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FOREWORD TO THF: SERIES 

The dissemination of scientific information is one of the nrlain 
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 "Vidurava9', the quarterly science bulletin contains 
scientific articles of a general nature which are of interest to the p~blic.  

There is still a wide gap in the availability of reading material 
on scientific subjects of local interest. One result of this is that 
science students confine thei~ reading only to their school notes and 
to the few available text books which are mostly published abroad. 
Bn an attempt to improve this situation, the Working Committee 
on Science Education Xesearch of the Natural Resciurces, Energy 
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 who have been 

T. 
selected by the Committee to prepare these booklats are experts 

q 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 Natura? 
Resources, Energy and Science Authority. 

I 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. 

R. P. Jayewardene 
Director General 



PREFACE 

This small volume is the outcornz of a project sponsored by the 
Natural Resources, Energy and Science Authority of Sri Lanka to 
provide supplementary reading material for Advanced Level science 
students. It deals with the economic ,pinera1 deposits of Sri 
Lanka. Minerals and metals have 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 

I from the earth by mining. 

In order to understand the nature, mode of occurrence and 
distribution of ore deposits, it is necessary to have some elementary 
knowledge of geology, which is briefly the'lkcience 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 employed 
in exploration for minerals and mineral deposits. Part PI deals 
with the economic mineral deposits (ore deposits). Since the 
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book is meant essentially for students, over use of technical term8 
has been avoided except where they are strictly necessary and, 
as far as possible, they are defined in the text. 3 

Since the volume deals with the economic mineral deposits 
of the Island, mention is made only of the deposits which are 
exploited or are awaiting development, or are of potential impor- 
tance. N o  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 3ad the privilege of being its head for over 
two decades. I have drawn freely from the work of former coll- 
eagues and from my owyn work, both published and unpublished. 
My grateful thanks are due to the Directorate of the Geological 
Survey, and in particular, Mr. L. K. Seneviratne, Director, 
and Mr. D. E. de S. Jayawardena, Deputy Director. My thanks 
are also due to the General Manager, State Mining acd Mineral 
Development Corporation, and the Chairman, State Gem Car- 
poration, for statistical data and other information. 

L. 3. D. Fernando 

~olombo,  

March 1986. 



LIST OF FIGURES 

Fig. 1. Iron Ore Deposits of Sri Lanka. 

Fig. 2. Panirendawa ;Iron Ore Deposits. 

Fig. 3. Gra-phite Deposits of Sri Lanka. 

Fig. 4. Mica Deposits of Sri Lanka. 

Fig. 5. Limestone Deposits of Sri Lanka. 

Fig. 6. Map showing Heavy Miner21 Sand Deposits and Silica 
Sands. 

Fig. 7. Ceramic Factories. 

Fig. 8. Gem bearing areas of Sri Lanka. 



LIST OF TABLES 

TABLE I - Strata and Divisions of Geological Time. 

1% - Divisions of Geological Time in Sri Lanka. 

111 - Classification of Igneous Rocks. 

IV - Analyses and Ycnnages of Iron Formation - 
Panireudawa. 

V - Analyses of Thorianite and Thorite. 

VI - Production and Exports of Graphite. (1974 - 
1983). 

VII - Exports of Graphite (1935 1946). 

VI1L - Analyses of Dolomites and Dolomitic Limestones 

IX - Analyses of Ilmenites. 

X - Analyses of Rlltile. 

XI - Analyses of Baddeleyite. 

XII - -- Mineralogical Analyses of Beruwe'la Heavy 
Mineral Sands. 

XI11 - A~nalyses of Monazites. 

XIV - Exports of Mineral Sands (1964 - 1983 - Ceylon 
Mineral Sands Corporation) 

XV - Value of Mineral Sand Exports (1972 - 1983 - 
Ceylon Mineral Sands Corporation). 

XVI - Some Physical Properties of Common Beach 
Mineral Sands, 

XVII - Gem Exports (1972 - 1983). 



Chapter % 

INTRODUCTION 

The Island of Sri Lanka (formerly known as 
Ceylon) is a pear-shaped island in the Indian Ocean 
lying immediately east of the southern extremity of 
Peninsular India between 5" 55" and 9" 51" of North 
latitude and 79" 41" and 8 1" 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 
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rains during the south-west monsoon in the months 
of May to September, whnle the northern and eastern - parts of the country are affected by the north-east 
monsoon, though to a lesser extent. These latter 
areas are commoraly referred to as the 'Dry Zone'. 
The Wet Zone comprises roughly 25 per cent of the 
total land area, the bglance 7 5  per cent comprising the 
Dry Zone. Much of the Dry Zone, where past 
a;.lvilizations prevailed, is under jungle, and irrigation 
of these dry areas is necessary for agriculture. The 
general elevation in the centre of the Island varies 
from around 7 6 0  m to 1 525 m (5 000 feet) with six 
mountains over 2 225 rn (7 300 fczt) v~ith Pidurutala- 
gala, the highest mounlain, rising to a height of 
2527 rn (8 291 feet). Heavy rainfalls are exgeslenced 
in the central hill country with rainfall of over 5 00@ 
nxm annually in certain parts. 



The great majority of the rivers originate in the 
central hills and flow to the west, south-west and south 
coasts. The Mahaweli gaanga, the longest river in 
the Island, 335 km from its source in the mountains 
to its outfadl into the sea south of Tdneomalee, 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 curre~atly nearing completion. The Island 
can be roughly divided into two distinct legions - the 
coastal region and the Central Highlands. The 
coastal region is almost fiat aizd the rivers flo\~iiig 
through this have reached thcir base level of erosion. 
On the western and south~rn parts of the Island, 
the coastal region is narrow but widens on the eastern 
side of the Island and expands into a great plain whicn 
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 



that the earth consists 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 

LI 
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. 

Divisf aans sf Geological Time 
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 :- 

3 



(a) By careft11 observation and recording the 
successron of layers, geological form-tions 
or strata in areas where they have not \ 

been violently disturbed ; this method 
gives an age relative to the geological 
formation above and below. Thus a bed 
or straterm overlying another is clearly 
younger. than the one beneath it; 

(b) by identifying anima; or plant remains 
(fossiils) 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, igneousrocks may be dated by 
their interlayering with sediments, or 
where t5ey cut BCTOSS sediments of knowri 
age. For instance, an igneous rock cutting 
across sediments of known age is clearly 
younger than the sediments; 

(c)  by radio-activity using the known rates of C , 
decay of certain isotopes of elements such a.s 
uranium, potassium and rubidium; 

(dl  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 
3n dating igneous rocks where radiometric 
methods are not applicable. 

4 



Based on these f~ndamental principles, the history 
0% the earth is divided into four great divisions of 
geolsgical time and the rocks comprlsixag the ea~th's 
crust are divided into these divisioas generally known 

e as groltps, The groups are Furtiler sub-divided into 
systems of strata representing periods of time, and 
the systems in iurr~ 10 serie~ of strata representing 
epochs of time. Accordimzg to this system which is 
commonly adopted (though there are minor variations 
from this) the ~ P C Z U ~ S  2114% systems comprising the earth's 
history are as indicated in Table I. 

Xot all of the systems and epochs are represented 
in every country, arid breaks do occur, and one or 
more of the systems rnay be lacking. Such breaks 
indicate thak, an interval of geological time is unrep- - resented. For instance, as the study of stratigraphy 

was extended into disxant lands, it was found that a 

-+. 
particular geological system kvell developed in Europe 
may be poorly developed, ill-defined, or even com- 
pletely absent elsewhere. Changes ir the nature sf 
geological formations and their faunas result frqm 
changes in the geological conditions, 2nd such changcs 
are not contemporaneous throughout the entire globe. 
The United Kingdom is an example of a country~wh~r-re 
the almost entire history of the earth has been wkiI 
preserved, where the groups and systems and epochs 
are all repnesented in a comparatively small area, On 
the other hand, Sri kanka, as we shall see, is $?I exanifile 
of a country where the greater part of the geologi~al 

.I column is absent, and most systems and epochs Are 
completely umepresen ted . (Table 11). 



STRATA AND DTVISIONS OF GEOLOGICAL TJME 

.- - 
Groups of Strata Systems of Strata Series of Strata 
(Eras of Time) (Periods of Time; (Epochs of Time) 

- 

Recent 
Pleistoceure 

Oligocene a Eocene 

I= cretaceous 

I Permian 

[NRaPalaeomIF GrLmniferous 

a { 
t 

i I Devonian 

[Silurian 
Older Palaeozoic Ordoviciar, 

[ Cambrian 

Upper Cretamus(Ch~1k) 
Lower Cretaceous 

/ Upper Jura~sic 
3 Lower Jurassls 
I Rhaetic 

Upper Permian 
Lower Permian 

Coal Measure: 
Lower Carboniferous 

(Uooer Devonian 
Middle Devo~an 
Lower Devon~an 

f Uqpw Camb-ian 
4 Mtdrfle Camby~an 

Lower Cambr~an 



The Precambrian rocks are so named because 
they underlie the oldest fossiliferous rocks, to which 
Sedgwick gave the name Cambrian from their ",ypical 
development in North Wales. The Precambrian 
represents a vase interval of geological time - far greater 

Y 

than all the time that has elasped since, and it is diffi- 
cult to interpret the rocks and still more difficult to 
correlate them. Yo$ 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 farmsd ef Precsmbrim rocks and thzse provide 
a more complete succzssion, but even so there 
are breaks of such enormous magnitude that it is 
difficult to establish a reliable correlation. 



TABLE TX 

DIVISIONS OF GEOLOGICAL TIME IN SRI L A i K a  

- ~ 

Groups of Strata Systems oybtrata SF; Lanku 
(Eras of Time) (Periods of Time) 

- -. . 

Quaternary Recent Alluvial deposits; coral and 
sl~ell bsds; Laterite; gem 
gravels ; beach m~neral 
sands. 

Pleistocene (Red Earths 
[Gravels and Laterites 

Caiozoic 
(Tertiary) 

Mesozoic 
(Secondary) 

P!iocene 
Miocene 
Oligocene 
Eocene 

r Cretaceous 
J Jm.ssic 1 
C Triassic 

Absent 
~affna limestones 
Ab:ent 
Absent 

Absent 
Ta b b ~ w a  beds - grits, 
shales. arkoses. 
Absent 

I perrnialj Absent 
Newer Palaeozoic Carboniferous Ab;ent 

$ j  Devonian Absent 4 1 1 Silurian Ab ;ent 
4 I Older Palaeozoic ( Ordovician Ab lent 

1 Cambrian Ab-ent 

{Highland Series 
South-Western Group 
'lijayan Series 



Chapter 11 

NATURE AND CLASSIFICATION OF ROCKS 

Igneous Rseks 
A11 rocks are aggregates of minerals - there are the 

essential minerals which h c l ~  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 referned 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 cot 
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 011 solidifi- 
cation. 



Granites are igneous rocks and as they contain 
much free or un-combined silica, they are classed a s  
acid ignsous rccks. Generally speaking, t h y  are 
light in colowr and light in weight with specific gravity 
around 2.7. On "Lhe other hand, the nsagma may be 
dsficie-nt in silica a:ld such a magma may give rise to a 
rock known as a gzbbro. Sabbros are also igneous 
rocks but although they contain silica in cornbinallion 
with other elements, there was not enough silica in 
the magma from which it originated for any of it to 
crystallisz out as free silica, unlike in the granite. 
Gabbro is thus an example of a basic igneous rock; 
it is dark in colsur and heavy with a specific gravity 
around 3.0. And in between the acid anc! basic rocks 
are a whole range of intermediate igneous rock types. 
Magn~a can thus bs c~nsidered as thp~ r2w mzterial 
horn 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 regardless of their chemical 
composition. By virtue of their slow cooling, they 
are completely crystalline, coarse in texture with well 
grow11 crystals, and commonly sf even grain. 
These are the deep-seated or plutonic rocks. There 
are other rock types which result from the chilling of 



magmas poured out on the earth's surface; these are 
the eruptive or rpolcakzic 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 
unde~ v1lickr the magma cools also play an important 
role in determining the nature and the type of rock. 
For instance, high viscssity impedes molecular rnove- 
ment and tends to lorm innumerable small crystals 
instead of fewer and large ones. The viscosity depends 
to a large extent ow the presence of fluxes - principally 
water and volatiles 4 9  the magma. An acid magma 
poured out on the surface of the e a ~ t h  cools rapidly 
and loses its volatiles and under such conditions a 
very fine gr~irrec! rock, or even a glass, will result. 

Due to the escape of gases and other volatiles, 
the lava§ may also show a veslcula,r structure or contzin - 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 cooling and the escape of the gases has resulted 
in a glass with a spongy texture. But the very same 
naagma crystal8ising et depth under a thick mantle of 
rocks will coo1 ~Iowlgr allowing time for the formation 
of crystals, and the nesulting 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; 
send the er~ptive or volcanic rocks such as lavas, each 



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 socks; or they may spread 

i 
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 
sills. They are all minor intrusions and like the other 
two great categories, they may be acid, intermediate 
or basic in composition. A generalised and srmplified 
classification of igneous rocks is furnished in Table IIB. 

The process of crystallisation of the magma results 
in am 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 resiciual magma by greatly redu- 
cmg its viscosity and thus promoting active crystal 
growth, while they also act as mineralizers. The rocks 
which form from this residual magma enriched in 
vsjatiles are thoroughly crystalline and very coarse 
gained and are called pegmatites. They occur as veins, 
dykes and irregular masses accompanyi~lg large intrusive 
masses. Besides lhe volatiles, the residual magma is 
enriched in certain rare elements such as tin, tungsten, 
tantalum, zircon, lithium, beryllium, molybdenum and 
msny others, and these combine ulth other elements to 
form minerals of economic value. Thus pegmatites are 
essentially coarsely crystaIline rocks, often carrying 





minerals of economic value. The commonest of this 
type of rocks are the granite pegmatites which consist 
essentialliy of quartz and felspar but include accessory 

1 

minerals such as muscovite mica, fluorite, topaz, beryl, 
cassiterite, tourmaline, spodumene, ilmenite and many 
?khers, and may b: a source of one or more of these 
minerals and hence of economic importance. However, 
there are large masses of pegmatites whlch contain 
little else but qirarrz and felspas. Basic pegmatites 
are not common. 

The surface of the land is undergoing a constant 
process of change and destruction. Every shower of 
rain carries with it loose lnaterial and in times of flood 
the carrying capacity of streams and rivers is increased 
several fold and they turn t~r3 id  due to the amount of 
solid matter which they carry in suspension. In deszrt 
regions, an unfailing supply of sand is coplstantly 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 germeral effect of the sand blast is to produce a 
conspicuous rounding anc poljshi-rzg of the surfaces 
exposed to it. In tenlperate regions frost action is domi- 
nant in winter. In coldclimates or in mountainorrsr egions 
above the snow-line, snow is coasoIidated into ice and 
moves as an ice stream or glacier. Moving ice cal: be a 
powerful agent of erosion. Moving ice carries with 
it a veritable cargo of roclc fragments of varying sizes 
and shapes and other rock debris which act as powerful 

,J 



tools of mechanical weathering. In such redons, the 
chemical factor in weathering is in abeyance but the 
mechanical aga~nts are of great importance. Rocits of 
varying degrees of hardi-iess are ground down to a more 
oi less uniform plane or curved surfaces. Entire 
surfaces exhibit rounding, well marked striations and 
poli~hing except in the highest peaks where these 
effects are obliterated by frost actior,. 

All these changes are included in the general 
term weathering and weatherii~g includes all processes 
which result in the disintegration and decay of rocks. 
Weathering consists of a two-fold process-mechanical 
disintegrat~on 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 a ~ o u t  by 
sudden or extreme variations of temperature, dampness 
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 go into solution 
and may be removed, while some remain in a hydrated 
or oxidjsed state. 

The loose products of the disintegratio~ are 
transported by water, by streams, rivers and Ice, 
and by wave action and deposited in iakes or other 
bodnes of water or in the sea. With the passage of 



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, 
mark, shales and limestones. They form the greater part 
sf the visible po~tion of the earth's crust and although q 

they have varied origins they have some important 
characteristics in common. Since they are laid domi 
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 is 
a product of chemical weathering, or it %?nay be siliceous, 
calcareous or ferruginous cements. Special names 

11 6 



are applied to the resulting rocks depending on the 
nature of the cement; thus we can have a calcareous 
sandstone or a ferruginous sandstone. Organic sedi- 
ments are as varied as the clastic rocks and include 
all rocks consisting predominantly of the remains of 

L 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  oral 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 enclosed 
seas by evaporation or chemical interaction with other 

'L 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. 

Metamorphic 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 
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field of stability governed by a set of physical controls. 
The most important of these physical controls are tern- 
perature and pressure. Some minerals have a wide 
range of stability, others have a veIy 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 rnefamorphic rocks. Rocks of all types - 
igneous, ~ecfirnerata~f-y, 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 environmer~t and give rise to 
a new assemblage of minerals suited to the changed C 

conditions and a metamorphic rock results. 

How are these changed conditions brought about? 
Temperature may riss as a result of deep burial; or it 
may rise due to the intrusicri of a large plutonic mass 
of igneous rock. This results in an increase in tem- 
perature in its neighbourhood and thc surroundlifig 
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 deveIopzd in areas of rnotlntain 
building where enormous pressures can arise. This 
type of anetamojrpklsrn is referred to as regional or 
dynamic rnetavnorphism and as the name 'kegio~al" 
inplies, 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 cornpad, 
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, sillirnanite, corundum and others are 
common. Apart from gneisses and schists, other 
examples of metamorphic rocks are slates, phyllites, 
quartzites and marbles (crystalline limestones). 

We can look upon metamorphic rocks as systems 
constantly striving to adjust themsp,lves 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 chmges which these 
rocks have undergone. 



Chapter IJI 

OETLffdE OF THE GEOLOGY OF SRT LANKA 

The Island of Sri Lanka (Ceylon) with an area of 
65 600 square kilometres ( 25 320 sqtare miles ) is 
essentially part of a "shiel8" 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 nplzeavals which have led to the 
formation of the great mountain chains of the worid 
such as the Himalag~as, 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 Hndia revealing a complete antithesis 
and a fundamentally different type of architecture ts 
North Hndia, 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 oceans to form land. Ths only 
major submergeace of the Island was in Tertiary times 
when limestone sediments of Miocene age were de- 
posited and slabsequently elevated to form the north- 
western coastal belt of the Island, incl~luding the Jaffna 
peninsula, its off-shore islands and Mannar island. 



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 
L feature of ancient antiquity not only with Peninsular 

India but with other 'shield' 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 sf  seas and lands, these shield areas have re- 
mained impassive, being only subject to limited vertical 
xncavement s. The compressional mountain building 
moven~ents so characteristic of geologically younger 
areas are absent. 

PRECAMBRIAN - Over ninety per cent. of the stirface area of the 
lCsland consists s f  rocks of Precambrian age (Archaean), 
the oldest rocks of the earth's crust, being the meta- 
morphic deriva-tives of a very thick group of mixed 
sediments comprising mostly sandy, clayey and calca- 
reous cdiinents. The only other geological forma- 
tions represented in the Islznd are narrow belts of 
Jurassic sediments in faulted basins, strictly local in 
distribution in the north-west of the Island, in the 
neighbourhood sf Puttalam; and a more widespread 
development of limestarre formations of Miocene age, 
prii~cipally in the north-west coastal belt of the Island; 
and Pleistocene and Recent formations. 



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 i 

marked parallelism of some of the constituent mine- 
rals. This is particularly true of the inicas and this 
commonly gives the rocks a banded appearance. Ban- 
ding is also often due to fine x~einlets of granitic 
materid at times coarser in texture +han the 
surrounding ground mass. 

The Precambrian rocks comprise a great goup  
of metamorphosed sediments (meta-sediments) and 
include quartzites, quartz schists, fine to medium 
grained acid gneisses and granulites, calc gneisses an& 
granulites, crystalline limestones (marbles) and 
dolomites, sillimanite gneisses, and sillimanite-garnet- 
graphite socks. They are all well bedded, indicating 
tlaeir original sedimentary character. Associated with i, 

these are granites and granitic gneisses. Another chara- 
cteristic of this ancient complex is the presence of certain 
types of minerals, such as ilrnenite, zircon, sillimanite, 
rare-earth minerals, tl~orium 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 Bithologj-, structure and field 
relationships, the Precambrian has been divided into 
three major units (Cooray, 1978). 



They are:- 1. P%e 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- 
matite~ 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 l~igl~lands, 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 sf  metamorphosed sediments and include massive 
quartzites, quartz schists, fine to medium grained acid - gneisses and granulites, crystalline limestones and do- .. 
lornites, calc gneisses and granulites, sillimanite 
gneisses and sillimanite-garnet-graphite schists, the 
lase rock type having the name khondahte. They 
are a11 well bedded indicating their original sedimenedry 
character and fhe 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 



and later amplified by Cooray in 1962. The charno- 
ckites occur inter-bedaed 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 form 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 microcline 
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 the triangle 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 



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 often complete closure of the strike 

* with outward dips suggesting the existence of dome 
structures. 

The South-Western Group 
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 meisses, 
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 diffearences warrant their 
separation as a separate group. 

Intrusive Rocks 
Coomaraswamy (1984) gave the name "Balangoda 

Croup" to zircon-bearing granites and pegmatites 
found in the Balangoda district. Similar zircon-bearing 
rocks have since been found at Loluwa, near 



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 Aiutgama area 
and the pink Arnbslgaspitiya 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 s f  the Island. The largest and best known of 
these dykes is the Mallodai dyke which can be traced 
for about 1CQ kilometres running in a north-west - 
south-east direction. Dolerite dykes have also been 
located 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 gegmati.tes 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 ~ h i c h  is a calcium fluoride (CaF,). 
Allanite-bearing pegnatites are ccmmon and have 
been recorded from several localities, one of the best 
known being the allanite-bearing pegmatite at Owella 
estate, Matale North district. 



The stratigraphic relationship between the three 
broad divisions of the Precambrian is a matter which 
has attracted the attention of most geologists 5ut on 
which there is no unanimity. However, recent work 
by the Geological Survey has thrown some light on 

1 the contr cverslal 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 sf serpentinks 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 
2% lnilligals, which more or less coincides with the 
the eastern boundary of the Highland Series and the 
Vijayan (Hathert on, 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. 
V 

JURASSIC ( TABROWA 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 Puttala.m, and consist of loosely consolidated grits 
and argills?ceous sar,dstones overlslin by shale beds. 
with inconstant bands of nodular limestones. These 



in turn are capped by massive grits and sandstones 
sufficiently resistant to form minor surface features 
which areclearly evident on the Puttalam-Anuracihapura 
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 
alpper Gondwana, (Sitholey, 1944). Subsequently, 
similar rocks were discovered by the Geological Survey 
at Andigama, where on the basis of recent work, the 
Jurassic rocks in this locality are found to occupy an 
area sf around 38 square kilometres (15 square miles). 
Still more recently, yet 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- 

i 

tonous regularity indicating cyclic conditions of 
sedimentation. The preservation of these sediments 
is due to down faultirag 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. 



The Miocene is best developed in the Jaffna yenin- 
sula where limestone outcrops are prominent and have 
been termed the Jafina 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 soil 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 ~ e t r e s  
(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 Kudrernalaj, 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 om the west coast, a small outlier of rocks 
of Mioc nc age occurs at Minihagalkanda on the south- 
east coast of the Island. 

PLEISTOCENE AFW 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- 
solidatxi material consisting largely of laterites, 
gravels, sands and days. These deposits belong to 
the Quaternary system. Gravels of Pleistocene age 
were first discovered by Wayland (1919) when he re- 
cognised certain deposits lying on the surface of the 
Miocene as "plateau" deposits. The Pleistocene con- 
sists of two form2tions - 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 laterally 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 
ilrnenite, zircon, monazite and other mineral species. 



The gravels are mottled and show various shades 
s f  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 a l ~ ~ a y s  
present and their distribution is patchy. Where the 
gravels are absent, the Red Earth lies directly on the 
Miocene or the crystalline rocks. Laterite Is a mottled 
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 and shell 
formations, lagoonal and estuarine deposits, peat 
deposits, gem-bearing gravels and beach sands. 



Chapter IV 

PtTlhTRAL EXPLORATION 

Mineral exploration may be briefly defined as the 
effort to find new economic mineral deposits 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, it is true to say that by and large 
the great majority s f  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 11, 
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. 



'The development sf these techniques and their 
subsequent refinement has been made possible by the 
close and active coi!abxation sf  geologists, physicists, 
chemists and enginexs and provides one of the finest 
examples of the beneficial results which arise by dose 
collaboration bztween diffcsent scientific disciplines. 
These techniques could not have been developed without 
such collaboration and this gave birth ta geophysics 
and geochemistry. 

Geophysical 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, 



Ground magnetic surveys are carried out by the 
use of sensitive instruments known as "magnetometers" 
which measure the natural magnetism; there are several 
types of magnetometess, and they provide detailed 
information about the location of sub-surface magnetic 
materials, such as magnetite, the magnetic oxide of 
iron; pyrrhstite, 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 I1 as a 
means of detecting submarines. Air-borne magnetic 
surveys, rvhsre a recarding mzgsetoxeter is a:z-rip,d in 
a plane flying at low altitude, is an efficient way of 
investigating large geologically 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 instahce, igneous and meta- 
morphic rocks are generally Eore 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 



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 suck as domes or 
anticlines, but gravity meters are very expensive and 
such surveys are costly. 

0 9  all the physical properties of minerals, their 
electsjcal 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 ass~ciated 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 be detected 
at the surface by repeatedly inserting a probe or probes 
into the ground at fixed distances and measuring the 
voltages on a sensitive potentiometer. The method 
is not widely used in mineral prospecting though it 
has been common~y used in correlating sub-surface 
zones in oil prospecting. 

In seismic methods of exploration the speed with 
which artificially created "earthquake" waves travel 
through the sub-surface layers is measured. The 
velocity of the waves is closely related to the geology 
of the area and by careful interpretation of the results, 
it is possible to obtain a picture of the sub-surface 
geology and its structure. The technique, h.owever, 



is not generally used in detecting metallic ores but is 
extensively used in exploration for oil and in engineering 
sub-surface investigaiions. 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 
"kc 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 ares 
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 
tke 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 wags. In the Geiger MuIler 
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 tho Geiger Muller 



counter. The instruments are small and light-weight, 
and generally designed to be portable. Air-borne 
systems are a l s ~  available though these have to 5e used 
in low flying aircraft, preferably around 100 m (300 feet). 

It is thus evident that there are many techniques 
available in rhe realm of geophysical exploration, and 
these are commonly utihsed where soils, overburden 
or a mantle of other earth covering material conceal 
the presence of sub-surface deposits. The techniques 
include the measurement oC magnetic, gravimetric, 
electric, electro-magnetic, resistivity and radiometric 
properties. As we have seen, they rely on contrasts 
in physical properties to assist in the exploration 
procedures. The methods do not rely on coiour, 
crystalline fora,  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 geology and this is important for validinterpreta- 
tion, and a combination of geological knowledge along 
with the geopliysical 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 mineral resource 
evaluation. 



The technique of geoc11emical exploration is based 
on the study of significant traces of metals disyersed 
in soils (overburden) around kn ore-body; or in the 
waters draining from a rnineralised zone; or even iri the 
vegetation growing on soils enriched in a particular 
element. The weathering of an ore-body will introduce 
distinctive eleme-its into the soils capping such 
sre-bodies, or into the streams draining from such areas, 
and analyses s f  these soils or waters n~il? show 
anomalous csaxcentratlsns of thz principal metal or 
metals comprising tlze miraerzlised zone. .Geochemical 
prospecting concerns itself, therefore, with tht; exzmi- 
nation of soils and the soil cover7 stream waters and 
stream sediments, circulating ground water as in springs 
and dven plant material. The geochemist must 
consider the known geology of the area an@ the nature 
of the deposit he is seeking; 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 m c h  the same philosophy but extends it to a 
wider range of materials. 

For reliable geochemicai surveys, a very large 
number of samples are required, whether soils or water, 
and the reliability s f  the method increases with the 
density of the sampling. As the concentrations are 



usually very small, usually s f  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 
anumber of san~ples involved. Some of the methods 
are simple enough to use in thz ilcld, while instru- 
mental techiques are used in the leboratory to which 
the field sa,~ples are despatched. Geochemical 
surveys have, however, only limited value without some 
background geological lcnowledge. The best results 
kzre achieved where g~ological information is available 
but geochemical methods are also used widdy for 
rec~nnaissazce pkzrposes. 

Geophysical Smveys in Sri Lanka 
An air-borne geophysical survey covering an area 

sf approximately 23 300 square kilometres (9 CXN 
square miles) was carried oat by the Hunting Survey 
Corporation of Ca,nada (formerly the Photographic 
Survey Corporation s f  Canada) in 19581 1959 under 
tlze Colombo Plan Technical Co-omration Scheme. T11e 

1* area covered by the survey comprised mainly the 
soutll-west sector of the Island and two geophysical 
quantities were measured simultaneously - the earth's 
total magnetic field and radiation due to ra dio-activity. 
The general flying height was 16G 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 caverage; 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 



the West to Vandeloos Bay on the east coast and the 
second in a north-north east direction from Mankesan- 
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 to delineate 
areas for detailed work on the ground. 

As regards the measurement of the magnetic 
field, the summarising repart 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 T 

dealing with iron ores. Subsequently, ground magneto- 
meter surveys were carried out in several areas covered 
by the air-borne survey. When a comparison is made of 
the magnetic contours from the air and ground surveys, 
important 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 seasons for 
this. I11 the first place, ihe ground survey is much 
nearer the magnetic source and will record small 
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anomalies with separate magnetic crests, whereas at 
greater heights from the air these tend to merge and 
disappear. The aero survey is also a continuous 
record, whereas the ground survey is made up s f  a 
large number of independent observations ~t stations 
separated from each other. Further, ground 
observalozls are influenced to a much greater extent 
by extraneous features such as fences, rail tracks, pipes 
and other metallic objects. 

Gore Drilling 
The discovery of a mineral o;cts.-rer,se or prospect 

using available geo!ogical, geophysical and geochemical 
methods and techniques is only the initit11 step in a 
long sequence of events before the occurrence can be 
developed into a viable mine. To become an ore-body 
of importaance which can be exploited economical:y, 
the prospect has to pass one critical test. Can the 
prospect be mined economi~ally In the prevailing 
conditions and in the next decade or two '! To provide 
an answer to this importact question, the authority 
responsible for exploration, whether it be a Govern- 
ment agency or a mining comDany, Lzas to spend large 
sums of money to prepare a detailed geological map 
of the area surrounding the prospect; to drill the 
~rebody, to delineate its exact boundaries and to arrive at 
reliable estimates of tonnages; 20 collect samples 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 011 the treatment 
and refining of the ore to ensure efficient recovery. 
Added to all this is the importapt need to investigate 

' and establish markets for the mineral products. 



Where the ground is relatively soft and the minerals, 
occur at or near the surface, say within three to five 
metres, the simpler methods of pitting and trenching 
are adequate, but where the deposits occur at deptrn 
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 drill rods are firmly 
gripped while being rotated ; either a screw or hydraulic 
feed which imparts the rotational speed to t l ~ e  line of 
drill rods ; and the cat-head for lowering and hoisting 
the drill ;ods and the casiag. The drill is usually 
mounted on skids which enables it to be moved under 
its own power ovsr rough terrain. Though not a part 
of the drill. proper, the most important piece s f  acces- 
sory equipment is the core barrei 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 penetraed. The core bariel is a - 
dottbiie 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 og 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 incl~es) depznding om the size of the drill bit. 
Cutting is by abrasion and ii'i course of time the dia- 
monds lose their cutting edges. When this happens, 
a new bit has to be used while the old bit is sent for 



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 adequate 
density sf drill holes strategically placed, it is possible 
Is  arrive at a three dimensionai picture of the deposit 
and realistic estimate of the tonnages available. The 
cores are also examined minerafsgically and chemically 
assayed to establish quality and grade of the ore andits 
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 
feasibiIity report as a prelude to investment and the 
development of a mine. Essential features of such a 

w 

report should include ancillary matters such as accessi- 
bility, transportation, availability of power and water, 
housing, and even the availability of labour. 



Chapter V 

CLASSWICATION OF ECONOMIC MINERALS 

There are around 2 500 minerals but of these only 
about 120 or so are of use to man and thus of economic 
importance. Basically, minerals can be classified 
into three broad groups - metals, non-metals and energy 
minerals ; the last group includes coal, oil and gas. 
Metals can be further sub-divided into - 

(a) iron and ferro-alloy metals. The principal 
ferro-alloy metals include manganese, 
chromium and molybdenum ; 

(b) non-ferrous metals, such as copper, lead 
and zinc; 

(c) light metals so-called because of their low 
specific gravity such as aluminium, magne- 
sium and titanium; and 

(d)  noble or precious metals so-called because 
of their high value such as gold, silver and 
platinum. 

The non-metallic minerals are commonly referred to as 
"industrial" minerals because of their widespread use in 
industry and in construction. They are a very varied 
group ranging from sand, stone and gravel to ceramic 
raw materials such as quartz, felspar and kaclin; 



lin~estone, dolomite and magnesite ; fertiliser minerals 
of phosphates, sulphur and potash, to such diverse 
minerals as graphite, mica, asbestos and diamond. 
The early belief that industrial minerals are cheap and 
relatively of less importance is no longer valid. Because 
of their widespread use, their aggregate volume and 
value exceeds that of metals. It is also possible to 
identify a rare metal group which includes minerals of 
cerium, lanthanum5 niobium, tantalum, hafnium and 
many others. 

These is no sanctity about the classification outlined 
in the previous paragraph and other classifications are 
possible. For instance, minerals can be classified 
according to their origin. Some minerals are known 
to be associated with igneous rocks; examples of these 
are beryllium minerals, mica, ilmenite and chromite; 
others with sedimentary rocks and examples of these 
are limestones and dolomites; and yet others with 
metamorphic rocks such as grephite, sillimanite and talc. 
Some minerals may be formed in more than one environ- 
ment. For example, titanium is found associated 
wiih igneous rocks and also with detrital or sedimentary 
rocks. Likewise, diamond is another example of a 
mineral found in both igneous as well as sedimentary 
enviroilment. This sinaple genetic classification 
(igneous, sedimentary and metamorphic) though useful 
docs not include many important groups of mii~ersels 
formed later than the host rock, such as vein-type and 
replacement deposits. Nor does it include many 
minerals formed as a result of weathering and chemical 
change such as the clays. 



Minerals can also be classified broadly on the 
basis of their principal use; for example ceramic raw 
materials (felspar, quartz and kaolin); or abrasives 
(diamond, corundum and garnet) ; fertiliser minerals 
(apatite and rock phosphates); refractory minerals 
(sillimanite, zircon, and certain clays) and so on. It 
will thus be evident that several methods of classifi- 
cation are possible depending on the criteria used. 
Despite minor limitations, the type of classification 
based on genesis combined with the mode of occurrence 
and association of the minerals is perhaps the most 
satisfactory, and this will bz adopted in the description 
of the Sri Lankan minerals that follows. For example, 
ilmenite and rutile (titanium minerals), zircon and 
baddeleyite (zirconium minerals), monazite (phosphate 
of the rare-earth metals), garnet (the non-gem variety) 
and sillimanite (aluminium silicate) are all treated under 
'Heavy Mineral Sands' as all commercially important 
sources of these minerals in Sri Lanka are the heavy 
mineral sands. They have a common origin and are 
invariably associated with each other. 

111 the description sf  the economic minerals, the 
following arrangement is adopted in the pages that 
follow- 

(a) iron and ferro-alloy metals; 
(b) non-ferrous metals ; 
(c) energy minerals ; 
(d) industrial minerals, including construction 

materials ; 
(e) heavy mineral sands; 
(f) clay and clay materials; and 
( g )  gems. 



In group (b) the chief non-ferrous metals are 
copper, lead and zinc. The only known copper deposit 
(Seruwila) is a copper-magnetite prospect in which the 
copper minerals are associated with magnetite, and is, 
therefore, described under group (a). Economic 6 

deposits of lead and zinc minerals are at present 
unknown. 

The crustal layers are not uniform and there are 
local concentrations of metals and minerals useful to 
man. These are the mineral occurrences and where 
the concentration is adequate to work them economi- 
cally, they are then classed as ore deposits. The 
distribution of minerals in the world is very uneven 
and not on a pro rata basis with population, and no 
country however large is entirely self sufficient in its 
requirements of minerals. 



Chapter VI 

FERROUS AND FERRO ALLOY METALS 

Iron Ores 

Iron is perhaps the most indispensable of all 
metals and can be regarded as the basis of all modern 
industry. Iron ore is a very plentiful mineral commo- 
dity, and with the possible exception of coal, is the 
commonest ore deposit with world reserves adequate 
to meet world steel making needs for many, many 
decades. At the current consumption of approxima- 
tely 800 million metric tons a year, the known reserves 
would last at least two hundred and fifty years. 
Histolically, most of the iron ore production of the 

w world has come from low grade deposits near the main 
steel producing areas of Western Europe and North 
America. Examples of these low grade ores are the 
Jurassic iron ores from the Cleveland Hills in the 
Yorkshire district of England; the "rninettes" of 
Lorraine in France; and the Clinton ores in the 
Appalachian States of the United States of America. 
However, the discovery in the last three decades of 
large deposits of high grade iron ore in non-traditional 
sources such as Australia, Africa, Brazil and India have 
completely altered the pattern of the industry. 



There was a close bond between local sources of 
raw materials for making iron and steel and industrial 
growth in the 19th. century and the early part of the 
20th. century. The ready availability of the raw 
materials, iron ore and coal, was largely responsible 
for the location of industrial centres and a major 
factor in the development of industrial nations. But 
today, the availability of local raw materials has no 
longer the same impo~tance. Bulk carriers with 
attendant low cost transportation have broadened the 
raw material source areas, and international trade in 
raw materials on a large scale for the steel industry is a 
striking feature of the present day. Japan is perhaps 
thc bzat example of this modc~il treild. The k h d  
most important producer of steel in the world, she 
imports over 90 per cent of the iron ore from countries 
as distant as South A m ~ i c a ,  Australia and India. 

Altliough there is a long list of iron-bearing 
minerals, three minerals only are important sources of 
the metal. These are magnetite, the magnetic oxide 
of iron having the formula Fe,O, with theoretically 
72 per cent Fe; hematite, a reddish ore having the 
formula Fe,O, and theoretically with 70 per cent. Fe; 

' 

and limonite, the hydrated oxide of iron with the 
formula Fe20,. 2H20 and containing around 58 per 
cent. Fe. To this list may be added the mineral siderite, 
which is a carbonate of iron, with the formula FeCO,, 
but economically of lesser importance. 

The iron ore deposits of Sri Lanka fall into two 
broad categories - 

(u) scattered deposits of hydrated iron oxides 
(principally limonite) occurring at or near 
the surface; and 



(bi) magnetite deposits within iron formations 
in the Precambrisn and occurring at some 
depth. 

The Hydrated Iron Ore Deposits 

The first type of deposit is concentrated mainly 
in the south-west sector of the Island, in the N7estern, 
Sabalagamuwa and Southern provinces with several 
deposits falling within the Ratnapura district. Zn all 
these cases the ore occurs largely as surface cappings 
and occasionally as embedded lenses or pockets. The 
cappings are not continuous but consist mmnly of 
detached masses and boulders on the crests and slopes 
of small h~lls. The boulders and detached masses 
vary considerably in size, at times several feet across to 
small boulders only a few inches across. Generally 
the deposits have no extension in depth. Some forty 
to fifty deposits are known, principally in the Ratnapura 
district of the Sabaragamuwa province; the Calle and 
Matara districts of the Southern province; and the 
Kalutara district of the Western province (Fig. I). 

Individual deposits vary greatly in their estimated 
tonnages, from 10 000 tons to 150 000 tons. The 
density of distribution also varies, while in some there 
is a concentration of boulders, in others the boulders 
are sporadically distributed. Bccasio~aally, very large 
masses are found, the best example being at Godakele, 
near Ambalangoda. The total reserves in all the 
deposits have been estimated at around 2.2 million tons. 
Some of the more important of the deposits are 
at Dela, Noragolla, Opata and Poronuwa in the 
Ratnapura district and Wilpita in the Galle district. 
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The average iron content varies and is around 53 per 
cent. Fe. Besides these better grade ores consisting 
mainly of limonite, there are lower grade ores of the 
ferruginous lateritic type. These are markedly vesi- 
cular in appearance, have a lower specific gravity 
and contain clay and siliceous matter; the iron content 
in these is lower, generally from 30 to 42 per cent. 

The Dela and Noragolla deposits were investi- 
gated by diamond drilling in 195s and 1959 by the 
Geological Survey. The investigations revealed that 
there is no continuity of the ore bodies and no exten- 
sions in depth, and that they are in the nature of 
pockets and lenses with much barren ground in between. 
The mining of these limonite deposits does not present 
any major technica 1 problems other than those arising 
from their scattered nature and the fact that most 
deposits are invariably in land supporting tea and and 
rubber in the Ratnapura district, and occasionally 
cinnamon cultivation in some of the deposits falling 
in the Gallle district. The deposits are, however, too 
small and too scattered to be of any major economic 
significance. 

Magnetite in Iron formations 
In the second category are three deposits discovered 

in the past three decades by the Geologjcal Survey by 
geological mapping and the application of geophysical 
methods followed by core drilling. The firs1 of these 
is Wilagedera in the Chilaw district; the second at 
Panirendawa (1962) also in the Chilaw district; and the 
third at Seruwila (1971) in the Trincomalee district. 
The Wilagedera magnetite deposit discovered in 1959 



its ofdinterest as it was the first banded magnetite depsit 
discovered in Sri Lanka. Prior to this discovery only 
the hydrated iron oxide deposits of the south-west 
sedor were known. Although the Wilagedara deposit 
js too small to have any economic significance, t5e 
occurrence is of considerable geological interest as 
the magnetite is associated with the minei-a1 barytes 
(barium sulphate). 

P~rendawa Magnetite Deposit 
Asecond magnetite deposit'of the Wilagedera type, 

that is a meta-sedimentary iron-formation in the Pr& 
cambrian complex, but on a much larger scale, was 
discovered at Panirendawa, five miles north-east of 
Mad,aanpe in the Chilaw district of the North-Western 
province. The iron-formations occur as thin inter- 
calations in a succession sf calc gneisses, quartzites,' 
biotite gneisses and charnockites. The first systematic 
exploration of the area employing ground geophysics 
cbmmenced nn 1962 as part of the genela1 ground follow- 
up work of the aero-magnetic anomalies revealed by 
the earlier air-borne geophysical survey of the south- 
west sector of the Island. This was later followed by 
diamond core drilling when twenty five holes were 
drilled with a total aggregate of 2 940 m drilled. The 
drilling showed that the iron-formation consists of 
bands of magnetite, which do not persist for any great 
distance, but pinch and swell in unpredictable 
fashion. 

Because of structural deformation of the iron- 
bearing host rocks, the deposit is broken up into four 
separate blocks designated as A, B, C,  and D (Fig. 2). 
Three af these (A, B and C )  are small deposits, each 





with less than one miilion metric tons, whereas deposit 
ID has a tonnage of over 3 000 000 m tons and has the 
best economic potential; the estimates are of tonnages 
up to a depth of 130 m. However, the deposit occurs 
at depths ranging Ji-om 30 m to 130 m. At such depths 
open cast mining methods cannot be applied and costly 
underground mining wiil be necessary. It is thus 
doubtful whether even deposit D can be mined economi- 
cally. Table IV shows the tonnages of magnetite in the 
four structural blacks and analyses of the iron 
formation. 

TABLE IV 

ANALYSES AND TONN-4GES OF IRON 
FORMATION - PANIRENDAWA 

Fe 
Si 32 
MnO 
TiOz 
A12Q3 
CaO 
MgO 
S 
P 
Tonnage 

A 
52.10 
17.90 
0.50 
Nil 

4.99 
1.88 
1.30 
0.31 
0.033 

981 980 

C 
53.50 

18.0 
0.85 
Nil 

4.78 
0.2% 
0.64 
Nil 

0.059 
852 530 

D 
51.10 
19.80 
0.39 
Nil 

7.41 
0.0s 
0.30 
Nil 

0.057 
3 537 421 

Tot~lTonnage ( . \ ,B ,C&D) 6353259 
(After icumarapeli (1964) 
Geological Survey. 

Seruwila Magnetite Deposit 
The discovery of a deposit sf  iron ore with associ- 

ated copper minerals at Serrawila, which falls near the 
boundary of the Trinco~nalee and Mathiraveli one inch 
topographical sheets, was made by the Geological 



Survey in 1971 during the systematic mapping of the 
north-east sector of the Island on the reconnaissance 
scale of 1 : 63 360 (1 inch to 1 mile). Detailed mapping 
and ground magnetometer surveys of the mineralised 
area were undertaken in the following year and this 
was followed by a programme of core drilling a few 
years later. The area which is thickly forested is difficult 
of access and access during the investigations was from 
survey lines set out on a 20 m grid. The entire area 
is underlain by high grade metamorphic rocks of Pre- 
cambrian age. Charnockites and quartzites belonging to 
the Highland Series are the predominant rocks to the 
north-west of ths area, while granites, granite gneisses 
and hornblende-biotite gneisses of the Vijayan Series 
are the predominant rock types to the south-east. 

The drilling investigations revealed that the ore 
bodies containing magnetite and the sulphides of copper 
are lenticular in shapz and concordant with the dip and 
strike of the host rocks; the lenses vary from one to 
ten metres in thickness. The host rock for the minerali- 
sation is an ultra-basic rock with gabbroic affinities. 
The rock is highly weathered on the surface and contains 
secondary copper minerals. An account of the 
'Geology and Tectonic setting of the Copper-Iron Ore 
Prospect at Seruwila' has been published by Jayawar- 
dena (1982). The author has categorised the minerali- 
sation at Seruwila as follows - 

(a) massive magnetite-sulphide ore ; 

(b) disseminated magnetite-sulphi de ore ; and 

(c)  trace mineralisation in the ultra-basic rock. 



The massive magnetite-sulphide ore bodies vary 
in thickness from one to ten metres, are very coarse 
grained and contain magnetite, chalcopyrite (copper 
iron sulphide), pyrrhotite and pyrite. The disseminated 
ores are mainly composed of the same minerals while 
the gangue minerals include scapolite, tremolite, diop- 
side and hornblendz Th= chalcopyrite is well developed 
in th3 mzssive ores unlike in the disseminated ore. 
From a careful study of the mineralisation and the 
associated rocks, Jayawardena is of the view that the 
ore mineralisation is along a deep seated thrust zone at 
the contact of the two major lithological divisions - 
the Highland Series and the Vijayan Series. 

In view of the magnitude of the work involved, the 
Bureau de Recherches Geologique et Miniere (B. R. G. 
M.) of Paris was su~lected to assist the Gzological Survey 
and to carry out further exploration work in 1979 on 
the basis of tenders; exploration work commenced in 
mid-1979. After a preliminary survey of the entjrc ty 
of the Seruwila area and the work accomplished earlia, 
Arippu, a few miles south of Seruwila and at the south- 
eastern extremity of the Allai tank, was selected for 
further investigation and fifty holes were drilled in the 
area, the maximum depth b~ing  120 m. Three million 
tons of ore with an avelage copper content of 1.06 per 
cent were proved in the area, while a further 1 200 000 
tons of ore with a copper content of 0.32 per cent were 
proved in Kollankulam, north of Arigpu. The ore 
assayed 41 per cent soluble iron. The total number of 
holes in the entire exploration programme was 76 
with a total aggregate of 8 410 m drilled. 



The estimates are up to a maximum depth of 120 em 
and it is possible that further ore Ieserves exist below 

v O  this depth. But as in the case of the Panirendawa 
deposits, open cast mining is not feasible because of 
the depth of the ore bodies and underground mining 
will have to be adopted; this is not economically 

a practicable with iron ores as they are a relatively low 
priced commodity. Secondly, the ore has to be 
crushed, milled and beneficiated and freed from copper 
before it can be used as a source of iron. As a source 
of copper, the deposits are far too small to justify their 
exploitation. Lastly, the ore is not in continuous bands 
or layers but as lenses which also involves hinigh mining 
costs. 

Although the proved iron ore deposits (Parairen- 
dawa and Seruwila) are of considerable geoPogical 
interest, they are very small deposits by world standards. 
For instance, the Kiriburi deposits in the Bihar 
State in India have been estimated to contain over 300 
million tons with an average grade of the lump ore of 
approximately 63 per cent. Fe aRer crusling and 
screening. To take another example, the Tom Price 
deposits in the Hamersley Range of Western Australia 
have been estimated to contain over 5500 milkion tons 
of easily accessible ore averaging about 64 per cent. 
Fe. Many examples of this nature can be furnished 
from all over the world illustrating that the Sri Lankan 
deposits are very small, and their successful exploi- 
tation is a matter of great doubt. Major iron ore 
producers in the world are the Soviet Union, Australia, 
the United States, Brazil, Canada, the Peoples 
Republic of China, India and Sweden. 



Fmo-alIoy Metals 

The chief ferro-alloy metals are manganese, 
chromium, molybdenum, vanadium, nickel and 
silicon; there are others but of minor importance. In 
most instances, ferro-alloy metals added to iron and 
steel are intended to provide special properties, such 
as increased strength or increased resistance to corrosion. 
A good example of this familiar to most students 
is chromium in stainless steel. Apart from titanium 
(ilmenite) and silicon (silica), which are abundant and 
described elsewhere in this volume, the ferro-alloy 
metals listed are not known to occur in the Island. 
Molybdenite, the sulphide of molybdenum, has been 
recorded from a few places in pegmatites as a very 
minor asszssory r n i n ~ ~ l ,  while the discovery of a 
mumbzr of bodies of serpentinite raises hopes of the 
possibility of nickel. Generally speaking, the pro- 
duction of ferro-alloys requires large blocks of power 
and is a highly spzcialised industry in which the 
processes are largely trade secrets. 



Chapter VII 

ENERGY MINERATS 

The so-called energy minerals are coal, oil and 
natural gas; they are the conventional fossil fuels and 
provide the greater part of the energy requirements 
of the world. Other types of non-mineral energy 
are wood, water power and solar energy. Of the 
energy minerals, coal out-ranked all the others but in 
the past four or five decades serious in-roads on the 
use of coal were made by petroleum. Coal is a mineral 
but is different from other minerals in that it is organic 
in origin. Coal can be loosely defined as a stratified 
rock formed from the accumulation and slow decay 
of vegetable matter, and it is universally accepted that 
all coal seams are derived from buried plant remains. 
Coal is abundant and widely distributed with economic 
and proved reserves put at 950 billion tons, while 
potential reserves are probably far in excess of this 
figure. It has been the back-bone of industrial life. 
Major world producers are the United States, the 
Soviet Union, the Peoples Republic of China, the 
United Kingdom, Poland, South Africa and Australia. 

The great majority of coal beds of importance are 
found in the Carboniferous system in what are described 
as the Goal Measures, though some coal beds of 
lesser importance are found in later formations 



such as the Jurassic. During Carboniferous times 
there was a very heavy growth of plants, shrubs, ferns 
and other plants in swamps and bogs. The vegetation 
died and accumulated for geological ages and was 
compacted and gradually changed to peat, which is 
the first stage in the conversion of vegetable matter to 
coal. No goal deposits have been found in Sri Lsnka, 
2nd as the Carboniferous system is totally absent, 
the chances of finding workable deposits of coal are 
extremely remote. 

As regards oil, various theories of an inorgan~c 
origin were popular in the last century but all geologists 
and oil technologists are now agreed on an organic 
origin for oil. What is uncertain is the precise nature 
of the organisms which gave rise to the oil deposits. 
]kt is likely that both plants and animals have contributed 
their share. Microscopic plants such as algae and 
diatoms and other plant and animal remains, such as 
forami~fera and other maline animals, which were in 
great abundance in the oceans have contributed their 
share. Decay of the animal and plant remains, in an 
environment devoid of oxygen, has given rise to the 
production of hydrocarbons, and the rocks in which 
the oil is formed are known as "source" rocks. Due 
to compaction by the weight of the overlying sediments, 
the oil formed migrates and is stored in a porous rock 
such as a sandstone or a porous or cavernous limestone, 
and the rocks in which the oil is thus stored are known 
as "reservoir" rocks. Lastly, the oil formed would 
escape or disperse unless it is trapped by a geological 



structure sealed by what is termed a 'cap rock' such as 
an impervious bed of thick shale or clay. The simplest 
of all geological structures are anticlinal folds or domes. 
These essential requirements must be fully satisfied to 
result in an oil reservoir, and it is the function of 
geologists engaged in oil exploration to locate 
geological structures in potentially oil-bearing rocks. 

Although oil is distributed in a number of geo- 
logical formations belonging to the stratigraphical 
column (geological column), the most prolific horizons 
are formations belonging to the Tertiary. Other forma- 
tions carrying economic deposits of oil are the Carbon- 
iferous and Cretaceous, and less frequently the Jurassic 
and Devonian. However, it is not the age of the 
geological formation that is of primary importance and 
oil fields depend on source rocks in large sedimentary 
basins with a great abundance of plant and animal 
life and the presence of suitable rocks into which 
the oil migrated and became entrapped. From this 
brief account, it will be evident that countries containing 
only rocks of Precambrian age have no possibility of 
discovering energy minerals such as oil and coal. The 
world's major oil producers are the Soviet Union, the 
United States, Saudi Arabia, Iran, Iraq, Venezuela, 
Kuwait and Nigeria, more or less in that order. 

Peat 
Investigations carried out by the Geological Survey 

in the early forties (at the time named the Department 
of Mineralogy) using manually operated augers proved 
a large deposit of peat in the Muthurajawela swamp, 



immediately south of the Negombo lagoon, and in its 
neighbourhood. Subsequently, in 19581 1959 a more 
detailed survey was undertaken. The swamp proper 
is bounded on the west by the Hamilton canal (cons- 
tructed by the British) and on the east by the old 
canal (constructed by the Dutch). The peat deposits 
were then found to extend beyond the confines of the 
swamp proper in several areas towards Kelaniya and 
Hunupitiya. Such extensions form minor embayments 
in the high ground composed of laterite and lateritic 
earths to the east of the main swamp. The total area 
covered by the peat deposits is at least 34 square km 
(13 square miles) with an average thickness of about 
4 m peat; the maximum recorded thickness in localised 
areas was seven metres. The total reserves have 
been estimated at around 55 to 60 million tons (on a 
wet basis ) but the actual reserves are probably much 
larger. 

The peat bed is not uniform and there are minor 
intercalations of peaty clays and sandy clays; the base 
of the peat bed is usually sand and augering was not 
done below this layer. The peat consists essentially 
of (a) shrub and tree group; (b) reed and sedge group; 
and (c) humus peat (Fernando, 1962). The shrub 
and tree group consists of material derived from the 
roots, trunks, branches and the bark of trees and 
shmbs, while the reed and sedge group consists of 
grasses and reeds and other swamp vegetation. Peat 
of this group is light, fibrous and has a matted appear- 
ance. The humus type is mainly in the form of a 



slurry with finely comminuted plant remains; it is loca- 
lised in distribution and its origin is uncertain, and 

a this type of peat is well developed in the Kudahakapola 
field whi~h  is an eastward extension of the main Muthu- 
rajawela swamp. As with most peats from other parts 
of the world, the water content is high varying from 

b 

$0 to 90 per cent. The ash content of the peat varies 
from 10 to 32 per cent; the volatile matter from 45 - 55 
per cent., and the fixed carbon froin 20 to 33 per cent., 
all calculated on a dry basis. One of the interesting 
features is the high sulphur content, which varies 
from 3.0 to 5.5 per cent. The material is low grade 
and the peat bed is not of uniform character, but in 
a situation where fossil fuels are unknown, the peat 
may have some potential value. Its use, however, 
will need further field and laboratory investigations. 

One of the problems with peat is the very high 
moisture content (80 - 90 per cent.). Preliminary trials 
carried out by the author have shown that the moisture 
content can be reduced to 10 - 15 per cent. by sun 
drying in 48 to 100 hours ; the wide variation in the 
drying time is undoubtedly due to the weather 
patterns - cloud, wind velocity etc. For the purpose 
of these trials, the peat was cut into blocks of the size 
of standard building bricks. 

Uranium and Thorium 
Uranium, the most important source element of 

atomic fuel, is found in the earth's crust at an average 
of 0.0003 per cent. or in other words three grams of 
uranium per ton of rock. Locally, it occurs in 



concentrations of sufficiently high grade to permit econo- 
mical extraction and these are the ore deposits. The 
principal ore mineral is uraninite, the oxide of uranium, + 
which is- crystalline. Pitchblende is the amorphous 
variety of uranium oxide. Along with a few lesser 
known minerals, uraninite (or pitchblende) is a 
primary ore of uranium. There are a number of other 
uranium ores - carnotite, torbenite, autunite and these 
ate all secondary minerals derived from the break- 
down of the primary ore minerals, or formed by the 
precipitation of uranium bearing solutions. While 
the prirnary ores of ura~iurn 2re qgite inconspicuous in 
appearance, shades of black or dark grey, the secon- 
dary minerals display spectacular colours, in bright 
yellows, green and orange. Some of the most beautiful 
uranium miilerals have come from the Shinkolobwe 
mine in Zaire (former Belgian Congo). The latter 
t y p ~  of mineralisation, the secondary mineralisation, 
is more widespread than the primary ore mineralisation, 
and occurs largely in sandstones, shales and conglo- 
merates. A good example of this is carnotite (potassium 
uranium vanadate, bright yellow in colour) which 
is found in the Jurassic sandstones of Colorado and 
Utah, and at one time an important source of 
uranium. 

Uranium minerals have not been identified so 
far in Sri Lanka. In 1979, the Geological Survey 
with assistance from the International Atomic Energy 
Agency (IAEA) carried out a stream sediment survey 
to identify uranium mineralisation, and a number of 



areas have been demarcated for more detailed surveys 
following this preliminary reconnaissance survey. 

- A  One of the areas earmarked for further exploration 
is the Galgamuwa area, where sandstones, shales and 
arkoses are known to occur. On the other hand, it is 

3 well known that Sri Lanka is a thorium province, the 
principal thsriurn-bearing mineral being the common 
monazite, which is described elsewhere under 'Heavy 
Minkal Sands.' 

The most important thorium-bearing mineral in the 
lsland is monazite, which is widely distributed, but this 
will be dealt with in the chapter on 'heavy mineral 
sands'. The other important mineral is thoriarmite. 
In 1903, Holland obtained from the streams of the 
Bambasabotuwa area in the southern slopes of the 
Peak Wilderness quantities of a heavy black mineral, 
some of which showed good cubic outline. The material 
was analysed in the Imperial Institute, London, and 
was found to be a new mineral, hitherto unrecorded, 
consisting mainly of thoria (Tho,) with small amounts 
of uranium oxide (U30,). The new mineral was rmamed 
tkzorianike by Professor Dunstan, then Director of the 
Institute. Later investigations by the Mineral Survey 
in the early years of the century proved the presence of 
the mineral in several localities, and the deposits 
attracted considerable attention at the time. The more 
promising of the deposits were worked on a small scale 
and nine tons of the mineral were exported in the 
period 1904 - 2908, but the deposits were soon 
exhausted. 



Later work by the Geological Survey in the early 
fifties proved the presence of the mineral in small 
amounts, in areas worked earlier as well as new areas. t 

Small amounts of the mineral, similar in appearance 
to the thorianite from Bambarabotuwa are found 
in the Rada ela and the Denawaka ganga in the neigh- 
bourhood of Pelmadulla, the mineral occurring in 
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patches where the heavy residues from earlier gemming 
operations wsre probably discarded. The thorianite 
is remarkably fresh and shows no rounding indicating 
that the mineral has not travelled far from its source. 
The Mineral Survey had also found the mineral at 
Maddegaaa, not far from Hiaiduaa in the Southern 
province, where it occurs in a pegmatite. The occur- 
rence was worked on a small scale but the results were 
disappointing and the site was abandoned. A re- 
examination of the area by thp, Geological Survey 
proved small amounts of the unworked mineral, and , 
a new occurrence was found at Bopagoda, about two 
miles from Maddegama. At this latter place, the 
mineral occurs on a hill slope and in the talus accu- 
mulation at the foot of the hill. As in the case of the w 

other localities, the thorianite is fresh and shows good 
crystal form. The mineral was also recorded from 
Mitipola, near Eheliyagoda. Unlike in other areas, 
the Mitipola thorianite is sub-angular and heavily 
stained with iron oxides. 

The specific gravity of the pure mineral varies from 
about 8.9 to 9.4, and has a dull or sub-metallic lustre. 
Penetration twins are not uncommon. On the whole, 
the deposits are small and low grade. A represen- 
tative sample of thorianite from the Ratnapura district 



on analysis gave the following result - Tho, 62.6 per 
cent. and U3?, 28.52 per cent. Thorianites from 

i) 
different localities show varying proportions of thoria 
and urania, and in general the urania content varies 
from about 11 to 35 per cent. Some thorianite from 
Mitipola assayed 33 per cent.U,O,. Yet another 

b thorium mineral is thorite - thorium silicate having 
the for mula ThSiO, ; it has been recorded occasionally 
from the gravels of the Ratnapura district. Analyses 
of thorianite and thorjte are shown in Table V. 

TABLE V 

ANALYSES OF THORIANITE AND THORITE 

Constituents Thorianite Thorite 
(Kondurugala ) (Kondurugala) 

Tho2 76.22 66.26 
cezos 8.04 7.18 
La203 
Zr02 Traces 2.23 
uo3 12.33 0.46 
Fez03 0.35 1.71 
PbO 2.87 
Si02 0.12 14.10 
CaO 0.35 
p205 1.20 
Hz0 6.40 

Imperial Institute, 
London. 

The pilot plant studies carried out on seasonal 
concentrates of heavy mineral sands formed on the 
west coast have shown the presence of minor amounts 
of fine grained thorianite in the sands of Kaikawela, 
near Induruwa, and at Polkotuwa, near Beruwela. 
The Kaikawela thorianite assayed 66.5 per cent Tho, 
and 23.3 per cent. U30,. All the available evidence 
indicates that the mineral is widely distributed though 
only in very minor amounts. 



Chapter VIII 

INDUSTRIAL MINERALS 

Graphite 

Graphite is the crystalline form of carbon; it is 
steel-grey to black in colour and characterised by its 
extreme softness and greasy touch. Its other unique 
characteristics include its high conductivity for heat 
and electricity; high refractoriness and its chemical 
inertness. The mineral is widely distributed in the 
Precambrian complex and the deposits fall into three 
main groups - 

(a) gapkite veins in the nature of fissure infillings ; 

(b) disseminated deposits in which the mineral 
occurs as small flakes and scales in a variety 
of crystalline rocks; and 

(c) in pegmatites and quartz veins where the 
mineral is sporadically distributed. 

Mining is confined to the vein-type deposits which 
occur as fissure infillings in the metamorphic rocks of 
the Precambrian. The deposits occur in swarms oi 
veins within narrow zones in structurally weak rocks 
such as the cores of anticlinal structures (domes) where 



fractures are common. The veins are generally well 
defined with sharp contacts with the country rock. 

s Banded structure is common in the veins and they are 
characterised by a high degree of purity often consisting 
almost exclusively of graphite. Where other minerals 
are associated with the graphite, they include mainly 
quartz, calcite and pyrite. The veins vary greatly in 
thickness, from a few centimetres to a metre and more; 
at times, they enlarge into lenticular masses and 
pockets three to f o u ~  metres in width. 

The graphite veins are usually steeply dipping 
involving underground mining in hard rock with 
consequent high costs. They normally follow a struc- 
tural pattern, and although the directions of the veins 
are variable in any given area, the major veins tend to 
have one or two identifiable directions. East-west 
trending graphite veins are common with off-shoots 
following joint planes and minor fractures in the host 
rocks. The deposits are mainly concentrated in 
anticlinal folds with a more or less north-south 
direction. The best known graphite occurrences are 
in the Western, North-Western, Sabaragamuwa and 
Southern provinces though minor occurrences are also 
found elswhere in the Central and North-Central 
provinces (Fig. 3). 

The disseminated graphite occurs as small thin 
flakes and scales seldom over half a centimetre in 
diameter, and is found in a great variety of rocks such 
as crystalline limestones and dolomites, garnetiferous 
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gneisses, acid gneisses and garnet-sillimanite gneisses 
and charnockites. The amount of graphite in these 

5 rocks is small and the disseminated deposits are not 
of economic importance. In pegmatites and quartz 
veins, the graphite flakes are usually larger and thicker 
but such occurrences are comparatively rare, one of 
the best known being the occurrence at Pussellla, near 
Megalle, where the mineral is found in a pegmatite 
associated with apatite. 

The graphite industry which was entirely in the 
hands of Sri Lankans was nationalised in 1971, and 
following the nationalisation, the State Graphite 
Corporation was established in 1971 under the State 
Industrial Corporations Act No. 49 of 1957. The 
Corporation took over the running of thee large mines 
previously operated by the Private Sector - Bogala, 
Kahatagaha and Kolongaha - whjch formed the back- 
bone of the industry. The three mines, with their 
traditional mining communities drawn from their 
neighbourhood, formed the nucleus of the mew Cor- 
poration. The main objectives sf the Corporation 
inclarded, among others, the mining, refining and 
processing of graphite ; the manufacture of products 
of industrial value from graphite; and the sale and 
export of the mineral and its products. Subsequently 
in 1979, the Corporation was re-named the 'State 
Mining and Mineral Development Corporation' with 
expanded functions including the mining, processing 
and marketing of mineral commodities other than gem 
stones and mineral sands. 



With the establishment of the Corporation, the 
three mines, Kahatagaha, Kolongaha and Walaka- 
tahena, situated very close to each other in the Kuru- 
negala district of the North-Western province, were 
grouped together into a single mine and renamed the 
Kahstagzhs-Kolongaha mine. This resulted in an 
improvsme~t of th: vzntilation of the mines and 
rationalisation of the mining operations. The Kahata- 
gaha-Kolongsha mine works a large group of south 
dipping veins ; t h i r  horizontal extension ranging from 
20 to 150 m with an average of 60 m (1 82 feet), while their 
thickness varies from 0.23 m to 0.9 m. The 
Kahatagaha mine is thc dzzpzst mine in Sri Lanka, 
the deepzst level being 410 m (2 000 feet). Access is 
by two shafts - the Kahatagaha shaft having a depth 
of 345 m (1 130 feet) and the Kolongaha shaft 101 m. 
(330 feet.) B3low the shaft bottoms, access to the lower 
working is by a series of winzes. The average monthly + 

production of the combined units is 300 m tons. 

The Bogala mine is situated in the Kegalle district 
about 80 kilometres north-east of Colombo. The 
terrain of the mine is rugged and the mine elevation 
is about 170 m. The vein system consists of three 
major veins with several steeply dipping minor veins 
in high grade metamorphic rocks. The horizontal 
extension of the major veins varies from 130 m to 300 
rn with thicknesses varying from 0.28 to 0.98 m, and 
exceptionally in places to several metres. The deepest 
level is 375 m (1 230 feet) and access is by two shafts 
in series - the first from the surface to the 132 m (432 
feet) level and the sub-shaft from this level to 3 11 m 
(1 020 ft). The average monthly production is 500 m tons. 



The Rangala graphite deposit was discovered by 
the Geological Survey at Siyambalawela in tlie neigh- 
bourhood of Bogala in the early seventies and develop- 
ment at this locality was started by the State ~ r a b h i t e  
Corporation in 1973. There are four veins of high 
grade graphite and access is by a system of adits. The 
experimental mine produces a few tons monthly. The 
Corporation also commenced development operations 
in the abandoned mlne at Ragedara, Melsiripura, 
in 1975. Acczss is by an adit and one major level has 
been established which encountered a dense network 
of steeply dipping veins, most of which are of little 
economic importance. A second level has been estab- 
lished about 22 m below adit level and this has intes- 
sected some productive veins. The Ragedara graphite 
was rep~ted for its very high dsgree sf purity assaying 
almost 100 per cent carbon. 

Graphite possesses several notable properties and 
its importance in industry is based on one or more of 
its inherent qualities, such as its extreme softness; its 
ability to withstand very high temperatures ; its imert- 
ness to a large variety of chemical reagents, and its 
ability to mix with liquids. Graphite is unequalled 
for many refractory uses and an important use of 
graphite is in the manufacture of crucibles for melting 
non-ferrous metals. Finely pulverised graphite com- 
monly mixed wi:h grease or oil finds extensive use as a 
lubricant, whle considerable quantities, usually not of 
high quality, are used in graphite paints for the prod 
tection of metal surfaces from corrosion. Other uses 



include foundry facings, carbon brushes, dry cell batteries 
pencils (one of ~ t s  more familiar applications), 
graphite electrodes and other miscellaneous uses. Sri 
Lankan graphite is an indispensable ingredient in carbon 
brushes for electric motors and other strategic electrical 
equipment and no other variety can be substituted com- 
pletely for the Sri Lankan material. Graphite is soluble 
in molten iron and one of its important uses is insteel- 
making for increasing the carbon content of the steel, 
though other forms of carbon are also used for this 
purpose. 

Sri Lankan production s f  graphite is very small, 
amounting to only about two per cent. of world produc- 
tion which is in the region of 503 003 rn tons per annum. 
Nevertheless, the Sri Lankan material is of importance 
because of its high quality and because there is no 
substitute for it for certain uses. Other important 
producers are Korea, Mexico, Malagasy and Germany. 
Though all graphite is crystalline, the Trade recognises 
two broad varieties - 'crystalline graphite' or 'flake 
graphite' and 'amorphous graphite' - the term amor- 
phous being applied to the crypto-crystalline variety 
in which the crysta-1s cannot be recognised by the naked 
eye. While graphite from Sri Lanka and Malagasy 
are described as crystalline, the Korean and Mexican 
production is largely amorphous. 

Almost the entire production of grap hite is exported 
and the quantity used locally in small scale industry is 
negligible varying from 159 to 300 m. tons per annum. 
The local use is confined to the manufacture of dry cell 
batteries, pencils and in foundry use. Figures of 
production and exports are furnished in Table VI. 



PRODUCTION AND EXPORTS OF GRAPHITE 
(1974 - 1983) 

(In metric tom) 

Year 
1974 
1975 
1976 
1977 
1978 
1979 
19% 
1981 
1982 
1983 

Production 
10 261 
7 794 
7 964 
8 711 

10 675 
9 491 
7 124 
6 777 
8 257 
5 528 

Exports 
9 622 
5 904 
7 893 
8 769 

11 163 
10 933 
6 566 
4 490 
3 014 
4 605 

Authority: State Mining arid Mineral Development Corporation. , 

The average price covering all grades works out 
at around Rs. 112 500 f.o.b., per m ton. The principal 
buyers are the United Kingdom, the United States of 
America and Japan. 

Apart from gem mining, graphite mining is the 
oldest mining industry in Sri Lanka and the Island has 
long been known as a source of high quality graphite. 
The mineral has been mined for over one hundred and 
fifty years, enjoying a virtual monopoly in world 
markets in the latter part of the last century. The 
industry has passed through many vicissitudes with 
peak production coinciding with war years. For 
instance, the highest production ever recorded in the 
industry's long and chequered history was during the 
First World War, when in 1916 exports reached a 
figure of over 33 000 tons. Soon after, the demand fell 
sharply and the industry faced a serious crisis partly 
as a result of competition from Malagasy. Likewise 



in World War I1 when other sources of supply were 
lost, Sri Lanka was the main supplier of graphite to 
the Allied Nations and exports reached a peak of over 2 

27 033 tons in 1941 and 1942 though the peak of the 
First World War was not reached. Apart from the 
three large mines, a large number of small mines, 
principally in the south-west sector, were worked with 
the favourable market created by the war. They were 
mostly shallow workings with a small production but 
with the end of World War TI, nearly all of them closed 
down. A sharp fall in demand followed the end of 
the war, and the industry faced a crisis in the fifties 
and early sixties comparable with the depression of the 
early thirties. 

To illustrate the vicissitudes the industry has passed 
through, the exports of the mineral for the period 
1935 - 1946 are furnished in Table VII. 

TABLE VIP 

EXPORTS OF GRAPHITE 
(1935 - 1946) 
(In long tons) i 

-- 
Year Exports 

Authority: Geologicai Survey. 
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Mica 
The micas include a closely knit group of complex 

alumino-silicates with hydroxyl and other elements such 
as potassium, magnesium and ferrous iron; some rare 
varieties contain sodium and lithium, while part of the 
hydroxyl may be replaced by fluorine. The important 
varieties are - 

muscovite or white mica (potassium mica); 
phlogopite or amber mica (magnesium mica) ; 
biotite or black mica (ferro-magnesium mica) ; and 
lepidolite (lithium mica). 

Oaily muscovite and phlogopite have significant 
commercial value, and of the two, muscovite has by far 
the major importance. All micas are characterised by a 
perfect basal cleavage, which enables the mineral to 
be split into very thin sheets with a high degree of 
flexibility and elasticity, and by their pearly lustre. The 
micas generally occur in large crystals called "books", 
a good descriptive name for they can be cleaved into 
thin sheets in the manner of separating the pages of a 
book. The mineral occurs in pegmatites where they are 
commonally associated with quartz and felspar. Single 
books may attain large dimensions and muscovite 
plates ten feet in diameter have been found in India, 
while a single crystal found in North Carolina, U.S.A., 
is reported to have weighed almost two tons. 

The chief type of mica found in the Island is phlog- 
opite which is widely distributed in the Central, Sabara- 
gamuwa and Uva provinces. The deposits are closely 
associated with rocks of the Highland Series, chiefly 



dolomites and dolomitic limestones, and occur along 
contacts sf these rocks with pegmatites, or as irregular 
aggregates or vein-like masses in pyroxenites. The 
vein type deposits are inconstant and in the nature of 
pockets or lenses. Muscovite or white mica is rare in 
comparison, the best known locality being Pinnawela, 
near Balangoda; other muscovite-bearing pegmatites 
Xaave been recorded from Mariarawa and Udumulla in 
the Passara district. Biotite or "b1ack"mica bas been 
recorded from a number of localities such as Kaikawela 
in the Matale district and from Polgolla in the Kusune- 
gala district. Lepidslite, the lithium mica, pale 
lilac in colour, has been recorded from Maikawela. 
In some pegmatites the mica may be segregated in 
zones more or less parallel to the walls of the pegmatite, 
while in others it is inter-mixed with other constitu- 
ent minerals of the pegmatite. a 

In the past phlogopite mica has been mined from 
compalrativePy shallow workings at Naula, Wariyapcrla, 
Mailapitiya, Madumana, Talatu Oya, Pallekelle and 
Hanwranketa in the Central province; at Godakawela 
and Madampe in the Sabaragamuwa province; at 
Badullla, HaldumuSla and Ulwita in the Uva province; 
and at Pslgolla in the North-Western Province. 
In recent years these has been small scale mining for 
mica in the Kandy district, at Naula and Madugoda; 
and at Dutuwewa, near Kebitigollewa in the North- 
Central province. Small tonnages have been exported 
but the exports have been confined to scrap grades. 
(Fig.4) 
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Mica has high di-electric strength and the ability 
to withstand high tempsratures. It is, therefore, 
widsly used in the electrical idustry for insulation and 
in electronic apparatus industries. Because of its 
heat resisting qualities, it is also used in the windows 
of furnaces, ovens and stoves, lamp chimneys and 
lamp shades. World production of mica can be 
divided into two main classifications - sheet mica 
and scrap or flake mica; the two types differ widely 
in their uses and in the form in which they are market- 
ted. Books of mica of various shapes and sizes are 
clzaned of all adhsring extra3ex-i~ matter azd thzn 
split into forms of suitable thickness, and flaws such 
as pin holes, cracks and inclusions removed. The 
edges of the resulting shee:s are thzn trimmed using 
a sickle or knik to remove raggd and broken ends 
to facilitate further splitting for commercial use. 

The mica sheets are then graded according to the 
area of the largest rectangle that can be cut from the 
sheet of mica, the larger the rectangle the higher the 
price. According to the Indian Standards, eight such 
grades are recognised - grade 7, the lowest with a 
rectangle under one square inch, and grade 1 with a 
rectangle area from 24 to 36 square inches. Grades in 
excess of 36 square inches are regarded as 'special 
grades' and fetch premium prices. 

The mica industry in Sri Lanka dates back to the 
eighteen nineties when mining was carried out on a small 
scale in the Badulla district. During the Second World 
War mica mining was encouraged by the State and the 



Geological Survey (at that time known as the Depart- 
ment of Mineralogy) purchased mica on behalf of the 
Anglo-American Mica Mission based in India. Despite 
favourable prices and advice given by the Geological 
Survey on the mining and preparation of the mica for 
the market, the quantities offered were small, less 
than ten tons in the .period 1942 - 1944 and confined to 
the lower grades. One reason for this was that the 
books of mica were badly flawed and warped, heavily 
stained and often contained 'inclusions, all of which 
make the mineral ~~nsuitable for industrial use. However, 
mining was confined to shallow depths and with deeper 
mining it is likely that better grades of sheet mica 
could have been obtained. 

India is the world's largest producer of muscovite 
mica from the State of Bihar and the Nellore district 
of Madras, and in the past has supplied some70 per 
cent. of the world total of sheet mica. ,The great amount 
of hand labour required in producing and preparing 
block mica for the market gives countries with low 
wages, such as India, a great competitive advantage 
over those with high wages. Brazil is also an impor- 
tant producer of muscovite, while Canada and Malagasy 
are important producers of phlogopite mica. Because 
of the sporadic nature of the mineral, mica deposits 
are notoriously unsatisfactory for mining purposes. 
Apart from the presence of pegmatites, which may or 
may not carry mica, there are few indications to help 
the exploration geologist in his search for deposits 
of the Irminei-ail. 



The mica mined at Dotuwewa, near Kebitigollewa, 
is a vermiculite, and is probably an alteration product 
of phlog~pite. A few hundred tons of this material 
have been exported in recent years principally to Japan. 

i 

The mine had reached a depth of around 22 m when 
work was stopped due to a change in quality and the 
lack of demand. The United States is the world's 
largest producer of vermiculite. 

Although there is a specific mineral called vermi- 
culite, the name is applied commercially to a number 
of closely related minerals which are essentilly hydrated 
silicates of aluminium and magnesium and which have 
the property of exfoliation. When heated, the mineral 
loses water and expands into a cellular aggregate which 
is several times the original volume. The main use sf 
vermiculite is as an insulating medium for thermal 
insulation of roofs, ceilings and walls. It is reported 
that a ton of vermiculite can cover an area of over 1 100 
square feet up to a depth of three inches and provide 

i 

thermal insulation equivalent to a five foot brick wall ! 
In addition to its use for insulation for domestic and 
commercial structures, loose vermiculite is used for 
packing refrigerators, incubators, ovens, thermal 
jugs and in other industries and competes with cork 
and mineral wool. Mixed with Portland cement, it 
can be poured in place or pre-cast into light weight, 
fire-proof slabs for roofing and partitioning walls. 

LIMESTONE 

Geologically the term limestone is applied to 
rocks of sedimentary origin which consist predomi- 
nantly of calcium carbonate (CaCO,). The theoretical 
composition of a pure limestone is - 56.1 per cent. CaO 



and 43.9 per cent. 0 .  In actual practice the 
limestones contain various impurities such as silica, 
oxides of iron, alumina, magnesia and clay material. 
Thus we can have siliceous limestones, ferruginous 
limestones and other types depending on the nature of . 
the m2in impurity. The great majority of limestones 
are of organic origin bzing composed for the most part 
of the altered remains of animals and plants which 
possess a calcareous shell or skeleton. Limestones 
display great variations in composition, appearance, 
colour, texture and porosity. Crystalline limestones 
or marbles are limestones in which the carbonate 
minerals have crystallised under heat into a dense 
crystalline form, while 'Chalk' is an extremely fine 
grained material consisting essentially of rnicro- 
organisms of marine origin. 

The limestone deposits of the Island fall into three 
broad categories - 

(a) sedimentary limestones of Miocene age; 

(b) crystalline limestones (marbles) of Precam- 
brian age; and 

(c) coral limestones mainly in coastal areas and 
of Recent age. 

The sedimentary limestones of Miocene age are 
best developed in the Jaffna peninsula, where they occur 
as hard, compact rocks with a CaCO, content of well 
over 95 per cent. These same limestones extend along 
the north-west coastal belt to Buttalam on the west 



coast. North of Puttalam they form a low series of 
hills running roughly in a north-south direction from 
Aruakalu hill in the south to Kudremalai in the north. I 

The limestones in this region are interbedded with 
siliceous limestones (Fig. 5). 

The crystalline limestones or marbles are prominent 
rnsmb2rs of the, Highland Series of rocks and are closely 
associated with quartzites and other rock types of the 
Highland Series. They occur as well defined bands 
which can be traced for many miles along the strike, 
though at times they are discontinuous. Most of these 
crystalline limestones carry varying amounts ofmagnesia 
(MgO) and they range from pure limestones through 
dolomitic limestones to true dolomites; the magnesian 
varieties are more abundant. Often the marbles are 
impure due to the presence of various silicate minerals. 1 

At times the silicate minerals are found in layers and 
this gives the marbles a banded appearance. Where 
they are free from silicates and other minerals, they 
form large masses of pure white marble which are too 
coarse in grain to be of importance for sculpture and 
carving. 

The coral limestones are found at various points 
on the coasts of the Island, principally along the south 
west coast from Ambalangoda to near about Matara. 
The dep~sits consist largely of loosely packed finger 
or stick coral with some massive varieties. They are 
not of great economic importance but are extensively 
quarried in the region of Ambalangoda and Hikkaduwa 





, 
as a source of lime for building purposes. Other areas 
where coral limestones are found are the Jaffna penin - 
sula where they overlie the Miocene limestones, in the 
Trinco~malee and the Kuchchaveli area on the north-east 
coast, andat Kalkudah on the east coast. Though 
of high purity and at one time thought to be s~~itable 
for use as raw material for the local cement industry, 
they are not extensive enough to justify their exploita- 
tion on a large scale, and in addition their mining 
causes severe sea erosion as at several points on the 
south-west coast. 

The chief rase of limestone is in the cement industry. 
Portland cement is made by burning properly 
proportioned raw materials containing essentially lime, 
alumina, silica and oxides of iron in rotary kilns. 
Tlaeoreticzlly a large number of raw materials are 
available for providing these essentizl constituents, 
buc in actual practice two saw materials are used - 
limestone and day. The former provides the lime, 
and the latter the alumina, silica and iron oxides. If 
the raw materials aye not of the required specification 
in respect of these constit~aents, a third and 
even a fourth component may be added to 
the two major raw materials, for instance silica 
or alumina or both, to make up deficiencies. 
The chk~er  produced by burfling the raw materials is 
cooled and then ground with a small proportion of 
gypsum to produce the finished Portland cement. The , 

- Cement Plant at Kankesanturai obtains its requirements 
sf kiniestone from the quarry adjoining the Plant 
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while the Puttalam Cement Plant obtain. its limestone 
requirem~nts from Aruakalu situated about 25 km 

.* from th.: Plant. The two Plants require over a million 
tons of limestone annually for cement manufacture. 

Another important use of liri~estonae is in blast 
furnaces in the Steel Industry. For every ton of pig 
iron produced in the blast furnace, the charge into the 
blast furnace includes 0.4 tons of limestone (depending 
on- the quality) apart from the other raw materials. 
Other important uses are in the glass and paper i~?idu- 
stsies and as the starting raw material for the produ- 
ctio?z of lime (CaO) fa-  use in several irldustries sech 
as sugar, the clnemical industries and watsr purifi- 
cation. It is also used in the building industry and for 
the manufacture of bleaching powder md v.xslciurn 
carbide. 

P DOLOMITE 

Dolomite is the double carbonate of caliciurha and 
magnesium having the formula Ca@B,.MgCO, (theore- 
tically 54.35 per cent. calcium carbonate a d  45.65 
per cent. magnesium carbonate). Dolomites are 
normally associated with limestones and they can be 
regarded as limestones partly transformed by hydro- 
thermal alteration where calcium is partly replaced 
by magnesium. Limestones often contain small 
amounts of magnesia (MgO) and those with magnesia 
from 5 to 15/19 per cent. are referred to as dolomitic 
limestones, while those with over 181 19 per cmt.  magne- 
sia are classed as dolomites. Theoretically, dolomites 
contain 22 per cent. magnesia. Analyses of dolomites 
and dolomitic limestones are furnished (Table VIII). 



ANALYSES OF DOLOMITES AND DOLOMITIC LIMESTONES 

1 - Ross Estate, Matale, 
2 - Nalanda, Matale North. 
3 '- Niriella, Ratnapura district. 
4 - Dolomitic limastone. 

The Island has very large reserves of dolomites 
and dolomitic limestones entirely confined to the 
Precambrian and widely distributed in the Kandy, 
Matale, Matale North, Habarana, Ratnapura, and 
Badullla districts where they occur interbedded with other 
rocks of Precambrian age such as quartzites, garnet 
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gneisses and charnockites (Fig. 5). Where free from 
silicate minerals, they are white in colour an.d their 
texturz varies from coarse to fine, and at times. 
very coarse with large recsgnisable rhornbs of dolomite. 
Quite commonly they contain accessory minerals such 
as forsterite (magnesium silicate), phlogopite mica, 
apatite, chondrodite, spinels, flakes of graphite and 
other minerals. The impurities may be uniformly 
distributed throughout the rock mass, or found in layers, 
or even as clots irregularly distributed in a white ground 
mass. Serpentinization of the forsterite may impart 

a green colour to the-rock giving nse to a green marble 
e.g. Rupaha marble in the Nuwara Eliya district. 



The main use of dolomite is as a refractory and, it 
was first used as a refractory in the linings of basic 
Bsssern6~ sted-making vessels, but its most important 
bulk use in the pxst csntury was in opcn hearth furnaces. 
Since open hearth furnaces have virtually disappeared, 
dolomite has lost some of its importance but is now 
used in electric arc furnaces. Apart from its refractory 
use, dolomite finds important use as a flux and as a 
slag conditioner in the iron and steel industry. In the 
uncalciaed state, dolomite is often used as a blast fur- 
nace slag where it can make up to 10 per cent. of the 
limestone chargs. Tn the light calcii~cd s:a"l, it may 
make up to 25 pix cent. of the total lime addition to the 
furnace. 

Dolomite is also used in the manufacture of 
tar-bonded bricks and blocks. Bricks made up of dead- 
burned dolomite are ceramically bonded (Le. fired) 
or bonded with tar or pitch (Le. unfired). Magnesia 
is also one of the minor ingredients in the glass irldustsy 
to give eilhanced chemical resistance and lustre, and 
limsstone and dolomite are added together to the 
batch in appropriate proportioz~s. Another important 
use of dolomite is in agriculture where it is used as a 
soil conditioner and as a constituent of fertilisers to 
correct magnesia deficisncy. Deposits of hard, compact 
dalornite hsvz bzen ased for centuries as a source 
of building blocks, and some of the buildings in the 
ruined cities of Sri Lanka have been built of  this 
material, 1 
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Apart from its refractory use, dolomite is also the 
raw msterial for the production OF magnesia from sea 
water. This involves the use of lime or dolime (CaO. 
MgO) to precipitate magnesium hydroxide from sea 
water. The precipitate is filtered and the magnesium 
hydroxide filter cake fired in rotary kilns to yield a 
a high purity magnesia. The possibilities of producing 
magnesia from sea water locally is worthy of consi- 
deration. In reccnt years, dolomite has also found 
important use as a filler. For this purpose, the dolo- 
mite has to be very pure, exc~ptionally white, and 
fres from dclcterious iiap'irities such as iron and 
manganese. 

The mineral magnesite is the carbonate of magne- 
sium (MgCO,), and occurs in nature in two commer- 
cially important forms - one compact and 'amorphous' 
and the other crystalli me. The only known magnesite 
deposit in Sri Lanka is of the crystalline variety and is 
found at Randeniya, near Wellawaya, where it is asso- 
ciated with dolomitic limestones. The crystalline 
magnesite deposits have originated as a result of the 
replacemznt of dolomite or limestone by magnesia- 
rich solutions arising from an igneous source. The 
Randeniya deposit is a small, local occurrence and on 
the basis of drilling investigations carried out by the 
Geo!ogical Survey is estimated to contain about 4 000 rn 
tons ; the deposit is only of limited importance. 
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In addition to being a source of the metal magne- 
sium, magnesite is a .valuable refractory mineral. 

* Dead-burned magnesite, prepared by prolonged heating 
of the mineral to high temperatures to expel the carbon 
dioxide, is employed as a basic lining capable of 
withstanding high temperatures in furnaces. Caustic 
calcined magnesite resulting from heating magnesite to 
1 000°C retaining part of its carbon dioxide is used in 
making strong, quick-setting cement by mixing it with 
magnesium chloride. The cement becomes hard and 
tough and is extensively used for durable and fire- 
proof floorings in hospitals, kitchens and offices. 
Magnesium metal is used in making castings for 
aircraft engines and in some optical instruments such 
as microscopes. The metal is also used in a multitude 
of ways where lightness and strength are required, 

Y in tools, machinery and vehicle parts. A recent use 
for magnesium metal is in the Kroll process for the 
production of titanium metal on a commercial scale. 
Important producers of magnesite are the United States, 
the Soviet Union, Austria, Canada and India. 

SILICA ( QUARTZ ) 

Quartz, the oxide of silicon (SiQ,), is the most 
abundant oxide in the earth's crust and occurs both as 
free silica and cambined with other elements as silicate 
compounds. Free silica occurs in nature in a great 
variety of forms and in varying degrees of purity such 
as silica sands, sandstones, quartzites, vein quartz, 
flint, chert and tridymite. Some varieties of quartz, 



such as amsthyst, opal, jasper and agate are valued 
as semi-precious stones, while clear, colourless quartz 
crystal suitable for frequency control in electronic I 

communications has important use in several industrial. 
applications. The demand for this last type inspired 
one of the most important raw material searches of 
World War 11. Quartz is commonly associated with 
felspar and is an invariable major constituent of pegma- 
tite~. In Sri Lanka, quartz occurs in pegmatites, as 
quartz veins, quartzites and as silica sands. 

Vein quartz of a high degree of purity, often over 
98.5 per cent. silica, are found in several parts of the 
Island, and the best known deposits are in the Pusella, 
Pelmadulla, Opanaike and Balangoda areas of the 
Sabaragamuwa province; in the Galaha and Deltota 
areas of the Central province; and in Rattota in the s 
Matale district. Normally the vein quartz occurs 
on the surface as boulders of varying sizes and the 
veins can be traced by the presence of these surface 
boulders. Reliable estimates of the tonnages are not 
available but there is little doubt that they are of the 
order of several hundreds of thousands of tons. Quartz 
is also found commonly associated with felspar in 
pegmatites; good examples of these are at Rattota and 
Talagoda. 

Extensive deposits of silica sands (glass sands) 
aggregating several million tons are found as isolated 
deposits on the coastal plain in accessible locations. 
The best known of these deposits is the Marawila- 



Nattandiya-Madampe deposit about 64 km (forty 
miles) north of Colombo in the North-Western province. 

b A smaller deposit occurs at Ekala astride the Jaela- 
Minuwangoda road about 24 km (15 miles) from 
Colombo. Outside the western sea-board, a small 
localised deposit occurs at Chavakachcheri in the 
Jaffna peninsula, while extensive deposits are found 
along the eastern margin of the peninsula as a dune 
formation, extending in a south easterly direction from 
Ampan, near Point Pedro, to Vallipuram in the south 
(Fig. 6). The deposit at Chavakachcheri is too small 
to be of economic importance, while the Ampan 
deposits are pale brown in colour due to surface staining 
of the individual quartz grains, requiring pre-treatment 
with acid to remove iron staining to make the sands 
suitable for glass manufacture. 

P The silica sand deposits of the Marawila-Nattan- 
diya-Madampe area occur as more or less irregular 
deposits with a slight north-south extension. Three 
deposits are recognisable - 

(a) the Madampe deposit in the north; 

(b) the Kudawewa deposit in the centre; and 

(c) the Marawila-Nattandiya deposit in the 
south. 

The length of the combined deposits stretching 
for eight to ten km greatly exceeds the width, which in 
some places is not more than a few hundred metres. 
The total area covered by the sand deposits has been 





estimated at approximately 1 000 hectares (2 500 
acres). The deposits consist of loose, uncoazsoli- 

@ dated sands varying in colour from white to buff, 
steel grey to dark grey, brown to dark brown and 
black. The thickness of this layer is generally from 

a one to two metres though locally this depth may be 
exceeded. Values begin from the surface and there is 
no overburden. Invariably below the white sands is a 
lightly indurated 'hard-pan', dark brown to black in 
colour, which consists of quartz grains cemented with 
organic matter and some clay. The total reserves of 
glass sands in the conbiaed deposits has beeia estimated 
at around 6 000 000 m. tons. 

For the manufacture of glass, the silica sands 
must satisfy two important requirements. The first 

C and most obvious requirement is that the sand should 
be as pure as possible and free from impurities which 
will discolour the glass or diminish its utility. S:condly, 
to be suitable for glass making the sands should consist 
predominantly of grains of more or less uniform size 
without extremes in size as this evenness of grain ensures 
even melting. The Marawila-Nattandiya-Madampe 
sands assay over 98 per cent silica and are suitable for 
ordinary quality cheap glass, and can be upgraded by 
conventional methods of processing to make the sands 
suitable for the manufacture of sheet glass. As regards 
particle size, on an average only about 50 per cent. of 
the naturally occurring sands fall within the grain size 
suitable for glass making, while the balance consisting 



of coarse and very fine sizes are of little value though 
thzy mzy find some minor use in other industrial 
applications. The silica sands from the Nattandiya 
area are used in the local glass industry. 

Quartzites, though well developed and a prominent 
member of the Highland Series of rocks, are not of 
the~required purity for glass manufacture or the ceramic 
industry. Quartz is also used in the manufacture of 
ferro-silicon which is widely used in the iron and steel 
industry. Vein quartz of adequate purity is use4 in 
the ceramic and allied industries, while other uses of 
quartz are in the manufacture of refractories, as moul- 
ding sands, abrasives and a variety of other industries. 
Fragmmts of ccdourless quartz crystals are utilised 
f ~ r  rnsking ftlsed quartz in thp, constructiorz of lenses, 
chemical equipment, and for the finest elastic fibres 
for use in highly sensitive physical apparatus. 

Selected clear crystals of quartz cut parallel to 
their length into thin wedge-sh3ped plates (quartz 
wzdges) are valuable accsssories for investigating the 
optic21 prop:rties of rock-forming minerals under the 
pztrological microscopz. But the most fascinating 
use of quartz crystals is in radio and telephone instru- 
ments. When sections of quartz crystals cut in a 
particular direction are subjsct to pressure, they 
develop positive and negative electrical charges on the 
opposite sides of the plate. Quartz is thus piezo- 
electric and this v~luablz propzrty has resulted in the 
extensive use of the mineral in radio, telephone and 



electronic applications. For this particular use the 
crystals must satisfy csrtain rigid specific2tions - clear, 

4 colourless crystals of a minimum size, showing good 
crystal outline, free from inclusions and untwinned. In 
view of the great demand for material of this quality 

0 during World War 11, a search was made by the Geolo- 
gical Survey but m2terial satisfying these rigid 
requirements was not available except in very minor 
amounts. Brazil still remains the most important source 
of quartz crystals for this purpose. 

The name felspar is a general term used to designate 
a closely allied group of minerals consisting essentially 
of dellurnino-silicates combined with the alkali metals - 

!d sodium, potassium and calcium - in varying proportions. 
Th= fclspars are the commonest rock-forming minerals, 
being the chief constituent of most varieties of igneous 
rocks. The most important commercial varieties are 
orthoclase and microcline, both potassium aluminium 
silicates, and albite, the sodium alumir~ium silicate. 
Albite is one end member of a complete isornospbous 
series known as the plagioclase felsgass (also known as 
the soda-lime felspars), the other end member being 
anorthite, the calcium aluminium silicate. Although 
so common in nature, most workable deposits of felspar 
are confined to coarse pegmatite veins where the felspar 
is associated with quartz. The felspar usually occurs 
in sufficientl'y large crystals and masses to permit easy 
separation from the other rnisierals with which it is 
associated. 



Felspar-bearing pegmatites are common in various 
parts of the Island but the great majority of these are 
too small to be of any economic significance. The 
best known de~osits are at Rattota, Talagoda, Kaika- 
wela, Namaloya and Koslanda. Perhaps the best 
known deposit of fclspar is in Qwella estate in the 
Matale district. The felspar occurs in a large mass of 
pegmatite discovered by the Geological Survey in the 
sixties. Subsequent core drilling carried out by the 
Survey showed that the pegmatite extends to more than 
200 m (656 feet) from the surface. Someof the quartz 
associated with the felspar is colourless and water- 
ckar with a very hig5 dzgrez of purkj. The pegaatite 
also carries minor amounts of fluorspar (calcium fluo- 
ride). Though no precise estimates of felspar are avail- 
able, it is estimated that the reserves niust be in the 
region of over three million tsnnes. Open-cast rni?ling 
of the deposit is carried out by the Ceylon Ceramics 
Corporation and the felspar is used in the Corporation 
factories and in the glass industry. In the ceramic 
industry the felspar forms part of the body sf the ware 
and is also an important constituent of the glazes on 
chinaware, pottery, tiles and other similar products. 
High grade potash felspar is used in electrical porcelain 
insulators and for artificial teeth, while minor uses 
of the mineral are as an ingredient in scouring soaps, 
mild abrasives and in poultry grit. 

APATITE 

Phosphate rock is a natural rock containing one 
or more phosphate minerals, usually calcium phosphate. 
There are two varieties of natural phosphates - apatite 
which is a mineral with a definite chemical composition 



and 'rock phosphate', or 'phosphate rock' such as 
phosphorites, phosphatic limestones, phosphatic shales 

.L and guano beds which have no definite chemical com- 
position. Apatite, the most common calcium phosphate, 
also contains CaF, or CaCl, andthe chemical formula can 

P be written Ca, (P04),F and Ca, (PO4), C1 or 3Ca,(P04),. 
Ca(F, Cl),, the first half of the latter formula, being the 
tri-basic calcium phosphate. Theoretically, the 
fluorapatite contains 42.3 per cent. P,O, and the 
chlorapatite 41.0 per cent. 

The mineral apatite occurs as a constituent of acid 
igneous rocks but only as an accessory mineral. It 
also occurs in pegmatites and reference has already 
been made to the occurrence of the mineral in the Pussella 
pegmatite. Apatite is also found in small amounts 

B as small blue grains and crystals in metamorphic rocks 
especially in crystalline limestones and dolomitic lime- 
stones of the Highland Series. Perhaps the best known 
deposits in th2 world are the very rich apatite deposits 
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of the Kola painsula in the Soviet Union where the 
apatite is associated with nepheline syenites. 

All land animals contain calcium phosphate in 
their bones and excrement and this explains the accumu- 
lation of phosphates where animal life is particularly 
abundant and relatively undisturbed. Phosphorite is 
a variety of natural phosphate resulting from the 
accumulation of organic remains and the droppings 
of enormous flocks of birds on desert or oceanic islands. 
The guano of commerce is deposited by birds congre- 
gating in these islands. The calcium carbonate of the 



rocks is replaced by phosphates to form a mixture of 
calcium phosphate and unaltered calcium carbonate. 

y 

The best known of this type of deposit is Nauru in the 
Pacific and Christmas Island in the Indian Ocean. 
Phosphate beds are also found in marine beds of all 
ages, particularIy those belonging to the Tertiary. 1 

These beds also derive their material from animal life. 
The phosphate rich minerals may occur as concretions 
or nodules or in a disseminated form. Phosphate 
beds are mined on a large scale in Morccco and along 
the froatiers of Algeria and Tunisia where the beds 
occur in the lower Eocene. These deposits are among 
the most productive in the world and large tonnages 
are exported. 

In Sri Lanka, apatite (phosphate rock) was disco- 
P 

vered by the Geological Survey in 1971 at Eppawala in 
the North Central province associated with carbon- 
atite and this was the first recorded occurrence of 
carbonatite in the Island. Eppawala is situated in the 
~0~1th-western quadrant of the Anuradhapura one 
inch topographical sheet and is about 192 km from 
Colombo via Talawa. The carbonatite complex consists 
of six elevated hillocks with a general elevation of 
60 m above the general level of the surrounding 
country. The apatite bearing crystalline limestone 
(carbonatite) is well exposed and the surrounding 
country rocks consist of granitic gneisses, charnockites, 
marbles, biotite gneisses and thin bands of quartzites 
of the Highland Series. 



Each block consists of a 'leached zone' (apatite. 
in a matrix of iron oxides) at the top, rich in apatite. 
This zone extends downwards to a depth of around 60 
m and rests on fresh carbonatite with apatite, magnetite 
and spinel. The average P,05 is 35 per cent., at times 
higher, for the phosphate rich ore. Drilling investigations 
carried out by the Geological Survey in the northern 
half of the deposit has proved 25 000 000 tons of 
apatite, while the southern half sf the deposit, though 
not investigated in detail, is reported to contain at 
least 15 000 000 tons inferred reserves. A detailed 
account of the deposit is contained in the Geological 
Survey Economic Bulletin No. 3 (Jayawardena 1975). 
The main use of apatite is as a fertilizer as a source of 
phosphorus. The Eppawala apatite has a very low 
solubility and for this reason it is not generally suitable 
for direct application to soils. This is a characteristic 
which it shares with crystalline apatites of igneous 
origin. Marine phosphorite beds provide the bulk of 
the world's production of phosphate rock; they are 
more economical to mine and less difficult to process 
than crystalline apatite. Another disadvantage of the 
Eppawala material is the high chlorine content of the 
apatite which causes problems of corrosion. The 
manufacture of soluble super-phosphate involves the 
use of large amounts of sulphuric acid and hence the 
dependence of the phosphate industry on an abundant 
and cheap supply of sulphuric acid. The manufacture 
of fused magnesium sulphate is another possibility. 
This is done by fusing the apatite rock with a magnesium 
silicate rock such as serpentine and then quenching 



the melt. Not only calcium and phosphorus but aIso 
magnesium and silica are rendered soluble. There 
are other processes also available and these will have to 
be carefully evaluated and field trials carried out with 
different crops and in soil conditions, to 
ascertain the most 

SAND, STONE AND GRAVEL 

The sand, stone and gravel industry is essentially 
a local industry depending on local use and not on 
foreign trade, though s d  quantities of sand and metal 
for construction have been exported to the Maldives 
for decades. It is largely labour intensive and 
not mechanised except in special areas serving very 
large construction projects such as the giant dams for 
irrigation and hydro-power. Because of the low price of 
the commodities, it is not generally regarded as a key 
industry ; yet it is essential for every type of construction 
project, whether buildings, roads, railroads, paving, 
dams or industrial buildings. Sand is also used exten- 
sively for concrete blocks and other concrete products. 
Because of their low value, metal and aggregate cannot 
bear high transport costs and as a result markets must 
be found within economic distances. 

Definitions of sand and gravel are not easy because 
there are wide variations in definition among different 
authorities, but a commonly accepted one is that sand 
is an unconsolidated, granular material resulting from 
the mechanical break-down of rocks, generally finer 



than quarter inch and coarser than 200-mesh, whereas 
gravel is also uncousolidated, often water borne, 
coarser than quarter inch and up to three to four inclzes. 
Commonly, sand consists essentially of grains of quartz 
while gravel consist of quartz and other resistant 
silicates. Unlimited quantities of good quality sand are 
available in the lower reaches of our major rivers. Sand 
is used mainly in the building industry and large quanti- 
ties are obtained from the Maha oya, the Ke1an.i ganga, 
Kalu ganga and the Deduru oya, where the sands are 
excavated from the river beds. Excavation is seasonal 
and confined to the dry months of the year. Some 
degree of mechanisation could be profitably intro- 
duced by employing portable equipment to streamline 
the operations. 

Gravel may consist of a single mineral, commonly 
quartz, or rock material, and is available in great 
abundance in the streams and rivers draining the 

' central highlands ; the gravel is assorted and s f  widely 
varying sizes, and generally well rounded. Tiis is a 
striking characteristic of transported gravel unlike resi- 
dual gravels which are angular or sharp-edged. Gravel 
is also available from the gem pits in gemming areas, 
rounded quartz being by far the commonest constituent. 
But these operations are small scale and the output 
from individual gemmirag centres is limited. Quartz 
gravel is also available from the Pleistocene formations, 
but the gravd is lightly cemented with clay material 
and hydrated iron oxides, and needs washing and 
grading using a trommell, which in its simplest form is a 
power driven drum with perforations. 



We have already seen that over 90 per cent. of the 
surfacs area of the Island consists of Precambrian 
rocks. Thzy are thoroughly crystalline, hard, with 
great strength and low porosity; they are also compact 
with stroagly interlocking grains. The properties 
required for good road metal and aggregate are compact- 
ness, great strength which implies resistance to abra- 
sion, and resistance to weathering. Based on these 
characteristics, chwnockites, granites, granite gneisses, 
biotite gneisses and granulites provide excellent material 
in great abundance to supply any possible require- 
melzts for metal a3d aggregate for many decades to 
come. Outcrops of these rocks are widespread and 
most mstal and aggegate is obtained from quarries 
or shallow pits or hillside excavations in these rock 
outcrops. The great majority of these operations are 
small and only a few of them are partly mechanised. 
In a situation where labour is plentiful, most workings 
depend on human muscle rather than on mechanical 
means such as power shovels, compressors, conveyors 
and dumpers. Statistics of production are not main- 
tained by most operations but the quantities are clearly 
very large. 

Laterite is a mottled deep red, reddish-brown or 
yellow ferruginous material showing vesicular struc- 
ture. Laterites are best developed in the south- 
west sector of the Island and some of the best expo- 
sures are in the Colombo District. They overlie a 
variety of rock types of Precambrian age, comn~only 
charnockites and granitic gneisses. Most laterites 



are regarded as in situ weathering of the underlying 
rocks and the genetic connection between the two is 
clearly seen in some exposures in and around Colombo, 
Ragama and in the neighourhood of Matara, where 
the banding of the gneisses is seen surviving in the re- 

1 sidual laterite. Similarly, blocks or boulders s f  the 

unaltered granites and charnockites are seen enclosed 
in the laterite. The laterite layer may vary in thick- 
ness from a few metres to 12 metres and more. 

In the typical laterite profile, there is commonly a 
'cap-rock' consisting of nodular ironstone (limonite 
nodules). At times, the cap-rock is absent, and at other 
times the nodules move down slopes and come to 
lie on fresh rock, clay or other soil material. The 
nodular layer is followed by hard cellular laterite 

P immediately below which is a softer vesicular zone, 
both of which are quarried and provide the local 
'cabosk' which is widely used as a building stone. 
The zone immediately above the altered rock is gene- 
rally soft, rich in clay material, and resembles litho- 
marge-like material. Eaterite is extensively quarried 
in the suburbs of Colombo for use as building stone. 
The quarries are open-cast pits with stable vertical 
sides. The laterite is normally cut into blocks 14" x , 

7" x 4". The blocks are stored for seasoning and drying 
before use. 





























lanthanum and othws with varying amounts of thoria 
(TkO,). The mineral is "ehus feebly radioactive. Ha 
the early years of this cmtusy the bulk of the world's 
supply of th: mineral cam3 fro111 th"uamous beaches 
06 Travarlcore in south-western jlndia, where the mineral 
has beer1 concentrated by natural agelzcics with other 
minerals w ~ h  as Ilmeniic and zircon. In Sri Lanka, 
Ih.-, priaraa-ry sourczs of the rninaal in the gra.c:iiic 
gneisses are of no importancs and the only sources of 
commsrclal importance are the hzavy mineral sa~~ds .  
Small amounts of the mineral, less than OIIC per cent., 
are present in the Pulrnsddai sand illcposit and a semi- 
processed monazite has been ysocIuced arid smal'E 
to wages e;~poried ir-i reccn t years. The Pulmodd; i 
deposit is capa.blc of pr6:ducing around 500 toras per 
annrm. 

Monazite is also an important coascituenl of heavy 
mineral sand deposits 0x1 the west coast of the Island, 
being of ttre order of 0.5 to 2 per cent., but ~lnusually 
high percentages are found 3"2olliot~awa, near 
Beruwela ; Kai kawela, near Irtdtrruwa : and at Kudrre- 
rnalai on the ncx-th-west coast. En tl-rese deposits, 
the concentration of mcnazite may rise up to 15 to 20 
per cent. and higher (Fernando, 1 954). Minerals- 
gical arzaly ses of the Beruwela sar~ds are furnished in 
Table XEI. The concentrates from Beruwela and 
Indnruwa have been processed in the ,Mineral Pro- 
cessing Plant of the Geological Surrvity and several 
hundred tons of high purity monazite assaying over 
65 per cent. rare earth oxides, including thoria, were 
exporeed in the late fifties and the sixties. The deposits 
are not worked at present due to the problem of severe 
sea erosion. 
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