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PREFACE 

The m a t e r i a l f o r t h i s essay i s based p a r t i a l l y on 
p e r s o n a l experience a c q u i r e d d u r i n g the summer of 1958 w h i l e 
I was employed at the S u l l i v a n Mine Geology Department as an 
a s s i s t a n t mine g e o l o g i s t f o r the C o n s o l i d a t e d Mining and 
Smelting Company of Canada, L i m i t e d . The remainder of the 
essay i s based upon a study of ore genesis which I became 
i n t e r e s t e d i n w h i l e s t u d y i n g the ore at the S u l l i v a n Mine. 

I wish to thank the g e o l o g i s t s at the S u l l i v a n Mine 
f o r the knowledge about geology and mining gained through 
them t h a t enabled me to w r i t e on the s u b j e c t of ore gen e s i s . 
I must a l s o ask the reader of t h i s r e p o r t to regard a l l 
m a t e r i a l concerning the S u l l i v a n Mine as c o n f i d e n t i a l and not 
reproducable without f u l l p e r m i s s i o n from the C o n s o l i d a t e d 
Mining and Smelting Company of Canada, L i m i t e d . 

D. F. I r v i n g 

September 18, 1958 
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THE ORIGIN OP ORE DEPOSITS AND THEIR RELATION TO 
THE SULLIVAN MINE 

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

The study of m i n e r a l d e p o s i t s has "become 
i n c r e a s i n g l y important d u r i n g the l a s t one hundred y e a r s . 
This essay endeavors to give a "brief d e s c r i p t i o n of the many 
ways i n which economic m i n e r a l d e p o s i t s can be formed. The 
l a t t e r p a r t of the essay i n v o l v e s a d i s c u s s i o n of the o r i g i n 
of the enormous l e a d , z i n c , s i l v e r ore body at the S u l l i v a n 
Mine near Kimberley, B r i t i s h Columbia. The essay i s p r i m a r i l y 
a d i s c u s s i o n of f a c t u a l m a t e r i a l and does not tend to draw any 
s p e c i f i c c o n c l u s i o n s . 

The Formation of M i n e r a l Deposits 

Fundamentally, m i n e r a l d e p o s i t s have been 
c l a s s i f i e d as e i t h e r syngenetic or e p i g e n e t i c . Syngenetic 
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d e p o s i t s are those which were formed c o n c u r r e n t l y w i t h the 
country rock w h i l e e p i g e n e t i c d e p o s i t s are those which were 
formed l a t e r than the country rock. D e p o s i t s formed "by 
magnetic c o n c e n t r a t i o n and sedimentation are the commonest 
syngenetic type w h i l e most others are e p i g e n e t i c . 

Magmatic C o n c e n t r a t i o n 

The ore d e p o s i t s of t h i s group show a c l o s e 
r e l a t i o n s h i p w i t h deep-seated igneous i n t r u s i v e s . They r e s u l t 
from simple c r y s t a l l i z a t i o n or accumulation caused by 
d i f f e r e n t i a t i o n i n magmas. Simple c r y s t a l l i z a t i o n r e s u l t s 
i n a g r a n u l a r igneous rock which may c o n t a i n disseminated 
m i n e r a l i z a t i o n of economic importance. D i f f e r e n t i a t i o n i s 
caused by the f o r c e s of g r a v i t y a c t i n g on the denser p a r t i c l e s . 
Heavy mi n e r a l s l i k e chromite w i l l tend to accumulate i n a 
s i n g l e mass. The c r y s t a l l i z a t i o n and s e p a r a t i o n of any one 

r 

m i n e r a l however, w i l l depend upon the temperature and pressure 
t o which i t i s subjected. 

There i s some d i s p u t e as to the v a l i d i t y of the 
theory of c r y s t a l l i z a t i o n d i f f e r e n t i a t i o n mentioned above. A 
process known as " f i l t e r p r e s s i n g " has been i n t r o d u c e d i n i t s 
p l a c e . E s s e n t i a l l y , i t i m p l i e s that a r e s i d u a l l i q u i d 
contained i n a mush of c r y s t a l s was squeezed out i n t o the 
surrounding rock by pressure thus l e a v i n g the mass of 
c r y s t a l s as a s i n g l e u n i t . I f c o n d i t i o n s were f a v o r a b l e , the 
mass of c r y s t a l s l e f t behind could form an ore d e p o s i t . 
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A suggestion concerning s u l p h i d e d e p o s i t s s t a t e s 
t h a t they may be a d i r e c t r e s u l t of t h e i r i m m i s c i b i l i t y i n 
s o l u t i o n . The d i s s o l v e d s u l p h i d e s separated as i m m i s c i b l e 
d r o p l e t s w i t h a l o w e r i n g of the temperature and s e t t l e d out 
as a molten f r a c t i o n which c r y s t a l l i z e d as the m&lt coo l e d . 
T h i s process however, i s l i m i t e d , as many min e r a l s are 
m i s c i b l e i n one another. 

The d e p o s i t s which have so f a r been mentioned are 
termed as e a r l y magmatic. Late magmatic d e p o s i t s i n c l u d e 
groups of pyrogenic minerals t h a t c r y s t a l l i z e d towards the 
end of the magmatic p e r i o d . The ore m i n e r a l s are a c t u a l l y 
l a t e r than the e n c l o s i n g rock but were formed before the 
e n t i r e igneous body c o n s o l i d a t e d . 

In c e r t a i n types of b a s i c magmas, r e s i d u a l l i q u i d s 
become i r o n e n r i c h e d and i n time may separate from the 
c r y s t a l i n t e r s t i c e s i n the magma chamber where they w i l l then 
c o o l * I n other cases the r e s i d u a l l i q u i d may be squeezed 
i n t o the surrounding rocks where i t then c r y s t a l l i z e s . 
Deposits of t h i s type are l a t e magmatic. 

A suggestion concerning the o r i g i n of some i r o n -
n i c k e l - c o p p e r s u l p h i d e d e p o s i t s p o i n t s out t h a t s i n c e they are 
p a r t i a l l y s o l u b l e i n b a s i c magmas they may separate out as 
im m i s c i b l e d r o p l e t s which accumulate at the bottom of the 
magma chamber. These s u l p h i d e s r e s u l t i n disseminated 
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m i n e r a l i z a t i o n . I f the d e p o s i t was s u b j e c t e d to pressure i t 
could be squeezed out i n t o the country rock to form ore 
d e p o s i t s t h e r e . 

S u b l i m a t i o n 

Igneous a c t i v i t y i n v o l v e s v e r y l a r g e q u a n t i t i e s of 
heat which i n v a r i a b l y causes v o l a t i l i z a t i o n of some substance. 
These substances may l a t e r be deposited as sublimates. Such 
d e p o s i t s are found around fumaroles and other v o l c a n i c vents. 

Sulphur i s perhaps the commonest of a l l d e p o s i t ^ of t h i s 
n a t u re. 

Contact Metamorphism 

Contact metamorphism g i v e s r i s e to the f o r m a t i o n of 
m i n e r a l d e p o s i t s at or near the contact of a magmatic 
i n t r u s i o n when s u i t a b l e rocks have been i n t r u d e d . These 
d e p o s i t s are c h a r a c t e r i z e d by hi g h temperature m i n e r a l s 
r e s u l t i n g from the i n t e r a c t i o n of h i g h l y heated emanations 
and c a l c a r e o u s r o c k s . 

The i n i t i a l stages of t h i s process r e q u i r e l a r g e 
q u a n t i t i e s of heat which causes baking and r e c r y s t a l i i z a t i o n 
of the rocks and f i n a l l y a recombination of minerals to form 
v a r i o u s s i l i c a t e s . The fo r m a t i o n of s u l p h i d e s sometimes 
occurs a f t e r the s i l i c a t e s have been formed. The temperatures 
i n v o l v e d i n the process range from f i v e hundred to eleven 
hundred degrees Centigrade. 
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No d e f i n i t e c o n c l u s i o n s have been formed as to how 
the m i n e r a l s have been t r a n s f e r r e d . They may be brought i n 
by magmatic l i q u i d s or gaseous emanations. S i l i c i c 
i n t r u s i o n s l i k e g r a n o d i o r i t e are u s u a l l y the ones t h a t give 
r i s e t o m i n e r a l d e p o s i t s . The reason f o r t h i s may be t h a t 
s i n c e the s i l i c i c r o c k s , which c a r r y more water than the 
b a s i c r o c k s , supply the magmatic water which ac t s as the 
c h i e f c o l l e c t o r and t r a n s p o r t e r of m a t e r i a l s . 

The rocks which are most s u s c e p t i b l e to 
metamorphism are impure ca l c a r e o u s sediments. As a d i r e c t 
r e s u l t of heat, limestones r e c r y s t a l l i z e to form marble. The 
ore m i n e r a l s u s u a l l y found i n contact metamorphic d e p o s i t s 
i n c l u d e the n a t i v e elements, some oxides,and the base metal 
s u l p h i d e s . 

Metasomatic Replacement 

The m a j o r i t y of e p i g e n e t i c ore d e p o s i t s are a r e s u l t 
of replacement. The process i s e s s e n t i a l l y one of 
simultaneous c a p i l l a r y s o l u t i o n and d e p o s i t i o n by which a 
new m i n e r a l of p a r t l y or w h o l l y d i f f e r i n g chemical 
composition may grow i n the body of an o l d m i n e r a l or m i n e r a l 
aggregate. When m i n e r a l i z i n g s o l u t i o n s encounter m i n e r a l s 
t h a t are unstable i n t h e i r presence, s u b s t i t u t i o n may occur. 
The r e p l a c i n g minerals are brought i n by s o l u t i o n s and the 
replaced, ones c a r r i e d away i n s o l u t i o n . The exchange i s 
simultaneous and volume f o r volume. The o r i g i n a l f e a t u r e s 
are o f t e n preserved as i n the case of p e t r i f i e d ?\rood. 
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Replacement cannot be d e s c r i b e d by the use of 
chemical equations as i t i s volume f o r volume replacement 
and not molecule f o r molecule. Equations can only show the 
t r e n d of the process. 

The process of replacement demands a continuous 
supply of new m a t e r i a l s and removal of d i s s o l v e d m a t e r i a l * 
The simultaneous interchange must be accomplished by 
i n f i n i t e s i m a l p a r t i c l e s of atomic s i z e . The growing m i n e r a l 
must be i n sharp contact w i t h the v a n i s h i n g substance and 
l y i n g between them there must be a t h i n f i l m of a super­
s a t u r a t e d s u p p l i e r s o l u t i o n which b r i n g s i n the r e p l a c i n g 
m a t e r i a l s and c a r r i e s away the r e p l a c e d substajices. A 
continuous supply of s o l u t i o n w i l l cause the volume of 
re p l a c e d m a t e r i a l to grow. 

Towards fhc- centre. 

When c r y s t a l s are r e p l a c e d from the outside A4^-5 
-the iiyuid 

d i f f u s i o n of tho l i q u i d i s probably the on l y way i n which 4t 
can enter the p r e v i o u s l y r e p l a c e d m a t e r i a l . D i f f u s i o n 
i n v o l v e s the movement of molecules through m a t e r i a l s i n which 
a body of s o l u t i o n could not fl o w . I t i s however, o n l y 

SOCh 

p o s s i b l e over short d i s t a n c e s * a s those encountered i n c r y s t a l 
replacement. 

In order that a constant supply of m a t e r i a l s be 

maintained at the r e p l a c i n g f r o n t , s u i t a b l e channelways and 
permeable beds must serve as main rou t e s w h i l e f r a c t u r e s , 
cleavage planes^ and. pore spaces serve as a means of f a r t h e r 
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d i s t r i b u t i o n . Water i s the main agency of replacement and i s 
u s u a l l y magmatic i n o r i g i n but i s o f t e n d i l u t e d by meteoric 
waters. The g e n e r a l l y a l k a l i n e waters c a r r y m a t e r i a l s i n 
from magmas and. d i s s o l v e d country rock. Gaseous s o l u t i o n s , 
which i n time condense^also c a r r y some m a t e r i a l . 

this case. 

Replacement a l s o occurs from meteoric waters but A 

i s confined, to s o l u b l e rocks l i k e l i m e s t o n e . However, 
replacement i s much more e f f e c t i v e by hot magmatic waters 
s i n c e d i s s o l u t i o n of miner a l s i s b e t t e r . Replacement of any 
one rock depends upon the temperature of the surroundings. 
At v e r y h i g h temperatures almost any rock can be r e p l a c e d . 

Replacement d e p o s i t s can be of three types: massive, 
l o d e - f i s s u r e , and disseminated. The copper ores at Bingham, 
Utah are of the disseminated type and the pure p y r i t e at 
Noranda i s of the massive type. 

C a v i t y P i l l i n g 

C a v i t y f i l l i n g c o n s i s t s of the d e p o s i t i o n of 
minera l s from aqueous s o l u t i o n s i n rock openings. These 
s o l u t i o n s may be d i l u t e or concentrated, hot or cold., J u v e n i l e 
or meteoric. The process i s o f t e n a s s o c i a t e d w i t h replacement 
of the w a l l r o c k s . 

C a v i t y f i l l i n g i n v o l v e s two d i f f e r e n t processes: 
f,*4 /ly 

the formation of the openings to s t a r t w i t h , and. 
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d e p o s i t i o n of the m i n e r a l s . Both of these processes may be 
simultaneous but are g e n e r a l l y q u i t e d i s t i n c t . 

D i r e c t d e p o s i t i o n may r e s u l t from m i n e r a l i z i n g 
s o l u t i o n s coming i n contact w i t h s o l i d s or changing from 
a c i d i c to a l k a l i n e by contact w i t h the w a l l rock. D e p o s i t i o n 
begins at the w a l l s and procedes outwards u n t i l both s i d e s 
meet. C a v i t i e s known as v^gs and druses,which c o n t a i n w e l l 
developed c r y s t a l s , are l e f t where the two w a l l d e p o s i t s j o i n . 

F i s s u r e v e i n s are formed by the f i l l i n g of p r e -
m i n e r a l openings r e s u l t i n g from s t r e s s e s i n the earth's c r u s t . 
F i l l i n g i s o f t e n accompanied by v / a l l replacement, depending 
upon the nature of the rocks and the m i n e r a l i z i n g s o l u t i o n s . 

Shear zones are another type of f r a c t u r e which can 
become f i l l e d . They are areas of many c l o s e l y spaced 
p a r a l l e l f r a c t u r e s . Other d e p o s i t s r e s u l t i n g from f i l l i n g 
are stockworks, s o l u t i o n c a v i t i e s , and permeable beds l i k e 
sandstone. Stockworks are an i n t e r l a c e d network of t i n y 
f r a c t u r e s . Permeable bedts l i k e sandstone o f t e n c o n t a i n o i l 
and n a t u r a l gas. 

Sedimentary Deposits 

Sedimentary d e p o s i t s are syngenetic i n o r i g i n . 
T h e i r f o r m a t i o n depends upon an adequate supply of new 
m a t e r i a l s , a method of g a t h e r i n g by s o l u t i o n or some other 
source, a means of t r a n s p o r t a t i o n , and a mode of d e p o s i t i o n . 
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When these c o n d i t i o n s occur f o r long p e r i o d s of time, very 
l a r g e bodies of ore can be formed. Some g e o l o g i s t s have 
r e c e n t l y been t h e o r i z i n g on what are nov/ replacement d e p o s i t s 
and b e l i e v e t h a t they may be syngenetic i n o r i g i n . 

The best known d e p o s i t s of sedimentary o r i g i n are 
perhaps c e r t a i n i r o n ores. The source of the i r o n i s from 
i r o n b e a r i n g igneous m i n e r a l s l i k e horneblende and mica and 
a l s o from sedimentary and metamorphic r o c k s . Upon weathering, 
these minerals and rocks supply both f e r r o u s and f e r r i c i r o n . 
The f e r r o u s group i s d i r e c t l y s o l u b l e w h i l e the f e r r i c must 
be changed to f e r r o u s i r o n by the a c t i o n of v a r i o u s s a l t s i n 
s o l u t i o n . 

The i r o n remains i n s o l u t i o n u n t i l the waters 
undergo some physical or chemical change. D e p o s i t i o n w i l l 
occur i n a number of i n s t a n c e s . When i r o n s o l u t i o n s contact 
carbonate r o c k s , i r o n carbonate or i r o n oxides may be 
d e p o s i t e d . Other ways i n which i r o n d e p o s i t s may be formed 
are by evapo r a t i o n when s o l u t i o n s come to r e s t , by contact 

w i t h organic substances^and by the decrease of the carbon 

d i o x i d e content i n the s o l u t i o n . I f these methods f a i l , 
perhaps the s o l u t i o n s w i l l be t r a n s p o r t e d to bogs and l a k e s 
where,, thoy may be d e p o s i t e d by the a c t i o n of v a r i o u s i r o n 
b a c t e r i a . 

Manganese i s a l s o a sedimentary deposit formed very 
s i m i l a r l y to i r o n . Other d e p o s i t s r e s u l t i n g from sedimen­
t a t i o n are c o a l , sulphur, and dolomite. 
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E v a p o r a t i o n 

The formation of m i n e r a l d e p o s i t s "by ev a p o r a t i o n 
i s r e l a t i v e l y simple. Formation occurs q u i t e r a p i d l y i n warm, 
a r i d c l i m a t e s . Deposits of t h i s nature are t y p i c a l l y s a l i n e 
and occur o n l y when a s o l u t i o n becomes s a t u r a t e d w i t h respect 

to some p a r t i c u l a r s a l t . The l e a s t s o l u b l e s a l t s p r e c i p i t a t e 
f i r s t but again t h e i r s o l u b i l i t y depends upon the presence of 
other s a l t s and the temperature of the s o l u t i o n . Formation 
of complex s a l t s w i l l depend upon the r a t e of ev a p o r a t i o n . 
T y p i c a l d e p o s i t s of t h i s type are gypsum and sodium carbonate. 

Mechanical C o n c e n t r a t i o n 

The f o r m a t i o n of m i n e r a l d e p o s i t s by mechanical 
means i n v o l v e s two d i s t i n c t processes: 1) the d i s i n t e g r a t i o n 
of r o c k s , and 2) the t r a n s p o r t a t i o n and c o n c e n t r a t i o n by 

water and a i r . Concentrations by mechanical processes 
r e q u i r e s t h a t the minerals have hig h s p e c i f i c g r a v i t i e s , 
chemical s t a b i l i t y , and d u r a b i l i t y . 

M i n e r a l s are prepared f o r t r a n s p o r t a t i o n by 
mechanical and chemical weathering and t r a n s p o r t e d by wind 
and water. P l a c e r c o n c e n t r a t i o n s occur when stream 
v e l o c i t i e s are suddenly reduced, the l i g h t e r p a r t i c l e s being 
c a r r i e d away and the h e a v i e r ones being l e f t behind. 
C o n c e n t r a t i o n i s a l s o dependent on p a r t i c l e s i z e , the coarse 
p a r t i c l e s being l e f t near the o r i g i n . 
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There are a number of types of p l a c e r s . F l u v i a t i l e 
p l a c e r s are those formed by stream a c t i o n and are by f a r the 
most common. E a l i o n d e p o s i t s are those formed by wind a c t i o n . 
E l u v i a l p l a c e r s are formed by the creep of m a t e r i a l down 
h i l l s i d e s . There are a l s o beach p l a c e r s . 

R e s i d u a l C o n c e n t r a t i o n 

R e s i d u a l c o n c e n t r a t i o n i s a r e s u l t of chemical 
?/eathering whence c e r t a i n m i n e r a l s are removed and. o t h e r s 
l e f t to form a d e p o s i t . C o n c e n t r a t i o n i s due l a r g e l y to a 
volume decrease. 

The f o r m a t i o n of economic r e s i d u a l d e p o s i t s demands 
a rock which c o n t a i n s m i n e r a l s of economic importance and i n 
which the u n d e s i r a b l e m i n e r a l s are c h e m i c a l l y weatherable 
and the d e s i r e d ones are not. C l i m a t i c c o n d i t i o n s must f a v o r 
chemical decomposition and r e l i e f must not be too great 
otherwise the d e p o s i t w i l l be washed away. The e a r t h 1 s c r u s t 
must a l s o be s t a b l e f o r a long p e r i o d of time so t h a t 
f o r m a t i o n of the deposit i s not d i s t u r b e d . Under these 
c o n d i t i o n s i r o n b e a r i n g limestones w i l l be d i s s o l v e d l e a v i n g 

a c o n c e n t r a t i o n of i r o n . S i m i l a r l y , f e l d s p a r s decay to form 
b a u x i t e , the common source of aluminum. 

O x i d a t i o n and Supergene Enrichment 

As ore d e p o s i t s become exposed to weathering by 
e r o s i o n they are acted upon by a i r and water which r e s u l t s 
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i n o x i d a t i o n . The deposit e v e n t u a l l y becomes leached and the 
m i n e r a l s c a r r i e d down i n t o the earth's c r u s t . As the 
s o l u t i o n s seep downward they w i l l l o s e p a r t of or a l l of 
t h e i r m e t a l l i c content which r e s u l t s i n an o x i d i z e d ore 
d e p o s i t . I f the s o l u t i o n s penetrate the water t a b l e the 
metals may p r e c i p i t a t e to form a d e p o s i t of secondary or 
supergene enrichment. Some sulp h i d e d e p o s i t s are formed by 
supergene s u l p h i d e enrichment. 

Supergene o x i d a t i o n and enrichment go hand i n hand. 
The process c o n s i s t s of 1) o x i d a t i o n and s o l u t i o n i n the 
zone of o x i d a t i o n , 2) d e p o s i t i o n i n the zone of o x i d a t i o n , 
and 3) supergene enrichment. 

Metamorphism 

Metamorphic processes, e x c l u d i n g contact 
metamorphism, a l t e r p r e - e x i s t i n g m i n e r a l d e p o s i t s to form 
new ones. Heat, pressure,and water are the main agencies 
i n v o l v e d i n the process. They r e a c t on the rocks and 
m i n e r a l s and cause r e c r y s t a l l i z a t i o n and recombination. 

Summary 

The b a s i c c o n s t i t u e n t s of m i n e r a l d e p o s i t s are 
d e r i v e d c h i e f l y from magmas. In the i n i t i a l stages of 
c r y s t a l l i z a t i o n v a r i o u s components become segregated and as 
c o o l i n g continues r e s i d u a l l i q u i d s are l e f t behind which may 
or may not be i n j e c t e d i n t o f r a c t u r e s and J o i n t s i n the 
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country rock. Secondary processes now take over. 
Weathering of a l l kinds r e l e a s e s v a l u a b l e minerals from the 
ro c k s and r e d e p o s i t s them elsewhere. Metamorphism a l t e r s 
p r e - e x i s t i n g d e p o s i t s and organic processes r e s u l t i n c o a l 
and o i l . Thus, i t i s evident t h a t the types of economic 
m i n e r a l d e p o s i t s are v a r i e d , complex, and o f t e n unrelated^. 

The S u l l i v a n Ore Body 

The S u l l i v a n Mine i s s i t u a t e d i n the south e a s t e r n 
corner of B r i t i s h Columbia, one h a l f m i l e west of the C i t y 
of Kimberley. T h i s mine, which i s the world's l a r g e s t 
s i n g l e producer of l e a d , z i n c and s i l v e r , i s owned and 
operated by the C o n s o l i d a t e d Mining and Smelting Company of 
Canada, L i m i t e d . 

The s e n i o r company g e o l o g i s t s b e l i e v e t h a t the ore 
i s a hydrothermal replacement d e p o s i t . However, a few of 
the j u n i o r members have l a t e l y been d i s c u s s i n g the 
p o s s i b i l i t i e s t h a t the ore i s syngenetic or sedimentary i n 
o r i g i n . The ore i n d i f f e r e n t o a r t s of the mine supports 
evid.ence i n f a v o r of both t h e o r i e s . The syngenetic theory 
has not yet been accented by the s e n i o r g e o l o g i s t s . 

The Hydrothermal or Replacement Theory 

In the south and n o r t h sections"'" of the mine there 

1 The mine c o n s i s t s of f o u r s e c t i o n s : North, South, Center 
and below 3900 f e e t . 
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a 

i s c o n s i d e r a b l e evidence o f A h y d r o t h e r m a l o r i g i n . The pure 
su l p h i d e ores show e x c e p t i o n a l l y good bedding olanes i n s p i t e 
of the f a c t t h a t they are h i g h l y c o n t o r t e d by f o l d i n g . 
Disseminated m i n e r a l i z a t i o n extends f o r s e v e r a l f e e t i n t o 
the h i g h l y a l t e r e d f o o t w a l l and hanging-wall rocks of the 
ore body. O r i g i n a l l y the rocks were a r g i l l i t e s but due to 
hydrothermal r e a c t i o n , f a u l t i n g , f o l d i n g , and s h e a r i n g , 

2 
they have been a l t e r e d to c h l o r i t e s and n c h e r t s ! ! . The so 
c a l l e d " c h e r t s " are a c t u a l l y f i n e tourmaline and quartz which 
resemble c h e r t i n appearance. 

The m a j o r i t y of the a l t e r a t i o n i n the south end i s 
c h l o r i t i c and conta i n s a f a i r amount of disseminated 
m i n e r a l i z a t i o n i n the form of i n d i v i d u a l p y r i t e c r y s t a l s . 
I n the n o r t h s e c t i o n , c o n s i d e r a b l e Q u a n t i t i e s of 
t o u r m a l i z e d a l t e r a t i o n i s present. The disseminated 
m i n e r a l i z a t i o n i n the che r t c o n s i s t s of p y r r h o t i t e i n 
s e v e r a l forms. These i n c l u d e p y r r h o t i t e l a m i n a t i o n s , which 
i d e n t i f y the o r i g i n a l bedding, and conglomerates, p a r t i a l l y 
or w h o l l y r e p l a c e d by p y r r h o t i t e and sometimes c o n t a i n i n g a 
p y r r h o t i t e halo around the pebble. Another a l t e r a t i o n 
product, which i s found i n the hangingwall, i s a l b i t e . I n 
g e n e r a l , the c h e r t s which occur mainly i n the f o o t w a l l , have 
r e t a i n e d n e a r l y a l l of the o r i g i n a l s t r u c t u r e s . The a l b i t e 
however, contai n s very l i t t l e disseminated m i n e r a l i z a t i o n 

2 The word " c h e r t " I s a misnomer as the rocks are not t r u e 
c h e r t s . 
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and replacement seems to have been accompanied by a great 
d e a l of f r a c t u r i n g which has o b l i t e r a t e d many of the o r i g i n a l 
s t r u c t u r e s . 

Banded Ore j'rom Below 3900 ffeet S e c t i o n 

The ore c o n s i s t s of l e a d - z i n c - i r o n s u l p h i d e s w i t h 
some s i l v e r . The ores are mainly banded and are c o n t r o l l e d . 
s t r a t i g r a p h i c a l l y . J The photograph shows w e l l banded ore i n 
the below 3900 f e e t s e c t i o n of the mine. Hote the r e l a t i v e l y 
l a r g e t h i c k n e s s of the two waste bands, one at the bottom and 
the other across the cent r e . The other bands are l e a d - z i n c -
i r o n s u l p h i d e s . 

3 Refer to Appendix I . 
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The replacement t h e o r y i s used to e x p l a i n the l a r g e 

massive i r o n s u l p h i d e zone i n the c e n t r a l p a r t of the mine. 
I t seems improbable that t h i s l a r g e body of o y r i t e c ould be 
sedimentary i n o r i g i n . 

I n some p a r t s of the mine, what appears to be 
d e f i n i t e stages of replacement are o f t e n n o t i c e d . One 
i n s t a n c e was n o t i c e d where the s u l p h i d e s appeared to be 
r e p l a c i n g d o l o m i t i z e d l i m e s t o n e . Observations of t h i s nature 

h 6wev«r, 
A c a n n o t be c o n c l u s i v e since they are not common i n occurrence. 

The Syngenetic or Sedimentary Theory 

The s e c t i o n of the mine below 3900 f e e t d i s p l a y s 
the most evidence of a sedimentary o r i g i n . The ore i s w e l l 
banded and shows very d i s t i n c t l y the i n d i v i d u a l bands of 
s u l p h i d e and -unaltered s i l t y a r g i l l i t e s . There i s v e r y 
l i t t l e a l t e r a t i o n of the country rock i n t h i s s e c t i o n of the 
mine but there I s disseminated m i n e r a l i z a t i o n extending to 
c o n s i d e r a b l e depths i n the f o o t w a l l . Disseminated s u l p h i d e 
m i n e r a l i z a t i o n i s a l s o found, i n the same rock types as found 
i n the mine but o c c u r r i n g many mi l e s away from the mine or 
any known c o n c e n t r a t i o n of ore. However, the f a c t t h a t the 
interbedded a r g i l l i t e s are u n a l t e r e d supports a sedimentary 
o r i g i n . Research to date on t h i s theory I s not e x t e n s i v e and 
few c o n c l u s i o n s can be drawn. 

4 Refer to photograph. 
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Summary 

The presence of disseminated m i n e r a l i z a t i o n near 
the ore and the l a r g e amounts of a l t e r a t i o n i n the upper 
p a r t s of the mine exemplify the theory of replacement. I n 
the lower s e c t i o n of the mine however, one would t h i n k t h a t 

the interbedded a r g i l l i t e s would "be h i g h l y a l t e r e d and 
p a r t l y r e p l a c e d i f the ore was hydrothermal. The 
hydrothermal theory a l s o r e q u i r e s t h a t enormous volumes 
of sulphide h e a r i n g s o l u t i o n s would be necessary to r e p l a c e 
the rocks. Such a requirement seems v e r y u n l i k e l y . I n 
s p i t e of any new data, the ore deposit i s s t i l l c o nsidered 
to be a replacement d e p o s i t . 

C o n c l u s i o n 

In the f i r s t p a r t of the essay an attempt was 
made to give the reader an understanding of how v a r i o u s type 
of ore bodies are formed. With t h i s knowledge an explan­
a t i o n of the ore at the S u l l i v a n Mine was given. Although 
the d i s c u s s i o n of the S u l l i v a n ore i s i n no way complete i t 
does give some i n s i g h t i n t o the nature of the ore and the 
problems i n v o l v e d i n coming to a d e f i n i t e c o n c l u s i o n . At 
the present time the ore i s considered to be hydrothermal 
but new evidence may or may not prove i t to be d i f f e r e n t . 
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APPENDIX 

Composite Geological Section Along Latitude 11,650 North. 




