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ABSTRACT: The studied area belongs to El-Farafra Oasis, New Valley Governorate. It
is representing an area of about 372062 feddans. The aim of this work was to study the
geomorphology, characteristics and mineralogy of some soils in El-Farafra Oasis, New
Valley governorate, Eqgypt.

Visual interpretation of 2 sentinel images and digital elevation model (DEM) were used
to produce the geomorphic units and soil maps of the studied area. Two geomorphic
units were identified namely plateau and depression floor. Eighty-two minipits and
eighteen soil profiles were chosen to represent the main soil mapping units in the
studied area. Soil samples were collected from the representative soil profiles for
physical, chemical and mineralogical analysis. The results could be summarized as
follows:

X-ray diffraction analysis indicated that kaolinite is alternatively dominated in the
studied soils (about 80 %) followed by smectite. lllite, interstratified minerals and
chlorite are found as the lowest abundant clay minerals in these soils.

The mineralogical composition of the sand fraction indicated that, the light fraction is
composed almost entirely of quartz which constitutes about 95%. Feldspar minerals
(orthoclase plagioclase and microcline) are detected in trace amounts. The presence of
feldspars indicates that, the soils are young from the pedological point of views.

Heavy minerals are generally dominated by opaque’s (about 55 %). Non-opaques are
mainly dominated by pyroboles (pyroxenes + amphipoles) followed by ultra-stable
minerals (zircon, rutile and tourmaline), Para metamorphic minerals (garnet, kyanite,
staurolite, silimanite) and epidote. While the other minerals (biotite andalusite,
glaucohite and apatite) are detected in less pronounced amounts.

Distribution of the resistant minerals (biotite and amphipoles) weathering ratio, values
indicate that, the soils are generally heterogeneous either due to their multi-origin or
due to a subsequent variation along the course formation.

Key words: Geomorphic unit, Digital Elevation Model (DEM), clay mineralogy, Soil
homogeneity, RS, GIS

INTRODUCTION depression in size, but the smallest in

El- Farafra oasis is one of the main population within the large Western
five Oases of the Western Desert, with an Desert of Egypt. This Oasis is located in
excellent groundwater resources and the central part of the Western Desert of
potential soils for agricultural expansion. Egypt approximately midway between
Thus it considered as promising for Dakhla and Bahariya oases and covers
future agriculture and tourist an area of about 12000 km®.

development. It is the second largest
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Green, (1992) detected that,
integration of Remote Sensing (RS)
within the Geographic information

system (GIS) database can decrease the
cost, reduce the time and increase the
detailed information gathered for soil
survey. Particularly, the use of Digital
Elevation Model (DEM) is important to
derive landscape attributes that are
utilized in land forms characterization,
(Brough, 1986 and Dobos et al., 2000).

Digital Elevation Model (DEM) is a
computerize model of the Earth’s surface
that can be stored and manipulated in a
computer, (Brough, 1986). It provides
greater functionalities than the qualitative
and nominal characterization of
topography. A DEM can be manipulated
to provide many kinds of data that can
assist the soil surveyor in mapping and
giving a quantitative description of
landforms and of solil variabilities.

Due to its geographical location and
geological formation Farafra Oasis has
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more than 100 natural springs and wells
spread out over the lands of the Farafra,
many of which are natural. Most of these
wells are used in irrigation of the
cultivated land in the oasis.

The present study aims to produce the
geomorphic map of El- Farafra Oasis and
to identify the physical, chemical and
mineralogical composition of the sand
and clay fractions in order to evaluate the
genesis and degree of homogeneity for
soils in the study area.

MATERIALS AND METHODS
1-General description of
studied area
a) Location
The studied area is located between
longitudes27° 49’ 19.18" to 28° 04’ 41.28"
E. and latitudes 26° 46 10.98" to 27° 22’
38.75" N.; it represents an area of about
372062 Feddans, (Figure, 1).

the
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Figure (1): Location map of the studied area.

b) Geology:

Sanad, (1972) stated that, the rock unit
belonging to lower-middle Eocene in
Farafra limestone. Conformably, it

overlies the Esna shale and spreads
overall the escarpments surrounding the
depression. The rock unit belonging to
the lower Eocene is Esna shale and
covers the scarp- slopes surround the

whole depression of old Farafra. It

overlies the Farafra limestone and is

under lowed by the Bishwa formation.
According to the geological map

(EGSA, 1988) Khoman Chalkis the main
formation which represents an area of
about 188956 Feddans (50.79 % of the
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total studied area), followed by Dakhla
formation (23.9 % of the total studied
area) as shown in Figure (2) and Table

(1).
c) Digital Elevation Model (DEM)

The contour lines and spot heights of
geo-statistical analysis are used to
produce the DEM of the studied area
(Figure, 3) through interpolation Kriging
inverse distance method, which used the
semi-variogram parameters (Stein, 1998).
The height areas located in the northwest
side with elevation ranged from 279 to
350 meter above sea level. The low areas
located in the eastern side with elevation
between 47 and 83 meter above sea level.



M. M. Soliman, et al.,

l’?'ll?'O"E T.""IEW‘E 2?"‘5?'0'5 27'SE'OFE R‘DJ'D‘E

21°00"N 27°E'0°N 2T100°N 2T180°N 27"@'”

JG'S?'U"N

% Khoman Chalk
B Dakhla Formation
Tarawan Formation
BN Farafra Formation
Esna Formation
~ Sabkha Deposits

28°80'0"N

4

, Sand Sheets

5

1]

;'i 3o ] iz 18

o AT E TEVE 1EUE ITEETE WO0E WE0E

26'5‘5'0'" I?‘D"U"N 27'5"0'" 2?'1‘0'0‘" Z?"ri'D"N Zf'za'ﬂ'N

ii'5‘0'U'N

25'1;'0'"

Figure (2): Geological map of the studied area (scale 1:500000)

Table (1): Geological formations of the studied area (EGSA, 1988).

Geological Formation Area (Fed.) %
= Khoman Chalk 188956 50.79
% Dakhla Formation 88917 23.90
= Tarawan Formation 38164 10.26
% Farafra Formation. 30986 8.33
s Esna Formation 14573 3.92
= Sabkha Deposits 9494 2.55
2= Sand Sheets 972 0.25
Total 372062 100.00
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Figure (3): Digital Elevation Model (DEM) of the studied area.

d) Satellite data:

Satellite image of the studied area
derived from Sentinel 2 dated 20 May
2018 with spatial resolution of 10 m
(Figure, 4) and spectral resolution of the
bands 5, 3 and 2 were used for
delineating the geomorphic map (Zinck,
1988) of the studied area using the visual
analysis, by aid of topographic maps,
geology map and Digital Elevation Model
(DEM). Spatial enhancement was done to
produce an output image with enhanced
edges that related to soil. The pixel
values are not manipulated individually
but in relation to their four neighbors.
This modifies the value of each pixel on
neighboring brightness values (Daels,
1986). Color enhancement was
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conducted to create new images from
original to increase the amount of
information that can be Vvisually
interpreted from the data.

The data and the output maps used
the parameters for GIS displays from
Egyptian Transverse Mercator projection
(ETM) (Daels, 1986).

2. Field Work:
Eighty-two minipits were dug for
checking the boundaries between

geomorphic units and eighteen soil
profiles were chosen to represent the
different geomorphic units of the studied
area. Soil representative samples from
the different layers of the studied soil
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profiles were taken for Ilaboratory
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Figure (4): Satellite image of the studied area.

3. Laboratory Analyses:

The collected disturbed soil samples
were air dried, crushed and prepared for
laboratory analyses, to determine some

soil chemical and physical properties
(Burt, 2004).
Particle size distribution was

conducted using the pipette method.
Calcium carbonate content was assessed
using Collin’s Calcimeter. Gypsum
content was carried out by precipitation
with acetone. Soil pH in the soil paste,
salinity as electrical conductivity EC, in
the soil paste extract, cation exchange
capacity and exchangeable sodium
percentage were carried out according to
(Burt, 2004). The results are discussed as

YA

weighted  profile for each

geomorphic unit.

mean

Mineralogical studies of the sand
fraction were carried out as follows: after
the ordinary treatment (Jackson, 1973);
the sand fraction (0.125- 0.063 mm) was
separated from each sample by dry
sieving methods. Separation of light and
heavy minerals was carried out following
the procedure described by Brewer,
(1964). Mounting of the minerals was
undertaken according to the method by
Brewer, (1964); Systematic identification
of the light and heavy minerals was done
using the optical properties as given by
Milner, (1962).
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The mineralogical analysis of clay
fraction (< 2 y) was carried out on ten
representative soil samples to declare
the clay minerals content of the different
geomorphic units. Clay fraction (<2 p)
was separated by setting technique (Folk,
1980). The separated clay samples were
slightly crushed and representative
portion was disintegrated and dispersed
by soaking in distilled water and stirring.
The natural separated clay fraction was
water precipitated into glass slides to
produce preferred orientation of the clay
minerals. Oriented slides were prepared
and examined as follows: Mg-saturated
air dried, Mg-saturated glycerol solvated,
K- saturated air dried and K-saturated
after heating to 550 °C for four hours.

The X-ray diffraction analysis (XRD)
was carried out using Scintag, Inc.,
U.S.A, X1, Advanced Diffraction system
with Cu-radiation and Ni filter. The XRD
data were interpreted using ASTM cards
together with data published by Brindly
and Brown, (1980); schemes adopted by
Jackson, (1973) and Dixon and Weed,
(1977). Semi-quantitative (relative
proportions) of clay minerals identified
were estimated by measuring the peak
areas of the first order basal reflection
(001) and calculating the percentages of
frequency according to the methods
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outlined by (Weaver, 1961; Biscays, 1965;
Gjems, 1967 and Venkatarathnam and
Ryan, 1971).

RESULTS AND DISCUSSION
Geomorphic units

Visual interpretation of Sentinel 2
image was done on false color composite
of bands 5, 3, 2 scale 1:50000 to produce
a base map according to the difference in
landscape from the field work activities.
The integration between geology, Digital
Elevation Model (DEM) and visual
interpretation was carried out to produce
a base map. This base map was used in
the field to check, confirm, correct and
modify the geomorphic unit boundaries,
coupled with the results of the field work
to produce final geomorphic map of the
studied area (Figure, 5 and Table, 2).

There are two geomorphic units in the
studied area namely Plateau (PL), and
Depression (D). The plateau (pl) unit have
about 9.74 % of the total studied area
with flat to almost flat topography. The
Depression (D) unit have about 90.26 %
of the total studied area and consists of
five sub units namely, chalky plain, peni
plain, playa, sand sheets and dry wadis.
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Figure (5): Geomorphic map and location of soil profiles.
Table (2): Geomorphic units of the studied area.
Geomorphic . . Sub units Area
. Relief Litholo %
unit i landforms (Fed.) °
Almost Limestone mixed Summit (Rocky Area)
Plateau (PL) flat with 11 36253 | 9.74
PL1 Shale (pl11) (p1111)
Almost Chalky plain (D111) | 154918 | 41.64
flat to alky plain (D111) :
gently Lirr!f;‘,t(:]n? mix:d
undulat with shale an Peni plain (D112) | 15552 | 4.18
ing sand stone (D11)
Depression D1 Playa (D113) 68904 | 18.52
(D) Amost |  sandstone(D21) | Sand sheets (D211) | 30628 | 8.23
Undula | iestone (D314) | Dry wadis (D311) | 14246 | 3.83
ting D3 y .
Limestone mixed .
Amost | with sand stone C“'t"(’gaﬁ":)a’eas 51561 | 13.86
(D41)
Total 372062 | 100.00
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Soil properties of geomorphic sub
units:
1. Chalky plain subunit:

This subunit was represented by
profiles 1, 2, 3, 4, 5, 6 and 7. Chalky plain
is found in the depression floor as
erosional remnants of the chalk. Data in
Table (3) reveals that, texture classes of
the representative soil profiles of this
unit varied from loamy sand to sandy
clay loam (as weighted mean). Calcium
carbonate (CaCO;) content varied were
between 1.25 to 9.56% (as weighted
mean). Organic matter (OM) was very low
and ranged between from 0.09 t00.89%.

The soils are slightly alkaline where
pH values varied from 7.21 to 7.79. ECe
values varied from 1.16 to 22.02 dS/m,
indicating non-saline to highly saline
soils. ESP ranged from 0.14 to 8.16 %,
indicating no sodicity effect. Gypsum
content ranges from 0.25 to 1.82%. It may
be concluded that, the parent material is
limestone with almost physical
weathering rather than chemical one and
the leaching processes are weak thus,
the fine fractions are very low.

Profile 5 was an exception with one
layer (0-25cm). Its data of CaCO;, OM,
pH, EC, gypsum and ESP were 33.75%,
0.52%, 7.73, 106 dS/m, 5.55% and 58.2%,
respectively.

2. Peni plain subunit:

This sub unit was represented by
profiles 8, 9 and 10. Soil texture was
varied between clay in profiles 8 and 9,
and loamy sand in profile 10 (Table, 3).
CaCO; content ranged from 4.75 to
18.81% (as weighted mean). OM content
is very low (between 0.13 to 0.54 %). Data
in Table (3) revealed slightly alkaline
soils as indicated from their pH values
that ranged from 7.37 to 7.57. The soils
are highly to very highly saline which
having ECe values between 9.04 to 29.35
dS/m. ESP ranges from 13.99 to 29.35 %
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indicating sodicity effect. Gypsum
content ranged from 0.64 to 5.02%.

3. Playa sub unit:

This unit was represented by profiles
17 and 18. The playa deposits are
composed of horizontal, alternating
bands of soft, friable sand, clay and silt
with frequent plant remains. Soil texture
ranged between loamy sand to clay.
CaCO; content ranged from 7.78 to
9.85%. OM content was very low (0.04 to
0.27%). Data in Table (3) revealed slightly
alkaline soils reaction with pH values
ranged from 7.19 to 7.91. These soils
were extremely saline as indicating from
their ECe values that ranged from 42.42
to 59.58 dS/m. ESP was between 31.85
and 38.39% indicating sodicity effect.
Gypsum content is very low and ranged
from 0.72 to 1.16%.

4. Sand sheets sub unit:

This unit was represented by profiles
11, 12 and 13. Data in Table (3) revealed
that, the soil texture varied from sand to
sandy clay loam. CaCO; content ranged
from 3.13 to 37.08 %. OM is very low not
exceeds 0.39%. The pH values varied
from 7.35 to 7.8 indicating slightly
alkaline soil reaction. These soils are
highly to extremely saline indicating from
their ECe values that ranged between
20.16 and 63.83 dS/m. The soils are sodic
affected with ESP values varied from
12.69 to 30.48%. Gypsum content is very
low and ranged from 0.35 to 1.29%.

5. Dry wadis subunit:
This unit was represented by profiles
14, 15 and 16. The Wadi is filled with

alluvial materials developed through
weathering of parent rock and
transported by floodwater to the

lowlands. Data in Table (3) showed that,
the soil have sandy clay loam to clay
texture. CaCO; content ranged from 7.14
to 9.83%. OM content is very low not
exceeds 0.49%. Soil pH ranged from 7.39
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to 7.66 indicating slightly alkaline
reaction. ECe varied

TABLE 3
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between 19.20 dS/m (highly saline) to
36.35 dS/m (extremely saline). ESP
values ranged from 14.71 to 27.32%
(sodicity effect). Gypsum content is low
and varied from 0.28 to 2.01%.

Mineralogical Analyses

. Mineralogy of the clay fraction
Clay fraction content of the soil is

quite important for agriculture land use. It

constitutes the most active part in soil as

well as controls the majority of the
physical and chemical properties.
Therefore, studying the mineralogical

composition of the clay fraction is very
important to recognize the nature and
types of clay mineralogy that strongly
affects the soil fertility and development.

1. Chalky plain:

The mineralogical composition of the
clay fraction separated from the soils of
chalky plain (profiles 1 and 3) is

dominated by Kaolinite with less
amounts of smectite. lllite mineral is
detected in few amounts in profile 1
(Table, 4). While it absented in profile 3.
Interstrstratified minerals are found in
few amounts in the 70-120 cm depth of
profile 3.

2. Peni plain:

X-ray diffraction pattern of the clay
fraction separated from the peni plain
soils (profile 8) are characterized by an
abundance amount of kaolinite followed
by smectite. Interstrstratified minerals
are detected in trace amounts.

3. Playa:

The mineralogy of the clay fraction
separated from the (30-70) layer of profile
17 that representing this unit was
dominated by kaolinite mineral. Smectite
and Interstratified minerals are detected
in trace amount. Chlorite mineral is
detected in few amounts (Table, 4).

Table (4): Semi- quantitative estimation of the clay fraction (<0.002 mm) separated from
some layers of the studied soil profiles.

o Clay
2 minerals
[}]
- 3, £ g s 2 | g
o= = v - S =
SE | Profile | Depth | £ T 9 = o £ 3 S
2 - @ £ [=] = S £ =
£ No. | (em) | % £ > 8 = 2 E 5
R £ E S >
30-70 - - Dom Few - - -
1 70-120 | -- Few | Dom Few - - -
Chalky-
. 25-70 - Tra Few - - - -
Plain
3 70-120 | Few - Mod - - - -
30-75 - Tra Few - - - -
Peni-plain
8 75120 | Tra Few | Mod - - - -
Sand sheets 11 0-20 Few Tra Few Few - - Few
35-80 Tra Tra Few -- -- -- Few
Dry Wadis
15 80-120 | Few Few | Dom - - - -
Playa 17 30-70 Tra Tra Few - - - -
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Notes: --: Absent Tra.: trace <5%; Few: 5-15% Mod.: Moderate (15-25%) Com.: Common (25-40%);

Dom.: Dominate>40%.

4. Sand Sheets:

The study of clay minerals for the
soils of Sand sheets unit which are
represented by the layer of (0-20) in
profile 11. Data in Table (4) showed that,
kaolinite pre dominated the clay minerals
suite in these layers. Interstratified
minerals and chlorite were found in a few
amounts. Smectite minerals are detected
in trace amount.

5. Dry wadis:

Data in Table (4) revealed that, the

clay fraction of dry wadis soils

is

dominated by kaolinite (about 80 %)

followed by interstratified minerals.
Smectite minerals are found in trace
amount in the subsurface layer and

increased to few amounts in the deepest
layer. Chlorite mineral is detected in a
few amounts in the subsurface layer and
disappeared in the deepest layer.

In conclusion it is well known that the
clay minerals could be present as a
result of inheritance from parent material
by alteration degradation of primary
minerals synthesizing and addition. For
the present study, the chemical decay is
somewhat limited due to the prevalence
of aridity, while the mechanical
weathering contributes to a great extent.
The Variation in the relative content of
present clay minerals may be attributed
mainly to sedimentation regime varieties
and / or to the nature of the source rocks.

ll. Mineralogy of the sand
fraction

Tables (5 and 6) show the distribution

of light and heavy minerals in the sand

fraction of some soil profiles in the

studied area as well as their distribution

throughout the entire depth of each

profile.

Table (5): Frequency distribution of the light minerals in the sand fraction (0.125-0.063
mm.) in the studied soil profiles.

Feldspars (%)
eomorphnic . < -~ =
. Profile Quartz 1) 7] S Total
sub-units No. Depth (cm.) (%) o % 8 (%)
t 8 e
(o] o =
, 30-70 97.3 1.4 0.8 0.5 2.7
70-120 95.6 2.6 13 0.5 4.4
Chalky Plain s 2570 96.7 1.7 1.4 0.2 3.3
70-120 96.2 1 15 0.2 3.8
beni-olain g 30-75 95.1 2.8 1.6 0.5 4.9
P 75-120 97.6 13 0.7 0.4 2.4
0-20 98.6 0.6 0.4 0.4 1.4
Sand sheets | 11 20-30 98.2 1.1 0.5 0.2 1.8
. 35-80 97.5 1.2 0.7 0.6 2.5
Dry Wadis 15 80-120 98.7 0.7 0.3 0.3 13
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Playa

17

30-70
70-120

98.5
97.8

0.5
0.8

0.3
0.3

TABLE 6
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1- Light minerals (Sp. Gr < 2.85
g/lcm3): They are composed almost
entirely from quartz that constituted
about 95%. Other light minerals are
mainly orthoclase, plagioclase and
microcline. The dominancy of quartz

over other members of the light
minerals is mostly related to its
resistance to weathering and

disintegration during the multi cyclic
processes of sedimentation. On the
other hand, the presence of feldspars
could be taken as indication for the
weathering prevailed during the soil
formation that was not so drastic to
cause a complete decay of inerals
susceptible to weathering.

Heavy minerals (Sp. Gr > 2.85
g/cm3): The heavy minerals could be
used as a tool to evaluate the source
rocks, soil profile uniformity, and the
state of mineral weathering. The
frequency distribution of the heavy
minerals (opaques and non-opaques)
could be discussed in the same order
as given in Table (6).

a) Opaque minerals:

Opaque’s are mostly composed of
iron ores such as hematite, ilmenite,
limonite and pyrite. The opaque minerals
constituted the greater part of the heavy
minerals in all samples.

The frequency of opaque minerals
seems to be dependent on the soil
geographic  distribution, weathering
conditions and soil texture. The
maximum value was detected in the soils
of chalky plain (55.4%), while the
minimum one was recorded in the playa
soils (33.2%).
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b) Non-opaque minerals:

The non-opaque minerals are those
formed from the rocks containing them.
The essential minerals constitute the
major portion of rock and / or necessary
to give its character as a whole. These
minerals are prevailed as ferro — silicate-
pyroboles and epidote, while their
accessory minerals are zircon, rutile ...
etc.

i) Pyroboles:

a- Pyroxenes: Pyroxenes varied widely
from 9.4% in the subsurface layer of
profile 15 (Dry wadis) to 34.5% in the
subsurface layer of profile 17 (playa).
The variation of pyroxenes in the
studied soils may be rendered to the
nature of parent material, its
discontinuity as well as sedimentation
regimes and environments.

Amphiboles: The content of
amphiboles ranged from 7.1 to 29.1%.
Their-lowest content were recorded in
profile 3 (chalky plain), while the
highest ones characterized the
deepest layer of profile 17 (playa).

In conclusion, the abundance of
amphiboles and pyroxenes in El- Farafra
Oasis could be as indication for recent
and poorly developed sediments that
were derived mainly from western
plateau rocks (metamorphic).

ii) Ultra-stable minerals:

a- Zircon: This mineral was the abundant
ultra-stable mineral in most of the
studied profiles. The highest value
was recorded in the 35-80 cm layer of
profile 15 (Dry wadis), while the lowest
one was found in the deepest layer of
profile8 (peni plain). The vertical
distribution of zircon indicated no
consistent pattern. This indicated the
discontinuity of zircon contents with
depth. Also, this reflects the multi-
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origin of parent material or its multi—
depositional pattern.

Rutile: It is considered as second
abundance ultra-stable mineral in most
of the studied soil profiles. Rutile has a
frequency varied between 1.8 and
12.3%, with no regular distribution
pattern with soil profile depths. The
apparent discontinuity in the mineral
distribution could be explained multi —
origin of the studied soils that were
derived from multi parent materials
and different depositional regime.

c- Tourmaline: Data in Table (6) revealed
that, tourmaline content in the studied
area ranged from 1.1 to 8.2%. The
lowest value was detected in profile 8
(peni plain). While; the highest content
was found in profile 1 (chalky plain).
The mineral had an irregular
distribution pattern the soil profiles
depths.

In conclusion, the occurrence of ultra-
stable minerals in the heavy minerals
means either (1), the minerals are being
reworked from older sediments (Folk,
1968), or sedimentary rocks e.g. the
Miocene sandstone of the western hills
and / or (2) chemical attach has occurred.
The active physical and inactive chemical
weathering processes on multi — sources
parent materials led to the prevalence of
immature soil pedons in EI- Farafra
Oasis. This is indicated by the irregular
distribution of the ultra-stable minerals in
the soils of different geomorphic units
and also by the irregular vertical
distributions of such minerals.

iii) Para metamorphic minerals:

a- Garnet: Its highest values was found in
profile 8 (peni plain), and the lowest
content was in 30-70 cm layer of
profile (playa).

b- Staurolite: documented in all examined
samples with variable percentages

Y.

ranging from 1.2% in the subsurface
layer of profile 17 (playa sediments) to
7.9% in the deepest layer of profile
(chalky plain soils).

Kyanite: ranged from 0.7% in
subsurface layer of profile 1 (Chalky
plain), t05.3% in the deepest layer of
profile 8 (peni plain soils).

Silimanite: is the least abundant
mineral among the para metamorphic
minerals constitutes1.1%t03.9%. The
highest value was recorded in the
subsurface layer of profile 1 (chalky
plain), while the lowest value was
found in the surface layer of profile 11
(sand sheets).

e- Biotite: constituted 0.1% to 4.5%. The
lowest value was detected in the
deepest layer of profile 8 (peni plain
soils). While the highest content was
detected in the 70-120 cm layer of
profile 1 (chalky plain soils). From the
pedological view point, the presence
of biotits as potassium- bearing
mineral in the studied area is very
important for clay mineral formation
by the geochemical weathering
processes.

Epidote: detected in all the studied
samples with frequency ranging from
11 to 14.6%. The relatively low
amounts of epidote were recorded in
the surface layer of profile 11 (sand
sheets). The highest content was
recorded in the deepest layer of
profile 8 (peni plain soils).

d- Andolusite: ranged from 0.3 to 3.2% of
the non- opaque minerals. The lowest
value was recorded in the deepest
layer of profile No.8 (peni plain). The
highest value was found in the
subsurface layer of profile 3 (chalky
plain soils).

h- Glauconite: ranged from 0.4 to 2.9%. It
detected in minute amounts or
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sometimes absent in profile 3 and
some layers of profiles 17, 11 and15.

Apatite: recorded in a maximum
frequency representing 2.4% of the
non-opaque minerals in the deepest
layer of profile 17 (Playa), The lowest
content was recorded in the deepest
layer of profile 15 (Dry wadis). It
absents in chalky plain soils (profile 3)
and peni plain (profile 8).

Uniformity of soil materials
Pyroboles, zircon, tourmaline and
rutile minerals are used to evaluate the
weathering ratio and uniformity of
studied soils parent materials. Pyroboles
considered as an assessable mineral to
weathering. Zircon, tourmaline and rutile
are considered as resistant minerals

(Brewer, 1964). So the presence of
assessable minerals in high percentage
can be taken as an indication to the
immature materials of the recent
deposits. The mineral assemblage (Table,
6) as well as the ratios of Z/T, Z/IR, Z/T*R,
(P+A)/ Z+T and B/Z+T are calculated for
the studied profiles in order to evaluate
their uniformity. Data in Table (7) reveal
that, the studied soils of geomorphic
units in El- Farafra Oasis are formed from
multi-origin and / or multi depositional
regimes. This indicated by the irregular
trend of both uniformity and weathering
ratios with depth. On the other hand,
weathering ratios indicated that, the
studied soils are considered young
(immature) from the pedological point of
view.

Table (7): Weathering and uniformity ratios of the studied soil profiles.

Uniformity Weathering
ratios ratios
Geomorphic | Profile Depth
subunits No. (cm.) Wr1 Wr2
ZIT ZIR | ZR*T) | ipupyzaT | (BYZ+T

30-70 4.0 4.0 2.0 1.3 0.05

1
70-120 2.8 3.9 1.6 0.8 0.14
Chalky Plain 25-70 9.7 9.7 4.9 1.1 0.10

3
70-120 5.4 2.3 1.6 0.5 0.10
30-75 8.8 44 2.9 0.6 0.06

Peni Plain 8
75-20 0.02 2.2 1.5 7.8 0.01
30-70 2.5 6.6 1.8 3.8 0.12

Playas 17
70-120 1.9 2.9 1.2 11.6 0.18
0-20 8.7 741 3.9 0.9 0.09

Sand Sheets 1
20-30 2.6 1.3 0.9 1.7 0.08
Dry Wadis 15 35-80 9.5 7.2 41 0.4 0.04
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‘ ‘ 80-120 4.8

1.9 14 0.9 0.06

Z: Zircon T: Tourmaline R: Rutile P: Pyroxenes A: Amphiboles B: Biotite.

REFERENCES

Biscays, P. E. (1965). Mineralogy and
sedimentation of recent deep sea
clays in the Atlantic Ocean and
adjacent seas and oceans. Geol. Soc.
Am. Bull. 76: 803-832.

Brewer, R. (1964). Fabric and Mineral
Analysis of Soils. lohn Wiley and Sons
Inc., New York

Brindly, G. W. and G. Brown (1980). Clay
structure of clay minerals and their
identification. Min. Soc. Monograph
No. (5), London, UK. 495 pp.

Brough, P. A. (1986). Principles of
Geographical Information Systems for
Land Resources Assessment. Oxford
University Press, 194p.

Brown, G. (1961). The X-ray Identification
and Crystal Structures Minerals. SOC.
Clay Mineral. Group. London

Burt, Rebecca Ed. (2004). Soil Survey
Laboratory methods Manual. Soil
Survey Investigations Report No. 42
Version 4.0 (NRCS)- USDA, Lincoln,
Nebraska, USA.

Daels, L. (1986). Remote
fundamentals. Gent. State
Gent., ITC. J., pp.1-19.

Dixon, J. B. and S. B. Weed (1977).
Minerals in soil environments. Soil
Sci., Soc. Am. Madison, Wisc., USA.

Dobos, E., E. Micheli, M.F. Baumgardner,
L. Biehl and T. Helt (2000). Use of
combined digital elevation model and
satellite radiometric data for regional
soil mapping. Geoderma. 97: 367-391.

EGSA “Egyptian Geological Survey
Authority” (1988). “Egyptian General
Petroleum Corporation: Geological
Map of Egypt”, Conoco Coral, printed
in Germany by Institute fur
Angewandte fGeodasie, Berlin,

sensing
Univ.,

Yay

Technische Fachhochschule Berlin,
Scale 1: 500000.

Folk, R. L. (1980).
Sedimentary Rock;
Hamphill's publishing
Austin, Texas. USA.

Gjems, O. (1967). Studies on clay
minerals and clay mineral formation in
soil profiles in Scondianvia.
Jaurdunder Sokelsns Sertykk NR. 128:
305-407.

Green, K. (1992). Spatial imagery and
GIS: integrated data for natural
resource management. J. For. 90: 32-
36.

Jackson, M. L. (1973). Clay minerals
formations in soil genesis during the
quaternary. Soil SCi., 99: 15

Milner, H. B. (1962). Sedimentary
Petrology. George Allen and Unwin
Ltd., Museum Street, London, U. K. V.1
and 11.

Sanad, S. (1972). "Geology and
hydrology of Farafra Oasis, Western
Desert, U.A.R. M. Sc. Fac. of., Assiut
Univ

Stein, A. (1998). Integrating spatial
statistics and remote sensing. INT. J.,
19 (9): 1793-1814

Venkatarathnam, K. and W. B. Ryan
(1971). Dispersal pattern of clay
minerals in the sediments of the
Eastern Mediterranean Sea Marine
Geol., 11: 261-282.

Weaver, C. E. (1961). Clay mineralogy of
late Cretaceous rocks in the Washaki
Basin. Guide-book, Wyoming Geol.
Ass. 16th Ann. Conf.: 148-154.

Zinck, J. A. (1988). Geomorphology and

Soils. Internal Publ., ITC., Enschede,
The Netherlands.

Petrology of
Sylabus,
company,



Geomorphology, characteristics and mineralogy of some soils in .................

B ALY daly b Adaally L ¥lg Laglsdy gaganll ailadl
HaA A.).AQJ\ ‘éé\\gj\ MIAA -

Joa Jlas pland CM‘ bl Cdigy cdana Glaslu dgana
Aol digad S8 Aipllg olally i) digay g2

Lﬁ)‘d‘ gadlall

OF Jladiul) bl aladtuly iy 53,40 daly Y Laslehsasad pailadd dulp ) dand Vs Cagy
b duad Aahaia g Lnghially Ailoaslly L) Galedd Ay ) ABLYY Lidad claslal aliiy sa)
OB YVYTY Aalieey il aS Vee lgay BN G Gagla daad salgh Adbla

alie L) cloUall oda e cnan By Alhial) LY Sies L) loUd VA jdag LS8 a3 Ol pd Vigds
Adlaal Llavall cdydaill gy Al cliduay) Jia

S s e ¥ Ul S liaal 5l §ipual ipad pandl) Alaiiuly Limlshysasn Ay Jeo a5 Al
N Sisead) Ll yially Apibaanlly Apnsdall ciliaal) iy Al )l Alhalal LB clel M) gisals aslsad
oA gte $RE) (aliie B ey cad 1 D) ABLAYL Gty Oniaas JUa o Al ciaidagly ccdasg) Gl
: IS A Aoy Jiad (3hiial
Chalky plain pébhl Jeud -)
Peni plain jsgudl oLl -¥
Sand sheet 4.1y «liydh -¥
Dry wadis 48lal slagh -¢
Playa W -2
Rocky Area &5 ) -1

o il cphd G of (X- ray) AadY) asa Sl alatialy Jsaial) Gobll Lagh e cdilash ca
AL ey Saalgie  gh )y sllp Lpbitiaad) Golaal L s cuiland) Gane dsly (%A + Hsa) izl

FleSh Ga ossi Adal ataad of D (Slelle TPy Yo) Jall Aaghial edilatlh gl i
(cnlSesSaally SIS eadllly S gYY) cbnddd Calae o ALB el 3529 2o e % 95 Msa J0dy sl
By Joll ALED calaad cipal Aoaslotnd Agagd e Aas a ) oda o o Jy clbudi) galas agagg
Lol ( Jombaly CaaSom) Sloasmd Bl cijpds A8 ddiaa 4a) Caad) Wdn (%00 Aga) Aciaad) galadd
Shileple —calg Al - cuils —aijla) Usatad oalead & (Oallas s = i —0sS)) Aasaill daglial Gatead
o) Asail) e mag daglial (alaad pajsh puagrg bned ALB ey cisalgl alaall B Lady . (Caufiond ¢nlaa
25 BAAD Aaly B A et 3] il Mga B DAY Jua) Mga daadl s Ay 50 culeUad (uilad axe
Agnslsdd Agash e opssid Aaa o dpuials

293



M. M. Soliman, et al.,

| 5 Al
3}.\#\—2\7\9&}5\ &3;..\5\ Bi™ 4\_1"9;‘&0‘3(:'\“&/:‘
Ldgial) daala — Aol L0 opas BE pran dasa /a

Y4a¢



(214

Table (3): Some physical and chemical properties of the studied soil profiles

(2]
€2 Particle size distribution (%)
s5 Prof. Depth Grav. Texture | CaCO; OM pH EC. Gyp. ESP
g 2 No. (cm) (%) class (%) (%) (1:225) | dsm" (%) (%)
§ 7 c.s F.S Silt Clay
0-30 3 34.00 | 20.75 20.25 25.00 SCL 1.25 0.88 7.74 4.58 0.12 8.74
1 30-70 5 2110 | 26.89 18.61 33.40 SCL 1.90 0.46 7.66 0.78 0.24 254
70120 2 2480 | 27.21 18.54 2945 SCL 1.90 1.00 7.61 2.00 0.33 6.89
Weight mean | 3.25 | 25.87 | 2549 18.99 29.65 SCL 1.74 0.79 7.66 224 0.25 5.90
0-25 10 3114 | 23.71 42.04 3.1 SL 2.00 0.05 749 4.66 0.13 4.30
2 25-60 8 46.54 | 14.60 23.40 15.46 SL 4.70 0.12 7.53 4.20 0.84 2.80
60-80 12 38.73 | 17.40 36.04 7.83 SL 275 0.27 754 8.66 5.65 9.97
Weight mean | 9.63 | 39.78 | 18.15 32.39 9.69 SL 9.56 0.14 7.52 5.46 1.82 5.06
0-25 10 54.03 | 16.43 22.29 725 SL 7.00 1.79 6.66 19.1 0.83 11.2
-% 3 25-70 9 56.08 | 17.08 16.84 10.00 SL 3.60 0.89 7.97 712 0.55 5.46
o 70120 6 2425 | 2215 23.50 30.10 SCL 2.00 045 6.79 9.91 0.38 7.61
2 Weight mean | 7.96 | 42.39 | 19.06 20.75 17.80 SL 3.64 0.89 7.21 10.78 0.54 7.55
© 0-25 3 60.35 9.92 6.23 23.50 SC 1.75 0.91 745 1.95 0.28 0.18
5 4 25-70 2 56.71 12.76 11.53 19.00 SL 1.00 0.62 7.72 0.92 0.18 0.11
70120 15 51.39 | 14.81 16.55 17.25 SL 1.50 0.4 7.78 0.98 0.29 0.14
Weight mean | 7.63 | 55.25 | 13.02 12.52 19.21 SL 1.36 0.59 7.69 1.16 0.25 0.14
5 0-25 1 45.30 | 5.08 7.29 42.33 sC 33.75 0.52 7.73 106.0 5.55 58.2
0-20 10 95.58 1.94 1.27 1.21 S 3.25 0.14 7.97 10.18 0.55 1.45
6 20-35 5 6345 | 6.96 11.16 18.43 SL 14.0 0.03 744 37.80 1.40 271
Weight mean | 7.86 81.81 4.09 5.51 8.59 LS 7.86 0.09 7.74 22.02 0.91 12.44
0-25 3 11.00 | 12.67 43.83 32.50 CL 1.00 0.05 8.10 6.43 220 5.51
7 25-50 9 96.05 1.96 1.24 0.75 S 1.50 0.14 748 13.76 0.12 10.8
Weight mean | 6.00 | 53.53 7.32 22.54 16.63 SL 1.25 0.10 7.79 10.10 1.16 8.16
0-30 12 2.81 0.20 20.19 76.80 C 10.0 1.34 740 12.50 1.60 171
8 30-75 7 0.83 0.66 16.09 8242 Cc 215 041 7.68 6.15 0.32 11.3
75120 " 1.00 1.00 12.30 85.70 Cc 6.50 0.14 7.57 9.62 12.0 14.6
= Weight mean | 9.75 1.39 0.67 15.69 82.25 [of 5.74 0.54 7.57 9.04 5.02 13.99
S 0-30 19 1065 | 1.35 19.50 68.50 C 20.25 0.45 7.33 37.6 3.85 29.8
& 9 30-75 15 1139 | 1.76 20.32 66.53 [od 17.40 0.07 7.73 8.71 3.85 0.10
H 75120 8 6.85 4.87 20.16 68.12 Cc 19.25 0.14 745 16.82 3.93 19.8
o Weight mean | 13.38 | 9.50 2.82 20.06 67.62 [ 18.81 0.19 7.53 18.97 3.88 14.91
0-30 4 65.33 | 15.60 13.62 5.45 LS 7.50 0.12 7.26 28.20 1.16 26.8
10 30-60 6 6841 | 9.56 14.71 7.32 LS 2.00 0.14 747 30.50 0.12 31.9
Weight mean | 5.00 | 66.87 | 12.58 14.17 6.39 Ls 4.75 0.13 737 29.35 0.64 29.35
C=Clay CL= Clay loam S=sand SL= Sandy loam LS= loamy sand SCL= Sand clay loam
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Table (3): Cont.

(%]
L 0
s £ |Prof. Depth Grav. Particle size distribution (%) Texture | CaCO; | OM pH EC. Gyp. ESP
EZ | No. (cm) (%) class (%) (%) | (1:25) | dsm™ | (%) (%)
6’ cs FS | sit | Clay
020 2 | 2425 | 21.43 | 2497 | 29.35 cL 3800 | 027 744 | 4840 | 008 | 40.11
1 20-30 10 | #4176 | 1438 | 1372 | 3014 | sCL | 3525 | 0.41 747 | 9470 | 330 | 4157
. Weight mean | 4.67 | 30.09 | 19.08 | 21.22 | 2961 | SCL | 37.08 | 0.32 735 | 6383 | 115 | 4060
¢ 0-25 2 | 8652 | 958 | 1.92 | 1.98 s 3.00 0.05 759 | 18.80 | 040 | 1353
S | 12 25-70 5 | 8534 | 551 | 683 | 232 s 2.90 0.05 747 | 1971 | 031 | 1114
T 70-120 5 | 9120 | 473 | 305 | 1.02 s 3.10 0.05 746 | 1927 | 034 | 1254
s Weight mean | 458 | 91.58 | 626 | 452 | 1.80 s 313 0.05 780 | 2016 | 035 | 1269
020 3 | 5543 | 7.30 | 17.95 | 19.62 | SL 9.85 0.46 744 | 4200 | 114 | 29.36
13 20-30 5 | 5747 | 723 | 15580 | 19.80 | SL 10.0 0.24 746 | 3070 | 160 | 3272
Weight mean | 3.67 | 5681 | 728 | 17.23 | 1968 | SL 9.90 0.39 745 | 3823 | 129 | 3048
14 0-30 2 | 1818 | 1450 | 26.07 | 41.25 [ 9.60 0.45 740 | 1920 | 028 | 2354
0-35 10 | 4268 | 11.48 | 3.39 | 4245 sC 8.25 0.10 754 | 1658 | 0418 | 14.87
5 | 15 35-80 15 | 6390 | 866 | 368 | 2370 | sSCL | 1225 | 0412 727 | 3520 | 029 | 17.91
g 80-120 17 | 6751 | 285 | 439 | 2525 | scL | 850 0.10 739 | 2140 | 555 | 1098
z, Weight mean [14.21| 5891 | 755 | 383 | 2969 | sScL | 9.83 0.11 739 | 2517 | 201 | 147
5 0-30 12 | 621 | 28.78 | 30.00 | 35.01 cL 15.0 052 755 | 4250 | 055 | 37.74
16 30-70 15 | 740 | 2054 | 2803 | 35.03 | cCL 1.25 0.46 774 | 3174 | 140 | 1951
Weight mean [13.71| 689 | 2021 | 2887 | 3502 | CL 714 0.49 766 | 3635 | 1.04 | 27.32
0-30 5 | 71.26 | 16.01 | 901 | 3.12 s 6.35 0.46 716 | 66.00 | 052 | 5154
30-70 2 | 6931 | 900 | 17.25 | 4.44 sL 8.70 0.14 747 | 6050 | 059 | 44.50
g |17 70-120 2 | 6592 | 2051 | 541 | 816 s 7.90 0.26 723 | 5500 | 095 | 2561
B Weight mean | 2.75 | 68.39 | 1555 | 10.26 | 5.66 LS 7.78 0.27 749 | 5958 | 072 | 3839
o 0-30 2 926 | 1567 | 29.36 | 45.35 c 1820 | 0.04 7.79 773 220 | 50.42
18 30-60 7 598 | 1271 | 36.19 | 4512 c 1.50 0.03 8.02 7.54 012 | 13.27
Weight mean | 450 | 7.62 | 1419 | 32.78 | 45.24 c 9.85 0.04 791 | 4242 | 116 | 31.85
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Table (6): Frequency distribution of the heavy minerals in the sand fraction (0.125-0.063mm) of the studied soil profiles.

Non opaques
o o
E g Ultra-stable Pyroboles Para metamorphic
'-g_.*g E g ] 0 [ ] ] [
g5 |Prof | Depth | g | ¢ | o | £ 5| 2|8 || g|L|F|E|E|E|2¢
) o N § 5 ;s_. S| o o < c = g g < o
30-70 448 | 270 | 68 | 68 | 254 | 176 | 27 | 27 |20 (07 (14 (14 |14 (14 | 07 | 20
1 70120 | 489 | 230 (| 59 | 82 | 98 (167 | 86 |45 | 65 |12 | 29 | 39 | 27 | 29 | 05 | 3.7
(;T;I: 25-70 554 (311 ] 32 | 32 | 233|147 | 32 |39 |32 |16 |32 |23 | 32|16 - 2.3
3 70120 | 542 | 242 (105 | 45 | 71 (201 (89 (19 (38 [ 1.7 |11 |15 | 79 | 2.6 - 2.2
Peni 30-75 512 (389 | 88 | 44 | 153 | 126 | 14 | 27 | 35 | 356 | 27 | 27 | 35 - - -
plain 8 75120 | 50.3 57 | 26 | 11 | 225 (308 (146 | 01 | 7.7 | 63 | 0.3 | 3.3 | 641 - - -
30-70 373 (119 ]| 18 | 48 | 291|345 |89 |18 |18 |12 | 06 | 12 | 1.2 - 1.2 -
Playa 17 70120 | 33.2 89 | 30 | 47 | 284 (330 (88 (18 |24 |12 |18 |12 | 24 |12 | 24 -
sand 0-20 445 | 374 | 53 | 43 [ 241 | 134 | 11 | 3.7 | 214 |13 [ 1.7 | 11 | 1.7 - 11 | 1.7
Sheets 1 20-30 494 | 161 (121 | 61 (107 | 273|113 | 17 | 33 |21 [ 03 | 34 | 52| 04 | 03 -
Dry 35-80 408 |475 | 66 [ 50 (133 | 94 | 1.7 | 23 | 33 (12 | 28 | 23 | 23 - 06 | 1.7
Wadis 15 80120 | 521 | 248 (123 | 52 (123 (143 (126 |18 | 28 [ 09 |15 | 18 | 46 | 29 | 0.2 | 11

* uj sjios auios jo ABojesoujul pue safnsuajoeieyd ‘Abojoydiouioan



