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HE CLAY mmaials of five soil profiles representative ot sonmw

Vertisols of the Nile Delta and Kharga Depression in Eevpt were
investigated. The mineralogy of most Vertisols is dominated by
montimonillonite. Calcite, quartz and  feldspars are the non-cluy
admixture. The nuneralogy of both line and coarse clay fructions s
generally the same. Montmorillonite, kaahinite and mica are present
both clay fractions. Same samples have attapulgite and vernucuhie
minerals. I addition, there ave seme nonlayer silicate nunenids such s
quarlz and feldspars in the course clay fraction. Gypsum wis iilso
observed in some Veriisels affected by salinity. Some Vertisols of the
Nile Delta are affected wuth salinity due to the high waier table level
The X-Ray DifTracuon (NXRD) patterns ol the fine and coarse olas
fractions show that montmonillenite s the donunant mineral tollowed
by kaolinite and/or illite. Hlite is present m all samples under study
Vermiculite and interstratified  nanerats such as  the chlornie
vermiculite are present i somce samples Quartz and feldspar minerals
arc present in few amounts in the coare clay fraction in most ol the
studied samples. The mincralogical chiuiacteristics of the salt altected
soils are slightly different [rom the well drsined non-seline Vertisols
Vertisols of the Kharga Depiession indicate that the fine clay finction
is composed mainly of moentmaridlonne. attapulgite, kaolinite, 1llne
and vermicubite. Some mteestrattficd maca-montmoritlonite wits also
deteeted. The coarse clay fiaction of e same Jayer hos the previogs
minerals in addition 1o quiety, feldspars and gypsum minerals The
aim of this study, is to invesugate the clay mincrals of some Ventisol.,
in Egwpt.

Keywords: Vertisols, Mmeralogy, Nife Delta, Kharga Depression,
Ceypt.

Several investigators have worked on clay mineratogy of some soils ol Egypt, as
Hanna & Labib (1977); Abdou et af. (1980); Gobran e al. (1991) and Kassem

et al. (1997).

Vertisols are wide distributed in the Nile Delta, (Sotl Map of Egypt, 1983).
They are alluvial. materials which are mainly derived from the eruptive anl
metamorphic rocks of Ethiopian highlands (Blokhuis ¢f of., 1964).

Basta et al. (1974) and Hamdi (1967) studicd the clay mineralogy of some soils
of Egypt using different methods. They found that the clay consists mainly of
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montmorillonite and kaolinite. Calcite, quartz and feldspars are the non-clay
admixture. Wahdan & Abdel Aal (1977) studied the mineralogical composition of
Vertisols of the southern part of the Nile Delta. They concluded that the fine clay
fraction (< 1p) is compesed mainly of mentmorillonite (40-70%), and amounts of
vermiculite, chlorite and mica (make together 3-29%). The presence of kaolinite
was ranged from 7 to 15. Regular interstratified mica and other expanded layers
were also found, Na- and K- feldspars were recorded in few amounts.

Abdel-Aal & Shahin {1988) revealed that attapulgite mineral predominates

the mineralogical compossion of the fine clay fraction (< Ipu) of the soil of
Kharga Depression followed by moderate amounts of illite.

Material and Mﬁethods

The clay minerals of five soil profiles representing some Vertisols in the Nile
Delta and Kharga Oasis were investigated. The profiles are located as follows:
profile 1 in Kafr Abu Gomaa, (Kaluobia); profile 2 in Quesna, (Menofia); profile
3 in Kafr El-Zayat, (Gharbia); profile 4 in Kafr El-Shekh; profile 5 in El-
Meharek (Kharga Depression) (Map 1).
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Map. 1. Lecation map of the studied soil profiles.
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The morphological characteristics of the profiles, in addition to some
physical and chemical analyses of the soil samples were carried out according to
Jackson (1973) and Richards (1954).

X-Ray diffruction (XRD)

The diagnestic diffraction peaks used in this study for the identification of
ctay minerals are those reported by Jackson (1963) and Dixon & Weed (19775,
The XRD was performed on the coarse clay (2-0.2 1) and the fine clay (< 0.2 w1
fractions. Oriented clay specimens were preparcd on glass slices tor the
following treatments: Mg- saturated air dried, Mg- saturated and glycol selvaied.
K- saturated air dried, and K- saturated and beated to 35350°. An X-Ray
Diffractometer equipped with Co- tube (Kot radiation, A = 1.791) was used.

Transmission electron micrescopy (TEM)

TEM was performed afier the dispersion of the clay sample, a drop of soll
suspension was put on a grid and allowed to sediment. The excess water wis
removed with a filter paper and the sample was examined with travsmission
electron microscope. Only fine clay fraction was investigated. The identification
of clay minerals has been carried out according to Beutelspacher & Van der
Marel {1968).

Results and Discussions

1. Morplology of the studied Vertisols

Profiles no. | to 4 are formed from alluvial Nile deposits which e
characterized by remarkable cracks specially in the dry conditions {the cnd of
growing seasons). Soil color ranges from dark brown and dark grayish brown,
Sail texture varies from silty clay loam, silty clay to clay. Structure varies from
granular in the surface layers to blocky in the subsurface layers with distinet
slickensides.

Profile no. $ in Kharga Depression is formed {rom lacustrine Deposits which
are characterized by soil color from brown to yellowish brown, clay texture.
blocky structure, slickensides and some gypsum crystals in the subsurface layers.

2. Pirysical and chemical properties

The data in Tabie 1 reveal that

a- The Vertisols under study have high clay content (> 36.3%) which
increase irregularly with depth. The silt content ranges between 23.6 and 36.9%
while the sand content is less than 14.9 percent in all soil profiles.

b- Profiles no. 1 to 4 are irrigated Vertisols. Profiles nos. 1 and 2 are non
saline as the EC values <1.05 dS/m, while profiles nos. 3 and 4 could be
considered as saline soils as EC values range from 3.4 to 32.7 dS/m. This salinity
is due to a high relatively saline water table level.

c- Profile no. 5 representes the non cultivated Vertisols, which are formed
from shale in situ. The salinity is inherited from the parent material.
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TABLE 1. Some analyses of the studied soil profiles.

Prol.| Depth Particle Size Distribution % [Texturalj pH |EC [0O.M. 1CaCO; |[C.E.C.
No. | (cm) Sand silt Clay class |1:2.5 [dS/m| % %  meg/160

2000-50 p (502 [2-1pkip g soil

i 0-25 11.0 527 | 78 [285] SiCL | 741 1054 1.9 4.8 45.8

25-50 7.8 44.7 11.2 1363 | SiC (822 )104] 11 6.0 57.2

50-75 5.3 44.7 138 [362| SiC |834]105)| 06 4.0 58.6

75-110 4.5 45.0 104 1395) SC 841|024 06 4.9 61.1

2 0-25 9.7 505 | 89 [309 | SiICL | 776|036 | 26 4.5 46.9

25-50 8.8 497 | 111|304 | SiC |762]|037( 1B 4.5 439

50-75 11.6 38.3 12.4 | 37.7 C 83110451 04 2.3 47.0

75-100 12.0 38.8 | 10.6 | 18.6 C 827 | .50 | 0.2 2.3 49.5

3 G-5 4.4 569 (127 {250 SiCL |7.97 | 327 19 1.4 30.0

5-30 - 3.1 425 11391405 SiC |800]|2431 18 2.8 36.7

30-75 1.5 336 | 159490 C 802130 15 2.7 32.2

75-100 1.0 286 | 179|525 C BI11 1504 10 2.0 40.1

4 0-25 10.3 426 | 7.7 | 394] SiC |8.18}16.28) 08 4.8 44.9

25-35 14.9 386 | 9.6 {369 < 8371403 03 4,0 46.1

35-75 13.9 J8.1 80 | 40.0 C 8521379 | 06 15 41.1

75-110 13.8 365 | 11.5]38.2 C 832|346 |04 | 3.3 44.9

5 0-30 7.3 319 1134|474 C 798 | 722 0.2 3.5 40,2

30-75 | 8.2 350 | 135|432 c |794l675] 02 | 45 | 414

75-110 7.0 236 [ 200 | 49.4 C 7.99 | 8.29 | 04 4.0 41.3

> 110 7.1 265 | 14.0| 52.4 C 8011|586 | D.2 50 41.0

Si=silt C=clay L=loam

3. Mineralogical characteristics
The nuneralogy of most Vertisols is dominantly montmorillonite. A few,
however, have mixed mineralogy.

Montmorillonite, kaolinite and mica are present in coarse and fine clay
fractions. Some samples have attapulgite and vermiculite minerals. In addition,
there are some nonlayer silicate minerals such as quartz and feldspars in the
coarse clay fraction. Gypsum is also observed in some Vertisols affected by
salinity in coarse clay fraction of profiles no. 3 and 4. Figures 1 to 8 show the
diffraction pattern of the studied Vertisols. Table 2 shows the semi quantitative

evaluation of the X-ray diffraction patterns of both coarse and fine clay fractions
of the soil profiles.
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TABLE 2. Semi quantitative analysis of different minerals in the studied Vertisols.

Prof.| Depth Mineralogical composition
Na. {cm) Fine clay {<0.2 ) Coarse clay (2- 0.2 )
-] H 2 . & b
sl Ereg| 2|2 Ele| 2| e| & £l 5
= -s é E = & 2 :-O- g § ] E.
= |3 2o &%) 8 e <] &
1 0025 [+ | ++ + - + = | ++ | + + " T N
50-75 |+ | ++ + - + S IE = = N ey + + + .
2 2550 |+ + + - o+ 3 - + -
75-150 | =+ | ++ + - + - ] + + + -
] 30-75 | +H+ | ++ + - + o A + - - +
4 - 25-50 | +++ | ++ + + - | =] + + + -
75-150 [ +++| + + - - - | + + + + -
5 L L R T I S O R o B A + +
+++ = dominant ~ ++=present += few

a. Vertisols of the Nile Delta
The Vertisols of the Nile Delta are represented by profiles no. 1,2,3 and 4.

Two profiles 3 and 4 are affected with salinity due to the high water table level,

which is relatively saline. The other two profiles no. 1 and 2 have well drained

conditions and are not affected with salinity. The XRD patterns of the fine and
coarse clay fractions of profiles no. 1,2,3 and 4 are showed in Fig. 1 to 8. The

figures reveal the following: .

1- The presence of 14-15 A in Mg-saturated clay in both fine and coarse
fractions, which expanded to 16.5 —18 A upon glycolation and contracted to
about 12.5 A in K-saturation (air drying) and contracted further to 10 A upon
heating at 550°, indicate the presence of typical montmorillonite in these
samples. The XRD patterns show the presence of illite in all samples under
study, as indicated from the presence and persistence of 10.1 A diffraction
peak throughout the different treatments.

2- The presence of kaolinite as indicated from 7.2 A first order diffraction peak
in the Mg"*-saturated (air dried) sample and its disappearance upon heating at
550° for 2 hr. A second order diffraction peak at 3.55 A in the Mg""-saturated
(air dried) confirmed its presence.

3- Quartz and feldspar minerals are present in higher amounts in the coarse clay
fraction of most of the studied samples as indicated from. 3.34, 4.26 A and
3.22 -3.24 A diffraction peaks respectively.

4- Vermiculite is also present i some samples as indicated by the presence of 14
A peak throughout the different treatments which contracted to 10 A peak
upon K- saturated (air dried). o

5- Interstratified minerals are present in some profiles as indicated by the presence
of diffraction peaks at (24, 14, 9.5 A), (25,12.,5 A) in Mg -saturation
treatment, which prove the presence of chlorite-vermiculite and mica-
vermiculite respectively. In profile no. 5, in both fine and coarse clay, the 14 A
peak changed to 16 A after glycolation indicate the presence of interstratified
montmorillonite-chlorite (second order).
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The mineralogical characteristics of the salt affected soils (profiles no. 3 and
4) are somewhat different from the well drained non-saline Vertisols. The
diffraction patterns of clay samples (Fig. 5, 6) indicate that:

I- Expansion of the 14 A peak upon glycolation was limited only to 16.2 A, this
may indicate the presence of chloritized montmorilionite or swelling chlorite,
(Hawela, 1982).

2- Gypsum is present in small amounts mainly in the coarse clay fraction as
indicated from the presence of 7.57 and 4.27 A peaks.

3- Other minerals such as kaolinite, illite and vermiculite are also present in
amounts similar to the non saline profiles.

b- Vertisols of the kharga depression

XRD analysis of some samples representing the Vertisols of El Kharga
Depression are shown in Fig. 7 and 8. The patterns indicate that the fine clay
fraction of the surface layer (0-30 cm) of profile no. 5 is composed mainly of
montmorillonite, attapulgite (Fig. 9), kaolinite, illite and vermiculite. Some
interstratified mica-montmoritlenite was also detected from the presence of 24,
12.2, 14.3, 10.5 A peaks. The coarse clay fraction of the same layer has, in
addition to the previous minerals, quartz, feldspars and gypsum minerals.
Montmorillonite is well crystallized as indicated from the sharpness of its
diagnostic peaks. Anhydrite is detected in both clay fractions (3.5 A}.

The intensity and sharpness of the diffraction peaks indicate that
monimorillonite is the dominant mineral followed by kaolinite and/or illite.
attapulgite is present in the upper layers of profile no. 5. This was indicated by
the presence of 10.2 A peak in Mg"'-~ saturated (air dried). Mg**- saturated and
glycolated and K -saturated (air dried) samples. This mineral collapses upon
heating at 550° for 2 hr. The presence of attapulgite is further confirmed by
Electren Microscope examination (Fig. 9).
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