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Representing The

Geomorphic Units in The Northwestern Coast of Egypt
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FIFTEEN soil samples from successive strata were collected for five soil profiles
representing assimilated four geomorphology units in the northwestern coast of Egypt. For
mineralogical structure, the soil samples were studied microscopically and X-ray diffraction
was done. The polarized microscopic examination of the sand fraction between 0.125 and 0.063
mm showed that. Light minerals were dominated by quartz then by feldspar minerals. The
presence of feldspars indicates that the soils are young from the pedological view point. Heavy
minerals were the dominion of the total opaque minerals. 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, then mica trioctahedral, halloysite, -vermiculite, palygroskite, -regularly
interstratified minerals -(vermiculite + mica), talc mineral and regularly interstratified minerals
(montmorillonite + mica or chlorite + vermiculite ), regularly interstratified minerals (chlorite
+ montmorillonite or saponite) chlorite, mica dioctahedral. The accessory minerals were
dominated by quartz mineral. The study showed that the variable content of clay minerals in
the geomorphic units in the study soil is essentially inherited from the parent materials, with
some modification during the spatial deposition system and a slight change if there is any effect
of the weathering factors on the studied soils.

Keywords: Heavy and light minerals, X-ray, Clay and Accessory minerals.

Introduction

The aim of this research is to mineralogical
evaluation of some soils representing the
geomorphic units in the Northwestern coast of
Egypt. Identification of origin and genesis as
well as the mineral composition of the soil and
the composition of minerals and the modifications
clay during the weathering operations which
occurred as a result of environmental conditions
by using the accessible and easy minerals in the
sand and possible presence in the clay and the
extent of impact of clay minerals creep and enter
salt water rich in salts, especially magnesium in
the formation of clay minerals. Soil minerals,
especially clay minerals, play an important role
in soil fertility, the extent to which they retain
both plant nutrients and the availability of easy
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water for plant food. The mineral structure of
the clay and its transformations as a result of
the weathering processes under the prevailing
environmental conditions is a determining factor
in the exploitation of these soils for the expected
agricultural expansion.

The western coastal soils of Egypt are
developed in sediments that have been transported
from interior uplands by fresh water streams and
consequently deposited a littoral zone extending
about 500 Km. length. The various soils along
this coastal littoral have been pedologically
studied through reconnaissance; semi-detailed
and detailed soil surveys during the last 50 Years
by the Desert Institute and the Desert Research
Center of Egypt and classified according to
FAO (2002) and Hegazi et al. (2009) and its
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Supplement USDA (2014) the 7*. Approximation
and its modification into the two orders; Entisols
and Aridisols, of which soils related to the order
Aridisols, are the more concerned herein.

The Mediterranean saltwater tides and intrusion
have created a chemical environment that differs
from that of the surface area (Giambastiani et al.
2007; White and David 2017). The abundance of
Mg++, Ca++ and Na+ with some other ions in the
encroaching sea water may contribute to digenetic
changes in soil clay minerals and may also affect
other soil minerals susceptible to weathering
and clay minerals formation or alteration (Hy et
al. 2013). From the geological point of view the
northwestern coast of Egypt was studied in details
by many authors, among them EI-Bastwasy
(2008) and Ibrahim (2015). From the stratigraphic
point of view, the northwestern coast of Egypt is
covered with sedimentary rocks, ranging in age
the cluster nary to the tertiary epochs. The strata
from the Sea coast to the Libyan plateau are
formed of a calcareous formation of Pliocene and
Pleistocene ages but covered by recent Aeolian
fluvial sediments (Rodriguez-Lopez et al. 2014).

This paper presents the results of mineralogical
investigations of 5 soil profiles representing the
western coastal littoral and considers the possible
effects of seawater encroachment and intrusion on
the clay mineral assemblage.

Materials and Methods

Fifteen soil samples were collected from
five soil profiles representing the soils of four
geomorphological units; namely the coastal
plain, windblown formation, the tableland and
the piedmont -like plain by DRC (2003), of
Burg El-Arab (The coastal plain), Ras El-Dabaa
(windblown formation), Mersa Matruh and El-
Sallum (The Tableland) and Sidi Barani (The
piedmont —like plain) the western Mediterranean
coast of Egypt, Figs. (1 & 2) Hegazi et al. (2009).

The soil samples of the studied profiles were
subjected to the following analyses: Soil reaction
(pH) was determined in the soil paste using a pH
meter, 3320 Jenway, total soil salinity (ECe) was
measured in the soil saturation extract using a
conductance meter YSI model (35) and soluble
cations and anions were determined. Cation
exchange capacity (CEC) was determined using
the method described by Dawid and Dorota
(2014), organic matter content was determined
as recommended by Brian (2002) and De Vos et
al. (2007), CaCO, content was determined using
Collin’s calcimeter (Elfaki et al. 2016) and Particle
size distribution by the pipette method (Syvitski
and James 2007).
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Separation of the sand fraction and
pretreatments for sand mineralogy. Very fine
sand fraction (0.063- 0.125 mm diameter) was
separated from the soil samples by decantation
and sieving through. After the essential
pretreatments for removal of total carbonates
and organic matter (Kettler et al., 2001), the
separated sand fraction was further separated into
heav+ and light minerals using bromoform (SG
2.85 = 0.02), (Biswas and Mukherjee, 2006).
The separated minerals were washed repeatedly
with ethanol then mounted on glass slides using
gum tragacanth and Canada balsam (RI 1.54),
(Karmakar, 2014). Mineralogical identification of
the sand minerals. Identification of the mounted
sand minerals was carried out by the polarizing
microscope with a graduated mechanical stage
for traverse counts; approximately 500 grains
in each slide were examined to minimize the
absolute error Hughes, et al. (2000) and Gunter
(2004). The principles applied for identification
through optical properties of minerals are
those given by Mange and Wright (2007) and
Limonta (2014). Percentages of light and heavy
minerals were counted without taking opaques,
anhydrates and carbonates into account (Cascalho
et al. 2016). Opaque minerals were investigated
individually using the ore microscope (reflection
system) following the mineral description given
by Bowles et al. (2011). Separation of the clay
fraction (less than 2 p) was carried out after
the essential pretreatments, i.e., the removal of
soluble salts, carbonates, organic matter and
iron and manganese oxides (Soukup et al 2008).
Identification of different clay and non- clay
minerals was carried out following the criteria
established by Al-Ani and Sarapaa (2008).

Results and Discussion

Soil properties

Results showed that soil texture of the studied
profiles ranges between loamy sand and light
clay except the subsurface layer of profile 3 in
the soils of Marsa Matruh which is sandy texture
Table 1. It is also even dent that profiles 1 and 2
have uniform textural class, while other profiles
have variable textural in their subsequent layers.
Organic matter (OM) content is quite low being in
the range of 0.2 to 1.4 g/100g. Total CaCO, varied
considerably from one profile to another and even
within subsequent layer in each profile. It ranged
from as low as 16.6 and up to 73.8 g/100g.The
distribution pattern of CaCO, tends to increase
with soil profile, depth, except for the soils of
profiles 4 and 5 which did not portray any specific
pattern with depth.
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Fig. 1. Location of the Northwestern Coastal Zone (NWCZ) of Egypt
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Fig. 2. Geomorphological unites map of the Northwestern Coastal Zone (NWCZ) of Egypt [After Hegazi, et al. (2009)]

Table 2 reveals that soil reaction is generally
slightly to strongly alkaline where pH values
varied between 7.4 and 8.6.Soil salinity varies
widely from 0.4 to 25.8 dS/m (nonsaline to
strongly saline). The lowest content characterised
the deepest layer of profile 5 in Sidi Barani
soils whereas the highest is associated with the
subsurface layer of profile 1 in Burg El-Arab
soils. Soluble cations follow two orders, either
dominated by Na+ followed by Ca++ and/ or
Mg++ or dominated by Ca++ followed by Na+ and
Mg++. Soluble anions are generally dominated
by ClI- followed by SO4= and /or HCO3-, while
soluble CO3= is the integrant. Cation exchange
capacity (CEC) values vary from one profile to
another and even within each profile; it is values
range from 5.1 to 28.9 CmoL kg' soil.

Mineralogy of the sand fraction in soil samples
Light minerals

Table 3 and Fig. 3 show the frequency
distribution of light minerals of studied soil
profiles as well as their distribution the entire
depth of each profile. Data reveal that light
fraction was almost entirely composed of quartz
which constituted more than 97.3 % in all the
studied soil profiles. Quartz constitutes 97.3 to
99.3 % and the lowest value is detected in the
coastal plain soils (profile 1), while the highest
value characterized the Tableland soils (profile 4).
Feldspar minerals are recorded in all the studied
soil profiles. They are composed essentially of
three member 5 namely; orthoclase, plagioclase
and microcline.

Egypt. J. Soil. Sci. 58, No. 4 (2018)
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TABLE 1. Organic matter, total CaCO, contents, particle size distributions and texture classes of the studied

soils
Organic Total Particle size distribution g/100g
hologi Depth
Profile Geomorphologic epth, matter CaCo Coarse Fine ‘ *Texture
No. Location units Cm. : Silt Clay
(%) (%) sand sand Classes
0-25 1.4 40.7 15.6 26.6 133 44.5 LCl
Burg El- N |
Arab The coasta 25-65 03 439 18.1 287 164 368 LCI
1 plain
65-120 0.3 49.1 11.2 19.9 29.5 39.4 LCl
0-25 0.6 66.9 24.5 41.7 15.0 18.8 SaClLo
Ras El-
Dabaa Windblown formation  25-70 0.4 68.1 30.1 443 74 182 SaClLo
2
70-150 0.3 73.8 38.2 35.0 6.1 20.7 SaClLo
0-40 0.7 16.6 54.5 15.9 11.9 17.7 SaClLo
Mersa
Matruh 40-75 0.4 30.1 15.2 76.9 2.8 5.1 Sa
3
75-150 0.2 32.8 13.5 51.1 18.5 16.9 SaClLo
The Tableland 0-10 1.0 29.7 25.5 559 3.7 14.9 SaLo
4 El-Sallum 10-70 0.4 333 363 49 56 132 SaLo
70-150 0.3 27.6 46.8 38.5 2.9 11.8 LoSa
0-25 0.8 19.3 14.9 71.1 4.9 9.1 LoSa
The piedmont —like
Sidi Barani 25-55 0.5 37.1 7.1 656 123 150 SaLo
plain
55-80 0.2 259 5.4 59.8 16.5 18.3 SaClLo

Note: * Texture classes of the ISSS (International Soil Science Society) / triangle, LCl= Light clay, Sa = Sand, LoSa=
Loamy sand, SaLo =Sandy loam and SaClLo = Sandy clay loam.

TABLE 2. reveals that soil reaction is generally slightly to strongly

2 _ Cations (mmol L) Anions (mmol L) -

; i) g 2 ¢ ¢ &
=] — @ )
z & R S E £ T
2 b= g3 = = Z £3
= 1> s = =] . L @
g =S £ g < =2 o % S & ps o = o bt

=3
& = i g s = S g ° g 8
025 84 182 804 116 669 231 00 60 140.1 359 28.9
1 Burg The coastal
El-Arab plain 2565 85 258 2000 59 411 1.0 00 67 2100 413 213
65120 86 188 1431 60 187 202 0.0 77 1471 332 16.3
025 7.9 3.6 19.3 1.0 103 54 0.0 20 293 47 1.1
p  RasEl - Windblown 0 0 0 g 1.7 08 56 1.9 00 08 65 2.7 10.3
Dabaa formation
70-150 7.5 0.8 4.0 02 27 1.1 00 06 50 2.4 10.9
0-40 7.6 1.6 9.0 0.6 44 2.0 00 09 135 1.6 7.1
3 Mersa 40-75 74 28 16.6 1170 3300 06 234 4.0 5.1
Matruh
75150 7.5 3.1 18.2 07 99 2.2 0.0 1.0 244 5.6 1.2
The Tableland
0-10 82 6.7 32.9 0.6 259 7.6 00 39 518 113 9.2
4 El- 1070 7.8 74 36.2 17 316 45 00 1.8 599 123 8.6
Sallum
70-150 7.9 4.1 207 20 144 39 00 54 311 45 6.7
025 7.8 1.9 9.3 04 73 2.0 00 08 153 2.9 6.7
5 Sidi ~ Thepiedmont 5 55 56 1.4 73 03 5.1 13 00 06 108 2.6 8.0
Barani -like plain
55-80 7.7 0.4 17 0.1 16 0.6 00 05 29 0.6 9.1
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TABLE 3. Frequency distribution of the light minerals (0.125-0.063 mm) in the sand fraction of the studied soils

Feldspars %
Profil Gi hologi Depth, Q Toal
rofile eomorphologic epth, uartz
N Locati P ) ¢ Cp o feldspars Others
o ocation units - ’ Orthoclase  Plagioclase Microcline % %
0-25 98.10 1.00 0.40 0.20 1.60 0.30
Burg ElArab The coastal 25-65 97.30 1.60 1.00 0.10 2.70 0.00
plain
65-120 99.00 0.20 0.40 0.00 0.60 0.40
0-25 99.20 0.40 0.20 0.00 0.60 0.20
Ras El-Dabaa Windblown 25-70 98.00 0.80 0.30 0.00 1.10 0.90
formation
70-150 97.60 1.30 0.30 0.00 1.60 0.80
0-40 98.50 0.30 0.50 0.10 0.90 0.60
Mersa Matruh 40-75 97.80 1.40 0.60 0.20 220 0.00
3
75-150 98.80 0.10 0.60 0.00 0.70 0.50
The Tableland

0-10 98.00 0.70 0.40 0.10 1.20 0.80
10-70 99.30 0.30 0.10 0.10 0.50 0.20

4 El-Sallum
70-150 98.90 0.60 0.50 0.00 1.10 0.00
0-25 97.80 1.00 1.20 0.00 2.20 0.00

The piedmont
Sidi Barani 25-55 98.10 0.40 0.80 0.00 1.20 0.70
-like plain

55-80 97.90 0.50 0.40 0.10 1.00 1.10

W Orthoclase W Plagioclase » Microcline
® 100% -
=
® 50% -
(1}
c
'E 0%
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Fig. 3. Distributions of Feldspars minerals with depth in the studied soils
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With regard to the distribution of total
feldspars, their constant varies from 0.5 to 2.7
% in the investigated soils. The highest value is
associated with profile 1 (The coastal plain), while
the lowest value is detected in the soil of profile
4 (The Tableland). The members of feldspars
could be arranged en the order orthoclase >
plagioclase > microcline. The high amount of
quartz, compared with other light minerals, may
reflect the resistance of quartz to weathering or
indicate that the soil materials are drived from
rock enriched in quartz.

Feldspars content as such or as individual
members shows apparent variability. This is a
true reflection of their susceptibility to weathering
which modified of alters the initial feldspars
content originated from the parent materials.
The variability encountered in the content of
individual members of feldspars group could be
explained on basis of the relative resistibility of
such minerals to different weathering processes.

Heavy minerals

Table 4 and Fig. 4 show frequency of heavy
minerals of the studied soils as well as their
distribution throughout the entire depth of each
profile. Heavy minerals are generally studied in

terms of two groups: opaques and non-opaques
minerals.

Opaque minerals

Opaques from a considerable part of the heavy
minerals in all the sample studied. They were
counted as opaques because it is not possible to
identify their individual. Their values vary from
48.05 % in the soils of windblown formation
(profile 2) to 57.15 % in the Tableland (profile
3). Concerning the pattern of opaque minerals
distribution with depth, no specific trend in
profiles 1, 2 and 5 could be observed, while in
the rest soil profiles opaques tend to decrease
throughout the entire profile depths.

Non-opaque minerals

Table 4 shows that, the non-opaque minerals
were detected as pyroboles (pyroxenes +
Amphiboles), zircon, epidote, tourmaline, garnite,
staurolite, rutile, kyanite and biotite in different
frequency amounts.

The distributions of the non-opaque minerals
are presented under the following subheading:

m Zircon m Rutile m Tourmaline

o2

W 100% -

o

£ %

.E Eﬂ .

e

=
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Z SRR RINHEEEEERRELIEE:

@ : PN I = 1 R B . I T et I

e« °lRl&a° 18 2|° 24 ° 8|01
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Burg E | RasEl | Mersa | ElSallum | Sidi
Arab Dabaa Matruh Barani
Soil depth,(Cm.)

Fig. 4. Distributions of resistant minerals with depth in the studied soils
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A) Pyroboles minerals

These include both pyroxene and amphibole
groups. Pyroxenes are shown to be more abundant.
It is mainly represented by augite, diopside and
hyperthene of which augite is the most abundant.
Total pyroxenes content ranged from 14.8 % in the
soils of the Tableland (profile 3), to 32.9 % in the
same geomorphology unit of same profile. With
regard to amphiboles, hornblende is the common
member and constitutes 3.9 to 8.9 %. The lowest
and highest values are detected in the soils of
Tableland (profiles 4 and 3) respectively. The wide
variations encountered of pyroboles minerals may
be rendered to the nature of parent material, its
discontinuity as well as sedimentation regime with
little, if any contribution of soil formation process.
Also, pyroboles minerals are easily weathered and
destroyed their presence in high percentages can be
taken as an indication of recent depositions.

B) Parametamorphic minerals

This group of minerals includes epidote, kyanite,
garet and staurolite minerals. Epidote content
ranged between 4.5 to 20.30 % of the non-opaques.
Reaching its minimum in the windblown formation
soils, while the maximum content characterized
coastal plain soils. Kyanite constitutes 0.6 to 8.9 %
of the non-opaques. The lowest content was detected
in the Tableland, whereas the highest content was
found in the coastal plain soils. Garnet mineral
varied from 2.7 % in the coastal plain soils to 13.7
% of the Tableland soils with no distinct depthwise
distribution along profiles except for profiles 1 and 2
where garnet tends to increase with depth. Staurolite
mineral constitutes 1.6 to 13.0 % of the non-opaque
minerals and the lowest content was in the Tableland
soils while, highest content was in the windblown
formation soils.

C) Resistant minerals

These minerals constitute the most ultra-stable
group among the minerals. They include zircon,
rutile and tourmaline. Zircon has a frequency
ranging between 13.0 % in the soils of windblown
formation (profile 2) and 33.4 % in the Tableland
soils (profile 4). The vertical distribution of zircon
indicted discontinuity of zircon contents with depth.
This reflects the multi origin of parent material and/
or their multi- depositional course. Rutile content
ranges from 1.0 % in the soils of coastal plain (profile
1) to 10.70 % in the Tableland soils (profile 3). The
apparent discontinuity in the mineral distribution
could be explained on the premise that the studied
soils have multi- origin. Tourmaline content ranges
widely between 4.3 and 13.3 % of the non-opaque

Egypt. J. Soil. Sci. 58, No. 4 (2018)

minerals and its depthwise distribution is irregular
with a relative increase in the deepest layers of the
soils representing piedmont like-plains (profile 5).
Biotite mineral is seemingly rare minerals among
the heavy minerals since its constituting 0.2 to 4.50
% of the non-opaque minerals with an irregular
distribution with depth.

In short, the data of frequency distribution of
the resistant mineral lead to the conclusion that the
soils constituting each profile are heterogeneous
either due to their multi origin or to subsequent
variations along the course of sedimentation.
Therefore, the soils ore considered young from
the pedological viewpoint.

-Mineralogy of the clay fraction in soil samples

- X-Ray diffraction analysis

The studied soils were prepared as uniform
unconsolidated calcareous materials representing
a thickness of the solum that could not be
determined with certainty, Soil Survey Staff
(2004). In order to find out if those groups of
calcareous soils from Burg El-Arab to El-Sallum
have a typical mineralogical composition or not, it
was found necessary to study the X-ray diffraction
patterns of the soil samples.

Coastal plain soils

Data depicted in Fig. 5 and illustrated in
Table 5 show that the identified clay mineral of
X-ray diffractogames, reveal the predominance of
kaolinite followed by palygroskite while regularly
interstratified (chlorite +

montmorillonite or saponite), montmorillonite,
trioctahedral mica), regularly interstratified
(vermiculite+mica), vermiculite, chlorite,
halloysite and talc were detected in moderate
amounts. Regularly interstratified (montmorillonite
+ mica or chlorite + vermiculite) and Dioctahedral
mica were absent.

The identified accessory mineral, are mainly
dominated by quartz in commons amount in the
surface layer and decrease in few amounts in the
deepest layer. The gibbsite mineral is found only
in the deepest layer of the same profile.

Windblown formation soils

Fig. 6 and Table 5 showed that kaolinite is the
predominant clay mineral followed by trioctahedral
mica, Dioctahedral mica, montmorillonite, regularly
interstratified  (chlorite  +montmorillonite  or
saponite), regularly interstratified (montmorillonite
+ mica or chlorite +vermiculite), palygroskite,
regularly interstratified (vermiculite + mica),
vermiculite and halloysite minerals were detected
in moderate amounts.
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Fig. 5. X-Ray Diffractogrames of the clay fraction of the studied soils in the coastal plain (Burg El-Arab)

Fig. 6. X-Ray Diffractogrames of the clay fraction of the studied soils in the Windblown formaton (Ras El-Dabaa)
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The identified accessory mineral are mainly
dominated by quartz mineral in all layers of
profile 2 but the amphiboles mineral is only
detected in two layers as few amounts, in the
surface layer and subsurface layers but the
feldspar minerals were existed only in the
deepest layer of the same profile.

Tableland soils

Soils of Tableland geomorphic unit
are represented by profiles 3 and 4. X-ray
diffractogames of these profiles are depicted
in Figs. (7 and 8). The data in Table (5) shows
that the clay minerals assemblage consists of
kaolinite as the major constituent followed by
montmorillonite, halloysite, talc, palygroskite and
trioctahedral mica, their frequencies common and
moderate, respectively.

Vermiculite, regularly interstratified chlorite
+ montmorillonite and chlorite are found in
moderate amounts in some profiles layers. As for

accessory minerals, quartz is the first dominant
minerals followed by feldspars, while goethite and
gibbsite minerals are found in moderate amounts
in the surface and deepest layers of profile 5.

The Piedmont-like plain soils

X-ray diffraction pattern of the clay fraction
separated of from the piedmont like plains
soils (profile 5) are shown in Fig. 9 and Table
5. Identified clay minerals are characterized
kaolinite by an abundance amount of followed
by montmorillonite and trioctahedral mica, while
regularly interstratified (chlorite + montmorillonite
or saponite), vermiculite, Dioctahedral mica,
palygroskite, regularly interstratified (vermiculite
+ mica), chlorite, halloysite and talc were detected
in common amounted in some profile layers.

The identified accessory mineral one mainly
dominated by quartz and feldspars. Amphiboles
and gibbsite are also found in moderate amounts
in the deepest layer of the same profile.

Fig. 7. X-Ray Diffractogrames of the clay fraction in the Tableland soils (Mersa Matruh)
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Fig. 9. X-Ray Diffractogrames of the Clay Fraction in the Piedmont like-plains (Sidi Barani)
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Conclusion

The obtained mineralogical composition
indicates that the soils of the northwestern coast of
Egypt though derived from different parent material
sediments. Namely limestone, shapes and marls of
the Libyan plateau, yet their clay minerals suite is
dominated by kaolinite followed by montmorillonite
and /or Interstratified minerals. These minerals are
almostinherited from the parent material with minimal
mineralogical changes resulting from pedogenesis as
indicated by the presence of weather able minerals
such as feldspars. The kaolinite is perhaps a product
of more intensive weathering regime and many
have gone through on or more cycles of erosion
and sedimentation before deposition in its present
pedogenic environments. Montmorillonite coincides
with lithology of the parent sediments as well as the
enrichment in alkalines and alkaline earth. According
palygorskite in most likely to be inherited from the
calcareous parent material and could be related
of Libyan plateau which is transported by several
marine currents (alluvial) to coastal zone.
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