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O ABSTRACT 0O

The al-Bassit region is characterized by ophiolite rocks with distinct chemical
compositions and characteristics. Six soil profiles formed on ophiolite rocks
(basic and ultra-basic) were selected to determine the chemical composition and intensity
of weathering processes in these soils. Nineteen samples of profiled soil were selected, and
some of their morphological, physical, and chemical properties were studied. Weathering
indexes were also calculated (CIA, WIP, CIW...), The results showed that the behavior of
chemical elements is influenced by parent materials, and that all profiles are generally
located within the weak weathering range, especially profiles P4 and P1, which are derived
from basalt and serpentine rocks, respectively. Except for profile P3, which is derived from
fine-grained gabbro rocks, it has been exposed to moderate-intensity weathering.
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Introduction

Soil formation is a dynamic process rather than a static process, in which soil develops
through dynamic interaction between air, water, parent material and organisms. If one
or more of these major factors changes, the soil will be different (Tuncay et al., 2019). In
particular, changes in parent materials can affect many soil properties under local conditions
because of their mineralogical and textural variation (Birkeland, 1999; Dengiz & Usul, 2018).

Soil is generally considered a by-product of the physical, chemical, and biological
weathering of rocks and metals on or near the Earth’s surface.
(Pope et al., 2002; Yatsu, 1988; Tuncay & Dengiz, 2016)

Weathering rates depend on the rock composition, temperature range, and amount of precipitation.
To quantitatively determine the degree of development of the soil profile, it is necessary to
estimate the state of the initial parent material (Al-Makki, 2016)

In order to estimate the degree of development of the soil profile by measuring the
physical, chemical and mineralogical changes that take place during the transformation of
the parent material into soil. Several methods are available for determining the
homogeneity of the parent material, one of which is the measurement of the chemical
weathering indicators of the parent material and the depth distribution of oxides (Barshad, 1964).
Chemical weathering indices, which use quantitative measurements based on total rock
chemical analyses, are commonly used to characterize the intensity and mechanism of
weathering (Nesbitt and Young, 1982; Irfan, 1996; 1999; Ng et al., 2001; Gupta & Rao,

2001; Voicu & Bardoux, 2002), compare the extent of the chemical change between
different materials (Birkeland, 1999; Munroe et al., 2007; Darmody et al., 2005; Schatz et al., 2015), and
evaluate soil fertility and development (Delvaux et al., 1989).

Chemical weathering indices estimate the intensity of soil chemical weathering by
comparing changes in major and trace element concentrations as ratios of mobile
(Na,0, K0, MgO, CaO) to relatively immobile elements (TiO,, SiO,, Al,O3, Fe;03) in
soil and parent material (Duzgoren-Aydin et al., 2002; Price & Velbel, 2003; Yang et al., 2004).
Typically, studies that use indices of alteration focus on the change of the index with depth in a
weathering profile (Price & Velbel, 2003).

Most weathering indicators decrease with an increase in the degree of weathering,
considering that some indicators, such as the Weathering Index (Harnois, 1988), show an
increasing trend according to the type of inputs in the weathering index.

This study aims to estimate the degree of weathering of the parent material and the
development of soil profiles formed over the ophiolitic rocks in the Al-Bassit region, by
calculating weathering indicators and the behavior of some elements .

Materials and Methods

1 Location and characterization of the study area

Soils were sampled in the Al-bassit area in the northwestern part of Syria (Figure 1),
between the coordinates: N: 35° 41°, E: 35° 42°- N: 35° 577, E: 36° 05".The climate of the
studied area is described as a Mediterranean climate. The mean annual rainfall of
approximately 750-1250 mm is concentrated between December and February, whereas
June and August are the driest months (Fares et al., 1991).
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Figure 1. Location of the studied area in Al-Bassit map 1/50000
(Ponikarov et al. ,1962), and soil profile distribution.

The soil moisture regime is Xeric, whereas mesic is the temperature soil regime
(Maiwi, 1983). The vegetation cover is mainly pine forest. Soil profiles were dug on
various parent materials selected on the basis of the geological map of Al-Bassit at a scale
of 1/50000. The soil profile P1 is derived from ultramafic rock (serpentinized peridotite),
whereas the other profiles are all derived from mafic rocks (P2, P3, P5 and P6 are derived
from gabbro rocks and P4 is derived from basalt rocks) Table 1.

Table 1. Description of the sites of the studied profiles.

Profile Parent material Land cover
P1 Serpentinized peridotite Pine forest
P2 Fine-grained pegmatite gabbro Pine forest
P3 Coarse-grained pegmatite Gabbro Pine forest
P4 Basalt Pine forest
P5 Coarse-grained pegmatite gabbro Pine forest
P6 Pegmatite gabbro Pine forest

2. Soil profile description and soil sampling

The Global Positioning System (GPS) was used to record altitude and geographic
locations. The soil morphology of each horizon of the profiles was described according to
(Schoeneberger et al., 2012). Soil samples were collected, air-dried, ground, sieved
through a 2-mm mesh to obtain air-dried fine soil, and physically and chemically analyzed.
3 Physical and chemical analyses

Chemical and physical analyses of soil samples include: percentage of water content and
particle distribution using the hydrometer method (FAO, 1974). Soil reaction pH (H,0)
was determined using a pH —meter of a 1:2.5 suspension, total carbonates were measured
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by using volumetric titration (Drouineau, 1942). Organic matter was determined according
to the (FAO, 1974) method.

4 Calculation of chemical weathering indices

Nineteen fresh representative samples were selected for chemical analysis. The
percentages of SiO,, Al,O3, Fe,03, CaO, MgO, K0, and Na,O in soil and parent material
were determined by X-ray fluorescence at the General Company for Cement Manufacture
and Building Materials (GCCMBM), Tartous, Syria, according to Karathanasis and Hajek (1996).
Numerous chemical weathering indices were used to quantify the chemical weathering
intensity. These indices were calculated on the basis of the molecular proportions of major
element oxides. Each oxide’s molecular proportion can be easily calculated from the
percentage of oxide based on molecular weight (Shao et al., 2012). Table 2 lists the
weathering indices evaluated in this study.

Table 2: The weathering index evaluated in current study.

Index Formula Reference
R SiO,/Al,O03 (Ruxton, 1968)
Si/Sesq. SiO,/Al,O05+Fe,04 (Birkeland ,1999)
CIA [Al,O3/(Al,O3 + Na,0 + CaO*+K,0)] x 100 (Neshitt and Young, 1982)
CIw [Al,O3/(Al,O3 + Na,O + CaO*)] x 100 (Harnois, 1988)
WIP [(2Na,0/0.35) (Mg0/0.9) (2K,0/0.25) (Ca0*/0.7)] x 100 (Parker, 1970)

R = (Fe203+ Al203), Seisq = (Fe203+ Al203).
CaO™* represents the CaO contained only in the silicate fraction.

Results and Discussion

1 Morphological properties:

Different morphological features were present in the research region,
(horizons thickness, color, and surface horizon depth), Table 3. The morphological
descriptions of studied profiles are:

Horizons thickness: The results showed that the thickness of surface horizons varied
based on the physiographic position of the pedon and pedogenic and geomorphological
processes, notably topography, had a significant impact on soil structure ranging from
granular in the surface horizons to subangular blocky in subsurface horizons.

Soil color: is closely reflective of the parent material. The color intensity (Value) in
profiles was equal to (2, 3, 4). These low values are due to the ferromagnesian minerals of
the parent material, in addition to the presence of organic matter in the surface horizons,
and the oxidation processes in some profiles. Chroma values are also low and are between (1-4).
Soil structure: The granular structure was distinguished in all surface horizons of all
profiles, whereas it was blocky in subsurface horizons.

Soil horizons and their boundaries were identified and described in the field, at the time of taking
the profiles images (table 3). Horizontal boundaries are described in terms of distinctness
(which refers to the thickness of the zone within which the boundary is located) and topography
(which refers to the irregularities of the boundary between horizons).

Distinctness can be defined in 5 classes: very abrupt (< 0.5 cm), abrupt (0.5 to 2 cm), clear
(2to 5 cm), gradual (5 to 15 cm), and diffuse (> 15 cm) (Schoeneberger et al., 2012).
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Table3 Some morphological properties of studied profiles.

Profile Depth Color Structure Boundary Special features
cm
(cm) (dry) (moisture) (grade, size, Topography/
type) distinctness
P1 0-15 10YR 4/2 10YR3/2 2 Mgr s/d Transported fragments
on the surface
15-55 5Y6/4 5Y 4/3 3 Msbk slc Residual of parent
material developed
structure
55-95 5YR 5/8 2.5Y4/2 3M sbk
P2 0-20 5Y 4/2 5Y 3/2 2Fgr w/d
20-55 5Y 5/3 5Y 4/3 3 M shk wlg Iron oxides
55-90 5Y 5/3 5Y 4/3 3 Msbk - Iron oxides
P3 0-5 7.5YR 4/3 75YR 3Fgr slg Iron oxides
3/3
5-40 75YR 3/4 5YR 4/4 3Msbk slc Iron oxides
40-75 2.5Y 6/4 2.5Y 4/4 3 Msbk
P4 0-5 10YR3/3 10YR3/4 3Fgr ilc
5-20 5YR4/4 5YR3/4 3Fsbk slg Rocky structure
20-95 5YR4/4 5YR3/4 3Msbk - Rocky structure
P5 0-10 10YR3/2  10YR2/1 2F gr slg
10-30 5Y 4/2 5Y 3/2 2M gr w/c
30-60 5Y 4/4 5Y 3/2 3 Msbk slg
60-85 $oa
P6 0-15 7.5YR 3/2 7.5YR 1Fgr slg
2/2
15-55 75YR 4/2 75YR 3Msbk s/d Some mottles
312
55-95 10YR7/6  10YR4/3 3 Mshk - Some mottles
Abbreviations: Boundary: a = abrupt; ¢ = clear; g = gradual; d = diffuse; s = smooth; w = wavy; i = irregular.

Structure: Grade- 3: strong, 2: moderate, 1: weak. Size- F: fine, M: medium. Type-, sbk: subangular blocky, gr:
granula.

Four types of topography are being used: smooth (a plane with few or no irregularities),
wavy (has undulations in which depressions are wider than they are deep), irregular

(has pockets that are deeper than they are wide), and broken
(discontinuous or interrupted boundaries) (Schoeneberger et al., 2012). In the studied
profiles topography was smooth generally, wavy in profiles P2, P5, and irregular in profile
P4. Distinctness was generally gradual, and clear between horizons of profiles P3, P6.

2. Physical and chemical properties

The results of the laboratory analysis of the physical and chemical properties in table 4
show that the pH values were neutral. The water content varied between horizons and was
associated with the organic matter and clay amount. The percentage of organic carbon in
profiles took a natural direction and decreased with depth.

The total carbonate percentage decreased in the studied profiles. This percentage increased
slightly in P1 formed from serpentine rocks. This is due to the alteration of this ultramafic
rock (Zedef et al., 2000)

The percentage of sand was high in the horizons of the studied profiles, except P3, and this
is due to the composition of the mineral parent material and the immaturity of profiles. In
the P3 profile (pegmatitic gabbro parent material) the percentage of clay increased, due to
the transformations of the minerals constituting the parent material
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(Schwertmann & Taylor, 1989; Coleman & Jove, 1992), which reflects greater
development of this profile than other profiles.

The total carbonate percentage decreased in the studied profiles. This percentage increased
slightly in P1 formed from serpentine rocks. This is due to the alteration of this ultramafic
rock (Zedef et al., 2000)

The percentage of sand was high in the horizons of the studied profiles, except P3, and this
is due to the composition of the mineral parent material and the immaturity of profiles. In
the P3 profile (pegmatic gabbro parent material) the percentage of clay increased because
of the transformations of the minerals constituting the parent material (Schwertmann &
Taylor, 1989; Coleman & Jove, 1992), which reflects greater development of this profile
than other profiles.

Table 4. Some soil physical and chemical properties of studied profiles.

Profile Depth % Soil texture
(cm)
P1 pH Water content  OM Total Clay  Silt Sand
carbonate
0-15 7.67 5.76 1.07 3.75 46 25 29 Clay
15-55 7.69 10.88 1.34 20 37 22 41 Clay loam
55-95 7.5 4.48 0.67 30 10 23 67 Sandy loam
P2 0-20 7.92 17.89 1.2 20 20 21 59 Sandy clay loam
20-55 7.35 3.92 0.83 75 12 10 78 Sandy loam
55-90 7.61 5.03 0.6 5 14 17 69 Sandy loam
P3 0-5 7.64 3.9 121 11.25 47 16 37 Clay
5-40 75 34 0.34 25 71 15 14 Clay
40-75 7.79 43 0.28 3.75 24 23 53 Sandy clay loam
P4 0-5 757 4.13 1.97 7.5 8 12 80 Loamy sand
5-20 7.81 4.42 0.87 12.5 6 14 80 Loamy sand
20-95 7.66 4.16 0.47 3.75 8 16 76 Sandy loam
0-10 7.44 5.03 4 10 39 28 33 Clay loam
PS 10-30 7.44 5.03 0.7 8.75 24 29 47  Loam
30-60 7.51 3.43 134 175 16 27 57  Sandy loam
60-85 7.74 4.32 0.67 175 6 10 84  Loamy sand
P6 0-15 7.3 3.6 5 3.75 28 19 53 Sandy clay loam
15-55 7.98 4.2 1.67 25 33 12 55 Clay loam
55-95 7.03 312 134 25 16 11 73  Sandy loam

3. Chemical composition

The percentage of silica was almost constant in the horizons of the studied profiles and
within the natural limits of the soils formed on this type of rock. Generally, the percentage
of silica is related to the parent material and topography (Sidhu et al., 2000). Its percentage
ranged between (35.51 - 45.22%) (table 5). The highest percentage of silica (45.22%) is
found in the P5 profile formed from pegmatitic gabbro parent material (figure 2). There
was a loss of silica in the surface horizons of the P4 profile.
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Table 5 Chemical composition as a percentage of the sampled soils and parent materials.
"yl)

sio, ALO;  Fe,04 cao Mg0  K,0 Na,0 SO, cl H,0 Lol Sum
0-15 40.29 3.77 13.6 6.98  10.03 024 076  0.14  0.04 9.2 22.94 81.85

P1 15-55 41.89 3.84 14.29 6.22 15.67 0.14  0.75  0.13  0.04 1.6 21.95 82.98
55-95 41.53 10.31 9.59 6.45 125 0.44 074  0.13  0.03 132 18.68 81.71

Average 41.24 5.97 12.49 6.55 1273 027 075 0.3  0.04 11.33  21.19 82.18
0-20 41.02 8.82 9.73 10.95 10.86 0.13  0.92  0.15 0.07 5.9 20.44 82.67

P2 20-55 40.95 9.21 8.89 1093  11.67 0.02  1.02 0.14  0.04 6.7 21.31 82.89
55-90 41.02 9.71 8.6 10.19  12.11  0.01  1.07  0.12  0.04 20.6 21.2 82.88

Average 41.00 9.25 9.07 10.69 11.55 0.05 1.00 0.14 0.05 11.07 20.98 82.81
0-5 39.51 13.58 12.45 8.64 547  0.26 1 0.15  0.03 5.4 12.75 81.1

P3 5-40 39.29 16.82 14.01 7.46 441 0.7 0.8  0.14  0.04 4.9 10.66 83.23
40-75 44.32 6.51 11.23 10.09  10.51 0 0.78  0.13  0.03 8.4 19.38 83.58

Average 41.04 12.30 12.56 8.73 6.80 0.14 0.89  0.14 0.03 6.23 1426 82.64
0-5 35.51 11.57 18.01 7.36 629 0.16 0.89  0.14 0.036 6.3 12.63 79.96

P4 5-20 39.71 11.23 17.61 7.38 477 0.1 091  0.14  0.03 8.5 10.99 81.88
20-95 37.28 11.64 19.57 6.86 523 0.02 074 0.12  0.03 7.8 11.09 81.5

Average 37.50 11.48 18.40 7.20 543  0.10 085 0.13  0.03 7.53 11.57 81.11
0-10 44.39 9.45 11.1 8.89 7.2 1.1 1.3 0.18  0.05 7.5 14.78 83.57

ps 10-30 43.6 9.07 10.6 9.6 7.2 0.8 1.2 0.20  0.04 10.8  15.29 82.23
30-60 45.45 8.95 10.6 9 8.7 0.6 1.2 0.13  0.03 9.9 16.56 84.72

60-85 44.32 9.48 11.1 9.1 8 0.2 1 0.12  0.03 10.7 15.87 83.92

Average 44.44 9.24 10.85 9.15 778  0.68  1.18  0.16 0.038  9.73  15.63 83.61
0-15 43.87 8.13 9.47 11.11 9.1 0.15 0.9 0.14  0.03 4.8 18.64 82.92

Pé 15-55 45.22 7.04 9.16 11.35  10.82 0.06  0.81  0.14  0.04 3.4 20.71 84.65
55-95 39.14 14.19 12.62 1039 5.62  0.03 1.1 0.18  0.04 6 14.28 83.3

Average 42.74 9.79 1042 1095 851 0.08 094 0.15  0.04 4.73 17.88 83.62

The percentage of iron and aluminum oxides is second, after silica, and the highest
percentages were in profile P4 formed from basaltic parent material.

There was an accumulation of iron oxide in the soil horizons of P1 profile, and a loss of
aluminum oxide in the P6 profile, compared with the parent material. In the P3 profile
(pegmatitic gabbro parent material), an accumulation of aluminum and iron oxides was
observed, in the center of the profile, which was morphologically reflected on the
coloration of the soil of the profile in red, with a loss of calcium and magnesium oxides,
which can be attributed to the biogeocycling of the elements and the activity of weathering
processes (Asio & Jahn, 2007).

There was an accumulation of magnesium oxide in the soil horizons of the
P1 and P6 profiles, compared with the parent material. In contrast, in the P3 profile, the
highest percentage was found in the parent material.

In general, the percentages of calcium oxides were relatively low, especially in P1 formed
on serpentine (figure 2), which is due to the nature of the mineral composition of the parent
material. The percentage of calcium oxide was close between the horizons of the same
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profile, except for profile P3, in which this percentage in the horizons of the soil was less
than that of the parent material (figure 3), which may be due to its exposure to a leaching
process.

The percentage of sodium and potassium oxides decreased in the soil profiles, which is due
to the rapid movement and leaching of these two elements, especially in the prevailing
climatic conditions in the region.

The molecular ratios of SiO,/R,03 were almost constant between horizons of one profile
except for profiles P3 and P6.

A decrease in the values of SiO,/R,O3was observed within the surface horizons of profile
P3, which indicates the activity of weathering processes and accumulation of
Fe,O3+Al,03. In contrast, this percentage increased in the surface horizons of
profile P6, which reflects the occurrence of liberation and leaching of these oxides with the
activity of the weathering process.

The molecular ratio [CaO+MgO+K,0/SiO,+Fe,03+Al,03] was almost constant between
horizons of one profile, and ranged between (0.15-0.37). This percentage increased in the
surface horizons of profile P4 (Not exposed to much weathering) compared to the parent
material.

The results in Table 6 show that a high molecular ratio MgO/CaO were in all horizons of
studied profiles, as a result of the richness of the parent materials in ferromagnesian
minerals. The highest values of this ratio were in P1 formed on serpentine, especially in the
center of the profile, with the following values (3.22-3.53 -2.71), and according to the
sequence of horizons.
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Figure 2. Percentage change of some major element oxides in soil profile horizons with depth.
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Table 6 Some chemical weathering indices in the horizons of the studied profiles

Profile Depth R SiO,R SiO,/ALL,O, SiO,/Fe,05 CIA cIw wiP MgO/CaO Ca0+MgO+K,0/
(cm) SiO,+ Fe,03+Al,03
P1 0-15 0.12 5.51 18.17 7.90 20.95 21.26 71.38 3.22 0.18
15-55 0.13 5.50 18.55 7.82 23.20 23.41 67.50 3.53 0.15
55-95 0.16 4.30 6.85 11.55 43.40 44.30 61.74 2.71 0.15
P2 0-20 0.15 4.64 7.91 11.24 28.99 29.13 67.69 1.39 0.25
20-55 0.15 4.68 7.56 12.28 29.89 29.91 69.87 1.49 0.26
55-90 0.15 4.59 7.18 12.72 32.43 32.44 69.03 1.66 0.24
P3 0-5 0.21 3.12 4.95 8.46 43.46 43.86 48.66 0.89 0.20
5-40 0.25 2.59 3.97 7.48 52.50 52.80 40.84 0.83 0.16
40-75 0.13 5.51 11.57 10.52 24.91 24.91 61.94 1.46 0.22
P4 0-5 0.23 2.62 5.22 5.26 27.06 43.76 172.45 1.20 0.37
5-20 0.22 3.01 6.01 6.01 30.04 42.91 128.46 0.90 0.29
20-95 0.24 2.63 5.44 5.08 43.07 46.58 54.34 1.10 0.18
P5 0-10 0.17 4.40 6.79 12.53 36.37 37.78 63.37 1.13 0.21
10-30 0.16 4.53 7.00 12.82 34.30 35.27 62.29 1.05 0.22
30-60 0.16 4.74 7.29 13.54 35.70 36.51 63.77 1.35 0.20
60-85 0.17 4.38 6.76 12.47 37.63 37.94 56.70 1.23 0.20
P6 0-15 0.14 5.26 9.17 12.35 27.09 27.24 63.19 1.15 0.25
15-55 0.13 5.97 10.92 13.16 24.18 24.24 66.99 1.33 0.25
55-95 0.22 2.99 4.69 8.27 40.59 40.63 52.51 0.76 0.23

The value of the indicators CIA and CIW increased in the surface horizons of the third
profile compared to the parent material, indicating the activity of the weathering process in
these horizons (figure3). The lowest values of these indicators were in the horizons of the
fourth profile.

The indicator (WIP) took an opposite direction (figure3), and its values were lowest in the
horizons of the third profile and highest in the horizons of the fourth profile.

Generally, rocks from the upper crust and unweathered igneous rocks have CIA values
of ~ 50, whereas the soils and sediments derived from intensely weathered rocks, and
containing residual clay minerals such as kaolinite and/or gibbsite, have CIA values
approaching 100 (Fedo et al., 1995; Kalinin et al., 2021; Ozaytekin et al., 2012). Soils with
CIA values of (50 to 60) are classified as very slightly weathered, slightly weathered
(60 to 70), moderately weathered (70 to 80), highly weathered (80 to 90), and extremely
weathered (90 t0100) (Nesbitt & Young, 1982).

In the profiles examined in the current study, the CIA values varied from 20.95 in the P1
profile to 52.5 in the P3 profile.
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Figure 3 Changes of weathering indices CIA, CIW
and WIP values with depth for soil samples derived from ophiolitic rocks.

When the interrelationship between (WIP) and (CIA) was (figure 4) it was found that the
surface horizons of all profiles, except for profile P3, were very slightly weathered.
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Figure 4 Interrelationship between two weathering proxies- weathering index of Parker (WIP) and
chemical index of alteration (CIA) for soil samples derived from ophiolitic rocks (Babu et al., 2021).

The research samples were applied to a triangular diagram A-CN-K, based on
(Neshitt & Young., 1984; Fedo et al.,1995; Lambe, 1996; Peng, 2023; Borges et al.,
2008). It was found that profiles samples are all positioned on line A- CN, which reflects
the high initial abundance of CaO and Na,O in these samples.

Samples of the surface horizons of profile P3 (gabbro-pegmatite) are located close to the
smectite composition, reflecting high concentrations of alumina-bearing minerals and
intermediate weathering of calcium and sodium minerals of this profile in a Mediterranean
climate. The ophiolite trend does not intersect the A-K joint, which reflects very low initial
values of K in the parent material. All other profiles samples fall into the weak weathering
range (Figure 5)
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Figure 5 A-CN-K ternary diagram of molecular proportions of Al203- (CaO + Na20)-K20 for studied
soils (Nesbitt & Young., 1984; Fedo et al.,1995; Lambe., 1996; Peng, 2023; Borges et al., 2008) shown at
the side is the CIA scale (Nessbit & Young, 1982). The CIA scale is divided into the simplified typical
weathering profile described by the Geological Society of London in Lambe (1996).
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Nesbitt and Young (1989) introduced an A-CNK-FM diagram to illustrate the relationship
between leucocratic and melanocratic constituents in weathering (figure 6).
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Figure (6) A~-CNK-FM diagram showing the weathering of ophiolitic soils in Al- Bassit region (Nesbitt and
Young, 1989; Nesbitt et al., 1996). A-A203; CNK - CaO* + Na20 + K20; FM — FeO* (total FeO) + MgO.

The line Feldspar—FM represents the joining of feldspar to FM [FeO* (total FeO) + MgO].
Solid arrows show general trends with increasing weathering. Dashed arrows represent
subsequent depletion or enrichment from the general weathering trend. The vertices
correspond to the molecular ratios.

The A-CNK-FM diagrams showed that profiles samples tends to the vertex FM of the
triangle, which reflects the high content of ferromagnesian minerals of parent materials,
particularly in profile P1 (derived from serpentinized peridotite). P3 profile
(Coarse-grained pegmatite gabbro) has the highest percentage of alumina, which reflects
the richness of this profile in aluminosilicate minerals resulting from the development of
weathering processes, (Fig. 6; Table 5).

Conclusion:

In general, according to the morphological characteristics studied, the profiles were in the
early stages of development.

In the P3 profile (pegmatic gabbro parent material), the percentage of clay increased
because of the transformations of the minerals constituting the parent material, which
reflects greater development of this profile than other profiles.

the chemical composition showed that the percentage of iron and aluminum oxides is
second after silica.

The behavior of chemical elements is influenced by the parent materials. There was an
accumulation of iron and magnesium oxides in the soil horizons of the P1 profile
(serpentine). In the P3 profile (gabbro), an accumulation of aluminum and iron oxides was
observed,

The interrelationship between (WIP) and (CIA) and the indicator (WIP) revealed that the
surface horizons of all profiles, except for profile P3, were very slightly weathered.
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The triangular diagram A-CN-K shows that samples of the surface horizons of profile P3
(gabbro-pegmatite) had high concentrations of alumina-bearing minerals and intermediate
weathering of calcium and sodium minerals. All other profiles samples fall into the weak
weathering range.

The A-CNK-FM diagrams showed the high content of ferromagnesian minerals of parent
materials, particularly in profile P1 (derived from serpentinized peridotite).
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