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Abstract: The main objective is to understand the Major and trace elemental distribution; 

the study has been undertaken to understand the variation if any, between the grain size 

and the distribution of Major and trace elements within the beach. Sand fractions of 0.105 

and 0.074 mm belonging to upper and lower foreshore had high weight percent of heavy 

minerals. These fractions were subjected to geochemical analysis. In order to determine the 

major and trace metal concentrations viz., Fe, Al. Mn, Mg, Cu. Cd. Pb and Zn, using GBC932 

AA Flame Atomic Absorption Spectrometer. In addition the paper also discusses the R-mode 

statistical analysis of these elemental distributions. The present study suggests that the 

direction of source is mainly from northern side. 
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Introduction: 
 

It is known that, once the elements enter 

the marine environment, physico-chemical 

parameters, which define geochemical 

behavior of elements, control the 

distribution of elements in the sediments. In 

addition, sediment size, association and 

processes like adsorption, absorption, 

release, substitution etc also govern their 

distribution. Elemental associations though 

prime important, the heterogeneity of the 

sediment size can also make substantial 

variability in the trace metal content. The 

investigated area is Arge Beach, a Headland 

Bay beach, situated south of Karwar along 

central West Coast of lndia (Fig. 1). Heavy 

mineral studies involving geochemistry 

along Uttara Kannada Coast are scarce. 

Hence, the present study was undertaken. 

The main objectives of the present study are 

to understand: a) the heavy and light 

mineral distribution. b) The major and trace 

elemental distribution. c) To study the 

variation, if any between the grain size and 

the major/trace elemental distribution within 

the beach. 
 

Methods and Materials: 
 

The sediment fractions were obtained from 

the sieve analysis carried out during OST-

SYS Project (Hanamgond, 1997). Out of 8 

stations, only 4 (B, D, F & H) were selected 

for the present study and are renamed as 

stations 1, 2, 3 & 4 respectively. Two 

samples representing upper foreshore and 

the lower foreshore were used from these 

four stations for heavy mineral separation. 

48 sand fractions between 0.149 to 0.062 

mm were subjected to heavy mineral 

separation using standard techniques 

(Muller, 1967; Carver, 1971). Out of these, 

two sand fractions (0.105 and 0.074 mm), 

which had higher weight percent or heavy 

minerals, were selected from each station 

representing the Upper and Lower Foreshore 

for geochemical analysis. The major and 

trace metal concentrations viz., Fe. Al, Mn, 

Mg, Cu, Cd, Pb and Zn were determined 

following Ramesh and Anbu (1996), on 

atomic absorption spectrophotometer using 

GBC 932 AA Flame Atomic Absorption 

Spectrometer, at Marine Science 

Department of Goa University. 
 

Results and Discussion: 
 

From the table 1, it is clear that the beach 

shows enrichment of heavy minerals in the 

finer sediments. This corroborates the 

earlier view (Nayak, 1996; Hanamgond et 

a!., 1999) along this stretch. This 

enrichment in the finer grade is mainly due 

to selective removal of light minerals leaving 

behind coarser light minerals and high-

density minerals. The figure 2, for variation 
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in H/L ratio, (Frihy & Komar, 1991) for the 

different fractions (0.149 to 0.062mm) 

shows gradual increasing trend towards 

finer size and is maximum (the index' I' 

crossing 1) at the finest size. In addition, if 

both- heavy mineral weight percent as well 

as H/L ratio of the upper foreshore is 

compared with that of lower foreshore, the 

upper foreshore shows higher values. This 

clearly reveals that the selective removal of 

light minerals is more at the upper 

foreshore. It is noted further that, the H/L 

ratio and weight percent show higher values 

at northern portion of the beach, compared 

to rest of the beach, suggesting higher 

energy condition at that portion (station 4). 

The minerals identified among the separated 

fractions are mainly- Hornblende. 

Sillimanite. Garnet, Rutile. Tourm1aline, 

Tremolite, Magnetite, Ilmenite, Epidote and 

Zircon. However. Hornblende and Sillimanite 

are abundant compared to other minerals.  
 

The distribution of elements as can be seen 

from the table 2 and figure 3, suggests that 

the concentration of elements is higher in 

the finer fraction (0.074mm), at both the 

upper and lower foreshore, except for the Fe 

content, which is more at the upper 

foreshore. The concentration of Pb is 

significantly high in the finer fraction of the 

upper foreshore, when compared to the 

rest. Similarly, Cd is conspicuous in the 

coarser fraction of both the upper and lower 

foreshore. The concentration of Zn is 

significantly high in the finer fraction of both 

upper and lower foreshore sediments. 

Across the beach, the concentration of 

elements is higher at the lower foreshore 

compared to upper foreshore, except for Mn 

(in 0.105 and 0.074mm); and AI (in 0.074 

mm). The concentration of Zn is quite 

significant in the lower foreshore sediments. 

R-mode Factor Analysis with rotation is one 

of the important statistical tools, which 

extracts relations between variables. The 

first four factors have been used in this 

study and are presented in table 3. The 

factor scores are plotted to understand the 

direction of source and they are presented 

in figures (4 and 5). 
 

 

 

Elements of Upper Foreshore: 
 

1) The first rotated factor contributing 

39.4% of the total variance depicts strong 

influence of Cu and Cd. 2) the second 

rotated factor contributing: 28.5% of the 

total variance shows strong influence of Fe & 

Zn. Within this association Zn is operating 

against Fe. 3) The third rotated factor 

contributing 24.7% of the total variance 

depicts the strong influence of Mg, Mn and 

Pb. Within this association Mn is operating 

against Mg and Pb. 4) the fourth rotated 

factor contributing 7.4% of the total 

variance depicts the strong influence of Al.  
 

The plot of these factor scores suggests 

southern (stn 1) side for the factor 1 (Cu & 

Cd); factor 2 & 3 suggests north central (stn 

3) and factor 4 (AI) as northern side (Stn 

4). Similarly the Elements of Lower 

Foreshore shows - The first rotated factor 

contributing 37.3% of the total variance 

depicts strong influence of Mg and Cu. 2) 

The second factor. depicts strong influence 

of Fe and Cd. 3) the third factor, depicts 

strong influence of AI & Zn. Within this 

association AI is operating against Zn. 4) 

The fourth factor depicts strong influence of 

Pb. The plots of these factor scores (Figs.4 & 

5) for factor 1 (Mg & Cu) and factor 3 (AI & 

Zn) indicates the source direction as south 

(stn 1), for factor 2 (Fe and Cd), it is north 

(stn 4), for factor 4 (Pb) it is north central 

(stn 3). The comparison of grain size with 

the elements in (0.105 mm) fraction, 

indicate that Fe, Mn and Zn are negatively 

related and others show positive relation. 

This indicates that as the grain size 

decreases, the concentration of Fe, Mn and 

Zn increases or vice versa. Whereas, rest of 

the elements shows positive relationship 

indicating concentration of Al. Mg, Cu, Cd & 

Pb decrease as the grain size decreases. 

Similarly, in the 0.074mm fraction, it 

indicates negative relationship with Fe, Al, 

Mn and Zn and positive relation with the 

rest. It is clear from the above comparison 

that for the upper foreshore sediments Fe, 

Mn and Zn are highly concentrated in finer 

sediment as compared to rest. For Lower 

Foreshore: The Fe, Al, Mg, Zn, Cu, Cd shows 

negative relationship with size where as the 

rest show positive relationship. Finer 
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fraction (0.074 mm) Al, Mg, Mn, Zn, Cu and 

Pb show negative relationship, where as the 

rest show positive relationship with size. It 

is known that concentration of heavy 

metals/elements is controlled by the particle 

size. It is reported (Forstner. 1980) that, 

adsorption of heavy metals is inversely 

related to the particle size, where finer 

particles due to their high specific area, 

adsorb more heavy metals. The available 

minerals and their chemical weathering/ 

leaching effect mainly influence the 

distribution of elements in both the grain 

size fractions. The study suggests that the 

minerals concentrated at upper foreshore 

are different from that of lower foreshore. 
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Figure 1: Location Map of the Study Area 
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Figure 2: Variation in H/L Ratio for different Fractions. 
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Figure 3: Distribution of Major and Trace Elements in the Heavy Minerals of Upper and 

Lower Foreshore Sediments. 
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Figure 4: Factor Score Plots for Major and Trace Elements of Upper Foreshore Sediments. 
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Figure 5: Factor Score Plots for Major and Trace Elements of Lower Foreshore Sediments. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   59 HANAMGOND. P. T and NAYAK. G. N 

International Journal of Earth Sciences and Engineering 

ISSN 0974-5904, Vol. 04, No 02 - Spl issue, March 2011, pp. 52-60 

Table 1: Distribution of Heavy and Light Minerals in Arge Beach Sands during Premonsoon 

(June 1996) 
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Table 2: Distribution of Major and Trace Metals at Arge Beach Foreshore 
 

 
 

Table 3: Verimax Rotated Factor Matrix for the Major and Trace Elements of Foreshore 

Sediments of Arge Beach 
 

 
 

(* Strong Influence) 


