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Abstract 
Babolsar eastern coastal dunes have been developed along the southern coast of the Caspian Sea. The studied 

area is coordinated in N36°43' to N36°44' latitude and E52°44' to E52°52' longitude. The objectives of this 

research were to: Study mineralogy and geochemistry of sand dunes, to obtain chemical alteration index (CIA) 

and its relationship to climate and mineralogy, to determine the potential accumulation of heavy minerals and 

trace elements and to identify sedimentary processes, climate, source rock geochemistry and mineralogy of the 

deposits. In this research, 43 dune samples were collected from 4 different areas of coastal dunes, out of which 

14 samples were analyzed using X-ray fluorescence method (XRF) for major oxides and trace elements. A 

comparison was made between sand dunes, river and beach. To increase the accuracy of the mineralogical study 

of sediments, 7 microscopic thin sections were prepared. The mineralogical analysis of the coastal sand dunes 

indicates that the average amounts of quartz, feldspar and rock fragments found in these samples are 29.56%, 

7.42% and 63.02%, respectively. Much of the rock fragments were respectively sedimentary, volcanic, plutonic 

and finally metamorphic rock fragments with the lowest amounts. The abundance of carbonate sedimentary rock 

fragments in Babolsar coastal sand dunes can be caused by proximity to the carbonate source rock. The average 

amount of chemical alteration observed in coastal dunes of Babolsar was 89.39%, which is similar to coastal 

dunes of Miankaleh (=88.44%). It seems that warm and humid climates predominate in both of Miankaleh and 

Babolsar coastal sand dune areas. The concentration of TiO2, Fe2O3, MgO and heavy minerals in the coastal 

dunes of Babolsar were reduced eastward. This pattern of decreasing main oxides of iron, titanium and 

magnesium with the direction of prevailing winds in the area from west to east is in agreement and proves that 

the distribution pattern of major oxides which form dark heavy minerals in the sand dune samples have been 

more affected by the prevailing winds in the region. 

 

Keywords: Chemical index of alteration, Major elements, Trace elements, Heavy mineral evaluation, 
Abundance of rock fragments. 

  
1. Introduction 

Almost half of the world's coastal areas have a 

temperate climate zone with a system of coastal sand 

dunes. The coastal sand dunes develop above the 

territorial waters of sandy beaches within a broad 

framework of environmental controls such as 

tectonics, sea level changes, sediment influx and 

hydraulic conditions (Belknap & Kraf, 1981; Davis 

& Clifton, 1987). The relationship between sea level 

changes and the development of coastal sand dunes 
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have been identified in different regions of the world 

(Pye et al., 2007). Wind processes and sand dunes 

cannot be considered separately from the 

geomorphology of the coast and marine processes. 

The effect of a series of coastal sand dunes as a factor 

in the defense against waves and storms is related to 

the geomorphology of beach bars, tide height, wave 

energy, storm magnitude and frequency (Pye et al., 

2007). Sedimentology, mineralogy and chemical 

composition of coastal sand dunes and characteristics 

of the desert sand dunes have been noted in many 

parts of the world by several researchers, e.g. 

Kasper-Zubillaga et al. (2005, 2007), Martinez & 

Psuty (2008), Pye & Tosar (2009), Pye (1982), Pye 

et al. (2007), Says (2003), Says & Pye (2006). Also, 

among similar studied cases in the northern and 

southern shores of Iran few cases can be cited. 

Motamed and Gharibreza (2003) reported changes in 

sand dunes on the southern coast of Sistan and 

Baluchistan Province, Oman Sea. Amini et al. (2012) 

studied Miankaleh coastal dunes in the southeast of 

the Caspian Sea in northern Iran. Vosoo et al. (2014) 

examined the relationship between the morphology 

of the sand dunes with morphometric parameters in 

east of Babolsar (northern Iran). 

In general, clastic sediment geochemistry is very 

useful to determine the composition of the origin, 

characteristics of chemical weathering in the source 

area and tectonically reconstruction of sedimentary 

basins (Cullers, 2002; Roy et al., 2008; Armstrong-

Altrin, 2009; Gallala et al., 2009; Sabaou et al., 

2009). However, the geochemical composition of 

sediments depends on to other factors such as sorting, 

diagenesis and replacement. The study of mineralogy 

and geochemical characteristics of coastal sand dunes 

can provide valuable information on source of 

sediments, grain size, hydrodynamic properties, 

sediment transport conditions and chemical alteration 

index (Kasper-Zubillaga et al., 2007). Chemical 

alteration index can change in different parts of the 

world according to the climate conditions and 

mineralogy. In many cases, investigation of the effects 

of climate changes and mineralogy on chemical 

alteration index in different areas and also regional 

and international scale is difficult and often 

misleading, except that in this case a more accurate 

comparative study and detailed review should be 

done. Volumetric analysis and especially role of major 

and minor elements can help us for recognition pattern 

of sand dunes and the effects of climate changes and 

mineralogy on the Chemical Index of Alteration (CIA). 

2. Materials and Methods 

2.1. Geology and Climate of the Study Area 

Regarding the lithology of the area, it is noteworthy 

that this area, from past to present, has consisted of 

various rock units including Precambrian diabase, 

Precambrian sedimentary rocks, Paleozoic, Mesozoic 

and Cenozoic sedimentary rocks (Fig. 1). In this regard, 

Shemshak Formation (Lower Jurassic) has the most 

development among the mentioned sedimentary units 

with 92467.8 hectares, i.e. 44.01% (Ministry of 

Agriculture I.R. Iran, 2001) (Figure 1).  

The studied area has a humid and subtropical 

climate with relatively hot summers. The maximum 

amount of rainfall occurs in October with 257.4 mm 

and the minimum amount in June with 1.7 mm. On 

the other hand, the highest monthly evaporation rate 

happened in July and August and the lowest rate was in 

November (Mazandaran Meteorological Organization, 

2011). Also, the pattern of wind speed and direction 

based on the data obtained from Babolsar 

meteorological station indicates that the main annual 

winds are west-east winds fluctuating at a speed of 0.5 

up to 11 m/sec (Mazandaran Meteorological 

Organization, 2011) (Fig. 2).  
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2.4. Analysis of the Major Elements 

To analyze the major and trace elements and 

compare them, 14 samples were collected from 

parabolic sand dunes, rivers and eastern coast of 

Babolsar and examined using X-ray florescence. 

Having collected samples, the researchers analyzed 8 

samples of the sediments of the stoss side, 4 samples of 

the coastal sediments and 2 samples of the river 

sediments in 4 different zones.  

2.5. Analysis of the Trace Elements 

Out of 22 Trace elements, the most important ones 

including Barium, Strontium and Zirconium were 

examined (Kasper-Zubillaga et al., 2007). 

2.6. Major Elements and Chemical Index of Alteration 

(CIA) 

The rise in CIA is estimated through calculating the 

amount of mobile acids such as K2O, Na2O and CaO 

in comparison to a non-dynamic oxides, such as Al2O3, 

pointing to the history of rocks weathering. The most 

applicable index in this regard is the chemical index of 

alteration (CIA) introduced by (Nesbitt & Young, 

1996; Honda & Shimizu, 1998). This index is 

calculated through the following equation (Table 2): 

CIA = 100 (Al2O3/Al2O3+CaO+Na2O+K2O) 

CaO can be found in the silicate component of the 

rocks and in cases in which high amount of CaO is due 

to the carbonate cements this value has to be corrected. 

CIA may be low, mid or high. Low CIA suggests lack 

of alteration or slight alteration indicating cold and dry 

climate condition, while mid and high CIA is the result 

of transferring the mobile cations such as Ca2+, Na+, K+ 

and remaining ions such as Al3
+, Ti+ with lower 

mobility (Nesbitt & Young, 1982). To determine the 

exact amount of CIA and delete CaO resulting from 

carbonate cements, the samples containing CaO higher 

than 50% are not considered (Nesbitt, 2003). The 

amount of CIA calculated for sediments of east of 

Babolsar is between 19.79 to 30.65, with the average of 

24.48. Using CIA in samples in which CaO with high 

changes is observed does not lead to interesting.

Table 2: Percentage of the primary oxides in coastal sand dunes of east of Babolsar. 

CIW  CIA  LOI  Fe2O3  P2O5  CaO  MnO  TiO2  K2O  MgO  Na2O  Al2O3  SiO2  Sample  

91.12  

90.11  

91.64  

89.73  

90.53  

90.05  

89.95  

89.59  

86.41  

87.04  

88.95  

87.85  

90.89  

87.70  

23.09  

19.79  

22.19  

21.86  

22.75  

22.74  

22.40  

26.88  

25.36  

22.77  

30.65  

29.82  

27.03  

23.50  

15.66  

17.53  

17.53  

16.91  

15.87  

14.34  

17.18  

14.57  

13.66  

12.69  

13.21  

13.26  

14.42  

15.12  

6.68  

6.70  

5.68  

5.95  

5.59  

4.73  

5.36  

4.96  

3.91  

3.18  

3.88  

3.82  

4.64  

4.83  

0.191  

0.229  

0.193  

0.177  

0.184  

0.159  

0.175  

0.143  

0.111  

0.095  

0.114  

0.111  

0.129  

0.147  

18.11  

21.32  

20.47  

18.78  

19.26  

16.39  

20.67  

16.66  

15.31  

14.62  

14.35  

14.39  

15.07  

17.25  

0.09  

0.094  

0.080  

0.085  

0.086  

0.075  

0.086  

0.085  

0.068  

0.048  

0.070  

0.064  

0.065  

0.086  

0.903  

1.090  

0.863  

0.906  

0.863  

0.718  

0.835  

0.745  

0.554  

0.392  

0.519  

0.499  

0.589  

0.730  

0.48  

0.86  

0.87  

0.87  

0.91  

0.95  

0.95  

1  

0.98  

0.84  

1.15 

1.16  

1.02  

0.97  

2.51  

3.26  

2.65  

2.61  

2.68  

2.33  

2.96  

2.30  

2.21  

1.40  

1.88  

1.91  

2.18  

2.43  

0.56  

0.62  

0.57  

0.65  

0.64  

0.69  

0.72  
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Having examined the mineralogical and 
geochemical characteristics of the coastal sand dunes, 
one can find plenty of information on the sediments 
origin, size of grain, hydrodynamic characteristics of 
the area, the conditions on sediments transportation and 
chemical index of alteration (Kasper-Zubillaga et al., 
2007). The chemical index of alteration may vary in 
different parts of the world based on climate conditions 
and mineralogical pattern. Measuring the impact of 
climate and mineralogy on changing the chemical 
index of alteration in various areas and in regional and 
international scale is almost troublesome and deceptive, 
except those cases in which more details are considered 
using comparative study.  

Using CIA in samples in which CaO with high 
changes is observed, does not lead to interesting 
results (Cullers, 2000). This case can be found in the 
sediments of east of Babolsar. It is noteworthy that 
the high amount of Cao in the samples may cause 
reduction in the CIA estimated for these sediments. 

Therefore, another index of weathering introduced 
by Cullers (2000) for samples with high and 
changing amount of CaO is employed. This index is 
defined as follow: 

CIW = (Al2O3/Al2O3+Na2O) 100 

Table 2 reveals that the amount of CIW achieved 
from examined samples varies from 86.41 to 91.64, 
with the average of 89.39. This result points to a severe 
weathering for theses samples. The comparative study 
of the Major oxides found in the coastal dunes of east 
of Babolsar with Miankaleh coastal barrier system 
avails discussion from many aspects. The average of 
CIA in Miankaleh coastal barrier system located 80 Km 
of east of Babolsar with the same climate is 63.95 in 
Miankaleh to 24.48 in east of Babolsar (Amini et al., 
2012), due to the difference in the lithology of two 
areas (Table 4). However, the average of CIA in the 
coastal sand dunes of northern Mexico in Petro Penasca 
and Santa Clara with the same warm and dry climate 
varies from 54.33 to 49.34 (Table 4).

Table 3: The amount of trace elements (ppm) in samples taken from east of Babolsar. 

Sample Cl Ba Sr Zr Zn Pb Ni Cr V Rb 

Ac2 

Ab19 

Bb36  

Be1 

Cb44 
Cb42 

Dd2 

Db48 

beachA 

beachB 

beachC 

beachD 

rA 

rC 

98  
120  
108  
132  
104  
98  

137  
110  
520  
564  
460  
738  
123  
631 

116  
145  
97  
100  
72  
85  
106  
102  
128  
88  
52  
80  
74  
109 

415  
445  
475  
465  
504  
514  
542  
534  
47  

396  
572  
545  
249  
542  

196  
228  
202  
225  
206  
181  
189  
197  
162  
138  
166  
154  
166  
206 

56  
62  
58  
60  
55  
51  
54  
54  
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24 
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104  
94  
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77  
90  
74  
60  
44  
54  
62  
73  
79 

33  
32  
33  
31  
33  
36  
29  
34  
38  
33  
41  
42  
41  
35 

Table 4: Comparison of the effect of primary elements and climate changes on CIA in some coastal sand dunes throughout the world. 
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