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

C o n t a c t metasomatio i r o n - c o p p e r d e p o s i t s a r e v e r y abundant 

i n B r i t i s h Columbia^ K © w w « i ^ t o d a t e ^ moat of them have proved 

to be o n l y modest s o u r c e s o f i r o n , cooper, noId and s i l v e r . Most 

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

spoo brum th r o u g h tbe-ae whet^e coooer and o t h e r s u l f i d e s a r e s e r i o u s 

contaminants^ t o those t h a t are p r i m a r i l y o r e s o f cooper. 

P r i o r to 1950, p r o d u c t i o n from t h i s type o f d e p o s i t was n e g l i g i b l e , 

but s i n c e the, Second World War the r a p i d l y expanding Japanese 

i n d u s t r y has o r o v i d e d a market f o r t j * < m e t a l s from these* d e o o s i t s . , , 

/Moreover!were i t n o t f o r t h i s market i t would be q u e s t i o n a b l e any 

o f t h e s e d e p o s i t s would be mined a t p r e s e n t , f o r they s?e some o f 
i 

t he s m a l l e s t i r o n mines i n the w o r l d (see Table 1 ) . 

The p r e s e n t economic o u t l o o k ~±&r t h e s e d e p o s i t s i s somewhat 

u n c e r t a i n . S i n c e i n d i v i d u a l o r e b o d i e s -Lund l o ba q u i t e s m a l l , 

t h e i r l i f e i s s h o r t ; hence, i f a company i s to stay i n b u s i n e s s 

i t ^ r a u s t m v » a h i g h d i s c o v e r y r a t e . The g e n e r a l l y s m a l l economic 

reward i s n o t , o f c o u r s e , an i n c e n t i v e £pV e x t e n s i v e e x p l o r a t i o n . 

The s m a l l s i z e o f d e p o s i t s i s not the o n l y f a c t o r t h a t c o u l d . 

have Amajor economic i n f l u e n c e on t h i s i n d u s t r y . ( as mentioned above, 
jpM • 

most i f not a l l of these mines would p r o b a b l y not be i n o r o d u c t i o n / . 

today i f i t were not f o r the Japanese market./ Japan needs m e t a l s 

and B r i t i s h Columbia has m e t a l s to s e l l ; however, t h e r e i s o n l y 

a gentlemen's agreement between the two c o u n t r i e s . Japan has agreed 

to consume B r i t i s h Columbia's o r e s a3 l o n g as B r i t i s h Columbia does 

not put r e s t r i c t i v e i p o l i c i e s J on e x p o r t o f . . i l n e r a l commodities. 3o 
M 

f a r t h i s arrangement has been v e r y s a t i s f a c t o r y . N e v e r t h e l e s s , t h x o 

s i t u a t i o n c o u l d change when A u s t r a l i a n i r o n ore becomes r e a d i l y 



2. 
a v a i l a b l e , o r when B r i t i s h Columbia d e c i d e s to r e s t r i c t e x p o r t a t i o n 

of c e r t a i n m i n e r a l commodities. The l a t t e r c o u l d o c c u r i f i t were 

dec i d e d t h a t B r i t i s h Columbia should not be so dependent on e x p o r t 

revenue -^rt. p a t h o r / should e s t a b l i s h secondary i n d u s t r i e s . 

Even though the mines are s m a l l , they are v e r y i m p o r t a n t to 

the economy of B r i t i s h Columbia. At p r e s e n t about 2 m i l l i o n t o n s 

o f i r o n c o n c e n t r a t e s worth a p p r o x i m a t e l y 20.5 m i l l i o n d o l l a r s a r e 

shipped a n n u a l l y t o Japan. Allthese c o n c e n t r a t e s come from 

the c o n t a c t metasomaticKtyge) d e p o s i t s . 

T h i s oaoer w _ l l i — b e ̂ r e s t r i c t e d , to a d e s c r i p t i o n - B a n d d i s c u s s i o n 

o f t h e ^ o r i g i n ^£^th e d ^ p o ^ s i t ^ n e a r the J^Q&s^T~slnee these are the 

op&$ b e i n g mined. However, i t should be u n d e r s t o o d t h a t t h i s same 

g e n e r a l type o f d e p o s i t e e c u r s i n o t h e r p a r t s o f the p r o v i n c e , 

(but cannot be mined f o r economic reasons.J There a r c u few "Oxcep-

tioj^s—whei e lite d'epositsJa*"fe copper o r e s ^ CraKLgmont mine ( F i g u r e 1) 

i s an example, but even here the i r o n c o n c e n t r a t e s are not shipped 

because of the h i g h t r a n s p o r t a t i o n c o s t s o f such a b u l k commodity. 

L o c a t i o n o f D e p o s i t s 

The l o c a t i o n ^ o f the d e p o s i t s jsg s h o w n F i g u r e 1 ?ana t h e i r 

names w i t h b r i e f d e s c r i p t i o n s a r e g i v e n i n Table 1. A l l the 

economic i r o n and i r o n - c o p p e r d e p o s i t s o c c u r i n a r e a s where b e l t s 

of Upper T r i a s s i c l i m e s t o n e are c u t by C o a s t y E n t r u s i o n s . Where 

e i t h e r one or the o t h e r i s m i s s i n g , t h e r e i s a n o t i c e a b l e l a c k 
5 

o f t h j r e — t y p e -e-f d e p o s i t . For example, no s i g n i f i c a n t o r e b o d i e s o f 

t h i s type have been found a l o n g the e a s t e r n c o n t a c t o f the Coast 

Mountains p l u t o n i c complex from the F r a s e r R i v e r a r e a n o r t h t o the 

P o r t l a n d Canal a r e a . Many seemingly s u i t a b l e i n t r u s i o n s o c c u r 
& j ' ' f i r i 

i n t h i s r e g i o n ^ however, t h e r e i s a l a c k o f Upper T r i a s s i c l i m e ­

stone. E x p e r i e n c e has i n d i c a t e d t h a t d e p o s i t s tend to occur i n c l u s t e r s . Thus mines u s u a l l y c o n s i s t o f a number o f o r e b o d i e 3 
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Table" #1 

Mines and Probable Minea Type Comments 

*lc Tasu Mine Fe-Cu 
•2, Jib Mine Fe-Gu 

Jedway Mine FO 
#4« Benson River Area 

a.Coast Copper Mine Cu^Fe 
; *5. 

aspire Mine Fa 
; *5. Nimpklsh Mine Fe 

zeballos Iron Mines Fe 
Brvnnor Mine (Kennedy Sake) F 9 
Texada Mines Fe~Cu 

&9» Cralgmont Mine Cu 
Phoenix Distr i c t Cu 

, i Prospects 
•11* Shakan Penh, Fe {?) 
12* Head of Bradfield Canal Fe 
*X3» Ernest Sound Area Fe 
*14, Kasaan penn, Cu~Fe 

(Mt. Andrew Mines) 
4l5o Moira Inlet du-Fe 
*16« Gravlna Island Cu-Fe 

f 
*17q- Unuk River (Max Property)Fe-Cu 
^18«, Iron Mountain 
^19* Iron Duke 
^20« Power River Area 
#£U. I r m i l l 
*22» Tofino Creek 
#23o Bugaboo 
24* Blue Grouse (Cowichan 

Copper Minesy 

Fe 
Fe-Cu 

Fe 
CU. 

?>40f 000,000 tons JT% Fe ( i~*|is Cu ore) 
>89000s000 tons 49»5jf Fe 
4*700,000 tons 42# Fe 

depleted in 1963 2,.4009000 tons mined) 
probably >15»0003000 tons (?) 
over 14 yrs prod. 8*300*000 tons mined 
from 3 pits 
> 26,000,000 tons 1«82# Cu a 20$ Fe­
in oxides 
old d i s t r i c t -m&lnly depleted 

y 5*000,000 tons Gu reserves l e f t 
- poor in Fe oxides 

old d i s t r i c t 
old d i s t r i c t 
probably y*15•>000 *000 tons medium grade 
Fe with minor Cu a . «. 
> $JS0&jl>O& Kofi's i*7&SlZ 

depleted mine 
many small deposits >S,W^O»^hs <T6%Ae. 
depleted - prod» y-89000 tons Gu* eone0 

* deposits known to occur in or near Upper Triassic limestone 
* - deposits known to occur in calcareous Paleozoic rooks 
/ —deposits known to occur in Mesozolc^rocks without evidence ot 

limestone units 4 

very l i t t l e information i s available on Alaskan deposits' 
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and i n many i n s t a n c e s ha*e o t h e r mines nearby. 

E x p l o r a t i o n and M i n i n g Problems and Technique9 

E x p l o r a t i o n f o r th e s e d e p o s i t s has proved t o be e x c e e d i n g l y 

d i f f i c u l t . S i n c e the o r e b o d i e s c o n s i s t m a i n l y o f m a g n e t i t e , one 

would e x p e c t t h a t they c o u l d be l o c a t e d e a s i l y u s i n g a i r b o r n e m a g n e t i c s . 

jSut t h i s has not been the case. The problem i s tw q Q f o l a . F i r s t , the 

d e p o s i t s and hence t h e i r magnetic an o m a l i e s a r e u s u a l l y much s m a l l e r 

than the normal f l i g h t interval«^jThus^) f o r adequate cover a g e , f l i g h t 

l i n e s * f e a v e t o be e x c e e d i n g l y c l o s e l y spaced. Secondly, the c o a s t a l 

areas,where most o f t h e e x p l o r a t i o n i s b e i n g c a r r i e d o u t , a r e v e r y 

rugged, /ffence, e l e v a t i o n c o n t r o l i s almost i m p o s s i b l e t o a c h i e v e 

unle_s_s—QX^ r e s o r t ^ t o h e l i c o p t e r s w h ^ h arp v p r y axp.ana4.ve. 
' 1 At* 

Even a f t e r an anomaly or serrr^ showings/have been d i s c o v e r e d , 
" A 

major problems s t i l l e x i s t . G e o p h y s i c a l and g e o l o g i c a l ground 

work are hampered by the j u n g l e - l i k e undergrowth and heavy r a i n f a l l 

t h a t a r e c h a r a c t e r i s t i c o f most of the c o a s t . I t has a l s o been 

found from e x p e r i e n c e t h a t tonnage e s t i m a t e s based on a n y t h i n g 

but v e r y c l o s e l y spaced d r i l l h o l e s are o f l i t t l e v a l u e . D e p o s i t s 

are c h a r a c t e r i s t i c a l l y i r r e g u l a r and t y p i c a l l y end a b r u p t l y ; h e nce/ 

area o f s u r f a c e o u t c r o p may g i v e no i n d i c a t i o n o f the s i z e o f the 

d e p o s i t , and p r o j e c t i o n s f a r beyond, d r i l l h o l e s are not w a r r a n t e d . 

A few companies have had economic f a i l u r e s by not do i n g s u f f i c i e n t 

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

The e x i s t e n c e o f l a r g e s k a r n zones has proved t o be one o f t h e 

most u s e f u l g u i d e s t o o r e . Most e x t e n s i v e s k a r n zones have a s s o c i a t e d 

o r e b o d i e s o f r e a s o n a b l e s i z e . 

http://axp.ana4.ve


4. 

Both o p e n - p i t and underground m i n i n g methods are Jkff p r e s e n t i ^ 

use. However, the t y p e s used are r e s t r i c t e d m a i n l y t o those w h i c h 

are r e l a t i v e l y i n e x p e n s i v e , 3uch as normal o p e n - p i t , g l o r y h o l e , 

u n s u p p o r t e d stope^J and random p i l l a r / ^yC^fcSo * 

G e n e r a l Geology o f C o a s t a l B r i t i s h Columbia  
1 * I n t r o d u c t i o n 

Because most areas a l o n g the coast, a r e mountainous, h i g h l y 

i r r e g u l a r c o a s t l i n e s c h a r a c t e r i z e d by i s l a n d s and f i o r d s r e s u l t . 

The m a i n l a n d i s b o r d e r e d by the Coast Mountains.which extend f o r 

a p p r o x i m a t e l y 100 m i l e s i n l a n d , and the axes o f the main i s l a n d s a r e 

a l s o mountain c h a i n s c a l l e d the I n s u l a r Mountains. Lowlands b o r d e r 

a few s h o r e l i n e s , b u t / i n g e n e r a l ^ they are l e s s than 10 m i l e s wide. 

N e v e r t h e l e s s , they are Important because they mark the edges of 

major t e c t o n i c d e p r e s s i o n s such as Hecate S t r a i t and the S t r a i t o f 

G e o r g i a . 

Even though o v e r one h a l f o f Vancouver I s l a n d i s not y e t mapped, 

i t has been g e n e r a l l y e s t a b l i s h e d t h a t the c o a s t a l a r e a s are u n d e r l a i n 

by r o c k s r a n g i n g i n age from middle P a l e o z o i c t o Recent (see F i g u r e 

2 ) . rHmfe^r» Mesozoic r o c k s are by f a r the most abundant (see 

F i g u r e 1 ) . In g e n e r a l , the o l d e s t r o c k s are found i n the c o r e s o f 

the mountain ranges w i t h the younger r o c k s on t h e i r f l a n k s c l o s e r to 
J ' 

the s h o r e l i n e s . T h i s g e n e r a l i z a t i o n does not h o l d f o r a r e a s such as 

S o u t h e r n Vancouver- I s l a n d , w h ich have s u f f e r e d r e p e a t e d d e f o r m a t i o n . 
2* R e g i o n a l T e c t o n i c S e t t i n g 

The r e g i o n a l t e c t o n i c s e t t i n g , o f much o f w e s t e r n B r i t i s h Co­

l u m b i a remains to be worked o u t . I t has been e s t a b l i s h e d , however, 

t h a t a t l e a s t t h r e e f a i r l y w i d e s p r e a d p e r i o d s o f d e f o r m a t i o n , 

r a n g i n g from Lower J u r a s s i c to Recent, have a f f e c t e d p a r t s o f the 

a r e a . In most r e g i o n s , however, the r o c k s have s u f f e r e d o n l y 

moderate d e f o r m a t i o n . I n t e n s e d e f o r m a t i o n has been r e s t r i c t e d t o 



f a u l t zones and i n t r u s i v e c o n t a c t s . 

Most o f n o r t h e r n Vancouver I s l a n d has been s u b j e c t e d to o n l y 

one p e r i o d o f deformation^ tjaat wa-G p r o b a b l y J u r a s s i c or Lower 

C r e t a c e o u s i n age^ whereas/southern Vancouver I s l a n d and a d j a c e n t 

a r e a s have a l s o been a f f e c t e d by p o s t - T e r t i a r y d e f o r m a t i o n . 

The Queen C h a r l o t t e I s l a n d s have s u f f e r e d a t l e a s t two p e r i o d s o f 

d e f o r m a t i o n t h a t ^ i ' n ^ g e n e m l y ^ w e r e more i n t e n s e ^ i t h a n t h e i r southern 

c o u n t e r p a r t s . 

D e f o r m a t i o n accompanying the emplacement o f the g r e a t b a t h o l i t h i c 

masses o f the Coast^Jffountains was g e n e r a l l y i n t e n s e b u t / T n ^ ^ ~ s ^ r i g l o n ^ 

was R e s t r i c t e d * C o a zone w i t h i n a few m i l e s o f the c o n t a c t s . Thermal 

g r a d i e n t s near these a r e a s were g e n e r a l l y s t e e p . P r o b a b l y most 

of the Coast I n t r u s i o n s and a s s o c i a t e d d e f o r m a t i o n a r e Upper J u r ­

a s s i c and Lower C r e t a c e o u s i n age; however, some are pre-i-diddle 

J u r a s s i c and o t h e r s c u t Upoer Cret a c e o u s sedimentary r o c k s . Most 

o f the p r e s e n t mountain c h a i n s were p r o b a b l y i n i t i a l l y u p l i f t e d 

d u r i n g t h e Coast Range oroger.y ( p r e - M i d d l e J u r a s s i c t o post-Lower 

Oretaceou s (21, p. 60)]. 

Some i m p o r t a n t f e a t u r e s o f the r e g i o n a l t e c t o n i c s e t t i n g t h a t 

ahouId be s t r e s s e d i n r e g a r d to the ore d e p o s i t s are as f o l l o w s : 

1. Most a r e a s never s u f f e r e d i n t e n s e r e g i o n a l metamorphisra 

( g r e a t e r than lower g r e e n s c h i s t f a c i e ? ) or d e f o r m a t i o n . 
,.,,/fr -~ 0 

2. Most areas were always r e a s o n a b l y f^r&r-^rev^ 1 wit-fr o n l y > 
minor a r e a s j b e i n g / s u b j e c t e d to deer l e v e l c o n d i t i o n s . 

* C 1 

3. Most o f t h e t e c t o n i c e v e n t s , i n c l u d i n g o r e d e o o s i t i o n . were 

p r o b a b l y over by M i d d l e C r e t a c e o u s time, jftYie o r e d e p o s i t s under 

c o n s i d e r a t i o n be4rrg s p a t i a l l y and p r o b a b l y g e n e t i c a l l y r e l a t e d 

to i n t r u s i o n s o f J u r a s s i c and/or Lower C r e t a c e o u s a;-:eV; 



6. 

L i t h o l o g i c U n i t s 
The main l i t h o l o g i c u n i t s o f w e s t e r n B r i t i s h Columbia a r e 

showr, i n F i g u r e 2. A l t h o u g h t h i s diagrammatic s t r a t l g r a p h l c s e c t i o n 

i s p r o b a b l y gene_£&liy c o r r e c t , i t should be emphasized t h a t t h e r e 

are many l o c a l v a r i a t i o n s and a l s o t h a t t h e g e o l o g y of a l a r g e p a r t 

o f t h e a r e a under c o n s i d e r a t i o n remains to be mapped and s t u d i e d . 

For most o f the r e g i o n , the sequence from upper P a l e o z o i c to 

M i d d l e J u r a s s i c i s as f o l l o w s : s e v e r a l thousand f e e t o f sedimentary 

r o c k s o v e r l a i n by about 1,000 f e e t o f s i l i c e o u s , c r i n o i d a l l i m e ­

s t o n e , o v e r l a i n by a t l e a s t 10,000 and p e r h a p s g r e a t e r than 15»000 

f e e t of 30dic b a s a l t s , o v e r l a i n by 1,000 t o 4,000 f e e t of massive 

l i m e s t o n e and c a l c a r e o u s sediments, which i n t u r n i s o v e r l a i n by 

3,000 to 10,000 f e e t o f I n t e r m e d i a t e v o l c a n i c s and i n t e r l a y e r e d 

s ediments. In a few p l a c e s where r o c k s of s i m i l a r ages are exposed 

t o - t h e e a s t o f the Coast Mountains, comparable sequences c o n t a i n i n g 

Permian l i m e s t o n e , T r i a s s i c b a s a l t s , Upoer T r i a s s i c l i m e s t o n e and 
have been r e c o g n i z e d . 

J u r a s s i c i n t e r m e d i a t e and a c i d v o l c a n i c s ^ Younger r o c k s , however, 

show much g r e a t e r d i v e r s i t y . 

Both o j U m a i n l i m e s t o n e u n i t s are s h e e t - l i k e i n n a t u r e 

and r e p r e s e n t i n t e r v a l s when most o f the a r e a was t e c t o n i c a l l y 

q u i e t . T h e i r o r i g i n i s s t i l l somewhat i n doubt; however, s i n c e 

they c o n t a i n abundant b e n t h o n i c fauna, a t l e a t i n o a r t they a r e 
1 

b i o c l a s t i c i n o r i g i n . On s o u t h e r n Vancouver I s l a n d the Upper 

T r i a s s i c l i m e s t o n e i s a s e r i e s o f l a r g e l e n s e s . On a r e g i o n a l s c a l e 

the o n l y s i g n i f i c a n t l i t h o l o g i c d i f f e r e n c e t h a t - has'"been ' r e c o g n i s e d 
- _ g e t w ^ e n ^ t h e ^ the Permian l i m e s t o n e i s g e n e r a l l y 

more s i l i c e o u s . 

The b a s a l t i c v o l c a n i c s between the l i m e stone s are p r o b a b l y 

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

abundant t e r r e s t r i a l c o u n t e r p a r t s . P r e l i m i n a r y i n v e s t i g a t i o n s 
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i n d i c a t e t h a t thex&rocks c o n t a i f t ; t y p i c a l l y about 11 to 13% i r o n 

o x i d e s (FeO and F e 2 0 ^ ) . 

The Coast I n t r u s i o n s are known to c u t a l l u n i t s o l d e r than 

Lower and M i d d l e J u r a s s i c . On n o r t h e r n Vanoouver I s l a n d they 

are o v e r l a i n unconformably by Lower C r e t a c e o u s sediments, and on 

s o u t h e r n Vancouver I s l a n d they are o v e r l a i n unconformably by 

Upper C r e t a c e o u s sediments. However, a few i n t r u s i o n s , u s u a l l y 

grouped w i t h the Coast I n t r u s i o n s , are known t o cut these same Upper 

C r e t a c e o u s sediments. T h i s s t r a t i g r a p h i c i n f o r m a t i o n p l u s a few 

r a d i o m e t r i c d a t e s i n d i c a t e t h a t most o f the Coast I n t r u s i o n s i n the 

f a r west were emplaced d u r i n g M i d d l e and Upper J u r a s s i c epochs,and 

a few were emplaced d u r i n g the C r e t a c e o u s p e r i o d . 

These' i n t r u s i o n s are b o t h s y n t e c t o n i c ( c o n c o r d a n t , f o l i a t e d , 

e t c . ) and p o s t - t e c t o n i c ( d i s c o r d a n t , massive, e t c . ) and range i n 

c o m p o s i t i o n from g r a n i t e to gabbro ( F i g u r e 3 ) . However, the g r e a t 

(bulk o f thenj a r e q u a r t z d i o r i t e and g r a n o d i o r i t e . 

Eastwood ( 5 , p. 131) has n o t e d t h a t the i n t r u s i o n s commonly 

have a d i o r i t i c o r b a s i c b o r d e r f a c i e s near the m a g n e t i t e d e p o s i t s . ^ 

S e v e r a l a u t h o r s have r e c e n t l y suggested t h a t the Coast I n t r u s i o n s a * * ^ 

c o n t a i n c o n s i d e r a b l y more i r o n near the m a g n e t i t e d e o o s i t s .than -v*A*; 

where they c u t Permian r o c k s (5>H»15>and 1 8 ) . There are few a n a l y s e s 

a v a i l a b l e to t e s t t h e i r h y p o t h e s i s . N e v e r t h e l e s s * e i g h t c h e m i c a l 

a n a l y s e s c i t e d by F y l e s (6) i n d i c a t e t h a t the combined i r o n o x i d e s 

range from about 1 to 6% where the i n t r u s i o n s cut Permian r o c k s 

w h i l e S a n g s t e r ' s (15) and Eastwood's (5) d a t a i n d i c a t e s the i n t r u s i o n s 

c o n t a i n from 3 t o g r e a t e r than 12% combined i r o n o x i d e s where they 

cut the upper T r i a s s i c and Lower J u r a s s i c r o c k s . The l a t t e r a u t h o r s 

suggest t h a t the i n c r e a s e i n i r o n c o n t e n t i s due to t h e a s s i m i l a t i o n 

o f v a s t amounts of the i r o n - r i c h P e r m o - T r i a s 3 i c s o d i c b a s a l t s . |N 



FIGURE & 3 
Diagram showing compositions of intrusions aGjacfcnl ic contact me'asomot;c magnetite dttoLiij Nunbers refer to analyses, Table 12 

Composition V is arithmetic averVjgi, ci analyses wxircU .1 r; tr.e dotted In* 
World averages of the granite-gaobro series also shown for comparison 
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M i n e r a l D e p o s i t s 

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

The o re d e p o 3 i t s y ^ f most d i s t r i c t s ^ c o n s i s t o f massive f i n e ­

g r a i n e d t o dense m a g n e t i t e and minor s u l f i d e s i n g a r n e t - p y r o x e n e -

e p i d o t e - a m p h i b o l e s k a r n . Almost ̂ ^mr^^^^ the o r e b o d i e s o c c u r w i t h i n 

500 f e e t o f the c o n t a c t o f a Coast I n t r u s i o n . As a r u l e they occur-

w e l l down the f l a n k s of p o s t - t e c t o n i c , e p i z o n e p l u t o n s ; however, 

some o c c u r i n r o o f pendants and a few are thought t o be a s s o c i a t e d 

w i t h s y n t e c t o n i c , mesozone p l u t o n s . Tasu, the l a r g e s t d e p o s i t 

found to t&4=£ d a t e , i s c o n s i d e r e d t o be a s s o c i a t e d w i t h a s y n t e c t o n i c 

b a t h o l i t h ( 1 9 ) . R e l a t i v e l y b a s i c ore-^and p o s t - o r e p o r p h y r y d i k e s 

have^been aommnnly l o c a l ! z e d ("commonly) i n t i l e : mineral.!zed area£ 
2* 5 i z e 5 1 1 d Shape p f Orebodies 

GonoraljEy i n d i v i d u a l o r e b o d i e s a r e r e l a t i v e l y s m a l l , r a n g i n g 

from l e s s than o n e - h a l f m i l l i o n t o a few m i l l i o n t o n s . Only i n a 

few mines do i n d i v i d u a l b o d i e s exceed t en m i l l i o n t o n s . 

O r e b o d i e s ane t y p i c a l l y v e r y i r r e g u l a r and, a t many l o c a l i t i e s , 

end a b r u p t l y . T h e i r shape i s g e n e r a l l y gp—i^-terplajy o f a number 

of c o n c o r d a n t and d i s c o r d a n t forms r e l a t e d t o bedding and s t r u c t u r a l 

f e a t u r e s . Seme of the d o forms'are t a b u l a r - l e n s o i d o r l e n s o i d /-

swarms conformable w i t h b e d d i n g , t a b u l a r d i s c o r d a n t o a r a l l e l f a u l t s £mj 

qndother o l a n a r s t r u c t u r a l zones/and o i o e - l i k e d i s c o r d a n t l o c a l i z e d 

a l o n s zones o f s t r u c t u r a l weakness. :. The concord a n t l e n s o i d 

s h a w s , p a r a l l e l t o s t r a t i g r a p h i c u n i t s , are most common, Jrf some 

mines the b o d i e s a r e n e a r l y as wide as they are l o n g , w h i l e i n o t h e r s , 

the>a< l e n g t h i s much g r e a t e r than Vap%£ w i d t h . 

3. S t r u c t u r a l and S t r a t i g r a p h i c C o n t r o l s 

3 o t h s t r u c t u r a l and s t r a t i g r a p h i c c o n t r o l s have been Important 

i n d e t e r m i n i n g t h e s i t e s o f d e p o s i t i o n . D e p o s i t s hags been l o c a l i z e d 
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i n a r e a s o f i n t e n s e d e f o r m a t i o n , "both a l o n g f a u l t s and b r e c c i a -

o i o e systems. Eastwood (5, p. 143) sug g e s t s t h a t most o f the 

d e f o r m a t i o n found i n r e - e n t r a n t s o f i r i t r u s i o n s 3 a ^ ^ y ^ _ J i e ^ - - c r H X ] s e d ^ .—̂  ^ *\ _ J ~~ 
b y — t h e ( d i f f e r e ;4^^rP^ ion) o#- the b r i t t l e , 

massive v o l c a n i o s and the more p l a s t i c l i m e s t o n e s I n many i n s t a n c e s , 

however, e v i d e n c e o f p r e - o r e s t r u c t u r e s has been o b l i t e r a t e d by 

the e x t e n s i v e metasomatism;: hence/ the importance o f s t r u c t u r a l 

c o n t r o l s cannot be f u l l y e v a l u a t e d . 

The presence o f abundant fps*-*and p o s t - o r e p o r p h y r y d i k e s / i o ^ l -

i ^ e d j n e a r the ore b o d i e s j f a l s o tends t o i n d i c a t e t h a t c o n d u i t s were 

p e r i o d i c a l l y opened t o the magma chamber below. S i n c e / a t many 
mines t h e s e d i k e s are thought t o be J i b so i r . t i m e w i t h o re d e p o s i t i o n , 

t h e r e i s re a s o n t o b e l i e v e t h a t these s t r u c t u r a l c o n d u i t s were v e r y 

i m p o r t a n t i n d e t e r m i n i n g the migration'.paths • of. the o r e - b e a r i n g s o l u t i o n 

As shown i n Table 1, a l l o f the economic i r o n - c o p p e r d e p o s i t s 

are found i n or near the Upper T r i a s s i c l i m e s t o n e ; / t h e r e f o r e ^ the 

c o n c l u s i o n t h a t ^ t h i s l i m e s t o n e was an exjtr^me^Cy' i m p o r t a n t s t r a t ­

i g r a p h i c c o n t r o l on d e p o s i t i o n "%ieffn3^Tnescapable. As mentioned above, 

the shape o f i n d i v i d u a l o r e b o d i e s o r s k a r n z o n e s ^ i n many place~s> 

i s * p r T r a a r i l y a f u n c t i o n o f l i t h e l o g y , f t o e e " m i c r o s t r a t i g r a p h i c " con­

t r o l s were a l s o i m p o r t a n t . 

Eastwood (5, p. 127) s t a t e s t h a t the s u s c e p t i b i l i t y to s k a r n -

i f i c a t i o n v a r i e s w i t h r o c k t y p e . He g i v e s the f o l l o w i n g s e r i e s i n de­

c r e a s i n g o r d e r o f s u s c e p t i b i l i t y : p y r o c l a s t i c s g>j a n d e s i t e l a v a s 

and I n t r u s i o n s I s l a n d I n t r u s i o n s , and ($J l i m e s t o n e 

*~«i- Such f e a t u r e s ^ a s g a r n e t and e p i d o t e a l t e r a t i o n r i m s on p r e - o r e 

a n d e s i t e d i k e s o c c u r r i n g i n u n s k a r n i f i e d l i m e s t o n e / w e r e used t o 

determine t h i s s e r i e s . / 
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^* M i n e r a l o g y o f t h e Skarn and Ore 

A i r i e r a 1 o gy^ o^fc^te s k a r n and ore t e n d / t o be r e l a t i v e l y . 
h * ' 

s i m p l e and uniform«f The s k a r n c o n s i s t s c h i e f l y o f g a r n e t ( a n d r a -

d i t e - g r o s s u l a r i t e ^ t ^ s e e F i g u r e 4) , p y r o x n n o y ^ d i o p s l d e - h e d e n b e r g i t e ^ 

and. e p i d o t e . A c t i n o l i t e , s e r p e n t i n e , c h l o r i t e , a n t h o p h y l l i t e , K-

f e l d s p a r and c a l c i t e o c c u r i n minor but v a r i a b l e amounts. Sa n g s t e r 

(15, p. 59) c o n c l u d e s t h a t s i n c e seven $ a j o r independent components 

^ i 0 2 , CaO, (Fe, Mn)0, MgO, F e ^ A l ^ j and H 2 o j a n d o n l y f o u r 

major phases ( g a r n e t , pyroxene, e p i d o t e and magnetite) were i n v o l v e d 

i n s k a r n i f i c a t i o n , t h e / M i n e r a l o g i c a l ̂ Phaae ̂ u l e was obeyed a nd^ 

ISby-a^ e q u i l i b r i u m was p r o b a b l y m a i n t a i n e d . However, i t sh o u l d be 

p o i n t e d out t h a t s i n c e the g a r n e t s are commonly z o n e d j ^ i n a. s t r i c t 

ise\ complete s o l i d - f l u i d e q u i l i b r i u m & o u l d never have been 
s 
a c h i e v e d , / ^ h e r e f o r ^ i f e q u i l i b r i u m e x i s t e d , ^ i t had t o be r e s t r i c t e d 

t o the s o l i d - f l u i d i n t e r f a c e s o f the g a r n e t s , and i n d i v i d u a l 

g a r n e t c r y s t a l s c o u l d not have r e - e q u i l i b r a t e d w i t h c hanging phy­

s i c a l - c h e m i c a l c o n d i t i o n s i n the f l u i d s . 

I n a l l d e p o s i t s m a g n e t i t e i s t h e most abundant ore m i n e r a l ^ 

but c h a l c o p y r i t e , p y r r h o t i t e ; a n d a r s e n o p y r i t e are l o c a l l y abundant. 

Hem a t i t e , bornite,an.d s p h a l e r i t e have been found i n some d e p o s i t s . 

I n a l l o r e b o d i e s the magnetite i s c h a r a c t e r i s t i c a l l y ver2/ low i n 

t i t a n i u m . I n many d e p o s i t s t h e r e are minor amounts o f s c a l y mag­

n e t i t e which c o u l d be pseudomorphic a f t e r h e m a t i t e . 

5* P a r a g e n e t i c Sequence and M i n e r a l Zoning 

The g e n e r a l p a r a g e n e t i c sequence i n moat d e p o s i t s was: 

jL^) epidote^(2^ g a r n e t ^ magnetite s u l f i d e ^ 5 j c a l c i t e and q u a r t z 

( p o s t - o r e c a v i t y and v e i n f i l l i n g s ) . There was some o v e r l a p . 
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I n some d e p o s i t s t h e r e i s c o n s p i c u o u s m i n e r a l z o n i n g ^ f r a m 

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

to e p i d o t e o r a c t i n o l i t e s k a r n ( a l t e r a 1 1 o n ^ t o g a r n e t s k a r n , t o 

the m a g n e t i t e o r e b o d i e s . S u l f i d e s are g e n e r a l l y most abundant 

i n t h e o u t e r s k a r n zones. The z o n i n g o c c u r s on b o t h orebody and 

hand specimen s c a l e s * How^re^s to some degree th>£" z o n i n g i s 

i r r e g u l a r and sQAiewlJd> dependent on the h o s t r o c k . For i n s t a n c e , 

m a g n e t i t e b o d i e s i n l i m e s t o n e may have l i t t l e or no a s s o c i a t e d 
clS«h ^ V s k a r n , ^ t h e e p i d o t e zone 'beifrns: c o m p l e t e l y m i s s i n g . I n th e s e d e p o s i t s 

the g a r n e t i s u s u a l l y r e s t r i c t e d to the immediate v i c i n i t y o f t h e 

ma g n e t i t e a n d / i n many p l a c e s ^ o c c u r s o n l y i n the i n t e r s t i c e s . 

Skarns formed from b a s i c l a v a s a r e d o m i n a n t l y green r o c k s c o n s i s t i n g 

o f e p i d o t e , a c t i n o l i t e , c h l o r i t e , a n d minor ffgnthophyllite' wU,fe g a r n e t 

o c c u r j p A ^ o n l y i n t h e most i n t e n s e l y s k a r n i f i e d a r e a s . As a r u l e 

m a g n e t i t e o c c u r s d i s s e m i n a t e d throughout a l l the s k a r n zones; 

h e n c e / t h e r i g i d z o n a l p a t t e r n does not h o l d t r u e i n d e t a i l . 

6. Empire Mine 

A b r i e f d e s c r i p t i o n o f the Empire Mine I s i n c l u d e d s i n c e i t 

i l l u s t r a t e s many o f the c h a r a c t e r i s t i c f e a t u r e s o f the d e p o s i t s 

( F i g u r e s 5 and 6)j ^ T y p i c a l s t r u c t u r a l and s t r a t i g r a p h i c c o n t r o l s t 

aro -proocnt. The Merry Widow d e p o s i t c o n s i s t s m a i n l y o f i r r e g u l a r 

s h e e t s and l e n s e s o f ore and s k a r n which have r e p l a c e d v o l c a n i c 

r o c k s near the I n t e r s e c t i o n o f the Upper T r i a s s i c l i m e s t o n e and 

a f a u l t zone. The K i n g f i s h e r o re zones are s m a l l , n e a r l y c i r c u l a r , 

p i p e - l i k e b o d i e s o f m a g n e t i t e l o c a l i z e d a l o n g the same f a u l t zone 

as the Merry Widow orebody^ -anti t h e s m a l l Raven d e p o s i t i s s i m p l y 

p a r t o f an e l o n g a t e d m i n e r a l i z e d zone o f d i s s e m i n a t e d magnetite 

t h a t p r o b a b l y l i e s a l o n g a n o t h e r f a u l t . 
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Saagster (15) has s t u d i e d the v a r i a t i o n i n i r o n c o n t e n t o f 

the Coast Copper s t o c k away from the Empire d e p o s i t s ( F i g u r e 5 ) . 

H i s s t a t i s t i c a l t e s t s show t h a t t h e r e i s no s i g n i f i c a n t t r e n d 

i n i r o n c o n t e n t (av. 8,5%) w i t h d i s t a n c e . He has a l s o shown 

t h a t the s t o c k m a g n e t i t e (1 to 11 wt. %) i s much h i g h e r In t i t a n i u m 

than t h a t o f the a d j a c e n t o r e b o d i e s . The s t o c k m a g n e t i t e was found 

to c o n t a i n from 5-6 t o 8 . 4 ^ t i t a n i u m ^ whereas/ the orebody 

m a g n e t i t e waa found t o c o n t a i n l e s s than .0074^. T e x t u r a l f e a t u r e s 

i n d i c a t e t h a t the s t o c k m a g n e t i t e i s l a t e magmatic; hence/ the 

d e p o s i t s p r o b a b l y formed under p h y s i c a l - c h e m i c a l c o n d i t i o n s 

t h a t were q u i t e d i f f e r e n t from th e l a t e magmatic c o n d i t i o n s o f t h e 

s t o c k . I t s h o u l d be k e p t i n mind, however, t h a t the v a r i a t i o n 

i n P-T c o n d i t i o n s c o u l d be s i m p l y a r e f l e c t i o n o f d i s t a n c e from 

the c o n t a c t . 

O r i g i n o f the D e p o s i t s 

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

There a r e many f e a t u r e s o f the d e o o s i t s w h i ch s h o u l d be r e c o n c i l e d 
V 

by any h y p o t h e s i s oy( the o r i g i n o f the o r e s . These f e a t u r e s are 
SttTTHSSr-i-zeTd as f o l l o w s : 

1. A l l d e p o s i t s show a c l o s e s p a t i a l r e l a t i o n s h i p to 
Coast I n t r u s i o n s and Upper T r i a s s i c l i m e s t o n e , 

2. The Upper T r i a s s i c l i m e s t o n e was a much more f a v o r a b l e 
h o r i z o n f o r d e p o s i t i o n than t h e Permian l i m e s t o n e . 

3. V o l c a n i c r o c k s and p r e - o r e d i k e s were r e p l a c e d by s k a r n 
and m a g n e t i t e i n p r e f e r e n c e t o o t h e r i n t r u s i v e r o c k s and 
l i m e s t o n e , 

4. I n g e n e r a l s k a r n development was not e x t e n s i v e i n l i m e s t o n e . 

5. The g e n e r a l p a r a g e n e t i c sequence was f r o m ( l l r e c r y s t a l l i z e d 
l i m e s t o n e or r e l a t i v e u n a l t e r e d v o l c a n i c or* I n t r u s i v e r o c k s to 

I 2/ e p i d o t e and g a r n e t skarn. /3) m a g n e t i t e /4J s u l f i d e s . ' 
% hi 

<)^U Ui ^ > f ^ s : ~ 
^ ^ j a S j - ~- ^ ^ 



13. 

6. Both p r e - o r e and p o s t - o r e p o r p h y r y d i k e s and more 
b a s i c ( d i o r i t i c ) b o rder f a d e s i n the main i n t r u ­
s i o n s seem t o have been l o c a l i z e d near the d e p o s i t s . 

7. Orebodies have been emplaced i n g r o s s l y d i f f e r e n t 
t e c t o n i c e n v i r o n m e n t s , b e i n g a s s o c i a t e d w i t h b o t h 
mesozone, s y n t e c t o n i c and e p i z o n e , p o s t - t e c t o n i c 
p l u t o n s . 

8. E x t e n s i v e zones o f i r o n d e p l e t i o n have not been found 
In. t h e immediate v i c i n i t y o f the o r e b o d i e s . 

9. Many d e p o s i t s o c c u r i n h i g h l y deformed r e - e n t r a n t s o f 
i n t r u s i o n s . a n d p r e - o r e f a u l t s and b r e c c i a - p i p e s have been 
i m p o r t a n t s t r u c t u r a l c o n t r o l s on d e p o s i t i o n . 

10. Most of the d e p o s i t s were p r o b a b l y emplaced w e l l down 
the f l a n k s o f the i n t r u sion.s/Ttffe43r©; o h l y - a f f e w were 
emplaced i n r o o f pendants. ' 

11. The o u t e r p a r t s o f the main p l u t o n s must have been 
s o l i d b e f o r e the s k a r n i f i c a t i o n and m i n e r a l i z a t i o n 
had ceased. However, these b o d i e s were p r o b a b l y s t i l l 
near magmatic t e m p e r a t u r e s d u r i n g ore d e p o s i t i o n . 

12. Most d e p o s i t s are r e m a r k a b l y poor i n h e m a t i t e and q u a r t z . 

13. The s t o c k magnetite a d j a c e n t t o the Empire d e p o s i t s 
i s v e r y much h i g h e r i n t i t a n i u m than t h a t o f the 
o r e ^ b o d i e s . 

2* Source o f Heat and S o l u t i o n s 

S a n g s t e r (15) has e s t i m a t e d t h a t the temperature o f i n t r u s i o n 

was i n the range 1 900-800°C and t h a t the temperature o f s k a r n -

I f i c a t i o n was i n the range ' 800-450*0. Prom the p y r i t e - p y r r -

h o t i t e r e l a t i o n s , he e s t i m a t e d t h a t ore d e p o s i t i o n took p l a c e 

between 55044-00° C. A l t h o u g h h i s t e m p e r a t u r e i n d i c a t o r s a r e o f 

d u b i o u s v a l u e and h i s p y r i t e - p y r r h o t i t e t e m p e r a t u r e s d e f i n i t e l y 

cannot be a c c e p t e d , i t i s r e a s o n a b l e to c o n c l u d e t h a t h i s temp­

e r a t u r e e s t i m a t e s a r e o f the c o r r e c t o r d e r o f magnitude. Hence, 

the t e m p e r a t u r e s o f s k a r n and ore f o r m a t i o n were v e r y much h i g h e r 

than those t h a t can be accounted f o r by the geothermal g r a d i e n t . 

Moreover,they were v e r y c l o s e Indeed to those o f i n t r u s i o n . I t 

i s r e a s o n a b l e , t h e r e f o r e , to c o nclude t h a t the heat source f o r 
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ore d e p o s i t i o n was the nearby i n t r u s i o n . I t a l s o f o l l o w s t h a t t h e 

i n t r u s i o n s were s t i l l near magmatic temp e r a t u r e s w h i l e the o r e s {i^s^T^ 

were f o r m i n g . 

Holser-j and 3chneer5 (p. 375) s t u d i e s o f the s o l u b i l i t y o f mag­

n e t i t e i n d i l u t e , K C l - b e a r i n g , aqueous s o l u t i o n s a t h i g h t e m p e r a t u r e s 

and p r e s s u r e s have i n d i c a t e d t h a t s i g n i f i c a n t amounts o f i r o n 

can be d i s s o l v e d i n a c i d but •oc.tnot fc# flfr—In n e u t r a l o r a l ­

k a l i n e s o l u t i o n s . They found a l s o t h a t s o l u t i o n s c o n t a i n i n g Na_BO,i 
3 3 

NaHOO^i N a O l i o r NaOK cqnnot c a r r y s i g n i f i c a n t q u a n t i t i e s o f i r o n 

(p. 375). They also--demonstrated t h a t l i m e s t o n e can p r e c i p i t a t e 

m a g n e t i t e and h e m a t i t e from t h e s e s o l u t i o n s . T h e i r r e s u l t s , 

the. aoaetderat'tOB o f the importance o f l i m e s t o n e i n the f o r m a t i o n 

o f c o n t a c t m e t a s omatic-type d e p o s i t s , and the f a c t t h a t no one has 

g i v e n a r e a s o n a b l e , a l t e r n a t e e x p l a n a t i o n o f the t r a n s p o r t and d e p o s i -

t i o n a l p r o c e s s e s i n v o l v e d , a l l s t r o n g l y suggest t h a t t h e o r e - b e a r i n g f 
s o l u t i o n s were o r i g i n a l l y a c i d In n a t u r e . T h i s s i n g l e f e a t u r e t e n d s y-*^*^ 

Improbable ' 
to i n d i c a t e t h a t i t was h i g h l y * u * i i i * * A y t h a t the b u l k o f the o r e -
f o r m i n g f l u i d s were d e r i v e d from the c o u n t r y r o c k . The i n t r u s i o n s , 
however, would be q u i t e p l a u s i b l e s o u r c e s . T h i s argument i s based 
on the b e l i e f t h a t aqueous s o l u t i o n s / Ion;- i n c o n t a c t w i t h r o c k s / 
should be a l k a l i n e o r n e u t r a l , e x c e p t f p e r h a p s / i n near s u r f a c e 
e n vironments. >V h <L. . , / ^ / x> jnrr ...A irfch'J&U U A«**rt # * ^ § S 

When c o n s i d e r i n g the source o f the i r o n , i t i s u s e f u l t o e n t e r t a i n 

the' p o s s i b i l i t y t h a t the u l t i m a t e and Immediate s o u r c e s are q u i t e 

d i s t i n c t . S i n e e . b o t h t h e Permian and Upper T r i a s s i c l i m e s t o n e s 

have been c u t by the Coast I n t r u s i o n S t a n d o n l y the Upper T r i a s s i c 

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

l o g i c a l t o co n c l u d e t h a t i n c o r p o r a t i o n o f the i r o n - r i c h Permo-

T r i a s s i c b a s a l t s by the i n t r u s i o n s was a n e c e s s a r y r e q u i s i t e f o r 



ore f o r m a t i o n . A l t h o u g h t h i s h y p o t h e s i s must remain h i g h l y spec­
u l a t i v e u n t i l more evi d e n c e i s g a t h e r e d , no a l t e r n a t e e x p l a n a t i o n 

seems ap p a r e n t . 

B o t h Sangster (15) and Eastwood (5) s t r o n g l y f a v o r the 

a d j a c e n t i n t r u s i o n s as the immediate s o u r c e o f the i r o n . However, 

t h e i r e v i d e n c e i s not c o n v i n c i n g , and they have n o t e x p l a i n e d how 

the I r o n was " r e l e a s e d " from the I n t r u s i o n s . Eastwood {5) has 

p o i n t e d out t h a t the Brynnor o r e b o d i e s a t Kennedy Lake a r e p r o b a b l y 

s e p a r a t e d by one and o n e - h a l f m i l e s o f i n t r u s i o n from the T r i a s s i c 

b a s a l t s , w h i ch a r e the o n l y o t h e r r e a s o n a b l e source tffirthe i r o n . 

T h i s r e l a t i o n s h i p , however, i s t r u e o n l y f o r these d e p o s i t s . 

A t o t h e r l o c a l i t i e s s o l u t i o n s p r o b a b l y m i g r a t e d up c o n t a c t zones; 

hence^/ the -writer sees no r e a s o n to b e l i e v e t h a t other- r o c k s 

c o u l d n o t have made s i g n i f i c a n t c o n t r i b u t i o n s to the i r o n c o n t e n t 

o f the s o l u t i o n s . 

From p r e s e n t knowledge i t seems p r o b a b l e t h a t the s o l u t i o n s 

were d e r i v e d from the i n t r u s i o n ^ b e n e a t h the o r e b o d i e s . In ttee 

.capo o$ normal w a t e r - s a t u r a t e d magmas, the v o l a t i l e c o n s t i t u e n t s 

would tend t o move to a r e a s o f lower temperature and pressure.""', 

t h a t i s , outwards and upwards. In tfae eetst o f the B r i t i s h Columbia 

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

m i g r a t i o n o f s o l u t i o n s was i n s i g n i f i c a n t i n the v i c i n i t y o f the 

o r e b o d i e s : 

1. Study o f known c o n d u i t s i n d i c a t e ^ s o l u t i o n s moved 
m a i n l y upwards. A 

2. There i s a n o t i c e a b l e l a c k o f i r o n d e p l e t i o n 
zones a d j a c e n t t o the d e p o s i t s . 

3. The l a t e magmatic ma g n e t i t e i n the s t o c k a d j a c e n t to 
the Empire d e p o s i t s has a much h i g h e r t i t a n i u m c o n t e n t 
than t h a t o f the o r e b o d i e s , i n d i c a t i n g t h a t the c o n d i t i o n s 
o f f o r m a t i o n o f the two were v e r y d i f f e r e n t . 



16. 

4. Mechanisms o f D e p o s i t i o n and Replacement 

H p l s e r and Schneer, as mentioned above, have demonstrated 

t h e f I m p o r t a n c e o f l i m e s t o n e I n d e p o s i t i o n o f m a g n e t i t e . JLQJIQW- ( 

JJOQ t h e i r h y p o t h e s i s , d i l u t e , H Cl-^and 1 i r o n - b e a r i n g / a c i d i c 

s o l u t i o n s ^ i n i t i a l l y ; would a t t a c k and d i s s o l v e the l i m e s t o n e 

u n t i l the increG.se i n pH w<y>e s u f f i c i e n t to cause the p r e c i p i t a t i o n 

o f e i t h e r m a g n e t i t e or h e m a t i t e . The f u g a c i t y o f oxygen would 

de t e r m i n e which o f the two o x i d e s would form. 

T h i s s i m u l e mechanism ac c o u n t s c o m p l e t e l y f o r the f o r m a t i o n 

o f t h e d e p o s i t s i n the l i m e s t o n e ; however, i t does not e x p l a i n 

why s k a r n &s rod."mod afffe afrnrn and ore p r e f e r e n t i a l l y 

r e p l a c e d v o l c a n i c r o c k s a d j a c e n t "to the l i m e s t o n e . 

Sangster (15) has g i v e n a s a t i s f a c t o r y e x p l a n a t i o n o f these 

r e l a t i o n s h i p s . The l i m e s t o n e p r o v i d e d the e s s e n t i a l c h e m i c a l 

c o n t r o l f o r d e p o s i t i o n , and t h e v o l c a n i c s p r o v i d e d the e s s e n t i a l 

p h y s i c a l c o n t r o l . The v o l c a n i c s , b e i n g much more b r i t t l e t han 

t h e l i m e s t o n e , were more h i g h l y f r a c t u r e d and b r e c c i a t e d d u r i n g 

d e f o r m a t i o n . These f r a c t u r e d and b r e c c i a t e d a r e a s p r o v i d e d 

permeable zones f o r s o l u t i o n passage and e x t e n s i v e s u r f a c e a r e a 

to f a c i l i t a t e r e p l a c e m e n t . The s k a r n was s i m p l y an i n t e r m e d i a t e 

step i n the r o c k t r a n s f o r m a t i o n . However, the r e l a t i o n s h i p s ^ 

t e n d a l s o to i n d i c a t e t h a t t h e s k a r n m i n e r a l s were more s t a b l e 

than t h e m a g n e t i t e under the i n i t i a l h i g h temperature and low 

V 

" i n t e n s i t y " ^ ( o f i r o n - m e t a s o m a t i sm^(/conditions. 

The p r o c e s s o f r e p l a c e m e n t was b a s i c a l l y one o f i r o n meta­

somatism. I r o n , i n a s e r i e s o f s t a g e s , r e p l a c e d a l l o t h e r c a t i o n s 

i n t h e h o s t r o c k . /,'ithout b e n e f i t a d e t a i l e d d i s c u s s i o n r o c K . AiLnouL o o n o i a t a aeT.aiJ.ea a i s c u s s i o n 

http://increG.se
http://aeT.aiJ.ea


17. 

o f the c r y s t a l c h e m i s t r y , t h i s r e p l a c e m e n t can be viewed s i m p l y 

as an exchange o f c a t i o n s and the change o f bon d i n g between 

close:: ^-packed and r e a s o n a b l y c l o s e d packed oxygen atoms. 

I f s u f f i c i e n t a c t i v a t i o n energy were a v a i l a b l e , the replacement 

and accompanying d i f f u s i o n would s i m p l y be p r o c e s s e s whereby 
a 

t h e r e w a s A c o n t i n u i n g , tendency o f the c r y s t a l s t o m a i n t a i n 

e q u i l i b r i u m w i t h the o r e - b e a r i n g f l u i d s . 

5• The " D e u t e r i c R e l e a s e " H y p o t h e s i s 

Mackin (12) and more r e c e n t l y Mackin and Ingerson (13) 

have proposed the " d e u t e r i c r e l e a s e " h y p o t h e s i s as a g e n e r a l 

mechanism o f ore d e p o s i t i o n . An e s s e n t i a l p a r t o f t h e i r t h e o r y 

r e q u i r e s t h a t e a r l y - f o r m e d m a f ic c o n s t i t u e n t s i n a magma be 

a l t e r e d by l a t e magmatic s o l u t i o n s , thus f r e e i n g some o f t h e i r 

m e t a l i o n s t o form o re d e p o s i t s . tfiu-rs C <• \~ :! •. ._. 

0% to & 

Another e s s e n t i a l f e a t u r e o f t h e i r h y p o t h e s i s i s t h a t s u i t a b l e 

s t r u c t u r e s be formed i n the c r y s t a l l i s i n g magma to p e r m i t the 

escape o f the l a t e magmatic s o l u t i o n s . 

S i n c e t h i s h y p o t h e s i s seems t o be w e l l founded f o r the I r o n 

S p r i n g s a r e a , i t would be c o n s t r u c t i v e t o c o n s i d e r whether o r 
4 

not t h i s mechanism might have been i n s t r u m e n t a l i n t h e f o r m a t i o n 

o f the B r i t i s h Columbia d e p o s i t s . Table 2 shows some o f the 

s i m i l a r i t i e s and d i f f e r e n c e s o f the two s e t s o f d e p o s i t s . From 

the a v a i l a b l e I n f o r m a t i o n i t would seem t h a t the d i f f e r e n c e s 

are more numerous than the s i m i l a r i t i e s . 

The r e a s o n s f o r these d i f f e r e n c e s may l i e i n the g e n e r a l 

n a t u r e o f the i n t r u s i o n s . As Mackin and I n g e r s o n have p o i n t e d 

o u t , a prime r e q u i s i t e f o r the " d e u t e r i c r e l e a s e " mechanism 
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T a b l e 2 

A Comparison o f C e r t a i n F e a t u r e s o f the I r o n S p r i n g s 
and B r i t i s h Columbia D e p o s i t s 

I r o n S p r i n g s 

1. d e p o s i t s are o f second o r d e r 
magnitude c o n t a i n i n g g r e a t e r 
than 100 m i l l i o n t o n s r e s e r v e s 

B r i t i s h Columbia 

1. s i z e o f i n d i v i d u a l d e p o s i t s 
or d i s t r i c t s i s much s m a l l e r , 
g e n e r a l l y r a n g i n g from 1 to 15 
m i l l i o n t o n s 

2. o r e b o d i e s a r e a s s o c i a t e d w i t h 
h i g h l e v e l T e r t i a r y l a c c o l i t h s 
( r e l a t e d i g n i m b r i t e s ) 

3- d e p o s i t s o c c u r m a i n l y near the 
top o f the I n t r u s i o n s 

4, the a s s o c i a t e d i n t r u s i o n s are 
g r a n o d i o r i t e s t h a t o r i g i n a l l y 
c o n t a i n e d a normal or s l i g h t l y 
l e s s than normal c o n c e n t r a t i o n 
o f Fe o x i d e s {^3*0%) 

5. ore has r e p l a c e d l i m e s t o n e w i t h 
l i t t l e a s s o c i a t e d s k a r n 

2. 

3. 

4. 

o r e b o d i e s a r e a s s o c i a t e d w i t h 
b o t h h i g h and m o d e r a t e l y deep 
l e v e l s t o c k s and b a t h o l i t h s , 
p r o b a b l y o f J u r a s s i c age 

d e p o s i t s o c c u r m a i n l y a l o n g the 
s i d e s o f i n t r u s i o n s (a few i n . 
r o o f pendants) 

the a s s o c i a t e d i n t r u s i o n s a r e 
I n t e r m e d i a t e i n c o m p o s i t i o n w i t h 
a s l i g h t l y h i g h e r than normal 
c o n c e n t r a t i o n o f Fe o x i d e s 

0 
o r e has m a i n l y r e p l a c e d v o l c a n i c 
r o c k s w i t h e x t e n s i v e a s s o c i a t e d 
s k a r n - some d e p o s i t s have formed 
i n l i m e s t o n e w i t h l i t t l e 
a s s o c i a t e d s k a r n 

5. 

7. 

8. 

t h e r e are l a r g e Fe d e p l e t i o n 
zones near the d e p o s i t s 
(-~20 v o l . % o f the r o c k has 

l o s t / v 3 0 wt. % o f i t s Fe) 

p r o b a b l y t b o t h l a t e r a l and 
upward m i g r a t i o n o f s o l u t i o n s 
were s i g n i f i c a n t 

s i t e s o f d e p o s i t i o n were 
governed by zones o f s e l -
vedged j o i n t s formed i n 
upbulged a r e a s o f the i n t r u ­
s i o n s 
-through-going, f a u l t s r e l e a s e d 
t h e s o l u t i o n s 

6. t h e r e are no o b v i o u s e x t e n s i v e 
d e p l e t i o n , zones near the o r e b o d i e s 

7. the s o l u t i o n s p r o b a b l y moved 
c h i e f l y upwards 

t h e r e i s no o b v i o u s c o o l i n g 
j o i n t c o n t r o l on d e p o s i t i o n ; 
however, permeable s t r u c t u r e s i n the 
c o u n t r y r o c k d e f i n i t e l y i n f l u e n c e d 
the s i t e s o f d e p o s i t i o n 
- a l s o d e p o s i t s tendajto be c o n c e n t r a ­

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

9. s u l f i d e s were c o n c e n t r a t e d 
near the o u t e r p a r t s o f the ore 

s u l f i d e s were c o n c e n t r a t e d near 
the o u t e r o a r t s o f the ore 

10. i f , as h y p o t h e s i z e d , the s o l u t i o n -
were endogenous to the i n t r u s i o n s , 
t h e r e was not an u n l i m i t e d s u p p l y 
o f s o l u t i o n s t o form the o r e s . 

10. source^.-.amounts and c o n c e n t r a t i o n s 
o f s o l u t i o n s remain unknown 



would be the p r e s e n c e o f b i o t i t e and hornblende p h e n o c r y s t s 

t h a t were formed a t depth. I t : . i s p r obable, that.'these p h e n o c r y s t s 

would be out , o f e q u i l i b r i u m w i t h the l a t e magmatic s o l u t i o n s 

i n h i g h l e v e l e n vironments; hence/ i t i s easy to v i s u a l i z e how 

they would be a l t e r e d and d e s t r o y e d b ^ t h e s e s o l u t i o n s . However, 

i t i s e q u a l l y d i f f i c u l t t o v i s u a l i z e how the mafic c o n s t i t u e n t s 

of g e n e r a l l y e q u i g r a n u l a r , massive i n t r u s i o n s o f s t o c k and 
I 

e-nen b a t h o l l t h i c d i m e n s i o n s c o u l d be g r o s s l y out o f e q u i l i b r i u m 

w i t h the i n t e r s t i t i a l l i q u i d o f the s e m i - c o n s o l i d a t e d magmas. 

Mackin and I n g e r s o n suggest t h a t t h i s i s the g e n e r a l r e a s o n 

why o r e b o d i e s a r e n o t formed by b a t h o l i t h s . Perhaps S u t h e r l a n d 

Brown, S a n g s t e r , Eastwood and J e f f e r y are c o r r e c t i n assuming 

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

fundamental i n the f o r m a t i o n o f the d e p o s i t s , even though t h e i r 

d e t a i l e d mechanisms of ore d e p o s i t i o n remain unknown.. :d. 

6. Summary 

In c o n c l u s i o n ^ i t seems r e a s o n a b l y c e r t a i n t h a t b o t h the 

heat (energy) and the solutions^wej^e d e r i v e d from the a d j a c e n t 

or u n d e r l y i n g Coast I n t r u s i o n s ^ HQJWPftE, the source o f t h e 

i r o n i s somewhat more of a problem. A s a t i s f a c t o r y mechanism 

f o r the r e l e a s e and t r a n s p o r t o f the i r o n from the i n t r u s i o n s 

has n o t been p r e s e n t e d . Moreover, s i n c e Sangster s u g g e s t s t h a t 

most of the s o l u t i o n s m i g r a t e d up the c o n t a c t zones, i t i s q u i t e 

c o n c e i v a b l e t h a t the v o l c a n i c c o u n t r y r o c k s c o u l d have c o n t r i b u t e d 

c o n s i d e r a b l e i r o n t o t h e * s o l u t i o n s . 

Even though the immediate source o f the i r o n I s somewhat 

i n doubt, the P e r m o - T r i a s s i c b a s a l t s seen to be a r e a s o n a b l e 

u l t i m a t e s o u r c e . Much c h e m i c a l and g e o l o g i c work, however, 

remain t o be done t o t e s t t h i s h y p o t h e s i s . 
b e a r i n g , a q u e o u s , a c i d i c 

T r a n s p o r t a t i o n o f the i r o n i n d i l u t e > H C l ^ s o l u t i o n s , as 



IB,. 

d e s c r i b e d by H o l s e r and Schneer, a c c o u n t s for- the apparent im­

p o r t a n c e o f t-be- l i m e s t o n e i n c a u s i n g i r o n d e p o s i t i o n . V o l c a n i c 

r o c k s near the l i m e s t o n e were p r o b a b l y p r e f e r e n t i a l l y m i n e r a l i z e d 

because they were r e l a t i v e l y permeable to the o r e - f o r m i n g 

f l u i d s , p r o v i d e d e x t e n s i v e s u r f a c e a r e a f o r r e p l a c e m e n t , and 

were more s u s c e p t i b l e to replacement than w&vv- o t h e r r o c k s I n 

the a r e a . 
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