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CHAPTER IV :
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INTRODUCTION : The sediment characteristics reflect the 

types of the processes in the formation of placer deposits. 

In understanding the processes involved in the formation of 

placer deposits certain physical measurements such as bulk 

density and the grain size studies were carried out for the 

Newara beach sand samples. Modal analysis of the raw sand 

as well as those of the heavy minerals were also 

investigated in evaluating the qualitative and quantitative 

aspects of different heavy minerals in general and in 

specific the mineral - ilmenite. Apart from these studies 

an attempt is also made in deciphering the source and 

factors responsible for heavy mineral enrichment. The 

present chapter deals with the above mentioned studies.

BULK DENSITY MEASUREMENTS : Bulk densities of 140 samples 

collected from the Newara beach have been estimated and the 

method of estimating the bulk density is enumerated in the 

chapter II. The data obtained from the bulk density 

measurements is given in table no. 4.1. This data was used 

in preparing the bulk density distribution pattern map (Fig. 

4.1). On examination of this map, it can be noticed that 

the southern part of the investigated area has highest bulk 

density values (> 2), signifying the heavy mineral 

concentration in that region. The average strike length of 

about 1300 meters and an average width of about 80 meters in 

this region forms a productive zone for the heavy mineral
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concentration.

In the northern part of the Newara beach, it is 

observed that the lower values of the bulk density 

measurements signify the lesser concentration of heavy 

minerals. From this observations, it is inferred that there 

is a selective deposition of the heavies towards the 

southern side and lighter minerals towards the northern 

side of the investigated area.

OCCURANCE OF PLACER DEPOSITS : As mentioned earlier in the 

chapter II, the consolidated and unconsolidated Quaternary 

sediments are found to occur in the Newara beach to an 

extent of 4-5 km between the two hillocks, one towards the 

southern side and the other towards the north. The arcuate 

shape of the beach is due to the relatively greater 

encroachment of the northern promontory into the sea. The 

black sands consisting of different heavy minerals are found 

in thin / thick laminated layerings within the white sands. 

It has been noticed that the concentration of black sands is 

more at the mouth of the Newara creek in the central part of 

the beach (plate 2.1). The area south of the Newara creek 

is characterised distinctly by the low and high-tide 

sediments. The region north of the Newara creek is 

predominantly characterised by the barchans and longitudinal 

dune sediments.

In order to obtain the information about the 

vertical distribution of heavy minerals in the beach sands,
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some dug wells in the vicinity of the beach were examined 

and the detailed cross section upto the water table level is 

obtained and is depicted in fig. 4.2. On observation of the 

litho-log, it is found that the heavy minerals are 

concentrated along with the light minerals in the form of 

horizontal layers of 10 cm thickness at the bottom of the 

cross section above the water table. The horizontal 

laminations and the dark / light coloured minerals are 

suggestive of their formation in the aqueous environment 

having cyclic energy variations.

This formation is overlained by massive sand with 

broken shell fragments at the bottom of the horizon. The 

thickness of this formation is also about 10 cm. The 

presence of shell fragments in this horizon is inferred to 

have formed in the marine environment. The lateritic 

fragment bed of 2.5 cm thickness follows the underlained 

massive sand formation. The laterite fragments might have 

been derived from the adjoining lateritic terrain and these 

fragments which are subangular to subrounded could be 

because of rigorous fluvial cycle with a rapid rate of 

erosion, transportation and deposition without these 

detritals being subjected to any degree of sorting. This 

feature is indicative of rapid tectonic disturbances in the 

fluvial environment.

The lateritic fragment bed is overlained by the 

alternate layers of equal thickness of dark heavy minerals
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followed by light coloured minerals. As stated earlier, 

such alternate layerings of different minerals may be 

attributed to cyclic energy changes of the depositing medium

Thin horizontal laminations consisting of light 

minerals and to a subordinate amount of heavy minerals are 

found over the earlier bed consisting of purely heavy 

minerals. This is followed by trough cross stratifications 

of heavy and light sands of about 5 to TO cm thickness, 

indicating the exposure of the depositional environment to 

the eolian conditions. As mentioned earlier, the horizontal 

laminations followed by trough cross stratifications of 

different magnitude are observed to overlay the earlier 

sequences. Such horizontal and cross trough stratifications 

of sand is inferred as the area might have experienced 

oscillatory changes of the depositional environments from 

aqueous to sub-arial conditions. (After Roep et.al 1975, 

Barwis 1976).

SEDIMENT CHARACTERISTICS : The beach sand samples collected 

from the Newara beach were analysed in terms of grain-size 

studies. This was carried in understanding the sedimentary 

environments and its influence on heavy mineral deposition.

Several methods such as those proposed by Udden 

(1914), Wentworth (1922), Krumbein (1934), Pettijohn (1957), 

Kane and Hubbert (1963) and Folk (1966) have been used in 

understanding the sedimentary environments. Amongst these, 

the methods proposed by Pettijohn (1957), Kane and Hubbert
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(1963) and Folk (1966) are popular and have attained 

widespread use in understanding the grain-size and its 

relationship in terms of the processes involved in the 

sediment transport and their deposition. The grain-size can 

be studied in the two following methods, i) Graphic method 

as proposed by Folk (1966) and ii) Moment measure method as 

suggested by Kane and Hubbert (1963). The graphic method is 

a method in which graphs are plotted from the data and 

quantitative readings are taken for the statistical 

analysis. The moment measures is a method in which grain- 

size parameters are obtained directly from the size data. 

Of these two, the graphic method has been adapted in the 

present investigation for understanding the grain-size 

distributing pattern of the Newara beach sand.

After sieving the sand samples for 15 minutes, 

weights obtained against each size fraction were tabulated 

and converted to weight percentage (Table No. 4.2). 

Cumulative weight percentages have been further computed for 

each size fraction and is presented in table no.4.3 

Histograms showing the weight percentages in different 

sieves for all sand samples from Newara beach have .been 
plotted (Fig. 4-3 a to 4-3 d). Cumulative weight percentage 

by frequency grain-size has been plotted on arithmatic scale 

and cumulative frequency curves have been drawn. From these 

curves, different percentile values were readout for the 

computation of grain-size parameters.
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Four grain-size parameters viz, graphic mean, 

standard deviation, skewness and kurtosis are used to 

describe the grain-size distribution.

i. Mean Grain-Size (Mz) : The mean is simply the statistical 
average expressed in phi (^) units. Different workers have 

used different formulae for mean size calculation. Folk and 

Ward (1957), have given the formula as,
Mz (/) = ( / 16 + / 50 + / 84) / 3

ii. Standard Deviation : It is a measure of sorting and 

defined by the grain-size on either side of the average. It 

measures the uniformity of grain-size within a sediment 

sample. It is one of the most useful parameter, since it 

gives an indication of the depositional medium in separating 

grains. In the present study, this parameter is calculated 

by using formula as suggested by Folk and V/ard (1957) , which 

is as,

6 84 - / 16 95-/5
std.devi. -------------- - -----------

4 6.6

iii. Skewness (Ski) : The skewness gives an idea about the 

symmetry of the curves and expresses the tendency of 

distribution, which depart from symmetrical form. Folk and 

'Ward (1957) proposed the formula for skewness as,
ski. = (£f 16 + j6 84 - 2 / 50 ) (y/ 5 +/ 95 - 2 / 50)

(/ 84 - ^ 16 ) ( j6 95 -/ 5 )

iv. Kurtosis : It is related to peakedness of a frequency 

curve. Kurtosis is a measure of the contrast between the



sorting observed in the central part of the particle size 

distribution with that of the tails. It indicates the 

degree to which the particles are concentrated near tne 

centre of the curve. It is computed by using formula 

proposed by Folk and Ward (1957), which is as,

Kurtosis = ( 95 - 0 5 )

2.44 (0 75- 025)

All above discussed parameters for the Newara sand 

samples from southern, central and northern part of the 

beach representing low tide, high tide and dune are computed 

and are presented in table no. 4-4. Discussion of the 

sedimentary parameters from different regions is given in 

the following paragraphs.

In the low tide zone : On comparison of the relative mean 

size of south, central and north, it has been noticed that 

central part of the beach has relatively finer sedimencs, 

followed by southern and northern parts of Newara beach. 

The sorting of these sediments in the central and southern 

part is relatively higher than that of the northern part of 

the beach. This could be because of the greater surf zone 

in the southern and central part of the Newara beach. This 

is evident from the relatively lower standard deviation 

values of the sands from the above mention zones. The 

skewness values of the southern, central and northern part 

indicate that they are negatively skewed, reflecting beach

...38

environment.
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In the high-tide zone : The relative sizes of the sand in 

this zone from southern, central and northern parts of the 

beach indicate that the northern sediments are relatively 

finer than the southern and central region sediments. The 

relative coarser sediments in the southern and central part 

of the beach are due to the presence of creek, from which 

the streamlets emerge, bringing the sediment load ar.d 

dumping in the high-tide zone. However, these sediments in 

the central zone are relatively more sorted than the 

northern and southern parts. This is because of the central 

zones which might be subjected to high energy conditions of 

the sea. The skewness values in the central and southern 

region reflect beach environment. The skewness values of 

northern region indicate dune environment and the mean size 

in this region being relatively finer than the southern and 

central region is because of the fact that this might be due 

to progression of the dune environment on the high tide 

zone. Therefore, relative finess of the sediments from the 

high tide zone of the northern part of the beach is because 

of the mixing of the dune environment with the high-tide 

environment. This is as well reflected by the presence of 

heavy minerals in the samples collected from the base of 

dune.

In the dune : The samples from the northern part are 

relatively much finer than the central part of the Newara 

beach. However, the relative sorting in the central region



is higher than the northern region. 

DISTRIBUTION OF HEAVY MINERALS :

. . .40

Representative samples 

from low-tide, high-tide, base of dune and dune were 

subjected to qualitative and quantitative determination of 

the relative weight percentages and population percentages 

of heavy minerals, light minerals and rock fragments in 

different size fractions. The samples are not only from 

different geornorphic features but also from different 

regions of the investigated area viz. southern, central and 

northern parts of the Newara beach.

The modal analysis adopted in the present 

investigation was carried on two broad catagories. The 

first one was to find the concentration of different 

minerals from the raw sand, for which 1000 grains were 

counted. Secondly, the concentration of individual heavy 

minerals was made by counting maximum 500 heavy mineral 

grains from each size fraction for 12 samples and wherever 

they are found less than 500 grains, all the grains were 

taken into account.

The tables 4-5a to 4*5d show the relavent data 

regarding the weight percentages and population percentages 

of different minerals in different size fractions from 

different environments. The graphic representation of 

different mineral concentration was made by using the above 

data and are shown in figures from 4.4a to 4.4d.

On examination of above said tables and figures in
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most of the samples from different areas, it is noticed that 

the highest weight percentages of raw sand are found in 

plus 3-25 % size fraction. The population percentages of 

heavy minerals are noticed to be high with decrease in the 

grain-size and the light mineral population percentages are 

found to be relatively high in the coarse fraction. 

Considering the highest weight percentages in the size 
fraction plus 3.25^5 and population percentages of heavy 

minerals in this size it can be inferred that this size 

fraction is most suitable for extracting the heavy minerals 

in large quantities.

The distribution individual heavy minerals and their 

population weight percentages calculated are shown in the 

tables 4.6a to 4.6d. The figures 4.5a to 4.5g represent the 

distribution of these heavy minerals in different 

depositional environments.

On observation of the tables 4.6a to 4.6d and 

figures 4.5a to 4.5g, it is noticed that there is relatively 

greater concentration of ilmenite over the rest of the heavy 

minerals in all the sieve fractions and show a systematic 

increase in its concentration in the finer sieve fractions 

and decrease in the coarser sieve fraction. The heavy 

minerals with decreasing abundance are ilmenite, magnetite, 

hematite, lirnonite, laterite, leucoxene, rutile, tourmaline, 

zircon etc. It is found that the mineral of interest 

ilmenite is less than 45$ in plus 60 mesh fraction and about
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FIG.4-5(o)HEAVY MINERAL DISTRIBUTION IN DIFFERENT LEVELS (60 #)
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FIGA*S(b> HEAVY MINERAL DISTRIBUTION IN DIFFERENT LEVELS (100#)
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FIG.A-5(c)HEAVY MINERAL DISTRIBUTION IN DIFFERENT LEVELS (150 4jr )
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FIG.4-5 (d)HEAVY MINERAL DISTRIBUTION IN DIFFERENT LEVELS ( 20031)
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FIG.4-5 (f)HEAVY MINERAL DISTRIBUTION IN DIFFERENT LEVELS (300 #)
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80% in the other finer fractions. No systematic 

relationship could be established for the other heavy 

minerals.
On observation of the pie diagrams (Fig. 4-6 and 

4.7) it is also found that the ilmenite shows the higher 

concentration in the southern and the central regions of the 

Newara beach. This observation is supported by higher bulk 

density measurements of the raw sands of these regions. It 

may be recalled that the bulk density measurements have 

indicated the productive zone of the strike length of 1300 

meters and width of 80 meters in the region of higher 

ilrnenite and magnetite concentration. The concentration of 

ilmenite in the northern region is relatively less than the 

southern region of the Newara beach. Apart from such 

observations, it is also noticed that the ilmenite shows a 

progressive decrease from low tide to the dune environments 

in the central and the vicinity of central zone towards 

south, thereby, indicating the selective deposition and 

enrichment of ilmenite in the regions of low tide to base of 

dune.

SOURCE FOR THE HEAVY MINERALS : In the present 

investigation, attempt has been made in not only demarkating 

the area of heavy mineral concentration in tne Newara beach 

but also in understanding the source and processes 

responsible for their enrichment.

As mentioned earlier in the chapter III, Deccan
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•basalts, found in the hinterlands have principle minerals 
like augite, plagioclase etc and the accessory minerals like 
opaque oxides - ilmenite, magnetite etc. From the 
petrographic and mineralogical studies of these basalts and 
the laterites capping the basalts, it has been found that 
some of the primary minerals have undergone various degree 
of alterations and some others have retained the primary 
properties. On detailed examinations of few thin sections 
of basalts and the laterites, it was noticed that the opaque 
minerals such as magnetite and ilmenite, which appear as 
dusty patches have retained their primary properties. 
However, in some of the thin sections, it was also noticed 
that these opaque oxide minerals have to some extent 
undergone alterations. Similar observations were made for 
lateritic fragments found in the beach sands under the 
binocular microscope which showed unliberated fine opaques. 
Thus it can be inferred that the heavy minerals - ilmenite 
and magnetite could have been derived from the adjoining 
areas of the Newara beach.

The other heavy minerals such as zircon, tourmaline 
etc. found to be less than 2%, might have been derived from 
the areas of Precarnbrian terrain consisting of acid igneous 
rocks, occuring far away from the Newara beach. However, a 
detailed investigation in this regard is necessary.

In light of the present investigation, the studies 
by Prabhakar Rao (1974), Sengupta and Rao (1976) and
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Siddiquie et.al (1979) of the placer deposits and the 
provenance , have opined unanimously that the source of the 
Heavy minerals could be from the Deccan trap terrain and the 
laterites capping them.
FACTORS RESPONSIBLE FOR ENRICHMENT OF HEAVY MINERALS : The 
formation of placer deposits is dependant on the gamut of 
factors like favorable geology, geomorphology / physiography 
of the hinterland and the coast, drainage pattern, neo- 
tectonics and favorable zones of the deposition of heavy 
minerals. Apart from these, the other process variables 
operative at the site of deposition are yet another factors 
for the heavy mineral enrichment. The following paras 
summarise systematically the processes involved in the 
formation of the heavy mineral placer deposits.

The hinterland of the Newara beach consists of flood 
basalts rich in iron-titanium oxides. It has been inferred 
from the petrographic and minerojLogical studies that these 
basalts could be effective source for the heavy minerals 
ilmenite and magnetite.

As mentioned earlier, the physiography of the Newara 
beach is signified by two closely spaced promontories of 
high altitude, of which northern promontory projects to 
greater extent into the sea giving arcuate shape to the 
beach. Since, this area falls under the active zone of 
south-west monsoon receiving an aggreegate rainfall of 300 
cm experiencing alternate temperature variations, high humid
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climate and prolific growth of vegetation, the rate of 

physical disintegration and chemical decomposition of Deccan

basalts is high. The initial stages of the weathering cf

Deccan basalts are followed by the formation of insitu

laterites. The heavy minerals such as ilmenite and

magnetite, which form the opaques of these basalts, are

found to be left behind as resistates in the laterites.

The drainge on the basalts and the laterites i s

subaentritic to subparallel and is mostly controlled by
joints and fractures. The majority of the streamlets in

this region are west flowing and descend at some places over 

steep slopes of the escarpments facing the sea. Such 

physiographic setting accelerates the fluvial cycle with 

rapid erosion, transportation and deposition of weathered 

material consisting of laterites and heavy minerals. On 

reaching the sea-front, most of the streams empty their 

sediment load at the foot of the hills and in the creek 

found at the central part of the investigated area.

The central and southern parts of the investigated 

beach are the favorable zones for the deposition of the 

fluvial sediments, since these areas had experienced block 

faulting and was relatively down-thrown (Prabhakar Rao 

1974). The sediments at this stage are subjected to the 

surf action between the low-tide and high-tide zones.

Since, the surf zone in the southern part of the Newara 

creek is broader and wider as compaired to the northern
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part, there is a selective deposition of the heavy minerals.

The oscillatory changes of the sea levels during the 

past might have played an active role in the progression and 

regression of the surf zone, thereby, helping in sorting and 

selective deposition of heavy mineral bearing sediments. As 

mentioned earlier, the presence of alternate horizontal 

laminations and cross - trough stratifications in the dug- 

well sections of the Newara beach, support the oscillatory 

sea-level changes during the past. It has also been 

mentioned in the introductory chapter that a paleo-beach has 

been located in the vicinity of Newara beach towards north 

supports the sea level changes.

Apart from the factors summarised above, the other 

important and vital factors are different process variables 

viz.wind,waves, different oceanic currents, tides etc.

In the west coast, waves generated by wind and 

gravity are of two types i.e. west and south - west waves 

(Reddy 1968) which have an important role in the natural 

sorting of the sediments in the foreshore region. During 

the process of swash, the waves bring sand consisting of 

heavy minerals rapidly in the foreshore region and during 

back wash, the lighter fractions of the sand are taken back 

leaving behind mostly the heavy minerals. Since these 

processes are active in the southern and central part of the 

beach due to presence of wider and broader foreshore region, 

the heavy minerals are found to be selectively deposited in



. . .47
these regions. While in the area north of the Newara beach, 

the surf zone is narrow resulting in relatively less degree 

of sediment sorting. The wind, which plays more active 

role in this region, carries lighter fractions for the 

formation of the dunes leaving heavy minerals at the base of 

dune (plate 4.1). Local tides and currents may also 

supplement the selective deposition of heavy minerals and 

transportation of lighter minerals.


