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Abstract 

There are around 2,304 sand dunes scattered within seven 
dune fields in Kuwait. The longest barchanoid chain dune 
in Kuwait is 2400 m and 900 m. All the dunes in Kuwait 
were mapped, sampled, and analyzed. This chapter passes 
through dunes in Kuwait covering the following:

. The dunes mapping.

. The dune migrations using satellite images.

. The chemical properties include 
– Mineralogical properties. 
– X-ray diffraction (major and minor trace elements). 
– Micro-inclusions within Aeolian particles.

. The physical properties include 
– The particle size analysis. 
– Statistical properties. 
– Particle micro-features. 
– BET surface area. 
– Perimeter and diameter. 

This chapter covers all aspects regarding sand dunes in 
Kuwait; therefore, this chapter will be a key reference for 
future studies tackling aeolian landforms in Kuwait and 
regional areas. 

3.1 Introduction 

Desert sand seas, or ergs, are contained beyond 95% of the 
world’s aeolian sand. Of this 85% is contained in sand seas 
with an area exceeding 32,000 km2 (Wilson, 1973). Most 
areas of sand sea accumulation lie in the old-world deserts 
such as the Sahara, Arabia, Central Asia, Australia, and 
South Africa, the sea cover is often less than 45% of the 
area’s surface ranging between 20 and 45% that is classified 
as arid (Lancaster, 1989). Mobile sand is a common phe-
nomenon in desert areas, and it can pose a threat to various 
urban and industrial activities. In Kuwait, it can affect var-
ious activities such as agriculture, urban development, and 
communication. Mobile sand and dust transported by wind, 
and the corresponding problems and impact on the envi-
ronment, are very important. 
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Kuwait constitutes part of the northwestern coastal plain 
of the Arabian Gulf. It covers an area of about 17,818 km2 

spreading between 46° 33′ and 48° 36′ E, and latitudes 28° 
30′ N and 30° 05′N. On the north and west, the state of 
Kuwait is bounded by Iraq, while on the southwest and 
south it is bordered by Saudi Arabia. The state has some 
offshore islands, the largest of which are Bubiyan, Failaka, 
and Warba. Only Failaka Island is inhabited. 

The geological, environmental, and geographical char-
acteristics of Kuwait and its surrounding areas contribute to 
the dynamism and occurrence of the migrating sand belt. 

Sand and dust storms are common in Kuwait. Windblown 
sand forms one of the chief difficulties in the future devel-
opment of Kuwait. The mobile sands and dust threaten the 
main roads, encroach cultivated lands and several inland 
areas. Scientific studies were conducted on the various types 
of sand deposits and the locations of the sediments in the 
Al-Huwaimiliyah and Al-Atraf areas (Khalaf et al., 1980; 
Abu-Eid et al., 1983). Some of the key findings of these 
studies are that the development activities in these areas are 
prone to severe impacts due to the migration of sand. They
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also suggest that the use of mobile sand belts should be 
established to help in the land-use planning in these regions. 
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Khalaf et al. (1980) identified four types of aeolian 
accumulation in Kuwait. These include sand sheets, aeolian 
wadi fill deposits, sand dunes, and sand drifts and surface 
sediment maps of Kuwait were produced. 

There is a lack of information concerning the character-
istics of the mobile surface sediments in Kuwait usually and 
in the study area particularly. This study focuses on a 
comprehensive examination of the morphology, dynamics, 
and sedimentology of numerous categories of free dunes 
(barchan, domal, barchanoid, and barchan complex), in 
addition to anchored dunes such as nabkhas and falling 
dunes. A sand dune belt dominates in northwest Kuwait. 
Also, a detailed dunes map has been developed using remote 
sensing to detect sand dunes within the Al-Huwaimiliyah– 
An-Nimritayn zone. 

An assessment of baseline data and information about the 
main environmental conditions in the desert of Kuwait was 
an essential prerequisite for the implementation of this study. 
The following is a brief review of the most relevant literature 
that provided such data and information. 

Fuchs et al. (1968) conducted a comprehensive geologi-
cal study of the surface and near-surface formations in 
Kuwait. They prepared a surface geologic map with a scale 
of 1: 250,000. In 1981, the Kuwait Oil Company surveyed 
the surface geology of Kuwait and created a detailed geo-
logical map at a scale of 1: 50,000 (Warsi, 1990). 

A comprehensive study was conducted by Khalaf et al. 
(1984) on the various geological formations in Kuwait. He 
produced a sedimentomorphic map showing the distribution 
and type of recent surface sediments and redeveloped by 
Misak (2000). A detailed geomorphological zonation of 
Kuwait’s terrain was carried out by Al-Bakri (1988a, b). All 
these studies include the study area of this project. 

Aeolian landforms have been widely discussed (Hunter, 
1977; Howard et al, 1978; Chaudhri & Khan, 1981; Paisley 
et al., 1991; Nickling & Wolfe, 1994; Ramakrishna et al., 
1994; Anthonsen et al, 1996; Neuman et al, 1997; Bullard 
et al, 1997; Blumberg, 1998). 

Dune morphology and control lay factors were first 
mentioned by Beadnell (1910). This was followed by 
numerous subsequent discussions Folk (1971), Bowler 
(1973), Breed et al., (1979a, b, 1979b), Nielson et al., 
(1982), Tsoar (1983a, b, 1986), Greeley and Iversen (1985), 
Thomas (1986, 1988a, b, c, 1989), El-Baz (1986), Cooke 
et al., (1993). The genesis of the barchan dunes has been 
described by Bagnold (1941). 

Sand dunes and other aeolian landforms in Kuwait were 
discussed by Abu-Eid et al. (1983) and many later investi-
gators Foda et al., (1984), Vincent and Lancaster (1985), 

Khalaf (1989), Gharib et al., (1985), Khalaf et al, (1995), 
Misak et al., (1996), Abdullah, (1988), Nayfeh (1990). In 
Kuwait, the dunes can be found as isolated, sporadically 
distributed, or clustered in the form of dune belts (Khalaf 
et al, 1984). Al-Dousari (1998) delineates six belts of 
barchan sand dunes extending NW–SE direction in the 
northwestern part of Kuwait. 

At a wider regional scale, aeolian sediments and land-
forms within Iraq and Arabia also have been discussed 
widely. Several workers (Dougrameji, 1984; Skocek & 
Saadallah, 1972) discussed the dunes of southern Iraq. They 
found a close similarity in mineralogy and textural charac-
teristics between the southern Iraq dune sediments and the 
Mesopotamian flood plain. 

The southern Mesopotamian flood plain is frequently hit by 
dust storms in the Middle East. It is regarded as one of the 
main sources of dust in the world (Khalaf & Al-Ajmi, 1993). 
The textural characteristics of aeolian sediments and land-
forms in eastern Saudi Arabia have attracted the interest of 
many investigators (Al-Saud, 1986; Fryberger et al., 1984; 
Shehata et al., 1992). The application of different fixation 
methods was widely used on dunes and mobile sand in the 
eastern desert of Arabia (Abolkhair, 1986; Watson, 1990). 
The study of the sand dunes has been discussed by Embabi 
and Ashour (1993), and Al-Sheeb (1998) in Qatar, and Goudie 
et al. (2001), El-Sayed (1999) in the United Arab Emirates. 

Most dune types can be accommodated in an extended 
morphological categorization of dunes, following Pye and 
Tsoar (1990). Misak et al. (1996) classify the dunes into 
three main categories, namely, free or mobile, anchored and 
stabilized dunes. 

Al-Dabi et al. (1997) analyzed the distribution and 
quantity of free dunes in Kuwait. They found that the 
increase in the number of free dunes occurred from 1989 to 
1992. The Gulf War’s disruption of Kuwait’s environmental 
desert surface contributed to the development of these dunes. 
They noticed that with the same wind velocity during the 
past three decades, the rate of dune formation suddenly 
increased from 31 dunes per year for the pre-war images 
(1985–1989) to 321 dunes per year for after-war images 
(1992–1994). 

Barchan sand dunes are the prevailing form in the study 
zone. Individual dunes and groups of barchans cover more 
than 80% of some dune belt areas (Al-Dousari, 1998). The 
barchan dunes appear primarily close to their source in the 
peripheral zones of the sand sea, especially downwind, away 
from the advancing tips of linear dunes in Al-Najaf sand sea 
in Iraq. These barchan dunes extend from Al-Najaf down-
wind to the Al-Atraf area in Kuwait. 

There are four major conditions for the formation of 
barchan dunes. They are.
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i. sufficient continuous source of sand; 
ii. dominant, unidirectional wind; 
iii. relatively flat, hard surfaces, such as desert pavement; 

and 
iv. sand trapping obstacles such as vegetation or abrupt 

changes in microtopography. 

The conditions listed above were subjected to various 
conditions that were conducive to the formation of sand 
dunes. However, the initiation of sand dunes is still con-
sidered a poorly understood process in the aeolian process. 
According to Khalaf and Al-Ajmi (1993), the sand dunes in 
Kuwait can be formed by the accumulation of flat patches of 
sand around 80–100 m2 of sand on an area measuring less 
than 30 cm high. These sand patches grow into mounds and 
continue growing to form barchan dunes. Bagnold (1941) 
and Mainguet (1984) asserted that pre-barchanic dunes are 
transformed over time into crescentic dunes. Al-Dousari 
(1998) mentioned that Landsat TM images using bands 2, 5, 
and 7 differentiate between thick and thin mobile sand 
sheets. He noticed that the thick mobile sands are usually 
formed around the dunes, while thin sand sheets are mainly 
initiated downwind directly at the end of the mobile sand 
dunes in the Al-Atraf area as a continuation of the wind 
corridor. This strongly suggests that the sand dunes are one 
of the major sources of sand sheets in Kuwait. 

Philip (1968), Skocek and Saadallah (1972) found a close 
similarity between the mineralogical and chemical compo-
sition of sand dunes in Iraq and the Mesopotamian flood plain 
deposits. Omar et al. (1989) mentioned that the barchan sand 
dunes in the northwest of Kuwait have nearly the same 
mineralogical composition as the upwind dunes in Iraq. 

The average annual amount of sand drift in Kuwait is 
calculated by Al-Awadhi and Cermak (1995) as 99.596 kg/ 
(m.yr). The highest average net flux amount of sand trans-
port is 18.620 kg/(m.mo) in June, while the lowest is 
592 kg/(m.mo) in December, but the sand drift attains a 
maximum during summertime (Al-Awadhi & Cermak, 
1995). 

Table 3.1 Sampling sites and 
number of samples collected 

Dune field Number of samples Remarks 

Huwaimiliyah–Al-Atraf 1225 NW Kuwait, 60 km long and 5 to 8 km wide 

Um Niqa (NE Kuwait) 5 NE of Kuwait 

Falling dunes in Jal Zur 500 Four main sites in Jal Zur 

Um Eish sand dunes 30 Part of dunes in Sabah Al-Ahmed National Reserve 

Ras Sabiyah dunes 78 

Kabd sand dunes 38 

Dhubaiyah coastal dunes 15 Oolitic dunes (high calcium) 

3.2 Materials and Methods 

The aeolian deposits have been traced using remote sensing 
(satellite images or aerial photographs) and fieldwork. 

A total of 1684 samples were collected from the top 5 cm 
of the surface in the seven major fields of dunes in Kuwait. 
A global positioning system was used to determine the 
random sample locations. The number of samples collected 
varied from one dune field to another depending on the field 
size (Table 3.1). 

The sampling sites were randomly collected within the 
wind corridor from the top surface sediments of sand dunes 
of different forms in Kuwait. Samples cover all types of 
dunes (barchans, dome, nabkha, and falling). At each chosen 
site samples were collected from an undisturbed surface at a 
location that appeared to be representative of the aeolian 
surface sediments at each site location. 

A global positioning system was used to determine the 
specimen locations (GPS). The crest, the slip face, the horn, 
the windward, and the middle area between the crest and the 
windward were all sampled separately from the dune 
surfaces. 

3.3 Dunes Migration

. Satellite Imagery 

The level-3A RapidEye and PlanetScope images from the 
Planet Labs Inc (https://www.planet.com) acquired on dif-
ferent dates (Table 3.2) were used to detect the yearly rate of 
dune migration in Kuwait. The Level-3A images were 
geometrically and radiometrically calibrated by the Planet 
Labs. The RapidEye satellite imagery consists of five spec-
tral bands ranging from 440 to 850 nm at a spatial resolution 
of 5 m (https://www.satimagingcorp.com), whereas the 
PlanetScope satellite imagery consists of four spectral bands 
ranging from 455 to 860 nm at a spatial resolution of 3 m 
(https://www.planet.com).

https://www.planet.com
https://www.satimagingcorp.com
https://www.planet.com
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Table 3.2 The dates of satellite 
images used to study dune 
migration 

Area Satellite Date 

Atraf RapidEye 2011–09-15, 2016–04-09 

Buhaith RapidEye 2011–09-15 

PlanetScope 2018–10-30 

Huwaimliyah RapidEye 2011–09-15, 2016–04-09 

PlanetScope 2020–10-26 

Kabd PlanetScope 2016–11-16, 2020–10-29 

Um Urta RapidEye 2011–09-15, 2016–04-09 

Fig. 3.1 Dune zones in Kuwait. 
Dunes are widely distributed in 
Huwaimliyah, Um Urta, and 
Atraf compared to the other areas

. Dune Delineation 

Dunes were identified and delineated using ArcMap 10.6 
based on a visual interpretation that incorporates linear and 
non-linear image contrast techniques (e.g., standard devia-
tions, histogram equalization, and minimum–maximum 
stretch) (Jensen, 2015). A random sample of dunes was 
selected from five areas in Kuwait, i.e., Atraf, Buhaith, 
Huwaimliyah, Kabd, and Um Urta (Fig. 3.1). The selected 
dunes were varied in size and separated from other adjacent 
dunes. To estimate the dunes’ migration, the selected dunes 

were observed two times over 4 years or longer. This period 
was selected to ensure that the magnitude of dune dis-
placement was sufficient to be detected. The area and cen-
troid of delineated dunes of the two times were calculated 
and saved in a shapefile.

. Dune Migration 

The dune migration analysis was conducted using the R 
programming language. The dune shapefile was imported to 
RStudio, and its attribute table was stored as a data-frame



– –

object. The total dune displacement was calculated by 
determining the distance from the dune’s centroid in time-1 
to the dune’s centroid in time-2 using Eq. (3.1): 
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d ¼
ffiffiffiffiffiffi ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffiffiffiffiffiffiffiffiffiffiffiffiffi ffiffiffiffiffiffiffiffiffiffiffiffi 

xt1 _ xt2ð Þ2 þ yt1 _ yt2ð Þ2 
q 

ð3:1Þ

where d is total dune displacement, xt1 and yt1 represent the 
dune position in the time-1, and xt2 and yt2 represent the 
dune position in the time-2. 

The dune migration yearly rate was then estimated by 
dividing d by the time difference in years from time-1 to 
time-2. Furthermore, the direction of dune migration in 
radians was calculated using the two-dimensional arctangent 
function available in R. These radian values were converted 
to degrees for the statistical analysis. 

The dune displacement and its direction were statistically 
summarized. Descriptive statistics of these values within 
each area were also conducted to investigate the differences 
in dune migration in these areas. Dune migration differences 
in northwestern areas (i.e., Huwaimliyah, Um Urta, and 
Atraf) were investigated using one-way ANOVA analysis. 
The other areas were excluded due to some limitations in 
number of dune samples in these areas. 

3.4 The Volume of the Dunes and Single 
Dune Sampling 

The volume of the dunes was measured using two formulae:

. Barchan and domal dune volume = 4/3 * 3.14 * (Length 
* width * height).

. Falling dune volume = 1/6 * (Length * width * height). 

A good estimation for the volume of all the dune fields 
was achieved using these equations. 

Three different single dunes at three different locations 
were sampled to see the statistical variations within the same 
dunes. 

Table 3.3 Methods and number 
of samples 

Property Particle morphometry Roundness 

Upwind samples 10 (21)a 10 (21)a 

Downwind samples 9 (21)a 9 (21)a 

Al-Dibdibba Formation 

Measured items 26 Particles 
Micro-features 

Particle Roundness 

Analyzed fraction Coarse sand Coarse sand 

Instrument used JEOL super prob JXA-860MX SEM Modified from Powers (1953) 
a Values between brackets are the average number of studied particles 

Careful sampling, analysis, and data interpretation are 
essential to ensure those good management decisions are 
possible. Along with the quality of sampling, a sufficient 
sampling number of samples must be taken. In this study, the 
sample sites were chosen, randomly distributed areas all 
different kinds of mobile surface sediments. The collected 
samples were taken from the top 3 cm of both mobile and 
anchored surface sediments in all cases. The collected 
samples have been subjected to several types of laboratory 
analysis. The laboratory work is represented by trace and 
major elements (ICP, XRF), carbonate content, mineralogi-
cal surface area, and quartz morphometry analysis. 

A total of 26 different micro-features were identified by 
the Scanning Electron Microscope (SEM). The chosen 
method used to describe the analysis features of the surface 
is considered as the finest technique due to the contributions 
of Krinsley and Doornkamp (1973), Bull (1981), Culver 
et al. (1983). The tabulation of the surface features on the 
quartz particles using percentages, numbers, or other statis-
tical methods was also useful in distinguishing different 
samples. The roundness scale was also measured using a 
visual scale developed from Powers (1953) (Table 3.3 and 
Fig. 3.2). 

Three different sets of aeolian samples along the main 
wind corridor were collected from upwind to downwind and 
one extra set was collected from the Dibdibba Formation for 
comparison (Fig. 3.1). With special care, samples were 
impregnated with epoxy, cut, and polished. The initial three 
set samples were gathered from upwind zones around 
Huwamiliyah area. One set of three samples D1, D4, and D9 
represents the Dibdiba Formation. D1 is made up of fine 
sand particles (0.250 mm–0.180 mm), whereas the rest of 
the samples, whether from the Dibdiba Formation or aeolian 
sediments, are made up of medium sand fractions (0.5 mm– 

0.350 mm), which are the most prevailing size fractions. 
Samples preparation included the split and mix of both size 
fractions and placed in a resin block producing polished 
surface. Several grades of diamond abrasive are used in the 
grinding and polishing process of aeolian sediment samples.
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Fig. 3.2 Modified particle shape 
visual comparator scheme of 
Powers (1953), showing 
numerical indices and associated 
descriptive terminology 

The samples were examined using a Hitachi 3000 vari-
able pressure SEM equipped with BSE deflectors. The 
microscope can be used in a variety of ways, including 

a. provide illustration in BSE or SEM mode of the sample; 
b. using the EDX attachment, to analyze spots, areas, or line 

cross sections; 
c. determine the map element distributions. 

An intensive study was performed on various features 
within detected inclusions in quartz, feldspar, and other 
particles. The identification of some mineral species was 
challenging since there are also polymorphs that have similar 
chemical composition but have different structures. There 
are seven known polymorphs of titanium dioxide TiO2 with 
the same chemical composition, but with different structures 
(e.g., rutile, anatase, and brookite). This makes it difficult to 
identify them using the crystals they are made from. For 
instance, rutile may have long hair-like needles, while other 
forms may have euhedral lath-like structures. 

3.5 Results 

Al-Dousari et al. (2008) identified and investigated six dune 
fields in Kuwait, namely, (Fig. 3.1).

. Al-Huwaimiliyah–Al-Atraf zone area (Fig. 3.3).

. Um Niqa (NE Kuwait) (Fig. 3.4).

. Falling dunes in Jal Al-Zur and Ras Sabiyah.

. Um Eish sand dunes (Fig. 3.4).

. Kabd sand dunes (Fig. 3.5).

. Dhubaiya coastal dunes (Fig. 3.5). 

There are six major types of dunes (Fig. 3.6) in the dune 
fields, namely,

. Barchan or crescentic dunes.

. Domal dunes.

. Falling dunes.

. Climbing dunes.

. Barachanoid dunes.

. Nabkha dunes. 

Most of the dunes in Kuwait are in the Huwaimiliyah 
(2026 dunes) and Jal Al-Zur (190 dunes) fields. About 36% 
of the dunes are barchans while only 10% are domal dunes 
in the Huwaimiliyah. The total volume of dunes in Kuwait is 
about 93,379,916 m3 up to date. This volume is renewable, 
as the aeolian mobile sand is renewable especially in the 
summertime. 

The longest barchanoid chain dune in Kuwait is with 
2400 m and 900 m in Huwaimiliyah and Um Urta areas, 
respectively, shown in Fig. 3.7. Abu-Eid et al. (1983) 
showed dunes mapping used as a reference for our study that 
was collected in 1979 with a scale of 1:10,000 shown in 
Fig. 3.8. Dunes mapping during this study in the upwind 
area of the Huwaimiliyah-Atraf zone area is visible in 
Figs. 3.9, 3.10, and 3.11. 

3.6 Dunes Migration 

There are around 2304 sand dunes in Kuwait, all were 
sampled in this study. A sample of 35 dunes from five areas 
(i.e., Atraf, Buhaith, Huwaimiliyah, Kabd, Um Urta) were 
investigated. Um Al-Aish dunes were not investigated



because we could not find a clear site for them in the satellite
images. The sample dunes varied in the area from about
2,300 m2

–40,000 m2 (Table ). The dune migration yearly
rate ranged from 2 m in Buhaith area to 24 m in Um Urta
area with an overall mean of about 14 m (Table ) and
(Fig. ). The dunes were generally migrated toward the
southeast enforced by the northwestern wind (the permanent
wind). The dune migration direction, however, varied from
121° to 142° with a mean of 129° (Fig. a). We found one
exception in Buhaith area: a dune displaced to the east (87°)

13

3.12
3.5

3.4

by 2 m yr−1 . The dune was the largest in the sample with an 
area of about 40,000 m2 . Generally, the dune migration rate 
had a negative correlation with the dune area (r = −0.81). 
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Fig. 3.3 Location map for sampled dunes in Huwaimiliyah–Al-Atraf zone area 

The dune migration rate in Buhaith area was different 
compared to the other areas (Fig. 3.13b). The dune migra-
tion in the northwestern areas exhibited some differences 
(Fig. 3.13). Um Urta and Atraf had the widest range of dune 
migration, whereas Huwaimiliyah dune migration rate had 
relatively a narrow range. This difference in dune migration 
rate among the three areas was significant (F = 4.15 and



P-value = 0.008). The dune migration yearly rate signifi-
cantly varied in northwestern areas in which Huwaimiliyah 
area had the narrowest range of dune migration yearly rate 
(Fig. 3.14). 
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Fig. 3.4 Location map for sampled dunes in Um Niqa/Bhaith (left) and Um Eish 

3.6.1 Dunes Granulometric Characteristics 

Most barchans in the region that extends from the Najaf 
Sand Sea toward Kuwait appear as isolated, occasionally 
dispersed in clusters or groups forming dune belts. The 
statistical parameters that were used to determine the 
barchan dune body’s characteristics varied from one area to 
another. For instance, the mean particle size decreased from 
the upwind to the downwind edge, and the finest sand 
arising from the middle of the slip face. A significant vari-
ation in the border and mid-dune was present only in very 
fine sand with a p-value of 0.047. When relating particle 

samples in the upwind of the barchan and climbing dune, all 
particle size classes presented significant variations except 
for the very coarse class (p-value = 0.44). Contrary to that, 
the particle sizes of the downwind barchans and falling 
dunes were remarkably different. For instance, sorting 
develops and improves in the direction of the border of the 
dune, while the horns and the mid of the dunes were poorly 
sorted compared to other sites. The difference in the sizes of 
the various particles in the two areas was also significant 
(Table 3.6). The average particle size demonstrates even and 
uniform dispersal with increased percentages of the medium, 
fine, and coarse sand size fractions, respectively. The 
upwind samples comprehend the largest percentages of 
coarse sand (68%) compared to mid and other dunes. 

Kurtosis differs relatively with a vast range from 0.83 
(platykurtic) to 1.6 (very leptokurtic) with an average of 1.12 
(leptokurtic). The presence of several small populations on 
the crest could explain the decrease in particle sizes found in
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Fig. 3.5 Location map for sampled dunes in Kabd (left) and Dhubaiyah 

Fig. 3.6 Pictures illustrating the 
types of studied dunes, barchan 
dunes (a), falling dunes (b), 
climbing dune (c), and nabkha (d)



differences shifting between 1.3/ and 3.1/ (Tables and
). The barchans in Kuwait demonstrate a greater mean

particle size, enhanced sorting, and more leptokurtic but
similar skewness related to those upwind in Iraq and
downwind in Saudi Arabia (Table ). The location of
Iraq’s dunes near the Mesopotamian flood plain is known to
have contributed to the higher levels of fine sediments found
in these areas (Fig. ). Also, climbing dunes and sabkhas
contain much coarser sediments than comparable studies.
Due to the limited literature on falling dunes, the available

3.15

3.10

3.9
3.8border samples. The limited mixing of numerous particle 

size populations on the crest might be the indication for the 
decrease in the samples from the borders than those from the 
crest.
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Fig. 3.7 Sampling locations of sand dunes in Kuwait and the Dibdiba Formation 

Statistical parameters of the studied dunes are variable 
regionally. The mean size diameter of dune sediments in the 
Mesopotamian Flood Plain is finer than other dunes on a 
regional scale. The dune sediments in Kuwait are coarser 
than the surrounding dunes in Iraq and Saudi, Qatar, and 
Emirates (Table 3.7). The mean grain size shows extensive



content on this matter was correlated with the size of the 
large linear dunes. According to the findings, the falling 
dunes had a greater mean grain size, better sorting, but 
similar skewness. 
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Fig. 3.8 Dunes mapping in 
reference to aerial photos 1979 
(Abu-Eid et al., 1983) 

The textural features of different types of dunes in the 
same field global aspect were studied by Al-Dousari and Pye 
(2005). Considering the time factor, the statistical parameters 
of sediments across the dune fields in the study area were 
limited. 

The results of the study showed that the skewness had 
negative effects on the overall dunes characteristics with 
fewer coarse particles among dunes with a tendency for 
coursing toward the dune margins. It made them more prone 

to settling toward the margins (Table 3.11). The values range 
between −0.17 and 0.40 with an average of 0.14 (positively 
skewed). Skewness values of margins samples showed no 
significant variation compared to the samples from the crest 
of the same dune (Fig. 3.16). 

3.7 Mineralogy 

The mineral semi-quantitative percentages show lower 
quartz in upwind dunes in Iraq and the Mesopotamian Flood 
Plain. The highest purity quartz is present in two main areas: 
northwestern Arabia and Kuwait (Table 3.12).
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Fig. 3.9 Dunes mapping during 
this study in the upwind area of 
the Huwaimiliyah-Atraf zone area 

3.8 XRF Results 

The XRF percentages show a lower concentration of silica in 
Dhubaiyah (56%) and Huwaimiliyah (82%), but Dhubaiyah 
dunes contain the highest amount of calcium oxides (39.2%) 
in comparison to all dune fields in Kuwait (Table 3.13). On 
the other hand, the RHUL results show percentage similar 
values to those of KISR before calibration (Table 3.12). 
The KISR results have been achieved with calibration, and 
are, therefore, more authentic. 

Major oxide analyses of the bulk sand samples taken 
from the study area of aeolian sediments revealed the 
chemical interrelationships between the various components 
of the sand. The chemical differences between aeolian sands 
in the study area and Al-Dibdibba Formation sand are sup-
ported by mineralogical and ICP analyses result which show 
that the relative abundance of quartz and feldspar differs 
slightly between these two sand populations. The 
Al-Dibdibba Formation and Mesopotamian flood plain sand 
have been subjected to more extensive physical and chem-
ical weathering. The major oxide values coincide the trace



element results, which clearly differentiated the three sand 
populations. In addition, the close similarities in plot dia-
grams between the aeolian sediments of the research area 
and the Al-Dibdibba Formation sediments are well observed. 
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Fig. 3.10 Dunes mapping in the 
mid-area of the 
Huwaimiliyah-Atraf zone area 

Differences between coarse and medium sand in terms of 
the concentration of major oxides are very limited. The 
aeolian sediments are characterized by high concentrations 
of SiO2 (range from 86 to 97%) in both dominant size 
fractions. The high silica percentages reflect the high quartz 
proportion. 

Although the major oxide results show close percentages 
between sediments from various regions, bivariate plots 
revealed clear distinctions. These results show that the 
aeolian sands in the study area are chemically related to the 
Al-Dibdibba Formation sand. Table 3.14 shows a very close 
interrelationship between Al2O3 and both K2O and Fe2O3 

indicating that the Al oxides are mostly associated with 
K-bearing minerals, principally K-feldspar. The aeolian 
sediments show slightly lower percentages of most of the 
major elements in comparison to the Al-Dibdibba sediments.



The division evident in the SiO2 is also reflected in the 
variation of Al2O3 abundance. The high abundance of Al2O3 

in the Al-Dibdibba sediments probably reflects an increased 
relative abundance of feldspar in these samples, indicating 
that they are less mature than the aeolian transported sands. 
Prolonged wind abrasion can reduce sand-sized K-feldspar 
and Fe-bearing minerals to silt sizes, causing silt is deflated 
away, and quartz-rich residue to form. The point counting 
results of coarse sand using binocular microscopy show that 
the average feldspar content is 2.37% in the total minerals of 
aeolian sand. 
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Fig. 3.11 Dunes mapping in 
downwind area of the 
Huwaimiliyah-Atraf zone area 

3.9 Micro-inclusions in Dunes Particles 

Studying the physical and chemical properties of inclusions 
within aeolian particles is essential to use these properties as 
a fingerprint to compare them with global and regional 
sediments (Al-Dousari et al., 2020). Back-scattered electron 
microscopy was applied to examine the inclusions in 12 
different samples from dunes (recent) and the Dibdiba For-
mation (Miocene to Pleistocene) sediments (Table 3.15). 
Samples were collected from a line across the main wind



corridor. The samples were analyzed using the electron
microscopes to determine the presence of various elements
within the deposits. The 12 aeolian samples were gathered
from a line transect across the main wind corridor, repre-
senting the downwind, mid, and upwind areas (three in each
set). All examined samples are observed in the major ele-
ments within minerals. Iron, aluminum, calcium, and zir-
conium, respectively, were the highly dominant elements
found in the aeolian samples. Some variation was observed
in the inclusion counts of various materials in the samples.
For instance, in the downwind samples, the lower counts
were observed in quartz and feldspars, while the aluminum
percentages gradually increased upwind. The samples in the
mid-area exhibited the presence of more sodium than in the
downwind and upwind zones. The average percentages of
barium found within the particles of quartz and feldspar
indicate that the conditions in the samples have gradually
increased downwind. The consistency across the various

elements in the samples from the Dibdiba Formation sug-
gests that there is a strong relationship between the various 
elements. 
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Table 3.4 Number and 
percentages of dunes in Kuwait 
for each type with a total volume 
(m3 ) of sand 

Area Kabd Bhiath Dhabiaya Um 
Aish 

Huwaimiliyah Jal 
Zur 

Sabiya 

Total dunes 33 7 6 12 2026 190 30 

Barchans % 27.27 57.14 0.00 8.33 72.46 0 0 

Dome dunes % 36.36 42.86 83.33 83.33 20.24 0 0 

Barchanoid 
dunes % 

6.06 0.00 0.00 0.00 4.54 0 0 

Falling dunes 
% 

27.27 0.00 16.67 8.33 0.39 100 100 

Complex dunes 
% 

3.03 0.00 0.00 0.00 2.37 0 0 

Total volume 
(m3 ) 

1,034,442 130,415 52,752 12,560 92,140,223 5384 4140 

Table 3.5 Summary statistics of 
the dune sample in each area. The 
highest mean migration yearly 
rate was observed in Kabd 

Site n Min Max Median Mean STD 

Atraf 10 6 20 13 12.8 4.6 

Bhaith 2 2 6 4 4 2.8 

Huwaimiliyah 10 13 18 16.5 16.4 1.6 

Kabd 3 14 20 16 16.7 3.1 

Um Urta 10 7 24 14.5 15.5 5.9 

Overall 35 2 24 16 14.4 5.1 

The variations in the properties of the various elements 
found in the samples from the Dibdiba Formation are very 
limited. For instance, titanium is mainly produced through 
the natural solubility of smectite in cracks, fractures, and 
borders of quartz particles to form rutile (TiO2) with 
needle-like or lath-like crystals. Although there were no 
further changes observed in the barium inclusions in quartz 
samples when compared with both the Dibdiba Formation 
(4.7%) and the aeolian (4.8%) samples. Other elements 
within the samples revealed a similar trend of resemblance. 
Different forms of titanium minerals were found in which 
(a) signify single particle with variations in brightness 
(Fig. 3.17). Aeolian particle enclosing heavy minerals 
inclusions (a) Smectite, inclusion made of iron, silica, tita-
nium, and minor aluminum (Fig. 3.18).
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Fig. 3.12 The dune migration rate of two dunes in Huwaimiliyah. The dunes were different in size, migration rate, and direction 

Fig. 3.13 a Rose diagram shows the migration direction and yearly 
rate. Most of the dunes (60%) were migrated to the southeast direction 
between 125° and 142°. b The distribution of dunes migration yearly 

rate. Colored dots show the variation of dune migration yearly rates 
within the dune areas
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Fig. 3.14 The dune migration yearly rate significant variation in 
northwestern areas 

Table 3.6 Statistical parameters 
for the five sampling localities on 
barchan dunes in Kuwait 

Locality Statistical parameters Grain size % 

Mean (phi) Sorting Skewness Kurtosis C.S M.S F.S 

Slip face 1.64 0.61 0.05 1.01 12.15 48.11 35.90 

Horn 1.28 0.72 0.23 1.10 38.77 38.05 18.36 

Crest 1.29 0.60 0.24 1.28 26.72 53.49 15.55 

Mid 1.54 0.70 0.12 1.00 18.70 42.66 33.53 

Windward 0.92 0.70 0.21 1.12 46.18 33.51 13.35 

Average 1.34 0.67 0.17 1.10 28.51 43.16 23.34 

Table 3.7 Barchan dune 
movement rates in the study area 
and other areas 

Location References No. of Mean Range 
in 

Travel Range in 
travel 

Dunes 
(n) 

height 
(m) 

height 
(m) 

Distance 
(m/y) 

distance 
(m/y) 

Saudi 
Arabia 

Fryberger et al. 
(1981) 

16 5.7 2.9– 
12.0 

14.8 6.0–28.0 

Saudi 
Arabia 

Fryberger et al. 
(1984) 

20 7.6 2.9–23 14.8 3.0–23 

Saudi 
Arabia 

Watson (1985) 67 8.54 3.2– 
25.1 

14.64 0.2–44.4 

Saudi 
Arabia 

Shehata et al (1992) 3 9.67 7.0–11 21.5 9.7–27.7 

Qatar Al-Sheeb (1998) 100rds – 1–45 20.2 7.5–40 

Kuwait 
(NW) 

Khalaf and Al-Ajmi 
(1993) 

10 3.31 1.8–7.0 17.5a 7.0–27.1a 

Kuwait Present study (field) 2 3.09 2.1–4.1 24 16–31 

Kuwait Present study 
(photo’s) 

86 3.1 0.53– 
7.7b 

24.3 3.7–59.7 

a Only for 8 months 
b n = 21(field measurements) 

3.10 Mechanical Micro-textures 
(Micro-features) 

Mechanical micro-features are mainly mainly composed of 
various types of pits, such as crescentic pits, rounded pits, 
coalescing pits, V-shaped pits, dish-shaped depressions, 
curved sutures, straight sutures, grooves, upturned plates, 
meandering ridges, stepped cleavage planes, striations, and 
conchoidal fractures. 

Most quartz grains have a dotted surface due to 
particle-to-particle coalescence caused by saltation. The 
most prominent features on the surfaces of the quartz par-
ticles were discovered to be V-shaped pits and dish-shaped 
depressions (Fig. 3.19a). The size of the rounded and



V-shaped pits ranges from 5 to 50 m. When quartz particles
are exposed on the surface, they are subjected to weathering
and abrasion during transportation. As a result, the surface of
the chemically smoothed particles is dominated by cres-
centic, rounded, and V-shaped pits. Weathering causes
adhering particles on the surface of quartz particles as well
as dissolution and precipitation. Additionally, grooves and
etchings were revealed on the surface of some particles
(Fig. b). Some of the quartz particles had extensive
fracturing, abrasion, and weathering (Fig. c). Some of
the particles exhibited a smooth surface texture. However,
some of them showed a variety of unusual features, such as
Sutures and grooves that appeared mostly without any reg-
ularity in orientation. The angular quartz particles are also
known to have multiple micro-features, such as sutures,
cracks, and fractures either linear or conchoidal. Due to the
dominance of other micro-features such as dish-shaped

3.19
3.19

depressions and mechanical pits, they are suppressed in 
visual observation (Fig. 3.19d). Upturned plates were dis-
covered to be abundant on the majority of the particles. 
Adhering particles were rare and uncommon on most of the 
majority of quartz particles, but the rounded quartz particles 
with smooth surfaces had none or very few particles com-
pared with angular particles rich in micro-features. It is 
concluded that some quartz particles had a longer paleoen-
vironmental history than other quartz particles. It is worth 
noting that the pits, which were either V-shaped or cres-
centic and rounded, covered the majority of the particles and 
other surface micro-features, indicating that they were 
younger than other surface micro-features. 
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Table 3.8 Statistical parameters 
for five fields of sand dunes in 
Kuwait 

Area S.P Methods of moments 

Mean Mean (mm) Sorting Skewness Kurtosis 

Huwaimiliyah AVERAGE 1.5 0.4 0.6 1.2 4.7 

MAX 2.3 1.5 1.1 20.1 23.3 

MIN 0.6 0.2 0.2 -0.7 0.3 

STDEV 0.3 0.1 0.2 1.2 3.3 

Kabd AVERAGE 1.3 0.5 0.6 1.8 6.2 

MAX 2.0 0.5 0.9 3.4 13.0 

MIN 1.0 0.3 0.4 0.0 1.9 

STDEV 0.3 0.1 0.1 0.9 3.2 

Um Aish AVERAGE 1.2 0.5 0.7 2.0 6.7 

MAX 1.6 0.5 1.0 3.6 15.4 

MIN 1.0 0.4 0.5 0.8 1.9 

STDEV 0.2 0.0 0.1 0.8 3.9 

Dhubaiyah AVERAGE 1.0 0.5 0.4 2.8 13.1 

MAX 1.2 0.5 0.6 4.3 23.3 

MIN 0.9 0.5 0.3 1.5 5.0 

STDEV 0.1 0.0 0.1 1.0 6.8 

Bhaith AVERAGE 1.1 0.5 0.6 2.7 9.7 

MAX 1.2 0.5 0.7 3.3 13.8 

MIN 1.0 0.5 0.5 2.0 5.9 

STDEV 0.1 0.0 0.1 0.6 3.5 

In terms of the relative effect of weathering and transport 
of the individual minerals, the quartz/feldspar ratio is a good 
indicator of the general maturity of sediments (Zimbelman & 
Williams, 2002).
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Table 3.10 Studied dunes statistical parameters values compared to global and regional dunes values 

Location Mean (Phi) Sorting Skewness Kurtosis Dune type Reference 

NW-Kuwait 1.30 0.68 0.14 1.12 Barchan Present study 

Kabd-Kuwait 1.29 0.75 0.21 1.23 Climbing dune Present study 

Khadhma-Kuwait 0.64 0.89 1.44 0.70 Nabkha Present study 

Northern Kuwait Bay 3.20 1.50 0.12 1.21 Nabkha Khalaf et al. (1989) 

Um Nega-Kuwait 1.67 0.65 0.04 1.26 Barchan Omar et al. (1989) 

Najaf-Iraq 2.04 0.52 0.32 0.94 Barchan Skocek and SaadAllah (1972) 

Samawa-Iraq 2.05 0.73 0.04 1.11 Barchan Skocek and SaadAllah (1972) 

Beeji dunes-Iraq 1.85 0.82 0.27 1.39 Barchan Dougrameji (1984) 

Humar Lake-Iraq 2.60 0.93 -0.19 1.04 Barchan Skocek and SaadAllah (1972) 

Basrah-Iraq 1.95 0.93 0.25 0.92 Barchan Khalaf (1989) 

Musayab-Iraq 3.08 0.99 0.02 0.90 Barchan Dougrameji (1984) 

Nasriya-1-Iraq 2.42 0.35 0.04 1.32 Barchan Skocek and SaadAllah (1972) 

Nasriya-2-Iraq 1.91 0.73 0.31 1.53 Barchan Dougrameji (1984) 

Nafud Rumhat-Saudi 1.88 0.57 0.32 1.53 Barchan Binda (1983) 

Nejav-Palestine 2.54 0.47 Climbing dune White and Tsoar (1998) 

Mopti, Mali 3.58 2.38 Nabkha Nickling and Wolfe (1994) 

Molopo, S. Africa 1.91 1.18 -0.34 Nabkha Dougill and Thomas (2002) 

Ghadha-Kuwait 1.68 0.89 0.28 0.94 Falling dune Present study 

Jal Al-Zour-Kuwait 1.86 0.8 0.14 … Falling dune Al-Enezi (2001) 

Australia 2.34 0.55 0.24 … Linear dune McKee (1979) 

Australia 2.17 0.36 0.36 … Linear dune McKee (1979) 

Arizona 2.04 0.61 0.15 … Linear dune McKee (1979) 

Algeria 2.19 0.5 0.31 … Linear dune McKee (1979) 

Tunisia 3.38 0.22 0.22 … Linear dune McKee (1979) 

Libya 2.16 0.63 0.14 … Linear dune McKee (1979) 

Namib Sand dunes 2.3 0.49 0.16 … Linear dune Lancaster (1981) 

Kalahari 2.03 0.72 0.17 … Linear dune Livingstone et al. (1999) 

3.11 Chemical Micro-textures 

The only abundant chemical micro-feature found in the 
studied samples was irregular solution and silica precipita-
tion. Other micro-features discovered to occur to a limited 
extent include silica plastering, deep surface solution, ori-
ented V-shaped pits, disintegration by solution, and 
large-scale decomposition. Chemical surface features were 
discovered to be sporadic in distribution and varied in extent 
from particle to particle. Deep grooves were discovered, 
sometimes deeply etched, and were frequently overlapping 
by mechanical features such as conchoidal fractures and 

deep triangular pits (Fig. 3.19e). The surface of some quartz 
particles has a frosted appearance with large depressions. 
Deep grooving and etching occur more frequently in sutures, 
pits, or around corners of quartz particles (Fig. 3.19f). 

3.12 Upwind and Downwind Variations 

In general, upwind particles in Huwaimiliyah have more 
mechanical and chemical properties than southeastern par-
ticles (downwind). This could imply that the coarse quartz 
particles are primarily derived from local sources 
(Fig. 3.19a). The dominant elements in the upwind samples



are upturned plates, dish-shaped depressions, V-shaped pits, 
and rounded and crescentic pits, while the dominant features 
in the downwind samples are upturned plates, irregular 
solution precipitation, rounded and crescentic pits, and 
V-shaped pits. Dish-shaped depressions were much less 
common in downwind samples than in upwind samples 
(Table 3.16). 
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Fig. 3.15 Particle size 
distribution histograms from 
upwind in Iraq to downwind in 
Kuwait (V.C.S, C.S. M.S., F.S., 
V.F.S.: very coarse, coarse, 
medium, fine, and very fine sand, 
respectively, S: silt) 
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Table 3.11 Relative statistical 
parameters for barchan type in 
several sand seas 

Location Mean Sorting Skewness Kurtosis 

Humar Lake (Iraq)a 2.60 0.93 −0.19 1.04 

Zubir (Iraq)b 1.95 0.93 0.25 0.92 

Musayab (Iraq)c 3.08 0.99 0.02 0.90 

Beeji dunes (Iraq)c 1.85 0.82 0.27 1.39 

Najaf (Iraq)d 2.04 0.52 0.32 0.94 

Nasriya-1 (Iraq)d 2.42 0.35 0.04 1.32 

Samawa (Iraq) 2.05 0.73 0.04 1.11 

Red Sea (Saudi)e 2.6 0.46 0.04 0.99 

Jafurah Sand Sea (Saudi)e 2.02 0.95 0.35 1.12 

Nafud Rumhat (Saudi)e 1.88 0.57 0.32 1.53 

NW Kuwait 1.28 0.72 0.23 1.10 

NE Kuwait 1.67 0.65 0.04 1.26 

Qatar 1.93 0.48 0.09 0.72 

Average 2.09 0.70 0.15 1.13 
a Skocek and SaadAllah (1972) 
b Al-Dousari et al. (2008) 
c Dougrameji (1984) 
d Skocek and SaadAllah (1972) 
e Benaafi and Abdullatif (2015) 

3.13 Particle Area, Perimeter, and BET 
Surface Area 

BET surface area varied in range from 1 m2 g−1 to 47 m2 g−1 . 
The closer the samples to the Mesopotamian flood Plain, the 
higher the BET surface area (Fig. 3.20). This can be
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Fig. 3.16 Statistical parameters 
with sampling sites for barchan 
dune surface sediments in Um 
Urta 

a b 

c d 

Table 3.12 The average mineral 
percentages for barchan dunes in 
the Middle East 

Location Reference Quartz Feldspar Calcite Dolomite Gypsum Others 

North Iraq IV 75.0 12.0 10.0 2.0 0.5 0.5 

Southwest Iraq IV 49.6 11.1 19.2 2.3 4.6 13.3 

West Iraq IV 64.4 22.5 5.0 1.0 0.5 6.6 

East Iraq IV 68.9 10.0 15.1 3.5 1.3 1.2 

Northwest Kuwait II 92.9 2.8 2.9 0.6 0.4 0.4 

Northwest Saudi I 100.0 0.0 0.0 0.0 0.0 0.0 

East Saudi II 87.7 5.8 6.0 0.5 0.0 0.0 

Southeast Saudi III 91.4 3.8 4.8 0.0 0.0 0.0 

Southwest Saudi III 78.5 2.6 18.1 1.8 0.0 0.0 

Qatar III 75.0 13.0 9.0 2.0 0.5 0.5 

Emirates (Ain) III 68.1 0.58 29.9 1.3 0.0 0.1 

Average 77.4 7.7 10.9 1.4 0.7 2.0
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Table 3.13 Samples analyzed by XRF Laboratory (number of samples analyzed for each location is given in brackets) 

Location XRF Percentages 

Na2 2 A  2O3 SiO2 Fe2O3 SrO TiO2 MgO CaO MnO BaO 

Kabd (37) 1.24 1.44 5.51 86.8 0.56 0.01 0.24 0.87 3.33 0.02 0.05 

Huwaimiliyah (56) 1.55 1.16 6.80 82.7 4.16 0.01 0.25 1.11 5.45 0.18 0.04 

Huwaimiliyah (94)a 0.18 0.94 1.98 94.1 0.39 0.00 0.07 0.20 0.67 0.01 0.02 

Dhuabiyah (6) 0.64 0.52 1.99 56.0 0.47 0.28 0.15 0.81 39.15 

Um Aish (12) 1.05 1.44 4.03 89.5 0.49 0.01 0.19 0.49 2.46 0.02 0.04 

Bhaith (9) 0.69 0.71 2.83 92 0.41 0.01 0.13 0.51 2.68 

Jal Zur (190)a 0.51 1.40 2.70 91.9 0.47 0.01 0.06 0.16 1.13 0.01 0.03 

Sabiya (30)a 0.29 1.44 2.52 92.1 0.46 0.01 0.06 0.20 1.03 0.01 0.03 
a Samples analyzed by RHUL labs 

Table 3.14 Average XRF 
analysis results of the 
Al-Huwaimiliyah-Atraf Dunes for 
two size fractions 

Elements % Average 

Coarse sand Medium sand 

SiO2 93.28 94.07 

Al2O3 2.52 1.97 

K2O 1.34 0.94 

CaO 0.69 0.67 

Fe2O3 0.39 0.39 

MgO 0.23 0.20 

Na2O 0.23 0.17 

TiO2 0.07 0.07 

P2O5 0.01 0.01 

MnO 0.01 0.01 

Total 98.77 98.50 

Trace elements (ppm) 

Ba 280.40 206.22 

Sr 55.00 49.59 

Zr 34.05 35.89 

Rb 32.43 23.27 

Ni 18.57 20.33 

Cl 39.23 25.66 

Zn 3.71 4.02 

Ga 3.71 3.04 

Pb 3.76 3.08 

V 9.11 7.76 

Cu 3.04 3.67 

Cr 10.58 9.91 

Sc 0.16 0.34 

Nb 1.10 1.04 

Th 0.14 0.16 

Y 2.53 2.49 

La 3.32 3.92 

Ce 2.93 4.23 

Nd (ppm) 2.79 3.14



attributed to the high content of mud size fractions, car-
bonates, and heavy minerals compared to samples in Arabia 
and Kuwait that contain more quartz.
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Table 3.15 Frequency of detection of the mean elements in inclusions of aeolian and Dibdiba Formation particles 

Aeolian sample Dibdiba Formation 

Averages (in quartz particles) 

Elements Average Downwind Mid-area Upwind Average 

S 0.38 0.00 0.67 0.33 1.67 

Mn 0.50 1.00 0.00 0.67 2.33 

Mo 1.25 0.33 1.67 1.33 3.33 

Ba 2.00 1.67 2.33 2.00 2.67 

Ti 5.50 2.67 7.00 5.33 5.33 

Zr 8.00 6.33 8.00 8.33 11.67 

Ca 8.50 6.00 8.33 9.67 6.67 

Al 11.00 4.33 12.67 13.00 10.67 

Fe 11.13 5.00 12.67 12.33 9.67 

In feldspar and other grainsa 

Mn 0.63 0.67 0.67 0.67 4.00 

Mo 1.00 2.33 0.67 0.67 3.00 

Ba 1.13 2.33 0.67 1.00 2.33 

Zr 1.25 0.33 2.33 0.67 3.33 

Ti 1.63 0.33 2.33 1.67 8.33 

Ca 4.00 0.67 7.33 2.67 12.67 

Fe 5.00 2.33 8.00 3.33 8.67 
a Other grains are clay, calcrete, heavy minerals, or intergrowth of quartz and feldspar (lithics) 

The particle area and perimeter measurements of aeolian 
sediments (upwind and downwind) in Kuwait and the 
underneath or surrounding geological formation (Dibdiba 
Formation) indicate close similarities between the upwind 
and downwind. Using these values, the similarities are also 
observed when comparing the aeolian sediments and the 
Dibdiba Formation samples. The mean area and perimeter 
values of aeolian samples are slightly higher than the 

Dibdiba Formation samples. Also, upwind samples were 
slightly higher in the mean perimeter values than downwind 
samples, but the values overlap by one standard deviation 
(Fig. 3.21). 

3.14 Conclusions 

There are around 2304 sand dunes in Kuwait; all were 
sampled in this study. The sum up conclusion of this study is 
as follows:
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Fig. 3.17 Titanium minerals in 
various forms, where a represents 
a single particle with varying 
brightness. The first is anatase, 
which is composed of titanium, 
iron, silica, and minor manganese 
(1), and the darker tone contains 
more iron than titanium without 
manganese (2), b veins of silica, 
calcium, titanium, and aluminum 
(ilmenite) within quartz particle, 
c lath-like crystals of anatase 
(1) composed of titanium and 
silica with minor aluminum 
within quartz particle (2), d rutile 
(1) formed in the border of quartz 
particle due to alteration from 
smectite (2), e albite particle 
(1) contains ilmenite (2) and 
epidote (3) inclusions, and 
f euhedral crystals within quartz 
particle in sample D9 at Dibdiba 
formation 
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Fig. 3.18 Aeolian particle with 
enclosing heavy minerals 
inclusions a Smectite (1), bright 
inclusion composed of iron and 
silica (2) engulfing a sphene (3), 
b a matrix composed of iron, 
silica, titanium, and minor 
aluminum (1) containing variety 
of inclusions, silica, calcium, 
zircon, and titanium (2), pyroxene 
(3) and hornblende with altered 
titanium (4), c zircon (1) inserted 
around a cavity coated by silica, 
magnesium, and iron (2), d biotite 
mica as large inclusion within a 
quartz particle e hypersthene 
inclusion (1) containing small 
inclusion composed of silica, 
molybdenum, iron, calcium, and 
barium, f a feldspar particle full of 
inclusions of garnet minerals 
(almandite) 



2.17 1.99

(continued)

Table 3.16 (continued)
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Fig. 3.19 Quartz sand particles 
shown in scanning electron 
micrographs (SEM). 
a Well-rounded smoothed quartz 
particle with mechanical 
V-shaped, rounded, and 
crescentic pits and dish-shaped 
depressions. b Deep chemical 
pitting in a quartz particle. c An 
angular particle with a large 
number of mature conchoidal 
fractures. d Medium outline relief 
particle with a variety of 
micro-features such as 
meandering ridges (1), upturned 
plates (2), capping layers (3), 
conchoidal fractures (4), and 
adhering particles (5). e Extensive 
grooves, cracks, and chemically 
etched V-forms. f Generalized 
etching arrangement, solution 
disintegration, V-shaped sutures 
(1), and weathered 
feldspar-inclusion (2) 

Table 3.16 The mean occurrence of 26 surface textural features on 
quartz sand particles from upwind and downwind aeolian samples in 
Al-Huwaimiliyah 

Micro-features Mean occurrence 

Upwind Downwind 

Conchoidal fractures 

Rounded and crescentic pits 5.98 5.80 

Small striations 1.09 0.80 

Upturned plates 7.31 6.25 

Straight suture 2.91 2.91 

Curved sutures 3.09 2.15 

Dish-shaped depression 6.20 3.36 

Coalescing pits 0.68 0.27 

V-shaped pits 5.91 5.12 

Stepped cleavage planes 1.69 1.39 

Rounded particlesa 7.44 6.81 

Adhering particles 1.25 1.15 

Micro-features Mean occurrence 

Upwind Downwind 

Chemically etched V-forms 1.61 1.45 

Straight/curved grooves 5.96 5.46 

Smooth precipitation surface 1.90 1.54 

Oriented V-shaped pits 3.16 2.80 

Silica plastering 4.85 3.15 

Deep surface solution 3.96 3.96 

Dulled solution surface 0.37 0.28 

Meandering ridges 2.97 2.01 

Capping layer 0.06 0.03 

Quartz crystal growth 0.15 0.00 

Disintegration by solution 2.96 4.16 

Irregular solution-precipitation 6.07 5.98 

Silica coating structure 1.21 0.73 

Large-scale decomposition 2.51 2.29 
a Using the visual scale in Fig. 3.19



. The total volume of dunes up to date is about 93,379,916
m3

.

. Bhaith dunes contain along with Um Eish and Jal Zur, the
purest silica content in Kuwait.

. Dhubaiyah and Huwaimiliyah dunes contain the lowest
silica content.

. Generally, the aeolian sand dunes in Kuwait contain low
percentages of silica (about 84% on average) that can be
of economic value for glass manufacturing.

. Most of the dunes are in the Huwaimiliyah field.

. The significant sand dune dynamics and migration rates
varied from 121° to 142o except in Buhaith area: a dune
displaced to the east (87°) by 2 m yr−1.

. Dune migration rate had a negative correlation with the
dune area (r = −0.81).
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Fig. 3.20 BET surface area from upwind to downwind in the study area shows the high surface area in dunes within the Mesopotamian Flood 
Plain 

Fig. 3.21 Area (a) versus perimeter diagrams for upwind and 
downwind samples 
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