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Abstract- The study of heavy mineral placer deposits of the 

coastal sediments in Bhimunipatnam stretch for 12 km from 

Chapala Uppada to Annavaram in the south was carried out, 

the surface sediments samples from eighteen locations of 

different micro-environments along the coast are collected. 

The main framework of this paper is to study the distribution 

of various heavy minerals in different coastal micro-

environments of a part of an eastern coast in India. Different 

sizes of sieves are used to make the samples into three (+60, 

+120, and +230) fractions. The data sets reveal that the heavy 

minerals are associated with fine (+230) fractions and only 

three minerals viz., opaque, sillimanite and garnet are more 

than 85% and other minerals constitute only 15%. The 

concentration of heavy minerals is more in dunes (new and 

old) than in beach sediments. The heavy mineral 

concentration shows an increasing trend from south to north.   

The observed variations in the distribution of heavy minerals 

in the area are found to be due to differences in the sediment 

supply, their sorting and oceanographic processes all of 

which result in a selective sorting of the sediments. The 

observed mineral assemblages of transparent heavy minerals 

(pyroxene, amphibole, tourmaline, kyanite, garnet, zircon 

and silliminate) are suggestive of their derivation from a 

heterogeneous provenance comprising of igneous rocks, high 

grade metamorphic rocks, characterize the Precambrian 

gneissic, granitic and basic rocks and has been derived from 

the Eastern Ghats and the river Gosthani. In some samples 

rounded zircon is also present which indicates the sediments 

that are formed from reworked sediments. In economical 

point of view a considerable amount of heavy minerals are 

present in the dunes of the northern side of the Gosthani river 

mouth. 

 

    Index Terms- Heavy Mineral Distribution,  Density 

separation, Micro-Environments, Beach, New Dunes, Old 

Dunes, River Gosthani. 

I. INTRODUCTION 

each sands contain the most economically important 

minerals accumulations; wave action deposits sand on 

the beach and the heavy minerals are concentrated when 

backwash carries some of the lighter minerals such as quartz 

back into the sea. Placer deposits are formed as a result of the 

selective concentration of valuable minerals these are derived 

from the weathering of pre-existing rocks, and accumulated 

by wind or water. Mineral sand deposits are a loose 

aggregate of unlithified mineral or rock particles of sand size 

(generally 0.02 to 2.0 mm) forming an unconsolidated or 

moderately consolidated sedimentary deposit has medium 

grained clastics. Mineral sand deposits are syngenetic 

concentrations of valuable mineral particles with high 

specific gravity accumulated within the sand deposits, also 

known as placer deposits.  

 

Beach placer deposits around the world are known for 

ilmenite, rutile, zircon, monazite, sillimanite and garnet. By 

definition, heavy minerals are generally considered to be 

those having a specific gravity of 2.9 or greater. (This value 

was not chosen arbitrarily but rather due to the fact that 

liquid bromoform [CHBr3], often used for separation 

purposes, has a specific gravity of 2.89). While many 

minerals from the commonplace to the exotic fall under this 

broad classification (Table 1), they are usually only minor 

constituents of most rock types. In placer deposits, however, 

it is possible for such heavy minerals to be selectively 

concentrated during transport and deposition of 

unconsolidated sediments because of their high density. Thus 

it should be no surprise that placers play an important role in 

modern day mining activities for those heavy minerals with 

commercial value. 

 

 The Indian coastline of 6,500 km stretch is marked by 

accumulation of various types and grades of placer deposits. 

Several scientists have made their attempts to study the placer 

minerals, in terms of their occurrence, distribution, chemical 

composition, texture and provenance to understand the 

transportation trends of sediments. In India, beach sand 

mineral exploration and exploitation started in 20
th

 century 

after the accidental discovery of monazite from the beach 

sands of Travancore State by a German Scientist, Schombery. 

In the west coast, beach placers have been reported in Kerala 

(Prabhakara Rao, 1968) and Ratnagiri (Mane and Gawade, 

1974).In Tamilnadu, Chandrasekar (1992) reported that the 

Coastal stretch from Nagore to Tirumullaivasal is rich in 

zircon, garnet and kyanite. Mineralogical assemblages in 

beaches vary from one region to another depending on a 

number of factors like host rocks in the province, climate 

conditions prevailing in the area, agents and mechanism of 

transport and hydraulic condition during deposition 

B 
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(Borreswar, 1957). These are enriched in radioactive minerals 

and are of special interest for their use in nuclear industry 

(Alencar and Freitas, 2004, El Nahas et al., 2011) and 

potential for environmental hazards engendered from natural 

radiation (Vassas et al., 2006).Heavy minerals are 

economically valuable (after Mohan et al., 2000). 

 

  Table 1-specific gravity of selected heavy minerals, modified after Klein & Hurlbut, 1993 

 

The concentration of heavy minerals depends on the 

hydrodynamic conditions like sediment in the flux from the 

hinterland; wave energy and its velocity; long shore current and 

wind spread which control littoral transport; sorting and 

deposition of placer minerals in suitable locations ( after Rao et 

al., 2001). The beach morphology and inferences from heavy 

mineral assemblage of Bhimunipatnam coast, Visakhapatnam, 

east coast of India, have been reported by Sastry et al., 1987; 

Jagannadha rao et al., 2005,  etc. Very few studies were 

undertaken in micro-environments of Indian beaches related to 

heavy mineral variation in respect of density and size etc.  

 

In this view, an attempt has been made in this paper, for heavy 

mineral characteristics and their distribution in micro-

environments (beach, new dune and old dune region) and the 

influence of hydraulic fractionation by shape and density on total 

variability of heavy mineral concentration. The concentration, 

composition and reserves of heavy mineral suites vary from 

deposit to deposit. The present study area is an attempt to 

identify such suitable zones for heavy mineral deposition and its 

distribution in different micro-environments of Bhimunipatnam 

coast, Visakhapatnam district, Andhra Pradesh, India.  

 

II. STUDY AREA 

The area under investigation lies between latitudes N 17
0 

51
’ 

and N 17
0 

56
’ 
and longitudes E 83

0 
25

’
and E 83

0 
30’ covering 

parts of the Survey of India’s toposheet No.: 65 O/5 in scale is 

1:50000. The area from Chapala Uppada to Annavaram is 

situated to the south of Visakhapatnam, Andhra Pradesh, India 

(Fig.1) 
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Fig. 1: Map showing the study area from Chapala Uppada – Annavaram. Gosthani river mouth, beach, old dunes and new 

dunes. (After GSI, 1977) 

III. GEOLOGY OF THE AREA 

    The rock types exposed in the study area are mainly of 

khondalites, charnokites, quartzites, granites, leptynites, 

pegmatite’s, laterites and very less pyroxene granulites found in 

some places. These litho-units belong to Eastern Ghats group of 

Precambrian formations. General structural trend of this Eastern  

 

 

 

Ghats is NE – SW and dipping towards S or SE. The drainage 

pattern of the study area is control mainly by the Gosthani River; 

the beaches in the study region are composed of rocky/sandy 

material, geology of the present study area is clearly given the 

figure.2. 
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Fig. 2: Map showing the geology of the study area 650/5 toposheet (After GSI, 1977), using Arc GIS 9.3 (Inverse Distance 

Weighted Method) 

 

IV. MATERIALS AND METHODS 

 

A. Sampling  

A total of 18 sediment samples are collected by pushing 

down a PVC tube (60 mm dia) along 6 Travers with an 

interval of 2 km from Chapala Uppada to Annavaram in  

different microenvironments, i.e. old dunes, new dunes and 

beaches.  A representative portion of the sediments 

weighing 100 gm from the bulk sediment samples and are 

separated by coning and quartering procedure. 100 gm of  

 

 

 

 

sample is soaked in distilled water to dissolve the salts, then 

in H2O2 to remove carbonates and in HCl to remove shell 

material for 12 hours, respectively.  Later the sample is 

soaked in NH3 for a period of 12 hours to disperse the 

grains. The dry sample is placed in the uppermost sieve in a 

set of stacked sieves. The samples are subjected to grain 
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size analysis by standard Ro-Tap sieve shaker at ½ Φ 

intervals of ASTM meshes (Hegde et al., 2006).  

 

B. Heavy Mineral Separation 

Different sizes of sieves are mixed to make the samples into 

three (+60, +120, and +230) fractions.  These sub samples 

are utilized in the separation of the light and heavy minerals 

(sink–float) using bromoform (Sp.Gr. =2.89 g/cm
3
), 

following standard method.  These samples get dried (at 60
0 

c) in an oven and the light and heavy fractions are used to 

calculate wt % of heavy minerals in three size fractions. 

The magnetic fraction is removed with a bar magnet and wt 

% of magnetic mineral is calculated. Heavy minerals are 

mounted on glass slides in Canada balsam. Polished thin 

sections are prepared for the determination of heavy 

minerals.  The relative abundances of heavy mineral species 

are determined using point counting of grain mounts using 

standard petrographic techniques. 300 grains are counted on 

each slide and the number % obtained by the counting 

procedure, have been converted to modal %.  

 

V.  RESULTS AND DISCUSSIONS 

 

A. Textural Studies 

The grain size analysis data was used to compute textural 

parameters like graphic mean size, graphic standard 

deviation, graphic skewness and graphic kurtosis according 

to the formulae of Folk and Ward (1957),all the statistical 

analysis data shown in Table 2. 

Table 2. Statistical analysis of beach sands of   different micro-environments of study area, (1, 2, 3, 4, 5, &6) are the station 

numbers. Mean size, standard deviation, skewness and kurtosis of all micro-environment samples is in (phi) value 

Station Station No Environment   Mean size  Standard  Skewness Kurtosis 

CHAPALAUPPADA 1 Beach 1.5 0.593 0.155 0.845 

RED BEDS 2 Beach 2.33 0.303 2.7 0.746 

BHIMUNIPATNAM 3 Beach 2.58 0.43 -0.114 0.949 

PEDDA NAGAMAYYAPALEM 4 Beach 2.03 0.471 0.127 0.964 

CHINA NAGAMAYYAPALEM 5 Beach 2.15 0.406 0.291 0.882 

ANNAVARAM 6 Beach 2.133 0.529 0.192 1.101 

CHAPALAUPPADA 1 New dune 2.416 0.559 -0.191 0.922 

RED BEDS 2 New dune 2.31 0.517 0.004 1.65 

BHIMUNIPATNAM 3 New dune 2.45 0.484 0.016 0.907 

PEDDA NAGAMAYYAPALEM 4 New dune 2 0.404 0.018 1.05 

CHINA NAGAMAYYAPALEM 5 New dune 2.356 0.441 0.134 0.851 

ANNAVARAM 6 New dune 2.266 0.552 0.007 0.8962 

CHAPALAUPPADA 1 Old dune 2.3 0.66 -0.232 0.79 

RED BEDS 2 Old dune 2.2 0.487 -0.009 0.919 

BHIMUNIPATNAM 3 Old dune 

                      

- 

               

-                  -              -  

PEDDA NAGAMAYYAPALEM 4 Old dune 2.163 0.616 0.31 0.811 

CHINA NAGAMAYYAPALEM 5 Old dune 1.89 0.594 0.221 1.139 

ANNAVARAM 6 Old dune 2.276 0.545 0.077 0.815 

       

       

 

B.  Distribution of heavy minerals 

    In the study area the size distribution with greater 

concentration of heavies in the 230 mesh size grade and 120 

mesh sizes. The samples at Bhimunipatnam region are having 

heavies in the 120 mesh size when compare to the other 

locations. However, an increment of heavies was observed at 

Pedda namayyapalem, China nagamayyapalem and Annavarm 

these are northern side regions of the Gosthani River in 230 mesh 

size grades. The concentration of heavy minerals in the surficial  

sediments from Chapala uppada (beach, new dune &old dune 

zone) in the southern side of Bhimunipatnam and Annavarm 

(beach, new dune &old dune zone) northern side are varies 

considerably. The trends of the wt % of heavy mineral 

concentrations in the micro–environments of the entire area  

(including Chapala uppada to Annavram) shown in Table 3.  

The distribution of heavy minerals in micro-environments 

(beach, new dunes and old dunes) an increasing trend in the 

heavy mineral concentration is noted. 
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Table 3: Distribution of Heavy Minerals in Coastal sands of Chapala Uppada –Annavaram 

 

 

The heavy mineral concentration and its distribution in terms of 

sizes (60, 120, &230 mesh) in different micro-environments from 

Chapala uppada to Annavaram Coast is shown in the figure 3,  

by means of bar diagrams. The Bhimunipatnam area, south of the 

mouth of river Gosthani, has found there is no concentration of  

 

 

 

old dunes are due to beach erosion is more. In general, in the 

study area, from south to north, increasing definite trend in the 

concentration of heavy minerals in sub-surface sediments is 

observed but for samples at Annavarm and Pedda 

nagamayyapalem, the concentration of heavy minerals is very 

high in 230 mesh size in all the micro-environments. 

STATION ENVIRONMENT +60 Fraction 

+120 

Fraction 

+230 

Fraction Wt % 

 CHAPALA UPPADA   

  

 

BEACH 0.334 1.164 4.315 38.91 

NEW DUNE 0.4 1.27 3.89 37.2 

OLD DUNE 0.411 0.659 2.478 23.77 

TOTAL       99.88 

   RED BEDS 

 

BEACH 0.409 3.3 3.302 39.939 

NEW DUNE 0.742 1.64 3.4 33.223 

OLD DUNE 0.047 0.686 3.978 24.837 

TOTAL       99.99 

BHIMUNIPATNAM 

   

BEACH 0.12 3.85 4.13 55.147 

NEW DUNE 0.138 1.761 4.689 44.852 

OLD DUNE - - - - 

TOTAL       99.99 

  

 PEDDA NAGAMAYYAPALEM  

BEACH 0.8 4.33 4.42 37.41 

NEW DUNE 0.4 1.88 4.32 25.85 

OLD DUNE 1.5 3.03 4.55 36.74 

TOTAL       100 

  

 CHINNA NAGAMAYYAPALEM  

BEACH 4.8 4.86 4.95 48.55 

NEW DUNE 0.15 1.85 4.53 21.7 

OLD DUNE 1.21 3.43 4.31 29.75 

TOTAL       100 

  

 ANNAVARAM 

   

BEACH 0.59 0.4 3.77 23.4 

NEW DUNE 0.66 3.5 3.4 37.17 

OLD DUNE 0.31 3 4.71 39.43 

TOTAL       100 
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Fig.3 Distribution of heavy minerals (wt %) in different micro environments of Chapala Uppada – Annavaram coastal sands (beach, 

new dune, old dune) in different fractions (+60, +120 and +230)  
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Fig.4 Distribution of total heavy minerals (Beach, New dune, old dune) in Wt % Vs Stations (1,2,3,4,5,6) are Chapala Uppada, 

Red beds, Bhimunipatnam, Peddanagmayya Palem, Chinnanagmayya Palem, Annavarm  

 

From the figure 4, the distribution of heavy minerals in all the 

environments is explained in detail. Heavy minerals in different 

micro environments (beach, new dune, old dune) show lot of 

variations. This may be due to the source of sediments, direction 

of wind and mechanical action of waves. In beach the total heavy 

mineral concentration is low on station 1 to 3, the southern part 

of Gosthani River, but in the northern part these concentration is 

increased gradually in the stations 4& 5.  The new dune deposits 

are increased from south to north part of the coast. The heavy 

minerals and its contractions in old dunes are low on south side 

of river (station 1, 2) and in the station 3 there is no formation of 

old dunes in that area. It is steep u shaped coast, the wave and 

wind action is very high so, there is no stable sand deposits are 

formed. In the north side of the river the old dune height and 

distribution is very high, the sediments carrying from the river 

are transported to the northern side by the waves and winds. The 

heavy mineral concentration in old dunes are high in station no, 

5&6.  

C.  Heavy mineral studies  

The heavy mineral suite in the study area consists 

predominantly of opaque (ilmenite, magnetite and 

chromite), garnet, amphibole, zircon, tourmaline, rutile, 

staurolite, etc. An increase in the heavy mineral content 

with decreasing grain size is noticeable. In few slides, grains 

have lost their original optical properties because of their 

transportation leading to certain difficulties to establish their 

precise identification and need supportive studies such as X-

Ray Diffraction (XRD), which might help to identify and 

name them properly; those minerals which are not identified 

clearly in the study are included in as part of other minerals. 

Total average grain % of the each heavy mineral in beach, 

new dune and old dune environments is given in table 3, 4 

and 5 respectively. 

Table 4. Average concentration of Heavy Minerals in Beach Environment 

Heavy Mineral 

Fraction Fraction Fraction 

Average grain % 0-60 mesh 60-120 mesh 120-230 mesh 

Opaque 44.65 47.04 56.86 49.52 

Sillimanite 20.42 19.68 14.6 18.23 

Garnet 24.9 15.96 12.14 17.67 

Zircon 1.91 4.7 4.22 3.61 

Rutile 0.79 1.9 2.01 1.57 

Monazite 0.62 0.98 1.55 1.05 

Other minerals 6.71 9.74 8.62 8.36 
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Table 5. Average concentration of Heavy Minerals in New Dune Environment 

Heavy Mineral 

Fraction Fraction Fraction 

Average grain % 0-60 mesh 60-120 mesh 120-230 mesh 

Opaque 48.65 52.11 58.84 53.20 

Sillimanite 20 16.42 17.8 18.07 

Garnet 20.4 10.9 6.68 12.66 

Zircon 1.12 3.9 5.26 3.43 

Rutile 0.766 1.56 1.946 1.42 

Monazite 0.4 0.64 0.84 0.63 

Other minerals 8.664 14.47 8.634 10.59 

 

 

Table 6. Average concentration of Heavy Minerals in Old Dune Environment 

Heavy Mineral 

Fraction Fraction Fraction 

Average grain % 0-60 mesh 60-120 mesh 120-230 mesh 

Opaque 45.15 60.5925 71.05 58.93 

Sillimanite 16.975 11.75 7.5 12.08 

Garnet 19.675 12.75 2.525 11.65 

Zircon 1.975 0.7 3.25 1.98 

Rutile 1.375 0.1375 1.27 0.93 

Monazite 0.375 0.3 0.825 0.50 

Other minerals 14.475 13.77 13.58 13.94 

 

Opaque: The concentration of opaque minerals is flooded in fine 

fraction than in the medium and coarse fractions. Among the 

opaque minerals ilmenite and magnetite is dominant, sub angular 

to sub rounded in shape and black in colour with framboidal 

texture.  Heavy mineral % decreases as the grain size increases. 

The opaque concentration is on an average 49-58 % in all the 

three fractions. viz., +60, +120 and +230 and shown in figures 4, 

5and 6 for beach, new dune and old dunes respectively. In the 

vicinity of the river mouth, however, movement of the materials 

is dominantly northward. Sediments on the beach ranges from 

fine to medium grained, moderately to well sorted, which suggest 

dominance of waves on the coastal processes and the 

concentration of opaque is higher in northern side of Gosthani 

river mouth.  

Sillimanite: The concentration of sillimanite in an average 

ranges from 12-18%. Study of characteristics of sillimanite in 

study area suggests that, they are largely derived from the 

khondalites of Eastern Ghats.  The prismatic character of the 

minerals (sillimanite) also suggests their derivation from 

khondalitic rocks.  

Garnets: The garnets are abundant in beach environment and are 

more in larger (+60) and medium (+120) fractions. Concentration 

of garnets present in all the environment in an average of 11.65 –  

17 % .They are of two types, colourless and pale pink. The 

provenance is related to khondalite suite (garnet – sillimanite- 

graphite gneisses and schists) of Eastern Ghats; occasional dark 

pink garnets are derived from charnokite. The sediments that are 

delivered into the sea by the river will be redistributed by the 

waves and currents according to their densities, size and shape  

 

 

(Kumar and Wang, 1984). Earlier, the concentration of red garnet 

sands along Visakhapatnam – Bhimunipatnam was reported by 

Sastry et al., (1981). Some dark brown garnets are also noticed in 

the study. 

Zircons: Zircons are generally euhedral character but in the 

present study they are rounded to sub rounded with yellow and 

brown colouration showing straight extinction where as some 

varieties are colourless. The average grain % of zircons is 1-4 

and abundant in finer (+230) fractions. In few samples zircons 

are completely absent and few samples of zircons are rounded 

which indicates that the sediments are formed from reworked 

sediments.  

Rutile: The rutile average grain % is 0.93-1.3. They are dark red 

to brownish in colour with prismatic shape. But most of the rutile 

grains in the present study are rounded nature and some in 

kidney shape. Some rutile samples in the study area are in 

anhedral form, which indicates that the sediments are immature 

and may be derived from adjoining acidic igneous and 

metamorphic rocks. Presence of rounded rutile in few samples 

indicates that they are sourced from reworked sediments. 

Monazite: The monazite grains are colourless to yellow 

characterized by rounded to sub rounded shape, ultra stable 

mineral during weathering and its presence indicates that they are 

derived from charnokites. They are in 0.6-1.57 average grain %. 

Presence of monazite and other black sand concentrations of 

Visakhapatnam are reported elsewhere (Mahadevan and Nateswa 

rao., 1950 and Sriramdas, 1951). Ramamohana Rao et al., (1982) 

have recorded the occurrence of thin layers of black sand in the 

inland stream channels along Visakhapatnam-Bhimunipatnam 

coastal areas. Zircon and monazite constitute the main 
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radioactive association in the highly altered portions of the rocks 

(after El Feky et al., 2011).The Other minerals are 6-14 % on 

average and cannot be named without XRD studies. These are 

concentrated in beach and new dune environments.  

 

VI. CONCLUSION 

    The heavy minerals in the study area might have been derived 

originally from khondalites and charnokites. These heavy 

mineral deposits are governed by the presence of host rocks in 

the proximity (Eastern Ghats), existing river (drainage pattern), 

topography and coastal arrangements (beach, old and new 

dunes). In the present study, mostly Aeolian & marine actions 

and shape of coastal geomorphology have played important role 

in the concentration of heavy minerals (Burt, 1989). The 

distribution pattern exhibited by opaque, garnet, zircon and rutile 

suggest that difference in specific gravity, settling velocity and 

differential transportation have played a major role in their 

distribution at micro environments under the study.  

    Sediment grain size and heavy mineral wt% have inverse 

relationship and they are highly associated with the fine 

fractions. The wt% of ilmenite and sillimanite increases as the 

grain size decreases   and also the wt% of garnet is more in 

coarse fraction, and it decreases as the grain size decreases. More 

opaque are observed in (+230) fraction of the sediments in study 

area. The dunes present in the northern side of the Gosthani river 

mouth are having good amount of heavy minerals like ilmenite, 

magnetite, sillimanite and garnets that are more than 85 % which 

have econominical importance and a detail study for long stretch 

of beach is required before commenting on economic viability 

for mining. 
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