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SUMMARY AND RECOMMENDATTONS

The Whitehorse copper belt has traditionally been
described as skarn-type occurrences develobed in limestone
by metasomatlzlng flulds derlved and emanatlng from an ad—
jacent bathollth Our preliminary. examlnatlon of these and
51mllar occurrences elsewhere suggests that the common denom-
inator among the deposits is.not necessarily a pluton of
particular composition and form hut rather thejstratigra~-
phic section within which the devosits are stratabound.
This section is relatively thin bedded dolomitic, bioclas—r
tic and stomatolitic‘limestone in a predominately.volcanic
terrain; The carbonate rocks are comparable to . presnnt dav
1ntert1da1 evaporltles which prograde algal mats and whlch
1n turn are succeeded by contlnental clastlc rocks. The -
fburled algal mat decays and becomes. saturated with hvdrogen
sulnhlde. It is suggested that water rlslng through the '
volcanlc and clastlc rocks to the evaporlte surface may
.leach small amounts of metal whlch may: in turn be dep051ted
in the reduc1ng env1ronment of rottlng algae. Such prlmary
concentratlon of metal may later be recon51tuted by metamor—
'phlsm accompanv1ng 1ntru51on in the wanlng stages of volcan—
ism and upllft |

Our recommendatlons are as follows;. _ .

1. Petrography of the layered rocks should be con~r
tinued in an examlnatlon of the reasonablness of the above

suggestion.

2. If the importance of evaporite-tybe carbonate

.
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- in the field in 1975.

rocks is substantiated for the distribution of copper de-

-posits in the Whitehorse copper belt then the paleogeo—

graphy - of the Upper Triassic shorellne should be mapped 1f

p0551ble.

3. Detalled mineralogy of .the* skarn assemblages

should be determlned to studv the effects of metamorphism

‘on metal dlstrlbutlon.

4. Radiometric age déterminations should be ‘com- T

pleted on the plutonlc bodies of the belt to study their

relatlonshlp to the volcanlc rocks, the nature of the total

1gneous-event,~and 1ts contrlbutlon to. metal dlstrlbutlon.

5. Recommendatlons 1 through 5 can‘be completed

: along w1th a fleld check of some sectlons by the end of thls
summer. Thls w1ll prov1de deflnltlon of the problem for .

: applicatlon to Indian and Northern Affalrs for a fullrseason

L

ii.
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INTRODUCTION _ . 1.

The Whltehorse copper belt, Yukon Territory, is 28

copper occurrences along 12 mlles of intrusive contact be~_ .

tween a bathollth of quartz dlorlte and a layered sequence.
of ande51te, greywacke, argllllte, comglomerate, and lrme—

stone deflned as the Lewes River Group of Upper Tr1a551c

age (Wheeler 1961) _ The bathollth has been mapped as part _ﬁ”

of the Coast Range Intru51ons of Cretaceous age. Copper

occurs as chalcopyrlte, bornlte and chalcoc1te in calc—51ll~‘

cate and magnetlte—bearlng skarn. Mineralogy and distribu-

tlon of occurrences sugqest locallzatlon w1thln partlcular-

‘llmestone strata in contact with the batholltn. Whltehorse

Copper Mlnes Ltd hold the Pnown occurrences and’ ooerate the
thtle Chlef Mlne, central to the belt..
Thls report consolldates 1973 fleld and laboratory

study of geologlcal controls to copper dep051tlon in the

Whltehorse copper belt.' Work Was done under research. agree~ )

ment w1th the Department of Indlan and Northern Affairs and

the flrst season s objectlve was a prellmlnary examlnatlon

of the layered rocks stratlgraphlcally enc1051nc the copper?f

occu*rences, the attendant pluton and other geoloq1c varl— i

WL el

ables affectlng metal dlstrlbutlon and of p0551ble 51gn1f— ;

icance to exploratlon.; We have drawn heav1ly on past work

partlcularly that of J. O. Wheeler (1961) , the staffs of

Whltehorse Copper Mlnes Ltd. and of D.B. Craig, ReSLdent,

-

geologist, Indian and’Northern Affairs. C.G. Winder of'the

- Department of Geology, University of Western Ontario helped

with petrography of the carbonate rocks and W.A. Marchant

‘provided interpretations of the magnetic expression of the

et e p————t
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g‘groun on Canyon Mountaln.

The Whitehorse copper belt is 3 miles west of the

City of Whitehorse and the Alaska Fighway (figqure 1). . It is

_accessable by road frow MacRae to offlces and plant srte of

Whltehorse Copper Mlnes Ltd 1n the centre of the Belt, and

by the Flsh Lake road which leaves the Alaska nghway 3
: mlles north of Whltehorse, and by _a mine haulage road whlch

follows the lenqth of the belt from the War Eaglenplt in the .. -

e ~$ R

north to the Black and.Tan Cub’ occurrence 1n the south.
Rocks of the Lewes River group bevond the conflnes of the-é-

belt can. be reached in the north part of the map area by

¥

tote road from the Alaska Highway 4 miles south of Takhln, o

thence westvard to Jac :son CQreek and the Ibex Rlver Vallev

S
CpeE

In the south part of the map area access is prov1ded bv the

Klondlke ngnway to Carcross and tht= Annie Lake road from :

Poblnson. Past of the Yukon Rlver a CcN telecowmunlcatlons;a

RSN .~~.-‘:.u-.-q—, .

is served by a road traver51nq rocks of the Lewes Plver

’JREGiONAL GEOLOGY

The Whltehorse map area (Wheeler, 1961) 1ncludes the 'fAf

'north 11m1t of the Coast Mountalns and the west oart of the

-YLJon Platform (flgure l). Exposed rocks are Precambraln to
Plelstocene in age (Table 1, T*?heeler, 1961, paoe 22).. The

former are YuPon group gPe51sses and schlsts of metamorphosedru

quartz arenlte, chert llmestone, ‘and volcanlc wacPe. These

~rocks are unconformablv overlaln by Pennsvlvanlan and Permlan

llmestone, chert, and qreenstone 1nclud1na scorlaceous and

-——
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© OF THE WHITEHORSE MAP

(afler Wheeler, 1961)
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amygdaloidal flows, pyroclastic rocks, and sills of the Taku

group which in turn are unconformably succeded by Mesozoic

eugeosynclinal-strata of the Whitehorse trough, a segment of

the TPngh belt (flcure 1 1nset)

The oldest‘Me50201c rocks of the Whltehorse mao.area
are basalts, ande51tes, pyroclastlc rocks, and poorl§lsorted
clastlc sedlmentary rocks of the Upper Triassic Lewes ‘River
group (Table 2, Wheeler, l961 page 37) Thls eugeosvncll—r
nal assemblage gives way to coarse gravels and cobble conclom—
erate basal to the Laberge Group of Lower Jurass;c age whlch
51gn1fy ; rapid upllft and the start of an essentlallv con-_

tinental non—marlne succession of sedlmentary rocks whlch

constitute Mlddle.and Upper Jurassic Laberge and Tantalus‘

" groups.’. Cretaceous and younger 1ayered rocks . are contlnen—<

tal clastlcs and a. contlnental volcanlc sulte oF basalt and

. . e

rhyollte.f Layered rocks from Precambrlan through Cretaceous

age are 1ntruded by bathollths of 1ntermed1ate compos1tlon
whlch have been mapped as Cretaceous (Wheﬂler,1961) but whlch.'

by fleld relatlonshlps may be Upper Tr1assmc to Cretaceous

e S
1 412 e

~in age and comagmatlc w1th the Tr1a551c volcanlsm. Post

....,—- e s te-

Cretaceous 1ntru51ons are relatlvely small,,of 1ntermed1ate'
to fe151c comp051t10n, and probably related to the Contlnen—

tal volcanlsm.
Rocks older than Cretaceous are in northwest trendlng
folds w1th steeply dlpplng axial planes. Faults of undeter—

mined dlsplacement trend northwest .and northeast and are.

steep dipping.



Table of Formatﬂons Exposed in the Whltehorse

Table T

May Area (Wheeler, 1961)

B Period )

I .

and later

Formation ) T
Em . _or (thickne.s © Litholggy . -~
- Epoch., 1C feet) o e
Pleistocene Glacie] drift, alluvium, Josss, volcanic ash
a gnd Regent Basalt; minor pyroclastic rock
Unconformity - _
Cenozoic - . ] Granite porphyry, rhyolitz
'ferﬁary ~ . Iatrusive into lower past of Skukum group
Skuicum group Andesite, basalt, rhvuu.c, and trachyte brec-
4,000+) cias, tuils, and fows; *grinitic ayeiomentie’
Ugcoatormity
Pink grenophyric quartz monzonite
Intrusive contact wilh aranodiorite :
Leucograrite, biotiie granit:.. ‘alaskice,
kali-alaskite
Coa ¢t Int usions - —
Intru ive contact .
; ‘ )| Homblerdz-biatite-olizoclase granodiorice, -
Late Lower . blotite-hornblende quartz dicrite, biotite. -7
“or-early Upper g anite,” hornblende “diorite, gncissic por-., C
. Cretaceous phyritic. granodiorite, pegmatitic s}:m.e e
L Tntrusive contact " .
Ba alt, andesite, - Porﬁhyrti" andesite.’ Quartz
- Hut higroip . lnme and rhyolite Hows; breccias, and 11132
(4,000+) . minor greywacke and ar mmte. congtomemta ’
N i " locally at base T -
Mesozoic - Angular unconformiity (granitic intrusion 2" "7
. i Peridotite, dunite, serpentine, and pyroxenite =
" Relations unknown. Ultramatic rock in contect with I'.nbergc"gru_up;; B
Uprer Suras- .Tn talus e L
o Lowe(g)cal'zsa- _ 'f?!rmntion | Arkose, sxltstoue, causlom ratc‘. acgillite;
| . ceous (2,500) coal o
Lower Juras- . Lnbcrgc g oup Couglomerntc. greywacke. nrkose, qunttm- o
- sic and later ~ {9,500+) siltstone, argillite. horfels . .
Dlscouf'ormxty (local conformity (%), -iocal angulnr urconi‘ormlty('l), :
. ) local granitic mtrusnon( ‘
R Volcanic zreywukc‘. ‘silc tone, acgillite, e
Up Lewes River stone, limestone breccin, conglomerazesvol- - -0
nassxc fglclmo canic breccia, agslomerate, tuifs andésite, o
( ) * porphyritic andesite, and basalc -
Relations unknown . .
Betiamsi. - - | Peansylvanian (7) Limastone, i'm:stone breecia. cher:; grcca-: o
Paleozoic I and Permian = | Itku group " stone and (7) py roclnstxc tocks :
' Relations unknown .
- Quartz~mu:n quarz-chlo i itc, and mica schisrs. e
. quartzite: - feldspathic hornhiende  coeiss,
Precambrian Yuken group amphibolite, epidote-umizlubgiite, crystaliige .

gneiss; gneissic porphvnm. Lmncdiont.. and!
qQuartz diorite .

limestone;  feidsputhic :: aneiss,  fit-par- T S




Table II

Ibex River Section of the Lewes Riﬁéf‘érdﬁp
(Wheeler, 1961) - et

Laberge group
’ _ Disconformity _
Dark green tuft . 104
Division E. - o
Pale grey, massive limestoné containirg Spnndylosp..a l2wesensis 500 -
Division D. T
Green and dark purple volcaaic greywi:cke, «.onglome‘atc with fragments
up toa foot across mainly of volcznic, some gram i, rocks; subor- ST
dinate volmmc bfeccia . 1,000-1,500

Division C.
Purple, grey, and green volcanic breccia containing blccks up to 2 feet
across and a few rounded pebbles 1ad boulders, volcanic greywacke;

60 feet of purple and grey amygdaloidal andesite and basalt tiows

about 700 feet above ‘base; at base, purplish conglomerate 50 feet : S

- thick composed of purple basalt, greenstone, and imestone cobbles 1,500-1,000

oL X P

Discanformﬂ ly -

Division B. .
Pale(gre}' and pale pink crystalline limestone in discontinuous lenses’
10 feet) . . o
Limestone breccia, with a few volcanic fragments 3 to 4 inches across B
: (5 feet)
" Conglomerate, in lenses 10 feet thick, comprising rounded cpbblm 2to3| -~ - R
inches across of purple volcanic rocks (10 feet ia lenses)......... N 75 100
Limestone breccia, containing corals and brachiopods (5 to 10 feet)._| - i
Conglomerate containing greenstone, purplish basalt, and feldspar|- =~ - = ™
porphyry cobbles, .
" Purplxsh limestone breccia and purplish greywacke grading upward
into purple conglomerate T
Grey-green, limy greywacke, interbedded with siltstone and argxlhte. o
containing Halobia o100
Interbedded limy greywacke, in part gritty, and banded grevxsh green -
argillite, thin conglomerate beds containing pebbles of greenstone,...
greywacke, and hmes:one' some lesses of limestone about 10 feet - -7 -
" thick . 60
- Interbedded grey-green, locally pebbly greywacke and banded argillite .- .
(lower part contains morz argillite than greywacke).... 1000
(Division B thins northward and pinches out s0 thar vansron A merges s
upward with Division C) : : ;
Division A. ©
Greenstone, locally -containing phenocrysts of ch'ontmd homblende
and pyroxene, volcanic breccia of green fragments in a green or
purplish matrix; mmor conglomemte and siltstone :
Base not exposed




. . . . [ o a
i, B T TR L g T T RR . et T e T L A WP T ST A TR o PRI
&L—lﬂ i Al A b e B S iy o s P e B L QR T v i ot s g S etk o - e T N D SR T st B R T e L Eat

7.

Precious metals occur in quarti veins within rocks -
of the Precambrian Yukon Group and some plutonic rocks and,
continental volcanic rocks Cretaceous and younger in age.
Copper appears to«he.oonfined to skarnsfin limestone of the
upper.part of the Tewes River group*ofﬁUpper’Tfiassic age
where intruded by the Whltehorse batholith of 1ntermed1ate

comp051tlon. -

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 Whitehorse batholith is drift

covered (figure 1).

The Lewes River Group

- F0551ls of Upper.Tr1a551c age have been 1dent1f1ed
in sedlmentary rocks 1ntercalated Wlth volcanlc rocks which
Wheeler (1961) descrlbes as the Lewes Rlver Group.i The best i
exposures are along the east side of the Ibex Rlver canyon
west of Flsh Lake, on Canyon Mountain 1mmed1ately east of
the Clty of Whltehorse, and on Needle Nountaln south of the
Copper Belt (flqure l) In general, wegtern exposures of
Lewes River group include volcanic rocks' limy muds contaln—
ing Halobia fauna, volcanoclastic rocks, and llmestone\Wlth :
Spondylospira.lewesensis fauna whereas central and eastern
exposures within the map area are typically gradea beds of

mud, silt, sandstones, the'Spondylospira—bearing limestone
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and minor volcanic rocks, indicating a decrease. in volcanic
influence eastward across the Belt. .It appears from prelim-

inary examination as if the copper occurrences of the White-

' horse'eepper Belt are associated with the Spondylospira-

bearing limestone which is broadly divisible into a lower

clayey arcillaceous micritic unit, a middle bioclastic mass-

ive limestone, and an upper thin bedded and cherty lime-

stone appears to thicken from west to east across the map
N

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

~analyses for calcite and dolomite are listed in Table TIIT.

Most_of thesetspecimens are collected from the ﬁpper and

' lower parts of the limestone in an uneuccessful attempt to

flnd conodonts for age determinations and hence are not

wholly representatlve. The fines grain relatlve homogenelty,

‘and lack of current structure 1nd1cates a low energy environ-
ment of deposition. : o

The Ibex River Section

The most westerly section observed 1s along the east

side of the Ibex River. It is descrlbed 1n Table 2 and

'Flgure 2 . The lower part is ma551ve flows of basalt and

ande51te 1nterbedded w1th flne-aralned feldspathlc wacke,

argllllte and tuff and volcanic brecc;a.' Flows are cormonly

.porthfitic with euhedral plagioclase, diopsidic-augite, and

‘hornhlende phenocrysts in a fine-grained matrix. Thin beds

of feldspathic wacke and argillite commonlv contain dissem-

~inated pvrite in:.a siliceous matrix. Clasts in the coarser

argillite are feldspar, diopsidic-adgite, hornblende, and

fragments of mafic flows and tuff. The tuffs consist of




' Se1ected SpeciménS‘of Limestone from_Spondylospira—bearing horizons

Sample#'

| WH 18"
: 19
20

"1ZOB”f"'

44

49
54
- 93A -

‘93B_1

96

97

"113'l3¢
117
120 - |
126 -

1300 i

_Location .
’fIbéx}Riﬁér;

:ﬂIbewaiver;
' 'Ibex ‘River:
.~ Needle Mt.k
48 ;.- -
- " Needle Mt‘“
':ufcércross

-3;Flsh Lake
~ ‘Little Chlef :
o Mine ..
“'Little Chief
'~ Mine R
‘Wheelers foss.)[, T _
.massive foss. dolostone

Ibex River

Needle Mt,

"Fish Lake:

Table III

Remarks

. ;,'

fma551ve dolostone )
i’ 'massive foss. mudstone
- massive' foss. packstone
<. massive mudstone
“’laminated mudstone .

.. massive foss. limestone
.massive
massive mudstone-
.- thin bedded oolitic: dolostone .
~thin bedded siliceous mudstone /74 :

- mudstone

;thin,bedded dolomitic marble

;{ thin béddéd~argillacebus

4. massive mudstbne

Canyon Mt;f

,f;ma551ve mudstone | SR
‘. thin bedded arqlllaceous'b.

mudstone-

I—'Ldl'l-‘\ll—'lw

13 o

.C/D.

.029

047

. 4.23

367

38.6

1.672
L1077

- DI. . )
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matrix—supported microlite and angular fraoments of an un~”
zoned plagioclase. Upward in the‘section these rockS-areT
massive layers within volcanic_breccia of;alternating purple__j
and green-colour. Plagioclase iswgenerallf_saussaritized_:-
and-the mafic minerals slléhtly chloritized : hhé uolcanic
breccia becomes 1ncrea51nqu well bedded and fragments well p:
rounded upward in the sectlon. There are intercalated lenses.'
of arkose, argllllte, llmy greywacke, limestone and conqlom—
erate. The limestone is lense—llke and contalns the Halobla
fauna (Plate 2) plus carbonaceous material, pvrlte and slllceoqu
material. leestone is overlaln bj plnk and green coloured
marl red sandstone and conglomerate w1th Volcanlc and'.lime-
-stone cobbles.. |
| The upper part of the Ibex Rlver sectlon is repeta—l
" tive of the lower part- and beglns w1th flows and tuff over-
‘lain by volcanic breccla of purple, grey and.green colour; 7
zvolcanic wacke and ultimatelyelimestone'containing‘Spondy%
losplra lewesens1s and topped by chert,‘and tuff The basal'
_part of thlS upper . llmestone 1s a grey coloured flne gralned
arglllaceous dolostone w1th calc1te crystals from 5 to 7mm 1n
diameter and numerous subparallel calcite veinlets. The rock
ris homogeneous and micritic; Thls is succeeded by a llght
arey, bloclastlc llmestone (Plate 3) w1th a siliceous upper
“Part. The rock has styllolltlc beddlng and is recrystalllaed
_ Contact with the overlylng Laberge qroup ;s covered by drift
in the Tbex-River area but.a change in attitude of beds on |

either side of the contact suggests an unconformable -
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Plate #3 Massive biohermal Spondylospira.leweéehsis lime—~
stone composed of indeterminant colonial corals
exposed north of Jackson Lakes,

Plate #£4 iaberqe polymictic conglomerate observed north-
east of Fish Lake. .
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relationshin. Condloﬁerates of the Laberce grouo are'polf~

mictic, centain granitic cobbles and boulders to 4 feet in

diameter (Plate‘4) in a hematitic arkosiq_ﬁatrix.:'

Th2 Fish Lake - r-"hitehorse Conoer Belt Section

_ Pocks of tqe Lewes leer group ewposed in the FlSh.
Lake area and “lthln the Coooer Belt were exan1ned to detar—
mine which llthOlOQl°S of the grouo contained cooper sulohlce
minerals at the edga of the Uhltehorse batholith (flgure 3)
From Fwsh Lake east through the Copper Belt rocrs of the
Lewes and Laberge groups are inropen antiClines'and sYnclines-

diStributed bv block faults. Individual units within the

Lewes Rlver group are. dlfflcult to rollow through the socr~

- adic outcroo of the ‘copper belt but a tentatlve correlat_nndb

from Fish Lake through the belt to the thtle Chler m1ne c: f

'Whltehorse Copper M;nes Ltd. 1svp0551ble as 1llustrated 1n"

figure 4; At Fish.Lahe}icongiomerate of the'LabérQe'éroub
appears to be conformable w1th oolitic llmestone, ovrltlc
quart21te, a llmj clastlc and llmestone contalnlng the Sooncﬁ
losplra lewesen51s fauna and chert 1nterbeds. ThlS 1s undev—‘
laln by and Urades lnto a mottled wacke vhlch is tufFaceous
and consists of fresh and altered gralns of feldspar and
pyroxene in a qranulate matrlx of actlnollte,_chalcedony}
calcite and henatite, |

| Immediately.west of.the Little Chief mine a'thiok
sequence of llmestone outcrops sporadically and has bean'
described by Kindle (196_, page 3). Floure 4 1llustratos'

this section which consists of p?rith'and hematitic. -

P R AT L,
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qua1t21te underlaln by thln bedded black. llmestone w1th 1nter—
beds of dolomlte siliceous, organlc, fragmental, and arglll— '
aceous materlal. Stromatolltlc structures are preservedrln
some dolomitic horizons (Piate 5).. Pyrite is common in thls_
sectlon as are recrystalllzed calc1te and quartz, ser1c1te
and actlnollte in arglllaceous seams. The clastlc horlvons
appear to be tuffaceous with’ qralnsof plagloclase An30 and
magnetlte rather than the hematite characterlstlc elsewhere
in the Flsh Lake—Copuer Belt area. Our tentatlve conclusron
is that The Flsh Lake-Copper Belt sectlon can be correlated

w1th the uppermost part of the Lewes River Group 1n the Ibex

River sectlon. These rocks probablv forTed.ln lagoonal and

-sabka-llke evaporlte env1ronments durlng a perlod of re—

gre551on leadlng to non—marlne dep051tlon of Lower Laberce

group conclomerates.

Open plts 1n .copper occurzences of the belt to the Vi)
north and. south of the thtle Chlef mine expose ma551ve

Skarn, crystalllne llmestone, clavey and arq1llaceous 11me-

_stone, chert and quart21te as screens and lnclu51ons w1th1n

-and at the contact of the Whltehorse bathollth.r Correlatlon'

between plts and outcrops west of the Little Chlef mine is
dlfflcult but petrography ‘and petrochemlstrv of some of the
rocks descrlbed in append1c1es A and B suggest most copper
occurrences are in the thinnly bedded llmestones and the
1mmed1ately_underlylng'more massive beds contalnlng the
Spondylospirajlewesensis fauna described abovefblThe thin

bedded material is commonly replaced by a skarn assemblage

‘and the more massive, more purely carbonate beds are
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Plate #5 DPreserved stromatolitic structure in dolomitic
carbonates west of Little Chief Mine. :
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Plate #6 Massive outcronping of Sponcdvlospira lewesensis
: limestone at White Hill n=ar Heedle t. : 3
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thoroughly recrystallized.

The Needle Mountain Section

| Limestoqg with Spondylospira lewesensis fauna out-
croos on Needle Mountéin soﬁth of the Whitehorse Cop?er
Belt and consists of 5 feet of limy qrit;'z feet_éf silice—.
ous limestone with tuffaceous material, 15 feet of ébarsely‘
crystalline gféy limestone, 15 feet of buffix)giey coloured
limestone in thin beds, and 10 feet of fossiliferous lime—
stone. This section is overlain by a conglémerate of vol-
canic cobbles and cherty matrix. Plate 6 illﬁstrates the
largesf.outcrop of this limestone at White Hiil on the east
side of Needle Mountain. |

The Canvon Mountain Section

" On Canyon Mduntain immediately east of'tﬁé_Yqunf
River énd thé Citygof Whitehorse limesténenbéarihé_SpOndy-
lospiré;léWesénsis fauna is overlain ana‘infolded with.gfey-
waqke, argillite, and black slate cohtéiniﬁg ammonités which
may be of'JurASéic age (Wheeler, 1561, pagé:4l).u.The iimé-
stéhe ahd clastic rocks appear to be conformablg;- The lime_
stoné is épproximately_isoo feet thick at_#his ioéaiity,
silceoﬁs and.figsile with the more massivé'and cieaner beds:
in fhe upper paft of the section with chert and quartziéé
intercalations. The lower part of the.seéfion hés élay and
micritic intercélations. The middle section is iiqht Qrey

and biocléStic.
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Plutonic Rocks of the Whitehorse Copper Belt

Plutonic rocks of the Whitehorse Copper Belt can in
general be diyide@ into 3 major bodiesw(figure:S): the
Whitehorse batholith, or Copper belt inttﬁsion-ls an oval
shaped bodv of quartz diorite underlylng the Yukon Rlver'
Vallev in an area approximately 17 by~--mlles as 1nterpreﬁ
ted froﬁ airborne magnetic data; (GSC Maps 33766( 3377 G,
11341 G) the Mount McIntyre-intrusion which ihcludes Mount
Granger and Golden Forn Mountain and which is roughly 11
miles in diameter as expressed by magnetic data and, the
Northvestern intrusion which underlies Haekel Hiil, the
Jaehsoﬁ Creek area, and Mount Incram. The'magnetic data
suggests that only northeast of Fish Lake and at Canyon
Nountaln is the sedlmentary cover more than 3000 feet thlck

‘over the intrusions.

The copper occurrences are assec1atee w1th the upper
limestone of the Lewes River Group where it overl;es,‘ls
enclosed within, and. intruded by the west side of the_Cotper_
‘Belt intrusion or Whitehorse batholith (figurets)_'-The
copper'eecurrences cluster into a northetn groﬁp (Group 1)
near the postulated junction of'the Whitehorse batholith S
w1th the Northwestern intrusion, a central group (Group 2)
near the contact between the Whitehorse bathollth and the
Mount McIntyre lntru51on,_and a Group 3 1n.the southern
part ef the Whitehorse batholith. Al; three groups at local

magnetic highs (%.S.c. Maps 3376 G, 3377 G, 11341 G.)
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INTRUSIVE CODIES IN THE WHITEHCRSE ~ FISH LAKE AREA

(m-!:arprefe'd fram maﬂwz’n'c. profiles by W.A Merechant, (213)
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) Patrography '_ . _ 7-
The Whltehorse batholith is essentlally a guartz
diorite:hrwhichhornblende predominates over biotite- The
rock is massive, mesocratic and mottled with white and dark
- green coloured patches caused by aggregates of hornklende
rfand plagloclase.' The texture is hypldlomorphlc 1nequ1—
granular with anhedral qralns of quartz, blotlte,.and sphene
interstitial to intexlocking subhedral gralns of plagloclase
and hornblende. Large plaaloclases are zoned from ande51ne
to oligocene. Small.aralnsare unzoned and of similar compo-
sition and they coalesce into clots lcm. in dlameter. Horn-
blende occurs as solitary grains w1th green to brown ‘pleo-—
. - chrism that are randomly orlented and evenly dlstrlbutlon
throughout the rock. A few outcrops are-porphyrltlc.W1th
‘icoarse hornblende phenocrysts..ﬁOrthoclase'may be a.mlnor

‘component and is frequently in myrmekltlc 1ntergrowth w1th f

' ‘1quartz, 1t ‘may be altered to ser1c1te, epldote and clay

lminerals. Magnetlte is the most abundant accessory mlneral
'fand is dlssemlnated through the rock

| Varlatlons are noted as. 1n sample G—25h“ whlch 1s a
chornblende dlorlte w1th relict auglte and only 4% 1nter—
:.Stltlal quartz.; Spec1men G—35 had 10% auartz and 10% horn-
blende. Trace element content does not vary apprec1ably
however and fresh rock generally contalns about 20 ppm Cu,
15 ppm Pb, and 45 ppm 2Zn. Fractures are_commonly coated
_with potash feldspar and, chlorltic and sericitic alteration
along fractures is characteristic. Potash_feldsparrreplaces

._plagioclase in antipertitic intergrowth (Specimen G-35) and
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ln'uhls instance the.rock contains anomalously high copper
and zinc values. | :

Pge of the Whitehorse batholith is problematical
until some radiometric determinations are completed Theu
.rock has been mapped as Cretaceous and of Coast Range affin—
‘1ty (Wheeler, 1961) It could however be as old as Upper -
Triassic and co—maomatic w1th the volcanic rocks of the .
Lewes River group. ~ . '

ﬁhe Mount McIntyre intrusion is a distinctive red.

. brown coloured quartz monzonite-which is isotropic, homo-
_geneous,-and.medium grained.' The essential‘minerals are
COlourless and smoky guartz; perthitic_potash feldspar
slightly kaolinized, and a sodic‘plagioclase that is normal-.
Lly zoned. Pctinolitic;hornblende, and epidote, are less'
g:abundant and magnetite and pyrite are accessories.t.Pock
'?Similar to the Mount McIntyre intru51on were observed by
'Wheeler crosscuttinc foliated granodiorite and Hutshi group
fvolcanic rocks and he 1nferred a mid Cretaceous age (Wheeler,
.¥1951 p; 99) S u , _w,w”rd_,_ <
| The Northwest 1ntruSion exposed‘or the south 51de of
VHaekel Hill and in’ the Mount Ingram area‘is'typicallv a medi—.
um to coarse grained biotite granlte but ‘some phases are
'biotite granodiorite.J Biotite predominates over hornblende
and the rock may be either porphyritic or eguigranular and
. foliated or non-foliated. lsotropic specimens have hypidio-
morphic granular textures with euhedral and subhedral grains
of plagioclase and mafic minerals and_anhedral grains of

quartz and potash feldspar. The plagioclase is commonly - .



yvolcanlc rocks and emplacement of the bathollth

bContact phenomena
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" zoned and saussauritized and the potash feldspar is turhid

with clay minerals. The mafic minerals are‘sllghtly chlor~
itic. Accessory mlnerals include magnetlte, 21rcon, leuco-
xene, sphene, apatlte and locally allanlte. The more lecocra—
tic varletles may contaln muscov1te, smoky quartz and fluorlte;

Porphvrltlc spec1mens have potash feldspar phenocrysts randomly

' orlented in a medlum to coarse gralned hypldlomorphlc granular

matrix. Where a follatlon is present 1t is deflned by allqne--
ment of mafic minerals and small lenses of quartz.
Rocks of the Northwest intrusion are comparable to

rocks descrlbed by Wheeler from a 1arge area of granlte in the

| west part of the Whltehorse map area (Wheeler, 1961), pages

. 92 & 100) A potaSSLum-argon age determlnatlon of 51m11ar rock.

in thls area gave 223 mllllon years (Gabrlelse, 1967, P. 286).

fFleld relatlonshlps are not def1n1t1ve as to age. _Contacts

between the 1ntru51on and the volcanlc rocks of the Lewes

R1ver group on the north 51de of the Ibex Rlver across the

fvalley from Mount Ingram are remarkably pa551ve suggestlng per- -

'haps ‘a rather close relatlonshlp between the outpourlng of the

‘,"»--

.!.

Skarn of llme—51llcate materlals, w1th or w1thout :

magnetlte, and copper sulphlde mlnerals occur sporadlcally

at the contact of the Whltehorse batholith.with llmestone of

the Lewes Rlver group bear1ng the Spondylosplra lewesen51s

fauna. Plate 7 and flqure 6 1llustrate skarn development

~in ‘the War_Eagle pit, where a relatlvely thin bedded
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sequence of guartzite and marble had been hornfelsed and
selectively replaced by skarn minerals adjacent to the
quartz diorite of the Whitehorse batholith.  Apophyses of
the batholith crosscut the layered seaquence and the bathdrﬁ

lith includes zenoliths and rafts of the layered rocké.

" Andesite dykes crosscut both the layered rocks and the bath-

olith near the contact. Marble and dolomitic marble.éoﬁtain
minor tremolite, diopsice, woliastonite and lesser mégnesite.
and periclase. Where the carbonate rocks have been com< :-
pletely replaced the assemblage may be diopside-garnet, €Pi-
éqﬁgrgarnét, diopside-enidote, qarnet—diopside—tfémolite,
and garnet-diopside-wollastonite:. Massive skarn is oftén
&ery inhomogeneous and conﬁains irregular patches of mono-
mineralic carnet, epidote, and.diopside; Suchlroék ofteh
contains.pyrite; chalcdpyrite; hornite,_chalgocite, and-.
magnetifé intergrown with quartz and caiéite. The skarn‘
ﬁay be fracturedrinto a stockwork pattern and fraétufes.-
coated with garnet-tremolite and quartz-calcité;epidofe. 
Fréﬁturés may'also contain suiphide minerals_ana magnetite.
Quaftzite members alwéyé‘contéin disseminated pyrite énd~in..
some instances éhalcbpYrite. | .

In generél throﬁgh skarnification the carbonate -

rocks tend to become very coarse grained and characterized

by large monomineralic masses of pyroxene, garnet, serpen-

tine, magnetite and sulphide minerals. A tentative pro-
gression of skarn development in calcic (a) and dolomitic

(B) strata is as follows:
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Plate #7 Interbedded anhyvdrous skarn and carbonacedus
sediments in the War Eagle pit.

TBINET

Plate 28 Hydrous skarn replacing limestone in the Little

Chief pit. ‘
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. . diopside . diopside
¢ marble+  + - + _
| vesuvianite - unzoned garnet
| (2) - R
| . R . . Wl .. . . S
: . -'zoned garnet massive garnet
ﬁ + zoned garnet + = + ' N R
ﬁ_ _ N copper-iron’ min. mineralization

periclase ‘serpentine magnetite -

dolomite brucite - : - ‘ o

+ dolomite™ - macgnetite copper min.
calcite '

(B)

marble

Plate 8 illustrates the replacement of carbonate by'

massive serpentine skarn in the Little Chief Pit. Grabher
(1973) describes +he mineraloqy and sequencerof eVents for
the Little Chief mine as follows:

"Most of the massive skarn is believed-
"to have resulted from a major bimetaso-
~matic (after Xorzinskii and others) event,
. caused by the differential migration of
Mg, Fe, S, Cu, Si and 21 into the lime-
stone' arid the migration of Ca, K and Na
outward. This caused the formztion of

a zoned skarn in the contact zone w1th
the following sequence-

Zoned Skarn qecuence

1) Marble + pyroxene.
.- 2) CllnonerYene + minor carnet and

“magnetite -

3) Clinopyroxene + garnet (+ aarnet velns)

4) Clinopyroxene + zoisite ¥ carnet
- (+ garnet veins) .

5) K-soar + plagioclase + cuartz + magne-

" ‘tite and epidote

6) Granodiorite to dlorlte (+ garnet and
‘epidote veins)

Boundaries betV881 zones aren't alwavs
distinct, and in particular the K-spar

zone is not continucus. Thin section evi-
dence points to the presence of an early
cllnopyroxene (Di?) and Orthopvroxene

being replaced bv later, granular clinopvro-
xene (Hd?) and andradite carnet, indicatinag -
Mg skarn minerals belnc superceded by later
Fe- rlch skarn.
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Ore minerals, from availablé evidence,
were introduced in .two staces. Present
in magnetite concentrations near orlglnal
limestone boundaries as inclusions are
cpy and cpy-bor or cpy-digenite grains,
generally quite small (.1 - .01 mm) in
size. These are believed to be early
 grains with chalcocite-hor or bor-cpy -
interaroviths since altered to cpy and di-.
_genité, in part by later mineralization
involving fresh eutectic-type intergrowths .
of bor-chalcocite, which are larger in
'size and replace early magnetite grains

 or are molded onto them, and are most a--

hundant in .the pyroxene-rich zones.2 and

3. A later mlnerallzlng event is chosen

to explain the massive and vein-type cpy, .
py and pyrrhotite mineralization cross- '
cutting or replacing other skarn phases

and associated with the contact zones be-~
tween agranodiorite and skarn with garnet

and epidote veins. Granodiorite and dio-.
rite near the contact also contains dis- -
seminated pyrite, with cpy in clots, s
while at more distant locations the grano- -
diorite holds dissewinated magnetite. - '

Both ore events are associated wlth a

hydrous Fe alteration assemblage which-
includes actnolite, biotite, chlorite R
and especially epidote. Veins of bor-cpy .
--are surrounded bv a halo of epidote, and

- bor occurs with epidote crystals cutting

. pyroxene skarn along fractures. A few

- ‘quartz-cpy-epidote veins with alteration ST
'halos of amphlbole and chlorite also occur.:f

"gThe flnal events in the contact zone were -
hydrous: alteration of pre-existing skarn,-*
possibly with the addition of Mg, to ser- .
- pentine, talc, chlorite and spinel; also

seemingly .controlled bv contact of skarn ahéjli'*

granodiorite and associated with the form--
ation of calcite veins which cut all units--
in pit. 'Occasionally ore minerals occur.

in these veins, but their contribution 1s
,mlnor.

Secondary replacement of orlglnal Cu—sul-
fides has occurred to a minor extent, with
secondary CPY:: ‘chalcocite and digenite.
occurring in serpentinized areas, along -
with- vallerllte-pyrlte. Valleriite surr-
ounds bits of hor-cpy in serpentine,. and . -
where the whole rock has gone to serpen-
tlne, valleriite occurs w1th pyrlte."
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DISCUSSION -

i
ki

Copper occurrences of the Whitehorse copper beltrand

occurrences of similar chafacter elsewhere, particuiarly in
the. Triassic of the Canadian Cordillera (EaStwoo?, 1965,

. ] o
Sangster 1969) are generally attributed to metasomatism of
S ' _
limestone by hyvdrothermal fluids emanating from én intruding

magma. = Metal, sulphur, and transporting fluids are believead
. ! T
' - . L]
derived from and concentrated in the magma during late

stages of magmatic differentiation and crystalii%ation.
. .
Deposition of sulphide minerals from the transpo%ting fluids
is in response to decreasing temperature and pressure and,
|

. . . . A .
chemical changes upon meeting the reactive limestone.

. o
However, in the occurrences of the Whitehorse copper

|
1 -

~belt and others of this nature which we have exa#iﬁed)'the

immédiatel? adjacent plutbn may be quite variable”in eompo—
sition and form but the sulphide mineral deposmtils invari-
ably stratabound in relatively thin bedced, dOlOmlth, blO-
cla tic and algal limestone w1th 1ntercalated llmy shale, )
and mlcrltlc mudstone. These strata are underlaln and over-
lain by red volcanoclastlc and clastlc rocks 1solated geogra—
phlcallv and stratlgraphlcally in a Dredomlnatelv volcanlc
terrain 1ntru§ed by plutons which are probably comagmat;c
with the volcanic rocks. The carbonate rock enclosing.the
deposits is a common denomenator to these deposits ahd is
comparable to present day sabka or subaerial evaporlte mud '

flats. Forming along the edges of some regressive seas

(Renfro, 1974). These merge seaward into intertidal mud
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fléts and algal mats overlying an ooze of decaying algae in
which hydrogen sulphide is generated. Interstitial brine,
which can leach_ﬁinor amounts'of met;l from the underlying
volcanic and volcanoclastic rock must rise through the re-
ducing environment of decaying algae té reach'the;eQapor-
aﬂioﬁ_surface. Sulphide miﬁerals mav be_depoéited in stréta—‘

bound configuration within that reducing environment. In=:

~

itial metal concentration mavy therefore be depend;nt upon
sedimentation and lithification and secoﬁdarily 6n recon-
sitution through metamorphism by an intrusion which follows
closely on thg heels of the volcanism.

Pérhaps'the 6rthomagmatic model 6f genesis has been
overemphasized in explaining distriﬁution of skarn-;ypé
copper‘deposits and the time has come tb bohsider the impor-
tance of the total geology to';ocalization ané henée, to'

explorétion for additional deposits.




