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CHEMICAL AND MINERALOGICAL
CHARACTERISTICS OF SOME SHALE DEPOSITS
IN EGYPT

El-Demerdashe, S. and M. E. Abdel-Rahman

Dept. of Soil Chemistry and Physics, Desert Research Center, El-
Matareya, Cairo, Egypl.

cpresentative samples were collected from some important

hale deposits at twelve locations in Egypt. Granulometric
analysis and some chemical characteristics were determined. X-
ray diffractograms of the separated clay fraction and
quantitative estimation of the clay minerals were carried out.
Results show that the shale deposits at Kom Oshim and Gabal
Hamza contain the highest percentages of clay (88 and 75 %,
respectively), while the lowest content of the clay fraction (23
%) was recorded in the shale deposits of Um Qamar and Wadi
Kharruba. Data also reveal that the highest value of EC, was
found in the shale deposits of El-Khatatba, while the lowest
value was observed in the shale of El-Belida. Total and DTPA-
extractable contents of trace elements and heavy metals in the
studied shale deposits were under the permissible limits of
toxicity. Mineralogical analysis reveals that the studied shale
deposits consist of two assemblages. The 1* assemblage is
characteristic for the shale deposits of El-Khaboba, EI-Tih, Abu
El-Rish South, El-Belida and El-Gedida which consist of
kaolinite as the main constituent. The 2™ assemblage is
distinguished in the shale deposits of Qusr El-Sagha, Kom
Oshim, El-Qattamia, El-Khatatba, Gabal Hamza, Um Qamar
and Wadi Kharruba where montmorillonite is the major clay
mineral. Based on the current study, the montmorillonitic shales
of Qusr El-Sagha, Kom Oshim, El-Qattamia, El-Khatatba,
Gabal Hamza, Um Qamar and Wadi Kharruba are
recommended as amendments for coarse-textured soils. Among
which Qusr El-Sagha is the best source o amendments. On the
other hand, the kaolinitic shales of EI-Khaboba, EI-Tih, Abu El-
Rish South, El-Belida and El-Gedida can be used for industrial
purposes. In all cases, economical aspects should be considered.

Keywords: shale deposits, X-ray diffraction, clay minerals, trace elements,
heavy metals.
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The agricultural development of sandy soils whi‘ch are .thc most common in
desert regions became an unavoidable necessity to Increase agricultyra]
production and national income. o .
Amelioration of sandy soils potentialities is .usually.practlced by

application of amendments, organic manures and fert1llz'ers to improve their
physical, chemical, biological and nutritional properties. ln. this respect,
bentonite and shales, which are wide-spreaded natural deposits, should be
tried, particularly after the construction of the high dam where the suspendeq
matter in the Nile water has been trapped.

Therefore, the objective of this study is to evaluate some chemical and
mineralogical characteristics of some shale deposits, which are among the
proper amendments for application in sandy soils reclamation.

MATERIALS AND METHODS

The studied shale samples were collected from twelve locations as
shown in Fig (1). Granulometric analysis of the collected samples, afier
crushing, grinding and sieving was carried according to Black ef al. (1965).
The total surface area was determined by orthophenanthroline adsorption
method described by Lawrie (1961). Amorphous silica and alumina contents
were determined as outlined by Hashimoto and Jackson (1960).

The shale deposits were also analyzed for their total contents of Fe,
Mn, Zn, Cu, Pb, Ni, Co and Cd in the filtered extracts obtained from samples
digested by Conc. HNO; + Conc. HaS80,4 + 60 % HCIO, as outlined by Hesse
(1972), while the chemically - extractable conients of these elements were
extracted using 5 x 10° M DTPA in 102 M CaCl, and 10" i triethanolamine
(TEA) at pH 7.3 according to Lindsay and Norvell (1978) and modified by
Norvell (1984). In all cases, the elements were determined by graphite
furnace atomic absorption (Unicam 929),

The < 2 p clay fraction was separated from the studied samples afler
the destruction of organic matter, dissolution of calcium carbonate and
extraction of amorphous inorganic materialg (Jackson, 1969).

For X-ray diffraction (XRD) analysis, oriented preparations were
prepared by depositing a clay suspension onto a glass slide (Srodon ef al.,
1986; Cuadros and Linares, 1995), after Mg-saturation, glycerol solvation
and K-saturation of air dried and heated clay subsamples to 550 °C for 2 hrs.
All XRD patterns were obtained by a Philips PW 3770 using Ni-filtered Cu
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Fig. (1). Location map of the studied shale deposits.
RESULTS AND DISCUSSION

Data tabulated in table (1) indicate that most of the studied shale
deposits contain a considerable amount of clay fractuion that ranged between
73,63 and 88.25 % The lowest content was found in the shale deposus of
Wadi Kharruba, while the highest content was recorded m the shale deposits
of Kom Oshim. The geological formation of Qusr El-Sagha and Kom Oshim
has been reported by Beadnell (1905) The lhology of this formation
consists of shales and limestones mixed with sand and sandstone n the
upper part, 180-m thichness, which belong to the Upper Focene The hmit of
these sediments n El-Fayoum oy crhes Birket Qarun formation and underhies
the Qatrani formation. Data m table (1) also show that the salnity of the
studied shale deposits ranged between shightly saline and extremely saline
where the EC, valucs ranged between 192 and 47 10 dSm"' The lowest
salinity level was observed n the shale deposits of El-Behda, while the
highest level was recorded in the shale deposits of El-Khatatba
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With respect to the total content of trace elements and heavy metals
in the studied shale deposits, data tabulated in table (2) reveal that the lowest
contents of Fe, Mn, Zn, Cu and Ni were recorded in the shale of El-
Khaboba, while the lowest contents of Pb, Co and Cd were found in the
shales of El-Qattamia, El-Belida and El-Tih. On the other hand, data in
table (2) show that the highest total contents of Fe, Cu and Ni were observed
in the shale of Um Qamar, while the highest contents of Mn, Zn, Pb, Co and
Cd were found in the shales of El-Khatatba, Wadi Kharruba, El-Belida, El-
Gedida and Kom Oshim.

With regard to DTPA-extractable contents of the previous elements
in the studied shale deposits, data in table (2) show that the lowest contents
of Fe, Mn, Zn, Cu, Pb, Ni, Co and Cd were recorded in the shales of Wadi
Kharruba, El-Tih, Gabal Hamza, El-Gedida, El-Belida, Qusr El-Sagha and
- Kom Oshim. The highest contents of DTPA-extractable Fe and Mn was
found in the shale of El-Gedida, while the highest contents of Zn, Ni and Cd
were observed in the shale of EI-Tih whereas the highest contents of Cu, Pb
and Co were related 1o the shale of El-Belida, Gabal Hamza and El-
Khaboba.

The data dictate that though the shales content of chemically-
extractable elements of the different shale deposits varies widely, yet their
addition to soils under reclamation may contribute efficiently to the
nutritional supply of some essential micronutrients as well as some polluting
elements such as Pb and Cd that are hazardous to the environment.

X-ray diffractograms of the separated clay from the selected samples
after the different treatments (Figs. 2-9) reveal that two clay minerals
assemblages are identified in these deposits. The 1* is characteristic to the
shale deposits of El-Khaboba, El-Tih, Abu El-Rish South, El-Belida and El-
Gedida, which consist of kandite (kaolinite) as the main constituent with
lesser amounis of quartz, minor amounts of illite and traces of feldspars
(Figs. 2-6). These findings are in harmony with those of El-Askary (1972)
who mentioned that kaolinite is the main clay mineral constituent in Abu El-
Rish at Aswan area and Azzam (1996) who found that kaolinite is the
dominant clay mineral in some shale deposits of El-Khaboba, El-Gedida and
Qusr El-Basel. The latter author further showed that the shape of the 7.10° A
peak indicates that kaolinite is generally moderate to well crystalline, he also
mentioned that illite is a minor clay mineral in El-Gedida.

The 2™ assemblage is distinguished in the shale deposits of Qusr El-
Sagha, Kom Oshim, El-Qattamia, El-Khatatba, Gabal Hamza, Um Qamar
and Wadi Kharruba where the clay fraction consists mainly of smectite
(montmorillonite) with lesser amounts of kaolinite and illite (Figs. 7-9).
These results are in agreement with that of El-Hady and El-Sherif (1988)
who found that montmorillonite content in Qusr El-Sagha deposits ranged
between 57 % and 67 %, while kaolinite didnt exceed 38 %.
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The high percentage of smectite (montmorillonite) and, in turn, the high
surface arca of such clay mineral revealed the possibility of using these
shales for improving hydro-physical, chemical and biological properties of
sandy soils as well as ameliorating the soil media for plant growth.
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The aforementioned (liscussign lc;‘uls\l‘nt :l‘u:i Con‘t':lflsiaion that

pereentage of smectite in the clay fraction ol l!\u sha v (‘cp.(mls is "Cgi\l"dcd M
+ limiting factor for using any type of shale in ameliorating sandy sojlg.

the limiting factor for using any type |

Based on the current study, it L‘O}lld be conclud%'d that the shales of
El-Qattamia, Wadi Kharruba, Kom 08131[11, Um‘Qur‘nm and Gabal Hamgy
can be recommended for soil :unclmfupon.nnd mprovement purpose iy,
proper leaching to decrease the suhm}y_ impaired by the shale d‘L‘DOSils
addition. Fortunately, the rapid permeability and deep water Pc_rcolalmn and
mfiltration in sandy soils will greatly help in rcmoval. of salinity out of the
root zone. In this regard, Qusr El-Sagha sediments, with its high pereentage
of clay and the highest amount of montmorillonitic clay mineral s
considered the best source of clay amendment for sandy soils 1o improve
thewr physical, chemical and hydrological characteristics. Other factors
should be considered, such as the expedient technique applied either ip
grinding of shales or in the way and rate of addition 1o the soil. Also, the
cconomical aspect concerning the distance of transport, expenditure, labor
and priority of the use of these shales and their exploitation are of a
paramount importance.

On the other hand, the kaolinitic shale deposits containing the
highest amount of kaolinitic clay minerals represented by the shales of El-
Khaboba, EI-Tih, Abu El-Rish South, El-Belida and El-Gedida can be used

for industrial purposes such as construction, ceramics and pipes, filling
matenal in painting, soap and paper industries,
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