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pegmati t ic dykes are common as is a spatial relationship 
between faults and ore. Mine ra l i z a t i on is confined to regular 
ve in sets, and al terat ion is s l ight except i n envelopes to veins 
[Endako, B r e n d a ] . G ib ra l t a r is diff icul t to classify because 
i t occurs i n reg iona l ly metamorphosed intrusions, but i t m a y 
belong to th is subclass. 

P o r p h y r y deposits of the diori te-syenite c lan most ly be­
long to the complex subclass. T h e y differ f rom calc-alkaline 
deposits by hav ing v i r t u a l l y no associated molybdenum or 
tungsten, by hav ing fracture s tockworks free of quartz, by 
par t i cu la r ly s t rong potassic a l terat ion leading to fenit ization 
of included o r adjacent volcanic rocks, by breccia f i l l ings 
characterized by coarse biot i te ra ther than quartz or tour­
maline. The one example on our excurs ion is Copper 
Mounta in . 

D . Route 
The excurs ion w i l l s tar t on D a y 1 at the Un ive r s i ty of 

B r i t i s h C o l u m b i a and proceed b y bus th rough Vancouver 
and up the scenic f io rd of H o w e Sound to v i s i t the B r i t a n n i a 
mine. F o l l o w i n g th is we w i l l retrace our route to Horseshoe 
B a y , take the f e r ry across the Sound to Langdale , and drive 
along the Sunshine Coast to a second fe r ry across Jerv is 
Inlet to Powe l l R i v e r . O n D a y 2 we w i l l take another f e r ry 
to Texada Island and v i s i t the Texada mine at Gi l l ies B a y , 
re turning to P o w e l l R i v e r i n the evening. O n D a y 3 we w i l l 
proceed by a i r to P o r t H a r d y and v is i t the nearby Island 
Copper mine, and then f ly no r th obliquely across the spec­
tacular Coast Mountains , v i ewing en route the R e d B i r d 
and B e r g prospects f rom the ai r . W e w i l l spend the n ight 
at the a t t ract ive t own of Smi thers w h i c h i n recent years 
has been the centre for mine ra l explorat ion i n central B r i ­
t i sh Co lumbia . D a y 4, we w i l l dr ive by bus east f rom the 
mountains to Topley then nor th to Babine L a k e where we 
w i l l v i s i t the Granis le mine, re tu rn ing to Topley then east­
wa rd again to F r a s e r L a k e to stop for the night . D a y 5, we 
w i l l v i s i t the E n d a k o mine and then t ravel east to the m i n i -
metropolis of P r i n c e George for the night . D a y 6, we w i l l 
dr ive south down the F r a s e r R i v e r to McLeese L a k e , v i s i t 
the G ib ra l t a r mine, and then continue south across the 
Inter ior P la t eau to s tay at Cache Creek, a m a i n h ighway 
junct ion i n semi-ar id surroundings. D a y 7, we w i l l d r ive 
f rom the a r i d va l ley of the Thompson R i v e r up to the wooded 
H i g h l a n d V a l l e y and there v i s i t several of the five mines — 
A l w i n , Bethlehem, V a l l e y Copper, Lo rnex , and Highmont . 
W e then dr ive south through the ro l l ing upland cattle coun­

t r y past the Cra igmont mine to s tay at Pr ince ton . D a y 8 
we w i l l v i s i t Copper Mounta in , the f i rs t p o r p h y r y deposit to 
be mined i n B r i t i s h Columbia . W e w i l l then continue th rough 
M a n n i n g P a r k i n the nor thern Cascade Mounta ins to the 
town of Hope at the south end of F r a s e r Canyon , then across 
the F r a s e r De l t a to Vancouver . 

III. G E O L O G Y O F T H E D E P O S I T S 

D A Y 1 

B R I T A N N I A — B y A . Suther land B r o w n 
L O C A T I O N — L a t . 49° 36.6' — L o n g . 123° 08.5' — B r i t a n n i a 

Beach , on east side of H o w e Sound, 64 k m by road 
no r th of Vancouver . 

O W N E R S H I P —• Anaconda A m e r i c a n Bras s L i m i t e d . 

B r i t a n n i a is a massive sulphide deposit w h i c h has a record 
of near ly continuous product ion since 1905. In that t ime 
w e l l over a b i l l i on pounds of copper and over a quarter of a 
b i l l i o n pounds of zinc have been produced, m a k i n g i t the 
most productive copper mine i n B r i t i s h Co lumbia . Cur ren t 
product ion is about 600,000 tons per yea r w i t h a grade of 
copper about 1.35 per cent and zinc about 0.06 per cent 
conta in ing significant gold, s i lver, and cadmium. 

In spite of the long period of product ion and geological 
study, many features are subject to other interpretations 
than the one presented here. 

Regiona l Se t t ing 

The B r i t a n n i a mine occurs i n a pendant of m a i n l y volcanic 
rocks in t ruded by several plutons of the Coast P lu ton ic 
C o m p l e x (see F i g . 1 ) . The s t rat i f ied sequence (Gambier 
Group) is dominated by pyroclast ic rocks of andesitic to 
daci t ic character w h i c h are intercalated near the top and 
over la in by dark marine shales and silstones. A separate but 
l i tho log ica l ly s imi l a r pendant 10 k m south of B r i t a n n i a con­
ta ins A i b i a n ammonites. Potass ium-argon analysis on the 
S q u a m i s h B a t h o l i t h that intrudes the B r i t a n n i a pendant on 
the no r th gives an apparent age 92d= 4 m i l l i o n years. F o r ­
m a t i o n of the ore" deposits and la ter in t rus ion of a dacite 
d y k e s w a r m predate the in t rus ion of th is pluton. The v o l ­
canic p i le nor th of the B r i t a n n i a mine is t i l t ed southward 
about 20° as a monocl inal panel. T h i s monocl ine is t ran-
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sected to the south by a northwester ly t rending belt of 
intense deformation, 400 to 800 metres wide, tha t has been 
called the B r i t a n n i a Shear Zone. The orebodies of the B r i ­
tannia mine occur w i t h i n this deformed belt. T e n major ore-
bodies of v a r y i n g size extend along this l inea l belt for 4 k m . 
T h e y are developed by an extensive system of access work­
ings w i t h a m a i n haulage level (4100) extending eastward 
f rom a por ta l near B r i t a n n i a Beach (see F i g . 1 ) . The most 
recently developed orebody (040) is the closest to the portal , 
about 2.5 k m . 

L o c a l Geology 

Stratigraphy 
The geology of a central par t of the shear zone i n w h i c h 

most of the orebodies outcrop is shown on F i g u r e 2. The 
s t ra t i f ied sequence consists of a pyroclast ic un i t over la in 
after a zone of interf inger ing and in tercala t ion by a shale-
siltstone uni t . 

T h e apparent loca l s t rat igraphic section i s : 
Met res 

Top 
B l a c k argi l l i te , siltstone, etc. 150 ± 
Intercalated g rey and green arg i l l i te 0 - 1 5 
M i x e d c rys ta l tuff and black argi l l i te 3 - 7.5 
Plagioclase c rys t a l tuff 7.5 - 1 5 
D a c i t i c pyroclas t ic flows w i t h 

m i n o r a rg i l l i t i c interbeds 120-j-
Base 

The daci t ic pyroclast ic rocks are composed dominant ly 
of lapi l l i -s ized clasts, most of w h i c h are charged w i t h cha lky 
whi te plagioclase phenocrysts. They are l igh t green compact 
rocks w i t h a p r i m a r y fol iat ion impar ted by many wispy or 
len t icu lar clasts. T h e y are intercalated w i t h plagioclase c rys ­
t a l tuffs, especially toward the top where these intergrade 
w i t h green and black argi l l i te beds to f o r m a dis t inct ive 
m a r k e r assemblage. Mos t character is t ic of th i s assemblage 
are interbedded c rys ta l tuff and black arg i l l i te that m a y be 
regu la r ly bedded, convoluted, or disaggregated b y soft rock 
deformation. 

O v e r l y i n g the marke r beds is a sequence of b lack arg i l l i te 
and siltstone w i t h minor intercalations of da rk to l ight -
coloured greywacke and minor tuff. The black arg i l l i te and 
siltstone are re la t ive ly featureless, poorly bedded, but corn-

Feet 

500± : 
0 - 5 0 

1 0 - 2 5 
2 5 - 5 0 

400-L 
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monly cleaved. Intercalations of greywacke may show graded 
bedding, shale sharpstones, and m i n o r s lump structures. 

In t ruding the s t rat i f ied sequence are two major dyke se­
quences and a group of smal l late basic dykes. The early 
dyke intrusions are composed of dark grey-green andesites 
that commonly have a s l ight ly mot t led texture tha t reflects 
a fragmental nature. They m a y also contain abundant quartz 
and chlori te amygdules. The andesite bodies have complex 
field relationships, some are intrusive th in l ineal dykes 
whereas others f o r m large wedge-shaped bodies of ambig­
uous relations. E v e n though formed of f ragmental andesites 
some seemingly are intrusive whereas others m a y be local 
pyroclast ic f low domes. The second group of dykes are por-
phyr i t i c dacites that are massive grey-green rocks w i t h 
about 15 per cent plagioclase phenocrysts 1 to 2 m m long. 
Some have a f low-fol ia t ion indicated by f lux ion arrangement 
of phenocrysts and smal l inclusions, and uneven dis t r ibut ion 
of phenocrysts. Some are only mic roporphyr i t i c but i n gen­
eral they have a character is t ic appearance and texture. Sma l l 
late dykes are common but vo lumet r ica l ly insignif icant and 
include lamprophyre , basalt, and andesite. 

Structure 
A s mentioned, the s t ra ta of the B r i t a n n i a pendant nor th 

of the Shear Zone are t i l ted southward about 20° i n a gently 
warped monocl ina l panel. T h i s un i form dip is abrupt ly trans­
formed at the B r i t a n n i a Shear Zone where these rocks are 
h igh ly deformed in a fault-bounded anticl ine and subsidiary 
syncline w i t h i n the map-area (see F i g . 2) . The ant ic l inal 
nose is quite c lear ly shown on the west slope of Jane B a s i n 
where i t plunges wes tward at 2 2 ° . The marke r beds of c ry­
stal tuff and arg i l l i te can be t raced around the nose and 
on ei ther l imb beyond the marg ina l faults. W i t h i n the shear 
zone the rocks are t ransformed into schists w h i c h can only 
be correlated w i t h the rocks outside w i t h d i f f icul ty and w i t h 
the a i d of the m a r k e r beds. The c rys ta l - r i ch daci t ic pyro­
clastic rocks are metamorphosed to chlori te-mott led schists 
v i r tua l ly devoid of feldspar crystals . The argi l l i tes are com­
monly changed to serici te schists and the andesites in va ry­
ing degree to chlor i te schists. The porphyr i t i c dacite dykes, 
however, r ema in massive, so i t is concluded that they were 
emplaced late i n the deformation process. 

W i t h i n the Shear Zone bedding can ra re ly be identified, 
however, near the southern m a r g i n m i n o r folds in green 
schistose argi l l i tes tha t appear to be equivalent to those of 
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the m a r k e r sequence, show that the an t ic l ina l hinge lies to 
the nor th . It cannot however be identif ied i n the schistose 
core of most of the area despite the fact the m a r k e r beds 
can be traced across the west slopes of the basin. A faulted 
por t ion of the subsidiary syncl ine is evident also on these 
slopes. 

The bounding faults of the Shear Zone do not appear to 
be continuous throughgoing faults but r a the r an en echelon 
sequence. Th i s is suggested underground and can be inferred 
f rom the map ( F i g . 2 ) . The hangingwal l faul t(s) dip south­
w a r d at about 7 0 ° . Faul ts exposed near the footwal l of the 
Shear Zone dip f rom 60° to ver t ica l . 

Metamorphism and Alteration 
A l l the rocks except the late basic dykes have been sub­

jected to a low grade of regional dynamothermal metamor­
p h i s m of greenschist facies. The rocks w i t h i n the Shear 
Zone have i n addi t ion been subjected to intense dynamic 
metamorphism involving granulat ion, f lat tening, and recry-
s ta l l izat ion. Superimposed on this is a more local intense 
hydro the rma l metamorphism. 

Sur round ing the sulphide orebodies the host rocks, com­
monly chlori te-mott led schist or andesit ic schist, are affected 
by an outward-grading al terat ion. A r o u n d and between the 
massive sulphide lenses remnant rocks are composed almost 
ent i re ly of quartz, pyri te , muscovite, and m i n o r chlorite, 
w i t h textures indicative of the o r ig ina l chlori te-mott led 
schist, etc. Ou tward f rom the sulphide bodies the intensity 
of the s i l ic i f ica t ion decreases gradat ional ly a n d . i ts mode 
changes f rom complete replacement to r a m i f y i n g fine vein-
lets w i t h i n 300 metres or less. In a paral le l w a y pyr i t e also 
decreases but museovite-sericite, chlori te , and clinozoisite 
increase to proportions charac ter i s t ic . of the Shear Zone 
remote f rom sulphide bodies. A n h y d r i t e , gypsum, and erra­
t i ca l l y dis tr ibuted barite are found i n discrete veins and 
disseminations i n a zone rough ly coincident w i t h that of 
intense s i l ic i f ica t ion. 

Sulphide Mineralization 
The sulphide orebodies of B r i t a n n i a are h i g h l y hetero­

geneous mixtures of sulphides, remnant a l tered host rocks, 
and discrete veins. The parts tha t are predominant ly sul­
phides have a cha rac t e r i s t i c braided appearance that results 
f rom the juxtaposi t ion of lenticles of v a r y i n g mineralogy 
separated b y schistose mica bands and intersected by dis­
crete quartz-sulphide and sulphide veins. 
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The m a i n minera logy of orebodies is s imple and f a i r l y 
constant. P y r i t e is by far the most abundant minera l w i t h 
less chalcopyri te and sphalerite and minor er ra t ica l ly d is t r i ­
buted galena, tennantite, o r tetrahedrite. The m a i n non-
metal l ic minera ls include quar tz and muscovite (chlorite) ?, 
anhydri te , and siderite. 

The m a i n massive orebodies called Bluff , E a s t Bluff , N o . 
5, N o . 8, and 040, a l l show a marked zonal s tructure (see 
F i g s . 3 and 4) i n w h i c h one o r more high-grade chalcopy­
ri te cores are enveloped successively by a lower grade zone 
and overlapping pyr i t e and siliceous zones. The plan of the 
040 orebody on 4950-level shows this wel l , a l though i t is 
less regular than some of the other orebodies. Z inc - r i ch ore 
tends to occur i n _ the upper central parts of massive bodies 
and as almost separate sheet-like masses l i k e the F a i r v i e w 
zinc-vein. In sect ion the m a i n orebodies have a crude lens 
shape oriented w i t h i n the schis tosi ty and are commonly con­
nected to a steeply p lunging root w h i c h may or m a y not be 
of ore grade (see F i g . 3 ) . T h e long dimension of the B l u f f 
ore lenses plunge about 45° to the west. The plunge increases 
i n the western and eastern orebodies. It is of interest that 
al though the ind iv idua l orebodies plunge steeper than the 
crest of the an t i c l ina l s tructure, the overal l top of the ore 
zone plunges about the same as the lat ter and is crudely 
coincident w i t h the base of the argi l l i te sequence. 

The other orebodies such as the F a i r v i e w , Empress , and 
V i c t o r i a are s t r inger lodes and veins composed of th in sheet­
l ike masses of chalcopyr i te and pyr i te w i t h some quartz tha t 
appear generally para l le l w i t h the schistosity but actual ly, 
i n plan, cut across the schis tosi ty at a smal l angle. The tops of 
these orebodies are eroded so that one can only guess whe­
ther they too m i g h t have had an upper l i m i t at the argi l l i tes . 

Some of the grey-green argi l l i tes w i t h i n the Shear ZGne 
and above the massive orebodies contain significant quant i­
ties of pyr i te w i t h traces of chalcopyri te . Sulphide-r ich 
layers are intercalated w i t h the phy l l i t i c argi l l i tes and m a y 
also occur as laminae that are i n effect composed chief ly of 
nodules of almost so l id py r i t e that m a y resemble sharpstones, 
or i n some cases worm-tubes. The sulphide nodules no rma l ly 
have an incomplete zone of quar tz near the i r outer r i m . 
Planes of schistosi ty and fracture i n the argi l l i te m a y also 
be coated w i t h fine pyr i te . 

In summary, the B r i t a n n i a massive sulphide deposit has 
s imilar i t ies to the siliceous, pyr i t i c , replacement and stock-
w o r k (keiko) ore of the K u r o k o deposits of Japan. 
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D A Y 2 
T E X A D A : B y A . Suther land B r o w n . 
L O C A T I O N : L a t . 49° 43' — L o n g . 124° 34' — Gi l l ies B a y 

on the west coast of Texada Island. 
O W N E R S H I P : Texada Mines L t d . (a subsidiary of K a i s e r 

A l u m i n u m & Chemica l C o r p . ) . 
Texada is a copper-iron s k a r n deposit t yp i ca l i n most 

respects of the class as developed i n the Insular Bel t . I t has 
the longest h is tory of product ion of th is group of deposits 
w i t h ve ry minor product ion at intervals f rom 188b and 
steady product ion since 19o2. F r o m this year to the end of 
1970, 16.5 m i l l i o n tons have been mined y ie ld ing approxi ­
mate ly 8.8 mi l l i on tons of i ron concentrate g rad ing about 65 
per cent i ron w i t h 16,500 tons of copper, 20,000 ounces of 
gold, and 450,000 ounces of s i lver . 

P roduc t ion f rom 1952 un t i l 1964 was f r o m four separate 
open pi ts (see F i g . 5) and since then ent i re ly f rom under­
ground. Or ig ina l ly access underground was by a shaft and 
four m a i n levels at 200-foot (61 metres) intervals shown on 
F i g u r e 7, but trackless m i n i n g now ut i l izes surface t rucks 
w i t h a new system of incl ined large diameter tunnels. 

Reg iona l Se t t ing 
Texada Island, a l though close to the main land coast, is 

formed of the typ ica l Insular B e l t s t ra t igraphy, hence i s 
under la in most ly by the ve ry t h i c k Tr iass ic oceanic basalt 
(Karmut sen Format ion , 4,500 metres) . T h i s is over la in by 
a massive Upper Tr iass ic l imestone (Quatsino Forma t ion , 
600 metres) w h i c h outcrops i n a belt extending f rom the 
Texada mine nor thward to the northeast point of the island. 
A number of smal l plutons have intruded the strat if ied sec­
t ion. One emplaced at the southern te rmina t ion of the l ime­
stone belt (Gi l l ies stock) is m a i n l y responsible for both the 
s t ructure and metasomatism of the basalt and limestone, 
near the i r common boundaries. I t has a potassium-argon age 
of 120 mi l l i on years (Lower Cre taceous) . 

T h e strat if ied rocks of T e x a d a Island general ly occur i n 
t i l ted panels or gentle folds cut b y block faults. The l ime­
stone belt appears to be sync l ina l w i t h some minor sharp 
folds near intrusive plutons and faults. 

L o c a l Geology 
The Karmut sen basalts of nor thwestern Texada Island are 

we l l p i l lowed but i n the v i c i n i t y of the Gi l l i e s stock are 

15. 




