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The soil on north and south sides of the Sweet Water Ismailia Canal (SWIC) has pedological studied with 
the assessment of their soil provenance, mode of formation and degree of uniformity. This study was 
achieved by morphological descriptions, Particle Size Distributions (PSD) analysis and mineralogical 
composition analysis for heavy and light minerals and calculates the weathering ratio (RW). The results 
are shown that the stratified conditions observed in soil morph-pedological descriptions, these soils 
classified on very poorly sorted, transported by rolling and suspension regimes and deposited in an 
aqueous medium, that come from fluvial sources; however non-uniform in origins on sides of the SWIC 
soils. The C=M diagram shows the sediments falling in the classes I, IV, V and VII segments indicate to 
Rolled and Suspended transported sediments that are coarser on the north side than the south side of 
the SWIC sediments. With regard to the mineralogical study of theses soils, the light minerals are 
composed of quartz and small amounts of feldspars. The heavy minerals are classified into two groups: 
opaque and non-opaque minerals by large amounts. Ultra-stable and Staurolite minerals are noted in 
moderate amount. The opaque mineral rally on the soil terraces indicates that soils are weakly 
developed. The rating of soils in the SWIC area is established either of the multi-origins and multi-
depositional regimes, due to the heterogeneity of weathering and resulted from the geochemical 
weathering prevailed in the source sediments. Uniformity and weathering ratios indicated that the 
highest soils have been the subject of relatively higher weathering than in the subsoils. The heavy 
mineral suites of the studied soils have come from the mixing of young and older Nile deposits in the 
SWIC area. The provenance of soils in the studied area is regarded of complex rocks driven from 
igneous and metamorphic rocks. 
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INTRODUCTION  
 
Sweet Water Canal (SWC), also known as the Fresh Water 
Canal and currently known as Ismailia Canal was dug to 
provide fresh water to the arid area, from Lake 
Timsah to Suez and Port Said. River soil sediments of 
fluvial genesis are localized along the northern and 
southern sides of the SWIC, between El-Tall El Kebier city 
and Ismailia Governorate, occupying the former of Wadi El-

Tumilat. Sandford and Arkell (1939) attributed the 
formation of this wadi to an old Nile branch since early 
Pleistocene times. The soil terraces were established in 
the north side of this branch of the SWIC and possibly on 
the south side. In the SWIC area, the high gravel terraces 
which lying on the northern side of Wadi El-Tumilat may 
reach a level of 50m over the present Nile level,  while   the  



 
 
 
 
others which are lying on the southern side, may reach an 
elevation of 30m above the Nile level. In this respect, the 
ancient deltas plains include the present scope of the 
actual study. The gravels and sand fractions of Pleistocene 
age are seen bordering the edge of the agriculture land, 
where they are a series of gravel terraces at various 
heights over the valley floor.  

Ball, (1939) mentioned that those soils were constituted 
by the River in successive stages during the downward 
erosion of its channel since late Pliocene times. During 
Pleistocene and Holocene times, these soil terraces, as 
well as the entire area to the north, had been the focus of 
strong wind and water erosion (FAO, 1964). The soil 
sediments in the studied SWIC area vary markedly in 
texture from south to north sides. The south of the SWIC 
area is sandy particularly in the subsoil, and they have 
been classified as Quartzipsamments (Noaman and Khalil, 
1980). The north of the SWIC area is more gravelly in the 
subsoil, sometimes with a fill of sandy loam or loam 
comparable to those wests of the Delta. Noaman and 
Khalil, (1980) have been categorized as Typic 
Torriorthents. According to soil classification of the Soil 
Survey Staff (2014), the studied soils in the SWIC are 
classified under two orders are Entisols and Aridisols. To 
demand the genesis and mode of soil formation, PSD of 
the soils was considered as a criteria basis. In this regard, 
Hammad, (1968) stated that application of PSD in the field 
of soil science may be appropriate using the size.  

Frequency distribution within the non-clay fractions soil, 
would give an assessment of sedimentation and 
stratification of soil material. In this work, Folk and Ward, 
(1957), did statistical processing of the non-clay fractions. 
The heavy mineral ingredient in sediments usually reflects 
their parent materials as well their origin. Muller, (1997) 
defined these minerals are high density, which has specific 
gravities of 2.9g/cm3 or higher minerals. Many optical 
translucent species of the compact minerals (about 56 
minerals) are described by Mange and Maurer, (1992) and 
have been indicators for sediment sources Yang et al., 
(2009). Raiswell and Anderson, (2005) were reported that 
the specific heavy minerals including zircon, monazite, 
garnet, tourmaline, apatite, rutile, and other oxide minerals 
using to determined the provenances or sources of marine 
and the Nile river sediments in terms of their unique 
varietal characteristics. Morton and Hallsworth, (1999) 
illustrates the factors which influence the ingathering of the 
heavy minerals include weathering process at different 
stages between the provenance of rocks and sedimentary 
environments, mechanical abrasion during transportation, 
physical sorting, and diagnostic processes during buried 
formation.  

This study deals with the morphological features, 
uniformity case and the mineral compositions of the soils 
sediments to elucidate its mode of formation and agents for 
sedimentation, identify the heavy and light minerals in the 
sand fractions and their relation to soil  development   from  
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as a grade of uniformity and the source of parent material 
through actions of weathering on north and south sides in 
the SWIC study area. 
 
 
MATERIAL AND METHODS 
 
Study area: The studied area is portion of the old Nile 
branch lying in the northeastern part of River Nile Delta, 
the area of studied lies between latitudes 30° 18´ and 30° 
40´ N and longitudes 31° 40´ and 32° 05´ E. It extends 
nearly between Cairo-Ismailia desert road in the south, El 
Salheia plain in the north, Damietta branch in the west and 
the Suez Canal in the east. The studied area varies in 
elevation from 22 to 36m Above Sea Level (ASL) in the 
north of the SWIC and from 8 to 15m (ASL) in the south of 
the SWIC. Its topography classes are almost flat to gently 
undulating and hummocky relief. The land surface 
generally slopes are exact to the north and northeast 
directions. Field work, six soil profiles were made and 
morphological description according to Soil Survey Staff 
(2014). The soil profile samples collection was located by a 
Global Position System (GPS) device model Garmin, and 
the map of the soil profiles location was created using 
ArcGIS 10.2. Selective two transects, one on the north has 
3 soil profiles and another in the south has 3 soil profiles 
(about 23 soil samples) were gathered from the study area 
in the SWIC area in Ismailia Governorate (Figure 1).  

Laboratory work: Soil samples were spread and air dry 
at room temperature, grinding of soils using a wooden 
mortar and then sieved soil samples by passing 2mm sieve 
(fine fractions). Then, soil samples < 2mm (coarse 
fractions) were oven dried at 50°C to complete dryness 
and determined. For PSD, all soil samples were treated 
with 10% HCl to remove calcium carbonate, H2O2 to 
remove organic matter, distilled water to remove soluble 
salts, dispersed by sodium hexametaphosphate and 
dispersion by the mechanic. The clay and silt fractions 
determined by Hydrometer method, while sand fractions 
were separated by dry sieving method. The textural grades 
were gained by the triangle of textural of (Soil Survey Staff, 
2014 by KSSLMM). 

In this work, statistical treatment of the distribution 
pattern of the non-clay fraction was performed using 
parameters cited by Folk and Ward, (1957). In these 
parameters, the cumulative percentage curves were 
plotted against particle diameter expressed as phi (Φ) unit 
using special probability papers, where Φ = -log (d) /log 2, 
and (d) is the diameter in mm. Then, data were statistically 
parameters evaluated according to Folk and Ward, (1957); 
Passega, (1964) and Passega and Byramjee, (1969). 
These parameters are as follows equations:  
- Graphic Mean (MZ) = Φ 16 + Φ 45 + Φ 84 / 3  
- Standard Deviation (δI) = (Φ 84 - Φ 16 / 4) + (Φ 95 

- Φ 5 / 6.6)  
 



242. Glo. Adv. Res. J. Agric. Sci. 
 
 
 
                  Table 1: Morphological description of the studied soil profiles on both sides of the SWIC study area 
 

Prof. No. 
Depth 

cm 

Thic
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s cm 

Location site 

by 

X and Y 

Color dry 

Texture 

classes 

1 

Gravel
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Struct

.2 

Consist

. 3 

Lime 

 4 

Effe. 

 5 
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t 
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C
a
n

a
l 

1 
0-45 45 30° 34´ 19˝ N 

31° 51´ 49˝ E 
About 27m 

ASL 

10 YR 5/6 CSL 24 Ps. Sl. H Fe. So. Co. St. 
45-85 35 10 YR 7/3 S 6 Sg. lo. Fe. So. Co. Mo. 

85-130 45 10 YR 7/4 S --- Sg. lo. ----- w. 

2 
0-55 65 30° 35´ 08˝ N 

31° 58´ 22´ E 
About 36m 

ASL 

10 YR 6/4 CSL 29 Ps. Sl. H. Fe. So. Co. St. 
55-90 35 7.5 YR 5/6 S 15 Sg. lo. Ma. So. Co. St. 

90-130 40 7.5 YR 7/8 CS 4 Sg. lo. ------ w. 

3 
0-50 50 30° 33´ 55˝ N 

32° 04´ 34´ E 
About 22m 

ASL 

10 YR 5/4 CL 32 Ps. Sl.h. Fe. So. Co St. 
50-80 30 7.5 YR 6/6 CLS 7 Ms. h. Ma. So. Co. St. 

80-130 50 7.5 YR 6/8 LS 2 Ms. h. ------- w. 
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o
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th
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w

e
e
t 
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a
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ia

 

C
a
n

a
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4 
0-50 50 30° 31´ 19˝ N 

31° 51´ 56´ E 
About 15m 

ASL 

10 YR 5/6 SL 16 Ps. h. Fe. So. Co St. 
50-90 40 10 YR 6/8 SL 12 Ms. Sl.h. Ma. Co. Mo. 

90-140 50 10 YR 6/8 LS 3 Ms. h. Fe. Seg Mo. 

5 
0-35 35 30° 31´ 50˝ N 

31° 58´ 35´ E 
About 9m ASL 

10 YR 5/6 SL 17 Ps. h. Fe. So. Co St. 
35-80 45 10 YR 6/8 FS 6 Sg. lo. Ma. Co. Mo. 
80-130 50 10 YR 6/8 FS 4 Sg. lo. Fe. Seg Mo. 

6 
0-25 25 30° 32´ 23˝ N 

32° 06´ 31´ E 
About 8m ASL 

10 YR 5/6 SL 7 Ps. h. Fe. So. Co. St. 
25-65 40 10 YR 5/8 LS 5 Ms. Sl.h Ma. So. Co. Mo. 
65-120 55 10 YR 6/8 FS 2 Sg. lo. ------ w. 

 

1- Texture Classes are: CSL: Coarse sandy loam; CLS: Course loamy sand; CL: Course loamy; CS: Coarse sand; S: Sandy; LS: 
Loamy sand; SL: Sandy loam; FS: Fine sand. 
2- Structure classes are: Ps: Prismatic; Ms: Massive; Sg: Single grain. 
3- Consistence classes are: Sl. h.: Slightly hard; H: Hard; lo: Loose. 
4- Lime classes are: Fe. So. Co.: Few soft concretions; Ma. So. Co.: Many soft concretions; Ma. Co.: Many concretions; Fe. 
Seg.: Few segregations; Ma. Seg.: Many segregations. 
5- Effervescence classes are: St.: Strong effervescence; Mo.: Moderate effervescence; W.: Weak effervescence. 
 

 
 
- Skewness (SkI) = [Φ84 + Φ 16 - 2 Φ 50 / 2(Φ 84 - 

Φ 16)] + [Φ 95 + Φ 5 - 2 Φ 50 / 2(Φ 95 - Φ 5)]  
- Kurtosis (KG) = (Φ 95 - Φ 5) / 2.44 (Φ 75 - Φ 25). 

Mineralogical studies of the sand fractions were completed 
as follows; the ordinary treatment (Jackson, 1975), the 
sand fraction (Very fine sand 63 - 250µm) was separated 
from each soil samples by dry sieving method. The 
separation of light and heavy minerals utilizing liquid of 
Bromoform (density 2.89 g/cm3 at 20°C) was carried out 
following the procedure described by Brewer, (1964) and 
Muller, (1997). Mounting of the minerals was undertaken 
basing on the method outlined by Brewer, (1964) and 
Mange and Maurer, (1992). Systematic identification of the 
light and heavy minerals was done using the optical 
properties as give by Milner, (1962) and Brewer, (1964). 
The graduated mechanical stage was employed in 
counting of 500 grains as suggested by Krumbien and 
Pettijohn, (1938) and Milner, (1962).  
 
 
RESULTS AND DISCUSSIONS 
 
The morphological characteristics of soil profiles on the 
north and south sides of the SWIC area were description 

and classification of studied soil profiles, which descriptions 
were shown in the Table (1). Through these morphological 
studies on the north and south sides of the SWIC area 
were proved that the weakness of soil formation and 
development, due to the absence of formation and 
approved diagnostic horizons in the soil profiles. This may 
be due to the nature of the climatic zone conditions (arid or 
semi-arid climate conditions) affecting for the formation of 
those soil profiles, as well as the original of parent material 
formed of these soils and may be proved that results from 
mineralogical compositions and depositional studies to 
those soils on the both sides of the SWIC study area.  

Noaman and Khalil, (1980) were agreed on this results 
obtained from morphological descriptions of the soil 
profiles on both sides of the SWIC study area. Soils 
adjacent soils of the SWIC are of a coarse fractions nature, 
intermixed with fine materials. They have coarse sandy 
loam; coarse loamy sand; coarse loamy; coarse sand; 
sandy; loamy sand; sandy loam and fine sand textural 
classes were generated using a textural triangle of the (Soil 
Survey Staff, 2014 by KSSLMM). These soils have been 
derived from young and old Nile deposits and they are 
subjected to strong wind erosion and are therefore covered  
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           Table 2: Statistical parameters and mechanism of transportations of the SWIC studied soil profiles 
 

Prof. 

No. 

Depth 

cm 

Mz 

Φ 

Grain Size 

Term 

δI 

Φ 

Standard 

Deviation Term 

SK1 

Φ 

Skewness 

Term 

KG 

Φ 

Kurtosis 

Term 

Transportation 

from C-M pattern 

N
o

rt
h

 S
w

e
e
t 

Is
m

a
il
ia

 C
a
n

a
l 

1 

0-45 0.75 
Coarse 
Sand 

1.1
9 

Poorly Sorted 0.42 
+Med. 

Skewed 
1.65 

Very 
leptokurtic 

Rolling 

45-85 0.91 
Coarse 
Sand 

2.1
4 

Very Poorly 
Sorted 

0.22 
+Fine 

Skewed 
0.98 Mesokurtic Rolling 

85-
130 

2.49 Fine Sand 
0.9
8 

Mod. Sorted 0.51 
+V. fine 
Skewed 

0.92 Mesokurtic Rolling 

2 

0-55 1.96 Med. Sand 
1.1
1 

Poorly Sorted 0.52 
+V. fine 
Skewed 

1.50 Leptokurtic Rolling 

55-90 3.02 
V. Fine 
Sand 

0.6
9 

Mod. Well 
Sorted 

0.32 
+Fine 

Skewed 
1.26 Leptokurtic 

Rolling & 
Suspension 

90-
130 

2.69 Fine Sand 
0.7
6 

Mod. Sorted 0.54 
+V. fine 
Skewed 

1.58 
Very 

leptokurtic 
Rolling 

3 

0-50 0.39 
Coarse 
Sand 

2.1
1 

Poorly Sorted 0.51 
+V. fine 
Skewed 

1.66 
Very 

leptokurtic 
Rolling 

50-80 1.42 Med. Sand 
0.7
6 

Mod. Sorted 0.39 
+Fine 

Skewed 
0.91 Mesokurtic Rolling 

80-
130 

2.58 Fine Sand 
0.7
4 

Mod. Sorted 0.44 
+Med. 

Skewed 
1.48 Leptokurtic Rolling 

S
o

u
th

 S
w

e
e
t 

Is
m

a
il
ia

 C
a
n

a
l 

4 

0-50 3.56 
V. Fine 
Sand 

0.6
9 

Mod. Well 
Sorted 

0.11 
+Near 

Symmet. 
1.16 Leptokurtic 

Rolling & 
Suspension 

50-90 4.08 Silt 
0.4
6 

Well Sorted 0.31 
+Fine 

Skewed 
1.34 Leptokurtic 

Rolling & 
Suspension 

90-
140 

4.38 Silt 
0.4
1 

Well Sorted 0.35 
+Fine 

Skewed 
1.44 Leptokurtic 

Rolling & 
Suspension 

5 

0-35 3.89 
V. Fine 
Sand 

0.4
3 

Well Sorted 0.13 
+Near 

Symmet. 
1.24 Leptokurtic 

Rolling & 
Suspension 

35-80 4.19 Silt 
0.5
2 

Mod. Well 
Sorted 

0.23 
+Fine 

Skewed 
1.52 

Very 
leptokurtic 

Rolling & 
Suspension 

80-
130 

4.56 Silt 
0.4
7 

Well Sorted 0.09 
+Near 

Symmet. 
1.47 Leptokurtic 

Rolling & 
Suspension 

6 

0-25 2.87 Fine Sand 
0.8
8 

Mod. Sorted 0.12 
+Near 

Symmet. 
1.49 Leptokurtic 

Rolling & 
Suspension 

25-65 2.63 Fine Sand 
0.6
8 

Mod. Well 
Sorted 

0.41 
+Med. 

Skewed 
1.77 

Very 
leptokurtic 

Rolling 

65-
120 

4.02 Silt 
0.4
9 

Well Sorted 0.11 
+Near 

Symmet. 
1.42 Leptokurtic 

Rolling & 
Suspension 

 
 
 
in some localities, with drifting sand, Sandford and Arkell, 
(1933 and 1939). 

Table 2 for statistical parameters is shown that the soils 
on the SWIC study area are coarse particles and very 
poorly sorted, indicating that these soils are deposited by 
water actions. Khalil, (1970), also concluded the same fact 
in the soil of El-Fayoum and the Nile valley. The data show 
that all the layers are positively skewed range from +0.09 
to +0.54, considering the skewness (+near Symmetrical to 
+very fine skewed) in the soils of SWIC study area. The 
soils on the north side of the SWIC area are strongly 
positively skewed than those in the south side, indicating 
that the former soils have a tail of fineness. Furthermore, 
data indicate the abundance of fine materials, which are 
derived from a fluvial source. The values of the 
transformed kurtosis (KG) range between 0.91 and 1.66, 
considering the kurtosis (mesokurtic to very leptokurtic) for 
soils on the north side of the SWIC area, while, the soils on 
the south side of the SWIC are ranging between 1.16 and 

1.77 (leptokurtic to very leptokurtic) given in Table (2). The 
majority of the soil samples show kurtosis values more 
than 1 indicating that velocity fluctuation for sediments 
transported of the studied soils. 

This indicates that the latter ones show coarse mode 
with less fine mode and the sorting of the central portion is 
better sorted than the tails. The PSD results indicate that 
the soil samples studied are characterized by fine and 
coarse sand fractions. These results are agreement with 
Friedman, (1979), who mention that the river sands are 
usually positive. According to Mason and Folk, (1958), the 
consequences of skewness and kurtosis of studies of soils 
elucidate that fluvial and aeolian deposits are the prevalent 
environment formations in study areas on the north and 
south sides of the SWIC study area. Analysis of histogram 
(Figure 2) reveals that very few samples show a bimodal 
distribution while most other samples showed in unimodal 
status. The bimodal class may be the result of the mixing 
of       the     sediments    from    different   provenance  or  
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                                       Figure 1: Location of Study Area and Soil Profile Samples on the SWIC study area 
 
 

                                             

                                          Figure 2: Histogram of some soil samples from the north and south sides of the SWIC study area 
 



 
 
 

 

                           Figure 3: Cumulative curves of the soil profile samples on the north and south sides of the SWIC study area
 
 
 
subpopulations. Most of the cases, a bimodal class lie in 1
2 Φ. Frequency curves are showing positive, as well as 
nearly symmetrical distribution pattern. Such variables on 
the frequency curves indicate the fluctuation in the energy 
condition in the time of deposition of these soils. 

Cumulative curves were plotted on the probability 
ordinate scale (Figure 3). Accepting few sample curves 
plotted from the contemporary data show three straight
segments. Each segment has a distinct slope that 
suggests the presence of more than one cluster of grain. 

Each of these clusters relates to a unique mode of 
transportation for dragging, rolling, saltation and 
suspension (Doeglas, 1946; Visher, 1969 and Moss, 1962 
and 1963). From cumulative curves, this study eluci
that rolling is the main process of transport though traction 
on the north side and the suspension has also affected in 
some role during deposition of these soils on the south 
side of the SWIC. Slope angles of line segments in rolling 
mode ranged from 16 to 55, reflecting poor sorting (Qidwai 
and Cassyap, 1978). The breaks are not sharp enough in 
some curves. That explains the mixing of detritus carried 
by discrete energy currents or that may be reflecting the 
sediments come from diverse provenance (S
Verma, 1977). The consequences of soil percentages were 
carried in the discrete mode of transportations and 

Cumulative curves of the soil profile samples on the north and south sides of the SWIC study area

subpopulations. Most of the cases, a bimodal class lie in 1-
. Frequency curves are showing positive, as well as 

nearly symmetrical distribution pattern. Such variables on 
the frequency curves indicate the fluctuation in the energy 

of deposition of these soils.  
Cumulative curves were plotted on the probability 

ordinate scale (Figure 3). Accepting few sample curves 
plotted from the contemporary data show three straight-line 
segments. Each segment has a distinct slope that 

e presence of more than one cluster of grain.  
Each of these clusters relates to a unique mode of 

transportation for dragging, rolling, saltation and 
suspension (Doeglas, 1946; Visher, 1969 and Moss, 1962 
and 1963). From cumulative curves, this study elucidated 
that rolling is the main process of transport though traction 
on the north side and the suspension has also affected in 
some role during deposition of these soils on the south 
side of the SWIC. Slope angles of line segments in rolling 

m 16 to 55, reflecting poor sorting (Qidwai 
and Cassyap, 1978). The breaks are not sharp enough in 
some curves. That explains the mixing of detritus carried 
by discrete energy currents or that may be reflecting the 
sediments come from diverse provenance (Sharda and 
Verma, 1977). The consequences of soil percentages were 
carried in the discrete mode of transportations and 

inflection points for those soils derived from sieving has 
presented in table (2). Loads of traction, rolling and 
suspension show wide variations. This indicates the 
extreme variability in the competency of the transporting 
agency.  

The C-M diagram (Passega, 1957 and 1964) is another 
method for explaining the results acquired from PSD 
analysis, wherein the values of the first percentile (C) 
plotted against the median (M) (probability scale) and the 
values presented in Φ Units of and/or in millimeters. The 
Passage C-M diagram was applied in particular to the 
study of fluvial and coastal deposits because of both 
consist of the different parent materials, which can 
‘translated’ into sub-environment depositions with the help 
of the diagram. The difference of transport and history of 
depositional can be distinguished from the C
(Ludwikowska Kędzia, 2000 and Szma
According to Passega, (1957 and 1964) and Passega & 
Byramjee, (1969) the first percentile refers to the particle 
size that accounts for the maximum competence of the 
transporting medium. The C-M pattern of the soil profiles is 
also as a tool for indicating the hydrod
sedimentation as suggested by Passega, (1964) and 
Passega & Byramjee, (1969). Data of C
Figure (4) and Table (2) shows that all soils 
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Cumulative curves of the soil profile samples on the north and south sides of the SWIC study area 

inflection points for those soils derived from sieving has 
presented in table (2). Loads of traction, rolling and 

iations. This indicates the 
extreme variability in the competency of the transporting 

M diagram (Passega, 1957 and 1964) is another 
method for explaining the results acquired from PSD 
analysis, wherein the values of the first percentile (C) are 
plotted against the median (M) (probability scale) and the 

 Units of and/or in millimeters. The 
M diagram was applied in particular to the 

study of fluvial and coastal deposits because of both 
ent materials, which can 

environment depositions with the help 
of the diagram. The difference of transport and history of 
depositional can be distinguished from the C-M diagram 

dzia, 2000 and Szmańda, 2002). 
o Passega, (1957 and 1964) and Passega & 

Byramjee, (1969) the first percentile refers to the particle 
size that accounts for the maximum competence of the 

M pattern of the soil profiles is 
also as a tool for indicating the hydrodynamic conditions of 
sedimentation as suggested by Passega, (1964) and 
Passega & Byramjee, (1969). Data of C-M pattern in 

able (2) shows that all soils   on   the  north  
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                                     Figure 4: C=M pattern for studying soil samples in the north and south sides of the SWIC study area 
 
 
 
side are shown a mechanism of transportation by rolling 
only, except for one sample in profile 2 is rolled & 
suspension transported sediments. While those all soils on 
the south side of the SWIC area are transported by rolling 
& suspension agent only, except for one sample in profile 6 
is a rolling transported sediments. 

A comparison of the textural parameters with reference 
to the limiting classes of the C-M diagram (Passege & 
Byramjee, 1969) is given in Figure (4) that the soils falling 
in the classes I, IV and V segments (indicate to rolled 
transported sediments) are coarser with Mz = 0.39 to 2.58 
Φ on the north side of the SWIC; while those in the classes 
of IV, V and VII segments (indicate to suspend transported 
sediments) are relatively finer with Mz = 2.63 to 4.56 Φ. 
Moreover, it is observed that sediments deposited under 
the graded suspension condition are better sorted having 
δi = 0.41 to 0.88 Φ on the south side of the SWIC, than 
those in the class of uniform suspension (0.69 to 2.14 Φ) 
on the north side of the SWIC study area. This significant 
observation confirms another fact that sorting becomes 
relatively poorer in finer uniform suspension deposits than 
coarser grade suspension deposits. Furthermore, the 
available data of the statistical size parameters reveal that 
the soil profiles are non-uniform of parent materials. 
However, stratified conditions observed in these profiles 
are mostly ascribed to deposition variations and/or the 
depositional regime. 

With regard to the role of the mineralogical composition 
of the sand fraction in order to evaluate the soil genesis 
and uniformity of these soils by the SWIC study area, light 

fractions of the examined deposits are composed mainly of 
subangular to sub-rounded quartz grains, shown in Figure 
(5). These by range from 97.3% to 99.1% of the light 
minerals of all the soil samples studied optical examined in 
the both sides of the SWIC study area (Table 3). The 
presence of rounded or sub-rounded grains minerals 
indicated reworked sediments, most probably coming from 
metamorphic rocks. Such grains are considered as come 
from the igneous and metamorphic rocks. These results 
were in acceptance with Krippner and Bahlburg, (2012). 
Most of the quartz grains are simple types (mono-
crystalline) and show straight to slightly undulate extension 
(Folk, 1968). The average percentages of light minerals of 
quartz (Table 3) on the north side of the SWIC were about 
98.1% nearly matching those on the south side deposits of 
the SWIC area was about 98.0%. The marked dominance 
of quartz particles with uniform extinction in soils of the 
SWIC study area; those soils are considerable 
mineralogical maturity. The negligible amount of feldspars 
(average 1.9% to 2.1% on the south and north sides of the 
SWIC study area, respectively) has been identified in the 
studied area. 

Fresh and altered grains of plagioclase feldspars of 
intermediate (average between 0.8% to 1.1% in the north 
and south sides of the SWIC area) and basic composition 
are present in minor amounts. The potash feldspars 
represented by orthoclase and microcline are recorded in 
very small amounts (average between 0.3% to 0.7% on the 
north and south sides of the SWIC area), the total 
feldspars minerals percent range from 1.9%  on  the   north  



 
 
 
                           Table 3: Frequency and average distributions of light minerals in the SWCI study area by sand fraction 
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Depth 
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Quartz 

% Plagioclase
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1 
0-45 97.8 

45-85 98.4 
85-130 98.8 

2 
0-55 98.3 

55-90 97.5 
90-130 98.3 

3 

0-50 97.3 
50-80 98.0 

80-130 98.5 

Total Average 98.1 
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0-50 97.8 
50-90 97.8 

90-140 97.8 

5 
0-35 98.1 

35-80 98.8 
80-130 99.1 

6 
0-25 97.5 

25-65 97.8 
65-120 98.1 

Total Average 98.0 

 
 
 
 

 

Figure 5: Light minerals of subangular and sub-rounded quartz grains (a 30
study area 
 
 

Table 3: Frequency and average distributions of light minerals in the SWCI study area by sand fraction 

Feldspars % Total  
feldspars % Plagioclase Orthoclase Microcline 

0.8 1.1 0.3 2.2 
0.7 0.7 0.2 1.6 
0.5 0.5 0.2 1.2 

0.7 0.5 0.5 1.7 
1.2 0.6 0.7 2.5 
0.7 0.5 0.5 1.7 

1.0 0.8 0.9 2.7 
1.0 0.8 0.2 2.0 

0.8 0.7 0.0 1.5 

0.8 0.7 0.4 1.9 

1.5 0.5 0.2 2.2 
1.0 0.7 0.5 2.2 
1.0 0.6 0.6 2.2 

1.4 0.5 0.0 1.9 
0.7 0.5 0.0 1.2 
0.6 0.3 0.0 0.9 

1.3 0.7 0.5 2.5 
1.0 0.7 0.5 2.2 
1.4 0.5 0.0 1.9 

1.1 0.6 0.3 2.0 

rounded quartz grains (a 30-40x binocular microscope 125 µm) on the north and south sides of the SWIC 
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Table 3: Frequency and average distributions of light minerals in the SWCI study area by sand fraction  

Total  light 
minerals % 

100 
100 
100 

100 
100 
100 

100 
100 

100 

100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 

 

m) on the north and south sides of the SWIC 
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                      Table 4: Frequency and average distributions of heavy mineral in the SWIC study area by VFS fraction 
 
 

Prof. 
No. 

Depth 
cm 

Opaques 
minerals 

% 

Non opaques minerals % 

Index 
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(IF) 
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e
t 
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a
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a
n

a
l 1 

0-45 29.8 15.9 8.9 11.9 13.6 3.5 3.7 3.9 2.7 2.8 0.8 1.8 0.7 0.81 
45-85 28.8 13.6 11.7 12.5 11.7 5.9 3.5 2.9 2.8 2.6 1.5 1.4 1.1 0.46 
85-130 27.9 12.5 13.4 12.1 12.4 5.7 3.8 4.5 2.6 2.5 1.7 0.6 0.3 0.72 

2 
0-55 31.5 11.8 11.8 10.9 12.6 4.8 3.7 3.6 2.8 2.9 1.6 0.8 1.2 0.39 

55-90 29.9 10.9 11.5 12.1 11.9 5.9 3.9 3.5 2.9 2.8 2.2 1.9 0.6 0.84 
90-130 29.6 11.8 11.9 13.3 9.3 5.8 4.5 3.6 3.5 2.8 1.9 2.0 -- 0.49 

3 
0-50 28.8 12.3 13.1 12.6 10.4 4.6 3.9 2.7 3.6 2.9 2.2 2.1 0.8 0.41 

50-80 29.6 13.5 12.6 11.8 12.3 4.7 3.6 3.8 3.2 2.3 1.2 1.4 -- 0.55 
80-130 28.9 12.8 11.9 12.6 10.9 3.9 4.8 4.9 3.5 2.7 1.8 1.3 -- 0.47 

Total Average 29.4 12.8 11.9 12.2 11.7 5.0 3.9 3.7 3.1 2.7 1.6 1.5 0.8 0.57 
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u
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 S
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a
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a
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a
l 4 

0-50 32.6 14.4 13.9 10.5 10.9 3.6 3.8 3.4 3.5 2.1 0.3 0.6 0.4 0.21 
50-90 30.9 13.5 14.3 13.4 10.4 3.5 3.7 2.5 2.7 2.6 0.9 0.9 0.7 1.52 
90-140 32.8 13.4 11.9 12.7 10.9 3.4 3.3 2.9 3.3 2.9 0.8 1.1 0.6 0.82 

5 
0-35 35.8 12.4 10.7 10.8 9.9 5.6 2.8 3.9 2.8 2.6 0.9 1.8 --- 1.04 

35-80 33.9 13.9 13.2 10.1 7.9 5.1 3.3 3.5 4.5 3.1 0.3 0.8 0.4 0.45 
80-130 32.8 10.9 11.7 9.8 11.3 6.2 3.4 2.9 5.5 2.4 1.2 1.3 0.6 0.55 

6 
0-25 34.8 9.8 10.6 14.1 9.3 5.8 3.3 2.8 3.8 3.4 0.8 1.5 --- 1.06 

25-65 33.3 15.1 11.9 10.8 9.9 4.9 2.1 3.3 4.2 2.9 0.7 0.9 --- 1.32 
65-120 33.9 11.8 9.4 11.5 10.8 5.5 4.1 2.9 3.9 3.7 0.9 1.3 0.3 0.59 

Total Average 33.4 12.8 12.0 11.5 10.1 4.8 3.3 3.1 3.8 2.9 0.8 1.1 0.5 0.84 

 
 
 
side and 2% on the south side of the SWIC study area. 
The potassium, sodium (alkali) Feldspars is essential 
constituents of felsic igneous rocks, pegmatite, and many 
felsic and intermediate gneisses (Deer et al., 1992). The 
feldspar in plutonic felsic rocks and metamorphic rocks are 
commonly orthoclase and microcline. 

In addition, heavy mineral content and their assemblage 
are conducted. The main mineral constituents this fraction 
are generally opaque, pyroxenes, amphiboles, epidotes, 
zircon, garnet, tourmaline, rutile, staurolite, kyanite, 
monazite and biotite in subordinate amounts show 
frequency data on heavy mineral distributions and Index 
Figure (IF) and these average percents distributions of 
heavy mineral in Table (4) for the north and south sides of 
the SWIC study area. 

With regard to northern side soils, heavy minerals are 
found in the following manner; opaques, pyroxenes, 
amphiboles, epidotes are in pronounced amounts followed 
by zircon. Garnet, tourmaline, rutile and staurolite in 
relatively moderate amounts, whereas kyanite, Monazite, 
biotite, but biotite minerals are discovered as traces. A 
comparison with those of the southern side soils, the 
minerals detected are opaque, pyroxenes, epidotes, and 
amphiboles in pronounced amounts, while the remaining 
minerals are found in fewer amounts according to average 
percent of heavy minerals as followed by zircon, garnet, 
staurolite, tourmaline, rutile and kyanite on the south side 

of the SWIC area presented in Table (4) and Figure (6). 
Data in Tables (4) evidence that the values of the index 
figure (IF) of the studied soil profiles ranged from 0.39 to 
0.81 with an average 0.56 on the north side and ranged 
from 0.21 to 1.88 with an average 0.96 on the south side of 
the SWIC area, with no specific pattern with depth. Quite 
differences of index figure from one layer to another 
indicating a multi depositional regime. Diagrams of average 
percent distribution for heavy minerals on the north and 
sides of the SWIC study area were given in Figure (6). 
Sulieman, et. al (2015) were concluded that resistant 
heavy minerals of zircon, tourmaline, rutile, garnet, and 
andulsite in the Nile river soil terraces in north Khartoum 
are originally derived from metamorphic and igneous rocks 
from the Ethiopian plateau. Samy and Abou El-Anwar, 
(2013) was agreeing with results of components for heavy 
minerals in the Nile delta soils terraces.  

The presence of rounded, sub-rounded and sub-anglers 
grain minerals from zircon, tourmaline, rutile, and garnet 
are given in Figure (7), these forms of grains may be 
evidenced a relatively long distance of transport as well 
relatively strong reworking and probably most come from 
igneous and/or metamorphic rocks, which could be come 
from the Ethiopian plateau. These results were in approval 
with Samy and Abou El-Anwar, (2013); Krippner and 
Bahlburg, (2012); Kroner, et. al (2008) and Haredy, (2003). 
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                           Figure 6: Diagram of average percent distributions for heavy minerals in the north and sides of the SWIC study area 
 
 
 
The heavy mineral analysis is very important in 

evaluating the origin, uniformity, weathering and 
development of soil profiles in the studied area on both 
sides of the SWIC area, due to the variation in heavy 
mineral species and frequencies in the different soil layers. 
In this respect, Brewer, (1964) mentioned that weathering 
reduces the less resistant minerals (pyroxenes, amphibole, 
epidotes, and biotite) and has little or no effect on the most 
resistant minerals (zircon, rutile, tourmaline, garnet, and 
kyanite). This can be elucidated by a decrease of the less 
stable components and a corresponding increase of the 
stability and ultra-stable minerals.  

To elucidate the homogeneity or heterogeneity of the 
parent material, resistant minerals, as well as their ratio, 
are employed (Haseman and Marshall, 1945). In this 
connection, the assumption ratios are Zircon/Rutile (Z/R), 
Zircon/Tourmaline (Z/T) and Zircon/Rutile + Tourmaline 
(Z/R+T); besides the weathering ratios stated by Hammad 
(1968) are given and calculated in Table (5) and taken as 
criteria for soil profile uniformity and the weathering 

sequence of the soils and average percent. Application of 
the ratios of resistant minerals for each profile in studying 
area on both sides of the SWIC study area (Table 5), to 
elucidate the homogeneity or heterogeneity of the parent 
material, data reveal that many of the studied soil is 
originated from the ancient Nile sediments which are 
mostly derived from igneous and metamorphic rocks.  

In addition, it is indicated that many of the soil profiles 
have a lower weathering ratio in the highest layers, 
especially profiles in the northern SWIC area, then in the 
subsoils. This may be related to that the surface layers 
were subjected to relatively higher weathering processes 
than the lower ones. In this study, uniformity and 
weathering ratios stated by Haseman and Marshall (1945), 
as well as by Hammed, (1968) referred to the uniformity 
and the weathering sequence of the studied soil profiles on 
sides of the SWIC area. Data on uniformity ratios of the 
resistant minerals were shown in tables (5a&b). The 
obtained values varied considerably throughout the 
different layers of each soil profile, with no definite trend of  
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                              Table 5: Frequency and average of uniformity and weathering ratios in the SIC study area 
 

Prof. 
No. 

Depth 
cm 

Uniformity Ratios Weathering Ratios 

Zircon/
Rutile 

Zircon/ 
Tourmalin

e 

Zircon/(Rutile
+ 

Tourmaline) 

Wr. 1 = 
 (P+A) /(Z+T) 

Wr. 2 = 
 (H) /(Z+T) 

Wr. 3 = 
 (B) /(Z+T) 

N
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w

e
e
t 
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m

a
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ia
 C

a
n

a
l 1 

0-45 3.44 3.62 1.76 1.63 0.93 0.11 
45-85 4.03 3.34 1.83 1.72 0.89 0.09 

85-130 2.76 3.26 1.49 1.52 0.77 0.04 

2 
0-55 3.50 3.41 1.73 1.39 0.72 0.05 

55-90 3.40 3.05 1.61 1.46 0.69 0.12 
90-130 2.58 2.07 1.15 1.83 0.86 0.14 

3 
0-50 3.85 2.67 1.58 1.74 0.86 0.15 

50-80 3.24 3.42 1.66 1.59 0.85 0.09 
80-130 2.22 2.27 1.12 1.62 0.82 0.08 

Total Average 3.22 3.01 1.55 1.61 0.82 0.10 
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a
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0-50 3.21 2.87 1.51 1.69 0.98 0.04 
50-90 4.16 2.81 1.68 1.91 0.96 0.06 

90-140 3.76 3.30 1.76 1.84 0.94 0.08 

5 
0-35 2.54 3.54 1.48 1.83 0.98 0.14 

35-80 2.26 2.39 1.16 2.14 1.24 0.07 
80-130 3.90 3.32 1.79 1.41 0.74 0.09 

6 
0-25 3.32 2.82 1.52 1.90 0.78 0.12 

25-65 3.00 4.71 1.83 2.16 1.26 0.08 
65-120 3.72 2.63 1.54 1.56 0.79 0.09 

Total Average 3.32 3.15 1.59 1.83 0.96 0.09 

 
 

 
 

Figure 7: Polarizing microscope photomicrographs (Between Crossed-Nicole, P.L., mag. 125µm) for selected heavy minerals identified in the soil samples 
of the studied area on the north and south sides of the SWIC study area, where: (P: pyroxenes, T: tourmaline, R: rutile, G: garnet, M: monazite, E: 
epidotes, Z: zircon, S: staurolite, H: hornblende, K: kyanite). 
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variation. This may denote the discontinuity in the 
depositional regime as also indicated by the obvious 
stratification of these profiles, due to the addition of 
different parent materials to study soils.  

These are further demonstrated by the variations in the 
frequency distribution of heavy minerals with depth in the 
soil studied on the north and south sides of the SWIC study 
area. The heavy mineral groups recorded in this study may 
be subject to weather processes of different intensities. 
Accordingly, weathering ratios are presented in Table (5) 
were calculated to reveal the weathering sequence of the 
soil on the north and south sides of the SWIC study area. 
Data showed that many of the studied soils have a lower 
weathering ratio in the highest layers than in the subsoil 
layers. This may be explained by that the surface horizons 
have been subjected to relatively higher weathering 
processes than the lower ones. The variation in weathering 
ratios with depth for each profile and from profile to another 
may be also attributed to the fact that these soils are of 
multi-origin and show heterogeneity of their parent 
material.  

The variation in weathering ratios with depth for each 
profile as well as from soil profile to another may be 
referred to the fact that these soils are of multi-origin or 
formed due to multi-depositional regimes; this condition is 
in accordant with the results obtained from the PSD. 
Moreover, stratified conditions noticed could be referring to 
varying environments during their transportation and 
deposition together with the side effect of the geological 
formations closed to such soil terraces. This finding is 
agreement with the conclusion gives in Shata et. al, (1970) 
and Shoukri and Ayouty, (1954) who mentioned that the 
soils occupying the western terraces are mainly attributed 
to the materials come from the old and young Nile 
sediments together with the calcareous deposits of the 
Libyan Plateau. The soils on the eastern terraces are a 
function of the pre-deltaic formation and the Red Sea hills. 
It is also concluded that the mineral suite of the present 
terrace samples is comparable in both varieties and 
frequencies with those of Middle and Upper Paleolithic Nile 
terraces of El-Fayoum depression (Shukri and Azer, 1952), 
as well as to the turtle backs of the Nile Delta (Philip and 
Beheiri, 1961). As referred to, the factors affecting soil 
formation are the parent rock material, topography, climate, 
biotic factors and time. The study area on the north and 
south sides of the SWIC area falls within the arid to 
semiarid morphogenetic region, where the mechanical or 
physical weathering is more dominant than the chemical 
weathering of effect in soil formation under conditions 
forming. Originally these soils must have been leveled, but 
as a consequence of erosion, they are gently or 
moderately undulating.  

Along the Suez Canal, north of Ismailia, intense erosion 
remnants occur in the form of a surface hard crust mostly 
composed of gypsum and calcium carbonates, these 
products occur in an intricate, complex with the gravelly 

coarse sandy soils of the deltas river terraces and with the 
aeolian sand accumulations. In addition, the Miocene 
landscape occurring in the area, because of its rather soft 
rocks, is strongly denuded with a rather gravelly terrain, the 
gravel being come from the ancient eroded Oligocene land 
surface, or part of the Miocene rocks. Erosion and 
downwash of Oligocene gravels during the Pliocene and 
Pleistocene must, however, make a significant contribution 
to rendering the area gravelly. This suggests that the 
erosion and weathering processes play a highest role in 
the soil formation in the SWIC study area. 
 
 
CONCLUSION 
 
The descriptive statistical parameters of the PSD disclose 
that most sediment samples belong the sides of the SWIC 
within very poorly sorted to well sorted. Skewness data 
show that all the layers are positively skewed range from 
+near Symmetrical to +very fine skewed, kurtosis (KG) 
range from mesokurtic to very leptokurtic on the north side 
of the SWIC study area. While the soils on the south side 
of the SWIC study area are ranging from leptokurtic to very 
leptokurtic. The mesokurtic to very leptokurtic which 
indicate that the energy of the depositing is not sufficient 
enough to enhance the degree of sorting as well as fluvial 
and aeolian sediments which are the dominant 
environments in the SWIC area. The C=M diagram shows 
the sediments falling in the classes I, IV and V segments 
indicate to Rolled transported sediments that are coarser 
on the north side of the SWIC area; while those in the 
classes IV, V and VII segments on the south side of the 
SWIC area was indicate to Suspended transported 
sediments that are relatively finer soils or sediments.  

Quartz is dominant in the opaque minerals in all soil 
samples and represents an average from 98.1 to 98% with 
a little amount of feldspars (averages from 1.9 to 2%) in the 
total light minerals on the north and south sides of the 
SWIC area. In addition, non-opaque heavy minerals were 
found in the very fine sand fraction (63-125µm) in studying 
soil samples. Concluded the dense minerals in the north 
and south sides of the SWIC area are originally derived 
from metamorphic and igneous rocks from the Ethiopian 
plateau. The mineral suites of the study soils in both sides 
have been resulted from the mixing sources of the Nile 
sediments and the older sediments in the area, the 
provenance is considered to be an igneous and 
metamorphic complex rocks.  These heavy minerals are 
stated in the following manner; pyroxenes, amphiboles, 
epidotes are in pronounced amounts followed by zircon. 
Garnet, tourmaline, rutile and staurolite in relatively 
moderate amounts, whereas kyanite, monazite, biotite, but 
biotite minerals are present as traces amount. The study 
area on the north and south sides of the SWIC area falls 
within the arid to semiarid morphogenetic zone, where the 
mechanical or physical weathering is   more   forceful  than  
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the chemical weathering of effect in soil formation under 
conditions forming. This indicates that the erosion and 
weathering processes play the main role in the soil 
formation in the SWIC study area. Uniformity and 
weathering ratios indicate that the top soil surfaces have 
been subjected to a relatively higher weathering than in the 
subsoils. 
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