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Abstract— Owing to the crucial role-playing in the 

decarbonization of the global economy, the demand for rare 

earth elements (REEs) is burgeoning while the supply is highly 

uncertain. This lack of secure supply coupled with high-grade 

resource depletion has led to increased explorations on potential 

low-grade resources of REEs. Thus, the present study focuses on 

the enrichment of REEs in intrusive rocks in Sri Lanka – a 

prospective low-grade REE resource. We analyzed fifty-five 

rock samples from a few granitic bodies (Massenna, Thonigala, 

Arangala), Eppawala Phosphate Deposit (EPD), and Ratthota 

pegmatite for their REE concentrations. Amongst the studied 

prospects, EPD (4185 mg/kg), Arangala granite (2183 mg/kg), 

and Massenna granite (937 mg/kg) had high REE 

concentrations with increased LREE enrichments over HREEs. 

However, EPD contains processable REE minerals (apatite and 

monazite), and REEs can be extracted as a by-product after 

developing the phosphate fertilizer production flow. Thus, EPD 

is the highest prospective of all the studied intrusive rocks of Sri 

Lanka. Compared to global occurrences, although it is low-

grade (0.48 wt% REO, 0.29 million tons REE reserve), such low-

grade REE resources could become viable in the future due to 

the ever-increasing demand and the expected resource depletion 

of REEs. 

Keywords— Rare earth metal exploration, Granites, 

Carbonatites, Eppawala phosphate deposit 

I. INTRODUCTION 

The global demand for rare earth elements (REEs) has 
recently increased due to their wide range of applications 
across industries, such as electrical and electronics, 
automotive, medical, and defense. On top of that, REE 
demand expects to shoot up owing to their critical role in the 
decarbonization of the global economy with wind turbines, 
electric vehicles, and solar panels. The REE group consists of 
17 elements, including the 15 lanthanides, scandium (Sc), and 
yttrium (Y). Light rare earth elements (LREEs) from 
lanthanum (La) to europium (Eu) and heavy rare earth 
elements (HREEs) from gadolinium (Gd) to lutetium (Lu) and 
Y are the two major subgroups of REEs. Generally, LREEs 
are more enriched compared to higher-priced HREEs in most 
REE deposits [1]. 

At present, the global REE production depends on 
relatively few mineral deposits associated with carbonatites 
(Ex: Bayan Obo and Maoniuping in China, Mountain Pass in 
the USA, and Manavalakurichi in India), alkaline igneous 
rocks (Ex: Lovozero and Khibiny in Russia and Weishan Lake 
in China), placers (Ex: Odisha and Chavara in India), laterites 
(Ex: Mount Weld in Australia), and ion adsorption clays (Ex: 
Longnan and Ganzhou in China), out of which, carbonatites 
and ion adsorption clays are the dominant contributors to the 
global REE supply chain [2]. 

REE supply, however, is currently highly uncertain due to 
China’s monopoly in the global REE market, leading in the 
mining, processing, and purification sectors. Therefore, 
exploration and exploitation of new REE deposits worldwide 
must increase to satisfy the burgeoning REE demand while 
ensuring a stable and reliable REE supply [1]. Since the 
available high-grade REE resources on Earth are limited, their 
depletion could hinder the global shift towards a low-carbon 
economy. In this context, even low-grade REE resources 
could be highly prospective in the future, given their end-user 
criticality and spiking prices. Therefore, exploring low-grade 
REE resources worldwide would be beneficial in the light of 
a sustainable REE supply in the future [3], [4]. 

Sri Lanka has several different geological formations with 
a good potential for REEs, given its favorable geological 
setting for the formation of REE resources. Despite a few 
geological and geochemical research carried out in these 
geological resources, their REE abundances and enrichment 
processes remain under-explored, let alone considering their 
potential for REE extraction [5]. Intrusive rocks are one such 
unexplored REE prospect in Sri Lanka, although they have 
been the focus of several geochemical and petrologic studies. 
Based on previous geochemical research, local intrusive 
rocks, such as granites, carbonatites, and pegmatites, contain 
relatively low REE grades than most global intrusive REE 
deposits [6]. Yet, exploration of REE potential in intrusive 
rocks of Sri Lanka is of great concern as such low-grade REE 
resources could be of economic interest in the future, 
considering the exponential increase in the REE demand and 
the simultaneous depletion of available REE resources. 
Therefore, this study focuses on assessing the REE potential 
in a few well-known intrusive bodies of Sri Lanka while 
understanding the processes of REE enrichment within them. 

II. METHODOLOGY 

A. Study area 

A few well-known intrusive bodies in Sri Lanka were 
selected for this study, and they are granites at Massenna, 
Thonigala, and Arangala, Eppawala Phosphate Deposit 
(EPD), and pegmatite at Ratthota [7], [8]. Fig. 1 illustrates the 
simplified geological map of Sri Lanka, showing the 
distribution of studied intrusive bodies. 

1) Massenna granite 

Balangoda zircon granite is one of the primary granitic 
intrusions in Sri Lanka with several exposures at different 
locations in the Balangoda area. The finest and the longest 
exposure is the Massenna granite located in the Massenna 
area, about 9.6 km from Balangoda. Moreover, a considerable 
mass of granite, about 3.2 km in length and 90 m in width is 
found in the Massenna area, parallel to the strike of the  
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Fig. 1. Simplified geological map showing the distribution of explored 
intrusive bodies of Sri Lanka. 

foliation of surrounding Charnockite rocks, along the trough-
like strike valley of the Massenna Oya. The exposures of the 
Massenna granite occur as both in-situ granite bodies and 
large boulders along the Massenna Oya. However, there are 
two outcrops in the close-by swamp, which are rich in zircon. 
The Massenna granite is mainly composed of quartz, 
feldspar, and biotite, whereas zircon and ilmenite are present 
as accessory minerals with apatite as a minor constituent [9]. 

2) Thonigala granite 
Thonigala granite is the largest granitic body in Sri Lanka, 

located in the northwest part of the country. Two sub-parallel 
granitic bodies are evident within this area with lengths of 
about 24 km and 15 km and a width varying from 1 km to 3 
km [7]. Moreover, these units are vertical or steeply dipping 
with boundaries parallel to the foliation of the surrounding 
rocks. In addition, reddish-colored pegmatites are also 
observed in the Thonigala granite. 

3) Arangala granite 
A relatively small granitic body occurs in the Kosgoda area 

near the beach, namely Arangala granite. It is a circular pluton 
with an average diameter of about 2 km that intrudes into the 
surrounding rocks. Arangala granite is a coarse-grained 
hornblende granite that consists of hornblende crystals with 
more than 10 cm in length and purplish-brown crystals of 
zircon [7]. 

4) Eppawala carbonatite 
The Eppawala carbonatite lies in the Eppawala area in the 

north-central province within the Wanni Complex of the 
Precambrian basement. It spans about 20 km2 covering seven 
hillocks in the Eppawala village. Different models of genesis, 
such as igneous and sedimentary (metamorphosed limestone) 

have been suggested for the Eppawala carbonatite, however 
an igneous origin was assumed for this study [10], [11]. The 
Eppawala carbonatite consists of metasediments, 
metavolcanics, migmatitic rocks to charnockitic gneisses, and 
mafic dykes. Mineralogy of the Eppawala carbonatite is 
mostly associated with carbonate minerals, such as calcite 
(70%) and dolomite (10-20%), whereas apatite (5-10%) is 
present as individual yellowish-green crystals or aggregates 
varying in size from a few mm to 50-60 cm.  In addition, 
ilmenite, magnetite, forsterite, phlogopite, magnesite, 
enstatite, and tremolite are present as minor minerals, while 
spinel, pyrite, monazite, and rutile occur as accessory minerals 
in the Eppawala carbonatite [10].  

The Eppawala carbonatite comprises a secondary 
phosphate-rich regolith, developed under intense tropical 
weathering conditions, which is known as the Eppawala 
Phosphate Deposit (EPD). During the initial stages of the 
carbonatite weathering, carbonate minerals are partially or 
completely dissolved while weathering-resistant apatite, iron 
oxide, and silicate minerals remain at the lower levels of the 
regolith as residual minerals [12]. However, upon intense 
weathering conditions, the weathering-resistant primary 
minerals are also dissolved and recrystallized to form 
secondary supergene phosphates [13]. Currently, the 
phosphate-rich regolith at Eppawala is mined for phosphate 
fertilizer at two locations, namely northern and southern 
quarries. 

The EPD is composed of two types of components, namely 
primary apatite crystals and secondary phosphate matrix, 
which are currently being used to produce two types of 
phosphates: High-Grade Eppawala Rock Phosphate (HERP) 
and Eppawala Rock Phosphate (ERP), respectively. These 
apatite crystals yield chloro-fluor-hydroxylapatite as the 
major mineral, whereas fluorapatite is present as the minor 
component. In contrast, chloro-fluor-hydroxylapatite and 
fluorapatite are only found in the coarser fraction of the 
secondary phosphate matrix, while the finer fraction contains 
secondary minerals, such as crandallite, millisite, wavellite, 
goethite, gibbsite, kaolinite, and quartz [14]. 

5) Ratthota pegmatite 
Pegmatites in Sri Lanka occur in varying sizes throughout 

the island, in which a large occurrence of economic interest is 
found in the Ratthota-Matale area [15]. Of the two groups of 
pegmatites found in Sri Lanka; (1) narrow (up to 1 m width) 
concordant or discordant bodies, exposed as dykes, lenses, 
pods, and veins in the upper-amphibolite- to granulite-facies 
basement, and (2) bodies that may cover several hundreds of 
square meters to square kilometers, Ratthota pegmatite 
belongs to the latter group [16]. It occurs in the central part of 
the Highland Complex close to the inferred tectonic boundary 
between the Highland and Wanni complexes and shows 
evidence of hydrothermal activity [15]. The host rocks of this 
pegmatite are mainly composed of marble and biotite–
sillimanite gneiss. Furthermore, several vertical and sub-
vertical pipe-like pegmatite bodies with oval to irregular 
cross-sections are evident here. Ratthota pegmatite contains 
large crystals of K-feldspar, quartz, and mica with minor 
inclusions of fluorite, biotite, and calcic amphibole [7]. 

B. Sample collection and preparation 

Representative outer rim rock samples were collected 
from the afore-mentioned granitic bodies: Massenna granite 
(n=10), Thonigala granite (n=17), and Arangala granite (n=6) 
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(Fig. 2a, 2b, and 2c). Moreover, six outer rim rock samples 
were collected from the Ratthota pegmatite covering the 
exposed pegmatite outcrops at the deposit (Fig. 2d). From the 
EPD, a total of 22 samples were collected from apatite crystals 
(n=10), secondary phosphate matrix (n=10), and carbonatite 
bedrock (n=2). The samples of apatite crystals and secondary 
phosphate matrix were collected from the leached zone of the 
phosphate-rich regolith at Eppawala representing both 
northern and southern quarries. The carbonatite bedrock 
samples were obtained from outcrops exposed at E3 and E9 
locations in northern and southern quarries, respectively. The 
sampling locations (E1-E6: northern quarry; E7-E10: southern 
quarry) at the EPD are illustrated in Fig. 2e. 

All the collected rock samples were dried at room 
temperature for 24 h. The samples were then powdered by the 
laboratory Tema mill and sieved through a 63 µm sieve to 
reduce the particle size. Then after, representative samples 
were obtained using coning and quartering method. 

C. Analytical Methods 

A fraction of 0.5 g of each prepared representative sample 
was subjected to aqua-regia digestion with HNO3: HCl: H2O2 
in the ratio of 1:3:1, and then it was diluted 100 times with 
ultrapure water. The diluted samples were then analyzed for 
their REE concentrations by Thermo ICapQ Inductively 
Coupled Plasma Mass Spectrometer (ICP-MS) using multi-
elemental ICP-MS standards. 

III. RESULTS 

A. Massenna granite 

The total REE (TREE) content of Massenna granite 
ranged between 65.29 – 2153 mg/kg (avg. = 937 ± 628 
mg/kg), whereas LREE and HREE contents were in the ranges 
of 60.21 – 1918 mg/kg (avg. = 846 ± 561 mg/kg) and 5.08 – 
235 mg/kg (avg. = 90.98 ± 67.77 mg/kg), respectively. The 
individual REE contents of Massenna granite decreased in the 
order of Ce > Nd > La > Pr > Gd > Sm > Y > Er > Dy > Tb > 
Eu > Yb > Ho > Lu > Tm with Ce being the most concentrated 
REE (avg. = 364 ± 224 mg/kg) while the lowest content was 
reported for Tm (avg. = 0.30 ± 0.18 mg/kg). Massenna granite 
showed a LREE/HREE ratio ranging from 8.16 – 11.84 with 
an average of 9.91 ± 0.98. All the samples had similar 
downward-sloping REE patterns with REE enrichments of 10- 
fold to 1000-fold compared to chondrite, except MG6 sample, 
which showed a relatively low enrichment less than 100-fold. 
Furthermore, most samples of the Massenna granite displayed 
small negative Eu anomalies while a distinct positive Eu 
anomaly was observed in the MG6 sample (Fig. 3a). 

B. Thonigala granite 

In Thonigala granite, a lower TREE content was evident 
ranging between 142 – 615 mg/kg (avg. = 329 ± 133 mg/kg) 
with LREE and HREE contents ranging from 125 – 536 mg/kg 
(avg. = 286 ± 115 mg/kg) and 17.59 – 79.13 mg/kg (avg. = 
43.07 ± 18.47 mg/kg), respectively.  The trend of individual 
REE contents in Thonigala was in a decreasing order of Ce > 
Nd > La > Gd > Pr > Sm > Dy > Er > Tb > Eu > Yb > Ho > 
Tm > Lu where Ce has the highest concentration (avg. = 116 
± 50.05 mg/kg) and Lu was the least abundant REE (avg. = 
0.18 ± 0.06 mg/kg)  in Thonigala granite. However, the 
LREE/HREE ratio of Thonigala granite was also high, which 
ranged between 6.02 – 7.97 with an average of 6.73 ± 0.48. 
According to Fig. 3(b), the chondrite-normalized REE plots of 
all the samples showed similar REE patterns with prominent 

downward slopes and strong negative Eu anomalies, except 
for TG14, which had a small negative Eu anomaly. REE 
enrichment of Thonigala granite was lower ranging from 10-
fold to 500-fold although it is highly enriched of LREEs than 
HREEs. 

C. Arangala granite 

The collected rock samples in Arangala granite showed a 
high TREE content ranging between 1635 – 4032 mg/kg (avg. 
= 2183 ± 845 mg/kg). The LREE and HREE contents were in 
the range of 1408 – 3493 mg/kg (avg. = 1890 ± 732 mg/kg) 
and 226 – 538 mg/kg (avg. = 292 ± 113 mg/kg), respectively. 
The individual REE content trend of Arangala granite 
displayed a decreasing order of Ce > Nd > La > Pr > Er > Sm 
> Gd > Dy > Y > Yb > Tb > Ho > Lu > Tm > Eu with Ce 
being the most abundant REE (avg. = 1023 ± 372 mg/kg) 
while Eu showed the lowest content (avg. = 2.48 ± 0.87 
mg/kg). The LREE/HREE of Arangala granite ranged 
between 6.21 – 6.68 with an average of 6.47 ± 0.14, which 
indicated a strong enrichment of LREEs over HREEs. All the 
collected granitic rock samples from Arangala followed 
similar downward-sloping chondrite-normalized REE 
distribution patterns with highly prominent negative Eu 
anomalies compared to other two granites. In addition, the 
REE enrichments in Arangala granite were also high in the 
range of 10-fold to 1000-fold (Fig. 3c). 

D. Eppawala carbonaite 

The TREE content of apatite crystals in the EPD ranged 
between 2676 – 6486 mg/kg (avg. = 4185 ± 1004 mg/kg), 
whereas in secondary phosphate matrix, it was in the range of 
3253 – 5120 mg/kg (avg. = 4065 ± 669 mg/kg). The LREE 
and HREE contents of apatite crystals ranged from 2325 –
5698 mg/kg (avg. = 3714 ± 886 mg/kg) and 351 – 788 mg/kg 
(avg. 470 ± 122 mg/kg), while in secondary phosphate matrix, 
they were in the range of 2812 – 4509 mg/kg ( avg. = 3564 ± 
623 mg/kg) and 441 – 610 mg/kg (avg. = 501 ± 71.44 mg/kg), 
respectively. In contrast, TREE content of the carbonatite 
bedrock in the northern (EP3) and southern (EP7) quarries 
were 959 mg/kg and 742 mg/kg, respectively. 

 The individual REE contents of apatite crystals displayed 
a decreasing trend of Ce > La > Nd > Pr > Gd > Sm > Y > Er 
> Dy > Tb > Eu > Yb > Ho > Tm > Lu. In the secondary 
phosphate matrix, a similar trend was evident with a few 
changes as Ce > La > Nd > Pr > Sm > Gd > Y > Er > Dy > Eu 
> Tb > Yb > Ho > Tm > Lu. However, in both components, 
Ce was the most concentrated REE (apatite crystals: 1623 ± 
476 mg/kg; secondary phosphate matrix: 1518 ± 312 mg/kg), 
whereas the lowest content was observed for Lu (avg. in 
apatite crystals: 2.27 ± 0.52 mg/kg; avg. in secondary 
phosphate matrix: 3.12 ± 1.07 mg/kg). Similar LREE/HREE 
ratios were observed for both the apatite crystals and 
secondary phosphate matrix ranging between 7.23 – 8.58 
(avg. = 7.92 ± 0.58) and 7.39 – 8.65 (avg. = 7.17 ± 1.04). Fig. 
3(d) and 3(e) illustrate chondrite-normalized REE patterns of 
apatite crystals and secondary phosphate matrix in the EPD, 
respectively. They both exhibited similar downward-sloping 
patterns with small negative Eu anomalies. The EPD is 
distinctly enriched of REEs ranging between 100-fold to 
4000-fold compared to chondrite. 

E. Ratthota pegmatite 

 A low TREE content was evident in Ratthota pegmatite, 
which ranged between 19.6 – 271 mg/kg (avg. = 80.34 ± 86.52 
mg/kg), whereas LREE and HREE contents were in the ranges  
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Fig. 2. Google Earth images showing sampling locations in the studied intrusive bodies of Sri Lanka (a) Massenna granite, (b) Thonigala granite, (c) Arangala 
granite, (d) Ratthota pegmatite, and (e) Eppawala Phosphate Deposit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Chondrite-normalized REE patterns of the studied intrusive rocks including (a) Massenna granite, (b) Thonigala granite, (c) Arangala granite, (d) Apatite 
crystals in the Eppawala Phosphate Deposit, (e) Secondary phosphate matrix in the Eppawala Phosphate Deposit, and (f) Ratthota pegmatite. Chondrite values 
are from [17].
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of 3.4 – 105 mg/kg (avg. = 36.38 ± 35.45 mg/kg) and 16.3 – 
166 mg/kg (avg. = 43.97 ± 55.36 mg/kg).Moreover, rock 
samples in the Rattotha pegmatite showed a low LREE/HREE 
ratio ranging between 0.14 – 4.41 (avg. = 1.46 ± 1.49). The 
individual REE content trend was also not the same as other 
derived trends and it ranged in the decreasing order of Y > La 
> Nd > Ce > Dy > Er > Pr > Sm > Gd > Yb > Ho > Tb > Eu > 
Tm > Lu with Y being the most abundant REE (26.68 ± 31.87 
mg/kg) while the lowest content was reported for Lu ( 0.42 ± 
0.52 mg/kg). Based on Figure 3(f), almost all the samples of 
Ratthota pegmatite showed different chondrite-normalized 
REE patterns with relatively flat slopes. But REE patterns of 
RP1, RP3, and RP4 samples had slightly downward slopes. 
While strong negative Eu anomalies were absent in most 
samples, only RP4 and RP5 exhibited significant negative Eu 
anomalies. In addition, RP2, RP4, RP5, and RP6 showed 
distinct negative Ce anomalies. However, REE were less 
enriched in the Ratthota pegmatite with enrichments less than 
100-fold. 

IV. DISCUSSION 

A. Enrichment of REEs 

The enrichment of REEs in the studied granitic rocks 
increases in the order of Thonigala (329 mg/kg), Massenna 
(937 mg/kg), and Arangala (2182 mg/kg), which is also 
observed in the chondrite-normalized REE patterns of the 
granites (Fig. 3a, 3b, and 3c). The average LREE/HREE ratios 
of all the granites (Massenna = 9.91, Thonigala = 6.73, and 
Arangala = 6.47) are high meaning that they are significantly 
LREE-enriched. The magmatic differentiation (changing 
towards a more felsic composition during the crystallization 
of magma) through fractionation (As minerals crystallize, ions 
of those are depleted in the melt) causes the REE enrichment 
in the granites since REEs tend to concentrate in the melt as 
incompatible elements. However, the level of enrichment and 
whether they are LREE- or HREE-enriched depend on the 
degree of fractionation and highly-fractionated granites favor 
the HREE enrichment [18]. Therefore, the fractionation of the 
granitic rocks may increase in the following order: Thonigala, 
Massenna, and Arangala. All these granites, however, are not 
highly fractionated resulting their depletion of HREEs.  

The EPD is observed as the highest REE-enriched 
intrusive body in Sri Lanka with a strong LREE enrichment 
over HREEs. However, higher TREE content in both apatite 
crystals (4185 mg/kg) and secondary phosphate matrix (4065 
mg/kg) compared to the parent carbonatite rock (Northern 
quarry – 959 mg/kg, Southern quarry– 742 mg/kg) indicates 
an enrichment of REEs in the weathered crust at the EPD. 
Since REE minerals present in the EPD like apatite and 
monazite cannot mobilize REEs from the bedrock to the 
weathered crust, the evident REE enrichment in the weathered 
crust might be due to strong apatite enrichment (about 6-16-
fold) resulted from the decomposition of major rock-forming 
minerals like calcite and dolomite [14]. However, the 
weathered crust and parent carbonatite rock show similar 
chondrite-normalized REE patterns (Fig. 3d and 3e), 
indicating an in-situ formation of the apatite crystals and 
secondary phosphate matrix [19]. 

Based on the results, the enrichment of REEs in the 
Ratthota pegmatite is lower compared to all other studied 
intrusive rocks. The low REE contents and the relatively 
flattened REE distribution patterns of the Ratthota pegmatite 
indicate a crystallization from fluids that originated from 

extremely late stages of solidification of a parental granitic 
melt [20]. The different chondrite-normalized REE patterns 
are probably because of the vast mineralogical and 
compositional variation within the Ratthota pegmatite, which 
is also in accordance with the literature [21], [15]. Therefore, 
the mineralogy in this pegmatite must be explored in detail to 
understand its potential as a source of REEs. In addition, the 
low LREE/HREE ratios observed in the Ratthota pegmatite 
suggest a HREE enrichment compared to LREEs, particularly 
in RP2, RP5, and RP6. However, more detailed sampling and 
geochemical analyses are needed for this prospect owing to its 
complex mineralogy and the potentiality of rarer and rather 
expensive HREEs. 

B. Potential REE prospects 

Table 1 shows a comparison of the TREE contents and rare 
earth oxide (REO) grades of the studied intrusive rocks in Sri 
Lanka respective to the global occurrences. According to 
Table 1, both TREE contents and REO grades in the EPD, 
Massenna granite, and Arangala granite are higher than the 
others, in which the EPD contains the highest REO grade 
(0.48 wt% REO). However, the economic viability of REE  

TABLE I.  A COMPARISON OF TREE CONCENTRATIONS AND RARE 
EARTH OXIDE (REO) GRADES OF THE STUDIED INTRUSIVE ROCKS IN SRI 

LANKA WITH RESPECTIVE TO THE GLOBAL OCCURRENCES. 

Intrusive 

Rock 

Type of 

Intrusion 

REE 

Content 

(mg/kg) 

REO 

grade 

(wt%) 

Global examples 

Massenna 

Granite 

65.3-

2153.4 
0.11 

Bokan, USA - 

0.61% 

Toongi, Australia 

- 0.89% 

Brockman, 

Australia - 0.21% 

Thonigala 
142.3-

614.7 
0.04 

Arangala 
1634.9-

4031.6 
0.26 

Eppawala 

phosphate 

deposit 

Carbonatite 
2676.0-

6486.3 
0.48 

Bayan Obo, China 

-4.1% 

Mount Weld, 

Australia - 11.2% 

Araxa, Brazil - 

4.4% 

Ratthota Pegmatite 
19.6-

270.7 
0.01 

Strange Lake, 

Canada -0.87% 

Source: [22], [23] 

extraction from a geological source is not entirely dependent 
on its REE content or grade, but also in REE mineralogy. 
REE-bearing minerals present within these units play a key 
role in concentrating REEs as well as in the economic viability 
of REE extraction (potentially acid leachable minerals) [4]. 
Therefore, the REE mineralization of these intrusive bodies 
must be fully characterized in order to understand their 
potentiality as a future REE prospect. 

Based on the available literature [8], [12], the  EPD is 
mainly composed of REE-bearing minerals, such as apatite 
and monazite. Since the EPD contains the highest REO grade 
and its REE minerals are acid leachable and processable, 
extraction of REEs from this prospect is comparatively 
amenable than the granitic prospects. Another advantage is 
that REEs can be recovered as a by-product, after developing 
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the existing phosphate fertilizer production flow at the EPD 
making it potentially more economic. Moreover, when 
considering the total phosphate reserve of 60 million tons [14], 
the average REE reserve at the EPD can be estimated as 
approximately 0.29 million tons of TREO. Therefore, the EPD 
could be identified as the most potential REE prospect out of 
the studied intrusive rocks in Sri Lanka. However, more 
detailed sampling, geochemical evaluations, mineralogical 
analyses, volume calculations, and economic viability 
assessments are required before the true REE potential of the 
EPD can be determined. 

In comparison to the similar occurrences of REE deposits 
in the world, the studied intrusive bodies in Sri Lanka are 
relatively low-grade, even in the case of the EPD (Table 1). 
However, with the exponential consumption of REEs and the 
development of novel extraction techniques for low-grade 
REE resources, such as bio leaching and Phyto-extraction [3], 
these low-grade REE resources in Sri Lanka could also be 
economically viable in the future. 

V. CONCLUSIONS 

Although intrusive igneous bodies in Sri Lanka have been 
the focus of several geological and geochemical research, they 
have never been explored for REEs. Out of a few well-known 
intrusive units in Sri Lanka, the EPD and the granitic 
intrusions at Arangala and Massenna are the prospects with 
the highest concentrations of REEs. Among them, EPD is the 
highest prospective source of REEs, owing to the high REE 
enrichment, the possession of easily leachable and processable 
REE-bearing minerals like apatite and monazite, and the 
capability of extracting REEs as a by-product, after 
developing the existing phosphate fertilizer production flow at 
the EPD. The EPD contains a relatively low grade of 0.48 wt% 
REO with an estimated REE reserve of 0.29 million tons. 
Even though the EPD is low-grade compared to the global 
occurrences, considering the ever-increasing demand of REEs 
and the development extraction techniques to recover REEs 
from the low-grade resources, such prospects like the EPD 
could become economically viable in the future. 

ACKNOWLEDGMENT 

 The authors wish to acknowledge the financial supports 
provided by the Accelerating Higher Education and 
Development (AHEAD) Operation of the Ministry of Higher 
Education of Sri Lanka funded by the World Bank 
(AHEAD/DOR/6026-LK/8743-LK). 

REFERENCES 

 
[1] N. Dushyantha et al., “The story of rare earth elements (REEs): 

Occurrences, global distribution, genesis, geology, mineralogy and 
global production,” Ore Geology Reviews, vol. 122, p. 103521, 2020. 

[2] G. Barakos, H. Mischo, and J. Gutzmer, “An outlook on the rare earth 
elements mining industry,” AusIMM Bulletin, no. Apr 2016, pp. 62–
66, 2016. 

[3] N. Rötzer and M. Schmidt, “Decreasing metal ore grades—Is the fear 
of resource depletion justified?,” Resources, vol. 7, no. 4, p. 88, 2018. 

[4] S. M. Jowitt, C. C. Medlin, and R. A. F. Cas, “The rare earth element 
(REE) mineralisation potential of highly fractionated rhyolites: A 
potential low-grade, bulk tonnage source of critical metals,” Ore 
Geology Reviews, vol. 86, pp. 548–562, 2017. 

[5] B. M. B. Athurupane, “Rare earth mineral resources in sri lanka,” 2014. 

[6] N. M. Batapola et al., “A comparison of global rare earth element 
(REE) resources and their mineralogy with REE prospects in Sri 
Lanka,” Journal of Asian Earth Sciences, vol. 200, p. 104475, 2020. 

[7] S. W. Nawaratne, “Feldspar and vein quartz mineralization in Sri 
Lanka: a possible post metamorphic mid-Paleozoic pegmatitic-
pneumatolitic activity,” J Geol Soc Sri Lanka, vol. 13, pp. 83–96, 2009. 

[8] A. Pitawala, M. Schidlowski, K. Dahanayake, and W. Hofmeister, 
“Geochemical and petrological characteristics of Eppawala phosphate 
deposits, Sri Lanka,” Miner Depos, vol. 38, no. 4, pp. 505–515, 2003. 

[9] A. K. Coomáraswámy, “VII.—Contributions to the Geology of 
Ceylon: III. The Balangoda Group,” Geological Magazine, vol. 1, no. 
8, pp. 418–422, 1904. 

[10] A. Pitawala and B. G. Lottermoser, “Petrogenesis of the Eppawala 
carbonatites, Sri Lanka: A cathodoluminescence and electron 
microprobe study,” Mineral Petrol, vol. 105, no. 1–2, pp. 57–70, 2012. 

[11] M. A. G. M. Manthilake, “Genesis and evolution of Eppawala 
carbonatites , Sri Lanka,” vol. 32, pp. 66–75, 2008, doi: 
10.1016/j.jseaes.2007.10.015. 

[12] G. T. D. Chandrakumara, N. W. B. Balasooriya, M. Mantilaka, B. G. 
Lottermorser, and H. Pitawala, “Geochemical and mineralogical 
characterization of phosphatic crusts developed on the basement 
carbonatites of Sri Lanka: towards a better understanding of the 
weathering process,” Ceylon Journal of Science, vol. 50, no. 5, 2021. 

[13] D. Dinalankara, “Eppawala phosphate deposit of Sri Lanka-present 
status,” Direct application of phosphate rock and appropriate 
technology fertilizers in Asia–what hinders acceptance and growth. 
Institute of Fundamental Studies, Sri Lanka, pp. 153–163, 1995. 

[14] T. Hewawasam, “Tropical weathering of apatite-bearing rocks of Sri 
Lanka: Major element behaviour and mineralogical changes,” J. Geol. 
Soc. Sri Lanka, vol. 15, pp. 31–46, 2013. 

[15] P. L. Dharmapriya, D. W. M. Disanayaka, R. F. Martin, H. Pitawala, 
and S. P. K. Malaviarachchi, “Granitic pegmatites in Sri Lanka: A 
concise review leading to insights and predictions,” Ore and Energy 
Resource Geology, vol. 6, p. 100011, 2021. 

[16] G. Fernando, A. Pitawala, and T. Amaraweera, “Emplacement and 
evolution history of pegmatites and hydrothermal deposits, Matale 
district, Sri Lanka,” 2011. 

[17] W. F. McDonough and S.-S. Sun, “The composition of the Earth,” 
Chem Geol, vol. 120, no. 3–4, pp. 223–253, 1995. 

[18] K. Sanematsu, H. Murakami, Y. Watanabe, S. Duangsurigna, and V. 
Siphandone, “Enrichment of rare earth elements (REE) in granitic 
rocks and their weathered crusts in central and southern Laos,” Bulletin 
of the Geological Survey of Japan, vol. 60, no. 11–12, pp. 527–558, 
2009. 

[19] L. Minařı́k, A. Žigová, J. Bendl, P. Skřivan, and M. Št’astný, “The 
behaviour of rare-earth elements and Y during the rock weathering and 
soil formation in the Řı́čany granite massif, Central Bohemia,” Science 
of the total environment, vol. 215, no. 1–2, pp. 101–111, 1998. 

[20] J. Schilling, C. Reimann, and D. Roberts, “REE potential of the 
Nordkinn Peninsula, North Norway: A comparison of soil and bedrock 
composition,” Applied geochemistry, vol. 41, pp. 95–106, 2014. 

[21] P. Möller, “REE (Y), Nb, and Ta enrichment in pegmatites and 
carbonatite-alkalic rock complexes,” in Lanthanides, tantalum and 
niobium, Springer, 1989, pp. 103–144. 

[22] J. Dostal, “Rare earth element deposits of alkaline igneous rocks,” 
Resources, vol. 6, no. 3, p. 34, 2017. 

[23] G. Orris and R. Grauch, “Rare earth element mines, deposits, and 
occurrences,” 2002. 


