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ABSTRACT: This investigation was pertsrined using the soils of
Halaib and Shalateen area in order to evaluate their genesis and
degree of homogeneity. Accordingly, eight soil profiles were selected
to represent the main physiographic units of this area.

The grain size distribution indicates that these soils are mainly
coarse texture (sand to sand clay loam). Moreover, the statistical size
parameters indicate that these soils are formed by water sediments
which mainly transported by rivers and tractive, and turbidity
currents, strongly coarse to coarse skewed, very platy to platy and
mesokurtic. :

Mineralogical composition of the sand fraction reveal that the
light fraction is generally dominated by quartz with less pronounced
amounts of feldspars. The heavy minerals are composed essentially
of opaques followed by pyrcboles, (pyroxene + amphipoles). Epidote,
zircon, tourmaline and rutile are detected in moderate amounts,
while staurolite, garnite, kyanite, silimanite, biotite, monazite and
andolusite occur in variable little amounts.

Uniformity and weathering rations indicate that these soils are
heterogenous either due to their multiorigin or due to subsequent
variations along the course of sedimentation, thus the soils are
considered young from the pedological point of view.

of the new promising lands for

INTRODUCTION agriculture  reclamation  and

Halaib, Abu Ramad and Shalateen  expansion. These investigated area
region triangle is considered as one constitutes a strip of the Eastern
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Desert of southern Egypt. It is
bounded by longitudes 35° 21 to

36° 40. East and latitudes 22° 15

to 23° 15 North.

Geological information given
by Said (1990), Abu-El-Izz (1971),
Kheder (1989), and the Egyptian
geological survey (1992) indicated
that the surface of Halaib, Abu
Ramad and Shalateen triangle region
is essentially occupied by different
types of rocks belonging to the
Cenozoic, Mesozoic, Paleozoic and
Pre-Cambrian eras.

The aridic climate, is prevailing in
this area, the mean annual
temperature is 24.17C°. The average
annual rainfall are 186 mm/year
while the - relative humidity is
fluctuating between 28% and 52%.
The water resources in the studied
area depend mainly on the ground
water and rainfall.

Several trials were under taken to
evaluate profile uniformity and
development of some soils of Egypt
(Hammad 1968 El-Demerdashe et al.
(1972) and Hassona (1999). These
authors studied soils of different
origin and tried to evaluate their
mode of formation and factors
affecting their depositional regime
based on different parameters.

Therefore, the objective of the

present study is to search for more
evidence indicating the origin and

Hassanein, et al.

uniformity of soils using mor-
phological and mineral composition
of the sand subfraction and their
relation to soil development as a
degree of uniformity of parent
material in Halaib, Abu Ramad and
Shalateen triangle region.

MATERIALS AND METHODS

The study was carried out on
Halaib and Shalateen area taking into
consideration the physiographic units
in choosing the locations of soil
profiles (Grais, 2002). Accordingly,
eight soil profiles were selected to
represent the main physiographic
units, which are alluvial fans (profiles
1,2 and 3), alluvial plains (profiles 4
and 5), alluvial terraces (profile, 6),
Colluvial alluvial (profile, 7) and
marine sediments (profile, 8),

Fig. (1).

These soil profiles were mor-
phologically described following the
FAO System, (1998), (Table, 1).
Twenty eight soil samples were
collected, air-dried, crushed and
sieved through a 2 mm sieve and
subjected to the following analyses.

Particle size distribution was
mechanically conducted by dry
sieving (Piper, 1950). Then the data
were statistically evaluated according
to Folk and Ward (1957).

The mineralogical studies of the
sand fraction were carried out
as follow; after the ordinary
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Table (1): Main field morphological features of the studied soil profiles .

Physi- e Colour v | & Consistency | e
ographic Prot.} Dept £g| %© % |Plasti-| 2 2
units | V| (€€m) | Dry | Moist | £ | £ |Dry| 3 city | 3 5
= @ > 2
0-15 |I0YR7/4|10 YR6/4] L.S |ma.| So. | n.st| n.pla c.s
1 1540 jI0YRG6/6|10 YRS/8] S.L |ma.| s.h | s.st | s.pla C.S
40-100 |10 YR 6/6|10 YR 5/6| S.C.L |ma.| s.h | m.st| m.pla d.s
E ; 100-150{10 YR 6/6{10 YR 5/6] S.C.L |ma.} h. [m.st| m.pla -
e 0-10 |10 YR 6/4]10 YR 5/4 S. s.g| I |nst| n.pla C.s
E 2 10-35 |10 YR5/4|10 YR6/4] S.L |ma.| So. | s.st | s.pla d.
= 35-75 |I0YRG6/6{10 YRS/6] S.L |ma.| s.h | s.st | s.pla c.s
= 75-150 |10 YR 6/4]10 YR 5/6] L.S |ma.| h. | n.st | n.pla -
0-35 {I0YRG6/4|10YRS5/6] S.L |ma.| So. | s.st | s.pla c.s
3 | 3590 |10YRS5/6[{10YR6/4| S. |ma|So.|nst| npla| cs
90-150 |10 YR 5/6/10 YR4/6] S. |ma] So. |n.st| npla | -
0-25 |10 YR 7/4|10 YR 6/4| S.C.L |ma.| So. | m.st| m.pla | c.s
_E 4 25-62 |10 YR6/4|10 YR5/4]| S.C.L | ma.| s.h |m.st| m.pla c.S
= 62-100 |10 YR6/4|10 YRS5/8] S.L. |ma.| s.h | s.st | s.pla c.S
_E' 100-150|{10 YR 7/4]10 YR 6/4] L.S |ma.| s.h | n.st | n.pla -
E 0-10 |IOYR7/4]10 YR6/4| S. s.g| L |nst| npla c.S
é 5 10-30 |10 YR6/4]10 YR5/6] S.L |ma.| So. | s.st | s.pla ds
< 30-70 |10 YR6/4|10 YR5/6] S.L |ma.| So. | s.st | s.pla ds
70-150 {10 YR 6/4|10 YR 5/6] S.L |ma.| s.h | s.st | s.pla -
58 0-30 |10YR7/4|10YR6/8] S. |s.g| L |nst| npla| cs
ZE | 6 |307 [10YR74|10YR6B[ S. |ma.|So. |nst| npla | cs
<8 70-150 |10 YR 6/6|10 YR 5/6] S. |ma.| So. | n.st | n.pla -
E s 0-30 |10 YRG6/4|10 YR5/4| - S.L. |ma.| So. | s.st | s.pla c.s
2% | 7 | 3085 |[10YRG6/6[10 YRS/6| S.L |ma.|So. |sst| spla | ds
Sw 85-150 |10 YR 6/4|10 YR 5/6] L.S |ma.| So. | s.st | s.pla -
@ 2 0-25 |1I0YRG6/4|10YRS/6] S. |ma.|So.|nst| npla | cs
'E E 8 | 25-75 |10 YR6/4|10 YR5/6] L.S |ma.| s.h | n.st | n.pla c.S
=3 7590 [10YR71[10YR72| CL |ma.| h. |mst|{ mpla| -
Structure Consistence Lower boundary
ma =massive So =soft pla=plastic c.s =clear smooth
5.2 =sinﬁle grain s.h =slightly hard |n =non d.s =diffuse smooth
exture l. =loose s =slightly
S. = sand st =sticky m =moderately
S.L = sand loam
S.C.L.= sandy clay loam
L.S = loamy sand
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pretreatments (Jackson, 1973) the

sand subfraction 0.125-0.063 mm,-

was separated from each sample by
dry sieving, cleaned up and further
difterentiated into heavy and light
minerals using bromoform (sp. Gr.
2.85 ¢ 0.02). The heavy and light
residucs were mounted on slide in
Canada balsam for identification
(Brewer, 1964). About 500 grains
were identified by the polarizing
microscope, using a  gradual
mechanical stage for counting.
Identification of minerals was under-
taken according to the procedure of
Milner (1962).

RESULTS AND DISCUSSION

1- Morphological features of
the studied soils:

Morphological features of the

representative  soil profiles are
shown in Table (1). From the
table, landscape of these soils is
almost flat, and undulating to
- gently undulating with deep soil
profiles. Soil dry colour varies
between yellowish brown (10 YR
5/4) to pale brown (10 YR 7/4),
while the moist colour varies front
dark yellowish brown (10 YR 4/6)
to light gray (10 YR 7/2). The
_ studied soils have different textural
grades, in general the majority of
soils” are relatively coarse texture
class. Soil structure is structureless
(massive or single grain), while
soil consistence is coincide well
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with soil texture being non sticky,
and non plastic to moderately
sticky and moderately plastic. It
could be concluded that the
variations of morphological features
which observed along the studied
area mostly reflect a combination
of both physiographic position and
sediments nature.

2- Grain size analysis:

In the present work, graphic
presentation of mechanical analysis
data of the skeletal grains was done
according to Folk and Ward (1957)
and Passega (1957 and 1964).
Cumulative  percentage  were
plotted against phi-diameter on an
arithmetic probability paper and
eight percentiles; @,, @5, @,
P25, Pso, P75, Vg4 and Pys in Table

(2) are recorded graphically for
each sample statistical size

‘parameters (M., Q;, SK; and KG}

are calculated using the formula of
Folk and Ward (1957), Table (3) and
Fig. (2) These values indicate that.
as to the graphic mean M,, most of
the studied soil profiles fall within
medium to fine sand (1.27¢ to
3¢), with exception case of the
deepest layer of profile (7) which
represented Colluvial alluvial soils,
all soil samples are poorly sorted
(1.03 ¢ to 1.72 @). The poorly
sorted nature of the sediments
suggests that the soils are mainly
deposited by water action, while
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Table (2): @ values read from the cumulative frequency curves of the
studied soils profiles .

Physi-

08::51:'5 Pﬁf' l::,l::)h Pr | Ps | Pis | Pos | Pso | Prs | Py | Pos
0-15 | -05] 02|02 |10 |28|32]34]40

1 | 1540 [-05]-02]| 04| 12 ]25]|30]34]40

40-100 | 0.4 | -03 | 02 | 1.1 | 3.0 32|34 40

§ 100-150 | 0.5 | 0.1 ] 0.1 | 1.4 | 1.9|3.1]32]39
= 010 |-05]-02] 04| 12 |31]|36]37]42
2 5 | 1035 | -03]-00]09 | 14 [24[32]37]41
= 3575 1 02| 04| 19| 24 | 3239|4044
- 75-150 | -0.4 | 02| 0.1 | 05 | 2.0 31|35/ 4.0
035 |-05]-01]03]09][20[32]34]4.1

3 1359 |-06]|-02]001|02]14|29]3.1]39

90-150 | -0.6 | -0.2 | 0.0 | 0.5 | 1.6 | 2.6 | 3.2 | 4.0

025 [-05]-01)05] 11 ]23]32]34]4.0

2 4 | 2562 | -03]-01] 04|09 |1631]34]43
£ 62-100 | 65| -0.1| 04 | 08 |1.7]29]|31]38
= 100-150 | 05| -0.1 ] 03 | 0.7 |14 ] 242835
g 0-10 |-03]-01] 04 | 1.0 [24]34]36]40
= s | 1030 [-02-01(09 | 14]23]33]|35]42
= 3070 |02 | 02| 1.4 | 20 |32]36]37]42
70-150 | 0.6 | 02 | 0.4 | 1.2 | 24|32 ]34 40

=R 0-30 | -04]|-02]|02)]07|15]|22/(28]34
SE [ 6 [3070 |-03]-01]03]08](14[21]24][34
< e 70-150 | -0.2 [ 0.1 | 09 | 1.0 | 1.9 |26 | 29| 3.6
§ 3 0-30 | -03]-01{09 ]| 13 |29]|33]|35]/|42
=3z 7 | 3085 | 05| -02|-01]05]14]24]|32]39
S= 85-150 | 05| -0.1 ] 04 | 1.0 | 14|20 |22 ] 28
s 2 025 | -03|-0.1) 04|08 |20]|32]34]4.1
E 'g 8 | 2575 | -05]|-02| 00| 04 |32]|38]|4.1]44
= g 7590 | 0.6 | -03 | -0.1 | -0.1|05|30]35]43
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Table (3): The statistical size parameters of the studied soil

profiles according to Falk and Ward (1957).
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Physi Depth 'E S S S
" | Prof. | Dept “ Q -l — = = »
kM| emy | SEf SN ZfHEf F T E S
> = = =
0-15 213 | 144 | P.S|-0.53|S.C.sK |0.44| PK |0.78
1 1540 | 2.10 | 1.39 | P.S |-0.34|S.C.sK |0.49] M.K |0.96
@ 40-100 | 2.20 | 1.45 | P.S |-0.64|S.C.sK |0.46| P.K |0.84
5 100-150| 1.73 | 1.38 | P.S |-0.08| n.sym [0.49| M.K |0.96 |
S 0-10 | 240 [1.49 [P.S|-0.60| S.C.sK |0.43| P.K |0.75
S | 5 | 1035 | 233 | 132 |PS|-012] CsK |0.48] M.k |0.93
= 3575 | 3.00 | 1.13 | P.S |-0.32| S.C.sK [0.52]| M.K |1.09
i 75-150 | 1.87 | 1.43 | P.S |-0.08] n.sym [0.40| P.K |0.66
0-35 | 1.90 [ 1.41 [ P.S[-0.05] n.sym |0.43] P.K [0.75 |
3 3590 | 1.50 | 140 | P.S|0.16 | fsK |0.38]|Vv.P.K|0.62
90-150 | 1.60 | 1.44 | P.S]0.07 | nsym |0.45| P.K |0.82
- 025 | 2.07 | 1.35 | P.S |-0.24| C.sK |0.44] P.K 0.80
= 4 2562 | 1.80 | 142 | PS| 021 ]| fsK |045]| PK |0.82
= 62-100 | 1.73 | 1.27 | P.S | 0.06 | n.sym |0.43| P.K |0.76
B 100-150| 1.50 [1.17 | P.S|0.14]| fsK |0.47| P.K |0.87
£ 0-10 | 2.13 [1.42|P.S|-0.23] C.sK [0.41] P.K [0.70 |
-] 5 | 1030 223 1130 | P.S|-0.10] C.sK |0.48] M.K |0.93
. 30-70 | 2.77 | 1.18 | P.S |-0.53 | S.CsK [0.50| M.K |1.02
70-150 | 2.07 | 1.39 | P.S |-0.30| S.C.sK |0.46] P.K |0.86
Eg 0-30 1.50 | 1.20 | P.S| 0.03 | n.sym |0.49]| M.K |0.98
Z8 | 6 | 3070 | 1.37 | 1.06 | P.S| 0.05 | nsym [0.52] MK |1.10
=3 70-150 | 1.90 | 1.03 | P.S |-0.01 | n.sym [0.47| P.K [0.90
EE 030 | 243 [130 [P.s[-0.47[s.csK [0.47] P [0.88
22 7 | 308 | 150 |145|P.S|0.15| fsK [0.47| P.K |0.88
;‘3?‘.-.: 85150 | 1.33 | 0.89 | M.S|-0.07| nsym |0.54] LK |1.19
o g 025 | 1.93 | 139 | P.S [-0.03| nsym |0.42| P-K [0.72
-gg 8 | 2575 | 243 | 1.72 | .S [-0.52] S.CsK |0.35]| v.p.K ] 0.55
E;é 7590 | 1.27 | 1.60 | P.S | 0.64 | S.f.sK [0.38]| V.P.K|0.61
o
P.S = Poorly sorted (by water) fsK = Fine skewed
W.S = Well sorted (by wind) P.K = Platy kurtic
M.S = Moderately sorted (by wind) | V.P.K = Very ptaly kurtic
S.CsK = Strongly coarse skewed M.K = Mesokurtic
C.sK = Coarse skewed V.LK = Very leptokurtic
nsym = Near symmetrical L.K = Lepta kurtic
S.f.sK = Strongly fine skewed
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Fig. (2): Particle size distribution of the studied physiographic units.
(Prof. 1,2,3,4,5,6,7 and 8).
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moderately sorted sediments suggest
two means of transportation and
deposition, i.e. water and wind. As
to inclusive graphic skewness
(SKj) or symmetry, most of the
studied samples fall within the
range of strongly coarse skewed
-0.32 ¢ to -0.64 @ to coarse skewed
(-0.10 @ to 024 ¢) and near
symmetrical (-0.01 ¢ to 0.07 ¢),
except for the middle layers of
profiles 3,4,7 and the deepest
layers of profile 8 which fall
within fine skewed and strongly
fine skewed, respectively.

With regard to the values of the
graphic kurtosis (KG) parameters
the soils range between very platy
kurtic to platy kurtic (0.35 ¢ to
0.47 @) and mesokurtic (0.48 ¢ to
0.52 ¢@). Exception one case in the
deepest layer of profile 7 which
fall in leptakurtic (0.54 ¢).

Taking into consideration that
platy kurtic and very platy kurtic
values indicate that water is the
main factor responsible for soil
formation, while mesokurtic and
leptokurtic values indicate the
involvement of wind and water
actions in the formation of soils.

In view of the former findings,
one can conclude that the studied
soils occur in medium to fine sand
grade. These samples are mainly
poorly sorted, strongly coarse
skewed, coarse skewed to near
symmetry and very platy kurtic,
platy kurtic to mesokurtic.

Hassanein, ef al.

The C-M pattern of the examined
sediments is also used as a tool for
indicating  the  hydrodynamic
conditions of sedimentation as
suggested by Passega (1957 and
1964). The C-M diagram of the
studied area is constructed in Fig.
(3) by plotting C, which is grain
size associated with one percent
value of cumulative curve (in
micron) against M, which is the
mediam diameter (in micron)
Table (4). Data of C-M diagram
pattern (Table, 4) show that the
sediments of studied soil profiles
are represents in two classes, |
signifies transportation by rivers
and tractive currents, and I
represents turbidity currents, the
latter mechanism of transportation
are the dominant one in the studied
soil profiles.

3- Mineralogy of the sand
fraction:

- Light minerals:

Data of the light minerals of the
sand subfraction are tabulated in
Table (5) and reveal that values of
quartz content range from 91.6%
to 97.2% in the alluvial fan soils.
The low value is recorded in the
surface layer of profile 2, while the
highest one is found in the subsurface
layer of profile 1. Depthwise
distribution of quartz does not
portray any specific pattern with
depth, except for profiles 3 and 7
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Table (4): Mechanism of transportation (C-M pattern diagram)
according to Passega and Byramjee (1969).
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Physi- |, o Depth (C) One percentile | (M ) Mediam percentile %
ogra!:huc No. | (cm) : . En
units (I) mm Micron (p mm Micron 2
0-15 |-05]1.414| 1414 | 2.8 | 0.144 144 I

1 | 1540 |05|1.414| 1414 | 25| 0.177 177 I

40-100 | 0.4 | 1.320 | 1320 | 3.0 | 0.125 125 Il

2 100-150( -0.5 | 1.414 | 1414 | 1.9 | 0.268 268 Il

- 0-10 [-0.5|1.414| 1414 | 3.1 | 0.117 117 11

£ | 5 [ 1935 |-03[1231] 1231 [ 2.4 | 0189 189 I

= 3575 [-0.2]1.149| 1149 | 32 | 0.110 110 I

- 75-150 | -0.4 | 1.320 | 1320 | 2.0 | 0.250 250 1

035 [-05]1.414| 1414 | 2.0 | 0250 250 11

3 | 359 |.0.6|1516| 1516 | 1.4 | 0379 379 I

90-150 | -0.6 | 1.516 | 1516 | 1.6 | 0.330 330 I

025 [-0.5[1.414| 1414 | 2.3 | 0203 203 1l

@ 4 | 2562 [03[1231] 1231 | 1.6 | 0330 330 I

‘S 62-100 | 05| 1.414 | 1414 | 1.7 | 0.308 308 I

= 100-150| -0.5| 1.414 | 1414 | 1.4 | 0379 379 1

= 0-10 [-03]1.231| 1231 | 2.4 | 0.189 189 T}

= 10-30 | 02| 1.149| 1149 | 2.3 | 0.203 203 1

< S | 3070 |-02|1149] 1149 |32 | 0110 110 1

70-150 | 0.6 | 1.516 | 1516 | 2.4 | 0.189 189 I

s 3 0-30 |-04]1320| 1320 | 1.5 | 0354 354 |
Z& |6 |30m|03f1231] 1231 [ 14| 0379 | 39 |
= 70-150 | 0.2 | 1.149 | 1149 | 1.9 | 0.268 268 | 1
E 3 0-30 |-03|1.231] 1231 | 2.9 | 0134 134 1
2% | 7 | 308 |-05]|1.414| 1414 | 1.4 | 0379 379 I
S = 85150 | 0.5 | 1.414 | 1414 | 1.4 | 0379 379 1
e 8 025 1-03{1.231| 1231 | 2.0 | 0250 250 11
'EE g8 | 2575 |-05| 1.414| 1414 | 32 | 0.110 110 I
=73 7590 |-0.6| 1.516 | 1516 | 0.5 | 0.707 707 I
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Table (5): Frequency distribution of light minerals in the sand fraction
(0.125-0.063 mm) of the studied soils.

Feldspars (%)
Physn—' Prof. Depth § % E
ogra!)hlc No. (cxa) Quartz = = =
units £ g | & | Total
T ) 2
o & | =
0-15 9630 | 270 | 1.7 | 06 | 5.0
1 15-40 9720 | 280 | 1.6 | 07 | 5.1
40-100 9630 | 270 | 1.7 | 0.6 | 5.0
g 100-150 | 96.60 | 2.40 | 1.7 | 0.8 | 4.9
o 0-10 9160 | 400 | 26 | 1.4 | 8.0
2 3 10-35 9450 | 350 | 1.5 | 05 | 55
=z 35-75 95.30 270 | 13 | 07 4.7
2. 75-150 9460 | 340 | 1.4 | 0.6 | 5.4
0-35 9390 [ 3.0 | 21 [ 09 | 6.1
3 35-90 9460 | 340 | 1.4 | 06 | 54
90-150 9530 | 270 | 1.1 ] 09 | 47
0-25 9580 | 230 [ 1.2 | 08 | 43
2 § 25-62 9490 | 2.0 | 23 | 07 | 5.
'F 62-100 9630 | 170 | 1.3 | 07 | 3.7
& 100-150 | 9540 | 2.60 | 1.4 | 0.6 | 4.6
£ 0-10 9560 | 220 | 1.8 [ 07 [ 47
& . 10-30 9490 | 3.10 | 1.4 | 0.6 | 5.
. 30-70 9470 | 3.0 | 1.5 | 0.8 | 54
70-150 9510 | 290 | 1.3 | 07 | 49
R 0-30 9%.50 | 1.50 | 13 [ 07 | 35
18- 6 30-70 9280 | 320 | 25| 15| 72
<8 70-150 9430 | 270 | 2.6 | 0.4 | 57
3 = 0-30 9020 | 450 | 33 | 21 | 99
EN 7 30-85 9230 | 450 | 25 |07 | 77
S 85-150 9450 | 250 | 21 | 10 | 56
v % 0-25 9420 | 230 | 1.7 | 1.8 | 58
£ E 8 25-75 95.60 | 240 | 1.6 | 0.4 | 4.4
=3 75-90 9380 | 320 | 19| 11| 62
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which quartz tends to increase with
depth. Feldspars are distinguished
as orthoclase, plagioclase and
microcline, it ranges from 1.5 to
4.5%, 1.1 to 3.3% and 0.4 to 2.1%,
respectively.

Moreover, the presence of
feldspars could be taken as an
indication that weathering prevailed
during soil formation was not so
drastic to cause a complete decay of
these minerals susceptible to
weathering.

- Heavy minerals:

In the following a concise
description of the heavy minerals
recorded and their distribution is
given in the same order of
abundance as shown in Table (6).

Opaque minerals are mostly
composed of iron ores such as
hematite, ilmenite and pyrite. These
minerals are characterized as being
isotropic between crossed nicoles,
black coloured in plain light, non
peleochroic and generally subro-
unded to rounded in shape. The
opaque minerals constitute the
greater part of the heavy minerals in
all samples (ranges from 40.6% to
49.2% of the total heavy minerals)
with an irregular distribution pattern
with depth.

Non opaque minerals: data in

Table (7) show that pyroxenes and
amphiboles (pyroboles) are the

pyroboles among the
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most abundant non-opaque minerals
in the studied samples. Soil profiles
of the marine sediments, alluvial
plains and Colluvial alluvial
comprise the higher content of
different
physiographic units. These minerals
display an irregular distribution with
depth in the studied soils.

Garnet constitutes 1.1 to 2.1%
(as a weight mean) in the soil of
alluvial fans, while being from 1.4
to 1.6% in the rest of the studied

-soils.

Staurolite constitutes 0.9 to
2.1%, the lowest value recorded in
the soil of profile 4 (alluvial plain),
while the highest content is in
profile 6-(alluvial terraces).

Kyanite constitutes 0.9 to 2.6%
and lowest value is recorded in
profile 5 (alluvial plain), while the
highest value characterize profile 6
(alluvia terraces).

Silimanite constitutes 0.5 to 2.0%
(as a weight mean) of the non-
opaques.

Zircon, rutile and tourmaline
have frequency ranging between
5.1-12.1%, 1.0-5.4% and 2.1-5.4%.
respectively The higher contents of
these minerals are recorded in the
soils of alluvial fans, while the
lowest values are detected in the
soils of Colluvial alluvial, and soils
of marine sediments. On the other




Frequency distribution of heavy minerals in the sand fraction (0.125-0.063 mm) of the studied soils.
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hand, irregularity and discontinuity
distribution of zircon, rutile and
tourmaline are obvious in the soil
profiles under study. This reflects
the multiorigin of parent materials
or their multi-depositional course,
or both.

Epidote content ranges from 7.7
to 12.2% (as a weight mean) of the
non-opaques reaching its maximum
in profile 8, while the minimum
content in profile 1.

Biotite content ranges from 5.0 to
11.4% of the non-opaques, the
highest and lowest values are
recorded in the deepest layers of
profiles 1 and 5, respectively.

Andalusite, monazite and apatite
values are recorded in a manuit
amounts with an irregular
distribution pattern with depth in
the studied soils.

From the heavy minerals chara-
cteristics of the different profiles, it is
evident that these soils have a very
short dated pedological history and
exhibit some degrees of related
genesis. The effect of parent material
overshadows other soil forming
factors. i.e. most of the soil properties
are inherited from the parent
sediments. This is indicated from the
abundance of pyroxenes and
amphipods which are considered to
be less stable minerals.

According to Weyl (1952), the
non-opaques could classified,
extremely unstable, slightly stable,
stable, and very stable minerals.
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Data in Table (7) reveal that the

‘weatherable minerals (extremely

unstable and slightly stable minerals)
constitutes 65.6% to 76% of the non-
opaques. The lowest content is found
in profile 1 (Alluvial fans), while the
highest content exists in profile 8
(Marine sediment).

Additionally, the resistant
minerals (stable and very stable
minerals) constitutes 15.4% to 26.2%
of the non-opaques. The lowest value
is detected in profile 4 (Alluvial
plain), while the highest content
exists in profile 2 (Alluvial fans).
Generally it can be observable that
these resistant minerals follow the
order. Alluvial fans > Alluvial plain
> Alluvial terraces > Colluvial
alluvial > Marine sediments. It could
be detected that the immaturity
(recently) of the studied soils is in the
opposite of this order.

- Genesis of the studied soils:

The study of heavy minerals can
give some useful indications of
provenance and events in the
source area. Certain heavy minerals,
such as gamet, epidote, staurolite are
mainly derived from metamorphic
terrains whereas the others, ie.
rutile, apatite, and tourmaline for
instance, are mainly derived from
igneous rocks, Tucker (1981).

Zircon is widely-distributed
mineral in granite and other igneous
rocks and also occurs certain




/A

ein, et g

Hassa

Table (7): Means of extremely unstable, slightly stable, stable and very stable minerals in the
sand fraction (0.125-0.063 mm) of the studied soils (According to Weyl 1952).
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l-ilxtremely _ﬁightly Ve
r } | Prof. unstable stable Stable stable
Physﬁg"““’ N5 TAlT.]G]| E | T.|St|K]|Si|An] T.]To] Z | R] T.
1 | 403|155 k 558 |21 77|98 |13|1.1|1.2 |12 48|50/ 108 |54 212
. | | |
Alluvial fans 2 406 | 147553 19| 87106| 13|13 1209|4754 12.1 |41 216
3 |46.0 166|626 11114 [125]|1.4 | 1.6|05|1.3|48[31] 6921121
25 4 |470/175 645|1.4| 9.0 1040922 |13 1.0 54|26 58|16/ 10.0
Alluvial plains [ ‘ i
5 | 482142 62415105 120|1.1[09 | 16|17 53|3.1]| 65|40 136
Alluvial terraces 6 |469]12.6|595|1.6]104]120]21[26[1518]80][26] 5917/ 102
Colluvial alluvial 7 |47.0 137|607 |15 98 113162320 13]72|21]| 51/[18] 90
Marine sediments | 8 [44.6|17.9|62.5]13 122 |135|19 |14 18|10 (61]33| 56| 1.0 99
P = Pyroxene T =Total E = Epidote K =Kyanite An = Andalusite Z = Zircon
A = Amphiboles G =Garnet St = Staurolite Si = Silimanite To =Tourmaline R = Rutile
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Table (8): Uniformity and weathering ratios of the studied soil profiles.

Physiographic| Prof.| Depth Un;i‘;{:;lty we::::liz:mg
units | No. | (em) [5 R [Ze/T | ZI/T+R | Wr, | Wr, | Wr,
0-15 | 310 | 3.0 | 15 | 2.63 043 l| 0.26
1 | 1540 | 250 | 24 | 12 | 387 | 0.63 | 041
) 40-100 | 3.70 | 3.6 | 18 | 3.66 | 0.65 | 0.73
= 100-150| 1.10 | 1.1 | 06 | 3.55 | 073 0.39
= 0-10 | 250 | 26 | 13 4.34 | 0.81 | 0.34
£ , | 1035 (220 | 21 | 11 | 331 060 043
2 3575 | 300 | 20 | 12 | 2.64 | 046 034
< 75-150 | 3.20 | 24 | 14 3.34 | 0.58 | 0.40
0-35 | 260 | 24 | 12 [11.69 | 1.90 | 1.21
3 | 3590 | 3.80 | 2.5 15 | 541 | 088 0.58
90-150 | 3.00 | 2.0 12 539 | 1.00 | 0.59
0-25 | 2.60 | 33 1.5 | 568 [ 091 1.10
2 4 | 2562200 18 | 09 | 852 L6 052
= 62-100 | 5.60 | 2.0 1.5 | 9.87 | 1.84 | 0.82
B 100-150 920 | 22 | 1.8 | 821 | 1.43 | 0.62
2 0-10 | 270 | 2.0 | 12 | 847 | 144 ‘ 1.01
2 s | 10-30 [ 530 | 21 1.5 | 527 | 1.03 | 0.47
< 3070 | 1.90 | 1.6 | 09 | 699 | 095 0.67
70-150 | 330 | 2.5 | 1.4 | 6.46 | 093  0.52
: 030 | 575 | 1.4 | L1 | 7.68 | 130|123
::E:':‘::: 6 3070 | 370 | 21 | 13 | 783 125 12
70-150 | 320 | 28 | 1.5 | 6.42 | 0.76 | 0.80
. 0-30 | 270 | 2.0 | 1.2 7.93 | 112 | 1.30
2‘:::':‘:;?' 7 | 30-85 | 420 1| 26 | 16 | 807 | L17 132
85-150 | 2.20 | 2.4 | 1.1 | 890 | 1.38 | 1.29
: 025 [ 600 | 20 | 15 6.40 | 1.10 | 0.76
s:g?;::}fts 8 | 2575 1620 | 15 | 12 | 7.61 | 1.50 | 0.74
75-90 | 3.60 | 1.8 1.2 | 628 | 1.20  0.96

Zr =Zircon , R =Rutile, T =Tourmaline, P =Pyroxenes, A = Amphiboles

H =Hornblend, B = Biotite , Wry =P+A/Zr+T , Wr, = H/Zr+T, Wry=B/Zr+T
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Fig. (4): Depthwise distribution of the most resistant minerals of the sand
fraction in the studied soil profiles.
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metamorphic rocks, rutile is widely
distributed in various metamorphic
rocks, while tourmaline is found in
tourmalinized granites, other
ubibuitous group occur in metamor-
phic limestones, Kerr (1959).

Table (7), also indicates that
weatherable minerals  (extremely
unstable and slightly stable) were
common minerals in the investigated
soils. Additionally, the dominance of
resistant minerals (stable and very
stable minerals) could lead to the
conclusion of addition of recent
sediments rich in these minerals
which are derived mainly from
alteration of igneous and métamor-
phic rocks.

From the previous discussion it is
evident that - the soil under
investigation are mostly derived from
granitic and metamorphic rocks. '

- Uniformity of soil materials:

The mineral assemblage as well
as the ratios of Zr/R, Zt/T, Zr/T+R,
Wr;, Wr, and Wr; and their
distribution pattern are taken as a
criterion for profile uniformity as
recommended by Marshall (1940)
and Brewer (1964).

They were applied to test the
uniforraity and development of
Egyptian soil by Hammad (1968),
El-Demerdashe, et al. (1972), El-
Gundy (1988) and Hassona (1999).
The ratios between the total content

_samples and illustratoted

Hassanein, et al.

of pyroxenes and amphi-boles
(representing the more susceptible
minerals to weathering) and the total
content of zircon, tourmaline and

rutile (representing the resistant

minerals) was calculated for all
in Table
(8) and Fig. (4 and 5).

The results show that the soil
constituting each  profile is
heterogeneous either due to their
multi-origin or to the subsequent
variations along the course of
sedimention and therefore, it is
considered young from the pedolo-
gical point of view.
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