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S U M 1 A

Sri Lanka is essentially a detached portion of the Deccan
Plateau of south India and like it, is underlain almost everywhere
by hard old Precarobrian rocks.

Prior to 1940 there was no systematic organised geological
survey work on the island. Between 1957 and 19&2 a partial aerial
survey and field traverses were conducted in a search for radio-
active minerals. Since then a modest programme has continued.
Thorianite was first discovered in placer deposits in 1903 and
prospecting has found many other refractory radioactive minerals
probably derived from the weathering of pegmatites. Monazite is
found as an important constituent of bea,ch placer deposits and
it is estimated to have an average content of 8-10$ ThC>2 and
0.3 - 0.5$ U3OQ0 Up to 1000 tons monazite per year could be
produced from the beach sand industry.

Sri Lanka has had very little systematic exploration for
uranium and as it is largely composed of Precambrian rocks it
deserves closer attention. On the other hand it is part of a
thorium rich province and there is a body of technical opinion
that believes that thorium rich provinces are unlikely to contain
significant uranium depsoits. For these reasons it is estimated
that the Speculative Potential may be within the range of 1000
to 10,000 tonnes uranium. In addition it maybe possible to produce
up to 5 tonnes uranium and 100 tonnes thorium from the beach sand
industry on an annual basis.
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A. INTRODUCTION AMP GENERAL .GEOGRAPHY;

Sri Lanka is a large island in the Indian Ocean. It is 270
mi. (435 km) long and 140 mi. (225 km) wide at its "broadest part
and has an area of 25,332 sq.rai. (65,610 sq. km), about half the
size of England. It lies between 5°55' and 9°5Of W and. between
79°42' and 8l°52' E and is situated southeast of Cape Comorin in
India, from which it is separated by the 33-mi. (53 km) wide Palk
Strait.

The south central part of Sri Lanka is a hilly region of
great and varied beauty known to the Sinhalese as Uda Rata
(up-country)0 The highest land there, that over 5,000 ft (1,500 m)
is disposed very much in the shape of an anchor with a north-
south shank. The shank is broken into two parts by the deep valley
of the east-west reach of the Mahaweli Ganga, Sri Lanka's biggest
river. To the north of this valley rises the Knuckles Range
(6,112 ft [1,863 m]); to the south lies the fine scenery round
the hill station of. Nuwara Eliya (q.v), including the highest
summit in Sri Lanka, Pidurutalagala (8f28l ft [2,424 m]), a
rounded and not very distinguished mountain. To the south of
this the shank joins the two hooks of the anchor in Horton Plains,
and elevated tableland much of which lies above 7,000 ft (2,130 m).

The western hook of the anchor includes the fine pyramid of
Adam's Peak (q.v; 7,360 ft) and encloses between itself and the
shank a basin drained partly by tributaries of the circuitous
Mahaweli Ganga and partly by streams flowing more or less directly
to the west coast. It seems reasonably clear that the Mahaweli
headwaters are under attack from these west coast streams, notably
from the Kelani Ganga, and that some of them have breached the
hook ridge to effect actual capture. There is a great difference
in level between adjacent valleys where one flows to the Kelani
and the other to the Mahaweli.

The western basin as a whole is a region of considerable
relief and forms one of the principal tea-growing districts;
its routes converge on Kandy.

There is a corresponding eastern basin, that of Uva, centring
on Badulla and draining northward to the Mahaweli Ganga through
deep valleys separated by considerable ridges. It is noteworthy
that the hook enclosing this basin is nowhere breached by east-
flowing streams, perhaps because these are dry zone streams with
much less potency than the Kelani and its neighbours. The south
edge of the two hooks of the anchor forms a great, continuous
mural scarp; at the point known as "World's End" (7,142 ft) there
is a breathtaking drop of 5,000 ft (l,500 m) or more.

Up-country Sri Lanka, the region that can be described in
termsof the anchor and its two basins, ends at about the 1,000 ft
contour. Between this contour and the west coast lies a region
of mainly westward-sloping vsJleys separated by hills falling in
altitude as the sea is approached until, at Colombo itself, they
are little more than low, deeply weathered humps.
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To the southwest of the central hills the steady descent to
the sea is interrupted by the outlying hill mass of Rakwana,
To the east of the eastern hook a number of east-flowing streams,
like the Gal Oya, find their way between considerable isolated
hills. To the north of the main hill mass there stretches for
more; than 100 mi. (l60 km) a rolling country cut by rivers flowing
at more or less right angles to the coast and diversified by
strike ridges and by many isolated hills,

The limestone Jaffna Peninsula is, in fact, a raised coral
reef, rising to 50 ft or so above sea level; it is a flattish
country with occasional rocky hillocks, A number of offshore
islands, such as Kayts, are made of the same limestone material,'

Apart from the Jaffna Peninsula and islands, the exposed
south-west and the rocky headlands formed by the quartzite ridges
running out to sea at Trincomalee, the coasts of Sri Lanka are
low and consist largely of spits, "bars and similar forms, The
great bar south of Batticaloa, behind which a lagoon is gradually
being filled up by the east-flowing rivers, is a most interesting
feature.

Temperatures at or near sea level in Sri Lanka are high and show
little variation from month to month. Thus the mean monthly
temperature at Colombo varies only from 79-5° F (26,4° c) in
December to 82,1° P (27,7° C) in May, In the northern half of
the island and in the east, the dry zone, the hottest month is
slightly hotter (eg, Trincomalee, 77°8° P [25,4° c] in January
to 85,4° P [29.6° C] in June) and in the hottest weather the
daily maximum is apt to exceed 100° F, With increasing height
shade temperatures naturally fall but are very much less than sun
temperatures. At Nuwara Eliya (6,170 ft) monthly average shade
temperatures are around 60° P (l5°5° C) and frost is not unknown in
the cooler months,

In terms of rainfall and its effects, Sri Lanka is a country
of great contrasts, The southwestern sector of the island,
including the basin wit.hin the western hook, is well watered at
almost all seasons, and high humidity often makes high temperatures
seem even hotter. The annual total varies from 75 in. (1,805 mm)
north of Colombo to more thpja 200 in, (5,000 mm) in the hills.

In all other sectors of the island, on the other hand, there
is a very marked dry season during the southwest monsoon, some
, rather variable intermonsoon rain, and a heavy concentration of
rainfall during the northeast monsoon. Annual totals vary from
40 in (1,000 mm) in the northwest and southeast to more than 75 in°
In the lowland dry zone the dry season is a period of acute drought
and of burned-up vegetation, but low humidity conditions are some-
what mitigated in the upland dry zone, which may be roughly equated
with the Uva Basin.
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Given the radial pattern of Sri Lanka's drainage, it follows
that most rivers in the wet zone (with the notable exception of
the Mahaweli Ganga) flow only through the wet zone, and that dry
zone rivers, rising in the dry zone, receive little water during
the dry season and degenerate into mere strings of pools.

Bus services and railways are state-owned. Sri Lanka has about
15,000 mi. (24,000 Ian) of motor roads and 900 mi. (1,450 km) of
railways, nearly all of the latter being of broad (5 ft, 6 in)
gauge0 This network is, however, very unevenly distributed over
the country: in general the lowland wet zone and the up-country
areas are very well serviced but, apart from the Jaffna Peninsula,
the dry zone as a whole has poorer facilities„ There are regular
air services from Colombo via Jaffna to south India, and connect-
ions with London and Australia»

B. GEOLOGY OF SRI LAHKA IN RELATION T0 POTEMTIALLY

Sri Lanka is essentially a detached portion of the Deccan
Plateau of south India and, like it, is underlain almost everywhere
by hard, old Precambrian rocks„ As in most areas of similar
geological makeup, the precise origins and relationships of the
rocks leave much room, for disagreement and. for alternative inter-
pretations; this is especially true in Sri Lanka where systematic
geological mapping was late in beginning. It has become usual to
recognise that a broad.belt in the centre of the island consists of
the Khondalite series, altered sediments like those making up the
series of the same name in Madras and Orissa. Schists, quartzites,
and crystalline limestones are all to be found- Some authorties
consider that these rocks are disposed in a synclinorium pitching
northward. This would certainly explain the trend of the pro-
nounced strike features that make such a mark on Sri Lanka's relief.

It is to the Khondalite series that most of Sri Lanka's
scanty mineral wealth owes its origin: graphite from mines in the
solid rock and gems - of high quality chiefly from alluvium derived
from that rock.

In a broad belt to the east of the Khondalites and in a
narrower ..and less continuous belt to the west, there outcrop the
gneisses and schists of the Vijayan series. The geological map of
Sri Lanka is also complicated by various ancient intrusions ( the
charnockites of SriLanka are now thought to be, in part at least,
metasedimentary).

Sri Lanka is mainly made of crystalline rocks and this has
important economic oonsequences. There is little hope of coal or
oil or of rich reserves of underground water and there is little
chance of highly fertile soils on ancient crystalline rocks in the
tropics„
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..-.:• There • are certain exceptions to these generalizations. Miocene
limestones occupy the Jaffna Peninsula in the far north together
with the outlying islands and also stretch, in less pure form,
down'the northwest coast; these give underground water. Alluvium
occurs in the larger valleys and also' stretches in "broadish band.s
behind sandbars along parts of the east and west coasts. In the
-.northwest there is a capping of nplateau.deposits" - red earths,
quartz gravels,.and iron concretions, possibly Pleistocene in age<,

.The igneous rocks occurring in Sri Lanka are mainly pegmatitic
mateiral, ziircon granites and some dolerite dykes. The dolerite
dykes are confined to the Wastern Province (Maha Qya, Elahera,
China-Bay and Kantalai). Zircon granites outcrop in the Balangoda,
Loluwa and Parakaduwa areas. Pegmatites of economic value are
known in the Rattota, Talagoda and Alutepola areas. Numerous
other pegmatites have been observed in other parts of the island..

The main sedimentary formations observed include recent alluvial
deposits, coral formations and coastal sandstone,. Recent alluvial
deposits are widespread along the major river systems of the Island.
The largest development of sedimentary rocks occurs in the north-
western coastal belt extending from Jaffna Peninsula in the north t
to the south of Puttalam on the west coast. This formation of
Miocene age and the rock type is a massive limestone of marine
origin which is fossiliferous. Jurassic rocks are limited in
extent and they are exposed in the Tabbowa, Andigama and Pallama
areas north of Chilaw. These sedimentary rocks are composed of
sandstones, grits, arkoses and shales. Similar Gondwana (Jurassic)
rocks occur below the Miocene limestones of the Mannar areas.

Metamorphic rocks which cover the major portion of the island
are of Precambrian age and some rocks are 2,000 million years old.
Two main groups are regognised: •""""

(a) charnockite-metasedimentary series - This series is
characterised by the presence of metamprphosed sediments and
charnockites. The main rock types exposed are quartzites,
crystalline limestones (mainly dolomites); garnets-sillimanite-
graphite schists, granulites and gneisses of various types including
a variety of charnockites.

(b) complex of gneisses and. granites - This group is mainly
composed of granites, gneisses and migmatites.

These rocks have been folded into a series of synforms and
antiforms, generally trending in a north-west south-east direction.
Shown on the attached geologicpj. map as "granites", the charnockites
are associated with the Khondalite series, very often so closely
that one can see a continuous transition from pyroxene rocks to the
metamorphous sediment in which they are embedded. The khondalite
series is simialr to the Eastern Ghats in India and may be compared to the
the Tranomaro group in Madagascar.
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C. PAST EXPLORATION

Prior to 1940 there was no systematic, organised geological
survey work in the Island. Most of the work carried out and the
results obtained were due to the efforts of pioneer workers such,
as Coomaraswamy at the turn of the century.. Way land a few years
later and Coates. during the period from 1918-1934• Wadia took
over the Department in 1939 an£ the Department was reorganised
for the purpose of carrying out a geological survey of the Island.
Six years later (1945) Fernando succeeded Wadia and one of the
first tasks he had to face was to train personnel from Sri Lanka
to fill in posts in the newly reorganised Institution. In 1971
Pattiaratchi assumed duties as Head of the Department and four
years later (1975) Herath succeeded Pattiaratchi as Director of
the Geological Survey'Departmento

Reconnaissance .surveys commenced in the early forties and a
provisional geological map. of the Island was prepared (Fig 2).
Detailed geological mapping was undertaken in 1954 and mapping
commenced in the south-west sector of the Island on the scale
1: 31»68O» During this period every effort was directed to
geological mapping in an attempt to undertake mineral prospecting
and exploration where necessary.' With the availability of aerial
photographs (1956) covering the entire Island, there was improve-
ment in the pace of geological mapping particulaly since 1960.

Mineral exploration prior to 1958 was largely done by classical
methods of pitting, trenching and augering. In 1957 "the Department
obtained diamond drilling equipment, mainly for use in mineral
exploration. In the same year an air-borne geophysical survey was
carried out and the earth's total magnetic field and radiation due
to radio-activity were measured simultaneously. This survey was
mainly confined to the south-west sector of the Island with line
specings of quarter mile and half mile and flying altitude ̂ 00
feet above ground level. The results of the survey were presented
in a series of contour maps. The aero-magnetic maps showed no
large amplitude anomalies, the largest being 84O gammas. Ground
follow-up work has, however, been undertaken and the occurrences
of small iron ore deposits have been proved by diamond drilling
investigations.

Nearly 70 percent of the Island has now been covered by
geological mapping and a. series of maps (scale 1: 63,360) have
been published, either accompanied by a memoir or an explanation
to the Sheet.

The sudden interest in uranium immediately after the Second
World War led to new methods of prospecting for radioactive
minerals and interest was again shown in thorium minerals though
this was overshadowed by the search for uranium.
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Sri Lanka's resources in both manpower and equipment did not
enable any intensive modern exploration to be taken and assistance
was souglit under the auspices of the Colombo Plan for a detailed
aerial magnetometer and scintillometer survey (2). This took
place in 1957 and was undertaken in conjunction with Hunting's
Aerial Surveys Ltd. The areas covered by the survey were confined
to the coastal strip extending southwards from Puttalam as far as
Tangalla and the results plotted on a scale of 2 inches to 1 mile.
Two areas were selected for more detailed overflying, these were
the Kudremalai and Alutgama Sheets and the results were plotted
on the scale of 4 inches to 1 mile.

In this survey no fewer than 250 significant anomalies indic-
ative of surface concentrations of radio-active minerals were
observed. As follow-up work, most of these anomalies were invest-
igated on the ground and were found to coincide with known beach
sand deposits containing monazite. Known occurrences of other
radio-active minerals- inland were also investigated under this same
Aid Scheme but no economic deposits were found.

In I96I-62 the IAEA provided a field expert to advise on
uranium prospecting and development and to carry out preliminary
surveys a The expert covered the following areas at a preliminary
reconnaissance level,,

lo A reconnaissance road traverse in the southern half of
the Island.

2. . Gampaha Sheet. .
3. Mitipola Area.
4° Huputale - Welimade Area.
5o Trincomalee - Polmoddai area.
60 Alutgama Area*
7= Matale - Kandy area..

Over one hundred beach sand, soil and river gravel samples
were collected during the reconnaissance survey and the same
number of rock specimens and material from pegmatites,,

The carborne scintillometer was not ready for the survey but
useful results were obtained by hand-carrying 3. scintillometer
and visually noting the readings as the vehicle travelled along.
Many radio-active pegmatites were discovered by this method and
much useful information obtained, especially with regard to the
radioactivity of the various rock groups encountered,,

A most interesting area for radioactivity and also for its
variety of minerals lies immediately to the south of Welimada
along the Welimada-Bandarawela road.

Since that time the Geological Survey Department, under the
Ministry of Industries and Scientific Affairs has continued to
carry out investigations on a modest scale.
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D. URANIUM OCCURRENCES AND RESOURCES

The earliest references to radioactive minerals in Sri Lanka
are found in the annual reports (l) of the Government Mineralogist
for the years 1903 to 1910. It was during these early years that
thorianite was first discovered and named in Sri Lanka and its rich-
ness in thorium oxide (up to 75$) commanded a price of well over
111,000 per ton. This initiated an intensive search for the new
mineral, the prospector having only its weight, cubic form and
black colour as a means of identification. Nevertheless, prospect-
ing by panning the banks and the beds of streams, and by examining
the tailing from gem washings, enabled approximately 50 tons to be
collected and shipped. It also led to the discovery of two or
three highly weathered pegmatites which were found to show traces
of the mineral though no economically workable pegmatite was found.
Nearly all occurrences reported by Coomeraswamy and Patsons were
alluvial and. were concentrated in the SW quadrant of the. Island.
Samples of thorianite were assayed by the Imperial Institute and
it was found that in all instances the thorium content far exceeded
that of uranium,,

Prospecting for thorianite naturally revealed many other rare
and interesting minerals such as fergusonite, baddeleyite,
aeschynite, gadolinite, thorite, zirkellite, annerodite, aenotine
and samaxskite, some of which contain varying but usually small
amounts of uranium in thorium. None of these minerals has been
found an any quantity and though ubiquitous in the SW of the Island
they still remain of academic interest only.

When the price of thorianite feel before the First World War,
prospecting operations diminished accordingly and fromihen until
the early 1950s the demand for tforium was very low.

Very little was known of the origin of the radioactive minerals
which has been widely reported, mainly as placers, and inland and
ocean sources have been envisaged for the monazite beach sands.
Most reports agree that the rare minerals and the thorianite are
derived from the weathering of pegmatiies but seldom has any peg-
matite been found which contained these minerals and even less is
known about the pegmatites themselves. An early idea which seems
to have pervaded through the literature to the present day is that
the pegmatites which contain the thorianite and possibly other
rare minerals are closely associated with what has been described
variously as the 'Messina granite', the 'Balangoda granite1 and
the 'Zircon granite'. A suggestion, put forward by Davidson, that
thorianite may be found to occur as disseminations In gneisses was
thought to apply to the Sri Lanka occurrence but no evidence has
been forthcoming on this suggestion though it has been found
subsequently that monazite does occur in this manner.
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The analyses of "fche so-called Sri Lanka thorianite have shown
that the mineral is in fact a urano-thorianite containing appreci-
able amounts of U^Og. This is true of the thorianites from most
localities where the U3OS content reaches as high as 38 percent in
some cases» .' •

Thorite has also "been found in the same areas and has been
recovered in small amounts like thorium.. As in the case of
thorianite both thorite and urano-thorite are known in the island.

Monazite on the other hand is found as an important constituent
of beach placers which are located at various points on the west,
south-west and the east coast of the- island. Monazite was recovered
from the west coast deposits in a small experimental plant during
the period 1918-1922. It has been revealed that the monazite-
bearing concentrates are found seasonally along the coasts. These
heavy minerals are washed ashore at a number of points by about
April/May which marks the beginning of the south-west monsoon,
and the formation of the mineral sands goes on for a period of
two to three months during which collection is possible. This is
done by scraping the beach and ~fter a period of rest (12 to 24
hours) fresh concentrates are.formed and in this way the mineral
sands are recovered. The monazite content varies from day to day
and also from one area to another in the same locality. Rich •.•
patches yielding over 20 % monazite have been recorded but such
bonanzas may adjoin areas where the concentration'of monazite may
be as low as 4 %> . •

In 1953, thirty tons of monazite recovered from the Monazite
Separating Plant at Kalutara ti/ere sold to the United Kingdom, and
a second lot of 30 tons was sold in 1955 to the USA. Since this
time periodical recoveries of the mineral have been made and for
several years afterwards there was no sale of monazite.

The survey of the beach sand deposits containing monazite
has continued over the years and at present the annual production
amounts to 160,000 tons of raw material heavy sands from which
90,000 tons of ilraenite, 20,000 tons of rutile and 10,000 tons of
zircon are recovered. The monazite is not, at present recovered
but it is estimated that ^00 tons could be recovered0annually
from the existing production sources. A preliminary estimate
shows that if the beach sand industry could be increased, at least
1000 tons of monazite might be recovered annually from which
thorium and uranium could be produced.

No other uranium resources or occurrences are known.
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E. PRESEM1 STATIE OF EXPLORATION

The Geological Survey Department has indicated that with the
immenent completion of the geological mapping of the whole country
on a scale of I1' to the mile and the existence of "basic analytical
equipment in its laboratories it is ready to embark on a more
detached and systematic programme of exploration for uranium.
It has therefore requested the IAEA to provide an expert for a
12 month period to initiate and carry out an exploration geochemistry
programme over the whole country. This programme will also be com .
plemented by a carborne scintillometer survey over all available
roads. Consultant work will be carried out on the mineral beach
sand deposits to assess tonnage and increase production.

F. POTENTIAL FOR MEW DISCOVERIES

Sri Lanka is part of a thorium-rich province which includes
the extreme south-west corner of peninsular India. As such,
further search for radio-active minerals is justified but there
is a body of technical opinion that believes that thorium rich
provinces are unlikely to contain significant uranium deposits.

It is suggested that for more detailed prospecting the
following areas show signs of interesting mineralization:

(a) The area immediately south of Welimada in the Ifuwara
Eliya sheet. The area shows some interesting structures, contains
many pegmatites, and thorianite, thorite, monazite, spinel and
sapphire have been found.

(b) The area inland and north-west of Tangalle. Considerable
monazite mineralization occurs hereabouts and probably represents
the southernmost continuation of the zone of monazite-bearing
gneiss which has been reported in the Alutgama Sheet. Another
interesting feature of this area is that it lies close to the
supposed junction of Vijayan with Highland Series rocks, and the
tracing of an easily identifiable index mineral such as monazite
may throw some light upon the nature of this contact or transitional
zone.

(c) The Kaderamali beach sand area should be investigated
in some detail with special attention paid to the source rocks and
the distribution of the monazite in these sandstones. It is
possible that monazite and other heavy minerals may be concentrated
in certain horizons of the Jurassic sandstones.

(d) A possible interesting place for detrital minerals may be
found where the Mahaveli Ganga debouches from the hill zone onto the
eastern plains. Little is known of the geology of the region but
it is an obvious area for studying detrital minerals.



- 10 -

(e) The Bambarabotuwa area is accessible for only a short
period each year. Some detailed planning is 'necessary in advance
before undertaking a survey in this forest area but large crystals
of thorianite have been found in a small stream and with scintill-
ation counters it should be possible to trace the thorianite from
the stream bed onta the banks and up the valley slopes. Some
fluorimetric analysis of spil samples taken from auges holes may
be necessary to determine the strike direction of the pegmatites
in which the thorianite undoubtedly occurs»

Little comment need be made upon the beach sands as the
Department is fully aware of the market position for heavy minerals,
including monazite. It is important however to note occurrences
of black sand concentrations and to study their mineral content at
least annually and to note changes in the percentage of minerals
present. This survey oould be undertaken by the radiometric lab-
oratory as routine work.

The Precambrian and crystalline rocks and the surrounding
sedimentary formations must offer some possibility for the discovery
of orthodox type Uranium deposits but the lack of any such evidence
to date and fact that the country is obviously part of a thorium
province makes the uranium potential seem poos It is estimated
that the Speculative Potential may be within the range of 1,000
to 10,000 tonnes uranium.

Compiled by J Cameron
October 1977 ^. \A
IAEA - ~ - -̂»
Vienna
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