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PEDOLOGICAL STUDIES ON SOME SOILS REPRESENTING
DIFFERENT GEOMORPHIC UNITS BASED ON THE
MINERALOGICAL COMPOSITION OF THE FINE SAND

FRACTION.
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ABSTRACT

In order to indicale the origin and uniformily of the soil forming substratum of
some different geomorphodogical unit of Egypt Dased on the mineralogy of the fine
sand fraction (250-63pm), sixteen profiles were seleclted. Tnese profiles represent
soils of the alluvial deposits of the Nile Della {Qalubeya) and valltey (Qena), swamps
{El-Manzala) and fluvio-marine-lacustine deposits (El-Manzala}, beach Sands (idku),
calcareous sediments { Western desert), Aeolian sandy sediments of river terraces{at
south of lhe wadi El-Nalrun) and Oases depressicns (El-Kharga, El-Dakhla and El-
Baharia)

Hesvy minera! were separated and subjecled to petro-graphical study.

Mineralogical composilions of the heavy minerals are detected as opaques,
pyroxenes, amphiboles and epidote in pronounced amounts. zircon, tourmaline, rulile,
chlorile and staurclile are presented in relatively moderate amounts, while Lhe
remaining minerals are found in less pronounced amounts.

The refative frequencies of the detecled minerals either as percentages or as
ratios between resistanl minerals and even asweathering ratios were discussed in
terms of pedogenesis and profiles uniformity.

The soils under consideration differ very greatly in their mineralogical
properiies as weil as in mode of formation as they differ in origin and age.

Evidences for the contamination of Ihe highly calcareous sediments with Nile
alluvium and also indications of volcanic activity are given.

Key wards. Heavy minerals, resistant minerals and fine sandy

Heavy minerals apalysis can be used lo eslablish soil origin and to
discriminate between the different depositional environments, Jackson and Sherman
(1953), Brewer (1960) and Barshad (1964), According to Pattijohn (1969), the heavy
mineral assemblage reflects the combination effect of many faclors; these factors are
the rock source agent of iransponation, environments of deposition and the extent of
Post-depositional changes. Heavy minerals have been used by soil scientists for
evaluating the uniformity of parent matenal and profiles development.

Therefore, the current study is an attempt for identifying the type, suite and
distribution of heavy minerals in the sand fraction in order to elucidale the origin,
uniformity and development of some soils representing tha Geamorphic Units of

Egypt.

Several trial were undertaken te evajuate profile uniformity and development
of some soits of Egypt (Labib and Hamdi, 1972; Abdel Salam ef a/., 1975; Abdel-Aal
et al, 1977 Elwan ef al, 1880; Kassim and Abd El-Rahman, 1981 & Gewaifel f a/.,
1981). These authors studies soils of different origin and tried 1o evaluate their mode
of formation and factors affecting their depasitional regime based on different
Pararmeters.

Cespite these investigations, lack of information concerning cornparison
between these soils is felt. Also, some or these studies are contradictory.
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MATERIALS AND METHODS

Forty eight soil samples were collected from twenty two soil profiles
representing the main geomorphological unit of Egypt. Profile locations are
shown in Fig. 1. these features are:

i.  The alluvial deposits of the Nile Delta were represented by profile
No. 1.
ii. The alluvial deposits of the Nile valley were represented by
profile No. 2.
ii.  Fluvio-marine-lacustrine deposits of El-Manzala Lake were
represented by profile No. 3.
iv. Swamp soils in the deposits of El-Manzala Lake, werc
represented by profile No. 4.
V. Profiles No. 5 and 6 (North of the Wadi El-Natrun): represent
soils of the calcareous deposits {vally).
vi.  The beach sandy sediments of south idku were represented by
profile No. 7.
vi.  Oases depressions were represented by profile No. 8 and 9 {at
Ei-Dakhia), No. 10, 11 and 12 (at EI-Kharga) and No. 13 and 14
(at EI-El-Baharia).
vii. The Aeolian sandy sediments of the oid terraces of the river Nile,
-were represented by profile No. 15 and 16 {(at south of the Wadi
El-Natrun).

The profiles were morphological described according to Scil Survey
Staff (1990). The soil sample were air-dried, ground and passed through a 2
mm sieve. After the ordinary pretreatments (Jackson 1973) the fine sand
fraction (250-63um) was separated from each sample by dry sieving, cleaned
up and further differentiated from each sample dry sieving bromoform (SP
Gr.2.85 t 0.02). The heavy minerals were mounted on slide in canada
balsam for identification (Brewer, 1964). The relative frequencies of the
minerals were determined by counting about 500 grains from each sample by
the polarizing microscope, using a gradual mechanical stage for counting.
ldentification of minerals was under taken according to the procedure of
Milner (1962).

RESULTS AND DISCUSSION

The frequency distribution of heavy minerals in the fine sand fraction
(250-63um} is shown in Table .1. and Fig. 2. the non-opaque constant as
100%, however the opaque percentages are also recorded. From the Table,
the general characteristics of heavy mineral composition can be summarized
as follows:

Opaque minerals together with the non-opaques minerals;
pyroxenes, amphiboles and epidotes are the abundant. The association of
pyroxenes, amphiboles and epidotes constitutes including garnet, staurolite,
kyanite, sillimanite, andalusite, glauconite 'and monazite are found in less
pronounced amounts.
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Opaques form a considerable part of the heavy minerals in all the
examined samples, and their opaque values very in a widely range among
the different geomorphic units. :

Non - Opaque minerals;

The non-opaque minerals (Table .1. and Fig. 2.) show distinctly the
variation among the investigated soils they differ in origin and age. Alluvial
soils of the Nile Delta and valley (profiles 1 and 2), lacustrine sediments
(profiles 3 and 4), and beach deposits {profile 7) contain the highest
percentages of the non-opaques (54.6 — 79.8). Soil of the Aeclian sandy
deposition of the old lerraces of Nife river (Pleistocene age} come next with a
range of 36.8 - 42.9%.

The highly calcareous soils of the Wadi El-Natrun (profiles 5 and 6)
have only values between 13.9 and 34.8%.

Regarding soils of the Oases (profiles 8, 9, 10, 11, 12, 13 and 14),
the percentages of of the non-opaques range between 4.8 and 19.8%.

Resigtant minerals:

CGuantities as well as horizontal and vertical distribution of the
resistant minerals (zircon, tourmaline and rutile) are used as indices of parent
material, soil relative age and degree of soil development and formation.
Transported or stratified formation may be identified through the distribution
depth of the resistant minerais.

Fig. 3. presents the percentage distribution of the sum of these three
resistant minerals along the soil depth for the considered profiles.

It is obvious that the soils of the Nile Delta and Valley {profiles 1 and
2) and beach sandy sediments of South [dku lake {profile 7} contain the
lowest percentage (less than 7.5%), while it raised to about 11.68-156% in the
soils of flavio-marine-lacusrine deposits of lake El-Manzala (profile 3) and
Swamp soils in the deposits of E)-Manzala lake (profile 4). The similar content
of resistant minerals of Nile alluvium and beach sands confirms that they
have been' derived from the volcanic Abessynia plateau, as well as from
acidic igneous rocks of southem Sudan (Shukri, 1950},

The Aeclian sandy sedimen{ of the old terraces of the river Nile
{profies 15 and 18) have high contents of resistant minerals {36.1-46%)
which stay mostly constant with depth.

The- calcareous soils of the Western Desert.north of the Wadi El-
Natrun (profiles § and B) contain more than 39% of resistant minerals in ally
fayers. This might be taken as an indication for the similarity of both
formations.

With regard to the soils ofCases, they show different patterns in their
content and distribution of resistant minerals. Soils of El-Dakhla Oasis
(profiles 8 and 9) have 52.5% of resistant minerals in the surface layer, there
is a sharp decrease o 10.2% in the subsurface and on increase to 38.5% in
the deepest layer. El-Kharga Qases soils (profiles 10,11, and 12) have 19%
of resistant minerals in the surface layer increasing slightly in subsoil to
27.3% and sharply to about 62% in the deepest layer.
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This distribution for the tow Oases may suggest the possible contribution of
the Nile tributaries to the formation of their sediments (low content of resistant
minerals in some layers) in the Holocene periods. The obtained results show
that there is on apparent discontinuity or a type of stratification for the
sediments of these Oases.

In Baharia Oases soils {profiles13 and 14), the surface layer contains
27% of the resistant minerals, increasing lo 31% in the subsoil. This soil is
different from that of the other tow Oases indicating different ongin and age.

Metamorphic minerals: :
Content and frequency distribution of metamorphic minerals (gamet,
kyanite, sillimanite, staurolite and andalusite) for the investigated profiles are
" presented in Table 1. data reveal that the soils of the Nile delta and valley
{profiles 1 and 2) have the lowest percentage (? 4%). The high values is
recorded in the soils of El-Kharga (profile 10, 11 and12) and El-Dakhla Oasis
{profiles 8 and 9) have the highest percentages (28%). The other soils have
values ranging between (6.5-18%). Such results indicate that metamorphic
rocks are one of the sources from which the soils of Egypt are derived with
different magnitudes.

According to Kholeif et al. (1968), trlangular representiation of the
distribution of amphiboles, pyroxenes and epidotes could be worked out.
When the obtained results of such minerals are plotted on the triangular fig.
(4), one may observe that the obtained results are located in the area of
distribution* of pyroxenes, amphiboles and epidotes in the soils of Delta
(profile 1), Nile valley (profile 2), the fluvio-marine-lacostrine (profile3),
Swamp soils in the deposits of El-Manzala lake (profile 4), the calcareous
soils of Wadi El-Natrun (profiles 5 and 6) and the beach sandy sediments of
south |dku (profile 7), while the other soils are not contaminated by Nile
sediments. - :

With regard to Kholeif et al. (1969), tnangular representation of the
distribution of mineral characterizing the different geological periods, itis
noticed that soils of Oases depressions (El-Kharga, El-Dakhla and Bahania)
are of Pliocene and plio-Pleistocene deposits {Fig. 5). This is due to their
scarcity distribution of pyroxenes and relative abundance of opagues, rutile,
tourmaline and homblend (less than in recent sediments).

Their assemblages suggest derivation from sediments, i.e. Nubian
sandstone and Oligocene sediments (Shukri, 1952).

On the other hand, soils of Delta and Nile Valley are mainly of Middle
Paleolithic sediments. They are characterized by the presence of pyroxenes
in greater abundance than in Pliocene and plio-Pleistocene sediments and of
smaller amounts than in the recent sediments. This is due to the connection
with the Nile tributaries, i.e. Blue Nile and Atbara, which are rich augite of
volcanic province (Shukri, 1951).

Also they are fich in epidotes, garnet, zircon and poorer in kyanite,
staurolite and tourmaline compared to the older periods.

Regarding the other soils, results indicate that the different layers of
their profiles are of Middle to Upper Paleolithic sediments, as they have
different quantities of (amphiboles-pyroxenes).
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Table 2: Weathering

ratios of the studied soit profiles.

Geomorphic | Prof. | Depth Weathering ratios
Units No. {cm) | R.M.
0-25 1B5 1121 1068 18.71 42
1 25-80 1.46 1.33 0.70 20.21 39
Affuvial 80-120 1.08 1.18 0.57 24.04 3.6
deposits 0-30 160 1.33 C.73 20.46 38
2 30-80 3.00 1.00 0.75 18.07 35
B80-150 2.80 1.40 0.93 24.21 2.9
0-10 1. 1.05 0.52 3.28 17.5
3 10-30 0.91 1.42 0.56 5.88 140
Lacustrine 30-60 1.03 4.00 0.82 6.40 13.3
deposits’ 0-15 2.80 23.33 2.50 575 03
4 15-40 2.40 20.00 2.14 6.98 8.8
40-70 3.32 1.51 1.04 279 16.3
I 0-40 | 10.14 845 161 0.64 432
5 40-90 10.29 3.80 2,78 0.55 476
Calcareous 90-150 | 12.31 5.71 3.80 0.69 40.2
sediments ~0-30 13.47 1.01 0.94 1.02 417
6 30-80 4.40 4.96 2.33 111 39.0
B80-150 | 22.06 9.38 6.58 0.87 43.2
Beach 0-20 20D 333 1.25 8.56 7.2
deposits 7 20-50 3.00 4.50 3.00 8.07 6.0
P 50-80 | 255 | 5.10 1.70 6.72 8.1
0-30 .88 4.94 3.29 0.34 B15
8 30-55 0.48 320 0.46 6.19 10.2
55-90 488 1.15 0.93 0.48 40.5
Cases 0-25 11.57 476 | 3.38 0.34 525
9 25-60 0.51 6.60 0.47 532 10.3
6§0-100 | 5.29 112 0.93 0.52 38.5
025 29 2.83 153 0.57 18.0
10 25-70 | 21.00 3.38 3.39 064 27.2
70-90 10.11 3.79 2.76 0.34 62.0
. 0-25 443 2.89 1.76 0.77 204
Depression | 14 2565 | 2050 ars a7 0.67 26.0
65-100 | 11.54 3.69 2.80 .36 61.1
0-30 357 250 167 .81 20.0
12 30-70 | 21.50 4.30 430 0.67 265
70-100 | 10.59 4.01 29 0.38 59.8
0-8 14 .06 5.36 a8 1.16 283
13 8-40 11.39 2.30 192 0.76 3.2
40-80 4,06 3.00 173 0.97 30.8
0-7 1400 4.67 3.50 1.25 27.0
14 7-35 10.00 2.88 2.23 0.83 304
35-85 3.86 2.79 1.62 0.88 31.2
0-30 2667 1.78 1.67 065 384
Aeclian sand 15 30-60 7.39 4.59 283 0.63 46.0
60-150 | 7.43 6.44 3.45 0.57 374
0-20 38.33 1.84 1.76 0.74 36.1
18 20-70 3.16 3.92 2.65 Q.7 42.7
70-150 9.03 4.75 311 .63 37.0
Z = Zircon T = Tourmline R = Rutila P = Pyroxenes

A = Amphiboles

R.M, » Resistant minerals {Z+R+T).
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This could be aftributed to local variations along the beaches of the different
quantities shows that the Abyssinian tributaries had contributed to Middle
Paleclithic times, whereas its presence in appreciabie amounts is abserved in
the Upper Paleolithic and more recent sediments.

Uniformity of soll materials:

To evalugte the weathering stage and uniformity of profile parent
materials, certain as pyroboles, zircon, tourmaline and rutile are usedto
achieve this purpose. Pyrobdes are considered as an assessable minerals to
weathering, while zircon, tourmaline and rutile as resistant ones {Brewer
1964). So the presence of the assessable minerals in high percentages can
be taken as an indication of the percentages immature conditions or recent
deposits. This case is in harmony, when a resistant mineral is existed in low
levels. In this connection, the mineral assemblage (Table 2), as well as the.
ratios of Z /T, Z2 /R, Z ! R+T, P+A | Z+R AND R.M. are calcufated for
considered profies in order to evaluate their uniformity. Values show that
most of the soils under study have a state of stratification and heterogeneity
of their parent matenals, This may be the result of the contamination of more
than one sediment or suggests the multidepositional regime of the soils.
Which display apparent homogeneity with only slight differences rendered
mainly to the sedimentation process.
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