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FOREWORD TO THE SEN_S

The dissemination of scientific information is one of the main
functions of the Natural Resources, Energy and Science Authority.
The Journal of the National Science Council published by this
Authority provides a medium for the pubiication of scientific research
papers, and “Vidurava”, the quarterly science bulletin contains
scientific articles of a general nature which are of interest to the public.

There is still a wide gap in the availability of reading material
on scientific subjects of local interest. One resuit of this is that
science students confine their reading only to their schoc! notes and
to the few available text books which are mostly published abroad.
In an attempt to improve this situation, the Working Committee
on Science Fducation Research of the Natural Rescurces, IEnergy
and Science Authority decided to publish a series of booklets on
scientific topics of local interest as supplementary reading material
for students and the general public. The authors whe have been
selected by the Committee to prepare these booklsts are experts
in their respective fields. The manuscripts that were submitted
by the authors were examined by referees before being accepted
for publication, The views expressed in these publications are
those of the authors and are not necessarily those of the Natural
Resources, FEnergy and Science Authority.

¥ must thank the Working Committee on Science Education
Research of the Natural Resources, Energy and Science Authority,
and in particular Prof. V. Basnayake who is the Hony. Director
of the Working Committee for the work they have done to make
this project a success.

Q. P. Jayewardene
Director General



PREFACE

This sma!! volume is the outcome of a project sponsored by the
Natural Resounrces, Energy and Science Authority of Sri Lanka to
provide supplementary reading material for Advanced Level science
students. It deals with the economic mineral deposits of Sri
Lanka. Minerals and metals have beeﬁ: of importance to man
since pre-historic times and historical periods have been named
after metals, such as the Bronze Age, the Iron Age and so on.
Metals and minerals are obtained from' the earth’s crust which is
the thin outer layer of the earth in which we live. Fortunately, this
layer is not uniform and in places there are occurrences of metals
and minerals useful to mankind. Where the concentration is
sufficiently high, they can be worked profitably, and these give us
our ore deposits. The minerals and metals must be extracted
from' the earth by mining.

In order to understand the pature, mode of occurrence and
distribution of ore deposits, it is necessary to have some elementary
knowledge of geology, which is briefly the ‘science of the earth,
and geological processes, and for this reason the volume has been
divided into two parts. Part I deals with the earth’s crust, the
nature and classification of rocks and their modes of origin. It
contains a brief outline of the geology of Sri Lanka without which
there can be no proper appreciation of its mineral deposits. It
also includes a chapter briefly describing the methods empioyed
in exploration for minerals and mineral deposits. Part II deals
with the economic mineral deposits (ore deposits). Since the



 book is meant essentially for students, over use of technical terms
has been avoided except where they are strictly necessary and,
as far as possible, they are defined in the text.

Since the volume deals with the economic mineral deposits
of the Island, mention is made only of the deposits which zre
exploited or are awaiting development, or are of potential impor-
tance. No mention is made of those mineral occurrences which,
by their very nature and from the present state of our knowledge,
‘are only of academic interest.

A book of this nature is basically a compilation of available
information from several different sources, chiefly from the Geo-
logical Survey, of which I had the privilege of being its head for over
“two decades. 1 have drawn freely from the work of former coll-
eagues and from my own work, both published and unpublished.
My grateful thanks are due to the Directorate of the Geological
Survey, and in particular, Mr. L. X. Seneviratne, Director,
and Mr. D. E. de S. Jayawardena, Deputy Director. My thanks
are also due to the General Manager, State Mining and Mineral
Development Corporation, and the Chairman, State Gem Cor-
poration, for statistical data and other information.

L. Ja’ D. -Fernguéo

Cbldmbo,
March 1986.
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Chapter I
INTRCDUCTION

The Island of Sri Lanka (formerly known as
Ceylon) is a pear-shaped island in the Indian Gcean
lying immediately east of the southern extremity of
Peninsular India between 5° 55” and 9° 51 of North
latitude and 79° 41” and 81° 53" of East longitude. It
extends 434 km (270 miles) from north to south and
225 km (140 miles) wide at its broadest point with a
total land area of 65 600 square kilometres (25 320
square miles), or approximately 6.5 million hectares.
The south-west quadrant of the Island is often referred
to as the “Wet Zone’ because it is affected by the heavy
rains during the south-west monsoon in the months
of May to September, while the northern and eastern
parts of the country are affected by the north-east
monsoon, though to a lesser extent. These latter
areas are commonly referred to as the ‘Dry Zone’.
The Wet Zone comprises roughly 25 per cent of the
total land area, the balance 75 per cent comprising the
Dry Zone. Much of the Dry Zone, where past
civilizations prevailed, is under jungle, and irrigation
of these dry areas is neceseary for agriculture. The
general elevation in the centre of the Island varies
from around 760 m to 1 525 m (5 000 feet) with six
mountains over 2223 m (7 300 feet) with Pidurutala-
gala, the highest mountain, rising to a height of
2527 m (8 291 feet). Heavy rainfalls are experienced
in the central hill country with rainfall of over 5 G0C
mm annually in certamn parts.



The great majority of the rivers originate in the
central hills and flow to the west, south-west and south
coasts. The Mahaweli ganga, the longest river in
the Island, 335 km from its source in the mountains
to its outfall into the sea south of Trincomalee, flows
in a northern direction and throughout the greater
part of its course through the Dry Zone. This river
is the basis of several major multi-purpose projects
which are currently nearing completion. The Island
can be roughly divided into two distinct regions - the
coastal region and the Central Highlands. The
coastal region is aimost flat and the rivers flowing
through this have reached their base level of erosion.
On the western and southern parts of the Island,
the coastal region is narrow but widens on the eastern
side of the Island and expandsinto a great plain which
occupies almost the entire northern half of the Island,
These two broad units can be further sub-divided,
particularly the Central Highlands, where a number
of terraces or peneplains can be recognised. The
topography in these is rugged and characterised by
deep valleys and immature drainage patterns indicating
block uplifts. The topography is in sharp contrast
to that of the coastal plain.

The Crust of the Earth

The earth is a planet in the solar system with a
circumference of approximately 40 000 km (25 000
miles). It is known that it is not homogeneous but
has a layered structure, and geophysics teaches us
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that the earth comnsists of a relatively light crust resting
on a heavy molten interior. The central core consists
of nickel-iron; it is intensely hot not merely due to
residual heat but to some extent due to the spontaneous
decay of radio-active elements. The increase in
temperature with depth is a matter of experience in
the development of deep mines. This temperature
gradient varies in different parts of the world but in
Europe it is reported to be about one degree C for
every hundred feet of depth. The central core passes
into an olivine-rich (magnesium-iron silicate} shell
with a density of around 3.3- 3.4 having the compo-
sition of peridotite. Above the peridotite shell is the
‘crust’, the lower part of which is mainly basaltic,
while the upper part is a siliceous granitic layer some
15 to 20 km thick with a specific gravity of 2.77 to
2.80. This outermost shell is the only part of the
earth directly visible to us in deep valleys and gorges,
deep mines and in boring operations.

Divisions of Geslogical Tiine

Evidence from the measurements of the radio-
activity of rocks and minerals in the earth’s crust, sup-
ported by more recent evidence from the lunar landings,
show that the Earth was formed as a solid body some
4 600 million years ago. In support of this figure, it
may be useful to briefly review the methods employed
in dating rocks. Rocks can be dated by four impor-
tant methods:-
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By careful observation and recording the
succession of layers, geological formations
or strata in areas where they have not
been viclently disturbed;  this method
gives an age relative to the geological
formation above and below. Thus a bed
or stratum overlying another is clearly
younger than the one beneath it;

by identifving animai or plant remains
(fossils) known to have existed for limited
periods of time. This method is widely
applied to rock formations less than around
570 - 580 million years, and obviously
applies to fossil bearing sedimentary rocks.
However, igneoustocks may be dated by
their interlayering with sediments,  or
where they cut across sediments of known
age. For instance, anigneous rock cutting
across sediments of known age is clearly
younger than the sediments;

by radio-activity using the known rates of
decay of certain isotopes of elements such as
uranium, potassium and rubidium;

by the magnetic orientation of certain
minerals. It is known that magnetic poles
wander and reverse periodically. Magnetite,
and other iron bearing minerals, crystal-
lise with their magnetic poles oriented in -
relation to the poles of the Earth which
existed at that time. The method is useful
in dating igneous rocks where radiometric
methods are not applicable.



Based on these fundamental principles, the history
of the earth is divided into four great divisions of
geological time and the rocks compr: sing the earth’s
crust are divided into these divisions generally known
as groups. The groups are further sub-divided into
systems of strata representing periods of time, and
the systems in turn to series of strata representing
epochs of time. According to this system which is
commonly adopted (though there are minor variations
from this) the groups and systems comprising the earth s
history are as indicated in Table L ’

Not all of the systems and epochs are represented
in every country, and breaks do occur, and one or
more of the systems may be lacking. Such breaks
indicate that an interval of geological time is unrep-
resented. For instance, as the study of stratigraphy
was extended into distant lands, it was found that a
particular geoiogical system well developed in Europe
may be poorly developed, ill-defined, or even com-
pletely absent elsewhere. Changes in the nature of
geoioglcai formations and their faunas result-fram
changes in the geological conditions, and such changes
are not contemporaneous throughout the entire globe.
The United ngdom is an example of a counfry: where
the almost entire history of the earth has been well
preserved, where the groups and systems and epochs
are all represented in a comparatively small area. On
the other hand, Sri Lanka, as we shall see, is an example
of a country where the greater part of the geological
column is absent, and most systems and epochs are
completely unrepresented. (Table II).



TasLe 1

STRATA AND DIVISIONS OF GEOLOGICAL TTME

Series of Strata

Systems of Strata

Groups of Strata
{Eras of Time) {Periods of Time; (Epochs of Time)
Quaternary Recent
Pleistocexe
Cainozoic Pliocene
Y < Miocene
(Tertizsy) Oligocene Upnper Eocene
| Eocene Middle Focene
Lower Eocene
[ Upper Cretaceous(Chalk)
Cretaceous [ Lower Cretaceous
. . { Upper Jurassic
mm 3 ¥, Jurassic < Lower Jurassic
ary. | Rhaetic
Triassic [ g:rl:&ir
r . { Upper Permian
Permian { Lower Permian
Newer Palacozoic . Coal Measures
» ;r ) Carbor:iferous [Lower Carboniferons
i)
£ ﬁ | Devonian { Uoper Devonian
& Middle Devoman
Silurias Lower Devonian
LO]der Palaeozoic ( 01 :na:n‘ . .
4 Or oviciar { Uppar Camb-ian
LCambrlan < Middle Cambrian
| Lower Cambrian
& | Proterozoic
H
8 .
& L Eozoic
'



The Precambrian rocks are so named because
they underlie the oldest fossiliferous iocks, to which
Sedgwick gave the name Cambrian from their typical
development in North Wales. The Precambrian
represents a vast interval of geological time - far greater
than all the time that has elasped since, and it is diffi-
cult to interpret the rocks and still more difficult to
correlate them. Not only are the Precambrian rocks
devoid of fossils but they have been intensely altered

and converted into gneisses and schists. Vast areas
of northern Canada, north Scotland and Scandinavia

are formed of Precambrian rocks and these provide
a more compiete succsssion, but even so there
are breaks of such enormous magnitude that it is
difficult to establish a reliable correlation.



Tanee II

DIVISIONS OF GEOLOGICAL TIME IN SRI LANXA

Groups of Strata Systems of Strata Sri Lanka
{Eras of Time) (Periods of Time)
Quaternary Recent Alluvial deposits ; coral and

shell bads; Laterite; gem
gravels; beach mineral

sands.
Pleistocene ( Red Earths .
|_Gravels and Laterites
Plingcene Ahsent
Cainozsic Miocene Jaffna himestones
(Tertiary) QOligocene Ab:ent
Eocene Absent
( Cretaceous Absent
Mesozoic J R Tabbowa beds - grits,
(Secondary) 3 Jurassic shales. arkoses.
{ Triassic Absent
( Permiaxn Absent
~ | Newer Palacozoic Carboniferons Absent
§ J Devonian Absent
£9 3 Silurian Absent
& | Older Palaeozoic | Ordovician Absent
L {_ Cambrian Ab:ent
-§ r Proterozoic . .
=i { Highland Series
S J South-Western Greup
3) Yijayan Series
¢ | Eozoic
L



Chapter II

NATURE AND CLASSIFICATION OF ROCKS

Igneous ~ cks

All rocks are aggregates of minerals - there are the
essential minerals which help to classify and identify
rocks; there are other minerals - the accessory minerals.
~ present in very minor amounts and whose presence.
or absence does not affect the nature and classification
of the rock type. Some rocks are formed from
molten material within the earth’s crust. This
molten material is referred to as “magma’ or as “rock:
magma”. The magma consists of a complex mixture
of oxides of various elements with various fluids, gases
and water. Rocks formed in this manner by crystalli-
sation, or at least by solidification, of molten material
are known as igneous rocks. For instance, the lava
flows of Vesuvius which are well known to most

students are examples of igneous rocks, but greater
than the lava flows are other rock masses which have

crystallised from molten material but which have rot
reached the surface and cooled more slowly at various
levels within the crust of the earth; examples of these
are the granites. Magmas vary in composition and
thus give rise to different types of rocks on solidifi-
cation.



Granites are igneous rocks and as they contain
much free or un-combined silica, they are classed as
acid ignsous rocks. {Generally speaking, they are
light in colour and light in weight with specific gravity
around 2.7. On the other hand, the magma may be
dzficient in silica and such a magma may give rise to z
rock known as a- gabbro. Gabbros are also igneous
rocks but although they contain silica in combination
with other elements, there was not encugh silica in
the magma from which it originated for any of it to
crystalliss out as free -silica, unlike in the granite.
Gabbro is thus an example of a basic igneous rock;
it 'is dark in colour-and heavy with a specific gravity
around 3.0. And in between the acid and basic rocks
are a whole range of intermediate igneous rock types.
Magma can thus be considered as the raw material
from which all varieties of igneous rocks are formed,
whether they are intruded into the earth’s crust or
poured out on the surface such as lavas.

As we have seen, igneous rocks can be classified
on the basis of chemical composition; they can also
be classified on their mode of occurrence. Those
rocks which occur in large masses and which have
cooled slowly at great depths have certain physical
characteristics in common regardiess of their chemical
composition. By virtue of their slow cooling, they
are completely crystalline, coarse in texture with well
grown crystals, and commonly of even grain.
These are the deep-seated or plutonic rocks. There
are other rock types which result from the chilling of
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magmas poured out on the earth’s surface: these are
the eruptive or volcanic rocks. Lavas are examples
of igneous rocks formed from magmas which are poured
out on the surface of the earth from volcanoes.

While the type of rock depends largely on the
composition of the magma, the physical conditions
under which the magma cools also play an important
role in determining the nature and the type of rock.
For instance, high viscosity impedes molecular move-
ment and tends to form innumerable small crystals
instead of fewer and large ones. The viscosity depends
to a large extent on the presence of fluxes - principally
water and volatiles 1n the magma. An acid magma
poured out on the surface of the earth cools rapidly
and loses its volatiles and under such conditions a
very fine grained rock, or even a glass, will result.

Due to the escape of gases and other volatiles,
the lavas may also show a vesicular structure or contain
cavities. Pumice stone, which is often washed up
from the sea on the beaches of the north-east coast of
the Island, is essentially a natural glass sponge. The
sudden cocling and the escape of the gases has resulted
in a glass with a spongy texture. But the very same
magma crystallising at depth under a thick mantle of
rocks will cool slowly a iewmg time for the formation
of crystals, and the resulting rock will be coarse grained
and thoroughly crystalline.

On the basis of the mode of origin, we have recog-
nised two broad categories of igneous rocks - the deep
seated or plutonic rocks such as granites and gabbros;
and the eruptive or volcanic rocks such as lavas, each

It



with its own distinctive characteristics. There is yet
a third group intermediate between these two in its
mode of origin. These are the “hypabyssal” rocks.
Major intrusions such as granites often branch off and
cut across pre-existing rocks; or they may spread
laterally as sheets conformable with the pre-existing
rocks along bedding planes. The cross-cutting types
are known as dyke rocks and the sheet-like rocks as
silis. They are all minor intrusions and like the other
two great categories, they may be acid, intermediate
or basic in composition. A generalised and simplified
classification of igneous rocks is furnished in Table IIl.

The process of crystallisation of the magma results
in an increasing concentration of volatiles in the resi-
dual magma, principally water and gases such as chlor-
ine, fluorine and compounds of sulphur, phosphorus,
boron and others. They have an effect on the
crystallisation of the residual magma by greatly redu-
cing its viscosity and thus promoting active crystal
growth, while they also act as mineralizers. The rocks
which form from this residual magma enriched in
volatiles are thoroughly crystalline and very coarse
grained and are called pegmatites. They occur as veins,
dykes and irregular masses accompanying large intrusive
masses. Besides the volatiles, the residual magma is
enriched in certain rare elements such as tin, tungsten,
tantalum, zircon, lithium, beryllium, molybdenum and
many others, and these combine with other elements to
form minerals of economic value. Thus pegmatites are
essentially coarsely crystalline rocks, often carrying

12
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minerals of economic value. The commonest of this
type of rocks are the granite pegmatites which consist
essentially of quartz and felspar but include accessory
minerals such as muscovite mica, fluorite, topaz, beryl,
cassiterite, tourmaline, spodumene, ilmenite and many
others, and may be a source of one or more of these
minerals and hence of economic impertance. However,
there are large masses of pegmatites which contain
little else but quartz and felspar. Basic pegmatites
are not common.

Sedimentary Rocks

The surface of the land is undergoing a constant
process of change and destruction. Every shower of
rain carries with it locse materiai and in times of flood
the carrying capacity of streams and rivers is increased
several fold and they turn turbid due to the amount of
solid matter which they carryir suspension. In desert
regions, an unfailing supply of sand is constantly whirled
around by the wind; this acts as a sand blast and results
in the wearing down of the rocks exposed to the blast.
The general effect of the sand blast is to produce a
conspicucus rounding and polishing of the surfaces
exposed to it. In temperate regions frost actionis domi-
nant inwinter. In coldclimates orin mouniainousiegions
above the snow-line, snow is consolidated into ice and
moves as an ice stream or glacier. Moving ice car be a
powerful agent of erosion. Moving ice carries with
it a veritable cargo of rock fragments of varying sizes
and shapes and other rock debris which act as powerful

14



tools of mechanical weathering. In such regions, the
chemical factor in weathering is in abeyance but the
mechanical agents are of great importance. Rocks of
varying degrees of hardness are ground down to a more
oi less uniform plane or curved surfaces. Entire
surfaces exhibit rounding, well marked striations and
polishing except in. the highest peaks where these
effects are obliterated by frost action.

All these changes are included ir the general
term weathering and weathering includes all processes
which result in the disintegration and decay of rocks.
Weathering consists of a two-fold process—mechanical
disintegration and chemical decay. Mechanical
weathering is mainly due to the development or release
of local stress resulting in strains and cracks not only
in the rock masses as a whole but in the constituent
mineral grains. Such strains are brought about by
sudden or extreme variations of temperature, Gampness
or extreme dry conditions, and in temperate climates
by the action of frost and ice. Chemical weathering
includes all changes brought about by water and atmos-
pheric agencies. Felspars (alkali-alumino - silicates)
and ferro-magnesian minerals all undergo alteration.
Some of the original constituents gc into sclution
and may be removed, while some remain in a hydrated
or oxidised state.

The loose products of the disintegration are
transported by water, by streams, rivers and 1ce,
and by wave action and deposited in iakes or other
bodies of water or in the sea. With the passage of
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time, the products undergo compaction and consoli-
dation, or they may undergo cementation, and are
converted into rocks. These are the sedimentary
rocks and examples of these are sandstones, grits,
marls, shales and limestones. They form the greater part
of the visible portion of the earth’s crust and altrough:
they. have varied origins they have some important
characteristics in common. Since they are laid cown
in bodies of water over large areas, they are more
or less horizontal in their original state. They show
bedding or stratification and occur in regular layers
one upon another and it is this stratification which
provides the basis for the interpretation of the relative
ages of rocks. These sedimentary rocks also contain
the skeletal remains of plant and marine animal life
which once inhabited the earth; these are known as
fossils.

Among the great group of sedimentary rocks,
three principal types can be recognised; fragmental
or clastic rocks: organic and chemical. As the name
implies, fragmental or clastic rocks consist of fragments
of pre-existing rocks, igneous, metamorphic or even
sedimentary, usually with grains of chemically resistant
minerals such as quartz, ilmenite, rutile, sillimanite,
staurolite, zircon and others. These fragments and
grains may be held together loosely or cemented.
The cementing material may be clay, which itself 1s
a product of chemical weathering, or it may be siliceous,
calcareous or ferruginous cements. Special names

16



are applied to the resulting rocks depending on the
nature of the cement; thus we can have a calcareous
‘sandstone or a ferruginous sandstone. Organ. sedi-
ments are as varied as the clastic rocks and include
all rocks consisting predominantly of the remains of
plants or animals. Those of vegetable origin are
usually carbonaceous, and include coal beds, peat
and lignite, while limestones are the best examples
of rocks composed of animal remams. Depending
on the nature of the fauna, we have such limestones
as coral limestones, crinoidal limestones and others.
There are other types; for example siliceous types,
the best example of which is the diatomaceous ooze,
which has use as an abrasive. Finally, the third type
(the chemical) include beds of rock-salt, anhydrite,
gypsum, potash and magnesium salts, and nitrates
and borates. These sedimentary deposits result from
the precipitation of substances in solution in erclosed
seas by evaporation or chemical interaction with other
substances. One of the best examples of this type is
the Stassfurt deposits in central Germany in geolo-
gical formations of Permian age. Besides rock-salt,
other principal products from this deposit include the
chlorides and sulphates of potassium and magnesium.

Metamorg .ic  Rocks

Minerals which constitute rock masses do not
always remain in the identical condition in which they
were originally formed. in other words, minerals
do not exist under all possible physical conditions
and each particular mineral has a more or less definite

17



field of stability governed by a set of physical controls.
“The most important of these physical controls are tem-~
perature and pressure. Some minerals have a wide
range of stability, others have a very limited range and
any changes in temperature and pressure, or both,
render such minerals unstable. Given time, a
mineral which is not in harmony with its environment
will be converted into a new mineral which is more
suited to the changed conditions. This elementary
principle is the basis underlying the phenomenon of
metamorphism and this gives us our third great group
of rocks' - the metamorphic rocks. Rocks of all types -
igneous, sedimentary, and even metamorphic rocks
existing under a given set of conditions of temperature
and pressure come under a new set of physical con-
ditions. ‘Sorne of the component minerals are no
longer stable in the new environment and give rise to
a new assemblage of minerals suited to the changed
conditions and a metamorphic rock results.

How are these changed conditions brought about?
Temperature may rise as a result of deep burial; or it
may rise due to the intrusion of a large plutonic mass
of igneous rock. This results in an increase in tem-
perature in its neighbourhood and the surrounding
rocks are modified by heat; recrystallisation and other
changes may take place, and this type of metamorphism
is known as thermal or contact metamorphism. The
other important physical condition is pressure; this
may be of two kinds - uniform or hydrostatic pressure,
and directed pressure or stress. Pressure varies at
various levels in the earth’s crust and changes in
pressure can also result from deep burial. Stress is
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of fundamental importance in metamorphism as among
other things it controls the texture of the rocks.
Stress metamorphism is developed in areas of mountain
building where enormous pressures can arise. This
type of metamorphism is referred to as regional or
dynamic metamorphism and as the name “regional”
implies, it affects vast areas, generally those subject
to mountain building movements, unlike in thermal
metamorphism which is confined to the immediate
neighbourhood of the igneous intrusion.

Thermal metamorphism produces  compact,
granular rocks, at times speckled rocks, commonly
referred to as “hornfels”. Where stress is active,
the minerals re-arrange themselves more or less parallel
with one another so that the stresses set up in their
growth is equal to the external stress. Thus dynamic
metamorphism gives rise to ‘“foliated rocks”. Such
rocks are referred to as gneisses when they are coarse
in grain and as schists when they are fine-grained. In
all metamorphic rocks, and particularly in regions of
intense dynamic metamorphism, high density minerals
such as garnet, sillimanite, corundum and others are
common. Apart from gneisses and schists, other
examples of metamorphic rocks are slates, phyllites,
quarizites and marbles (crystalline limestones).

We can look upon metamorphic rocks as systems
constantly striving to adjust themselves to changes in
the environment - an old assemblage of minerals or
old structures giving place to a new mineral assemblage
and new structures. Sometimes the old mineral
assemblages and the old structures are not completely
wiped out and relics of these may still be preserved,
and if we can identify them and interpret them
correctly, we can recount the changes which these
rocks have undergone.
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C apter LI
OUTLINE OF THE GEOLOGY OF SRI LANKA

The Island of Sri Lanka (Ceylon) with an area of
65 600 square kilometres ( 25 320 square miles ) 1s
essentially part of a “shield” area whick includes
Peninsular India. Since geologically remote times, the
Island has neither been submerged by the sea result-
ing in the formation of newer strata, nor has it been
subject to the violent upheavals which have led to the
formation of the great mountain chains of the worid
such as the Himalayas. The main reason for this is
that the Island along with Peninsular india is part of
a segment of the earth’s crust made up of an ancient
crystalline complex sufficiently rigid to withstand
crustal movements and thus has remained an inflexible
land mass. The island shares these characteristics
with Peninsular India revealing a complete antithesis
and a fundamentally different type of architecture to
North India, which is built up of much younger
sedimentary rocks, and which has been repeatedly
submerged under the sea and subsequently elevated
from the floor of the oceansto form land. The only
major submergence of the Island was in Tertiary times
when limestone sediments of Mioccene age were de-
posited and subsequently elevated to form the north-
western coastal belt of the Island, including the Jaffna
peninsula, its off-shore islands and Mannar island.
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The Island is a geologically = recent fragment
detached from the main South Indian peninsula,
possessing a common geological structure and rock
composition, which recent geological investigations
have tended to emphasise. The Island shares this
feature of ancient antiquity not only with Peninsular
India but with other ‘shieid” areas of the world, such
as the Canadian shield, parts of Siberia and Central
Africa and parts of Australia which have remained
impassive for geological ages. Amidst all the geo-
logical changes which have over and over again
changed the face of the earth resulting in the redistri-
bution of seas and lands, these shield areas have re-
mained impassive, being only subject to limited vertical
movements. The compressional mountain building
movements so characteristic of geologically younger
areas are absent.

PRECAMBRIAN

Over ninety per cent. of the surface area of the
Island consists of rocks of Precambrian age (Archaean),
the oldest rocks of the earth’s crust, being the meta-
morphic derivatives of a very thick group of mixed
sediments comprising mostly sandy, clayey and calca-
reous odiments. The only other geological forma-
tions represented in the Island are narrow belts of
Jurassic sediments in faulted basins, strictly local in
distribution in the north-west of the Island, in the
neighbourhood of Puttalam; and a more widespread
development of limestone formations of Miocene age,
principally in the north-west coastal belt of the Island;
and Pleistocene and Recent formations.
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The Precambrian rocks are all completely crystal-
line, hard with great strength and low porosities. They
are also compact with strongly interlocking grains,
and though they give an impression of massive texture,
most of these rocks show on closer examination a well
marked parallelism of some of the constituent mine-
rals. This is particularly true of the micas and this
commonly gives the rocks a banded appearance. Ban-
ding is also often due to fine veinlets of granitic
material at times coarser in texture t*than the
surrounding ground mass.

The Precambrian rocks comprise a great group
of metamorphosed sediments (meta-sediments) and
include quartzites, quartz schists, fine to medium
grained acid gneisses and granulites, calc gneisses and
granulites, crystailine limestones (marbles) and
dolomites, sillimanite gneisses, and sillimanite-garnet-
graphite rocks. They are all well bedded, indicating
their original sedimentary character. Associated with
these are granites and granitic gneisses. Another chara-
cteristic of this ancient complex is the presence of certain
types of minerals, such as ilmenite, zircon, sillimanite,
rare-carth minerals, thorium minerals and a host of
precious and semi-precious stones, chief of which is
corundum. On the other hand, oil and gas, coal
(except in Gondwana formations), gypsum and anhy-
drite, rock salt, potash and sulphur are very rare.

On the basis of lithology, structure and field
relationships, the Precambrian has been divided into
three major units (Cooray, 1978).
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They are:- 1. The Highland Series.
2. The Vijayan Series; and
3. The South-Western Group.

Associated with these are igneous rocks represented by
relatively small granitic bodies and their satellite peg-
matites and several dolerite dykes. -

The Highland Series

The rocks classed under the Highland Series are .
all high grade metamorphic rocks and make up the
central highlands, extending as a broad band, sweeping
from the south-west coast to the north-east coast of the
Island in the Trincomalee area. Its eastern boundary
is along the foot hills of the central highlands in the
Uva and Central provinces. On its western side the
boundary is ill defined. The Series comprise a great
group of metamorphosed sediments and include massive
quartzites, quartz schists, fine to medium grained acid
gneisses and granulites, crystalline limestones and do-
lomites, calc gneisses and granulites, sillimanite
gneisses and sillimanite-garnet-graphite schists, the
last rock type having the name khondalite.  They
are all well bedded indicating their original sedimentary
character and the rock types such as quartzites and
crystalline limestones can be traced more or less conti-
nuously for many miles along their strike.

A striking feature of the Highland Series is the close
and intimate association of the meta-sediments with
dark rocks known as charnockites and charnockitic
gneisses, a fact first pointed out by the author in 1948

23



and later amplified by Cooray in 1962. The charno-
ckites occur inter-bedded with the meta-sediments
with no intrusive or cross-cutting relationships. They
possibly represent volcanics but whatever their original
nature, the charnockites and charnockitic gneisses have
been exposed to the same high grade metamorphic
processes which transformed the original sediments
into their metamorphic equivalents.

The Vijayan Series

Except for the area occupied by the South-Western
group of rocks, on either side of the Highland Series
are rocks of the Vijayan Series. They are widespread
and well developed in the low lands which forin the
eastern and south-eastern sector of the Island, and to
the north and north-west of the Highland Series. The
main rock types include biotite gneisses, hornblende-
biotite gneisses, and migmatites (mixed rocks), at
times inter-layered and generally containing microciine
felspar (Fernando, 1948 and Cooray 1967). To the
north and north-west of the Highland Series, the
Vijayan rocks consist dominantly of pale pink or buff
coloured granitic gneisses and these are best developed
in thetriangle formed by Puttalam-Nikaweratiya-
Anuradhapura. Minerals such as garnet, sillimanite
and rutile so common in the Highland Series are rare,
while charnockites prominent in the Highland Series
and the South-Western group are generally absent. The
rocks are intimately mixed and folded together and
the structure differs greatly from that of the Highland
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Series. Whereas the Highland Series is characterised
by a prominent north-east trend, the strike trends
in the Vijayan are characteristically irregular, though
at times oriented east-west. Not only are there east-west

trends, but ofyen complc?te closure of the strike
with outward dips suggesting the existence of dome

structures.

The Scuth-Westerrz C

Although a precise division of the Highland
Series is not possible at present, the South-western
group extending from a little north of Colombo to
Matara in the south consists of a group of greisses,
granulites and schists which are of sedimentary origin
as in the Highland Series. But the group shows signi-
ficant differences from the Highland Series of rocks.
Scapolite-wollastonite-diopside gneisses and granulites
and garnet-biotite-cordierite gneisses are found as
narrow bands and ribs in this area. Quartzites though
occasionally present as narrow bands are not prominent,
while charnockites in the region are coarse grained,
exhibit a granitic texture and show intrusive relation-
ships. There are also structural and mineralogical
differences and all these differences warrant their
separation as a separate group.

Intrusive ~ 2ce

Coomaraswamy (1904) gave the name “Balangoda
Group” to zircon-bearing granites and pegmatites
found in the Balangoda district. Similar zircon-bearing
rocks have since been found at Loluwa, near
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Mirigama. The Tonigala granite so called from the
type area, Tonigala, about 20 kilometres south-east
of Puttalam on the Puttalam-Kurunegala road, is a
hornblende granite with pink orthoclase felspar and
microcline felspar. It shows intrusive relationships
to charnockites and other rock types and is widely
distributed in the Precambrian of the north-west of
the Island. Only isolated outcrops are found else-
where. Other granites include a hornblende-bearing
granite at Arangala on the coast in the Alutgama area
and the pink Ambagaspitiya granite which is well
developed in the Yakkala area and its neighbourhood
in the Gampaha district. In addition to these granites,
there are a number of dolerite dykes in the eastern
half of the Island. The largest and best known of
these dykes is the Kallodai dyke which can be traced
for about 100 kilometres running in a north-west -
south-east direction. Dolerite dykes have also been
Jocated at China Bay, near Trincomalee, and in the
Elahera area. On the western side of the Island, a
dolerite dyke has been recorded at Jorsigoda, near
Alutgama.

Pegmatites are widely distributed in the Precam-
brian; they are mostly quartz-felspar pegmatites carry-
ing dark mica. The quartz-felspar pegmatite at Rat-
tota, which is quarried as a source of felspar for the
ceramic industry, is known to carry small amounts
of fluorspar which is a calcium fluoride (CaF,).
Allanite-bearing pegmatites are common and have
been recorded from several localities, one of the best
known being the allanite-bearing pegmatite at Owella
estate, Matale North district.
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The stratigraphic relationship between the three
broad divisions of the Precambrian is a matter which
has attracted the attention of most geologists but on
which there is no unanimity. However, recent work
by the Geological Survey has thrown some light on
the contrcversial problem. The Seruwila copper-
magnetite deposit is found at the margins of the Vijayan
and the Highland Series. Further, several bodies of
serpentinite have also been identified in close proximity
to this boundary. The presence of serpentinites is
some evidence of a tectonic feature, usually a thrust
contact. Recently a gravity survey of the Island has
indicated a significant gravity low of approximately
25 milligals, which more or less coincides with the
the eastern boundary of the Highland Series and the
Vijayan (Hatherton, Pattiaratchi and Ranasinghe -
1975). The geological interpretation of the gravity
low tends to support the view that the contact between
the Highland and the Vijayan is a thrust zone and
that the anomalies are consistent with the overthrusting
of the Highland Series over the Vijayan.

JURASSIC ( TABBOWA SERIES)

The Jurassic or Tabbowa Series are shallow water,
non-marine sediments first described by Wayland in
1925 and named after the locality where the outcrops.
were first discovered. The beds occupy a small basin
a few square kilometres in extent to the north and
north-west of Tabbowa tank, a few kilometres east
of Puttalam, and consist of loosely consolidated grits
and argillaceous sandstones overlain by shale beds:
with inconstant bands of nodular limestones. These
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in turn are capped by massive grits and sandstones
sufficiently resistant to form minor surface features
which areclearly evident on the Puttalam-Anurachapura
road. The shales and mudstones are full of plant
impressions and spores and these have helped to estab-
lish the age of the Tabbowa beds as Upper Jurassic or
Upper Gondwana, (Sitholey, 1944). Subsequently,
similar rocks were discovered by the Geological Survey
at Andigama, where onthe basis of recent work, the
Jurassic rocks in this locality are found to occupy an
area of around 38 square kilometres (15 square miles).
Still more recently, vet another basin of Jurassic rocks
was discovered at Pallama, a few kilometres north-
east of Chilaw. The geological formations encoun-
tered in both these localities include a rapidly alternating
succession of sandstones, arkoses and dense carbo-
naceous shales.

The formations at both locations, Andigama and
Pallama, were drilled by the Geological Survey to
depths of around 460 metres (1 500 feet). The drill
holes confirmed that the formations persist with mono-
tonous regularity indicating cyclic conditions of
sedimentation. The preservation of these sediments
is due to down faulting of the rocks into the Pre-
cambrian. Core samples of the carbonaceous shales
were examined in the laboratories of the Geological
Survey of India and have yielded spores, pollen and
cuticles and other plant remains. The microflora
suggest an age from Middle to Upper Jurassic (Upper
Gondwana). Similar rocks have been found in India
but no workable coal seams have been recorded from
these horizons.
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MIOCENE (JAFFNA  LIMESTONES)

The Miocene is best developed in the Jafina penin-
sula where limestone outcrops are prominent and have
been termed the Jaffna limestones. They vary from a
cellular material in places to a massive highly fossili-
ferous, hard, compact rock with a resemblance to chert.
The limestones are capped by thin layers of residual
red socil of the “terra rosa” type. The beds are more
or less horizontal and show little or no signs of distur-
bance. The thickness of the limestone beds is not
known but is probably of the order of several hundred
metres. A bore hole drilled by the Irrigation depart-
ment in the vicinity of Pallai in the peninsulais reported
to have met “basement rock™ at a depth of 212 metres
(700 feet), but as the hole was non-coring it has not
been possible to establish this with certainty. At the
margins of the peninsula, the limestones are overlain
by coral of Recent age.

The Miocene limestones of the peninsula extend
southwards along the north-west coastal belt to Putta-
lam on the west coast. Near its southern end, the
limestones are well exposed and form minor topogra-
phic features such as Kudremalai, 68 metres (225 feet)
and Aruakalu hill, 79 metres (260 feet), immediately
north of Puttalam. While they resemble the Jaffna
limestones, the lithology varies from pure limestones
to siliceous limestones and  calcareous sandstones.
Outcrops of Miocene are also well exposed in the
Parappukkadantan and Adampan area on the mainland,
near Mannar Island. Several holes were drilled in
this locality for cement raw material and two of the
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holes encountered siltstones, arkoses and mudstones,
strongly reminiscent of the Upper Gondwana rocks
of the Tabbowa area, below the Miocene. Besides the
limestones on the west coast, a small outlier of rocks
of Mioc ae age occurs at Minihagalkanda on the south-
east coast of the Island.

PLEISTOCENE AND RECENT

Resting on the Miocene formations and at times
directly on the crystalline rocks at several localities
in the Island are a variety of consolidated and uncon-
solidated material consisting largely of laterites,
gravels, sands and clays. These deposits belong to
the Quaternary system. Gravels of Pleistocene age
were first discovered by Wayland (1919) when he re-
coguised certain deposits lying on the surface of the
Miocene as “plateau” deposits. The Pleistocene con-
sists of two formations - an upper “Red Earth” and a
lower gravel deposit. The two formations are fairly
well defined though locally they appear to merge into
one another both lateraily and vertically. The Red
Earth varies considerably in thickness in the Puttalam
region, where the maximum observed thickness is
around 36 meters (120 feet). The sands comprising
the Red Earth are brick-red in colour and consist
predominantly of heavily stained grains of quartz
and some fine ferruginous clay. The sands also
contain small amounts of heavy minerals such as
ilmenite, zircon, monazite and other mineral species.
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The gravels are mottled and show various shades
of red and brown in a grey clayey matrix. The gravel
which consists mainly of quartz of varying sizes,
at times a few inches across, is cemented by oxides of
iron and clay material. The gravels are not always
present and their distribution is patchy. Where the
gravels are absent, the Red Earth lies directly or he
Miocene or the crystalline rocks. Laterite is a mcttied
deep red, yellow, or reddish brown ferruginous earth
showing vesicular structure. It is extensively developed
in the Colombo district and along the south-west coast
extending down to Matara ard Tangalle. Inland, it
thins out and as the elevation increases passes into
lateritic soils. Other deposits of Quarternary age
include residual and alluvial deposits, coral ang shell
formations, lagoonal and estuarine deposits, peat
deposits, gem-bearing gravels and beach sands.
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Che er 7

MINERAL EXPLORATION

Mineral exploration may be briefiy defined as the
effort to find new economic mineral depostis.or ore-
bodies with the minimum cost and in a minimum
amount of time. Though occasionally  mineral
discoveries are made by amateurs as'a result of fortu-
itous circumstances, itis true to say that by and large
the great majority of mineral deposits are the result
of systematic exploration based on sound geological
reasoning. With the exception of unexplored regions
in remote parts of the globe and with the extension of
geological work in the period since World War II,
the changes of finding out-cropping mineral deposits of
importance grow less and less. At the same time there
was a growing realisation that the classical methods
of the old-time prospector, though still practised with
some success, were slow and time-consuming and had
to give place to more advanced techniques and methods.
The need was not merely for the development of tech-
niques which were quick but above all for methods of
exploration, which provided the geologist with supple-
mentary tools, which enabled the extension of geolo-
gical knowledge to depths which were not directly
visible to him.
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The development of these techniques and their
subsequent refinement has been made possible by the
close and active collaboration of geologists, physicists,
chemists and engine:rs and provides one of the finest
examples of the beneficial results which arise by close
collaboration bzatween different scientific disciplines.
These techniques could not have been developed without
such collaboration and this gave birth tc geophysics
and geochemistry.

Geophiysical Prospecting

Geophysical methods are by far the most important
of the techniques used in mineral exploration and have
been developed to a high degree of perfection. Briefly,
the technique depends on the fact that an ore-body
differs from the surrounding rocks not only geologically
but in its physical properties as well. An essential
condition for the use of geophysical methods is that
the ore-body should have suitable physical character-
istics which can be measured and which distinguish it
from the surrounding environment. What geophysi-
cal prospecting does is to detect and measure differences
in physical properties - whether they be differences in
magnetism, electrical conductivity, gravity, or even
radio-activity. It should be noted that it is not absolute
values that are detected and measured, but rather the
differences or contrasts in physical values and it is this
contrast which is of importance. Geophysical methods
tell us little or nothing about the composition of the
ore-body, and further the ores of many metals, since
they lack suitable physical characteristics, cannot be
located by geophysical methods. Examples of these
are the ores of gold, silver, tin, zinc, lead, mercury,
vanadium and others. '
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Ground magnetic surveys are carried out by the
use of sensitive instruments known as ‘“magnetometers”
which measure the natural magnetism ; there ares several
types of magnetometers, and they provide detailed
information about the location of sub-surface magnetic
materials, such as magnetite, the magnetic oxide of
iron; pyrrhotite, a magnetic iron sulphide often found
with copper and nickel, and other weakly magnetic
minerals. An extension of the method is the use of
air-borne magnetometers. The first air-borne magne-
tometers were developed during World War If as a
means of detecting submarines. Air-borne magnetlc
surveys, where a recording magnstomster is carried in
a plane flying at low altltude is an efficient way of
investigating large geologlcally little known areas at
relatively low cost. They are therefore an important
reconnaissance tool. Such surveys are also useful in
the preparation of sub-surface geological maps as they
provide information on the probable types of rocks
underlying the area. For instance, igneous and meta-
morphic rocks are generally more magnetic than
sedimentary rocks, while limestones and sandstones
“are almost completely non-magnetic. Dark coloured
basic rocks are generally most magnetic. Magnetic
data can also help to locate buried geological structures
‘and hence of much use in oil exploration.

Gravity exploration is the simplest of the natural
field measurements used in mineral prospecting.
Heavy, dense bodies in the earth’s crust show slight
but detectable distortions in the earth’s gravitational
field. These distortions known as anomalies are
measured by gravity meters which are essentially

34



highly sensitive spring balances. Shallow dense bodies
show up much better but smaller bodies are more
difficult to detect. Deposits of heavy minerals such
as chromite and hematite have been discovered by this
method. Gravity surveys are widely used to locate
potential oil-bearing structures such as domes or
anticlines, but gravity meters are very expensive and
such surveys are costly.

Of all the physical properties of minerals, their
electrical characteristics vary the most widely from
highly conducting materials such as copper minerals
or native silver to strongly insulating materials such as
ceramic minerals. In electrical methods of pros-
pecting, differences in the electrical conductivity of
rocks and their associated mineral deposits are measured
but the method has limited use. In the “self potential”
method, use is made of the fact that an ore-body
itself produces minor currents which can he detected
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is not generally used in detecting metallic ores but 15
extensively used in exploration for oil and in engineering
sub-surface investigations. There is also the resis-
tivity method where the resistivity of the geological
formations is measured. This is usually done by using
four probes or electrodes, two of which put current
into the ground while the other two are used to measure
the resulting voltage. Most resistivity surveys,
however, are carried out in the search for ground
water or highly resistant bed-rock, rather than in the
search for mineral deposits.

Probably in no phase of mineral exploration is
there a wider range of technical equipment and methods
than in the search for radio-active minerals. Radiome-
tric methods of exploration depend on the fact the ores
of thorium and uranium are radio-active and in the
process of natural disintegration emit certain particles -
alpha and beta particles - and gamma rays. While
the particles are stopped by barriers such as metal
barriers or other dense material, the gamma rays on
the other hand are extremely penetrating and can be
detected by the secondary effects of ionisation caused
by the radiation. In all exploration for radio-active
minerals, the principal tool is the field ratemeter, either
a Geiger Muller counter or a scintillation ratemeter.
Both instruments measure gamma radiation but in
somewhat different ways. In the Geiger Muller
counter the ionising radiations produce secondary
electrons, whereas in the scintillation ratemeter the
radiations produce scintillations in a phosphor which
are amplified with the aid of a photo-multiplier. The
latter is thus far more sensitive than the Geiger Muller
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counter. The instruments are small and light-weight,
and generally designed to be portable. Air-borne
systems are also available though these have to be used
in low flying aircraft, preferably around 100 m (300 feet).

It is thus evident that there are many technigues
available in the realm of geophysical exploration, and
these are commonly utilised where soils, overburden
or a mantle of other earth covering material conceal
the presence of sub-surface deposits. The techniques
include the measurement of magnetic, gravimetric,
electric, electro-magnetic, resistivity and radiometric
properties. As we have seen, they rely on contrasts
in physical properties to assist inthe exploration
procedures. The methods do not rely on colour,
crystalline form, or even chemical composition but on
physical properties. The choice of the particular method
depends on the physical and other properties of the
mineral for which the exploration is to be undertaken.
For instance, if the exploration is for iron ore,
variations in the magnetic field are measured using a
magnetometer. Likewise for the investigation of
radio-active minerals, either a scintillation counter
or a Geiger Muller counter is used. The actual
interpretation of the geophysical results depends on the
known geoclogy and thisisimportant for valid interpreta-
tion, and a combination of geological knowledge along
with the geophysical results is much more useful in
understanding the sub-surface conditions. For geologi-
cally unknown areas, regional geological surveys, chiefly
using a magnetometer over a large area, are a most
useful preliminary in an attempt at mmeral resource
evaluation.
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Geochemical Exploration

The technique of geochemical exploration is based
on the study of significant traces of metals disnersed
in soils (overburden) around an ore-body; or in the
waters draining from a mineralised zone; or even in the
vegetation growing on soils enriched in a particular
element. The weathering of an ore-body will introduce
distinctive elements into the soils capping such
ore-bodies, or into the streams draining from such areas,
and analyses of these soils or waters will show
anomalous concentrations of the principal metal or
metals comprising the mineralised zone. Geochemical
prospecting concerns itself, therefore, with the exami-
nation of soils and the scil cover, stream waters and
stream sediments, circulating ground water as in springs
and coven plant material. The geochemist must
consider the known geology of the area and the nature
of the deposit he is secking; the climatic characteristics
of the area; the nature of the surrounding rocks and
the manner of their weathering; and possible inter-
ference by human agencies. Many of us are familiar
with the methods of the old-time prospector in his
search for alluvial gold where the tiny particles of gold
are washed down stream from the parent rock. The
prospectors attempt to locate the source by tracing the
particles of gold upstream. Geochemical prospecting
uses much the same philosophy but extends it to a
wider range of materials.

For reliable geochemical surveys, a very large
number of samples are required, whether soils or water,
and the reliability of the method increases with the
density of the sampling. As the concentrations are
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asually very small, usnally of the order of 100 parts
or less of the particular element in a million, reliable
analytical techniques, which at the same time are
‘quick and simple, are required in view of the large
number of samples involved. Some of the methods
are simple- enoughto wuse in the {ield, while instru-
mental techniques are used in the lzboratory to which
the field samples are despatched. Geochemical
surveys have, however, only limited value without some
background geological knowledge. The best results
are achieved where geological information is available
but geochemical methods are also used widely for
reconnaissance purposes.

Geophysical Surveys in Sri Lanka

An air-borne geophysical survey covering an area
of approximately 23 300 square  kilometres (9 000
square miles) was carried out by the Hunting Survey
Corporation of Canada (formerly the Photographic
Survey Corporation of Canada) in 1958/1959 under
the Colombo Plan Technical Co-operation Scheme. The
area covered by the survey comprised mainly the
south-west sector of the Island and two geophysical
quantities were measured simultaneously - the earth’s
total magnetic field and radiation due to radic-activity.
The general flying height was 166 metres (500 feet)
above the terrain and the flight direction north-south.
The original line spacing was set at a quarter of a mile
and subsequently changed to half mile spacing in order
to obtain greater coverage; the change in the spacing
took place along a line just east of Galle. Two long
profiles of a reconnaissance nature were also flown -
the first in an east-west direction from Puttalam in
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the West to Vandeloos Bay on the east coast and the
second in a north-north east direction from Kankesan-
turai in the Jaffna peninsula to the neighbourhood of
Vavuniya in the mainland. Each profile consisted of
four lines with one mile spacing. The latter profile was
designed to provide, if possible, information of the
relationship of the Miocene sediments of the peninsula
to the crystalline rocks of the mainland. The main
objective of the air-borne survey was (o delineate
areas for detailed work on the ground.

As regards the measurement of the magnetic
field, the summarising report on the air-borne survey
listed all anomalies with a value over 400 gammas,
and there were forty such anomalies. Although no
large deposits of magnetic ore were indicated, the
aero-magnetic maps provide a great deal of information
of value to the geologist undertaking field work in the
area covered by the survey. The only significant
anomaly of potential importance was the one centred
around Panirendawa in the Chilaw one inch
topographical sheet, and this will be described in
dealing with iron ores. Subsequently, ground magneto-
meter surveys were carried out in several areas covered
by the air-borne survey. Whena comparison is made of
the magnetic contours from the air and ground surveys,
jmportant differences are evident in the shape and form
of the contours. A striking feature is the irregular
and jagged appearance of the ground survey contours
in contrast to the smoothness of the contours from the
aero-magnetic survey. There are many reasons for
this. In the first place, the ground survey is much
nearer the magnetic source and will record small
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anomalies with separate magneiic crests, whereas at
greater heights from the air these tend to merge and
disappear. The aero survey is also a confinuous
record, whereas the ground survey is made up of a
large number of independent observations at stations
separated from each other. Further, grounc
observations are influenced to a much greater extent
by extraneous features such as fences, rail tracks, pipes
and other metallic objects.

Core Drilling

The discovery of a mineral ozcurrence or prospect
asing available geological, geophysical and geochemical
methods and techniques is only the initial step in a
long sequence of events before the ozcurrence can be
developed into a viable mine. To become an ore-body
of importance which can be exploited economically,
the prospect has to pass one critical test. Can the
prospect be mined economically in the prevailing
conditions and in the next decade or two? To provide
an answer to this important question, the authority
responsible for exploration, whether it be a Govern-
ment agency or a mining company, has to spend large
sums of money to prepare a detailed geological map
of the area surrounding the prospect; to drill the
orebody, to delineate its exact boundaries and to arrive at
reliable estimates of tonnages; to collect saraples for
laboratory examination; to establish quality and grade
and variations ir grade, if any. The agency may
even have to carry out pilot plant tests on the treatment
and refining of the ore to ensure efficient recovery.
Added to all this is the importart need to investigate
and establish markets for the mineral products.
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Where the ground is relatively soft and the minerais’
occur at or near the surface, say within three ¢ five
metres, the simpler methods of pitting and trenching
are adequate, but where the deposits occur at deptn
and in hard rock, drilling is required and this is done
using a diamond drill. The essential features of a
diamond drill include an engine which provides the
power; the chuck in which the drili rods are firmly
gripped while being rotated; either a screw or hydraulic
feed which imparts the rotational speed to ibe idne of
drill rods: and the cat-head for lowering ana ..oisting
the drill rods and the casing. The drill is usually
mounted on skids which enables it to be moved under
its own power over rough terrain. Though not a part
of the drill proper, the most important piece of acces-
sory equipment is the core barrel and the diamond
bit at the end of the barrel. The core drill is, therefore,
a power driven machine which uses an annular bit
studded with diamonds to produce a solid core of the
geological formations penetrated. The core bariel is a
double walled tube with the diamond bit at one end.
The rotary movement and the pressure imparted to the
drill rods enables the bit to abrade a ring in the rock
formations leaving a cylinder of rock which projects
into the barrel.

The core is removed by hoisting the barrel and
removing the bit at the end of each run. The core
varies from 18 mm (three-fourths of an inch) to 150 mm
(six inches) depending on the size of the drill bit.
Cautting is by abrasion and 1ii course of time the dia-
monds lose their cuiting edges. When this happens,
a new bit has to be used while the old bit is sent for
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reprocessing. There are other types of drilling such as
percussion drilling which involves repeated blows to
make a hole using a sharp solid bit. This system
provides only dust and small fragments and has only
limited use.

The cores from each drill hole are carefully examined
and logged. Core drilling not oniy confirms the
presence of the mineralised area but delineates its appro-
ximate boundaries, and provided there is an adecuate
density of drill holes strategically placed, it is possible
to arrive at a three dimensionai picture of the deposit
and realistic estimate of the tonnages available. The
cores are also examined mineralogically and chemically
assayed to establish quality and grade of the ore and its
physical characteristics. Samples for such studies
must be prepared with care and uniform procedures
adopted in order to ensure accuracy. Once a three-
dimensional picture is constructed, the final step is a
feasibility report as a prelude to investment and the
development of a mine. Essential features of such a
report should include ancillary matters such as accessi-
bility, transportation, availability of power and water,
housing, and even the availability of labour.
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Chapter IX
HEAVY MINERAL SANDS

When we talk of heavy mineral sands we think of
our beaches and shore lines and other related features
such as dune formations. In their physical composi-
tion, most beaches are made up of several minerals of
varying sizes and shapes which have resulted from the
break down of rocks, mixed with shell fragments of
marine animais.

By far the commonest of these minerals is the ubi-
quitous quartz but there are others which are not so
common and of much higher specific gravity such as
limenite, rutile, zircon, monazite, magnetite, garnet,
cassiterite (oxide of tin), sillimanite and many others.
These are the so-called heavy minerals, all with specific
gravity in excess of 2.8, and they represent like the gems,
the hardest and most resistant minerals to abrasion
and chemical change.

All of these minerals are found in very minor
amounis - the accessory minerais - in the granites and
gneisses and the rocks of the Highland Series. They
are set free by the mechanical disintegration and
chemical decay of the parent rocks. Because of their
chemical resistance they remain unchanged and because
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of their higher specific gravity they are concentrated
by the natural sorting action of the waves, and are
concentrated in bands or lenses more or less parallel
to the long direction of the beach. These deposits are
easily recognisable because of their colour, commonly
black due to the predominance of ilmenite; and at times
pink due to the predominance of garnet. Modern and
ancient beaches are one of the most important sources
of minerals such as ilmenite, rutile, zircon, monazite
and others, and the beaches of Sri Lanka are rich in
sands containing these minerals.

ILMENITE AND RUTILE

Titanium is widely distributed and it is estimated
that itis the ninth most common element in the earth’s
crust, and the fourth most abundant structural metal
being exceeded only by iron, aluminium and magne-
stum. Though widespread, only two ores of titanium
are of commercial importance - they are ilmenite and
rutile - the former being the double oxide of iron and
titanium (FeO.Ti0,) and the latter the pure oxide (TiO,).
{imenite is black in colour while rutile is reddish brown.
Ilmenite is the major raw material for the production
of titanium pigments and prior to World War 11, India
was the world’s biggest producer of the mineral and
supplied British and American consumers with all their
requirements.

Commercial deposits of ilmenite fall into three
categories ——
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() massive ‘hard-rock’ deposits where the ilme-
nite is commonly associated with magnetite
or hematite. The ore has to be crushed
and then concentrated. Good examples
of such deposits are the Sanford Lake
deposits in the Adirondack mountains in
New York State; the Aliard Lake deposits
in the Province of Quebec in Canada; and
the Telines deposits in south-western Norway.
Similar deposits are also found in Finland
and the Soviet Union;

{6) beach sand deposits, often referred to as
‘black sands’, in which ilmenite is associated
with other heavy mirerals such as rutile,
zitcon,  menazite, garnet,  sillimanite,
staurolite and other minerais. Such deposits
are found in Australia, Brazii, India,
South Africa, Sri fanka, Sierra Leone and
in the United States; and

(¢} deposits asscciated with alluvial tin as in
Maiaysia and Nigeria; these are only of
minor importance.

The main use of ilmemts is in the production of
titanium pigments and over 90 per cent. of the world
production is used in the menufacture of pigment.
The process involves the digestion of the finely ground
ibmenite with concentrated sulphuric acid, followed by
hydrolysis, the hydrolysed product filtered, washed,
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and calcined to produce the oxide titania (Ti0,). The
process involves the use of large amounts of acid and
results in vast quantities of effluents the dispesal of
which causss severe problems. The main use of rutile
is as a coating in the weiding rod industi '

Around 1960, du Pont successfuily deveioped the
‘chloride vrocess’ for the manufacture of fitanium:
pigments. This process uses rutile as the starting raw
material and chlorine. The titanium tetrachloride
produced is purified and made to react with oxygen
to produce titanium dioxide. The new process has
caught on particularly in the United States where
chloride based plants have replaced many of the older
sulphate plants. Tt was claimed that the pigment pro-
ducad by the chloride process was superior to that pro-
duced by the older sulphate route, but the great advan-
tage of the new process was that there wasno undesir-
able effluent, while the chlorine was re-circulated.

Besides the production of titanium pigment by
the chloride process, rutile is alsc the starting material
for the production of titanium metal. Commercial
production of titanium metai is based on the Kroll
process or modifications of it. The titanium tetrach-
loride produced by the chiorination of rutile is reduced
to the metallic state using magnesium in an inert
atmosphere of helium or argon. The reduction is
effected in a sealed vessel containing the inert gas and
purified magnesiam metal. The temperature of the
vessel is raised to arcund 830°C and the purified tetrach-
ioride is fed continuously into the vessel. When the
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reaction is complete, the product is a mixture of
titanium sponge, unused magnesium and magnesiym
chloride which has not been drained off during the
reaction. The sponge is purified by leaching or vacuum
distillation or by a combination of both. The purified
sponge is next converted into ingots in electric are
furnaces.

While ilmenite occurs as rock and sand deposits
and both types are extensively mined, all the rutile is
recovered exclusively from sand deposits. While the
world reserves of ilmenite, whether as sand or rock
deposits, are considerable, the reserves of rutile are
timited, and despite mining developments in the world,
Australia still retains its pre-eminent position as the
principal source of rutile accounting for over 90 per
cent. of world production. With the advent of the
chloride process for pigment menufacture and the
mcreasing use of titanium metal, there has been a
strong upsurge in the demeand for rutile and strong
pressures on Australian producers, who have been
compelied to work lower and lower grade deposits to
meet the demand. With the threat of depleting
reserves in Australia, much money and research has
been devoted to finding a suitable substitute material
for the natural rutile. Since ilmenite is also an ore of
titanium and is readily available, it was the obvious
stai_‘ltmg point to produce a material to replace natural
rutile.

To produce a substitute for natural rutile starting
from ilmenite meant the elimination of iron from the
dmenite and there are two main lines of development
by which this could be achieved -
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(@) chemical processes; and
(b) metallurgical processes.

The iron in the iimenite exists both in the ferrous
and ferric states and in all of the chemical processes the
first step involves the reduction of the ferric iron to the
ferrous state and the subsequent leaching of the reduced
ilmenite by acids under regulated conditions, resuiting
in the production of a new material simulatingthe
rutile - ‘synthetic rutile’ and assaying over 92 per cent.
Ti0,. Szveral procssses have been developed for the
production of synthstic rutile but basically they all
conform to this pattern though details vary, such as
the type of acid used and the method for the reduction
Process.

The metallurgical process produces a high titania
slag by smeiting. Apart from the Soviet Union,
until recently the entire supply of titania slag for the
pigment indusiry came from the Quebec Iron and Tita-
nium Corporation of Canada utilising the hard rock
ilmenite deposits assaying around 42 per cent. Ti0,.
The slag commonly referred to as ‘Sorel slag’ and
assaying approximately 72 per cent.  Ti5, found wide
acceptance insulphate process plants, asths use of slag
had the advantage of reducing the requirements of
safphuric acid and 1 turn the problems of the undesir-
able effluents. Using ilmeznite from sand deposits
assaying 52 - 54 per cent Ti0,, or higher as a result of
pariial alteration, it 1s possible to produce a slag by
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smelting which assays over 90 per cent. TiO,, suitable
for chlorination for the production of titanium
pigments or the metal. Analyses of some ilimenites
from different sources are furnished in Table IX.

Tarle IX

ANALYSES OF ILMENITES

Pulmoddai . Indian 2 Australian
TiO, 53.21 50.60 54.20 54.02 - 55.20
FeO 20.5¢ 9.25 26.60 21.00 - 24.50
Fe,O4 22.07 24.18 14.20 16.00 - 19.00
AlLO4 0.32 095 1.25 0.80 - 1.0%
MnO 0.9 0.39 0.40 1.36- 1.50
MgO 0.72 0.89 1.03
Ca0 0.10
Cr,04 0.10 0.12 0.07 063- 0.03
V,0s 0.20 .15 0.16 0.10 - 0.15
ZrO, 0.5¢ 0.20
P,0s 021 0.12 6.02- 0.5
Si0, 0.8% 0.40 0.68 0.20  0.80

A — Quilon { “Q” Grade).
B — Manavalakurichcht ( ‘MK’ Grade).
Austrzlia - West  coast deposits.

Analyses of rutile from Pulmoddai and Western
Australia are furnished in Teble X. The manufacture
of titanium dioxide pigmenis by the sulphate route
requires costly plant, large quantitiss of sulphuric
acid, abundant supplies of water, large blocks of
powsr and special location. The last is of great
imporiance because of the need to dispose of waste
effluent products and as the operation results in con-
siderable air pollution. With the chloride process the
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cost is even higher and the process itself highly sophis-
ticated though the effluent problem is eliminated. The
phenomenal growth of the titanium pigment industry
can be attributed to the high opacity of the titanium
pigments, their high covering power and chemical
inertness. About 80 per cent of the titanum pigments
is used in the paint, enamel and lacquer industries
and the balance in paper, rubber, floor coverings and
other miscellaneous industries.

TabLE X.
ANALYSES OF RUTILE
A B

TiO, 97.20% 96.30%
Fe,04 1.29 ¢.37
FeO 0.23
MnQ ina. €.003
MgO n.4. 0.015
Ca0 n.a. 0.02
ALO; 0.11 0.26
Cr,0;4 C.14 0.20
V,0s 0.03 0.44
P,05 trace G.07
Mb,04 na. 0.15
70, 0.52 0.70
810, 0.65 0.61
na. — =a¢i analysed.
A —  Rutile from Pulmoddal

Analyst: Fonseka, Geological Survey.
B —  Rutils from Western Titarium N.L.

Western Auctralia {typical analysss).

Titanium metal because of its lightness and great
strength is widely used in the aircraft industry, the
chemical industry and in other non-defence uses. Tradi-
tionally, the aircraft industry has been the biggest
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consumer, but the acro-space programme of the major.
powers now consumes an important part of the metal
production. Because of its high corrosion resistance,
it is widzly used in desalination plants and i other
applications where resistance to chloride aitack is
necassary. Any major expansicn of titanium produc-
tion - whether pigment or metal - must be based on
ilmenite or its derivatives such as synthetic rutile or
high titania slag. For some considerable time, titanium
metal will be used mainly for military purposes and in
space programimes.

ZIRCON AND BADDELEYITE

Until recently the mztal zirconium was considered
to be a rare element; actually it is more plentiful than
nickel, lead and zinc. The principal ore of the metal
is zircon which is a silicate of zirconium (ZrSiO,),
theoretically containing 67.2 per cent. ZrQ, It is
colourless, but more commonly pale yellow to brownish
yellow, or even reddish brown. Zircon is widely
distributed as an accessory mineral in granites as for
example in the Balangoda granites and the granite at
Loluwa, in charnockites and other rocks belonging
to the Highland Series, but commercial concentrations
are restricted almost entirely to beach sands, where
the mineral is commonly associated with ilmenite,
rutile, monazite and other minerals.

Zircon is obtained largely as a co-product of rutile
mining and to some extent as a co-product of ilmenite.
Australia is the world’s largest producer of zircon
accounting for over 75 per cent. of the world’s output,
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all of it from deposits of heavy mineral sands. Other
important producers are the United States, Brazil,
South Africa, India and more recently Sri Lanka.
Sri Lanka is a potential major producer and with judici-
ous development should within a few years outstrip
Brazilian and Indian production.

The bulk of the zircon production is used for
foundry purposes and as a refraciory.  Zircor s cherni-
cally inert, a good conductor of heat, and has a high
meliing point and is, therefore, an outstanding refrac-
tory. As a foundry sand, zircon is superior to silica
sands. Other uses of zircon inciude the use of the
mineral in the ceramics industry as an opacifier; in
the production of zirconium chemicals used in leather
tanning, water proofing and other uses, and zirconium
metal for alloys in nuclear power reactors. Foundries
continue to be the greatest consumer, with refractory
and ceramic manufacture also requiring significant
guantities.

Baddeleyite is the pure oxide of the metal zircontum
(Zr0,). The mineral is named after a Mr. Baddeley,
an English planter in the Rakwana disirict in the
closing years of the last century. He was a collector
of mineral spscimens which he sent to the Imperial
Instituts, London, for identification. In one of the
parcels of stones from the gem: gravels of the Rakwana
area were specimens suspected to be zircon but which
on investigation and chemical analysis turned out to be
the pure oxide of zirconium. Tt was a new mineral
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which had not bzen previously recorded. The mineral
was rare and caly known to occur in the gem gravels
of the Ratnapura district. Many years later in the
sixties, the author detected traces of baddeieyite In
the heavy mineral sands formed seasonally at Beruwela.
A flow-sheet for the recovery of the mineral was deve-
loped by the author and a few tons of the mineral of a
high degree of purity were produced in the sixties as a
by-product of monazite production at the Mineral
Processing Plant of the Geological Survey. The
product assayed over 97 per cent ZrO,, the chief
impurity being traces of cassiterite (tin oxide). Like
zircon, the baddeleyiie istion-magnetic but hasa higher
specific gravity varying from 5.6 to 6.0 (Zircon - specific
gravity 4.2 - 4.7).  The mineral is fine grained, dark in
colour with a resinous lustre. The entire production
was exported. The only other countries producing
baddeleyite are Brazil, and South Africa from the
Palabora deposits. The Sri Lankan product is of a
higher purity than the paddeleyite from both countries.
Analyses of baddeleyite are furnished in Table XI.

Tasre XI
3 fx_leLYSES OF BADDELEYITE B

A B
ZrO, 98.90% ZrOs 98.86%
Fe,O5 7 0.82 Fe, 03 0.21
FeO
CaQ 0.06 TiO, . 0.41
510, 0.19 Insoiubles G.31

B (Zircon)
1Loss on Ignition 0.28
A — Poikotuwa, Beruwela. .
Analyst: Fonseka, Geological Survey, 1964.

B -- Balangoada,

Analyst: Blake, Imperial Institute, London, 13C7.
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SILLIMANITE

Sillimanite is the silicate of aluminium {ALO,.5iC,).
Sillimanite, kyanite and andaiusite have the identical
chemical composition but differ in crystal structure and
their physical  and mineralogical properties. Un
heating to high temperatures in a furrace, they are
converted wholly or partly to mullite (3A1,0,.2510,)
and silica. The mineral mullite rarely occurs ir. nature.
Sillimanite is a frequent constituent of metamorpkic
rockssuch as gneisses and schists. The mineral occurs
in a variety of rock types in Sri Lanka and appreciable
amounts are present in the garnet-sillimanite-graphite
schists and in sillimanite gneisses which are well ceve-
lopad in the Central Highlands. Sillimanite is aiso a
minor constituent of many of the heavy mineral sands
of the Island. Though there is no production of the
mineral in the plant belonging tc the Ceylon Minerat
Sands Corporation, the Pulmoddai deposit contains
about one half to one per cent sillimanite and is a poten-
tial source of the mineral. Its main use is as a refrac-
tory. India possesses the world’s largest known
deposits of sillimanite in the KXhasi hills of Assam.

GARNET

Apart from its use as a semi-precious stone, garnet
is also used as an abrasive because of its hardness
(hardness 8 on Moh’s scale} and its sharp fracture.
Although most types of garnets are used as gem stones
when they are clear and {ransparent, aimandine {the
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iron garnet) is the one most commonly used as an abra-
sive. Garnet is a common constituent of most meta-
morphic rocks - schists and gneisses. In Sri Lanka,
garnet is 2 comumon mineral in most gneisses and  gra-
nulites which may contain up to 10 per cent. garnet, but
these primary occurrences in the rocks are of no
commercial importance. However, the mineral is
invariably presant in the heavy mineral sands
of the south-west and southern coastal areas, and In
some of these the garnet may so increase in content
that it imparts a pink or red colour to the sands.
Examples of such pink beaches are found around
Tangalle, Hambantota and Kirinda, in which the
garnet varies from arcund 10 o 25 per ceol

Around Hambaatotz, the garnet sands are mainly
concentrated in sand dunes in which the garnet is
around 20 per cent. though there is much variation.
They are potential sources of the mineral but because
of the low value of garnet they can be exploited only
where garnet is a by-product of the refining of other
heavy minerals. Small quantities of garnet have been
produced in the Mineral Processing Plant belonging
to the Geological Survey at Kalutara as a by-product
of the processing of heavy mineral sands from the west
coast for the recovery of monazite and zircon. The
garnet has been sold locally for abrasive use.

MONAZITE

The flint that yields the spark m the familiar
pocket lighter is an alloy of cerium, and the chief source
of cerium is the mineral monazite which is essentially a
phosphate of cerium and other rare earths such as
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lanthanum and others with varying amounts of thoria
(ThO,). The mineral is thus feebly radioactive. In
the early years of this century the bulk of the world’s
supply of the mineral camz from the famous beaches
of Travancore in south-western India, where the maneral
has been concentrated by natural agencies with other
minerals such as ilmenite and zircon. In Sri Lanka,
the primary sources of the mineral n the granitic
gneisses are of no importance and the only sources of
commeicial importance are the heavy mineral sands.
Small amounts of the mineral, less than one per cent.,
are present in the Pulmoddai sand deposit and a semi-
processed monazite has been produced and small
toanages exported in recent years. The Pulmodded
deposit s capable of producing around 500 tons per
ANnm.

Mosazite is also an important constituent of heavy
mineral sand deposits on the west coast of the Island,
being of the order of 0.5 to 2 per cent., but unusually
high percentages are found at Polkotuwa, near
Beruwela; Kaikawela, near Induruwa; and at Kudre-
malai on the north-west coast. In these deposits,
the concentration of monazite may rise up to 15 to 20
per cent. and higher (Fernando, 1954). Mineralo-
gical analyses of the Beruwela sands are furnished in
Table XII. The concentrates from Beruwela and
Induruwa have been processed in the Mineral Pro-
cessing Plant of the Geological Survey and several
hundred tons of high purity monazite assaying over
65 per cent. rare earth oxides, including thoria, were
exported inthe late fifties and the sixties. The deposits
are not worked at present due to the problem of severe
sea erosion.
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Tapre XII

MINERALOGICAL ANALYSES OF BERUWELA HEAVY MINERAL
SANDS

Date of Collection Monazite fimenite Non-Magnetics
17.06.49 11.25% 67.15% 21.50%
7.08.50 14.68 63.65 20.92
18.06 52 14.18 65.32 19.54
17.07.53 5.44 70.74 23.4%
06.05.54 13.24 64.2C 22.28
12.05.54 9.12 76.72 22.48
04.05 54 7.76 66.20 25.96
18.06.54 10.52 68.00 21.20
25.06.54 4.80 69.88 25.24

Note: 1. Light fraction removed by flotation prior to magnetic separation.
2. Non-magnetics include principally zircon and garnet.
Authority : Fernando (1954)

Monazite was also the main source of thoria for
the once popular incandescent gas mantles. Cerium
and its salts have many other applications as in the
ceramics industry, tanning and in the manufacture
of optical glass. Large quantities are also used in
making electrodes for electric arc lamps. Monazite
has now acquired an energy use as most commercial
thorium is obtained from monazite. The use of
thorium as a source of energy depends onthe fact
that when thorium-232, the naturally occuiring isotope
of the element, is subject to bombardment by neutrons
it is converted into fissionable uranium-233.

For many years, Iadia was the world’s chief source
of monazite but in 1948 India placed an embargo on
the export of monazite. Brazilian production, which
used to be important in the early years of the century,
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had declined but came into its own with the Indian
embargo but this was short lived as Brazil followed
the Indian example. Monazite thus became a critical
mineral commodity and an active search for alternate
sources commenced in the fifties. Australia became an
important producer of monazite asa by-product of
ilmenite and rutile production, while a new ore-field
was discovered in the Cape Province of South Africa.
Unlike other sources, the South African monazite is
a heavy brown mineral unlike the golden yellow of
the Sri Lankan mineral, and, more important, is
derived from a bed-rock reef, whereas all other sources
are from sand deposits. Malaysia produces small
amounts of monazite as a by-product of tin mining.
Deposits were also discovered in the United States.

The thoria content of the Sri Lankan monazite is
high varying from 8 to 10 per cent thoria (ThO,), and
in this respect 1s similar to the Indian monazite from the
beaches of Travancore. The thoria content of Austra-
fian monazite, also from sand deposits, is lower and
varies from 4 to 5 per cent., while the Brazilian monazite

assays 6 per cent. thoria. The South African mona-
zite from rock deposits assays 4 per cent thoria. For

non-energy purchases where the mineral is used as a
source of cerium and the other rare earths, it is usual
to purchase monazite on the basis of guarantees for the
total rare earths. Analyses of monazite from Sri
Lanka are furnished in Table XIII.
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TaprLe XIIT
ANALYSES OF MONAZITE

Constituent Beruweln Dondra Indian Brazilian

TLO, 8.65 9.51 9.50 6.50
U0 0.35 0.17
(RE),04* 58.60%* 59.20%
Ce,0, 27.35 28.70 27.20 26.80
La,0, 31.08 28.56

Y,0, 6.95 1.05

Fe,0, 0.15 0.10 0.8C 0.51
ALO, 078 1.31

Ca0 0.20 0.89

TiO, 0.15 0.05 0.20 1.75
P,0s 27.50 28.9] 29.10 26.6
Si0, 1.60 1.45 2.20

*  Total rare earths (Ce, La and Yt)
** includes ceria (C2,03)

The Pulmoddai Mineral Sand Deposit

The largsst and best known of the heavy mineral
sand deposits is at Pulmoddai, 34 miles north of
Trincomalee on the north-east coast of the Island.
The deposit extends from Vettilakerni at its southern
end to Kokkilai lagoon in the north, a distance of 7.4
km with an average width of 150 m. The average depth
of the mineral sands is two metres with a maximum
recorded depth of 3.5 m in a few places. The deposit
consists of the foreshore; a raised beach with typical
beach vegetation such as species of Spinifex and Ipomea
and generally above high-water mark; and a back-
shore forested area. The sands in the raised beach
are clean and can be fed direct into the processing
plant aftér prior screening to remove shell fragments
and other beach debris, whereas the sands from the
forested area have a thin film of iron oxides and/or
organic matter and need prior scrubbing. Although
comparatively small by world standards (Australia
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and India), the Pulmoddai deposit is unique in its
concentration of heavy minerals, and the main beach
has the astonishing composition as follows -

Ilmenite . 75 per cent.
Rutile . 10 per cent.
Zircon . 8 per cent.
Monazite, Sillimanite _

and other heavies . 2 per cent.

A survey of the deposit by the author in 1971
proved a tonnage of 3.72 million tons of mineral sand
in respect of the entire deposit with an overall heavy
mineral content of 79 per cent with the following
composition -

Iimenite . 64 per cent.
Rutile . 8 per cent.
Zircon . 6 per cent
Other heavies .. 1 per cent.

The estimate does not include the mineral sands
below the low-water mark for which no estimate is
available; nor does it include mineral sands north of
the mouth of the Kokkilai lagoon. The sands north
of the lagoon are much lower in grade and in 1952 the
writer estimated the area to contain 360 000 tons but
further checking of this will be required to establish
exact reserves and grade.

Extension surveys carried out by the Geological
Survey in 1978/79 have proved heavy mineral sand
deposits at Nayaru, north of Pulmoddai, and at Puda-
wakaddu, about ten miles south of Pulmoddai. The
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latter location is the more promising and has been
estimated to contain 4.3 million tons of mineral sand
in an area of approximately six square kilometres (2.3
square miles), with an average heavy mineral content
of 17.7 per cent., as against the overall average of 79
per cent. for the Pulmoddai deposit. The rutile and
zircon content are much lower than at Pulmoddai
and average 0.64 per cent. rutile and 0.46 per cent.
zircon. Because of its low grade, the ore will need pre-
treatment in a Wet Mill to upgrade the sands prior to
Processing.

The West Coast Deposits

Besides the Pulmoddai deposit and other deposits
on the east coast, there are several deposits of heavy
mineral sands on the west and south-west coasts of
the Island commencing from Kudremalai Bay on the
north-west to Kirinda in the south. In nearly all of
these deposits ilmenite is the major constituent giving
the sands a black colour. Exceptions to this are the
most southerly deposits around Tangalle, Hambantota
and Kirinda where the sands are red due to the predo-
minance of garnet. Concentrations of over 80 per cent.
ilmenite have been recorded at Dondra and at a little
fishing village called Vellaimundel, north of the Kala
oya. Mineral sands occur along the coast north of the
Kelani ganga and stretch for a distance of a few miles
up to Pamunugama with barren stretches in between.
The heavy mineral content varies from 8 to 15 per
cent. while it rises to over 80 per cent during the south
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west monsoon. Similar sands are also found north of

the Kala oya up to Kollankanatta and for about a
mile north of the Kalu ganga. Heavy mineral sand

concentrates are also formed at Kaluwella, immediately
north of Galle, and at Dondra; at the latter place the
deposits are more extensive than at Kaluwella. (Fig 6).

Nearly all of these deposits are seasonal and the
highest concentrations are found during the south-
west monsoon (May - September) with concentrations
of over 80 per cent heavy minerals. Wave action of
high energy and wave turbulence which are common
during the monsoon months have combined and given
rise to the formation of clean concentrates of a high
degree of purity, which are easily recognisable because
of their colour -black, red or even yellow, thelast where
monazite is abundant. Next in importance to ilmenite
in the west coast deposits are zircon and garnet, whereas
rutile is comparatively rare. Another feature of the
seasonal deposits is that they show greater variety in
their mineral make-up than the deposits on the east
coast. For instance, small traces of fine grained thori-
anite (the oxide of thorium) have been detected in the
sands from Kaikawela and Beruwela, while baddeleyite
(oxide of zirconium) has been recovered from the
Beruwela deposit. It is the first record of these two
minerals in beach sands although they were known
earlier from the gravels of the Ratnapura district.
Cassiterite (tin oxide) has also been detected in very
minor traces in the Beruwela sands.
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The Ceylon Mineral Sands Corporation

The Ceylon Mineral Sands Corporation was esta-
blished in 1957 under the State Industrial Corporations
Act primarily for the purpose of mining and processing
the Pulmoddai mineral sands and marketing the refined
mineral products. Although the original intention
was to establish the processing plant at Pulmoddai,
as a result of a later decision two plants were in fact
established - a magnetic installation at Pulmoddai for
the recovery of ilmenite and a by-products plant at
China Bay for the recovery of rutile and zircon. The
non-magnetics after the recovery of ilmenite were trans-
ported by sea from Pulmoddai to China Bay a distance
of about 70 km. The magnetic installation had a
capacity of 120000 tons of raw sand. Trial production
commenced in 1961 and the export of ilmenite commen-
ced in 1962 with a modest tonnage of 3 000 tons. The
production of rutile and zircon commenced at China
Bay in the late sixties but production was well below
designed capacity because of difficulties experienced
in transport of the feed-stock to the China Bay plant
by sea, the losses incurred in transport and handling,
and the lack of adequate supplies of water for processing
of the by-products.

Following this experience, it was decided to esta-
blish an expanded and integrated plant at Pulmoddai
with a capacity of 120 000 tons of raw sand plus 25 000
tons of non-magnetic tailings accumulated from earlier
operations at Pulmoddai. The integrated plant was
commissioned in 1978 with a planned production of
85 000 tons ilmenite, 12 000 tons rutile and 6 000 tons
of zircon. When the accumulated tailings were exhau-
sted, the magnetic installation was to be expanded to
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provide the necessary feed-stock to work the rutile-
zircon plant at designed capacity. This expansion
was effected in 1984 by the installation of a Magnetic
Separation Plant using wet magnetic separators. The
capacity of the new complex is around 220 000 tons of
raw sand with an expected yield of around 130 000 tons
ilmenite, 14 000 tons of rutile and 8 000 tons zircon.
Exports of minerals for the period 1964 - 1983 is furni-
shed in Table X1V. Except for sales of small quantities
which are bagged in paper sacks, all minerals are expor-
ted in bulk direct from the Pulmoddai plant in vessels
lying off-shore at Pulmoddai. However, shipments
can be effected only from April to September during
the non-monsoon months. The value of the mineral
exports is furnished n Table XV.

Tapce XIV
EXPORTS OF MINERAL SANDS
(1964 1983)
(Metric tons)
Year Iimenite Rutile Zircon
1964/65 38 330
1965/66 50 575
1966/67 40 399
1967/68 55 580
1968/69 T2 546 02
1969/70 80 800 2 830
1970;71 81413 1110
1971 75303 310
1972 83 862 3338 15
1973 85 638 2 815 124
1974 85 672 2372 42
1975 50 630 3278 30
1976 52259 2376 41
1977 - 41 211 169
1978 37 145 9318 02
1979 30478 14 623 3202
1980 36 680 12 208 2142
1981 41 465 5270 4735
1982 46 975 15411 141
1983 3N 673 12 321 11 555
Note 1 - Prior to 1977 produziion of rutile at China Bay. Reduced produc-
tion 1t 1977 das to Aismantling of Cinna Bay Plant.
2 —  From 1978, production at the expanded and integrated plaut at
Pulmoddai.

Authority:  Ceylon Mineral Sands Corporation.
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TasLE XV

VALUE OF MINERAL EXPORTS --- PULMODDAI {in rupees}

Year Hmenite Rutile Zircon
1972 6 561 247 4263 794 4 692

1973 8 066 105 3738 530 47 820
1974 10 809 532 4 842 661 64 294

1975 8 152 245 11 121 258 116 085

1976 11 198 635 2922043 136 329

1977 7938 839 562919

1978 9049 103 677772 2 457

1979 7834 773 49 388 433 [ 959 599

1980 9 863 879 56 016 133 1425709

1981 13934 904 32 253 199 4926 198

1982 15 272 308 74 728 215 348 270

1983 10 889 671 57 047 506 16923 823

Authority: Ceylon Mineral Sands Cerporation.

The Mineral Processing Plant Kalutara

The Mineral Processing Plant was set up at
Kalutara in the early fifties with the immediate objec-
tive of taking advantage of the premium prices which
prevailed at the time for monazite following the embargo
on the export of the mineral from India. The raw
material for the recovery of monazite was the heavy
mineral sands formed seasonally at Beruwela and
Induruwa. The initial equipment consisted of a High
Intensity Magnetic separator and an old-fashioned
Wind Table of Indian manufacture. However, the
main objective in setting up the Plant was to provide
facilities for the investigation and study of mineral
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sands, which are one of the most valuable assets of the
Island, on a pilot plant scale, and the development of
flow-sheets for the recovery of the minerals. Further
equipment was added later; these included a Humboldt
Cross-belt magnetic separator; a Carpco High Tension
separator; a Kipp-Kelly Air Float separator and a
Kipp-Kelly 5-deck Multigrader. The additional
equipment greatly expanded the scope of the Plant
and enabled studies to be underiaken which were
not possible earlier.

Among the more important achievements of this
Plant are -—

(@) the production of monazite of a very high
purity (nuclear purity) purely by dry methods;

(b) the production of commercial grade zircon
without employing wet processing;

(c) the discovery of thorianite during pilot
plant tests on beach mineral sands from
Kaikawela and Beruwela;

(d) the detection of baddeleyite in the mineral
sand concentrates from Beruwela, and

the development of a flow-sheet for its
recovery.

(e} the production of a high quality commercial
grade baddeleyite superior to the baddeleyite
from Palabora in South Africa and the
Brazilian production.
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In carrying out these pilot studies and investi-
gations, the conventional methods of mineral pro-
cessing are employed such as gravity, magnetic and
high tension (based on electrical conductivity) combined
with scresning where necessary. Any one of these
methods or a combination of methods may be used
to achieve the desired objective. The physical pro-
perties of the heavy mineral sands on which these
nethods are based are shown in Table XVI. The
Plant has also provided facilities for carrying out
trials for the development of flow-sheets for the Ceylon
Mineral Sands Corporation and for the testing of
equipment for the Corporation prior to the placing of
firm orders.

TasLe XV1

SOME PHYSICAL PROPERTIES OF COMMON
BEACH SAND MINERALS

Mineral Specific Moagnetic Electrical
Gravity Susceptibility Conductivity
Monazite 5.2-54 Moderate Low
Zircon 4.2 - 47 Very low Low
Baddeleyite 5.8-6.0 Low Low
[imenite 4.4 .50 Very high High
Ruiile 4.2 Low High
Garnet 3.7-42 Moderate Low
Tourmaline 2.98-32 Low Low
Sillimanite 3.23 Low Low
Quartz 2.65 Very low Low
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Chapter X
CLAYS AND CLAY MATERIALS

Clays are hydrated aluminium silicates often
containing small proportions of impurities. They
are the result of weathering, or are sometimes formed
by hydrothermal action, and occur in numerous
mineral forms with a wide range of properties which
make them useful for many industrial applications.
In appearance, clays are very fine grained earthy ma-
terial and are important constituents of most soils.
Two broad categories of clays are recognised on the
basis of their mode of occurrence. Clay materials
which are formed in the identical position of the
parent tock are referred to as residnal clays, while
those that are transported and deposited elsewhere
are referred to as sedimentary or alluvial clays. The
latter are by far the more common. No two clays
are exactly alike and it is seldom possible to substitute
one for another without considerable experimentation.
For most industrial uses, chemical composition 1is
relatively unimportant and it is the physical properties
of clays that are critical. While the greater part of
the clay consumed by industry is in the ceramics
industry, large quantities are also utilised as a filler in
the paper and rubber industries, as a refractory
in the cement industry, and in heavy clay products
such as brick, tiles and pipes.
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The main industrial ciays of Sri Lanka are kaolin
or ‘china clay’, ball clay, refractory clays, brick and
tile clays and other miscelianeous clays. Large quan-
tities of clay are used in cement manufacture, the clay
providing principally the silica and alumina and
possibly small amounts of iron oxides. The cement
plant at Kankesanturai obtains its requirements from
Murunkan in the neighbourhood of Giant’s Tank,
while the Puttalam Cement Works gets its requirements
from the Ralmadu-Achchamulai clay field in the
flood plain of Kala oya. The latter deposits were
investigated by the Geological Survey in 1959/60 and
since they are alluvial clays detailed sampling was

necessary to define the limits of the clay field and to
detect vertical and lateral variations. 144 auger holes

were drilled with a total aggregate depth of 540 m.
(1 772 ft.). Plastic and sandy clays suitable for cement
manufacture were proved to a depth of 1.8 m and the
reserves adequate for a 200 000 - ton cement plant
for forty years.

Kaolin or China clay, so called because samples
of it were originally obtained in the 18th. century
from China, is a pure white clay consisting predomi-
nantly of the mineral kaolinite (hydrated aluminium
silicate) characterised by low plasticity and high refrac-
toriness. All the china clay deposits of the world
are the product of the decomposition of felspars in
granites or granitic rocks. This alteration may be
effected in several ways but the two commonest are
(a) by downward percolating waters charged with
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carbon dioxide or organic acids, and (b) by hot ascen-
ding gases and vapours, chiefly carbon dioxide or steam
arising from a deep seated acid, igneous source. The
- well known deposits of china clay in Cornwall and
Devon in England of unsurpassed quality were formed
in situ by ascending gases and vapours resulting in
the alteration of the felspars of granites.

The largest known kaolin deposit in Sri Lanka
is the Boralesgamuwa deposit in the low lying coastal
plain south-east of Colombo. The kaolin occurs in
layers and lenses with an overburden of one to four
metres of surface soil or peaty alluvium, while the
thickness of the kaolin layers varies from a little over
a metre to around six metres. The reserves at Borales-
gamuwa have been estimated at well over a million
tons (Herath, 1963). The main use of kaolin is in
the ceramics industry, and for such use the significant
properties include plasticity, dry and fired colour, dry
and fired strength, dry and fired shrinkage and vitrifi-
cation range. A smaller deposit of kaolin is found
at Metiyagoda, about 9.5 km from Ambalangoda.
In parts the clay is stained and not up to the quality
of the Boralesgamuwa material. Kaolin is also known
to occur at Iranaimadu in the Northern province where
the clay occurs as a bed underlying three to four metres
of laterite. The clay at this location is heavily stained
and not suitable for the ceramic industry or as a filler.
Smaller oecurrences are known from Watawala and
Nuwara Eliya where the kaolin occurs as lenses and
‘bands; they are mainly residual deposits formed by
the in situ weathering of felspar-rich rocks.
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The term ‘ball clay’ originated in England, where
on account of its soft, pliabie nature, it was mined
from open pits in the form of balls weighing about
12 to 15 kg. Like kaolin, ball clay consists chiefly
of kaolinite and other aluminium silicates. It is
plastic, refractory and of sedimentary origin. Clays
approaching ball clays are known to occur in the
flood plains of the major rivers confined to the south
west sector of the Island, and the best known deposiis
are in the Kalutara area in the flood plain of the Kalu
ganza, where over half a million tons have been proved
by the Geological Survey, principally around Dediya-
wala. The actual reserves are probably very much
larger and extend to other parts of the flood plain.
Ball clays arc used chiefly in the ceramics industry and
are an important ingredient in whiteware. They act
as a plasticizer and a bonding agent. Ball clays differ
from kaolin in their greater toughness and plasticity;
they have better bonding power but lower refrac-
toriness.

Refractory clays are clays capable of withstanding
high temperatures and an essential requirement in
such clays is that they should be free from minerals
which will melt or act as a flux such as alkalis, com-
pounds of calcium, iron oxides and others. Good
refractory clays should be able to withstand tempera-
ture of 1600°C and above. The fusion points of
material such as kaolin and the Jurassic shales have been

found to be in the region of 1600° - 1715°C and they
can be regarded as refractory clays. Most industries
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that involve operations at high temperatures rely on
fire-clay refractories for lining their furnaces. One of
the largest consuming industries is the iron and steel
industry but other important ones are cement, glass
and various metallurgical industries. The Island is,
however, well supplied with abundant reserves of
high quality refractory materials other than clays,
such as graphite, zircon, sillimanite and dolomite,
and there is thus a promising potential for a good
refractory industry.

We have already seen that the greater part of the
surface area of the Island consists of Precambrian
rocks. As a consequence of the great preponderance
of crystalline rocks and their widespread distribution,
the Island is almost entirely devoid of consolidated
clays, mudstones and shales, which are a2 common
feature of the geological formations of most countries
and on which the ceramic industry largely depends.
The only exception to this is the Jurassic shales but
these are very limited in their distribution. Sri Lanka
has thus to depend almost exclusively on the
unconsolidated alluvial deposits for its requirements
for the brick and tile industry.  Being a stable land
mass throughout the greater part of its geological
history, the Island has been exposed to the unrelenting
forces of atmospheric agencies resulting in the gradual
break-down of the crystalline rocks. The weathered
products are transported by streams and rivers and

deposited in their lower rteaches. Periodical uplifts
have resulted in fresh cycles of erosion and thus the

139



alluvial deposits have been replenished from time to
time. Large alluvial deposits are thus restricted to
the lower reaches of the major rivers and it i1s these
deposits that provide the raw material for the local
brick and tile industry. By their very nature, these
alluvial deposits are not of a uniform character over
wide extents and show a great deal of variation. For
instance, good beds of clay may be inter-layered with
sandy clays and even sands; or there may be lenses
or pockets of sand or other sandy material in the
clay formations. A carefully planned programme
of systematic investigaiion is thus necessary to define
the extent of the clay deposits, their quality and vari-
ation, if any. Extensive clay deposits occur in the
lower reaches of the Maha oya, Kelani ganga and the
Kalu ganga and are exploited for the commercial

production of bricks and tiles. The local cottage
brick and tile industry is carried on according to tradi-
tional methods which have remained more or less

unchanged for decades. Most of these units operate
on lenses and pockets of clays and sandy clays found
near the surface. There is no guality control and rarely
do they utilise good clays lying at greater depths.

The first factory to manufacture Mangalore
roofing tiles was set up by an enterprising Ceylonese
at Ambatale in 1925 and this was followed by others,
mainly in the Kochchikade area. The establishment
of a tile factory at Irakkaman by the former Gal Oya
Development Board marked the entry of the Public
Sector into the tile industry. In 1959, the former
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Ceylon Carpentry Corporation was re-named the
National Small Industriss Corporation and its activities
expanded to include the manufacture and sale of bricks
and tiles. The new Corporation established five
factories - at Bangadeniva in the Puttalam disirict;
Yatiyana in the Matara district; Weuda n the Kurune-
gala  district; Elayapattuwa in the Anuradhapura
district: and Mullaitive in  the Vavoniya district
In 1965, the Corporation tock over the tile factory
constructed  at Mahiyangana by the Land Develop-
Department with aid from the Federal Republic
nany. At the time this factory was one of the

most modern, its special feature being the tunnel
s’"l' whi h B8 "'Pd e e d" r\ij < f ] b
kiln which ensured the production of evenly burnt
tites of high quality.

Later in the seventies, the brick and tile factories
came under the control and management of the Ceylon
Ceramics Corporation, which then proceeded to esta-
blish factories in  Bingiriya and Udawalawe. In
addition, the Statc took over two factories belon-
ging to the private sector - the first at Kelamimulla
belonging to Ceylon Potteries and the secomd the
Noorar Tile Works at Kochchikade. Herath (1975}
fhas  estmated ihe total clay vequirements for the
fyrick and tile industry covering the private and public
sectors as well as the cottage industry at 2360 acre
feat. At an  average working depth of 2.5 m this
wil involve a land utilisation of approxiately 120
hectares (300 acres) annually. The reclamation of
snch laud used as a eource of clay needs careful consi-
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deration. Most clay workings stop when water 1s
encountered though in some localities good quality
clays suitable for the industry are available at greater
depths.

The Ceylon Ceramics Corporation

The Corporation has played a major role in the
development of the ceramic industry in Sri Lanka. 1In
addition to the brick and tile factories, two kaolin
refineries are operated by the Corporation - at
Boralesgamuwa and Meetiyagoda - with a combined
production of 7 500 tons annually. The entire
production is utilised in the local ceramic and paper
industries. The Corporation also operates two ceramic
factories - Negombo and Piliyandala - the former
producing crockery and the latter crockery, wall tiles
and sanitary ware. Lanka Porcelain Limited, a
subsidiary of the Corporation, produces high grade
tableware for export at its plant at Rattota, while
Lanka Wall Tiles Limited, also a subsidiary of the
Corporation, produces wall tiles and mosaic tiles
for export markets. The most recent projectis its
actory at Dankotuwa which produces high grade
tableware also for export markets. In addition, the
Corporationisresponsible for the miningand processing

of the ball clay deposits at Dediyawala. The location
of the kaolin deposits and the factories based on the

clay deposits are shown in Fig. 7.
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Chapter X1
GEMS

When we talk of gems it is necessary to know
what exactly we mean. Excluding some gems of
organic origin, such as coral and pearl, all other gem
material consists of coloured varieties of minerals
possessing certain special properties which distinguish
them from other mineral species. The first and most
important of these is that the mineral has to be rare.
For however beautiful it may be, a sione that is common
and available in abundance cannot be classed as a gem.
Secondly, to be classed as a gem the mineral has to
be beautiful and this beauty may manifest itself in
colour as in the precious ruby, sapphire and emerald;
or lusire, what is termed “fire” as in the diamond.
The optical propertics that cause brilliance and fire
are the index of refraction and dispersion. Thirdly,
the mineral has to be hard and durable. Hardness
may be defined as the resistance to scratching and
abrasion, and Moh’s scale of hardness is commonly
used as a measure of the hardness of minerals. The
scale consists of ien minerals arranged in order of
decreasing hardness starting with diamond 10, corun-
dum 9, topaz 8, quartz 7 and so on. The great majority
of gems have a hardness of 7 and over. Itis because
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of this last property of hardness and durability,
with resistance to chemical change, that gem material
is preserved throughout geological ages.

Gem material falls into two broad categories -
orecious and semi-precious varieties. Sapphires and
rubies, including their star varieties, and cat’s eye
which is a variety of chrysoberyl are commonly regarded
as precious stones, while gem material such as beryl,
topaz, garnet, zircon, spinels, tourmaline, quartz
and moonstone fall into the second category.

The best known and most prolific gem producing
area in the Island is the Ratnapura district of the Sabara-
gamuwa province, the most extensively gemmed areas
heing the neighbourhood of Eheliyagoda, Kuruwita,
Ratnapura, Pelmadulla, Balangoda, Kalawana
and Rakwana. The Sabaragamuwa catchment drained
by the Kalu ganga, the major river in the area, has
an area of approximately 4 500 square kilometres. It
is also of interest that this region is an area of heavy
rainfall, and is subject to serious flooding during the
wet seasons.  Smalier extensions of the Sabaragamuwa
gem fields are found in the Western and Southern
provinces. All these areas are the tra ditional gem areas
where gem mining has been zoing on for centuries.
But mining activity in the past three decades or so in
the upper reaches of the Menik ganga in the neigh-
bourhoed of Buttala and Okkempitiya in the Uva
provinee, and still more recently in the Elahera area n
the Matale North district of the Central Province,
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indicate that the gem bearing areas are not confined
to the south-west sector of the Island (Fig. 8). Fur-
ther prospecting operations in these new regions are
likely to reveal gem bearing gravels though they are
unlikely to be as extensive or as prolific as the Sabara-
gamuwa gravels. Other locations which have produced
some stones in the past are the WNuwara Eliya basin,
the Horton Plains, Maskeliya and the Kandy district.

With the exception of moontones, which are obtain-
ed from partly altered pegmatites, near Ambalangoda,
all other gem material is obtained from alluvial depo-
sits of rivers and streams, or in abandoned channels,
draining regions containing gem bearing crystalline
rocks. The gem material is thus of secondary origin,
occurring as worn fragments or rolled pebbles in gravel
beds inter-layered with beds of sands and clays. The
gem material in the gravel beds represent the chemically
inert material brought down during past geological ages
by the action of streams and rivers and deposited in the
low lying wvalleys and swamps and preserved during
transport and the rolling action of water due to their
superior hardness. Other minerals of non-gem variety
which possess similar characteristics are associated
with the gem material in the gravels; examples of
these are ilmenite, thorianite, baddeleyite, geikielite
and others.

The gravels are thus formed by the action of
running water in streams and rivers and laid down in
their beds orin their flood plains. During times of
heavy floods, the carrying power of the streams is
increased several fold and the load of heavy material
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1s carried further away, whereas in the dry seasons the
carrying power is limited and deposition takes place
much nearer the source of the material. Sudden drop
in velocity for any reason has the same effect and
results in deposition; this commonly happens when a
mountain stream falls into a slower moving main stream.
Further, deposits laid down in one geological age may
be eroded and deposited elsewhere in another geological
age. As a consequence of the capricious behaviour of
streams and rivers, the gem bearing gravels do not
have any great lateral extensions. Rather they tend to
occur as pockets, lenses and streaks in layers of sands
and clays with much barren ground in between and
the gravels are strictly local in their distribution.

The depth, characier and composition of the gem
gravels vary considerably from place to place and even
in a particular location, but one thing they all have in
common 1s the presence of rounded pebbles of ubiqui-
tous quartz varying from half inch to several inches.
The overburden capping the gravels consists of layers
of sands, sandy clays, ferruginous sands, clays and
peaty clays. The thickness of the gravel beds also
shows much variation from a few centimetres to a
metre and more. Their depth also varies, from shallow
depths less than three metres to twenty metres and more,
The gem bearing layer is known as the “illam” and it
generally rests on the decomposed rock which is normally
highly kaolinised. The altered rock base is referred
to as the “malawa” by the gem miners. In several
locations, more than one gravel layer is present and
where this is so, the lowest layer is the most prolific
in gems. The pits are stopped when the altered rock
is encountered.
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Methods of Gem Mining

Depending on the mode of occurrence of the gem
bearing gravels, three principal methods of mining are
employed; they are —

{a) surface placer mining;
(hy gemming by pits; and

(¢) gemming by dredging river beds.

Where the pay gravel is in superficial soil layers
within a few feet from the surface, as for example
in dry ‘deniyas’ or in the bottom slopes of relatively
high undulating ground, the land is worked by open
cast mining (quarrying ) after the removal of any vege-
tation. The gravel which is rare ay thick or extensive
in such occurrences is excavated and washed in running
water in a nearby strearn or in improvised sluices,
resulting in the removal of the light materials such as
sands and clays ledving the heavy residuss from which
the gem material is hand picked by the experienced
miner.

Where the overburden of sands and clays is thick
and the gravels occur at some depth, the commonest
method of exiraction is by sinl (znb pits.  Their depth
varies with the depth of the gravels from five to twenty
metres and more. The shaft is divided into two cham-
bers by a partition in the centre, one for excavating
and brmgmg up the gravel from the bottom and the
other for de- Watcrmg, the sumap. When the gravel
from one chamber is excavated completely, it is then

149



used for de-watering and excavation of the gravel
commences in the other chamber. The sides of the
shaft are propped up with rough logs or planks to
preveat caving in of the loose soft strata. The
iflam is brought up in baskets by relays of workers until
a fair sized dump 1s accumulated at the pit-head: it
15 usuvally covered with bracken. De-watering is
commonly by the use of buckets, though some of the
larger pits use pumps for this purpose. When the
gravel has been completely excavated, mining is stopped
and washing of the gravels commences. The gravel
is washed in large, shallow wicker baskets in a nearby
water course such as a cnannel or in a small pond
made artificially. At each turn of the basket, a portion
of the rim is depressed below the water surface and in
the same movement some of the light materials such
as clay and sand are swept over the rim by centrifugal
force. Experienced miners show a high degree of skill
in washing and succeed in removing all the light material
leaving only any gem material present as well as other
heavy minerals such as ilmenite.

The great majority of pits are simnle shafts without
any lateral galleries or headings. Where the bottom
of the shaft is above the ground water table, adits or
tunnels are driven along the illam laver but they do
not extend far because of the problem of ventilation.
At times adjoining pits are interconnected by tunnels.
In some of the deeper shafts where the cost of excava-
tion is high, lateral drifts are driven in all directions
from the base of the shaft so that as much gravel as
possible is collected through a single shaft. This is
by far the commonest method of gemming and in
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heavily gemmed areas the ground is riddled with pits
and connecting tunnels. In the early years of the century,
Coomaraswamy commented “a gemmed out deniya
should be seen to be appreciated; the place is turned
into a rabbit-warren of pits and tunnels, and if the
illam is good every pound of it has been excavated
and washed”.

The third method of gemming in river beds is
less common and calls for more arduous and prolonged
operations. A low, temporary, brush-wood dam is
built across a stream to increase the flow of water at
a selected spot. Long-handled shovels up tc twelve
metres or more in length with mammoty heads at the
ends are employed by six to eight men to drag the
river bed at a point upstream of the temporary dam.
The men standing in a row across the stream scoop out
a hollow by removing the sand and exposing the illam
layer in the river bed. The overburden of sand and
silt is carried away by the agitated water and the coarse
material and the gravel comprising the illam is raked
up and collected in a low ridge. This partly sorted
illam is next removed in baskets to the bank of the stream
and the gravel washed in the usual way. This method
of gemming can only be employed when the gravel
occurs at shallow depths.

The methods of mining employed are simple,
almost primitive, using only manual labour and with
the exception of pumps no mechanical means are used.
They involve little capital outlay and are time honoured
methods which are quick and reasonably efficient and
particularly suited to the nature and mode of occurrence
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of the gem bearing gravels. Besides, mining is scasonal
and normally extends from December to May as mosi
of the gem bearing lands are flooded or partly sub-
merged during the wet season. With sporadically
distributed gravels, the vse of mechanical means of
excavation or dredging is not feasible. Some degree
of mechanisation has been introduced 1n recent years
for the washing of the gravels, such as the use of jigs,
but these have not been entirely successful.

Deranivagala (1958) from a study of the bones
and teeth of terrestrial mammals and some  fossil
wood in a fair state of preservation came to the conciu-
sion that gravels were of Pleistocene age. Wadia
and Fernando (1944) had earlier pointed out that the
gem material does not belong to any particular age as
erosion of the parent rocks proceeded continuously
throughout the geologicai ages. Zircons from some of
the gem gravels have given ages around 560 millicn
years, though this does not imply that the gravels are
of this age. Although a Pleistocene age is likely for
the majority of the gravels, it is certain that not all the
gravels belong to this age, or for that matter to any
particular age. It is far more likely that the concen-
tration of gem bearing material has gone on for past
geological ages with each new cycle of erosion even
from the earliest Pleistocene and extending to sub-
Recent times.

The Gem Varieties
Sri Lanka has long been known as a source of
precious and semi-precious stones. In the Scriptures,

there is a reference to gems being brought from Ceylon
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to the Court of Solomon. The great historical record
of Ceylon, the Mahavansa, refers to the singular
reputation of the Island for its gems. Although the
early history of the Island is clouded in some obscurity,
there is little doubt that rumours of the wealth of the
Island, at times no doubt exaggerated, had reached the
Western world and several Greek writers refer to the
reputation of the Island for its gems. Ptolemy, the
Greek astronomer of the second century, refers to
beryl and sapphire as products of Ceylon. His infor-
mation, particularly about the coastai belt of the
Isiand, is surprisingly accurate and has given rise to
conjeciure as to the source of his information. It is
probable that his informants were sailors who had
actually visited the Island. Even in these early times,
Ceylon had attained some importance in view of its
geographical position. The reputation of the Island
for its gems was also known to the Chinese and records
exist in historical works to show that Chinese vessels
called at Ceylon from the fourth century onwards for
trade. The records mention that “pearls, crystal
and gems were the most eagerly sought after” and that
the gems consisted of “rubies, sapphires, carbuncles
and topazes of four distirct tints”. In the thirteenth.
century, Marco Polo, the Venetian traveller, who
visited Ceylon on his home-ward journey from China,
refers to the gems of the Island, and records that he
found the Moors, the descendants of the Arabs, in
undisputed possession of the trade 1in gems.

Despite centuries of gem mining, Sri Lanka is stili
one of the most important gem producing areas of the
world and the most important source of sapphires,
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spinels and zircon. Corundum, which is the oxide
of aluminium (Al, O), is the most important gem mineral
in Sri Lanka. Second in hardness only to diamnond,
corundum includss sapphire (blue) and ruby (red),
but also includes other colours such as yellow, pink
and colourless varieties. The most highly prized stones
are the royal or corn-flower blue, and the price for
a flawless, deep blue stone may be as high as US $ 5 000
per carat. Sri Lanka also produces star varieties of
both ruby and sapphire which exhibit a six-rayed star
in a2 dome or cabochon form.

It is interesting to note that some of the finest
sapphires were produced in Kashmir where the deposits
lie in a small valley in the north-west Himalayas at an
elevation of around 4 570 meters (15 000 feet). Because
of the inaccessibility of the mine and the severity
of the climate there has been no production 1n recent
years. Other areas producing sapphires are Cambodia,
Thailand, Tudia and Australia though the stones are
of poorer quality. The most notable locality for rubies
and for some sapphires is the district around Moguk
in Upper Burma, where the rough gems are found in
extensive gravel deposits as in Sri Lanka. Zircons
and spinels are also recovered from these deposits.

Chrysoberyl - beryllium aluminium oxide (BeO.
ALO;), is another of the highly prized gems of Sri
LLanka. There are two varieties - alexandrite and
cat’s-eye - both of which exhibit unusual properties.
Alexandrites have the property of changing colour
depending on the nature of the light; in daylight they
appear green and rted in artificial light. They are
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only found in Sri Lanka and in the Ural Mountains
of the Soviet Union. Cat’s-eye chrysoberyl displays
an optical phenomsnon somewhat reminiscent of the
star sapphire and a bright line or band of light appears
across the surface of the stone when it is cut cabochon.
The position of the band alters as the stone is rotated -
and it is this striking phenomenon suggestive of the
eye of a cat that has given the name to this stone. Sri
Lanka is the main source of this gem variety. Most
people are familiar with two of the beryllium minerals
_ the beautiful grass-green, transparent, highly prized
precious stone, emerald, and the pale blue or greenish-
blue, semi-precious agquamarine. The former has not
been recorded in Sri Lanka, but the latter is found as
a fairly common constituent of the gem gravels. The
typical home of beryl is in granite pegmatites, wheie
in rare cases the crystals can attain enormous dimensions
A crystal in Maine in the United States measured 5.5
metres (18 feet) long and weighed 19.6 m tons. Similar
crystals almost as large have been reported in the Nama-
qualand in South Africa; these are exceptional occur-
cences and not of gem quality. The distribution of
beryi in pegmatites is sporadic anc deposits containing
beryl can be worked only when other minerals such as
felspar and mica are the major products. Other sources
of gem quality beryl include Brazil and Columbia.,

Though the name garnet 18 loosely applied to a
single mineral, the name includes a number of closely
related species crystallising in the cubic sysiem. They
are complex aluminium silicates varying widely in
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chemical composition and thus exhibit a variety of
colours. The best known are pyrope, red in colour,
and almandine varying from crimson to violet-red.
Other garnet gem varieties include spessartite and
grossularite in varying shades of yellow-brown to
brownish-red and brownish-orange, while andradite
yet another variety is green. Garnet is a common
constituent of several types of igneous and high grade
metamorphic rocks. Besides Sri Lanka, other pro-
ductive areas of the gem variety include India, Malagasy,
Tanzania, Brazil, and the Soviet Union.

When transparent, the mineral zircon, a silicate of
the metal zirconium, serves as a gemstone. It may be
colourless but more often is brownish, or reddish-
orange or yellow in colour. These coloured varieties
are generally known as hyacinth, while the colourless
and smoky varieties are often referred to as ‘jargon’.
By heat treatment some of the coloured zircons can be
changed to blue. Topaz is a a fluor-silicate of alumi-
nium in which part of the fluorine is replaced by hydro-
xyl. When perfectly pure, topaz is clear and colourless
but most have pale colours in varying shades of yellow
and brown, and occasionally pink. The mineral
occurs 1n the gem gravels of the Ratnapura district
as colourless water-worn pebbles which at times attain
a considerable size; it has zalso been recorded from
pegmatites in a number of localities. Flattened,
colouriess and water clear, sub-rounded masses have
been recorded  from the Owella area in the Matale
North district. The most valued topaz is from Brazil.

156



Although the true spinel isa magnesium
aluminate with the formula MgO. ALO;, the name is
given to a group of closely related minerals crystallising
in the cubic system and having the general formula R”
O.R” O; where R’ is magnesium, ferrous iron or zinc
and R is aluminium, ferric iron or chromium. The
mineral is variable in colour from a deep red to other
shades of red, orange, yellow, green, blue and black.
The magnesia spinel is the deep red transparent variety
and is often referred to as ‘spinel ruby.” Ceylonite
is the iron rtich variety of spinel and varies in colour
from green to black. Spinels are common in the gem
gravels and are often found as perfect octahedra which
are generally opaque and hence of no value as a gem.
Spinels are also found as small grains often showing
good crystal form in crystalline limestones and
dolomites of the Highland Series but are too small to be
of value as gem material.

Quartz is the oxide of silicon (Si0;) and is common
in the gem gravels. Where the mineral is water clear and
colourless, it is popularly known as rock crystal and
is employed in cheap jewellery and also for making
optical glass. Amethyst is the clear purple or violet
variety; rose quartz the pink; citrine the yellow; and
cairngorn the smoky variety of quartz, this last variety
being named after the mountain in Invernesshire
where it is chiefly found. Well shaped crystals showing
hexagonal prisms terminated by pyramidal faces are
found in pzgmatites and in rock cavities. One of the
most important sources of crystal quartz is Brazil.

157



Other gem varieties include tourmaline which
displays a remarkable variety of colours and is a common
constituent of the gem gravels, though most of it is
opaque and non-gem variety; andalusite, which is
an aluminium silicate, and found occasionaily as water-
worn masses in the gravels; cordierite, which is 2
hydrated magnesium aluminium silicate with ferrous
iron replacing part of the magnesium, the so called
“water sapphire” of jewellers; and apatite, which is
a calcium phosphate with fluorine, the gem variety of
which varies from a blue to a bluish green, but is not
common. Other rare gem varieties inciude korneru-
pine and ekanite. Special mention must be made of
moonstone for with rare exceptions, moonstone is the
only gemstone obtained from primary deposits of the
mineral. Moonstone is a varisty of orthoclase felspar
with a characteristic bluish white or milky opalescence
on account of which the mineral has attained some
value. This optical phenomenon is due to an inter-

growth of orthoclase and albite felspar resulting in
internal reflection and giving a ‘schiller’ effect. The

stone is wsually cut cabochon. In the early part of
the century, moonstone was obtained from the Dumbara
district of the Central province where the mineral was
found in acid granulites and gneisses belonging to the
Highland Series. ‘

Several pits were in existence on Rajawela estate
at Haragama from which good quality moonstone
was recovered; other pits were situated at Talatu-oya
and these provided almost the entire world’s supply
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of moonstone at the time. The pits were shallow,
rarely exceeding ten metres, and supplies were soon
exhausted. Subsequently, moonstone was found at
Metiyagoda, near Ambalangoda, and this is now the
sole source of the mineral. The moonstone occurs
in a partly kaolinised pegmatite in a swamp. Hand
borings have shown that the pegmatite underlies the
greater part of the swamp with an overburden of peat
and clay, and the moonstone is recovered from pits.

Pearl is a gem material formed by a biological
process and strictly speaking is not a mineral. There
are few gems more beautiful than the pearl and pearls
have been highly prized from pre-historic times. The
finest pearls are found in the Persian Gulf off the Island
of Bahrain, while another major occurrence is in the
Gulf of Mannar which separates Sri Lanka from India.
The Sri Lankan pearl banks have been known from
the earliest times and reference is made to the export
of pearls from Ceylon in the writings of the early Greeks
and Pliny records Taprobane as ““the most productive
of pearls of all parts of the world”. The most profit-
able series of fisheries from the banks in the Gulf of
Mannar were in the first decade of this century but
there have been no pearl fisheries since the mid-twenties.
It is possible that the pearl beds have been impoverished
by wasteful metheds of collection and possibly by
excessive tonnage of silt brought down by rivers disch-
arging into the Gulf following the opening up of land
for cultivation. With the great popularity of pearls,
it is not surprising that experiments have been under-
taken to stimulate artificially the growth of pearls in
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the marine organisms responsible for them. These
experiments were successful particularly in Japan and
culminated in the commercial production of culiured
pearls by Mikimoto in the early twenties. The cultured
pear] industry is now a major industry in Japan, and
natural pearls have become relatively rare.

The Geom Mining fndustry

Under the Mining Laws of Sri Lanka, the State
is the sole owner of all minerals whether found on the
surface or beneath it, and ne person can mine or other-
wise exploit gems without the authority of a licence,
Licences to prospect for gems are not normally issued
unnlike in the case of other minersls, and the right to
gem on a defined area of land or siream reservation is
sold by tender or auction, 2 reserve price being fixed
beforehand. Gemimning rights are not normally leased
out on a royalty and/or rent basis unlike 11 the case
of non-geiwn minerals. Once a licence 1s issued for
remrming, the actual mining of the property is carried
out on a remarkable system of co-operative sharing
of fabour, expenses and profits, and the output of the
venture is distributed as follows -

Ground rent for the owner of the land .. 20 percent.
{essee or licence holder’s share .. 10 percent.
Financier’s share .. 35 percent.
Miner’s share .. 35 percent.

Thus each individual engaged in gemming gets a share.
This system of sharing is unique in mineral economics
and has been the mzinstay of the gem industry where
tne risks arc high.
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_ Until recenily gem cutting was entirely by primi-
tive machines operated by hand and no mechanical
or electrical appliances were utilised. In recent years
modern machinery has been introduced to the gem
cutting industry and machine cut gems of good quality
are now readily available. Exports of gemstones from
Sri Lanka in the sixties and early seventies show con-
siderable variation, from 60 000 to 196 000 carats with
values ranging from 1.3 to around five million rupees.
The variation in value is accounted for by the quality
of the stones exported but the figures are unreliable
as it is widely recognised that gemstones are taken
out of the Island by illicit means.

With the exception of diamond, it is very difficult
to assess the real economic importance of gems as an
earth resource. There are many reasons for this.
In Sri Lanke, as in many other countries, most gem
deposits are small and not suited to mining on a large
scale employing highly mechanised methods. Mining
is not generally carried out by large companies with
vast resources at their disposal, but rather by indivi-
duals or small groups of miners. Iicit mining is also
rampant. Accurate production and export figures
are thus not available, Much of the rough stones as
well as cut stones leave the Island through illegal chan-
nels and this is true of some other gem producing
countries as well. Official figures are, therefore,
largely meaningless.

The State Gem Corporation

The State Gem Corporation was established in
November 1971 by an Act of Parliament - No. 13 of
1971. it functions under the Ministry of Finance and
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its chief activities are the administration, control and
the development of the gem industry. Licences and
permits for gemming are now issued by the Corporation
and all exporis of gemstones have to be channeled
through the Corporation. A modern Gem Testing
Iaboratory has been established by the Corporation
and its services are also available to the trade. Exports
of gems which were almost negligible in the period
before the setting up of the Corporation have shown 2
spectacular increase, and even making an allowance
for the reduced value of the rupee, the export figures
reveal the substantial gains achieved from the setting
up of the Corporation and the increasing confidence of
the producers and the trade in the Corporation. Peak
export figures of over Rs. 600 000 000 were achieved
in the years 1980 and 1981. The Corporation also
turns out jewellery for export but this is relatively
insignificant. Statistics of gem exports for the period
1972 - 1983 are furnished in Table XVIL

TaBLE XVI¥
GEM EXPORTS -— 1972 - 1983

Private Corporation Total Exports
Rs. Rs. Rs.

1972 - 8 828 888 6 667 496 15 496 384
1973 - 127993 993 24 987 186 152981 179
1974 - 116 281 121 15 953 257 132 934 448
1975 - 178 307 418 10 643 055 188 953 483
1976 - 278 357 572 8 790 138 287 147 710
1977 - 242 934 217 10 928 131 253 862 348
1978 - 442 467 681 82 583 244 525 650 9258
1979 - 449 348 207 45 201 478 494 749 685
1980 - 598 296 038 65 402 843 663 693 901
1981 - 624 065 249 8 442 449 632 487 639
1982 - 385 894 043 7 456 446 393 350 495
1983 - 510 122 461 1 359799 520522 260

Authority: State Gem Corporation.
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