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Abstract

The northeastern coast of Sri Lanka is notable for its significant heavy mineral deposits,
especially the Pulmoddai deposit (containing 70-85 wt% heavy minerals) and the
Verugal deposit (containing 45-50 wt% heavy minerals). However, regions like
Batticaloa and Nilaveli remain underexplored and show potential. This study conducted
a comparative analysis of these two beaches stretches to characterize their heavy
mineral content in beach sand. Twenty-four composite samples were collected along
the Batticaloa (n=17) and Nilaveli (n=7) stretches. Bromoform separation was used to
determine their heavy mineral contents, followed by petrographic microscopic grain
counting to ascertain the volumetric percentage of each heavy mineral type. The results
revealed a higher mineral content in the Batticaloa beach stretch (1.20-14.50 wt%)
compared to Nilaveli (0.36-6.42 wt%), despite Nilaveli's proximity to the Mahaweli
River. The Batticaloa beach stretch showed average contents of 53.14% ilmenite, 2.06%
rutile, 6.44% garnet, 31.94% zircon, and 4% monazite, indicating a significant potential
for economically valuable monazite. The high heavy mineral content identified in the
Batticaloa beach stretch suggests that further detailed explorations are warranted to
assess the economic viability of the deposit.
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1 Introduction

Heavy minerals, including ilmenite, rutile, garnet, zircon, and monazite, are valuable due to
their industrial applications and economic importance. Titanium minerals like illmenite are
generally used for the production of pigments and welding electrodes and zircon minerals are
used for the production of ceramic, refractory materials, and aerospace components [1]. Their
distribution and concentration can be influenced by various geological and environmental
factors [2], [3]. The enrichment of heavy minerals in beach sands depends on weathering of
source rock, mechanical erosion, transport, hydrodynamic, sorting, and accumulation at
suitable sites [4].

The northeastern coast of Sri Lanka is renowned for its heavy mineral-rich deposits such as
Pulmoddai and Verugal, which contain significant percentages of heavy minerals [5]. The
Pulmoddai deposit contains approximately 70-85 wt% heavy minerals, while 45-50 wt% of
heavy minerals present in the Verugal deposit [6]. Despite these well-known deposits, other
areas such as the beaches of Nilaveli and Batticaloa remain unexplored, thus further
investigations are required to unravel their heavy mineral potential. Therefore, this study
focuses on the characterization of heavy minerals along these beach stretches.

This study will contribute to the understanding of heavy minerals distribution in the
northeastern coastal regions of Sri Lanka, which will underscore the economic potential of
these untapped resources. Further exploration and detailed analysis could pave the way for
sustainable exploitation of these minerals, benefiting the local economy and contributing to
the national growth.
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2 Methodology
2.1 Study Area

The study areas of the research are Nilaveli and Batticaloa-Padirippu beach stretches, which
extend over lengths of 10 km and 23 km, respectively. The Mahaweli River is the main source
of sediments for these two beaches. The Nilaveli deposit is located approximately 37 km
northward from the mouth of the Mahaweli River whereas the Batticaloa-Padirippu deposit
is located about 141 km southward from the river mouth (Figure 1). The northeast monsoon
generally contributes the enrichments of these heavy minerals in the beach sand [2], [5].

Figure 1 Location map of Batticaloa and Nilaveli beaches.
2.2 Sample Collection

The study area was divided into exploration blocks, and in those blocks, suitable points on
the beach face were selected to collect the samples as shown in Figure 2. At each location, 3
kg of composite samples were collected representatively using a hand auger. Near each
selected sampling point, three pits were dug at the beach face to a depth of 0.5 m, which is
the accepted mining depth in beach-faces of Sri Lanka. A composite sample was then
prepared from the sand samples obtained from these three pits.

2.3 Sample Analysis

To identify and quantify the heavy minerals, it is essential to separate them from the beach
sand. Due to their high density, heavy minerals can be efficiently separated using bromoform
method, [6]. The separation process involved oven-drying 1 kg of samples at 105°C for 4-5
hours, sieving through a 1 mm sieve, and then, treating 250 g of the sieved sample with 0.3%
NaOH. After stirring and neutralizing with distilled water, the sample was oven-dried again,
sieved through a 45 pum sieve, and 125 g of retained sand was separated using 200 ml of
analytical grade bromoform in a separation funnel. The process was repeated twice to
optimize separation, and the separated heavy minerals were then dried and weighed. The
heavy mineral percentage in each sample was calculated.
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The separated heavy minerals were analysed using a petrological microscope under reflected
and transmitted light to identify and count each heavy mineral component (ilmenite, rutile,
garnet, monazite, zircon, and quartz). Samples were prepared by drying the separated heavy
mineral particles at 105 °C for 48 hours, then spreading them in a single layer on a microscopic
slide with a sugar solution to ensure a thin layer. The prepared slides were mounted on a
microscope stage, and the distinct optical properties of the minerals were used to identify the
minerals and count each mineral type which were repeated at three different locations for
averaging.

i

,5.

Figure 2 Sampling locations in Nilaveli and Batticaloa beaches
3 Results and Discussion

The total heavy mineral (THM) percentages of sand samples at Nilaveli and Batticaloa beach
stretches were compared (Figure 3). Accordingly, the Batticaloa beach stretch has a higher
THM content (1.20-14.50 wt%) compared to the Nilaveli one (0.36-6.42%), showing a high
potential for exploiting heavy minerals in the Batticaloa beach. Moreover, most of the sand
samples in Batticaloa beach exceeded the economic grade of heavy minerals (5%). Therefore,
this study further characterized different heavy mineral composition in the Batticaloa beach
(Figures 3-8).
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Figure 3 A comparison of total heavy mineral content between Batticaloa and Nilaveli beach
stretches.
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Figure 4 limenite content out of THM content at each sampling location of the Batticaloa beach
stretch.
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Figure 5 Rutile content out of THM content at each sampling location of the Batticaloa beach
stretch.
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Figure 6 Monazite content out of THM content at each sampling location of the Batticaloa beach
stretch.
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Figure 7 Zircon content out of THM content at each sampling location of the Batticaloa beach
stretch.
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Figure 8 Garnet content out of THM content at each sampling location of the Batticaloa beach
stretch.

In Sri Lanka, a deposit with heavy mineral content greater than 5% can be considered a
potential deposit [5]. The ilmenite content in the study area remains relatively constant, as
shown in Figure 5 except in B9-1 location. Conversely, zircon concentration in the same
location showed a high percentage whereas the other locations remained unchanged.
However, rutile, monazite, and garnet concentrations in beach sands showed notable changes
with the sampling locations.

The present study showed high potential for monazite in Batticaloa deposit ranging from 1.36-
6.05%. Since monazite is currently explored to extract rare earth element (REE) globally,
with a high market price (6500 USD/MT according to unpublished data from LMSL), these
findings add significant value to this area (Figure 6) [9], [10].

4  Conclusion

This study reveals that Batticaloa beach stretches, with an average heavy mineral content of
6.43%, have higher potential compared to Nilaveli beach (4.17%). Most sand samples in
Batticaloa showed high heavy mineral potential, particularly for ilmenite and zircon. Despite
B9-1, the ilmenite and zircon concertation in each sand samples stayed steady whereas rutile,
monazite, and garnet showed significant fluctuations. Furthermore, the high monazite
concentration in these samples increase the economic value of the deposit, showing new
pathways for the economic growth in Sri Lanka. These findings require further exploration
and investment to harness the substantial heavy mineral resources in the northeastern coastal
stretch of Sri Lanka, which can contribute to the nation's economic growth.
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