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ABSTRACT

Perception of soil’s history is an essential in addressing
the imperious issues related to the sustainable agricultural
development and land degradation in the hyper arid and
arid regions. Therefore, the current work was undertaken
to appraise of pedogenesis and parent material uniformity
using Computer Controlled Scanning Electron Microscopy
(CCSEM) technique. Five soil profiles (P1, P2, P3, P4, and
P5) were selected for study on a topo-sequence model
representing most of ground elevations of some soils
adjacent to Bani Mazar-El Boiety road at western hyper
arid desert of ElI Minia, Egypt (30°15°40" to 30°28'58"E
and 28°31°40" to 28°33'00"N 100 to 170 m A.S.L.;54 km?).
The data of CCSEM showed that the weighted means (%)
correlated to the ground elevation of Opaque minerals
varied between 30.18 at (150-160 m; P4) and 43.81 at (140-
150 m; P2) while Pyroboles diverged between 40.85 at
(150-160 m; P4) and 92.80 at (140-150 m; P5), Zircon (Z)
ranged between 0.85 at (140-150 m; P2) and 15.79 at (160-
170 m; P3), Rutile (R) values were 2.14 at (160-170 m; P3)
and 30.09 at (150-160 m; P4), contents of Tourmaline (T)
were 0.72 at (110-120 m; P1) and 6.51 at (150-160 m; P4),
Garnet varied between 0.17 at (160-170 m; P3) and 0.86 at
(140-150 m; P2) within the studied soils, reflecting the
heavy mineral suite was influenced by topo-sequence of the
research area also indicating the study soils are recently
formed, weakly developed, and have low effect of
pedogenic processes. Irregular vertical distribution with
depth of Z/T, Z/R, Z/R+T ratios, and index figure proved
that soil parent materials were stratified in nature and
apparently formed of multi-depositional regimes. Scanning
electron micrographs also confirmed that the investigated
soils most probably transported and originated by water
agent to distances not far away. The same conclusions have
been indicated by applying the grain size analysis of sand
fraction reported by Folk and Ward (1957).
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INTRODUCTION

Further grasping of pedogenesis and parent material
uniformity is substantial for perception of the back
history of the soil. This is greatly required for
sustainable use of land resources, preventing of soil
degradation, and adopt suitable techniques for land use
management. Pedogenesis is the tale of how soil brings
into existence and acquires its current characteristics
(Arnold, 2008). Uniformity of soil parent material is a
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postulate to evaluate soil forming processes. The
selection of minerals resistant to chemical weathering in
soils was a robust fundamental to assess their
development and hence influence of the prevailing
environmental  conditions on  its  formation.
Distinguishing between geological and pedological
processes has been identified by examining the
distribution of resistant minerals within the soil profile
(Barshad, 1965; Brewer, 1976; Taboada et al., 2006).
Those resistant minerals which have been commonly
appointed for assessing pedogenesis and parent material
uniformity are zircon (Z), rutile (R), tourmaline (T) and
quartz. The vertical homogeneity in their frequency
distribution within the soil profile is considered as proof
that the parent material was uniform. If their contents
altogether (Z+R+T) are more than 75 percent, the
conclusion of pedological processes might be either are
or were going on (Hurbert, 1962).

Discrimination of soil parent material uniformity is a
worthwhile and valuable in many pedogenesis
investigations due to it defines whether observed
variations in morphological, physiochemical and
mineralogical characteristics are the conclusion of
genetic processes or to inherited divergences from the
materials (Norton and Hall, 1984).

Hammad et al, (2009) investigated the genesis,
nature and parent material uniformity of the soils
belonging to old deltaic plain between Samalout to
Baharia Oasis, West El Minia, Egypt. They reported that
Opaques were the most abundant minerals while the
non-opaque minerals were less considerable. They
pointed out that among either layers or sites the
weathering ratios of soil samples showed irregular
distribution pattern. They attributed that to formations of
soils from heterogeneous parent materials and/or multi-
depositional regimes. They concluded that soils were
weakly developed and young from pedological point of
view.

El Kady, (2008) assessed the pedogenesis and
uniformity of parent materials in the limestone plateau
of Maryut, Western desert, Egypt. It was noticed that the
minerals of zircon, rutile, and tourmaline percentages
have irregular distribution pattern within the pedons
representing the plateau. It was referred to non-
uniformity of the soil parent materials under appraising
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and most of the studied soils are inherited from multi-
parent materials. Furthermore, the water action was the
dominant factor in soil formation.

The previous studies for evaluating soil genesis and
its parent materials uniformity in Egypt have used the
conventional  methods  for  resistant  minerals
characterization i.e. polarized light microscopy using
thin sections or manual Scanning Electron
Microscopy(SEM) analysis. However, those classical
procedures are generally wearisome, time-consuming
and require intensive human-potential. Subsequently,
decreasing the effort along with time-saving is effective
substitution technology for quick characterization of the
heavy and light minerals in soils, as is highly demanded
like  Computer Controlled Scanning Electron
Microscopy (CCSEM).

CCSEM is a powerful tool and a fully automated
technique for identifying the composition, size, and
abundance of mineral type. It amalgamates between the
traits of the couple SEM assignments: digital image
analysis of backscattered electron micrographs and
energy dispersive spectrometry (EDS) for chemical
quantifications of the elements, (Keulen ef al., 2012).
Accordingly, CCSEM has become standard off-the-shelf
technology and is widely applied in the ore industry for
mineral liberation analysis.

The objectives of this work were to evaluate parent
materials uniformity and pedogenesis of the soils
adjacent to Bani Mazar-El Boiety road, El Minia
governorate at western desert of Egypt. For achieving
those goals, CCSEM technique was applied for
identification the heavy-mineral suite of the sand
fraction to understand better the nature of the soils
occupying the research area.

MATERIALS AND METHODS
1. The study area

The site of investigation is pinpointing at Bani
Mazar’s Western Desert fringe, Egypt and lies between
longitudes 30°15'40" and 30°28'58"E, and latitudes
28°31'40"and  28°33'00"N,covering  approximately
54km? of geographical area (Fig. 1).Bedrock geology in
the study area includes two units; (i) Oligocene-
Pleistocene gravel and sand (200 m thickness), where is
occupying a vast area, and (ii) Limestone of Samalut
and Minia Formations which are chalky and dense
limestone, (Egyptian General Petroleum Corporation —
Conco Coral. 1987) (Fig. 2). The research area has four
landform units: (i) plateau foot slope, (ii) table-land
having almost flat topography, (iii) table-land having
undulating topography, and (iv) depression. The soils
generally belong to the order Entisols and could be
placed, at sub-group level, to Typic Torriorthents and

Typic Torripsamments. In addition, there is a relatively
limited area belonging to Lithic Torriorthents, (Yossif,
2017).

2. Selection of soil profile sites
morphological description

and macro-

Five soil profiles were selected on basis of a topo-
sequence transect (West to East, with a length about of
20 Km) representing most of the topographical
variations (elevation 100 to 170 m A.S.L) within the
area of study (Fig.1). The profiles up to a depth of
approximately 80-150 cm were exposed and macro-
morphological features were described following the
guidelines set by FAO (2006). The genetic horizons
were described, and soil samples were collected from
each of them (total soil samples = 15) for mineralogical
analyses (Table 1).

3. Preparing soil samples for separation of heavy
minerals

Soil samples were air-dried and coarse fragments > 2
mm were removed by sieving and the soil samples (< 2
mm) were prepared for estimation of heavy minerals
using methods in Brewer (1964). Hence, the sand
fractions were treated with 0.1 N HCI for carbonate
removal, 30% H,0O, for organic matter and manganese
oxides removal and sodium dithionite for free iron
oxides removal and sodium dithionite for free iron
oxides removal. The sand fractions were washed with
distilled water to ensure the removal of soluble salts,
dried and the fraction of (63-125u) was separated by dry
sieving for heavy minerals examination. Separation of
heavy minerals was carried out using the bromoform
separation technique.

4. Preparing heavy mineral samples for CCSEM
analysis

Aluminium (Al) stubs were washed with the
isopropyl alcohol prior to use for the proper removal of
dust particles and other contaminants. Then the heavy
mineral particles were placed on Al stub coated with
double sided adhesive tape. Al stub placed in the
K550X sputter coater in which the heavy mineral
samples were subjected to coating with gold ions by
vaporizing and depositing gold at 18-20 mA current
flow 20 s. This was done for enhancing the conduction
of the sample.

5. CCSEM analysis for quantitative evaluation of
heavy minerals

The CCSEM analyses at the Egyptian Mineral
Resources Authority (EMRA) and Société Générale de
Surveillance (SGS) were undertaken using Scanning
Electron Microscopy Model: Quanta 250 FEG (Field
Emission Gun) attached with EDX Unit (Energy
Dispersive X-ray Analyses), with accelerating voltage
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Table 1. Some morphological characteristics of the investigated soils along Beni Mazar - El Boity road, with the ground elevation for each soil profile, after

(Yossif, 2017)

Elevation = a1, 2 3 Depth 4 s 6 7
(m) A.S.L Location T, S5, S.C Profile No. (em) Colour G™ (%) T (USDA) S C
R 0-30 10YR 8/2 0.00 s m SO
110-120 m‘N%onmN.WHQMN«.HMm Al o flat P1 30-60 10YR 8/3 25.00 s m HA
; Zowwow KM&. 60-90 10YR 8/3 24.32 gs m HA
S P ; “ 0-35 10YR 7/4 455 s s LO
140-150 wwowwmwmw.ﬁ Manyfinelpravel P2 35-55 10YR 7/4 15.38 Is m SO
) 55-90 10YR 7/4 26.67 gs m HA
— ; : g 0-40 10YR 7/4 51.28 ves m SO
160-170 wmmO ww.wwwmmmm VM.M%WMEMN wwowpmmm_ P3 40-80 10YR 6/6 79.23 exgls m SHA
. YAy g 80-150 5YR 6/6 26.32 gs m HA
2893218 87N Gently undulating, 0-30 10YR 7/6 9557 s m SO
150-160 onHm.wm. 63"E Gently sloping, Many varysized P4 30-60 7.5YR 6/6 13.83 s m SHA
i gravel 60-80 7.5YR 6/6 35.00 gs m HA
28°32'9 61"N Almost flat, 0-30 10YR 6/6 8.33 s m SO
140-150 wonv_m.m.mo:m Very gently slope, Many P5 30-50 10YR 7/6 6.86 1s m SHA
i varysized gravel 50-80 7.5YR 6/8 10.43 1s m HA
Abbreviations:
'Topography 2 Slope 3 Surface cover * Gravel percentage

5 Soil texture class:
© Soil Structure:
7 Consistency:

s-sand; gs-gravelly sand; Is-loamy sand: vgs-very gravelly sand; vgls-very gravelly loamy sand; exgls-extremely gravelly loamy sand
m-massive; sg-single grain
LO-loose; HA-hard; SO-soft; SHA-slightly hard
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30 K.V., magnificationl4x up to 1000000 and
resolution for Gun.ln. The sample was placed at a
working distance of 12-13.5 mm. The Thermo Noran
System SIX software package at was applied to
automatically collect X-ray spectra, grain size and
morphology of all particles and to recalculate the data
following the Proza (@pZ) data correction and the
filtering quantification technique.

6. Calculation (ZTR or Maturity Index), Uniformity
Ratios, Index Figure and Grain Size Analyses.

Zircon (Z), rutile (R) and tourmaline (T) percentages
were employed to calculate maturity index of the
investigated soils using the following equation: ZTR=
(Z+T+R/ Non-opaque minerals)*100. Hubert, (1962)
schemed to this equation and referred that the values of
ZTR less than 75% implies immature to sub-mature
sediments; ZTR more than 75% indicates matured
sediments from the mineralogical point of view. The
ratios of Z/R, Z/T, Z/R+T, and index figure were
calculated as evidences for uniformity or heterogeneity
of parent material according to (Haseman and Marshall,
1945; Hammad, 1968; El Kady, 2008). The grain size
analysis of sand fraction, on the other hand, was carried
out according to the method outlined by Folk and Ward
(1957), according to which cumulative percentage
curves were plotted against Phi (@) grain diameter on
arithmetic probability paper and statistical measures i.e.
standard deviation and skewness were calculated.

RESULTS AND DISCUSSION
1. Heavy mineral composition and distribution

The analytical data of CCSEM indicate that the total
percentage of heavy minerals in the studied soil profiles
do not override 2.09 % of the sample. Opaque,
amphiboles, and pyroxenes constitute the greater
allocation while other minerals like zircon, rutile,
tourmaline, and garnet mostly occur in insignificant
amounts. The opaque minerals (OM) comprise of iron
oxides minerals, such as; magnetite, ilmenite, hematite,
and goethite. The results show that the OM are found in
appreciable amounts in most of samples, their content
ranges vastly where the surface soils of profile (3) was
the higher percentage rather than the others, (Table
2).The OM distributions with depth does not follow any
specific trend, except in profile (1) where it increases
with depth, while decreases at profile (3). In the series
control section (SCS) which is representing the entire
thickness of soil profile, the weighted means of the OM
correlated to the ground elevation on the topo-sequence
modelvary between 30.18% at (150-160 m; P4) to
43.81% at (140-150 m; P2) (Fig. 3).

Pyroboles group in the studied samples are
represented mainly by Amphiboles and Pyroxenes. Our
findings display that pyroboles are found in considerable
proportions in all the investigated soil profiles.
Pyroboles content in subsurface soils of profiles (5), (3),
and (2) was higher compared to the other examined
soils. The data illustrate irregular distribution with down
vertical direction, excluding profile (5) where its
pyroboles amount increases with depth (Table 2). In
SCS, the weighted means of the pyroboles associated
with the ground elevation diverge between 40.85% at
(150-160 m; P4) and 92.80% at (140-150 m; P5)
(Fig. 3).

Zircon is commonly found in inconsiderable
amounts within the examined samples where it shows
traces at the surface soils of profile (1) and its higher
frequency content was observed at the top soils of
profile (3)(Table 2). The ground elevations accomplice
to zircon weighted means in SCS varied between 0.85%
at (140-150 m; P2) and 15.79% at (160-170 m; P3)
(Fig. 3).

Rutile is mostly detected in horizons of the studied
profiles with small quantities. However, it was observed
in higher contents at surface and subsurface soils of
profiles (1&2), respectively and along with the
estimated samples of profile (4)(Table 2). The weighted
means of the rutile correlated with ground elevations on
the topo-sequence model ranged between 2.14% at
(160-170 m; P3) and 30.09% at (150-160 m; P4) (Fig.
3).

Tourmaline is generally noticed with little amounts
within the examined samples where its maximum
frequency was existed at surface soils of profile
(4)(Table 2). Tourmaline weighted means linked to the
ground elevations lies between 0.72% at (110-120 m;
P1) and 6.51% at (150-160 m; P4) (Fig. 3)

Garnet is recorded with nominal magnitudes in the
investigated samples where its higher content occurs at
surface soils of profile (2) (Table 2). The weighted
means of garnet associated to the topo-sequence model
of the study area varies between 0.17% at (160-170 m;
P3) and 0.86% at (140-150 m; P2) (Fig. 3).

The relative raise in the weighted means (%) of
rutile, and tourmaline at the ground altitudes of (P4;
150-160 m) and zircon at (P3; 160-170 m) compared to
the other soil profiles, indicating that those minerals
were influenced by topo-sequence of the research area.
Additionally, the weighted means (%) of the same
resistant minerals were distributed in close quantities for
each one of them separately in the low places of the
study area (P1; 110-120 m), (P2; 140-150 m) while were
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Table 2. Frequency Distribution of Hecavy Minerals of the Studicd Soil Profiles

o roboles = =
Erofile Depth Opaque ?Mwﬂv_umwaem Zircon Rutile Tourmaline Crunn.:o:m Garnet Others .-._aueu\
No. (cm) % (ZTR index) Minerals %
+Pyroxenes)

Pl 0-30 20.00 48.75 0.00 25.00 125 26.25 0.00 25.00 0.50
30-60 49.43 93.23 2.40 0.83 0.92 4.15 0.55 2.06 0.21
60-90 50.00 66.23 0.82 0.03 0.00 0.85 0.10 32.82 0.32

P2 0-35 43.99 91.44 1.:27: 1.56 0.85 3.68 1:2.7, 3.62 177
35-55 48.60 47.89 0.86 46.31 2525 49.41 0.90 1.80 1:22;
55-90 40.90 95.49 0.42 1.72 0.93 3.07 0.42 1.02 0.95

3 0-40 80.75 38.50 57.00 2.40 0.00 59.40 0.00 2.10 0.67
40-80 41.48 96.55 0.47 1.07 0.63 2.18 0.50 0.77 0.86
80-150 19.75 91.43 1.00 2.60 3.47 7.06 0.09 1.42 1.35

P4 0-30 2.83 56.45 0.78 25.57 15.07 41.42 1.24 0.89 1:70;
30-60 50.08 31.39 2.16 32.45 1.61 36.23 0513 32.26 0.20
60-80 41.35 31.63 0.47 33.33 1.00 34.80 0:23 3333 0.24

P5 0-30 58.75 89.51 4075 3.03 1.30 8.48 0.43 1.58 2.09
30-50 63.06 90.00 1.00 4.15 3.08 8.23 0.62 145 1.63
50-80 9.38 97.96 0.33 0.45 0.23 1.01 0.07 0.97 0.96
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Fig. 3. Frequency distribution of the weighted means (%) of heavy minerals in SCS linked to the topo-sequence

model of the study area

existed in not fair percentages at the other pedons which
reflects the geological variation and origin pluralism of
the sediments belonging to the investigated area (Fig. 3).

Proportional increments were observed in contents
of zircon at top soils of P3, rutile at surface soils of P1
and subsurface horizon of P2 and soils of P4, in addition
to tourmaline at surface horizon of P4 in contrast with
the other estimated samples (Table 2). However, (El-
Desooky, 2009) interpreted the relatively higher
proportions of resistant minerals areattributed to
the origin of the sediments covering the study area.

2. Soil development and its maturity assessment

The results illustrated that the less stable minerals
(Pyroboles) occur in high percentages at the examined
profiles, while the more resistant minerals represented in
zircon, rutile, and tourmaline (Ubiquitous) are in lower
amounts. Moreover, existing of ZTR index values were
less than 75% (Table 2), indicating that the study soils
are less impacted by weathering, recently formed,
weakly developed, immature, and are weakly affect by
pedogenic processes. These feedbacks matched with soil
classification data conducted by (Yossif, 2017).

Table 3. Ratios of the resistant minerals in the separated sand at the studied profiles

Profile No. Depth (cm) Z/R Z/T Z/R+T Index Figure
P1 0-30 0.00 0.00 0.00 0.50
30-60 2.89 2.60 1.37 0.21
60-90 25.00 0.00 25.00 0.32
P2 0-35 0.81 1.50 0.53 1.77
35-55 0.02 0.38 0.02 1.22
55-90 0.24 0.45 0.16 0.95
P3 0-40 23.75 0.00 23.75 0.67
40-80 0.44 0.75 0.28 0.86
80-150 0.38 0.29 0.16 1.35
P4 0-30 0.03 0.05 0.02 1.70
30-60 0.07 1.34 0.06 0.20
60-80 0.01 0.47 0.01 0.24
P5 0-30 1.37 3.20 0.96 2.09
30-50 0.24 0.33 0.14 1.63
50-80 0.74 1.40 0.48 0.96
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Table 4. Particle size distribution, «

1

ted percentages and statistical size parameter of the studied soils profiles in the study area.

Profile Depth in

Particle size distribution %

Statistical size parameter

No. cm 21 1-0.5 0.5-0.25 0.25-0.125 0.125-.063 <0.063 5 x
mm mm mm mm mm mm @ e - u.u
Mean m mb m m =
size m W mb m m
A m = s
w2 =2
7]
1 0-30 2.44 6.75 19.97 47.44 19.70 370 2:3%; FS 1.02 PS 0.24 FSK
30-60 2548 17.90 18.40 26.61 7.24 4.38 1:22 MS 175 PS 0.01 NSySK
60-90 16.44 18.72 28.42 26.40 6.93 3.09 1.40 MS 146 PS 0.03 NSySK
2 0-35 5.97 10.72 26.24 35.71 15.16 6.20 2.15 FS 1:30 PS 0.18 FSK
35-55 15.01 17.33 18.24 20.86 14.58 13.98 1.94 MS 194 PS 0.15 FSK
55-90 18.92 13.67 16.90 25.21 14.61 10.69 1.81 MS 195 PS 0.03 NSySK
3 0-40 26.13  19.96 20.73 17.26 6.50 9.42 1.18 MS  2.07 VPS 0.15 FSK
40-80 10.62 11.19 20.98 29.00 15.76 12.45 2407 FS 1.74 PS 0.15 FSK
80-150 3.12 8.36 24.37 37.99 20.01 6.15 2.34 FS 1.17 PS 0.26 FSK
4 0-30 10.37  14.09 23.85 28.50 13.54 9.65 2.02 FS 1.64 PS 0.16 FSK
30-60 8.08 12.34 2573 30.91 13.30 9.64 2.09 FS 1453 PS 0.19 FSK
60-80 6.74 10.79 29.15 33.05 12.53 175 211 FS 1.35 PS 0.24 FSK
5 0-30 4.52 Te55 23.04 37.11 17.94 9.83 2.40 FS 1:33 PS 0.24 FSK
30-50 6.24 13.86 25.34 25:52 13.24 15.80 230 FS 1.75 PS 0.34 SFSK
50-75 9.97 17.14 22.94 21.60 10.99 17:35 2.18 FS 1.95 PS 0.31 SFSK

Abbreviations:

*Texture: FS - Fine Sand, MS - Medium Sand
**Sorting index: PS - Poorly sorted, VPS - Very poorly sorted
*##kSkewness index: NSySK- Near symmetrical skewed, FSK- Fine skewed,

SFSK- Strongly fine skewned
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Plate 1. SEM micrographs of the heavy minerals in the soils of the study area
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3. Pedogenesis and parent material uniformity
appraisal

Studying of heavy minerals is considered as criteria
for establishing genesis and uniformity of soil parent
material. (Haseman and Marshall, 1945; Hammad,
1968; El Kady, 2008) and many authors used the ratio
between zircon/tourmaline, zircon/rutile, and zircon/
rutile+tourmaline to  demonstrate uniformity or
discontinuity of parent material. In the current work, the
homogeneity of the parent material in the studied soil
profiles is appraised by stratifying the ratios of Z/T, Z/R,
and Z/R+T and index figure.

Data in table (3) exhibits that uniformity ratios of
Z/T, Z/R, and Z/R+T and index figure have irregular
distribution with depth in all the studied soil profiles.
Correspondingly, soil parent materials of each profile
are heterogeneous in nature and apparently formed of
multi-depositional regimes (Fig.4). In general, data of
uniformity ratios gravitate to boost the existence of
lithological ~ discontinuities  specified by field
morphology.

4. Grain size analysis of sand fraction in relation to
soil genesis

Figures (5 and 6) and data in table (4) show clearly
that soil parent materials are generally poorly sorted,
except for the surface layer of profile (3) that is very
poorly sorted. These results together with figure (7)
indicate that these soils were formed under water action
(fluvial ~ deposits). Nevertheless, the depth-wise
distribution of IF, ZRT, R and T show clearly that soils
represented by profiles 1, 4 and 5 are formed of two
successive layers. The surface layer differs from the
underlying rather identical sub-surface layers. On the
other hand, the soils represented by profiles 2 and 3
show obvious heterogeneity, where sharp differences
have been accounted and that can be attributed to multi-
depositional regime or inheritance from multi- parent
materials.

Many investigations have utilized SEM analysis to
evaluate mode of transportation and hence genesis of the
sediments through the shape and surface features of the
grains, (Pye and Mazzullo, 1994; Okhravi and Amini,
2001; Cherian et al., 2004; Kasper-Zubillaga et al.,
2005). Accordingly, SEM micrographs of heavy
minerals samples of the studied soils (Plate 1) showed
particles possessing sub-rounded to sub-angular outlines
which mean that sediments of the study area most
probably transported and originated by water to
distances not far away.

CONCLUSION

The soils under consideration displayed significant
variations in the frequency distribution of the heavy
minerals either among layers or sites linked to the
ground elevations (100-170 m A.S.L) on the topo-
sequence model. Soils of the study area are immature,
weakly developed and impacted by geogenic processes
rather than pedogenic. Subsequently, most of
pedological characteristics are influenced by the parent
material more than the other soil forming factors and are
less affected by the prevailing environmental conditions.
Soil parent materials of the research area are
heterogeneous in nature and apparently formed of multi-
depositional regimes. The soils most likely reworked
and originated by water agent to distances not far away.
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