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NICKEL IN CANADA WITH A SURVEY OF WORLD CONDITIONS 

by 

W. R. McClellantJ. 
Mineral  Resources Div is ion  

CHAPTER I 

INTRODUCTION 

Nickel  i n  p o i n t  of va lue  ranks  f i r s t  among t h e  meta ls  produced 
In  1954 it rep resen ted  almost 12.5 per  cen t  of t h e  t o t a l  . i n  Canada. 

va lue  of minera l  product ion and was only exceeded by crude petroleum. 
Canada has  been f o r  many yea r s  t h e  wor ld ' s  l a r g e s t  producer of t h e  meta l  
account ing f o r  over 80 per  cen t  of t h e  e n t i r e  output .  The purpose of 
t h i s  review is t o  show t h e  development and f u t u r e  p o t e n t i a l i t i e s  of t h e  
Canadian n i c k e l  i n d u s t r y ,  whose importancle i n  t h e  n a t i o n a l  economy and 
paramount p o s i t i o n  a s  a world source  of supply i s  unquestioned. 

The Canadian n i c k e l  i n d u s t r y  has grown s t e a d i l y  s i n c e  t h e  d i s -  
covery of t h e  nickel-copper  d e p o s i t s  of t'he Sudbury b a s i n  of no r the rn  
Ontar io  i n  1883. During t h e  p a s t  decade t h i s  growth has  been g r e a t l y  
a c c e l e r a t e d , - a n d  wi th in  t h e  next  few yea r s  Canada's ou tput  of n i cke l -  
n e a r l y  160,000 s h o r t  t ons  i n  1954 -- should be cons iderably  increased .  

The h i s t o r y  of t h e  indus t ry  i n  Canada provides  one of t h e  most 
f a s c i n a t i n g  s t o r i e s  i n  t h e  annals  of minera l  d i scovery  and development. 
I n  i t s  e a r l y  y e a r s ,  the indus t ry  was handicapped by t e c h n i c a l  d i f f i -  
c u l t i e s ,  and it was only a f t e r  many y e a r s  of r e s e a r c h  t h a t  p rocesses  
f o r  t h e  economic recovery  of copper and n i c k e l  from t h e  complex o r e s  
were developed. These have s i n c e  been g r e a t l y  improved, new methods 
have been developed, and a ve ry  high r a t e  of recovery  is now a t t a i n e d .  

Nickel  i s  a s i l v e r y  whi te  metal  of atomic weight 59, s p e c i f i c  
g r a v i t y  8.9, and mel t ing  po in t  of 1,453 C, In t h e  chemical ly  pure  
s t a t e ,  it has  a t e n s i l e  s t r e n g t h  of 46,000 pounds pe r  square  inch. I t  
possesses  a wide range of va luab le  phys i ca l  c h a r a c t e r i s t i c s ,  namely 
s t r e n g t h ,  toughness ,  hardness ,  d u c t i l i t y ,  and r e s i s t a n c e  t o  co r ros ion  
and t o  change a t  h igh  temperatures3 t h e s e  q u a l i t i e s  a r e  l a r g e l y  imparted 
t o  a l l o y s  conta in ing  n i c k e l ( 1 ) .  
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While n i c k e l  is a component of many a l l o y s  used i n  e a r l y  days,  
it was unknown a s  a s e p a r a t e  element u n t i l  t h e  middle of t h e  e igh teen th  
century.  About t h i s  t ime,  miners i n  Saxony found ores  resembling t h o s e  
of copper,  bu t  which, on smel t ing ,  y ie lded  a tough, hard,  whi te  metal  
t h a t  could no t  be hammered o r  worked i n t o  u s e f u l  shapes. Because of i t s  
r e f r a c t o r y  behaviour,  they  c a l l e d  it ' kupfe rn icke l ' ,  which i n  Engl ish 
means 'Old Nick 's  copper ' .  

I n  1751, t h e  Swedish chemist ,  Axel Crons ted t ,  whi le  experimenting 
wi th  o r e s  s i m i l a r  t o  those  found i n  Saxony, d i scovered  t h e  metal  and 
named it ' n i c k e l ' .  

There was l i t t l e  demand f o r  n i c k e l  u n t i l  near  t h e  end of t h e  
n ine t een th  century.  
known a s  'German s i l v e r '  o r  n i c k e l  s i l v e r .  L a t e r  i t  was used f o r  coinage 
purposes. The United S t a t e s  i s sued  t h e  f i r s t  copper-nickel  co ins  i n  
1857, and was followed by Belgium i n  18621 i n  1881 Swi tzer land  i s sued  
t h e  f i r s t  pure n i c k e l  coins .  Nickel  p l a t i n g  had been developed on a 
commercial b a s i s  i n  1870. 

Probably i t s  f i r s t  commercial use  was i n  an a l l o y  

I ron-n icke l  a l l o y s  were developed e a r l y  and were followed l a t e r  
by t h e  n i c k e l  steels. The s i g n i f i c a n t  m e r i t s  of t h e s e  a l l o y s  opened up 
a wide range of commercial. a p p l i c a t i o n s .  Demand f o r  t h e  metal  began t o  
i n c r e a s e  a f t e r  1889 when James Riley of Glasgow publ ished t h e  r e s u l t s  of 
h i s  experiments on n i c k e l  steel .  
s u p e r i o r  t o  p l a i n  s t e e l  p l a t e  i n  wi ths tanding  armour-piercing s h e l l s ,  
and n i c k e l  s teel  p l a t e  became t h e  s tandard  i n  nava l  and armament con- 
s t r u c t i o n ,  
f i e l d ,  an  es t imated  one- th i rd  of t h e  output  being consumed by t h e  steel 
m i l l s ,  i nc lud ing  l a r g e  q u a n t i t i e s  f o r  s t a i n l e s s  steel .  Nickel  p l a t i n g  
and h igh  n i c k e l  conten t  r o l l i n g  m i l l  products  account f o r  about  40 pe r  
cent .  
such a s  g ray  i r o n ,  s tee l  and non-ferrous c a s t i n g s ,  h e a t - r e s i s t a n t  and 
e l e c t r i c a l - r e s i s t a n c e  a l l o y s ,  magnetsJ b a t t e r i e s ,  chemical products ,  
coinage,  and i n  n i c k e l - s i l v e r ,  cupro-nickel ,  and o t h e r  misce l laneous  
a l l o y s .  

Tests proved t h i s  s tee l  d e f i n i t e l y  

A l a r g e  p ropor t ion  of n i c k e l  is s t i l l  used i n  t h e  f e r r o - a l l o y  

The remaining q u a n t i t i e s  a r e  used i n  a wide v a r i e t y  of a p p l i c a t i o n  

A few y e a r s  p r i o r  t o  R i l e y ' s  announcement, t h e  Canadian n i cke l -  
copper d e p o s i t s  of t h e  Sudbury Basin had been d iscovered ,  e s t a b l i s h i n g  
l a r g e  sources  of supply co inc iden t  w i t h  t h e  expanding markets f o r  n i c k e l .  
Product ion from t h e s e  d e p o s i t s  r o s e  r a p i d l y  and by 1911 was double  t h e  
1901 output  of 4,594 tons .  
of 46,254 tons  i n  1918, only t o  be followed by a s h a r p  d rop  du r ing  t h e  
post-war per iod.  However, a s  a r e su l t  of t h e  development of new uses  
f o r  t h e  me ta l ,  demand s t e a d i l y  increased ,  and by 1929 product ion  had 
r i s e n  t o  55,137 tons.  Output cont inued t o  expand, reaching  a peak of 
144,000 t o n s  i n  1943 dur ing  World War II. I n  t h e  three-year  per iod  
1950-52, it has averaged 134,000 tons  annual ly .  Output i n  1954 was 
n e a r l y  160,000 t o n s  (p re l imina ry  e s t i m a t e ) ,  Curren t  demand g r e a t l y  
exceeds t h i s  f i g u r e ,  howeverJ and concer ted  e f f o r t s  a r e  being made t o  
i n c r e a s e  t h e  sources  of supply.  

Output dur ing  World War I reached a maximum 
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CHAPTER I1 

HISTORY OF NICKEL DEVELOPPENT IN CANADA 

Canada, w i th  i t s  l a r g e  r e s e r v e s  o f  ore9 and wi th  i t s  producing 
mines, s m e l t e r s ,  r e f i n e r i e s ,  and r e s e a r c h  f a c i l i t i e s ,  has played a f o r e -  
most p a r t  i n  t h e  development of n i cke l .  

The f i r s t  d i scovery  of t h e  metal  i n  Canada was made i n  1848 a t  
t h e  Wallace mine i n  no r the rn  Ontar io ,  nea r  t h e  en t r ance  of t h e  Whi te f i sh  
River i n t o  Lake Huron, by Alexander Murray of t h e  Geological  Survey of 
Canada, a s s i s t a n t  t o  S i r  William Logan, thlen Di rec to r  of t h e  Survey(2) .  
A few y e a r s  l a t e r  T. S t e r r y  Hunt, a l s o  of t he  Geological  Survey, 
r e f e r r e d  i n  t h e  Geology of Canada, 1863, t o  an occurrence of n i c k e l  on 
Michipicoten I s l and .  Nei ther  of t h e s e  occurrences proved t o  be 
commercial o rebodies ,  and it was no t  u n t i l  1883, dur ing  t h e  c o n s t r u c t i o n  
of t h e  Canadian P a c i f i c  Railway, t h a t  t h e  f i r s t  d e p o s i t  of n i c k e l  o r e  was 
d iscovered  i n  t h e  Sudbury a r e a ,  a l though it was no t  recognized a s  such a t  
t h e  time . 

This was t h e  beginning of a series of nickel d i s c o v e r i e s  t h a t  has 
cont inued over t h e  y e a r s o  
r a p i d  success ion .  Of t h e s e  t h e  Murray, Creighton,  and Frood-Stobie mines 
a r e  s t i l l  i n  a c t i v e  product ion.  

Up t o  1886, e igh teen  d e p o s i t s  were found i n  

.*c ~ 

By 1890, t h r e e  companies were ope ra t ing  i n  t h e  Sudbury a rea :  
Canadian Copper Company Limited a t  Copper C l i f f ,  Dominion Mineral  Company 
a t  t h e  Blezard and Worthington mines, and t h e  Engl i sh  m e t a l l u r g i c a l  f i r m  
of H.H. Vivian and Company, of Swansea, a t  t h e  Murray mineo Canadian 
Copper Company had two fu rnaces  i n  ope ra t ion  a t  Copper C l i f f  and s i m i l a r  
furnaces  were under e r e c t i o n  by t h e  o t h e r  two companies. 

Two grave  d i f f i c u l t i e s  b e s e t  t h e  new indus t ry .  The f i r s t  was 
t h e  m e t a l l u r g i c a l  problem of dev i s ing  an  economical method of t r e a t i n g  
t h e  o r e s ,  and t h e  second was t h e  l i m i t e d  market f o r  n i c k e l ,  which a t  
t h i s  per iod  was c o n t r o l l e d  by i n t e r e s t s  i n  New Caledonia ,  t h e  l ead ing  
world source  of n i c k e l  u n t i l  1905, when Canadian product ion  took t h e  
lead .  So s e r i o u s  d i d  t h e s e  d i f f i c u l t i e s  become t h a t  t w o  of t h e  
companies f a i l e d ,  and by 1894 Canadian Copper Company was t h e  s o l e  
ope ra to r  . 

Meanwhile two processes  had been developed which tests had 
proved could be used s u c c e s s f u l l y  i n  t h e  economic t r ea tmen t  of t h e  
Sudbury o r e s o  
Company of New J e r s e y ,  incorpora ted  i n  1887, he ld  t h e  p a t e n t  r i g h t s ,  and 
t h e  Mond process  developed and pe r fec t ed  hy D r .  Ludwig Mond and h i s  a s s o c i a t e s .  

These were t h e  Orford process  t o  which t h e  Orford Copper 

I n  1902 Orford amalgamated wi th  Canadian Copper and formed 
I n t e r n a t i o n a l  Nickel  Company. Other companies included i n  t h e  merger 
were American Nickel  Works Soci&; Minisre  Caledonienne, Nickel  Corpora- 
t i o n ,  Limited,  Vermilion Mining Company of Ontari-0, Limited,  and 
Anglo-American I ron  Company. 
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Following t h e  development of t h e  n i c k e l  carbonyl  o r  Mond p rocess9  
D r ,  Ludwig Mond and h i s  a s s o c i a t e s  acqui red  p rope r ty  i n  t h e  Sudbury d i s -  
t r i c t  i n  1899 and t h e  Mond Company Limited was incorpsorated under t h e  
Imper ia l  Companies Act of Great  B r i t a i n  i n  September 1900. 
company had t h e  V i c t o r i a  mine ready f o r  opera t ion .  
i n  Canada and r e f i n e d  a t  t h e  company's p l a n t  a t  Clydach i n  Wales. 

By 1901 t h e  
The o r e  was smelted 

Seve ra l  o t h e r  companies were a c t i v e  i n  t h e  a r e a  dur ing  t h i s  
e a r l y  per iod  but  they g radua l ly  d isappeared ,  and by 1903 ope ra t ions  
were confined t o  t h e  I n t e r n a t i o n a l  Nickel  and t h e  Mond Nickel  companies. 
During t h e  nex t  10 y e a r s  bo th  companies cont inued t o  expand ope ra t ions .  
I n  1912 r e o r g a n i z a t i o n  of I n t e r n a t i o n a l  Nicke l  Company r e s u l t e d  i n  a 
s u b s t a n t i a l  i n c r e a s e  i n  t h e  au tho r i zed  c a p i t a l  s t o c k  of t h e  new company, 
which became known a s  The I n t e r n a t i o n a l  Nicke l  Companys t h e  p r e f i x  "The" 
being t h e  only  change i n  t h e  t i t l e e  

db 

About t h i s  time a smal l  Canadian-owned company, APexo Mining 
Company, Limited,  incorpora ted  i n  1913, opened up t h e  Alexo mine i n  
Dundonald township, Cochrane d i s t r i c t ,  more t h a n  100 miles from t h e  
n e a r e s t  no r the rn  range  o f 3 h e  Sudbury d e p o s i t s .  Between 1912-1919, a 
t o t a l  of 51,860 tons  of ore was mined and shipped t o  t h e  Mond Nickel  
Company's smelter a t  V i c t o r i a  Mineso The mine was c losed  i n  1919, but 
was reopened du r ing  t h e  per iod  1943-44 dur ing  World War 11. 

The outbreak of World War I i n  ,1914 immediately focused 
a t t e n t i o n  on n i c k e l .  I ts  importance i n  making armour p l a t e  and muni- 
t i o n s  made it one of t h e  most important  of t h e  s t r a t e g i c  meta ls .  
Although Canada was t h e  wor ld% major sou rce  of n i c k e l  o r e  and mat te ,  
t h e  meta l  was r e f i n e d  and produced only i n  United S t a t e s ,  Grea t  B r i t a i n ,  
France,  Norway, and Germany, and it was impera t ive  t h a t  n i c k e l  be 
prevented from reaching  t h e  enemyo 
was sma l l ,  b u t  any leakage  v i a  t h e  n e u t r a l  United S t a t e s  would have 
proved s e r i o u s o  I n  September 1915, t h e  P r o v i n c i a l  Government of 
On ta r io  e s t a b l i s h e d  a Commission., l a t e r  known a s  t h e  Royal On ta r io  
Nickel  Commission, t o  s tudy  every phase of t h e  n i c k e l  i n d u s t r y  r e l a t i v e  
t o  t h e  b e s t  i n t e r e s t s .  of t h e  Province, Canada, and t h e  Empire. The 
v a s t  s t o r e  of in format ion  conta ined  i n  t h e  r e p o r t  of t h e  Commission, 
which was i s sued  i n  1917, makes it one of t h e  impor tan t  mi l e s tones  i n  
t h e  h i s t o r y  of t h e  growth of t h e  n i c k e l  i n d u s t r y  i n  Canada. 
s i g n i f i c a n t  t h a t ,  i n  1917, t h e  t r a n s f e r  of n i c k e l  r e f i n i n g  f a c i l i t i e s  
from United S t a t e s  t o  Canada was begun, 

Product ion i n  Norway and Germany 

I t  i s  

Ea r ly  i n  1917, B r i t i s h  American Nickel  Corpora t ion  Limited,  
which had been incorpora ted  i n  1913, and which owned approximately 
17;600 a c r e s  i n  t h e  Sudbury a r e a ,  i nc lud ing  t h e  Murray, E l s i e ,  and Lady 
V i o l e t  mines and s e v e r a l  o t h e r  mines and copper-nickel  p r o p e r t i e s ,  
began c o n s t r u c t i o n  of l a r g e  smel t ing  and r e f i n i n g  works a t  Nickle ton ,  
Ontar io ,  and a t  Deschenes, Quebec, r e s p e c t i v e l y .  The company had 
acqui red  exc lus ive  r i g h t s  f o r  North America t o  t h e  Hybine t te  
e l e c t r o l y t i c  process  f o r  producing r e f i n e d  m e t a l l i c  n i cke l .  
commenced ope ra t ions  a t  Nickle ton  and Deschenes i n  1919 b u t  i t s  t iming  
was most un fo r tuna te  f o r ,  fo l lowing  World War I ,  t h e r e  was an  immediate 
d rop  i n  t h e  demand f o r  n i c k e l .  

I t  

6 
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A few yea r s  l a t e r  t h e  i n d u s t r i a l  dep res s ion  of t h e  e a r l y  
twen t i e s  added f u r t h e r  d i f f i c u l t i e s .  
pounds i n  1918, Canadian n i c k e l  product ion dropped t o  a l i t t l e  over 
1795%'9000 pounds i n  1922. Unable t o  meet t h e s e  adverse  cond i t ions ,  
B r i t i s h  American went i n t o  l i q u i d a t i o n  i n  1924, 

From an output  of 92,500,000 

During t h e  post-war y e a r s  The I n t e r n a t i o n a l  Nickel  Company 
c a r r i e d  on an i n t e n s i v e  program of r e s e a r c h  aimed a t  working ou t  new 
peacetime uses  f o r  n i cke l .  
ex t ens ive  uses  f o r  one of t h e s e ,  Monel metal ,  a nickel-copper  a l l o y  
produced d i r e c t l y  from t h e  mat te ,  were b u i l t  up. The demand f o r  
n i c k e l  increased  s t e a d i l y  and by 1929 more n i c k e l  was being used for 
peacetime purposes than  was used dur ing  t h e  peak per iod  of wartime 
product iono  

New a l l o y s  o f  n i c k e l  were developed, and 

S ince  1918, when t h e  Por t  Colborrie r e f i n e r y  came i n t o  pro- 
duc t ion ,  I n t e r n a t i o n a l  Nickel  Company has  c a r r i e d  out  a l l  t h e  s t a g e s  
of n i c k e l  product ion  i n  Canada from mining t o  r e f i n e d  n i c k e l .  

- 

Late  i n  1928 events  of major Importance occurred i n  t h e  
Canadian n i c k e l  i ndus t ry .  A r e o r g a n i z a t i o n  was c a r r i e d  out  whereby 
The I n t e r n a t i o n a l  Nickel Company o f  Canada, L i m i t e d ,  h i t h e r t o  a wholly 
owned s u b s i d i a r y  of The I n t e r n a t i o n a l  Nickel  Company of New Je r sey ,  
i s sued  i t s  s t o c k  d i r e c t  i n  exchange f o r  s tock  i n  t h e  American Company. 
The ope ra t ing  a s s e t s  of t h e  New J e r s e y  company were t r a n s f e r r e d  t o  a 
new company, t h e  I n t e r n a t i o n a l  Nickel  Company Into, a l l  of whose 
c a p i t a l  s t o c k  was acqui red  by The I n t e r n a t i o n a l  Nickel  Company of 
Canada9 L i m i t e d ,  f r e q u e n t l y  r e f e r r e d  t o  as  ' I n c o ' ,  which a s  a r e s u l t  
of t h i s  r e o r g a n i z a t i o n  became a Canadian company. 

About t h i s  time t h e  Mond Nickel  Company began development of 
i ts  Frood Extension p rope r ty  which l a y  w i t h i n  t h e  Frood p rope r ty  of 
In te rna t iona l .  Nicke lo  
embraced a s i n g l e  orebody of tremendous s i z e  and e x c e l l e n t  grade.  
t h i s  body by t w o  s e p a r a t e  ope ra t ions  would have proven uneconomic. 
Consequently, an agreement was nego t i a t ed  i n  1929 whereby t h e  i n t e r e s t s  
of t h e  Mond Nickel  Company were merged wi th  t h o s e  of Inco. This  merger 
conso l ida t ed  t h e  wor ld ' s  two l a r g e s t  n i c k e l  producers  i n t o  a company 
wi th  mines and smelters i n  Canada, r e f i n e r i e s  i n  Canada and Grea t  
B r i t a i n ,  and r o l l i n g  m i l l s  i n  Grea t  B r i t a i n  and t h e  United S t a t e s .  

I t  soon became ev iden t  t h a t  t h e s e  two p r o p e r t i e s  
Mining 

Falconbridge Nicke l  Mines Limited,  a Canadian company w i t h  
hold ings  i n  Falconbridge and Garson townships i n  t h e  Sudbury a r e a ,  was 
incorpora ted  i n  1928, Work i n  developing t h e  Falconbridge mine pro- 
gressed  r a p i d l y  and e a r l y  i n  1930 t h e  smelter was blown in .  
company purchased t h e  e l e c t r o l y t i c  n i c k e l  r e f i n e r y  of Kr i s t i ansands  
Nikke l r a f f ine r ingsve rk  a t  Kr i s t i ansand9  Norway, where, except  f o r  a 
per iod  du r ing  World War 11, it has cont inued t o  send i t s  mat te  f o r  
r e f i n i n g .  

The 

i 
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I n  1923 a d iscovery  of n i c k e l i f e r o u s  p y r r h o t i t e  was made s o u t h  
of Yale, 110 miles e a s t  of Vancouver, i n  t h e  New Westminster mining 
d i v i s i o n  of B r i t i s h  Columbia, Except f o r  sample shipments of o r e  amount- 
ing  t o  around 5,600 tons  t o  Japan i n  1936 and 1937, t h e  mine was never  
brought  i n t o  commercial product ion.  Western Nickel  Limited,  which now 
owns t h e  p rope r ty ,  c a r r i e d  ou t  an ex tens ive  program of e x p l o r a t i o n  
du r ing  1953 and 1954. 

Except f o r  t h i s  l i m i t e d  development i n  B r i t i s h  Columbia, t h e  
n i c k e l  i n d u s t r y  of Canada u n t i l  1953 was confined t o  t h e  r e l a t i v e l y  
smal l  a r e a  of the  Sudbury b a s i n  of Ontar io .  
Gordon Mines Limited commenced ope ra t ions  a t  i t s  Lynn Lake nickel-copper  
p rope r ty  i n  no r the rn  Manitoba, b r ing ing  a second impor tan t  n i c k e l  a r e a  
i n  Canada under development. 
S h e r r i t t  Gordon Mines p rospec to r  a lmost  60 y e a r s  a f t e r  t h e  f i n d i n g  of 
n i c k e l  n e a r  Sudbury. 

La te  t h a t  y e a r  S h e r r i t t  

The d e p o s i t s  were d iscovered  i n  1941 by a 

The p a s t  decade has  wi tnessed  a tremendous expansion i n  bo th  
t h e  mining and m e t a l l u r g i c a l  phases  o f  t h e  Canadian n i c k e l  i ndus t ry .  
I n  a d d i t i o n  t o  developments a t  Lynn Lake s e v e r a l  p r o p e r t i e s  throughout  
Canada a r e  being prepared f o r  product ion.  
made m e t a l l u r g i c a l l y ,  one of t h e  most outstanding being t h e  development 
of t h e  Forward Process. 
s i g n i f i c a n t  d i s c o v e r i e s  i n  v a r i o u s  p a r t s  of Canada and renewed i n t e r e s t  
has  been taken  i n  s e v e r a l  of t h e  o l d e r  known occurrences.  Among t h e  
more r e c e n t  di .scoveries  under a c t i v e  development a r e  d e p o s i t s  i n  t h e  
Eas t e rn  Townships about  65 miles s o u t h e a s t  of Quebec C i ty ,  i n  no r th -  
wes te rn  Ontar io ,  i n  no r the rn  Manitoba, i n  t h e  Keewatfn Dis t r ic t  i n  
Northwest T e r r i t o r i e s ,  and i n  t h e  Kluane Lake a r e a  of southwes tern  
Yukon . 

Important  advances have been 

Explora t ion  has  r e s u l t e d  i n  a number of 

CHAPTER I11 

CANADIAN NICKEL OCCURRENCES 

Inc luding  t h e  mines of t h e  Sudbury a r e a ,  Canada has  over  75 
known occurrences  of n i c k e l ,  which a r e  found i n  seven of t h e  t e n  
provinces  and i n  Yukon and t h e  Northwest T e r r i t o r i e s (  3 )  

ONTARIO 

In  a d d i t i o n  t o  t h e  Sudbury a r e a ,  n i c k e l  i s  known t o  occur  i n  
t h e  Par ry  Sound d i s t r i c t ,  i n  Has t ings  county i n  e a s t e r n  Ontar io ,  i n  t h e  
Cochrane d i s t r i c t  and i n  t h e  d i s t r i c t  of N i p i s s i n g  i n  n o r t h e r n  Ontar io ,  
and i n  t h e  Algoma and Thunder Bay d i s t r i c t s  and o t h e r  a r e a s  of no r th -  
wes te rn  Ontar io .  Nicke l  mine ra l s  a r e  a l s o  found a s s o c i a t e d  w i t h  many 
of t h e  s i l v e r - c o b a l t  o r e s  of t h e  Cobal t  d i s t r i c t  of no thern  Ontar io ,  
and a sma l l  tonnage i s  recovered i n  t h e  t r ea tmen t  of t h e s e  ores .  
occur rences  have l i t t l e  s i g n i f i c a n c e  a s  sou rces  of n i c k e l .  

These 
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Sudbury D i s t r i c t  

The l a r g e s t  r e s e r v e s  of developed su lphide  ores  of n i c k e l  i n  
t h e  world a r e  those  of t h e  Sudbusy Basin a r e a ( 4 ) .  
shaped l i k e  an e l l i p t i c a l  t rough approximately 37 miles long and 17 
miles wide, is i n  rugged g l a c i a t e d  country,  w i th  rock r i d g e s  a l t e r n a t -  
ing wi th  f l a t ,  d r i f t - cove red  v a l l e y s .  
rocks ,  and sediments occupies t h e  c e n t r e  of t h e  basin. The depos i t i on  
of t h i s  ser ies  was followed by t h e  i n t r u s i o n  of t h e  n i c k e l  i r rup t ive  
forming a g r e a t  l a c c o l i t h i c  mass of nori te-micropegmati te ,  which 
c o n s t i t u t e s  t h e  r i m  of t h e  b a s i n P  The o re  mineral  occur r ing  i n  t h e  
n i c k e l  i r r u p t i v e  rim, and c e r t a i n  ' 9 ~ f f ~ e t ~ ' '  from it, is c h i e f l y  
p y r r h o t i t e ,  w i th  which i s  a s s o c i a t e d  p e n t l a n d i t e  and cha lcopyr i t e ,  
While n i c k e l  and copper a r e  t h e  major meta ls  of t h e  Sudbury d e p o s i t s ,  
they  a l s o  con ta in  minor amounts of c o b a l t ,  gold,  t h e  plat inum meta ls ,  
selenium, s i l ve r ,  and t e l lu r ium.  
pal ladium, i r id ium,  rhodium, ruthenium, osmium) occur i n  extremely smal l  
amounts, bu t  t h e  tonnages mined a r e  s o  l a r g e ,  and t h e  e x t r a c t i o n  processes  
s o  e f f i c i e n t , t h a t  Canada ranks  a s  one of t h e  l a r g e s t  producers  of t h e s e  
meta ls  I. 

This bas in ,  which is 

A ser ies  of vo lcan ic s ,  f ragmental  

Metals of t h e  plat inum group (plat inum, 

The I n t e r n a t i o n a l  Nickel  Company of Canada, Limited 

The numerous hold ings  of t h e  company i n  t h e  Sudbury d i s t r i c t  
cover an a r e a  of 100,000 a c r e s  and inc lude  f i v e  producing mines, t h e  
Frood-Stobie, Creighton,  Levack, Garson, and Murray mines. The combined 
underground development of t h e s e  mines i n  1954 amounted t o  over 375 
mi le s (5 ) .  

The Frood-Stobie mine, i n  McKim township t h r e e  miles n o r t h  of 
Sudbury, c o n s i s t s  of two p r i n c i p a l  s e c t i o n s :  
of t h e  l a r g e s t  known nickel-copper  d e p o s i t s ,  and t h e  S tobie .  
t h e s e  d e p o s i t s  have been ex tens ive ly  mined by open-cut opera t ions .  
S t o b i e  open-pit  ope ra t ion  ceased i n  1951 and work was concent ra ted  
e n t i r e l y  on underground development. 
t o  a dep th  of 1956 f e e t  i n  1952. 
shape, i s  over 500 f e e t  deep, w i th  benches a t  60-foot he igh t s .  
s c a l e  expansion of t h e  underground workings was s t a r t e d  a f t e r  t h e  end 
of t h e  war and w i t h i n  t h e  next  few yea r s  open-pit  ope ra t ions  w i l l  be 
rep laced  by underground mining. 
sunk t o  a dep th  of 3,892 f e e t  and No. 3 t o  a dep th  of s l i g h t l y  over  
3,000 f e e t .  The l a t t e r  is equipped t o  l i f t  10,000 t o n s  of o r e  per 
mining day. 

t h e  Frood, which is one 
S ince  1938 

The 

A new s h a f t ,  Noe 8? was completed 
The Frood open-pi t ,  e l l i p t i c a l  i n  

Large- 

The Frood has  two main s h a f t s ,  No. 4, 

. 
The Creighton mine is  i n  Creighton township, seven miles west 

of Copper C l i f f .  I t  i s  developed by four  s h a f t s ,  t h e  deepes t  of which 
reaches  5,562 f e e t  below t h e  su r face .  The mine con ta ins  l a r g e  tonnages 
of low-grade m a t e r i a l  which previous ly  could n o t  be mined economically 
by convent ional  mining m e t h o d s  However, t h e  development of a low-cost 
bulk mining technique  known a s  induced cavingg has  now made p o s s i b l e  
t h e  economic recovery of t h i s  lower-grade ore.  By t h i s  method g r e a t  
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masses of ore a r e  caused t o  cave and d i s i n t e g r a t e  by t h e i r  own weight.  
As a r e s u l t  of t h e  caving p r o j e c t ,  product ion from t h e  Creighton mine 
has been increased  from 10,000 t o  13,400 tons  of o re  per  mining day. 

The Levack, i n  Levack township, about 20 miles northwest  of 
Copper C l i f f ,  is t h e  most d i s t a n t  of t h e  opera t ing  mines. 
s h a f t  was deepened and a new i n t e r n a l  s h a f t  completed i n  1952 t o  t h e  
2,650-foot l e v e l o  

The main 

Production is a t  t h e  r a t e  of 4,000 t o n s  d a i l y .  

The Garson mine is i n  Garson township, 12  mi l e s  n o r t h e a s t  of 
The main s h a f t  i s  being Copper C l i f f .  

deepened t o  a depth  of over 4,200 f e e t .  
4,000 t o n s  d a i l y .  

I t  is  se rv iced  by two  s h a f t s .  
Product ion is approximately 

The Murray mine is f o u r  mi les  nortlh of Copper C l i f f  i n  McKim 
township. The No. 2 s h a f t  extends t o  t h e  3,300-foot l e v e l .  Product ion 
is a t  t h e  r a t e  of 6,500 tons  per  mining day. 

Exploratory work i s  being c a r r i e d  on i n  t h e  Crean H i l l  mine i n  
Denison township,  1 4  miles southwest of Cop*per C l i f f  e 

To t r e a t  t h e  enormous output of o r e ,  which in 1954 exceeded 
14,400,000 t o n s ,  t h e  company employs two p l a n t s  t o  provide t h e  concen- 
t r a t e s  f o r  the smelters. 
a c a p a c i t y  of 30,000 t o n s  of o r e  per  dayo In  1951 t h e  company b u i l t  a 
second concen t r a to r  a t  t h e  Creighton mine t o  handle  t h e  increased  
tonnages r e s u l t i n g  from t h e  induced caving *method of mining technique.  
This  p l a n t  has  a capac i ty  of 12,000 tons  of ore p e r  day and p y d u c e s  a 
hulk su lph ide  f l o t a t i o n  concen t r a t e  which is d e l i v e r e d  v i a  a 7pmi le  
p ipe  l i n e  t o  t h e  Copper C l i f f  concen t r a to r  where it e n t e r s  t h e  r e g u l a r  
c i r c u i t  f o r  s e l e c t i v e  f l o t a t i o n .  

The o r i g i n a l  concen t r a to r  a t  Copper C l i f f  has 

The company ope ra t e s  two s m e l t e r s ,  t h e  main one being a t  
Copper C l i f f  and t h e  o t h e r ,  t h e  former Mond Company's smelter, a t  
Conis ton,  e i g h t  miles e a s t  of Sudbury. The l a t t e r  is employed i n  
producing copper-nickLel Bessemer matte .  

The Copper C l i f f  sme l t e r  i s  t h e  l a r g e s t  of i t s  kind i n  t h e  
world. The equipment inc ludes  r o a s t i n g  fu rnaces ,  r eve rbe ra to ry  fu rnaces ,  
b l a s t  furnaces ,  conve r t e r s  and a d u s t  p l a n t .  The copper r e f i n e r y ,  about  
a mile from t h e  smelter, r e c e i v e s  molten b l i s t e r  copper d i r e c t  from t h e  
conve r t e r s  i n  "hot  metal  cars" .  Refining is c a r r i e d  out  e l e c t r o l y t i c a l l y .  
C:onstruction of a $14,000,000 p y r r h o t i t e  t r e a t i n g  p l a n t  t h a t  w i l \  employ 
an ammonia leaching  process  i s  under way. 

The companyDS n i c k e l  r e f i n e r y  a t  Po r t  Colborne, Ontar io  was b u i l t  
i n  1918 and produces e l e c t r o l y t i c a l l y  r e f i n e d  n i c k e l  and n i c k e l  oxide.  
The capac i ty  of t h e  r e f i n e r y  i s  over 72,000 t o n s  of e l e c t r o l y t i c  n i c k e l  
a year .  Smelting and r e f i n i n g  ope ra t ions  will be d e a l t  w i t h  i n  g r e a t e r  
d e t a i l  i n  a subsequent chap te r  on t h e  meta l lurgy  of n i cke l .  
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Through a wholly owned s u b s i d i a r y ,  The Huronian Company, Limited, 

t h e  company ope ra t e s  f o u r  hydro -e l ec t r i c  p l a n t s  i n  t h e  Sudbury a r e a ,  which 
have a t o t a l  i n s t a l l e d  capac i ty  of 70,000 horsepower. Power i s  fu rn i shed  
t o  t h e  company's p l a n t s  over i t s  own power l i n e s  a t  33,000 v o l t s .  Addit ion-  
a l  power requirements  a r e  met under c o n t r a c t  w i th  t h e  Hydro Electric Power 
Commission of Ontar io .  

The o r e  r e s e r v e s  of I n t e r n a t i o n a l  Nickel  i n  t h e  Sudbury a r e a  a r e  
of enormous s i z e .  A t  the end of 1954 measured o r e  r e s e r v e s  were es t imated  
a t  261,619,020 s h o r t  t o n s  wi th  a combined nickel-copper  con ten t  of 
7,874,998 s h o r t  tons .  

Falconbridqe Nickel  Mines Limited 

Falconbridge Nickel  Mines owns a number of p r o p e r t i e s  on t h e  r i m  
of t h e  Sudbury Basin embracing approximately 53,000 a c r e s o  
Falconbridge,  McKim,  Hardy, Eas t ,  and Mount Nickel  a r e  producing mines. 
Act ive  development i s  be ing  c a r r i e d  ou t  on t h e  Fecunis  Lake, Boundary, and 
Longvac d e p o s i t s ,  a l l  of which a r e  expected t o  be i n  product ion  by 1959(6). 

Of t h e s e  t h e  

The Falconbridge,  t h e  company's main producing mine,, is i n  t h e  
township of t h a t  name, about  11 miles e a s t  of t h e  c i t y  of Sudbury. I t  
has  two p r i n c i p a l  s h a f t s ,  NO. 1, a 3-compartment t o  a dep th  of 2,848 feet  
wi th  15 levels,  and No. 5, a 5-compartment t o  a depth  of over  4,000 f e e t .  
An i n t e r n a l  s h a f t ,  No. 7,  extends from t h e  2,450-foot l e v e l  t o  4,200 f e e t .  

The M c K i m  mine i n  McKim township a d j a c e n t  t o  t h e  I n t e r n a t i o n a l  
Nickel  Company's Murray mine i s  developed by a s i n g l e  1 ,421-foot  s h a f t .  

The E a s t  mine l i e s  about  a mile t o  t h e  e a s t  of t h e  Falconbridge 
and i s  opened up by a s h a f t  t o  a dep th  of 2,800 f e e t .  

Mount Nickel  mine on t h e  s o u t h  h a l f  of l o t  5, concession 11, 
Blezard township, was d iscovered  i n  1885 and f i r s t  opera ted  between 1899 
and 1901. The orebody is  e s t ima ted  t o  
con ta in  about  300,000 tons .  
i n  t h e  s p r i n g  of 1953 and mining is a t  t h e  r a t e  of 300 t o n s  p e r  day. 

I t  was worked aga in  dur ing  1915. 
A s h a f t  t o  a dep th  of 800 f e e t  was s t a r t e d  

The Hardy mine i n  Levack township i s  on t h e  nor thwes tern  r i m  
of t h e  Sudbury Basin, 
Product ion i s  a t  an  annual  r a t e  of 300,000 tons .  
1,500 t o n s  d a i l y  c a p a c i t y  came i n t o  ope ra t ion  e a r l y  i n  1955. 

The main s h a f t  ex tends  t o  a dep th  of 1,427 f e e t .  
The Hardy m i l l  of 

The most important  of t h e  new developments i s  t h a t  of Fecunis  
Lake. This  d e p o s i t ,  which l i e s  beneath t h e  l a k e  a few miles n o r t h e a s t  
of I n c o ' s  Levack mine, i s  e s t ima ted  t o  con ta in  10,000,000 t o n s  of ore .  
The ground rises s h a r p l y  from t h e  s o u t h e a s t  sho re  of t h e  l a k e  t o  a 
h e i g h t  of over 200 f e e t .  A t  a p o i n t  about  30 f e e t  above t h e  l a k e  an 
a d i t  i s  d r i v e n  i n t o  t h e  h i l l  f o r  a d i s t a n c e  of 600 f e e t ,  where it 
i n t e r s e c t s  w i t h  No. 1 main s h a f t ,  which w i l l  be 4,000 f e e t .  A second 
s e r v i c e  s h a f t  i s  being sunk nea r  t h e  sho re  of t h e  lake .  
t o  t h e  mine b u i l d i n g s ,  p l ans  c a l l  f o r  a 2,000-ton c o n c e n t r a t o r ,  a 
r a i lway  s p u r  t o  t h e  main C.P.R. l i n e ,  and a townsi te .  

I n  a d d i t i o n  

d 
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The Boundary mine  j u s t  eqst of t h e  Hardy is  being opened up by 

a d r i f t  from t h e  19000-foot  l e v e l  of t h e  Hardy mine and by a winze t o  a 
depth  of 650 f e e t .  

Longvac n o r t h  of Fecunis  Lake is  being developed by an  i n c l i n e d  
s h a f t  and t h e  o r e  w i l l  be h o i s t e d  by a conveyor-belt system. 

\ 

The concen t r a to r  a t  Falconbridge has  a c a p a c i t y  of between 2,500 
and 2,600 t o n s  of o r e  p e r  day. 
fu rnaces  and f o u r  c o n v e r t e r s o  
t h e  nickel-copper  mat te  i s  c a r r i e d  ou t  a t  t h e  company's r e f i n e r y  i n  
Kr i s t i ansand ,  Norway. In  o rde r  t o  meet t h e  s u b s t a n t i a l  i n c r e a s e  i n  its 
output  of ore a r i s i n g  from t h e  new mine development under way, t h e  company 
is making arrangements t o  expand i t s  e x i s t i n g  smel t ing  and r e f i n i n g  
f a c i l i t i e s .  

The smelter i s  equipped wi th  t h r e e  b l a s t  
Sepa ra t ion  and r e f i n i n g  of t h e  me ta l s  i n  

The developed and i n d i c a t e d  o r e  r e s e r v e s  of t h e  Fa lconbr idge  
mines and p r o p e r t i e s  i n  t h e  Sudbury a r e a  a t  t h e  end of 1954 were 
35,515,700 t o n s  w i t h  an average grade  of 1059 pe r  c e n t  n i c k e l  and 0.82 
;per c e n t  copper . 

Nickel  R i m  Mines Lirnited 

Th i s  p rope r ty ,  comprising n i n e  c la ims ,  i s  i n  MacLennan township, 
on t h e  e a s t  r i m  of t h e  Sudbury Basin. 
par tment  s h a f t  t o  a dep th  of 700 f e e t .  
t h e  Fa lconbr idge  m i l l  and smelter were s t a r t e d  i n  October 1952, 
of a 750-ton c a p a c i t y  m i l l  was begun i n  1953 and m i l l  ope ra t ions  commenced 
l a t e  t h a t  yea r .  Output is  s o l d  under c o n t r a c t  t o  Fa lconbr idge  Nicke l  Minese 
The e s t ima ted  o r e  r e s e r v e s  a r e  1,393,000 t o n s  wi th  an average  g rade  of 1.3 
p e r  c e n t  n i c k e l ,  and 0.49 pe r  c e n t  copper. 
s h a f t  and i n c r e a s i n g  t h e  m i l l  capac i ty .  ( 7 )  

The mine is  developed by a 3-corn- 
Shipments of development o r e  t o  

Cons t ruc t ion  

Plans c a l l  f o r  deephning the  

Mi lne t  Mines L i m i l G  - 
The Mi lne t  mine was l o c a t e d  i n  Parkin township, 22 miles nor th -  

e a s t  of Sudbury, and was t h e  most n o r t h e r l y  of t h e  ope ra t ing  mines i n  t h e  
Sudbury a r e a o  I t  c o n s i s t e d  of a block of t h e  Jonsmith p r o p e r t y  500 f e e t  
wide, 1,000 f e e t  long and 500 f e e t  deep  con ta in ing  an orebody of approx- 
imate ly  200,000 t o n s  w i t h  an  average  g rade  of 1.35 pe r  c e n t  n i c k e l ,  1.68 
per  c e n t  copper ,  and 0.10 ounces per  t o n  plat inum metals .  
by a 3-compartment s h a f t  t o  a dep th  of 475 f e e t  w i t h  t h r e e  l e v e l s .  
Product ion,  which s t a r t e d  i n  December 1952!, was a t  t h e  r a t e  of 7,500 t o  
~ 0 , 0 0 0  t o n s  pe r  month. The o r e  was crushed a t  t h e  mine and t rucked  t o  
Fa lconbr idge  f o r  t rea tment .  
orebody was mined out.  ( 7 )  

I t  was developed 

The mine c losed  down i n  19549 when t h e  

Nickel  Off sets Limited 

The p rope r ty ,  comprising 51 pa ten ted  c la ims ,  i s  i n  Foy and Bowel1 
townships ,  about  20 miles n o r t h  of Chelmsford. The o r e ,  which occurs  i n  
r i c h  pockets ,  i s  i n  an  o f f s e t  extending ou t  from t h e  nor i te -micropegmat i te  
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r i m - o f  t h e  Sudbury Basin. 
t h ree -qua r t e r s  of a mile a p a r t .  No. 1 i s  1,550 f e e t  and Noo 2 is 
1,106 f e e t  deep. 
s t a r t e d  i n  September 1953. The company has  a c o n t r a c t  w i t h  Falconbridge 
Nickel  Mines f o r  t h e  s a l e  of concen t r a t e s  conta in ing  a t  l e a s t  10,000,000 
pounds of recoverable  n i c k e l  up t o  September 1957. 
dur ing  1943-44, when 10,311 tons  of h igh  grade  nickel-copper  was produced. 
The o r e  reserve is  es t imated  t o  be i n  excess  of 300,000 t o n s  w i t h  an 
average grade  of 1.77 p e r  c e n t  n i c k e l ,  1.31 per  c e n t  copper, 0.025 p e r  
c e n t  c o b a l t ,  and $2.20 p e r  t o n  i n  plat inum meta l s . (7 )  

The mine is  developed by two s h a f t s  about  

Production from a new 300-ton d a i l y  c a p a c i t y  m i l l  

The mine was worked 

Coba 1 t D i s t r i c t  

A smal l  amount of n i c k e l  i s  found i n  t h e  s i l v e r - c o b a l t  o r e s  of 
t h e  Cobal t  a r ea .  
1953 t h e  o r e s  and concen t r a t e s  shipped from t h i s  r eg ion  conta ined  526,400 
pounds of n i cke l .  

This  i s  recovered and marketed a s  n i c k e l  su lpha te .  I n  

Other P r o p e r t i e s  and Occurrences 

I n  a d d i t i o n  t,o t h e  p r o p e r t i e s  desc r ibed ,  t h e r e  a r e  a number of 
nickel-copper  occurrences i n  Ontar io ,  some of which have been p a r t i a l l y  
developed. 
some new d i s c o v e r i e s  have been made. 

Many of them a r e  being a c t i v e l y  explored ,  and, i n  a few cases, 

D i s t r i c t  of Sudburv 

The Denison mine, on l o t  12, concession 11, Denison township, 
is  owned by Pacolund Mines Ltdo  
3-compartment s h a f t  has  been sunk t o  a dep th  of 972 f e e t  w i t h  s i x  l e v e l s .  
There a r e  two minera l ized  a r e a s  i n  n o r i t e  dyke, known as t h e  Worthington 
o f f s e t .  Approximately 800 t o n s  of o re  was shipped from t h e  Howland p i t  
on t h e  west boundary of t h e  p rope r ty  i n  1915-16 averaging  from 6.5 t o  
7.0 per  cent combined n i c k e l  and copper. No product ion  has  been r e p o r t e d  
from t h e  s h a f t  a r ea .  
es t imated  a t  382,900 t o n s  t o  1,100 f e e t  depth ,  averaging  1.0 p e r  c e n t  
n i c k e l  and 0.93 p e r  c e n t  copper . (7)  

Operat ions were begun i n  1937'and a 

The o re  r e s e r v e  a f t e r  30 p e r  c e n t  s o r t i n g  is  

The Dominion Nickel  p rope r ty  of New Dominion Nickel  Mines 
Limited,  comprises t h r e e  groups of f i v e  claims each i n  Norman township, 
Sudbury d i s t r i c t .  An a d i t  was d r i v e n  on t h e  main group i n  1947 and t h e  
d e p o s i t  was diamond d r i l l e d .  
t h e  a d i t  c a r r i e d  2.52 p e r  cen t  n i c k e l  and 0.05 p e r  c e n t  copper. 

A sample taken  70 f ee t  i n  from t h e  mouth of 

The Shakespeare p rope r ty  on t h e  N.E. of l o t  2, concession V ,  
Shakespeare township, i s  owned by Falconbridge Nickel  Mines Limited. The 
occurrence is  a minera l ized  zone i n  q u a r t z  d i o r i t e  i n  which m i n e r a l i z a t i o n  
c o n s i s t s  of d i sseminated  p y r r h o t i t e ,  p e n t l a n d i t e ,  and cha lcopyr i t e .  I t  
is undeveloped, bu t  was diamond d r i l l e d  i n  1951. 
con ta in  between 3,000,000 and 4,000,000 t o n s  of m a t e r i a l  averaging  0.34 
per  c e n t  n i c k e l  and 0.40 per c e n t  copper . (8)  

I t  i s  e s t ima ted  t o  

f 
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Northbridge Mines Limited,  i n  which Falconbridge Nickel  Mines 

lhas a c o n t r o l l i n g  i n t e r e s t ,  i s  explor ing  a 28-claim p rope r ty  i n  Parkin 
township about  two miles n o r t h e a s t  of t h e  Sudbury Basin. Sampling of 
ou tcrops  has  g iven  copper from 0018  t o  0.95 pe r  c e n t  and n i c k e l  from a 
t r a c e  of 3.35 per  cent .  The d e p o s i t  i s  of: i n t e r e s t  a s  it occurs  no r th  
of t h e  nor i te -micropegmat i te  con tac t .  

The Gauth ier  p rope r ty  on p a r t s  of l o t s  7-10, concession I ,  
I-Iyman township, and l o t s  9-10, concession VI, Nairn township, c o n t a i n s  
t w o  smal l  exposed su lph ide  zones i n  quar tz -d iabase  less than  h a l f  a mile 
a p a r t .  
~5 p e r  c e n t  copper. ( 7 )  

Se lec t ed  g rab  samples con ta in  up t o  0.80 pe r  c e n t  n i c k e l  and 

The Dunvegan p rope r ty  of Dunvegan Mines Limited comprises 129 
claims i n  Kenogaming township, Sudbury d i s t , r i c t .  The d e p o s i t  was d i s -  
covered i n  1951. P e n t l a n d i t e  occurs  d isseminated  i n  a s e r p e n t i n i z e d  
p e r i d o t i t e ,  c l o s e  t o  t h e  c o n t a c t  w i t h  vo lcan ic s .  A geophys ica l  survey  
and 5,000 f e e t  of diamond d r i l l i n g  c a r r i e d  ou t  i n  1952 i n d i c a t e d  0.25 
per  c e n t  n i c k e l  a c r o s s  wid ths  up t o  200 f e e t .  

The p rope r ty  of Dominion Gulf Company i n  Sothman township 
comprises c la ims  i n  t h e  s o u t h e a s t  cQrne r  of t h e  township and a l a r g e  
group of c la ims  i n  a d j o i n i n g  townships. Su r face  work, g e o l o g i c a l  and 
geophys ica l  surveys ,  and diamond d r i l l i n g  have d i s c l o s e d  l e n s e s  of 
d i sseminated  n i c k e l i f e r o u s  p y r r h o t i t e  on t h e  margin of a p e r i d o t i t e  
body and some narrow i n t e r s e c t i o n s  of massi.ve su lph ides .  T h e  g rade  
of t h e  d isseminated  m a t e r i a l  averages  1.5 pe r  c e n t  n i c k e l ,  wh i l e  a s s a y s  
of t h e  massive su lph ides  have been a s  h igh  a s  7.5 p e r  cent n i c k e l .  
Widths average 12.5 f ee t  i n  t h e  a r e a  d r i l l e d .  No e s t i m a t e  of t h e  
tonnage has  been r epor t ed . (7 )  

:Southern On ta r io  

\ I n  Parry Sound d i s t r i c t  t h e  Nickel. C l i f f  mine on l o t  17, con- 
ces s ion  VIII, Armour township, was developed i n  1900 and 1901 by a sha l low 
:;haft 32 f e e t  deep, Three d r i l l  h o l e s  were put  down i n  1903 and 1904. No 
r e c e n t  a c t i v i t y  has  been r epor t ed .  
l942  by Jo S a t t e r l y ,  On ta r io  Department of Mines, analyzed 1037 p e r  c e n t  
copper and l040 per  c e n t  n i cke l .  

Grab sa,mples taken  from t h e  dump i n  

The Bonter  d e p o s i t  on l o t  27, concession V, Marmora township, 
Has t ings  county, occurs  a s  d i sseminated  chaJcopyr i t e  and p y r r h o t i t e  i n  
a mass of igneous py roxen i t e  i n t r u d i n g  greywacke. Some t e s t  p i t s  were 
dug i n  1925 and s i x  diamond d r i l l  ho le s  were pu t  down i n  1943. Two 
samples a c r o s s  60 f e e t  
n i c k e l ,  and 2.,39 p e r  c e n t  copper ,  0.48 pe r  c e n t  n i c k e l  r e s p e c t i v e l y . ( 9 )  

analyzed 1.34 p e r  c e n t  coppert  0.42 p e r  c e n t  

yo r the rn  and Northwestern On ta r io  

The Alex0 mine, on l o t  12, concession 111, Clergue township and 
1.ot I ,  concession 111, Dundonald township, Cochrane d i s t r i c t ,  was d i s -  
covered i n  1908.and,  dur ing  ope ra t ions  betwreen 1912 and 1919 produced 
2,213 t o n s  of n i c k e l  and 240 t o n s  of copper. Operat ions were resumed 
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dur ing  t h e  per iod  1943-44, when shipments totall i .xig 2,846 t o n s  were made 
t o  t h e  Copper C l i f f  smeltero Nicke l i f e rous  p y r r h o t i t e ,  p e n t l a n d i t e ,  and 

p e r i d o t i t e  and Keewatin p i l l ow l a v a e  
t o  a depth  of 265 f e e t  w i th  c r o s s c u t s  and d r i f t s  on t h r e e  l e v e l s o ( l O )  

t r a c e s  of c h a l c o p y r i t e  and p y r i t e  occur a s  l e n s e s  a t  t h e  c o n t a c t  of ( 6  

The mine i s  developed by a s h a f t  

1 
1, 

The Trebor mine (I]-), owned by Trebor  Mines Limited,  i s  i n  
S t r a t h y  township,  Nip iss ing  d i s t r i c t  , about  f o u r  miles northwest  of 
Timagami. on t h e  Ontar io  Northland Railway. Sulphide mineral . fzat ion 
occurs  i n  a p i t c h i n g  basin-shaped body of p e r i d o t i t e  d i sseminated  
throughout  w i th  c h a l c o p y r i t e  and p y r r h o t i t e .  
occur i n  smal l  ve ins .  The o re  zone is  c u t  by two d iabase  dykes. The 
d e p o s i t  was developed between 1932 and 1937 a s  t h e  Cuniptau mine. 
During t h i s  per iod  a 2-compartment s h a f t  was sunk t o  240 f e e t  and a 
50-ton p i l o t  p l a n t  b l a s t  fu rnace ,  which was opera ted  f o r  a few months 
only,  was e rec t ed .  The mat te  produced conta ined  99,284 pounds of 
copper ,  65,434 pounds of n i c k e l ,  3 L O  ounces of go ld ,  910.0 ounces of 
s i l v e r ,  82.7 ounces of plat inum and 186.3 ounces of palladium. Explora- 
t i o n  and development were resumed i n  1948 and du r ing  1949 over  38,000 
f e e t  of diamond d r i l l i n g  was c a r r i e d  out .  I n  1949, o r e  reserves nor th-  
west of t h e  d i abase  were e s t ima ted  a t  349,000 t o n s s  averaging  1.42 p e r  
c e n t  combined n i c k e l  and copper, whi le  s o u t h e a s t  of t h e  d i abase  over 
2,500,000 t o n s  o f  low-grade nickel-copper  ore was r epor t ed .  Cons idera t ion  
has been g iven  t o  an  open-pi t  o p e r a t i o n . ( l l )  

Some massive su lph ides  

The Lakemount p rope r ty ,  township 28, range  24, Algoma d i s t r i c t ,  
i s  a low-grade nickel-copper  d e p o s i t  i n  which d isseminated  c h a l c o p y r i t e  
and p y r r h o t i t e  occur i n  t h e  c o n t a c t  zone of a p e r i d o t i t e  i n t r u s i v e  body. 
The d e p o s i t  has  been e x t e n s i v e l y  diamond d r i l l e d .  The resul ts  of d r i l l -  
ing c a r r i e d  ou t  i n  1952 i n d i c a t e d  4,000 t o n s  of o re  p e r  v e r t i c a l  f o o t  t o  
t h e  500-foot hor izon ,  
p e r  c e n t  n i c k e l  and 0042  per  c e n t  coppe re (12)  

Sampling of 1 9  d r i l l  h o l e s  gave an  average  of 0.43 

The Shebandowan Lake p rope r ty  on t h e  southwest  bay of lower 
Shebandowan Lake, Thunder Bay d i s t r i c t ,  i s  owned by The I n t e r n a t i o n a l  
Nickel  Company of Caqada, Limited. It is composed of a series of s u l p h i d e  
lenses connected by ve ry  narrow widths  of su lph ides  i n  sheared  p e r i d o t i t e o  
The lenses vary  i n  l e n g t h  %ram 800 t o  1 ,600  f e e t  and extend f o r  a d i s t a n c e  
of about  4,000 f e e t ,  
mine ra l s  a r e  p y r i t e ,  c h a l c o p y r i t e ,  p y r r h o t i t e ,  and polydymiteo Sur face  
sampling over  t h e  mining widths  g i v e s  a n i c k e l  con ten t  r a r e l y  over  3.0 
per  c e n t  and copper 2.0 p e r  c e n t a  Up u n t i l  1952 cons ide rab le  s u r f a c e  
work and diamond d r i l l i n g  were c a r r i e d  ou t  on t h e  p r o p e r t y . ( l 3 )  

Ore widths  va ry  from f i v e  f e e t  t o  10 f e e t o  The o r e  

The P ic  Nickel  p rope r ty ,  a l s o  known a s  t h e  Beggs-Currie p rope r ty ,  
e a s t  o f  P i c  River ,  17 miles n o r t h  o f  Heron Bay S t a t i o n ,  C.PmRm9 is owned 
by Pic Nickel  Mines Limited. 
makes up t h e  low-grade nickel-copper  d e p o s i t .  
i n  1930 and aga in  i n  1953. (14) 

A body of d i sseminated  su lph ides  i n  d i o r i t e  
Some s u r f a c e  work was done 

An occurrence of d i sseminated  c h a l c o p y r i t e a n d  n i c k e l i f e r o u s  
p y r r h o t i t e  was d iscovered  i n  1952 nea r  Emo, 20 miles west of F o r t  F ranc i s ,  
Rainy Rivgr d i s t r i c t -  The propertys comprising 200 c la ims  was diamond 
d r i l l e d  by Falconbridge Nickel  Mines Limited and Ventures Limited* 
Resu l t s  d i d  n o t  i n d i c a t e d e p o s i t s  of economic grade.  

2 
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Kenora Dis t r ic t  

The p rope r ty  of Kenora Nickel  Minels Limited a t  Populus Lake, 
a&pproximately 50 miles northwest  of Kenora, embraces a body of n i c k e l  
and copper-bearing su lph ides  i n  gabbro over  a l e n g t h  of 1,000 f e e t ,  a 
width of 100 f e e t ,  and t o  a depth  of 850 f e e t .  Up t o  1950, 22,000 
feet  of diamond d r i l l i n g  had been c a r r i e d  out .  The o v e r - a l l  g rade  is 
repor t ed  t o  be around 0075 per  cen t  of combined n i cke l - coppe re (7 )  

In  t h e  Werner Lake-Gordon Lake-Rex Lake a r e a  s e v e r a l  l e n t i c u l a r  
bodies  of nickel-copper  m i n e r a l i z a t i o n  occur  w i t h  a s s o c i a t e d  platinum- 
pal ladium va lues  a t  i n t e r v a l s  over  a l e n g t h  of s e v e r a l  miles. Quebec 
Nickel  Corporat ion Limited has  more than  200 c la ims  i n  t h e  a r e a  and has  
c a r r i e d  out  ex tens ive  diamond d r i l l i n g  and s u r f a c e  exp lo ra t ion .  Resul t s  
of work done i n d i c a t e  t h e  presence of s u b s t l a n t i a l  tonnages of sub-marginal 
and marginal  o reo  Three miles west of Werner Lake, Se lco  Explora t ion  
Company Limited has explored occurrences of minera l ized  p e r i d o t i t e  d i s -  
covered dur ing  t h e  summer of 1953.(15) 

NEWFOUNDLAND 

Occurrences of n i c k e l  have been r e p o r t e d  i n  s e v e r a l  l o c a l i t i e s  
i n  t h e  province.  
o r e  valued a t  $32,740 was shipped from a smal l  d e p o s i t  i n  t h e  copper 
workings of West Mine a t  T i l t  Cove on t h e  w e s t  c o a s t  of Notre  Dame Bay. 
Th i s  was appa ren t ly  an i s o l a t e d  pocket ,  a s  no f u r t h e r  shipments a r e  
recorded.  (16) 

Between 1869 and 1874, a - to t a l  of 411 t o n s  of picked 

Other occurrences have been found on t h e  northwest  s i d e  of 
Chapel I s l and  i n  Notre  Dame Bay! a t  Howe Harbour i n  Hare Bay on t h e  
n o r t h e a s t  c o a s t ;  and i n  t h e  Blow-me-down massif  of t h e  Bay of I s l a n d s  
complex on t h e  west c o a s t o  None of t h e s e  occurrences  appear  t o  be of 
any economic va lue .  

NEW BRUPJSWICK 

I n  S t .  Stephen p a r i s h ,  C h a r l o t t e  county,  a d e p o s i t  of n i c k e l -  
i f e r o u s  p y r r h o t i t e  and c h a l c o p y r i t e  occurs  as pockety masses n e a r  t h e  
c o n t a c t  of a l t e r e d  s l a t e s  and in t ruded  masses of gabbro, 
f e e t  of t r ench ing  and 4,000 f e e t  of diamond d r i l l i n g  c a r r i e d  ou t  i n  
1929 l ind ica t ed  an  o r e  body i n  t h e  form of an  i n v e r t e d  pyramid, 15,000 
square  f e e t  a t  t h e  s u r f a c e  and extending t o  a dep th  of 250 f e e t .  The 
e s t ima ted  tonnage i s  150,000 t o n s  averaging  1.5 pe r  c e n t  n i c k e l  and 0.9 
pe r  cen t  coppero I n  1947, I n t e r n a t i o n a l  Nickel  l ea sed  t h i s  p rope r ty  and 
l a r g e  a r e a s  i n  ad jo in ing  coun t i e s ,  and c a r r i e d  out  ex tens ive  g e o l o g i c a l  
and geophys ica l  surveys.  The r e s u l t s g  however, were n o t  encouraging and 
t h e  l e a s e s  were r e l i n q u i s h e d o  (17) 

Some 2,000 

a 

QUEBEC 

The most important  known occurrence of n i c k e l  is  t h e  p rope r ty  of 
Eas t e rn  Metals  Corporat ion Limited i n  t h e  e a s t e r n  p a r t  of t h e  province  i n  
the Township of R o l e t t e ,  Montmagny county,  about  two miles west of t h e  



v i l l a g e  of S t U  FaloZen de  Panet. 
i n  l 9 5 l P  and diamond d r i l l - i n g  ind ica t ed  two zones:, t h e  no r th ,  minera l ized  
wi th  n i c k e l  and z inc ,  and t h e  south ,  approximately 300 f e e t  t o  t h e  south-  
e a s t g  conta in ing  copper minera ls  and low va lues  i n  n i cke l .  The zones 
occur i n  interbedded a r g i l l a c e o u s  s l a t e s  q u a r t z i t e s ,  and dolomites  t h a t  
have been h igh ly  frac-Lured and a l t e r e d .  
zone a r e  polydymite and mil ler i te  a s s o c i a t e d  w i t h  py r i t e  and a smal l  
amount of s p h a l e r i t e e  In t he  south zone c h a l c o p y r i t e ,  ma lach i t e ,  and 
some na t ive  copper a r e  founcL( l8)  

Nickel was d iscovered  on t h e  p rope r ty  

The n i c k e l  mine ra l s  of t h e  n o r t h  

Sinking of a 3-compartment s h a f t  t o  a depth  of 600 f e e t  was 
begun i n  19520 Explora t ion  and development work on t h e  170-foot level 
i n  t h e  n o r t h  zone i n d i c a t e s  t h a t  t h e  f u l l  width of t h e  o re  zone is 30 
t o  35 fee t  w i t h  an average grade  i n  excess  o f  two pe r  cen t  n i cke l .  In 
1952 t h e  n o r t h  zone was es t imated t o  have i n  excess of $Q09000 t o n s  of 
ore averaging 0.81 per c e n t  nickel, and 1.32 pe r  c e n t  z i n c B  
tests on t h e  ore i n d i x a t e  s a t i s f a c t o r y  concen t r a t ion  and recovery of t h e  
n i c k e l ,  The e r e c t i o n  o f  a concen t r a to r  i s  planned, 

MetaPlurgfcal  

In  t he  south  p a r t  of Calumet I s l a n d ,  Pontfac county,  numerous 
narrow pysrhcrkite and p y r i t e  v e i n s  conta in ing  n i c c o l i t e ,  n i c k e l i f e r o u s  
pyrrhotite, c h a l c o p y r i t e ,  and c o b a l t i f e r o u s  g e r s d o r f f i t e  a r e  found om 
l o t  Xl, range VIII, and l o t s  10, l l 9  and 30, range IX.  Some work was 
c a r r i e d  out  on t h e  Ostram claims on l o t  10, range I X ,  a number of y e a r s  
ago. 
ing was done across t h e  s t r ike  of the mineralized zone. A 5,830-pound 
sample submit ted t o  t h e  Ore Dressing Labora tory9  Mines Branch, Ottawa9 
i n  1933 ana lysed  n i c k e l ,  0,88 pes cent;  c o b a l t ,  0.17 pes cent; i r o n ,  l8,8 
per c e n t ;  i n s o l u b l e ,  54,9 per  c e n t ;  and go ld ,  (3.02 ounces pe r  ton.  No 
work on t h i s  occurrence has been r epor t ed  i n  r e c e n t  yearsa(I-9) 

Two o r  three shal low s h a f t s  were sunk and l a t e r  120 f e e t  of t rench-  

MANITOBA 

Numerous n i c k e l  occurrences have been found i n  Manitoba i n  
a d d i t i o n  t o  t h e  Lynn Lake d e p o s i t  of Sherritt Gordon Mines Limited. (20) 

Northern Manitoba 

SArJritt Gordon Mines Limited 

S h e m i t t  Gordon Mines Limited began t h e  product ion  of n i c k e l  and 
copper concen t r a t e s  from i t s  Lynn Lake mine i n  October 1953 upon t h e  
completion of t h e  XM-rnile r a i lway  from Skerridon. t o  Lynn Lake. The 
company’s r e f i n e r y  a t  Fort, Saskatchewan i n  Alber ta  was completed i n  June 
1954* 
990Q0,00Q pounds of copper, 300,000 pounds of c o b a l t ,  and 70900Q t o n s  of 
by-product ammonium sulphaten (20) 

Scheduled annual  ou tput  is as  folLows: 17,QQ09QO0 pounds of n i c k e l ,  

The Lynn Lake proper ty  i s  i n  t h e  G r a n v i l l e  Lake a r e a  of no r the rn  
Manitoba, 36 miles from t h e  Manitoba-Saskatchewan border ,  and 120 a i r  miles 
n o r t h  of Shemidono  
d s i U e d  u n t i l  194-5, when a s u b s t a n t i a l  orebody was ind ica t ed .  

The d e p o s i t  was d iscovered  in 1941, b u t  was n o t  diamond 
Subsequent 

z 

a 

t 
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magnetometer and e lec t romagnet ic  surveys and ex tens ive  diamond d r i l l i n g  
ou t l ined  seven main orebodies  c 'ontaining 14,055,000 t o n s  of o r e  averag-  
ing 1.22 pe r  cen t  n i c k e l  and 0.62 pe r  cent  copper, 

The o re  occurs  a s  p ipes  of more or l e s s  massive su lph ides  i n  
b a s i c  plugs.  
d i p  from 70° t o  v e r t i c a l .  
"Af' mine 5-compartment s h a f t ,  completed t o  a depth  of 1,627 f e e t ,  and 
t h e  "EL" s h a f t ,  on which s ink ing  was begun i n  J u l y  1952, and a t  t h e  end 
of 1953 had reached a depth of 1,000 f e e t ,  

I n  c ros s - sec t ion ,  t h e  p ipes  a r e  g e n e r a l l y  e l l i p t i c a l  and 
The d e p o s i t  i s  opened up by two s h a f t s ,  t h e  

The o r e  minera ls  a r e  n i c k e l i f e r o u s  p y r r h o t i t e  and c h a l c o p y r i t e ,  
w i t h  minor amounts of coba l t .  

The ra i lway was b u i l t  by t h e  Canadian Nat iona l  Railways a t  an 
es t imated  c o s t  of $~49725,000. 

Power f o r  t h e  mine and m i l l  and t h e  t owns i t e  comes from a 7,000 
h.p. h y d r o - e l e c t r i c  power development cons t ruc t ed  on t h e  Laur ie  River ,  44 
miles sou th  of Lynn Lake. 

The i n i t i a l  c a p a c i t y  of t he  m i l l  is  2,000 tons of o re  per day; 
it produces a n i c k e l  concen t r a t e  and a copper concentrate. 
i s  hauled by r a i l  t o  t h e  company's r e f i n e r y  a t  F o r t  Saskatchewan, A lbe r t a ,  
f o r  r e f i n i n g  by t h e  Forward ammonia pressure- leach  process .  The copper 
concen t r a t e  w i l l  be shipped i n i t i a l l y  t o  tlhe Noranda smelter f o r  t r e a t -  
ment. La te r  it is  planned t o  t r e a t  it. a t  F o r t  Saskatchewan. - 

The former 

The Mystery Lake Deposi ts  

These d e p o s i t s  a r e  between t h e  Manasan and Burntwood Rivers i n  
Cross Lake Mining Div is ion ,  some 35 a i r  a i . l e s  n o r t h  of Thicke t  Portage on 
t h e  Hudson Bay Railway. Canadian Nickel  Company, a s u b s i d i a r y  of 
I n t e r n a t i o n a l  Nicke l ,  i s  ca r ry ing  on an ex tens ive  e x p l o r a t i o n  and d r i l l -  
ing program on i t s  91-claim p rope r ty  a t  Moak Lake, 
enormous size b u t  t h e  n i c k e l  con ten t  i s  low, ranging from 0.3 t o  0.7 p e r  
cent .  
t h e s e  d e p o s i t s  an important  source  of n i c k e l ,  Adjacent  t o  t h e  Canadian 
:Nickel p rope r ty ,  Mystery Lake Mines Limited9 i n  which Berens River Mines 
.Limited holds  an i n t e r e s t ,  i s  a c t i v e l y  exp lo r ing  and diamond d r i l l i n g  an 
i n t e r e s t i n g  n icke l -bear ing  s e r p e n t i n i z e d  p e r i d o t i t e .  ( 2 1 )  

The d e p o s i t s  a r e  of 

Technological  advances i n  mining and me ta l lu rgy  could r e a d i l y  make 

Southeastern-Manitoba 

I n  t h e  Maskwa River and Oiseau (B:trd) River a r e a s ,  Lac du Bonnet 
Mining Div i s ion ,  Sou theas t e rn  Manitoba, occurrences of n i c k e l  have been 
.known for many yea r s .  
;pil low l a v a s  and beds of qua r t zose  t u f f s .  The mine ra l s  a r e  c h a l c o p y r i t e ,  
n i c k e l i f e r o u s  p y r r h o t i t e  , and pen t l and i t e .  Diamond d r i ' l l i n g  c a r r i e d  ou t  
]pr ior  t o  1930 i n d i c a t e d  300,000 t o n s  averaging l A 7  per  c e n t  n i c k e l  and 
8.78 pe r  c e n t  copper on t h e  Maskwa d e p o s i t s  and 400,000 t o n s  averaging  1.31 
:per c e n t  n i c k e l  and 0.35 pe r  c e n t  copper on t h e  Oiseau Rcver d e p o s i t .  
I n t e r e s t  has been r ev ived  i n  t h e s e  a r e a s ,  and i n  1951 Maskwa Nickel  Chrome 
Mines Limited,  a s u b s i d i a r y  of Falconbridge Nickel  Mines Limited and 

The d e p o s i t s  a r e  replacement types  i n  a n d e s i t i c  



- 18 - 
Ventures Limited, acquired a number of claims. The company has carried 
out electromagnetic and other geophysical surveys and diamond drilling, 
and plans further exploratory work, particularly in the Oiseau (Bird) 
River areao Some 1,350,000 tons of ore has been indicatede(22) 

I Other Occurrences 

Other nickel occurrences are known in different sections of 
Manitoba. 
area, and showings of pyrrhotite, pentlandite, and chalcopyrite have been 
reported on English Brook, also in Rice Lake Mining Division, 
Lynn Lake area, God's Lake Gold Mines Limited is investigating a group 
of claims adjacent t o  the Sherritt Gordon property. 

Some claims have been staked in the Clangula Lake-Bird River 

In the 

SASKATCHEWAN 

Numerous nickel-copper occurrences have been reported in the 
northern part of the province and at least three have been investigated 
in the Lac l a  Rorige area. A magnetometer survey and diamond d<illing 
program was carried out on the Hall property on the southeast shore of 
Rottenstone Lake by Cape Copper Mines Limited in 1952$ and the Anglo; 
Rouyn Mines Limited i s  drilling the Maskwa group of claims, 15 miles 
northeast of Waden Bay. Several occurrences have been explored farther 
east near the Saskatchewan-Manitoba boundary. Among these, showings at 
Birch Lake indicate a mineralized zone of chalcopyrite and nickeliferous 
pyrrhotite 90 feet wide containing lenses of massive sulphides up to 10 
feet in width, In the extreme north of the province, in the Goldfields 
area, the Achok group contains an elongated body of ngrite extending f o r  
at least 900 feet.(23) 
sulphides, pyrrhotite, and minor amounts of chalcopyrite occur as 
cementing material in the breccia, as fracture fillings, and as dissemin- 
ated replacementso 
1,500,000 tons of low-grade ore with a nickel content varying up t o  Oe6 
per cent e 

The norite has i n  part been'brecciated and the 

The body is estimated to contain approxiqately 

BRITISH COLUMBIA 

The B.C. Nickel Mines Ltdo property, now controlled by Western 
Nickel Limited, a jointly owned company of Pacific Nickel Mines Limited 
and Newmont Mining Corporation, New York, is between Stulkawhits and 

Railway, about 100 miles east of Vancouvero (24) 
* Emory creeks, seven miles by road from Choate on the Canadian Pacific 

The first discovery of nickeliferous pyrrhotite in this region 
was made in 1923. 
irregularly distributed in a hornblendite mass of late Mesozoic age. 
The massive bodies have up to 50 o r  60 per cent sulphide and contain 
over 1.0 per cent nickel. 
and chalcopyriteo 

The deposits are found as masses of sulphides 

The ore minerals are pyrrhotite9 pentlandite, 

e' 
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V 

. 

Up t o  1931 a c t i v e  prospec t ing  i n  t h e  a r e a  r e s u l t e d  i n  t h e  
f i n d i n g  of a number of o t h e r  showings. B.C. Nickel  Mines Ltd., 
organized i n  1929, c a r r i e d  ou t  ex tens ive  development inc lud ing  some 
94,000 f e e t  of d r i l l i n g .  Up t o  1936 two a d i t s ,  No. 1 wi th  a l e n g t h  
of 4,629 feet; and seven c r o s s c u t s  t o t a l l i n g  7,145 f e e t ,  and No. 2 
extending f o r  2 ,321 f e e t  were d r iven  i n t o  t h e  mountaino 

During 1936 and 1937, a t o t a l  of 5 ,618 t o n s  of development 
o r e ,  Inc luding  475 tons  of concen t r a t e ,  was shipped t o  Japan. Opera- 
t i o n s  ceased about  t h i s  time and t h e  mine never  went i n t o  product ion .  
I n  1938 P a c i f i c  Nickel  Mines Limited acqui red  ownership of t h e  proper ty .  
I n  1951, renewed i n t e r e s t  was taken  i n  t h e  p rope r ty  and an e x p l o r a t o r y  
program was inaugura ted  t o  l o c a t e  a d d i t i o n a l  o r e  r e s e r v e s  which i n  1940 
were e s t ima ted  a t  over  l,OOO,OOO t o n s  averaging  1.39 p e r  c e n t  n i c k e l  
and 0.5 p e r  c e n t  copper. Newmont Mining Corpora t ion  became a s s o c i a t e d  
wi th  P a c i f i c  Nickel. Mines Limited i n  t h i s  development, and t h e  p r e s e n t  
company, Western Nickel  Limited,  was formed e a r l y  i n  1953. 

Development work which was begun l a t e  i n  1952 and which i n -  
c luded t h e  d r i v i n g  of a t h i r d  a d i t ,  magnetometer su rveys9  and diamond 
d r i l l i n g ,  r evea led  some a d d i t i o n a l  ore .  Continued e x p l o r a t i o n  f a i l e d  
t o  disclose any f u r t h e r  appreciable new o r e ,  and work was d i scon t inued  
i n  1954. 

YUKON 

The f i r s t  s i g n i f i c a n t  d i scove ry  of n i c k e l  i n  Yukon was made 
i n  1952 i n  t h e  Kluane Lake a r e a  i n  t h e  southwestern p o r t i o n  of t h e  
T e r r i t o r y .  
t h e  Alaska Highway a t  Mileage 1111.6 and i s  c o n t r o l l e d  by Hudson Bay 
Explora t ion  and Development Company Limi te ld .  
c la ims  covering an a r e a  roughly t h r e e  miles wide by 12 miles long. The 
d e p o s i t s ,  which a r e  of t h e  replacement  type ,  c o n s i s t  of  massive s u l p h i d e s  
i n  l imes tone  and p e r i d o t i t e .  The mine ra l s  a r e  p y r r h o t i t e 9  c h a l c o p y r i t e ,  
and p e n t l a n d i t e .  By 1954, d r i l l i n g  had proved 500,000 t o n s  of o r e  having 
an average  g rade  of 2.14 p e r  c e n t  n i c k e l ,  1.34 p e r  c e n t  copper ,  0.074 p e r  
c e n t  c o b a l t ,  0.049 ounces p e r  t o n  of plat inum, and 0.032 ounces p e r  t o n  
of palladium. 
wi th  encouraging r e s u l t s  e ( 2 5 )  

The p rope r ty ,  known a s  t h e  Wellgreen i s  about  10 miles from 

I t  comprises 538 mine ra l  

The company is  cont inuing  t l o  Carry out  e x p l o r a t o r y  work 

Prospec tors  Airways Company9 Limited ho lds  a c o n t r o l l i n g  in te res t  
i n  a n icke l -copper  p rospec t  comprising 75 lclairns i n  t h e  Q u i l l  Creek area!, 
which a d j o i n s  t h e  Hudson Bay proper ty .  Thle canpany a l s o  d i scove red  a 
n icke l -copper  occurrence on White River ,  s o u t h  of Lower Canyon on t h e  
Shakwak f a u l t ,  about  40 miles from t h e  Wellgreen proper ty .  
i s  i n  a su lph ide  zone, 500 f e e t  wide, complosed of d i sseminated  sulphides 
wi th  high-grade showings i n  pods of massive su lph ides  running up t o  
w id ths  of e i g h t  f e e t .  

The occurrence  

New Alger Mines Limited is  exp lo r ing  a 16-claim p rope r ty  a d j a c e n t  
t o  t h e  Hudson Bay p r o p e r t y  i n  t h e  Kluane Lake a r e a .  
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NORTHWEST TERRITORIES 

A deposLt of n i c k e l  was d iscovered  i n  1928 on t h e  western shore 
of Hudson Bay a t  Rankin I n l e t . ( 2 6 )  
and d isseminated  su lph ides ,  
indicated some 150,000 t o n s  of high-grade n i c k e l  o re  but the d e p o s i t  was 
cons idered  t o o  remote f o r  commercial development. Rankin Inlet  Nickel 
Mines Limited explored t h e  d e p o s i t  f u r t h e r  i n  1951 and s t aked  addi t iona l .  
c l a imsB An ex tens ive  diamond d r i l l i n g  program c a r r i e d  ou t  dur ing  1952 
brought  t h e  ore  r e s e r v e s  up t o  435,000 t o n s  averaging 3.27 pe r  c e n t  n i c k e l  
and 0.9 per cent copperp with  va lues  i n  plat inum metals .  
was commenced i n  1952 and is  t o  be cont inued t o  a depth  of 300 f e e t  w i t h  
two l e v e l s .  
dur ing  t h e  summer of 1953. 

The o re  occurs  a s  a body of massive 
Diamond d r i l l i n g  between 1930 and 1937 

S h a f t  s ink ing  

Complete mining equipment was d e l i v e r e d  t o  t h e  p rope r ty  

Canadian Nickel  Company Limited,  a s u b s i d i a r y  of Incog  has  made 
a d iscovery  o f  n i c k e l  about  150 miles west  of Rankin I n l e t  a t  Ferguson 
Lake. (27) 
square  mi l e s  and i s  ca r ry ing  a u t  diamond d r i l l i n g  and sampling ope ra t ions  
t o  determine t h e  e x t e n t  and grade  of t h e  d e p o s i t .  

The company holds  an e x p l o r a t i o n  concession covering 1,152 

Don Cameron Explora t ion  Company Limited has  done some exp lo ra to ry  
work on n i c k e l  occurrence at .  Ennadai-Lake i n  t h e  Kazan River a r e a 9  Distr ic t  
of Xeewatfn, 

An occusrehce o f  n i c k e l - c o b a l t - s i l v e r  has been found on one of 
t h e  Simpson I s l and  Group, nea r  t h e  en t r ance  t o  t h e  e a s t  arm of Grea t  
S l ave  Lake. 
d r i l l e d  t h e  showing and c a r r i e d  ou t  some s u r f a c e  exp lo ra t ion .  

Goldcres t  Mines Limited,which owns t h e  p rope r ty  has  diamond 

CHAPTER I V  

M I N I N G ,  MILLINGs AND METALLURGY OF NICKEL I N  CANADA 

Mininq 

The methods employed i n  mining n i c k e l  o r e s  i n  Canada range  from 
open p i t  t o  p r a c t i c a l l y  a l l  t h e  accepted methods of underground mining. 
As t h e  indus t ry  has  grown and developed, mining methods have been adopted 
t o  meet changing c o n d i t i o n s o  
up i n  cons ide rab le  d e t a i l  (5) and various publ i shed  a r t i c l e s  provide  a 
comprehensive p i c t u r e  of mining methods i n  t h e  Sudbury a rea .  
a b r i e f  o u t l i n e  only i s  g iven  of mining p r a c t i c e s  followed i n  t h e  Sudbury 
opera t ions .  

The methods used by Inco have been w r i t t e n  

The re fo rep  

Open P i t  - The f i r s t  mining i n  t h e  Sudbury d i s t r i c t  was done 
The Frood open p i t  is  now t h e  only remaining ope ra t ion  of by open p i t .  

t h i s  t y p e o  

I 
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E i n k a q e  S t o p i n g  - This  was adopted i n  most of t h e  l a r g e r  

mines about  1917 and, w i th  some mod i f i ca t ions ,  i s  s t i l l  i n  e x t e n s i v e  
use. 
Limited,  and E a s t  R i m  Nicke l  Mines Limited. 

I t  i s  t h e  method used i n  t h e  two independent mines, Nickel  O f f s e t s  

S a a r e - S e t  Mininq - The square- -se t  method is  used i n  mining 
h ighe r  grade  o r e  d e p o s i t s  where complete e x t r a c t i o n  of t h e  ore is 
d e s i r a b l e 3  where t h e  o re  and w a l l s  r e q u i r e  suppor t  dur ing  s top ing ;  and 
where it is  necessary  t o  prevent  caving arid subs idence  of t h e  ove r ly ing  
ground . 

Cut-and-Fi l l  Mininq - I n  t h i s  method, which i s  a l s o  used i n  
mining h ighe r  grade  ore9 waste  rock  o r  o t h e r  m a t e r i a l  is used t o  f i l l  
t h e  excavated a r e a s  a s  s t o p i n g  proceeds. The s t o p i n g  v a r i e s  l i t t l e  from 
t h e  s t anda rd  squa re - se t - and- f i l l  methods. 

Induced Caving - This  c o s t s  less t h a n  any o t h e r  underground 
method, b u t  i s  e s s e n t i a l l y  a p p l i c a b l e  t o  l a r g e - s c a l e  ope ra t ions  only.  
The o r e  is undercut  on t h e  bottom of t h e  s t o p e  a r e a  and t h e  v e r t i c a l  
s i d e s  of t h e  s t o p e  b lock  become s o  weakened t h a t  t h e  mass of o r e  is  
caused t o  cave and t o  d i s i n t e g r a t e  by i t s  own weight .  The weight  of 
t h e  moving mass of ore provides t h e  breaking  force  usually a t t a i n e d  by 
t h e  use of e x p l o s h e s  . 

Blast-Hole Mininq - This  a l s o  is a low-cost bu lk  method of 
mining, r e s e h b l i n g  induced caving,  except  t h a t  exp los ives  a r e  used t o  
break  t h e  o r e  i n i t i a l l y .  
S e c t i o n  of t h e  Frood-Stobie mine. 

I t  is  used l a r g e l y  a t  t h e  underground Frood 

M i  11 i n q  

The m i l l i n g  and concen t r a t ing  of su lph ide  nic$el-copper  o r e s  
g e n e r a l l y  fo l low t h e  normal p a t t e r n  f o r  t r e a t i n g  such  ores .  
t ypes  of ore a r e  found i n  t h e  numerous mines of t h e  Sudbury a r e a ,  i n -  
c luding  d isseminated  o r e 9  massive s u l p h i d e s ,  b r e c c i a  ore ,  and high-  
copper ore. I n  a l l ,  however, t h e  p r i n c i p a l  mine ra l s  a r e  p y r r h o t i t e ,  
c h a l c o p y r i t e ,  and p e n t l a n d i t e  ( i r o n  and n i c k e l  s u l p h i d e )  . Cubani te ,  
b o r n i t e ,  n i c o l i t e ,  maucher i te ,  s p e r r y l i t e , l  g e r s d o r f f i t e ,  and v i o l a r i t e  
occur  i n  minor amounts i n  c e r t a i n  of t h e  cleposits. The p r o p o r t i o n s  of 
t h e  p r i n c i p a l  mine ra l s  va ry  f o r  t h e  d i f f e r e n t  t ypes  of o r e  and f o r  each 
mine. A s  it is  e s s e n t i a l  t o  ma in ta in  a f a i r l y  uniform m i l l  f eed ,  t h e  
s e l e c t i v e  mining of t h e  d i f f e r e n t  t ypes  of: o r e  is  a n  impor tan t  con- 
s i d e r a t i o n .  

Various 

The maintenance of a r easonab ly  c l o s e  c o n t r o l  on un i fo rmi ty  of 
m i l l  f e e d ,  w i t h  a n  ou tpu t  of more t h a n  40,1000 t o n s  of o r e  p e r  day from a 
number of s e p a r a t e  and d i s t i n c t  mines, a s  c a r r i e d  ou t  by I n t e r n a t i o n a l  
Nicke l  Company, is an accomplishment r e q u i r i n g  a h igh  degree  of co- 
o rd ina ted  c o n t r o l .  

Some d i f f e r e n c e s  e x i s t  between t h e  m i l l i n g  p r a c t i c e s  of Inco 
These will .  be  d e a l t  w i t h  i n  t h e  b r i e f  and Fa lconbr idge  Nicke l  Mines- 

n o t e s  on t h e  r e s p e c t i v e  companies. 
I 
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The d a i l y  m i l l i n g  capac i ty  of I n c o ' s  mills and c o n c e n t r a t o r s  
i s  about  42,000 t o n s ,  of which 30,000 t o n s  i s  t h e  c a p a c i t y  of t h e  Copper 
C l i f f  mill and 12,000 t o n s  of t h e  Creighton.  

The o re  i s  crushed a t  t h e  mines t o  a maximum s i z e  of s i x  inches  
and conveyed by r a i l  t o  Copper C l i f f ,  except  i n  t h e  c a s e  of t h e  Creighton 
mine, where t h e  o r e  i s  m i l l e d  i n  t h e  new concen t r a to r  completed i n  1951. 

The o r e  is  screened t o  g i v e  a coa r se  product  f o r  primary c rushe r  
f eed  and a f i n e s  product .  The coa r se  product  i s  f e d  t o  f o u r  seven-foot  
s t anda rd  Symons cone c rushe r s  s e t  a t  $-inch t o  7/8-inch openings. 
product  from t h e  c rushe r s  i s  d e l i v e r e d  t o  surge  b i n s  above f i v e  seven-foot  
Symons shor thead  cone c rushe r s  s e t  a t  $-inch. 
i n t e rmed ia t e  c rushe r s  and t h e  f i n e s  product  a r e  screened and t h e  o v e r s i z e  
i s  g iven  a f i n a l  c rush ing  on f i v e  sets of 78 by 18-inch Traylor  r o l l s .  
A l l  c rush ing  i s  c a r r i e d  out  dry.  

The 

The product  from t h e s e  

The*crushed o r e  is conveyed t o  s t o r a g e  b i n s  i n  t h e  g r ind ing  
There a r e  17 g r ind ing  u n i t s ,  s e c t i o n ,  which con ta ins  34 Marcy m i l l s o  

each c o n s i s t i n g  of a Marcy r o d  m i l l ,  a Marcy b a l l  m i l l ,  and a Dorr FX 
c l a s s i f i e r  i n  c losed  c i r c u i t -  The c l a s s i f i e r  overf low i s  laundered t o  
sumps f o r  d i s t r i b u t i o n  t o  t h e  f l o t a t i o n  c i r c u i t s o  

A bu lk  rougher  concen t r a t e  and t h e  f i n a l  copper and n i c k e l  con- 
c e n t r a t e s  de r ived  from it a r e  made i n  20-foot MacIntosh (Geco) pneumatic 
cells .  The t a i l i n g s  r e c e i v e  a scavenger  t r ea tmen t  i n  a bank of No. 30 
Denver c e l l s .  The concen t r a t e s  a r e  th ickened  and f i l t e r e d  i n  one Oliver 
type  and 11 Dorrco f i l t e r s .  The f i l t e r e d  concen t r a t e s  a r e  conveyed t o  
t h e  copper smel t ing  and n i c k e l  smel t ing  ope ra t ions  r e s p e c t i v e l y .  T rea t -  
ment of t h e s e  i s  d i scussed  under t h e  s e c t i o n  on meta l lurgy .  

Opera t ions  a t  t h e  Creighton m i l l  a r e  s i m i l a r  t o  t h o s e  a t  Copper 
C l i f f  except  t h a t  i n  t h e  f l o t a t i o n  c i r c u i t  a bu lk  concen t r a t e  on ly  is  
made. This  bu lk  concen t r a t e  i s  piped seven and one-half miles t o  Copper 
C l i f f ,  where it j o i n s  t h e  bulk  concen t r a t e  from t h e  primary f l o t a t i o n  
p r i o r  t o  t h e  s e p a r a t i o n  i n t o  copper and n i c k e l  concen t r a t e s .  

The m i l l i n g  of Falconbridge o r e  inc ludes  a n  a d d i t i o n a l  s t e p  in 
t h e  c rush ing  ope ra t ion ,  The broken ore r ece ived  from t h e  mine i s  crushed,  
sc reened ,  and magne t i ca l ly  concent ra ted .  The l a r g e r  s i z e s  of t h e  magnetic 
concen t r a t e  go d i r e c t l y  t o  t h e  b l a s t  furnaces .  The non-magnetic product  
i s  ground i n  a rod  m i l l  and f i v e  b a l l  m i l l s 9  each i n  c losed  c i r c u i t  w i t h  
c l a s s i f i e r s .  
The c l a s s i f i e r  overflow goes t o  t h e  f l o t a t i o n  s e c t i o n  where a bu lk  con- 
c e n t r a t e  i s  made. This  c o n c e n t r a t e 9  t o g e t h e r  w i t h  t h e  magnet ic  f i n e s ,  is  
conveyed t o  t h e  roas t ing .  p l a n t  and subsequent smel t ing .  

The f i n a l  g r i n d  is approximately 70 p e r  c e n t  minus 200-mesh. 
' 

Metal lurqy 

I n  t h e  e a r l y  s t a g e s  of n i c k e l  product ion  t h e  p rocesses  f o r  
s e p a r a t i n g  t h e  n i c k e l  from t h e  copper were t e d i o u s  and c o s t l y o  
n o t  u n t i l  1890, when t h e  Orford process  was developed,  fol lowed a few 
y e a r s  l a t e r  by t h e  Mond p rocess s  t h a t  economic methods of n i c k e l  product ion  

I t  was 

c 
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I d  

were e s t a b l i s h e d o  
t h e  Orford process  b u t  s i n c e  1848 it has used a mod i f i ca t ion  of t h i s  
process .  
The Hybinet te  e l e c t r o l y t i c  process  began commercial ope ra t ion  i n  1910 
'in Norway. 
i n  1928, t h e  Hybinet te  p l a n t  was acqui red  and t h i s  process  was adopted 
f o r  t h e  t r ea tmen t  of Falconbridge matte .  
employ t h e  Forward ammonia leaching  p rocessb  Although t h e  Orford process  
has  been rep laced ,  a s h o r t  d e s c r i p t i o n  fo l lows  along wi th  a b r i e f  account 
of t h e  f o u r  processes  used i n  producing Canadian n i c k e l o  

Up t o  1948 I n t e r n a t i o n a l  Nickel Company employed 

The Mond process  i s  s t i l l  employed i n  t h e  United Kingdom. 

When Falconbridge Nickel Mines Limited was incorpora ted  

The S h e r r i t t  Gordon ope ra t ions  

The I n t e r n a t i o n a l  Nickel Company of Canada Limited 

Orf ord Process(  5) 

The n i c k e l  concen t r a t e s ,  brought t o  a mois ture  con ten t  of n o t  
over 11 p e r  c e n t ,  a r e  conveyed t o  t h e  r o a s t i n g  p l a n t ,  where they  a r e  
charged i n t o  42 Nickols-Herreshoff r o a s t i n g  furnaces .  
each have 10 i n t e r n a l  h e a r t h s  and one t o p  dry ing  hear th .  
a r e  a i r - coo leda  The maximum r o a s t i n g  temperature  i s  144O0Fo The d i scha rge  
from s i x  r o a s t i n g  furnaces  provides  t h e  charge f o r  each of , t h e  seven 
reverberatory furnaces .  The r eve rbe ra to ry  furnaces  have suspended 
unburned chemical ly  bonded magnesite brick r o o f s  and a r e  f i r e d  wi th  
pulver ized  c o a l a  
conveyed i n  l a d l e s  t o  t h e  19 Pierce-Smith conve r t e r s ,  where it is  blown 
t o  remove p r a c t i c a l l y  a l l  t h e  i r o n ,  The conve r t e r  mat te  con ta ins  about  
75 per  c e n t  combined n i c k e l  and copper,  t h e  ba lance  being su lphur  and 
less than  one per c e n t  i r o n ,  

These fu rnaces  
The r a b b l e  arms 

The molten mat te  from thie r eve rbe ra to ry  furnaces  is  

The s e p a r a t i o n  of t h e  copper and n i c k e l  su lph ides  i s  based on 
t r e a t i n g  t h e  mat te  w i th  sodium su lph ide  i n  a conve r t e re  
of 2000OF. copper su lph ide  is  very  s o l u b l e  i n  sodium su lph ide  wh i l e  
n i c k e l  su lph ide  is only s l i g h t l y  so luble .  When a molten mixture  of t h e  
t h r e e  su lph ides  i s  allowed t o  s t and ,  a s e p a r a t i o n 3 a k e s  p l a c e  owing t o  
t h e  d i f f e r e n c e  i n  t h e i r  s p e c i f i c  g r a v i t i e s .  As cool ing proceeds9 d i s -  
solved n i c k e l  su lph ide  s e p a r a t e s  out  owing t o  i t s  decreas ing  s o l u b i l i t y  
i n  sodium su lphide .  The m a t e r i a l  i s  cooled and allowed t o  s o l i d i f y  i n  
l a r g e  cas t - i ron  p o t s ;  two l a y e r s  a r e  formed, t h e  upper of copper-sodium 
su lph ide ,  c a l l e d  ' ' tops"s and t h e  lower of n i c k e l  su lph ide ,  c a l l e d  
"bottoms". 
second t r ea tmen t  i s  necessaryo  
cupolas ,  t h e  charge c o n s i s t i n g  of f i r s t  bottoms, sodium su lpha te ,  coke, 
and l imestone.  The second tops  and bottoms a r e  sepa ra t ed  a f t e r  cool ing  
a s  i n  t h e  f i r s t  t rea tment .  The second bottoms, which con ta in  72 pe r  
cen t  n i c k e l  and from two t o  t h r e e  per  cent. copper,  a r e  processed f o r  
t h e  recovery of n i c k e l  e i t h e r  a s  oxide o r  metal .  
r o a s t e d  t o  remove su lphur ,  and t h e  r e s u l t a n t  oxide i s  reduced w i t h  coke 
i n  reverbera tory- type  anode furnaces .  
e l e c t r o l y t i c a l l y  r e f ined .  

A t  a temperature  

Some copper su lphide  remains i n  t h e  f i r s t  "bottoms'* and a 
The second t r ea tmen t  is c a r r i e d  ou t  i n  

The n i c k e l  su lph ide  i s  

The c a s t  anodes a r e  then  

The second t o p s ,  wi th  about  20 p e r  c e n t  copper a n d ' f o u r  p e r  
cent n i c k e l ,  a r e  used a s  t h e  f l u x i n g  agent. f o r  t h e  f i r s t  t rea tment .  
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The f i r s t  t ops  a r e  t r e a t e d  i n  conve r t e r s  t o  ox id i ze  t h e  sodiun  
su lph ide  t o  sodium s u l p h a t e ,  which f l o a t s  t o  t h e  s u r f a c e  and is poured 
o f f  and used i n  t h e  second t r ea tmen t ,  wh i l e  the  copper su lph ide  settle's 
t o  t h e  bottom of t h e  conver te r .  
t r e a t e d  i n  a c i d  conve r t e r s  t o  produce b l i s t e r  copper, which is t r a n s -  
f e r r e d  molten i n  "hot meta l  ca r s "  t o  t h e  copper r e f i n e r y .  

This  i s  poured of f  and subsequent ly  

Modif ica t ion  of t h e  Orford Process  . 

The new process ,  which r ep laced  t h e  Orford proce'ss i n  1948, 
d i f f e r s  ve ry  l i t t l e  up t o  t h e  bessemerizing point'.(28) 
however, a ve ry  d e f i n i t e  improvement i n  m e t a l l u r g i c a l  p r a c t i c e  has  been 
achieved. 
is blown t o  a p o i n t  where dpproximately 15 p e r  c e n t  i s  i n  t h e  form of a 
copper-nickel  a l l o y ,  arid 85 p e r  c e n t  is p r e s e n t  a s  combined n i c k e l  and 
copper su lph ides .  The combined a l loy-mat te  i s  poured i n t o  moulds and 
al lowed t o  cool. s lowly under  c a r e f u l l y  c o n t r o l l e d  cond i t ions  f o r  a per iod  
of up t o  15 days. During t h i s  cool ing  per iod  t h e  c a s t  m a t e r i a l  c r y s t a l l i z e s  
i n t o  three s e p a r a t e  phases: 
95 per c e n t  of t h e  plat inum meta l s ,  go ld ,  etc.; copper s u l p h i d e  con ta in ing  
about one p e r  c e n t  of n i c k e l ;  and n i c k e l  s u l p h i d e  con ta in ing  about  one per 
c e n t  o f  coppero 
The cakes a r e  removed from t h e  moulds a f t e r  cool ing  and broken up i n  a 
s p e c i a l l y  designed machine t o  a s i z e  s u i t a b l e  f o r  c rush ingo  
m a t e r i a l  i s  ground t o  pass  a 325-mesh screen .  
magnet ic  s e p a r a t i o n  t o  remove t h e  copper-nickel  a l l o y .  
m a t e r i a l  is d i s so lved  and e l e c t r o l y z e d  and t h e  prec ious  me ta l s  a r e  re-  
covered from t h e  slimes. The non-magnetic copper and n i c k e l  su lph ides  
a r e  t r e a t e d  by f l o t a t i o n  t o  s e p a r a t e  t h e  two su lph ides .  
p roduct  is f i l t e r e d  and t h e n  smelted 1-11 e l e c t r i c  fu rnaces  t h e  molten 
su lph ide  from which i s  t r e a t e d  i n  t h r e e  a c i d - l i n e d  conve r t e r s .  The bl is ter  
copper i s  conveyed molten i n  "hot  metal. c a r s "  by r a i l  t o  t h e  copper 
r e f i n e r y .  

From t h i s  s t a g e ,  

In s t ead  of bessemerizing t o  an a l l - s u l p h i d e  mat te ,  t h e  charge 

a copper-nickel  a l l o y  con ta in ing  approximately 

Each phase s o l i d i f i e s  i n  c r y s t a l s  capable  of s epa ra t ion .  

The crushed 
I t  i s  f i r s t  t r e a t e d  by 

The magnet ic  

The copper 

The n i c k e l  product  i s  conveyed a s  a pu lp  t o  t h e  s i n t e r  b u i l d i n g ,  
where it i s  f i l t e r e d ,  mixed with  a sma l l  amount of coke9 and r o a s t e d  on 
f i v e  Dwight Lloyd s i n t e r i n g  machines. The d ischarged  s i n t e r  i s  cooled,, 
c rushed?  and screened  t o  the r equ i r ed  s i z e .  
n i c k e l  oxide s i n t e r  i s  shipped d i r e c t l y  t o  s tee l .  works where it may be 
added t o  t h e  s t e e l  fu rnaces  wi thout  f u r t h e r  r e f i n i n g ,  
p o r t i o n  i s  shipped t o  t h e  Por t  Colborne r e f i n e r y  f o r  convers ion  t o  n i c k e l  
anodes which a r e  r e f i n e d  e l e c t r o l y t i c a l l y  t o  h igh  p u r i t y  n i c k e l .  

A c e r t a i n  amount of t h e  

The g r e a t e r  pro- 

Nickel. Ref i n i n q  

Numerous changes have been e f f e c t e d  i n  t h e  r e f i n i n g  p rocess  s i n c e  
The t h e  beginning of ope ra t ions  a t  t h e  Por t  Colborne r e f i n e r y  i n  1918.(5) 

fo l lowing  is  a b r i e f  d e s c r i p t i o n  of t h e  p r e s e n t  process .  

Nicke l  oxide s i n t e r  i s  r ece ived  i n  box-cars from t h e  Copper C l i f f  
smelter. The s i n t e r  is s t o r e d  i n  l a r g e  b i n s  from which it i s  conveyed by 
a b e l t  t o  a mixing drum where t h e  r e q u i r e d  amount of petraleum coke i s  
added. The s in t e r - coke  mixture  i s  then  charged t o  t h r e e  r e v e r b e r a t o r y  
fu rnaces ,  two w i t h . a  c a p a c i t y  of 200 tons  and one of 175 tons .  The 
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furnaces  a r e  o i l - f i r e d  and a t t a i n  a temperature  of about  2850'F. The 
reduced n i c k e l  i s  c a s t  a s  anodes i n  copper moulds on c i r c u l a r  c a s t i n g  

approximately 95 pe r  cent .  
- machines. Each anode weighs about  500 pounds and has  a n i c k e l  con ten t  of 

The e l e c t r o l y t i c  tank  house is  d iv ided  i n t o  two s e c t i o n s ,  No. 1 
con ta in ing  852 c e l l s ,  and No. 2 conta in ing  780 c e l l s .  

E l e c t r o l y t i c  r e f i n i n g  has  two func t ions  - t h e  recovery  of high-  
p u r i t y  n i c k e l  and of t h e  prec ious  me ta l s ,  plat inum, go ld ,  e t c . ,  a s  anode 
slimes. The :Fact t h a t  n i c k e l  occupies  a r e l a t i v e l y  h igh  p o s i t i o n  i n  t h e  
e l ec t romot ive  s e r i e s ,  r e q u i r i n g  a h igh  cathode p o t e n t i a l  f o r  e l e c t r o -  
d e p o s i t i o n ,  r a i s e s  a number of problems i n  t h e  r e f i n i n g  ope ra t ion .  
Cat ions  of copper a r e  more r e a d i l y  r e d u c e d ' a t  t h e  cathode than  n i c k e l ,  
and c a t i o n s  of elements such a s  i r o n  and c o b a l t  a r e  r e a d i l y  depos i t ed  
wi th  n i c k e l .  To overcome t h e s e  d i f f i c u l t i e s  t h e  cathode i s  suspended 
i n  a canvas-covered compartment i n t o  which p u r i f i e d  n i c k e l  e l e c t r o l y t e  
is c o n s t a n t l y  flowing from a header  a long t h e  s i d e  of each ce l l .  The 
canvas i s  a t i g h t l y  woven grade  s o  t h a t  a h y d r o s t a t i c  head i s  maintained 
i n  t h e  cathode compartments t o  ensure  a cons t an t  flow of e l e c t r o l y t e  
through t h e  canvas a t  a v e l o c i t y  s u f f i c i e n t  t o  c a r r y  away t h e  copper 
and iron i ons  r e l e a s e d  from t h e  d i s s o l v i n g  anode, t h u s  p reven t ing  them 
from migra t ing  t o  t h e  cathode. The n i c k e l  i ons  s e t  f r e e  a t  t h e  anode 
a l s o  f low along w i t h  t h e  copper and i r o n  i n  t h e  f o u l  e l e c t r o l y t e  which 
is  piped from t h e  bottom of t h e  t anks  t o  t h e  p u r i f i c a t i o n  system. 
p u r i f i e d  of copper, i r o n  and c o b a l t ,  t h i s  s o l u t i o n  i s  r e t u r n e d  a s  t h e  
cathode compartment feed  r e f e r r e d  t o  above. This  e l e c t r o l y t e  is a 
mixture  of n i c k e l  s u l p h a t e  and, n i c k e l  c h l o r i d e  con ta in ing  60 grams of 
n i c k e l  pe r  l i t r e .  I t  i s  maintained a t  a pH: of 4.0 and a t  a tempera ture  
of 132OF. 
v o l t a g e  of 2.2 v o l t s .  

When 

The c u r r e n t  d e n s i t y  i s  16 amperes pe r  squa re  f o o t  a t  a 

The anodes remain i n  t h e  c e l l s  f o r  32 days. Cathodes a r e  
removed every  10 days and weigh about  135 pounds. The s t a r t i n g  s h e e t s  
a r e  prepared by p l a t i n g  a t h i n  s h e e t  of n i c k e l  on s t a i n l e s s  s t e e l  
ca thodes ;  about  two days '  d e p o s i t i o n  i s  r e q u i r e d  t o  g i v e  t h e  r equ i r ed  
th i ckness .  

The p u r i f i c a t i o n  of t h e  e l e c t r o l y t e  c o n s i s t s  i n  t h e  removal of 
copper ,  i r o n ,  and coba l t .  The f i r s t  s t e p  i s  t h e  removal of copper by 
cementat ion on f i n e  g r a i n  n i c k e l .  The copper p r e c i p i t a t e s  ou t  i n  
m e t a l l i c  form and t h e  n i c k e l  goes i n t o  s o l u t i o n .  This  o p e r a t i o n  is  
c a r r i e d  ou t  i n  a ser ies  of Pachuca t a n k s o  The copper - f ree  s o l u t i o n  is 
v igorous ly  a e r a t e d  t o  o x i d i z e  t h e  i r o n  which is  p r e c i p i t a t e d  a s  a 
hydra te .  A f t e r  f i l t r a t i o n  t h e  s o l u t i o n  i s  t r e a t e d  w i t h  n i c k e l  ca rbona te  
and c h l o r i n e  f o r  t h e  removal of c o b a l t  i n  t h e  form of a c rude  oxide. 
This  i s  subsequent ly  t r e a t e d  and r e f i n e d  t o  c o b a l t  s a l t s  a t  t h e  Mond 
r e f i n e r y  a t  Clydach, Wales. 
r equ i r ed  n i c k e l  con ten t  and pH, and r e t u r n e d  t o  t h e  cathode compartments 
of t h e  e l e c t r o - r e f i n i n g  c e l l s .  

The p u r i f i e d  s o l u t i o n  is  a d j u s t e d  t o  t h e  

The g r a i n  n i c k e l  used i n  t h e  copper cementat ion i s  prepared  
from n i c k e l  s u l p h i d e  concen t r a t e  which i s  remel ted ,  c a s t ,  broken up, 
ground and r o a s t e d  t o  ox iden  The oxide i s  reduced wi th  wa te r  g a s  a t  a 
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E x t r a c t i o n  of t h e  major p o r t i o n  of copper by l each ing  w i t h  
weak s u l p h u r i c  a c i d .  
-- Reduction of t h e  oxides  i n  t h e  leached c a l c i n e  t o  t h e  m e t a l l i c  
s t a t e .  
V o l a t i l i z a t i o n  of t h e  reduced n i c k e l  a s  n i c k e l  carbonyl .  
Decomposition of n i c k e l  carbonyl  t o  produce pure  n i c k e l  and 
l i b e r a t e  t h e  carbon monoxide. 

The ground ma t t e  i s  r o a s t e d  i n  s ing le-deck ,  r o t a r y - h e a r t h ,  
c a l c i n e r s  a t  a working tempera ture  of about  G0O0C. 
c a l c i n e  has  a s u l p h i d e  con ten t  of 0.3 t o  0.5 p e r  cen t .  

The d i scha rged  

The r e s u l t i n g  c a l c i n e s  a r e  leached  w i t h  10 pe r  c e n t  s u l p h u r i c  
a c i d ,  which removes up t o  70 p e r  c e n t  of t h e  copper. I n  c u r r e n t  opera-  
t i o n s  t h e  ma t t e  i s  low i n  copper ,  around 2.5 p e r  c e n t ,  and t h e  l each ing  
o p e r a t i o n  i s  n o t  employed. 
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t empera ture  of about  75O0F. i n  m u l t i p l e  deck fp rnacesn  
a t  t h e  t o p  and drops from h e a r t h  t o  hea r th  a g a i n s t  a r i s i n g  c u r r e n t  of 
wa te r  gas  which reduces  t h e  n i c k e l  oxide t o  metal .  

The oxide e n t e r s  

The anode s ludge ,  which con ta ins  t h e  me ta l s  of t h e  plat inum 
group,  go ld ,  s i l v e r ,  and some n i c k e l ,  copper ,  and i r o n ,  i s  removed from 
t h e  s p e n t  anodes. 
ou t  of t h e  tanks .  
smelted i n  an  e l e c t r i c  furnace .  A f t e r  f i r e - r e f i n i n g  t h e  meta l  i s  c a s t  
i n t o  anodeso The secondary anodes a r e  r e t u r n e d  t o  t h e  t ank  house f o r  
e l e c t r o - r e f i n i n g  and t h e  r e s u l t i n g  anode s ludge  i s  t h e  p rec ious  me ta l s  
product  which, a f t e r  p re l imina ry  t r ea tmen t  a t  Copper C l i f f ,  i s  shipped 
t o  I n t e r n a t i o n a l  Nickel. Company's p rec ious  me ta l s  r e f i n e r y  a t  Acton, 
England. 

A t  r e g u l a r  i n t e r v a l s  t h e  anode slimes a r e  a l s o  cleaned 
The s ludge  i s  r o a s t e d  i n  a c a l c i n i n g  furnace  and 

Mond Process(  5) 

The Mond process  of s e p a r a t i n g  n i c k e l  and copper and producing 
r e f i n e d  n i c k e l  i s  employed a t  t h e  Mond Nicke l  p l a n t  of I n t e r n a t i o n a l  
Nickel  Company a t  Clydach, Wales. 
forms a g a s ,  n i c k e l  carbonyl  (Ni(C0)4) ,  w i t h  carbon monoxide a t  5OoC. 
t o  80OC. A t  a tempera ture  of 1 5 O O C .  o r  h i g h e r ,  t h e  gas  i s  completely 
decomposed i n t o  n i c k e l  and carbon monoxide. The process  has  remained 
v i r t u a l l y  unchanged s i n c e  it was f i r s t  dev i sedo  B a s i c a l l y ,  it comprises 
f i v e  s t e p s :  

I t  i s  based on t h e  f a c t  t h a t  n i c k e l  

Roas t inq  t o  d r i v e  o f f  t h e  maximum amount of su lphur  and f u l l y  
o x i d i z e  t h e  m e t a l l i c s  i n  t h e  ma t t e  o r  s i n t e r .  

Reduction of t h e  oxide i s  c a r r i e d  ou t  i n  v e r t i c a l  towers  pro- 
v ided  wi th  she lves .  Mechanical r a b b l e s  s t i r  t h e  oxides  and cause them 
t o  descend from s h e l f  t o  s h e l f .  The s h e l v e s  a r e  hea ted  w i t h  h o t  f l u e  
gases  t o  a tempera ture  of from 38OoC t o  40OOC.  A r i s i n g  c u r r e n t  of 
water-gas con ta in ing  approximately 52 p e r  c e n t  hydrogen e f f e c t s  t h e  
r e d u c t i o n  of t h e  n i c k e l .  
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The reduced n i c k e l  r e s i d l e  i s  conveyed by a i r t i g h t  conveyors 

t o  t h e  t o p  of t h e  v o l a t i l i z a t i o n  ;towers, which a r e  s i m i l a r  t o  t h e  re- 
duc t ion  towers. 
r i s i n g  current ,  of producer gas  (clarbon monoxide). 
5OoC t o  8OoC is  maintained i n  the: product ion  of n i c k e l  carbonyl ,  which 
i s  blown t o  t h e  decomposers a s  it: i s  formed. 
r e tu rned  t o  t h e  r educe r s  and then/ aga in  t o  t h e  v o l a t i l i z e r s ,  cont inuing  
t o  c i r c u l a t e  between t h e  two ope ra t ions  f o r  from 7 t o  15 days ,  u n t i l  
about  70 p e r  c e n t  of t h e  n i c k e l  has  been removed. 

The charge is  ra/bbled from s h e l f  t o  s h e l f  a g a i n s t  a 
A tempera ture  of 

The s o l i d  m a t e r i a l  i s  

I 
I n  t h e  decomposing tower, t h e  carbonyl  gas  comes i n t o  c o n t a c t  

w i th  n i c k e l  p e l l e t s - a t  a tempera ture  of 180°C. 
gas decomposes, t h e  n i c k e l  i s  depos i t ed  on t h e  pellets, and t h e  carbon 
monoxide is  l i b e r a t e d .  The l a t t e r  i s  r e t u r n e d  t o  t h e  v o l a t i l i z e r  t o  
form f r e s h  n i c k e l  carbonylo  To prevent  t h e  g ranu le s  from coher ing  t h e y  
a r e  kep t  s lowly moving by withdrawing a smal l  number from t h e  bottom of 
t h e  tower by means of a worm conveyoro 
smal l  p e l l e t s  a r e  r e t u r n e d  t o  t h e  t o p  of t h e  tower. It  t a k e s  about  two 
months t o  produce a p e l l e t  1/8-inch i n  diam,eter. 

A t  t h i s  tempera ture  t h e  

The p e l l e t s  a r e  screened  and t h e  

Falconbridqe Nickel  Mines Limited 

Hybine t te  Process  

The smel t ing  process  employed by Fa lconbr idge  Nicke l  Mines 
d i f f e r s  somewhat from t h a t  of I n t e r n a t i o n a l  Nickel  Company. (28) 
bulk  c o n c e n t r a t e  i s  mixed wi th  f i n e  o re  and1 r o a s t e d  on Dwight Lloyd 
s i n t e r i n g  machines. The r e s u l t i n g  s i n t e r  is smelted i n  three b l a s t  
furnaces .  Molten b l a s t  fu rnace  ma t t e  i s  t r a n s f e r r e d  t o  f o u r  P ie rce -  
Smith conve r t e r s  f o r  removal of i r o n .  

The Bessemer m a t t e ,  conta in ing  about  50 per  c e n t  n i c k e l  and 

The 

30 p e r  c e n t  copper i s  shipped t o  t h e  company's r e f i n e r y  a t  K r i s t i a n s a n d ,  
Norway,for f i n a l  t r ea tmen t  by a modif ied Hybine t te  process .  
crushed,  ground, and r o a s t e d  i n  Herreshoff  fu rnaces ,  under such c o n d i t i o n s  
a s  t o  minimize so l ,ub$ l i ty  of n i c k e l  and promote s o l u b i l i t y  of copper i n  
a c i d  e l e c t r o l y t e .  
t h e  r e s u l t i n g  s o l u t i o n  i s  e l e c t r o l y z e d  f o r  t h e  recovery  of copper. 
n i c k e l  s u l p h a t e  is recovered from t h e  copper p l a n t  e l e c t r o l y t e  by 
evapora t ion  and c r y s t a l l i z a t i o n .  

The ma t t e  is 

Most of t he  copper is  dl.ssolved ou t  i n  t h i s  way and 
Some 

The : res idue,  which con ta ins  most of t h e  n icke l"  and ana lyzes  
about  1 2  per  c e n t  copper ,  i s  d iv ided  i n t o  two p a r t s .  
melted and c a s t  i n t o  anodes, t h e  o t h e r  i s  t r e a t e d  wi th  water-gas  i n  a 
muff le- type m u l t i p l e  h e a r t h  fu rnace  t o  reduce t h e  n i c k e l  t o  m e t a l l i c  
form. 
and a f t e r  removal of i r o p  and o t h e r  i m p u r i t i e s ,  t h e  p u r i f i e d  n i c k e l  
e l e c t r o l y t e  i s  f e d  t o  t h e  cathode compartments of t h e  Hybine t te  ce l l s .  
E l e c t r o l y t i c  d e p o s i t i o n  of n i c k e l  is  c a r r i e d  ou t  i n  g e n e r a l  a s  i n  t h e  
method a l r e a d y  desc r ibed  under n i c k e l  r e f i n i n g ,  b u t  r e c e n t l y  t h e  t r e a t -  
ment was modif ied t o  provide  f o r  use  of c h l o r i d e  e l e c t r o l y t e  s o  t h a t  
c o b a l t  is now sepa ra t ed  and produced i n  a f u r t h e r  s t e p  a s  e l e c t r o l y t e  
c o b a l t .  

The main p a r t  is  

The gas-reduced n i c k e l  i s  used t o  p u r i f y  t h e  s o l u t i o n  of copper ,  
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S h e r r i t t  Gordon Mines Limited 

Ammonia Pressure  Leach Process  (29 ) 

The process  used by S h e r r i t t  Gordon Mines i n  t h e  t r ea tmen t  of 
i t s  Lynn Lake nickel-copper  o r e  f o r  t h e  concen t r a t ion ,  e x t r a c t i o n ,  and 
recovery  of  t h e  me ta l s  i s  a r a d i c a l  d e p a r t u r e  from t h e  u s u a l  p r a c t i c e  of 
t r e a t i n g  su lph ide  o r e s o  A f t e r  s e l e c t i v e  f:Lotation of t h e  o r e  t o  y i e l d  
a copper-sulphide concen t r a t e  and a n i c k e l - i r o n  su lph ide  concen t r a t e  
con ta in ing  some copper and a smal l  amount of c o b a l t ,  t h e  process  is 
b a s i c a l l y  chemicalo 

The n icke l -copper -cobal t - i ron  su lph ide  concen t r a t e s  a r e  
leached under  p r e s s u r e  i n  s t a i n l e s s  s t e e l  au toc laves  wi th  a i r  and 
aqueous ammonia t o  d i s s o l v e  t h e  n i c k e l ,  copper, c o b a l t ,  and most of 
t h e  su lphur ,  l eav ing  t h e  i r o n  and o t h e r  i m p u r i t i e s  i n  the t a i l i n g s .  
The copper is  f i r s t  removed from t h e  s o l u t i o n  a s  a su lph ide  by b o i l i n g ,  
t h e  n i c k e l  is  then  p r e c i p i t a t e d  by hydrogen under p re s su re ,  t h e  c o b a l t  
i s  t h e n  removed by t r ea tmen t  w i t h  hydrogen su lph ide  and t h e  end solu- 
t i o n s  a r e  evaporated t o  produce ammonium su lpha te .  (29) 

Leachinq 

The ope ra t ions  a r e  c a r r i e d  ou t  a t  t empera tures  between 150°F 
and 220°F under t o t a l  p r e s s u r e s  of less than  125 pounds p e r ' s q u a r e  inch. 
A number of r e a c t i o n s  t a k e  p l ace  i n  sequence and n o t  n e c e s s a r i l y  a t  t h e  
same r a t e o  The p r i n c i p a l  a r e  presumed t o  be: 

The su lph ide  minera l  r e a c t s  w i th  ammon.la, oxygen, and wa te r  t o  
produce meta l  ammines, hydra ted  f e r r i c  oxide,  and ammonium 
t h i o s u l p h a t e :  

Ammonium t h i o s u l p h a t e  r e a c t s  w i th  d i s s o l v e d  oxygen t o  produce 
ammonium s u l p h a t e  and ammonium t r i t h i o n a t e t  

Ammonium t r i t h i o n a t e  is f u r t h e r  ox id ized  by d i s s o l v e d  oxygen 
t o  produce a d d i t i o n a l  ammonium s u l p h a t e  and ammonium 
sulphama-te 

The end products  a r e  a s o l i d  r e s i d u e  t h a t  i nc ludes  hydra ted  i r o n  
oxide and a s o l u t i o n  t h a t  con ta ins  d i s s o l v e d  meta l  ammines, ammonium 
s u l p h a t e ,  and ammonium sulphamateo Continuous ope ra t ion  i s  c a r r i e d  ou t  
by a two-stage counter -cur ren t  leach .  In  t h e  f i r s t  s t a g e  f r e s h  concen- 
t r a t e  and r e c y c l e  l i q u o r  a r e  f e d  t o  a compartmented au toc lave .  A f t e r  
s u f f i c i e n t  r e t e n t i o n  time t h e  pu lp  i s  f i l t l e r e d  and t h e  p a r t l y  leached  
s o l i d s  a r e  mixed wi th  f r e s h  ammonia so lu t i l on  and charged t o  a second 
a u t o c l a v e o  Here t h e  r e a c t i o n s  proceed u n t i l  l eaching  i s  complete. The 
pu lp  i s  th ickened  and t h e  f e r r i c  hydra t e  and i n s o l u b l e  t a i l i n g s  a r e  
removed by f i l t r a t i o n ,  

Copper Recovery 

The pregnant  s o l u t i o n  is b o i l e d  i n  a cont inuous s t i l l  t o  remove 
some of t h e  excess  ammonia, which i s  recovlered a s  h igh - s t r eng th  aqua 
ammonia, and r e t u r n e d  t o  t h e  leaching  c i r c u i t ,  A s  t h e  f r e e  ammonia 
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dec reases ,  t h e  t h i o s u l p h a t e  and t r i t h f o n a t e  compounds decompose, re- 
s u l t i n g  i n  t h e  p r e c i p i t a t i o n  of copper su lphide .  

Pressure  Hydrolysis 

The s o l u t i o n  l e f t  a f t e r  f i l t e r i n g  o f f  t h e  copper su lph ide  con- 
t a i n s  smal l  amounts of8 t h i o n a t e ,  t h i o s u l p h a t e ,  and sulphamate compounds 
t h a t  must be removed be fo re  t h e  n i c k e l  i s  recovered.  T h i s  is e-ffected 
by hea t ing  the  solution under p r e s s u r e  i n  t h e  presence of a i r ,  which, 
ox id i zes  t h e  t h i o n a t e  and t h i o s u l p h a t e  t o  s u l p h a t e  and a t  t h e  e l e v a t e d  
tempera ture  hydrolyzes  t h e  sulphamate t o  ammonium s u l p h a t e o  
i m p u r i t i e s  a r e  a l s o  hydrolyzed and removed by f i l t r a t i o n .  

Trace 

Hydrogen Reduction 

The p r e c i p i t a t i o n  of t h e  n i c k e l  i s  c a r r i e d  out  i n  p r e s s u r e  t anks  
b y , a g i t a t i n g  t h e  s o l u t i o n  w i t h  hydrogen w i t h i n  a tempera ture  range  of 
2OO0F t o  400°F, and a t  p r e s s u r e s  a s  h igh  a s  900 pounds pe r  squa re  inch. 
As n i c k e l  s a l t s  r e a c t  w i th  hydrogen more r e a d i l y  and under more moderate 
cond i t ions  than  c o b a l t  s a l t s ,  it is  p o s s i b l e  t o  p r e c i p i t a t e  t h e  n i c k e l  and 
l eave  t h e  c o b a l t  3.n t h e  s o l u t i o n  f o r  subsequent  hydrogen t r ea tmen t  and 
recovery.  

The n i c k e l  i s  p r e c i p i t a t e d  a s  s p h e r i c a l  p a r t i c l e s  ranging  between 
50 and 80 microns i n  diameter .  

Ammonium Sulphate  1 

The f i n a l  s o l u t i o n  is  evaporated t o  produce h igh -pur i ty  ammonium 
s u l p h a t e  . 

General  

The t o t a l  l eaching  time is  less  t h a n  24 hours ,  wh i l e  t h e  sub- 
sequent  ope ra t ions  t a k e  from one t o  two hours  eacho  

I n  t h e  inve ' s t iga t ions  c a r r i e d  out  on t h e  process  a c o n c e n t r a t e  
of t h e  fo l lowing  composition appears  t o  g i v e  t h e  b e s t  economic r e t u r n s t  

Nickel  ~ e o ~ o ~ ~ . ~ e ~ ~ ~ o e o ~ o e e ~ e o ~ ~ e ~ ~  10-14 p e r  c e n t  
Copper ............................ 1-2 . . . .  
Cobal t  ............................ 003-004 . . . .  
I r o n  .............................. 33-40 . . . .  
Sulphur  ........................... 28-34 . . . .  
I n s o l u b l e  ......................... 8-14 . . . .  
Psecious meta ls  - less than  .02 ounces per t o n  

From such a n i c k e l  concen t r a t e  t h e  fo l lowing  r e c o v e r i e s  a r e  
made: 

Nickel  ............................. 90-95 p e r  c e n t  
Copper ............................ 88-92 . . . .  
Cobal t  ............................ 50-75 . . . .  
Sulphur  ........................... 60-75 . . . .  

4 
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The n i c k e l  powder has  a p u r i t y  of 99.95 p e r  c e n t  w i th  an i r o n ,  

su lphur ,  and copper con ten t  of 0.01 pe r  c e n t  each. 

CHAPTER V 

WORLD RESOURCE3 

The n i c k e l  o r e s  t h a t  c o n s t i t u t e  t h e  major sou rces  of t h e  meta l  
f a l l  i n t o  t h r e e  p r i n c i p a l  c l a s s e s :  su lph ide  o r e s ,  s i l i c a t e s  o r  ox id ized  
o r e s ,  and n i c k e l i f e r o u s  i r o n  o res .  Arsen ica l  o r e s ,  u s u a l l y  con ta in ing  
bo th  n i c k e l  and c o b a l t , . a c c o u n t  f o r  on ly  ci smal l  product ion.  

Nicke l  occurs  i n  g r e a t e r  amount t han  copper a s  a c o n s t i t u e n t  of 
the e a r t h ’ s  c r u s t ,  t h e  p ropor t ions  being approximately 0.020 and 0.010 
re spec t ive l -y .  
t h e  n a t u r a l  ngenci,es t h a t  t end  t o  concen t r a t e  t h e  element i n t o  workable 
d e p o s i t s ,  and consequent ly  economic d e p o s i t s  of n i c k e l  a r e  f a r  less 
numerous t h a n  t h o s e  of copper. 

I t  i s  less  amenable, however, t han  copper t o  t h e  a c t i o n  of 

Sulphide  0re:L 

The l a r g e s t  r e s e r v e s  of developed su lph ide  o r e s  of n i c k e l  a r e  
Next i n  r e l a t i v e  importance t h o s e  of t h e  Sudbury d i s t r i c t  of Ontar io .  

a r e  t h e  Lynn Lake d e p o s i t s  of Manitoba, t h e  Karelo-Finnish Petsamo 
d e p o s i t s  of Russia and t h e  Merensky Reef d e p o s i t s  (30) of South Af r i ca .  
P o t e n t i a l  s u l p h i d e  d e p o s i t s  i n  Canada have been covered i n  Chapter  I11 - 
Canadian Nickel Occurrences. World p o t e n t i a l  r e s e r v e s  of s u l p h i d e  ores 
a p a r t  from t h e  developed d e p o s i t s  a r e  n o t  l a r g e ,  b u t  t h e  p o s s i b i l i t y  of 
new d i s c o v e r i e s  of o r e  of ecanomic g rade  :Ln Canada and South Af r i ca  is  
favourable .  

Alaska 

The d e p o s i t s  of Bohemia Basin, Yakobi I s l a n d ,  s o u t h e a s t e r n  
Alaska,  a r e  r e p o r t e d  by t h e  United S t a t e s  Bureau of Mines t o  c o n t a i n  
over  10,000,000 t o n s  of m a t e r i a l  w i th  a n i c k e l  con ten t  of 0.36 p e r  c e n t  
and copper  0.27 p e r  cen t . (28 )  

South Afr ica ,  

S e v e r a l  undeveloped occurrences  a r e  found i n  South Af r i ca .  The 
magmatic nickel-copper  d e p o s i t s  i n  Eas t  Griqualand a r e  of cons ide rab le  
p rospec t ive  i n t e r e s t o  The o r e  occurs  i n  f l a t  s h e e t - l i k e  bod ies  and v e i n s  
of massive su lph ides  and a s  d isseminated  o r e o  
con ten t  ranges  from Oe35 t o  1.9 per  c e n t  and t h e  copper from 0.35 t o  1.95 
per c e n t  (31 ) 

Russia 

I n  t h e  l a t t e r  t h e  n i c k e l  

Nickel-copper su lph ide  d e p o s i t s  a r e  known i n  the N o r i l s k  a r e a  of 
nor thwes tern  S i b e r i a ,  and i n  t h e  Kola Peninsula  i n  n o r t h e r n  Russia . (28) 
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I. CANADA- SUDBURY AREA. 
2. CANADA- LYNN LAKE. 
3. CANADA- WESTERN NICKEL. 
4. CANADA- RANKIN INLET. 
5. ALASKA - YAKOBI ISLAND. 

7. UNITED STATES -FREDERICKTOWN, MISSOURI. 
8. CUBA - LEVISA BAY AND MOA BAY. 

a UNITED STATES -RIDDLE, DREGDN. 

9. VENEZUELA - LOMA DE HIERRO. 17. GREECE - ATALANTE - LARYMNA. 
ID. BRAZIL- SA0 JOSE DO TOCANTINS. 18. UNION OF SOUTH AFRICA - MERENSKY REEF. 
II. NEW CALEDONIA. 19. UNION OF SOUTH AFRICA - CRIQUALAND EAST. 
12. BORNEO - SELUKU. ZD. RUSSIA - PETSAMO. 
13. CELEBES - LARONA. E l .  RUSSIA  - KOLA PENINSULA. 
14. PHILIPPINES - SURIGAO. 22. R U S S I A -  CENTRAL AND SOUTHERN URALS. 
IS. JAPAN - HONSHU ISLAND. 23. RUSSIA  - N O R I L S K  
16. MADAGASCAR - NICKELVIUE.  

MAP 3. PRINCIPAL WORLD OCCURRENCES OF NICKEL 



- 35 - 
Norway 

A number of r e l a t i v e l y  sma l l ,  low-grade d e p o s i t s  have been ex- 
plored  and worked i n  Norway. 
t h e  pe r iod  1870-77, p r i o r  t o  t h e  development of t h e  New Caledonia 
depos i t s . (28 )  

Norway cont i rol led t h e  n i c k e l  market du r ing  

P h i l i p p i n e s  

A nicke l -p la t inum d e p o s i t  has  been d iscovered  i n  wes t - cen t r a l  
Luzon, P h i l i p p i n e  I s l a n d s ,  on which d r i l l i n g  has  i n d i c a t e d  a r e s e r v e  of 
from 200,000 t o n s  t o  250,000 t o n s  averaging  1.5 p e r  c e n t  n i c k e l  . (28) 

United States_ 

A complex lead-copper-nickel-cobal t  d e p o s i t  occurs  a t  
Fredericktowm, i n  t h e  l ead  d i s t r i c t  of s o u t h e a s t e r n  Missouri .  A p l a n t  
has  been e r e c t e d  t o  t r e a t  t h e  o r e ,  and an annual  ou tpu t  of about  900 
t o n s  of n i c k e l  is expected. Measured and i n d i c a t e d  o r e  r e s e r v e s  a r e  
r e p o r t e d  a s  1,775,000 t o n s  averaging  2.3 p e r  c e n t  l e a d ,  1.4 copper ,  
0.28 c o b a l t ,  and 0.46 n i c k e L ( 2 8 )  

Nicke l  S i l i c a t e  and Oxidized Ores 

P r i o r  t o  1905, n i c k e l  s i l i c a t e  ores were t h e  wor ld ' s  p r i n c i p a l  
sou rce  of n i c k e l ,  t h e  d e p o s i t s  of New Caledonia con ta in ing  t h e  l a r g e s t  
known reserves. The f i .gures  f o r  s i l i c a t e  o r e  reserves a r e  i n  g e n e r a l  
less a c c u r a t e  than  t h o s e  a v a i l a b l e  € o r  t h e  l a r g e r  su lph ide  d e p o s i t s ,  b u t  
t h e  n i c k e l  con ten t  of t h e  world r e s e r v e s  of t h e s e  ores, g rad ing  about  
t h r e e  per  c e n t  n i c k e l  i n  s e l e c t e d  and s o r t e d  o r e t  is  e s t ima ted  t o  equa l  
o r  exceed t h a t  of t h e  l a r g e r ,  developed su lph ide  d e p o s i t s .  

New Caledonic  

Nickel  was d iscovered  i n  New Caledonia i n  1865, b u t  t h e  economi'c 
development of t h e  d e p o s i t s  d i d  n o t  begin  u n t i l  1875. New Caledonia was 
t h e  l ead ing  producer of n i c k e l  u n t i l  1905, when Canadian product ion  took  
t h e  lead .  L a  S o c i e t e  l e  Nickel  c o n t r o l s  t h e  pr incipal .  d e p o s i t s  of t h e  
i s l a n d .  The o r e ,  g a r n i e r i t e ,  occurs  a s  a hydra ted  s i l i c a t e  of n i c k e l  
and magnesia. The s o r t e d  o r  s e l e c t e d  o r e  i s  c u r r e n t l y  main ta ined  a t  a 
grade  of about  3.5 p e r  cent .  Mining is  by open-pi t  methods. Product ion 
of o re  inc reased  from 138,000 metric t o n s  i n  1950 t o  373,000 metric tons  
i n  1952. Publ ished f i g u r e s  on r e s e r v e s  o r  g rade  a r e  n o t  a v a i l a b l e  b u t  
t h e  company r e p o r t s  t h a t  t h e  reserves a r e  adequate  t o  ma in ta in  an annual  
ou tput  of 12 ,000  m e t r i c  t o n s  of m e t a l l i c  n i c k e l  f o r  80 yea r s . (32 )  

United S ta te : i  

A n i c k e l  s i l i c a t e  d e p o s i t  i s  under  development by the ALA. Hanna 
Company a t  Rf~ddle, Douglas county,  Oregon. The d e p o s i t  occurs  i n  f l a t -  
l y i n g  beds under  a l a y e r  of t o p s o i l .  D r i l l i n g  has  i n d i c a t e d  beds con ta in ing  
over  6,000,000 t o n s  of  o r e  grad ing  one t o  two p e r  c e n t  n i c k e l .  
f o r  a minimum product ion  of 95 ,0~0 ,000  pounds of  n i c k e l  i n  t h e  form of a 
f e r r o - n i c k e l  a l l o y  wi th  a 25 p e r  c e n t  n i c k e l  conten t .  
be employed. ( 2 8 )  

P lans  c a l l  

Open-pit mining w i l l  
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B r a z i l  

A number of n i c k e l  s i l i c a t e  d e p o s i t s  a r e  found i n  B r a z i l .  I n  
t h e  S t a t e  of Goias,  some 50 d e p o s i t s  occur i n  a 14-square-mile-area 
n o r t h  of Sao Jose do Tocantins.  The d i s t r i c t  a s  a whole is es t imated  
t o  con ta in  a s  much a s  16,000,000 tons  of o re  averaging between one and 
t h r e e  per  cent nickel.. The ore beds a r e  from 10 -to 60 feet deep wi th  
an overburden ranging from a f e w  f ee t  t o  15 o r  20 feet .  The deposits 
are  d iscont inuouso  

Small. d e p o s i t s  have been mined and smelted i n  t h e  Minas Geraes 
A t  Livramento t h e r e  is a probable  r e s e r v e  of 250,000 t o n s  and reg ion .  

a p o s s i b l e  r e s e r v e  of 2,OOO,OOO t o n s  wi th  a n i c k e l  conten t  of 1.5 pe r  
cent .  In  t h e  same reg ion  a t  Ipanema, d e p o s i t s  con ta in  about  200,000 t o n s  
of ore grading  one t o  two per cent n i c k e l ,  and 2,000,000 t o n s  of p o s s i b l e  
o re  of t h e  same grade . (28)  

Venezuela 

Large low-grade n i c k e l  s i l i c a t e  d e p o s i t s  have been explored a t  
Lorna d e  Hierro.  I n t e r n a t i o n a l  Nickel Company has  sampled an a r e a  10 t o  
12 miles long and more than  ha l f  a mile wide. 
have n o t  been publ ished,  bu t  it i s  r epor t ed  t h a t  reserves exceed 
30,000,000 t o n s  conta in ing  about  1.75 pe r  cen t  n i cke l .  The d e p o s i t s  lie 
i n  heds of c layey  weathered m a t e r i a l  30 t o  100 f e e t  t h i c k .  The m a t e r i a l  
i s  r e p o r t e d  t o  c a r r y  a l i t t l e  c o b a l t  and manganese. The beds lend  them- 
selves t o  mechanized mining by open-pit  methods bu t  o re  is t o o  low g rade  
t o  be t r e a t e d  economically by c u r r e n t  smel t ing  p r a c t i c e s .  (28) 

D e t a i l s  of o r e  reserves 

P 

Russia 

The r e s e r v e s  of n i c k e l  s i l i c a t e  o re  i n  t h e  c e n t r a l  and southern  
Ura l s  a r e  ex tens ive  and comprise a l a r g e  p a r t  of Russ i a ' s  n i c k e l  reserveso 
The d e p o s i t s  a r e  a s s o c i a t e d  wi th  weathered p e r i d o t i t e  and se rpen t ine .  The 
Khal i lovo d e p o s i t  i n  t h e  southern  Ura ls  was r epor t ed  i n  1933 t o  have a 
reserve of 15,600,000 metric t o n s  conta in ing  1,54 pe r  c e n t  n i cke l .  
neighbouring Aktyubinsk d e p o s i t  i s  sma l l e r  and of lower grade ,  con ta in ing  
149000,000 m e t r i c  t o n s  w i th  0.72 per  cen t  nickel l .  
c e n t r a l  Ura ls  a r e  cons iderably  smal le r .  (28) 

The 

The d e p o s i t s  i n  t h e  ' 

Greece 

G a r n i e r i t e  d e p o s i t s ,  'from which some product ion has  been obta ined  
a t  d i f f e r e n t  pe r iods ,  occur i n  t h e  Atalante-Larymna d i s t r i c t  of Greecee 
Deposi ts  of n i c k e l i f e r o u s  i r o n  a l s o  occur i n  t h e  same.region. The German 
f i r m  of Krupp has  r e c e n t l y  cons t ruc ted  o re  d re s s ing  and meta l lurg ica l .  p l a n t s  
capable  of t r e a t i n g  130,000 tons  of n i c k e l  o r e  annual ly  and ope ra t ions  were 
resumed i n  1955* The r e s e r v e  of s i l i c a t e  o re  is r epor t ed  t o  be 500,000 t o n s  
averaging 2.5 p e r  cen t  n i cke l .  (28) 

Celebes 

0 

Severa l  d e p o s i t s  of n i c k e l  s i l i c a t e  o r e  occur on t h e  i s l a n d  of 
Celebes9 t h e  two p r i n c i p a l  r eg ions  both being on t h e  e a s t e r n  s i d e  of t h e  
Gulf of Bone i n  t h e  sou theas t e rn  p a r t  of t h e  i s l a n d .  Geological  cond i t ions  
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i n d i c a t e  a probable  r e s e r v e  of about  2,000,000 t o n s  con ta in ing  t h r e e  pe r  
cen t  n i c k e l ,  and a p o s s i b l e  r e s e r v e  i n  excess  of 10,000,000 t o n s  grading,  
between one and t h r e e  per  cen t .  The o r e  bodies  a r e  i r r e g u l a r ,  occu r r ing  
l o c a l l y  a s  e a r t h y  masses. 
d i s t r i c t s  of Soroaka and Balang. (28) 

Other f avourab le  p rospec t s  a r e  known i n  t h e  

Madaqascar 

Small d e p o s i t s  of g a r n i e r i t e  o r e  of f a i r  g rade  a r e  found i n  t h e  
N i c k e l v i l l e  d i s t r i c t ,  Alaot ra  r eg ion  of Madagascar. The o r e s  a r e  
a s s o c i a t e d  wi th  p a r t l y  s e r p e n t i n i z e d  rocks .  Reserves a r e  e s t ima ted  a t  
900,000 t o n s  con ta in ing  4.2 t o  8.5 pe r  cen-t n i c k e l .  The n i c k e l  i n  t h e  
s e r p e n t i n e  and t a l c  m a t e r i a l  i s  n o t  cons idered  r ecove rab le ,  a l though t h e  
con ten t  i s  f a i r l y  high.  (28) 

Tanqanyika 

A d e p o s i t  of g a r n i e r i t e  and nepouiite a t  Kabulwanyele, Tanganyika, 
i s  r e p o r t e d  t o  con ta in  about  5,000,000 i n f e r r e d  t o n s  of n i c k e l  o r e  ca r ry ing  

up t o  0.72 p e r  c e n t  n i c k e l .  
were c a r r i e d  out s h o r t l y  a f t e r  t h e  end of World War 11, b u t  t h e  r e s u l t s  do  
n o t  appear  t o  have been favourable.(33, 34:) 

I n v e s t i g a t i o n s  aimed a t  developing t h e  d e p o s i t s  

N icke l i f e rous  I r o n  Ores 

Nicke l i f e rous  i r o n  o r e s  c o n s t i t u t e  t h e  wor ld ' s  l a r g e s t  p o t e n t i a l  
sou rce  of n i c k e l ,  bu t  t h e  low n i c k e l  con ten t  and t h e  r e f r a c t o r y  n a t u r e  of 
t h e  o r e s  has  l i m i t e d  t h e i r  development t o  it few i s o l a t e d  cases .  The average  
n i c k e l  con ten t  ranges  from a l i t t l e  above t o  a l i t t l e  below 1.0 p e r  cent .  
Treatment methods t o  r ecove r  t h e  n i c k e l  a r e  r e l a t i v e l y  c o s t l y .  

Some of t h e  l a r g e s t  d e p o s i t s  of t h i s  t ype  of o r e  a r e  found i n  
Cuba, wh i l e  immense d e p o s i t s  comprising hundreds of m i l l i o n s  of t o n s  a r e  
known t o  occur  i n  t h e  P h i l i p p i n e s ,  Celebes!, and p a r t s  of Borneo. Smal le r  
and lower-grade d e p o s i t s  a r e  found i n  Greece, U.S.S.R., Japan ,  and s e v e r a l  
o t h e r  L o c a l i t i e s .  

Cuba - 
Extens ive  d e p o s i t s  of low-grade n i c k e l i f e r o u s  i r o n  o r e  occur  i n  

O r i e n t e  and Camaguey provinces  on t h e  n o r t h e a s t e r n  c o a s t  of Cuba. The o r e s  
have been forrned through the -wea the r ing  of b a s i c  rock ,  now r e p r e s e n t e d  by 
s e r p e n t i n e .  The Nicaro d e p o s i t s ,  Mayari d i s t r i c t ,  c o n s i s t  of t h r e e  i n -  
d i s t i n c t  l a y e r s .  The upper o r  s u r f a c e  l a y e r ,  f o u r  t o  e i g h t  f e e t  t h i c k ,  i s  
a r e d  h e m a t i t i c  o r e  con ta in ing  an average  of about  0.8 p e r  c e n t  n i c k e l  and 
49 pe r  c e n t  i ron .  The middle  l a y e r s  e i g h t  t o  twelve f e e t  t h i c k ,  c o n s i s t s  
of yel low t o  ye l lowish  brown l i m o n i t i c  o r e  con ta in ing  about  1.3 p e r  c e n t  
n i c k e l  and a l i t t l e  over 50 pe r  c e n t  i r o n .  The bottom l a y e r  i s  composed 
of d i s i n t e g r a t e d  s e r p e n t i n e  and has  a t h i c k n e s s  of from two t o  t e n  f e e t .  
I t  c o n t a i n s  about  1.6 pe r  c e n t  n i c k e l  and 22 p e r  c e n t  i r o n .  This  mode of 
occurrence  i s  t y p i c a l  of t h e  d e p o s i t s  found i n  t h e  t h r e e  major  d i s t r i c t s  
Mayari, Moa, and San Fe l ipe .  The t o t a l  r e s e r v e s  of n i c k e l i f e r o u s  i r o n  
o r e  i n  t h e s e  d i s t r i c t s  a r e  e s t ima ted  a t  about  3,000,000,000 t o n s ,  b u t  no 
e s t i m a t e s  of r ecove rab le  n i c k e l  have y e t  been made. 
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The Nicaro Nickel  Conpany developed t h e  d e p o s i t s  i n  t h e  v i c i n i t y  

of Levisa Bay dur ing  World War 11. 
con ta in ing  1 - 4 5  pe r  cen t  n i c k e l  was ou t l ined .  Production i n  t h e  form of 
n i c k e l  oxide began i n  1943 and cont inued ' u n t i l  1947, dur ing  which per iod  
34,463 t o n s  of n i c k e l  was produced. D i f f i c u l t y  was encountered i n  t r e a t -  
ing t h e  s e r p e n t i n e  ore and it was necessary  t o  u s e  a p ropor t ion  of t h e  
middle l a y e r  ore .  As a r e s u l t  t h e  ove r -a l l  r e s e r v e s  were reduced t o  
24,000,000 t o n s  grad ing  1.45 pe r  cen t  n i c k e l .  Operat ions were resumed 
i n  1952 with a p ro jec t ed  annual  ou tpu t  of 30,000,000 pounds of conta ined  
n i c k e l  . 

About 31,000,000 tons  of l a t e r i t i c  ore 

In  A p r i l ,  1953 Freepor t  Sulphur Company announced t h e  l o c a t i o n  
of a l a r g e  n i c k e l i f e r o u s  i r o n  orebody amenable t o  t r ea tmen t  i n  t h e  
v i c i n i t y  of Moa Bay. Extens ive  e x p l o r a t i o n  has  i n d i c a t e d  40,000,000 t o n s  
of o re  averaging  1.35 per c e n t  n i c k e l  and Om14 pe r  c e n t  c o b a l t o  
company proposes t o  e r e c t  a p l a n t  w i t h  an i n i t i a l  ou tpu t  of 30,000,000 
pounds of n i c k e l  annual ly .  (28) 

The 

Greece 

A reserve of n e a r l y  10,000,ObO t o n s  of l a t e r i t i c  i r o n  o r e  re- 
por ted  t-o con ta in  about  one pea c e n t  n i c k e l  i s  found i n  t h e  Ata l an te -  
Larymna d i s t r i c t p  
r e f e r r e d  t o  i n  t h e  s e c t i o n  under s i l i c a t e  ores . (28)  

Renewed a c t i v i t y  i n  t h i s  a r ea  has  a l r e a d y  been 

Celebes and Borneo 

Russia 

Cornp'lex f e r r o - n i c k e l  and i ron -n icke l - coba l t  o r e s  which appear  
t o  correspond t o  low-grade n i c k e l i f e r o u s  i r o n  d e p o s i t s  e lsewhere a r e  
found i n  t h e  c e n t r a l  and sou'thern Ura81 Mountains. No e s t i m a t e  of t h e  
reserves is a v d i l a b l e ,  (28) 

Large d e p o s i t s  of n i c k e l i f e r o u s  i r o n  o r e s  have been prospec ted  
i n  t h e s e  i s l a n d s .  I n  Celebes about  10 o r e  f i e l d s  have been d iscovered  
i n  t h e  mountainous- count ry  i n  t h e  sou theas t e rn  i n t e r i o r  p a r t  of t h e  
i s l a n d .  
amount t o  370,000,000 t o n s  averaging 49 pe r  c e n t  i r o n  wi th  a n  i n d i c a t e d  
n i c k e l  con ten t  of about  0.9 per  cent .  

The most important  f i e l d  is t h e  Larona, where proved o r e  reseryes 

Sou theas t e rn  Borneo has  l a r g e  d e p o s i t s  of l a t e r i t i c  n i c k e l i f e r o u s  
i r o n  o r e 9  t h e  l a r g e s t  of t h e s e  being on t h e  I s l and  of Seluku. Reserves 
have been e s t ima ted  a t  about  500,000,000 t o n s  wi th  a n i c k e l  con ten t  
r e p o r t e d l y  averaging  0.66 pe r  cen t .  (28 )  

Japan - 

The n i c k e l i f e r o u s  i r o n  o r e  d e p o s i t s  on Honshu I s l a n d  i n  Japan 
y i e l d e d  a small output  of n i cke l -bea r ing  p ig - i ron  dur ing  World War 11. 
The ores a r e  r e s i d u a l  l a t e r i t i c  c l a y s  con ta in ing  from 0.3 t o  0.8 pe r  cent 
n i c k e l  and from 20 t o  25 pe r  c e n t  i ron .  
63,000,000 t o n s  w i t h  an average grade  of 0.5 pe r  cen t  n i c k e L ( 2 8 )  

Reserves a r e  e s t ima ted  a t  about  
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L. 

1 

P h i l i p p i n e  I s l a n d s  

The d e p o s i t s  of n i c k e l i f e r o u s c  i r o n  o r e  found i n  t h e  P h i l i p p i n e s  
are very  s i m i l a r  t o  t h o s e  of Cubao 
Surigao,  Mindanao, have been prospec ted  and r e s e r v e s  of 550,000,000 t o n s  
have been blocked o u t ,  w i t h  po ten - t i a i  r e s e r v e s  of over 1,000,000,000 t o n s  
ind ica t ed .  The o r e  beds range  from a few f e e t  t o  n e a r l y  100 f e e t  i n  
t h i ckness .  The i r o n  con ten t  is  47 pe r  cen t  w i th  n i c k e l  averaging  almost  
008 p e r  cen t .  
on t h e  n o r t h e a s t  c o a s t  of Mindanao. 
comprising t h e  Peninsula  of Dahican, has  been d r i l l e d  and sampled. (28) 

The occurrences  i n  t h e  Province of 

The d e p o s i t s  cover an a r e a  about  seven by t h i r t e e n  miles 
Only a p a r t  of t h e  a r e a ,  t h a t  

Table  1 

Est imated Nicke l  Reserves of t h e  World(4) 

(Metal Content i n  S h o r t  Tons) 
Country Operat ing or Under Undeveloped 

Development 
-_I__ 

Canada 4,822,000( 500 OOO( 
Cuba 1,413,000(2 16,457,000(2) 
United S t a t e s  ( inc lud ing  257 OOO( 3 ) 153,000( 2 ] 

Alaska)  N.A, ( 1 )  140,000( 1s 
B r a z i l  - 200~000-400,0O0(3) 
Venezuela - 450,000-8759000( 3 )  - 49000,000-79 000, GOO( 2) Celebes,  Borneo 

8cI O O O ( 3 )  
4,500,000 (3 ) 
315,000( 2 )  
45,000( 3) 

50,000-100 Ooo9 000 00013 2) ) 
N.A.(~) 

N * A .  ( 1 )(2)(3 1 

P h i l i p p i n e s  
Japan 
Madagascar 
New Caledonia 
Greece 
Union of South Af r i ca  
U.S.S*R* 

.- 

I 

4649 000-5149 OOO( 3) 
12,500( 3 ) 

MOA. (1 )(2)(3) 
N.A. (1) 

( 1 )  Sulphide  o r e s e  
( 2 )  N i c k e l i f e r o u s  i r o n  o r e s o  
( 3 )  S i l i c a t e  o r e s o  
( 4 )  Sources  of in format ion ,  U S .  Bureau 

of Mines, M a t e r i a l s  Survey - Nicke l ,  
1952 and U S .  Bureau of Mines, Report 
of I n v e s t i g a t i o n s  5099, February,  19550 

N.A. Informat ion  not  a v a i l a b l e .  
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CHAPTER VI 

s 

I 

-- ECONOMICS OF NICKEL 

Product ion  

Canada produces about  80 p e r  c e n t  of t h e  world ou tpu t  of n i c k e l ,  
and a s  t h e  p r o j e c t e d  i n c r e a s e  f rom t h e  v a r i o u s  developments under way 
throughout  t h e  count ry  more than  counterba lances  t h a t  from o t h e r  world 
developments, it would appear  t h a t  Canada will con t inue  t o  ma in ta in  its 
p r e s e n t  position f o r  many y e a r s  t o  come. 

The f irst  recorded product ion  of Canadian n i c k e l  was f o r  1889, 
wheh an  ou tpu t  of 415 s h o r t  t o n s  was r e p o r t e d ,  and from then  t o  t h e  end 
of 1952 Canadian product ion  t o t a l l e d  390909264 shor t  tons .  
pe r iod ,  1926-50 i n c l u s i v e ,  Canada accounted f o r  s l i g h t l y  over 80 p e r  c e n t  
of t h e  t o t a l  world product ion  of n i c k e l o  

. 

In  t h e  25-year 

Table  2 

Product ion of Canadian. Nickel* 

Period o r  Product i on 
Year (Short t o n s  ) 

1889-1898 
1899 -1 908 
1909-1918 

1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 

17 9 203 
68 , 230 

282 897 
22 9 272 
30 , 668 

9 , 646 
8 , 798 

319227 
* 34,768 
36  , 928 
32 , 857 
33 , 399 
48 , 378 
55,138 
51 , 884 
32 , 833 
15,164 
41 9 632 
64 3 343 

~ 

Period o r  . Product ion 
Year (Shor t  t o n s  ) - --- 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 

69 9 253 
84,869 

112,452 
1059286 
113,053 
122,778 
141 , 129 

144,009 

122,565 
96 , 062 

-118,626 

142 , 605 

137 ,200 

131,740 
128 , 690 
123 , 659 

140,007 
143 , 693 
159,992e 

137 , 903 

* Dominion Bureau of S t a t i s t i c s .  

e Pre l iminary  e s t i m a t e o  
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Of a l l  t h e  base m8ta ls ,  n i cke l -  is probably t h e  most s e n s i t i v e  
t o  t h e  in f luence  of world economic and p o l i t i c a l  condi t ions .  This  i s  
c l e a r l y  ev ideh t  from t h e  curve shown i n  F igu re  4 i l l u s t r a t i n g  Canadian 
n i c k e l  product ion  from 1898 t o  1952, 

The growth i n  t h e  output  of n i c k e l  dur ing  World War I was 
followed by a d e c l i n e  i n  demand and consequent ly  of ou tput  u n t i l  1923, 
when economic cond i t ions  began t o  improve. 
i n c r e a s e  u n t i l  t h e  e a r l y  30's when it f e l l  t o  a low of 30,000,000 
pounds i n  1932 from a h igh  of 110,276,000 pounds i n  1929. During World 
War I1 ou tpu t  climbed t o  a record  288,000,000 pounds i n  1943. Follow- 
ing t h e  outbreak  of t h e  Korean war i n  1950 and t h e  r e s u l t a n t  i n c r e a s e  
i n  demand f o r  t h e  metal  f o r  defence requi rements9  product ion  aga in  
moved upwards. Most of t h e  r e s t r i c t i o n s  on t h e  use  of n i c k e l  were 
removed dur ing  1952. 
l e v e l  owing c h i e f l y  t o  cont inued defence  needs and t o  i n d u s t r i a l  re- 
quirements ,  

Product ion cont inued t o  

Demand f o r  t h e  metal  has  remained a t  a h igh  

I n  t h e  recovery  of Canadian n i c k e l ,  t h e  o t h e r  me ta l s  a s s o c i a t e d  
f n  t h e  o r e  c o n s t i t u t e  an  important  segment of t h e  indus t ry .  
pe r  cent  of Canadass  copper product ion  is  from t h e  nickel-copper  o r e s  
of t h e  Sudbury d i s t r i c t e  Gold, s i lver ,  c o b a l t p  selenium, plat inum, 

and t h e  p la t inum meta l s  a r e  important  by-products, adding m a t e r i a l l y  
t o  t h e  va lue  of Canada's minera l  product ion.  

Almost 50 

New development and expansion w i l l ,  w i t h i n  t h e  nex t  f i v e  yea r s ,  
resul t  i n  an  i n c r e a s e  i n  ou tpu t  of from 30,000 t o  35,000 t o n s  of n i c k e l  
annual ly ,  
Inco,  Falconbridge,  and S h e r r i t t  Gordon. A f u r t h e r  i n c r e a s e  is p o s s i b l e ,  
a s  s e v e r a l  sma l l e r  ope ra t ions  a r e  expected t o  be producing w i t h i n  t h e  
nex t  few years .  

Th i s  w i l l  be producedzmainly by t h e  t h r e e  major companies - 

Reserves 

The r e s e r v e s  of n i c k e l  i n  Canada a r e  l a r g e ,  t h e  g r e a t  bu lk  of 
The ex tens iveqexp lo ra to ry  t h e  o r e  being confined t o  t h e  Sudbury a rea .  

and development work being c a r r i e d  out  on n i c k e l  occur rences  i n  many 
widely sepa ra t ed  a r e a s  of Canada a r e  adding apprec iab ly  t o  t h e s e  
reserves 

A Gonservat ive e s t i m a t e  of known n i c k e l  r e s e r v e s  based on 
a v a i l a b l e  informat ion  i s  shown i n  t h e  fo l lowing  t a b l e ,  There ex is t ,  
i n  a d d i t i o n ,  s i g n i f i c a n t  amounts of n icke l -bear ing  m a t e r i a l  t h a t  a t  
p r e s e n t  is  considered t o  be t o o  low i n  g rade  t o  be c l a s s e d  a s  ore9 o r  
by reason  of i t s  l o c a t i o n  cannot  be mined economically under e x i s t i n g  
condi t ions .  
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Table 3 

Canadian Reserves of Nickel  Ore 

I ( s h o r t  t o n s  ) 
Ore Nickel  Content  

- 
Measured 318,3919OOO 4 p 844 , 000 
Ind ica t ed  58,136,000 395 , 000 
I n f e r r e d  1,500~000 9 9 000 

I t  is  s i g n i f i c a n t  t h a t  t h e  proved o re  r e s e r v e s  of Inco  have 
cont inued t o  r i s e  s i n c e  1950 d e s p i t e  s u b s t a n t i a l  i n c r e a s e s  i n  o r e  
mined. (34) 

Table 4 

Proven Ore Reserves of 
- The I n t e r n a t i o n a l  Nickel  Company of Canada9 Limited 

- ( s h o r t  t o n s )  
Proved Ore T o t a l  Ore 
Reserves Mined 

Year 

1950 9 9 849 9 024 
1951 2539704,771 11,799,320 
1952 256,355,903 13,2489593 

252 9 859 9 725 

1953 26195419259 13,667,000 
1954 26X96199020 14,456,254 -- 

World Product ion 

Russia has  ranked second i n  nickell p roduct ion  s i n c e  1941. Actual  
product ion  f i g u r e s  a r e  n o t  a v a i l a b l e ,  b u t  t h e  e s t ima ted  ou tpu t  is based on 
t h e  f i g u r e s  g iven  i n  t h e  Minerals  Yearbook publ i shed  by t h e  United S t a t e s  
Bureau of Minese New Caledonia ,  which had he ld  second p l a c e  from 1905 t o  
19419 i s  now t h e  wor ld ' s  t h i r d  l a r ' ges t  producer. 
cont inuous product ion  s i n c e  1875. Although t h e r e  has  been no r e c e n t  pro- 
duc t ion  from Norway, Burma, and Greece, t h e s e  c o u n t r i e s  were c o n s i s t e n t  
minor producers  f o r  a number of yea r s .  

I ts  mines have been i n  

The e x i s t i n g  demand f o r  n i c k e l  has  a l s o  s t i m u l a t e d  t h e  develop-  
ment of d e p o s i t s  i n  several. w i d e l y - s e p a r a t e d  a r e a s  of. t h e  world. I n  
a d d i t i o n  t o  t h e  Nicaro  development'mentigned above, t h e  Moa Bay d e p o s i t s  
of Cuba are being prepared  f o r  product ion ,  T h i s  w i l l  p l a c e  Cuba i n  a 



Table 5 

World Production of Nickel. by Countries 1926-1951'l) 
(Short Tons of Contained.Nicke1) 

Year World Canada Cuba Brazil U.S.A. French Rhodesia South Finland Germany Greece Italy Norway Sweden U.S.S.R. Burma Japan Australia Indonesia New 

1926 37,370 32,850 322 
1927 38,030 33,400 858 110 110 3,527 
1928 55,400 48.378 522 726 451 813 4,480 
1929 62,100 55,138 . 340 2 84 483 930 95 4,816 
1930 59,800 51,884 308 965 1,065 132 5,376 
1931 40,000 32,833 373 715 586 899 4.600 

1933 51,000 41,632 33 126 1,518 1,068 1,090 10 5,512 
1934 78,900 64,342 43 157 1,172 1,470 950 1,354 9,480 

1936 102,950 84,868 527 107 94 15 728 1,383 1,400 2,200 1,446 26 10,141 

1938 127,300 105,285 413 416 180 84 49 606 1,330 165 1,372 2,750 1,057 22 551 12,897 
830 11,712 1939 134,500 113,051 28 394 540 439 551 1,473 110 1,219 

1940 154,300 122,777 554 459 804 634 96 1,110 9,530 821 909 2,449 11,613 
1941 178,600 141,126 660 588 107 743 204 100 1,000 111 15,000 519 2,547 1,323 11,458 

1943 184,100 144,007 2,679 642 50 544 9,888 1,048 546 47 636 774 12,300 1,778 1,323 8,128 

1945 159,800 122,564 12,015 66 1,155 554 992 13 569 430 14,770 716 4,771 
1946 135,600 96,061 12,391 352 548 686 61 22,000 3,063 
1947 154,300 118,625 2,220 646 583 595 27,550 3,687 
1948 166,500 131,738 883 505 27,550 5,381 
1949 160,900 128,688 790 625 27,550 3,716 
1950 160,000 123,055 913 929 27,550 6,945 

(2) (3) (4) Morocco Africa (5) 

1932 24,040 15,163 195 1,050 1,075 1,042 1 5,512 

1935 85,300 69,258 6 160 229 13 300 1,222 1,361 2,020 1,640 4 9,072 

1937 132,400 112,451 117 219 146 4 981 1,055 75 967 2,200 1,359 12,787 

1,015 966 

1942 174,200 142,603 1 612 593 1,797 636 778 82 1,004 416 12,130 1,380 1,323 10,378 

1944 173,100 137,297 5,158 7 988 52 593 345 15 583 769 14,330 1,896 6', 945 

1951 176,100 137.903 755 1,252 27,550 10,120 

(1) Materiale Survey-Nickel and Minerals Year Book, 1951. (4) By-product in electrolytic refining of copper. 
(2) Dominion Bureau of Statietice, Ottawa. (5) Estimated figures only. 
(3) Nickel content of produced oxide. 

7 
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s i g n i f i c a n t  p o s i t i o n  among t h e  minor producers  of n i cke l .  The Greek 
d e p o s i t s  a r e  a l s o  t o  be reopened and a t  lelast two p r o j e c t s ,  one i n  
Oregon and one a t  Fredericktown, Missour i ,  a r e  under development i n  
United S ta tes . ,  I n d i c a t i o n s  a r e  t h a t  t h e  combined annual  ou tpu t  of 
n i c k e l  from t h e s e  new sources  w i l l  amount t o  about  30,000 tons .  

Consumption 

Domestic consumption of m e t a l l i c  n i c k e l  is n o t  q u i t e  t h r e e  
pe r  c e n t  of t h e  r e f i n e d  n i c k e l  produced i n  Canada. The development 
of f o r e i g n  markets  is t h e r e f o r e  an  impor tan t  c o n s i d e r a t i o n  i n  t h e  d i s -  
t r i b u t i o n  of Canadian product ion.  The United S t a t e s  is t h e  l a r g e s t  
market, account ing f o r  about  67 p e r  cen t  of t h e  expor t s  i n  1952. The 
United Kingdom provides  t h e  second l a r g e s t  marketg absorbing almost  
22 p e r  c e n t  o f  t h e  expor t s .  

S u b s t i t u t e s  f o r  n i c k e l  were developed dur ing  t h e  pe r iod  of 
c o n t r o l l e d  use. 
s t r i c t i o n s  on t h e  use of t h e  meta l  have been l i f t e d .  
t h i s  sou rce ,  however, should n o t  prove s e r i o u s  a s  t h e  p e c u l i a r  
advantages and c h a r a c t e r i s t i c s  of n i c k e l  have been w e l l  e s t a b l i s h e d  
through t h e  y e a r s  o f  e f f o r t  spen t  i n  developing and promoting i t s  use 
i n  commercial a p p l i c a t i o n s .  Moreover, t h e  g r e a t  i n d u s t r i a l  expansion 
under way i n  United S t a t e s  and elsewhere has  brought  n i c k e l  i n t o  i n -  
c r e a s i n g l y  h igh  demand f o r  peacetime comme:rcial u s e 9  and t h e r e  is 
every  reason  t o  expec t  a s t r o n g  and expand.ing commercial demand f o r  
n i c k e l  a s  defence  requi rements  become less .  Meanwhile, up t o  t h e  
end of 1967, t h e  United S t a t e s  Government has  c o n t r a c t e d  f o r  t h e  
purchase of some 2539000 t o n s  of Canadian nickel! ,  o r  approximately 
11 per  c e n t  of t h e  product ion  dur ing  t h i s  pe r iod ,  l a r g e l y  t o  meet 
s t o c k p i l i n g  requirements .  

Some of t h e s e  may con t inue  i n  use  even though re- 
Competition from 

Prices 

Between 1830 and 1876 t h e  p r i c e  of m e t a l l i c  n i c k e l  ranged from 
a low of $1.00 p e r  pound t o  1840 t o  a h igh  of $3.50 pe r  pound i n  18730 
S ince  1875 t h e  p r i c e  has  remained under a d o l l a r  pe r  pound. The h i g h e s t  
p r i c e  between 1890 and 1926 was $0,92 a pound i n  1892 and t h e  lowes t  was 
$0.21 a pound i n  1895. P r i ces  v a r i e d  up  u n t i l  t h e  amalgamation of t h e  
two major Canadian producers ,  t h e  y e a r l y  average  f o r  t h e  per iod  1913-1928 
i n c l u s i v e  being $0.387 p e r  poundo 
remained c o n s t a n t  a t  $oa35. I n  1942 it was lowered t o  $0.31-1/2 where 
it remained u n t i l  dur ing  1946, when it was r a i s e d  t o  $0.35. With t h e  
except ion  of a d rop  t o  $0.33% i n  1948, p r i c e s  have r i s e n  s h a r p l y  i n  
r e c e n t  yea r s .  
s i n c e  1928 a r e  i n  United S t a t e s  d o l l a r s ,  f l , o .bo  Por t  Colborne, Ontar io ,  
i n  ca r load  l o t s .  

From 1929 t o  1941 t h e  p r i c e  of n i c k e l  

The c u r r e n t  (1955) p r i c e  is $0.645 p e r  pound., A l l  p r i c e s  
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CHAPTER VI1 

PRINCIPAL USES OF NICKEL 

With i t s  wide range of a p p l i c a t i o n s ,  n i c k e l  has  become one of 

When it i s  a l loyed  wi th  o t h e r  meta ls  i t s  many va luab le  q u a l i t i e s  

t h e  most e s s e n t i a l  meta ls .  
a l l o y i n g  element i n  s t a i n l e s s  and o t h e r  s t ee l s ,  c a s t - i r o n ,  and non-ferrous 
a l l o y s .  
a r e  l a r g e l y  imparted t o  t h e  r e s u l t i n g  a l l o y .  I n  i t s  a p p l i c a t i o n  i n  
h igh ly  s p e c i a l i z e d  a l l o y s ,  n i c k e l  has  made p o s s i b l e  t h e  commercial 
development of a l a r g e  number of new chemical products  a s  well a s  of 
e l e c t r i c a l  and e l e c t r o n i c  equipment. 

By f a r  t h e  g r e a t e r  amount i s  used qs an  

The use  of t h e  meta l  a lone ,  except  i n  e l e c t r o p l a t i n g ,  is 
l i m i t e d  and r e p r e s e n t s  only a smal l  f r a c t i o n  of t h e  t o t a l  used i n  
indus t ry .  

The percentage  of n i c k e l  consumed i n  t h e  p r i n c i p a l  i n d u s t r i a l  
a p p l i c a t i o n s  i s  shown i n  'Table 60 As t h e  United S t a t e s  i s  t h e  l a r g e s t  
consumer, t h e  percentages  have been c a l c u l a t e d  from informat ion  con- 
t a i n e d  i n  t h e  United S t a t e s  Minerals  Yearbook, 1951, on n i c k e l  consumed 
by uses .  The c a l c u l a t i o n s  a r e  based on t h e  f i g u r e s  f o r  1950, a y e a r  i n  
which t h e  u s e  of n i c k e l  was u n r e s t r i c t e d  f o r  a t  l e a s t  11 months. 

Comparable percentages  f o r  Canadian use  a r e  shown i n  Table  7. 
With t h e  except ion  of c a s t - i r o n  and non-ferrous a l l o y s ,  t hey  fo l low 
c l o s e l y  t h o s e  i n  t h e  United S t a t e s .  

Table  6 

Percentaqe of Nickel Consumed i n  1950 
i n  t h e  United S t a t e s  by Uses 

Use Per Cent 

S t a i n l e s s  steels 21.2 
Other s t ee l s  ............................. 17.9 
Cas t - i ron  O.O.eo. ..................... 4 0 9  
Non-ferrous a l l o y s ~ i  ).... 28.4 
High.temp. and e l e c t r i c a l  r e s i s t a n c e  

......................... 
................. 

a l l o y s  .............................. 5 e 7  
E l e c t r o p l a t i n g  ........................... 18.3 
C a t a l y s t s  ................................ 1.1 
Ceramics ................................. 0.3 
Magnets .................................. 1.0 
Other .................................... 1.2 

( l  )Comprise copper-nickel  a l l o y s  n i c k e l - s i l v e r ,  
b r a s s ,  bronzes bery l l ium a l l o y s ,  magnesium and 
aluminum a l l o y s ,  monel, i ncone l ,  and ma l l eab le  
n i c k e l  . 

I 

d. 

D 

i3 
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Table 7 

Percentaqe of Nickel  Used i n  Canada 

Use Per Cent 

Steel  .................................... 37.3 
Cas t - i ron  ................................. 16.6 
Non-ferrous a l l o y s  ........................ 22.6 
Heat-and c o r r o s i o n - r e s i s t a n t  a l l o y s  ....... 13.4 
E l e c t r o p l a t i n g  ............................ 5.7 
Other  ..................................... 4.4 
- '  - 
Nickel  is marketed i n  t h r e e  p r i n c i p a l  forms: a s  m e t a l l i c  n i c k e l  

and n i c k e l  a l l o y s ,  a s  r o l l i n g  m i l l  and foundry products ,  and a s  n i c k e l  
compounds. 

M e t a l l i c  Nicke l  

The usua l  forms i n  which m e t a l l i c  n i c k e l  i s  a v a i l a b l e  i n c l u d e  
cathodes ( cu t  t o  convenient  s izes ) ,  i n g o t s ,  s h o t ,  ma l l eab le  n i c k e l ,  
p e l l e t s ,  r o n d e l l e s ,  g r a i n s ,  and powder. 

Table  8 

NominalPercentaqe Composition of Commercial Forms 
of M e t a l l i c  N i c k e l 0  

Form Nickel  and Copper I r o n  Carbon S i l i c o n  Sulphur  Other 
Cobal t  Metals  

Cathodes 99.90-99.95 .01-.03 
Ingot  & s h o t  92.0 -99.6 .04-,20 
Cubes, r o n d e l l e s ,  

g r a i n s  99.2 -9905 - 
Powder(2) 98.7 -99.0 - 
P e l l e t s (  2 )  99.5 -99.9 - 
Ma 11 e a b l e  

Nickel(  3)  
99.4 0.10 

I'D" 95.2 0.05 
"Z"( 4)  94.0 0.05 

9lA ll 

.01-.04 Trace Trace  Trace  - 

.15-1.65 002-055 .01-5.5 .01-.04 - 

0.15 Om 10 0.05 0.005 .2 Manganese 
0.15 00 10 0.05 0,005 4.5 Manganese 
0.25 Om 16 0.41 0,005 4.3 Aluminum 

(1) 

( 2 )  
( 3 )  Produced i n  v a r i o u s  grades .  
( 4 )  Trade name - Duranickel .  

The I n t e r n a t i o n a l  Nickel  Company of Canada Limited 
and Metals  Handbook 1948. 
Made from n i c k e l  carbonyl ;  coba l t - f r ee .  
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The p r i n c i p a l  i n d u s t r i e s  using m e t a l l i c  forms of n i c k e l  a r e  
below, a long wi th  t h e  most important n icke l -bear ing  a l l o y s  produced, 
examples of t h e  types  of equipment i n t o  which they  a r e  f a b r i c a t e d .  

S t e e l  Mills 

l i s t e d  
and 

Nickel  s t e e l s ,  n i c k e l  chromium s t e e l s ,  n i c k e l  molybdenum steels,  
n i c k e l  copper steels,  e t c . ,  having a n i c k e l  conten t  from 0.5 t o  10 per 
centg are  used i n  t r a n s p o r t a t i o n  and a g r i c u l t u r a l  equipment, armaments, 
machine t o o l s ,  mining and road bu i ld ing  machinery, o i l  well d r i l l i n g  and 
r e f i n e r y  equipment, s t ee l  m i l l  machinery, power gene ra t ing  equipment, 
and s tee l  cons t ruc t ion ,  

S t a i n l e s s  s teels  conta in ing  from 2 t o  26 p e r  c e n t  n i c k e l  pro- 
duced i n  s h e e t ,  s t r i p ,  rbds ,  b a r s ,  f o r g i n g s 9  wire, and t u b e s  asre  used 
i n  a wide v a r i e t y  of a p p l i c a t i o n s ,  such a s  a rch i t ec . tu ra1  t r i m ,  a i r p l a n e  
engines ,  t r u c k  tanks  and, bodie)s ,, k i t chen  and 'pant equipment, h o s p i t a l  
and laundry  equipment, d a i r y  and food hand.ling machinery, and i n  chemical 
and process ing  i n d u s t r i e s .  

. Hea t - r e s i s t i ng  steels conta in ing  from two t o  twenty-six p e r  c e n t  
n i c k e l  a r e  used i n  furnace  and o t h e r  equipment f o r  g l a s s ,  ceramic,  me ta l ,  
and chemical manufacture.  

S t e e l  Foundries  

Cas t ings  of n i c k e l  s t e e l ,  n i c k e l  chromium s tee l9  n i c k e l  vanadium 
s tee l  n i c k e l  manganese s teel ,  n i c k e l  molybdenum s teel ,  and n i c k e l  
chromium molybdenum s t e e l ,  w i th  a n i c k e l  con ten t  from O J 5  t o  5 p e r  c e n t ,  
a r e  used l a r g e l y  i n  r a i lway ' locomot ives ,  c a r s ,  and t r a c k  work; i n  steel  
m i l l ,  mining, and o i l -we l l  d r i l l i n g  !equipment; and i n  machine t o o l s ,  
g e a r s ,  pumps, va lves ,  and f i t t i n g s o  

I ron  Foundries  

Nickel  c a s t - i r o n s  con ta in ing  one t o  f i v e  pe r  cent n i c k e l  a r e  used 
i n  automobile,  t r a c t o r ,  marine,  ra i lway,  and s t a t i o n a r y  engines  for 
c y l i n d e r s ,  p i s t o n s ,  r i n g s ,  camshafts ,  c r a n k s h a f t s ,  e tc . ;  i n  g e a r s ,  cams, 
and brake drums3 i n  d i e s ,  p o t s ,  molds, g r a t e  b a r s ,  s t o k e r s ,  and household 
furnace  c a s t i n g s ;  and i n  v a l v e s ,  pumps, and compressors. 

Ni-Tensyliron wi th  a n i c k e l  con ten t  of from one t o  t h r e e  p e r  c e n t  
is a processed i r o n  f o r  h igh-s t rength  c a s t i n g s .  

Ni-Hard, con ta in ing  from f o u r  t o  s i x  p e r  c e n t  n i c k e l  is used f o r  
c a s t i n g s  i n  heavy-duty equipment. 

Ni-Resis t ,  14 t o  36 p e r  c e n t  n i c k e l ,  i s  used f o r  co r ros ion  
r e s i s t a n c e  i n  chemical,  paper ,  t e x t i l e ,  and food-handling i n d u s t r i e s ,  
and i n  c a s t i n g s  f o r  high-temperature  service. 
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Copper and Brass  Mills: Brass and Bronze Foundries  

Copper-nickel a l l o y s  conta in ing  15-50 per  cen t  n i c k e l  a r e  used 
f o r  whi te  meta l  f i x t u r e s ,  va lves ,  and condenser tubes.  N icke l - s i lve r  
(German s i l v e r )  conta in ing  10-20 pe r  c e n t  n ickeJ  is  used a s  a base  f o r  
p l a t e d  ware arid f o r  plumbing f i x t u r e s ,  marine hardware, s l i d e  f a s t e n e r s ,  
and sp r ings .  Other 'whi te '  a l l o y s  con ta in ing  15-30 pe r  c e n t  n i c k e l  a r e  
used i n  c a s t i n g s  f o r  such i tems a s  plumbing1 f i x t u r e s  and food and d a i r y  
equipment 

Brasses  and bronzes conta in ing  1-10 per  c e n t  n i c k e l  a r e  used 
f o r  p r e s s u r e  c a s t i n g s ,  g e a r s ,  bushings,  and! many o t h e r  purposes where 
h igh  s t r e n g t h  i s  r e q u i r e d o  
f i v e  pe r  c e n t  n i c k e l  a r e  used f o r  p i s t o n s ,  connect ing-rodsg c y l i n d e r  
heads,  crank-cases ,  and d i e  c a s t i n g s .  

Nickel-aluminum a l l o y s  containi 'ng up t o  

S p e c i a l  Alloy Manufactures 

Hea t - - r e s i s t i ng  a l l o y s  conta in ing  up t o  85 p e r  c e n t  n i c k e l  a r e  
used t o  make ca rbur i z ing  and annea l ing  c o n t a i n e r s ,  chemical r e t o r t s ,  
and fu rnace  par ts .  

E l e c t r i c a l - r e s i s t a n c e  a l l o y s  con ta in ing  65 t o  85 per cent 
n i c k e l  a r e  used f o r  domestic hea t ing  and cooking app l i ances ,  i n d u s t r i a l  
h e a t i n g  elements ,  pyrometers,  and e l e c t r i c a l  c o n t r o l  equipment. 

Cor ros ion - re s i s t i ng  a l l o y  c a s t i n g s  Containing 2 t o  36 per cent 
n i c k e l  a r e  used f o r  pumps, va lves  and f i t t i n g s ,  r e t o r t s ,  e t c . ,  f o r  t h e  
chemical and process ing  i n d u s t r i e s .  

Magnetic a l l o y s  (29 t o  90 pe r  c e n t  n i c k e l ) ,  non-magnetic a l l o y s  
(8 t o  27 per  c e n t  n i c k e l ) ,  permanent magnet a l l o y s  (14 t o  32 pe r  cent 
n i c k e l ) ,  and c o n t r o l l e d  expansion type  a l l o y s  (30 t o  60 pe r  c e n t  n i c k e l )  
a r e  used i n  r a d i o ,  r a d a r ,  t e l e v i s i o n ,  te lephone ,  and t e l e g r a p h i c  equip- 
ment and f o r  meters, ins t ruments ,  c o n t r o l s ,  swi t ches ,  motors,  magnetos, 
gauges,  g e n e r a t o r s ,  c locks ,  and compasseso 

El invar - type  a l l o y s  con ta in ing  36 t o  42 p e r  c e n t  n i c k e l  a r e  used 
f o r  ba l ances ,  s c a l e s ,  and instruments .  

Miscel laneous a l l o y s  w i t h  molybdenum, c o b a l t ,  t i t a n i u m 9  go ld ,  
e t c . ,  con ta in ing  from 5 t o  80 pe r  c e n t  n i c k e l  a r e  used f o r  a number of 
s p e c i f i c  i n d u s t r i a l  purposeso 
per  cen t  n i c k e l  and 75 per  c e n t  copper, 

Widely used coinage a l l o y s  c o n t a i n  25 

E l  ec  tr opla t inq and Chemi ca 1 I n d u s t r i e s  

Nickel  a s  c a s t  and r o l l e d  anodes i s  used i n  e l e c t r o p l a t i n g  of 
household app l i ances ,  plumbing fixtures, automobile  t r i m  and g e n e r a l  
commercial and i n d u s t r i a l  equipment, and i n  a l k a l i n e  s t o r a g e  b a t t e r i e s .  

Nickel  is  used a s  a c a t a l y s t  i n  soap and e d i b l e  o i l  p roduct ion ,  
i n  gas  p u r i f i c a t i o n ,  and i n  t h e  product ion  of high-octane motor f u e l s .  



Rol l inq  M i l l  and Foundry Products 

, 

I 

I n t e r n a t i o n a l  Nickel ,  i n  i t s  mills and foundr ies  i n  Grea t  B r i t a i n  
and t h e  United S t a t e s ,  manufactures a number of products  i n  r o l l e d ' o r  c a s t  
form. I n  normal y e a r s  t h e s e  products  r e p r e s e n t  approximately 10 t o  15 pe r  
cen t  of t h e  company's t o t a l  s a l e s .  The p r i n c i p a l  m i l l  forms a r e  rods ,  
s h e e t s ,  s t r i p s ,  t ubes ,  and wire, a s  w e l l  a s  s p e c i a l  fo rg ings  and shapes. 

The mill and foundry products  a r e  c l a s s i f i e d  under metal groups. 

Monel 

This  a l l o y ,  con ta in ing  approximately two- th i rds  n i c k e l  and one- 
t h i r d  copper, i s  prepared i n  bo th  r o l l e d  and c a s t  form and! i s  used i n  t h e  
a i r c r a f t ,  b u i l d i n g ,  chemical ,  d ry-c leaning ,  e l e , c t r i c a l ,  food p rocess ing ,  
household app l i ances ,  h o s p i t a l  equipment, r ine c o n s t r u c t i o n ,  petroleum, 
power, pu lp  and paper ,  and t e x t i l e  i n d u s t r i e s .  

''K" Monel and "KR" Monel 

These a l l o y s  a r e  age-hardening v a r i e t i e s  of s t anda rd  monel meta l  
and have a composition of 66 per  c e n t  n i c k e l ,  29 p e r  c e n t  copper9 2.75 p e r  
cen t  aluminum and less khan one p e r  c e n t  each  of i r o n ,  manganese, s i l i c o n ,  
and carbon. "KR" monei i s  free-machining. 
r o l l e d  and forged  form and  a r e  used i n  ins t rument  p a r t s ,  c o n t r o l  mechanismsg 
and s p r i n g s  i n  a i r c r a f t 3  h igh-s t rength  p r o p e l l e r  s h a f t s  i n  marine con- 
s t r u c t i o n ;  v a r i e d  equi ,pment . in  t h e  petroleum i n d u s t r y ;  and i n  t h e  manu- 
f a c t u r e  of s a f e t y  t o o l s ,  wrenches? p l i e r s ,  s c rewdr ive r s ,  e t c .  

These a l l o y s  a r e  a v a i l a b l e  i n  

Rol led o r  Cas t  Nickel  

Rolled n i c k e l  c o n t a i n s  approximately 99.5 per c e n t  n i c k e l ,  and 
c a s t  n i c k e l  97 pe r  cen t  n i c k e l  and 1.5 p e r  c e n t  s i l i c o n .  
used i n  t h e  automotive,  chemical, e l e c t r i c a l ,  e l e c t r o n i c ,  and r a d i o  
i n d u s t r i e s  i n  such a p p l i c a t i o n s  a s  spa rk  plug e l e c t r o d e s ;  i n  t anks  and 
v e s s e l s  used t o  make rayon,  soaps ,  c a u s t i c  soda,  p l a s t i c s ,  and g e l a t i n ;  
and i n  tube  s c r e e n s ,  g r i d s ,  etc.  Rol led n i c k e l  i s  used f o r  coinage;  
Canadian f ive -cen t  co ins  have been made from h igh-pur i ty  r o l l e d  meta l  
s i n c e  1922, except  f o r  a few y e a r s  when a s t r a t e g i c  sho r t age  e x i s t e d .  

These forms a r e  

Inconel  

The composition o f , i n c o n e l  is  80 per c e n t  n i c k e l ,  14 per c e n t  
chromium and s i x  p e r  c e n t  i r o n .  
applica.Lions t h a t  demand h igh  s t r e n g t h  t o g e t h e r  w i t h  a h igh  degree  of 
r e s i s t a n c e  t o  co r ros ion  t o  ox ida t ion  a t  h igh  temperatures .  

Its t y p i c a l  u s e s  a r e  f o r  i n d u s t r i a l  

S p e c i a l  All.oys 

There a r e  a number of o t h e r  a l l o y s  covered under t r a d e  names t h a t  
have s p e c i a l i z e d  uses. 
a r e  covered i n  t h e  p u b l i c a t i o n s  i s sued  by I n t e r n a t i o n a l  Nickel .  

The i r  s p e c i f i c a t i o n s  and p a r t i c u l a r  a p p l i c a t i o n s  
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Nickel Compounds 

The t h i r d  form i n  which n i c k e l  is pu t  on t h e  market is a s  
oxides  and s a l t s .  
Orford process ,  n i c k e l  oxide s i n t e r  has .been used t o  an apprec i ab le  
e x t e n t  d i r e c t l y  i n  t h e  making of s p e c i a l  steels i n  p l a c e  of m e t a l l i c  
n i cke l .  The oxides  a r e  a l s o  used f o r  ceramic enamels and C O l O U r S .  
Nickel  s a l t s  a r e  used i n  e l e c t r o p l a t i n g  lbaths and a s  c a t a l y s t s .  

Since the mat te  f l o t a t i o n  process  r ep laced  t h e  
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