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sections around Ratnagiri, Maharashtra and therefore, the present investi

carrying out the systematic heavy mineral studies.  A

separation.  The results bring out

and pyroxene. From the heavy minerals content of the Tertiary sediments, 

1) Pyroxenes are present in all the samples, while, very f

distribution of anatase has been noticed in all

samples, whereas, zircon occurs

abundant mainly in the samples from the western border of the area.

present in grey shale, associated with laterites.
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INTRODUCTION 
The presence of heavy minerals with placer deposits have 

been reported in different parts of  the world.

heavy mineral studies of Quaternary sediments from 

Ratnagiri coast  and also from the  offshore  areas of the 

West Coast have been carried out by number of  workers, 

mainly Siddiquie et al., (1979) Wagale  and 

Rajamanickam (1980),  Kidwai et al

Rajamanickam  and Gujar (1984, 1988),  Rajamanickam, 

et al. (1986),  Jayyappa  and Subramanoya  (1991) ,  

Narayana (1991) P.Ramswami and R.Karikalan 
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empts have not been made by any to study heavy mineral assemblage of the Tertiary sediments exposed in the well 

sections around Ratnagiri, Maharashtra and therefore, the present investigations are envisaged to make the assessment by 

carrying out the systematic heavy mineral studies.  About 15 sediment samples were analyzed

bring out the predominant distribution of opaques, zircon, tourmaline, rutile, anatase, amphibole 

From the heavy minerals content of the Tertiary sediments, following observations have been brought out.

1) Pyroxenes are present in all the samples, while, very few samples show the presence of 

of anatase has been noticed in all the samples. 3) Euhedral grains of tourmaline are

occurs in uneven distribution throughout the area. 4) Nodular grains of pyrite are found to be 

mainly in the samples from the western border of the area. 5) Grains of magnetite, 

, associated with laterites. 
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The presence of heavy minerals with placer deposits have 

been reported in different parts of  the world. In India 

Quaternary sediments from 

Ratnagiri coast  and also from the  offshore  areas of the 

West Coast have been carried out by number of  workers, 

Wagale  and 

et al. (1981),  

(1984, 1988),  Rajamanickam, 

amanoya  (1991) ,  

P.Ramswami and R.Karikalan 

S(2010),A.Solam et al.(2009), N.

(2012) However, the heavy mineral studies  of the  

Tertiary Sediments has not been  carried out by  any of 

these  workers and therefore,  the  study of heavy mineral  

from the Tertiary sediments,  exposed in well section of  

Ratnagiri Coast (Fig. 1)  has been carried 

an attempt has been made to classify certain

heavy minerals,  the distribution and  mineralogy of the  

heavy minerals  from the  Tertiary sediments. 

investigations are envisaged to make 

carrying out the systematic heavy mineral studies.

Study area 

The study area is a coastal tract of about 80 Km. in length 

which lies between Jaigarh creek in the north (Lat. 17

N and Long. 73
0
 25’ E) to Pavas creek in the south (L

16
0
 55’ N and long. 73° 10' E) with average width of 15 

Km. This area lies in toposheet numbers

and H/5. The area is hilly and intersected by

minor creeks. Number of flat topped hillocks is on the east 

and sea coast is on the west. Major hills

are striking N-S with maximum elevation about 

187mt.ASL. Deccan basalt of the study area is invariably

capped by laterite and in subordinate amount of bauxite. 
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Heavy mineral studies of tertiary sediments 

to study heavy mineral assemblage of the Tertiary sediments exposed in the well 

gations are envisaged to make the assessment by 

analyzed for heavy mineral 

ne, rutile, anatase, amphibole 

following observations have been brought out. 

ew samples show the presence of amphiboles. 2) Nearly even 

tourmaline are present in most of the 

4) Nodular grains of pyrite are found to be 

5) Grains of magnetite, hematite with ilmenite are 

cience, Karad 415 124, Maharashtra, INDIA.  

N. Rao heepurupalli et al. 

However, the heavy mineral studies  of the  

Tertiary Sediments has not been  carried out by  any of 

these  workers and therefore,  the  study of heavy mineral  

from the Tertiary sediments,  exposed in well section of  

has been carried out. In this paper 

to classify certain aspects of the 

heavy minerals,  the distribution and  mineralogy of the  

rtiary sediments. The present 

envisaged to make the assessment by 

heavy mineral studies. 

act of about 80 Km. in length 

creek in the north (Lat. 17
0
 30’ 

) to Pavas creek in the south (Lat. 

with average width of 15 

Km. This area lies in toposheet numbers47G/3,G/7,G/8 

The area is hilly and intersected by major and 

minor creeks. Number of flat topped hillocks is on the east 

ajor hills 

S with maximum elevation about 

187mt.ASL. Deccan basalt of the study area is invariably 

capped by laterite and in subordinate amount of bauxite. 
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The tertiary sediments are sandwiched between the 

laterite, while in some sections, they over directly on the 

basaltic lava flow (Sawant, 1980; Sahasrabudhe, 1989). 

 

 

 

 

Geology of the area 
 This is a part of coastal tract where Deccan volcanic is 

covered by coastal Laterites of Pleistocene age. 

Consolidated and un- consolidated sediments of 

Quaternary age are also exposed along the coast. Basalts 

are exposed mainly along valleys and mountain cliffs. 

Most of lava flows are capped by laterite (Fig.1) 
 

Table 1: Stratigraphic succession of the study area (Modified after Anon, 1976) 

Alluvium Quaternary 

Unconsolidated and Consolidated sediments Pleistocene 

Laterite  

----------------------------------------------------------------------------------------------------------? 

Grey shale 

Carbonaceous shale 

Lignite Tertiary 

Carbonaceous shale 

Grey shale 

Gravelly sand 

----------------------------------------------------------------------------------------------------------? 

Deccan Basalts Upper Cretaceous to Miocene 

 

The tertiary sediments are sandwiched between basalt and 

laterite and at some placeses between Laterites. Physical 

and lithological observation of the actual litho logs 

exposed in the well sections is the main criteria for sample 

collection. The important localities are Mirazole, 

Ratnagiri, Vaingani, Phansop, Golap and Pavas. Four 

representative litho logical sections in the east-west 

direction, keeping the distance about 3km. from each other 

have been drawn to understand the extent and variation in 

thickness in the Tertiary sediments (Fig.2) 

 

METHODOLOGY 
Representative samples (Fig.3) have been selected for the 

purpose of heavy mineral analysis, by taking the  fraction,  

obtained by coning and quartering. Each sample was 

treated with 10 % dilute  HC1  to remove carbonates.  It is 

followed by the treatment of oxalic acid  to remove the 

iron coatings on grains. To remove the traces of acids, the 

sample was then thoroughly washed with distilled water 

and later dried in' an oven  at 65° C.  For the purpose, - 

100 mesh  fraction weighing  about 10 gm was taken in a 

separating funnel containing  about  100 cc of bromoform 

and heavy minerals  were separated by adopting float and 

sink method.  For better separation, initially small amount 

of sample was spread on bromoform in the separating 

funnel.  The bromoform was then stirred for a few minutes 

and the  heavies were allowed  to settle.  The heavy 

minerals were then collected on filter paper, washed with 

acetone and dried.  The permanent mounts were prepared 

by using Canada balsam.  The heavy minerals were 

identified and their frequencies were calculated and 

represented according to the scale suggested by Evans, 

Hayman and Majeed (1934). It is observed that heavy 

mineral  suite consists  of opaque’s,  zircon, tourmaline, 

rutile, anatase, pyroxenes  and amphiboles.The frequency 

of each was obtained by counting 300 grains at random.  

Percentage of each was computed and frequency number 

was determined by referring the scale suggested by Evans, 

et. al. (1934), and is presented in Table No.  1 and also 

represented by histogram (Fig.4) The petrographic 

characters of these minerals, studied under the 

microscope. 

 

Total No. 1: FREBQUENCE NUMBER OF THE HEAVY MINERALS OF THE TERTIARY SEDIMINS 

Location Sample No Opaque Anatase Zircon Tourmaline Rutile Pyroxene Amphibole 

Golap and  1 8 6 1 1 1 3 0 

Pavas 13 7 6 0 1 0 5 1 

27 8 5 0 1 1 3 0 

41 8 5 1 1 1 5 0 

Ratnagiri 53 7 6 0 1 0 4 1 

60 8 6 1 1 0 4 0 

66 8 6 0 1 0 5 1 
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76 8 5 1 1 1 5 0 

Miwade 81 8 4 1 1 1 4 0 

82 7 3 1 1 0 5 0 

Jaigarh 83 7 5 1 1 0 5 0 

84 8 6 1 0 1 3 0 

                

1=0.5% 5=7-13% 

7.28-

34% 

1=0.5-1% 6=14-17% 

7=35-

44% 

2=1-2% 6=13-22% 7=45-49 

3=2-3% 6=2-27% 

8=59-

74% 

4=4-6% 

Evan: 

Hayman 

and 

Majeed, 

1934 

Opaques  

Opaque’s minerals are identified in reflected light, which 

exhibit metallic lustre.  Amongst the opaque minerals, 

pyrite is in abundance and ilmenite, haematite, magnetite 

are present in  sub - ordinate amounts.  Mineral pyrite is 

most abundantly occuring in carbonaceous shales, which 

is in association with lignite beds.  Whereas, Magnetite, 

hematite and ilmnite  is present in the grey shale, 

associated with laterites.  The pyrite grains are brass 

yellow in colour and are most common amongst the 

opaques.  Majority of the grains are nodular, while few are 

cuboidal in shape. Sub-angular grains are  also present in 

the samples.  The magnetite and hematite grains are grey 

to brownish black in colour with metallic lustre.  The 

ilmenite has dark borders with excellent blue tinge. 

 

Zircon   
Very few samples show the presence of zircon grains.  

The grains are rounded, sub-rounded, tabular  and 

euhedral in  shape. It is bluish to pink in colour with very 

high relief having dark border, and has the frequency 

number 1. 

 

Tourmaline   
Tourmaline is present in varying proportion in the sample 

analyzed.  It is represented by light blue colour with low 

pleochroism from blue in colourless.  It shown high relief 

and is optically uniaxial negative with straight extinction. 

The blue colored tourmaline is represented by prismatic 

idiomorphic to perfectly rounded to subrounded in nature. 

The frequency number of the mineral is 1. 

 

Rutile   
Rutile is very rare in the samples with frequency number 

1. It occurs as reddish brown to deep red in colour, present 

in the form of small rounded to subrounded grains having  

dark and heavy  border. 

 

Anatase   
Mineral anatase is present in almost all the samples with 

varying frequency, between  3 to 5.  It can be said 

therefore that, it is very common mineral in these 

sediments. All grains are sub-rounded to rounded with 

very high relief. It is indigo-blue in colour, (photo 1) non 

pleochroic with transparent nature and has uniform size.  

Anatase in the samples is optically uniaxial negative. Few 

grains of dark indigo-blue colored anatase, gives biaxial 

figure with very small optic axial angle (acute 

bisectrics).The minerals are rounded to sub-rounded in 

shape indicating the effect of transportation 

 

Amphiboles   

Amphiboles are uncommon and negligible in number with 

frequency 1.  The common amphibole is hornblende with 

elongated prismatic habit, showing inclined extinction. It 

is pleochroic with shades of green to dark green in colour. 

 

Pyroxenes   
Pyroxenes are present in almost all the samples.  Its 

frequency varies between 3 to 5  and therefore, it is fairly 

common mineral.  Augite is predominant and shows 

prismatic habit with oblique extinction, with angle about 

35°. It shows higher order interference colors between 

crossed Nicolas. 

 

DISCUSSION   
The frequency distribution of heavy mineral suite present 

in the Tertiary sediments indicate that, it is represented 

mainly by opaque’s, zircon, tourmaline, rutile, anatase, 

amphibole and pyroxene. These are derived either from 
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mafic-igneous and or from silicic igneous rocks.  The 

heavy mineral suite is derived estuarine environment. 

Area is represented in its major part by the granite in 

south, and basalt associated laterite capping on west and 

north.The source for such a heavy mineral assemblage 

should therefore be sought from the provenance either 

from within the area or from the  area adjacent to the 

Tertiary deposits.  The area investigated is occupied by the 

basalt, capped with laterites and in subordinate amount by 

bauxite, while adjacent southern part of the area is 

occupied by the Precambrian granitic rocks.  Source for 

the heavy minerals like tourmaline, rutile, zircon and 

amphiboles lies within granite as a source rock; while 

ilmenite, magnetite, hematite and Augite are derived from 

basalt.  Whereas, rounded to sub rounded grains of anatase 

indicate  transported nature of the sediment and  laterite as 

source rock. 

 

CONCLUSIONS   

From the heavy mineral studies of Tertiary Sediments 

from the area investigated it can be said that the anatase 

appears to be mainly of transported nature and has been 

originated in laterite. Ilmenite and augite are derived from 

basalt, while tourmaline, zircon, rutile and amphiboles are 

derived from granite rocks. Presence of these minerals 

indicate they are derived from the Precambrian granite, 

entered from southern part and basalt laterite from western 

part, as source rocks for tertiary sediments. Pyrite nodules 

are of large size, indicate reduced environment with 

deoxidation due to lignite formation. Tertiary sediments 

are 50-60mts ABL and 500 mts away from sea but 

indicate estuarine environment. 
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Fig 4 : Heavy Mineral Frequency distribution 
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