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INTRODUCTION

Physico-chemical and mineralogical properties of
soil constituents are generally stable properties which
affect all other characters and behaviours of seils. Clay
fraction is the most important and effective parameter on
501l characteristics, espeacially from the agricultural
point of view such as,'cation exchange capacity, texture,
retention of moisture, expangion on wetting, shrinkage ou

dryving, surface area, plasticlty, cohesion, ion exchange,

There is hardly a chemical, paysical or morphological
301l property which is not influenced by tiie clay Iraction.
Orne may venture to state that there is no problem of soil
gcience wnieh is not, in one way or another, assoclaied
with the reaction exhibited by this fraction. Clay iraction
normally reflects the chemicel changes that have taken place
curing soil formation. Thus each formation containz a suife,
or mixtureg of a number of clay mineral species differ than

the others resulting in the different processes.

Moreover, clay fraction varlies widely in itg contenis
of clay minerals and amorphous gele as well ag in the size
ol itg particles. These vériations are reflected on the
physico~chemical properties of the clay fraction which

exigts in the soil.



Due to the importance of the ¢lay fractien, the
current work has been carried oul tg identify the type
of clay ninerals in the major formations of the EZgyptian
goils and to study ifs influence on the physicoschemical

properties of the goils.



2. REVIEW OF LITERATURE

2.1. MINERALOGY:

2elol, Clay mineralogy:

& nuaber of exclusive literoture have been published
orn clay fractions of the soils of Egypt concerning their
identificction, mode of oceurrence and their relation to

lithology and depositional sequences.

Concerning the Nile alluvial soils, Hamdi (1952 &
1958}, Haga (1953), and Hamdi & PFathi (1961) reported that
tne clay minerals of the alluvial soils of Egypt is mainly
of hydroug mica. Mady (1957), and Hashad & Mady (1961)
using x-ray & D.T.A., concluded that the clay minerals
present in the alluvial soils taken from different locali-
ties in Epypt are hydrous mica with smell admixure of
montmorillonite which increages with depth. Khadr (1961)
stated that the Nile sediments consists mainly of hydrous
niza,montmerillonite, and kaolinite. El-~-Gabaly & Khadr
(1962), using x-ray, D.T.4., C.E.C., and electronmicroscape,
concluded tnat the clay minerals recorded in the soils of
the middle and northern parts of the Delta, are montmorillo-
nlte, followed by kaolinite, with very low content of hydroug
mica. Roufail (1963) stated that the soils of Beni-Sweif

contain Kaclinite as the dominant clay mineral followed by



montmorillonite and hydrous mica. Naga & Mitchell (1954)
reported that the clay minerals presented in the surface anc
subsurface goil of the Nile Delta are mainly montmorillonite
with lov. content of hydrous mieca and quartz, Hamdi (1957},
concluded that the dominant clay mineral in fine clay
fraction of the alluvial soils of Egypt is of the expanding
lattice type of montmorillonitic group, with minor quantities
of kaclinite and hydrous mica., Van der Marel (1966) showed
that the clay fraction ( <2 u) of the alluvial soils of the
Iiile Delta contain montomorillonite as the main clay mineral,
with a minor amount of kaolinite, illite, quartz and feldspax.
Hamdi (1967), Abdalla et al. (1967), Abdel-sal (196%), Fayed
& Hzasan (1970)& El-Demerdashe (1970), reported that the pre=
dominent c¢lay minerals are montmorillonite, xaolinite, and
hydrous mica and the latter incresses in the coarse clay
Tractioss. Heakal (1968) concluded that the clay minerals in
semples taken from (iza are mainly dioctshedral montmorillonite
ricihh in lron associated with smell anounts of kaolinite,
gquartz, and calcite. Harga (1971) reported from his study

on the recent Nile terraces at Beni~Sweif, using x-ray and
electronmicroscopy fechnique, that the constituents of both
clay freotions, coarse(2-0.2 u) and fine (<iO.2 u) are mont-
morillonite and hydrous mica at high percentage followed by
isolinite and traces of quartz. A&hmed (1972) stated that

X=ra¥, Lekey D+T.A., and ionic formula proved the presence



of Fe-hl-montmorillonite, with few percentage of b-axis
Gisordered Kaolinite, 1illite and chlorite in small amounts,
Rabie & Hamdi (1972) reported that the predominant cloy
minerals in [ile alluvial goils are montmorillonite,
kaolinite end mica associated with regular interstratifica~
tion of montmorillonite-vermiculite or montmorillonite-
chlorite. El-Attar & Jackson (1973) showed that the clay
mineralogy of tie soils of the [file Valley is dominated by
montmorillonite with moderate amounts of mica, vermiculite,
chloritve and kaolinite. Regular and irregular mixed layer
pnyllosilicate are abundant. Ghobrial & Khalil (1975)
concluded the presence of dioctahedral abnormal montmorillo-
nive, b-axis disordered kaolinite, diogtahedral illite and
cnlorite. Quartz, feldspars and calcite were also found.
Ibrahinm (1975) from qualitative and quantitative mineraiogical
anelyses concluded that montmorilionite ig the predominant
congtituent in the alluvial sgoil at Zefta, it constitutes
about 30% from the clay fraction, followed by kaolinite
(about 15%), mica (about 9%) and small amounts of vermiculite,
chlorite, quartz, and feldspars. The amorphous materialg
congtitute about 10%. Recently, Khalil & Labib (1976) fron
quantitative mineralogical analysis of soil sediments,
concluded tnat the clay mineral groups present in the clay
fraction (<}2uj of some gcattered soils in the Valley and

Delta of Lgypt are montmorillonite (48%), kaolinite (17%),



mica (10%), chlorite (5%), vermiculite (2.0%) and

amorphous materials (6.5%).

Wita regard to lacustrine soils, Gheih (1961) from
the chemiccl analyses, x-ray diffraction studies, dehydra-
tion curves and D.T.A. of i-clay of some soil profiles
adjacent to the Northern Lakes of the Nile Delta, concluded
that the clay fraction of this area belongs to the illitic
clay groun. Labib & Sys (1970) found that montmorillonite
and kaolinite are the dominant minerals in the clay fraction
of lacustrine soils of El-Fayoum. In the same direction,
#halil (1970) in his study on El-Fayoum arez found that the
clay frection consgists mainly of abrormal moatmorillonite
with nminor amounts of b-axis disordered ksolinite and
quartz, calcite and feldspars are admixtured. Harga (1971)
dslaz x-ray and electronmicroscope, concluded taat the ¢1- -
fraction of El~-Fayoum area consgists mainly of montmorillo-
nite, hydrous mica, kaolinite and quartz. El-hraby (1973),
i nds study on the lacustrine soils adjacent to lakes Edco
and Borullugs found that, in both fine and coarse clay
Tractions, the predominant clay mineral was abnormal
dioctahecral montmorillonite, kaolinite was the gecond
predominant mineral and small amounts of mica, vermiculite,
ciloriie, gquartz and feldspars were also present. El-ibaseri

(1974} stated that the clay fraction separated from some



soll profiles taken from thie area adjacent to the Borullus
Lake congists meinly of sbnormal (Fe+j-Al) dioctanedral

montmerillonite followed by kaolinite and aydrous mics

o

with smoll amounts 2f b-axis disordered kaclinite, halloy-—
site, quartz, calcite and feldspars (plagioclase), amorphous
gels, l.c. gibbsite, silica gel, and hydrated iron oxides.
Bagta et al, (1974) found almost +the same resulite in
El-Fayoum soils. Radi (1975) in his study on the lacustrine
depogsits in the goils north to Wadi El-Hatrun stated that
tne mineralogical compogition of the clay fraction is mainly
montmorillonite and kaolinite. Recently El gindy (1976)
reported that the mineralogy of the clsy fraction reveals

nat ithe domlnant clay mineral in mogt of the samples of

—

l-Fayoum reglon 1g montmorillonite, followed by kaolinite,
otner ainerals such as aydroug mica, chlorite, feldspare
end guartz also exist, but in small guantities., He added
tozt there i1g a possible interstretification ol Lilive-

cilorite and illite montmorillonite im 2 regular pattern.

Concerning the fluviomarine solls, 4bdel Salam &
Allison (1959) in tneir early studies on El-Amereya and
Bourg El-Arab soils, showed that hydrous mice is the
domineant clay mineral with miaute awmounts of kaolinite

and traces of montmorillorite. Hammad (1268), El-Kady

(1371) and Ghanim et 21.(1974) stated that attapulsgite is



pregent iIn tae fluviomarine soils of the Western Desert

of Egypt. A4bdel 42l (1971), Omar et al. (1972) and Fathi
et als (1972), in their studies on some profiles represent-
ing tae Horth Eastern Nile Delta using z~-ray diffraction
enalysis, saowed that the fine clay fraction ( {1 u) is
mainly montmorillonite with comparatively minor amounts of
kaolinite. Elwan (1975), however, reported thet the
mineralogical composgition of the clay fracitions of the
fiuviomarine soils of Marvut and El-Tahrir contains
palygorskite + montmorillonite {(31-45%) hydrous mics
(14-22%) keolinite (12-20%), and minute amounis of chilorite,
vermiculite, guartz, and feldsparg. Amorphous materizls &are

about 5-10% of the clay fraction.

Regarding the calcareous soils, El-Gabaly (1962)
reportved the presence of attapulgite in thne calcareous
soll of the Western Desert ol Egypt using z-ray, D.T.4A.,
electronmicrosccpe, KEO content, and C.2.C. Gewaifel (1967)
stated that palygorskite is thae dominant clay mineral in fthe
cl

fraction of the area along Cairo-Alexandria desert

oy
oad. e added that kaolinite, nydrous mica and inier-

Fi

stratilied mica~smectite are present as major admixtures
witih cnlorite and vermiculite @s minor admixtures. Hammad
{1968) cnd El~Demerdashe (1970) confirmed the previous

finding. Lebib & Hamdi (1972) reported thaet the coarse



clsy fraotion (l«2 u) of some Nile terraces in north X
gouth Zl T:zhrir as well as in Anshass, 1s composged of
kaolinite, wmontmorillonite and some mica, whereas in the
fine fraction ((ﬁLE u) attapulpgite is 2lmost dominant,
some mlca, Traces of montmorillonite and kaolinite are also
detected. Harga (1971) using x-ray and electr&ﬁicrosooge,
found that palygorskite and nydrous mica are the major
constituents of the clay fraction in Bourg El-Arab -~
Bl-Hammam solls, with small amounts of kaolinite, quartz
zid reldspars. However, montmorillonite existis only in the
lagoons. Youssef (1975) identified the clay mineralogy of
saryut calcareoug soils as: montmorillonite, attapulgite,
kzollnite, and hydrous mica witn minute amounts cof chleorite,

feldspars, cnd quartsz.

[

Prom the previous litersture it could be genersily
concluded tinat kaolinite, expanding end nonexpanding clay
minerals beglide palygorskite exist ~ mainly in the solls
of Bgyot. Moreover interstratification of montmorillonite-
mica, mica~chlorite, montmorilionite~chlorite and montmorillo-
nite~vermiculite in regular and irregular patterng exist in

tirese soils.

Concerning the chemical properties of the clay minerals,
the cation exchange capacity of the kaelin group » which

exist asg the second clay mineral 1in the majority of the



soils of Bagypt s is low compared With that of the other
clay minerals of similar paerticle size, Thig group elsc hag
a relatively low specific surfaces, Grim {1953). Whersas
gmectites which are the abundant clay wminerals in the
najority of the alluvial and 1acustrine solls, have nigh
specific surface and high catilon exchange capacity. Thus
they influence the physical and chemical properties of

so0lls more than the former minerals.

Concerning the hydrousg mica, generally, the propertices
of this clay mineral are intermecdiate between tnosge of
kaolinite and smectite; but they are somewhat closer to

kaolinlite, Gillot (1968).

Palygorskite ¢lay minerals wnlch were observed ag the
predominant clay minerals in célcareous goils, their physico-
chemicel properties are closely linked to the texture and
thus more or less directly to tize structure and their C.E.C
normally ranged between 20-30 meq/100 g. Henin & Caillére

(1975) .

With regard to the interstratified minerals it is very
difficult to explain the influence of interstratified layers

on the physico-chemical properties of clays which contain

them.



