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SUMMARY AND RECO.M1-IENDATIONS 

The Whitehorse copper belt has traditionally been 

described as sk.arn.,type occurrences developed in limestone 

by rnetasomatizing fluids derived and emanating from an ad­

jacent batholith� our preliminary .. examination of these and 

similar. occurrences elsewhere suggests that the COit\IllOn denom-

inator among the deposits is not necessarily a pluton of 

particular composition and form but rather the stratigra-

phic section within \�hich the deposits are stratabound. 

This section is relatively thin bedded dolomitic, bioclas-

tic and stornatolitic limestone in a predominately volcanic 

terrain. The carbonate rocks are comparable to present day 

intertidal evaporities which prograde algal mats and which 

in turn are succeeded by continental clastic rock1'?· The 

buried algal mat decays and becomes saturated with hydrogen 

sulphide. It is suggested that '\'Tater rising through ·the 

volcanic and clastic rocks to the e�aporite surface may 

· leach small amounts of metal which may· in turn .be deposited 

in the reducing environment of rotting algae. Such. primary ··--. 
concentration of metal may later be reconsituted b y  metamor---··' . 
phism accompanying intrusion in the waning stages of volcan­

ism and uplift. 

bur recommendations are as follows: 

1. Petrography of the layered rocks should b e  con� 

tinued in an examination of the reasonablness.of the above 

suggestion. 

2. If the iroportance of evaporite-type carbonate ._, 
'i'. 
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rocks is substantiated for the distribution of copper de-

-posits in the Whitehorse copper belt then the paleogeo-

graphy of the Upper Triassic shoreline should be mapped if 

possible. 

3. De.tailed mineralogy of .. the ·skarn assemblages 

should be determined to study the effects of metamorphism 

on metal distribution. ,-; .. 

4. Radiomet �lc age determinations should be com-

pleted on the plutonic bodies of the belt to study their 

relationship to the volcanic rocks, the nature of the total 

igneous event,,· and its contribution to.metal _distribution. 

5. Recommendations 1 through 5 can·be completed, 

along with a field check of some sections by the end·o f this 

summer. This '"ill provide definition of the problem .for. 

application to Indian and Northern Affairs for a full season 

in the field in 1975. 

. ··, '· ' 
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··INTRODUCTION 1. 

The Whitehorse copper belt, Yukon Territory, is' 28 

copper occurrences along 12 mile� of intrusive contact be­

tween a batholith-of-quartz diorite and a layered sequence . 

of andesite, grey-Wacke, argillite, comglomerate, and lime­

stan� defined .;s the Lewes. River Groil.p of Upper Triassic_ 

a<::fe (Wheeler 1961). The b at..llolith has been mapped as part 

of the Coast Range Intrusions of Cretaceous age. Copper 

occurs as chalcopyrite, bornite and chalcocite in calc-sili­

cate and magnetite-bearing skarn. Mineralogy and distribu-

ti6n of occurrences suggest localization within particular 

·limestone strata in contact with the ·batholith. · Whitehorse 

Copper Mi;nes Ltd. hold. the knm•m occurrences and operate the 

Little Chief !-iine, central ·to the belt. 

This report consolidates 1973 field and laboratory 

study or geological controls to copper deposition in the 
. ' 

vlhitehorse copper belt. '\'Jerk i>7aS done under research agree-:-

ment with the Department of Indian and Northern Affairs and 

the first season's o�je�tive ,.,as a prelimina:i:y examination 
' � '; .• . -

. '· ,;,:, ' 

of the layered rocks s-tratigraphically· enclosin9' the copper .. 
. . :;. .- ; 

occurrences, the attendant pluton and ot..l-ter geologic v,ari-. , .. .. , . . , ; . 
ables affecting metal distribution and of possible signif­

icance to exploration • .  We have drawn heavily on past work 

particuiarly that of J.D. Wheeler (1961), the staffs of 

Whitehorse Copper �ines Ltd. and of .D.B. craig, Resident 

geologist, Indian and Northern Affairs. e.G. Winder of the 

Department of Geology, University of western Ontario helped 

with petrog;raphy of the carbonate rocks and W.A. Narchant 

provided interpretations Of the magnetic eA�ression of the 

f ,. NO .. ,,, 
·--� 
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The Whitehorse copper belt is 3 miles west of the 
City of Wh.itehorse and the Alaska Highway (figure 1) . · It is 
access able by road from MacRae to offices· and· plant site of· 
Whitehorse Copper .lumis Ltd. in the centre of the Belt, and 
by the Fish Lake road which leaves the Alaska High,oray 3 -- · . ·-· .,·. -! -
miles north of Whitehorse, and by. a mine haulage road '·Thic� 

l .' ·· -� . 
follows the length of the belt from the War Eagle ·.pit .  in the 
north to the Black· �nd. Tan Cub· occurrence in the. �·�utt 
Rocks of the Le,ves River group beyond the confines of. the·,. 
belt can. be reached in the north part of the map area.' by 

tote road from the Alaska Hiqh,·Tay 4 miles south of TakhL'"li 
thence "rest,�ard to Jackson C:reek and the Ibex River Valle1�· 

.;·.:-'.:1_- ·. In the south part of the map area access is provided:by the 
Klondike High,.Tay to Carcross and the ll..nnie La..'i(e road from 
Robinson. East of the yukon River · � CN telecorr�unicati�:ms 

---:· ··-.-�.: ... -. � ·_.;;. 
is served by a road traversing rocks of the Lewes River 
group on Canyon I·1ountain. • · .  . 

� ·.
,. 

>. 
'� --�·-'·- . 

. 1,' • REGIONAL GEOLOGY ,.: . ,�"i£:���/; ... 
The Whitehorse map area (Wheeler, 1961) includes the 

north limit of. t..�e. Coast Mountains and the. ;-Test: p�:(;�:f: the. 
Yukon Platform (figure 1). 

; -: . 
Pleistocene. in age (Table 1, Wheeler, 1961, page 22ll ·The: 
former are Yukon group gnesisses and schists of metamorphosed 

.. .  
quartz arenite, chert, limestone, ·and volcanic wacke. These 
rocks are unconforiT'.ably overlain by Pennsylvanian and Permian . .

.... limestone, chert, and greenstone including scoriaceous· and 
.. ' : -�-�- -: . 
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TECTONIC FEATURES AND �ENERRL �EOLOGY 
OF THE WH IT£HORSE. t"1AP AREA 

(af1er Wh..;ler, I %1) 

Scale of Mli'-'S 
b 10 20 ! ·: 

-.::_::_, Lt:GEND 

UPPr.R .JURI\.S�IC"�AND 
LO';t,'CR ChlflACtOU.:t 

k�:#'] _ r�u! .. ,/.-rul� m-nt 
" 

LO\'.'l:RJUHASSIC AND l' LATER. , 

�g��-�-� ���� �- tn-nl 

PLUTONIC RCM:KS 

YUt:ot.: CiiiOUP 

:3.4 
. ' , .... � 

·:. 1.· 

_:.;._., .. , 
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amygdaloidal flows, pyroclastic rocks, and sills of. th!= Taku 

group which in turn are unconformably succeded by.Mesozoici 

eugeosynclinal strata of the Nhitehorse _t,r�mg11, a segment of ¥ '. • 
the Tagish belt (figure 1 inset). 

The oldest Mesozoic rocks of ·the l'?hitehorse roap area ·.; 

,, 

. ··
·.�· 

are bas�lts, andesites, pyroclastic rocks, and poorly sorted . I . . : . . .. . . . . 
clastic sedimentary rocks of the Upper Triassic L.e'l'res River 

group (Table 2, Wheeler., 1961, page 37). This eugeosyncli-

nal assemblage gives way to coarse gravels and cobble conglom-

erate basal to the Laberge Group of Lower Jurassic age which 

signify .: rapid uplift and the start of an essentially con-. 
tinentai non-marin·e _succession of sedimentary rocks·. which· 

constitute Middle and Upper Jurassic Labarge and Tantalus 

groups.· Cretaceous and younger layered rocks_are continen­

tal clastics_and a. continental. volcanic suite of basalt and 

rhyolite. Layered rocks from Precambrian through Cretaceous 

age are intruded by batholiths of intermedia�e composition •• �.- ._ '· : .,-f· ,_. ; • 
which have beem mapped as Cretaceous (Wheeler ;,19 61) but which •..-.;�·. 
by field relatio�ships may be Upper Triassic to Cretaceous 

• 
-

.·
-'<· . �.: •• 

····-:-·· · in age arid comagmatic with the Triassic volcanism. Post . . . _ .. ;_:;_. ;,�,._· -. . . --···· . .  . · -
-
. .  

. . -- . , -· . , . 

Cretaceous intrusions are relatively small;�of interme�iate 
. ·:· 

:.�.:�.
--� -

: 
to felsic composition,·: and probably related to the Continen-:--.- . . .... -· 
tal volcanism. 

. . . ,• ·. 
Rocks older than Cretaceous are iri northt11est trending 

folds with ste�ply dipping axial planes. Faults of undeter-. 
mined displacement trend north'l'rest and northeast and are· 
steep dipping, 
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Table I 

Table of Formations Exposed in the Whitehorse 
t1ay Area (Wheeler, 19 61) 

Era 
Period Formation ·j 

or (thickne� 1 
·_ · Epoch , 1r feet) _. ----�-1-���---1-----�---�������----��� I Glacial drift, alltwium,Jo�s. VlllctLntC ash 

Cenozoic 

., 
' 

.. 

Mesozoic 

Paleozoic 

Pr�mbrian 
and later _ 

,Pleistocene 
andR�ent 

Late Lower 

·-

or·earl'J Upper 
Cretaceous 

. 
.. 

I Basalt: minor pYrodo!Stic rock s 
Unconformity 

j Granite porphyry, rhyolitC • Intr.l!ivc into lower pn:t oi Skukum group 

Skl.:icum 8roup (4,000+) 
I Andesite, basalt. rhvoihe; and trachvte br�c· I cins, tutTs, and.ffaV,.s; ',gr.mitlc nt;giOrnenut:' 

Uccontormlt:'/ 

I 
Pio.k greoopltyrlc qu:1rtz mom:onhe · 

IntruSive contlct with !!rariodiarite 

j Leucogr.u�i�e, biotite �It�. ·ala!tkiui, 
kali·alaskit�: 

Coast Int rusions 
Intrusivo: con�ct 

Homblc:n"d::·biotite-oligoctase gm..'1odiori•�; 
blotite·hornblende quartz. dkrite. biotit!.!. 
g ranite, hornblende diorite, gnd»h: par-• phyritic. granodiorite, pcg;tn:ttitic s�·e:1i:e 

IntrUSive contact . . .. · 
Hutshi gro tip 

Ba salt. andesite, pohhyciti: andesitii. quartz 
ladte. and rhyolite ows, brccclns, ar.d tuti.�:. (4,000+) minor greywack:c and nrgilUte; cc.ngiom�r.tta 
locally nt base 

Angular unconformity (granitic intru.Eiion--'2)' . 
I Peridotite, dunit�:t .:;erpendne._ and pyroxenite :· 

· Relations unknown. �ltrnma.tic rock s in conti!.ct with i.nbergc gr ot!p · _ _ ·.·.'. 
upger.lut'tl!l· Tantalus s c('l) aod · fo rm ation Arkose, siltstone, c�Jnglomerate,. argillite; 
!.ower Creta· (2,500) coal 

ceo us . ' . . · 
J;,owar Juras·. 

sic and later 
Laberge group 

1 t9,500+l 
Conglomemte, grcywacke-. arkose,. 

siltstone, argiLlite. hornfels_ · 
qunctzit:..-

· - Disconformity (locnl conformity (71,-tOca!-angular ur.<:onformity('2), · _ local granitic intrusion('i) j . · " 

. 
Lewes River Upt;�' . group nass1c (10,000) 

' . 
Volcanic greywhcke,. -silt stone, !l.rgiiUt� liu\l!· 

stonC, limestone breech, conglomer<l.tl!:--\'a�-
canic breccia, ag:;lomcrnte, tutf; at�do!iite, 
porphyritic and�ite, an_d bnsalt 

Relatrons unknown . 'I Pealb--ylvanian (7) I Tnku c:rroup and Permian to I Lim::stone. time<itone Qrcccia. chcr:; gr&:e!l· · 

· stone and ('1) p}'roclnstic rot'ks 

Relations unknown 
Quartz4micn, qu:mx-chlo ritc, nnd. mit:.! schh.ts; 

quartzite: ft:{ds:;�athio: flor_nhi�nJe. �nci!iS, 
amphibolite. cpidOfl!·:.lni='luboHtc.:..cn--:;to�.tl,n� 
limtstone; rddspathic: .!].Ud:i!i, il!·p:tr•l£! 
gneiss; snets'iic porph]'ritic _gninoJiorit.: J.liU. 
quar� diorit.:: ·· 

·�· . .  

. . •. 
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Table II 

Ibex River Section of the Lewes River Gtoup 
(Wheeler, 19 61) 

·.:. ,.: ... -:' ,.. -· .. ,. 
_:·. • •·o.; r 

'Ihickness 
(feet) Laberge group 

Di.rconformilj 

Dark green tufL.._._ ....... --··············-·--·----·----- IG+ 
Division E. 

Pale grey, massive Ji..-nestoDe containirog Spnndylo.spf.:a 1-?weunsir___ 500 · 
Division D. 

Gq:en and dark purple volcanic greyw.:.ck'!', c.:onglome-att;;_with fragments 
up to a foot across mainly of volcznic-, o;ome granit!.::, rocks; subor-
dinate volcanic bt�ccia---······-·····--·-·---:..-·····----- 1,000-1,500 

Division C. 
Purple, grey. and green volcanic breccia containing b!c:ks up to 2 feet 

across and a few rounded pebbles 1.1d boulders, volcanic greywacke; 
60 feet of purple and grey amygt.lnloidal andeslte and basalt tlov.--s 
about 700 feet above "base; at base, purplish conglomerate 50 fe�t 
thick composed of purple basal_t, greenstone; and limestone cobbles 1,500-1,000 

DiSconformiJy 
Division B. 

P
a

le 
(fo

e
�.:t).�.���-:.� .. ������-�-��-����-�--���.:��������1 

Limestone breccia, with a few volcanic fragments 3 to 4 inches acro55 
(S feet)----··-·····································--···········-··--·---·-'·· .... -- · -

ConglOinerate, in lenses 10 feet thick, comprising rounded cobbles 2 to 3 
inches across of purple volcanic rocks {10 feet in lens�) .... ---­

Limestone breccia, containing corals and brachiopods (S to 10 feet)_ 
Conglomerate containing greenstone, purplish. basalt, and feldspar 

porphyry cobbles ........... --·-·····-··-·--········-·---·--·······-·-
Purplish limestone breccia and purplish greywacke grading upward 

into purple conglomerate .... _. ___ , ........ _ •......... --··-··-···-··--·-·-:._. 
Grey-gr�:;en, limy greywacke, interbedded with siltstone 11nd argillite, 

containing Halobia ....•......••••••......••••..•.•••••.• -.• --·--·-·-·"'"------··· 
Interbedded limy greyv.-'acke, in part gritty, and banded greyish green 

argillite, thin conglomerate beds containing pebbles of greenstone, 
grey-wacke, and limestone; some leuses of limestone about _10 feet 
thick.... ___________ � ..• -···················-·· 

· ______ ; · 

Interbedded grey-green, locally pebbly greywacke and banded argillite 
(lower part cont:Lins more nrgillite than greywacke). ______ _ 

(Division B thins northward and pinches out so that Division A merges 

75-100 

·. : 

100 

,60 

100 

. ---····------------------- - -·-

6.· 

·. "­• •• .  '0-

·-·::. 

upward with Divi:sion C) 
DiVision A. ._, ' .. . . .  "- ,) .. :i_. !,·.f_l���:.� . .-.� . . '.-:;·.::. - �-

Greenstone, locally .:::ont..1.ining phenocrysts of ch�oritized hornblende 
and pyroxene, \o·olcanic breccia of green fragments in a green or 
purplish matrix; minor conglomerate and sdtstonc .. -···-····-�-: •• 

Base not c.�posed. 
· 

-._.· 

.. . 

200 

.'•; r '""' ·;', ; . . _ : '  

, . . · :.·-· J���;.�:�----tf:.J· <: - . :'),:�·.:t,- ,_.,. ': · . '·' :- c·.4't-l·�"":·-�·-• •. ... 
;-:.

·
-r:.' ,· . 

:li ·'I !j 
!j 



7 • 
. 

Precious metals occur in quartz veins. within rocks 

of the Precambrian Yukon Group and some plutonic rocks and, 

continental volcanic rocks Cretaceous and younger in age. 

Copper appears to· .be conffned to skarns in limestone of the 

upper part of the te'\ores River group ·of 
·
upper· Triassic age 

where intruded by the Whitehorse batholith of intermediate 

composition.· 

GEOLOGY OF THE WHITEHORSE COPPER BELT 

General Statement 

Rocks of the Lewes River group strike northwest 

through the belt, are in open folds, and moderately well ex­

posed on steep hill sides (Plate 1) and·in pits on copper 

occurrences. Much of the Nhitehorse batholith is drift 

covered (figure 1). 
The Lewes River Group 

Fossils of Upper Triassic a�e have been identified 

in sedimentary rocks intercalated \qith volcanic rocks >.;hich 

Nheeler · (1961) describes as the Le\qes River Group. The best 

exposures are along the east side of the Ibex River canyon 

west of Fish Lake, on Canyon lJ!ountain immediately east of 

the City of Whitehorse, and on Needle Mountain south of the 

Copper Belt (figure 1). In general, we�tern exposures of 

Le\�es River group include volcanic rocks· limy muds contain-

ing Halobia fauna, volcanoclastic rocks, and liroestone with 

Spondylospira le•,resensis fauna '1-Thereas central and eastern 

exposures 'Iori thin the map area are typically graded beds of 

mud, silt, sandstones, the Spondylospira-bearing l.i.!nestone 
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Plate #1 

a. 

Vie\" of the Copper Belt looking south from 
Haeckel Hill tmorards Golden Horn r�ountain. 

Plate #2 Algal structure in massive Halobia limestone 
exposed in the Ibex River Valley. 
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and-minor volcanic rocks, indicating a decrease.in volcanic 

influence eastward across the Belt • .  It appears from prelim-

inary exaP.�ination as if the copper occurrences of the �qhite-

horse copper Belt are associated �lith the Spondylospira-

bearing limestone 1-1hich is broadly divisible into a lmrer 

clayey arqillaceous micritic unit, a ro�ddle bioclastic mass-

i ve limestone , and an upper thi.n bedded and cherty lime-

stone appears to thic;_ken from �·/est to east across the map 
' 

area. Samples examined in thin section, peel section and by 

analyses for calcite and dolomite are listed in Table III. 

Host of these specimens are collected from the upper and 

low·er parts of the li!!1estone in an unsuccess::ul attempt to 

find conodonts for age deteriDinations and hence are not 

wholly representative. The fine. qrain re],ative homogeneity, 

and lack of current structure indicates a low enerq'J environ-

ment of deposition. 

The Ibex River Section 

The most westerly section observed is along the east 

side of the Ibex River. It is described in Table 2 and 

Figure 2. The lower part is massive flows of b asalt and 

andesite interbedded w·ith fine-grained feldspathic wacke, 

argillite and tuff and volcanic breccia. Flm7S are CO!T'monly 

porphyritic tdth euhedral pl<".gioclase, diopsidic-augite, and 

hornblende phenocrysts in a fine-grained matrix. Thin beds 

of feldspathic \vac}:e and argillite corn;nonly contain dissem-

inated pyrite in:.a siliceous matrix. Clasts in the coarser 

argillite are feldspar, diopsidic-augite, hornblende, and 

fragments of mafic flm?s and tuff. The tuffs consist of 
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Table III 

·selected Specimens of !Limestone from Spondylospira-bearing horizons 

_, ... 
.· .. ·· 

•· .;.-. . . . . 
· · ·- -' ..... · 

. .  ' ·- · 

l· 

Sample# Location· Remarks 
units 
sio2 

·WH 18 
19. 
20 

.20B 
44 
48 
49 
54 
93A 
93B 
96 

97 

113 

117.· 

120 

126 

·.·.Ibex .River ;. : .• , ... missive dolostone 
Ibex River ·· ." ,, ma,ssive foss. mudstone 
Ibex .. River. ::· massive foss. packstone . Ibex <River .. :,,.. massive mudstone 
Needle Mt. : · .'laminated mudstone . 
Needle Ht· . .. · ·  ·,.massive foss. lirnestone 

3. 

10 
7 
l 

· •· Needle Mt ·' . massive . mudstone 3 . ,, . .· . . •. ' . 
C<!rc:ross , • :· massive mudstone 1 

· '.:·. Fish· Lake · ·: thin bedded oolitic· dolostone · 13 
· .. Fish· Lake <' ·· :�.thin bedded siliceous mudstone 174 

Little Chief 
, iline . . . . . . . 
· Little ·chief 

:. thin bedded dolomitic marble 

l4ine thin bedded ar·gillaceous 
Nheelers foss; .. 

... · .:lcic. 7· .. · ... : massive foss. dolos.tone 
Wheelers· foss.. .. 

;·.: ..... lac.· 9 · · ·\;:massive mudstone 
l<lheeler.s · foss�· .•. · 

.. . · - - -· loc . ··1� .·>·-_.-.- _ .- ... ·massive mudstone .. ·· Canyon Mt; ·. :. thin bedded argillaceous .• . .  

·mudstone 

2 

1 

130 .:· . . . · Canyon Mt. 

. · .  .. . .. .. ,·! ...... .. .. · 

.:• 

. . !" 

:-· . .. 

.. , 

i • _ _.j . • .  , 

•.. ··. 

\ 
. ' 

' ' 

C/D 

.029 

• 047 

·.- .- . . 

4.23 

. 367 

38. 6 

1.672 

. 077 

.\. · · . . 
' 

.-. . 
--==================������============================== 

., l 

.. - -:--:::--::---'· 
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FJ�.2 CROSS-SECTION 01= TliE LEWE.S RiVrR C.�UP EXPOSED ON IHE 
f;ASi SIDE Of: THE IBEX RIVER VALLE!f 

Lew.es Ri "Qr Ci roup Laberge Cjroup 
�------------------__/'-----------------------�/\----� ( . �, 

I.Doo 

$"Cleo 

I.\ !too 

0 IC�O 
Ve�c.o.l OQ.I)Cl'l""a,\-t�n 1 :2(qpprol( 1 
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matrix-supported microlite and angular fragments of an un-

zoned plagioclase . Upward in the·section these rocks.are 

massive layers �ritJ:.lin volcanic breccia o.f .. al.te=atin� purple 

and g-reen colour . Plagioclase is generally
.
saussaritized 

and the mafic minerals slightly chloritized: The volcanic 

breccia becQmes increasinqly well bedded and fragments well 

rounded upward in the section. There are intercalated lenses 

of arkose·, argillite ,-limy grey>racke, l imestone and conglom'-

erate. The limestone is lens e-like and contains the Halobia 

fauna (Plate 2) plus carbonaceClUS material, .pyrite a.nd siliceous 

material. Li�estone is overlain by pink and green colo ured··. 

marl, red sandstone and conglomerate td th ·volcanic and .lime-

stone cobbles. 

The upper part of the Ibex River section· is repeta-

tive of the lmrer part and begins w·ith flmqs and tuff over­

lain by volca.11ic breccia of purple, grey arid green colour, 

volcanic 'fracke and ultimately ·limest:one containing Spondy:... 

lo.�piz:a lewesensis and topped by chert, and tuff. The basal 

part of this upper limestone is a grey coloured, fine grained 

argillaceous dolostone with calcite crystals· from 5 to 7rnm in 

diameter and numerous subparallel calcite veinlets. The rock 

is homogeneous and micritic, This is succeeded by a light 

grey, bioclastic limestone. (Plate 3) with a s iliceous upper . 
part. The rock has styllolitic bedding and is recrystallized. 

Contact 'frith the overlying Laberge qroup is covered by drift· 

in the Ibex-River area but a change in attitude of beds on 

either side of the contact sug-gests an unconformable · 
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Plate #3 Massive biohermal Spondylospira le't;esensis lime­
stone coroposed of indeterminant colonial corals 
exposed north of .Tackson Lakes • 

I 
I 

Plate #4 Laberge polymictic conglornerate observed north­
east of Fish Lake. 
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relationship. Concr.lomerates of the Laberge grom? are pol:'-

mictic, contain granitic o::obbles and boulders to 4 feet in 

diameter (Plate 4) :/-n a hematitic arkosic .. y;atJ;"ix. 

The Fish Lake - ''7hi tehorse Conper Belt Section 

P.ocks of t2e Lewes River group exposed in the Fish 

Lake area and \••ithin the Copper Belt \eere eJ�:ar.Jined to deter-

mine 1·1hich lithologies of the· group contained copper sulnhid-: 

minerals at the edge Of the l1hitehorse batholith (figure 3). · 

From Fish Lake east through the Copper Belt rocks of the 

Le\•Tes and Labe.rge groups are in open anticlines and syncl ir�es 

distributed by block faults. Individual units within i:he 

Lewes River group are. difficult to follo\·r· through the. S.Por-

adic outcrop of the copper belt but a tentative correlation 

frora Fish Lake through the belt to the Little Chief mine o:E 

Whitehorse Copper ?1ines Ltd. is. possible as illustrated in 
figure 4 .  At Fish Lake, conglomerate of the Laberge group 

appears to be conformable with oolitic limestone, pyritic 

quartzite, a limy clastic and limestone containing the.S!Jondy.,-. 
lospira lewesensis fauna and chert interbeds. This is uncer-

lain by ana qrades into a mottled '1'/acke which is tuffaceous 

and consists of fresh and altered grains of fe�dspar and 

pyroxene in a aranulate matrix of actinolite,. chalcedony·, 

calcite and hematite. 

Immediately \•/est of the Little Chief mine a thid: 

sequence of limestone outcrops sporadically and has been 

described by Kindle (1964 , page 5). Figure 4 illustrates 

th�.s section l'lhich consists of pvritic and hematitic . 
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17.  

quartzite underlain by thin bedden black limestone wi� inter­

beds of doloroite siliceous, organic, fragmental, and argill-

aceous material. Stromatolitic structures are preserved i n  

some dolomitic horiz ons (Plate 5 )  • . Pyrite i s  common in this 

section as are recrystallized calcite and quartz, sericite . . .. .. 
and actinolite in argillaceous seams . The clastic

·
h�riz�ns 

appear to be tuffaceous w·ith grains of plagioclase .1m30· and 

magnetite rather that1 t.�e hematite characteristic elsewhere 

in the Fish Lake-Copper Belt area. Our tentative conclusion 

is t.�at The Fish Lake-Copper BP.lt section can be correlated 

with .the uppermost p art of the Lewes River Group in t.�e . Ibex 

River section . These rocks probably forn'.ed in lagoonal and 

sabka-like evaporite environments during a period of re­

gression lead.ing to non-marine deposition of Lower Laberge · ._ , . . •.- ' 
group con9'lomerates. 

Open pits iri .copper occur:eences of the belt to b'1e. 

north and.south of the Little Chief mine expose massive 

Skarn, crzstalline limestone, clayey and argillaceous lime-

stone, chert and quartzite. as screens and inclusions within 

and at the. ccintact of the Whitehorse b atholith. Correlation 

between pits and outcrops �rest of the Little Chief mine is 

difficult but petrography and petrochemistry of some of the 

rocks described in appendicies 1>. and B suggest most copper 

occurrences are in the thinnly bedded limestones
.

and the 

iwmediately underlying more massive beds containing the 

Spondylospira le�.;esensis fauna described above. The thin 

bedded I!'aterial is commonly replaced by a skarn assemblaqe 

and the more massive, more purely carbonate beds are 

l 
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Plate #5 

18. 

Preserved stromatolitic structure in dolomitic 
carbonates '''est of Little Chief l·'ine . 

. -··-· \ 

Plate ¥6 1-:assive outcronpincr of Sponc:'.vlos!')ira lro�\·T�sensis 
limes tonG at !·?hi te J-rill near Heedle �··t. 

i 
I 

t 
I . i ' 
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thoroughly recrystallized. 

The Needle. Mountain Section 

Limestone with Spondylospira lewesensis fauna out-:-

cro?s on Needle l�ountain south of the Nhitehorse Copper 

Belt and consists of 5 feet of limy qri t; · 2 feet of silice-

ous limestone �vi th tuffaceous !:'.ate rial, 15 feet of coarsely 

crystalline grey limestone , 15 feet of buff to grey coloured 

limestone in thin beds, and 10 feet of fossiliferous lime-

stone. This section is overlain by a conqlomerate of vaT-

canic cobbles and cherty matrix. Plate 6 illustrates L�e 

lar:rest outcrop of this limestone at White Hill on the east 

side of Needle Mountain. 

The Canyon Nountain Section 

On Canyon Nountain i:r.mediately east of the Yuko11 

River and the City."of Whitehorse liMestone bearin<;r Spondy-

lospira le�1esensis fauna .:j_s overlain and infolded ;dth grey-

wacke, argillite, and black slate cm1taining ammonites �·rhich 

may be of Jurassic age (Wheeler, 1961, page 41). The lime-

stone and clastic rocks appear to be conformable. The lime-

stone is approximately 1500 feet thick at this locality, 

silceous and fiss.ile �1ith the more massive and cleaner beds 

in the upper part of the section with chert and quartzite 

intercalations. The lm·rer part of the section has clay and 

micritic intercalations. The middle section is light grey 

and bioclastic. 
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Plutonic Rocks of the Nhitehorse Copper Belt 

Plutonic rocks of the Whitehorse Copper Belt can in 

general be di vi deC[ into 3 major bodies . {.:(;igure 5) : the 

Whitehorse batholith, or Copper belt intrusion is an oval 

shaped body of quartz diorite underlying the Yukon·River 

Valley in an area approximately 17 by 4 miles as interpre� 

ted from airborne :ro.agnetic data; (GSC Haps 3376G, 3377 G, 

11341 G) the Mount 1-"-c:Intyre ·intrusion lvhich includes l"ount 

Granger and Golden Horn J:.'ountain and \'rhich is roughly 11 
:ro.iles in diameter as expressed by ll'.agnetic data and, the 

North1vestern intrusion which underlies Haekel Eill, the 

Jackson Creek area, and ��ount Inararn. The magnetic data 

suggests that only northeast of Fish La.ke and at Canyon 

Mountain i·s the sedimentary cover more th.an 3000 feet thick 

over the intr.usions. 

The copper occurrences are associated with the·upper 

limestone of the Le1ves P.iver Group 1vhere it overlies,· is 

enclosed within, and intruded by the west side of the Copper 

Belt intrusion or Whitehorse batholith (figure 5). The 

copper occurrences cluster into a northern group (Group 1) 

near the postulated junction of the Whitehorse batholith . 

'1-Tith the North1·restern intrusion, a central group (Group 2) 
near the 'contact beti'Teen the Hhitehorse batholith and th,e 

�lount I<Tcintyre intrusion, ann a Group 3 in the southern 

part of the Whitehorse batholith. All three groups at local 

magnetic highs (G.s.c. Haps 3376 G, 3377 G, 11341 G.) 
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Petrography 7 
The Whitehorse batholith is essentially a quartz 

diorite in which hornblende predominates over biotite. The 

rock is massive, m�socratic and roottled-�iitli·�,hite and dark 

green coloured patches caused by aggregates of hornblende 

·ana plagioclase. The texture is hypidiomotphic inequi­

granular with anhedral grains of quartz, biotite, and sphene 

interstitial to inte�locking subhedral grains of plagioclase 

and hornblende. Large plagioclases are zoned from andesine 

to oligocene. Small grains are unzoned and of similar compo-

sition and they coalesce into clots lcm. in diameter. Horn-

blende occurs as solitary grains with green to brown pleo-

chrism that are rando!1'1.ly oriented and evenly distribution 

throughout the rock. A fe�r outcrops are porphyritic. �rith 

· . .  coarse hornblende .phenocrysts. Ortnoclase. may be a minor 

component and is frequently in myrmekitic intergro�rth >vith 

quartz, it may be altered to sericite, epidote and clay_ 

minerals : Magnetite is the most abundant accessory_ mineral 

and is disseminated through the rock. 

·· .'l[ariations are noted as ._in sample_ G-25h�� which is a 

hornblende diorite with relict augite.and_only 4% inter­

stiti?-1 quartz • .  _ Specimen·,:.G-36 had 10% auartz and 10% horn-:­

blende. .Trace element content do�s not vary appreciably _ 
ho>�ever and fresh rock generally contains about 20 ppm Cu, 

15 ppm Pb, and 45 ppm Zn. Fractures are cororoonly coated 

with potash feldspar and, chloritic and sericitic alteration 

along fractures is characteristic. Potash feldspar replaces 

plagioclase in antipertitic intergrowth (Specimen G-35) and 
: 
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in this instance the rock contains anomalously high copper 

and zinc values . 

. Age of the Whitehorse batholith is problematical 

until some radiometric determinations are completed. The 

rock has been mapped as Cretaceous and of . Coast Range affin-•• • •' • · • ', r 
i ty (Wheeler, 19 61) . It could however be as old as Upper 

Triassic and co-magmatic with the volcanic rocks of the 

Lewes River group. 

The Moun:j:. Mcintyre intrusion is a distinctive red 

. brown coloured quartz monzonite \•rhich is isotropic, homo-

geneous , and medium grained. The essential minerals are 

colourless and smoky quartz, perthitic potash feldspar 

slightly kaolinized, and a sod.:\.c plagioclase that is normal­

ly zoned. Actinolitic� hornblende , and epidote, are less 
. .  

abundant and magnetite and pyrite are accessories . Rock 

similar to the Nount ?c1cintyre intrusion vrere observed by 

Wheeler crosscutting foliated granodiorite and Hutshi group 

·volcanic rocks and he inferred a mid-Cretac.eous age (Wheeler, 

1 9 6 1, p .  9 9 ) .  
· · . - ; . · •"- ' '· 

. ... -

··. 
The Northwest intrusion exposed on the south side of 

Haekel Hill and in' the Mount Ingram area is typically a medi­

um to coarse grained biotite granite . but some phases are 

biotite granodiorite . ·  Biotite predominates over hornblende 

and the rock may be either porphyritic or equigranular and 

foliated or non-foliated. Isotropic specimens have hypidio-

morphic granular textures \•lith euhedral and subhedral grains 

of plagioclase and mafic minerals and anhedral grains of 

quartz and potash feldspar. The plagioclase is commonly -
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. · zoned and s aus s auriti zed and the potash feldspar is turli!id 

with clay minerals . The mafic I£1.inerals are s lightly chlor-

itic . Accessory minerals include magnetite , zircon , leuco-

xene , sphene , apatite. and locally allanite . The more lecocra-

tic varieties may contain muscovite , smoky gua:x::t z  and fluorite . · , � .. . ' ·� � 
Porphyritic specimens have potash feldspar phenocrysts randomly 

oriented in a medium to coarse grained hypidiomorphic . granular 

matri x .  Where a folia!-ion i s  present i t  is defined b y  aligne­

ment o f  mafic minerals and small. lens es o f  quartz .  

Rocks of the Northwes t  intrus ion are comparable to 

rocks des cribed by Whee ler from a large area o f  gr�ite in the 

west p art of the 1i'1hi tehorse map area (Whee ler , 19 61)  , pages 

9 2  & 1 0 0 ) , A potassium-argon age determination o f  similar · rock 

in this area gave 223 million years ' ( Gabriel s e ,  1 9 6 7 , p .  2 8 6 ) . 

· Field relationships are not definitive as to age . Contacts 

between the intrusion and .the volcanic rocks o f  the Lewes 

River group on the north s ide of the Ibex River across the 

valley from Mount Ingram are remarkably pas s ive sugges ting per� 

haps ·a rather ·clos·e relationship between the outpouring. of the 
·"' ·, . . 

. volcanic rocks. and emplacement o f  the b atholith. 

Contact phenomena 
·,}. ' 

Skar� of lime-silicate materials , . with or without 
· '' ; 

magnetite , and copper sulphide minerals· occur sporadically 

at the contact of the Whitehorse b atholith . with limes tone of 

the Lewes River group b earing the Spondylospira lew·esensis 

fauna .  P l ate 7 and figure 6 illustrate skarn development 

in the War Eagle pit , where a relatively thin bedded 
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s equence o f  quartz ite and �arble had been hornf�lsed and 

s e le ctively replaced by skarn minerals adj acent to the 

quartz diorite of the Nhi tehorse batholi tj"l. ll.pophyses of 

the b atholith crosscut the layered sequence and the ha:tho"" . 

lith includes zenoliths and rafts o f  the layered rocks . 

Andes ite dykes cross cut both the layered rocks and the bath-

olith near the contact . Marble and dol omitic marble contain 

minor tremolite , dicip s ic1e , 'imllastonite and lesser rnaanesite -
and periclas e .  Where the carbonate rocks have been coJ11� :-

pletely replaced the assemblage may be diops ide-garnet, epi-

dci�B-garnet, diopside-enidote , garnet-diopside-tremolite , 

and garnet-diopside-lm :!.lastonite ; Mass ive skarn is o ften 

very inhomo geneous and contains irregular patches of mono� 

mineralic qarne t ,  epidot e ,  and diops ide . Such rock often 

contains .pyrite � chalcopyrite , bornite , chalcocite , and 

magnetite interg rm•m vlith quartz and calcite . The skarn 

may be fractured into a s tockwork p attern and fractures 

co ated '\'lith garnet-tremo li te· and quartz-calcite-epidote . 

Fractures may· also contain sulphide minerals and magnetite . 

Quartzite J11embers always contain dis s eminated pyrite and in 

s ome instances chalcopyrite . 

In general through skarni fication the carbonate ·_ 

rocks tend to become very coarse grained and characterized 

by l .;.rge monornineralic mas ses of pyroxene , garnet ,  serpen-

ti·T.le , magnetite and sulphide minerals :  A tentative pro-

gression of skarn development in calcic (A) and dolomitic 

(B) strata is as follm•IS : 
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Plate �7 Interbedded anhydrous skarn and carbonaceous 
sediments in t..l"le War Eagle pit . 

Plate *8  Hydrous skarn replacinq limestone in the Little 
Chief pit . 
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P l ate 8 illustrates the repl acement of carbonate by 

massive serpentine skarn in the Little Chief Pit. Grabhcr 

( 19 7 3 )  des crihes the rnineraloc:;y and sequence of events for 

the Little Chief mine as follm·Ts : 

" :Most o f  the mass ive s karn is believed · 
to have resulted from a major biwetaso­
rnatic ( after �orzinskii and others) event ,  
caused .by the dif ferential miqration o f  
Ng , Fe , S ,  Cu , S i  and .l'.l into the lime­
s tone and the migration of Ca, K and Na. 
out<t;ard . This causeCI. the forrna.tion o f  
a zoned skarn i n  the contact zone �•i th 
the follo'iTing sequence : 

Zoned Skarn S equence 

1)  Marbl e · +  pyroxene 
2) Clinopyro�ene + Tilinor garnet and 

· rnagneti te 
3) Clinopvroxene + garnet (+ qarnet veins) 
4) Clinopyroxene + z oi .s ite + garnet 

(+ qarnet veins ) 
5)  K=spar + plagioclase + quartz + rnagne-

ti te and epidote 
-

6) Granodiorite to d iorite (+ garnet and 
e·oidote vein s )  

-.. . 
Boundaries bet�·1een zones aren ' t  ah�avs 
distinct , and in particular the K-sp�r 
zone i s  not continuous . Thin section · evi­
dence points to. · the pres ence of an early 
clinopyroxene ( D i ? ) and Orthopyroxene 
being replaced bv later , granular clinopyro­
xene (Ed? ) and andradite crarnet , inCi.ic ating . 
Mg skarn !T'.inerals 0eincr superceded by later 
Pe-rich skarn . 

·• 

. .  · . .  
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Ore minerals, from available evidence, 
were introduced in . two staaes. Present 
in magnetite concentrations near original 
limestone boundaries as inclusions are 
cpy and cpy-bor or cpy-digenite grains, 
generally aui te small. ( : 1 - . Dl rnm) iri 
size .  These are believed to be early 
grains �ri t..l-1 chalcoci te-bor or bor-cpy 
interc;:trmrths since altered to cpy and di­
genite, in part by later mineralization 
involving fresh eutectic-type intergrowths 
of bor-chalcoci te, t'lhich are larger in 
size and replace early magnetite grains 
or are molded onto them, and are roost a­
bundant in .the pyroxene-rich zones . 2  and 
· 3 .  .A later mineralizing event is chosen 
to explain the massive and vein-type cpy, 
py and pyrrhotite mineralization cross­
cutting or replacing other skarn phases 
and associated �vi t..l-J the contact zones be­
t\�een g:r;-a.nodiorite and skarn vrit..l-J garnet 
and epidote vein s .  Granodiorite and dio­
rite near the contact also contains dis­
serolnated pyrite, with cpy in clo·ts, 
while at more distant locations the grano­
diorite holds disseroinate.;J. magnetite . · 

Both ore events are associated �lith a 
hydrous Fe alteration asseroblage w·hich 
includes actnolite , biotite, chlorite 
and especially epidote . Veins of bor-cipy 

·a:r;-e surrounded by a halo of epidote, and 
bar occurs �Ti th epidote crystals cutting 
pyroxene skarn along fractures . A few 
quartz-cpy-epidote veins with alteration 
halo·s of amphibole and chlorite also occur. 

29 • 

· The final events in the contact zone >vere · . ·.· 
. . 

hydrous . alteration of pre-existing skarn, 
possibly with the addition of Ng , to ser- . 
pentin e ,  talc, chlorite and spinel � also 
seemingly . controlled !:w contact of skarn anc'l 
granodiorite and <).ssociated t·rith the form- · 
ation of calcite veins which cut all units 
in pit . Occasionally ore minerals occur . 
in these veins, but their contribution is 
minor . 

Secondary replacement of original Cu-sul­
fides has occurred to a minor extent, with 
second�ry cpy, chalcocite and digenite 
occurr�ng in serpentinized areas , aloncr· · · 
with valleriite-pyrite . Valleriite surr­
ounds bits of bor-cpy in serpentine, and 
Where the �Thole rock has qane to serpen­
tine, vallerii te occurs "'i th pyrite _

.
,. 
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DISCUSS ION 

Copper occurrences o f  the Whitehorse copper belt and ' 
occurrences of similar character elsewhe.re� , p art:j..cularly in 

the. Triassic o f  t..r1e Canadian Cordil lera (East"rood ,  19 6 5 ,  I 
I 

S angster 19 6 9 )  are generally attributed to metasomatism o f  
i 

limestone by hydrothermal fluids emanating from �n intruding 

magma . !-!etal , sulphur , and transporting fluids �re b e lieved . i 
I 

derived from and concentrated in the magma during late 
I 
i 

stages o f  magmatic differentiation and crystalli�ation . 

Deposition o f  sulphide minerals from the transpokting fluids 
I 
I 

is in response to decreasing temperature and pressure and, 
I 

chemical changes upon meeting the reactive limes�one . 
I 
! 

However , in the occurrences of the Whitehorse copper 
i I . 

. belt and. ot.1-Iers o f  this nature ·which we have examined·, the I 
I 

imrnediately . adj acent p luton may be quite variabl e  in compe­
l 

siticn and form but the sulphide mineral deposit ! is invari-

ably s tratabound in relatively thin b edded , dolomitic , bio-• . i 

clan tic and algal limestone "'i th intercalated limy shal e , 

and I!'.icri tic muds tone . .These s trata are underlain and over-

lain by red volcanoclas ti c  and clastic rocks isolated geogra-

phically and s tratigraphically in a ·pred6I!'.inately volcanic 

terrain intruded by p lutons \vhich are probab ly comagmatic 

"'i th the yolcanic rocks . The carbonate rock enclos ing t.11e 

deposits is a common denornenator to these depo s its and i s  

comp arable to present day sabka or subaerial evaporite mud 

flats . Forming along the edges of s ome regres s ive s e as 

( Renfro , 197 4 ) . These merge sea1vard into intertidal mud 
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flats and algal mats overlying an ooze of decaying algae in 

which hydroge� sulphide is generated . Interstitial brine, 

which can leach minor amounts of metal from the underlying 

volcanic and volcanoclastic rock .must rise through the re-

ducing environment o f  decaying algae to reach the evapor-

at�on surface . Sulphide minerals may be deposited in strata-

bound configuration within that reducing environment . In= ' 
-

itial metal concentration may therefore be dependant upon 

sedimentation and lithification and secondarily on recon-

si tution through metamorphism by an intrusion t•lhich follm·1s 

closely on the heels o f  the volcanism . 

Perhaps . the orthomagn:atic model o f  genesis has been 

overemphas ized in explaining dis tribution of skarn-type 

copper depos its and the time has come to consider the impor-

tance o f  the total geology to localization and hence , to 

exploration for additional deposits . 


