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Abstract—Quartz is the major mineral of Wadi Arar sediments. 
The top two elements contents are oxygen with 63.96 wt%, 
followed by silicon with 16.35 wt%. There is a positive, weak to 
medium correlation between grain size and silicon and oxygen 
contents. The correlation between oxygen and grain size is four 
times higher than that of silicon. At grain size ranges between 0.8 
and 1.0 mm, both oxygen and silicon show the maximum 
correlation, which decrease gradually with finer and coarser 
grain sizes. For each element, the correlation between the element 
content and grain size is a fourth degree polynomial in the grain 
size. Theoretically, the best two math models that represent the 
relation between the grain size distribution and each of individual 
oxygen and silicon content are y=8.84∙ln(x)+39.5 and 
y=2.26∙ln(x)+10.1 respectively, where y represents the element 
content percentage and x represents the corresponding grain size 
in mm. 
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I. INTRODUCTION  
Wadi Arar is located in the central part of the Northern 

Border Region of the Kingdom of Saudi Arabia (KSA). It 
penetrates Arar City from the south west to the north east and 
divides Arar city into two regions (Figure 1). These regions and 
areas are characterized by a rocky layer of limestone and 
sandstone with a few of dolomite and silt. A few studies and 
boring reports about soil properties of Wadi Arar for 
foundations and projects construction were done [1].          
Analysis of grain size distribution has been widely used by 
engineering geologist and sedimentologists to classify 
sedimentary environments and investigate transport dynamics. 
Grain size is also an important biotic component of the dune 
ecosystem. The grain size of sediments provides an indication 
of the shear stress that must be applied by the medium to 
initiate and sustain particle movement. Grain size distribution 
is affected by other factors such as distance from the shoreline, 
distance from the recharge source area, source material, 
topography and transport mechanisms. The essential factors 
influencing the heavy metal contents in sediments include the 
physical and chemical properties (grain size, surface to volume 

ratio, heavy metal contents of the main geochemistry phase), in 
which grain size is a main control parameter. There is an 
indication that finer sediments contain more heavy metals than 
coarser ones. The main reason is that smaller grain size 
particles have a larger surface-to-volume ratio [2, 3]. However, 
some studies have indicated that coarser particles show a 
similar or even higher heavy metal concentration than finer 
ones and the presence of coarser particles are possibly 
responsible for higher metal content in the coarser size 
fractions [4, 5].           

In [6], authors observed that the radon exhalation rate 
increases with an increase in grain size. In [7], authors found 
that the maximum concentrations of the platinum group and 
rare earth elements were observed at d50=1-2 and 1-4 µm 
respectively. In [8], the grain size distribution and heavy 
minerals at Malindi Bay coast, Kenya were investigated. In [9], 
authors showed that the heavy metals concentrations increased 
with the decrease in particle size. In [10], it was found that 
most of elements have their highest concentrations in fine grain 
mud samples when compared with silt and silt-mud samples, 
with clay minerals possibly playing an important role. In [11], 
authors quantified mineral grain size distributions for process 
modelling using X-ray micro-tomography. In [1], it was found 
that deposits of Wadi Arar were silty sand (SM) according to 
unified soil classification system. In [12], authors concluded 
that if the grain size decreases, heavy metal content increases. 
In [13], authors showed the strong influence of grain size on 
sediment composition that is largely reflecting the greater grain 
size effect on mineralogy. In [14], authors found a distinct 
heterogeneity in particle size distribution and mineralogy 
throughout the Boulder Creek Watershed in Colorado, USA. 

There are not enough studies available to correlate grain 
size distribution with each of the two elements (silicon and 
oxygen) composing of Quartz at Wadi Arar, Kingdom of Saudi 
Arabia.  Accordingly, the present work is mainly focused on 
the Quartz mineral. It is attempting to portray the grain size 
distribution of quartz mineral content on silicon and oxygen 
percentages at Wadi Arar. Therefore, the study area is carefully 
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chosen to represent a key sector of Quartz mineral content due 
to urban expansion in Arar city.  Also, the present study is 
focuses on the part of Wadi Arar which will probably be 
developed for real estate (Figure 1). Figure 2 shows an 
explanation diagram of the scope and purpose of the present 
work. 

 

 
Fig. 1.  Topographical Plan of Arar City and Wadi Arar (after Alghamdi 

and Hejazy, 2013) 

 

 
Fig. 2.  Illustration diagram of the scope and purpose of the work. 

II. GEOLOGICAL SETTING  
The study area which located in the northwestern part of 

Saudi Arabia is underlain by Late Cretaceous sedimentary 
rocks of the Aruma Group and by Paleogene and Neogene 
sedimentary rocks, Devonian, Silurian, Ordovician, and 
possible Cambrian sedimentary units occurring in the 

subsurface. Nonconsolidated gravel, sand and silt occupy most 
wadis and dissolution-subsidence depressions [15].  

III. METHODOLOGY 

A. Sampling 
For the purpose of measuring grain size distribution, thirty 

five disturbed samples were collected from seven locations in 
Wadi Arar, five from each location. The profiles of the 
locations were denoted by A, B, C, D, E, F and G profiles. 
Profile A is located at the northeast point of the Wadi facing 
Arar city while profile G is located at the southeast point facing 
Aljouf city. For the purpose of mineral and element analysis, 
three disturbed samples are taken from each location of each 
profile (Figure 1). 

B. Sieve analysis 
Grain size distribution data are obtained using the sieve 

analysis test [1]. Geometric means of percentages were 
calculated rather than arithmetic means because the geometric 
mean is more suitable when percentages are used. 

C. X-ray diffraction (XRD) 
The X-ray diffraction patterns of the selected soil samples 

under study were carried out using a Phillips X, PANalytical x-
ray diffractometer at 40 kV and 40 mA with Ni Filter and Cu 
Kὰ radiation. The XRD runs were carried out up to 2θ 0f 69o. 
The traditional XRD patterns obtained from the current 
samples show more or less similar 2θ of the diffraction peaks.  

D. Heavy liquid separation technique 
Each of the investigated samples was subjected to heavy 

liquid separation technique using bromoform (sp. gr.=2.8) 
where most of quartz mineral is obtained in the light fraction 
while all of remaining mineral varieties were obtained in the 
heavy fraction. Each of the individual light fraction was 
detected using scanning electron microscope. 

E. EDX 
Energy-dispersive X-ray spectroscopy (EDX) analysis 

technique was used for the elemental analysis. EDX 
spectroscopy  depends on the principle that each element has a 
unique atomic structure resulting in a unique set of peaks on its 
electromagnetic emission spectrum, which allows for 
measuring the elemental composition of the specimen [16]. 

IV. RESULTS 

A. Grain size distribution 
Table I shows the geometric means of the percentage 

passing of grain size contents at all different locations. It is 
found that the maximum percentage passing occurs at locations 
E, while the minimum value occurs at location F (Figure 3). 

B. Mineralogy 
The XRD patterns of all samples clearly exhibit the typical 

phase of Quartz mineral (Figure 4). The quartz is the major 
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mineral with 58 % of the soil sample. In the XRD patterns, the 
highest peak of 2Ɵ = 26.0o can be assigned to SiO2 according 
to the standard pattern number 46-1045 (JCPDS, 2000).  XRD 
patterns for the other minerals show similar behavior and will 
be discussed in a future work. 

TABLE I.  GEOMETRIC MEANS OF % PASSING AT DIFFERENT LOCATIONS 

Sieve 
no 

Diameter Locations Mean
(%) (mm) A B C D E F G 

s4 4.75 80.77 89.43 83.8 86.87 90.23 68.38 88.78 83.71
s6 3.35 74.99 85.08 75.72 84.19 85.89 65.35 85.28 79.15

s10 2 66.95 74.8 68.31 73.77 79.25 60.81 78.88 71.54
s18 1 60.12 66.57 62.79 64.94 74.27 52.96 73.53 64.65
s20 0.85 51.76 55.65 53.1 57.67 67.49 45.4 65 56.14
s40 0.43 44.4 46.89 45.75 53.05 61.96 40.26 54.19 49.05
s60 0.25 37.32 40.25 38.29 44.2 53.75 30.56 44.91 40.78
s100 0.15 30.47 34.32 31.57 38.24 46.65 26.3 38.79 34.66
s200 0.08 24.77 27.91 27.74 33.18 41.4 19.8 30.99 28.73
 

 
Fig. 3.  Grain Size distribution curves of the studied soil samples of the 

different locations 

C. Element concentrations 
Figure 5 shows major and trace elements of the studied soil 

samples that were determined by Energy Dispersive X-Ray 
Analysis (EDX). Table II shows the two major elements (Si, O) 
contents of Quartz at the different studied locations with an 
average percentage of 16.4% and 63.96 %, respectively. 

D. Correlation 
To detect and compare the strength and direction of the 

linear relationships between grain size distributions and the 
content for each of silicon and oxygen concentrations, the 
correlation coefficients (r), were calculated using the values of 
Table III. The values of correlation coefficient (r) between 
grain size and both silicon and oxygen are plotted in Figure 6. 
As shown in Figure 6 the correlations increase with grain size 
for both elements (Si, O) till around 1.0 mm,  beyond which the 
correlations decrease gradually to 0.08 mm. At grain size 0.85 
and 1.0 mm, which is the size of medium sand, the sample 
shows maximum correlation of 0.21% and 0.42 % for silicon 
and oxygen, respectively. On average, oxygen correlation is 
39% higher than that of silicon. For O, the correlations increase 
from 0.18 at 0.075 mm to 0.42 at 1 mm. Then it drops to 0.15 
at 4.75 mm. For Si it increases from 0.01 to 0.20 then drops 

down to 0.06 at the same grain sizes. The observed deviation is 
most probably due to the existence of composite quartz grains. 
Some of quartz grains are stained, coated or locked with other 
mineral varieties; mainly carbonate. 

 

Fig. 4.  XRD patterns of the current sample 

 

 
Fig. 5.  EDX Spectrum of the current samples 

 

 

Fig. 6.  Relation between correlation coefficient and grain size of Si and O 
elements 
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TABLE II.  GEOMETRIC MEANS OF INDIVIDUAL SI AND O ELEMENT 
CONTENTS (%) 

Elements Locations Mean 
% A B C D E F G 

Silicon (Si) 20.66 13.23 14.73 16.99 15.55 14.8 19.81 16.35
Oxygen (O) 62.94 63.5 64.64 63.26 64.16 64 65.24 63.96

TABLE III.  CORRELATION BETWEEN GRAIN SIZE AND ELEMENT (SI, O) 
CONTENTS 

Grain size 
(mm) 0.08 0.15 0.25 0.43 0.85 1 2 3.35 4.75 

Silicon (Si) 0.18 0.22 0.21 0.27 0.4 0.42 0.31 0.12 0.15 
Oxygen (O) 0.01 0.07 0.1 0.12 0.21 0.15 0.11 0.07 0.06 

E. Polynomial Regression 
The relation between grain size and its correlation with 

silicon and oxygen are fitted with polynomials of degree 2, as 
follows: 

Y=-0.0263x2+0.0938x+0.2338  (1) 

for oxygen and by  

 Y=-0.0156x2+0.0648x+0.0742  (2) 

for silicon  

Where Y represents the correlation coefficient of the 
selected element and X represents the grain size in mm.  

The values of coefficient of determination (R2) are 0.40 for 
oxygen and 0.31 for silicon (i.e. 40% of oxygen and 31% of 
silicon of data are above the best fit curve). Thus means that 
strength of the relations are medium.  

When the degree of the polynomial has increased to the 
fourth degree the R2 values are above 0.90 (Figure 7). The 
fourth degree polynomial fitting is given by  

Y=-0.0035x4+0.0652x3-0.3472x2+0.5612x+0.1211    (3) 

for oxygen and by  

Y=-0.011x4+0.1168x3-0.4077x2+0.4933x-0.0124 (4) 

for silicon. 

The R2 values for the 4th degree fitting are 0.96 and 0.91 
respectively (Figure 8). 

 

 

Fig. 7.  Second degree polynomial of correlation in grain size 

 

Fig. 8.  Fourth degree polynomial of correlation in grain size 

V. ELEMENT CONTENTS IN EACH FRACTION 
To find the theoretical content of elements that corresponds 

to each grain size, the values in Table I were multiplied by the 
values in Table II then divided by 100. Tables IV and V show 
that content of oxygen and silicon respectively. The mean 
element content for each element (Tables IV and V) is 
logarithmically modeled in term of grain size. The fitting for 
oxygen given by: 

Y=8.8369ln(x)+39.5  (5) 

For silicon the fitting is given by 

Y=2.2586ln(x)+10.096  (6) 

Where Y represents element content percentages and X the 
grain size (mm) 

TABLE IV.  OXYGEN IN EACH FRACTION 

Size 
(mm) 

Locations Mean
(%) A B C D E F G 

4.75 50.83 56.78 54.17 54.95 57.89 43.76 57.93 53.54
3.35 47.19 54.02 48.95 53.26 55.11 41.82 55.64 50.63

2 42.13 47.49 44.16 46.66 50.85 38.92 51.46 45.76
1 37.84 42.27 40.59 41.08 47.65 33.89 47.98 41.35

0.85 32.58 35.34 34.33 36.48 43.3 29.06 42.41 35.9
0.425 27.94 29.77 29.57 33.56 39.76 25.76 35.36 31.37
0.25 23.49 25.56 24.75 27.96 34.49 19.56 29.3 26.08
0.15 19.18 21.79 20.41 24.19 29.93 16.83 25.31 22.17
0.075 15.59 17.72 17.93 20.99 26.56 12.67 20.22 18.38

TABLE V.  SILICON CONTENT IN EACH FRACTION 

Size 
(mm) 

Locations Mean
(%) A B C D E F G 

4.75 16.69 11.83 12.34 14.76 14.03 10.12 17.59 13.68
3.35 15.49 11.26 11.15 14.3 13.35 9.67 16.9 12.94

2 13.83 9.9 10.06 12.53 12.32 9 15.63 11.69
1 12.42 8.81 9.25 11.03 11.55 7.84 14.57 10.57

0.85 10.7 7.36 7.82 9.8 10.49 6.72 12.88 9.18
0.425 9.17 6.21 6.74 9.01 9.63 5.96 10.74 8.02
0.25 7.71 5.33 5.64 7.51 8.36 4.52 8.9 6.67
0.15 6.3 4.54 4.65 6.5 7.25 3.89 7.69 5.67
0.075 5.12 3.69 4.09 5.64 6.44 2.93 6.14 4.7
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Both elements reflect a positive relation between their 
contents and grain size. The ratio of silicon content is a quarter 
of oxygen contents. With the increase of grain size content a 
diversion was observed between both elements (Figure 9). 

 

Fig. 9.  Relation between grain size and individual Si and O element 
contents 

VI. CONCLUSION 
The basic conclusions of this paper as as follows: 

 Quartz represents the major mineral in Wadi Arar. 

 Oxygen and silicon are the major elements in Wadi 
Arar. 

 The maximum correlation between grain size and 
element content appears at a grain size of 1.0 mm. 

 The max correlation between grain size and oxygen is 
double of that with silicon (0.42 and 0.21 respectively). 

 The strongest relation between grain size and its 
correlation with element content is a fourth degree 
polynomial. 

 The relation between element content (Si, O) and grain 
size is a positive and logarithmic relation. 

REFERENCES 
[1] M. Alghamdi, A. Hegazy, “Physical Properties of Soil Sediment in Wadi 

Arar, Kingdom of Saudi Arabia”, International Journal of Civil 
Engineering, Vol. 2, No. 5, pp. 1-8, 2013 

[2] W. Salomons, U. Forstner, Metals in hydrocycle, Springer, Berlin 
Heidelberg New York, 1984 

[3] D. Martincic, Z. Kwokal, M. Branica, “Distribution of zinc, lead, 
cadmium and copper between different size fractions of sediments I, The 
Limski Kanal (North Adriatic Sea)”, Science of The Total Environment, 
Vol. 95, pp. 201–215, 1990 

[4] A. Tessier, P. Campbell, M. Bisson, “Particulate trace metal speciation 
in stream sediments and relationships with grain size: implications for 
geochemical exploration”, J. Geochem. Explor., Vol. 16, pp. 77–104, 
1982 

[5] A. Singh, S. Hasnain, D. Banerjee, “Grain size geochemical partitioning 
of heavy metals in sediments of the Damodar River-a tributary of the 
lower Ganga, India”, Environ. Geo., Vol. 39, No. 1, pp. 90–98, 1999 

[6] N. Ahmad, M. Jaafar S. Khan, “Correlation OF Radon Exhalation Rate 
With Grain Size Of Soil Collected From Kedah, Malaysia”, Sci. Int, 
Lahore, Vol. 26, No. 2, pp. 691-696, 2014 

[7] M. Hays, S. Cho, R. Baldauf, J. Schauer, M. Shafer, “Particle size 
distributions of metal and non-metal elements in an urban near-highway 
environment”, Atmospheric Environment, Vol. 45, pp. 925-934, 2011 

[8] J. Abuodha, “Grain size distribution and composition of modern dune 
and beach sediments, Malindi Bay coast, Kenya”, Journal of African 
Earth Sciences, Vol. 36, pp. 41–54, 2003 

[9] Q. Yao, X. Wang, H. Jian, H. Chen, Z. Yu, “Characterization of the 
Particle Size Fraction associated with Heavy Metals in Suspended 
Sediments of the Yellow River”, Int. J. Environ. Res. Public Health, Vol. 
12, pp. 6725-6744, 2015 

[10] C. Zhang, L. Wang, G. Li, S. Dong, J. Yang, X. Wang, “Grain size 
effect on multi-element concentrations in sediments from the intertidal 
flats of Bohai Bay, China”, Applied Geochemistry, Vol. 17, pp. 59–68, 
2002 

[11] C. Evans, E. Wightman, X. Yuan, “Quantifying mineral grain size 
distributions for process modelling using X-ray micro-tomography”,  
Minerals Engineering, Vol. 82, pp. 78-83, 2015 

[12] S. Maslennikova, N. Larina, S. Larin, “The Effect of Sediment Grain 
Size on heavy metal Content”, Lakes, Reservoirs and Ponds, Vol. 6, No. 
1, pp. 43-54, 2012 

[13] H. Eynatten, R. Tolosana-Delgado, “Geochemistry versus grain-size 
relations of sediments in the light of comminution, chemical alteration, 
and contrasting source rocks”, Proceeding of the 4th international 
workshop on compositional data analysis, CODAWORK’11, Sant Feliu 
de Guixols Girona Spain, 2011 

[14] D. Kile, D. Eberl, “Quantitative Mineralogy and Particle size 
distribution of Bed sediments” in Water Quality of the Boulder Creek 
Watershed, Colorado, USGS, U. S. Department of the Interio 2000 

[15] A. Al-Khattabi, S. Dini, C. Wallace, A. Banakhar, M. Al-Kaff, A. Al-
Zahrani, “Geological map of the Arar Quadrangle”, Sheet 30, Saudi 
Geological Survey, Kingdom of Saudi Arabia, 2010 

[16] J. Goldstein, Scanning Electron Microscopy and X-Ray Microanalysis. 
Springer, 2003 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 


