


THE GHWHITE INIIUSTHY I N  SHI LAllKA 

N.P. WIJAYANANDA* 

Mine G e o l o g i s t  

Kahatagaha  Kolongaha Mines 

S t a t e  Mining & M i n e r a l  Development c o r p o r a t i o n  

Dodangas landa ,  S r i  I a n k a  

P r e s e n t  Addres s  : N a t i o n a l  A q u a t i c  

R e s o u r c e s  Agency, 

C r o w  I s l a n d ,  M a t t a k k u l i y a ,  S r i  Lanka 



Page 

FOREWORD 

The G r a p h i t e  I n d u s t r y  i n  S r i  Lanka 1 

O c c u p a t i o n a l  C u l t u r e  and t h e  Language o f  t h e  

Miners  

Genera l  Geology 9 

C e r t a i n  P h y s i c a l  P r o p e r t i e s  of  M i n e r a l s  13  

Economic Minera l  D e p o s i t s  19 

Occurrerice and D i s t r i b u t i o n  o f  G r a p h i t e  2 3 

Some S t r u c t u r a l  A s p e c t s  of  t h e  Vein Type 28 . 

M i n e r a l i z a t i o n  

E x p l o r a t i o n  f o r  G r a p h i t e  31  

Recent  E x p l o r a t i o n  3 3 

Bogala  G r a p h i t e  Mine 3 4 

The Kahatagaha Kolongaha G r a p h i t e  Mines 4 2 

The Exper imenta l  Mines 5 0 

E x p o r t s  - World M a r k e t  of N a t u r a l  G r a p h i t e  52 



O t h e r  G r a p h i t e  p r o d u c i n g  C o u n t r i e s  

uses 

F u t u r e  o f  t h e  I n d u s t r y  and C o n c l u s i o n s  

F i g u r e s  (1 - 6 )  

P l a t e s  (1 - 10) 

R e f e r e n c e s  C i t e d  and Sugges ted  Read ings  

G l o s s a r y  

Acknowledgements 



FOREWORD TO THE SERIES- . , 

The d i s s e m i r ~ a t i o n  o f  scierltif i c  i n f o r m a t i o n  

is o n e  o f  t h e  main f u n c t i o n s  o f  t h e  N a t u r a l  

R e s o u r c e s ,  Energy a n d  S c i e n c e  A u t h o r i t y .  The 

J o u r n a l  of t h e  n a t i o n a l  S c i e n c e  C o u n c i l  p u b l i s h e d  . 
by t h i s  A u t h o r i t y  p r o v i d e s  a medium f o r  t h e  1 

p u b l i c a t i o n  of ' s c i e n t i f i c  r e s e a r c h  p a p e r s ,  and 
I 

nVidurawan,  t h e  q u a r t e r l y  s c i e n c e  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  g e n e r a l  n a t u r e  

which are o f  i n t e r e s t  t o  t h e  p u b l i c ,  

T h e r e  is s t i l l  a wide  g a p  i n  t h e  a v a i l a b i l i t y  

of  r e a d i n g  material o n  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  is t h a t  

s c i e n c e  s t u d e n t s  c o n f i n e  t h e i r  r e a d i n g  - o n l y  t o  

t h e i r  s c h o o l  n o t e s  and  t o  t h o  f e w  a v a i l a b l e  t e x t  

books  which  a r e  m o s t l y  p u b l i s h e d  ab road .  I n  a n  

a t t e m p t  t o  improve  t h i s  s i t u a t i o n ,  ' t h e  Working 

Committee o n  S c i e n c e  E d u c a t i o n  ~ e s e a r c h  o f  t h e  

N a t u r a l  R e s o u r c e s ,  Ene rgy  and S c i e n c e  A u t h o r i t y  

d e c i d e d  t o  p u b l i s h  a series o f  b o o k l e t s  o n  

s c i e n t i f i c  t o p i c s  o f  l o c a l  i n t e r e s t  as 

s u p p l e m e n t a r y  r e a d i n g  material f o r  s t u d e n t s  a n d  

t h e  g e n e r a l  p u b l i c .  The  a u t h o r s  who have  been 

s e l e c t e d  by t h e  Working Committee t o  p r e p a r e  

t h e s e  b o o k l e t s  are e x p e r t s  i n  t h e i r  r e s p e c t i v e  

f i e l d s .  The m a n u s c r i p t s  t h a t  were s u b m i t t e d  by 

t h e  a u t h o r s  were examined by referees b e f o r e  

b e i n g  a c c e p t e d  f o r  p u b l i c a t i o n .  The v iews 

e x p r e s s e d  i n  t h e s e  p u b l i c a t i o n s  are t h o s e  of  t h e  

a u t h o r s  and  a re  n o t  n e c e s s a r i l y  t h o s e  o f  t h e  

N a t u r a l  R e s o u r c e s ,  Ene rgy  and S c i e n c e  A u t h o r i t y .  



I mus t  t h a n k  t h e  Working commi t t ee  o n  S c i e n c e  

E d u c a t i o n  R e s e a r c h  o f  t h e  N a t u r a l  Resources ,  

Energy  a n d  S c i e n c e  A u t l i o r i t y ,  arid i n  p a z t i c u l a r  

Prof. .  V. Basriayake who is t h e  Eiony. D i r e c t o r  o f  

t h e  Working Commit tee  f o r  t h e  work t h e y  have  

done  t o  raake t h i s  p r o j e c t  a s u c c e s s .  

K .P. J a y e w a r d e n e  

D i r e c t o r  G e n e r a l  



THE GRAPHITE INDUSTRY I N  SRI L A m A  

1 ( a )  I n t r o d u c t i o n  and  Historical Background 

When someone s a y s  " G r a p h i t e " ,  t h e  f i r s t  t h i n g  

t h a t  comes t o  o u r  mind .is t h e  G r a p h i t e  p e n c i l  

The name g r a p h i t e ,  was g i v e n  b y  A.G. Werner i r  

1789 and  is f rom t h e  Greek  word " t o  w r i t e "  

b e c a u s e  t h e  m i n e r a l  w a s  used  f o r .  making 

p e n c i l s .  E a r l i e r  names s t i l l  i n  u s e  a r e  

plumbago and black l e a d .  But  s i n c e  t h e  m i n e r a l  
. '.-? . 
c o n t a i n s  no  lead t h e s e  names are s i n g u l a r l y  

i n a p p r o p r i a t e .  

T h i s  m i n e r a l  was known t o  t h e  wor ld  f rom v e r y  

e a r l y  times i n  h i s t o r y ,  and  d u e  t o  i ts s o f t  

c h - a r a c t e r . i t  l e a v e s  a m a r k  when s c r a t c h e d  o n  a  

h a r d  s u r f i c e ;  Dur ing  early d a y s  g r a p h i t e  had 

been  u s e d  t o  m a r k  c a t t l e  and s h e e p .  

The e x i s t e n c e  o f  g r a p h i t e  i n  S r i  Lanka was known 

f o r  a . f e w  c e n t u r i e s .  The f i r s t  r e c o r d  was i n  

1675  when t h e  Dutch  Governor  R y k l o f t  Van Goens 

i n  w r i t i n g  t o  h i s  s u c c e s s o r  men t ioned  a b o u t  t h e  

e x i s t e n c e  o f  G r a p h i t e  i n  S r i  Lanka. There  i s  

a l s o  e v i d e n c e  t o  s a y  t h a t  d u r i n g  t h e  Kandyan 

era; i r o n  , o r e  had been  m e l t e d  i n  g r a p h i t - e  

c r u c i b l e s .  

T r a d e  i n  g r a p h i t e ,  m a i n l y  f o r  t h e  p e n c i l  

i n d u s t r y ,  seems t o  have  been  i n  e x i s t e r l c e  f rom 

t h e  1 6 t h  c e n t u r y .  Bu t  it is o n l y  d u r i n g  t h e  

B r i t i s h  t i m e  t h a t  t h i s  m i n e r a l  was n i n e d  and 

e x p o r t e d ,  t o  be used  i n  making c r u c i b l e s  f o r  t h e  



c a s t i n g  o f  bomb s h e l l s  and cannon b a l l s .  

G r a p h i t e  h a s  been e x p o r t e d  from Sri  'Lanka f o r  

t h e  l a s t  160 y e a r s ,  and i n  1899 t h e  m i n e r a l  

e a r n e d  H s .  2.2 m i l l i o n  which w a s  22% of  t h e  

t o t a l  f o r e i g n  exchange - e a r n i n g s  a t  t h a t  t i m e .  

B e f o r e  world war I1 t h e r e  had been over  2500 

g r a p h i t e  p i t s  - and mines l o c a t e d  i n  t h e  South \ 

West .and C e n t r a l  High lands  i n  S r i  Lanka, b u t  now 

o n l y  two underground mines and a  few 

e x p e r i m e n t a l  mines are i n  o p e r a t i o n .  

I n  1974 Mr Rex A. Cas inader  d i d  a  s t u d y  on t h e  

" E v a l u a t i o n  o f  t h e  G r a p h i t e  I n d u s t r y  i n  S r i  

Lanka" and h a s  c a t e g o r i z e d  t h e .  1850 t o  1973 

p e r i o d  i n t o  t h r e e  phases .  

( i )  The f l e d g l i n g  phase  (1850s t o  1870) 

( i i )  The p r o s p e r i t y  and m a t u r i t y  phase  

( i i i )  The d e c l i n e  and s e l e c t i v e  phase  

(1917 t o  1973)  

( i )    he f l e d g l i n g  s t a t e  

From a b o u t  t h e  middle  of t h e  n i n e t e e n t h  c e n t u r y  

t o  e a r l y  1870 ' s  is a  p e r i o d  d u r i n g  which 

g r a p h i t e  e s t a b l i s h e d  i t s e l f  a s  one of t h e  minor 

e x p o r t  i n d u s t r i e s  o f  t h e  i s l a n d .  Among t h e  

f a c t o r s  c o n t r i b u t i n g  t o  t h e  development of t h e  

g r a p h i t e  i n d u s t r y  a t  t h i s  s t a g e ,  was t h e  growing 

demand f o r  S r i  Lanka g r a p h i t e  t h e  high ca rbon  

c o n t e n t  o f  which was by then w e l l  known. Th is  

q u a l i t y  g r a p h i t e  w a s  p a r t i c u l a r l y  r e q u i r e d  by 



t h e  c r u c i b l e  i n d u s t r y  which was r a p i d l y  emerging 

i n  Great B r i t a i n  and . USA p e r h a p s  a c t i v a t e d  by 

t h e  American . c i v i l  war. 

( i i )  The p r o s p e r i t y  and m a t u r i t y  s t a g e  

The p e r i o d  1869 t o  1918 may be c h a r a c t e r i s e d  a s  

a  p e r i o d  o f  g r e a t  a c t i v i t y  f o r  t h e  g r a p h i t e  

i n d u s t r y  i n  S r i  Lanka. Th-is was t h e  p e r i o d  t h a t  

w i t n e s s e d  t h e  scatter o f  n e a r l y  3,000 g r a p h i t e  

p i t  mines i n  t h e  sou th-wes te rn  q u a r t e r  of t h e  

i s l a n d ,  t h e  c r y s t a l l i z a t i o n  of mining methods, 

v i z  t h e  p i t  mines w i t h  mechanical  a i d s  ("mol 

p a t h a l " )  and p r i m i t i v e  p i t  mines o p e r a t e d  

manual ly  ( d a b a r e  p a t h a l )  . It is a  m a t t e r  f o r  

c o n j e c t u r e  whether some of t h e  grapki i te  mining 

methods were borrowed from t r a d i t i o n a l  gemming 

methods and p r a c t i c e s .  Gemming had been go.ing 

on i n  S r i  Lanka fconl a n c i e n t  t i m e s  and by t h e  

mid 1 9 t h  c e n t u r y  when g r a p h i t e  mining was 

e n t e r i n g  t h e  f l e d g l i n g  s t a g e ,  t h e r e  was i n  

a c t i v e  e x i s t e n c e  a n  e s t a b l i s h e d  t r a d i t i o n a l  

sys tem of  gemming. 

( i i i)  The d e c l i n e  and s e l e c t i v e  m a t u r i t y  

From 1917 t o  t h e  p r e s e n t  day t h e  g r a p h i t e  

i n d u s t r y  s l i p p e d  down from being one of t h e  

major e x p o r t s  o f  S r i  Lanka. I n  1912 some 

g r a p h i t e  which matched t h e  q u a l i t y  of t h a t  i n  

Sr i  Lanka, was d i s c o v e r e d  i n  Malagasy. Th is  

r e s u l t e d  i n  stiff c o m p e t i t i o n ,  t h e  Malagasy 

g r a p h i t e  be ing  e x t r a c t e d  a t  a  lower  c o s t .  The 

Sri Lanka p r o d u c t i o n  d e c l i n e d  s l o w l y  b u t  



. . .  

i n e x o r a b l y ,  w i t h  some o u t b u r s t s  o f  r e v i v a l  

d u r i n g  World War I and 11. 

The s h a r e  o f  S r i  Lanka, which was h a l f  t h e  world 
t r a d e  i n  g r a p h i t e  p r i o r  t o  1912, had f a l l e n  to 

l e s s  t h a n  2 p e r  c e n t  i n  1980. 

( b )  The S t a t e  Mining and Mineral  Development 

Corpora t ion  H i s t o r y  

The S t a t e  G r a p h i t e  C o r p o r a t i o n  of Ceylon was 

e s t a b l i s h e d  i n  1971, a f t e r  t h e  n a t i o n a l i z a t i o n  

o f  t h e  g r a p h i t e  i n d u s t r y .  On t h i s  occas ion  t h e  

t h r e e  mines o f  Kahatzgaha,  Kolongaha and 

Walakatahena were grouped i n t o  a s i n g l e  e n t i t y ,  

t h e  Kahatagaha-Kolongaha Mine. The Bogala mine 

was a l r e a d y  t h e  r e s u l t  of t h e  merger o f  s e v e r a l  

o l d  s m a l l  mines,  producli ig from t h e  same ore 

bodies .  A t  f i r s t  t h e s e  two mines were t h e  s o l e  

producing u n i t s  of t h e  new Corporat ion.  The- 

e x p e r i m e n t a l  g r a p h i t e  mine of Rangala was opened 

i n  197 3. The c n e  a t  Xagedera was opened i n  

1976. The C o r p o r a t i o n ' s  name was changed t o  

S t a t e  Mining and Minera l  Development Corporpt ion 

( S M  L M K )  in 1979. E x p l o r a t i o n  of new 

p r o s p e c t s  f o r  g r a p h i t e  have s t a r t e d  from t h i s  

t i m e .  



P r o d u c t i o n ,  E x p o r t s  a n d  S h a r e  o f  Cus tomers  

P r o d u c t i o n  ( i n  m e t r i c  t o n s )  

1977 1980 

Kaha tagaha  - Kolongaha 2,932 3,155 

Ragede ra  5 3 22 7 

E x p o r t s  ( i n  metric t o n s )  

Boga la  

( w i t h  t h e  e x p e r i m e n t a l  

mines ) 5,749 3,929 

Kahatagaha  - Kolongaha 3,020 2,367 

( w i t h  t h e  e x p e r i m e n t a l  

m i n e s )  ----- ----- 
8,769 6,566 

Average  p r i c e  e x  Colombo 

R s .  p e r  metric t o n  5 ,057 13 ,049 

S h a r e  o f  c u s t o m e r s  ( p e r  c e n t )  

J a p a n  

U.S.A. 

O t h e r s  36.6. 24.8 

I n  1978,  79 and  80 ,  t h e  C o r p o r a t i o n  h a s  s o l d  

o u t s i d e  S r i  Lanka 11 ,163 ,  1 0 , 9 3 3  and 6,566 t o n s  

respectively. Sales t o  t h e  n a t i o n a l  market 

d u r i n g  t h e  s a n e  p e r i o d  were i n  t h e  r a n g e  o f  200 

- 250 t o n s  p e r  y e a r .  



2.-OCCUPATIONAL CULTURE AND THE LANGUAGE 
.- , 

OF THE MINEHS 

AS i n  a n y  o t h e r  i n d u s t r y ,  g r a p h i t e  m i n e r s  have  

t h e i r  own c u l t u r e  and  s p e c i a l i z e d  v o c a b u l a r y .  

With t h e  m e c h a n i z a t i o n  o f  t h e  mines  t h e s e  are 

chang ing .  
\ 

I n  t h e  e a r l y  d a y s  t h e r e  were two t y p e s  of mines,  

t h e  hand o p e r a t e d  and  machine  o p e r a t e d .  They 

were c a l l e d  ' daba re  p a t h a l "  and  "mol p a t h a l " .  

Dabare  is a manua l ly  o p e r a t e d  c o n t r i v a n c e  .used 

t o  l i f t  g r a p h i t e ,  rock  and rniners. When t h i s  

d a b a r e  was s u b s i t u t e d  by t h e  h o i s t i n g  machines  

c a l l e d  winches  t h e y  were c a l l e d  mol p a t h a l .  The 

machine  o p e r a t e d  n i n e s  were f i r s t  powered w i t h  

steam and l a t e r  w i t h  compressed  a i r .  ~ o s t  of 

t h e  mining  a c t i v i t i e s  now are mechanized and  

powered w i t h  e l e c t r i c i t y  a n d  compressed  a i r .  
- 
-- 

~ h e  communica t ion  w i t h i n  t n e  mine was a c h i e v e d  

w i t h  t h e  h e l p  of t w o  men, callec? "bakki  -- 
k a r a y a "  arid " a d i k a r a y a " .  . The " b a k k i  - karaya"  

c o n t r o l s  t h e  movement of  men, g r a p h i t e  and mine 

dumps, a t  t h e  head  o f  t h e  s h a f t ,  and  " a d i k a r a y a "  

s u p e r v i s e s  a t  t h e  bo t tom of t h e  s h a f t .  I n *  

communica t ing  v e r b a l l y  w i t h  o n e  a n o t h e r ,  w i t h  

t h e  a i d  o f  a  ho l low P.V.C. p i p e  e x t e n d i n g  f rom 

t h e  p i t  head  t o  t h e  bot tom,  t h e y  u s e  p h r a s e s  a s  

"oy  uda" means, means hey,  you up t h e r e ,  " o y  

y a t a "  hey  you down t h e r e .  When t h e  a d i  k a r a y a  

s a y s  " a r i y a "  t h e  e l e v a t o r  ( l i f t )  g o e s  down and 

when h e  s a y s  "habeshn  t h e  e l e v a t o r  or t h e  box 

moves up. Though now t h i s  communica t ion  s y s t e m  



is changed t o  b e l l s  and in te rcoms ,  t h e  o l d  
sys tem is y e t  i n  u s e  a t  some p l a c e s  o f  t h e  mines. 

- The ja rgon  of  t h e  g r a p h i t e  miners  change from 
mining area t o  area. They have many common 

words as w e l l  a s  words r e s t r i c t e d  t o  p a r t i c u l a r  
.. mining areas. 

Words used by t h e  m i n e r s  and t h e i r  meanings. 

Pa.tha1 kav i 

Dabare  

Vi nch i 

Miniran 

K u t t i  m i n i r a n  . 

Kota renu 

T a l a t u  m i n i r a n  

o r  

Po tu  m i n i r a n  

Eadulu min i r a n  

K i r i  m i n i r a n  

Te l  m i n i r a n  

G a s  i l l a n  

Roda i l l a n  

Miniran g e t a  

Doruwa, v a l a  

- mine poems 

- c o n t r i v a n c e  

- winch 

- g r a p h i t e  

- lump g r a p h i t e  

- s h o r t  g r a i n s  

mica 

p u l p  g r a p h i t e  

m i l k  g r a p h i t e  

o i l  g r a p h i t e  

steep v e i n s  

v e i n s  c l o s e r  t o  

h o r i  a o n t a l  

g r a p h i t e  found i n  

i s o l a t e d  lumps 

s h a f t  o r  we1 1 

- Tunnel 

- pi t  

L i s t e k a  - e l e v a t o r  

Gal donava - t u n n e l  i n  t h e  rock 

Miniran donava - t u n n e l  i n  t h e  g r a p h i t e  

v e i n .  



Mukku w e t t a  

8 

- .a f i x e d  l a d d e r  made on  

a  s h a f t  o r a  r a i s e  f o r  

t h e  men t o  move a b o u t  

Ma t t an  - L e v e l  

Ba mba - f a t h o m  

Dakku - t r o l l e y  

Dakku k a r a y a  - t r o l l e y  man 

Kon ta ra  t . - c o n t r a c t  

Ba s 

Kankanam 

L i  n  

- head  man o f  t h e  gang 

- s u p e r v i s o r  

- down ward e x c a v a t i o n  

Mathekka h a b e s h  - l i f t  w i t h  me 

Nashima - d r i l l i n g  machine  

Mining  l i f e  is i n s e c u r e  and  h a s  a  t r a g i c  q u a l i t y  

s i m i l a r  t o  t h e  o n e  i n  s e a  g o i n g  l i f e .  Mining 

a l l  o v e r  t h e  w o r l d  h a s  t h i s  q u a l i t y  which h a s  

made m i n e r s  more s u p e r s t i t i o u s  and a t  t h e  same 

t i m e  more d i s c i p l i n e d .  

The l o c a l  m i n e r s  b e l i e v e  t h a t  "Bal-tiravayam l o o k s  

a f t e r  unde rg round  w e a l t h .  ' B a h i r a v a y a w  seems t o  

b e  a  s h o r t  made p e r s o n  w i t h  a  b i g  tummy. 

Annua l ly  t h e  m i n e r s  o r g a n i z e  a n  a l m s g i v i n g  - t o  

t h a n k  t h e  god and  a  " B a h i r a v a  p o o j a m  f o r  . t h e i r  

s a f e t y  a t  t h e  mine. 



Geology is t h e  s c i e n c e  o f  th,e e a r t h ,  i ts 

composi t ion,  s t r u c t u r e  and d e d l d p n t e n t  , . of t h e  
. . 
p r o c e s s e s  go ing  o n ,  i n  its a tmospher ic ,  aqueous 

and . s t o n e  envelopes .  The e a r t h  c o n s i s t s  of 

several d i f f e r e n t  s h e l l s .  
\ 

The a tmosphere  is t h e  l a y e r  of a i r  which 

enve lopes  t h e  e a r t h .  E s s e n t i a l l y  it c o n s i s t s  o f  

n i t r o g e n  and oxygel? w i t h  a '  small admixture  of 

water vapour,  ca rbon  d i o x i d e  and c e r t a i n  rare 
n o b l e  gases ,  n o t a b l y  argon.  

The hydrosphere  is t h e  aqueous shell which 

i n c l u d e s  - a l l  n a t u r a l  w a t e r s  - t h e -  wa te r s  o f  

ocean-s,  seag, l a k e s  -and r i v e r s ,  which cover  more 

t h a n  70  per c e n t  of t h e  e a r t h ' s  ' s i l r f ace ,  and 

a l s o  underground w a t e r s ,  s u f f u s i n g  t h e  - rocks  - of 

t h e  e a r t h .  

The b i o s p h e r e  is t h e  enve lope  of t h e  e a r t h  which 

is t h e  s i t e  of  o r g a n i c  l t fe .  

The l i t h o s p h e r e  is a s t o n y  envelope,  t h e  o u t e r  

s o l i d  s h e l l  o f  t h e  e a r t h  and is composed of 

rocks.  

It is n o t  e a s y  t o  d e f i n e  p r e c i - s e l y  what is meant 

by r o c k s  and m i n e r a l s .  Rocks are complex 

n a t u r a l  b o d i e s  composed of chemica l ly  and 

p h y s i c a l l y  s i m p l e r  b o d i e s  c a l l e d  m i n e r a l s .  AS 

a n  example one can  s e e  t h a t  t h e s e  terms rock and 

m i n e r a l  are r e s p e c t i v e l y  c l o s e l y  comparable t o  



t h e  terms, m i x t u r e  and  compound used  i n  

Chemis t ry .  

Advanced t e x t  books  d e f i n e  a m i n e r a l  as a 

s u b s t a n c e  h a v i n g  a d e f i n i t e  c h e m i c a l  c o m p o s i t i o n  

and  a t o m i c  s t r u c t u r e  and  formed by t h e  i n o r g a n i c  

p r o c e s s e s  o f  n a t u r e .  The r o c k s  are  d e s c r i b e d  a s  

c o m b i n a t i o n s  o f  d i f f e r e n t  m i n e r a l s .  

Geology m a i n l y  c o n c e r n s  i t s e l f  w i t h  t h e  s t u d y  o f  

t h e  l i t h o s p h e r e .  To g a i n  a n  . u n d e r s t a n d i n g  o f  

t h e  s t r u c t u r e  o f  t h e  l i t h o s p h e r e ,  t h e  . p r o c e s s  

g o i n g  on i n  it and t h e  h i s t o r y  of i t s  

deve lopmen t ,  it must  be s t u d i e d  i n  s e v e r a l  

a s p e c t s .  The f o l l o w i n g  w b d i v i s i o n s  o f  Geology 

n a y  b e  r e c o g n i z e d .  

1. S c i e n c e s  t h a t  c o n c e r n  t h e m s e l v e s  w i t h  t h e  

c o n s t  i tu io r i  o f  t h e  e a r t h  is c a l l e d  

Geochemis t ry .  

2. S c i e n c e s  s t u d y i n g  t h e  p r o c e s s e s  o c c u r r i n g  i n  

t h e  e a r t h  n a y  be  c a l l e d  Dynamic Geology. 

3. S c i e n c e s  s t u d y i n g  t h e  h i s t o r y  o f  t h e  

developmerit of  t h e  e d r t h  is c a l l e d  

H i s t o r i c a l  Geology.  

4. S c i e n c e s  d i r e c t l y  aimed a t  p r a c t i c a l  

u t i l i z a t i o n .  of t h e  e a r t h ' s  i n t e r i o r - E c o n o m i c  

Geology.  

C l a s s e d  i n  t h e  domain of geochemica l  c y c l e  i n  

t h e  b r o a d  s e n s e  o f  t h e  term u s u a l l y  are  s u c h , .  

s c i e n c e s  as C r y s t a l l o g r a p h y ,  Mine ra logy  and : 

P e t r o l o g y .  . 



C r y s t a l l o g r a p h y  - N e a r l y  - a l l  m i n e r a l s  have  a  

r e g u l a r i t y  o f  i n t e r n a l  s t r u c t u r e  on  t h e  a t o m i c  

s c a l e  wh ich  is o f t e n  shown a s  a n  e x t e r n a l  

r e g u l a r i t y  o f  form. Such f o r m s  a r e  c a l l e d  

c r y s t a l s .  C r y s t a l l o g r a p h y  is t h e  s c i e n c e  o f  

c r y s t a l s  t h e i r  e x t e r n a l  fo rm and i n t e r n a l  

s t r u c t u r e .  The m a j o r i t y  o f  n a t u r a l  m i n e r a l s  a r e  

c r y s t a l l i n e  b o d i e s ;  t h e r e f o r e ,  the .  s t u d y  of  

t h e i r  f o r m s  is u s e f u l  i n  i d e n t i f y i n g  them. 

M i n e r a l o g y  - W i n e r a l o g y  is t h e  s c i e n c e  of  

m i n e r a l s .  

P e t r o l o g y  - P e t r o l o g y  is t h e  s c i e n c e  o f  rocks .  

B a s i c a l l y  t h e  r o c k  f o r m a t i o n s  c a n  b e  d i v i d e d  

i n t o  t h r e e  - t h e  i g n e o u s ,  s e d i m e n t a r y  and 

matamorphic .  The i g n e o u s  r o c k s  a r e  r o c k s  formed 

d u e  t o  v o l c a n i c  a c t i v i t i e s .  The s e d i m e n t a r y  

r o c k s  a re  fo rmed  by t l i e  d e p o s i t i o n  of  t h e  

s e d i m e n t s  i n  t h e  sea o r  i n  t h e  l a k e .  These  

s e d i m e n t a r y  a n d  v o l c a n i c  r o c k s  u n d e r g o  c h a n g e s  

d u e  t o  c h a n g e  i n  p r e s s u r e  and  t e m p e r a t u r e  and 

s u c h  a l t e r e d  r o c k s  are  c a l l e d  metamorphic  

r o c k s .  When s e d i m e n t a r y  r o c k s  change ,  i t  is 

c a l l e d  m e t a s e d i m e n t a r y ,  a n d  f o r  a l t e r e d  v o l c a n i c  

r o c k s  t h e  term m e t a v o l c a n i c  is used .  

O t h e r  t h a n  a f ew  i s o l a t e d  p a t c h e s ,  t h e  r o c k s  

found  i n  S r i  Lanka are s e d i m e r ~ t a r ~  arid 

m e t a s e d i m e n t a r y .  About 9 /10  o f  t h e  i s l a n d  i s  

c o v e r e d  w i t h  m e t a s e d i m e n t a r y  r o c k s  t h e  res t  

b e i n g  s e d i m e n t a r y  ( F i g .  1). The J a f  f n a  

p e n i n s u l a  and  t h e  c o a s t a l  s t r e t c h  f r o m  t h e  

p e n i n s u l a  t o  P u t t a l a m  are c o v e r e d  w i t h  



sed imenta ry  r o c k s ,  which a r e  l ime-stone.  These 

l ime-s tones  a r e  1 4  mi1,lion y e a r s  o l d  and t h e i r  

g e o l o g i c  p e r i o d  is c a l l e d  Miocene. Except  C O ~  a  

few pa tc i i e s  t h e  r e s t  o f  t h e  I s l a n d  is u n d e r l a i n  

by metasediments.  On age  d a t i n g  some of our  

metased imenta ry  r o c k s  a r e '  found t o  be more t h a n  

2500 m i l l i o r i  y e a r s  o ld .  Thus a l l  OUH 

metasedimentary  r o c k s  a r e  o f  Pre-cambrian age.  

Accordirig &o t h e  m i n e r a l  assemblage,  t h e  r o c k s  

o f  Pre-cambrian age  c a n  be d i v i d e d  i n t o  t h r e e  

groups ,  c a l l e d  Highland S e r i e s ,  V i  jayan S e r i e s ,  

and t h e  South West B e l t  ( F i g .  1). The Highland 

S e r i e s  r u n s  a c r o s s  t h e  I s l a n d  and t h e  Vi jayan 

S e r i e s  l i e s  on e i t h e r  s i d e  of t h e  Highland 

S e r i e s .  The South  West B e l t  is a smal l .  s t r e t c h '  

a t  t h e  s o u t h  w e s t e r n  p a r t  of S r i  Lanka. There 

a r e  c o n t r o v e r s i e s  arnong G e o l o g i s t s  on t h e  

boundar ies  between t h e s e  l i t h o l o g i c a l  a r e a s .  

For more d e t a i l s  abou t  t h e  Geology of S r i  Lanka, 

t h e  r e a d e r  is r e f e r r e d  t o  "An I n t r o d u c t i o n  t o  

t h e  Geology of Ceylon, by P.G. -Cooray,  1967 

(Revised e d i t i o n  1985) ,  p u b l i s h e d  by t h e  

N a t i o n a l  Museums Department,  S r i  Lanka. 
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4. ( a )  CERTAIN PHYSICAL PROPERTIES OF MINERALS 

Minera l s  p o s s e s s  c e r t a i n  p h y s i c a l .  p r o p e r t i e s  and 

t h e  s tudy  of  t h i s  is u s e f u l  i n  i d e n t i f y i n g  them. 
. . 

The Colour o f  a minera l  is of6en its most 

s t r i k i n g  proper ty .  Unfor tuna te ly  f o r  purposes  

of  i d e n t i f i c a t i o n ,  however, t h e  colotir of 

mine ra l s  v a r i e s  very  g r e a t l y .  Even i n  the  same 

spec i e s ,  specimens a r e  found having d i f f e r e n t  

co lou r s .  The minera l  qua r t z ,  composed of 

s i l i c o n  d ioxide ,  is commonly c o l o u r l e s s  or 
whi te ,  b u t  it is a l s o  found wi th  pinkish-yellow, 

green, brown and even b lack  co lours .  

The S t r e a k  of a -mi;neral is t h e  co lou r  of its 
powder and map be q u i t e  . d i g  f  e r e n t  . . from t h a t  . of 

t h e  minera l  i n  mass. k r  i n s t a n c e *  t h e  mineral  

hema t i t e  is black b u t .  it g i - v e s  a r e d  powder. 
S t r eak  1s observed by producing a smal l  q u a n t i t y  

of  t h e  powdered  . minera l  . . by . sc ra t ch ing  with a 

k n i f e , o r  f i l e  o r  by rubbing t h e  mineral  on a 

p i e c e  of  unglazed p o r c e l a i n  or roughened g l a s s  

c a l l e d  a s t r e a k  p l a t e .  

The lustre of  mine ra l s  d i f f e r s  both i n  i n t e n s i t y  

and kind, depending upon t h e  amount and type  o f '  

r e f l e c t i o n  of l i g h t  t h a t  . t a k e s  a t  t h e i r .  
s u r f  ace.  

Feel-Smooth, g reasy ,  ha r sh  o r  rough, a r e  kinds - 
of f e e l  of mine ra l s  t h a t  may be used i n  t h e i r  

i d e n t i f i c a t i o n .  



Hardness  is o n e  of  t h e  most  i m p o r t a n t  tests i n  

t h e  i d e n t i f i c a t i o n  o f  m i n e r a l s .  T h i s  may b e  

t e s t e d  by r u b b i n g  t h e  spec imen  o v e r  a t o l e r a b l e  

f i n e - c u t  f i l e  and r io t ing  t h e  amount o f  powder 

and  t h e  d e g r e e  o f  n o i s e  produced i n  t h e  

o p e r a t i o n .  The less t h e  powder t h e  g r e a t e . r  t h e  

n o i s e ,  and  h a r d e r  is t h e  m i n d r a l .  

A s o f t  m i n e r a l  y i e l d s  much powder and  l i t t l e  

n o i s e .  The n o i s e  and t h e  amount of  powder are 
compared w i t h  t h o s e  p roduced  by t h e  m i n e r a l s  of 

t h e  se t  used  as s t a n d a r d  examples  f o r  h a r d n e s s  

t e s t .  

The s c a l e  i n  g e n e r a l  u s e ,  and  known by t h e  name 

o f  Moh's s c a l e  of h a r d n e s s ,  is g i v e n  below. The 

i n t e r v a l s  on  t h i s  s c a l e  a r e  a b o u t  e q u a l  e x c e p t  

f o r  t h a t  be tween t h e  m i n e r a l s  corundum and  

diamond which is e s t i m a t e d  t o  be  t h i r t y  o r  more 

t i m e s  a s  g r e a t .  

MOH'S SCALE OF HARDNESS 

Hardness  S t a n d a r d  M i n e r a l  

1 T a l c  (Hydrous  magnesium s i l i c a t e )  

2 Rock s a l t  of gypsum (Hydra ted  

c a l c i u m  s u l p h a t e )  

3 C a l c i t e  (Ca lc ium C a r b o n a t e )  

4 F l u o r s p a r  ( C a l c i u m  f l u o r i d e )  

5 A p a t i t e  ( Flu  o-phospha te o r  

c h l o r o - p h o s p h a t e  of  c a l c i u m )  



6 F e l d s p a r  ( Aluminous s i l icates o f  

p o t a s s i u m ,  sodium,  c a l c i u m ,  o r  

b a r i u m )  

7 Q u a r t z  ( S i l i c o n  d i o x i d e )  

8 Topaz (Aluminium f l u o s i l i c a t e )  

9 Corundum (Aluminium o x i d e )  

10 Diamond ( p u r e  Ca rbon)  

Window g l a s s  may b e  u s e d  i n  a n  emergency  a s  a  

s u b s t i t u t e  f o r  a p a t i t e  a n d  f l i n t  f o r  q u a r t z .  

- The h a r d n e s s  test may a l s o  be  made by 

endeavour i r l y  t o  s c r a t c h  t h e  s p e c i m e n s  enumera t ed  

i n  t h e  l ist  w i t h  t h e  m i n e r a l  unde r  e x a m i n a t i o n .  

- I f  f o r  example ,  t h e  m i n e r a l  s c r a t c h e d  f e l d s p a r  

b u t  d o e s  n o t  s c r a t c h  q u a r t z ,  it h a s  a  h a r d n e s s  

be tween  6 & 7. 

- 
- H a r d n e s s  may a l s o  b e  t e s t e d  by mearis o f  a  
- .. p e n - k n i f e  o r  e v e n  t h e  f i n g e r  n a i l ,  t h e  f o r m e r  

s c r a t c h i n g  u p  t o  a b o u t  6 1 /2  , t h e  1 a t . t e r  up t o  

- ( b )  CHARACTERISTIC PROPERTIES OF GRAPHITE 

G r a p h i t e  h a s  h a r d n e s s  be tween  1 a n d  2, and  t h u s  

g e t s  s c r a t c h e d  when rubbed  w i t h  a  f i n g e r  n a i l .  

The s p e c i f i c  g r a v i t y  is be tween  2.15 a n d  2.27 
- 

a n d  v a r i e s  a c c o r d i n g  t o  t h e  amount o f  i rnpuri  t i e s  

p r e s e n t .  The l u s t r e  is u s u a l l y  b r i g h t ,  s imilar  

t o  t h a t  o f  metals, r a r e l y -  d u l l  o r  e a r t h y .  The 

c o l o u r  is s t ee l  b l a c k  t o  b l u e  b l a c k  and  opaque .  

The s t r e a k  is b l a c k  a n d  s h i n i n g  and  f e e l s  c o l d  
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l i k e  metal when h a n d l e d .  It is a good  c o n d u c t o r  

o f  h e a t  a n d  e l e c t r i c i t y ;  e x t r e m e l y  r e s i s t a n t  t o  

a c i d  a c t i o n  a n d  h a s  a h i g h  f u s i o n  t e m p e r a t u r e ,  

b e i n g  o n e  of t h e  m o s t  i m p o r t a n t  r e f r a c t o r y  

s u b s t a n c e s  known. It is c o m b u s t i b l e  i n  a i r  a t  a 

h i g h  t e m p e r a t u r e ,  l e a v i n g  l i t t l e  a s h .  

c h e m i c a l  C o m p o s i t i o n  

T h e  g e n e r a l  r u n - o f - t h e  m i n e  s a m p l e s  a n a l y s e  

75-90 per c e n t  c a r b o n ,  b u t  c o u l d  b e  e v e n  more. 

D e p e n d i n g  o n  t h e  f o r m a t i o n ,  t h e  c a r b o n  

p e r c e n t a g e  i n  a v e i n  c a n  a l s o  v a r y .  . Pour  

s a m p l e s  c o l l e c t e d  f r o m  Ruwanwel la ,  K a l u t a r a  and  

G a l l e  d i s t r i c t s  w e r e  a n a l y s e d  by Wadia  ( 1 9 4 5 )  

a n d  t h e  f o l l o w i n g  r e s u l t s  h a v e  b e e n  r e c o r d e d .  

Sarllple 1 2 3 4  

F i x e d  C 99 .792  99.67 98.81 99.28 

i V o l a t i l e  m a t t e r  U.158 0.108 0.90 0.301 

As h U.050 0 .213  0.283 0.415 

S p e c i f i c  g r a v i t y  2.26 2.26 2 , 2 5  2.24 

The  c o m p o s i t i o r ~  of ash of S r i  Lanka  g r a p h i t e  rnay 

b e  r e p r e s e n t e d  by t h e  f o l l o w i n g  a n a l y s i s  

] T r a c e s  t o  n i l  



( c )  SYNTHETIC GRAPHITE ' 

A n a l y s i s  of t h e  c r y s t a l  s t r u c t u r e  of  g r a p h i t e  by 

means of X-ray shows t h a t  t h e  a toms a r e  a r ranged  

i n  l a y e r s  ( ~ i y .  2 ) ,  which a c c o u n t s  f o r  its s c a l y  

n a t u r e .  

The s k n t h e t i c  g r a p h i t e  which is a l s o  known a s  

a r t i f i c i a l ,  manufactured o r  e l e c t r o g r a p h i t e ,  is 

a  c a r b o n  p r o d u c t  which h a s  been s u b j e c t  t o  a  

f u r t h e r  s t a g e  o f  h e a t  t r e a t m e n t  a t  a t e m p e r a t u r e  

a b o u t  2 4 0 0 ~ ~ .  The g r a p h i t i z a t i o n  p r o c e s s  h a s  

t h e  e f f e c t  of  a l t e r i n g  n o t  o n l y  t h e  

c r y s t a l l o g r a p h i c  s t r u c t u r e  b u t  a l s o  t h e  p h y s i c a l  

and chemica l  p r o p e r t i e s .  

S y n t h e t i c  g r a p h i t e  d i f f e r s  f rom its n a t u r a l  

c o u n t e r p a r t  i n  a  number o f  ways. F i r s t l y ,  it is 

c h a r a c t e r i s e d  by a  higki d e g r e e  of  p u r i t y  and low 

c r y s t a l l i n i t y ,  whereas  f o r  n a t u r a l  g r a p h i t e  t h e  

r e v e r s e  is u s u a l l y  t r u e .  s e c o n d l y  s y n t h e t i c  

g r a p h i t e  s e r v e s  d i f f e r e n t  marke t s ,  o v e r l a p p i n g  

w i t h  t h e  n a t u r a l  v a r i e t i e s  i n  only, a l i m i t e d  

number of  a p p l i c a t i o n s .  

T e s t i n g  f o r  Carbon P e r c e n t a g e  i n  G r a p h i t e  
- 

- - 
The p u r i t y  o f  g r a p h i t e  or t h e  c a r b o n  p e r  c e n t  i n  

i t  is de te rmined  by h e a t i n g  a  sample i n  a high 

t e m p e r a t u r e  oven.  F ive  hundred grams of f i n e  

powder g r a p h i t e  is weighed i n  a  c r u c i b l e  and is 

h e a t e d  u p t o  9 6 0 ~ ~ .  The sample  is k e p t  a t  t h i s  

t e m p e r a t u r e  f o r  t h r e e  h o u r s  and a l l o w e d .  t o  

coo l .  A t  t h i s  t e m p e r a t u r e  a l l  t h e  c a r b o n  is 



o x i d i z e d  i n t o  ca rbon  d i o x i d e  and o n l y  a s h e s  a r e  

l e f t .  On we igh t ing  t h e  a s h e s  t h e  weight of 

ca rbon  c a n  be worked o u t  and t h e  p e r  c e n t  o f  

ca rbon  is determined.  
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5. (a) ECONOMIC MINERA& DEPOSITS 

An economic m i n e r a l  is a n a t u r a l  f d r m a t i o n  which 

is used i n  t h e  n a t i o n a l  economy e i t h e r  i n  its 

n a t u r a l  s t a te  o r  f o l l o w i n g  t r e a t m e n t .  

An o r e  is a n a t u r a l  m i n e r a l  f o r m a t i o n  f rom whicq 

i t  is t e c h n i c a l l y  and economica l ly  e x p e d i e n t  t o  

e x t r a c t  metals o r  o t h e r  c o n s t i t u e n t s . .  

Three g roups  of economic' m i n e r a l s  a re 

d i s t i n g u i s h e d .  

1. M e t a l l i c  

2. Non metallic 

3.  Hydrocarbons 
-- 

1. ~ e t a l l i c  m i n e r a l s  are a s o u r c e  o f  meta l s .  

2. The g roup  of non-meta l l i c  m i n e r a l s  comprises  

m i n e r a l s  used e i t h e r  i n  t h e i r  n a t u r a l  s t a t e  

( such  a s  common s a l t ,  b u i l d i n g  s t o n e s  e t c . )  

o r  as  raw m a t e r i a l s  f o r  v a r i o u s  i n d u s t r i e s  

such  a s  g r a p h i t e .  . . 

3. Hydrocarbons - coal. ,  o i l  and. n a t u r a l  f u e l  
g a s e s  are non-meta l l i c  m i n e r a l s  b u t  a r e  

c l a s s i f i e d  s e p a r a t e l y  i n  view of t h e i r  g r e a t  

economic impor tance ,  and t h e  s p e c i f i c  

f e a t u r e s  of t h e i r  f o r m a t i o n  t r e a t m e n t  and 

use .  

A d e p o s i t  - i s ,  a n  accumula t ion  of igneous  

s e d i m e n t a r y  or- metamorphic r o c k s  c o n t a i n i n g  a n  

economic m i n e r a l  and occupying a  d e f i n i t e  volume 

i n  t h e  e a r t h ' s  crust. 



A d e p o s i t  is c o n s i d e r e d  t o  b e  workab le  i f  it 
meets c e r t a i n  demands w i t h  r e g a r d  t o  s i ze  and  

g r a d e  o f  t h e  economic  m i n e r a l .  T h e s e  denands  

d i f f e r  f o r  v a r i o u s  economic  m i n e r a l s ,  and  even  

f o r  d i f f e r e n t  d e p o s i t s  o f  t h e  same m i n e r a l  and 

depend o n  s e v e r a l  f a c t o r s  s u c h  as: 

(1) The g e n e r a l  economic  r e q u i r e m e n t s  

( 2 )  ~ e o l o g i c a l  c o n d i t i o n s  s u c h  as  t h e  s t a b i l i t y  

o f  t h e  s u r r o u n d i n g  r o c k  

( 3 )  Value  o f  t h e  m i n e r a l  

( 4 )  A v a i l a b l e  mining  equipment  and  p o s s i b l e  

min ing  methods.  

Changes i n  t h e  economic r e q u i r e m e n t s  arid 

t e c h n o l o g i e s  n a y  r e s u l t  i n  a change  i n  t h e  

demands p r e s e n t e d  t o  m i n e r a l s .  T h e r e f o r e ,  t h e  

c o n c e p t s  o f  economic m i n e r a l s  and  d e p o s i t s  a r e  

r e l a t i v e  ones .  Some r o c k s  which o n l y  r e c e n t l y  

had no economic  u s e s  have  riow become.  i m p o r t a n t  

economic  m i n e r a l s .  

Economic m i n e r a l s  are v i t a l  t o  i n d u s t r y  and t o  

t h e  n a t i o n a l  'ecorionly a s  a whole. Most i m p o r t a n t  

f o r  economic  development  are c o a l ,  g a s  and  o i l .  

G r a p h i t e ,  l i m e s t o r i e s ,  rnir ieral  s a n d s  are  some o f  

t h e  economic m i n e r a l s  f o u n d  i n  S r i  Lanka. 

Four  f o r m s  o f  m i n e r a l  b o d i e s  c a n  be  

d i s t i n g u i s h e d .  

( 1 )  I s o m e t r i c ,  more or less e q u a l l y  

d e v e l o p e d  i n  a l l  t h r e e  d i r e c t i o n s  



( 2 )  T a b u l a r ,  e x t e n d i n g  mos t ly  i n  two 

d i r e c t i o n s  

( 3 )  P i p e  l i k e ,  e x t e n d i n g  mos t ly  i n  one 

d i r e c t i o n  

( 4  Composite b o d i e s  a r e  i r r e g u l a r  

d e p o s i t s ;  t h e y  may be conceived a s  a 

combina t ion  o f  more s imple ,  p i p e  l i k e  

b o d i e s  w i t h  s h e e t  l i k e  ones .  

G r a p h i t e  mined i n  Sri  Lanka a r e  t a b u l a r  bod ies  

e x t e n d i n g  mos t ly  i n  two d i r e c t i o n s .  These 

b o d i e s  a r e  c a l l e d  v e i n s .  A v e i n  is a  body 

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

c a v i t y  by t h e  o re .  These  v e i n s  e x h i b i t  g r e a t  

d i v e r s i t y  o f  s h a p e  and d imens ions ,  and may b e  

t e n s  o r  hundreds  o f  metres long.  The t h i c k n e s s  

o f  v e i n s  r a n g e s  f r o n  a  few c e n t i m e t r e s  t o  met res  

and i n  some c a s e s  u p t o  t e ~ s  of metres .  

( b )  VIEWS ON THE O R I G I N  OF SRI LANKA GRAPHITE 

The o r i g i n  of S r i  Lanka v e i n  t y p e  g r a p h i t e  h a s  

been t h e  s u b j e c t  of much d e b a t e .  Wadia (1945)  

p o s t u l a t e d  a  t h e o r y  t h a t  i n v o l v e d  a d s o r p t i o n  of 

l i m e s t o n e s  by a n  i n t r u s i v e  rock c a l l e d  

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

c a r b o n  i n  gaseous  and v o l a t i l e  form. Erdosh 

(1970), c a r r i e d  o u t  more d e t a i l e d  s t u d i e s  a t  

Bogala mine and a rgued  t h a t  v e i n  g r a p h i t e  is t h e  

r e s u l t  of t r a n s p o r t a t i o n  of s l i p p e r y  g r a p h i t e  

g r a i n s  i n  a  s o l i d  phase  a l o n g  g r a i n  boundar ies  

down a p r e s s u r e  g r a d i e n t .  S i l v a  (1974)  \ showed 

t h a t  g r a p h i t e  m i n e r a l i z a t i o n  is t e c t o n i c a l l y  

c o n t r o l l e d .  



Hapuarachchi  (1975)  r e g a r d e d  g r a p h i t e  a s  being 

of i n o r g a n i c  o r i g i n ,  h a v i n g  been  formed by t h e  

ca rbon-d iox ide  d e r i v e d  from d e c a r b o n a t i o n  of 

c a l c a r e o u s  m a t e r i a l .  Recen t  s t u d i e s  have shown 

t h a t  t h e  o r i g i n  of g r a p h i t e  r emains  unreso lved ,  

though t h e r e  is e v i d e n c e  t o  s a y  t h e  o r i g i n  c o u l d  

b e  b i o g e n i c  o r  i n o r g a n i c .  Dissanayake (1981)  

f a v o u r e d  a n  o r g a n i c  o r i g i n  and a l s o  Mancuso and 
\ 

Seavoy (1981)  proposed a n  o r g a n i c  o r i g i n  and 

s u g g e s t e d  it t o  be  o r i g i r ~ a t e d  from a s p e c i a l  

v a r i e t y  o f  c o a l  c a l l e d  a u t h o x a l i t e .  



6. OCCURRENCE AND DISTRIBUTION OF GRAPHITE 

The n a t u r a l  g r a p h i t e  c a n  b e  c l a s s i f i e d  Lnto  

t h r e e  g r o u p s  on  t h e  b a s i s  o f  t h e  p h y s i c a l  

p r o p e r t i e s  a n d  a p p e a r a n c e .  

( a )  F l a k e  g r a p h i t e  

( b )  Ve in  g r a p h i t e  

( c )  Amorphous g r a p h i t e  

( a )  F l a k e  g r a p h i t e  

F l a k e  g r a p h i t e  c o n s i s t s  o f  f l a t ,  p l a t e  l i k e  

p a r t i c l e s  w i t h  v a r y i n g  s i z e s  up t o  a b o u t  f i v e  

cms. They o c c u r  i n  a d i s s e m i n a t e d  form t h r o u g h  

l a y e r s  o f  r e g i o n a l l y  metamorphosed s e d i m e n t a r y  

r o c k s  s u c h  a s  s c h i s t s  and  g n e i s s e s .  The f l a k e s  

may a l s o  v a r y  i n  t h i c k n e s s ,  t o u g h n e s s ,  d e n s i t y  

and  s h a p e  f rom one  d e p o s i t  t o  a n o t h e r .  

(b) Vein  g r a p h i t e  

Vein  g r a p h i t e  d e p o s i t s  are  f o u n d  i n  f r a c t u r e s  o r  

c a v i t i e s  i n  r o c k s .  The fo rm is m a s s i v e  and t h e  

s i z e  c a n  v a r y  f rom f i n e  g r a i n  t o  c o a r s e  and 

f l a k y .  The term ("amorphous" )  is somet imes  used  

f o r  f i n e  g r a i n  v e i n  g r a p h i t e .  But  t h e  p r o p e r  

term s h o u l d  b e  m i c r o c r y s t a l l i n e .  The g r a p h i t e  

v e i n s  e x h i b i t  a wide  v a r i a t i o n  i n  t h e  d imens ion  

s u c h  as  w i d t h ,  l e n g t h ,  t h i c k n e s s ,  etc. 



(c) ~mor~hous graphite 

The Amorphous graphite has a soft, black earthy 

appearance, in contrast to well crystallized 

graphites which have a ,  striking ' metall4c 
I 

lustre. Host of the amorphous graphite deposits 

in the world are metamorphosed altered co?l 
\ 

seams. The purity of this graphite depends up$)n 

the material before it was metamorphosed. 

Graphite mineralization in Sri Lanka 

The graphite ore district of Sri Lanka is 

confined to the central belt and extends over an 

area of more than 14,000 sq. kms. (Fig. 1). 

The distribution o f  graphite occurrences inside 

this district is not uniform in character. 

Three types of graphite occur in Sri Lanka. 

They are :- 
(i) vein type 

(ii) flake type 

(iii) pegmatite and quartz vein type 

(i) Vein type 

This is the most important type .of deposit in an 

eeonomical sense. The veins often show a banded 

structure with fibrous or needle graphite at the 

margins arranged at right angles to the walls 

and with plates of foliated graphite at the 



c e n t r e .  ( P l a t e  1 ) .  They are u s u a l l y  w e l l  

d e f i n e d  and t h e r e  is l i t t l e  or n o  p e n e t r a t i o n  of  

t h e  w e l l  r o c k s  ( P l a t e *  2 ) .  

T h i s  t y p e  c o n s i s t s  almost e n t i r e l y  o f  g r a p h i t e  

w i t h  l i t t l e  o r  n o  a s s o c i a t e d  m i n e r a l s .  

7 '\ 
Groups  o f  p a r a l l e l  v e i n s  o c c u r  and t h e s e  may b e  

c o n n e c t e d  by t r a n s v e r s e  v e i n s ,  somet imes  b l o c k s  

o f  c o u n t r y  r o c k  are  f o u n d  c o m p l e t e l y  su r rounded  

by g r a p h i t e  f i l l e d  f r a c t u r e s .  I n d i v i d u a l  v e i n s  

v a r y  g r e a t l y  i n  w i d t h  and  may swell i n t o  wide 

p o c k e t s ,  o f t e n  t h e y  t h i n  o u t  i n t o  mere s t r i n g e r s  

and  t h e  t h i c k n e s s  of  w o r k a b l e  v e i n s  v a r i e s  f rom 

some 10 cms u p t o  l m .  The l e n t i c u l a r  masses and 

p o c k e t s  o f  g r a p h i t e  are i r lc luded i n  t h i s  

c a t e g o r y .  T h e i r  t h i c k n e s s  c a n  r e a c h  even  u p t o  6 

m as i n  t h e  Mee v e i n  i n  t h e  Boga la  mines. 

( D i s c u s s e d  l a t e r  i n  t h e  b o o k ) .  

The l e n g t h  of  t h e  v e i n s  a l o n g  t h e i r  s t r i k e  is 

v a r i a b l e  and  t h e  w o r k a b l e  p a r t  c a n  e x t e n d  from a  

few metres up t o  300 m. The g e n e r a l  e x t e n s i o n  

down t h e  di'p car lnot  be e s t i m a t e d .  I n  t h e  Bogala  

and  Kahatayaha ,  Kolongaha  mines  t h e  v e i n s  are 

s t i l l  o f  economica l  v a l u e  a t  d e p t h s  o f  370 and 

610 m r e s p e c t i v e l y .  Most o f  t h e  v e i n s  a r e  w i t h  

a h i g h  p e r  c e n t  o f  c a r b o n  c o n t e n t  b u t  i r i  some 

c a s e s  t h e  c a r b o n  c o n t e n t  c a n  b e  below 85 p e r  

c e n t .  



(ii) Flake t ype  

Graph i t e  occurs  d i ssemina ted  as smal l  scales and 

f l a k e s  i n  s e v e r a l  rocks  such a s  c r y s t a l l i n e  

l imes tones  and gne isses .  The m o u n t  of g r a p h i t e  

i n  t h e s e  is very smal l  u s u a l l y  less than 1 p e r  

c e n t ,  and, a l though i n  some q u a r t z  - g r a p h i t e  - 
g n e i s s i c  rocks it may r ise t o  e i g h t  t o  t e n  pe r  

cen t ,  t h i s  mode of occurence is no t  concent ra ted  

enough t o  be gf economic value,. 

A r t i f i c i a l  f l a k e  graphi'te is produced, a t  t h e  

p re sen t  time under experimental  form i n  

Kahatagaha, Kolongaha mine. Th i s  "Flake 

g r a p h i t e u  results from a lamina t ion  of f i n e  

c h i p s  (0.5 t o  1.7 mm s i z e  g r a p h i t e )  between two 

r o l l e r s  running a t  d i f f e r e n t  speeds. This  

p roces s  induces a  r educ t ion  of t h e  ash c o n t e n t  

of t h e  f eed  m a t e r i a l ,  t oge the r  wi th  t h e  

format ion  of f l a k e s ,  whose a s p e c t  and u s e s  are 

very  similar to  t h e  one of n a t u r a l  f l a k e s  as 

produced i n  o t h e r  coun t r i e s .  

( i i i ) .  -pegmat i te  and q u a r t z  ve in  t ype  . 
. 

,pegmatite .is ' a  . rodk- which has  mainly l a r g e  

. q u a r t z  and fe1d;spars.. Sometimes t h e s e  can be a s  

l a r g e  a s  few metres. Large pegmat i tes  are mined 

f o r  q u a r t z  and f e l d s p a r s  and sometimes f o r  mica 

which also may occur  i n  t h e  pegmatite.  

Graphi te  is a l s o  known t o  occur  i n  pegmat i tes  

and q u a r t z  v e i n s ,  a s  f l a k e s ,  p a t d i e s  and c rack  

f i l l i n g s .  Usual ly  t h e s e  d e p o s i t s  a r e  n o t  



c o n s i d e r e d  t o  be o f  economic importance  even i n  

t h e  a c t u a l  mines  where t h e y  are encoun te red  i n  

t h e  m i n e  workings .  



7. SOME STRUCTURAL ASPECTS OF THE 

VEIN TYPE MINERALIZATION 

The g r a p h i t e  v e i n s  n o r m a l l y  f o l l o w  a p a t t e r n  and 

a l t h o u g h  t h e  d i r e c t i o n s  of  t h e  v e i n s  are  

v a . r i a b l e  i n  a g i v e n  a r e a ,  - t h e  m a j o r i t y  o f  t h e  

v e i n s  t e n d  . t o  f o l l o w  o n e  o r  two d i r e c t i o n s .  

7 ( a )  G r a p h i t e  c h a r a c t e r i s t i c s  

C r y s t a l l i n e  . c h a r a c t e r i s t i c s  

The v e i n  g r a p h i t e  i s .  - e s s e n t i a l l y  c r y s t a l l i n e  i n .  

c h a r a c t e r .  However, d u e  t o  t h e  s i z e  of  t h e  

e l e m e n t a l  c r y s t a l s ,  some v a r i e t i e s  have  s l i g h t l y  

d i f f e r e n t  properties. - 

I n  some ve i r i s  m a i n l y  i n  Boga la ,  t h e  s i z e  of  t h e  

c r y s t a l s  is l a r g e ,  which  is c o n s i d e r e d  t o  be o f  

good q u a l i t y .  I n  t h i s  case t h e  g r a p h i t e  is  

ca ' l l ed  c r y s t a l l i n e .  The c a r b o n  c o n t e n t  is i n  

t h e  r a n g e  o f  90-92 p e r  c e n t .  

Needle g r a p h i t e  

Maanly i n  t h i n  v e i n s  e i t h e r  i n  Kahatagaha ,  

Ra-ngala o r  Hagede ra  Mines t h e  g f a p h i t e  is fourid 

i n  t h e  form o f  n e e d l e s .  ( P l a t e  I ) .  These  

n e e d l e s  a p p e a r  o n  t h e  w a l l ,  and  i n  t h e  t h i c k e r  

v e i n s ,  i n  t h e  c o r e  t o o .  On t h e  walls ,  t h e s e  



needles  are r e l a t i v e l y  s h o r t  (2 10 mm) and i n  

t h e  c o r e  of t h e  v e i n  t h e i r  ' l ength  can  reach 

s e v e r a l  c m s .  

"Amorphousm g r a p h i t e  

It is n o t  c o r r e c t  t o  u s e  t h e  term Amorphous f o r  

t h e  S r i  Lanka g raph i t e .  The g r a p h i t e  found i n  
\ 

l a rge -b locks ,  from t h e  t h i c k  ve in  of Bogala; 

under c r y p t o c r y s t a l l i n e  form, .is usua l ly  c a l l e d  

Amorphous, even i f  it is not  a t  a l l  Amorphous. 

The g e n e r a l  p rope r ty  of t h e  b locks  is the  same 

a s  t h a t  of Amorphous m a t e r i a l ,  though t h e  o r i g i n  

d i f f e r s .  

This  g r a p h i t e  is g e n e r a l l y  very easy t o  gr ind  

and is used f o r  t h e  p r e p a r a t i o n  of low grade 

powders, used f n foundr ies .  

7 ( b )  Ash Composition 

Ash composi t ion of g r a p h i t e  is i ts composition 

o t h e r  than  carbon. c his may have a  wide 

in f luence  on its p o t e n t i a l  uses. It appears  

t h a t  t h e  composition of ash  v a r i e s  widely 

between t h e  two main g r a p h i t e s  produced i n  S r i  

Lanka, i e .  Bogala and Kahatagaha Kolongaha 

g raph i t e .  

The a shes  of Bogala g r a p h i t e  a r e  b a s i c a l l y  

composed of s i l i c a  (more than  90  p e r  c e n t ) .  The 

a shes  of Kahatagaha Kolongaha g r a p h i t e  a r e  

composed of S i l i c a  and i r o n  oxide i n  equal  

amounts. The a s h  composi t ion is of prime 



i m p o r t a n c e  i n  i n f l u e n c i n g  t h e  u s e s  o f  the 
p r o d u c t s .  Fo r  example ,  Bogala  g r a p h i t e  i s  less 

s u i t a b l e  t h a n  Kahatagaha  Kolongaha g r a p h i t e  for 
t h e  p r e p a r a t i o n s  of  l u b r i c a n t s ,  d u e  t o  t h e  high 
s i l i c a  c o n t e n t  of i t s  a s h .  



8. ( a )  EXPLORATION FOR GHAPHIGE 

The v e i n  g r a p h i t e  d e p o s i t s  a r e  c o n f i n e d  t o  t h e  

Highland S e r i e s  and S o u t h  West helt of rocks ,  

( F i g .  11 ,  and most of  t h e  d e p 6 s i t s  a r e  l o c a t e d  

i n  t h e  Sou th  West b e l t .  Thus t h e  g e o l o g i c a 2  

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

a r e a s  f o r  d e t a i l e d  s t u d i e s .  Wi th in  t h e s e  two 

b e l t s  t h e  d e p o s i t s  have been e x p l o i t e d  d u r i n g  

t h e  two world wars ,  t h e  p r o b a b l e  g r a p h i t e  

b e a r i n g  a r e a s  a r e  a l r e a d y  known. Once t h e  

p r o b a b l e  a r e a  is i s o l a t e d ,  a  Geophysical  method 

is used t o  d e t e c t  t h e  v e i n s .  

S i n c e  g r a p h i t e  is a  c o r d u c t o r  of e l e c t r i c i t y ,  a n  

e l e c t r i c  s i g n a l  when p a s s e d  t h r o u g h  t h e  e a r t h  

s t r a t a ,  on e n c o u n t e r i n g  a  g r a p h i t e  ve in ,  w i l l  

show a n  anomalous b e h a v i o u r  t h a t  c o u l d  be  p icked  

up by a  r e c e i v e r .  Based on t h i s  p r i n c i p l e ,  a n  

e l e c t r o - m a g n e t i c  i n s t r u m e n t  c a l l e d  a n  E.M. gun 

c o u l d  be  used ~ u c c e s s f u l l y  f o r  d e t e c t i n g  t h e  

g r a p h i t e  v e i n s  u p t o  a  d e p t h  o f  a b o u t  200 f e e t .  

Very low f r e q u e n c y  (V.L.F.) method is a l s o  used 

i n  d e t e c t i n g  t h e  g r a p h i t e  v e i n s .  V.L.F. s i g n a l s  

a r e  e m i t t e d  f o r  submar ines  from s t a t i o n s  i n  

c o u n t r i e s  a s  A u s t r a l i a ,  U.S.S.H., Japan ,  U.S.A., 

e t c .  When t h e s e  waves s t r i k e  a  p l a n e  w i t h  a  

d e n s i t y  d i f f e r e n c e ,  t h e y  g e t  r e f l e c t e d  and w i t h  

a  s i m p l e  i n s t r u m e n t  t h e  r e f l e c t e d  waves c a n  be 

d e t e c t e d .  S i n c e  v e i n  g r a p h i t e  is found i n  j o i n t  

p l a n e s ,  t h e  V.L.F. s i g n a l s  g e t  r e f l e c t e d  on t h e  

4 r a p h i t . e  v e i n s .  For t h i s ' m e t h o d ,  i n  S r i  ' ~ a n k a  



g e n e r a l l y  w e  ~ s r 4  t he -  s i g n a l s  s e n t  from 

A u s t r a l i a ,  as t h e  v e i n s  l i e  i n  east wesk 

d i r e c t i o n  and A u s t r a l i a  is south  of S r i  Lanka. 
There is a l i m i t a t i o n  t o  t h e  depth which t h e s e  

geophys ica l  methods can be used. Since most of 

t h e  d e p o s i t s  a r e  a l r e a d y  exp lo i t ed ,  it is very 

important  t o  check whether .  t h e  g r a p h i t e  deposi:: 

e x i s t s  w i t h i n  t h i s  l i m i t .  \ 

Since  mine dumps a r e  found around t h e s e  g r z p h i t e  
. . 

d e p o s i t s ,  t h e  contaminat ion  f roni. dumps , may g i v e  

a n  erZor 'in t h e  readings,  It is very important 

t o  t a k e  t h e s e  f a c t o r s  i n t o  accounk i n  conducting 

t h e s e  geophysical  s tud ie s .  . . Once t h e  geophysical  

survey  - is :completed - i f  t h e  ~ n s m a ~ i e s  of two 

.geophysical  methods ove r l ap  and t h e s e  agree  with 

t h e  geology of t h e  .&re;, diamond d r i l l i n g  is 

car r i . ed  o u t  t o  con£ i r m  it. 

The o b j e c t  of diamond c o r e  d r i l l i n g  is t o  o b t a i n  

c o r e s  f o r  ana lys i s .  Diamond d r i l l s  powered with 

h igh  p re s su re  a i r  .are used a t  t he  mines and 

t h o s e  powered wi th  d i e s e l  o r  p e t r o l  engines a r e  

used i n  t h e  f i e l d .  The c o r e  b a r r e l  is a t  t h e  

lower end of a l i n e  of d r i l l  rods,  and a t  t h e  

end of t h e  rods  is t h e  d r i l l  b i t .  D r i l l  - b i t  is 

a smal l  c y y i n d r i c a l  b a r r e l  with diamond p i e c e s  

mounted on one end and a screw thread  on t h e  

o t h e r - e n d .  . T h e  rock c o r e . c u t  by t h e  d r i l l  b i t  

is c o l l e c t e d  i n  t h e  c o r e  b a r r e l  which is usua l ly  

f i v e  o r  t e n  f e e t  long. Once t h e  core  b a r r e l  is 

f i l l e d  it can be p u l l e d  o u t  and t h e  c o r e  samples 

can  be c o l l e c t e d  from t h e  c o r e  ba r r e l .  

According t o  t h e  America1 system t h e r e  a r e  f o u r  

t ypes  of c o r e  b a r r e l s  with d iameters  54.7 mm, 42 

mm, 30.1 mm and 21.4 mm. 



8. ( b )  RECENT EXPLORATION 

S i y a m b a l a p i t i y a  (Boga la  ~ i s t r i c t )  

  here a r e . a p p r o x i m a t e l y  25 o l d  p i t s  and a d i t s  i n  

a 400 x 1 2 0  m area. Good q u a l i t y  g r a p h i t e  c a n  

b e  s e e n  on  mine  dumps on  a l l  t h e  p r o s p e c t ,  

Diamond d r i l l i n g  was comple t ed  and i n  two d r i l l  

h o l e s  good v e i n s  have  b e e n ' e n c o u n t e r e d .  

Pussahena  ( ~ o g a l a  ~ i s t r - i c  t )  

Pussahena  is l o c a t e d  2.5 km s o u t h  west of  Boyala  

mine  ( F i g .  3 ) .  N o  g r a p h i t e  is v i s i b l e  on t h e  

s u r f a c e  b u t  a p p r o x i m a t e l y  50 o l d  p i t s  and a d i t s  

e x t e n d  on .  a 330 x 680 m a r e a .  An a d i t  t u n n e l  

was made t o  r e a c h  t h e -  v e i n s  a t  d e p t h  w i t h o u t  
. . .much s u c c e s s .  



9. BOGALA GRAPHITE MINE 

The Bogala g r a p h i t e  m i r i e  is a b o u t  104 km n o r t h  

e a s t  of Colombo ( ~ i g s .  1_& 3 ) .  The mine is a t  

a n  e l e v a t i o n  o f  15U metres above mean s e a  l y v e l ,  

I 

@ h e  'Bogala g r a p h i t e  m i n e r a l i z a t i o n  is i n  t h e  \ 

~igh . l ; rnd  series r o c k s  and t h e  main r o c k s  are 

g n e i s s e s ,  q u a r t z i t e s ,  c h a r n o c k i t e s .  T h i s  mine 

c o n s i s t s  o f  t h r e e  major and s e v e r a l  minor 

s u b v e r t i c a l l y  d i p p i n g  g r a p h i t e  v e i n s  (Fig .  4). 

H o r i z o n t a l  e x t e n s i o n  of  t h e  main v e i n s  is 130 m 
t o  300 m w i t h  t h i c k n e s s e s  v a r y i n g  from 0.28 m t o  

0.98 m and e x c e p t i o n a l l y  s e v e r a l  metres .  

G r a p h i t e  q u a l i t y  is n o t  c o n s t a n t  i n  a l l  ve ins .  

T o t a l  o r e  r e s e r v e s  are l i t t l e  more t h a n  70,000 

The m i n e r a l i z a t i o n  is u s u a l l y  p u r e  g r a p h i t e  . w i t h  

r e l a t i v e l y  1 - i . t t e r  o t h e r  m i n e r a l s  a s  p y r i t e ,  

c h a l c o p y r i t e ;  c a l c i t e ,  q u a r t z  and f e l d s p a r .  

The t h r e e  v e i n s  have f o l l o w i n g  parameters .  

V e i n  S t r i i k e  Length T h i c k r ~ e s s  A t t i t u d e  Graphite  
q u a l i t y  

Kunbuk N 6 5  W 130-250 n 0 . 2 8  n  s t r a i g h t  medium 

Na N 6 0  E 150-300 m 0 .b1  m s t r a i g h t  good 

t o  wavy , 

Me e N 5 0  E 120  n  0 . 9 8  n  wa vY good 



D e s c r i p t i o n  o f  t h e  Mine 

A t  Bogala t h e r e  are f o u r  s h a f t s - a n d  a  h o r i z h t a l  

a d i t .  T h i s  is u n u s u a l  f o r  a  mine and t h e  reason  

is. t h a t  &here  were p r e v i o u s l y  t h r e e  mines which 

were u n i t e d  o n l y  i n  1947. Only t h r e e  of t h e s e  

accesses a r e  p r e s e n t l y  used: t h e  A l f r e d  s h a f t ,  

t h e  v e n t i l a t i o n  s h a f t  and  t h e  a d i t .  L. 

The d e e p e s t  l e v e l  of t h e  mine is 205 fa thoms 

(375  m )  ( r i g .  4 ) .  Access is th rough  two s h a f t s  

i n  s e r i e s :  t h e  A l f r e d  s h a f t  from t h e  s u r f a c e  t o  

t h e  72  fa thom l e v e l  (132  m )  and t h e  number 5 

s h a f t  f r o i  72 l e v e l  t o  t h e  205 l e v e l  ( 2 4 3  m ) .  

~ e t h o d  o f  T u n n e l l i n g  

Usual c r o s s  s e c t i o n  of a  

t u n n e l  :1.4 m width  x 1.8 m 
h e i g h t  

Depth o f  a d r i l l  h o l e  :1.5 m 

Diameter o f  a d r i l l  h o l e  :32-35 mm 
- ~ u m b e r ' & f  h d l e s  fo r  a b l a s t  :25 - 30 

Machines used f o r  d r i l l i n g  :Compressed a i r  

powered d r i l l i n g  

-machine mounted on a 

l e g  
Depth broken i n  a b l a s t  :1.2 m+ - 
E x p l o s i v e  consumption f o r  a :10 kg - + o f  g e l a t i n e  

8 0% b l a s t  

Loading and tramming :manual 



Usual c y c l e  o f  a  b l a s t : -  

( a )  ' D r i l l i n g  o f  1 0 2  h o l e s  and b l a s t i n g  o f  

b u r n c u t  

( b )  . Mucking o f  t h e  b u r n c u t  

( c )  D r i l l i n g  and b l a s t i n g  o f  t h e  remaining h o l e s  

( d l  F i n a l  mucking of t h e  tunn/el  

Average advarice of t h e  t u n n e l  p e r  month (46 

s h i f t )  i s  7.90 metres. 

Method o f  Mining 

C u t  and. f i l l  method 

When a  v e i n  1s e s t a b l i s h e d ,  i t  is d i v i d e d  i n t o  

b locks ,  h o r i z o n t a l l y  between t h e  two a d j a c e n t  

l e v e l s  ( g e n e r a l l y  d i s t a n c e  from 30 t o  40 

m e t r e s ) ,  and ; e r t i c a l l y  between winzes  g e n e r a l l y  

4 5  m a p a r t  and sometimes less ( F i g .  5). 

Each p a n e l  is s t o p e d  by c u t  and f i l l  method. 

S l i c e s  2.1 metres h i g h  a r e  t a k e n  s u c c e s s i v e l y  

from bottom t o  t o p ,  and t h e y  a r e  f i l l e d  w i t h  

was te  rock,  coming 6 i t h e r  from t h e  development 

works, o r  from s l o p e  w a l l s .  ( F i g .  .5). On each  

s l i c e ,  s t o p p i n g  b e g i n s  near  t h e  winzes and 

p r o g r e s s e s  towards  t h e  c e n t r e  of t h e  panel .  

The g r a p h i t e  v e i n  is t a k e n  o u t  f i r s t  on a  l e n g t h  

o f  0.75 met res ,  e i t h e r  by b l a s t i n g  i f  t h e  v e i n  

i s  t h i n n e r  t h a n  0.30 met res ,  o r  by pick i f  it is 

t h i c k e r .  Af te rwards  t h e  w a l l s  a r e  d r i l l e d  'and 

b l a s t e d  t o  have a width  of a t  l e a s t  0.90 

metres. The r a t e  of advarice is approx imate ly  



3.60 metres p e r  m o n t h ,  b u t  s o m e t i m e s  it may 

r e a c h  u p t o  1 0  metres. 

A f t e r  t h e  f i r s t  s l ice  a b o v e  t h e  bottom d r i f t  is 

m i n e d  o u t ,  a c o n c r e t e  f l o o r  o f  0 . 3  metres t h i c k  

is b u i l t ;  i t  w i l l  s u p p o r t  t h e  w e i g h t  o f  t h e  

f u t u r e  f i l l .  
\ 

Tramming i s  by w h e e l  barrow, f r o m  t h e  f a c e  t o  

t h e  w i n z e .  Material is dumped i n  t h e  w i n z e  o r  

h o i s t e d  t o  t h e  u p p e r  l e v e l  i n  a b u c k e t  moved by 

a n  a i r  p o w e r e d  h o i s t .  Near t h e  t o p  o f  e a c h  

s l i ce  c a p s  a r e  a n c h o r e d  i n  t h e  w a l l s  by h i t c h e s  

a n d  l o g g i n g  is l a i d  on them f o r  b u l l d i n g  a  f l o o r  

which  w i l l  b e  u s e d  f o r  w o r k i n g  011 t h e  n e x t  

slice. The u s u a l  c r e w  i t 1  a s t o p e  c o m p r i s e s  t e n  

men w o r k i n g  t w o  s h i f t s .  

Tramming 

T h e  m i n e  c a r ,  w h i c h  is c a l l e d  t r o l l e y ,  h a s  a box 

w h i c h  may b e  r o c k e d  f o r  dumping.  ( P l a t e  3 ) .  Its 

c a p a c i t y  is a b o u t  0.7 t o n s  of g r a p h i t e  o r  o n e  

t o n  o f  w a s t e  r o c k .  Its w e i g h t  e m p t y ,  is a b & t  

240 k g s .  Tramming is d o n e  m a n n u a l l y  by  two 

men. The t r o l l e y  r u n s  o n  r a i l s .  

The  h o i s t i n g  of t h e  s h a f t s  i b  d o n e  by 

e l e c t r i c a l l y  p o w e r e d  h o i s t  ( l i f t ) .  



The winzes 

The winzes are e q u i p p e d  w i t h  a i r  powered h o i s t  

( P l a t e  4 )  wh ich  move b u c k e t s  h a v i n g  h a l f  t h e  

capacity of a t r o l l e y .  

D r a i n a g e  

T h e r e  are water i n f l o w s  coming on e a c h  l e v e l ,  

n o t  i n  l a r g e  q u a r ~ t i t i e s  b u t  s u f f c i e n t  to make 

t h e  a i r  v e r y  humid and  uncomfor t ab l e .  On t h e  

a v e r a g e ,  t h e  t o t a l  water i n f l o w s  i n  t h e  mine are 

150-200 cu.  metres p e r  hour .  

The t a n k s  are made a t  different l e v e l s .  The 

w a t e r  c o l l e c t e d  a t  a p a r t i c u l a r  l e v e l  is a l l o w e d  

t o  d r a i n  t o  t h e  t a n k .  The water f rom t h e  l ower  

l e v e l  is pumped t o *  t h e  upper  l e v e l  u s i n g  

e lec t r ic  arid compres sed  a i r  powered pumps. T h i s  

water is b r o u g h t  t o  s u r t a c e  by pumping i n  s t a g e s  

a n d  d r a i n e d  o u t  t o  a  n e a r  by s t r ea rn .  

V e n t i l a t i o n  

A n a t u r a l l y  f l o w i n g  a i r .  p a s s a g e  -is p l a n n e d  f o r  

v e n t i l a t i n g  a n  under -ground mine.  Fans a r e  u s e d  

a t  t h e  d e a d  end  wheri it is needed  t o  improve t h e  

n a t u r a l l y  f l o w i n g  a i r  p a s s a g e .  

L i g h t  i n g  

L i g h t i n g  is o n  a 220  V. A.C. e u r r e n t  ne twork .  

Some b a t t e r y  and  c a r b i d e  l a r ~ ~ p s  a r e  u sed .  



G r a p h i t e  P r o c e s s i n g  a t  Bogala Mine 

A. R a w  G r a p h i t e  Produc t ion  

The g r a p h i t e  coming mainly  cram t h e  t h r e e  vei-ns 

.Kumbuk, N a  and Mee is e x t r a c t e d  a t  a n  a v e r a g e  

monthly o u t p u t  of abou t  500 tons .  I t  h a s  been 

demons t ra ted  t h a t  t h e  a v e r a g e  ca rbon  c o n t e n t  o f  

t h e  t h r e e  v e i n s  is d i f f e r e n t ,  p a r t i c u l a r l y  

Kumbuk h a s  a n  a v e r a g e  o f  8 0  p e r  c e n t  and Na and 

Mee have a n  a v e r a g e  of more ' t h a n  90 p e r  c e n t  

carbon.  

B. S i z e  S c r e e n i n g  

1). The r u n  of t h e  mine is f i r s t l y  s c r e e n e d  on a 

. g r i z z l y  ( P l a t e  5 )  t o  . s e p a r a t e  t h e  p i e c e s  

bigge.r t h a n  3 inches .  These p i e c e s  wi th  3 

i n c h e s  and more a r e  c a l l e d  ' s l a b s ' .  These 

' s l a b s '  a r e  hand cured.  20 p e r  c e n t  of t h e  

s l a b s  a r e  'Gal k a t u '  wi th  an  a v e r a g e  c o n t e n t  

of 4 5  t o  55 p e r  c e n t  carbon. 'Gal  ka tu '  is a 

t e rm l o c a l l y  used f o r  t h e  g r a p h i t e  p i e c e s  

w i t h  r o c k s  i n  it. The rock p i e c e s  i n  t h i s  

g r a p h i t e  a r e  removed by a p r o c e s s  c a l l e d  

f l o t a t i o n  and a r e  upgraded. 

~ 2 )  The p i e c e s  s m a l l e r  t h a n  3 i n c h e s  a r e  

m e c h a n i c a l l y  sc reened .  The p r o d u c t s  a r e  

named a s  f o l l o w s :  

No. 1 OL g r a d e  : between 1 114 i n  and 3 - i n .  

No. 2 OL g r a d e  : between 5/8 i n  and 1 1/4 i n .  



t a b  d u s t  g r a d e  : smaller t h a n  5/8 in .  

The a v e r a g e  c a r b g n  c o n t e n t  o f  t h e  t a b  d u s t  is' 

between 85 and  90 p e r  c e n t .  T h i s  producc is 

s o l d  a s  it is w i t h o u t  any a d d i t i o n a l  c u r i n g  

o r  a f t e r  g r i n d i n g  and  a d d i t i o n a l  sc reen ing .  

C. Curing 

The s l a b s  and t h e  No. 1 OL a r e  - hand cured and 

s o r t e d  between t h e  v a r i o u s  ca rbon  c o n t e n t  

c a t e g o r i e s .  

ie. above 99 p e r  c e n t ,  97 t o  99 p e r  c e n t ,  95 t o  

97 p e r  c e n t ,  9 2  t o  95 p e r -  c e n t ,  9 0  t o  92 p e r  

c e n t ,  less t h a n  9 0  p e r  c e n t .  

A f t e r  c u r i n g ,  t h e  p r o d u c t s  a r e  d r i e d  on a h o t  

p l a t e ,  h e a t e d  wi th  wood. A f t e r  d r y i n g ,  t h e .  

d i f f e r e n t  q u a l i t i e s  and  s i z e s  a r e  s t o r e d  b e f o r e  

packaging o r  f u r t h e r  p r o c e s s i n g .  

D. M i l l i n g  

To f o l l o w  t h e  c u s t o m e r s  o r d e r s ,  - a l l  t h e  - g r a d e s  

manual ly  c u r e d  a r e  ground i n  a  c r u s h e r  and . 
. . 

s e p a r a t e d  i n  v i b r a t i n g  s c r e e n s .  A t  the .  end of 

t h i s  p r o c e s s i n g  t h e  f o l l o w i n g  s i z e s  a r e  produced'. 

bo ld  c h i p s  : 1.7 mm t o  5 mm 

f i n e  c h i p s  : 1.2 mrn t o  1.7 mm 

d u s t  : 0 t o  1.2  mm 

For some o r d e r s ,  no s c r e e n i n g  is made a f t e r  

c r u s h i n g  and is c a l l e d  ch ippy  d u s t  and s o l d  a s  

it is. 



For s p e c i a l  purposes ,  t h e  p r o d u c t s  . d e l i v e r e d  

f rom t h e  c r u s h i n g  p l a n t  a r e  t r e a t e d  i n  t h e  

powder p l a n t s  c a l l e d  t h e  Baby Raymond m i l l s  and 

c y c l o n e  s e p a r a t i o n  equipmerit. Th i s  equipment 

p roduces  two c a t e g o r i e s  of  powders. 

( a )  minus 200 mesh 

(b)  minus 100 mesh 

High q u a l i t y  g r a p h i t e  ( above  97  p e r  c e n t  carbon 

c o n t e n t ) ,  w i t h  ve ry  small s i z e  p a r t i c l e s  a r e  

produced i n  a p l a n t  c a l l e d  Micro Cyclomat. Th i s  

is f e d  w i t h  ch ippy  d u s t  from t h e  c r u s h i n g  m i l l  

and p roduce  t h e  f o l l o w i n g  s i z e s .  

less t h a n  1 0  m i c r o n s  

less t h a n  20 mic rons  

less t h a n  40 mic rons  

packing 

The f i n i s h e d  p r o d u c t s  a r e  packed i n t o  j u t e  bags, 

w i t h  a d d i t i o n a l  bags  a c c o r d i n g  t o  ' t he  v a r i o u s  

s i z e s .  

( a )  The lumps and-  b o l d  c h i p s  are pqcked i n  

d o u b l e  j u t e  bags.  

( b )  The f i n e  c h i p s  and c h i p p y  d u s t  a r e  packed i n  

d o u b l e  j u t e  bags  w i t h  i n n e r  p o l y t h e n e .  

( c )  The powders a r e  packed i n  i n n e r  m u l t i p l e  p l y  

paper  b a g s ,  w i t h  i n n e r  p o l y t h e n e  and o u t e r  

j u t e  bags. 



10. THE KAHATAGAHA KOLONGAHA GRAPHITE MINES 

The Kaha tagaha  - Kolongaha ( K / K )  g r a p h i t e  wine  

is s i t u a t e d  2 7  km n o r t h  east o f  Kurunegala  a l o n g  

t h e  Kurunega la  - Hatale road .  ( F i g .  1 )  The mine 

area is a b o u t  220 metres above  mean s e a  l e v e l c  

( P l a t e s  6  a n d  7 ) .  

The m i n e r a l i z a t i o n  is e n t i r e l y  o f  t h e  v e i n  t y p e  

w i t h  a r e g u l a r  east w e s t .  s t r i k e  d i r e c t i o n  and. 

s o u t h e r l y  d i p .  The  v e i n  p a t t e r n  is c o m p l e t e l y  

d i f f e r e n t  t o  t h a t  i n  Bogala.  The number i s  

h i g h e r  (more t h a n  1 0 0  v e i n s  o r  v e i n l e t s )  o f  

which  32 have  k e n  mined o r  e x p l o r e d .  The v e i n  

s y s t e m  c a n  b e  c o n s i d e r e d  as q u i t e  r e g u l a r  ( F i g .  

6 ) .  . However, a l l  v e i n s  do  n o t  d e v e l o p  

c o n t i n u o u s l y  w i t h  d e p t h  w h i l e  o t h e r s  a p p e a r  o n l y  

a t  lower  l e v e l s .  

H o r i z o n t a l  e x t e n s i o n  o f  t h e  v e i n s  r a n g e s  between 

20 metres and 150  metres w i t h  a n  a v e r a g e  o f  60  

metres. +he  v e i n  t h i c k n e s s  a v e r a g e s  0.23 m e t r e s  

r i s i n g  e x c e p t i o n a l l y  0.90 metres. The t o t a l  

r e s e r v e s  are a b o u t  25,000 t o n s .  

Most o f  t h e  K/K g r a p h i t e  o r e  is o f  h i g h  q u a l i t y  

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

- m i n e r a l s  a s  p y r i t e ,  c h a l c o p y r i t e ,  etc.  

D e s c r i p t i o n  of  t h e  mi-ne 

On t h e  locaf i o n  of t h e  Kahatagaha,/Kolongaha/Wa-la- 

k a t a h e n a  mines  - named s u b s e q u e n t l y  K / K  mine- 

g r a p h i t e  e x t r a c t i o n .  



- s t a r t e d  i n  1872 arid u n t i l  now more t h a n  300,000 

t o n s  have  been  p roduced .  The p r e s e n t  mining 

complex is t h e  result  o f  t h e  merge r  of t h r e e  

mines.  

The d e e p e s t  l e v e l  of  t h e i  mine is 2000 f e e t  (6111 

m) . Access is by ' two s h a f t s ;  t h e  Kahatagaha 

. s h a f t  which h a s  a d e p t h  o f  330 ft ( 1 0 1  m). (f ig. .  

6 ) .  Below t h e s e  d e p t h s ,  access is by a series 
o f  w i n z e s  e q u i p p e d  w i t h  small a i r  . powered 

h o i s t s ,  moving l o a d s  o f  400  kg 2. 

Method o f  T u n n e l l i n g  

U s u a l  c r o s s  s e c t i o n  : 1.8 m w i d t h  x 
1.8 m h e i g h t  

Depth o f  a d r i l l  h o l e  f o r  

b l a s t  i n y  : 1.75  m 
Diameter o f  h o l e s  : 32 - 35 mm 

IJumber of h o l e s  p e r  round  : 34 

Depth b r o k e n  : 1.4 m 

E x p l o s i v e  consumpt ion  p e r  

round : 1 3  kg 2 of 

g e l a t i n e  8 0  p e r  

c e n t  

Loading  a n d  c l e a n i n g  : -manual  

Advance p e r  month (2.3 s h i f t s )  : a b o u t  5 m 

Method o f  w inz ing  

The method is a s  same a s  Bogala.  The h e i g h t  af .' 

t h e  w i n z e s  is 1.8 m. The w i d t h  is 2.70 m. 



Method o f  s t o p i n g  

The g e n e r a l l y  o b s e r v e d  small t h i c k n e s s  o f  t h e  

g r a p h i t e  v e i n s  ( 2 3  cms on t h e  a v e r a g e )  and t h e  

s t r e n g t h  o f  t h e  walls  d e t e r m i n e  t h e  s t o p i n g  

m e t  hod. 

when a .  c r o s s c u t  - p e n e t r a t e s  a  v e i n ,  a  g a l l e r y  is 
\ 

d r i v e n  wh ich  f o l l o w s  t h e  s t r i k e .  I n  a  p l a c e  

where t h e  t h i c k n e s s  is l a r g e r  a raise is opened 

and t h e  s t o p e  is e x t e n d e d  everywhere  t h e  

t h i c k n e s s  is s u f f i c i e n t  t o  a l l o w  a man t o  

crawl. Gihere t h e  v e i n  is t o o  nar row,  b u t  s t i l l  

economlc t o  mine o u t ,  a  w a l l  h a s  t o  be  mined t o  

p r o v i d e  access and t h e  r e s u l t i n g  waste h a s  to  be 

trammed and h o i s t e d ,  b e c a u s e  t h e r e  is no  f i l l i n g .  

S t o p i n g  p r o g r e s s e s  are  a l w a y s  f rom bot tom t o  t o p  

o f  t h e  p a n e l s .  The w o r k e r s  p l a c e  i r o n  b a r s  and 

l a d d e r s  on t h e  s t o p e  f o o t  w a l l  f o r  c l i m b i n g .  

Tr amminy 

The tramming is t h e  same as Boga la  Mine: 2 men 

p e r  t r o l l e y .  A t  t h e  moment, t h e r e  a r e  s i x  

l e v e l s  c o n n e c t e d  d i r e c t l y  t o  - t h e  Kahatagaha  

s h a f t  where t r o l l e y s -  a r e  used .  On l e v e l s  - which 

a r e  no t  cor inec ted  t o -  a s h a f t ,  b u t  o n l y  t o  a 

winze  t h e  t r o l l e y s  d o  n o t  l e a v e  t h e i r  l e v e l .  

They a r e  dulnped i n  h o i s t i n g  s u b - s t a t i o n s  where 

t h e  mu-ck is r e l o a d e d  i l l  wooderl boxes  which a r e  

h o i s t e d  i n  t h e  winzes  by s m a l l  h o i s t .  



Hois t ing  

The ~ a h a t a g a h a  s h a f t  is equipped with a double 

drum h o i s t  powered wi th  an e l e c t r i c  motor. The 

Kolongaha s h a f t  is equipped with a compressed 

a i r  powered h o i s t .  

The c a b l e  way of two ropes  is a t t ached  t o  t h e  \ 

hanging w a l l  of . each winze, on which r o l l s  a 

c a r r i a g e  moved by a h o i s t .  * Boxes a r e  a t tached  

t o  t h i s  c a r r i a g e .  Two persons  may be 

t r a n s p o r t e d  i n  a box, bu t  t h e  workers go t o  

t h e i r  work p l a c e  by c i r c u l a t i n g  on ladders .  

Dra inage  

This  mine is r e h t i v e l y  dry. Never the less  t he re  

is some water  coming from the  s u r f a c e  and from 

d r i l l i n g ,  and it is enough t o  i n c r e a s e  the  

n a t u r a l  humidity of t h e  a i r .  The water i s  

.pumped from l e v e l  t o  l e v e l  as  i n  Bogala. 

V e n t i l a t i o n  

The v e n t i l a t i o n  systems of Kahatagaha and 

Kolongaha a r e  completely s epa ra t e .  Both r e l y  on 

n a t u r a l  v e n t i l a t i o n .  

In  Kahatagaha t h e  a i r  is f o r c e d  dowfP t o  t h e  bottom 

of t h e  s h a f t  and t o  a series of  winzes. It goes 

pup through o t h e r  winzes and o l d  workings, passes  

through t h e  boos t e r  f a n  and f i n a l l y  escapes from 

t h e  mine through t h e  Bemmulla s h a f t .  (Fig.  6 1 .  



L i g h t i n g  

The workings a r e  lit e l e c t r i c a l l y .  Moreover 

some b a t t e r y  lamps, c a n d l e s ,  coconut  o i l  lamps 

a r e  used a t  s t o p e  e n d s  and working W a c e s  where 

t h e  e l e c t r i c a l  l i g h t i n g  is n o t  p o s s i b l e .  

P r o c e s s i n g  .of t h e  Kahataga - Kolongaha G r a p h i t e  \ 

G r a p h i t e  coming from t h e  Kahatagaha and 

Kolongaha works, and a l s o  from Ragedera 

e x p e r i m e n t a l  mine, is mainly  of t h e  c r y s t a l l i n e  

n e e d l e  types .  ( P l a t e s  1 and 2 ) .  The average  

monthly p r o d u c t i o n  o f  raw p r o d u c t s  is 300 tons .  

The ca rbon  c o n t e n t  o f  a l l  t h e  mined o u t  v e i n s  is 

s i m i l a r  and g e n e r a l l y  v e r y  h i g h  due t o  t h e  h i g h  

l e v e l  o f  c r y s t a l l i n i t y .  

The  run  o f  mine is r e c e i v e d  from t h e  h i n e s  and 

is s c r e e n e d  i n t o  f i v e  d i f f e r e n t  s i z e  c a t e g o r i e s :  

S l a b s  more t h a n  50  c m  

Lumps 2 5  mm t o  50  mm 

5mm t o  12.5 mm 
less than, 5 mm. 

The a v e r a g e  ca rbon  c o n t e n t  o f  t h e  less t h a n  5 mm 

c a t e g o r y  is 90/92 p e r  c e n t .  T h i s  last'  p roduc t  

is n o t  c u r e d  and is o n l y  sc reened  i n  3 s i z e  

c a t e g o r i e s :  



, . 

Bold c h i p s  : 1.7 mm t o  5 mm 

P i n e  c h i p s  : O.S.mrn t o  1.7 mm 

n u s t  : o mm t o  0.5 mm 

or s o l d  as  it is, as ch ippy  d u s t  90 ' -  92. pler 

c e n t .  The t o t a l  amount of =less t h a n  5 'mrll" 

r e p r e s e n t s  a p p r o x i m a t e l y  35 per c e n t  of  $he 

t o t a l  p r o d u c t i o n .  A l l  t h e  s c r e e n i n g  o p e r a t i o n s  \ 

are manua l ly  made o n  s i n g l e  s t a g e  deck s c r e e n s ,  

. a f t e r  b r e a k i n g  o f  s l a b s  w i t h  hammers o r  h a t c h e t s .  

Cur ing 

On t h e  f o u r  s i z e  of  lumps, a hand c u r i n g  is made 

by f e m a l e  workers  w i t h  t h e  h e l p  o f  some male 

w o r k e r s  f o r  h e a v i e r  works and o p e r a t i o n s  on 

machinery.  By - hand c u r i n g  on t h e  lumps,. the 

f o l l o w i n g  q u a l i t i e s  and q u a n t i t i e s  are produced. 

97-99 p e r  c e n t  c a r b o n  : 30 p e r  c e n t  of  

t o e a 1  p r o d u c t i o n  

95-97 p e r  c e n t  c a r b o n  : 2 0  p e r  c e n t  o f  

t o t a l  p r o d u c t i o n  

90-92 p e r  cen'k c a r b o n  : 1 0  p e r  c e n t  o f .  

t o t a l  ' p roduc t ion  

Gal k a t u  : 5 p e r  c e n t  o f  

t o t a l  p r o d u c t i o n  

By e x p e r i e n c e  t h e  workers  a r e  a b l e  t o  s a y  t h e  

c a r b o n  c o n t e n t  of a g r a p h i t e  p i e c e  by v i s u a l  

a s s e s s m e n t .  B u t  t h e s e  p r o d u c t s  a r e  checked by 

t h e  mine l a b o r a t o r y  f o r  t h e  c a r b o n  c o n t e n t .  



M i l l i n g  

When r e q u i r e d ,  a c c o r d i n g  t o  t h e  s p e c i f i c a t i o n s  

of  t h e  b u y e r s ,  t h e  l e s s  t h a n  5 mm c a t e g o r y  is 

m i l l e d  i n  t h e  M i l l  c a l l e d  Baby Raymond M i l l ,  

which p r o d u c e s  powder whose c o n t e n t  i s  85 p e r  

c e n t  c a r b o n  and less t h a n  200 .mesh'l 

F l a k i n g  

For s p e c i a l  uses ,  and mainly  f o r  foundry  

purposes ,  f l a k e s  a r e  produced s t a r t i n g  from f i n e  

c h i p s  (0 .5  t o  1.7 mm) w i t h  a v e r a g e  carbon 

c o n t e n t  o f  9 0  t o  9 2  p e r  c e n t .  The f l a k i n g  is i n  

f a c t  a l a m i n a t i o n  of t h e  c r y s t a l s  between two 

f l a t  r o l l e r s  t u r n i n g  a t  d i f f e r e n t .  speed and 

s t r o n g l y  jo ined.  

The £ l a k e s  a r e .  l a t e r  s c r e e n e d  on a v i b r a t i n g  

- sc reen .  ( - P l a t e  8 ) .  

Packing 

The bags  a r e  marked a t  t h e  mine i n  accorhance  

w i t h  t h e  terms of  c o n t r a c t  ie:  q u a l - i t y  o f  

g r a p h i t e ,  number  of o r d e r ,  s h i p p i n g  c o n d i t i o n s  

etc. ~ d d i t i o n a l  bags  a r e  added a c c o r d i n g  t o  t h e  

packed p roduc t .  For powders, t h e  bag is made on 

a n  i n n e r  m u l t i p l e  p l y  p a p e r  w i t h  i n t e r  p o l y t h e n e  

s h e e t  and o u t e r  c o v e r  o f  j u t e .  
- 

- - 

For f l a k e - s ,  f i n e  c h i p s  and chippy d u s t ,  t h e  
4 

i n n e r  and o u t e r  bags  a r e  of  j u t e  wi th  i n n e r  
. . 

Polythene.  



Only lumps and bo ld  c h i p s  a r e  packed i n  double  

jute bags.  Once f i l l e d  t h e  bags  - a re  hand or 

machine sewed. 
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