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Mineralogical Studies of some Vertisols in Egypt 

M.M. Kotb, KEi.M. Danvisii and F.S. Hnnna 
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THE CLAY vnmcials of five sail profiles representative ol some 
Vertisols of the Nile Delia and Kharea Depression in L.ovpt were 

investigated. The mincialogy of most Vertisols is dominated h\ 
montmonllonitc. Calciic, quartz and feldspars are the non-clay 
admixture. The mineralogy of both fine and coarse clay fractions is 
gcncially the same. Montmorillomte, kaohnitc and mica are present in 
bolh clay fractions. Sonic samples have aitapulgitc and venmeuliie 
tnincrals. In addition, there arc some nonlayer silicate minerals such as 
quartz and feldspars in die coarse clay fraction. Gypsum was also 
observed in some Vcnisols affecled by salinity. Some Vertisols of tin 
Nile Delta arc affcued with salinity due lo the high water table level 
The X-Ray Diffraction tXRD) paticins of the fine and COJISO J.i> 
fractions show that inoiinnoiilloniie is the dominant mineral followed 
by kaolinitc and/or illiie. Illiie is piej.ent m all samples under study 
Vcrmiculitc and imcrstrntificd minciats such us the chlonic 
vcrmiculitc are present in some sample; Ouartz and feldspar minerals 
arc present in few amounts in the coa^e clay fraction in most of die 
studied samples. The mineralogical ehniactcristics of the salt affected 
soils arc slightly different from the well drained non-suline Vertisols 
Vertisols of the Kharga Dcpicssion indicate that the fine clay fi act ion 
is composed mainly of montinorillonHc. aitapulgitc, kaolinitc, illuc 
and vcrmiculitc. Some mtcrstratiiied nnca-mommorillonite was also 
detected. The coarse clay (faction ol the same layer has the previous 
minerals in addition to quart/, foldspap; and gypsum minerals The 
aim of tins study, is to iiucsngaic the clay minerals of some Veitisol, 
in Egypt. 

Keywords: Vertisols, MrneraJogy. Nile Delta, Kharga Depression. 
Egypt. 

Several investigators have worked on clay mineralogy of some soils of Egypt, us 
Hanna & Labib (1977); Abdou et al (1980); Gobran et al (1991) and Kassem 
etal (1997). 

Vertisols are wide distributed in the Nile Delta, (Soil Map of Egypt, 198:5}. 
They are alluvial.materials which are mainly derived from the eruptive and 
metamorphic rocks of Ethiopian highlands (Blokhuis et al., 1964). 

Basta et al. (1974) and Hamdi (1967) studied the clay mineralogy of some soil? 
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 (< IJJ.) is composed mainly of montmorillonite (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 (< l\x) of the soil of 
Kharga Depression followed by moderate amounts of illite. 

Material and Methods 

The clay minerals of five soil profiles representing some Vertisols in the Nile 
Delta and Kharga Oasis were investigated. The profiles are located as fpllows: 
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. Location 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 diffraction (XRD) 
The diagnostic diffraction peaks used in this study for the identification of 

clay minerals are those reported by Jackson (1965) and Dixon & Weed (19771. 
The XRD was performed on the coarse clay (2-0.2 J.L) and the fine clay {< 0.2 u) 
fractions. Oriented clay specimens were prepared on glass slices for the 
following treatments: Mg- saturated air dried, Mg- saturated and ulycol solvated. 
K- saturated air dried, and K- saturated and heated to 550°. An X-Rav 
Diffractometer equipped with Co- tube (Ka radiation, X = i .791) was used. 

Transmission electron microscopy (TEM) 
TEM was performed after the dispersion of the clay sample, a drop of soil 

suspension was put on a grid and allowed to sediment. The excess water w ^ 
removed with a filter paper and the sample was examined with transmission 
election microscope. Only fine clay fraction was investigated. The identification 
©f clay minerals has been carried out according to Bcutclspacher & Van der 
Marel(196S). 

Results and Discussions 

/. Morphology of the studied Vertisols 
Profiles no. 1 to 4 are formed from alluvial Nile deposits which are 

characterized by remarkable cracks specially in the dry conditions (the end of 
growing seasons). Soil color ranges from dark brown and dark grayish brown. 
Soil texture varies from siity clay loam, silty clay to clay. Structure varies from 
granular in the surface layers to blocky in the subsurface layers with distinct 
slickensides. 

Profile no. 5 in Kharga Depression is formed from 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. Physical and chemical properties 
The data in Table 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 56.9% 
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 arc 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. 

Prof. 
No. 

Depth 
(cm) 

Particle Size Distribution % Textural 
class 

pH 
1:2.5 

EC 
dS/m 

O.M. 
% 

CaCOj 
% 

C.E.C. 
neq/100 
gsoil 

Prof. 
No. 

Depth 
(cm) Sand silt Oay 

Textural 
class 

pH 
1:2.5 

EC 
dS/m 

O.M. 
% 

CaCOj 
% 

C.E.C. 
neq/100 
gsoil 

Prof. 
No. 

Depth 
(cm) 

2000-50 p. 50-2 n 2-1 JI < l j i 

Textural 
class 

pH 
1:2.5 

EC 
dS/m 

O.M. 
% 

CaCOj 
% 

C.E.C. 
neq/100 
gsoil 

1 0-25 11.0 52.7 7.8 28.5 SiCL 7.41 0.54 1.9 4.8 46.8 
25-50 7.8 44.7 11.2 36.3 SiC 8.22 1.04 1.1 6.0 57.2 
50-75 5.3 44.7 13.8 36.2 SiC 8.34 1.05 0.6 4.0 58.6 
75-130 4.5 45.6 10.4 39.5 SiC 8.41 0.24 0.6 4.9 61.1 

2 0-25 9.7 50.5 8.9 30.9 SiCL 7.70 0.36 2.6 4.5 ■46.9 
25-50 8.8 49,7 11.1 30.4 SiC 7.62 0.37 1.8 4.5 43.9 
50-75 11.6 38.3 12.4 37.7 C 8.31 0.45 0.4 2.3 47.0 
75-100 12.0 38.8 10.6 38.6 C 8.27 0.50 0.2 2.3 49.5 

^ 

3 0-5 4.4 56,9 12.7 26.0 SiCL 7.97 32.7 1.9 1.4 30.0 
5-30 ■3.1 42.5 13.9 40.5 SiC 8.00 24.3 1:9 2.8 36.7 
30-75 1.5 33.6 15.9 49.0 C 8.02 13.0 1.5 2.7 32.2 
75-100 1.0 28.6 17.9 52.5 C 8.11 15.0 1.0 2.0 40.1 

4 0-25 10.3 42.6 7.7 39,4 SiC S.13 6.28 0.8 4.8 44.9 
25-35 14.9 38.6 9.6 36.9 C 8.37 4.03 0.3 4.0 46.1 
35-75 13.9 38.1 8.0 40.0 C 8.52 3.79 0.6 3.5 41.1 
75-110 13.8 36.5 11.5 38.2 C 8.32 3.46 -0.4 3.3 44.9 

5 0-30 7.3 31.9 13.4 47.4 C 7.98 7.22 0.2 3.5 40.2 
30-75 8.2 35.1 13.5 43.2 c 7.94 6.75 '0.2 4.5 41.4 

75-110 7.0 23.6 20.0 49.4 c 7.99 8.29 0.4 4.0 43.3 
>110 7.1 26.5 14.0 52.4 c 8.01 5.86 0.2 5.0 41.0 

Si- silt C= clay L=loam 

5. Mineralogical characteristics 
The mineralogy 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 artapulgite 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. 
No. 

Depth 
(cm) 

Miners logical composition Prof. 
No. 

Depth 
(cm) Fine day (< 0.2 \i) Coarse clay (2 - 0.2 |i) 
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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 glycolatton 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 in 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). 

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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Fig-1. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (0-25 cm), profile no. 1. 
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Ftg.2. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (50-75 cm), profile no. 1, 
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Fig.3. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (25-50 cm), profile no. 2. 
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Fig.4. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (75-150 cm), profile no. 2. 
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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: 
1- Expansion of the !4 A peak upon glycolation was limited only to 16.2 A, this 

may indicate the presence of chloritized montmorillonite or swelling chlorite, 
(Haweta, 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 
XRJD 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, attapuigite (Fig. 9), kaolinite, illite and vermiculite. Some 
interstratified rnica-montmorillonite 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 
montmorillonite is the dominant mineral followed by kaolinite and/or illite. 
attapuigite is present in the upper layers of profile no. 5. This was indicated by 
the presence of 30.2 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 attapuigite is further confirmed by 
Electron Microscope examination (Fig. 9). 
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Fig.5. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (30-75 cm), profile no. 3. 
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Fig.6. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (35-75 cm), profile no. 4. 
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Fig.7. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (0-30 cm), profile no. 5. 
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Fig.8. X-ray diffraction patterns of the clay fraction separated from a soil 
sample at depth (75-100 cm), profile no. 5. 
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Fig.9. TEM of some fine clay minerals of the studied areas. 
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