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Post Tsunami Heavy Mineral Distribution 
Between Cuddalore to Kanyakumari Along the 

Tamil Nadu Coast, India – A Review 

M. Suresh Gandhi1 et al.* 
1Department of Geology, University of Madras, Chennai 

India 

1. Introduction 

Placer deposits are formed as a result of the selective concentration of valuable minerals 
from the disintegration and redeposit ion of the rock fragments. Beach 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.  
Onshore winds which preferentially blow lighter grains inland can lead to higher 
concentrations of heavy minerals at the front of coastal dunes. Old 'fossil' shorelines known 
as strandlines can now be found some distance inland.  
Minerals with following inherent characteristics can be accumulated as placers such as high 
specific gravity and, chemical strength to resist the denudating action of transporting agent. 
Placer deposits can be broadly classified on the basis of mode of origin and transportation 
into eluvial, deluvial, proluvial, alluvial (sub divided into bar, channel fill, valley delta and 
bench or terrace placers) lateral (subdivided into lacustrine, beach, marine beach, and 
offshore placers) glacial (subdivided into marine and fluvioglacial) and Aeolian placers 
(Smirnov, 1976). Rajamanickam (1993) has classified (l) marine placers including raised 
beaches (2) offshore placers including (i) ongoing and (ii) palaeo/fossil placers of both 
buried and exposed types. Many works are concentrated on beach placers (Angusamy and 
Rajamanikcam, 2000, Cherien, 2003, Mohan, 2001) however, only limited work has been 
carried out for tsunami placer mineral studies. Worldwide tsunami impacts of the last 
century have been documented by many researchers (Heck, 1947; Iida et al., 1967; Nakata et 
al, 1993; Lander and Whiteside, 1997; NGDC, 2001 and Shi et al 1995, Maramai et.al., 2005; 
McMurtry et. al., 2004; Scheffers and Kelletat, 2003; Tappin et.al., 2001; Nanayama et. al., 
2000; Clague et.al., 2000; Dominey-Howes et. al., 2000; Papadopoulos and Chalkis 1984; 
Monge and Mendoza, 1993; Mörner, 1999). (Angusamy & Rajamanickam 2000) have studied 
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the distribution of heavy minerals between Kanyakuami and Mandapam. World reserves of 
ilmenite are estimated at 460 MT. The total world production of ilmenite in 2001 was 6523 
thousand tones. Of this Canada ranks first, consisting 29% followed by Australia (25%). 
south Africa (23%) while India accounted for 5% (www.tzmi.com). India is rich in placer 
mineral deposits, but three is an uncertainty about the extent of mineral resources due to the 
non availability of inventory of resources. India's coastline of 6800 km is hosted by placer 
deposits of various grades and size.  Indian resources constitute about 35 % of world resources 
of ilmenite, 10 % of rutile, 14 % of zircon and 71.4 % of monazite (Rajamanickam, et al., 2005). 
Loveson et al.,  (2008) observed  the inferences from sudden changes in the sedimentological 
processes during the December 26, 2004 tsunami along the east coast of India.  In India the 
detailed investigations have been done around 28% of the beaches and still many parts of 
inlands and offshore regions along east and west coasts of India remain unexplored.  
Hence, an attempt has been made on detailed exploratory studies from post tsunami 
sediments along the Tamil Nadu coast by an integrated approach.  This paper is mainly 
focused on record of heavy minerals during the post tsunami events.  

2. Heavy mineral 

Heavy Minerals having a density greater than 2.9 g/cm3. The term is most commonly used 
to denote high-density components of siliciclastic sediments. Most heavy mineral studies are 
undertaken to determine sediment provenance, because heavy mineral suites provide 
important information on the mineralogical composition of source areas. Since heavy 
minerals rarely constitute more than 1% of sandstones, their study normally requires them 
to be concentrated. 
Heavy minerals have important economic applications. Their use in paleogeographic 
reconstructions, especially in elucidating sediment transport pathways, is of particular value in 
hydrocarbon exploration, and their use in correlation has important applications in 
hydrocarbon reservoir evaluation and production. Recent advances have made it possible to 
utilize the technique on a real-time basis at the well site, where it is used to help steer high-angle 
wells within the most productive reservoir horizons. Heavy minerals may become concentrated 
naturally by hydrodynamic sorting, usually in shallow marine or fluvial depositional settings. 
Naturally occurring concentrates of economically valuable minerals are known as placers, 
and such deposits have considerable commercial significance. Cassiterite, gold, diamonds, 
chromite, monazite, and rutile are among the minerals that are widely exploited from placer 
deposits. See also Dating methods; Monazite; Placer mining; Well; Zircon. 
Heavy minerals have important economic applications. Their use in paleogeographic 
reconstructions, especially in elucidating sediment transport pathways, is of particular value 
in hydrocarbon exploration, and their use in correlation has important applications in 
hydrocarbon reservoir evaluation and production. Recent advances have made it possible to 
utilize the technique on a real-time basis at the well site, where it is used to help steer high-
angle wells within the most productive reservoir horizons. Heavy minerals may become 
concentrated naturally by hydrodynamic sorting, usually in shallow marine or fluvial 
depositional settings. Naturally occurring concentrates of economically valuable minerals 
are known as placers, and such deposits have considerable commercial significance. 
Cassiterite, gold, diamonds, chromite, monazite, and rutile are among the minerals that are 
widely exploited from placer deposits. Recently heavy mineral studies widely used in 
distinguish the tsunamisediment deposits from modern beach sediments.  
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3. Study area 

The present study area extends from Cuddalore in the north to Kanyakuamri in the south of 
Tamil Nadu. The drainage pattern of the study area is control mainly by the perennial river 
like Gadilam, Pallar, Cavary, Tamiraparani. The beaches in the study region are composed 
of rocky/sandy material. Coralline rocks are exposed in the coastal segment of the Tuticorin 
– Alantalai region. At a few places, the calcareous sandstone shows a clear stratification with 
a seaward dip of less than10°.  

4. Methodology 

A systematic coastal survey done from 2005 to till-date by seasonal sample collection. In the 

coastal stretch from Cuddalore to Knanyakuamri, more than 150 sediment samples have been 

collected using a hand auger at an interval of 5 to 10 km between the sampling stations. Using 

a hand held Magellan GPS, geographical co-ordinates were fixed for the sample locations. 

Beach samples were washed and dried. After coning and quartering, carbonates, organic 

matter and ferruginous coatings were removed from the samples by treatment with 1:10 HCl, 

30 % by volume H2O2
 
and SnCl2, respectively. The dry samples were sieved at Ro-Tap sieve 

shaker for 15 minutes. Heavy mineral separation was carried out by using bromoform of 2.89 

specific gravity following the procedure of Milner (1962). Separated heavies were washed and 

then mounted on the glass slide using the Canada balsam.  

5. Results 

5.1 Cuddalore and Pondicherry (M.Suresh Gandhi & A.Solai,2010 ) 

The heavy minerals are dominant in Cuddalore (26.43%) and Kannikovil (28.48%) regions in 

the surface samples when compare to other regions. The percent of enrichment in other 

zones are Kottaikupppam(8.14 %), Veeranampattinam (12.18 %) and Pudukuppam (12.83 

%). In Cuddalore the heavy mineral weight % shows that at the depth of 0-25 cm the 

percentage is gradually increasing and from the depth of 40 cm to 80 cm a sudden 

decreasing trend is noticed. Zircon and Garnet is found in the high percentages at 

Pondicherry - Cuddalore region. Kyanite is dominated in the Pondicherry (Kottaikuppam) 

region whereas in the other zone it is generally lesser. Chlorite is dominant in all the zones. 

The non opaque distribution in the sector the different grain sizes within the sector has 

established the prevalent presence of chlorite, kyanite, garnet, zircon and epidote. 

5.2 Nagapattinam (D.Soosai, R. Chandrasekaran, A.R.Gujar, V.J.Loveson, N. 
Angusamy, N Chandrasekar and G.V.Rajamanickam) 

In the present study, it is evident, that though all the stations are located in N-S trending 
coastal configuration, annual profile has hardly brought in any drastic variations in the 
beach profiles. It has resulted in substantial addition or erosion of the sediments. It has also 
brought out that beaches in the study area were under equilibrium conditions before 
tsunami. But however, after tsunami, a total change in the beach morphology is observed. 
Even though all the stations are located in N-S trending coastline, tsunami has brought in 
deposition of sediments in Nagoor and Chinnankudi. This has brought out the influence of 
shelf bathymetry in the redistribution of tsunami effects along the beaches. The present 
study highlights that destruction left by tsunami is enormous in the beaches of Poompuhar 
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and Karaikkal and it calls for undertaking beach nourishment techniques to restore the 
beach to its original condition.  After the tsunami, the modality is shifted to a slight coarser 
grade in all the beaches in such a way an enrichment of concentration is noticed in 50 mesh 
size grade also. In the Total heavy mineral by wt %, shows that post-tsunami samples 
Chinnankudi an upshoot of heavies to a tune of 93% in the Berm of Nagoor and HT of 
Chinnankudi. At Poompuhar, the distributions of heavy minerals are found to be different 
to other two stations. While Poompuhar establishes overall rise in the Wt % of heavy 
minerals during Post Tsunami like other stations, from Dec.2003 to Dec. 2004 unlike other 
stations, it is not giving any higher percentage in LT and Berm samples. Chinnankudi 
maintains always a higher percentage in LT, HT and Berm too, except post tsunami 
conditions when compared to Nagoor. When the distribution of heavy minerals in LT, HT 
and Berm is considered station wise during the years 2003, 2004 and 2005. Poompuhar is 
seemed to behave different to others. The heavy mineral enrichment increases from North 
(Poompuhar) to the South (Nagoor) in the study area. The same may be attributed to the 
inner shelf gradient. 

5.3 Mandapam to Vedaranyam (G.V.Rajamanickam, 2005) 

Placer mineral are formed as a result of disintegration of heavy minerals as suitable places. 
The heavy minerals serve as an index for stratigraphic correlation of unfossilferrous strata. 
The study area extends from Thondi to Manamelkudi in the Palk Strait, Southeast coast of 
India.  
The highest percentage of heavy minerals shown at R.Pudhupattinam (38.64 %), is ascribed 
it accurate coast line and lowest percentage of heavy minerals recorded at Thondi 0.86%. 
The landforms help to infer the various stages of sea level regression and transgression takes 
place in the study region.  

5.4 Tamiraparani Estuary and Off Tuticorin (A. Solai, M. Suresh Gandhi, K. 
Chandrasekaran and V. Ram Mohan, 2009) 

90 sediment samples were collected during Feb 2005, at Tamirabarani river, estuary and 

offshore using Vanveen grab sampler.  An alternate higher and lower percentage is noticed 

in the river samples may be due to the nature of the river course. Over all the higher 

percentage is noticed in the river and estuary samples (34.8 %) may be due to due to the fast 

moving action of wind and water. In few places in the estuary the heavy mineral 

distribution are lesser in amount (0.8% to 11.6%). Due to the movement of sediments from 

river and the erosional activities, the deposition of heavy mineral is not feasible the station 

near Estuary and rivermouth received higher percentage. The remaining stations show less 

than 7.0% distribution.  Marine sediments show 1.4% to 18.0% of heavy mineral distribution 

the offshore region received higher percentage than the deeper parts in the marine 

sediments. Heavy minerals are concentrated as patchy and disseminated forms. The 

alternate higher and lower percentage of heavy mineral in the marine sediments may be due 

to the bathymetric conditions. Further due to the erosion activities band longshore current 

movements, the distribution of heavy mineral is lesser in few stations compared to the other 

origin. Due to the constant wind action, heavy minerals deposition with varying contents of 

heavy and light minerals in the form of alternate layers is noticed. Generally, heavy minerals 

are found to be abundant in erosive beaches, where the winnowing action takes  place, 

leading to the accumulation of heavies. When high wave activity generally expected that the 
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accumulation of heavies would be greater. The heavy mineral assemblage of the study 

region is governed by the distribution of different type of minerals. However, the 

assemblage is restricted to the dominance of few selective minerals like garnet colourless, 

garnet pink, zircon, rutile, chlorite, etc.  

5.5 Tuticorin and Ovari, Tamil Nadu, India (M. Suresh Gandhi , E.Vetrimurugan, 
N.Angusamy, and G.V. Rajamanickam, 2007) 

The heavy mineral assemblage of the study area is given in Table.5a&b and Figure.7. The 

heavy mineral assemblage of the study region is governed by the distribution of different 

type of minerals.  

However, the assemblage is restricted to the dominance of few selective minerals like 

colourless garnet, garnet pink, zircon, rutile, chlorite, etc. From the variation of colour, the 

garnet is differentiated into two varieties as colourless and pink.  

These garnets are identified as pyrope/almandine while the variation in colour is ascribed 

to certain minor substitutions leading to the formation of pink colour. In Thiruchendur, a 

complete reduction in zircon is observed with a subsequent increase in chlorites.  

In Periyathalai, a clear variation in the abundance of heavy minerals is noticed. In 
Alanthalai and Manappad beaches, zircon is reduced to a secondary position. An 
assemblage of colourless garnet, pink garnet and flaky minerals is found to be 
predominant in this zone. At Ovari, zircon establishes a clear dominance over other 
minerals. The predominant variety is marked by the abundance of rounded zircons. Only 
at Ovari, monazite makes an appearance. The dominance garnet helps to demarcate this 
group into two zones (i) north of Manappad and (ii) south of Manappad. These two zones 
are characterised by the abundance of garnet and depletion of garnet assemblage 
respectively. Zircon is found to be less in the north of Manappad coast whereas south of 
Manappad is dominated by zircons. The highest percentage of zircon is recorded at Ovari 
beach which is a typical zone of wave convergence. Like other zones, here too the 
difference in the distribution of various heavy minerals may be assigned to a change in 
the coastline configuration from NNE-SSW to NE-SW. In Kanyakumari zone, more or less 
similar assemblages are found in the entire coast. Zircon is represented by the 
predominant concentration of rounded form over other varieties. Monazite is 
characteristically distributed in all the beaches. A total reduction in flaky mineral 
distribution is noticed in all the beaches. Thiruchendur zone is represented by more or 
less equal distribution of garnet. Periyathalai zone is differentiated from other zones by 
equal percentage of garnet with topaz, andalusite and sillimanite. Kanyakumari zone is 
distinguished by slightly higher percentage of zircon, monazite and least amount of 
chlorite.  

5.6 Tuticorin to Kanyakumari (Saravanan and Chandrasekar, 2005) 

The low concentration of heavy minerals in the samples of Thiruchendur beach and 
Alanthalai beach is attributable to the oscillation in lowtide zone in the middle layer and 
hightide zone in the lower sample. In Periyathalai, an oscillation from berm to hightide zone 
of the present day level is noticed in Periyathalai beach. The variation in heavy mineral 
concentration in Ovari suggests the condition of lowtide zone.  
Kuttankuli and Vijayapathi samples establish similar oscillatory conditions but to a 
minor level in hightide zone as evidenced from the grain size variation and limited 
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variation in distribution of heavies. Kuttapuli samples establish a high percentage of 
heavy minerals.  
The enrichment of lower layer with 48% of heavies and its reduction to 8% in middle layer 

and 2% in top layer is accounted by oscillations as well as by differing energy conditions in 

the segregation of heavy minerals. However, Kanyakumari beach samples suggest the 

withdrawal of sea level to lowtide zone from the existing hightide zone. This is indicated by 

the presence of very low percentage of heavy minerals in lower and middle layers. 

6. Discussion 

According to Loveson et al (2007) except for Nagoor, all other stations showed erosion of the 

beaches, with a maximum of 2.5 m, particularly in the Karaikkal area. The study identified 

two major geomorphologic parts, the first extending from northern Poompuhar to Karaikkal 

and the second from southern Karaikkal to Nagoor. Changes in the geomorphologic 

characters observed at these two areas were attributed to the nature of the inner shelf 

bathymetry. Examination of heavy mineral composition in sediments indicates a dramatic 

shift in concentration, ranging from 19 to 76 % in the Nagoor area. At Cuddalore to 

Pondicherry the tsunami affected region is found to have a concentration of coarser fraction 

in addition to the finer fraction of opaques. The same may be attributed to an added source 

of Cuddalore sandstone which is in the vicinity of this zone. It is the factor very uncommon 

to the other zones. Rajamanickam (1968) has projected the preponderance of opaques in the 

Miocene- Cuddalore sandstones, that too of coarser nature. Such coarser opaques may be 

added to this zone. Such view has also been supplemented by the distribution of coarser 

epidote, staurolite and abundance of blue kyanite, which are common in the Cuddalore 

sandstone. Wave conditions observed during most of the year at stations from Pondicherry 

to Cuddalore are marked by a strong convergence of wave orthogonals in the SW, NE, and 

nonmonsoon periods in both 8 s and 10 s wave periods.  

Under this prevailing high energy environment, flaky minerals such as chlorite, biotite, 

muscovite, and glaucophane may be moved offshore and reduced in abundance. Denser 

minerals are abundantly found in these stations due to the continuous winnowing action of 

the shoaling waves.  According to  Rajamaickam et al ( 1983 ).When one finds the 

distribution of heavy minerals by weight percentage from low tide to high tide, the number 

of poly - modalities prevails uniformly. There is difference in abundance.  

In other words, the source show distinct of heavy minerals is expected to remain one and 

the same. The low tide and high tide show distinct shift in the abundance in six stations 

studied.  

With so much of high energy input, one can easily expect the addition or deletion of certain 

heavy mineral fraction in this region. When the tsunami is able to shift the deep water 

forams and outer shelf forams to the beach (Hussain et al., 2006a&b) it can also add some 

other heavy minerals present in the route of tsunami waves. It reflects that the heavy 

minerals deposits are going on for years for only from the shelf sediments. Alternatively the 

landward migration of the shelf sediments must have been responsible for the type of heavy 

mineral assemblage in the study area. 

Further the frequency distribution between the pre and post tsunami behaves more or less 

similarly in such a way that the 2 to 2.5 phi grains shows maximum shift in the low tide. It 
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may also be surmised that the tsunami energy must have been remained to carry optimum 

size of 2.5 phi sized heavy minerals in high order of suspension. from the heavy mineral 

size, one can interpret that the normal  energy prevailing in the area may be around 2.5 phi 

size including the cyclonic stage  because the high order of presence of 2.5 phi size grains in 

the pre tsunami is also seen. 

7. Conclusion 

The analysis of heavy mineral variation has been well established. The eroded areas are 

associated with fine grained beach sands rich in heavy mineral sands. The difference in the 

concentration of heavy minerals and the nature of sediments suggest that apart from the 

river source, some other additional source such as offshore and alongshore must have 

played a role in making up the compositions of these beach minerals. Further the pattern of 

enrichment of heavy minerals reflects the nature of longshore grain sorting with reference to 

the energy conditions prevail in the study area.  With all the pre-tsunami beach profiles, it 

was observed that at least 15 days earlier, there was significant sediment deposition, 

irrespective of coastline character and behaviour.   

After tsunami in many locations, the depositional beaches became erosional and vice versa.   

The data obtained during pre- and post-tsunami helped assess the selective impacts of the 

tsunami within a short distance along the shore. Within a coastal distance of 35 km alternate 

erosion and deposition of sediments were observed. The various changes observed in 

sediment landforms and mineralogy indicates the possibility of greater impact through the 

inner-shelf bathymetry. The concentration of heavy minerals indicates that the outer shelf is 

the source of origin. 
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