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ABSTRACT: The investigation was done on the soils of wadi
Abad in order to give an account on their physical, chemical and
mineralogical properties to evaluate their soil genesis and the degree
of homogenity. Eight soil profiles were selected to represent the main
geomorphic units of wadi Abad (wadi bottom, terraces, plain, river
terraces and fan).

The data show that, the soil texture classes ranged from sand to
clay loam, CaCO; content varied from 5.1 to 20%, while organic
matter contents are extremely low. The soils are non saline to
extremely saline and have neutral to moderately alkaline. Soluble
cations are generally in order Na*" > Ca"" > Mg™ > K, while the
soluble anions C1 and SO, are alternatively dominated and exceeds
HCO; -Also, the data obtained reveal that moisture characteristies

coincide very well with textural variations among seil profiles and Iayers.

The mineralogy of the sand fraction indicate that the light fraction is
dominated by quartz which constitutes more than 91.33%, while
orthoclase, plagioclase and microcline are found in minute amounts.
Heavy minerals, on the other hand, are detected as opaques, amphiboles,
pyroxenes, epidote and zircon in high amounts. Kyanite, ratile garnet
and staurolite are also present but in relatively moderate amounts, while
the remining minerals are found in less pronounced amounts.

Using the petrographic analysis of the studied samples and the
ratios of Zr/T, Zr/R and Zr/T+R, data indicate that the soils have
various members of heavy minerals in different levels. Results of the
mineral assemblage and the resistant mineral ratios also confirm
that the soils have a state of stratification due to the contamination of
more than one parent material or to multi-depositional regimes.
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The identification of the clay fraction using x-ray analysis, data reveal
that smectite (montmorillonite) domintes the mineralogical composition
of all the investigated geomorphic units followed by kaolinite illite,
chlorite, vermiculite and palygroskite were also detected in small
amounts. The identified accessory minerals, dominantly quartz and
feldspars. Calcite and dolomite are detected in traceable amounts.

INTRODUCTION

The Eastern Desert occupies an
area of 223,00sq.km. or about 21%
of the total area of Egypt It
overlooks the Nile valley with high
scarps cut by wadis flowing toward
the River Nile from the Red Sea
Mountains. Wadi Abad is located
along the Eastern side of the Nile
valley. Specifically, the investigated
wadi is bounded by latitudes 24°, 50
to 25°, 20" North and longitudes 32°,
50"to 33°, 20" East. Fig. (1).

Topographically, wadi Abad could
be differentiated from east to west a
mountains landscape (Gabal Atod)
followed by steep stoops ending with
a bouldary landscope.The mountaine
is dissected by a number of dry
streams that had been found during
more wet climatic periods that
prevailed during geologic evolution
of Egypt's land. Wadi Abad carried
out the weathering products of
Gabal Atod and deposited them
eastwards. Wadi Abad extends from
Idfu in the west to about of 20 km.
in the east. This wadi area occupies

about 30.000 feddans and is
considered the most promising arca
for agricultural expansion.

Geology and geomorphology:

According to the geological map
of Egypt, published by the Egyptian
geological survey in (1981), wadi
Abad is occupied by the sedimentary
rocks belonging to the quaternary
and Mesozoic formations, Said,
(1962), and Abu Allzz, (1971).
Wadi Abad is occupied by :

a) Quaternary deposits, composed
of, older Nile deposits adjacent to
the Nile valley, gravel-file and
mud-fill playas.

b) Cretaceous formations, divided
between; the undifeerentiated
upper cretaceous and the Dakhala
formation composed of shale,
marl and limestone forward the
Nile valley.

c) Nubia group, consisting of, Taref
sand stone, and Quseir variegated
shale,

According to the High dam Soil
Survey project (HDSS), (1969), the
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Fig. (1): Geomorphic units and profiles iocation of Wadi Abad area.
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soils of wadi Abad could be
assigned to five main geomorphic
units. The soils of wadi Abad were
classified into wadi bottom; fan,
rubble terraces, plain and river
terraces. Land Master plant (LMP)
(1986) studied the soils of several
transects across the HDSS mapping
units. The survey was based on
aerial photo and landsat images,
and the soils are classified according
to USDA (1975).

Therefore, the objective of the
current work is to evaluate the
physical, chemical and mineralogical
characteristics of the soils of wadi
Abad in order to increase the arable
area 1o overcome the crucial sitution
of the increasing population.

MATERJALS AND
METHODS

Wadi Abad lies east of Idfu city
in the eastern side of the River
Nile (Fig. 1).

Eight soil profiles were chosen to
represent the main geomorphic units.
The morphological variations
throughout the soil studied, were
described following the Guidlines
FAQ (1990), Table (1). Soil samples
were air dried, crushed sieved
through 2mm sieve and subjected to
the following analyses.
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Mechanical analysis was carrieu
out by the pipette method after
Kilmer and Alexander (1949). EC
and soluble ions of the soil saturation
extract, according to the method
described by Jackson, (1967). Soil
pH was measured in the soil paste
(Jackson, 1967). Organic matter
content was determined using the
Walkley and Black method Page,
(1982). Moisture retention values
were determined using the pressure
cooker at 0.1 and 0.33 atm, and using
the pressure membrane apparatus at
15 atm. (Richards, 1954).

Separation of the sand fraction:

After the ordinary treatment
(Jackson, 1965), the sand fraction,
(63-125 um) was separated from
each sample by dry sieving method.
Separation of light and heavy
minerals was carried out following
the procedure described by Brewer,
(1964), where separatory fennel
containing Bromoform (Sp. Gr. 2.85
+ 002)as a heavy liquid was
adopted. Mounting of the mineral
was under taken according to the
method outlined by Brewer, (1964).
Systematic identification of the light
and heavy minerals was done using
the optical properties as given by
Milner, (1962).



Table (1): Morphological description of the studied soil profiles.

S00Z (I) "ON Z£ “10A “say o3y [ Srzvlvy

Geomorphic | Profile | Depth Colour T Consistency Lower
i exture | Structure
unit No. (cm}) Dry Moist Dry Moist boundary
0-35 10 YR 7/4]110 YR 6/4 LS S.g Lo [ ns , np cs
g (1 3580 |10 YR 6/4|10 YR 6/d SL ma So | ss , sp cs
& 80-150 [ 10 YR 6/4)10 YR 6/4 SL ma So |ss , s.p -
£ = 0 YR 7410 YR 56| 5L S.g Lo ss ., sp s
2 (2) 2070 |10 YR 76|75 YR 5/6 SCL wesub | Fr [ms , mp ds
- 70-150 10 YR 5/6{75 YR 5/6 SCL w.f.sub Fr jms , m.p -
"g g-25 73 YR 7 .5 YR 3/6 SL S.g Lo | 8.8 , S.p ds
3 25-55 75 YR 7/6|75 YR 5/6 SL ma So | ss , sp ds
= (3 | s5100 {75 YR 74|75 YR 5/6] SL ma So lss . sp| e
100-150 |75 YR 7/6175 YR S5/6 LS ma So |ns ., n.p -
0-40 160 YR 74110 YR 7/o LS S.g Lo |ns , np cs
) 409 |75 YR 7/6|7.5 YR 5/6 SL ma So lss , sp ds
T 90-150 ]7.5 YR 6/617.5 YR 5/6 SL ma So | ss . s.p -
erraces 030 |10 YR 74|10 YR 64 T3 .2 To [ns , n.p ds
&) 20-80 5 YR 57| 5 YR 48 LS ma So [ns , np ds
80-150 5 YR 58| 5 YR 4/8 LS ma So lns , n.p -
0-20 [10 YR 54|10 YR 44 ST 5.2 Lo [ss , np s
Plain (6) 2085 |10 YR 54110 YR 44| SCL w.c.sub Fr {ms , mp ds
85-150 |75 YR 86|75 YR 68| SCL w.fsub | Fr [ms , m.p -
River 0-35 10 YR 73110 YR 63 CL w.esub.pl [ Fr tvs , v.p ds
)] 35-70 10 YR 6/6| 18 YR 5/4 CL m.Esubbl | Fr |vss , vp cs
terraces 70-150 [10 YR 6/4j10 YR 54| SICL m.fanbl | Fr [vs , v.p -
—0-30 0 YR 74|10 YR 614 LS S-E Lo |ns , np cs
F 8 30-60 10 YR T7/6)110 YR 6/4 ) ma So {ns , np ds
an ) 60-100 |10 YR 83]|10 YR 613 S ma So [ ms . np ds
100-150 | 10 YR 7/3| 10 YR 6/3 S ma So {ns ., np -
Texture Structure Consistency B(}:l(:lwdgl;‘L
S :Sand LS : Loamysand }s.2 :single grain]sub :subangular | Lo : Loose s.5 :slightly sticky c : clear
C :Clay Si :Sint ma : massive |bl : blocky So : Soft m.s : moderately sticky | s : smooth
SCL: Sandy clay loam {L : Loam w o weak f :fine Fr :Friable [vss :verysticky d : diffuse
SL : Sandy loam € :coarse n.s :nonsticky jp : plastic
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Separation of the clay fraction:

The soil samples were treated
with, 1N Na OAc (pH 5) and HyO; to
remove carbonates and organic
matter respectively. But removal of
free iron oxides by sodium citrate,
bicarbonate, dithionite mixture,
{Jackson, 1965). After complete
dispersion of the samples in distilled
water, the soils were separated by
sedimentation.

X-ray diffraction analysis was
carried out on the clay fraction less
than 2u in diameter using Philips PW
1140/90v-ray apparatus, with Ni
filter and K¢ Cu radiation. Onented
clay samples were prepared on glass
slides and examined as:

1} Mg-saturated, air dried,

2) Mg-saturated, glycerol solvated
and

3) K-saturated, heated to 550°C
for 4 hrs.

The obtained X-ray diffraction
analysis were interpreted in light of
the tables presented by Brown,
(1961). Semi-quantitative estimation
of the clay minerals proportions was
then conducted by measuring the
peak arcas outlined by Gjems,
(1967).

Behiry, EM.K.

RESULTS AND
DISCUSSION

1- Physical and chemical pro-
perties:

Due to the geomorphic unit basis,
the soils of wadi Abad could be
classified into the following:

1- Soils of wadi bottom (represented

by profiles 1,2 and 3).

2- Soils of terraces (profiles 4 and 5).
3- Soils of plain(profile 6).

4- Soils of river terraces (profile 7).
5- Soils of fan (profile §).

1- Soils of wadi bottom:

Wadi bottom represent the lower
parts of the natural drainage
pathways showing one or more
stream beds. Topography of this
geomorphic unit is almost flat gently
sloping towards the River Nile. The
surface 1s bamren from natural
vegetation and covered with desert
pavment. The analytical data given in
Tables (2 and 3) show that texture
class of these soils ranges from
loamy sand to sandy clay loam.
CaCO; content varied between 5.1
and 199% which is regularly
distributed with depth. Organic
matter content is very low not exceed
0.08% reflecting the hyper arid
climatic conditions of the area and
the absence of vegetation cover, The
chemical composition of the soil
saturation extract, (Table 3) shows
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Table (2): Particle size distribution, CaCO;, OM contents and texture
class of the studied soil profiles

Particle size distribution

Geom. |Profile{Depth,i CaCO;{ OM %) Texture
unit No. [ (em) | (%) | (%) s:ljl_ il ,ﬁ; ] Silt | Clay class
035 | 105 |0.05]355 1545 | 45| 55 LS

(1) 3580 | 199 | 003|683 117 [10.1 | 99 | S.L

= 80-150) 17.8 | 0.03 | 75.2 9.5 | 10.8 4.5 SL.
§ 0-20 109 | 0.08 | 55.2 113.8 | 17.7 | 133 S.L
£ 2) | 2070 55 [ 005481 (233 | 75 (211 | S.CL
'-§ 70-156{ S1 | 0.05] 458 {28.6 | 45 {232 | S.C.L
o3 0-25 | 151 | 0.06 | 69.4 {137 ;11.1 { 58 S.L
3) 25551 136 (005|755 46 | 9.9 {100 S.L

55-100{ 191 | 0.02 | 75.0 { 10.1 | 10.0 } 4.9 S.L

100-150{ 7.2 1002 ) 7241123 | 7.7} 76 | L.S

0-40 122 ] 0.05 ) 432 1435 | 2.5 j10.8 L.S

(4) 14090} 168 | 0.04 | 423 406 | 5.6 j11.5 | S.L.

90-156| 200 | 0.02 | 654 {208 | 3.5 {133 S.L

Terraces

0-20 13.0 [ 005 ] 653 1240 | 4.0 6.7 LS

(5) | 2080 | 102 |0.03]55(296 )| 63| 76| LS

80-150) 136 | 0.03 1604 1317 | 2.6 5.3 LS

0-20 63 | 0.10 | 52.6 | 183 | 14.4 | 14.7 S.L

Plain (6) | 20-85 45 10.02 1363334 | 88 (215 | S.C.L
85-150| 4.3 10024351 (358 | 88 {203 | S.C.L

0-35 | 155 | 0.30 § 21.3 {254 [30.8 {225 ;| C.L

River 0 35-70 | 184 {010 { 125 {409 (225 (241 | CL
terraces 70150| 129 | 0.10 | 14.1 | 148 {513 [202 |5
lozm

0-30 { 152 1006|757} 96 |11.8 | 2.9 L.S

Fan ®) 30-60 | 17.6 | 0.02 | 80.2 ; 8.1 9.7 2.0 S
60-160| 104 | 0.02 | 80.2 | 124 4.6 2.8 S

100-150) 125 | 6,01 | 81.5 | 8.3 8.8 1.4 S




Table (3): Chemical composition of the soil saturation extract of the studied soil profiles.

Soluble ions (me/L
Geom. | Profile Depth, EC : ¢ ) .
unit No (em) pH Cations Anions

. m dS/m - .
(dS/m) Mg++ Na' K HCO;| «i so,
0-35 7.6 1.6 3.0 91 | 0.5 2.0 11.0 3.0
g 1) 358 | 76| 45 5.0 36.1 | 0.7 2.8 38.2 4.0
s 80-150 | 7.4 3.4 3.0 27.1 | 0.8 2.0 29.8 2.2
g 0-20 7.5 9.0 11.2 50.7 | 0.6 23 77.5 10.3
= 2) 20-70 | 7.5 8.5 10.1 550 | 0.7 2.4 78.4 9.3
M' = 70-150 | 7.6 8.4 11.4 49.0 | 0.8 2.5 _72.3 12.0
" = 0-25 82| 21.3 282 153.6 | 0.8 12.0 174.6 51.0
p = 3 25855 | 7.5 j116.0 30.3 1188.0 | 2.8 20.0 | 1195.0 61.0
= 55.100 | 7.9 | 627 18.5 629.0 | 1.8 14.0 629.0 46.0
N 100-150 | 7.9 | 52.5 19.5 484.0 | 16 12.0 484.0 44.0
2 - 0-40 7.9 1.3 2.5 7.1 | 0.7 1.8 8.0 3.2
= » ) 409 |77 14 2.5 75 | 0.5 2.4 8.1 3.5
< S 90-150 | 7.6 2.4 3.0 16.1 | 0.9 2.0 18.0 4.0
==} £ 0-20 7.3 1 369 80.2 2233 | 0.8 13.1 310.9 | 100.4
et (5 20-80 | 8.1 2.1 4.0 121 | 0.9 3.2 14.2 3.6
80-150 | 8.0 1.8 3.5 10.1 | 0.7 31 11.2 3.7
. 0-20 8.2 43 44 242 | 1.0 7.4 28.4 11.0
Plain ()] 20-85 8.2 6.7 8.4 452 | 1.1 10.0 48.0 12.4
85-150 | 7.9 8.8 17.5 534 | 1.1 10.5 71.8 13.3
River 0-35 8.2 1.9 2.7 88 | 0.7 2.4 15.9 0.7
terraces (7N 3570 | 8.1 4.0 7.3 200 | L0 4.1 30.2 57
70-150 | 8.1 35 7.1 162 | 0.5 5.6 24.4 7.0
0-30 7.5 1 12.1 20.6 70.4 | 1.0 8.5 91.1 38.4
Fan (8) 30-60 | 7.8 | 6.9 9.4 402 | 1.4 45 523 | 162
g 60-100 | 7.8 7.5 7.6 46.2 | 1.5 55 54.3 18.2
— 100-150 | 7.9 6.5 12.8 31.6 | 1.6 8.5 40.5 20.0
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that soil reaction is slightly alkaline
to moderately alkaline as revealed by
pH values which ranged between 7.4
to 8.2. the soils are non saline to
strongly saline as shown by EC
values which ranged from 1.6 to 166
dSm’. The cationic compOSmc)n are
dominated by Na' followed by

Ca’™, Mg and K'. The anionic
composition is dominated by Cr
followed by SO, and HCO; .

2- Soils of terraces:

Soils of terraces are generally
high elevation, almost flat to
undulating surface covered with
some scattered natural vegetation
and composed of coarse texture in
all subsequent layers and are
mainly affected by both past and
current erosional processes with
different degrees. These soils are
represented by profiles 4 and 5.
Tabie (2) reveals that soil texture
of terraces are variable from loamy
sand to sandy loam. CaCO; content
ranges from 10.2 to 20.0%. Organic
matter content is extremely low and
not exceed 0.05% owing to the
prevailing aridity of the region.
Table (3) shows that the soils of
terraces are neutral to moderately
alkaline (pH values ranged from
7.2 to 8.1). Soils are non saline as
indicated by ECe values which
ranged from 13 to 2.4 dSm’,
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except for the surface layer of
profile 5 which is strongly saline.
The cationic composition could be
arranged in the descending order;
Na“ > Ca'*> Mg** > K, while the
anionic composition is dominated
by CI followed by SO, and HCO;

3- Soils of plain:

These soils occupy a narrow
strip covered with desert pavment
and sand hummock, extended from
Nile alluvial soils and river terraces.
Topography of this unit is almost
flat to gently undulating. Table (2)
reveals that soil texture class is
sandy loam in the surface layer
changed into sandy clay loam in
the deepest layers. CaCO; content
is very low and ranges from 4.3. to
6.3% which is irregular distribution
pattern with depth. Organic matter
is extremely low not exceed 0.1%.
Data in Table (3) show that soil
reaction of the respentive layers of
soil profile are moderately alkaline
as pH values of soil paste fluctuate
from 7.9 to 82. Values of EC
ranged from 43 to 8.8 dSm’!
indicating that the soils are slightly
saline to moderately saline. The
cationic coinposition could be
arranged in the descending order
Na®> Ca**> Mg"™ > K - while the
anionic composition is dominated by
Cl followed by SO, then HCO, .
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4- Soils of river terraces:

This geomorphic unit is extending
in the eastern part of the cultivated
area and represented by profile 7.
Topography is almost flat to gently
undulating and remnants of old Nile
deposits (fluvial soils) deposited by
the Nile in Sabilian Period. Table (2}
shows that texture class vary from
clay loam in the upper most
sutface layers and silty clay loam
in the deepest layers. CaCO; content
ranges from 12.9 to 18.4% with an
irregular distribution pattern  with
depth. Organic matter content is very
low not exceed 0.3%. Data in Table
(3} indicate that soil reaction of the
representive profile is moderately
alkaline as pH values of soil paste
fluctuate from 8.1 to 8.2. Values of
ECe ranged from 1.9 to 4.0 dSm’
indicating that the soils are non
saline, The cationic composition
could be arranged in the descending
order Na* > Ca™> Mg™> K> while
the anionic composition is dominated
by CI followed by SO, and HCO;.

5- Soils of fan:

This geomorphic unit located in
the south stdied area and extend
about 10 km. in length with a width
ranging between 2 and 3 km. The
surface is mainly almost flat and
covered with desert pavment,
aeolian and alluvial deposits.
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- Table (2) reveals that the fan
soils are mainly composed of coarse
texture class (loamy sand in the
surface layer and sand in the deepest
layers). CaCO; content ranges
between 104 to 17.6% without
significant variations between the
successive horizons depth. Organic
matter content is about 0.06% or
tess. The analytical data in Table (3)
shows that the soils of fan are
slightly to moderately alkaline (pH
value ranges from 7.5 to 7.9). Soils
are slightly to moderately saline as
indicated by EC values which
ranged from 6.5 to 12.1 dSm™. The
dominant cations of soil extract are

Na' followed by Ca**, Mg™ and K,
while anions can be arranged in
descending order of abundance as

Ci> S0, >HCO;.

2- Moisture characteristics:

Undisturbed soil samples were
collected from the soils of wadi Abad
to determine their soil moisture
characteristics. The saturated soil
samples were subjected to different
suction levels ranged from 0.1 to
15 atm.

The data in Table (4) represent the
percentages of retained moisture on
volume basses at any particular
suction. From the data presented in
Table (4), it can be noticed that
soil moisture content decreases by
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Table (4): Percentage of soil moisture contents on volume at
different tension values of the studied soil profiles.

Geomorphic § Profile | Depth, Moisture (%) J:an;ai;l;t:-l:
unit No. No. 0.10 0.33 15 °
atm. atm. atm. (%)
0-35 917 6.51 521 3.96
(1) 35-80 14.1 10.22 | 8.12 5.98
80-150 12.9 9.60 | 7.62 5.28
g 0-20 10.32 83| 436 5.96
2 2) 20-70 22.54 14.8 [ 10.50 12.04
E 70-150 25.6 15.1 | 10.80 14.8
= 0-25 12.90 941 { 730 | 5.60
3) 25-55 18.20 10.32 | 9.50 8.70
55-100 10.61 8.51 | 541 5.20
100-150 9.50 640 | 4.72 4,78
0-40 9.35 725 | 591 3.44
(4) 40-90 11.48 910 | 6.94 4.54
90-150 10.23 710 | 5.81 442
Terraces

0-20 8.81 6.26 | 5.00 3.81
(5) 20-80 9.45 7.16 | 5.64 3.81
80-150 8.27 6.13 { 4.65 3.62

0-20 2835 | 1926 |12.41 | 1594
Plain () 20-85 40.61 | 3652 (1585 | 24.76
8$5-150 4322 | 372 {1821 | 25.01

0-35 45.78 | 36.81 |25.13 | 20.65

River
terraces (N 35-70 48.23 3541 |24.16 24.07
70-150 43.26 2992 | 20.12 23.14
0-30 14.6 124 | 7.51 7.09
Fan ®) 30-60 9.55 6.61 | 512 4.43

60-100 8.13 5.4 | 417 396
100-150 7.16 484 | 3.25 391
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increasing the applied suction. The
soils of plain and river terraces
exhibit the highest soil moisture
contents at any particular suction
and the decreases in their moisture
contents by increasing suction
levels are gradual. Also, the data in
Table (4) indicate that the soils of
plain and river terraces contain the
highest values of available soil
water which are ranged from 15.94
to 25.01%. This is due to the
presence of certain clay minerals.
The clay minerals are known to
have a quite high specific surface
area to retain moisture.

Regarding to the coarse textured
soils of wadi bottom, terraces and
fan, data in Table (4) reveal that these
soils are characterized by low
moisture content at any of the applied
suction. It can be noticed that the soil
moisture  contents decrease by
increasing sand content at any
particular suction. This behaviour is
due to the absence of finer fractions
and OM which if present they are
mostly of invective finely distigrated
coarse texture class. The data also
showed that the soils of wadi bottom,
terraces and fan contain the lowest
values of available soil water which
are ranged from 344 to 14.8%.
These due to rendered to the low
energy of water retention on these
soils and low specific surface of
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the coarse textured scdiments as
well as absence of O.M. Moreover,
the slight variations in retained
moisture are ascribed to the narrow
change in the fine fractions content
of these soils.

Mineralogy of the sand fraction:

Tables (5 and 6) present the
distnbution of light and heavy
minerals respectively in the sand
fraction of the investigated profiles as
well as their distribution throughout
the entire depth of each profile.
Included also the ratios between the
highly resistant minerals and those
susceptible to weathering,

To discuss the obtained results,
it is found convenient to present
them as follows:

Light minerals:

Examination of the light minerals
(Sp.Gr.<2.85) revealed that this
fraction is composed almost entirely
of quartz which constitutes more than
91.33%, (Table, 5). Other associated
light minerals are mainly orthoclase
and plagioclase, while microcline is
detected yet percent. Quartz minerals
ranged between 91.33% in the soils
of fan and 98.82% in the soils of
terraces. Considering the vertical
distributton of such mineral, quartz
show minute vartations with depth.
Total feldspars percent varies from
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1.08 10 8.67%. The highest percent is

~ noticed in the subsurface layer of
profile § (fan), while the lowest is in
the subsurface layer of profile 4
(terraces). Also, the domunance of
quartz. over than other members of
the hght fractions mostly related to
its resistance to weathering and the
disintegration during the multi-cyclic
processes of sedimentation.

Heavy minerals:

The detected minerals in the
heavy fraction are dominated by
opaques  which form the main
constiutent of such fraction. These
minerals were counted and reported
as opaques because it was not
possible to identify their individuals,
i.e., magnetite, ilmenit ete. (Table, 6).

Other identified minerals are
amphiboles, pyroxenes, epidote,
zircon, rutile, gamet, staurolite,
kyanite, tourmaline and biotite in
different  frequency  percentages
depending on the profile location and
its depth. When the non-opaques are
considered as 100%, an account on
their relative distribution could be
interpreted in the following.

Amphiboles: Amphiboles are the
dominant non-opaque minerals in
most cases. Their frequency ranges
between 10.78% (terraces, profile
4y and 51.77% (river terraces,
profile 7). The vertical distribution
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of amphiboles does not portray any
specific pattern with depth, except
for the soils of wadi bottom (profile
2) which amphiboles tend to increase
with depth, while in profile 4,
amphibole decreases with depth.

Pyroxenes: pyroxenes content
ranged widely from 10.85%
(terraces, profile 4) to 29.73% (fan,
profile 8). Its vertical distribution
does not shown any particular tend
with depth.

Garnet; Garnet is presented in all
the studied samples and its frequency
varies between 1.42% (fan, profile 8)
and 8.10% (river terraces, profile 7).
Its wertical distribution does not
shown any specific pattern with
depth, except for profile 4 and 8
which gamet tends to decrease with
depth.

Staurolite. 1t is recorded in all the
studied samples and varies widely
from 1.31 to 6.74 with an irregular
distribution pattern  with  depth,
except for profile 2, which staurolite
tends to decrease with depth.

Kyanite: Tts percentage ranges
between 1.27 and 8.42% of the non
opaques being characterically high
for the surface layer of profile 6
(plain), while its lowest value is
found in the deepest layer of
profile 7 (river terraces).
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Table (5): Frequency distribution of light minerals in the sand fraction
(0.125-0.063 mm) of the studied soil profiles.

Feldspars
Geomorphic ] Profile | Depth Quartz g % ;E Total
unit No. {cm) ¢ ] 2
TR 2
o = =
Wadi - 0-20 97.16 | 2.04 | 0.87 | - 291
botiom 2070 | 9375 | 236 | 172 | 017 | 425
70-150 | 96.14 | 2.10 | 1.40 | 0.36 | 3.86
0-40 96.67 { 1.61 | 0.95 | 0.78 | 3.34
Terraces 4 40-90 98.92 | 0.75 { 0.33 - 1.08
90-150 | 98.38 ] 0.88 | 0.74 - 1.62
0-20 97.28 1.20 | 1.01 | 051 | 2.72
Plain (6) 20-85 97.20 1.57 | 0.90 | 0.33 | 2.80
85-150 | 9738 [ 1.21 | 1.10 | 031 | 2.62
River 0-35 92.58 [ 385 | 2.19 | 1.38 } 7.42
terraces (N 35-70 93.10 2.59 | 259 § 1.72 ] 6.9¢
70-150 95.77 238 | 146 § 039 | 4.23
0-30 93.23 293 § 227 | 1.57 | 6.77
Fan ®) 30-60 91.33 435 [ 277 | 155 | 8.67
60-100 97.29 1.53 | 1.00 | 0.18 ; 2.71
100-150 § 93.48 2597221 | 1.72 | 6.52
Zircon: 1t is recorded in all the Rutile: 1t is detected in al} the

studied samples and its amounts
ranged from 2.15% (river terraces,
profile 7) to 18.66% (fan, profile 8).
The vertical distribution of zircon
shows decrease with depth in profiles
2,6 and 7 whereas, an irregular
distribution is observed in the rest of
the studied profiles.

cxamined soil samples and vary
from 047 to 827% with an
irregular distribution pattern with
depth. The lowest amounts are
recorded in the subsurface layer of
profile 7 (river terraces), while the
highest amounts are found in the
60-100 cm depth of profile 8 (fan).



Table (6): Frequency distribution of heavy minerals in the sand fraction (0.125 - 0.063 mm) and
uniformity ratios of the studied soil profiles.

Non ~ Opaques (%)

2 ¢ Uniformity
& = % Depth | o | 5| & ® 8 B ° ratios
g |2 S| 5| 2| E|5]E/5]slz2)5]2]E)s
ES|S(em | g 5| Z|ES|5(E1E|5(E|3(2}¢2
: o Sl Sl slzls|Rlelslalals|L&|& &
Wadi 0-20 |43.17[26.00 15.55}5.92 |6.68 1403 1 - [1513)7.10 |4.77 |e.92 |12.42] 0.60 [2.13 |3.17 |1.27
bottom ) | 2070 {a8.75{27.79 [17.24 |2.64 [5.82 [7.44 | - |1132{3.72 {281 |2.34 {16.13] - [3.04 {4.03 {173
70-150 |41.26 |20.30 |24.36 | 7.35 |4.35 |5.71 | 0.34 [9.50 ]6.35 |5.31 |1.31 j10.62] - |1.50 1.79 {0.81
0-40 [48.20 }10.85[27.22 [7.10 [6.74 [5.26 { - |6.97 ]2.22 f1.03 [0.17 {30.23] - [3.14 }6.77 {2.14
Terraces (4) | 40-90 }56.91[15.00 |18.2115.01 |2.32 |4.71 | 0.02 [10.37 |5.80 |5.05 0.82 [32.t0] - [1.79 {2.05 |0.96
90-150 J49.60 }14.65}10.78 ]4.93 15.21 }6.37 | - ]5.76 }1.69 }2.85 ]1.23 ]43.80] 0.42 §3.41 J2.02 ]1.27
0-20 |44.21 |22.01 |30.09[3.50 [4.88 |8.42 | - [9.17 ]2.31 |1.70 [1.30 |12.58 | 0.13 |3.97 |5.39 }2.29
Plain | (6) | 20-85 }40.0023.64|17.72|4.77 |3.44 |2.14 | - }a92 |2.57 Jo.72 ]1.40 [3820] - ]1.91 |6.83 |1.50
85-150 135.10 | 15.86 ]48.16 {4.49 ]6.52 [1.82 - }3.06 |1.71 [1.36 |0.84 |13.64] - |[1.79 {2.25 |0.99
River 0-35 |4s.61]13.23|51.77}2.47 |1.31 f3.09 | - Isa0 |2.39 §1.91 |o.79 |13.22] 0.t0 |2.13 |2.67 |1.19
terraces (7) | 35-70 |31.20 [28.68 [30.10 |2.95 |3.03 |1.27 | - [3.08 |0.47 |0.32 o.10 |28.71 ] - |6.55 [9.63 |3.90
70-150 |37.20 {20.77 {39.53 |8.10 |2.74 [1.02 | - |2.15 {1.88 |o.51 Jo.37 |2093] - |1.14 [4.22 |0.90
0-30 J60.30 [18.27[21.11 {5.45 Y140 |6.33 | - |18.66 |6.07 [4.42 J0.13 |1454]| - ]3.07 422|178
Fan | (8) 30-60 |51.72114.13[30.70 |3.42 |2.93 [4.29 | - |13.37]5.69 |6.57 |1.01 [17.14) 0.20 |2.35 |2.04 |1.09
60-100 155.17 §26.28 {16.89 |3.29 |6.31 [8.06 | 0.66 [13.64 {8.27 [5.63 |1.10 [8.71 [ - [1.65 |2.42 [0.98
100-150 | 49.60 29.73 | 22.02 | 1.42 |4.04 |5.68 | 0.41 [11.22 }6.19 |4.81 |0.37 [12.11] - [o.20 J2.33 1102
Zr = Zircon R = Rutile , T =Tourmaline

S00Z (I) "ON 7€ '10A “say *oudy [ 812ndnz

L61
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Tourmaline: 1t is presented in a
variable amounts, ranges between
0.32 to 6.57% of the non-opaque
minerals. The highest percent
characterizes the subsurface layer of
profile 8 (fan), whereas the lowest
one in exhibite in the subsurface
layer of profile 7 (river terraces).

Biptite: 1t is presented in most of
the examined soil samples and its
content ranges from 0.10 to 2.34% of
the non opaque mineral. Depth wise
distribution of biotite mineral does
not portray any specific pattern with
depth.

Epidote: They are detected in
all the studied samples and vary
from 8.71 (fan, profile 8) to 43.8%
(terraces, profile 4) with an irregular
distribution with depth, except for
profile 4 which epidote tends to
increase with depth,

From the former discussion it can
be concluded that opaque, pyroboles,
epidote and zrcon are the most
abundant minerals. Kyanite, rutile,
garnet and staurolite are presented in
relatively moderate amounts, while
the remaining minerals are found in
less pronounced amounts.

Uniformity of soil materials:

The heavy mineralogical analysis
data can be used for evaluation of
homogenity or heterogeneity of soil

Behiry, EM.K.

material. This is based on the
assumption that certain minerals are
most resistant to weathering during
course of soil sediments development
(Brewer, 1964).

Such minerals are termed as the
index minerals. Generally, there is an
agreement to consider  zircon,
tourmaline and rutile as index
minerals because of their stability
under any weathering processes
(Mitchell, 1975). In this respect,
and/or the ratio between any two of
them are constant throughout the
entire soil profile, the might suggest
one parent material. On the other
hand, a difference in such trend in the
profile marks the location of another
parent material.

Based on the data in Table (6)
representing the ratios between the
resistant minerals (uniformity index)
e, Zt/T, Zr/R and Zr/T+R which
are taken as criteria for uniformity of
soil material, El-Demerdashe ef al
(1979) and Hassona, (1999). As a
result of the differences between the
values of uniformity index, it can be
concluded that soils of wadi Abad
are either of multi-origin or multi-
depositional regime. The hetero-
geneity of the parent materials prior
to inception to geogenetic weathering
or resulted from the geo-chemical
weathering prevailed in the source
sediments.
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In conclusion, it is quite clear that
the studied soil profiles have quite
different feature due to lithologic
discontinuity. The latter is indicated
by the distribution of minerals within
successive layers of profiles. This
difference in distribution is attributed
to either heterogeneity of parent
material prior to inception to
weathering.

X-Ray diffraction analysis:

Data illustrated in Table (7) and
depicted in Fig. (2) showed that the
assemblages of clay minerals that
occurred in the clay fractions of the
soils of wadi Abad were smectite
(montmorillonite), kaolinite, illite,
chlorite, vermiculite, palygroskite
and interstratified minerals in
different amounts. Moreover, quartz,
feldspars, calcite and dolomite were
recorded as non-clay admixture.

Based on the x-ray diffractions of
the clay fractions belonging to the
different soils of the studied
geomorphic units, the following
discussion about the mineralogical
nature of clay could be summarized
mto.

Smectite (in forms of montmor-
llonite) is the predominant clay
mineral and present in different
percentages ranging between 32 and
63% of the clay mineral assem-
blages. The lower wvalues are
recorded in the soils of wadi bottom,
while the highest are found in the
river terraces soils. Montmorillonite
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mineral tends to increase with depth
in the soils of profiles 6 and 7, while
in profile 2 the mineral decreases
with depth. In the soils of terraces
(profile, 4) montmorillonite 1s
uniformily  distribution throughout
the entire depth of the considered
soils.

Kaolinite mineral is detected in
the second predominant clay mineral
and ranges from 16-17% throughout
the soils of river terraces, while
those of plain soils have higher
content (about 23-24%). The
hydrous mica is present in few
amounts (8-14%). Chlorite and
palygroskite minerals are found in
trace amounts (2-4%) exception
being the deepest layer of profile 4
(terraces) which has relatively higher
amounts of palygroskite, about 10%.

Vermiculite mineral ranges from
2 to 10% of the clay minerals and
disappear in the soils of terraces and
the deepest layer of profile 6 (plain).

Interstratified clay minerals are
found only in the subsurface layer
of profile 4 (4%) and the deepest
layer of profile 7 (2%), while are
absent in other layers.

The identified accessory minerals
are dominated by quartz which
ranges from 2 to 14% followed by
feldspars (2-4%), while calcite and
dolomite minerals are detected in
traceable amounts (>5%) in some
layers of the studied soils.
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Table (7): Semi-quantitative mineralogical composition of the clay
fraction (<0.002 mm) separated from the studied soil

profiles.
Clay minerals Accessory minerals
g (%) (%)
= = E -
= &)l e )3iE]|., o | @
=31 2 - b = = = N ; W 2
- - Nt -l =] (7] b= = w -t - —
e = e l=|ct1 el &|El 3| &Y= &|%5| E
g E 2l g|51E|2|E|8|5|2]7]¢
= - > ] [~
8 RN M
= E
Wadi (2) 2070 - (38t20712 | - 110 - P12 4 - 4
bottom 70-150F - 13223114 4 8 13| 3 - -
40-90) 4 [ 44122 (10 3 - - {11 4 - 2
T
erraces! (4) log o] . | a4 |16 )12 - | - |10|1ala] -] -
(6) 20-851 - 138124112 4] 4 -J112)] 4 - 2
Plain 85-150fF - | 45|23 |12 | - - - {14 3 3 -
River (7) 35-70) - |60 |16} 10| - 3 - 8 3 - -
terraces 70-1508 2 | 63 | 17 2 2 2 2 -

Finally it is clear that montmor-
illonite dominates the mineralogical
composition of all the investigated
clay fractions followed by Kaolinite
and illite. Traceable amounis of
chlorite, venmiculate, palygroskite
and interstratified minerals were also
detected.
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