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Abstract: A field study was carried out in the year 2021 to find out some soil properties and 
mineral distribution of clay separated as well as the elemental oxides and weathering index in the 
soil deposits of the Gadwal Al-Garbi Project for Karbala Governorate, within the coordinates: 
longitude (44.106° and 44.217° E) and latitudes (32.480° and 32,620°N) , 50 sites were selected 
covering the surface layer of the project soil, the locations of the points were revealed as pits, with 
a depth of 0-30 cm. The result show that the average value of pH was 7.6, electrical conductivity 
was 4.78 dSm-1, cation exchange capacity was 22.83 Cmole charge. kg-1, carbonate mineral was 
23.75%, gypsum was 0.198%, and the average values of the organic matter was 0.97%. As for the 
results of the clay mineral analyses , it showed the predominance of Illite , followed by vermiculite, 
palygoriskite, chlorite, montmorillonite, and finally kaolinite. The elementary oxide analyses show 
the predominance of SiO2 then CaO , Al2O3 , Fe2O3 , MgO , K2O , and Na2O respectively , while 
the weathering index value was low. 
Keywords: Weathering index, Soil project, rock 

1. Introduction 

Soil particles consist of primary minerals resulting from the disintegration of rock components 
by physical weathering , and secondary minerals resulting from the decomposition of rock by 
chemical weathering. As the main product of primary minerals is the crystallization of magma at 
a low temperature on the surface of the earth, it includes silicate minerals such as plagioclase 
feldspar and iron and magnesium (ferromagnesian) minerals ,while the primary source of 
secondary minerals is the decomposition of primary minerals, including silicate minerals, such as 
clay minerals 1. 2 studied the sediments of river levee in the Shatt al-Arab region and their 
composition of clay minerals. He found the predominance of montmorillonite clay minerals with 
a percentage of 37%, followed by Illite clay minerals with 20%, then chlorite by 18%, kaolinite 
by 14% and palygorskite by 11%, as well as the presence of mixed clay minerals such as 
montmorillonite-chlorite of a spatial origin, whose presence is due to the severity of the 
modulatory processes that the sediments were exposed during the deposition process especially in 
arid and semi-arid environments. 3 show that clay minerals are the most effective component 
among the mineral soil components, which effect on its chemical and physical properties due to 
clay having a surface charge, it enters into electrochemical reactions such as ion exchange and ion 
stabilization and this characteristic is important great in determining the chemical properties of 
soil, clay particles has a large and effective surface area and has the ability to retain water as well 
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as the ability to swell and shrink due to the presence of expanding minerals such as the 
montmorillonite group. 4 indicated that the X-ray examinations of clay particles of some gypsic 
soils showed the predominance of montmorillonite , followed by chlorite, palygorskite, mica, and 
finally kaolinite . In addition, there was of polarized clay minerals at two types regular and 
irregular. 5 study the clay minerals types and element oxide of the desert and alluvial soil of Al-
muthanna governorate, at two depths (0-15, 15-30 cm). the results show predominance of kaolinite 
mineral , palygoriskite followed by chlorite . and they found a decrease in the content of elemental 
oxides, as the values of iron oxides ranged between (1.42-1.48%), aluminum oxides between 
(2.11-2.29%) and silicon oxide between (20.93-21.23%) for desert soils, while it was (1.61. -
3.12%), (3.02-5.10%) and (29.95-32.33%) respectively for alluvial soils (%). The aims of study to 
identify clay minerals , oxide minerals and chemical weathering index in the soils of the Gadwal 
Al-Garbi Project in Karbala Governorate. 

Material and Methods 
     The study area is located in the Karbala governorate within the geographical coordinates 

between longitudes (44.22° and 44.54° east) and latitudes (33.32° and 32.44° north) (Fig. 1) and 
it is part of the sedimentation of the floodplain which is known as the Iraqi alluvial plain (Abdul-
Amir , 2016). 

 
Fig 1. Study area 
50 drill holes were selected representing the surface layer (0-30 cm) in the whole project (Fig 

2), using the GPS system with a UTM coordinate , the soil sample were taken , then dried, crushed 
and passed through a sieve with the diameter 2 mm to measuring soil properties which represent 
soil particles analysis using pipette method, soil reaction (pH) using a pH meter and electrical 
conductivity (ECe)) in the extract of saturated soil paste using the Electrical Conductivity Bridge 
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, and the exchange capacity of positive ions (CEC) ) using 1N ammonium acetate NH4OAc at (pH 
= 7.0) and soil content of carbonate minerals using acid (HCl 1N) , soil content of calcium sulfate 
minerals (CaSO4.2H2O) by acetone precipitation, and soil organic matter (OM) by wet digestion 
method according to the methods mentioned in Jackson, 1958 and Black, 1965. 

 

 
Fig. 2. Study soil sample  
     The mineral analysis included the removal of binding materials and removing salts from 

the samples by washing them with distilled water for three times, then calcium carbonate was 
removed using sodium acetate corrected at a pH of 5 6the organic matter was removed using a 14% 
sodium hypochlorite solution 7 Removal of free oxides by Na-citrate-bicarbonate-dithionite 
method according to 8 then the separation and fractionation process was carried out for the particles 
more than 50 microns by wet sieving method, and then the clay particles (less than 2 microns) 
were separated by the sedimentation process according to 9 mentioned in Black, 1965. X-ray 
diffraction examination of the clay particle prepared with five treatments as follow: 

     A- Magnesium and air drying. B- Magnesium and ethylene glycol. C- Potassium and air 
drying. D- Potassium and heating at 350° C. E- Potassium and heating at 550° C 

using X-ray differection pattern to obtain the diffraction sheets, then to diagnose the types of 
clay minerals according to the method mentioned in Jackson, 1979. The minerals was calculated 
according to the intensity of the curve (Intensity Peak) and the height above the floor of the curve 
(to reflect the curve area) , an X-ray fluorescence (XRF) device was used to estimate the oxides 
ratios using the the methods mentioned by Jackson, 1968. Weathering indexes calculated as follow 
: 

Silica-Alumina Ratio (SAR) = SiO2 / Al2O3 
Silica-Ferric Oxide Ratio (SFOR) = SiO2 / Fe2O3 

Silica-Sesquaoxide Ratio (SSR) = SiO2 / ( Al2O3 + Fe2O3 ) 
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Alkali earth – Aluminu Ratio (AEAR) = (CaO + MgO) / Al2O3   
3. Results and Discussion 
1-Soil Characteristics 
     The results in Table 1 indicate that the sand fraction content ranged between 204.0 - 512.7 

gm kg-1 and an average of 360.2 gm kg-1, and the values of clay fraction ranged between 124.8 - 
464.0 gm kg-1 and an average of 286.2 gm kg-1, while the silt content ranged from between 236–
440.4 g kg-1 and an average of 353.5 gm kg-1 at a depth of 0–30 cm, the values of the degree of 
soil pH ranged between 7.1–8.1 and an average of 7.6, and the electrical conductivity values ranged 
between 3.1–7.2 dSm-1 and an average of 4.78 dSm -1 The values of the exchange capacity of soils 
ranged between 16.1 - 29.5 Cmmol charge. kg-1 with an average of 22.83 cmol. kg-1, soil mineral 
carbonate values ranged between 17.8-30.2% and an average of 23.75%, the values of 
gypsum(CaSO4) content of soil ranged between 0.13-0.32% and an average of 0.198%, while the 
values of soil organic matter ranged between 0.57-1.32% with an average of 0.97%. 

 
2- Clay Minerals 
     Clay minerals were diagnosed based on the different X-ray curves of each mineral when 

exposed to potassium, magnesium, ethylene glycol and heating coefficients mentioned in (Hepper 
et al, 2006). The results of the sharp X-ray examinations in (fig 3) showed the appearance of 
diffraction 10.04 Aº and diffraction 10.16 Aº in the clay samples saturated with magnesium and 
drying by air and its remaining constant in the other treatments. The second mineral at a basal 
distance of 5 Aº and with a high intensity indicates the presence of the dioctahedral mica 
(muscovite mineral). The figures also showed the presence of diffraction 14.49 Aº, diffraction 14 
Aº, diffraction 13.81 Aº, diffraction 14.4 Aº, diffraction 14.2 Aº and diffraction 14.03 Aº in the 
samples of soil samples studied in the treatment of saturation with magnesium and air dry and 
keeping it constant. When the diffraction is 10.5 Aº and the diffraction is 10.51 Aº in the treatment 
saturated with magnesium and air-dry, and it remains constant in all treatments, the mineral is 
palygoriskite, and this result is consistent with the findings of 7. The appearance of diffraction of 
11.94 Aº and diffraction of 12.4 Aº in the treatment saturated with magnesium and air-dried 
indicates the presence of the irregular applied mineral Kaolinite - chlorite. It is clear from the 
results that the proportions of clay minerals that were diagnosed according to the different soils of 
the study and that there is a general homogeneity in the distribution of the proportions of minerals 
and their types horizontally within the locations of the soil samples in the study area. In general, 
the arrangement of minerals and according to the general average takes the following order: 

Illite > Vermiculite > Palygoriskite > Chlorite > Montmorillonite > Kaolinite 
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Fig 3. Clay Minerals Distribution 
3- Elementry Oxides and Weathering Indexes 
The chemical composition of modern river sediments is affected by several factors, on top of 

which is the chemical composition of rocks that have been subjected to the weathering process and 
climatic conditions. As well as other important factors, including topography of the weathering 
area, type of vegetation cover and type of land use (Biliniski, 2008). The sediments transported 
from weathered areas by erosion and weathering of source rocks are also enriched with organic 
and inorganic pollutants present in sewage discharged into surface waters, as well as those 
transported by surface runoff, and this contributes to the acquisition of oxide ions through the 
course of the river as well as rare elements 9 

The results indicated the predominance of silicon dioxide, calcium oxide, aluminum oxide, 
iron oxide, magnesium oxide, potassium and sodium oxides respectively (Fig. 4). 

 
Fig 4. Elementry Oxide distribution 
The results in table 1. indicate the dominance of silicon dioxide, and its ratio ranged between 

(32.4 - 39.7%) and an average of 36.80%. This high percentage of silica is due to the fact that the 
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source material is rich in silica, and this was confirmed by the predominance of opaque minerals 
and quartz mineral for minerals separated by fine sand for the study soil, and this is consistent with 
a number of The researchers of the soils of central and southern Iraq, where they confirmed that 
the dominance of Chert mineral in relation to light minerals separated by sand is due to the fact 
that the material of the origin is rich in silica 10 and may return to sovereignty because it is one of 
the non-moving elements and resistance to weathering processes in addition to its high percentage 
in the source rocks subjected to the process of Weathering 11 followed by calcium oxide, which 
ranged between (14.4-19.8%) and averaged 17.31%, followed by aluminum oxide, which ranged 
between (7.1-10.7%) and averaged 9.10%, followed by iron oxide, which ranged between (5.3 – 
7.8%) with an average of 6.47%, followed by magnesium oxide and its rate ranged between (3.2 - 
6.3%) and an average of 4.83%, followed by potassium oxide and its rate ranged between (1.02 - 
1.56%) and its rate ranged between (1.23%), followed by sodium oxide Its percentage ranged 
between (0.72 - 1.28%) and with an average of 1.08%. The decrease in the percentage of sodium 
oxide may be due to the effect of the alkanization process, which leads to the occupancy of the 
active surfaces of clay minerals and organic matter with sodium 12 

As for the values of weathering indexes, the values of SAR (SiO2/Al2O3) index ranged 
between (3.08 - 5.34) and an average of 4.08, and the values of the weathering index (SFOR)) 
Silica-Ferrous ratio (SiO2/Fe2O3) ranged between (4.60 - 7.02) with an average of 5.75 as shown 
in Fig. 5. 

 
Fig 5. Weathering indexes of elementry oxides 
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Table 1. Soil characteristic , Elementry oxides , and Weathering index  
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