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1. INTRODUCTION 

The Canadian Cordilleran Orogenic Belt forms part of the circum-Pacific 

orogenic zone. It unoerlies an area of about 1,54 million sq. 

kilometres, is over 2400 kilometres long and 800 kilometres wide. The 

region is characteristically mountainous, much of it glaciated and 

alpine, containing plateaux, trenches, valleys, and fjords. The 

mountains, in general, rise to elevations between 2100 m and 3600 m 

above sea level, although Mount Logan in the St. Elias Mountains attains 

an altitude of 6000 m. The Canadian Cordillera is divided into two 

dominant orogenic belts: the eastern Columbian Orogenic Belt comprising 

defonned miogeosynclinal rocks and the western Pacific Orogenic Belt 

comprising allochthonous eugeosynclinal rocks. The Cordillera is 

further subdivided into five longitudinal tectonic belts within which 

rocks are broadly simi lar in type, age, and history. These belts are, 

from east to west: the Rocky Mo untain Belt, the Omineca Crystalline 

Belt, the Intermontane Be lt, the Coast Plutonic Complex, and the Insular 

Belt (Wheeler et al., 1972a). The Canadian Cordillera is important in 

that it contains: one of the ~Iorld's largest lead-zinc-silver mine, 

Sull ivan; the second-largest molybdenum mine, Endako; one of the most 

important concentrations of porphyry copper deposits, Highland Valley; 

Canada's largest tungsten mines, Cantung and Nactun g; and Canada's 

second-largest silver district, Keno Hill (Sutherland Brown et a1., 

1971). In addition, it contains several large massive sulphide and 

lead-zinc deposits. 

~1ajor contributions on the geological and tectonic evolution of the 

Canadian Cordillera (Monger et al., 1972; 

Douglas et al., 1970; Gabrie1se 1967; 1972; 

1975; 1977; Coney , 1972; 1977; Eisbacher, 

P1 ate Tectonics have greatly improved the 

Wheeler et al., 1972; 

Souther, 1977; Monger, 

1974) in the context of 

understanding of the 

distribution of the mineralization in space and time in this vast 

region. The processes leading to the concentration and distribution of 

metals in the region have been operative for a period equivalent to 

recorded geological history and predate the formation of the Cordilleran 

eugeosyncline. The mineralizing processes are varied and complex, 

however there exists a close relationship between the disribution of 

mineral deposits and the five tectonic belts of the Cordillera (see 

later). The relationship is apparent in the distribution of mineral 
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deposits in regard to contained metals, morphological classes, and age 

of mineralization (Sutherland - Brown et al., 1971). There seems to be 

two dominant epochs of mineralization in the Canadian Cordilleran 

Orogenic Belt: the first extended from the Proterozoic to the Devonian 

and was dominated by lead and zinc mineralization of dominantly 

syngenetic origin and deposited in shelf sediments marginal to the 

craton; the second extends from Permi an through to mi d-Terti ary and is 

dominated by copper and molybdenum mineral ization that is endogenetic 

and epigenetic. The post-mid-Tertiary period is not knovm to contain 

any significant mineralization. However, Zn-Mo geochemical anomalies in 

the Pliocene Ht. Edziza Volcanic massif suggest that mineralization may 

be presently taking place beneath the volcanic sites (Wolfhard and Ney, 

1976). Besides Pb-Zn-Ag and Cu-Mo mineralization, other metallic 

mineral s occur in significant quantities in the Cordillera. For the 

1 ead-z i nc deposits of the northern Canadi an Cordi 11 era, two maj or groups 

of sedimentary host rocks are partitioned on the basis of depositional 

tectonics (McLaren and Godwin, 1979): a Proterozoic to Ear l y Cambrian 

succession of carbonates and clastics is separated from a Late Cambrian 

to Devonian basinal shale and laterally equivalent platformal carbonate 

sequence by a regional erosional hi atus (sub-Upper Cambri an) and by an 

Upper Cambrian to mid-Ordovician carbonate unit which is relatively 

barren of mineralization. This can be used as an exploration criterion 

for further Pb-Zn deposits. A similar style of deposition is also 

recognized for the Pb-Zn-Ag mineralization in the Southern Cordillera. 

The Pb-Zn deposits are hosted by clastic rocks and by carbonate rocks . 

They occur in three dominant "belts", namely (from east to Vlest): the 

Purcell Sl'pergroup (mainly in the Purcell Anticlinorium), the Kootenay 

Arc, and the Shuswap Metemorphic Complex. The deposits decrease in age 

from east to west. 

Copper is the most widely distributed metal in economic concentrations 

in the Canadian Cordillera and it is also widely distributed between the 

various kinds of mineral deposits. Copper and molybdenum are associated 

in a number of classes of deposits but only occur toge ther in economic 

concentrations in ce rtain types of porphyry depo s its. Pure copper 

deposits are commonly associated with porphyries of the alkalin e suite 

whereas pure molybdenum deposits are commonly associated ~Iith felsic 

members of the calc-al kalin e suite . 



- 3 -

There is a well-developed pattern of distribution of deposits in the 

Cordillera. In the Rocky Mountain and the Omineca Crystalline Belts the 

deposits are dominantly vein and stratiform - stratabound. In the 

I ntermontane Belt deposits are domi nantly of porphyry type. The Coast 

Plutonic Complex is dominated by mostly massive sulphide and magmatic 

deposits. The Insular Belt is dominated by skarn deposits and is 

typically characterized by deposits rich in iron . The Coast Plutonic 

Complex has polymetallic Fe-Cu-Zn and some Ni deposits. Cu-Mo deposits 

are typical of the Intermontane Belt, and Pb-Ag-Zn and Au-As deposits 

dominate the Omineca Crystalline and ttle Rocky Mountain Belts. Thus, 

most metallic mineral deposits of the Canadian Cordillera fit into a 

seven-fold classification, i.e. stratiform, veins, porphyry, massive 

sulphides, magmatic, skarn, and disseminations in lavas. 

The purpose of this dissertation is to discuss the evolution of ore 

deposits in context of the geological evolution of the Canadian 

Cordillera and more specifically of the relations of metalliferous 

deposits to depositional and intrusive plutonic events, regional 

metamorphic and deformational events. 

The exploration implications for the Cordilleran regiCin will be 

discussed in terms of metallogenic evolution. 

2. THE PHYSIOGRAPHY- OF THE CMIADIAN CORDILLERA 

2.1 I NTRO"UCTION 

In this section the physiographic history of the Canadian Cordillera 

will be discussed. This is essential in order that the reader should 

clearly understand the geological and tectonic evolution of the 

Cordillera. The Cordilleran geosyncline is thought to have been 

initiated by an episode of rifting within a large continental craton 

with the resultant drifting apart of sialic blocks as parts of two 

spreading lithosphere plates (~lon ger et a1., 1972; Wheeler et a1., 

1972; Sears and Price, 1978). This is based upon the fact that the 

basement structural grain is truncated by Proterozoic Purcell sediments. 

Major crustal unit s within the Cordillera ca n be i dentifi ed on th e basi s 

of geophysical data interpreta t i on ( Berry e t al . , 1971). The I!orth 
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Ameri can craton, typifi ed by a 1 ayered crust 45-50 km thi ck, underl i es 

the Interior Platform and the Rocky r~ountains. Two units within the 

craton have been recognized (fig. 2.1B): (il the northern 50 km thick 

unit extending up to the Rocky Mountain Trench; and (i il the southern 

45 km thick unit continuing west of the Trench up to the Omineca 

Geanticline. Heat Flow data, plus the GDS, MT (fig. 2.1) and high level 

aeromagneti cs suggest that the southern part of Omi neca Crystall i ne and 

Intermontane Belts may be a northward continuation of the Cordilleran 

Thermal Anomaly Zone found in the western Uni ted States (Berry et a1., 

1971). Seismic data in central British Columbia indicate that the 

_ Fraser Lineament and the Pinchi Fault system mark a change in crustal 

structure from east to west. Seismic and gravity results sho\"l that the 

crustal thickness of the Insular Belt varies from 50 km or more in the 

south to between 25 and 30 km in the north and it has been suggested 

that Vancouver Island may not have been in its present pOSition prior to 

the Jurassic. The continental margin off the Queen Charlotte Islands is 

marked by the acti ve Fai rweather-Queen Charlotte transform fau1 t (fi g. 

2.1B) whereas \'lest of V-ancouver Island there appears to be no relative 

movement betrleen the oceanic crust and that of the continent. 

The geophysical interpretation as summarized above provides insight into 

the problem of current tectonic movements in the Cordilleran Orogen.* 

They also provide insight into the geological and structural evolution 

of the orogen. 

2.2. PHYSIOGRAPHIC REGIONS 

The CC!nadi an Cordi 11 era can be di vi ded into two fundamental 

tectono-stratigraphic parts (fig. 2.2): (a) the "pericratonic" 

Co 1 umb i an Orogeni c Be lt consi sti ng of deformed mi ogeosync1 i na1 rock s; 

and (b) the "suboceani COO Pacifi c Orogeni c Belt consi sti ng of 

eugeosync1 ina1 rocks which have been accreted to the North American 

craton. These parts are further subdivi ded into five di sti nct 

physiographic belts (fig. 2.2.) each with its own history. These belts 

are, from east to west: the Rocky Mountain Belt, the Omineca 

Crystalline Belt, the Intermontane Belt, the Coast Plutonic Complex, and 

the Insular Belt. 

* FOOTIJOTE: Orogen is used as a synonym of Orogenic Belt. 
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The Rocky Mountain Belt and the Omineca Crystalline Belt form rugged and 

blocky 1 inear ranges sculptured in Palaeozoic and older carbonate and 

quartzite units flanked on the east by the clastic foothills. Serrated 

and glaciated peaks and spires in the Omineca Belt are developed in the 

eastern part of the Shus~lap Complex and in granitic rocks. These range 

in elevation from 3 300 m in Columbia and Rocky Mountains to 2 600 m in 

Mackenzie Mountains (Bostock, 1970). The rugged Wernecke Mountains in 

the r~ackenzie Mountain Area are formed of phyll ite and massive 

subhorizontal carbonate. Liard Plateau, south of the Mackenzie and 

Se hlyn ~lounta i ns is a regi on of tree- and tundra- covered hi 11 s (:: 

1 500 m elevation) which is underlain by shales and sandstones. ~lany 

summits are flat because of the attitude of strata but extensive 

remnants of former erosion surfaces are eVident. The erosion surfaces 

are important in providing some understanding of the tectonic evolution 

of the Cordillera. The first buried erosion surface at the top of the 

Precambrian crystalline basement has been traced by seismic reflection 

from the Foothi 11 s where it is about 4 500 m deep to the Rocky Mountain 

Trench where it is at a depth of about 11 000 m. The second erosion 

surface is related to the evolution of the present physiography (fig. 

2.3) (Wheeler et al., 1972). The Plateau basalts were extruded onto 

this gently undulating erosion surface. 

The Intermontane Belt (fig. 2.2 and fig. 2.3) is an area of low relief 

(:: 1 200 m) developed mainly on flat-lying 10~ler Nesozoic and Tertiary 

volcanics. Landforms here consist of plains, plateaux, and mesas formed 

from the extrusion and subsequent erosion of the Plateau basalts. 

Shield volcanoes (such as the Edziza Peak) and tuyas occur in the 

Stikine Plateau of the Belt (Bostock, 1970). 

The Coast Plutonic Complex 

Cascade Mountai ns. The 

is dominated by the Coast ~lountains and the 

Coast Mountai ns are serrated tooth-1 ike 

pinnacles attaining elevations between 1 800 and 7 200 m and stretching 

for 1 760 km. They are composed of crystal 1 i ne gnei sses and grani ti c 

rocks into Ivhich fiords and valleys have been sculptured by glaciers. 

St. Elias Mountains, lying en echelon to the northwest, are the highest 

and youngest mountains in Canada. The Cascade Mountains are separated 

from the southeast part of Coast ~lountai ns by Fraser River Canyon and 

continue to the United States. They consist of calc-alkaline volcanic 

rocks (mainly andesite) intruded by quartz dio rite and granodiorite 

bathol iths which are exposed ill erosional windows. 
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FIG . 2.2: Subdivisions of the Canadian Cordillera (after Wheeler et 
a1.,1974). 

The Insular Belt has a t·ledia n Upl ift represented by glacially moulded 

mountain ranges of Queen Charlotte and Vancouver Islands rising to 

nearly 1 200 m and over 2 100 m respectively. The Pacific continental 

Shelf is very narrow west of Queen Charlotte Islands, where it is partly 

a faul t 1 i ne scarp. I t wi dens southea stwards to a wi dth of 64 km off 

southwestern Vancouver I sl and. The shel f edge is at a depth of 180 t:1 

and the slope extends to a oepth of 2 300 m to the cont inental rise 

(Wheel er et a1., 1972). 
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The Cordillera is traversed by several remarkably 1 inear north~Jest­

trending valleys such as the Rocky Mountain Trench, Tintina Trench, and 

the Shakwak Valley between the St. El ias and Coast Mountains (fig. 

2.3). Their floors lie at elevations of 660 to 900 m above sea level, 

a lthough much of Ti nti na Trench is at about 330 m. The Cordi 11 era is 

drained by a number of large rivers. The eastern section is drained by 

the Liard and Peace Rivers whereas the western section is drained by 

rivers such as the Yukon, Stikine, Skeena, Fraser, and Columbia. 

A number of upl ifts occurred during the evolution of the Cordillera. 

The late Palaeozoic clastic wedge in the northern Cordillera indicates 

uplift in northern Yukon and in the northwestern part of the Omineca 

Crystalline Belt. This uplift is the oldest and it took place in the 

mid-Triassic time. The granite-bearing debris in the Lower Jurassic of 

Hhitehorse Trough and elsewhere reflects uplift in the volcanic arc 

lying to the southwest. The Late Jura-Cretaceous and Early Tertiary 

clastic sediments deposited in the successor basins and fore deeps also 

reflect the nature and timing of uplift and deformation in the Columbian 

and Pacific Orogenic Belts. The amount of uplift that has taken place 

is problematic, and various authors differ in their estimation of 

uplift. In general, the uplift varies from a few hundred metres to a 

few thousand metres. 

Fig. 2.4 shows the tectonic elements of the Canadian Cordillera that 

controlled the nature of sedimentation and magmatism. This will be 

discussed in detail in section 3. 

3 SEDIMENTARY AND tlllGMATlC EVOLUTION OF THE CORDILLERA 

3.1 INTRODUCTIO~ 

In this section the geol~gical evolution of the Canadian Cordillera will 

be di scussed with speci a 1 reference to sedimentary and magmati c 

environments related to metallic mineralization. 

The evolution of the Cordillera spans a period of more than 1 300 Ma -

from the Proterozoic to Recent. The Cordillera is geologically 

subdivided into the eastern Columbian Orogenic Belt, consisting mainly 

of miogeosynclinal rocks, and the western Pacifi c Orogenic Belt, 
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consisting of eugeosyncl inal rocks. 

interpreted as a continental shelf 

The miogeosynclinal assemblage is 

slope : rise assemblage fringing 

the we s tern margin of the ancient North American craton whereas the 

Pacific Orogenic Belt is interpreted as consisting of a complex series 

of island arc s accreted to the North American continent starting in Late 

Palaeozoic time (Monger e t al., 1972). Fig . 3.1 shows a tectonic chart 

s umarizing the ev olution of t he Canadi a n Cor dill e ra. 
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FIG. 3.1: Tectonic chart summarlZlng the evolution of the Canadian 
Cordi 11 era (from Ei sbacher, 1974). 

3.2. THE PRECAMBRIAN BASEMDJT (;;.1600 Ma) 

The crystalline basement can be traced westward (apparently undisturbed) 

under the Rocky mountain Belt as far as the Rocky Mountain Trench, which 

bounds it on the Hest. Wedges of basement granitoid gneiss are thought 

to extend for at least 80 km further west under the Omineca Crystalline 

Belt (~Ionger et al., 1972). Crystalline basement gneiss has been 

observed east of Revel stoke (fig. 3.2), near Quesnel Lake (at the 

northern end of the Shuswap ~1etamorphic Terrane), and the ~Ialton gneiss 

(fig. 3.2; Campbell, 1973). These gneissic rocks are thought to be 

pre-\iindermere in age and may in fact prove to be remobilized Purcell 

strata or older crystall ine basement (Brown, 1978). Cores of gneiss 

domes in the Shuswap metamorphic terrane are believed to be reactivated 

basement rocks. HO~/ever, Reesor (1970) (l!: 1-1onger et al., 1972) 

believes them to be metamorphosed Upper Precambrian and younger strata. 

Reesor's interpretation is supported by geophysical data (Berry et al., 

1971). Wanless and Reesor (1975) have obtained an age of 1960 + 

35/-45 r~a from zircons in granodioritic gneiss of Thor-Odin dome (fig. 

3.2) and have suggested that similar gneissic rocks in cores of other 

domes in the Shuswap COr.Jp1ex may a1 so be of this age. Simony (1979) 

concludes from detailed geological r.Japping of tile Trail Gneiss (fig. 

3.2.) that it is c rysta lline basement of Hudsonian age . 
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FIG. 3.2: Generalized regional map showing occurrence of major gneiss 
dome complexes, and the Shuswap Metamorphic Complex (from 
Simony, 1979). 

West of the Omineca Crystalline Belt, crystalline basement occurs in 

the western Cascade Mountains where slices of gneiSS, amphibolite, 

schi st, and metadi orites are tectoni cally emp1 aced into younger strata 

(Misch, 1966). Mattinson (1972) has dated these rocks (in the Cascade 

Mountains of Vlashington, U.S.A.) at 1600 to 2000 Ma (zircon ages). 

Campbell (1973) is of the opinion that the crystalline basement in the 

Ivest has been accreted to the North American craton. He deduces this 

from the fact that the basement in the west has bee n involved in 

structures of the core zone whereas tile basement in tile eas t is passive. 
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In southeastern Alaska, crystalline basement is represented in the 

Alexander Terrane by small areas of metamorphic rocks of the Wales Group 

(Thompson and Panteleyev, 1976). 

Thus, it seems as though the western limit of Precambrian crystalline 

rocks that are part of the North American craton is either near the line 

of Rocky Mountain Trench or somewhere not too far to the west under the 

Omineca Crystalline Belt. 

3.3 THE PROTEROZOIC TO LOWER PALAEOZOIC GEOLOGICAL HISTORY 

Sedimentary rocks of Proterozoi cage compri se tV/o di sti nct strati graphi c 

assemblages: the Purcell Supergroup (1400-900 ~la) and its equivalent 

correlatives in the southern and northern Cordillera, and the Windermere 

Supergroup (800-600 ~la) and correlative strata which are almost 

continuousl y exposed for the length of the Cordillera (Gabrielse, 1972; 

Monger et al., 1972). Purcell rocks are the 01 dest component of the 

Cordill eran miogeosyncl i nal assembl age. They are restricted in outcrop 

to the southern Rocky Mountains and aqjoi ni ng Purcell Mountai ns, to the 

northern Rocky Mountai n s, southern ~lackenzi e Mountai ns, northern 

Mackenzie Mountains, and to the Franklin Nountains. Total thicknesses 

range from less than 3000 m in eastern exposures to more than 9000 m in 

western ones (Monger et al., 1972). 

Purce 11 rock s throughout the Cordi 11 era di spl ay s imil ar characte ri sti cs 

(fig. 3.3A). Generally, they are fine-grained well sorted clastic rocks 

- mainly argillite, siltstone, fine-grained sandstone, and well-laminated 

and stromatolitic carbonates, (fig. 3.3). Red-Bed facies ar~ conspicuous 

in southern ~'lackenzie ~lountains and in southern Rocky ~lountains. 

In Mackenzie Mountains pink-weathering siltstone and shale are 

intimately associated with, and are in part perhaps facies equivalent of 

bedded gypsum. Strata in the east are characterized by shallo~I-V/ater or 

intertidal structures such as mud cracks, dessication breccias, and 

stromatolites, whereas equivalent strata to the west are in many cases 

turbi dites of predomi nantly deep-water ori gi n. Hell-de veloped graded 

bedding, current markings, and slump structure s are present in the 

Aldri dge Formati on (the oldest f or mation) of Pu r ce ll '''o untains. Th ese 

are indicative of turbi dite deposition (Gabrielsp., 1972). Min or 
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FIG. 3.5: Stratigraphic section of the Proterozoic succession in the 
Mackenzie Mountain, showing the position of intrusive diabase 
sheets (from AnnstrDng et a1., 1982). 

Mackenzie Mountain Supergroup (fig. 3.5). Sills are concentrated in the 

middle and lower parts of the Aldridge Fonnation. The Moyie intrusions 

of Purcell and southern Rocky Mountains are dioritic sills, possibly 

correlative with the Purcell lava. Tile Aldridge Formation and the 

t~oyi e sill s have been intruded by the Hell roari ng C reek Stock whi ch 

occupies the core of an open, north~lest plunging anticline. The 

Hellroaring Creek stock is dated at 1 260 Ma.. (Ryan and Blenkinsop, 

1971). The outer part of the miogeosynclinal trough in which the 

Purcell sediments accumul ated underwent regi onal metamorphi sm, locally 

to sillimanite grade, prior to the East Kootenay Orogeny (Wheeler et 

al., 1972; Monger et al., 1972; Douglas et a1., 1970). 

The majority of Purcell rocks accumulated in shallow-water tidal flat 

and fl ood-p 1 ai n envi ronments as prograded conti nenta 1 terrace wedges 

deposited by 10l~-energy river systems (Thompson and Panteleyev, 1976). 

Deeper wa ter turbi dite depositi on 

margin of the Purcell Supergroup. 

occurred along the di stal deep-water 

~longer et al. (1972) interprete the 

Purcell sequence as a continental shelf: slope: ri se assemblage. In 
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the southern part of the Canadian Cordillera the Purcell sequence 
developed in a slowly subsiding re-entrant on the North American craton, 

somewhat resembling an aulacogen (fig. 3.6 ; Harrison et al . , 1974). 

The Aldridge Formation hosts one of the world's great base-metal 
deposits - the Sullivan Mine at Kimberley, British Columbia . Pb-Zn 

deposits in the Purcell Supergroup (fig. 3.7 see also fig. 4.1) seem to 
be stratigraphically confined to the Aldri dge Formation , where they have 

been geologically classified as concordant or transgressive (Thompson 
and Panteleyev, 1976; Fyles , 1966). El sewllere in the Purcell 
Supergroup, copper is the most common metal . Most known occurrences in 
the Purcell Supergroup are in the southeastern part of the outcrop 

area. The YarrOl~-Spionkop deposit is in the upper part of the Grinnell 
Formation (a red-bed seccession) 'and is hosted in quartzite and green 

argillite. Stratiform copper deposits in the Mackenzie Mountains (e.g. 

Redstone, and Bonnet Pl ume deposits) occur in the upper part of a 

pink-weathering siltstone (Redstone River Formation). In northern Rocky 

o 
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° 

I 
. 00 

11 5" 

100 200 MI LES 
I I 

I 
200 K IL OME T ER S 

FI G. 3.6: Princi pal tectoni c elements of t he re-entrant t hat f ormed th e 
Purcell-Belt basin. No t e Sullivan mi ne (from Harrison et 
a l. , 1974 ). 
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MINERALIZATION IN THE PROTEROZOIC TO LOWER PALAEOZOIC 
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FIG. 3.7: /o'ineral deposits of the Proterozoic to Lower Palaeozoic. 
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Mountains copper deposits (e.g. the Churchill Copper district) are 

spatially related to diabase dykes in Purcell strata, and it is possible 

that intrusion of the dykes facilitated concentration of copper already 

present in the sediments (Gabrielse, 1972). 

Purcell sedimentation and magmatism was terminated by a period of 

uplift, folding, faulting, and regional metamorphism called the East 

Kootenay Orogeny in the sou thern Cordi 11 era and the Rackl an Orogeny in 

the northern Cordillera (I~onger et a1., 1972; Gabrielse, 1972). The 

dating of these orogenies is doubtful, but they are thought to have 

occurred a t about 800 Ma ago. Defonnati on in the south appears to have 

been mild and uplift is recorded mainly in a regional unconformity 

beneath the ,Ii ndermere Supergroup. Deformati on in the north was intense 

as indicated by the unconformity separating Purcell and Windermere rocks 

(Monger et al., 1972). It produced tight, NNE trending folds in 

northern Seh/yn Mountai ns and bl ock-faulti ng -accompani ed by til ti ng 

farther east in Mackenzie Mountains. In these areas 

are overlain unconformably by the Rapitan Group. 

northwest of Wernecke Mountains and north of Ogilvie 

the Purcell strata 

Tight E-\'I folds 

Mountains and low 

grade regional metamorphism (fig. 3.8) in Wernecke, Ogilvie, and 

Richardson Mountains might also be related to the Racklan Orogeny 

(Gabrielse, 1972). 

The Windermere Supergroup (fig. 3.3A and fig. 3.9)(800 - 600 Ma) is 

almost continuously exposed along 

Crystalline and Rocky Mountain 

the Cordill era 

Belts. Thick 

in the Omi neca 

successions of 

heterogeneous, immature, clastic rocks \~ere deposited west of Purcell 

rocks which acted as a pseudo-craton (Monger et a1., 1972; Gabrielse, 

1972). The lower part of the supergroup is characterized by phyllite, 

slate, siltstone, and sandstone interbedded with grits and pebble 

conglomerates. The latter contain opalescent bluish quartz grains 

thought to be derived from crystalline rocks of the shield. Extremely 

course, poorly-sorted conglomerate (diamictite) such as the Toby 

Conglomerate in the Southern Cordillera occurs, locally, at or near the 

base of the ,Ii ndermere Supergroup. Subaqueous mudfl ows associ ated with 

widespread Late Proterozoic glaciation are thought to have produced the 

diamictite (Aalto, 1971). Andesitic volcanics overlie the Toby 

conglomerate in southern Selkirk i10untains, in soutllern Ogilv i e 

Mountains, and near the British Columbia - Yukon border (Gabrielse, 

1972). Eastern facies of the lower ~indermere Supergroup are genera lly 
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FIG. 3.8: Simplified metamorphic map of the Canadian Cordillera. 
(from Wheeler et al., 1972a) 

coarser than those farther west, and sedimentary structures are better 

developed. 

The 

the 

upper part of 

lower (fig. 

the Windermere Supergroup is much more calcareous then 

3.9) and is much more variable in lithology. It 

includes thick I·tell-bedded to massive limestones, dolomites, calcareous 

phyllites and slates. The Rapitan Group [correlate d wi th the Windermere 

Supergroup (Thompson and Panteleyev, 1976)J in [.I ockenzi e /'Iountains 
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FIG. 3 . 9 : Stratigraphic columns of Windermere rocks (from Gabrielse, 
1972) . 

consists of a unique succession (up to 1 800 m) of conglomerate 

(diamictite) with sandstone, siltstone, shale, and bedded chert-hematite 

iron-fcrmation (fig. 3.5). The chert-hematite iron-formation 1 ies \~ith 

a marked angul ar unconfonnity on Purcell strata and is thought to have 

originated as a volcanogenic exhalite bed (Gabrielse, 1972). The 

Rapitan Group strata display well-developed thin bedding with 

cross-b edding, ripple marks, load casts, and slump structures. 

The lower part of the Windemere sequence could represent deposition in 

relatively deep water with the periodic introduction of course-grained 

material by turbidity currents. The fairly widespread carbonates in the 

upper part reflect a shallow-water regime attained when deposition 

reached wave base. 

Cambrian to t~iddle Devonian strata occur mainly in the Rocky Mountain 

and Omineca Crystalline Belts (fig . 3.3.B) and are generally thickest in 

linear troughs marginal to the craton. In the eastern Cordillera, lower 

Palaeozoic strata are at least locally conformable on the Windennere 

Supergroup, but they are commonly finer-grained and better sorted than 

the Windprmere rocks. This suggests reduction of relief and a general 

tectoni c stabil ity of the craton hy the beginning of and during the 

Early Cambrian (Douglas et al., 1970). In the north ern Cordillera, 

espec i all y at Hernecke-, Franklin-, Se lwyn-, ~eckenzie-, Pe lly-, and 
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Cassiar Mountains (fig. 2.3), the Lower Cambrian consists of a 

coarse-grai ned orthoquartzite and conglomera te overl a in by fi ne-gra i ned 

carbonates, siltstones, and argi 11 ites. I n the southern Cordi 11 era, 

Lower Cambrian strata occur in isolated remnants and fault-blocks as 

part of a thick lower Palaeozoic sections north~/est of I~oyie fault in 

Purce 11 Mounta i ns and north of Di bb 1 e-Creek fault in Hughes Range eas t 

of Rocky t~ountain Trench. Here, as in the northern Cordillera, the 

basal quartzite and conglomerate of the Cranbrook Formation lies 

unconformably over Proterozoic strata and locally contains a middle unit 

of magnesite. South of the Moyie and Dibble Creek faults the Lower 

Cambri an is absent and the Upper Devoni an 1 i es unconformably on ttle 

Proterozoic strata. In the Selkirk and Omineca Mountains the basal 

orthoquartzite is overlain by limestones, grits, phyllites, and 

schists. The limestones are fossiliferous . 

Middle and Upper Cambrian rocks in the northern Cordillera overlie older 

rocks with regional unconformity. These rocks consist of argillaceous 

1 imestones, siltstones, s ha 1 es, and mi nor sandstones and conglomerates. 

The limestones are fossiliferous at some places. In the southern 

Cordillera, the I~iddle and Upper Cambrian rocks of Purcell ~lountains 

were deposited on the eastern flank of Purcell Arch which probably 

relOlai ned emergent until some time in 1 atest Early or Mi ddl e Cambri an 

time (Douglas et al., 1970). They occur at intervals within Rocky 

Mountain Trench, and along its west side, and consist of unfossiliferous 

dolomite of the Jubilee Formation and the lower part of the overlying 

thin-bedded 1 imestone and shale of the McKay Group (Douglas et al., 

l~70). In southernlOlost Selkirk Mountains fossiliferous Middle and Upper 

Cambrian strata in Lardeau Trough are the limestone, dolomite, and 

calcareous shal es of the Nelway Formation. These rocks accumulated as 

carbonate banks fringing the southern part of Purcell Arch and the 

uplifted block south of Eager Trough. 

Ordovician to Silurian rocks in the northern Cordillera consist of 

graptolytic shales, 

sil tstones and chert 

a rgi 11 aceous 

(fig. 3.3.B). 

limestone, limestone turbidite, 

In central Ogilvie and Wernecke 

Mountains the strata are dominantly carbonates with minor interbedded 

shale. An anomaly in the relatively simple pattern of sedimentation is 

the Cassiar Platform of the northern Omineca Crystall ine Belt, \~hich 

appears as a tongue of carbonate west of shale facies in fig. 3.3B. The 
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faci es are of shallow-water aspect and contrast with deeper-water sha1 ey 

facies to the northeast (Monger et a1., 1972). The Cassiar Platform 

1 i es west of the Ti nti na and northern Rocky Mounta inTrenches, along 

whi ch there was probable ri ght 1 atera 1 transcurrent movement in the 

Mesozoic, and possibly is displaced along these faults (Monger et a1., 

1972). An alternati ve suggesti on is that the P1 atform represents a 

sialic block torn a~/ay from the tJorth American craton during initial 

rifting but remaining close to it. In the southern Cordillera (at 

Purcell and Selkirk Mountains) the Ordovician to Silurian rocks consist 

of shales, argillaceous limestones, and finely crystalline silty 

dolomites (Douglas et a1., 1970). Ordovician through Devonian rocks in 

the western part of the Cordi 11 era are confi ned to the Insu1 ar Bel t. 

They typi cally contain conspi cuous vol cani cs. Near the northern Cascade 

Mountains occur Middle Devonian fine-grained clastic rocks, carbonate, 

and basic volcanics. 

A body of grani toi d gnei ss (~Iount Fowl er Batholth) of Devoni an age 

(372 r~a)(Oku1itch, et a1., 1975) lies between Adams and Shuswap Lakes 

and west of the Shuswap Metamorphic Complex. The gneiss is medium to 

coarse-grained, white to grey granite, quartz monzonite, and 

granodiorite. Evidence for its intrusive nature is deduced from relict 

textures ilnd mineralogy and from the contact metamorphi sm of borderi ng 

sedimentary and volcanic rocks (Oku1itch et a1., 1975). This p1 utonism 

might have accompanied the Caribooan Orogeny. 

11inera1ization in the Lower Palaeozoic (fig. 3.7) is mostly Cu, Fe, 

Pb-Zn, and Au. The Windermere Supergroup hosts a large stratabound iron 

deposit - the Snake River (Crest) deposit located northeast of Mayo on 

the Yukon - Northwest Territories border. The deposi t forms a ~ 100 m 

thick unit in the 10~ler part of the Rapitan Formation. The carbonate 

Pb-Zn deposits of Sa1mo, ~'onarch, and Robb Lake in British Columbia 

occur as conformable replacements in dolomite. Th e dolomite host rocks 

are broadly folded, faulted, brecciated, and are relatively 

unmetamorphosed. The Zn and Zn-Pb deposits in N.W.T. are not only 

associated with dolomite, but also with shale, as at Summit Lake. In 

tile Selwyn Basin four Pb-Zn-(Ag) ca mps have been identified. The 

de po sits occ ur within shales of tilree different ages. At. the Anvil 

Ca mp , th e biggest of th ese Camps, the Pb-Z n- (Ag) deposits are il osted by 

tile LOVier Cambrian graphitic phyllite s. Th ey are thought t o have formed 

f rO I;] mo cer ate tem pe r ature exh a1 ative brin e s (Carn e and C2tllro , 1980) . 
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The Zn-Pb deposits of Ruddock Creek, Wigwam, Big Ledge, and Cottonbelt 

are hos ted in cal careous uni ts in mi ca sch i st-marb 1 e sequences. The 

mineralized layers are broadly and complexly folded as members in a 

metasedimentary succession. The gold-bearing veins of the Cariboo 

district are in fine clastic and carbonate rocks. The veins are related 

to faults and fol ds. The known lode deposits, concentrated along the 

northeastern flank of the Island Mountain anticlinorium, occur in the 

Cariboo Group in the area of tight · folding (Sutherland-Brown and 

Holland, 1957). 

3.4 THE UPPER PALAEOZOIC TO MIDDLE TRIASSIC GEOLOGICAL HISTORY 

The oldest rocks exposed west of the Omineca Crystall ine Bel tare 

Devonian-Mississippian. They are mainly clastic detritus shed eastward 

onto rocks that can be linked physically with the North American craton 

(fig. 3.1). This clastic detritus is thought to be allochthonous to the 

craton (~longer et aI., 1972; Souther, 1977; Coney et al., 1980). This 

is deduced from the oceanic aspect of rocks in the Intermontane Belt. 

Coney et al. (1980) have referred to these allochthonous provinces as 

"suspect terranes" (fig. 3.10). The Stikine terrane is the largest of 

these . "suspect terranes" in Canada. It has a basement of Upper 

Palaeozoic submarine arc rocks overlain by Upper Triassic to Middle 

Jurassic submarine and subaerial volcanic and sedimentary rocks. This 

terrane seems to ha ve been accreted between early Tri ass i c and 

mid-Jurassic time. The distribution of Upper Palaeozoic to t~iddle 

Tri assi c sedimentary and magmati c rocks can be descri bed vii th reference 

to four longitudinal belts (fig. 3.11), each with its characteristic 

lithology, occurring south of about 6UoN (~longer et aI., 1972): 

(1) Rocky Mountain Belt - a shelf:slope assemblage. 

(2) Omineca Crystalline Belt - island arc environment. 

(3) Intermontane Belt - oceanic or inter-arc basin. 

(4) Coast Plutonic Complex and Insular Belt - island arc environment. 

Fig. 3.12 shows the rock assemblages in these belts. 

The Upper Palaeozoic I-as marked by a considerable change in regime 

throughout most of the Rocky Mountai n Belt. The change is heral ded by 

deposition in the region southeast of latitude S6 0 '4 of incomplete 
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FIG. 3.10: Generalized map of Cordilleran 
Coney et al., 1980). 

" suspect terranes" (after 

sequences 

broken by 

of carbonate, quartz 

severa 1 di sconfonni ti es 

sand, phosphate, 

(Wheeler et a 1. , 

and chert wili cil are 

1972a). These rocks 

were deri ved from a source west of the Omineca Crystalline Be It (Monger 

et a 1. , 

pl atfonn. 

of shale 

1972 ) and accumulated in a relatively stable shallow-water 

North,lest of 

( Besa River 

latitude 

shale) 

560 N the regi on recei ved a great flood 

derived in part from a clastic ~/edge 

associated with the Devono-Mississippian 

in part from uplift in the Eastern Core 

orogeny in Northern Yukon and 

Zone related to the Caribooan 

Orogeny. 

by 

I n the southeastern Cordi 11 era the 1 atter orogeny is mani fested 

overthrusting, in the Kootenay Arc of western volcanic- bearing 

faci es of the Wi nde r"lere , over the deep-water pelites of the oute r part 

of the miogeosyncline (Villee 1 er et al., 1972b). Such deco 11 ement 
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FIG. 3.11: The four geological environments of the Cordillera from the 
Upper Palaeozoic to the Mid-Triassic. 

thrusting of the Caribooan Orogeny is in time and 

the Antl er Orogeny of the Hestern Uni ted States 
style comparable with 

(Empsall, 1981). An 

additional feature in the northern Canadian Cordill era is the presence, 

above the clastic rocks of Cassiar Platform and the McDame synclinorium, 

of a thick assemblage of Upper Devonian (?) and Mississippian basalt, 

metabasalt, ultra maf i c r ock, chert, and local gabbro (as at the Anvil 

Ra ng e and Sylvester terrane - see fig . 3.12A) that can be interpreted as 

an obducted slab of ocea nic crust (Honger et al., 1972; /t,o nger, 1977; 



- 26 -

Souther, 1977). Rocks at tbe basal contact- of this mass are highly 

deformed (Read and Okulitch, 1977), and no feeders to it are knov/O to 

cut the underlying Proterozoic to Middle Devonian shelf-like assemblage 

of carbonates and shal e. A simil ar mass forms the Sl i de Mountai ns 

Group, about 650 km along trend to the south-southeast (fig.3.l2A) . 

A MISSISSIPPIAN TO MIDDLE TRIASSIC 

~ ~ 1.\ I :~rD '/OLe:.! lie 1'0(1: 
I~ 
, .. :. (II~ '/C)I.C" tJ IC', , 

r - -

(,", ..:. .,{) I r I J ('I~l''' L C ''' ~I\{")N/l.Tr. OF 
ur1!''' .I')IH MI( AUT OP TE~R(SH IAL f'LAN T 

FOSSilS 

............ ? '.\- T. ? O{FO!U.I/\' ION 
t.! III M(T/.MQr.r IUSM 

B UPPER TRIASSIC TO MIDDLE 

, 

b-: .g~ASSIC 
, t~::1 VOLCANIC ANI} 

, .... "v 'InL(/.rlJf:: U~IJr: ~I') (:I: 
r- " 

, 

,' ~ 
I '-~J ~At-JIJ~ 'OJJ[ 
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1-·:-:-·' J FINE CL ASTIC ~OCK 
~ CARBON ATE 

FIG. 3 .12: Late Palaeozoic to Early Mesozoic sedimentation and tectonism 
in the Canadian Cordillera (after Monger et al . , 1972). 

Triassic deposits of the miogeosyncline-platform regime in the Rockies 

di sconformab ly overl i e the Permi an - the hi atus i ncreasi ng eastward 

(Douglas et al., 1970). Siltstone, shale, and sandstone, derived from 

the craton to the east and north , accumulated 

1200 m in a marginal basin bordering the craton. 

up to thi cknesses of 

The rocks in the Rocky 

r~ountain Belt are interpreted as shelf:slope assemblages. 

Along the Omineca Crystall i ne Belt where evi dence of Caribooan Orogeny 

is best (Ross and Barnes, 1972), formations containing fossiliferous 

Mississippian strata overlie older units. The MisSissippian to Permian 

rocks in the Omineca Crystall ine Belt consist of locally abundant 

pyroclasti c r ocks, local ac i d and an desitic volcanic rocks, sandstones, 

shale, and carbonate IJith fusulinid fossils . In the Omineca tl,o untains 

thes e rocks also include pillowed greenstones, ribbon chert, and shale 

an d are separated fro m olde r an d youn ger fo r mati ons by fa ults (Mo nger, 

1977 ; ,Ihe eler et al., 1972a). In the northern Cordill era th ese rocks 
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locally overlie or are infolded with Upper Devonian and Mississippian 

basalt and ultramafic rocks. Nowhere in the eugeosync1 ina1 Canadian 

Cordillera have Lower Triassic strata been recognized although strata of 

this age occur in lJashington state just south of the International 

Boundary (Wheeler et al., 1972b). Where l~idd1e Triassic strata do occur 

they have simil ar 1 i tho1 ogi es as the Permo-Carboniferous (greenstone, 

chert, limestone, slate). The relatively small proportion of clastic 

sediments suggests that the Permo-Carboniferous was a time of tectonic 

quiescence (Souther and Armstrong, 1966). 

Granitic plutons may have been emplaced locally into the Omineca 

Geantic1ine as post-tectonic plutons following the Caribooan Orogeny. 

The Adamant Bathol i th in northern Se 1 kirk Mounta ins and the Toby stock 

in Purcell Mountains, both hypersthene monzonite plutons, have yielded 

K-Ar dates of 281 Ma and 232 Ma respectively (Doug1 as et a1., 1970). 

The Verity and Lonnie carbonatites occur in the Omineca Belt. 

The rocks of the Omineca Crystalline Belt are interpreted as having 

fonned in an island arc environment (Monger et al., 1972). The island 

arc itself is poorly defined but appears to have been active in at least 

Mississippian and Permian time, as evidenced by pyroclastics and flow 

rocks of various compositions of these ages; The arc appears to have 

developed at least partly on oceanic crust (some of which may have been 

overthrust in Devonian-Mississippian time) and partly on craton-derived 

sedimentary rocks. This volcanic arc must have been well removed from 

the Rocky l~ountain Belt for no evidence of volcanism is found in this 

belt. 

The I ntermontane Belt is sepa rated from the Omi neca Crysta 11 i ne Belt by 

the Teslin and Pinchi Faults (fig. 3.13). The Upper palaeozoic rocks 

(referred to as the Cache Creek Group - ~longer, 1975; 1977) here are 

mainly comparable with those in modern ocean basins, with the exception 

of the thick ~lississippian to Permian linear masses of shallO\~-water 

carbonate [thickest in the Atlin Horst (fig. 2.4) in northern British 

Columbia]. The Intermontane Belt consists of basalts (generally 

tholeiitic), pillow-lava, gabbro, and ultramafics of the Cache Creek 

Group. The sediments are mainly ribbon chert, commonly with radiolaria, 

and pelites. During Permo-Triassic time these were deformed and had 

several alpine-type peridotites (Trembleur Intrusions) emplaced ' Iithin 
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• Pacific Orogenic 
Belt 

columbia~ Orogenic 
Belt 

FIG. 3.13: Major faults which are possible subduction zones in the 
Canadi an Cordi 11 era, inferred 1 argely from j uxtaposi ti on of 
oceanic crust: arc assemblages (after Monger et al., 1972 
and Wheeler et al., 1974. 

them (Ross, 1977). These intrusions show signs of tectonism and are 

serpentinized. 

the Yukon (fi!J. 

age are found. 
Permo- Tri a ss i c 

The tectonism is evident along the Tintina Fault zone in 

3.13) "here southwest dipping faults of Permo-Triassic 

Possibly these faults represent a southwest-dipping 

subduction zone (Mo nger et al., 1972). Blue sc hist 

I",etamorphism (fig. 3.8) is restricted principally to the eastern part of 
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the Intennontane Belt and to the zone flanking the core of the Cascade 

segment. Eclogite and 

(Wheeler et al . , 1972a; 

blue amphiboles also occur along Tintina Fault 

1972b; Mongeretal., 1972). 

The rocks of the Intermontane Belt are interpreted as having formed in 

an oceanic or inter-arc basin. Monger et al., (1972) are of the opinion 

that the scarcity of clastic rocks coarser than pelites in the 

Intermontane Belt suggests that the belt assemblage was deposited far 

from the now adjacent coeval assemblages in the Omineca Crystalline Relt 

and Coast Plutonic Complex both of which contain abundant clastic rocks. 

The Coast Plutonic Complex and Insular Belt consist, in general, of the 

follOl~ing rock types, 

granodiorite (50%); 

gnei ss and mi gmati te 

given in order of abundance : quartz diorite and 

diorite, diorite migmatite and gabbro (15%); 

(15% - but more in the north and 1 ess in the 

south); metasedimentary and metavolcanic rocks (10%); quartz monzonite 

(15%); and mi nor amounts of unmetamorphosed rock s. True gran i te is 

rare and syenite occurs locally. The volcanic rocks are basalt, 

andesite, and acid volcanics. Sedimentary rocks are sandstone, 

conglomerate, pelite, and carbonate of Mississippian, Pennsylvanian, and 

Permian ages. Ultramafic rocks occur locally along the Shakwak - Denali 

fault systems (fig. 3.13). No f1ississippian rocks have been identified 

in St. El ias Mountains. However, Permian rocks are quite thick and 

include a basal ~nit of volcanic breccia (Douglas et al., 1970). In the 

Stikine region (fig. 3.10) the pyroclastic rocks are associated with the 

carbonates of the Cache Creek Group. In the Kluane Ranges of 

southwestern Yukon (fig. 3.12), Permian and older strata are 

co-extensive with the Skolai terrane of eastern Alaska. These rocks are 

similar to the Sicker Group of Vancouver Island which comprises up to 

3000 m of volcanic breccia, tUff, argillite, greenschist, andesite, and 

dacite porphyry (Souther, 1977; Monger, 1977). 

Complex events occurred in the Coast Plutonic Complex and the Insular 

Belt, and the greatest problem is dating these events. For much of the 

belts, the only guides are sparse radiometric dates (fig. 3.14). 

Approximately 80 km northwest of Prince Rupert a stock of quartz 

monzonite on Annette Island has been dated radiometrically as Siluri an 

(Berg, 1970, in Roddick and Hutchison, 1972). On Prince of Hales Island 

a me ta mo rphi c comp l ex ha s given pre- Ordovi c ian age s (fig. 3 .1 4 ). Th e 
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FIG. 3.14: K-Ar age determinations in the Coast Plutonic Complex and 
some adjacent plutons (from Roddick, 1966). 

Central Gneiss Complex is thought to be pre-Permian in age (Armstrong 

and Runkle, 1979; Roddick and Hutchison, 1972). It is best developed 

in the northern part of the Coast Plutonic Complex, especially in the 

Skeena River - Dougl as Channel regi on and becomes more fragmentary to 

the south. It comprises migmatites, paragneisses, and various gneisses 

of unknown origin (Roddick and Hutchison, 1972). Throughout the Coast 

Pl utoni c Complex the p 1 utoni c rocks a re commonly cut by synp 1 utoni c 

dykes which are invariably altered and granitized by the plutons. These 

dykes may be folded, faulted, attenuated and even boudi naged to form a 

single line of boudin-shaped intrusions. 

The Coast Plutonic Complex and the Insular Belt assemblages are thought 

to have developed in an island arc environment (Monger et al., 1972; 

Souther, 1977). These rocks may have developed at least partly on 

continental crust that evolved during Ordovician and Silurian orogeny in 

southeast Alaska. More than one arc sy stem may be involv e d. It has 

been suggested that the rocks southwes t of the Shakl'lak- De nal i Faul ts 
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(fig. 3.13) represent an old arc that was sutured to the continent in 

Permo-Triassic time along a subduction zone on the site of these 

faults. Fig. 3.13 shows a number of sutures of different geological 

periods in the Canadian Cordillera. 

Mineral deposits of Upper Palaeozoic to ~lid-Triassic in the Canadian 

Cordillera (fig. 3.l5) include Pb-Zn deposits, volcanogenic massive 

sul ph ides, porphyry Cu-Mo de pos its, C r occurrences, and carbonati tes 

with concentrations of Cb, Ta, Zr, Ti, and some U and Th. The Tom is a 

Zn-Pb deposit in the Yukon that shows evidence of thermal concentration 

possibly out of shales that have regionally anomalous contents of Mo and 

Zn (Wolfhard and Hey, 1976). Hestern and T~'in J mines have similar 

orebodies in late Palaeozoic volcanic rocks of the Sicker Group. These 

deposits have a variety of ores similar to Kuroko. The Ecstall River 

pyrite deposit consists of concordant massive sulphide mineralization in 

strongly foliated metamorphic rocks in granitic rocks of the Coast 

Pl utoni c Compl ex (Thompson and Pantel eyev, 1976). Ha rper Creek and 

Adams Plateau Cu-Zn deposits are associated with metasediments and with 

metamorphosed intermediate acid volcanics. The Trembleur Intrusions 

have some Cr deposits. ~!, Sn, and ~!o occur in granitic plutons in 

Northern Yukon. The carbonatites of Ice River, Verity, and Lonnie 

contain minor concentrations of Cb, Ta, Zr, Ti etc. 

3.5 THE UPPER TRIASSIC TO OLIGOCENE GEOLOGICAL HISTORY 

The western Canadian Cordillera evolved from a system of island arcs in 

the Late Triassic and Early Jurassic, through an intermediate stage with 

deposition in epieugeosynclines (successor basins), to a continental 

Cordillera in the Late Cretaceous and Early Tertiary (figs. 3.128; 

3.16; 3.17). The final stage was perhaps similar to the present-day 

Andes and the main tectonic elements of the Cordillera (fig. 2.4) became 

established (Monger et ~. 1., 1972; \4heeler et a1., 1972a; 1972b). This 

evolution resulted in the extrusion of a.bundant andesitic and basaltic 

volcanics, in part from centres along island arcs and in part as 

submarine flows in adjacent troughs and basins. The basins also 

received thick accul1lulations of volcanogenic and terrigenous sediments 

from the arcs (Douglas et a1., 1970). Honger et a1. (1972) ascribe most 

of this activity to processes above an eastlvard-dipping subduction zone 

(0 r zone s ) . 
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FIG. 3.15: Deposits of the Upper Palaeozoic to the Mid-Triassic in the 
Canad ian Cordillera. 
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FIG. 3.16: Model showing the way in which the Upper Palaeozoic assemblages of the western Canadian Cordillera 
may have achieved their present relationships; not until the late Mesozoic were all the 
assemblages incorporated in the Cordillera (from Monger, 1977). 
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FIG. 3.17: Late ~iesozo ic to Recent sedimentation, magmatism, 2nd 
tectonism in the Canadian Cordillera (from Monger et al., 
1972) 

In Late Triassic time volcanism ~/as \~idespread (fig. 3.12B). Basalt, 

andesi te fl ow, pyroclastics and fragmenta l rocks (Nicola-Takla Group) 

derived from centres within the troughs and on adjoining arches, 

accumulated in the interior troughs (Whitehorse, Nechako, and Quesnel -

fig. 2.4), whereas 5(,50 m of tholeiitic pillow lava, pillO\~ breccia, ano 

aquagene tuff (Karmutsen Group) were extruded in the Insul ar Trough 

(Hheeler et al., 1972a; 1974). This volc an ism hcd somewh at different 

characteristics in the Insular Belt and southern Coast Mountains, 

Omineca, and northern Coa st Mountains (Eastern Belt in fig . 3.18) 

(Monger et al., 1972; Souther, 1977) . The Nicola-Takla Group i s 

correlated with the Stuhini Group, which curves west around the northern 

end of the Bowser Basi n and extends further into the Stikine region, and 

th e Lewis River Group, a branch continuing north into the central Yllkon 

(see fig. 3.18). The Kan11utsen Group is probably correlative with th e 

Nikol c i Greenstone of southeastern Al aska and southweste r n Yukon 

(Souther, 1977). 
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The Nicola-Takla volcanics are commonly associated with a heterogeneous 

assemblage of volcaniclastic sediments, greywacke, minor siltstone, and 

discontinuous lenses of limestone (fig. 3.19; Souther, 1977; Wheeler 

et al., 1972a; Douglas et al., 1970). Further north, i n Cassiar 

regi on, Tri ass i c strata are thi n, composed of cl asti cs and carbonate , 
and indicate that the northern Omineca Geanticl ine was only sl ightly 

submerged in the Late Triassic. I t separated Whitehorse Trough to the 

west, i n ~Ihich accumulated mainly volcano genic sedi ments, from a basin 

or trough to the east that received clastics mainly from the craton . In 

central British Columb i a, tile occurrence of serpentine and chromite in 

basal Upper Triassic sediments east of the Pinchi Faul t and the presence 

of clastic red bed s further southwest indicate the Late Triassic 

emergence of the Pi nchi Geanti cl i ne and its contained ultramafi crocks. 

Intrusive rocks in the central sub-belt of the i~icola-Takla volcanics 

range in composi ti on from di ori te to syeni te and are consi dered to be 

coeval and comagmati c with the vol cani cs. I n south-central Briti sh 

Columbia, the sedimentary and volcanic rocks of the Permian Cache Creek 
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FIG . 3 .18 : Di stribution and chemistry of Upper Triassic volcanic rocks. 
The Western belt comprises mainly tholeiitic basalt whereas 
the eastern bel t i ncl udes i ntermedi ate to aci d rocks of both 
calc-alkaline and alkaline affinity (from Souther, 1977). 

an d Upp er Tr i assi c Nic ol a Groups are in t ruded by t ile 198 Ma old Guic hon 

Creek Batholith. This is a concentrically zoned granitoid (diorite ­

quartz mo nzoni t e ) pl ut on e long at ed sl i ghtl y we s t of north and 

underl yi ng an area of approximatel y 1 200 s q. km (Olade , 1976; 

t1cMi 11 an, 1976) . ~1cr·i ill a n ( 1976) ha s desc r ibed t he i nt r usive hi sto ry of 
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the batholith. Its earlier phases are mesozona1, its later ones 

epizona1 and subvo1canic. Initial s r87/Sr86 ratios indicate a 

mantle source (Chrismas et al., 1969). The batholith hosts several 

large produci ng and undeveloped porphyry copper deposi ts ~Iith the 

aggregate tonnage exceedi ng 1,8 bill i on tons of ore at 0,4% Cu (01 ade, 

1976). 
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El sewhere within the Nicola-Takla belt, the close spatial and temporal 

relationship between the volcanics and the intrusive rocks has been 

recorded. The Giant Mascot ultramafic body in southwest British 

Columbia has been dated at 119 to 9511a (t'lcLeod e t a1., 1976; Aho , 

1956) and is older than the adjacent diorite and tonalite. This 

ultramafic body (pyroxenite , peridotite) hosted the nicke1-copper­

py rrhotite deposits of Giant Nascot min e . Fox (1 975 ) (in So uther, 1977 ) 

contends that many al kaline plutons in the Quesne l Trough are comagmati c 
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with Late Triassic Nicola volcanics. Farther north, in the r~cConnell 

Creek (Monger and Church, 1977) and Aiken Lake areas, several 

ultramafic-gabbro bodies are thought to be high temperature 

differentiates of Takla magma, fractionated in sUb-volcanic intrusions. 

Pyroxenite bodies associated with the Stuhini volcanics in the Stikine 

region have fractionated to highly alkaline, syenitic end members (Barr, 

1966). The Hotailuh Batholith (Gabrielse and Reesor, 1974 2.!l Souther, 

1977) a large intrusive body coeval with the Stuhini volcanics, contains 

phases that range in composition from diorite through quartz diorite to 

monzonite. 

The Karmutsen-Niko1ai volcanics differ from the Nicola-Takla in r,lany 

respects. Tile Kannutsen is more uniformly basi c and, except for a few 

relatively thin limestone bands, is not interbedded with sediments. Tile 

Karmutsen is not associated with ultramafic rocks or chert and 

stratigraphically overlies Upper Palaeozoic rocks that can best be 

interpreted as island arc assemblages. 

Vol canic rocks in the two Upper Tri assic belts are the product of an 

enormous volume of magma that was erupted during a relatively short 

(20 Ma) interval. The Nicola-Takla assemblages can be interpreted as 

old island arcs. The Kannutsen is problematical in that, in chemistry 

it is very close to basalts formed on oceani c ri dges (Monger et a 1 . , 

1972; Souther, 1977). 

At the end of the Triassic, volcanism momentarily stopped and there was 

widespread deposition of carbonate. 

During Early- and early Mid-Jurassic time, volcanism flourished soutll of 

the Stikine Arch and in the Insular Trough and it ceased northwest of 

the Stikine Arch. Pillow lavas were extruded and elsewhere the 

volcanism was andesitic and explosive (Hheeler et al., 1972a; 1972b; 

1974). In southernmost Omineca Geanticline Lower Jurassic volcanics lie 

unconfonnably on Upper Palaeozoic rocks and intertongue eastward with 

LO\~e r Jurassic sediments (Douglas et al., 1970). Most of the Lower 

Jurassic clastic sediments were deposited in the troughs. The 

near-shore cl astics that commonly contain shelly fauna, pl ant fossi 1 s 

and coal grade locally into the more distal turbidite facies as in 

Whitehorse Trough (fig s . 3.l2B and 3 .1 9 ) . 
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In latest Triassic and earliest Jurassic time, plutons, some of which 

contain important porphyry copper and molybdenum deposits were further 

intruded into contemporaneously warped and faulted Upper Triassic rocks, 

uplifted, and unroofed. In the Yukon Territory, Palaeozoic rocks are 

intruded by the Late Triassic Klotassin quartz diorite and the middle 
Jurassic pink quartz monzonite '(Le Couteur and Tempelman-Kluit, 1976). 

These plutons define the extension of plutonism related to the 

Intermontane Belt (fig.3.20A). In the Princeton and Okanagan Lake 

m.y. 
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FIG. 3.201\: Distribution of Hesozoic and Tertiary plutonic rocks in the 
Yukon Crys tall in e Complex (from Le Couteur and Tempel man­
Kluit,197G). 
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areas, Peto and Armstrong (1976) found that K-Ar and Rb-Sr data for 

granodiorite, quartz monzonite, and granite, which intrude the Upper 

Triassic Nicola Group, are concordant with a Late Jurassic age of 

1562:6 Ma and K-Ar dates suggest that diorite and quartz diorite and 

porphyritic andesite are older, at 165 to 186 Ma. These intrusive rocks 

are thought to be comagmatic and related by a process of magmatic 

differentiation involving crystal fractionation of amphibole and 

plagioclase. The Hedley Intrusive Complex is of similar age and is 

thought to be comagmatic with the Okanagan Batholithic Complex (Roddick 

et al., 1972). Further to the north of Okanagan Batholith granitic 

plutons of the Quesnel Trough (fig. 3.20B) range in age from 200 Ma to 

50 ~la and some of them host important Cu-Mo porphyry deposits, Cu , and 

Cu-Au deposits (Preto et a1 ., 1979) . 
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FIG. 3.208: C;r~nitic plutons of the Que snel TrouglJ in south-c en tral 
British Co lu mb i a ( fro~ Preto et a1., 1979 ) . 
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The mid-Middle Jurassic was a time of deformation and uplift (Nassian 

Orogeny) in the ~Iestern Cordillera. The eugeosync1ina1 belt was 

segmented by the emergence of the northeast-trendi ng Skeena and Sti ki ne 

Arches and the rising of the At1in Horst. This segmeritation resulted in 

the development of syntectoni c epi eugeosync1 i na 1 successor basi ns 

(Ooug1as et a1., 1970; Wheeler et a1 . , 1972a; 1972b; 1974; 

Eisbacher, 1974) superimposed on both the troughs and the geantic1ina1 

arches of the older eugeosyncline. 

These successor basins developed in the Rocky r,lountain, Intermontane, 

and Insular Belts due to contemporaneous uplift and emergence of 

metamorphic and plutonic complexes along the basin hinges. The oldest 

of these successor basins is the Laberge Basin (fig. 3.21). Its 

assemblage represents synorogenic clastic wedges containing plutonic 

debri s deri ved from with in the eugeosync1 ina 1 domai n. The Laberge rock s 

crop out along the western edge of the Columbian core zone and are well 

exposed along the northern part of the core. In the southern parts of 

the Cordillera, outcrops are small and tectonically disrupted (fig. 

3.21). The assemblage consists of conglomerates, greywackes, shales, 

and rare autoc1astic limestone block s (Eisbacher, 1974) . In the 

Intermontane and Insular Belts occur rock units in a number of successor 

basins (fig. 3.22) of middle Jllrassic to Early Cretaceous age 

collectively called the Bowser Assemblage. This assemblage represents a 

series of predominantly marine synorogenic clastic wedges that strongly 

reflect deformation and initial up1 itt along the western edge of the 

Omineca Crys'talline Belt (Souther and Armstrong, 1966; Eisbacher, 

1974). The sedimentary assemblage was deposited in coastal plain, 

delta, prodelta, and continental slope env ironmen ts. The sedimentary 

sequences, consisting of conglomerates, sandstones, greywacke, and 

shale, are characterized by abrupt cha nges in facies and thickness and 

by several i ntraformati ona1 unconformiti es. The Sustut and Georgi a 

Assemblages (fiq. 3.23) (Upper 

late orogenic deposits, their 

Cretaceous and Pa 1 aeogene) consti tute 

sedimentation, uplift, shallow-level 

plutonic intrusion, and deformation being intricately interwoven within 

the confines of the basins. These basins consist generally of 

coal-bearing c la stic rods including conglomerates, sandstones, ~nd 

shales. These rocks were deposited in different sedimentary 

envi ronrnents. 
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FIG. 3.21: General ized distribution of Laberge Assemblage and inferred 
contempora neous upl i ft of p 1 utoni c and metamorph i c terranes 
(from Eisbacher, 1974). 

The important point to note regarding 

basins is that, at a certain stage 

the evolution of the successor 

in the development of the 

eugeosyncline, some of the subsiding crustal segments began to receive 

large quantities of clastic sed iment s, which succeeded earlier 

volcanogenic deposits. The seauence of events also suggests a gradu~l 
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inferred 
terranes 

re gression of the sea. This fundamental change in the character of the 

basins must have been accompanied by changes in th e crust underl yi ng the 

Sllccessor basins (fig. 3.24; Eisbacher, 1974). 
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FIG. 3.23: Generalized distribution of Sustut and Georgia Assemblages 
and inferred contemporaneous uplift of plutonic and 
metamorphic terranes (from Eisoacher, 1974). 

The development of the successor basins was terminated about 50 to 40 Ma 

ago by broad regional uplift and shallow-level plutonic activity that 

I'las accompanied by widespread acidic to intermediate volcanism. 

At about the same time as the successor basi ns were bei ng formed, the 

Omineca and Pinchi Geanticlines continued to be uplifted and they 
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FIG . 3.24: Hypothetical scheme for evo1 uti on of crust under1yi ng 
of the Canadian Cordillera (from successor-basin assemblages 

Eisbacher, 1974). 

eventually merged into a s i ng1 e 1 andl'1ass. Contemporaneous deformati on 

of this landmass resulted in the Omineca Geantic1ine being the core zone 

of the Columbian Orogenic Belt (I,heeler et al., 1972a; 1972b). Early 

Middle Jurassic and older strata ~Iere deformed prior to the emplacement 

of a discordant 164 Ma old sate11itic stock of the Nelson Batholith. 

The deformation migrated eastward terminating in the Rocky t~ountain 

Thrust and Fold Belt and westward ending with southwestward thrusting 

and folding of the At1in Horst and Hhitehorse Trough (fig. 3.17). The 

Insular flelt also underwent uplift, mild deformation (open folding and 

fau1 ti ng), and was intruded by several elongate northwes t-trendi ng 

granodiorite plutons giving K-Ar dates of 165 Ma (fig. 3.14). 

In Late Cretaceous and 

deformation was nearing its 

Fold Belt but was still 

Eocene time, a period when compressive 

completion in the Rocky Mountain Thrust and 

active in the St. E1 ias Fold Belt, the 

Cordillera experienced extensive continental explosive acidic to 

intermediate volcanism (14heeler et a1., 1972a; Monger et a1., 1972; 

Souther, 1977). In the north, extensive shee t s of ignimbrite are 

associated with flows and pyroclastic rocks. Elsewh ere there is a 

considerable range in composition, from rhyol ite tl1rou gh trachyte and 
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trachyandesite to phonol ite. Extrusion of these rocks, accompanied by 

block faulting (resulting in grabens and tilted half-grabens) and local 

cauldron subsidence, was coeval with the emplacement of ring dykes, 

hi gh-l eve 1 quartz-monzoni te, granite, and syeni te (Monger et al., 1972; 

Wheeler et al., 1972a). Cretaceous to Eocene intrusions in the Yukon 

Territory are the Coffee Creek quartz monzonite and the Nisling Range 

alaskite (fig. 3.20A). They give ages of 95 Ma and 55 Ma respectively 

(Le Couteur and Tempelman-Kluit, 1976). Southern extensions of these 

plutons occur in the Whitehorse Trough (fig. 3.20A). Morrison et al. 

(1979) have defined four plutonic suites in the Whitehorse area which 

are comparable with other plutons in the adjacent areas. These plutons 

and associated sediments host important vein, skarn, porphyry, and other 

deposits (see below). In the Coast Plutonic complex near Prince Rupert, 

the Ecstall and Quottoon Pl utons have been dated at 80 Ma and 51 Ma 

respectively (Harrison et al., 1979; Armstrong and Runkle, 1979). The 

Quottoon Pluton is granodioritic whereas the Ecstall is granitic and it 

contains concentric phases from 

monzonite (Harrison et al., 1979; 

diorite on the periphery to 

Armstrong and Runkle, 1979). 

quartz 

Eocene rocks on the Pacific Continental Shelf are mainly pillow basalts, 

minor pyroclastics and sediments that were deposited off the edge of the 

continent at the northern side of a marine embayment south of Vancouver 

Island. Subaqueous pyroclastic breccias with rhyolitic ashflows, tuffs, 

breccias, and dacitic and basalt flows were extruded on Queen Charlotte 

Islands (Wheeler et al., 1972a; 1972b). Oligocene strata are rare on 

the ma inlan d of the Western Cordillera. 

The two Canadian Cordilleran belts of Mesozoic high-grade regional 

metamorphi c and grani tic intrusions contrast strongly \-/i th the Si erra 

Nevada granitic and metamorphic terrane of the United States. The 

single system of the Sierra Nevada is explained by a process of nearly 

continuous subduction of oceanic crust beneath the North American 

Plate. The double system of the Canadian Cordillera resulted from the 

interruption of the subduction process caused possibly by the arrival at 

the subducti on zone in early Mesozoi c time of lovi speci fi c gravi ty 

material of the Upper Palaeozoic arc assemblage of the Coast Plutonic 

Complex and Insular Belt and possibly old continental crust formed by 

Ordovician-Silurian orogeny in southeaste rn Alaska {~1onger et al., 
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1972) . This material blocked 

Triassic subduction zone, causing 

off the Late Palaeozoic and r·liddle 

it to jump oceanward (fig. 3.25). 
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FIG. 3.25 : Comparison of the Canadian and United States segments of the 
North American Cordillera, explaining the "jumping-out" of 
subducti on zones in the Canadi an Cordi 11 era as the result of 
incorporation of blocks of light crustal material (from 
Monger et a1., 1972). 

The Triassic to the Tertiary is the period ~/ith the greatest 

concentration of porphyry Cu-t~o deposits. Other deposits occurring in 

this period include skarn deposits, disseminated base metal deposits, 

massive sulphide deposits, and some vein deposits. 

Occurl-ences of Cu minerals, mainly chalcocite, are found filling primary 

porosity in the thol ei iti c basalt-andesite flo\'ls of the Karmutsen Group 

on Vancouver Island and in calc-alkaline Nicola-Takla rocks of Smithers, 

Princeton, and Toodoggone areas (Holfhard and Ney, 1976) . Locally 

mineralization occurs in restricted sedimentary layers (North Star). 

The Sustut copper deposit of north-central British Columbia is hosted in 

tuff breccia and conglom,erate beds of the Upper Triassic Takla Group. 

30 million tons at 1% Cu have been found. The Silver City and Johobo 

occurrences in the Mush Lake Group of southwest Yukon include 

concentrations of native copper and are correlated with the widespread 

occurrences in the calc-alkaline Nikolai greenstones of Alaska 

(~Iackevett, 1974, ~ liolfha.rd and Ney, 1976). The massive sulphide 

deposits of Granduc are ho s t ed in hi gh ly de f or me d shallw-marine 

succession of thick andesitic pi ll ow lavas, siltstone , crystal tuff, 
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conglomerate, vol cani c sandstone, and some rhyol ite and chert members 

that trend north and dip steeply to the west (Thompson and Panteleyev, 

1976). The ore is mainly banded chalcopyrite, sphalerite, pyrrhotite, 

and magnetite 1 ayered with these tuffaceous sediments. Anyox orebodi es 

are pi pe-l ike to shee t-l ike 1 enses of mass i ve pyrite, pyrrhoti te, 

chalcopyrite with minor sphalerite, galena, magnetite and arsenopyrite 

in a gangue of quartz, calcite, sericite and minor epidote, and garnet. 

They are hosted in pillow lavas traversed by basic dykes and overlain by 

turbidite siltstones and argillite. The volcanogenic deposits of 

Britannia Mine appear to be associated with dacitic rocks proximal to 

eruptive volcanic centres. The orebodies are localized in the upper 

part of a 170m thick volcanic unit composed mainly of coarse lapilli 

tuffs, intercalated epiclastic rocks, and overlying tuffaceous 

sedimentary rocks (Thompson and Panteleyev, 1976). The structural 

rel ationships are complex as a resul t of repeated deformation. Other 

small massive sulphide deposits occur in the Cordillera. 

Iron-copper skarns occur in the Insular Belt (fig. 3.26). They range in 

age from about 180 Ma to 120 Ma. They are often associated with diorite 

intrusive into a persistent limestone unit that overlies the Karmutsen 

Group. It is thought that the iron in these deposits is leached from 

the underlying Karmutsen rocks by plutons ~Ihich had advanced high enough 

in the crus t to form chonol i ths (Wo lfhard and Ney , 1976) . Eastwood 

(1966) emphasi zes the ubi qui tous presence of andesi te porphyry dykes and 

the influence of a structure in the formation of these deposi ts . In the 

Whitehorse Trough, Cu-Fe and Cu skarn deposits, typified by the 

~Ihitehorse Copper Bel t, are in Upper Triassic dolomite, 1 imestone, and 

volcaniclastic rocks in contact with unaltered and unmineralized diorite 

and quartz diorite of the mid-Cretaceous suite (Morrison et a1., 1979). 

Several other Cu-Fe skarns are hosted in these rocks but are associated 

with younger plutons. The volcaniclastic rocks seem to be the principal 

source of metals in these deposits (Morrison et a1., 1979). Several 

other 101'1 grade VI skarns occur in Briti sh 

Territory. They are geneti cally rel ated 

granitic stocks . The I< Skarn deposits on 

Columbia and in the Yukon 

to quartz monzonite and 

the Cl ea property in the 

Sehlyn Mountai n of Yukon occur in metasediments, wi th maximum tungsten 

near thE' contact of these rocks \'Iith granite (Godwin et a1., lY80). 

Porphyry deposits of the Upper Triassic to Oligocene may be 

subc l assified according to lithology, morphology, and e rosional level 
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~lINERALIZATION IN THE UPPER TRIASSIC TO OLIGOCENE 

Stratiform - stratabound Copper deposits 0 

1. Sustut U. Triassic Cu 
2. North Star U. Triassic Cu 

Massive Sulphide deposits • 
1. Granduc U. Triassic Cu, Fe, Zn 
2. Anyox U. Triassic Cu, Fe 
3. Bri tanni a U. Triassic Cu, Zn, Au, Ag, 

Cd, Pb 

4. Seneca Jurassic Cu, Zn, Pb 
5. Tulsequah Chief U. Triassic Cu, Fe, Zn 
6. Wi ndy-Craggy U. Triassic ? Cu, Fe 
7. Sar.l Goosly ? Cu, Ag 

~Iagmatic Mineral ization V' 

1. Jordan Ri ver 39 Ma Cu 
2. Toodoggone U. Triassic Cu 

3. Smi thers 1I. Tri assi c Cu 
4. Princeton U. Triassic Cu 

5. Johobo U. Triassic Cu 
6. Sil ver City U. Triassic Cu 

7. r~i nto U. Triassic Cu 

Vei n-type deposits T 

l. Pinchi Lake Terti ary Hg 
2. Bralorne Takla Terti ary Hg 
3. Keno Hill-Galena 

Hi 11 Terti ary Ph, Zn, Ag 
4. Klondike district Early Palaeozoic ? Au 
5. Slocan district Cretaceous ? Pb, Zn, Ag 
6. Polaris Taku Cretaceous ? Au, As, Sb 
7. Beaverdell C retaceolls ? Ag, Pb, Zn 
8. Red Rose Tertiary fJ, Cu 

9. Zeballos Vei ns 38 ria Au, Ag, Cu, Pb, Zn 
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10. Rossl and Tertiary Cu, Au, Mo 
11. Vel vet Terti ary Cu, Au, W, Ag 

12. Dusty Mac Tertiary Au, Ag 
13. Chapell e L. Jurassic-U.Triassic Au, Ag 

Skarn Mineralization 0 

l. Craigmont U Triassic-198 Ma Cu, Fe 

~. Coast Copper L. Jurassic Cu, Fe 

3. Empire Development L. Jurassi c Fe, Cu 

4. Jedway Jurassic Fe 
5. Kennedy Lake r~. Jurassic Fe, Cu 

6. Tasu Jurassi c ? Fe ,. Cu 

7. Texada L. Cretaceous Cu, Fe, Au, Ag 

8. Hedl ey 110 Ma Au, As 

9. Hhi tehorse Copper ? Cu, Fe 

10. Can tung U. Cretaceous W, Sn 

1l. Mactung U. Cretaceous W, Sn 

12. Emerald Cretaceous VI 

13. Jumbo ? VI , Mo 

14. Haskins Mountai ns Tertiary Pb, Zn, ~10 , Bi 
15. Clea L. Cretaceous H, Sn 

16. MacMill an Pass L. Cretaceous H, Sn 

Porphyry t~ineralization • 
l. Carinoo Bell ? Cu, Au 

2. Copper t'ounta in U. Cretaceous Cu, Au 

3. Gnat Pass U. Tri assi c ? Cu 

4. Iron Mask L. Jurassic Cu, Au, Ag 

5. Lorra i ne L. Jurassi c Cu 

6. Stikine U. Triassic Cu 

7. Gi bral tar U. Triassic ? Cu, Mo 

8. Highland Valley 

(Collectively) U. Triassic, 198 ~1 a Cu, Mo 

9. I sl an c' Copper r~ . Jurass i c, 154 Ma Cu, t~o 

10. Liard Copper U. Triassic Cu, Mo 

11. Boss Mo untai n L. Cretaceous Mo 
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12. Potato Hill s U. Cretaceous W 

13. Brenda M. J urassi c 148 Ma ~10 • Cu 

14. Eagl ehead L. Cretaceous Cu. Mo 

15. Endako U. Jurassic 141 Ma ~10 

16. Bell Copper 52 Ma Cu 

17. Berg 48 Ma Cu. Mo 

18. Alice Arm Deposits Terti ary Mo 

19. Cassiar Moly 68 Ma Mo 

20. Casino 70 Na Cu. ~10 

21 • Glacier Gulch 69 Ma ~10 • W 

22. Granisle 51 Ma Cu. Mo 

23. Huckl eberry 83 Ma Cu. Mo 

24. t~cBri de Creek Tertiary ? Cu. Mo 

25. ~laggie Tertiary Cu. Mo 

26. Mt. Thomlinson Tertiary ~10 

27. Adanac Tertiary Cu. Mo 

28. Tatsamenie 62 Ma ~10 

29. Molly Atl in Terti ary ~10 

30. rljt. Washi ngton 38 Ma Cu. As. Au 

3l. Faith Copper 39 Ma Cu. I~o 

32. ~lt. Nansen 58.4 Ma Cu. r·l0 

33. Catface 48 Ma Cu. I~o 

34. Corrigan Creek 38 Ma Cu. Mo 

35. Ri dge 49 Ma Mo 

36. Vall ey 52 Ma Mo 

37. Kay 53 Na ~10 

38. Mt. Pri estly 49 Ma Mo 
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(Wolfhard and Ney, 1976). The syenite deposits appear to be cogenetic 

with the Triassic Nicola Group or its equivalents. They are 

characterized by high alkali feldspar content, deficiency of quartz, a 

comparati vely restricted pyrite halo and no phyll i c alterati on zone. 

The important deposits are the Stikine Copper and Copper I~ountain. The 

I sl and Copper porphyry system is of the quartz monzonite type and is 

regarded as cogenetic with the Bonan,za Group explosive volcanic rocks. 

Several porphyry Mo deposi ts are associ ated wi th the quartz monzonite 

plutons, for example, the Endako Mo deposit (40 ~la), the Boss Mountain 

t·l0 deposi t and a number of 1·10 occurrences to the south and southeast 

which ~/ere formed about 110-100 r~a ago. In British Columbia some 

porphyry deposits occur in i sol ated setti ngs. The Terti ary t~a9gi e 

deposit is in Cache Creek host rocks and is associated with the Maggie 

stock, an elongate, northwest-trending intrusion of biotite-quartz 

monzonite porphyry. It has ore reserves of 181 million tons at 0,28% Cu 

and 0,029% Mo (~liller, 1976). The ~lcBride Creek eu- Mo porphyry prospect 

is associated with a quartz monzonite plug that intrudes Cretaceous or 

Tertiary acid volcanics. The Mt Haskins 1·10 porphyry has a Pb-Zn bearing 

skarn associated with it. Adanac and other deposits near Atlin are 

plutonic. 

Finally, vein deposits (Sb-Ag, Au-Ag, Ag-Pb, and polymetallic 

Au-Ag-Pb-Zn-Cu t ypes) occur, for instance, in the Whitehorse area. In 

Vancouver Island, gabbrOic intrusions in volcanics dated at 3H Ma 

contain Cu deposits (Jordan River) that are both vei n-like and magmatic 

in character (I,olfhard and Ney, 1976). In south centra l Briti sh 

Columbia the syenite-monzonite Coryell Intrusions (50-80 Ma) have the 

vein Au-Cu deposits of Ross land and the Velvet Cu, Au, W vein deposits 

associated with it. Along the Pinchi Lake fault zone occur the Pinchi 

Lake and Bralorne Takla r~ercury Mines. These mercury deposits are 

hosted in dolomitized Cache Creek limestones (Armstrong, 1966). 

3.6 THE MIOCENE TO RECENT GEOLOGICAL HISTORY 

The last phase of Cordilleran history is mainly a post-orogenic regime 

of sedimentation, volcanism and upl ift. The sedimentation \~as 

restricted to il few basins and th e volcanism was of alkaline olivine 

basalt type ("Plateau basalt"), occurring [;lainly in the Intermonta.ne 

Belt. The Pacific Continental margin west of Vancouver Island is 
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composed of Eocene-01 igocene bathyal sediments lying unconformably on 

older rocks along the inner-shelf and overlain seaward by Miocene and 

P1 i ocene strata (Tiffi n et a 1., 1972). A thi ck regress i ve sequence of 

P1 iocene sediments overlapping the Terti ary sediments occurs at the 

south end of Tofino Basin. On the mainland of the Western Cordillera , 

r·liocene silts, sands and gravels occur along the valleys of the Fraser 

River, Thompson River, and southernmost Rocky ~lountain Trench and 

indicate that the major drainage routes were established by the r~iocene, 

preceeded by a long interval of erosion (Wheeler et a1., 1972a). 

The flat-lying plateau basalts of the Cordillera (fig. 3.17) overlie and 

interfinger with clastic sediments containing late Miocene flora and 

locally some diatomites. These volcanic rocks were erupted from 

fissures and shield volcanoes onto a gently undulating erosion surface. 

In the east of the Intermontane Belt, these lavas flowed into valleys 

bordering Columbia ~buntains whereas in the west they have been upwarped 

by post-Miocene up1 ift of the Coast tf[ountains and have been mainly 

eroded (Souther, 1977; Monger et a1., 1972; Wheeler et a1., 1972a; 

Douglas et al., 1970). A linear belt of epizona1 plutons (dated at 18 

to 7,8 t·la) and blo deeply eroded caul dron complexes, the Mount 

Si1verthrone and Franklin Glacier Complexes, extends northwesterly along 

the axis of the Coast Mountains from near the U.S. border east of 

Vancouver to King Island on the British Columbia Coast. The plutons are 

believed to be subvo1canic bodies associated with the Miocene volcanic 

front that was active during the early stages of subduction of Juan de 

Fuca Plate (Souther, 1977). The plateau lavas were erupted behind the 

volcanic front in what was probably an extensional tectonic 

environment. In St. E1 ias Mountains the lava f10~ls interbedded with 

glacial sediments have been dated at 36 Ma to 10 ~la and are 

unconformab 1y over1 a in by P1 ei stocene till sheets younger than 2,7 Ma. 

Thus the St. Elias Mo untains were subjected to glaciation in Miocene and 

Pliocene times and in latest Pliocene underwent tilting and faulting 

during uplift (\~hee1er et al., 1972a). 

The late P1 iocene through to Quaternary style of volcanism changed 

somewhat, although most lavas still seem to belong to the alkali-olivine 

basalt suite. In contrast to the ~liocene lava sheets, these are mainly 

small separate centres, some merely isolated c inder cones active as 

recently as 200 years ago. These you nger volcanoes fall within two 
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narrow northerly trending belts and a westerly trending belt (fig. 

3.27; Stacey, 1974; ~Iheeler et al., 1972a). The composite volcano 

Mount Edziza in the northern belt, where the volcanics range from picrite 
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FIG. 3.27: Volcanic helts of the Canadian Cordillera (from Stacey, 1974). 

basalt to rhyol ite (Stacey, 1974; Monger et a1., 1972), is related to a 

zone of northerly 

southwestern British 

trending 

Columbia 

faults 

the 

active into Recent time. In 

Mount Garibaldi Centre is more 

andesitic in overall composition and perhaps is the northernmost centre 

in the chain of volcanoes in the Cascades of the northwestern United 

States (J~onger et al., 1972). In northern British Columbia several 

volcanic cones consisting mainly of volcanic ash capped by flat-lying 

flows are thought to have been emplaced at a time when the region was 

covered by ice (Wheeler et a1., 1972a). 

Monger et al. (1972) interprete the Eocene and older volcanics as 

havi ng formed above an east-dippi ng, offshore subducti on zone, and the 

~\iocene and younger as having formed directly by partial melting of 

mantle material (probably unrelated to any subduction zone). This is 

related to changes along the boundary between the Pacific and North 

American Plates. At about Late Oligocene - early Miocene time the plate 

boundary changed from a consuming margin, in which the Pacific Plate was 

being driven under the North American Pl ate at some obl ique angle, to 

the present-day situation where most of th e margin of tile Canadian part 
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of the tJorth American Plate is the transform Fairweather-Queen Charlotte 

Fault (figs. 3.17 and 3.27). Intermittent sUbduction occurs only in the 

small Juan de Fuca Plate, causing formation of volcanic rocks of the 

Cascades and Mount Garibaldi (~longer et al., 1972). 

During this last phase of the geological history of the Cordillera, 

there was a sharp decline in porphyry mineralization. The extensive and 

relatively untectonized plateau basalts are nowhere known to be 

mineralized. No mineral deposits are known to be associated with the 

Queen Charlotte plutons. In the Harrison Lake structure, along which a 

number of small volcanic centres are located, occur the Cu-Mo 

mineralization of Franklin Glacier and the Sa1a1 Mo deposit hosted in a 

7,9 Ma stock. Minor Cu showings occur in a volcanic structure northwest 

of Hope and vein and skarn deposits occur adjacent to the Chilliwack 

Pluton. In the Bridge River - Ya1akom district there are several Sh 

veins, telescoped Au-As veins, and several Hg occurrences . Some of 

these deposits seem to be related to the post-Eocene-pre Upper 1,1iocene 

Fraser River-Ya1akom faults. Along the Fraser-Ya1akom fault zone and 

along the Pinchi Lake fault zone Hg deposits are commonl y associated 

with bodies of altered serpentine (Armstrong, 1966). Finally, Zn-r'10 

geochemical anomalies in the Mt. Edziza massif suggest that 

mineralization may be presently .taking place beneath these volcanic 

sites (fJolfhard and Ney, 1976). 

3.7 THE GEOLOGICAL STRUCTURE OF THE CORDILLERA 

3.7.1 INTRODUCTION 

The Col utnbi an and Pacifi c Orogeni c Belts domi nate the structure of the 

Canadian Cordillera. These two Orogenic Belts coalesce in the 

Intermontane Zone (Hinterland Belt)(fig. 3.29). The Yukon Crystalline 

Complex and the St. Elias Fold Belt are parts of more extensive units 

projecting into Canada from Alaska. Each orogenic belt consists of an 

up1 if ted core zone and of variably deformed re1 ative1y unmetamorphosed 

bounding regions (Wheeler et al., 1972a). The core zone contains 

elongate tracts of comp1 ex1y deformed hi gh-grade metamorphi c rocks and 

nu merous granitic plutons. The bounding regions shDl' l e ss complex 

deformation. The Columbian Orogenic Belt consists of: (i) the Foreland 

Thrust and Fold Belt; (ii) th e Omineca Crystalline Belt - the core 
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FIG. 3.28: Mineral Depos i ts of the Miocene to Recent age in the Canadian 
Co rdi l l era 
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zone; and (iii) the western hinterland Belt (fig. 3.30). The Pacific 

Orogenic Belt consists of: (a) the Intermontane Thrust and Fold Belt; 

(b) the Coast Plutonic Complex and Cascade Axial Zone - the core zone; 

and (c). the western Insular Belt which continues into southeastern 

Alaska. 

Deformation of the Cordilleran Orogen occurred at various times prior to 

the Mesozoic. However, the period from the Mesozoic to the Early 

Tertiary is the period during which tectonism produced the structural 

style of the Cordillera as we know it today. In the two orogenic belts, 

deformation migrated away from the core zones. In the Col umbian 

Orogenic Belt it took place earlier in the north than in the south. In 

the Pacific Orogenic Belt it occurred later than in the Columbian 

Orogenic Belt. 

3.7.2 THE COLU~1BIAN OROGENIC BELT 

The Foreland Thrust and Fold Belt (figs. 3.29, 3.30 and 3.31) is a zone 

of easterly verging shallow thrust faulting and decollement folding. It 

is 300 km vii de and follows the boundary betvleen the Cordilleran 

miogeosyncline and the North American craton from the Yukon Territory of 

northern Canada to southeastern California (I4heeler et al., 1972; 

1974). Within this zone of "thin-skinned" deformation, an easterly 

tapering wedge of supracrustal rocks was horizontally compressed and 

tectonically thickened as it was displaced eastward relative to 

underlying undeformed basement (Price, 1981). 

In the Foreland Thrust and Fold Belt of the southern Canadian Rocky 

Mountains the well-l ayered strata were deformed by numerous 

southwest-dipping, concave-upward, locally folded thrust faults. The 

sediments have been thrust northeastward as much as 200 km relative to 

the crystall ine basement, to where they are now stacked up in a series 

of thrust sheets on the edge of the North Ameri can craton . ~lany thrust 

faults die out upward in the cores of anticl ines or dONnward in the 

cores of synclines, where they mark the centres of curvature for strata 

that are concentrically folded (Price, 1981). The structural style and 

density of thrustin g are related to the competence and structural 

anisotropy of the rocks, vlhich in turn, are governed by th e 

stratigraphic level and facie s exposed. Thrust f aults are thus most 
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500 km 

"f"e Orogenic pac' , 
Bell 

FIG. 3.29: Structural zones of the Canadian Cordillera. (after Wheeler 
et al., 1972a; 1974) 

numerous in the weak Cretaceous rocks of the cl astic wedge exposed 

primarily in the Foothills of the Eastern Rocky r,lountains; they are 

abundant in the Devoni an-Jurassi c mi ogeosyncl i nal-p1 atform sequence of 

the Front Ranges; and they are comparatively rare in the thick competent 

lower Pa 1 aeozoi c mi ogeosyncl i nal 

(Wheeler et al., 1972a; 1972b). 

in the sha1y incompetent facies 

succession of the eastern I~ain Ranges 

Penetrative slip folding predominates 

of tile Western ~lain Ranges ,:hereas 

concentric folding predominates in the range to the east (Brown, 1978). 
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Pacific Orogen I Columbian Orogen 
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FIG. 3.30: Schematic section across the southern Canadian Cordillera 
(from Wheel er et a1., 1972b). 

The Malton gneiss (fig. 3.2)(l'Iheeler et al., 1972; Campbell, 1973), in 
the hangi ngwall of the Purcell Faul t, has locally overri den Cambri an and 

older rocks in the Rocky ~lountains along the Rocky Mountain Trench near 
Valemount. The Malton gneiss consists of paragneiss, schist, 

amphibolite, and granite gneiss (Brown, 1~78). The structures in the 
~lain Ranges are apparently related to the northeastward emplacement of 

the gneiss, and perhaps also to deformation of the basement beneath the 

sedimentary pile. Structures in the Front Ranges and Foothills do not 

reflect the influence of the emplacement of the gneiss. South from 

Valemount the Purcell Fault progressively diverges from the more 

westerly structural trends of the Rocky l~ountains thus truncating 
structures of the Western Ranges. These ranges are composed of 
tra nsverse faulted and strike-faulted lower Palaeozoic rocks overturned 
to the southwest on the southwest limb of the fan shaped Porcupine Creek 
anticlinorium (Brown, 1978; Wheeler et a1., 1972). 

In the southern Canadian Cordillera thrust faulting was followed, in the 
Early Terti a ry , by the fi na 1 epi sode of block faulti ng . 
Northwesterly-trendi ng south~lest-di ppi ng normal (1 i stri c?) faul ts are 

consistently later than the thrust faults and apparently do not truncate 
the crystalline basement. 

The northern P.ocky Mountains, narrower and less fore-shortened than the 
southern Rocky Mountains, comprise a rugged, structurally complex 
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FIG. 3.31: Major structural elements of the Canadian Cordillera (from 
Thompson and Panteleyev, 1976). 

Foothills subprovince of large amplitude box and chevron folds*, "nd a 

structurally diverse Rocky r·lountain subprovi nce. The boundary between 

the two subprovi nces is, in some regi ons, defi ned by the unfaul ted 

east-dipping limbs of an en echelon sequence of large mountain-front 

* Footnote: Box and chevron fol ds al so occur farther north along 
the eastern margin of the Mackenzie Mountains. 
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anticlines (fig. 3.32; Thompson, 1981). These anticlines (e.g. Tuchodi 

anticline, Robb anticline, and Laurier anticlinorium) have been 

displaced relatively eastward as much as 10 or more kilometres on flat 

thrusts - "blind" thrusts (Thompson, 1981). 

I n the Forel and Thrust and Fol d Bel t of the northern Canadi an Rocky 

Mountains the pattern of imbricate thrusts that is typical of the 

southern Canadian Rocky Mountains is poorly developed or even lacking. 

HOlvever, the lack of these major thrust faults is more apparent than 

real (Thompson, 1979; 1981). Most remain buried disharmonically within 

the incompetent Devonian and Mississippian strata and as such, Thompson 

(1981) refers to them as "blind" thrusts. Despite previous thinking 

(e.g. stott and Taylor, 1972), Thompson (1981) concludes that the 

northern Rocky Mountains can also be interpreted as a result of 

"thin-skinned" tectonics similar to, but orogenically less mature than 

the southern Rocky r10untains. The difference in structural style 

between the southern and northern Rocky r10untains is consistent wi th 

changes in the stratigraphic character of the rock prism that was 

deformed: the proportion of thick incompetent shale units increases 

northward, and major lateral carbonate to shale facies transitions 

rredominate in the Rocky Mountain subprovince (Thompson, 1979; 1981). 

FIG. 3.32: Map of part of the northern Canadian Rocky Mountains (at 
Halfway River) sho~ling major geological subdivisions, axial 
traces of prominent folds, and traces of important thrust 
faults (from Thompson, 1979). 

The core zone of the Columbian Orogenic Belt comprises several 

s tructura 1 elements. Th e Shuswap and flo 1 ve ri ne fletamorph i c Complexes 

and othe r metamorphic culminations occur at intervals along the Omineca 

Belt (fig 3 . 33) ~nd in I'/cstc"rn Selwyn 8asin . 
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Cratonic 
Plat~orm 

FIG. 3.33: The Core zone of the Columbian and Pacific Orogenic Belts 

(after Wheeler et al., 1972b). 

The Shuswap Metamorphic core complex is an elongate zone of high grade 

metamorphic rocks. It is marked on its eastern flank by a series of 

gneiss 

1972) . 

domes at about 80 km interval s (Brown, 1978; Wheeler et al., 

The domes are characterized by cores of migmatitic 

gneiss enveloped by mantles of metasedimentary gneiss, and, 

granitoid 

locally, 

nepheline syenite gneiss fringed with metasedimentary gneiss which is 

riddled with pegmatite. The complex is considered to be an allochthon 

(in contrast to an autochthon of Campbell, 1973) that has been 

internally deformed, uniformly uplifted approximately 11 km, and 

relatively displaced for a distance of bet\'leen 200 km and 35 km (Brown, 

19'/8; 1981). Deformation has involved the underlying basement (see 

fig. 3.34). Deformation features polyphase, locally recumbent folding 

in which the earliest foldS commonly trend normal to the trend of the 

orogen. These folds, which involve interfolded granitoid gneiss sheets 

and metasediments, are also parallel to the direction of stretching of 

the regional northl1esterly trending folds. Later folds in the complex 

trend north and northwesterly and are partly related to the diapiric 

rise of gneiss domes (Wheeler et al., 1972). Much of the metamorphic 

terrane is characterized by gentle dips of bedding and foliation. The 

mi gmatiti c gnei sses have been fl attened with attendant development of 

boudinage in competent units. The principal deformation and high grade 

metarr:orphism of the complex occurred in post-Late Triassi c or Early 

Jurassic ti 8e (Brown, 1981; Wheeler et al., 1972). 
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~ SHUSWAP METAMORPHIC COMPLEX 
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FIG. 3.34: Structural cross-section of the southeastern Canadian 
Cordillera (from Brown, 1978). 

The Shuswap Metamorphic complex in conjunction with the Foreland Thrust 

and Fol d Bel t has been described as the best documented exampl e of an 

Andean-type orogeni c belt (Crittenden et a 1., 1978). Monger et a 1. 

(1972) attri buted the pri nci pal deformati on to an Andean-type subducti on 

system. 

East of the Shuswap Complex, in Selkirk Mountains, polyphase deformation 

involves lower Palaeozoic rocks of greenschist facies. Early, probably 

mid-Palaeozoic, westerly 

related allochthon of 

and northwesterly trending isoclines and a 

Proterozoic clastics are refolded by 

northwest-trending upright folds. These, in 

backwa rped to 

descri bed the 

produce fan structures. 

evolution of the Selkirk 

Bro~1n and 

turn, are locally 

Tippett (197S) have 

fan structure, and are 

the lies tern ex tremi ty 

of the 

of the opinion that the Selkirk is structurally 

Rocky Mountain Thrust and Fold Belt. 

Farther east the structural style 

Purcell anticlinorium underlain 

changes rapi dly into the box-shaped 

mainly by Proterozoic Purcell 

sedimentary rock s. The Purcell anti cl i nori urn is composed of several 

north-plunging segments separated by transverse faults that may be early 

normal faults and subsequently the site of oblique movement or folded 

thrusts (Dahlstrom, 1970 in Wheeler et al., 1972b) . The eastern margin 

of the anticlinorium is marked by triO generations of northeasterly 

directed thrust faults - an earlier one congruent with concentric 

folding and a later one trending more northerly . The latter is 

examplified by the west-dipping Purcell Fault which truncates structures 

on bo th sides of the Rocky Mountain Trench, i. e. it juxtaposes 

structures on both sides of the trench (Bro,ln, 1978 ). On the east it 

PLAINS 
E 
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truncates the western Ranges and ~1ain Ranges structrues and on the west 

it truncates Purcell anticlinorium, Dogtooth Range, northern Selkirk 

Mountains, Northern Monashee, and southeasternmost Cariboo Mountain 

structures of the Omineca Crystalline Belt (Nielsen, 1982; Wheeler et 

a1.,1972). In the Kootenay Arc the youngest deformation involves early 

Middle Jurassic strata and all phases are cut by discordant granite 

plutons of Middle Jurassic age. 

North of Fraser Structural Depression (fig. 3.31) an element of 

northeastward tectonic transport is inferred. If such an element 

existed it has been truncated along the trench. All structures west of 

the trench, including those in the Wolverine Complex, are directed 

southwesterly and Proterozoi c strata are thrust southwestward over 

. Carboniferous and Upper Triassic rocks that show simil ar structural 

asymmetry near the fault. Further northeast, the structures of the 

Cassiar Thrust and Fold Belt are characterized by northeasterly 

directed, locally folded thrusts that bring lower Palaeozoic carbonates 

and greenschists onto upper Palaeozoic carbonates and quartzites and are 

similar cleavage folds in pelitic sequences. More to the west, these 

structures become steeply inclined and more open. They eventually pass 

into a broad sync 1 i nori urn that contains a possi b ly all ochthonous upper 

Palaeozoic volcanic-ultrabasic assemblage intruded by Cassiar 

batholitll. \~est of Cassiar batholith and plutons northwest of it in 

Pelly Mountains, Carboniferous and older rocks (which are locally 

metamorphosed) are deformed into broad, northwest-trendi ng anti cl i nori a 

and synclinoria. 

Hinterland Bel t 

The southern part of the Hinterland Belt (in Quesnel Trough) consists of 

a medial belt of moderately deformed upper Palaeozoic (Cache Creek 

Group) basic volcanics, ultramafics, pelites, melange, ribbon chert, and 

limestone. It is characterized by broad folds and numerous steep faults 

(Douglas et a1., 1970). The foldS are tighter and inclined to the west 

locally along the eastern margin of the belt indicating that there was 

southwestYiard tectonic transport in the \/estern part of the Omineca Belt 

(VJheeler et a1., 1972). The structure at Pinchi Geanticline is complex 

and not well understood. In the northVlest tne LO~ler and rliddle Jurassic 

succession of Whitehorse Trough is sedimentary in contrast \~ith the 
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volcanic facies in Quesnel Trough. In the Whitehorse Trough, the Lower 

Jurassic offshore turbi dite faci es were thrusted, ina southwesterly 

direction, onto Lower and Middle Jurassic western near-shore facies. In 

Yukon, the 1 atter faci es is thrust onto Jura-Cretaceous non-mari ne 

clastics. Folds are concentric and inclined to the southwest above King 

Salmon thrust - a regional decollement in the Upper Triassic sediments. 

Folds in the conglomeratic facies are broad and open (Wheeler et al . , 

1972 ) 

The core of the Whitehorse Trough is occupied by a partly fault-bounded 

block of Upper Palaeozoic oceanic and volcanic-arc rocks of the Atlin 

Horst. The horst is thought to be a 1 arge thrust sheet in which 

abundant folds are overturned to the southwest, similar to those of the 

Mesozoi c rocks of Whi tehorse Trough. These recumbent fol ds are 

associated with small thrust faults and slides. The deformation here is 

accompanied by penetrative foliation not found in Upper Triassic rocks 

(Wheeler et a1., 1972; Douglas et a1., 1970). 

3.7.3 THE PACIFIC OROGENIC BELT 

Intermontane Thrust and Fold Belt. 

The Intermontane Thrust and Fold Belt includes three elements: (i) 

Upper Palaeozo i c tightly folde d volcanic arc assemblage on Stikine Arch 

(fig . 3.4); (ii) thrust and block-faulted Lower Mesozoic volcanic 

arc-interarc basin assemblages deposited in Nechako Trough and on 

Stikine and Skeena Arches; and (iii) tigl1tly folded and thrust-faulted 

late Mesozoic and Early Tertiary layered rocks of the Bowser, Tyaugl1ton, 

and Sus tut successor basi ns. Th rust faulti ng and fo 1 di ng (di rected 

northeastward) is dominant in the Intermontane Belt. The tectonic style 

is closely similar to that in the Foreland Thrust and Fold Belt, and 

varies with the character of the individual tectono-stratigraphic units 

involved in the deformation (Wheeler et al., 1972). Palaeozoic to 

Middle Triassic rocks in Stikine Arch are closely folded along northerly 

trends as in the Atl in Terrane. They are overlain unconformably by 

10~ler t~esozoic volcano-sedimentary units that form a mosaic of faul t 

bl ocks within which the structural style of generally northwe s t-trendin g 

folds varies i n relation to the competency of the rocks. In Skeena Arch 

an d northwestern Nec hako Trou gh late Lowe r Cre taceous stra ta ar e cut by 
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northeas tward directed thrust faults and by northeast- and 

northwest-trending Tertiary normal faults. 

I n the successor bas i ns deformati on is more intense. I n the Bowser 

Basin (fig. 3.31) folds are commonly of concentric and chevron style 

developed above decollement surfaces. They conform in trend roughly to 

the basin boundaries. Along the eastern margin of the basin, Upper 

Jurassic sediments are fol ded \'iith and thrust over the Upper Cretaceous 

part of the non-marine clastics of Sustut Basin adjoining to the east. 

Folds in the western part of Sustut Basin are dominated by smoothly 

concave synclines and tight piercing anticlines which pass rapidly along 

strike into northeast-directed thrusts. 

Deformation of the Tyaughton Trough is variable. The ~Iidest area of the 

trough is characterized by broad over folds, and the western parts have 

several gently west-dipping northeast-directed thrusts locally 

associated with isoclinal folds involving early Lower Cretaceous 

strata. East of the Cascade Axial Zone, where the trouqh is narrow, the 

structure is dominated by several concentric synclines whose eastern 

1 imbs are imbri cated by west-dippi ng thrust-faults. Mesozoi c sediments 

of the trough are deformed by several northwest-trending dextral 

transcurrent faults with which some northerly directed thrusts are 

related. Movement along these faults took place over a long period 

because the amount of displacement increases in relation to the 

increased age of the rocks involved (Hheeler et al., 1972; Douglas et 

al.,1970). 

Coast Plutonic Complex and Cascade Axial Zone. 

The Coast Plutonic Complex, connected en echelon to the plutonic zone of 

the Cascade Fold Belt (fig. 3.33), extends for 1760 km northwest where 

it merges with Yukon Crystalline Platform (fig. 3.31). The complex 

comprises a mosaic 

and subordinate, 

metamorphic rocks. 

of coal esci ng northwesterly elongate grani ti c plutons 

relatively narrow northwest-trending belts of 

The metamorphic rocks display polyphase deformation. 

The Axial Zone is bounded by belts of Mesozoic clastic and subordinate 

volcanic rocks. Lmver Tertiary clastics are restricted mainly to the 

north-trending Fraser River Fault zone , whereas Tertiary volcanics occur 

patchily. 
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The principal structures of the Cascade Fol d Bel t are westerly and 

easterly spreading thrust faults that root near the Axial metamorphic 

zone. Those in the west dip gently to the southeast and are associated 

with northeast-trending recumbent folds. Those in the east dip steeply 

west and strike northwesterly. The most important thrust faults on both 

sides of the fold belt have ultramafic rocks associated with them. 

Those in the west near the International Boundary contain metamorphic 

rocks of blue schist facies and tectonic slivers of crystalline rocks 

similar to nearby pre-Devonian crystalline basement. 

I nsul ar Bel t. 

The Insular Belt comprises a broadly folded and much faulted Median 

Uplift of Upper Palaeozoic and Lower Mesozoic volcanics and sediments 

that outcrop off Queen Charlotte and Vancouver IslandS: The Uplift is 

flanked on the east by Queen Charlotte and Georgia Basins and on the 

west by the outer continental shelf which contains Tofino Basin (fig. 

2.4) west of Vancouver Island. The rocks of the ~ledian Uplift display 

structures simi 1 ar to th ose of the Quesnel Trough of the Co 1 umbi an 

Hinterland Belt. Faulting, broad concentric folding, and minor tight 

folding (related to fault-block movement) are the dominant structural 

styles. Over a long period some northwesterly-trending Mesozoic to 

Early Tertiary faults controlled facies distribution in Triassic 

volcanics, and localized volcanic centres of Middle Jurassic 

assemblages, syntectonic plutons, mid-Mesozoic sedimf'ntation, 

post-tectonic plutons (diorite, quartz-diorite, granodiorite, and quartz 

monzonite), and recent earthquakes. Repetitive movement along these 

faults is evidenced by progressively smaller displacements of younger 

relative to older formations (Sutherland Brown, 1968 ~ ~/hee1er et al., 

1972a) . Northwesterly, northerly, and easterly normal faults of 

Tertiary age cut Cretaceous sediments and delimit half-grabens that are 

til ted south~/estward in northern Vancouver Is1 and and Queen Charlotte 

Islands and northeastward in central southern Vancouver Island and in 

Western Georgia Basin. Reverse faults are present in upturned and 

overturned Cretaceous sediments of western Georgia Basin. The structure 

in Queen Charlotte Basin is characterized by gentle foldS in the 

Tertiary sediments deposited on a surface of uneven topography carved on 

Tertial'y volcanics. 
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The structure of the continental margin varies and widens southeastward 

from west of Queen Charlotte Islands where the shelf is virtually absent 

and the continental slope is traversed by the seismically active Queen 

Charlotte fault. At the bottom of the slope, oceanic basement, overlain 

by a thin cover of sediments, dips inwards towards the continent. 

The shelf northwest of Brooks Peninsula on Vancouver Island comprises 

seaward-dipping strata that are faulted locally. The upper continental 

slope is a fault scarp along which strata underlying the shelf are 

truncated. Beyond the base of the slope, sediments are relatively 

undeformed in the northern part of Wenona Basin but are folded to form 

northwest trendi ng ri dges in its southern part Off Brooks Peni nsul a 

(Wheeler et al., 1972a). The compressional structure southeast of 

Brooks Peninsula, characterized by folds, thrusts, and faulted-diapirs, 

contrasts strongly with the steep faulted slope to the northwest similar 

to that along Queen Charlotte Fault. 

In Tofino Basin thick Miocene and Pliocene strata are involved in 

post-Early Pliocene folding. To the southeast the folding is associated 

with mudstone diapirism. The elongate, fault-bounded diapiric 

structures aligned parallel to the shelf edge, breach the shelf surface 

in many areas. Structures indicated by seismic reflection data, 

including thrust-faulted anticlines, sho~1 local detachment from the 

basement. 

3.7.4 THE NORTHERIJ YUKOIJ FOLD COI'PLEX AND THE ST. ELIAS FOLD BELT 

The Northern Yukon Fold Complex is structurally and stratigraphically 

linked to the structures of Mackenzie Arc and those of northern Alaska. 

The Mackenzie Arc structures, which end abruptly against the fault 

blocks of \,ernecke and Richardson Mountains, are dominated by upright, 

open folds (Douglas et al., 1970). Some of the folds are linked en 

echelon and others are paired. Steeply dipping faults parallel the fold 

axes. The principal tectonic elements in Richardson Mountains are 

ancient, near-vertical, south-trending faults that were active 

i ntermi ttently from the Late Precambri an to the Early Tertiary (tJheel er 

et aI., 1972a). SOI~e of these faults now have right-lateral 

separa ti on. 

th ey have 

They al so occur southeastwards in Wernecke Mountains where 

thrusted Precambrian and ea rly Palaeozoic strata. The 
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northern Ri chardson Mountains are characterized by broad, ovate domes 

flanked by subvertical, strike-slip faults. These structures swing 

northeast parallel to Ak1avik Arch (fig. 2.4) and plunge beneath 

Mackenzie Delta. The dome structures and the strike-sl ip faults are 

also observed in Barn-and British Mountains and in the Old Crow Basin. 

In the Taiga Ranges (fig. 2.3), upright folds are cut by moderately 

dipping thrust faults trending northwest parallel to the structural 

grain in Wernecke Mountains. These structures also occur in the Nahoni 

Range fold belt. 

The St. Elias Fold Belt lies en echelon west of the northernmost part of 

the Coast Plutonic Complex from which it is separated by the Shakwak 

fault. The core zone of metamorphi c and granitic rocks is bounded on 

both sides by inward-dipping thrust faults that separate it from folded 

and thrust faulted marginal zones. The area between the crystall ine 

zone and the Shakwak fault is occupied by highly deformed mid-Palaeozoic 

to Lower Cretaceous volcanic and sedimentary strata overlain 

unconformably by fl at-1yi ng and locally deformed P1 iocene and 01 der 

volcanics and sediments. The structural pattern of the fold belt 

developed during mid-Jurassic and mid-Cretaceous tectonism. Further 

defonllation occurred in the Cenozoic and in the late Pliocene and 

Pleistocene. Recent dextral transcurrent movement took place along 

strands of the Fairweather and Denal i fault systems. 

4. METALLOGENY RELATED TO SEDIMENTATION AND ~1AG~1ATISM I N THE CANADIAN 

CORDILLERA 

4.1 MINERALIZATION IN THE PROTEROZOIC TO LOWER PALAEOZOIC 

4. 1.1 Introduction 

This period includes the Redstone and the Kicking Horse Epochs of 

Vlolfhard and Ney (1976). In the Eastern Cordillera, it is marked by the 

occurrence of Purc ell Supergroup rocks in southeastern British Columbia, 

pre-Rapi tan Group rocks in northeastern Yukon, and the Mackenzi e 

Mountai ns Supergroup in Northwest Terri tori es . These rocks are 

separated fr om th e overlying Windermere Supergroup (and correlative ) 

rocks by th e East Ko otenay and Ra cklan llnconfo r1l1 ities . The liindemere 
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Supergroup is overl ai n by Cambri an to Devoni an carbonates and cl asti cs 

which, in the Yukon area, appear to have a provenance in the ~Iest. 

Basaltic lava and diorite sills are characteristic of the Purcell 

Supergroup and its correlatives in the northern Cordillera. The base of 

the Wi ndennere Supergroup and its correl a ti ves is characteri zed by the 

diamictitic conglomerates, for example the Toby Conglomerate. ~lagmatism 

in this period is very much localized . A number of mineral deposits are 

associated with the Proterozoic to LOI~er Palaeozoic sedimentation. 

Stratiform - stratabound Pb-Zn-(Ag) deposits predominate. Stratiform 

sedimentary copper deposits, massive sulphide deposits, an iron deposit, 

and some vein-type deposits also occur. Examples of these deposits will 

be briefly discussed. 

4.1.2 Stratifonn - stratabound Pb-Zn-(Ag) deposits 

Pb-Zn-(Ag) deposits of Proterozoic to Lower Palaeozoic age occur in at 

1 east four broad envi ronments in the Canadi an Cordi 11 era. In 

southeastern British Columbia, the Pb-Zn-(Ag) deposits (fig. 4.1) occur 

in the Purcell anticlinorium, the Kootenay Arc area, and in the Shuswap 

r~etamorphic Complex. In the northern Cordillera the Pb-Zn-(Ag) deposits 

occur in the Selwyn Basin of Yukon, N.vI.T. and northern British Columbia. 

A. DEPOSITS I N THE PURCELL SUPERGROUP 

(a) Clastic-hosted depOSits 

The biggest clastic-hosted deposit is Sullivan, which had initial 

reserves of 170 million tons at 91 combined Pb and Zn and has current 

reserves of 50 million tons at 4,51 Pb, 5,9% Zn and 37gft Ag (Hoy, 

1980). Sullivan lies on the eastern limb of a broad, northerly-plunging 

Purcell anticlinorium (Freeze, 1%6; Thompson and Panteleyev, 1976). 

Secondary open folds and minor overturned folds are developed on the 

major Purcell anticlinorium. These folds are broken up by several 

northeasterly-trending reverse or thrust faults, a few of which extend 

for remarkable di stances and the strati graphi c di sp 1 acement across 

some of. them is very large (Freeze, 1966). The orebody, which is 

approximately 2 000 n in width and 100 m in ti"lickness, lies between the 

north-dipping Hidden Hand and Kimberley faults and is contained within a 

30-90m interval of we ll-laminated argillite at the base of the Aldridge 
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R.C. - Ruddock Creek 

J.R. - Ri ver Jordan 

B .L. - Big Ledge 

M.K. Mineral Ki ng 

K.K. - Kootenay Ki ng 

P. - Paradise 

FIG. 4.1: Distribution of Purcell Supergroup and Shuswap Metamorphic 
Complex and location of mineral deposits (from Hoy, 1980). 
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FIG. 4.2: Cross-section of the Sullivan orebody. (from Thompson and 
Pantel eyev, 1976). 

Formation. It is generally strati form, 

transgressive in parts. 

into two contrastin~ 

In cross-section 

al though it can be sl i ghtly 

(fig. 4.2) it can bE' divided 

zones. The western part comprises massive 
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pyrrhoti te contai ni ng occasi onal wi spy 1 ayers of gal ena overl ai n by 

layered pyrrhotite, sphalerite, galena, and pyrite, all intercalated 

with clastic beds {Hoy, 1980; Thompson and Panteleyev, 1976; Freeze, 

1966}. The eastern part, separated from the more massive western part 

by an irregular transition zone, includes five distinct conformable 

layers of generally well-laminated sulphides separated by clastic 

rocks. The sulphide layers thin to the east away from the transition 

zone {fig. 4.2} and are replaced at the limits of the ore deposit by 

iron sulphide bands {Hoy, 1980}. An extensive, cylindrically-shaped, 

brecciated and tourmalinized footwall zone underlies the massive 

western part of the orebody. This footwall zone contains some 

disseminated and vein-sulphides. Albite-chlorite-pyrite alteration 

occurs in the hangingwall of the western part {fig. 4.2} {Freeze, 1966; 

Campbell et al., 1980}. 

The deposit is zoned with Pb-Zn and Ag values decreasing towards the 

margin in the eastern part. In the western part, cassiterite is 

concentrated in an extensive fracture {transgressive vein} that cuts the 

sulphide zone. This fracture has been traced to depth {Freeze, 1966}. 

In general, metal di stribution patterns are directly related to 

proximi ty to the footwall brecci a. Hi gher absolute values and hi gher 

Pb/ln and Ag/Pb rati os overl i e the brecci a zones. Ti nand arseni care 

confi ned to the outer margi ns of the pyrrhoti te zone whereas antimony is 

concentrated nearer the periphery of the deposit {Hoy, 1980}. Sullivan 

is considered to be a hydrothermal synsedimentary deposit that formed in 

a small sUb-marine basin. Its ~Iestern part is believed to lie directly 

above its condu it zone - the brecci a ted and altered footwa 11 {Hoy, 

1980}. Although the Belt-Purcell Basin 

seems to be the only deposit of its kind. 

is probably due to the fact that the 

is quite extensive, Sullivan 

This is rather enigmatic and 

Sullivan mineralization was 

deposited ina fault-bounded submari ne bas in. However, Sull ivan {1978} 

believes that the Sullivan orebody is not unique and in fact similar 

orebodies will be found. 

The Kootenay King deposit {lOO (JOO tons) occurs in Middle Aldridge 

clastic sedimentary rocks east of the Sullivan mine. The mineralization 

occurs near the hinge of a large anticlinal fold that is thrust eastward 

on to younger Palaeozoi c strata. It consists of a layer of finely 

laminated sphalerite, galena, and pyrite intercalated \~ith dolomitic to 
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argillaceous siltstone in a grey quartzite unit (Hoy, 1980) interpreted 

to be a channel sandstone that was deposited ina small faul t-bounded 

marginal basin (fig. 4.3). 

FORT STEElE LOWER ALDRIDGE 

~~~~D~E~U~~~C-~F~LU~~~A~L~B8A~SI~NM~S~IU~S~TO~N~E fJ;, SEA LEVEL 

MIDDLE ALDRIDGE 

BASINAL SKALE UPPER ALDRIDGE 
-

j~iiilllllmllSEALEVEL Ii C . . 

FI G. 4.3: Evol uti onary stages of the fault-bounded Kootenay Ki ng 
basin. (from Hoy, 1980). 

The Stemwinder deposit lies nearly half-way between the Sullivan and the 

North Star mines . It is mineralogically similar to Sullivan, though the 

sulphides are not banded. It is hosted by numerous lenses of 

intraformational conglomerate that interfinger with lenses of thin 

bedded or 1 ami nated argill ite and si lty argi 11 ite. The orebody occurs 

along the axial plane of a doubly-plunging syncline that trends 

northerly, approximately parallel to the Sull ivan - type faul ts and 

fractures, which are thought to have been conduits for mineralizing 

fluids (Freeze, 1966). 

(b) Structural and stratigraphic control of clastic-hosted 

mineralization 

In southeast British ColuT:lbia, especially in the Purcell ~lountains, a 

pronounced northeast-trending structural grain is delineated by 

tran sverse faults "itll attendant l oca liza tion of granitic intrusions. 

These faults influenced the deposition of Purcell rocks as evidenced by 



- 71 -

rapid lateral facies changes, local variations in sediment thickness, 

and intraformational conglomerate (Hoy, 1980; Freeze, 1966). Areas of 

tourmalinization (boron concentration) (Ethier and Campbell, 1977) and 

clastic-hosted Pb-Zn-(Ag} deposits occur along these transverse faults 

(fig. 4 .4). The anomalous thickness of the Middle Aldridge turbidites 

and the pronounced Bouguer gravi ty low and southwesterly magneti c 

lineation trend south of Kimberley in the vicinity of the St 

~lary-Boulder Creek fault and Moyie-Dibble Creek fault led Kanasewich 

(1968) (see also Kanasewich et a1., 1969) to suggest that the Pb-Zn-(Ag} 

deposits were deposited in a Precambrian rift which stretches from 

southern Alberta through southeast British Columbia to the northwestern 

United Stated (fig. 4.4). 
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Location of northeast-trending structures and distribution of 
stratiform Pb-Zn occurrences, boron concentrations, and 
intra formati ona 1 conglomerate. (from Hoy, 1980). 
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(c) Replacement (Carbonate-hosted) deposits. 

The Mineral King, Paradise, and Ptarmigan deposits (the largest ~Jas 

Mineral King which produced more than 2 million tons at 1,76% Pb, 4,12 % 

Zn, and 24,8g/t Ag) occur in dolomite of the Mt. Nelson Formation on 

the northern edge of the Purcell anticlinorium (Hoy, 1980) . The Mt. 

Nelson Formation, in the upper part of the Purcell Supergroup, consists 

of a prominent basal quartzite overlain by a thick succession of 

dolomite and interlayered argillite. It is underlain by the dark grey 

argillite and slate of the upper part of the Dutch Creek Formation and 

overlain unconformably by the Toby Conglomerate. The Pb-Zn-(Ag) 

deposits consist of sphalerite, galena, and pyrite in a dolomite, 

bari te, and quartz gangue. They occur as replacements of dolomite by 

barite and sulphides in a complexly folded and faulted terrain (Hoy, 

1980). The deposits are irregular in shape and some of the 

mineralization may have been remobilized into faults and fractures as at 

the Paradise deposit. 

B. DEPOSITS UJ THE SHlJSI,AP ~~ETAMORPHIC COHPLEX 

The Shuswap Metamorphic Complex, the core of the Columbian Orogenic 

Belt, consists of deformed granitic gneisses and migmatites regarded as 

the Precambrian (2,1 Ga) crystalline basement of the Cordillera . The 

core gneisses are overlain by a heterogeneous assemblage of 

calc-silicate gneisses, pelitic gneisses, quartzite, and marble of 

Proterozoic age. This succession of paragneisses (which overlie the 

Frenchman Cap and Thor Odin "domes" - fig. 3.2) hosts a number of 

Proterozoic massive and lens-like Pb-Zn-(Ag) deposits (fig. 4.1) which 

are folded and metamorphosed along with the country rocks (Hoy, 1980). 

The deposits are Cottonbelt, River Jordan, Ruddock Creek, anc Big 

Ledge. They comprise a thin, but regionally very extensive 

sulphide-rich layer in a calcareous succession. the immediate host is 

generally a cal careous schi st. The suI phi des are domi nantly pyrrhoti te 

and sphalerite with minor galena and pyrite . Magnetite is the abundant 

iron phase at Cottonbelt. 

The deposits generally occur in synforrnal structures. The Cottollbelt 

orebody is in th e hinge zone of a tight sy nclinal structure that is 

drap ed aroun d the northweste rn margin of Frenchman Ca p dorne (Hoy, 
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1980}. The Ri ver Jordan su1 phi des occur in the 1 imbs and hi nge of a 

tight south to southeast plunging Copeland synform. Reserves in the 

south limb are about 2,6 million tons at 5,1 % Pb, 5,6% Zn, and 35gft Ag 
(Hiiy, 1980). 

C. KOOTENAY ARC DEPOSITS OF LOIIER PALAEOZOIC AGE 

The Kootenay Arc is an arcuate structural belt of complexly deformed 

sedimentary, volcanic, and metamorphic rocks of Palaeozoic age. Its 

western margin is in a fault contact with the Shuswap Metamorphic 

Complex or is obscured by Mesozoic batholiths and its eastern margin 

merges with the Purcell anticlinorium. Stratabound Pb-Zn-(Ag} 

occurrences in the Kootenay Arc (fig. 4.5) are contained within a thin 

Lower Cambrian limestone unit (called the Reeves limestone in the south 

and the Badshot limestone in the north) which extends from south of the 

International Boundary to the northern Selkirk Mountains (fig. 4.5; 

Thompson and Pante1eyev, 1976; Hoy, 1980). The grey to white, medium­

to course-grained Reeves-Badshot limestone is underlain ' by a thick 

FIG. 4.5: Distribution of Lower Cambrian rocks and location of 
deposits. (from Hoy, 198(J) . 
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succession of orthoquartzites and calcareous pelites (Hamill Group) and 

overlain by a thick succession of black argillite and pelite, 

carbonaceous limestone, thin quartzites, volcanic rocks, and grit 

(Lardeau Group). Thus it marks a transition from shallow-water 

platformal deposition during Precambrian and Lower Cambrian time to 

deeper-~Iater basi nal deposition 

(Thompson and Panteleyev, 1976). 

during Ordovician 

The larger deposits 

6 to 10 million tons at 1-2% Pb, 3-4% Zn, and traces 

to Sil uri an 'ti me 

range in size from 

of Ag (Hoy, 1980). 

The deposits consist of lenses, irregular bands, disseminated grains, or 

massive bodies of sphalerite, galena, and pyrite in dolomite. 

A fine-grained, at places brecciated, dolomite hosts deposits in the 

Salmo camp. The distribution of dolomite and contained sulphides is 

controlled by fold structures (e.g. the Salmo River anticline at 

Reeves-r~acDonald). The DUllcan deposit (9 million tons at 2,7% Pb and 

2,9% Zn) includes a number of separate SUlphide zones located in the 

complexly deformed and faulted hinge zone of the Duncan anticline. 

Fine-grained pyrite and small amounts of sphalerite, galena, and 

pyrrhotite are concentrated in thin layers in siliceous slightly 

brecciated dolomite or chert. 

The Lower Cambrian deposits formed during late diagenesis or as 

epigenetic ores in 

collapsed breccia 

cavities in the Reeves-Badshot 

zones (Hoy, 1980). External 

limestone, or in 

precipitation or 

mechanical deposition of sulphides may have occurred locally. 

Deposits within the Middle Cambrian rocks occur in thick shallow- water 

platformal carbonate successions adjacent to laterally equivalent shale 

facies (fig. 4.6). Monarch, Kicking Horse, and Shag depOSits are 

hosted by the Cathedral Formation whereas the Silver Giant rr,ine, Lead 

Mountain Mi ne, Jubilee Mountain prospect, and Steamboat deposit are 

hosted by the Jubilee Formation. The depOSits consist of pyrite, 

sphalerite, and aalena (with secondary calcite) disseminatert in layered 

limestone or dolomite, filling fractures in massive dolomite or barite, 

or disseminated throughout the matrix of coarse fragmental breccias. 

The majority of the Middle Cambrian deposits are preferentially 

distributed Hithin a do1omitized breccia zone adjacent tn a platfoma1 

bank margin (Hoy, 1980). This suggests a regional stratigraphic control 
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FIG. 4.6: Distribution of Middle Cambrian rocks and location of 
deposits. (from Hoy, 1980). 

of the mineralization. Local ore controls in the Jubilee Formation 

deposits are breccia zones that appear to be related to cavern and karst 

development in reefs. 

D. Pb-Zn-(Ag) DEPOSITS OF LOWER PALAEOZOIC AGE IN SELWYN BASIN 

Pb-Zn-(Ag) deposits in the Selwyn Basin (fig. 4.7) occur within shales 

of three different ages. In the Lower Cambrian Pb-Zn-Ag-Ba Anvil Camp 

in cen tra 1 Yukon seven depos its have been found ina belt 40 km long. 

Lower Silurian Zn-Pb mineralization occurs in the Howards Pass Camp 

along the Yukon -N.W.T . border. Upper Devonian Zn-Pb-Ag deposits (to be 

discussed in section 4.2) occur in the MacMillan Pass Camp of Yukon and 

the Gataga Camp of northeastern British Columbia. Other Pb-Zn showings 

at preliminary stages of exploration do occur in the Selwyn Basin. 

These may prove to be of economic importance in the future. 

(i) Anvil Camp 

The Volcano-sedimentary rocks of the Anvil Range have been subdivided 

into two structural packages (fig. 4. 8) \~hich have been uplifted into 

a broad arch by the intrusion of the Cretaceous ilnvil Batholith, a 

porphyr iti c biotite quartz monzonite and granodiorite body (Carne and 
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FIG. 4.7: The Selwyn Basin and the distribution of Pb-Zn-(Ag) Camps 
(after Carne and Cathro, 1980). 

Cathro, 1980). The upper package consists of Devonian-Mississippian 

imbricate thrust slices of black phyllites, chert conglomerate, chert, 

and basalt flows. The lower package consists of Proterozoic to Lower 

Cambrian non-calcareous phyllite, calc-silicate rr.yllite, 

minor metabasite, and graphitic phyllites. These rocks are 

14i d-Cambri an to ~'li d- Ordovici an cal careoll s ~! 'yll i t es, 

phyllites, metaba sites, and mafic metavol canic rocks 

marble and 

overlain by 

graphitic 

(do mi nantly 
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FIG. 4.8 : Pb-Zn deposits of the Anvil Camp (after Carne and Cathro, 
1980) • 

breccias, tuffs, and pi 11 o~,ed to massive flows). The Pb-Zn 

mi nera 1 i zati on is hosted by the Lower Cambri an graphitic phyll ites 

(Ca rne and Cathro, 1980; Thompson and Pantel f'yev, 1976) . The 

mi nera logy is qua rtz, pyri te, spha1 erite, galena, pyrrlloti te, 

chalcopyrite, marcasite, and barite. The deposits show a vertical and 

lateral zonation and have an alteration envelope which is best developed 

in the footwa 11 . They have undergone po 1.yphase deformati on and hi gil 

grade metamorphism (Carne and Cathro, 1980; Thompson and Pante1eyev, 

1976). There is a very weak genetic link with volcanism and most of the 

volcanic material is younger than the mineralization. They are thought 

to have formed from moderate temperature exhalative brines in an 

in tracratoni c rift setti ng. The Vangorda depos it ha s reserves of 10 

million tons. A total of 140 million tons of ore have bee n identified 

in the Anvil Camp. There is potential for more (Carne and Cathro, 1980). 

(i i ) H o~'a rds Pa s s Camp 

The Howa r ds Pa s s deposits (X Y, Anniv, and Op - fi g. 4 . 9 ), f ound in 1972, 

a r e c ontained within th e Ordovi cian and Si l urian Ro ad Riv er Fo r ma ti on 
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FIG. 4.9: Pb-Zn deposits of the Howards Pass Camp (from Carne and 
Cathro, 19bO). 

along the southwest flank of a 75 km long anticlinorium. The Road River 

Formation consists of a cyclic sequence of intercalated chert, cherty 

mudstone, carbonaceous mudstone and limestone (Carne and Cathro, 1980). 

The individual deposits are arranged alonn a linear trend and consist of 

saucer-shaped bodies of laminated to mes sive sphalerite, galena, and 

minor pyrite. Barite is absent and the silver content is very low. The 

deposits are very large, for 

long and about 2 400 m wi de. 

exhal ati on of low temperature 

(Carne and Cathro, 1980 ). This 

example the XY deposit is about 7 GOO m 

They are thought to have formed from 

bri nes in pa 1 aeotopographi c depressi ons 

is deduced from the weakly zoned nature 

of the mineralization, the high degree of sedimentary intercalations, 

the preponderance of zinc sulphides with respect to lead, relatively low 

silver and copper values, and the absence of an identifiable feeder zone 

or fluid conduit within 10 km of the deposits. 
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4.1.3 Stratiform - Stratabound Sedimentary Copper Deposits 

I n the southern Cordill era copper depos i ts are found in rock s of the 

Purcell Supergroup, especi ally the Appekuny, Gri nnell , and Siyeh 

Formations in southwest Alberta and southeast British Columbia. Primary 

permeability, grain size, and sedimentary structures seem to have 

influenced the distribution of copper mineralization in these deposits. 

They are . hosted by a quartz sandstone composed of well-rounded and 

sorted quartz grains through which metalliferous solutions migrated 

(Thompson and Panteleyev, 1976). 

Copper sulphides occur as disseminations and discrete blebs along 

bedding planes, in the coarser parts of graded beds, in other 

sedimentary structures, and as repl acements of the groundmass and the 

clasts. The sulphides in lOli grade horizons are chalcopyrite, 

pyrrhotite, and sphalerite; and in high-grade horizons are bornite, 

covellite, anilite, digenite, idaite, wittichenite, tennantite, and 

magnetite (Goble, 19 70 ~ Thompson and Panteleyev, 1976). 

The Yarrow-Spionkop deposit, the bigger of these deposits, occurs in the 

upper part of the Grinnell Formation, a red-bed succession with 

quartzite and green argillite interbeds (Morton et al., 1974). Copper 

mineralization occurs in the quartzite and adjacent green argillite beds 

which range from a few mill imetres to hundreds of metres . Grades (up to 

6,4% Cu) have been enhanced by sulphides replacing argillite pebbles 

occurring as inclusions in some of the quartzite beds, and in zones 

proximal to diorite and diabase Moyie sills (Thompson and Pantel eyev , 

1976; ~1orton et al., 1974). The Goble deposit, southwest of 

Yarrow-Spionkop, is also hosted in a red-bed succession. 

In the Mackenzie Mountains of the northern Cordillera, copper deposits 

occur at Redstone, Bonnet Plume, and Nite. The Redstone deposit, 

preserved in a down-faul ted block, occurs at the transition zone between 

the Redstone River Formation - ~ well-bedded, red, argillaceous 

siltstone succession - and the overlying Coppercap Formation - a 

carbonaceous 1 imestone succession that forms the upper part of Purcell 

strata in this area . The cupriferous zone is 65-1l5m thick and contains 

up to seven mineralized beds comprising grey limestone a nd dolor.lite liith 

variable proportions of silt. The mineral ized beds are in contact, 
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above and below, with green chloritic (secondary alteration?) siltstone 

and mudstone which in turn are in contact with red and maroon 

(hematitic) siltstone and mudstone. Dessication features in some green 

beds i ndi cate intermittent exposure ina shallow-water ox i di zi n9 

environment. Pyrite, bornite, digenite, chalcocite, covellite, tennan­

tite, and galena occur as fine-grained disseminations throughout the 

mineralized beds both interstitial to the rock clasts and as 

replacements. Malachite, azurite, and limonite occur on weathered 

surfaces. Anomalous silver and vanadium do occur. Copper 

mi neral i zati on is also present above the cupri ferous zone as 

vein-fillings, in a major fault that intersects the cupriferous zone, 

and as a replacement in limestone near the fault. 

The Nite Copper deposit occurs in dolostones of Purcell age. The 

mi neral izati on occurs beneath the unconformi ty with the Rapitan Group 

(Helmstaedt et al., 1979; ,Jolfhard and Ney, 1976). The thickness of 

the mineralized dolostone and the grade of the mineralization decrease 

downwards and away from the unconformity. The sulphides are mainly 

bornite, chalcopyrite, chalcocite, and pyrite. Bonnet Plume occurs in a 

lens · of siliceous dolomite within a thinly laminated siltstone sequence. 

4.1.4 r1assive Sulphide Deposits 

The only recorded 

Precambrian age in 

example of a 

the Cordillera 

volcanogenic massive sulphide of 

is the Hart River deposit. The 

mineralization resembles that of felsic volcanogenic deposits in having 

Cu, Zn, Pb, Au, and Ag together in a high-sulphide matrix (Holfhard and 

Ney,1976). The ore is hosted by sheared argillaceous sediments and is 

closely associated with a mass of andesite. 

4.1.5 Iron Deposit 

The only iron deposit of Proterozoic age in the Cordillera is the 

stratabound Snake River (Crest) deposit, located northeast of Mayo on 

the Yukon - N.W.T. border. It forms a unit in the lower part of the 

Rapitan Formation, a thick conglomerate-sandstone-shale sequence of 

Ihndermere age (Little et al., 1970; Wolfhard and rJey, 197b; Thompson 

and Panteleyev, 1976). The iron formation is about 100 m thick and 

cOI~lprises \·,ell-beddec and la minated blue specular hematite and red 
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pisolitic jasper interbedded with diamictites of the Rapitan Group. It 

1 i es ~/ith a marked angul ar unconformity on Purcell strata (Gabri el se, 

1972) and its thickness and lateral extent was controlled by the 

palaeotopographic surface during deposition (Thompson and Panteleyev, 

1976). Pinch-outs occur adjacent to palaeo-highs. The hematitic units 

have an average iron content of about 40% and an average silica content 

of about 25% whereas the clastic units (diamictites) have an average 

iron content of 15-20% and an average si;ica content of 40-60%. The ore 

reserves were estimated to be 20 billion tons of which 5 billion could 

be mined by open pit (Little et a1., 1970). The rJrigin of the iron 

formation is thought to be volcanogenic exhalative (Gabrielse, 1972; 

Gross, 1965 ~ Thompson and Panteleyev, 1976). 

4.1.6 Vein-Type Deposits 

Vein-type Cu and vein-type gold deposits occur in the Proterozoic to 

Lower Palaeozoic rocks of the Cordillera. Lode and placer 

mineralization of the Cariboo deposit (fig. 4.10) occurs within fine 

clastic and carbonate rocks of the Cariboo Group in the area of tight 

folding (Sutherland Brown and Holland, 1957). The deposits are 

concentrated along the flanks of anticlinoriums. Loae deposits occur in 

numerous sr.1all, transverse and diagonal veins. The strike veins are 

barren (Barr, 1980; Bacon, 1978). The richer replacement ore occurs in 

the Baker limestone beds. It is tabular and parallel to bedding on the 

limbs of folds, and pencil-shapec on the crests of folds. The 

mineralogy of the quartz veins a~d replacement bodies is similar. 

Metallic minerals consist of auriferous pyrite and associated freE': gold 

with minor ga.lena, sphalerite, cosalite, bismuthinite, scheelite, 

pyrrhotite, arsenopyrite, and chalcopyrite. Gangue minerals are quartz, 

ankerite, and muscovite (Barr, 1980). Folding and faulting control the 

localization of the ore deposits (Sutherland Bro,m and Holland, 1957). 

The Sheep Creek gold deposits OCCUI' as narrow ore shoots in steeply 

dipping quartz veins whose distribution is controlled by fault 

patterns. The veins cross-cut oUartzite, "rgillite, and lim~stone 

contained in two northerly-trendinc: anticlinal structures. 

Vein-type copper deposits occur in the Churchill Copper district ~here B 

great nu mber of chalcopyrite-carbonate-quartz vein s are found in clastic 

sediments correlated with the Purce ll Supergr oup. The veins are 
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gold deposits of the Canadian 

associated regionally and directly I'lith a swarm of diabase dyke s that 

are post-mineral in age and are Precambrian by their stratigraphic 

relations (~/olfhard and Ney, 1976). The copper in the veins is thought 

to have been remobil ized from the stratiforom dispersions which are known 

to occur nearby in the Churchill copper district . These deposits f.re 

thought to have formed in an aUlacogen-type of environment similar to 

Sullivan (Kirkham, 1973 in vlolfhard and Ney, 1976). 

4.2 ~IINERALIZATION I N THE UPPER PALAEOZOIC TO MID-TRASSIC 

4.2.1 Introduction 

Tili s period co rresponds to the Trer.lbleur Epoch of vlo lfhard and t~ ey 

(197 6) . It is marked by the appearance, in tIle northern Rocky 
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Mountains, of clastics having a western provenance and by an early to 

late Devonian regional unconformity in the southern Rocky Mountains. It 

includes the Upper . Palaeozoic chert-volcanic sequence of the Cache Creek 

Group and its equivalents and it ends on the onset of Karmutsen-type 

volcanism. Intrusive rocks in this Epoch are the Tremb1eur Intrusions 

of north central British Columbia, granitic plutons in the northern 

Yukon, and the three carbonati te complexes in the Rocky Mountai nand 

Omineca Crystall ine Belts. There are few important mineral deposits. 

Massive sulphide deposits and Devonian Pb-Zn-(Ag) deposits dominate. 

14inor showings of Ni-Cu, Cr , and metal s associated with carbonatites 

also occur. The skarn deposits of the Phoenix Camp occur in this period. 

4.2.2 Stratiform - stratabound Pb-Zn-(Ag) mineralization 

(a) Devonian Pb-Zn-(Ag) deposits in the Kootenay Arc 

Upper Devonian rocks east of the Kootenay Arc comprise shallow-water 

platformal carbonates of the Palliser Formation which host, in the Lower 

!11orro) member, the Pb-Zn-(Ag) deposits of SOAB, Alpine, and Boivin 

(fig. 4.11). The Morro member is in the lower overturned limb of an 

eastward-verging asymmetrical anticlinal fold that is thrust against 

Mississippian carbo·nates to the east (Hoy, 1980). The mineralization 

occurs in the distinctive carbonate rock called the "zebra facies" (spar 

dolomite crescents in a fine-grained granular dolomite matrix), 

interpreted to be of supratidal algal origin (Hoy, 1980). The "zebra 

facies" is overlain and underlain by massive, subtidal limestone . 

Disseminated sphalerite mineralization is concentrated in a number of 

di screet zones generally 1 ess than a metre thi ck and a few metres in 

1 ength. Boi vi n is about 12 m long and 2 m wi de and conta i ns up to 20% 

Zn (Gibson, 1979 in Hoy, 1980). An early syngenetic to diagenetic 

origin is suggested by the disseminated nature of the sphalerite and its 

restriction to the Morro carbonate member. 

(b) Devonian Pb-Zn-(Ag) deposits in the Selwyn Basin 

(il MacMillan Pass Camp 

Pb-Zn-(Ag ) nin ero1iza t ion in the r~ ac ~1illan Pas s Ca r" p (fi g. 4. 7) occurs 

in several loca lities within a poorly de fin ed 10 km wide Upper De vonian 
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FIG. 4.11: Distribution of Devonian rocks and the Alpine and Boivin 
depos its (from Hoy, 1980). 

graben-like trough or rift (fig. 4.12). The orebodies are 

the Devono-Mississippian Black Clastic Group occurring 

transition from a lower assemblage of coarse cl astics to an 

carbonaceous and siliceous shale (Carne and Cathro, 1980 ). 

hosted by 

near the 

overlyi ng 

The Tom 

deposit consists of two tabular bodies 3 to 60 m thick composed of finely 

DEII.-M/SS . 
.-J.;-'- BLACK CLAST Ie GROUP 

MACMILLAN PASS CAMP 

FIG. 4. 12: The t~acMillan Pass trough and the related Pb-Zn-(Ag) deposits 
(fror:1 Carne and Catllro , 1980). 
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finely inter1aminated chert, pyrite, sphalerite, galena, barite, and 

black shale. There is well-developed vertical and lateral zonation. 

Basal and proximal sections carry best Pb and Ag values while upper and 

lateral parts are In- and Ba-rich. Cu-, Pb-, and Ag-rich stringer 

and alteration zones occur beneath the highest grade of the mineralized 

bodies. The Jason deposit, like the Ordovician Summit Lake deposit, is 

similar to the Tom. Genesis of these deposits was probably related to 

rifting, with the basin margin faults providing conduits for exhalative 

fluids (Carne and Cathro, 1980). 

(ii) Gataga Camp 

The stratigraphic setting of shale-hosted Pb-ln-Ag-Ba deposits in tile 

Gataga Camp is similar to that of Devonian deposits in the MacMillan 

Camp (t.1acIntyre, 1980). The deposits occur within an extensive belt of 

Upper Devonian to LO~ler ~1ississippian coarse clastic sedimentary rocks 

and siliceous pyritic shales of the Black Clastic Group (fig. 4.13). 

The siliceous pyritic shales are interfingered with proximal to distal 

turbidites and are overlain by deeper-I'later basinal black slla1es. This 

indicates that the timing of the mineralization coincides with the early 

stages of a major marine transgression I~hich may a1 so have been a time 

of tectonic activity within the shale basin (MacIntyre, 1980). 

At the Driftpi1e Creek deposit, several southwest-dipping finely 

laminated pyrite and bedded barite horizons occur within siliceous 

shales of Middle Devonian age. These rocks are folded and faulted and 

probably some of the mineralized horizons may represent fault repeats. 

11inera1ization varies from coarse - bedded barite ~Iith minor sulphides 

to massive, poorly bedded galena, sphalerite, and pyrite (Carne and 

Cathro, 1980; ~lacIntyre, 1980). The Mount Alcock deposit occurs in a 

fault-bounded wedge of siliceous shale. The Cirque deposit has about 33 

million tons at 2,3% Pb, 7,9% In, and 49 g/t Ag hosted within a thrust 

panel of Devonian shales which has been segmented by a series of 

south~lest-dipping imbricate thrust faults. The Devonian rocks occur in 

the northeast limb of an overturned synclinal structure which has been 

overridden and preserved beneath thrust plates of Silurian siltstone 

(~laclntyre, 1980). ~linera1ization typically consists of galena, 

sphal erite , and minor pyrite disseminated in fine-grained, thin to 

medium bedded barite. Similar smaller deposits occur at Elf, Fluke, 

Pie, ned and Gear. 
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FIG. 4.13: Pb-Zn-(Ag) deposits of the Gataga Camp (from Carne and 
C a th ro, 1 980) • 

The Pb-Zn-(Ag) deposits of the Gataga Camp appear to be associated with 

northwest-trending rifts bounding tilted fault blocks. The mineralization 

formed from pooling of 10\'1 to medium temperature exhalative brines in 

topographic depressions (Carne and Cathro, 1980). 

4.2.3 Massive sulphide mineralization 

Massive sulphide deposits of Upper Palaeozoic to r·lid-Triassic age occur 

in a number of places in the Cordillera. The prominent ones are at 

Harper Creek in the Shuswap ~letamorphic Complex, at Ecstall in the Coast 

Plutonic Complex, and at Western and Twin J in Vancouver Island (fig. 

3.15). The Harper Creek deposits ~re associated with metasediments and 

with metamorphosed intennediate to acid volcanics in the Sl1us~lap 
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terrane. Pyrite, pyrrhotite, chalcopyrite, magnetite and some minor 

sulphides occur in schistose rocks. The highest grades and most massive 

mineralization forms strongly concordant lenses within a much larger 

zone of dispersed sulphide mineralization (Thompson and Panteleyev, 

1976). The hydrothermal sulphide minerals are localized by foliations 

associ ated wi th deformati on. Just 1 ike Ha rper Creek, the concordant 

massive sulphide mineralization at Ecstall occurs in strongly foliated 

metamorphic rocks of the Coast Plutonic Complex. The mineralization is 

similar to that of Harper Creek but is coarse-grained. Twin J and 

fJestern Mines have similar orebodies in Late Palaeozoic volcanic rocks 

of the Si cker Group. They have a vari ety of ores. The two ma in types 

of ore are ba rite ore conta i ni ng massi ve sphal eri te and pyrite 1 enses, 

and s il i ceous or qua rtz ore conta i ni ng chalcopyrite and pyri te with 

quartz gangue in massive lenses that grade into more dispersed stockwork 

mineralization. Galena, bornite, and minor tetrahedrite also occur. 

Western Mines orebodies are mainly concordant stratiform massive 

sulphide lenses localized in or adjacent to sheared rocks of a large 

fault zone where it cuts quartz sericite schists derived from massive 

rhyol ite flOl'/s, breccias, and tuffs (Thompson and Panteleyev, 1976). 

The zone of sheari ng and faulti ng is the domi nant ore control in the 

mine. The ore zones at twin J mines are concordant, stratabound bodies 

contained in a narrow, folded band of cherty tuffs and graphitic 

schists. The vJestern and Twin J mines are thought to be of volcanic 

exhalative origin similar to the Kuroko deposits of Japan. 

Unlike the massive sulphide deposits that have been discussed above, the 

massive sulphide of the Pelly Mountains (fig. 4.14) in 

sou theas tern Territorv occur in hiahly alkaline volcanic rocks 
... • .... • 
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FIG. 4.14: Distribution of Middle r~ississippian volcanics (stippled) and 
associated stratiform-stratabound volcanogenic massive sul­
phide deposits in the Pell,)' Nountains (from elortensen and 
Godwi n, 1982). 
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1982). These deposits have similarities with the 

The main difference is that: while the 
linked to rifting within active calc-alkaline 

(Mortensen and Godwin, 
Kuroko-type deposits. 

Kuroko-type deposits are 
arcs, the Pelly Mountains volcanogenic massive sulphide deposits occur 
in an intracratonic extensional tectonic setting. The following account 
of the MM deposit (figs. 4.14 and 4.15), the only one that has been 
test-drilled, is summarized from Mortensen and Godwin (l982). The 
mineralization at the MM deposit occurs within tuffaceous rocks that are 

both underlain and overlain by and intercalated with, carbonaceous 

peliti c sediments. To the southwest (fig. 4.15) the volcanic sequence 
passes laterally into a massive trachyte dome flanked by coarse volcanic 
breccia. Pelitic sediments occur above the dome. The sulphides occur 

as narrow lenses in the middle and upper parts of the volcanic sequence 
and immediately above the dome. They consist of pyrite and pyrrhotite 
with varying amounts of galena, sphalerite, chalcopyrite, and quartz. 
Stringer mineralization occ urs in the mass ive trachyte. Some metal 

zonation has been observed. The controls of the mineralization are not 

as ye t clear but seem to be the mixed pelitic and tuffaceous rocks. The 

tectonics of the southeastern Yukon are unusual, in that rifting, with 
associ ated felsic volcanism, appears to have occurred within a 

previously miogeosynclinal area, resulting in felsic volcanic centres in 
a euxinic shale basin from which ore fluids were extracted. 

C Imbrl'n-Ordo.,lcl'n 
~ p h,llIl . 

Sliurian-O, ,on l'n 
~c"bona ' • • "d aUI'U,te 

Upper . Pal,ozolc (7) B SI·lIenl in . ,. 

FIG . 4.15: Cross-section through the MN deposit, Pelly Mountains (from 
~1orte nsen and God"in, 1982) . 
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4.2.4 Cr, Cu, Ni-Cu, and carbonatite deposits related to magmatic 

activity 

Mi nor uneconomi c Cr occurrences are associ ated wi th the Tremb1 eur 

Intrusions of north central British Columbia. The carbonatites of Ice 

River, Verity, and Lonnie contain concentrations of Cb, Ta, Zr, Ti, and 

U and Th, but none are considered economic (Wo1fhard and Ney, 1976). 

The nicke1iferous ultramafics of the Giant Mascot Mine (formerly Pacific 

Nickel) of Hope, B.C., form part of the core of a wide block of Late 

Palaeozoic metamorphic rocks and Mesozoic intrusions which extend 

north-south between the coast batholith of British Columbia and the 

Chelan batholith of Washington (Aho, 1956; 1957). The margins of this 

block are faulted in part against less metamorphosed volcano-sedimentary 

rocks of Jura-Cretaceous age. The mineralization occurs within a 

medium-grained hornb1endic pyroxenite with peridotitic to dunitic cores 

(McLeod et al., 1976). It is cut by genetically related diorites and 

norites of Late Mesozoic age. It consists of disseminated and massive 

pyrt"hotite, wi til subordinate pent1andite and chalcopyrite (Aho, 1957). 

There are two general structural trends at Giant ~lascot ; the 

north-south trend, and the east-west trend which appears to control the 

mineralization. All of the known ore occurs in a broadly linear 

N7S0 j,-trending zone which extends for about 2 km. The orebodies in 

this zone occur as steeply plunging pipe- or parsnip-shaped, 

sulphide-rich ultrabasic assemblages, commonly with 01 ivine-rich cores 

and bronzitic borders. The genesis of these Ni-Cu sulphides is thought 

to be magmatic segregation follol'led by injection and minor replacement 

(Aho, 1957). 

4.2.5 Skarn deposits 

These deposits have disseminated rather than massive sulphide 

mineralization and are distantly or indirectly related to major 

intrusive masses. In the British Mountains of northern Yukon some 

anomalous concentrations of Wand Sn occur in skarns indirectly related 

to granitic stocks. These deposits are not economic. In the Boundary 

Creek of southern British Columbia occur the Cu-Fe-{Au) skarns of the 

Phoenix Car.;p . These deposits are in th e Triassic Brooklyn Formation 

consisting of conglomerate, limestone, greywacke, and andesitic tuff 
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with minor shale and basalt (Seraphim, 1957; Fahrni, 1966). The 

Brooklyn Formati on 1 i es in an open syncl i nal structure. North-south and 

east-west block faults offset the ore formation. A number of 

north-south, east-dipping calcite-filled fractures carry ore minerals 

and these might have been the local controls of the mineralization. The 

ore was deposited in carbonates which were altered to a skarn of 

epidote, chlorite, carbonate, garnet, hematite, magnetite, pyroxene, and 

amphibole. The Nelson Batholith and the Coryell Intrusions occur at a 

distance from the Camp (Fahrni, 1966). The primary sulphides are pyrite 

and chalcopyrite. The latter is most abundant in carbonate-rich bands 

and in carbonate veinlets traversing the bedding. Malachite, azurite, 

and iron oxides occur in oxidation zones. ~linor amounts of gold and 

silver are recovered. 

4.3 I'IINERALIZATION IN THE UPPER TRIASSIC TO OLIGOCENE 

4.3 . 1 Introduction 

This period includes the Vancouver, Columbia, Skeena, and the early half 

of the Cascade Epochs of Wolfhard and Ney (1976). It extends from the 

beginning of the Karmutsen volcanism and ends just before the onset of 

the Miocene Plateau basal t volcanism, i . e. at about 26 Ma. This period 

is dominated by calc-alkal ine volcanism, tile development of successor 

basins and their related sedimentation and volcanism, and the intrusion 

of alkaline (syenitic) and calc-alkaline plutonic suites. These events 

took place mainly in the Intermontane Belt, Coast Plutonic Complex, and 

the Insular Belt. This is the predominant metallogenic period in the 

Canadian Cordillera, being dominated mainly by porphyry- type deposits, 

massive sulphide deposits, skarn deposits, and vein-type deposits. 

r~i nor occurrences 0 f s tra ti form copper de pos its and uneconomi c copper 

showings related to magmatic activity also occur. Porphyry-type 

deposits occur in the three western tectonic belts, whereas the other 

types of deposits occur in all the belts, with rare occurrences in the 

Rocky Mountai n Bel t . 

Durin g this period, there was the formation of Hg and Pb-Zn-Ag lodes in 

addition to the gold-quartz lodes. Skarn deposits may be directly or 

indirectl y r e lated to intrusive plutons. The mass ive sulphide deposits 

occur in a volcanic or metavolcanic setting .Jithout obvious spatial or 
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genetic connection with granitic intrusions. The porphyry-type deposits 

are related to either the alkaline or calc-alkaline magma suite and are 

subdivided on the basis of structural complexity into simple-, 

elaborate-, complex-, and plutonic-type of porphyries (Sutherland Brown 

et al., 1971). Simple porphyry deposits are those associated with small 

cylindrical plugs, for example Ox Lake and Red Bird deposits. They 

display well developed zonation of ore, alteration and metamorphic 

minerals. The elaborate type is similar to the simple type but it is 

associated with plugs that have one or more of a number of structural 

elaborations like dyke swarms, plugs of related phases, brecciation of 

peripheral rocks, etc. Examples are Lucky Ship, Granisle, Glacier 

Gulch, Boss Mountain, and Casino. The complex porphyry deposits are 

less ordered and have more structural complexities. They occur within 

or peripheral to zoned plutons and their are zones usually bear a 

spatial relationship to faults. Examples are the Highland Yalley 

deposits, Iron r~ask, Copper Mountain, Island Copper, and Liard Copper. 

Pl utoni c porphyry depos its are grada ti ona 1 to the compl ex type. Li ke 

the other porphyry types, they have common ore and alteration mineralogy 

and are associated with plutons of moderately large size. Their ore 

zone has a spati al rel ati onship to faults. They differ in that they are 

associ ated wi th scarcely porphyritic or non-porphyriti c grani tic 

plutons, and breccia zones and pipes are unknown or unimp0rtant 

(Sutherland BrOlYn et al., 1971). Examples include Brenda, Endako, and 

Adanac. 

A sUJllr;Jary c!escription of the various deposits occurring in this period 

fo 11 O~IS. 

4.3.2 Stratiform-stratabound copper deposits 

A number of stratiform copper deposits occur in rocks of Upper Triassic 

to 01 igocene age. The Sustut Copper deposit occurs in the Swannell 

Range of the Cass i ar-Omi neca Mountain Belt in north-centra 1 Bri ti sh 

Columbia. The oldest rocks in the area are inliers of Permo-Triassic 

sedimentary and volcanic rocks of the Asitka Group which are 

unconformably overlain by outliers of the Jura-Triassic Takla-Hazelton 

Groups - a thick sequence of volcanic flows and volcaniclastics with 

minor non-volcanic sedimentary rocks (Harper, 1977). The copper 

mineralization is hosted by the sheet-like upper volcaniclastic unit of 
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the ~liddle Fonnation (T.akla Group) consisting of green and red basaltic 

andesite tuff and agglomerate, volcanic breccia, and derived volcanic 

sediments - mainly conglomerate (Harper, 1977; Thompson and Panteleyev, 
1976). The mineralization consists of disseminated native copper and 
copper sulphides in a tabular stratabound body averaging about 12 m, but 

up to 40 m and more, in thickness. Hematite occurs throughout the 

mineralized horizon. The mineralization is symmetrically zoned. The 
core of the mineral ized zone contains native copper-chalcocite-bornite 
that passes outward into chalcopyrite-bornite, and finally into a 
pyritic envelope with sparse, disseminated, small pyrite grains 
(Thompson and Panteleyev, 1976). Lensing veins of massive bornite, 
chalcocite, and native copper up to 20 Cli! wide are found in some 
epidote-, quartz-, and calcite-filled fractures (Harper, 1977). In the 
mineralized zone some 30 million tons of ore at 1% Cu have been 
indicated (Thompson . and Panteleyev, 1976). 

A number of nearby deposits presumabl~ genetically related to the Sustut 

deposit are found in andesitic lavas and also in interlava siltstones at 
the base of a stratigraphically higher volcaniclastic unit. 

Elsewhere in the Cordillera, numerous occurrences of copper sulphide and 
native copper wineralization in basic volcanic rocks and interlava 

sediments are found in rocks of Triassic and Early Jurassic age. 

4.3.3 Deposits related to magmatic activity 

These deposi ts 
disseminations 

filling primary 

are not of economic importance. They include 
of copper minerals, predominantly chalcocite, 
porosity in the tholeiitic basal t-andesite flows 

minor 

found 
of the 

Karmutsen Group on Vancouver Island and in calc-alkaline Nicola-Takla 
rocks of Smithers, Princeton, and Toodoggone areas (fig . 3.26) (Wolfhard 
and Ney, 1976; Sutherland Brown et a1., 1971). The Silver City and 

Johobo occurrences in the Mush Lake Group of southwest Yukon i ncl ude 
concentrations of native copper. They may be correlated with the 

widespread occurrences in the calc-alkaline Nikolai Greenstone of 
Alaska. 39 Ma old gabbroic intrusions in volcanics of southern 

Vancouver Island contain copper deposits (Jordan River) that are both 

vein-like and magmatic in character (Wolfhard and Ney, 1976). 
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4.3.4 Massive sulphide deposits 

A number of massive sulphide deposits occur in this period. The 

well-known deposits of Granduc, Anyox, and Britannia Mine (fig. 3.26) 

are hosted by Jurassic volcanic-sedimentary rocks of the Coast Plutonic 

Complex. In the Britannia Mine (north of Vancouver) a cluster of ten 

orebodies is found over a distance of 4 km. in rocks comprising a 

northwesterly-trending "roof pendant" (fig. 4.16) within and in part 

1 
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FIG. 4.16: Geological setting of Britannia mine (from Sutherland BrOlYn, 
1972) . 

metamorphosed by the Coast Plutonic Corolplex (Payne et a1., 1980; 

Thompson and Panteleyev, 1976). The volcanic and sedimentary rocks 

comprise andesite and dacite flQlvs, flow breccias, tuffs, epiclastic 

volcanic rocks, shale, and siltstone of the Gambier Group (Sutherland 

Brovm, 1972). Andesitic and dacitic dyke swarms intrude these 

stratified rocks. They occupy a gently south-dipping monoclinal panel 

that has been folded into a complex antiform-synform couple that is 

disrupted along the fold axis of the antiform by faults and the 

Britannia shear zone - a compl exly de formed 400-800 II! wide zone of 

fracturing, shearing, and faulting that transects the "roof pendant" in 

a west-northwesterly di recti on (Sutherl and Brovm, 1972; Thompson and 

Panteleyev, 1976). The deformation is post-mineralization. The 

polymetallic sulphides (pyrite, chalcopyrite, sphalerite, minor galena, 

and tetrahedri te-tennantite with quartz, bari te, anhydrite-gypsum, 

carbonate gangue) are localized in the Britannia shear zone. They occur 

as massive and stringer deposits, and as disseminated and bedding plane 

concentrations in pyritic sedimentary rocks. The deposits al so contain 

significant Au, Ag, and Cd. These deposits are si milar to Kuroko 
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deposits and also have features similar to the Archaean volcanogenic 

deposits of Canada. They appear to be as soci ated with daci ti crock s 

proximal to eruptive volcanic centres and are thus thought to be formed 

from volcanogenic hydrothermal solutions (Payne et al., 1980). 

Britannia ~line has reserves of 55 million tons (Thompson and Panteleyev, 

1976). 

The Granduc deposit near Stewart in northwestern British Columbia has 

similarities with Britannia but has more consistently concordant 

mineralization (Thompson and Panteleyev, 1976). The massive sulphides 

are localized within a Lower Jurassic volcano-sedimentary sequence 

(Hazelton Group) of thick andesitic pillow lavas, siltstone, crystal 

tuff, conglomerate, volcani c sandstone, and some rhyol ite and chert 

members trending north and dipping steeply to the west. The hangingvlall 

rocks are graphitic siltstones, gypsum-bearing limestones, conglomerate 

lenses, quartzites, and cherty tuffs. The footwall rocks are porphyritic 

andesites. These rocks have been deformed by polyphase folding and 

faulting (Norman and ~1cCue, 1972; 1966). The ore minerals comprise 

fine- to medium-grained intergrowths of pyrite, chalcopyrite, and 

pyrrhotite with rare small 1 enses of sphal erite, gal ena and traces of 

arsenopyrite, and cobaltite in a gangue of quartz, calcite, calc­

silicates, magnetite, and apatite (Thompson and Panteleyev, 1976). 

Weakly mineralized pyritic stockworks and low grade stringer lodes also 

occur. The mineralization is controlled by cross-folding and by 

andesitic dykes which cross-cut the folds. Over 43 million tons of ore 

at 1,73% Cu ,Iere estimated at Granduc (NorJ,lan and ncCue, 1972) . 

The twelve orebodies of Anyox occur in a roof pendant of 

volcano-sedimentary rocks near the eastern margin of the Coast Plutonic 

Complex. The mineralization is hosted by Middle Jurassic "greenstones" 

that \'Jere derived from a thick altered succession of pillow lavas, 

pillow breccias, and dykes with intercalated, thinly bedded marine 

siltstone units. ()rebodies are pipe- to sheet-l ik e lenses of massive 

pyrite, pyrrhotite, chalcopyrite with minor sphalerite, galena, 

magneti te, and arsenopyrite in a gangue of quartz, calcite, sericite, 

and minor epidote, and garnet. Sulphides also occur along the contact 

of the pillow lavas and the overlying siltstones. Tops of orebodies are 

commonly in siltstones and are composed of mas sive sulphides having 

sh~rp bouncfaries v";th \~aste rocks. Footv!all zones are in pil l ow lavas 
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and have more dispersed sulphide mineralization with diffuse boundaries 

forming low-grade zones in silicified pyritic rocks (Thompson and 

Panteleyev, 1976). Polyphase deformation has resulted in complex fold 

patterns wi th local sheari ng. Remobil ized and repl acement 

mineralization is evident in narrow shear zones. The deposits are 

thought to be of volcanogenic origin, formed in sea-floor depressions 

during degassing of the volcanic pile at the end of a submarine volcanic 

cycle prior to marine sedimentation (Thompson and Panteleyev, 1976). 

Ore reserves are estimated to be 24 million tons. The Windy-Craggy 

deposits are similar to Anyox and have stratiform cupriferous pyrite 

mineralization associated with Lower Jurassic pillow lava and silstone. 

4.3.5 Skarn deposits 

The Craigmont deposit is a skarn deposit indirectly associated with the 

Guichon Creek Batholith of south-central British Columbia. The 

copper-iron skarn deposit is situated adjacent to the southern margin 

of, and within the contact aureole of, the batholith. The ore is hosted 

by volcanic and sedimentary rocks of the ~Iestern calc-alkaline belt of 

the Upper Triassic Nicola Group (Morrison, 1980). In the mine area, the 

host rocks consist of interbedded lime sandstone, lime siltstone, 

quartzo-feldspathic siltstone, calc-silicate skarns, and argillite. 

These rocks are unconformably overlain by andesitic to rhyolitic flows, 

breccias, and tuffs of the Cretaceous-Tertiary Kingsvale Group. The 

orebodies occur in steeply dipping, drag-folded section of the carbonate 

and skarn rocks (Chri smas et a1., 1969). Only two-thi rds of the 

Craigmont ore is developed in skarn, the balance being in brecciated and 

veined hornfelsed clastic rocks. 

There are two stages of skarn formati on 

associated metallization (Christmas et al., 

disseminated magnetite, chalcopyrite, 

contemporaneously wi th the formati on of 

(t~orrison, 1980) and the 

1969). The initial phase of 

and specu1 arite occurred 

actinolite-epidote-magnetite 

skarn and epidote-garnet skarn. The second phase formed when the 

temperature decreased, causing the rocks to become brittle and to form 

fra c tures that acted as channels and loci of deposition for mineralizing 

fluids . This phase is characterized by irregular discontinous vein 

forma tion comprising coarse pink K-fe1dspar with associated chalcopy rite 

and specul ari te \·/hi ch repl aces magneti teo Three ore types occur at 
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Craigmont; magnetite are, specularite are, and stringer are. They all 

have chalcopyrite, magnetite, and specularite as the only significant 

ore minerals. Fissures due to dragfolding were likely an important 

control of the mi neral i zati on. Secondary cross faulti ng control s the 

younger mineralization. Carbonate and skarn may also be the local 

controls of the mineralization. 

The Craigmont deposit has more features in common with Cu-Fe deposits 

hosted in metavolcanic and metasedimentary rocks (Morrison, 1980) than 

it has with typical skarn deposits associated with porphyry copper 

deposits (Wolfhard and Ney, 1976) and as such it may be regarded as a 

pyrometasomatic deposit (Chrismas et al., 1969; ~lo rrison, 1980). The 

deposit might have resulted from the concentration of metal contai ned 

within the ~.Iicola Group rocks rather than from the mineralizing event 

associated with the Guichon Creek Batholith. 

The Texada Cu-Fe skarn deposits occur in the Insular Belt. The area in 

the vicinity of the deposit is underlain by volcanics of the Karmutsen 

Group which are in turn overlain by a massive Upper Triassic 1 imestone 

of the Quatsino Formation. These rocks are intruded by a number of 

plutons, the Gillies stock (120 Ma) being the main pluton emplaced at 

the southern termination of the limestone belt. This stock is 

responsible for the structure and metasomatism of the limestone and 

basalt (Sutherland Brown, 1972). Garnet-pyroxene-epidote and actinolite 

skarn an d magnetite sulphide bodies may replace basalt, limestone, 

Gillies stock, or diorite porphyry with textures ' commonly diagnostic of 

each. In general, skarns replacing 1 imestone are garnet-rich, those 

replac{ng volcanic rocks epidote-rich, and are replacing limestone 

commonly is sulphide-rich. 

The orebodies (fig. 4.17) are clustered around a salient at the north 

end of the stock. The structure of the eastern orebodies dUfers from 

the western ones (Sutherland Brown, 1972) . The deposits display some 

zonation. The orebodies are composed mainly of low-titanium magnetite 

~lith a variable but small amount of calc-silicate minerals or calcite 

and some chalcopyrite and pyrite and traces of pyrrhotite, arsenopyrite, 

and rarely, sphalerite. Th ey are arranged around the pluton with 

conduits, breccia zones or faults, apparently leading in toward it. The 

are and skarn bodies ~re well-developed Ivhere the conduit system (pipes 

or flat faults) rea che s the limestone (Sutherland Brown, 1972). 
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FIG. 4.17: Geology of the mine area, Texada r,lines (from Sutherland 
Bro~m, 1972). 

Like Texada, the Tasu Fe-Cu skarn orebody in Queen Charlotte Islands 

replaces hasa.lt, limestone and a diorite porphyry laccolith. The basalt 

and diorite porphyry Ivere altered in preference to limestone. The 

warped and faulted basalt-diorite porphyry contact is the locus of ore 

deposition. The skarn is composed of actinolite, anthophyllite, 

tremo1ite, and brown garnet in varying proportions and abundance, and 

occurs as stratiform sheets and 1 enses commonly elongated along the 

northwesterly plunge of fold axes (Sutherland Brown, 1972). 

The orebodies occur within the general stratiform skarn zones as 

irregular sheets or mantos with local thickenings and vein-like 

protrusions along faults and dykes. The ore is massive magnetite with 

small amounts of pyrite, pyrrhotite, chalcopyrite, and rare sphalerite. 

A paragenetic sequence is evident. Magnetite replaces skarn or less 

commonly limestone and in places cements brecciated skarn. Su1 phides 

occur interstitially or occupy fractures in magnetite. Initial mine ore 

reserves were 43 million tons (Sutherland BrOlvn, 1972). 

In the \.Jhite h(H'se Copper Belt, Cu-Fe skarns are in Upper Triassic 

dolomite, limestone, and volcaniclastic rocks in contact with unaltere d 

and unmine ra1ized diorite and quartz di orite of the Mi d- Cretaceous suite 
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(r~orri son et a 1., 1979). Several other Cu-Fe skarns OCGur in the same 

rocks but are associated wi th younger p1 utons. I t has been suggested 

that the volcaniclastic rocks are the main source of metals in these 

deposits (Morrison and Hodder, 1977 ~ Morrison et al., 1979). 

I n the northeastern Canadi an Cordi 11 era, the tungsten skarn depos i ts 

occur in the Logan-~Iackenzie Mountain belt at the Northwest 

Territories-Yukon Territory border. Known deposits are the Cantung and 

Mactung deposits. The C1 ea tungsten skarn prospect occurs in the Selwyn 

Nountains. 

The Cantung area is underlain by a thick series of sedimentary rocks of 

Precambri an to Upper Cambri an age - part of the northern Cordi 11 eran 

geosyncline (Cummings and Bruce, 1977). In the southwest, these rocks 

have been intruded by several grani ti c stocks (qua.rtz monzoni tes) 

thought to be apophyses of the larger Cretaceous batholith. The major 

regi ona 1 structure is a sync1 i ne trendi ng north-northwest. The skarns 

occur in Lower Cambrian carbonate strata that have been folded into an 

overturned anticline in the flank of the major syncline (Cummings and 

Bruce , 1977). Two major schee1ite-chalcopyrite orebodies have been 

located at Cantung: the Pit, or 110, orebody, now mined out, and the 

E-Zone orebody (Archibald et al., 1978; Cummings and Bruce, 1977). 

Both are exoskarn bodies consisting mainly of massive, disseminated, and 

vei n pyrrhotite i ntergrown ~Ii th scheel ite, mi nor dial copyrite, and skarn 

silicates. The skarn orebodies overlie the irregular roof of the quartz 

monzonite pluton. The Pit orebody contained 1,5 milli on tons at 2,47% 

11°3 and 0,5% Cu and the E-Zone contains over 4 mill ion tons at 1,6% 

,103 and 0,23% Cu. 

The tungsten skarn deposits on the Clea property in the Selwyn 

Mountains, Yukon Terri tory, are geneti ca 11y related to a quartz 

monzonite stock (God\1i n et a 1 . , 1980 ) which intrudes comp1 exly folded 

and faulted Lower Palaeozoic sedimentary rocks and produced an 

alteration halo about 5 km in diameter in the invaded sedimentary 

units. Alteration of clastic rocks has produced slightly metamorphosed 

graphitic argillite to highly metamorphosed, resistant hornfels; 

calcareous beds have been metamorphosed to marble and skarn. Beds and 

a xial pl anes stri ke ge nerally northwes t and di p moderatel y southwest; 

f old axes plun ge northwest (Godwin et a1., 1980). Hi gh- grade tun gsten-
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bearing skarn mineral ization within the altered sedimentary rocks is of 

tI~o types: sulphide-rich pods and calc-silicate beds. The latter 

contain significant scheelite concentrations especially near or adjacent 

to the quartz monzonite stock. Scheelite occurs as fine disseminations 

with more than 60% massive sulphide minerals, including pyrite, 

pyrrhoti te, cha 1 copyri te, and mi nor amounts of borni te and spha 1 eri te. 

Godwin et al., (1980) are of the opinion that, in the northern 

Cordillera, granitic rocks associated with tungsten deposits appear to 

have hi gh i niti a 1 87 Sr/86Sr rati os whi ch i ndi cate that they ~Iere 
generated largely from old, sialic, cratonic rocks. Further, these 

granitic rocks have similar compositions (mainly quartz monzonites) and 

were generated in Late Cretaceous times. The MacMillan Tungsten 

Property, in the same geological setting as the Cl ea Property, has 

reserves of 30 million tons at 0,91 W03 (Harris, 1976). 

The Hedley Camp gold skarn deposits (fig. 4.18) occur in a bowl-shaped 

skarn zone formed from Triassic limestones, limey argillite, and 

quartzite resting on a relatively flat floor of the Toronto granodiorite 
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stock. Numerous sills and dykes of porphyritic gabbro-diorite have been 

injected into the sedimentary sequence (Bacon, 1978; Barr, 1980). The 

basic sills and dykes were barriers to ore-bearing solutions which 

deposited auriferous arsenopyrite and mi nor pyri te and spha 1 eri te in 

skarn and locally in fractures in the sills and dykes (Barr, 1980). 

Bornite, chalcopyrite, pyrrhotite, molybdenite, chalcocite, covellite 

and cobaltite occur locally (Lamb, 1957). The orebodies are tabular and 

vary in thickness from about 3 [T1 to more than 35 m. Some orebodies are 

located in the crest and trough of large drag folds whereas others are 

local ized in the competent skarn beds rather than the 1 imey beds and 

others are localized at the junction of steep structures and dykes (Lamb 

et a1., 1957). 

4.3.6 Vein deposits 

In the younger rocks of the Canadian Cordillera there is development of 

mercury veins and lead-silver veins in addition to the gold-quartz 

veins . The mercury veins are concentrated in central British Columbia 

(Armstrong, 1966) and the lead-zinc lodes occur in the Keno Hill-Galena 

Hill area (Boy le, 1957; Morin, 1980). 

The Pinchi Lake and the Bralorne Tak1a mercury mines occur along the 

Pinchi Lake fault zone (fig. 4.19) in dolomitized Cache Creek 

limestones which have varying sizes of solution cavities, some of which 

are partly filled with calcite (Armstrong, 1966). Cinnabar, the only 

mercury mineral, occurs as veinlets, blebs, and individual grains 

filling pre-existing openings such as fissures, solution cavities, and 

interstices between grains, and replacin g the limestone adjoining the 

openings. The best ore occurs in rocks where there was an abundance of 

pre-existing openings (Armstrong, 1966). Scattered grains of pyrite 

occur. The common gangue minerals are quartz and calcite. 

The mercury is thought to have formed from hydrothermal ore-forming 

solutions oJ deep-seated origin which I'lere channelled through the fault 

zones. In many places along the Pinchi fault zone, relatively 

impervious cap rock and fault gouge acted as traps to the rising 

mercury-bearing solutions which were eventually precipitated in the 

limestone host rock (Armstrong, 1966). 
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The Yukon Territory is an important 
deposits. Besides the minor lode 

metallogenic province for lode gold 

gold deposits associated with the 

copper-bearing skarns and the lead-silver veins, the Yukon is known for 

mesothermal quartz veins in the Klondike schists and the epithermal 
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FIG. 4.19: Distribution of mercury deposits in British Columbia (from 
Armstrong, 1966). 

quartz vein s in fractures and fau lts in Cretaceous volcanic and graniti c 

rocks (~iorin, 1980). The age of the l ode gold deposits in the Klondik e 
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Placer district (fig. 4.10) is not known but it may be Early Palaeozoic 

(Barr, 1980). These deposits· occur in irregular veins, veinlets and 

stockworks in sericite and chlorite schist and are locally conformable 

with the metamorphic foliation (Morin, 1980). The schist is an 

assemblage of volcano-sedimentary rocks sheared and metamorphosed in an 

island arc-suture zone (Teslin suture - fig. 3.13) during the Early 

Mesozoic. Vein paragenesis is quartz-pyrite-galena-native gold, with 

rare barite, chalcocite, arsenopyrite, chalcopyrite, and tetrahedrite. 

The epithermal vein deposits of the Mount Nansen-Mount Freegold area in 

south-central Yukon are hosted in a high-level igneous system of Late 

Cretaceous or Early Tertiary age. Hypabyssal porphyry dykes and shear 

zones in volcanic rocks contain veins, lenses and stockworks of quartz. 

The mineralized areas have extensive argillic, pyritic, chloritic, and 

silicic alteration. The paragenesis of vein 

arsenopyrite-galena-sphalerite, with minor 

va ri ety of s ul phosa lts (Mori n, 1980). 

minerals is quartz-pyrite­

stibnite, barite, and a 

The Windy Arm and Hheaton River districts of south-central Yukon contain 

auriferous quartz veins localized by faults and fractures in andesite 

and associated intrusive rocks of Late Cretaceous age. The minerals are 

quartz-arsenopyri te-pyri te-ga 1 ena-spha 1 erite-cerussi te, vii th mi nor 

pyrargyrite, yukonite, realgar, orpiment, argentite, tetrahedrite, 

native silver, chalcopyrite, jamesonite, chalcocite, malachite, and 

native antimony (Morin, 1980). 

The Keno Hill-Galena Hill area in central Yukon contains the 

lead-zinc-silver lodes hosted in thick-bedded quartzites and greenstones 

(Boyle, 1957) vlhich r:1ay be of Palaeozoic age. These rocks occur in a 

large open anticline. The lodes are located at the junction of two or 

more vein faults (fig. 4.20), or at the junction of a vein fault and 

sudsi di a ry fracture. Other lode s occur in qua rtzites or greenstones 

at or near the sites where the vein faults pass upward into schists or 

thin-bedded quartzites (fig. 4.21). Two stages of mineralization have 

been observed (Carmi chael, 1957), Iii th quartz-arsenopyrite-pyrite­

galena-sphalerite, and minor siderite deposited in the above-mentioned 

structural sites. Some of the arsenopyri te vei ns are 001 d-beari no 
" " 

(Carmichael, 1957). There is a well-developed supergene enrichment 

zone, "ith lead and silver enrichment and zinc depletion in the oxidized 

zone (Boyle, 1957). The zone of reduction has concentrations of 

supergene aalena, sphalerite, and hawleyite. 
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FIG. 4.20: Location of Pb-Zn lodes at the intersection of vein faults 
(from Boyl e, 1957). 

4.3.7 Porphyry Cu-Mo and porphyry I ~ o deposits 

(a) Introduction 

Porphyry Cu-~10 and porphyry Mo deposits are by far the dominant deposits 

in the Cordill era and are mostly concentrated in the Intermontane and 

Insular Belts, with fell occurrences in the Omineca Crystalline Belt and 

the Coast Plutonic Complex. They range in age from Jurassic to Miocene 

in the Insular Belt and from Triassic to Eocene in the Intermontane Belt 

(Christopher and Carter, 1976). Mineralized porphyry intrusions in the 

Cordillera belong to either the calc-alkaline magma su i te or the barely 

saturated syenite (alkaline) magma suite (Sutherland Brown et al. , 

1971). The composition of the forme r suite is dominantly quartz 

monzonite , but less commonly granod.iorite, quartz diorite, or granite. 

The composition of the syenite suite is varied, but is mostly monzonite. 

In addition to copper and/or molybdenum, gold, silver, and tungsten are 

norma lly recovered in accessory amounts. Porphy ry deposits ha ve a 

simple major ore and alteration mineralogy, together with a number of 

minor min er als . Th e common primary ore minerals are chalcopyrite, 

bornite and/ or mol ybdenite, and pyrite. Scheelite and wolframite are 
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FIG. 4.21: Plan showing location of ore shoots and mineral ized zones, 
Bellekeno system (from Boyle, 19b7). 

important in rare instances. Minor amounts of galena, sphalerite, and 

many sulphosalts may be present in late, banded or drusy veinlets of 

carbonate and quartz (Sutherland Brown et al., 1971). Secondary 

cha 1 coci te usually replaces pyrite and ella 1 copyri te. Mi nor copper 

oxides and carbonates al so occur. A stockwork of quartz veinlets, 

COmr;lonly of several generations, is associated with the mineralization 

in all but the syenitic porphyries. Gypsum, anhydrite, apatite, and 

fluorite occur in th e stockwork. Potassic, phyllic, argillic, and 
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propylitic zones of alteration (fig. 4.22) are usually observed. 

Porphyry deposits are regarded as products of material regenerated at 

converging plate margins in subduction zones and emplaced at high levels 

in the crust in plutons of calc-alkaline or alkaline affinity (Sillitoe, 
1972) • 

FI G.4.2Z : 

\ 
\ 
\ 
I 
I 
I 
\ 

\ 
\ 
I 

\ Outer limit of 

Andesite 171 
Ignimbrite W 

Porphyry ~tock: Wx x 
granodiorite . to 

quartz monzonite 

Phaneritic Granodiorite W 
Granodiorilic to ~ 

dioritic porphyry LLJ 

Volcanic Focies 

Sub - Volcanic Facies 

\ 

I.e-- propyl itic a Jteret ion 
\ 
\ \ 

\ 
\ 
\ 

I 
I 
I 
I 

\ 
\ Advonced biotitization 

xcpy )( 2LJ<.---~-'\----r \ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ py 

\ 
\ 

~ .. )c.,.; ~"x... x 
, , 

I i x cpy-bn x x' 

x ~ x cpy-bl1-mo x , 
xXlxxxxxxxxx 

x ~ x x x x x x * x 
, I 

x xI x x x x x x x x x 
I 

I 

Outer limit of 
j sericitic alterat ion 

I 
I 

I 
I 

I 
I 

Sub-Volcanic to 
Batholithic Facies 

-• o 
:>: 

x Ix x x x x x )( 'i1,:..2~./-----~ut~: limit of 
1 K - feldspar alteration 

xxxXXXXXXx 

} Batholitic Facies xxxXXXXXXXxxx 

xxxxXXXXXXXXXXXXxx 

XXXXXXXXXXXXXXXXXX 

Idealized cross section of a simple porphyry copper system showing 
vert ical facies zonation . (from Moturana - Bascope. 19a2) 

Dioritic/andesitic ~v v 
porphyry ~ 

Docitic porphyry 0 
Hydrothemal Breccia 10040,,1 

Pre-volcano r-I 
ba sement L-.J 

(b) Porphyry deposits associated with calc-alkaline plutons 

The Highland Vel ley porphyry corper camr 

This porphyry cop per di s trict is located 40 km southea s t of Cache Cree k 

an d Sf; km southwes t of I: al, l ro ps, The por phy ry coppe r dl' po s ic", (fig. 

4. 23) are of t he cOf:'p lex t ype , Th ey li e "itlii ~ ti lE' 1 200 krl Triassic 
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Guichon Creek Batholith, a semi-concordant dOP.lal body elongated slightly 

west of north, and whi ch has severa.l concentri c phases with locally 

sharp, but generally gradational, contacts (fig . 4.23). It intrudes 

sedimenta ry and volcani crock s of the Permi an Cache Creek and Late 

Triassic Nicola Groups and is unconformably overlain by sedimentary and 

volcanic rocks of Early Jurassic to Middle Tertiary age (fig . 4.23; 

"1cMillan,1972; 1976; Olade,1976). 
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Fig. 4.24 shows the geology of the Highland Valley area. The Krain and 

the South Sea deposits occur in the Guichon Quartz Diorite which is 

riddled with predominantly north-trending dykes. In the former deposit, 

the mineralization is associated with a sheet-like body of granodiorite, 

whereas in the latter the mineralization occurs in breccia pipes which 

have Gui chon fragments and rhyo 1 i te porphyry fragments (Mcr~i 11 an, 

1976). Mineralization at Bethlehem Copper occurs within a dyke swarm in 

breccias and fractured zones along and adjacent to the Guichon Quartz 

Diorite and Bethlehe~ Granodiorite contact (Carr, 1966; McMillan, 

1972; 1976). The J.A. deposit has a similar geological setting to the 

Bethlehem orebodies blot differs in that the mineralization is closely 

associ ated Hith, but r'lst-dates, a quartz monzonite porphyry stock that 

appears to be an offshoot from the Bethsa i da Qua rtz Monzonite. The 

Highmont deposits (Minex, Ann No.1, Lornex) are closely associated with 

the Gnawed Mountain dyke. Local tourmalinized breccia bodies occur both 

within and adjacent to the Gnawed r·10 untain dyke. They are locally cut 

by sulphide mineralization, as at r·1inex and the southeast corner of 

Highmont's No . 1 zone (Reed and Jambor, 1976). No breccias have been 

found at Lornex. The Valley Copper deposit lies within the Bethsaida 

Quartz ~10nzonite and has fe~1 mineralized and unmineralized dykes 

associated ~/ith it but no breccia bodies are knO\~n (fkMillan, 1976). 

Structure is the i mpor tant ore control at Highland Valley because almost 

all the sulphide mineralization is either in or closely associated with 

veins, fractures, faults, or breccias. Good copper grades are found 

~/here swarms of fractures occur or where sets of fracture swarms 

overlap. In the Highmont area, good mineralization occurs where 

northeast- and northwest-trending swarms of fractures overlap in a 

general zone of fracturing adjacent to the Gna~led t10untain dYKe (Reed 

and Jambor, 1976). At Lornex, good grades occur at the intersection of 

north-north east- , northeast-, and ,=a st-trendi ng sets of fractures 

(Waldner et a1., 1976). In the Bethlehem deposits, good mineralization 

seems to be related to the horsetailing fault pattern (Carr, 1966). At 

Valley Copper , good grades occur at the intersection of fractures which 

run parallel to the t~1O regional faults : the northerly-trending Lornex 

fault and the easterly-trending Highland Valley fault (Osatenko and 

Jones, 1976). 

The Highlan(j Valley derosits display varying alteration patt"rns and 

late stage veining. Host of these deposits have a fairly well developed 
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FIG. 4.25: Relationship between ore distribution and sulphide zoning in 
Highland Valley deposits (from ~1cMillan, 1976). 

Porphyry deposits in the northern Canadian Cordillera 

In the northern Cordillera, especially in the Yukon Territory, several 

porphyry Cu-Mo deposits occur in the Dawson Range. The Cas i no C u-~10 

deposit is related to the Mt. Nansen volcanics (Wol fhard and tJey, 1976) 

and the mineralization occurs in breccias. The biggest porphyry Cu-No 

deposit found in the Dawson Range is the Cash porphyry Cu-Mo deposit 

(Sinclair et al., 1981). It is associated with the Big Creek fault, a 

major tectonic feature, and is genetically associated with a subvolca nic 

complex of small, irregular stocks and dykes of feldspar porphyry and 

related breccias of Late Cretaceous age. Primary sulphide minerals are 

pyrite , chalcopyrite, molybdenite, and bornite. They occur along 

fractures, in quartz veinlets and disseminated in feldspar porphyry and 

intruded metasedimentary and older intrusive rocks (Sinclair et al., 

1981 ) . Cross-cutting relationships between veinlets and fractures 

i ndi cate multi stage development of sul phi des. Hi gher-grade zones of 

copper and molybdenum have associated potassic alteration. Phyllic 

alteration is, in part, superimposed on potassic alteration whereas 

argillic alteration occurs locally. In essence, these deposits are 

similar to the calc-alkaline porphyry deposits of British Columbia. 

(c) Porphyry copper deposits of the alkaline suite 

Alkaline-suite porphyry copper deposits (fig. 4.26) and related 

intru sio ns occ ur in the Intemonten" Belt. They are spatially and 

gen etica lly related to the Upper Triassic Nicola-Takla-Stuhini volcanics 
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UPPER TRIASSIC AND LOWER JURASS IC VOLCANIC ROCKS, 

SIGNifiCANT COPPER DEPOSITS. AND ASSOCIATED 

ALKALIC PLUTONS IN THE CANADIAN COROILLERA 

SCALE 

~ IoIAl .. lY SE DI .... [1I1""T ROCKS " _. -,:1--- -------

FIG. 4.26: Up per Triassic and Lower Jurassic volcanic rocks, s i gnificant 
copper deposits and associcted alkaline plutons in the 
Canadian Cordillera (from Bal"r e t al., 1976). 

and cOr:lagr,latic alkaline plutons (Barr et al., 1976 ). For instance the 

copper deposits of the Copper Mountain C~r:l P occur in rocks of the Nicola 

Group wh i ch are bounded in the south by the Copper t10unta in stock, in 

the north by the di ori ti c to syeniti c porphyri es and brecci as of the 

I.ost Horse COr:lplex, and in tile west by the Boundary fault system (fig. 

4. 27; Fahrni et al., 1976). The Afton deposit occurs in the late phase 

latite porphyry and breccia of the dioritic to syenitic Iron Nask pluton 

which intrudes the Nicola Group in the Quesnel Trough (Carr and Reed, 

1976) . The Galore Creek deposits are hosted by volcanic breccias, 

bedded and crystal tuff, trachyte and pseudol eucite phonol ite whi ch are 

intruded by syenite porphyry dykes and plu gs (All en et al., 1976). 

Cariboo Bell, Gnat Lake, and Lorraine are also r elated to alkaline 
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FI G. 4.27: The geology of the Copper t~ounta in - I ngerbe11 e area (from 
Fa h rn i eta 1., 1 976 ) . 

plutons 

1976 ; 

which intrude the Upper 

,Jilkinson et a1., 1976). 

Triassic volcanics (Hodgson et a1., 

Compa re d to t he calc-alkaline suite depos its, these deposits commonly 

grade into pyrometasomatic or skarn deposits, they lack appreciable 

amounts of molybdenite, and are usually richer in gold and silver. 

Further, the ore zones and the related intrusions are spatially 

associate d with r eg ional faults. These faults seem to be the dominant 

ore control s. In the Afton deposit, th e Iron Mask pluton and the 

relate d volcanics were emplaced along lon g-active and deep-seuted 

fau1 ts. The ore mineral s occur in fractures (Carr and Reed, 1976). The 

ten tabular t o manto-shaped deposits of the _ Galore Creek Camp are 

dominantly controlled by syenite dyke contacts and zones of structural 

I'leakness (A ll en et a1., B i6 ; Barr, 1966 ). Fi gure 4.27 shows the 

rel at i onship of or ebod i es I'l ith faults at the Coppe r r·1ountain deposits. 

These north- t ren ding hi gh-angl e faults form an ancient, l ong-lived rift 
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system that extends from the U.S . border (Fahrni et al., 1976). Four of 

the six orebodies at Cariboo-Bell are complex intrusion and crackle 

breccias adjoining a lens of syenodiorite (Hodgson et al., 1976). They 

seem to be related to faults (fig. 4 .28). 
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FIG. 4.28: The geology of Cariboo Bell deposits (from Hodgson et al., 
1976) . 

The dominant alteration products related to mineralized zones are potash 

feldspar and biotite. Propylitic zones cOr.lmonly fri nge the deposits. 

Phyll i c and argillic alteration zones are notab ly absent or poorly 

deve lope d in these deposits . The ore zones occur in all a lterati on 
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units, the ore zones in the Galore Creek deposits, are associated with 

the potassic alteration zone close to the related alkaline pluton (Barr 

et a1., 1976; Allen et a1., 1976). Alteration patterns and sulphide 

distribution are complicated by telescoping and overlapping of various 

alteration zones. 

Primary sulphides are pyrite, chalcopyrite, bornite, chalcocite, and 

pyrrhotite. Pyrite is the most abundant sulphide mineral anc at the 

Galore Creek and Cariboo Bell deposits it occurs peripheral to the main 

mineralized zone. The sulphides occur as fracture fillings, veins, 

disseminated grains, massive lenses and pods, and in breccias. 

Magnetite and, locally, hematite may occur with the su1 phi des. No 

si gnifi cant supergene enri chment has occurred in the porphyry deposits 

related to alkaline suites. In the Copper Mountain deposits, no 

supergene enrichment has taken place since Pleistocene glaciation 

(Fahrni et a1., 1976). The Afton deposits contain supergene minerals 

(native copper, chalcocite, and copper oxides) to great depths (Carr and 

Reed, 1976). The Lorraine deposit contains secondary copper oxides and 

carbonates in the highly oxidized Upper Zone (I,ilkinson et a1., 1976). 

In the other deposits, supergene copper minerals are relatively sparse 

and unimportant. 

Table r summarizes the important properties of these deposits, and also 

shO\~s tile ore reserves of tile different deposits. 

(d) Porphyry molybdenum deposits of the calc-alkaline suite 

All economically significant porphyry molybdenum deposits are within the 

Intermontane Belt of central British Columbia. Minor porphyry deposits 

occur in the adjacent Coast Plutonic Complex and Omineca Crystalline 

Belt, with the third group occ urring in the Insular Belt. The 

distribution of the deposit~ within each tectonic belt is erratic and is 

controlled by clusters of coeval intrusions, some of which are barren. 

These intrusions are composite, silicic, 1eucocratic quartz monzonite 

stocks an d late stage composite qu crtz mo nzonite batholiths as at Endako 

and Adanac. In the mine area , the host rocks are usually cut by 

pre-mineral and post-mineral dykes. Th e Endcko deposit, the largest 

mol ybde num pr oducer in Cana da an d t he second l a rges t in th e world afte r 

Clima x, i s an el ongate s toc kwork of quartz r.10 1ybdenitp ve in s de velo ped 
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TABLE 1 - Summary of Geology and Exploration Data - Significant Copper Deposits Associated with Alkalic Plutons in 
the Canadian Cordillera 

Name Afton Cariboo Bell . Capper Mountain / lngerbelle 
Ownership (Teek. Corp.) (Teek Corp.) (Similkameen Mining) 

-
PLUTON 

Type Diorite, Syenodiorite, Syenile-monzonile-diorile 
diorite phy, 
syenite phy. 

menz. phy. complex 

Age 198 ",6my 184 '" 7 m y U. Triassic (193 '" 8 m y) 

Host Rock U. Triassic l. Jurassic U. Triassic voles .. minor seds. 
tuffs, tuffs, 
aggloms .. breccias, 
flows flows 

Alteration zoning Potassic- Potassic- Wk. potassic-propyli!ic 
sequence from propylitic propylitic 
center 

! 
STRUCTURE Stockwork, Breccia Dissem., stockwork 

breccia 

- -----

PYRITE ZONE 
Size (meters) 850 X 300 4500 X 600 Undetermined 1100 X 850 
Volume % 0-10 5 ("g) 0-1 1-10 

Cu MINERALIZATION % I . 
Chalcopyrite I 9 74 50 100 
Bornite I 10 - 50 -
Chalcocite 111 1 
Native Copper 1 5~ f 16 - -
Other Secondary ) - - _. 

MAGNETITE % i Not avaitable 3 ("g) C- I 1 0-1 ---

SIGNIFICANT 
ALTERATION 

K-feldspar x , x 
Biotite , x x x 
Garnet x 
Anhydrite 
Chlorite x , , 
Carbonate , x , 
Albite x , , 
Scapolite , 
Epidote x , , 
Tourmaline I ------ - --- --- -------

RESERVES & PAST I PRODUCTION i I 

I 65 (pre· Tons (X 10") I 31 (indicated) 15 (indicaled) · 31 (past , . , 
product ion) i production) I 

Cu % 
1

10 0.49 108 I 0.53 
Ag oz. 1 0.10 0.04 0.11 O.O2 (2) 

_~.u~~_.~ ___ j~t_5 ____ 1 
0.015 0.005 : 0.005'" 

I 
I I APPLICABLE I OISCOVERY METHODS I 

Date of Discovery 1970 1964 1884 I 1966 
Methods( I} Prosp. (I p. Ge) Magnetics Prosp. I Prosp. (IP, 

(Prosp .. Ge) I Rock Ge) 

(1) Actual discovery methods With applicable or helpful methods In brackets. 
(2) Recovered 1972·73 production. 
(3) Ind icated potent ial. 
Abbreviations: 
Tons Metric tons Prosp. = Prospecting 
IP = Induced Polarizat ion Mag "'" Magnetic 
Gc = Goechemical 

SOURCE: Barr et a1., (1976) 

Galore Creek 
(Stikine Gnat lake Lorraine 
Copper) (H.B.M. & S.) (Granby-Ken nco) 

Syenite phy. Syenite Syenite 
complex porphyry, migmatite, 

quartz leucocratic 
monzonite syenite, 

pyroxenite 

l. Jurassic 
(198 '" 7 m y) 

l. Jurassic 175 ",5 my 

U. Triassic U. Triassic Mesocrat ic 
metavolcs, andesites, phase of 
minor seds. dacites, migmalite I rhyolites 

I Potassic· None None 
propylitic recognized recognized 

I Disseminated I Disseminated Disseminated 
stockwork, stockwork 
breccia 

1500 X 600 Not defined None 
1 - 10 1- 3 Less than I 

Upper Lower 
Zone Zone 

90 100 30 50 
9 - 30 40 
1 - 10 10 
~ 1 

1= 
- -

J 10 -
1 - 10 1 0 - 10 ! 0 - 5 

! 
, , x 
x x , , , 

1 : x 

I ' 
I ' I ' I I 

I Upper Lower 
Zone Zone 

I 

! 125 (ind icated 15 (drill 5 (:l) 5 i 3) 

inferred) j & inferred) I 0.75 0.60 
1

106 0.44 
. 0.15 Undetermined Undetermined 
1 0.013 Undetermined om 0.003 

I 
i 1955 1960 1945 1970 I Prosp. (Ge, IP, Prosp. (IP. Prosp. Prosp. 

Mag) Ge, Mag) (Ge) 

Wk = Weak 
phy porphyry 
monz = monzonite 
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within the Endako quartz monzonite phase of the Topley Intrusions 

(Dawson and Kimura, 1972; Kimura et al., 1976) which, in the mine area, 

is intruded by pre-mineral and post-mineral dykes (fig. 4.29). 

FRANCOIS 

LEG E NO 
YO U NG VOLCANIC ROCII$ 

_ t tU,UY ,,,.uo ~.Ou~ 
~ U~~:s!.t::~~ou:;~:[~ nOT'''''' 

UPPER JURASSIC ToPLEY INTRVSIOHS 

c:::::] ,·tt. 4<.". "t 
~ ' .... '0.' , .... ,f( 

~ nt ......... '",UIT( 

[:-:'::.1 , .. 0000 o"uu "0"'0""( 

E:ZJ .... Ult. ou •• n "0":0""( 

LOWER MESOZOIC VOLCANIC ROC':S 

E::3 UOU '.O\l~ 

: DYK E ROCIeS 

~ CZl .t~··ta rU-OOOt ••• u 

SYM80LS 

FIG. 4.29: The geology of the Endako area (from Kimura et al., 1976). 

The Alice Arm deposits occur in a number of molyhdenum-bearing granitic 

stocks, collectively called the Alice Arm Intrusions, emplaced in 

sedimentary rocks near the western edge of the Bowser successor basi n 

and marginal to the Coast Plutonic Complex (fig. 4.30; Woodcock and 

Carter, 1976). Most of the plutons exhibit features of multiple 

intrusi ons and are all cut by lamprophyre dykes of post-mineral age. 

The Boss Mountain molybdenum deposit occurs within rocks of the 

composite Takomkane batholith near a genetically related Cretaceous 

quartz monzonite Boss Mountain stock (fig. 4.31; Soregaroli and Nelson, 

1976). The Takomkane batllOlith intrudes Upper Triassic Nicola Group 

volcanic rocks. the molybd~num mineralization is spatially and 

geneti ca lly re 1 a ted to dykes of rhyo 1 i te porphyry, rhyo 1 i te and quartz 

latite porphyry, and three prases of the Boss breccias (fig. 4.31). 

Other porphyry molybdenum deposits like the Glacier Gulch and Adanac 

also display the spatial reliltionship of molybdenum mineralization and 

structure. 

Potassic alteration, ma inly biot ite and potash fel dspar, is most closely 

related in time and space to molybdenum minera lization. Sericite 
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FIG. 4.30: Geology of the Alice Arm district. The deposits south of the 
NE -trendin g Alice Arm lineament appear to be spatially 
related to a system of NE-trending lineaments, and those 
north of the Alice Arm lineament to a north-trending 
lineament (from Seraphim and Hollister, 1976). 

(muscovite) is i~portant in some deposits and is actually related to the 
mineralization as at Endako, Boss Mountain, Adanac, Glacier Gulch. 

t 
I 

~ , 

CRETACEOUS 

~ I . .. I,oc<'" 

~ .... "' ..... ,. .. l!.....!...:..= S, .. I 

TRIAS Slcl JURASSIC 

I ~.I .. "*,;,· 

-- -----------------=:.--
FIG. 4.31: Geo logy of the mine area at the Boss J.jo untaill deposit (from 

Sor ega ro1i and Nelson, 1976). 
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Argillic alteration is important at Endako and it accompanies molybdenum 

mineralization. Silicification has restricted distribution. Propylitic 

alteration is common in the outer parts of many deposits and may have 
been more ~Ji despread pri or to the developr.1ent of other a lterati on 
assembl ages. 

r~olybdenum depos its are formed by fracturi ng, vel nl ng, a ltera ti on and 

intrusion, with a general sequence that progresses from an early barren 
stage, through a molybdenum stage and then ends 11ith a vleak or barren 

stage containing base-metal sulphides (Table 2; Soregaroli and Sutherland 

TABLE Ii - Stages of Mineralization 

Stage 1 I Stage 2 Stage 3 I Stage 4 Stage 5 I 
Endako . ...... ........ ql, py, mo, I qz, py qz, mo, py qz, py qz, cal, 

(mt) (cp, ml) (cp, ml) sp 

Adanac . . .. . ... .. ...... qz, mo, py i qz, mo mo sp, gn, asp 

Boss Min. ..... .......... qz, py I qz, py qz, mo, py (a) qz, mo, py! qI, mo, py 
(mo) (b) qz, py, cp, 

bit (sc, Q11, , gn, sp) 
I , , 

QI, mo, mt qI, mo, PY, mt I QI, car, Py, sp, gn, Glacier Gulch . . qz QI, mo, py. mt 
(cp, sc) (cp, 50) (cp, sc) (cp) 

Be Moly .. .. mo qz, mo, PY qz, mo, PY qI, rno qz, PY. gn, sp 
(mo) 

Roundy. .... ... . . ..... (mo) qz, mo, py (preliminary observations) 
(dissem. in dyke) stockwork 

Bell Moly. .. ..... .... qz qI, rno qI, rno QI, car, py 
(py) (py) gn, sp 

Ajax .. .... . ..... qz, po qz, rno qI, rno qz, py, gn 
sp. cp 

Red Bird .. .. . .. .. ... qz QZ, rno QI, rna QI, rno qz py 
(py) (py) (py) (mo) 

Lucky Ship. ... ..... . . .. . mo QI, mo, DY 

Parentheses deSignate mmor constituents 

Source: Soregaroli and Sutherland Brown (1976). 

Brown, 1976). Molybdenum mineralization 
most common, although 

is largely fracture-controlled. 
Stockworks are brecci a 
systems and disseminations are important in some 

pipes, multiple 

deposits. In the 
vein 
Boss 

Mountain depos it, molybdenum mineralization, which was introduced during 

at least three separate periods of hydrothermal activity, is contained 
within quartz vein s or breccia bodies (Sol'egaroli and Nelson, 1976 .) A 

swar~ of veins form economic mo lybdenite in what is called the Stringer 

Stage 6 
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Zone. At Endako, the large veins may swell, pinch, 'horsetail and show 

local flexures, but the structural continuity of these veins is 

generally strongly developed (Kimura et al., 1976). These veins contain 

mo lybdenite, pyri te, 8.nd magneti te, with mi nor amounts of chalcopyrite 

and traces of bornite, bismuthinite, scheelite, and specularite. The 

better grades of molybdenite mineralization at Alice Arm are 

structurally and 1 ithologically controlled. Fracturing and attendant 

quartz- molydenite veining are best developed near stock contacts 

(Woodcock and Carter, 1976). Later alaskite intrusive phases may 

contain disseminated to nearly massive molybdenite. Table 3 shOl~s the 

ore reserves of some of the porphyry molydenum deposits. 

From th i s bri ef account 0 f the porphyry rno lybdenum depos its, it is cl ea r 

that these deposits are associated with deep crustal structures and with 

intrusions of calc-alkaline affinity. This suggests that both the magma 

and the molybdenum are of deep crustal or upper mantle origin (Soregaroli 
and Sutherland Brown, 1975). 

4.4. MINERALIZATION IN THE MIOCENE TO RECENT 

4. 1.1 Introducti on 

This period, vlhich is the last phase of the geological history of the 

Canadian Cordillera, includes the later half of the Cascade Epoch of 

Wolfhard and Ney (1976) - str etching from about 26 "'a ago to the 

present. The period is marked by the extensive extrusion of "Plateau 

basalts" in the Intel"montane Belt. To the west of the Intermontane 

Belt, the lavas have been upwarped by post-Miocene uplift of the Coast 

Mountains and have been eroded (Monger et al., 1972). The occurrence of 

small separate volcanic centres marks the Pliocene to Quarternary 

volcanism. The remarkable event in this period is that along the 

British Columbia coast there was a change from a consuming to a 

strike-slip continental me.rgin . During this period, there was a sharp 

decline in the porphyry mineralization. The plateau basalts are nO\~here 

knOl'!n to be mineralized. Sr.la ll Cu and Mo deposits occur at Franklin 

Glacier, Cork (Yukon Territory), and Salal Mo (Holfhard and Ney, 1976). 

Franklin Glacier, in the Central Coast Range, hilS Yleak Cu-Mo 

mineralization developed in an intrusion with associated volcanic 

formati ons that are about 10 Hi' old. Salal t·ln is in c 7,9 ~la old 

stock. These deposits, together with a number of sma ll Pleistocene 



Table 3: Properties of some of the porphyry molybdenum deposits 

size Grade 

Deposit Minerals Metals 6 (tons x 10 ) % ~!oS2 Age (Ma) Remarks 

I 

End~ko I ,"0 Mo 197,8 0,15 141 + 5 Initial reserves: 276 m.t. I 
I -

Boss /·1ountai n I mo ~10 1 ,2 0,40 102 + 4 Additional low-grade potential 
-I 

1,36 0,27 Cascarle Holy I mo, A lJ f10 
I 

:Red Bird ! mo Mo 27,2 0,25 49,0 2: 2 , 
I ILuCky Shi p ma ;·10 18,0 0,17 49,92: 3 Submarginal . . Potential for more. , , 

~ 

<D 

IGlacier Gulch I mo, sc. Ho (WI 90,72 0,29 73,3 2: 3,4 

I ~l t. Thol;]l i nson i mo ~10 40,82 0,12 53,8 Submarginal 

I nell ~101y I mo Mo 31 ,75 0,11 52,9 2: 2 Submarginal 

jAja x I mo Mo 178,54 0,121 53,52: 5 Submarginal. Very high stoping ratio, 
I with total reserves of 417,3 x 106 

I tons at 0,09% MoS2• 

i Roundy Creek mo Mo 1,36 0,347 52,5 2: 2 
i . mo,sl,cp. ~10, Cu 12,25 0,15 49,82: 0,7 Submarginal. Molybdenum-bearing stock-1 1.~ t. Hasklns 

! work with adjacent skarn. 
I 

I"danac mo, sc. Mo (,I) 94,53 0,16 62 Potential for more tonnage. 

I 

Source: Soregaroli and Sutherland Brown (1976). 



- 120 -

volcanic centres, lie along the Harrison Lake structure (Wolfhard and 

Ney, 1976). Minor vein an d skarn deposits occur adjacent to the 

Chilliwack Pluton in southern British Columbia. Minor Zn-Mo geochemical 

anomalies occur in the Mt. Edziza volcanics. Vein-gold deposits are 

those of Cinola (Champigny and Sinclair, 1980) and the Franklin Mining 

Camp. Mercury vein deposits occur at the Bridge River - Yalakom area 

and the Kamloops area (Armstrong, 1966). Vein-type deposits of this 

period will be briefly discussed. 

4.4.2 Vein-type deposits 

The Cinola gold deposit lies 16 km. south of ~iasset Inlet on 

Island, Queen Charlotte Islands. The area is underlain by 

Graham 

gently 

dipping Late Cretaceous clastic sequence of a 10~ler shale unit (Haida 

Formation) and an overlying interbedded sequence of pebble conglomerate 

and coarse-grained 'sandstone (Skonun Forr.lation) of Miocene age (Champigny 

and Sinclair, 1980; , Barr, 1980) ~Ihich is thought to have formed as an 

alluvial plain facies in a braided river system discharging into a 

marine basin . These units are intruded by a stock and dykes of rhyolite 

porphyry, ~I hich, together with the- mineralization, have been dated at 

14 ~la (Champigny and Sinclair, 1980). A splay of the Sandspit fault 

system const itutes the footwall on the \Vest of the deposit (fig . 4.32) 

and marks a sharp contact with the adjacent Haida shales to 

'~~'i>~~~~'.<il ~ SKONUN FM ,IMIO-PLlOCENE) 
7....: OR HONNA FM, (CRETACEOUS ) 

CONGLOMERATE,SANOSTONE 

CJ ... ASSET F ... . (PALEOCENE - EOCENE) 

E:-:-:-I HAIOA F .... (CRETACEOUS) 

t ::::1 YAKOUN F ... . ( JURASSI C I 

0.07 CZS/TON GOLD RESERVE ~';'~~¥l{i~~~~~~;~~ ~ APPROXIMATE LIMIT Of 

GEOLOGY 
CINOLA DEPOSIT 

o 5 10 -=---=-== __ i 

KILOMETRES 

FIG. 4.32: Geology of the Cinola depos it (from Barr, 19BO). 
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the west. Gold and silver mineralization occurs in intensely silicified 

rocks east of the spl ay of the Sandspi t faul t system and decreases 

gradually to the northeast (fig. 4.33). Within the mineralized area and 

at its margins, anomalous concentrations of mercury and arsenic and 

minor concentrations of antimony, copper, and zinc occur (Barr, 1980). 

180m 

~ SKONUN FM. 
(MIO-PLICICENE )C==3::=~ 
OR HONNA FM.­
(CRETACEOUS) 
CONGLOMERATE, 
SANDSTONE 

1:::":'1 SANDSTONE 

o MASSET FM.­
(PALEOCENE-EOCENE) 
RHYOLITE 

E=;=;=3 HAIDA FM . (CRETACEOUS) 

CI APPROXIMATE LIMIT OF 
0.07 OZSITON GOLD RESERVE . 

SCHEMATIC 
CROSS SECTION 
CINOLA DEPOSIT 

LOOKING NORTHWEST 
o 50 100 __ ~"_ i 

METRES 

FIG. 4.33: Schematic cross-section, Cinola deposit (from Barr, 1980). 

Good gold grades occur in (Tuartz veins and at the contact between the 

rhyolite porphyry and the Skonun Formation clastic rocks. The sulphides 

and oxides are mainly pyrite, marcasite, limonite, hematite, native 

gold, cinnabar, chalcopyrite, sphalerite, pyrrhotite, galena, and rutile 

(Champigny and Sinclair, 1980). The gold occurs in very fine-grained 

particle sizes. Possible major controls of mineralization include 

prox i mity to an 

permeabil i ty of the 

unconformi ty, proximity to a maj or 

host rocks (Richards et a1., 1976). 

fault, and 

The association of very fine-grained gold mineralization together with 

anomalous mercury, arsenic and antimony liith intense silicification, 

pyritization, and cl?y alteration in permeable rock units adjacent to a 
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major structure suggests that the deposit is of Carl in-type (Barr, 

19BO; Champigny and Sinclair, 1980; Richards et al., 1976). The ore 

reserves are estimated to be about 50 million short tons at 0,06 ozlton 

Au and 0,1 ozlton Ag (Champigny and Sinclair, 1980; Richards et al., 

1976). 

The Bridge River - Yalakom River and the Kamloops Lake mercury deposits 

occur in central British Columbia (fig. 4.19). Along the Pinchi Lake 

fault zone and along the Fraser - Yalakom fault zone in the Yalakom 

River area cinnabar deposits are commonly associated with bodies of 

altered serpentine. Zones of shearing and faulting with res~ltant 

brecci ati on along the contacts has provi ded conduits for hydrothermal 

solutions migrating through th", altered (silicified and ankeritized) 

serpentine and volcanic and sedimentary rocks. C i nnaba r occu r sin 

minute veinlets filling the fractures and coating breccia fragments and 

replacing the wall-rock (Armstrong, 1966). 

The deposits of the Kamloops area and the Tyaughton Creek area of the 

Bridge River Camp and the minor occurrences along the Pinchi, f~anson, 

and Fraser-Ya 1 akom fault zones occur in faulted, sheared, fractured, and 

altered volcanic and sedimentary rocks of f4esozoic age. These volcanic 

and sedimentary rocks have undergone silicification and ankeritization. 

Cinnabar in the Kamloops deposits occurs in or at the edge of dolomite 

veins or stringers and in silicified rocks. In addition to cinnabar, 

there occur realgar, tetrahedrite, malachite, and azurite. 
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5. CONCLUSIONS 

The Canadian Cordillera consists of five distinct longitudinal tectonic 

belts within which rocks are broadly similar in type, age and history. 

The belts are, from east to west, the Rocky Mountain Belt, the Omineca 

Crystalline Belt, the Intermontane Belt, the Coast Plutonic Complex, and 

the Insular Belt. The Cordillera is thought to have been initiated by 

an episode of rifting in the mid-Proterozoic. Subsequently a 

miogeosync1ine developed along the I·testern margin of the North America,n 

craton in the Rocky Mo untain and Omineca Crystalline Belts. In late 

Devonian time, clastic detritus (resulting from the interaction between 

the North American Plate and the Pccific Plate), was shed eastward from 

oceanic crust into the miogeosyncline. This was accompanied by the 

strong development of stratiform and stratabound sedimentary - hosted 

lead-zinc-silver, copper and iron deposits. 

In late Palaeozoic time the geological evolution of the Cordillera 

resulted in shelf:slope:rise assemblages in the Rocky Mountain Belt, 

island arc assemblages in the Omineca Crystalline Belt, oceanic or 

inter-arc assemblages in the Intermontane Belt, and island arc 

assemblages in the Coast Plutonic Complex and the Insular Belt. The 

geological terranes west of the miogeosync1ine are inherently suspect 

because of the uncertainty in their palaeotectonic setting with respect 

to the North American craton and as such are allochthonous to the craton 

(t1onger et a1., 1972; Wheeler et a1., 1972; Coney et a1., 1980). This 

geological phase of the Cordillera is accompanied by t he development of 

stratiform - stratabound lead-zinc-silver and copper deposits, massive 

sulphide deposits, skarn deposits, minor chromium and copper-nickel 

deposits associated with magmatic activity (for example the Trembleur 

Intrusions), and minor carbonatite deposits. 

During the Mesozoic the western Cordillera evolved from a system of 

island arcs in the Triassic and E~r1y Jurassic, through an intermed iate 

stage of successor basins and troughs that were filled partly by 

detritus from actively upl if ted granitic and metamorphic rocks of the 

Omineca Crystalline Belt and Coast Plutonic Complex, to a final stage in 

the Late Cretaceous and Eocene of H continental Cordillera comparable to 

the presen t-day Andes. In th is peri od there IVa s extens i ve magma ti Sf:] 

~Ihich is related to the development of SUbduction zones. Porphyry-type 
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deposits predomi nate. These are geneti cally re1 ated to both the 

calc-alkaline and alkaline magmatic suites. Skarn and massive sulphide 

mineralization also occur. 

Finally, in the Miocene time, there was widespread extrusion of plateau 

basalts in the Cordillera. This volcanism differed markedly from the 

earlier calc-alkaline volcanism. This change in volcanism is related to 

changes along the boundary between the Pacific and North American plates 

(Atwater, 1970); that is, the boundary changed from a consuming margin 

to the present-day transform Fairweather-Queen Charlotte Fault. Only in 

the soutll is there i ntermi ttent subducti on of the small Juan de Fuca 

plate (fig. 3.27), causing formation of volcanic rocks of the Cascades 

and Mt. Garibaldi. Minor mineral deposits (vein-type and porphyry-type) 

are associated with this last evolutionary phase of the Cordillera. The 

plateau basalts are nowhere known to be mineralized. 

As evident from the above description, the evolution of metalliferous 

ore deposits in the Canadian Cordillera follows a definite pattern which 

began in the Precambrian, before the initiation of the Cordilleran 

eugeosync1 i ne. 

dominated by 

mineralization 

peri od from 

porphyry-type 

mineral ization. 

The peri od from the Proterozoi c to the Devoni an is 

s tra tiform 1 ead-zi nc-s il ver, copper, and iron 

mainly in shelf sediments marginal to the craton. The 

the Upper Tri ass i c to the Eocene is domi na ted by 

and related skarn mineralization and massive su1ppide 

The distribution of mineralization also follows a 

somewhat definite trend. The Rocky Mountain and Ominec2 Crystall ine 

Belts have mainly stratiform-stratabound mineralization; some ska rn 

deposits do occur in the Omineca Crystalline Belt especially in the 

northern Cordi 11 era. The Intermontane Belt is domi nated by 

porphyry-type deposits. The Coast Plutonic Complex has massive sulphide 

mineralization together with minor porphyry-type deposits. The Insular 

Be lt is domi nated by skarn mi nera 1 i zati on wi th mi nor occurrences of 

massive sulphide and porphyry-type mineralization. Vein-type mineraliza­

tion occurs in all the tectonic belts. 

The overall tectonic environment is an important control on the 

sedimentation and ~agmatism and the re1atea mineralization. Subduction 

and extensional environments in particular are favourable for the 

development of magr;;atism and the related sedimentatioll. The miogeosyn-
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c1ina1 environment has very restricted and localized magmatism which 

is indirectly related to the mineralization. The stratiform­

stratabound mineralization is mainly syngenetic or early diagenetic. 

The skarn deposits are only di stant1y re1 ated to p1 utons. The 

porphyry-type deposits are related to both types of magmatic suites. 

Unlike the calc-alkaline porphyry coppers, the alkaline porphyry copper 

deposits commonly grade into skarn deposits, they lack appreciable 

amounts of molybdenite, and are usually richer in gold and silver. The 

porphyry molybdenum deposits are mainly related to the calc-alkaline 

suite. Massive sulphide deposits are related to calc-alkaline 

volcanics; however, an exceptional deposit is that in the Pe11y 

~lountains, Yukon Territory, which is related to highly alkaline 

volcanics which are thought to have been generated in an intracratonic 

extensional environment (r'lortensen and God./in, 1982). 

In the Canadian Cordillera, much of the magmatism, sedimentation, and 

the related mineralization seems to be associated with regional, 

long-active, and deep-seated lineaments. These lineaments are expressed 

by surface features such as faults, fractures, the alignment of volcanic 

centres, or even the alignment of mining camps (see for example figures 

3. 13; 3.20A and B; 3.27; 4.4; 4.7; 4.9; 4 . 13; 4.24; 4.27; 

4.2 9; 4.30). These lineaments may Ilave been responsible, over a long 

period, for the transmission of metal bearing fluids from the mantle 

and/or for circulation, scavenging and recycling metals in the crust. 

Their continuing activity may be related, partly, to jostling of the 

craton during peri ods of change in subcrusta1 flow (Sutherland Brown et 

a1.,1971). 

Finally, a few significant pOints on the exploration criteria for tile 

Cordillera will be mentioned. In recent years, grass roots exploration 

combined with geophysical and geochemical 

overwhelming success. This is evidenced 

techniques has met with 

by the number of recent 

discoveries. These are, for instance, 1ead-zinc-silver deposits in the 

Selwyn Basin, massive sulphide deposits in the Pelly Mountains, 

vein-gold deposits in the Intermontane and Insular Belts (e.g. the 

Chapelle and Cinola deposits), and porphyry Cu-~·Io deposits mainly in the 

I ntermontan e Felt. Further di scoveri es are sti 11 goi ng to be T<1ade 

becaus e vast areas in the Cordillera are still untouched. 
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Expl orati on for 1 ead-zi nc-sil ver deposi ts in the northern Cordill era 

(especially the Selwyn Basin which has great potential for more 

lead-zinc-silver deposits) can be confined to Proterozoic-Early Cambrian 

carbonate and clastic rocks and to Late Cambrian - Devonian basinal 

shale and laterally equivalent platformal carbonates (mainly in 

fault-bounded basins) which have been found to be the dominant hosts of 

the 1ead-zinc-silver mineralization. ~lost of the deposits in the Selwyn 

Basin were found by conventional prospecting aided by geochemical 

sampling (Carne and Cathro, 1980). The main obstacle will be the 

locating of blind deposits beneath either thick overburden or cap rock 

within the camps. Geophysics is reported to have had only limited 

success because most of the deposits have a low sulphide content (Carne 

and Cathro, 1980). However where regional metamorphism has affected the 

deposits, as at the Anvil Camp, high sulphide iron content occurs. EM 

can be used as a mapping tool for tracing graphitic horizons in shales, 

although sulphide conductivity is usually undetectable. Lead is the 

most important geochemical indicator because zinc background is often so 

high in shales that it masks sulphide response (Carne and Cat~ro, 1980). 

In the southern Cordillera, search for these deposits can be confined to 

Proterozoic - Oevonian rocks in three broad environments, r.amely: the 

Purcell Anti cl i nori um, the Kootenay Arc, and the Shuswap Metamorphi c 

Complex. With the exception of Sull ivan, the majority of t~ese deposits 

seem to be very small. 

There seems to be a great potenti al for stratiform sedimentary copper 

and stratiform iron deposits in the Cordillera. The transition zone 

between the Redstone River Formation and the Coppercap Formation seems 

to be the potential host for stratiform-stratabound sedimentary copper 

deposits. HO~iever, the post-,/i ndermere erosi on removed the wo 
formations in a large part of the northern Cordillera. Thus search for 

sedimentary copper of the Redstone-type should be concentrated in 

down-faulted blocks where these two host formations might be preserved . 

Th i sis supported by the fact that the Redstone Copper deposit is 

preserved in a down-faulted block. Search for stratiform iron deposits 

of the Crest-type should be confined to the Rapitan Format ion and its 

correlatives, especially where there is the occurrence of the 

distinctive diamictitic conglomerates. The fact that the Raritan 

Forma tion and its correlatives are extensive lends its elf to the 

possib ility that there is a po t ential for more stratifom iron deposits. 
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Although the host rocks are thought to be glacial (Aalto, 1971), it is 

un1 ikely that the Fe was derived from a continental source but more 

likely that it was volcanogenic (Gabrielse, 1972). 

Massive sulphide mineralization in the Canadian Cordillera is thought to 

be genetically related to island arc volcanism. No spreading centre, 

Cyprus-type depos its of ophi 01 iti c affi 1 i ati on have been recogni zed. 

The majority of known deposits are found in Upper Triassic to Middle 

Jurassic volcanic rocks that flank or lie within the Coast Plutonic 

Complex. The potential geological environments for massive sulphide 

mineralization are well known and thus will not be mentioned here. 

However, the recommendations of Sullivan (1978) will be re-iterated 

here: that is, exploration for massive sulphides should also be 

concentrated in pyritized rhyolites, rhyolite-andesite contacts, 

rhyolite-sedimentary transition zones, rhyolite breccias, and rhyolitic 

fragmenta 1 s. It shoul d also be l'1pnti oned here that excess i vely 

restrictive criteria should not be set for the identification of 

potential massive sulphide environments as some massive sulphide 

mineralization may occur in highly alkaline or peralkaline volcanic 

rocks. 

Exploration for porphyry-type deposits is staightforward. The favoured 

locale of these deposits in the Cordillera is a sub-volcanic environment 

of magmatic intrusion and differentiation. These intrusions, which are 

separate from the great plutonic complexes, range in age from 200 to 

501'1a. The intrusions younger than 50 Ma host minor deposits. In the 

search for porphyry copper deposits of alkaline affinity, search should 

also be made for skarn deposits especially where Upper Triassic 

carbonate reef complexes occur within the contact aureole of large 

plutons of any age. In the ~lhitehorse Trough, the Late Cretaceolls and 

Eocene suites seem to be highly anomalous in base metals. Thus 

exploration for porphyry, vein, and Pb-Zn skarn and replacement deposits 

can be concentrated near subvo1canic phases of the Late Cretaceous and 

Eocene suites. 

The dom inant metallogenic provinces fnr skarn deposits seen to be the 

northeastern Cordi 11 era (especially the Selwyn ~lounta ins, where the 

Cantung, r~actung, Clea and Macl~ i 11 2n Pass rleposits occur) , the 

Intermontane Belt, and th e Insular Belt. The Selwyn Mountains have 
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mainly tungsten-tin skarns, the Intermontaine Belt has copper-iron­

(tungsten) skarns, and the Insular Belt has iron skarns. The important 

expl orati on cri teri on for tungsten-ti n deposits in the northern 

Cordillera is that these deposits are associated with granitic rocks of 

quartz monzonitic composition) which appear to have high initial 

87Sr/86Sr ratios and which were generated in Late Cretaceous time. 

Similar exploration criteria can aid in the search for these deposits in 

the other belts. 

Exploration for vein-type deposits is a rather difficult task. In 

particular, the deposits without mocerate to high sulphide mineral 

contents consti tute one of the most di ffi cul t targets for modern 

exploration techniques. This is particularly true for the Carlin-type 

gold deposits. However, Champigny and Sinclair (1982) suggest that Au, 

Ag, Hg, and As are potential elements to determine in geochemical 

exploration for Carlin-type deposits similar to the Cinola deposit of 

Queen Charlotte Islands. In general, the regional guide in exploring 

for gold deposits in the Cordillera appears to be their localization in 

eugeosynclinal environments at or within the margins of the major 

crystalline belts, as most of the major placer and lode gold deposits 

occur in such environments (see fig. 4.10; Barr, 1980). One other 

feature of vein-type deposits is that they are usually related to major 

fault zones (for example the British Columbia mercury deposits) and 

fault splays (Cinola deposit). 

In conclusion, 

menti oned above 

it must be emphasized that tile exploration criteria 

are not in any way exhaustive, especially for a topic as 

big as this. The increased geological understending of mineral deposits 

in terms of pl ate tectoni cs, the further development of expl orati on 

models and the use of plate tectonic reconstructions in metallogenic 

specul ati ons wi 11 enhance the probabi 1 i ty of more di scoveri es in the 

Canadian Cordillera. 
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