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Abstract 

 

     The objectives of this study were to determine the nature (aeolian vs. alluvial) and origin of sandy sediments in 

southwestern Iran (Khuzestan province) were collected in two transects across (NW-SE directions) and 

perpendicular to the Karkheh River, by using grain sized distribution characteristics, and the mineralogy and micro-

texture of quartz grains of forty-five surface samples (0-30cm) at interval distances of ~1.5km. Standard sieves 

(0.5phi-intervals) were used for determining sand fractions. Silt and clay fractions were measured using the pipette 

method. Mineralogical composition and surface micro-texture of quartz grains of the selected samples were 

examined using a polarizing microscope and a scanning electron microscope, respectively. Mz (mean grain size) 

varied between 1.82 to 4.56. The variations of Mz indicated the directional particle size fining the NW-SE transect. 

Sorting (I) was 0.46 to 2 and with an average of 0.97 was poorly to well sorted. The mean value of skewness 

(SKI) was 0.12 which ranged from -0.24 to 0.46 and skewed to fine particles. Kurtosis with mean values of 1.21 

varied between 0.85 to 2.25, which indicated a slight leptokurtic. Grain size characteristics showed a disturbance 

near the river due to the fluvial processes. Quartz grains were rounded and evidences of both aeolian and fluvial 

processes were observed on the grains’ micro-texture. The mineralogy of sediments were similar to those in Saudi 

Arabia. This mineralogical similarity, as well as prevailing wind direction and grain size variations, indicates the 

possibility of the sediments to have likely originated from the Arabian plate. 
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1. Introduction 

 

     Aeolian deposits cover 36% of the world's 

continents, commonly in the arid environments. 

Arid and semi-arid regions with long-term dry 

seasons occupy more than half of the world, 

which is affected by sandstorms and active sand 

dunes (Wang et al., 2003; Yang and William, 

2015). Sand containing areas are naturally 

developed into arid regions with low sparse 

vegetation. The formation and accumulation of 

sand dunes are resulted from a set of geomorphic 

processes, source area characteristics and 

environmental setting (Farahi et al., 2013). 

However, they are sensitive  

landforms and human activities which lead to 
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degradation being a major environmental 

problem. These features make the sand deposits 

important for both the environmental concerns, 

as well as the landscape evolution (Pye and 

Tsoar, 2009).  

     Grain size characteristics and mineralogy are 

important characteristics used in identifying the 

nature and origin of sand deposits (Kasper-

Zubillaga and Zolezzi-Ruiz, 2007; Li et al., 

2015; Wang et al., 2017). Grain size distribution 

is one of the most important features of aeolian 

deposits, which is primarily influenced by the 

distance from its origin and the characteristics of 

its source area (Zhang et al., 2015). The grain 

size of the aeolian deposits reflect the direction 

of the transportation of particles (Zhu and Yu, 

2014; Wang et al., 2017). Sediments in arid 

environments may accumulate by aeolian or 

alluvial processes. Mean grain size, sorting, 

skewness, and kurtosis are the parameters of 
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particle size distribution, which indicate both 

sedimentary processes and the origin and 

distance from the source (Sun and et al., 2007; 

Wang et al., 2017).  

     The accumulation source and processes of 

sediments are two frequent questions in 

sedimentology research. The sand deposits’ 

mineralogical composition is the commonly used 

property in determining sediment sources 

(Wakindiki and Ben-Hur, 2002; Kasper-

Zubillaga and Zolezzi-Ruiz, 2007). Quartz is a 

resistant mineral which is usually found in all 

sediments. Microtexture of quartz grains 

indicates the features of the sedimentation 

environment (e.g. aeolian, fluvial and glacial) 

(Mahaney, 2002; Cardona et al. 2005; Vos et al., 

2014). During transportation, sediments may 

experience different sedimentation processes 

which are revealed by micro-texture analysis 

(Mahaney et al., 2001; Rusk and Reed, 2002; 

Vos et al., 2014). For example, troughs and 

gouges, are the evidences glacial grinding and 

randomly oriented v-shaped cracks and edge 

rounding fracturing are the result of aeolian 

abrasion (Sweet and Soreghan, 2010).  

Iran is located in the mid-latitude desert belt and 

sand deposits are common landscapes found in 

the arid environment of the country. Although 

there have been some attempts to characterize the 

sand dunes in the recent decade (Vosoo et al. 

2015; Karimi et al., 2009), the nature and origin 

of sand deposits in Iran’s desert areas are still 

unknown. Khuzestan province in southwestern 

Iran, which borders the Persian Gulf and Iraq, has 

a total of 39,400km2 of aeolian deposits. The 

objectives of this study were to find the nature 

and origin of sand deposits in northwestern 

Khuzestan province, by determining the grain 

size characteristics, mineralogy, and  the micro-

texture of its quartz grains. 

 

2. Materials and Methods 

 

2.1. Study Area and Sampling 

 

     The study area was located 30km into the 

northwestern city of Ahwaz and extended from 

the Karkheh river to border of Iraq. It covered 

64,000 hectares of the lands between 31˚ 27' to 

31˚ 47' N and 48˚ 09' to 48˚ 37' E (Figure 1). 

Karkheh river flowed through the study area and 

sediments were found on both side of the river. 

The mean annual rainfall was 193.2m with a 

maximum and minimum of 42.3 and 0mm in 

February and August, respectively. The mean 

annual temperature was 24.1°C and the 

maximum and minimum temperatures were 45.5 

and 5.9°C in August and February, respectively. 

According to the De Martonne classification, the 

climate was hot and dry. Based on the Annual 

Wind Rose (Figure 2), the prevailing wind had a 

maximum speed of 60km/h with a western 

direction. 

 

2.2. Sampling and Particle Size Analysis 

 

     Forty-five samples were collected from a 

depth of 0-30cm and interval distance of about 

1.5km in two transects across and perpendicular 

to the Karkheh River (Figure 1). 

To determine the particle size distribution, 50g of 

an air-dried sample was sieved to separate the 

sand fraction (>63µm). The sand fraction 

separated using a series of sieves with an interval 

of 0.5 units. The fractions of 20-50, 5-20, 2-5 

and <2µm were measured using the pipet 

method. The mean grain size (Mz), sorting (I), 

skewness (SKI) and kurtosis (K) were calculated 

with the GRADISTA program (Blott and Pye, 

2001). These parameters were calculated in 

accordance to the graphical measurement method  

 

                                 (1) 

 

with the following equations (Folk and Ward, 

1957). 

 

                        (2) 

 

                            

    (3)   

 

 

                                                 

                                     (4) 

   
2.3. Mineralogy and Micro-texture Analysis 

 

     In order to determine the mineralogy of sand 

fraction, calcium carbonate was removed by 

hydrochloric acid. The sand particles were 

mounted on glass slides which were hardened by 

resin and thinned to a 30µm size. The thin 

sections were analyzed using a hp-PL20 

polarizing microscope. 

     The micro-texture of quartz grains were 

examined by a scanning electron microscope 

(SEM), model VP-1450 made by a German 

company, LEO. For this purpose, the sand 

fraction was treated with hot HCl 6N to remove 

impurities from the surfaces of the grains.  
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Fig. 1. Study area in southwestern Iran and location of sampling points area in studied sandy sediments; The histograms indicated frequency of particle size 
fractions of three representative samples 

MS: Medium sand, FS: Fine sand, VFS: Very fine sand, VCSi: Very coarse silt, CSi: Coarse silt, MSi: Medium silt, FSi: Fine silt, VFSi: Very fine silt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.  2. Wind rose of study area 
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3. Results and Discussion 

 

3.1. Grain size distribution 

 

     The sand content comprised 79 to 98.1% of 

the samples, with an average of 88.6%. The range 

of silt content was 1.6 to 66.2%. The clay content 

had an average of 0.8% and a maximum of 6.2% 

as the lowest fraction (Table 1). 

 

     Fine sand with an average of 49.7% was the 

highest amount of sub-fraction in the sediments. 

The medium and very fine sand were 

considerably higher than other fractions (Table 

1). Fine and medium sand are the main 

constituent of the sand deposits of the world. For 

example, fine to medium sands were the 

dominant fractions of the Ejina desert in China 

(Zhu et al., 2014) and the Toshka desert in Egypt 

(Hamdan et al., 2015).  

 
Table 1. Summary of particle size distribution and grain size characteristic  

Parameter 
Sand Silt Clay CS MS FS VFS VCSi CSi MSi FSi VFSi Mz I 

SKI K 
% () 

Mean 88.6 10.6 0.8 2.3 19 49.7 17.6 6.4 2.7 0.4 0.5 0.6 2.66 0.97 0.14 1.21 

Sd 12.2 11.3 1 3 10.5 12.5 7 5.3 6.8 0.6 0.6 1 0.45 0.34 0.12 0.21 

Max 98.1 31 6.2 13.9 52 81.3 43.2 19.1 9.8 3.7 3.6 6.4 3.7 2.00 0.46 2.25 

Min 79 1.6 0 0 2.7 25.8 6.5 0.9 0 0 0 0 1.82 0.46 -0.24 0.85 

MS: Medium sand, FS: Fine sand, VFS: Very fine sand, VCSi: Very coarse silt, CSi: Coarse silt, MSi: Medium silt, FSi: Fine silt, 

VFSi: Very fine silt, Mz: Mean grain size, I: Sorting, SKI: Skewness, K: Kurtosis 
 

     The Mz average was 2.66 (0.18mm) (Table 

1), which was similar to the Mz for the Kumtagh 

desert (0.19mm) (Dong et al., 2011), Tengger 

(0.17mm) (Hasi and Wang, 1996), Badain Jaran 

(0.21mm) (Qian et al., 2011) and in China and 

the southwestern Kalahari (0.21mm) (Lancaster, 

1986). The frequency curves of the grain size 

distribution of four representative samples along 

the transect (Figure 3) indicated a unimodal 

distribution with a mode at 2.5 (fine sand). 

 

 

 

 

 

 

 

Fig.  3.  Frequency distribution curves of grain size distribution of selected samples 

 

     The average values of  I was 0.97 which 

ranged from 0.46 to 2, which according to the 

Folk and ward (1957) classification, indicated a 

well to poorly sorted studied sediments. The 

broad range of SKI values from -0.24 to 0.46 

(mean 0.14) indicated the coarse to very fine 

skewed sediments. The K range was 085-2.25, 

with an average value of 1.21, hence the 

sediments were mostly leptokurtic. 

 

3.2. Spatial Variations of Grain Size Distribution 

 

     Spatial variations of grain size distribution of 

aeolian sediments provide insights to the 

sedimentary environments and processes. Figure 

4 shows the grain size characteristics along the 

sampling transect. On both sides, the Mz 

decreased towards the river. This means that the 

sediments are coarser near the river.  

Furthermore, the Mz on the right side of the river 

was 2.75 which is finer than the sediments on 

the left side which have a value of 2.58.  

     The grain size distribution frequency 

histograms of samples 1, 17, and 39 along the 

transect are shown in Figure 1. Sample 39 to 1 

have a decrease in fine sand, with an increase in 

the amount of very fine sand and coarse silt. The 

I on the left side of the river did not show any 

distinct variations. However there was a slight 

increase on the right side, farther away from the 

river. The K and SKI did not indicate distinct 

variations along the transect, however, the mean 

values of these parameters were slightly higher 

on the right side of the river. 

 

3.3. Bivariate Plots 

  

     Bivariate plots illustrate the relationship 

between two properties of a sample. In 

sedimentology, bivariate plots of grain size 

0

10

20

30

40

50

-2 0 2 4 6 8 10

8

15

31

39



Ghazi et al. / Desert 24-1 (2019) 75-85 

 

 

79  

characteristics are used to understand and 

describe the sedimentation processes (Zhu et al., 

2014; Zhu and Yu; 2014; Zhang and Dong; 2015; 

Karimi et al., 2017).  

     A positive correlation was observed between 

Mz and δI (Figure 5a) which was indicated 

worsening the sorting by fining of the sediments,. 

By increasing Mz (fining the sediments) the 

particles distribute among the fractions and cause 

worsening the sorting.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Fig.  4. Variations of grain size characteristics along the studied transect on both sides of the Karkheh river 

 

     Usually, at a short distance from the source, 

the δI value is low, due to an accumulation of the 

particles at a narrow range particle size. By 

distance, the portion of the finer particle 

increases, and consequently, the δI increased. 

Sorting slightly improves in distant area from the 

origin due to decreasing the coarser and 

increasing the finer fractions, (slight decrees the 

δI) (Karimi et al., 2017). This is confirmed by 

studies of Qian et al. (2011) and Chen (1993). 

Blount and Lancaster (1990) showed that coarse 

particles near the origin are moderately to poorly 

sorted and improve by distance from the origin. 

Zhu and Yu (2014) showed that in the Ejina 

Desert (China), sediments with dominating 

medium and fine fraction were sorted best, and 

with an  increase of the coarser or finer particles, 

the sorting tended to be worse. The dominance of 

fine sand in the studied sediments indicate a far 

distance from the origin and therefore explain the 

worsening of the sorting of the fining sediments.  

By increasing the Mz, SKI increased and K 

decreased (Figures 5b and 5c). In aeolian 

deposits usually by increasing distance from  the 

source, the particles distribute in broader size 

range which causes both decreasing the K and 

increasing skewness (Purkait, 2010; Karimi et 

al., 2017; Chen, 1993; Li et al., 1998).  

     As stated by the increase of the Mz (fining the 

sediments), the particles in coarser fractions 

decreased and finer fractions increased,  which 

therefore led to a regular K decrease and I and 

SKI increase. 

 

 

 

 

Distance (km) 

M
z 

(
)

 

I 

(
)

 
K 

S
K

I
 

Current flood plain 



Ghazi et al. / Desert 24-1 (2019) 75-85 

 

 

80  

 

Fig.  5. Bivariate plots of grain size characteristic 

 

3.4. Micro-texture 
 

     The shape and micro-texture of sample 42 at 

about 22km on the left side of the river is 

presented in Figure 6. Most of the grains are 

equant with few planar shapes with rounded 

edges (Figure 6a, b and c). 

     Low relief, crescent gouges, conchoidal, and 

V-shape fractures are frequently observed on 

quartz grains (Figures 6d and 6e). The 

dissolution etching features indicated that the 

grains were affected by either a chemical 

dissolution of the source or during transport. The 

grains in sample 16 (near the river) are mostly 

prolate (Figure 7). The micro-texture features are 

similar to those in sample 42 but with more 

abundant etchings dissolutions.  
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Fig.  6. Microtexture of quartz grains of sample 42 in the studied transect; 1. low relief, 2. conchoidal fractures, 3. weathering and dissolution etching, 4. V-

shaped fracture and 5. Liner fractures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  7. Microtexture of quartz grains of sample 16 in the studied transect; 1. low relief, 2. conchoidal fractures, 3. weathering and dissolution etching and 4. 

V-shaped fracture 
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3.5. Mineralogy 

 

     The mineralogy analysis results indicated the 

presence of single mineral grains and fragments 

of a sedimentary to igneous rock. Quartz with an 

average of 40-60% was the dominant mineral and 

plagioclase (10-15%) was present in all samples 

(Table 2). 

 
          Table 2. Mineralogy composition of the studied sediments 

Sample 
Quartz Plagioclase Opal Biotite Loadstone Orthoclase Zircon Tourmaline 

% 

1-8 40 10-15 - - - <5 <5 - 

9-17 50 10 - - <5 <5 <5 - 

18-30 60 10 - <5 - - - - 

31-45 60 10 5 - - - - 1-2 

 

     Quartz was the dominant mineral in the 

studied sediments and is also observed in the 

majority of sandy sediments of the world, such as 

in the Kalahari Desert, Namibia in South Africa 

(Billingsley, 1987), the United Arab Emirates 

(Howari et al., 2007), and in the Arabian Desert 

(Garzanti et al., 2013). The quartz hardness was 

marked 7 in the Mohs scale and had a 

tectosilicate structure, which made it resistant 

both to physical and chemical 

weathering,Therefore, it is amongst one of the 

most abundant minerals in the sediments. 

Orthoclase, loadstone, biotite, opal, zircon, and 

tourmaline were the other minerals (>5%) in the 

studied sediments (Table 2). 

     Muhs (2004) classified the sand deposits 

based on a mineralogical composition of four 

groups of carbonate-rich, gypsum-rich, volcanic 

sand, and quartz-feldspar sand that originated 

from volcanic and metamorphic rocks. 

Considering the dominance of the quartz and the 

feldspar (Table 2), the studied sediments were 

quartz-feldspar sand. Mineralogy in our area was 

similar to sand dunes in the Moenkopi plateau in 

North America (Billingsley, 1987), the 

sandstorm mineralogy in Iraq (Awadh, 2012) and 

the Namibian Desert in Africa (Garzanti et al., 

2012). These results are also comparable to the 

sand dune in the Southwest of the United Arab 

Emirates (Howari et al., 2007) and in the Arabian 

Desert (Garzantani et al., 2013) which have a 50-

60% of quartz. 

 

4. Dissection 

 

4.1 Sedimentation and Accumulation Processes 

 

     The studied sediments are distributed 

perpendicular to Karkheh river and this 

geomorphic makes a doubt on fluvial or aeolian 

nature of these sediments. Grain size 

characteristics are one of the most important 

features of sediments that reflect the 

sedimentation processes (Sun et al., 2007; Zhu et 

al., 2014; Wang et al. 2017). Aeolian deposits are 

usually unimodal and have a narrow range of 

particle size distribution, whereas fluvial 

sediments are usually multimodal (Zhu and Yu, 

2014; Li et al., 2014). The particle size 

distribution of the studied sediments is unimodal 

(Figure 3) which can be considered as an 

indication of the aeolian origin.  The directional 

fining trend in sandy sediments is another 

evidence of the aeolian nature of the sediments 

(Zhu et al., 2014; Karim et al., 2017). Although 

in our investigation, the sediments on the left side 

of the river were a little coarser and there were 

no distinct variations of Mz along the studied 

transect (Figure 4). It is likely due to the 

disturbance of the sediments by fluvial processes, 

which is confirmed by the difference in the 

morphology of the grains near the river (prolate 

shape) versus the samples in the far distance 

(equant shape) (Figure 6). Furthermore, both 

aeolian and alluvial signs were observed on the 

quartz grains’ micro-texture (Figure 7). 

     Bivariate plots of grain size characteristics 

were useful to understand sedimentation 

conditions. Li et al., (2014) indicated that 

samples with different sedimentation processes 

compose separate clusters. The distinct 

relationship between the parameters indicated a 

dominant accumulation process. According to 

the lines of evidence, the sediments were 

transported to the area by wind and were affected 

by post-deposition of the alluvial processes.  

 

4.2. Origin 

 

     Due to the direction of particle size fining 

(Figure 4), the sediments originated from the 

west of the area. The mineral composition is a 

useful index for the determination of the origin 

of sediments. Polycrystalline and 

monocrystalline are two types of quartz. 

Polycrystalline has a lower stability than 

monocrystalline and its relative abundance 

indicates its transportation conditions (Tucker, 

2011). The analysis of the thin sections showed a 

higher abundance of monocrystalline than 

polycrystalline quartz in the studied sediments 

(Figure 8), which indicated a relatively long 
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distance from the origin. The presence of quartz 

with a direct extinction and also that of zircon 

and tourmaline, indicated the contribution of 

volcanic materials in the studied sediments.   

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Fig.  8. Thin section images showing the mineralogy of selected samples;  Qz(p): polycrystalline quartz, Qz (m): monocrystalline quartz, Opl: opal, Bt: 

biotite, Pl: plagioclase, Hem: hematite, Tur: tourmaline, Or: orthoclase, Zrn: zircon 

 

     Based on mineralogy characteristics, the 

studied sediments originated from an area of 

volcanic formation. There was a volcanic area in 

the far west (~1000km) of the study area (Figure 

9) in Saudi Arabia (Howari et al., 2007; Garzanti 

et al., 2013). Garzanti et al. (2013) determined 

the mineralogy composition of the Great Nafud 

Sahara zone and the Dena Sahara in the Arabia 

plate. The comparison of the mineralogy of 

studied sediments and the Arabian plate 

indicated a high similarity of the mineralogical 

composition (Table 3).  

 
Table 3.  Comparing the mineral composition of the study area and Arabian shield 
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Fig. 9.  Pathway of sediment transport from Arabian shield to southwestern Iran 

 

     As shown in Figure 9, the prevailing wind had 

a western direction which transported the eroded 

materials from the volcanic source towards the 

study area. The gentle decreasing elevation of the 

Arabian plate towards Iran provided suitable 

conditions for this process. Accordingly, the 

Arabian plate can be considered as the likely 

origin of the studied sediments. 

 

5. Conclusion 

 

     Grain size distribution characteristics, micro-

texture of quartz grains and mineralogy 

composition indicated the processes of 

accumulation and origin of sand dunes in 

southern Iran. The sandy sediments, especially 

near the Karkheh river, were accumulated by 

aeolian processes that were later affected by 

alluvial post-deposition processes, The 

sediments were unimodal with a mod in fine sand 

fraction. Although the sediments showed an 

overall fining trend along the prevailing wind, 

the river stream caused a disturbance in this 

trend.  The micro-texture analysis of the quartz 

grains indicated the results of the aeolian and 

alluvial processes on the surface of the quartz 

grains. The presence of minerals of volcanic 

origin and its similarity to the mineralogy of 

sediments of Saudi Arabia, showed that the 

sediments in the study area likely originated from 

the Arabian plate. 
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