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This study presents major element, radioactive element and rare earth element (REE) concentrations of
the Garampeta to Markandi beach along the southern coast of Odisha,
P India to delineate the source
signature and resource potential of the beach placer deposits. Average REE concentration of the beach
sand samples is about four times higher than the average crustal concentration. The LREE concentration
is higher than HREE, with a pronounced negative europium anomaly. The study also discusses about the
radioelement 238U, 232Th and 40K concentrations in the study area, and their relationship with REE.
Weathering condition of the source rock, based on the major elements and Th/U ratio indicated a
reasonably high degree of weathering. Major element and the REE composition along with the europium
anomaly, relate the beach placers to mainly charnockite and khondalite source. An elevated level of
thorium ([60 times than the average UCC values) as exhibited by the samples could be attributed due to
the presence of monazites. The high concentration of REEs like Nd and Dy along with La and Ce indicates
significant REE resource potential in the beach placers which is important for the resource potential in
terms of the strategic mineral reserves of the country.
Keywords. Europium anomaly; thorium; charnockite; khondalite; chemical index of alteration (CIA);
Odisha.

1. Introduction
The resource potential of beach placer deposits
have been studied extensively, in various coastal
regions of the world (Roy 1999; Armstrong-Altrin
et al. 2009, 2012, 2016; Papadopoulus et al. 2015;
Bern et al. 2016). Beach placers are an important

repository of heavy mineral deposits and the
eastern coastal areas of India are known for the
high concentration of illmenite, rutile, garnet,
magnetite, monazite, sillimanite and zircon. The
presence of monazite along these placer deposits
indicates the presence of thorium, rare earth elements (REEs) and the associated phosphates. The
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occurrence of monazite along the coastal region of
India particularly in the state of Odisha has been
reported earlier (Behera 2003; Mohanty et al. 2004;
Acharya et al. 2009). Monazite has been reported
from the beach sands of Puri, Gopalpur, Rushikulya, Chhatrapur and Ersama (Mohanty et al.
2003, 2004; Rao et al. 2009; Mohapatra et al. 2015).
The beach sand of Puri coast includes a significant
quantity of REEs (Chaudhuri and Newesely 1993).
Beach sands of Bhimlipatnam–Konnada (Andhra
Pradesh) exhibit a high REE content as well
(Bangaku Naidu et al. 2016). However, beach sands
of the southern Odisha coast is yet to be studied in
terms of their monazite content. A number of
studies undertaken in these regions discusses the
radioelement concentration of these areas (Mohanty et al. 2003; Rao et al. 2009). Mohanty et al.
(2004) reports the radioelement concentration as
well as the rare earth oxides in the area; however, a
quantitative analysis in the southern part of
coastal Odisha was lacking.
Detailed geochemical study in a beach area gives
an idea about the source rock (Saha et al. 2010;
Armstrong-Altrin et al. 2012, 2016), and the
weathering pattern of the sediments (Roy et al.
2008; Gallala et al. 2009). Further, the geochemical
analysis provides an understanding of the mineral
assemblage of the beach placers. The study of
heavy minerals containing radioactive elements
and REEs in beach sands have been done in various
parts of the world (Mohanty et al. 2004; Anjos et al.
2006; Papadopoules et al. 2015; Palaparthy et al.
2017).
The present study not only discusses the provenance of the beach sands, but also gives us an idea
about the thorium and REE concentrations of the
monazite placer deposits along the study area.
According to a recent review of the global market
policies on REEs, the largest consumer market of
REEs is in Asia (Machacek and Fold 2014). The
Chinese industries are the leading consumers utilising almost 68% of the REE resources followed by
the Japanese industries using 16% of the resources,
the US market uses around 10%, and Europe and
other countries consume the rest 6% of the world
REE resources (Kingsnorth 2012). But following
the price hike in 2011, a worldwide emphasis for
stable supply of REE resources has been rapidly
initiated. The immediate eAect that has been
observed, included opening up of delayed rare
earth mines like the Mountain Pass mine in USA
(Molycorp 2013a; Machacek and Fold 2014),
extraction of REE from various types of wastes
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(Tunsu et al. 2014; Borra et al. 2015; Liao et al.
2017) and Cy ash (Kashiwakura et al. 2013; Franus
et al. 2015; Balaram 2019) and Bnding newer
resources. Apart from being costly and supply
constraints from very few countries, the crucial
importance of REE also lies in its strategic value
(Ishee et al. 2013; Fernandez 2017) and it is considered as a critical and strategic resource considering its importance in the Beld of space sciences
and defence. Other application of REE includes its
usage in the Beld of electronics, renewable energy,
high strength magnets and medical science (Matizamhuka 2018; Balaram 2019; Liu et al. 2020).
Keeping these factors in mind, it is important to
develop an indigenous and sustainable resource of
REE.
The present study undertaken along the southern part of Odisha provides a quantitative estimation of the major, REE and radioactive element
concentration in the beach sediments. The study
presents the major element oxide concentration of
the beach sediments around the Garampeta and
Markandi beach areas, their REE concentration
and their relationship with the radioelement
namely 238U, 232Th and 40K observed in these
regions, specifically with respect to 232Th. The
study also discusses the eAect of the hinterland
mineralogy and weathering condition on the beach
placer composition and the possible provenance of
these placer deposits based on the mineralogy.

2. Geology of the study area
The study area is located along the southern
coastal region of Odisha. Beach sand samples from
10 locations were collected from Garampeta and
Markandi beaches, at an interval of roughly
250–300 m (Bgure 1b). The beach area is bounded
by the Bay of Bengal on the east and the granulite
terrain of the Eastern Ghat Belt on the west. The
area is close to the Rushikulya River inlet which
discharges into the Bay of Bengal and Markandi
Canal, at Berhampur city, Odisha, India
(Bgure 1a). The climate of the area is a typical
tropical climate, which is greatly inCuenced by the
sea.
The width of the beach is usually less than a
kilometre. Beach slope varies from a gentle to an
appreciably high slope locally. Vegetated land,
predominantly marked by presence of Pandanus
fascicularis Lam. or Kia plant occurs adjacent
to beach. Vertical section in shallow trenches
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Figure 1. (a) Location map of the study area; (b) the sample positions along the beach areas; (c) vertical section along the dune
area shows the presence of heavy minerals in layers with a thickness of 1–5 cm. (d) Beach morphology of the study area, the sand
samples were collected from the berm areas.

exhibits distinct black heavy mineral bands of
variable thickness ranging between 1 and 5 cm
(Bgure 1c).
Khondalites, charnockites, migmatites, anorthosites, granites and pyroxene granulites, are the
major rock types of the Eastern Ghat Belt, which are
the main sources of the various minerals present in
the eastern coastal beach placers. Ramakrishnan
et al. (1998) proposed four sub-divisions of the
Eastern Ghats Belt, viz., Western Charnockite zone,
Western Khondalite zone, Charnockite–Migmatite
zone and Eastern Khondalite zone. The study area
lies adjacent to the Charnockite–Migmatite zone.
The Charnockite–Migmatite zone is an aggregation
of intensely migmatised granulites, intruded by
porphyritic granitoids and massif anorthosites. It
consists of assemblages of basic and enderbitic
granulites, massif type anorthosites, granitecharnockite complexes, khondalites and garnetiferous gneiss (Sengupta et al. 1999; Dasgupta and

Sengupta 2002). The speciBc minerals present in
these zones included pyroxene, garnet, sphene, zircon, monazite, ilmenite, tourmaline, biotite, magnetite and xenotime. The presence of monazite, in
soils and sediments, characterizes the study area as a
typically high background radiation area (HBRA)
(Rao et al. 2009).
3. Methodology
3.1 Collection and preparation of samples
The sand samples were collected from the elevated
berm area of the beach of Garampeta and Markandi (Bgure 1d), lying immediately adjacent to
the swash zone. It is collected from shallow depth
after removing the top portion of the sand. Impurities including bioclasts and rootlets were removed
from the sediments. The samples were gathered in
polythene bags. It was then dried in an oven at a
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temperature of 80°C and then sieved through
0.355 mm.

J. Earth Syst. Sci. (2020)129:152
4. Results
4.1 Major element concentrations of samples

3.2 Major element analyses
Major element concentrations of samples were
determined by ICP-AES (Jobin Yvon Horiba
Model Ultima–2) at the Department of Earth Sciences, Indian Institute of Technology Bombay.
Approximately 0.25 gm of sample (\200 mesh) was
mixed with 0.75 gm of lithium metaborate, LiBO2
(Aldrich) and 0.50 gm of lithium tetraborate,
LiB4O7 in a platinum crucible and then fused in a
Hexatec MufCe Furnace HIPL-022 at 1050°C for 10
min. The temperature of the furnace was reduced
to 800°C. The bottom part of each crucible was
then immersed in water. The crucible was then
placed in a 150 ml glass beaker and subsequently
Blled by 80 ml of 1N HCl. Each beaker was kept for
magnetic stirring for 1 hr until the fusion bead has
dissolved completely. Both the stirring bar and
dish were removed and rinsed. The solution was
then transferred to a 100 ml volumetric Cask.
Finally, 5 ml of this solution is diluted 10 times
before analysis. USGS standards MAG-1, SCo-1,
SCo-2, SBC-1, BCR-2, BHVO-2, and AGV-2 were
used for calibration. The percentage loss on ignition of the sample was determined by heating 1 gm
of sample in the platinum crucible at 950°C. The
difference in weight of the sample was recorded and
the equivalent loss in percentage was estimated.
3.3 Trace element analysis
REE concentrations of beach sediments were
determined using a quadrupole inductively coupled
plasma mass spectrometer (ICP-MS, Thermo
ScientiBc X-Series II) at the Centre for Earth
Sciences, IISc, Bangalore. The USGS standards
BCR-2, BHVO-2, and AGV-2 were used for calibration. Typically about 25 mg of powdered sand sample
was processed in an acid solution of HF, HCl and
HNO3 in TeCon Beakers followed by evaporation
of the acids. The remnants were diluted in 2%
HNO3 solution with 18.2 mega-ohm water to 100
ml solution. An Internal standard of 10 ppb solution of Be, In, Cs, Bi was used for all the samples,
standards and blanks to monitor for instrumental
drift using established lab protocols (Banerjee et al.
2016). The analytical precision for the data is
better than 2% based on analyses of USGS
standard AGV-1 as an unknown sample.

Concentrations of major element oxides are
provided in table 1. SiO2 concentrations of these
samples range from 40 to 85%. The Al2O3 contents
of sediment samples range between 7.2 and 10.3%
and the TiO2 contents in the samples vary from 1.2
to 22.2%. The K2O and Na2O concentrations of the
samples range between 0.7 and 2.5% and 0.06 and
0.5%, respectively. The FeO content of the area lies
between 3.8 and 25.1% and Fe2O3 between 0.6 and
4%. High concentrations of TiO2 exhibit high
amount of ilmenite.
4.2 Rare earth elements
Table 2 provides the concentrations
P of REEs in
beach sediments. The total REE ( REE) content
of beach sand samples vary from 104 to 3041 lg/g,
averaging *650 lg/g. This value is almost four
times higher than the average crustal value of the
REEs (Rudnick and Gao 2003). The light REE
(LREE) concentration varies from 99 to 3013 lg/g
(av. *637 lg/g). The heavy REE (HREE) concentration ranges between 5 and 28 lg/g (av. *14
lg/g). Figure 2(a) compares the average crustal
concentration of the REEs and the chondrite-normalised REE concentration obtained from the sand
samples. The chondrite-normalised REE pattern of
the samples shows a high concentration of LREEs
and a lower concentration of HREEs with a very
pronounced negative Eu anomaly (Bgure 2a).
Sample no. 2 shows a high enrichment of LREEs.
However, it shows aPcomparatively lower concentration of HREEs.
REE concentration is least
in sample no 4. Although, the samples exhibit a
lower concentration of HREEs, their Dysprosium
contents are found to be moderately high.
The europium anomaly of the samples is estimated as follows:
Eu-anomaly ¼ EuðnormalisedÞ =Eu ;
where

1=2
:
Eu ¼ SmðnormalisedÞ  GdðnormalisedÞ
Sm(normalised) and Gd(normalised) are the concentrations of Samarium and Gadolinium of the bulk
sand samples normalised with respect to the average carbonaceous chondrite value. An anomaly
equal to 1 indicates its absence; value [1 indicates
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Table 1. Major element concentration of the beach sands.
Sample

Al2O3

CaO

FeO

Fe2O3

K2O

MgO

MnO

Na2O

P2O5

SiO2

TiO2

1
2
3
4
5
6
7
8
9
10

10.30
8.08
7.32
7.20
9.58
9.30
9.33
9.76
10.01
7.73

0.60
0.55
0.44
0.50
0.64
0.76
0.69
0.70
0.70
0.59

10.95
21.59
3.32
2.45
3.28
6.73
9.38
11.27
14.98
5.07

2.00
3.94
0.61
0.45
0.60
1.23
1.71
2.06
2.73
0.92

1.24
0.63
2.16
1.77
2.47
1.46
1.34
1.37
1.34
1.62

0.80
0.89
0.37
0.38
0.46
0.89
0.98
0.99
1.02
0.63

0.18
0.32
0.06
0.05
0.06
0.14
0.18
0.21
0.25
0.10

0.15
0.06
0.33
0.36
0.51
0.34
0.22
0.25
0.24
0.31

0.27
0.56
0.05
0.04
0.08
0.06
0.12
0.09
0.20
0.08

63.18
39.77
82.66
85.20
78.86
74.43
69.14
63.26
53.90
79.49

9.65
22.21
2.30
1.18
2.45
4.13
6.67
9.64
14.53
3.15

Table 2. The REE and thorium content of the samples.
Sample numbers
Elements
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Th

1

2

3

4

5

6

7

8

9

10

83.88
182.70
20.22
70.27
11.39
0.64
8.40
0.88
3.81
0.74
2.00
0.30
1.99
0.29
941.77

682.50
1461.00
166.10
561.10
84.00
1.53
56.59
4.80
13.43
1.93
4.04
0.52
3.43
0.48
1445.28

34.10
70.51
7.93
28.45
4.73
0.74
3.74
0.46
2.35
0.45
1.22
0.18
1.18
0.16
430.78

23.38
45.66
5.05
18.23
3.33
0.79
2.77
0.34
1.73
0.35
0.95
0.15
0.96
0.14
97.64

lg/g
123.80
254.90
27.52
96.85
15.58
1.16
10.82
0.99
3.48
0.57
1.34
0.19
1.27
0.18
107.37

28.57
61.36
7.02
25.66
5.15
0.65
4.86
0.74
4.53
1.00
2.92
0.44
2.93
0.43
43.78

208.20
441.90
48.77
171.00
27.62
1.11
20.10
2.07
8.54
1.58
4.13
0.61
3.96
0.58
1119.01

56.37
118.00
13.10
45.91
7.77
0.80
6.68
0.86
4.73
0.97
2.70
0.41
2.65
0.38
458.72

154.40
330.20
35.73
126.50
19.45
1.03
14.82
1.67
7.96
1.64
4.57
0.69
4.63
0.67
1022.08

48.21
102.50
10.98
38.64
6.50
0.75
5.18
0.65
3.36
0.71
2.03
0.30
2.02
0.29
466.3

a positive anomaly and a value \1 indicates a
negative anomaly. The Eu anomaly value of the
beach sand samples ranges from 0.06 to 0.7, with
an average of 0.3. The distinct negative europium
anomaly exhibited by all samples is an eAect of the
composition of the source rocks (Bgure 2b).
4.3 Radioactive elements
Thorium, uranium and potassium concentrations
of the beach sand samples have been reported by
Ghosal et al. (2017). The average activity concentration of thorium varies between 44 and 1445 lg/g
with an average of 613 lg/g, activity concentration
of uranium is low (below detection limit – BDL) to
46 lg/g with an average of 24 lg/g. For potassium,
the average activity concentration is 897 lg/g
(271–1617 lg/g). The concentration of thorium is

almost 61 times higher than the average crustal
value (Rudnick and Gao 2003). The Th/U ratio
shows a wide variation of values varying between
BDL and 49.12 with an average of 29, which is
higher than the crustal Th/U ratio of 3.8 (Bgure 3)
(Rudnick and Gao 2003). The activity concentration of radionuclides varies from one location to the
other, which is primarily as a consequence of
variation in the sedimentary processes in the beach
environment.
5. Discussion
The study area is adjacent to the EGMB and
comprises of granites, charnockites, migmatites
and khondalites. Hence, the beach sands derived
from these rock types mimic similar compositional
characteristics. These rocks are primarily felsic in
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Figure 2. (a) A comparison of chondrite-normalised values of crustal REE and average REE concentration of the bulk sand
samples. (b) Chondrite-normalised REE pattern (Taylor and McLennan 1980) of the beach sand samples showing a pronounced
negative Eu anomaly.

Figure 3. A cross plot of Th vs. Th/U (cf. Armstrong-Altrin
et al. 2014) values of beach sands (Th and U values obtained
from Ghosal et al. 2017). Note that most samples exhibit
greater than the average crustal ratio of Th/U = 3.8.

composition. A cross plot of SiO2 vs. Al2O3/TiO2
reveals dominant felsic nature of samples
(Bgure 4). The weathering index and the chemical
index of alteration (CIA) values of the beach placer
deposits are estimated and discussed (Nesbitt and
Young 1982). The CIA values of the study area has
been calculated by the following expression


CIA ¼ Al2 O3 = Al2 O3 þ K2 O þ Na2 O þ CaO
 100;
where CaO* indicates CaO incorporated in the
silicate minerals.
The value ranges from 71 to 86 indicating a
moderate to high degree of weathering. From the

Figure 4. A plot of Al2O3/TiO2 vs. SiO2 of the bulk sand
samples from the study area, the original plot is by Le Bas
et al. (1986). Most of the sand samples fall in the felsic Beld
thereby indicating a felsic aDnity of the beach sand samples.

A–CN–K triangular plot for the study area
(Bgure 5), we Bnd that the samples are plotted
close to the Al2O3 apex and quite far away from the
plagioclase line (Nesbitt and Young 1984). At
earlier stages of weathering CaO and Na2O are
leached out and the initial composition lies along
the A–CN line. Constant weathering leads to total
removal of plagioclase and the composition shifts
towards the A–K line, upon further weathering, the
potassium starts to get removed and now the
composition moves closer to the Al2O3 apex
(Bgure 5). The sample composition of the study
area indicates a higher degree of chemical weathering accompanied by removal of plagioclase
feldspar.
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Figure 5. A–CN–K triangular plot is prepared to have an idea
about the weathering condition of the study area (after Nesbit
and Young 1984). The composition of the placer deposits lying
closer to the Al2O3 apex indicates a comparatively higher
degree of weathering. A: Al2O3; CN: CaO* + Na2O; K–K2O.

The high Th/U ratio (up to 49, with an average
value of 29) indicates a high concentration of
monazites as compared to zircons. The Th/U plot
(Bgure 3) can also be used to understand the
weathering intensity of the source rock. A higher
value of the ratio indicates a higher degree of
weathering of the source rocks. The increase in
mobility of uranium ions due to excessive weathering of the source rock results in the elevation of
Th/U ratio from the average crustal value of 3.8.
The higher value of Th/U ratio when compared to
the crustal value relates to a moderately high
degree of weathering in the source region (Armstrong-Altrin et al. 2014).
To get an idea about the provenance of the
placer deposit, a major element oxide concentration comparison of the beach sand samples and the
hinterland rocks, are summarised in Bgure 6. It
shows a cross plot between K2O/Na2O and SiO2/
Al2O3 for the beach sand samples and typical rock
types in the proximal area. Beach sand samples are
comparable to both charnockite and khondalite in
terms of their composition. The REE pattern also
suggests that the sediments might be predominantly sourced from charnockite, khondalite and
migmatite (Bgure 7).
The data as provided in Bgure 2(b) exhibits a
chondrite-normalised REE pattern for the beach
sands (Taylor and Mclennan 1980). The REE
chemistry suggests a high LREE content and a
comparatively low HREE content. The LREEs
because of their larger atomic size usually gets
incorporated in minerals with large co-ordination
polyhedra and the HREEs are usually favoured by
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Figure 6. Comparison of the composition of sand samples
(marked by rectangle) and common rocks present in the
EGMB (Dash et al. 1987; Paul et al. 1990; Bhadra et al. 2007;
GSI Report 2010).

Figure 7. The average REE concentration of the beach sands
and the concentration of REE of surrounding rock types.
Average REE data of migmatites, for comparison are from
Bhadra et al. (2007).

minerals with small polyhedra (Henderson 1984).
Monazite preferentially incorporates the larger
LREEs (La–Gd) (Ni et al. 1995) and zircon incorporates the HREEs (Henderson 1984). As discussed earlier, the study area has a high
concentration of monazite compared to zircon, this
explains the observed high LREE and low HREE
concentration. The REE pattern of the study area
shows a prominent negative europium anomaly
(Bgure 2b) in all of the samples. This negative
anomaly in Eu is a typical feature of the post-Archaean shale and materials derived from crust
(Taylor and Mclennan 1985; Das et al. 2006; Barros
de Oliveira et al. 2007; Kritsananuwat et al. 2015).
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Figure 8. (a) Plot showing a comparison between the total REE (lg/g) and the thorium (lg/g) content in the study area (after
Ghosal et al. 2017); (b) The graph shows a correlation plot of the Th and RREE.

A negative europium anomaly is frequently
observed in continental rocks, sediments and sea
water; thereby indicating partial melting and
fractional crystallisation during the formation of
the source rock (Taylor and Mclennan 1985; White
2013). In felsic melts under reducing conditions,
Eu3+ gets reduced to Eu2+, which gets incorporated in the plagioclase feldspar lattice. Fractionation of these plagioclase crystals from the melt
before crystallisation of the rock will result in
depletion of europium in the Bnal rock volume,
resulting in a negative Eu anomaly (Taylor and
Mclennan 1985). Hence, a negative europium
anomaly is characteristic of the granites and granodiorites of the EGMB as reCected in these samples. Also, under reducing conditions and neutral
pH, Eu2+ can get leached (Chaillou et al. 2006;
Hannigan et al. 2010; Kritsananuwat et al. 2015).
Therefore, the diminished concentration of europium can also be an eAect of the presence of the
beach sand proximal to the sea water, close to the
shoreline.
In Bgure 7, a comparative study of the REE
concentration of various individual rock types and
the beach sand samples have been provided. The
obtained REE pattern of the beach sand samples,
indicate an average REE pattern similar to the
charnockite, khondalite and migmatite rocks. This
similarity might be attributed to the charnockite–migmatite zone (Ramakrishnan et al. 1998),
which lies adjacent to the study area. Both the
major elements as well as REEs suggest that the
probable provenance of the beach area can be
attributed to the charnockite, khondalite and

migmatite with major contribution from the Brst
two.
The HPGe analysis of the beach sand shows a
high concentration of thorium and potassium
followed by uranium. The high thorium content
of the study area is because of the presence of the
mineral monazite, which is present as an accessory mineral in charnockite. Monazite contains
Th in its crystal lattice and it is because of this
thorium that the area is a high background
radiation area (HBRA) (Rao et al. 2009). The
232
Th exhibits a positive correconcentration
P of
lation with REE (Bgure 8a and b). This interpretation is further substantiated by doing a
statistical correlation analysis, which shows that
232
Th has a positive correlation with the REEs
and especially the LREEs (r2 = 0.748) (table 3).
This correlation between Th and LREE is a
peculiar feature of this study area, as a positive
correlation between these two is not a regular
occurrence along the eastern coastal areas (Panda
et al. 2003; Rao et al. 2018). A feldspathic composition is inferred from this positive correlation
(McLenan et al. 1980). Such resemblance between
thorium and REE content has been reported by
Palaparthy et al. (2017) along the eastern coast
of India, located further southwest of the present
study area.
The mineral monazite being a thorium phosphate mineral can be utilised to extract thorium,
which in turn can be used as a nuclear fuel. The
three stage nuclear programme of India designated as the ‘closed fuel cycle’ is designed so as to
use the indigenous atomic mineral resources of
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Table 3. Pearson correlation analysis between the REE and Th concentrations of the beach sand samples.

Th
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu

Th

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Tm

Yb

1
0.745
0.748
0.744
0.748
0.75
0.591
0.761
0.79
0.833
0.812
0.733
0.677
0.674
0.658

1
1
1
1
1
0.884
0.999
0.99
0.91
0.758
0.563
0.450
0.444
0.417

1
1
1
1
0.88
0.999
0.99
0.911
0.76
0.566
0.453
0.447
0.420

1
1
1
0.875
0.998
0.989
0.908
0.756
0.560
0.446
0.440
0.413

1
1
0.879
0.999
0.99
0.911
0.761
0.567
0.454
0.448
0.421

1
0.882
0.999
0.992
0.916
0.767
0.574
0.461
0.455
0.429

1
0.882
0.877
0.818
0.689
0.517
0.420
0.417
0.392

1
0.995
0.928
0.787
0.600
0.490
0.484
0.457

1
0.959
0.843
0.673
0.570
0.564
0.539

1
0.96
0.853
0.777
0.772
0.752

1
0.965
0.923
0.919
0.907

1
0.991
0.99
0.985

1
1
0.999

1
0.999

modest uranium and abundant thorium of the
country. The 232Th is required in the second and
the Bnal stages of the programme. Considering
India being already in the second stage called the
‘fast breeder reactor’ stage of the programme, a
steady supply of thorium as fuel material is
required (Sarangi 2011). Monazite also contains a
considerable amount of REEs. In the study area,
it is not only enriched with the LREEs but also
enriched with Dysprosium, which is a HREE.
Hence, it can be utilised to extract thorium as
well as REEs especially Nd and Dy, which has
been predicted to have a very high market
demand by the year 2025 (Alonso et al. 2012).
The phosphate part of the monazite can also be
used in the fertiliser industries, if suitably
extracted and isolated from the radioactive
thorium and rare earths.
The REE concentration in the samples shows a
wide spatial variation due to the various sedimentary processes occurring on the beach. The
observed variation in REE concentration, in
the study area, can be explained by the variation in
the nearshore and longshore currents. Further the
storm surges usually wash away the lighter fragments and leave behind the heavy minerals at the
berm areas and contribute to the variable concentration (Komar and Wang 1984; Mange and
Wright 2007). The eastern coastal beach areas
having a suitable high-energy depositional environment is a probable indigenous repository of
REE deposits of India.

Lu

1

6. Conclusions
The heavy mineral placer along the eastern coast
of India has a high concentration of REEs,
mostly LREEs along with Dysprosium. Along
with Lanthanum and Cerium, the concentrations
of the rare earths like Neodymium and Dysprosium, are also high. Elevated concentration of
monazite compared to zircon is indicated by a
high concentration of thorium, which is about 60
times higher than its crustal concentration.
Thorium and REEs in the studied region exhibit
a positive correlation implying a feldspathic
composition. The major element composition as
well as the REE concentration of the beach
sands, plausibly indicates a predominantly
charnockite and khondalite source rock. A felsic
source rock is also conBrmed by the distinct
negative europium anomaly as exhibited by the
samples in the study area. Beach sands along the
eastern coastal region of India would prove to be
an indigenous resource not only for the bulk
thorium, but also for the individual REEs that
could be used for strategic applications and in
green energy technologies apart from its role in
nuclear energy.
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