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Abstract. A significant geographical feature in Qatar is
represented by aeolian sand dunes, which cover approxi-
mately 12 % of the country’s total surface area and are well-
developed in the southern region. This study aims to en-
hance our understanding of Qatari sand dunes by investi-
gating their textural parameters, chemical composition, min-
eralogy, potential sources of sediment, and transportation
mechanisms. To assess the physical and chemical character-
istics of the sand dunes being examined, various experimen-
tal techniques were employed, including grain size analyses,
X-ray fluorescence, X-ray diffraction, scanning electron mi-
croscopy, and energy dispersive spectrometry. The analysis
of the studied sand dunes indicates a combination of cal-
careous and siliceous materials. These dunes predominantly
consist of quartz, protoenststite, calcite, and feldspar miner-
als, with clay minerals being relatively scarce. The chemical
composition of the sand samples shows high levels of sili-
con oxide, significant concentrations of calcium, magnesium,
and aluminum oxides, along with smaller amounts of iron,
chlorine, potassium, and sulfur oxides. Furthermore, trace
elements such as titanium, strontium, chromium, and scan-
dium oxides were found in negligible quantities. Based on
the physical and chemical properties observed in the studied
sand dunes, it can be inferred that they originate from the
Mesopotamian plain, Zagros Mountains, and the calcareous
coast of the Arabian Gulf are likely of aeolian origin. The
findings derived from our examination of Qatari sand dunes
have been compared with published data from the Arabian
deserts situated along the Mediterranean Sea. The primary
objective of this comparative analysis is to highlight both the
common features and distinctive variations in their composi-
tion and origins. This comparative assessment suggests that

Qatari sand dunes exhibit lower maturity levels in terms of
silicon content and may have an origin distinct from those in
the Mediterranean region.

1 Introduction

Qatar is located on the eastern portion of the stable shelf of
the Arabian Plate. The country’s landmass is formed by a ma-
jor regional NNE-SSW anticline known as the Qatar-South
Fars Arch (Rao et al., 2001), which is bounded by the fold-
thrust Zagros Belt towards the north (Powers et al., 1966;
Boukhary, 1985; Alsharhan and Nairn, 1995; Al-Saad and
Ibrahim, 2002). The surface of Qatar is mostly characterized
by low to moderate relief, with the highest elevations mea-
suring 103 m above sea level located in the southern western
part of the peninsula (Scheibert et al., 2005).

The surface area of Qatar is mainly covered by Lower
Eocene to Pleistocene limestones and dolostones, interbed-
ded with marls, shales, clays, and gypsum (Al-Yousef, 2003;
Al-Saad, 2005). The country also has exposures of Upper
Miocene to Pliocene clastics (continental gravel and sandy
conglomerate), as well as aeolian sand dunes, sand sheets,
sabkha, and beach deposits of Pleistocene to Holocene age.
The supratidal to intertidal sabkha and beach deposits are lo-
cated along the coastal zone.

Aeolian sand dunes are the most significant topographic
feature in Qatar, covering approximately 12 % of the coun-
try’s total surface area. They are primarily formed by the ac-
tion of the long-term regional NW Shamal wind and are well-
developed in the southern part of the country (Michel et al.,
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2018; Engel et al., 2018). Isolated barchan dunes are the most
common type of aeolian sand dunes in Qatar, although other
types such as compound barchans, longitudinal and trans-
verse dunes also occur (Ashour, 1985; Embabi and Ashour,
1993). A number of studies have been published on Qatari
sand dunes, including research on the physical, chemical and
spectral characteristics of these dunes (Ashour, 1985; Em-
babi and Ashour, 1993; Sadiq and Howari, 2009; Al-Ansary
et al., 2012; Sankaran et al., 2022).

The Arabian deserts along the Mediterranean region dis-
play a notable geological phenomenon in the shape of
sand dunes. These dunes are a product of intricate interac-
tions among geological, meteorological, and climatic factors,
which significantly influence their physicochemical charac-
teristics.The objective of this study is to provide a better un-
derstanding of Qatari sand dunes by examining their textural
parameters, chemical composition, mineralogy, possible sed-
iment source, and mode of transportation.

The findings arising from the study of Qatari sand dunes
will be juxtaposed with comparable data from the Arabian
deserts adjacent to the Mediterranean Sea. The primary ob-
jective of this comparison is to underscore both the common-
alities and distinctions in their composition and origin.

2 Materials and Methods

2.1 Material Description

For this study, a total of thirty-five sand samples were col-
lected from two locations (A and B) during two field trips
(Fig. 1). The samples were collected from five different sand
dunes in the southern region of Qatar, with sampling con-
ducted across different parts of the dunes, including the tails,
middle, and crest of both the windward and leeward sides.
Area A yielded sixteen samples, consisting of eight from a
long dune (AL) and eight from a short dune (AS). Mean-
while, area B provided nineteen samples, with eight from a
long dune (BL), eight from a short dune (BS), and three from
a dune located directly along the coast (BC) (Table 1). All
collected sand samples were analyzed in certified laborato-
ries at Qatar University.

Data pertaining to sand dunes in the Arabian deserts within
the Mediterranean region has been acquired from the avail-
able literature. These data were mainly obtained from El-
Oued region, northeast Sahara of Algeria and Erfoud area,
southeastern of Morocco (Fig. 1) (Meftah and Hani, 2022;
Meftah et al., 2021; Meftah and Mahboub, 2020; Adnani et
al., 2016; Kabiri et al., 2003).

2.1.1 Analytical Methods

The physical and chemical characteristics of the sand dunes
under study were assessed using several experimental tech-
niques, including grain size analyses, X-ray fluorescence

Figure 1. (a) Location map of the studied areas in Qatar (area A and
area B); (b) Long (AL) and short (AS) dunes in area A; (c) Long
(BL), short (BS) and costal (BC) dunes in area B; (d) Location map
of El-Qued region, Algeria, and Erfoud area, Morocco. Satellite
images courtesy of The Centre for GIS, Ministry of Municipality,
Qatar.
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Table 1. Distribution of the studied sand samples from Area A and Area B.

Area A Area A Area B Area B Area B
(Long dune (Short dune (Long dune (Short dune (Coast dune

sample #) sample #) sample #) sample #) sample #)

Winward

Crest 2 10 18 26 33
Middle 1 9 17 25
Tail 6, 8 14, 16 22, 24 30, 32

Leeward

Crest 3 11 19 27 34
Middle 4 12 20 28 35
Tail 5, 7 13, 15 21, 23 29, 31

(XRF), X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM with energy dispersive spectrometry (EDS).

To determine the grain size distribution of the sand sam-
ples, thirty-five of them were analyzed using the Mastersizer
3000 analyzer manufactured by Malvern Panalytical. This
compact optical system employs laser diffraction to measure
particle size distribution ranging from 10 nm to 3500 µm,
which is expressed in a set of size classes optimized to match
the detector geometry and optical configuration, offering the
best resolution. Prior to the analysis, the samples were dried
in an oven at approximately 60◦ for 24 h and homogenized.
A mass of 20 mg was selected from each sample.

To analyze the elemental composition of the sand samples,
XRF analysis was performed using the Bruker S2 PUMA
X-ray spectrometer. The Energy dispersive X-ray Fluores-
cence (EDXRF) spectroscopy technique was employed for
qualitative and quantitative determination of the chemical el-
ements. This device features a state-of-the-art HighSense de-
tector and is powered by SPECTRA ELEMENTS software
for elemental identification. The XRF analysis was able to
detect element concentration ranging from parts per million
(ppm) up to 100 % for all element masses starting from mag-
nesium (Mg) up to uranium (U). Prior to the analysis, the
samples were powdered and homogenized, and 10 gm from
each sample was used.

To analyze the mineralogical composition of the sand sam-
ples, XRD analysis was carried out using the Empyrean XRD
(PANalytical–EMPYREAN) device, which scanned the sam-
ples at a range between 5◦

≤ 2θ ≤ 90◦ with an increment
of 0.01313◦. This device employed detector anode materi-
als, Cu-Ka, with radiation of 1.5425 Å. Highscore Plus ver-
sion 4.5 software was used to interpret the data, which relied
on Inorganic Crystal Structure Database (ICSD) and Inter-
national Centre for Diffraction Data (ICDD) as a database
library. Prior to the analysis, the sand samples were finely
ground, homogenized, and the average bulk composition was
determined.

The morphology and chemical composition of eleven rep-
resentative sand samples were analyzed using the NOVA
NANOSEM 450 instrument, which had a voltage capabil-
ity ranging from 200 V to 30 kV and was equipped with an
energy dispersive spectrometer (EDS) detector. Prior to the
analysis, the samples were dried in an oven at approximately
60◦ for 24 h to remove humidity and then coated with a thin
film of gold to enhance the interaction between the electron
beam and the samples.

3 Results

3.1 Sand dunes of Southeastern Qatar

The sand samples obtained from both area A and area B ex-
hibited a strikingly similar granulometry, chemical, and min-
eralogical composition. As a result, their characterizations
were performed together. Any disparities that may exist in
these properties will be highlighted and discussed in detail.

3.1.1 Grain size analysis

Grain size analysis was conducted on thirty-five samples.
The resulting grain size data were presented in the form of
histograms (Fig. 2). For each sample, five statistical param-
eters were calculated from the grain size distribution data,
namely: the median (md), the graphic mean (Mz), the in-
clusive graphic standard deviation (σI), the inclusive graphic
skewness (SkI), and the graphic kurtosis (KG). These param-
eters were then classified according to the limits provided by
Folk and Ward (1957). The grain size parameters obtained
for the sand size fraction of the studied sediments are re-
ported in Table 2.

Histograms

The dune sands in both areas are entirely composed of sand-
sized grains. Histograms were constructed to display the me-
chanical composition of these grains. The histograms reveal
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Table 2. Grain size parameters for the studied sand samples.

Area A, Long Dune (LS)

Sample No. 1 2 3 4 5 6 7 8

KG 0.95 0.94 0.94 0.95 1 0.96 0.94 1
Mesokurtic Mesokurtic Mesokurtic Mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic

SkI 0.01 0.05 0.03 0.01 0.13 0.16 0.04 0.13
Near
symmetrical

Near
symmetrical

Near
symmetrical

Near
symmetrical

fine skewed fine skewed near
symmterical

fine skewed

σI 0.47 0.55 0.55 0.47 0.62 0.79 0.46 0.66
Well sorted moderately

well sorted
moderately
well sorted

well sorted moderately
well sorted

moderately
sorted

well sorted moderately
well sorted

Mz 1.81 1.84 1.82 2.08 1.33 1.56 1.17 1.5
Medimum
grained

Medimum
grained

Medimum
grained

fine grained medium
grained

medium
grained

medium
grained

medium
grained

Md 1.36 1.375 1.36 1.56 0.755 0.98 0.62 0.95

Area A, Short Dune (AS)

Sample No. 9 10 11 12 13 14 15 16

KG 0.94 0.95 0.94 0.95 0.93 0.93 0.94 0.94
mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic

SkI 0.02 0.01 0.02 0.01 0.03 0.02 0.04 0.01
near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

σI 0.46 0.48 0.52 0.48 0.46 0.52 0.37 0.55
well sorted well sorted moderately

well sorted
well sorted well sorted moderately

well sorted
well sorted moderately

well sorted

Mz 1.89 2.1 2.12 2.07 1.86 1.95 1.35 2
medium
grained

fine grained fine grained fine grained medium
grained

medium
grained

medium
grained

fine grained

Md 1.43 1.58 1.59 1.55 1.4 1.47 1.42 1.5

Area B, Long Dune (BL)

Sample No. 17 18 19 20 21 22 23 24

KG 0.98 0.95 0.96 0.94 0.95 0.95 0.97 0.95
mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic

SkI −0.06 −0.02 −0.05 0.03 −0.03 0 −0.11 −0.02
near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

coarse
skewed

near
symmterical

σI 0.6 0.57 0.62 0.55 0.56 0.52 0.73 0.6
moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
sorted

moderately
well sorted

Mz 2.13 2.16 2.17 1.61 2.13 2.2 1.93 1.95
fine grained fine grained fine grained medium

grained
fine grained fine grained medium

grained
medium
grained

Md 1.6 1.64 1.65 1.14 1.6 1.655 1.45 1.46
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Table 2. Continued.

Area B, Short Dune (BS)

Sample No. 25 26 27 28 29 30 31 32

KG 0.94 0.95 0.95 0.95 0.94 0.98 0.95 0.97
mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic mesokurtic

SkI −0.02 0.07 −0.01 0 0.01 −0.08 −0.02 −0.09
near
symmetrical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

near
symmterical

σI 0.61 0.6 0.58 0.56 0.63 0.69 0.57 0.72
moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
well sorted

moderately
sorted

Mz 2.04 1.67 2.01 1.88 1.89 2.08 1.98 1.91
fine grained medium

grained
fine grained medium

grained
medium
grained

fine grained medium
grained

medium
grained

Md 1.54 1.19 1.51 1.41 1.41 1.58 1.49 1.44

Area B, Coastal Dune (BC)

Sample No. 33 34 35

KG 0.9 0.88 0.9
mesokurtic playtykurtic mesokurtic

SkI 0 0.03 0.03
near
symmterical

near
symmterical

near
symmterical

σI 0.83 0.88 0.83
moderately
sorted

moderately
sorted

moderately
sorted

Mz 1.82 1.69 1.75
medium
grained

medium
grained

medium
grained

Md 1.38 1.19 1.25

unimodal distributions where the modal class falls into the
fine and medium sand grades (Fig. 2).

Average size

The average size of the sand grains is determined using vari-
ous statistical parameters. The simplest ones are the median
and mean. For area A, the median diameter of the sand grains
ranges from 0.62 to 1.59∅ (medium to coarse) with an aver-
age of 1.31∅ (medium). In contrast, for area B, the median
diameter ranges from 1.14 to 1.66∅ (medium) with an av-
erage of 1.49∅ (medium). The graphic mean size (Mz) for
area A ranges from 1.17 to 2.12∅ (fine to medium) with an
average of 1.78∅ (medium). Around 31.25 % of the samples
have fine grains, while 68.75 % have medium grains. In area
B, the graphic mean size ranges from 1.61 to 2.20∅ (fine to
medium) with an average of 1.98∅ (medium). Half of the
samples have fine grains, while the other half have medium
grains.

Standard deviation

In area A, the standard deviation values range from 0.37 to
0.79 ∅ (well-sorted to moderately sorted) with an average
of 0.53 ∅ (moderately well-sorted). Around 6.25 % of the
samples are moderately sorted, 43.75 % are moderately well-
sorted, and 50 % are well-sorted. In contrast, for area B, the
standard deviation values range from 0.52 to 0.73∅ (mod-
erately well-sorted to moderately sorted) with an average of
0.61∅ (moderately well-sorted). Around 12.5 % of the sam-
ples are moderately sorted, while 87.50 % are moderately
well-sorted.

Skewness

In area A, the skewness values range from 0.01∅ (nearly
symmetric) to 0.16∅ (fine-skewed) with an average of
0.04∅ (nearly symmetric). About 81.25 % of the samples
are nearly symmetric, while 18.75 % are fine-skewed. On the
other hand, all the samples from area B are nearly symmetric,
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Figure 2. Histograms of grain size distribution for area A (1–16)
and area B (17–35) sand samples showing a unimodal distribution.

with skewness values ranging from −0.10 to 0.07∅ (nearly
symmetric) and an average of −0.025∅ (nearly symmetric).

Kurtosis

For area A, kurtosis ranges from 0.93 to 1.00∅ (mesokurtic)
with an average of 0.95∅ (mesokurtic). Similarly, for area B,
kurtosis values range from 0.94 to 0.98∅ (mesokurtic) with
an average of 0.96∅ (mesokurtic).

3.1.2 Chemical Composition by X-Ray Fluorescence
(XRF)

The XRF measurements reveal the chemical composition of
the studied sand samples. The most abundant component
in the samples is silicon oxide, which accounts for 58.1 %
to 74.5 % of the total composition in area A and 63.7 %
to 74.9 % in area B, with average values of 74.50 % and
74.90 %, respectively (Fig. 3).

Calcium oxide is the second most abundant component,
making up 26.3 % of the total composition in area A and
15.0 % in area B, with average values of 18.3 % and 13.2 %,
respectively.

Magnesium oxide is the third most abundant component,
accounting for 17.80 % of the total composition in area A
with an average of 7.90 %, and ranging from 1.50 % to
10.90 % in area B, with an average of 6.50 %.

Aluminum oxide is also present in significant amounts,
ranging from 5.40 % to 8.90 % in area A and 6.40 % to
9.60 % in area B, with average values of 7.10 % and 6.50 %,
respectively.

The sand samples from both areas contain low levels of
other components, including Iron, Chlorine, Potassium, and
Sulfur oxides, with maximum recorded values of 1.90 %,
1.30 %, 1.10 %, and 1.00 %, respectively. Traces of Ti, Sr, Cr,
and Sc oxides are also detected, with the maximum recorded
value of 0.6 % for Ti oxide in area A.

3.1.3 Mineralogical Composition by X-Ray Diffraction
(XRD)

XRD investigation reveals that the sand samples are mainly
composed of four minerals: Quartz, Protoenstatite, Calcite,
and Feldspar (orthoclase and anorthoclase) (Figs. 4 and 5).

Quartz is the most abundant component, ranging from
49.00 % to 90.00 % in area A and 52.00 % to 88.00 % in area
B, with average values of 70.63 % and 73.31 %, respectively
(Figs. 4 and 5).

Protoenstatite makes up to 29.00 % of the total composi-
tion in area A and up to 32 % in area B, with average values
of 20.50 % and 15.83 %, respectively (Figs. 4 and 5a).

Calcite ranges from 7.00 % to 26.00 % in area A and from
7.00 % to 18.00 % in area B, with average values of 17.50 %
and 11.69 %, respectively (Figs. 4 and 5).

Both orthoclase and anorthoclase feldspars are present in
the sand samples. Orthoclase makes up to 10.00 % of the to-
tal composition in area A with an average of 6.50 %, and in
area B, it ranges from 3.00 % to 24.00 %, with an average of
11.50 % (Figs. 4 and 5c). Anorthoclase makes up to 20.00 %
of the total composition in area A with an average of 8.64 %,
and in area B, it ranges from 3.00 % to 35.00 %, with an av-
erage of 16.50 % (Figs. 4 and 5b, d).

Gypsum is only detected in the three sand samples col-
lected from a sand dune near the coast (BC), with a maxi-
mum recorded value of 8.00 % (Figs. 4 and 5d).
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Figure 3. XRF analysis showing the elemental oxides forming the studied sand samples.

Figure 4. XRD analysis showing the major rock-forming minerals of the studied sand samples. Quartz is the dominating mineral followed
by protoenstatite, calcite and feldspar minerals. Gypsum is present only in costal sand samples (33–35).

3.1.4 Morphology and Chemical Composition by
Scanning Electron Microscopy with Energy
Dispersive Spectrometry (SEM-EDS)

Enlarged images captured through SEM analysis revealed
the morphology and texture of the sand samples under study
(Figs. 6 and 7). When observed at lower magnifications, the
constituent grains exhibited a range of shapes, ranging from
angular to well-rounded with varying sphericity. Approxi-
mately 35 % of the grains were categorized as subrounded
to rounded. The EDS profile analyses conducted on the sand
samples provided insights into their elemental composition
(Figs. 6 and 7). It was observed that the grains with rounded
to well-rounded shapes had a higher concentration of calcium

(up to 41.53 wt %, 21.57 at. %) and a lower concentration of
silicon (1 wt %, 0.74 at. %) (Fig. 6c) compared with the an-
gular to subangular grains, which were characterized by a
higher silicon content (up to 45.36 wt %, 32.54 at. %) and a
lower calcium content (2.81 wt %, 1.41 at. %) (Fig. 6d). Ad-
ditionally, a few subrounded grains were found to have sig-
nificant amounts of both calcium (28.53 wt %, 14.97 at. %)
and silicon (12.95 wt %, 9.58 at. %) (Fig. 7c). The EDS anal-
ysis also revealed the presence of high sulfur content (up to
17.52 wt %, 11.36 at. %) in three samples collected from a
dune located near the coast (Fig. 7d). The semi-quantitative
chemical analysis conducted through EDS aligned well with
the results obtained by means of XRD and XRF analyses.
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Figure 5. X-ray diffractograms showing quartz (a–d); Protoen-
statite (a); calcite (a–d); orthoclase (c); anorthoclase and gyp-
sum (d) mineral peaks.

3.2 Sand dunes of Arabian deserts, Mediterranean
region

Information regarding sand dunes in the Arabian deserts
within the Mediterranean region has been gathered from the
existing literature. These data primarily originate from El-
Oued region in the northeastern Sahara of Algeria and the Er-
foud area in southeastern Morocco (Meftah and Hani, 2022;
Meftah et al., 2021; Meftah and Mahboub, 2020; Adnani et
al., 2016; Kabiri et al., 2003).

3.2.1 El-Oued region, Northeastern Sahara, Algeria

The sand dunes in El-Oued predominantly consist of approx-
imately 97.63 % quartz (SiO2) and 0.56 % calcite (CaCO3),
with notably low concentrations of other oxides such as
Al2O3, Fe2O3, Na2O, and MgO. Furthermore, the El-Oued
sand has insignificant quantities of trace elements such as
bromine (Br), germanium (Ge), bismuth (Bi), niobium (Nb),
strontium (Sr), zinc (Zn), barium (Ba), and chlorine (Cl)
(Meftah and Mahboub, 2020)

The sand grains exhibit a range of shapes, includ-
ing rounded, elongated, angular, sub-angular, and irregular
forms. The grains with irregular shapes are the most abun-
dant. Additionally, the size of these sand grains varies within
the range of 2.30 to 1.00∅ (fine to medium sand) (Meftah
and Hani, 2022). Numerous mechanical and chemical ef-
fects are readily discernible on the surfaces of various sand
grains. These eff ects include an abundance of small and
medium-sized conchoidal fractures, V-shaped shock traces,
both straight and curved grooves and scratches, dish-shaped
concavities, crescentic percussion marks, bulbous edges, as
well as solution pits, solution crevasses, and particles adher-
ing to the surface (Meftah et al., 2021).

3.2.2 Erfoud area, Southeastern Morocco

The Yerdi sand dunes, situated in the southeastern region of
Morocco near Erfoud, predominantly consist of a substantial
quantity of quartz (SiO2), accounting for up to 90 % of their
composition. In contrast, the presence of calcite (CaCO3)
is relatively low, comprising no more than 8 % of the dune
material. Additionally, there is a lesser presence of wustite
(FeO) (Adnani et al., 2016).

The sand grains display a variety of shapes, which en-
compass rounded, angular, and sub-angular forms. The av-
erage size falls within the range of 2.19 to 2.59∅ categoriz-
ing the sand as fine sand. The symmetry, indicated by skew-
ness, demonstrates that the distribution of sands is symmet-
ric in comparison to its median, with values spanning from
−0.001 to −0.01∅. The standard deviation, calculated from
frequency curves, yields values between 0.40 and 0.55∅, in-
dicating well-sorted sand. These findings are corroborated
by the degree of grain concentration relative to the average,
known as kurtosis, which ranges from 0.99 to 1.22∅. This
indicates that the Yerdi sand ranges from being leptokurtic to
mesokurtic in nature. The dunes in this area exhibit a rapid
transition in color, shifting from a brownish-yellow hue to a
reddish-yellow tone (Adnani et al., 2016).

4 Discussion

The studied Qatari sand samples from both areas are similar
in nature. They fall within a small range of sand sizes, typ-
ically fine to medium, and display a unimodal distribution.
It is possible that the limited range of sand sizes and uni-
modality are a result of the sediments present at the source
area, as well as the NW Shamal wind’s capacity to transport
only a narrow range of sand sizes. They are moderately to
well sorted and display a nearly symmetrical skewness with
a mesokurtic shape. Despite being examined at various loca-
tions within the dune (tail, middle, or crest), under differing
wind directions (windward or leeward), and with considera-
tion to dune size (long or short), the granulometric proper-
ties of the sand samples do not demonstrate any significant
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Figure 6. (a, b) SEM micrographs showing variable grain morphology and textures. Some grains have rounded outline and low relief; other
grains show angular to subangular outline indicating nonuniform weathering. Elongated and disc shaped grains are also present. (c) EDS
results of well rounded, low relief grain (1) having high amount of Ca and low amount of Si. (d) EDS results of subangular grain (2) having
high amount of Si and low amount of Ca.

trends or noticeable changes. These characteristics may indi-
cate that the sand dunes under study are inherited from the
same provenance and may indicate aeolian origin.

The presence of diverse grain shapes, with irregular shapes
being the most prevalent, within the sand dunes of the El-
Oued region, along with the micro-textural characteristics

marked by signs of collision and abrasion, may indicate that
the El-Oued sand originated in an aeolian environment and
subsequently underwent chemical alteration. On the other
hand, the abundance of smooth, rounded quartz particles
observed at Yerdi sand dunes may indicate a fluvial origin
(Kabiri et al., 2003).
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Figure 7. (a, b) SEM micrographs showing variable grain morphology and textures. (c) EDS results of a subrounded grain (1) showing
considerable amounts of Ca and Si. (d) EDS results of a gypsum grain (2) showing high amount of S.

The studied Qatari sand dunes are mainly composed of
silicates and carbonates. Clay minerals are relatively scarce.
The silicates include quartz, protoenstatite, and feldspar, with
quartz being the most common mineral. Protoenstatite is a
variety of the silicate mineral enstatite. It is the stable form

of magnesium silicate at very high temperatures (Cameron
and Papike, 1981; Tribaudino et al., 2002). It was discovered
in Oregon sunstones in 2017 by Xu et al. (2017), using high-
resolution transmission electron microscopy (HRTEM) and
X-ray energy-dispersive spectroscopy (EDS). The feldspar
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content in the studied sand samples correlates well with
that in coastal Jafurah and Liwa sand dunes as reported
by Garzanti et al. (2013) in their study on the provenance
and recycling of Arabian desert sand. During Pleistocene
euostatic lowstand, the Arabian Gulf floor was exposed
and loaded with materials supplied by tributaries draining
Mesopotamian plain and the Zagros mountains (Garzanti
et al., 2003). Later, these materials were blown inland by
Shamal northerly winds.

The carbonates are mainly represented by calcite mineral,
which is likely transported by Shamal winds from the local
Tertiary sediments exposed on the surface of Qatar peninsula
and the prevailing carbonate deposits in the region. The iden-
tified gypsum is believed to be the result of evaporation under
arid conditions of highly saline seawater that percolated into
sand dunes near the east coast of Qatar.

The presence of considerable proportions of unstable
heavy minerals (epidote, garnet, pyroxene and amphibole),
as reported by Nasir et al. (1999) in their study of the coastal
sand dunes Southeastern Qatar, may suggest short transporta-
tion and low degree of weathering.

The compositional signature of the studied sand dunes is
similar to that of the coastal Jafurah and Liwa sand dunes in
being carbonaticlastic rich in feldspar, indicating that these
coastal sand dunes are mostly driven from similar sources.
On the other hand, it differs from the inland sand dunes in
the neighboring regions characterized by high quartz content,
few feldspar grains, and rare carbonate minerals as reported
by Garzanti et al. (2003).

The grains with angular and subangular shapes primarily
consist of silicates, specifically quartz, while the rounded,
subrounded, and disc-shaped grains are primarily composed
of carbonates, specifically calcite. The angularity observed
in the quartz grains can be attributed to their high resistance
against the abrasive impact of the NW Shamal wind during
transportation. In contrast, the carbonate grains are less re-
sistant to the abrasive effects of the NW Shamal wind, re-
sulting in their rounded shape. It is worth noting that the
process of abrasion does not cause any systematic change in
the roundness and sphericity of carbonate grains as they are
transported downwind.

The composition of sand dunes in both El-Oued and Yerdi
primarily consists of silicates and carbonates, which is akin
to the composition found in Qatari sand dunes. However,
there is a notable distinction in the quantities of quartz
and carbonates present. Specifically, there is a significantly
higher proportion of quartz and a reduced amount of car-
bonates in the Mediterranean sand dunes when compared to
those in Southeastern Qatar. This discrepancy underscores
the exceptional purity of the quartz sand found in these
Mediterranean sand dunes in contrast to the sand dunes in
Southeastern Qatar.

The impurity observed in the sand dunes of Qatar’s study
area relative to the Mediterranean sand dunes can be at-
tributed to the prevalence of carbonate minerals, which are

sourced from abundant carbonate-rich rocks in the Arabian
Peninsula.

5 Conclusions

The physiochemical properties of the studied Qatari sand
dunes indicate that they are driven from the same provenance
and may have aeolian origin. Likewise, the characteristics of
El-Oued sand point to an aeolian origin. Conversely, Yerdi
sand dunes are indicative of a possible fluvial (river-driven)
origin. The composition of the studied Qatari sand dunes re-
veals a mixture of siliceous and calcareous materials. They
contain abundant quartz, protoenststite, calcite, and feldspar
minerals, while clay minerals are relatively scarce. Con-
versely, the sand dunes in the Mediterranean region exhibit
a comparable composition but with a higher concentration of
siliceous materials and a lower proportion of calcareous com-
ponents. They contain abundant quartz and low calcite. The
mineralogical composition of the studied Qatari sand dunes
suggests substantial contributions from the Mesopotamian
plain, Zagros Mountains, and the calcareous coast of the Ara-
bian Gulf. These sources influenced the composition of the
sand dunes significantly.

The chemical composition of the Qatari sand samples
shows high concentrations of silicon oxide, and significant
concentrations of calcium, magnesium, and aluminum ox-
ides, with small amounts of Iron, Chlorine, Potassium, and
Sulfur oxides, and insignificant amounts of other trace ele-
ments such as Ti, Sr, Cr, and Sc oxides. In contrast, the sand
dunes in the Mediterranean region exhibit a similar compo-
sition, but with higher concentrations of silicon oxide and
reduced levels of calcium.

Considering the silicon content, it’s worth noting that the
Qatari sand dunes, overall, exhibit a lower degree of purity in
comparison to the Mediterranean dunes. Consequently, care-
ful processing is imperative before utilizing these sands in
industrial applications. Additionally, the presence of carbon-
ates and gypsum in the Qatari sands poses potential chal-
lenges for the quality of concrete and mortars. As a result, it
is essential to employ techniques that can enhance the sand’s
quality before incorporating it into construction applications
in Qatar, whether it be for concrete or mortar production.
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