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Four soil pedons (P1, P2, P3, and P4) were selected around Mosul Dam Lake in semi-
arid sedimentary soils. The study aimed to asses soil homogeneity using sand particle-
size distribution and some chemical weathering indices. Morphological descriptions and
laboratory analyses were conducted for all pedons. Element chemical oxides within very
fine sand particles (0.05 mm) were analyzed by X-ray Fluorescence (XRF) technique to
calculate weathering indices and homogeneity curves. The results showed variability
among pedons. Pedon P1 was homogeneous with its parent material because no clear
intersections occurred among horizon curves. In P2, A and B horizons intersected with
C2 within fine sand particles (0.125 mm). In P3, intersections occurred within coarse
sand particles (1.18 mm), whereas in P4, the B horizon intersected with A and C horizons
within medium sand particles (0.5 mm). These variations were attributed to pedogenic
processes including additions, losses, translocation, and transformation. The values of
Chemical Index of Weathering (CIW) index ranged between 12.59 and 16.22 in horizon
A of P4 and horizon B of P1 respectively, while the values of Chemical Index of
Alteration (CIA) were 12.12-15.83 in horizon A of P4 and horizon C2 of P2 respectively.
CIW was more accurate to description the chemical weathering processes for all studied
sites. The findings provide important information for understanding soil characteristics

and supporting sustainable agricultural land management in the study area.

1. INTRODUCTION

Soil is one of the most important basic elements in the
ecosystem because it effective role in increasing agricultural
production and improving the economic situation of countries
[1,2]. Soil is a dynamic natural body in constant change under
the influence of many important factors and processes [3-5].
Several main factors and processes work to bring about
changes in soil development state and determine its
morphological, physical, chemical, biological, and mineral
properties. [6, 7]. The process of soil development is very
difficult and requires a long period of hundreds or thousands
of years and perhaps more [§8], during which the soil undergoes
multiple changes and transformations for its original
components and materials to form diagnostic horizons [9].
The processes of soil development begin with the transfer and
movement of different soil elements vertically and
horizontally [10]. After that, soil diagnostic horizons are
formed that differ from each other in morphological, chemical,
physical, and mineral properties, with the presence of the
genetic factor for these horizons [11]. The development of the
soil profile is the result of the influence of five main factors:
climate, organisms, topography, parent material, and time
[12]. Climate controls the rate of weathering through annual
precipitation, temperatures, and winds, while organisms
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contribute to enriching the surface horizons with organic
matter, in addition to the significant influence of the soil's
parent material, topography, and slope in this process [13].
Parent material plays a very important role in determining
some of the morphological, physical, chemical, and mineral
properties of the soil [14]. Soil parent material determines the
extent of the development of that soil, because the changes that
take place in the parent material of the soil are a quantitative
scale of the degree of development of the soil pedon and the
amount of weathering of the original mineral [15]. Most
differences in the homogeneity degree for soil pedon horizons
and the particle size distribution of soil particles result from
differences in the nature of the parent material of those soils,
and the parent material of soils is a measure and basis for the
homogeneity degree between soil pedon horizons [16].
Assessing the homogeneity degree of soil profile horizons
with the parent material is essential and important for
understanding the pedogenic processes and lithological
interruptions that occurred in the soil earlier [17]. Weathering
processes contribute to changes in the original soil material
properties, which lead to changes in the nature of the
distribution of soil components and their various properties.
This is done by calculating the Uniformity Value [18]. The
study of soil development and soil homogeneity or uniformity
depends on many indicators related to soil mineral weathering
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processes that called weathering indices [19]. Numerous
chemical weathering indices are employed to quantify the
extent and intensity of pedogenic processes within soil
profiles, such as Chemical Index of Alteration (CIA),
Plagioclase Index of Alteration (PIA), Base/R,Os Ratio,
Weathering Index (WI), Chemical Index of Weathering
(CIW), and other indices [20-22]. Chemical weathering
indices such as CIA, CIW, Base/R;03;, WIP, and PIA have
proven the accuracy of the results related to the study of soil
development and homogeneity determination of soil pedons,
and CIA and CIW serve as good metrics for assessing the
intensity of chemical weathering in sediments, effectively
reflecting how feldspar is transformed into clay minerals in
soils [23, 24]. The chemical weathering indices CIA and CIW
are measures of assessing weathering degree in sedimentary
soils and minerals such as feldspars (especially plagioclase)
and their transformation into clay minerals by determining the
ratio of AlLO; to CaO, Na,O, and K,O [25, 26]. Furthermore,
to calculate the percentages of sand separations from fine to
coarse sand, by knowing the percentages of chemical element
oxides in sand particles were analyzed using XRF technology
and some other indices [27]. Many previous studies have
confirmed the application of a method of calculating the
percentages of sand particles to determine the homogeneity or
heterogeneity degree of soil horizons with parent materials
[28]. The aims of this research were: (1) to study the
morphological, physical, and chemical characteristics of the
soil horizons surrounding the Mosul Dam lake, (2) to
determine the development degree of these soils by studying
chemical weathering indices and oxide elements in soil, and
(3) to assess the homogeneity of soil pedon horizons with
different parent materials of soils surrounding the lake.

2. MATERIALS AND METHODS
2.1 Location of study
Four sites were selected for soil pedons with different types

of parent material, representing the eastern and western sides
of Mosul Dam Lake, in the northwest of Nineveh Province,

Iraq (Figure 1). These sites are located within a semi-arid zone
and climate like the Mediterranean [29]. Table 1 shows the
average temperatures and rainfall depths for the study sites.
first site in eastern direction of the lake (P1) represents the
pedon near of the lake in Namrek area, has coordinates
(36.7261° N, 42.8746° E), it has an elevation (332 m), the land
has moderate drainage, is gently sloping to level, parent
material of the site is gypsum and limestone, and it's
uncultivated, the vegetation cover consists of herbals and
seasonal grass. Second site (P2) represents the pedon far from
the lake (150 m from P1) in the Namrek area, which has
coordinates (36.7275° N, 42.8749° E), representing a gently
sloping land planted with wheat. The third site in the western
direction of the lake (P3) represents the pedon near the lake in
Tayibat AL-Riyah area, has coordinates (36.7186° N, 42.7362°
E), it has an elevation (328 m), the land is moderately to well-
drained, moderately sloping, parent material of the site is
limestone, and it’s uncultivated.

Fourth location (P4) represents the pedon further from the
lake (150 m from P3) in the Tayibat AL-Riyah area, has
coordinates (36.7172° N, 42.7341° E). This area has
moderately sloping land and is cultivated with vegetables.

2.2 Field work

Four soil pedons (P1, P2, P3, and P4) were dug depending
on field information obtained at the study sites, and the soil
profiles exposed to direct sunlight were described
morphologically according to the method mentioned in USDA
[30]. Soil samples were taken from each horizon, totaling 14
soil samples, put into Polythene bags with numbering, then the
samples were transported to the laboratory for required
analyses.

2.3 Laboratory work

After preparing the disturbed and undisturbed soil samples
for laboratory analyses, the following physical measurements
and chemical analyses were performed (size distribution of
soil particles, bulk density, porosity, pH, EC, Organic Matter
(0.M.), CEC, CaCOs3, CaSOy) that depended on methods [31].
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Figure 1. The map of study sites



2.4 Separating sand particles and XRF analysis

The process of separating sand from soil particles (silt and
clay) was carried out according to the method mentioned [32]
by using (500 g) of soil samples put into plastic containers,
adding a certain volume of dilute HCI1 (10%) to remove CaCOs
and O.M., and added a certain quantity from Calgon (NaPOs)e
to separate the soil particles [33], then hot water was added to
soil samples with repeated shaking, and they were left to stand
for 40 seconds to allow the sand particles settle according to
Stokes' law, after obtaining pure sand particles, they were
passed through a series of sieves varying by diameters (2, 1.18,
0.5, 0.125, and 0.05 mm) to obtain sand particles ranging from

very coarse sand (2 mm) to very fine sand (0.05 mm). Very
fine sand samples (0.05 mm) were analyzed using the XRF
method with a Spectro XLAB 2000 spectrometer. The
analytical procedure involved grinding the samples to a
particle size of 0.05 mm; 3 g of the sample were mixed with
wax and then pressed at 20 bars to prepare pressed pellets. The
XRF spectrometer was using certified reference materials
(CRMs). This analysis was conducted to determine the
presence of chemical oxides such as Fe:0s, SiO2, Na2O, K0,
Ca0, MgO, MnO, ZrO-, Al>03, TiO2, Cr203, and ZnO, in order
to calculate the weathering indices presented in Table 2 and to
determine the homogeneity of soil horizons with their parent
materials at the study sites.

Table 1. Average of temperatures and rainfall for study sites

Y Month
ear Jan. Feb. Mar Apr. May Jun. Jul. Aug Sep. Oct. Nov Dec.
2020 T. 9.1 14.5 22.1 28.2 333 41.6 457 45.1 36.4 23.5 18.2 12.9
R. 424 28.2 24.1 153 7.5 0.8 0 0 0 0.2 11.7 34.9
2021 T. 10.3 17.2 23.0 29.5 333 394 46.2 452 35.0 26.8 18.3 13.1
R. 37.5 28.3 17.1 14.2 4.6 2.8 0 0 0 0.5 19.3 304
2022 T. 10.0 15.6 23.1 27.1 352 39.0 455 448 36.3 25.1 18.3 15.0
R. 324 26.1 254 16.6 7.5 1.1 0 0 0 0.4 15.8 29.1
2023 T. 8.0 13.6 21.7 27.5 352 37.8 46.3 46.0 352 253 16.6 12.9
R. 384 24.5 20.3 14.8 5.7 3.5 0 0 0 1.4 8.8 28.3
2004 T. 7.3 13.6 20.3 25.6 342 374 45.8 455 36.2 243 17.8 14.1
R. 354 29.6 25.7 18.1 17.0 6.3 0 0 0 0 7.5 23.1
2025 T. 9.4 15.5 22.0 27.8 352 39.1 46.5 457 37.0 25.1 16.8 13.6
R. 29.3 20.1 11.6 8.0 4.8 1.4 0 0 0 0.6 355 36.7
Note: T. = Temperature average (°C), R. = rainfall (mm), the source of climate data is: Agromet.gov.iq.
Table 2. Some weathering indices used in the study
No. Weathering Index Definition Equation Source
1 WI Weathering Index (Si02+Ca0) / (Al203+Fe203+Ti0z2) [34]
2 CIA Chemical Index of Alteration AlLO3 / (AL203+CaO+Na20+ K20)*100 [35]
3 Si/Ses Silica / Sesquioxides Si02 / (A203+Fe203) [36]
4 CIW Chemical Index of Weathering Al203 / (A1203+Ca0+Na20)*100 [37]
5 WR Weathering Ratio (CaO+MgO+Nax0) / TiO2 [38]

2.5 Homogeneity calculations of soil horizons

Homogeneity of soil pedon horizons were determined using
the ratio of very fine sand particles (0.05 mm) / total sand
particles (2-0.05 mm) depend on research [39], because sand
particles mainly contain primary minerals resistant to
geochemical weathering, and it’s influenced by soil formation
variables and processes especially soils that developed from
sediment materials, the ratio of very fine sand to total sand,
and fine sand to coarse sand were calculated to study
uniformity of parent material. Cumulative curves of sand
particles were designed using the Excel program.

3. RESULTS AND DISCUSSION
3.1 Morphological properties of the study soil pedons

Table 3 shows the results of morphological properties for
the studied soil pedons based on information from the
American Soil Survey staff [40]. The results show some
differences between soil pedons of the studied sites, and
between soil horizons of a single pedon, because the variations
in soil nature, parent material, and pedogenic processes
affecting soil formation and development, soil color is one of
the most important properties and easily observable
morphological characteristics. The (Hue) values for all studied

soil horizons were in page (10YR) of the Munsell Soil Color
chart. These Hue values represent most soils in arid and semi-
arid areas, as noted in research [41]. For the surface and
subsurface soil horizons, the color intensity (Value) and color
purity (Chroma) values were 7/4-5/3 in the dry state and 4/6—
3/3 in the moist state. These values are related to soil moisture
content, as well as mineral and organic components, as
confirmed by research [42]. The type of soil structure was fine
to moderate granular and semi-angular in the surface horizon
of P1, and moderate to coarse angular blocky in the subsurface
horizons, while in P2, P3, and P4, it was moderate angular and
semi-angular blocky for surface horizons, and it was moderate
to coarse angular prismatic in the surface horizon of P2.

This variation of soil structure between horizons of studied
soil pedons is a result of the clay loamy and silty clay soil
texture of surface horizons because the organic matter on the
soil surface, as well as human activities (plowing and sheep
grazing), while the clay texture of subsurface horizons of
studied soil pedons is a result to pedogenic sediments
processes and the nature of cementing materials such as lime.
The soil Consistency ranged from slightly hard to friable in
surface horizons of all the studied sites' pedons, and plasticity
to sticky in most of the subsurface horizons of the pedons. This
difference may be due to the nature of the parent material for
soils, as well as the fine texture of the soil and the size of
particles for the studied soils.
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Table 3. Some morphological characteristics of the studied soils

Soil Color

Pedon Horizon  Depth (cm) Dry Wet Structure  Consistency Boundary
A 0-20 10YR 5/3 B 10YR 4/3 B gfim Shpl c
P1 B 20-38 10YR 5/4 yB 10YR 3/3 dB bma SFpl c-w
Cl 38-70 10YR 5/6 yB 10YR 4/6 dyB bma SFpl w
C2 70-95 10YR 5/4 yB 10YR 4/6 dyB bma SFpl w
A 0-8 10YR 5/3 B 10YR 3/3 dB bfm FSpl c-w
P2 B 8-30 10YR 5/4 yB 10YR 4/4 dyB prma Shpl w
Cl 30-57 10YR 7/4 ypaB 10YR 4/4 dyB bma SFpl w
Cc2 57-100 10YR 6/3 paB 10YR 3/3 dB bma SFP1 w
A 0-12 10YR 6/4 LyB 10YR 4/4 dyB bfsa SFpl w
P3 B 12-57 10YR 5/3 B 10YR 3/3 dB bmsa SFpl w
C 57-100 10YR 5/3 B 10YR 3/3 dB bma SFspl w
A 0-15 10YR 6/4 LyB 10YR 4/4 dyB bfsa SFpl w
P4 B 15-48 10YR 5/4 yB 10YR 3/3 dB bma SFpl w
C 48-95 10YR 5/3 B 10YR 3/3 dB bma Shp w
Notes: Color: L = light, y = yellowish, B =brown, d = dark, v = very, pa = pale.
Structure: b = blocky, f= fine, sa = subangular, m = moderate, a = angular, pr = prismatic, g = granular.
Consistency: S = slightly, h = hard, F = friable, pl = plasticity, s = sticky.
Boundary: ¢ = clear, w = wavy.
Table 4. Some physical and chemical properties of soils
Soil Particles g-kg™! Bulk EC O.M. CaCOs3 CaSO4 CEC
. Depth . N -
Pedon Horizon (cm) Sand  Silt  Cl Texture Density pH ds'm kel cmol-kg
an 1 ay Mg m 1 g'kg 1 goil
A 0-20 173 406 421 SC 1.41 7.50 1.46 18.60 176 12.70 28.00
P1 B 20-38 193 366 441 C 1.50 7.60 0.55 12.10 200 13.10 25.60
Cl 38-70 298 312 390 CL 1.43 7.80 0.33 9.30 190 15.80 19.40
C2 70-95 278 292 430 C 1.49 7.80 0.42 7.00 207 17.70 19.00
A 0-8 230 372 398 CL 1.40 7.30 0.60 17.30 200 11.80 26.10
P2 B 8-30 164 369 467 C 1.52 7.60 0.51 11.40 220 10.50 26.40
Cl1 30-57 296 272 432 C 1.51 7.80 0.32 8.60 231 13.40 20.70
C2 57-100 175 414 411 SC 1.48 7.70 1.70 6.60 223 15.80 20.00
A 0-12 212 395 393 CL 1.46 7.40 1.16 14.00 189 10.70 22.30
P3 B 12-57 198 412 390 SCL 1.41 7.60 0.51 9.60 230 10.40 19.80
C 57-100 158 372 470 C 1.54 7.50 0.58 7.00 228 13.50 20.20
A 0-15 258 312 430 C 1.45 7.50 1.22 14.50 185 8.30 25.60
P4 B 15-48 172 332 496 C 1.55 7.50 0.54 10.10 215 10.10 23.00
C 48-95 252 332 416 C 1.50 7.90 0.83 6.50 243 12.80 20.40

Notes: SC= Silty Clay, C= Clay, CL= Clay Loam, SCL= Silty Clay Loam.

3.2 Some physical and chemical properties of the study soil
pedons

Table 4 shows some of the physical and chemical properties
of soil particles of the studied sites. The soil particle size
distribution was varied between samples for the same pedon
and different sites. The soil texture of all studied soils was
loamy clay and silty clay; moreover, clay was predominant in
most sites. The lowest sand content (158 g/kg) was in horizon
C in soil pedon P3, and the highest was 298 g/kg in horizon
C1 in pedon P1. The lowest silt content (272 g/kg) was in
horizon C1 in soil pedon P2, and the highest was (414 g/kg) in
horizon C2 in pedon P2. The lowest clay content (390 g/kg)
was equally found in horizon C1 in pedon P1 and horizon B in
pedon P3, while the highest clay content (496 g/kg) was in
horizon B in pedon P4. The reason for these differences relates
to the nature of the soil parent material in the studied sites [43].
Bulk density values of the studied sites were varied between
the horizons of the same pedon and between different sites.
The lowest bulk density value was (1.4 Mg-m™) in surface
horizon A of soil pedon P2, and the highest value was (1.55
Mg 'm™) in subsurface horizon B of pedon P4. Bulk density
values are affected by soil texture, soil organic matter content,
and other soil components. Low bulk density values have an

impact on soil water retention and porosity, which fosters
chemical weathering. Generally, bulk density is a useful
measure of soil growth and degree of weathering, especially in
arid and semi-arid regions [44]. Soil pH values were neutral
and slightly alkaline in all soil pedon horizons, with the lowest
value (7.3) in surface horizon A of pedon P2 and the highest
value (7.9) in horizon C for soil pedon P4. The reason for the
variation between these values is that surface horizons contain
soil organic materials, which leads to a reduction in soil pH
values, while subsurface horizons are affected by the parent
material of soil, which is CaCOj3 and basic elements present in
the composition of primary and secondary soil minerals [45].
Soil EC values were noticeably low in most of the soil pedons'
horizons, ranging between 0.32 and 1.70 ds'm™'. This indicates
that the soils in the study area are not affected by salts, and
they are based on rain during the rainy seasons in the study
area. The content of soil organic matter exhibited significant
variability across the studied sites in relation to different soil
horizons, it ranging between (18.6 g/kg) in surface horizon A
of pedon P1, and (6.5 g/kg) in horizon C for soil pedon P4, this
variability can be ascribed to the relative disparities in the
characteristics of the vegetative cover present in the study
area, in conjunction with the biological activities of soil
microorganisms, alongside the concomitant variation in
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organic matter quantities. The surface horizons of the soil
demonstrated an elevation in organic matter values, whereas a
decline in these values was observed with increasing depth,
thereby illustrating the inherent distribution patterns of
organic matter within the soil body. CaCO3 content showed a
decrease in the surface horizons and began to increase with
depth for all pedons of the studied soils. Values of CaCO3 were
between 176 and 243 g/kg for all studied soils. Similarly, the
soil CaSOs content followed the same pattern as the soil
CaCOs; content; the values of CaSO4 were between 8.30 and
17.7 g/kg for all soil pedons. This difference in soil CaCO3 and
CaSO4 content between surface and subsurface horizons is
perhaps the reason for the continuous leaching of calcium
carbonate and gypsum from soil surface horizons, which then
accumulates in subsurface horizons, as well as in the parent
material of these soils in the studied sites [46]. While the soil
cation exchange capacity CEC, values ranged between (19-28
cmol-kg! soil) for all soil pedons, this results may be because
the organic matter and clay texture of soil has a clear effects
on increasing soil CEC, since organic colloids carry a negative
charge on their surfaces due to the presence of carboxyl,
phenol, hydroxyl, and carbonyl groups, as well as humus.
Therefore, these colloids have the ability to adsorb cations.

3.3 Chemical elements oxides for the studied soil pedons

Results of Table 5 showed differences in percentages of
chemical elements oxides that were analyzed using an XRF
device in very fine sand particles (0.05 mm) for soil pedons.
The percentage of CaO was the highest percentage for all soil
studied sites, ranging between (33.88-37.44%) in the C2
horizon of P1 and the B horizon of P3 respectively. While the
percentage of TiO, was the lowest compared to other elements'
oxides, it ranged between (0.65-0.84%) in the C2 horizon of
P1 and the CI1 horizon of P2, respectively. Other element
oxides showed variation in all soil pedons. Fe,Os3 ranged
between (4.01-6.64) in B horizon of P2 and A horizon of P1
respectively, K,O value was between (1.11-1.77) in C2
horizon of P2 and A horizon of P3, while percentage of SiO-
ranged between 19.13 and 23.26 in C2 horizon of P2 and C1
horizon of P2 respectively, AL,Os value ranged between 6.11
and 7.63 in B horizon of P3 and B horizon of P1. This
difference in oxide values may be due to the difference in
parent material and minerals present in the soil in the study
area. Additionally, the environmental conditions surrounding
the study area control the intensity of weathering processes to
which these minerals were exposed during different time
periods.

3.4 Weathering indices for the studied soil pedons

The results of Table 6 showed clear differences between
chemical weathering indices that depended on this study. The
WI showed some variations between soil horizons and pedons;
its value was 3.94 in the surface horizon A of P1, and it was
5.16 in the subsurface horizon B of P2. The differences
between WI values indicate weak to moderate weathering in
some soil pedons, represented by the surface and subsurface
horizons of the P1, since the lower value indicates more
weathering has occurred due to the loss of mobile CaO from
surface soil horizons, while an increase of concentration of
relatively immobile oxides such as Al,Os, Fe,O3, and TiO;. On
the other hand, a high value of WI indicate very weak
weathering, as the case in horizon B of the P2, which attributed
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to continuous loss of CaO from horizon A and its
accumulation in horizon B of P2. The CIA values indicate a
very low intensity of chemical weathering that happened
within soil horizons of P1, P2, P3, and P4, ranging between
15.87 and 12.12, because the lower value of CIA indicates a
very weak weathering in the sites, so these results were
consistent with the study [47]. Values of the WI (Si/Ses) were
almost close for all soil pedons horizons, this may be due to
the relatively similar percentages of the weathering-resistant
oxides, that is, Fe;Os, Al;O3, and SiO», and values of this index
ranged between (1.85-1.46). CIW wvalues showed slight
variation among the studied soil pedons' horizons. This result
may be attributed to the factors that effect on studied soils,
which have undergone weak weathering, and are attributed to
the climate and natural factors surrounding the soil pedons,
such as rainfall and temperature variations between seasons,
as well as anthropogenic activities, erosion, and precipitation.
It is observed from these results that the values were slightly
high in soil pedons P1, P2, and P3, ranging between 13.95 and
16.22. These values then decreased in soil pedon P4, reaching
12.59 in the surface horizon A of P4. High CIW values
indicate different degrees of weathering, meaning that the
mobile oxides, such as CaO, were lost through leaching within
the soil pedon horizons, compared to relatively weathering-
resistant and immobile oxides such as Fe;03, Al,O3, and SiO».
Conversely, low values indicate weak weathering as a result
of increased concentration of CaO and Na,O. The weathering
ratio (WR) values showed slight variation between soil
horizons in different locations. A significant increase in WR
values was observed in horizon C2 of P1, compared to horizon
C of P3. These differences are attributed to the lower (TiO2)
content in some locations. The highest WR value (69.63) was
recorded in P1C2, while the lowest value (51.91) was recorded
in horizon C of P3.

3.5 Homogeneity curves for sand particle accumulations

Figures 2-5 show the relationship between sand particle
sizes and cumulative percentage of sand particle diameters for
each horizon of the studied soil pedons, which were calculated
in very fine sand particles (0.05 mm) for soil pedons, to
determine homogeneity or heterogeneity of parent material for
each soil pedon. The results showed there was homogeneity of
soil pedon P1 with its parent material (Figure 2), which is
evident from the parallel curves for all horizons. There is a
clear convergence in the cumulative values of sand particle
diameters in four horizons in very coarse to coarse sand
particles, and a slight variation is observed in fine to very fine
sand particles between the horizons. The homogeneity of
parent material for this pedon may be because it’s near the
lake, which allowed for weathering and soil-forming processes
that affected the size similarity of non-clay soil particles of this
pedon horizons [48], or because it’s uncultivated land, so there
isn’t effected for plowing and irrigation. Figure 3 showed
heterogeneity of horizons with parent material in soil pedon
P2, through curves intersection of surface (0-8 cm) and
subsurface horizon (8-30 cm) with the deeper soil horizons
(30-57 cm) and (57-100 cm), and the curves intersection was
in the medium and fine sand particles (0.5-0.125 mm). The
reason may be attributed to the transfer and deposition of fine
sand particles due to plowing, machine movement, and
grazing. These major additives continuously affect the mixing
of soil components. Figure 4 shows that the surface horizon
curve A of soil pedon P3 with a depth of (0-12 cm) intersected



with horizons B and C in very coarse sand particles (2 mm) as
well as coarse sand particles (1.18 mm). This may be attributed
to the exposure of surface soils to erosion and sedimentation
processes; furthermore, the influence of parent material and
geological factors that would redistribute the soil components.
While, the soil pedon P4 in Figure 5, its noted that the curve
of subsurface horizon B with a depth of 15-48 cm has

intersected with the horizons A and C in medium sand
particles (0.5 mm), whereas the results for the remaining parts
were similar, this may be attributed to different weathering
processes as well as rainwater, which washed away the surface
and subsurface horizon components, and the cost of the
calcareous, gypsum, and pedogenic processes.

Table 5. Percentage of some element oxides in soil study sites

. Depth Fe203 TiO: CaO K20 SiO2 ALO3 MgO Na:O
Pedon Horizon
(cm) %
A 0-20 6.64 0.74 34.85 1.57 21.13 6.85 4.82 4.01
P1 B 20-38 5.62 0.70 36.33 1.42 19.31 7.63 4.47 3.07
Cl1 38-70 4.99 0.72 36.41 1.19 22.05 7.47 3.74 3.02
C2 70-95 5.84 0.65 37.44 1.22 21.89 6.56 4.80 3.02
A 0-8 4.05 0.78 37.40 1.16 20.30 7.44 3.50 4.31
P2 B 8-30 4.01 0.80 35.95 1.32 19.48 6.72 4.83 2.87
Cl 30-57 5.69 0.84 36.54 1.32 23.26 7.51 4.97 3.92
C2 57-100 4.61 0.72 35.35 1.11 19.13 7.43 3.90 3.06
A 0-12 5.77 0.80 37.34 1.77 20.58 7.60 4.98 3.41
P3 B 12-57 5.81 0.77 33.88 1.73 21.63 6.11 5.86 3.45
C 57-100 6.03 0.83 35.87 1.76 22.35 6.60 3.97 341
A 0-15 5.96 0.82 34.95 1.71 21.28 5.53 4.86 343
P4 B 15-48 5.37 0.71 34.48 1.50 21.29 6.47 4.49 3.93
C 48-95 5.96 0.79 36.25 1.60 19.29 6.15 4.71 2.48
Table 6. Weathering indices values of soil study sites
Pedon Horizon Depth (cm) WI CIA Si/Ses CIwW WR
A 0-20 3.94 14.49 1.57 14.99 59.37
P1 B 20-38 3.99 15.75 1.46 16.22 62.70
Cl1 38-70 4.23 15.27 1.77 15.93 59.96
C2 70-95 4.54 13.60 1.77 13.95 69.63
A 0-8 4.71 14.78 1.77 15.13 58.11
P2 B 8-30 5.16 14.35 1.82 14.76 54.56
Cl 30-57 4.26 15.24 1.76 15.66 54.10
C2 57-100 4.27 15.83 1.59 16.21 59.10
A 0-12 4.10 15.16 1.54 15.72 57.12
P3 B 12-57 4.37 13.52 1.81 14.06 55.88
C 57-100 4.32 13.85 1.77 14.39 51.91
A 0-15 4.57 12.12 1.85 12.59 52.54
P4 B 15-48 4.44 13.95 1.80 14.41 60.42
C 48-95 4.31 13.23 1.59 13.70 54.84
WI: Weathering Index, CIA: Chemical Index of Alteration, CIW: Chemical Index of Weathering, WR: Weathering ratio.
P1 H. depth (cm) P2
15 ) H. depth (em)
2 == 0-20 35
% 30 5 2 s
g 20-38 3 230
g 38-70 2 30-57
E‘ 20 70-95 E 20 57-100
E 15 g 15
:
2 10 g1
« 5 . E 5 /'
0 0
2mm 1.18 mm 0.5 mm 0.125 mm 0.05 mm 2mm 118 mm 0.5 mm 0.125 mm 0.05 mm

sand particle size (mm)

Figure 2. The cumulative percentage curves of sand particle
diameters in pedon P1
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sand particle size (mm)

Figure 3. The cumulative percentage curves of sand particle
diameters in pedon P2
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Figure 4. The cumulative percentage curves of sand particle
diameters in pedon P3
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Figure 5. The cumulative percentage curves of sand particle
diameters in pedon P4

4. CONCLUSIONS

This study determined the homogeneity of soil parent
material surrounding Mosul Dam lake, by depending on some
chemical properties. This was achieved by selecting four
different soil pedons from chosen locations, all of which have
sedimentary parent material. The degree of soil weathering
was calculated using various weathering indices, and chemical
analyses were performed to determine the concentrations of
elements resistant and non-resistant to chemical weathering.
Soil homogeneity was also assessed by analyzing the varying
diameters and sizes of very fine sand particles, and
homogeneity curves were designed for this purpose. The
results showed that the soils of selected pedons may differ in
their morphological, chemical, and physical characteristics,
due to the different conditions surrounding each pedon, and
the difference was also clear between the horizons of each
pedon. Clear differences were found among the selected
weathering indices in the study; these indices were: W1, CIA,
Silica/Sesquioxides, CIW, and WR. Each of these chemical
indices showed different weathering results, depending on the
variation in soil characteristics of each study site. Study results
noted that the CIW is the most reliable in describing the
weathering process occurring in soil pedons. The results also
indicated homogeneity between soil P1 horizons, as evidenced
by the parallelism and non-intersection of curves, suggesting
that the horizon components were formed from the same
parent material. In contrast, other pedons of the studied sites,
P2, P3, and P4 was heterogeneity in some soil horizons with
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their parent material observed by the intersection of the curves.
This may be attributed to many factors, including pedogenic
and geochemical processes, variations in the nature of the land
surface, erosion, sedimentation, and other processes.
Therefore, this study indicates the necessity of conducting
thorough and numerous studies on these soils, which helps
manage the soil properly and preserve soil and its properties
sustainably.

ACKNOWLEDGMENT

The authors would like to express their gratitude to the
University of Mosul and the Dean of the Agriculture and
Forestry College at the University of Mosul.

REFERENCES

[1] Anikwe, M.A.N., Ife, K. (2023). The role of soil
ecosystem services in the circular bioeconomy. Frontiers
in Soil Science, 3: 1209100.
https://doi.org/10.3389/fs0il.2023.1209100

Khalid, K.A. (2019). Using unsupervised classification
to determined land cover northren of Ninvah provianec
by using remote sensing techniques. Journal of Physics:
Conference Series, 1294(9): 092037.
https://doi.org/10.1088/1742-6596/1294/9/092037
Al-Wazzan, F.A., Muhammad, S.A. (2022). Effects of
conservation and conventional tillage on some soil
hydraulic properties. IOP Conference Series: Earth and
Environmental Science, 1060(1): 012002.
https://doi.org/10.1088/1755-1315/1060/1/012002
Biradar, B., Jayadeva, H.M., Channakeshava, S., Geetha,
K.N., Sannagoudar, M.S., Pavan, A.S., Prakash, K.N.
(2020). Assessment of soil fertility through GIS
techniques and thematic mapping in micro-watershed of
Hassan, Karnataka. Journal of Pharmacognosy and
Phytochemistry, 9(4): 3218-3228.
https://doi.org/10.22271/phyt0.2020.v9.i14af. 12116
Akrawi, S.A., Alkhaled, K. (2024). Monitoring land
cover variation using some spectral indicators in Akre
region based on geospatial techniques. Mesopotamia
Journal of Agriculture, 52(2): 130-145.
https://doi.org/10.33899/mja.2024.145686.133014
Bockheim, J.G., Gennadiyev, A.N., Hartemink, A.E.,
Brevik, E.C. (2014). Soil-forming factors and Soil
Taxonomy. Geoderma, 226: 231-237.
https://doi.org/10.1016/j.geoderma.2014.02.016
Alhadede, A.A.K.A., Alhadidi, K.E., Al-Khafagi, Q.D.
(2025). Effect of ionic strength on the dissolution and
precipitation of carbonate minerals and the nature of
ionic species from some calcareous soil. Journal of
Global Innovations in Agricultural Sciences, 13(2): 699-
705. https://doi.org/10.22194/JGIAS/25.01546
Soleimani Sardoo, E., Farpoor, M.H., Mahmoodabadi,
M., Jafari, A. (2023). Evaluation of selected soil
development indices in soils derived from sedimentary
and igneous rocks, northern Kerman. Iranian Journal of
Soil and Water Research, 54(1): 85-103.
https://doi.org/10.22059/ijswr.2023.352148.669407
Alhadede, A. A K.A., Alrobiaa, S.M., Alobaidi, M.A.J.
(2022). Effect of continuous and discontinuous leaching
on calcium and magnesium release from some calcareous

(2]

(3]

(4]

(6]

(8]



[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

soil. International Journal of Agricultural and Statistical
Sciences, 18(1): 79-84.
https://connectjournals.com/03899.2022.18.79.

Khresat, S.A., Rawajfih, Z., Buck, B., Monger, H.C.
(2004). Geomorphic features and soil formation of arid
lands in Northeastern Jordan. Archives of Agronomy and
Soil Science, 50(6): 607-615.
https://doi.org/10.1080/03650340400005572
Jiménez-Ballesta, R., Bravo, S., Pérez-de-Los-Reyes, C.,
Amords, J.A., Villena, J., Garcia-Navarro, F.J. (2024).
Pedological formations on old mountain
geomorphological surfaces of central Spain. Heliyon,
10(1): €23852.
https://doi.org/10.1016/j.heliyon.2023.e23852

Vasu, D., Singh, S.K., Tiwary, P., Chandran, P., Ray,
S.K., Duraisami, V.P. (2017). Pedogenic processes and
soil-landform relationships for identification of yield-
limiting soil properties. Soil Research, 55(3): 273-284.
https://doi.org/10.1071/SR16111

Blume, H.P., Brimmer, G.W., Fleige, H., Horn, R.,
Kandeler, E., Kogel-Knabner, 1., Wilke, B.M. (2015).
Chemical properties and processes. In
Scheffer/Schachtschabel Soil Science, Berlin, pp. 123-
174. https://doi.org/10.1007/978-3-642-30942-7 5

Usul, M., Dengiz, O. (2010). Pedological development
on four different parent materials. Anadolu Tarim
Bilimleri Dergisi, 25(3): 204-211.
https://doi.org/10.7161/anajas.2010.25.3.204-211

Elliott, P.E., Drohan, P.J. (2009). Clay accumulation and
argillic-horizon development as influenced by aeolian
deposition vs. local parent material on quartzite and
limestone-derived alluvial fans. Geoderma, 151(3-4): 98-
108. https://doi.org/10.1016/j.geoderma.2009.03.017
Bensa, A., Svob, M., Dominguez Villar, D., Perica, D.,
Krklec, K. (2021). Parent material as a key determinant
of soil properties in southern part of National park Krka,
Croatia. Agrofor International Journal, 6(2): 116-123.
https://doi.org/10.7251/agreng2102116b

Silva, L.F.D., Nascimento, P.C.D., Zinn, Y.L., Inda,
A.V. (2025). Pedogenesis and the study of lithological
discontinuity in a Planosol in Southern Brazil. Brazilian
Journal of  Soil Science, 49: e0240221.
https://doi.org/10.36783/18069657rbcs20240221
Ahmed, Z., Al-Rifai, M. (2023). Soil uniformity and
identification of lithological discontinuities in some soil
series of the districts surrounding the Fallujah city of
Anbar Governorate. Euphrates Journal of Agricultural
Science, 15(1): 232-249. https://ejs-
agri.com/index.php/EJAS/article/view/58.

Wilson, M.J. (2004). Weathering of the primary rock-
forming minerals: Processes, products and rates. Clay
Minerals, 39(3): 233-266.
https://doi.org/10.1180/0009855043930133

Buggle, B., Glaser, B., Hambach, U., Gerasimenko, N.,
Markovi¢, S. (2011). An evaluation of geochemical
weathering indices in loess—paleosol studies. Quaternary
International, 240(1-2): 12-21.
https://doi.org/10.1016/j.quaint.2010.07.019

Ceryan, S. (2008). New chemical weathering indices for
estimating the mechanical properties of rocks: A case
study from the Kiirtiin Granodiorite, NE Turkey. Turkish
Journal of Earth Sciences, 17(1): 187-207.
https://journals.tubitak.gov.tr/earth/vol17/iss1/8/.
Khalaf, A.A., Obiad, M.M., Hayyood, E.M. (2024).

1162

(23]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

(36]

Evaluating and maps of chemical weathering indices for
gypsiferous soils using geospatial techniques. In IOP
Conference Series: Earth and Environmental Science,
1371(8): 082028. https://doi.org/10.1088/1755-
1315/1371/8/082028

Li, J., Du, J., Zhong, S., Ci, E., Wei, C. (2021). Changes
in the profile properties and chemical weathering
characteristics of cultivated soils affected by anthropic
activities.  Scientific ~ Reports, 11(1):  20822.
https://doi.org/10.1038/s41598-021-00302-w

Le Blond, J.S., Cuadros, J., Molla, Y.B., Berhanu, T.,
Umer, M., Baxter, P.J., Davey, G. (2015). Weathering of
the Ethiopian volcanic province: A new weathering
index to characterize and compare soils. American
Mineralogist, 100(11-12): 2518-2532.
https://doi.org/10.2138/am-2015-5168CCBY

Senol, H., Dengiz, O., Alaboz, P. (2023). Estimation of
weathering indices and determination of effective soil
properties. In International Soil Science Symposium on
Soil Science & Plant Nutrition, Samsun, Turkey, pp. 125-
129.
https://www.researchgate.net/publication/377060582.
Senol, H., Dengiz, O., Alaboz, P. (2023). Estimation of
weathering indices and determination of effective soil
properties. In International Soil Science Symposium on
Soil Science & Plant Nutrition, Samsun, Turkey, pp. 125-
129.
https://www.researchgate.net/publication/377060582.
Alhashyme, G.A., Khaled, K.A. (2025). Assessing soil
weathering and micromorphological characteristics
under different land use practices in northern Iraq.
International Journal of Design & Nature and
Ecodynamics, 20(10): 2471-2478.
https://doi.org/10.18280/ijdne.201023

Beshay, N.F., Sallam, A.S. (1995). Evaluation of some
methods for establishing uniformity of profile parent
materials. Arid Land Research and Management, 9(1):
63-72. https://doi.org/10.1080/15324989509385874
Issa, L.E., Al-Ansari, N., Knutsson, S. (2014). Mosul dam
resorvoir sedimentation characteristics, Iraq. Journal of
Environmental Hydrology, 22.

Natural Resources Conservation Service, & Agriculture
Department. (2010). Keys to Soil Taxonomy: 2010. U.S.
Government Printing Office, Washington, D.C.

Rowell, D.L. (1994). Soil Science: Methods &
Applications (1st ed.). Routledge.
https://doi.org/10.4324/9781315844855

Jackson, M.L. (1969). Soil Chemical Analysis-Advanced
Course, 2nd Edition. Department of Soil Sciences,
University of Wisconsin, Madison, Wisconsin.

Gee, G.W., Bauder, J.W. (1986). Particle-size analysis.
In Methods of Soil Analysis: Part 1 Physical and
Mineralogical Methods, pp- 383-411.
https://doi.org/10.2136/sssabookser5.1.2ed.c15

Nesbitt, HW., Young, G.M. (1996). Petrogenesis of
sediments in the absence of chemical weathering: Effects
of abrasion and sorting on bulk composition and
mineralogy. Sedimentology, 43(2): 341-358.
https://doi.org/10.1046/j.1365-3091.1996.d01-12.x
Birkeland, P.W. (1984). Soils and Geomorphology.
Oxford University Press, New York, Oxford.

Harnois, L. (1988). The CIW index: A new chemical
index of weathering. Sedimentary Geology, 55(3): 319-
322. https://doi.org/10.1016/0037-0738(88)90137-6



[37] Chittleborough, D.J. (1991). Indices of weathering for
soils and palaeosols formed on silicate rocks. Australian
Journal of Earth Sciences, 38(1): 115-120.
https://doi.org/10.1080/08120099108727959

[38] Darmody, R.G., Thorn, C.E., Allen, C.E. (2005).
Chemical weathering and boulder mantles, Kérkevagge,
Swedish Lapland. Geomorphology, 67(1-2): 159-170.
https://doi.org/10.1016/j.geomorph.2004.07.011

[39] Barshad, I. (1964). Chemistry of Soil Development. In
Chemistry of the Soil, 160: 1-70. Reinhold Publishing
Corporation, New York.

[40] Soil Survey Staff. (2022). Keys to Soil Taxonomy, 13th
edition. USDA Natural Resources Conservation Service.

[41] Al-Kiki, R., Al-Rawi, J. (2020). Effect of vegetation

cover for olive trees orchards in optical characteristics of

fadhlia region soils in Nineveh Province/Northern Iraq.

Tikrit Journal for Agricultural Sciences, 20(2): 98-106.

https://doi.org/10.25130/tjas.20.2.9

Sirisathitkul, Y., Sirisathitkul, C. (2025). Decoding soil

color: Origins, influences, and methods of analysis.

AgriEngineering, 7(3): 58.

https://doi.org/10.3390/agriengineering7030058

Cedefio-Palacios, W., Zumba-Aguirre, J., Murillo-

Urdanigo, J., Solorzano, J., Briones-Bitar, J., Carrion-

Mero, P. (2024). Assessment of soil consolidation

techniques in Ecuador: Preloading and wick drains in the

[42]

[43]

1163

[44]

[46]

[47]

(48]

Exodo-Fertisa project. International Journal of Design &

Nature and  Ecodynamics, 19(4): 1151-1165.
https://doi.org/10.18280/ijdne.190406
Fayyadh, M.A., Ismail, H.K. (2021). Genesis,

development, and classification for some selected soils at
Kurdistan region, north of Iraq. Iraqi Journal of
Agricultural Sciences, 52(6): 1498-1507.
https://doi.org/10.36103/ijas.v52i6.1491

Song, Y., Zong, X., Qian, L., Liu, H., Dong, J., Chang,
H., Zhang, M. (2020). Mineralogical record for stepwise
hydroclimatic changes in Lake Qinghai sediments since
the last glacial period. Minerals, 10(11): 963.
https://doi.org/10.3390/min10110963

Al-Ansari, N. (2013). Sedimentation processes and
useful life of Mosul Dam Reservoir, Iraq. Engineering.
https://doi.org/10.4236/eng.2013.510094

Tungay, T., Dengiz, O., Bayramin, 1., Kilic, S., Baskan,
0. (2019). Chemical weathering indices applied to soils
developed on old lake sediments in a semi-arid region of
Turkey. Eurasian Journal of Soil Science, 8(1): 60-72.
https://doi.org/10.18393/ejss.499122

Basevich, V.F. (2022). Heterogeneity of podzolic soils:
Genesis, methodological and methogical aspects of
study. Moscow University Soil Science Bulletin, 77(3):
128-136. https://doi.org/10.3103/S0147687422030024





