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Abstract: The clay mineralogy of soils and of the main calcareous sedimentary soils
of middle of Iraq were investigated to determine the presence of different clay min-
erals and their distribution pattern in soils. Six pedons were chosen and total of 24
soil horizons were collected. The results revealed that the soil minerals were pri-
mary and others were secondary minerals. Generally, the results of the semi-quan-
titative distribution of the clay minerals in clay fractions showed the dominance of
the montmorillonite minerals and illite alternate with chlorite in being main and
kaolinite are major, while, the presence of palygorskite mineral were trace except
P5 may be miner (saline soils). The origin of the montmorillonite minerals in these
soil may be inherited in origin from the mica. Soil chlorite was found in some soils
due to chloritization of expanding clay minerals. The mineralogical distribution in
bulk soils were dominated by calcite, and quartz, while other minerals were iden-
tified feldspar, hematite and pyroxene in addition to the clay minerals in all the soil

samples.
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1. Introduction

With an equivalent spherical diameter of <2 um, clay particles are produced
through various geochemical processes such as weathering and metamorphism [1].
Clay exists in the Earth’s crust, ocean and sediments. Clay is one of the fundamental
constituents of soil; it influences many soil properties, physical and chemical at-
tributes, soil biogeochemical functions, and the services it pro-vides [2]. Because of
their size and microstructure and their unique properties and important in many
natural processes, clay-size fine particle fraction (clay-size minerals) account for
major portions of soil biochemical studies. However, clay (< 2 pm sized particles)
encompasses a variety of minerals that differ widely in physical structure and
chemical composition and reactivity, and are distributed heterogeneously in soil,
both horizontally and vertically.

Therefore, utility may be found not only in the distribution of total clay con-

tent in soil but also in the mineral composition of the clay to account for patterns in soil function or behavior.
The large and effective ability of soils to hold water, as well as the ability to swell and shrink due to the presence
of expanding minerals as a group smectite [3]. Because of the technical difficulty in quantifying clay-size miner-
als [4], most identifications were originally obtained by X-ray diffraction (XRD) analysis [5], [6]. The range of
clay-size minerals that occur in soils were smectite, kaolinite, illite/mica, vermiculite, chlorite, calcite, iron (Fe)
oxide, quartz, feldspar, non-crystalline (amorphous and short-range-order minerals), and others.
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Therefore, the study of clay minerals enjoys the attention of specialists in the field of all soils as a whole
successfully developing programs and plans for management. Soil mineral studies give a clear picture about the
evolution of these soils, conditions and ages which are arranged, as well as reflect the chemical and physical
interactions in them D. Knowing the state of fertile soil, and predicting its productivity [7]. The study of the
mineral composition of soil is one of the important ways to characterize the intensity of soil formation factors
with high accuracy in terms of variation in the geological composition or sedimentation conditions of the source
material as well as the extent of homogeneity in the soil body and the degree of weathering that has been ex-
posed. Therefore, the study of the mineral composition was used as an important indicator in distinguishing the
intensity of soil formation factors in the original materials. For the processes of weathering and soil formation
and their evolution [8]. The aim of the investigation is to identify, distribution and content of different minerals
in soils from Al Ahrar area, waist Governorate.

2. Materials and Methods
Study Site The study sites are located in north of Waist province, middle east of Iraq (Figure 1). The region

is situated in arid and region, with an average annual precipitation of less than 200 mm and an annual average
temperature of 25 © C. Depending on the previous morphological and classification studies carried out in some
soils from Al-Ahrar area, Waist Governorate [9] six locations have been chosen and 24 soil samples were col-
lected from different horizons. Soil samples were air-dried, then ground and sifted with a sieve with a diameter
of 2 mm. The soil samples were saved in nylon bags and containers for further physical and chemical analyzes.
The <2 um clay fraction and whole soils of 24 soil samples were used in this study. All chemical pretreatments
(interlayer cation exchange, acetate buffer reaction) were performed following Jackson's (1979) procedures. Ori-
ented preparations were produced by pipetting a clay slurry onto a glass slide. Clays were solvated with eth-
ylene glycol by pressing the dry preparation upside down against absorbent paper wetted with ethylene glycol
and allowing the composite to remain overnight in this position. Excess ethylene glycol was removed just before
recording the XRD pattern by pressing the preparation against dry absorbent paper. Mineralogical analysis for
clay fraction and whole soils were carried out by XRD instrument. The X-Ray diffraction measurements were
recorded from 20 to 750 using a scanting Pad V Diffract-meter with Cu Ka radiation. The instrument utilized 2
mm divergence slit, 4 mm incident scatter slit, 1 mm diffracted beam scatter slit, 0.5 mm receiving slit, an accel-
erating voltage of 40 kV and a current of 30 mA. Scan parameters used were step sizes of 0.02° and a dwelling
time of 2 sec. The semi-quantitative determination of the clay minerals was based on the differences of reflection
patterns from K-saturated, Mg-saturated, glycerol, heated, and air-dried samples. The unweathered rocks were

also examined by x-ray diffraction and patterns were recorded over a range of 2 -60 degree 26 [5].
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Figure 1. A map representing the study area.

3. Results and Discussion

The mineral compositions of the soil samples were determined by X-ray diffraction (XRD), and the results
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clearly indicated that different percentages of minerals were identified. Some of these minerals were primary
and others were secondary minerals. The results of the XRD curves were shown in Figure (2,3,4,5) for the clay
fractions and the minerals can be differentiated on the bases of basal spaces for different treatments. The pres-
ence of the basal distance (1.418 nm) with Mg2+ saturation and the peak extended to (1.656 nm) in the treatment
with Mg2+ and ethylene glycol, and the disappearance of the diffraction peak in the air-dried K+ treatment, and
heated to 550 ° C. This indicated the presence of Montmorillonite. The results also showed the presence of Kao-
linite through its appearance at the base distance (0.709 nm) in K+ saturation treatments, air dried, Mg2+ satu-
ration treatment, air dried, and ethylene glycol treatment. The heating at 550° C of K + saturation samples led to
the disappearance of the 0.709 nm peak, so, it can be concluded the presence of kaolinite clay mineral in all the
soil samples. While XRD peak at 1.4169 nm was observed and stabled in all treatments indicating the presence
of chlorite minerals in clay fraction. It is noticed that in K+ saturation the intensity of 1.41nm sharp peak in-
creased. Iolite clay mineral was identified by presentence of 0.939 nm basal spacing, which remained constant
in all treatments. The presence of palygorskite mineral in the clay fraction can be identified through its appear-
ance at the 1.051-1.06 nm basal spacing with a constant value in all treatments, except for the treatment of K+

saturation and heated at 550 ° C, which led to the disappearance of this base distance.
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Figure 2. X-Ray diffraction for Clay fraction of the Ap horizon of pedon 2.
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Figure 3. X-Ray diffraction for Clay fraction of the Ck1 horizon of pedon 2.
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Figure 4. X-Ray diffraction for Clay fraction of the Ck2 horizon of pedon 4.
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Figure 5. X-Ray diffraction for Clay fraction of the Ck3 horizon of pedon 4.

It was also possible to diagnose amphibole minerals through XRD at the peak 0.850 nm with a constant
value without change during all treatments, while olivine minerals were identified by the presence of peaks
0.461, 0.3003 and 0.291nm with constant values in all the different parameters. Calcite was observed in all the
clay samples and can be identified by the presence of 0.304, 0.386 and 0.210 nm basal spacing and dolomite was
distinguished in some clay samples by its appearance at the peaks of 0.2883 and 0.2191 nm. The presence of the
0.334, and 0.18nm with sharp reflection indicated the presence of quartz mineral with a high degree of crystal-
lization. The hematite mineral was identified in the XRD by the presence of 0.271, 0.2696 and 0.184 nm peaks,
while the feldspar mineral identified through its presence at the peaks 0.37, 0.31, and 0.4 nm. The d-spacing of
the mica mineral diffraction indicates a low level 1.0 nm peak with a sharp diffraction peak and the presence of
the second diffraction of mica minerals at the base distance d-spacing 0.50 nm, as the diffraction within the
treatment of Mg2+ saturation and the air drying appeared clearly and with high intensity in all clays of the study
soil which confirmed the predominance of the muscovite mineral [10] whom they showed that the type of cati-
ons occupying the octahedral layer has an effect on the intensity of diffraction of 0.50 nm. In the case of musco-
vite, aluminum occupies the octahedral sites, the diffraction (0.50 nm) is strong, while the presence of the iron
ion occupies those sites due to a weakness in the intensity or absence of diffraction is 0.50 nm as for the biotite
mineral. These results were in agreement with the results obtained by many studies conducted on the sediments
of the Tigris River. [11], [12] showed that the Tigris deposits were high in their content of the muscovite mineral
within the Iraqi alluvial plain.

The results of X-ray diffraction of the study soil clays showed high diffraction intensity 1.4 nm peak at the

expense of diffraction intensity of 1.0 nm peak within the potassium saturation treatment, and the presence of
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0.702 nm diffraction of air dried Mg2+ saturation and ethylene glycol treatment, which leaded to an increase in
the intensity of diffraction. Whereas, the failure to completely collapse the diffraction 1.38 nm peak to the peak
of 1.0 nm montmorillonite when treated heating to a temperature of 350 ° C enhances the presence of the earth
chlorite metal due to the resistance shown by the inner hydroxide layer and the collapse of the summit upon
heating 550° C [13] and these results are consistent with what had been found by [11]. This condition may be
explained by the presence of the soil chlorite in the clays fractions of those soils. This was confirmed [14], [15]
that the phenomenon of chloritization is common in soils.

The ground water was rich in base cations that presented between the inner layers of the clay mineral dur-
ing the hydration caused, and their crystallization in the form of hydroxides when the drought resulting from
the decrease in the ground water level during the successive seasons of the year. Thus, the accumulation of salts
is one of the appropriate conditions for the process of deposition of the brucite layer within the inner layers of
the mineral montmorillonite and its transformation towards chlorite.

The results of the mineral composition of the clays of the study soils for the different horizons of all the
pedons indicated a convergence in the proportions of different minerals. The presences of main clay minerals
were montmorillonite, chlorite, mica and kaolinite minerals, in addition to palykorskite minerals. The results
also did not show an interstratification in the study soil clays fractions, which may be a result of the case of the
transformation of mica minerals towards the expanded clay of minerals 1.4 nm, which reflects the weak weath-
ering processes. The presence of Kaolinite is either inherited from the parent material that had been transported
by the Tigris river during the flooded time, from Turkey and north of Iraq. Generally, the results of the semi-
quantitative distribution of the clay minerals in clay fractions showed the dominance of the montmorillonite
minerals and illite, chlorite and kaolinite are major (Table 1), while, the presence of palygorskite mineral were
trace except P5 may be miner (saline soils). However, there are many studies of the mineral composition of
sedimentary soils located along the Tigris River in different regions within central and southern regions of Iraq,
which confirmed the predominance of the smectite mineral, followed by the minerals of mica and chlorite kao-
linite in addition of palygorskite. These results were in agreement with the results obtained by [12]. They indi-
cated that the predominance of smectite minerals in these soils may be due to the high percentage of magnesium
in the soils and high level of ground water [9].

The reason for the predominance of montmorillonite minerals in the soil horizons of the studied soils may
be due to the presence of appropriate conditions for its formation, such as soil pH that tends to be alkaline and
the increased the dissolved and exchanged calcium ions [16]. He explained that the low amount of rain falls and
increased in the activity of evaporation process the hexagonal oxides and the bases will enter the reactions be-
tween them to form smectite mineral and those conditions prevail in the study areas. The studied area is in a
dry region of Iraq with a less than 100 mm rain falls per a year. There were studies on the mineral composition
of clay fractions in dry and semi-arid conditions and confirmed that the presence of calcium carbonate in the
soil is responsible for the predominance of montmorillonite mineral under alkaline conditions where there is an
increase in the amounts of Ca, Mg, Fe, and high amounts of Si / Al compared to a small percentage of the H
concentration [10] while illite is formed in the presence of K in soil.

From the results obtained, it can be concluded that smectite is the predominant mineral, and that chlorite
alternates with mica in being main, and that the origin of the mineral smectite in these soil may be inherited in
origin from the mineral mica. There are studies on the origin of the mineral smectite, especially in developed
soils in northern Iraq, where it was found that the process of alteration of mica minerals towards smectite was
high in the soils under forest trees in comparisons with control soil that little alteration of mica [1]. These results

are consistent with those found by [17], [18].
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Table 1. Results and semi — quantitative distribution of clay separators.

Pedons Horizons Smectite chlorite Illite kaolinite Palygorskite
Ap +++ +++ ++ ++ +
P1 Ck1 - ++ ++ ++ +
Ck2 +++ +++ + ++ +
Ck3 +H+ ++ + ++ +
Ap +++ +++ ++ ++ +
P2 Ck1 - 4+ ++ ++ +
Ck2 ++ ++ + ++ +
Ck3 +H+ ++ ++ + +
Ap +++ +++ ++ + ++
P3 Ck1 - ++ ++ ++ +
Ck2 +H+ ++ + ++ +
Ck3 +++ ++ + + +
Ap ++++ ++ + ++ + +
P4 Ck1 - ++ + ++ ++
Ck2 +++ +++ ++ + ++
Ck3 +H+ ++ ++ ++ +
Ap +++ ++ ++ +++ +
P5 Ck1 - 4+ ++ ++ +
Ck2 ++ ++ ++ + ++
Ck3 +H+ ++ + ++ +
Ap ++ ++ ++ ++ ++
P6 Ck1 ++ 4 + H+ +
Ck2 +H+ ++ + + .
Ck3 +++ ++ ++ +4++ +

4. Conclusion
The semi-quantitative distribution of the clay minerals in the clay fractions revealed that montmorillonite
minerals and illite alternate with chlorite in being the main and kaolinite are major, whereas palygorskite min-
erals were only present in trace amounts, with the possible exception of P5 (saline soils). Due to the chloritiza-
tion of expanding clay minerals, soil chlorite was discovered in some soils. In addition to the clay minerals,
feldspar, hematite, and pyroxene were also found in all of the soil samples. Calcite and quartz dominated the
mineralogical distribution in bulk soils.
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