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Pyrometasomatic Iron-Copper 

Deposits on the West Coast 
By 

S U T H E R L A N D B R O W N 

TH E coast and islands are the site 
of many of the new mining de

velopments in Britisih Columbia. Five 
mines will start producing ore in 1962 
(Kennedy Lake, the F . L . at Zeballos, 
Jedway, Coast Copper, and Sunro) and 
at least two others (Tasu and Buga
boo) have outlined substantial ton
nages of proven ore and may produce 
in the near future. In addition a num
ber of prospects of real importance 
are currently in early stages of ex
ploration and some of these are com
pletely new discoveries. This is quite 
a change from the situation as it was 
only four years ago. I do not intend 
to discuss the factors that have 
brought about this change nor do I 
intend to dwell on the individual pro
perties which are well known to most 
of you. Instead I would like to con
sider some common aspects of the 
pyrometasomatic iron-copper deposits : 
their setting, some general charac
teristics, and some aspects of pros
pecting for them. Three producing 
mines (Texada, Empire, and Nimp-
kish), four of the mines coming into 
production in 1962 (Kennedy Lake, 
Jedway, Coast Copper, and F . L . ) , and 
two principal prospects (Tasu and 
Bugaboo) are of this type. Hence they 
domniate the mining scene on the 
coast at present, even though siome 
of the other types of copper and iron 
deposits may be more important. 

The pyrometasomatic iron-copper 
deposits on the coast have been known 
and accurately described for a long
time. These deposits are formed of 
magnetite and skarn minerals with 
some iron and copper sulphides. A l 
though magnetite is commonly the 
principal product a gradation exists! to 
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deposits in which chalcopyrite is the 
more valuable mineral. Most of the 
"new" mines were known as signifi
cant mineral occurrences well before 
this Chamber of Mines was consti
tuted. Kennedy Lake has the nearest 
claim to being a new discovery as ore 
had not previously been found on the 
property even though a magnetic 
anomaly was described in the Annual 
Report of the Minister of Mines for 
1902. Other deposits like the Jessie 
at Jedway were known but were 
thought of as relatively minor occur
rences until recent exploration. The 
general nature of the deposits was 
described by McConnell, Young and 
Uglow, Swanson, Gunning, and others, 
who stressed their replacement origin, 
their skarn envelope, their relation to 
dioritic intrusives, and the ubiquitous 
presence of limestone. Bacon and 
Black were the first to emphasize that 
much of the replacement wras of vol
canic rocks adjacent to limestone. 
Jeffery gave a good review of the de
posits as recently as last fall. Thus 
it would seem that there is not much 
left to say, and that those who have 
been thinking about these deposits 
have all been through the siame course 
of study and presumably have reached 
similar points of view. With this in 
mind I will discuss some factors that 
have not been fully treated. 

Firstly, the major deposits so far 
described are not associated with just 
any limestone — they are associated 
with one particular limestone. This is 
the Upper Triassic limestone called 
the Quatsino formation on Northern 
Vancouver Island, the Kunga on the 
Queen Charlotte Islands, and the 
Marble Bay on Texada Island. The 
stratigraphic succession is not every
where identical but, it is very similar 
throughout, and the Early Mesozoic 
geological history of coastal British 
Columbia can be summarized as fol
lows. Prior to deposition of the lime

stone a great pile of uniform basaltic 
pillow lavas was extruded all along 
the present coastal area, and this 
period of volcanism seems to have 
closed abruptly in the early Upper 
Triassic. The period that followed was 
unique in its lack of volcanism and of 
tectpnism (faulting, folding, clastic 
deposition, ^tc.) and was a time dur
ing which the greatest limestone of 
the whole western eugeosyncline was 
deposited. Volcanism was renewed 
sporadically and at separate localities 
during the latest Triassic in some 
places, and the Early Jurassic in 
others so that the limestone.is over
lain in some areas by dark thin-bedded 
argillites and in others by fragmental 
volcanic rocks. By the Middle Jurassic 
volcanism was again universal, but 
produced younger volcanic rocks that 
are characteristically fragmental and 
more andesitic than those under
lying the limestone. 

Most of the known major ore de
posits are in the uppermost part of 
the older volcanic rocks, called the 
Karmutsen on Northern Vancouver 
Island, and many continue into or 
have adjacent bodies in the basal part 
of the limestone. Such deposits in
clude Tasu, Jedway, the Old Sport or 
Coast Copper, Nimpkish, Iron H i l l , the 
Lake orebody of Texada, and possi
bly the Iron Duke and Kennedy Lake. 
On the other hand some deposits are 
in the base of the younger volcanic 
rocks (Bonanza formation) at the 
upper contact of the limestone, in
cluding the F . L . at Zeballos, the Merry 
Widow orebody at the Empire mine, 
and possibly Yreka. Finally, the Tex
ada orebodies other than the Lake 
and the Kingfisher orebody at Empire 
may be entirely within the limestone 
but near the top or bottom of it. 

Other types of iron and copper de
posits exist and pyrometasomatic de
posits in other settings are known, 

44 WESTERN MINER & OIL REVIEW F E B R U A R Y , 1962 



does not ex tend for at least the same 
d i s tance be low the l eve l . 

T h e J e r s e y ore body l y i n g about 
1000 feet west of the E a s t J e r s e y is 
a separate a n d d i s t i n c t zone. It has been 
tested by 21,882 feet of sur face d i a 
m o n d d r i l l i n g , 3,700 feet of under 
g r o u n d d r i f t i n g , a n d 16,176 feet of 
l ong hole p e r c u s s i o n d r i l l i n g . T h e aver 
age grade v a r i e s between 0.78 a n d 
0.84% C u . d e p e n d i n g on the cut-off 
grade. M i n e r a l i z a t i o n is m u c h the same 
as i n the E a s t Jersiey a n d the same 
n o r t h e a s t e r l y t rends are s t i l l m u c h i n 
ev idence . O n F i g . A . , the shape of the 
zone is r o u g h l y c i r c u l a r be ing about 
900 feet i n a n east-west d i r e c t i o n a n d 
800 feet i n a nor th - south d i r e c t i on . 
T h i s c i r c u l a r shape owes i ts ex is tence 
to the i r r e g u l a r a r c shaped contact 
be tween the G u i c h o n quartz d i o r i t e 
a n d the Y o u n g e r C o m p l e x . A l t h o u g h 
p y r i t e occurs i n o n l y m i n o r a m o u n t s , 
i t is more a b u n d a n t on the east slide 
of the zone. F r o m F i g . B i t w i l l be 
seen that the centre of the i n d u c e d 
p o l a r i z a t i o n a n o m a l y l ies near the 
eas te rn m a r g i n of the zone a n d not 
d i r e c t l y over the ore body. T h e prob
able e x p l a n a t i o n is that the a m o u n t 
of t o t a l s u l p h i d e is g reater on the 
east s ide t h a n e l sewhere . A l t h o u g h 
the copper su lph ides occur bo th as 
d i s s e m i n a t i o n s a n d f r a c t u r e f i l l i n g s , 
the f o r m e r appear to be the d o m i n a n t 
mode of o ccurrence . M e t a l va lues are 
m u c h more u n i f o r m l y d i s t r i b u t e d t h a n 
i n the E a s t J e r s e y a l t h o u g h l o c a l l y 
there are some h i g h grade zones. A c 
t u a l l y , the J e r s e y body is a zone of 
s t ronger copper m i n e r a l i z a t i o n en
compassed by a m u c h l a r g e r a n d 
w e a k e r zone. T o w a r d s the m a r g i n s , 
the va lues g r a d u a l l y decrease a n d 
the w a l l s are there fore assays w a l l s . 
Increase i n copper pr i ces cou ld e a s i l y 
ex tend the present p i t w a l l s a n d a d d 
s u b s t a n t i a l l y to the ore tonnage . In 
contras t , the contacts be tween was te 
a n d ore are s h a r p i n the E a s t J e r s e y 
a n d the copper va lues more e r r a t i c 
a l l y d i s t r i b u t e d . A l t e r a t i o n is perva 
s ive a n d the rock is g e n e r a l l y g r e e n i s h 
i n co lor due to a b u n d a n t c h l o r i t e . Tn 
the h i g h l y a l t e r e d sect ions the rock 
appears to be m a i n l y quar tz , c h l o r i t e 
a n d ser i c i t e . A s i n the o ther m i n e r a l 
i zed zones there is a s t r o n g a f f i n i t y 
of the copper su lph ides for the m a -
f i cs m i n e r a l s , b io t i te , hornb lende a n d 
c h l o r i t e . L o c a l l y b r e c c i a is s t r o n g 
but the who le zone appears to have a 
w e a k l y s h a t t e r e d or m o t t l e d effect a n d 
there does not appear to be a n y appre
c iab le d i f f erence i n copper va lues be
t w e e n the b r e c c i a t e d a n d u n b r e c c i a t e d 
rock . A g a i n , t h i s is i n c ont ras t to the 
ex t reme b r e c c i a t e d areas seen i n the 
E a s t J e r s e y a n d w i t h w h i c h the bet

ter m i n e r a l i z a t i o n appears to be asso
c ia ted . T h a t f a u l t i n g has i n f l u e n c e d 
depos i t i on is s h o w n by the J e r s e y 
F a u l t . T h i s is a s t r o n g n o r t h e r l y 
t r e n d i n g gouge f i l l e d s t r u c t u r e w i t h 
a steep w e s t e r l y d ip . S t r o n g m i n e r a l 
i z a t i o n occurs on both s ides of the 
fau l t s for a d i s tance of 200 feet. 

S t r u c t u r a l e l ements such as i n t r u -
s ives , b r e c c i a , p e r v a s i v e a l t e r a t i o n as 
w e l l as m i n e r a l d i s t r i b u t i o n shows a 
s i m i l a r n o r t h to n o r t h e a s t e r l y t r e n d 
sugges t ing that a l l were c o n t r o l l e d 
or i n f l u e n c e d by the same deep-seated 
zone of weakness . 

T h e m a i n zones of m i n e r a l i z a t i o n 
l ie c lose to the G u i c h o n - Y o u n g e r C o m 
plex contact . W h i l e th i s contact is 
s o m e w h a t g e n e r a l i z e d a n d s h o w n as a 
r a t h e r s m o o t h l i n e , i t a c t u a l l y is v e r y 
i r r e g u l a r a n d complex . A t these l o c a l 
i t i es the r o c k s p r i o r to the develop
ment of the b r e c c i a were s h a t t e r e d 
a n d j o in ted . T h i s is ev idenced by the 
t a b u l a r n a t u r e of some of the f rag 
ments . Subsequent m i n e r a l i z a t i o n took 
place i n these f r a c t u r e d a n d b r e c c i a t e d 
areas . N o t a l l the b r e c c i a is m i n e r a l 
i zed a n d i n most cases m i n e r a l i z a t i o n 
extends beyond the b o u n d a r i e s of 
those that are . 

A s to the f o r m a t i o n of the b r e c c i a 
there is some d i sagreement . D r . C a r r 
has suggested t h a t i t r e s u l t e d f r o m 
the e x p l o s i o n of the dac i te p o r p h y r y 
(P-3) under s p e c i a l c ond i t i ons . H e 
bases h i s o p i n i o n on the fact that the 
b r e c c i a m a t r i x resembles the quartz 
p o r p h y r y (P-3) a n d that b r e c c i a is 
deve loped a long t h e m or at t h e i r ter 
m i n a t i o n s . S ince no quar tz d i o r i t e 
p o r p h y r y ( C r o w d e d p o r p h y r y ) f r a g 
ments have been re cogn i zed he be
l i eves t h a t the b r e c c i a was f o r m e d 
before the i n t r u s i o n of the C r o w d e d 
p o r p h y r y . D r s . W h i t e , T h o m p s o n a n d 
M c T a g g a r t , on the o ther h a n d , have 
suggested that the m a t r i x is composed 
of c o m m i n u t e d r o c k m a t e r i a l a n d that 
gases es cap ing t h r o u g h the b r e c c i a 
have r e d i s t r i b u t e d the f ine m a t r i x 
m a t e r i a l . B o t h , however , agree that 
the b r e c c i a is a n i n t r u s i v e b r e c c i a 
a n d not a f a u l t b rec c ia . 

It seems p l a u s i b l e t h a t the f i n a l ex
p l o s i o n a l o n g pre - ex i s t ing fau l t s r esu l t 
i n g i n s o m e w h a t t a b u l a r shaped 
b r e c c i a masses t r e n d i n g i n a d i r e c t i o n 
of the g u i d i n g fau l t s . T h e f i n a l r e s u l t 
b e i n g areas of in tense b r e c c i a ad ja 
cent to the fau l t s w i t h less d i s t u r b e d 
g r o u n d a w a y f r o m the fau l t s . Depend 
i n g on the c loseness of the f a u l t s w i l l 
depend the s ize of the b r e c c i a t e d area . 
T h i s is suggested as a poss ib le ex
p l a n a t i o n to account for those b r e c c i 
a ted masses a l t e r n a t i n g w i t h a r e a s 
of u n d i s t u r b e d or w e a k l y d i s t u r b e d 
r o c k s . 

B o t h Deer V a l l e y a n d W i t c h e s 
B r o o k appear to be f a u l t c ont ro l l ed . 
Due to absence of su i tab le m a r k e r s , 
the a m o u n t of d i s p l a c e m e n t along-
k n o w n or i n f e r r e d b r e a k s is not k n o w n 
a l t h o u g h the t r e n d of e l e c t r o m a g n e t i c 
conductors suggest t h a t some of the 
fau l t s are left handed . 

F o r p r o s p e c t i n g i n the H i g h l a n d 
V a l l e y area , the f o l l o w i n g guides w i l l 
be f o u n d h e l p f u l i n the s e a r c h for 
m i n e r a l i z a t i o n : n o r t h to n o r t h e a s t e r l y 
t r e n d i n g f a u l t s , b r e c c i a , p o r p h y r i e s 
( p a r t i c u l a r l y the P-3 type) a n d a l t e r a 
t i o n of r o c k types . C a r e f u l a t t e n t i o n 
s h o u l d be p a i d to the G u i c h o n - Y o u n g e r 
quartz d i o r i t e contact . 

T h e w r i t e r w i s h e s to t h a n k H . H . 
H u e s t i s , P r e s i d e n t of B e t h l e h e m Cop
per C o r p o r a t i o n L t d . ( N . P . L . ) a n d D. 
W . P r i n g l e , M i n e M a n a g e r , for per
m i s s i o n to p u b l i s h th i s paper. 

S p e c i a l t h a n k s are due J . H . Cour t -
r i g h t of the A m e r i c a n S m e l t i n g a n d 
R e f i n i n g Co. a n d O. E v a n s , f o r m e r l y 
of that C o m p a n y . T o D r s . C a r r , W h i t e , 
T h o m p s o n a n d M c T a g g a r t a n d M e s s r s . 
K . M a t s u d a a n d G. H i r a t a of the S u m i 
tomo M e t a l M i n i n g Co . the w r i t e r a lso 
a c k n o w l e d g e s h i s t h a n k s M a n y of 
the w r i t e r ' s op in i ons have been con
d i t i o n e d by l i v e l y d i s c u s s i o n w i t h the 
above geologists . 
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V a l l e y , B . C . C . I . M . T r a n s . L X 1957. 

3. Carr, J . M.: P o r p h y r i e s , B r e c c i a s 
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M i n i n g J o u r n a l , V o l . 81, 1960. 

Mining Alumni 

Annual Meeting 
T h e Provincial Institute of Min

ing Alumni Association, a non
profit organization of former stu
dents at the Provincial Institute of 
Mining, Haileybury, Ontario, will 
hold its annual meeting May 5th, 
1962. Registration will commence 
at 9:00 a.m. in the Haileybury 
Hotel. Anyone seeking further in
formation should Contact J . O. 
Wolf, Vice-President, Box 54, T i m -
mins, Ontario. % 
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F igu re 1 showing d is t r ibu t ion of Quats ino and equ iva len t format ions. 

n e v e r t h e l e s s the m a r g i n s of the U p p e r 
T r i a s s i c l i m e s t o n e are u n d o u b t e d l y a 
p r i m e t a r g e t f o r e x p l o r a t i o n . P o s s i b l y 
t h e r e are those w h o w o u l d a t t r i b u t e 
t h e r e m a r k a b l y n a r r o w s t r a t i g r a p h i c 
d i s t r i b u t i o n of these depos i t s t o a 
s y n g e n e t i c o r i g i n . T o m e t h i s r e s t r i c 
t i o n i s a n a t u r a l r e s u l t of t h e p r e p o n 
derance of t h i s p a r t i c u l a r l i m e s t o n e 
on the coast . F i g u r e 1 s h o w s w h a t I 
k n o w of the d i s t r i b u t i o n of t h e Quat 
s i n o a n d i t s e q u i v a l e n t f o r m a t i o n s . 
T h e th in -bedded s e d i m e n t a r y r o c k s 
above the m a s s i v e l i m e s t o n e a r e gen
e r a l l y i n c l u d e d w i t h the l i m e s t o n e a s 
i n s ome p laces t h e y h a v e not been 
m a p p e d s e p a r a t e l y . L a r g e p a r t s of 
V a n c o u v e r I s l a n d a n d the m a i n l a n d 
coast h a v e not been g e o l o g i c a l l y 
m a p p e d i n the d e t a i l n e c e s s a r y to out
l i n e the l i m e s t o n e , a n d i n these a r e a s 
I h a v e i n d i c a t e d o n l y t h e p o s s i b l e 
c o n t i n u a t i o n s . 

S e c o n d l y I w o u l d l i k e to s p e c u l a t e 
on the s i g n i f i c a n c e of the r e p l a c e m e n t 
b y s k a r n a n d m a g n e t i t e of g r e e n s t o n e 
i n pre ference to l i m e s t o n e , a n d the 
r e l a t e d p r o b l e m of t h e p r o x i m i t y to 
l i m e s t o n e of those bodies w h i c h a r e 
i n greenstone . R e s e a r c h is b e i n g con 
d u c t e d t h a t w i l l p r o b a b l y t e l l us 
s o m e t h i n g of t h e net a d d i t i o n s a n d 
s u b t r a c t i o n s to the c h e m i s t r y of the 
s i g n i f i c a n t r o c k s . F i e l d o b s e r v a t i o n 
a n d r o u g h c a l c u l a t i o n i n d i c a t e t h a t i n 
t h e s k a r n zones there m u s t he a net 
a d d i t i o n to the g r e e n s t o n e of c a l c i u m 
as w e l l as i r o n . T h e a d d i t i o n of c a l 
c i u m m i g h t be q u i t e u n r e l a t e d genet i c 

a l l y to the a d d i t i o n of i r o n a n d ye t 
m a y h a v e been t h e r e a s o n for t h e re 
p l a c e m e n t of the greens tone by the 
i r o n . One c a n e a s i l y i m a g i n e a geolo
g i c a l d e v i c e t h a t w o u l d p r o v i d e added 
c a l c i u m . U p l i f t above s e a l e v e l a t a n y 
s tage p r i o r to m i n e r a l i z a t i o n w o u l d 
cause d e p o s i t i o n of c a l c i t e i n i n t e r 
s t i ces a n d vugs of the a d j a c e n t g reen 
stone by p e r c o l a t i n g s u r f a c e w a t e r s . 
T h i s process c o u l d t a k e p lace a l so i n 
g reens tones above the l i m e s t o n e i f 
there h a d been s h a r p f o l d i n g p r i o r to 
o r d u r i n g u p l i f t as has been the case 
a t the F . L . a n d M e r r y W i d o w ore-
bod ies . 

T h i r d l y , one of the c o m m o n c h a r a c 
t e r i s t i c s of these depos i ts , a n d one 
t h a t has not r e c e i v e d e n o u g h a t t e n 
t i o n , i s the fact t h a t one m a y t r a v e l 
m i l e s t h r o u g h K a r m u t s e n or B o n a n z a 
or e q u i v a l e n t f o r m a t i o n s a n d o n l y 
r a r e l y see a f e l d s p a r or q u a r t z - f e l d 
s p a r p o r p h y r y d y k e or s i l l , b u t i n the 
i m m e d i a t e v i c i n i t y of a l m o s t e v e r y 
o rebody s u c h r o c k s are a b u n d a n t . I n 
some cases t h e p o r p h y r i e s a r e i m p o r t 
ant host r o c k s w h e r e a s i n o thers they 
appear to r e s i s t r e p l a c e m e n t even 
t h o u g h t h e y are c l e a r l y pre-ore. A s 
yet I h a v e no idea of t h e i r s i g n i f i 
cance hut a m c o n v i n c e d of t h e i r i m 
por tance . 

I w i l l c o n c l u d e w i t h a f ew r e m a r k s 
about p r o s p e c t i n g . A e r o m a g n e t i c s u r 
veys b y g o v e r n m e n t a n d l a r g e m i n i n g 
c o r p o r a t i o n s h a v e been f l o w n o v e r 
some , but I a m f a i r l y sure not a l l , of 

the areas of i n t e r e s t . W e a l l k n o w t h e 
d e f i c i e n c i e s o f f i x e d w i n g f l y i n g i n 
a r e a s of c o n s i d e r a b l e r e l i e f . T h e t a r 
gets are so s m a l l t h a t one -quar ter m i l e 
f l i g h t l i n e s p a c i n g m a y n o t be c l ose 
enough to i n d i c a t e a s i g n i f i c a n t ore-
body! T h e e f fects of t o p o g r a p h y a r e 
m a n y , not t h e l e a s t of w h i c h is the 
e r r a t i c g r o u n d c l e a r a n c e . F o r e x a m p l e , 
i f the t h e o r e t i c a l g r o u n d c l e a r a n c e i s 
500 feet i n c o u n t r y w h e r e 40 degree 
s lopes a r e c o m m o n y o u c a n be s u r e 
t h a t i n p laces t h e a c t u a l g r o u n d c l e a r 
ance i s at l eas t t w i c e t h a t f i g u r e . A 
depos i t at the s u r f a c e i n s u c h a p lace 
w o u l d o n l y h a v e t h e effect of one bur 
i e d 500 feet. T h i s k i n d of v a r i a t i o n 
w h i c h is c o m m o n o n t h e coast w o u l d 
be c o m p l e t e l y u n a c c e p t a b l e i n f l a t 
c o u n t r y . I n t e r e s t i n g p r o b l e m s i n i n 
t e r p r e t a t i o n m u s t r e s u l t w h e n g r o u n d 
c l e a r a n c e is m a i n t a i n e d a n d r o c k s w i t h 
s i g n i f i c a n t l y h i g h e r t h a n n o r m a l m a g 
n e t i c s u s c e p t i b i l i t y a r e a t the s a m e 
h e i g h t or above t h e a i r c r a f t . N e v e r 
the less s ome i m p o r t a n t a n o m a l i e s 
h a v e been f o u n d by these m e t h o d s i n 
the f a v o u r a b l e s e t t i n g . T h e a t t e m p t 
to a v o i d some of the d i f f i c u l t i e s of 
t e r r a n e c l e a r a n c e by u s i n g h e l i c o p t e r s 
has r e s u l t e d i n s ome i m p r o v e m e n t , 
but not as m u c h as c o u l d be w i s h e d 
a n d to f l y the w h o l e a r e a of i n t e r e s t 
i n e v e n a r e c o n n a i s s a n c e m a n n e r 
w o u l d t a k e l a r g e s u m s . A n e a r t h 
b o u n d p r o s p e c t o r w i t h one of the 
l i g h t , cheap , h a n d - h e l d , F i n n i s h m a g 
n e t o m e t e r s w o r k i n g i n the r i g h t a r e a 
has c e r t a i n rea l a d v a n t a g e s . 
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