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HE PURPOSE of this work is to study the mineralogical characteristics in an area north

of the Western Desert, Egypt to give an idea about origin and genesis of soils as well as
their uniformity and weathering.The study area divided into four main geomorphological units:
terraces, escarpment, structural platform and sand accumulation.The sand fraction consists of
light and heavy minerals. The light minerals are the main constituent of sand fraction and
consists mainly of quartz (2 92 %) followed by feldspars (plagioclase and orthoclase) in
addition to muscovite and calcite minerals. The heavy minerals consist of opaques and non-
opaques. Opaque minerals are the major heavy fraction constituent and composed essentially
of iron oxide minerals. The complementary non-opaque minerals consist of: (a) Sedimentary
origin minerals, which also named ultrastable or index minerals, are mostly dominating the non-
opaque minerals. (b) Igneous origin minerals or unstable minerals are the second abundance
minerals. (c) Metamorphic origin minerals or metastable (index) minerals are detected
in considerable portions. The vertical distribution of the index minerals and the uniformity
ratio values in the studied soils change irregularly depth wise. This indicates that these soils
were formed from materials of multi-origin. The clay minerals could be present as a result of
inheritance from parent material by alteration, degradation of primary minerals and addition.
The variation in the relative content of the present clay minerals may be attributed mainly to
sedimentation regime varieties (e.g., recycling from different sedimentary precursors) and /or
to the nature of the source rocks.
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Introduction al., 2009). Clay minerals are not only the most
reactive inorganic components of soils, largely
governing soil behaviors and properties, but they
exhibit an extreme degree of both compositional
and structural variability that result from intensive
pedogenic weathering (Feldman et al., 2008).
Bahnasawy (2016) studied the sand mineralogy of
North West Wadi El Natroun. The obtained results
reveal that light minerals are mainly composed
of quartz followed by low amounts of feldspars.
Plagioclase and /or microcline predominate in the
studied soils. Moreover, orthoclase is commonly
the least abundant.

Soil mineralogy aims to study and understand the
soil mineral phase, which makes up about 90% of
the solid volume of mineral soils. This scientific
discipline encompasses a diverse range of topics
including: i) the occurrence and distribution
of soil mineral materials, ii) their chemical
composition, and crystallographic properties, iii)
the stability, transformations, and interactions
of soil minerals in natural environments, and
iv) their consequent influence on soil physical
and chemical properties and regulating air and
water chemistry (Dixon and Schultze, 2002).

In addition, heavy mineral assemblages have
been deemed as sensitive indicators of sediment
source (Garzantiand Vezzoli, 2008 and Yang, et

The polarized microscopic examination of the
sand fraction in North Western Coast of Egypt
showed that light minerals were dominated by
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quartz then by feldspar minerals. The presence of
feldspars indicates that the soils are young from the
pedological view point. The predominant minerals
in non-opaque minerals were: Pyroxene minerals,
Parametamorphic  minerals.  High-resistance
mineral for weathering was predominant with
zircon mineral. Distributions of the resistant
minerals indicate that the soils are generally of
multi-origin and/or multi-depositional regime and
are thus young. X-ray diffraction of clay minerals
showed the predominance of kaolinite, followed by
montmorillonite (Bahnasawy, 2018). Ismail, et al.
(2012) studied the mineralogy of the sand fraction
in south east of El-Qattara Depression (near the
studied area). The light minerals are the main
constituent of sand fraction and consists mainly of
quartz (= 90%) followed by feldspars (plagioclase
and orthoclase) in addition to muscovite and calcite
minerals. The heavy minerals consist of opaques
and non-opaques. Opaque minerals are the major
heavy fraction constituent in all the examined soils
and composed essentially of iron oxide minerals.
The complementary non-opaque minerals consist
of: (a) Sedimentary origin minerals, which also
named ultrastable or index minerals, are mostly
dominating the non-opaque minerals. (b) Igneous
origin minerals or unstable minerals are the
second abundance minerals. (c) Metamorphic
origin minerals or metastable (index) minerals

are detected in considerable portions. The source
rocks of sand in the study area are mixture of
sedimentary, igneous and metamorphic rocks. The
vertical distribution of amphiboles, pyroxenes
and index minerals change irregularly depth wise
indicating that the study soils are recent, poorly
developed and immature from the pedogenic point
of view.

The aim of this work is to study the mineralogical
characteristics in an area north of the Western Desert,
Egypt to give an idea about origin and genesis of
soils as well as their uniformity and weathering.

Materials and Methods

The study area is located between longitudes °28
58 “19.2” and °29 ‘30 ‘28.8)E and latitudes °28 <44
16.8”and °29 ‘1 22.8»N and it extends in the direction
northeast-southwest with total area of 945 km?. The
study area occupies a portion of the Western Desert
of Egypt (Fig.1). It is located northeast of Bahariya
Oasis. It extends in the direction northeast-southwest.
The study area takes a pentagonal shape where it is
determined by a five lateral sides. The lengths of
northeastern, northern, northwestern, southeastern
and southwestern borders attain 18.7, 15.6, 32.0,
32.4, 27.5 km, respectively. The area falls under the
arid condition as the total rainfall is (3-6) mm/year
(Darwish, 2006).

Fig. 1. Location of the study area
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Geologically, the study area is covered by
extensive exposures of sedimentary successions
ranging in age from Eocene to Quaternary. The
oldest sedimentary rocks are represented by
late folded structure. The surface stratigraphic
succession includes sequences of Middle Eocene,
Upper Eocene, Lower Miocene, Oligocene
and Quaternary sediments. Middle Eocene
sequence is represented by Mokattam Group
(Hamara Formation) and consists of silty neritic
limestone with littoral Oyster beds and thin
shale intercalations. Upper Eocene sequence is
represented by Qasr El-Sagha Formation and
consists of littoral marine to continental clastic
sequence with Oyster beds and Coquina layers;
intercalations of silt and claystones. Lower
Miocene sequence is represented by Moghra
Formation and consists of continental to shallow
marine clastic sequence including shale and
white sandy carbonate beds. Oligocene sequence
is represented by Gebel Qatrani Formation and
consists of sequence of continental to littoral
marine alternating clastics, burrowed siltstone
and reddish claystone. Quaternary sediments are
represented by small areas of sand accumulations
in the western part of the study area (Said,1990).

Geomorphologically, sentinel 2 image taken
during the April 2020, triangulated irregular
network (TIN map), digital elevation model
(DEM map), geological map and data verification
by in situ observation were used for delineating
the main geomorphologic units. The study area
can be divided into four main geomorphlgical
units; namely, terraces, escarpment, structural
platform and sand accumulation (Fig. 2). Each
of these units shows distinct geomorphological
features:

1- Terraces unit: The limestone terraces represent
the main geomorphological unit where it
characterizes the region and covers more than
two-thirds of the area. The surface rises above
sea level with values reaching its maximum at
the northeastern part, where it attains up to 233
m, whereas the lowest is located to the southwest
and attains up to 160 m. The terraces can be
distinguished into four subunits; high, medium,
low and very low terraces. In general, the surface
is covered by few to many vary sized gravels,
shifting sand and desert pavement interspersed
sometimes by rock outcrops, also there are some
scattered desert plants. The residual hills (Mesas
and Buttes) and drainage lines represent the main
erosional landforms on the surface of the terraces.

2-  Escarpment unit: At its southwestern portions
the terraces is delimited by escarpment extends
in a northwest- southeast trend. This escarpment
has an elevation ranges from 135 to 150 m (a.s.l)
and height ranges between 20 and 40 m. This
escarpment distinguishes the area into two parts
eastern homogeneous for being belongs to the
limestone plateau and western heterogeneous
for being belongs to the approaches of Bahariya
Oasis.

3- Structural platform unit: The southwestern part of
the area represents the approaches of the Bahariya
Oasis. From the geomorphological point of view,
this part differs from the latter as it shows the
relative disturbance, which is, resulted from the
impact of the Bahariya Oasis structure, which
is considered an anticlinal fold with northeast —
southwest axis. The surface in this area reveals a
slope in the northwest direction.

4- Sand accumulation unit: Few sand accumulations
of aeolian origin occur in the western part of the
study area.

Fig. 2. Geomorphological units and soil profile locations in the study area
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Field work

Field investigations were carried out in the
study area using geological map (1:100,000),
topographic map (1:50,000) and sentinel 2 image
were used in this study for geomorphic mapping.
Variant geomorphologic units were identified
in the study area. Guided by the identified
geomorphological units; 63 soil profiles were
selected and allocated by the portable global
positioning system (GPS). Delegate 176 soil
samples have been collected from the troubled soil
profiles according to the morphological variations.
Government of the spurious soil profiles in the
study area is shown in Fig. 2. The expanse of fact-
finding in the studied profiles was usually about
150 cm except when met bed rock to locate the
type of boundaries and general lithology.

Lab analyses

Particle size distribution using pipette methods,
CaCO,, EC, and gypsum content according to
(USDA, 2004). Sand fraction: Separation of the
light and heavy minerals was carried out for all
samples by using bromoform (specific gravity =
2.87) on the very fine sand fraction (0.125-0.063
mm in diameter) according to Mange and Maurer
(1992). The light and heavy fractions were
weighted and the index figure (I.F) was calculated
as follows (El-Demerdash et al. 2000):

Heavy mineral weighted
LF = x 100
Light mineral weighted

The separated light and heavy grains were per-
manently mounted on glass slides using Canada
balsam. Systematic identification of the heavy
minerals (sp. gr. > 2.87) was carried out under the
polarizing microscope as described by Mange and
Maurer (1992). About 500 grains in random fields
were counted for each sample and the percentages
of each mineral were calculated.To obtain an in-
tegral knowledge on the mineralogical composi-
tion of sand fraction, the light minerals (sp. gr. <
2.87) were identified according to the procedure
described by Folk (1980).

Clay fraction

The mineralogical analysis of clay fraction
(<2 p) was carried out on 17 representative soil
samples to declare the clay mineral association of
different geomorphologic units.Clay fraction was
separated by settling technique (Folk, 1980). Du-
plicate oriented slides were prepared for certain
natural clay fraction. The first slide was X-rayed
before and after heating to 550° for two hours.
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The second was X-rayed after the exposure to a
saturated glycerol atmosphere at 60°.

The X-ray diffraction analysis (XRD) was
carried out for 17 samples using X-ray appara-
tus (Scintag, Inc., U.S.A, X, Advanced Diffrac-
tion System with Cu-radiation and Ni filter). The
XRD data were interpreted using data published by
Brown and Brindly (1980) and schemes adopted by
Dixon and Weed (1977). Semi-quantitative (rela-
tive proportions) of clay mineral identified were
estimated by measuring the peak areas of the first
order basal reflection (001) and calculated the per-
centages of frequency according to methods out-
lined by Venkatarathnam and Ryan (1971).

Results and Discussion

The soil depths in most of the studied profiles
are deep (> 100 cm) with some profiles which are
moderate or shallow depth. Soil texture throughout
the entire depth of these soil profiles was mostly
coarse-textured where the sand fractions more than
85% of the studied samples. According to USDA
(2010) the study soils are mainly sand and loamy
sand in the different geomorphological units (Table
1). These results consist with the data obtained by
El-Naggar (2017).

The mineralogical composition of fine sand
and clay sizes and their significance are discussed
in the study area as follows:

Mineralogical investigations of sand fraction

The sand mineralogy is commonly used as a
tool to evaluate the environmental provenance and
soil profile uniformity.

Index Figure (I.F)

The index figures of the examined samples are
low and range from 0.1 to 6.7 with an average 2.6.
Values of index figures are almost irregular with
profiles depth indicating non-uniformity of the
layers deposited during the course of soil formation.

Light minerals

The light minerals (sp.gr. <2.87) of the examined
sand fraction are mainly composed of quartz grains
(> 90.0%; Table 2). The quartz grains are mostly
sub-angular to sub-rounded and stained yellow by
ferrugination material. Normal quartz grains with
homogenous straight extinction are commonly
present as single grains. However, slightly
undulose extinction and semi-composite grains are
occasionally found. The predominance of quartz
over other members of light fraction is mostly related
to the primary assemblage of the parent material and
its resistance to weathering and disintegration during
the multi-cyclic process of sedimentation.
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TABLE 1. Minimum, maximum and mean values of some physical and chemical properties in the studied
geomorphic units
Sand fractions % Mud %
2y gf\ E] o g o E
25 S8 BF pEr Bz Sz ozzorzz oz o2 3T O OR dg
a & 283 S¢% g g =3 23 @ O ©
1-High Terraces
Min. 110 1.0 22 5.8 14.2 6.4 1.1 3.8 1.5 3.40 0.10 7.1 32
Max. 150 22.5 27.1 41.0 351 418 15.7 13.1 5.1 23.50 3.20 8.0 47.4
Mean 130 10.2 12.8 17.5 22.5 19.7 7.3 6.9 3.0 12.13 1.78 7.5 249
2-MediumTerraces
Min. 100 1.5 0.9 6.0 11.2 6.0 1.1 3.2 1.2 2.9 0.0 7.2 33
Max. 150 21.0 26.0 28.7 418 378 233 16.9 7.1 15.4 6.0 8.3 47.5
Mean 125 7.1 10.2 14.6 229 229 9.5 9.5 34 8.0 1.9 7.7 18.7
3- Low Terraces
Min. 90 1.0 1.0 4.1 7.3 3.6 0.4 2.7 1.1 2.5 0.0 7.0 3.0
Max. 140 39.5 43.7 30.8 499 522 18.3 21.9 17.4 20.5 11.9 8.8 62.9
Mean 120 6.9 9.7 15.0 26,1 212 7.4 9.8 4.0 8.0 2.5 7.8 20.1
4- Very Low Terraces
Min. 75 1.0 3.6 6.2 1.2 3.6 0.3 0.3 0.1 22 0.0 6.9 3.4
Max. 130 255 39.2 54.6 479 462 30.3 32.8 15.6 60.6 7.9 8.4 69.8
Mean 115 7.6 11.5 16.6 203 220 9.9 8.3 3.8 8.8 2.1 7.7 20.2
5- Escarpment
Min. 70 1.50 0.40 2.30 4.40 11.5 3.00 2.40 1.30 4.70 0.30 7.0 4.0
Max. 120 28.5 18.4 16.4 33,5  56.6 32.4 30.3 10.5 43.4 7.2 8.0 107.0
Mean 100 9.5 7.1 9.3 1.8 30.0 18.0 10.8 3.6 11.5 2.7 7.6 121.1
6-Stuctural Platform
Min. 50 1.0 0.4 3.5 2.7 0.3 0.1 6.7 1.5 8.0 0.1 72 3.6
Max. 120 42.5 16.7 57.2 323 516 30.5 42.1 15.6 58.5 7.2 8.3 60.5
Mean 90 13.5 6.4 18.4 155 213 9.5 11.8 3.7 21.5 1.4 7.8 20.2

The other members of light minerals are
feldspars (orthoclase and plagioclase series).
Feldspars are rarely occurred in the studied
samples (not exceeding 8%). This could be
attributed to the removal of feldspars during
weathering processes (Hussien and EI-Araby,
1986). Furthermore, other minerals such as calcite
and muscovite are detected and found to be equal
or less than 2.0% in this fraction.

The noticeable variations in light mineral
assemblage and frequency are mostly attributed to
the nature of parent materials from which the soils
were derived in conjunction with sedimentation
regime. Such criteria can be taken as an indication
of the immature soil condition or recent soil
deposits (Khater et al, 2008).

Heavy minerals

The heavy minerals (sp.gr> 2.87) could be
used as a tool to evaluate soil profile uniformity
(Mitchell, 1975). Several investigators emphasized the

importance of heavy minerals in identifying the soil
genesis, among them, Mitchell (1975), Folk (1980) and
Mange and Maurer (1992). The frequency distribution
of the heavy minerals (opaque and non-opaque) will
be discussed in the same order as summarized in Table
3 for different geomorphic units.

A) Opaque minerals

Opaque minerals are generally the major
heavy fraction constituent in all the examined
soils. These minerals are composed essentially
of iron oxides minerals (e.g. hematite, magnetite
and ilmenite) derived from the adjacent iron-rich
rocks. It is ranging from 48.9 to 75.9% with an
average of 56.1% that may indicate recycled
sedimentary rocks (enriched in iron) to the study
area. The weight mean values of opaque minerals
range from 51.6 to 65% with high concentration
in high terraces unit followed by medium and low
terraces units. These results confirm with the data
obtained by El-Demerdash et al. (2000).

Egypt. J. Soil. Sci. Vol. 60, No. 4 (2020)



490 ABDELLATIF D. ABDELLATIF et al.

TABLE 2. Distribution of light minerals (%) in some representative profiles of the studied soils

Geomorphic Profile Depth Quartz Feldspars Others

unit No. (cm) (Orth.+Plag.) (Mus.+Cal.)

. 0-30 94.5 4.5 1.0

T;;iles 8 30-100 92.5 6.0 1.5

100-150 90.0 6.0 2.0

0-15 95.0 5.5 1.5

1 15-85 92.0 6.5 1.5

85-150 90.0 8.0 2.0

. 0-30 94.5 4.5 1.0

?effaf?; 4 30-85 92.0 6.5 1.5

85-150 91.0 7.0 2.0

0-20 95.0 4.5 0.5

28 20-90 92.0 6.5 1.5

90-150 91.0 7.0 2.0

0-25 94.0 5.0 1.0

15 25-50 91.0 7.0 2.0

50-150 90.5 7.5 1.0

L 0-20 94.5 4.5 1.0

Terf;Zes 20 20-85 92.0 6.5 15

85-150 91.0 7.0 2.0

0-15 95.5 3.5 1.0

33 15-75 93.0 6.0 1.0

75-150 91.0 7.5 1.5

Very 0-15 94.0 55 0.5

Low 42 15-75 92.5 6.5 1.0

Terraces 75-135 91.0 8.0 1.0

0-20 95.0 4.0 1.0

Escarpment 57 20-80 92.0 6.5 1.5

80-150 90.5 7.5 2.0

Structural 61 0-45 94.0 5.0 1.0

Platform 45-110 91.0 8.0 1.0

Note:

Orth. = Orthoclase  Plag. = plagioclase
Mus. = Muscovite  Cal. = Calcite

B)Non-Opaque minerals

The complementary non-opaque minerals
are recalculated to be as 100%. The ultrastable
minerals (zircon, rutile and tourmaline) dominant
the non-opaque minerals followed by unstable
minerals (amphiboles and pyroxenes). However,
the metastable minerals (epidotes, garnet, kyanite,
staurolite, sillimanite and andalusite) are detected
in considerable portions.

To substantiate the frequency distribution of
mineral groups and their individual members,
the results and discussion are presented under the
following subheadings:

1- Ultrastable minerals (Index minerals)

The ultrastable or index minerals (e.g.,
zircon, rutile & tourmaline) have a wide range of
abundance in the study area.

a— Zircon: Zircon is present as colorless, pale gray
and has high relief bipyramidal and pyramidal
termination with inclusions. However, some sub-
Egypt. J. Soil. Sci. Vol. 60, No. 4 (2020)

rounded grains without inclusions are present.
Zircon is regarded as one of the most stable
minerals. The mineralogical maturity of heavy
mineral assemblages is defined by the zircon-
tourmaline-rutile (ZTR) index (Hubert, 1962).

Zircon is the most abundant non-opaque
mineral in most of the studied profiles (ranging
from 21.2 to 70.1% with an average of 52.7% of
the total non-opaques). The weight mean values
of zircon range from 33.0 to 63.3%; the highest
values occur in the central and western sides of
the area which may be more affected by recycling
from Nubia Sandstone rocks. The distribution of
zircon in all profiles shows irregular abundance
throughout the entire depth.

b- Rutile: Rutile grains are mostly deep blood
red and brownish red in color with sub rounded
to well-rounded form; which indicates recycled
sedimentary source rocks (Mange and Maurer,
1992). Rutile is considered as the second abundant
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ultrastable minerals in most of the studied soil
profiles (5.4-28.2% with an average of 12.9% of
the total non-opaques). The weight mean values
of rutile mineral ranged from 6.9 to 21.2%. The
distribution of rutile shows irregular pattern
throughout the entire depth.

c- Tourmaline: Tourmaline is represented
by varieties of different colors, e.g. pale brown,
yellowish brown, green brown, yellowish green
and green. However, pale brown and yellowish
brown are the most common varieties. It occurs
as prismatic grains with sub-rounded edges and
characterized by strong pleochroism. Tourmaline
represents the third abundant ultrastable minerals
in most of the studied samples (0.0-16.7% with an
average of 3.6% of the total non-opaques), while
the weight mean values ranged from 0.7 to 6.7%.
The distribution of tourmaline shows irregular
pattern throughout the entire depth.

In conclusion, the occurrence of ultrastable
(index) minerals in the heavy suit means either
(1) the minerals are being reworked from older
sediments or sedimentary rocks (Folk, 1968)
e.g. the Pliocene and Miocene sandstone of
the study area and/or (2) prolonged abrasion
and/or chemical attach has occurred. Physical
and chemical weathering processes on multi-
sources parent materials lead to the prevalence
of immature soil pedons in the study area. This
is indicated by the irregular distribution of the
ultrastable minerals in the different areas and
also by the irregular vertical distribution of such
minerals depth wise.

2- Unstable minerals

Pyroxenes and amphiboles constitute the
unstable minerals which can be weathered and
decay easily than other non-opaque minerals.

TABLE 3. Minimum, maximum and mean values of the heavy minerals distribution in the studied geomorphic units

(Non opaques (recalculated to 100%

@
% E £ g b o s £ 2 @ %
= S < ] 7 = = »

5 ¢ 8N %= F B & & B S 2 F 2z O Z
1-High Terraces

Min. 52.5 393 10.2 22 5.8 6.7 0.0 0.9 23 09 09 09 1.1 0.9 1.1

Max. 69.2 62.2 16.9 2.8 14.6 112 09 5.6 35 1.3 1.8 13 3.1 3.4 1.8

Mean 58.1 52.9 13.2 25 9.0 9.0 0.6 2.5 2.9 1.1 12 1.1 24 1.9 1.5
2-Medium Terraces

Min. 49.5 21.7 8.7 1.6 1.5 1.2 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.1

Max. 75.9 70.1 28.2 5.4 48.9 163 24 14.2 4.6 24 41 20 46 3.9 6.7

Mean 58.2 56.3 13.7 3.1 9.2 6.0 0.9 1.2 22 13 16 13 23 1.3 3.0
Low Terraces 3-

Min. 40.8 32.8 5.5 1.3 4.1 32 0.0 0.0 0.6 06 06 06 1.1 0.8 1.1

Max. 64.7 67.3 20.0 12.6 30.1 164 2.8 2.2 4.6 29 33 29 37 176 5.0

Mean 56.4 54.8 12.5 33 11.0 7.9 0.7 0.7 1.9 1.6 18 16 22 2.9 25
4- Very Low Terraces

Min. 48.5 21.2 5.5 2.5 33 3.4 0.0 0.0 0.0 00 05 05 14 0.0 0.1

Max. 54.7 61.2 56.7 16.7 29.2 125 47 275 275 24 46 34 49 2715 6.l

Mean 522 50.9 14.4 4.7 13.9 6.7 0.5 2.7 3.8 14 18 15 29 3.4 24
5-Escarpment

Min. 49.6 253 5.4 1.8 6.0 4.6 0.0 0.0 0.6 00 06 06 06 1.5 0.8

Max 60.1 63.6 13.8 4.7 40.5 19.7 0.0 2.0 3.0 1.8 54 30 42 2.4 6.2

Mean 552 454 10.2 3.0 20.8 8.5 0.0 1.0 1.7 .1 23 1.5 25 1.9 2.3
6-Stuctural Platform

Min. 50.5 39.5 13.6 2.8 4.5 5.3 0.0 0.0 1.4 06 14 1.7 21 1.1 1.7

Max. 56.1 473 16.9 5.9 19.9 13.6 6.8 1.7 2.8 1.7 28 50 55 2.4 3.1

Mean 532 432 14.7 4.6 13.3 8.0 1.9 1.1 2.1 1.3 22 27 3.0 1.8 23
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a) Amphiboles group: Amphiboles are
represented mainly by hornblende with less
actinolite and glaucophane. The relative high
values of amphiboles are recorded in the
structural platform, escarpment and low terraces
soils. Amphiboles, in general, are recorded with
considerable amounts in all the examined samples
(ranging from 1.5 to 48.9% with an average of
12.7% of total non-opaque) while the weight mean
values ranged from 3.8 to 32.2%.

Three varieties of hornblende were recognized
by the microscopic investigation. They show in a
descending order: olive green, bluish green and
dirty bottle green. Hornblende occurs as prismatic
and tabular grains with rounded to sub-rounded
edges and mostly displays pleochroism from
pale to dark shades with prismatic cleavage. The
actinolite was recorded in a fibrous form with
faint pleochroism, pale green and pale yellowish
green colors. Glaucophane occurs as light pale
blue color with cleavage flakes and prismatic
form.

b) Pyroxene group.: Pyroxenes are commonly
associated with amphiboles, having the same
mode of distribution in different units but with
low quantities (ranging from 1.2 to 19.7% with
an average of 7.4%. The weigh average values
of pyroxenes ranged from 2.9 to 14.9%. Both the
ortho- and clinopyroxene members represent the
pyroxenes and the latter being more abundant.
The dominant variety in the study area is augite
followed by hyperthene and/or dioposide. Augite
is present as yellowish green, greenish yellow,
prismatic with sub-rounded edges.

In conclusion, amphiboles and pyroxenes
are chemically unstable in sediments and they
dissolve at an early stage of diagenesis. Therefore,
they are found only in either well-sealed ancient
sediments or in younger deposits, but in both
cases they are valuable indicator of provenance
(Mange and Maurer, 1992). From the pedoginic
point of view, the presence of amphiboles and
pyroxenes in the study area indicate recent and
poorly developed soils.

3-Metastable minerals

a) Epidote group: Epidotes are recorded in
most of the examined samples (range from 0.0
to 6.8% with an average of 0.8%). The weigh
mean values of epidotes range from 0.0 to 5.1%
and are mainly represented by pistachite. The
pistachite grains are pale green, yellowish green
and brownish yellow in color. In addition, the
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grains are sub-rounded to nearly rounded edges
in shape. The distribution of epidotes indicates a
metamorphic or hydrothermal source rocks.

b) Garnet minerals occur in most layers of the
studied profiles: They are present as brown,
colorless, yellow or as yellowish green with
rounded to subrounded edges and pitted surface.
The weight mean values of garnet ranged from
0.8 to 4.2%.

¢) Staurolite is recorded in all the examined
soils:It is represented by subhedral or platy golden
yellow, brownish yellow or straw yellow. Most of the
grains display pleochroism of different intensities,
specially the straw-yellow tints. The weight mean
values of staurolite ranged from 1.2 to 4.4%.

d) Kyanite is recorded in most of the examined
soils: It is represented by prismatic colorless
angular to subangular grains and characterized
by typical cleavage. The weight mean values of
kyanite ranged from 0.5 to 2.4%.

e) Sillimanite is recorded in most of the
examined soil profiles: It is recognized as colorless
long prismatic or rectangular grains with irregular
terminations and distinct vertical striations. The
weigh mean values of sillimanite ranged from 0.7
to 3.9%.

) Andalusite occurs in the most studied soils:
It is detected as colorless to faintly yellowish
pleochroic sub-angular or prismatic grains with
rounded to sub-rounded edges. The weigh mean
values of andalusite ranged from 0.7 to 3.4%.

In conclusion, garnet, staurolite, kyanite,
sillimanite and andalusite are named as
metamorphic minerals and show a wide range
in the study soils. The metamorphic minerals, as
their name implies, are derived mainly from the
metamorphic rocks (e.g. schists, gneisses and
metamorphosed argillaceous rocks).

4-Biotite

Biotite occurs mainly as reddish brown,
yellowish brown and brown flaky varieties with
common opaque minerals inclusions. Biotite is
present in many of the examined soil profiles
with low quantities (weight mean values ranging
from 0.1 to 2.5% of the non-opaque minerals).It is
evident from results of this investigation that there
is no fundamental mineralogical difference in the
studied soil. Indeed, it appears that there is one
distinct heavy mineral association characterizing
all of these soils. This association is marked by
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the predominance of opaque minerals, ultrastable
minerals, presence of appreciable quantities of
unstable minerals, and less frequently metastable
minerals. There is a noticeable variation in
the quantity of the main heavy minerals in the
different soil profiles of the study area.

Environmental provenances of sands
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
study soils are receiving sediments derived from
mixture of two important provenances:

1- The first and the main provenance is dominated
by sedimentary rocks (mostly Eocene, Miocene
and Oligocene rocks) enriched in ultrastable
minerals (zircon, rutile and tourmaline). This
provenance is the main source of sands in
sediments of the study area.

2-The second provenance is dominated by igneous
and metamorphic rocks which contribute
more amphiboles, pyroxenes, epidotes and
metamorphic minerals. These minerals were
transported to the area by water and wind from
the basement rocks.

Soil uniformity and weathering

This is based on the assumption that certain
minerals are most resistant to weathering during
sedimentation development process (Mange
and Maurer, 1992). Such minerals are termed as
index minerals. Generally, there is an agreement
to consider zircon, tourmaline and rutile as index
minerals because of their resistance to weathering
processes. In this respect, if the total percentages
of the index minerals and/or the ratio between any
two of them are mostly constant throughout the
entire depth of the profile, this might suggest one
parent material dominancy and subjected to the
same sedimentation cycle. On the other hand, a
difference in such trend in the profile marks the
existence of parent material heterogeneity and/or
many sedimentation cycles.

In the -current investigation, uniformity
within the different profiles has been indicated
by applying different parameters, i.e. index
figuresand index minerals (Mitchell, 1975). The
uniformity ratios were also applied i.e. zircon
/ tourmaline, zircon / rutile, zircon / (rutile +
tourmaline) and (pyroxenes + amphiboles) /
(zircon + rutile) for different layers of soil profile
as suggested by Chapman and Horn (1968).

The data of the current investigation (Table 4)
reveal the followings:

1- The vertical distribution of the index minerals
and the uniformity ratio values in the soil
sediments of the study area change irregularly
depth wise. This indicates that these sediments
were formed from materials of multi-origin
and/or heterogeneity nature.

2- The existence of amphiboles and pyroxenes
with considerable amounts indicates that the
study soils are young and poorly developed.

3- The ratios between the most susceptible
weathered  minerals  (amphiboles  and
pyroxenes) and the more resistance ones
(zircon and rutile) as formula of A+P/Zr+R are
calculated for the assessment of the efficiency
of weathering processes throughout the studied
soil profiles (Table 4). The results show that
the obtained values are high reflecting the
effect of weathering processes on these soils
due to their relatively low content of less
stable minerals of pyroxenes and amphiboles.

4- 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. These results confirm with
those obtained by Noaman et al. (1988).

Clay mineralogy

Knowledge of clay minerals is important in
evaluating status of soil fertility, giving a clear
indication about weathering processes, and
sometimes controlling soil and water pollution
(Miller and Donhaue, 1992). Clay fraction is the
most active constituent of soils. It determines
most soil physical and chemical properties as well
as types of reactions that occur in soils (McBride,
1989). The residual minerals, which are either
derived from the parent material or altered during
the course of soil formation, are considered as one
of the useful tools in evaluating profile uniformity
or discontinuity. Also, they are essential to
calculate processes involved in soil formation
(Huang, 1989). Clays add much of the diversity
found in soils and the behavior of soil clays is
influenced also by the associated minerals in the
coarser fractions (Dixon, 1991).

Identification of clay minerals

The clay fraction of soil is commonly composed
of a mixture of one or more secondary layer-silicate
mineral together with primary minerals inherited

Egypt. J. Soil. Sci. Vol. 60, No. 4 (2020)



494 ABDELLATIF D. ABDELLATIF et al.

TABLE 4. Uniformity and weathering ratios in some representative profiles

ﬁ 3 < g = o T i 3 q% S £ = [~ [: i 3
=] o £ = < 2 g ~ =
g7 &% N N § i3 E7 &% NN § £
High Terraces Low Terraces
0-30 28.0 6.1 5.0 0.2
8 30-100 25.5 4.6 39 0.2 29 0-20 12:5 38 29 029
20-90 14.1 5.6 4.0 0.14
100-150 17.5 23 2.1 0.5
Medium Tterraces
0-15 18.6 52 4.1 0.05 0-20 14.4 4.6 35 0.23
32
1 15-85 163 48 37 0.09 20-150 18.0 39 3.2 0.35
85-150 30.0 6.0 5.0 0.13
0-10 30.0 4.7 4.1 0.06 0-15 14.2 4.2 32 0.52
3 10 -75 10.0 1.4 1.2 0.15 33 15-75 53 4.5 2.4 0.16
75-130 31.3 43 3.8 0.15 75-150 15.0 4.6 35 0.11
Very Low Terraces
0-30 14.5 52 3.8 0.26
4 30-85 276 42 36 0.23 0-20 2338 47 40 0.15
85-150 435 62 54 0.14 40 20-45 27 3.3 15 0.18
45-110 10.5 4.5 32 0.52
-1 11. . . 4
0-20 16.4 39 3.1 0.31 0-15 8 96 53 048
1 15-35 13.5 54 39 0.33
20-90 6.7 2.5 1.8 2.14 42
90-150 167 18 11 0.60 35-75 17.7 59 4.4 0.21
' ' ’ ' 75-135 13.5 5.4 3.9 0.24
0-20 21.2 5.9 4.6 0.23
26 20-50 21.0 3.9 33 0.06 46 0-20 16.7 36 30 030
20-80 16.6 4.0 32 0.29
50-110 16.7 42 33 0.18
0-20 143 5.0 3.7 0.21 0-25 10.8 43 31 031
28 20-90 11.1 4.2 3.0 0.11 48 25-60 13.8 4.1 3.0 0.17
90-150 25.0 37 33 0.07 60-130 11.0 4.4 32 0.29
Low Terraces Escarpment
13 0-15 30.0 4.4 39 0.15
0-10 22.0 7.3 5.5 0.22
15-75 26.3 4.8 4.0 0.31 51
10-70 10.9 4.0 2.9 0.33
75-120 18.1 5.0 39 0.23
15 0-25 28.8 52 4.4 0.33
0-35 25.0 5.0 4.2 0.15
25-50 27.5 4.6 39 0.31 54
35-95 18.7 39 33 0.22
50-150 434 5.8 5.8 0.20
0-20 27.5 4.4 3.8 0.18
17 20-50 20.0 23 2.3 0.12 56 0-35 14.9 39 31 049
35-95 9.0 3.8 2.6 1.84
50-75 243 3.4 29 0.48
19 0-40 36.5 2.8 2.6 0.32 0-20 282 37 33 028
40-90 15.7 3.1 2.6 0.40 57 20-80 17.9 7.1 5.1 0.87
90-150 107 27 21 0.63 80-120 111 5.6 37 0.91
0-20 16.5 4.6 3.6 0.27 Structural Platform
20 40-85 19.9 7.4 5.4 0.18 0-20 7.7 2.8 2.1 0.53
58
85-150 10.0 4.5 3.1 0.30 20-60 8.7 29 2.0 0.34
23 0-15 17.0 52 4.0 0.24
-4 16. 2. 2. .32
15-75 21.7 5.0 4.1 0.15 61 0-45 60 ! 3 03
45-110 8.0 32 2.4 0.31
75-125 14.2 43 33 0.21
0-20 18.7 6.1 4.6 0.23
24 20-90 12.0 6.0 4.0 1.21 63 0-50 10.0 32 23 0.38
90-150 16.2 59 43 0.55

Note: Z: Zircon R:Rutile T: Tourmaline A: Amphiboles P: Pyroxenes
Egypt. J. Soil. Sci. Vol. 60, No. 4 (2020)
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directly from the parent material. Identification of
mineral species and quantitative estimation of their
properties in such poly-component systems usually
require the application of several complementary
qualitative and quantitative analyses. One of the
most useful methods is X-ray diffraction analysis
(XRD). Investigation of the structure, properties, and
occurrence of soil clay minerals by X-ray diffraction
methods has a major effort in soil science (Page, 1982).

In the present study, the mineral composition of
the clay fraction separated from the representative
soil samples was carried out by X-ray diffraction
analysis which is the essential tool for identification
of mineralogical composition of clay. X-ray
diffraction analysis was carried out for 17 soil
samples representing the studied geomorphic units
containing appreciable amounts of clay fraction.

The identification of clay minerals using
X-ray diffraction analysis was carried out through
the essential principles established by Dixon and
Weed (1977) as follows:

1- Smectite minerals are identified by the
expansion of the basal reflection (001) from
14-15.8 Ao in the air-dried to about 18.0 Ao
upon glycerol salvation and sort of shrinkage
(reduction of size) to about 10 Ao in when
heated to 550 oC for two hours.

2- Kaolinite mineral is identified by the presence
of very sharp peaks at about 7.18 to 7.25 Ao
(001) and 3.58 to 3.60 Ao (002) in the air-
dried samples. These peaks are not affected
by glycerol salvation and they disappear when
heated to 550 oC for two hours.

3- Palygorskite mineral is identified by basal
reflection ranges from 10.3 to 10.6 Ao which is
not affected by the glycerol treatment while it
disappears upon heating to 5500C for two hours.

4- Sepiolite mineral is identified by basal reflection
ranges from 12.1 to 12.3 Ao which is not affected
by the glycerol treatment while it disappears
upon heating to 5500C for two hours.

5- Hydrous mica (illite) minerals are detected
by the presence of basal reflections at about
9.96 to 10.28 Ao peak upon air-dried which
remains constant throughout the different
treatments such as glycerol salvation and
heating to 5500C for two hours.

6- Non clay minerals: Quartz and feldspars are
detected from the existence of 3.37-3.34 Ao
and 3.31-3.18 Ao, respectively, throughout the

different treatments. Calcite is identified by its
characteristic diffraction peaks at 3.08-3.02
Ao. Dolomite is identified by its characteristic
diffraction peak at 2.28 Ao.

Clay minerals of the studied soils

Data in Table 5 and Fig. 3 show that the clay
minerals of the studied soils are mainly smectite
with variable quantities of other minerals. However,
kaolinite mineral is subordinate in most of the studied
samples. On the other hand, illite, palygorskite and
sepiolite minerals are rarely encountered.

In conclusion, gradient variation in the
different clay mineral may reflect multi-origin
(different source rocks) and multi-environments
during the formation of these soils. This is support
the previous discussion that the sediments of the
study area were not inherited in situ but they were
recycled from many sources.

Origin and genesis of clay minerals
The clay minerals are not the same in both

the chemical and structural compositions because

they were formed by several ways. Keller

(1970) pointed out that the clay minerals may be

considered, fundamentally, as a product of both

the parent materials and the environments. The
distribution and genesis of the recognized clay
minerals can be discussed as follows:

1- The original formation of smectite from
weathering takes place predominantly when
the following factors prevail: basic source
rocks, poor drainage, low-lying topography,
high pH, high silica activity, and abundance of
basic cations (Borchardt, 1989).

2- Differences in kaolinite contents of the studied
soils are most probably related to the nature of
parent material and the content of silica in the
source areas. Kaolinite may be formed in source
areas by hydrogenation (decomposition) or by
selective leaching of alkali feldspars under well
acrated conditions and abundant rainfalls (Millot,
1970). The considerable well crystalline kaolinite
may also indicate a prolonged intensively
weathered product in the source area.

3-Illite is acommon detrital mineral inherited from
very numerous sediments (Weaver, 1989).
The majority of illite in the investigated soil is
inherited in a degraded state from muscovite
rich sedimentary rocks in the source area.

4- Palygorskite and sepiolite are usually associated
with saline media in the highly calcareous
soil. It is believed to be pedogenic (diagenitc)
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TABLE 5. Semi-quantitative mineralogical composition of the clay fractions separated from representative profiles horizons

Profile No. Depth  cm Sm K I S P Non-clay minerals

3 0-10 Dom. Few Few Trace Rare Qz.-Fd.-Ca.-D
8 30-100 Abun. Few Rare Rare Few Ca.- Qz.-Fd.-D
11 0-20 Abun. Few Rare Trace Rare Qz.-Fd.- Ca
13 15-75 Abun. Trace Rare Trace Trace Ca.- Qz.-Fd
19 90-150 Abun. Mod. Rare Trace Rare Qz.- Ca.- Fd.- D
20 40-85 Abun. Trace Rare Rare Mod Qz.-Fd. -Ca
24 0-20 Abun. Few Rare Trace Trace  Qz-Ca.-Fd.
28 0-20 Abun. Few Rare Few Trace  Qz.- Ca.- Fd.-D
33 0-15 Abun. Trace Rare Rare Rare Qz.-Fd. -Ca
30 45-90 Abun. Rare Rare Few Rare Fd. - Qz.-Ca
40 0-20 Abun. Few Trace Trace Rare Qz.-Fd. -Ca
42 35-75 Dom. Few Trace Few Few Qz.- Ca.-Fd.-D
48 0-25 Abun. Mod. Rare Trace Rare Qz.- Ca.- Fd
51 10-70 Abun. Few Rare Rare Rare Qz.-Fd. -Ca
56 0-35 Abun. Few Rare Rare Rare Qz.-Fd. -Ca.-D
61 0-45 Abun. Few Rare Rare Rare Qz.-Fd. -Ca
63 0-50 Abun. Few Rare Rare Rare Ca.- Qz.-Fd

Sm = Smectite Qz = Quartz Abundance (Abun.) > 60%

K = Kaolinite Fd = Feldspar Dominant (Dom.) = 40-60%

I=1llite Ca = Calcite Moderate (Mod.) = 20-40%

S=Sepiolite D = Dolomite Few =10-20%

P=Palygorskite

in origin (Millot, et al., 1969). However, the
occurrence of palygorskite and sepioloite
in the study soils with few amounts may be
due to that these soils are recent and poorly
developed from the pedogenic point of view.

Further, the genesis of exited non-clay
minerals can be briefed as follows:
a) Quartz is inherited mostly from parent materials
and transported to the basins of deposition
either by streams or wind.

b) Feldspars may be derived from slightly
weathered soil developed from highly
feldspathic parent materials in the source
area. It is worth to mention that the presence
of feldspars may support the suggestion of
immaturity poorly developed and relatively
young age of the study soils.

¢) Calcite may be inherited from the limestone
parent material in immature soil profiles
developed on young geomorphic surfaces.

In conclusion, it is well known that the
clay minerals could be present as a result of

Egypt. J. Soil. Sci. Vol. 60, No. 4 (2020)

Trace =3-10%
Rare <3%

inheritance from parent material by alteration,
degradation of primary minerals and addition. For
the present study, the chemical decay is somewhat
limited due to the prevalence of aridity, while
the mechanical weathering contributes to a great
extent. The variation in the relative content of the
present clay minerals may be attributed mainly
to sedimentation regime varieties (e.g. recycling
from different sedimentary precursors) and /or to
the nature of the source rocks.

Significance of clay mineral occurrences
The clay content has active effect on chemical,

physical and morphological properties of soils as

briefed here after:

a) The differences of clay mineral contents
contribute to the quality of the soil, so soils
that contain simple mineral suite, probably
tend to need high levels of management.

b) The relative high clay content (particularly
the smectite clay) improves to a great extent
the soil water holding capacity and nutrients
availability. Furthermore, the clay content give
the soils most of their cohesive and adhesive
properties. However, the clay content of the
study soils is very limited.
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Position[2°T heta](Cop per(Cu))

Fig. 3. X-ray differactograms of untreated, gylcerolated and heated clay fraction separated from profile No. 3

(depth 0-10 cm)

¢) Soil swelling (by wetting) and shrinkage (by
drying) are mainly clay mineral types and
contents dependent.

d) The shrinking of soils is credited with forming
pressure faces that contribute the boundary
of soil structural units (aggregates). The soil
structure development is important for aeration
improvement. The minute amount of smectite
in the study soils hardly can lead to shrinking
and swelling damage (destruction effects) as
the majority of the soil bulk in the study area
is sand. However, smectite effect is magnified
with the fine soil texture prevalence.

Conclusion

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 study soils are
receiving sediments derived from mixture of two
important provenances. The first and the main
provenance is dominated by sedimentary rocks
(mostly Eocene, Miocene and Oligocene rocks)
enriched in ultrastable minerals (zircon, rutile
and tourmaline). This provenance is the main
source of sands in sediments of the study area.
The second provenance is dominated by igneous

Egypt. J. Soil. Sci. Vol. 60, No. 4 (2020)
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and metamorphic rocks, which contribute more
amphiboles, pyroxenes, epidotes and metamorphic
minerals. These minerals were transported to the
area by water and wind from southern basement
rocks. The results show that the obtained values are
high reflecting the effect of weathering processes
on these soils due to their relatively low content of
less stable minerals of pyroxenes and amphiboles.
The variations in 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-sedimentation regimes.
The clay minerals could be present as a result of
inheritance from parent material by alteration,
degradation of primary minerals and addition. For
the present study, the chemical decay is somewhat
limited due to the prevalence of aridity, while
the mechanical weathering contributes to a great
extent. The variation in the relative content of the
present clay minerals may be attributed mainly
to sedimentation regime varieties (e.g., recycling
from different sedimentary precursors) and /or to
the nature of the source rocks.
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