant in all treatments indicates the presence of mica mineral. Also, the diffraction 4.99 A0 of the 
second diffraction of mica mineral with weak intensity in all treatments confirms that the mica 
mineral present is of the Tri-Octahedra mica type, which is known as the biotite mineral within the 
series of mica transformations. Besides, the appearance of diffraction 7.12 A0 within the magnesium-
saturated and air-dried treatment and continuously within the treatments until the potassium 
saturation treatment, heated to a temperature of 350°C, and then its disappearance within the 
potassium saturation treatment, heated to a temperature of 550°C, represents the first diffraction of 
the kaolinite mineral in the examination model. 

 

 

Figure sample 1 
Figure (Model 2) shows X-ray diffraction, which showed diffraction 14.19 A0 within the air-dried 
magnesium saturation treatment, which goes back to the first diffraction of the smectite mineral, 
then there is a widening of the basal distance within the ethylene glycol saturation treatment to reach 
15.85 A0, then it decreases again to 14.19 A0 in all treatments, which indicates the presence of the 
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real chlorite mineral in the examination sample, which it leads to the formation of the chloritization 
phenomenon in the study areas. The presence of diffraction 11.87 A0 indicates the presence of the 
interstratified mineral (mica-smectite), while the appearance of diffraction 10.49 A0 under the 
magnesium saturation and air-dried treatment confirms the presence of mica mineral in the sample. 
Moreover, the appearance of diffraction 5.10 A0, which represents the second diffraction of mica 
mineral, with an intensity that is almost weak confirms the presence of mica in Tri-octahedral 
minerals (biotite). The diffraction represents 7.60 A0 and its resistance to the treatment of saturation 
with potassium and heated to a temperature of 550 °C confirmed the presence of kaolinite. The 
appearance of the two diffractions (5.10 and 4.76) A0 is the second diffraction for mica and chlorite, 
respectively. 

 
Figure sample 2 

As for the results of the model in (Figure 3), the diffraction 14.29 A0 also appeared, then expanded 
with the basal distance to 16.13 A0, then returned to 14.29 A0 when treatment saturated with 
potassium and heated to a temperature of 550 °C, which confirms the presence of the Real chlorite 
mineral, that confirms the cause of the chloritization phenomenon in the study area, which is 
inherited from the parent material of the soil. The appearance of diffraction 10.49 A0 within the 
magnesium saturation treatment confirms the presence of mica mineral, which confirms the 
appearance of diffraction 5.02 A0, the second diffraction of mica with weak intensity, which 
indicates its presence in the form of the biotite mineral within the series of transformations of mica 
mineral. Furthermore, the appearance of diffraction 7.11 A0 indicates the presence of kaolinite 
mineral within the examination sample, which reflects its characteristics on the characteristics of the 
soil. The results of examining the model (Figure 4) revealed the appearance of diffraction 14.45 A0 
at the treatment of saturation with magnesium and air drying. Then the basal distance expanded 
within the treatment of saturation with ethylene glycol to reach 16.28 A0 d-Spacing, it returned to 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 3 

 www.healthinformaticsjournal.com 

Open Access 

 

 

 
 
 
  
 

9985 

 

 

diffraction 14.45 A0 within the treatment of saturation with potassium and heated to a temperature 
of 550 °C. ° which indicates the presence of smectite. The appearance of diffraction 11.64 A0 
indicates the presence of the interstratified mineral (mica-smectite) within the examination sample. 
Just as the appearance of diffraction 10.08 A0 indicates the presence of mica mineral in the 
examination sample, which confirms this, the appearance of diffraction 5.10 A0, the second 
diffraction of mica mineral, and the appearance of diffraction 4.73 A0, the second diffraction of the 
mineral smectite, or perhaps it is of the metamorphic mineral chlorite. 
 

 
Figure sample 3  
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Figure sample 4 

 
Figure sample 5 

 
However, the results in (Figure 5) showed the appearance of diffraction 14.36 A0 within the air-dried 
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magnesium saturation treatment, then the basal distance widened to 17.70 A0 in the ethylene glycol 
saturation treatment to reach 14.36 A0 in the potassium saturation treatment heated to a temperature 
of 550°C, which indicates the presence of a Smectite. Whereas the appearance of diffraction 10.19 
A0 in the saturation treatment with magnesium confirms the presence of mica mineral. This is 
confirmed by the presence of diffraction 4.98 A0 and the second diffraction of mica mineral, just as 
the appearance of diffraction 7.12 A0 indicates the presence of kaolinite mineral in the examination 
sample. 

 
Figure sample 6 

 
As for the results in (Figure 6), they showed the appearance of diffraction 14.39 A0, which expanded 
to the basal distance 17.53 A0 in the ethylene glycol saturation treatment, to reappear as diffraction 
14.39 A0 in all other treatments, which confirms the presence of the mineral smectite, and the 
appearance of diffraction 11.79 A0 indicates the presence of (Mica-smectite) and the appearance of 
diffraction 7.13 A0 indicates the presence of the mineral kaolinite. However, the appearance of 
diffraction 7.13 A0 indicates the presence of the mineral kaolinite, and the appearance of diffraction 
5.00 A0 is the second diffraction for mica and 4.79 A0 is the second diffraction for smectite. 
 
Conclusions and recommendations 
1- The phenomenon of Chloritization Phenomenon was identified after its formation due to the 
presence of the Real chlorite mineral, which comes from the parent material inherited from rocks 
containing a high percentage of the mineral chlorite. 
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2- The chloride phase and sulphide phase were identified for the predominant salt phases in the 
study soils. 
3- The type of clay mineral that prevailed had an effective role in the soil properties under study 
and influenced the qualities and characteristics of the mineral chlorite, which affects the specific 
surface area and the cation exchange capacity of the soil. 
Recommendation 
The study recommends that further research must be conducted to identify the causes of the 
Chloritization phenomenon, which has begun to worsen widely in large areas of the soil to find 
treatments that can be followed to reduce the occurrence of this phenomenon. 
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