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Abstract

The main aims of this study are to study the mineralogical composition of very fine sand fraction and estimating the
origin, uniformity and weathering degree of the soil material in the soils of the investigated area. A total of forty-
three soil samples were collected from twelve soil profiles according to the pedomorphic variations. The investigated
soil profiles show a coarse texture of sand and loamy sand, as well as moderately coarse texture of sandy loam. The
light fraction was the fundamental constituent of the very fine sand fraction of the studied soils. Ferthermore, all soil
samples of the studied area were exhibits relatively low contents of heavy fraction in the very fine sand fraction and
their index figures. The light minerals were mainly composed of quartz followed by feldspars, with irregular
distribution of these minerals with depth. Opaques minerals were the most predominant constituent in all samples.
They range from 35.78 to 91.25 % of the heavy fraction, without any systematic vertical distribution. Whereas the
non-opaques were the less abundant in the heavy minerals of most of the studied soil samples and include zircon,
tourmaline, pyroxenes (augite and enstatite), garnet, epidot, rutile, biotite, amphiboles (hornblende) and staurolite.
The assemblages and frequencies of these light and heavy minerals of the studied soil samples suggest that the origin
of these soils derived from different provenances. Regarding, uniformity of the studied profiles, the results showed
these soils were formed from materials of heterogeneity nature and could be considered young from the pedologic
point of view. These results also showed that weathering ratios in the surface layer were lower than in the subsurface
layer of the majority of soil profiles reflecting a slight effect of weathering in the surface layer and pronounced
amounts of the resistance minerals in these sediments.
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1. Introduction

The variations in soil properties are
usually attributed to the changes in
climate, soil runoff, erosion, and
sedimentation processes which affect soil
origin and uniformity (Sulieman et al.,
2021). Studying of heavy minerals is
considered as criteria for establishing
genesis and uniformity of soil parent
material. The study of parent material
uniformity is a very vital and suitable
media  for  assessing  pedological
processes and forming the soils (Lizzoli
et al., 2021). The resistant heavy
minerals and their distributions vertically
within the upper horizons of solum have
been utilized to distinguish between
pedological and geological processes
(Siqueira et al., 2021). Varied species of
heavy minerals have been employed but
the most common minerals in dry soils
are quartz, xenotime, zircon, tourmaline,
and rutile (Salman et al., 2021).
Numerous mineralogical studies have
been carried out on the Egyptian Desert
soils by Faragallah and Essa (2011),
Amer et al. (2020), Elwan (2021), Aref et
al. (2021) and Yossif et al. (2022).
Mineralogical studies are usually carried
out on the fine and very fine sand sub
fractions to know the type and
distribution of constituent minerals in
soils and rocks. Studies on heavy
minerals have been used by soil scientists
to answer the questions of the origin of
soil material and to recognize the
depositional differences in horizons of
soil profiles as well as an index of

weathering processes throughout the soil
profile, an indicator of the level of most
plant nutrients, and a base for evaluating
profile soil development (Amer et al.,
2020; Yossif et al., 2022). Faragallah and
Essa  (2011) studied that the
mineralogical composition of khamasin
wind dust between the fringes of eastern
and western deserts throughout the Nile
valley, Assiut. They found the minerals
of the khamasin dust in 2008 were in the
order of quartz> K-feldspar> calcite>
magnetite> epidote> anhydrite> garnet>
augite> tourmaline> zircon> limenite>
plagioclase>goethite> actinolite>
hematite. However, the minerals of the
khamasin dust in 2009 had the order of
quartz> K-feldspar> calcite> epidote>
magnetite>  tourmaline>  anhydrite>
augite> plagioclase> limenite> rutile>
hematite>limonite> hematite> garnet>
actinolite. Mineralogical composition of
the sand fraction in some soils of south
Tushka area showed that light minerals
were the major component and mainly
dominated by quartz which constitutes
more than 89%. Feldspars are depicted
with a few amounts not exceed 11% and
represented by plagioclase, orthoclase
and microcline. On the other hand, heavy
minerals were the least and dominated by
opaques which constitute from 33% to
60.3%. Non-opaque minerals were
dominated by pyroboles (pyroxene +
Amphiboles) followed by very stable
minerals (Zircon, rutile and tourmaline).
Slightly stable minerals (garnet and
epidote) and stable minerals (staurolite,
kyanite, silimanite and andalusite) are
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found in less pronounced amounts (Amer
et al., 2020). Elwan (2021) studied some
soils in west El-Minia, Western Desert,
Egypt and he found that the light
minerals associations in the studied soils
were dominated by quartz, gypsum,
feldspars, calcite, mica, and chlorite.
However, heavy mineral percentages
(1.46 — 16.34%) were increased from the
west to the east of the investigated
transect across the slope gradient. The
highest concentration of heavy minerals
(10.09 — 16.34%) was detected in the
lower soils. The identified heavy
minerals were pyroxene (augite and
hyperthene), amphiboles (hornblende and
actinolite), garnet, staurolite, Kkyanite,
zircon, tourmaline, rutile, epidote,
zoisite, biotite, monazite, glaconite, and
opaques. Opaque minerals (39.33 to
61.33%) constitute the most predominant
constituent in all studied soil samples.
The heavy minerals characteristics
suggest their mixed sources from
sandstone, limestone, and metamorphic
rocks. Some soils of west Manfalut,
Assuit, Egypt have highest frequency of
opaques and ubiquitous was found in the

north of the study area. Furthermore,

pyroboles and para-metamorphic
minerals were detected in maximum
contents in the south portion. A

significant positively correlation was
found between Augite & Apatite, while a
significant negatively one was observed
between  Tourmaline and  Zircon.
Maturity index values were dominantly
less than 75%, indicating weakly
developed soils. Morphological
characterization and vertical distribution
of ZIT, ZIR, and Z/R+T showed that
parent materials of the investigated soils
are apparently formed of heterogeneous
depositional regimes (Aref et al., 2021).

2. Materials and methods
2.1 Site description

The investigated area is located at the
western part of the Nile Valley of Egypt,
approximately 35 km northwest Aswan
in the western desert. It lies between
longitudes 32°35'00” and 32°48'00"E
and latitudes 24°35'00” and 24°45'00"N
(Figure 1).

Figure (1): A location map of the study area.
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The study area is a desert region with no
land use. According to Saleh et al. (2015)
the climatic conditions of El-Galaba
plain region are typically a desert like
condition characterized by an extremely
arid climate with long hot rainless
summer, mild winter with very low to no
amount of rainfall. The mean temperature
in winter ranges from 16.1 to 18.7 °C and
159 to 17.3 °C in Aswan and Kom
Ombo stations, respectively. In summer,
the mean temperature ranges from 32.9
°C to 33.4 °C and 32.4 to 33 °C in Aswan
and Kom Ombo stations, respectively.
The intensity of rainfall at EI-Galaba area
is very low to negligible as the annual
intensity reaches 0.7 mm in Aswan and
1.2 mm in Kom Ombo stations,
respectively, while no rain is recorded in
summer. Although rainfall is not
significant throughout the year, some rare
and irregular storms take place over
scattered localities during the winter
season. El-Galaba plain area represents a
part of the geological formation of the
western desert as illustrated in Figure (2)
and it can be summarized as follows:

1) Umm Barmil Formation (Santonian-
Campanian) is exposed to the south and
southwest of the investigated region and
it forms low topographic hills. It is
composed of fluviatile  sandstone
sequences with cross-bedded sandstone.

2) Quseir Formation (Campanian) crops
out to the east which is close to the River
Nile in the north at Faris village. It is
made of fine sandstone and siltstone

beds.

3) Duwi Formation (Campanian) crops
out as relic hills in the west of Idfu. It
consists of Phosphate beds and gluconitic
sandstone (Said, 1990).

4) Dakhal Formation (Maastrichtian—
Paleocene) is well exposed in G. El
Borga and Sinn El Kaddab plateau with a
thickness of 131 m. It consists mainly of
dark gray marine shale with calcareous
intercalations (Hewaidy and Soliman,
1993).

5) Kurkur Formation (Paleocene), which
is exposed in the scarp face of the Sinn
El Kaddab plateau, directly overlies
Dakhla Formation and underlies Garra
Formation. It consists of phosphatic
limestone with silty shale and marl
intercalations that have thickness of 21 m
(Ali, 2003).

6) Garra Formation (Paleocene) is well
exposed in the G. El Boraga and the
scarp face of Sinn El Kaddab plateau
with a thickness of 30 m of grayish white
limestone and marl beds (Ali, 2003). A
lower Eocene crops out in Sinn El
Kaddab plateau and comprises Dungul,
(brown reefal limestone), EI-Rufuf (well
bedded limestone) and Serai Formations
(thinly bedded limestone). Quaternary
deposits cover areas in the west of ldfu-
KomOmbo. These are described as sand,
sandy gravels and gravels from some of
the distributed quarrying in the west of
Idfu and Faris village (Basheer and
Mosaad, 2018).
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Figure (2): Geological map of El-Galaba plain region modified from Conoco
(1987) (adopted from Mosaad and Basheer, 2020).

2.2 Remote Sensing and GIS works

In the current study, remote sensing tool
was used, and it was expressed by
Landsat 8 operational land imager (OLI)
satellite image dated 2018/03/28, in row
43 and path 174 (Figure 3). The bands
were chosen with the ultimate
applications of the data more firmly in
mind. A selection of the most adequate
combination of bands (7, 5, and 3) was
executed in this study according to
NASA (2013). The image has a swath
width of 170 km x 185 km with a spatial
resolution of 30 m. In the current study,
remote sensing tool was used, and it was
expressed by Landsat 8 operational land
imager (OLI) satellite image dated
2018/03/28, in row 43 and path 174
(Figure 3). The bands were chosen with
the ultimate applications of the data more
firmly in mind. A selection of the most

adequate combination of bands (7, 5, and
3) was executed in this study according
to NASA (2013). The image has a swath
width of 170 km x 185 km with a spatial
resolution of 30 m. The images were
geometrically corrected, and rectification
method was followed. The geometric
model used in the rectification process
was second order polynomial and the
resampling method is the nearest
neighbour method. Digital Elevation
Model (DEM) was used as the source
data for elevation heights of the study
area (Figure 4). Geographic information
systems (GIS) works including base map,
digital elevation model (DEM) and
distribution of heavy minerals of the sand
fraction in the soil surface layers maps
were produced using ArcGIS 10.4.1
software (ESRI, 2014). Map production
for presentation or visual analysis and

interpretation includes pixel, map and
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geographic  (latitude/longitude) grids; polygons, polylines and geometric shapes;
scale-bars; north arrows; text and symbols;  map keys, legends and image insets.
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Figure (3): Landsat 8 operational land imager (OLI) satellite image.
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Figure (4): Digital elevation model of the study area.

2.3 Field studies

profiles were dug down to the suitable
depth according to the nature of the soil

A semi-detailed survey was conducted in  material unless it was hindered by a bed

the study area;

thus, thirty-six soil rock or water table. The locations of
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these soil profiles were recorded in the
field using the Global Positioning System
"Garmin GPS" as given in Figure (5).
Sixty-seven representative soil samples
were collected from different layers of all
investigated soil profiles according to the

pedomorphic variations. The mechanical
analysis of each layer was carried out.
According to the soil texture of layers
twelve soil profiles were selected to
study of mineralogical composition of
sand fraction (Figure 6).
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Figure (6): soil profiles location map of the sand fraction.

2.4 Analytical methods

The collected soil samples were air-dried,

crushed, sieved to pass through 2 mm
sieve and stored in plastic containers for

different  analysis.  The  physical
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properties and mineralogical analyses of
the investigated soil samples were
determined at Faculty of Agriculture
laboratories, Al-Azhar University, Assuit

Egypt.

2.4.1 Some physical properties

The gravel content was measured by
volume according to Schoenberger et al.
(2012). The particle-size distribution of
the soil samples was performed using the
pipette method that was described by
Gavlak et al. (2005).

2.4.2 Mineralogical analysis of the sand
fraction

Forty-three soil samples from twelve soil
profiles of the investigated area were
prepared for the examination of light and
heavy minerals using Brewer (1964)
method. Accordingly, soil samples were
treated with sodium acetate (Na
C2H302.3H20) 0.5 M, 136 g/l, adjusted
to pH 5 with acetic acid for carbonate
removal, 30% H>O: for organic matter
and manganese oxides removal. The soil
samples were washed with distilled water
to ensure the removal of soluble salts.
After decantation of both silt and clay,
the sand fractions (63-125 p) were
separated, then washed, dried and kept
for minerals examination. The separated
sand fraction was re-sieved through a 100
pUm sieve to obtain the very fine sand
(50-100 pm). Separation of heavy and
light minerals in the very fine sand was
carried out using bromoform separation

(sp.g. 2.85) technique. Mounting of
heavy and light fractions was undertaken
according to the method described by
Brewer (1964), in which the grains were
first fixed to slides with natural Canada
balsam (R.I = 1.538). The index figure
was calculated as follows:

. Heavy mineral weighted
Index figure = — - - X 100
Light mineral weighted

About 500 mineral grains were identified
and counted in each slide using the
polarizing microscope. The minerals
described and identified according to
Kerr (1959) and Milner (1962). The
ratios between two or more of the highly
resistant minerals were used to evaluate
the soil uniformity and maturity, while
the ratios between the less stable and
ultra stable minerals were used to
evaluate the weathering rate and the
development of soils according to
Brewer (1964) and Hammad (1968).

2.4.3 Calculation of uniformity and
weathering ratios

According to Chapman and Horn (1968)
the uniformity ratios were applied as
zircon / tourmaline (Z/T), zircon /rutile
(Z/R) and zircon / (rutile + tourmaline)
(Z/IR+T) for different layers of soil
profile. Concerning weathering rate, the
ratios between the most susceptible
weathered minerals (amphiboles and
pyroxenes) and the more resistance ones
(zircon and tourmaline) as formula of
A+P [ Zr+T and H / Zr+T are calculated
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for the assessment of the efficiency of
weathering processes throughout the
studied soil profiles.

3. Results and discussion

3.1 Particle-size distribution

Nearly every of the soil use and
management is influences by soil texture,
which refers to the proportions of sand,
silt and clay. It plays a key role in
controlling a variety of physical and
chemical properties of soil, especially
when fine particles found more prevalent
(Poeplau and Katterer, 2017). Data in
Table 1 reveal that, the investigated soil
profiles show a coarse texture of sand
and loamy sand, as well as moderately
coarse texture of sandy loam according to
Sys (1979). These respective texture
grades represent 79.07, 18.60 and 2.33%,
respectively, of the soil samples in this
investigated area. Additionally, the
studied soil samples have 91.54, 4.19%
and 4.27% as average contents of sand,
silt and clay, respectively (Table 1).
Different layers of most soil profiles
exhibit no systematic pattern of sand, silt
and clay contents with depth. The
average of gravel content is 15.09%
without any specific trend of their
distribution with depth. Most of soil
samples in the study area have gravels

content less than 15%.

3.2 Mineralogy of the sand fraction

Minerals in the sand fraction are
inherited from the parent material or
formed during alteration. The kind and
amount of heavy minerals present in the
soil are associated to its origin and that
semiquantitative determination of such
minerals are usually adequate to establish
soil origin.

3.2.1 Light minerals

The main dominant minerals in the
investigated portion are quartz followed
by feldspars. Quartz grains are colourless
of low relief and occur mainly as single
irregular grains. The dominancy of quartz
over other members of the light minerals
is mostly related to its resistance to
weathering and disintegration during the
multi cyclic processes of sedimentation.
Other light minerals are plagioclase,
orthoclase and microcline. Their grains
are usually colourless, low relief, having
distinct cleavage and showing twinning
property. In soils feldspars are usually
cloudy and slightly weathered whereas
quartz is usually clear. On the other hand,
the presence of feldspars could be taken
as indication for the weathering prevailed
during the soil formation that was not so
drastic to cause a complete dissolution of
minerals susceptible to weathering.
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Table (1): Some Physical properties of the soil profiles of the studied area.

Profile No. | Depth (cm) | Sample No. | Gravel by volume (%) Sand (%) | Silt I(D;Or)tlcIas;;e(g;)stnbutuﬁxmre grade
0-20 1 3.87 88.87 6.38 4.75 Sand
1 20 - 60 2 25.34 96.87 1.87 1.26 Gravelly sand
60 - 70 3 22.27 97.67 1.55 0.78 Gravelly sand
70 - 150 4 8.99 98.47 0.74 0.79 Sand
0-25 5 4.81 94.47 2.96 2.57 Sand
25 -50 6 25.51 95.27 3.15 1.58 Gravelly sand
2 50 - 110 7 8.24 96.07 1.55 2.38 Sand
110 - 120 8 28.81 96.87 1.72 1.41 Gravelly sand
120 - 150 9 13.07 94.47 2.87 2.66 Sand
0-25 10 4.27 91.27 3.47 5.26 Sand
25-45 11 5.65 89.75 3.87 6.38 Sand
3 45-55 12 27.41 88.07 5.55 6.38 Gravelly loamy sand
55 - 120 13 18.39 89.67 4.75 5.58 Gravelly sand
120 - 150 14 25.19 89.67 4.75 5.58 Gravelly sand
0-35 15 2.02 93.67 1.95 4.38 Sand
4 35-70 16 17.91 91.27 3.56 5.17 Gravelly sand
70-110 17 18.13 96.07 0.75 3.18 Gravelly sand
110 - 150 18 13.82 96.87 0.83 2.30 Sand
0-30 19 2.60 95.27 3.15 1.58 Sand
30 - 60 20 4.28 92.87 3.17 3.96 Sand
5 60 - 80 21 22.20 85.87 7.59 6.54 Gravelly loamy sand
80 - 105 22 28.97 92.07 4.08 3.85 Gravelly sand
105 - 150 23 19.66 92.07 3.95 3.98 Gravelly sand
0-20 24 1.39 97.67 0.75 1.58 Sand
6 20 - 40 25 9.66 89.67 6.35 3.98 Sand
40 - 150 26 20.58 77.14 13.37 9.49 Gravelly sandy loam
0-20 27 141 97.67 0.85 1.48 Sand
7 20-45 28 28.88 85.95 7.67 6.38 Gravelly loamy sand
45 - 150 29 19.67 93.67 2.35 3.98 Gravelly sand
0-25 30 1.28 91.48 3.74 4.78 Sand
8 25 - 65 31 4.44 93.89 2.94 3.17 Sand
65 - 90 32 21.67 90.47 4.75 4.78 Gravelly sand
90 - 150 33 18.81 90.47 4.26 5.27 Gravelly sand
0-20 34 5.67 80.93 10.30 8.77 Loamy sand
9 20-55 35 22.24 85.67 8.97 5.36 Gravelly loamy sand
55 - 150 36 21.31 90.47 4.75 4.78 Gravelly sand
10 0-50 37 3.61 93.67 0.89 5.44 Sand
50 - 150 38 27.06 86.67 6.95 6.38 Gravelly loamy sand
0-20 39 9.65 90.14 3.89 5.97 Sand
11 20 - 80 40 28.14 84.10 8.80 7.10 Gravelly loamy sand
80 - 150 41 17.29 96.07 0.75 3.18 Gravelly sand
12 0-25 42 6.63 83.32 9.60 7.08 Loamy sand
25-150 43 28.18 93.67 3.95 2.38 Gravelly sand
Minimum 1.28 77.14 0.74 0.78
Maximum 28.97 98.47 13.37 9.49
The frequency distribution of light up to 1.82% as a maximum content of the
minerals of the sand fraction in the light fraction. The  fundamental

studied soil profiles is present in Table
(2). The data manifest that quartz is the
most abundant mineral in all the
estimated samples. Quartz frequency
differs between 98.18 and 99.78% of the
light fraction. While feldspars comprise

constituent of feldspars is plagioclase,
meanwhile orthoclase and microcline are
present as lower contents or traces. Both
quartz and feldspars minerals are not
easily impacted by weathering processes,
therefore their distribution could serve as
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an indication of uniformity of parent

materials.

Table (2): Frequency distribution of the light minerals in the sand fraction (63-

125p) of the representative soil profiles.

. Feldspars (%)
Profile No. Depth (cm) Quartz (%) Plagioclase Orthoclase Microcline

0-20 98.54 0.76 0.49 0.21
1 20 - 60 99.71 0.16 0.10 0.03
60 - 70 98.57 0.63 0.48 0.32
70 - 150 98.83 0.47 0.47 0.23
0-25 99.78 0.12 0.03 0.06
25 - 50 99.78 0.16 0.05 0.00
2 50 - 110 99.38 0.36 0.13 0.13
110 - 120 99.13 0.32 0.39 0.16
120 - 150 99.57 0.36 0.00 0.06
0-25 99.65 0.19 0.08 0.08
25-45 99.43 0.25 0.11 0.22
3 45 - 55 99.44 0.36 0.10 0.10
55-120 99.74 0.17 0.05 0.05
120 - 150 99.45 0.38 0.04 0.13
0-35 99.51 0.28 0.09 0.11
4 35-70 99.49 0.19 0.13 0.19
70-110 98.18 0.91 0.51 0.41
110 - 150 98.68 0.80 0.17 0.34
0-30 99.15 0.37 0.31 0.18
30 - 60 99.56 0.19 0.12 0.12
5 60 - 80 99.04 0.36 0.16 0.44
80 - 105 98.99 0.62 0.22 0.17
105 - 150 98.82 0.51 0.26 0.41
0-20 99.36 0.25 0.22 0.16
6 20 - 40 99.73 0.14 0.07 0.07
40 - 150 99.55 0.22 0.22 0.00
0-20 99.25 0.42 0.23 0.09
7 20 - 45 99.37 0.28 0.14 0.21
45 - 150 98.63 0.50 0.32 0.55
0-25 99.62 0.20 0.03 0.14
8 25 - 65 99.39 0.36 0.05 0.20
65 - 90 99.15 0.49 0.22 0.13
90 - 150 99.55 0.06 0.17 0.23
0-20 99.66 0.12 0.18 0.03
9 20 - 55 99.35 0.32 0.08 0.24
55 - 150 99.39 0.31 0.06 0.25
10 0-50 99.61 0.16 0.07 0.16
50 - 150 99.75 0.08 0.04 0.12
0-20 99.39 0.26 0.21 0.14
11 20-80 99.39 0.24 0.09 0.28
80 - 150 98.70 0.52 0.26 0.52
12 0-25 98.95 0.46 0.35 0.25
25-150 98.70 0.62 0.28 0.40
Minimum 98.18 0.06 0.00 0.00
Maximum 99.78 0.91 0.51 0.55

3.2.2 Heavy minerals

The main heavy minerals which were
detected in the studied samples are
opaques, zircon, tourmaline, pyroxenes

(augite and enstatite), garnet, epidot,
rutile, biotite, amphiboles (hornblende)
and staurolite. The frequency distribution
of the heavy minerals could be discussed
in the same order as given in Table (3).
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Table (3): Frequency distribution of heavy minerals of the studied soil profiles.

Profile No. I?Ceﬁ]t)h Opaques | Zircon | Tourmalin Au:?/tro;r:;ﬁ e Garnet | Epidot | Rutile | Biotite Al‘_ingf:l;?:nlzs Staurolite

0-20 63.75 | 22.50 6.60 191 1.04 1.10 | 0.52 | 0.93 | 0.70 0.49 0.46

1 20-60 | 77.12 7.30 4.10 3.62 1.55 0.80 | 2.07 | 1.55 | 0.40 1.03 0.37

60-70 | 57.58 |14.10 3.00 7.07 10.10 1.00 | 404 | 1.01 | 1.00 1.01 0.00

70-150 | 35.78 | 18.30 5.50 11.01| 7.34 6.40 | 459 | 3.67 | 4.60 1.83 0.92

0-25 60.21 | 13.70 8.00 3.85 1.03 310 | 2.76 | 2.89 | 1.80 1.28 1.48

25-50 | 62.22 |18.70 4.90 4.89 1.11 110 | 1.11 | 222 | 2.20 0.89 0.67

2 50-110 | 81.17 4.00 2.80 2.77 1.50 1.10 | 2.17 | 0.84 | 2.50 0.84 0.30

110-120( 54.25 |13.10 3.90 7.19 3.27 2.00 | 588 | 2.61 | 3.90 2.61 1.31

120-150( 62.60 | 15.20 3.50 3.52 1.63 1.10 | 298 | 1.90 | 4.60 1.90 1.08

0-25 61.13 | 20.90 7.80 2.19 0.55 1.60 | 2.28 | 1.37 | 0.80 1.00 0.46

25-45 | 63.19 | 18.00 7.60 1.99 0.40 290 | 0.88 | 2.55 | 0.60 0.96 0.88

3 45-55 | 77.49 |14.70 3.10 0.51 0.20 0.90 | 042 | 1.44 | 0.60 0.44 0.15

55-120 | 79.21 | 10.40 3.10 1.30 0.45 1.60 | 0.39 | 1.04 | 1.90 0.26 0.32

120-150( 75.80 | 11.50 4.70 2.14 0.59 1.10 | 0.36 | 1.07 | 1.80 0.47 0.47

0-35 69.28 | 15.60 9.20 1.51 0.47 0.90 | 0.61 | 1.04 | 0.60 0.68 0.18

4 35-70 | 75.79 |13.00 4.10 1.58 0.34 0.70 | 057 | 2.26 | 0.90 0.57 0.23

70-110 | 79.12 9.80 2.90 1.25 0.63 150 | 1.04 | 167 | 1.30 0.63 0.21

110-150| 75.57 8.50 5.00 3.45 2.16 1.10 | 1.29 | 0.72 | 0.90 1.15 0.14

0-30 68.73 | 12.80 10.50 1.10 1.22 1.20 | 1.22 | 0.99 | 0.90 0.88 0.44

30-60 | 66.63 |[13.70 11.00 1.87 041 1.30 | 1.32 | 0.56 | 1.30 1.37 0.46

5 60-80 [ 7453 |[14.20 3.90 1.68 0.84 0.60 | 1.05 | 1.68 | 0.80 0.52 0.21

80-105 | 77.49 9.20 7.00 1.43 0.86 0.80 | 0.62 | 0.72 | 0.90 0.81 0.33

105-150| 74.64 9.00 6.90 2.59 2.13 0.60 | 0.69 [ 091 | 1.40 0.84 0.38

0-20 59.01 | 9.50 8.10 8.11 4.05 1.80 | 2.25 | 1.80 | 3.20 1.35 0.90

6 20-40 | 76.46 |10.40 6.30 1.77 0.67 0.50 | 0.53 [ 1.73 | 0.60 0.62 0.38

40-150 | 83.68 | 7.90 1.60 1.17 0.42 0.70 | 0.84 | 2.43 | 0.30 0.42 0.59

0-20 75.77 | 5.50 11.60 1.38 0.79 0.30 | 0.40 [ 1.09 | 0.50 2.18 0.49

7 20-45 | 75.63 | 8.20 6.70 2.65 1.53 1.00 | 0.84 | 1.11 | 0.30 1.25 0.84

45-150 | 86.71 4.40 2.80 1.28 0.78 030 | 046 | 1.24 | 1.30 0.46 0.23

0-25 80.12 | 6.00 7.70 1.02 0.68 0.50 | 1.57 | 0.88 | 0.30 1.02 0.27

8 25-65 | 8244 | 5.70 5.90 1.57 0.59 0.40 | 0.65 [ 0.59 | 1.30 0.59 0.27

65-90 | 82.39 | 6.30 5.60 0.74 1.05 0.30 | 0.84 [ 0.91 | 0.60 0.98 0.35

90-150 | 86.71 3.20 3.20 1.49 1.06 0.60 | 0.91 [ 0.91 | 0.60 1.20 0.14

0-20 80.21 8.80 5.50 0.91 0.33 0.70 | 1.00 | 1.29 | 0.40 0.48 0.33

9 20-55 | 83.36 | 6.80 1.90 2.02 0.62 1.10 | 1.24 | 1.09 | 0.50 0.93 0.47

55-150 | 88.05 3.50 3.00 1.11 0.32 0.60 | 0.65 | 0.46 | 1.60 0.42 0.42

10 0-50 78.50 | 3.60 10.60 1.06 0.69 1.40 | 098 | 0.69 | 0.50 1.14 0.74

50-150 | 91.25 | 2.20 1.70 1.03 0.57 0.70 | 0.69 | 0.40 | 0.70 0.40 0.40

0-20 87.00 2.70 4.90 0.94 0.36 0.60 | 0.50 | 1.20 | 0.60 0.86 0.34

11 20-80 [ 85.07 4.50 2.00 1.77 0.55 110 | 0.77 | 221 | 1.10 0.22 0.66

80-150 | 80.14 3.50 2.10 2.84 1.42 0.70 | 0.71 | 2.13 | 2.80 1.42 2.13

12 0-25 81.76 4.20 5.90 1.28 0.90 1.10 | 0.54 | 1.70 | 0.60 1.25 0.71

25-150 | 87.86 | 2.10 1.10 2.97 2.24 0.90 | 0.33 [ 0.94 | 0.70 0.57 0.33

Minimum 35.78 2.10 1.10 0.51 0.20 0.30 | 0.33 | 0.40 | 0.30 0.22 0.00

Maximum 91.25 |[22.50 11.60 11.01 | 10.10 6.40 | 5.88 | 3.67 | 4.60 2.61 2.13
3.2.2.1 Opaque opaques because it is not possible to
identify their individuals without the use
The opaque minerals are mainly of the reflected light. They are found
constituted of iron oxides such as associated with transparent rock-forming
ilmenite, magnetite, hematite, and minerals. These minerals constituted the

goethite and mostly found in subrounded,
angular and irregular shapes. These
minerals were counted and reported as

greater part of the heavy minerals in all
soil samples (Table 3). Their content
varies widely from 35.78 to 91.25% of
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the total heavy minerals. Also, the
frequency distribution of the soil surface
layers differs between 59.01 and 87.00%
(Figure 7). The Ilowest content is

recorded in the deepest layer of soil
profile 1, meanwhile the deepest layer of
soil profile 10 comprehends the highest
percentage.

WE

ararsE

Figure (7): Frequency distribution of opaques, zircon, tourmaline and augite minerals in

the soil surface layers of the studied area.

No consistent trends of variations in such
minerals could be noted within most soil
profile (Figure 8).

3.2.2.2 Zircon

Zircon grains are characterized by their
trigonal system, prismatic habit with
pyramidal terminations, colorless, very
high relief, parallel extinction, strong
birefringence, unaxial positive
interference figure and inclusions are

represented by fluid and glass. It shows a
maximum frequency of 22.50% of the
non-opaque minerals in the surface layer
of profile 1 and a minimum frequency of
2.10% in the deepest layer of profile 12
as given in Table (3). Irregular pattern of
the frequency distribution in most soil
profiles can be observed with depth
(Figure 8). Whist the frequency
distribution of the soil surface layers
differs between 2.70 and 22.50% as
illustrated in Figure (7).
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~Opaques —Zircon

Soil profiles depth (cm)

Figure (8): Frequency distribution of opaques, zircon and tourmaline minerals with soil

profiles depth of the studied area.

3.2.2.3 Tourmaline

Tourmaline mineral occurs in all
estimated samples in  significant
quantities as its frequency differs among
1.10 to 11.60% (Table 3). Moreover, it
recorded in the soil surface layers (4.90
and 11.60%) as shown in Figure (7). The
highest percentage is recorded in surface
layer of profile 7, whereas the lowest one
is found in deepest layer of profile 12. Its
distribution with depth shows decrease
trend in soil profiles 6, 7, 8, 9, 10 and 12
as given in Figure (8). Tourmaline is
characterized by its trigonal system, well-
rounded prismatic form, it appears as
green to brown grains, strong pleochrism
with maximum absorption parallel to the
analyzer vibration, negative unaxial
interference figure, parallel extinction
and strong birefringence.

3.2.2.4 Pyroxenes

Pyroxene minerals in the studied samples
are found in form of augite and enstatite.

3.2.2.4.1 Augite

Augite is detected as prismatic yellowish
green, sometimes brown grain, showing
no pleochroism with high oblique
extinction angle, very high relief, strong
birefringence and biaxial  positive
interference figure. Augite exists in more
abundant rather than enstatite where its
content differs widely between 0.51 to
11.01%. While the frequency distribution
of the soil surface layers varies from 0.91
and 8.11% (Figure 7). The highest
percentage of augite mineral
characterizes the deepest layer of profile
1 while the lowest one is found in the
third layer of profile 3. Most soil profiles
exhibit no systematic pattern of the
vertical distribution of augite amounts
with depth as shown in Figure (9).

3.2.2.4.2 Enstatite

Enstatite is characterized by their grey
and greenish prismatic grains with
parallel extinction, weak birefringence
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and biaxial positive interference figure.
Data in Table (3) indicate that, the

106-130, 2022.

mineral varies between 0.20 and 10.10%,
without any distinct trend with depth in

frequency distribution of enstatite  most of soil profiles (Figure 9).

:1 1 : ~—Augit —Enstatite Garnet
104 ’ ‘/‘

i\
J VA . - ~
- - A LinX " /) /\ / 73
i s Rl \» - \\t\: N SE/4 V4

Soil profiles depth (cm)

Figure (9): Frequency distribution of augite
depth of the studied area.

Where the maximum content is existed in
the third layer of profile 1 (gravelly

, enstatite and garnet minerals with soil profiles

distribution of the soil surface layers
ranges among 0.33 and 4.05% (Figure

sand). Furthermore, the frequency 10).
, —.‘L - Enstatite® _¢' ) )
¢ ¢ o
i, B, A =
— —_— 3 ———
{7 w T
| ®

Figure (10): Frequency distribution of enstatite, garnet, epidot and rutile minerals in the

soil surface layers of the studied area.
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3.2.2.5 Garnet

The metamorphic silicate minerals are
represented by garnet that is an alumina-
nesosilicate. Garnet is found in a cubic
form. The microscopic examination
revealed that, the mineral grains are
mainly colourless having high relief; no
cleavage; rounded and subangular. The
content of this mineral varies from 0.30
to 6.40% (Table 3). It shows irregular
distribution with depth throughout most
of the studied soil profiles (Figure 9).
While the frequency distribution of the

soil surface layers ranges among 0.30
and 3.10 % as given in Figure (10).

3.2.2.6 Epidotes

The frequency distribution of epidotes
ranges from 0.33% in the deepest layer of
profile 12 to 5.88 % in the fourth layer of
profile 2 (Table 3). Whilst the frequency
distribution of the soil surface layers
varies from 0.40 and 2.76 % as illustrated
in Figure (10). The distribution of
epidotes within soil profiles does not
have any specific pattern (Figure 11).

——Rutile Biotite

Soil profiles depth (cm)

Figure (11): Frequency distribution of epidotes, rutile and biotite minerals with soil

profiles depth of the studied area.

They mainly include pistacite and less
amounts of zoisite and clinozoisite.
Pistacite appears as irregular prismatic,
yellowish green grains, giving weak
pleochroism, strong birefringence and
negative biaxial interference figure.
Zoisite and clinozoisite are characterized
by prismatic colorless grains with ultra-
blue interference tints, but they are
different in extinction since the former
shows parallel extinction, whereas the
latter shows oblique extinction.

3.2.2.7 Rutile

Nonsilicate oxide minerals are mainly
represented by rutile. Rutile mineral is
detected within all the investigated
samples in lower amounts. The mineral
amounts are not exceeding 3.67% of the
non-opaque minerals without irregular
trend with depth in most deferent layers
of soil profiles (Table 3 and Figure 11).
The frequency distribution of the soil
surface layers in the range of 0.69 to
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2.89% (Figure 10). It is characterized by
a tetragonal system, a prismatic form
with pyramidal termination, often with
slightly rounded habit, a reddish brown
or a bloody-red color, high relief, distinct
pleochrism, straight extinction, extreme
birefringence and a positive unaxial
interference figure.

3.2.2.8 Biotite

Biotite is distinguished by its cleavage
flakes with jagged edges, brown or

yellow colour, non-pleochroism, strong
birefringence, parallel extinction and
negative uniaxial interference figure.
Data in Table (3) show that biotite is
present in all soil samples as little
amounts with a maximum percentage of
4.60% in the deepest layer of profile 2.
Moreover, the frequency distribution of
the soil surface layers differs among 0.30
to 3.20% (Figure 12). No specific pattern
of biotite distribution in most studied soil
profiles can be observed with depth as
given in Figure (11).

raver
“; Hornblind%
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Figure (12): Frequency distribution of biotite, hornblinde and staurolite minerals in the soil

surface layers of the studied area.

3.2.2.9 Hornblend

Amphiboles minerals in the studied
samples are only represented by
hornblend. It grains are characterized by
their green elongated platy cleavage

flakes with weak pleochroism, low
oblique extinction, moderate
birefringence and biaxial negative

interference figure. Data in Table 3 show
that, hornblend was identified in all the
examined samples in amounts ranging
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between 0.22 and 2.61% of the non-
opaque minerals. Meanwhile the
frequency distribution of the soil surface
layers varies from 0.48 and 2.18%
(Figure 12). Amphiboles minerals show
irregular distribution with soil depth in
most soil profiles (Figure 13).

3.2.2.10 Staurolite

The maximum percentage of staurolite
(2.13 %) in the heavy fraction is recorded
in the deepest layer of profile 11, without
non-consisted trend with depth in most
layer of soil profiles (Table 3 and Figure 13).

~~Hornblind

~-Staurolite

Soil profiles depth (cm)

Figure (13): Frequency distribution of hornblend and staurolite minerals with soil profiles

depth of the studied area.

However, the frequency distribution of
the soil surface layers ranges between
0.18 and 1.48 % (Figure 12). It appears
as platy golden yellow to reddish brown

grains  with moderate pleochroism,
moderate birefringence, parallel
extinction and  positive  biaxial

interference figure.

3.3 Index figure

The index figure values differ among
1.80 and 36.84 %, as shown in Table (4).
The varied sources and construction of
parent materials and/or depositional
processes that contribute to notable
variation in the light and heavy minerals
composition may be linked to differences
in index figures of the studied soils.

3.4 Soil origin, and

weathering ratios

uniformity

Investigation of heavy minerals is
counted as standard for evaluating
genesis and homogeneity of soil parent
material. Cherian et al. (2004) and
Kasper-Zubillaga et al. (2005) recorded
some methods such as microscopic
analyses to evaluate mode of
transportation and consequently genesis
of the sediments through the shape and
surface features of the grains. The
occurrence of quartz in a very high
content could reflect the acidic igneous
rocks and also feldspars as orthoclase but
feldspars as plagioclase indicate the basic
igneous origin (Pettijohn, 1975). The
occurrence of ferro- and calcium
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magnesium- silicate minerals, such as,
amphiboles and pyroxenes in pronounced
amounts and the ultra-stable minerals
such as tourmaline, zircon, rutile and

could

indicate

Table (4): Relative abundance of heavy and light fractions and index figure of
very fine sand fraction (0.125-0.063 mm) of representative soil samples of the

studied area.

] Very fine sand Light fraction Heavy fraction Indexfigure
Profile No. | Depth em) | “\weight (@) | Weight(g) | (%) | Weight (@) | (%] 0
0-20 2.00 1.88 94.00 0.12 6.00 6.38
1 20 - 60 1.13 1.11 98.00 0.02 2.00 1.80
60-70 0.55 0.46 84.00 0.09 16.00 19.57
70 - 150 0.20 0.18 90.00 0.02 10.00 11.11
0-25 2.00 1.89 95.00 0.11 6.00 5.82
25-50 2.00 1.91 96.00 0.09 5.00 4.71
2 50 - 110 1.44 1.33 92.00 0.11 8.00 8.27
110 - 120 0.75 0.68 91.00 0.07 9.00 10.29
120 - 150 0.26 0.19 73.00 0.07 27.00 36.84
0-25 2.00 1.90 95.00 0.10 5.00 5.26
25-45 2.00 1.83 92.00 0.17 9.00 9.29
3 45 -55 2.00 1.89 95.00 0.11 5.00 5.82
55 - 120 2.00 1.79 90.00 0.21 11.00 11.73
120 - 150 2.00 1.90 95.00 0.10 5.00 5.26
0-35 2.00 1.85 93.00 0.15 8.00 8.11
4 35-70 2.00 1.89 95.00 0.11 6.00 5.82
70-110 1.81 1.74 96.00 0.07 4.00 4.02
110 - 150 2.00 1.85 93.00 0.15 8.00 8.11
0-30 2.00 1.87 94.00 0.13 6.00 6.95
30-60 2.00 1.83 92.00 0.17 9.00 9.29
5 60 - 80 2.00 1.94 97.00 0.06 3.00 3.09
80 - 105 2.00 1.82 91.00 0.18 9.00 9.89
105 - 150 2.00 1.82 91.00 0.18 9.00 9.89
0-20 2.00 1.93 97.00 0.07 3.00 3.63
6 20 - 40 2.00 1.91 96.00 0.09 4.00 4.71
40 - 150 2.00 1.90 95.00 0.10 5.00 5.26
0-20 2.00 1.94 97.00 0.06 3.00 3.09
7 20 - 45 2.00 1.94 97.00 0.06 3.00 3.09
45 - 150 1.70 1.61 95.00 0.09 5.00 5.59
0-25 2.00 1.92 96.00 0.08 4.00 4.17
8 25-65 2.00 1.92 96.00 0.08 4.00 4.17
65 - 90 2.00 1.92 96.00 0.08 4.00 4.17
90 - 150 2.00 1.91 96.00 0.09 5.00 4.71
0-20 2.00 1.86 93.00 0.14 7.00 7.53
9 20-55 2.00 1.87 94.00 0.13 6.00 6.95
55 - 150 2.00 1.87 94.00 0.13 6.00 6.95
10 0-50 2.00 1.95 98.00 0.05 3.00 2.56
50 - 150 2.00 1.91 96.00 0.09 4.00 4.71
0-20 2.00 1.78 89.00 0.22 11.00 12.36
11 20-80 2.00 1.94 97.00 0.06 3.00 3.09
80 - 150 0.90 0.86 96.00 0.04 4.00 4.65
12 0-25 2.00 1.91 96.00 0.09 5.00 4.71
25 -150 1.53 1.41 92.00 0.12 8.00 8.51

The presence of opaques, pyroxenes and  rocks; epidotes represent

rutile reflect basic igneous rocks; zircon,
apatite represent the acidic

igneous

metamorphic
biotite, tourmaline as well as garnet

rocks

garnet with lesser amounts of monazite,
staurolite, biotite, apatite and kyanite
igneous
metamorphic sources (Milner, 1962).

and/or

the

and amphiboes,
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represents igneous and/or metamorphic
rocks (Nechaev and Isphording, 1993).
Data in Table (5) representing the
frequency distributions of uniformity
ratios of zircon/tourmaline  (Z/T),
zircon/rutile (Z/R) and zircon / (rutile +
tourmaline) (Z/R + T). These findings
detect some variations among the layers
of the profiles. The vertical distribution
of the uniformity ratio values in the
investigated soil profiles of the study

area change irregularly depth wise
(Figure 14). This emphasizes that these
soils are formed from materials of multi-
origin and/or heterogeneity nature and
they could be considered young from the
pedologic point of view. The weathering
ratios were calculated for the different
layers of each soil profile (Table 5 and
Figure 15) that provided a fairly good
confirmation for the results obtained
from the studied uniformity ratios.

Table (5): Uniformity and weathering ratios of some studied soil profiles.

Uniformity ratio

Weathering ratio

ARl e, et (i) ZrR ZnT ZHR+T A+PIZr+T HIZr+T

0-20 24.28 341 2.99 0.12 0.02

. 20-60 471 .78 1.29 0.54 0.09
60-70 13.96 | 4.70 352 1.06 0.06

70 - 150 4.99 3.33 2.00 0.85 0.08

0-25 474 L7l 1.26 0.28 0.06

25-50 8.42 3.82 2.63 0.29 0.04

2 50 110 475 1.43 1.10 0.75 0.12
110- 120 5.01 3.36 2.01 0.7 0.15

120- 150 8.01 434 2.82 0.38 0.10

0_25 15.27 2.68 2.28 0.13 0.03

25-45 7.06 237 177 0.13 0.04

3 45-55 1021 | 4.74 3.24 0.06 0.02
55 - 120 10.00 3.35 251 0.15 0.02

120 - 150 10.77 2.45 1.99 0.20 0.03

0-35 15.01 1.70 152 0.11 0.03

. 35-70 5.75 317 2.04 0.15 0.03
70-110 5.87 3.38 2.14 0.20 0.05

110- 150 1183 .70 1.49 0.50 0.09

0-30 12.87 1.22 111 0.14 0.04

30-60 24.60 1.25 1.19 0.15 0.06

5 60-80 8.47 3.64 2.5 0.17 0.03
80-105 12.86 1.31 .19 0.19 0.05

105 - 150 9.85 1.30 115 0.35 0.05

0-20 5.27 117 0.96 0.7 0.08

6 20-40 6.03 1.65 1.30 0.18 0.04
40 - 150 3.26 4.94 1.96 0.21 0.04

0-20 5.06 0.47 043 0.25 0.13

7 20-45 7.36 1.22 1.05 0.36 0.08
45 - 150 3.56 1.57 1.09 0.35 0.06

0-25 6.78 0.78 0.70 0.20 0.07

e 25-65 9.59 0.97 0.88 0.24 0.05
65-90 6.92 1.13 097 0.23 0.08

90 - 150 351 1.00 0.78 0.58 0.19

0-20 6.82 1.60 1.30 0.12 0.03

9 20-55 6.25 3.58 2.28 0.41 0.11
55 - 150 7.59 117 .01 0.28 0.06

" 0-50 5.18 0.34 032 0.20 0.08
50 - 150 5.49 1.29 1.05 0.51 0.10

0-20 2.25 0.55 0.44 0.28 0.11

1 20-80 2.03 2.25 1.07 0.39 0.03
80 - 150 1.65 1.67 0.83 .01 0.25

B 0-25 247 0.71 055 0.34 0.12
25150 2.24 1.91 1.03 1.81 0.18

Zr = Zircon, R = Rutile, T = Turmaline, A = Amphiboles, P = Pyroxines, H = Hornblende.
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Figure (14): Depth-wise patterns for uniformity ratios of the studied soils.

The results of weathering ratios show
that the obtained values are high
reflecting the weak effect of weathering
processes on these soils under the
prevailing arid climate and/or confirm
their relatively high content of less stable
minerals of pyroxenes and amphiboles.
These results also showed that
weathering ratios in the surface layer
were lower than in the subsurface layer

of the majority of soil profiles that reflect
a slight effect of weathering in the
surface layer and pronounced amounts of
the resistance minerals in these
sediments. The variations in uniformity
and weathering ratios among the soil
profiles and also between the layers in
each profile emphasis that these soils are
formed from multi-origin and/or due to
multi-depositional regimes.
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Figure (15): Depth-wise patterns for weathering ratios of the studied soils.

4. Conclusion

The main aims of this paper are to study
the mineralogical composition of very
fine sand fraction and knowing the
origin, uniformity and weathering degree
of the soil material in the soils of the
investigated area. From the research
outputs, it is possible to conclude that the
studied soils are recently formed and
have low impact of soil forming

processes. The difference and random
fluctuation in the distribution of heavy
mineral associations in the sand fractions
are mainly attributed to variations in
nature of provenance, and environment
of deposition. The variations in
weathering ratios among the soil profiles,
as well as between the layers within each
profile, emphasis that these soils are
formed from multi-origin and/or due to
multi-sedimentation regimes.
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