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Abstract

The aim of the current work is to study the
geomorphology and genesis of some soils east and south El
Qattara Depression at the north of the Western Desert, Egypt. The
study area is located between latitudes 29° 41’ and 30° 30’ N and
longitudes 27° 39’ and 28° 43’ E.

The study area can be divided into five geomorphic units
namely: Plateau, Pediments, El Qattara Depression, Alluvial plain
(western and eastern) and Sand dunes. The soils of these units are
mostly sand texture except El Qattara Depression unit which has a
sandy loam to clay loam texture. The graphic mean size index is
mostly ranging from fine to coarse sand size. The sorting index
ranging from moderately well sorted to poorly sorted indicating
aeolian and aqueous media of transportation and deposition except
the sand dunes unit where the graphic mean size index is fine sand
and the sorting index is moderately well sorted indicating aeolian
media of transportation and deposition.

The sand fraction consists of light and heavy minerals. The
light minerals are the main constituent of sand fraction and consists
mainly of quartz (= 90 %) followed by feldspars (plagioclase and
orthoclase) in addition to muscovite and calcite minerals. The
heavy minerals consist of opaques and non-opaques. Opaque
minerals are the major heavy fraction constituent in all the
examined soils and composed essentially of iron oxide minerals.
The complementary non-opaque minerals consist of: (a)
Sedimentary origin minerals, which also named ultrastable or index
minerals, are mostly dominating the non-opaque minerals. (b)
Igneous origin minerals or unstable minerals are the second
abundance minerals in the study area. (c) Metamorphic origin
minerals or metastable (index) minerals are detected in
considerable portions in the study soils.

The source rocks of sand in the study area are mixture of
sedimentary, igneous and metamorphic rocks. However, the
sedimentary rocks are the first source of sands in western alluvial
plain sub unit. The vertical distribution of amphiboles, pyroxenes
and index minerals change irregularly depth wise indicating that the
study soils are recent, poorly developed and immature from the
pedogenic point of view.

The soils of western alluvial plain sub unit are partly
affected by Nile sediments than other study units where the Nile
sediments during flood periods deposited mostly in the near land
south of El Qattara Depression.
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INTRODUCTION

El Qattara Depression, which has a nearly triangular shape with a vertex at
about 67 km distance from the Mediterranean Sea, is the largest natural closed land
depression (19,605 km?) of the Eastern Sahara. It forms one of the most significant
features of the northern part of the Western Desert of Egypt. The depression is a
closed inland basin, and the periphery of the depression is usually taken at the
present zero Mediterranean Sea level. The lowest point of the depression is 134 m
below mean sea level at the western end and its maximum length extends 145 km
north-south direction.

El Qattara Depression is cut into horizontal layer of Miocene to Eocene sediments
(Said, 1962). Sand and clay layers of Lower Miocene age (Moghra Formation) form
the bottom and the surroundings of the north-eastern part of the depression. The
northern border is formed by a steep escarpment of white limestone of Middle
Miocene (Marmarica Formation). Over large areas of the floor, the bedrock is covered
with younger deposits including sand dunes, sabkha and Quaternary evaporite
sediments (EGPC/CONCO-Coral, 1987).

The aim of the current work is to study the geomorphology and genesis of some

soils east and south El Qattara Depression north of the Western Desert, Egypt.
MATERIALS AND METHODS

The study area lies to the east and south of El Qattara Depression at the north
of the Western Desert, Egypt. It is located between latitudes 29° 41’ and 30° 30’ N
and longitudes 27° 39’ and 28° 43’ E (Figure 1).

Data:

Topographic maps (1:100000),

Geologic map (1:500000),

Satellite data (ETM* with path 178 and rows 39 and 40, acquired in 1998) and
the data were analyzed using Arc GIS 9.3 and ERDAS IMAGINE 9.2 software

programs.

Field work:
Twenty five soil profiles were selected and allocated by the portable global
positioning system (GPS) representing the different geomorphic units in the study

area. Eighty two soil samples were collected from these soil profiles.
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Laboratory work:

Grain size analysis: The grain size analysis was carried out using the methods of Folk

(1968 and 1980). The gravel contents (> 2 mm diameter) were separated from the
sample using 2 mm sieve diameter. Sand was separated from Silt and clay by wet
sieving using 0.063 mm sieve diameter and fractionated by dry sieving using 2, 1, 0.5,
0.25, 0.125 and 0.063 mm sieves diameter. Silt and clay were determined by the
pipette method.

Measure of graphic mean size and sorting: The data of the grain size distribution of

the sample were plotted on arithmetic probability graph paper as cumulative curves,
where the cumulative percentages were plotted against the phi-diameters (@) to
calculate the grain size parameters for the whole fractions (Folk and Ward, 1957). The
graphic mean size (Mz) and inclusive graphic standard deviation (sorting; 6I) were
calculated by using the following equations:

Mz = (Q16 + @ 50 + P 84) / 3. 6I=(Pss-P16)/4+ (Pos-¢
5) / 6.6.

Mineralogical analysis of the sand fractions: Separation of the light and heavy

minerals was carried out by using bromoform (specific gravity = 2.85 + 0.02 g/cm?)
on the very fine sand fraction (0.125 - 0.063 mm in diameter) according to Brewer
(1964).

The light and heavy fractions were weighted and the index figure (I F.) was
calculated as follows:

Heavy mineral weighted

IF. =
Light mineral weighted

The separated light and heavy grains were permanently mounted on glass slides
using Canada balsam. Systematic identification of the minerals was carried out under
the polarizing microscope as described by Keer (1959) and Milner (1962). About 500
grains from random fields were counted for each sample and the percentages of each
mineral were calculated. Calculations of percentage of heavy minerals were made
considering the non-opaque minerals as 100 %; however, the opaque ones were also

recorded.
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Figure 1. Profile location and roads on a rectified subset ETM* image (Path 178 - rows
39 and 40) of the study area.

RESULTS AND DISCUSSION

Geomorphic Units:

The main geomorphic units of the study area were identified by using
topographic maps (1:100000), geologic map (1:500000), satellite data (ETM* with
path 178 and rows 39 and 40, acquired in 1998) and guided by visual interpretation of
Digital Elevation Model (DEM) (Ragab, 2011). These data were analyzed using Arc GIS
9.3 following the geomorphic approach of Dobos et a/.(2002).The study area is
divided into five geomorphic units (Figure 2) namely: Plateau, Pediments, El Qattara
Depression, Alluvial plain (Eastern and Western) and Sand dunes.
1-Plateau:

El Qattara Depression is bounded by a steep escarpment along its northern and
western side, with an average escarpment elevation of 250 m asl. This northern
plateau is covered by the so called Marmarica Formation, a sequence of Middle
Miocene mostly calcareous sediments ranging in thickness from a few meters at the
depression rim to several hundred meters at the coast, where Pliocene carbonate
rocks cover the older formations. Therefore, this unit does not contain any soil
profiles.
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Figure 2. Geomorphic units and profile locations of the study area

2-Pediments:

Pediments is the northern wall of El Qattara Depression that capped by
sediments of Middle Miocene age. Its cliffy slopes descend southward to an axial
valley. Alluvial fans shapes are mostly present in the foot slopes of the cliffs.

This unit is represented by profiles Nos. 1, 2 and 3. The soils of this unit are
mostly sand texture (Table 1) and possess mean size index (Mz) ranging from fine to
medium sand size (Table 2). The sorting parameter (6I) index ranging from
moderately well sorted to poorly sorted (Table 2) deposited by mixture of aeolian and
aqueous media of transportation according to the information mentioned by Folk
(1968) and Brewer (1964).

3- El Qattara Depression:

The floor of the Quaternary depression below the contour line of 60 m bsl is
mainly covered by sabkha and evaporite materials resulting from the evaporation of
seeped saline groundwater, while salt-beds cover the western end of the lowest
portion of the depression. Within the depression, cones, towers, mushrooms and
plateau-like hill landforms, ranging in height from 5 to 30 m, are common, especially
near the western scarp of the depression. Sinkholes and caves are development
processes, and were further deepened and extend by earth mass wasting, and
fluviotile processes (Albritton et a/, 1990). It has also been suggested that the
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depression is of structural control origin (Gindy, 1991). A new theory proposed by Aref
et al. (2002) is that the high salinity of the near-surface groundwater, and the sodium
chloride nature and the high rate of evaporation cause the disintegration of the
bedrock.

This unit is represented by profiles Nos. 4 and 5. The soil of this unit is mostly
loamy texture and the mean size index (Mz) ranges from coarse silt to medium sand.
The sorting index (6I) is poorly sorted indicating aqueous media of transportation.
4-Alluvial plain:

This unit is located in east and south of El Qattara Depression. Alluvial plain is
the largest and the most important unit in the study area because it represents the
suitable area for agriculture. It is characterized by almost flat to gently sloping land
and consists of sand sheet deposits. This unit has abundant impressive fossilized trees
indicating present of plant growth in the past geological periods (Albritton et al,
1990).

This unit is classified into two sub units based on the morphological descriptions
and the mean size index (Mz):

(a) Eastern sub unit: represented by profiles Nos. 6, 7, 8, 9, 10, 11 and 12. This
sub unit is mostly sand texture (Table 1) and possesses mean size index (Mz) ranging
from medium to coarse sand size (Table 2).

(b) Western sub unit: represented by profiles Nos. 13, 14, 15, 16, 17, 18, 20, 21,
22, 23, 24 and 25. This sub unit is mostly sand texture and possesses mean size index
(Mz) ranges from fine to coarse sand size.

The sorting index (6I) of alluvial plain unit ranges from moderately sorted to very
poorly sorted soils deposited by aeolian and aqueous media of transportation.
5-Sand dunes:

The alluvial plain unit that cover most of the study area are associated with
longitudinal sand dunes (linear dunes). The dune axes trend north-northwest and
south-southeast, parallel with prevailing wind direction.

The dunes are represented by profile No.19 and composed mainly of sand
texture. The mean size index (Mz) is fine sand and the sorting index (éI) is

moderately well sorted indicating aeolian media of transportation.
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Sand Mineralogy:

The sand fraction consists of light and heavy minerals. The light minerals are the
main constituent of sand fraction in the study area (= 97 %; Table 3). The index
figure is distributed irregularly depthwise in the different geomorphic units (Table 3).
1- Light minerals (Sp. Gr. < 2.85 g/cm3):

They consist mainly of quartz (= 90 %) followed by feldspars (plagioclase and
orthoclase, from 2 - 5%) in addition to muscovite (< 2 %) and calcite (< 1 %).
2-Heavy minerals (Sp. Gr. > 2.85 g/cm3):

The heavy minerals could be used as a tool to evaluate the source rocks, soil
profile uniformity, and the state of mineral weathering. The frequency distribution of
the heavy minerals (opaques and non-opaques) will be discussed in the same order as
given in Table (4).

A-Opaque minerals:

Opaque minerals are generally the major heavy fraction constituent in all the
examined soils (from 50.7 to 65.2 %; Table 4). These minerals are composed
essentially of iron oxide minerals (e.g. magnetite, illimanite and hematite and other

minerals).

Table 1. Grain size distribution and texture classes of studied soil profiles.

P Sand” (2.0 - 0.063 mm)% Silt Clay
f=
2 s 0.063- | (<
<] o | Depth Textural
5 E= 0.002 0.002
£ &l (cm) V.C.S C.S M.S F.S V.F.S Classes™
3 mm) % mm)
o
%
0-20 22.12 21.45 27.04 16.91 4.10 4.38 4.0 S
1 20-50 21.89 27.32 29.36 15.77 3.44 1.22 1.0 S
50-120 17.09 25.00 30.72 19.75 4.49 1.65 1.3 S
0-15 8.06 10.07 40.25 33.43 5.06 2.13 1.0 S
Pediments 2 15-40 1.28 5.93 42.97 44.29 5.08 0.30 0.15 S
40-120 0.86 5.58 57.66 33.26 2.13 0.31 0.20 S
0-15 14.22 14.95 27.11 33.57 6.76 2.29 1.10 S
3 15-60 1.26 3.24 6.19 54.70 8.35 16.26 10.0 SL
60-120 1.54 1.89 5.69 66.56 14.47 6.35 3.50 S
0-50 1.13 8.68 10.46 10.02 7.66 32.05 30.0 CL
4
El Qattara 50-150 0.00 0.51 2.25 28.82 7.72 30.50 30.2 CL
Depression 0-20 19.25 14.36 27.74 25.07 6.46 4.00 3.12 S
5
20-100 6.68 13.66 23.93 26.07 6.12 12.24 11.3 SL
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0-15 2.63 10.79 28.09 33.11 17.63 4.10 3.65
15-40 7.63 22.89 42.41 18.93 4.65 2.00 1.49
° 40-80 9.98 22.39 38.91 19.15 5.42 2.15 2.0
80-150 12.64 25.38 38.49 16.24 3.87 2.00 1.38
0-15 27.75 46.98 17.70 5.25 2.08 0.14 0.10
7 15-30 17.26 51.94 19.89 7.23 2.35 0.83 0.50
30-120 11.87 67.09 18.23 1.62 0.36 0.53 0.30
0-25 14.08 28.85 26.41 18.68 7.13 2.55 2.30
8 25-65 19.53 44.61 28.42 5.44 0.96 0.64 0.40
- 65-150 12.97 39.90 39.68 4.70 0.68 1.27 0.80
_g 0-15 8.95 23.51 29.58 28.61 7.09 1.26 1.0
g ° 15-120 14.06 46.99 29.08 6.58 0.92 1.27 1.10
,_%, 0-10 8.69 17.99 33.41 27.41 8.77 2.13 1.60
d 10-30 6.26 31.59 36.28 20.11 4.05 1.00 0.70
‘:5 10 30-60 39.00 27.66 16.06 12.18 2.61 1.49 1.00
é 60-100 6.13 26.55 41.63 19.83 3.38 1.48 1.00
0-15 19.78 31.42 31.05 11.84 3.43 1.38 1.10
15-40 19.90 41.73 32.04 4.09 1.04 0.70 0.50
H 40-90 14.41 33.36 46.29 4.63 0.71 0.40 0.20
90-150 16.33 39.44 39.07 3.87 0.67 0.42 0.20
0-10 19.51 30.97 35.34 10.62 2.55 0.71 0.30
12 10-50 12.19 25.91 43.84 13.03 243 1.60 1.00
50-150 14.68 27.83 43.32 10.30 1.25 1.62 1.00
0-35 5.59 20.95 42.90 20.61 3.59 4.16 2.20
13 35-75 15.17 35.76 38.24 7.91 0.71 1.21 1.00
£ = 75 -150 14.11 33.12 35.19 13.77 2.04 1.17 0.60
E é 0-15 14.97 26.22 18.28 23.23 11.19 4.00 2.11
15-40 | 20.35 42.95 22.05 9.23 2.86 1.56 1.00
o 40-80 | 37.33 38.50 15.09 5.19 1.63 1.26 1.00
80 -150 25.73 45.71 19.54 5.40 1.60 1.22 0.80
*Sand: **Texture classes:
V.C.S: Very coarse sand (2 - 1mm) S: Sand
C.S: Coarse sand (1 - 0.5mm) LS: loamy sand
M.S: Medium sand (0.5 - 0.25mm) SL: Sandy loam
F.S: fine sand (0.25 - 0.125mm) CL: Clay loam

V.F.S: Very fine sand (0.125 - 0.063mm) L: Loam
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Table 1. Cont.
Geomorphic Prof. Depth Sand” (2.0 - 0.063 mm)% Silt Clay
Units No. (cm) V.C.S C.S M.S F.S V.F.S (0.063 - (< Textural
0.002 0.002 | Classes™
mm) mm)
% %
15 0-10 4.56 13.97 | 18.92 | 32.92 | 21.62 5.01 3.00 S
10 - 30 23.82 2536 | 29.29 | 13.60 | 4.22 2.21 1.50 S
30-70 19.65 22.50 | 26.78 | 18.62 7.71 2.74 2.00 S
70 -130 9.10 16.34 | 28.88 | 26.58 | 13.47 3.43 2.20 S
16 0-20 7.06 8.06 17.80 | 30.94 | 23.19 7.45 5.50 LS
20 - 60 5.11 9.10 12.85 | 33.02 | 28.28 6.69 5.00 LS
60 -150 5.91 10.43 | 13.68 | 32.27 | 25.55 7.16 5.00 LS
17 0-15 9.81 14.02 | 15.49 | 29.86 | 23.17 4.45 3.20 S
15 - 40 6.12 31.82 | 19.96 | 12.82 3.28 15.00 11.0 SL
40 -75 24.47 44.09 | 23.14 5.92 0.44 1.24 0.70 S
75 -150 4.22 36.00 | 48.80 6.98 0.78 2.00 1.22 S
18 0-25 21.42 32.08 20.88 18.09 5.17 1.36 1.00 S
25-80 29.03 40.64 | 15.03 9.09 3.03 2.00 1.18 S
80 -150 27.88 42.12 15.13 8.02 2.61 3.00 1.24 S
20 0-20 6.40 19.96 | 25.38 | 30.98 | 8.96 5.32 3.00 S
o 20 - 40 10.47 20.38 20.39 26.97 5.55 9.00 7.24 LS
.% E 40 -70 13.91 24.26 22.88 24.48 4.76 571 4.00 S
% 3 70 -150 13.94 26.28 24.75 23.38 4.68 4.00 2.97 S
E, g 21 0-15 23.88 27.03 14.23 20.73 10.35 2.18 1.60 S
< g 15-60 28.21 33.79 14.34 15.59 5.43 1.64 1.00 S
60 -150 9.58 17.71 | 19.73 | 28.11 | 16.59 5.00 3.28 S
22 0-25 10.33 28.16 | 25.29 | 28.18 | 6.16 1.00 0.88 S
25-90 10.73 25.36 | 26.85 | 28.22 6.78 1.06 1.00 S
90-150 | 15.79 26.99 | 22.05 | 25.86 | 6.91 1.40 1.00 S
23 0-30 50.48 20.05 | 11.75 | 12.01 3.39 1.32 1.00 S
30-70 21.97 18.53 | 14.91 | 24.31 | 14.79 3.39 2.10 S
70 -150 25.45 21.95 16.27 23.16 10.46 1.61 1.10 S
0-15 5.83 9.82 26.56 | 33.96 | 16.27 4.56 3.00 S
24 15-50 1.56 5.14 31.48 29.47 7.46 14.69 10.20 SL
50-70 2.00 10.21 | 56.63 | 15.23 1.82 9.00 5.11 LS
70 -150 2.1 2.13 27.25 14.41 3.54 30.57 20.00 L
0-15 6.67 6.55 19.96 | 40.27 | 18.67 4.78 3.10 S
15-30 22.53 9.96 17.56 28.88 17.13 2.44 1.50 S
25 30-70 18.19 17.80 17.23 27.96 14.37 2.45 2.00 S
70 - 90 7.45 16.04 34.14 30.01 7.52 2.54 2.30 S
90 -150 6.47 6.41 36.89 | 43.66 | 3.36 2.00 1.22 S
Sand dunes 19 0-20 30.81 24.65 11.16 18.86 11.23 2.29 1.00 S
20 -150 33.47 36.67 10.22 12.91 6.45 0.18 0.10 S
*Sand: **Texture classes:

V.C.S: Very coarse sand (2 - 1mm)
C.S: Coarse sand (1 - 0.5mm)

M.S: Medium sand (0.5 - 0.25mm)
F.S: fine sand (0.25 - 0.125mm)
V.F.S: Very fine sand (0.125 - 0.063mm)

S: Sand
LS: loamy sand

SL: Sandy loam
CL: Clay loam

L: Loam
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Table 2. Mean size and sorting of the studied soil profiles.

Profile Depth Mean size | Mean size Sorting Sorting
Geomorphic Units No. (cm) (Mz, Index” (61) Index™
1 0-20 2.37 F.S 1.61 P.S
20-50 2.10 F.S 1.24 P.S
50-120 1.27 M.S 1.28 P.S
2 0-15 1.80 M.S 0.99 M.S
Pediments 15-40 2.00 F.S 0.68 M.W.S
40-120 1.83 M.S 0.56 M.W.S
3 0-15 1.60 M.S 1.30 P.S
15-60 3.10 V.F.S 1.33 P.S
60-120 2.80 F.S 0.86 M.S
4 0-50 3.90 V.F.S 1.88 P.S
El Qattara 50-150 4.23 C.Si 1.40 P.S
Depression 5 0-20 1.43 M.S 1.64 P.S
20-100 2.53 F.S 1.80 P.S
6 0-15 2.20 F.S 1.15 P.S
15-40 1.33 M.S 1.04 P.S
40-80 1.50 M.S 1.25 P.S
80-150 1.23 M.S 1.17 P.S
7 0-15 0.07 CS 0.83 M.S
15-30 0.30 CS 0.82 M.S
30-120 0.57 CS 0.58 M.W.S
8 0-25 1.37 M.S 1.32 P.S
§ 25-65 0.77 CS 0.94 M.S
2 65-150 0.90 CS 0.84 M.S
ps 9 0-15 1.60 M.S 1.12 P.S
c &3 15-120 0.93 C.S 0.81 M.S
"—é’L i 10 0-10 1.67 M.S 1.23 P.S
é 10-30 1.37 M.S 0.93 M.S
<=?: 30-60 0.50 CS 1.45 P.S
60-100 1.47 M.S 0.93 M.S
100-150 0.87 CS 0.82 M.S
11 0-15 0.97 CS 1.45 P.S
15-40 0.73 CS 0.85 M.S
40-90 1.00 M.S 0.81 M.S
90-150 0.77 CS 0.82 M.S
12 0-10 0.87 CS 1.11 P.S
c o 10-50 1.13 M.S 0.99 M.S
25 50-150 0.43 cs 0.78 M.S
<3 13 0-35 1.67 M.S 1.17 P.S
35-75 0.97 CS 0.89 M.S
75-150 1.13 M.S 1.02 P.S

*Mean Size index

C.S: Coarse sand

M.S: Medium sand

F.S: Fine sand

V.F.S: Very fine sand
C.Si: Coarse silt

*k

Sorting Index:

P.S: Poorly Sorted

V.P.S.: Very Poorly Sorted
M.S.: Moderately Sorted

M.W.S: Moderately Well Sorted
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Table 2. Cont.
Geomorphic Units Profile Depth Mean size | Mean size Sorting™ Sorting
No. (cm) (M2) Index” (61) Index
14 0-15 1.57 M.S 1.44 P.S
15-40 0.97 CS 1.03 P.S
40-80 0.33 CS 1.04 P.S
80-150 0.63 CS 0.96 M.S
15 0-10 2.33 F.S 2.33 V.P.S
10-30 1.00 M.S 1.00 P.S
30-70 1.23 M.S 1.52 P.S
70-130 1.93 M.S 1.35 P.S
16 0-20 2.50 F.S 1.56 P.S
20-60 2.70 F.S 1.17 P.S
60-150 2.60 F.S 1.49 P.S
17 0-15 2.20 F.S 2.20 V.P.S
15-40 2.33 F.S 2.33 V.P.S
40-75 0.70 CS 0.70 M.W.S
75-150 1.23 M.S 1.23 P.S
18 0-25 1.03 M.S 1.29 P.S
25-80 0.70 CS 1.23 P.S
& 80-150 0.70 C.S 1.23 P.S
E _g 20 0-20 2.30 F.S 2.30 V.P.S
% E 20-40 1.73 M.S 1.73 P.S
= 5 40-70 1.60 M.S 1.60 P.S
= g 70-150 1.50 M.S 1.50 P.S
= 21 0-15 1.13 M.S 1.13 P.S
15-60 0.93 CS 0.93 M.S
60-150 2.03 F.S 2.03 V.P.S
22 0-25 1.53 M.S 1.38 P.S
25-90 1.53 M.S 1.38 P.S
90-150 1.30 M.S 1.30 P.S
23 0-30 0.27 CS 1.73 P.S
30-70 1.53 M.S 1.69 P.S
70-150 1.17 M.S 1.60 P.S
24 0-15 2.17 F.S 1.29 P.S
15-50 2.86 F.S 1.53 P.S
50-70 2.0 F.S 1.12 P.S
70-150 3.5 V.F.S 1.56 P.S
25 0-15 2.4 F.S 1.41 P.S
15-30 1.57 M.S 1.94 P.S
30-70 1.47 M.S 1.68 P.S
70-90 2.0 F.S 1.70 P.S
90-150 1.97 M.S 1.63 P.S
0-20 0.98 F.S 0.96 M.W.S
Sand dunes 19 20-150 0.67 F.S 0.67 M.W.S

*Mean Size index

C.S: Coarse sand
M.S: Medium sand
F.S: Fine sand
V.F.S: Very fine sa
C.Si: Coarse silt

nd

*k

Sorting Index:

P.S: Poorly Sorted

V.P.S.: Very Poorly Sorted
M.S.: Moderately Sorted

M.W.S: Moderately Well Sorted
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B-Non- Opaque minerals:
The complementary non-opaque minerals are recalculated to be as 100 % (Table
4). These minerals consist of:

1-Sedimentary origin minerals:

They are also named ultrastable or index minerals because of their resistance to
weathering processes and include zircon, rutile and tourmaline minerals (Folk, 1968).
Zircon is the abundant index mineral in the study area. These minerals (zircon, rutile
and tourmaline) mostly dominating the non-opagque minerals and high percentages of
them are present in western alluvial plains sub unit followed by pediments unit, while
the lowest percent is present in eastern alluvial plain sub unit (Table 4).

2- Igneous origin minerals:

The igneous or unstable minerals; amphiboles, pyroxenes and epidotes (Folk,
1968) are the second abundance minerals in the study area (Table 4). The high
content of these minerals is present in the eastern alluvial plain sub unit followed by
western alluvial plain, while lower content is present in pediments unit.

3-Metamorphic origin minerals:

The metamorphic or metastable minerals (garnet, kyanite, staurolite, sillimanite
and andalusite) are detected in considerable portions in the study soils. Pediments
unit has the highest percent followed by eastern alluvial plain sub unit, while western
alluvial plain sub unit has the lowest content (Table 4).

The metamorphic minerals, as their name implies, that they are derived mainly
from the metamorphic rocks (e.g. schists, gneisses and metamorphosed argillaceous
rocks) (Folk, 1980).

Origin of sands:

The difference and random fluctuation in the distribution of heavy mineral
associations in the sand fractions are mainly attributed to variations in nature of
source rocks and environment of deposition. The source rocks of sand in the studied
area are mixture of sedimentary, igneous and metamorphic rocks. The sedimentary
rocks are the main source of sands especially in western alluvial plain sub unit, while
the igneous and metamorphic rocks are the second source of sands especially in
eastern alluvial plain sub unit.

Maturity and uniformity of soil profiles:

The occurrence of index minerals (zircon, rutile and tourmaline) in the heavy
minerals suit means either (1) the minerals are being reworked from older sediments
or sedimentary rocks (e.g. the Miocene deposits of the northern escarpment in the
studied area) and/or (2) prolonged abrasion and/or chemical attach has occurred

according to Folk (1968). In the studied area, the active physical and inactive
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chemical weathering processes on multi-sources parent materials lead to the
prevalence of immature soil profiles. This is indicated by the irregular distribution of
the index minerals in the different units and also by the irregular vertical distribution
of such minerals depthwise (Brewer, 1964). Also, the distribution of amphiboles and
pyroxenes and index minerals (Table 4) indicate that the study soils are recent, poorly
developed and immature from the pedogenic point of view.

The uniformity within the different soil profiles has been indicated by applying
different parameters, i.e. index figure and index minerals (Barshed, 1964; El-kady,
1970; and Mitchell, 1975); Tables 3 and 4. The uniformity ratio were also applied i.e.
zircon/tourmaline, zircon/rutile, zircon/(rutile + tourmaline) and (pyroxenes +
amphiboles)/(zircon + rutile) for different layers of soil profile as suggested by
Haseman and Marshall (1945). The vertical distribution of the index figure, the index
minerals (Tables 3 and 4) and the uniformity ratio values (Table 5) in the studied soil
profiles are changed irregularly depth wise. This indicates that these soils were
inherited from multi-sources and/or may subject to different sedimentation cycles.

The relation between the studied soils and Nile deposits:

The presence of pyroxenes and amphiboles are readily susceptible to weathering
and decay, thus their frequencies give an indication of the presence of recent
deposition. Moreover, Kholief et al, (1969), in their mineralogical studies of sand
deposits in the Nile Delta cited a triangle for the comparison of relative frequencies of
pyroxenes, amphiboles and epidotes and their distribution after recalculation to one
hundred percent. The suggested area inside the triangle represented the mean Nile
sediments.

A comparison of relative frequencies of pyroxenes, epidotes and amphiboles
recalculated to one hundred percent, for the present studied profiles (Table 6 and
Figure 3) and the Nile sediments area (after Kolief et al., 1969), the figure illustrates
that the studied soils are characterized by different values of the above three mineral
groups, but it is clear that the soils of western alluvial plain sub unit are partly
affected by Nile sediments than other units of the studied area where the Nile
sediments during flood periods deposited mostly in the near land south of El Qattara

Depression.
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Table 3. Percent of light and heavy minerals in the studied soil profiles

3 2
s . s .
=} Light Heavy =} Light Heavy
2 i Depth Index = f, Depth Index
g = mineral | minera e = mineral | minera
o o o .
£ & (cm) figure = & (cm) figure
9 s % | % 9 s % | %
0] [G]
0-15 94.00 6.00 0.062
0-20 93.17 6.83 0.073
15 -40 94.14 5.86 0.053
1 20-50 94.28 5.72 0.061 14
40 - 80 94.92 7.08 0.044
50-120 94.71 5.29 0.056
80 - 150 95.77 4.23 0.080
0-10 93.80 6.20 0.066
0-15 96.85 3.15 0.033
Pediments 10 - 30 97.22 2.78 0.028
2 15-40 97.87 2.13 0.029 15
30-70 94.94 5.06 0.053
40-120 93.82 6.18 0.066
70 - 130 95.24 4.76 0.050
0-15 91.84 8.16 0.089 0-20 97.20 2.80 0.028
3 15-60 91.53 8.47 0.093 16 20 - 60 98.53 1.47 0.015
60-120 93.39 6.61 0.071 60 - 150 98.39 1.61 0.016
0-15 93.50 6.50 0.070
0-50 96.77 3.23 0.033 15-40 97.00 3.00 0.032
4 17
50-150 96.0 4.00 0.042 40 - 75 94.90 5.10 0.053
Qattara 75 - 150 94.10 5.90 0.062
Depression
0-25 95.40 4.60 0.048
0-20 95.59 4.41 0.046 -
5 | § 18 25-80 94.30 3.70 0.039
20-100 97.35 2.65 0.027 B o
%‘ @ 80 - 150 97.60 2.40 0.026
— c
3l g
0-15 95.85 4.15 0.043 < g 0-20 91.50 8.50 0.088
15-40 97.00 3.00 0.030 20 - 40 97.40 2.60 0.029
6 20
40-80 97.87 2.13 0.022 40 -70 94.70 3.30 0.036
80-150 98.47 1.53 0.020 70 - 150 94.30 3.70 0.040
0-15 97.00 3.00 0.030 0-15 94.70 5.30 0.056
7 15-30 96.63 3.37 0.036 21 15 - 60 95.50 4.50 0.048
30-120 95.90 4.10 0.044 60 - 150 96.30 3.70 0.040
< § 0-25 94.54 5.46 0.059 0-25 96.00 4.00 0.042
©
= o
Lml 2 8 25-65 94.94 5.06 0.056 22 25-90 96.80 3.20 0.035
= c
%’ g 65-150 94.40 5.60 0.062 90 - 150 96.40 3.60 0.039
©
"'" 0-30 94.00 6.00 0.062
0-15 96.16 3.84 0.044
9 23 30-70 95.00 5.00 0.053
15-120 92.10 7.90 0.090
70 - 150 95.90 4.10 0.044
0-10 96.40 5.60 0.060
0-15 96.00 4.00 0.042
10-30 94.00 9.00 0.092
15-50 97.60 2.40 0.026
10 30-60 90.80 9.20 0.095 24
50-70 96.70 3.30 0.036
60-100 90.50 9.50 0.099
70 - 150 97.20 2.80 0.030
100-150 92.80 7.20 0.071
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0-15 95.00 5.00 0.052
0-15 93.74 6.26 0.062
15-30 96.00 4.00 0.042
15-40 93.9 6.10 0.064
11 25 30-70 93.90 4.10 0.043
40-90 97.86 2.14 0.020
70 - 90 94.60 3.40 0.036
90-150 93.40 6.60 0.069
90 - 150 90.90 9.10 0.095
0-10 95.69 4.31 0.045
Sand 0-20 93.40 8.60 0.071
12 10-50 96.73 3.27 0.039 19
dunes 20 - 150 96.00 4.00 0.043
50-150 96.70 3.30 0.036
0-35 92.15 7.85 0.085
13 35-75 94.50 5.50 0.058
75 - 150 96.39 3.61 0.037
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Table 4. Frequency distribution of the heavy minerals in the recorded soil profiles of
the study area.

[Geomorphic Unitg

Profile No.

Depth,
cm.

Non-Opaque minerals as 100%

Sedimentary (Index)
Minerals”

Igneous Minerals™

Metamorphic Minerals

Frk

Opaque
0,

z

R

T

total

A

total

Gr.

St.

Si.

An.

Ky.

total

Others|

—-

0-20
20-50
50-120

63.5
58.6
59.0

40.4
34.4
44.0

7.0
8.8
8.5

1.4
0.9
1.8

48.8
44.1
54.3

23.1
15.4
14.4

5.8
7.0
4.5

1.4
4.4
2.3

30.3
26.8
21.2

3.4
4.5
5.8

6.3
7.9
8.1

1.9
4.4
3.6

4.3
7.0
4.5

1.0
4.0
1.4

16.9
27.8
23.4

4.0
1.3
1.0

Pediments

0-15
15-40
40-120

58.9
61.4
60.4

42.8
40.2
46.9

8.1
6.9
8.2

0.9
0.5
2.0

51.8
47.6
57.1

15.8
15.7
15.3

4.5
5.9
5.1

0.9
1.0
1.0

21.1
22.6
21.4

5.9
5.9
4.1

6.3
6.8
4.6

3.2
4.4
2.3

6.7
7.3
5.1

2.2
2.4
2.6

24.3
26.8
18.7

2.8
3.0
2.8

0-15
15-60
60-120

59.0
59.5
54.3

41.6
36.8
29.7

10.0
7.8
9.5

2.1
2.5
1.7

53.7
47.1
40.9

12.3
15.7
17.1

5.3
9.8
6.9

1.2
2.9
4.0

19.0
28.4
28.0

6.1
5.4
6.0

7.0
5.4
8.2

4.1
3.9
4.3

6.2
6.4
9.5

2.1
1.9
2.2

25.5
23.0
30.2

1.8
1.5
0.9

Qattara

0-50
50-150

62.5
64.3

33.0
29.3

8.5
7.9

3.7
3.0

45.2
40.2

11.0
11.0

5.5
4.8

3.0
3.1

19.5
18.9

9.4
10.4

10.0
11.6

3.5
4.3

7.4
9.2

2.5
3.0

32.8
38.5

2.5
2.4

Depression

0-20
20-100

63.4
61.2

46.9
29.2

9.6
2.2

2.0

58.5
314

6.7
40.0

2.7
3.2

2.0

11.4
43.2

5.0
6.5

8.0
3.2

4.7
3.3

8.1
8.6

1.3
2.2

27.1
23.8

3.0
1.6

0-15
15-40
40-80

80-150

61.1
59.2
63.3
61.6

51.5
46.0
38.8
36.0

7.8
9.4
9.2
10.1

1.5
1.4
1.5
1.6

60.8
56.8
49.5
47.7

11.8
13.6
14.3
22.2

4.3
7.0
8.0
7.0

2.5
2.9
3.6
2.6

18.6
23.5
25.9
31.8

3.4
3.7
4.6
3.7

3.9
3.8
6.6
5.3

5.4
3.3
4.6
2.6

2.5
4.7
4.6
5.3

1.9
1.9
3.0
2.1

17.1
17.4
23.4
19.0

3.5
2.3
1.2
1.5

0-15
15-30
30-120

57.5
55.1
54.4

29.9
324
22.0

8.4
7.8
6.3

1.7
2.5
1.5

40.0
42.7
29.6

24.4
28.7
31.5

11.3
9.8
13.0

2.9
1.6
1.9

38.6
40.1
46.4

3.4
2.9
4.1

5.0
4.5
4.4

2.5
2.9
3.7

5.0
3.7
5.6

21
2.0
4.4

18.0
16.0
22.2

3.4
1.2
1.8

0-25
25-65
65-150

59.3
58.5
53.4

54.6
26.4
29.6

10.4
7.5
9.3

1.0
1.4
2.2

66.0
353
41.1

13.3
43.2
29.2

4.7
7.2
8.1

1.0
1.9
2.2

19.0
50.4
39.5

2.6
1.9
3.4

3.6
3.3
4.1

2.6
2.4
3.3

3.1
3.4
3.7

1.6
1.9
3.0

13.5
12.9
17.5

1.5
1.4
1.9

0-15
15-120

58.2
56.2

39.9
26.0

8.4
8.0

1.3
2.0

49.6
36.0

14.7
32.0

7.1
10.0

2.1
1.6

23.9
43.6

5.0
4.0

6.3
5.6

4.2
2.8

5.9
4.4

5.5
1.2

26.9
18.0

2.1
2.0

Eastern sub unit

10

0-10
10-30
30-60

60-100

100-

150

57.7
57.5
57.4
54.8
59.4

40.4
26.6
20.5
21.4
17.0

9.2
7.6
6.6
11.5
7.8

2.1
1.5
2.0
1.8
1.8

51.7
35.7
29.1
34.7
26.6

20.2
28.1
32.6
30.2
33.6

8.4
15.2
14.4
11.5
11.5

2.1
3.8
4.1
3.2
2.3

30.7
47.1
51.1
44.9
47.4

2.1
3.0
4.9
4.1
6.0

2.9
5.3
4.1
4.4
6.4

2.9
1.9
2.0
3.6
4.1

3.5
3.8
4.1
3.6
5.5

1.3
1.5
2.0
2.5
1.8

15.6
15.5
17.1
18.2
23.7

2.0
1.7
3.0
2.2
2.3

Alluvial plain

11

0-15
15-40
40-90

90-150

59.1
56.2
56.9
54.8

40.5
30.8
22.5
25.2

12.2
9.4
5.9
8.0

1.8
1.6
1.4
1.6

54.5
41.8
29.8
34.8

12.3
27.9
37.3
34.2

5.7
8.2
11.2
9.0

2.3
1.6
2.3
2.8

20.3
37.7
50.8
46.0

5.8
4.9
4.5
3.6

6.3
5.4
4.0
4.0

1.4
2.1
2.3
3.6

5.4
3.7
3.2
4.0

4.5
1.6
2.7
2.8

23.4
14.7
16.7
18.0

1.8
2.8
2.7
4.8

12

0-10
10-50
50-150

59.8
56.8
59.4

50.4
41.8
36.8

11.5
8.8
7.7

1.4
2.6
1.8

63.3
53.2
46.3

13.9
24.2
29.0

5.8
8.8
8.7

1.9
1.3
1.8

21.6
34.3
39.5

2.9
2.6
1.8

3.3
3.5
2.8

.4
1.8
1.8

2.9
3.1
4.6

1.0
0.9
1.4

11.5
11.9
12.4

3.3
0.6
1.8

13

0-35
35-75
75-150

65.2
53.7
51.5

60.0
39.0
43.2

9.2
8.2
10.6

2.4
1.6
2.9

70.6
48.8
56.1

8.8
22.6
21.1

4.3
6.2
9.3

3.0
2.0
1.0

16.1
30.8
31.4

3.1
4.1
1.7

3.0
4.3
2.7

1.2
2.9
2.6

2.4
4.9
1.7

1.8
2.9
0.5

11.5
19.1
9.2

1.8
1.1
3.3

14

0-15
15-40
40-80

80-150

56.2
60.8
57.3
58.5

40.7
40.8
40.9
36.8

10.3
10.6
7.3
12.2

2.1
2.4
1.3
24

53.1
53.8
49.5
514

20.5
18.7
25.8
20.6

9.8
9.1
9.9
7.4

2.9
2.4
1.3
1.0

33.2
30.2
37.0
29.0

2.9
4.3
3.4
34

4.1
2.9
2.1
34

2.0
3.4
1.3
2.3

3.3
2.4
3.0
4.9

1.6
1.9
1.3
34

13.9
14.9
11.1
17.4

0.8
1.1
2.4
2.2

Western sub unit

15

0-10
10-30
30-70

70-130

60.1
61.2
60.9

59.6

47.0
36.8
42.7
43.2

12.7
7.4
10.1
9.6

2.4
1.5
2.0
1.9

62.1
45.7
54.8
54.7

8.3
25.0
25.1
25.9

4.2
14.5
10.1
9.1

1.4
1.5
1.5
3.8

13.9
43.4
36.7
38.8

3.3
2.0
1.0
1.4

6.1
3.4
2.0

2.4
1.5
1.5

1.9

1.0

6.1
2.5
2.0
1.0

4.7
1.5
1.0
0.5

22.6
10.9
7.5
5.8

1.4

1.0
0.8

*Sedimentary minerals

Z = Zircon
R = Rutile

T = Tourmaline

*k

Igneous minerals
A = Amphiboles

P = Pyroxenes

E = Epidotes

kK

Metamorphic minerals
Gr. = Garnet

St.
Si.

Staurolite
Sillimanite

An. = Andalusite

Ky. = kyanite
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Geomorphic Units

Profile No.

Depth,

cm.

Opaque|
%

Non-Opaque minerals as 100%

Sedimentary Minerals™

Igneous Minerals™

Metamorphic Minerals

Fokk

T

total

total

Gr.

St.

Si.

An.

Ky.

total

Others|

16

0-20
20-60
60-150

58.4
63.3
61.2

42.8
51.5
41.0

10.4
10.6
12.0

2.3
2.8
2.0

55.5
64.9
55.0

17.1
14.0
16.5

8.1
6.7
7.0

2.3
3.3
3.5

27.5
24.0
27.0

3.6
3.4
4.0

5.4
2.2
4.0

2.2
0.6
2.5

3.2
2.2
4.5

1.3
0.6
2.0

15.7
10.0
17.0

1.3
1.1
1.0

17

0-15
15-40
40-75

75-150

62.9
56.6
57.2
61.0

56.0
39.0
34.4
45.8

8.4
11.3
5.2
8.8

2.2
3.4
1.3
2.6

66.6
53.7
40.9
57.2

7.0
10.5
27.5
18.2

6.7
10.1
15.9

9.9

2.8
3.8
3.4
2.6

16.5
24.4
46.8
30.7

3.4
3.4
3.0
2.6

4.5
5.5
1.7
2.6

2.8
3.4
1.3
1.6

2.8
5.5
3.4
2.6

1.7
2.5
1.3
1.6

15.2
20.3
10.7
11.0

1.7
1.6
1.6
1.1

18

0-25
25-80
80-150

59.4
60.3
58.6

37.4
46.0
37.6

9.7
9.2
8.1

1.8
1.8
0.9

48.9
57.0
46.6

15.8
16.1
23.0

8.8
6.4
11.9

4.0
2.3
2.6

28.6
24.8
37.5

5.3
5.1
3.5

6.6
3.7
4.0

3.1
2.8
3.1

4.0
3.7
2.2

1.3
1.8
1.8

20.3
17.1
14.6

2.2
1.1
1.3

20

0-20
20-40
40-70

70-150

60.7
58.7
62.6
60.5

61.7
47.7
57.8
50.4

5.6
8.0
10.4
10.1

1.2
2.6
3.0
3.2

68.5
58.3
71.2
63.7

7.4
5.3
4.3
12.0

9.3
6.9
4.3
10.0

1.2
1.6
3.1
2.1

17.9
13.8
11.7
24.1

1.9
3.7
3.1
2.1

3.1
7.4
4.3
2.7

R.5
B.7
R.4
1.6

3.7
7.3
5.5
4.2

0.6
4.2
1.8
1.6

11.8
26.3
17.1
12.2

1.8
1.6

21

0-15
15-60
60-150

60.4
59.2
61.9

49.5
39.1
50.2

8.7
9.9
6.5

2.5
3.1
2.2

60.7
52.1
58.9

9.7
13.0
7.0

12.8
18.0
14.6

1.5
1.8
2.7

24.0
32.8
24.3

2.2
1.8
2.7

2.5
2.2
3.8

R.5
R.2
R.7

4.6
4.0
3.8

2.0
4.0
2.7

13.8
14.2
15.7

1.5
0.9
1.1

Alluvial plain
Western sub unit

22

0-25
25-90
90-150

55.0
52.3
59.7

34.8
32.6
51.0

11.7
14.8
4.6

2.1
2.6
2.6

48.6
50.0
57.2

17.0
13.0
15.0

11.3
11.1
13.8

3.4
3.3
2.6

31.7
27.4
314

4.2
4.4
2.0

5.5
5.6
2.5

2.5
3.0
1.5

3.8
4.4
2.6

2.1
4.8
1.5

18.1
22.2
10.1

1.6
0.4
1.3

23

0-30
30-70
70-150

54.3
53.7
50.7

43.7
46.6
39.5

11.0
11.3
12.6

1.8
3.1
3.7

56.5
61.0
55.8

13.8
13.0
16.7

6.9
6.7
10.0

1.8
3.1
3.3

22.5
22.8
21.0

4.6
3.6
5.2

5.0
3.2
4.4

2.3
2.2
3.3

4.1
4.0
4.4

2.3
1.4
4.4

18.3
14.4
21.7

2.7
1.8
1.5

24

0-15
15-50
50-70

70-150

58.9
52.1
51.6
54.8

49.3
43.0
39.9
39.8

8.7
10.8
6.3
7.2

2.9
2.2
2.5
1.9

60.9
56.0
48.7
48.9

16.2
20.6
26.3
26.4

8.7
7.7
10.1
9.6

2.3
0.9
2.1
24

27.2
29.2
38.5
38.4

3.5
4.3
2.9
2.4

3.8
4.1
2.9
2.4

0.6
1.7
1.3
1.4

1.7
2.1
2.1
2.6

0.6
1.3
0.4
1.4

10.2
13.5
10.8
10.2

1.7
1.3
2.0
2.5

25

0-15
15-30
30-70
70.90

90-150

56.9
53.0
52.4
55.6
52.7

34.1
36.6
35.0
39.5
38.3

12.0
10.1
10.5
9.0
7.0

3.2
3.0
3.0
2.5
2.3

49.3
49.7
48.5
51.0
47.6

24.1
23.4
21.1
22.5
25.6

12.0
11.1
12.2
11.5
11.2

1.2
1.2
1.3
1.0

37.3
35.7
34.6
35.0
36.8

3.2
3.8
3.8
3.0
3.2

2.0
3.4
3.4
2.5
3.2

1.6
2.0
2.5
2.0
2.3

2.4
2.0
2.9
2.5
3.2

1.6
1.2
2.1
1.0
1.4

10.8
12.2
14.7
11.0
13.3

2.6
2.4
2.2
3.0
2.3

Sand dunes|

19

0-20
20-150

58.0
56.2

44.5
41.0

9.1
10.2

1.9
1.2

55.5
52.4

16.3
14.4

7.2
9.8

3.4
2.1

26.9
26.3

2.4
2.5

3.8
4.9

2.4
3.3

3.8
4.5

3.8
4.1

16.2
19.3

1.4
1.2

*Sedimentary minerals

Z = Zircon
R = Rutile

T = Tourmaline

*k

Igneous minerals

A = Amphiboles
P = Pyroxenes

E = Epidotes

*kK

Gr. = Garnet
Staurolite
Sillimanite
An. = Andalusite

St.
Si.

Ky. = kyanite

Metamorphic minerals
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Table 5. Uniformity ratios of the studied soil profiles®.

£, 13 2 2,13 7 |y
S 2 S Depth (A+P)/ S S Depth P)/
°SE |3 ZR | ZT | (rs £SO ZR 2T | (R+
s> |z (cm) ( (Z+R) s>z (cm) ( (Z+
o : T ] : T
R)
0-15 | 3.95 | 19.38 | 3.28 | 0.59
0-20 577 | 28.86 | 4.81 | 0.61
15 40 | 3.85 | 17.00 | 3.14 | 0.54
1 20-50 | 3.91 | 38.22 |3.55| 0.52 14
40-80 | 5.60 | 31.46 | 4.76 | 0.74
50-120 | 5.18 | 24.44 | 4.27 | 0.36
80-150 | 3.02 | 1533 | 2.52 | 0.57
0-10 | 3.70 | 19.58 | 3.11 | 0.21
0-15 528 | 47.56 | 4.76 | 0.40
Pediments 10-30 4.97 24.53 | 4.13 | 0.89
2 15-40 | 5.83 | 80.40 | 5.43 | 0.46 15
30-70 | 423 | 21.35 | 3.53 | 0.67
40-120 | 572 | 2345 | 460 | 0.37
70-130 | 450 | 22.74 | 3.76 | 0.66
0-15 416 | 19.81 | 3.44 | 0.34 0-20 | 412 | 18.61 | 3.37 | 0.47
3 1560 | 4.72 | 1472 | 3.57 | 0.57 16 | 20-60 | 4.86 | 1839 | 3.84 | 0.33
60-120 | 3.13 | 17.47 | 2.65 | 0.61 60-150 | 3.42 | 20.50 | 2.93 | 0.44
0-15 | 6.67 | 25.45 | 528 | 0.21
0-50 3.88 | 892 |270| 0.40 2 15-40 | 3.45 | 11.47 | 2.65 | 0.41
4 g 2|17
50-150 | 3.71 | 9.77 | 2.69 | 0.42 al 5 40-75 | 6.62 | 26.46 | 5.29 | 1.10
.S c
Qattara El 75-150 | 5.20 | 17.62 | 4.02 | 0.51
Depression < é
0-25 | 3.86 | 20.78 |3.25 | 0.52
0-20 489 | 2345 | 404 | 0.17
5 18 | 25-80 | 5.00 | 25.56 | 4.18 | 0.41
20-100 | 133 | 0.00 | 0.00 | 1.38
80-150 | 4.64 | 41.78 | 4.18 | 0.76
0-15 6.60 | 34.33 | 554 | 0.27 0-20 | 51.42 | 51.42 | 9.07 | 0.25
1540 | 4.89 | 32.86 | 4.26 | 0.37 20-40 | 1835 | 18.35 | 4.50 | 0.22
6 20
40-80 | 4.22 | 25.87 | 3.63 | 0.46 40-70 | 19.27 | 19.27 | 4.31 | 0.13
" 80-150 | 3.56 | 22.50 | 3.08 | 0.63 70-150 | 15.75 | 15.75 | 3.79 | 0.36
£ 5
2| 2 0-15 3.56 | 17.59 | 2.96 | 0.93 0-15 | 19.80 | 19.80 | 4.42 | 0.39
— 7]
©
B S| 7 1530 | 4.15 | 12.96 | 3.15 | 0.96 21 | 15-60 | 12.61 | 12.61 | 3.01 | 0.63
= B
& 30-120 | 3.49 | 1467 | 2.82 | 1.57 60 - 150 | 22.82 | 22.82 | 5.77 | 0.38
0-25 525 | 54.60 | 479 | 0.28 0-25 | 16,57 | 16.57 | 2.52 | 0.61
8 25-65 | 3.52 | 18.86 |2.97 | 1.49 22| 25-90 | 12.54 | 12.54 | 1.87 | 0.51
65-150 | 3.18 | 13.45 | 2.57 | 0.9 90-150 | 19.62 | 19.62 | 7.08 | 0.52
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0-30 24.28 | 24.28 | 3.41 | 0.38
0-15 475 | 3069 | 4.11 | 0.45
9 23| 30-70 | 15.03 | 15.03 | 3.24 | 0.34
15-120 | 3.25 | 13.00 | 2.60 | 1.24
70-150 | 10.68 | 10.68 | 2.42 | 0.51
0-10 439 | 19.24 | 3.58 | 0.58
0-15 17.00 | 17.00 | 4.25 | 0.43
10-30 3.50 | 17.73 | 292 | 1.27
15-50 | 19.55 | 19.55 | 3.31 | 0.53
10 30-60 3.11 | 10.25 | 2.38 | 1.73 24
50-70 | 1596 | 15.96 | 4.53 | 0.79
60-100 | 1.86 | 11.89 | 1.61 1.27
70-150 | 20.95 | 20.95 | 4.37 | 0.77
100-150 | 2.18 | 9.44 | 1.77 | 1.82
0-15 10.66 | 10.66 | 2.24 | 0.78
0-15 3.32 | 2250 | 2.89 | 0.34
15-30 | 12.20 | 12.20 | 2.79 | 0.74
15-40 3.28 | 19.25 | 2.80 | 0.90
11 25| 30-70 | 11.67 | 11.67 | 2.59 | 0.73
40-90 3.81 | 16.07 | 3.08 | 1.71
70-90 | 15.80 | 15.80 | 3.43 | 0.70
90-150 | 3.15 | 1575 | 2.63 | 1.30
90-150 | 16.65 | 16.65 | 4.12 | 0.81
0-10 438 | 36.00 | 391 | 0.32
Sand 0-20 2342 | 2342 | 4.05 | 12.6
12 10-50 475 | 16.08 | 3.67 | 0.65 19
dunes 20-150 | 34.17 | 34.17 | 3.60 | 8.00
50-150 | 4.78 | 20.44 | 3.87 | 0.85
0-35 6.52 | 25.00 | 517 | 0.19
13 | 35-75 | 476 | 2438 | 3.98 | 0.61
75-150 | 4.08 | 14.90 | 3.20 | 0.57
Z = Zircon A = Amphiboles
R = Rutile P = Pyroxenes

T = tourmaline
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Table 6. Amphiboles (A), Pyroxenes (P) and Epidotes (E) relationships in the study area

GEOMORPHOLOGY AND GENESIS OF SOME SOILS

EAST AND SOUTH EI QATTARA DEPRESSION

£ S £ s
5 £ v Depth A P E 5 2 © Depth A P E
= S| (cm) % | % | % 5> 5 (cm) % | % | %
o} & o £
(G] G]
0-20 239 | 185 | 76 0-15 | 60.0 | 29.0 | 11.0
15 -40 | 62.4 | 304 | 7.2
1 20-50 | 57.4 | 26.2 | 16.4 14
20120 | 678 | 21.4 | 108 40-80 | 69.6 | 26.7 | 3.7
) ) ) 80-150 | 70.0 | 26.3 | 3.7
: 0-15 | 746 | 213 | 4.1 0-10 1 38.7 31.1110.2
Pediments 10-30 62.7 | 34.2 | 3.1
2 15-40 | 69.4 | 26.0 | 4.6 15
40120 | 714 | 238 | a8 30-70 | 685 | 27.4 | 4.1
' ' ' 70-130 | 66.4 | 23.4 | 10.2
0-15 65.1 | 282 | 6.7 0-20 | 623 | 295 | 8.2
3 15-60 | 55.2 | 34.4 | 10.4 16 20-60 | 58.3 | 27.9 | 13.8
60-120 | 53.2 | 25.0 | 21.8 60-150 | 61.1 | 25.9 | 13.0
0-15 | 39.3 | 42.8 | 17.9
4 0-50 58.0 | 25.8 | 16.2 \7 15-40 | 43.2 | 41.3 | 155
Qattara 50-150 | 58.0 | 25.8 | 16.2 40-75 | 589 | 34.0 | 7.1
Depression 75-150 | 59.2 | 32.1 | 8.7
P 0-25 | 554 | 308 | 13.8
0-20 58.8 | 23.5 | 17.7
5 20-100 | 925 | 750 | 0.0 18 25-80 | 64.8 | 259 | 9.3
' ' ' » 80-150 | 61.4 | 31.9 | 6.7
0-15 648 | 216 [ 136 | | S 0-20 | 41.4 | 517 | 6.9
6 1540 | 580 [ 300 | 120 | B | 8| 20-40 | 385 | 50.0 | 11.5
4080 | 549|317 |134| 5| 2 40-70 | 36.8 | 36.8 | 26.4
80-150 | 72.2 | 19.7 | 8.1 3| 3 70-150 | 49.9 | 414 | 8.7
- [7]
0-15 63.2 | 29.4 | 7.4 < g 0-15 | 405 | 53.3 | 6.2
7 15-30 | 71.1 | 245 | 4.1 21 15-60 | 39.7 | 54.8 | 5.5
30-120 | 68.0 | 28.0 | 4.0 60-150 | 28.9 | 59.9 | 11.2
0-25 70.0 | 24.4 | 5.6 0-25 | 55.0 | 34.6 | 10.4
8 2565 | 432 | 13.8 | 3.7 22 25-90 | 47.3 | 405 | 12.2
65-150 | 72.5 | 20.9 | 6.6 90-150 | 48.3 | 43.5 | 8.2
0-15 613 | 298 | 89 0-30 | 61.2 | 30.6 | 8.2
. 9 15190 | 736 | 230 | 34 23 30-70 | 56.8 | 29.4 | 13.8
c| E ' ' ' 70-150 | 55.4 | 33.2 | 11.4
0o o -
2 3 0-10 658 | 27.4 | 68 0-15 | 60.0 | 31.5| 8.5
s 2 10-30 | 59.9 | 32.1 | 8.0
S| ¢ 15-50 | 706 | 26.5 | 2.9
5| 8 10 30-60 | 64.0 | 28.0 | 8.0 24
| B 50-70 | 68.3 | 263 | 5.4
® 60-100 | 67.2 | 256 | 7.2 20-150 | 688 | 250 | €2
100-150 | 70.8 | 24.3 | 4.9 ' ' '
0-15 60.0 | 28.0 | 12.0 0-15 1 648 | 328 | 3.4
15-30 | 66.0 | 30.0 | 4.0
15-40 | 74.1 | 215 | 4.4
11 25 30-70 | 61.0 | 354 | 3.6
40-90 | 73.0 | 22.0 | 5.0
90150 | 757 | 178 | &5 70-90 | 64.1 | 329 | 3.0
' ' ' 90-150 | 70.0 | 30.0 | 0.0
0-10 644 1 26.6 | 9.0 Sand 0-20 | 605 | 26.9 | 12.6
12 10-50 | 70.4 | 25.6 | 4.0 dunes 19 | 50-150 | sae | 374 | 80
50-150 | 73.1 | 22.0 | 4.9 ' ' :
0-35 | 50.0 | 29.2 | 20.8
13 | 35-75 | 732|200 | 6.8
75-150 | 67.5 | 29.7 | 2.8
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Figure 3. Distribution of Amphiboles, Pyroxenes and Epidotes minerals in the study area.



988

10.

11.

12.

13.

14.

15.

16.
17.

18.

GEOMORPHOLOGY AND GENESIS OF SOME SOILS
EAST AND SOUTH EI QATTARA DEPRESSION

REFERENCES

Albritton, C. C., J. E. Brooks, B. Issawi and A. Swedan. 1990. Origin of the
Qattara Depression, Egypt Geol. Soc. Am. Bull., 102: 952 - 960.

Aref, M. A. M., E. El-Khoriby and M. A. Hamdan. 2002. The role of salt in the
origin of the Qattara Depression, Western Desert, Egypt. Geomorphology,
45:181 - 195.

Barshad, I. 1964. Soil development. In chemistry of the soil (F. E. Bear Ed.)
Reinhold puble. Crop., New York.

Brewer, R. 1964. Fabric and mineral analysis. John Wiley and Sons, New York,
470 pp.

Dobos, E., E. Micheli, M. F. Baumgardner, L. Biehl and T. Helt. 2002. “Use of
combined digital elevation model and satellite radiometric data for regional soil
mapping”. Geoderma 97, 367 - 391.

EGPC/CONCO-Coral. 1987. Geologic map of Egypt, Scale 1:500000, Cairo,
Egypt.

El-Kady, H. A. 1970. Pedological studies bearing on genesis and morphology of
Maryut area. Ph.D. Thesis, Fac. Agric. Ain Shams Univ., Egypt.

Folk, R. L. 1968. Petrology of sedimentary rocks; Sylabus, Univ. of Texas,
Hamphill's, Austin, Texas, 170 pp.

Folk, R. L. 1980. Petrology of sedimentary rock; sylabus, Hamphill's publishing
company, Austin, Texas.

Folk, R. L. and W. C. A. Ward. 1957. Brazos River bar, a study in the
significance of grain size parameters. J. Sed. Petr. 27: 3 - 26.

Gindy, A.R. 1991. Origin of Qattara Depression: discussion. Geol. Soc. Am.Bull,
103:1374 - 1375.

Haseman, J. F. and C.E. Marshall. 1945. The use of heavy minerals in studies
of the origin and development of soil. Missouri Agric. Exp. Sta. Res. Boll. 387 p.
Keer, P.F. 1959. Optical Mineralogy. McGraw-Hill book Company, Inc., New
York.

Kholief, M., E. M. Hilmy and A. El Shahat. 1969. Geological and mineralogical
studies of sand deposits in the Nile delta. J. Sediments. Petrol., 39, 1520.
Milner, H. B. 1962. Sedimentary Petrology. George Allen and Unwin Ltd.,
Museum Street, London, V.1 and 11.

Mitchell, W.A. 1975. Soil Components. John, E., Gieseking, New York. V2.
Ragab, A. H. 2011. Mapping of the Qattara Depression, Egypt, using SRTM
elevation data for possible hydropower and climate change Macro-projects.
Macro-engineering sea water in unique environment, Environmental Science
and Engineering.

Said, R. 1962. The Geology of Egypt, Elsevier, Amsterdam, 377pp.



ISMAIL, M., et. al. 989

B MR Gaddia qagia g (G ol ) gl (B Al Jual g A sl sh ) 5a 50
S ae LIS 7 gdaag al e aulial) A deaac e lawd daaa
pera =5 ] e | ) Coganl] S e -Aiaall 5 olsadl 5 sl Y] Cgns pna

cJ.u Hs@)ﬂ\;\)mas\dmssa)w\umu)nj d‘)um\_)ﬂ\‘uk.m&.\
343 ° 28 5 39 ° 27 Jskll (ha s Vi '30 ° 30 5 41 ° 29 Ll ha o
M\Jﬂ\m‘sam)ﬂ\dm\jumﬂ\m)k}mgﬁy}né;u)d\}au;d\wu_\@.l\
CM\cPlateaudM\W\ ‘ﬁmjlﬁ}ay;u\h}wmé\&n\)_ﬂ\m(uu&(sj
Alluvial plain 4w s )l J sl a2l ) ¢ El Qattara Depression 5 yladll 1:mdiia cPediments
@Hu\uﬁ\auf‘uﬂ\ \}su\g_;” Sand dunes 4ol )l GLIESH 5 (A e g 48 1)
u\_\me_aaja_‘uyu\u.s_uus ‘E\AH‘ \ﬂ\u\dcjw\uasmohjcmbm)wu
mmjluuﬂ\eu)\uwaj\da)\é\ aclill Ja )l e QB 8 -l i (M2) Ao A
uj.c“ﬁ‘;@(éj)))ﬂ\u)du\ esu\&j\ﬁ(MZ)m)A\umenhyu\hj
Ome S A 50 G 5 L) o day lae A A ) () auadl 5 A Ao s (g 2 ) 55 Claa )
& (60) S An ) O sy s Al ) LD Baa 5 L Slal) Jill 5 (A sd) Jal
elsedl ddand oo Jadll ) s Al aad) 5,8l dda gia

O3 Sall b Al alaall ALEN ) 3 aall Galaddl (e () 5S5 Al (e o Le il 5 52l
Dbldll alae de sane 4l ¢ (790 <) 318 Gane e Ll 0585 5 a0l sl
U_Aujs_uad.sd\uaud\u\ g_xm&]ljg_usjsu}d\@mg\uhayu(}lsyjj\)}ls}m)u)
JM\S\UJ\_UU_AL..»L»\U)S.\JJJ.\SW s oall o Adindl) (alrall Adine e Golra s Adine (palae
L\]u\ ud\_’.an u\_cjmu_aujs.u MM).\:J\ uél.’.‘d\ (u.u\.‘u@i\j u.\.ll.‘a.\jy‘ JJA) A.m;j\
su}.S))M oalaw Jaiii g Ultrastable 4l (jalagl) LAAJ‘GA_A.&.\‘?\M Jea¥) A gyl aladl)
uim@wwjuu_)_\cujw\bﬂjw‘y‘@)w\udu\ (t_a)d.uj_)l\}u.\xu‘))ﬂ‘
)Mw\ ud\_’.d\ GA_uuj d.m‘}” UM\ UJL!.AM (C) «_UA_\.N\} ua_us_j).uj\j JJAJSAY\
S i uyhﬂlud\‘ugljﬁqu\suy\:\ﬁ\c;u)\;ﬂ Oz Jedii g Metastable

U A N saiall (e dada o Al ol Adlase & 4 i) aeas o A jall & elal
d}@-uj\‘fu.a\‘)\bdéjué.l W\JJ‘;JLAJ”J}Y\JM\GQM}MJS\JM| d}*—"‘d\}
L Galaall il ) c—u;—‘“e—d s ol SIS Western Alluvial Plains 4 i) 4 gus )l
Oalas aa A3 Ol Cu de gane UK g Index  Figure &= Ultrastable (index minerals)
M@u)ﬂ\u\_r,u:au\kr\cduwmﬁd&uw@\um&})ﬂ\}cd}\.ﬁa‘ﬂ\
‘fa\)\adéjumu‘b‘gj M;}JM\)M\LPJUJMD‘FGij}MJLM\JJM
u.z_u_).a‘__‘_d\M\uﬂ\j)dﬁ‘ﬂ\m}l}s)}q}\d\u\h)ﬂ\UA‘)AS\L\J‘);}MM‘):J\J}@J\
A.A.\.Jsj\‘)}.ad\@uha.\ﬂ\&_}\).ﬁ ;:Lu\c‘)\.ksﬂuas;_m&_s).\;@



