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PREFACE• 

I n t h i s paper w i l l be g i v e n a b r i e f h i s t o r y o f 

the Sudbury M i n i n g D i s t r i c t and something o f the g e o l o g y 

and ore d e p o s i t s o f the same; a l s o , a d e s c r i p t i o n o f the 

m i n i n g and m e t a l l u r g i c a l methods used by the Canadian Copper 

Company i n t h i s d i s t r i c t . I n f o r m a t i o n on the v a r i o u s 

s u b j e c t s t r e a t e d was o b t a i n e d p a r t l y from p u b l i s h e d 

l i t e r a t u r e by d i f f e r e n t a u t h o r s , but p r i n c i p a l l y from a 

p e r s o n a l v i s i t d u r i n g the summer o f 1905 t o t h e c o u n t r y 

and mines d e s c r i b e d . 
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HISTORICAL. 

The presence of l a r g e d e p o s i t s of n i c k e l and copper i n the 

v i c i n i t y o f Sudbury and c l o s e to the boundary between the d i s t r i c t s 

of Algoma and N I p i s s i n g i n n o r t h e r n O n t a r i o , has, f o r many y e a r s , 

a t t r a c t e d w o r l d wide a t t e n t i o n , i n the f i r s t p l a c e on account o f 

t h e i r immense and a p p a r e n t l y i n e x h a u s t i b l e c h a r a c t e r , but a l s o 

because o f the much more extended use o f n i c k e l , e s p e c i a l l y as an 

a l l o y w i t h s t e e l to improve the q u a l i t i e s of the l a t t e r . 

Though n i c k e l and copper were d i s c o v e r e d i n the Sudbury 

d i s t r i c t i n 1856 by Murry at what i s now the C r e i g h t o n mine, un

d o u b t e d l y the most p r o d u c t i v e e x i s t i n g n i c k e l mine, no importance 

was a t t a c h e d t o t h i s occurrence so l o n g as the r e g i o n was a c c e s s i 

b l e o n l y by canoes. The h i s t o r y of mining i n the h i s t o r y dates 

from the c o n s t r u c t i o n o f the Canadian P a c i f i c R a i l r o a d i n 1882, 

when the ore d e p o s i t s , l a t e r c a l l e d the Murry mine, was d i s c l o s e d * 

I n 1883 the ore b o d i e s o f what a r e now the S t o b i e and Copper C l i f f 

mines were found. At f i r s t they were taken up f o r t h e i r copper 

c o n t e n t s , and i t was o n l y three or f o u r y e a r s l a t e r , a f t e r a 

thousand tons o f the Copper C l i f f ore had been sent away f o r t r e a t 

ment, t h a t i t s value as a n i c k e l ore was e s t a b l i s h e d . 

The h i s t o r y of m i n i n g i n t h i s r e g i o n i s l a r g e l y t h a t of 

the Canadian Copper Company, which was o r g a n i z e d on J a n u a r y [3, 

1886, w i t h a s u b s c r i b e d and p a i d up c a p i t a l of $2,000,000.00, 

wh i c h was a f t e r w a r d i n c r e a s e d to $2,500,000.00 to operate the 

Copper C l i f f , S t o b i e and Evans mines. D u r i n g the f i r s t s i x t e e n 

yea^rs t h i s company drew almost a l l i t s ore from these t h r e e 
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i m p o r t a n t mines, the Copper C l i f f , the Evans and the S t o b i e . I n 

1828 two new mines became producers, Kb. I southwest of Copper 

C l i f f and Ho. 2 n o r t h of Copper C l i f f , the former p r o v i d i n g r i c h 

ore f o r a y e a r , the l a t t e r producing average ore, but much 

l a r g e r i n q u a n t i t y , i s s t i l l b e i ng worked. 

I n 1899 and the two f o l l o w i n g y e a r s M n e s No. 4 and 5, 

no r t h w e s t o f No. 2, p r o v i d e d some ore and i n 1900 Ho. 3, o f t e n 

known as the Erood mine, began t o supply c o n s i d e r a b l e q u a n t i t i e s 

o f ore c o n t a i n i n g some I n t e r m i x e d rock. But w i t h the e x c e p t i o n 

of the d e p o s i t a t No. 2 the r e was apparent I3' no v e r y l a r g e or 

co n t i n u o u s ore body encountered, :cor ohey were Boon abandoned 

and a re now c o m p l e t e l y d i s m a n t l e d . I n August, 1901 the f i r s t 

ore was s h i p p e d from the C r e i g h t o n mine t o the r o a s t yards a t 

Copper C l i f f . This i s the g r e a t e s t p r o d u c i n g n i c k e l mine i n 

the w o r l d and from the v e r y b e g i n n i n g o f o p e r a t i o n s has produced 

l a r g e q u a n t i t i e s of almost pure s u l f i d e w i t h l i t t l e o r no r o c k y 

a d m i x t u r e s . I t i s e s p e c i a l l y v a l u a b l e as c a r r y i n g a h i g h 

percentage o f faickel w i t h a much s m a l l e r p r o p o r t i o n o f copper. 

The C r e i g h t o n mine i s a t p r e s e n t the main source of sup p l y f o r 

the Canadian Copper Company. A c c o r d i n g to Dr. Barlow t h i s mine 

w i t h i t s equipment a l l o w s f o r a p r o d u c t i o n of 500 t o 600 tons of 

ore p e r day, but d u r i n g the summer o f 1905 a t the time o f the 

w r i t e r ' s v i s i t , C a p t a i n Tom T r a v e r s , who has charge o f the mine, 

s t a t e d t h a t the mine was then producing about 800 tons per day. 

I t was b e i n g worked as an open p i t and was down about 140 f e e t . 

The o n l y o t h e r mine b e i n g worked i s the Fo. 2 which i s down 

about 400 f e e t and i s work i n g the f o u r t h and f i f t h l e v e l s , 
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a l t h o u g h very l i t t l e work i s b e i n g done at present on the f i f t h 
l d v e l . 

The f i r s t b l a s t furnace i n s t a l l e d a t the o l d or East smelt

er a t Copper C l i f f was blown i n on December 24, 1888 i : t h i s 

b e i n g augmented under the same rootf by a second b l a s t f u r n a c e , 

which was s t a r t e d on September 4, 1889. The a c t i v i t y i n m i n i n g 

a t Copper C l i f f and the steady i n c r e a s e i n the p r o d u c t i o n of ore 

n e c e s s i t a t e d constant a d d i t i o n s to the s m e l t i n g equipment. We 

thus f i n d t h a t b e s i d e s the enlargement o f the east s m e l t e r where 

thr e e new f u r n a c e s were i n s t a l l e d i n a d d i t i o n to the two a l r e a d y 

mentioned, an e n t i r e l y new s t r u c t u r e known as the west s m e l t e r 

was b u i l t i n 1899. At f i r s t t h i s b u i l d i n g had room f o r o n l y 

f o u r f u r n a c e s , but t h i s was quie k l y e n l a r g e d and the furnace 

c a p a c i t y doixbled. I n the f a l l o f 1900 the p l a n t of the O n t a r i o 

S m e l t i n g Works, was i n s t a l l e d by the O r f o r d Copper Company, an 

o r g a n i z a t i o n c l o s e l y r e l a t e d to the Canadian Copper Company, bot h 

of w h i c h i n A p r i l , 1902, were i n c l u d e d i n the amalgamation o f 

these and k i n d r e d c o r p o r a t i o n s under the name of the I n t e r n a t i o n a l 

M c k e l Company. These works were designed to f u r t h e r r e f i n e the 

low grade or b l a s t furnace matterot the Canadian Copper Company. 

I n the summer of 1904 what i s known as the Hew Smelter 

s t a r t e d o p e r a t i o n s . This i s a t h o r o u g h l y up-to-date p l a n t of 

1,000 tons c a p a c i t y . The new s m e l t e r i s the only one now i n 

o p e r a t i o n , the o t h e r s h a v i n g been p a r t l y d e s t r o y e d by f i r e and 

were d i s m a n t l e d . 

Perhaps the most important event i n the development of 



the n i c k e l i n d u s t r y , e i t h e r i n t h i s d i s t r i c t or elsewhere, 

o c c u r r e d i n A p r i l , 1902, when a f t e r n e g o t i a t i o n s , c o v e r i n g a 

p e r i o d o f s e v e r a l months, the I n t e r n a t i o n a l N i c k e l Company was 

or g a n i z e d under the laws of the s t a t e o f New J e r s e y , to c o n s o l i 

date and c o n t r o l the n i c k e l p r o d u c t i o n o f the wor l d . The f o l l o w 

i n g p r o p e r t i e s were i n c l u d e d i n the new o r g a n i z a t i o n : The 

Canadian Copper Company: the ©rford Copper Company, w i t h r e 

d u c t i o n works at Bayonne, New J e r s e y : the Anglo-American I r o n 

Company; and the V e r m i l l i o n M i n i n g Company i n Canada: the 

American N i c k e l Works i n Camden :, New j e r s e y ; the N i c k e l 

C o r p o r a t i o n , L i m i t e d , and the S o c i e t e M i n i e r e Caledonienne, 

i n New C a l e d o n i a . During 1902 and 1903 mining operations were 

c o n s i d e r a b l y c u r t a i l e d , except i n the case o f the C r e i g h t o n 

mines where the p r o d u c t i o n has been b r i s k ever s i n c e i t was 

f i r s t opened. 

In J u l y 1905, the Canadian Copper Company, or more 

p r o p e r l y the I n t e r n a t i o n a l N i c k e l Company, began the e r e c t i o n 

of a new s m e l t e r at Copper C l i f f , which when completed i s t o 

handle the c o p p e r - n i c k e l a r s e n i d e ores from the new Lake 

Temiscaming d i s t r i c t . 

I n 1899 Dr. Ludwig Wond, who worked out the Mond n i c k e l 

c a r b o n y l process f o r the r e p a r a t i o n o f n i c k e l , a c q u i r e d the 

McConnell p r o p e r t i e s , s i n c e known as the V i c t o r i a mines. The 

mines are about twenty two m i l e s west of Sudbury, w h i l e the 

s m e l t e r o f f i c e s and o f f i c i a l r esidences are c l o s e to the " S a u l t " 
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branch, o f the Canadian P a c i f i c R a i l r o a d and a l i t t l e oyer two 

m i l e s s o u t h of the main openings* I n October, 1900, the Mond 

N i c k e l Company, L i m i t e d o f London, England, was i n c o r p o r a t e d w i t h 

a c a p i t a l of 600,000 f o r the purpose of a c q u i r i n g a l l the above 

p r o p e r t y p l a n t s , p a t e n t s and s m e l t e r s b e l o n g i n g t o Dr. Ludwig 

Hand i n the Sudbury d i s t r i c t . A p l a n t o f the most Modern type 

f o r r o a s t i n g , s m e l t i n g and b e s s e m e r i s i n g the ore was e r e c t e d a t 

V i c t o r i a Mines under the d i r e c t i o n of Hiram W. H i x o n , f o r m e r l y 

of the Anaconda Company, t h i s equipment b e i n g the most complete 

and c o n v e n i e n t l y a r r a n g e d which had up to t h a t time been i n 

s t a l l e d i n the d i s t r i c t . ffihis company a l s o uses ore from 

the N o r t h S t a r mine west o f Sudbury on the M a n i t o u l i n and N o r t h 

Shore r a i l r o a d and has used some ore from the L i t t l e S t o b i e 

mine n o r t h o f Sudbury a l l o f which i s shipped to V i c t o r i a 

mines f o r tr e a t m e n t • 

The b e s s e r m e r i s e d matte as q u i c k l y as produced by 
the s m e l t i n g works a t V i c t o r i a mines i s shipped to Clydach, near 
Swansea, i n Wales, where e x t e n s i v e works have been b u i l t f o r i t s 
t r e a t m e n t . 

A l t h o u g h the above two companies are the o n l y ones 

a t p r e s e n t o p e r a t i n g i n the d i s t r i c t many companies have 

e n t e r e d the f i e l d , among which a r e ; Henry H. V i v i a n & Co., the 

w e l l known Welch s m e l t i n g f i r m , The Dominion M i n e r a l Company, 

the Algoma N i c k e l Company, the Drury N i c k e l Company, l a t e r r e 

o r g a n i z e d under the name o f the T r i l l N i c k e l M i n i n g and Manu

f a c t u r i n g Company, the Great Lakes Copper Company, the Lake 
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S u p e r i o r Power Company, which has l a r g e works a t S a u l t S t e . 

Marie and. o t h e r s . 

The suspension of o p e r a t i o n s so o f t e n recorded i n the 

h i s t o r y o f the mining development of t h i s d i s t r i c t does not i n 

a l l o r even i n a m a j o r i t y o f cases imply a f a i l u r e of the ore 

s u p p l y , but i s o f t e n e r to be a t t r i b u t e d , to a waste of c a p i t a l , 

owing to a l a c k of b u s i n e s s judgment and the need of a t e c h n i c a l 

Inowledge of the d i f f i c u l t i e s to be encountered i n both the 

mi n i n g and s m e l t i n g departments. 

Topography. 

The topography of t h i s r e g i o n has been l a r g e l y c o n s t r u c t e d 
by g l a c i a l a c t i o n and presents a more or l e s s d isconnected 
n e t l i k e system of low w e l l rounded r i d g e s sometimes r e a c h i n g a 
h e i g h t ot 100 to 200 f e e t above the low ground. The average 
e l e v a t i o n o f the d i s t r i c t as a whole v a r i e s from 800 f e e t to 
1100 f e e t above the sea. The present topography has been the 
r e s u l t o f prolonged denudation and e r o s i o n , a s s i s t e d to a con
s i d e r a b l e e x t e n t by subsequent g l a c i a l a c t i o n which removed the 
s o f t e r decomposed m a t e r i a l from the h i g h e r l e v e l s , t o be 
d e p o s i t e d i n the n e i g h b o r i n g v a l l e y s i n areas c o n s i d e r a b l y remov
ed to ̂ the southwest. The s c o u r i n g a c t i o n of the v a s t g l a c i e r 
i s e very where apparent i n the smooth w e l l rounded h i l l s , w h i l e 
i n many cases the exposed rock s u r f a c e s s t i l l p reserve the 
g l a c i a l grooves and s t r i a e . The p r e v a i l i n g t r e n d o f the r i d g e s 
i s n o r t h e a s t , c o r r e s p o n d i n g to the g e n e r a l s t r a t i f i c a t i o n o f the 



r e g i o n , and between them the s u r f a c e can be d e f i n e d i n three 

d i v i s i o n s : F i r s t , t r a c t s of i r r e g u l a r f l a t ground, hard and 

d r y : Second, swampy areas and. stream sources: T h i r d , l a r g e and 

s m a l l l a k e s * The ground s u r f a c e i s l a r g e l y covered w i t h 

t i m b e r and brush where f o r e s t f i r e s and the timber man's ax 

have not been too a c t i v e i n c l e a r i n g i t . The swamps are f r e 

q u e n t l y almost i m p e n e t r a b l e , owing to the t h i c k matted b r u s h 

and f a l l e n t r e e s * The r e g i o n d r a i n s i n t o Lake Huron on the 

sou t h through the medium of th r e e l a r g e r i v e r s , the Sp a n i s h , 

V e r m i l l i o n , and Wahnapitae. The s e t t l e m e n t s , other than lumber 

and m i n i n g camps which are s p a r s e l y d i s t r i b u t e d over the r e g i o n , 

are s t r u n g a l o n g the l i n e s o f the Canadian P a c i f i c R a i l w a y and a 

m i l e o r so i n any d i r e c t i o n takes one i n t o a w i l d e r n e s s broken 

o n l y Tby the bushman fs t r a i l and an o c c a s i o n a l rough wagon r o a d . 

The s u r f a c e i n i t s p r e s e n t aspect i s not adapted to f a r m i n g or 

s t o c k r a i s i n g . I t i s i n the s t r i c t e s t sense a mi n i n g r e g i o n . 

Geology. 

A c c o r d i n g to Dr. Barlow i n h i s r e p o r t on t h i s d i s t r i c t 

t h r o u g h the Canadian G e o l o g i c a l Survey, the rocks o f the Sud

bu r y M i n i n g D i s t r i c t arranged i n the probable order o f t h e i r 

g e o l o g i c a l age may be s t a t e d as f o l l o w s i n ascending o r d e r . 

I . Lower Huronian. No rocks of t h i s age are a t p r e s e n t 

known i n the n i c k e l b e a r i n g a r e a , but t h i s p e r i o d i s r e p r e s e n t e d 

i n p a r t by the banded s i l i c i o u s magnetites and a s s o c i a t e d r o c k s 
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of the townships of H u t t o n and Wissner. 

2. Upper Hur o n i a n . (A) D i o r i t e s , hornblende - por-

p h y r i t e s and green s c h i s t e : (B) Conglomerates, greywackes 

and q u a r t z i t e s : (6) N o r i t e and d i o r i t e (IVorthington mine b e l t 

and a r e a s southeast of Evans mine and e a s t of Sudbury.) 

3. L a u r e n t i a n G r a n i t e and d i o r i t e - g n e i s s near Vifah-

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

4. Upper Huronian ( ? ) . T u f f s , f e l s p a t h i c , sandstones and 

s l a t e s c l a s s i f i e d on p r e v i o u s g e o l o g i c a l maps as o f Cambrian age. 

J3kt Post Huronian* (A) G r a n i t e s . (B) N i c k e l b e a r i n g 

e r u p t i v e of the main b e l t ( q u a r t z - hypersthene-gabbro or n o r i t e , 

d i o r i t e , w i t h t h e i r p e c u l i a r d i f f e r e n t i a n p r o duct, micropegma-

t i t e . ) (C) Dykes of o l i v e n e d i a b a se. 

6. P l e i s t o c e n e . C l a y and Sands, 

The g e o l o g i c a l h i s t o r y of the n i c k e l mining area proper 

began i n v e r y a n c i e n t times and most of the rocks now exposed 

are regarded as r e p r e s e n t a t i v e of what i s known as the H u r o n i a n 

p e r i o d , b e i n g thus the o l d e s t w i t h which g e o l o g i s t s are a t 

p r e s e n t f a m i l i a r . The d e t a i l e d examination and study of these 

r o c k s have f u r n i s h e d anumdant eveidence o f the almost unexampled 

v o l c a n i c a c t i v i t y then p r e v a i l i n g , caused l a r g e l y , no douht, 

by the i n s t a b i l i t y of the e a r t h ' s c r u s t a t t h i s e a r l y p e r i o d of 

i t s h i s t o r y . These r o c k s a r e e s s e n t i a l l y of p 3 / r o c l a s t i c o r i g i n , 

c o n s i s t i n g m a i n l y o f t u f f s o f both a c i d and b a s i c t y p e s , i n t i 

m a t e l y a s s o c i a t e d w i t h more or l e s s a l t e r e d b a s i c e r u p t i v e s , some 

of which s t i l l - r e t a i n much of t h e i r o r i g i n a l massive c h a r a c t e r . 
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Although by f a r the l a r g e r p r o p o r t i o n have undergone such p r o -
11 

found d e f o r m a t i o n and me tamo rph ism, t h a t i t i s e x c e e d i n g l y 
I 

d i f f i c u l t , i f not i m p o s s i b l e , even w i t h the a s s i s t a n c e of the 
micros c o p e , t o make any v e r y d e f i n i t e or accurate statement i n 
regard to t h e i r o r i g i n a l c o m position and s t r u c t u r e . Some o f 
these e r u p t i v e s a r e , however, probably of l a c c o l i t i c o r i g i n , 
and i n t r u d e d a l o n g the planes of bedding of the e n c l o s i n g c l a s t i c 
r o c k s , w h i l e many o f trie p o r p h y r i t e s and o b s c u r e l y amygdaloidal 
forms, d o u b t l e s s represent s u r f a c e flows o f l a v a which have been 
v e r y much a l t e r e d and decomposed. 

With the es t a b l i s h m e n t of c o n d i t i o n s of more s t a b l e 
e q u i l i b r i u m came a time when the h i g h e r e l e v a t i o n s were b e i n g 
s u b j e c t e d t o the u s u a l processes of degredation and e r o s i o n w i t h 
the t r a n s p o r t a t i o n of the m a t e r i a l thus detached to be d e p o s i t e d 
at the lower l e v e l s , fo r m i n g the conglomerates, f e l s p a t h i c 
s andstones, and q u a r t z i t e s , i n c l u d e d i n the above t a b l e as Upper 
Huronian. Even t h i s p e r i o d of comparative q u i e t was p r o b a b l y 
i n t e r r u p t e d a t i n t e r v a l s by a r e t u r n of v o l c a n i c a c t i v i t y , and 
some o f the b r e c c i a - l i k e m a t e r i a l , and c e r t a i n o f the i n t e r -
bedded greywackes may be the d i r e c t r e s u l t s o f e x p l o s i v e a c t i o n * 
Subsequent to the f o r m a t i o n o f these r o c k s , the huge b a t h y l i t h s 
of g r a n i t e and d i o r i t e g n e i s s c l a s s i f i e d as L a u r e n t i a n , and 
o c c u r r i n g i n the v i c i n i t y o f Wahnapitae s t a t i o n , were i n t r u d e d 
i n t o the h i g h e s t or q u a r t z i t e member of the Upper Huronian. 
L a t e r t h a n these q u a r t z i t e s , and p o s s i b l y a l s o l a t e r than the 
L a u r e n t i a n g n e i s s c e r t a i n masses of n o r i t e and d i o r i t e were 
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i n t r u d e d . 

The age of the t u f f s , f e l s p a t h i c , sandstones and s l a t e s 
h i t h e r t o c l a s s i f i e d p r o v i s i o n a l l y as of Cambrian age, i s s t i l l a 
mat t e r of c o n s i d e r a b l e doubt, and much more d e t a i l e d work and 
c r i t i c a l e x a mination of the area, c h a r a c t e r i z e d by the presence 
of these r o c k s , w i l l be necessary before t h i s can be s a t i s f a c t o r 
i l y s e t t l e d . 

The g r a n i t e s u s u a l l y r e f e r r e d to as "younger 1 1 are 
d e c i d e d l y so, i n reference to the o l d e r d i o r i t e s , p o r p h y r i t e s 
and green s c h i s t s and a rock which may be c a l l e d a b r e c c i a , formed 
by an e x c e e d i n g l y i n t r i c a t e i n t r u s i o n of dykes and masses o f 
g r a n i t e m a t e r i a l through these b a s i c r o c k s , covers c o n s i d e r a b l e 
areas throughout t h i s d i s t r i c t , w h i l e even the main mass o f the 
g r a n i t e b a t h y l i t h f r e q u e n t l y c o n t a i n s embedded fragments and 
masses o f a l l s i z e s and shapes of these b l d e r green s t o n e s . 

The n i c k e l b e a r i n g e r u p t i v e , which i n i t s f r e s h c o n d i t i o n 
i s now r e f e r r e d to as a quartz-hypersthene-gabbro or n o r i t e , i s 
d e c i d e d l y l a t e r than, and i n t r u s i v e through, the green s c h i s t s 
and a s s o c i a t e d d i o r i t e s . The r e l a t i o n s between the s o - c a l l e d 
"younger w g r a n i t e i s much more complex. For the mott p a r t , 
the n i c k e l b e a r i n g e r u p t i v e has coo l e d a g a i n s t the g r a n i t e , as 
may be seen a t the j u n c t i o n between these two rocks on the west 
s i d e o f the l a r g e p i t known as No. 2 mine at Copper C l i f f . 
Here the n o r i t e i s d i s t i n c t l y f i n e r i n g r a i n a t the immediate 
p o i n t o f c o n t a c t , t h i s rock growing v i s i b l y c o a r s e r f a r t h e r 
away from the l i n e of j u n c t i o n . On^the other hand, i n some 
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l o c a l i t i e s c e r t a i n dykes or apophyses of the g r a n i t e seem t o 

pe n e t r a t e the b o r i t e as may he n o t i c e d a l o n g the l i n e o f j u n c t i o n 

t o the northwest of No. 2 mine a t Copper C l i f f , w h i l e the i n 

t r u s i v e nature of the g r a n i t e , and i t s a p p a r e n t l y l a t e r age i n 

r e l a t i o n to the n o r i t e i s q u i t e marked to the n o r t h of C l a r a b e l l e 

l a k e where the l i n e o f j u n c t i o n between the two rocks i s w e l l 

exposed f o r c o n s i d e r a b l e d i s t a n c e . B e s i d e s , near the C r e i g h t o n 

mine the g r a n i t e has become d e c i d e d l y more b a s i c i n the v i c i n i t y 

o f the norite-, and a c e r t a i n zone or b e l t i s formed by the 

m i n g l i n g o f the m a t e r i a l o f b o t h rocks as a r e s u l t of a c t u a l 

f u s i o n . I t has been suggested t h a t the g r a n i t e and n o r i t e may 

have been d i f f e r e n t i a t e s o f the same magma, but a more reasonable 

e x p l a n a t i o n would seem t o be t h a t t h e i r p e r i o d s of i n t r u s i o n 

were so c l o s e l y synchronous t h a t they over l a p p e d i n t h e i r time 

o t f f c r y s t a l l i z a t i o n , and that the l a t e r s e c r e t i o n s from the 

slow e r c o o l i n g g r a n i t e magma f o r c e d or ate t h e i r way i n t o the 

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

There are d i k e s of o l i v i n e - d i a b a s e which are d i s t i n c t l y 

l a t e r i n age than the r e s t of the a s s o c i a t e d r o c k s . They cut 

the n e i g h b o r i n g rocks as w e l l as the ore bodies themselves. 

These d i k e s present every g r a d u a t i o n between b a s a l t and d i a b a s e . . 

The t h i n s e c t i o n of the f a i r l y coarse ro c k shows a remarkably 

f r e s h o l i v i n e d i a b a s e , made up c h i e f l y of p l a g i o c l a s e , a n g i t e 

and o l i v i n e . 

A c c o r d i n g t o the pre s e n t s t a t e of our knowledge t h e r e 

are three main b e l t s of n o r i t e w i t h which workable d e p o s i t s o f 
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the v a r i o u s s u l f i d e s c a r r y i n g n i c k e l and copper occur. U n t i l 

r e c e n t l y these were b e l i e v e d to be e n t i r e l y d i s t i n c t and sepa

r a t e d , but l a t e r more d e t a i l e d g e o l o g i c a l examinations are tend

i n g to prove t h a t these are a l l p o r t i o n s of a g e o l o g i c a l u n i t * 

and a l l r e f e r a b l e to one continuous mass. They have always been 

reg a r d e d as e s s e n t i a l l y the same i n o r i g i n and m i n e r a l o g i c a l 

c o m p o s i t i o n and a p p r o x i m a t e l y , a t l e a s t , of the same g e o l o g i c a l 

age, Not much i s known of any but the Southern, or Main N i c k e l 

Range. The most n o r t h e r l y o f these bands known as the N o r t h e r n 

N i c k e l Range extends west about twenty m i l e s from Lake Wahna-

p i t a e a t a d i s t a n c e of about twenty m i l e s n o r t h of Sudbury. 

The M i d d l e , or Levack N i c k e l Range extends from about the c e n t e r 

of the township of T r i l l n o r t h and n o r t h e a s t through t h i s town

s h i p i n t o Cascaden, and c r o s s i n g under Windy Lake, goes on 

U n i n t e r r u p t e d l y through the northwest corner of Dowling to about 

the middle of the e a s t s i d e of Levack township. 

By f a r the l a r g e s t and most important band of n o r i t e i s 

what i s known as the Southern or Main N i c k e l Range, I t s south

w e s t e r n l i m i t i n a l l p r o b a b i l i t y i s i n the southern p a r t o f T r i l l 

t ownship e x t e n d i n g southward i n t o Drury and from here i t has been 

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

t h i r t y f i v e m i l e s to about the c e n t e r o f Garson township. 

Most o f the mines of the Canadian Copper Company a t Copper C l i f f 

are s i t u a t e d on a narrow d y k e - l i k e e x t e n s i o n sent o f f i n a 

s o u t h e a s t e r l y d i r e c t i o n from the main b e l t . 

17 



M i n e r a l s of the D i s t r i c t . 

P y r r h o t i t e , Fe g S a 

O h a l c o p y r i t e , (Pe Cu) S* 

P e n t l a n d i t e , (PeFi) S 

L i l l e r i t e , M S 
P y r i t e and M a r c a s i t e , PeS* 

Magnetite / Pe^ 0+ 
S p e r r y l i t e , Pt As^ 
N a t i v e Copper. 
Galena. 
N a t i v e Gold. 
There has a l s o "been i d e n t i f i e d M c c o l i t e , MAs, S m a l t i t e , 

OoASa, , C h a l c o c i t e , Cup and other m i n e r a l s which are unimportant. 
The ore bodies are composed e s s e n t i a l l y of p y r r h o t i t e . a n d 

c h a l c o p y r i t e w i t h by f a r the g r e a t e r percentage of p y r r h o t i t e . 
The n i c k e l occurs p r i n c i p a l l y as p e n t l a n d i t e d i s t r i b u t e d 
throughout the ore b o d i e s . The m a t r i x of the p e n t l a n d i t e i s 
almost always p y r r h o t i t e . I t was f o r m e r l y supposed that the 
n i c k e l o c c u r r e d as r e p l a c i n g a p a r t of the i r o n i n the p y r r h o t i t e , 
but i t has been proven by Mr. C. W. Dickson that t h i s i s not 
the case and t h a t p e n t l a n d i t e disseminated through the pyrrho
t i t e i s the r e a l source of the n i c k e l . 

A s i d e from the n i c k e l and copper m i n e r a l s , the o t h e r s 
are of s m a l l importance, except, perhaps, s p e r r y l i t e which i s 
f u r n i s h i n g an i n c r e a s i n g amount o f the world's supply o f p l a t -
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imum. S p e r r y l i t e i s thought to he the source of the p l a t i n u m 
which i s always found i n the bessemer matte of the smelters of 
the d i s t r i c t . 

I n 1889 the announcement was marie by Messrs. Wells and 
P e n f i e l d t h a t they had i d e n t i f i e d the Arsenide of P l a t i n u m , 
( Pt. Ast ) as a n a t u r a l m i n e r a l . I t had been c o l l e c t e d by Mr. 
P. L. S p e r r y from the heavy concentrates o f a g o l d ore taken 
from the V e r m i l l i o n mine. Th i s mine i s about twenty m i l e s west 
of Sudbury and i s owned by the Canadian Copper Company. At 
t h i s mine there i s a q u a r t z v e i n c a r r y i n g g o l d which cuts a c r o s s 
a b e l t o f d i o r i t i c r o ck c o n t a i n i n g c h a l c o p y r i t e and n i c k e l 
b e a r i n g pyrrhotSite. P r o f e s s o r Wells named the new m i n e r a l 
S p e r r y l i t e a f t e r i t s d i s c o v e r e r . I t i s the f i r s t and only 
n a t u r a l compound of platinum w i t h a n o n - m e t a l l i c substance which 
has been found. 

S p e r r y l i t e i s a v e r y rare m i n e r a l and u n t i l r e c e n t l y has 
been known from only two l o c a l i t i e s , t h i s d i s t r i c t i n O n t a r i o 
and N o r t h C a r o l i n a . A few years ago, however, i n v e s t i g a t i o n s 
o f the copper ores o f the Rambler mine, Wyoming, by P r o f e s s o r s 
W e l l s and ^ e n f i e l d , have shown minute c r y s t a l s of s p e r r y l i t e i n 
the c o v e l l i t e which forms a c o n s i d e r a b l e p a r t of the o x i d i z e d 
^one o f the mine. The p l a t i n u m which has o c c a s i o n a l l y been 
found by assay i n the other ores may have been present as a 
s p e r r y l i ' t e . 

S i n c e c o b a l t so commonly occurs w i t h n i c k e l i t i s but 
n a t u r a l t h a t c o b a l t m i n e r a l s should be expected i n t h i s r e g i o n , 
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"but as a matter of f a c t they are r a r e . The amount of c o b a l t 
o b t a i n e d here i s almost n e g l i g a b l e i n q u a n t i t y . 
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Mode of Occurrence of the Ore Bodies. 

Most g e o l o g i s t who have examined the ore bodies of t h i s 
r e g i o n agree that these d e p o s i t s are not true f i s s u r e v e i n s . 
I n the mines there i s no d i s t i n c t f o o t , or hanging w a l l , but 
the ore grades o f f so that w a l l s that are l e f t o f t e n c o n t a i n 
a c o n s i d e r a b l e amount of ore, y et i s too l e a n to v/ork on. 

The ore bodies are of i r r e g u l a r , o v a l or pod shaped 
o u t l i n e and a l l agree i n h a v i n g t h e i r l o n g e r a x i s to correspond 
v e r y c l o s e l y w i t h the d i r e c t i o n of f o l i a t i o n of the e n c l o s i n g 
r o c k s , Without e x c e p t i o n , a l l of these immense bodies o f 
s u l f i d m a t e r i a l are s i t u a t e d a t the i mediate contact between 
the i n t r u s i v e n o r i t e and the o l d e r rocks i n such a way as to 
i n d i c a t e i n the c l e a r e s t manner, t h e i r common o r i g i n . 

The famous o l d Copper C l i f f Mine i s a v e r i t a b l e chimney 
of ore o c c u r r i n g i n conn e c t i o n w i t h an i s o l a t e d s t o c k of n o r i t e 
w h ich comes i n contact w i t h f e l s p a t t i c q u a r t z i t e s and green 
s c h i s t s . This ore body averaged i n wid t h from 50 f e e t to 10O 
f e e t i n the cross s e c t i o n through the s h a f t , w h i l e at r i g h t 
a n g l e s to t h i s d i r e c t i o n i t v a r i e s from 30 f e e t to 210 f e e t , 
and has reached a depth of 1058 f e e t at the 14 l e v e l . This 
mine which f u r n i s h e d ore f o r so many years i s not at present 
b e i n g worked, not because of exhaustion o f the ore, but on 
account of the depth reached. 

Pounded h i l l s of gossan, i n d i c a t i n g the presence of more 
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or l e s s pure ore "beneath, extend f o r m i l e s along the l i n e of 
j u n c t i o n , w h i l e by f a r the l a r g e r p o r t i o n of the o f f s e t s and 
i s o l a t e d masses, w i t h which the ore bodies are a s s o c i a t e d , 
are a l s o of a p r e v a i l i n g brownish c o l o r from the decomposition 

* 

of the abundantly disseminated s u l f i d s . This gossan has r e s u l t e d , 
as u s u a l , from the a l t e r a t i o n of the p y r r h o t i t e and c h a l c o p y r i t e 
and the f o r m a t i o n of hydrous oxide of i r o n which g i v e s a p r e _ -
v a i l i n g brownish c o l o r to the upper p o r t i o n s of the d e p o s i t s . 

22 



O r i g i n of Ore D e p o s i t s . 

I n t h i s paper I w i l l merely touch on the o r i g i n o f the 

Sudbury o r e s . This p a r t of the s u b j e c t has been s t u d i e d by a 

number of v e r y abl e men, among whom are the f o l l o w i n g : 

Dr. Robert B e l l and Dr. A. "HI. Earlow of the Canadian 

G e o l o g i c a l purvey. Dr. T. L. Walker of the U n i v e r s i t y of 

Toronto, P r o f e s s o r J . H. L. Vogt, of C h r i s t i a n a , Norway, 

P r o f e s s o r R. peck of P r e i b e r g , P r o f e s s o r -J. P. Kemp and 

Professor C. W. Dic k s o n o f Columbia U n i v e r s i t y , New York C i t y , 

Y r . T " h i l l i p A r g a l l of Denver and the l a t e $% Posepny, th*e 

noted Bohemian a u t h o r i t y . 

There are two d i s t i n c t t h e o r i e s f o r the o r i g i n of these 
d e p o s i t s : 

F i r s t , t h a t of magmatic s e g r e g a t i o n i n which the ore 

m a t e r i a l s s egregated a t the margin of the molten n o r i t e . 

Second: t h a t of secondary a c t i o n by which the ore 

m a t e r i a l was d e p o s i t e d by the a c t i o n o f water along the l i n e 

o f f r a c t u r e . I n h i s paper presented to the U n i v e r s i t y o f 

L e i p z i g t o o b t a i n the degree of Doctor of Ph i l o s o p h y , T. L. 

Walker concluded t h a t the s u l f i d s have c r y s t a l l i z e d d i r e c t l y 

from the f u s e d magma, j u s t as have the usual components of an 

igneous r o c k , w h i l e P h i l l i p A r g a l l p o i n t s out the f a u l t e d 

n a t u r e o f the d i s t r i c t and c o n s i d e r s t h a t a l e a c h i n g out of 

the n i c k e l and copper from the green stones i n which they were 

23 



o r i g i n a l l y formed, and a c o n c e n t r a t i o n and p r e c i p i t a t i o n 
a l o n g f a v o r a b l e zones, i s a more reasonable e x p l a n a t i o n than 
magmatic d i f f e r e n t i a t i o n . 

The l a t e s t and by f a r the most complete r e p o r t on the 
Sudbury d i s t r i c t i s that by Dr. A. E. Barlow through the 
Canadian G e o l o g i c a l Survey. The w r i t e r o f the a r t i c l e you 
are r e a d i n g i s not competent to give any o r i g i n a l o p i n i o n 
r e g a r d i n g the o r i g i n of these o r e s , but i s s t r o n g l y i n c l i n e d 
t o f a v o r Dr. Barlow, who says i n h i s r e p o r t : "More recent and 
d e t a i l e d e xamination of the v a r i o u s ore bodies, has shown t h a t 
w h i l e the f i r s t h y p o t h e s i s o f a s e g r e g a t i o n of these s u l f i d s , 
d i r e c t l y from the magma, i s i n the main, the true e x p l a n a t i o n 
o f t h e i r present p o s i t i o n , o t h e r agencies which are u s u a l l y 
grouped t o g e t h e r under the name of secondary a c t i o n , have 
c o n t r i b u t e d l a r g e l y to b r i n g about t h e i r unusual dimensions." 
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The Magnetic P r o p e r t i e s of P y r r h o t i t e 

and 

T h e i r Uses. 

The m i n e r a l p y r r h o t i t e has v a r y i n g degrees of magnetism 

depending on the p l a c e from which i t i s obtained, specimens 

from d i f f e r e n t mines i n the same d i s t r i c t having d i f f e r e n t 

m agnetic p r o p e r t i e s . 

I t has been thought the more n i c k e l i f e r o u s p o r t i o n s of 

the p y r r h o t i t e are l e s s ?uagnetic and t h a t , by magnetic separa

t i o n , one p o r t i o n o f the ore c o u l d be obtained which would be 

v e r y magnetic, t h e r e f o r e low i n n i c k e l , and another p o r t i o n 

w h i c h would not be magnetic and would c o n t a i n n e a r l y a l l the 

n i c k e l v a l u e s . Among those who have experimented a l o n g 

these l i n e s a r e : 

Thomas A. E d i s o n , (1892) 

."Dr. S. H. 7Mmen&} (1892) 

David H. Browne, ( 1893) 

The W e t h e r i l l S e p a r a t i n g Co. (1900) 

Mr. C. W. D i c k s o n , (1901-1903) 

Although much experi m e n t i n g has been done along these 

l i n e s , the r e s u l t s are d i s a p p o i n t i n g and the g e n e r a l c o n c l u s i o n 

i s t h a t magnetic s e p a r a t i o n i s not p r a c t i c a l i n the Sudbury 

r e g i o n . 

C o n s i d e r a b l e work has been done t r y i n g to l o c a t e ore 
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b o d i e s irn t h i s r e g i o n by means of the magnetic p r o p e r t y of the 
p y r r h o t i t e . The Mend Company, the Lake Superior Power Company, 
and Thomas A. Ed i s o n have had p a r t i e s i n the f i e l d , but no 
important d e p o s i t s have been found by t h i s means. The i n s t r u 
ments used were of Swedish make. 
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M i n i n g Methods. 

The mining methods used i n t h i s d i s t r i c t are very s i m p l e . 
A g r e a t d e a l of the mining has been done i n open p i t s , but some 
of the mines have opened up under ground l e v e l s and stopes• 
The work b e i n g done i n s o l i d ground, Jrery l i t t l e timber i s 
needed or used. 

During the summer o f 1905 the Copper C l i f f Company was 

w o r k i n g o n l y two mines, the Cre i g h t o n and Mo. 2. The Creighton 

mine i s the l a r g e s t open p i t i n the d i s t r i c t and has the 

dimensions ( summer , 1905) o f about 350 f e e t by 275 f e e t and 

140 f e e t deep. I t was planned to make a new s h a f t i n the f a l l , 

s i n k i n g below the p r e s e n t l e v e l and b r e a k i n g up through. I 

do not know whether o r not i t has been done. The ore i s r a i s e d 

i n s k i p s through an i n c l i n e d s h a f t . By f a r the g r e a t e r amount 

o f ore used by the Copper C l i f f Company at present comes from 

t h i s mine. The C r e i g h t o n i s the most p r o d u c t i v e . n i c k e l mine 

i n the w o r l d a t the p r e s e n t time. 

The No. 2 mine at Copper C l i f f was f i r s t opened up as 
an open c u t , but i s now down about 400 feet' and i s being worked 
on the 4 t h and 5th l e v e l s . 

As the ore comes from the mine i t i s i n l a r g e lumps w i t h 

c o n s i d e r a b l e f i n e s . This ore i s h o i s t e d i n s k i p cars to the 

top o f a rock house where i t i s a u t o m a t i c a l l y dumped onto a 

l a r g e i n c l i n e d g r i z z l y s i z i n g screen which separates the f i n e s 

f r o m the coarse o r e . The coarse ore f a l l s i n f r o n t o f l a r g e 



B l a k e c r u s h e r s , each of 4Q0 tons d a i l y c a p a c i t y , i n t o which i t 
i s f e d and crushed to the r e q u i s i t e s i z e f o r r o a s t i n g . Prom 
the c r u s h e r i t passes i n t o s l i g h t l y i n c l i n e d h o r i z o n t a l r e v o l v i n g 
trommel screens from which i t i s discharged i n three s i z e s , 
f i n e s , r a g g i n g and co a r s e . The f i r s t two s i z e s escape through 
t h e i r r e s p e c t i v e h o l e s i n the trommel screen, w h i l e the l a s t 
d i s c h a r g e s through the lower and open end of the screen onto 
o s c i l l a t i n g s o r t i n g t a b l e s . The motion of the t a b l e s causes 
the ore to move s l o w l y a c r o s s , while boys along the s i d e s 
p i c k out the b a r r e n rock t h a t i s mixed w i t h the ore. The ore 
then drops i n t o i t s proper b i n , from there to be removed to 
the r o a s t y a r d . 

R o a s t i n g . 

Prom the ore b i n s at the mines the ore i s taken t o the 
r o a s t y a r d . In the summer of 1905 the Copper C l i f f Company 
was u s i n g two r o a s t yards near Copper C l i f f . No. 2 r o a s t y a r d 
i s about three f o u r t h s o f a m i l e n o r t h of Copper C l i f f and i s 
about 150 f e e t by 7500 f e e t of c a r e f u l l y graded, prepared and 
d r a i n e d ground. 

Here the plans o f the r o a s t heaps, r e c t a n g l e s v a r y i n g 
from 30 X 60 f e e t to 60 X 125 f e e t , were l a i d out. When an 
excess o f f i n e s i s i n stock, the ground i s f i r s t covered to 
a depth o f s e v e r a l inches w i t h the s u r p l u s f i n e s , which a f t e r 
two o r three heaps have been r o a s t e d on them, get r o a s t e d and 
caked t o g e t h e r , and then are broken up and coasted as coarse 
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o r e . Coarse o^e i s p r e f e r r e d i n s m e l t i n g . On top of these 

f i n e s , i f any hare been used, or on the ground i f no f i n e s have 

been used, i s l a i d a bed of dry cord wood from 9 to 18 inches 

deep. On the f u e l bed coarse ore to about 65% of the t o t a l 

r o a s t heap i s p i l e d . This i s covered w i t h r a g g i n ( nut s i z e d ore) 

and f i n a l l y by a complete c o v e r i n g of f i n e s . K i n d l i n g h o l e s 

are l e f t open a t i n t e r v a l s around the base. 

The heap i s l i g h t e d at a l l the k i n d l i n g h o l e s s i m u l 

t a n e o u s l y and the l o n g r o a s t i n g o p e r a t i o n commences. The 

openings are covered w i t h f i n e s as soon as the cord wood has 

been burned to a glowing c h a r c d a l . A l l carbonaceous f u e l , 

even i n l a r g e heaps and so w e l l covered and p r o t e c t e d from the 

a i r , i s burned out i n about s i x t y hours a f t e r l i g h t i n g . A 

complete o x i d i z i n g r o a s t i n g then begins and continues u n t i l the 

s u l p h u r c o n t e n t s are so reduced and burned out tha t there i s not 

s u f f i c i e n t l e f t t o promdte combustion. The remaining p o r t i o n , 

about 14 % , i s enc l o s e d and s e a l e d up i n the non-porous p o r t i o n s 

o f o r e , the semi-fused c o v e r i n g of which would have to be r e -

brok e n i n order to expose new faces to the heat and l i b e r a t e 

more s u l p h u r . But i t i s not necessary to get r i d of more 

s u l p h u r , s i n c e the remainder i s e s s e n t i a l i n the s m e l t i n g of the 

ore i n o r d e r to produce a c l e a n s l a g . 

A heap i s c a r e f u l l y watched f o r a few days d u r i n g the 

p e r i o d of s e t t l i n g caused by the burning out of the f u e l bed 

beneath. A l l vent h o l e s caused by t h i s d i s t u r b a n c e are 

covered as soon as formed by throwing on. f r e s h f i n e ore. 
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T h i s i s to prevent too g r e a t g e n e r a t i o n of heat which would 
s t o p a l l r o a s t i n g by f u s i n g the heap i n t o a matte. These 
p r e c a u t i o n s h a v i n g been taken, the heap i s l e f t to i t s e l f f o r 
the next few months. 

The r o a s t i n g v a r i e s w i t h the s i z e of the heap: F o r a 
heap of 800 to 1000 tons, ( s m a l l ) , about 35 or SO days: 
"^or a heap of 2500 tons ( common s i z e ) , about f o u r months; 
,7hile a heap of 4000 tons w i l l take seven months. The l o n g e r 
the p e r i o d of r o a s t i n g , the l e s s matting which i s p r e f e r a b l e . 
A r o a s t heap once f i r e d up and f a i r l y s t a r t e d to burn r e q u i r e s 
no f u r t h e r expense nor a t t e n t i o n u n t i l the ore i s c o l d enough 
to remove to the s m e l t e r . 

The Mew Smelter, 
On the upper edge of a c l i f f a system of b i n s has been 

c o n s t r u c t e d f o r storage purposes. The smelter b u i l d i n g 
p r o p e r i s s i t u a t e d p a r a l l e l t o these b i n s which i s a l s o the 
grade l e v e l o f the charging f l o o r connecting w i t h the b i n s and 
a l s o w i t h the power house, making a c i r c u l a r t r a c k running on 

both s i d e s of the fur n a c e s and p a s s i n g the c o a l chute i n f r o n t 
h 

o f the power house. A f t e r r o a s t i n g , the ore Is loaded i n t o 
dump c a r s and drawn t o the top of the b i n s by locomotive. The 
t r a c k l e a d i n g to the t r e s t l e i s on an easy grade and i s con
nected w i t h the main l i n e l e a d i n g t o the Canadian P a c i f i c 
R a i l w a j r . 

A l l ore f l u x , coke, c o a l , e t c . , i s handled on these 
t r a c k s and dumped d i r e c t l y i n t o the b i n s . Running on the 
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c i r c u l a r t r a c k bene t i l the b i n s i n t o the smelter b u i l d i n g and 
passed the power house i s an e l e c t r i c locomotive drawing "Koppel 
s i d e sumping c a r s * The m a t e r i a l i s loaded i n t o these c a r s 
and weighed on the end of the t r e s t l e . The furnace charge i s 
dumped d i r e c t l y i n t o the furnaces and the coal i n t o pockets 
next the power house. 

The charges to the furnace vary somewhat and i n order 
to g i v e some i d e a of how the charges run I give on page -
39. 

The b l a s t furnace b u i l d i n g contains two s e i t i o n a l 
r e c t a n g u l a r water j a c k e t e d H o l t j o f f copper b l a s t furnaces; three 
stands f o r H o l t h o f f c o n v e r t e r s ; one f o r t y ton e l e c t r i c crane; 
the necessary matte s e t t l e r s ; c l a y m i l l s ; s i l i c a and c l a y 
s t o r a g e b i n s , e t c . Room i s provided f o r expansion. 

The furnaces are 50 X 204" at the t u y e r s . There are 
two t i e r s of j a c k e t s i n t h i s furnace w i t h the lower j a c k e t s 
e x t e n d i n g down to the c r u c i b l e p l a t e . This p l a t e i s supported 
by means of twelve j a c k screws which set on a masonry p i e r 
c o n s i d e r a b l y above the ground l e v e l . 

The lower j a c k e t s are 8 f e e t 6 inches h i g h , there being 
one on each end and f o u r on each s i d e . The water spaces i n 
these and i n the upper jac k e t s i s 4 - 1/2 inches. The f i r e 
s h e e t s of a l l the j a c k e t s are h a l f an i n c h t h i c k and the 
o u t s i d e p l a t e s are three e i g h t s of an i n c h t h i c k . The upper 
t i e r of j a c k e t s i s 6 f e e t h i g h and there are two j a c k e t s on 



each s i d e and one on each end. A l l of the j a c k e t s are s e c u r e l y s 
s t a y e d by means o f s t a y b o l t s that bear a g a i n s t the f i r e sheet, 
hut are not f a s t e n e d to i t . A l l of the upper j a c k e t s are hung 
from the mantel frame by means of a d j u s t a b l e rods. The lower 
j a c k e t s are hung from the second s e t of the bi n d e r beams by 
a d j u s t a b l e rods. The j a c k e t s are s e c u r e l y t i e d to each other 
w i t h a d j u s t a b l e s t e e l clamps. Each j a c k e t i s maintained i n 
i t s proper p o s i t i o n by f o u r h o r i z o n t a l b i n d e r j a c k screws, which 
bear a g a i n s t the b i n d e r beams. The lower s i d e j a c k e t s are 
s t r a i g h t and are i n c l i n e d s l i g h t l y to form the bosh of the 
f u r n a c e . The d i s t a n c e between the side j a c k e t s at the c r u c i b l e 
p l a t e i s 3 f e e t 10 ~ l / 2 i n c h e s , q,t the tuyere l i n e 50 in c h e s and 
a t the upper end 5 f e e t 10 i n c h e s . A l l the upper j a c k e t s s e t 
plumb. There are two water supply p i p e s f o r each j a c k e t , a l s o 
two over f l o w p i p e s , and two blo w - o f f p i p e s . Each j a c k e t i s 
f i t t e d w i t h two hand h o l e p l a t e s and covers. 

The lower end j a c k e t s do not reach to the bottom and the 
space beneath i s f i t t e d w i t h tap j a c k e t s made i n h a l v e s . A s t e e l 
w a t e r j a c k e t e d o v e r f l o w spout or cas t i r o n spout arranged f o r 
b r i c k l i n i n g and f i t t e d w i t h a water j a c k e t e d nose t i p i s 
f i t t e d to the tap j a c k e t s on each end of the furnace. There i s 
one s m a l l c a s t i r o n tap j a c k e t f i t t e d w i t h a spout i n the center 
on each s i d e of the furnace f o r d r a i n i n g the c r u c i b l e . These 
t a p j a c k e t s are f i t t e d w i t h supply and o u t l e t pipes f o r the 
wa t e r . 

The main su p p l y pipe f o r the j a c k e t s i s made o f c a s t i r o n 
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and i s 8 inches i n diameter and i s made i n convenient s e c t i o n s 
and connected t o g e t h e r by means of f l a n g e s . Each supply pipe 
f o r the j a c k e t s i s f i t t e d w i t h a union f o r d i s c o n n e c t i n g and 
a l s o a gate v a l v e f o r r e g u l a t i n g the amount of water. The 
d i s c h a r g e water from a l l the j a c k e t s i s d i r e c t e d i n t o two l a r g e 
o v e r f l o w troughs, one on each side of the furnace. 

The b u s t l e pipe i s 24 inches i n diameter and extends 
around the e n t i r e furnace w i t h a 36 inch diameter branch f o r 
c o n n e c t i n g w i t h the b l a s t main. There are s i x t e e n 6 i n c h 
t u y e r e p i p e s on each s i d e of the furnace f i t t e d w i t h gate 
v a l v e s and connected by means of s t u f f i n g box connections to 
the b u s t l e pipe and the tuyere elbows. About 40 ounce a i r 
p r e s s u r e on the tuy e r e s i s used i n the furnaces. 

The space between -'he upper end of the j a c k e t s and the 
f e e d f l o o r i s f i t t e d w i t h heavy s e c t i o n a l cast i r o n p l a t e s 
w h i c h are secured to the deck frame. The feed f l o o r i s 17- l / 2 
f e e t above the ground. 

The mantel frame c o n s i s t s of 15 i n c h I beams, three of 
them b e i n g p l a c e d s i d e by s i d e ; i t i s supported by f o u r 8 
i n c h s t e e l Z b a r columns. The columns are t i e d together by 
means of b i n d e r beams, there being f o u r on each si d e and end. 

The s t a c k i s b u i l t of b r i c k and that p o r t i o n s e t t i n g 
d i r e c t l y on the mantel frames i s 19 f e e t h i g h w i t h the w a l l s 
20 i n c h e s t v i c k . The upper p a r t of the s t a c k i s 5 f e e t square 
and 14 f e e t h i g h , and i s f i t t e d w i t h a cast i r o n damper. The 
b r i c k work of the s t a c k and e x t e n s i o n i s s e c u r e l y t i e d by means of 
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r a i l s , a n gles and b i n d e r rods. 

There i s a 30 i n c h by 60 i n c h i n s p e c t i o n door on each 
end of the s t a c j : on a l e v e l w i t h the charging f l o o r . The door 
i s made of c a s t i r o n and i s arranged to s l i d e v e r t i c a l l y and i s 
p r o p e r l y counterweighted. The charging doors run the f u l l 
l e n g t h o f the furnace on each s i d e ; they are l i k e w i s e made of 
c a s t i r o n and are arranged to s l i d e v e r t i c a l l y and are s u p p l i e d 
w i t h counter weights. The charging doors on the side are 2 
f e e t 10 inches h i g h . A c a s t i r o n c o l l a r 8 f e e t i n diameter 
f o r c o n n e c t i n g w i t h the down take i s b u i l t i n the b r i c k s t ack. " 

The s l a g and matte run from the b l a s t furnace i n t o 
s e t t l e r s which are 16 f e e t i n diameter and 4 - l / 2 f e e t deep, 
l i n e d w i t h one row of f i r e b r i c k end to and another row of 
chrome b r i c k p l a c e d end to. The s l a g overflows i n t o 30 ton 
P o l l o c k c i n d e r cars which are hauled to dump by standard gauge 
l o c o m o t i v e s . The matte i s tapped i n t o 10 ton cast s t e e l l a d l e s 
and taken t o the converter by a 40 ton Case Manyfacturing 
Company fs e l e c t r i c crane. The same crane removes the 
c o n v e r t e r s h e l l s f o r r e l i n i n g . 

The c o n v e r t e r s are 84 inches by 126 inches and are t i l t e d 
by a t r a i n o f gears and a worm d r i v e n by an e l e c t r i c motor. The 
b l a s t used i n the converters has an average pressure of about 
9 pounds. 

The l i n i n g o f the converters i s a very important opera
t i o n and i s done i n one end of the b u i l d i n g . The m a t e r i a l i s 
tamped i n t o p i aire by hand, and about the f o l l o w i n g mixture i s 
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used; 

1 - 1/2 shovels of f i r e c l a y . 
1 - 1/2 shovels of l o c a l c l a y . 
4 shovels o f q u a r t z . 
4 shovels of o l d l i n i n g s . 

lEhe converter matte i s shipped to Constable Hook, 
New J e r s e y where i t i s r e f i n e d by the Or f o r d Copper Company, 
a branck of the I n t e r n a t i o n a l N i c k e l Company. 
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Composition of Ores, Matte, e t c . , obtained at Copper 
C l i f f i n J u l y , 1905. 

Cu. fo m. f Fe f S. fo 

Ore from C r e i g h t o n Mine. 1.75 5.03 00.00 
Ore from No. 2 mine 1.45 3.60 
Roast Ore. 1.70 5.69 15.60 
Roast 0-"e 1.70 5.23 14.39 
Roast O^e. 1.75 5.58 13.15 
Roast Ore. 1.75 5.58 15.91 
Ma r g i n s . 1.65 5.79 18.44 

Mar g i n s . 1.80 4.73 17.38 
Margins. 1.90 5.33 17.10 

Furnace M a t t e . 7.40 22.55 
Furnace Matte. 8.40 28.16 

Furnace S l a g . .20 .51 

Furnace S l a g . .20 .52 

Converter Matte. 20.78 60.15 0.68 18.11 

Converter Matte. 20.66 59.95 0.81 18.34 

Con v e r t e r Matte. 20.35 59.45 1.33 18.75 

Converter Matte. 20.12 59.79 0.91 17.88 

Co n v e r t e r S l a g . 1.90 6.80 

Converter S l a g . 1.10 4.78 

Con v e r t e r S l a g . 1.30 5.13 

R i c h L i n i n g s 3.10 10.87 

R i c h L i n i n g s 3.40 11.37 

R i c h L i n i n g s . 1.85 6.18 
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Cu. fo N i . % 

Scrap. 6.61 20.12 

Scrap. 6.81 21.23 

Scrap. r'.95 25.20 

Scrap. 5.22 17.53 

F l u e Dust. 1.20 4.82 

F l u e Dust. 1.10 3.05 

Flue Dust. 1.45 4.57 

F l u e Dtost. 1.35 5.32 

F l u e Dust. 1.55 4.00 

38 



Furnace Charges i n Pounds. 

Roast M a r g i n s . Green C o n v e r t e r Scrap F l u e R i c h Quartz Coke 
Ore Ore S l a g Dust L i n i n g s 

12000 2000 or 2000 2200 13, 
9000 3000 2000 or 2000 2200 13 
9000 3000 2000 or 2000 1500 13 
9000 2000 or 2000 3000 1500 13 
6000 3000 2000 or 2000 3000 1500 13 

6000 6000 3000 600 13 
12000 3000 3000 1600 13 
12000 3000 1200 13 
12000 1600 13 

9000 3000 1000 3000 1600 13 
9000 3000 3000 1400 13 

Margins i s the ore from the o u t s i d e of the r o a s t heap 

whi c h has not "been as tho r o u g h l y r o a s t e d as the i n t e r i o r 

o f the r o a s t heap, which i s c a l l e d r o a s t ore. R i c h 

l i n i n g s i s the p a r t of the o l d l i n i n g s o f the c o n v e r t e r s 

w h i c h has "become r i c h from the a b s o r p t i o n o f the matte. 

S c r a p i s m a t e r i a l from l e a k s i n the s e t t l e r s , or f o r e h e a r t h s , 

e t c . 
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