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INTRODUCTION 

A few month8 ago M r ,  E, G, Tapp,  Executive Director  of t h e  

Garnardfprfi Znatittrtx of MLnFng and Msrst&l:$w$y a&ed me, as ~ a @  who has now 

r e t i r e d  from t h e  mining scene, t o  set f o r t h  i n  a p a p e r  f o r  publ ica t ion  i n  

t h e  "Bulletin" of t h e  C.I.M.M., some of t h e  h i g h l i g h t s  of my career i n  

mining and metallurgy, I n  p a r t i c u l a r  he asked f o r  an account of  t h e  

development of t h e  t reatment ,  by s e l e c t i v e  f l o t a t i o n ,  of the complex o r e  

of t h e  Su l l ivan  mine, and another of t h e  e a r l y  development of Cominco's 

f e r t i l i z e r  indus t ry ,  with both of which developments I was c l o s e l y  

assoc ia ted .  
> 

I agreed but  soon r ea l i zed  t h a t  I wanted t o  t e l l  a much more 

comprehensive s t o r y  than he had asked f o r ,  and one t h a t  i n  a l l  p robab i l i t y  

would be much too long f o r  publ ica t ion  as proposed, 

t h e  story I[ wanted t o  and from it  M r ,  Tapp could choose what he wanted f o r  

I then decided t o  t e l l  

publ ica t ion ,  I proceeded on t h a t  b a s i s  and t h e  following paper is t h e  

outcome of t h a t  plan,  

I f i r s t  g ive  an out l ine  of t h e  e a r l y  h i s t o r y  of t h e  Company and 

then t e l l  b r i e f l y  of my in t roduct ion  t o  mining and p a r t i c u l a r l y  of my i n t r o -  

duct ion to ,  and my t r a i n i n g  in, f r o t h  f l o t a t i o n  p r i o r  t o  my coming t o  T r a i l  

i n  1917. 

f l o t a t i o n  treatment p a r t i c u l a r l y  between t h e  years  1917 and 1923. 

s t o r y  had never been t o l d  u n t i l  1961, when I del ivered  a paper before  t h e  

A.lt,M,E. a t  t h e i r  Denver meeting. It was published i n  the  J u l y  1961 i s s u e  

of t h e  "Quarterly of The Colorado School of Mines". However, because dis- 

t r i b u t i o n  of t h a t  publ ica t ion  i s  l imi ted ,  and p a r t i c u l a r l y  so i n  Canada, I 

give here in ,  what is, i n  e f f e c t ,  a condensed vers ion  of t h a t  paper, 

I then g ive  an account of t h e  development of t h e  Su l l ivan  o r e  

That 

I then o u t l i n e  t h e  steps leading up t o  t h e  establ ishment  of 

Cominco's f e r t i l i z e r  indus t ry  but Z do not  descr ibe  t h e  i n i t i a l  p l an t  

because t h a t  has already been done in C&M.M, publ ica t ions ,  



1 then o u t l i n e  another major development t h a t  took place during 

those e a r l y  years  because of increased metal production following f l o t a t i o n .  

While I was i n  no way assoc ia ted  with i t  a t  t h a t  t i m e ,  i t  is of such 

importance t h a t  i t  should be mentioned here ,  I r e f e r  t o  t h e  fuming of 

lead b l a s t  furnace s lag .  > 

I do not r e f e r  i n  any way t o  t h e  major expansion problems, and 

programs, of the  power p l an t s ,  t h e  Su l l ivan  mine, t he  smelter (except s l a g  

fuming), the  z inc  p l an t  and t he  r e f i n e r i e s ,  t o  make poss ib le  the  increase 

i n  metal production a f t e r  f l o t a t i o n '  

There were of course many o the r  important developments of a 

special na tu re  between 1919 and 1945, but none of t h e  importance of t h e  

th ree  r e fe r r ed  t o  above. 

I conclude with observat ions r e l a t i n g  t o  c e r t a i n  special develop- 

ments during the  years  1939 - 1945, which period includes not  only the  war 

years ,  but t he  f i n a l  years  of the  llBlaylock Era", 

men who, throughout t h e  early yeafa ,  contributed t o  t h e  Company's progress, 

and who a t  a l l  times maintained a happy dynamic atmosphere, 

And I comment upon the  



An Out l ine  of t he  Early His tory  
of 

The Consolidated Mining and Smelting Company of Canada L i m i t e d  
(now Cominco L t d , )  

and of Related Matters 
* I  

For properly viewing t h e  e a r l y  h i s t o r y  of Cominco one must start 

with Rossland, with the  discovery of t h e  gold-copper o r e  t h e r e  and t h e  s t ak ing  

of t he  Centre S t a r ,  War Eagle and LeRoi C l a i m s  i n  1890. It then  appeared, 

and from 1895 it  seemed c e r t a i n  t h a t  Rossland was t o  become a g r e a t  mining 

camp) 

a r t i c l e  by Prof,  John M e  Turnbull* which appeared i n  t h e  March 1963 i s s u e  

of *'The Western Miner and O i l  Review" e n t i t l e d  "Rossland, T r a i l  and Early 

Railroad Competition". 

For a general  account of those  e a r l y  days I s h a l l  quote from a n  

"The h i s t o r i c a l  importance of Rossland can b e s t  be understood by s e t t i n g  

it aga ins t  t h e  background of the  advance of mineral  development i n  North 

America from east t o  west. 

t r iggered  by d i scove r i e s  of l a r g e  mineral wealth,  coa l  and o i l  i n  

'Pennsylvaaia, i r o n  and copper mines around Lake Super ior ,  gold i n  

Ca l i fo rn ia  and Colorado, and not least, t h e  v a s t  copper depos i t s  of Butte,  

Montana* A l l  of theate had shown t h e i r  tremendous e f f e c t s  on n a t i o n a l  l i f e  

and on the  establishment of l i f e  l i n e s  of communication, roads,  ra i lways  

Advance came i n  a series of waves, mostly 

. and t e l e g r a p h s . . . l . . ~ ~ ~ . o . , . . ~ . , o ~ ~ . ~ ~ , ~ , . o , . , ~ . , ~ ~ , , . o . ~ . . . . , o l o . . o o o o . ~ ~  

.....,,.............o,B~~~he. y e a ~ . l 8 9 5 . B s s l a n d . o ~ e  bodies,  both l a r g e  and . 

r i ch ,  gave n o t i c e  t o  t h e  world t h a t  here ,  a t  last, t h e  long overdue 

Eldorado had been diacovered. 

excitement, discovery and development, kindled by t h e  success of Rossland 

spread q u i ~ k l y . . . . . . . . . . . . . ~ ~ ~ , . ~ ~ , . ~ ~ ~ ~ . ~ ~ ~ ~ . ~ ~ ~ . ~ . ~ ~ ~ , ~ ~ . . ~ ~ ~ , ~ ~ . ~ . ~ ~ ~ ~ ~ ~  

rr .~. .r . . . .O.r.rF.  A,  Heinze of B~tte,.,..~..,...~~..,was t h e  f i r s t  t o  

e f f e c t i v e l y  react t o  t h i s  oppor tuni ty ,  

and a r a i l  l i n e  from Rossland t o  T r a i l  i n  1896...~.......~....,,0,,0,...0~b 

...,...,...........1e f e a t u r e  of Heinze's opera t ion  which concerns t h i s  

The consequent flood of i n t ense  prospecting, 

He constructed a smelter a t  T r a i l  

IkProf, Turnbull was born in 1877, was o f f i c e  boy i n  1890 f o r  Lord Mount 

Stephen, t h e  f i r s t  Pres ident  of The Canadian P a c i f i c  Railway, 

from McGi11 i n  Mining Engineering i n  1897 and a few months later was assayer  
a t  the North S t a r  Mine d i r e c t l y  ac ross  t h e  v a l l e y  from t h e  Su l l ivan  and above 

the  Stemwinder, 
f o r  coal  and metal explora t ion ,  

u n t i l  1915 when he  was appointed Head 0% t h e  Department of Mining Engineering 

a t  The University oE B r i t i s h  Columbia, 

City of Vancouver, 

H e  graduated 

He joined t h e  CIPmRo under W. H. Aldridge i n  Trail i n  1902 
He continued with them, and later with Cominco 

He i8 now r e t i r e d  and r e s i d e s  i n  t h e  
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the  C.P.R. ob jec t ives  i n  extending i ts  l ine 's  i n  Southern B. C, 

"Bat t les  of the  r a i l road  g i a n t s  have been major f e a t u r e s  i n  North 

American h i s to ry .  I n  Southern B, C, t he  opponents were The Canadian 

Pac i f i c  and The Grea,t Northern railwaye,,,,,,.,,,,,,,,,Around 18953he 

Great Northern had a seasoned main l i n e  running east and west, roughly 

parallel  t o ,  and about one hundred milesaouth of t he  I n t e r n a t i o n a l  

boundary, In Montana it connected ~ i . t h , , ~ . ~ ~ ~ . ~ , . ~ . t h e  l a rge  copper 

and lead smelters a t  Anaconda and East Helena ( respec t ive ly) ,  and on 

the  P a c i f i c  end, with the  smelter a t  Tacoma,,,,.,..r..... I n  the  cen t r e  

was the  c i t y  of Spokane, 

"The East West main l i n e s  of both railroads,,.,,,,,,.,.,climbed over high 

mountain ranges,  but ( a l so )  crossed north and south v a l l e y s  ......( which) 

, . . , , , , ,offered na tu ra l  easy rai lway grades f o r  branch l i n e s  t o  the  ( then 

known) mineral  areas...,..o,.....o..,.,,.,,,,,,(The Great Northern),..,.., 

, , , , , , , , , connec t ion  reached Rossland by a shor t  branch l ine, , , , , , . , f rom 

Northport, Wash, i n  December 1896,( thus providing a convenient o u t l e t  for 

Rossland ores t o  U.S. ~rnel ters)~ . . , , , ,~ , . . , , , , ,The  route  (of t h e  C.P.R. 

i n  1895) , .. . ,was f a t  north of the  ( then  known) mineral  resources. 

t h e i r  most: obvious move,. , . , ,was , , . , , . , ,. ,(To serve them) . . , ,, 
..o....,.,...to bui ld  an easier grade rai lway l i n e  through t h e  bituminous 

coal  f i e l d s  of the  Crowsnest Pass f u r t h e r  t o  the south and west across 

Southern B, C. P r i o r  t o  t h i s  main job (however).,,,,,.,..,.,,,,,,,short 

l i n e s  ( t o  t h e  south from the  main l i n e  were)...,.......,........linked 

( t o  t h e  mineral  areas) by r i v e r  steamers on the  Arrow, Slocan and Kootenay 

lakes ,  (The Crowsnest Pass) . , railway cons t ruc t ion  reached 

Cranbrook in September 1898 and Kootenay lake  a year  later,. , , , . , , , , , , , .  

I n  the  meantime, Heinze's p r i o r  ra i lway c h a r t e r ,  p lus  the  growth of 

Rossland, and the  prospect of grea t  o re  tonnage i n  t h e  Boundary country,  
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f u r t h e r  west, combined t o  pose an urgent problem f o r  t h e  C.P.R., t o  

It should be understood t h a t  while the  C.P.R. had entered i n t o  

the Crownest Pass agreement with t h e  Federal  government i n  1897 contemplatc 

ing a l ine  f o r  t h e i r  "Br i t i sh  Columbia Southern Railway Company" from 

Lethbridge, Alberta  t o  Nelson, B, C., Heinze's c h a r t e r  contemplated a l i n e  

from t h e  Tra ibRoss land  area t a  Penticton by h i s  ?'Columbia and Western 

Railway Company", with branch l ines  to adjacent  mines, Moreover Heinze had 

a l ready  b u i l t  a l i n e  from T r a i l  t o  Robson as well as h i s  l i n e  from Rossland 

t o  T r a i l .  

Obviously something had t o  be done, To help  i n  dea l ing  with Heinze, 

S i r  William Van Horne, t h e  C.P.R.'s second pres ident ,  was a b l e  a t  t h a t  t i m e  

t o  secure t h e  services of a capable and experienced young me ta l lu rg ica l  

engineer who had graduated from The School of Mines of Columbia Univers i ty  i n  

t h e  same class as Heinze, This man was Walter Hull Aldridge, The ob jec t ive  

i n  t h e i r  negot ia t ions  was of course the  a c q u i s i t i o n  of a l l  of Heinte ' s  holdings 

i n  B. C, and p a r t i c u l a r l y  h i s  railway l i n e  and char te r .  

Aldridge, working under T, G, Shaughnessy ( la ter  LordShaughnessy and 

t h e  C.P.R,@s t h i r d  pres ident )  played a most important part i n  these  negot ia t ions  

and showed himself t o  be both a clever man and an  a b l e  s t r a t e g i s t ,  The outcome 

was t h a t  t h e  C.P.R. gained possession of Heinze's "B, C. Smelting and Refining 

Company'' works a t  T r a i l ,  h i s  railway c h a r t e r  and a l l  of h i s  railway holdings,  

However Heinze re ta ined  one h a l f  of a c e r t a i n  por t ion  of t h e  provinc ia l  land 

subsidy (approximately 300,000 acres), The t o t a l  purchase p r i c e  w a s  approxi- 

mately$800,000 of which $200,000 was f o r  t h e  T r a i l  plant .  Aldridge became 

Manager oE Western Mining Operations 1st March 1898 and t h e  smelt ing company 

was renamed "The Canad ian Sme 1 t i n 8  Works" , 
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Not only d i d  t h i s  dispose of Heinze as a competitor,  but i t  put 

the  C,P,R, i n  a much s t ronger  pos i t i on  i n  i t s  competit ion with The Great 

Northern Railway, 

Soon a f t e r ,  Aldridge was successfu l  i n  arranging f o r  a lead bounty 

from Ottawa t o  f a c i l i t a t e  t he  smelting of  lead o r e s  i n  Canada, In  1901 he 

in s t a l l ed  a lead furnace i n  the  T r a i l  p lan t  f o r  the  smelting of customs lead 

si lver o res ,  Xn 1902 he i n s t a l l e d  the  world's  f i r s t  Betts e l e c t r o l y t i c  lead 

r e f ine ry  of about 20 tons  d a i l y  capac i ty ,  

si lver r e f ine ry  f o r  the  t reatment  of lead r e f i n e r y  slimes, 

I n  1904 he i n s t a l l e d  a gold and 

As e a r l y  as 1903, it appears t h a t  he had concluded t h a t ,  t o  be 

successful  i n  the  smelting business ,  you had a l s o  t o  be i n  the  mining business  

in order  t o  insure  the  con t inu i ty  of ore  supply, To br ing  t h i s  about Edward 

Beatty of t he  Legal Department of t he  C,P,R, ( la ter  S i r  Edward) and Aldridge 

opened nego t i a t ions  f o r  the  purchase of the  th ree  p r i n c i p a l  Rossland mines in 

1904 and of the  S t ,  Eugene, a lead s i l v e r  mine a t  Moyie, i n  the  East Kootenay 

somewhat later,  

i n  charge of t he  Rossland p rope r t i e s ,  

were prepared by Dr, R, W, Brock of the  Dominion Geological Survey, R, H. 

Stewart: and 5 .  M, Turnbull. 

the  cases of t h e  Centre S t a r ,  War Eagle and S t ,  Eugene mines but  no t  of the  

Le Rot. 

Romland Power Company then followed, 

Director  of the  new company which was c a l l e d  "The Consolidated Mining and 

Smelting Company of Canada Limited".  

Notice of consol ida t ion  t o  the  shareholders  was dated 26th February 1906, 

W, D, Matthews of Toronto, Pres ident  of The Dominion Bank of Canada, was the  

Ant ic ipa t ing  success R, HI (Pat) Stewart  was engaged t o  be 

Mine-valuat ion r e p o r t s  f o r  t h e  C,P,R,  

Negotiat ions t h a t  fallowed were successfu l  i n  

Consolidation of the  th ree  mines acquired, the Trai l  smelter and The 

Aldridge was appointed Managing 

I n  t h i s  t he  C.P,R. held a 54.3% interest. 

new company's f i r s t  p res ident ,  





Rossland opera t ions  continued without much change €or the  next four  

years ,  

1914-1915 the  output  of Company mines i n  Rossland reached a t o t a l  of about 

800 tons d a i l y  but: the  grade was f a l l i n g  o f f .  In the  succeeding years the  

tonnage declined gradual ly  u n t i l  by 1920 it was down t o  about 250 tons  da i ly .  

The mines were then showing s igns  of deple t ion  and soon they were i n  a state 

I n  1911 the  Company acquired the  Le  Roi mine, During the  years 

of clean-up, There were no shipments a f t e r  1928, 

The t o t a l  tonnage of ore  produced from a l l  Company mines i n  

Rossland (which comprized the  g rea t  bulk of a l l  tonnages) from commencement 

i n  1894 u n t i l  shut  down i n  1928 (which included t h a t  p r i o r  t o  Cominco acquis i -  

t i o n )  was approximately 6,000,000 tons ,  

t h i r t y  years  before ,  had promised t o  be one of t he  g rea t  mining areas of t h e  

world.* 

It was a sad ending t o  what, j u s t  

The S t .  Eugene outcrop a t  MoyFe lake had been known t o  the  Indians 

of the  S t .  Eugene Mission, a few miles north of Cranbrook, for  many years ,  

About 1893, Father  Coccola of t h e  Mission d isc losed  i t s  loca t ion  t o  a good 

f r i end ,  James Cronin, who staked and developed the  claims. 

Pass ra i lway was completed through t o  Kootenay Lake i n  1899, it passed r i g h t  

When the  Crowsnest 

by the  mine, With t h i s  f a c i l i t y  and a g r a v i t y  m i l l  which was then kns ta l led ,  

t he  operation developed v e q  successfu l ly ,  As a l ready  implied t h i s  pr 

was looked upon with g rea t  favour a t  the  t i m e  of consol ida t ion  i n  1906, 

*A most i n t e r e s t i n g  account of the  e a r l y  days of Rossland and T r a i l  i s  given 

i n  the book ent i t led "Rossland, t h e  Galden City" published by 'The Rossland 

Miner" i n  1949 and writ ten by Lance H, Whittaker, then s d i t o x  and p u b l i s h e r & ,  





r 

a. 
\ valuableo  Schofield i n  1915 recognized t h e  depos i t  as a bedded replacement 

i n  the  Aldridge a r g i l l a c e o u s  q u a r t z i t e  formation of t h e  Pre-Cambrian age. 

But l i t t l e  work waa den@ en the property u n t i l  1899. Xn that yeas? 

with t h e  North S t a r ,  t h e  Stemwinder and the  Su l l ivan  Mines i n  s i g h t ,  t h e  COPOR* 

b u i l t  t h e  Kimberley branch to  connect with t h e  Crowsnest main l i n e  a t  

Cranbrook, a d i s t ance  of 19 miles. 

ra i l .  

Su 11 ivan 
This  afforded an  o u t l e t  f o r  t h d o r e  by 

from t h e  Su l l ivan  
The f i r s t  shipments/were made i n  1900, and i n  t h e  t h r e e  yea r s  following 

about 4,500 tons  of  35 - 40% lead o r e ,  conta in ing  about 15 O Z S .  of s i l v e r  per 

ton, were shipped to  t h e  Hall Mines' smelter a t  Nelson and t h e  T r a i l  smelter. 

By 1903, 300,000 tons o f  ore, then thousht s u i t a b l e  f o r  smelting, 

had been developed by t h e  owners, The Su l l ivan  Mining Company, and cons t ruc t ion  

of a small smelter a t  nearby Marysvi l le  was commenced. 

Smelting Company, a dobsidiary of The American Smelting and Refining Company, 

The Federal  Mining and 

had a f i n a n c i a l  i n t e r e s t  i n  The Su l l ivan  Mining Company, Many m e t a l l u r g i c a l  

d i f f i c u l t i e s  were encountered i n  t h e  smelter, pr imar i ly  due t o  t h e  high zinc 

in t he  o r e ,  and both mine and smelter were closed down i n  1907. 

1909 The Su l l ivan  Mining Company encountered s e r i o u s  f i n a n c i a l  t roub le ,  and t o  

deal with t h i s  s i t u a t i o n  a new company, The For t  S t e e l e  Mining and Sme 

Early in 

Company was formed and acquired t h e  property on t h e  19th J u l y  1909, 

t o t a l  of a l l  stock issued,  both common and p re fe r r ed ,  was s l i g h t l y  1 

one m i l l i o n  shares.  

60% i n t e r e s t ,  

by a group of eminent mining and me ta l lu rg ica l  engineers ,  a l l  o f  whom 

The Federal  Mining and Smelting Company held j u s t  under 

The'Federal" Company then had t h e  property thoroughly considered 

agreed t h a t  i t  would be unwise t o  spend more money on it  because of t h e  

high propor t ion  o f  zinc and the f i n e  grained a s s o c i a t i o n  of t h e  lead,  

z inc  and i r o n  minerals i n  t h e  ore, which as of t h a t  day, presented 

insurmountable problems. 

i n t e r e s t  and an op t ion  ag 20 cents pe r  shave t o  expire 1Sth December 1909 

It was t he re fo re  decided t o  dispose of t h e i r  
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was given t o  Senator George Turner* of Spokane, who represented t h e  minori ty  

i n t e r e s t s ,  Turner was unable t o  arrange f inancing t o  exe rc i se  h i s  op t ion  and 

then approached Cbminco t o  i n t e r e s t  them i n  it .  

in te res ted  because it d i d  not provide enough time t o  examine t h e  property 

thoroughly 

However, Aldridge was not 

You w i l l  recall t h a t  i t  was about t h i s  time t h a t  Cominco Was most 

concerned about the  S t ,  Eugene s i t u a t i o n ,  and t h a t  Turnbull had suggested t h e  

Sul l ivan  as a possible a l t e r n a t i v e  source of lead ore .  

coincidence the re fo re  t h a t  it became available, on some terms, a t  t h i s  time, 

With t h a t  i n  mind, Aldridge went t o  New York and negot ia ted d i r e c t l y  with 

Messrs, Newhouse, Eilers and Brush, 

and Refining Company, 

opt ion,  but  running u n t i l  1st June 1911, 

20% roya l ty  b a s i s ,  with a minimum royal ty  of 50 c e n t s  p e r  ton,  which permitted 

It was a fo r tuna te  

top o f f i c e r s  of The American Smelting 

He succeeded i n  g e t t i n g  an opt ion ,  subjec t  t o  Turner’s 

Coupled with i t  was a lease, on a 

C b m h C O  t o  remove 30,000 tons of o r e r  The only firm connnitment of Cminco 

wag to  spend $10,000 on development , 

Selwyn G, Blaylock, who had graduated from M c C i l l  i n  engineer ing 

En 1899, had gone d i r e c t l y  t o  Trail ,  and soon became a t e f  Chemist. 

Cominco was formed i n  1906, he was made .Metallurgist:. 

however, i n  response t o  a reques t  from t h e  Bank of Montreal f o r  he lp  i n  

winding up t h e  a f f a i r s  of The Hall Mines Smelter i n  Nelson, he was loaned t o  

them by Aldridge, t o  take over t h a t  operat ion,  

outs tanding j a b  t h e r e  but t h e  p l an t  was forced t o  c l o s e  down in September 1907. 

‘Shortly af terwards he  

superintendent  of t h e  S t ,  Eugene, h i s  f i r s t  mining and mi l l i ng  assignment, 

Again t h e  record shows that: he d id  a splendid job, but wi th in  a year, the 

unfavourable t u r n  of events  i n  regard t o  development took place.  

When 

Immediately af 

It appears t h a t  he d i d  an 

returned t o  Cominco and was given t h e  job of 

* Senator Turner had played an important p a r t  i n  e a r l y  LeRoi mine a f f a i r s .  

* 

1 
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Moreover, no one dreamed for one moment: a t  t h a t  time t h a t  t h e  

mine would develop as i t  d id ,  even i n  t h e  years  immediately ahead, let  

alone its development of 10 o r  20 years  hence, 

It seems t o  me t h a t  the most reasonable explanat ion of t h e  f a i l u r e  

of The Sullivan Mining Company t ; ~  make a su1ccees of t h e i r  smelting opera t ton  

and of the  mine is  t h a t  they d i d  not adopt t h e  highly selective mining and 

hand s o r t i n g  methods later adopted by Comincb, Ce r t a in ly  with t h e  Federal  

Mining and Smelting Company and The American Smelting and Refining Company 

back of them, t h e  Su l l ivan  Mining Company had p len ty  of lead smelting "know.. 

how" , 

The American Smelting and Refining Company's and t h e  ''Federal" 

Company's side of t h i s  s t o r y  is t o l d  i n  t h e  book e n t i t l e d  "Metal Magic" 

by 1. F, Marcosson, published by F a r r a r ,  S t r aus  6t Co., New York Ci ty  i n  1949. 

It is of i n t e r e s t  t o  know t h a t  Angus Davis, a w e l l  and favourably 

known Be C, mining engineer  oE those days,  who had worked f o r  bo th '%.  Eugene 

and Cominco, said i n  h i s  memoirs: 

"And as for t h e  Sul l ivan ,  i t  was a tough looking propos i t ion  as 

far as shipping o r e  was concerned, and even with a r a i l r o a d  i n  t h  

v i c i n i t y  nobody got  very  excited about it," 

He went on t o  imply t h a t  i t  was because of t h e  developments a t  

t h e  S t ,  Eugene t h a t  t h e  Sul l ivan  was optioned, 

. 
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About 1883 lead s i l v e r  claims were staked ac ross  the  lake  from 

t h e  Bluebel l  a t  Ainsworth and i n  the  yea r s  following some o r e  and concen- 

t ra te  were produced from t h a t  area. 
x 

Gate i n  1886 a spec tacular  discovery of copper-s i lver  o r e  (bo rn i t e  

and grey copper) was made by the  Hal l  b ro the r s  of  C o l v i l l e ,  Wash. on Toad 

Mountain, about 4% miles south of what was, because of i t ,  t o  become t h e  Ci ty  

of Nelson. Four claims were staked,  the  S i l v e r  King, t h e  Kootenai Bonanza, 

t he  American Flag, and t h e  Koh-i-noor, only the  f i r s t  two of which were im- 

por tant .  

claims f o r  approximately one m i l l i o n  do l l a r s .  Shipments from t h e  property to  

the  smelter a few years later averaged about 3% copper and 40 02s. s i l v e r  per  

I n  1893, The Hall MinesCo. (an English company) purchased a l l  fou r  

The "Poorman" property (gold) just: west: of Nelson was dtscovered in 

the  l a te  1880's a l s o  and a stamp m i l l  was i n s t a l l e d  t h e r e  i n  1889. 

Many o t h e r  claims were staked and small mines developed i n  t h e  

surrounding country which includes t h e  Y m i r  area. . Altogether  t he  

prospects  a t  t h a t  time of the  dis t r ic t  becoming an important producer were b r i g h t r  - 

I n  the  f & l l  of 1891 the  Slocan country a t  t h e  north-west end of Kootenay 

Lake and west t o  the  Slocan Lake came i n t o  g rea t  prominence as a pro 

high grade lead s i l v e r  ores, t h e  o r i g i n a l  discovery being t h a t  of the  

The Town of  Kaslo thus  came i n t o  being. 

mines brought i n t o  production throughout t h i s  area. 

A g rea t  many d i scove r i e s  were made and 

I n  1895 The Hall Mines Company b u i l t  a smelter i n  Nelson pr imar i ly  for 

the  treatment of  i t s  own ores. 

i n s t a l l e d  a lead furnace fo r  smelting of customs ores.  

It was "blown in" i n  January 1896. In 1897 it  

Throughout t he  1890% and u n t i l  about 1910 t h e  Great Northern Railway 
1 

operated steamers on Kootenay Lake f o r  the  purpose, among, o t h e r  th ings ,  of cap- 

tu r ing  customs o r e s  f o r  shipment t o  U.Se smelters. 

ore  up the  Kootenay River t o  r a i l  connection a t  Banners Fer ry  but  i n  1893 they 

i n s t a l l e d  a branch l i n e  t o  Nelson w i t h  dock f a c i l i t i e s  t he re  and another  branch 

l i n e  from Banners Ferry t o  Kuskanook on t h e  south end of Kootenay Lake. 

I n i t i a l l y ,  they t ranspor ted  the  

I n  1897, LeRd.  mine interests b u i l t  a smelter i n  Northport ,  Washington 

f o r  the  LeRoi o re  and for those customs ores from Rossland and elsewhere . that  

they could capture ,  

I 



It i s  sad t o  relate t h a t  a l l  of t h e  mining areas above r e fe r r ed  

t o ,  except t h e  Bluebell  had h i s t o r i e s  somewhat similar t o  those of Rossland 

or the  S t ,  Eugene. 

the o the r  hand t h e  Slocan was active for  many years, then decl ined but: re- 

mained a producer of s o r t s  i n t o  t h e  1930's, and again somewhat later,  

I n  p a r t i c u l a r  the  Nelson mines were s h o r t  l ived.  On 

Afte r  but a few years '  opera t ions ,  both t h e  Hall Mines and Northport 

smelters were closed down and dismantled and i n  due course ithe Great Northern 

withdrew i t s  steamers from t h e  lakes ,  

Aldridge l e f t  Cominco a t  t h e  beginning of 1911 t o  assemble i n t o  a 

cohesive u n i t  t h e  numerous Thompson mining p rope r t i e s  i n  t h e  U S ,  

1918 he was appointed President  of The Texas Gulf Sulphur Company. 

Then i n  

A f t e r  a 

dis t inguished  careet he died a t  his home i n  New York City i n  August 1959 a t  

t h e  age of 91. 

H i s  depar ture  from Cominco cons t i t u t ed  t h e  end of an  era, He had 

played a most important role i n  the  a c q u i s i t i o n  of t h e  Trail smelter by t h e  

C.P.R. i n  1898, 

Company i n  1906 and he had been l a rge ly  responsible  f o r  t h e  acqu i s i  

t h e  Company of t h e  Sul l ivan  mine i n  1910. Cer ta in ly  Cominco had many problems 

ahead, but Aldridge had l a i d  a broad and firm Eoundation f o r  a great structure 

and pointed out; the path t o  follow. 

in t h e  Kootenaya, he had proven t o  be not only an able engineer and adminis t ra tor  

but t o  have commanded the regard and admiration o€ a l l  of h i s  a s s o c i a t e s  and 

He had been l a rge ly  respons ib le  for t h e  formation 

Moreover, throughout; h i s  twelve years 

inspired t h e  complete loyalty of h i s  s t a f f .  
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Following Aldridge 's  depar ture ,  Stewart was made General Manager 

Ei and Blaylock Assistant General Manager. 

as Superintendent of t he  S t .  Eugene and Su l l ivan  p rope r t i e s ,  

C, H. MacDougall followed Blaylo-ck 

discovering o r e  s u f f i c i e n t l y  high i n  lead and s i l v e r  and low enough in z inc  

t o  be smelted with t h e  equipment a v a i l a b l e  a t  Trail .  

of success was achieved. 

1910 t o  44,650 t ons  i n  1915, 

A considerable measure 

The annual output increased from 23,000 tone i n  

During t h i s  time development work had proven 

For the  next few yea r s  e f f o r t s  a t  t h e  Su l l ivan  were aimed a t  

most rewarding and ik became c e r t a i n  t h a t  t h e  Su l l ivan  contained a l a r g e  

tonnage of r e f r a c t o r y  ore. 

ground was staked. 

t h a t  e s t ab l i shed  t h e  Su l l ivan  as one of t he  r e a l l y  g r e a t  mines of t h e  world. 

I s h a l l  ins tead  consider t h e  treatment of t he  o r e  and c e r t a i n  r e l a t e d  develop- 

ment s. 

During t h e  same period a g r e a t  deal of ad jo in ing  

I s h a l l  not give an account of subsequent developments 

Soon a f t e r  t h e  opt ion  on t h e  Su l l ivan  was exerc ised  an aggress ive  

program of test work was commenced, aimed at successfu l  m i l l i n g  of t h e  ore 

or i t s  me ta l lu rg ica l  treatment,  by o the r  than b l a s t  furnace sme 

m i l l i n g  and pyrometallurgical work was most d i sappoin t ing ,  but: som 

rnent was encountered from r o a s t i n g  and leaching tests. 

About t h i s  t i m e ,  t h e  e l e c t r o l y t i c  z inc  process patented by A, G, 

French, and con t ro l l ed  by "French's Complex Ore Reduction Coo of Canada Ltd," 

was being widely discussed, and an opt ion  was taken on it 31s t  May 1912. 

process  was thoroughly inves t iga t ed  but it was found t o  o f f e r  no advantages 

over o t h e r  similar methods and t h e  opt ion  w a s  terminated 26th January 1915e 

As Cominco's i n t e r e s t  i n  t h e  French process lessened, i t s  i n t e r e s t  i n  

This 
I 

I 

i 
I 

3 
I e l e c t r o l y t i c  z inc i n  genera l  had increased. S tud ie s  were t h e r e f o r e  continued, 
1 
'r 

I 

concent ra t ing  on t h e  use  of su lphur i c  ac id  alone LIS a l eaching  agent. 
j 

' -7 
I 
I F. W. ( B i l l )  Guernsey had been, and continued for a s h o r t  time i n  charge of .' 
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t h i s  experimental e l e c t r o l y t i c  z inc  work. 

I n  1914, a one ton test p lan t  was b u i l t  and from it a few car load8 

of high grade z inc  were produced and marketed i n  1915. This  work was of course 

spurred on by the  outbreak of war and by the  shortage of z inc  

t h a t  then developed i n  B r i t a i n  f o r  munitions purposes. 

Early i n  1915, a cont rac t  was entered i n t o  between the  Company and 

the  Imperial Munitions Board for t h e  output  of a proposed 35 ton  p e r  day p lan t .  

Construction was commenced i n  t h e  l a te  summer of 1925 and completed a year  

later.  

cess such as t h i s ,  working on a r e f r a c t o r y  ore ,  many "b i r th  pangs" and "growing 

pains" were experienced but 1,SOO tons of high grade z inc  were produced before  

As was t o  be expected from a new complex chemical-metallurgical pro- 

September 1916 and about 10,000 i n  t h e  following 12 months. Many of t h e  

t roubles  experienced were d i r e c t l y  a t t r i b u t a b l e  t o  t h e  f a c t  t h a t  t h e  Company' 

was forced t o  opera te  on crude o r e  with a very high i r o n  content  and a z inc  

content  of no more than 24%, 

I s h a l l  resume cons idera t ion  of the  T r a i l  z inc  p l an t  and i t s  problems 

i n  Part111 of t h i s  paper, 

The Anaconda Copper Mining Company had f i r s t  considered 

OB a 'p rocess  for t h e  reduct ion  of z inc  o r e  by the e l e c t r o l y t i c  z 

in December 1914, Thei r  e a r l y  t e s t i n g  was a t  Anaconda and on cr 

soon they swung t o  f l o t a t i o n  concentrate ,  which, compared with SullLvan ore, 

was very low in i r o n  and high i n  zinc.  

ton p lan t  which operated s a t i s f a c t o r i l y  and on 10th June 1915 they decided t o  

A few months later they built arone 

bui ld  a t e n  ton  pe r  day p l a n t ,  Commercial production commenced November of 

t h a t  year.  Very soon a f t e r  t h i s  p l an t  was enlarged to  25 t o n s r  Meanwhile a 

100 ton  p l an t  was being b u i l t  by them a t  Great F a l l s ,  Montana, 
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It w i l l  thus  be seen t h a t  while Comtnco had commenced e l e c t r o l y t i c  

z inc  i t u d i e s  i n  1912, had produced some z inc  i n  1914 and commenced commercial 

production i n  the  summer of 1916, t he  Anaconda Company hadn ' t  s t a r t e d  u n t i l  

late 1914 but were i n  commercial production i n  late 1915. It should be borne 

i n  mind however t h a t  t he  Anaconda Company's problem was r e l a t i v e l y  simple 

compared with t h a t  a f  Cominco because of t h e  na ture  of t he  feed t o  t h e i r  

respec t ive  p l a n t s  , 

I n  r e t rospec t  it is i n t e r e s t i n g  t o  r e a l i z e  t h a t  t hese  two develop& 

ments were c a r r i e d  on r e l a t i v e l y  simultaneously but  q u i t e  independently u n t i l  

about 1917 or 1918 when close co l l abora t ion  was es t ab l i shed  between the  two 

companies, 

t he  

Moreover it should be underscood tha t /Cminco  and Anaconda 

p l a n t s  were t h e  first two commercial e l e c t r o l y t i c  z inc  p l a n t s  i n  t h e  world. 

The present  day e l e c t r o l y t i c  z inc  process is very similar t o  t h a t  

patented by Ldon Lhtrange i n  P a r i s ,  France i n  1881 and 1883, He proposed 

r o a s t i n g  z inc  blende t o  make the  z inc  so luble  i n  water, o r  su lphur ic  acid, 

thus  obta in ing  a su lpha te  so lu t ion .  This he e lec t ro lyzed  for the  p r e c i p i t a t i o n  

of z i n c  us ing  anodes of lead o r  carbon, and zinc,  copper o r  b r a s s  cathodes,  

Nothing of a aajor na ture  was done towards t h e  development of h i s  p ro  

several years ,  

e x p e r b n t s  on Broken H i l l  products i n  Aus t r a l i a  and i n  1898 b u i l t  a z inc  p l a n t  

However in t he  mid-1890's E, A, Ashcroft  c a r r i e d  on si 

rated a t  10 t ans  per  day a t  Cockle Creek, New South Wales. While he made some 

z inc  he encountered many se r ious  d i f f i c u l t i e s  and the  p l an t  was soon closed 

down. Cowper-Coles s i m i l a r l y  t r i e d  t o  apply the  process  in a p i l o t  p l a n t  i n  

England about t he  same time but  f a i l e d .  For seve ra l  yea r s  before the  t u r n  of 

the  century the  Siemens-Halske Company i n  Germany had t r i e d  t o  develop the  

Letrange process  without success  and t h e i r  efforts were continued in to  the  

e a r l y  yea r s  of this century,  
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U, C, Tainton, C, A,  Hansen and o t h e r s  conducted s t u d i e s  and took 

A complete bibl iography o f  a l l  e a r l y  work was prepared and 
> 

out pa ten t s ,  

publashed by H. L, Wheeler of The MissouriSchoal of Mines in 1919, 

I have a l ready  given the approximate production f i g u r e s  o f  the 

T r a i l  p l a n t  a t  t h e  time o f  consol ida t ion  in 1906, By 1910 these  had reached 

t h e i r  peak t o  t h a t  t i m e  with E u l l  opera t ion  i n  Rossland, normal. tonnage o f  

concentrate  s t i l l  coming from t h e  S t ,  Eugene, a d d i t i o n a l  tonnage from t h e  

Sul l ivan  and a n  apprec iab le  tonnage of customs ores. 

p l a n t  i n  t h a t  year was as follows: 

The output  o f  t h e  T r a i l  

S i l v e r  2,162,406 ounces 

Gold ( l a r g e l y  i n  copper matte) 137,614 ounces 

Copper (as matte) 2,987 t ons  or  9.2 tonslday 

I I  Lead ( re f ined)  21,184 I' 11 58 11 

In 1911 and 1912 smelter production f e l l  o f f  s e r i o u s l y  in both lead 

and copper t o  about 55 - 60% o f  the 1910 figures. 

toward t h e  1910 figures, 

X t  then c r e p t  up slowly 

Altogether  t he  years  1911 through 1918 were d i f f i c u l t  one$, The 

c o l l a p s e  of t h e  S t ,  Eugene, t h e  cont inuing struggle! at t h e  S u l l i v a n  for  lead 

ore of smelt ing grade,  t h e  Eal l ing  of f  in grade o f  Rossland ore, t h e  s t a r t i n g  

up t r o u b l e s  of t h e  z i n c  p l a n t  and war t i m e  condi,tions general ly ,  a l l  had con- 

t r i b u t e d  t o  t h i s  situation, 

, 

Stewart  had taken charge e a r l y  i n  1911 8 s  General, 

Manager b u t  i n  t h e  middle of 1915 J. J ,  Warren had been appointed Managing 

Director. 

resigned e a r l y  in 1917 and opened a consul t ing  o f f i c e  i n  Vancouver, 

He moved to T r a i l  and Lmmediateiy assumed a c t i v e  c o n t r o l ,  Stewart  

The West Kootenay Power and L i g h t  Company was incorporated on 8th May 1897 

primari ly  t o  supply power t o  t h e  Hossland mines and t h e  T r a i l  smelter, Sir , 
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Charles Roes was t h e  Company's f i r s t  Pres ident  and t, A, Campbell was i t s  

first General Manager (and later Preeident), 

power p l an t  at  Lower Bannington F a l l 8  an tibe Kootenay River, o f  ti capac i ty  

OP 4,080 HOP,, was completed i n  1898. In order  t o  keep paceswi th  t h e  demand, 

No. 2 p l a n t  a t  Upper Bonnington with a capac i ty  o f  34,000 H.P. was completed 

i n  1907. The next expanslion was i n  1923, However, i t  is  not: my purpose to 

record t h e  power developments a t  t h i s  time. 

t h a t  a l l  o f  t h e  common stock of t h e  West Kootenay Power and Light  Company 

was purchased by Cominco i n  1916 and subsequent t o  t h a t  time and up t o  t h e  

p re sen t ,  while t i t l e  t o  most o f  t h e  power p l a n t s  h a s  been held by Cominco, 

opera t ion  and power d i s t r i b u t i o n  have been t h e  r e s p o n s i b i l i t y  of t h e  West 

Kootenay Power and Light Company under a manageluent contract. 

Construction of the first 

X do however want t o  record 

The average annual net: p r o f i t  o f  Cominco from 1906 through 1912 

was approximately $300,00Oe From 1913 through 1915 i t  was about $750,000 

and from 1916 through 1919 i t  averaged closre t9  $1,00O,OOQ with but moderate 

variations from t hese  averages throughout. However, i n  1920 i t  fell, off t o  

$40,326 and i n  1921 i t  was $338,447, Xt then began to  increase r ap id ly ,  

During t h i s  same overall,  per iod  relevant metal p r i c e s  were as 

f 0 1 lows: 

Average 1908- 11914 inc t ,  

" 1906- 1915 I' 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

* 

High Grade 
Zinc N. Y. 

k / l b .  

r 

22.2 

14.5 

11.75 

a * l  
9.0 

6.8 

6 .7  

8 . 6  

8 " 3  

N. Y, 
Lead 
c/ 1b . - 

I) 

4e6* 

" 

6.8 

897 

'1.5 

5.8 

8.1 

4.5  

5 * 7  

7.2 

8 , l  

Elec, Copper 
N. Y. 
c / n .  
13 . 9* 

28.5 

29.2 

24.7 

18.9 

17.5 

12.6 

4 

13 .7  

l 4 , 6  

13.2 
(Source: Amm-Metal S t a t i s t i c s  1925) 

S i l v e r  
N, Y. ' 

4/02 . 
56.8* 

L 

65.6  

81.4 

96.8 

64.9 

66.8 

With only moderate annual  v a r i a t i o n s  therefrom. 



Early in 1919, Mr. Matthews, President of the Company, died 

and was succeeded by Mr. Warren, who then#moved to Toronto, Mr. Blaylock 

was made General Manager and senior officer in the West, 

the tvBlaylock Era" began, 

they appear in the annual report far 1918 were: 

It was then that 

The senior staff members under him at  that  time as 

T, W. Bingay 

W. M. Archibald 

Comptroller 

Manager of Mines 

E. Go Montgomery 

James Buchanan Smelter Superintendent 

G ,  E, Murray 

B, A. Stimel 

F, E. Beasley Refinery Superintendent 

Superintendent, Sullivan Mine 

Assistant Smelter Superintendent 

Zinc Plant Superintendent 

R. W, Diamond 
I 

G, F, Chapman 

E, M, Stiles 

Superintendent of Concentration 
and Testing 

Construction Engineer 

Chief Draft m a n  

All of these men (except Beasley who died shortly after) contributed in irna 

portant ways to the progress af the Company i,n the years following. 

ThXs concludes my account af the early history of Cominco and 
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course the  cour t s  re leased  my employer with a warning but  t he  high-graders 

were sen t  to  Kingston Peni ten t ia ry .  

I had found a l l  o f  my wszk at; char refinery 8 0  tntetesting Ghat; 

I decided t o  embark on a career i n  mining and metallurgy. 1 entered  t h e  

Universi ty  of Toronto i n  t h e  f a l l  of 1909. Dean Galbra i th  was "Head'! of 

the  Facul ty  of Engineering Ghen, H.E.T. Haul ta in  was "Headf1 of t h e  Mining 

Department and George Guesrjr was t o  s t a r t  t h e  Meta l lurg ica l  Department 

about two years  la ter ,  

The following mmmer I was wi th  a prospect ing pa r ty  on t h e  East 

Branch of $he Montreal River in Northern Ontar io ,  

Af t e r  my second yea r  a t  co l l ege  I worked on t h e  conver te r  f l o o r  

a t  the  Copper C l i f f  smelter, p a r t  of t he  time "punching" tuyeres ,  

were s t i l l  using "ganister 'f  or "acid" l i n i n g  i n  small conver te r  she1 

b u t  on one s t and  they had a l a r g e  experimental bas i c  l i n e d  Pierce  S 

converter .  B u r se ,  became genera l  p r a c t i s e  a 

C l i f f ,  and i n  

was Pres ident  

In t e rna t iona l  Nickel Company), John It. Agnew was General Manager an 

around t h e  world, soon a f t e r ,  

opper Company then ( the  predec 

Donald McAskill was Smelter Superintendent.  I recall  that the  labour  rate 

was 16.5$ per hour, 11 hour day s h i f t s ,  13 hour n ight  s h i f t s ,  1 7  and 19 

hour change s h i f t s ,  and seven days a week. 
I 

Afte r  my t h i r d  year  a t  co l l ege ,  i n  the  sp r ing  of 1912, having 

j u s t  been impressed wi th  the  f a c t  t h a t  t he  S t a t e  of Montana was a ve ry  

l a r g e  copper producer, I decided t o  go the re  f o r  t he  summer, 

I r u s t l e d  a t  t h e  smelter g a t e  for  a EBW weeka, g e t t i n g  the  odd ahifft's 

A t  Anaconda 

, 







on a broad f r o n t ,  I n  fact ,  a l t o g e t h e r  t h e  scope o f  mil l ing ,  pyrometa l lurg ica l  

and hydro- and hydro-alectro-metallurgLca1 developments that: took place  under 

M r ,  La is t ' s  management from 1913 through 1916, and t h a t  I was pr iv i l eged ,  e i t h e r  

t o  take p a r t  i n ,  or t o  c lose ly  observe,  was moat impressive, 

On the  25th January 1917 E, H, Hamilton, Meta l lurg ica l  Manager at  

T r a i l ,  wired and wrote. me, offering me a p o s i t i o n  as  S h i f t  Superintendent o f  

t h e i r  then  new e l e c t r o l y t i c  z inc  p l a n t ,  My name had been given t o  him by E. F, 

Mathewson who had been Manager a t  Anaconda i n  1912 when I f L r s t  went t he re ,  

declined t h a t  p o s i t i o n  but  explained t h a t  because o f  my i n t e r e s t  i n  f l o t a t i o n  

1 might cons ider  a p o s i t i o n  with them of that; na tu re  i f  they had a cha l lenging  

problem. 

problem a t  t h a t  time. 

1 

In h i s  r ep ly  of 31s t  January he sa id  t h a t  they had no f l o t a t i o n  

9 

X had continued i n  charge of f l o t a t i o n  research  and p l an t  t e s t i n g  a t  

Anaconda but the  major problems t h e r e  of t h a t  na tu re  had by t h a t  time been 

resolved, and i n  genera l ,  o v e r a l l  m i l l i n g  and me ta l lu rg ica l  plant: r e v i s i o n  and 

expansion had been completed f a r  t he  time being, Because o f  t h i s  I then  f e l t  

t h a t ,  i n  my own i n t e r e s t s ,  3: should look f a r t h e r  a f i e l d ,  

Early i n  February 1917 1c went t o  Utah on leave o f  absence from Anaconda 

t o  develop a f l o t a t i o n  treatment f o r  t he  p a r t i a l l y  oxidized copper o r e  of The 

Ohio Copper Co, of Utah, a t  Lark, near Bingham. 

frQm Mr. Hamilton aga in  asking me t o  come t o  T r a i l  t o  meet him and t h e  Managing 

On the  8 t h  March 1917 X heard 

Direc tor  ( M r ,  Warren) and expla in tng  t h a t  they d id  have a f l o t a t i o n  problem 

a f t e r  a l l ,  It was not convenient for  me t o  go t o  T r a i l  at: t h a t  t i m e  and s h o r t l y  

a f t e r  I received a let ter dated 2 l s t  March from S,  G* BlaylOCk, A s s i s t a n t  General 

Manager, r e f e r r i n g  t o  my correspondence with M r .  Hamilton, reopening negot ia t ion8 ,  

and expla in ing  the  na ture  o f  the Sul l ivan  ore problem, 

Afte r  a f u r t h e r  exchange of communications, very preliminary tests 

on B sample of t h e  are sent t o  me in Utah, a v i s i t  t o  T r a i l ,  and bear ing in mind 

certain special knowledge I had acquired t h a t  might have a bear ing  on the  problem, 

( t o  which IC s h a l l  r e f e r  l a t e r )  X accepted an o f f e r  t o  head up m i l l i n g  for them 
6. 

and i n  p a r t i c u l a r  t o  c a r r y  on f l o t a t i o n  and concent ra t ion  tests on Sul l ivan  oree 

1[ moved t o  "Pail l~lt: June 2 9 2 3 ,  



PART 111 

The Development of t h e  Treatment, by F l o t a t i o n ,  

0- 

Of 
the ,  Ore o€  t h e  Sull.ivan Mine 

The Sul l ivan  o r e  a€ 1917 was a Eine grained massive sulphide,  

very high i n  i r o n  with a s p e c i f i c  g rav i ty  of about 4.35, a sulphur content 

of about 32% and an inso luble  content  of about 5%*, 

mixture of galena,  z inc  blende and p y r r h o t i t e  (with small amounts of p y r i t e ) ,  

The blende was a marmatite represented by t h e  formula FeS-SZnS (about 10% Fe). 

It was e s s e n t i a l l y  a 

Gaudin, who became fami l i a r  with Sul l ivan  o r e  and i t s  treatment 

i n  t h e  la te  192Q's, sa id  on page 234 of h i s  text book "Flotationrf published 

i n  1932: 

"The sulphides  occur i n  an extremely Eine state of d i v i s i o n  
resembling a matte. 

''AS compared with o r e s  of t h e  Coeur d'Alene, Butte and S a l t  
Lake regions,  t h e  Sul l ivan  o r e  is  charac te r ized  by i t s  much 
higher  i r o n  content ,"  

I might: add t h a t  t h e  i r o n  sulphide content  of t h e  ore of t h e  Broken 

H i l l  region i n  Aus t r a l i a  i s  much lower than i n  those of t h e  Coeur d'Alene, 

Butte and S a l t  Lake reg ions  and incomparably lower than that: i n  t h e  Sul l ivan  

o r e  

Froth f l o t a t i o n  as known i n  America i n  1917 cons is ted  of separa t ing  

This  was usua l ly  a l l  sulphide minerals  from a l l  nonsulphide gangue minerals ,  

accomplished i n  an ac id  c i r c u i t ,  The problem presented by t h e  Sul l ivan  ore 

was not one of ordinary f r o t h  f l o t a t i o n  as then known, but  one of selective 

f l o t a t i o n .  Spec i f i ca l ly ,  t h e  problem was t o  separa te  t h i s  complex o r e  i n t o  

t h r e e  sulphide products: (a) a lead concentrate ,  (b) a z i n c  concentrate ,  

(c) an i r o n  concentrate  - with each of these  t h r e e  products conta in ing  as high 
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a percentage of t h e  respec t ive  lead, z inc  and i r o n  minerals  i n  the  o r i g i n a l  

ore  as poss ib le ,  

world a t  t h a t  time, 

by $elective flotation alone, then some supplemental praecsea W&B t o  be 

found and employed, 

be overlooked i n  the  concentrat ion s t u d i e s  because i t  invar iab ly  followed 

the  lead, 

There was no such separa t ion  being made anywhere i n  the  

I f  i t  were not poss ib le  t o  achieve such a separa t ion  

While the re  was appreciable  s i l v e r  i n  the  o re ,  i t  could 

For t h e  background of s e l e c t i v e  f l o t a t i o n  as then known, we  must 

go t o  Aus t r a l i a ,  That is, of course,  l a rge ly  t r u e  f o r  "bulk o i l "  f l o t a t i o n ,  

''film" f l o t a t i o n  and s i m p l e  "froth" f l o t a t i o n  also.  

Undoubtedly major con t r ibu t ions  were made to  "bulk o i l "  and/or 
' 

"film" f l o t a t i o n  by Haynes i n  1860, Everson i n  1885, Robson, Crowder, Elmore, 

DeBavay, Cattermole and o the r s  i n  the  l a t e  1890's and the  f i r s t  four  o r  f i v e  

years  of t h i s  century,  

Delprat i n  Aus t r a l i a ,  1902-1904, and of Froment i n  I t a l y  about the  same time, 

t h a t  gas as a buoyant medium i n  f l o t a t i o n  was recognized, 

u n t i l  t h e  work of Sulman, Picard and Bal lo t ,  supplemented by t h a t  of G. A, 

Chapman, 19044906 (with whom f was assoc ia ted  i n  Anaconda in 1914) t h a t  

f r o t h  flotation as we know i t  today, had it# be8inning. 

Separat ion Company, London, cont ro l led  the  pa t en t s  o f  Sulman, Picard and 

Bal lo t ,  and those of Chapman, so i t  can be sa id  t h a t  lChe M.S. Company played 

a leading p a r t  i n  f r o t h  f l o t a t i o n  from i t s  incept ion.  

However, i t  was not u n t i l  t h e  work of P o t t e r  and 

And 'it was not 

The Minerals 
9 

' 

As 1 have stated, s e l e c t i v e  f l o t a t i o n  came along somewhat later, 

I n  1910 Horwood patented 

t o  a collective float;, t he  mixed concentrate  from which was roasted a t  

400 - SOOOC, 

process i n  which a lead-zinc owe wag subjected 

The lead was thua dimmed and the zinc could then be floated o f f ,  

Lyster  f i r s t  observed a selective lead f l o a t  in 1912 and The Zinc 

Corporation M i l l  in Broken H i l l  began a successfu l  opera t ion  i n  September 

of t h a t  year ,  
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I n  add i t ion  t o  those of Horwood and Lyster ,  many o the r  processes 

were patented during t h e  ensuing t h r e e  or four  years ,  

It is  l i k e l y  t h a t  a l l  up-to-date information i n  regard t o  s e l e c t i v e  
by 

f l o t a t i o n  then known of/The M, S, Company i n  San Francisco, was i n  the  

possession of E, W. Wilkinson of t h e i r  s t a f f  when he came to  Anaconda i n  t h e  

summer of 1916 t o  conduct s e l e c t i v e  f l o t a t i o n  tests on Butte z inc  ore ,  I 

worked with him throughout those tests, He had had some success i n  San 

. Francisco with tests on Butte o r e  i n  a small bronze sub-aerat ion labora tory  

machine with a conica l  top, 

I n  most of them he was unable t o  produce even a lead concentrate .  

some tests were encouraging, 

considered as f a r  as I know, 

the  b e t t e r  labora tory  tests i n  a small continuous redwood sp i t zkas t en  type of 

machine were a complete f a i l u r e ,  

abandoned and the  selective f l o t a t i o n  work terminated f o r  t h e  time being, One 

could only conclude t h a t ,  as of t h a t  day, s e l e c t i v e  f l o t a t i o n  of even a com- 

para t ive ly  simple ore by EL highly  s k i l l e d  opera tor  was not  easy,  and was far  

from being an es tab l i shed  a r t .  

Many similar tests were made by him i n  Anaconda. 

However 

Copper sulphate  was not used by him, nor even 

A t t e m p t s  by him t o  dup l i ca t e  t h e  r e s u l t s  of 

Af t e r  many such tests, h i s  e f f o r t s  were 

The T r a i l  z inc  p l an t  commenced opera t ions  i n  t h e  summer of 1916, 

Several  d i f f i c u l t i e s  of a s e r i o u s  nature  were immediately encountered, The 

Sul l ivan  z inc  o r e ,  which was t h e  feed t o  t h e  p l a n t ,  was f i r s t  crushed t O  one 

inch and then ground i n  dry,  s i n g l e  pass ,  high speed tube mills using small 

steel  b a l l $ ,  

ta ined a high percentage of oversize.  The ground o r e  was then fed d i r e c t l y  

t o  Wedge r o a s t e r s ,  and t h e  ca l c ine  del ivered t o  ac id  pachucas for  leaching, 

Dorr c l a s s i f i e r s  removed t h e  oversize from t h e  ac id  pachuca discharge s l u r r y  

before  i t  went on t o  thickeners ,  The tonnage of t h i s  oversize was very much 

Unfortunately the  product from this open c i r c u i t  gr inding con- 
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g r e a t e r  than an t i c ipa t ed ,  and a f t e r  leaching s t i l l  contained a high per- 

centage of z inc  because of t h e  poor r o a s t  e f f ec t ed  on t h e  coarse  sizes, 

oversize was removed from t h e  p lan t  and accumulated i n  a s tock p i l e .  I n  ad- 

This 

d i t i o n  t o  t h e  d i f f i c u l t y  experienced with the  overs ize ,  t h e  o r e  fed to  t h e  

plornu: had 01 hLah free trsn oontent, and sa8 I have alreacdy extplotned, &he @&ne 

mineral i t s e l f  contained about 10% Fe, Because of t h i s  high i r o n  i n  t h e  

r o a s t e r  feed, t h e r e  r e su l t ed  a very high percentage of insoluble  z inc  f e r r a t e  

i n  the  c a l c i n e ,  To make matters s t i l l  worse, t h e  grade of t h e  z inc  ore fed 

t o  the  p l a n t ,  even though low t o  begin with a t  25%, f e l l  o f f  progressively 

as t h e  months passed, and by 1918 was down to  around 20%, 

The f i n a l  e f f e c t  of these t h r e e  major, and o the r  less s e r i o u s  

t roubles ,  was a low o v e r a l l  zinc recovery and a high c o s t  f o r  t h e  f in i shed  

zinc.  

I am expla in ing  t h i s  s i t u a t i o n  i n  t h e  z inc  p l an t  becsuse t h e  

t roubles  r e fe r r ed  t o  made i t s  pos i t i on  untenable except with very  high z i n c  

pr ices .  With f a l l i n g  p r i c e s  i n  prospect,  the  only way to  save t h e  s i tuat ion 

was by the  rapid development and use of mi l l i ng  methods which would improve 

t h e  z inc  p l an t  feed i n  both grade and physical  condi t ion,  The decl ine  i n  

z inc  p r i c e s  had a l ready  s t a r t e d  i n  1917 and continued downward fo 

few years  t o  very low l e v e l s ,  

You can well understand, t h e r e f o r e ,  t h e  g r e a t  urgency back of t h e  

m i l l  test  work, I n  f a c t  from the  commencement of our work i n  1917, considera- . 

t i o n s  i n  regard t o  it had t o  be merged with z inc  p l an t  cons idera t ions ,  and 

a l toge the r ,  f o r  t h e  next four  or f i v e  years ,  we were i n  a race aga ins t  time, 

Because of my f a m i l i a r i t y  with modern m i l l i n g  equipment and p r a c t i s e  

and because of my f a m i l i a r i t y  i n  8 general  way with t h e  e l e c t r o l y t i c  zinc 

process,  from observat ions and associations a t  Anaconda, and because of the 

in t e r lock ing  cons idera t ions  of t h e  T r a i l  z inc  plant: and t h e  m i l l i n g  terrt work, 



I was given a loose z inc  p lan t  assignment i n  add i t ion  t o  my mi l l i ng  

r e s p o n s i b i l i t i e s ,  t o  ensure proper co l l abora t ion  between the  two problems, 
> 

Our m i l l i n g  plans as of the  e a r l y  s u m e r  of 1917 included: 

(1) The bui ld ing  of a test  m i l l  with d a i l y  capac i ty  of from 

150 - 3QO tan#, depending upon the  service f o r  which it was used; 

(2) Plant  scale Horwood tests on Su l l ivan  z inc  ore as soon 

as the  test  m i l l  was completed; 

(3 )  S e t t i n g  up of an ore t e s t i n g  labora tory  f o r  f a c i l i t a t i n g  

s tud ie s  of s e l e c t i v e  f l o t a t i o n ,  and of o t h e r  mi l l i ng  processes  t h a t  o f fe red  

any promise i n  the  t reatment  of Sul l ivan  o re ,  

The test: m i l l  was proceeded with immediately. It included wet 

grinding equipment, a 16 cell  24 inch "standard" M A  machine, g rav i ty  

t a b l e s ,  th ickeners ,  etc. 

For the  Horwood tests atround o re  from the  z inc  p l an t  was t o  be 

t ransported t o  the  smelter, and roasted the re  under Worwood Conditions i n  

an old one-hearth "Godfrey" furnace,  

was t o  be t ransported t o  t h e  test  m i l l  one-half m i l e  d i s t a n t ,  i n  ape 

gauge Vt cars, and it was hoped t h a t  s u f f i c i e n t  n a t u r a l  cool ing 

place i n  t r anspor t a t ion ,  and i n  m i l l  b ins ,  f o r  subsequent hand l i  

Horwood tests were starred i n  late 1917 following comp 

The ho t  ca l c ine  from the  "Godfre 

t 

test  m i l l ,  

ore, due t o  i ts  pyr rho t i t e  and p y r i t e  conten t ,  t he  roasting temperature could 

not be cont ro l led  wi th in  the  Horwood l i m i t s .  Moreover, the  t r anspo t t a t ion  of 

It was found t h a t  because o f  the  high f u e l  value of the ground 

the ho t  ca l c ine  presented se r ious  d i f f i c u l t i e s ,  

not cool  i n  reasonable time, and was very dusty.  

quickly abandoned and at tempts  were then made t o  achieve s u i t a b l e  roas t ing  

condi t ions i n  a zinc p l a n t  Wedge furnace. 

ab le  s tage  from an  intermediate  hear th .  

It flowed l i k e  water, would 

The Godfrey furnace was 

The calcine was removed a t  a s u i t -  

This furnace produced b e t t e r  re8~1t8, 
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but i n  a l l  tests, a s u b s t a n t i a l  amount of water so luble  z inc  sulphate  was 

formed, and t h e  problems of dus t  and handling remained, 

had taken several weeks, and it was obvious t h a t  t h e  time required t o  over- 

come the  problems we faced, even t o  a reasonable e x t e n t ,  could trot be sparedi  

I n  view of t h e  urgency of t h e  z inc  p l an t  problems, some immediate relief had 

t o  be found. 

These Horwood tests 

As we surveyed t h e  s i t u a t i o n  genera l ly ,  we recognized a s i m i l i a r i t y  

i n  the normal z i n c  p l a n t  calcine as then produced, t o  t h e  Horwood c a l c i n e ,  

There ex i s t ed  i n  both a s u b s t a n t i a l  p a r t  of t h e  z inc ,  s t i l l  i n  sulphide form, 

Following through our  reasoning, it seemed t h a t  f l o t a t i o n  should have some 

app l i ca t ion  i n  t h e  treatment of z i n c  p l an t  c a l c i n e .  

immediately apparenC 

acid c l a s s i f i e r  sands,  and s l i g h t  cons idera t ion  convinced me t h a t  they would 

That app l i ca t ion  became 

We were a l ready  separa t ing  most of t h e  su lph ides , aq  

react favourably t o  ordinary acid c i r c u i t  f l o t a t i o n .  Simple tests proved 

t h i s  t o  be t h e  case, 

ing about two t h i r d s  of t h e  z inc ,  and a lead i r o n  res idue  s u i t a b l e  f o r  d i r e c t  

There r e su l t ed  a good grade of z inc  concentrate  contain- 

smelting conta in ing  about 80% of t h e  lead and 85% of t h e  i ron.  

separa t ion  could be introduced immediately. The test m i l l  was i d e a l 1  

f o r  it. 

p lan t  t r e a t i n g  a l l  of t h e  cur ren t  ac id  c l a s s i f i e r  sands, and p r o v i s i  

being made f o t  recovery and treatment of the  sands from t h e  s t o c k p i l e ,  

More 

The r e s u l t  was t h a t  e a r l y  i n  1918 t h e  test m i l l  became an opera 

The following t a b l e  i l l u s t r a t e s  the  separa t ion  acbieved: 

Assays % of Tota l  
- % Pb - :  % Zn - % Fe Pb Zn Fe % W t ,  

100 , 11.8 16.2 31.6 15. 1%. la. - 
Feed - -  

Soluble l o s s  6.9 I, ... 
Zn conc ' t .  24,6 10.0 42.4 14.7 20.2 64.2 11*4 

I 
II - 8.8 4.0 

Pb con& t , 68.5 14.1 6.4 41.2 79.8 27,o 84.6 



This opera t ion  proved t o  be a real life saver  f o r  the zinc plant 

for  many months i n  t h e  face of falling, metal prices. Its introductton added 

s u b s t a n t i a l l y  t o  t h e  z inc  p l an t  recovery and t o  t h e  reduct ion of z inc  costs. 

It was continued u n t i l  a f l o t a t i o n  machine was i n s t a l l e d  i n  t h e  zinc leaching 

plant  latm in 1918,and discont%nued/only after Sullivan milling commenced a t  
there 

Kimber ley  e 

In  r e t rospec t  it is i n t e r e s t i n g  t o  see how the early Horwood test  

work, while i t s e l f  unsuccessful ,  had opened t h e  door t o  the  f i r s t  major im- 

provement i n  z inc  p l a n t  condi t ions*  

While these  zinc p l a n t  and test  m i l l  developments were under way, 

work i n  t h e  o r e  t e s t i n g  labora tory  had been going forward. 

i n t e r e s t  had resur ted  from s e l e c t i v e  f l o t a t i o n  tests except some promise f o r  

Nothing of 

a reasonably successfu l  lead separat ion.  It  appeared then t h a t  t h e  high iron 

i n  the o r e ,  and its separa t ion  from t h e . z i n c ,  presented t h e  p r inc ipa l  f lo ta t ion-  



separa t ion ,  

s i z e s  a t  which we had t o  work, 

Dry separa t ion  seemed t o  o f f e r  l i t t l e  promise a t  t h e  f i n e  

This decis ion  was influenced a l s o  by t h e  f a c t  t h a t  up t o  t h a t  

time we had met with no success i n  the  z inc  i r o n  separa t ion  by s e l e c t i v e  

f l o t a t i o n ,  and we thought t h a t  i f  i t  were poss ib le  t o  e l imina te  even a 

reasonable proport ion of t h e  i r o n  by magnetic separa t ion  i n  a product low 

i n  lead and z inc ,  a f l o t a t i o n  separa t ion  of the  non-magnetic por t ion  i n t o  

a lead concentrate  and a z inc  concentrate  would then be poss ib le ,  

Our dec is ion  t o  proceed with magnetic s t u d i e s  was influenced in 

an  o v e r a l l  way a l s o  by most urgent z inc  p l an t  cons idera t ions ,  F l o t a t i o n  of 

ac id  c l a s s i f i e r  sands had helped a g r e a t  deal and continued to  he lp ,  bu t  z i n c  

p r i c e s  had continued t o  f a l l  i n  an alarming way. 

up any mi l l i ng  p o s s i b i l i t i e s  whatever, 

We couldn ' t  a f fo rd  t o  pass  

I n  planning our study of t h e  hea t ing  phenomena we decided t o  work 

f i r s t  on o r e  samples through a range of s i z e s ,  with o r e  crushed t o  about one 

inch a t  t h e  coarse  end of t h e  range, It was a t  t h i s  time t h a t  we rea l i zed  

t h a t  the  preheating i n  a l l  of the  e a r l y  tests had been on r e l a t i v e l y  fine 

s i z e s .  

f i n e  gr inding,  t h a t  t h e  w e t  separa t ion  gave much b e t t e r  r e s u l t s  than i n  any 

From our very f i r s t  tests on coarse o r e ,  we were amazed t o  f ind  a f t e r  

former tests, 

the  o r e  should be heated i n  what might be c a l l e d  "lump" form, although some 

of t h e  lumps might be as small as 1/4 inch, 

determined, 

was s i m p l e ,  

Further  tests proved t h a t ,  t o  secure b e s t  magnetic r e s u l t s ,  

No upper limit i n  lump size was 

It was found a l s o  t h a t  con t ro l  of most favourable hea t  condi t ions  

It consis ted of heat ing  t h e  o r e  i n  coarse  crushed form, preferab ly  

with f i n e s  removed, t o  750-80O0FI j u s t  long enough f o r  f u l l  hea t  pene t ra t ion ,  

and then allowing it t o  cool slowly. Grinding and wet: separa t ion  could then 
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So good, and so s i m p l e ,  was t h i s  separa t ion  t h a t  i t  was decided 

t o  rush the i n s t a l l a t i o n  of a 150 ton per day 'p lan t .  This was during 

October, 1918. 

slowly revolving k i l n ,  with p r a c t i c a l l y  no sulphur e l imina t ion ,  was t o  be 

cooled by passing through a r o t a t i n g  inc l ined  cy l inder  sprayed ex te rna l ly  

with water. 

The crushed o r e  with f i n e s  removed a f t e r  being heated i n  a 

It was then t o  be ground wet i n  a b a l l  mill i n  closed circui t  

with a Dorr c l a s s i f i e r ,  The ground o r e  was t o  be t r e a t e d  on w e t  magnetic 
J 

machines of a modified cros8 belt, Wether i l l  or  Rowand type, and the magnetic 

por t ion  cleaned and recleaned before discard. The nonemagnetic por t ion  was 

t o  be t r e a t e d  on t a b l e s  f o r  lead recovery pending development of the  lead 

z inc  separa t ion  by f l o t a t i o n .  
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and it would facilitate a greater refined zinc output, 

600 tons was completed, and the plant put into operation late in 1919. 

This expansion to 

After the success of the 150 ton magnetic plant, and because we 

were of t h e  opinion then that the final process for Sullivan ore would be 

magnetic eeparartksn fol~swced by srilblactrivr I l s ~ a t i o r ~  d tlm n~n-magnitfc 

portion it became imperative that we determine without delay the most 

favourable conditions for the Elotation separatkon of the non-magnetic 

portion into a lead concentrate, and a zinc concentrate, 

In our review o f  methods we considered all knowledge than avail- 

We concluded that because able to u8, but: the amount: o f  t h i s  was limited, 

The M, S,  Company had access to most of such knowledge, it would probably 

be borne in mind in test work that they might do for us. 

a license with them in 1917 but they had contributed nothing towards the 

solution of our problem up to that time, In the spring of 1919 we again 

sent them samples of Sullivan ore and of the nonbmagnetic portion from the 

mill, 

we were convinced that, because of their background, their knowledge of 

selective Elotation must be more extensive than that of anyone else, and that 

iE they could not help us, there was not much use looking elsewhere. 

therefore proceeded in our studies, and with our recognition of their 

specialized knowledge in mind, we kept coming back in our considerations to 

the reagents and the laboratory methods used by Wilkinson of The M, S,  

Company in his pre-Anaconda, and his Anaconda selective flotation test work 

of 1916, 

the best from a screening of all M A ,  selective flotation knowledge as of 

that day, 

We had taken out 

Their results were again very poor on both samples. In spite of this 

We 

We thought that surely his practise at that time must have embraced 

We concluded that we would be on firm ground therefore if we placed 
‘ 7  

i particular value on his work, 
z 

_li 

” 
i 

and used it more or less as a guide. This was 
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i n  s p i t e  of the  f a c t  t h a t  h i s  e f f o r t s  at: t h a t  time, and the  later work of 

The M. S, Company on our samples bad both been unsuccetmful, This reasoning 

proved to be generally sound, 

We met with our f i r s t  success i n  May, 1919 working on the non- 

magnetic por t ion  from the  treatment of high grade zinc ore .  A small bronze 

sub-aeration machine was used with soda ash,  and the  minimum amount o f  coa l  

t a r  creosote ,  Neither wood o i l  nor capper sulphate  was used, 

t e s t i n g  we concluded t h a t  with proper c leaning operat ions,  an o v e r a l l  separa- 

t i o n  of Sul l ivan  ore  about as follows might be poss ib le  from a combination of 

magnetic, and f l a t a t t o n  processes: 

Af te r  more 

% Pb % Zn % Fe ._ 
30 

5 
14 
55 

Feed 12,o 20.0 
Pb conc ' t .  66,O 9 , 0  
Zn conc ' t .  5 , O  40.0 
Ta i 1 in@; 3,5 2.5 

Our p r inc ipa l  criticism of such a separa t ion  was the  high lead and the  high 

z inc  content  of the  t a i l i n g ,  

treatment of t he  ore  by s e l e c t i v e  f l o t a t i o n  i n  a more determined way than ever ,  

I n  due course we found t h a t  by most ca re fu l  manipulation i n  a bronze sub-aerat ion 

labora tory  machine, and with very s e n s i t i v e  reagent c o n t r o l ,  

f a i r l y  good separa t ion ,  but  with a non-commercial f r o t h ,  

mates the  r e s u l t s  from a number of tests made a t  t h a t  time: 

We therefore  a t tacked the  problem of direct  

we could e f f e c t  a 

The following approxi* 

Feed 
Pb c o n c k  

- % Pb - % Zn % Fe 
12,O 20,O 30.0 

I 62,O 10.0 8.5 - 
Zn conc ' t .  6,O 37.0 20.0 
Fe conc ' t ,  ( o r  t a i l i n g )  0.5 2,O 47.0 

The lead concentrate  was f a i r l y  high i n  z inc ,  and the  z inc  concentrate  was too 

high i n  i r o n ,  but  the t a i l i n g  was q u i t e  good. 

The expansion of our magnetic plant: t o  600 tons was then under way 

(August 1919). The r e s u l t s  shown above were, on the  whole, c ~ P & &  t o  those 







magnetic p l an t ,  o r  by s e l e c t i v e  f l o t a t i o n  of the  Sul l ivan  o re  i t s e l f .  A l l  

of our tes t  work had indicated t h a t  f o r  bath of these separa t ions  a com- 

mercial  sub-aerat ion machine would be required.  We had only a "Standard" 

o r  s p i t z  type of machine i n s t a l l e d  i n  the  test  m i l l ,  

recommend the i n s t a l l a t i o n  of a commercial. sub-aerat ion machine a t  t h a t  

time both because of t he  expense, and becausb of the  delay.  

We hbs i t a t ed  t o  

Moreover any 

plan considered for  the  treatment: of the lead-zinc concentrate  from the  

magnetic p l an t ,  even i n  a sub-aerat ion machine seemed t o  ignore the  success 

we had had i n  recent  months i n  the  laboratory i n  the  s e l e c t i v e  f l o t a t i o n  of 

the  o r e  i t s e l f .  Hence.we concluded t h a t  adoption of any such plan f o r  the  

mixed concentrate  i m p l i e d  a lack of courage on our pa r t .  

Oh the  2nd of March 1920, i n  spite of the  f i n a n c i a l  risk involved 

and the  f l o t a t i o n  d i f f i c u l t i e s  an t i c ipa t ed ,  I recamended t o  M r .  BPaylock 

t h a t  we put the  test  m i l l  t o  work on Sul l ivan  o re  a t  once without a sub-aera- 

t i o n  machine, We had accumulated a l o t  of f l o t a t i o n  knowledge and while it 

was unfortunate  t h a t  we couldn ' t  patch toge ther  an i d e a l  procedure, it seemed 

reasonable t h a t  we could do something worth-while i n  the  test m i l l  as a b a s i s  

from which t o  go forward, 

i n  the feed 7th March 1920, 

Mr. Blaylock approved immediately and we turned 

I 

We started f l o t a t i o n  with l i m e ,  s o f t  wood creosote ,  and coa l  tar  

c reosote ,  C i r c u i t  temperature was about 15OC. F l o t a t i o n  feed dens i ty  was 

about 40%. 

Eew days u n t i l  we e s t a d i s h e d  t h a t  copper sulpha,te was imperative.  

the  r e s u l t s  were bare ly  good enough t o  j u s t i f y  continued operat ion.  

weeks later we subs t i t u t ed  c a u s t i c  soda f o r  l i m e ,  with some improvement. A 

Tonnage rate was about 400, Resul ts  were very poor f o r  the  f i r s t  

Even then 

Three 

mixed lead-zinc concentrate  only was being produced. By May, 1920, lead and 

z inc  recover ies  were about 80 and 85% respec t ive ly  i n  a concentrate  containing 

3' , 
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about 12.5% Pb and 27.3% Zn from feed of 9% Pb and 18.4% Zn. 

we stopped use of s o f t  wood creosote  completely. 

I n  e a r l y  June 

Resul ts  had improved 

s u f f i c i e n t l y  later t h a t  month t o  pe rmi t  shu t t ing  down the  magnetic p l a n t ,  

I n  t h e  months following, o r  u n t i l  t h e  new Sul l ivan  m i l l  i n  

Kirnbegley began operations in August, 1923, we made innumerable Ghanges in 

equipment and cont ro l  with progressive improvement i n  o v e r a l l  r e s u l t s .  It 

is impossible t o  record a l l  of these changes so I s h a l l  j u s t  skim over t h a t  

period and expla in  a few of the  h ighl ights ,  I s h a l l  also show c e r t a i n  m i l l  

r e s u l t s  as measures of progress.  
I 

I n  e a r l y  August, 1920, we subs t i t u t ed  soda ash a t  t h e  rate of 6 t o  

8 lbs . / ton  f o r  c a u s t i c  soda. 

sulphate  down the  f l o t a t i o n  machine and commenced making a lead f l o a t .  

We then moved the  point  of add i t ion  of copper . 
From - 

t h e  13th August, 1920, commercial separa t ion  by s e l e c t i v e  f l o t a t i o n  of 

Sul l ivan  ore  i n t o  a lead concentrate ,  a z inc  concentrate  and a n  i r o n  concen- . 
trate,  was a r e a l i t y .  

t h a t  followed, 

Resul ts  were by no means cons i s t en t ly  good i n  t h e  months 

We had many ups and downs but on the  whole we kept  moving 

forward and a t  a f a i r l y  fast ra te .  

a 400 ton rate, 

We had s t a r t e d  our opera t ion  i n  March a t  

By September we were up t o  700 tons,  

With t h e  progress  made, and t h e  momentum thus e s t ab l i shed ,  and the  

s k i e s  c l e a r i n g  

test m i l l  expansion - more grinding equipment, more f l o t a t i o n  machines, both 

sub-aerat ion and s tandard,  more mi l l i ng  f a c i l i t i e s  genera l ly .  The r e s u l t s  for 

t h e  average good day during the  las t  four  months of 1920 were about as follower 

i n  regard t o  our  process,  we proceeded i n  the  f a l l  of 1920 with 

% Fe - % Zn - % Pb - 
Fded .- 10.3 18.7 29 0.8 
Pb Conc't, 46.3  15.3 11,7 

Tailing 1 C l  3.8  42.2 Zn Conc't, 5.1 35.4  '23 . 0 
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From a management viewpoint this mil l ing  developmeat was of course 

moat encouraging, but  the  cheer fu l  aspects of it were submerged t o  some ex- 

t e n t ,  a t  least, by t rouble8 the Company had experienced during 1920, This 

is  explained by M r .  Blaylock i n  h i s  annual, r epor t  f o r  the year 1920 to  the  

President .  H e  s a i d :  

9 u r i n g  the  year  the Company has passed through the  most d r a s t i c  

period of d e f l a t i o n  ever  known, During the  las t  qua r t e r  the  s e l l i n g  

p r i c e s  of metals produced droppid very suddenly t o  below pre-war 

leve Is 

Z'he p r i c e  changes he r e fe r r ed  to are the following: 
Pr ice  - Cents per  Pound 

Prime Western 
Zinc Lead 

Period st ,  Louis New York 
September, 1920 7.77 8.52 
October, 1920 7.25 7.47 
November, 1920 6.37 6.61 
December, 1920 5.84 4.94 

More cheer fu l  notes  were s t ruck  by him, however, i n  the  following 

quotat ions from t h e  same repor t :  

"The me ta l lu rg ica l  processes have made g rea t  strides during the  

year ,  both i n  cost reduct ion and recover ies ,  mainly i n  the  con- 

cen t r a t ion  o f  the: Sul l ivan  o res ,  i n t o  more s u i t a b l e  lead and 

z inc  concent ra tes ,  t h e s e  Concentrates i n  t u r n  making much b e t t e r  

work poss ib l e  i n  both the  lead and z inc  plants ."  

"The cos t  of producing z inc  has been lowered 40% during the  year  

i n  s p i t e  of the  heavy increases  i n  the  cost of ... etcOq1 

"This p l a n t  ( t h e  concentrator)  has been very much enlarged and 

improved u n t i l  it is now capable of handling 900 tons of Sul l ivan  

o re  pea. day with results very much ahead of anything thought 

poss ib l e  last year  and with t h e  c e r t a i n t y  of still f u r t h e r  improved 

ment 2 
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In January,  1921 water gas t a r  was subs t i t u t ed  i n  la rge  part f o r  coa l  

tar  c reosote ,  with marked improvement . 

I n  February, 1921 we s t a r t e d  adding a l l  a i l  f o r  lead f l o t a t i o n  t o  t h e  

b a l l  m i l l  feed. 

I n  J u l y ,  1921 the  gr ind ,  while b e t t e r  than i n  earlier months, was s t i l l  

too  coarse a t  69,6% -200 mesh. 

Commencing i n  October, 1921 the feed t o  lead f l o t a t i o n  was increased 

from about 40% dens i ty  t o  SO%, with improved r e s u l t s .  

I n  November, 1921 t h e  bene f i t  of higher  temperatures f o r  z inc  f l o t a t i o n  

Approximate temperatures adopted were 20°C f o r  lead and 30OC was determined. 

fo r  zinc,  

A s u b s t a n t i a l  improvement i n  gr inding was e f fec t ed  i n  May and June, 1922 

t o  about 2% +lo0 and 80 t o  85% 400 mesh. 



and I s h a l l  now show r e s u l t s  f o r  c e r t a i n  years  a f t e r  1923 as a measure of 

progress  the re .  Those for the  year  1925 follow. I n  t h i s  case I show t h e  

s i l v e r  behaviour also, 
Tons T r e a t e d  i n  1925 - 1,093,198 

+ 
Assay8 % of Total, 

02s . 
7, Pb % Zn % Fe Ag/Ton Pb Zn & - - - -  % W t .  - 

Feed 100. 10.6 8.4 38.6 3.4 100. 100. 100. 100. 
Pb conc ' t .  14.2 64.0 6.2 842 20.3 85.9 10.6 3.0 83.9 
Zn conc' t.  13.8 3.9 44.7 16.9 1.8 5 * 1  74.1 5 .7  7.1. 
T a i l i n g  72,O 1.3 1.8 48.9 0.4 9.0 15.3 91.3 9.0 

The r e s u l t s  for 1932 follow. These, toge ther  with those of 1933, 

are the  b e s t  ever  achieved. Perhaps I should remind you t h a t  t he  pure z inc  

mineral  i n  Sul l ivan  ore  conta ins  only 54055% z inc ,  and about 10% Fe, so you 

w i l l  r e a l i z e  t h a t  a concentrate  of 49.8% z inc  is  extremely high grade, 

Tons Treated i n  1932 - 1,440,520 

Assays % of Tota l  
- - -  Pb Zn Fe - % W t .  - % Pb - % Zn - % Fe 

Feed 100 . 9.3 8 e 1  36.1 100. 100. LOO. 
Pb conc ' t .  11.6 71.2 4.6 5.2 88.8 6.5 1.7 
Zn conc ' t  . 13.9 3.5 49.8 12.6 5.2 85.5 4.8 
Ta i l ing  74.5 0.~8 0.9 44.4 6.0 8.0  93.4 

recent 
The following quotat ion from/personal no tes  by Hugh Brock of t h e  

Su l l ivan  Concentrator s t a f f  is of p a r t i c u l a r  i n t e r e s t  a t  t h i s  time: 

"Xanthate was not y e t  developed when the Sul l ivan  separa t ion  
was worked out  1917-1923, and even as late as 1933 water gas 
t a r ,  coa l  t a r  creosote  and c r e s y l i c  acid i n  soda ash c i r c u i t  

were s t i l l  the  important promoters and f r o t h e r s  i n  the  Sul l ivan  
concentrator .  Xanthate was f i r s t  introduced i n  March, 1925 as 
a n  a u x i l i a r y  z inc  promoter, but  d i d  not become an e s s e n t i a l  one 
u n t i l  1933, when a major change from soda ash t o  lime a l k a l i n i t y  
r egu la to r s  was made." 

Zhe test  m i l l  i n  Trail  had been b u i l t  in the  summer of 1917 t o  

f a c i l i t a t e  development of a m i l l i n g  process f o r  the  o re  of the  Sul l ivan  

mine. 

be based, 

There was l i t t l e  o f  a t angib le  nature upon which i t s  design could 

The m i l l  was simply a step forward i n  t h e  r i g h t  d i r ec t ion .  No 

one could have foreseen the  developments t he re  of the  ensuing years.  In 

, 
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r e t r o s p e c t ,  i t  i s  i n t e r e s t i n g  t o  observe t h a t ,  o v e r a l l ,  it served i ts  

purpose w e l l .  I s h a l l  not attempt t o  summarize a c t i v i t i e s  t h e r e  during 

the s i x  years  between the summers of 1917 and 1923, 

t h a t  not only did i t  serve w e l l  as an opera t ing  p l a n t ,  but  t h a t  from i t ,  

as a test  p l a n t ,  a l l  of the  information necessary f o r  t h e  design of t h e  

Sul l ivan  m i l l  i n  Kimberley was c o l l e c t e d ,  

Suf f ice  i t  t o  say 

Construction of the  Su l l ivan  m i l l  commenced i n  the  spr ing  of 1922 

on an ideal s i te  about t h r e e  miles from t h e  mine p o r t a l ,  It was completed 

and opera t ion  commenced i n  August, 1923. 

success i n  every way, and has  always been a source of pr ide  t o  t h e  Company, 

The p l an t  was an immediate 

and t o  everyone d i r e c t l y  connected with t h e  m i l l  i n  p a r t i c u l a r .  The design 

and cons t ruc t ion  were c a r r i e d  out  by Cominco men throughout, 

numerous desc r ip t ions  of it i n  t h e  technica l  press. 

There are 

I should now l i k e  t o  speak of the men, who, with m e ,  cons t i t u t ed  t h e  

team d i r e c t l y  respons ib le  f o r  the  development of the  Sul l ivan  o r e  m i l l i n g  

process,  I r e f e r  p a r t i c u l a r l y  t o  those men who were a c t i v e l y  engaged in 

t h a t  development i n  a responsible  technica l  capac i ty  f o r  a t  least a sub- 

s tant ia l .  p a r t  of t h e  c r i t i ca l  years between t h e  summers of 1917 and 1921. 

I think of the remaining two years of t h e  test: m i l l  operat ion,  be- 

tween t h e  summers of 1921 and 1923, as being of g r e a t  importance i n  t h e  

process development of course,  bu t  not as being "criticaltq years .  The 

succees of t h e  process had, by the  middle of 1921, been assured. 

There were f i v e  of u s  on the  team t o  which I have r e f e r r e d ,  Two 

of us sewed  throughout t h e  c r i t i ca l  per iod,  t h e  o the r  t h r e e  f o r  but  parts 

of i t ,  Everyone on the  team played an important r o l e ,  and everyone macle 

major con t r ibu t ions ,  

f a i r  of m e  t o  a t t e m p t  t o  a l l o c a t e  credit  f o r  t h i s ,  or f a r  t h a t ,  

proper t h a t  t h e  outcome be looked upon as t h e  achievement of t h e  team as 

However, it would be imposaible, and it  would be un- 

It is 

a whole, I was simply the  captain of t h a t  team, 
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F i r s t  t he re  was W, H. ( B i l l )  Hannay who had carried on most of 

the  g rav i ty  and magnetic test work on Sul l ivan  ore  p r i o r  t o  my a r r iva l  

and who learned f l o t a t i o n  under me, He played  an important p a r t  through- 

out  the tes t  period and i n  m i l l  operat ion u n t i l  1925, 

a f te r  t h a t  he served/ in  the Research Department of the  Company. 

For many years  
as one of the  sen io r  men 

Clarence Thom, a chemical engineer  from Colorado, our f i r s t  

assayer  who graduated i n t o  t es t  work and was i d e n t i f i e d  p a r t i c u l a r l y  with 

the  magnetic work but  later with f l o t a t i o n  t e s t i n g ,  

i n  1922 and f o r  many years  was i n  charge of research f o r  The Denver 

He l e f t  t he  Company 

Equipment Company, 

Carle P, Lewis ,  an a g r i c u l t u r a l  graduate whom I had r ec ru i t ed  from 

the  labor  gang i n  Anaconda and t ra ined  i n  labora tory  f l o t a t i o n  t e s t i n g  

there .  Af t e r  discharge from the  U,S, Navy about the  end of 1918 he was 

with me i n  T r a i l  f o r  about t e n  months and carried on important l ab  f l o t a -  

t i o n  t e s t i n g ,  Later he was with The M, S.  Company i n  San Francisco where 

he was assoc ia ted  with C, H, Keller i n  the  discovery of Xanthate. 

a t  an e a r l y  age, 

. .  H e  d i e d  

And f i n a l l y  the re  was C, T, ( C l i f f )  Oughtred who started with me i n  

1919 and was p a r t i c u l a r l y  ident iTied with test m i l l  opera t ion ,  

was superintendent of t he  Sul l ivan  m k l l  and succeeded m e  as Superintendent 

of Concentration i n  1929. 

La ter  he 

In h i s  untimely death i n  1941 t h e  Company l o s t  

one of i t s  very a b l e  men. 

Then the re  were o the r  men who came along i n  the  e a r l y  years  

following who made major cont r ibu t ion8  t o  Su l l ivan  mi l l i ng .  

H,  W. ( B i l l )  Poole, one of our most s k i l l e d  men i n  the  f l o t a t i o n  

of Su l l ivan  o re ,  who i n  due course became m i l l  superintendent .  

S ,  (Stan)  Gray, who played an important p a r t  i n  e a r l y  opera t ion ,  

H, R, (Bert) B a t h ,  who from 1924 on played an important p a r t ,  and 

who later as m i l l  superintendent  made many major cont r ibu t ions ,  

I - - .. . .. .. . -. -. . .. . .  . . . .. .. . . . . . - . . . . - - . . -_ -. . .. . . 
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It i s  proper t h a t  I should a t  t h i s  t i m e  acknowledge the  i n d f r e c t  

Cminco had he lp  of The Minerals Separat ion North American Corporation, 

taken out  an M,S,- l icense i n  1917, This was more or  less imperative 

desp i t e  the  high roya l ty  rates i f  we were t o  be sure  of avoiding l i t i g a t i o n ,  

because they cont ro l led  most of the  important pa ten ts .  However, t he re  were 

a l s o  o the r  reason8 why it was wise, 

general  f l o t a t i o n  knowledge t h a t  prevai led among m i l l  men i n  those e a r l y  

Undoubtedly a g rea t  deal of the  

days stemmed from the  M, S,  r e se rvo i r  of knowledge, 

part been t ra ined  by George A ,  Chapman of The M, S, Company, and had become 

fami l i a r  with t h e i r  l abora tory  methods, reagents  and equipment as a r e s u l t  

I myself had i n  l a rge  

of t h e i r  i n s t r u c t i o n  and f a c i l i t i e s .  

I came t o  Trai l ,  had been l a rge ly  shaped by M, S. in f luences  i n  one way o r  

another ,  

I n  f a c t  my f l o t a t i o n  background, when 

Then I had had the  opportuni ty  of working with E, W, Wilkinson 

of t h e i r  s t a f f  whose s e l e c t i v e  f l o t a t i o n  work a t  Anaconda, while unsuccessful 

a t  t h a t  time, had played an important p a r t  i n  our  labora tory  procedure on 

Sul l ivan  o re ,  To t h e  ex ten t  i m p l i e d  by the  information 1 have given above, 

The M. S, Company made i ts  con t r ibu t ion  t o  the  so lu t ion  of the  Sul l ivan  ore  

problem and I think t h i s  should be rated as a major one in s p i t e  of the  

f a c t  t h a t  the  relsul ts  of t h e i r  test  work on Su l l ivan  ore  i t s e l f  had been 

negat ive throughout, and i n  sp i te  of the  f a c t  t h a t  they had never had anyone 

s t a t ioned  i n  T ra i l  i n  the  e a r l y  days and assigned t o  our problem even f o r  a 

few days, 

En t h i a  regard the  following information given t o  me i n  1961 by 

Carl, Williams, one of t h e i r  very e a r l y  engineers ,  is of particular interest. 

I n  1917 the  mining worId, ,had only r ecen t ly  learned of the  tremendous 

p o s s i b i l i t i e s  of f l o t a t % o n  and wanted t o  firsld out a l l  they could about i t ,  
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The M e  S .  Company had 

/ a  laboratory i n  San Francisco but t ra ined  men were a t  a premium, and a t  

t h a t  time, and f o r  the  next few years ,  they were simply deluged with o re  

samples f o r  t e s t i n g ,  reques ts  f o r  fnformation, and he lp  i n  the  f i e l d ,  

Most of the  o re s  submitted were s i m p l e  and reacted favourably. Some of 

those o r e s  represented g rea t  reserves ,  p o t e n t i a l  l a rge  operat ions and 

l a rge  roya l ty  producers, 

There were plenty of s imple  o re s  t o  f u l l y  occupy t h e i r  t i m e .  

was a complex o r e  and d i d  not react favourably,  

Company knew l i t t l e  a t  t h a t  time of the  p o t e n t i a l  of the  Su l l ivan  ore  body 

With many, major cons t ruc t ion  was soon under way, 

The Sul l ivan  

Moreover !Zhe M. S, 

and,Cominco, as a Company, did not then occupy a very prominent place i n  

the  mining world, 

i t  deserved by The M, S, Company, 

Consequently our problem was not  given the  cons idera t ion  

I n  regard t o  copper su lpha te ,  he explained t h a t  i n  those e a r l y  years  

they were not impressed with i t s  p o s s i b i l i t i e s  and he q u i t e  understood why 

Wilkinson had not used it  i n  1916. 

was around 1920 before  they became properly aware of i t s  p o s s i b i l i t i e s .  I n  

t h i s  regard we must again remember t h a t  t he  Sul l ivan  o re  was a very special 

problem and t h a t  copper sulphate  meant more t o  us than was the  case with 

perhaps 99 out; of 100 ores. 

He indicated t h a t ,  with them a l s o ,  it 

, 

He then reminded me of another  s i t u a t i o n  which had a bear ing on our 

problem, 

pa ten t  l i t i g a t i o n  had come about, and continued f o r  many years ,  with the 

r e s u l t  t h a t  every mining company, every l i cens ing  company o r  process company, 

and every ind iv idua l  i n  f l o t a t i o n ,  became very s e c r e t i v e ,  and information 

was hard t o  come by. 

Throughout t he  f l o t a t i o n  f i e l d  a t  that: time a g r e a t  deal of b i t t e r  

F i n a l l y  S want ’ to  acknowledge the  g r e a t  he lp  1 received i n  those 

e a r l y  days from two of the  sen ior  o f f i c e r s  oE Cominco, 

J, Warren, Managing Director  i n  1917, r e s i d i n g  i n  T r a i l ,  and i n  1919 t o  

become Pres ident ,  and S,  G* Blaylock, Ass i s t an t  General Manager ia 1917 

I r e f e r  t o  James 

and i n  1919 t o  become General Manager, The 8uccess of our e f f o r t s  was of 
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course based upon t h e i r  keen interest ,  t h e i r  understanding, encouragement 

and confidence,  and f i n a l l y  upon t h e i r  courage ,in tak ing  f inanc ia l  r i s k s .  

I should l i k e  t o  acknowledge a l s o  the  splendid cooperation I received 

from B, A ,  Stimmel, 

Throughout our long and c lose  a s soc ia t ion ,  he was always prepared, i n  t h e  

most pleasant  manner poss ib le ,  t o  do everything t h a t  of fe red  any chance of 

forwarding our common cause,  

He became Superintendent of the  z inc  p l an t  i n  1918. 

8 

This concludes my account of t he  development of t he  treatment by 
b 

f l o t a t i o n  of t he  Su l l ivan  ore .  

It i a  now many years  s ince  ]I have been d i r e c t l y  assoc ia ted  with 

However, as I. look over t echn ica l  f l o t a t i o n  and so 1 have lost  touch, 

art icles of recent  years ,  I am most impressed,  and humbled by the  s c i e n t i f i c  
t 
5 approach t o  present  day f l o t a t i o n  problems. Our approach i n  my generat ion 

was l a rge ly ,  i f  not a l toge the r  empirical. For t h i s  %avourable t rend over 

t he  yeare a l a r g e  p a r t  of the credit  must: go t o  Prof. A.M. Gaudin of M.f .T* 

and men l i k e  him - and so i n  conclusion f s a l u t e  him and h i s  co-workers i n  

the  s c i e n t i f i c  f l o t a t i o n  f i e l d ,  and I s a l u t e  also t h e  opera tors ,  who, dowri 

through t h e  years ,  have a p p l i e d  the  s c i e n t i f i c  f ind ings  and brought f r o t h  

f l o t a t i o n  t o  i t s  present: high technological  leve l .  
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PART IV 

An Outl ine of the  Early Development of Cominco's F e r t i l i z e r  Industry 

Because of the  success of f l o t a t i o n ,  and t h e  consequent increase  

in output of the  Sul l ivan  mine, lead production from the  T r a i l  p l an t  r ap id ly  

increamd Bwm an rvarrga aP abaut 55 t o m  d g i l y  fer l 9 M  and 1919, t o  415 

tons d a i l y  i n  1930, and 604 tons  i n  1940, .S imi la r ly  z inc  production in- 

creased from about 38 tons  d a i l y  i n  1918 and 1919 t o  327 tons in 1930 and 

400 tons  i n  1940, 

pa ra l l e l ed  by similar increases i n  sulphur gas  re leased  t o  the  T ra i l  atmos- 

phere from the roasting operations for  the  two metals, 

smoke became a se r ious  nuisance, not only i n  the  ad jacent  B r i t i s h  Columbia 

countryside,  but  also ac ross  the  *lBorder" i n  Stephens County i n  the  northern 

A l l  i nc reases  i n  metal production u n t i l  about 1931 were 

Soon t he  sulphur 

part of the  S t a t e  of Washington, Major damage claims were made by farmers, 

and o the r s ,  on both s idesof  the  lfBorderl'. Many of them were unreasonable. 

However, because of t h i s  o v e r a l l  s i t u a t i o n ,  an " In t e rna t iona l  Tribunal" wa8 

e s t ab l i shed  during t h e  1!J20ta by O t t a w a  and Washington t o  inves t iga t e  the  

S i tua t ion ,  t o  f i x  damages, and t o  spec i fy  co r rec t ive  measures t o  be taken by 

t h e  offending party,, 

t h a t  t he  problem was f i n a l l y  resolved by the implementation of the  Company's 

f e r t i l i z e r  program. 

S s h a l l  not de t a i l  t h i s  development. Suf f ice  it t o  say 

It had of course been realized by the  Company t h a t  t he  smoke c o w  

d i t i o n ,  as it  became worse, had t o  be cor rec ted ,  and it: was hoped t h a t  i n  

doing so the  sulphur would prove t o  be ilrn asset. 

Conversion o f  the  sulphur gas i n t o , s u l p h u r i c  ac id  was the  most ob- 

vtous cQurrSe t o  follow, but  d i sposa l  a f ' t h e  very l a rge  quant i ty  of acid t h a t  

would have t o  be made t o  con t ro l  t h e  smoke presented a major problem, par* 

t i c u l s r l y  i n  ars area l i k e  Trail  where the re  was but  a small market for 

sulphuric  acid as such. However, t h a t  s i t u a t i o n  had to  be faced and t o  use 

the ac id ,  production of chemical. f e r t i l i z e r s  on a l a rge  scale was decided 
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upon. The Anaconda Company had a l ready  faced a similar problem and had 

b u i l t  a la rge  "chamber" acid p l a n t  and a t r iple-superphosphate  p l a n t ,  How- 

ever, they had experienced d i f f i c u l t y  i n  disposing of a l l  of t h e i r  " t r i p l e -  

super". 

Anaconda's una t t r ac t ive .  

d e s i r a b l e ,  

Foreseeable marketing problems i n  our case made a program such as 

A g r e a t e r  v a r i e t y  of f e r t i l i z e r  products was 

A t  t h a t  t i m e  t h e  bui lding of syn the t i c  ammonaa p l a n t s  had become 

widespread i n  Europe and severa l  of them employed e l e c t r o l y s i s  of water as 

a source of hydrogen. 

Kootenay r i v e r  and ammonia production i n  t h a t  manner seemed l o g i c a l .  

a long with su lphur ic  ac id  and phosphate rock would make poss ib le  a s u f f i c i e n t l y  

wide range of f e r t i l i z e r  products f o r  our purposes. 

Cominco had p o t e n t i a l  low c o s t  power ava i l ab le  on t h e  

Ammonia 

In 1927 Company explora t ion  engineers  had discovered phosphate rock 

i n  the  Crowsnest Pass area of south e a s t e r n  B r i t i s h  Columbia but t h i s  rock 

was too  low grade f o r  our purposes and we had t o  t u r n  t o  Montana as a source 

of s u i t a b l e  rock , 

The general  plan f o r  the production of both n i t rogen  and phosphate 

f e r t i l i z e r  on a large scale was formally approved by t h e  Board of Direc tors  

in t h e  sp r ing  o€ 1929 and at  the same t i m e  1 was placed i n  charge of production. 

It was a major p lan  contemplating t h e  expenditure of about 10 m i l l i o n  d o l l a r s ,  

E. M. (Ed) S t i l e s ,  Chief Engineer, and I, as eo team, were respons ib le  t o  M r ,  

Blaylock fo r  t h e  development of plans and f a c i l i t i e s . F o r  most of our  needs 

we had t o  go t o  Europe, but  f o r  t h e  phosphoric ac id  p l an t  design,  we ca l l ed  

on The Dorr Company. / 

Our o r i g i n a l  plans contemplated the  production of ammonium sulphate ,  

mono-ammonium-phosphate (11-48-0) I ammonium phosphate-sulphate (16-20-0) and 

triple-superphosphate,  Production of " t r iple-super"  proved t o  be impract icable  



It was realized from the beginning that all foreign markets 

would have to be studied and utilized, and the Company's Sales Department 

acted accordingly, Similarly it was realized that the Canadian prairie 

offered a tremendous potential market which would have to be opened up, 

Until that time no chemical fertilizer had been used on the prairie, 

1927 it was decided to produce 180 tons of "triple-super" in a make-shift 

plant for the commencement of prairie tests, 

trained agriculturist, was engaged and placed charge of them. 

the first three years, commencing with 1928, an extensive research program 

was carried on in cooperatioa with the Dominion and Provincial governments, 

In 

Dr, R, E, Neidig, a highly 

During 

The results were most encouraging, and Eavourable reports were issued by 

government officials, In due course the prairie universities were enrolled 

in the program, Company engineers had designed and developed a fertilizer 

drill attachment for grain drills which greatly facilitated the field tests 

and these were made available to farmers at low cost, 

made from the beginning, 

and was continued for many years. 

the drought and depression years of the 1930's. 

sequent developments in this prairie work except to repeat that these tests 

marked the beginning of the use of chemical fertilizers on the Canadian 

prairie, a practice which today is recognized as almost imperative. Over the . 

years the increase in demand has therefore become phenominal, 

Great progress was 

The program was broadened, became very extensive, 

It was of course hampered somewhat during 

I shall not describe sub- 

Construction of the fertilizer plant at Trail commenced early in 

1930 and production commenced in 1931, Output grew from 61,141 tons in 1932 

to 170,108 &n 1938 and 327,232 in 1944, 

About 1940 the Federal Government decided to build ammonia and 

ammonium nitrate plants in Canada for munitions, 

site of one of these plants because of the availability of natural gas for 

ammonia production, 

to supply the process "know-how" and special equipmerit design, 

Calgary was chosen as the 

The "Imperial Chemical Industries" of England was chosen 

However, 
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because of the  aggressive approach t o  t h e  Government by M r ,  Blaylock, 

Cominco engineers were loaned t o  the  Crown corporat ion t h a t  was formed, the  

Albe r t a  Nitrogen Co., and they teamed up with the  I . C , I ,  engineers for 

general  p lan t  design and cons t ruc t ion ,  

company, the  A l b e r t a  Nitrogen Products L t d ,  took over the  p lan t  and produc- 

t i o n  commenced immediately, Cominco managed t h e  p lan t  on a "no fee" basis. 

On October 4 ,  1941 the  operat ing 

Shor t ly  a f t e r  the  Calgary p l an t  was commenced, the  Government 

i n  co l labora t ion  with Cominco b u i l t  another ammonia and ammonium n i t r a t e  

p l a n t ,  t h i s  time i n  T r a i l ,  and using t h e  "Coke-Amonia Process". 

course it was completed and the  opera t ing  con t ro l  was merged with 

the  Cominco f e r t i l i z e r  p l an t .  

Both of these Government operat ions proved successful  

I n  due 

t h a t  of 

o r  t he  

purposes intended. Af t e r  t he  war, they were of fered  f o r  sale and both were 

purchased by Cominco i n  1946. 

During the  seven years  1929-1936 when I was i n  charge of f e r t i l i z e r  

production it was a p r i v i l e g e  and pleasure t o  work c lose ly  with a splendid 

group of men on my s t a f f ,  

technology of the  processes,  and who, bye the i r  con t ro l  and cooperation mad 

t h e  development such an outs tanding successr  

It: w a ~  they who became s k i l l e d  i n  t h e  science and 

This concludes my account a€ t he  e a r l y  development of Cominco's 

f e r t i l i z e r  



PART V 

An Outl ine of the  Development of the  Fuming 
Process f o r  Lead Blast Furnace Slag 

From the  time shipments of crude lead ore  from t h e  Sul l ivan  ' 

were commenced i n  1910, and shipments from the  S t ,  Eugene began f a l l i n g  

off i n  1911, the  lead smelter was forced t o  opera te  with as high a zinc 

content  i n  i t s  b l a s t  furnace s l a g  as poss ib le ,  

of t he  Sul l ivan  ore commenced, and shipments of crude lead o re  from t he  

Moreover, a f t e r  f l o t a t i o n  

mine were discont inued,  the  smelter had the  problem of t r e a t i n g  as much 

of the  res idue  from the  z inc  p l an t  as poss ib le ,  It contained a l l  of the  

lead, s i l v e r  and iron i n  the o r i g i n a l  z inc  p l an t  feed, and it a l s o  s t i l l  

contained a r e l a t i v e l y  high percentage of zinc,  

t he re fo re  t o  be continued and it couldn ' t  be d i s c a r d e d  because of i t s  

metal va lues  which r a n  as high as 18% zinc  and 2% lead,  

be found o r  developed f o r  the  recovery of these  va lues ,  

the  s l a g  was stocked'; 

be smelted had to  be stocked and t h i s  consis ted of the  g r e a t  bulk of it .  

The high z inc  s l a g  had 

A process had t o  

I n  the  meantime 

Simi la r ly  t h e  z inc  p lan t  res idue  t h a t  couldn ' t  

During the  1920's a g rea t  dea l  of cons idera t ion  was given t o  

the  s l a g  treatment problem, and i n  due course,  a f a i r l y  successfu l  method 

of fuming o f f  the  lead and z inc  was developed on an experimental  b a s i s  by 

blowing powdered coa l  f o r  the  reduct ion of  t he  lead and z inc ,  i n t o  a molten 

bath of s l a g  i n  a n  electric furnace,  

a i r  t o  oxides and, a f t e r  cool ing,  was col lec ted  i n  a baghouse, 

r 

The metal thus recovered burned i n  the  

About the  same time the  Anaconda Copper Mining Company, i n  i t s  

Tooele p l an t  i n  Utah, was developing a somewhat similar process,  but  they 

used a furnace i n  which powdered coa l  was used, not only for the  reduct ion 

of lead and z inc  i n  the  s l ag ,  but a l s o  as a source of hea t  f o r  keeping 

t h e  s l a g  molten, 

developed i n t o  commercial ones, but f a r  certain reasons Cominco adopted the  

It appeared t h a t  both of these  processes  could have been 

Tooele method, developed it  f u r t h e r  and adapted it t o  Trail  condi t ions ,  At 
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t he  same time the  Anaconda Company developed and appl ied t h e i r  process 

commercially,> C "  

As I have already s t a t e d  I was i n  no way associated with t h i s  

development a t  the  time, but because it was one of the  th ree  tnajor new 

davelspmente OC the Ibtraylock $ra ,  L t  shnuld be rsferrard t o  ham&(, 
' .  

;Omm 

Buchanan, as Smelter Superintendent,  was of course genera l ly  responsible  

for  the  development, but i t  was the  immediate r e s p o n s i b i l i t y  of C, E, 

(George) Murray, assisted by Re R, (Ron) McNaughton, 

The s t o r y  of the  development of the  fuming opera t ion  a t  Trail 

is given i n  the  paper  e n t i t l e d :  "The Recovery of Lead and Zinc from Blast 

Furnace S lag  a t  T r a i l ,  B. C? by G. E. Murray, C.I.M.M. Bu l l e t in ,  A p r i l  1933, 

and also i n  t h e  p a p e r  e n t i t l e d  "Slag Treatment for t h e  Recovery of Lead 

and Zinc a t  T r a i l ,  B. C." by R. R, McNaughton, Transact ions of t h e  A.I.M.E., 

1936 

This opera t ion  has  continued a8 a most important one up t o  the  

present day, and it: was only a few years  ago t h a t  a l l  of t he  stocked slag; 

and zinc p l a n t  r e s idue  fltom former opera t ions  wa8 f i n a l l y  cleaned up. 



CONCLUSION 

M r ,  Warren d i e d  on the  28th January 1939, M r ,  Blaylock then 

became President ,  bu t  he continued t o  l i v e  i n  T r a i l ,  and t o  ca r ry  on 

as senior o f f i c e r  i n  the  West much as before,  R, E, Stave r t  became Vice-' 

President a t  Montreal where the  Head Off ice  of the  Company was located.  

W, M, Archltbald, Vice-president,  Mines retired, James Buchanan became 

General Manager a t  T r a i l  and I became Ass i s t an t  General Manager and 

deputy head of t he  Mines and Exploration Department under Mr, Blaylock 

who acted as Manager, 

During the  war years ,  maximum metal production was a constant  

The chal lenge was met and requirement and t h i s  presented many problems, 

a mostdcreditable record was achieved, 

M r ,  Blaylock, whose hea l th  had been f a i l i n g  badly, retired i n  
1945 of t h a t  year  

A p r i l /  and d i e d  i n  November/at t he  age of 6 6 ,  M r ,  S t ave r t  became President  

and continued t o  l i v e  inMontrea1. James Buchanan retired, and I became a 

Director ,  and Vice-president and General Manager, and as such, sen ior  

, o f f i c e r  i n  the  West, W, S, Kirkpatr ick became Ass is tan t  General Manager, ~ 

I should l i k e  a t  t h i s  s t age  t o  give the  names and p o s i t i o n s ' o f  ~ 

I 

a l l  of t he  sen ior  s t a f f  i n  t he  West a t  t h e  end of 1945, and t o  record t h e  

commendation t h a t  each deserves,  

sa act i n  re t i rement ,  I should l i k e  t o  reeord conmendation f o r  all, super- 

visory personnel and workmen who served 80 f a i t h f u l l y  and contr ibuted so 

much t o  the  success of t he  Company throughout t h e  e a r l y  years*  

I n  fact;, i f  it were appropciate  f o r  m e  to 

'I 

However such 

a c t i o n  on my part ,  even i f  it were appropr ia te ,  i s  impracticable. 

I s h a l l ,  however, name a few men i n  the  West of p a r t i c u l a r  

prominence i n  the  very e a r l y  years ,  

I s h a l l  say nothing of the  careers and achievements of my c lose  

f r i e n d s  and long-time a s soc ia t e s  who are s t i l l  " in  harness": W ,  S o  ( B i l l )  

Kirkpatr ick,  R. ('Bob) Hendricks, R, D, (Ralph) Perry,  D, Do (Pa t )  Morris 

and o the r  men i n  the  upper echelons of the  Company today. Nor s h a l l  I speak 



2, 

of R, E L  (Ewart) S tave r t  who was my close f r i end  and a s s o c i a t e  from 1937, 

and from 1945, my Chief as well, u n t i l  my re t i rement  i n  1956, 

The men I have marked f o r  s p e c i a l  mention are: 

R. H, (Pat)  Stewart who was Manager of Mines from 1906 u n t i l  

Ira bdt~&m& QIWW~&I Mafia~ert fn  €91L 

a c q u i s i t i o n  of t h e  Su l l ivan  Mine and t h e  adopt ion of t h e  e l e c t r o l y t i c  z i n c  

process,  

Gonsulting Engineer a t  t h e  Su l l ivan  Mine from 1940 u n t i l  h i s  death i n  1952. 

HBL pl6yeCP %mpolftfiarnt perk6 f n  bech rhd 

He resigned e a r l y  i n  1917 bu t  aga in  served Cominco w e l l  as 

T, W, (Tom) Bingay, Comptroller f o r  many yea r s  and later Vice- 

Pres ident  i n  Charge of Finances, who served t h e  Company and i t a  predecessor  

well from t h e  late 1890% u n t i l  h i s  re t i rement  i n  1934, He had been 

recognized by Aldridge, Stewart ,  Warren, Blaylock and a l l  sen io r  members of 

t h e  s t a f f  as one of t h e  "key" men of t h e  Company throughout h i s  working l i f e ,  

James Buchanan who was Smelter Superintendent from 1911 u n t i l  

1936, General Superintendent of t h e  T r a i l  p l a n t  u n t i l  1939 and General Manager 

a t  T r a i l  u n t i l  t h e  end of 1944, 

growth of t h e  sme'lter throughout those  yea r s ,  

He was respons ib le  for  much of t h e  splendid 

L, A, (Lome) Campbell, f i r s t  General Manager and later P res iden t  

of t h e  West Kootenay Power and Light Company, Limited, t h e  Power Czar f o r  

49 years, 

River between Kootenay Lake and t h e  Columbia River and brought about i ts  

t o t a l  development s t e p  by s t e p  down through t h e  years ,  p a r a l l e l i n g  t h i s  with 

an expanding d i s t r i b u t i o n  system which served not only a l l  Cominco p l a n t s  but 

s a t i s i i e d  the pub l i c  u t i l i t y  load throughout the West Kootenay, Boundary and 

South Okanagan Ristrictsr 

He tt was who foresaw the  g r e a t  power p o t e n t i a l  of t h e  Kootenay 

P 



and later Metallurgist for the Trail plant, established for himself an 

outstanding record of achievement between the years 1911 and the time of 

1 his tragic death in 1936, In h i s  passing the Company lost a brilliant 

man with a promising future, 

c 

R, C. (Rolly) Crowe Mho as Solicitor from 1920 and later Vice- 

President and General Counsel wa8 responsible for all legal matters for 
I 
I 

the Company and who also died while atill a young'man in 1940, 

W. Me Archibald who as Manager of Mines from 1916, and later 

Vice-President in Charge of Mines until he retired i n  1939, had built 

for himself a reputation throughout Canada as one of her outstanding mine 

finders 
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a comprehensive and continuing geological study of the Sullivan orebody 

first under the direction of Dr, J ,  A, Bancroft of McCill and later of 

Dr, We J ,  Mead of the University of Wisconsin and still later of Dr. C, 0. 
1 

Swanson of U,B,C. 

fuming programs, 

In the 1920's he had initiated the fertilizer and slag 
e 

And after Sullivan milling commenced in 1920 and 1923 

he had guided, and provided the momentum for the major expaneion8 in plant 

facilitieo and operatione called for at the Sullivan Miae, the omelter, 

the zinc plant, the refineries and the power plants, 

Nor should I let this opportunity pass without saying something 

of h i s  absorbing interesttlin employee relations and in employee security, 

Certainly his advanced thinking in that regard made him a pioneer in that 

field, particularly Yn the mining industry. 

adoption, in the early years, of splendid medical and hospital protectioa 

for Company employees, in Company loans for house construction, and in 

His efforts resulted in the 

group insurance and non-contributory pension plans, There is no doubt but 

that the overall result of these and related developments contributed in a 

major way down through the years to good labour relations, 

Now I want to reflect upon him as a man, and as an executive, 

think Z knew him as well as anyone in the Company because I was closely 

associated with, and directly responsible to him for 28 years, 

course, hard to describe any man in a few words, but it is paoticularly 

hard to do so in the case of ouch a remarkable man a8 he was, 

to do this I concluded that I could do no better than to repeat what I said 

at a retirement: party for him in Montreal 'in 1945, 

I 

It ie of 

In attempbing 

"To but few men is given the ability such as his, of cutting 

corner8 to the correct anewers to problems in so direct a line 

and Sn 80 short, a time, and but few men, seeing an obJectivs, 

put thair full weight behind ttrs effort with such unflagging 

intsxeat as he has done, 

"He is a man with great imagination, irritiativa, courage and 

determination. He i8 a man with a big heart, fine judgment and 

blcoad ~jhsion - B oaan who i.mpi.Za8 confidenca and loyalty in all 
\ 

wieh whom he 8880CiateBr'' 




