
j.!. 
I \ 

'· �· 

.. . 
· ,  · .• 
•i 

::·; 
.,I 

I' . , 
: , 

! I 
I r I .  

t\' .. . 

( . 
1: 
i; 

" ' 
;.-· 

AND BASE METALS 
"• '
•

.> 

• 

, : 
.,',<. 

. . . . ' •  ·.•'''' 
· · ·· .. · . . . . ·

·
, . ; 

· .. : 
by H. GABRIELSE t 

Geological Survey of Canada 
: , .. : , ,. � 

. . 
> . . ,, . - �:� .. : 

,;<, ·:i I ; ' 

.. :••.· 

Introduction 

:. ; �; . !': :._ . 
·h�. 

;. ·. 

·\,' • 

Dr. H. Gobrielse 
The author was born In Golden, 

British Columbia, and received his 
public and high school education 
in Surrey, B.C. He graduated from 
the University of British Columbia 
In 1948 with a B.A.Sc. In geological 
engineering and received his 
M.A.Sc. from the same institution 
in 1950. Studies of ultramafic rocks, 

.. · ·. Including those of the Cassiar as· 
The Western Cordillera of Canada presents the exploration .geologist bestos in northern British Coium· 

with a great diversity of rock types and structures. The selection of explora• bia provided thesis material for a 

tion targets within this heterogeneous terrain has been difficult, in part, ··· Ph.D. from Columbia University in 
1955. Since 1950, he has been en· 

because insufficient geological information has been available for large gaged in regional geological investi· 
regions and, in part, because of the limited appreciation of the relationship gations In northern British' Colum· 

between stratigmphy and mineral deposits. bia, Yukon Territory, and District 
· · of Mackenzie for the Geological -' It is now apparent that exploration progrmns must take cognizance Survey of canada. not only of intrusive rocks but also of the age, lithology, and distribution · ·! • . .__..._ ____________ __, 

Tempelman·Klult (1968) noted that 
the average grain size of sulphide 
minerals In the Faro, Vangorda, and 

·Swim Lakes deposita bears a direct 
relationship to the grade of regional 
metamorphism. The Swim Lakes and 

of the strntified rocks. The importance of stratigmphy to mineral exploration . i . . 
is demonstrated by the numerous occurrences of copper minerals in volcanic · .i ; . rocks of Upper Triassic age (Souther, 1965; McKechnie, 1966; Ney, 1966; 
Souther and Armstrong, 1966) ·in contrast to the few occurrences known in . , 
Yolcanic-bearing Carboniferous and Permian stra ta. As ·another example, it: · 
has been cYident for some time that Lower Cambrian (possibly including· 

Eocambrian) strata are important host rocks for base-metal concentrations . Quartz Lake areas are characterized 
by low grade regional metamorphism 

. whereas the Norquest area displays 
moderate regional metamorphism with 

just nortb7east of Teslln River Is un· ·'" ··: :; : widespread d'evelopment of schist and 
.. i, .·� '· known. The remaining prospects In •, ·.·: gneiss (Green, 1966; Blusaon, 1966). 

strata other than Lower Cambrian or.· 1•: · As a general rule, in the areas of 

in the eastern part of the Western Cordilleran region. The purpose of this •· paper is to emphasize this aspect of metallogeny in part of the northern ... 
Cordillera. ; 
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zones are concordant with bedding 
and occupy the same stratigraphic 
Intervals throughout. Original bedding 
structures of the limestone have been 

Tho accompanying generalized map·.·: . Base-metal deposits In Lower Cam· retained In the sulphides. This occur· 
(Fig. 1) shows the distribution of sig· .

· 
brian or Eocambrian rocks Include the· 

. renee and those noted above may be 
nificunt lead-zinc occurrences in south·.. .. . well known, large, massive sulphide . . . · referred to as strata-bound. 
eastern Yukon Territory, southwest··.: - :'· bodies at Faro, Van gorda, and Swim . . Many other lead·zlnc occurrences 
ern District or Mackenzie, and adja· ,.:· , . Lakes In the Vangorda ar.ea and' seve· ' ' are typical vein deposits in which 
cent British Columbia. All but one or ,, · · ral other smaller but similar deposits galena and sphalerite are found with 
possibly two depc>slts are In strata. 

east of Frances River and at Quartz · gan�ue minerals such as cal·ailicateB, 
older than 1\risaisslppian. One base· Lake. These bodies are broadly con-' dolomite, ankerite, barite, quartz, and 

metal deposit near the Yukon Terri· .�o: . cordant with enclosing strata and · . siderite. Magnetite and manganese 
tory-British Columbia boundary and ... (:. banding of sulphide minerals common•.. minerals are common In the McDaine 
about 30 miles east of Tealln Lake · .. . : lY reflects structures and bedding of .:. . area In veins within the contact meta· 
consists of veins in Mesozoic granitic ,;.,·.;,:. the host rocks. All deposita appear to. ·. morphlo aureole of the Casaair Batho· �. " f! , I 

rocks. The age Clf metamorphlo host :/ ;: , have been metamorphosed to some. ·lith. In moat ca!nls these deposits are 
rocks at the sllver·lead�zhio showings· ·,::: d'egree. ·along with enclosing strata..:•\ ··,:" characterized by well de!lned, local 

:· . ,;< ·.· -: ;.'�. ! '·. ·:: ... · ' .. : .'i,·,, ' . . . . . . . • 
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•.ault Z\J,t!H, 1\IIU COIItncts UU�WOell 
rocks of contrasting lithologies. 

A third type of deposit Includes 
small bodies within contact metamor· 
phic aureoles of large granitic plutons.· 
They are commonly discontinuous and 

·rarely · exhibit any clear structural or 
stratigraphic control of mineral de· 
position. 

' .. ..-� u< . lll:tsalve lenticular l'liiJHLCCil•·-�i";; JJU.rHi· cyalhi<l-bearing l ime!l lone. In tho Coal lei with bedding, fills fractures that River aren and to the north, the coarse · cro11s the bedding, and forms dls11emi· clastic fncies grades westerly into a r.atlons in the skarn zones. Another sandy, buff-orange weathering dolo· mineralized zone on the same property mite succession that locally con· is localized by a strong fault that · . . 
tains thin basic volcanic flows. Lime· 

'.· transects bedding in the host lime· stones and calcareous argillites are stone. prominent near the western margin. 
Green (1968) describes the silver· The pyrrhotite rich deposit at the 

lead showings in the Ketza River area Can.ad)a Tungsten Mine is in the 
as lacking a consistent pattern. They · · western part of this belt but no sig· Local Cor.trols for 

Mineralization · ' Include veins, concord'ant lenses, and . nificant base-metal occurrences are 
Irregular bodies in several rock-units. known. 
Detween Ketza River and Rancheria Still farther west the Lower Cam· Local controls for the emplacement 

o( sulphides in the Faro, Vangorda, 
and Swim Lakes dC!l0sits are not ap· 
parent ( Tempelman-Kiuit, 1968). The 
mineralized strata nrc fine-grained·, in 
part possib ly tuffaceous sediments 
which are relatively rich in quartz. 
In somewhat similnr massive sulphide 
dC!lOsits at Norquest and Quartz Lake 

,; \ nt least !our base-metal prospects . brian succession consists of a lower. 

the sulphides are in limestones or · .:·: 
dominantly calcareous strata within 
sequences of non-calcareous clastic 
rocks. 

have been found in Lower Cambrian dominantly siltstcme formation and an Limestone (Green, 1968). Green notes upper, dominantly limestone forma· that "Generally, deJ10Sits of this type tlon. These rocks include the base are in the form of galena· and sphale· · metal deposits in barite gangue near rite-bearing lenses that lie beneath · Coal River and the Lucky Lake pros� thin layers of schist within the lime· · pect southwest of Flat River. stone. Some cross-cutting veins are Finally, the westernmost and most 'also present." widespread facies of lower cambrian Discontinuous, pod· or lens-shaped .. rocks east of Tintina and Rocky , bodies or sulphide minerals locally Mountain Trenches comprises fine· . occur within the contact metamorphic grained clastic rocks, mainly siltstones At the Tom Lake prospect about 30 1 :; aureole .of granitic plutons. Examples, ·.; and· shales, variably calcareous and, 
milesrwrth-"mirth\\:estofWatson Lake or this type are the base-metal pros· .. ·. . in places possibly tuffaceous. Discon· 
gnlenr. and Bilhalerite occur in a . ·; , .. peels-in limestone in the McDame area _.-·: tinuous limestone bodies are present 
conrse,--calc·silicntesknrn developed and the showings in limestone and h f 
·,ocnlly."iillower Cambrinri limestone calcareous nrgillite near Luclty Lake'· .. · 'locally. These rocks underlie muc 0 

Selwyn Dasin (Gabrielse, 1D67). In (Gabriclse;-itfGG):-Th·e-presence of the southwest o.e Flat River. These occur· ·' • many piaces It is difficult or impos· 
sknrn is anomnlons In this region or rences have many features t�<pical of . . .. sible to separate the fine-grained, clas· 'ncgliglbieregioil.-lTi�morphism and :• �- contact metamorphic mineral deposits. tic Cambrian rocks from similar litho· 
su�;gest��biiity-- of nearby,··,: __ ·. The examples cited above illustrate· logies of late Proterozoic age. The 
underlying mt rusive rock. Mineraliza· : .; .· the main characteristics of base-metal strata are therefore referred to us 
tion seem;;t;:;-b�-;;tirely_confin;I" to ·' .. :.:deposits that are in the Lower Cam· · 

... Eocambrian. The Lower Cambrian and 
the thin. discontinuous Lower Cam�· brian and(?) Eocambrian rocks in the·· (?) Eocambrian strata of Selwyn 
brinn lirnestone. ."!'j';: region under consideration. They oc·, . Basin contain the large massive lead· 

:-Tear Coal River, galena and sphale· ··.::�.\·\ · cur In a wide variety of regional and ··'·zinc bodies at Faro, Vangorda, Swim 
rite occur with abundant barite in a, ... '.:· local structural settings and, although Lakes, Norquest, and Quartz Lake. So 
major or fault zone cutting Lower '· .;·. all are within or near regions of grani-' far no Important base-metal discover· 

.. Cambrian strata. '• tic intrusions or regional metamor• ies have been made in the older clas· 
In Cassair i\lountains the base-metal'· :-,'; phism, they 11how no consistent spatial. 

depoRits are most commonly related · :·.:.:.relationship to granitic or metamor··. 
. tic strata of Hadrynian (Late Prote· 
. rozoic) age. 

to faults in carbonate strnta of the· : phic rocks. ·· -,. . In most of the region southwest 
Lower Cnmbrinn Atnn Group. Locally, -.:".,'' .';'o·of Tintina and' Rocky Mountain Tren· 
on and near i\I0unt Haskin in the··:· Relationship Between Base• > · ches Lower Cambrian rocks comprise 
i\lcDame nren, minernlized skarns ·. -.. Metal Occurrences and _.:.,. 
containing abundant pyrrhotite and· SedimentoryFacies 

a lower sandstone formation, a rela· 
tively thin middle shale formation and 

: an upper limestone formation. Almost sphalerite occur along a major north· .. 
·we�t-trendin� fault zone cutting Lower '; : ··· . · Figure 2 shows the d·istribution of . all the base-metal occurrences in Cas· 
Cnmbrinn strnta. facies in I.-ower Cambrian strata. ::_. siar Mountains are In or along the 

In Cnssiar Mountains the base• . Northeast of Tintina and Rocky Moun· } i.. · contact of the upper limestone. The 
metal deposits nre most commonly tain Trenches the easternmost belt : '. ,' limestone is also an Important host 
related to faults in carbonate strata ''··.comprises thick sequences of sand· . .  · rock In Pelly Mountains (Green, 1968). 

of the Lower Cam brian A tan Group. stone, siltstone, and shale. Thick se· · · 

Locnlly, on and near Mount Haskin In quences of coarse polymictic conglo· 
the 1\lcDame nrea, rilinernlized skarns .. merate are present in the· southeastern 

In summary, no significant base· 
': metal deposits have been found to 

containing nbundnnt pyrrhotite and·. · .- part of the region. · · date in the eastern clastic and sandy 
dolomite facies belts of Lower Cam­

sphalerite occur along a major north· · '· East of Coal River the clastic rocks · ·  brian rocks. O n  the other hand, strata 
west-trending (ault as well as along ·(1 '· are underlain by basic volcanic flows .'. ,.·: of the more WC'sterly fine-grained 
or near the contnct between clastic ·--.:· . . · ot either Early Cambrian or Late Pro·

.
:·.:·::.; clastic and limestone facies are hoRt 

nnd carbonat e rocks (Gnbrielse, 1963). ::· · terozolc age. No base-metal occur• . to numerous base-metal concentra-
To the southen!it, in the canyon or 1 • ranees have been reported from this · tiona. Thus exploration work carried 
i\lcDr.me Creek, galena and sphalerite · :·._, belt. out so far suggests that relatively . 

, .. ;-� i' ! with pyrite, pyrrhotite, cho.lcoyprite, In northern Rocky Mountains the large, strata-bound massive sulphide 
and minor hematite and scheellte oc• :.. conglomeratic clastic rocks grade ., deposits may be confined largely to 
cur in o. skarn of grossularlte, diop•: · .. · weateriy Into fine-grained sandstones, ... ,

, 
·the fine-grained, variably calcareous 

aide, and tramolite. Holland (lll66) i ·: . siltstones, and shales. This. facies _in• ., tacles. . 
. 
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'. ,· I \  i' ''I 

i• :WES1"ERN MINER · .. ,, PEBR�ARY, i96? 

I 

j 
) 
I 

J 
I 

'. ' ' j 



•.. 

P0f:TP.3LE UGHT RADIO 
SOUNDlNG EQUIPMENT 

For mea surements of gamma radiation inten· 
sity, with radio-soundine at a maximum depth 
o: 800 feet. Equipment consists of: battery· 
o�erated detection probe with a Geiger Muller 
tube; tripod with cable-guiding pulley and 
counter; one electrocarrier cable reel with con· 
nection to probe; connection cable between 
reel and scintillometer; measuring unit which 
can be a G�H 3T or a SPP3. When required 
SRAT Portable Countine Scaler and SRAT Tran· 
sistorize� Portable Recorder are also available. 

" 

I, 
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': 
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RADIAMETER 
GMT 3T AND GMT 1ST 

Used in radioactive ore 
prospecting. Contains three 
hiehly sens it ive G.M. counters, 
a direct read ing ratemeter 
and stabilized power supply. 

-· �­; �:, .. �� 

r�� . . \ . .Y "'-'• . . ''; ,? _.,,. 
. }:...-:::;::,..�_ . � -

; \ · - �-� ,· . · . �-�('��-�: PROSPECTING 
·��l···� -�· '\ \f � 

SCif-;TILlATION COUNTER j . I \ h_ f}t SPP 2NF 1: I 17•\1 
For the detection and �- !· ;�· ; ,:.;� · 
measurement of gamma � -v 
radiations at energy levels 
above 50 KeY. Box conta ins dectection 
circuit and reading meter; cord-connected to 

. a belt·case with power supply and 
audible warnine system. 

Complete service and overhaul faci/itie1, 
Full information by rc/urn mail. 
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LIMITED 
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INDEX 
TO 

PROPERTIES 
AND AREAS 

' Tom 
2 Vangordi 
3 Ketzll 
.tl Tintina Silvttr 
5 Furr;n 
6 Norquest 
7 l uc·ky Lake 
H Tom Lake 
9 Ouartz lake 
10Coal River 
11 Aancllrria 
12 McOame 
13 Frog River 
UAiken Lake 

ffioranitic Rocks 

EZ:J Lower Cambrian 4nd 
Hadryni"n Roc.kl 

� ---------�--

HYLAND JOINT 
VENTURE AREA' 

Figure 1 
Distribution of Lower Cambrian and Hadrynian strata and Mesozoic granitic rocks. 
Bose-metal deposits in Lower Cambrian and (?) Eocambrian rocks shown as solid 
circles;

'
those in younger stroto shown as half solid circles. 

Cor-m'l."ten�s 
The empirical relationship between 

base-metal deposits and Lower Cam· 
brian strata in the region discussed 
must be considered in any concept . 
concerning ore genesis. Also, concepts 
of ore genesis should' take into account 
the apparent lack of significant base· 
metal deposits in such widespread and 
lithologically varied sequences as the 
older Hadryian strata; the Upper 
Cambrian · Lower Ordovician lime· 
stones, silty and argillaceous lime· 
stones, and calcareous argillites; the 
Slluro-Devonian carbonates; and the 
Upper Paleozoic rocks such as the 
Cache Creek Group, and much of the 
Sylvester Group. To the writer's know· 
ledge the only relatively l::>rge base· 
metal deposit in the region that may 
be in strata younger than Cambrian 
is that on the Tom property near 
Canol Road (Green, 1965). The age of 
the host rocks there, however, Is in 
doubt. Green considers them to be 
Ordovician or Silurian whereas Tem· 
pelman-Kluit (personal communica-

... , � . •. 

Late Devonlan-Early Mississippian 
age. As noted above a number of small 
showings are in strata stratigraphic· 
ally near the Middle Devonian-Late 
J?evonian boundary. 

The widespread distribution of base­
metal deposits in varied lithologies ·of 
Lower Cambrian and ( ?) Eocambrian 
age and the lack of significant con· 
centrations of the<>e metals in most 
other stratigraphic assemblages are 
difricult to reconcile with concepts of 
epigenesis that require Mesozoic and 
Tertiary granitic plutons as source 
rocks. A more probable role of plutonic 
activity may well be that of concan· 
trating metals previously dispersed in 
the host rock. 

The McDame area provides a most 
interesting study in this regard. There 
the Lower Cambrian strata are undei·· 
lain by several thousand feet of well· 
bedded limestones, argillites, silt· 
stones, and slates or Hadrynian age. 
Ovflrlying the Lower Cambrian rocks 
are strata ranging in ago from Late 
Cambrian to Late Paleozoic and In· 



L it; 
only i.i�e: ,,ower : .. clnbrian iiwcstone 
contains significant concentrations of 
lead and zinc. For tho region as a · 

· 

whole the hase-metal-Lower Cambrian 
relationship is even more remarkable 
in view o£ the wide variat ions in facies 
of the mineralized strata. 

H the Lower Cambrian rocks are 

the source of the metals one must look 
for unique a�pects of Early Cambrian 
tectonics and sedimentation that re· 
su:ted in their unusually high base· 
metal content. Two contrasting pos· 

nihiiities are the following: 

1. During the Early Cambrian and· 
Late Proterozoic large volumes of 
cratonal Precambrian crystalline 

rocks were eroded. This resulted' in 
the last great contribution of clastic 
sedimentary rocks to the Cordilleran 
geosyncline from the craton. Perhaps 

these sediments contained the metals 
that were later remobilized and con· 
centr.ated · to produce the base-metal 
dep(lsits mainly in Lower Cambrian 
rocks. 
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hrian Lime along faults nea1' ti.e east· 
ern margin of Lower Cambrian depo· 
tlition (G. C. Taylor, personal com· 
munication). That deep s<3ated• frac· 
tures occuned in this region is attest· 
ed to by the local extrusion of basic 
lavas. Possibly, thermal springs re· 
lated to such deep seated fractur<ls 
were important in ore genesis, 

Future work should contribute to 
an understand ing of the relationship 
between Lower Cambrian and (?) 
Eocambrian strata and base-metal oc· 
currer.ces. rn uny event, the empirical 
relationship points to a number of 
exploration targets. For example, the 
belt of Lower Cambrian and associat· 
ed strata that extends southeasterly 
from the McDame area to the Aiken 
Lake area would• seem to merit care·. 
ful prospectin;;. The northwesterly ex· 
tension of this belt into the Ketza 
area has already yielded a number of· 
showings. Those areas in Selwyn . 
Basin that include Lower Cambrian 
and ( ?) . Eo cam brian strata appear 

.·'I--· Ul•.•i:··:.\.i' .. r, 1 

On a regional scale there is �" im· 

pressive concentration of base-metal 
deposits in areas that jnclude both 
Lower Cambrian and (?) Eocambrian 
strata and large granitic plutons. This 
applies to the Va.ngorda area and to 

a northeasterly trending belt extenci· 

ing from Rancheria and McDame to 

Lucky Lake. The northeasterly trend· 

ing belt may be of major tectonic sig­
nificance. Deep-seated structures with 
this trend a1'e important in the eastern 
part of the northem Cordillem and in 
the crystalline basement of the adja­
cent Canadian Shield. rn this regard it 
is interesting to note the apparent 
concentration of mineml deposits else· 
where in the Canadian Cordill<lra 
along or near northeasterly trending 
belts of plutonic rocks. Such belts are 
as follows : Stikine Arch (Souther 
and' Armstrong, 1966); Skeena Arch 

. (Souther and Armstrong, l!i66); and 

the belt across southernmost British 
Columbia. 

·Lower Cambrian and ( ?) Eoc<>.m· 

brian strata appear to be the most 
important h:ost rocks for base-metal 
deposits in the region herein con· 
sidered. This relationship is important 
for future exploration and for con· 
sideration in concepts of ore ger.esis. 
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