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Abstract

X-ray diffiractograms cleared the predominance of dioctahedral
montmorillonite, with few. chlorite, and or /b-axis disordered kaolinite. II-
lite was found as 3 binary interstratified minefal with montmorillonite or
as a temnary interstratified mineral with montmorillonite and chlorite. The
presence of interstratified minerals causes the merging of basal spacings
at below 7A plateau.

Some substitution of Fes* for A1 in the predominant montmoril-
lonite cleared in (1) the infra-red spectra by the absorption band of
(Fe3+. A1, OH-bending) at 880 cm'1 after removing of calcite, (2) the
D.T.A. by the endothermic peak of dehydroxylation at 515°C,

INTRODUCTION

Egyptian soils of the Nile Valley at Esna (Upper Egypt) are still under basin
system of irrigation until 1968. According to Ball (1952) the average rate of depo-
sition the suspended matter is 9 cm per century. The basin soils are the standard for
Egyptian soils and the best from the point of view of fertility. The alluvial soils of
Upper Egypt were changed to perennial irrigation. Most of the studies on clay miner-
logy in Egypt was concerned with alluvial soils of Delta and Middle Egypt (Abd-El-
Aal, 1969). Few clay mineralogy studies were conducted on alluvial soils of Upper
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Egypt. Fortunately, a soil from the basin soils of Esna is still available now and it
may be important to study its clay mineralogy as a reference for the alluvial soils

before alteration to perennial irrigation.

MATERIALS AND METHODS

A sample from the top layer (0-30 cm) was collected at 1968 from the basin
soils at Hod-El-Musallus, Esna, Egypt before being converted to perennial irrigation.
Soil analysis was carried out by the methods folowed by Ahmed and Naga (1986).
Moreover, the analysis of clay fraction (<1u) was carried out for X-ray analysis by
a philips diffractometer for randomly oriented technique, solved parallel oriented
technique, K-saturation and heating of parallel specimen, and infra-red absorption
analysis using Unicam SP 100G, double beam. Moreover, D.T.A., total chemical anal-
ysis, specific surface area and C.E.C. of clay were carried out as mentioned by Naga
and Ahmed (1972). :

RESULTS AND DISCUSSION

. Soil Characteristics:

Chemically, the soil is free from harmful salinity and alkalinity (Table 1).
Physically, the texture of the soil is silty clay. Morphologically, the colour of the
soil is greyish brown when dry (10 YR 5/2) and very dark greyish brown when it is
wet (10 YR 3/2).

il. Clay Mineralogy:

Table 2 shows the total chemical analysis (fusion analysis) for Ca-saturated
clay (<1y) of Egyptian alluvial soils at Esna. Moreover, the same table shows the
C.E.C. and the total surface areas for the same sample. The analysis shows the pres-
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Table 1. Physcial and chemical analysis of Esna basin soil

Mechanical anal);sis Exchangeable cations (m.e./100g)
a) Coarse sand % 0.15 Cation exchange capacity |45.36
b) Fine sand % 10.67 |EXch. sodium 0.76
Exch. potassium 1.21
¢) Silt % 48.50
Exch. clacium 33.04
). Clay A28 Exch. mangesium 10.35
Total soluble saits % 0.08 [E.S.P.% 1.67
Soluble ions (m.e./100g) pH 8.0
CO3 & K 0.03 Organic matter % 1.14
HCO3 °  0.82 Na 0.60 Calcium carbonate% | 1.33
CL 0.30 Ca 0.44
SO4 0.11 Mg 0.16

Table 2. Total chemical analysis, C.E.C., and total surface area for Ca-Clay (< 1)
of Esna basin soils.

Total Chemical Analaysis % CEC Total surface
m.e./100g clay area (m2g/clay)
Si02 42.38 69.28 484.44
Tio2 1.16
Al203 20.75
Fe203 8.42
FeO 1.15
MgO 3.15
Ca0 . 6.50
Na20 0.15
K20 0.80
H20 (+) 9.91
Cco2 2.76
Organic matter 1.87
Sum 99.00
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sence of considerable amount of a 2:1 clay mineral, owing to Lawrie (1961) who
found that the total surface areas for montmorillonite, illite, hallyosite and kaolinite
are 770, 170, 100 and 18 mz/g, respectively.

1. X-ray diffraction analysis:

Fig. 1 illustrates the x-ray diffraction. The presence of strong peak near 4.5A
indicates the dominance of layer silicates. The 1st spacing of montomrillonite and
their indices are as follows: 14.75A (001), 7.43A (002), 4.48A (110, 020),
2.592A (130,200), 1.719A (310, 150, 240) and 1.503A (330, 060) Brown
(1961). Moreover, infra-red spectroscopy and D.T.A. clear the presence of diocta-
hedral montmorillonite (Fe-Al-montmorillonite). Therefore, the presence of 1.503A
of montmorillonite clears that the (OKO) or 060 is dioctahedral layer silicates. Some
weak peaks of few percentage for b-axis disordered kaolinite appear at 7.2 A (001),
4.41A (021), 2.562A (201), 2.55A and 2.508A (131) Brown (1961). The presence
of 12.3A may be related to interstratified of 10A + 14A minerals such as mica or
illite (10A) and montmorillonite or chlorite. The peaks at 5.05A and 4.00A related
to mica or illite and their indices are (002) and (032), respectively. Carbonate
gives its differaction as calcite by the presence of peaks at 3.039A (104), 2.495A
(200,110), 2.10A (202), 1.919A (108) and 1.512A (136, 207). It is worth to
mention that the amorphous materials and calcite removed for running the treatment
C (Fig. 1) according to Jackson (1956), and its presence affected the intensities of
basal spacings and intensified them. The merging of basal spacings into a diffraction
plateau below 7A, supported the inter stratification of layers of illite and other 2:1
& 2:1:1 layer silicates (Jackson, 1956). Ball (1952) cleared that the plateau region
of upper Nile resourses being chiefly gneisses while the Abyssinian one is chiefly
volcanic lavas. Suspended matter which is deposited' in Egypt come from Abyssianian
plateau during the season of flood and these deposits are recent. Moreover, the re-
moval of the amorphous materials (Fig. 1 C) clears the predominance of montmoril-
lonite by the strong peak at 18.0A X-ray differaction patterns show a binary inter-
stratification such as mica-chlorite, montmorillonite-illite and a ternary
interestratification of montmorillonite-illite (mica)-chlorite. Peak at 24A for K-
saturated, heated & glycerol solvated sample, (Fig. 1 C&D) may be due to regular
interestratification of mica-chlorite layers. Peak at 12.25A (for the same treat-
ment) may be due to binary interestratification of mica-chlorite layers or ternary
interstratification of chlorite-illite-montmorillonite. Montmorillonite samples
(Heated at 550°C, Fig. 1D) collapse to about 10A spacing of illite (Jackson, 1956).
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2. Infra-red spectroscopy:

Figs. 2 & 3 illustrate the spectra for Ca-clay. Fig. 4 illustrates the spectrum
for K-saturated clay after oven-drying and removing the calcite mineral. The fol-
lowing absorption bands for montmorillonite clear at 1005, 1025, 1075, 1095
em™! (Ca-clay) and at 1010, 1025, 1035, 542-522, 427, 425 em! (K-clay). The
broad absorption band at 542-522 em™! due to Si-0-R3* clears that there are some
substitution of Fe3* for Al (Stubican and Roy, 1961). The absorption bands of OH-
bending in the spectra of sample under investigation are at 910-915 and 880 em 1.
The former band is due to Al, Al, OH and the latter is due to (Fe3+, Al, OH). The
persistence of absorption band at 880 em™! after the removal of calcite, emphasiz-
es the presence of some substitution of Fe3* for all in the octahedral coordination
(Farmer and Russell, 1964). it may be concluded that there are some b-axis disor-
dered ksolinite, chlorite, illite basides the Fe-Al-montmorillonite. The first mineral
absorbed at 1095, 1005, 910, 790, 750 and 700 em™!. The second mineral ab-
sorbed at 420, 477, 670 and 820 cm'l, while illite which transformed to mica on
K-saturation and heated to 100°C absorbed at 472, 528, 928, 940 and 1025 em™t.
Calcite absorbs 1395 em! (CO3, asymitrical stretching, Colthup et al. 1964) and
877 cm”! due to (H-O-H bending) and another band at 3640 em™! (OH-stretching of
absorbed water).

3. Differential Thermal Analysis:

Fig. 5 illustrates the D.T.A. of Ca-clay of the specimen under investigation.
The dual endothermic peak at 120°C and 210°C indicates the presence of large
amount of planer and hydration water of Ca. The second endothermic peak at 51 59¢
is attributed to the loss of OH-common layer (Dehydroxylation) of clay minerals.
Jackson (1956), cleared that the dehydroxylation endotheremic peak of layer sili-
cate increased from 420 to 650°C as the composition of 2:1 octahedal layer varies
from high Fe3* to high A1. The third endothermic peak at 760°C is due to the pres-
ence of fine calcite. The fourth pronounced exothermic peak at 930°C is due to the
recrysallization of the 2:1 layer silicates and/or the formation of Y -Al,03 in kao-
linite group. Mackenzie (1970), however, indicated that it is difficult to detect
chlorite mineral in a mixture by D.T.A.
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Wave number cm™]

1700 . 1300 . 900 600 = 400

Fig. 4. Infra spectra of K-clay (<1 p)dried at 100°C
and calcile removed of basin Esna soil

330

AT

120

Fig. 5. The d. i. a . of abasin soil of Esna
(Ca-Clay,<1u)
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