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F O R E W O R D  

One of the ac t iv i t i es  of the Working committee on Natural Resources 

of the Natural Resources, Energy & Science Authority is the 
put~lication of material pertaining to  the natural resources of Sr i  

Lanka , 

The Cormittee noted the fact  that* in some cases3 information on a 

natural resource is not readily and easily accessible i n  a published 

f om, even in the i-nst  i tutinn dealing w i t h  the resource. To renedy 
t h i s  situaclon the Committee suggested that information avaSlahle in 

the different areas E collated and published as a series of 

rnanuscripts, A manuscript oil a particular natural resource will 
contain up-to--dace information on the subject and it should serve as 

a guide t o  those seeking information on the resource. I t  w i l l  E of 

syecial use to  those interested ;n natural resource development, 

SP t h i s  series we are hoping to  cover the f i e lds  of economic 

geology, water resources, climate, soi ls ,  land and land utilization, 
energy, and population and manpower. The Committee has selected 

experts i n  the respective f ie lds  to  prepare these nanuscripts.. The 

manuscripts were examinetl by referees !xf ore being accepted for 
publication. 

I wish  t o  thank the \Jorl;ing Comrnittee on Natural Resources and i n  
particular the authors who prepare? these manuscripts and the 

referees and editors for the work they have done to  m?Ke t h i s  

project a success. 

D r , R. P. Jayewardene 

Director-General 

Natural Resources, Energy & Science Authority, 
47/5, Maitland Place, 

Colombo 7. 



The development of i n t e r e s t  i n  t h e  mineral  resources of S r i  Lar~lta 

has l ed  t o  an increased demand from s t u d e n t s  f o r  information on t h e  

sub-ject The t e x t s  a v a i l a b l e  h i t h e r t o  have been tllose published by 
khe Geological Survey Department of S r i  Lanka on t h e  Economic 

Minerals of t h e  Is land inc luding Economic B u l l e t i n  No. 1 on t h e  

Elinera1 Resources of t h e  Is land.  The p resen t  t e x t  is an at tempt t o  
supply information a c  a l e v e l  s u i t a b l e  a s  an in t roduc t ion  f o r  

qraduate  s tudents ,  f o r  undergraduates i n  t h e  var ious  sc iences ,  and 

poss ib ly  f o r  sen io r  school  s t u d e n t s  who wish t o  l e a r n  something of 
t h e  aims and achievements i n  t h i s  f i e l d  of s c i e n t i f i c  s tudy,  

T h i s  t a t  was p i q ~ a r e d  i n  response t o  a suggest ion by t h e  Working 
ComiLtee on Natural  Resources of t h e  Natural  Resources, Energy and 

S c i e n ~ t ?  Authority of S r i  Eanka. i s  volume p resen t s  up- t o -  d a t e  

i r ~ o r m a t i o n  on t h e  mineral  resources of Lhe country and on 
a c t i v i t i e s  dependent on t h e  a v a i l a b l e  induskr ia l  minerals.  The text 
is intended t o  k an introcluction t o  t h e  subjec t .  I f  t h e  reader 

concludes t h e  t e x t  with a feeLing t h a t  our knowledge of t h e  economic 
rn4-nerals of S r i  Lanka is incomplete at, t h e  moment, one of t h e  

o b j e c t i v e s  w i l l  have been achieved. There is s t i l l  much to be learnt:. 

a b u t  our mineral wealth. 

The t o p i c  "Water Resources of S r i  Lanka19ha  not been d e a l t  wi th  i n  

t h i s  book s ince  it w i l l  be t h e  s u b j e c t  of a sepa ra te  volurne i n  t h i s  
series. 

Although I have had personal  experience of most aspect? of t h e  
sub jec t  discussed,  I have r e l i e d  very much on t h e  r e s u l s  and 

i n t e r p r e t a t i o n s  of o t h e r s  i n  o rde r  t o  p resen t  an adequate coverage 

of t h e  subjec t .  I am indebted t o  many g e o i q i s t s  and t o  o t h e r s  i n  
relaced r i e l d s  whose Works I have consulted i n  t e x t s  and journals  i n  

assemb-ing t h e  ma te r i a l  f o r  t h i s  hook. In  p a r t i c u l a r  I wish t o  thank 

Ilr. L.K. Seneviratne (Director) and Mr. D.E. de  S. Jayawardane 
(Deputy D i r e c t o r ) ,  G e o S q i c a l  Survey Department, f o r  . t h e i r  he lp  i n  

t h e  prepara t ion  of t h i s  book. 



I should a l s o  l i k e  t o  record my s i n c e r e  thanks t o  Mr, L . J - D .  

Fernando (Consult ing Geologist  and former Direc tor  o f .  t h e  Geological 
Survey Department) t o  whom NARESA re fe r red  t h e  manuscript f o r  
comments and observat ions ,  f o r  reading t h e  t e x t  i n  t y p e s c r i p t  and 
rnaking numerous d e t a i l e d  sugges t ions  f o r  its improvement, nea r ly  a l l  
of which I was pleased t o  incorporate.  I am a l s o  indebted t o  
Mr. L.C.A. de S. TJijesinghe, Addl. Direc tor  General, NARESA, f o r  
kindly agreeing t o  e d i t  t h e  t e x t  before  publ ica t ion .  

Writ ing t h i s  preface  a f t e r  t h e  rest of t h e  work has been completed, 
I f e e l  a c e r t a i n  measure of s a t i s f a c t i o n  with t h e  r e s u l t ,  and I 
t h e r e f o r e  should l i k e  very s i n c e r e l y  t o  thank t h e  Natural  Resources, 
Energy and Science Authori ty,  whose idea it was Lhat t h i s  book 

should be wri t t en ,  f o r  having chosen m e  t o  do it. 

Oceanography Unit 

National Aquatic Resources Agency 
Crow Is land - Colomkm 15 
January 1985 

J . W .  HERATH 
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A study of t he  h i s to ry  of human c i v i l i z a t i o n  demonstrates man's urge 
tr  understand nature  and t o  u t i l i z e  =he knowledge thus  gained t o  
meet h i s  mater ia l  needs. Ear ly  man of t h e  'Scone Age' gathered h i s  
food by hunting. A s  c i v i l i z a t i o n  progressed, man's re la t ionsh ip  
with nature  underwent a major change i n  what anthropologis ts  call 
t h e  'Neol i th ic  Revolution'. Man discovered t h e  domestication of 
animals, se t t lement  of v i l l ages ,  manufacture of too ls ,  and 
a g r i c u l t u r a l  a c t i v i t y .  Next came t h e  ' I n d u s t r i a l  Revolution' when 
t i e  demand f o r  raw ma te r i a l s  increased enormously. We are now 
undergoing t h e  ' S c i e n t i f i c  Revolution' ,  r e su l t i ng  from t h e  union of 
sc ience and technology f o r  econcmic growth and advancement of 
knuwiedge. The 'Growth Syrldrome' witnessed by t h i s  revolution is 
posing severa l  chalienges p a r t i c u l a r . 1 ~  as a r e s u l t  of t he  f a s t  
dep le t ion  of na tura l  resources,  mainly mineral and energy resources. 

It is a truism t h a t  t h e  physical  needs of man a r e  met by t h e  
products of two bas ic  a c t i v i t i e s  - ag r i cu l tu r e  and mining. An 

adequate supply of minerals is there fore  e s s e n t i a l  f r  t h e  
maintenanre =~nd 1mproTrement of %is standard of l iv ing.  Mineral 
resources a r e ,  f o r  a l l  p r a c t i c a l  p u r p s e s ,  considered non-renewable. 
A s  a general izat ion,  it may be sa id  t h a t  t he  r icher  rnineral deposi ts  
of t h e  world have k e n ,  o r  are betng, exhausted, and fu tu re  needs 
f o r  metals and minerals must b m e t  from la rger  depos i t s  of 
progress ively  lower grade, 

Elirleral depos i t s  occur a t  var ious  depths i n  t h e  e a r t h  or a t  its 
surface,  i n  various forms, and t h e i r  irrportance t o  man f o r  economic 
and i n d u s t r i a l  6evelopment is only too w e l l  known. The- advancement 



of the human race has been largely based on rninerals d their 
transformation into various metals - and other products. Minerals 
pervade our lives and determine our country's progress. We need 
minerals for our travel, for c m r c e  and industry, and- even for our 
pleasure and relaxation. 

Economic geology deals with mineral deposits - the mineral wealth in 
the very widest sense. The present alarming consuption of mineral 
resources and the exhaustion of the known mineral reserves means 
that new supplies must be discovered. This is where an invaluable 

service can be rendered by geologists. The geologist's part in this 
endeavour is to discover and maintain supplies of mineral raw 
materials without which no country can progress or enjoy a high 
standard of living. 

This book attempts to give an account of t,he mineral resources of 
Sri ranka, together with a brief accoun: gf the industrial 
activities dependent on minerals. In order to appreciate the 
occurrence, distribution and development of the materials described, 

mention is maile of some aspects of the formatian of nuneral deposits 
and of mineral prospecting and exploration, and an account is given 
of the economi'c minerals. The physical features of the island 
including its geology are also discussed together with the need for 
liational Geological Surveys. 

The earth is a planet in the solar systm. The solar syskcm corlsists 
of planets, moons and other bodies, including a central star, which 

0 is the sun, having a surface temperature of 6000 C. The planets and 
other bodies revolve round the sun, apjproxiinately in the saw plane. 
'This would also mean that they all formed together, a ~ d  different 
parts of the solar system should therefore have similar ages. The 
oldest rocks from the moon record an age of around 4600 million 
years; meteorites (rock-like bodies or objects sometimes reaching 
the earth) have been dated 'at 4550 million years - and the 

/ 



age of the  e a r t h ' s  c r u s t  has been ca l cu l a t ed  as 4550 mi l l i on  years.  

These ages  suggest t h a t  t h e  solar system is about 4600 mi l l i on  yea r s  
old. How exac t ly  t h e  solar system was formed is not  y e t  c l e a r l y  

known. 

The e a r t h  has a circumference of approximately 40,000 km (25,000 
mi l e s ) .  I n  add i t ion  t o  its journey round t h e  sun, it a l s o  r o t a t e s  
from west t o  east and makes one corrplete r o t a t i o n  every day. It. is 
t h i s  r o t a t i o n  which g i v e s  u s  n igh t  and day. The e a r t h  also revolves 

round t h e  sun once every year ,  and on t h e  average it remains about 
149 mi l l ion  km (93 mi l l ion  miles) away from t h e  sun. Most p l ane t s  
haare smaller Mies c a l l e d  moons which revolve round them. The moon 

( e a r t h ' s  satellite) revolves round t h e  e a r t h  once every 27.3 days a t  
an  average d i s t ance  of 384,000 krn o r  239,000 miles. The moon has no 
atrimsphere and t he r e fo re  no l i f e  forms. 

The e a r t h ' s  i n t e r i o r  has  a layered s t ruc tu r e .  The outermost l ayer  is 
.the c r u s t ,  and beneath t h i s  is t h e  mantle and then  t he  core. 

S c i e n t i s t s  cannot study t h e  i n t e r i o r  of t h e  e a r t h  d i r e c t l y .  

The e a r t h  c o n s i s t s  of air, water and land.. W e  recognize these  more 

t echn ica l ly  as t h e  biosphere which s u s t a i n s  l i f e  poss ib le  on our 
planet .  The hydrosphere inc ludes  a l l  t h e  waters which cover roughly 
71 percent of t h e  e a r t h ' s  surface.  The f l o o r s  of t h e  oceans are very 

i r r e g u l a r ,  similar t o  t h e  sur face  of land, and they a l s o  include 
mountain ranges. The deepest  ocean is t h e  P a c i f i c  which is more than 
10,700m (35,000 f e e t )  below sea l e v e l  south of t h e  tlariana Islands.  

Of prime importance t o  t h e  geo log is t  is t h e  l i thosphere ,  t h e  s o l i d  
p a r t  of t h e  e a r t h  which is canposed of minerals  and rocks. Tlese 
comprise t h e  con t inen ta l  masses and ocean basins. The continehtal  

rocky platforms cover approximately 29 per cen t  of t h e  e a r t h ' s  

surface .  The highest  po in t  on t h e  con t inen ts  is Mount Everest i n  t he  
Himalayas which is 8848 m (29,028 f e e t )  above sea leve l .  The deepest 

d r i l l  hole has reached a depth of 11,662 m (The Kolsky super deep 

w e l l  USSR - 1983). S tud ies  on con t inen ta l  geology have suggested 
t h a t  t h e  cont inents  are not i m v a b l e ,  but  are d r i f t i n g  fragments, 

s h i e l d s  o r  p l a t e s ,  derived from t h e  break-up of an ancient  

supercontinent.  The evidence f o r  t h i s  has come from t h e  way c e r t a i n  



continents,  now f a r  apar t ,  seem t o  f i t  together,  and how geological  

s t ruc tu re s  and formations seem t o  jo in  up across  such a f i t  (Fig.  
I ) .  The d i s t r i b u t i o n  of c e r t a i n  p l a n t s  and animals i n  t he  pas t  as 
well a s  ancient  climatic zones could not be s a t i s f a c t o r i l y  explained 

unless  t h e  theory of cont inenta l  d r i f t  is accepted,  These 
considerations suggested t h a t  South America, Africa, India, 

Antarctica and Aus t ra l ia  were 'at  one t i m e  united and formed what is 
now referred t o  a s  Gondwanaland, a southern super-continent, This 
super-continent eventually broke up i n  s tages  some 200 mil l ion years  

ago t o  form the  present day continents.  

I A f t e r  C r a d d o c k  I 9 7 7  ( S I m p I i p I e d  1 1 
Figure 1. Tectonic Reconstruction of Gondwanaland before Fragmentation 

(Craddock 1977) 

The theory of cont inental  d r i f t  was developed i n  t h e  l a t e  1800's and 
, because there  was v i r t u a l l y  no s c i e n t i f i c  evidence f o r  t h e  movertent 

of t he  cont inents  t h e  theory was general ly  ignored. In  t h e  19601s, 

however, extensive s tud ie s  of t he  s ea  f l o o r  produced dramati? 
evidence t h a t  the  cont inents  and t h e  r e s t  of the  c rus t  had i n  f a c t  

moved a b u t  and a r e  still rnaving. This new evidence led t o  the  
concept of p l a t e  t ec ton ic s  ( t ec ton ic s  r e f e r s  t o  t h e  formation and 



skructure of t c a  ea r th ' s  crust). %neath the crus t  of the ear th  
( 4  t o  25 miles thick)  lies tk mantle' (1800 mile thick region of hat 
mineral matter) which is separated from the  crus t  by a th in  zone 

cal led the  Mohorovicic discontinuity or Moho. Sane distance beneath 

the Moho i s  a 120 m i l e  thick layer  of relat;.vely weak mantle t h a t  
ear th  s c i e n t i s t s  c a l l  the  asthenosphere. The r ig id  portion of the 

mantle j u s t  below the  c rus t  is termed the  lithosphere. !Fhe 

asthenosphere is believed t o  be weak due t o  the  tremendous heat 
conducted from below, which brings t h e  layer  nearly t o  its melting 

point. It is believed t h a t  the  li thosphere moves slowly about on the  
asthenosphere. This movement is t h e  bas is  of the  p la te  tectonic 
concept. It is believed t h a t  the  li thosphere cons is ts  of a number of 
huge p l a t e s  o r  sect ions t h a t  move about on the  asthenosphere. The 

mvenent begins along a 40,000 mile long feature called the 
mid-ocean-ridge t h a t  iies beneath the  world's oceans. Spreading of 
the  lithosphere p la tes  occurs when magma (molten material)  is forced 
upward from the  asthenosphere towards a weak area along the middle 
of the  ridge. It appears therefore t h a t  the  continents - and the 

ea r th ' , ;  e n t i r e  crus t  have been moving slowly over t h e  face of the  

earth.  The process continues today as c a n .  be seen from such 
phenomena a s  the  widening of t h e  Atlant ic  ocean, the northward 
s l id ing  of coastal  California and t h e  continued upthrust of the 

Andes mountains. 

FORMATION OF MINERAL DEPOSITS 

The earth m n i f e s t s  many wonders of: t h e  world i n  which w e  l ive. We 

l i v e  on a planet whose continents and ocean basins a re  i n  a s t a t e  of 
constant change. The e a r t h ' s  history is divided i n t o  a number of 
major eras-  The oldest e r a  (Azoic - without l i f e )  represents the 

e a r l i e s t  prehiscloric period during which the  c rus t  was formed. No 
l i f e  forms a r e  known from t h i s  era. The sequence and duration of the 
geological divis ions a re  given i n  Table I. The general succession of 

geological formations present i n  S r i  Lanka is a l so  presented i n  t h i s  
1 It is seen t h a t  formations of rocks representing the  

Palaeozoic e ra  a re  en t i r e ly  absent i n  S r i  Eanka. While the  Miocene 

is 14e11 repr-j.ser,ted, only a very fragmentary pa r t  of the  Mesozoic is 



seen i n  t h e  Island.  Plnocene, Oligocene, Eocene and Palaeocene 
formations have, however, been i d e n t i f i e d  only i n  d r i l l  cores  
(petroleum explorat ion)  from t h e  Mamar area. 

TABLE I 

SEQUENCE AND DURATION OF c;M)LCSICAL FORMATIONS 

The c r u s t  of t h e  e a r t h  c o n s i s t s  of minerals  and these  occur as s o l i d  
masses of r o c k s .  Mineralogy- is one of th?  geological  sciences 
corlcerrled with t h e  study of t h e  e a r t h ' s  c r u s t  - t h e  sc ience of 
minerals. An important c h a r a c t e r i s t i c  of a mineral is t h a t  it has a 
d e f i n i t e  chemical composition and atomic s t r u c t u r e  and is formed by 
inorganic processes of nature.  R o c k s  occuring i n  t h e  e a r t h ' s  c r u s t  
are co&sed of a mixture of var ious  minerals. Rocks are, however, 
not  homogeneous and have no d e f i n i t e  chemical composition. Rocks of 
var ious  o r i g i n  are recognised: igneous, sedimentary and rne tm~rphic , ,  

Igneous o r  magmatic rocks are formed from molten magma o r  lava. The 

term fimgrna is applied t o  t h e  molten n a t e r i a l  while it still lies 



@?low t h e  sur face  of t h e  ea r th ,  and "lava" means molten mater ia l  

which js forced ou: of t h e  e a r t h ' s  sur face  and which coo l s  t o  form 
rocks. Molten magama originaking at  depth and moving towards t h e  

surface consol idates  t o  form a va r i e ty  of i n t ru s ive  rock types. The 

most conwiron igneous rock type is gran i te .  The most widespread type 
of lava which consol idates  on t h e  surface is basalt which is 
volcanic igneous rock o r  a sur face  form of extrusive igneous rock 
t h a t  is cormnly  found i n  lava  flows. A s ing le  magma cooling at  
d i f f e r e n t  rates, may produce many types of rocks a s  d i f f e r e n t  

rilinerals c r y s t a l l i s e  ou t  a t  d i f f e r e n t  temperatures. This process 
g ives  rise t o  a l a r g e  igneous body with zones of d i f f e r en t  minerals 
m d  d i f f e r e n t  te'rtures, 

Sedimentary rocks o r iq ina t e  at  o r  near t h e  e a r t h ' s  surface under 
much lower temperatures and pressures  than t h e  igneous rocks. Most 
of them are deposited i n  r i ve r s ,  lakes and seas. The sediments 

producing these tocks have k e n  formed by t h e  destruct ion of the  
cont inents  by e r ~ s i o n  agents. These sediments a r e  converted i n t o  
rock by cementation and conpaction. Sedimentary rocks have been 
c l a s s i f i e d  i n t o  a va r i e ty  of rock types  such a s  shales ,  m r l s  and 
sedimentary l i res tone .  

P1etamorphj.c rocks have a Tilore complicated .formation his tory.  It is a 
modified sedimentary o r  i gnwus  r o c k  t h a t  has been subjected t o  high 

pressures  and temperatures and t o  t h e  chemical ac t ion  of substances 

escdpincj from ins ide  t h e  ear th .  Such conditions o r ig ina t e  a t  great  
depths. Under inetanorphian, rocks lose  many o r  a l l  of t h e i r  
characteristics and they change i n  response t o  new environmental 

cendi t icns ,  developing new s t r u c t u r e s  and new minerals. Many types 
of rretamorphic rocks are recognised, f o r  example, gneisses, 

miymati tes ,  marbles and quar tz i tes .  

Economic mineral deposi ts  are geological  bodies which may be mined 
t o  recover one o r  more minerals or metals and the  term 'ore '  i,s used 

f o r  such deposits .  Ores may y i e ld  a s ing le  metal o r  severa l  metals 
and the  worthless material which goes a s  waste is refe r red  t o  a s  
"gangue". A l l  mineralization may be conveniently grouped i n t o  th ree  

main types: magmatic, sedimentary m d  ~ztamorphic .  



Magmatic ivlineralisation 

Most minerals are formed as  a result  of t h e  sol idif icat ion of t h e  

mqna - -  a rmlten rock mass lying deep i n  the interior  of the earth, 

which is frequently ejected t o  the ea r th ' s  surface by volcanic 
eruptions , Volcanoes erupt on the land and on t h e  f l m r s  of seas and 
oceans. Eruptions take the  form of a succession of explosions, 

accompanied by discharges of solid material (volcanic ash and 'bombs) 
and effusion of lava. The lava may be thin, flowing out over great 

distances, or viscous and of low mobility. However, volcanic 
eruptions produce relatively small amounts of minerals, since the 
rixyrna which reaches the ea r th ' s  surface is  largely devoid of its 

cotlstituent gases and vapours ( w h i c 1 1  play a major part i n  Lhe 

r~ineral isat ion processes) and rapidly congeals to form what a re  
known as effusive igneous rocks. A far  greater number of minerals 

separate from the magma as it slowly cools in  t h e  depths of the 

earth, giving r i s e  t o  intrusive or plutonic (deepseated) rocks. 

Nagma consists of a multitude of constituents which are i n  mutual 

solution. Its predominant constituents are compounds of oxygen and 
s i l i c a , .  but i t  a lso  contains much aluminium, iron, calcium, 
rmynesiurn, sodium, potassium, hydroge11, and carbon. I n  minute 

quantities,  magma contains every known chemical element. 

i'n addition t o  heavy refractory metals, the magma is saturated with 

gaseous, volatiJ,e substances: compounds of chlorine, fluorine and 
tmron, hydrogen sulphide, carbon dioxide and superheated water 

vapour. T h i s  en t i re  complex molten mass is i n  a s t a t e  of equilibrium 

under the enormous pressure of overlying layers of the ear th ' s  
crust. A t  times, certain zones and be l t s  of the earth become the 

site of powerful mountain-building processes. The layers  of the 

ea r th ' s  crust begin t o  buckle, fold or s p l i t  in to  enormous blocks. 
This causes the appearance of fractures, f au l t s  and fissures, and 

sornetirnes results  i n  the formation of cavities.  Through these 

f issures t h e  magma is  squeezed, as it were, t o  the surface from t h e  
depths of the earth. 



A s  t h e  magma approaches t h e  e a r t h ' s  surface,  its terqmrature and the 
ex te rna l  pressure  drop. i s  disti!rbs t he  equij ibrium between 
various cons t i tuen ts  of t h e  magma, and as a r e s u l t  they begin t o  

d i f f e r e n t i a t e  and e r y s t a l l i s e  i n  a d e f i n i t e  sequence. Some minerals 

d i f f e r e n t i a t e  almost simultaneously t o  £ o m  the  igneous rocks. 
Vo la t i l e s  of varying composition r i s e  rapidly: contacting the  

enclosing rocks, penetrat ing t h e  f i s su re s ,  and transforming these 
rocks, producirq i n  p laces  considerable accumulations (beds, veins 
o r  pockets) of various minerals. Gold, t i n ,  tungsten, moSybdenum, 

copper, zinc, and o ther  metal o r e s  form i n  t h i s  way. 

The main mgmatic chamber continues t o  cool slowly and t u rns  i n t o  an 
enormous mass of igneous r o c k ,  c h i e f l y  granj te .  This is accompanied 
by the  seoarat ion of a hot residua? magmatic melt r i c h  i n  s i l i c a ,  
sodium, potassium, a l h n i ~ u n  and r a r e  metals, which u n t i l  then had 

been sca t t e r ed  i n  t h e  magma. 

This res idual  m e l t  usual ly  congeals t o  forrn veins of pegmatites 

which have l a rge  inc lus io r~s  of fe ldspar ,  quartz,  and d a ~ k  and l i g h t  

mica; it may a l s o  contain  c a v i t i e s  encrusted with c r y s t a l s  of 
precious stones.  Pegmatite veins  a b u n d  i r l  various minerals - ,  t i n ,  

beryllium, tantalum, hiobium, l i th ium and other  cres; sometimes they 

develop c h a r a c t e r i s t ~ c  Lnclusions - jntergrowths of quart7 and 
feldspar  minerals. 

Magmatic processes do not s top  a t  t he  form,,tion of p e c ~ m a t ~ t ~  v e i ~ s .  
Water vapours from t h e  cooling mass kurr, ,,nto hot aqueous solut icns ,  

which r i s e  along f i s su re s ,  sonetimes t r ave l l i ng  f a r  from the place 
of t h e i r  o r i g i n  and carrying along with them compounds of gold, 
tungsten, copper, lead, zinc, antimony, mercury, and other  metals. 

so lu t ions  give rise t o  hydrothermal de-psits, general ly  i n  t he  

form of quartz veins  impreg~ated with minerals containing the  above 
mentioned metals. 

T h i s  is es sen t i a l l y  t he  pa t t e rn  of t h e  formation of minerals when 
the  magma cools. It is known a s  magmatic ndneral isat ion and is 

~ove rned  by t h e  f l ux  of energy from t h e  )lot i-nterior of t he  ear th .  



This p i c tu re  of mineral isat ion is, of course, much o o  simplified.  
However, one important circumstance should k borne i n  mind, namely, 
t h a t  i n  t he  magmatic process mFnerallsation proceeds gradually. 

Some mineral as'sociations &are formed a t  g rea t  depth, within t he  
cooling magma, r i g h t  i n  t h e  magmatic c l ~ a r h r ;  o the r s  are formed i n  a 
d e f i n i t e  order  a t  varying d is tances  from t h e  latter. 

Veins containing fe ldspar ,  mica and o r e s  of r a r e  mtals form a t  t he  

g rea t e s t  depth, sometimes i n  t h e  cooling magmatic r a s s  i t s e l f ;  the  

minerals of t i n ,  tantalum, niobium, gemstones (tourmaline, beryl, 
topaz) and gold-bearing quar tz  veins form somewhat f a r t h e r  from the  

r ~ g m a t i c  chan-ber. Closer still t o  t h e  e a r t h ' s  surfece come tne  

minerals of tungsten, molybdenum, copper, z inc lead and s i l v e r ,  
which a r e  deposited i n  a d e f i n i t e  sequence by gases and hot aqueous 
solut ions;  f a r t h e s t  frorn t h e  pa ren ta l  magma a r e  t h e  minerals of 

antimony, t h e  golden-yellow compounds of arsenic ,  t he  br igh t  red 
rilercury sulphide - cinnabar, which a r e  prec ip i ta ted  from magmatic 

waters when they become q u i t e  cool.This gradated ,?r zonal 
development of magmatic mineral isat ion is of g rea t  p rac t i ca l  
s ignif icance because it makes prospecting and explorat40n eas ie r .  

The most e s s e n t i a l  indicat ion by which magmatic rocks a r e  c l a s s i f i ed  
is t h e i r  s i l i c a  content. By t h i s  ind ica t ion  they a r e  divided i n t o  

four  groups: (1) ac id i c  rocks-granitoids (more than 65 per  cent  of 
s i l i c a ) ,  ( 2 )  intermediate rocks-dior i tes  (55 t o  65 per cen t ) ,  
( 3 )  basic  rocks (40  t o  55 per c e n t ) ,  and ( 4 '  u l t r abas i c  rock (less. 
than 40 per  c e n t ) .  

RGCKS may a l s o  be c l a s s i f i e d  bv t h e i r  colour. Acidic rocks a r e  most 
- 

of ten  l i g h t  pink o r  grey, inte-mediate [ocks a r e  dark grey, and 

basic  and u l t r abas i c  rccks are derk t o  green-black. This gradual 
darkening (from ac id i c  t o  bas ic  rocks) is due t o  t h e  f a c ~  t h a t ,  a t  
the  expense of s i l i c a ,  they contain  increasing amounts of iron,  

which together with magnesium, gives  them a dark colour. 

The presence o r  absence af ~ u a r t z  is another ind ica t ion  f o r  
c lass i fy ing  rocks with a f a i r  degree of accuracy. In  x i d i c  rociis 



the excessive silica segregates 4.n the  form of quartz, which is an 
inportant const i tuent  of the  majorit-y of these rocks. Quartz is 
found i n  small amounts o r  not a t  all i n  intermediate rocks. Baqic 

I 

rocks, as a rule, contain m quartz. 1 

Sedimentary Mineralisation 

Everything created by orogenic processes is subjected t o  vj.gorous 
chemical and.~echanica l  destruction. 

The e n t i r e  conplex of the  natural  processes of mineral and rock 
destruction is cal led  weathering. 

The combined action of sharp temperature f luctuat ions,  wind, water 
freezing i n  rock crevices, and p lant  roots penetratinq i n t o  the rock 
mass, decomposes grea t  blocks which gradually s p l i t  i n to  chunks, 
then i n t o  smaller fragments, and a r e  f i n a l l y  reduced t o  de t r i tus  and 
sand. 

In addition t o  mechanical destruction, magmatic minerals are 
subjected t o  chemical a l t e ra t ion ,  of which water is t h e  principal 
agent. Saturated with atmospheric gases and acid s a l t s ,  t h e  water 
penetrates in to  countless cav i t i e s  and f issures,  and seeping through 

1 

the m i n u t s t  crevices i n f i l t r a t e  deep in to  rocks causing various 
complex changes. Pract ical ly a l l  t h e  minerals f o n d  by magmatic 
prwesses,  known as prs.mary m i ~ e r a l s ,  yield t o  the  action of aqueous 
solutions, Feldspars aro  converted in to  a white clay cal led kaolin; 
i ron communds i n t o  i ron ores; and primary copper, zinc and lead 
minerals of ore  veins a re  oxidised in to  secondary minerals - 
carbonates, s l lphates  and phosphates. Only a few minerals, such a s  
diamond, quartz, sold and platinum, r e s i s t  weatherinq and separate 
from the  host rock t o  accumulate i n  placer deposits. 

I 

'i'he products of , wathering seldom stay i.n place. Most a re  
transported by wind, m m t a i n  s t r e a m ,  creeks and rivers,  which 
continually carry them t o  t h e  sea and other bodies of water, a s  
suspended sol id matter and a s  mineral solutes. 



Surface or  exogenous processes - mechanical and chemical 
destruction, dissolution, t ransportat ion and redeposition of mineral 
substances - go om continually, f o r  years, centuries,  f o r  t h s d s  
and millions'of years. Everything t h a t  is picked up by running water 
is transported t o  the  lowlands and seas. Layers of loose sediments - 
sand and clays - a r e  deposited on the  sea f loor .  This is acconpanied 
by the accumlat ion of the  remains of marine organisms. This gives 
rise t o  thick masses of limestone, chalk, marls and diatomites* Such 
is the  pa t tern  of the  second - sedimentary - type of- rock formation. 

As a resu l t  of the  continuous secular movements of the  e1?rth1s 
crust ,  t he  seas, with time, change t h e i r  position; i n  some instances 
they a re  cu t  off a s  shallow lagoons and f i n a l l y  dry up, leaving s a l t  
deposits on t h e i r  f loors .  The accumulated mass of diverse sediments 
js compacted and pet r i f ied .  Thus, i n  addition t o  the rocks formed 
di rec t ly  by magmatic procdsses, i n  t h e  ea r th ' s  c rus t  there develop 
various sedimentary rocks, which not infrequently contain abundant 
t races and remains of animals and p lan t s  which once inhabited t h e  

earth.  These remains a re  called foss i l s .  

Metamorphic Mineralisation 

Products of sedimentary or ig in  do not remain a t  r e s t  forever. A s .  a 
resu l t  of c rus ta l  movements, they may f ind themselves i n  different  
conditions, sink t o  a lower depth, o r  come under the  action of high 
temperatures and pressures. 

These conditions touch off new chemical reactions, new processes of 
rock formation, which, i n  turn, give rise t o  new minerals. Thus, a t  
a great  depth, limestones a re  converted i n t o  marbles, and clays in to  
hard clayey sch i s t  and roofing and other shales; loose sandstones 
turn i n t o  hard compact quartzites.  Under cer ta in  conditions, 
magmatic rocks may also be a l te red  in to  rocks of a different  
s t ructure and composition ( f o r  instance, gneisses).  A l l  a l tered 
rocks a re  known a s  metamorphic (transformed); they often contain 
numerous important minerals, such a s  t a l c ,  corundum, mica, garnet, 
andalusite and iron ores. 



PROSPECTING AND EXPLX)RATION 

Geological prospect ing and exp lora t ion  concerns i t s e l f  with t h e  
problems of d iscover ing economic rnineral deposi ts .  Prospecting 

covers t h e  whole range of work d i r e c t e d  t o  loca t ing  valuable  rnineral 
deposi ts .  Once promising areas are recognised, prospect ing is 

irnmedi.ately followed by explorat ion.  Exploration invol.ves 
i nves t i ga t i ons  f o r  determining t h e  i n d u s t r i a l  importance s f  a 
mineral  depos i t ,  f o r  exanple, t h e  q u a l i t y  and quan t i ty  of t h e  

mineral  and t h e  -na tura l  and economic condi t ions  i n  which it occurs. 

Tqhe quan t i t y  of t h e  mineral  is measured by t h e  volume it occupies. 
Tile aim of explorat ion,  the re fore ,  is t o  a s c e r t a i n  t h e  shape and 

dir,lensions of t h e  deposi t .  Qua l i ty  is determined by a study of t he  
chemical and mineralogical  conposi t ion and o the r  technological  
p roper t i es .  

I n  t h e  d i scover ies  of many mineral  deposi ts ,  chance has played a 
s i g n i f i c a n t  ro le .  Many mineral  depos i t s  have been loca ted  by t h e  

old">t ime prospector who went i n  sea rch  of outcropping o r  d e t r i t a i  

minerals .  Their d i scover ies  were due t o  keen observation and were 
rnainly based on sur face  evidence. A s  t h e  geological  sciences 
advanced, marly new techniques have been perfected t o  l oca t e  surface  

and buried rilineral deposi ts .  These . methods incrude a e r i a l  
photography and geochemical, geophysical and d r i l l i n g  techniques, 
However, one of t h e  prime needs f o r  any systerilatic search f o r  

minerals  by &ern netlloils is adequate base maps such as those 
covering topography, geology and geophysics. 

The Geolqical Survey of S r i  Lanka uses  topographic maps as t h e  base 
f o r  geological  mapping, and t h e  standard scales used are 1 inch = A ' 

m i l e  (1:63,360) and 2 inches  = 1 mile (1:31,680). A l l  topographic 

rlmps are obtained from t h e  Survey Department of S r i  Lanka. The scope 
of geological  mapping undertaken depends on t h e  purpose f o r  which 
t h e  map is required. I n  some ins tances  areas of i n t e r e s t  may be 

rmpped i n  g r ea t  d e t a i l .  Seventy four  shee t s  (1:63,360) cover t h e  
e n t i r e  i s l and  which is 25,332 square  m i l e s  i n  ex ten t  (65,,600 square 
ki lor~le t res) .  Each f u l l  shee t  covers, approximately 480 square miles 

(1,240 square k i lo r , e t res ) .  Regional geological  napping is normally 



undertaken on t h e  scale 1:63,360 although some a reas  i n  t h e  
south-west sec tor  of t h e  i s land  have been mapped on t h e  scale 
1:31,680. 

The systematic study and recording of regional geological da t a  is 
t h e  principal r e spons ib i l i t y  of s t a t e  surveys. The main object ive of 

geological  mapping is t o  demarcate areas which a r e  of i n t e r e s t  from 

the  point of view of mineral exploration.  The appi icat ion of modern 
techniques, a e r i a l  photography i n  p a r t i c u l a r ,  t o  t h e  construction of 

geolcgical  maps has not only speeded up t h e  process but has 

increased t h e  [ e l i a b i l i t y  and usefulness of the  products. Aerial  
photographs a r e  used f d r  t h e  preparat ion of base naps upon which 
geological  da ta  a r e  p lo t ted ,  f o r  t h e  iden t i f ica t io r i  of geological  
formations and s t ruc tu re s ,  and f o r  loca t ing  rock outcrop and 
planning out  t raverses .  The Is land has been covered by a i r  
photograptls ( s ca l e  1: 40,000), and mosaics a r e  a l s o  available.  S r i  

Lanka has a l s o  access t o  landsat  imagery. New a i r  surveys a r e  a l s o  
being undertaken when require?. 

Systematic geochemical prospecting was f i r s t  c a r r i ed  out  i n  the  
U.S.S.R. i n  1932 znd has s ince  been applied throughout t h e  world i n  
mineral exploration.  Geochemistry concerns t h e  study of chemical 

elements i n  the  e a r t h  or  t h e  chemical processes which occur i n  the  
earth. The laws gcverninq the  combination of elements and minerals 

a t  barious temperatures and plesslwes i n  t he  e a r t h ' s  c r u s t  form the 
bas i s  of mdern  geochemistry. I n  b r i e f ,  t h e  b a s i s  of geochemical 
prospecting is t h a t  when mineral d e p s ~ i t s  a r e  forrned they give rise 
t o  a n  anomalous dispers ion of some ind ica tor  mater ia l  i n  the  
neighbollrhood of the  deposit .  For example, i n  the  search f o r  
concealed lead-zinc o re  bodies, a r sen ic  and antimony a r e  very 

important i n d i c ~ t o r  elements, i n  addi t ion  t o  Pb and Zn. A dispersion 
of t h i s  nature n-ay o f f e r  a t a r g e t  which could be detected ;:I 

supe r f i c i a l  mater ia l s  overlying a buried deposit .  

Geochemical prospecting involves mainly the  ana lys i s  of rocks, soils 
and waters f o r  ind ica tors  and t h e  choice of t h e  indicator  IS 

normally governed by the  rnetal being sought. A knowledge of the  
theor ies  of o r e  occurrence, of geochemical data,  of known miners, 



occurrences in the area, of behaviour of different elements under 

varying conditions, and of the theory and techniques of chemical 
analysis are pre-requisites for those enqqged in geochemical 

prospecting progrms. In Sri Lanka, gmchemical prospecting has 

been initiated and for a start, a series of stream sedimentsr soils 
and water have been investigated. 

Geophysical methods are now virtually standard techniques bth j n  
the search for oil and for metalliferous o;e bodies. This method may 

also be used as an aid to the interpretation of regional geology. If 

methods of geophysical prospecting are LO be successful, there 
should be a significant difference in the physical properties 
(magnetic, electrical, electromagnetic or radioactivity) Setween the 

mineral deposit and the surrounding rocks or differences in density 
or rate of transmission of artificial earthquake waves. 

The magnetic method is based on terrestrial magnetism and the 
instruments used measure particular variations in the earth's 
magnetic field. The most sensitive and r;lost widely used instrument 

is the magnetometer; it is used in aerial surveys, where ground 
instruments measure the vertical or the horizontal components of the 
field, and air-borne instruments, the total field. The method is 

used in prospecting for magnetic iron ore, and in some fields for 
mapplng geological structures by following magnetic marker beds, 
Aerial magnetometer surveys provide information akut geology at 

depth, reveal unobserved differences in rocks, and show new major 
structures. A magnetic contour map is a permanent record of the 

effect of the rocks. It may be interpreted many tj.mes, witl- 

improvements on each interpretation, as more is discovered about the 
geology of the area. 

In electrical methods of prospecting, the differerce in the 
electrical conductivity of the rocks and the associated mineral 

deposits are measured. In the self-potential method the ore-body 
itself produces currents which are detectable at the surface by 
means of a sensitivity potentiometer. In recent years, the Induced 
Polarization (I.P.) survey technique has been used. This method 

relies on the actual earth polarization, and for i-t -to be used 



successfully the presence of metallic particles are required. I.P. 
effects occur whenever an electrical current is passed through a 
v o l ~  of rock which contains electroionic conductors. Naturally 

occurring electroionic conductors include most base rnetal sulphides, 
some oxides and g;aphite. 

Electromagnetic methods involve the generation of electromagnetic 
waves which would stimulate currents by induction in any conducti.nq 
M y  and thereby produce a secondary induced field which can be 

detected at the surface and carefully measured. The method has found 
wide application in the search for ore bodies containing lead, 
copper sulphides and graphite. 

Radioactivity methods are used in the search for uranium and thorium 
bearing minerals. The equipment used for the purpose includes the 
usual range of Geiger-Muller counters and scintillometer counters. 

'The different densities of rocks modify the magnitude and direction 
of the earth's gravitational attraction. An instrument of great 
sensitivity, the gravimeter, detects the slightest variation in 
gravitational attraction (the variation ,in weight). This type of 
geophysical surveying (the gravimet ric method) has proved use£ ul in 
structural studies and has been widely used in oil explor a, t' ion. 

In the seisrnic method of exploration, the speed with which 
artificial 'earthquake' waves travel through rock is determined. 
Waves travel more rapidly in crystalline rock than in unconsolidated . 

materials. This method is also widely used in oil exploration. 

In Sri Lanka, an air-borne geophysical survey was carried out 
covering nearly 23,310 sq. km.(9000 sq. miles) of the south-west 
sector of the Island. The earth's magnetic field and the radiation 
due to radioactivity were measured simultaneously. Lines of a 
reconnaissance nature were also flown across other parts of the 

island. The more important anomalies have been studied by field 
r,\aynetometer methods, and magnetite deposits have been proved by 

drilling techniques. Ground electromagnetic (F&) and resistivity 
surveys have been used to locate rlear surface graphite deposits. 



Extensive ground radioact ive surveys have been ca r r i ed  ou t  and 
seismic work is a l s o  undertaken. The Geological Survey is equipped 
with modern electro-magnetic, r e s i s t i v i t y  and seismic equipment 

i rlcluding rilagnetometers of both the  prec is ion  and recoi-~naissance 

types. 

The r e s u l t s  of geological ,  geochemical and geophysical surveys, when 

found promising, must general ly  be augmented by a p r o g r m  of 
d r i l l i n g  before o i l  and other  mineral deposi ts  can be worked. This 

may take years  a s  ' t~oles  must be d r i l l e d  down t o  t h e  l e v e l  of the  
deposi t ,  and cores  of rock ex t rac ted  f o r  examination. A diznond 
d r i l l i n g  programme is usual ly  t h e  f i n a l  s t e p  i n  mineral appra i sa l  

p r io r  t o  mining operations.  The rapidly growing use of geophysical 
methods i n  3 re  search is re su l t i ng  i n  a grea te r  fcotage of diamond 
d r i l l i n g  t 3  test t h e  anomalies s o  revealed. Knowing where t o  d r i l l  
is of course t h e  key t o  successful  mineral exploration and d r i l l i n g  

is undoubtedly the  cheapest method af t e s t i n g  a deposlt  a t  depth. 
Once an a rea  of i n t e r e s t  1s n ~ t e d  de t a i l ed  ~ p p l i c a t r o ~  of surface 

geology, geophysics and even geochemistry enable t he  se iec t ion  02 

prospects and t h e  d e f i n i t i o n  of d r i l l i n g  t a rge t s .  

Exploratory d r i l l i n g  is normally undertaken t o  prove tile presence o r  

absence of an economic grade of o re  of acceptable width and 
f o l l w - u p  dr i l l inc j  t o  de l inea t e  t h e  shape, s i z e  and composition of 
t h e  deposi t ,  a f t e r  t h e  presence of an economic grade and width has 

been es tab l i shed  i n  previous d r i l l i n g  operations. As diamond 
d r i l l i n g  is undertaken t o  test unknown conditions,  it cannot 

rlorri~ally k ulamed accurately.  Sarrp.7.e~ taken during exploration a r e  
subjected t o  a s e r i e s  of tests, chemical, mineralogical and 
t e c l i r i c l ~ i c a l .  The es t imat ion of reserves  which is the  ult imate 
ob jec t  con~prises t he  determination ~f quant:ity, qua l i t y  and grade 

and t h e  d i s t r i bu t ion ,  and checking the  r e l i a b i l i t y  of the  estimated 
reserves and the  economic importance. 

The tonnage and grade of o r e  t h a t  may be kxpected from a mineral 
deposi t  need very ca re fu l  es t imat ion with a degree of confidence, as 

t h i s  is the  bas i s  f o r  any mining venture. I n  t he  c l a s s i f i c a t i o n  
normally used t o  describe o re  reserves  (U.S.  Bureau s f  Mines), terms 



such a s  measured, indicated and inferred, a r e  used. Measured o re  is 

o r e  which is ac tua l ly  known o r  proved a s  a r e s u l t  of de ta i led  
inves t iga t ions  including sampling and extensive d r i l l i n g ;  indicated 
o r e  would .hean o r e  f o r  which toraerje and grade a r e  computed p a r t l v  
from measurements and p a r t l y  from geological  evidence, and inferred 
o r e  is o r e  f o r  which es t imates  are based on geologicYll knowledge and 
f o r  which few o r  no measurements are avai lable .  Other f ac to r s  which 
should be taken i n t o  account when assessing the  economic value of a 
deposi t  include acces s ib i l i t y ,  t ranspor t  f a c i l i t i e s ,  hydrogeological 
conditions,  a v a i l a b i l i t y  of power, housing, medical f a c i l i t i e s  i n  
t h e  a rea  under study and t h e  d i s tance  t o  ~orhich t h e  mater ia l  is t o  be 
transported f o r  treatment o r  use. 

After a deposi t  has been located and t h e  yeserves z r e  proved a s  
economic, mining must be considered, and t h i s  a c t i v i t v  in~~ol .ves  
development work,  i.e. work associated with ge t t i ng  the  mater ia l  out 
of the  ground. Mining methods ray be surface o r  underground. Surface 
methods a r e  much less cos t ly  than underground meti:ods. Quarrying 
r e f e r s  t o  removal c~f mater ia l  from open p l t s  and s t r i p  mining is 

used where a deposi t  is near t h e  surface i n  hor izontal  beds. 
Open-cut mining general ly  involves working downward a,ld outward i n  
benches t o  considerable depths. Hydraulic mining is washing of loose 
surface mater ia l  by s t rong jets of water. Dredging is a means of 
mining i n  placer  o r  a l l u v i a l  d ~ p o s i t s .  Underground mining is slow 
and requires  ven t i l a t i on  and ground water control .  A sha f t  is 
usually driven underground from t h e  surface,  and d r i f t s  ( tunnels)  
a r e  c u t  hor izontal ly  i n t o  t h e  deposi t  and t h e  mined mater ia l  is 
hauled t o  t he  s h a f t  and l i f t e d  t o  t h e  surface.  I f  t h e  o re  body is 

reached from t h e  s i d e  of a h i l l  t he  entry dr iven horizontal ly  o r  on 
an inc l ine  is termed an a d i t  o r  d r j f t  en t ryL  

8 Once t h e  mater ia l  is mined, it may have t o  be processed; low grade 
l 

ore may have t o  be concentrated near t h e  mine. The methods employed 
1 

nay range from simple processes such a s  hand picking t o  remove 
unwanted mater ia l  t o  complex mil l ing and f l o t a t i o n  processes. If 
fu r the r  t ~ e a t m e n t  is required, higher grade o r e  o r  concentrates a r e  
transported t o  favourable a r eas  f o r  smelting o r  o ther  processes t o  
ex t r ac t  t h e  mineral. 



Minerals are an 2xhaust ib le  resource. Zvery mine is i n  t ime worked 
ou t  o r  becomes t o o  c o s t l y  t o  operate. A s  a r e s u l t  t h e r e  is a 
~ o n t i n u a l  sea rch  f o r  new areas and development of new mines. Mineral 
depos i t s  'are f i xed  i n  loca t ion ;  they  occupy very small areas and t h e  

l imi ted  d i s t r i b u t i o n  of a p a r t i c u l a r  mineral  may lead t~ 
monopolistic development i n  con t r a s t  t o  f o r e s t  or a g r i c u l t u r a l  

a c t i v i t i e s .  Mineral depos i t s  are c o s t l y  and t h e r e  is usua l ly  a l a rge  
f a c t o r  of chance i.n mineral  sea rch ,  

MAHINE: MINERAL RES3URCES 

The p o t e n t i a l  of marine re.wurces is w e l l  known. The ocean contains  
va s t  depos i t s  of ;;on-renewabie resources  such a s  bui lding mater ia ls ,  
minerals  and hydrocarbons, and l i v e  resources  such as f i s h e r i e s .  I n  

recent  yea r s  rrarine organisms have been used f o r  druq ex t r ac t i on  

which is a new f i e l d .  Although man has been aware of t h e  vas t  
mineral  producing p o t e n t i a l  of t h e  sea,  t h e  oceans and t h e  seabed 
rernain a r e l a t i v e l y  untapped source of i n d u s t r i a l  minerals. Marine 

research is expensive and neces s i t a t e  teams of highly qua l i f i ed  men, 
syec ia l i zed  ve s se l s  and c o s t l y  equipment. Nevertheless, it should be 

reyarded as a highly p r o f i t a b l e  medium and long - term ~nvestment .  

Many develo?ins countries have coas t  l i n e s ;  i n  f a c t ,  a number of 
them are i s l a n d s ,  These coun t r i e s  have assumed management 

re,-ponsibilities over an economic zone extending 200 nau t i ca l  miles 
(370 krns) from t h e  coas t  l i n e .  \:ithin t h i s  area of sea and sea bed; 

occur resources of var ious  kinds. I f  t he se  resotlrces are t o  be 

exploi ted,  a marine sc ience and technological  c a p a b i l i t y  has t o  k 
yra&dally developed within  each country. A g r e a t  p o t e n t i a l  therefore  
lies i n  developifig marine resources.  This  development should be 

na t i ona l  and i n t e rna t i ona l  S.n scope. Marine resources have t o  be 
exploi ted e f f i c i e n t l y  through marine sc ience and technology. The 

app l ica t ion  of marine sc ience t o  development can only be undertaken 

by people trai:-,od accordingly. The f a i i u i e  t o  exp lo i t  t h e  mineral 
depos i t s  of t h e  sza is 1argel.y due t o  a lack of information 

concerning t h e  depos i t s  and t h e  lack of a f u l l y  developed techno!.ogy 
f o r  using t h e  deposits .  Another i r p r t a n t  f a c t o r  ' s  t h e  enormous 



c o s t s  involved i n  t h e i r  exp lo i ta t ion .  However, t h e r e  is a l s o  no 
pressing need, e i t h e r  economic o r  p o l i t i c a l ,  t o  exp lo i t  them a t  t he  
present time. 

The more developed count r ies  were quick t o  perceive t h e  impr t ance  
of t h e  ocean, whereas many developing count r ies  have f a i l e d  t o  do 

so. The r e s u l t  is that t h e  marine science c a p a b i l i t i e s  of developing 
count r ies  remain a t  t h e i r  i n i t i a l  s t a g e  o t  development. The geo?.ogy 
of t h e  cont inen ta l  shelves  is mainly an  extension of t he  geological  

f ea tu re s  of t h e  land. Survey methods appropria te  f o r  marine 

condi t ions  obviously d i f f e r  from those used on land but t he  purpose 
and ob jec t ives  of t h e  marine geology programsne are e s s e n t i a l l v  t he  
same, 

In  iegard t o  mineral resources, t h e  s e a  can be divided i n t o  f i v e  

r ty ions  : marine beaches, s e a  water, t h e  cont inental  shelves,  

s u r f i c i a l  sediments and t h e  hard rock beneath t h e  s u r f i c i a l  sea  
kloor sediments. A va r i e ty  of minerals a r e  ex t rac ted  from t h e  f i rs t  
t h r ee  regions of t he  ocean. Some minerais mined from marine k a c h e s  

include t h e  heavy minerals r e s i s t a n t  t o  chemical weathering, 
diamonds(Southwest Af r i ca ) ,  gold (Alaska) magnetite sands (Japan),  
s h e l l  sands (USA),  i lmenite-ruti1.e-zircon ( S r i  Lanka, Aust.ralia, 

India,  USA, Braz i l  and o ther  coun t r i e s ) .  I n  addj t lon  t o  Tornmop s a l t ,  
bromine, magnesiurn corrrpounds, and seve ra l  o ther  minerals a r e  

ex t rac ted  from sea water. 

Important minerals cn t h e  c c n t i ~ e n t a l  shelves  include, phospherite, 

g lauconi te  and calcareous s h e l l  deposi ts .  Barium sulphate 

concretions have been dredged from about 1235 m off  Colombo, (Jones 
1887). The o i l  reserves  of t h e  cont inen ta l  shelves of t he  world have 

k e n  estimated t o  be a b u t  equal t o  t h e  resources of onshore a reas  
of t h e  cont inents .  From an economic standpoint ,  manganese nodules 
a r e  t h e  most important on t h e  f l o o r  of t h e  t h r ee  rrajor oceans. Very 
l i t t le  is known a b u t  t he  f i f t h  region, t h a t  of t h e  hard rock under 

t h e  ocean f l o o r  sediments. These a r e  t h e  b e t t e r  known mineral 
occurrences of t he  s ea s  a s  described by Mero(1975). 



A g r e a t  p o t e n t i a l  therefore  lies i n  develowing marine resources, and 
t h e  appl ica t ion  o x r i n e  science ' t o  development can only be 
undertaken by people t ra ined  accordingly. Recognizing t h e  importance 
of t h e  marine sciences ,  S r i  Lanka has  es tab l i shed  a new organization 
( 1381) named t h e  Nations1 Aquatic Resources, Research and 
Development Agency (NARA), charged with the respons ib i l i ty  of 
carrying out  and co-ordinating research, development and management 
a c t i v i t i e s  on the  subject of aquat ic  resources ( l i v i n g  and 
11011-living). The establishment of NARA a l s o  satisfies a long f e l t  

need f o r  a National Oceanography I n s t i t u t e  f o r  S r i  Lanka. NARA is 
perhaps an unique organization on account of its s t r u c t u r e  and scope 
of respons ib i l i ty .  The organizat ion developed pr imari ly  a s  a 
response t o  developments i n  t h e  Law of the Sea which brought t o  Sri  

Lanka (as i n  t h e  case of rrany o ther  developing count r ies )  a vast  
extent  of off-shore jur isdict ion.  A National Hydrographic Off ice  
(NIfO) was a l s o  inaugurated i ?  March 1984 t o  c r e a t e  i n  Sri  Lanka an 
au thor i ty  f o r  hydrography. The (NHO) which funct ions  under t h e  
umbrella of NARA fonns the  f o c a l  po in t  tnrough which a l l  t he  
ava i lab le  land a ~ , d  hydrographic e x w r t i s e  1s channelled f o r  a 
na t iona l  hydrographic survey p r o g r m e  . 

THE NEED FOR lJATIONAL SURVEYS 

One of t he  basic s i t u a t i o n s  i n  a country's  nat ional  and 
in te rna t iona l  pol icv is t h e  d e s i r e  f o r  and u t i l i s a t i o n  of its 
mineral resources. Geological Surveys a r e  organisat ions  and 
i n s t i t u t i o n s  of geo logis t s  and technica l  s p e c i a l i s t s  sponsored by 
nat ional  governments- Their purpose is t o  provide geological 
knowledge which w i l l  form t h e  b a s i s  f o r  na t iona l  planning i n  the  
i n d u s t r i a l  and other  relevant s e c t o i s  and t o  provide information and 
advice on geological  sub jec ts  t o  concerned i n s t i t u t i o n s  and the  
public.  They were among tne  f i r s t  na t iona l  s c ~ e n t i f i c  bodies t o  be 

organized i n  many countr ies ;  e.g. Canada's Geological Survey was 
founded i n  1842, Ind ia ' s  i n  1851, and B r i t a i n ' s  i n  1835, and o thers  
of t h e  Cornonwealth a r e  among t h e  o ldes t  s c i e n t i f i c  organisat ions  i n  
Lhe world. Because of the  demands of t h e  developing world, t h e  
funct ions  aqd s t ruc tu re s  of surveys have changed g rea t ly  over t h e  



years.  Surveys have been instrumental  i n  the  planning and execution 
of economic s t r a t e g i e s .  F ie ld  mapping which e a r l i e r  assumed such an 
irrportant ro le  has been relegated t o  a more s u h r d i n a t e  ro le  with 

increased a t t en t ion  being given t o  geophysical and geochemical 

surveys, land c l a s s i f i ca t ion ,  hydrogeology, po l lu t ion  s tudies ,  and 
indus t r i a l  mineral surveys. It is now not uncommon for  a government 

geological  survey t o  k wholly diver ted i n t o  ad hoc , l o c a l  
invest igat ions  of immediate importance. 

Most surveys' i n  rnany count r ies  a r e  now s u f f i c i e n t l y  d ivers i f ied  i n  

t h e i r  a c t i v i t i e s  t o  be organised i n t o  a number of s p e c i a l i s t  
d ivis ions .  The la rger  t h e  survey, t h e  grea te r  w i l l  be the  number of 
operat ional  u n i t s .  I n  t h e  growth of i n s t i t u t i o n s  serving a large 

t e r r i t o r y ,  two rnain pa t t e rns  of operat ional  s t ruc tu re  have en~erged. 
There is on the  one hand, a l a r g e  c e n t r a l  headquarters conplex which 
serves  the  s r l t i re  country ( a s  i n  S r i  Lanka), and on the  other,  a 

r e l a t i ve ly  m a l l  headquarters occupied by t h e  d i rec tora te  and 

s p e c i a l i s t  services ,  supported by regional  ou t s t a t i on  o f f i c e s  i n  the  
d i s t r i c t s .  The question has of ten  k e n  posed, whether an ear th  

science department, such a s  a geological  survey, should be d i r ec t ly  
resporsible  t o  a Ministry o r  should operate  under some organization 

as  a 'research council  o r  a develop~nent corporation. Most surveys 

a re ,  however, responsible t o  a Ministry. 

GEYJLOGICAL, SURVEY OF S R I  LANKA 

Our e a r l y  knowledge of the  geology and mineral resources of S r i  

Lanka is derived from t h e  repor t s  of the  Mineral Survey directed by 
t h e  Imperial I n s t i t u t e  during t h e  period 1903-1918. The Mineral 
Survey was es tabl ished i n  1903 on t h e  reconmendation of Professor 

\J.R Dunstan, then Director of t h e  I n s t i t u t e ,  with the  l a t e  D r .  

Ananda Coomraswany a s  t h e  f i r s t  Pr inc ipa l  Mineral Surveyor. The 

survey had a s  its main ob jec t  the  examination of mineral occurrences 
and t h e  p o s s i b i l i t i e s  of developing t h e  economic minerals of t h e  
island. The laboratory work i n  connection w i t h  t h e  survey was 

car r ied  out a t  t h e  Imperial I n s t i t u t e .  I n  1922, t h e  l a t e  Mr. J.S. 

Coates was a p p i n t e d  Government Mineralogist and i n  1924 t h i s  post 



was combined wi th  t h a t  of S a l t  Advisor, an arrangement which 

continued u n t i l  t h e  t i m e  of Coates'  re t i rement  i n  1934. L i t t l e  
geological  work was done during t h i s  per iod and onlv annual r epo r t s  

were published which contained occasional  references  t o  minerals. 

However, i n  t h e  course  of t r a v e r s e s  over t h e  Is land,  Coates gathered 
s1,fficient material f o r  an  o u t l i n e  s f  t h e  "Geology of Ceylon" and 

h i s  paper was published i n  t h e  Ceylon Journa l  of Science i n  1935. 

Previous t o  t h e  publ ica t ion  of Coates'  paper, two i r p r t a n t  papers 

on t h e  geolbgy of S r i  Lanka had appeared. The f i r s t  of these ,  by 

Elr E.J. \Jayland, contained a desc r ip t i on  of t h e  important d i s cmery  
of rocks of J u r a s s l c  age a t  Tabbowa. The second was by t h e  late 
Professor Frank Adams of M c G i l l  Universi ty,  Canada, who spent two 

b r i e f  seasons jn  S r i  Lanka i n  1924 and 1926. H e  made some ~ a t h e s  
rapid  t r ave r se s  through t h e  I s l and  and published a monograph OD t h e  

"Geology of  Ceylon" i n  t h e  Canadiar Journal  of Research (1926), t h e  

rnap accompanying t h i s  paper being t h e  f i r s t  geoloqical  map of t h e  
is land.  With t h e  re t i rement  cf Coates, t h e r e  was a break of nearly 

f i v e  yea r s  during which geological. work was completely suspended. It 

was then  decided t o  commence a geological  survey of t h e  i s iand  and 
t h e  department was re-organised i n  1938 with t h e  appointment of 

D r .  D.N. Wadis as  Goverrlment Mineralogist ,  Preliminary geological  

rxipping on t h e  s c a l e  of 1 inch t o  1 m i l e  was begun and severa! 
shee t s  were completed, Systematic geological  mapping may be dated 

from Dr. Wadia's appointment but  t h e  s t a f f  was +very small and much 

of t h e i r  t i m e  was taken up with advisory d u t i e s  leaving l i t t l e  time 
f o r  geologiccl  mapping. Limited laboratory and museum f a c i l i t i e s  

we~e, however, ava i lab le .  I n  1945, Mr. L.J.D. Fernando succeeded 

Wadia, and i n  1971 Mr. D.B. P a t t i a r a t c h i  assumed d u t i e s  a s  Head of 
t h z  Geological Survey Departnent Four yea r s  Later (1975), 

D i .  M , M . J , Y ,  Herath succeeded P a t t i a r a c h i  as Director ,  I n  1979 

Mr. D.J.A.C. Happuarachchi was appointed Head 0 2  t h e  Survey and i n  
1983 Mr. L.K. Seneviratne succeeded hirn as Director  of t h e  Survey. 

Reconnaiswi'lce surveys commenced i n  t h e  e a r l y  f o r t i e s  and a 
provis ional  qeoloqical  map of t h e  i s l and  was prepared, Detailed 

geological  mapping was undertaken i n  1954 and mapping commenced i n  

t h e  southwest sec tor  of t h e  i s l and  on t h e  scale 1:31,680. During 



t h i s  period every eFfor t  was d i r ec t ed  t o  geological  mapping i n  an 
attempt t o  undercake mineral prospecticg and exploration where 

necessary. With t h e  a v a i l a b i l i t y  of aerial photographs (1956) 

covering t h e  e n t i r e  is land,  t h e r e  was an improvement i n  t h e  pace of 
cjeologicak mapping, p a r t i c u l a r i y  s ince  1960. 

Mineral explorat ion p r i o r  t o  1958 was la rge ly  done by c l a s s i c a l  
mnethds of p i t t i n g ,  trenching and augering. These methods a r e  

economical and do not call f o r  any special ized s k i l l s  and a r e  useful 

where t h e  o re  body occurs a t  o r  near t h e  surface,  but are obviousl_v 
of no use where an o re  body occurs a t  depth. I n  1958 t h e  Department 

obtained diarnond d r i l l i n g  equipimnt, mainly f o r  use i n  mineral 
exploration. I n  t h e  same yea i  an air-borne geophysical survey was 
ca r r i ed  out and t h e  e a r t h ' s  t o t a l  magnetic f i e l d  and rad ia t ion  due t o  

rad io-ac t iv i ty  were measured simultaneously. This survey was mainly 
confined t o  t h e  south-west sec tor  of t h e  Is land with l i n e  spacing of 
quar te r  m i l e  and half m i l e  and f l y i n g  a l t i t u d e ,  500 f e e t  above ground 

level .  The r e s u l t s  of t he  survey were presented i n  a series of 
contour naps. The aero-magnetic maps showed no l a rqe  anpli tude 
anomalies, t h e  l a rges t  being 840 gammas. Ground follow-up work has, 
however, been undertaken and the  occurrences of small i ron  o re  

deposi ts  have beerr proved by diamond d r i l l i n g  investigations.  A 
mineral resources map of t h e  Is land is avai lable .  

The geological  mapping of t he  i s land  has now been completed and a 
series of maps (scale 1 : 63,360) h a s *  been published, each map 

accompanied by e i t h e r  a r;iemir o r  an explanation. Other publ icat ions  
include, a mineral information series, economic bu l l e t i n s  and 
professional  papers. An annual a d m i n i s t r a t i ~ n  r eps r t  is ava i lab le  i n  
published form. For convenience, t h e  r e s u l t s  of t he  aero-magnetic 

survey have been prepared i n  t h e  form of corrapsitc maps on the  s ca l e  
of 1:250,000 ( 4  miles = 1 inch) ,  and t h e  tec ton ic  map of the  i s land  
is a l s o  ava i lab le  a s  four composite riraps and a s ing le  map - 
1:500,000. A geological  map of t he  i s land  (scale 1:500,000 D r  8 miles 
= 1 inch) has been published (1983). In  t he  f i e l d  o r  mineral 
exploration,  cement raw mater ia l s  (lirrestone and c l ay )  have been 

investigated and reserves s u f f i c i a n t  t o  operate  two cement p l an t s  
were proved i n  t h e  Puttalarn and Kankesanthurai areas .  Economically 



valuable depos i t s  of kaolin, f i r e  c lay,  b a l l  c lay,  quar tz ,  f e l spa r  
and dolomite have t e e n  proved and with these  discoveries ,  most of t h e  
iaw mater ia l s  required f ~ r  an expanding ceramic industry a r e  now 

ava i lab le  loca l ly .  Very l a rge  d e p s i t s  of g l a s s  sands and s izeable  
depos i t s  of i ron  o r e  have k e n  located; these a r e  adequate t o  support 
t h e  l o c a l  g l a s s  and i ron  and steel industry.  It w a s  t h e  work of t h e  

Geological Survey which f i r s t  highlighted t h e  economic importance and 
value of t h e  fiimoddai beach sand deposi ts ,  one of t h e  g rea t e s t  

rnineral a s s e t s  of t he  country and one of t h e  g rea t  mineral sand 
deposi ts  6f t h e  world. Extensive c l ay  inves t iga t ions  have been 
undertaken f o r  t h e  s t a t e  br ick and t i l e  f a c t o r i e s ,  graphi te  deposi ts  

have been located,  pea t  depos i t s  have been investigated; and i n  

recent years  t h e  Survey discovered an economic deposi t  of a p a t i t e  a t  
Lppawela, a copper-magnetite deposi t  a t  Seruwila, and serpent in i te  

Mies  with traces of n icke l  a t  Uda Walawe. 

These a r e  a few s f  t he  more impcrtant inves t iga t ions  undertaken by 

the  Department. 

The p r inc ipa l  funct ions  of t he  Geological Survey Department are:  

(a)  geological  mapping and preparat ion and publ icat ion of geological 
maps, economic bu l i e t i n s ,  profess ional  papers, memoirs, mineral 
information s e r i e s  and annual administration reports ;  

( b )  mineral prospecting and explorat ion and appra i sa l  of the  i s l and ' s  

mineral resources and giving advice on t h e i r  uses and development. 
(c)  engineering geology and grocnd water s tud ies ;  

( d )  administration of +he mining en~c tmen t s  and supervision of mining; 
(e)  mineral s t a t i s t i c s ;  and 
( f )  research i n  t h e  e a r t h  sciences  and benef ic ia t ion s tud ies  of 

mineral raw mater ia l s  f o r  induskr ia l  purposes. 

The Geological Survey of S r i  Lanka has var'ed funct ions  to  perform 

when compared t o  other  Geological Surveys of industr ia l ized 

countries.  I n  Sri Lanka, t he re  a r e  no p r iva t e  prospecting 
organizations,  and up t o  about 1977, there  were no p r iva t e  d r i l l i n g  

corpanies. The s t a t e  Geoligocal Survey had therefore  to  undertake t h e  

systematic study and recording of regional geological  da ta  and t o  
advise on a l l  geological  matters, including mineral prospecting and 



exploration,  engineering geology and ground water invest igat ions .  
With t h e  accelerated Mahaweli Devefogment programme and t h e  present 
day boom i n  building a c t i v i t y ,  a number of p r i v a t e  d r i l l i n g  c o n p n i e s  
have k e n  es tabl ished i n  t h e  is land.  They are mainly engaged i n  
engineering and water supply invest igat ions .  Sane d r i l l i n g  
f i rms with foreign co l labora t ion  are a l s o  capable of undertaking 
o ther  geological  s tud ies .  

The 'Growth Syndrome' witnessed by the  S c i e n t i f i c  Revolution 
resu l t ing  from t h e  union of science and technology f o r  economic 
growth and advancement of knowledge, is posing severa l  challenges 
p a r t i c u l a r l y  a r i s i n g  due t o  t h e  f a s t  deplet ion of na tu ra l  resources, 
mainly mineral and energy resources. The depos i t s  of t h e  world have 
k e n ,  o r  a r e  being, exhausted and the  f u t u r e  needs f o r  minerals must 
be met from la rger  depos i t s  of progressively lower grade. The 
geologis t s '  r espons ib i l i ty  is t o  discover and maintain e f f i c i e n t  
suppl ies  of mineral raw mater ia l s  without which no country can enjoy 
- high standard of l iv ing.  

The ea r th  is a p lane t  i n  t h e  so l a r  system, and t h e  aye of its c rus t  
has been calculated a s  4550 mi l l ion  years.  It has a circumference of 
40,000 km and it manifests t he  many wonders of t h e  w r l d  i n  which we 
l i ve .  The e a r t h ' s  h i s tory  is divided i n t o  a number of major eras .  The 
o ldes t  e ra ,  Azoic (without l i f e ) ,  represents  t h e  e a r l i e s t  p e r i d  
during which the  c r u s t  was formed. The c r u s t  of the  e a r t h  cons is t s  of 
r i~inerals and these occur a s  s o l i d  masses of rocks. Rocks a r e  however 
not homegeneous and have no d e f i n i t e  chemical composition. Rocks of 
various o r ig in  are recognised: igneous, sedimentary and metamorphic. 
Economic mineral deposi ts  a r e  geological  bodies which may be mined t o  
recover one o r  more minerals. Geological prospecting and exploration 
using modern methods concerns i t s e l f  with t h e  problems of discovering 
xonomic mineral deposits .  After a deposi t  has been located and t h e  

reserves  are proven as economic, mining must be considered and t h i s  
a c t i v i t y  involves ge t t i ng  t h e  mater ia l  out  of t h e  ground. 
Considerable a t t e n t i o n  has i n  recent years  been given - t o  t h e  



po ten t i a l  of m r i n e  minerel resources. The oceans contain vas t  

depos i t s  of rlon-renewable resources including hydrocarbons and t h e  
l i v e  resources. ~ l t h o u g h  man has been aware of t h e  mineral production 

po ten t i a l  of t h e  sea,  t h e  oceans and t h e  seabed remain a r e l a t i ve ly  
untapped source of i n d u s t r i a l  minerals. Recognising t h e  i p r t a n c e  of 
t h e  marine sciences,  S r i  Lanka has  es tab l i shed  a new organization 
named t h e  National Aquatic Resources Agency (NARA). Geological 
sul-veys a r e  organi zatiorls arid i n s t i t u t t o n s  of geo logis t s  and 
technical  s p e c i a l i s t s  sponsored by nat ional  goverrments. They were 
among t h e  f i r s t  nat ional  s c i e n t i f i c  bodies t o  be organised i n  many 
countries.  Mineral surveys i n  S r i  Lanka was f i r s t  es tabl ished i n  
1903. The present  Geological Survey Department with its modern 
labora tor ies  is f a i r l y  w e l l  equipped t o  car ry  ou t  most geological 

irlvesti ya t i  ons. I n  recent years,  a few p r iva t e  d r i l l  ing corpanies 
have a l s o  k e n  es tabl ished.  These, however, a r e  mainly engaged i n  

engineering geology and water supply invest igat ions .  Mineral 

prospecting and explorat ion and t h e  appraisal  of t h e  i s l a n d ' s  mineral 
resources, including advising on t h e i r  uses and development, is the  
main funct ion of t h e  Geological Survey DepartnIent of S r i  Lanka. 



The development of a country is v i t a l l y  l inked  wi th  t h e  development 
oE its i n d u s t r i a l  and o ther  minerals  (Herath 1980). The deepest 
d r i l l  ho les  probe only a t h i n  layer  of t h e  e a r t h ' s  c ru s t .  This layer  
which is accessible t o  us  f o r  study is found to be composed of a 
var ie ty  of minerals  and rocks. These mineral  raw-materials have 
undoubtedly p l a y d  a major r o l e  i n  t h e  development of many 

countries.  Various systems of c l a s s i f i c a t i o n  of minerals  have been 
adopted. For t h e  purpose of t h i s  book minerals  are divided i n t o  four 
broad based groups: energy group, f e r rous  and f e r roa l l oy  group, non 
f e r r o u s  group and t h e  non-metall ic group. I n  t h e  simplest  of many 
c l a s s i f i c a t i o n s ,  non-metallic minerals  o ther  than f u e l s  have been 
f u r t h e r  c l a s s i f i e d  i n  3 groups according t o  t h e i r  end usage: 
const ruct ional  minerals ,  process  minerals  and chemical minerals. I n  
t h e  f i r s t  category occur t h e  bulk aggregate const ruct ion mate r ia l s  
of low value ( l imestone,  c lays ,  g r ave l  and sand, gypsum and 
asbestos) .  The process minerals  include a va r i e ty  of i ndus t r i a l  
minerals used i n  t h e  abrasive,  ceramics, g l a s s  and o ther  industr ies .  

The last category corrpr-ses t h e  chemical and f e r t i l i z e r  minerals 
sudi  as salt  and phosphate Table I1 is a list of some important 
minerals  under t h e  var ious  groups, and t he  more important minerals 
from each qroup a r e  b r i e f l y  discussed. 

It is extremely d i f f i c u l t  t o  m a k e  an  accurate  assessment of t h e  

mineral resources of t h e  world. A rough p i c t u r e  can, however, be 

obtained from t h e  da t a  ava i l ab l e  i n  t h e  d i f f e r e n t  countl-ies. It is 
believed t h a t  65 per  cent  of t h e  known d e ~ o s i t s  of vzr ious  kinds of 
minerals  cons i s t s  of low-grade ore ,  5 per  zent of high-grade o r e  and 
30 per ,cent is of m n l i u r n  grade ore. 



Table I1 

CLASSIFICATION OF MINEFAIS 

---- 
Energy-Group 

COAL 
HYDROGEN 
IQTURAL GAS 
PEAT 
PETROLEUM 
THORIUM 
URANIUM 

.--- 
Ferrous and 

Ferroalloy-Group 

IRON 
CHROMIUM 
COBALT 
MANGANESE 
MOLYBDENUM 
NICKEL 
SILICON 
TUNGSrnN 
VANADIUM 
TANTALUlYi 

Non ferrous 
Group 

ALUMINIUM 
ANTIMONY 
ARSENIC 
COPPrn 
GOLD 
LEAD 
FZAGNESIUM 
MERCURY 
PLATINUM 
SILVER 
TIN 
TITANIUM 
ZINC 
ZIRCONIUM 

RARE-EARTH 
ELEMENTS 

-- 
Non metallic 

-- 
1 

ASBESTOS 
CALCIUM 
CLAYS 
CORUNDUM 
DIAMOND 
FELSPAR 
GARNET 
GENS 
GRWHITE 
GYPSUM 
MICA 
PHO5THORUS 
QUARTZ 
SAND and 
W V E L  
STONE 
SULPHUR 
TALC 
SALT 
SILLIMANITE 

After Bureau of Mines - U.S.A. 

3hTERGY GROUP 

The energy content of a f u e l  is denoted by its c a l o r i f i c  value which 

i s  t h e  number of B r i t i s h  Thermal Uni ts  (B.Th.U,) l i be ra t ed  by the  
combustion of one pound of t h e  fue l .  The B.Th.U. is t h e  quant i ty  of 

heat  required t o  r a i s e  t h e  t e ~ e r a t u r e  of 1 pound of water by 1'~. 

Pure carbon has a c a l o r i f i c  value of 14,137 B.Th-U. and hydrogen a 
value of 61,493 B.TI1.U. Liquid and gaseous f u e l s  with hydrogen 

contents  up t o  50 per  cent  by weight give ou t  f a r  rnore heat on 

cor,bustion than s o l i d  fue l s .  The lower t h e  oxygen content of a fue l ,  
t h e  b e t t e r  it w i l l  burn. The i d e a l  f u e l  w i l l  the re fore  be pure 

hydrogen. It is believed t h a t  t h e  major i ty  of f u e l s  come d i r e c t l y  o r  

i nd i r ec t l y  from carbohydrates. Although petroleum is extensively 
used a s  a f u e l ,  coa l  is probably t h e  world 's  leading f u e l  material .  

Mineral f u e l s  a r e  s o l i d ,  l i q u i d  o r  gaseous. Coals a r e  s o l i d  f u e l s ,  

and sme l i k e  an th rac i t e  a r e  almost pure carbon. Petroleum. t h e  



liquid fuel containing carbon and hydrogen, gives a whole range of 
fuels and lub~icants.  Natural gas occurs wi th  petroleum deposits. 
Coal, petroleum a& natural gas are the conventional fossi l  fuels. 

The new f i s s i l e  fuels include uranium and, perhaps, thorium. The 
main sources of energy currently consumed in most ccuntries are 

wood, coal, petroleum, natural gas and hydropower, 

IJuclea,: power 1s perhaps t h e  most 'mediately available new source 
of ep?ryy, As a result of the recognition that the conventional 

sources of energy w i l l  not suffice to meet the world-wide 
requirement even i n  the foreseeable future, the development of new 
sources of energy has for some "me been one of the main goals of 

applied research. These sources include r~uclear, solar and wind 
power, biomass conversion, t ida l  energy, ocean thermal e~ergy,  

geothermal energy and hydrogen gas. 

Coal is the greatest developed energy scsrce, and the main 
industrial nations are those that are rich in coal. Coal is formed 
from vegetable msterial and i s  ~ l a s s i f i e d  according to  the degree of 
alteration from vegetation to  f ixed  carbon. Peat is the f i r s t  stage 
and is not corsidered a coal. Lignite contains the least fixed 
carbon. As compression of the formations increase, volatile matter 
and moisture are reduced r e s ~ ~ t i n g  i? the formation of liiqher grades 
of coal like bituminous and anthracite coal. %Ice is specially 

prepared £of smelting iron ore. Bituminous coal is heated i n  a 
reducing atmosphere, the coal becomes molten and the mass is made to  
solidify into a hard mater~al  made up of fixed carbon. World 

production of coal is now about 3,500 million tons and the main 
producing countries are U.S.A., U,S.S.R., China, Poland, Germany 
{FH), U.K.,  India, South Africa and Australia. World potential 

reserves of coal are i n  the region of 13,000 billion tons. 

Petroleum is a fuel which is more accessible and one whAch is 

readily avai!able. It is associated w i t h  sedimentary basins and ~ t s  
origin is connected wi th  minute marine organisms in enormous 
quantities in shallow ocean bottoms. Slow decomposition of t h i s  

rmterial is believed to result i n  the formation of tiny droplets of 
oil .  Increasing compaction of sediments forces the droplets.  out into 



porous e a r t h  s t r a t a  l i k e  sandstone which a r e  good r e se rvo i r s  f o r  t he  
accumulation of o i l .  Useful q u a n t i t i e s  are formed when a trap 
st?ructure exi,sks f o r  holding t h e  miqrhting o i l  i n  a reservoir .  Crude 
o i l  which is obtained from t h e  e a r t h  is  ref ined t o  produce f u e l  anc? 
a va r i e ty  of o ther  products. Petroleum reserves  a r e  concentrated i n  
a few count r igs  f o r  example U.S.A., U.S.S.H., Venezuela, Saudi 

Arabia, Kuwait, I r a q  and Iran.  Together they produce nearly 
70 per  cent  of t h e  world 's  cetroleum, t h e  Middle East  count r ies  
alone producing-over 50 per cen t  of t h e  w ~ r l d ' s  requirements. World 

prcved reserves  of crude petrole~xn amount t o  over 600 b i l l i o n  
barrels (1 barrel - 42 U S  ga l lons)  and the  Middle East  count r ies  a r e  
known t o  have one half  of t h i s  reserve. 

Natural gas  occurs i n  assoc ia t ion  v i t b  petroleum and a l s o  i n  gas  
f i e l d s ,  and a c o m e r c i a l  na tu i a l  ga s  f i e l d  is r i c h  i n  methane t he  
most s t a b l e  of t h e  petroleum hydrocarbons. Over 50 per  cent of t h e  
worl? s reserves  of na tu ra l  gas  a r e  found jn  t he  U.S.A., U.S.S.R., 

Algeria and I r an -  it is believed t h a t  t h e  energy demands of the  

household and commercial s ec to r s  w i l l  be met increasinqly by natural  
gas. 

The harness4ng of *.rater power involves t h e  construct ion of a dam 

across  a r i v e r  D a m s  a r e  pr imari ly  meant f o r  i r r i g a t i o n  Durposes and 

a re  use2 t o  generate e l e c t r i c i t y  oniy a s  a secondary function. The 
reservo i r  so created serves  t o  s t o r e  water and t o  c r ea t e  a su i t ab l e  
head f o r  t h e  o p e ~ a t i o n  of t h e  tu rb ines  which a r e  combined with a 
generator t o  provide t h e  electric current .  The p v e r  house is 

s i t ua t ed  a t  t h e  base of t h e  dam. E l e c t r i c i t y  is not a source but a 
form of energy derived from ava i lab le  sources. The use of 
e l e c t r i c i t y  i r ,  very l a rge  q u a n t i t i e s  is s t r i k i n g l y  observed i r l  t he  

highly i ndus t r i a l i s ed  zountr ies  of t h e  world. 

Atomic power is perhaps t h e  most immediately ava i lab le  new ,source of 
energy and it is l i k e l y  t o  prove a major erergy source i n  regions 
not endowed with  normal fue l s .  The p r inc ipa l  raw mater ia l  used f o r  
nuclear- power i s  uranium- The energy is derived from t h e  cen t r a l  

core  o r  nucleus of t h e  atom. Reactions involving t h e  nuc le i  of the  
atoms vhich rnay re lease  energy are of two types,  f i s s i o n  and fusion. 



I n  t he  f i s s i o n  process a l a r g e  nucleus is induced Lo split i n t o  two 
o r  more smaller nuclei ,  and i n  t h e  fusion process the  p a r t i c l e s  of 
two l i g h t  nuclei  are rearranged to  form a l a rge r  nucleus. The fu tu re  

f o r  fus ion  power is not s o  c l e a r  c u t  s ince  a t  h e  moment it is i n  
t h e  experimental stage.  The heat  l i be ra t ed  i n  t h e  process is 
t ransfer red  from t h e  reactor  to t h e  boilers where the  steam t h a t  

d r ives  t h e  turbo-generator is produced. Nuclear power s t a t i o n s  
a l ready establ ished use t h e  f i s s i o n  chain react ion i n  U235. The 
world's f i r s t  commercial nuclear power s t a t i o n  is at  Calder Hall 

(Great Br i t a in ) ,  and it came i n t o  operation i n  1956. 

Other p o s s i b i l i t i e s  of opening up new sources of energy involve the  
use of n~ar ine  phenomena. The energy of t he  t i d e  can be harnessed and 
coverted t o  e l e c t r i c i t y .  I t  is also possible  t o  produce energy using 
the  temperature dif ference between t h e  surface water and the  water 
a t  g rea t  depth i n  t he  ocean. The na tura l  heat contained within the  
e a r t h  (geothermal energy) is a l s o  used a s  a source of energy when 
hot ~>1c7.ter o r  steam c a r r i e s  t h e  heat from the  rocks t o  t h e  surface. 

The generation of synthe t ic  hydrocarbon f u e l s  and the  use sf  pure 
hydrogen a s  a f u e l  a r e  a reas  which have a t t r ac t ed  a t t en t ion  i n  
recent years.  The p o s s i b i l i t y  of obtaining t h e  f u e l  hydrogen by the  
e l e c t r o l y s i s  of water has been studied.  Although the  process 
requires  la rge  amounts of e l e c t r i c i t y ,  researchers f e e l  t ha t  

hydrogen could be used f o r  heating and a s  a motor fue l .  Hydroge? 
therefore  may be a f u e l  of t he  fu ture .  

FERROUS A i l  FERROALLOY GR0i.P 

Iron, t he  fe r roa l loys ,  and steel belong t o  t h i s  group. Iron is tne  
grea tes t  of a l l  t he  metals. Materials used a s  a l l o y s  i n  steel making 
a r e  termed fe r roa l loys  and t h e  main mater ia l s  a r e  manganese, 
chromium, nickel,  cobal t ,  tungsten, molybdenum, vanadium and 
s i l k o n .  Steel, t he  most useful of a l l  construction metals, is a 
product of iron,  f e r roa l loys  and carbon. 

The chief i ron  n ine ra l s  a r e  hematite (Fe203) - 70 per cart iron, 



magnetite (Fe 0 ) - -I?-4 per  cen t  i ron,  l imoni te  (Fe203.H20) - 59 3 4 
per cen t  i r o n  and s i d e r i t e  (FeC03) - 48 per  cen t  iron.  Mined ores 
contain  from 25 t o  69 per  cen t  i ron ,  I n  i r o n  o r e ,  phosphorus, 

"tanium and sulphur a r e  p a r t i c u l a r l y  object ionabie  i r y u r i t i e s .  
Precambrian metamorphosed sediments comprise a major p a r t  of t h e  

world 's  i r o n  o r e  deposi ts .  The t a c o n i t e  depos i t s  of Eiinnesota i n  

which magnetite is t h e  p r i n c i p a l  mineral,  t h e  j a s p i l i t e  d e p s j  ts of 
Michigan i n  which hemati te is t h e  p r inc ipa l  i r o n  mineral,  the 

hematite - magnetite o r e s  of Krivoi  Rog (U.S.S.R.), t h e  banded i ron  

formations ( j a s p i l i t e s  o r  t a con i t e s )  of t h e  P i l ba r a  region 
(Hamersley i r o n  province) i n  Western Aus t ra l i a ,  and t h e  hematite 
o r e s  of Bihar are a few examples of commercial depos i t s  of i r o n  ore -  

\ lorid i r o n  o r e  production is now over 900 mi l l ion  tons  a?d t h e  chief  
producing count r ies  are U.S.S.R. (230) ,  U.S.A. (85 ) ,  and Aus t ra l i a  

(96) 

Manganese is t h e  most Importayt Ferroalloy.  The important rqanganese 
minerals  a r e  py ro lu s i t e  (Mn02 - 63.2 per ?ent Mn), manganite, 

psilomelane and rhodochrosSte. 'I'wo types of depos i t s  supply world 
requirements. These a r e  bedded o r  sheet- l ike  depos i t s  of oxide o r e  
overlying Precambrian rocks and bas ins  of oxide beds iE sedimentary 
rosks, D e p o s i t s  of t h e  f i r s t  type a r e  known i n  India ,  Africa,  Braz i l  
and Aus t ra l i a ,  and t h e  second type occurs i n  t h e  tJ,S.S.R., Gabon and 
Cuba, World production of manganese o r e  {s over 24 mi l l ion  tons. The 
l a r g e s t  depos i t s  of manganese occur i n  t h e  Republic of South Africa,  
U.S.S.R. and Gabon, The only i ndus t r a l  o r e  of chromium is cllromite 
(chrorne-spi n e l l i d s )  . Chromium o re s  vary i n  t h e  CrZ03 content  and 
coritain from 18 t o  62 per  cen t  Cr20, The world 's  l a r g e s t  depos i t s  
a r e  i n  t h e  Bushveld Igneous Complex of t h e  Transvaal i n  t h e  Republic 
of South Afr ica  where t h e  rese rves  are est imated ( i n  terms of 

chromiur~~ content  ) a t  575 mi l l i on  tons .  World production of chrornite 
is around 8 mi l l ion  tons,  

llost of t h e  world 's  present  day production of n icke l  comes from 
p i c k e l  sulphide minerals  such as pen t land i te  and millerite, and from 
l a t e r i t i z  o r e s ,  Very of ten ,  as i n  t h e  n icke l  deposigs of t he  S u d b e a  

D i s t r i c t  of Canada, t h e  o r e s  conta in  other  vaiuable base metals, 
e spec i a l l y  copper and ~ 3 b a l t .  The n icke i  content  of sulphide o r e s  



vary from 1.5 to 5 per cent. Nickei vzlues from lateritic ores are 

generally less than 2 per cent. World nickel reserves are estimated 
at 65 million tons. The main resources are in Cuba, New Caledonia, 

Canada, Australia and U.S.S.R. Cobalt is produced as a by-product of 

other elements. The bulk of the production comes from the copper 
ores of the Topgo (Kinshasa). Cob3l.t ore is found Ln Canada, 

Australia and Burma, In Canada cobalt is recovered from 
silver-arsenite ores and in Australia and Burnla from lead-zinc ores. 
Cobalt also occurs in the metallic state in the ~hoiaksh~ deposit of 
the U.S.S.K. 

The principal tungsten minerals are wslframite and scheelite. The 
chief sources of tuqsten include wolframitequartz veins and 

corltact metamorphic deposits (contact between limestone and 
intrusive granite). The inportant producing countries are China, 

U.S.S.R., North and SoFh Korea, U.S.A., Canada, Bolivia, Australia, 
Thailand, Brazil and Portugal. The principal mineral from which 
molybdenum is obtained is molybdenite (MoS2). Large stock works of 
quartz-molybdenite and quartz-molybdenite-chalcopyrite ores are the 

main sources of the material. The main producing countries are 
b , S . A . ,  U.S.S.R., Chile, Canada and Peru. The Largest production of 
vanadium is from Car~otite of the Colcrado Plateau where it is 

obtained as a by-product of uranium extraction and from roscoelite, 
a vanadium mica. In South-West Afrlca it rs extrapzied from 
leadcopper vanadates and in Finland and South Africa from vanadium 

bearing titaniferous magnetites. The mal:~ prduc:ng ccuntrtes are 
U ,S.S .R. , U. S.A., South Africa and Finrar.d. 

Silicon is not found in the free state but it occurs 9s siiica 
(Si02) which is widely distributed 3rd is founc7 ;n almost every 

country. These are distributed as deposits of quartz, qwartzite, 
sandstone and silica sand. Silicon has long been considered a 
non-metal. However, in metallurgy the elemental crystalline form is 
known as silicon metal or metallic silicon. Silicon is widely used 

in the iron, steel and non-ferrous metal industries in the form of 
ferro-silicon n~tal. The largest use is as ferro-silicon in the 
production of iron and steel. Tantalum occurs always together with 
niobium. The alloys of tantalum and carbon are noted 'for their 



extreme hardness mu a r e  used t o  m u f a c t u r e  c u t t i n g  t o o l s  and 
d r i l l s .  

lJOfJ FERROUS '33OUP 

The non-fer rous ~n ine ra l  s const  i tufte a very important group and 
include a bnr ie ty  of minerals ranging from t h e  major i ndus t r i a l  
minerals - copper, lead, zinc,  aluminium, t i n ,  magnesium, mercury 

and t i t a n i u ~ ~ ,  t o  tile precious  minerals  - gold, s i l v e r  and platinum. 
Copper metal is recovered from a v a r i e t y  of ores.  Apart from nat ive  
copper t h e  p r inc ipa l  o r e s  a r e  tire sulphides  chalcopyri te  (CuFeS,), 

h r n i t e  (Cu5~eS ) 2nd cl la lcosi te  (Cu S )  , t h e  oxide cup r i t e  ( C u p )  , 4 2 
and t h e  carbonates malachite ( C U , ( O H ) ~ C O ~ )  and a z u r i t e  

(CU3(W) 7 ( a 3 I 2  In t ru s ive  porphyries (copper-prphry type) 
account f o r  a major por t ion  of t h e  world output of copper and 
include depos i t s  l i k e  Bingkiam (Utah-U.S.A.), Knunrad (USEX), and E l  

T e n i e n k  (Ch i l e ) ,  World production of ref ined copper is around 8 

rnillion t ons  a i d  t h e  chief producing count r ies  a r e  U.S.A,, U,S S-R., 
Japan, Zambia, Canada and Chile. Lead and Zinc usual ly  occur 
together i n  nature.  The c o m n  lead  o re s  a r e  galena ( l ead  sulphide) 
and c e r u s s i t e  ( l e ad  carbonate) ,  and o re s  containing lead may a l s o  
contain  copper, gord, s i l v e r ,  z inc  and .other metals. The main lead 

producing count r ies  a r e  U.S.W., U.S.S.R., Canada, ~ u s t r a l i a ,  Mexico 
and Peru. World production of r?f ined lead is around 4 rnillion tons. 
Zinc is mainly ex t rac ted  from s p h a l e r i t e  (ZnS, zrna blende). World 
L-roduction of ref ined z inc is around 6 mi l l ion  t ons  and t h e  main 

produ.ciny count r ies  a r e  those  mentioned f o r  lead. 

galxi te  ( A l p 3  ,HZO) and g i b b s i t e  ( ~ 1 ~ 0 . 3  . 3 H  0 )  a r e  t h e  aluminium 
o r e s  af g rea t e s t  econornic s ignif icance.  Aus t ra l ia  dominates 
world bauxite production and t h e  famous GOVe, Weiya, Michell 
2a l teau  and o ther  depos i t s  i n  t h e t  country account f o r  

one--third of t h e  world reserve estir i~ated a t  15,000 mil l ion 
tons.  Guine? i n  West Africa a l s o  has  one-third of t h e  world reserve, 
and the  rzrnaining t h i r d  is found i n  Jamaica, Surinam and Guyana.The 
main t i n  o r e  minerals ar.e t h e  oxide c a s s i t e r i t e  (SliOZ) ,?md the  



sulphide stannite (Cu2Fe SnS4). The main tin producers are in 

South-East Asia and include Malaysia, ~ndonesia, China, Thailand and 
Burma. These countries produce over 60 per cent of the world's 
production. The deposits are mainly placer (alluvial), and 
cassiterite is the main ore mineral. Bolivia comes next in 
importance in the mining of tin ore; mining is done from vein-type 
deposits, and by-products include coppr, silver, lead, zinc, 
molybdenum and tungsten. World smelter production of tin is around 
198,000 tons. The main sources of magnesium are majnesiun chlorides 
from carnallite deposits, rnagnesite, dolomite, and sea water (0.13 
weight per cent magnesium). The supplies ' therefore can be 
considered as inexhaustible. The estimated world reserve of 
magnesite ores orily, other than dolomite, is nearly 9 billion tons 
which includes only the major deposits like those of China (5,000 
million tons) and North Korea (3,000 million tons). 

Mercury or quick-silver is a metal that is liquid at ordinary 
temperatures. The only important ore is the sulphide, cinnabar 
(HgS). World production of mercury is estimated as 9 million 
kilograms. ALmden (Spain) and Idria (Italy) are the world's 
largest producers of mercury. Other producing countries are U.S.A., 
Canada, Mexico. Yugoslavia and Russia. Ilmenite (FeTi02) is the 
present source of 85 per cent of world titanium requirement. The 
other titanium mineral of commercial importance is rutile (TiOZ). 
These minerals are recovered from beach mineral sands. Ilmenite is 
also found as hard rock deposits. Grains of rutile, zircon, 
ilnenite, monazite, and other minerals tend to occur together as 
natural concentrations. Their original occurrence has been in the 
granite and other rock types of inland areas. Subsequent removal of 

the weathered products, mainly by rivers, has shifted the mineral 
grains to the coast and there wave action concentrates the heavy 
minerals Australia is the world's leading supplier of mineral sands 
accounting for almost 95 per cent of all rutile, about 80 per cent 

of all zircon and about 25 per cent of all ilmenite and monazite 
produced. Titanium resources in inland rock deposits are also 

abundant. The largest market tor ~itanium dioxide pigment is the 
paint, paper and plastics industries, and titanium metal is mainly 
used in the aircraft industry. Zircon occurs in syenite rocks and in 



placers .  Zircon cccurs  a l s o  a s  gem stones. I t  is mainly used i n  t he  
ceramic industry.  The p r inc ipa l  antimony o r e  is sti.bni.te SbZSj. 
Antirnony is rnainly used i n  a n t i f r i c t i o n  a l l o y s  f o r  hear imp.  

The p r jnc ipa l  minerals of gold are na t ive  gold and gold 
t e l l u r i d e s ~ a l a v e r i t e ,  sy lvan i te ,  p e t z i t e  and naqyagite, Gold is 
obtaind from gold o re s  and p l a c e r s  and a s  a ky-product from o r e s  
mined e s s e n t i a l l y  f o r  copper and o ther  base metals. The Republic of 
South Afr ica  has t h e  world 's  l a r g e s t  reserves  of gold, and other 
cot lnt r ies  of importance include U,S.A., U.S.S.R., Canada, Austra l ia ,  
Colombia, Southern Rhodesia and Ghana. World production of gold is 
estimated a s  1.4 mil l ion  k i l o g r a m s .  Tn addi t ion  t o  its widespread 
use f o r  its rnonetarl value, gold is mainly used i n  t h e  jewellery 
industry.  The chief s i l v e r  minerals a r e  na t ive  s i l v e r ,  a rgen t i t e ,  
pyrargyr i te  and p rous t i t e .  Despite t h e i r  g r e a t  number, known s i l v e r  
minerals a r c  r a r e ly  concentrated i n  depos i t s  by themselves. S i lver  
occurs mainly i n  dispersed form i n  complex gold and copper o re s  and 
i n  assoc ia t ion  with galena i n  lead-zinc deposi ts ,  SiLver is 

there fore  a by--product metal. Vein s i lve ;  depos i t s  proper x c u r  i n  
flexico (Pachuca and E l  Oro). About 70 per cen t  of t h e  t o t a l  s i l v e r  
production is used f o r  monetary purposes - as coin o r  bul l ion,  The 
main p r d u c i n g  count r ies  a r e  Mexico, U,S.A. ,  U.S.S.R., Peru, Canada, 
Austra l ia ,  Bol ivia  and Japan. The t o t a l .  world production of s i l v e r  
is 9 mi l l ion  kilogramnes. Platinum is more usefu l  commercially and 
r a r e r  than gold. Platinum usual ly  occurs with o ther  rare and 
chemically s imi l a r  metals such a s  i-ridium, rhodium, osmium and 
palladium. The-most common o r e  is na t ive  platinurn. The bulk ~f 
production comes from t h e  Merensky Reef i n  South Africa. World 
production of platinum group metals  is approximately around 180,000 
kilogrammes, and t h e  main producing count r ies  were U.S.S.R., South 
Africa,  Canada, U.S.A. and Colombia. Arsenic is found i n  
coraparatively small q u a n t i t i e s  i n  hydrothermal deposits .  The 

rar~c-earth elements a r e  t h e  source of rare-earth oxide (RE01 used i n  
a number of indus t r ies .  



NON METALLIC GROUP 

The non metallic minerals  are numerous and they range from bulk 
commodities such as sand, g rave l  and s tone,  down t o  i n d u s t r i a l  
diamonds and gemstones. Included i n  t h i s  group are cormn i n d u s t r i a l  
minerals  such as asbestos ,  mica, calcium, phosphorus, c lays ,  
f e l s p a i ,  g raph i te ,  talc, gypsum, sulphur,  ga rne t  and corun&m. 

Asbestos is a name applied t o  a group. of f i b rous  minerals. The 

p r inc ipa l  va r i e ty  is ch ryso t i l e  (3Mrp.2SiOZ. 2H20). Other c o m r c i a l  
v a r i e t i e s  a r e  amosite and c r o c i d o l i t e  and of minor importance .are 
t remol i t e  and anthophyl l i te .  The p r o v i ~ c e  of Quebec (Canada) has t he  

l a r g e s t  asbes tos  names and m i l l s  i n  t h e  world, The U.S.S.R. is a l s o  
an i r w r t a n t  producer, The Repdblic @E South Africa, Southern 
Rhodesia, Swainland, China, I t a l y  and t h e  U.S.A. produce subs t an t i a l  

quan t i t i es .  Mica is a group name f o r  a number of minerals, £0; 
example, muscovite, phlogopite,  b i o t i t e  and l e p i d o l i t e ,  
Cormercially, mica is c l a s s i f i e d  as shee t  riuca and sc r ap  and f l ake  

n~ica. The chief  uses  of shee t  mica a r e  i n  thermal and e l e c t r i c  
insu ia to rs .  Most sc rap  mica is processed i n t o  ground mica whlcn 
f i n d s  var ied i n d u s t r i a l  use. The major producinq count r ies  are 
Braz i l ,  India,  U.S.A. and t h e  Malagasy Republic. E x p o r t s  of mica 
from India  a r e  over 33,000 t ons  ( a l l  grades) .  

Naturai sources of calcium are limestone (CaCO,), dolomite 
(Cam3 .MgC03) , mar 1, chalk,  s h e l l ,  co r a l ,  b r ine  and c e r t a i n  other  
minerals. The l a r g e s t  consumer of limestone is t h e  cement industey. 

Very Large q u a n t i t i e s  of limestone and dolomite are used i n  b l a s t  
furnaces  and steel works. Other uses are f o r  t h e  production of lime, 
f o r  a g r i c u l t u r a l  purposes, and f o r  t h e  chemical m d  othei: 
indus t r i es .  Calcareous materials occur i n  most countr ies ,  The world 
production of cement is over 600 mi l l ion  tons. Most of t h e  phosphate 

depos i t s  of t h e  world are i n  igneous rocks as a p a t i t e s ,  and i n  
sedimentary rocks as phosphorites. The phosphorus industry  is 
c h i e f l y  dependent upon f e r t i l i z e r  demands. Deposits of phosphate 
rock a r e  f a i r l y  widespread. The main producing count r ies  are 13.S.A,, 

U.S.S.R., and Morocco, which together  account f o r  f ou r - f i f t h s  of t h e  
estimated world production of 125 mi l l ion  tons. Other producinq 
count r ies  are Christmas - Is land,  Tunisia,  Togo, Senegal and Egypt. 



Clays and c l ay  minerals form one of t h e  most widespread and widely 
used groups of inorganic  i n d u s t r i a l  raw mater ia l s  and they have an 
i n f i n i t e  va r i e ty  of uses. The d i f f e r e n t  i ndus t r i e s  requi re  d i f f e r e n t  
grades of c l ay  a s  regards p l a s t i c i t y ,  re f rac tor iness ,  shrinkage, 
p u r i t y  and other  proper t ies .  By f a r  t h e  g r e a t e s t  quant i ty  of c l ays  

consumed i n  rnost count r ies  is used i n  ceramic production o r  i n  o ther  

f i r e d  mater ia ls .  The c lay  types  a r e  kaolin, b a l l  c lay,  f i r e  c lay,  
bentoni te  (montmoril lonite) ,  f u l l e r ' s  e a r th ,  br ick c lay,  cement S a y  
and o ther  miscellaneous c lays .  The U.S,A., U.K. and U.S.S.R. 

together account f o r  near ly  70 per  cen t  of t h e  recorded world output 
of kaolin. Other important producing count r ies  a r e  India,  France, 
Germany (FR), Czechoslovakia and Spain. World production of kaolin 
or  china c lay  is around 18 mi l l i on  tons. The U.K. is t h e  world's 
l a r g e s t  exporter  of china c lay.  Felspar is used mainly i n  t h e  g l a s s  
and ceramic indus t r ies .  The p r inc ipa l  f e l s p a r s  a r e  or thoclase  and 
rnicrocline, a l b i t e  and anor th i te .  The main producing count r ies  a r e  
U.S.A., U.S-S,R., Germany, France, I t a l y ,  Norway, Japan, Sweden and 
Canada. The world production of f e l s p a r  is around 3 mill ion tons,  

Natural g raphi te  is t h e  mineral form of elemental carbon and is a l s o  
referred t o  a s  plumbago. Graphite is mainly used a s  a refractory 
mater ia l  and a s  a lubr ican t  i n  t h e  manufacture of a wide var ie ty  of 
products. Depending on t h e  type, p a r t i c l e  s i z e  and carbon content of 
graphi te ,  severa l  commercial. grades a r e  i den t i f i ed .  The th ree  

p r inc ipa l  types  of na tu ra l  g raphi te  - vein, amorphous and c rys t a l i ne  
f l a k e s  a r e  i den t i f i ed  on t h e  o r i g i n  and physical  c h a r a c t e r i s t i c s  of 
t h e  ore .  The U.S.A. g raphi te  depos i t s  of Texas, Pennsylvania and 

Alabaha contain  less than 5 per  cen t  of graphi te .  Other producing 
count r ies  a r e  Mexico (Sonora), South Korea, U.S.S.R., Austria,  S r i  
Lanka, West Germany, China, Braz i l ,  Canada and t h e  Malagasy 
Republic. The l a s t  mentioned country has t h e  l a r g e s t  known resource 

of f l a k e  graphi te  i n  t h e  world. Estimated world p r d u c t i o n  of 
g raphi te  is over 500,000 tons ,  with South Korea being t h e  l a r g e s t  
producer. The mineral t a l c  is a hydrous magnesium s i l i c a t e .  Talc has 
a var ie ty  of uses. It is used mainly i n  ceramics, pa in t ,  
insec t ic ides ,  paper, r e f r a c t o r i e s  and a s  a high qua l i t y  f i l l e r .  Talc 
occurs i n  vein-like bodies i n  serpent inized ul t ra-basic  rocks, such 

a s  t h e  Keryabino deposi t  (U.S.S.R) and t h e  depos i t s  i n  Virginia  
(U.S.A.) .  Talc a l s o  occurs as i r r e g u l a r  depos i t s  i n  dolomites. The 



main producing count r ies  are Japan, U.S.A., U.S.S.R, France, China, 
India, I t a l y  and Austria. The world production of talc and s imi la r  
minerals is around 5 mi l l ion  tons. 

Gypsum is a mineral wi th  t h e  composition -20 2H 8. The l a rges t  4 2 
depos i t s  of gypsum have been formed a s  chemical p rec ip i t a t e s  from 

marine waters of high s a l i n i t y .  Moderate heating of gypsum y ie lds  a 
product known a s  p l a s t e r  of paris, used . for  d ive r s i f i ed  nndustrial  
purposes. The U.S.A. is t h e  leading producer and consuqer of gypsum 

i n  t h e  world, The main producing count r ies  a r e  U.S.A., U.S.S,R, 

Germany (FR), France, Canada, I t a l y  and U.K. The world production 
is around 60 mi l l ion  tons. The p r inc ipa l  uses of sulphur a r e  i n  the  
making of sulphuric  acid,  f e r t i l i z e r s ,  pigments, explosives and pulp 
and paper. Sulphur occurs a s  qa t ive  deposi ts  associated with s a l t  
domes, a s  volcanic depos i t s  and as depos i t s  associated with 
anhydrite. The main producing c o ~ n t r i e s  are U.S .A, Mexico, South 

America ( C h i l e \ ,  i t a l y ,  Japan, rJ.S.S.R, Canada, France, *?in and 
China. The world production is around 50 mi l l ion  tons. 

Ehtural i ndus t r i a l  garnet  cons i s t s  e s s e n t i a l l y  of t he  var ie ty  
almandine (iron-aluninious-silicate) which has des i rab le  abrasive 
qua l i t i e s .  Garnet is mainly used as an abrasive i n  a number of c3rms 

i n  various industr ies ,  The U.S.A is t h e  largesk producer and 
corsumer of gar re t .  The l a rges t  mine is the  dar ton Mine i n  New York 
where  he garnet occurs i n  rcetarnorphosed igneous rock,  Garnet is 

a l s o  recovered fiorn beach mineral sands. The rnair: producing 
countr ies  a r e  t h e  U,S,A., C.S,S.R., Spain, India.  Austral ia  and 

Argen~ina,  The world production of garnet  is approximately 30,000 
tons,  

Corundum is mainly used a s  en abrasive material :n grinding wheells 

an2 a s  grinding and pol ishing grain. Transparent v a r i e t i e s  include 
rubies and sapphires which a r e  pr ized a s  qemstones. Emery is a 
natural  mixture of corundum with magnetite and some haematite anc? 

sp i~e l .  The Republic of South Africa,  Southern Rhodesia, U.S.S.R. 
and India have very l a r g e  reserves of corundum. The U.S.S.R. is the 
l a rges t  producer ,> 



Sil l imanite  occurs i n  large deposi ts  a s  lenses and pockets i n  
c rys ta l l ine  schists a t  Khazi h i l l s  and Pipra i n  India. Sillimanite 
is used i n  t h e  refactory industry. The world's l a rges t  diamond 
deposits a r e  located i n  South Africa. Diamond is mainly used a s  a 

gemstone. 

SUMMARY 

Economic geology deals  with mineral deposits, the mineral wealth i n  
the  very widest sense. A knowledge of geology provides t h e  key t o  
locating economic mineral deposits. It provides a basis  f o r  a l l  
kinds of indus t r i a l  and regional development. In part icular ,  it 
const i tu tes  the  basic data required i n  the  search and development of 
mineral resources which is essen t i a l  t o  a country's e c o n d c  
development. It a l so  provides a bas is  f o r  assessing the  magnitude of 
both known and potent ial  resources i n  t h e  formulation of pol ic ies  
governing competing demands f o r  exploration and conservation. The 

science of prospecting and exploration concerns i t s e l f  specif ical ly 
with the  problems of revealing economic deposits. I t  is w e l l  known 
t h a t  a very few ( i n  s u m  cases one o r  two) geological and 
mineralogical typs of deposits supply t h e  bulk of the world output 
of a par t icular  mineral. The vast. mass of t h e  remaining ore 
discoveries of every possible genetic type have, i n  practice,  
usually no $omn~rcial  significance. It is therefore important tha t  
every exploration geologist must be familiar with the commercial 
types of ore  'deposits, a few of which have been l i s t ed .  



CHPPTER 3 

GENERAL GMX;RAPHY AND OUTLINE OF GEDLOGY 

GENERAL GEOGRAPHY 

Physical  Featwes 

'>he i s l and  of S r i  Lanka, f o r r ~ ~ e r l y  known as Ceylon, is a t r o p i c a l  
country wi thin  t h e  l a t i t u d e s  6O and l u O  nor th  and longitudes 79' and 
82O east. I t  lies 32 krn t o  t h e  east of t h e  southern most extremity - 
of Peninsular Ind ia  and has an area of 65600 kmL. It is 432 km long 
and is 229 krn wide a t  its 'r:'idest. 

I n  t h e  i s l a d  two main physiographic d iv i s i ons  can be recognized: 
1. The 1or.l ly ing  c o a s t a l  p l ? in  with l i t t le  r e l i e f  and t raversed 

by r i v e r s  which have reached t h e i r  base l e v e l  of eros ion i n  
t h i s  region 

2. The c e n t r a l  highlands TsitS 'mrmture drainage p a t t e r n  and 
marked r e l i e f ,  a h u ~ l d i n g  i n  n m e r a l s  strilce r izges ,  h i l l s  and 

rnountairis 

A d a ~  (1929) i n  lais 'Geology of Ce;lLor- was t h e  f i r s x o  draw 
a t t e n t i o n  t o  t h e  ex i s tence  of t h r e e  vell defined p l a i n s  of erosion 
(peneplains) c u t  i n  t h e  rocky frm2v?ork of t h e  island.  A 

characteristic f e a t u r e  of a peneplain wi~!.cl: car e x i s t  a t  any l eve l  

is t h a t  t h e  h i l l s ,  r idges  and p l a t eaus  wi thin  them a r e  a l l  a t  t h e  
same general  l eve l .  It is usua l ly  re fe r red  to  as  he erosion level .  

The respec t ive  e leva t ions  of t h e  3 p l a i n s  (see Fig. 2)  are as 
follows: 

F i r s t  Peneplain - 0 - 30 n above sea l e v e l  

Second Peneplain - 500 rn above sea l e v e l  (average) 
Third Peneplain - 1200 m above sea level (average) 



THE Tk iREE P E N E P L A I  I S  

Figure, 2. Respective Elevations of the Three Peneplains 

The f i r s t  terrace o r  lowest peneplain ( coas t a l  p l a i n )  surrounds the 
h i l l  country on a l l  sides.  It is narrow on the  western and southern 
rnargins but widens to  t h e  east, while t o  t he  north it expands i n t c  
t h e  g r e a t  p l a i n  t h a t  forms t h e  whole of t h e  northern half  of the  

island. The coas t a l  p l a i n  i s  devoid of r e l i e f ,  and it rises inland 
t o  dver 100 m above sea leve l .  The only physical  f ea tu re s  a r e  the  
erosion remnants which could be szen e i t h e r  i so l a t ed  o r  i n  detached 

groups. The erosion remnants such as Sig i r iya ,  Gunner's Quoin, 
Yapahuwa, Westminister Abey and o the r s  (See Fig. 3 ) ,  ;rave stood out 
against  t h e  l eve l l i ng  process over mi l l ions  of years  due t o  t he  
r e s i s t a n t  nature of minerals forming these rocks. Their present 
heights  give us only an indication of t h e  o r ig ina l  height of the  
land, f o r  even t h e  erosion remnants themselves have suffered much 
leve l l ing  down. Because sf t h e  steepqess of t h e  s ides  of these 
rocks, remnants l i k e  S ig i r iya  and Yapahuwa have become f m u s  i n  S r i  
Lanka's h i s tory  as the sites of fo r t r e s se s ,  palaces  and temples. 
Soxne erosion remnants may rise up t o  lOOm o r  more. 

Rising s teeply fram t h e  coas t a l  p l a in  is t h e  second t e r r ace  o r  
peneplai ,~.  It is best seen i n  the  eas te rn  and southern p a r t s  of the  
island. Inland from t h e  coas t  t he  land rises gradually t o  about lOOm 
u n t i l  it reaches t h e  foo t  of an escarpment general ly  about 300111 high 
which separates  t h e  coas t a l  peneplain from t h e  middle peneplain. 

This escarpment is best seen i n  t h e  Minipe and Kongala 'areas where 



Figure 3. Sigiriya Rock - Isolated Erosion Remnant in Coastal 

Peneplain. 

it forms a p romi rzn~  physical  fea ture .  The main road from Minipe t o  

Kancly ciimbs the  escarpment i n  a numbel. of ha i rp in  bends t o  reach a 
region of p a r a l l e l  r idges  a l l  a t  a general  l eve l  of between 760m and 

132Qm which is p a r t  of t h e  micrfle peneplain. The Kongala escarpment 

soutli-east of Balangcda is a l s o  a pLominent physical  f ea tu re  Ii1 t h e  
western' s i d e  of the  i s land  the  rnj  1.way l i n e  from C o l o ~  begins t o  

climb the  west escsrpmeqt a t  Ranbuhk??a alTd ,lznders t he rea f t e r  a s  

f a r  ?s Nawalapitiya o r  t he  middle ~ e n e p l a t n ,  

The hiqhest  pelleplaLn is a complex one and is l e a s t  l i k e  a 

peneplain. I t  r i s e s  from tbe  second peneplain and forri~s t h e  cen t r a l  
highlands a t  a general  a l t i t u d e  of a h ~ u t  1200 m- This t e r r ace  

supports t he  highest mountains of the  is land,  Pidurutalagala 2524m, 

Kir igalpot ta  2389rn, Totapala kanda (2357m) and Adarn's Peak (2238m - 
Fig. 4 ) .  The scarp f ace  of t h i s  t e r r a c e  refer-ed t o  a s  t h e  'Southern 

Wall of t he  H i l l  Country" (Cook,1931), is perhaps t h e  most s t r i k ing  

f ea tu re  i n  t he  whole of the  Island. I t  is best seer) f ron~ t h e  road 



between Balangoda and Bandarawela. A number of wa te r f a l l s  P i k e  
Diyaluma, Bambarakanda a n d a i a g a m a  drop over its edge. The general 
topography and drainage p a t t e r n  of t h i s  t h i r d  t e r r a c e  are abrupt and 
juvenile and t h e r e  i s .  none of t h e  physical  f e a t u r e s  which are 
usual ly  associated with Precambrian te r ra in .  

Figure 4. Adam's Peak - in Third Peneplain 

Adams (1929) believed t h a t  t h e  t h ree  terraces represented th ree  
s u c c ~ s s i v e  s tages  of denudation brought about by successive u p l i f t s  
of t h e  country and t h a t  t h e  t e r r a c e s  were erosion remnants a f t e r  
each p e r i d  of base-levelling. On t h i s  view the  coas t a l  peneplain is 
t h e  younqest and t h e  t h i r d  t e r r a c e  the  oldest .  

On physical  grounds Wadia (1945) re jec ted  t h i s  view. H e  put  forward 
the  theory t h a t  t h e  t e r r a c e s  a r e  t h e  r e s u l t  of successive block 
u p l i f t s  taking place on an al ready peneplained Precambrian t e r r a in .  
According t o  him the  coas t a l  p l a i n  is t h e  o ldes t  and the  t h i r d  
t e r r ace  the  youngest. H e  a l s o  drew a t t en t ion  t o  t he  s i g n i f i c ~  9 of 
t h e  r i ~ g  of water-falls  t h a t  surrounds the  highest  t e r r a c t  ind 
suggested t h a t  t h e  f a l l s  indicated important d i s loca t ions  r e su l t i .  
i n  d i f f e r e n t  u p l i f t s  of one p a r t  r e l a t i v e  t o  another, It is not 



proposed here t o  d i scuss  t h e  t h e o r i e s  concerning t h e  o r t g i n  of t h e  
three peneplains. 

C l i m a t e  

S r i  Lanka k i r i y  i n  proximity t o  t h e  equator ( l y ing  withir.  latitude^ 
of 6' and So0 nor th)  is s i t u a t e d  i n  t h e  monsoon region of south-east 

Asia and it has a humid t r o p i c a l  climate. The m a n  t e rpe ra tu r e  is 

high, rangirlc; from 2 7 ' ~  t o  2 8 ' ~  over t h e  lowlands. The highlands i n  
t h e  c e n t r a l  regions enjoy a coo le r  cl imate.  I n  t h e  h i l l  country t h e  

tenperature  f a l l s  a t  a f a i r l y  s teady r a t e  of ahout 1°c f o r  each 140 

rnetres rise i n  e levat ion.  I n  Kandy, 488 n above sea leve l ,  t h e  mean 
temperature is 25OC, a t  Diyatalawa(l250 metres)  it is 20°C, and a t  
Nuwara E l iya  (1890 m) it is 15.5'~. The mean temperhture a t  Colombo 

during the coo le s t  mnt l l s ,  November t o  February, is 26OC. Apri l  and 
May are t h e  warmest months i n  Colombo, I n  Nuwara E l iya  t h e  minimum 

t e rpe ra tu r e s  a r e  genera l ly  of t h e  order  of 7 2 ' ~  (February) and may 

occasional ly  f a l l  below f reez ing  po in t .  The r e l a t i v e  humidity va r i e s  
genera l ly  from ahout 70 pe r  cent  during t h e  day t o  about 90 o r  95 

per  cen t  a t  n ight ,  r i s i n g  as t h e  temperature drops. 

The annual average r a i n f a l l  v a r i e s  from below 1270 millimetres i n  

t h e  a r l d  p a ~ t s  of t h e  qor th  -west a south-east cf t h e  i s land  t o  

over 5000 milli-metres a t  c e r t a i n  p l ace s  on t h e  south-western s lopes  
of t h e  h i l l s ,  There a r e  four  r a i n f a l l  seasons during t h e  year with 

corresponding per iods  which may roughly be recogriised C ~ S  follows: 

1. The South-iJest Florlsoon per lod - May t o  Septemkr 
2 .  The Inter-Monsoon per iod - October t o  November 

3.  The North-East Morlsoon per iod - December t o  February 

4. The Inter-t-lonsoon per iod  - r,Iarch t o  Apri l  

The d iv i s i on  of t h e  i s land  i n t o  a W e t  Zone and a Dry Zone w4.tP an  

Intermediate Zone between them is t h e  most widely recognised 
climatic c l a s s i f i c a t i o n  of t h e  is land.  I n  Fig. 5 t h e  r a i n f a l l  

pa t te r 'ns  a r e  shown c l e a r l y  demarcating t h e  Wet and Dry Zones. 



::.::. C Ll  MATIC  ZONE BOUNDARY 

Figure 5. Rainfall Pattern and Climatic Zones 



Drainage 

The drainage pa t t e rn  f o r  t h e  most p a r t  is rad ia l .  The upper reaches 
a r e  mainly confined t o  t h e  c e n t r a l  h i l l  country. The g rea t e s t  
problem of W e t  Zone hydrology is t h a t  of f lood control .  Inundation 
of low lying a reas  is a lnos t  inevi table ,  and vast  s t r e t ches  of 

ground are subject t o  se r ious  flooding during t h e  w e t  seasons. This 
has resu l ted  i n  t h e  development of deep and extensive deposi ts  of 

a l l u v i a l  mater ia l  alorzg t h e  lower reaches of t he  rnajor r iver  systems 
draining t h i s  region. I n  t h e  Dry Zone it is a seasonal shortage of 
water which is a problem. Very few r i v e r s  r i s e  i n  t h e  Wet Zone and 

flow i n t o  t h e  Dry Zone. The most i p r t a q t  and +.he longest  r iver ,  
t h e  Mahaweli Ganga, rises i n  t h e  h i l l  country and flows towards the 
nortfi-east with its mouth near Trincomalee. The lengths  of  he 

p r inc ipa l  r i v e r s  of S r i  Lanka a r e  given i n  Table 111. 

TMLE I11 

LENLZ'HS OF PRINCIPAL RIVERS 

Ceylon Year Book - 1983 

Dqartmetlt of Census and S t a t i s t i c s  

T 

Populat ion 

The main concentration of sett lement i n  t he  i s land  is i n  the Wet 
Zone i n  t he  whole o f - t h e  western, south-western and cen t r a l  h i l l s .  

River Length i n  River Length i n  
Kilornet res Kilometres 

Mahaweli Canga 335.0 Mahaoya 134.0 
Aruvi-aru 164.0 Menik Ganga 114.0 
Kala Oya 148.0 Kalu Ganga 129.0 
Kelani Ganga 145.0 Kirindioya 118.0 
 an oya 142.0 Kubukkun a r u  116.0 
Deduru Oya 142.0 Gin Ganga 112.0 
Walawe Ganga 138.0 Nanu Oya 109.0 
Maduru Oya 137.0 Gal Oya 108.0 

f 



The Dry Zone a reas ,  f o r  example i n  t h e  north,  nor th-centra l  and 
east-central  p a r t s  of t h e  country, are not  heavi ly  p p u l a t e d .  The 
population of S r i  Lmka i n  1901 was approximately 3.5 mi l l ion ,  i n  

1953 t h e  population was 8 mi l l i on  and i n  1979 ii- was 14.5 mill ion.  

A t  present  (1985) t h e  population is around '15 mil l ion,  

E3ased on t h e  1981 census t h e  mean dens i t y  of population f o r  thp 

country is 586 p e r e m s  per  sq. m i l e .  By f a r  t h e  highest  dens i ty  ( i n  
excess of 2700 persons per  square m i l e )  was rerzorded i n  t h e  Western 
Province, alrd t h i s  c l e a r l y  r e s u l t s  from t h e  l a rge ly  urban character  
of t h i s  region. Other provinces with r e l a t i v e l y  high populatiorl 
d e n s i t i e s  a r e  t h e  Centra l ,  Southern and sabaragamuwa Provinces with 

r a t e s -va ry ing  between 780 and 930 per  sq m i l e .  

I n  con t r a s t ,  t h e  Eastern.  Jvs,  an? North Centra l  Provinces a l l  
record population d e n s i t i e s  below 530. Table IV i s  presented t o  show 
?orile d i s t r i c t s  with high popul-ation der ls i t ies .  

TABLE IV 

SRI LANKA POPULATION DENSITY (1981) 

(Some districts with the highest density of population) 

Department of :ensus arid Statistics 

3UTLIPE OF GEOLOGY 

District Population Area Density 
(in sq. miles) (persons per 

sq. mile 

Colombo 1,698,322 252.0 6742 
Garpaha 1,389,490 540.0 2573 
Jaf f na 740,184 440.0 1682 
Kandy 1,126,296 ' 833.0 1352 
Kalutara 827,1439 620.0 1334 

The g r ea t e r  p a r t  of t h e  i s land  is rnade up of Precarnbziarl c r y s t a l l i n e  
rocks. The only extensive  development of sedimentary rocks is along 

r 



t h e  north-west coast  of t he  i s land  which is b u i l t  up of limestones 
of Miocene age. On t h e  basis . of ! i t h o l q y ,  s t ruc tu re  c:nd age t h e  

Precambrian r o c k s  have been subdivided i n t ~  3 major u n i t s  (Cooray 

1978) : 
1. Highland Se r i e s  
2. South-Western sroup 

3 ,  Vijayan S e r i e s  

Several  d o l e r i t e  dykes, anal1 g ran i t i c -  bodiesI and a series of 

pegmatites have k e n  intruded i n t o  t h e  Precambrian rocks. Two small 
occurLences of Gondwana sediments ( J u r a s s i c ) ,  t h e  Tabbowa basin .and 
t h e  Andiyama-Pallama basin, are located i n  t h e  north-west of t h e  

island. The Miocene limestone f o ~ m a t i o n s  a r e  confined t o  t h e  Jaffna 
a rea  and t o  t h e  north w e s t  of t h e  country. Table V shows the  

succession of geological  formations and p r inc ipa l  mineral deposi ts  

of S r i  Lanka, and Fig- 6 is a s i r p l i f i e d  geolagical  map a f  the 
island. 

Precambrian 

Highland S e r i e s ,  Rocks of t he  Highland S e r i e s  occupy t h e  cen t r a l  
highlands,  The eas te rn  boundary of t h e  Highland Se r i e s  is along t h e  
foo t  h i l l s  of the  c e n t r a l  highlands where a t ~ a n s i t i u n a l  zone lies 
between it and the  Vijayan S e r i e s  on the  east and s o u t h e a s t .  
Enclaves of Highland Se r i e s  rocks a r e  Tound within t he  eastern 
Vijayarl a s  a t  K a t a r a g m  and Buttaia.  The Highland Se r i e s  comprises 
an extensive group of well,-bedded s'ocks including qua r t i z i t e s ,  
quar tz  s ch i s t s ,  f i n e  grained ac id  gneisses,  granul i tes ,  c a l c  

gneisses  and granul i tes ,  marbles, and the  type khondalite, which is 
a sillirnanite-garnet-graphite schist . .  These rocks extend i n  a broad 
band from the  south-west coast  (Welipatanwila a rea)  t o  t he  
rlorth-east coast  (Trirlcomalee a r ea ) .  One of t h e  most s t r i k ing  

f ea tu re s  of t he  Highland S e r i e s  is t h e  c lose  and intimate 
associat ion of metasediments and charnocki t ic  gneisses  throughout 

t h e  e n t i r e  area ,  The two a r e  conformably inter--banded (Cooray 1962). 

Whatever t h e i r  o r i g i n a l  nature, t he  charnocki t ic  gneisses  have been 
formed i n  the course of t he  same high-grade metamorphism t h a t  gave 



TABLE V.  

GENERAL SUCCESSION OF GEOLOGICAL FORMATIONS 
AND PRINCIPAL MINERAL DEPOSITS I N  SRI LANKA 

(Modified a f t e r  Herath 1980) 

t 
P r i n c i p a l  
Formations 

Recent r e s i d u a l  
and a l l u v i a l  
d e p o s i t s ,  blown 
sand, c o a s t a l  
s a n d s t o n e , c o r a l  
and s h e l l  f o r -  
n a t i o n s ,  beach 
minera l  sands ,  
gem g r a v e l s ,  
p e a t ,  l agoona l  
and e s t u a r i n e  
d e p o s i t s  

P r i n c i p a l  Geologi- Important 
Minera l  
Deposi ts  

Kaol in ,  b a l l  
c l a y ,  r e f r ac - -  
t o r y  bond 
c l a y ,  r e s i d u -  
a 1  and a l l u -  
v i a l  c l a y ,  
s i l i c a  sand,  
i l m e n i t e ,  
r u t i l e ,  z i r -  
con,monazite,  
f , a rne t ,  gem, 
c o r a l ,  s h e l l  
s i l l i m a n i t e ,  
c l a y  ochers .  

c a l  

Era  

ANTHRO- 
POZOIC 

-- 
CENOZOIC 

MESOZOIC 

Others  

Thor iani -  
t e , t h o r i -  
t e ,  badde- 
l r y i t e -  
pea t  

Gem 

Limestone 

Sha le s  

- 

Marble,  
q u a r t z ,  f e l s -  
p a r , g r a p h i t e ,  
n i c a ,  a p a t i t e  

D iv i s ions  

I Per iod 

HOLOCENE 
(RECENT) 

L a t e r i t e ,  
l imon i t  i r  
i r o n  o r e  
( low 
g rade )  

- 

- 

- 

Magnesite 
magneti te 
a l l a n i t e  
cordie-  
r i t e ,  
c h e r t  
wol las to-  
n i  t e  
s i l l i m a -  
n i  t e  
copper.  
s e rpen t  i- 
n i t e  

I - 

QUATER- 
NARY 
(PLEISTO- 
CENE) 

TERTIARY 
(MIOCENE) 

JURASSIC 

L a t e r i t e s  (may 
extend from 
Recent t o  Ter- 
t i a r y  P e r i o d s ) ,  
g r a v e l s ,  red  
e a r t h s .  
Limestone 

Sha le s ,  Carbo- 
neceous s h a l e s  
and a r k o s i c  
sandstone .  

Abesnt 

Highland 
S e r i e s  (metase- 
d iments)  Vi ja-  
yan S e r i e s  
( g n e i s s i c  com- 
p l ex )  Southwes- 
t e r n  Group 
( g n e i s s e s  and 
metasediments) 
I n t r u s i v e s ,  
( g r a n i t e s ,  
d o l o r i t e  
dykes,  pegnat i -  
t e s )  

I 
PALAEO- 
ZOIC 

ARCHAEO- 
ZOIC 

- 

PRECAM- 
BRIAN 
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- Figure 6. Simplified GeologicaJ Map of Sri Lanka 



rise to the metasediments with which they are so closely associated. 
The only other prominent lithological type is in the Kadugannawa 
area where basic rocks are so developed that they have been given 
the special name of 'Kadugannawa Gneisses' (bates 1935). The 
gneisses are black (see Fig.7), lustrous amphibolites or 
hornblende-plagioclase schists. Another group of anphibolite facies 
rocks, hornblende-biotite gneisses and migmatites, occur in the 
Kandy area restricted to large doubly-plupging synforms or "arenas" 
(Vitanage 1972). 

Figure 7. Kadugannawa Gneisses 

Hocks of the Highland Series belong to the granulite facies of 
metamorphism. Closely associated with these rocks are assemblages 
chaS'acteristic of the amphibolite facies such as hornblende-biotite 
yneisses. It is believed that the Highland Series rocks have been 
subjected to polymetamorphism in the course of which some granulite 
iacies rocks were retrogressively altered to amphibolite facies 
rocks. 



South-wkern Group. This, like the Highland Series, is made up of 

schists, gneisses and granulites of metasedimentary origin. There 
are, however, significant differences between the two major units in 
tens of both lithology and metamorphic history, differences that 
appear to justify their separation (Cooray 1965). The main rock 

types are given below: 
1. Thin persistant quartzites and quartz schists (unlike the thick 

quartzites of the E-Iighland Series) 

2. -Narrow wollastonite calciphyres (unlike the thick marbles of 
the Highland Series) 

3. Cordierite-bearing pelitic gneisses 
4. Coarse grained intrusive hypersthene granite (charnockitic 

rocks) 

5. Abundant granitic gneisses, augen gneisses and migmatites, 
including chert 

The South4Jestern Group passes northwards into the western Vijayan 

by an increase in the p~oportion of granitic gneisses and migmatites. 

Vijayarl Series. On either sides of the Highland Series 1 except 

for the area occupied by the South-CJestern Group, are rocks of the 
Vi jayan Series. They are mostly micrneline-bearing 
quartzc+feldspathic rocks with layers and lenses of arriphibolite 

and/or biotite, The main rock types include a variety of gneisses, 
migrnatites pnd granitoid rocks including charnockitic gneisses. 

(Fernando 1948, and Cooray 1967). 

It is not proposed here to discuss the stratigraphic relationships 
of the three Precambrian units. A god deal of controversy still 

remains about the sub division of the Sri Lanka Precambrian. \Illat 
I 

can be generally agreed 4s that th~! stxuctures are everywhere 
complex. 

The Seruwila capper magnetite deposit (discussed in Chapter 5) is at 

the margin of the eastern Vijayan and Highland Series. Serpentinite 

bodies observed in Sri Lanka are all confined to the boundary of the 
Highland Series and the eastern Vijayan (Fig. 6). A recent gravity 
survey of the country i~dicated a significant gravity - low of an 
ar~plitude of a~proximately 25 milligals. This grav~ty low was also 



found t o  run alorzrj t h e  ea s t e rn  boundary of t h e  Highland Se r i e s  

(Hathefton 1975). The geological  i n t e rp re t a t i on  of t h i s  g rav i ty  low 
shows t b a t  t h e  contact  between t h e  Highlands and Vijayans is a 
t h r u s t  zone. These recent observations and f indings reveal t h a t  t h e  

eas te rn  hunda iy  between t h e  Highland and Vijayan Se r i e s  s t r e t ch ins  
from Trincomalee through Uda Walawe t o  t h e  Welipatanwila coas t a l  

a rea  is a mineralized zone. A p r o g r m e  of work i n i t i a t e d  by the  
Geological Survey Department proposes t o  study t h i s  zone i n  great  
d e t a i l .  This  boundary is &out 25 h i n  width and 550 km long. 

In t rus ives  

Dolerite dykes a r e  present  on t h e  eas te rn  and western s ide  of the  
is land,  t he  forme, being prominent. The l a rges t  of these,  t he  
Kallodai dyke, can be t raced f o r  almost 100 km i n  a NGJ-SE direct ion.  

The Tonigala g r a n i t e  is located i n  the  a rea  between Puttalam and 
Galgamuwa i n  north-west S r i  Lanka. Other g r a n i t e s  include the  
Arangala hornblende g r a n i t e  i n  t h e  Alutgama area  and the  

Arhgasp i t i ya  g r a n i t e  i n  t h e  Yakkala area.  Zircon bearing gran i tes  
are w e l l  developed round Balangoda. Good exposures of zircon gran i te  
a r e  a l s o  found a t  Loluwa neat Mirigama. Pegmatites a r e  Widespread i n  

t h e  Precambrian. An in t rus ion  of carbonat i te  (apa t i te )  was 
discovered a t  Eppawala i n  1971. 

.:lur r a s i c  

The Ju r r a s s i c  o r  T&bwa S e r i e s  occupies a small basin a few square 
kilometres i n  extent .  These a r e  shallow water non-marine deposi ts  of 

Upper Gondwana age. The main rock types a r e  arkose, fe ldspathic  
sandstone, s i l t s t o n e  and nudstone. Foss i l  p l an t  inpressions i n  t h e  
s i l t s t o n e  and mudstone e s t a b l i s h  t h e  s t r a t i g raph ic  pos i t ion  of t he  

Tabbowa beds a s  Vpper Gondwana or Upper Ju ra s s i c  (Sitholey 1944). 
310 other  occurrences of J u r a s s i c  sedir~ents ,  south of Tabbowa, are 
a t  Andigama and Pallama. These deposi ts  are composed of a f a i r  
thickness of carbonaceous shales ,  and contain f o s s i l s  similar t o  
those found a t  Tabbowa. 



e l a r g e s t  development of rocks of Miocene age occur i n  t he  
north-west coas t a l  belt of t h e  i s land ,  extending from t h e  J a f fna  
Peninsula i n  t h e  north t o  Puttalam on t h e  west coast .  The limestone 
is b e s t  developed i n  t h e  J a f fna  Peninsula and is a highly 

f o s s i l i f e r o u s ,  hard, compact rock, usual ly  creamy i n  colour. I n  t h e  
Aruwakalu area ,  nor th  of Puttalam, t h e  l i tho logy  va r i e s  from pure 
limestone and si.7_iceous limestone t o  calcareous sandstone and impure 
calcareous TI IU~S.  

Resides t h e  limestone i n  t h e  west a very smsll o u t l i e r  of rocks of 
Miocene age occurs a t  Minihagalkanda i n  t h e  south-east  coast .  

Ple is tocene and Recent Format ions  

Resting on t n e  Miocene formations and c r y s t a l l i n e  roci,s a t  severa l  

l o c a l i t i e s  I n  t h e  is land a r e  a var ie ty  of consolidated and 
unconsolidated mater ia l  cons i s t ing  la rge ly  of gravel ,  sands and 

clays.  These depos i t s  belong t o  t h e  Quatern3r-y system and among them 
are a numher of economic mineral deposi ts .  

Ferruginous qravel  beds a r e  mainly confined t o  t he  coas t a l  p l a i n  

from NegomL? t o  k a ~ a r ,  They have a l s o  been observed i n  other  p a r t s  
of t h e  coas t a l  a r ea s  of t h e  is land.  I n  t h e  western coas t a l  a r ea  t h e  
grave l  rests on limestone of Miocene age and is over la in  by red 
e a r t h  deposits .  The o r i g i n  of t h e  grave l  is not known. Their 
d i s t r i b u t i o n  along the  coas t a l  b e l t s  i nd i ca t e  t h a t  these  formations 
may be marine beach deposi ts  formed when t h e  Pleis tocene sea  swept 

over much of t h e  present  coas t a l  a rea  of t he  country. 

Red s a r t h  formations a r e  uniform i n  charac te r  and cons i s t  mainly of 
sand. They vary i n  th ickness  from a few metres t o  over 30 metres,, 
They form prominent r idges  p a r a l l e l  t o  t h e  coas t  l ine .  The quar tz  

g ra ins  a r e  w e l l  rounded, and t h e i r  s i m i l a r i t y  t o  t h e  dune sands 
suggests t h a t  t h e  r idges  once formed a b a r r i e r  beach backed by sand 
dunes. l l inerals  present  i n  these  sands i n  neg l ig ib le  amounts. include 



i lmenite,  r u t i l e ,  zircon, garnet  and monazite. These c o n s t i t u t e  less 
than 5 ' p e r  cent  of the  composition of t h e  sands. 

Terrace grave ls  occupy t e r r a c e s  t h a t  are a few metres above 
abandoned r i v e r  courses i n  th: Chilaw and other  a r eas  where they 

rest d i r e c t l y  on t h e  Precambrian rocks. They a r e  thought t o  be 

f l u v i a t i l e  i n  or igin .  

L a t e r i t e s  are a mottled deep red, yellow or reddish brown 

ferruginous ear th ,  showing vesicular  s t ruc ture .  The thickest  
l a t e r i t e  occupies t h e  high ground, 20 - 30m above sea  leve l ,  between 
Negornbo (north  of Colambo) and Kalutara (south of Colombo). Inland 

it t h i n s  out,  and with increase of elevation,  passes  i n t o  l a t e r i t i c  
s o i l s  (Herath and P a t t i a r a t c h i  1963). 

Other i m p r t a n t  depos i t s  of t ne  Quarterary system include res idual  
and a l l u v i a l  deposi ts ,  blown sand, beachrock ( coas t a l  sandstone), 
co ra l  and s h e l l  formations, beach sands, lagoonal and es tuar ine  
deposi ts ,  pea t  depos i t s  and gem gravel. 

The grea te r  p a r t  of t h e  i s land  is made up of Precambrian c r y s t a l l i n e  
rocks s M i v i d e d  i n t o  t h ree  major u n i t s  Highland Ser ies ,  South 
Western Group and the  Vijayan Series.  The rest of t he  i s land  is 

composed of Miocene limestone and l a t e r  sediments and two small 
basins  of Gonclwana ( Ju ra s s i c )  depos i t s  f au l t ed  i n t o  t he  basement. 
The Highland Se r i e s  c o n s i s t s  of metasediments and closely associated 
charnocki t ic  gneisses,  metamorphosed under g ranu l i t e  f a c i e s  
conditions about 2100 mi l l ion  years  ago. The South Western Group is 
character ised by +-he presence of wol las toni te  and co rd i e r i t e  bearing 
rocks. Coarse charnockitic rocks are c o m n .  The Vijayan Ser ies  is 

cor t~osed  af migmatites and gran i to id  rocks ,  with sca t te red  
occurrences of metasediments and charnockitic rocks. The Vijayan 
rocks have been formed by t h e  widespread g ran i t i s a t i on  and 
riliymatisation of p r e e x i s t i n g  Highland Se r i e s  rocks under 
a rphibol i te  f a c i e s  conditions about 1250 - t 60 million.- years  ago. 



Several dolerite dykes and qall granitic bodies have been intruded 
into the Precambrian rocks. A carbonatite intrusion has recently 
been identified (Eppawala apatite deposit). The Tabbowa beds are 
believed to be over 500m thick whereas the Andigama basin is over 
350m in thickness. The lliocene occupies the north-western parts of 
the island and the Post Miocene formations include the red earths, 
laterites, beach rccks, and a variety of other sedirllents including 
gem gravel. The island is fairly rich in the non metallic group of 

minerals or the industrial minerals, The main mineral exports are 

graphite, gems, ilrenite, rutile, zi rcon and small quantities, of 
mi-a. A number of industries have been set up using local mineral 

raw materials, In this connection the ceramic industry is worthy of 
special mention. Recent mineral discoveries include the Eppawala 
apatite deposit, the copper magnetite deposit at Seruwila and the 
Uda Walawe serpentinite deposits with traces of nickel. The boundary 

ktween , the eastern Vijayan and the Highla~ld Series is now 
rwqnised as a mineralised zone and the Geological Survey 
Department has plans to map this zone in great detail, The Seruwila 

copper-magnetite deposit and a few M i e s  of serpentinite constitute 
the only evidence available to assme that the boundary between the 
eastern Vijayan and the Highland Series is a mineralized zone. Much 
work therefore rerimins to be done before any definite conclusions 
could be made. This also applies to the origin of the minera?ized 
zone. With the establishment of the Oceanography and Survey of 
Of f-Shore Area Urli t by the National Aquatic Resources Agency, the 
Ifarine Mineral Resources of Sri Lanka t~ould also be investiqated. A 
National Hydrographic Office has been established by the Agency. 



CHAPTER 4 

ENERGY MINERAL RESOURCES 

I n  order to  appreciate the development and distribution of energy 
mineral resources, other forms of available energy are also 

discussed. The pattern of use of prin~ary commercial eriergy sources 

varies according to  local abundance or shortage. Wood is the main 
fuel source i n  Sr i  Lanka. Since Sr i  Lanka has no known resources of 
fossi l  fuels, petroleum products and limited quantities of coal are 

ixported, The Ceylon Petroleum Corporation is the sole irrporter and 
distributor of petroleum products and it operates a refinery a t  
Sapugaskanda. T h i s  organization has also undertaken activit ies i n  
connection w i t h  the exploration for o i l  i n  the country. Water power 
potentidl has enabled hydropower development. The existing 
electricity generating stations (hydropower and thermal) with a 

total  capacity of around 430 MW(1983) generate nearly 1700 Gwh of 
electrical  energy per year. Eighty per cent of the electricity 

cjerlerated is from hydropower. I n  1968, the actual and potential 

economically viable hydropower resources of the Island were 
estimated a t  around 1600 MW of illstalled capacity capable of 
producing an average annual output of 6260 Gwh (UNDP-FAO-1969). 

However, the estimates are no doubt higher now since resources not 
considered to  be economically viable 15 years ago could be viable 

t@ay w i t h  the steep rise in the o i l  prices during the intervening 

period. 

Approximately 50 milliorl tons (wet hsis) of low grade peat or 5 

nil l ion tons (dry basis) have been proved to  occur i n  the 
b'luturajawala swarilp north of Colombo. The deposit cannot be 

considered a promising one. Deposits of uranium have so far not been 

discovered. Prordsing areas for uranium exploration have, however, 



been i d e n t i f i e d  f o r  d e t a i l e d  i:wea:igation. Thorium minerals  occur 
i n  the i s land ,  monazite being t h e  most important thorium bearing 

mineral. Geothermal resources are l imited.  A number of hot  spr ings  
have been i d e n t i f i e d  but  they cannot be considered as a p o t e n t i a l  
resource f o r  energy purposes. Figures  8 and 9 are presented t o  show 

t h e  energy resources  of S r i  Lanka. 

ENERGY CONSUMPTION PA!CTERNS 

I n  S r i  Lanka t h e  t o t a l  approximate energy consumption p a t t e r n  is 

firewood - 60 per cent ,  petroleum products - 27 per cent ,  and 
hydro-elect r ic i ty  - 13  per  cen t  (Fernando 1982). 

The t o t a l  energy consumption f o r  t h e  year  1979/1980 has been 

est imated a t  10,000 Gwh ( e l e t r i c i t y  replacement) of which 1200 Gwh 
was produced by e l e c t r i c i t y ,  2700 W h  from o i l  products and 6100 Gwh 

by t r a d i t i o n a l  f u e l s  such as firewood and a g r i c u l t u r a l  wastes. 

Trad i t iona l  f u e l s  t he r e fo re  account f o r  t h e  major part of t h e  energy 
consumed. Around 95 per  cen t  of t h e  households i n  S r i  Lanka use 

firewood f o r  cooking and a b u t  85 pe r  cen t  use kerosene f o r  

l igh t ing ,  Nine per cen t  of t h e  v i l l a g e s  have access t o  e l e c t r i c i t y .  
Less than  2 per  cen t  of t h e  households use  ga s  f o r  cooking. 

PETROLEUM 

Petroleum resources i n  S r i  Lanka have not been discovered up t o  now. 
The Ceylon Petroleum Corporation was es tab l i shed  i n  January, 1961. 
It operates  a r e f i ne ry  a t  Sapugaskanda wi th  an i n s t a l l e d  capaci ty  of 

2,300,000 metric t o n s  per annum, a blending p l a n t  and a candle 
factory.,/Besides o ther  development p ro j ec t s ,  it is a l s o  responsible 

f o r  exploring f o r  o i l .  Excluding firewood, petroleum products are 
t h e  most important source of energy, accounting f o r  t h e  major 
por t ion  of t h e  t o t a l  commercial energy consumption i n  t h e  Island. 

Table VI is presented t o  show t h e  energy consunptiorl i n  S r i  Lanka 

from 1961-1983, and Table VII shows t h e  p ro jec ted  o i l  products 
requirements f o r  t h e  decade 1980-1990. 
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Figure 9 .  Energy Resources - S r i  Lankw 



TABLE V I  

ENERGY CONSUMPTION I N  S R I  TLANICA 
1961 , -  1983 

( I n  Common Unit  of Fleasure i . e .  Gwh.e.r.) 

Year E l e c t r i -  % O i l  % Coal % T o t a l  
c i z y  

Conversion Factor:1000 t o n s  of o i l  = 3 Gigawatt hours  
1000 t o n s  of c o a l  = 1.875 Gigawatt hours  
1 M i l l i o n  Kwh = 1 Gigawatt hour 

Source: Ceylon E l e c t r i c i t y  Board, Ceylon P e t r c l e a n  
Corpora t ion  and Customs Returns .  

A f t e r :  Edwin Ranasinghe - Manager (Economics and Planning)  
Ceylon Petroleum Corporat ion.  



TABLE VII 

PRCJECTED O I L  PRODUCTS R E Q U I m T S  
I N  SRI KANKA 
(1980-1990) 

1000 metric t o n s  

YEAR Dar~lestic Irldustr .  Transpor t  P e t r o l  To ta l  
Kerosene (HD & PO) Auto Diesel 

1980 188.9 156.4 401.4 88.1 840.8 

After  Edwin Ranasinghe Manager (Economics and Planning ) Ceylon 
Petroleum Corporation. 

The p r i c e  of crude o i l  has been sbead i ly  r i s i n g  over t h e  years.  I n  

S r i  Lanka, t h e  p r i c e  increases  have r o t  been immedi~tely  passed on 
t o  t h e  consumer, However, over t h e p a s t  dec&e t h e r e  have been sharp 

increases  i n  trle p r i c e s  of petroleum prcducts.  I n  1973 a ga l lon  of 

super p e t r o l  was so ld  t o  t h e  consumer a t  Ks.5.75, kerosene a t  
Rs.1.32 and au to  d i e s e l  a t  Rs.2.14. The retail p r i c e s  now a r e  p e t r o l  

Rs,61.40, kerosene. Rs.29.97 and au to  d i e s e l  ~ s .36 .98 ,  A s  S r l  Lanke 

has t o  cont inue t o  depend on kerosene ( f o r  household l i g h t i n g ) ,  
heavy d i e s e l  and furnace o i l  ( i n d u s t r i a l  s e c t o r )  and p e t r o l  

( t r anspo r t )  t h e  import of o i l  w i l l  continue t o  have a critical 
i w a c t  on t h e  economy of t h e  country. Off-shore inves t iga t ions  f o r  



petroleum have, however, commenced and t h e r e  is some hope t h a t  S r i  

Lanka may discover o i l  i n  t h e  fu ture .  The Corporation which divided 
t h e  off-shore a rea  i n t o  1 3  blocks for t h e  purposes of exploration 
work has now a l loca ted  most of t hese  blocks to  fore ign  co~rpanies t o  

car ry  out  explorat ion work on a production sharing bas i s .  (Fig.8). 

The development of e l e c t r i c a l  power i n  S r i  Lanka has been described 
by de  S i lva  (1980). E l e c t r i c i t y  d i s t r i b u t i o n  was s t a r t e d  i n  S-ri 
Lanka i n  1895 when Colombo was supplied with e l e c t r i c i t y  from d i e s e l  
engines i n  t h e  Pet tah Power S ta t ion .  I n  1929 t h e  i n s t a l l e d  capacity 
was 2.4 MCJ and t h e  demand was 1.9 Mi?. The Stanley Power S t a t ion  wzs 
constructed next a t  Kolonnawa i n  1929 with an i n s t a l l e d  capaci ty  of 

6 MIJ which was l a t e r  increased t o  9 IIW. A fu r the r  3 WJ was i n s t a l l e d  

a t  t h e  Pet tah Power S t a t ion  i n  1939 and by t h i s  t i m e  t h e  system 'peak 
demand was 7.8 PZ?. 

The f i r s t  hydropower s t a t i o n  t o  be constructed was t h e  Laksapana 
Power S ta t ion  with an i n s t a l l e d  capaci ty  of 25 . It was declared 
open i n  1950. The i n s t a l l e d  capaci ty  of t h i s  s t a t i o n  was l a t e r  

increased t o  50 MW and t h e  work was completed i n  1958. The 
Kelani t issa  steam thermal s t a t i o n  (50 EZJ) was completed i n  1964, and 
i n  1959 the  next hydro power s t a t i o n  a t  Norton Bridge 

(Wirmlasurendra Power S t a t ion )  with an  i n s t a l l e d  capacity of 50 MW 
was completed. The hydro sc~mes u t i l i z e d  t h e  water resources pf t h e  

Kehelgamuwa Oya. 

The next phase of devel.opmnt l+~as based on t h e  u t i l i z a t i o n  of t he  
water resources of t h e  Maskeli oya and the  f i r s t  s t a t i o n  was 

corlstructed a t  Po lp i t iya  with an i n s t a l l e d  capaci ty  of 75 EM. This 
s t a t i o n  was commissioned i n  1969. The new Laksapana Power S ta t ion  
(100 MW) was completed i n  1974. Wcrk on t h e  Canyon Power Static:? 
(30 MW) on t h e  haskeliya Oya was c o w l e t e d  i n  1983. By t h i s  t i m e  
o thei  hydropower s t a t i o n r  cornected t o  t h e  system were Inginiyagala 

i n  1954 (10 MW) and Uda d alawe ( 6  MW) i n  1968. The power ava i lab le  
from these two srnall s t a t i o n s  a r e  seasonal (Fig.8). The Chunnakan~ 



( d i e s e l )  s t a t i o n  (8  EibJ) was i n s t a l l e d  i n  1959. I n  order t o  meet t h e  
expected energy s h o r t f a l l  i n  t h e  irranediace fu ture ,  thermal p l a n t s  
with a t o t a l  capaci ty  of 170 Mk7 have been imtalled at  Kelani t issa  
and s imi la r  p l a n t s  with a t o t a l  cajpacity of 80 MW has also been 

in s t a l l ed  a t  Sapugaska~da. 

The Mahaweli Ganga development scheme w i l l  bring under cu l t i va t ion  
about 650,000 ac re s  of new lands and provide assured water f o r  
another 250,000 a c r e s  of p a r t i a l l y  cu l t i va t ed  land. The Master Plan 

envisages t h e  construct ion of 15  r e se rvo i r s  on t h e  Mahaweli Ganga 

and its t r i b u t a r i e s  and t h e  Naduru Oya. Eleven of these reservoirs  
are t o  include power s ta t tons .  The t o t a l  i n s t a l l e d  capacity of t he  

main s t a t i o n s  a r e  assessed at  around 500 E-ICJ i n  t h e  Master Plan. It 

a l s o  provides f o r  t h e  f u t u r e  development of a number of hydropower 
s t a t i o n s  i n  t h e  upper catchment of t h e  r i v e r  giving an addi t ional  
i n s t a l l ed  capaci ty  of near ly  450 MW. The work was t o  be undertaken 

i n  3 phases each cons is ti^^^ of a number of p ro j ec t s  and spread over 
a period of 30 years. 

Work on t h e  f i r s t  p ro j ec t  i n  t h e  Master Plan, the Polgolla - 
Bottatenne Diversion was inaugurated i n  1970. The main f ea tu re s  of 
t he  pro jec t  are the  construct ion of a dam across  t he  Mahaweli Ganga 

a t  Polgolla and t h e  divers ion of water through a tunnel (7955 metres 
i n  length) t o  Ukuwela where a power s t a t i o n  is operated with an 
i n s t a l l e d  capaci ty  of 40 From here t h e  water flows to  the  

Ho.c~atevna reservoir .  A t  t h i s  po in t  t he re  is another power s t a t i o n  
with an i n s t a l l e d  capaci ty  of 40 MW. From here  a p a r t  of t he .  water 
is diver ted t o  t he  Kandalana - Kalawewa Basin through a 6979 metre 
long tunnel. These complexes including t h e  power s t a t i o n  a t  Ukuwela 
were conpleted i n  1976, and t h e  aowatenne power s t a t i o n  was 
c~r~nnissioned i n  198;. 

Tn the present  accelerated programme of Mahaweli development which 
came i n t o  e f f e c t  i n  1977, t h e  S t a t e  has decided t o  take  up the  

developrrtent of t h e  f i r s t  s tage,  t o  be completed i n  about 6 years. A 
number of reservoi rs  and lydro power p ro j ec t s  a r e  k i n g  constructed. 

The power s t a t i c a s  w i l l  h i ve a t o t a l  i n s t a l l e d  power capaci ty  of 

over 500 MW and i r r i g a t i o n  development would cover 320,000- acres of 



new land. The main r e se rvo i r s  are Vic tor ia  i s  s t age  210 MW),  
Kotmale ( 201 MW) and Randenigala (122 ) Other r e se rvo i r s  
rnerltioned are Maduru Oya ! 8 MW) Moragahakandz. ( 4 0  mliJ) and Rantembe 

(46 MW) (Fig.8).  

The i n s t a l  l ed  capac i ty  aild t1:e annual epergy output c apab i l i t y  of 

t h e  generat ing s t a t i o n s  as a t  1985 and t h e  power s t a t i o n s  under 
cons t ruc t ion  and those  planned f o r  developmen; under t h e  accelera ted 

programrile of E4ahaweli development and t h e  Walawe ganga p ro j ec t  a r c  

presented i n  Table V I I I .  The predLcted maximum power de rmd  on t h e  
na t iona l  g r i d  (Ceylon E l e c t r i c i t y  Board study, 1981) f o r  t h e  p e r i d  

1984-1996 is presented i n  T&;e I X .  

The t o t a l  hydropo~er  resources of S r i  Larlka (exis t i i lg  and po t en t i a l )  

as est imated i n  1968 a r e  presented i n  Table X. A s  >here has been no 
systematic bas in  by bas in  s tudy under-taken s o  f a r ,  f i gu re s  
presented f o r  hydropower resources  (Table X )  are subject  t o  

revision.  The need t o  i nves t i ga t e  a l l  p o t e n t i a l  hydropower sites sc 
as t o  examine t h e i r  t echn ica l  f e a s i b i l i t y  an$ economic v i a b i l i t y  has 
k e n  emphasised from time t o  t i m e .  With a study c2 t h i s  nature  it 

would be poss ib le  t o  draw up a master p lan  t o  develop t h e  hydropower 
resources on a planned basis .  I n  t h i s  connection t h e  Ceylon 
Ei -ec t r i c i ty  Board has p l ans  t o  undertake a survey of t h e  hydropower 
p o t e n t i a l  of t h e  c o m t r y  under a Piaster Plan s tudy on t h e  subject  of 
energy i n  S r i  Lanka. 

S r i  Lanka's e l e c t r i c a l  energy supply from Ilydropower resources w i ' l  

continue t o  expand sharply  till about t h e  year 1990. From there  
onward t h e  d e v e l ~ p r ~ e n t  i n  t h i s  source of energy 4-s expected t o  be 

slow. 

PEA? 

Peat  is used as a f u e l  i n  many countr ies .  The l a r g e s t  known deposi t  
af peat  i n  S r i  Lanka is i n  t h e  Muturajawela swamp, s i t u a t e d  on t h e  
west coas t ,  nor th  of Colombo. The deposi t  covers an area of 34 sq. 
km with an average th ickness  of 4 metres. Inves t iga t ions  by t h e  



TABLE VII I 

SIU LANKA POWER STATIONS 

(Existing -. Urlifer construction those planrled) 

Existing Hydro Power (PIW) Annual Energy Capability 
( ( a h )  

*Kotmale 
Victoria 
01 d 1,axsapana 
Inginiyagala 
[Jda Walawe 
Wimalasurendra 
Polpitiya 
New Laxsapana 
Ukuwela 
Howat arina 
Canyon 

i3xist4ng Thermal Power (dJ) Arlnual Energy ( ~ w h )  

Sapugaskanda 
Kelanitissa 
Cliunnakam 
Pettah 

Under Construction or power (nJ) Annual Energy (~wh) 
 laml led' for development 

Randen lgala 
Ililoracjdiakanda 
Maduruoya 
Rantami~ 
Samanalawewa 
(Walawe ganqa) 

Ceylon Electricity Board *presently available 6 7 ~ ~  

Geological Survey Department have proved 50 rnillion tons ( w e t  basis) 
of peat i n  the area. Ac A ual reserves a r e  much larger. Drying is one 
of the  serious problems of peat workings. The peat contains 80 - 90 
per cent water, and t h i s  could LF reduced t o  10 - 15 per cent by 
slow drylng over a period of 10 - 12 days. Tzkle XI shows the 



results of analyses for type samples of peat. The material is of a 
low grade type and the formations are not of a uniform character. 
The deposits cannot a t  present be considered t o  be of value as an 
energy resource, 

TABLE I X  

PREDImD EIAXIi'RJM POWER DEMAND 
ON IJATIONAL GRID 

Ceylon E l e c t r i c i t y  Board 

( C B  Study i n  1981) 

TABLE X 

I 

I 

I 

HYDRO D3WEX RESOURCES OF SRI M K A  
( Including e x i s t i n g  s t a t i o n s )  

I YEAR I 

I 

MAX. LOAD PZJ. 

mJDP - FA0 Report 1968 
Ceylon E l e c t r i c i t y  Board. 

t + 

I 1984 
I 1985 

1986 
1987 

I 1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

.I 

657 
7 44 
808 
883 
961 

1046 
1139 
1242 
1352 
1472 
1602 
1744 

I 

I 

Location Capacity Average Annual Output 
( M  .iJ) (GWh. 

I 

I 

I 

-l 

Mahaweli Complex 962 3380 
Kelani Ganya 305 1450 
Kalu mnga  135 580 
Walar~e Ganga 126 680 
Jaanin Complex 3 6 160 
Other Minor Rivers  28 4 0 

TOTAL 1592 6260 
I 



TABLE XI 

CHEMICAL ANALYSES OF MUTHURAJAWELA PEAT 

I Sarple No. 1-A 3-A 8-C 10-1; 13 .A 

Moisture % 78.34 82.22 83.52 79.39 70.69 
9sh % 16.95 24.92 11.24 30.46 27.65 
Volatile 
Matter % 56.07 44.01 51.22 42.69 46.25 1 Nitrogen % :;843 0.92 0.70 0.73 

Total Sulphur% 5.08 5.14 4.78 3.56 
Fixed Carbon% 26.98 31.07 37.54 26.75 26.00 

Ash c o n t e n t  - range 10 t o  30 p e r  c e n t  (Average 20) 
Sulphur c o n t e n t  - range I t o  8 p e r  c e n t  (average 5) 

Moisture - Lange 80 t o  90 p e r  c e n t  
Nitrogen con ten t  - less t h a n  1 p e r  c e n t  
G e o l g ~ c a l  Survey Depar tmnt  

ColombO 2. 

URANIUM AND TIIORIUbZ MINERALS 

Uranium, the most important  source  element of atomic f u e l ,  is found 
i n  t h e  e a r t h ' s  c r u s t  i n  a n  m u n t  es t imated a t  around 0.0003 
p e r  cen t .  But it a l s o  occurs  i n  concen t ra t ions  of s u f f i c i e n t l ;  high 
grade t o  permit  economic e x t r a c t i o n ;  t h e s e  a r e  t h e  o r e  deposi ts .  The 
p r i n c i p a l  o r e  mineral  of uranium is pi tchblende o r  u r a n i n i t e .  Alorq 
wi th  a f e w  o t h e r  lesser known minerals ,  u r a n i n i t e  is a primary o r e  

s i n e r a l .  There a r e  a l s o  a number of o t h e r  uraniur11 mi~ierals, such as 
c a r n o t i t e ,  a u t u n i t e ,  t o r b e n i t e ,  etc., and t h e s e  are a l l  secondary 

minera ls  derived from t h e  break-down of primary o r e  minerals  o r  

formed by t h e  p r e c i p i t a t i o n  of uranium - bear ing s o l u t i o n s  some 
d i s t a n c e  away from t h e  o r i g i n a l  source. The l a t t e r  type  of 
minera l i sa t ion  is m r e  widespread t h a n  primary minera l i sa t ion ,  and 

, usua l ly  occurs  i n  sandstone, s h a l e s  and conglomerates. 



Deposits of uranium have s o  f a r  not been i e e n t i f i e d  i n  S r i  Lanka. I n  
1979 an  i s l and  wide stream sediment survey was undertaken by t h e  
Geological Survey Department with a s s i s t ance  from t h e  In te rna t iona l  

AtaSnic  Energy Agerlcy (IAEA) t o  i d e n t i f y  uranium mineralization.  The 
survey which was continued i n  1983 was a recormaissance type 
cjecchemical explorat ion programme which helped t o  demarcate areas 
f o r  f u t u r e  more d e t a i l e d  surveys. The promising a r ea s  a r e  Kalaoya, 
G a l g m ~ a  , Polonnaruwa, Rukam - Ilahaoya, Kalmunai , Hanguranketa, 
Passara and Rakwana (Personal communication- - Jayawardene - 1983). 

These a r ea s  a r e  marked 1 - 8 respec t ive ly  i n  Fiy.9. 

These a r ea s  are mainly conposed of highly metamorphosed rocks. Rocks 
of J u r a s s i c  aye ( sha les ,  sandstone and arkose) a r e  corlfined t o  t h e  
Kalaoya area .  The average uranium values obtained f o r  t h e  stream 
sediments are i n  t h e  region of 30 ppm 1J308. However, values over 300 
pprn have been recorded. Although anomalous a r ea s  have been 
demarcated de t a i l ed  surveys t o  i d e n t i f y  source rocks, followed by a 
programme of d r i l l i n g  and sample t e s t i n g  have t o  be undertaken t o  
de t ec t  t h e  presence of uranium ore .  Urarlium i r l  hard rock formations 
should show high values f o r  economic explo i ta t ion .  I n  s o f t  rock 

formations low grade o r e s  could be exploi ted economically (30  - 500 
ppm ) The Geological Survey has p lans  t o  undertake follow up work 
or? systematic l i n e s  i n  t h e  f i e l d  of uranium exploration.  

'I'horiut~ is a p o t e n t i a l  atomic f u e l  and is th ree  o r  four times a s  
abundant as uranium i n  t h e  e a r t h ' s  c ru s t .  Unlike uranium, however, 
t h e  p r inc ipa l  thorium minerals a r e  a l l  primary minerals and not 

a l t e r ed  secondary minerals. I n  Sri  Lanka, thor iar l i te  ( t h e  oxide of 
thorium) and t h o r i t e  ( t h e  s i l i c a t e  of thorium) have been found i n  
small amounts Ln d e t r i t a l  deposi ts ,  mainly i n  g rave l  depos i t s  o r  i n  
t a l u s  accumulations i n  t h e  Bambarabotuwa, Medagama, Ni r ie l la ,  
Plal~lrela, Balangoda, Ratnapura, Pelmadulla and Elitipola areas,  but 
none of these  a r e  of qormnee-ciai importance. 

The bulk of t h e  world 's  chorium is from p lacer  deposi ts ,  t h e  most 
important mineral being monazite, t h e  phosphate of t h e  r a r e  e a r t h s  
(ceriurn, lanthanum, etc. ) with thor  ia. Monazite is found as an 
important cons t i tuen t  of t h e  heavy mineral sands a t  severa l  



Locations on t h e  beaches of t h e  is land.  The depos i t s  on t h e  west and 
soutwrr'est coasts of t h e  i s land  a r e  seasonal deposi ts  formed during 
t h e  south-west monsoon. The most important of these  seasonal 

depos i t s  are a t  Kaikawela, near Induruwa, and Polkotuwa, near 
Beruwela. Both these depos i t s  dere worked by t h e  Geological Survey 
f o r  the recovery of monazite and zi rcon and small amounts of garnet. 
The Kaikawela and Polkotuwa depos i t s  were of special i n t e r e s t  a s  
small amounts of f i n e  grained t h o r i a n i t e  were recovered from t h e  

processing of these  sands. This was t h e  f i r s t  detect ion of 
t ho r i an i t e  i n  S r i  Lanka beach sands. Monazite a l s o  occurs i n  other  
a reas  and i n  t h e  beach sands which are processed a t  Pulmoddai. Over 

500 tons  of monazite could be produced per  annum i n  t h e  country. 

Table X I 1  is presented t o  show typ ica l  analyses of monazite, 
t h o r i a n i t e  and tho r i t e .  

It is believed t h a t  thorium u t i l i z i n g  nuclear reac tors  appears a 
p o s s i b i l i t y  i n  t h e  fu ture .  There would be a subs t an t i a l  market f o r  
thorium when successful  thorium thermal and breeder reac tors  a r e  
developed. Thorium is a l s o  used i n  t h e  manufacture of gas  mantles, 
a i r c r a f t  a l loys ,  r e f r a c t o r i e s  and ca t a ly s t s .  

THERMAL SPRINGS 

A survey of hot -springs i n  S r i  Larnka was undertaken by Fonseka 
et a 1  (1969). A t  present  they cannot be considered a s  a geothermal 
resource. f o r  power generation. Unlike i n  some e ther  p a r t s  of t he  
world, these spr ings  do not appear t o  have any d i r e c t  connection 
with volcanic a c t i v i t y ,  For ins tance i n  Japan w i t h  a k x  65 ac t ive  
volcanoes, t he re  a r e  very r i c h  po ten t i a l  reserves of geothermal 

energy. A t  present Japan s qeothennal power generation output 
amounts t o  about 250 EN. I n  S r i  mnka, hot spr ings  a r e  mainly 

located i n  t h e  eas te rn  p a r t s  of t h e  country where d o l e r i t e  dykes a r e  
w e l l  exposed (Fig.9) .  Nine spr ings have been iden t i f i ed  and the  
waters from these spr ings  record a temperature usual ly  i n  t h e  range 
3 4 ' ~  t o  5 5 O ~  which is considered f a i r l y  low (Table X I I I ) ,  These hot 

springs a r e  of .lo econornic importance a t  present ,  



TABLE . X I 1  

CHEMICAL ATJWYSES OF bIOPJAZITE ~ORIAIJITE FSJD THORITE - SRI LANKA 

Geolagical  Survey DepaKt1,lent 
C o l o n b  2 

I' 

L 

N O N A Z  I T E  

( I r iper ia l  I n s t i t u t e )  w n d r a  and Ber~ii iela - Beach sand d e p o s i t s  
London. Ratnapura - Gravel d e p o s i t s  

Beruwela 

8.65 
27.35 
31.08 

0.95 
0.15 
0.78 
0.20 
1. 60 

I 

27.50 I 

0,15 

* 98.41 

r 

I. 

1 

Cons t i tuen t s  

I 

Thoria  T102 

Dondra 

9.51 I 

28.70 
28.56 

1.05 I 

0.10 
1.31 
0.89 
- 

1 
/ 
I 
I 

THORIANITE AND THORITE 

Ratnapura 

10.29 
27 37 
30.13 

2.14 
0.81 
0.17 
0.41 
1 03 I 

Ceria  C203 
Lanthanum La203 
Yt t r iur i  Y203 
F e r r i c  Oxide F e p 3  I 

Alunina A1203 
Line Cz9 
S i l i c a  SiO2 

Thor i t e  I 

(Kondurugala) 
1 

66.26 
7.18 

I - 
2-23 I 

0.46 
1.71 I 

- I 

14.10 
0.35 
1.20 
6.40 

I 99.89 

Const i tue r l t s  ' 
I I 

I Tm2 
c203 
La203 
Zm2 
m 3  
FeB3 

I PW 
Si02 
CaL) 
P205 
H20 

T o t a l  

I 28.91 
I 

27.67 I 

t 
T h o r i a n i t e  I 

(Kondurugala) 

76.22 
8.04 

I - 
t r a c e s  I 

12.33 
0.35 
2.87 
0.12 - 
- 
- 

99.93 

~ h o s p h o r u s  pentoxide 
p205 

T i t a n i a  Ti02 

T o t a l  

0.05 I 

99.08 

- 

100.02 



TABLE XI11 

LIST OF THERMAL SPRINGS IN SRI LAMCA 

*See figure 9. 

LOCATION I DISCHARGE T E F P E R A W  
Eiumber ' Name ~itres/hr grams/litre 

I 

I 

After Fonseka et a 1  (10) .  

%"HER RESOURCES 

1 ] RANKIHIRIYA 

Other resources include var ious  a g r i c u l t u r a l  wastes such a s  paddy 
husk, sawdust, s t raw and c o i r  dust .  Inves t iga t ions  a r e  being ca r r i ed  

ou t  on t h e  appl ica t ion  of s o l a r  energy. Wind nills have k e n  

constructed f o r  use i n  i r r i g a t i o n  and f o r  domestic purposes. Biogas 
un i t s ,  mainly f o r  domestic use, have k e n  constructed i n  some r u r a l  

households. The i n s t a l l a t i o n  of mini hydro power p l a n t s  is beiq 

examined. The production of a lcohol  f o r  power is a l s o  being 
considered. Attention has been given by N m  t o  a study of t h e  

Trincomalee off-shore region which includes t h e  Trincomalee 

Submarine Canyon. The a v a i l a b i l i t y  of deep water (extending t o  a 
depth of 2,500 metres) i n  c lo se  proximity t o  t h e  coast  a t  

Trincomalee and t h e  exis tence of a s u i t a b l e  temperature gradient 
gives~Trincomalee t h e  i dea l  condi t ions  f o r  t h e  loca t ion  of Ocean 
Thermal Energy Conversion (OTEC) systems. Present ly  s tud i e s  a r e  

urlderway t o  ob ta in  f u r t h e r  oceanographic da t a  r e l a t i ng  t o  OTEC. 

These s tud i e s  may a l s o  throw l i g h t  on t h e  o r i g i n  of t h e  Easkern 
Mineralized Zone (boundary between t h e  Highland S e r i e s  and Eastern 

Vijayan) which could k traced a s  f a r  a s  Trincomalee (Serut:Lla 
copper-magnet i-te depos i t )  . 

I 

1200 
approximate 
minimum 

2 
3 ' 
4 
5 
6 ' 
7 
8 
9 

KANNIYAI 
GALkIBJA 

' K A P m E L L A  I 

PIAHA OYA I 

HAFNGALLA 
T W l A  I 

K TWLAGAMA 
PIAHAE'ELESSA 

- 
42 
- 
55 

' 54 
4 7 
- 
34 I 

4 4 I 

I 

- 
I 0.220 I - 

0.870 ' 
0,990 - 

I 

0.550 
6.490 

I 

- 



SUMMARY 

Firewood still remains t h e  most inportant  source of energy i n  t h e  

r u r a r  areas, accounting f o r  near ly  60 per  cen t  01 t h e  I s l and ' s  

energy needs. A t  p resen t  only  25 pe r  cen t  of t h e  country is covered 
by f o r e s t s .  It is envisaged t h a t  p l an t a t i on  f o r e s t s  would cover 
a b u t  5 per  c en t  of t h e  land area by about t h e  year  2000. At tent ion 

has a l s o  been given t o  t h e  production of charcoal  i n  t h e  country. 
S r i  Lanka has no known o i l  resources,  and cryde o i l  is imported and 
ref ined.  Limited q u a n t i t i e s  of coa l  are imported. The peat depos i t s  
i n  t h e  i s land  cannot be considered an energy source. This also 
app l i e s  t o  t h e  known thermal spr ings .  Monazite occurs i n  appreciable 
~ m u n t s .  Although areas have k e n  demarcated f o r  uranium surveys, 
riluch work remains t o  be done i n  t h i s  f i e l d  of a c t i v i t y .  The t o t a l  
hydropower resources of S r i  Lanka were estimated i n  1968 a t  1600 MW. 

P ro j ec t s  not  considered t o  be economically v i ab l e  i n  1968 could be 

iliylily v i ab l e  now with t h e  r i s e  i n  o i l  p r ices .  When t h e  Master Plan 
S k d y  ( t o  be undertaken by t h e  Ceylon E l e c t r i c i t y  Board) on t he  
energy problem is completed, a t r u e  p i c t u r e  of t h e  hydropower 

p o t e n t i a l  i n  S r i  Tanka ~ i o u l d  be ava i lab le .  The country 's  e l e c t r i c a l  
energy will mainly be m e t  by her hydropower rescurces  till t h e  late 
1990's. According t o  power demand f o r e c a s t s  f o r  t h e  country, t h e  

probable demand on t h e  na t iona l  g r i d  i n  the year 1990 is expected t o  
be around 1140 P I ~ J  and i n  t h e  year  2000 i f  would be i n  t h e  region of 
2500 Mk7 ( 9  per  cen t  growth r a t e  from 1992). Expecting hydropower t o  

supply 1500 MlJ by t h e  year  2000, t h e r e  is still a l a r g e  balance t o  
be supplied from o ther  sources. Revised f i g u r e s  f o r  e l e c t r i c a l  
energy demand i n  t h e  near fu tuze  a r e  l i k e l y  t o  show higher values 

than those  mentioned here. 

Ind ica t ions  are thac  t h e  eco~omica l l y  exp lo i tab le  hydropower 
p o t e n t i a l  of t h e  i s land  a t  present  ( t ak ing  i n t o  mount  t h e  high 
p r i c e s  of f o s s i l  f u e l s )  would k3 ia  t h e  region of 2500 - 3000 'MW 

which is near ly  double t h e  hydropower p o t e n t i a l  (1600 MW) as 
estimated i n  1968. However, hydropower developrent i n  t h e  country 
after t h e  t u r n  of t h e  century is expected to  be slow. The immediate 
need there fore  is t o  develop and introduce new sources of energy. 
Al ternat ive  sources  of energy such as s o l a r ,  wind and biogas are not 



going t o  supply t h e  l a rge  increases  i n  energy demand t h a t  w i l l  occur 

i n  S r i  Lanka around 2000 AD. They are mainly acceptable  f o r  r u r a l  
appl icat ion, ,  Fower from coa l  has t o  be introduced and even power 
from nuclear r eac to r s  may have t o  be considered i n  order t o  meek t h e  
l a r g e  blocks of energy demands i n  t h e  fu ture .  



FERFOUS AND FERR0ALU)Y M I W  RESOURCES 

Although t h e r e  are some occurrences of a f e w  of t h e  minerals  f a l l i n g  
i n t o  t h i s  group, only  i r o n  occurs as depos i t s  of any economic value. 
The use of s i l i c o n  ( S i l i c a )  i n  a l l o y  form ( f e r ro - s i l i con )  is f i rmly 
es tab l i shed  i n  t h e  i r o n  and steel industry.  S i l i c o n  metal is a l s o  
used i n  aluminium c a s t i n g  which requ i res  s i l i c o n  addi t ives .  S r i  
Larlka has extensive  depos i t s  of high grade s i l ica used mainly i n  t h e  
ceramics and a l l i e d  i ndus t r f e s .  S i l i con  a l l o y s  and s i l i c o n  metal are 
not produced i n  t h i s  country,  S i l i c a  is described under t h e  
non-metallic group of minerals  i n  C h a ~ t e r  7. 

Molybilinite is known to occur as a minor accessory rtuneral i n  some 
pegmatites, g r a n i t e s  and g raph i t e  bearing veins. None of these  
occurrences are i n  s u f f i c i e n t  concentra t ion t o  permit economic 
extract ion.  Laterized s e r p e n t i n i t e  occurrences at  Uda Walawe have 
been s tud ied  i n  d e t a i l  (Dissanayake 1982). The s e r p e n t i n i t e  shows a 
n icke l  content  of 500ppm (minimum) and 2 per cen t  (maximum) and it 

also shows t h e  presence of coba l t  (70 -- 380 ppm), manganese (700 - 
6300 p p m )  , and chromium (300 . -  3100 p p m )  . The r e s u l t s  of s t u d i e s  by 
the  Geological Survey Department i n  t h e  s e r p e n t i n i t e  outcropping 
areas a t  Welepatanwila (Ussangoda c o a s t a l  a r e a )  i nd i ca t e  higher 
chromium values  (over 2 per c e n t )  than  those  recorded f o r  t h e  Uda 
Walawe deposits. Jayawardene (i982) r epo r t s  t h e  presence of Fe 32-37 
per cen t ,  Co J.3-19 per  cen t  and N i  8-13 per cen t  i n  t h e  mineral 
pen t land i te  from t h e  com2r-iron o r e  prospect  a t  Seruwila, and t h e  
trace element d a t a  i nd i ca t e  t h e  presence of vanadium. It is a l s o  
s t a t e d  t h a t  t i e  u l t ra-basic  rocks i n  t h e  Seruwila a rea  have 
comparatively high con ten t s  of chromium, manganese and zirconium. 
The above values  have no bearing on t h e  o v e r a l l  grade of t h e  o r e  a t  
Seruwila o r  Uda Walawe. However, t h e  information is useful  f o r  
f u t u r e  more d e t a i l e d  surveys i n  t h e  e a s t e r n  p a r t s  of t h e  island.  



IRON ORE 

Iron in its various forms, steel pig iron, wrought iron, cast iron 
and various alloys, is the most extensively utilized metallic 

element of the earth's crust. Iron ore is a low value mineral 
product and can be produced economically only in large quantities. 
Flining and transpart costs are critical. Hematite ores are the most 
utilized and many of the major hematite deposits of the world can be 

rnirled at s grade higher than 60 e r  cent iron. In estimating the 
actual impor'sance of ore deposits, a problem arises. as to what 

constitutes "'Ore". This varies from place to place and from time to 
time. For example, if we rake the case of iron, a large part of the 
ore mined in France has orlly 26 per cent iron, but nnterial of this 
grade woul-d not be considered as ore in India, as the latter has 

adequate reserves sf high grade iron-ore to last hundreds of years. 

T'lere is an abundance of high quality iron-are in the world and 
recent discoveries. park5cularly in Western Fbstralia, Africa and 
South Nilerica have added substantially to the world's known reserves 

of high quality iron ore which are now estimated at over 300 billion 
tons. This non-European ore is highly competitive on account of its 
l~igh quality, Tile Sri Lanka deposits of ire?-ore are negligible when 
compared to the world's large deposits, The total known iron ore 
reserves in the island are in the region of ;O - 12 million tons. 
The i~ortance of the iron ore, however! lies mainly in the fact 
that it can, given other favourable conditsns, support a small scale 
local iron and steel industry. Slag heaps have been observed to be 
present at a number of localities where iron ore deposits occur in 
Sri Lanka. These mark the sites of ancient iron furnaces. This trade 
was probably active during the Portuguese Period (16th and 17th 
centuries). Local folklore is rich in legends pertaining t o  the iron 

and steel production activit'es of this period. In many instances 

the slag heaps contain hollow conical clay tubes, abut 2 inches in 
diameter at the large end, which were probably used for casting 
steel Coomaraswarny (1304) describes in the following words what was 
one of the last surviving furnaces at Hatarabage near Balangoda: 



"The i r o n  smel ters  are c a l l e d  ~ d u .  The furnace is shel tered 

beneath the thatched roof of a shed which is open on a l l  s ide s ;  it 
is q u i t e  c l o s e  to  t h e  house occupied by t h e  smelter and h i s  family, 

as was always t h e  case, it being more convenient t o  c o l l e c t  and 

br ing t h e  o r e  to t h e  furnace than t o  bui ld  t h e  furnace near  t h e  ore". 

The i ron  o re  depos i t s  of Sri. Lanka f a l l  i n t o  t h r e e  broad ca tegor ies  

(Fig.10) : 
1. Deposits of hydrated i r o n  oxide ( l imoni te  and geothl.te) occuring 

a t  o r  near t h e  su r f ace  ( lateri t ic  o re s )  

2. Magnetite depos i t s  wi thin  i r o n  formations 
3.  The Seruwila copper-inagnetite type of o r e  

Hydrated I ron  Oxide Deposits 

The hydrated i ron  oxide type of o r e s  are t h e  massive highly 
ferruginous l a t e~ i t e s  r i c h  enough i n  i ron  hydroxide (mainly 
geo th i t e )  t o  c o n s t i t u t e  i r o n  ore .  These a r e  mainly concentrated i n  

t h e  south-west s ec to r  of t h e  i s land ,  p a r t i c u l a r l y  i n  t h e  Ratnapura 
d i s t r i c t ,  and t o  a lesser ex ten t  i n  t h e  Gal le  and hlatara d i s t r i c t s .  

'fie occurrence of i r on  o r e s  of t h i s  type has been known f o r  decades, 
and Hadi.a (1939) pointed out  t h a t  t h e  development of the S r i  Lanka 
i r o n  o re s  was economical i n  s p i t e  of t h e  f a c t  t h a t  t h e  depos i t s  were 
qery small. I n  h i s  preliminary repor t ,  Wadia gave a f i g u r e  of 1.75 
rl l i l l ion t ons  f o r  t h e  reserve,  and labs he e s t i m t e d  t h e  t o t a l  
reserves of sur face  o re  a t  between f i v e  and s i x  mi l l ion  tons. 

The o re s  occur l a rge ly  a s  sur face  cappings and occasionally as 
embedded lenses  o r  pockets. The cappings a r e  not continuous but 
cons i s t  mainly of detached masses and boulders on t h e  crest of 

h i l l s ,  a s  f o r  ins tance a t  Noragolla, o r  on h i l l  s l ops  as a t  Dela 
Eas t .  In  some f i e l d s  very l a r g e  boulders of ore ,  severa l  thousands 
of cubic metres i n  s i z e ,  a r e  found protruding from t,he soil 
(Fiy.11). Generally they have no g rea t  underground extension in. 
depth The depos i t s  a r e  small, and f o r t y  t o  f i f t y  s ca t t e r ed  deposi ts  
of t h i s  type a r e  known i n  t h e  south-west sec tor  of t h e  island.  
Individual  depos i t s  vary widely i n  s i z e  from about 10,000 t o  150,000 



ANURADHAPURA 

- 

a. 
A I R O N  ORE (MAGNET11 C )  

I R O N  O R E  (L IMONITE)  

a STEEL PLANT 

Serurllo 

C h l l m  

A Ponlrendova 
KURUNEGALA 

KANDY 

A Itorornettyo 
Neqombo A Mooloyo 

C JULLA 

@ Ehrllyagodo 

RATNPPURA 

Kolawono 

Rokvona 

SCALc 1 " , 0 0 0 , 0 0 0  

" ILES 10 d 0 10 20 30 MILES 

P N 

Figure 10. Iron Ore Deposits - S r i  Lanka 



t s ~ ~ s .  The most important of t hese  depos i t s  are a t  Dela, Noragolla, 
Opata and Poronuwa i n  t h e  Ratnapura d i s t r i c t  and Wilpita i n  the 
Galle d i s t r i c t .  

Figure 11. Boulders of Iron Ore - Dela Deposit 

E3esides the massive high grade o r e  averaging over 50 per  cent Fe  

(rfable XIV) t he re  a r e  lower grade ores  which a r e  a l s o  ferruginous 

i a t e r i t i c  types. These a r e  mar,kedly vesicular ,  have a lower spec i f i c  
gravi ty ,  and contain both c l ay  and s i l i c e o u s  matter. These o re s  

ge~ le ra l ly  assay from 30 - 42 per  cen t  Fe. 

~i-nd d r l l l i n g  inves t iga t ions  (1958) i n  t h e  Dela and Noragolla 

deposi ts  revealed. t h a t  even a t  depth t h e r e  is no cont inui ty  of t he  
ore  beds and t h a t  they a r e  ra ther  i n  t h e  nature  of pockets and 
lenses  with much barren ground i n  between. With such uneven and 
sporadic deposi ts  s ca t t e r ed  o r  s o  many l o c a l i t i e s  t h e  accurate  

estimation of the quant i ty  of o re  is an extremely d i f f i c u l t  task.  
Fernando (1358) i n  a r2port  on t h e  i ron  ore  deposi ts  of Ceylon 

estimates the  i ron  o re  reserves  a t  around 2.2 mi l l ion  tons. This 

estimate has been given a f t e r  a f a i r l y  de ta i led  inves t iga t ion  of the  



ore deposits. T a b l e  XIV is presented to  show the analytical data of 
sm typic1 samples of ore of the hydrated type. 

TABLE X I V  

ANALYSES OF IKON OmS - TYPICAL HYDRATE.?) TYPES 

N t e r  ~urnarape l i  (1964) 

Geological  Survey Department 

-. 

The nininq of the iron ore deposits w i l l  not present any serious 
problems othei than those arising from the scatteed distribution of 

the ores. I n  most cases ope11 cast nlethds w i l l  k a l l  that is 

necessary t o  exploit the ore. With one or two potable excepticns, by 
far the great majority of the ore deposits occur on estates, inainly 
rubber and tea, and occasionally on cinnmon property. Although the 
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Sri Mnka iron ores are high-grade for depasits of this nature, the 
content of metallic iron is well below the amount normally preferred 
in ridern blast furnace practice while the phospilorus content is 
comparatively high. 

Ilagnetike Deposits 

In the second category are Lhe rnagrleti-te deposits discovered at 

Wilagedera in the Sandalankawa area (1959), at Panirendawa in the 
Chilaw area (1962)> and the small occurrences on Mooloya Estate, 
IIewaheta, and at Karametiya. The only deposit of economic value is 
the one at Panirendawa; the others are too small to be of interest. 
Kumarapeli (1964) has given a detatl-ed zccount of the Panirendawa 
rmgnet i t e depos i t . 
The Wilagedara magnetite deposit is of interest as it was the first 
bedded magnetite deposit discovered in Sri Lanka prior to this 
discovery only the hydrated iron ore dewsits of the south-west were 
known. Although the deposit is too small to be of economic 
iq~ortance, it is of interest as the magnetite is associated with 
the mineral barytes (barium sulphate). 

The Panirendawa deposit consisting of fodr closely relatea de~osits 
(A, B, C, D) is situated 5 miles north-east of E4ad-e in the 

North-western Province of Sri Lanka, (Fig.l2), The deposits are 
directly accessible from the Madampe - Bingiriya road. Except for a 

few bands of quartzites, the bedrock is everywhere concealed by a 
mantle of lateritic over-burden. Rock types in the surrounding areas 
include c1lrnocl;i tic rocks, calc gneisses, cordier r te gnei sses, 
quartzites, biotite gneisses, migrnatites and granite gneisses. The 

first systematic exploration of the area (geophysical work) 
commenced in 1362 as part of the general ground follo~r-up work of 
aeromagnetic anomalies of the south-west sector of the Island. 
Twenty five diill holes were also bored with a total footage of 2939 
r,~etres. 



Figure 12, Panirendawa Iron Ore Deposit 
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The main rock type encountered in drilling operations is a 
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i r on  formation does not p e r s i s t  i n  uniform thickness  f o r  any g r e a t  
d is tance,  but  seems t o  pinch and swell i n  unpredictable fashion.  The 
banded magnetite at  Panirendawa is a f i n e  grained dense rcck with a 
dark metallic grey t o  black colour.  Thin p a r a l l e l  l a y e r s  of l i g h t  
coloured s i l i c a t e  minerals, mainly potash f e l spa r ,  g ives  t h e  rock 
its black and white banded appearance. 

 fie sampling of t h e  deposi t  which was ca r r i ed  ou t  by bore holes 
covered an area of about 260 hectares .  Only a few d r i l l  holes  were 
located i n  depos i t s  B and C. Hence t h e  estimates of tonnage and 
grade of depos i t s  are less r e l i a b l e  than t h e  co r r e spn2 ing  es t imates  
of depos i t s  A and D. Magnetite est imated t o  occur a t  a depth g rea t e r  

than 130m from t h e  sur face  has not been included i n  t he  reserve 
estimates. A maximum of 2.5m has been used as a c u t  o f f  value i n  
ca l cu l a t i ng  t h e  tonnages. Table XV is presented t o  show t h e  

estimates of tonnage and grade of t h e  Panirendawa magnetite deposits .  

TABLE XV 

!IDWAGE AND GRADE ESTIMATES - PANIRENDAWA 
MAGNETITE DEPOSIT 

After  Kumarzpeli (1964).  

Geological  Survey Department. 
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B 

C 

D 
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The value of an i ron  deposi t  is l a rge ly  dependent on its s u l t z b i l i t y  

f o r  mining by open p i t  methods. The Panirendawa magnetite deposit  
occurs a t  depths ranging from 30x11 t o  over 120m. Open cast mining has 

there fore  t o  be ruled out .  Th2 magnetite deposi t  is broken i n t o  four 
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structural blocks (4, B, C, D - Fig. 12). The deposits A, B and C 

have small tonnages (less than a million tons in each case). These 
deposits cannot be mined economically. The deposit D however, has a 
tonnage of over 3 million and is worthy of further examination to 
assess its economic potential. Kumarapeli (1964) has made a 
comparison of Panirendawa magnetite and the hydrated iron oxide 
deposits of the soqth-west sector of the Island (see table XVI). The 
discovery of the Panirendawa deposit marked the beginning of a new 
chapter in the history of exploration for iron ore in Sri Lanka. The 
Geological Survey was successful in identifying a banded iron 
deposit of the sedimentary type:Some of the largest deposits in the 
world are of this type and a Gm thick band extending ovet an area of 
three sq. km would yield a tonnage of over 50 million. The areas 
adjacent to this deposit in Panirendawa should therefore be 
intensively searched for other similar deposits. 

The Seruwila Copper-Magnetite Deposit 

The occurrence of copper-iron ore at Seruwila (N.E. Sri Lanka) the 
first base-metal find in the country, was discovered by the 
(;eological Survey Department in 1971. The area is thickly forested 
and access during investigations was from survey lines set out on a 
grid of 20 metres. Drilling investigations have revealed that the 
ore bodies containing magnetite and copper sulphides are lenticular 
in shape and concordant with the dip ard strike of the host rocks. 
The lenses of ore varied from 1 - 10 met~es in thickness. 

An account of the geology and tect@.?Lc setting of the copper iron 
ore prospect at Seruwila has been published (Jayawardane 1982 and 
1983). The Seruwila area is underlain by high grade metamorphic 
rocks of Precambrian age. To the north-west of the area of 
mineralization, granulite facies rocks such as charnockitic rocks 
and quartzites are predominant and they belong to the Highland 

Series of rocks. To the south-east, granulites, granites and 
hornblende biotite gneisses zre the major rock types and these 
belong to Vijayan Series. Detailed mapping of the Seruwila area has 
revealed that the ore mineralization is at the boundary of the 



TABLE XVI 

COMPARISON OF PANIRElJDAWA MAGPETITE WITI I  IROtJ ORE 
DEPOSITS OF THE SOUTHWEST SECTOR 

PNJIRENDAWA DEPOSIT DEPOSITS OF THE S.W. SECTOR I 
1 Occurs as  art of a bedded Occurs essentially as surface 

iron fomat'on at depths deposits, occasionally as I 

ranging from 100 ft to over embedded pockets or lenses I 

400 ft. 

2,- Principal iron bearing Iron bearing mineral is mainly 
mineral is magnetite geothite- I 

4. Average grade 51.2% Fe, Average grade 53,8% Fe, 7.25% 
18.7% Si02, 0.175% S, Si02 0.51% P. unlikely that 
0.049% P, but amenable this material will be amenable 
to beneficiation to yield to beneficiation. 
a plus 65% Fe concentrate. 

I 

5 Easily accessible Easily accessible but scattere 
deposits. 

3. Consists of four structural 40 to 50 deposfts make up a 
blocks with total tonnage total tonnage of 2.2 million, 
estimated at 5,6 million. The individual deposits vary in 
largest deposit has a tonnage size from 10,000 tons to 
of 3 1 million 150,000 tons, 

I 6, Has to be mined by costly Can be mined by inexpensive 
under ground methods. open cast methods. I 

I 7. ~liosphorus content low Phosphorus content high 
- 0.049% - 0.51% I 

8. Has to be crushed, benefi- The material is porous, there- 
ciated and sintered prior fore, nay be possible to feed 
to its use in the blast it without beneficiation to 
furnace. the blast furnace, 

Highlarld Ser ies  and t h e  Vijayan Ser ies .    ole rite dykes a r e  present 
i n  t he  a rea  and magnetite outcrops have been observed tu be present 



in the mineralized zone (Fig. 13) . The host rock for miiealization. 
is an ultra-basic rock highly weathered on the surface with 
secondary copper minerals such as malachite and azurite. The host 
rocks appear to have gabbrojc affinities that grade into monzonites. 
Scapolite forms an inportant constituent of the ultra-basic rock. 
Limestone has been mapped in the area and a coarse grained 
anorthosite is closely associated with the limestone. This is the 
first recorded occuirence of anorthosite in Sri Lanka. The regional 
strike of the area is N 50'~ with steep dips of 70' - 80° to the 
north-west. There is evidence of isoclinical folding in the area. 

S I M P L I F I E D  M A P  S H O W I N G  T H E  R E G I O N A L  
GEOLOGY AROUND S E R U W I L A  A R E A  

5 a Chla r l t i t e rous  rock wlth 
f loot magneti te ansd 

Basic rock (Host r  

I i mestone  

S C A L E  1 inch = 4 mi l e s  

Approximate boundary  

Figure 1 3 .  Simplified Geological Map - Seruwila Area 

The massive magnetite sulphide ore bodies vary in thickness from 



, 1-10 metres and are coarse  grained with magnetite, chalcopyrite,. 
py r rho t i t e  and py r i t e .  The disseminated o re s  are composed of 
magnetite, chalcophyrite,  py r rho t i t e  ana pyr i t e ,  and t h e  gangue 

rninerals are scapol i te ,  a p a t i t e ,  t remoli te ,  diopside and hornblende. 
Sulphides are a l s o  present  i n  l i s e s t o n c  (marble) and pent landi te  has 

k e n  i d e n t i f i e d  i n  py r rho t i t e  c r y s t a l s  with  t h e  coba l t  content of 

t he  pent landi te  higher than t h e  nickel  content. Secondary carbonate 
veins a l s o  occur i n  t he  a r e a  with sulphide minerals, and v a l i e r i t e  
has been i d e n t i f i e d  i n  these  veins. The secondary carbonate veins 

a r e  present  i n  t h e  massive ores ,  disseminated ores ,  host rocks 
carrying o re s  and limestones. <Two phases of mineral izat ion have 
therefore  been iden t i f i ed  a t  Seruwila, an e a r l i e r  phase of massive 
r~lagnetite and sulphides and a later phase of secondary rnagnetite and 
sulphides. 

It is now evident t h a t  t h e  o r e  mineral izat ion a t  Semwila is along a 
deep seated t h r u s t  zone a t  t h e  contact  betweea t h e  two major 

l i t ho log ica l  d iv i s ions  - Highland Se r i e s  and Vijayan Ser ies ,  
(Jayawardane 1982). 

The deep seated t h r u s t  is t e n t a t i v e l y  in te rpre ted  a s  an obducted 
ophio l i te  be l t  which has undergone a high degree of a l t e r a t i o n  and 
deformation due t o  t h e  c o l l i s i o n  and overiding of t he  Highlands and 
Vijayan. The l i t h o l o g i c a l  c h a r a c t e r i s t i c s  and t h e  tec ton ic  s e t t i n g  

a t  Seruwila a r e  s imi la r  t o  a 'melange' from oph io l i t e  belts i n  other  
p a r t s  of t he  world spec i a l ly  i n  m r u s  and t h e  Red Sea. The work 

car r ied  out s o  f a r  i nd i ca t e s  t h a t  t h e  tec ton ic  s e t t i n g  and t h e  host 
rocks a t  Seruwila a r e  d e f i n i t e l y  favourabie f o r  base-metal and 
possibly precious metai o r e  enplacment ,  

Invest igat ions  s o  f a r  ca r r i ed  out have proved an o r e  reserve (Copper 
- magnetite o re )  of 4 mi l l ion  tons. Of t h i s  reserve 40 per  cent is 
i ron  (Fe )  and 1.5 t o  2.0 per  cen t  copper. Table XVII  is presented t o  
show an ana lys i s  from each of t h e  t h r e e  types  of i ron  ore  deposi ts  
present  i n  S r i  Lanka. Open cast mining has t o  be ruled out a t  
Seruwila as i n  t h e  case of Panirendawa. The o r e  occurs a t  depth and 

has t o  be mined by cos t ly  underground methods. Tile c r e  has t o  be 
crushed, benef ic ia ted and s in te red ;  t h e  copper minerals -have t o  be 



removed p r i o r  t o  its use i n  t h e  b l a s t  furnace. These processes are 
cos t ly ,  and with world demand for i r o n  o r e  continuing t o  dec l ine  it 
may not be economical t o  mine t h e  type  of depos i t  t h a t  occurs a t  
Seruirila un less  o ther  valuable  materials could be recovered as 

TABLE XVII 

ANALYSES OF IRON- O m S  - SItI LANKA 

1. Dela Limonitic type - average Fe content 53% 
2. Panirendawa magnetite - average Fe content 50% 

Benef iciation possible --(  to plus 65% Fe) 

Constituents Panirendawa 

3. Seruwila magnetite -. under investigations-benefication possible. 
(Tentative figure over 65% Fe). 

> 

Geological Survey Department, 
Colambo 2. 

Ignition 

Total 

11.02 

100.59 

- 

99.94 
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- 
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The Ceylon S t e e l  Corporation was e s t a b l i s h 4  i n  1961 f o r  t h e  purpose 
of implementing t h e  steel p r o j e c t  which involved t h e  s e t t i n g  up of a 

r o l l i n g  m i l l  a s  t h e  f i r s t  s tage.  Thr r o l l i n g  m i l l  ancl a wire m i l l  
were comiss ioned  i n  1967. The r o l l i n g  m i l l  has a capaci ty  of 72,000 
tons  per  annum ( 3  s h i f t s )  and inported steel b i l l e t s  are fabr ica ted  

i n  t h e  m i l l  t o  standard shapes t o  fi-.eet t h e  requirements of t h e  
bui lding industry.-Cold twis ted,  high s t rength,  ribbed to r - s tee l  is 
produced f o r  use i n  re inforc ing  concrete. The wire m i l l  has a 

production capaci ty  of 12,000 t o n s  per annum. A t  p resen t  t h e  steel 
p ro j ec t  is only p a r t l y  dependent on imported steel b i l l e t s  a s  t h e  
second s t age  expasion which makes  use of scrap as raw mater ia l  f o r  

t h e  p r d u c t i o n  of steel b i l l e t s  has  been .=ommissioned. The second 
s tage  process involves t h e  melt ing of sc rap  i n  an electric a r c  
furnace and producing b i l l e t s  by a continods ca s t i ng  process. The 

b i l l e t s  w i l l  provide t h e  e n t i r e  requirements of t h e  ro l l i ng  m i l l .  
\ h e n  t h e  p l an t  is i n  f u l l  operat ion it is planned t o  p r d u c e  about 
35,000 tons  of b i l l e t s  from t h e  2nd year of production. The 
Corporation has a l s o  p lans  t o  i n s t a l l  a second a r c  furnace and a 
continuous cas t ing  un i t  when t h e  dernand f o r  steel increases  i n  t he  
future .  The t h i r d  s t age  expansion t o  be undertaken w i l l  use l oca l ly  
ava i l ab l e  i ron  ore.  This, however, woul2 r q u i r e  a considerable 
amount of research and development on t h e  s u i t a b i l i t y  of t he  l oca l  

o r e s  f o r  use i? t h e  jndustry. No techno-economic f e a s i b i l i t y  s tud i e s  
have y e t  been undertaken on t h e  use of ?ocal i r on  o re s  f o r  t h e  

manufacture of i r 3n  and steel. Research and development on t h e  
produdtion of p ig  ? rgn Is being c a r r i e d  out  by t h e  Corporation. A 

steel foundary has been es tab l i shed  f o r  t h e  manufacture of carbon 

and a l l o y  steel, and a machine t o o l s  p l an t  is i n  operation.  

Except f o r  i r on  ore ,  economic mineral depos i t s  of t h e  fe r rous  and 
f e r roa l loy  group a r e  absent i n  S r i  Lanka. Minor occurrences of scme 
minerals k l o n g i n g  t o  t h i s  group (chromium cobal t ,  manganese, 
nolybdenum, nickel  and vaxadi3~m) have. however, been observed and 
these  a r e  only of academic i n t e r e s t .  Three types  of i r o n  forrlations 
occur i n  t h e  Island.  The hydrated i r o n  oxides ( l imoni te  and qoethi te  



- 53 per ceat Fe) are scat tered deposits confined t o  the  surface 

only and the  reserves a re  estimated a t  less than three million tons. 
The Panirendawa type deposit (magnetite a f t e r  beneficiation - 65 per 
cent Fe) occurs a t  depth and the  reserves a r e  not very large. The 

workable reserve is about three million tons and mining t h i s  type of 
ore may not be economical. The Seruwila copper-magnetite ore a lso  
eccurs a t  depth _(magnetite a f t e r  beneficiation - 65 pel: cent Fe). 

The nature of the  ore is such t h a t  it needs considerable processing 
G f o r e  it could be used i n  ~ndus t ry .  The th i rd  stage expansion of 

the steel project  envisages t h e  use of loca l  iron ores. No 

investigations have however been undertaken on the  three  types of 
ore avai lable t o  study t h e i r  technological character is t ics .  Detailed 
s tudies  there20re remain t o  be undertaken before a f i n a l  decision 

could be taken on the use of loca l  ores  i n  the  i ron and steel 
industry of S r i  Lanka. Further detai led surveys should a lso  be 
undert3kerl a t  Seruwila and the  area towards t h e  south t o  assess the 

economic importance of the deposlt with special  reference t o  the 
presence of precious metals (gold, s i l v e r  and platinur,~).  



NON FERROUS MINERAL RESOURCES 

No important deposits of the base metals (lead and zincj occur in 
Sri Lanka. The precious metals (gold, silver and platinum) are also 
absent. Mention has, however, ken made in the historical records of 
the island of the presence of silver and gold in the country. 

Occurrences of gold have been reported from various parts of the 
island but they are of no economic value. The copper - magnetite 
deposit discovered at Seruwila is the largest si~lgle copper deposit 

so far located. There are indications of the presence of minor 
amounts of nickel, cobalt, silver and bismuth, and also, possibly, 
of zinc, gold and platinum at Seruwila. 

Of the light metals, magnesium (magnesite and dolomite) and titanium 

(ilmenite and rutile) occurring as exploitable deposits, and 

aluriliniurn as low grade ores (high alumina clays) are present i.n the 
island. Rare-earth elements are known to be present in the country; 

monazite being the principal source of these elements. Another 

probable source of rare-earth elements is allani te found in moderate 
amounts. Zirconium which is a metal of the new technology is 
recovered as the mineral zircon from the beach sands of the island. 

The copper-magnetite occurrence at Seruwi la has been described ( see 
Chapter 5). 

DOLOMITE AND MAGNE~ITE 

A nurhr of minerals are used as raw materials for tile production of 
magnesium metal or magnesium compounds. The main magnesium minerals 

are dolomite CaMg(C03)2 containing up to 22 per cent magnesia 



(MgO), magnesite (MgCO3) with a t heo re t i ca l  magnesia content of 47.6 
per cent ,  and b ruc i t e  Mg(OH)2 containing up t o  69 per  cen t  magnesia. 

Sea water magnesite is produced i n  many count r ies  where other  
sources a r e  not avai lable .  S r i  Lanka has very i a rge  reserves  of 
dolomite and minor occurrences of magnesite, and t h e  p 0 s s i b i l i . t ~  of 

producing sea water magnesia is a l s o  promising. Sea water with a 
magnesium content of 0.13 per  cen t  by weight Ls an inexhaustible 
resource. Large depos i t s  of dolomite a r e  widely d!-stributed 
throughout t h e  world, and t h e  world reserve of nag:?esite is 
estimated a t  9.4 b i l l i o n  tons  (China 5,000 mi l l ion  tons,  Noith Korea 
3,000 mi l l ion  tons  and New Zealand 600 mi l l ion  t o n s ) ,  

Dolomite and dolomitic lirnestcne depos i t s  occurriqc i n  S r i  Lanka a r e  
e n t i r e l y  confined t o  t h e  o e l t  of c r y s t a l l i n e  (marble) 

deposi ts  of Precambrian age. They occur lnterbanded ~ 1 1 t h  other rock 
types such a s  qua r t z i t e s ,  charnockites and gneisses  a s  diszontinuous 
hut well defined bands, some of which can be t raced f o r  many miles 
along t h e  s t r i k e  (Fig.  14 ) .  Most of t h e  outcrops a r e  foand i n  low 
lying land. The only maynesite deposi t  of c r y s t a l l i n e  var ie ty  so  f a r  
invest igated occurs associated with dolomitic limestone i n  

Randeniya, near \ J e l l a~~aya .  The map i n  Figure 15 shows the  occurrence 
of c r y s t a l l i n e  limestone, dolomite and magnesite. It w i l l  be c l ea r ly  
seen from t h e  nap t h a t  these depcs i t s  cover a very wide area 
extending from as f a r  north a s  Vamniya, through t h e  Kurunegala - 
Kandy area  t o  t h e  southern region near Ambalantota, Though the  
depo,sits do not appear t o  be continuous they nevertheless follow t h e  

regional s t r i k e  of the  country rock. The best known deposi ts  occur 
i n  t he  Kandy, Matale, Nalancla, Habarane, Kanada~awa, R?tnapbra, 
Balangcda Badulla, Uibile and Welinada areas.  Generally the 

deposits ?;e of var iab le  composition varying from a dciomjtlc 
1inlest:r-e t o  a tlolomite, 

The dolomites a r e  c r h i t ~  i n  coi2ur and the  gra in  s i z e  ranges From 

rather  coErse t o  f i ne .  Large rhombs of dolomite a r e  occasionally 
surrounc7zl by sma7-ler g ra ins  and t h i s  g ives  a t ex tu re  resembling 7 

porphyroblastic rock. Generally they a r e  more or  less impure due t o  

?.he prnse,lce of various accessory minerals, t he  most common k i n g  
Zos te r i te  a,ld phlogopite w i t h  occasionai diopside. Other - accesscry 
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Figure 15. Non Ferrous Mineral Resources - Sri Lanka 



minerals are a p a t i t e ,  sp ine l ,  p y r i t e ,  pyr rho t i t e ,  graphi te ,  ancL 
rarely ,  sphene, chondrodite, s e r end ib i t e  and tourmaline. The 

silicate minerals may be uniformly d i s t r i b u t e d  i n  a s soc i a t i on  with 
other  accessory mi,qerals o r  may occur a s  d i s t i n c t  l a y e r s  and c l o t s  
dhich s tand  ou t  on weathered surfaces .  Serpent in iza t ion  of f o s t e r i t e  

may impart a p a l e  green co l su r  t o  t h e  body of t h e  rock r e su l t i ng  ir.  
t h e  formation of green marble. ~ o l o m i t i c  limestones a r e  chemically 
s t a b l e  substances,  and decomposition never occurs a t  ordinary 

temperatures. Decomposition can only occur a t  very high temperatures 
o r  through reac t ion  with s t rong  acids .  

Table XVIII shows t h e  t y p i c a l  composition of S r i  Lanka dolomite, 
magnesite and dolomitic limestone, True dolomites have a conposit ion 
CaO 30.4%, MgO 21.7% and CD2 47,9% ( t h e o r e t i c a l ) .  Frorn t h e  analyses 
given it is seen t h a t  some dolomite 2nd dolomitic limestone i n  S r i  
Lanka may approach t r u e  dolomite i n  conposition. However, an 
ana lys i s  of a l a r g e  numbe~ of swles f ~ a m  various l o c a l i t i e s  
reveals  t h a t  t h e  magnesium content v a r i e s  from a t r a c e  t o  over 20 

per  cent .  and t h e  major i ty  of depos i t s  examined showed an MgO 

content of 10 - 18 per  cent .  These depos i t s  a r e  terr~~ed dolomitic 

limestones. The major i ty  of t h e  s o  ca l l ed  dglomites a:e r e a l l y  
dolomitic o r  magnesium limestones containinc~ a smaller  proportion of 
FlgO than t h e  t h e o r e t i c a l  21.7 per  cen t  although many of t h e  depos i t s  

approach t r u e  dolomite i n  composition. Magnesite depos i t s  a i e  rare.  
A m a l l  occurrence of magnesite a t  Randeniya has b2er: investigated.  

Sea water magnesite is produced i n  many count r ies  an6 is obtained by 

a simple chemical reaction.  Sea water contains  sulphakes ar,d 
ch lor ides  of sodium, potassium, calcim and maynesiuK. If calcium 
hydroxide is added t o  sea  water, t h e  magnesium sulphate  and 
magnesium ch lor ide  r eac t  with it t o  form magnesium hydroxide which 
is prec ip i ta ted .  The calcium hydroxide required f o r  t h e  process is 

obtained by ca lc in ing  dolomite o r  limestone and s laking t h e  l a t t e r  
with water t o  f om t h e  hydroxides. 

caHg(COs)2 - CaO + MgO + Hz0 ---- Ca(OHl2 + Ms(OH)Z 

tlolomi t e  heated water slaked dolomite 



TABLE X V I I I  

APJALYSES OF DOLOMIlT, DOLOMITIC LI~STOIJE AND PIAGfJESITE 
SKI LANKA 

NOTE 1. Type analysis  f o r  dolomites (Nalanda, Platale, 
N i r i e l l a ,  Kandy, Maratenna and other a reas) .  

2. Dolomitic Limestones, llgo content var ies  (10 t o  18 

per cent  common) . 
3.  Magnesite from Randeniya associated with dolomitic: 

limestone. 

(;eological Suevey Department 
Color,lbo 2. 

The slaked dolomite is alloc~ed to  react wi th  sea water i n  reaction 
tanks which are agitated. The precipitated magnesium hydroxide is 

then concentrated by sett l ing,  dried and calcined. The reaction may 
be represented by the equation: 

Ca(OH) MgS0 

slaked sea water 
dolor,ii t e  

caSo4 
(by products) 



The c a l c i n e d  Mg(OH)2 c o n t a i n s  approximately 97 p e r  c e n t  MgO. The 
p o s s i b i l i t i e s  of producing magnesia from sea water i n  S r i  Lanka are 
promising. 

Deta i led  i n v e s t i g a t i o n s  f o r  d e t e c t i n g  t h e  presence  of dolomite, 
dolomitic l imestone  and magnesi te  have been c a r r i e d  o u t  i n  a number 
of l o c a l i t i e s -  An i n v e s t i g a t i o n  undertaken a t  Niriella proved a 
depos i t  of 15€l,000 t o n s  of dolomite.  However, more extens ive ,  

conmerr ia l ly  va luab le  and e a s i l y  workable d e p o s i t s  are p r e s e n t  i n  
many o t h e r  p a r t s  of t h e  I s l and ,  notably  i n  t h e  Matale - Nalanda 
areas .  The d e p o s i t  of r n a y ~ s s i t e  a t  Randeniya was i n v e s t i g a t e d  by 
c o r e  d r i l l i n g  and t e n t a t i v e l y  ~ s t i m a t e d  a t  4,000 t o n s ,  From 
i n v e s t i g a t i o n s  made i n  t h e  f i e l d ,  it can be s a i d  t h a t  S r i  Lanka is 
well provided wi th  dolorilites and do lomi t i c  l imestones ,  I f  dolomit ic  
l imestone wi th  a magnesia con ten t  between 10 t o  20 p e r  c e n t  is taken 
i n t o  c o n s i d e r a t i o n  t o g e t h e r  wi th  t h e  d e p o s i t s  of t r u e  dolomite, very 
l a r g e  r e s e r v e s  a r e  a v a i l a b l e  i n  t h e  I s l and .  On t h e  o the r  hand, 

magnesi te  d e p o s i t s  a r e  l i m i t e d  i n  e x t e n t ,  and t h e  on ly  known d e p o s i t  
L s  t h e  one a t  Kandeniya ( F i g  1 5 ) ,  

Plost of t h e  d o l o n i t e  mines are s i t u a t e d  i n  t h e  Kandy, Matale and 
Balangoda a r e a s ,  and mining is by open-cast  methods which involve  
d r i l l i n g  and b l a s t i n g .  I!Jo s p e c i a l  p rocess ing  is needed o t h e r  than  
crushing t o  t h e  requi red  s i z e .  The c o s t  of product ion  va r i e s .  No 
rnagnesite mines are opera ted  i n  t h e  i s l a n d .  

Accurate r ecords  of p r e s e n t  product ion  of dolomite a r e  not  
a v a i l a k ~ l e ,  bu t  is es t ima ted  t o  be around 10,000 t o m  a year .  This  
m a t e r i a l  is l a r g e l y  used as crushed dolomite i n  a g r i c u l t u r e  and i n  
t h e  ceramics and a l l i e d  i n d u s t r i e s .  Dolonlitic l imestones  a r e  a l s o  

mined i n  c e r t a i n  p l a c e s  f o r  t h e  manufacture of l i m e .  The l o c a l  
requirements of  do lomi t i c  l imestones  i n  t h e  f u t u r e  sliould be f a i r l y  

l a r g e  t ak ing  i n t o  c o n s i d e r a t i o n  t h e  r ap id  i n d u s t r i a l  development of 
t h e  country.  

Plagnesite a s  such has  up t o  r e c e n t  t imes  had l i t t l e  commercial use, 
hut  it is va luab le  f o r  its magnesia (MgO) content .  Magnesia has  a 
high mel t ing  p o i n t ,  is cliemically i n e r t  and is, t h e r e f o r e ,  s u i t a b l e  



f o r  many r e f r ac to ry  purposes. Magnesite has i n  recent  yea r s  bedome 
one of t h e  most inportant  o r e s  of t h e  metal magnesium. By heating 

m g n e s i t e  t o  high t e w e r a t u r e s  dead-burned magnesite is produced, 
and t h i s  is t h e  mater ia l  genera l ly  used f o r  re f rac tory  purposes. 
Dead-burned magnesite ! s  u s  pr imar i ly  f o r  l i n i n g  fuznaces, 

p a r t i c u l a r l y  i n  t h e  steel i ~ d u s t i y ,  f o r  which purpose t h e  burned 
magnesite is o f t e n  pre formed as b r i cks  of various shapes. For 
re f rac tory  purposes t h e  calc ined magnesite should contain  a minimum 

of 87 per  cen t  MgO and should be a s  f r e e  as poss ib le  from zinc,  t i n ,  
lead, scd i3m and any o ther  v o l a t i l e  ~ a t a l l i c  impuri t ies ,  

Caustic burned magnesite is used c h i e f l y  i n  t h e  manufacture of 
oxy-chloride ( s o r r e l )  cemei~t. The chief  use of t h i s  cement is i n  t h e  

preparat ion of composition f loor ing ,  i n  which t h e  calc ined ,magnesite 
i 

mixed with rxignesium ch lor ide  and f i l l e r s  form a r e s i s t a n t ,  
non-slip, f ire-proof and durabie f l o o r .  Heat in su l a to r  coverings f o r  
bo i le r s ,  p ipes  and bui ldings  3re  a l s c  manufactured from magnesite 
cement. Caustic calc ined nagnesi te  f i n d s  various uses  i n  t h e  paper, 
rubber, g l a s s ,  enamel and porce,ain indus t r ies .  Other uses  a r e  f o r  
r ,~edical  purposes i n  t h e  preparat ion of magnesia and epsom s a l t s  and 

as a base f o r  f i r e  r e s i s t a n t  paints .  

The uses of dolornite depend mainly upon its magnesia concent and a r e  

i n  genera l  s imi l a r  t o  t l ~ o s e  of magnesite. Being cheaper and more 
abundant, it is ~ s e d  i n  preference t o  magnesite wherever it is 
poss ib le  t o  do s o  not withstanding its lower magnesia content and 
t h e  presence of l i m e .  Dead-burned dolomite obtained by ca lc in ing  
dolomite is used extensively  f o r  re f rac tory  purposes i n  bas ic  
open-hearth furnaces and i n  Bessemer converters.  The most 

s a t i s f a c t o r y  dolomite f o r  re f rac tory  uses should contain  not more 
than 1 per  cen t  SiOZ, 1.5 pe r  cen t  combined A1203 and C'e 0 and a t  2 3' 
l e a s t  38 - 40 per  cen t  MgOI3. 

Dolomite is t h e  raw mater ia l  used t o  produce basic  magnesium 
carbonate (magnesia a lba)  which is widely used i~ t h e  manufacture of 

pipe and boiler covering and f o r  general  heat  insu la t ion  Dolomite 
is an important ingredient  i n  g l a s s  manufacture and a s  a f l u x  i n  
various rnanufacturing indus t r ies .  The crushed rock rnay he used a s  a 



f e r t i l i z e r ,  a l s o  i n  pa in t ,  pu t ty ,  and i n  t h e  curing and fabr ica t ion  
of rubber. It is a l s o  used i n  the sulphide process  of paper making. 
Dolomites make handsome bui lding s tones ,  and they can k used f o r  
k e z b i ~ g  and guttei incj ,  a s  pavement s l abs ,  and a s  road metal and 
concretz aggregate. Dolomite could a l s o  be used a s  a source of l L m e .  

IUENiTE NJD RUTILE 

The two p r inc ipa l  mineral sources f o r  t i tanium a r e  i lmeni te  and 
r u t i l e ,  Ilraenite is used mainly i n  t h e  manufacture of t i tanium 

pigment, but  ruk i l e  is used f o r  making pigment, t h e  t i tanium metal 
and o the i  products. R u t i l e  ( T i 0 2 )  is a t  l e a s t  95 pe r  cen t  t i tanium 
dioxide i rh i l s t  i lraenite (FeTiOj) contains  between 50 and 60 percent  
t i tanium dioxide,  ?tro types  of depos i t s  contain  t i tanium nlinerals of 
economic importance namely, rock and sand depos i t s ,  Aus t ra l ia  is a 
leading producer of mineral sands which contain  r u t i l e ,  z i rcon 
i h e n i t e  and monazite. I lmeni te  resources i n  Canada, Finland and 
Norway, and a b u t  half  of those i n  U.S.A. and t h e  U.S.S.R. a r e  i n  
t he  form of rock deposi ts ,  while those of Aus t ra l ia ,  S r i  Lama 
(Ceylon), S i e r r a  Leone, South Afr ica ,  India  and Nalaysia occur a s  
k ~ a c h  mineral sand deposi ts .  I n  .beach mineral sands i lmeni te  and 
r u t i l e  noq~lal ly  occur i n  t h e  same deposi t ,  and o ther  associated 
minerals a r e  magnetite, zircon,  monazite, garnet ,  s i l l i m a n i t e  and 
other heavy minerals. Some sand depos i t s  containing around 1 per  
cen t  of t he  mineral, r u t i l e ,  a r e  c o m e r c i a l l y  workable because of 
t h e i r  enormous ex ten t  (ey. t h e  e a s t  coas t  depos i t s  of Aus t ra l ia ) .  

Rock depos i t s  which a r e  workable have a T i 0 2  content which ranges 
from 17 - 35 per cent ,  and they cons i s t  mainly of Flrnenite. 

The mineral i lmeni te  is r e l a t i v e l y  abundant, whereas r u t i l e  is i n  
shor t  supply. The p r i c e  of r u t i l e  i n  world markets is over f i f t e e 2  
2imes  t h a t  of i lmenite.  This shor tage and high p r i c e  of r u t i l e  has 
long k e n  recognized and t h e  apparent and log i ca l  so lu t i on  is t h e  
upgrading of t h e  abundant and inexpensive o re  ( i lmeni te )  t o  produce 

a syn the t ic  r u t i l e .  As a r e s u l t  of t h e  r u t i l e  shortage,  many 
processes have been developed the  world over t o  upgrade i lmenite,  



and c o m r c i a l  p l a n t s  have been es tab l i shed  f o r  t h i s  purpose. 
Ponseka (1973) has discussed i n  d e t a i l  t h e  processes used I n  
w ~ a d i n g  i h n i t e .  The i l m n i t e  upgrading 2rccesses deve.loped s o  
far can be grouped i n t o  t h r ee  g e m r a l  categories :  

1. Acid leaching of i l n e n i t e  an order  t o  remove t h e  i ron  
oxides. 

2. Electric arc furnace smelting f o r  t h e  p ~ d u c t i o n  of p 4 g  
i r o n  and a s l a g  r i c h  i n  t i tanium oxides. 

3. Reduction of t h e  i ron  oxides  contained i n  t h e  i lmeni te  t o  
e i t h e r  f e r rous  oxide o r  me ta l l i c  i r on  followed by 

mechanical and o r  chemica; kreatn?ents of t h e  reduced o r e ,  

Nost of t h e  more successful  p - m e s s e s  f o r  t h e  production of 
a syn the t i c  r u t i l e  a r e  i n  t h i s  category. 

Although t h e  minerals ~ l m e n i t e ,  r u t i l e -  z i rcon and monazite occur i n  
the  beach sands of S r i  Lanka, it ;s  only a t  a e r t a i n  po in t s  t h a t  t h e  
depos i t s  a r e  s u f f i c i e n t l y  concentrated f o r  economic exploi ta t ion.  
Concentrated depos i t s  a r e  i cca ted  a t  Pulmoddai north of Trinconalee 
Kaikawela near Induruwa7 Polkotuwa near Be~uwela, Kudrenalai po in t  
near Mannar, and near the mouth of t h e  Kelani r i ve r  (Fig.16). The 
Pulmoddai mineral sand deposi t  s t r e t c h e s  from Vet t i lakernj  t o  t he  

mouth of t h e  Koki l la i  lagoon, a d i s t ance  of 7,4 kilometres. From  he 
r;louth of t h e  l a g o n ,  mineral sands of lower grade extend f u r t h e r  

northwards f o r  about a kilometre. The average width of t he  depost is 

60 metrzs. The deposi t  is estimated zo contain  4 nil l l ion tons  of raw 
sand, and i n  c e r t a i n  p laces  t h e  composition was found t o  be a s  
follows: i lmeni te  70 - 728, z i rcon 8 - l o % ,  r u t i l e  88, monazite 0,3% 
and s i l l i m a n i t e  1%. Recent es t imates  gave a f i g u r e  of 79 pe r  cen t  
heavy minerals f o r  t h e  e n t i r e  deposi t .  Of t h i s  80 per  cen t  is 

i lmeni te  (personnel comaunication - Fernando, L. J .D .  - 1984) .   he 
Pulmcddai deposi t  is one of t h e  bes t  known i n  t h e  world and its 
concer t ra t ion of t i tanium minerals is unrival led elsewhere (Wadia 

and Fernando 1945). 

A coastal  survey undertaken by t h e  Oceanography Division of t he  
EJatio,lal Aqautic Resources Agency covering t h e  Kelaniya - Negorih 

a rea  has revealed t h e  occurrence of appreciable q u a n t i t i e s  of 



i lmenite near t h e  mouth of t h e  Kelan' r iver .  A cur ren t  bedded 
sandstone (beach rock) of recent age f c m s  a conspicuous f ea tu re  of 
t h e  coas t  north of Cslombo. It is a coarse  t o  medium grained rock 

consis t ing of i lmenite,  quar tz  g ra ins  and s h e l l  fragments held 
together by a calcareous cement. The i lmeni te  is arrar-qed i n  bands 

and consequently t he  beach rock fias a banded appearence (Fig. 17 ) . 
The ' h e n i t e  content of t he  rock va r i e s  fzom p lace  t o  place.  A t  

c e r t a i n  point6 t h e  i lmeni te  content is so  high t h a t  the rock is i n  
e f f e c t  an i lmeni te  rock and it has a s p e c i f i c  g rav i ty  a s  high as 
3.8. Other minerals present  i n  t h e  rock include monazite, zircon, 
garnet ,  magnetite and r u t i i e .  Similar  cur ren t  bedded beach rocks a r e  
exposed on the  e a s t  coast  and a r e  w e l l  developed between Bat t icaloa 
and Arugam Bay. Figure 19 is presented t o  show a generalized c ros s  
sec t iona l  view of t h e  beach a b u t  2 kilometres north of t h e  mouth of 

Kelani r i ve r .  There a r e  a s e r j e s  of ilnerli.te s t r i n g e r s  at  depth. The 
jigging ac t ion  of t h e  waves may have been responsible f o r  
corlcentrating the  heavy minerals i n  c e r t a i n  zones of t h e  beach. A s  

i n  t h e  beach sands of t h e  Pulmddai a r ea  i lmeni te  1s t h e  main heavy 
r n i l ~ e ~ a l  present  i n  t he  Relani beach. A t  some po in t s  t h e  beach sand 
contains over 75 per  7ent i lmenite.  Other heavy minerals a r e  present 

i n  negl ig ib le  amounts and do not exceed f i v e  per cent  of t h e  bulk 
samples examined. There is no p a t t e r n  whatsoever a s  f a r  a s  t he  
percentage of minerals i n  t h e  mineral assemblages a r e  concerned. 

F i g u r e  1 6 .  Beach Rock Showing I l m e n i t e  Bands - Kelaniya Area 



Figure 17. Ilmenite in beach - Crow Island area 

The charac te r  of t h e  depos i t s  vary considerably  and the mineral  
con ten t s  vary both wi th  depth and wi th in  a few metres along t h e  

beach. Table X I X  is presented t o  show t h e  mineralogical  composition 

of some sands  from t h e  Kelaniya - N e c ~ o m b o  c o a s t a l  zone and Pig.18 
shows t h e  i lrnenite concen t ra t ions  near Crow i s l and  where t h e  beach 

is almost black i n  colour  dur ing c e r t a i n  seasons of t h e  year. I n  

recent  yea r s  t h r e e  very promosing d e p o s i t s  of heavy mineral  sands 
have a l s o  been loca ted  a t  Nayaru, Koduwa-Kattumalal and Tavikkalu 

along t h e  c o a s t a l  s t r e t c h  from Mul la i t ivu  to  N i l ave l i  (east c o a s t )  

covering an a r e  of approximatel-y 360 hectares .  It has been es t imated 
t h a t  500,000 708,000 t e n s  of r u t i l e ,  350,000 t o  500,000 t o n s  of 

z i i con  and 2 t o  4 m i l l i on  t ~ n s  of i lmen i t e  could be recovered from 

the se  d e m s i t s .  Table XX is presented t o  show some t y p i c a l  chemical 
analyses  of i lmeni te  and r u t i l e  from S r i  Lanka. I n  1981 Aus t ra l i a  

produced 1.2 m i l l i on  t o n s  of i lmen i t e  and 234,500 t o n s  of r u t i l e .  

World product ion of i lmeni te  i n  1982 was around 5 m i l l i o n  t ons  a2d 
r u t i l e  400,000 tons .  Titanium s l a g  (around 80% TiOp)  is produced 





i n  Canada, South Africa and o ther  count r ies  and syn the t i c  r u t i l e  i s  
produced i n  Austra l ia ,  India ,  Japan and Taiwan. 111 recen t  years  t h e  
p r i c e  and markets f o r  t i tanium minerals remained depressed. 
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Figure 18. Generalized Cross Sectional View of Beach - Kelaniya Area 
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T i e  Ceylon Mineral Sands Corporation was es tabl ished i n  1957 
pr imari ly  f o r  t h e  purpose of exp lo i t ing  t h e  Pulmoddai deposi t ,  The 

Corporation had es tab l i shed  2 p l an t s ,  one a t  Pulnoddai f o r  t h e  
recovery of i lmeni te  and t h e  o ther  a t  China Bay a few miles away 
frorn Trincornalee f o r  wi~ining of r u t i l e  and zircon. The Plant  a t  
Pulmoddai was equipped with severa l  magnetic separa tors  which were 

capable of ex t rac t ing  i lmeni te  from a b u t  140,000 tons  of raw dry 
sand each year. The t a i l i n g s  a f t e r  t h e  recovery cf i lmeni te  were 
t ransported by sea  t o  China Bay f o r  ex t r ac t i ng  r u t i l e  and zircon. 
Ilrnenite and r u t i l e  have been produced over t he  yea r s  f o r  export 
only and Table XXI shows t h e  q u a n t i t i e s  produced. 
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The Mineral Sands Corporation has now set up an in tegra ted  mineral 
sands cornplex a t  P ~ l r ~ o d d a i  by expanding its former . production 



f a c i l i t i e s  and s h i f t i n g  t h e  China Bay p l an t  t o  Pulmoc;tdai. The 
capacity of t h e  in tegra ted  p l an t  is 85,000 tons  i lmenite,  14,000 

tons r u t i l e  and 10,000 tons  of zircon. 

TABLE XX 

LOMPOSITION OF ILEENITE AND RUTILE CONC-TES - PULMODDAI 

(;eological Survey Department 

Colonb 2. 

I n  order t o  fu r the r  increase t h e  l i n e s  of productLon t h e  Corporation 

has i n s t a l l e d  a Wet Gravity Upyrading Plant  and a M e t  Magnetic 
Separation Plant  t o  increase t h e  production of ilrnenite and non 

magnetic t a i l i n g s .  The Wet Gravity Upgrading Plant  is t o  upgrade the  

heavy mineral content t o  95 per  cen t  which w i l l  f a c i l i t a t e  easy 
separation subsequently. The Wet Magnetic Separation Plant  wi 11 

separate  t ne  i lmeni te  and t h e  non magnetic t a i l i n g s .  The l a t t e r  is 
the  feed stock f o r  t h e  Hutile-Zircon Plant  which produces r u t i l e ,  
zircon and rtmnazite. Unless t h e  quant i ty  o t  j lmenite produced is 

increased t h e  amount of non magnetic t a i l i n g s  ava i lab le  w i l l  not be 

s u f f i c i e n t  t o  feed t h e  Rutile-Zircon Plant  t o  maintain maxinlum 
production. 

.t 

Rutile 

97.35 

0.50 
- 
0.91 

1.07 
- 
- 
7 

-- 
- .  

99,83 

1 

, 

1. 

Ilmenite 

52.53 

25.20 
17.55 

1.42 

- 1.20 
0.98 

0.11 

0.04 
0.68 

99.71 

Constituents 

Ti02 

Fe203 
FeO 

zm2 
Si02 

A1203 

Cr203 

'2'5 
MnO 

Total 

Ilmenite 

51.21 

23.99 ' 

20.73 
- 
-- 
- 
-- 

I - 
- 

98.93 

Hut ile ' 
I 

97.53 

0.84 
- 
0.82 

0.61 
- 
- 
- 
- 

I 

99.80 
I 



T m L E  XXI 

PRODUCTION OF ILMENITE PSJD RUTILE - PULE-IODDAI PLANT 

PERIOD IUlENITE ( TONS ) RUTILE (TOPIS: 

1972-1983 f i g u r e s  f o r  calender  year  
1964-1371 f i g u r e s  f o r  f i n a n c i a l  year  (October t o  September) 

C = l q i c a l  Survey Department, Colonnbo 2 

The capac i ty  of t he  new corrL31ex would be t o  use around 220,000 t o n s  

per  annum of rayq sand t o  produce 150,000 t 3ns  i lmeni te  and 60,OOQ 

tons  of upgraded non magnetic t a i l i n g s .  Th is  w i l l  f a c i l i t a t e  t h e  
working of t h e  R u t i l e Z i r c o n  Plank t o  f u l l  capacLty. The increased 

production of i lmeni te  may even tua l ly  r e s u l t  i n  t h e  production of 

syn the t i c  r u t i l e  and t i t an ium pigment. The Corporation has  p l ans  f o r  
e s t ab l i sh ing  such a p l a n t  a f t e r  a techno-economic f e a s i b i l i t y  s tudy 

on t h e  p r o j e c t  is completed. 

A t  p resen t  no t i t an ium based i n d u s t r i e s  have been es tab l i shed  i n  Sri  

Lanka. S tud i e s  on t h e  f e a s i b i l i t y  of i n d u s t r i e s  which could be set 
up i n  t h e  i s l and  based on t h e s e  mineral  raw ma te r i a l s  should 
t he r e fo r e  be given high p r i o r i t y  so t h a t  t h e  c c m t r y  would ob t a in  

t h e  maximum b e n e f i t s  from e x p l o i t a t i a n  s f  t he se  mineral  resources.  



The use of t i tanium metal is l i k e l y  t o  expand due t o  its l i g h t  
weight and corrosion r e s i s t a n t  p roper t ies ,  I h e n i t e  present ly  is the  

2 ine ra l  source of near ly  85 per  cen t  of world t i tanium requirements. 
kesources of r u t i l e  i~owever a r e  l imi ted  although t h e  demand f o r  
r u t i l e  and t i tanium p r d u c t s  a r e  increasing a t  a much f a s t e r  r a t e  
than f o r  i lmenite.  This has l ed  t o  considerable research on 
developing methods t o  up-grade i lmeni te  (52 per cen t  TiO,) t o  

L 

synthe t ic  r u t i l e  (near ly  96 pe r  cen t  T i02 ) .  The main use of r u t i l e  

over t h e  years  is as a coating f o r  w2lding rods and more recently a s  
t h e  source rnaterial  f o r  t he  manufacture of t i tanium pigments by the 
ch lor ide  process. Titanium minerals a r e  mainly used i n  t h e  

manufacture of t i tanium pigment and metal. The l a r g e s t  ~ a r k e t  f o r  
t i tanium dioxide pigment is f o r  use i n  sur face  coat ings  where it 
imparts whiteness, opaci ty  and br ightness  t o  p a i n t s  and it is a l s c  
used i n  varnishes  and laccluers. Titanium pigment is widely used i n  

paper coa t ings  and f i l l e r s  and i n  t h e  p l a s t i c s  industry. Titanium 
pigments and compounds a r e  used i n  a wide var ie ty  of miscellaneous 
appl ica t ions  including rubber t y re s ,  f l o o r  coverings, ink, porcelain  
enamels, wal l  coverings, upholstery ma te r i a l ,  a r t i f i c i a l  leather ,  
o i l  c lo th ,  coated f a b r i c s  and roof coatings. 

E3AUXITE AND t3I'J-BFUXITIC CLAYS 

Aluminium metal and a l loys  a r e  used i n  many products. Aluminium ores  
are-composed p r inc ipa l ly  of t h e  aluminium oxide minerals, g ibbs i t e  

( tr ihyilrate- A1203,3H20) and t h e  monohydrates boehmite and diaspore. 
These mater ia l s  a r e  commonly re fe r red  t o  a s  bauxites.  True bauxite 
rnaterial has s o  f a r  not k e n  observed i n  S r i  Lanka. Alternat ive 
sources of alum'.nium, for: example non-bauxitic c l ays  (kaol in  type 

c l ays )  a i e  widespread i n  most count r ies  and the  metal may i r l  the  
near f u t u r e  be produced from such mater ia l ,  

E3iluxltes contain  about 50 - -  55 per  cen t  A1203 ( f i e e  aluminia),  a 
small percentage of s i l i c a  (around 3 per cen t )  and varying amounts 
of i ron  oxide. The reac t ive  s i l i c a  and t i tanium impuri t ies  must be 

a s  low a s  poss ib le  s o  a s  not t o  i n t e r f  e r e  with ref ining processes. 
Bauxites r e s u l t  from t h e  decay and weathering of alumina k a r i n y  



rocks, e spec i a l l y  i n  trcpical o r  sub-tropical climates where 
weathering processes a r e  intense.  These processes give rise t o  
hydrated aluminium oxides by t h e  so lu t i on  and removal from t h e  rock 
of cons t i tuen ts  such as soda, potash, lime, magnesia and silica, 
leaving behind A l ,  Fe and T i  oxides and hydroxides (laterites). 
Leaching of silica is t h e  most important f ac to r  during t h e  
t r a n s i t i o n  from laterite t o  bauxite. The mobili ty of silica depends 
on t h e  va r i a t i on  of pII, t h e  so lub le  oxygen content of water, its 
teriperature regime, t h e  reac t ions  of micrmrganisms  promoting t h e  
chemical weathering of t h e  rock sur face  and most of a l l  time i t s e l f  
which is a very important geological  f ac to r .  The longer t h i s  
complicated process l a s t s ,  t h e  more s i l i c a  is ab l e  t o  go i n t o  
so lu t ion  and t o  disappear from t h e  complex r e su l t i ng  i n  t h e  
f orrnation of bauxite. 

Included i n  t h e  Pleis tocene depos i t s  of t h e  i s land  are t h e  red 
e a r t h s  and grave ls  confined mainly t o  t h e  north-west and t h e  
l a t e r i t e  depos i t s  which a r e  w e l l  developed i n  t h e  south-west sector 
of t h  is land.  The red e a r t h s  a r e  o l d  s o i l s  with a f l a t  t o  undulating 
topography; they a r e  higllly sandy s o i l s  (over 95 per  cen t  qua r t z ) ,  
br ick red i n  colour and occur t o  considerable depths with a d i s t i n c t  
lack of horizon d i f f e r e n t i a t i o n  over t h e  Miocene limestone deposts. 
T e s t s  reveal  t h a t  these  red e a r t h s  could be used a s  moulding sands. 
L a t e r i t e s  a r e  extensively  used f o r  bui lding ( i n  t h e  form of hand-Cut 
b r i cks ) .  The majori ty of t h e  a l l u v i a l  c l a y  depos i t s  contain  varying 
amounts of l a t e r i t i c  mater ia l .  The warm cl imate  and abundant 
r a i n f a l l  a l t e rna t ing  with dry periods, a r e  geological ly  favourable 
t o  t h e  development of laterite and l a t e r i t i c  s o i l s .  The t h i ckes t  
l a t e r i t e  formations mainly found i n  the Vet Zone are p a r t i c u l a r l y  i n  
t h e  s t r e t c h  between Necjombo and Kalutara. Laterite is not developed 
i n  t h e  Dry Zone. 

The l a t e r i t e s  ove r l i e  a va r i e ty  of rock types  and a r e  l a rge ly  
developed i n  s i t u .  I n  addi t ion  t h e r e  are secondary* l a t e r i t e s  but 
t h e i r  recognit ion is d i f f i c u l t  unless  good sec t i ons  are ava i lab le  
from sur face  t o  bed-rock. However, some of t h e  evidence ava i lab le  
such a s  rounded quar tz  pebbles underlying a layer  of l a t e r i t e  
i nd i ca t e s  a secondary o r ig in .  I n  t h e  south-west lowlands,. laterites 



appear to have been more extensively distributed in former 
geological periods than in the present day. Absolute certainty as to 
the identify of the rock which has given rlse to a particular 
laterite deposit is not always possible as outcrops of iock may be 

rare. Moreover the Pre-Cambrian cowlex is conpsed of a variety of 
rock t p s  which show considerable variation both along and across 

the strike, and thus makes the problem even more difficult. 

The laterites and lateritic soils of the island are classified into 

three broad groups (Fig.19) on the basis of differential thermal 

curves as follows (Herath, 1963): 
1. Massive highly ferruginous laterites rich enough in iron 

hydroxide (mainly goethite) to constitute LOF grade iron 

ore. 
2. Laterites slit11 a vesicular appearance alid widely used as 

a bui ltling material (gi bbsite-kaolinite, or gibbsite 

and/or goethite-kaolinite mixtures). 
3. Lateritic red earths - relatively rich in gibbsite 

together with geothite and kaolinite. Soils mainly 
associated with the intermedite slopes and the highlands. 

The typical laterite is usually separated from its parent rock by a 
considerable thi ckrless of intermediate decomposi tion products. The 
laterite layer may vary in thickness from a few netres to 12 metres 
or more. The lower beds are soft lithomarge-like material whilst the 

upper layers are harder and cornpack and suitable for use as building 
material. In the uppermost layers iron oxides get segregated to form 

surface ferruginous crusts. Some lower zones may show pockets of 
ferruginous material in the kaolinite layers. The laterite layer is 
usually found close to the surface, but in some areas the laterite 

may be buried under varying thickness of later sediments that 
co~lceal the lateri ti zatiorl surf ace. The skeleton of the cel lular 
laterite is composed of quartz grains, iron and kaolin whi'~st the 
cavities are filled up with clayey matter and quartz, In the 
topmost layer the ferrugi~lous material breaks down to form mdules 
of limonite. Sometimes this fragmental material moves docm slope and 
in its new surroundings may overlie fresh rock, clay or other soil 
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Figure 19. D.T.A. Curves for Lateritic Material 



materials. Variations from'the typical la te r i te  profile have been 
observed. The hard l a t e r i t e  layer is normally absent in  low lyirig 
areas, while sometimes the soft  l a t e r i t e  layer is also missing. In 
certain parts the sof t  l a t e r i t i c  material has been almost entirely 
converted into kaolinite (See Fig.20).  Where the hard la te r i te  layer 

is used as  a building material the over-burden is f i r s t  stripped and 
the l a t e r i t e  is cut into bloc!<s by hand. Although many houses, 
especially i n  the south-west sector of t i e  island, are recorded as 

built of 'stone' the material used was largely la ter i te .  I t  is also 
fair ly  certain that many houses recorded i n  the recent census as 
'brick' are in  fact  of l a t e r i t e  (unburnt l a t e r i t i c  blocks). 
Lateritic material is also used for colour washing buildings 
(q~ec ia l ly  the yellow ochres locally n.?rned ' samara ) . The porous 
nature of la te r i tes  is a highly favourable fec+.or for recharge of 

ground water. The lithomrgic clay k l . 0 ~ ~  the la te r i te  acts as an 
impervious stratum and helps in building up the groundwater storage 
capcity of t i e  lateri tes.  It is observed that the la te r i tes  of Sri 
Lanka including the ferruginous varieties are not of any great 
commercial importance. 
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World production of Bauxite is i n  t h e  region of 80 mi l l i on  tons. The 
main producing count r ies  were Guinea, Jamaica, Wwtra l ia ,  Surinam 

Guyana and U.S.S.R, The J ~ m i c a n  bauxi tes  a r e  composed of b t . h  

t r i hyd ra t e  and monohydrate minerals and contain  50 p r  cen t  A1203, 1 
t o  2 pe r  cen t  silica and upto 30 per cen t  i r o n  oxide, while t h e  

Surinam depos i t s  are conposed mainly of g i b b s i t e  and contain over 50 
per  cen t  A1203, up t o  15 pe r  cen t  silica and 5 t o  15 per cen t  i r on  
oxide. 'Production of bauxi te  from Weipa and J a r r a M a l e  (Aus t ra l ia )  
was i n  t h e  region of 27 mi l l ion  tons  (1982), and Austra l ian reserves  
which are now known t o  be i n  t h e  region of 4,500 mi l l ion  t ons  a i e  
t h e  l a r g e s t  of any couqtry i n  t h e  world. Alumina (A1203) is the 
intermediate product between t h e  na tu ra l l y  occurring o re  , bauxite,  

and t h e  metal aluminium. Over 90 pe r  cen t  of t h e  world production of 
alumina is used t o  make t h e  metal, while t h e  balance is us& a s  an 

abrasive and refractory.  Production of alumina involves a complex 

chemical process  requir ing l a r g e  s c a l e  p l a n t s  and heavy investment, 
and p r a c t i c a l l y  a l l  t h e  alumina t h a t  is proauced is made y the  
Bayer process o r  modifications of it, 'The conversion of t h e  alumina 

t o  t h e  metal aluminium is hy t h e  Hal l  process,  where t h e  alumina is 
reduced t o  t h e  metal e l e c t r o l y t i c a l l y .  This requires  enormous 
amounts of power. Cheap potter is th re fo re ,  of t h e  utmost importance 

and a key c r i t e r i o n  i n  determining t h e  f e a s i b i l i t y  of es tab l i sh ing  
an aluminium industry-  These a r e  t h e  reasons why t h e  prsductiors of 
aluminium t akes  p l ace  largely  i r  count r ies  very d i s t a n t  from t h e  
source of t h e  ore.  World aluminium production i n  1982 was ahgut 17 
n ~ i l l i o n  tons. 

Although l a t e r i t e s  a r e  extensively  developed i n  t h e  south-west 
s ec to r  of t h e  Is land they do not approach bauxite i n  composition. 

They a r e  mainly ferru.ginous P a t e r i t e s  containing up t o  about 10 per  
cen t  f r e e  M203 which occurs a s  t h e  mineral g i b b s i t e  (A1203.3H20). 
Table X X I I  shows t h e  chemical composition of some l a t e r i t e s  from S r i  
Lanka. They a r e  mainly k a o l i n i t i c  c lay  mater ia l s  with a m a l l  
percentage of g i b b s i t e  (less than 15 per c e n t ) ,  considerable amounts 
of geo th i t e  (Fe203.B20) and appreciable  q u a n t i t i e s  of s i l i c a .  Dry 

Zone iateritic mater ia l  is devoid of g ibbs i t e ,  they a r e  ferruginous 
l a t e r i t e s .  





W - EARTH EZEYENTS 

The rare-earth elements c~ ;np r i s e  a series of 15 c lo se ly  a l l i e d  
elements from atomic number 57 t o  71. This group of elements has 
k e n  nar~~ed rare-earths because they were ccnsidered t o  be scarce 
although it is now r ea l i s ed  t h t  t h i s  group of elements a s  a whole is 

a c t u a l l y  more abundant than many better known and commonly ava i lab le  
-elements. Analyses of rare-ear th  o res ,  metals  and conpounds are 
usual ly  reported i n  t e x m s  of L rare-earth oxide, f requent ly  
abbreviated t o  RM). 

Monazite is t h e  p r i n c i p a l  mineral source of t h e  rare-earth elements 
found i n  S r i  Lanka. A l l an i t e  has  a l s o  been observed i n  c e r t a i n  
places. The mineral monazite is recovered a s  a by-product i n  t h e  
mining of beach mineral sands f o r  t h e  recovery of i lmenite,  r u t i l e  
and zircon. The composition of monazite from S r i  Lanka is presented 
i n  Table X I I .  The pecentage of contained RE0 i n  t h e  monazite, 
(cerium, lanthaniurn and y t t r ium oxides)  is normally around 55 per  
cen t .  The Pulmoddai beach sands 02 t h e  Is land con ta in  up t o  0.3 per  
c en t  monazite, and approximately 500 tons  of monazite per  annum 
could be processed from t h e  220,000 t ons  of raw beach sands mined t o  
rocover i lmenite.  Monazite concentra tes  occur a l s o  a t  o ther  p l ace s  
i n  t h e  i s land .  A minor depos i t  of a l l a n i t e  o c c l ~ r s  a t  O w e l l a  Es t a t e  
(Matale) and t h e  material con ta ins  15  t o  2G per  cen t  rare-earth 
elements. The chemical analyses  of t h i s  a l l a n i t e  is shown i n  Table 
fYXIII . 
One of t h e  major uses  of t h e  r a r e  e a r t h s  is i n  t h e  manufacture of 
n i sch  metal f o r  t h e  production of l i g h t e r  f l i n t s  and welding gas  

i gn i t e r s .  Cerium and mixed rare-earth oxides a r e  used i n  t h e  

pol ishing of var ious  types  of g l a s s ,  i n  t h e  g l a s s  and ceramic 
industry  and i n  t h e  t e l e v i s i o n  i ~ d u s t r y .  

Monazite and b s t n a e s i t e  a r e  t h e  t w c  p r i n c i p a l  sources of rare-earth 
elements and t h e  count r ies  with zppi-eciable reserves  are those  where 
beach minerai  sands x c u z .  Bas tnaes i te  a fluo-carbonate mineral  

con ta ins  up t o  75 per  cen t  RM> 3nd is mined i n  t h e  U.S.A. count r ies  
producing REX) i n  concentra te  include t h e  LJ-S.S.R., India,  Aus t ra l i a  

and Brazi l .  



TABLE XXIII 

CHEMICAL ANALYSES OF ALLANITE - S R I  M A  

Ceolcqical Survey Department 

ZIRCON AND WBELEYITE 

The p r inc ipa l  source of . the  element zirconium is zircon. Tim 

zirconium minerals, z i rcon (ZrSi04) and baddeleyite ( Z r 0 2 )  a r e  
marketed corranercially. However, z i rcon is by f a r  t he  more important 
mineral. Zircon is recovered from beach mineral sands l i k e  ilmenite, 
r u t i l e  and ~ o n a z i t e .  I n  S r i  Lanka zi rcon is a widely distributed 
mineral i n  t he  igneous rocks. It is an o r i g i n a l  const i tuent  of some 



gran i t e s  and occurs i n  massive form i n  some pegmatites. The best 
known l o c a l i t i e s  f o r  z i rcon g r a n i t e s  a r e  Massena Es ta te  near 
Halangoda,and Loluwa near Mirigama. The mineral is a l s o  a notable 
const i tuent  i n  t he  heavy residues l e f t  a f t e r  washing of gem grave ls  
i n  various p a r t s  of t he  is land.  The primary deposi ts  of zircon a r e  
of no commercial irportance.  The i s land  is, however/, r i ch  i n  beach 
mineral sands, and zi rcon is obtained a s  a by-product i n  t he  
treatment of these sands f o r  t he  recovery of i lmenite and r u t i l e .  
Although zircon is not produced i n  l a rge  quan t i t i e s  a t  present ,  
about 8,000 tons  of zircon per  annurn is obtained from the  Pulmoddai 

beach mineral sands. Baddeleyite has been recorded from the  heavy 
mineral sand concentrates formed seasonally off  t he  coast  a t  
Polkotuwa a s  a minor cons t i tuen t  of t h e  monazite-rich sands, and a 
few tons of t he  mineral were produced i n  t h e  processing of t h e s e  

sands f o r  t h e  recovery of monazite by the  Geological Survey 
Departmert, Table XXN is presented t o  show t h e  chemical analyses of 

zircon f ron S r i  Lanka. 

TABLE XXIV 

CHEMICAL ANALYSES OF ZIRCOi'J - SRI LANKA 

Geolocjical s u r v e y  Department 

Colombo 2. 

, 

C o n s t i t u e n t s  

S i 0 2  I 

z*2 
I 

Fe203 
Ti02  

=O2 

A1203 

'2'5 

T o t a l  

China Bay 
I ( C o n c e n t r a t e )  
I I 

32.49 I 

66.40 

0.18 I 

0.73  
0.17 I 

0.08 1 

0.02 1 

I 

J O O .  07 

China Hay 
( C o n c e n t r a t e )  

32 .41  I 

66.43 

0.16 

0 .61  I 

0.20 I 

0.06 

0.02 

99.89 
I 

' Induruwa (M.P.S. 
'Concen t r a t e )  

32.27 
66.12 

0.41 

0.68 
0.11 

0.15 
- 

99.74 



Zircon is mainly used f o r  f a c i n g s  on foundry riloulds and f o r  
r e f r a c t o r y  b r l zks .  The oxide  is used as an  o p a c i f i e r  and a pigment 
i n  enamels and g l a z e s  i n  t h e  mansfacture of c e r a r % ~ i c  products .  
Zirconium metal  is of i n d u s t r i a l  importance i~ chemical p r o c e s s i r q  
eyu!.prllent, Zirconium cornpounds a r e  a l s o  widely used i 1 7  i ndus t ry  and 

they are prepared  from zirconium oxide ,  

Althouyll h i s t o r i c a l  records  of t h e  I s l a r d  rnention t h e  presence  i n  
S r i  Lanka of a number of minera l s  which a r e  l i s t e d  i n  t h e  non 
f e r r o u s  minera l  group, no economic d e p o s i t s  hrve so far beer 
discovered except  f o r  t h e  presence  of a coppei d e p o s i t  a Seruwila 
which IS a s s o c i a t e d  wi th  magneti te .  The majo r i ty  of  dolomites i n  S r i  
Lanka a r e  do lomi t i c  o r  rnagneslurn l imestones  con ta in ing  a smaller 
percentage of MgO than t h e  t h e o r e t i c a l  7J .7  pe r  c e n t  found i n  t h e  
dolomite ,  Rocks approaching t h e  composition of t r u e  dolomites are, 
hoc~ever, p r e s e n t  i n  a number of l o c a l i t i e s  w l t h i n  t h e  Highland 
S e r i e s .  Only a s i n g l e  d e p o s i t  of magnesite has  been observed and t h s  
1s of no economic value ,  The k a c h  sands cf t h e  i s l a n d  a r e  rSch i n  
ilnmite, rlltile, z i r con ,  monazite,  g a r n e t  and mzny o t h e r  minerals .  
Pulmoddai k a c h  sands a r e  cons idered  t o  be one of t h e  r i c h e s t  
d e p o s i t s  of t h e  world and t h e  sands  c o n t a i n  over 70 p e r  c e n t  of t h e  

less expensive minera l  i lmeni te .  The Mineral Sands Corporat ion which 
expor t s  k a c h  minera l  sands has now cor;rpleted an  expansion programme 

which w i l l  enab le  t h e  groces ing of 220,000 t o n s  o r  raw sands  pe r  

annurn t o  produce 150,000 t o n s  of i l m e n i t e  and 60,000 t o n s  of non 
magnetic t a i l i n g s .  The product ion  of s y n t h e t i c  r u t i l e  and t i t a n i u m  

pigment a r e  a r e a s  i n  which t h e  Corporat ion has shown i n t e r e s t .  Sr i  

Lanka is devoid of bauxi te .  The country  is, however, r i c h  i n  high 
alumina c l a y s  used i n  t h e  r e f r a c t o r i e s  indus t ry .  kiterites a r e  of no 

c m e r c i a l  va lue  except  f o r  bu i ld ing  purposes. Flonazite is t h e  
p r i n c i p a l  source  of t h e  rare-ear th  elements found i n  t h e  country.  
A l l a n i t e  is a l s o  p resen t .  The Pulnoddai p l a n t  is capable  of 
producing about  500 t o n s  of monazite p e r  annurn. Zircon is another  

i m p r t a n t  minera l  recovered from t h e  Pulmoddai sands. 



CHAPTER 7 

NON IVIETALLIC MINERAL WSOURCES 

S r i  Lanka is f a i r l y  r i c h  i n  t h e  non m e t a l l i c  group of minera ls  
These minera ls  range from bulk c o m o d i t i e s  as sand, g i a v e l  and 
s tone ,  down t o  t h e  p r e c i o u s  gem s t o n e s  which are measured i n  c a r a t s .  

The demand f o r  tllis group cf minera l s  i.1 S r i  Lanka has incressed 
rap id ly  over t h e  y e a r s  due t a  an  e f f o r t  made t o  broaden t h e  base. of 

t h e  econorny by e s t a b l i s h i n g  manufacturing indus t r i e s . .  The p r ~ n c i p a l  
rlorl m e t a l l i c  mlnera l s  t h a t  occur i n  t h e  i s l a d  are graph i t e ,  mica, 
i n d u s t r i a l  c l a y s ,  s i l i c a ,  f e l s p a r ,  g a r n e t ,  l imestone,  a p a t ~  te, 
gemstone, c o r d i e r i t e ,  s i l l i m a n i t e  and w o l i a s t o n i t e ,  and sand, g rave l  

and storle. S a l t  is a l s o  produced on a l a r g e  scale by evaporat ing s e a  
b r l w s .  

Graphi te  is one of t h e  n a t u r a l l y  occur r ing  c r y s t a l l i n e  forms of 
carbon. Its ch ie f  c h a r a c t e r i s t i @ s  are its black colour ,  metallic 

luskre ,  extreme s o f t n e s s ,  high conduc t iv i ty  of h e a t  and e l e c t r i c i t y ,  
high r e f r a c t o r i n e s s  and chemical i n e r t n e s s .  

The mining of g r a p h i t e  i n  S r i  Lanka and its expor t  have continued 

s i n c e  1821, and i n  t h e  e a r l y  days t h e  country  en-joyed a v i r t u a l  
monopoly i n '  t h e  world markets.  The g r a p h i t e  mining i n d u s t r y  is one 
of t h e  o l d e s t  minera l  i n d u s t r i e s  of t h e  i s l a n d .  The h ighes t  expor t s  

of g r a p h i t e  have been i n  t h e  war y e a r s ,  f o r  example 33,410 t o n s  i n  
1916 and 27,734 t o n s  i n  1942. Table  XXV is presen ted  t o  show t h e  

expor t s  of  g r a p h i t e  dur ing  10 yea r  p e r i o d s  from 1830 and t h e  annual 

exports f o r  t h e  past 4 yea r s .  



TABLE XXV 

FXPOHTS OF GRAPHITE FROM SRI LANKA 

YERIOC QUlAB'I'ITY ( tons  ) 

1830-1839 1629 

1840-1849 4384 
1850-1859 9543 

1860-1869 40422 

1870-1879 62027 
1880-1883 127859 

1890-1899 230589 

1900-1909 273538 
1910-1919 237289 

1920-1929 111740 

After  Casinadar (-9741, Heiat5 
Elineral ikvelopment Corporation 

1980 

1981 
1982 

1983 

(1980),  and t h e  

67 59 

4671 
3196 

4873 

S t a t e  Mining and 

IJp t o  a b u t  t h e  e a r l y  1870's  g r aph i t e  was recogpized as one of t he  
minor export  i n d u s t r i e s  of t h e  is lqnd.  There was a g r e a t  demand f o r  

q u a l i t y  S r i  Lanka gra~\! te  p a r t i c u l a r l y  by t h e  c ruc ib l e  indust ry  

which was rap id ly  emerging i n  Great  B r i t a i n  and t h e  U.S.A. The 
per iod 1870 t o  1919 may ha charac te r i sed  as one of g r e a t  a c t i v i t y  

f o r  t h e  g raph i te  indus t ry  of S r i  Larka (Casinadar 1974). This was 
t h e  per iod t h a t  witnessed t h e  opening up of near ly  3000 g r aph i t e  
p i t s  and mines i n  t h e  south-western qua r t e r  of t h e  is land.  A survey 

c a r r i e d  out  by t h e  Geological Survey Department i n  1974-1975 i n  t h e  

Meegahatenna area revealed t h e  presence of near ly  108 abandoned 
mines wi th in  t h e  a r ea  covered by t h e  survey,  These n ine s  had been 

worked from t h e  year 1870 onwards, and TO mines rcere s a i d  t o  be over 

70 metres i n  depth, with t h e  deepest  being 250 metres. The growth of 
t h e  g r aph i t e  indus t ry  during t h i s  per lod was st imulated by t h e  

expansion of t h e  steel indus t ry  i n  t h e  i n d u s t r i a l i z e d  countr ies .  

From about 1920 t o  t h e  present  day, except f o r  a boo~i~ per iod during 
t h e  war vears ,  t h e  g r aph i t e  indus t ry  s l ipped  s t e a d i l y  down from the  

p o s i t i o n  of being one cf t h e  major expor t s  of S r i  Lanka, and only 

those  mines t h a t  were r j c h  i n  high qrade g r aph i t e  depos i t s  and 
competently mnaged continued mining and t r ad ing  a c t i v i t y .  



Graphite occurs i n  t h e  i s land  i n  veins,  pegmatites and disseminated 
f lakes  i n  t h e  country rocks. The vein type graphi te  i s  mainly 
confined t o  f r a c t u r e  o r  j o in t  systems i n  t he  folded metasedimentary 
rocks. Only the vein type deposi ts  a r e  exploited. The reserves of 

g raphi te  i n  t h e  islarld a r e  estimated t o  be very large,  but due t o  
t he  nature  of t he  depos i t s  (vein type), i t  is not possible  t o  

es t imate  t he  q u a n t i t i e s  available.  The veins normally follow a 
s t ruc tu ra l  pa t te rn ,  arld rnajor veins  tend t o  follow one o r  two 
di rections.  East-west trending graphi te  veins a r e  cormon with 
off  -shoots f ollowirlg t h e  j o in t s  ancl minor f r ac tu re s  i n  the  
surrourlding rocks. The graphi te  deposi ts  of t h e  islarld a r e  mainly 
concentrated i n  a n t i c l i n a l  s t ruc tu re s  general ly  trending i n  a 
north-south d i r e c t  ion. The best know1 a reas  of graphi te  occurrence 

(see Fig.21) i n  t he  various provinces a r e  a s  follows: 
\Jestern Province - Botale, Kaluaggala, Kuligedara, Welihinda, 
Ilakkanigda, Ellalamulla,  Karasnagala, Migala, Panaluwa .and  
ilatareka, Botalawa, MeeyallaLanna and Pelawatte. 
Sabaragamuwa Province - Kukulegama, Dellgoda, bleddagala, DUrnbara, 

Karandana, Kolonnana, Wijeri ya, Werahera, Arukgacnnana (Bogala) , 
Bolagariia, Bopitiya, Indurarla, Niwatuwa, Pussel la ,  Siyanhalapit iya,  
Siyamhlawela(Rangala). 

Southern Province - Ratapola, mqecjma, riranagama, Magala, 
Karandeniya, Uragalla, Kottawa, Hirlidurna , Panangal a, Deni yaya, 
Kolawenigama, Idandukita, Darani t iara  and Hillageainna. 
North - Western Province - Ragedara, Mipitiya, Maduragoda 
(Kahatagalia - Kolongaha) and Naramana. 
Central Province - W l a p i h i l l a ,  Kahatagahatenna 
North Central Province - Kebitigoliakla 

The S t a t e  Graphite Corporation was es tabl ished i n  1971 and i c  took 
over t h e  running of t h e  graphi te  intlustry. The (:orporation waz 
re-nmed t h e  S t s t e  Min_ng and Mineral Developmrlt Corporation 
(SMI1DC) i n  1975. A t  present t h e  Corporation operates  two main mines, 
Bogala and Kahatagaha . Kolongaha. 

With t h e  vesting of mineral r i g h t s  i n  t he  S t a t e  under t h e  provisions 
of t h e  Mines and Minerais Law which came i n t o  e f f e c t  i n  1973, a 

lateral expansion prcgrarme a: hi gher liorizons i n  each of k11e th ree  
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Figure 21. Graphite Occurrences in Sri Lanka 



operating mines,met wlth success a s  graphi te  deposi ts  of economic 
widths were intersected.  Shortly a f t e r  na t iona l i sa t ion  t h e  Kolongaha 
and Kahatagaha mines which a r e  s i t ua t ed  c lo se  t o  each other  have 
been connected underground. This has considerably improved the  
ven t i l a t i on  of t h e  two mines. The ra t iona l iza t ion  of haulage 
together with improvements i n  mining techniques have fu r the r  
resul ted i n  an improved working environment f o r  the  miner 
underground. E l e c t r i f i c a t i o n  of t h e  mines has been complet-ed. The 

Walakatahena workings (an abandoned mine) located between Kahatagaha 

and Kolongaha has been brought t o  operat ion once again. In  t he  
Kahatagaha - Kolongaha a rea  graphi te  is associated with pegmatites. 

When t h e  graphi te  veins a r e  i n  c lo se  proximity t o  t h e  pegmatites, 
the  host  rock iden t i f i ed  a s  garnet-biot i te  yneisses, shows 
a l t e r a t i o n  t o  c a l c  granul i te .  An a l t e r a t i o n  of t h i s  nature is not 
apparent when t h e  pecjmatites and graphi te  veins a r e  f a r  apar t  

( W i  jayanand? and Jayawardane 1983 ) . These veirls show a consis tent  
s t r u c t u r a l  conformity along t h e  jo in t -d ip  planes and t h i s  
re la t ionship has been developed a s  an e f f e c t i v e  t o o l  i n  exploration 
f o r  productive graphi te  veins  i n  S r i  Lanka. 

The main graphi te  mineralization i n  t h e  Kahatagaha-Kolongaha a rea  is 
confined t o  a dome with an a x i a l  t rend  t h a t  runs north-south 
(See Fig. 22). The mineralization occurs mainly a t  t he  cen t re  of t he  
dame which is composed of garnet-biot i te  gneisses  with occasional 

charnockitic r o c k s .  

The Rangala graphi te  deposi t  was discovered by the  Geological Survey 

Department a t  Siyambalawela i n  t h e  neighbourhood of Bogala. The 
SEIMDC c o m n c e d  i n i t i a l  exploration work t o  determine the  ex ten t  of 

graphi te  mineralization a t  Rangala with a view t o  developing it i n t o  
a working mine. Exploration operat ions  i n  t he  abandoned mine a t  
Ragedera (iilelsiripura) has a l s o  being undertaken by t h e  Corporation. 

The Ragedara graphi te  is known t o  assay almost 100 per cen t  carbon 

and is unicpe £0; its purity, .and it could undoubtedly be used i n  a 
nwhr of industr ies .  Other promising a reas  invest igated by the  
p a l o g i c a l  Survey Departnent and tkz  SMMDC include Meegahatenne and 

Ilumbara i n  t h e  Sabaragamub~a Province. The Meegah?.tenne a rea  could be 
classed a s  t h e  r i ches t  g raphi te  bearinq groand i n  S r i  .Lanka. No 



1;;. 1 & i t  i t r  11 Hornblende b i o t  i t ?  
granul i t ic  gneiss g n e i s s  

Figure 22 .  Geology of the Country ai-ound Kahatagaha - Kolongaha Mines 



working mines were observed dur ing recen t  i n v e s t i g a t i o n s  i n  t h e  
Eleegahatenne a r e a  which is noted f o r  its f l a k e  g r a p h l t e  

The o r i g i n  of t h e  vein-type g r a p h i t e  has  k e n  t h e  s u b j e c t  of much 
de5ste and is one which is unresolved. Recent -researches favour an  

o rgan ic  o r i g i n  f o r  g r a p h i t e  (Dissanayake, 1981).  Graphi te  mined i n  
S r i  Lanka from v e i n  type  d e p o s i t s  is g e n e r a l l y  high i n  carbon 
content ,  (over  90 p e r  c e n t  carbon) .  The g r a p h i t e  is c l a s s i f i e d  l n t o  
a number of g rades  f o r  expor t  purposes,  depending on p a r t i c l e  s i z e  

( l u r p ,  c h i p  and d u s t ) ,  carbon con ten t  and s t r u c t u r e  ( b r i g h t  l a r g e  
lump-RLL, hard l a r g e  lump-HLL, and s l a t y ) .  G ~ a d e s  over 95 p e ~  cen t  

carbon a r e  common. A l l  g r a p h i t e  m a t e r i a l  is crystalline and t3e term 
'an~orphous' g r a p h i t e  is ~ o r m a l l y  used f o r  mic roc rys ta l l i r l e  va rLe t i e s  
of g raph i t e .  C r y s t a l l i n e  f l a k e  g r a p h i t e  i s  g r a p h i t e  wkiicn occurs  
disseminated throuqhout its con ta in ing  rock, and t h e  Malagasy 

Republic widely e x p l o i t s  t h i s  t y p e  of m a t e r i a l .  Alt i~ough t h e  i s l a n d  
has  some of t k  c ~ o r l d ' s  b e s t  g r a p h i t e  deposc t s  wi th  high carbon 

contents ,  g r a p h i t e  based i n d u s t r i e s  have s o  f a r  not  been e s t a b l i s h e d  

except  f o r  t h e  p e n c i l  indus t ry  which uses  n e g l i g i b l e  q u a n t i t i e s  aF 

g r a p h i t e  and t h e  c o t t a g e  c r u c i b l e  i n d u s t r y  which produces a l i m i t e d  
number of g r a p h i t e  c r u c i b l e s .  There is t h e r e f o r e  p l e n t y  of 

o p p o r t u n i t i e s  f o r  t h e  f u r t h e r  development of g r a p h i t e  mines i n  S r i  
Lanka and f o r  t h e  es tabl i shment  of g r a p h i t e  based i n d u s t r i e s  i n  che 

country . 

Higher g rades  of g r a p h i t e  a r e  used f o r  c r u c i b l e s  and. l u b r i c a n t s  and 

d u s t  grades  a r e  used f o r  foundry f a c i n g s  and po l i shes .  Graphi te  Ls 

used i n  dry cells, as a r e f r a c t o r y  m a t e r i a l  i n  steel maki-ng ( t o  
i n c r e a s e  t h e  carbon c o n t e n t ) ,  i n  electrical work and i n  a v a r i e t y  of 
o the r  i n d u s t r i e s ,  S u b s t a n t i a l  q u a n t i t i e s  of g r a p h i t e  are a l s o  used 

i n  atomic r e a c t o r s  as a moderator b u t  on ly  s y n t h e t i c  material is 
used f o r  t h i s  purpose a t  p resen t .  If t h e  n a t u r a l  g r a p h i t e  can  be 

p u r i f i e d  t o  t h e  r i g i d  s t andards  r equ i red  f o r  t h i s  p a r t i c u l a r  use,  Zt 

could c r e a t e  a l a r g e  demand f o r  t h e  minera l  i n  f u t u r e  



MICA 

Trle nane mica is applied to a group of minerals of a corplex of 
aluminium silicates with potassium and hydroxyl, magnesium and 

ferrous iLon, and in some varieties, sodium, lithium and ferric 
iron. Mica is characterized by excellent basal cleavage and by a 
high deyree nf flexibility and elasticity. The important commercial 
types of mica are muscovite (potash mica) phlogopite (magnesium 

mica) and, less frequently, biotite ( f err-magnesium mica) and 
sericite. Comercial mica <s broadly cl?ssified as sheet mica 
(block, film and splittings) and scrap and flake mica. Sheet mica, 

because of its ability to withstand high temperatures, its high 
di-electric strength and its electrical insulation capability, has 
found wide use in the electrical and electronic industries. Most 
scrap and flake mica are processed into ground nica which finds 
varied industrial use. 

Sheet nica corlsists of flat sheets of nica mined f ron books or veins 

of mica. These sheets are trimmed by hand to remove ragged edges, 

loose scales and other imperfections. Sheet mica is further 
processed and is specified as sheet, block, film and splittings 

based on thickness. Splittings are thin leaves or sheets of mica 

with a thickness not exceeding 0.0012 inch. Built-up mica is a 
fabricated rnica product composed of splittings held together by a 

binder. Scra~ aqd flake mica consist of material that is below 

specificatio~ for cse as sheet mica and is normally used by mica 
grinders, to prcduce ground mica or micronized mica, 

The main types of mica found in the island are phlgopite, muscovite 
and biotite. Phlogopite is widely distributed in parts of the Uva, 

Central and Sabaraqamuwa Provinces asso-bated with crystalline 
limestones a other rocks. Muscovite mica occurs - in 
quartz- feldspar-pegmatites at a nurnber of places while biotite mica 

is widely distributed in the gneisses and pegmatites of the island. 

The principal known deposits of mica (Ffg. 23) are in the Talagoda, 
bladumana, Wariyapola, Pallekalle, Talatu-Oya . Badulla, P~askeliya, 

Iladugoda, Mariarawa, Udumulla, Naula, Ulwita, Haldummu1;a Madampe, 
Mailapitiya and Kabitigollawa (Dutuwewa) areas, Two types of 



MICA 

ANURADHAPURA 

KURUHEGALA 
M.3Iol. 

Morakmda .&iapolla 
.F%ddal@odo 

nrNor .6allok.lk Estate 

T ~ I a t u  0yo@ 
@~odugoda  

@Maliapl tlyo 

SCALE 1 2,000,000 

10 5 0 10 2 0  30 ''ILES 
1 , I  I 

P N 

.Mariarawa 

.Udumulla 

@ ~ ~ u p o t o  

@ ~ i w i t o  
Plnnawala 

@Haldumulla 

RATNAPURA 

@~yagama 

.Madamp. 

.Godakm.la 

Figure 23. Mica Occurrences i n  S r i  Lanka 



tleposits a r e  known t o  occur a pegmatite type deposit  and a normal 
vein type of deposit .  Mining of pegnat i tes  f o r  mica is sometimes not 

economical due t o  t he  sporadic occurence of the  mica. I f ,  however, 
two o r  more minerals a r e  mined from pegmatites, f o r  example, mica, 
quartz and f e l spa r ,  mining becomes economical. Vein type deposits  

a r e  more economical f o r  explo i ta t ion  purposes. 

The mica industry i n  S r i  Lanka da tes  back a s  f a r  a s  1896 when n~ining 
was ca r r i ed  on i n  t h e  Badulla and Haputale d i s t r i c t s .  During the  

second World War mica mining was encouraged by the  S t a t e  and 
although the  p r i c e s  paid were favourable very l i t t l e  mica was 

offered f o r  sa le .  Mica mining i n  S r i  Lanka has so  f a r  been confined 
t o  sliallow depths, and invariably,  weathered mater la l  is obtained 
which would only be classed a s  scrap mica. Sheet n i ca  is graded 

according t o  the  s i z e  of c l e a r  mater ia l s  (without imperfecti:ons) 

t h a t  can be cu t  frorn it. The Indian standards show e ight  grades fo r  
sheet  mica and t h e  a reas  mentioned range from 1 square inch t o  48 

square inches ,  I n  S r i  Lmka t h e  mica obtained so  f a r  is of the  lower 
grades. I t  has been revealed t h a t  with deeper mining good grades of 
sheet mica could be obtained. The average annual production of mica 

is aroun? 100 tons.  Annual production f igu re s  of over 300 tons  have 

a l s o  been recorded (1979-370 t o n s ) .  Exports of mica from t h e  Island 
have continued but i n  small quant i t i es .  

In  recent years t he  systematic dexrelopme~t of t he  rnica irldustry has 
been considered and a s  a f i r s t  s t e p  t h e  promising mica deposi ts  have 
heen s tudied and a few p laces  se lec ted  f o r  de ta i led  invest igat ion 

with a view t o  cormercial explo i ta t ion ,  The deve1opme;it of t h e  mica 
industry 1s a t  present  a function of t he  S t a t e  Flining and Elirleral 

Development Corporation, and s t e p s  have already been taken t c  

e s t a b l i s h  a sound mica industzy i n  t h e  jsland, 

Sheet mica is mainly used i n  e l e c t r i c a l  appliance manufacture and ir,  

t he  e l ec t ron ic  and e l e c t r i c a l  indus t r ies .  A s  an e l e c t r i c a l  insulate; 

both muscovite an2 p h l g o p i t e  a r e  used. Dry ground mica is used fo: 
a var ie ty  of purposes such a s  f i l l i n g  f o r  various types of p i a s t i c s ,  
f l oo r  coverings, gramophone records and pa in ts .  It is a l so  used f o r  
dusting purposes and f o r  lagging steam p ipes  and bo i l e r s ,  Wet ground 





Two main types  of c l ay  mater ia l s  a r e  recognised-residual c l a y s  and 
sedimentary clays.  A c lay  mater ia l  found a t  its site of formation 
from the  parent  r o c k  is ca l l ed  res idual .  These deposi ts  a r e  usual ly  

formed by t h e  perco la t ion  of ground water through t h e  rock mass 
aided by o ther  weathering agents. There a r e  sosne c lay  deposi ts  t h a t  
a r e  s o  deep down below t h e  sur face  t h a t  it is unl ikely  t h a t  they 
would have been formed through t h e  ac t i on  of ground water, and most 
of these  depos i t s  are probably of hydrothermal o r ig in .  

Sedimentary c l ays  a r e  by f a r  t h e  most comncn and include a var ie ty  
of deposits .  Their nature  is determined la rge ly  by t h e  mode of 

t ranspor ta t ion  and deposit ion.  They can be c l a s s i f i e d  a s  follows: 

1. F l u v i a t i l e  - formed by sedimentation along t h e  course of a r iver .  
2. Estuar ine  o r  d e l t a i c  deposited a t  t h e  mouth of a r iver .  
3. Lacustrine - deposited i n  a f r e s h  water lake.  

4.  Marine - deposited i n  a sea.  
5. Aeolian - t ransported by a i r .  
6. Glac ia l  - t ransporfed by l a rge  masses of ice and deposited 

either a s  moraines o r  a s  boulder c l a y  o r  till. 

These processes of t ranspor ta t ion  and deposi t ion have . ken  i n  

progress f o r  m l l i o n s  of years ,  Since c lay  may be formed from rocks 
of d iverse  charac te r  it is na tu ra i  t h a t  they should d i f f e r  
considerably from one another 2s regaids  t h e i r  mineial. cons i tu ten ts  
and other  p roper t ies .  However, they have a common f ea tu re  i n  t h a t  
they a r e  hydrated s i l i c a t e s  of aluminit~rn o r  magnesiu:!~, 

Clays are var iab le  mater ia l s  and possess  a wide range of p rope r t i e s  
which make them useful  f o r  many i n d u s t r i a l  appl icat ions .  Any one 
deposit ,  however, posszsses c e r t a i n  zha rac t e r i s t i c s  which l a rge ly  

govern its p a r t i c u h r  value i n  industry .  The assessment of these  
c h a r a c t e r i s t i c s  is inportant  and such p rope r t i e s  enable c l ays  t o  be 

c l a s s i f i e d  i n t o  d i f f e r e n t  t ~ 2 s .  

China c l ay  o r  kaolin is t h e  name given t o  c l ays  which form t h e  bas i s  
of high q u a l i t y  domestic po t t e ry  and which is known t o  cons i s t  

rclainly of t h e  c l ay  mineral kao l in i te .  Raw china c l a y  is usually 
ref ined t o  ob ta in  a kaolin of high p u r i t y  s u i t a b l e  f o r  i ndus t r i a l  



ourposes, Ball clay is a term applied to a large group of 
sedimentary plastic clays usually dark in colour but burning to a 
white or cream body. The ball clays represent the finest-qrainec 

transported clays and they are distinguished from kaolirl y their 

greater touy'riness am3 p?asti_city, better bndirlg power and lower 
refractoriness. Ball clays are used chlefly for china and fine 

earthenware and as bonding material for less plastic clays in the 

ri~ai~uf acture of refractories and storleware , F; re clays possess a 
remarkable resistance to heat and are termed refractory clays. AS 

such. they find use in industries where high temperatures are 

irlvolved such as metal smelting. The steel industries are the 
largest consurlers of refractories for the lining of furnaces. By 
definition a good refractory clay is one which will wLthstand a 

0 temperature of about 1 600 C or more. The esserltfal requirements in 
such materials are that they should be free from mi-neials which will 

melt or flux such as mica, felspar, calcium compo~lntls, and iron 

oxides and liydrox' des. They sl~ould, however , be ri ch in alumina. 
Building clays are slightly refractory, The ideal clays are those 
which vitrify sufficiently at a temperature of 950-1100~~ to form 

llard bricks without excessive skirirlkage or deformation. These 
coloured clay materials with a low refractoriness occur as residual 
or alluvial deposits and are used in the manufacture of str~ctural 

zerart~ics, for example, bricks, pipes arid a variety of other products. 

Since the dawn of civilization man has recognised that clay could be 
rilade plastic with water, rtacxilded axd tliz11 mde durable by the action 
of heat. On this phenomznon has been based the science and 

technology of the industry of ceramics. The word 'Ceramic' is 

derived from the Greek word 'Kermikos' which literally means 
'earthern', The oldest ceramic raw material was undoubtedly clay. 

Clay still remains the main ceramic raw material. Other materials, 

erne of whicll rnay contain little or no clay, are also processed for 
the manufacture of a vast range of products requiring high 

temperatures for thei r manufacture. These products ; nclude 

structural ceramics or heavy clay products (bricks, pipes and 
tiles), refractories, pottery, industrial ceramics and abrasives, 

glass, glazes and enamels, and cements, limes and plasters. 



The type of c lay  mineral t h a t  may occur i n  a c lay  rilaterial a f f e c t s  
t he  ceramic behaviour. It 4s well known t h a t  kao l in i t e  c l ays  a r e  t h e  
l e a s t  p l a s t i c  and t h e  most re f rac tory ;  montmorillonite c l ays  a r e  t h e  

most p l a s t i c  and t h e  least re f rac tory  and t h e  hydrous mica c l a y s  a r e  
of intermediate p l a s t i c i t y  and low re f rac tor iness .  S r i  Lanka could 
be divided i n t o  t h r ee  c l ay  mineral provinces based on t h e  frequency 
d i s t r i b u t i o n  of c lay  and associated minerals i n  t h e  a l l u v i a l  and 
res idua l  s o i l s  (Fig.  24). The c o n s t i t u t i o n  of c l ay  mater ia l  from the  
various provinces may be l i s t e d  as follows (Herath 1973, Herath and 

Grimshaw 1971) : 
Group I: W e t  zone c l ay  mineral province: 

( i )  Mainly Kao l in i t i c  Clay (chine c l ay )  
(ii) Kaol ini te  - . g i b b s i t e  - behrn i te  c l ays  with rnixez layer 

mineral and vermicul i te  ( b a l l  c i a y )  

(iii) Kaol ini te  - g i b b s i t e  - goe th i t e  c l ays  with mica, mixed 
layer  mineral and vermicul i te  (b r ick  and t i l e  c l ays )  

Group 11: Dry Zone Clay Elineral Province: 
Kaol ini te  - mo?tmorillonite c l ays  devo1.d of g ibbs l t e  
but with calcareous mater ia l  (b r ick  and t l l e  c i a y s ) ,  

Group 111: Intermediate Zone Clay Mineral Province: 
Kaol in i t i c  c l ays  ~ e l a t i v e l y  low i n  g ibbs j t e  and 

montrnor i l l o n i t e .  

The Clay Mineral Provinces c lo se ly  follow t h e  c l i n ~ a t i c  zones of t he  

i s land  (Wet, Dry and Intermediate Zones), and t h i s  f ea tu re  po in t s  
out  t o ' t h e  f a c t  t h a t  c l ima t i c  condi t ions  have determined t h e  nature 
of c l ay  mineral development i n  S r i  Lanka. A notable  f e a t u r e  of c lay  
mineral development is t h e  progress ive increase  i n  t h e  proportion of 
rnontmorillonite from W e t  t o  Dry Zone, t h e  prcgress ive increase  i n  
t h e  proportion of g i b b s i t e  from Dry t o  Wet Zone, and t h e  progressive 

disappearance of calcareous mater ia l  from Dry t o  Wet Zone. The 
proportion of g i b b s i t e  present  is a highly diagnost ic  character ,  and 

t h e  c l a s s i f i c a t i o n  can be e n t i r e l y  based on t h i s  f e a t u ~ e .  Figure 25 

is presented t o  show d i f f e r e n t i a l  thermal analyses (DTA) curves f o r  
china c l ay  and b a l l  c l ay  from t h e  Wet Zone aKea and Fig. 26 shows 
c h a r a c t e r i s t i c  D.T.A. curves f o r  br ick and t i l e  c l ays  from t h e  th ree  

Clay Mineral Provinces. D.T.A. is  a method of determining the  
temperature a t  which thermal reac t ions  take  p lace  i n  a mate i ia l  then 
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Figure 2 5 .  D.T.A. Curves for C h i n a  C l a y  and B a l l  C l a y  - Sri L a n k a  

it is progressively heated. I n  the case of clay minerals D.T.A. a t  

f i r s t  shows charateristic endothermic reactions due t o  dehydration 
and loss of crystal structure, and later shows exothermic reactions 

due to  the formation of new phases a t  high temperatures. 

The cccurrence of China clay or kaolin i n  the low lying areas around 
Colombo has been known for a long time. The reserves available a t  
Horalesganluwa are estimated to  be well over a million tons (Herath 
1963).  No detailed investigations have been undertaken to  prove the 
estimated reserves of raw kaolin. Other deposits occur in the deep 

residual weathered zones of the central highlands and i n  other 
areas, specially i n  the lowlands of the south-west sector 
(Meetiyagoda area). Clays which approach ball  clay in composition 

are known to occur in  the flood plains of rivers and are confined to  
the south-west sector. The best known deposits of ball clay occur 
widespread i n  the Kalutara area. The proved reserves i n  t h i s  area 

amount to  over 500,000 tons, although the actual reserves are 
probably very much larger. The Dediyawala clay could also be classed 



Figure 26. D . T . A .  Curves for  Clays from the Clay Mineral Provinces - 
Sri  Lanka 



as a r e f r ac to ry  bond c l ay  o r  a f i re  c l a y  ( fu s ion  po in t  1 ,7~0Oc) .  The 
Dry Zone Clay types  are idea l  f o r  t h e  manufacture of expanded c l a y  
aggregate f o r  concrete,  and very l a r g e  reserves  of cement c l a y s  are 
ava i lab le  i n  t h e  Murunkan and o the r  areas. The a l l u v i a l  c l a y  
depos i t s  used f o r  t h e  manufacture of s t r u c t u r a l  c l a y  products vary 

considerably i n  character .  The J u r a s s i c  s h a l e  i n  t h e  Andigama a rea  

is a source of raw material f o r  t h e  manufacture of he?vy c lay  
products including r e f r ac to r i e s .  The Ple is tocene red e a r t h s  have 
been found s u i t a b l e  f o r  use  as foundry moulding sands, and l a t e r i t e s  
are rnainly used a s  a bui lding material (b r i cks )  - ( H e r a t h  1973, 
Herath and Grimshaw 1968 and 1972). 

China c l a y  is mined from t h e  Meetiyagoda and Horalasgamuwa c lay  
f i e l d s  and is ref ined f o r  use  i n  t h e  ceramics industry ,  The r a t i ona l  
ana ly s i s  of samples of china c l ay  (impure and re f ined)  ? r e  p r e s e ~ t e d  
i n  Table XXVI. The chemical analyses  of d i f f e r e n t  cypes of c lay  
ma te r i a l s  are l i s t e d  i n  Table X X V I I ,  and Table X X V I I I  shows t h e  
mineralogical  composition of t h e  same c l a y  mate r ia l s .  Clay mate r ia l s  
can seldom be termed pure. The impur i t i es  preserlt i n  them a r e  
important i n  determining t h e i r  p roper t i es .  Their examination may 
become d i f f i c u l t  even when using modern experimental methods. Table 
XXIX is presented t o  show t h e  mineralogical  c l a s s i f i c a t i o n  of me 
i n d u s t r i a l  c l a y s  of t h e  i s l and  and Table XXX gives  t h e  
c h a r a c t e r i s t i c  phys ica l  p rope r t i e s  of t h e  c l a y  mate r ia l s .  It is seen 

frorn t h e  r e s u l t s  presented t h a t  most of t h e  ceramic p rope r t i e s  may 
be predic ted with a knowledge of t h e  cons t i t u t i on  of t h e  c l ay  

materials. 

Besides being used i n  t k  manufacture of ceramic products, c l ays  and 

c lay  materials are a l s o  used i n  t h e  manufacture of a l a r g e  number 
and range of non-ceramic products. For example, ref ined kaol in  o r  
china c l a y  is used as f i l l e ~ s  and coa t ings  f o r  paper, a s  f i l l e r s  and 
extenders f o r  pa in t s ,  and as f F l l e r s  f o r  rubber, textile;, o i l  

c l o th ,  t o i l e t  and t oo th  powder, soaps, and gramophone records. 
Kaolin is a l s o  used i n  s o f t  po l i sh ing ,  medicines, pharmaceuticals, 
cosmetics and many o the r  products. Coloured v a r i e t i e s  of k a o l i n i t i c  

c l a y s  ( c l a y  ochers)  conta in  varying arnounts of i r o n  oxides and 
hydroxides. I n  S r i  Lanka t he se  c l a y s  occur as l a t e r i t i c  clays.  



'Smaral a yellow ochbr is a common va r i e ty .  Clay ochers  a r e  used 
f o r  pa in t s ,  ceramic s t a i n s  and f o r  a n m k r  of o the r  purposes. 

TAHLE XXVI 

RATIONAL ANALYSIS - IMPURE CHINA CLAY 

PERCENTAGE MINERAL PERCENTAGE 

1 
': iO2 

Ti02 

1 :a0 
! H20- 
H~O+ 

Total 

I 

70.54 
20.92 
0.43 - 
0.18 
0.96 
0.22 
tr. - 
0.40 
6.49 

100.14 

Kaolinite 
Mica 
Quartz 
Ilmenite 
Iron Oxides 
and Hydroxides 

Total 

RATIONAL ANALYSIS 
(mica convention) 
IMPURE KAOLIN 

(CEY.1) 

RATIONAL ANALYSIL - WASHED CHINA CIAY 

Since  about n ine- tenths  of t h e  i s l a n d  is occupied by Precambrian 
c r y s t a l l i n e  rocks, t h e  i s l and ,  except  f o r  some J u r a s s i c  sha le ,  is 

devoid of t r u e  consol ida ted  c l ays ,  upon which s o  much of t h e  ceramic 
indus t ry  of t h e  world is based. However, t h e  su r face  of t h e  i s l a n d  

CONSTITUENTS PERCENTAGE MINERAL PERCENTAGE 

Si02 
A1203 I 

Fe203 I 
P a  I 

Ti02 
K20 
~ a 2 0  
Mc,O I 

cao 
H20- 
H~O+ 

Total 

47,58 
38 89 
0.42 

I - 
0.42 
0.06 
0.02 
tr. I 

tr. I 

0.51 ' 
11.96 ' 

I - 
99.86 

Kaolinite 
Mica 
Quartz 1 

I Ilmenite 
Iron Oxides and 
Hydroxides 

Total 
I 

RATIONAL ANALYSIS 
(Mica Convention) 
WASHED CHINA CLAY ' 
(CFI. la) 

97.00 
.70 
1.80 
.20 
30 

-- 
100.00 -- 

After 
Herath (1973) 

1 



TABLE W I  

CHEMICAL ANALYSIS OF 'CLAYS - .%I TANKA 

After Herath (1973) 
CEY., 1 = Unwashed kaolin 

CECY. la = Refined Kaolin-without chemical treatment 

CEY.2  = Ball Clay 
CEX.8,20,6 = Brick and Tile Clays 

Cmlogical Survey Department, 
Colombo 2. 



TABLE XXVII I 

I ' I I ~ I C A L '  CO~mSITION 
OF SRI LANKA CLAYS 

After Herath (138C) 

has remain9  above sea  l e v e l  f o r  t h e  g rea t e r  p a r t  of its geological  
h i s tory  and t h i s  has resu l ted  i n  a long period of intense weathering 

and erosion,  with subsequent laying down of considerable amounts of 

alluvium i n  t h e  intermediate s lopes  and the coas t a l  regions. S r i  
Lanka has therefore  t o  depend mainly on t h e  unconsolidated a l l u v i a l  
c lays  along t h e  lower reaches of t h e  major r i v e r  va l leys  f o r  t h e  raw 

rmte r i a l s  used i n  t h ~  s t r u c t u r a l  c lay  products industry. These 
depos i t s  are not of a uniform character .  A s c i e n t i f i c  assessment 
based on a ca re fu l ly  planned programme of f i e l d  inves t iga t ion  is 
therefore  e s s e n t i a i  t.o d i sc lose  t h e  ex ten t  and qua l i t y  of t h e  c lay 
materials.  A temporarily high water t a b l e  and l i a b i l i t y  t o  flooding 
is a problem i n  many p a r t s  of the  is land.  Many deposi ts ,  i f  they a r e  
t o  &be properly u t i l i zed ,  rnust be worked t o  depths much below t h e  
apparent water t ab le .  This is not t h e  normal prac t ice ,  and a la rge  
a rea  of land goes t o  waste due mainly t o  unsystematic and imperfect 

- -- 

MINERAL 
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Mica - interstiat,f;ed 
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interstratif ied mineral 
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mining in most areas. Accurate records of tile quantj ty  of raw 

materials maned by the cottage industry are not available, Assuming 

that approximately 500 ~ i l l i o ~  units  are produced by the cottage 

industry about 1300 pcre feet  cif clay are required per annurn. Tlie 
nodern brick and t i l e  industry (p r  vat@ and public) consumes a b o u t  
270 acre fee t  of clay for  the manufacture of 90 million units per 

alxlunn. 'The kotal anrlual requi rernents would tkierefore be iri the 
region of 1500 acre fee t  A t  an average working depth of 2 ,5  m th is  

will i n ~ o l \ ~ ~  a Land use of approxiiflately 200 acres per annurn. The 

reclanati on of such mined land neetls caref u 1 consi tlerati or), The 
total  value of various clay.; used in industry is considerable and 

mounts to  rmre than 80 million rupees aqnually. 

Sri Lanka is  well provided w i t h  ceramic raw materials. ,The cottage 

i.ndustry manufactures about 500-600 mi.11 i.on t)ri.cks per annurn,,, 

IJnlcgla.zed t i l e s  of tlie ~~~arlcjalore pattern are beiriq rllac1e in over 50 
nodern factories;  the Ceram;cs Corprat4on also operates about 1 2  

tiZe factories and toyether they produce over 75 million t i l e s  per 

annum. Eartiiealware pipes a~ld floor t i  l e s  are also produced. The 
State operates a ser ies  of p o t ~ e r y  centres. TWO kaolin refineries 

are operated by the Ceramics Corpo~ation which produce nearly 7,000 

tors:; of refined kaolin per arlalm, ~1. i i s  Corporatior1 also operdtes two 
ceramic factories,  orie a t  Negombo and the other a t  Piljyandala. 

These factories protluce over 7,000 tons of ceramic ware and the 

products include dor~iesti c crockery, sarli tary-ware, wall t i l e s ,  
,.losai c t i les,  el  ecroceramics and rni scel 1 aneous orr~mental and fancy 

ware. A factory manufacturing porcelain ware (1,anka Porcelain 

1,irnited) mainly for export is situated in Matale. A refractories 
Factory a t  Ilanwella, a second kaolin refinery a t  Pleetiyagoda, a ball  

clay plant near Kalutara, and a modern lime plant a t  Hungama have 

also been establislied. A wall t i  l e s  plant (Lanka Wall Tiles Lirnited) 
nainly for  export is situated a t  Balangoda (Herath 1978) .  A floor 

t i l e  plant is t o  be established by Lanka Wall Tiles Limited near 

Hanwel la ,  



TAl3I.dE XXIIl 

IIIIN-IC& CLASSIFICATION OF SRI LANKA CLAYS 

Nos, Cey. 2,8,9- 
10111112113114, 

interstratif i ed 

( biotite/vermicu- 

vermiculite 

other primary resi. 
stant minerals 

calcareous mterial 

NOS. ~ey.3,4,5,6, kaoli nite, Quartz 
16 17,18,19,42,83. and ilneni te 

iro~ oxides 

After Herath 1973 

The mid seventies may be considered as the height of the expansion 

of the Sri Lanka cerarnics industry. In recent years a second 
porcelai~ factory has been established (1982-1983), at Dankotuwa. 
Fig. 27 shows the location of ceramic and other factories in the 

island. The Corporation has also re-structured its research and 
development facilities and has established a nodern resea.rc5 
facility to cater to the entire ceramic industry of Sri 1,anka. 



TABLE XXX 

CHARACTERISTIC PHYSICAL PROPERTIES OF SRI  LANKA CLAYS 

Weight Loss j %) 

.- 

Weight Loss (%) 

HERATH (1970) 
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SILICA 

S i l i c a  (S i02)  is t h e  most abundant oxide  i n  t h e  e a r t h  s c r u s t  and 
occurs  both as f r e e  s i l i c a  and combined wi th  o t h e r  elemxts and 
coripounds. F ree  sil ica occurs  i n  n a t u r e  i n  many f o r n s  and i n  many 
degrees of p u r i t y  such as v e i n  quar t z ,  q u a r t z  sands,  sandstone,  

q u a r t z i t e ,  f l i n t ,  t ryd imi te ,  opal ,  agate ,  and cllalcedony . Some 
v a r i e t i e s  of q u a r t z  such as amethyst,  opal ,  jasper  and aga te  a r e  

va luable  as semi-precims s tones .  I n  Sr i  Lanka s i l ica occurs  a s  ve in  
c ~ u a r t z ,  sil ica sand arid q u a r t z i t e .  

Vein q u a r t z  d e p o s i t s  of extreme p u r i t y  (over  98.8 p e r  reht s i l i c a )  
are found i n  many p a r t s  of t h e  i s l a n d .  The b e s t  known & p o s i t s  a x u r  
i n  t h e  Opanaike, Pelmadulla, P u s s e l l a ,  R a t t o t a  and Ratnapura a r e a s  
(Pig .  28).  Table XXXI is presen ted  t o  show t h e  l o c a t i o n s  3f d e p o s i t s  
of v e i n  q u a r t z  t h a t  have k e r  observed during t h e  course  a f  
geo log ica l  surveys  conducted by t n e  %olog ica l  Survey Department of 
S r i  Lanka. Veix q u a r t z  normally occurs  on t h e  s u r f a c e  a s  very l a r g e  
Lmulders and may i n  sorne p l a c e s  cover an  a r e a  of s h u t  4 hectares .  
They do not  seem t o  extend i n  depth.  Recent su iveys  c a r r i e d  out  by 
t h e  Geological  Survey D e ~ x t m e n t  h?ve proved d e p o s l t s  of ve in  q u a r t z  

of comnercial importance, and t h e  reserJes a t  p r e s e n t  a r e  estimated 
t o  be i n  t h e  region of 800,000 tons .  Vein q u a r t z  is mlned f o r  use I n  

t h e  ceramic and a l l i e d  i n d u s t r i e s .  

Deposi ts  s f  s i l i c a  sand a r e  widespread i n  t h e  i s l a n d  and t h e  b e s t  
known d e p o s i t s  occ!lr i ~ .  t h e  Marswila-,Nattandiya and Madampe a r e a s  

(Fig.  29) .  A l a r g e  d e p o s i t  of s i l i c a  sand a l s o  occurs  i n  t h e  
Ampan-Vallipuran a r e a ,  Three d e p o s i t s  have been recognised i n  t h e  
Madampe-Nattandiya a r e a -  t h e  Madampe d e g o s i t  i n  t h e  nor th ,  t h e  

Kudawewa d e p o s i t  i n  t h e  middle, and t h e  MarawilaaNattandiya d e p o s i t  
i n  t h e  south.  The l e n g t h  of t h e  combined d e p o s i t s ,  s t r e t c h i n g  f o r  
e i g h t  t o  t e n  k i lometres ,  g r e a t l y  exceeds t h e  width, which i n  p l a c e s  

is not  more than  a few hundred metres.  The t o t a l  a r e a  (:overed by t h e  
s i l i c a  sand d e p o s i t s  has  been es t ima ted  a t  a p ~ r o x i m a t e l y  1000 
hec ta res .  



A N U R A D H A P U R A  

Palm Cardm 

R A T N A P U R A  

Figure 28. Occurrences of Felspar, Vein Quartz, Silica Sands and 

Garnet - Sri Lanka 



TABLE XXXI 

Kurungala 

Maha Oya 

Nuwara Eliya 

Tirukkovil 

Vakaner i 

West Minister 
Abbey 

WCATIONS OF V E I N  WART2 

MNGITUDE LATITLTDE WCATION 
Degs. M t s .  Degs. M t s .  

Pal lerota 
Nawakkulum 
Boraluwa 
Getahetta 
Kirindi Oya 
Kirindi Oya 
Niyandaqala 
Urapitissuwala 
Mahalewaya 
E Z n b i l i  kala Kalapuwa 
Pitawake 
Baminiya wewa 
Kirinda 
Palatupane 
Palatupane 
Kalugaha 
R i t  igala 
S t .  Clair 
Ottery 
Ihala 
KSukgollawa 
Galaha 
Deltota 
Pattiyagama 
Gurubibile 
Koswana 
Kekirihena 
Kekirihena 
Kodemegrn 
Moragolla 
Idemegama 
Sellankandal 
Karawita 
Dela 
Ratnapura 
Pussella 
opanai ke 
Akarella 
Suriyawwa 
Udamattala road 
Weheragala 
Podiwewa 
Dumja Ara 
Tunkema Wewa 
Hambegaraiwa 
Bakiniatta Aru 
Kivulagama 
Kandakatf~i 
Sinnakallu 
Tirumunatur 
SalambacIimadu Kulun 
Dewagalla 
Singara Kulum 
Uppu Allan 
Mylankarachchan 
Ullapola 

Geological SUI 
Colombo 2. 

:vey Department 



Figure 29. Occurrences of Calcareous Material - Sri Lalike. 



The average thickness  of t he  s i l i c a  sand is about a metre and nc 

over-burden occurs, The t o t a l  reserve of s i l i c a  sand i n  ther-  

deposi ts  i .s i n  t h e  region of 6 mi l l ion  tons. Chemical analyses show 
t h a t  t h e  s i l i c a  sand samples examined contain over 98 per cen t  SiO,, 

L. 

less than 1 per  cent  A l , o ,  and less than 0.50 per cen t  Fe 0 and 
2 J 2 3 

TiO2. The sands a r e  f a i r l y  w e l l  graded. The s i l i c a  sands i n  t h e  area  
i r e  a t  present  mined f o r  use i n  t h e  g l a s s  and ceramic f ac to r i e s .  ~t 

is a l s o  proposed t o  e s t a b l i s h  a shee t  g l a s s  fac tory  i n  t he  is land,  

(See Fi y. 27) .  The sands a r e  normally associated with heavy minerals 
but these  occur i n  minor amounts, and object ionable  impuri t ies  could 

he removed by k n e f i c i a t i o n .  

A deposi t  of s i l i c a  sand a l s o  occurs i n  t h e  J a f fna  peninsu:& 
extending from near Vallipuram i n  t h e  north t o  m a n  i n  t he  south 

(Fig. 28 ) .  The depos i t s  wliicil a r e  w e l l  cleveloped sand dunes cover 
several  hundreds of hectares.  The reserves ava i l ab l e  could be 

c lassed as very large.  

Quartz i tes  a r e  we1 1 developed i n  t h e  i s land  and they occur mainly i n  

t he  highland areas.  The pure q u a r t z i t e s  a r e  general ly  coarse, 

yrariular, o r  massive wliiti sli rocks i n  which no f o l i a t i o n  or  bedding 
is v i s i b l e ,  I n  t h e  f e l s p a t h i c  v a r i e t i e s  kaol inised f e l spa r  is 

present which o f t en  i s  s ta ined  and give t h e  whole sur face  of t h e  
rock a brownish appearance. Quar tz i tes  a r e  not u t i l i z e d  f c r  any 
local  industry  i n  t h e  i s land  although t h e  pure v a r i e t i e s  ,flay be 

considered f o r  use i n  t h e  ceramics and a l l i e d  indus t r ies .  Very good 

q u a r t z i t e s  sui  t a b l e  f o r  irldustry occur i n  t h e  Balarlyoda area.  Chert 
which is a f i n e l y  c r y s t a l l i n e  s i l i c e o u s  mater ia l  occurs a t  various 

po in t s  i n  t h e  island.  It could be used a s  an ornamental stone.  Chert 

depos i t s  a r e  cormtmn i n  t h e  Ambalangoda area.  

~ i g h  q u a l i t y  c rysea l  quar tz  is used i n  precision instruments. 

Electronic  grade quar tz  c r y s t a l  occurs i n  Brazi l .  The ilse of s i l i c o n  
(SiO ) i n  a l l oy  form, pr imari ly  fe r ro-s i l i con ,  is f i rmly  es tabl ished 

2 
i n  t h e  i ron  and steel industry.  One of t h e  l a rges t  vses f o r  s i l i c a  

sand is i n  rt~akirlg g l a s s  t o r  which purpose both cherilt c a l  cornposition 
and gra;n s i z e  a r e  important. S i l i c a  is widely used i n  f ' b r e  g L s s  

rnan~lfacture and i n  t he  ceramics and a l l i e d  - inc'listries. 



Silica is used i n  refractories, building products, abrasives, 
moulding sands, f i l l e r s  and a variety of other products. I n  Sri  
Lanka s i l ica  is mined (vein quartz and s i l ica  sand) mainly for use 
i n  the glass and ceramic industry and for use as a rnoulding sand and 
abrasive material. 

FELSPAR 

Felspar is a general term used to  designate a group of closely 
related minerals, consisting essentially of aluminium si l icates  i n  

combination w i t h  varying proportions of potassium, sodium and 
calcium. It is the princtpal rock-forming material, and the main 
species are orthoclase or microcline (K20.Al2O3.GSiO2), Albite 

(Na*0.A1203.6Si02) and anorthite ( c ~ o . A ~ ~ o ~ . ~ s ~ o ~ ) .  Albite and 
2 

arlorthite are the end members of a continuous compositisnal series 
known as the plagioclase felspars. The potash and the sod? varieties 

are of commercial importawe 

Elicrocline felspar (potash felspar) occurs i n  pegrnatLtes i n  various 
parts of Sri  Lanka, such as  Rattota, Talagoda, Kaikawela, Namaloya 

and Koslanda (Fig. 28 ) .  I n  Sri  Lanka felspar is chiefly used i n  the 
ceramics and glass industries and mining of felspar is carried out 
i n  the Matale area. The largest deposit 3f felspa; is i n  Owe!!a 
F3tate (Kaikawela), and the Ceylon Ceramics Zorporation has 
comnced mining this  deposit. Drilling investigations carried out 
by the Geological Survey Department revealed tbat the Owella felspar 
is an extensive and comri~ercially valuable deposit. A number of d r i l l  
holes put down i n  the area showed that felspar occurs to more than 
200 metres from the surface. Weathered felspar occurs to  a depth of 

a b u t  1 2  metres and from t h i s  point downwards bard felspar is 
encountered. A t  depths the f e l q a r  occurs w i t h  other .ninerals such 
as quartz and mica. Fluorspar-has also been observed to  be present. 
The chemical analysis of felspar is presented i n  Tab,e XXXII .  The 
reserves available a t  Owella are fa i r ly  large and may be estimated 
t o  be over 3 million tons. The deposit is worked a t  present and 
supplies felspar to  a n m k r  of industries. Felspar also occurs a t  
other places, and deposi-ts i n  the Talagoda area have been worked for 



a number of years. The Talagoda deposi t  does not appear t o  be 
promising f o r  l a rge  s c a l e  mining of fe1.spar. Table XXXIII  is 

presented t o  show the  loca t ions  of some f e l spa r  depos i t s  which have 

been iden t i f i ed  during geological  surveys, 

TABLE im11 

COMPOSITION OF FELSPWR - SRI L A W  

neo log ica l  Survey Cepartment 
Col.ombo 2. 

I 

Felspar is used pr inc ipa l ly  i n  t h e  manufacture of g lass ,  pot tery,  
v i t r i f i e d  enamels and spec i a l  porcelain.  Less  important yses include 

Its enployment a s  a f l ux  o r  binding agent and a s  an ingredient i n  
scouring soaps and i n  a i t i f i c i a l  t ee th .  For high - l a s s  products it 

is general ly  considered t h a t  f e l spa r  should not contain more than 
0.01 percent i ron  oxide and t h a t  f o r  most ~ a ~ i e t l e s  of co lour less  
hollow ware t h e  l i m i t  is about 0.03 per  cent .  These i i m i t s  make it 
des i rab le  t ha t  every e f f o r t  should be made during t h e  dressing of 

t h e  f e l spa r  .to remove i ron  hearing minerals or  i ron  s ta in ing .  I n  SrL 
Lanka climatic conditions a r e  such t h a t  i ron  s t a in ing  is very c o m n  
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Ti02 I 
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TABLE XXXII I 

SFSET LONGITUDE LATITUDE E A T I O N  
DWS. !Its. Decjs. M t s .  

hl ut hgama 80 05 
80 0 6 
8 0 0 8 

muratlhapur 2 8 0 27 
80 2 1 

~ u t t a l a  81  08 
Elahara 80 45 

80 4 5 
Hambantota 8 1 10 

81 08 
8 1 0 7 
8 1 10 
8 1 10 
8 1 15 
8 1 16 
8 1 16 
80 46 
80 4 7 
80 52 
S@ 5 4 
80 5 6 
8 1 0 3 
8 1 06 
8 1 06 

Hatton 80 39 
Ka laoya 80 0 9 

8 0 0 9 
80 10 

Ka lmunai 3 1 43  
Kurunegala 8 0 4 3 

80 39 
80 4 1 

Marichchukaddai 80 0 5 

81  11 
Nuwara E l iya  8 0 52 

80 5 6 
Padawiya 8 0 5 '/ 

8 0 57 
Hat napu r a 8 0 42 

Eledakubur a 
M i t  iyagoda 
T i  ranagama 
Puli yalkulam 
Payudikulam 
Ki r ind i  Oya 
Talacjocla 
Puswe1 lag01 la 
HemagOdagala 
K e l  iyar~la Wewa 
Harnbantota 
Udamalala 
Tangal l a  
Near Hospital 
Po lgahawe lana  
Ganqarma 
K i  riwanagama 
Weralugasnankade 
Tan i angama 
Pokunutenne Wewa 
Dalukcjala 
Balaharuwa 
W e  1 lawaya 
Ki r iyago l la  
Me l t o n  
Wirapokuna 
Dim lgahawewa 
M i  l agasp i t iya  \Jews 
Puliyankulam 
Pal la tenne 
K a i  kawe la 
Ra t t o t a  
Maradanmatluwa Wewa 
Kudalunuke 
Kitulewela 
Rerupi t iya  
Alutwela 
M i  rahawate 
Navatkulm 
Karakgehewa 
P i d i l  iljannac~ela 



8 1 
8 1 
8 1 
8 1 
8 1 
8 1 

TiInbCl ket '.ya 80 
8 0 
80 
8 1 
8 1 
8 1 

Tirukkovi 1 8 1 
8 1 
8 1 
8 1 
81 
8 1 
81 
3 1 
8 1 
8 1 

Fiest Mi ni s te r  81 
8 1 

Mahaulpota 
Aralagarlvi 1 l a  
U l p t  tecjarda 
Elewakuihra 
Nela Ela 
Nela Ela 
Intlurugaswewa 
Weeraketidigane 
Nikara 
We 1 i wewa 
Ranawaranawewa road 
Anyunakolapelessa 
Ali yalge Tank 
Dernatapi t i  ya 
B O ~ U ~ U L J ~  Karldure 
Kivulagarna 
Mada~le Aru 
m a  1 ariloya 
?c%mlvel i Kulm 
m ~ a l  Kul urn 
Korai kalapukularn 
Muwarlgal awewa 
Hitigalararla 
Neugal Aar 

Geological Survey Department 
Colcr;n!x 2. 



i n  f e l spa r  depos i t s  and ca re  has t o  be taken t o  remove these s t a i n s  
before t h e  f e l spa r  is processed f o r  i n d u s t r i a l  use. With the  
expansion of t h e  ceramic industry it is important t o  loca te  good 
q u a l i t y  f e l spa r  deposi ts  i n  order t o  inairntain e f f i c i e n t  suppl ies  of 
raw mater ia l  t o  industry.  

The name garnet is used t o  designate  a group of silicate minerals 
where t h e  minerals have s imi la r  physical  p roper t ies  but widely 
tlif f z ren t  chemical ccmposition. Their only use other than a s  
gemstones :s  a s  b r a s i v e s .  Natural i n d u s t r i a l  garnet cons is t s  
e s s e n t i a l l y  qf the var ie ty  alrnandite ( i r o n  aluminium s i l i c a t e )  which 
has des i rab le  abrasive q u a l i t i e s .  Almandite has a hardness of 7,5 -LO 

8.0 and a c!lemical composition - Fe203 .A1203 .Si02. For cormercial 
use garnet  is normally crushed, ground and graded t o  various screen 
and micron s i z e s  depending on t h e  intended .end u s e ,  

Garnets are c h i e f l y  found i n  mztamorphic rocks, pa r t i cu l a r ly  s c h i s t s  

and gneisses.  The proportion of garnet  present var ies  considerably, 

ancl it is general ly  not economical t o  t r e a t  rock w i t h  less than 
10 per  c e n t  garnet.  The U.S.A. produces very l a rge  quan t i t i e s  of 
garnet, from metamorphosed igneous rocks f o r  use as abrasive 

material. Garnet a l s o  occurs a s  a l l u v i a l  deposi ts  which have 
resu l ted  from t h e  weatherirg of parent  rocks. I n  S r i  Lanka garnet is 
a widespread mineral i n  t h e  gneisses  and g ranu l i t e s  aid some rocks 
contain  nearly t o  10 t o  15 per  cent  garnet.  However, recovery from 
rocks is not k i n g  ca r r i ed  out,  and t h e  g a r l ~ e t  f h a t  is produced 
cones from t h e  beach mineral sands. The beach sards  of t he  southern 
coas t a l  a reas  of S r i  Lanka are r i c h  i n  garnet and very l a rge  
resezves a r e  ava i lab le  f o r  commercial exploi ta t ion.  The beach sand5 
i n  Dondra and Hambantota have been invest igated i n  d e t a i l .  The 

Dondra sands contain  9 t o  24 per  cen t  garnet.  The Hambantota garnet 
L 

sands a r e  mainly concentrated i n  sand dunes and contain  up t o  about 
20 per cen t  garnet  (Fig. 28).  Kirinda is a l s o  an i q m r t a n t  l o c a l i t y  

f o r  garnet  sands. Small q u a n t i t i e s  of garnet  sand have been produced 
i n  the  p i l o t  p l an t  belonging t o  t h e  Geological Survey from the heavy 



rl~ineral sand concentrates of the Kaikawela and Polkotuwa areas. 
Garnet, however, is not produced a t  present i n  comercial quantities 
and the prospects for establishing a plant to  produce garnet are 

promising especially i n  the southern parts of Sri  Ianka where the 
beach sands are rich in  garnet. 

Ckologically, the terrn limestone is applied t o  rocks of sedimentary 
origin which consist predominantly of calcium carbonate (Cac03). I f  

they contain the double carbonate of calcium and magnesium,, they .are 
known as do?omites (L'aW3.MgC03). Limestones range i n  chemical 
composition from almost pure calcium carbonate (such as the Miocene 

limestones of the Jaffna Peninsula) through magnesium limestones and 
tlolorni t i c  limestones to  dolomites. Where the limestones a ~ e  

crystalline, they are referred to  as rt~arbles, eg. the Precambrian 
rmrbles of the Highland series. Chalk is a very fine grained 
rilaterial consisting of microscopic marine organisras, and wilitirlg is 
finely ground calcium carbonate. Iceland spar is the name given to  
the dater clear variety of the mineral calcite (CaCU3). Coral and 

sea shells are also sources of calcium carbonate. Quicklire or 
calcium oxide (CaO) is produced by heating calcium carbonate, and 
hydrated lime (Ca(OH)2) is the product of the reaction of quicklime 

and water. 

The limestone deposits of the island f a l l  into four main groups 
(Fig. 29): 
1. Sedimentary limestone deposits of Miocene age (over 95 per 

cent Cam3) . 
2. Crystalline limestone (marble) deposits of Pre-Cambrian age 

(Cam3 variable). 

3. Coral limestone deposits along coastal areas (over 95 per cent 

C a m 3  
4. Shell deposits along coastal areas (over 95 per cent Caa13). 



Sedimentary limestone depos i t s  of Miocene age are best developed i n  
the  Jaf fna  peninsula where they occur as a hard compact limestone 
with a calcim carbonate content w e l l  over 95 per  cent.  These 
depos i t s  which extend t o  g rea t  depths extend as f a r  as Puttalam ' i n  
t h e  north-west coas ta l  b e l t  of t h e  island. The overburden 
(red-earths) a t  some poin ts  (Muwakalu H i l l  area) m y  be over 30 
metres thick.  m he chief i n p u r i t i e s  i n  t h e  l i n ~ s t o r l e  are varyi ng 
m u n t o  of c l ay  and s i l i c a  and traces of magnesia. !?3m cement 
f a c t o r i e s  producing nearly 658,000 tons  of cement per  annum a f e  
operating i n  t h e  area using Miocene limestone a s  raw material .  The 
two cement p l a n t s  have an i n s t a l l e d  capctcity of 940,000 tons per  
annum. The analyses of various types of limestone a r e  presented i n  
Table XXXIV. 

TABLE X X X N  

CHENICAL ANALYSES OF CALCARFBUS MATERIAL - SRI LAPJKA 

* Siliceous varieties are c m n  in the Puttalam area. 

Geological Survey Department 

Colosnbo 2. 

Crystalline 
Precambrian 
( Kanadarawa : 

.- 
- 

I 
45.72 

I 0.79 
- 

- 

*Miocene ' 
(Puttalam) 

0.82 I 

0.52 

0.08 
54.20 

0.70 

43.68 1 

I 

100.00 I 

Coral 
( Akurnl? ) 

2.30 
3.40 

0.50 
51.50 
- I 

42.70 

100.10 

Shell 

(Hungama) 

1,15 
0.41 

0.33 
54.89 

0.02 

43.15 

99.95 

] constituents 

I 

- 

I 

Si02 I 

A1203 

Fe203 
I 

CaD 

Mso 
LOSS on I 

Ignition 

L Total 
1 



The c r y s t a l l i n e  limestones o r  marble a r e  confined t o  t h e  cen t r a l  
h i l l s  and a r e  associated with qua r t l i kes  and other metamorphic 
rocks. They a r e  generally found a s  narrow w e l l  defined bands which 
can be t raced f o r  many miles along the  strike. I n  general they a r e  
more o r  less impure owing t o  the  presence of various s i l i c a t e  
minerals. I n  chemical composition tLle c r y s t a l l i n e  limestones vary 

from pure limestone through magnesium limestone t o  dolomites. The 
~aagnesium v a r i e t i e s  a r e  more abundant. Pure limestone deposi ts  have 
been observed only at  a few po in t s  (Kanadarawa), and these deposits  
a r e  not of any commercial value. 

The co ra l  limestone is found a t  various po in ts  along t h e  coast  of 
t he  is land,  but these deposi ts  a r e  not of g rea t  importance. The best 
known co ra l  beds a r e  found along t h e  south-west coast  s t re tch ing  
from Ambalangoda t o  near Matara. The deposi ts  cons i s t  of 

loosely-packed f inger  o r  s t i c k  corral with heavy blocks of massive 
co ra l .  Coral depos i t s  a r e  a l s o  found overlying t h e  Miocene limestone 
.a t  t he  margins of t h e  Ja f fna  peninsula. Other a r eas  where co ra l  beds 
have been recorded a r e  Kalkudah, Kuchchaveli a rea  and Delf t  island. 
The co ra l  mater ia l  is f a i r l y  pure limestone. Coral nining off-shore 

has caused se r ious  sea erosion a t  several  po in t s  along the  

coast.This a c t i v i t y  has now been banned by t h e  S ta te .  Coral is used 
fo r  lirk nunufacture by t h e  co t tage  industry located a t  several  
po in ts  along t h e  coast .  

Extensive deposi ts  of sea  s h e l l s  occur a t  Hatagala (Hungama). These 
deposi ts  s t r e t c h  p a r a l l e l  t o  t h e  coas t  and extend f o r  a b u t  3km and 

a r e  approximately one t o  two km i n  width. The s h e l l s  occur t o  a 
depth of 2 t o  3 metres from t h e  sur face  and are mixed with c lay 
matter, silt and other  impurit ies.  The Hungama s h e l l  depos i t s  have 
been worked over t i e  years  and it is estimated t h a t  t h e  resews; a r e  
i n  t he  region of over a mi l l ion  tons. Chemical ana lys i s  of washed 
s h e l l  mater ia l  from t h i s  deposi t  g ives  a Cam3 content of over 98 

per cent. Large q u a n t i t i e s  of >h i s  mater ia l  are transporLed t o  
Colombo and other  towns f o r  the nanuf ac ture  of l i m e .  A roodern lime 

p lan t  has a l so  bzen es tab l i shed  i n  t h e  area,  



Limestone is principally used in the industry, in blast furnaces and 
steel works and in agriculture. Lime is used as a metallurgical 
flux, in the manufacture of alkali, glass, paper and calcium 
carbide; iri water arid sewage purification; irl soil stabilization; 
and in the building industry in finishing line, msons lime and 
mortar. Other industries using lime include textile and ceramics, 

the rnanuf acture of bleaching powder, sugar, varnish and carbop 
dioxide, leather dressing, and the manufacture of sand lime bricks. 

Whiting is used in paints, rubber, ceramics and putty. precipitated 
calcium carbonate is also manufactured from lime. Lime in one form 
or other is used in a number of other industries. 

The Miocene limestone is the only locally available raw material for 
cement manufacture and this industry consumes large quantities of 
it. The Geological Survey Department has carried out extensive 

surveys over the Miocene 1 imestone f orrnat ions or 1 several cccasions 
to estimate the available reserves. With the expansion of the cement 

industry which now has producticn figures of 700,000 to 800,000 tons 

per armurn, the Miocene limestone formations may have to be 
eventually reserved solely for the production of cement. The proved 
reserves at Kankesanturai and Aruwakalu are 'n the region of 100 

million tons. 

Phosphate rock is a commercial term for a rock coritaining one or 

rnore phosphate minerals, usually calcium phrsphate. PIlosphate rock 
occurs as phosphatized limestcnes, sandstones, shales and igneous 
rocks. The majority of +he k n m  deposits are found in igneous 
(car.hnati tes) and sediritontary (pllosphori tes) rocks. The rnajor 
phosphorus minerals of most phosphate r ~ k s  are in the apatite group 
and can be represented by the formula Ca5 (m4 )3 (P.Cl,OH) - for 

example fluorapatite, CZD 55.5%, p2 O5 2.3%, F 3.8%, an6 
chlorapatite, CaO 53.8%, P205 4l%, C 1  6.8%. Phosphorus is one of 
the three major plant food elements, and phosphate rock is 

principally used for the producti on of ferti lizer . Chemical anzlysis 
is usually reported either as per cent phosphorus pentoxide (i?2 O 5  ) 
or as per cent tricalcium phosphate C a  (Fa4 ); 

3 
also 



known a s  B.P.L. ( b m e  phosphate of lirt~e). 1.0 per cent tr icalciurn 
phosphate is equivalent t o  0.458 per cent P205 and 1 un i t  of 

phosph~orous ( P )  is equivalent t o  2.3 u n i t s  of P205. 

In recent years  a considerable amount of phosphate exploration has 

been ca r r i ed  out i n  various p a r t s  of t he  world and t h e  discoveries 

made have amply demonstrated t h e  importance and value of applying 
basic  geological  methods t o  t h e  complex problen of locat ing new 

phosphate deposits .  Marine phosphorite deposi ts  provlde the  bulk of 

t he  world's production of phosphate rock and, i n  yeileral, can be 
mined more economically and a r e  less d i f f i c u l t  t c  process than 

a p a t i t e  deposi ts  of igneous or ig in .  I n  addi t ion,  rilost ex i s t ing  

f e r t i l i s e r  and chemical p l a n t s  a r e  designed t o  use sedimentary 
phosphate. This is p a r t i c u l a r l y  s o  of the  p l a n t s  i n  t h e  Asian and 

Far East regions which obta in  p r a c t i c a l l y  a l l  t h e i r  requirements of 

phosphate rock from r e l a t i v e l y  d i s t a n t  sources of supply, ch ie f ly  
Tunisia and Florida.  

I n  S r i  I,anka, phosphate rock ( a p a t i t e )  was d l scnve~ed  by the  
Geological Survey Department i n  April  1971, a t  Eppawala (Fig. 30) 

which is s i t ua t ed  i n  t he  north-central province (Kekirawa-Talawala 

Road) a b u t  240 km from Colombo. The deposit  is estimated t o  occupy 
an area of 7 sq.  km The phosphate rock which is of the  carbonat i te  

type occurs i n  t he  form of a breccia  on 6 h i l l s  r i s i n g  t o  a height 

of 190 n~ above mean sea l e v e l  (Kiriwelhena H i l l ) .  A de ta i led  
account of t he  Eppawala C a r b n a t i t e  Complex has been given by 

Jayawardena (1976). 

It is believed t h a t  t h e  sp lacement  of t he  carbonat i te  complex had 

taken p lace  along a deep f r a c t u r e  i n  t he  Precambrian c r y s t a l l i n e  

l>asemei;t The a p a t i t e  bearing c r y s t a l l i n e  l i r ~ ~ s t o n e  ( c a r b n a t i t e )  is 
well 2xposed and the  surrounding country rock includes g ran i t e  

cjneisses. char rocki t ic  rocks, marble, t h i n  quark iz i tes  and b i o t i t e  

cjneisses which belong t o  t h e  Highland Se r l e s  (Flg.  30) .  Dr i l l ing  
inves t iga t ions  undertaken by t h e  G2ologlcal Survey Department have 

revealed t h a t  the  deposi t  e x t e ~ d s  i n  depth t o  125 m o r  more from 

t h e  surface.  I n i t i a l  s t ud ie s  reveal a leached zone ( a p a t i t e  i n  a 
matrix of i ron  oxide - t h e  phosphate r i c h  o r e  zone) up t o  about 60 m 
fo l lo i~ed  by f r e sh  carbonate rock with apa t i t e .  The a p a t i t e  is 



a Q u a r t z 1  t o  ~ r y s t a i l i n e  a H o r n b l o n d e  b i o t i t e  
I l m r r t o n o  g n e i s s  

( M a r b l e )  
A n p h i b o l l t .  C h a r n o c l c l t e  O r a n i t e  

S C A L E  : One i n c h  = One m i l e  

Figure 30. Geology of the Country Around the Ap&,tite Deposit -Eppawala 



classed as a chlor ine-r ich f luo rapa t i t e .  The average P 0 content is 
2 5 

35 per  cen t  o r  more f o r  tte phosphate r i c h  o re  zone. Samples 
containing 39 t o  40 per  cen t  P205 content  are not uncommon. The 
f r e s h  carbonate rock a t  depth contain  less than 10 per cen t  P2O5. 

~ r i l l i n g  inves t iga t ions  proved about 25 mil l ion tons  of ore.  Taking 
i n t o  consideration t h a t  t h e  a p z t i t e  occurs t o  g rea t  depths and 
covers a very wide area t h e  in fe r r ed  o r e  resekve may be i n  t he  
region of 60 mi l l ion  tons. Table  XXXV is  resented t o  show the  
chemical analyses Q£ t h e  apatite from t h e  phosphate r i ch  ore  zone. 

CHEMICAL COPIPOSITION OF PEIOSPHHTE ROCK 
(APATITE ) . . SRI LANKA 

PIINERALOGY - Apatite (primary) insoluble, Francolite (secondary 
apatite) partly soluble, Martite (secgndary iron) 
Rutile and goethite. 
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I 

Geological Survey Department, 
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The Eppawala pllospkiate rock (apat i te) ,  even when finely ground, does 
not provide much available P205, and its use as a fer t i l izer  is 
therefore limited. The rock consists principally of tricalcium 
pliospllate which is insoluble and therefore camlot be used by plants. 
By acidulation a large proportion of the material can be converted 
into the morlocalci urn phosphate ( superphosphate) , a soluble f om 
which could be absorbed by plants. Superphosphate could be produced 
by mixing sulphuric acid wi th  finely ground phosphate rock. The 

mixture reacts t o  form superphosphate wi th  16 to  20 per zent 

avai lable P205. Triple phosphate is a much rrrJrc concentrated 
fer t i l izer  which contains from 45 t o  50 per cent available P205. 

Triple phosphate is made by the action of phosphoric acid on the 

phospllate rock. e largest corlsumer of sulpliuric acid i s  the 
superphosphate industry. A nurnber of research institutions have been 
engaged in studies connected w i t h  the utilization of t41e Eppawala 
apatite rock for the rnarlufacture of both therrnal a d  water soluble 
piiosphatic fer t i l izer .  The main drawback i n  r,sanufacturing water 
soluble fe r t i l izer  is t h e  inherent chemical character of the rock. 

The collterlts of chloride, iron and alur~~iniurn i n  the Eppawala apatite 
are high, and they cannot be remved economically by any physical 
beneficiation method. Detailed studies on the characterization of 

t h i s  rock were undertaken by the Internatioalal Fertilizer 
Developement Centre in Alabama, USA, in 1979 as  part of a research 
programme to assess the Eppawala rock for the manufacture of high 
analyses and therrt~al yllosphate f e r t  i l i  zer . The mi neralogical 
composition of the Eppawala apatite is l isted in Table XXXVI. The 

high apatite content indicates that the rock is a hfgh grade ore. It 

is seer1 that apatite occurs i n  two distinct varieties - a coarse 
crystalline chlor-apatite and a Erancolite type apatite (carbonate 

apatite). A secondary phosphate mineral, crandalite. is also 
presertt. A corqlete chemical analysis of a represerltative sample of 
Eppawala rock is given i n  Table XXXVII. 

Althougli th? Eppawala apatite is a high grade ore (36 per certt P205) 
it is not suitable for conventional acidulation processes for the 
manufacture of high analyses phsphatic fe r t i l izers  such as 
di-arnrimnium phosphate, t r ip le  or superphosphate. The high chloride 
content (average 1. 1 D F ~  cent), and high R203 . content 



TABLE XXXVI 

THE: MINEIZALOGICAL COMPOSITION OF JPPAWALA 
PHOSPHATE ROX (BRECCIA) 

EIII'ER?G CC?,reONW MODAL PERCENYAGE 

Chlor-Apati te 
( c o a r s e  c r y s t a l l i n e )  

P r a n c o l i t e  
(Carbonate A p a t i t e )  

C r a n d a l i t e  
(Hydrated Aluminium Phosphate)  

Goe th i t e  and Hemati te 4 60 

I lmen i t e  1.30 

Quar t z  0.80 

Wad 
( ~ a n g a n e s e  Oxide) 

Wave l l i t e  
(Hydrated Aluminium Phosphate)  T iace  

T o t a l  99,: 10  

After - IFDC s t u d i e s  1979, Alabama - USA. 
SMDDC 

TABLE XXXVII 

MMICAL ANALYSIS OF EPPAWALA 
PHOSPHATE ROCK (BRECCIA) 

CDNSTITUENT W. PER CENT 

CaO 48.5 

i 
Trace  e lements  d e t e c t e d  are - Cr, Cu, As ,  U, Cd, V and Hg. 
After -' IFDC s t u d i e s  1979, Alabama - USA. 

SMMDC 



(Fe20j  + U203 :  average 7-8 pe r  c e n t )  a r e  t h e  major drawbacks i n  t h e  
u t i l i z a t i o n  of t h i s  o re .  The h igh c h l o r i d e  con ten t  g i v e s  rise t c  

s e r i o u s  co r ros ion  problems i n  p l a n t  and machinery and t h e  high R203 

con ten t  r e t a r d s  t h e  f i l t r a t i o n  p r o c e s s  dur ing  conversion of t h e  rOCK 
t o  phosphoric a c i d  by r e a c t i n g  wi th  s u l p h u r i c  a c i d ,  'The 

i n t e r n a t i o n a l  s t andards  accep tab ie  a r e  less than  0 ,05  pe r  cen t  
c h l o r i d e  and less than  4 p e r  c e n t  R 0 

2 3 '  

Benef ic i a t ion  s t u d i e s  have revealed  t h a t  t h e r e  is no p r a c t i c a l  

method of k n e f i c i a t i n g  t h e  Qpawala  rock f o r  a c i d u l a t i o r ~  and 
t h e r e a f t e r  f o r  t h e  manufacture of phosphat ic  f e r t i l i z e r  by 

conventional  technology Due t o  t h e  u n s u i t a b i l i t y  of t h i s  rock a s  a 

feed  material i n  a z i d u l a t i o n ,  its s u i t a b i l i t y  f o r  d i r e c t  
a p p l i c a t i o n ,  s p e c i a l l y  f o i  p e r e n n i a l  c rops*  was s tud ied .  The Centra l  
A g r i c u l t u r a l  Research I n s t i t u t e  of S r i  Lanka c a r r i e d  ou t  f i e l d  

t r i a l s  w i t h ]  ground Eppawala rock i n  c o q a r i s o r l  wi th  i r p o r t e d  
phosphate rock. The c i t r i c  a c i d  s o l u b i l i t y  of t h e  Cppawala roc:; is 

a b u t  2 p e r  c e n t  and t h a t  of t h e  imported m a t e r i a l  is about 6 per 

c e n t ,  The Eppawala rock ground t o  a p a r t i c l e  s i z e  of 100 mesh BSS 

was found s u i t a b l e  f o r  d i r e c t  a p p l i c a t i o n  i n  tea p l a n t a t i o n s  and i n  
most of t h e  rubber p l a n t a t i o n s .  The rock, t h e r e f o r e ,  is crushed and 

ground, and approxinate ly  15-18 thousand t o n s  of thle m a t e r i a l  Is 
suppl ied  t o  t h e  F e r t i l i z e r  Mixing Indus t ry .  This m o u n t  wouid be 

doubled i n  t h e  near f u t u r e .  

There are a number of methods a v a i l a b l e  f o r  t h e  manufacture of 
phosphate f e r t i l i z e r .  Many of t h e s e ,  however, cannot  be app l i ed  t o  

t h e  m a w e l a  rock phosphate as it is a d e p o s i t  without  p a r a l l e l  i n  
t h e  wor ld ,  The main t y p e s  of f e r t i l i z e r  which could be manufactured 

inc lude  t h e  Khenania t y p e  phosphate, Fused Magnesium Phosphate and 

High Analyses Phosphatic  F e r t i l i z e r s .  For t h e  manufacture of t h e  
Rhenania type  phosphate, phosphate rock, soda ash  and s i l i c a  a r e  
mixed and s i n t e r e d  a t  tempera tures  between 1 0 0 0 - 1 2 0 0 ~ ~ ,  and t h e  

a p a t i t e  is converted i n t o  a product  wi th  varying a n ~ u n t s  of P205. 
The s i n t e r e d  product  is i n  t h e  form of granules ,  and t h e  t o t a l  P205 

con ten t  i n  t h e  f i n a l  product  is around 26 p e r  cen t .  Fused magnesium 

phosphate f e r t i l i z e r  could  be produced by t h e  f u s i o n  of Eppawal; 
rock wi th  s e r p e n t i n i t e  ( a v a i l a b l e  i n  t h e  Uda. walawe 



region) i n  a furnace a t  a temperature of about 1 4 0 0 ~ ~  and then 
quenching t h e  molten mate r ia l  i n  water. The f i n a l  product is 

magnesium phosphate. The process has been known f o r  over 30 years  

and it is adopted i n  a n u i h r  of count r ies  including Japan. 

Both types  of f e r t i l i z e r  mentioned are now considered t o  be 

unecor~omical t o  manufacture on a commercial scale due t o  t h e  high 
energy c o s t s  i n  producing fu s ion  t empera tu r e s  of 1200-1500~~.  

Thermal phosphates are not water so lub le  but  so lub le  i n  ci tr ic  acid.  
These' theref  o r e  have lirraited app l i ca t i on  and t h e i r  ef f ectiverLess as 
a f e r t i l i z e r  is dependent on t h e  p H  of t h e  s o i l .  

IIiyh analyses  phosphatic f e r t i l i z e r s  include Single  Super Phosphate 
(SSP), T r ip l e  Super Phosphate (TSP), and Phosphoric Acid ( P A ) .  

S ingle  Super Phosphate is manufactured by a rock-acid reac t ion  i n  z 
mixer. The main drawback i n  its manufacture on a commercial s c a l e  is 
its lorr P205 content  adding up t o  higher t r anspo r t  c o s t s  i n  

comparison with a product l i k e  TSP which has, on an average, 50 per  

cent  P 0 The TSP is produced by reac t ing  phosphoric acid  with 
2 5' 

phosphate rock and denning and cur ing  t h e  product. Resul ts  obtained 

with t h e  Eppawala rock have heen very promising, t h e  

P2Q5 ' . ava i l ab i l i t y  i n  t h e  product being i n  t h e  region of 91.1 per cent .  

Recent s t ud i e s  by a fore ign  firm have been successful  i n  iden t i fy ing  
a method t h a t  might prove c o m e r c i a l l y  acceptable f o r  overcoming t h e  

high ch lor ide  and R203 content  i n  t h e  Eppawala a p a t i t e  and 

t he r ea f t e r  convert ing t h e  rock t o  phosphoric ac id  by t h e  
conventional w e t  processes.  The process  does not  requ i re  a ry  
physical  benef ic ia t ion  thus  u t i l i z i n g  t h e  e n t i r e  rock f o r  acid  

production (Jayawardena 1983). I n  t h i s  connection, t h e  state intends 
t o  i den t i fy  a fore ign  co l labora tor  f o r  t h e  o v e r a l l  development of 

t h e  Eppawela a p a t i t e  deposit .  

!lost marine phosphate d e p s i t s  have been c l a s s i f i e d  bzoadiy i n t o  

geosynelinal  and pla t form v a r i e t i e s .  The phosphorite l i t h o f a c i e s  bras 

f i r s t  recocjrlised by Russian Geologis ts  during t h e  e a r l y  1930 ' s 
(Kazakov 1937). The f requent  a s soc i a t i on  of phosphorite with black, 



carbonaceous o r  bituminous sha l e s  of r~udstones, c l ier ts  (or other  
s i l i c e o u s  sediments), a s  w e l l  a s  with various cartwnate rocks 
provides an  e f f e c t i v e  a i d  t o  phosphate exploration.  This assemblage 
c h a r a c t ~ r i s e s  geosynclinal  phosphate deposits .  The platform 
phosphorite l i t h o f a c i e s  comprises sandstone, carbonate sequences, 
calcareous shales ,  s i l t s t o n e s  anC evaporites.  Some depos i t s  a r e  
associ.ated w i ~ h  glauconi te  a1:3 zrenaceous - clayey sediments. 
Indirect  prospecti2g techniques have a l s o  been used i n  phosphate 
exploration. 

The most useful  of t h e  i n d i r e c t  methods depends upon t h e  uranium 
content of phosphate rcck vhich i n  marine phosphorites ranges from 
0.005 t o  0.02 per  cent .  Phosphorite t q e t h e r  with de r t a in  black 
sha les  is thus  s i g n i f i c s n t l y  rad ioac t ive  compared with most other  

sedimentary rocks. 

The only l a rge  f e r t i l i z e r  complex i n  t h e  i s land  is t h e  urea p l an t  
t 

s i t ua t ed  a t  Sapugaskanda. The nitrogenous f e r t i l i z e r  is manufactured 
from Naptha obtained from t h e  Ceylon Petroleum Corporation. The 
i s l and ' s  demand f o r  urea is about 150,000 tons  per  annum. 

S r i  Lanka has long been renowned f o r  its gems. I n  t h e  s c r ip tu re s ,  
reference is made t o  gems being brought from Ceylon t o  t h e  Court of 
Solomon. The 'Mahawansa', t h e  g r e a t  h i s t o r a l  record of t h e  is land,  
r e f e r s  t o  t h e  s ingula r  reputat ion of t h e  i s l and  f o r  its gems. 
Several  Greek  w r i t e r s  of t h e  f i r s t  and secorid cen tur ies  refer t o  the  
reputat ion of S r i  Lanka f o r  its precious  stones.  From a b u t  t he  

four th  century t o  t h e  e leventh century t h e  Arabs and t h e  Pers ians  
exercised a g rea t  inf iuence over t h e  t r ade  of t h e  is land.  The 

Venetian t r a v e l l e r  Marco Polo, i n  t h e  t h i r t e e n t h  century,  v i s i t e d  

S r i  Lanka on h i s  homeward journey from China and i n  h i s  book he 
rnentions t h e  gems of t h e  is land.  H e  a l s o  records t h a t  he found t h e  
Moors, t h e  descendants of t h e  Arabs, i n  undisputed possession of t he  

gem t r a d e  of S r i  Lanka. I t  is a l s o  believed t h a t  Sinbad's  Valley of 



(;ems i n  t h e  Arabian Nights is probably 'he Ratnapura Gem f i e l d s .  S r i  

Tanks has there fore  been reputed f o r  i ~ s  gems s ince ea r ly  klistoric 
clmes, 

The main gem x a r i n g  a rea  of S r i  Lmka which has been know11 f o r  
centuries comprises a se;les of p a r a l l e l  r idges  separated by 

longitudinal va l l eys  and s l t u a t e d  i n  t h e  Sabaragamuwa Province 

(F ig ,  31). To t h i s  day t h e  mzin gemming f i e l d s  i n  t h e  i s l a n i  a r e  
confined t d  t h i s  area which covers  near ly  1500 sq, krn. The a reas  i n  

t h e  v i c i n i t y  sf Avissawella, Ratnapura, Rakwana, Pelmadulla and 

Balangcda have supported t h e  most ac t i ve ly  worked p i t s  i n  t he  
i s land  for a number of decades,  This region has supplied t o  t he  

market some high-priced blue sapphires,  s t a r  sapphires  and c a t  ' s 

eyes,  Ratnapura (meaning c i t v  of gems) is t h e  mai? cen t r e  of t h e  gem 

Figure 31. V i e w  of Gem   ear in^ Valley from Ratnapura-Pelmadulla Road 

industry. Outside the  main gem bearing a rea  t h e r e  a r e  i so la ted  

gemming grounds of which Okkampitiya and Elahera a r e  noteworthy. 

Other a r ea s  include Nuwara El iya ,  Horton Plains ,  Hatton, Kandy, 



Fstara,  Hambantota, Uda Walawe and many o ther  l o c a l i t i e s  throughout 
t he  Precambrian of t h e  is land.  

The Sabaragamuwa catchment basin  (drained by t h e  Kaluganga) 
comprises an area of over 4500 sq. km. The region is composed 
e n t i r e l y  of Precambrian rocks which a r e  deeply d i ssec ted  by a val ley 
system. The main rocks exposed include garnet  - s i l l i m a n i t e  - 
graphi te  s ch i s t s ,  qua r t z i t e s ,  marbles, dolomites, garnet  g ranul i t es ,  
gneisses  of var ious  types, eharnocki t ic  rocks ,  and pegmatites. It is 
in t e r e s t i ng  to  note  t h a t  quar tz  of very high p u r i t y  ( 99% S i O Z )  

occurring i n  t h e  form of veins  is con£ined t o  t h i s  a rea  and is of 
economic value. The quartz,  m i l k  white i n  colour,  occurs on h i l l  
s lopes  i n  t h e  form of very l a rge  boulders. The Ratnapura region 
receives t h e  highest  r a i n f a l l  i n  t h e  i s land  (320 - 508 cm) and is 

subjected t o  severe f looding during t h e  wet seasons (See Fig.6). 

When a r i v e r  suddenly l o se s  ve loc i ty  it depos i t s  its load of coarse 
and heavy sediments. It is a t  such sites i n  t h e  Ratnapura valleys,  
e i t h e r  i n  t h e  na in  r i v e r  (Kaluganga) o r  i n  its numerous t r i b u t a r i e s ,  
and usual ly  i n  o ld  r i v e r  channels and f lood p l a i n s  t h a t  t h e  
gemstones are found today mixed with grave l  i n  t h e  a l l u v i a l  deposits .  

The precmus  s t c a e s  of S r i  Lanka, with t h e  exception of t h e  
moonstone : Eleetiyagoda) , some tourmalines, corundum and a few 

garnets  which have been found i n  s i t u ,  a r e  a l l  obtained from old 
a l l u v i a l  deposits .  T k q  represent  t h e  i ndes t ruc t i b l e  res idua l  deb r i s  
brought down from t h e  h ~ g h  ground as products of degradation of t h e  
rocks .  They may a l s o  be found embedded i n  grave l  l aye r s  and sand i n  
t h e  beds CF ancient  r i ve r s ,  i n  va l ley  bottoms, i n  t h e  beds of 
abandoned t r i b u t a r i e s ,  i n  a l l u v i a l  t e r r a c e s  and i n  t a l u s  
accumulations a t  t h e  foo t  of h i l l s .  A l l  gem minerals are undoubtedly 
a p a r t  of t h e  rocks of t h e  country i n  t h e  v i c i n i t y  of which they a r e  
found provided they have not been t ransported f o r  g r e a t  distances.  
Fig. 32 is presented t o  show t h e  p r inc ipa l  gemning a r ea s  i n  t h e  
is land.  These a r e  t h e  better known a r e a s  but gems have a l s o  been 
found i r  many p a r t s  of t h e  i s l and  i-g Precambrian t e r r a i n .  



Figure 32.  Main Areas of G e m  Bearing Gravel - Sri  Lanka 



The succession of formations observed i n  t he  gem f i e l d s  d i f f e ~ s  
accordirlcj t o  whether t h e  deposit ion of alluvium took p? ?ce i n  flood 

p la ins ,  i n  wide f l a t  bottomed val leys ,  a s  res idua l  gravel  on h i l l  
slopes, a s  fan type gravel occurrences a t  f3o t  h i l l s ,  or  as gravel 

s t r e t ches  i n  abandoned h i l l  streams Gravel formations with gem 

nakeria l  have a l s o  been observed i n  decomposed m?tei ia l  overlying 
concealed pegmatite dykes. I n  t h e  succession of formations i n  a 

typ ica l  qertl p i t  t h r ee  categories  may be r e c a ~ n i s e d  (Fig:33): 

( i)  Super f ic ia l  l ayers  of s o i l ,  e i t h e r  l a t e r i t i c  or  peaty, 
overlying sandy and clayey mater ia l  . The c l ~ y e y  mater ia l  
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Figure 33. Succession of Formations in a T y p i c a l  Gem Pit - S r i  Lanka 



is i n  p a r t s  kaolinized. The thickness  of t h i s  formation 

which is v i r t u a l l y  t h e  ove~burden va r i e s  considerably and 

is i n  general  1 - 2m th i ck -  
(ii) A layer  o r  severa l  l ayers  of pay-gravel usually of 

l en t i cu l a r  shape. This is t h e  gem bearing gravel. The 

miner r e f e r s  t o  it a s  t h e  'illam'. The illam layer is a 
few c m  t o  about a metre i n  thickness  and may be 

encountered a t  shallow depths ( 3m) o r  a t  depths of up t o  

12m o r  more. 
(iii) The next formation is  the  decomposed rock which is 

norn~ally kaolinized and micaceous . The decomposed 

material is termed t h e  'Malawa' by miners. In  p i t s  where 
more than one 'illam' o r  pay-gravel is s t ruck,  t he  lower 
ones a r e  t h e  more p r o l i f i c  i n  gems. A l l  gem p i t s  should 
theo re t i ca l ly  end work on s t r i k i n g  the  'malawa' layer  o r  
decomposed rock. 

Apart from t h e i r  economic value a s  t he  caiLier  of t h e  pr inc ipa l  gems 
the  ' i l l am'  gravels  a r e  highly in t e r e s i i ng  from a pe t ro log ica l  and 
mineralogical point  of view. Once t h e  gems a r e  recovered a f t e r  

washing, t h e  grave ls  a r e  discarded. This discarded material  is 
termed 'lJambuwal by the  miners, and up t o  recent years l i g h t  
coloured corundum sometimes i n  c r y s t a l  form ( s e m i  transparent. 

corundurt~), .were discarded. The e a r l i e r  discarded corunduri~ is termed 
"Geuda" loca l ly ,  and c e r t a i n  types  are now col lec ted  and heat 

t rea ted  t o  enhance the  blue colour. The most abundant const i tuent  of 
gem gravel is quartz  i n  w e l l  rounded pebbles. The gem miner has come 
LO regard these quar tz  pebbles a s  an i n f a l l i b l e  guide t o  the  
presence of gemstones i n  t h e  f i e l d  and uses t h i s  associat ion i n  h i s  

search f o r  pay-gravel. Besides quar tz  and t h e  orrlamental stones.  
including a var ie ty  of rare gem minerals, t he  gem gravel  contains  a 
number of g ra ins  and c r y s t a l s  of t h e  r a r e  e a r t h  minerals - conpounds 
of t h o r i m ,  uranium cerium, yttr ium, niobium t-tanium, beryllium, 
zirconium 3nd others .  I n  regard t o  the  content of gems i n  t he  pay 
gravel, there  is a notorious uncer ta inty;  some p i t s  may draw -? blank 

while others,  perhaps only a few metres away, may y i e ld  very highly 
priced gems. 



No d e t a i l e d  work has been at tempted on t h e  o r i g i n  of' gems i n  S r i  
Lanka. Adams (1929) considered t h a t  they are t h e  c o n s t i t u e n t s  of t h e  
a ssoc ia ted  c r y s t a l l i n e  rocks. Katz (1972) s t a t e s  t h a t  t h e  

~ a t n a p u r a - t y p e -  d e p o s i t s  were der ived from c o r d i e r i t e  gne l s ses  and 
assoc ia ted  rocks. Wadia and Fernando (1945) and Coates (1935) 
advocated a pegmat i t ic  o r i g i n  f o r  some of t h e  gem v a r i e t i e s -  

Dahmnayake (1980) considered t h a t  mcst of t h e  gem v a r i e t i e s  i n  t h e  

Hatnapura and Elahera a r e a s  a ~ e  found associated wi th  g a ~ n e t i f e r o u s  
gne i s ses  and skarn-type marble d e p o s i t s  

Deraniyacjala (1958) s tud ied  a number of f o s s ~ l s  errbedded i n  t h e  
gem-gravels of t h e  Ratnapura a r e a  and his wcrh: i n d f c a t e s  a 
P le i s tocene  age f o r  t h e  major i ty  of t h e  Ratnapuia gem g r a v e l s  Wadla 
ancl Fernando (1945),  however, state t h a t  t h e  gem grade1 s dc n c t  a l l  
belong t o  t h e  same age s i n c e  e ros lon  of gem bear ing rocks proceeded 
continuous_ly through succeeding g e o i q i c a l  ages. Zircons from S r i  
r a r l k a  gem g r a v e l s  have been da ted  a t  560 m i l l i o n  y e a r s  This 
however, does n o t  mean c5at  t h e  gem g r a v e l s  were formed durlng t h i s  
period.  Only a few i n s t a n c e s  a r e  known 3f raw gem-stones occuring i n  
rocks. There is, however, no doubt regarding t h e  pegmati te  h a b i t a t  
of topaz  , t ~ u m a l i n e ,  be ry l ,  c h r y s o k r y l ;  amethyst, sphene and 
zircon,  and rnost of t h e s e  minerals ,  some approaching gem q u a l i t y ,  
have been e x t r a c t e d  from t h i s  source ,  I n  s e v e r a l  Ratnapura f i e l d s ,  
gems a r e  f c ~ n i i  urder  cond i t ions  which p o i n t  t o  t h e i r  being not  f a r  
removed from t h e  source  of o r i g i n ,  but  a s  t n e  ~ o c k s  a r e  burie? under 

a deep r ~ a n t l e  of decoripos?d m a t e r i a l  they cannot k>e exarnlned from 
p i t s  o r  t renches .  The m a j ~ r i t y  of t h e  r a r e - e a r t h  minera ls  t h a t  a r e  

known have come t o  l i g h t  from t h e i r  a s s o c i a t i o n  wi th  gem gravels .  
Their  h a b i t a t s  a r e  unknown. It is t h e r e f o r e  l o g i c a l  t o  assume t h a t  
weathering has  exposed 2eeper p a r t s  of t h e  mountain f o l d s  of t h e  
I s l and  where minera l i za t ion  has  taken p lace .  This  is t h e  r e s u l t  of 

m i l l i o n s  of y e a r s  of sub-aerial  weathering of t h e  highly fo lded 
landmass which must have been very d i f f e r e n t  i n  appearence from what 
w e  see now. This  weathering process  i n  previous  geo log ica l  ages  has  

expos* pegmati te  veins  and r o c k s  c o n t a i r i n g  a number of minera ls  of 
gem q u a i i t y .  These outcrops  of pegmati te  m a t e r i a l  inc luding rocks 
have been subjecte?  t o  a renewed p r c c e s s  of weathering through 
?oun t iess  ages,  and t h e  gradual  s o r t i n g  a c t i o n  of t h e .  water has 



resulted i n  t he  deposit ion of gem gravel and sands which have 
subsequently been sealed by a covering of a l l u v i a l  deposi ts  a s  i n  
t he  Ratnapura valleys.  

The commonly used mining methods where only manual labour is 

employed, although pr imit ive,  are tim honoured and belong t o  
ancient Sinhalese t r ad i t i on .  They involve l i t t l e  capS.ta1 outlay and 
a r e  quick and e f f i c i e n t .  Three methods a r e  used t o  recover t he  gems. 
??hey are:  Placer mining, Gemming by p i t s ,  ar-3 Gemming of r iver  beds 
by dredging. 

Placer mining: When the  pay-gravel is i n  supe r f i c i a l  s o i i  deposi ts  
within about 2m of t h e  ground surface,  t h e  land is worked by  ope^ 

c a s t  mining a f t e r  c lear ing  t h e  surface.  The mater ia l  obtained is 

sor ted out and washed i n  t h e  usual manner r iunning water o r  i n  
improvised s lu ices .  

(kmming by p i t s :  When the  overburden is of considerable depth :he 

most connnon m e t h d  is t o  sink p i t s .  The s i z e  of t he  p i t  is normally 
3 - 5m square, divided i n t o  2 chambers by a p a r t i t i o n ,  one f o r  

working and excavating the  gravel  and the  other  f o r  de-watering the  
sump (Fig.34). I n  some of t h e  deeper p i t s ,  l a t e r a l  d r i f t s  a r e  a l s o  
driven i n  a l l  d i r ec t ions  from t h e  bottom of t he  sha f t .  The gravel is 
washed i n  shallotv baskets made of r a t t a n  o r  w i c k e r .  Very few p i t s  
use mechanised contrivances. However, i n  recent years,  a high degree 
of mechanisation has been introduced i n  some mines. This is the  most 

popular m e t h d  of gem mining i n  t h e  Sabaragamuwa mining area. 

G d n g  of r i ve r  beds by dredgfng: Gerianing i n  beds of r i v e r s  is J.zss 
common and requires  t h e  ass i s tance  of experienced dredgers (Wadia 

and Fernando 1945). An obstruct ion is put up across  a stream t o  
increase t h e  flow of water a t  a se lec ted  spot .  Long handled showels 
up t o  40 f e e t  o r  more i n  length a r e  employed by s i x  t o  e igh t  men t o  
drag t h e  r i ve r  bed a t  a po in t  ups&eam of t h e  dam till t h e  i l larr  
layer  is exposed a f t e r  s o m  w e e k s '  work. The overburden 1s car r ied  

away by t h e  ag i ta ted  water and t h e  coarse sand and gravel  ( i l l am)  is 

raked up and allowed t o  c o l l e c t  i n  a low ridge. This p? r t l y  sor ted 
illarn is then removed from the  water i n  baskets t o  t h e  bank of the  
stream and the  usual process of gem washing ca r r i ed  out .  



Figure 34.  View of a Gem Pit - Pelmadulla 

The yarning season is normally from December t o  May, t he  dl'ier p a r t  
of t he  year. Under t h e  ex i s t i ng  rnining law a l icence t o  mine must be 

obtained from the  S ta te .  No l icences  a r e  issued f o r  prospecting fo r  

gems. Applicatjons f o r  l ease  of cjermnlrlg r l g h t s  a r e  granted on 
?emits and the  payrent cf an annual fee Sometimes qemminq r igh t s  
a r e  given a f t e r  ca l l i ng  fc: tenders  from t h e  publ ic  a reserve p;lce 

o r  upset p r a t i w  being f ixed  before hand, Seldom a r e  gemming r igh t s  
i n  S r i  Lanka leased on a royal ty  o r  rerlt basis.  The az tua l  Work of 
mining i n  a pcoperty is ca r r i ed  out on a remarkable system of 
co-operative sharing of labour, expenses and p r o f i t s .  The output of 
the  gem p i t  is d i s t r i bu ted  a s  follows: 

Ground ren t  of owner . . 20 per  cen t  

Leasee's o r  Licence-holder's share.. 10 per cen t  
Firancier  ' s share  .. 35 per cen t  
Diggers share  . . 35 per cent  



I n  c e r t a i n  i n s t a n c e s  10 p e r  c e n t  of t h e  f i n a n c i e r ' s  s h a r e  goes f o r  
t h e  purchase of a water pump and a f u r t h e r  10  per c e n t  f c r  t i m . k r .  
This  system of- sha r ing  is unique i n  a h ighly  uncer t a in  bus iness -  It 

has n~air l tained t h e  gemming i n d u s t r y  i~ a heal thy  s t a t e  f o r  c e n t u r i e s  
and has checked over production.  The system of tenure  under which 
land is held  i n  S r i  Lanka makes mechani-cal, l a r g e  s c a l e  opera t ions  
unworkable i n  p r a c t i c e .  

A l l  minera l  d e p o s i t s  t h a t  are mined a r e  a c o n s t a n t l y  diminishing 

asset. This  is t r u e  of t h e  gem g r a v e l s  of S r i  Lanka. Exhaustion of 
g r a v e l s  a t  a number of  p o i n t s  is an  i n d i c a t i o n  t h a t  t h e  Ratnapura 
gembeds w i l l  3 o t  be e v e r l a s t i n g  and t h a t  t h e i r  e x t i n c t i o n  is only  a 

ques t ion  of t i m e .  Neb1 a;eas have,  however, been found. I n  f a c t  t h e  
e n t i r e  Precambrian of S r i  Lanka could be searched f o r  gem gravel .  
Table X X X V I I I  is presen ted  t o  show t h e  main gem v a r i e t i e s  i n  t h e  gem 

g r a v e l s  of Sr i  Lanka and Table  XXXIX is a list of t h e  rare gem 
minera ls  of t h e  i s l a n d  as l i s t e d  by zoysa (1983).  

Geril c u t t i n g  i n  S r i  Lanka up t o  r ecen t  yea re  w a s  done by machines of  
p r i m i t i v e  c o n s t r u c t i o n  ofierated by hand. No mechanical o r  e l e c t r i c a l  
appl iances  were employed, During t h e  p a s t  5 t o  7 y e a r s  modern and 
up-to-date m a c h i ~ e r y  has  been introduced tc t h e  ger11 c u t t i n g  indus t ry  
and today machiae c u t  gems of a very high q u a l i t y  could k obtained 
i n  t h e  i s l a n d ,  

I n  t h e  pe r iod  1963 . -  1968, 60,000 t o  196,000 c a r a t s  valued a t  Rs.  

1.3 t o  Rs .  4 m i l l i o n  were expor ted  annually.  The value  va r i ed  with 
t h e  q u a l i t y  of  t h e  s t o n e s  expor ted  each yea r ,  bu t  t h e s e  f i g u r e s  a r e  
perhaps not  a c c u r a t e  as, i n  a d d i t i o n  t o  expor ts ,  it is w e l l  known 

t h a t  gemstones are taken  o u t  of t h e  country  by i l l i c i t  methdds, The 
value of i l l i c i t  e x p o r t s  has  been es t imated  by va r ious  a u t h o r i t i e s  
at hundred t o  two hundred m i l l i o n  rupees a yea r ,  The gemstone has 
two Zeatures ,  a very low weight and volume and a very high value, 

and t h e s e  m a k e  it a t t r a c t i v e  t o  t h e  smuggler, The problem of t h e  
i l l i c i t  flow of gemstones is no t  p e c u l i a r  t o  S r i  Lanka and i n  
c e r t a i n  o t h e r  c o u n t r i e s  it is es t ima ted  t h a t  a t  t imes  smuggling may 

account f o r  as much as 75 per c e n t  of t h e  gemstones l eav ing  a 
country . 



TABLE XXXVIII 

SRI LANKA GEM V A R I E E S  

Mineral Gem Varie t ies  

Corundum I 

8 

Sta r  Sapphire, ruby and s t a r  ruby, 
Yellow, Blue, Green, Orange, Pink and 
White Sapphi re. 

I 

Chrysoberyl 
I 

Beryl 

Alexandrite and Cat 's Eye. 

Aquamarine - Colourless, Pink, Yellow 

t 

Topaz I 

Tourmaline ' 

I sp ine l  1 Spinel - deep red, green, v io le t .  I 

White and Yellow topaz. 
Blue green v io l e t  and red topaz (pale  
t i n t s ) .  

-- 

. Black, pink, rose-red, blue, brown, 
green var ie t ies .  

G m  
PY rope 

Almandine I 

Grossularite 

Pyrope - deep red t o  black. 
Almandine - deep crimson, red t o  
v io le t .  
Grossular i te  - hnney yellow t o  brownish 
yellow, a l so  known a s  Hessqnite or  
cinnamon stone 

Quartz Rock c rys t a l ,  amethyst, rose quartz, 
,smoky quartz, e i t r i n e  (yellow) c a t ' s  
eye quartz  and s t a r  quartz. 

Zizcon 
1 

I 

i Feldspar 

Brown, Green, Blue, red, orange and 
yellow var ie t ies .  

(After Herath, 1980) .  

1 



TABLE XXXM 

~oFRAREGmvAlumESINSRILANKA 

er Zoysa 1983) X occurs in Sri Lanka. 

Wit11 a view to developing the gem industry of Sri Lanka, the 
government established the State Gem Corporation in November, 1971. 
The Corporation now handles the issue of permits for gemming and 

buys cut and uncut gems. A91 exports of gemstones from the Lsland 
have to be channelled through the Corporation. A modern gem testing 
laboratory has been established, and the Corporation has ,lready 

r~~ade a significant contribution towards establishing a s gem 
industry in the island. In 1971 gem exports from the Islarld were 
valued at Rs. 3.5 million . In 1978, 7 years after the establisment 

of the Corporation, Tern exports were in the region of Rs. 6C3 
nillion. This indicates the increasing confidence owners of' gems 
were beginning to have in the Corporation. 



SILLIMANITE, lDLLASTDNI'E3 AND CORDIERITE 

sillimanite is a silicate of alumina ( ~ 1 ~ 0 ~ . S i O ~ )  with a theoretical 
composition of A1203 63.1% and SiOZ 36.9%. Kyanite, sillimanite and 
andalusite have the same chemical composition but differ in crystal 
structure and physical properties. On heating to around 1 5 0 0 ~ ~  all 
the above minerals undergo conversion to mullite (3A1203.2Si02) and 
vitreous silica, and in the calcirled form they are used in 
refractory products. Sillimanite occurs in a variety of rock types 
in Sri Lanka. Appreciable quantities of sillimanite are found in the 
garnet-sillimanite-graphite schists which are well developed in the 
central highlands. Sillimnite also occurs in the beach mineral 
sands, and the Pulddai sands contain up to 1 per cent sillimanite. 
\hen the Pulmoddai project bxornes fully operational, over 200,000 

I 

tons of raw sand would be treated annually for the recovery of 
rutile, ilmenite and zircon, and about 500 - 600 tons of sillimanite 
could be recovered annually from this deposit. At present 
sillimanite is not produced in Sri Lanka. Sillimanite is mainly used 

in the refractories industry on account of its ability to withstand 
high temperatures. The material could also be used in the ceramics 
industry. Sillimanite is found in quantity in India, South Africa 
and Australia. 

\Jollastonite is a fibrous calcium silicate with the theoretical 
conpostion Si02 51.70% and CaO 48.30%. In Sri Lanka 

wollastonite-bearing calc gneisses occur in the Ambalanyoda and 
Galle areas. The wollastonite occurs as segregations ot coarse 
wollastonite crystals in the calc gneisses. Although these rocks are 
distinctive they are limited in extent and cannot k considered to 
be of cmerical value at the moment. Wollastonite has a high 

fluxing action to bring down the maturing point of ceramic bodies 
and car1 be used ir. low temperature once-fired products. Wollastonite 
is chiefly used in once-fired wall tiles. It is also used as a 
filler in paint, rubber and paper. Deposits of wollastonite occur in 
U.S.A., U.S.S.R and Finland. 

Cordierite (2Mq0.2Al2O3.5SiO2) is a rare mineral. Cordierite bodies 
are used in the ceramic industry and the development of 



synthetic cordierite is acbi.eved by using the raw rdaterials kaolin, 
ta lc  and alumina. In Sr l  Lanka cordierite occurs in  appreciable 
quantities in  the gneisses in  the Gan-paha and Avissawella areas. 

Iiowever, cordierite is not extr.a~ted from these rocks. 

Sodiurn chloride (NaC1) commonly called kitchen sa l t  is the comrnonest 

s a l t  in  sea water. The mineral sa l t ,  called halite, is characterised 
1)y its easy solubility in  water, its distinctive taste,  cubic 

cleavage and its crystal form. Salt is recovered from a variety of 
deposits: sea water, saline lakes, bedded s a l t  deposits, and sa l t  
domes. I n  Sri Lanka s a l t  is extracted from sea water Sy solar 

evaporation. The s a l t  producing pans or salterrls are located i.1 

three main regions ad the State owne6 salterns are as  follows: 
Northern region - Elephant Pass, Kurunchativu, Kalluntial, Irupalai. 
Western region - Palavi, Mannar , Puttalam. 
Southern reg ion - Hambantota Maha Lewaya, Palatupana. 

The National Salt  Corporation operates the State owned salterns and 
a considerable araount of m d e r n i s a t i ~ ~  and inprovenerlt rv~ork has 
already been undertaken by the Corpcration. The local demand for 

sa l t  is i n  the region of 120,000 tons per annurn and around 130 - 150 
thousand tons are manufactured a t  present. 

The Corporation also exporks small qua-  ti ties of s a l t  t o  Africa and 
the Maldives. h u t  6,000 tons of gypsun? are also produced. T h i s  

rqaterial is supplied t o  the Ceylon Cement Corporation. An Epson sa l t  

plant is k i n g  established a t  Hamhntota wi th  a capacity of 1000 

tons per annul. The product magnesium sulphate is sold to  :he Ceylon 
Fertilizer Corporation for use as a fe r t i l izer .  Although small 

cpaniti'ties of refined s a l t  are produced by the Corporation, . i t  has 

plans t o  establish a refined s a l t  plant w i t h  foreign collaboretion 
wi th  an annual production of 20,000 tons which w u l d  be mainly for 

eqwrt. Salt is also supplied to  the Paranthan Chemical Corporation 

for the manufacture of Caustic Soda and Chlorine. 



The Corporation has commenced p r d u c t i o n  of iodised sal t  t o  ca t e r  t o  
the  requirements of l o c a l  hosp i t a l s  and hea l th  centres .  
P o s s i b i l i t i e s  a l s o  e x i s t  f o r  t h e  export of t h i s  product. The 

nlar~ufacture of P.V.C. is another p ro j ec t  proposal  by t h e  
Corporation. Other p ro j ec t s  proposed include t h e  establishment of a 

soda as21 plant, conversion of gypsum t o  p l a s t e r  of p a r i s  and chalk, 
and recovering magnesium sulphate  from b i t t e rn s .  

STONE, SAND AND GRAVEL 

In  t h e  very earliest epochs, i n  what is termed t h e  'Stone Aye', m n  

used hard s tones  and frorn them fashioned t h e i r  rough domestic t o o l s  
and t h e i r  weapons of war. In  time, stone gradual ly  gave place t o  

metals. I n  S r i  Lanka as i n  most o ther  count r ies  t h e  value of s tone 
had k e n  recognized and the re  is evidence of s tone  work which goes 
back many cen tur ies .  Dimension s tone  and t h e  magnificant carvings on 

s tone a r e  t o  be seen today i n  t h e  remains of ancient  ruined cities 

of t h e  is land.  

In  t h e  present  day, s tone  i n  various forrns and sand a r e  extensively 

used i n  t h e  building industry  a l l  over t h e  world. Stone which is 
spec i a l l y  c u t  o r  shaped f o r  use i n  bui ldings  and f o r  other  

construct ion purposes is c a l l e d  dimension stone.  Stone which is 

broken i n t o  required s i z e s  is used i n  t h e  constructiorl  of bui ldings  
and crushed s tone is used a s  concrete  aggregate and road-stone. In  
S r i  Lanka t h e  reserves  of s tone and sand a r e  l a r g e  and l a t e r i t e  is 

a l s o  used a s  a building s tone  and very l a rge  reserves  a r e  avai lable .  

Over nine-tenths of t h e  I s land  i s  occupied by Pre-Cambrian 
Crys ta l l ine  rocks, and except f o r  a l imited occurrence of Ju ra s s i c  
shales ,  t h e  rest is covered by hard Miocene limestone. Granites, 
gneisses  of various types,  limestones and dolomites, and qua r t z i t e s  

and charnockites a r e  common rock types which are extensively 
developed i n  mst p a r t s  of t h e  country. The s tone  industry  is one of 

t h e  o ldes t  i ndus t r i e s  i n  t h e  country. Stone is used i n  S r i  Lanka f o r  
J4 

building purposes, as road metal and a s  aggregate i n  concrete. 
Dimension s tone and polished s l a b s  are tarned out  i n  l imited 



quan t i t i e s .  Grindirq and pounding equipment is also turned out  from I 

s tone f o r  domestic use. Acccrate estimates are not ava i l ab l e  as t o  
t h e  amount of s tone  consumed pez annurn but t h e  q u a n t i t i e s  are very 
large.  Stone is enployed f o r  building,  engineering, roads and 
paving, and decorat ion and monuments. A va r i e ty  of f r e s h  rock is 

ava i l ab l e  i n  S r i  Lanka f o r  most purposes. 

Very l a r g e  q u a n t i t i e s  of sand are used i n  t h e  bui lding industry.  
Most of t h e  sand is obtained from r i v e r s  which d r a i n  t h e  Island.  
(;ood.quality sand is ava i l ab l e  i n  unlimited q u a n t i t i e s  i n  t h e  lower 
reaches of t h e  major r i v e r  systems. Accurate estimates of t h e  amourt 
of sand consumed are not ava i lab le .  The sands a r e  mainly composed of 
quar tz  (over 90 per cen t ) .  Accessory rninerals present  Include mica, 
i lmenite,  r u t i l e ,  garnet ,  m n a z i t e  and o ther  r e s i s t a n t  primary 
minerals. Although l i t t l e  o r  no recogni t ion is given t o  t h e  sand, 
g rave l  and s tone  industry ,  it is one of t b e  largest mineral based 
i ndus t r i e s  of Sri Lanka with a turnover valued a t  over 300 mi l l ion  
rupees. 

The composition of some minerals  p resen t  i n  Sri  Lanka a r e  l i s t e d  i n  
Table XXXX. 

SUMMARY 

The non me ta l l i c  minerals  form an  important group, and a number of 
I 

i n d u s t r i e s  have been set up using t he se  mineral  raw materials. 

Graphite, mica, gemstones and minor q u a n t i t i e s  of salt  are exported. 
Graphite has k e n  mined and e q m r t e d  s i nce  1821. The reserves  of 
mica are not very l a rge ,  Clay materials i n  t h e  f lood p l a i n s  of lower 
reache6 of major r i v e r  systems of t h e  i s l and  and i n  o ther  areas ere 
being exp lo i ted  by t h e  co t t age  br ick  and t i t le  industry  and t h e  
modern industry.  Kaolin and b a l l  c l a y  are process& f o r  use i n  t h e  
ceramics industry  and silica and f e l s p a r  are o ther  raw materials 
t h a t  a r e  mined. Large reserves  of sil ica sands are ava i l ab l e  i n  t he  

i s land  f o r  t h e  g l a s s  indus t r i es .  The Miocene limestone is mainly 
used i n  the manufacture of cement. There is a l s o  a proposal  t o  set 
up a phosphate industry  i n  t h e  country, using t h e  Eppawela a p a t i t e  



TABLE XXXX 

COMPOSITION OF SOME MINERALS IN SRI LANKA 

hilontmoriLlonite 

CaO, 51.7 SiO248.3 



deposit .  The Hambantota beach sands and sand dunes a r e  very r i c h  i n  
garnet,  t he  raw sand containing over 20 per  cen t  of t he  mineral. The 
sands i f  processed t o  recover garnet  could y i e ld  several  tons per 

annum. Cord ie r i te  and wollas toni te  although present  i n  the  is land 
cannot be considered depos i t s  of economic value. S i l l imani te  could, 
hovsever, be obtained form t h e  Pulrnoddai beach sands f o r  the  
refractory products industry  which has already been establ ished.  
Very la rge  quant ies  of sand, g rave l  and s tone a r e  used i n  t he  
building industry  and jn  various development pro jec t s .  The non 

r;ietall"c mineral exports of S r i  Lanka have had a pos i t i ve  impact on 
the  econonic development of t h e  country through its contr ibut ion t o  
the  development of many indus t r ies .  



7DbJARDS A P I I N E W J ,  POLICY !?OR SRI LANKA 

The mineia l  system can be def ined a s  a series of activities t h a t  
becjin wi th  t h e  l o c a t i o n  of resources  i n  t h e  ground and end with 

f i n a l  consurrption. A c t i v i t i e s  tnc lude  t h e  e x p l o r a t i o n  f o r  and t h e  

discovery of minerals ,  t h e  e x t r a c t i o n  and process ing,  and t h e  sale 
of t h e  f i n a l  product .  The minera l  system has  a p o s i t i v e  inpact on 

t h e  econorny, It g e n e i a t e s  incone and er;g>loyr,~ent d i r e c t l y  and 
i n d i r e c t l y .  Even i n  a developing country  l i k e  S r i  L m k a  t h e  rnf-neral 
system g i v e s  a n  impetus t o  t h e  economic developnent c f  t h e  ccuntrv .  

Mineral p o l i c y  is t h e  sum of government d e c i s i o n s  and a c t i o n s  t h a t  
in f luence  t h e  mineral  system, and t h e  ways i n  whicli t h e  sys te r ,~  
i t s e l f  a f f e c t s  t h e  econorny and s o c i e t y  i n  genera l .  P l iner~. l  po l i cy  

covers  more t h a n  t h e  laws and r e g u l a t i o n s  t h a t  d i r e c t l y  in f luence  
r,urleral exp lo ra t ion ,  e x t r a c t i o n  and process ing.  Other p o l i c y  

elements inc lud5 export-import pe rmi t s  r e g i o n a l  developnent funds, 
p o l l u t i o n  cor l t ro l  laws,  t a x a t f o p  and s o c i a l  development programmes. 

S r i  Lanka is no t  a major world minera l  producer. l l i ne ra l  r e l a t e d  
a c t i v i t i e s ,  however, have profound e f f e c t s  cn t h e  l i v e s  of many S r i  
Larikans. The coun t ry  is fa l r . ' y  r i c h  i n  t h e  i n d u s t r i a l  minera l s  o r  

t h e  non-metallie group of minera ls .  The f i r s t  b s e - m e t a l  f i n d  i n  S r i  

1,anka is t h e  recen t  d iscovery  of t h e  copper-magnetite d e p o s i t  a t  
Seruwila. Tllere are a l s o  i n d i c a t i o n s  of t h e  presence  of p rec ious  

meta ls  i n  t h i s  nir ,?ral ized zone a t  S e r u t ~ i l a .  These, however, have t o  
ne proved wi th  f u r t h e r  d e t a i l e d  i n v e s t i g a t i o n s .  The s e r p e n t i n i t e  
d e p o s i t s  a t  Uda SJalawe ( w i t h  traces of n i c k e l )  is of i n t e r e s t  and- 

srorthy of d e t a i l e d  i n v e s t i g a t i o n .  Fu tu re  geo log ica l  surveys  may 
t h e r e f o r e  have t o  be undertaken i n  t h e  e a s t e r n  minera l ized  a r e a  ( t h e  
boundary between t h e  Eas te rn  V i  jayan and t h e  Highland S e r i e s )  . The 

discovery  of t h e  Qpaciala A p a t i t e  d e p o s i t  is a l s o  a major mineral 
f i n d  of r ecen t  yea r s .  T l ~ e  value  of minera l  commodities  prod^ ed .r? 

S r i  Lanka i n  t h e  yea r  1982 was i n  t h e  region of one b i l l i o n  - l l l \L-es 



The mining i n d u s t r y  inc lud ing  t h e  minera l  based i n d u s t r i a l  u n i t s  
(mainly pub l i c  s e c t o r  i n d u s t r i e s )  toge the r  wi th  t h e  c o t t a g e  mineral  
i n d u s t r i e s  ( b r i c k  and tile, l i m e ,  and o t h e r s )  ernploy around 30,000 

pe r  sons. 

S r i  Lanka w i l l  con t inue  t o  depend on o t h e r  n a t i o n s  f o r  crude  o i l  

s u p p l i e s  and f o r  s u p p l i e s  of c o a l  f o r  energy purposes,  t h e s e  being 
two important mineral  raw r m t e r i a l s  wliich have t o  be irirported. I n  
t h e  f u t u r e ,  i n t e r n a t i o n a l  f a c t o r s  w i l l  a l s o  have an impact on S r i  

Lanka's a b i l i t y  t o  d e r i v e  increased b e n e f i t s  from mirerals such a s  
g r a p h i t e  and i l m e n i t e  and even gerns. t h e  bulk of which a r e  exported. 

Such f a c t o r s  inc lude  t h e  er3rgence  of l a r g e  t r a d i n g  blocs,  
resource-procu~ing s t r a t e g i e s  of o t h e r  n ~ t l o n s  i n t e ~  n a t i o n a l  
corpora t ions ,  and increased competi t ion ;;c,n o t h e r  producing 

nat ions .  World dernard f o r  minera ls ,  however, is expecte6 t o  i n c r e a s e  
s u b s t a n t i a l l y  i n  t h e  v e a r s  ahead Based on t h e s e  demands S r i  L a ~ k a  
car1 a l s o  irlcrease her  ri~irleral ou tpu t  f o r  expor t  purposes and f o r  

expansion of t h e  p r e s e n t  and f u t u r e  mineral  based ~ n d u s t r i e s ,  
However, p o l i c i e s  of S r i  Lanka Governments w i l l  have a mafor 
in f luence  on how t h i s  p o t e n t i a l  is r e a l i z e d .  

S r i  Lanka has e s t a ~ l i s h e d  a nwbe;  of minera l  based i n d u s t r i e s  
opera ted  by the p u b l i c  Zector. The n a j o r i  t y  of t h e s e  i r ldus t r i e s  use 
l o c a l  minera l  raw materials, mainly t h e  non-metallic minerals ,  and 

s p e c i a l  mention may be made of t h e  ceramic i n d u s t i y  of S r i  Lanka 
t ~ h i c h  has e s t a b l i s h e d  i t s e l f  utilizing every  poss i i r le  ceramic raw 

* 

m a t e r i a l  of t h e  i s l a n d ,  and its produc t s  a r e  of very high 
imte rna t iona l  s tandards .  110 i n d u s t r y  based on l o c a l  raw m a t e r i a l s  
can, however, prosper  urlless t h e  r e se rves  and p o t e n t i  a l i t l e s  of t h e  

racr m a t e r i a l s  used are known and f u l l y  understood and t h e  problems 

assoc ia ted  wi th   heir kxllaviour and use a r e  solved. Tf t h e  
i r ldus t r i e s ,  e s t a b l i s h e d  or proposed, a r e  t o  progress ,  r e sea rch  and 

ckvelopment f a c i l i t i e s  should be a v a i l a b l e .  I n d u s t r i a l  r e sea rch  and 
i n d u s t r i a l  development are no t  independent but  inter-dependent .  
C f f i c l e n t  and continuous research) along wi th  q u a l i t y  c o n t r o l  i n  t h e  

va r ious  s t a g e s  of product ion  are v i t a l  f a c t o r s  i n  achieving t n e  goal  
of increased product ion  and h igher  q u a l i t y .  



1 ,I' 2ol icy should f i r s t  seek, whenever possible,  t o  increase 
, vc s i f l c a t i o n  and growth of t he  nat ional  economy based on 

minerals. This c~oald involve not only increased mineral processing 
but a l s o  more mineral-based manufacturing p r io r  t o  export and 
strengthening t ies with other sec tors  of t he  econorv 

Where increased mineral processing anti mineral based manufacturing 
a r e  not feas ib le ,  desirable ,  o r  economic, and the unprocessed 

n inera l  has t o  be exported, mineral pol icy should ensure that  the  
country obtains  t h e  bes t  poss ib le  terms f o r  t he  export. 

Under c e r t a i n  circumstances, it may be des i rab le  t o  cont ro l  the  r a t e  
a t  which economic d ive r s i f i ca t ion  or  increased f inanc ia l  re turns  a r e  
sought from minerals. For exariple, mineral pol icy should seek 
conservation f o r  fu tu re  use o r  stretched-out-development where t he re  

is a p o s s i b i l i t y  of depletion.  Whatever d i r e c t i s n  mineral pol icy may 
take i n  t he  fu ture ,  t h e  f i r s t  considerat ion must be t o  assure  an 

adequate supply of minerals, whether from domestic or fqreign 
sources, t o  meet t h e  country 's  needs. h e  ove ra l l  balance and 
er;rphasis of pol icy w i l l  change over ti~ile. Mirleral policy r ~ u s t ,  

however, main ta in . i t s  geperal goal ~f obtaining for the  is land,  t h e  

best benef i t s  from mineralz. 

A geological  survey obviously has a very important ro le  t o  play i n  
t he  search f o r  mineral wealth. The nature  of t h i s  r o l e  is determined 
la rge ly  by the  l o c a l  p o l i t i c a l  and economic erlvironrnellt, and may 
range from the  p:ovision of background information t o  stimcl?.te and 
support t he  a c t i v i t i e s  of t h e  p r i v a t e  sec tor  t o  a major d i r e c t  
involveri~ent i n  prosp?ctirq.  

Very la rge  amounts of e a p ~ t a ~  sre required fo r  t h e  development of a 
nine and t h e  explo i ta t ion  of minerals. The r i s k s  of f a i l u r e  a r e  high 

and revenues derived from mining and t h e  export of ~ l i n e r a l s  
f l uc tua t e  sharply. Mining should therefore  be accorded a spec ia l  
s t a t u s  i n  r e l a t l on  t o  other  economic development pro jec t s ,  and t h i s  
has k e n  recognised i n  many c o ~ n t  r ies, including developing 
countries.  This recognition is enbodied i n  t h e i r  mining codes o r  
rtli.ning enactments. pu i te  apar t  ff6ri1 t he  direct .  c o s t s  - fil the  



devel0pLlent of  a mine and its a n c i l l a r y  f a c i l i t i e s  f o r  t r e a t n e n t  and 

process ing of t h e  o r e s ,  t h e r e  is a l s o  t h e  i m o r t a n t  mat ter  of t h e  
c o s t  of utilities. These inc lude  power, i k q u a t e  s u p p l i e s  of wafer, 

p o r t s  and handling f a c i l i t i e s ,  and t h e i r  c o s t s  can be very vuch more 
than t h e  c o s t  of t h e  n i n e  and t h e  process ing p l a n t .  Miqing t h e r e f o r e  
r equ i res  masslve c a p i t a l  and t h e  f i n a n c i a l  r e t u r n s  f rorn sucll 

investments a r s  not  assured ,  Although exploration ex-penditcre 
genera l ly  amcunts t o  only  a small  p a r t  o r  t o t a l  p r o j e c t  c o s t  it 
cor l s t i tu te s  t h e  high-r i s k  corponent of t h e  p r o j e c t ,  ana i n  rnost 

cases  t h e  expendi ture  is incurred  without a proven v i a b l e  d e p o s i t  

The e x t e n t ,  r i g o r  and c o s t  of preproduct ion  a c t i v i t i e s  i n  mineral  
resource development a r e  f a r  q r e a t e r  t h a n  those  requi red  f o r  t h e  

tlevelopnent of o t h e r  i n d u s t r i e s .  Th i s  means t h a t  t h e r e  has t o  be 

extremely larc,? c a p i t a l  i l lvestment coupled wi th  high attendant 

r i s k s ,  and t h i s  has l e d  t o  t h e  indus t ry  being dominatecl by corpora te  

g i a n t s  capablz  of spreading risks over l a r g e  geographic and 
cor~unocli t y  a r e a s ,  

IJp t o  very recen t  y e a r s  t h e r e  have been no p r i v a t e  prospect ing  
~ o r ~ p a n i e s  i n  S r i  Lanka and t h e  Geological  Survey Departmerlt has &en 
respons ib le  f o r  a l l  a c t i v i t i e s  connected wl th  minera l  exp lo ra t ion  i r l  

t h e  i s l and .  With t h e  co r~ ing  i n t o  opera t ion  of t h e  new Mines and 
F l i~ le ra l s  Law of 1973, t h e  abso lu te  ownership of a l l  minera ls  is 

ves ted  i n  t h e  Government of t h e  Republlc gf S r i  Larka, and t h e  

g ran t ing  of prospect ing  and mining l i c e n c e s  is t h e  r e s p o ~ s i b i l i t y  of 
t h e  Di rec to r ,  Geological. Survey. With t h e  operat iorl  of t h i s  a c t  

t h e r e  has been a r a t i o n a l i z a t i o n  of mining and a l s o  increased 

mineral  production,  w i t h  rnore recenue accruing t o  t h e  S t a t e  ilrom 
rnining r e n t s  and r o y a l t i e s .  The i r ~ p l e n e n t a t i o n  of t h i s  law would 

a l s o  he lp  i n  t h e  conservat io?  of  t h e  i s l a n d ' s  mineral  weal th  a n d .  
i n i t i a t e  mining a c t i v i t i e s  f o r  t h e  b e n e f i t  of t h e  n a t i o n  a s  a whole. 

Elineral s e c t o r  development i n  any country  c o n s t i t u t e s  only one 

element of t o t a l  n a t i o n a l  development and rnust t h e r e f o r e  be 

s t r u c t u r e d  t c  f i t  i n t o  t h e  framework of t h e  t o t a l  economic p lan .  A s  

a f i r s t  s t e p  i n  formula t ing  a n a t i o n a l  minera l  p o l i c y  a country must 



decide whether t o  develop its mineral sec tor  on t h e  bas i s  of a 
pr ivate ,  public,  o r  nuxed system. I n  t h e  case of S t a t e  run mineral 
development ( a s  i n  S r i  Lanka), success w i l l  depend wholly on the  
effect iveness  with which t h e  S t a t e  can plan, commit f i nanc ia l  
resources, provide rilanagerial and technica l  exper t ise .  and secure 
rnarkets. Development under t h e  p r i v a t e  sec tor  approach depends f o r  
its success on more de ta i led  consideration of the  respective 
r e spons ib i l i t i e s ,  p r iv i l eges  and obl iga t ions  of p r iva t e  companies 
and t h e  government. 

!-lodern mining and processing methods have becorkle so c a p i t a l  
in tensive t h a t  count r ies  l i k e  Sri  Lanka cannot expect t o  bring a 
s izeable  p ro j ec t  i n t o  operat ion on t h e i r  own. Sri Lanka has 
therefore  t o  decide wllether it is able  and wi l l ing  t o  a t t r a c t  

p r iva t e  c a p i t a l  ( fore ign  o r  domestic) and the  mining laws and the  
f i s c a l  p o l i c i e s  should be such as t o  encourage investment i n  mining 
and mineral exploration.  Mineral l e g i s l a t i o n  s11ould provide the  
adminis t ra t ive framework f o r  t h i s  purpose. I n  addi t ion t o  t he  normal 
mining code, l e g i s l a t i o n  should include a spec i a l  taxat ion regime 
compatible with ex is t ing  investment codes and s o c i a l  l eg is la t ion .  

The taxa t ion  regime is perhaps the  most important element of any 
nat ional  mining pol icy  f o r  it c o n s t i t u t e s  an important means f o r  
achieving many pol icy object ives .  

It has been s t a t e d  a s  a matter of pol icy t h a t  it is t h e  Government's 
in ten t ion  t o  c r e a t e  and maintain a favourable investment c l imate  i n  

order t o  encourage t h e  p r i v a t e  s ec to r  - both loca l  and overseas 
based conpanies - t o  accelerate i n  par tccrsh ip  with t h e  Government, 
t he  development and exploraton of S r i  l a n k a G s  mineral resources. For 
example, t h e  S t a t e  has p lans  t o  develop t h e  Eppawala a p a t i t e  deposi t  

(phosphate rock) f o r  t h e  n a ~ u f a c t u r e  phosphate f e r t i l i z e r .  This 
development programme is one of t h e  biggest  i n d u s t r i a l  development 

programmes to  be launched by t h e  S t a t e  and would k undertaken i n  
assoc ia t ion  with a foreign col laborator .  The Ceylon Petroleum 
Corporation which divided t h e  off-shore area i n t o  13  blocks f o r  t h e  
purposes of explorat ion work has a l s o  a l loca ted  most of these  blocks 

to  fore ign  companies t o  car ry  ou t  explorat ion work on a production 
sharing basis. 



Fina l ly ,  it may k s t a t e d  t h a t  t h e  terms which any Government can 
o f f e r  o r  n e g o t i a t e  wi th  concession ho lde r s  depends p r i m a r i l y  on how 
much compet i t ion  f o r  prospect ing  r i g h t s  a c t u a l l y  e x i s t s  i n  t h e  
country. This  w i l l  depmd on t h e  geo log ica l  environment and t h e  
aliineral p o t e n t i a l  of each country.  

S r i  Lanka is f a i r l y  r i c h  i n  t h e  non-metallic group of minera ls  and a 
serles of i n d u s t r i e s  have been e s t a b l i s h e d  based on mineral  raw 

n a t e r i a l s  These a r e  mainly i r l  t h e  p u b l i c  s e c t o r .  I t  is expected 

t h a t  t h e  minera l  p o l i c y  i n  f u t u r e  w i l l  be reshaped t o  p l a c e  g r e a t e r  
er;e)hasis on increased economic d i v e r s i f  i ca t io r l  and b e t t e r  f i r lancial  

~ e t u r n s  from minera l  development. Research and development by t h e  
state i n d u s t r i a l  r e sea rch  o rgan iza t ions ,  p r i v a t e  and p u b l i c  s e c t o r  
i n d u s t r y ,  and u n i v e r s i t i e s  should p l a y  a key r o l e  i n  mineral  

indus t ry  development i n  t h e  country  The S t a t e  should a l s o  f r m e  t h e  

necessary laws t o  o b t a i n  t h e  maximum b e n e f i t s  from a v a i l a b l e  mineral  
raw mate r i a l s .  The mining laws and f i s c a l  p o l i c i e s  s l ~ o u l d  be such a s  

t o  encourage investment' i n  mining and mineral  exp lo ra t ion  by 
a t t r a c t i n g  p r i v a t e  c a p i t a l  ( f o r e i g n  and l o c a l ) .  
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SUMElARY AND CONCLUSIONS 

Geo!.ogical surveys a r e  a f ea tu re  of government science and 
teclmnology i n  p rac t i ca l ly  every country i n  t h e  world, and 
governments have general ly  found it mcessary t o  e s t ab l i sh  a body t~ 
advise on mineral resources. But t h e  geo log i s t ' s  and p o l i t i c i a n ' s  
views O n  how t h i s  can L e  done have frequent ly  k e n  i n  conflict. 

GovermeBts usually seek quick answers t o  most problems and have not 

always taken kindly t o  t h e  s c i e n t i s t ' s  ins i s tence  on systematic 
progress. This is, however, not t o  say t h a t  a Geological Survey may 
ignore its primary economic respons ib i l i ty  t o  t he  S t a t e .  The 
t r a d i t i o n a l  funct ion of t he  S r i  Lanka Geological Survey is not ye t  
corirplete; a s  much of t he  country remains tc! be mapped I n  adequate 
d e t a i l .  Meanwhile new florizons a r e  opening. Enviromental  geology, 
urban developnent, t h e  c j e o l w  of t h e  cont inental  shelf  and slope, 
t h e  integrated study of mineral provinces and n~ineral ized zones or  
b e l t s  and t h e  eyer expanding appl ica t ion  of geophysics and 
geochemistiy and even s a t e l l i t e  imagery a r e  among the  newer 
i n t e r e s t s  of t h e  Geological Survey, including Ouaternary geology a 

subject  which is becor;ling an important a rea  of a c t i v i t y  and 
i n t e r e s t .  It has been sa id  t h a t  a na t ion ' s  mineral wealth is not 
only a funct ion of t h e  o r ig ina l  endowment, but a l s o  depends on t h e  

e f fec t iveness  with which such minerals a s  it might. possess a r e  
sought f o r  and developed. Subs tan t ia l  benef i t s  can ther fore  accrue 
t o  S r i  Lanka from a properly s t ructurei l  and administered Geclogical 
Survey Department. 

I n  considering the i s land  a s  a whole it is concluded t h a t  S r i  Lanka 
is i n  possession of a number of non-metallic mineral raw mater ia ls  
upon which a series of i ndus t r i e s  have been establ ished.  Minerals on 



tlie ground represent resources which: dependitiy or] the rnarlcet 
conditions and the technology of the tine, nay or may not be of 

economic value. Mineral ~lepos~ts are ?onsidered an exhaustible 

resource; 1iowever, experience has shown that as our geological 
understandi ng and our explorat i on techni-ques have inproved so has 

the exte~t of known mineralj zation been enlarged. 

AS minerd; resources are consumed, new deposits are usually found, 

and the rate at which their discoveries are made will depend on the 

stock of minerals in the earth's zrust which is urlknoinl. ~t is we1 1 
known that process;ng adds greatly to the value of mineral products. 

For e x ~ l e ,  processing bauxite to alumiriium may increase its value 

twenty fold, simi larly ilmen:te if upgraded to synthetic rutile may 
also increase its value fifteen fold or mre, On this evidence most 

governments have realized that they should process their minerals 

~ylliere possible before 2xport. A furtiler aclvarltage would be to 
establish local industries based on processed miqeral raw materials 

ant1 their by-products. However, a cause of gross tllssat isf action 

among the developing countries is the heavy concentratiorl of mineral 
processing facilities in the developed regions.& ~lthough there is 

great scope for mineral processing and the establishment of mineral 

~ndustri es i11 the developing courltri es, prcqress will be slow, 
because the major impediment is transfer of technology and capital. 

rather than access to markets. 

In srj Lanka, as in all other countries, the search for new mineral 

cleposits is being continued ~t is, however, left to the 

industrial i st to irltelligently arld eco:lorilically to exploit the 
deposlts that have already been discovered. NO country is fully 

self-sufficient in mineral resources. In order to make available 

rwre yonprehensive information on the mineral resources of the 
island the Geologice? Survey should modify its mapping progrme by 

adopting a multidisciplinary sproach. The end product will be basic 

geological, geophysical and geochcrnicc.1 irlf orniatlori largely i 11 map 
form, on an islandwide basis. A compilation of all data relating to 

known mineralization should be attempted since this will enable an 
initial comprehensive assessmerlt of Sri Lanka' s mineral potential. 
Inspite of many pressures to undertake ad hoc programnes of work. a 



c e r t a i n  amount of long term research i n  t h e  form of s y s t e m a t i ~  
geological  map sheet  revis ion rnust be undertaken. A mineral index 
should prove very useful  t o  provide quick r e t r i e v a l  of a l l  
infon;i7ation on mineral l o c a l i t i e s  a s  w e l l  a s  on operat ions  
per ta ining the re to  i f  any. Mining l e g i s l a t i o n  is a t  present  
incomplete and t h i s  needs t o  be remedied, and roya l t i e s  should be 

col lected on minerals mined. ~t is, however, envisaged t h a t  i n  

fu ture  rnost surveys would k coalfined t o  t h e  eas te rn  mineralized 
zone (boundary between t h e  Eastern Vijayan and Highiand Se r i e s )  
which has been iden t i f i ed  by t h e  Geological Survey Department. It LS 

expected t h a t  t h e  value of Sri mnka mineral produztion would 
increase  subs t an t i a l l y  during t h e  remainder of t h i s  century. This is 
tmund t o  have an important economic impact throughout S r i  Lanka. The 
nature  of t h i s  impact will depend on how fu tu re  decisiorbs a f f e c t  t he  
r a t e  and pa t t e rn  of mineral development a?d u t i l i z a t i o n .  A t  present  
t he  value of mineral commodities produced per annum i n  S z i  Lanka is 
i n  t he  region of one b i l l i o n  rupees (Tables XxxXI and XXXXII)  S t a t e  
corporations and t o  sorne ex ten t  o ther  es tabl ' shments  witn foreign 

col laborat ion w i l l  t ake  a major r o l e  i.n t h e  m.-neral industry  (mining 
arld u t i  1 i zatiorl of minerals) .  The yoverrunent (Geological Survey 
Department) w i l l  s o l e ly  be responsible f o r  explorat ion and 
tlevelcpment a c t i v i t i e s .  The explorat ion phase of t h e  mineLal 

irldustry i n i t i a l l y  requires  access  t o  r e l a t i v e l y  la rge  a r ea s  of land 
a s  i n  t h e  copper-magnetite survey a t  Seruwila. Assuming t h a t  mineral 
cievelopment is an acceptable use  of land i n  mst instances  t h e  S t a t e  

wi l l  expect t h i s  development t o  proceed with minimum di sturbarlce t o  
t he  environment when mining a c t i v i t y  is undertaken. When processing 
of minerals is chosen and mineral based and c a r f a i n  other  i ndus t r i e s  
a r e  es tabl ished t h e  problem of pollut 'os has t o  be considered. 
Although technology o f f e r s  tl-2 pro3is- cf ?early pollution-free 
processes a t  a l l  s t ages  they have t o  be commercially proven, Un t f l  
then, gover rmnts  wil? be faced with d ~ o o s i n g  between i n d u s t r i a l  
a c t i v i t y  and environmental protect ion.  

Sr; Lanka' s mi neral exports  cannot be c:onsidered a s  subs tan t ia l .  The 
na jor  mineral exports  from t h e  country include gems, g raphi te  and 

mineral sands ( i lmeni te ,  r u t i l e  sad zircon) .  Small q u a n t i t i e s  of 
s a l t  and mica a r e  a l s o  exported, S r i  mnka a t  one t i m e  was a leading 



TABLE XXXXI 

SRI LANKA - PRODUCTION OF MINERAL COMMODITIES - 1978 

Clay (cement) 
Brick & Tile Clay 

* Brick & Tile Clay 
* Brick & Tile Clay 

" Accurate figures not available (estimated) 
Note : Coral, shell, sand and gravel not taken into account. 

Total value of mineral commodity - Rs. 700,000,000. (Approximate) 



TABLE M I 1  

SRI LANKA-PRODUCTION AND VALUE OF MII- CDMMODITIES .I982 

T o t a l  value  of mineral  corranodities Rs.  1,102,577,750 
(conpara t ive  f i g u r e s  f o r  1978 and 1973 are 
Rs.700 m i l l i o n  and Rs. 250 m i l l i o n  r e s p e c t i v e l y ) .  

C o m d i t y  \ Producer 

I lmen i t e  Mineral Sands 
Corporation 

R u t i l e  41,610,000 Mineral Sands 
Corporation 

Z i  r ron  5,789 11,578,000 Mineral Sands 

exporter of graphite and an attempt to  regain t h i s  position is 
r~ortly of consideration. A systematic survey of grapl~ite occurrences 
i n  Sri  Lanka should be carried out and promising deposits should be 

Monazite 

*Garnet 
I 

* S i l i c a  Sand 

+Quartz 

Apa t i t e  
L i m s t o n e  

*Dolomite I 

S a l t  (cornon) ' 
Mica 

Corporation 
Mineral Sands 
Corporation 
Geological  Sur- 
vey Department , 

304 , 

2 I 

I 

409,000 

4,000 

Graphi te  
Felspar  I 

Clay (cement) 
Kaolin 
B a l l  Clay I 

(raw) 
B a l l  Clay I 

( r e f i n e d )  
*Brick-Tile 

Clay I 

*Brick-Tile 
Clay I 

Gems 
*Stone I 

"Sand ( r i v e r )  

500 

2,000 

13,993 
1,615,901 

9,000 
176,437 

291 
61,843,998 

906,000 ' 
1,741,202 

13,000,000 
1,539,000 

734 000 

8,803 
2 , 923 I 

62,591 
8,206 , 
8,554 

737 
I 

1,820,000 

378,000 I 

I 

- 
2,000,000 
3,000,000 

SPlMDC 
Ceramics Corp. 
Ccment C o p .  
Ceramics Corp, 
Ceramics Corp. 

C e r ~ m i c s  Gorp, 

1 / Accurate f i g u r e s  

54,600,000 Cottage 
Indus t ry  

12,040,000 P u b l i c p r i v a t e  

400,000,000 S t a t e  Gem Corp 
200,000,000 Private-Public 
12O,OCO,OOO P r i v a t e  P u b l i c  
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loca ted ,  Abandoned g r a p h i t e  mines i n  t h e  country  should t>e s tud ied .  
blining by t h e  - p r i v a t e  s e c t o r  should h>e encouraged. Small-scale 
mining could be introduced.  The development of g r a p h i t e  based 
i n d u s t r i e s  should also be s tud ied .  The on ly  g r a p h l t e  based indust ry  
i n  t h e  i s l a n d  is &e c o t t a g e  c r u c i b l e  indus t ry  and t h e  p e n c i l  and 
o the r  minor i n d u s t r i e s .  The es tabl i shment  of l o c a l  i n d u s t r i e s  based 
on f - rczessed  beach mineral  sands should be considered.  

A mobile p l a n t  could be opera ted  t o  p rocess  beach mineral  sands  from 

small  d e p o s i t s  formed dur ing t h e  i ~ t e r v a l s  between t h e  two monsoons. 
P l i rora ls  such as s i l l i r ~ l a n i t e ,  monazite and g a r n e t  i n  t h e  beach sznds 
should a l s o  be recovered. The e x p l o i t a t i o n  of ga rne t  sands i n  t h e  
I-Icmba?tota and Devin~lwara beaches s h o u w  be undertaken. A f a c t o r y  
f o r  t h e  process ing of t h i s  minera l  could  be set up a t  Hambantota. 

Sand dunes i n  t h i s  area con ta in  over 20 p e r  c e n t  g a r n e t  and 'can 
p r o f i t a b l y  be processed.  This  a c t i v i t y  c m l d  be undertaken by t h e  
Mineral Sands Corporation. S i l l i m a n i t e  as a r e f r a c t o r y  mate r i a l  is 

kcomiqg inc reas ing ly  i n p o r t a n t  and monazite is t h e  p r i n c i p a l  
mineral  source  f o r  r a re -ea r th  elements used i n  a v a r i e t y  of 
i n d u s t r i e s ,  The ceramic indus t ry  i n  t h e  i s l a n d  has expanded very 
rap id ly  from t h e  e a r l y  1979 's .  It is e s s e n t i a l  t h a t  d e t a i l e d  surveys 
should be undertaken t o  l o c a t e  ceramic raw r i a t e r i a l s  t o  maintain 
mineral  s u p p l i e s  t o  t h e  expanding ceramic indus t ry .  Spec ia l  mention 
nay be nade of k-lolin and f e l s p a r .  The Meetiyagoda kaol in  d e p o s i t  
w i l l  i n  t h e  near  f u t u r e  be exhausted. Surveys should t h e r e f o r e  be 

undertaken i n  t h e  reyiorl t o  l o c a t e  a sizeable depos i t  of kao l in  
which could keep t h e  f a c t o r y  a t  Meetiyagoda i n  opera t ion ,  
1nvest i .gat ions should be undertaken t o  s tudy t h e  Arldicjama s h a l e s  a s  
t h i s  raw m a t e r i a l  ( conso l ida ted  c l a y )  is i d e a l  f o r  t h e  manufacture 

of f l o o r  t i l es  and o t h e r  s t r u c t u r a l  c l a y  p roduc t s  inc luding 
stone-ware items. High alumina c l a y s  should be s t u d i e d  f o r  t h e i r  
s u i t a b i l i t y  f o r  t h e  manufacture of alumina and t h e  by-product, 

p o r t l a n d  cement. Although t h e  copper-magneti te  depos i t  a t  Seruwila 
has been s t u d i e d  i n  some d e t a i l  a proper  eva lua t ion  of t h e  
surrounding region needs cons ide ra t ion .  

Y%e e s t a b l i s h n e n t  of a phosphate i n d u s t r y  i n  S r i  Lanka wi th  f o r e i g  
c o l l a L o r a t i o n  t o  make use of t h e  Eppawala Apatite d e p o s i t  is alrnad: 



under considerati on, More use should be made of the silica sands" 

the pure quartzites arid vein quartz which occur at various points in 

the island.-Tile establishnent of a sheet glass i ~ldustry in the 
island may be considered. The newly established tiational   qua tic 

Resources AaeRsy ( N W )  is another step forward 111 the mineral 

exploration and deve3q)ment proqram?e of tile country. The 
oceanography Urli t of this institution has a1 ready plans to carry out 

off-shore sr\rveys late this year (1985). The increasing demand for 

ririrleral raw rnaterials iri the near future for local i ~ldustri es and 
for export purposes calls for an intensive mineral resource 

tlevelopr;1ent programme i rl the country,  he tine lag between the start 

of explorati ori and the corm~encertlerlt of commerci a1 product i on can be 
considerable; on an averqge it could be more than 10 years and often 

as much as twenty years The miring Lndustry is extraordinarily 

cor,ylex because of the pliysi cal chardcteristics of mineral 
resources, their heterqenity and nonrenet~ability, their uncertain 

and often remote occurrence, and the nature of the requirements for 

processi~lg. The extent, rigor, drld cost of prepioduction activi t~ es 
in rnineral resource development are far in excess of those reyui red 

for the development of other industries. The world has become aware 

of the inportance of natural resources for the survival of 
civilization. It is therefore necessary to reaspond to tlie challenges 

of the mining industry by provid~ng adequate investments for the 

acquisi ti on of knowledge and tile i r,prover,lent of operat i anal capaci ty. 

\t present the mineral resources of the island are exploited without 

any lorlg terrn plans by various state organizations ellgaged in 
utilizing the industrf a? minerals. Reliable reserve estimates of 

most minerals are riot available and tlie long term requirements of 

rt~ir~erals by the i lidustry are not known. The irzpact of large scale 
mineral expansion proyrmes on the environment needs careful study 

at the very initial stage of prolect development. The early 
initiation of an effective programme for the corapilation of a 

Plineral Resources Inventory for Sri Lanka will help in a realistic 

assessment of the mineral resource potential of the country.  his 
task cannot be achieved unless the Geological Survey Departmellt is 

expanded and the institutional facilities are improved. 
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