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.FOREWORD TO THE SERIES 

The d isseminat ion  of s c i e n t i f i c  informat ion  i s  one of 

t he  f u n c t i o n s  o f  t he  Na tu ra l  Resources,  Energy & Science 

Authori ty.  The Journa l  of  t h e  Nat ional  Science Council 

published by t h i s  Author i ty  p rov ides  a  medium f o r  the  

pub l i ca t ion  o f  s c i e n t i f i c  r e sea rch  papers ,  and "Vidurawa" , the  

q u a r t e r l y  sc ience  b u l l e t i n  c o n t a i n s  s c i e n t i f i c  a r t i c l e s  o f  a  

gene ra l  na tu re  which i s  o f  i n t e r e s t  t o  t h e ' p u b l i c .  

There i s  s t i l l  a  wide gap i n  t h e  a v a i l a b i l i t y  o f  reading 

m a t e r i a l  on s c i e n t i f i c  s u b j e c t s  o f  l o c a l  i n t e r e s t .  One r e s u l t  

o f  t h i s  i s  t h a t  s c i ence  s t u d e n t s  conf ine  t h e i r  reading only  t o  

t h e i r  school  no te s  and t o  the  few a v a i l a b l e  t e x t  books which 

a r e  mostly published abroad.  I n  an  a t tempt  t o  improve t h i s  

s i t u a t i o n ,  the  Working Committee on Science  Education Research 

of t he  Natura l  Resources, Energy and Science  Author i ty  decided 

t o  pub l i sh  a  s e r i e s  o f  book le t s  on s c i e n t i f i c  t o p i c s  of l o c a l  

i n t e r e s t  a s  supplementary reading m a t e r i a l  f o r  s t u d e n t s  and the 
gene ra l  publ ic .  The au tho r s  who have been s e l e c t e d  by t h e  

Committee t o  prepare  these  book le t s  a r e  e x p e r t s  i n  t h e i r  

r e spec t ive  f i e l d s .  The manuscr ip ts  t h a t  were submitted by the  

au tho r s  were examined by r e f e r e e s  before  being accepted f o r  

pub l i ca t ion .  The views expressed  i n  these  pub l i ca t ions  a r e  

those  o f  t h e  au tho r s  and a r e  n o t  n e c e s s a r i l y  those  of t he  

Natura l  Resources, Energy (1 Science  Authori ty.  

I must' thank t h e  Working Committee on Science  Education 
Research of the  Natura l  Resources, Energy & Science Authori ty,  

and i n  p a r t i c u l a r  Prof .  V. Basnayake who i s  the  Hony. D i rec to r  

o f  t he  Working Committee f o r  t he  work they have done t o  make 

t h i s  p r o j e c t  a  success.  

R .  P. Jayewardene 

Director-General 

1st November 1985 
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CHAPTER 1 

In t roduc t ion  

1.1 The e a r t h ' s  c r u s t  

The e a r t h  i s  a  p l a n e t  i n  ou r  s o l a r  system, r h i c h  

revolves  around t h e  sun. A c r o s s  s e c t i o n  of t h e  e a r t h  i s  

s a i d  t o  have t h r e e  main l a y e r s ;  t h e  co re ,  t h e  mantle and 

t h e  c r u s t ,  ( ~ i ~ i  1 ) .  The co re  i s  t h e  innermost p a r t  of 

t h e  e a r t h  and i t  i s  f u r t h e r  d iv ided i n t o  i n n e r  and o u t e r  

co res .  The i n n e r  co re  is  probably composed. of molten 

n i c k l e  and i r o n ,  whi le  t h e  o u t e r  c o r e  i s  composed of s o l i d  

n i c k l e  and i r o n .  The molten m a t e r i a l  i n  t h e  i n n e r  core  i s  

u s u a l l y  c a l l e d  magma, and when it flows out  through 

vo lcan ic  v e n t s  o r  f i s s u r e s ,  a s  i t  o f t e n  does,  i t  i s  termed 

lava .  The mantle i s  t h e  middle l a y e r ,  and i s  believed t o  

be the  l a r g e s t  i n  volume. It  is composed of i r o n  

magnesium s i l i c a t e  ma te r i a l .  The t h i n  outermost l a y e r  of 

t h e  e a r t h ,  t h e  c r u s t  o r  t h e  l i t h o s p h e r e ,  i s  composed of 

minera l  mat ter .  These minera ls  gene ra l ly  occur i n  

aggregated forms, e i t h e r  s i n g l y  o r  mixed. These a r e  rocks. 

An e s t ima te  of t h e  average e lementa l  composition 

o f  t h e  e a r t h ' s  c r u s t  i s  presented  i n  Table I ,  which shows 

t h a t  more than 97 per  c e n t  i s  composed of e i g h t  elements. 

O f  t hese ,  t h e  most abundant a r e  oxygen and s i l i c o n .  

1.2 Minera ls  

A minera l  may be def ined a s  a  n a t u r a l l y  occuring 

element o r  compound wi th  d e f i n i t e  chemical composition, 

and gene ra l ly ,  wi th  f a i r l y  cons t an t  phys i ca l  p rope r t i e s .  

Most mine.rals a r e  of i no rgan ic  o r i g i n ,  and they a r e  the  
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Table I - COMPOSITION OF THE EARTH'S CRUST.'BY PEIGHT 

(Based on Rankama and ~ a h a m a ,  1950) 

S i l i c o n  

Aluminium 

Calcium 

Potassium 

Magnesiuii 

Titanium 

Chlorine 

bu i ld ing  blocks of rocks which make up t h e .  e a r t h ' s  c r u s t .  

Minera ls  no t  found on e a r t h  may be present  i n .  o t h e r  p l a n e t s ,  

and t h e i r  s a t e l l i t e s  a s  wel l .  F o r  example, two new minera ls ,  

p y r o x e r r i t e  and a r m a l c o l i t e ,  have been found i n  the  c r u s t  of 

t he  moon. 

Although more than 2000 mine ra l s  have been 

i d e n t i f i e d ,  only  around hundred a r e  of economic importance, due 

t o  c e r t a i n  s p e c i f i c  c h a r a c t e r i s t i c s  they  possess.  Some 

mine ra l s  p l ay  a  s i g n i f i c a n t  r o l e  a s  rock-forming minera ls .  
C 

However, a l l  mine ra l s  i n  t h e  e a r t h ' s  c r u s t  have not  y e t  been 
d iscovered  and i d e n t i f i e d ,  and each y e a r  new minera ls  a r e  being 

found . 



,Minerals  may be e i t h e r  s o l i d s  o r  l i q u i d s ,  
mercury being a  good example of t he  l a t t e r . .  Most s o l i d  

mine ra l s  have a  d e f i n i t e  c r y s t a l  form. Some a r e  morphous ,  

i . e .  they  have no r e g u l a r  shape. Opal i s  a  good exainple of a n  

amorphous mineral .  

A s  f o r  nomenclature t h e r e  i s  no unifqrm system. 

A minera l  may be named f o r  d i f f e r e n t  reasons. The 

d i s t i n g u i s h a b l e  p h y s i c a l  p r o p e r t i e s  and the  chemical 

composit ions of mine ra l s  have been used i n  naming some 

mine ra l s ,  whereas some a r e  named a f t e r  famous s c i e n t i s t s ,  

g e o l o g i s t s  e t c . ,  o r  t he  l o c a l i t y  where t h e  mineral  was f i r s t  

found. For  example, i n  o l i v i n e ,  t h e  name r e f e r s  t o  the  o l i v e  

green co lou r ,  while i n  t e t r a h e d r i t e  t he  name r e f e r s  t o  t h e  

t e t r ahedron  c r y s t a l  form. The minera ls  c a l c i t e  and magnesite 

have been named wi th  r e fe rence  t o  t h e i r  chemical composition, 

con ta in ing  calcium and magnesium respec t ive ly .  S c h e e l i t s  was 

named . a f t e r  Scheele ,  a  Swedish chemist ,  while anandi te  was 

named a f t e r  t he  S r i  Lankan s c i e n t i s t  Ananda Coomaraswamy , 
( P a t t i a r a c h c h i  e t  . a l ,  1967). The mineral  vesuv ian i t e  r e f e r s  

t o  Mount Vesuvias where i t  was f i r s t  repor ted .  S i m i l a r l y  a  

r e c e n t l y  found new minera l  was named S r i  Lankite a s  i t  was 

f i r s t  found i n  t h i s  country ,  ( w i l l g a l l i s  e t .  a l ,  1983). 

The format ion  of minera ls  occur  i n  d i f f e r e n t  

ways. Minerals  a r e  ca t egor i zed  a s  p r imaryc  and secondary 

according t o  t h e i r  mode of format ion ,  Primary minera ls  a r e  

those  t h a t  have e i t h e r  been c r y s t a l l i z e d  from magma, 

p r e c i p i t a t e d  from aqueous s o l u t i o n s  o r  formed under the  

in f luence  of organizms. Secondary minera ls  a r e  those  formed 

through t h e  s y n t h e s i s  o r  r e c r y s t a l l i z a t i o n  from primary 

minera ls .  A t  t h e  e a r t h ' s  s u r f a c e  minera ls  a r e  found i n  

numerous a s s o c i a t i o n s .  An example i s  the  a s s o c i a t i o n  of quar tz  

and f e l d s p a r .  



1.3 Rocks 

A rock i s  a n  aggregate  o f  fragments o f  one o r  more minerals .  

Therefore ,  t h e  composit ion of a rock . i s  very va r i ab le .  

According t o  t h e  p ropor t ion  i n  uhich  t h e  chemical elements a r e  

p re sen t  i n  t h e  e a r t h ' s  c r u s t  i t  is  obvious,  t h a t  minera ls  

c o n s i s t i n g  of s i l i c o n ,  oxygen, aluminium and o t h e r  meta l  

e lements  found abundantly,  c o n s t i t u t e  most of  t he  rocks. These 

mine ra l s  a r e  t h e r e f o r e  rock-forming minerals .  A rock may 

c o n s i s t  of a s i n g l e  minera l  a s  i n  t h e  case  of l imestone o r  

qua r t z ,  but i n  t h e  m a j o r i t y  of rocks  two o r  more minera ls  a r e  

p re sen t .  

Rocks may be cons idered  a s  t h e  b a s i s  of l i f e ,  s i n c e  i t  g ives  

r i s e  t o  s o i l ,  which suppor t s  p l a n t  l i f e  and t h e r e f o r e  

u l t i m a t e l y  a l l  l i f e .  The p rocesses  by vrhich a s o i l  i s  formed 

through t h e  a c t i o n  of c l ima te ,  topography, biosphere and t ime,  

upon rocks ,  w i l l  be d iscussed l a t e r ,  i n  Chapter 3. Some rocks 

a r e  u s e f u l  i n  bu i ld ing  c o n s t r u c t i o n ,  while some a r e  used i n  

c i v i l  engineer ing .  Grani te ,  sands tone ,  g n e i s s  a r e  some 

examples of rocks used i n  bu i ld ing  and c i v i l  engineer ing .  

Shale  i s  used f o r  manufacturing of b r i cks  and t i l e s ,  while 
limestcine i s  used a s  t h e  raw m a t e r i a l  f o r  por t land cement. 

Rocks l i k e  marble and s e r p e n t i n e  a r e  used . f o r  ornamental 

purposes.  
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CHAPTER 2 
r a i n  rock ca tegor ies  

Rocks a r e  grouped i n t o  th ree  main ca tegor ies  

depending on t h e i r  o r ig in .  These a r e  : i )  igneous, i i )  

sedimentary and i i i )  metamorphic rocks. These rocks d i f f e r  

g r e a t l y  from each o t h e r  i n  chemical composition which i s  

detemined by the  method of rock formation. I n  each of these  

main rock groups, the re  a r e  s e v e r a l  v a r i e t i e s ,  of which only a 

few a r e  found widely. 

The approximate d i s t r i b u t i o n  of the main rock 

groups i n  the  e a r t h ' s  c r u s t  i s  given i n  Table 11. Although 

sedimentary rocks form only about 7.9 pe r  cent  of the  e a r t h ' s  

c r u s t ,  they cover much of the  e a r t h ' s  surface ,  due t o  the f a c t  

t h a t  they could form over the  o t h e r  two groups. 

Table I1 - Appropriate d i s t r i b u t i o n  of the  main rock groups on 

the  e a r t h ' s  c r u s t  (Fos te r ,  1982). 

Sedimentary 



2.1 Igneous rocks  

2.1.1 P r o p e r t i e s  and c l a s s i f i c a t i o n  

Igneous rocks  a r e  those  formed due t o  

s o l i d i f i c a t i o n  of l ava .  The c r y s t a l l i z a t i o n  of l ava  occurs  

when t h e  temperature f a l l s  be lov a c e r t a i n  po in t .  These rocks 

a r e  made up of a few mine ra l s  of  d e f i n i t e  composition, and the  

i n d i v i d u a l  mine ra l s  t h a t  c o n s t i t u t e  igneous  rocks  can  be e a s i l y  

recognized,  e i t h e r  wi th  t h e  naked eye o r  wi th  t h e  a i d  of a l e n s  
o r  micrclscope. Most igneous rocks  a r e  c r y s t a l l i n e  i n  na ture .  

Igneous rocks  have been f u r t h e r  c l a s s i f i e d  i n t o  
va r ious  types  on t h e  b a s i s  of t h e i r  o r i g i n  and t ex tu re .  

According t o  t h e  o r i g i n  t h e r e  a r e  t h r e e  types  of igneous rocks. 

1. Ex t rus ive  igneous rocks  

2. Hypabyssal igneous rocks 

3. I n t r u s i v e  ( p l u t o n i c )  igneous  rocks  

Ex t rus ive  igneous rocks a r e  those  formed due t o  

s o l i d i f i c a t i o n  of l ava  a f t e r  p e n e t r a t i o n  i n t o  the  e a r t h ' s  
s u r f a c e  a long vo lcan ic  ven t s .  Thus c r y s t a l l i z a t i o n  occurs  a t  

t h e  e a r t h ' s  su r f ace .  Due t o  t h e  rapid  r a t e  of  cool ing ,  rocks 

of t h i s  type  are,  g e n e r a l l y  f i n e  gra ined,  i e  the crf rs ta ls  

formed a r e  very  smal l  i n  s i z e .  Some even do not  form c r y s t a l s  

and a r e  l i k e  g l a s s .  Obsidian i s  a good example of t h i s  kind of 

rock formed due t o  very rapid  cool ing .  Basa l t ,  a n d e s i t e  and 

r h y o l i t e  a r e  some of t h e  common e x t r u s i v e  igneous rocks. 

Hypabyssal igneous rocks a r e  formed from lava  
which has  pene t r a t ed  through t h e  c r u s t ,  but had not  come t o  the  

e a r t h ' s  su r f ace .  These a r e  t h e r e f o r e  found a t  some depth i n  
C 

t h e  e a r t h ' s  c r u s t .  The coo l ing  of l ava  would be a t  a slower 
r a t e  than  i n  t h e  case  of e x t r u s i v e  rocks,  and the re fo re  the  



c r y s t a l s  formed a r e  of medium s i z e .  Examples of hypabyssal  
rocks a r e  qua r t z ,  porphyry and d o l e r i t e .  

I n t r u s i v e  o r  p l u t o n i c  igneous rocks a r e  formed due 

t o  s o l i d i f i c a t i o n  of l a v a  below the  e a r t h ' s  su r f ace  i n  the  

r e l a t i v e l y  lower p a r t s  of t he  e a r t h ' s  c r u s t ,  under a  deep cover  

of o l d e r  rocks. These have cooled very slowly and t h e r e f o r e  

posses s  coa r se  gra ined c r y s t a l s .  I n t r u s i v e  rocks,  exposed a t  

t he  s u r f a c e  have a  coa r se ly  c r y s t a l l i n g  t e x t u r e .  Examples a r e  

g r a n i t e ,  d i o r i t e  and gabbro. 

Igneous rocks a r e  a l s o  c l a s s i f i e d  according t o  

t h e i r  mine ra l  composit ion.  A s  s i l i c a  (Si02) i s  p resen t  i n  

n e a r l y  a l l  igneous rocks ,  t h e  e a s i e s t  c l a s s i f i c a t i o n  i s  based 

on t h e  percentage  of t h i s  c o n s i t u e n t  i n  t h e  rock. I f  a rock 

c o n t a i n s  ove r  65 p e r  c e n t  s i l i c a  i t  i s  c l a s sed  a s  an a c i d i c  

igneous  rock. Due t o  t h e  h igh  con ten t  of white s i l i c a  these  

rocks a r e  l i g h t  coloured .  Examples of this group a r e  g r a n i t e ,  

r h y o l i t e  and pegmati te.  Rocks wi th  s i l i c a  content  ranging from 

52 t o  65 p e r  c e n t  a r e  known as in t e rmed ia t e  igneous rocks.  

D i o r i t e  and a n d e s i t e  a r e  two examples of t h i s  group. I f  s i l i c a  

con ten t  is  between 45 and 52 p e r  c e n t ,  the  rocks a r e  termed 

b a s i c ,  and they a r e  g e n e r a l l y  da rk  i n  colour .  Gabbro and 

b a s a l t  a r e  good exampLes of bas i c  igneous rocks. Igneous rocks 

l i k e  p e r i d o t i t e  have s i l i c a  a t  percentages  lower than 45, and 

t h e s e  rocks  a r e  termed u l t r a b a s i c  igneous rocks. Table I11 

p r e s e n t s  t h e  c l a s s i f i c a t i o n  of igneous rocks i n  summary form. 

Texture i s  a l s o  used a s  a  b a s i s  f o r  c l a s s i f i c a t i o n  

of igneous  rocks.  The term t e x t u r e  i n  rocks r e f e r s  t o  t h e  s i z e  

of t h e  i n d i v i d u a l  minera l  g r a i n s ,  and t h i s ,  a s  d iscussed 

e a r l i e r ,  depends on t h e  r a t e  o f  cool ing  of magma o r  lava .  

Texture i s  a n  e a s i l y  recognizable  c h a r a c t e r i s t i c ,  and toge the r  

with co lou r ,  which i n d i c a t e s  t h e  miherologica l  composition, i s  
used i n  f i e l d  i d e n t i f i c a t i o n  of igneous rocks. 



Table I11 - C l a s s i f i c a t i o n  of igneous rocks  according t o  mode 

of occurrence and composition 

I n t r u s i v e  

Some common igneous rocks  a r e  descr ibed i n  t h e  Table I V .  

2-1.2 Occurrence i n  S r i  Lanka 

Only few types  of t r u e  igneous rocks a r e  found i n  

S r i  Lanka, of  which, t h e  commonest i s  d o l e r i t e .  Other bas ic  

and a c i d i c  igneous rocks  l i k e  gabbro, b a s a l t  and r h y o l l i t e  have 

not  been r epor t ed  (cooray,  1967). 

D o l e r i t e  dykes a r e  p re sen t  i n  t h e  e a s t e r n  and 

western  regions  of t h e  i s l a n d  (Fig. 2 ) .  Other igneous rocks 

one would encounter  i n  S r i  Lanka a r e  g r a n i t e ,  pegmati te and 



Table I V  - Some conrmon igneous rocks ( ~ o d i f i e d  from bbkura,1977) 

Name 

Granite 

Syeni te  

Dior i t e  

Gabbro ' 

P e p a t i t e  

Basal t  

Dole r i t e  

Rhyol i t e  

Similar t o  
g ran i t e  

Similar t o  
g ran i t e  

- 
Uses 

Important 
bui lding 
stone ,road 
metal 

Similar t o  
g ran i t e  

Similar t o  
g ran i t e  

Road metal 
concrete 
aggregate 

Colour 

Grey, reddish,  
white and black 
yel lowish,rare-  
l y  greenish o r  
blue  

Grey, sometimes 
reddish 

Black and white 
black and grey 

Grey and black 
brownish, green 
r a r e l y  reddish 

Variable 
colour 

Dark grey, 
black 

Dark grey, 
b lack,  greenish. ,o l iv ine  

Grey, reddish,  
yellowish,blue 
green, brown 

, 

Similar t o  1 basa l t  1 
Building 
purposes 
road metal 

Mineralogical 
composition 

Quartz ,  f e ldspar ,  
mica, a p a t i t e ,  
zircone , magne- 
t i te,sometimes 
amphibole, pyro- 
xene, sphene , 
topaz,  -. 

Feldspar,  mica, 
amphibole, pyro- 
xene, a p a t i t e ,  
sphene, z i rcon,  , 

l ron  o re  

Feldspar,  mica, 
pyroxene, amphi- 
bo le ,  z i rcon,  
sphene, a p a t i t e ,  
i ron  o r e  
Felds>ar,  aug i t e ,  
o l i v l n e ,  a p a t i t e ,  
i lmeni te ,  sp lne l  
sometimes horn- 
Uende 
guar tz ,  f e ldspar ,  
n i c a ,  amphibole, 
pyroxene, apa t i -  
t e ,  sphene, mag- 
n e t i t e ,  z i rcon,  
~ l -meni te  
Felaspar , olivine, 
aug i te  pyroxene, 
l e u c l t e ,  n i c a ,  
magnet i te ,  apa- 
t i t e  
Feldspar.  augi te  , 

a p a t i t e ,  
i lmani t  e 
Quartz, f e l d s p a r ,  
mica s p a t  it e , 
zircon, magnetl- 
t e ,  sometimes 
pyroxene 

11 

~ e x t u r e  

Coarsely 
crysta-  

" l l i n e  

Coarsely 
c rys ta -  
l l i n e  
Coarsely 
crysta-  
l l i n e  

Coarsely 
crysta-  
l l i n e  

Coarsely 
crysta-  
l l i n e  

Finely 
grained 

Medium 
grained 

Finely 
c rys ta -  
l l i n e  



iravela, sands, clays and alluvium, (Older and Younger 
Sroups of N.W. Coast" 
Limestone ('affna Limcstdne, 
Arkose, feldspathic sandstone, silsrnnr. and r~udstone 
(Tabbowa Beds l 
Pink granites, granite dneisses, and migatites 
(~oni~ala Complex, Kathiraveli Gneiases, Kirinda Gneissesl 
,;ranitic gneissrs and eignatires (Vijayan S r r i e s )  
?ranitic gnelsses xiLh .:i:arnoek~tes, charnockitic rocks, and meta- 
sediments 'Dambuila, Habarana migpatite belt. Transi- 
tional Zone, South-West Reuion). 
&sic rocks: smphibolites and basic charnokites 
(Kadwannava Gneisses, Sinharaja basic m a )  
Metaaediments and charnokites (Highland Series Complex) 
Dolerite dykes 



pumica. Pink coloured g r a n i t e s  a r e  p re sen t  i n  t h e  Tonigale and 

Ambagaspitiya a reas .  Gran i t e s  a r e  a l s o  found i n  Arangala and 

honey brown coloured z i rcone  g r a n i t e p  a r e  p re sen t  i n  Balangoda 

area .  Pegmati tes con ta in ing  qua r t z ,  f e l d s p a r  and mica a r e  
found i n  a l l  p a r t s  of t h e  i s l a n d .  Top.-ards t h e  sou th  west p a r t  

of  t h e  country ,  pegmat i tes  con ta in ing  t h o r i a n i t e ,  t h o r l t e ,  

monozite, z i r cone ,  a l l a n i t e  and gem minera ls  a r e  p re sen t .  

Acidic pumice rocks  a r e  found i n  Trincomalee and Kalkudah a r e a s ,  

2.2 Sedimentary rocks  
2.2.1 P r o p e r t i e s  and c l a s s i f i c a t i o n  

A s  t he  name lmpl i e s  sedimentary rocks a r e  formed 
by t h e  sedimenta t ion  and subsequent conso l ida t ion  of fragments,  

most u s u a l l y  t h e  weathered fragments of rocks which could be 

igneous ,  metamorphic o r  even sedimentary.  The f i r s t  s t e p  i n  

t h e  f o r h a t i o n  of sedimentary rocks is  t h e  mechanical and 

chemical  breakdown of a l r e a d y  e x i s t i n g  rocks whlch a r e  exposed 

t o  t h e  phys ica l  and chemical ??eathering processes  a t  t h e  

s u r f  ace .  These weathered products  a r e  t ranspor ted  by flowing 

water,  wind o r  g l a c i e r  and a r e  deposited.  The eventual  

compaction and cementation of t h e s e  loose  depos i t s  o r  sediments 

g ive  r i s e  t o  sedimentary rocks. Some of t h e  cementing agen t s  

involved i n  t h i s  process  a r e  o rgan ic  ma t t e r ,  s i l i c a t e ,  c l a y  

mine ra l s ,  i r o n  oxides,  s i l i c a  and calcium carbonate.  Some 
sedimentary rocks a r e  formed by the  accumulation of t he  

exoskele tons  of marine organisms l i k e  s h e l l s  of molluscs,  

whereas some a r e  formed by t h e  p r e c i p i t a t i o n  of s a l t s  from 
aqueous s o l u t i o n .  

Sedimentary rocks  c a n  be conveniently c l a s s i f i e d  

i n t o  t h r e e  groups according t o  t h e i r  o r ig in .  

1. Hechanical  sedimentary rocks 

2. Chemical sedimentary rocks 
3. Organic o r  b iogenic  sedimentary rocks 

- 13 - 



Mechaxical sedimentary rocks a r e  composed of 

fragments broken from p re -ex i s t ing  rocks. They a r e  f u r t h e r  

d iv ided according t o  t h e  s i z e  o f  t h e  fragments (Table V ) .  

Table V - C l a s s i f i c a t i o n  of sedimentary rocks  according t o  the  

s i z e  of fragments 

More than  256 

Aranaceous 

Less  than 1/256 Arg i l l aceous  

Rudaceous sedimentary rocks may have rounded o r  

angu la r  fragments.  I f  t h e  fragments a r e  rounded they  a r e  

termed congloma?atea, and i f  angu la r  t hey  a r e  known a s  breccia .  

The shapes  of t h e  rock as wel l  a s  i t s  composition 

r e v e a l s  t h e  e x t e n t  t o  which t h e  rock haa undergone weathering. 



fixamples of mechanical  sedimentary  rocks a r e  sandstone,  s h a l e  

and s i l t s t o n e .  

Chemical sedimentary rocks  a r e  those  formed by t h e  

p r e c i p i t a t i o n  of s a l t s  from aqueous s o l u t i o n s .  H a l i t e  o r  
r o c k s a l t  i s  a t y p i c a l  example of a s a l t  p r e c i p i t a t e d  d i r e c t l y  

from s e a  water  o r  b r i n e  upon concen t r a t ion ,  due t o  evapora t ion  

o f  wa te r  t h a t  keeps t h e  s a l t  i n  s o l u t i o n .  

The organic  o r  b iogenic  sedimentary rocks a r e  

formed mostly by marine organisms. The rocks a r e  formed e i t h e r  

ky p r e c i p i t a t i n g  rock m a t e r i a l ,  o r  by s h e l l s  o r  o t h e r  

s t r u c t u r e s  of marine organisms which use  t h e  calcium i n  sea  

water  t o  b u i l d  t h e i r  s h e l l s .  Coral  r e e f s ,  c o a l  and s h e l l  

l imestones  a r e  comroon examples of sedimentary rocks of organic  

o r i g i n .  

Some of t h e  common sedimentary rocks a r e  descr ibed 

i n  Table V I .  

2.2.2 Occurrence i n  S r i  Lanka 

Sedimentary rocks a r e  p re sen t  i n  va r ious  p a r t s  of 

t h e  i s l a n d .  Small pa t ches  of sediments of J u r a s s i c  ,age  (Table 

VII) a r e  found i n  Tabbowa, ~ n d i ~ . m a  and Pallama areas .  A t  
Tabbowa, t h e  sedimentary rocks p r e s e n t  a r e  sands tones , .  a rkoses ,  

s i l t s t o n e s  and mudstones, whereas a t  Andigama, b lack  

carbonaaceous s h a l e  wi th  conc re t iona ry  h e m a t i t e  a r e  p re sen t  

(cooray,  1967). . . 

I n  t h e  extreme n o r t h  inc lud ing  t h e  Ja f fna  
pen insu la ,  a l a r g e  a r e a  i s  covered by sedimentary l imestone of 

Miocene age (Table VII).  I n  Arualkalu a r e a  ( n o r t h  of 

Put ta lam) ,  it has  been found t h a t  t h e s e  l imestones vary from 



Table YI - Some common sedimentary rocks ( ~ o d i f i e d  from EZykura, 
1967 and Foster, 1982) 

m i c a ,  fe ldspar  

minera l s ,  a l s o  

nous m a t e r i a l  



Table V I I  - Geological  time s c a l e  ( ~ a s e d  on R a i s t r i c k ,  1955). 

1 Age of man 

Era 

Quartenary 

T e r t i a r y  
(Cai.nozic ) 

Geological  system Approximate age o f r  
base 0 7  system 
(Mi l l ion  y e a r s )  

Recent 
P l i e s t o c e n e  

Pl iocene 
Miocene 
Oligocene 
Eocene 

Biological  
age 

Age o f  
mammals an 
modern 
p l a n t s  

Cretaceous 
J u r a s s i c  
T r i a s s i c  
P e n i a n  

Primary 
( ~ a . l a e z o i c  

Carboniferous 
Devonian 
S i l u r i a n  
Ordovician 
Cambrian 

Age of  
g i an t  rep- 
t i l e s  and 
amphibia 

Age of  

b i t e s  

Archean Pre-cambrian 1200 

+ 



pure  l imestones- and s i l i c e o u s  l imestones  t o  ca l ca reous  

sands tones  and impure ca l ca reous  muds o r  mar ls  (Herath e t .  a l ,  - -  
1961). 

I n  a d d i t i o n  a b e l t  of unconsolidated recent  

d e p o s i t s  i s  p resen t  a long t h e  e n t i r e  c o a s t a l  b e l t .  Coastal  

sands tones  a r e  found i n  t h e  west coas t  of t he  i s l a n d  along 

Beruwela, Gal le  and Matara, while unconsolidated beach sands 

a r e  p r e s e n t  i n  t h e  e n t i r e  c o a s t a l  b e l t  around the  country 

Sand dunes a r e  p re sen t  i n  t h e  north-west c o a s t ,  from Chillaw t o  

Ka lp i t i ya .  I n  s e v e r a l  p o i n t s  o f f  t h e  coas t  of  t he  i s l a n d  c o r a l  

r e e f s  a r e  found,  t h e  b e s t  known p laces  being Colombo, Mount 

Lavinia ,  Hikkeduwa and a long the  south-western coas t .  Patches 

o f  lagoonal  d e p o s i t s  c o n s i s t i n g  of f i n e  si l t  and c l a y  a r e  

p re sen t  i n  t h e  c o a s t a l  r eg ions  of t h e  west ,  north-lrest and e a s t  

o f  t h e  country.  I n  a d d i t i o n ,  a l l u v i a l  d e p o s i t s  of sand and 

g r a v e l  have been found where r i v e r s  overflow t h e i r  banks during 

p e r i o d s  of f l o o d ,  ( ~ L g . 2 ) .  

2.3 Metamorphic rocks 

2.3.1 P r o p e r t i e s  and c l a s s i f i c a t i o n  

Metamorphic rocks  a r e  formed from igneous o r  

sedimentary rocks which undergo phys ica l  and chemical changes. 

These changes may inc lude  r e c r y s t a l i z a t i o n ,  change i n  t ex tu re  

and o r  minerology. The main agen t s  of metamorphism a r e  hea t ,  

p re s su re  and shea r .  Three types  of metamorphism have been 

recognized.  They a r e  : 

1. Contact metamorphism 

2. Regional metamorphism 

3. Dynamic metamorphism 

Contact metamorphism i s  the  a l t e r a t i o n  of rocks 

t h a t  a r e  i n  con tac t  wi th  molten magma. The changes a r e  thus  



Table Y I I I  7 Soine common metamorphic rocks ( ~ o d i f i e d  from w k u r a ,  
1967 and R a i s t r i c k ,  1955) 

Name 

Gneiss 

-- 
Schis t  

P h y l l i t e  

Colour 

Grey, reddish 
white and 
black,  ye l lo -  
wish 

Pale  colours 
o f t en  grey 

Dark grey 
greenish 

Uses I 

Road metal 

of l i t t l e  use 
a s  bui lding 
mate r ia l  

For roofing 

- 
 ine era logical Texture 
camposition 

Quartz, f e l a s p a r Y F ~ o a r s e l y  

For roofing 
and pavement 
s l abs  

Ornamental. 
stone 

.---- 
Decorative 
bui lding 
stone 

mica, pyroxene, 
a p a t i t e ,  i r o n  

Pale grey, Clay minerals ,  
b lu i sh  grey,  quar tz  mica, 

c a l c i t e ,  z i rcon ,  

s t reaked and l i t e ,  t a l c  

i t e  
quar tz ,  mica, 

h l u i  sh green, t a l c ,  grossula-  
black, f l e s h  r i t e ,  diopside 
coloured red  

Icrysta- 
. l l i n e  

Massive 
c rys ta -  
l l i n e  

Fine 

Massive 

.Massive 

- o r e ,  r u t i l e  ,zircot! 

Quartz, mica,  
garnet ep ido te ,  
r u t i l e ,  c a l c i t e  
g raph i te ,  kyani te  

Quar tz ,  c h l o r i t e ,  
r u t i l e  s e r i c i t e ,  
tourmaline,  mag- 
n e t i t e ,  a l b i t e  

,Tinely 
c rys ta -  
l l i n e  

Finely 
c rys ta -  
l l i n e  



l i m i t e d  t o  a  narrow region t h a t  has  been i n  con tac t  wi th  magma 
and were subjec te*  t o  h igh temperature.  Regional metamorphism 

r e f e r s  t o  t h e  changes t a k i n g  p lace  i n  a  rock, c h i e f l y  due t o  

t h e  p re s su re  of mountain bu i ld ing  processks ,  This pbsnomenon 

occur s  over  a  l a r g e  a r e a ,  and r e c r y s t a l l i z a t i o n  may cake p lace  

w i t h i n  the  c r u s t .  Eynamic metamorphism i s  the  change i n  rocks 

caused by movements l i k e  ear thquakes ,  Rocks a r e  broken by the  

movements i n t o  fragments and t h e r e f o r e  t h i s  type  of 

metamorphism is  mainly mchanical. 

Metamorphic rocks  possess  c e r t a i n  f e a t u r e s  which 

resemble igneous and sedimentary rocks. Some a r e  coa r se ly  

c r y s t a l l i n e ,  and some possess  f o l i a t e d  s t r u c t u r e s  wi th  banded 

p a r a l l e l  l a y e r s .  Some common, metamorphic rocks a r e  descr ibed 

i n  Table VIII. 

2.3.2 Occurrence i n  S r i  Lanka 

The major p a r t  of  t h e  i s l a n d  c o n s i s t s  of metamorphic 

rocks ,  p a r t i c u l a r l y  metamorphosed sedimentry rocks of 

Precambrian age ( ~ a b l e ' ~ 1 1 ) .  I n  the  c e n t r a l  highlands u f  the 
country ,  and extending towards nor th-eas t  up t o  Trincomalee, 

metasediments and cha rnock i t e s  a r e  predominent. They. a r e  a l s o  

found around Kataragama. These metasediments and charnocki tes  

c o n s i s t  of g r a n u l i t e s ,  g r a n u l i t i c  g n e i s s e s ,  s c h i s t s ,  

q u a r t z i t e s , ,  i n t e rmed ia t e  and a c i d  cha rnock i t e s ,  c a l c  

g r a n u l i t e s ,  c a l c  gn ie s ses ,  amphiboli tep e t c .  I n  add i t ion  

g r a n i t i c  g n i e s s e s  a r e  p re sen t  i n  the  s o u t h - m s t .  , ,I l h- ~r s t ,  

and t h e  nor th-eas t  of t h e  country.  
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CHAPTER 3 

Rock weather ipg  and s o i l  formation 

3.1 Weathering o f  rocks  

Weathering is t h e  breakdown and a l t e r a t i o n  of rocks 

exposed a t  t h e  e a r t h ' s  su r f ace .  Reiche (1950) def ined 

weathering a s  t h e  response of m a t e r i a l s  t-hich were i n  

equ i l ib r ium w i t h i n  t h e  l i t h o s 2 h e r e  t o  cond i t ions  e t  o r  nea r  i ts  

c o n t a c t  w i th  t h e  atmosphere, t h e  hydrosphere and perhaps more 

impor t an t ly  t h e  b iosphere .  

The p rocess  of rock weathering begins wi th  
d i s i n t e g r a t i o n  and decomposition i n  s i t u .  The products  of t h i s  

p rocess  a r e  unconsolidated m a t e r i a l .  rvhich a r e  r e s i s t a n t  t o  

f u r t h e r  weathering,  and t h i e  m e t e r i a l  a t  any s t age  may be 

removed e i t h e r  machanically o r  i n  s o l u t i o n ,  and redeposi ted  

elsewhere.  ?.t and nea r  t he  e a r t h ' s  su r f ace ,  t hese  weathered 

m a t e r i a l  i s  sub jec t ed  t o  s p e c i a l  p rocesses  r e l a t e d  t o  c l ima te ,  

topography ( s l o p e  of t h e  l and)  and t h e  biosphere. These 

p rocesses  a r e  knbwn a s  t h e  s o i l  forming processes  and t h e  end 

product  is  a s o i l  p r o f i l e ,  comprising a sequence of l a y e r s  o r  

horizons.  

Weathering and s o i l  format ion  occur  s imul t ineously  and 

a t  any p o i n t  i t  is  d i f f i c u l t  t o  d i s t i n g u i s h  betzeen the  tvo- 

processes .  According t o  Oll ier  (1969) ,  weathering means any 

a l t e r a t i o n  of rocks  and mine ra l s  whi le  s o i l  format ion  i s  the  

product ion  o f  l a y e r s  o r  hor izons  i n  weathered m a t e r i a l  nea r  t he  

e a r t h ' s  su r f ace .  

Three main types  of  ,weather ing  may be d i s t ingu i shed ,  

phys i ca l  weathering,  chemical weather ing  and b i o t i c  weathering.  



3.1.1 Phys ica l  w e a t h e r 1 3  

Phys ica l  weathering i s  t h e  breakdom of m a t e r i a l  by 

mechanical  methods a h i c h  causes  rock C i s i n t e g r a t i o n  without 

apprec i ab le  changes i n  chemical composition. D1.e t o  physica l  

weathering an e x i s t i n g  rock is broken down , to  sma l l e r  

fragments,  which, due t o  i n c r e a s e  i n  t h e  su r face  ama, 
f a c i l i t a t e s  t h e  decomposition by chemical i teathering.  

The f l r s t  s t e p  i n  p h y s i c a l  weathering 1s the  development 
of c r a c k s  i n  rocks due t o  e r o s i o n  and e a r t h  movements. Once 

c r a c k s  a r e  formed a number of f o r c e s .  t h a t  would i n c r e a s e  t h e  

width  of c r acks  and cause rup tu re  of rocks may work toge the r ,  

I n  temperate regions ,  f r o s t  is t h e  main agent of phys ica l  

weathering.  Water t h a t  seeps  i n t o  t h e  t i n y  c racks  i n  rocks, 

may expand due t o  f r e e z i n g ,  breaking t h e  rock i n t o  fragments. 
Rock . d i s i n t e g r a t i o n  would be more, wi th  repeazed f r eez ing ,  and 

thawing than  5 t h  s teady low temperatures.  Under some 

c i rcumstances  t h e  growth of s a l t  c r y s t a l s  from s o l u t i o n  causes 

d i s i n t e g r a t i o n  of rocks. The d i a m p t i v e  e f f e c t  is s i m i l a r  t o  

t h a t  of f r o s t .  Rock xea the r ing  due t o  a a l t  growth mostly takes  

p l a c e  i n  ho t  a r l d  a r e a s  and i n  c o a s t a l  regions.  Temperature 

changes a l s o  may cause d i s i n t e g r a t i o n  of rocks. A r i s e  i n  

tempera ture  causes  a rock t o  expand, and a f ~ l l  causes  i! t o  

c o n t r a c t .  A l t e rna te  expansion and c o n t r a c t i o n  due t o  repeated 

tempera ture  f l u c t a t i o n s  may cause  a rock t o  break up i n t o  

s m a l l e r  fragments.  Thermal expansion and c o n t r a c t i o n  c f  rocks 

due t o  f i r e  i s  ano the r  cause o f  rock d i s in t eg ra t ion .  This i s  
common i n  f o r e s t  a r e a s  lqhere, f o r  example, fires usua l ly  s t a r t  

due t o  l i gh te rnag .  Some o t h e r  agen t s  of phys i ca l  weathering 

a r e  p l a n t  r o o t s ,  burror ing  animals ,  1-ind and human a c t i v i t i e s .  



3.1.2 Chemical weathering 

The t e r n  chemical m a t h e r i n g  r e f e r s  t o  the  changes i n  

chemical composition, p roper t i es  and tex ture  of a rock a s  a 
r e s u l t  of t h e  r sac t ions  between the  rock and i t s  environment. 

Simple inorganic cornPoids l i k e  water, C02 and 0 a r e  mostly 
2 

responsible f o r  chemical s rea ther iq .  Thus under appropriate 
condi t ions ,  coaraely c v a t a l l i n e  s i l i c a t e  rocks may be reduced 

t o  very f i n e  c lay  minerals. 

Some of the  important chemical react ions  involved i n  

rock weathering a r e  solut ion,  oxidation z.nd reduction, 

carbonation, hydration, che la t ion  and hydrolysis.  

Solut ion depends on t h e  e o l u h i l i t y  of minerals t h a t  a r e  

present i n  t h e  rock and t h e  amount of water paasing the  surface 
of  the  rock. For example, rock s a l t  o r  h a l i t e  is  very soluble ,  

and there fore  i s  found a t  the  e a r t h ' e  c r u s t  only i n  a r i d  

regions. Apat i te ,  on the  othe? hand ia spar ingly soluble  while 
the  s o l u b i l i t y  of gypsum l i e s  i n  between rocksal t  and a p a t i t e .  

The presence of dissolved oxygen, carbon dioxide and humic 

susbtances inc reases  the  d i s e o l v i q  power of water. Rain water 
contains  appreciable amounts of dissolved-  carbon dioxide a s  

well  a s  chlor ides ,  aulphates and even SO derived froln the  
2 

ocean and i n d u s t r i a l  a c t i v i t i e s ,  which increases  i t s  
e f fec t iveness  i n  chemical veathering. 

Oxidation and reduction a r e  o ther  chemical processes 

which take place dur ins  ~ e a t h e r i r q .  The terms oxidation andl 

reduction mean t h e  remova!. of e l e c t m n e  from the  atome, end 

add i t ion  t o  t h e  a t o m  of some elements, respectively.  Many 
rock forming minerals contain  c a t i o n s  t h a t  a r e  e e a i l y  converted 

t o  another oxidat ion e t ~ t e  euch a s  ~ e ~ *  t o  Fe3+, and cr2+ t o  
cr3+. Oxidation usually occurs through t h e  int'ermediate ac t ion  

of water i x  vhich oxygen is dissolved. Reduction g % ~ e r a l l y  

takes  place under water-logqed anaerobic condition&. 



Carbonation i s  t h e  formation of carbonates  and is due t o  

t h e  presence of carbon d iox ide  i n  the  s o i l  atmosphere. 
Carbonation is  no t  a common p rocess  i n  ' i n - s i t u '  weathering. 

Hydration r e f e r s  t o  t h e  a s s o c i a t i o n  of m t e r ,  molecules 

t o  a minera l ,  o f t e n  wi thout  a c t u a l  decomposition o r  

mod i f i ca t ion  of t h e  minera l  i t s e l f .  For  in s t ance ,  t he  m:neralV 

anhydr i t e  ( c ~ s o ~ )  may absorb  water  and t u r n  i n t o  gypsum 
(CS04. 2Hi0). 

Chela t ion  invo lves  t h e  holding of an  ion ,  u s u a l l y  a 

me ta l ,  r i t h i n  a r i n g  s t r u c t u r e  of organic  o r i g i n .  i rhelet ing 

a g e n t s  a r e  formed by b i o l o g i c a l  processes  i n  s o i l .  A complex 

s t r u c t u r e  i s  f o m e d  b e t r s e n  t h e  m e t 0 1  and the  ~ . o l e c u l e  of 
c h e l a t i n g  agent.  

Hydrolysis  i s  a chemical  r e a c t i o n  between minera l  and 
water.  The r e s u l t  i s  t h e  replacement of t h e  bas i c  i o n s  i n  the  

mine ra l  by hydrogen ions .  Thia is  commonly regardeu as the  

most impor tant  chemica"l -ac t ion  i n  rock weathering. 

3.1- 3 B i o t i c  r e a t h e r i n g  

Weathering of  rocks  i s  l a r g e l y  con t ro l l ed  by bio logic  

a g e n t s  such a s  p l a n t s ,  an imals ,  microbes and human beings. 
P l a n t s  c o n t r i b u t e s  t o  t h e  phys ica l  weathering of  rocks by 

widening the. c r acks  i n  rocks  due t o  root  growth. Burrowing 

animals  a l s o  cause phys ica l  break-up of rocks. They m y  alrso 
mix t h e  s o i l  and i n c r e a s e  i t s  permeabi l i ty ,  f a c i l i t a t i n g  t h e  

e n t r y  of a i r  and water,  t h u s  enhancing chemical weathering 

processes .  

Biologic  agen t s  may be d i r e c t l y  involved i n  chemical 

r e a t h e r i n g .  For  example, t h e  extreme e.cidity g e n e r ~ ~ ~ t e d  a t  t h e  



root  t i p s  of p l a n t s  can a c t  a s  a powerful f o r c e  i n  chemical 

weathering of rocks,  Fu r the r ,  r e s p i r a t i o n  of organisms 

r e l e a s e s  C02, which i n c r e a s e s  t h e  d i s s o l v i n g  power of water due 

t o  format ion  of H CO 
2 3' I n  a d d i t i o n  pH of t h e  s o i l  may be 

changed, which a l s o  would a f f e c t  t he  chemical weathering 

processes .  

3.2 S o i l  format ion  

Pa ren t  m a t e r i a l  der ived from rock weathering undergoes 

s o i l  forming processes ,  and the  u l t i m a t e  product  i s  a complete 

s o i l  p r o f i l e .  Depending on t h e  f i v e  f a c t o r s  of s o i l  format ion ,  

i . e .  c l i m a t e ,  topography, t ime,  pa ren t  m a t e r i a l  and biosphere,  

d i f f e r e n t  s o i l  forming processes  may take  p lace .  Of these  

processes ,  t he  one t h a t  dominates would determine the  type of 

s o i l  formed. 

S o i l s  suppor t  vege ta t ion  which i s  t he  only source of 

food f o r  man and animals,  of t imber  and lumber f o r  s h e l t e r ,  

n a t u r a l  f i b r e s  f o r  c l o t h i n g  and o t h e r  purposes,  and f u e l  and 

raw m a t e r i a l s  f o r  some i n d u s t r i e s .  
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CHAPTER 4 
Proper t i e s  of minerals 

Minerals a r e  i d e n t i f i e d  by severa l  physical  proper t ies .  

Some of the  most important physical  p roper t i e s  used i n  ~:.i.iieral 

i d e n t i f i c a t i o n  a r e ;  colour ,  transparency, s t r eak ,  l u s t e r ,  

cleavage, f r a c t u r e ,  hardness, s p e c i f i c  g rav i ty ,  s t ruc tu re  and 

c r y s t a l l i n e  form. 

4.1 Colour 

Colour i s  the  most e a s i l y  observed physical property of 

a mineral. Generally the  colour  of a f r e s h l y  broken surface  is  
used f o r  i d e n t i f i c t i o n .  Some minerals have a f a i r l y  constant 

colour  which i s  diagnost ic  and they a re  known a s  idiochromatic 

minerals . .  A good example i s  magnetite, which is black i n  

colour .  For most minerals the  colour  is  not a diagnost ic  

property.  Few minerals have colours  t h a t  vazy g r e a t l y  due t o  

impur i t i e s  they might contain .  They a r e  known a s  allochromatic 

minerals,  and quar tz  i s  an example which i s  colour less  when 

pure and s l i g h t l y  coloured when impur i t i e s  a r e  present ,  as i n  

rose quartz.  

4.2 Transparency 

Transparency i s  the  a b i l i t y  of a mineral t o  transmit 

l i g h t .  It i s  another  e a s i l y  observed property of a mineral. A 

good example of a t ransparent  mineral  is cb lour less  quartz,  
through which ob jec t s  can be e a s i l y  seen. Translucent minerals 

t ransmit  some l i g h t  and ob jec t s  a r e  seen only i n d i s t i n c t l y ,  

through the  mineral.  F l u o r i t e  is  an example of a t ranslucent  
mineral. Minerals l i k e  g raph i te  do not  transmit l i g h t  and a r e  

termed opaque minerals. 



4.3 S t r e a k  

S t r e a k  i s  t h e  co lou r  of t h e  powdered form of a  minera l ,  

and it i s  f r e q u e n t l y  used i n  minera l  i d e n t i f i c a t i o n .  Although 

t h e  c o l o u r  of t h e  minera l  may vary  g r e a t l y ,  a s  i n  t h e  case  of 

haemat i te ,  t h e  s t r e a k  i s  o f t e n  f a i r l y  cons tant .  S t r e a k  i s  

determined by rubbing t h e  minera l  on a  p i ece  of unglazed 

p o r c e l a i n  known a s  t h e  s t r e a k  p l a t e .  Colour of t he  s t r e a k  i n  

some mine ra l s  i s  q u i t e  d i f f e r e n t  from the  colour  of the  

minera l .  For example, t he  b lack  coloured haemati te and 

g e o t h i t e  have s t r e a k s  of red brown co lour ,  and yellow brown 

c o l o u r  r e spec t ive ly .  I n  some mine ra l s  t h e  c o l o u r  of t h e  s t r e a k  

i s  t h e  same a s  t h a t  of  t h e  minera ls .  Magnetite i s  an  example 

w h i c h h a s a  b lack  s t r e a k  and b lack  mineral  colour .  It i s  

obvious t h a t  mine ra l s  ha rde r  t h a n  the  s t r e a k  p l a t e  cannot form 

a s t r e a k .  

4.4 Lus te r  

The l u s t e r  of  a  minera l  i s  the  appearence of i t s  su r face  

i n  r e f l e c t e d  l i g h t .  Lus t e r  can  be d iv ided a s  m e t a l l i c  and 

non-metall ic .  Non-metallic l u s t e r  i s  f u r t h e r  d iv ided a s  

adamantine, v i t r e o u s ,  r e s inous ,  greasy ,  pea r ly ,  and si l lry.  

Examples of each a r e  g iven belo- : 

Kind of L u s t e r  Desc r ip t ion  Example 

M e t a l l i c  Appearence of me ta l s  P y r i t e  

Adamantine Appearence of diamonds Ceruss i t  s 

Vi t r eous  Appearence of g l a s s  Rock c r y s t a l  

Resinous Appearence of r e s i n  Copal i te  

Greasy Appearence of o i l e d  su r face  Nepheline 

Pea r ly  Appearence of mother-of-pearl  Talc 

S i l k y  Appearence of f i b r o u s  s t r u c t u r e  Asbestos 



There a r e  -a lso  ~rarying degrees of l u s t e r .  This r e f e r s  

t o  the  i n t e n s i t y  o r  quant i ty  of l i g h t  r e f l ec ted  by the  

mineral.  To express t h e  degree of 1uste.r the  following f i v e  

terms : splendent,  shining,  g l i s t e n i n g ,  glimmering and d u l l ,  
a r e  used. I n  decreasing o rder  of the quant i ty  of l i g h t  

r e f l ec ted  they a r e  : 

Degree of l u s t e r  Example 

Splendent ~ i c a c e o u s  haematite 

Shining Ca lc i t e  
Gl is tening Proch lor i t e  

Glimmering F l i n t  

Dull Chalk 

4.5 Cleavage 

Cleavage i s  the  tendency of minerals to  break along 

smooth, f l a t  and d e f i n i t e  su r faces ,  For example, i f  a piece of 

c a l c i t e  is  h i t  with a hammer, i t  w i l l  break i n t o  small 

fragments, v i t h  sharp s t r a i g h t  edges and smooth f l a t  surfaces  

where i t  i s  broken.  o f f .  This property i s  common t o  many 

minerals ,  and i t  i s  used, when present ,  t o  d i s t ingu i sh  such 

minerals.  Because cleavage occurs along a. d i r e c t i o n  of 

weakness, one cleavage .:.ill r e s u l t  i n  tr-o faces  of the 

mineral.  Depending on the  number of cleavage a i r e c t i o n s  and 

the  angle  between them, the re  a r e  s i x  cleavage types ,  namely : 

basal ,  p inacoidal  , prismat ic ,  cubic,  rhombohederal and 

octahederai ;  examples of which a r e  given below : 

Cleavage Description , Example 

Basal One d i r e c t i o n  Mica 

Pinacoidal  Two d i r e c t i o n s ,  near ly  a t  Feldspar 

r i g h t  angles  

Pr ismat ic  Two d i r e c t i o n s ,  not a t  Amphi bole 



r i g h t  angles  

Cubic Three d i r e c t i o n s ,  near ly  a t  Ha l i t e  

r i g h t  angles  , 

Rhombohederal Three di rec ' t ions ,  not a t  Ca lc i t e  
r i g h t  angles  

Octahederal Four d i r e c t i o n s  F luor i t e  

A s  mica has one d i r e c t i o n  of cleavage a sheet of mica 

can be s p l i t  i n t o  a number of t h i n  sheets .  The mineral h a l i t e  

possess a cubic cleavage, and i f  a piece of h a l i t e  i s  s t ruck 

with a hammer, some of the  r e s u l t i n g  fragments w i l l  resemble 

t i n y  cubes, while o the rs  w i l l  resemble blocks made up of 

cubes. Theref ore ,  cleavage i s  a very conspicuous physical 
proper ty  and i s  widely used i n  iden t i fy ing  minerals.  

4.6 Fracture  

Fracture  i s ' t h e  charac te r  of the  surface  ob ta ined ,  when a 

.mineral breaks along a non-cleavage d i rec t ion .  Minerah with 

no cleavage, o r  with one o r  two cleavage d i rec t ions ,  may break 

i n  another  d i r e c t i o n  t h a t  does not leave a f l a t  surface.  Given 

below a r e  the  t e r n s  used t o  descr ibe  f r a c t u r e  of minerals 

toge ther  wi th  t h e i r  desc r ip t ions  and examples. 

Tgpe of f r a c t u r e  Descr ipt ion Example 

Even Surfaces  a r e  f l a t  o r  Lithographite 

near ly  f l a t  Limestone 

Uneven Surfaces  a r e  rough Serpentine 
Conchoidal Surfaces  a r e  curved Obsidien 

with concentr ic  curves 

Subconchoidal Concentric curves a r e  Rose quartz 
very d i s t i n c t  

Sp l in te ry  Mineral breaks i n t o  Trernolite 
- 

s p l i n t e r s  



Sur faces  w i t h  s p i e  Copper 

fragments 

4.7 Hardness 

The hardness of a minera l  i s  i t s  r e s i s t e n c e  t o  ab ras ion  

o r  s c ~ a t c h i n g .  It i s  an impor tant  p rope r ty  and can be easi1.g 

determined and used i n  r ap id  r ecogn i t ion  of minerals .  A s c a l e  

o f  hardness  known a s  the  Moh's s c a l e  c 6 n s i s t s  of  t e n  s t a r t i n g  

from t h e  s o f t e s t  minera l   umber 1) t o  the  ha rdes t  (Number 
10) .  The f i g u r e s  1 t o  10 have no q u a n t i t a t i v e  s i g n i f i c a n c e  and 

t h e  d i f f e r e n c e  i n  hardness between success ive  grades  i s  

v a r i a b l e .  The mine ra l s  used a s  s t anda rds  a r e  a s  fo l lows : 

1. Talc  

2. Gypsum 

3. C a l c i t e  

4. F l u o r i t e  

5. A p a t i t e  

6. Fe ldspar  

7. Q u a r t z  

8. Topaz 
9. Corundum 

10. Diamond 

Hardness i s  measured by s c r a t c h i n g  a f r e s h  s u r f a c e  of an 

unknown minera l  with minera l s  of known hardness.  I f  a  s c r a t c h  

i s  made on t h e  unknown, t h e n  i t  i s  s o f t e r  than  t h e  mineral  used 

t o  s c r a t c h  it. 

The determinat ion  o f  t h e  hardness  value of a mineral  i s  

s i m p l i f i e d  by us ing  a f i n g e r  n a i l  (hardness 2.5), copper c o i n  

(hardness  3), k n i f e  blade (ha rdhess  5.5) and a s t e e l  f i l e  



(hardness 6.5): This s impl i f i ed  procedure i s  of great  

importance s ince  the  majority of' minerals a r e  l e s s  than s i x  i n  

hardness. 

4.8 Spec i f i c  g r a v i t y  

The s p e c i f i c  g r a v i t y  of a  mineral  i s  the  r a t i o  of a t s  

weight t o  t h e  weight o f -  the  same . volume of water. Many 

minerals  wi th  s i m i l a r  physical  p roper t i e s  have d i f f e r e n t  

s p e c i f i c  g r a v i t i e s ,  which helps  i n  t h e i r  i d e n t i f i c a t i o n .  For 

example, c e l e s t i t e  (SSO ) which has a  s p e c i f i c  g rav i ty  of 3.95 
4  

is  e a s i l y  dis t inguished from b a r i t e  ( B ~ S O ~ ) ,  which has a  

s p e c i f i c  g r a v i t y  of 4.5 ( ~ r a u s -  et .- a t ,  1959). 

Spec i f i c  g r a v i t y  can be determined by weighing the 

mineral i n  a i r  and i n  water. 

Spec i f i c  g r a v i t y  .= Weight i n  a i r  

Weight i n  a i r  - weight i n  water 

The s p e c i f i c  g r a v i t y  of a  mineral  can be e a s i l y  

determined using a  s p e c i f i c  g r a v i t y  b o t t l e .  

4.9 S t ruc tu re  

Minerals a r e  e i t h e r  c r y s t a l l i n e  o r  amorphous. Amorphous 

minerals have no regular  shape and occur i n  compact maqses. 

There a r e  many types of c r y s t a l l i n e  aggregates o r  amorphous 

masses of which some important types a r e  given below : 

Type of s t r u c t u r e  Descr ipt ion Example 

Crys ta l l ine  I r r e g u l a r C g r a i n s  o r  Marble 

p a r t i c l e s  

Massive c r y s t a l l i n e  Bounded c r y s t a l l i n e  Quartz  
Substances . 

(Crys ta l  aggregates) 
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Fig. 3 - Crystal Systems 



Granular  

Micaceous 

F ib rous  

Columnar 

Compact 

Close ly  packed coa r se  Ol iv ine  

o r  f i n e  g r a i n s  

Made up of very  t h i n  Mica 

p l a t e s  
Consist  of  s l e n d e r  Asbestos 

f i b r e s  

Made up of t h i c k  Tourmaline 

p a r a l l e l  columns 

Amorphous compact Opa 1 

masses 

4.10 C r y s t a l  form 

A l l  c r y s t a l l i n e  mine ra l s  form c r y s t a l s  wi th  organized 

i n t e r n a l  s t r u c t u r e s .  The shape of t h e  c r y s t a l  can be used i n  

mine ra l  i d e n t i f i c a t i o n  because gene ra l ly  a mineral  haa on ly  one 

c h a r a c t e r i s t i c  c r y s t a l  form. The s i x  c r y s t a l  systems ; cubic ,  

hexaganal ,  t e t r a g a n a l ,  orthorhombic, monoclinic and t r i c l i n i c ,  

are shown i n  t h e  Fig .  3 , g i v i n g  common examples. 
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CHAPTER 5 
Rock-forming minera ls  

The minera ls  t h a t  c o n s t i t u t e  rocks a r e  known a s  rock 

forming mine ra l s .  Although about 2000 minera ls  have been found 

i n  t h e  e a r t h ' s  c r u s t ,  t h e r e  a r e  only  a handful  df rock-forming 

minera ls .  These minera ls  can  be conveniently c l a s s i f i e d  - i n t o  

two main groups;  

1. - S i l i c a t e  minera ls  

2. Accessory mine ra l s  

S i - l i ca t e  minera ls  con ta in  s i l i c o n  a s  an e s s e n t i a l  

i n g r e d i e n t  whereas accessory  mine ra l s  do no t .  

5.1 S i l i c a t e  mine ra l s  

I n  s i l i c a t e  mine ra l s  s i l i c o n  and oxygen foim a u n i t  

s t r u c t u r e ,  known a s  t e t r ahedron  u n i t ,  i n  which a s i l i c o n  atom 

i s  surrounded by f o u r  oxygen atoms. These u n i t  s t r u c t u r e s  may 

combine t o  form pa i r ed  s t r u c t u r e s r  r i n g s ,  chains  o r  s h e e t s  a s  

shown i n  t h e  Fig.  4. . . 

Atoms of o t h e r  elements found i n  t h e  e a r t h ' s  c r u s t ,  such 
a s ,  aluminium, i r o n ,  calcium, sodium, magnesium and potassium 

f i t  i n t o  spaces  i n  these  s t r u c t u r e s .  

S i l i c a t e  minera ls  a r e  f u r t h e r  d iv ided i n t o  t e n  groups 

according t o  chemical composition. These a r e :  

1. S i l i c a  group 

2. Fe ldspa r s  

3. Feldspathoids  
4 .  Micas 
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5. Amphiboles 

6. Pyroxenes 

7. Tourmalines 

8. Ol iv ine  

9. Garnets 

10. Other s i l i c a t e s  

5.1.1 S i l i c a  group 

Common minera ls  inc luded i n  this group l i k e  qua r t z  and 

opa l  c o n t a i n  Si02. The chemical comppsit ion of qua r t z  i s  Si02 

wi th  no molecules of water  of  c r y s t a l l i z a t i o n .  It i s  of wide 

occurrence  i n  many rocks. Q u a r t z  i s  c o l o u r l e s s  vhen pure,  and 

coloured  when i m p u r i t i e s  a r e  p r e s e n t .  The s t r u c t u r e  of qua r t z  

may be c r y s t a l l i n e  o r  massive. Amethyst and rose  quar tz  a r e  

examples of c r y s t a l l i n e  qua r t z ,  while aga te  and f l i n t  a r e  

examples of massive quar tz .  Q u a r t z  i s  recognized by i ts  

hardness  va lue  of 7 and i t s  l a c k  o f  cleavage.  

Q u a r t z  i s  p resen t  i n  a l l  t h r e e  types  of rocks. I n  S r i  

Lanka qua r t z  of many v a r i e t i e s  a r e  p re sen t  throughout t h e  

country.  

Opal, s ~ o ~ . ~ H ~ o ,  i s  no t  an abundant minera l ,  and is 
p resen t  i n  r ecen t  vo lcan ic  rocks.  This  minera l  is however not  

found i n  this country.  

5.1.2 Fe ldspa r s  

Fe ldspa r s  are t h e  most abundant group of rock-forming 
s i l i c a t e  minera ls .  Fe ldspa r s  a r e  f u r t h e r  subdivided i n t o  

subgroups; ( 1 )  Potash f e l d s p a r s ,  vhich  as t h e  name a p p l i e s ,  

e s s e n t i a l l y  c o n t a i n  a h igh  p ropor t ion  of potassium and l i t t l e  
o f  calcium and sodium, and (11) p lag ioc la se  f e l d s p a r s  which 



does not contain  potassium but contains  e i t h e r  sodium, o r  
calcium o r  a mixture of both.  The chemical formula of potash 

f e l d s p a r s  i s  K 0,Al 0 6Si0 and i t  may have a monoclinic or  a 
2 2 3 '  2 

t r i c l i n i c  c r y s t a l  system, i n  which case they a re  termed 
or thoclase  o r  microcline respect ively .  Plagioclase  fe ldspars  

is  termed a l b i t e ,  Na20.A1 0 .6Si02, i f  i t  contains  sodium, and 
2 3 

a n o r t h i t e ,  CaO.Al 0 .6SI02, i f  calcium 1s present .  Feldepars 
2 3 

a r e  dis t inguished from o ther  minerals by the pinacoidal 

cleavage, l i g h t  colour  and the  hardness value of 6. 

Feldspars a r e  present i n  a l l  th ree  types of rocks. I n  

S r i  Lanka i t  is of wide occurrence throughout the  is land.  

5.1.3 Feldspathoids 

This group includes  two important minerals,  l e u c i t e ,  

K20.Al 0 .4Si02 and nepheline,  Na20:Al2O3.4SiO2. The former i s  
2 3 

gray, white o r  co lour less  while the  l a t t e r  i s  reddi.sh, grey, 

white o r  colour less .  Nepheline i s  e a s i l y  recognized by i t s  

greasy l u s t e r .  

These two minerals a r e  present i n  syen i tes  and volcanic 

rocks. They a r e  not common i n  t h e  rocks of S r i  Lanka. 

Three common types of mica have been i d e n t i f i e d  

according t o  t h e i r  colour ,  namely ; 

(i) Kuacovite o r  white mica, K ~ l ~ ( S i ~ A 1 0 ~ ~ )  (OH) 

(ii) B i o t i t e  o r  black mica, K ( M ~ , F ~ )  ( S i g A 1 0 1 0 ) ( ~ ~ ) 2  
( i i i )  Phlogopite o r  amber mica , ~ g g ~ S i 3 A 1 0 1 0 )  (OH) 



Micas a r e  distinguished by t h e i r  pe r fec t  basal cleavage, 
and t h e i r  micaceous s t r u c t u r ~ .  

These minerals are present i n  a l l  th ree  major types of 

rocks. I n  S r i  Lanka, the moat common type of uicw is b i o t i t e  

which i s  present with lnuecovite i n  ignaoue and metamorphic 

rocks l i k e  g r a n i t e s ,  gneissas ,  pegmatitee, s c h i s t s  e tc .  

Phlogopite occurs i n  c r y s t a l l i n e  limestonee anti i n  &Om€? igneous 

rocks. 

5.1.5 Amphiboles 

The most common mineral of  the  amphibole group is 
hornblende, which has a chemical formula of 

c ~ s N ~ ( M ~ , F ~ )  6 ( ~ 1 , ~ e ) 3 ( ~ i  0 ) 4 . ( ~ ~ ) 4 .  This mineral is  black o r  
4 11 

dark green i n  colour,  and i s  dis t inguished by its pr ismat ic  

cleavage with cleavage angles a t  approximately 60 and 120 

degrees. 

Hornblende i s  present i n  igneous and metamorphic rocks. 

Some rocks containing hornblende i n  S r i  Lanka a r e  g ran i tes ,  

gneisses ,  charnokites and pegmatites. 

. . 

5.1.6 Pyroxenes 

This group includes  minerals l i k e  e n s t a t i t e ,  p Si 0 %2 2 6' 
hypersthene, ( M ~ ,  ~ e )  Si 0 and aug i te ,  ~ a ( ~ g , ~ e )  3 ( ~ l , ~ e ) 4 ~ i 0 3  

2 2 6  
Ens ta t i re  i s  a greyish coloured mineral and hypersthene may be 

greyish, greenish, yellowish, bronz, brown o r  black. Augite is 

a black coloured mineral. 

Pyroxenes a r e  present i n ,  igneous and metamorphic rocks 

l i k e  charnokites,  gneisses  and s c h i s t s .  



5.1.7 Tourmaline 

The rock-forming tourmal ine  has  a chemical formula of 

NaFe A 1  B S i  0 (OH) ,  and i s  black i n  colour .  It i s  
2 4 2  4 1 9  

d i s t i n g u i s h e d  by i t s  columnar s t r u c t u r e .  

I n  S r i  Lanka tourmaline is p resen t  i n  gne i s ses  and 

pegmati tes.  

5.1.8 Ol iv ine  

Ol iv ine ,  ( M ~ , F ~ ) * s ~ o  i s  o l i v e  green i n  colour ,  and i s  
4 

cha rac t e r i zed  by i t s  g r a n u l a r  s t r u c t u r e .  It i s  found i n  bas ic  

and u l t r a b a s i c  igneous rocks.  I n  S r i  Lanka, however, t h i s  

minera l  i s  not  of common occurrence.  

5.1.9 Garnets 

Rock-forming group of g a r n e t s  i nc lude  ep ido te  and 

g a r n e t .  Epidote,  C a 2 ( ~ 1 , ~ e ) 3 ( ~ i ~  ) OH i s  green brown o r  l i g h t  
4 3 

ye l low brown i n  co lou r ,  while g a r n e t ,  Ca A l  ( S ~ O  ) may be red 
2 2 4 3  

o r  brown coloured.  

I n  S r i  Lanka g a r n e t s  a r e  p re sen t  i n  igneous and 

metamorphic rocks  l i k e  cha rnok i t e ,  khondol i te ,  gne i s ses  and 

s c h i s t s .  

5.1.10 Other s i l i c a t e s  

Zi rcon,  ZrSiO s i l l i m a n i t e ,  A12Si0 and some o the r  
4' 5 

mine ra l s  come under t h i s  group. Commonly z i r con  i s  brown o r  
g r e y i s h  i n  co lou r ,  but  i t  may be red,  yellow, blue o r  even 

c o l o u r l e s s  . 



Zircon i s  p resen t  i n  igneous  and sedimentary rocks. 

Pegmat i tes ,  g n e i s s e s ,  q u a r t z i t e s ,  cha rnok i t e ,  Tonigala g r ~ . n i t e ,  

beach sands  and miocene ca l ca reous  l imestones  a r e  t h e  main 

z i r c o n  con ta in ing  rocks of S r i  Lank6 (Vithanage,  1957). 

S i l l i m a n i t e  i s  p resen t  i n  metamorphic rocks of S r i  

Lanka, such a s  g n e i s s e s  and s c h i s t s .  This minera l  i s  white,  

brownish o r  g r e e n i s h  i n  co lou r .  

5.2 Accessory mine ra l s  

Accessory mine ra l s  do n o t  con ta in  s i l i c o n  as s t a t e d  

e a r l i e r .  They can be f u r t h e r  d iv ided i n  t o  seven groups on the  

b a s i s  of  t h e i r  chemical  composit ion,  namely : 

1. Elements 
2. Oxides 

3. Hal ides  

4. Phosphates 

5. Sulphates  

6. Sulphides  

7. Carbonates 

5.2.1 Elements 

The minera ls  of t h i s  group c o m i s t  of  only one s i n g l e  

element,  and not  compounds, a s  i n  a l l  o t h e r  groups. But they  

may c o n t a i n  t r a c e s  of impur i t i e s .  Iron, vhich  i s  present  i n  
b a s a l t i c  rocks i s  an example f o r -  e lementa l  mineral's. This 

minera l  i s  u s u a l l y  i d e n t i f i e d  by t h e  m e t a l l i c  l u s t e r ,  and t h e  

s t e e l  g rey  colour .  But when oxidized  i t  may be brown coloured.  
C 

Graphi te  i s  ano the r  minera l  of this group, which 

c o n t a i n s  only  carbon. It i s  found i n  metamorphic rocks of S r i  

Lanka . 



Diamond, which a l s o  c o n t a i n s  carbon,  i s  p resen t  i n  

a l l u v i a l  d e p o s j t s  probably der ived from d a r k  p lu ton ic  rocks. 

It has  n o t  been found i n  S r i  Lanka. 

5.2.2 Oxides 

Magneti te,  Fe 0 h e m a t i t e ,  Fe 0 g e o t h i t e ,  FeOOH, 
3 4' 2 3' 

i l m e n i t e ,  FeTiO r u t i l e ,  Ti0 and s p i n e l ,  MgA1207, care some of 
3' 2 

t h e  common rock . foming  oxide mine ra l s .  
. . 

Magneti te,  t h e  magnetic o r  b lack  oxide of i r o n ,  

posses ses  a b l ack  s t r e a k .  It c o n t a i n s  approximately 72 p e r  

c e n t  Fe and i s  u s u a l l y  found i n .  igneous and metamorphic rocks 
and i n  beach sands.  Haematite has  a b r i g h t  red s t r e a k  and i s  

p r e s e n t  i n  a l l  t h r e e  types  of rocks. This  minera l  a l s o  

c o n t a i n s  around 70 p e r  c e n t  Fe. Geothi te  is black coloured 

wi th  a brownish yellow s t r e a k ,  and i s  commonly found i n  o re  

depos i t s .  These t h r e e  oxide mine ra l s  are abundant i n  some 

rocks  of S r i  ~ a n k a ,  namely, bas i c  cha rnok i t e s  and pyroxene 

amphibol i tes ,  which l e a d s  t o  h igh  magnetic i n t e n s i t y  i n  a reas  

where they  a r e  p re sen t  ( ~ a p u a r a c h c h i  e t .  a l ,  1964). 

I lmen i t e  i s  black o r  brownish b lack  i n  co lou r  v i t h  a 

b lack ,  brownish o r  yellor. s t r e a k ,  and is  p resen t  i n  bas ic  

igneous  rocks.  The t i t a n i u m  oxide r u t i l e ,  which is  a 

c o n s t i t u e n t  of  some p l u t o n i c  igneous rocks  and metamorphic 

rocks ,  is  black o r  r edd i sh  i n  co lou r  possess ing  a s t r e a k  of 

l i g h t  brown. These two mine ra l s  a r e  p re sen t  i n  igneous and 
metamorphic rocks  of S r i  Lanka p a r t i c u l a r l y  i n  the  s o u t h   jest 

p a r t  o f  t h e  country.  

S p i n e l  may be b lack ,  orange b r o ~ m , r e d  o r  b lue  i n  

colour .  This  minera l  i s  found :n p lu ton ic  igneous rocks  and 

metamorphic rocks  of S r i  Lanka. 



5.2.3 Hal ides  

The most common rock-forming minera ls  of  t h i s  group a r e  

h a l i t e ,  NaC1, c r y o l i t e ,  Na A1F6 and f l u o r i t e ,  CaF2. 3 

H a l i t e  i s  a l s o  known a s  r o c k s a l t ,  and d i s t ingu i shed  by 

i t s  s a l t y  t a s t e ,  and p e r f e c t  cubic  cleavage. This  minera l  - i s  

commonly fouild i n  d r i e d  l a k e s  and sedimentary beds. H a l i t e  i s  

u s u a l l y  c o l o u r l e s s  but  may be sometimes white i n  colour.  

C r y o l i t e  which i s  c o l o u r l e s s  o r  white i s  found i n  

i s o l a t e d  depos i t s .  

F l u o r i t e  may be c o l o u r l e s s ,  black,  white,  brown o r  

v i o l e t  b lue ,  and i t  i s  found wi th  o re  minera ls  o r  i n  

sedimentary rocks.  Th i s  minera l  i s  d i s t ingu i shed  by p e r f e c t  

o c t a h e d r a l  cleavage.  

5.2.4 Phosphates 

The common rock-forming phosphate minera ls  a r e  monozite, 

v i v i a n i t e ,  s t r e n g i t e ,  v a r i s c i t e  and a p a t i t e .  

Monazite, CaPO wi th  Tho2 and Si02 i s  yellow t o  reddish 
4 

brown i n  co lou r .  It i s  p resen t  i n  gne i s ses ,  g r a n i t e s  and 

sands. I n  S r i  Lanka monozite occur s  i n  a number of g r a n i t i c  

and g n e i s s i c  rocks,  which a r e  concent ra ted  by ?:eathering i n  

r a i sed  beaches, r i v e r  t e r r a c e s  and r i v e r  mouths (Cooray, 1967). 

V iv ian i t e ,  Fe (PO ) .8H20 may be co lou r l e s s ,  Slue o r  
3 4 2  

v i o l e t  w i th  a  s t r e a k  of r h i t e ,  which t u r n s  blue on exposure t o  

l i g h t .  T h i s  minera l  i s  found i n  o re  ve ins  and sedimentary 

c l a y s ,  S t r e n g i t e ,  FePO .2H20, is deep pink i n  
4 



c o l o u r  and v a r i s c i t e ,  Alp0 .2H20 i s  l i g h t  o r  emerald green i n  
4  

co lou r .  These two minera ls  a r e  gene ra l ly  present  i n  c l a y  r i c h  

rocks.  

Apa t i t e  Ca (F,OH,Cl)(PO ) may be white,  brown, green,  
5 4  3 

b lue  o r  ye l low i n  co lou r .  Fiuoro a p a t i t e  of igneous o r i g i n  ?.?as 

d iscovered  r e c e n t l y  a t  Eppawela, i n  t h e  North Centra l  Province 

of S r i  Lanka. 

5.2.5 Sulphides  

The most common rock-forming su lph ide  minera l  i s  p y r i t e ,  

FeS2. It has a  d i s t i n c t i v e  b ra s s  y e l l o y  co lou r  and a m e t a l l i c  

l u s t e r ,  and is p resen t  i n  a l l  t h r e e  major type of rocks. This 

mine ra l  i s  not  common i n  S r i  Lanka. 

Molybdenite, MoS and Cinnabar, HgS a r e  two o t h e r s  
2  

examples of rock-f o  m i n g  su lph ide  minera ls .  

5.2.6 Sulphates  , 

Anhydrite,  CaSO and Gypsum, CaSO .2H20 a r e  two common 4 4  
su lpha te  minera ls  of  calcium. They may be c o l o u r l e s s  o r  white 

i n  co lou r ,  and a r e  p re sen t  i n  sedimentary rocks. 

C e l e s t i t e ,  SrSO b a r i t e ,  Bas0 and epsomite,  MgS0 .7H20 
4' 4 

a r e  examples of l e s s  common rock-forming sulphates .  
4 .  

5.2.7 Carbonates 

Some important  rock-forming carbonate . minera ls  are 

c a l c i t e ,  CaCO dolomite C ~ C O '  .MgCO magnesite,  kgCOg nd 
3' 3 3' 

s i d e r i t e ,  FeCO 
3' 



C a l c i t e  i s  c o l o u r l e s s  o r  q h i t e  i n  co lou r ,  with a 

d i s t i n g u i s h a b l e  rhombohederal cleqvege.  It i s  present  i n  a l l  

types  of rocks.  I n  S r i  Lanka t h i s  minera l  i s  present  i n  

l imestones ,  which i s  mainly found i n  the  Ja f fna  Peninsula ,  i n  

t he  ex t r ene  no r th  of t he  country.  

Dolomite i s  c o l o u r l e s s ,  whi te ,  p ink  o r  brownish, and i s  

commonly found i n  sedimentary rocks.  ~ o l o m i t e  i s  a l s o  present  

i n  t h e  J a f f n a  peninsula .  

Magnesite, which i s  white o r  c o l o u r l e s s  has a 

rhombohederal cleavage.  S i d e r i t e  may be brown, t-hi te o r  grey 

i n  colour .  These two mine ra l s  a r e  found i n  sedimentary beds, 

but a r e  no t  common i n  S r i  Lanka. 
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CHAPTER 6 

I n d u s t r i a l  Minera ls  -. . 

6.1 I n t r o d u c t i o n  

Since  man began t o  make r e g u l a r  use  of t h e  m a t e r i a l s  of 

t h e  e a r t h ' s  c r u s t  he has searched f o r  concen t r a t ions  of rocks 

and mine ra l s  con ta in ing  much needed m a t e r i a l s .  Such 

concen t r a t ions  a r e  o re  d e p o s i t s ,  masses of rocks -rhich have go t  

enr iched i n  m a t e r i a l s  l i k e  me ta l s  ( ~ e ,  N i ,  Au o r  A ~ )  o r  f u e l s  

( such a s  c o a l  and o i l )  and nonmetalic subs tances  such a s  

phosphates o r  su lphur .  Our i n d u s t r i a l  c i v i l i z a t i o n  depends on 

such m a t e r i a l s .  

The me ta l s  and most o t h e r  m a t e r i a l s  used by man, except 

those  t h a t  provide him food and c l o t h i n g  a r e  obtained from the  

e a r t h ' s  c r u s t .  These occur  a s  mine ra l s ,  e i t h e r  s epa ra t e ly ,  

concent ra ted  o r  mixed i n  rocks.  

I n d u s t r i a l  minera ls  have been c o n t r i b u t i n g  t o  S r i  

Lanka 's  economy. Mining a c t i v i t i e s , i n  t h i s  country  have been 

confined mainly t o  g r a p h i t e ,  c l a y s  ( inc luding-  k a o l i n e ) ,  mica, 

l imes tone ,  f e l d s p a r s ,  rock phosphate,  mine ra l .  sands and 

gemstone, ( t h e  l a t t e r  has  been d i scussed  i n  d e t a i l  i n  Chapter 

7). These i n d u s t r i e s  a r e  c o n t r o l l e d  by the  s t a t e  s e c t o r ,  and 

a l l  mining a c t i v i t y  i n  t h e  coun t ry  is  governed by t h e  Mines and 

Minera ls  Law No. 4 of 1973, the  a u t h o r i t y  of i t s  implementation. 

being t h e  Minis t ry  of I n d u s t r i e s  and S c i e n t i f i c  A f f a i r s .  

Some mine ra l s  which a r e  d i s t r i b u t e d  only  i n  t r a c e  

amounts assume g r e a t  importance,  completely ou t  -of  propor t ion  

t o  t h e  amounts p re sen t  i n  th; o r e ,  o r  t o  the  q u a n t i t i e s  

r equ i r ed .  Examples of t h i s  kind a r e  r ad ioac t ive  minera ls ,  
' .  . 



vanadium which impar ts  b e n e f i c i a l  p r o p e r t i e s ,  t e l l u r ium which 

o f f e r s  f r o s t  r e s i s t a n c e  t o  lead i n  water-pipes.  

A s  new mine ra l s  a r e  d iscovered ,  they w i l l  draw the 

a t t e n t i o n  of t echno log i s t s  depending i n  t h e i r  p o t e n t i a l  

u se fu lness .  Therefore the  list of i n d u s t r i a l  minera ls  

d i scussed  below i s  by no means complete. 

6.2 Graphite 

Graphi te  i s  a form of c r y s t a l l i n e  carbon, and i ts  mining 

i s  one of t h e  most important  i n d u s t r i e s  of t he  i s l a n d .  I t  has 

been exported s i n c e  1821. Graphite i s  d i s t r i b u t e d  mostly i n  

s i x  provinces ,  a s  fo l lows : 

1. Western Provlnce - Botale ,  Kaluaggala, Kuligedera,  

Welihinda, Makkanigoda, E l l a l amul l a ,  Karasnogala, Migoda, 

Pannaluwa and Watareka, Botalawa, Meegahatenna and 

Pelawat te .  

2. Sabaragamuwa Province - Kukulegama , Delgoda , Weddagala, 

Dumbara, Karandana, Kolonna, W i  j e r i y a ,  Werahera, 

Arukgammana, Bopi t iya ,  Indurana,  Niwatuwa, Puse l l a ,  

S iyambal iapi t iya  and Bolagama. 

3. Southern Province - Batapola , Ampegama , Tirawamaga, 

Magala, Kolawenigama, Uragaha, Kottawa, Hiniduma, 

Panangala, Deniyaya, Kolawenigarna, Idanduki ta ,  Daramitiara 

and Hi l lageainna .  

4. North-Western Province - Regedara, Mipi t iya ,  Maduragoda 

and Naramana. 

5. Cen t ra l  Province - D o l a p i h i l l a ,  Kahatagahatenna. 

6. North Cen t ra l  Province - Kebit igollawa. 

Graphite occurs u s u a l l y  i n  ve ins  and i n  pegmati tes,  but 

may occur  a s  f l a k e s  i n  o t h e r  rocks a s  wel l .  Because i t  i s  



i n e r t  i t  tends  t'o be i n  i t s  o r i g i n a l  pos i t ion  long a f t e r  the 
rock weathers and o t h e r  rock c o n s t i t u e n t s  have d i s in tegra ted ,  

Due t o  i t s  outstanding colour  i t  can therefore  be e a s i l y  

spot ted i n  a s o i l  p r o f i l e .  

. Graphite i s  a l s o  known a s  plumbago -hen i t  e x i s t s  i n  the  

massive s t a t e  and a s  'b lack l ead '  when i t  i s  amorphous. S r i  
Lankan g raph i te  which enjoyed a world monopoly s ince  the  e a r l y  

days of i t s  e x p l o i t a t i o n  i s  reported t o  contain  very l i t t l e  
impur i t i e s  (Geological Survey Department, 1970). 

Graphite is used i n  the  manufacture of a l a rge  number of 

important i tems such a s  drg b a t t e r i e s  and electrodes, e l e c t r i c  

brushes, lead penc i l s ,  explosives ,  e lect rotyping,  graphite 

c r u c i b l e s  and l a d l e s  foundry facing8 and raoulds, l u b r i c m t e ,  

p a i n t s ,  s t i p p e r e  and nozzles.  

6.3 I n d u s t r i a l  Clays 

Clays a r e  secondly minerals because they have been 

formed due t o  t h e  weathering of a l ready e x i s t i n g  primary 

minerals.  Clay minerals a r e  c o l l o i d a l  i . e .  they have a f i n e  
p a r t i c l e  s i z e .  Most c lay  minerals  a r e  c r y s t a l l i n e  i n  nature ,  

whi le  some a r e  amorphous. These minerals a r e  a l s o  known a s  

l a y e r  s i l i c a t e  minerals s ince  t h e i r  atoms a r e  arranged i n  l a y e r  

l a t t i c e  s t ruc tu res .  

Clays a r e  perhaps the  o l d e s t  raw mate r ia l s  used by man. 
Most ancient  c u l t u r e s  a r e  described i n  p a r t  'on the bas i s  o f  

t h e i r  discovered a r t i f a c t s ,  many of which a r e  po t t e ry  and 

ceramics. 

When wet, c l ay  forms a coherent s t i cky  mass which can be 

r e a d i l y  moulded and on drying i t  becomes hard and , b r i t t l e  



r e t a i n i n g  i ts shape,  when heated  t o  redness c l a y s  become s t i l l  

h a r d e r  and wa te r  has  l i t t l e  e f f e c t  on i t ,  t h e r e a f t e r .  Thus i t  
is  not  s u r p r i s i n g  t h a t  a n c i e n t  c l a y  u t e n s i l s  a r e  being 

d iscovered  i n  p r e - h i s t o r i c  s i t e s  f r equen t ly .  I n d u s t r i a l  c l a y s  

i n  S r i  Lanka a r e  k a o l i n ,  b a l l  c l a y ,  r e f r a c t o r y  c l a y ,  b r i c k - t i l e  

and p ipe  c l a y ,  

6.3.1 Kaolin 

This  i s  the  pure whi te  c l a y  composed almost e n t i r e l y  of 

k a o l i n i t e ,  It has  a  low p l a s t i c i t y ,  h igh  r e f r a c t o r i n e s s  and 
burns i n t o  a  white product .  Our k a o l i n  i s  of good q u a l i t y  and 

occur s  a s  pockets i n  i n t e n s e l y  ~ e a t h e r e a  rocks a s  d i s t i n c t  

l a y e r s  o r  a s  l e n s e s  under s u r f a c e  s o i l s  o r  a s  alluvium. They 

a r e  found mostly i n  t h e  South-Western po r t ion  and Centra l  

Highlands of t h e  i s l a n d ,  formed from f e l d s p a r s  i n  the  rocks of 

Pre-cambrian age  t h a t  dominate the  geology of t hese  a r e a s .  In  

t h e  Tabborra bas in  k a o l i n  occurs  a s  bands of ' p ipe  c l a y ' .  The 

b e s t  known kao l in  d.eposits  a r e  i n  the  Nugegoda, .. Boralesgamuwa 

a r e a s  es t imated  approximately a t  f j v e  m i l l i o n  tons ,  a t  
l leet iyagoda and i n  the  lov  l y i n g  p l a i n s  no r th  of t he  Kelani 

Ganga. The depos i t  around Iranamadu con ta ins  much i r o n  a s  an 

impur i ty  . 

The kao l in  r e f i n e r y  of t h e  Ceylon Ceramics Corporation 

a t  Borelesgamuwa s u p p l i e s  raw m a t e r i a l  f o r  t he  rubber and pa in t  

i n d u s t r i e s .  ~ r o n ,  which i s  can impur i ty  i n  kao l in  i s  

re spons ib l e  f o r  t h e  f r equen t  d i s c o l o u r a t i o n  of t he  product .  

.6.3.2 B a l l  Clay 

This  a p p l i e s  t o  a  l a r g e  group of sedimentary, p l a s t i c  

. r e f r a c t o r y ,  da rk  coloured c l a y s  vhich  t u r n  white o r  cream on 

h e a t i n g  o r  burning,  They a r e  tougher  than  and a r e  more p l a s t i c  

t h a n  k a o l l n  and possess  s u p e r l o r  bondlng pol-ers and low 

r e f r a t o r i n e s s .  



These occur mostly i n  low lying a reas  of the  south 
western por t ion  of S r i  Lanka, sometimes i n  extensive deposi ts  

of over f i v e  meters,  and i n  the  Bolgoda and Dediyawela a reas .  

The uses of b a l l  c l ay  include manufacture o f  

porcela in  and f i n e  ear then ware, bounding mate r ia l  f o r  harder 

and l e s s  p l a s t i c  c lay  i n  the manufacture of r e f r a c t o r i e s  and 
stoneware. Ba l l  c l ay  inc reases  the  p l a s t i c i t y  of the raw 

mixture and t h e  f lux ing  p roper t i e s .  

6.3.3 _Clay Minerals i n  the  Ceramic Industry 

Ceramics is  the art and/or science of making 

products and a r t i f a c t s  c h i e f l y  o r  e n t i r e l y  from earthy raw 

m a t e r i a l s  (except f u e l s  and m e t a l l i c  o res ) ,  involving a high 

temperature treatment.  The ceramics industry  includes the 

manufacture of r e f r a c t o r i e s  f o r  industry  ; brlcks ,  t i l e s ,  

'p ipes .  e t c ,  f o r  construct ion;  and household u t e n s i l s  such a s  

china and stoneware. Others include the manufacture of high 

vol tage and high frequency i .nsulators f o r  industry  and the 

production of a r t i s t i c  and decorat ive  mete r ia l s  with aes the t i c  

appeal.  

It i s  a common misconception t h a t  ceramics a r e  

manufactured c h i e f l y  from clays .  I n  f a c t  however, c lays  almost 

always, make up only a m i n o r i t y  of any ceramic product. It i s  

commonly l e s s  than 30 p e r  cent of most ceramics, the  remainder 

being f i n e l y  ground quartz,  f e l d s p a r ,  corundum, t a l c  o r  other 
minerals.  Clays a r e  added t o  cerernic because of t h e i r  

p l a s t i c i t y ,  wet and dry s t r e n g t h s  and because of the colour 

they impart when .fired. 

Clays used i n  ceramics a r e  almost universal ly  of 

t h e  1:l s i l i c a t e  l a y e r  type and k a o l i n i t e  i s  the  dominant c lay  

usual ly  used; Lesser amounts of h a l l o y s i t e  and d i c k i t e  a r e  



a l s o  used.  Occas ional ly  o t h e r  c l a y s  f i n d  t h e i r  way t o  ceramics 

when they.  occur  a s  contaminants i n  . k a o l i n i t e  depos i t s .  

However, t h e  h igh swe l l ing  and shr inkage  exh ib i t ed  by 2 : l  l a y e r  

s i l i c a t e s  make them undes i r ab le  i n  most ceramics s ince  they 

c rack  upon d r y i n g  o r  f i r i n g .  The f i r e d  co lou r  of ceramics i s  

g e n e r a l l y  due t o  the  presence,  i n t e n t i o n a l  o r  o therwise ,  of 

i m p u r i t i e s ,  such a s  i r o n - r i c h  mine ra l s ,  l n  t h e  c l ay .  

6.3.4. Clay Minera ls  i n  t h e  Petroleum Indus t ry  

Clays a r e  used i n  the  petroleum indus t ry  i n  

d r i l l i n g  muds. Most petroleum w e l l s  a r e  deep, n e c e s s i t a t i n g  

t h e r e f o r e  t h e  use  of r o t a r y  d r i l l i n g  equipment. E a r l i e r  t h e  

bore ho le s  were kept  f u l l  of  water  t o  coo l  t he  d r i l l i n g  b i t  and 

t o  f a c i l i t a t e  t h e  upward movement of c u t t i n g s .  But l a t e r  i t  

was found t h a t  t h e  presence of mud increased t h e  ease  of 

removing c u t t i n g s  from t h e  ho le  s i n c e  mud had a  h igher  

v i s c o s i t y  than  water.  This  a l s o  made t h e  c u t t i n g s  l e s s  prone 

t o  s i n k i n g  through t h e  f l u i d .  However, t he  presence of c l a y  i n  

d r i l l i n g  muds was soon found t o  have more b e n e f i t s  than  the  

simple removal of c u t t i n g s .  Clay suspensions were found 

d e s i r a b l e  f o r  t h e i r  a b i l i t y  t o  s e a l  unde-rground s t r a t a  

encountered.  Clay a l s o  keeps wa te r  from these  s t r a t a  en te r ing  

t h e  bore hole  and t h e  mud from escaping i n t o  porous,  empty 

s t r a t a .  I n  a d d i t i o n ,  t he  th ixo t roph ic  behaviour of some c l ays  

i s  advantageous because du r ing  equipment shutdowns the  g e l  

format ion  prevents  t he  s e t t l i n g  of t he  c u t t i n g s  back down the  

bore hole.  

D r i l l i n g  c l a y s  a r e  r a t ed  on t h e i r  a b i l i t y  t o  

produce a  s e a l  ( c a l l e d  a  ' f i l t e r  c a k e ' )  of low permeabi l i ty  and 

t h e i r  y i e l d  ( i n  b a r r e l s / t o n )  of a  s l u r r y  of 1 5  cen t ipo i se  

v i s c o s i t y .  The 2 : l  l a y e r  s i l i c a t e s  r a t e  h ighes t  i n  these  two 

c r i t e r i a  and a r e  used almost  exc lus ive ly  f o r  a d d i t i o n  t o  

d r i l l i n g  muds i n  t h e  USA. 



A secondary use of c l a y  minerals i n  the  petroleum 

indus t ry  i s  t h e i r  use a s  cracking c a t a l y s t s .  'Cracking' i s  the 

process of breaking long chain sa tu ra ted  hydrocarbons i n t o  

s h o r t e r  chained o l e f i n s .  This cracking was i n i t i a l l y  

accomplished thermally without the  use of a c a t a l y s t ,  but the 

a d d i t i o n  of c e r t a i n  acid  ac t iva ted  c lays  lowers the  temperature 

needed f o r  t h i s  process. Hence the  term ' c a t a l y t i c  cracking'  

The exact  nature  of the  a l t e r e d  c lay  surface  i s  not f u l l y  

understood, but the  surface  produced i s  thought t o  be an 

amorphous alumino-sil icate.  Both l:l and 2:l l a y e r  s i l i c a t e s  

can be a l t e r e d  t o  a c t  a s  c a t a l y s t s ,  and a completely amorphous 

mate r ia l  can be produced from aluminium and s i l i c o n  solut ions  

t h a t  func t ion  equal ly  well .  I n  f u t u r e  most cracking c a t a l y s t s  

w i l l  probably be s y n t h e t i c a l l y  prepared i n  t h i s  way. 

An add i t iona l  use of c lay minerals i n  the 

petroleum indus t ry  i s  t h e i r  use a s  c l a r i f y i n g  agents.  Certain 

contaminants i n  o i l s  can be e a s i l y  removed through the use of 

s p e c i a l l y  t r e a t e d  c lays  which adsorb the contaminants. 

6.3.5 Clay Minerals i n  the  Paper Industry 

Clay minerals a r e  a l s o  employed i n  the paper 

indus t ry  f o r  'pigment coa t ing '  of high grade wri t ing paper, 

photographic paper, and o the r  super io r  qua l i ty  papers. This 

coat ing i s  composed of a suspension of white c lay,  usual ly  

k a o l i n i t e ;  a b inder ,  usual ly  s t a r c h  o r  a r t i f i c i a l  r e s ins  ; and 
var ious  pigments, such a s  t i tanium dioxide o r  calcium 

carbonate.  The purpose of the coat ing process i s  t o  increase 

t h e  su r face  f l o s s  and colour  of the  paper and t o  improve i ts  
: p r i n t a b i l i t y '  which descr ibes  i t s  . r ecep t iv i ty  t o  ink  and the  

speed with  which the  paper can be commercially pr inted.  

I n  addi t ion t o  t h i s  general  coat ing use, the clay 

mineral a t t a p u l g i t e ,  i s  used i n  the  manufacture of so-called 



'carbon-free paper ' .  This paper c o n s i s t s  of a l a y e r  of minute 
i n k  capsules  sandvriched between two l a y e r s  of this clay. When 

pressure  i s  applied t o  the  paper., a s  i n  wri t ing o r  typing, the 

i n k  capsules  burs t ,  r e leas ing  ink .  Thus a non-erasable mark is 

produced. 

6.3.6 ~ i s c e l l a n e o u s  c lay  mineral usage 

Clay minerals a r e  a l s o  used f o r  purposes seldom 

known t o  most. Clays s p i c i f i c a l l y  k a o l i n i t e  and a-ltapulgite,  

a r e  used i n  pharmaceuticals. Spec ia l ly  i n  the treatment of 

stomach disorders .  Clays a r e  widely used f o r  t h e i r  a b i l i t y  a s  

binding agents ,  such a s  i n  the  p e l l e t i n g  of f e r t i l i z e r s  and 
mineral o res ,  and f o r  the  binding of foundsy sand used i n  metal 

cas t ing .  I n  add i t ion ,  c e r t a i n  c lays  a r e  used f o r  spec i f i c  

purposes due t o  t h e i r  p e c u l i a r  c h a r a c t e r i s t i c s .  For example, 
i l l i t e  i s  used a s  an adsorbant f o r  the removal of radioact ive  

cesium from atomic waste mater ia ls .  It i s  the  only mater ia l  

known, so f a r ,  t o . b e  e f f e c t i v e  f o r  t h i s  purpose. Attapugite i s  
used a s  a f i l t e r  because of i t s  needle l i k e  s t r u c t u r e  and 

be.cause i t  w i l l  not  form an impenetrable f i l t e r  cake. Clays, 

i n  add i t ion ,  a r e  used a s  organic c l a r i f y i n g  agents  i n  many 

i n d u s t r i e s ;  s p e c i a l l y  i n  the  dye industry .  They a r e  a l s o  used 

a s  f i l l e r  materi'al i n  most a g r i c u l t u r a l  sprays. In  the rubber 

indus t ry ,  k a o l i n i t e  i s  added t o  rubber t o  i n c r e a s e  i t s  t e n s i l e  

s t r e n g t h  and t o  increase  its modulus of hardness. 

Clays a r e  more widely used than most of us 

r e a l i z e .  The many t a s k s  t o  which c lays  a r e  now put w i l l  

probably soon be accompiished by syn the t i c  s u b s t i t u t e s  much a s  

amorphous a lumino-s i l icates  f o r  cracking c a t a l y s t s  and res ins  

f o r  adsorbants and binding agents .  However, i n d u s t r i a l  usage of 
i 

c l a y s  w i l l  continue t o  be high i n  the fu tu re .  



Knowledge on t h e  p r o p e r t i e s ,  both physica l  and 

chemical ,  o f  t h e  va r ious  c l a y  minera ls  can be used 

advantageously i n  technology and indus t ry .  Eovever most c l a y  

and c l a y  d e p o s i t s  a r e  i d e n t i f i e d  and descr ibed on t h e  Sas i e  of 

t h e i r  u ses  i n s t e a d  of on t h e  b a s i s  of t h e i r  phys ica l  and 

chemical p r o p e r t i e s  and mineralogical composit ion,  vhich while 

being u n s c i e n t i f i c ,  i s  a l s o  a d e f i n i t e  disadvac%ge. 

Mica r e f e r s  t o  a group of complex aluminium 

s i l i c a t e  mine ra l s  which a l s o  may con ta in  potassium, sodium, 

l i t h i u m  and f e r r o u s  o r  f e r r i c  i o n  a s  t he  case  may be. I n  

a d d i t i o n  manganese, chromium, barium, f l u o r i n e  and t i tan ium a r e  

found i n  t r a c e s  o r  i n  smal l  q u a n t i t i e s .  

The commercially important  types  of mica a r e  : 

1. nluscovite, white mica o r  potash  mica 

2. Phlogopi te  o r  magnesian mica (amber mica) 

3. B i o t i t e ,  b lack  mica o r  ferro-magnesian mica and (b l ack  mica) 

4. S e r i c i t e  

O f  t h e s e  only  the  f i r s t  t h r e e  occur  i n  S r i  Lanka. 

The c h i e f  mica d e p o s i t s  occur  a t  Badulla,  Bokkawela, 

Haldummulla, Madumana, Madugoda, Madampe, Mariarawa, 

P a l l e k e l l e ,  Talatu-oya, Ulwita and Wariyapola. 

Mining f o r  mica i n  t h i s  country d a t e s  back t o  

1896, when t h e  t e a  e s t a t e s  of Badulla and Haputale a r e a s  were 

t h e  f i r s t  t o  be exp lo i t ed .  Phlogopi te  occurs i n  the  provinces 

of Uva, Cen t ra l  and Sabaragamuwa i n  a s s o c i a t i o n  wi th  

c r y s t a l l i n e  l imestones  and t h e i r  a s soc ia t ed  rocks,  while 

muscovite occurs  i n  qua r t z - f e ldspa r  - pegmati tes.  B i o t i t e  

occurs i n  s c h i s t s ,  gne i s ses  and pegmat i tes .  Pegmati tes a r e  . t he  

r i c h e s t  source  of mica. 



Good W a l i t y  . s h e e t  mica has  t o  be f l a w l e s s  wi th  no 

i n c l u s i o n s  o r  c r acks ,  f l a t ,  c l e a r  and ' g l a s s l i k e ' .  It i s  

graded according t o  the  a r e a  of the  l a r g e s t  , rectangle t h a t  can 

be sepa ra t ed  from the  s h e e t ,  t he  l a r g e r  being the  b e t t e r  and 

more expensive.  The bes t  g rades  a r e  l i k e l y  t o  occur  a t  deeper 

depths .  

k e  t o  i t s  p rope r ty  of not  conducting e l e c t r i c i t y  o r  

h e a t ,  mica s h e e t s  o r  t h i n  laminae a r e  used f o r  i n s u l a t i o n  i.n 

e l e c t r i c a l  app l i ances ,  i n  the computer i n d u s t r y ,  i n  

e l e c t r o s t a t i c  mercury tubes  and i n  colou r t e l e v i s i o n .  'Scrap 

mica '  f i n d s  u s e s  i n  t h e  manufacture of l u b r i c a n t s ,  fancy 

p a i n t s ,  rubber  goods, moduled mica roof ing  papers ,  covering f o r  

steam p ipes  and f o r  the  decora t ion  o f  a l l  paper i n  the ground 

form. Muscovite i s  used i n  t h e  manufacture of radio 

c a p a c i t o r s .  Phlogopi te ,  a l though m c h  s o f t e r  than  the  former, 

is  s u p e r i o r  i n  i t s  hea t  r e s i s t a n c e .  

I n s p i t e  of  many s y n t h e t i c  m a t e r i a l s ,  mica i s  s t i l l  

s u p e r i o r  f o r  manufacture o f  e l e c t r i c a l  appl iences .  

6.5 Limestones 

. Limestones a r e  rocks t h a t  con ta in  CaCO a s  i ts .  main 
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i n g r e d i e n t ,  a l though some l i k e  dolomite con ta in  MgCO a l s o  i n  
3 

apprec i ab le  amounts. 

Two types  of l imestones  occur  i n  S r i  Lanka ; the  

sedimentary and t h e  c r y s t a l l i n e .  

6.5.1. Sedimentary Limestones 

T e r t i a r y  c o r a l  l imestones  of the  Miocene age occur  i n  

t h e  north-western c o a s t a l  r eg ion  ; c h i e f l y  i n  t h e  Ja f fna  



Peninsula  and i n  t h e  Hannar and k t t a l a m  d i s t r i c t s ,  Sir imanne 
(1959) has  descr ibed t h e s e  l imestones  a s  varying from a 

somewhat c e l l u l a r  m a t e r i a l  f u l l  of c o r a l  t o  a massive rock 

con ta in ing  gas t ropods .  On complete weathering,  i t  assumes a 

honey-combed appearance. 

A smal l  outcrop of Miocene l imestone a l s o  occurs  
i n  t h e  extreme south-eas tern  p a r t  of t he  i s l a n d  a t  

Minihagalkanda. On weathering t h e s e  l imestones g ive  r i s e  t o  

red s o i l s ,  which were e a r l i e r  r e f e r r e d  t o  a s  t he  t e r r a  rosa '  

s o i l s ,  due t o  t h e  presence of t r a c e s  of i r o n  compounds i n  the  

o r i g i n a l  molluscan s h e l l  m a t e r i a l  from vhich they have been 

der ived.  

I n  a d d i t i o n  t o  these ,  ' co ra l  r e e f s  of Quaternary  

age occur  a long t h e  c o a s t s .  They a r e  most prominant i n  the  

south-western r eg ion  between Ambalangoda and Matars. and along 

t h e  no r the rn  and e a s t e r n  c o a s t s .  These c o r a l  r e e f s  a r e  made up 

of l o o s e l y  packed, s t i c k  o r  f i n g e r  c o r a l s  i n  a s s o c i a t i o n  wi th  
blocks of heavy, massive c o r a l s .  

6.5.2 C r y s t a l l i n e  Limestones 

C r y s t a l l i n e  l imestones  o f  t he  Precambrian age 

occur  mostly i n  t h e  c e n t r a l  and southern  regions  of t h e  i s l a n d ,  

most prominently i n  t h e  Kandy, Matale,  Nalanda, Kandarawa, 

Ratnapura,  Balangoda, Pelmadulla, B i b i l e ,  Badulla and Welimada 

a r e a s ,  They occur in terbedded wi th  q u a r t z i t e s  and 
g a r n e t i f e r o u s  g n e i s s e s  i n  t h e  highland a r e a s  and i n  the  rocks 

o f  t h e  Kataragama region.  

I n  chemical composit ion these  l imestones vary from 

pure CaCO t o  dolomite,  w i th  in t e rmed ia t e  magnesian 
3 

l imestones .  According t o  Fernando (1950). t he  magnesian 
l imestones  a r e  more abundant than  pure l imestones. .  



6.5.3 Uses o f  L imes tones  

Limestones o r  t h e i r  d e r i v a t i v e s  f i n d  Gses i n  

a g r i c u l t u r e .  i n  b u i l d i n g  c o n s t r u c t i o n  and i n  t h e  cement 

i n d u s t r y .  

I n  a g r i c u l t u r e ,  l i m i n g  of  s o i l s  i s  a  v e r y  o ld  

p r a c t i c e ,  f o r  m a i n t a i n i n g  s o i l  F e r t i l i t y  i n  humid r e g i o n s .  

Lime i n c r e a s e s  m i c r o b i a l  a c t i v i t y  and t h e r e b y  i n c r e a s e s  r a t e  o f  

decompos i t ion  o f  o r g a n i c  m a t t e r  and a v a i l a b i l i t y  o f  n i t r o g e n  
and phosphorus  i n  s o i l s .  I n  S r i  Lanka c o r a l  l i m e s t o n e ,  s l a k e d  

l i m e ,  d o l o m i t e  l i m e ,  ground o y s t e r  and s e a  s h e l l s  a r e  t h e  most 

common l i m i n g  materials u s e d ,  and r e s p o n s e s  t o  l i m i n g  w i t h .  

s e v e r a l  c r o p s  have been r e p o r t e d  on  a c i d i c  s o i l s  (Thenabadu, 

1980).  

High g r a d e  l i m e s t o n e  i s  needed f o r  t h e  cement 

i n d u s t r y ,  and t h e  s e d i m e n t a r y  l i m e s t o n e s  o f  t h e  n o r t h  west 

c o a s t a l  b e l t  and t h e  J a f f n a  P e n i n s u l a  i s  s u i t a b l e  f o r  t h i s  

p u r p o s e .  Cement c l i n k e r  i s  a n  i n t e r m e d i a t e  s t a g e  i n  t h e  

p r o d u c t i o n  o f  P o r t l a n d  cement ,  which i s  produced by h e a t i n g  

l i m e ,  a lumina ,  s i l i c a ,  and i r o n  o x i d e s  i n  s u i t a b l e  p r o p o r t i o n s  

i n  r o t a r y  k i l n s  t o  h i g h  t e m p e r a t u r e s .  The h o t  c l i n k e r  i s  t h e n  

ground w i t h  a s m a l l  p r o p o r t i o n  of  gypsum a f t e r  i t  c o o l s ,  t o  

y i e l d  f i n i s h e d  cement. 

6.6 F e l d s p a r s  

F e l d s p a r s  a r e  a  g r o u p  o f  rock  forming  m i n e r a l s  a s  

a l r e a d y  d e s c r i b e d  i n  Chapte r  5. They a r e  anhydrous s i l i c a t e s  

o f  a lumin iumcombined  w i t h K ,  Na o r  Ca. Very r a r e l y  Ba may 
a l s o  be found i n  some f e l d s p a r s .  O r t h o c l a s e ,  m i c r o c l i n e ,  

a n o r t h i t e  and a l b i t e  a r e  t h e  most i m p o r t a n t  commercial 

v a r i e t i e s .  P i n k  o r  salmon c o l o u r e d  m i c r o c l i n e  f e l d s p a r s  o c c u r  



i n  pegmat i tes  a t  R a t t o t a ,  Talagoda, Kaikawela, Namaloya and 

Koslanda, ( ~ e o l o g i c a l  Survey Department, 1970). 

The p r i n c i p a l  u ses  of f e l d s p a r s  e r e  i n  t h e  

manufacture of g l a s s ,  i e  b o t t l e s ,  p l a t e  and window g l a s s ,  

opalescent  g l a s s  and glassware f o r  i l l umina t ing  purposes 

(Jones,  1955). , . 

The ceramic i n d u s t r y  uses  a very l a r g e  quanti-cy of 

f e l d s p a r s ,  because i t  goes i n t o  t h e  composit ion of t he  body of 

t h e  ware. This  minera l  i s  a l s o  an important  c o n s t i t u e n t  of 

g l a z e r  used i n  chinaware, p o t t e r y  and t i l e s ,  due t o  i t s  

p rope r ty  of f u s i n g  a t  a  r e l a t i v e l y  lower temperature than c l ay ,  

and forming. a du rab le ,  t r a n s p a r e n t  and hard g l aze  on cooling.  

High grade  potassium f e l d s p a r  i s  used i n  the  manufacture of 

e l e c t r i c a l  i n s u l a t o r s  and a r t i f i c i a l  t e e t h .  I t  i s  a l s o  

requi red  f o r  making enamels f o r  s a n i t a r y  ware, household 

u t e n s i l s  and f o r  coa t ing  shee t - i ron .  

Fe ldspa r s  a l s o  f i n d  use  a s  an ing red ien t  i n  mild 

a b r a s i v e ,  scour ing  soaps,  f o r  roof ing  and cement surfac ing.  

Attempts have been made i n  S r i  Lanka and elsewhere t o  use 

f e l d s p a r s  a s  potassium f e r t i l i z e r  m a t e r i a l ,  but t he  r e s u l t s  of 

i n v e s t i g a t i o n s  here  have not  been encouraging so f a r .  

6.7 Phosphates 

Phosphates a r e  ind i spensab le  f o r  a g r i c u l t u r e .  No 
animal o r  p l a n t  can e x i s t  without t h i s  element. P l an t  

a v a i l a b l e  phosphorous i s  most l i k e l y  t o  be d e f i c i e n t  i n  na tu re ,  

no t  because i t  i s  scarce,, but because i t s  minera ls  a r e  

ins01ubl .e~  and t h e r e f  o re  unava i l ab le  t o  p l an t s .  

Tro pr inc ipal .  v a r i e t i e s  of phcsphates a r e  known -: 

1. rock phospha.tes such a s  phosphor i te ,  phosphatic l imestones,  



guano and bone beds, and 2. a p a t i t e ,  which i s  t h e  ch ie f  primary 

source  of t h e  element. 

Rock phosphates occur  f r equen t ly  on oceanic 

i s l a n d s  o r  d e s e r t  c o a s t s  a s  i n  Christmas I s l and ,  s eve ra l  

i s l a n d s  i n  t h e  P a c i f i c  ocean and a long the  c o a s t s  of Peru and 

Chile.  This form of phosphate a l s o  occurs  i n  beds of marine 

o r i g i n ,  u s u a l l y  i n t e r s t r a t i f i e d  , with  l imestone ,  mar ls ,  

sandstone .o r  s h a l e s ,  and a r e  most probably of organic  o r i g i n ,  

which were,  deposi ted  i n  the  anc ien t  s ea  f l o o r s .  The most 
impor tant  c o n s t i t u e n t  of t hese  rock phosphate i s  cellophane, o r  

c o l l o p h a n i t e ,  Ca (PO ) H 0 .  
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Apat i t e  d e p o s i t s  a t  Eppawela i n  S r i  Lanka, were 

discovered i n  t h e  e a r l y  seven t i e s .  Its phosphorus may not  be 

r e a d i l y  a v a i l a b l e  f o r  s h o r t  d u r a t i o n  crops ,  but i t  could be 

used wi th  pe renn ia l ,  c rops  l i k e  t e a ,  rubber and coconut. 

6.8 Mineral  Sands 

Beach sands a t  s eve ra l  l o c a t i o n s  along the  

A s l a n d ' s  c o a s t  provide abundant q u a n t i t i e s  of i l m e n i t e ,  

monaei t e  and z i rcon.  These mine ra l s  remain almost unal tered  

when rocks con ta in ing  them weather. They e t  c a r r i e d  t o  the  

s e a  by r i v e r  waters  and so r t ed  ou t  and concent ra ted  due t o  the  

a c t i o n  of ocean .raves. These concent ra ted  d e p o s i t s  a r e  black 

coloured due t o  the  presence of i lmen i t e  which i s  almost ealwaye 

a s s o c i a t e d  wi th  t h e  o t h e r  two minera ls .  

Pulmoddai, s i t u a t e d  n o r t h  of Trjncomalee con ta ins  

t h e  l a r g e s t  and most impor tant  b lack  sand d e p o ~ i t  ( con ta in ing  

about 75 p e r  cen t  i lmen i t e ,  t o g e t h e r  w i th  ruti le and z i r c o n ) .  

Hence t h e  i n s t a l l a t i o n  of t h e  Mineral Sands Corporation a t  

Pulmoddai. Other minera ls  of  value i n  theee depos i t8  a r e  

g a r n e t ,  spinel, magnet i te ,  and qua r t z ,  wi th  t r a c e s  of monazite. 



Black sand d e p o s i t s  a l s o  occur  ' in  some i s o l a t e d  
l o c a t i o n s  on t h e  west c o a s t ,  a t  Induruv:a, no r th  of Colombo, 

Negombo, and Kudremalai po in t  on t h e  sou th  west coas t .  But the  

i l m e n i t e  i s  l e s s  concen t r a t ed ,  varying from 1 0  t o  50 p e r  cen t .  

Monozite has  beer. c  1 - c t e d  from Induruwa, from a s  

e a r l y  a s  1918 t o  1922, where the  b l ack  sands of  t he  sea  beaches 

c o n t a i n  up t o  15  p e r  cent  o f  t he  mlnera l .  An average f i g u r e  

f o r  monozite i n  S r i  Lankan beach sa'nds i s  around 10  p e r  cen t .  

Other mine ra l s  p re sen t  i n  these  sands a r e  i lmen i t e ,  e i r con ,  
r u t i l e ,  g a r n e t  and tourmaline.  

Thor i an i t e  i s  a  heavy black  mineral  t h a t  con ta ins  

mainly t h e  oxides  of thorium and uranium. 

It occurs  I n  s e v e r a l  l o c a l i t i e s ,  and has  been 

expor ted  o f f  and on, because t h e  d e p o s i t s  soon g e t  exhausted. 

It  i s  f a i r l y  widely d i s t r i b u t e d  i n  t h e  Rstnapura d i s t r i c t  and 

may c o n t a i n  around 28 p e r  c e n t  U 0 ( ~ r a n i a )  and 63 p e r  cen t  
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Tho P .  The per cent of U308 v a r i e s  from about 11 t o  35 per cent 

because samples of t h o r l a n i t e  from d i f f e r e n t  l o c a l t i e s  show 

d i f f e r e n t  p ropor t ions  of t hese  c o n s t i t u e n t s .  

6.9 S a l t  - 

Rock s a l t  d e p o s i t s  occur  i n  some c o u n t r i e s  a t  

depths  of 1000 meters  o r  more. I n  th i ckness  these  depos i t s  may 

be a s  much a s  100 meters  and have i n v a r i a b l y  been formed by the  
evapoura t ion  of s e a  wa te r  along t h e  l i t t o r a l .  

I n  S r i  Lanka common s a l t  i s  produced by s o l a r  
evapora t ion  of s e a  water  i n  s a l t e r n s  a t  Hambantota, Puttalam, 

Elephant Pass ,  Pa l av i ,  ~ i l k v e l i  and Mannar. The annual  

product ion  depends on t h e  weather and r a i n f a l l .  



S a l t  i s  one of t h e  ind i spensab le  minera ls  needed 

f o r  seasoning and preserving food,  and i n  t h e  manufacture of 

many chemicals l i k e  soda a sh  and c a u s t i c  soda. I t  i s  a l s o  used 

f o r  t h e  product ion  of c h l o r i n e ,  a s  a t  Paranthan,  .qhich i s  used 

e x t e n s i v e l y  f o r  bleaching pulp ,  paper and t e x t i l e s ,  f o l  

s t e r i l i z i n g  water,  manufacture of hydrochloric ac id  an? 

c h l o r i n a t i o n  processes  i n  meta l lurgy.  

6.10 Q u a r t z  

Q u a r t z  ( s ~ o * )  i s  one of t he  commonest minera ls  i n  

rocks  and the  most abundant oxide i n  t h e  e a r t h ' s  crust. 

::Jell-shaped c r y s t a l s  of  qua r t z  occur  i n  rock c a v i t i e s .  These 

a r e  r e f e r r e d  t o  a s  rock c r y s t a l s  and may be of var ious  colours  

such a s  rose-red o r  pink : rose  qua r t z ,  purple  o r  b lu i sh  

v i o l e t ;  amethyst e t c .  They a r e  used i n  cheap jewel lery  and f o r  
making o p t i c a l  g l a s s .  The most important  use  of quar tz  

c r y s t a l s  i s  i n  t h e  e l e c t r o n i c  i n d u s t r y .  

S i l i c a  occurs  i n  many forms and i n  var ious  degrees 

of p u r i t y ,  a s  ve in  qua r t z ,  q u a r t z  sands,  sands tone ,  q u a r t z i t e ,  

f l i n t ,  t r y d i m i t e ,  and chalcedony. Some o f .  t he  semip-recious 

s t o n e s  belonging t o  t h i s  group a r e  amethyst ,  opa l ,  and aga te .  

Vein qua r t z  d e p o s i t s  of high p u r i t y  wi th  almost 99 
p e r  c e n t  S i02  occur  i n  s e v e r a l  p a r t s  of t he  country ,  t he  best  

known being around Pelmadulla,  Opanalke, P u s s e l l a ,  Ra t to t a  and 

Ratnapura. Vein qua r t z  i s  used f o r  t he  manufacture of po t t e ry ,  

s a n i t a r y  ware and g l a s s  products .  
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CHAPTER 7 

Gemstones 

7.1 P r o p e r t i e s  of Gemstones 

Gemstones o r  p rec ious  s t o n e s  a r e  r a r e  minera ls  

possess ing  c e r t a i n  s p e c i f i c  p r o p e r t i e s  which o t h e r  minera ls  do 

not  u s u a l l y  possess .  Only about 100 of t he  known minera ls  have 

t h e s e  p r o p e r t i e s  t o  the  requi red  degree t o  be recognized a s  

gemstones. ~ h e ' s e  p r o p e r t i e s  t h a t  determine t h e  value of a 

gemstone a r e  beauty,  d u r a b i l i t y  and r a r i t y .  

The beauty of a gemstone depends upon i t s  colour,  

t i anspa rency ,  b r i l l i a n c y ,  l u s t e r  and f i r e .  Colour, 

t ransparency and l u s t e r  have been a l r eady  desc'ribed i n  Chapter 

4 i n  the  d e s c r i p t i o n  of t h e  p r o p e r t i e s  of minera ls .  B r i l l i a n c y  

o f  a., gemstone i s  mostly a r e s u l t  of l i g h t  en te r ing  the  gem 

being r e f r a c t e d  i n t e r n a l l y  .and returned t o  t h e  eye of t he  

observer .  Minera ls  wi th  h ighe r  i n d i c e s  of r e f r a c t i o n  a r e  

exeedingly  b r i l l i a n t .  A good example i s  diamond, which has a 

r e f r a c t i o n  index of 2.42. F i r e  of a gemstone i s  t h e  spa rk le  o r  

t h e  f l a s h e s  of co lou r  which can be observed, i n  c e r t a i n  

c o l o u r l e s s  and l i g h t  coloured minera ls .  I t  is  caused by the  

d i s p e r s i o n  of white l i g h t  pas s ing  through t h e  minera l  and being 

broken up i n t o  i t s  s p e c t r a l  colours .  I n  most ca ses  these  

q u a l i t i e s  a r e  bes t  seen when t h e  minera l  i s  c u t  and polished.  

Some gemstones such a s  red diamonds possess  a l l  t hese  q u a l i t i e s  

t o  a marked e x t e n t ,  whereas the  beauty of some gemstones 

depends only  upon one o r  more of t he  above mentioned 

q u a l i t i e s .  For  example, ruby, which i s  almost lacking i n  f i r e ,  

is  valued f o r  i.ts e x c e l l e n t  co lou r ,  l u s t e r  and transparency.  

The beauty of water-white diamonds which i s  devoid of co lou r  i s  

due t o  i t s  l u s t e r ,  b r i l l i a n c y  and f i r e .  



mmbility i s  another  important proper ty  of a 
gemstcne. To be umble as a gem, . a  mineral  must be had ,  

preferably  harder  th.m quarts, which has a Moh'a hardness value 

of  7. If a mineral lacka d u r a b i l i t y ,  even though i t  possesses 
o t h e r  ~ o o d  q u a l i t i e s  of a gemstone, i t  F,EL~ be hardly usable. 

Thus, d u r a b i l i t y  i s  an important proper ty  and the re fo re  plays  a 

prominent r o l e  i n  the  c l a s s i f i c a t i o n  of gemstonos. The 
gemstones l i k e  diamond,' ruby, emerald and sapphire ;rhich are 

classed a s  d i s t i n c t  precious e tones  vosaess a higher hardness 

value than quar t  5. 

The vslue of a gemstone i s  a l s o  detemined by i t 8  

frequency of occurence, the  r a r e r  t h e  s tone,  the  g r e a t e r  w i l l  
be i t s  value. 

7.2 Gemstones of S r i ~ L a n k a  

It i s  :*ellknor.m throughout the  world t h a t  Sri. 

Lanka is  one of the  coun t r i es  t h a t  produce8 a vislriety of 
gemstones. S r i  Lanka produces no less than the  40 out  of the  

60 popular v a r i e t i e s  which e n t e r  t h e  contemporary gem market. 

R u b i e ~ ,  amethysts, sapphires ,  moonstones and topes  are some of 
the  most popular S r i  Lankan gemstones. Wilth the  exception of 

dimond and opal ,  almost every kiard of precious atone is found 

i n  S r i  Lanka, from a lexandr i t e  t o  zircon. 

I n  S r i  Lad-= gem minerals a r e  concentrated in '  e: 

comparatively r e s t r i c t e d  a rea ,  and the  concentrations a r e  
local ized.  The gemming a r e a s  of S r i  Lanka a r e  ahown i n  the  

Fig. 5, comprises about 200 ha. The most important and t h e  

beet  h o w n  gem bearing a r e a  i e  the  Ratnapura d i e t r i c t  of the  
Sabragmuwa proviace,  most a c t i v e l y  gemmed a r e a s  being the  

naighbourhood of Eheliyagoda, K ~ ~ w i t a ,  Ratnapura, Pelmadulla, 

Kelawana and Rakwana (Perera  et. a l ,  1976, Vadia and Fernando, 
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1945).  During the  l a s t  few yeaps new gem bearing l ands  have 

been found i n  t h e  Okkampitiya and Elehara. a reas .  Some gems 

have a l s o  been found i n  the  Nuwara E l iya ,  i4askellya and Kandy 

a r e a s .  

P r a c t i c a l l y  a l l  gemstones found i n  S r i  Lanka a r e  

now obta ined from a l l u v i a l  d e p o s i t s  of r i v e r s ,  t h a t  ha~re 

dra ined regions  of gem-bearing c r y s t a l l i n e  rocks (~ahanayake  

e t .  a l ,  1980).  I n  t h e  south-west of t he  i s l a n d ,  centered - - 
around t h e  Ratnapura v a l l e y ,  t h e  gems a r e  found i n  a l l u v i a l  

d e p o s i t s  t h a t  have accumulated t o  a  t h i ckness  of about 40 f e e t  

( ~ a t z ,  1972). Overlying these  gem g r a v e l s  a r e  successions of 

b o u l d e ~ s ,  sand,  c l a y  and mud. The Elahera gem depos i t s  a l s o  

occur a s  a l l u v i a l  and a s  r e s i d u a l  format ions  ( ~ i l v a ,  1976). 

Gemstones found i n  S r i  Lanka inc lude  the  following 

( ~ e o l o g i c a l  Survey Department, 1970) : 

Corundum -Sapphire, s t a r  sapphire ,  yellow 

sapph i re ,  white sapphire ,  mby  and s t a r  

ruby 
Chrysoberyl - Alexandr l te  and c a t ' s  eye 

Beryl  - Acquamarine 

Topaz - White topaz  and yellow topaz 

Tourmaline - Black, p ink ,  rose red ,  and blue 

Garnet - Pyrope , alamandine and g r o s s u l a r i t e  

S p i n e l  - Deep r'ed, green and v i o l e t  

Zircon - Red, orange,  brown and yellow 

Q u a r t z  - Rock c r y s t a l ,  amethyst, rose  quar tz ,  

smoky qua r t z  and qua r t z  c a t ' s  eye 

Fe ldspa r  - 1,oonstone and amazon s tone  

Cord ie r i t e  - I o l i t e  

Kornerupine - Yellow o r  brown 



I n  a d d i t i o n ,  ne?? minera l  s p e c i e s  such a a  s i n h a l i t e  

and sphene have been found i n  t h e  gem g r a v e l s  of S r i  Lanka, and 

t h e r e f o r e ,  t h e r e  i s  every  reason t o  expect  t h a t  o t h e r  new 

mine ra l s  w i l l  be found, i n  +he f u t u r e .  

7.2.1 Corundum 

The minera l  corundum, which has a chemical formula 

o f  A1 0 i s  very common and LS t h e  ha rdea t  of  gems found la Sri 
2 3 

Lanka. Ruby and sapphire  a r e   YO c o l o u r  variations of the  same 
minera l ,  corundum. The term ruby i s  ueed -.hen corundum 1s red 

i n  colour .  ~ n c i  t h e  t e r n  sapph i re  i s  used f o r  a gem corundum of 

any c c l o u r  o t h e r  than  red.  Thus, aapp'ilre may be b lue ,  n o l e t ,  

yellow, whi te  o r  pink,  of which, t h e  h lue  sapph i re  i s  the  most 

popular.  Red cohourntion i n  ru* i s  due t o  t h e  presence of 

chromic oxide,  w h i l e  t h e  b lue  c o l o u r  i n  b lue  sapph i re  i s  due t o  

i r o n  and t i tan ium.  

Ruby and sapph i re  e x h i b i t  a v i t r e o u s  l u s t e r .  Some 

have a s t a r l i k e  e f f e c t  :-hen viexed i n  r e f l e c t e d  l i g h t  and t h i s  

p rope r ty  i s  known a s  a s t e r i sm.  Ruby and sapphire  possess ing  

this p rope r ty  a r e  t e r ~ ? d  s t a r  ruby aad s t a r  sapphire  

r e s p e c t i v e l y  ( ~ a h a m a ,  1982). Thb corundum gem v a r k e t i e s  have a 

Ezrdneas of n ine  on t h e  Moh's s c a l e ,  and t h u ~  rank next  t o  

diamond i n  t h i s  proper ty .  

Corundum of many co lou r s ,  b lue ,  v i o l e t ,  yellow, 

whi te ,  green,  p ink  and red a r e  found i n  t h e  south-west p a r t  of  

t h e  i s l a n d  ( ~ e b s t e r ,  1975). Blue sapph i re s  and s t a r  sapphires  

of i nes t imab le  va lue ,  were r e c e n t l y  discovered i n  t h e  Laggala - 
Pallegama a rea .  



7,2.2 Chrysoberyl 

Chrysoberyl, BeA1204, may be of two v a r i e t i e s ,  

a l e x a n d r i t e  and c a t ' s  eye ,  and both a r e  h ighly  pr ized  gemstones. 

Alexandr i te  i s  emerald green i n  colour  i n  day l igh t  

and blood red i n  a r t i f i c i a l  l i g h t .  The v a r i a t i o n  i n  co lou r  i s  
due t o  d i f f e r e n t l a l  abso rp t ion  of t he  two klnds  of l i g h t .  

C a t ' s  eye chrysoberyl  i s  ye l lowish  green o r  brownlsh yellow i n  

co lou r ,  w i th  a  s i l k y  l u s t e r .  I n  cabochun-cut c a t ' s  eye, l i g h t  

appeers  concent ra ted  i n  a  band a c r o s s  the  s tone ,  showing the  

c a t ' s  eye e f f e c t .  Other gem s p e c i e s  a l s o  may show c a t ' s  eye 

e f f e c t  but chrysoberyl  c a t ' s  eye i s  t he  most valuable.  

The hardness of a l e x a n d r i t e  and c a t ' s  eye 

chrysoberyl  i s  8 . 5  on t h e  Moh's hardness s c a l e .  Chrysoberyl 

gems, t h e r e f o r e  a r e  t h e  t h i r d  h a r d e s t ,  among the  gem minera ls .  

S r i  Lanka i s  the  p r i n c i p a l  source of a l exandr i t e  

and chrysoberyl  c a t ' s  eye.  Large p i eces  of a l e x a n d r i t e s  have 

been found a s  pebbles  i n  t h e  gem g r a v e l s  of S r i  Lanka. 

7.2.3 Beryl 

Beryl ,  Be7A12Si6018, occur i n  th ree  colour  
v a r i e t i e s ,  emerald;  which i s  green i n  co lou r ,  ac-quamarine ; 

which i s  blue t o  seagreen i n  c o l o u r  and golden be ry l  : which i s  

golden yellow nr yel lowish  green i n  colour .  Of these  

gemstones, only acquamarine i s  found i n  S r i  Lanka. S ince  i t  i s  

a  much more widespread gemstone than emerald, it i s  l e s s  

va luable .  Acquamarine i s  a  t r anspa ren t  gem wi th  a  hardness 

value of 7.5. 

I n  S r i  Lanka, some very l a r g e  s tones  o f  

acquamarine have been found i n  t h e  low country ,  t h a t  comes from 



t h e  pegmati te g r a n i t e s  h ighe r  up i n  t h e  Maskeliya arid 
Talawakelle r eg ion  (de S i l v a ,  1927).  

7.2.4 Topaz 

The chemical formula of topaz i s  A1 ( F , o H ) ~  SiO 
2 4 

where t h e  percentage  of f l u o r i n e  and hydroxyl vary g r e a t l y .  It 

has  a  hardness value of 8 on the  Noh's s c a l e ,  and i t s  

r e f r a c t i v e  index v a r i e s  between 1.62-1.63. Kany coloured 

v a r i e t i e s  of topaz have been i d e n t i f i e d ,  i n  a d d i t i o n  t o  t h e  

c o l o u r l e s s  topaz ,  p ink  topaz and pa le  yellow topaz,  deep yellow 

topaz ,  p a l e  blue topaz ,  p ink  topaz  and pa le  green topaz.  Of 

t h e s e  v a r i e t i e s  p a l e  yellow topaz  and c o l o u r l e s s  topaz occur 

abundantly i n  t h e  gem g r a v e l s  o f  S r i  Lanka. The deep yellow 

topaz  and l i g h t  green topaz may occur  a s  r a r i t i e s  (Gunaratne, 

.1969). 

7.2.5 Tourmaline 

The name tourmaline has  been der ived from t h e  

S inha la  w o r d  ' To rama l l i ' .  Chemically tourmaline i s  a  complex 

b o r o s i l i c a t e  of aluminium wi th  a l k a l i  meta ls .  A lka l i  metal 

p re sen t  i n  t h e  minera l  i s  used as a  b a s i s  f o r  c l a s s i f i c a t i o n  of 

t o u w a l i n e  mine ra l s ,  and t h e  v a r i e t i e s  a r e  e l b a i t ,  s chor l ,  

d r a v i t e ,  bue rge r i t e ,  l i d d z c o a t i t e ,  t s i l a i s i t e ,  and u v i t e .  The 

v a r i a t i o n  i n  co lou r  i s  used a s  a  b a s i s  f o r  c l a s s i f i c a t i o n  of 

e l b a i t  tourmaline gems. E l b a i t  tourmaline occurs i n  almost a l l  

co lpu r s ,  of which t h e  most common a r e  deep green,  deep red ,  

b lue ,  rose  r ed ,  brown and b lack .  The reddish  v a r i e t i e s  a r e  

f r e q u e n t l y  c a l l e d  r u b e l l i t e ;  and the  black , s c h o r l i t e ;  t he  

da rk  b lue  , i n d i c o l i t e  and t h e  green B r a z i l i a n  emerald. 

Tourmaline has  a  hardness of 7  t o  7.5 according t o  Moh's 

hardness  s c a l e .  



I n  S r i  Lanka tourmaline of b lack ,  pink,  rose and 

b lue  c o l o u r s  have been found i n  a l l u v i a l  depos i t s .  The calcium 

r i c h  tourmaline v a r i e t y  ; u v i t e ,  i s  p resen t  i n  the  Uva province 

i n  t h e  south-eas t  p a r t  of  t h e  coun t ry ,  ( ~ u n n ,  1977). 

7.2.6 Garnet 

Garnet gemstone group c o n s i s t  of s i x  v a r i e t i e s  

depending upon t h e  .chemical composit ion,  and. they a re ,  

g r o s s u l a r i t e  ; Ca A 1  ( s ~ o ~ ) ~ ,  pyrope ; Mg A 1  ( S ~ O  ) 
3 2 3 2 4 3 '  

s p e s s a r t i t e  ; Mn A 1  ( S ~ O ~ ) ~ ,  
3 2 

alamandine ; F ~ , A ~ ~ ( s ~ o  ) , 4 3-* 
u v a r v i t e  ; Ca C r  (SiO ) and anhydradi te  ; Ca Fe ( ~ i 0 ~ ) ~ .  

3 2 4 3  3 2 

The m e t a l l i c  r a d i c l e s  determine the  colour  of t h e  

s t o n e s ,  t hus  each v a r i e t y  i s  d i f f e r e n t  i n  colour.  The most 

common ga rne t  gems a r e  pyrope, which i s  red ,  and alamandine, 

which is p u r p l i s h  red.  Less common v a r i e t i e s  a r e  g r o s s u l a r i t e ,  

which i s  pa le  o l i v e  green,  s p e s s a r t i t e  r h i c h  i s  brownish red t o  
orange and andrad i t e  which i s  brown t o  brownish green i n  

co lou r .  Hardness of t h e s e  gemstones range from 6 t o  8 

depending on the  v a r i e t y .  

Garnets a r e  found i n  every p a r t  of t he  i s l a n d .  Of 

t h e  v a r i e t i e s  of g a r n e t s ,  pyrope, alamandine and s p e s s a r t i t e  

a r e  common gemstones occur ing  i n  S r i  Lanka. 

7.2,7 S p i n e l  

S p i n e l  has  a chemical  composition of NgAl2O4 where 

magnesium may be p a r t i a l l y  replaced by i r o n ,  z inc  o r  manganese, 

and t h e  aluminium by f e r r i c  i o n  and chromium. Sp ine l  occurs in.  

a l l  co lou r s ,  but t h e  common a r e  r ed ,  red brown, g rey i sh  blue,  

ye l low,  purple  and brownish bblack. Pure 



green  s p i n e l s  a r e  very r a r e .  Based on the  co lou r ,  t h e r e  a r e  

many v a r i e t i e s  of  gem s p i n e l .  ~ u b ~ '  s p i n e l  i s  the  name given 

f o r  t h e  deep red t r anspa ren t  v a r i e t y .  It i s  t h e  most popular 

gem s p i n e l .  Baeas ruby i s  rose  red t o  pink i n  co lou r ,  and 

r u b i c e l l s  i s  yel low t o  orange red .  V io le t  t o  purple  v a r i e t y  i s  

known a s  alamandine s p i n e l ,  while t he  blue v a r i e t y  i s  termec 
. . 

sapph i r ine .  The i r o n  bear ing  g r a s s  green v a r i e t y  i s  known a s  

ch lo rosp ine l .  

S p i n e l  gemstones have a  Moh's hardness value of 

8. Lus te r  i s  v i t r e o u s  and t h e  s tones  may be t r anspa ren t  t o  

semit ransparent .  

I n  S r i  Lanka s p i n e l  of g r e a t  v a r i e t y  of co lou r s  

a r e  found a s  water-worn pebbles i n  the  gem g r a v e l s  (Webster, 

1975). 

7 .2 .8  Zi rcon 

Zircon,  ZrSiO has  been kno1:n t o  occur i n  almost 
4 

a l l  co lou r s .  Colour less  v a r i e t i e s  a r e  a l s o  found. The most 

common co lour s  a r e  r ed ,  orange, ye1lo.-, brorq ,  green,  blue and 

purple .  Depending on t h e  c o l o u r  many v a r i e t i e s  of  z i rcon have 

been descr ibed.  Hyacinth i s  t h e  term app l i ed  t o  t h e  c l e a r  

t r anspa ren t  red bror-n v a r i e t y .  Jargon inc ludes  z i r con  of moat 

of t h e  o t h e r  co lou r s .  Matara or 'matura  diamond' is t h e  

c o l o u r l e s s  z i r con  found i n  t h e  Matara d i s t r i c t  of S r i  Lanka 

( ~ r a u s  e t .  a l ,  1959). 

Zircon has  a hardness value of 7 t o  7.5, and a  

r e f r a c t i v e  index o f  1.93 t o  1.99. Thus, the  r e f r a c t i v e  index 

i s  t h e  h i g h e s t '  next  t o  diamond. Zircon gem v a r i e t i e s  l i k e  

Badde l iya i t e  ( ~ l e t c h e r ,  1892) a r e  common i n  t h e  s a n d s ,  and 

g r a v e l s  o f  S r i  Lanka. 



7.2.9 Q u a r t z  

This  group of gemstones c o n s i s t  of the  :argest 

number of varieties wi th  a t t r a c t i v e  colours .  Chemically, 

q u a r t z  i s  S i02 ,  but i t  may c o n t a i n  i m p u r i t i e s  i n  the  form of 

m e t a l l i c .  oxides  and t h e  numerous co lou r s  i n  which quar tz  occvrq 

i s  a t t r i b u t e d  t o  these .  

The hardness of q u a r t z  i s  7 i n  t he  Moh's s ca l e  and 

i t s  r e f r a c t i v e  index v a r i e s  between 1 .54  and 1.55. 

The v a r i e t i e s  of qua r t z  d i f f e r  widely i n  t h e i r  

l u s t s r ,  t ransparency and colour .  Only t h e  t r anspa ren t  and 

semit ransparent  v a r i e t i e s  a r e  c l a s sed  a s  gemstones. The many 

v a r i e t i e s  of qua r t z  a r e  most convenient ly  c l a s s i f i e d  a s  

c r y s t a l l i n e  qua r t z ,  compact qua r t z  and chalcedony, of which 

only c r y s t a l l i n e  qua r t z  i s  known t o  occur i n  S r i  Lanka. 

C r y s t a l l i n e  qua r t z  i s  v i t r e o u s  and occurs  i n  

c r y s t a l s  o r  c r y s t a l l i n e  masses. This group inc ludes  many 

v a r i e t i e s  based on co lou r  and s t r u c t u r e .  Rock c r y s t a l ,  

amethyst ,  rose  qua r t z ,  smoky q u a r t z  and qua r t z  c a t ' s  ' eye a r e  

t h e  commonly found v a r i e t i e s  of qua r t z  i n  S r i  Lanka. 

Rock c r y s t a l  is c o l o u r l e s s  and t r anspa ren t .  

Because of t h i s  i t  s t ands  prominently among o t h e r  co lou r l e s s  

s tones .  Quar t z  wi th  va r ious  shades  of purple  o r  v i o l e t  a r e  

termed amethyst. The d i s t r i b u t i o n  of colour  i n  amethyst i s  

o f t e n  patchy,  showing c o l o u r l e s s  po r t lons  a l t e r n a t i n g  with 

p o r t i o n s  of v i o l e t  co lou r .  Amethyst pebbles found i n  S r i  Lanka 

a r e  some of t h e  f i n e s t  known. Rose qua r t z  u s u a l l y  occurs  a s  

l a r g e  i r r e g u l a r  masses and 1s semit ransparent  t o  opaque. The 

c o l o u r  may vary from pink t o  rose  red becoming 



p a l e r  on exposure t o  l i g h t .  Smoky qua r t z  may be smoky yellow, 

da rk  brown o r  even b lack  i n  colour .  The b lack  v a r l e t y  i s  not  

cons idered  a s  a  gemstone. D i s t r i b u t i o n  of co lou r  i n  t h i ~  s tone  

i s  o f t e n  no t  unlform. C a t ' s  eye qua r t z  1s charackerlzed by the  

i n c l u s i o n s  of minute a sbes tos  f i b e r s  arranged i n  a  p ~ r a l l e l .  

p a t t e r n ,  which produces t h e  c a t ' s  eye e f f e c t .  This minera l  i e  

neve r  t r a n s p a r e n t ,  and t h e  c o l o u r  may be white,  o l i v e  green,  

l e a f  green,  brown yellow o r  brownish red I n  S r i  Lanka c a t ' s  

eye q u a r t z  of a l l  shades of co lou r s  a r e  found ; green and grey 

being t h e  most common. 

Quartz f r equen t ly  occurs  a s  microscopica l ly  minute 

g r a i n s ,  and aggrega te s  of such g r a i n s  a r e  gene ra l ly  r e fe r r ed  t o  

a s  compact qua r t z .  Both compact qua r t z  and chalcedony quar tz  

a r e  no t  encountered' i n  S r i  Lanka. 

7.2.10 Fe ldspa r s  

Chemical formula of f e l d s p a r s  may be expressed by 

MAlSi 0 o r  MA12Si208, where M may be potassium, sodium, 3 8 
calcium o r  barium. Moonstone o r  a d u l a r i a  i s  a  potash  f e l d s p a r ,  

and i t  occurs u s u a l l y  i n  white o r  c o l o u r l e s s  c r y s t a l s .  This 

gem v a r i e t y  may be t r anspa ren t  o r  s l i g h t l y  cloudy. Amazanstone 

too  i s  a  potash  f e l d s p a r  and i s  b r i g h t  green i n  colour .  It i s  

t r a n s p a r e n t  t o  t r a n s l u c e n t  and possesses  a  v i t r e o u s  l u s t e r .  

Moonstone and amazonstone have a Moh's hardness value of 6 ,  

t h e e r e f o r e  t h e i r  d u r a b i l i t y  i s  comparatively low. 

The most impor tant  source of moonstone i n  S r i  

Lanka, where t h e  mineral: occu r s  i n  p e c u l i e r  a d u l a r i a  - 
l e p t i n y t e ,  dykes a t  Weeragoda, n e a r  Ambalangoda and i n  Dumbara 

and i n  t h e   and^ d i s t r i c t  i n  t h e  Cen t ra l  province (Webster, 

1975). 



7.2.11 Cord ie r i t e  

C o r d i e r i t e ,  Pig A 1  ( ~ 1 ~ i  0 ) i s  found i n  ntany 
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co lour s .  Some of t h e  common co lour s  a r e  l i g h t  t o  dark  smoky 

b lue ,  da rk  b lue ,  v i o l e t ,  grey ,  c o l o u r l e s s ,  green and yellow. 

Its hardness  va lue  i s  between 7 t o  7.5. The mineral  may be 

t r a n s p a r e n t  t o  t r a n s l u c e n t .  Transparent  v a r i e t i e s  from S r i  

Lanka, which are r e f e r r e d  t o  a s  i o l i t e  a r e  used a s  gemstones. 

I o l i t e  bear ing  m c k s  are found i n  t h e  south-west p a r t  of t h e  

i s l a n d  ( ~ a p u a r a c h c h i ,  1968) . 

7.2.12 Other  gems of S r i  Lanka 

Other gem mine ra l s  found i n  S r i  Lanka inc lude  

Kornerupine ( ~ o v e r a a r  and Zwaan, 1977),  s i n h a l i  t e  ( ~ a n k ,  1977), 

d iops ide  ( ~ a n k ,  1977),  s i l l i m e n i t e  ( ~ u b e l i n ,  1979). e n s t a t i t e ,  

a n d a l u s i t e ,  (Webster, 1975),  sphene (Gunawardene and Hanni, 

1981, Zwaan, 1981) and f e r r o a x i n i t e ,  (Hanni and Gunawardene, 

1982).  

7.3 Other  Important  Gemstones 

7.3.1 Diamond 

Diamond i s  t h e  most va luable  gemstone of a l l .  It 

i s  composed o f  t he  single element,  carbon,  which i s  i n  a very  

pure  s t a t e .  It t h e r e f o r e  i s  s i m i l a r  t o  g r a p h i t e  and t o  coa l  i n  

composition. Diamond posses ses  outs tanding p r o p e r t i e s  . f o r  

which i t  i s  h igh ly  valued. It has t h e  g r e a t e s t  hardness,  of  

a l l  gemstones, wi th  a   oh's hardness  value of 10. It has  a 

very  h igh  r e f r a c t i v e  index of 2.42 t o  2.43, and t h e r e f o r e  i s  

exceedingly  b r i l l i a n t .  Also i t  has  a very g r e a t  l i g h t  

d i s p e r s i o n ,  which produces t h e  b r i l l i a n t  f l a s h e s  of s p e c t r a l  

co lou r s  known a s  f i r e .  The known coloured v a r i e t i e s  a r e  b l u i s h  

white,  yellow, brown, red,  green,  blue and black.  The 



d i f f e r e n t  co lou r s  a r e  due t o  the  i m p u r i t i e s  t h a t  may be 

p re sen t .  Diamond has  a  h igh ly  p e r f e c t  oc tahedera l  cleavege.  

There a r e  t h r e e  forms of diamond, gem v a r i e t y  

diamond, bo r t  and carbonado. The gem v a r i e t y  diamond i s  highly 

t r a n s p a r e n t .  c o l o u r l e s s  and most of them a r e  f r e e  from flaws.  

Bort  diamond i s  used i n  i n d u s t r y  i n  a  wide v a r i e t y  of c u t t i n g  

and g r ind ing  o p e r a t i o n s ,  Carbonado i s  more va luable  than 

b o r t .  It i s  g r n e r a l l y  opaque and the  co lou r  may be b lack  o r  

gray .  

Diamond i s  o f t e n  found i n  e x t i n c t  volcanic vents .  

I n  t h e  Kimberely d i s t r i c t  i n  South  Af r i ca  diamonds a r e  known t o  

occur  i n  t h e  o r i g i n a l  rock i n  which they are formed. A l luv ia l  

diamond d e p o s i t s  a r e  found i n  the  o t h e r  p a r t s  of the world, 

such a s  I n d i a ,  B r a z i l  and Venezula. 

7.3.2 Emerald 

Emerald i s  a  b e a u t i f u l ,  g r a s s  green v a r i e t y  of 

be ry l ,  and chemically i t  i s  beryll ium aluminium s i l i c a t e .  This 

gem minera l  has a  hardness of 7.5 and r e f r a c t i v e  index of' 1 .57  

t o  1.50. The most va luable  emeralds a r e  found i n  Columbia 

(South America) Urals ,  Aus t r i a ,  Norway, and North Carolina 

(u.s.A.). 

7.3.3 opal 

Opal, SiO .nH 0  i s  commonly found i n  a l l  p a r t s  of 2 2 
t h e  world. However, t he  gem v a r i e t i e s  a r e  r a r e .  The p r inc ipa l  

gem v a r i e , t i e s  of opa l  a r e  f i - r e  opa l ,  white opal  and black opal .  



F i r e  o p a l  i s  orange yel low t o  red i n  colour .  It 
i s  semi t r anspa ren t  t o  t r a n s p a r e n t  and may show a  play of 

co lou r s .  The main l o c a l i t y  f o r  t h i s  v a r i e t y  i s  Mexico? P h i t e  

and b l ack  opa l  comes mainly from Cen t ra l  Aus t r a l i a .  

7 . 3 . 4  Jade 

Jade,  NaAlSi206, i n c l u d e s  two v a r i e t i e s ,  nephr i t e  

and j a d e i t e .  Nephrite,  which i s  b r i g h t  t o  da rk  g reen  i n  colour  

i s  the  more common of t h e  'two. Other ' co lour  v a r i e t i e s  of jade 

a r e  wh i t e i  ye l lowish ,  reddish  and b lu i sh .  Hardness of t h i s  gem 

minera l  i s  6 , ,5  - 7 and t h e  r e f r a c t i o n  index i s  1.66.  

Jade occurs  i n  Burma, southern  China, Tibet ,  

Mexico and South America. I t  i s  considered  t o  be one of t he  

most h i g h l y  pr ized  s t o n e s  found i n  the  ea r th .  

Most of t h e  gems discussed i n  t h i s  Chapter have 

been known f o r  a  long t ime.  Although they a r e  non-essential  

minera ls ,  they p l ay  a  s i g n i f i c a n t  r o l e  i n  t h e  economy of t h e  

world. They have been eage r ly  sought a f t e r  f o r  personal  

adornment and ornamentation,  from the  e a r l i e s t  times. I n  

a d d i t i o n ,  some people be l i eve  t h a t  c e r t a i n  gemstones br ing  luck 

t o  i t s  wearer, and they have recognized bir ths-tones f o r  each 

month. The b i r t h s t o n e  f o r  t h e  twelve months a r e '  a s  fo l lows:  

-. garne t  f o r  January, amethyst f o r  February, bloodstone f o r  

March, diamond f o r  A p r i l ,  emerald f o r  May, p e a r l  f o r  June, ruby 

f o r  Ju ly ,  p e r i d o t  f o r  August, b lue  sapphire  f o r  September, opal  

f o r  October,  topaz f o r  November and torquoise  f o r  December. 
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