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Abstract
The current study deals with textural, mineralogical, and geochemical characteristics of the barchan dune sands of Abu 
Muharak dune belts in the Kharga Depression. Abu Muharak is the longest dune belt in the Western Desert of Egypt. Sand 
samples from 37 sites were texturally, petrologically, and chemically analyzed. Our goals were to interpret the provenance 
of the sands in terms of grain size, petrology, and geochemistry and correlate these data with the proposed source such as 
Nubian sandstone, Pleistocene alluvial, and Holocene lacustrine sediments as well as ancient aeolian deposits exposed at 
the Kharga Depression. The present study concludes that the Moghra sandstone is the main source of the Abu Muharak 
dune belt with local contributions from Pleistocene alluvial and dune deposits as well as weathered Nubian sandstone in 
the Kharga Depression.
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Introduction

The Abu Muharak dune belt is the most outstanding dune 
belt in the Western Desert of Egypt, attaining c. 800 km in 
length and 50 km in width, with various dune density and 
dune types, that extends from the Bahariya Depression in the 
north to the Egyptian Sudanese border in the south. Recently, 
Embabi (2017) ranked the Abu Muharak dune belt as the sand 
sea. The Abu Muharak dune belt is subdivided into three sec-
tors; the northern and middle sectors consist mainly of linear 
dunes, whereas the southern section in the Kharga Depression 
consists mostly of barchan dunes (Hamdan et al. 2016).

Dunes in the Kharga Depression are mainly existing in 
the eastern and central parts of the depression and on the 
plateau to the north. They are assembled in discrete pat-
terns extended in a north–south field and consist mainly of 
barchan dunes (Bagnold 1941; Gifford et al. 1979; Embabi 
1982). Barchans are arranged into three parallel belts 

(western, central, and eastern belts), extending from north 
to south in a manner consistent with the direction of the 
prevailing winds. The western belt is the longest and largest 
within the Kharga Depression, with a total length and width 
attaining c. 195 km and 19 km, respectively. The central 
extends from the eastern end of the northwestern escarpment 
to the Kharga Oasis and begins in the form of an immobile 
linear dune, then turns into mobile barchans and several 
complex barchans and barchanoids. The eastern belt extends 
adjacent to the foot slope of the eastern escarpment of the 
depression for 25 km in the form of separate sand streaks. 
It seems that the three belts of the Kharga Depression are 
joined together in one sand sheet (c. 40 km in width) near 
the southern edge of the depression.

Several sources for the dune sand of Egypt have been 
considered in previous publications.

There are three main sources of sand in the Egyptian 
dune fields and sand seas: Upper Cretaceous Nubian sand-
stone (El-Baz 1988; El-Baz and Wolfe 1982) and Lower 
Miocene Moghra Formation in northern Egypt (Beadnell 
1910; Ball 1927). The Nubian sandstone faced many argu-
ments because it was exposed in southern Egypt, while 
the dunes migrate in an N-S direction parallel to the pre-
vailing winds. The third source supposed that the aeolian 
sand of Egyptian deserts resumed its accumulation during 
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the last glacial maximum (LGM) when the sea level was 
lower by at least 120 m (Said 1998). The exposed con-
tinental shelf, which extends c. 40 km in the Mediterra-
nean, was a reasonable source for the sands required to 
form the dune fields of the Western Desert of Egypt. This 
source is not fully accepted because the sediments at the 
exposed continental shelf are either calcareous sands or 
fine siliciclastic transported by the Nile River. Hamdan 
et al. (2015) used textural, mineralogical, and geochemi-
cal proxies to conclude that the formation of aeolian sand 
was a complex multicausal process formed in several allu-
vial, lacustrine, and aeolian environments throughout the 
Tertiary-Quaternary.

The current study investigates the variation and distribu-
tion of texture, mineralogy, and geochemistry of the sand 
of the barchan dunes in the Kharga Depression and aims to:

(1)	 Characterize the texture, mineral composition, and geo-
chemistry of the sand in the Kharga Depression and the 
homogeneity of its composition throughout the dune 
field from the north to south direction.

(2)	 Study the textural and mineralogical variations of dif-
ferent parts of individual barchans.

(3)	 Determine the main sources of the sand of the Kharga 
dune field.

(4)	 Estimate the possible local contributions to the texture 
and composition of the Kharga sand from the exposed 
rocks and sediments in the pass of the moving barch-
ans, i.e., carbonate grains.

(5)	 Compare the texture and composition of the sands of 
Kharga with the sand from another dune field in Egypt 
and worldwide.

(6)	 Contribute new data to enhance our knowledge about 
the history of the aeolian sand of the Egyptian deserts.

Geologic setting

The Kharga Oasis is the largest depression in the Western 
Desert of Egypt (Fig. 1A). It extends from north to south for 
160 km along the western edge of the Egyptian plateau. It 
is bounded from the west by dune belts and from the north 
and east by huge escarpments. The geology of the Kharga 
Depression is represented by the Upper Cretaceous-Lower 
Tertiary sedimentary sequence that overlies unconformably 
the Precambrian basement rocks (Fig. 1B). This sedimen-
tary sequence consists of three lithological units; (1) the 
lower clastic succession which is represented from older 
to younger by the Nubian sandstone, Quseir variegated 
shale, Dawi phosphate, and Dakhla shale; (2) the middle 
unit which is represented by the Paleocene Tarawan chalk 
and Esna Shale; (3) the upper unit is represented by lower 
Eocene Thebes Limestone (Fig. 1B).

Nubian sandstone is exposed at the central and southern part 
of the Kharga Depression and extends to the foot-slope of the 
escarpments of the depression. It attains a thickness of c. 200 m 
of a highly dissected, cross-bedded coarse- and fine-grained sand-
stone. This unit is composed entirely of quartz arenite with trace 
amounts of feldspar and rock fragments with minor amounts of 
arkosic (subarkosic) arenite and litharenite (or sublitharenite).

Quseir variegated shale is found in multiple colors, including 
red, green, gray, and brown, and often contains plant remains 
and vertebrate fossils. Dawi phosphate is exposed in the north-
ern part of the depression consisting of several phosphate beds 
c. 2–3 m in thickness. Dakhla shale, which overlies phosphate 
beds of Kharga, and consists of clay, gray gypsum veinlets, and 
limestone, extends on the eastern edge of the Kharga depres-
sion, with a maximum thickness of 100 m (Said 1962). The 
Tarawan and Esna formations of the Paleocene rocks cover 
most parts of the northern and the eastern escarpments of the 
Kharga depression and are represented by two lithologies; the 
first consists of c. 85-m-thick fossiliferous limestone interca-
lated with thin shale and sandstone layers. The second lithology 
consists of white chalky limestone with shale interbeds, 50 to 
120 m in thickness. Lower Eocene rocks are represented in the 
Thebes Formation (limestone with marl interbeds) and cover 
the top of the plateau overlooking the Kharga Depression.

Quaternary sediments are represented by spring deposits 
(tufa), alluvial deposits, lacustrine (playa) sediments, and 
dunes. Tufa is composed of porous carbonate rock masses, 
very rough, with a pale-yellow color that turns black on the 
exposed surfaces. Alluvial sand and gravel terraces exist in 
the form of horizontal terraces of different heights, at the 
foot-slope of the northern and eastern escarpments. Lacus-
trine (playa) sediments are horizontal deposits of silt and fine 
sand with a thickness of several meters. It seems that most 
of the Quaternary along with the clastic units of the Kharga 
Depression could be a suitable sand feeder to the dune sands.

Materials and methods of study

Fifty-four barchan sand samples were collected from the 
Kharga dune fields (Fig. 2A). In each dune, seven samples 
were collected from the crest, windward, base, mid-slip, 
right and left horns as well as the interdunal area (Fig. 2B). 
Approximately 100 g of sample was used for grain size analy-
sis. Textural parameters like graphic mean size (Mz); inclu-
sive graphic sorting (σ1); inclusive graphic skewness (Sk1); 
and kurtosis (KG) (Folk 1978) was determined using a dry 
sieving technique (Table 1). The roundness and sphericity of 
quartz grains of the aeolian dune sands of the Kharga Depres-
sion area were examined in 21 samples (Tables 2 and 3). The 
medium sand (1–2 Φ) and fine sand (2–3 Φ) fractions for each 
sample were examined using a digital microscope. About 100 
grains were examined and described using the terminology 

1582   Page 2 of 28



Arab J Geosci (2022) 15:1582

1 3

proposed by Powers 1953 and adapted to a logarithmic ρ scale 
(Folk 1955). Quartz grains were classified and counted as VA, 
very angular; A, angular; SA, subangular; SR, subrounded; R, 
rounded; and VR, very rounded (Table 2). Then, roundness 
ratios VA/A (very angular/angular), SA/SR (subangular/ sub-
rounded), and R/VR (rounded/very rounded) were determined 
to be used as poles in a ternary diagram. To study the surface 
features of quartz grains, 12 samples of barchan were exam-
ined by scanning electron microscope (SEM). The light and 
heavy minerals were separated from the fine sand fractions of 
31 samples (Table 4). Separation was conducted using bromo-
form (density 2.85 at 20 °C; Milner 1962) in samples of fine 
sand size ˃ 125 µm. Light and heavy fractions were washed 
with alcohol, dried, weighed and their percentages were calcu-
lated. The separated fractions were examined microscopically 
and the relative proportions of the various light- and heavy-
mineral species were determined and cited in Tables 4 and 5.

X-ray fluorescence (XRF) was used to determine the major 
and trace element composition for 10 samples representing 
different dune types. Representative sediments subsamples are 
initially wet sieved to remove silt and clay-sized materials and 
dry sieved to remove grains coarser than − 0.25 Ф in size. The 
subsamples were ground to produce a crushed powder and then 
mixed with lithium tetraborate to prepare fusion discs with a 
sample to flux ratio of 1:4. Major elements’ concentrations 
(Tables 6) were determined.

Results and discussion

Color of the sand of the Kharga barchan

The color of Kharga barchan sands is measured by using the 
Munsell color chart. The sands are mostly yellow (10YR8/6) 

Fig. 1   A Location of the Kharga 
Depression. B Geologic map of 
the Kharga Depression, modi-
fied after Conoco Coral (1987)
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in color. Some dune sands show lighter pale yellow 
(2.5YR8.4) color or a little darker pinkish-gray (5YR6/2). 
The color variation is attributed to contribution from local 
sources, i.e., Upper Cretaceous chalk and shale from Quseir 
formations, respectively. The color of the Cretaceous bed-
rock in the Kharga Depression is changing from one rock 
unit to another; Nubian sandstone is light in color with 10 
YR, while Quseir is reddish with 7.5YR (Besler 2008). The 
eroded aeolianite of the Quseir Formation could have pro-
vided reddish sands that should not have been transported too 
far. The color of the Kharga barchan sands is much lighter 
than those of the sand of the Great Sand Sea, which are much 
reddish (7.5 YR) and even red (5 YR) hues (Besler 2008), 
and lighter than those of the northern Western Desert (El-Baz 
et al. 1979). The reddish colors of quartz sands are caused 
by iron oxides associated with clay coatings. A thin-section 
analysis revealed multiple layers of clay stained with iron 
oxides (Besler 1998). Sand grains of southwestern Egypt 
with a reddish-brown coating that contains crystallized kao-
linite and little hematite content (El-Baz et al. 1979).

Textural characteristics

Grain size distribution

Grain size distribution in the barchan sands of Kharga Depression 
is characterized by a unimodal pattern with the modal class of 
250–125 mµ (i.e., medium to fine-grained sand size). Figure 3 
shows the distribution curves of sand samples taken from various 
parts of three barchans representing the northern, central, and 
southern parts of the Kharga dune belt. There is a slight varia-
tion in the grain size distribution of sand from different parts of 
the Kharga barchans. Samples UMD11-1 and D3-6 at the north-
ern and central parts of the dune field show that all parts of the 
barchan dune exhibit unimodal patterns with a slight variation 
in the values of the modal classes. There is little shifting toward 
finer modal class from the crest to windward samples and an 
almost similar pattern on the two horns (Fig. 3A). On the sample 
of the central part of the Kharga dune field, only one pattern most 
likely exists except for two samples of windward and the left 
horn (Fig. 3B). The grain size distribution on the southern part 
of the Kharga dune field (sample P22) shows a bimodal pattern 
on the samples of different dune parts (Fig. 3C). On all samples, 
interdunal sediments are much coarser and show a polymodal 
pattern (Fig. 3).

Graphic mean size

The graphic mean size (Mz) of all studied sand samples varies 
between 1.61 to 2.51 Φ with an average value of the mean size 
of 2.09 (Table 1). The sand in the southern part of the Kharga 
dune field is a little coarser with a mean size of 1.78 Φ, while the 
sand of the northern and central parts of the dune field is similar 
to the mean size of all samples (Table 1). There is a slight vari-
ation in the average values of the mean size in various parts of 
the Kharga barchan dunes (see Table 1). The crest and mid-slip 
samples of the studied barchan are the finest, and the base and 
windward samples are slightly coarse (Table 1). The samples of 
the interdune are much coarser than the barchan sand samples.

Inclusive graphic sorting

The values of the inclusive graphic sorting (σ1) of the studied 
aeolian sands vary between 0.17 Φ (very well sorted) to 1.13 
Φ (poorly sorted) with an average value of 0.78 Φ (moderately 
well sorted), which is worse sorted than the world average 
value (0.53 Φ; Goudie et al. 1987). There is a little variation in 
the sorting values of the sands of different parts of the Kharga 
dune field and within the individual dunes (Table 1). The sands 
of the barchan dunes of the northern part of the Kharga dune 
field exhibit better average sorting values than the central and 
southern parts (Table 1). The average sorting values of the 
barchan sands systematically vary from one part to another of 

Fig. 2   A Shaded relief model of Kharga Depression showing the 
main geomorphic units and location of the studied barchan dune sam-
ples. B Location of samples in individual banchan, 1—crest, 2—mid-
slip, 3—base, 4—left horn, 5—right horn, 6—windward, and 7—
interdune
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the same dune: for example, base and crest, and samples the 
better average sorted values of 0.54 Φ and 0.62 Φ, respectively. 
Windward and mid-slip samples show poorly sorting values that 
averaging 0.97 and 0.85 Φ, respectively. The sand of horns of 
the barchan dunes exhibits moderately sorting with an average 
sorting value of about 0.79 Φ. The samples of the interdune 
sands are the worse sorted values of all studied barchan samples 
which attains c. 2.2 Φ (Table 1).

Inclusive graphic skewness

Most of the studied dune sands are positively fine skewed to 
nearly symmetric (e.g., Mason and Folk 1958; Pye 1982). 
Indeed, the presence of a suspension population and the trunca-
tion of the coarse population account for the positive skewness 
characteristic of dune deposits (Visher 1969). The average meas-
ured skewness value of all samples is about 0.21 (nearly sym-
metric). They range between 0.01 (nearly symmetric) for linear 
and 0.45 (fine skewed). There is little variation in the average 

skewness values from different parts of the studied barchan 
dunes (Table 1). For example, the crests of the studied barchan 
sands show an average skewness value of 0.55 (nearly sym-
metric) and vary from 0.27 (fine skewed) to 0.94 (moderately 
symmetric). This is probably attributed to the selective removal 
of finer particles from the dune crest by the wind. The average 
skewness values of the other barchan parts are markedly low 
(i.e., nearly symmetric), but with a very narrow range from 0.08 
to 0.23 (see Table 1). The samples of the interdune are varied in 
average skewness values from 0.15 to 0.7 with an average value 
of 0.47 (Table 1). There is also little increase in the measured 
skewness values of the barchan sand from the northern, central, 
and southern parts of the depression, respectively (Table 1).

Kurtosis

The kurtosis values (KG) of most barchan sands in the 
Kharga Depression are mesokurtic and platykurtic to very 
platykurtic, with an average of 1.13 (ranging from 0.08 to 

Table 2   The roundness of the Kharga barchan sands

VA, very angular; A, angular; SA, subangular; SR, subrounded; R, rounded; VR, very rounded

Sample no Latitude Longitude VR % R % SR % SA % A % VA % VA/A SA/SR R/VR ρ
6–5 5–4 4–3 3–2 2–1 0–1

UMD12 25° 44′ 29″.7 30° 24′ 56″.4 9.17 30.64 37.52 14.4 4.59 3.67 0.8 0.38 3.34 3.6
UMD11-1 25° 44′ 13″ 30° 25′ 11″.3 12.56 34.88 30.23 16.28 4.65 1.4 0.3 0.54 2.78 3.7
UMD13 25° 43′ 34″ 30° 25′ 08″.9 10.29 32.63 32.92 16.69 4.58 2.88 0.44 0.51 3.17 3.75
UMD10-1 25° 43′ 06″.1 30° 24′ 15″.4 10.89 34.65 29.7 18.8 4.47 1.49 0.43 0.63 3.18 3.7
UMD15 25° 40′ 19″.28 30° 24′ 49″.31 10.89 34.65 29.7 18.8 4.47 1.49 0.43 0.63 3.18 3.6
UMD16 25° 40′ 18″.4 30° 24′ 47″.5 7.44 34.88 36.16 14.53 4.65 2.33 0.5 0.4 4.69 3.5
D3-4 25° 29′ 20″.1 30° 34′ 25″.0 6.77 35.28 35.3 15.09 5.66 1.89 0.33 0.43 5.21 3.6
D3-3 25° 29′ 13″.1 30° 34′ 07″.2 7.34 28.35 32.11 22.11 6.88 3.21 0.47 0.69 3.86 3.5
P3-1 25° 29′ 05″.1 30° 34′ 05″.6 6 26 33 25 8 2 0.5 0.76 4.33 3.4
UMD17 25° 28′ 36″.9 30° 24′ 36″.4 5.66 26.43 31.53 27.85 9.75 2.77 0.18 0.88 4.67 3.3
D3-6 25° 28′ 18″.8 30° 34′ 10″.4 5.71 28.57 30 25.14 9.43 1.14 0.15 0.84 5 3.5
D4-2 25° 25′ 13″ 30° 31′ 17″ 3.77 25.28 38.3 25.09 5.66 1.89 0.33 0.66 6.7 3.2
P1-4 25° 20′ 13″.1 30° 34′ 06″.4 3.19 20.36 28.34 39.19 6.07 2.83 0.47 1.38 6.38 3
P2-8 25° 19′ 05″.9 30° 31′ 24″.9 3.31 20.54 32.31 36.51 5.02 2.32 0.46 1.13 6.21 2.8
P2-8 Horn 25° 19′ 05″.9 30° 31′ 24″.9 6.12 19 37.82 28.53 6.12 2.44 0.4 0.75 3.1 3.3
P2-8 Crest 25° 19′ 05″.9 30° 31′ 24″.9 8.89 20.89 40 23.56 4.44 2.22 0.5 0.59 2.35 3.5
P2-8 base 25° 19′ 05″.9 30° 31′ 24″.9 9.31 16.54 30.31 36.51 5.02 2.32 0.46 1.2 1.78 2.8
P2-8 MS 25° 19′ 05″.9 30° 31′ 24″.9 7.24 24.48 27.86 33.09 4.74 2.59 0.55 1.19 3.38 2.9
P4-2 25° 16′ 42″.3 30° 29 ′ 37″.5 2.89 18.89 26 35.56 14.44 2.22 0.5 1.37 6.54 2.6
P7 25° 14′ 55″.7 30° 30′ 21″.8 2.28 13.7 29.68 36.53 13.7 4.11 0.3 1.23 6 2.5
P11 25° 08′ 18″.2 30° 33′ 05″.0 2.12 18.37 34.82 36.53 6.12 2.04 0.33 1.05 8.65 2.7
P16B 25° 01′ 00″.3 30° 33′ 18″.8 2.44 14.88 36.16 39.53 4.65 2.33 0.5 1.09 6.09 2.6
P19 24° 52′ 14″.1 30° 32′ 43″.8 2.28 11.7 31.68 36.53 13.7 4.11 0.3 1.15 5.12 2.7
P22 24° 40′ 51″.5 30° 34′ 04″.8 1.58 10.04 34.33 36.31 15.58 2.15 0.38 1.06 6.34 2.8
Average 6.17 24.23 32.74 27.42 7.18 2.41 0.42 0.86 4.67 3.19
MaxU+F073). 12.56 35.28 40 39.53 15.58 4.11 0.8 1.38 8.65 3.75
Min 1.58 10.04 26 14.4 4.44 1.14 0.15 0.38 1.78 2.5
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1.75). there is no significant spatial variational trend that 
exists in the kurtosis of grain size between the northern, 
central, and southern parts of the Kharga dune belt (Table 1).

Bi‑variant interrelation of the grain size parameters

Little variation in grain size parameters has been found since 
the winds can transport only a narrow size range by saltation or 
other modes of transport (Bagnold 1941). Generally, the grain 
size properties of aeolian barchan sands are functions of the 
source material, selective wind transportation, and the topogra-
phy of the initial surface. Figure 4A is a scatter plot diagram of 
the mean size (Mz) versus standard deviation (σ1). It shows that 
the best sorting values are attained by medium to fine sands at 
a mean size of 0.5 Φ and 1.5 Φ. Sorting becomes worse as the 
sand gets either finer or coarser, which agrees with the conclu-
sion reached by Folk and Ward (1957). There is a poor cor-
relation between the mean size and sorting of the sands of the 
different parts of the barchan dunes. The values of R2 range 
from 0.0002 (windward samples to 0.14442 (base samples). 
Such poor correlation between the mean size and sorting could 
be attributed to the direct supply of sand from local sources, i.e., 
weathered Nubian sandstone alluvial and playa sediments, espe-
cially in the middle and southern part of the Kharga dune field.

The bivariant diagram of the mean size versus skewness 
(Fig. 4B), shows a very poor correlation (R2 ranging between 
0.0001in base samples to 0.108 in crest samples). It also 
shows that, as the mean size decreases the more positive 
skewness will result and are plotted together as a mixed 
group. Most of the studied dune sand is nearly symmetrical 
to positive skewed, and few samples are negatively skewed 
which are likely related to the northern part of the dune field. 
There is a strong correlation between the mean size versus 
kurtosis of the studied samples (Fig. 4C); the best correla-
tion was found on the samples of the crest, mid-slip, and 
the two horns while the worse relation is found on the base 
and windward as well as the interdune samples. There is a 
general tendency for the kurtosis to change to platy-kurtic 
and very platy-kurtic, as the size decreases. There is also a 
strong correlation between the sorting and the skewness of 
the studied aeolian sand samples (Fig. 4D).

Comparison of the sand of the Kharga barchans 
with other barchan sands

In comparison, the grain size parameter of the Kharga dune 
field is a little finer than the Toshka sand (Hamdan et al. 
2015) but coarser than the Abu Muharak sand (Embabi 

Table 3   The sphericity of Kharga barchan sands

Samples Latitude Longitude P. spherical M. spherical spherical W. spherical ρ

Um 11–1 25° 44′ 13″ N 30° 25′ 11″.3 E 6.85 27.40 54.79 10.96 2.50
Um 13 MS 25° 43′ 34″ N 30° 25′ 08″.9 E 11.90 26.19 47.62 14.29 2.50
Um 15 WW 25° 40′ 19″.28 N 30° 24′ 49″.31 E 4.55 22.73 53.03 19.70 2.60
Um 15 B 25° 40′ 19″.28 N 30° 24′ 49″.31 E 8.97 28.21 47.44 15.38 2.50
Um 16 WW 25° 40′ 18″.4 N 30° 24′ 47″.5 E 9.09 23.64 45.45 21.82 2.50
D3-3 25° 29′ 13″.1 N 30° 34′ 07″.2 E 3.85 35.90 50.00 10.26 2.30
D3-4 25° 29′ 20″.1 N 30° 34′ 25″.0 E 7.25 32.07 50.72 9.96 2.20
D3-5 25° 29′ 18″.8 N 30° 34′ 10″.4 E 3.94 39.39 47.58 9.09 2.10
Um 17 25° 28′ 36″.9 N 30° 24′ 36″.4 E 7.41 28.89 48.89 14.81 2.40
Um 2 LW 25° 27′ 14″.6 N 30° 25′ 36″.1 E 4.17 20.83 61.11 13.89 2.70
P1-14 crest 25° 21′ 7″.4 N 30° 33′ 36″.8 E 5.56 20.83 55.56 18.06 2.60
P2-8 base 25° 19′ 05″.9 N 30° 31′ 24″.9 E 10.20 20.41 61.22 8.16 2.70
p2-8 LH 25° 19′ 05″.9 N 30° 31′ 24″.9 E 15.38 23.08 46.15 15.38 2.20
P2-8 MS 25° 19′ 05″.9 N 30° 31′ 24″.9 E 7.94 15.87 63.49 12.70 2.70
P2-8 RH 25° 19′ 05″.9 N 30° 31′ 24″.9 E 6.25 18.75 62.50 12.50 2.60
P3-1 25° 17′ 7″.7 N 30° 30′ 44″.8 E 4.76 23.81 55.56 15.87 2.60
P9 25° 11′ 35″.8 N 30° 33′ 13″.1 E 6.10 24.39 48.78 20.73 2.30
P15 b 25° 02′ 39″.4 N 30° 33′ 07″.2 E 7.69 30.77 46.15 15.38 2.40
P17 24° 56′′ 36″.3 N 30° 35′ 10″.9 E 11.90 23.81 47.62 16.67 2.40
P22 24° 40′ 51″.5 N 30° 34′ 04″.8 E 5.41 27.03 54.05 13.51 2.70
P21 24° 40′ 48″.8 N 30° 34′ 15″.2 E 6.56 26.23 54.10 13.11 2.70
Average 7.42 25.72 52.47 14.39 2.49
Max 15.38 39.39 63.49 21.82 2.70
Min 3.85 15.87 45.45 8.16 2.10
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et al. 2012). The measured mean size values of the studied 
barchan sand are close to those of the Toshka barchans (1.2 
Φ; Hamdan et al. 2015) and slightly coarser than the barchan 
dune sands of the Dakhla Oases (2.19 Φ; Sharaky 1990). 
This value is nearly like the average mean size of linear 
dunes in the northwestern Desert of Egypt (1.75 Φ; Hamdan 
and Refaat 1999), and is finer than the average mean size of 
the sands at the Great Sand Sea (Hamdan 2003). It seems 
that the mean size values of Kharga sands are comparable 
with the world average (2.23 Φ) mean grain size of most of 
the aeolian dune sand (Goudie et al. 1987). Figure 5 shows 
the relationship between mean size and sorting of aeolian 
sands from Egypt and worldwide deserts. The studied sands 
are plotted close to those of other Egyptian barchans, e.g., 

Toshka, SW Egypt, and the north Abu Muharak dunes 
(Hamdan et al. 2015; Maxwell 1982; Embabi et al. 2012). 
The studied aeolian sands are finer than those of Australia 
and Oman (Goudie et al. 1987) and worse sorting than those 
of Namib, Texas, and the Skelton coast (Mason and Folk 
1958; Lancaster 1981). This may be due to the abundance of 
coarse sands produced by the disintegration of coarse-grained 
sandstone beds in the Kharga Depression and the Toshka 
desert. The average mean size of the studied linear dune 
sand is like the Gilf-Uwinat area (Hamdan 2003) as well 
as those in other deserts: the Libyan Desert (Bagnold 1941) 
and southwestern Libya, and the Namib Desert (Lancaster 
1995). The grain size analysis indicates a fining up in mean 
size from the inter-dune and base samples to the crest 

Table 4   Light minerals of Kharga barchan sands

Sample Latitude Longitude MS MU MI MQ PQ Total Q KF Pl Total F RF

UMD12 (MS) 25° 44′ 29″.7 N 30° 24′ 56″.4E 63.6 14.5 3.6 81.8 9.1 90.9 3.6 2.7 6.4 2.7
UMD12 (L. Horn) 25° 44′ 29″.7 N 30° 24′ 56″.4E 61.8 13.6 4.5 80 8.2 88.2 5.5 3.6 9.1 1.6
UMD11-1 (Crest) 25° 44′ 13″N 30° 25′ 11″.3E 49.7 15.5 4.7 69.8 9.3 79.1 5.4 3.9 9.3 13.1
UMD13 (WW) 25° 43′ 34″N 30° 25′ 08″.9E 33.8 13.1 6.2 73.1 13.1 66.2 6.2 4.6 10.8 32.6
UMD13 (L. Horn) 25° 43′ 34″N 30° 25′ 08″.9E 52.6 13.8 6.6 73 14.5 87.5 5.3 4.6 9.9 3.8
UMD10-1 (Base) 25° 43′ 06″.1 N 30° 24′ 15″.4E 56.8 12.1 3.8 72.7 12.1 84.8 6.1 5.3 11.4 3.8
UMD10-2 (Crest) 25° 43′ 06″.1 N 30° 24′ 15″.4E 51 14 7 72 14.6 86.6 5.7 3.8 9.6 4.5
UMD15 (MS) 25° 40′ 19″.28 N 30° 24′ 49″.31E 54.5 12.9 7.6 75 11.4 86.4 5.3 3.8 9.1 3.2
UMD16 (Crest) 25° 40′ 18″.4 N 30° 24′ 47″.5E 51.1 10.3 6.3 67.8 10.3 78.1 6.3 2.4 8.7 12.9
D3-4 (R. Horn) 25° 29′ 20″.1 N 30° 34′ 25″.0E 58.1 11 8.8 77.9 10.3 88.2 5.1 3.7 8.8 3.6
D3-3 (L. Horn) 25° 29′ 13″.1 N 30° 34′ 07″.2E 56.1 10.1 9.4 75.5 10.8 86.3 5.8 4.3 10.1 3.1
P3-1 (WW) 25° 29′ 05″.1 N 30° 34′ 05″.6E 60.2 10.9 7 78.1 9.4 87.5 5.5 3.9 9.4 3.2
UMD17 (MS) 25° 28′ 36″.9 N 30° 24′ 36".4E 51.9 13 7.1 72.1 14.3 86.4 6.5 3.9 10.4 18.7
UMD17 (WW) 25° 28′ 36".9 N 30° 24′ 36".4E 48.2 8.4 7.5 64.1 13.4 92.5 0 3.7 3.7 2.9
D3-6 (L. Horn) 25° 28′ 18".8 N 30° 34′ 10".4E 58.1 11 8.8 77.9 10.3 88.2 5.1 3.7 8.8 3.8
D4-2 (MS) 25° 25′ 13"N 30° 31′ 17″ E 50.3 13.8 6.9 71.1 14.5 85.5 6.9 3.8 10.7 2.7
P1-4 (Crest) 25° 20′ 13".1 N 30° 34′ 06".4E 54.4 13.4 8.1 75.8 13.4 89.3 4.7 3.4 8.1 2.9
P1-4 WW 25° 20′ 13".1 N 30° 34′ 06".4E 58.1 11 8.8 77.9 10.3 88.2 5.1 3.7 8.8 3.8
P2-8 (R. Horn) 25° 19′ 05".9 N 30° 31′ 24".9E 56.8 10.8 7.9 75.5 12.9 88.5 5.8 3.6 9.4 2.5
P2-8 (L. Horn) 25° 19′ 05".9 N 30° 31′ 24".9E 57.4 10.3 9.6 77.2 12.5 89.7 5.1 2.9 8.1 2.2
P2-8 (Crest) 25° 19′ 05".9 N 30° 31′ 24".9E 51.3 14.1 7.1 72.4 14.7 87.2 5.1 3.8 9 3.5
P2-8 (Base) 25° 19′ 05".9 N 30° 31′ 24".9E 57.7 10.9 8.8 77.4 10.2 87.6 5.8 3.6 9.5 3.5
P2-8 (MS) 25°19′ 05".9 N 30° 31′ 24".9E 55.3 13.5 7.8 76.6 12.1 88.7 4.3 3.5 7.8 2.6
P2-8 (WW) 25° 19′ 05".9 N 30° 31′ 24".9E 53 13.9 7.9 74.8 13.9 88.7 5.3 3.3 8.6 2.2
P2-8 (Interdune) 25° 19′ 05".9 N 30° 31′ 24".9E 55.3 12.8 7.1 75.2 12.8 87.9 5 3.5 8.5 2.9
P4-2 (MS) 25° 16′ 42".3 N 30° 29′ 37".5E 65 12.5 4.2 81.7 7.5 89.2 5 3.3 8.3 3
P7 (Interdune) 25° 14′ 55".7 N 30° 30′ 21".8E 54.5 12.9 6.1 73.5 12.9 86.4 6.1 4.5 10.6 2.6
P11 (Base) 25° 08′ 18".2 N 30° 33′ 05".0E 65.5 13.8 3.4 82.8 8.6 91.4 3.4 2.6 6 2.6
P16B (L. Horn) 25° 01′ 00".3 N 30° 33′ 18".8E 42.3 14.4 7.2 63.9 15 78.9 5.2 3.3 8.5 13.8
P19 (WW) 24° 52′ 14".1 N 30° 32′ 43".8E 56.8 12.1 3.8 72.7 12.1 84.8 6.1 5.3 11.4 3.9
P22 (Base) 24° 40′ 51".5 N 30° 34′ 04".8E 51.9 14.3 7.1 73.4 14.9 88.3 3.9 3.9 7.8 3.9
Average 54.62 12.54 6.80 74.60 11.92 86.36 5.17 3.74 8.92 5.55
Max 65.5 15.5 9.6 82.8 15 92.5 6.9 5.3 11.4 32.6
Min 33.8 8.4 3.4 63.9 7.5 66.2 0 2.4 3.7 1.6

1582   Page 8 of 28



Arab J Geosci (2022) 15:1582

1 3

Ta
bl

e 
5  

H
ea

vy
 m

in
er

al
s o

f K
ha

rg
a 

ba
rc

ha
n 

sa
nd

s

S,
 to

ta
l s

ta
bl

e 
m

in
er

al
s;

 M
E,

 to
ta

l m
et

am
or

ph
ic

 m
in

er
al

s;
 U

, t
ot

al
 u

ns
ta

bl
e 

m
in

er
al

s

Sa
m

pl
e

C
oo

rd
in

at
e

ZR
TO

RU
ST

G
A

A
nd

EP
A

M
PX

M
I

S
M

E
U

S/
U

G
A

/E
P

U
M

D
12

 L
H

25
° 4

4′
 2

9″
.7

 N
/3

0°
 2

4′
 5

6"
.4

E
35

.1
7

7
8.

8
8.

8
7

5.
3

1.
8

1.
8

17
.5

49
.1

24
.6

8.
8

5.
58

1.
66

U
M

D
12

 L
EF

T
25

° 4
4′

 2
9″

.7
 N

/3
0°

 2
4′

 5
6″

.4
E

11
.8

19
.7

15
.7

15
.7

14
.2

4.
7

6.
3

1.
6

0.
8

9.
4

47
.2

34
.6

8.
7

5.
43

2.
25

U
M

D
11

-1
25

° 4
4′

 1
3″

 N
/3

0°
 2

5′
 1

1″
.3

E
30

.4
10

.4
8.

7
10

.4
13

.9
8.

7
6.

1
1.

7
0.

9
8.

7
49

.6
33

8.
7

5.
70

2.
28

U
M

D
13

 L
EF

T
25

° 4
3′

 3
4″

 N
/3

0°
 2

5′
 0

8″
.9

E
23

.2
19

.7
8.

5
16

.9
9.

2
5.

6
6.

3
2.

1
1.

4
7

51
.4

31
.7

9.
9

5.
19

1.
46

U
M

D
13

 W
W

25
° 4

3′
 3

4″
 N

/3
0°

 2
5′

 0
8″

.9
E

29
.6

18
.5

7.
4

7.
4

15
.7

4.
6

4.
6

1.
9

0.
9

9.
3

55
.6

27
.8

7.
4

7.
51

3.
41

U
M

D
10

-1
25

° 4
3′

 0
6″

.1
 N

/3
0°

 2
4′

 1
5″

.4
E

26
.9

22
.4

11
.2

7.
5

11
.2

5.
2

4.
5

2.
2

1.
5

7.
5

60
.4

23
.9

8.
2

7.
37

2.
49

U
M

D
10

-2
25

° 4
3′

 0
6″

.1
 N

/3
0°

 2
4′

 1
5″

.4
E

24
.2

18
.2

6.
1

18
.2

12
.1

8.
5

6.
7

1.
2

1.
2

3.
6

48
.5

38
.8

9.
1

5.
33

1.
81

U
M

D
15

 M
S

25
° 4

0′
 1

9″
.3

 N
/3

0°
 2

4′
 4

9″
.3

E
23

.3
20

10
.7

16
12

6
4

0.
7

0.
7

6.
7

54
24

15
.3

3.
53

3.
00

U
M

D
16

 C
r

25
° 4

0′
 1

8″
.4

 N
/3

0°
 2

4′
 4

7″
.5

E
40

16
.4

9.
1

5.
5

7.
3

5.
5

5.
5

0.
9

0.
9

9.
1

60
.5

18
.2

12
.3

4.
92

1.
33

D
3-

4 
R

IG
H

T
25

° 2
9′

 2
0″

.1
 N

/3
0°

 3
4′

 2
5″

.0
E

23
.4

14
.9

11
.7

10
.6

14
.9

7.
4

4.
3

1.
1

1.
1

10
.6

50
33

6.
4

7.
81

3.
47

D
3-

3 
LE

FT
25

° 2
9′

 1
3″

.1
 N

/3
0°

 3
4′

 0
7″

.2
E

15
.7

26
.5

9.
8

15
.7

9.
8

5.
9

3.
9

2
1

9.
8

52
31

.4
6.

9
7.

54
2.

51
P3

-1
25

° 2
9′

 0
5″

.1
 N

/3
0°

 3
4′

 0
5″

.6
E

24
.7

12
.3

12
.3

13
.6

12
.3

6.
2

6.
2

2.
5

1.
2

8.
6

49
.4

32
.1

9.
9

4.
99

1.
98

U
M

D
17

 M
S

25
° 2

8′
 3

6″
.9

 N
/3

0°
 2

4′
 3

6″
.4

E
24

.2
8.

1
8.

9
16

.9
16

.1
7.

3
6.

5
2.

4
1.

6
8.

1
41

.1
40

.3
10

.5
3.

91
2.

48
U

M
D

17
 W

W
25

° 2
8′

 3
6″

.9
 N

/3
0°

 2
4′

 3
6″

.4
E

31
.9

10
.6

12
.8

8.
5

6.
4

6.
4

6.
4

4.
3

2.
1

10
.6

55
.3

21
.3

12
.8

4.
32

1.
00

D
3-

6 
LH

25
° 2

8′
 1

8″
.8

 N
/3

0°
 3

4′
 1

0″
.4

E
37

.9
10

.6
9.

1
6.

1
7.

6
10

.6
4.

5
4.

5
3

6.
1

57
.6

24
.2

12
.1

4.
76

1.
69

D
4-

2 
M

S
25

° 2
5′

 1
3″

 N
/3

0°
 3

1′
 1

7″
E

22
.2

11
.1

13
.3

15
.6

13
.3

8.
9

4.
4

1.
1

1.
1

8.
9

46
.7

37
.8

6.
7

6.
97

3.
02

P1
-4

 (1
25

)
25

° 2
0′

 1
3″

.1
 N

/3
0°

 3
4′

 0
6″

.4
E

30
.2

9.
4

11
.3

3.
8

11
.3

9.
4

5.
7

1.
9

1.
9

15
.1

50
.9

24
.5

9.
4

5.
41

1.
98

P1
-4

 W
W

25
° 2

0′
 1

3″
.1

 N
/3

0°
 3

4′
 0

6″
.4

E
35

.1
10

.5
10

.5
5.

3
17

.5
7

7
1.

8
1.

8
3.

5
56

.1
29

.8
10

.5
5.

34
2.

50
P2

-8
 R

H
25

° 1
9′

 0
5″

.9
 N

/3
0°

 3
1′

 2
4″

.9
E

36
.5

17
.5

16
.1

7.
3

5.
8

5.
1

2.
9

0.
7

0.
7

7.
3

60
.1

18
.2

14
.4

4.
17

2.
00

P2
-8

 L
H

25
° 1

9′
 0

5″
.9

 N
/3

0°
 3

1′
 2

4″
.9

E
38

.3
15

4
9

7.
5

3
5.

3
1.

5
0.

8
7.

5
65

.4
19

.5
7.

5
8.

72
1.

42
P2

-8
 C

R
ES

T
25

° 1
9′

 0
5″

.9
 N

/3
0°

 3
1′

 2
4″

.9
E

37
.3

24
.6

18
.7

3.
7

3.
7

3.
7

2.
2

0.
7

0.
7

4.
5

70
.6

11
.2

13
.7

5.
15

1.
68

P2
-8

 B
A

SE
25

° 1
9′

 0
5″

.9
 N

/3
0°

 3
1′

 2
4″

.9
E

41
8.

5
15

.4
6

10
.3

6.
8

4.
3

1.
7

1.
7

4.
3

65
23

.1
7.

7
8.

44
2.

40
P2

-8
 M

S
26

° 1
9′

 0
5″

.9
 N

/3
0°

 3
1′

 2
4″

.9
E

36
.8

18
.4

11
5.

9
11

.8
5.

1
3.

7
1.

5
0.

7
5.

1
66

.2
12

.8
15

.9
4.

16
3.

19
P2

-8
 W

W
25

° 1
9′

 0
5″

.9
 N

/3
0°

 3
1′

 2
4″

.9
E

39
.1

8.
8

15
.8

5.
3

7
7

3.
5

2.
6

1.
8

6.
1

66
.7

19
.3

7.
9

8.
44

2.
00

P2
-8

 IN
T-

D
U

N
E

25
° 1

9′
 0

5″
.9

 N
/3

0°
 3

1′
 2

4″
.9

E
34

.4
10

.7
16

.4
4.

9
9.

8
6.

6
4.

9
2.

5
1.

6
8.

2
61

.5
21

.3
9

6.
83

2.
00

P4
-2

 M
S 

(S
A

N
D

 S
EA

)
25

° 1
6′

 4
2″

.3
 N

/3
0°

 2
9′

 3
7″

.5
E

26
.7

13
.3

9.
3

13
.3

9.
3

5.
3

5.
3

2.
7

1.
3

13
.3

49
.3

28
9.

3
5.

30
1.

75
P7

 IN
TE

R
 D

U
N

E
25

° 1
4′

 5
5″

.7
 N

/3
0°

 3
0′

 2
1″

.8
E

24
.1

9.
2

11
.5

13
.8

11
.5

11
.5

6.
9

1.
1

1.
1

9.
2

44
.8

36
.8

9.
2

4.
87

1.
67

P1
1

25
° 0

8′
 1

8″
.2

 N
/3

0°
 3

3′
 0

5″
.0

E
26

13
15

.6
10

.4
13

7.
8

3.
9

1.
3

1.
3

7.
8

54
.5

31
.2

6.
5

8.
38

3.
33

P1
6B

 L
H

25
° 0

1′
 0

0″
.3

 N
/3

0°
 3

3′
 1

8″
.8

E
30

.6
10

.2
16

.3
8.

2
10

.2
7.

1
4.

1
2

1
10

.2
57

.1
25

.5
7.

1
8.

04
2.

49
P1

9
24

° 5
2′

 1
4″

.1
 N

/3
0°

 3
2′

 4
3″

.8
E

23
.3

11
.6

9.
3

16
.3

14
9.

3
7

1.
2

1.
2

7
44

.2
39

.5
9.

3
4.

75
2.

00
P2

2 
BA

SE
24

° 4
0′

 5
1″

.5
 N

/3
0°

 3
4′

 0
4″

.8
E

24
.7

15
.4

12
.3

12
.3

13
.6

7.
4

6.
2

2.
5

1.
9

3.
7

52
.5

33
.3

10
.5

5.
00

2.
19

A
ve

ra
ge

29
.3

1
14

.2
7

11
.4

8
10

.2
9

11
.0

0
6.

79
5.

11
1.

86
1.

31
8.

20
54

.6
2

27
.4

4
9.

73
5.

93
2.

21
M

ax
41

.0
0

26
.5

0
18

.7
0

18
.2

0
17

.5
0

11
.5

0
7.

00
4.

50
3.

00
17

.5
0

70
.6

0
40

.3
0

15
.9

0
8.

72
3.

47
M

in
11

.8
0

7.
00

4.
00

3.
70

3.
70

3.
00

2.
20

0.
70

0.
70

3.
50

41
.1

0
11

.2
0

6.
40

3.
53

1.
00

Page 9 of 28    1582



Arab J Geosci (2022) 15:1582

1 3

samples. The similarities between crest sand and slip-face 
sand of the linear dunes have been recorded in many dunes 
of other deserts (Besler 1998, 2000). These are probably due 
to gravity and not wind action as a dominant agent of sand 
transport from the crest to slip-face (Besler 1986).

Grain morphology

In the current study, the grain morphology is represented 
by all features of the external shape of a sand grain, includ-
ing the gross form (sphericity), the roundness (sharpness 
of edges and corners), and the surface texture (Pye and 
Tsoar 2009).

Roundness and sphericity

Roundness  Roundness is the least indicative texture of dep-
ositional environment because it requires a long history of 
abrasion to round detrital grains substantially. The roundness 
of sedimentary deposits is controlled by several factors, such 
as grain size (finer grains attain a higher degree of roundness 
than coarser grains of the same composition), composition 

(softer, more ductile, or more isotropic are more rounded 
than brittle, or more anisotropic grains), recycling history, 
and strength of the transporting agent. In conjunction with 
sphericity, roundness can be useful in environmental dis-
crimination (e.g., Krumbein 1941). Currently, the aeolian 
sand grains become rounded by aeolian impact (Bagnold 
1941). However, several publications show that some dunes 
contain c. 60% subangular to subrounded grains (Norris 
and Norris 1961). Folk (1978) mentioned that 70–90% of 
the dune sands were subangular to angular in the Simpson 
Desert (central Australia). In the Namib Desert, the majority 
of aeolian sand grains are subangular (Besler 1980).

The roundness of the sands of the Kharga barchans shows 
a unimodal distribution with a modal roundness class that 
varies from sub-rounded to rounded regarding the grain 
size, where coarser grains are much rounded than finer ones 
(Fig. 6A). Figure 7A shows that most of the sediments are 
plotted close to high R/VR in the ternary diagram of VA/A-
SA/AS-R/VR of Kasper-Zubillaga (2009). The roundness of 
the studied sands slightly decreases from the North to south 
direction. The average mean roundness (ρ) of all studied 
quartz samples is 4.62 (subrounded-rounded; Table2). The 

Table 6   Major oxides of Kharga barchan sands

Sample Coordinates SiO2 TiO2 Al2O3 Fe2O3 MnO MgO Cao Na2O K2O P2O5 SO3 LOI

UMD11-3 25° 44′ 19″.2 N/30° 25′ 06″.5 E 65.1 0.28 7.3 1.73 0.03 2.32 12.77 0.01 0.53 0.11 0.78 8.72
UMD13 25° 43′ 34″ N/30° 25′ 08″.9 E 62.5 0.2 6.93 1.21 0.03 2.29 18.08  < 0.01 0.5 0.08 1.32 6.58
UMD15 25° 40′ 19″.28 N/30° 24′ ″.31 E 73.6 0.16 5.11 1.04 0.03 1.87 10.21  < 0.01 0.32 0.01 0.8 6.58
UMD 16 25° 40′ 18″.4 N/30° 24′ 47″.5 E 50 1.19 11.5 2.8 0.07 3.35 16.45 0.39 1.12 0.13 0.94 11.79
D3-4 25° 29′ 20″.1 N/30° 34′ 25″.0 E 82.6 0.15 3.31 0.81 0.02 1.86 7.34 0.05 0.3 0.01 0.17 3.03
D 3–6 25° 29′ 36″ N/30° 34′ 0″.4 E 64.7 0.63 7.16 1.93 0.05 2.6 12.52 0.24 0.77 0.09 0.63 8.4
UMD17 25° 28′ 36″.9 N/30° 24′ 36″.4 E 55.1 0.45 10.49 2.44 0.04 2.78 17.74  < 0.01 0.77 0.12 0.54 9.25
D4-2 25° 25′ 13″ N/30° 31′ 17″ E 79.4 0.19 3.57 1.08 0.03 1.74 8.92  < 0.01 0.28 0.04 0.26 4.17
P1-14 25° 21′ 7″.4 N/30° 33′ 36″.8 E 82.7 0.14 2.21 0.74 0.02 1.67 7.42 0.12 0.37 0.04 0.27 3.98
P2-1 25° 19′ 29″.5 N/30° 32′ 17″.9 E 73.8 0.22 5.42 1.49 0.04 2.47 11.43 0.12 0.72 0.07 0.54 3.42
P2-3 25° 19′ 29″.8 N/30° 32′ 19″.1 E 76.8 0.16 2.23 1.2 0.03 0.81 7.3 0.35 0.4 0.06 0.38 9.95
P2-8 R 25° 19′ 05″.9 N/30° 31′ 24″.9 E 77.4 0.17 4.13 1.23 0.03 2.04 9.61 0.03 0.49 0.04 0.51 4
P2-8 L 25° 19′ 05″.9 N/30° 31′ 24″.9 E 87.4 0.1 1.98 0.7 0.02 1.38 4.03 0.08 0.29 0.01 0.3 3.42
P2-8 C 25° 19′ 05″.9 N/30° 31′ 24″.9 E 82.5 0.28 2.68 1.49 0.04 0.94 6.23  < 0.01 0.4 0.04 0.46 4.62
P2-8 B 25° 19′ 05″.9 N/30° 31′ 24″.9 E 80.1 0.14 3.37 0.96 0.03 1.76 7.81 0.1 0.38 0.04 0.45 4.6
P2-8 MS 25° 19′ 05″.9 N/30° 31′ 24″.9 E 86 0.15 2.42 1.22 0.03 0.75 4.28 0.3 0.38 0.12 0.17 3.87
P2-8 WW 25° 19′ 05″.9 N/30° 31′ 24″.9 E 93 0.07 0.97 0.63 0.02 1.19 2.35  < 0.01 0.09 0.01 0.22 1.12
P2-8 Inter 25° 19′ 05″.9 N/30° 31′ 24″.9 E 64.6 1.44 6.1 3.42 0.08 2.19 5 0.15 1.03 0.11 1.35 4.28
P7 25° 14′ 55″.7 N/30° 30′ 21″.8 E 74.1 0.22 5.36 1.38 0.04 1.9 10.38 0.12 0.38 0.08 0.32 5.39
P11 25° 08′ 18″.2 N/30° 33′ 05″.0 E 84.4 0.26 2.24 1.59 0.04 0.83 6.79  < 0.01 0.4 0.12 0.3 2.78
P17 24° 56′ 36″.3 N/30° 35′ 10″.9 E 57.6 0.81 9.77 2.79 0.07 2.8 14.11 0.48 1.03 0.28 0.47 9.53
P21 24° 40′ 48″.8 N/30° 34′ 15″.2 E 60.7 0.66 15.14 4.21 0.05 3.41 6.13 1.3 1.66 0.19 0.67 5.56
Average 73.37 0.37 5.43 1.64 0.04 1.95 9.40 0.26 0.57 0.08 0.54 5.68
Max 93 1.44 15.14 4.21 0.08 3.41 18.08 1.3 1.66 0.28 1.35 11.79
Min 50 0.07 0.97 0.63 0.02 0.75 2.35 0.01 0.09 0.01 0.17 1.12
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medium-grained sands of the Kharga Depression are mostly 
rounded, with an average mean roundness (ρ) of 5.1. These 
results indicate that the Kharga sand is relatively rounded 
than the aeolian sand of other parts of the Western Desert of 
Egypt. For example, the medium-grained sand of the Great 
Sand Sea ranges from 4 to 4.16 (subrounded to rounded) 
with an average of 4.12 (Hamdan 2003). The average mean 
roundness (ρ) of fine grain size of the barchan dunes is 3.2 
(subangular).

There is little variation in the frequency distribution 
of the roundness classes of the different barchans within 
the Kharga dune field (Fig. 6A), where the medium-
grained sand has the modal class of rounded while fine-
grained sands are represented by a subangular modal 
class. Generally, the hypothesis that the rounding in 
aeolian sands increases with grain size was mentioned 
in previous publications (e.g., Goudie and Watson 1981; 

Khalaf and Gharib 1985). However, revers trends were 
also achieved from the analysis of aeolian sands from 
different regions of the world, where the degree of 
highest rounding does not necessarily occur in coarser 
grains (e.g., 1–2 mm), but instead mean rounding values 
are relatively higher in finer sand grains (Thomas 1984; 
Khalaf and Gharib 1985).

There is a little variation in the roundness among different 
parts of the barchan, where the sands of the crest and horns 
seem more rounded than other parts of the barchan dunes 
(Fig. 6B). This is because sand grains on the windward side 
are moved by creep or sliding; rolling and grain impacts or 
collisions may be reduced. In the crest lee side and horns, 
fine-medium sand particles are more likely to be moved by 
saltation, involving grain impacts and collisions. Moreover, 
strong winds preferentially sort out more spherical, rounded 
sand grains (Mazzullo et al. 1986) more likely near the crest 
and brink point.

Sphericity  Most workers believe that little fundamental 
modification to sphericity occurs after derivation from the 
source; inherited properties such as internal isotropism are 
thought to dictate the shape. Nonetheless, some dune sand 
shows high roundness parameters than others either because 
of selective sorting or because of actual modification to 
grain shape by environmental processes.

The studied Kharga barchan sands show that c. 85. 
6% are spherical grains to very spherical grains with 
unimodal classes (Table 3 and Fig. 6C). Figure 6C shows 
very little variation in the distribution of the sphericity 
of the grain of different parts of an individual barchan 
dune (dune D2-8). Almost all samples are unimodal 
distribution with similar modal classes (spherical) but 
show a variable percentage of the modal classes (Fig. 6C); 
the percent of the model classes is markedly decreased on 
the crest sample in comparison with other parts of the 
barchan dunes.

Relationship between roundness and sphericity  Figure 6D 
shows a binary relationship between the roundness and 
sphericity of the studied aeolian barchan sand. A strong 
positive correlation (R2 = 0.6395) probably indicates that 
both roundness and sphericity are affected by the same 
environmental conditions. The aeolian shape sorting occurs 
because round and more spherical grains are more readily 
transported by the wind (Richardson 1903). Although, there 
is a distinction between roundness and sphericity (or form) 
as these two attributes of particle shape are independent 
of each other (e.g., Barrett 1980). The roundness of sand 
grains indicates its abrasion history while sphericity 
reflects the environment of deposition (Pettijohn 1957). 
Grain shape (sphericity and roundness) studies reflect the 
degree and intensity of the process of selective sorting and 

Fig. 3   Grain size distribution of the 7 sand samples from three barch-
ans. A Sample UND11-1 (northern part). B Sample D3-6 (central 
part). C Sample P22 (southern part of Kharga dune belt)
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may be used to differentiate depositional environments 
(Griffiths 1967). Generally, the dune sands have high 
sphericity because of selective sorting and selective 
transport by the wind (MacCarthy 1935; Kukal 1971; 
Shepard and Young 1961). On the other hand, Krumbein 
(1941) suggests that roundness itself is not a factor in 
selective sorting but indeed depends on the sphericity of 
transported aeolian sand grains. Kuenen (1960) observed 
that the degree of rounding is directly proportional to 
the size of the grain, degree of primary angularity, and 
speed of the wind. Experimental investigation shows that 
the well-rounded nature of the desert sands is attributed 
to colliding, bouncing, and wearing away of the rough 
irregularities during the transportation by the wind, and the 
spherical sand grains are transported farther by the wind 
than less spherical ones (MacCarthy 1935; MacCarthy and 
Huddle 1938; Mattox 1955; Pandey et al. 1971).

Surface features

The surface features of the sand grains of 12 samples were 
studied using SEM. The examined grains of Kharga sands 
are generally rounded to sub-rounded and some samples 

show sub-angular grains. The common surface features in 
the studied samples include mechanical (percussion pits, 
cracks, and conchoidal fractures) and chemical alteration 
and pedogenesis (diagenesis, chemical dissolution, weath-
ering, and mineral growth) features. Some of these features 
are inherited from the old sedimentation history of the sand 
grains.

Mechanical features include pit (frost surface), disc pit, 
serpentine ridge, and impact scars. Frost surfaces were formed 
by the collision of the aeolian sand grains with each other 
during transportation by wind (saltation) causing the larger 
grains to be eroded by smaller ones (Refaat and Hamdan 
2015). The resultant effect is the formation of many small 
irregular pits forming a frosted surface (Fig. 8A). Continuous 
pitting of the grain surface leads to the formation of larger 
disc-shaped pits which are generally concave pits with a 
diameter of c. 50 µm and a depth of c.10 µm–30 µm (Fig. 8B 
and C). Snake-like ridges are formed when two or more disc-
shaped pits converge (Fig. 8E). The disc shape pits were 
described by Krinsley and Doornkamp (1973) and related 
to the action of transportation by saltation or transport by 
turbulent water. Percussion marks (Folk 1969) are another 
observed mechanical feature, which shows crescentic pits in 

Fig. 4   Scatter diagram of the grain size parameters of Kharga barchan sands. A Mean size versus sorting. B Mean size versus skewness. C Mean 
size versus kurtosis. D Sorting versus skewness
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polished grains (Fig. 8D) and they probably result from the 
collision of the grains during transportation. The presence 
of percussion marks on particles of sand size may be used to 
indicate an aeolian environment (Campbell 1963). Concave 
or dish-shaped surfaces are smooth and younger, in some 
samples even cutting across older conchoidal surfaces (Fig. 8E 
and F). According to Krinsley and Doornkamp (1973), it is 
caused by aeolian fracturing in heavy sandstorms. Similar 
dish-shaped forms are interpreted by Le Ribault (1977) as 
caused by impacts in a torrential environment. Stronger 
chemical alteration of all older conchoidal fracture surfaces 
is indicated by dissolution and precipitation of silica along 
cleavage lines.

Surface features referring to chemical activity include 
corrosion marks, solution grooves and cracks, and coating 
on the surface of quartz grains that refers to chemical 
alteration and pedogenesis (Fig.  8G–L). Corrosion 
marks are represented by protruding contact surfaces and 
solution depressions and upturned plates (Fig. 8G and 
H). With increased chemical weathering quartz grains 
comprise deep angular to rounded pits with diameters of 
up to 40–60 µm (Fig. 8J). Other etching pattern consists 

of stripes or grooves of selective etching along fractures 
(quartz grains) or cleavage lines in feldspar grains (Fig. 8K 
and L). The chemical weathering of quartz grains in an 
arid desert environment was initiated by the large variation 
in temperatures between day and night. The rapid drop in 
temperature at night causes slowly raising the pH value to 
8 or 9 of the dew water. The solubility of quartz increases 
with an increase in pH value.

Four coating types have been recorded in the current 
study; 1—sheet precipitation composed entirely of Si, with 
occasional upturned plates (Fig. 9A). This coating develops 
in response to a permanent moisture deficiency in arid desert 
conditions (Woronko et al. 2017); 2—smoothing grains with 
a thin and minor relief skin composed mainly of Si and less 
Fe (Fig. 9B). Smoothing grains were formed by the desert-
dew cycles that start with micro-scale dissolution by dew 
charged with CO2 in the night. This process is accelerated by 
a soluble layer of disrupted lattice quartz created by aeolian 
abrasion (Mahaney 2002; Besler 2008). Evaporation during 
the day subsequently leads to the redeposition of silica and 
smoothing. The same processes are described by Le Ribault 
(1977), who calls the result amorphization; 3—platy coating 

Fig. 5   Relationship between mean size and sorting of Kharga barch-
ans and barchan sands from other deserts around the World. Taklama-
kan Desert (Zhu 2007); Southwestern Kalahari Desert, Namib Desert 
(Lancaster 1986), Gran Desierto (Lancaster 1981), Algodones Dunes, 
White Sands, Skeleton Coast, Salton Sea, Tunisia, Kelso Dunes, 

Saudi Arabia, Mauritania; Namib Desert (Lancaster 1981); Libya 
Desert, Canning Basin, Australia (Data in Ahlbrandt 1979); Simp-
son Desert (Folk 1971); Simpson Desert (Wasson 1983); Thar Desert 
(Goudie et al. 1973); Sinai Desert (Tsoar 1978; Zhu et al. 2014)
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Fig. 6   A Frequency distribution curve of the average roundness of 
fine and medium grain sizes of the Kharga barchan sands. B Fre-
quency distribution curves of the average roundness of the sand sam-
ples of different parts (crust, mid-slip, base, and horn) of the Kharga 

barchans. C Frequency distribution curves of the average sphericity 
of the sand samples of different parts (crest, mid-slip, base, and horn) 
of the Kharga barchans. D Bi-variant relationship between the round-
ness and sphericity indices of the Kharga barchan sands

Fig. 7   A Ternary diagram 
between VA/A-SA/SR-R/VR. B 
Ternary diagram of light miner-
als quartz, feldspar, and rock 
fragments. C Ternary diagram 
of heavy minerals (stable (S), 
unstable (I), and metamorphic 
mineral grains). D Ternary dia-
gram of heavy minerals (mica 
(MI), stable (S), and metamor-
phic mineral grains)
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(Woronko et al. 2017); a morphology that in most likelihood 
originates under moister conditions generated in association 
with an abundance of clay minerals. The coating is generally 
composed of Si ions, but other elements such as Al, K, and 
Na can also be found (Fig. 9C). These grains originated in 
the floors of Holocene playa lakes in the northern reaches 
of the Sahara region (Woronko et al. 2017). 4—Some grains 
are partially coated by evaporite minerals such as gypsum 
and halite (Fig. 9D).

Mineralogical characteristics

Thirty-one samples of the sand of Kharga barchans have been 
subjected to a detailed mineralogical investigation for their 
light and heavy mineral compositions.

Light minerals

Microscopic investigations of the aeolian sands revealed that 
they are composed mainly of quartz together with feldspars 
and subordinate rock fragments (Table 4 and Fig. 7B).

Quartz is the essential component of the sands of the Kharga 
barchan dunes. Two types of Quartz grains have been identified: 
monocrystalline and polycrystalline quartz. Monocrystalline 
quartz (MQ) constitutes an average value of 74.60% with a 
range from 63.9 to 82.8% (Table 4). Monocrystalline Quartz 
includes three varieties: straight extinction (MS); undulose 
(wavey) extinction (MU); and monocrystalline quartz with 
inclusions (MI) (see. Blatt and Christie 1963; Kasper-Zubillaga 
2009). MS predominates and displays a mean value of 54.62% 
and ranges from 33.8 to 65.5%. MI represents only 6.8% of the 
whole counted light minerals. The monocrystalline quartz with 

Fig. 8   Surface features of the 
studied barchan sands. A Frost 
surface with percussion pits. B, 
C disc-shaped pits. D Polished 
grain with micro-striation and 
percussion pits. E, F Conchoi-
dal fractures. G, H Protruding 
contact surfaces and solution 
depressions and upturned plates. 
I chemically weathered quartz 
grain. J Solution groove. K, L 
Selective etching along cleavage 
lines
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undulose extinction (MU) ranges from 8.4 to 15.5%, averaging 
12.54%. Previous publications recorded the dominance of 
monocrystalline quartz in the aeolian sand of the Western 
Desert of Egypt (Hamdan 1987, 2003; Hamdan and Refaat 
1999; Besler 2000). Composite or polycrystalline quartz grains 
represent the least constituent types of quartz grains with an 
average percentage that varies between 7.5% and 15% (Table 4). 
Table 4 shows also that the aeolian sand of Kharga barchan 
sands contains much quartz with undulose extinction (MU) 
and polycrystalline quartz grains than those in other parts of the 
Western Desert (Hamdan 2003; Besler 2000).

Feldspars range from 3.7 to 11.4% with an average value of 
8.92% (Table 4). K-feldspars (orthoclase and microcline) are 
more common with an average value of 5.17%. Plagioclase 
attains an average value of 3.74% of the whole counted light 
minerals (Table 4). The average feldspar of Kharga barchan 
sands is comparable with those of northern Egypt (Hamdan 
and Refaat 1999) and slightly lower than those of the Great 
Sand Sea (Hamdan 2003; Besler 2008).

Rock fragments percentage is very few in the studied aeo-
lian sands with an average value of 5.55% and represented 
mainly by limestone and shale fragments. Some samples 
contain high contents of rock fragments, e.g., sample UMD 
13 windward that attains c. 32% of the whole counted light 
minerals (Table 4). The counted rock fragments are higher 
than that recorded by Hamdan (2003) in the southwestern 
Western Desert.

Heavy minerals

The heavy mineral assemblage of the sands of Kharga 
barchans consists of three categories: stable minerals (zircon, 
tourmaline, and rutile), metamorphic minerals (garnet, 
andalusite, and staurolite), and unstable minerals (pyroxene, 
epidote, and amphiboles (Fig. 7C). Opaque minerals are not 
counted in this study. Zircon is represented by euhedral 
prismatic colorless grains with less abundant yellow, varying 
between 11.8% (sample UMD12 L. horn) and 41% (sample 

Fig. 9   Coating of quartz grains of Kharga barchan. A Sheet precipita-
tion composed entirely of Si. B Thin and minor relief skin composed 
mainly of Si and less Fe. C Clay coating is generally composed of Si 

ions with other elements such as Al, K, and Na. D Traces of evaporite 
minerals such as gypsum in the coating
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P2-8 base) with an average value of 29.4% of all non-opaque 
heavy minerals. Zircon content is nearly similar to that of 
the aeolian sands of the Great Sand Sea (Hamdan 2003). 
Tourmaline grains vary between 7% (Sample UMD12) and 
26.5% (Sample D3-3) with an average value of 14.39% 
of the total non-opaque heavy mineral content (Table 5). 
Rutile grains range from 4% (sample P2-8 windward) and 
18.7% (sample P2-8 crest), with an average value of 11.5% 
(Table 4). The stable minerals usually constitute the main 
component of the heavy mineral content in both the Nubian 
sandstone bedrock and the ancient aeolian sands (Hamdan 
2003; Besler 2008).

Metamorphic minerals are represented mainly by staurolite 
and garnet with very low percentages of sillimanite. Stauro-
lite grains vary between 3.7% (sample P2-8 crest) and 18.2% 
(sample UMD10-2) with an average value of 11% of the total 
content of non-opaque minerals (Table 5). Garnet ranges from 
3.7% (sample P2-8 left horn) to 7.5% (sample P1-4 wind-
ward), averaging 6.8% (Table 4). Metamorphic mineral grains 
are also abundant in the Nubian sandstone bedrock, but they 
are less abundant in ancient alluvial deposits.

The unstable minerals are represented mainly by epidotes 
and pyroxenes and are less common by amphiboles. Epi-
dote is recorded in most studied samples averaging 5.1% 
and ranging from 2.2% (sample P1-4 windward) to 7% 
(sample P2-8 crest). Pyroxenes and amphiboles are mainly 
represented by augite and hornblende with average values 
of 1.3% and 1.9%, respectively (Table 5). Mica is repre-
sented by biotite and muscovite grains attaining an aver-
age value of 8.2% and varies between 3.5 (P1-4 windward) 
to 17.5% (sample UMD12 left horn). Most of the counted 
mineral grains are plotted close to the corner of the sta-
ble mineral grains of a ternary relationship between mica, 
stable, and metamorphic mineral grains; however, some 
samples contain a considerable amount of either mica or 
metamorphic minerals (Fig. 7D). There is a strong negative 
correlation (R2 = 0.6512) between stable and unstable min-
eral grains (Fig. 10A) and a very weak positive correlation 
(R2 = 0.0899) between metamorphic and unstable mineral 
grains (Fig. 10B).

The ratios of stable to unstable heavy minerals of Kharga 
sands range from 3.53 to 8.72 with a mean value of 5.93% 
for all studied samples compared to less than 2 at most other 
localities in the Western Desert of Egypt (Table 5). The 
ratios of garnet to epidote vary between 1 to 3.47 with an 
average value of 2.6 (Table 5) which is less than the same 
ratios in most other localities in the Western Desert of Egypt.

Geochemical analysis

The major oxides composition of 22 samples of Kharga 
barchan sands is shown in Table 6 and the correlation matrix 
of the major elements is cited in Table 7. SiO2 is the main 

oxide forming the dune sand samples, which ranges from 
50% (sample UND 15) to 93.0% (sample P2-8 windward), 
averaging 73.4% of the whole composition. This value 
seems to be close to the average world value of sandstones 
(Turekian and Wedepohl 1961) and relatively is lower than 
the average SiO2 values of the dune sand of the southwest-
ern Western Desert (85.6%; Hamdan 2003). Table 7 shows 
clearly that there are clear negative correlations between 
SiO2 and most major oxides, which probably indicates differ-
ent sources of the studied aeolian sands. SiO2 is negatively 
correlated with other major elements (Table 7; Fig. 11A), 
probably due to the abundance of SiO2 being controlled by 
the increase in the compositional maturity, where in fact 
the increase in compositional maturity the percentage of 
SiO2 increases and the percentage of other major elements 
decreases.

Fe2O3 vary between 0.63% (sample P2-8 windward) to 
4.21% (sample P21) with an average value of 1.6% (Table 6). 
Fe2O3 shows a strong positive correlation with TiO, and MnO. 
Na2O and CaO (Table 7) and is slightly higher than the world 
value of sandstones (1.38%; Turekian and Wedepohl 1961). 
Generally, iron oxide exists in different forms: (1) a thin hem-
atite coating on the quartz grains as multiple layers of clay 
stained by iron oxides (see Besler 1998); (2) it also fills the 
cavities on the eroded quartz and feldspar grains; (3) as detrital 
opaque grains (e.g., magnetite and ilmenite). The existence of 
ilmenite is indicated by the presence of considerable amounts 
of TiO2 in some samples and their positive correlations with 
Fe2O3 (see Table 7 and Fig. 11B).

Al2O3 is positively correlated with most other major 
oxides except SiO2 (Table 7). It ranges from 0.97 to 15.14% 
with a mean value of 5.43% (Table 6). The average value 
seems a little higher than those of the aeolian sands of the 
Great Sand Sea (4.7%; Hamdan 2003). The positive correla-
tion between the Al2O3, K2O, Fe2O3, and TiO2 in the stud-
ied samples probably indicates that Al2O3 content is related 
to the existence of K-feldspars and detrital biotite grains, 
respectively (Fig. 11C and D).

Homogeneity of Kharga dune field

Textural homogeneity

The homogeneity of the sands of the Kharga dune field has 
been tested using the variation of the textural parameters 
(grain size, grain shape, and surface features) of the barchan 
sands in the north–south direction. Theoretical and empiri-
cal studies have shown that grain-size distributions of aeolian 
sand deposits change along their transport paths (McLaren 
1981; Lancaster 1995; Pye and Tsoar 2009). For example, par-
abolic dune fields show a gradual and slight decrease in parti-
cle-size means with downwind distance due to the winnowing 
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Fig. 10   A scattered diagram of 
the stable mineral grains versus 
unstable minerals of the Kharga 
barchan sands. B Unstable min-
eral grains versus metamorphic 
minerals of the Kharga barchan 
sands

Table 7   Correlation matrix of 
Kharga barchan sands

Numbers in bold refer to highest correlation elment oxides

SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 SO3

SiO2 1
TiO2  − 0.71 1.00
Al2O3  − 0.90 0.62 1.00
Fe2O3  − 0.76 0.83 0.85 1.00
MnO  − 0.71 0.94 0.62 0.84 1.00
MgO  − 0.86 0.60 0.91 0.69 0.56 1.00
Cao  − 0.86 0.56 0.60 0.44 0.56 0.67 1.00
Na2O  − 0.40 0.39 0.66 0.71 0.41 0.47  − 0.08 1.00
K2O  − 0.78 0.77 0.90 0.96 0.77 0.79 0.44 0.79 1.00
P2O5  − 0.66 0.59 0.71 0.78 0.71 0.52 0.41 0.61 0.75 1.00
SO3  − 0.68 0.62 0.51 0.51 0.55 0.52 0.73 0.08 0.50 0.24 1.00
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of coarse sands (Roskin et al. 2014), no significant trends have 
been indicated for active linear dunes (Lancaster 1995), and 
almost no published data for barchan dunes. In the present 
study, there is a gradual and slight increase in the mean size 
from the north to south direction (Fig. 12A), and there no 

significant trends have been identified in the sorting of the 
Kharga sands (Fig. 12B). We conclude that the north–south 
coarsening trend of the Kharga barchan belt is related to the 
contribution of coarse sand grains from the Nubian sandstone 
which is well exposed in the middle and southern part of the 

Fig. 11   Scattered diagram of the major oxides of the Kharga barchan sands. A SiO2 versus Al2O3. B Al2O3 versus Fe2O3. C Fe2O3 versus TiO. D 
MgO versus CaO

Fig. 12   Textural variation (from 
north to south) along Kharga 
barchan field. A Variation of 
mean size (Mz). B Variation of 
sorting
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Fig. 13   Variation of roundness (from north to south) along Kharga barchan field. A Variation of roundness index (ρ). B Variation of SA/SR 
ratios. Samples as in Table 3
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Fig. 14   Variation of mineral-
ogy (from north to south) of 
the Kharga barchan sands. A 
Variation of stable minerals. 
B variation in metamorphic 
mineral grains. C Variation in 
unstable minerals. Samples as 
in Table 6

Table 8   Grain size 
characteristics of the proposed 
sources of Kharga barchan 
sands

Proposed source Age MZ Sorting Skewness Kurtosis

Nubian sandstone U. Cretaceous 0.99 1.21  − 0.06 0.52 Hamdan et al. 2015
Moghra sandstone L. Miocene 2.22 0.66 0.12 0.56 Hamdan et al. 2015
Alluvial sand Pleistocene 2.25 1.64 0.71 1.80 Hamdan 1987
Ancient dune Pleistocene 1.83 0.72 0.05 0.96 Current work
Playa Holocene 3.13 1.98 0.51 2.67 Current work
Nile sands Pleistocene Holocene 2.7 2 1.7 1.7 Hamdan et al. 2019

Fig. 15   Scattered diagram of 
average sorting versus the aver-
age mean size of the Kharga 
barchan sand and proposed 
sources in the Western Desert 
of Egypt
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Kharga Depression (Fig. 1). We also believe that the grain 
size fractionation (Roskin et al. 2014) has little influence on 
the grain size homogeneity of the Kharga barchan belt, where 
the fine sand fraction increases southward parallel to the wind 
direction. This is reflected in the high skewness values in 
the samples of the middle and southern parts of the Kharga 
Depression (see Table 1). Figure 13A shows the variation in 
the roundness index (ρ) of the studied aeolian sand grains with 
a distance from north to south direction. The values of the 
roundness index (ρ) are relatively homogeneous and slightly 
decrease (more angular) in the samples of the middle and 
southern parts of the Kharga barchan belt, while the sand in 
the northern part of the Kharga Depression show a variable 
roundness index and is relatively high (ρ). The change from 
better to less rounded sands is recorded at c. 50 km from the 
northern escarpment corresponding to the exposure of Nubian 
sandstone (Figs. 1 and 13A). The SA/AR ratios of the stud-
ied sands are also high in the middle and southern parts of 
the Kharga depression in comparison to the samples of the 
Northern part (Fig. 13B).

Mineralogical homogeneity

A considerable variation in the stable and metamorphic min-
eral grains has been noticed in a trend parallel to the prevailing 
wind (Fig. 14A and B). The percent of the stable mineral grains 
shows a slight decrease southward while there is a significant 
increase in the metamorphic mineral grains in the samples of 
the middle and southern parts of the depression (Fig. 14A). 
We believe that the slight decrease in the stable minerals is 
probably related to the remarkable increase of metamorphic 
minerals grains and mica (Table 5). Nonetheless, the increase 
of metamorphic grains in dune sands of the middle and south-
ern parts of the depression is related to the contribution from 
Nubian sand sources which are characterized by a high per-
cent of metamorphic mineral grains (Shukri and Ayouty 1953). 
Unstable minerals grains show no significant trend from the 
north to south direction (Fig. 14C).

Geochemical homogeneity

The major elements of the Kharga barchan sand show 
no significant trend from the north to the south direction 
of the dune field. However, the CaO, Al2O3, and alkali 
oxides (K2O, Na2O) display a significant distribution in the 
Kharga dune field. which is controlled by the exposure of 
the bedrock on the floor of the depression. High CaO con-
tent reflects the abundance of carbonate sand grains in the 
barchan sand samples near the upper Cretaceous Tarawan 
chalk exposures (see Fig. 1, Table 6). On the other hand, 
the high content of Al2O3 and alkali oxides is related to the 
existence of shale flakes in the sand samples near the Upper 
Cretaceous Dakhla shale exposures (see Fig. 1, Table 6). Ta
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Some sand samples show high contents of CaO and Na2O 
along with SO4 probably related to the existence of evaporite 
grains such as gypsum (CaSO4) and halite (NaCl). The sand 
of these samples is likely subjected to high evaporation and 
a relatively higher level of groundwater close to the newly 
reclaimed fields.

The provenance of the sands of Kharga 
barchan dunes

Texture proxy

The Kharga barchan sands are mainly medium to fine-
grained (average Mz is 2.11 Ф), which is similar to the 
mean size of the sands of the dune belt in northern Egypt 
(El Gammal and Cherif 2006; Embabi et al. 2012) and at 
Toshka to the south (Hamdan et al. 2015). The measured 

mean size of the Kharga sands is coarser than other dune 
sands of the Western Desert. This probably indicates that 
both Toshka and Abu Muharak dunes belong to the same 
source on one hand but differ from the sources of other dune 
sands of the Western Desert, of Egypt. There are at least six 
proposed sources of the sands of the Abu Muharak barch-
ans in the Kharga Depression; these are Upper Cretaceous 
Nubian sandstone, Lower Miocene fluvio-marine Moghra 
sandstone, Pleistocene fluvial sand, ancient (Pleistocene) 
dunes, Holocene alluvial and lacustrine (playa) sands, and 
Nile sediments. All these proposed sources are existed in 
the Western Desert in general and in Kharga Depression in 
particular, except the Moghra sandstone which is exposed 
in the northern part of the Western Desert while the Nile 
sediments exist on the high terrace along the Nile Valley 
and Nile Delta. There are several differences in the average 
grain size parameters of the sands of these proposed sources 
(Table 8). The early Miocene Moghra sands in northern 

Fig. 16   A Scattered diagram 
of stable mineral grains versus 
metamorphic mineral grains of 
the Kharga barchan sands and 
proposed source of the Western 
Desert of Egypt. B Stable/
unstable ration versus garnet/
epidote of the Kharga barchan 
sands and the proposed sources 
of Western Desert of Egypt
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Egypt are characterized by fine sand grain size (Mz = 2.22 
Φ), well-rounded quartz grains, better sorted (σ = 0.6 Φ), and 
the existence of thick shale layers (Hassan et al. 2012). The 
Nubian sandstone, on the other hand, consists of angular to 
subangular, coarse-grained sand (Mz = 0.99 Φ), worse sort-
ing (σ = 1.21 Φ) with abundant conglomeratic layers, and a 
lack of shale layers.

Figure 15 is a scatter diagram of the average mean size 
and sorting of the Kharga barchan sands and the proposed 
sources. The studied barchan samples are plotted with the 
Moghra sandstone, ancient (Pleistocene) dune sands in one 
field, and the average values of the Pleistocene alluvial sand 
and Holocene playa sands in the near field. On the other 
hand, the average values of the Nubian sandstone samples 
are plotted far from the Kharga barchan sands. Thus, the 
Moghra sandstone was most likely the main source of Abu 
Muharak dune belts. Nevertheless, the relatively coarser 
mean size of the Kharga sands, as well as low mean round-
ness, probably indicates that the Nubian sandstone, alluvial 
sand, and the playa sand, probably contribute, as a second-
ary source, to the sand of the Abu Muharak dune field in the 
Kharga Depression.

Mineralogical proxy

Table 9 shows the heavy mineral assemblages of the sam-
ples of the proposed sources; the Nubian sandstone is char-
acterized by a high content of metamorphic mineral grains 
while those of Moghra have a high amount of stable and 
unstable mineral grains. The Nile sediments are very rich 
in unstable minerals grains (Shukri 1950a, b). Pleistocene 
sands (alluvial, aeolian) and Holocene playa are rich in 
stable heavy mineral grains (Table 9). The mineralogical 
composition of the studied aeolian sands is represented by 
quartz, opaque minerals, stable heavy minerals, metamor-
phic minerals, and unstable minerals. They also contain a 
considerable amount of wavy and polycrystalline quartz 
grains which are existed in the Nubian Sandstone (Shukri 
and Ayouty 1953). The bi-variant relationship between the 
stable minerals and the metamorphic minerals of the stud-
ied aeolian sand along with the proposed sources is given 
in Fig. 16A. The Kharga barchan sand is plotted in one 
field along with the samples of the Pleistocene dune sand 
and alluvial sand and not so far from the Moghra samples 
(Fig. 16A). The stable/unstable heavy minerals versus gar-
net/epidote ratios of the Kharga sand sediments and their 
proposed sources are given in Fig. 16B. The Kharga dune 
samples are enriched in stable minerals, and they are plotted 

in an area close to samples of late Pleistocene dune sand 
and Holocene playa sand. They are also plotted in a field 
nearer to the Moghra sandstone than the Nubian sand field. 
This also indicates that the source of the Kharga aeolian 
sand is mainly Moghra sandstone with contributions from 
ancient dune and alluvial sands.

History of Kharga barchan sands

The history of the aeolian sand includes three stages (Aufrére 
(1934): (1) formation of sedimentary basin; (2) transporta-
tion and accumulation of alluvial deposits, and (3) formation 
of dune sands by reworking of the alluvial deposits by wind 
action. Accordingly, most authors agree that alluvial fans of 
large endorheic stream systems are a source of aeolian sands 
(Besler 2008). In the case of Abu Muharak dunes (Fig. 17), 
the sedimentary basin was formed by tectonic and climatic 
conditions since the Late Eocene, when the Mediterranean 
Sea retreated northward, and the Red Sea rift emerged in 
Oligo-Miocene time (Hamdan and Hassan 2020). Conse-
quently, there was major uplift in Eastern Egypt and huge 
Red Sea mountains and plateaus were formed on several 
pulses. During Tertiary, Egypt has drained several major 
drainage systems, (Issawi and McCauley 1993; Ghoneim and 
El-Baz 2007). Among these rivers, the Gilf system (c. 40 to 
24 million years) consisted of rivers that formed on the flanks 
of the Red Sea region and extended in a northwest direction. 
The deposits of these rivers are represented by the deltaic and 
alluvial deposits in northern Egypt at Siwa, Qattara (Moghra 
sandstone), and Faiyum (Qattrani and Gebel El Khasab for-
mations) as well as alluvial deposits exposed in different 
parts of the Western Desert, e.g., Radar rivers and inverted 
wadis (McCauley et al. 1982, 1986). The abovementioned 
alluvial stages are inherited in the mineralogy and surface 
features of the modern barchan sands by the abundance of 
conchoidal fractures in the aeolian grains (Fig. 17).

The advent of early Pleistocene arid conditions led to the 
deflation of the sediments of the Radar River into a vast 
flat sand sheet in southwest Egypt and northwest Sudan 
(Maxwell and Haynes 2001). The middle Pleistocene humid 
condition leads to the formation of the alluvial deposits 
(inverted Wadis; Giegengack and Zaki 2017) and the forma-
tion of huge playa lakes (Middle Paleolithic playa; Hamdan 
and Hassan 2020) on the depressions previously formed by 
the abovementioned rivers. During late Pleistocene hyper-
arid conditions, at least two generations of aeolian sand 
accumulation were recorded in the Western Desert (i.e., 
65 to 20 ka and 13,000 BP). The abundance of intensive 
chemical weathering surface features and conchoidal frac-
tures in the grains of the Kharga barchan sands reflect the 
complex alluviation history of the Western Desert of Egypt 
(see Fig. 9; Fig. 17).

Fig. 17   Schematic diagram demonstrating the possible sources of the 
aeolian dune sand at Kharga Depression. The Mid-Tertiary map is 
modified after (Hamdan and Hassan 2020); Pleistocene and Holocene 
stages are modified after Hamdan et al. 2015

◂
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Under the early Holocene (11 − 7 ka BP) humid climate, 
the late Pleistocene dunes were stabilized as indicated by 
the existence of paleosol and vegetation remains (Besler 
1998). Moreover, the surface slope sediments of the weath-
ered Nubian sandstone were reworked into playa lakes and 
alluvial channels. During that time, a branch of the river Nile 
passed through the Kharga Depression and deposited chan-
nel and flood plain sediments (El-Baz 1998). The lacustrine 
playa environment is reflected in the surface of the Kharga 
barchan sand as reddening and clay coating (see Fig. 9). 
The late Holocene arid and hyper-arid climate in the West-
ern Desert of Egypt started c. 4500 BP (Kuper 2006) and 
led to the formation of the modern active dune sand in the 
whole Western Desert including the Kharga Depression. The 
major parts of the Abu Muharak dune belt were derived from 
Moghra Formation in the northern Depression, e.g., Qattara 
with contributions from local sources such as alluvial and 
ancient dunes as well as weathered Nubian sandstone. These 
contributions are evidenced by (a) the increase in mean grain 
size and percentages of angular grains, probably inherited 
from contribution from Holocene alluvial sediments; (b) the 
increase in proportions of the stable mineral quartz, espe-
cially single grains with unit extinction; accompanied by 
a decrease in those of the less stable minerals; and (c) the 
nature and distribution of the heavy-mineral assemblage 
present which shows a marked abundance of stable heavy 
minerals with some pyroxene, which contributed from the 
Holocene Nile sediment terraces in Kharga barchan sands.

Conclusions

The grain size, roundness, sphericity, and surface features 
of the barchan sands were studied. The mean of Kharga 
barchan sands varies between 1.61 to 2.51 Φ with an aver-
age value of 2.11 Φ and the sands of the crest and mid-slip 
are always finer and better sorted than other barchan sands. 
The Kharga barchan sands are characterized by round to 
subrounded, and spherical grains. Little differences were 
noticed in the roundness characteristics between the sands 
of the different dune types of the same size. Nevertheless, 
there is a significant variation in the roundness parameters of 
the size fraction; the mean roundness value decreases with 
the decrease in grain size, i.e., the roundness characteristics 
of the Kharga sands are controlled to a great extent by their 
grain size. SEM examination of the barchan sands exhibits 
surface features that are related to mechanical and chemi-
cal processes that are mostly inherited from the previous 
paleoenvironments of the source sands.

There is a little variation in the sand’s texture, mineral-
ogy, and geochemistry from north to south of the Kharga 
dune field. The mean size of the barchan sands is a little 
coarse, with worse sorting and strong positive skewed in the 

central and southern parts of the dune field. The roundness 
and sphericity of the barchan sands of the northern part of 
the dune field are much better than those of the southern 
portion. The sands of the central and southern portions of 
the Kharga dune field are enriched in metamorphic mineral 
grains than the other parts. The Kharga dune field is geo-
chemically homogeneous except for some samples which 
have a higher percent of CaO and Al2O3 referring to contri-
bution from local limestone and shale, respectively.

Textural, mineralogical, and chemical proxies of the 
Kharga dunes indicate that the Lower Miocene Moghra sand-
stone is the main provenance of the Abu Muharak dune belt 
with a contribution of local sources such as alluvial deposits, 
ancient dunes, and weathered Nubian sandstone, particularly 
in the Kharga Depression. Sands were derived mainly from 
older (late Pleistocene) dune sand to the north of the study 
area. The older dune sands were previously sourced from the 
Nubian sandstone through the complex history of alluviation 
and wind deflation corresponding to alternating humid and 
arid climatic conditions since the late Tertiary. Contribution 
from local sources in the Kharga Depression added several 
textural and mineralogical elements.
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