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INTRODUCTIOH

The Slave Province, is geologically similar to the Superior Province but fewer than
a half-dozen good base-metal prospects are known within it and none of these is economic under
present conditions. Most of these deposits have not been studied in detail nor has the metal- -
logeny of the province received much study. The purpose of this report is to describé the
geology of two base metal occurrences as an initia) step in a metallogenic study of the Slave
Province. :

Metamorphosed volcanib rocks are the host for the deposits cons%defed in this report,
Although they have been metamorphosed and are thus metamorphic rocks, for the sake of compari-
son with other areas, they are referred to in terms of their original lithologies, except where
these cannot be inferred. Classification of volcaniclastic rocks is taken, with slight modifi-

cation, from Fisher {1961, 1966).

HIGH LAKE COPPER-ZINC DEPOSIT

INTRODUCTIONR

The High Lake copper-zine deposit is located at 67°23°N, 110 O57 30“”. immediately to
the west and south west of High Lake and approximately 330 miles north- northeast of Yellowknife.
Drill indicated reserves at High Lake consist of 5.2 million tons grading 3.5% copper, 2.5%
zine, 0.6 ounces/ton silver, 0.02 ounces/ton gold, and minor lead, . The deposit, which was
" discovered by Kennarctic Explorations during an airborne reconnaissance program in 1955, has

been described briefly by McGlynn (1971). A total of three weeks was spent mapping and samp-
- ¥ing the property dﬁring the summers of 1972 and 1973. Laboratory work included study of
thin and Q9lished sections, and a few preliminary chemical analyses.

REGIONAL .GEOLOGY"

The volcanic belt was mapped on a reconnaissance scale by the Geological Survey of
Canada, (Fraser.-1964),and more recently the High Lake area was mapped at a scale of one-half
mile to the inch by Padgham et. a1. (1974). The following account is taken mainly from these
two sources, supplemented by this author's obscrvations and descriptions from company reports.

The High Lake deposit occurs within an eight-mile wide belt of metavolcanics which
extends from Gray's Bay on Coronation Gulf southwards for some 85 miles. The volcanic belt,
which is bounded and intruded by granitic rocks, is comprised predom1nant]y of felsic and
intermediate rocks for the northernmost 50 miles, whereas south of this mafic and interme-
diate volcanic rocks are predominant, Felsic volcanic rocks are pale green to.white, massive
or foliated, and locally porphyritic. Mafic and intermediate voicanics are {ight to dark
green, fihe-graincd and massive to foliated. Pillow structures are comion and vesicular

structure and agglomerate occur locally. At granite contacts, mafic volcanics have been re-

crystallized to dark green or black, nmdiun— to coarse—grained amphibolite. Sedimentary rocks,
mostly greywacke, are locally abundant. partxcularly in the southern part of the belt. Thin
Yayers of black graphitic slate and carbonate are common w1thin the volcanics.
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In the area of High Lake, the volcanics consist of {nterbedded rhyolitic, dacitic,
and andesitic flows, tuffs, breccias, and agglomerates, along the Kennarctic (Bradshaw) River,
east of High Lake, the section includes calcarcous tuffs and black slates.

~ Foliation within the volcanic rocks is generally steeply dipping and parallel to the
trend of the belt. Faults and Proterozoic diabase dikes are common; most have northwesterly to
north-northwesterly trends but a few strike northerly or nortﬁeasterly. A major northerly
treading fault is inferred along the Kennarctic River. :

Zones capped by gossans are scattered throughout the velcanic belt. Fraser (1964)
notes that many carry disseminated pyrite and pyrrhotite and some carry chalcopyrite and arsen-
opyrite. Pyritic zones up to 200 feet wide occur in the felsic volcanic rocks. Those at Low
Lake seven miles south-southeast of High Lake, and others 2 few miles to the north of High Lake
{Chi11 Group) have only low copper values. . These sulphide rich zones within predominantly
felsic volcanics suggests that these rocks are part of a regional felsic volcanic centre simi-
Yar to those recognized by Goodwin and Ridler (1970} within the Abitibi greenstone belt of the
Superfor Province.

LocaL GeoLosY

pescription of Rock Types.

With the exception of Proterozoic diabase dykes, all rocks in the area of study see
accompanying maps "High Lake Cu-In Deposit’) are believed to be Archean jn age. These include
a large intrusive body which occurs along the western edge of the area and metamerphosed alter-
ed volcanic rocks with minor volcanic limestone, as shown in the Table of Formations (below).

TABLE OF FORMATIOHS

AGE- LITHOLOGY

RECENT | Sand, gravel, silt
‘ Unconformity
PROTEROZOIC Diabase
Intrusive Contact
ARCHEAN : Granodiorite, diorite, quartz diorite, gabbro

Intrusive Contact

Limestone and related rocks:' caleite-cemented felsic or cherty breccia;
calcareous intermediate tuff and lapillituff; doiomite; siderite

Felsic volcanic rocks fhyolite, rhyodacite): white to grey, siliceous,
fine-grained tuff (?): in places, pyritic -

YELLOWKNIFE
SUPERGROUP

Felsic and intermediate volcanic rocks: tuff, lapilli-tuff, and tuff-

breccia; minor cherty breccia; minor coarse-grained breccia

Intermediate volcanic rocks: (dacite, andesite); tuff and lapilli-tuff;
massive flows; pillowed flows




Volcanic Rocks .

" Voleanic rocks comprise a large part of the High Lake map-area, Stratigraphic tops
have not been determined, but crude zoning within the sulphide bodies and the pasition of the
alteration zone suggest tops are toward the west. A section through the stratigraphic sequence,
from probable base to top, consists of three broad zones separated by gradational contacts.

The lower 1500 feet, approximately, consists of andesite and dacite, which include
tuff and lapilli-tuff, pillowed flows, and massive rocks which are probably flows. Massive
andesite also occurs adjacent to the intrusion in the southern half of the map-area. Although
similar in appearance to the rocks of the lower volcanic unit, the stratugraphrc relationship
of this andesite to the lower and middle units is not clear. The massive andesite is intruded
' by stringers of diorite, and in places 35 metamorphosed to hornblende hornfels facies making it
harder and coarser grained; and resulting in widespread hornblende porphyroblasts.

The middle volcanic unit consists of felsic and intermediate pyrociastic rocks includ-

ing tuff, lapilli-tuff, tuff-breccia, and breccia as the predominant types. Fragments range

in composition from dacite to siliceous rhyolite, with minor 2ones of cherty fragments. Matrix,
which appears to be more mafic than fragments, has the composition of andesite or dacite. Tuff
and lapilli-tuff are generally green or grey-green and massive feisic rock is Tight-grey. East
of the AB sulphide zone and generally in the centre of the map-area, the rhyolite is siliceous,
highly fractured, and in places shows flow-banding and structures which resemble pillows. A
coarse-grained volcaniclastic rock near the southwest corner of High Lake contains subangular
to rounded, generally elongated fragments ranging up to 12 inches in Tength and 6 inches in
width. Fragments, which are randomly distributed and show a good preferred orientation, com-
prise up to 50% of the rock, the remainder being tuffaceous matrix. The rock formed by pyro-
clastic or pyroclastic flow processes {e.g. landslide). Detailed stratigraphic relationships
within the middle unit are obscured by the effects of pervasive alteration and contact meta-
morphism, and the gradational nature of contacts. A lack of distinctive marker units, limited
structural information, and the lateral variation in rock types, are additional complications,

A broad zone occupjing most of the northwestern part of the study-area consists of
felsic volcanics. The most abundant of which is a fairly uniform, fine-grained, white- to
Yight green-weathering, grey, siliceous rhyolite or rhyodacite tuff, with small amounts of
breccias In places this rock contains minor pyrite, and may be whiter and more siliceous.

Near the contact with the intrusion, it is somewhat granular, probably as a result of contact
metamorphism. ' '

Limestone and Rclated Rocks

Carbonate rich rocks occur mostly within the lower part of the intermediate and
felsic pyroclastic unit and the upper part of the intermediate wnit. Calcareous intermediate
tuff and lapilii-tuff consists of up to 50% calcite within the intermediate rock. HNear the
small lake scuth of High Lake, this rock has been dolomitized, possibly as a result of its
proximity to a major fault.

Calcite-cemented breccia is abundant in a zone along the west shore of High Lake. It
consists of angular to platy rhyolite and in places, chert fragments in a calcareous matrix
which has weathered preferentially to give the rock a rough irreqular surface. Extensive expo-
sures of this rock type near the southwest corner of Nigh Lake has been hydrothermally altered
and contains abundant chlorite. Caleite within this a1téred rock is believed to be of exhala-
tive origin, but could be an alteration product. Although individual layers and lenses within
the study arca cannot be traced much more than 200 feet, a poséible continuation of the carbon-
ate breccia north of High Lake has been traced for several thousand feet.
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Small veins of siderite up to about two feet wide and 20 feet long occur at the north
end of the small lake ncar the centre of the area and vest of the AB zone. The origin of these
veins i5 not clear but they appear to be related to faulting.

Intrusive Rocks

Granodiorite, diorite.‘quartz diorite, and gabbro form an intruéive complex up to one
mile wide and three miles long. Adjacent to the sulphide zones the intrusion consists of grano-
diorite, diorite and quartz diorite, but near the north and south 1imits of the study area gabbro
{s common. Inclusions of intermediate volcanics occur throughout the intrusion. In addition
to contact effects noted elsewhere, hybridization of volcanic and intrusive rocks, possibly com-
plicated by faulting, occurs near the AB 20ne. S :

Diab_aso

North to northwesterly trending dizbase dykes up to 50 feet wide and thinner sills .
occur within the study-area. The largest dyke passes through the middle or both the AB and D
sulphide 2ones,

Structure, Metamorphism, Age

There s limited structural information available within the study area, Bedding and
a pervasive cleavage strike about 20 degrees efther side of north and dip from 70 degrees to
vertical. Deformation seems to have been accomplished by faulting and shearing, rather than by
folding. Shearing is common within alteration zones and intermediate volcanics. The flattening
of pillows is further evidence of the type of deformation. Northwest trending faults are the
most obvious structural features; at least one major fault, and possibly two or three, can be
inferred from aerial photograph lineaments, and by redening and brecciation of rock as seen in
outcrop and drill core. These are probably Proterozoic and may be related to the Bathurst
fault system. Kink bands in the intermediate volcanics may also be of this age.

Regional metamorphism to greenschfst facies is indicated by the assemblage in ande-
site of quartz-chlorite-carbonate-epidote.

Although no direct dating of the volcanics has been done, structural and lithologic
evidence indicates they are Archean in age. Thorpe (personal communication) obtained an Arch-
ean age for the ore lead.

GeoLocY oF THE DEPosIT

Sulphide Zones

The deposit consists of two sulphide zones, the AB and D, that occur within the zone
of felsic and intermediate pyroclastics. In addition there are two zones which have very low
metal valucs: the C zone between the AB and D, and the £ Zonc about 600 feet east of the D zone. |
These will not be described further, :

) Both the AB and © zoncs outcrop but their dimensions and the nature of their contacts
with the wall-rocks ‘are partly obscured by overburden and gossan, so that the AB zone may be
somgWh&t smaller than shown in Figure 1. [Doth zones are cut by a diabase dyke and both lie near
the ¢ontact of the granitic intrusion, As scen on surface, both appear to consist of lenses
apﬁroximatcly paratle} to the strike of the volcanics.
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prilling has shown that the AB zone contains approximately 2.4 miliion tons grading
approximately 5.4% copper, 1.1% zinc, and 0.03 ounces/ton gold. Drilling results indicate zinc
content is higher to the west of the diabase and also indicate the presence of a small zinc-rich,
copper-poor sub-zone some 100 feet further west. Increase in zinc to copper toward the top of a
sulphide zone is characteristic of volcanogenic massive sulphide deposits. Sphalerite was not
observed in trenches and outcrop, and here chalcopyrite was the only economically valuable sul-
phide mineral. Massive sulphides exposed west of the diabase.consist of pyrite metacrysts up to
2 {nches in diameter surrounded by pyrrhotite, with minor magnetite and chalcopyrite. In polish~
ed section, the pyrite is fractured and somewhat rounded or anhedral; these textures suggest
pyrite grew during an early stage of metamorphism, then was sybjected to cataclasis and partial
breakdown to pyrrhotite during deformation and increasing metamorphism which accompanied the
intrusion of the quartz diorite/granodiorite. East of the diabase, textures suggest the same
history, although pyrite crystals are much smaller and disseminated and stringer sulphides are
comnon, Gangue is mainly chlorite, anthophyllite, and cordierite{?), with minor epidote and
graphite.
The D zone contains approximately 2.8 million tons grading 3.6% zinc, 2.0% copper,
0.2% lead, 1.1 ounces/ton silver and 0.02 ounces/ton gold, The main exposure of this zone is a
" 30-foot section of poorly banded sphalerite-pyrite-chalcopyrite-ga]ena in a trench to the west
of the diabase. In polished section, pyrite is euhedral to subhedral, fractured, and zoned, with
an inclusion-rich core. Sphalerite, chalcopyrite and galena fill fractures in pyrite and may
have partly replaced it. The enclosing rock is less altered than that of the AB zone, and as
with the AB zone, metamorphic effects predominate. East of the diabase, a 10-foot wide massive
chalcopyrite vein and disseminated chalcopyrite with anthophyllite are exposed in trenches.
These two exposures suggest an increase in the zinc to copper ratio toward the west. In the
drill core, sulphides occur predominantly as disseminations, veinlets, and irregular small mas-
sive bodies. Primary layering was not observed. ’

Alteration

‘. Alteration is extensiié within the felsic and intermediate pyroclastic unit, An
attempt was made to map different alteration assemblages but the 1imits of occurrence of these
assemblages are approximate only and some assemblages may occur more extensively than shown.
There is a major alteration zone s;ratigfaphica11y below(?) each of the major sulphide zones.
These alteration zones, which lie subparallel to bedding, appear to represent "feeders” to the
overlying(?) sulphide zome.

A Black Chlorite occurs extensively and represents the lowest degree of alteratien.
Near the D sulphide zone it has been thermally metamorphosed to biotite, the resultant rock
becoming dense, black and slaty comnonly with minor rhyolite fragments.

palmatianite, which represcnts a Jow to moderate degree of alteration, does not clear-
1y define a zone. This rock usually comsists of dark spots of chlorite or chlorite-sericite
within a 1ight-coloured sericite-quartz rock, but in places the spots are Tighter than the matrix,
As secn on outcrop, spots generally occur clustered near what appear to be intensely altered
fractures. palmatianite of a diffcrent nature occurs within the more intensely altered rocks
of the Ab sulphide zone within or adjacent to the arca of eccurrence of magnetite-anthophyT]ite.
In this rock the spots, which are about 0.5 inch in diameter, are zoned concentrically and con-
sist of chalcopyrite, pyrite, marcasite, magnetite, ilmenite, green spinel, chlorite, cordier-

ite, and anthophyllite.
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Dalmatianite similar to that described above §s common near certain ore-bodies of the Noranda
District, especially at the old Amulet mine. Although in the latter district spots commonly
consist of cordierite, which is rare at High Lake, the occurrence of dalmatianite and the
geological setting of the two areas are similar. Da Rosen-Spence (1969} has attributed the
occurrence of dalmatianite in the Noranda District to contact metamorphism by the Dufault Gran-
odforite. The dalmatianite at High Lake was probably formed, in a similar manner, by the
contact metamorphism of the alteration minerals by the quartz diorite/granodiorite intrusion.
The change from chlorite-sericite away from the intrusion to cordierite-anthophy11ite-magnetite
near the intrusion may be due to a combination of increased alteration higher in the alteration

*pipe" and increased contact metamarphism closer to the intrusion.

) Zones of chloritization with silicification can be fairly well defined, with the re-
servation that it is not clear how much of the excess silica is due to alteration as opposed

to primary volecanic processes. These are broad zones of fairly intense chloritization with
white to grey quartz as small irregular masses .and veinlets. In places, especially immediate-
ly to the east of both the AB and D zones, silicification has made the original rock more
pbrittle so that it is highly fractured. '

The zones of chloritization and $ilicification-envelope zones of more intense alter~
ation. One type consists of red-stained, ‘black, strongly sheared rock consisting almost en-
tirely of chlorite with minor sulphides. Massive talc and talc-chlorite are also present,
especially near sulphide-bearing zones.

An assemblage representfing intense alteration is magnetite-anthophyllite, which out-
crops just east of the disbase in what is jnterpreted to be the upper part of the AB alteration
zone. This rock, which occurs as irregular masses less than 10 feet in diameter, consists of
up to 70 per cent magnetite grains in a matrix of anthophyllite. In one polished section ap-
proximately 5% native silver occurs with the magnetite. - Other sections show, in addition,
jimenite, chalcopyrite, and marcasite. Although not shown on the accompanying map, anthophyl-
1ite is abundant in places within and near the AB sulphide zone, where its presence is due to
intense'afteration and proximity to the quartz diorite/granodiorite intrusion.

Pods of quartz-pyrite-sericite-chlorite, which is in places a siliceous rhyo[ite
"breccia with a pyritic matrix, are believed to be replacement bodies, poss{bly of porous zones,
although some appear to be related to faulting. This assemblage is widespread in the C zone,
between the AB and D zones, where it also includes minor chalcopyrite. A polished section
from one of thcse pods contains zoned pyrite metacrysts with numerous inclusions in the core
of each grain but with inclusion - free margins. Galena, sphalerite, tetrahedrite, native
silver, chalcopyrite, mackinawite, and graphite occur as inclusions in pyrite or as individual
grains. Prominent massive pyrite zones occur at the south end of the D zone and at the south
end of the small lake east of the D zone,

Although jt is difficult to clearly define zones of ircreasing alteration, in gen-
eral the pattern is as presented below; arrows represent increasing alteration,
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SUMMARY AND INTERPRETATION

The High Lake sulphide zones occur within a unit of coarse-grained intermediate to
felsic pyroclastic rocks in the middle of a section that changes gradationally from intermediate

‘at the probable base to felsic at the top. Stratigraphic relationships in the immediate vicin-

ity of the sulphide zones are not clear. The D zone appears to occur between the felsic and
jntermediate pyroclastics and overlying contact metamorphosed massive andesite, Stratigraphic
relationships within the hangingwall (?) of the AB zone are obscured by Jack of outcrop and
and complexity due to the intrusive body. The sulphide zones formed toward the close of a
period of explosive volcanism which laid down the pyroclastic rocks. Exhaldtion continued after
the explosive activity and formed the sulphide zomes with their associated zones of alteration.
Dre textures and structures do not indicate whether the upper parts of the sulphide zones
were deposited at the volcanic rock-sea water interface or whether they replaced porous zones
within the pyroclastic pile as the lower part of the AB zone certainly did.

The ore zones differ somewhat in mineralogy and metal content. The AB zone is
higher in copper than is the D zone, which has -higher content of zinc, lead, and silver, Alter»
ation zones associated with each also differ somewhat. The geometry and position of the AB
alteration zone relative to the sulphide zone strongly suggests it is a "faeder” pipe. The
alteration zone reaching north of the D zone is not as well exposed as that of the AB zone.
It includes more quartz-pyrite zones; has been. less affected by silicification; the intense

_magnetitc-anthophyll1te alteration has not been obscrved, and it is not so clearly related to

the-sulphide zone. However, it too is believed to show the effects of the passage of mineral-
jzing solutions.

Deformation of the host rocks during regional metamorphism to the greenschxst facies
caused flattening of some structures and transposition of bedding so that the alteration zones
and possibly alse sulphide zones became sub-parallel to bedding. Intrusion of the quartz
diorite/grancdiorite body occurred at this time, probably under metazonal conditions. Some
probable and possible effects of the intrusion are the production of dalmatianite, anthophyl-
lite, and biotite within the alteration zones; production of pyrite metacrysts and minor remo-

‘bilization of sulphides within the squhide zones; and recrystallization of andesite and rhyo-

14te at the intrusive contact.




INDIAN MOURTAIN LAKE ZINC-LEAD-SILVER-COPPER DEPOSIT

INTRODUCTION

The Indian Mountain Lake deposit located 115 miles east-northeast of Yellowknife
and about 10 miles north of MacLeod Bay on Great Slave Lake, consists of three sulphide
bodfes. Two are high in lead, zinc, and silver, and one is a low-grade copper body. The
deposit, which was discovered during aerial reconnaissance in 1948, is owned by Indian Foun-
tain Metal Mines Limited.

REGIONAL GEOLOGY

The region has been mapped by Henderson (1941) and by Heywood and pavidson {1969).

This description is taken mainly from the latter work. The deposits occur 'within a 15-mile
wide by 30-mile long north-trending belt of supracrustal rocks bordered by granitic and mig-
matitic rocks.” Volcanic rocks are confined to the western margin of the belt and are over-
lain conformably by greywacke, impure guartizite, slaty argillite and their metamorphic
- equivalents. They consist of massive or pillowed basalt and andesite, ampnibolite, and mafic
~schist overlain by felsic- flow and pyroclastic rocks with minor limestone and are folded into-
a north-trending anticline and underlain in the core of the anticline by a meta~tonalite body
locally separated from the volcanics by conglomerate-1ike rocks. Heywood and Davidson sug-
gest the meta-tonalite way be basement to the Yellowknife Supergroup.

In addition to the Indian Mountain Lake Deposits, occurences of sulphides are
found elsewhere in the greenstone belt: two miles east at the same stratigraphic position,
.seven milés north within a thick section of the same felsic volcanics, and six miles east in

- a high]y'metamorphosed anticlinal belt which may be correlated with felsic volcanics at the
Indian Mountain Lake deposit.

LOCAL GEQLOGY

Except for the base of the mafic volcanics, which have been migmatized, a strati-
graphic section representative of the entire greenstone belt is present in the map-area {see
accompanying map “Indian Mountain Lake In-Pb-Ag-Cu Deposit”, and table below)..

Description of Rock Types

Mafic Volcanics

An 800 foot basal section of mafic volcanic rocks consisting predeminantly of
tuffs, with minor massive and pillowed flows, occurs near the western margin of the map-area.
The tuff includes approximately 25% felsic beds. The presence of very thin beds, which vary
in thickness from less than 1 mm. to 1 m. and in places appear to show graded bedding, sug-
gests the tuffs are water-lain. Except for 2 few small folds, bedding is parallel to mineral
foliation. These rocks are now finc- to medium-grained amphilbolites.




TADLE OF FORAATION

AGE LITHOLOGY

RECENT Sand, gravel, silt
Unconformity

ARCHEAN Granitic rocks: biotite granite; granite with mafic inclusions;
pegmatite

Intrusive Contact
Mignatite and high grade gneiss
Gradational Contact
Sedimentary rocks: greywacke, argillite, and metamorphic equivalents

Exhalite: limestone, Vimy tuff, 1imestone~-cemented breccia;'pyritic,
siliceous tuff, in places with graphite or magnetite

Felsic volcanic rocks (rhyolite, rhyodacite): massive to foliated
tuff or flows, 1apilli-tuff, breccia, ignimbrite, quartz porphyry,
quartz-feldspar porphyry, gneiss, brecciated and silicified
alteration

Intermediate volcanic rocks (andesite, dacite): massive and pilicw-
ediflows, pillow breccia, dacite breccia, tuff, includes alter-
ation zone )

YELLOWKNIFE
SUPERGROUP

Mafic volcanic rocks (basalt): massive and pillowed flows, breccia,
well-bedded tuff

Intermediate Volcanics

Intermediate volcanics comprise a unit approximately 800 feet thick, the lower pért
of which is very similar to the underiying mafic unit in that it consists of tuff and massive
and pillowed flows. Since this Jower part of the section is moderately to highly altered, it
is not clear whether it was originally basaltic or andesitic. The alteration, which will be
discussed in detail in a later section, is characterized in the most intense part by the

" presence of garnet, cordierite, anthophyllite, cummingtonite, and sulphides, and in the less
fntense. part by muscovite, biotite, and sillimanite.

A 300 to 400 foot thick unit of andesitic pillowed flows, pillow breccia and dacitic
breccia stratigraphically overlies the aTtered rocks. Pillows are fine-grained with biotite-
rich selvedges. Fragments in the dacitic breccia contain up to 25% guartz-eyes, some up to
3 mn. in length., Matrix, which is similar to pillow selvedges, is always darker and more
deeply weathered than fragments and comprises 50% of the rock. The fragments are monomictic.,
poorly sorted, and irregular in form but have rounded edges. They range in length from 0.5
to 18 inches on the outcrop surface, Length to width ratio varies from 1:1 to 4:1 s¢ that the
fragments have been stretched in a near-vertical direction and show a wezk alignmuent paralle)
to the trend of layering. Although the origin of the dacitic breccia is uncertain, the nono-
mictic nature and irregular shape of fragments sugge;ts’it may consist of bombs as well as
pyroclastic fragments.

Felsic Voleanics )

The felsic volcanic unit, some 1200 feet thick, includes rocks of rhyolite and rhbe
darite composition. Much of the rock is essentially massive with only a weak foliation, de-
fined partly by biotite, which trends parallel -to the boundaries of the unit., In the absence
of primary structures it is not possible to determine if these rocks are flows, tuffs, or

even intrusive bodies.
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However, a large wedge of noticeably massive, dense quartz poréhyry which occurs just north
of Kennedy Lake may be intrusive, possibly into a felsic dome. Felsic volcanics, weather
14ght grey, white, or pink, and most are fine-grained except for the common occurrence of
rounded quartz, and less commonly feldspar grains in quartz porphyry and quartz-feldspar por-
phyry, It is not known if the quartz grains, which range up to 3 mm. in tength, are crystal
fragments in tuff, or phenocrysts in flows or intrusive rocks.

The. felsic volcanic rocks southeast of Kennedy Lake are more strongly foliated and
have more gentle dips than those to the northwest. In addition, the lower part of the vo]can-
ic sequence from mafic volcanics up to and including the lower felsic breccias 1s not present’
or not recognizable because it has been migmatized. Near the BB sulphide zone, cherty rhyo-

“1{te layers and pyritic tuff occur within this unit. '

Overlying.the intermediate pillow and breccia unit s a unit of mixed felsic and
{ntermediate coarse pyroclastics, approx1mately 200 feet thick, which represents a transition
into the thick felsic volcanic section. The thickest beds within this . pyroclastic unit con-
sist of a breccia with 20% felsic fragments, 50% mafic and intermediate fragments and 30%
tuffaceous matrix. This rock which contains poorly sorted, mostly angular fragments is con-
sidered to be an ignimbrite in the sense that Fisher (1966) defines the word, that is, ft is
a rock produced by flow of pyroclastic material , in this case probably a lTandslide. It -
grades upward into a breccia in which felsic fragments predominate. this in turn is overlain

. by thin-bedded felsic tuff, lapilli-tuff, tuff-breccia, and finally by the more massive rock
of the felsic unit. .

Felsic breccias interlayered with intermediate rocks at the base of this lgnwmbr1te
“have been described in the preceding section. A zohe of alteration, some 200 feet thick,
occurs at the top of the felsic volcanic unit. Rocks within this zone show an irreguiar and
poorly defined foliation which in places cuts across the trend of the volcan1c units and they
are highly fractured, bleached, and silicified, _with net type alteration common along thin
fractures. The altersd rock adaacent to these fractures is more resistant to weathering than
the bulk of the rock, which is rich in biotite with minor hornblende, garnet, and feldspar.

- This alteration is most 1ntense1y developed near the B8 zone, where.it generaily lies strati-
graphical]y above the exhalite and sulphide zone. Small lenses of limestone and breccia with
a limy matrix are also common. This alteration is believed to have been caused by hydro-
thermal solutions circulating within the top layers of the felsic volcanics during the waning
stages of volcamism.

: Exhalite

Exhalite occurs below or within the altered part of the felsic vo1can1cs and in-
cludes both limestone or 1imestone-cemented breccia and a siliceous, rusty weather1ng. pyritic
tuff in places with graphite or magnetite. These commonly, but not always, occur together in
a unit that may be as thick as 30 feet, but averages 5 to 10 feet. Although difficult to
trace, it appeoars to outline a syncline near BB Lake. " The best exposure of limestone is on
the ridge just nortbwest of the BB zone where it is overlain by highly altered felsic vol-
canics underiain by .rubbly rhyolite breccia, and cut by peqmatite dykes and by irregular
veins and masses of blue aquartz, up to 2 feet thick. In ptaces the limestone, which contains
mina dissominated sulphides, is intensely dcformcd..
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The main sulphide body, the BB zone, is at approximately the same stratigraphic

position as the exhalite, and both limestone and pyritic tuff are exposed in 2 trench at the
south end of the sulphide zone. Here, a 5-foot section of well-layered, medium~gréined, grey
to pink, siliceous rock with up to 50% pyrite and occasional pyroclastic fragments is directly
overlain by 2 feet of limestone. Also in the area of the BB zone, the felsic volcanics
directly overlying the sulphide body are very siliceous or cherty. Both the )imestone and
pyritic, siliceous rock are thought to be exhalative in the sense that they were deposited on
the ocean floor by the action of fumarolic exhalations near the close of felsic pyroclastic
volcanism.

Sedimentary Rocks

Sedimentary rocks, which were studied only briefly, include greywacke-argillite with
graded bedding, and more cormonly quartz-feldspar-biotite gneiss with varying proportions of
sillimanite, cordierite, staurolite, and andalusite. :

Mignatite and High Grade Gneiss

Migmatite and high grade gneiss common within the area are usually sufficiently
recrystallized, and probably metasomatized, that their origin is uncertain. MNost are medium-
grained, well-foliated, highly contorted, and grey to tan in colour, with a rough-weathering
surface. Foljation is due mainly to two types of layers, one mainly quartz and oligoclase,
and the other rich in biotite with sillimanite and minor potash feldspar. Irregular masses
of quartz commonly 3 to 12 inches long, make up about 10% of the rock. Contact with the
mafic tuff is gradational over 1 or 2 feet and aﬁproximate1y'para11e1 to bedding, whereas the
contact with the biotite granite is generally sharper. This evidence suggests that the mig-
matite was derived by high grade regional metamerphism and migmatization of volcanics and
sediments and was subsequently intruded by small biotite granite stocks and dykes during the
‘waning stages of metamorphism. Co

Granitic Rocks N

A large body of structureless, homogencous biotite granite occurs near the western
margin of the map-area, This is a medjum-grained, gréy rock containing equal amounts of
quartz and potash feldspar, with 159 plagioclase, much of it myrmekitic, and 5% biotite. It
also occurs within the migmatite and mafic tuff as dykes and irregular masses up to 20 feet
wide. Dips in migmatite at the granite contact flatten out in places indicating the granite
body may underlic the migmatite at depth. A similar rock containing. abundant small mafic
jnclusions occurs south of Kennedy Lake and south of the map-area. Inclusions which show a
strong preferred orientation, are particularly common within 5 or 10 feet of the margins.

Quartz-potash feldspar pegmatite as dykes and irregular bodies is common within
the map-arca, notably along inferred faults southwest of Kenncdy Lake, near the BB zone,
and as a 1200 foot long dyke ecast of Kennedy Lake. Pegmatitc im the alteration zone east of
Kennedy Lake appears to be mainly Jater tham shearing or faulting although where thi§ pegma-
tite crosses the main fault valley between volcanics and sediments it may be displaced about
100 foot. This and the displacement of the small pegmatite on top of the ridge by movement
" within the limestone bed, indicate some faulting has probably occurred after pegmatite em-
pJncvmvnt.
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Structure .
The Indian Mountain Lake deposits occur at the south end of the volcanic belt
where the dominant north-trending anticlinal structure has been complicated by extensive
faulting and cross-folding. Bedding and foliation in the study-area generally strike north-
westerly and dip at moderate to steep angles toward the northeast, except in the centre of
the study-area where the strike is approximately east-west. _
Although analysis of structural features of the area is incomplete, some prelimin-
ary statements can be made. . There appear to be three tectonic episodes. The first tectonic
episode, D], produced tight isoclinal folds whose axial planes are parallel or subparaliel
to the bedding (SD). The only good indication of these folds so far observed are non-parall-"
elism of bedding, and a few minor fold closures.with amplitudes of 1 to 3 feet in the thin-
bedded mafic tuffs, but some evidence suggests they are also present in the sediments. Only
a few fold axes were measured and these plunge northward at moderate angles. B
The second tectonic episode, Dz. produced the major folds in the area which are
mainly responsible for the general outcrop patiern. This event deformed the~50/S1 bedding
and foliation into a broad syncline, whose south 1imb has been refolded into a northeasterly-
plunging anticline centred on the BB sulphide zone. The north limb of the syncline is not
in the study area. This syncline has a steep axial plane which strikes approximately 100°%;
the axis plunges steeply, probably toward the east. An: important effect of this folding is
the production of a strong lineation, Lé, which, along the south limb of the-syncline, gen-
erally plunges northerly at moderate to steep angles. One type of lineation is the stretch-
ing of pillows and breccia fragments to an estimated 10 times their original size. This
lineation, the result of mainly vertical movement, was probably caused by diapiric uprise of
granites suggesting that the metatonalite is probably-intrusive into, rather than basement
to the supracrustal rocks. Metamorphic minerals are generally aligned parallel to foliation,
" suggesting that the foliation developed with Fland that the peak of metamorphism pre-dated

By- | : | ‘
In the northeast part of the map-area graded bedding in sediments tops to the south
on the south side of the hill and to the north'on the north side. The schistosity, SZ' de-
fined mainly by biotite and sillimanite, has a fairly constant attitude but swings slightly.
This evidence suggests the sediments were folded during 01. which was followed by the peak
of metamorphism. A second deformation szolded the schistosity slightly. This deformation
{s seen in outcrops north of Kennedy Lake, in which foliation defined by sillimanite and
striking about 150° is superimposed on bedding which strikes about 80°.

The BB sulphide zone occurs aleng the nose of a gentle anticlinal structure on the
south 1imb of the syncline where planar structures in the volcanics dip at moderate a&g]es
to the northeast. That is, the planar structures &ip moré gently here than in the volcanics
northwest of Kennedy Lake. Lineations defined by the'jntersccticn of 50/5] and cleavage, as
well as stretched fragments and mineral lineations, plunge to the northeast. The parallelism
of the sulphide body to the prominent lineation suggests that it has been smeared or stretch-
ed out by the same forces which produced the Tineation.

D3 is poorly dcffned. by crenulation cleavage, in the alteration zone and in the °
metasodiments, and by jointing, and possibly by the major faults that are inferred within the
study-arca. 03 timing is uncertain but it may be wuch later than the other deformations pos-
sibly related to regional prcdomindnt\y northeast-trending vortical faults, which in turn may
be related to the Mackenzie Fault system, Schistosity in the miguatites is highly deforred
and cannot Le atgributcd to any ong of these cvents. ’
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A number of faults are inferred within the study-area, A major fault, also des-
cribed {n dril) logs, is marked by a prominent topographic depression along the volcanic-
sedimentary contact, as is a major fault along the north side of Kennedy Lake. Many of the
faults shown on the map are inferred from air photographs. 'Bedding—plane faults and shears
are conmon and several axial plane faults in the area of the BB sulphide zone have been in-

ferred.
Hetamorphism and Age

Metamorphism within the region has been studied by Davidson {1967) who found that
regfonal metamorphic grade rcaches middle cordierite-amphibolite facies of the Tow pressure
. andalusite-sillimanite facies series in the vicinity of the area covered by this report.
Heywood and Davidson (1969) report four potassium-argon age determinations of gran-
jtic rocks in the region vrangeing from 2455280 to 2625480 m.y.

GEOLOGY OF THE DEPOSIT

' General

The Indian Mountain Lake deposit consists of three sulphide zones: the BB zone,
970,000 tons grading 9.5% lead, and 3.4 ounces/ton silver; the Kennedy Lake zone,
43,000 tons grading 7.3% zinc, 1.1% lead, and 4.0 ounces/ton silver; and the Kennedy Lake
Hest zone, 610,000 tons grading 1.1% copper. The Kennedy Lake zone is not exposed and will
not be discussed further. An extension of the Kennedy Lake West zone can be traced to BB
Lake; since this low-grade copper zone is believed to be part of the alteration zome; it {s
described in the section on aiteration. '

88 Sulphide Zone

. Drilling of the BB zone, the most 1mportant of the three zones, has shown a strike
\enéth of 250 feet, a width of 30 to 40 feet and an extent of at Jeast 1,000 feet along the
45° plunge. This work shows the zone comsists of a series of closely-spaced lenses inter-
bedded with and grading into beds of highly altered siliceous limestone. The lenses éppear
to pinch out along strike but may alse bé cut of f by faults. .

"The zone is exposed in 5 trenches. At the most southerly trench 11mestone is
underlain by a pyritic, cherty tuff overlain by altered volcanic rocks and underlain by
norma) rhyolite. . The same cherty, pyritic tuff layer, approximately 2 feet thick, occurs
above, and below 10 feet of massive sulphides in the next trench. This tuff, which also
occurs in the trench to the west of the main zone, appears to be a lateral extension of the
sulphide body but also partly envelops it.

Massive sulphides exposed in 3 trenches on the BB zone consist mainly of various
combinations of the 3 minerals, sphalerite, pyrrhotiteﬁ and pyrite, with minor amounts of
galena, chalcopyrite, marcasite, magnetite, and tetrahedrite. Quartz is the most abundant
gangue mineral, constituting 20 to 407 of the rock. Pyrite occurs in crude bands as roundéd
to euhedra) metacrysts, up to 1 cm, but commonly 1 to 2 mm. across., These show some re-
sorption by sphaterite. Galcna and chalcopyrite conmonly occur as inclusions in pyrite or
in the spaces between pyrite grains. ‘Such textures indicate final recrystallization of
pyrite after deformation ceased, possibly during retrograde metamorphism.' Galena often
occurs as rims replacing inclusions of wall rock in wassive sphalerite. The wall-rock con-
tact is well exposed in only one trench., tere, within a few inches of the upper contact with
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rhyolite, the massive sulphides contain fragments of wall-rock, up to 2 {nches long, and
smal) patches of coarse-grained pegmatite. The contact s sharp but jrregular, with small
masses and dykelets of sulphides extending jnto the wall-rock waich suggest the sulphides

were remobilized during defarmation.

A trench 150 feet to- the west of the main line of trenches exposes the pyritic
si1iceous rock betow {?) a highly altered, sheared, sphalerite-rich rock which has abundant
sitlimanite, cordierite (?), microcline, biotite, and muscovite. Its position in the presum-

ed footwall, and its mineralogy, suggest this may be part of a metamorphosed potassic alter-

ation zone, 3lthough it could also be the product of shearing much later than the ore-forming
process.

Alteration and the Kennedy Lake West Copper Zone

Copper mineralization occurs in a zone. of distinctive 1ithology from Kennedy Lake
to BB Lake. The best values are in the Kennedy Lake West zone which is mostly under the '
lake. Here, as determined by drilling, copper mineralization occurs in 2 bands roughly 600

" feet Jong and 25 to 40 feet in average width. '~ A vertical projection of the zone, including
lower grade material, is shown on the accompanying map. This zone is -also exposed in a
large trench where the host rocks consist mainly of garnet-cordierite—anthophyliite-quartz.
within which thin stringers and layers of chalcopyrite or chalcopyrite with pyrrhotite occur
parallel to the foliation. Chalcopyrite is also found along small joints, a feature which
suggests late remobilization. The main copper-rich layer which is about 5 feet wide, con-
tains a black amphibole which appears to be associated with the higher copper content,
Within this highengrade band, chalcopyrite appears in massive seams up to 2 inches wide and
morea rarerly as coarse crystals with quartz. L .

Copper mineralization is also exposed in a trench near BB Lake. This is referred
to {n this report and in the accompanying map as the g8 Lake copper zone. As in the Kennedy
Lake West zone, chalcopyrite occurs within'ccé}se-grafned. garnet-cordierite-amphibo1e zones
mainly as massive seams but also as disseminations and as thin fracture fillings. Polished
thin sections from this zone have abundant poikiloblastic garnet with numerous inclusions,
especially of {Imenite and green spinel. Also abundant are anthophyllite, cummingtonite,
quartz, cordierite and biotite. Chalcopyrite, pyrrhotite, pyrite, magnetite, and chlorite
are present in lesser amounts. Within the two copper zones, sulphide minerals are most
sbundant within bands containing abundant garmet, and with p0551b1é relict pillow structures,
The unusual mineralogy of these rocks suggests they are the product of magnesian alteration
of mafic or intermediate volcanic rocks followed by amphibolite facies metamorphism. Sul-
phide minerals, which were cither deposited with the original volcanics or introduced by the
hydrotherma\ sotutions which altered the host rocks, were remobilized into small shears

- during metamorphism to attaim their present configuration.

The broad zone within which the copper mineralization occurs consists of an inten-
sely altercd inner zone and a Yess altered fringing sone. 1t should be noted however, dif-
ferences may be only partly the result of different intensity of alteration and may be in
part duc to differcnces in original rock type. The inner zone is characterized by some or
all of the minerals listed in the preceding paragraph pius muscovite and siliimanite in
ross’ of more felsic composition. The outer alteration zone is characterized by hiotite,
quartz, aud'ch1or1te, with varying amounts of muscovite, sillimanite, plagicclase, and pos-
sibly cordicrite.
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Alteration is also present east of Kennedy Lake, although it is not as well ex-
posed. Intense alteration is not common near the BB zone although there are small areas of
biotite-rich rusty-weathering rock In general, the alteration zone west of the BB zone
consists of rusty areas within the felsic volcanics, which may be at least partly the resutt
of shearing.

SUMMARY AND INTERPRETATION

The deposit occurs within felsic volcanics at the top of a differentiated mafic
to felsic volcanic scquence. The presence of coarse pyroc\ast1c or pyroclastic flow deposits
in the middle of the section suggests these rocks may have been deposited on the flank of 2
felsic volcanic pile. A zone of alteration along the top of the felsic volcanics and just
below the contact with sediments findicates the volcanism was accompanied by extensive hydro-
thermal activity; The BB zone §s5 a massive sphalerite-pyrrhotite-pyrite body localized on
the nose of an open anticline and. attenuated along the axis of the anticline. An exhalite
zone of limestone and siliceous pyritic tuff partly envelops the massive sulphide body and
extends discontinuously along the entire length of the upper part of the felsic volcanics.
A metamorphosed magnesian alteration zone extends from the BB zone through Kennedy Lake to
BB Lake, a distance of some 4500 feet. Zones with low values of copper are common within
the a]teration zone, vhich may have been 2 "feeder" pipe to both of the lead-zinc badies.
Structural data indicates the region may have been affected by 3 tectonic episodes, one or
more of which caused the massive sulphide bodies and their alteration zone to assume their
present elongated configuration.

CONCLUSIONS'

The deposits studied show all the salient features of volcanogenic massive sul-
phide deposits as they have been described from many areas in the Superior Province. The
apparent paucity of these deposits in the Slave Province is probably a direct consequence of
two important factors: 'relatfvelyflittle exploration for such deposits has been done in
the Slave Province, and felsic volcanic rocks, the usual hosts for these deposits are not
abundant. ’
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