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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 India (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. ¢) 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
al., 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 wupper
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. Tourm1laline,
Tremolite, Magnetite, IImenite, 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 s
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 (Al &
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.

International Journal of Earth Sciences and Engineering

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




Geochemistry of Heavy Minerals of Beach Sediments at Arge
West Coast of India

Ele

20000

70000
60000
50000

0.105

40000
30000
20000
10000

Fe Al Mg Mn Zn Cu

80000 1
70000
60000

0.074m

40000
30000
20000
10000

0

M
Elements

Zn Cu Cd Fe Al Mn Zn

Elements

Mg Cu Cd Pb

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.
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Table 1: Distribution of Heavy and Light Minerals in Arge Beach Sands during Premonsoon
(June 1996)

Upper Foreshore Lower Foreshore
Station  Grain  Heavy Light H/L Station & Heavy Light H/L
& Size Wit% Wit% Ratio Sample Wt% Wt% Ratio

_ Sample  (mm)
IB6OmMm  0.149 0.497 99.421 0.905 1BI20m  0.461] 99.485 0.008

0.125 0.956 99.013 0.0609 0.949 99.040 0.009
0.105 3.775 96.241 0.039 1.810 98.160 0.018
0.088 10.664  88.434 G.120 4.504 95.479 0.047
0.074  23.696  76.162 0311 9.509 89.966 0.106
0.062  46.832  52.695 0.888 28.347  70.248 0.403
2D60m 0.149 0.941 98.706 0.009 2DI20m  0.639 99.328 (.006
0.125 1.139 98.789 0.011 0.939 98.907  0.009
0.105 5.660 94.276 0.060 2.609 97.307 0.027
0.088 16.63 82.086 0.202 7.827 92.130 0.085
0.074  37.505  62.365 0.601 16.297  83.405 0.195
0.062  63.194 36574 1.728 44308  54.966 0.806
2F70 m 0.149 0.540 95.098 0.005 3F110m 0.275 99.597 0.003
0.125 0.923 99.002 0.009 0.589 99.185 0.006
0.105 4.331 95.640 (.045 2.144 97.746 0.022
0.088 6.041 93.666 0.064 4.455 94.939 0.047
0.074 3.425 93.455 0.036 11.531 88.557 0.130
0.062  38.407 61.950 0.620 38.564  61.192 0.630
4H20m  0.149 0.431 99.060 0.004 4H30 m 0.247 99.729 0.002
0.125 0.428 99.255 ¢.604 0.742 99.131 0.007
0.105 4.067 95.845 0.424 3.149 96.734 0.032
0.088 7.883 91.042 0.686 7.800 92.246 0.084
0.074  29.736  70.050 (0.424 24764 74416 0.233
0.062 63373  36.123 1.754 60.760 39425 1.541
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Table 2: Distribution of Major and Trace Metals at Arge Beach Foreshore

Upper Foreshore
in 0.105mm size
Fe Al Mg Mn Zn Cu Cd Pb
1B6om 6.548 1.760 0.303 1037 597 39 16.5 0
2 Dsom 4.207 0.813 0.183 4285 3315 0 0 31
3 From 4614 1.261 0.167 196.5 340.5 0 0.5 0
4 Hoom 6.003 0.891 0.142 7215 664.5 0 7 0
in 0.074mm size
1Bsom 0.198 0.836 0.160 778 528 2 0 0
2 Dgom 5.860 1.496 0.276 74 545 5 0 11
3 From 0.4 1.148 0.452 76 844 0 0 70
4 Hoom 1.726 2.037 0 1777 867 0 0 17
Lower Foreshore
in 0.105mm size
1B120m 6.254 1.781 0.292 284 895 0 3 0
2 Dizom  6.888 1.021 0.167 2615 445 20 8 0
3 Fyiom  5.145 1.202 0.187 751.5 388 0 25 51.5
4 Haom 5.898 0.724 0.326 45 1202 0 0 0
in 0.074mm size
1B120m 6.496 1.575 0.676 890 1248 92 0 0
2 Dyoom  5.147 1.049 0.201 107.5 1113 21.5 0 7.5
3Fiom  6.588 1.258 0.394 771 586 22 0 0
4 Hagm 7.285 1.342 0.414 79 992 0 14 0

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

Upper Foreshore

Lower Foreshore

Elements Fac i Fac2 Fac3 Fac 4 Commun Fac 1 Fac 2 Fac3 Fac4 Comamun

ality ality

Fe -0.445 *.0.805 0.004 0.164 0.874 -0.229 *.0.843 01.60 0.367 0.924

Al -0.225 0.042 0.175 *0.933 0.954 -0.369 -0.123 *0.866 0.078 0.908

Mg -0.281] 0.097 *-0.941 -0.089 0.982 *.0.874  -0.042 0.062 0.194 0.808

Mn -0.267 0.398 *0.777 0.369 0.971 -0.676 0.092 0.142 -0.652 0.910

Zn -0.075 *0.757 -0.044 0.520 0.851 -0.512 0.037 *.0.775 0.255 0.929

Cu  *-0.930 -0.128 -0.061 0.211 0.931 *-0.907 0.078 -0.009 0.017 0.830

Cd *-0.972 -0.121 0.058 0.083 0.970 0.306 *-0.918 0.020 0.023 0.938

Pb  0.309 0.537 *-0.701 0.084 0.883 0.232 0.240 0.031 *.0.902 0.926
Var. 2310 1.711 2.021 1.372 2.644 1.645 1.402 1.483
%Var. 28.9 21.4 253 17.1 33.0 20.5 17.5 18.5
% Eigen 39.4 28.5 24.7 7.4 373 30.5 21.6 10.5

Value

(* Strong Influence)
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