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PREFACE. 

In the preparation of t h i s essay, an attempt has been made 

to give a few of the general r e l a t i o n s of the geology of the 

comparatively small area dealt with* The material therefore, 

has been drawn from many sources; also on account of the 

i n a b i l i t y of the v/riter to see a l l the structures and conditions 

noted, h i s indebtedness i s i n consequence, obvious. 

Acknowledgments are therefore due to the following authors: 

Mr. P. D. Wilson, Mr. E. M. Warren, and Mr. C. P. Browning. 

Special thanks are due to Dr. S. J. Schofield for the loan 

of material, and also to Mr. H. T. James, for h i s kindness 

during the summer and for views upon t h i s subject. 

Works upon the subject consulted by the writer include the 

following: — 

Brit a n n i a Map Area* 

Geological Survey of Canada. Summary Report 1918 Part B. 

Dr. S. J. Schofield. 

The Britannia Mines^British Columbia. 

University of B r i t i s h Columbia. 

Dr. S. J. Schofield. 

General Mining and M i l l i n g Practice at the Britannia Mine, 

Howe Sound, B. G* 

Institute of Mining and Metallurgy. January 1922. 

Mr. C. P. Browning. 

The B r i t i s h Columbia Batholith and Related Ore Deposits. 

Transactions of the American Institute of Mining and Me t a l l u r g i c a l 

Engineers. August 1922. 

Hessrs P. D. Wilson and E. M. Warren. 

Everett J . Lees. 
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GEOLOGY OF BRITAiUTIA MAP AREA 

WITH RSEEREITCE TO THE COAST RA1TGE BATHOLITH. 

B r i t a n n i a map a r e a i s s i t u a t e d i n the Coast Range about 

twenty m i l e s n o r t h of Vancouver C i t y . The r o u t e by water f r o m 

Vancouver, i s up Howe Sound, one of those i r r e g u l a r f i o r d s , W h i c h 

c u t s f a r back i n t o the mountains, and i s so t y p i c a l o f the 

waterways of B r i t i s h Columbia, 

The Bap a r e a extends e a s t w a r d from the shore of the sound 

to the r i d g e s beyond I n d i a n R i v e r , a d i s t a n c e of about t h i r t e e n 

m i l e s . Tops of h i g h r i d g e s to the n o r t h s i d e of B r i t a n n i a Creek, 

and a l i n e c o n t i n u e d e a s t e r l y from them,form the n o r t h e r n 

boundary. The e x t e n t to the south i s about f i v e and o n e - h a l f . 

m i l e s . The a r e a i s r o u g h l y r e c t a n g u l a r and i n c l u d e s about 

seventy-two square m l e s . 

F i e l d Work i n t h i s r e g i o n had been p r e v i o u s l y u n d e r t a k e n 

by the G e o l o g i c a l Survey of Canada, and was renewed d u r i n g the 

summer months o f n i n e t e e n hundred t w e n t y - f i v e by fc. H. T. James 

and two a s s i s t a n t s . The work u n d e r t a k e n by him c o n s i s t e d i n 

mapping the s t r u c t u r e by the a i d o f an a n e r o i d , a B r u n t o n com

p a s s , and a one hundred f o o t i n t e r v a l c o n t o u r map on a s c a l e o f 

one i n c h e q u a l two thousand f e e t . 

Qontot/r J*fap. 

soo foot intenr&L 





The procedure i n the f i e l d was to f o l l o w up a l l s m a l l c r e e k s 

to the tops of the mountains; i n t h i s way an endeavor was made 

to cover the r e g i o n w i t h t r a v e r s e s about f i f t e e n hundred f e e t 

a p a r t or n e a r e r i f n e c e s s a r y . 

The r e g i o n i s i n a y o u t h f u l s t a t e o f e r o s i o n , and h e a v i l y 

f o r e s t e d i n p l a c e s , phases of igneous r o c k s v a r y i n g from g r a n i t e 

to gabbro b l e n d i n t o each o t h e r and may be c l a s s i f i e d as b e l o n g 

i n g t o the g r e a t c o a s t range g r a n o d i o r i t e b a t h o l i t h . E h i ( p l u ¬

t o n i c body c o n t a i n s remnants o f an o l d r o o f pendant, t h a t has 

undergone severe metaiuorphism. Large igneous s i l l s o c c u r i n the 

i n c l u s i o n . A shear zone, s e v e r a l m i l e s l o n g c r o s s e s these and 

appears to be the c e n t r e of a v/ide spread m i n e r a l i z a t i o n w h i c h 

i s of low grade, b u t whose wide e x t e n t lias made p o s s i b l e one of 

the l a r g e s t copper mines i n the B r i t i s h E m pire. 

bare of t r e e s , but the tops of the r i d g e s are f r e q u e n t l y covered 

w i t h moss and marsh f l o w e r s . T h i s r e g i o n i s the source of many 

8UII.ARY. 

TOPOGRAPHY. 

The topography i s rugged; the mountains even though w e l l 

wooded have numerous r o c k o u t c r o p s . The summits are n e a r l y a l l 



streams and s m a l l r i v e r s . S m a l l c r e e k s s t r e t c h l i k e s i l v e r 

"bands down the p r e c i p i t o u s s i d e s of the mountains w i t h s c a r c e l y 

any c h a n n e l y e t worn i n the r o c k . 

B e a u t i f u l l a k e s s uch as Seymour and Stawttmous occupy the 

d i v i d e s . Seymour, or Loch Lomond, as i t i s sometimes c a l l e d * 

i s a narrow s h a l l o w l a k e over a m i l e i n l e n g t h . The shores 

s l o p e g e n t l y up to the f o o t of the mountains on two s i d e s . A 

s l i g h t r i s e s e p a r a t e s i t from Stawamous Lake on the n o r t h and 

i t slopes, down t o Seymour V a l l e y on the s o u t h . S m a l l low pen

i n s u l a s , "bays and i s l a n d s , g i v e i t a w i n d i n g appearance. Prom 

soundings token t h r o u g h the i c e by a p r o s p e c t o r , i t i s shown 

t o be of no g r e a t e r d e pth than one hundred and s i x t y f e e t . 

iSeymour Lake. 

. Lakes of a n o t h e r type are a l s o common. T h e i r s i t u a t i o n on 

the s i d e s of s t e e p mountains and cup l i k e appearance of t h e i r 



4 

s u r r o u n d i n g s suggest a g l a c i a l o r i g i n . E x c e l l e n t examples of 

such l a k e s , of w h i c h d a t a o b t a i n e d by the Vancouver Water Works 

I n v e s t i g a t i o n S u rvey i s a t hand, o c c u r s j u s t s o u t h of the 

B r i t a n n i a map a r e a . B u r w e l l Lake, one of t h e s e , i s somewhat 

l e s s than a m i l e l o n g and over o n e - h a l f m i l e w i d e . The shore 

l i n e i s v e r y r e g u l a r . Rock w a l l s r i s e r a p i d l y f r o m the waters 

edge and the g r a d i e n t below water l e v e l i s almost as g r e a t as 

t h a t above. I t has a depth of two hundred f e e t a t s i x hundred 

f e e t from shore and a r/aximum depth of two hundred and twenty-

f i v e f e e t . P a l i s a d e r i d g e , s e p a r a t i n g B u r w e l l from Upper 

P a l i s a d e Lake, i s v e r y rough, and steep and would suggest t h a t 

the p l u c k i n g a c t i o n i n the b e r g e s ^ c h r u n d of a g l a c i a l c i r q u e 

had taken p l a c e t h e r e . 

Burwell Lzke. 

The lower c o u r s e s of the streams w h i c h r i s e i n the 

B r i t a n n i a map a r e a show-- f u r t h e r evidences of g l a c i a l a c t i o n . 

These have a ("TJ") shaped c r o s s - s e c t i o n and the streams f l o w 

i n t o f i o r d s w i t h marked p r e c i p i t o u s w a l l s and f a c e t t e d s p u r s . 

One w r i t e r has d e s c r i b e d the f i o r d s as b e l o n g i n g t o two systems, 

one p a r a l l e d to the n o r t h s o u t h t r e n d of the mountain r a n g e s , 

and the o t h e r a t r i g h t angles.'" : . These, he c l a i m e s t o 

he the remains Of o l d r i v e r systems w i t h v a l l e y s gouged out 



below sea l e v e l * It i s questionable whether the land has sunk 

some and aided the rsea to f i l l these val l e y s * 

Besides these evidences of g l a c i a l action* very conclusive 

ones are to be found i n the form of g l a c i a l eratics* On the 

top of (Jdat Mountain at the north boundary of the region* are 

numerous coarse grained granite boulders l i e i n g on a dark rock 

that appears to he of a bomb structure, or at least i s volcanic 

i n o r i g i n * 

PETROLOGY* 

Plutonic rocks of the batholith vary from granite to 

d i o r i t e * and are* as a whole,' spoken of as granodiorite* 

Hie contact* with the i n c l u s i o n at Britannia* i s sharp along 

the east* It can be seen a short distance up Britannia Greek, 

from the beach* In t h i s place* the granite i s coarse grained 

and white or grey i n color* As the lower slopes of the western 

end of Scat Mountain are ascended, the granite becomes f i n e r 

grained, and pink i n color* It extends at least to an elevation 

of three hundred feet which i s reached about a mile from the 

beach. South of JPurry Gre.ek, and also between Seymour Greek 

and Indian Hiver, other great masses of granite occur* 

The p r i n c i p a l rocks of Scat Mountain, east of the granite, 

are dark volcanies; mainly t u f f s and agglomerates. Frequently 

these are amygdaloidal* 

On the top of the mountain, the structure seems to be 

composed of dark volcanic bombs imbedded i n f i n e r l i g h t e r 

grained material of probable volcanic o r i g i n * This structure 



Bomb Structure. 

Goat Mountain. 

may h a r e been d e r i v e d from t h e G - a r i b o i d i v o l c a n i c r e g i o n w h ich 

l i e s a few m i l e s n o r t h . 

I n t e r "bedded w i t h the s e d i m e n t a r i e s of the c e n t r a l p a r t of 

the r e g i o n are i n t r u d e d igneous b o d i e s , m a i n l y i n t h e form of 

s i l l s of q u a r t z d i o r i t e p o r p h y r y and s i m i l a r r o c k s . I n g e n e r a l , 

t h e y have "been much metamorphosed, and occ u r as c h l o r i t e s c h i s t s 

and m i c a s c h i s t s , becoming f i s s i l e or s e r i c i t e where t h e 

metamorphism has been most i n t e n s e . I n t h e c h l o r i t e s c h i s t , 

f i l m s of c h l o r i t e o c c u r as l a r g e &s one i n c h square, i h e s e 

have p r o b a b l y been d e r i v e d f r o m t h e s h e a r i n g and s q u e e z i n g 

a c t i o n on c h l o r i t e c r y s t a l s , The s c h i s t s a r e t h e most con

s p i c u o u s r o c k s of t h e B r i t a n n i a r e g i o n . 

I'he s e d i m e n t a r y r o c k s have been a l t e r e d to "black a r g i l l i t e s , 

w i t h c o n c h o i d a l f r a c t u r e and no s l a t y c l e a v a g e . They t h i n out 

towards the s o u t h - e a s t and occur at I n d i a n R i v e r , and beyond,as 

s c a t t e r e d p a t c h e s i n t h e igneous r o c k . 

STRUCTURAL CkfiOLOGY. 

The s t r u c t u r e i s a minute p a r t of t h e C o r d i l l e r a , o r g r e a t 

mountain r e g i o n , o c c u p y i n g t h e w e s t e r n s i d e of i j o r t h A m e r i c a 

and e x t e n d i n g f r o m t h e Andes of South A m e r i c a , w h i c h a r e some-



times grouped under this name, to northern Alaska, The 

C o r d i l l e r a i n B r i t i s h Columbia is over four hundred miles wide 

at the international boundary. I t i s characterized by p a r a l l e l 

north-south ranges separated by long narrow lake valleys and 

r i v e r channels. Of this system*the Coast Range, the farthest 

west on the mainland, i s eighty or ninety m i l e s wide i n the 

southern part of the province and decreases to f i f t y or s i x t y 

miles near the Yukon Alaska l i n e . *It i s almost wholly 

composed of coarse granitoid rocks which vary from g r a n i t e to 

gabbro in composition, but are i n a large part granodiorite. 

The rocks are so c l o s e l y related that the mass may be con

sidered as one g i g a n t ^ b a t h o l i t h . * This body of plutonic 

rocks i s bounded on the east by older sedimentaries of the 

Interior Plateau, andito the west by the s t r a t e f i e d rocks 

exposed on Alexander Archipellago, Queen Charlotte and Van

couver Island. 

'. • Many inclusions of the older sedimentary r o c k s are present 

in the batholith, e s p e c i a l l y along the western border. One 

of these, a roof pendant, i s located c e n t r a l l y i n the Britannia 

map area. The inclusion has a width .of ab.out two m i l e s and 

a l e n g t h of over seven miles in an e a s t ~ w e s t d i r e c t i o n . A 

t i l t i n g of about seventy degrees to the s o u t h seems to have 

taken place. The contact with the granite i s sharp on the west 

but the sedimentary rocks thin out and leave scattered fragment 

and projections on the east. 

•Willson P. B. and Warren E. M. The B. C. Batholith and Ore 

Deposits. Transactions of the American Institute of Mining and 

M e t a l l u r g i c a l Engineers. ----— August 1922. 



Intruded into t h i s inclusion are igneous s i l l s , known 

l o c a l l y as the ^Britannia S i l l s * that are probably i n two or 

more d i v i s i o n s , conforming i n dip and s t r i k e with the s l a t e s . 

They are believed to have a t o t a l thickness of eighteen 

hundred feet or more. Fearly a l l the ore bodies are contained 

by the s i l l s except the Jane which occurs i n the sedimentaries. 

A large f a u l t * traceable f o r f i v e miles* cuts through the 

s i l l s approximately p a r a l l e l to the long axis of the inclu s i o n . 

The shear zone varies from f i * e hundred feet,to probably half 

a mile i n width. 

Sabbro* d i o r i t e * quartz, c a l c i t e / b a x i t e and other forms of 

dykes occur and seem to be of l a t e r date than the other 

intrusions and f a u l t i n g mentioned. 

HISTORICAL GEOLOGY. 

It i s very d i f f i c u l t to determine the age of the rocks from 

an examination of the Britannia region only. This i s due 

primarily to the severe metamorphism* The sedimentaries have, 

in a large part,become the so c a l l e d black s l a t e s . As a r e s u l t 

©f t h i s the f o s s i l s have nearly a l l been destroyed and,although 

a careful watch was kept f o r them by the Geological survey of 

1925, none of any value were found, i n f act, to the best of my 

knowledge, no good ones have yet been discovered. 

The Goat Mountain formation of volc&nies i s considered by 

Br. S. J . Schofield to be the oldest formation i n the ijritatihia 

area* 

The sedimentaries have been placed by some writers as 

Palaeozoic. This is very probable, as the Jurassic was a great 

period of igneous a c t i v i t y and mountain building i n t h i s part 



of B r i t i s h Columbia. I t seems very l i k e l y that this a c t i v i t y 

mast have "been: i n progress also in the I r i a s s i e , the f i r s t of 

the Mesozoic periods, so tkat they rrnust hd\/e been Formed before tMslime. 
r£he conformity of the Britannia S i l l s with the sediments 

in dip would indicate that these had been intruded before the 

t i l t i n g had taken place, fhis t i l t i n g very l i k e l y resulted 

when the roof pendant was cut o f f by the molten magmas of the 

incoming b a t h o l i t h . 

The pe2\g|,9d of the formation of the batholith may be 

considered s e t t l e d . Such a great structure, occupying a large 

and important part of the province has been given careful study 

by many geologists, and has been placed as Jurassic i n sage. 

KUffiRGLOGY. 
fhe mineralizationVthroughout B r i t i s h Columbia,seems to be 

clo s e l y connected with t h i s great b a t h o l i t h . A l l the mines 

of importance occur along i t s borders or in the inclusions. 

The s i l v e r and gold i n commercial quantities seems to be along 

the eastern contact; the copper and iron along the west side 

of the b a t h o l i t h . 

\ A theory related to t h i s d i f f e r e n t i a t i o n i s that the s i l v e r 

and gold c r y s t a l l i z e d but higher i n the magma than the copper 

and iron. These minerals penetrated the metamorphosed zones 

forming the important ore bodies found along the contacts. 

Later, i t i s b e l i e v e d , t i l t i n g to the west has ta,ken place and 

either the upper layers to the west have been eroded away or 

are under the sea, leaving the copper and iron section uncovered. 

The s i l v e r and gold deposits on the east however are not eroded 

away. 



The mineralization of Britannia,being that of the west, 

is c h i e f l y p y r i t e and ehalcopyrite. It i s very extensive but 

of low grade, 5the copper values r a r e l y run over three per cent, 

aijd are generally from one to two per cent, j u s t at present 

some f a i r ore of zinc i s being brought to l i g h t by diamond 

d r i l l i n g and i t may prove to be i n payable quantities* Galena, 

bornite and Molybdonite, also occur i n minor quantities. Gold 

and s i l v e r i n small quantities occur in the copper ore. 

Deposits of gypsum and sulphur have also been noted and studied. 

EGOIfOMIC GJSOLQGY. 

Slier e are at least f i v e main ore bodies and about these 

the Britannia Mining and Smelting Company have staked over 

f i v e hundred and sixty claims. Mr. Browning, general manager 

of Britannia Mining and Smelting Company, has described them as 

follows: "The Jane which was the f i r s t (ore body) to be exploited 

on a commercial scale i s roughly a diamond shape, extensively 

mineralized f o r three hundred f e e t , east and west and over a 

width of two hundred f i f t y f e e t . Commercial ore has not been 

found -at a greater depth.than three-hundred f e e t . 

The Bluff deposit nine hundred feet north-east of the. Jane 

has ,a maximum length on the twelve hundred level,(I.e. at an . 

elevation of t h i r t y one hundredf«et;the outcrop of the jfairview 

at an elevation of four thousand three hundred f i f t y f e e t , 

being taken as the zero for the mine) of f i v e hundred feet 

east and west and a width of two hundred f i f t y feet north and 

south* extends to a known depth of sixteen hundred f e e t . 

The Fairview to the east is f i f t e e n hundred feet long and 

f i v e hundred feet wide,with a known depth of twenty two hundred 



feet* 

Again to the east of the Fairview Is the Empress with an 

ore body of a maximum length one thousand feet and width one 

hundred feet* 

Further s t i l l to the east i s the V i c t o r i a * the dimensions 

or boundaries of which have not been f u l l y determined* 

Apparently i t i s an ore body which w i l l compare favorably with 

the others*" 

the ore bodies occur along the shear zone* The B l u f f * 

Fairview, Impress* and V i c t o r i a occur in the sc h i s t s , while 

the Jane i s situated i n the adjoining slates* Lens shaped 

masses are the usual mode of occurence* Ho f i x e d natural 

boundaries ex i s t ; mineralization i s disseminated through nearly £ 

a l l of the schists i n minor quantities. In parts of the mine 

the occurrence i s of vein formation, These occur generally 

with a dip of about seventy degrees to the south. 

Analysis of the ore varies from amongst the ore bodies* 

Average values run from 2y> to copper. b% to lb% iron* under 

1% zinc* from about .01 to *@6 ounces of gold and about *25 

ounces of s i l v e r per ton* 

The py r i t e appears to be of lat e r mineralization than ^ 

the ehalcopyrite. It has been found that the pyrite c r y s t a l s 

separate e a s i l y from the ehalcopyrite on crushing. 

In the mining opperations^over-hand shrinkage stoping 

system is. used, ore i s drawn off by shoots, of which,there are 

about three per hundred feet. On the top l e v e l the stope 

system in combination with^gloryhole^methods on the surface 

are used. Transfer raises lead to the main ore r a i s e , which 



deliTers the ore to a jaw crusher on the seventeen hu$dy#d 

l e v e l and crushed to six inches. On the eighteen hundred l e v e l 

this product i s crushed hy means of gyratory crushers to two 

and one-half inches. After crushing i t drops to the i&wenty-

two hundred or bottom l e v e l of the mine* 

Ihe main entrance or haulage tunnel is upon the twenty-

two hundred l e v e l . This tunnel runs under the Bluff section 

into the Fairview* a t o t a l distance of four thousand two 

hundred feet to the bottom of the main shaft, which connects 

the twenty-two hundred l e v e l to those shove, as f a r as the 

one thousand feet l e v e l . It extends i n an easterly d i r e c t i o n 

f o r a further distance of about f o r t y - f i v e hundred fe e t , 

through the Express and V i c t o r i a , : u into the jprincess F r a c t i o n 

claim so that on the twenty-two hundred l e v e l a l l the sections 

are connected up. Sock raises lead to the twenty-two hundred 

from which the ore is transported by e l e c t r i c t r a i n s , a 

distance of three and one half miles down a three per cent grade 

aariraw gauge switch-back railway to the a^dit on the twenty-

seven hundred foot l e v e l * An i n c l i n e tramway continues on down 

to the beach but the ore is no longer transported down it# 

It i s now dumped down a f i f t e e n hundred foot rock r a i s e to the 

a^dit on the four thousand one hundred foot l e v e l . From here 

i t i s drawn four thousand f e e t through this lower a^tlit and 

and delivered at the receiving bins of the concentrating m i l l * 

which i s situated at sea l e v e l against a steep rock outcrop. 

The m i l l i s of modern design and i s a recent structure. 

Concentration i s on a basis of one ton of concentrates to 13.3 

tons of ore** Ihe r e s u l t i n g product averages about 21^ copper 



Concentrator <?£ Jlr/fenrtia Be&cfi. 

and 21% i r o n , and s m a l l g o l d and s i l v e r v a l u e s w h ich a r e not 

g i v e n "by the company. These c o n c e n t r a t e s a r e s h i p p e d t o a 

s m e l t e r i n Tacoma c i t y . 

A few e x t r a c t s f r o m t h e a n n u a l r e p o r t of t h e Howe Sound 

Company f o r t h e y e a r 1924 w i l l i n d i c a t e the l a r g e s c a l e of the 

o p p e r a t i o n s . C o n t i n u e d t w e l v e months p r o d u c t i o n y i e l d e d 

26,398,539 pounds of copper; 4684 ounces of g o l d and 125,687 

ounces of s i l v e r . Mine tonages show, r e s e r v e o r e , 5,719,211 

tons of 2.1% copper. Of t h i s tonage 1,529,208 tons a r e "broken 

i n the s t o p e s . These r e s e r v e s do not i n c l u d e new ore d i s 

c l o s u r e s i n the B l u f f s e c t i o n and i n t h e c o u n t r y t o t h e east of 

the V i c t o r i a d i v i s i o n . 

The f u t u r e m i n e r a l p r o s p e c t s seem to be good. Some good 

z i n c o re i s b e i n g p r o s p e c t e d i n p a r t s of the w o r k i n g . F a i r 

showings of e h a l c o p y r i t e a r e b e i n g opened up by p r i v a t e 

p r o s p e c t o r s i n t h e I n d i a n R i v e r v a l l e y , and t h e B r i t a n n i a Company 

have now a s u r v e y p a r t y t h e r e . I t appears p r o b a b l e t h a t t h i s 

p a r t of t h e f i e l d may be opened up by a t u n n e l d r i v e n f r o m the 

ot h e r workings or by a new o u t l e t , e i t h e r by way of Squamish, 

or t h e F o r t h Arm of B u r r a r d I n l e t . 


