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_ ABSTRACT

The réport deals with geological reconnaissance of 4300 square-

- miles of Bear-Slave Upland carried out in 1964-65-66.

The map-area is underlain primarily by Archean rocks of the
Yellowknife éupergroup divisable into three oVerlapping phases. The

oldest phase (Point Lake Formation) consists of felsic calc-alkalic to

' mafic tholeiitic volcanic rocks and local late mugearitic flows. A

transitional phase (Contonto and Keskarrah Formations) consists
respectively of iron—formétion—bearing greyWacké—turbidites'and coarse
conglomerates. The latest phase (Itchen Formation) consists of greywaqké—
turbidites~aloné, | |

| Early Kenoran pluténism (min. age:2642 m.y.), which ﬁffected
focks of the Point Laké Formation, was accompanied by development of a

mylonite zone and by emplacement of minor ultramafic bodies along the west

margin of the area. Later gabbroic to granitic plutonism (min. age 2500

m.y.) affected the greywacke-turbidites as well, and was accompanied by

" metamorphism reaching sillimanite-cordierite-orthoclase-almandine subfacies.

Optic axial angles of cordierite crystallized as a result of this meta-
morpﬁism increase with risiﬁg metamorphic grade. |

| Late Aphebian argillites and quartzites of the Coronation
Geosyﬁcline extend ihto the area from the west (Epworth Group) and east

(Goulburn Group) along its north margin. An outlier of the. Goulburn

"Group is preserved in a half graben associated with emplacement of diabase

sills.
West-northwest striking porphyritic diabase djkes are related

to similar flows 1ocally preserved within the Epworth Gfoup west of the

‘map—area. Northwest trending dykes of the Mackenzisz swarm'(lzoo m.y.)

are concentrated in two zones some 35 miles apart along the east margin

and through the central part of the map-area.




- The principél metal occurrences comprise Fe-Cu showings

within eariy mafic volcanics, Fe-Zn-Cu showings associated with felsic
volcanics, and oxide-silicate-sulfide iron-formation with local syngenetic
aresenical gold deposits assoéiated with late mafic volcanism.

Silicate iron~formation beds show variable alumina contamination
resulting iﬁ variable alumina content in hornblende and crystailization
6f iron-rich gafnet in alumina-rich beds. Alumina substitution in
héfnblende causes a shift in Mg-Fe distribution‘coefficient between
coexisting hornblende and grunite toward more magneésian grunerite.
Crystallization of iron-rich garnet causes a shift in both amphiboles
toward more magnesian compositions.

Reconnaissance of pyrrhotite type in sulfide iron-formation
éUggests that hexagonal (sulfur-poor) pyrrhotite is predominant in the
deposit of highest metamorphic grade and may be concentrated along fold

axes at lower grades.
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INTRODUCTION

LOCATION AND ACCESS |

| The Itcheﬁ Lake map-area lies between 65°00' and 66°00'
north, and between 111°00' and 113°18' west, the north, south, and east
‘boundaries following lines of latitude and longitude, and the west
boundary being an irregular limit west of a prominent belt of basic
volcanic rocks. The southern part of the érea'is about 200 miles
(320 km) north northeaét of Yellowknife and the northern part just over
100 miles (160 km) from Bathurst Inlet.

The area is most conveniently reached by.bush plane from.
Yellowknife; numerous lakes of size and depth sufficient for landing
such éircraft being distributed throughout the area. Early explofers,
living'largely off the land, reached the area‘by'canoe, travelling from
Great Slave Lake via the Yeilowknife River, through the headwaters of
Snare River to Coppermine River and thence to Point Lake.. The journey
however, is a difficult one beset by many portages. The Coppermine and
Bufnside-Rivers, which flow northward from Point and Contwoyto Lakes
régpeétively, are not navigable except by canoe. A few trees are present
localiy about ?dint Lake but the remaiﬁder of the area is barren and
‘the whole'is therefore readily accessible to landings by helicopter.

"The southern ?art of the atea forms a remote part of the
hunting grounds of the Yellowknife Indians. The northeastern.part is
regularly visited by‘the Copper Esquimaux. No permanent settlement is
‘present but therevis‘a manned radio beacon on an island in Contwoyto Lake

immediately east oftthe area.




HISTORY OF EXPLORATION
P'REVIOUS WORK

The first.white man to visit the country about itchen Lake was
likely Samuel Hearne who passed between "Point" and "Coghead" Lakes
én his epic journey from Churchill, Manitoba, to the mouth of the
Coppermine River in 1771 (Hearne, 1958). Although the route taken Ey
Hearne has never been fully estabiishéd, it has been reasoned that the

"Point Lake" that he described was in fact the present Point Lake because

- Hearne noted the first appearance of trees there on his return journey

(Back, 1970). "Coghead" Lake of Hearne corresponds to Contwoyto Lake
(Back, 1970). | |

| | Sir John Franklin visited the area on his second expedition to
the Arctic in 1820 and 1821 (Franklin, 1523). He chose the route up
Yellowknife River to Coppermine River instead of taking the easier route
by Great Bear Lake as he expected to be supplied during fhe winter and
wished té establish a winter camp (Fort Enterprise) that was not too far
from Greét Slave Lake. The expedifion reached Point Lake in September,
1820, but was deterred from going farther‘by the lateness of the season.
Franklin agaiﬁ visited Point Lakg on June 21$t of the following year

whence he travelled westward down the Lake on the ice. On the return

'journey the expedition crossed the Burnside River at the north end of

Contwoyto Lake which Franklin named, "in consequence of Mr. Hearne

' having given rum to the Indians there". From Contwoyto Lake the party

‘wandered southward, greatly weakened by shortage of food and fuel, losing

their way in the bad September weather. Great difficulty was expérienced

~in crossing the Coppermine River southeast of Point Lake, and several

‘,members died before the party reached Fort Enterprise.
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Expeditions to the western arctic in search of Franklin after
his disastrous third onage of exploration passea, either to the west
via Great Bear Lake to the 1ower Coppermine River (Rae, 1953), or via
Back River.to Chantrey Inlet kBackj 1970; Anderson, 1940, 1941).

: Various later travéllers such as Warburton Pike (Pike, 1917) visited
the Lac de Gras area, and some appeaf to.have reached the southeast
corner of the map-area dufing the hunting expeditions with the Indians.

The fifst geological observations in the map-area were by
C.H. Stockwell (1933) who reached Point Lake via Yellowknife River from
Great Slave Lake, and returned via MacKay.Lake to McLeod Bay in 1932.
H.Sf Hicks, a member of Stockwell's party, examined the cbuntry about
Hick's Lake (now Itchen Lake). Stockwell described the volcanic rocks
and spectacular éonglomerate near Keskarfah Bay on PointbLake which he
belie?ed to overlie an older chlorite granitef These rocks were found
to be bordéred by sedimentary schiéts, and both were shown to be
intruded'by younger granitic rocks. The youngest rocks within the map-area
- about fqint Lake were found to be diabase dykes.

| The west half of the map-area was mapped in the course of
Opefation Coppermine 1959, (Fraser, 1960); and the east half during
Operation Bathurst Inlet 1962, (frasef, 19645. These 8-mile
‘reconnaissance surveys provided the first regional outline of Archean
‘volcano—sedimentary‘belts, granitic areas, and Aphebian supracrustal
focks.

>Chalcopyri£e showings sbuth of Péint Lake near the west border of
- the map-area were staked by J. Harriman in 1957, and near the entry of‘
.Coppermine River into Point Lake by Canadian Nickel Company in‘l959.
’Gold_was discbvered in Archean metasedimentary rocks near the nbrthwest
"end of Contwoyto Lake in 1961 by the‘Canadian Nickel Company. FA large

~area was involved in the initial staking for gold, and this lead to a
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staking rush in 1962. Commercial invéstigation spread westward from
Contwoyto Lake to Itchen and Point Lakes beyond which the favourable
zone apparently pinches out.'.By 1966 activity_in the area had largely
subsided. Interest in the area‘wés revived in 1975 with the discovery of
a major base metal deposit nenr Itchen Lake by Texasgulf Ltd.
PRESENT WORK |

: Four—mile mapping in the Itchen Lake area was begunnin June 1964
and completea eafly in August, 1966. At the same time‘one—miie‘mapping
was cérried out in the northeast corner of the map-area by L.P. Tremblay.
- This sub-area (south to latitude 65°30' north, and west to longitude
111°30'west) has not been investigated by the writer but the map-units -
within i£ are modified after;Tremblay so as to be compatibiélwith the more
generalized units adopted by the writer. Tne four-mile feconnaissance
was conducted by two semi-independent, two-man traverse teams during the
. initial two summers, and was completed with one neam in the final summer.

The project included the filming of scenes showing'geoldgical field work

in the barrens to form part of a documentary film, The Continuing Past,
directed by the National Film Board, illustrating the work of the Geological

Survey.

TOPOGRAPHY, DRAINAGE AND CLIMATE

. The Itchen Lake map—érea lies in the central part of the Béér—
Slave Uplandbat the southwestern extremity of Bathurst Hills (H.S. Bostock,
~'l970).v'Elevations range from 1,229 féet (375 m) above sea level at Point
 Lake in the southwestern part of the area ﬁo_somewhat over 2,100 feet (640 m
in thekvicinity of Rodkinghorse and_Contwoyto Lakes. The greatest relief
is‘soméWhat over 600 feet (183 m) af Ronkinghorse Lake‘but over much of
‘the area lécal relief is 300 feet (91 m) or less. The land surface is
commonly: rolling bnt in the northern‘and northwestern parts,,and along the

basic volcanic belts, relief is more abrupt.



The_principal rivers in the map—aréa are the Coppermine and

Burnside which flow thr&ugh and drain Point and Contwoyto Lakes
-respectively. The southern two thirds of the area drain directly into
Point Léke, and a restricted region about Rockinghorse Lake drains into
Takiyuak Lake to the northwest of the map-area and thence into the
Coppermine. The remainder drains through Contwoyto Lake into the Burnside
River. Two smali rivers flow into Point Lake within the map-area, one frém
Itchen Lake into the north arm, and the other from the southeastern interior
into the east end of the Lake. The former river requires five portages
between Point and Itchen Lakes; the latter can be navigated at high water
by canoce as far as the first lake system Without portage.

| The climate within the maanrea for the three summer months ié
typically pleasant. Time lost due to rain or fog during the present
project averaged 4 days per seéson. Flies may be a nuisance from middle
July to middle August but in some seasons may last only a week or two.
‘Ice suitable for ski landings by Otter or smaller aircraft is typically
present in Point and Itchen Lakes until the eﬁd of the first week in June,
and until later in Contwoyto Lake. 1In Point and Itchen lakes break-up comes
roughly 3 weeks later but varies éonsiderébly from season to season.

Travel on foot in the interior during this period is hindered by high water
in the creeks. Fall weather, inéluding fog, drizzle and distinctly colder
ztemperatures, commonly sets in during the last week in August or in early

' sptomber., , L P . ' ‘ ‘ ,

" GEOGRAPHIC NAMES

The only major topographic features peculiar to the Itchen Lake
- region that had formal names prior to the present study are Contwoyto,
Point, Itchen, and Yamba Lakes; Coppermine and Burnside Rivers, and Peacock

and Willingham Hills. To these have been added during the present work,




Keskarrah Bay and Rockinghorse Lake. Minor features within staked areas
pérticularly near Contwoyto Lake were given informal names by exploration
" personnel involved in-staking and subsequent evaluation of claims. Many

of these names do not meet the requirements for formal nomenclature set

out by the Canadian Permanent Committee on Geographic Names. Some, however

have been formally adopted. These include Concession Lake, Fingers, Esker,
Bar, Post,.Wishbone, Fly, and Gossan Lakes, and Shallow Bay (proposed by
L.P. Tremblay, 1966). Nevertheless, much of the map-area, except for the
northeast corner,-remains without convenient geographic reference. In the
present report this is obtained by according informal names to plutons and
other geogfaphical féatures as sef forth in the accompanying list and map-

figure 2.




Table 1

List of;Informal Names

"Acid Batholiths

Yamba batholith: The large granitic batholith surrounding Yamba Lake

in the southeast corner of the map-area.

Central belt batholith: The granitic batholith north of Yamba batholit

in the east central part of the map-area.

Contwoyto batholith: The granitic batholith northwest of Contwoyto
Lake in the northeast part of the map-area.

Rockinghorse batholith: The granitic batholith west of Rockinghorse

Lake in the northwest part of the map-area.

- Keskarrah batholith: The granitic batholith south of Reskarrah Bay in
the southwest part of the map—area.b

Basic Plutons

Concession pluton: The basic plutdn southwest of Contwoyto Lake at

Concession Lake.

" Southern pluton: The basic pluton 18 miles northeast of the east end o

Poin£ Lake.

Western pluton: The basic pluton 7 miles west of Rockinghorse Lake in

the northwest part of the map-area.

Eastern pluton: The small basic pluton on a peninsula on the east shor

of antwoyt6 Lake.

Fuz pluton: The small basic ‘pluton 8 miles southwest of Rockinghorse
Lake in the northwest part of the map—area;

Volcanic belts

Western volcanic belt: A belt of predominantly basic volcanic rocks
- in the west part of the map-area, extending
from south to north margins, that bifurcates

south of Keskarrah Bay.




Table 1 (Continued)

Central volcanic belt: A belt of acid and basic volcanic rocks that
stretches from a point about 4 miles southeast
of Itchen Lake along a sinuous path to the
east margin of the map-area some 16 mlles

south of Contwoyto Lake.
Figure 2

PLEISTOCENE GEOLOGY

The Pleistocene geology of the western part of the map-area was
1nvest1gated by Craig (1960) as part of Operation Coppermine in 1959
Blake (1963) examined the eastern part of the area during Operatlon
Bathurst Inlet in 1962.

The oldest ice flow recorded by glacial striae within the
' map-area appears to have heen northeast or south southwest directed.
Striae resulting from this flow regime were observed at three localities
rnesr Point Lake (hear the west boundary of the mapuarea), but no other
direot evidence was found. Trembley (1967) has observed a few erratics
.of Goolburn rooks south of the present occurrence of the Goulburn Group
and suggests that these may indicate either a net south to southwesterly
ice movement, or the former occurrence of these rocks to the east or
~jsoutheast of the map—area. Slmllar erratics were found in the hills east
- of Itchen Lake during the present work. 3
’Striae, end‘drumlinoid hills, developed by late ice flow, trend
north northwest to northwest about Contwoyto Lake. Farther to'the west
‘ahd southwestlthey show a westward fanning pattern that merges with westward
fdirected striae evident in the Lac de Gras map-area (Folinsbee, 1949), end

in the Winter Lake map-~area (Fraser, 1969). More southwesterly directed



. striae are p;ominent near Point Lake where they intersect the westerly
directed striae at angles up to 30 degrees or moré.‘ Drumlins within the
area of intersecting striae lelow.either direction of striae. This
feéture and the local distribution-of the intersecting striae suggest that
they-may have deveioped during ephemeral changes in ice flow pattern,
‘perhaps influenced in part by the Point iake topographic depression, that
took place during the ice retreat. |

Among other glacial features, eskers are.prominent, These deposits

which are in larqe"part composed of sand, are the most common in the

west part of the map-area. They typicallyAfollow the trena of late

striae. Abandoned shore lines are well developed about 100 feet (30 m)
above the present level of Contwoyto Lake (Blake, 1963). Similar'shore
lines‘were not observed about the other large lakes. Smail areas of silt
flat characterized'by frost boils were observed locally hqwever,
particularlf near the entrance to Point Lake. These lie well above the
post-Pleistocene marine transéression and are likely due to deposition of

glacial éilt_in ephemeral lakes. Rudely bedded sand, some 25 feet (7.5 m)

or more thick, forms an island in the northern part of Contwoyto Lake

(see Fig. 3). Although the shores éf thé island are badly slumped, the

upper part 'is seen to be locally cémposed of ﬁp to 7 or 8 feet of roughly

bedded sand and sandy organic matter contalnlng large thln mica flakes.

.Underlylng bbds of varlable sand size contaln Varlable proportions of

basalt grains. Gravel appears to have been plastered against the shores of

the island by lake ice. Small amounts of peat are commonly found in the |

‘ mo;evgently sloping valleys (see Fig. 4) but in no place were exposurés

seen to exceed more than 4 or 5 feet (1.5 m) in thickness.

Figures 3 and‘4
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Drift cover within the map-area is typically thin but the area can
be divided intd regions 6f ubiquitous prominent outcrop with numerous
érratics, and regions in,which‘outcrop occurs at hill tops and in valley
bottoms withlgentle drift—mantled, grassy slopes predominant between. The
latter terrain is extensive in the eastern part of the area southwest of

- Contwoyto Lake and also south of Itchen and Point Lakes, whereas the former
follows an irregular belt from the southeast to northwest corners of the
map-area. Eskers appear to be most numerous énd extensive within and
'"down-ice' from the belt of prominent outcrop perhaps indicating that ice
conditions durihg the ice retreat permitted more efficient colleétion of

debris by drainage within the ice over the belt of outcrop than elsewhere.
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GENERAL GEOLOGY

INTRODUCTION

The Slave Strﬁctural Province, which includes all but the Proterozoic
cover in the northwest corner of the Itchen Lake map-area, constitutes an
afea of almost 75,00b sq. miles (194,000 sg. km) underlain predominantly
by rocks of Archean age. Somewhaf more than one third of this are granites
of-batholitic dimensions, but the greater part are sedimentary and volcanic
rocks and their metamorphic equivalenté. The stratified rocks are
- concentrated WithiﬁAthree general areas: along the westérn margin of the
province, as a beit extending northward thréugh the central part of the
province, and within a large less well defined more'equi—diﬁensional area
in the hortheast part of the province. The granitic rocks separating
these areas are mostly massive in the north and east parts of the province
but in ﬁhe west and south they are more widely foliated, and small areas,
commonly more altered than the rest, are known for each of which some
evidence iﬁdicates an age greater than that of the neighbouring stratified
‘rocks (McGlynn and Henderson, 1970; McGlynn and Fraser, 1972). The Itchen
Lake'map—area lies athwart the central belt of stratified rocks in the
central part of the Slave Province. It includes some granitic rocks that
are youngef than thé stratified Archean succession and others that are
older than at least a part of this succession.

The stratified Archean rocks of the Itchen Lake area consist of two
partly cdntemporaneous volcaniciand sedimentary subdivisions similar to
Archean successions in other parts of the Slave Province and are thus_ﬁart
of the province-wide Yellowknife Supergroup as defined by Henderson (1970).
Thé volcanic rocks of the Itchen Lake area can be further broken down intq

felsic calc~alkaline tuffs and flows at least in part followed by mafic,
sub-alkaline flows and tuffs. The latest mafic volcanism was in places

partly alkaline and was éécompanied‘by evolution of exhalative iron and by
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local deposition of spectacular conglomerates. Exhélative iron was widely
.depoSited as silicate, sulfide and magnetic oxide facies of iron-formation
within the lower adjécént parts of a greywacke-turbidite succession that
accumulated in basins adjacent to the volcanic rocks.
| Early, Archean granitic plutonism began before deposition of at least

part of the Archean volcanic succession, but very little is known of the
conditions of emplacement of these early granites or of the time
significance of the unconformity which separates possible basement from -
overlying strétified rocks. Is this basement preserved from a distinct
pre—Kenoran orogenic episode, or is it essentially ?ért of a continuously
evblving Archean volcanic environment? The presence of felsic volcanic
rocks aé a part of the Archean volcanic sequence suggests thatvsomé early
granitig plutonism occurred in conjunction with Archean volcanism in the
Slave Province as it did in other parts of the Canadian Shield (Davidson,
1972). In the Itchen Lake area, where extensive, probably early
calc—alkaline felsic volcanics are present, it is not clear to which
alternative the basement (described by Stockwell, 1933), upon which the
mafic_volcanics are locally seen £o rest uﬁconformably, may belong. Some
granitic rocks of early Kenoran age however were emplaced through this
basement aiong antiformal welts within the Archean volcanic succession,
~and some of thisbgranite was unroofed to provide detritus that was
intercalated with the youngest mafic volcanic flows. |

| Evidence of early Kenoran or possibly pre-Kenoran diastfophism in
kthe Slave Province is suggested by the occurrence of zones of mylonite-like
rocks that have been partly engulfed by later Kenoran granites. Ohe such
‘zdhe is reported by Henderson, 1975 in the.Hearne Lake area. Remnants of
~'similar rocks intruded by granite occur along the west edge bf'a

remarkably straight mafic volcanic belt at the west margin. of the Itchen
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Lake area, and extend south into the Winter Laké area (Fraser, 1969).
Minor serpentinite bodies probably of similar age, are distributed along
4§art of this belt perhaps providing a further reflection of early Kenoran
crustal movement. o
Later, Kenoran, syntectonic granitic plutonism was profound throughout
extensive regions of the Slave Province producing aureoles of amphibolite
faéies, low preésure metamorphism where the Archean basins were invaded.
Late tectonic, cross-cutting granites accompanied by pegmatites followed
locally; ~In the Itchen Lake area metamorphic aureoles about the late
 Kenoran (Rb/Sr isochrdn age 2422 * 95 hy) syntectonic plutons reached
middle to upper amphibolite facies. Along the pluton contacts upwarped
margins of the adjacent Archean basins are extensively made up of the
lower units 6f the Archean stratified succession._‘It theréfore-appears that
thése ﬁlutons occupy a stratigraphic position, at or near the base of the
succession, where earlier pluﬁcns, which form pért of the 5asement might
be expecfed. Indeed, there is some reason to believe that late Kenoran
syntectonic piutons throughout the Slave Province tended to be emplaced
outside of along the margins of tﬁe Archean basins (McGlynn and Henderson,
1970), and that many of the plutons of the Itchen Lake area were to varying
degrees compounded in thisvway. | |
Remnants of Proterozoic (Aphebian) strat&fied rocks of the Coronation
‘Geosyncline (Hoffman ét al., 1970) bérder the Slave Province onithe west,
1 northeast and sbutheast. Thick geosynciinal successions pass into |
relatively thinhér strata over the margins of the Slave craton. Remnants
of this cratonal covér, reflecting the various phases of geosynclinalv
‘development, are preservéd within the northern part of the Itchen Lake area
~and provide the most nearly complete link évailable for correlation between

northeastern and northwestern basins of the geosyncline.
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Basic dykes and sills varying in age from eafly Aphebian to
Hadrynian with a wide variety of trends have been described within the
Slave Province. Theee'reflect periods of crustal distension and in many
cases were accompanied.by basic volcanism; the products,ef which are still
pfeserved about the.margins of the province. Thus in the Itchen Lake
area, where only some of these trends are expressed, early west-northwest
to west trending dykes probably accompanied early flows in the Coronation
geosyncline to the west; Prominent north-northwest trending dykes of the
Mackenzie swarm (Fehrig and Jones, 1969) correlate with basic volcanism
of Helikian.age expressed in the Coppermine River flows at the northern
margin of the province. | |

Metalliferous deposits of the Slave Province until very recently
have not been prospected in any detail except in the southern regions
about Yellowknife. General observations concerning the whole of the
Province therefore tend to be biased by uneven distribution of data. It
appears hoWever, that iron-formation beds, extensive in the Itchen Lake
area and also perhaps farther north.and east, are not as well developed
in the southern part of the Province. This variance in abundance of
iron~-formation may be sympathetic with thefgreater proportion of volcanics
to rocks of sedimentary origin that is clearly evidentvin the northern part
of the Province. Gold deposits associated with iron—formation in the
Itchen Lake area occur on the southern margln of this northern volcanic- rich

part of the Slave Province.
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YELLOWKNIFI! SUPERGROUP

POINT LAKE FORMATION

Introduction

The name, Point Lake Formation, is proﬁosed_fof the volcanic rocks
and intercalated sediments in the succession of Archean volcanic and
‘ sedimentary rocks of the Point Lake’region that Stockwell (1933) described
in his Point Lake - Wilson Island Group. The te;m; Point Lake phasé,
was used‘by Lord (1941, 1959) to refer to rocks north of the north shore
_6f Great Slave Lake that are speéifically combarablé to those in the Point
Lake area. Henderson (1938) applied the term, Yeliowknife Group, to rocks
that essentially correspond to the Point Lake phase of the Point Lake - |
Wiison Island Grdup. Subsequent authors indluding.Brown (1950) and
Wright (1951) continued this usage. The term.Point Lake beds was used by
Douglas (1959) for "sedimentary gneiss and schist" in the Point Lake area.
In view of this varying definition of the term it might seem desirable to
adopt a new name for the vqlcanic rocks considered in this section of the
report; howeve;, such a procedure would require the naming of a minor
topographic feature to repreéent a formation of regional extent. 1In view
of the good exposure of a large part of the volcénic section at and near
Point Lake it seems preferable to redefine the namé to apply to the
o primarily‘volcanic lower part df.the Point Lake "pﬁase" of Stockwell's
”'Point Lake - Wilson Island Group aé it occuré in the Itchen Léke area.
|  The'P6int Lake Formation iS“bESt preserved in two belts df‘volcanic
rocks; one, the western volcanic belt, extends north-south along the west
margin‘of the mép-area and bifurcates south of Point Lake; and the second,
:the Central volcaﬁicAbelt, extends as a complex'double—pronged belt
northeastward across the‘central paﬁt of the area toward Contwoyto Lake'

near which it veers southeastward. Remnants of the formation are also
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élearly pfeserved within the hybrid rocks}that widely flank the Yellowknife
Supergroup‘in the Itchen Lake aréa. No single type section for the
formation is proposed because of the reconnaissance nature of the presént
study and because no single set of exposures includes ‘all the principal
lithologic types. Rather, areas illustrating each of the lithologic types
Will be referred to during description of each of the map subunits. The
name of the formation is taken from Point Lake where it is perhaps most
accéssible. ‘

The maximum thickness of the Point Lake Formation is probably in
excess of 10,000 feet (3,000 m). A section of this thickness was measured
in the Central volcanic belt about 21 miles (34 km) southwest of Contwoyto
Lake where the basal part of the formation has been removed by faulting.
Rocks in this Section are in part highly schistose and there is the
possibility that they héve been thickened or thinned.during penetrative
deformation. | |

. The Point Lake. Formation within the map-area consists primarily of
a series of felsic to mafié tuffs, flows and metasediments with some
calcareous rocks. These rocks ére in part bedded and clearly water lain,
but most of them show little direct field evidence of their origin. They
are however; commonly reléﬁedvto known volcanic rocks in composition,
mineralogy and distribution, and are therefore inferred to be ultimately
‘of pyroclastic derivation. The formation'is'divided.into sgx subunits as
follows:“ | | | |

a)' Massive felsic fuffs, some felsic flows,

b) Felsic flows with variable proportions of tuffs and mafic flows,

c)_ACalcaréous metasediments,

'd) Banded felsic to mafic tﬁffs, some amphibolite,-some calcareous
metasediments, |

e) Mafic tuffs,_amphibolité, some pillbwed floWé in the central

volcanic belt,

f) Mafic flows with minor tuffs_aq@ﬁfelsic flows,
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Although these subunits are listed in an idealized‘stratigraphic :
sequence, the true succession is not fully known because indicators of
stratigraphic tops are scarce and the rocks are extensively deformed. 1In
addition, the calcareous metasediments (Kmﬂ} which aré mostly associated
" with banded felsic to mafic tuffs, may'oécur at Various'locations'within
~ the tuffs. NeQertheless such evidence és is available suggests that there
is a progression from more felsic rock sequences in the lower part of the
formation to more mafic ones in the upper part. In the western part of‘
the map-area the felsic volcanic rocks occur mostly in the core of what
‘appears to be a doubly plunging antifofmal'zone with synformal culmination
in the Poiﬁt~Lake region, but definitive age relations between felsic and
mafic volcanics were not found. In the central part of the area felsic to
mafic tuffs and flows are extensively interleaved.but over'much of their
exposuré there appears to be an overall increase in the proportion of mafic
_rocks_tqwara the top. In the eastern part of ﬁhe map-area tuffaceous.rocks
are greatly predominant but again there is an increase in the proportion
of mafic material and an improvement in the definition of bahdinq in the
inferred direction of stratigraphic tops. This does not however preclude
the pbssibility that some of the basic Volganic rocks, particularly some
within areas of hybrid rocks and within the thicker complexly_déformed
parts of the mafic volcanic belts, are older than the felsic volcanic :ocks.

The base of the Point Lake,Formétion is unkﬁown because felsic
tuffé Which comprise its lower part are‘granitized, fauited against, or
intruded by granite rocks. The youngest strata of the formation that have
been recognized were deposited synchronously with iron-formation-bearing
greywackes and metaturbidites that occupy a iower part of the adjacent |
sedimentary basin, and lie directly beneath the Keskarrah Formatidn
éonglomerates. Mafic volcanic clasts, probably bombs, suggest that some

volcanism continued during deposition of the Keskarrah Formation.
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Massive Felsic Tuffs (Avat)

Felsic tuffs are most extensively preserved along the concave
margin of the Central volcanic belt where they. structurally underlie more
mafic, banded tuffs or felsic to mafic flows. They are also evident along
the east margin of the western volcanic belt near Point and Itchen Lakes.
_On the west margin of the latter belt somewhat similar but strongly
follated rocks, thought to be mylonltes, may represent massive felslc
tuffs. Similar rocks along strike in the Winter Lake area to the south,
have been mapped as mylonites (Fraser, 1969).

The felsic tuffs are typically grey-white to buff weathering, grey
to white or locally greenish, fine-grained rocks with a eomewhat sugari
texture. Where least deformed they commonly contain a few obvious grey to
bluish quartz grains up to 2 or 3 mm in diameter distinctly coarser than
their granular, locally sericitic, quartzo-feldspathic matrix. éorphyritic
felsic flows contalnlng plagloclase phenocrysts are present Jocally. Fither
blotlte or dark green prlsmatlc hornblende (or chlorite) may be present,
typically in amounts less than a few per cent. The rock may be entirely
- massive in outcrop, althoughﬁmost commonly it has a siight whispy
follatlon expressed by thin lenticular concentrations of mafic minerals.
'Bandlng is rare in the lower beds but improves in higher parts of the
formatlon which contain a greater proportion of mafic.minerals. Lenticular
banding, present in otherwise massive tuff at one locality along the west |
fmargin of the central belt batholith is shown in_Figure‘S. Rook from the
vicinity of this exposure is seen in thin qectlon to be porphyritic and
the fold like structure visible in the flgure may perhaps be due to prlmary
flow in a welded tuff (?). Where the tuff is deformed it locally forms

sericitic schist, as in parts.of the Central volcanic belt.

Figure'S
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The lower contacts of the felsic tuffs, wherever they have been
traversed, are indefinite boundaries befween fine~grained massive tuffs
‘and granitic plutonic rocks. In some areas along parts of the centrél
volcénic belt outcrbps of felsic tuff are interspersed with outcrops of
medium-grained granitic rocks. At a smaller scale, as near the southeast
_margin of the massive felsic tuffs of the central volcahic belt, the rock
ﬁay be extensively veined and dyked by granitic rocks; elsewhere, patches
of medium~grained granitic rocks as small as an inch or two in diameter
are loéally‘surrounded by fine-grained tuff in the vicinity of the granite
contact. South of £hé west arm of Itchen Lake fine~grained rocks of either
tuff or flow.origin appear to be gradational into medium-grained plutonié
rock. On passing into the volcanic basins from granite contacts (or
locally from faults), basinward dipping siliceous‘tuffs typically give
way to more mafic and better banded tuffs, or locally directly to massive
felsic or basic flows. Near the south margin of the massive felsic tuff
in the Central volcanic belt this change occurs along strike as well, but
there it may be due to plunge of the massive tuffs beneath the banded
tuffs and flows to the west. |

| The felsic tuffs consist of a mosaic matrix of quartz and sodic
plagioclase (albite to calcic oligoclase) in'Some cases accompanied by
microcline. ‘Grain size is typicaily 0.5 mm or less. Biotite is the most
" frequent mafic mineral and horﬁblendé is less common. Locally cummingtonite
iS'presenf, énd in a few places, siliimanite, staurolité, cordierite énd
garnet. Muscovite is in some places disseminated through the rock and in
others it is present as porphyroblasts or in whisps (see Fig.‘7b)._
Accessory minerals are magnetite-~ilmenite, apatite, iron sulfide? sphene,
allanite,.zircon and tourmaline; Clinozoiéite, epidote, chlorite and
éarbonate ére local alteration products. In places distinct equant |

quartz crystals up to 2 mm in diameter, which are optically continuous or
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reorystallized in Varying degfees to a fine mosaic, are present. These
may be accompanied by more or less altered phenocrysts or glomerocrysts
of tWinned sodic plaéioclase possibly indicating that some of these
rocks are recrystallized porphyritic flows.

- In the mylonites that outcrop along the western edge of the
Western volcanic belt, quartz and feldspar form a fine- gralned follated
granoblastlc mosaic in which quartz lenticles have also been recrystalllzed

(see Flg. 6). In places granitic bands parallel foliation but are

. themselves unfoliated.

Figure 6

Felsic Flows with variable pfoportion of Tuffs and Mafic Flows (Ava)

The felsic flowsvare most extensively exposed in the middle,
double-pronged part of the Centtal volcanic belt where they are apparently
interleaved‘with tuffs and basic flows. The felsic tuffs of this subunit
resemble those of the massive felsic tuff subunit, but grade into denser,
darker coloured, more obviously porphyritic rocks thought to be felsic
flows, and are in places interlayered with mafic flows like those in the
mafic flow subunit.

The felsic flows are grey to white, buff, grey or greenlsh
typlcally dense tough porphyritic rocks. Whitish plagioclase phenocrysts
are typically present. up to 3mm in diameter with or without quartz in a
“fine- gralned to aphanltlc, SlllceOUS, somewhat translucent matrlx.

The felsic flows are composed mostly of a fine~grained matrix
typically less tﬁan 0.2 mm in grain'diametet, consisting of quartz,
 alkal1 feldspar and minor maflc minerals and variable proportlons of
phenocrysts of gquartz and alblte to calc1c oligoclase (See Fig. 7)v1n
places up to 3 mm in diameter. Quartz phenocrysts are commonly equant

and may be sharply terminated, resembling beta quartz in form (See Fig. 74).
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>Somé show reentrants along their margins suggesting magmatic corrosion.

in a few sections from felsic volcanics in hybrid rocks south of |

- Rockinghorse Lake haloes of silica in the matrix sufrounding quartz
phenoérysts have optical orientation parallel with that of the enclosed
crystal (See—Fig. 35 of felsite from hybrid'récks). Plagioclase phenociysts
are commonly Slightly rounded but may be sharpiy euhedral (See Fig. 7a) . |
Microcline, 6bserved in a few sections, does hbt form distinct phehocrysts.
The chief mafic mineral, biotité, is usualiy present in amounts of 5 per cent
or less. Hornblende was found in only one épecimen. Muscovite, commonly
constituting no more than S-per cent of the rock, may be disseminatéd,
porphyroblastic, or concentrated in whispy lenses. Small amounts of e?idote‘
chlorite and carbonate are pfesent locally.:;Acceésory minerals are

magnetite-ilmenite, tourmaline, apatite, sphene and zircon.
Figure 7

Calcareous Metasediments (Anc)

Thin bands and lenses of siliceous calcaredus rocks are widely
distributed in the banded tuffaceous parts of the Point Lake Formation.

The largest of these, and thé only one of mappable size, occurs near the
southern fault margin of the north branch of the Central.volcanic belt |

, wheré a lens of siliceous marble (see Fig. 8) reaching a maximum thickness‘ 
of roﬁghly 50 to 100 feet (15 to 30 m) extends for several miles along
“Strikef , R : Lo T . L _

The marble is buff—brown weathering, grey—White, fine—grainedAtock
containing large green'patches in which treﬁolite—actindlite is conspicuous.
In places 1t is finely and 1ntr1cately banded with 5111ceous materlal
. fAdjacent to the marble, and for several miles along strike beyond,
vcalcareous lenses are present within the banded tuff; recognizable by thgir

pitted surface and the presence of garnets or other calcsilicates.

Figure 8
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The marble consists mostly of crystalline calcite with patches of
tremolite—actiholite and serpentine, and scattered grains of gquartz and
‘andesine. Calc-silicate lenses along strike from the marble contain as
mﬁch asv40 per cent of carbonate. Quartz, calcic plagioclase and garnet
are commoniy present in these lenses and may be accompanied by any one
Qf several different minérals including microcline, diopside, hornblende,
tremolite, cummingtonite, epidote and chlorite.  In some lenses the
plagioclase is anofthite, in others, andesine (determined by refractive
index measurements) . Accessory minerals are magneﬁite;ilmenite, apatite,
sphene and iron sulfide. Similar rocks characterized by unusually basic
plagioclase and locally accompanied by garnet are present in the tuffs
porth and south éf the west arm of Itdheﬁ Lake and neaxr the.éast end of the
north arm of Point Lake.

Banded Felsic to Mafic Tuffs (Bv)

Banded felsic fo mafic tuffs afe most extensively exposed in the
Central volcanic belt. At the eastern extremity of the belt these rocks
structurally overlie the.massive felsic tuffs and comprise the upper part
of the Point Lake Formation.in this region. Farther west they are
interleaved with felsic to mafic flows. Similar rocks, downfolded within
fthe Central belt batholith, have been more highly deformed and
- recrystallized to form isolated belts and remnants of hornblende gneisses
‘ énaAsome cprdierite-anthophyllite.gneiss; iBanded tuffs are again prominent
:inrthe northern branch of the Central volcanic belt where the proportion |
Qf mafic‘tuffs_and flows appears to increase both northward (ﬁpwards) across
étrike, and westward. About the West_atm,of Itchen Lake similar but more
commonly chloritic banded rocks are present between massive felsic tuffs ana_
flows to the west, and iron—fcrmaﬁion—beafing schists of the Contwoyto

Formation.

]
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The banded felsic to mafic tuffs are chiefly fine~grained, white
to grey, buff, or greenish rocks in which schistosity and fine banding or
-lenticular layering aré widely evident. Coarser banding marked by high
contrast in proportions of mafic and felsic cﬁmponenté may be evident.
Where alteration is least intense the bands are fine-grained and chloritic;
where it is more intense, sericite, or biotite, or acicular hornblende,
éccpmpanied by fine, granular quartz and feldspar is characteristic of
different bandé. In places, particularly in the upper part of the subunit,
amphibolite composed largely of prismatic hornblende is present. Elsewhere,
particularly in the lower part of the subunit, calc-silicate lenses,
locally bearing garnet, are evident. An outcrop consisting of stretchedA
qdartz porphyry ovoids up to a few inches in section in a green schistose
vﬁdrnblendic matrix was found at one locality in the central part of the
Central volcanic belt, apparently associated with a massive flow within
the bedded tuff. This apparently is a deformed voléanic breccia. Rarely
lenses of pelitic schist are present.

Hornblendic gneisses, which form remnants of banded tuffs within..
the Central belt batholith,'aré dark green to grey, fine- to medium-grained
,rocks‘that‘are mostly foliated and in places preéerve banding of varying
thickness. Biotite-and muséovite—bearing gneisses form subordinate
 ipterlayers, Locally coarse feathery amphibole crystals are present and
at one locality coarse amphibole coronas were observed abput blotches of
an'unidentified anhedral.leucocratié=minerél*in garnetiferous hornblende-
quartz-feldspar gneiss. Grey anthophyllite—cordierite'gneisses contain
"fib:ous;.radiafing, pale greenish broWn anthophyllité which forms

interlaced sheaths that reach several centimeters in length.
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Textures and mineral compositions of the banded tuffs as seen
under the microscope are Variable, examples resembling those of both
massive felsic tuff and basid tuffs being evident. The rocks are mostly
fine-grained (less than 1 mm) but some of the more felsic layers contain
isolated quartz grains up to 2 or 3 mm in diameter in a fine quartz-
feldspar matrix. Plagioclase megacrysts are rare but inclusions of several
mm in diameter composed of several grains of quartz and plagioclase were
observed in some thin sections.

The mostvcommon minerals are plagioclase (albite to labradorite),
quartz, biqtite, hornblende, muscovite and-microcline. Cummingtonite and
diopside were observed in sections.from some layers. Anthéphyllite
((—)2Vi820) was found in one section. Chlorite and epidote are présent
locally, particularly in rocks of low metaﬁorphic’grade. Accessory
mineralé afe magnetite-ilmenite, apatite, sphene, and iron sulfide.
Amphibolitic bands are composed of green hornblende commonly in prismatic
crystals ahd an intermediate plagioclase. 1In some regions grains of
poikiliﬁic hornblende are present.

| The hornblende gneisses within the Central belt batholith consist
primafily of acicular pale blue-green hornblende, quartz and plagioclase,
including iabradorite, with traces of epidote, carbonate, muscovite,
chlorite, magnetite—ilmenitekand apatite. Cordieritejanthophyllite gneiss
‘consists chiefly of cordierite ((-)2V§75°)>and radiating acicular |
 £ anthophyllite crystals with minor gquartz, magnetite, chlorite and trace
“apatite. | |

" Mafic Tuffs (Aavt)

‘Mafic tuffs occur as bands within the banded tuff (unit 1d), but
in two areas they form distinct mappable units that structurally overlie
more felsic rocks. The most extensive of these lies along the west margin

of the Western volcanic belt where mafic tuffs are up to 850 feet (260 m)

-
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thick. The second area compriées the horthern side of the north branch
of the Central volcanic belt where the mafic tuffs contain some pillowed‘
flows particularly ih the westefn part of the belt.

| Thé_mafic tuffs alohg the west margin of the Western volcanic
belt -are characteristically dark green, fine-grained rocks. Where least
altered they are commonly laminated with darker green, more hornblendic
lamellae intérbanded with lighter green more feidspathic lamellae. More
uniform, dark green, schistose tuffs containing a spriﬁkling of white
_feldspar grains are commonly present in the lower part of'tﬁe subunit and
may represent a more altered equivalent of the overlying rocks. Thin
siliceous bands, in places béaring white plagioclase megacrysts are
interleaved locally. Where tuffs are least altered and bédding is evident,
scour and fill structure can locally be discerned (See Fig. 9). -Where the
subunit intersects the north shore of the south.érm of Point Lake a variety
of stretched altered siliceous to mafié pebbles, possibly derived from the

siliceous volcanic subunits (See Fig. 10), were observed in the tuff.
Figures 9 & 10

In the northern branch of the Central volcanic belt, dark green,
fine~grained, schistose amphibolites characterized by prismatic hornblende,
Qith'some interbanded siliceous tuffs, are prominent in fhe northern,'uppef
~part of the section. .Locally elonéate pillows are préserved indicating |
'thaﬁ mafic flows are'present, and such flows are most numerous'ét the
’Western end of the northern brénch.‘bsimilar émphibolites have‘been observed
at the eastern ektremity.of the Central volcanic belt sbuthwest of |
Conﬁwoyto Lake and in the southern part of the Central volcanic belt but
‘in the latter occurrence‘theif relationship to the surréunding tuffs and

flows is.not clear.
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The grain size of the mafic tuffs rangeé from 0.2 to 1.5 mm.
‘Green or blue-green hornblende is abundant, and is accompanied by andesine
or more rarely by calcic oligoclase or 1abradorite,‘but in some places
gquartz is the principal felsic mineral comprising up to 40 per cent of the
rock. Locally calcareous laminae are préservéd (See Fig. 11). Rarely,
‘ trécgé of oscillatory zonihg are preseﬁt in piagioclasé and this zoning
. is typicallyidiffuse with_either normal or reversed trends. Cummingtonite
or clinopyroxene are found locally in the more highly metamorphosed rocks
and epidote, chlorite, carbonate, and'clinoZoiSit? are evident in rocks
of lower métamorphic grade. Gafnet and muscovite are less common.

Accessory magnetite-ilmenite, sphene, apatite and iron sulfide are common,

|
!

but zircon is rare.

Figufe 11

Mafic Flows (Avt)

The_mafic flows of the Point Lake Formation a:é most prominent in
the Western volcanic belt, but are also numerous in the southern branch of
the centrai beit, and in the western part of the norﬁhern branch. The
maximum thickness of flows in unknown, but, south of Point Lake very
roughly 7,000 feet (2,100 m) of mafic flows are preserved within a syncline

the base of which is at least locally faulted.
Figures 12 & 13
The mafic flows are typically dark weathering, dark green to
yellow—green,Afine—grained rocks that may be pillowed (See Fig. 12 and l3)_n
or massive. Lighter green and distinctive grey flows occur in the area
 about the south arm of Point Lake. Zones of greenish,'grey, or black,

kfine-grainéd, laminated slaty or schistose, locally carbonate-bearing,

locally sulfide-rich sediments are present here and there between flows.
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A'pillow breccia with matrix consis®ing in large part of oxide iron-formatio:
occurs op the northwest shore of the second’point west of Xeskarrah Bay

(See Fig. 14). 1In some places, principally in the horthern-part of

the western belt, pinkish—grey,‘aphanitic or porphyritic felsic flows

or sills were observed. The thickest of £hese forms a flat bottomed
lens”some 80 feet (25 m) long-with a dome—likebstructﬁre 30 feet (9 m)‘

high on its eastern (upper) side.
Figure 14

Structures within the mafic flows are poorly known south of
Point Lake and west of Keskerrah Bay, however pillow tops clearly
indicate the presence of a t?ght synform the core of which is occupied
by conglomerates of the Keskarrah Formationr_ A distinctive grey flow at
or near the base of the conglomerate probably represents a late phase
of Point Lake volcanism. Between the arms of Point Lake a similar grey
' flow occurs within a thin discontinuous belt of grey and green mafic
volcanic rocks east of the congiomerate, and pillows in green flows to
the west of the conglomerate fece toward the conglomerate. Field relations‘
of the grey flows suggest that the flows north of the south arm also
lie on the 1imbs of a synform with the conglomerate at its core, and‘that
the mafic flows pinch out eastward. |

The mafic flows are mostly fine graihed (grain size 0.5 mm or
.1ess),'but where theyvare more intensely recrystallized hornblende is
coarser grained. >Green‘or blue-green hornblende is the priniCipal‘mineral_
in the darker green fiows and is accompanied by calcic oligoclase or
'andesine. Minor quartz and variable proportions of chiorite, carbonate,
epidote or clinozoisite may be present. Accessory minerals are magnetite-
‘ilmenite, iron sulfide,'sphene ahd apatite. In the lighter green flows,

found at the core of the syncline south of'Point'Lake the principal mineral
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is epidote with promiﬁent chlorite and smaller ameunts of quartz and
calcite. Sodic plagioclase was recogniZeable in one flow by its low
refractive index. Magnetite-ilmenite and sulfides are accessery minerals.
A thin section from the grey flow north of the south arm of.Point Lake
shows randomly oriented, chlefly elongate, lath-shaped, sodic plagioclase
crystals up to 1.4 mm in length w1th interstitial chlorite-carbonate,

'and accessory sulfide and‘rutile (?).

Chemical Analyses of the Volcanic Rocks

Chemical analyses, by a'combination of X-ray fluorescence and
ehemical methods, of volcanic rocks from each of the major subunits of
the Point Lake Formation are given in Table 2. The similarity in variation
shewn by mafic to felsic rocks.containing volcanie_structures or textures
en'the one hand, and the comparable, largely tuffaceous amphibolites,
banded rocks, and massive felsic rocks on the other lends support to the
conclusion fhat the Point Lake Formation is principally of volcanic origin.
In the following diagrams analyses for each of the major lithologies are
given distinctive symbols,‘and are plotted toygether to illustrate this
similarity. | '

Figure 15
Tables 2 & 3

The chemical analyses have been‘cla551f1ed accordlng to the system
of Irvine and Balagar (1971). The alkall 5111ca ‘diagram and normative
01'-Ne'-Q"' (ollv1ne—nephellne quartz) progectlon (Flgures 15-1 and 15 -2)
-indicate,ﬁhat the volcanic suite characterizing the Point Lake Formation
in the Itchen Lake area isvsubalkalic° Only one of the analyses shows
consistently alkaline characteristics. This analysis (634)'represents a
grey mugearite flow along the east'margin‘of the Keskarrah Formation

conglomerate and presumably reflects a very late variation in the volcanism
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typical of the Point Lake Formation. Alumina vs. normative plagioclase
and A.F.M. plots, suggested by .Irvine and Baragar (1971) as a basis for
division of the sub-alkaline rock series into tholeiitic ana calc-alkaline
subseries, divides samples from the Point Lake Formation into two groups
(see Fig. 15-3 and 15-4) with felsic rocks failing in the calc-alkaline
field and mafic rocks straadling the boundary but lYing mainly_in the
tholeiitic field. The rocks of the Point Laké'Formation may be_fuffher

- classified, using the normative colour index vs. normative plagioclase,
and Ab'-Or-An cation per cent ploﬁs of Irvine and Baragar, (see Figs. 15f5
and.15—6), These plots suggest that basalt,'andeéite, daéite and

rhyolite are present. The plots together demonstrate, as is suggested in
the field by differences in ﬁineralogy and colour, that the mafic and
felsic volcanic rocks are chemiéally distinct. This is particulérly well
illustrated by the isolation of the two groups of anélyses in the

alkalis vs. silica and A.F.M. plots.

The mafic rocks -are found to be largely normal potassium-poor
basalts and andesites comparable to those found elseﬁhere in ﬁhe Axchean
vélcanic belts of the Canadian shield. This is born out by direct
comparison of the analyses with averages published by Wilson et al. (1965)
for volcanic rocks of the Superior Province, and by Baragar (1966) for rocks
from(the Yellowknife-area. | |

The felsic rocks of the Point Lake Formation, in'comparison.to
‘those from the Yelloﬁknife area (see Fig. 16) , appear to be siiica—rich,
and magnesia pbor. The Point Lake felsites are comparéble to soda—rich‘.
'rhyqlites from the Supérior.Provincé described by Wilsonlet al.,‘l965f
‘ (see Pig. 17). Rocks similarAto the pdtassic rhyolitesvaescribed by these
bauthors are not common in the Itchen Lake'areé, énd indeed the occurrence
of such focks within Archean volcanic belts is probably'exceptional |
(Ridler, 1970). |

Figures 16 & 17
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'bAmong the mafic volcanic rocks, sample 634 (Table 2) is clearly
distinctive representing a mugearitic flow at the contact between the
Point Lake and Keskarrah Formations. Samples 539 and 587 (Table 12),
representing medium green basic flows from the upper part of the Point
Lake Formation south of Point Lake show little chemical variation from
samples taken lower in the séction. The high Ca0 content of 539 partly
reflects microscopic carbonate veins.

.'Six samples of felsic VOlcanickrocks,'both tuffs and flows, are
: typical of the felsic volcanics thought to lie in the lower part of the
Point Lake Formation. = Average values for the major oxides for these samples
are shown in column 7, Table 3. Sample 425, the only sample with excess
potash over soda, might have beén excludea on the baéis that the rock is
somewhat sheared. The average analysis is réther éimilar to that given
by Viljoen and Viljoen K1969) as typical of widespread feldspar porphyries
intrusive into the XKomati Formation in the lower part of the early
Precambrian Onverwacht Group, South Africa.

Other felsic analyses (Table 3) include two (199 and 139) of
tuffs that are likely contaminated by calcareOué sediment, one (124) from
the mylonite zone at the base of the Western volcénic belt, one (792)

: penetrativély deformea felsic tuff in £he ﬁofth arm of the Central volcanic
belt, two (882 and 886) of felsic porphyries from the hybrid zone south
'ovaockinghorse Lake, And one (147a) from a thin felsic flow interbedded
b"within the mafic pile at the norp@wgnd‘of thgﬂWestern voléahic belt.A The
latter four rocks are moféipotassic than the typical félsic volcanics, the
first three perhaps as a result of migration of potassium during
‘metamorphism and deformation. Sample 147a however,'being from within the
“basic voicanic pile, is probably younger and may represent a later phase

‘of volcanism.
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“Comparison of the volcanic suite at Itchen Lake with the volcanic
rocks about Yellowknife described by Baragar.(l966) suggests that the ﬁafic
rocks of the Point Lake Formation are similar to those at Yellowknife
ksee Fig. 16). An iron enrichment trend, suggested by Baragar'for the
Yellowknife volcanics, is not evident in the Point Lake Formation but this
may be due to the small number of analyses compared. ‘The felsic rocks from
both areésvtend to be calc—~alkaline but those from. the Point Lake Formation
are more siliceoﬁs than are the majority of felsic rocks at Yellowknife.

Origin and Age Relations

The volcanic and subaqueous origin of the mafic flows of the
Point Lake Formation is clearly indicated through the widespread occurrence
of recognizeable pillows. Numerous subhedral piagioclase phenocrysts,
wiﬁh.ér without quartz phenocrysts, in a finévgraihed quartzo-feldspathic
matrix strongly suggest a volcanic origin among the more felsic rocks.
Less well demonstrated is the drigin of the banded felsic to mafic rocks.
The association of these rocks, however, with demonstrated volcanic flows
in various volcanic belts, and their similar range in chemical compositions
(see discussion of chemical analyses) except pefhaps for fhe local addition
of carbonate (possibly of exhalative origin), is clear. The data suggest
that the banded felsic to mafic rocks have a large volcanic component
derived from the same sources as the flows. This component was widely
'1distributéd between volcénic cenﬁres being thinner in the more remote
areas, and-therefore probably took Fhe form of wind blown tuffs, or perhaps
of ash flows ih the caéelbf the méré ﬁéésive felsic roéks. Locally breservéé
" scour and fill structures, quartz-rich bands, carbonate lenses, and rare
:conglomerate beds; however, indicéte that these rocks have been to a

greater or lesser extent reworked and modified by sedimentary processes..
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The. Point Lake Formation typically dips aWay from major granitic
bodies where it is exposed in contact with them. In places, as along the
west margin of the Wéstern volcanic belt, the contact is probably
mylonitized'and later intruded by granitic rocks. Elsewhere, it tends
tb be gradational either by gradual change in character of the rocks, or
by interleaving of bodies of either lithology at varying scales. The base
of the Point Lake Formation is theréfore"lost' within the granitic
plutons which are in paft younger, but which in part may represent the
basement upon which it was deposited. More detailed work will be required
- to establish the preservation of a sialié basement upon which the early
volcanics were extruded. | |

The age of the Point Lake Formation relative to the ContWoyto and
Keskarrah Formations is fairly clear. Norfh of Point Lake, where iron-
formation-bearing slates of the Contwoyto Formation lie against pillowed
fiows (the contact is not exposed) pillows in the flows indicate
stratigraphic sequence from the flows up into the Contwéytb Formation.

The Point Lake Formation is therefore probably mostly older than the
Contwoyto Formation. On the other hand a pillow breccia near the top of

the Point Lake Formation contains pxide iron-formation similar to that in
the Contwofto‘Formation as matrix, and mafié volcénic clasts, likely bombs,‘
~ are present within the Keskarrah Formation. It thus appears that late
Point Lake volcanism continued during deposition of the Contwojto Formation
and terminated, perhaps explosively, duringvdeposition of thé Keskarrah
>Formation conglomerates.

The relative age of felsic and mafic volcanism within the Point
Léke Formatioﬁ is less clear. The interVention éf mafic flows immediately
‘west of ItchenlLake between felsic volcanics to the west and the ContontQ
Formation to the east withbut evidence of fauiting indicates that the

basic volcanics here are younger than.the main exposures of felsic volcanics.
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Moreover, pillow tops in»the basalt face eastward. . Similarly in the central
volcanic belt.mafic volcanic rocks o&er extensive areas intervene between
felsic volcanics and.the Itchen Formation. In both areas the felsic
vélcanic rocks appear to lie dn or be intruded by plutonic rocks and‘basic
volcanics sfratigraphically below them are not evident. The simplest
senario consistent with these observations would suggesi that mafic
volcanism for the most part féllowedia period of extensive felsic volcanism
‘and may have terminated in the Point Lake area with a few alkalic |
(mugeafitic)»flows; This may indeed have been the case.

On the other hand felsic and mafic volcanism are clearly in
places overlapping and there is little evidence for any extensive
vunconfofmity between them. Furthermore the assumption of a single volcanic
cycle progréssing from major félsib to mafic phasés is the reverse of
volcanic cycles documented at Yellowknife and in other Archean volcanic
belts in the shield (Baragar,'l966; Ridlér, 1970; Goodwin; 1973). The
observations admit the possibility that felsic and mafic Volcanism were to
a conéiderable extent concommitant and that mafic rocks older than the
'felsites-may be preserved in somevparts of‘the main volcanic belts and
within areas of hybrid rocks. Neverthéless it seems clear that over
extensive regions of the Itchen Lake area Qhére the contac£ between Point

‘Lake and younger formations is exposed, the latest volcanic unit is a mafic

T one.

ULTRAMAFIC AND RELATED ROCKS (Aub and Abn)

| Several small bodies of serpentine and of possibly related
hornblende-rich metagabbro are present along the Western volcanic belt.
Similar, possibiy related rocks are reported byrFraser (1969) within
hybrid gneisses at the east end.of Akaiyesseh Lake in the Winter Lake area

~ to the south. One serpentine lens of unknown length and about 30 feet (9 m)
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thick is present'near the west contact of the mafic tuffs scme 6 miles
(10 km) west of Itchen Lake. A second of similar Width is exposed on a
south facing slope within mafic tuff about one and a half miles (2.5 km)
south of Point Lake, and a third body of unknown thickness is present near
the east margin of the Western volcanic belt just over 4 miles (6.5 km)A
north of the south boundary of the map-area. Two metagabbro bodies several
hundred feet thick and probably a mile or more in lengﬁh occur near the
base of the mafic flows along the west margin of the western volcanic belt
2 (3.2 km) and 6 (9.5 km) miles south of Point Lake. .A third small body
was observed in a similar position about oﬁe mile (0.4 km) farther south.
The serpentine bodies are characteristically buff brown weathering,
sea-green, and very fine grained. Weathered surfaces may be fineiy ridged
reflecting a schistosity that is less appafent on»fresh suffaces. The
metagabbros are-dark green weathering, dark green, medium~grained, massive
rocks rich in hornblende. |
The serpentine boaies consist of ebout 75 per cent massive fine-

grained'serpentine. The remainder is largely cﬁlorite, tremolite~chlorite,
or anthophyllite-chlorite, and magnetite. Chlorite may‘exist in
anastemosing masses vaguely outlining serpentine—tremolite granules about
1.5 mm in diameter, or chlorite ma& form in thspsvproducing a whispy
schistosity through otherwise massive serpentine. The metagabbros are
medium to coarse gralned (up to 7 mm) w1th 60 to 70 percent of pale brown
to green amphlbole and lesser 1ntermed1ate plagloclase (andesine or |

labradorlte), chlorite, epldote, and opaques.

Table 4
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Chemical Analyses

Chemical analyses of four serpentinites and two metagabbros from
the western part of the map-area are shown in Table 4. The serpentinites
ere clearly ultramafic in their lowvsilica and alumina aha high
magnesia contents. They are similar to many alpine'ultramafics in low
Ca0 and high water‘contents (high degree of serpentinization). On the
- other hand the Cr—Ni ratios of the ultramafics from the Itchen Lake area.
are unlike the alpine peridoites described by Irvine and Findlai (1972)
and are comparable to Cr-Ni ratios found by these authors in layered
~ultramafic intrusions. The low contents of Al,03 and Ca0 are unlike those
of most ultramafic lavas (komatiites as defined by Brooks and Hart, 1974).

Age and Origin : j

The ultramefic rocks and hornblende-~rich metagahbros lie mostly
within the mafic tuffs below‘the mafic flows of the Point Lake Formation.
Near the south boundary of the map-area there appear to be mafic flows on
elther side of serpentlnlte but the succession there may be repeated by
faulting. ‘The ultramafic rocks are therefore not older than the mafic
tuffs that appear within the_Point Lake Formation. Because they are
deformed in contrast to Aphebian rocks (Epworth and GoulburnzGroups) to
the northwest and northeast, they are almost certainly of Archean age,
but ho other direct evidence of their age is at hand.

‘fThe dlstrlbutlon of the serpentlnlte bodles suggests that they
‘[follow the basic tuff horlzon in the Point Lake Formation around major folds
and are older than this foldlng. These rocks appear more complexly folded

;‘than the Keskarrah Formation in the core of the syncliue to the east.
'Folding in this latter formation was accompanied by greenschist facies
" metamorphism that is thought to be responsible for the_K/Ar muscovite

ages (2660 * 75 my, 2560 t 75 my) obtained from granitic cobbles in
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metaconglomerate. On this rathervtenﬁous evidence evolution of the
ultramafic rocks is considered to be related to early Kenoran tectonic
activity (about 2650 my), which accompanied deposition of the Keskarrah
Formation, rather than to later-Kenoran'plutonism (about 2500 my), which
was responsible for high gradé métamorphismvand granitic intrusion bver
much of the eastern and central parts of the map-area.

The origin of the minor ultramafic bodies along the west margin
of the Itcheﬁ Lake area is obscure because they have been deformed and
metamdrphosed, and textures or structures which might have pffered clues
to their original nature have been destroyed. The distribution of these:
bodies is peculiar however, insofar as they appear to be present in or -
near a layer of basic tuffs ﬁhat is overlain by a thick series of basalts
and presumably rests on felsic volcanic rocks. Stratigréphic restriction
of the bodies is consistent with their derivation from ultramafi¢ lava
flows, however their composition is not similar £o that of komatiites
which typicaliy contain more Ca0 and Al703. The chpositions of the
Itchen ultramafic bodies fhus méke them»more fefractory than typical
komatiites and less likely to have appeared at the surface in liquid form.

On the other hand the serpentinite bodies lie along the west.
margin of.the Western volcanic belt in close proximity to remnants of
a mylohite zone and the ages of both mylonitization and ultramafics éfe,
‘.so far as known, similar. It is therefore more likely that the
_ultraméfic rocks were.emplaced tectonically perhaps in conjﬁnction with
the development of a major eafly Precambrian fault zone aléng‘the west

margin of the map-area.



turbidite basin.

THE CONTWOYTO FORMATTON

,The name, Contwoyto Formation is proposed for a unit consisting
predominantly of the metamorphic équivalents of greywackes and mudstones
of turbidite origin, buﬁ the definition includes the essential presence
of scattered discontinuous bands and lenses of silicate, sulfide or

oxide (magnetite) iron-formation. Also present are minor quartz-rich,

carbonate-rich and chlorite-rich beds, and more rarely graphite-bearing

lenées. The name ContWoyto is taken from Contwdyto Lake in the northeast
part of the map-area, but the original derivation of the term, according
to Franklin (1824), is from the Copper Indians who used the name "Contwoyto,
or Rum Lake in consequence of Mr. (Samuel) Hearne havihg here given the
Indians who accompanied him some of that liquor".

The Contwoyto Formation is bordered on the southeast by the
Itchen Formation (6), ah extensive unit of similar turbidites without
iron-formation. Tégether these two formations occupy most of a great
squthward concave arcuate belt of basin-like form, the gréywacke—turbidite
basin, that extends a disténce in excess of 80 miles (130 km) from the
south.margin of the map-area at Point Lake to the east margin at Contwoyto
Lake. On the north margin of the bésin the Contwoyto Formation passes into
migmatites'within which iemnants of iron4fgrmatioﬁ are recognizeable to

within a few mlles of the north boundary of the ‘map-area at Rocklnghorse

Lake. On the south margin of the greywacke turbldlte basin the Contwoyto

Formation has_not been recognized”but migmatites, which occur farther south,
locally contain garnetiferous amphibolites like those near the north

boundary'of the map-area. It is possible therefore that rocks correlative

-~ to the Contwoyto Formation are present on'both margins of the greywacke-
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Along the eést margin of thé Western volcanic belt the Contwoyto
Formation iies-upon mafic flows of chloritic schists, or possibly locally
on felsic volcanic rocks of the Point Lake Formation, but near Point Lake
it was probably deposited contemporaneously with the heighbburing mafic
flows. Structural evidence éuggests that the Contwoyto Formation is
overlain by the Keskarrah Formation. The southeastern limit of the -
fbrmation is defined by the last detected iron-formation lens as no other
strétigraphic markers were observed in the host.beds. The symmetry of
the greywaéke—turbidite basin, with volcanic rocks ‘at its periphery, suggests
that the Contwoyto Formation lies beneath rocks of the Itchen Formation,
but the structural complexity of these rocks is such that an intertongueing
rélationship is also possible.

The thickness of the Contwbyto Formation is unknown for the beds
are typically isoclinally folded with folds of unknown but presumably short
wavelength. Alfhoﬁgh ﬁops of graded beds (see Fig. 19) and scour and fill
structures are locally evident it has only rarely been possible to‘examine
more than a few tens of-feét of the formaticn Without uncertainty of
repetition of beds by folding.’ An isoclinél fold axis defined by back to
back graded beds in slate along the south arm of Point Lake (see Fig. 18)
would likely pass unnotiéed inland where beds are concealed by lichens

and outcrop is discontinuous.
Figures 18 & 19
The Contwoyto FOrmatioﬁuié;diVisibié into two subunits, one
characterized by oxide facies iron-formation beds and lenses that occurs
‘chiefly in the Point Lake region about the Keskarrah delta or fan, and
a second more extensive subunit characterized by silicate and sulfide

iron-formation beds and lenses. The best exposures of the oxide facies

are along and near the north arm of Point Lake. The sulfide~silicate facies
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is best exposed at the main showing stripped by Canadian Nickel Company

" near Contwoyto Lake (see Fig. 53). Thé overal} séctioﬁ of the formation
is best seen northwest of Itchen Lake where exposure is most continuous.
A.more detailed>description of the formation in the Contwoyto area is

given by Tremblay (1975).

Oxide Iron-Formation Facies;(AcP2 and AcsZ)

The oxide iron-~formation facies of the Contwoyto Formation occurs
chiefly near Point Laké where the metamorphic grade of the rocks is low
(greenschist facies) but minor occurrences of magnetite-rich facies also
occur locally along the south margin of thé Concession diorite pluton,
and in the4COntwoyto area (Baragarvand Hornbrook, 1963). The oxide
iron-fdrmatipn beds consist of dull grey to blue-grey magnetite-rich beds
and lenses up to a few inches thick in iron-rich bands commonly up to 10
feet (3.m) and possibly locally as much as 500 feet (152-m) thick |
‘interlayered with grey to brownish or greenish fine-grained greywacke,
and blue-grey to greenish sléte. Rarely rusty weathering iron carbonate-
bearing‘beds are present. Magnetite—rich layers and ‘lenses are éommonly
bo:dered by chlorite or amphibole-rich layers showing sharﬁ or gradational
contaéts with greywacke (see Fig5 20) . \In,places reéessed weathered surfacecs
reflect the presence of carbonate,.and elsewﬁere thin quartz—rich lenses,
'vpossibly derivéd from chert, are present.

'_'Figure'zo
" The oxide facies iron?formétion consists’chiefly of‘fine—grained
(grain diameter commonly up to 0.1 mm) quartz and magnetite with some |
lamphibole, chlorite, epidote and carbonate. A liftle hematite (possibly_

~derived from alteration of carbonate), a sericite-like micaceous mineral,

biotite, and sulfide are present in some specimens. Where most coarsely
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crystalline, magnetite occurs in tiny octahedra. Scapolite was observed
along a vein cutting oxide facies iron-formation near the west margin of
the volcanic belt on the south shore of the north arm of Point Lake.

Silicate-sSulfide Iron-Formation Facies (Acpj and Acsiy)

The silicete—sulfide iron¥formation facies occurs within the
eaetern exposures of the Cootwoyto Formation about Point Leke and
throughout the formation elsewhere. This facies forms layers and~ienses
common 1y up to 10 feet (3 m) thick and in places over 100 feet (30 m)
thick. Dark to medlum green layers reflect variation in concentration of
quartz, amphlbole and opaques (see Fig. 21). Where the metamorphic grade
is appropriate, grey-purple, brownish, or reddish garnets ere present in
irreguiar patches or concentrated in discrete bands that appear'to.be most
ocOmmon near the margins of the iron—rich beds (see Fig. 21). Lenses and
" beds of nearly pure, fine-grained quartz, likely derived through
recrystallization of chert, make up a small proportion of the rock (see
Fig. 22). .Sulfides, commonly in bands parallel to layering but also in
patches or lenses, are widely present and produce rather unspectacular
reddish-brown gossans. Pyrrhotite is by far the most abundant sulfide
in most regions but ie widely accompanied by small amounts of chalcopyrite
‘and pyrite; Arsenopyrite and loellingite are major components over
' restricted areas but are apparently absent elsewhere;. Pyrite is the
dominant sulfide in some iron-formation lenses in the region of low
metamorphic grade near the east margin of the map-area. Gold, so far as
is known, is concentrated in the arsenlc—bearlng regions of the Slllcate—

,sulflde iron-formation fa01es.

Figures 21 and 22
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Thé silicate-sulfide iron-formation facies is composed chiefly
of amphiboie and quartz with opaque minerals (chiefly sulfides) being a
.major constituent of some layers. Two,'and.locally, three phases of
amphibole are present in widely varying proportions.v-Grunerite,
characteiized by weak absorptibn, inclined extinction, an optic axial angle
near 90 degrees and a sign mostly negative, high birefringence and local
polysynthetic twins; is typically the most abundant amphibole phase.
Grunerite is typically rimmed or intergrown with a green hornblende
characterized by the pleochroic formula; x ochre, y brown, and z dark
blue—greén, and a much iower négative optic axial angle. In rocks of lower
metamorphic grade grunerite commonly forms coarse irregular radiating
aggregates with poikilitic, fine-grained épaque inclusions. Garnet if
present, also tends to be poikilitic.‘ In aréas of higher metamorphic
grade,_the'amphiboles.fbrm more nearly equant crystals, opaque minerals
aré coarser and to a greater exﬁent interstitial, and garnet is cleaner.
Gedrite, the aluminous anthophyllite, was identified by eiectron probe
analyses in one specimen. Quartz is mostly disseminated.but also occurs
as widely spaced, fine~grained, almost pure layérs'and lenses with a few
scattéxed amphibole needles and some apatite. Such qguartz-rich bands
- likely formed from chert. Locally importaht constituents are epidote,
diopside, plagioclase, chlorite and biotite, the latter being locally
céncentrated in beds with garnet;. The‘énly common écbessory mineral is
'abatite. Tron-formation adjaéent“Equtbé‘FuZ_metagébbro pluton shows
'a1£erati0n of amphiboles to fine—grainedvtald (identified by X—ray)vand
magnetite. Minor pyrrhotite in bands within the iron-formation is rimmed

by magnetite;
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Host Sediments

Host rocks for the iron-formation lenses and layers, both oxide
facies and silicéte—sulfide facies, are metamorphic equivalents of the
greywacke—mudstone lithologic assemblages typical of sediments of the
Yellowknife'Supergroup elsewhere in the Slave Province. At lbw metamorphic
grades these rocks are chiefly fiﬁe—grained, grey to blue~grey or greenish
chlorite and biotite—beariﬁg slates, phyllites and greywackes, but
throughout most of the area, metamorphic grade being above greenschist
facies, grey andalusite-cordierite schist, grey to brownish sillimanite-
cordierite knotted schist, or gneiss is typical. Pale to dark green
chlorite schist with and without garnet, black graphitic schist and grey
to brownish éiltstones are preéent locally and are most common in the lower
part of the formation near Point Lake. The host rocks for the most part
closely_fesemble those of the Itchen Formation (65 which lies to the south
and east of the'Contwoyto Formation, and a more detailed ‘account of thgm

is given in the description of that formation.

Chemical Analyses

| : Chemical analyses of silicate and oxide fadies iron-formation
(see_Table 5) were made by the rapid method which for these rocks can be
considered only semiquantitative so far as iron content is concerned. The
~data (Table 5) suggest that the silicate facies is enriched in Ca0 and MgO
,with respeét to the Qxide facies. When A1203, Mg0, and Cal are'compared
(See Fig. 23) there is a suggestion that an inverse relation exists between
Ca0 and Mg0 + A1203 within the non—garnétiferous beds of silicate iron-
formation. Such a reiationship might reflect variable contamination of
’éilicate iron-formation by syngenetic or diaéenetic deposition of éarbonate

~or magnesian chlorite. Although the constant ratio of about 58 parts Mg0.

toc 42 parts A1203 lies well within the chemical range shown bylchlorites
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(see Deer, Howie and Zussman, 1962), contamination by a chlorite of this
composition fails to explain the composition of the garnetiferous lajer
which is also part of the silicate iron-formation. Furthermore the
MgO—A1203 variations in the amphiboles which are a prominent constituent
of the silicate iron-formation beds do not support such a constant
relationship (see section on mineralogy). It seems mdre likely that the
original iron-formation beds were in varying degrees calcareous and that
the apparent constancy of MgO/A1203 in the non-garnetiferous silicate
iron-formation is fortuitous. Of the alkalis K,0 is the most variable and
this is probably reflected in variable sericite content in the oxide facies.
A single anaiyses of richly gérnetiferous iron-formation shows high alumina
conten£ in comparison to all other iron-formation anélyses; but thé low
NaZO and'KZO contents are normal as in the garnet-free silicate iron-
formation bands. It is further evident that potash does not increase with
increase in alumina in hornblendes from the silicate faciés (see section
on mine:alogical<investigatioﬁs). These compositional trends may reflect
‘periodic-settling of the finest argillaceous fraction of turbidity flows
that contributed to the formation of the adjacent gerwacke—turbidite,
into the envirohment of iron-formation deposition where alkalis were in
- most cases'removed by hydrogen ion exchange. Chemical analysés of rocks

- from the greywacke-turbidite succession, which form the hostvroéksbfor the
- iron-formation lenses, are given in TableIGVWith the description of the

Itchen Formation.
Figure 23

Table 5
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Stratigraphic Relations

The.stratigraphic sequence from the Point Lake Formation to the
lower part of the Contwoyto Formation is fairly clear. Pillows within the
Point Lake Formation along the river between Point and Itchen Lakes
provide top.determinations which indicate that the Contwoyto Formation
overlies the Point Lake Formation at that locality. Fafther south the
occurrence of oxide facies iron-formation as matrix to a pillow breccia
within the upper part of the Point Lake Formation suggests that late Poinf
Lake vdléanism was contemporaneous with deposition of the Contwoyto |
Formatioﬁ. Furthermore, the presence of mafic clasts, prdbably bombs,
within the Keskarrah Formation conglomerates (see Fig. 25) which overlie
the Contwoyto Formation, suggests that this volcanism continded throughout
the period of deposition of thé Contwoyto Formatipn. Thus the'Contwoyto
Formatioﬁ is seen as a facies equivalent of a late phase of foint Lake
volcanism. 4 ' y

Remote from Keskarrah Bay the Point Lake Formation, or a
(recognizeable remnant of similar rocks, intervenes between migmatite derived
-from the greywackenturbidite succession and the contacts of majer plutons.
Tb thé extent that these major plutons contain remnants of the early
felsic units of the Point Lake Formation, ﬁr'possibly of aﬁ even older
basement, this distribution tends to support the view that a younging of
- strata takes place toward the centre of the greywacke-turbidite basin.

The Contwoyto Formation is distributed almost entirely along the west to
north margin of the main greywaéke~turbidite basin and this relationship
suggests that it may be older than the iron-formation-free greywacke-
turbidites (part of the Itchen Formation) that occupy the centre of this
basin. It does not preclude thé possibility however that Contwoyto and
Itcheh Formations to a greater or lesser degree intertongue and are therefore

in part stratigraphically equivalent.
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The distribution of iron-formation lenses within thé greywacke-
turbidite basin was probably controlled primarily by the availability of iron
in solution, but in part by the rapidity of local sedimentation rates. Thus
the present distributién of the Contwoyto Formation suggests that the
principal source or sources of iron were along the west to north margin of
the basin. The abrupt termination of the Contwoyto Formation along the
margin of the greywacke—tuibidite basin south of Point Lake may be due to
removal of the iron—rich beds by faulting and erosion. It may also
however be due to non-deposition of iron in this area due to some
environmental control. Such a control might be provided by limitation
of the source of iron to regions about and to the north of Point Lake,
and the operation of a prevailing northerly current or drift during
Contwoyto time.

' The exhalative model for Archean iron-formation sedimgntation
developed by Goédwin (1965) , Ridler (1970), Goodwin (1973) and others -
isuggests that iron-formation facies may be used to identify the
environment of deposition of iron-rich sediments and in soﬁe casés the
~volcanic sources of iron. Application of this model.to the Itchen Lake
area Would imply that the region about Point Lake iﬁ the vicinity of the
Keskarrah Qelta or fan, with its large masses of conglomerate, and with
possibly contemporaneous zinc mineralization (proximal exhaliﬁe) in the
. ﬁppermost part of the Point Lake Formation, is one potential source area
from which iron deposited within the Contwoyto Formation may have been
defived. Whether other major contributing sources existed or not is
unknown, but it is pefhaps possible that a prevailing current may have been.
responsible for spreading of the iron along the margin of the basiﬁ to the

north and west, and for preventing its spread to the south.
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The sequence of iron-formation facies from oxide f:hrough
carbonate and silicate to sulfide facies has been established as an
indication of increasing depth of iron precipitation within a depositional
basin. In the Itchen Lake area this sequence, with its predominance of
silicate-sulfide facies, suggests that the greater part of the Contwoyto
Formation as now preserved was deposited in the deeper parts of the
greywacke-turbidite basin. Isolated rémnants of oxide facies on the outer
margin of the basin suggést a more oxygenic depositional environment.

Such an environment likely reflects proximity to the atmospheric interfacé
and hence perhaps to the shore line. The discqntinuous nature of these .
remnants of oxide facies suggests that the basin floor was not covered by
a continuous blanket of oxide facies and hence that deposition began in

an already eétablished basin rather than in one tﬁat expaﬁded from a minor
depression during deposition. The unusually large concentration of oxide
facies .in the immediate vicinity of the Keskarfah delta or fan is |
probably in part due to locai relative down warping of the oxide facies
relative to silicate-sulfide facies to the east along a fault which
separatesAthe two, but it may also reflect proximity to a principal source
of iron. |

KESKARRAH FORMATION (Akcg and Akw)

The name, Keskarrah Formation, is proposéd for conglomerate with
' some calcareous subgfeywacke, and gréenschiSt that océur chiefly in a
'thfee pronged body that crosses Point Léke on either side of Keskarrah Bay,
‘but it includes é large lens 6f conglomerate extending southeast from the
west shore of the next major bay to the east. Similar rocks are described
in the Winter Lake map-area along the southward projection of the Western

~volcanic belt {(Fraser, 1969).
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The Keskarfah Forﬁation is named after Keskarrah Bay about the
mouth of which it is best exposed. The name is derived from that of the
.native hunter who guided Sir John Franklin from Fort Enterprise to Point
Lake in September, 1820. The party reached ?oint Lake at Késkarrah Bay
where Franklin determined the longitude and latitude clearly defining
the location of the bay.
| Sbuth of Point Lake the Keskarrah Formation lies upon basic
flows of the Péint Lake Formatioh, a relationship that is clearly indicated
by pillows in the fiows_and by cross-bedded subgreywacke associated with
the conglomerate. On the point that forms the west shore of Keskarrah Bay
however, the conglomerate apparently lies directly on chlorite-epidote-
bearing rocks (chlorite granité of Stockwell, 1933, here included with
ﬁybrid rocks(Angv)). On the peninsula between the north and south arms of
Point Lake the conglomerate is.structurally underlain in large part by
iron-formation-bearing slate, but lenses of mafic vblcanic rocks occur at
the contacts near the shore and locally possibly within the formation.

The Keskarrah Formation thickens toward Point Lake from both north
and south, the.widest section éossibly as much as three miles (5 km) wide,
being beneath the lake. The conglomerates along the lake shore are clearly
repeated by folding and faulting but it appears likely that they reach
approximately 1,500 feet (475 m) or more in maximum‘thickness.

The Keskarrah Formation consists of at least two huge lenses
predominantly‘composed of_lérgelyvétructuréless but deformed conglomerates
with scattered lenses of vaguely bedded, caléareous greywacke and
greenschist, and a large folded lens of well bedded, crossbedded sﬁbgreywacke
Some mafic flows of the Point Lake Formation are present at the lower
contacts of the conglomerate and a few may be intercalated within it. The
coarser cohglomerates of the Keskarrah Formation weather with a grey to

greenish, often pitted surface (due to carbonate in the matrix between
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boulders)'so that the glacially rounded lichen-covered outcroés are not
readily distinguished frdm some of the pillowed volcanic rocks from a
distance or from the air. Coarse conglomerate containing abundant
boﬁlders of quartz diofite to granodiorite, commonly ranging up to two
feet (0.6 m) and rarely two and one half feet (0.76 m) in diameter,
and typically smaller ovoids (poséibly in part volcanic bombs) of fine-
grained mafic rocks closely packed in a calcareous greywacke matrix,
is prominent on either.side of the mouth of Késkarrah Bay and on the north
shore Opposite its mouth. Bands of green to olive greenschist and brownish
weatheriﬁg carbonateQrich greenschist up to 300 feet (91 m) thick are
present locally._ Small brown weathering lenses of calcareous greywacke
often qontaining traces of crossbedding are widely scattered'(see Fig. 24).
In the bay and valley west of Keskarrah Bay cobbles are typically somewhat
smaller and scarcer but a few cobbles as large aé 2 feet (0.6 m) in diameter
were observed néar the south Weétern extremity‘of the fofmation. Light
buff—grey_weathering, yellow~green subgreywacke with quartz grains locally
2 mm in diameter is present in a large band striking across the peninsula
~tha£ forms the west shore of this'bay. " No pebbles of cobbles were observed
in this subgreywacke but two conglomerate beds up to 30 feet (9 m) thick
were éeen within the mafic flows to the northeast. On the north shore of
Point Lake ﬁorthwest of Keskarrah Bay and inland, greenschisté and
. éalcaréous greenschist are locally intérleaved with the conglomérate which
s typically finer grained than that to the south and east. On the south
:Shore of the north arm of Point Lakevthe Formation is only a‘few hundred
feet thick and is‘limited on either side by iron-formation-bearing slates.
»Theré it consists mostly of greenschists cbntaining two layers of stretched
pebbles up to two and one half inches (6.3 cm) in length. Small sulfide

- gossans are numerous.

Figures'24 and 25
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Clasts in'the Keskarrah Formation (see Fig. 25) are predoﬁinantly
of meta-quartz diorite or granbdiorite, the major constituents of most
boulders being sodic plagioclase and quartz with lesser amounts of
secondary muscovite, chlorite and epidofe. The maximum grain size is
2 to 3 mm. Also forming a major constituent in the coarser cbngiomerates
are ovoid clasts of fine- to medium~-grained, green to dark green mafic
rocks (see Fig. 25ﬁ). These élasts blend into thé greenish gritty matrix
kto such an extent that it-is locally difficult to tell which tyée of clas£
is the more abundant. Several mafic clasts with particulafly fiﬁe-grained
~ dark or light green bbrders'(see Fig; 25A and B) appear to be volcanic
bombs with chilled or altered margins. White véin-quartz pebbles are
concentrated in the medium and fine conglomerates. Finefgfained, buff-
white pebbles of siliceous materiai resembling non-porphyritic, massive
felsic tuff are of moderate abundance locally and gneissic clasté are rare.
Where the Conglomerates are fine-grained, a few exposures composed of

masses of chips of green to yellow-green siltstones were observed (see

Fig. 26).
Figures 26 and 27
The conglomerate is typically schistose and locally, highly
schisﬁose (see Fig. 27). The more mafic clasts tend to be more

: diétorted than are the more siliceous oneé (see Fig. 25E). Ratios of
"maximum ﬁo minimum apparent diameter for siliceous clasts ére commonly

-4 to 1 and in‘scme plaées greater. Conjugateyshears are in many places
well developed within‘the'clasts. | | |

| _The cobbles in the congloﬁerate‘méy be compared with litholdgies‘

within the Keskarrah batholith, and with the hYbrid rocks that surround

;it south of Keskarrah Bay (as originélly suggested by Stockwell, 1933).
.Rocks similar to thé meta-quartz diorite were found localiy in the

northeastern area of hybrid rocks. Granodiorite cobbles are comparable.
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to granitic rocks seen in the southern core of Keskarrah batholith but

are mostly more altered than the rocks in place. Fine-grained siliceous
‘rocks of possible felsic.volcanic origin are represénted‘locally near fhe
southern and western shoreé of Keskarrah Bay; Mafic &olcanic rocks that
are common in the northern area of hybrid rocks may find some qounterparts
among the mafic ovoids in the/conglomerate.

| Three boulders from the Keskarrah Formation examined in thin
section provéd’to be of a meta-quartz diorite consisting chiefly of
.medium—grained anhedral, twinnedvalbite and quartz.with some chlorite and
carbonate. Two contained muscovité and one contained biotite and
magnetite. Accessory apatite and zircon were observed in one boulder eaéh
bﬁt efforts to concentrate ziréoh for age determination were unsuccessful
aue to the very small size of the zircons. Qﬁartz grains or patches within
the boulders commonly appéar recrystallized locally forming a mosaic of
disoriented, typically strained grains surrounding élbite_(see Fig. 28C).
Albite is anhedral and finely sericitized with polysynthetic twinning
locally bent. Chlorite occurs as irregular fine-grained patches of variable
colour. Muscovite appears in larger flakes with more regular cleavage but
locally has interleaved chlorite. One boulder of altered granodiorite
contains about 15 per cent microcline and accessory sphene in addition

to quarté, albite, chlorite, mUscovite and carbonate.
Figﬁfe‘28
i FiVé finer—gfained éilie;ggsréﬁbségérical pebbles froﬁ a éingle
locality near the northeast margin of the Keskarrah Formation were examined‘
in thin section with a view to deferminingitheir origin and source. Two

of the pébbles are weakly foliated, consisting primarily of a mosaic of.

anhedral quartz and albite mostly 0.1 to 0.8 mm in grain size (see Fig. 28A)
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Carbonaté, chlorite, muscovite and microcline are minor constituents.

Some albité grains show clear rims about sericitized cores. ' Scattered
:throughout the pebbles are equant, sericitized albite crystals up to

2.5 mm in.diameter with serrated margins but quartz megacrysts like those
common in felsites of the Point Lake Formation were not observed. One
pebble of moderately foliéted siliceous rock consists of a somewhat
>SChistose quartz-albite-potassium feldspar moéaic,'with grains about 0.1 mm
in diameter, containing a cluster of quarté grains possibly resulting from
disruption and slight stringing out of a megacryst. A disaggregated
albite grain in the same pebble is 2.5 mm in diameter and could perhaps
have been a phenocryst. The remaining two pebbles are more strongly
foliated. One is entirely of quartz, containing lenses of strained
qﬁartz of varying sizes and shapes wifh serréted ﬁargins in. a quartz
mosaic of 0.05 mm graintsize. AThe second consists of equant to somewhat
augen-shaped albite crYstalsvin a quartz-feldspar-sericite matrix in
which very fine-grained lenses intertwine with coarser leﬁses (0.5 mm

- grain size). The single_qﬁartz pebble is probably of sheared vein quartz
as such material in leés altered form is eviden£ in some parts of the
conglomerate. The remaining.pebbles bear a strong textural and
mineralogiéal resemblancé to the méssive félsic rocks of the Point Lake
,’\Formation,‘although a clearly recognizeable porphyritic texture (but see
Fig, 28D) ianlving both quartz énd albite, that woﬁld demonstrate a
‘ Vo1canic origin, was not foﬁnd; | | » | | |

| ’The matrix of thé conglomerate consists éf Vériabie proﬁortions
E of fragments of strainéd,.locally_recrysﬁallized, quartz and sericitized
f'aibite in_a.fine—grained siliceous, COmmonly schistose mat;ixkconsisting
of‘séricité, chlorite and carbonate; the latter forming up‘to 50 per cent
of the matrix in places. Carbonate grains picked from two thin.sections

for identification by x-ray proved to be calcite. Secondary muscovite
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and/or epidote are present in some sections, and in others chips of very
'fine—grained‘siliceous rock were observed. Mafic fragments in one matrix
proved to be microlitic, of a texture similar to but finer grained than
that of the‘grey feldspathic flow (mugearite) that underlies the Keskarrah

- Formation north of Keskarrah Bay. Greywacke lenses within the conglomerate
are similar to the matrix between cobbles and boulders except that in

the lenses the proportion of small clasts to matrix may be lower and the
proportion of quartz to feldspar higher. Carbonate grains picked for

X-ray aetermination from three greywacke lenses, were all found to be
dolomite (in contrast‘to carbonate in fhe conglomerate matrix). Carbonate—
rich schist layers within the conglomerate consist of dolomite of ankeritic
dolomite with a variable but Subordinate proportion of'quartz and altered
plagioclase'grains together wifﬁ whispy lenticular patches of éericitic
materiél.

‘Origin and Age Relations

‘The volcanic affinity of the Keskarrah Formation is indicated
by the presence of an abundant volcanic detrital component Within the
conglomefates. This component is'of two types: one qompdsed of mafic
‘to intermediate volcanic ovoids and subangular clasts including bomb-like
clasts up to small boulder size, and a seéond composed of felsic pebbles
‘resembling the extensive felsic Qolcanics of the Point Lake Formation. The
L‘Smaller size higher degree_of sphericity and lesser abundance of the
>lat£er suggests that they have beenbderived from erosion of pré—existing
felsic rocks at some distance. On‘thé other hand the greater abundance
'  and size of the mafic 6voids, fhe bomb-like appearance of some of thém,‘
éndwthe fektural similarity between some microlitic clasts and the érey
-f10ws that occur with the Keskarrah Formation, suggest that the'more mafié
‘clasts are of yduhger, more proximal pyroclastic origin.. Formation of‘

~ the Keskarrah conglomerates may thus be related to explosi#e basic to
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intermediate volcanism of a type that also produced the youngest flows of
the Point Lake Formation. Prominent admixture of still coarser plutonic
detritus indicates that this volcanism was accompanied by crustal
instability.

| A structural unconformity separates the Keskarrah conglomerates
on the northwest point of Keskarrah Bay from hybrid rocks to the south
(as reported by Stockwell, 1333). Although the precise contact
(subsequently described by Henderson 1973) was not seen during the present
vstudy,’it is clear that granitic rocks intrusive within the hybrid rocks
~are not found to penetrate the conglomerate, and the conglomerate near the
contact dips at 45 degrees away from the granitic rocks with tops in the
same directlon as shown by crossbeds withln interlensed greywacke. If
this.unconformity were of regional ektent, it.should be found elsewhere
between Point Lake and either Itchen or Contwoyto Formations; however no
other instance of Structuralvdlscordance at these contacts has been
demonstrated. It seems likely therefore that the unconformity is a local
one. West of Keskarrah'Bay the unconformity map perhaps extend from-tne
base of the conglomerate at_its contact with the hybrid rocks southward
into the upper part of the volcanic pile where a»roughly defined boundary
separates hornblende-rich from overlying ebidote—rich metavolcanic rocks.
To the north of Keskarrah Bay the unconformity may extend a short distance
along the contacts of the main volcanic belts where flows, in part
hornblende -rich, may be more altered than adjacent slates, greywacke and :
conglomerate. Nevertheless, the local dlstrlbutlon of structural |
discordance, its occurrence at the 'nose' of a regional antiform with the
. Keskarrah batholith at its core, and the presence of granodiorite detritus
1mmed1ately above the unconformlty suggest that the unconformlty represents
a local upheaval that accompanled emplacement of the Keskarrah bathollth

within a rapldly evolv1ng tectonic welt. Such an 1nterpretatlon is
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consistent with available‘radiometric data from the conglomerate and from
the Keskarrah batholith. It.is still possible however, (as originally
implied by Stockwell, 1933) that within the hybrid rocks at'Keskarrah Bay
there exist remnants of an older'sialic.basement. In this cése it seems
likely that the YOunger local unconformity, to which develmeént of the
Keskgrrah conglomerate is related, haé locally been superimposed upon rocks
‘of much greater age; and that-the unconformity at the west enﬁrance to
Keékarrah Bay may fortuitéusly include not‘only most of Point Lake time
but an extended earlier interval as well.

Radiometric dating of the granitiC‘éomplex that intrudes hybrid
rocks south of Keskarrah Bay:(the Keskarrah batholith) hés_yielded a zircon
age of 2642 £ 15 m.y. and a éphene age of 2637 * 15 m.y. suégesting that
intrusion of these rocks occurredAnét later than that time. Muscovite
from plutonic boulders in the Keskarrah conglomerates yields K/Af dates
of 2560 % 75 m.y. and 266Q + 75 m.y. which are believed to represent the
aée of greenschist facies_metamqrphism because muscovite is not so common
in the Keskarrah baﬁholith. These radiometric data 'indicate'that volcanism
intrusion of the granite comﬁlex, uplift, erosion, foiding, and metamorphism
about Keskarrah Bay probably took place before the main period of granitic
plutonism (about 2500 m.y.). They furthef(suggest that these early events
ére all-related as part of an early orogenic episode proﬁinently expressed'
in the.diSContinuoué belt of conglomerates known to éxist‘aiong the east
‘margin of the early gfanite complex from the southern part of_the Winter
Lake map-area northwérd as far as Point Lake.n

’ The enﬁironmént of deposition of the Keskarrah Formation was
chafacterized by unstable conditions as indicated by its conglomeratic
texture and variable clast siée. Immaturity of the matfix and accompanying

 gfeywacké, and coarse textures suggest rapid'uplift of sou?ce and fapid

deposition and burial of derived sediments. 'Rounding of boulders, and
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»coﬁéentration of coarse clastics in restricted areas along the contact
'between Point Lake and Contwoyto or Itchen Formations is consistent with-

- 'stream transport and'deltaic'or‘submarine fan deposition a£ the west edge
of a broad basin that.waé accumulatiné fine clastics. ‘Northward decrease
in size and abundance of clasts in the conglomerate, and correlation of
lithologies represented in'the clasts with rocks south of Point Lake
suggests thaf the stream involved drained an area of uplift near the south
west corner of the map-area. |

. ITCHEN FORMATION (AIp and AIs)

The name, Itchen Formation, is proposed for the metamorphic
equivalents of greywackes and mudstones of the Itchen Lake area that afe
similar to those of the Cont@oyto Fprmatioﬂ but unlike that Formation lack
the iron-formation lenses by which it is characterized. The formation
is best exposed along the shores of Point Lake where the rocks are chiefly
- in middle aﬁphibolite_facies. It is well,; but soméwhat,less cleanly and
extensively exposed at Itchen Lake where the rocks are chiefly in lower
amphibolite facies. As the name Point Lake Formatioﬁ has alréddy been
accorded to the volcanic rocks at the base of the Yellowknife Supergroup it
seems appropriate to select.the'name Itchep Formation for the rocks here
gonéerned. |

The formation extends from the south border of the map—area'west‘
of Coppermine River ih a broad southeastward concave arc to the east bordef
-of the map-area south 6f Cénﬁwoyto Lake. To the south similar'rocksfﬁrojeéf
for nearly 50 miles (80‘km) southward into the Winter Lake area (Fraser;“‘
'1969); and to the east'they'extend for somei25 miles (40 km) into the
eastern part of the Contwoyto Lake'aréé where they havelbeen mapped on aA
~regional scale by Fraser (1964).4 HYbrid gneisses probably'derivedAfrom

'similar rocks are even more extensive.
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" The Itchen Formation is conformable with the Contwoyto Formation -
aloné its northwestern periphery where the contact is marked by the
. disappearance of iron-formation lenses which characterize the Contwoyto
‘Formation. At its southeastern margin the Itchen Formation lies upon
various subunits of the Point Lake Formation without apparent discordance,
or it passes into hybrid metamorphic rocks that surround the Yamba batholith
The thickness of the formatlon is unknown for it is in many, and |
presumably in most, places tightly folded; its great exposure however
would suggest a thickness in excess of several thousand feet. |
Figure 29

The metagreywacke—metaturbidite succession uithin the Itchen:
Formation is mostly well bedded. Beds are:evident on the éreat majority
of well washed shoreline outcrops about Point Lake but elsewhere, lichen
cover and staining may render bedding obscure. Beds‘range from iess than
one inch (2.54 cm) to many feet thick but are most commonly less than
18 inches (46 cm) thick. .At many outcrops 6 (15 cm) to.8 (26 cm) inch
graded beds are exposed across much of the surface (see Figs. 18 and
19), and where beds have reached lower to middle amphibolite facies
metamorphic grade, cordierite or late chlorite is commonly concentrated
.in knots or feathery patches in the upper.barts of the beds to produce
reverse grading (see Fig. 29). Commonly a few nearly massive greywacke
beds are intercalated within more fineiy bedded and graded.sections,.but
. these beds may‘also‘show fine lamination due to biotite concentration.
Such‘iamination commonly reveals load castsA(see Fig; 30), and more
- rarely small channels are evident (see Fig.‘31). >In places thick
argillitevbeds are present and these may bear chiastolite as well‘
as cordierite megacrysts in amphibolite facies terrane.' Some greywacke

beds contain ovoid calcareous concretions up to 8 (20 cm) or
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iO (25 cﬁ) inches in diameter that typically follow the centre of the bed
in which they occur (see Fig. 32). Concretion horizons are concentrated
i_in the central (upper) parts bf the Itchen Formation. Concretions were
not observed in the Contwoyto Fofmation.} Locally fine-grained quartz-
plagioclase-rich beds‘of unusually low ﬁafic content are present and at

one place about one mile southeast of Itchen Lake such rocks fdrm a light

4

In the greenschist facies the argillites and slates are mostly

coloured strip visible on aerial photographs.

Figures 30, 31 and 32

dark grey to blue-grey and the greywackes grey. At higher grade the
sqhists are lighter grey to grey-brown and more commonly display slightly
;usty weathered éurface. |
Gréywackeé, slates and argillités of the Itchen Férmation, where

of greenschist metamorphic grade, are seen in thin section to consist
primarily of very fine-grained quartz, plagioclase feldspar and either
chlorite or biotite or both. Muscovite is present in most specimens.
Locally phenoclasts or more rarely, small rock fragments are evident in
a finer-grained matfix. In-places potash féldspar'fragments are preserved.
Accessory minerals are tourmaline, apatite, zircon, opaqﬁes and locally,
sphene. The latter is of interest because it is restricted in these rocks
to the greenéchist facies.

| - Schists of the Itchen Fdrmation,:where of amphibolite facies,
consist of_fine;graihed (0.01 to 0.1 mm) quartz, oligoclase (or rarely |

-andesine) and biotite. Commonly porphyroblasts of éordieritebthat reachk :
_ from one to several centimeters in diamete:,and,less commonly andalusite
porphyroblasts,'are present. The porphyroblasts produce the charactetistid
nottled appearance on fresh surfaces (see Fig. 30) .and knobby or knotted

character on weathered surfaces. Locally biotite or muscovité is
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porphyréblastic. Sillimanite appears in schists of middle amphibqlite
facies where it may be fibrolitic or.fine grained and next to impossible
to detect withéut the aid of a microscope. Tﬁe coexistence of andalusite
and sillimanite in the same thin section is'common. Rarely staurolite
‘and/or garnet are present, the former mostly as tiny inclusions in other
minerals. Accessory minerals are magnetite, pyrite,‘tourmaline, apatite,
sulfide and zircon. Tourmaline crystals, commonly zoned with blue cores
énd.orange-brown rims, locally constitute up to .about one per‘cent of the
rocks. |

’Greywacke beds consist chiefly of fine—grainéd (mostly less than
1 mm) quartz, plagioclase (oligoclase to sodic andesine) and biotite,
but may also contain muscovite} Quaftz constitutes up to 854per cent of
quartz—rich layers. Cordierite, andalusite and sillimanite'ére present
‘in some beds but are less prominent than in the pelitic rocks. Rarely
a little green hornblende appears in‘slightly more calcareous beds. One
concretion from a greywacke bed was founa to consist of quartz, labradorite,
biotite, cummingtonife, hornblende and accessory zircon and apatite.
Accessory minerals in nofmal greywacke beds are apatite, zircon, magnetite,
locally tourmaline, and rarély calcite. No rock‘frégments or phenoclasts_
were récognized in rocks of the Itchen Formation above greenschist facies
but it is likely that phenoclasts such as those observed in the argillites‘
would have been rendered indistinguishable dufing deformation and
irecfystallization. | . |

‘Chemical Analyses

Chemlpal analyses of six samples'of slate, greywacke and knotted
,schlst £rom fhe Itchen and Contwoyto Formations were made by the rapid
methods.' The analyses fall in a range similar to rocks derived from other
‘Precambrian greywacke-turbidite assemblagés but one analysis of'échist
adjacent to silicate sulfide iron—formatiohqutween the arms éf Point Lake
is unique in containihg.l.83 Weight per cent of carbon derived from graphite

Table 6
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Age Relations and Origin

The.age relations between the Itchen Formation and other formation
in the Itchen Lake area are not directly evident because the Itchen Formatio
being composed in large part of incompetent strata, has been closely foldeo.
As a result stratigraphic tops are useful, in an interformational sense,
only where they ere completely exposed within a few feet of the contact
with adjacent formations. No outcrops satisfying these criteria were
found. On the other hand the gross disposition of the formation with
-respect to the Point Lake and Contwoyto Formations, as alreedy described
with reference to the Contwoyto Formation, indicates that although the
Itchen and Contwoyto Formations may intertongue the Itchen Formation likely
1ncludes the youngest of the Archean strata.

h The sequence from greywacke turbldlte beds containing iron-
formation to similar rocks free of iron-formation may in part reflect
variation.in environmental conditions under which these rocks were deposited
such as have been already discussed with respect.to the Contwoyto Formation.
Continued deposition of,greywacke—turbidites after deposition of the last
iron-formation is consistent with the concept thatAthe evolution of iron-
rich solutions was associated with the terminal phase of Point Lake
volcanism end may~have-been the last manitestation of it. More detailed
work will be required to see whether sediments of the Itchen Formation in .
the central part of the greywacke —-turbidite basin (and therefore probably
»the youngest beds) show a greater proportlon of pelltlc beds than do
‘51m11ar rocks within the Contwoyto Formation. These younger turbldltes,
insofar as they may refiect degradationiof the Point LakeAvolcanic terrane
:after termination of volcanism, might be expected to include a higher |

- proportion of the more weathered and finer-grained sedimentary detritus.
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PLUTONIC AND HYBRID ROCKS

 EARLY KENORAN GRANITIC ROCKS (Agd)

Early Kenoran granrtio rocks are recognized at the core of the
antiform south of Keskarrah Bay where they>have'been dated radiometrically;h
and within the south prong of the Central volcanic belt where a small body
of quartz porphyry has textures_similar to those of the surrounding
volcanic rocks. Remnants of plutonic rocks of similar age may be present
wiﬁhih the batholith west of Rockinghorse Lake, southeast of the Central
volcanic belt, and possibly west of the Western volcanic belt. |

These early Kenoran plutonic rocks-rahge froﬁbgranite to quartz
diorite but granodiorite and quartz diorite are in most areas predominant.
Many of the potash feldspar free plutonic rocks here classified as quartz
diorite however, contain biotite as the major mafic mineral, and'oligoclase_
rather than a more basic plagioclase. They are therefore not tyéical
guartz dlorlees but they glade into rocks containing ande51ne and it seems
preferable to group them w1th quartz dlorltes.

The Keskarrah Batholith

The Keskarrah bathollth (Fig. 2) occupies a roughly trlangulal
area about 1l miles (18 km) wide along the southeast border of the map area
andh prOJects some 8 miles (13 km) northward to within 2 miles (3 km)_of
Keskarrah Bay. To the south of the map-area it may oonﬁinue for as ﬁuch
-as 50 mlles (80 km) or more into the Winter Lake map-area..

The rock is mostly whlte, blotltevleuco—granodlorite'With a pink B
variaht possibly richer in potash feldspar. éommonly the roch is pink
‘stained along fractures or veins. Textures‘are mostly massive equigranular
and med1um~f1ne grained (1.5 to 2 mm). but in places plagloclase is sllghtly
:porphyrobTastlc with crystals ‘about 4 mm in diameter. Little foliation
- is evident in the central parts of.the intrusion but near rhe contacts,
where granodiorite includes, and is interleaved with, volcanic rocks and
some gneiss, a foliation is more commonly developed. Pegmatitic patches

-ahd dykes are present locally.
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 The principal minerals observed in thin section are in order of
decreasing abundance, calcic oligoclase, quartz, microcline, biotite,
Llue~green hornblende, and epidote. Chlorite or muscoﬁite are present
locally. Accessory minerals are sphene, magnetite; apatite, zircon and
allanite. - Sphene locally occurs in abundant large euhedral zoned brown
and colourless crystals in which either core or rim may be coloured.
Plaéloclase crystals locally show oscillatory.normal zoning with extreme
outer rims of albite. Alteration has in places partially disrupted both
 twins and zoning° | | |
. Age Relations and Origin

The Keskarrah granodiorite clearly'intrudes a mafic volcanic pnase
of the Point LakelFormation within the hybrid rocks that surround it.
Hybridiéation is thought to be mostly due to emplacement of the granodiorite
which is therefore younger than the lower volcanic beds of the Point Lake
Formation. Boulders of granodiorite and deformed clasts of mafic volcanic
rock are present withln conglomerate of the Keskarrah Formation so that it
appears probable that emplacement of the granodiorite occurred before
depositionvof the conglomerate which took place at the end of Point Lake
volcanism. .
Radiometric dating of the Keskarrah granodiorite gives a

zircon date of 2642 + 15 m.y. and a sphene date of 2637 % 15 m.y. These
'dates are 1nterpreted to represent the age of emplacement of the
granodiorite. Secondary muscovite within granodiorite boulders in the
»iKeskarrah conglomerates glve K/Ar dates of 2660 * 75 m.y. and'2560 + 75 m.il
- and these presumably reflect an age of metamorphlsm essentially coeval '
~'w1th granltlc plutonlsm. Thus it is envisaged that rapld orogenic
evolutlon permitted intrusion of granodlorlte, uplift, erosion, deposition>
of conglomerate and metamorphlsm.w1th1n a time 1nterval.of a few million
years. These ages probably preclude derivation of the boulders from now
widespread plutonic rocks evolved during the main phase of plutonism late

in,the Kenoran orogeny (about 2500 m.y.). Emplacement of the Keskarrah -
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batholith early in the Kehoran orogeny  is thus indicated on both
stratigraphic and radiometric grounds.

Quartz Porphyry of the Central Volcanic Belt

A small, poorly exposed body 6f quartz porphyry forms a lens»
some one mile (1.6 km) wide by 4 miles (6.4 km) long within the south
'proﬁé of the Central volcanic belt. The rock is grey-white with a slightly
greenish tinge, and is characﬁerized by scattered to abundanttblue—grey .
quértz crystals in a fine;grained to medium—fine—grained matrix.of quartz;
feldspar and minor chlorite and biotite. The rock resembles somé of the
felsic volcanic rocks of the surrounding volcanic belf particulafly’in the’
presence of quartz megacrysts but is noticeably coarser'grained. To tﬁe
east and southeast some scattered outcrops:of finer—grained acid tuff
comparable to that in the Point Lake Formation are interspersed with
outchps of granitic roéks that unlike the quartz porphyry do not display
.prominent bluish quartz megacrysts. Contact relations with the surrounding
récks are unknown but-it is cléar that the porphyry has.been altered and
sheéred in a manner similar to that shown by £he volcanié rocks elsewhere
along the belt and is unlike the more massive granitic outcrops to the east.
The guartz porphyry consists of quartz megacrysts iocally 4 ﬁm
but mostly 1.5-to 2 mm in diameter in a fine—gréined, albite-rich
~élbite—quartz matrix. Minor muscovite is present in most specimens énd
biotitg, epidote, carbonate and chlorite ére present locally. Accessory
.minerals, allanite, apatite and zircon, are scarce, very fine-grained, and
anhedfal. Ofvfouf samples stained none showed identifiable édtash feidspar;
1Age and'Origin ' ' : : _ i |
. i The quartz porphyry is thought to be similar inrage to the
surrounding volcanic rocks because of the similarities in texture, degree
- of alteration and deformation. The éoaréer grain displayea by the quartz

porphyry relative to the volcanic rocks may indicate that it is part of a
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hypabyssal intrusion within the Point Lake volcanic pile. The abundance
of albite and-the absence of potash feldspar in the quartz porphyry
‘contrast with the more potassic compositions evident in the later Kenoran
granitic‘intrusions.

Other Granitic Rocks of Possible Early Kenoran Age

Granitic rocks of batholitic extent (Fig. 2), which iie east of
- the Central volcanic belt (Central Belt batholith) and west of Rockinghorse
Lake (Rockinghorse batholith), locally intrude metamorphosed rocks of - the
‘greywacke—turbidite succession and are therefore at least in part younger
than these metasediments. On the other hand, because the contacts about
the granitic rocks are widely characterized by rocks of, or derived from,
the older Point Lake Formation, cross,cutting relations do not indicate
unequivocally whether the batholith is entirely or only partly late
Kenoran in age. Remnants of older granitic crust may therefore exist
within some of these bodles, but such batholiths will be described in
more detail with the younger granitic rocks to which theylare perhaps
more clearly related. |
The Central Belt batholith which intrudes the greywacke-

turbldlte succession only at its southeastern extremity, dlsplays in its
northern regions gradatlonal contacts with the oldest rocks of the Point
Lake Formation; moreover inliers of the Point Lake Formation have
'apparently been locally down folded to form supracrustal remnants with
moderate to steep dips w1th1n the bathollth _ The northern part of the
pluton is thus a likely area to look for remnants of early Kenoran granitic
rocks. |

o ‘The Rockinghorse'batholith includes rocks of the_older greywacke~
| turbidite suooeSSion along its southern and eastern margins. Within the
 batholith and_about its northwestern margin are rooks derived.from the

Point Lake Formation which do not appear to have reached the high grades
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of metamorphism that obtained along the contacts of Yamba Lake and
Contwoyto batholiths. Such a low grade of metamofphism appears more
characteristic of the early Kenoran plutonism and ﬁay suggest a search for
early Kenoran granite within the Rockinghorse batholith.
LATE 'KENORAN PLUTONiC ROCKS

Late Kenoran (about 2500 m.y.) plutonism produced both basic and
granitic plutons. In general the basic bodies show some signs of alteration
and intrusion by minor granitic bodies and are therefore considered to be
older. It is possible however, that some of both theﬁbasic and granitic
plutons include remﬁants of older early Keﬁoran (about 2650 m.y.) rocks

that have been partly recrystallizéd during late Kenoran plutonism.

. Dioritic Plutons (Adi)

| Major dioritic plutons ranging in compoéitioﬁ ffom.gabbro and
amphibdlite to granodiorite are present in the vicinity of Concession Lake
.(Concession'pluton), southeast of the Central volcanic belt (Southern
pluton) and along the northwéstern continuation of the Western volcanic

belt (Wéstern pluton). Smaller bpdies occur on a peninsula on the east side
of Contwoyto Lake (Eastern pluton), north of Itchen Lake (Fuz pluton) and

in a swarm of dyke or lense-like bodies restricted to a small area southwest
~of Itchen Lake (the Itchen amphibélites). Tﬁe disposition of these
’kplutons‘is illustrated in Figure 2. Other still Smaller bodies. are widely
fvpreserved within the'hybrid rocks. They are perhaps-iess common within
-iroéks of the YelloWknife Supergrou?, ana are not known.to infrude the
late Kenoran granitic rocks. | | |
- Concession Pluton |

The Concession piuton‘consists of two large bodies and a number of

peripheral dykes and lenses that lie mostly to the south and west of |
jCéncession Lake. The eastern'body is poorly;exposed and outcrop in the

western bddy improves only locally. The pluton consists of hornblende
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éranodiorite pf variable colour index and quartz diorite. Amphibolite
outcrops in a restricted zone near the northwestefn margin. Quartz is
.present in all specimens examined under the microscope. Small amounts of
disseminated pyrite are common. ~ The rock is mostly massive but slight
fbliétion was observed locally near the margins of the pluton. Veins
and patches of granitic pegmatite are numerous within the pluton, and
dioritic veins were observed to have intruded biotité gneiss at one
1ocality near the southwest contact of the western body.

The'westérn_part of the pluton consists of sodic oligoclase,
guartz, hornblende, and up to about 10 per'cent microcline with minor
epidote chiorite, biotite, muscovite and magnetite. AccesSory minerals
include zircon, apatite, sphene and rare allanite. Prominent subhedral
plagioclase crystals 1 to 2.5 mm in length'are heévily but evenly
sauseritized except along crystal margins, where they‘areiclear. Hornblende
~anhedra, cdﬁmonly about 2 mm in diameter, contain discréte patches of
epidote, or less commonly, gfains of similar hornblende in a different
optical-orientation. Quartz and microcline form an intergranular mosaic
with grains commonly 0.5 mm in diameter. | |

Amphibdlite from near the norﬁhwestern margin of the Concession
pluton consists predominantly of‘ﬁlue—green hornblendeAwith minor biotite
and abundant accessory apatite; Hornblende anhedra contain a few amoeboid
remnanﬁs of pyroxene; Biotite locally occurs as shreéded rims about
amphibole. Small amounts of epidote,‘chlorite and sphene are also present.

The eastern part ofAthe pluton tends to be more leucocratic and |
biotite forms a greater prdportionvof ﬁhe mafic minerals. Locallytthere aré
patches of a fine-grained, hornblende-rich phase containing feldspar
" megacrysts. The eastern extension ofAﬁhe body has beén mapped- as biotite;
bearing augen-gneiss by Tremblay (1966), and‘it is apparent that there is

an eastward transition toward lithologies of that description.
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lAge Relations

| The presence of dioritic dykes within the schists west of the
plgton and of dioritic veins near its contacts indicates that the
Concession pluton is ybunger than the lower part of the greywacke-turbidite
succession.' On the other hand textures observed in thin section indicate
that the rock has been severely récrystallized without'completely destroying
evidence of earlier porphyritic texture. This and the abundance of small
‘granitic and pegmatitic bodies within the intrusion suggest that its
emplacément preceded major regional metamorphism associated with the
emplacemént of the late Kenoran granitic batholiths.
Southern Pluton

The Southern pluton lies along the southern margin'of the Central
volcanic belt about 20 miles (32 km) east of Itchen Lake. It also lies
along thé northern margin of a large area of mostly unfoliatéd dioritic
rocks that have been abundantly and intimately intruded by quartz
monzonitic and pegmatitic magma to form an agmatite complex. Similar
granitic and pegmatitic bodies occur within the dioritic focks to the north
but their proportion is much reduced (probably to leés than 10 per cent),
and the transition from agmatite to diorite, though ndt well exposed,
appears to be rapid. |
The dioritic rocks are'piﬁk to grey-white weatheriné,vblack and

iight grey mottled, medium~grained‘rocks that are typically Weakly>foliated
or unfoliated. They are allotriomorphic, equigranular and medium-grained
(1 to 2 mm) with calcic oligoclase‘ forming the‘major constituent. Quartz
~is present in amounts.close to 10 per cent in places but is ébsenp in
othérs. ﬁbrnbiende commonly exceeds biotite in proportion and the two
comprise frém roughly 10 to 20 per cent of the rock. Epidote and
'saussurite are alteration products. Apatite, zircon, sphene ahd

allanite are accessory constituents. Leucocratic varieties may contain
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enough feldspar to be classified as granodiorite. Textures in the rock
are entirely metamorphic, there being no relict phenocrysts or remnants
of possibly igneous pyroxene és observed in the Concession pluton. The
plagioclase is slightly antiperthitic. The hornblende locally contains
abundant quartz inclusions.

Age Relations

Thé Southern pluton 1is clearly older than the lateAKenoran
granitic plutonism because it is intruded by granitic and pegmatitic
bodies that are late Kenoran or older. Furthermore, recrystallization
has completely removed all traces of pfimafy textures. The.age of the
pluton relétive to the greywacke-turbidite succession however is uncertain
because it does not occur in exposed contact with these rocks. On the other
hand hybrid-rocks at thg southern énd eastern maréins of the‘agmatite
complex include. hornblendic gneisses and some possible migmatized
,equivalenté‘of the Point Lake volcanics. To the north are acid and bésic
volcanic rocks of the Ceﬂtrai volcanic belt. This spatial relation with
early Kenoran volcanic rocks may reflect an early Kenoran aée of the
Southern-pluton. |
Dioritic Rocks of the Western Volcanic Belﬁ (Western Pluton)

Dioritic rocks of the Wéstern plutén are best pteserved near £he
- north margin of the map—areafsome 4 to 8 miles (6 to 13 km) west of
' Rockinghorse Lake. Farther south siﬁilar rocks are eﬁgulfed in varying
pfoportions by granitic‘roéks. _The pluﬁon is bordered on the east and
west by greenstohes and greenéchists of the Western volcanic belt and
‘inclusions‘of these rocks are ¢ommon within it particularly near the marginé
of tﬁe plutonQ Locally the coarsér grained récks of the dioritic pluton
"appear to pass'gradationally into Qreenstohe. In a few places.bands of .
hofnblendic gneiss are preserved. The piuton is intrudéd by small bodies

of granitic rocks and pegmatite.



- 68 -

The dioritic rocks are allotriomorphic, equigranular, medium to
fine grained (mostly 1 to 3 mm) and dark green, massive, or slightly
foliated. The predominant constituent is plagioclase which varies in
differeht places from calcic'oligoclase.to labradorite. Blue—-green
hornblende, locally as rims about polycrystalline patches of'cummingtonite,
is tﬁe second major constituent. Minor amounfs of biotite, epidote and
chlorite areﬂcommoﬁly presentvand up to 10 per cent of quartz'was observed
locally. Magnetite—ilmenlte, apatite, zircon, and pyrrhotite are accessory
minerals.

lAge Relations

The Western pluton is intimately associated with_the basic
volcanic rocks bf the Point lake Formation and in the abseﬁce of evidence
to the contrary it is possible that it reflects subvolcanic plutonism
that accompanied effusién of the surrounding basic volcanic rocké. It
'would then/be‘of early Kénoran age. More detailed mapping however will be
réquired to establish‘its.age.

.Eastern plﬁton

This pluton, whicﬂ occurs on a peninsula in'Contwoyto Lake at
the east end of the map-area, was examined by Tremblay (1967) and is
described as follows: ‘ | |

"The body trends north and locally shows tranégressive intrusive
relationship with the sediments and carries a few inclusions of the
- sediments. The rock is mainly gabbroic. It grades locally lnﬁb an
apparéntly‘highly alteréd, dark green, coarse;grained amphibolite and
also into somewhat lighter dioritic and granitic-rocksf' The gabbroic.
rock is méssive, reddish brown and dark green; and locally so deeply
weathered that its outcropé are covered with a thick layer of black,
"~ coarse-~grained sand. Hornblénde in large blocky prisms, séems to.be the

" main mineral in the amphibolite; where it is dioritic, the amount of felsic
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minerals is high and hornblende also seems to be the main dark mineral.

The dioritic areas carry dark green amphibblitic échlieren. Granitic
phases are high in biotite and quartz. In a few places where the rock
is'strongly,gneissic it is much finerx gréined and resembles a mafic

gneiés. Locally this gabbroic rock contains large white feldspar
phenocrysts and is érudely porphyritic". | |

Fuz Pluton |

| The Fuz pluton is a small rudely lenticular gabbro body occurring

-some seven miies (1l_km)}southwest of Rockinghorse Lake. Dark green,
“medium—grained hornblende'gabbfo is'exposed near the northern contact bf
the body. AWithin the body-rocks appear less hornblendic and resemble
gabbroic phéses of the larger diabase dykes of the (post—Kenoran) Mackenzie
dyke swarm. Patches of granite, pegmatite, and séme quartz veins, seen
within the gabbro however, indicate that it is older than the Mackenzie
.dykes. Neér the east end of the body coarse-grained, dark green,
hornblende gabbro to amphiboiite, that locally disintegrates to a black
sand‘is.present. Local talcose alteration of silicate iron-formation
'near the east contact of the Fuz pluton appears to have resulted from
emplécement of the pluton. | » )
The Fuz pluton consists'mostly of ébout equal-parts.of labradorite
saussuritized plagioclase and amphibole. 'The latter comprises a green”,
 ‘hornbiende rimmed by colourless amphibole showing mul£iplé twining,
 probably cummingtonite. A little biotife and muscovite (?y, local patches
'-bf chlorite-serpentine, minoriopéque minerals, and accessbry»apatite are

ptesent.
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 Age Relatioﬁs

The Fuz pluton is intruded within hybrid rocks of the lower part
-0f the greywacke-turbidite succession and is therefore not older than
léte Kenoran. Recrystéllization of the marginal parﬁs of the pluton
suggest that it has experienced some degree of metamorphism but has not
been penetratively deformed. A K/Ar whole rock age determination from
ﬁhe least aitered part of the intrusion gives an age of 1865 = 235“m.y.
indicating thaﬁ the body does not belong to the Mackenzie dyke swarm
'(1200 m.y., Fahrig and Jones, 1969) and is probably not correlative with
£he oldest diabase sills in the area (1555 # 135 m;y.). 'Considering:its
radiometric age and degree of alteration the Fuz pluton probably belongé
té-the late Kenoran group of piutons.'
iﬁchen Amphibolites

The Itchen amphibolites occur in a lenticular area about
5 miles (8Mkm) southeast of Itchen Lake. Individual amphibolites are
irregular lenticular -bodies of variable thickness that commonly form
erosion resistant tops of ridges surrounded by the highly deformed knotted
schists derived from the gréywécke~turbidite succession. Some are banded
and have associatéd greenschists,_garnetiﬁerous émphibolite and iron*sulfide
‘gqssansf

The rocks are typically dark greénish black and medium-fine
‘ grained'(0.8 to 2.0 mm) with deformed plagioclase phenocrysts.presérved
'in‘many piaces within a fqliated matrix.‘.Somé bodies are garnetiferous,‘
 some contain acicular amphibole, and others ﬁave a massive gabbroic |
'textureii The émphibolites are composed of about 75 per cent blué—green
| hornblende and lO-to 20 per cent andesinevor labradorite. - Up to 10 per cent
quartz is preéént locally. One gafnetiferous body proved to be free of .
plagioclasé. .Opaque minerals fprm up to 4 or 5 per cent of the rocks and
‘biotite is a local minor“constituént. Apatité is an ugiquitous accessory

mineral whereas sphene occurs mainly where the amphibole is acicular.
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Age Relations and Origin

Porphyritic textures preserved loéally within the Itchen
amphibolites suggest that many of them are of igneous otigin but because
deformation has obscured crosscutting relations with the surrounding
knotted schists an intrusivevorigin has not been directly established.
In their high content Qf acicular amphibole some of the amphibolites
resemble volcanic amphibolites of ﬁhe Central and Western volcanic belts.
It seems likély therefore that many of the amphibolites ére hypabyssal
intrusions related in age to the late Kenoran basic plutons. Some of the
amphibolites, particularly those bandea bodies bearing garnets and associate
with iron éulphides however, may be of sedimentary or pyroclastic origin.
The absence.of grunerite and the presence of plagioclase and sphene in
one amphiboiite of thi$<type suggésts that they afe not derived from
silicate iron-formation analagous to that present in the. Contwoyto Formation
It is pqssible that they may represent tuffacebus deposits in part | |
diluted with pelite that forﬁed perhaps in association with neighbouring
hypabyséal basic intrusions.
Small baéic bodies

North of Point Lake and about‘lq miles (16 km) east of Keskarrah
Bay a gabbro lens up ﬁo about ZSQ'to 300 feet (76 to 91 m) wide lies
parallel with foliation in the surrounding migmatite. A zone of iron
sulfide gossans 2 to.3 feet (0.6 té'Q.9 m) wide follo&s its western margin.
 The gabbroris ﬁedium green, foliated aﬁd fine to coarse gréined. It |
consists mostly-of blue green‘hdrnblende and normally zoned labradorite
- with some garnet and local femnants of clinopyroxene and cummingtonife.
Minor biotite, epidote, chlorite and opaques, and accessory sphene and

‘apatite are present.
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A small medium-fine-graired metagabbro body is poorly exposed
within the greywacke-turbidite succession near the contact between Itchen
- and Contwoyto Formations about one mile east of the river between Itchen
and Point Lakes.‘ The.body is elongated at a high angle to the strike of
local bedding and is probably a dyke. It is intruded by a diabase dyke
of the Mackenzie swarm. R |

Remnants of medium—grained hornblende-rich dioriticirocks‘occur‘
within the granitic batholith east of the Central volcanic belt.:'These
~are 1ntruded by the granitic rocks and are therefore older than late
Kenoran plutonism. Similar dioritic rocks occur as large 1nclu51ons about
the margins of the Yamba batholith.

Late Kenoran Granitic Rocks YAqm)

Yamba Batholith

The Yamba batoolith surrounds Yamba Lake at the southeast corner
of the map;areaa It occﬁpies some 500 square miles (1,295 sq km) within
the map-area and projects_at least 10 miles (16 km) southward into the
Lac de Grae map—-area. The batholith differs from others in the Itchen
Lake region in being w1dely subporphyritic to porphyritic, partlcularly
in its eastern regions.

Along the southweet margin of the batholith equigranular granitic
drocks‘commonly containing biotite-rich zones are interleaved with migmatite,
and there is a broad halo of upper amphibolite facies metamorphism. Farthel
“north along the northwestern contact, where the aureole of hlgh grade
vmetamorphlsm is thlnner, the tran51tlon from granitic rocks to migmatite
is more abrupt and hornblende-bearing diorltic and amphibolitic migmatites
- are.present locally. 1In an east»northeasterly trendinglzone at the contact

east of Yamba Lake the granitic rocks are'highly sheared. .
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In the western peripheral parts of the batholith the rocks are
medium-grained and equigranular with biotite; and in some places,
hornblende forming 5 to 10 per cent. Biotite- and hornblende-rich
.remnants are present locally. Within the pluton the rocks '‘are commonly
more leﬁcocratic and vary from medium to coérse grained. In the interior
and eastern parts of the batholith potash feldspar is commonly
porphyritié, the phenocrysts loéally reaching 5 cm in diameter.

Rocks of the Yamba baﬁholith are medium grained ahd commonly
_épntain microcline phenocrysts. . The major minerals are plagioclase
(albite to calcic oligoclase), quartz and microcline with up to 10 per cent
mafic minerals, chiefly biotite. Chlorite and/or epidoté are local
constituents, and small amounts of muscovite are typically present.
ACééssory minerals are magnetite~ilménite, 2ircon; apatite and locally
allanite. Plagioclase is commonly subhedral and occurs in places as
- euhedral inclusions withinvmicfocline phenocrysts where it may be rimmed
with albite. Quartz may show normal, serrated or rarely partial euhedral
margins. Compositionally the batholith is chiefly gquartz monzonite with
lesser amounts of granite and some granodiorité. |

Age relations and Origin

The Yamba batholith intrudes miématites derived from the greywacke
turbidite succession and is therefore not older than late Kenoran. It is
' intruded by diabase dykes of the‘Mackenzie swarm'(age of intrusion,

1200 m.y.), Fahrig and Jones, 1969). Radiometric ages of the Yamba
 ‘batholith arelbetweenIQSQS + 98 ﬁ:;;”£i8be"; l.39)_aﬁd 2390'£ 98 m;y.
(A87Rb = 1.47). Coarse muscovite (5 mm in diameter) from a fresh granitic
dyke intrusive into amphibolite eéuivalent to the Point Lake Formatiqn
farther horth, has given a K/Ar agé of 2495 = 70 m.y. vTheée dates probably
reflect the same period of plutonism and sugéest that intrusiph of the

batholith occurred about 2500 m.ys. ago. '
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Central Belt Batholith

- The Central belt batholith (see Fig. 2) underlies roughly 150_
square miles (388 sg. km) on the southern concave side of a large
indentation within the Central volcanic.belt. At its southern limit it is
separated from the Yamba batholith by a belt of hybrid rocks.containing
remnants of both volcanic rocks'and pelitic séhists. The Central belt
batholith isﬂpoorly exposed rélative to the othef major plutoﬁs. In its
hofthern regiohs medium—gfained to coarse-grained granitic rocké grade into,
or occur in outcrops interspersed With buff-orange to grey-white, nearly
massive felsic tuffs, and thesé rocks inlturn ére structurally overlain
by better banded, more mafic‘tuffs about the periphery of the batholitﬁ.
Similar but more hornblendicftuffs appear to be downfolded.into the
batholith in its central regibn. Along the southern margin of the batholith
where the granitic focks are slightly coarser grained, felsic tuffsrare
not recognized, but local patches of migmatite and biotite-rich schlieren
afe common. Granitic.rocks of the Central belt batholiﬁh are mostly
@inkish—red to buff-white, medium to fine grained, biotiﬁe quartz diorite
and granodiorite, but more éotassic rocks are present.locally.

The grain size of the granitic rocks ranges mostly'from 1‘to.3 mm.
Plagioclase (albite or sodic oligoclase) énd quartz are the major minerals.
Microcline content is variable but generally cons/;tuteé less than
20 per cent. Minor minerals are biotite and magnetite, and small amounts
. of secondary chlorite, epidote.and muscovite are usually present. Accessors
mineréls include zircon, apatite, sphene and iocallyvallanite; but in'some
speciméns zircon as unusually tiny crystals'appears to be the‘bnly
: accéssory. Textures ére xenomorphic,-neatly equigranular and mdstly maésive
Michcliné’in places forms.patchy antiperthitic intergerths in plagioclase
and.where more abundant may be iﬁhomogeneously distributed'as 1arge
‘anhedfal poikilitic grains enclosihg medium-fine-grained guartz ana

plagioclase.
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Age Reiaﬁions and Origin

The southern part of(the Central belt batholith contains rocks
intrusive into gneisses probably derived from the Itchen Formation and 1is
therefore probably younger than it is. 'The northern part however, is
gradational into rocks in the lowér part of the Point Lake Férmation and
may iherefore be partly or largely of early Kenoran age. v
Contwoyto Batholitﬁ |

The Contwoyto bétholith underlies 120 square miles (311 sq; km)
at the northwest end of ContWoyto Lake. On its eastern side it is covered
by -Contwoyto Lake and overlain by the basal units of the Gouiburn GroupA
(Western River Formation). - To the south it is intrusivé into the Cont&oyto
Formation and to the west it' intrudes hybrid rocks derived‘from that
formation. North of the map-area £he batholith forms part‘of a little
known plutonic complex containing large remnants of metavolcanicnrocks and
gneisses that-extends north to Cornation Gulf.

| The Contwoyfo batholith, within the map-area, consists of white

to buff orvpink weathering, locally red stained, white té pale grey pink or
green, medium-to medium—finé—grained, eguigranular gréno&iorite to granite.
The principal mafic mineral if biotite which forms from 2-to'10 per cent
of the rock but mostly about 5 per cent. ‘Rarely hornblende is prominent.
Grey to colourless quartz constitutes about 20 to 30 pef cent. Pyrite and 
magnetite are commén accessory minerals widely visible in hand specimen
fand red stain derived from these minerals is prominent locally;- Biotite~
‘rich inclusions and schlieren are present heré and there throﬁghout the
batholith, and are numerous along the margins particularly in the southern

regions.. Small bodies of pegmatite are widespread.
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i Contacts between the batholith and the Contwoyto Formation are
discordant.and.intrusive according to Tremblay, 1966. Farther northwest
hybrid rocks along the contact are permeated by granitic rocks but there
is a pronounced increase in schist or gneiss layers, schlieren and incluéions
in the contact zone. In the far northwest granitic rocks bearing |
scattered hybrid gneiss rémnants pass gradationally into granitic rocks
containing more numerous lenses and inclusions of gneiss.

. The rock is chiefly medium grained (2 mm) commonly with some
'lérger feldspar crystals apprbaching 5 mm in.diameter. Major minerals are
quartz, microcline and plagioclase (albite to sodic oligoclase) with the |
two feldspars in widely varying proportions. Biotite, muscovite and
chlorite are minor constituents and apatiﬁe and zircon ubiquitous accessory
éénstituents. Sillimanite occurs.with muscoQite in the granite at one
locality.

Age Relations and Origin

The Contwoyto batholith is younger than the grefwacke—turbidite
succession which it intrudes. It must also post-date (pqssibly only
.slightly) the severe déformatidn of the hybrid focks along its southwest
margin because the prominent foliation found in the gneisses there is not
evident wifhin the baﬁholith. Thé increaéing degree of granite invasion )
 of the gneisses northwestward along the batholith contact indicates

increasing severity of plutonism in this direction.

Rockinghofse Batholith ‘

The RoCkinghorsé batholith (Fig. 25 underlies abouf 250 square
miles (647 sg. km) within the map-area néar Rockinghorse Lake. It is
unconformably overlain by the Rockinghorse Lake outlier of the Goulburn
Gfoup. It_is bordered with indefinite contacts on the east; bn the souﬁh
by hybrid rocks derived partly from the ldwer.part of the greracke—

turbidite succession; and on the west by basic volcanic rocks of the Point

Lake Formation and hybrid rocks derived therefrom.
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i.The Rockinghorse batholith comprises a particularly heterogeneous
assemblage.of'lithologies but is mostly quartz diorite to granodiorite.
-Much-of the central part of the pluton is composed of coarse-grained,
" massive, grey weathering, black and white quertz diorite cohsisting of
large anhedral, white, finely twinned crystals of plagioclase locally up
to about 3 cm in diameter in a matrix of quartz, finer plagioclase and
biqtite (gfains 3 to 5 mm in diameter). Commonly the megacrysts are partly.
buff—pink staihed suggesting an erroneously higﬁ content of potash feldspar,
but in places some microcline is present. Mafic percentage ranges from
ebout 10 to 20. Elsewhere, particularly near the north boundary of the
map-area, pink to white, medium-to fine-grained, leucocratic chlorite
gtanodiorite is present. In the southern part of the bathcolith near its
eontacts with biotite-rich migmatites, are fine-grained leucocratic
granitic gnelsses and lenses of greenschist suggesting that the batholitic
rocks may pelhdps have formed through recrystalllzatlon of felsic to mafic
.volcano—sedlmentary rocks derlved from the Point Lake Formation. Plutonic
rocks south of Rockinghorse Lake are granitic including some diorite in
which remnants of biotite SChlSt and felsitic rocks are less abundant
than in the surrdunding hybrid rocks. |

The coarse-grained quartz diorite phase of the Rockinghorse
Batholith consists chiefly of calcic oligoclase and quartz with about
7 to lSlper cent biotite and minor amounts of hornblende, epidote and
chlorite.- Zircon, apatite; and locally,.éphene are aqceesory_minerals.
Plagioclase is vaguely nofmally zoned with sericitized cores. ©Small
amqunts'ef microcline occur locally as exsolution patches-within
plagioclase and as discrete grains. >Mediﬁm—fine-grained granodiorite in
the northern part of the batholith consists chiefly of quertz and
oligoclase.with about 10 per cent of microcline and minor chlorite,

4

muscovite and magnetite-ilmenite.
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Age Relations and Origin

Plutonic rocks presumably related to the Rockinghorse batholith
_are interleaved with hybrid rocks derived from the greywacke-turbidite
succession along its southwest margin. On the other hand about much of
its periphery it is in contact with rocks derived from the lower part

of the Yellowknife Superéroup‘and locally it appears to have been derived -
from these rocks by recrystallization. 1In View of this and because the
baﬁholith apparently in part occupies the same geantiformal structure

'in which the early Kenoran Keskarrah bathdlith occurs farther south, it
would be of»interest to examine the age of the interior of the pluton
radiometrically for evidence of earlier granitic rocks. It is clear
hOwever, that the Rockinghorse batholith is at least in part and possibly
largely of late Kenoran age. A minimum age, K/Ar 2075 * 65 m.y., has been
obtained from biotite in quartz diorite along the southeast margin of the

batholith.

Granitic Roéks of the Western Plutonic Zone

The western piutonic,zone lies to the west of the Western volcanic
belt (Fig. 2) stretching frém the north fo the squth boundaries of the
map-area along iﬁs western margin. It consists primarily of hybrid rocks
in the southern part of the map-area but includes extensive irregular
bodies of cleaner granitic rocks in the north. The granitic rocks engulf
remhénts qf basic volcanics and diorite, énd in the southern part of the .
map-area include small bodies of banded bioﬁite gneiss which are uhlike-
the migmatites'derived from the greywacke-~turbidite successién. The
granitic rocks also engulf remnants of mylonite possibly derived from
felsitiC'fuffs along the west margin of the western volcanic belt,,aﬂd

they further intrude the basic tuffs that overlie the mylonite.
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The granitic rocks of the western plutonic zone are medium-grained

massive quartz diorite to guartz monzonite. They'are white to buff
Weathering and grey to pale pink or red on fresh surfaces, but very
commonly are red stained so that the propbrtion of potash feldspar :
to piagioclase is difficult to estimate. Locally scattered feldspar
megacrysts are present. Biotite, or rarely hbrnblende; is the principal
mafic mineral but in places is»partly or wholly altered to chlorite.
Minor pegmatites are common and locally the granodiérite is intruded
by'small bodies of pink granite.

) Most of thé rocks of the weétern'plutonicbzoné are quartz
diorites cbnsisting principally of quartz, sericitized calcic oligoclase
and about 5 per cenf microcline. Chlorite, biotite and epidote, together
constitute 5 to 10 per cent. Accéssory minerals.ére magnetite;ilmenite,
zircon, apatite, sphene and allanite. = Granodiorite and guartz monzonite
differ froﬁ the guartsz dioriﬁe in having a greéter proporfion of micrécline
to plagioclase, a lower propértion of mafic minerals, a more sodic

‘plagioclase, and a little muscovite.

Age Relations and Origin

The éranitic'rocks of the western plutonic zone form intrusive
bodies which'are younger than the basic volcanic rocks of the Point Lake
Formation. Furthermore they intrudevrocks probably derived by
‘mylonitization from the Point Lake Formation. Their age relative to
‘the greywacke-turbidite succession is unknown, and it is therefore'not
‘known whether they cah be related to‘an early or late phase of Kehoran

orogeny{
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Minor granitic intrusions

Minor granitic plqtons that éccur at widely scattered localities
r.within the Contwoyto and Itchen Formations are clearly post early Kenoran
intrusions. ther bodies such as that within the hybrid rocks northeast
of the éast end of Point Lake, and those about the west arm of Itchen Lake
may in part be structural promontories of older recrystallized‘and
migmatized granitic basement of early Kenoran age.-

An isolated body some 4 miles wide and 8 miles loﬁg (6 by 13 kmi
~cbmposed mostly of granitié rocks, lies within hybrid rocks about
8 miles (13 km) northeast of the east end of Point Lake. This body is
largely surrounded by diofitic agmatite and migmatized hornblende-rich
gneiss which separate it on the south_and'west from biotite—rich
| migmatite. The northwestern part of‘the body conéists of white weathering
massive, medium—grainea leucogranodior}te with up to about 10 per cent
hornblende or biotite,'locally partly altered to cﬁlorite. At the margins
of thelbody hornblende-~rich schlieren or layers of dioritic agmatite
are present within the granite. To the southeast the rock is finer-
‘grained, more'commonly.gneissié, ahd is intrudea by pink hornblende
granite° Farther southeast, and probably separated from the more granitic
roéks to the northwest by a layer of dioritic agmatite, are migmatized
granitic gneisses with hornblendefrich layers reéembling the banded mafic
tuffs (Av). B |
' ” The leucogranodiorité’i§¥g§d§ﬁm'g;gined, with grains ranging
‘ mdstly from 2 to 4 mm. Major mineréls are quartz and-sodic oiigoclase;
‘minor minerals are biotite microcline and muscovite; trace minérals are
apafite,‘ziréon,vmagnetite, and in places, sphene. Hornblende is present
- locally,.and epidote and chlorite ére common alteration products. Textures

are massive to foliated, allotriomorphic and equigranular.
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Age relations of this body are speculative. Both the
" granodiorite end the surrounding hornblende-rich gneisses and agmatite
have been intruded by more potassic granitic rocks. Furthermore the
granodiorite is surrounded on'all sides, except perhaps in the northwest,
by hornblendic rocks which pass outwards to the west and south into
biotite-rich migmatites. This succession might be expected around a
basement dome rising within the Yellowknife.Supergroup. Migmatization,
insofar as it appears to be related in age to the emplacement of Yamba
batholith is likely of iate Kenoran age but the granodiorite is older.

Along the south shore of thevwest arm of Itchen Lake and south
of that arm a small body of granitic rocks is surrounded on the east and
south by massive felsitic tuff. Although exposure is not continuous,
it appears fhat the massive felsiﬁic rocks pass gfadationally by increase
in grain size into massive medium-grained biotite granodiorite.

The massive tuff ie found to consist primarily ef a fine~greined
(0.5 mm’,‘allotriomorphic mosaic of quartz and albite with minor chlorite.
Scattered megacrysts are stretched out parallel te lenticulér concentratiens
'of mafic'minerals. Fine-grained,-more massive intermediate rocks contain
10 to 20 per eent microcline, and sodic oligoclase instead of albite.
Mafic minerals, though fine-grained, occur in discrete crystals. The
granodiorite is similarvin composition to the intermediate’rock'but has
" a medium-grained, seriate texture. |
| The apparently'gradationalvcohtact between tuff and gtanitic
“rock is distincf from,the abrﬁpt contacts observed about small granitic
‘intrusions within the greywacke-turbidite succession. These contact |
‘reletions could perhaps have ariéen if the granodiorite were emplaced in

a subvolcanic environment at the same time as the tuffs were laid down. .
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A poorly exposed plug of granitic rock occupies a point on the
south shore of Point Lake about 10 miles (16 km) west of Coppermine River.
The pluton is massive_and inclusion free, and its contacts are not
exposed. The rock is light pink weatheriﬁg, grey-white, medium—-coarse
- grained, eqﬁigranular quartz monzonite with about 5 per cent biotite
and chlorite. |

A lenticular granitic body roughly two and one half miles
(4 km) long is present northeast of Keskarrah Bay and east of the peninsula
between two arms of Point Lake. This body is very poorly exposed and hé
' ~contacts were seen. The rock is white'weathering, slightly buff stained,
massive, medium-grained quartz monzonite with about 3 per cent of mafic
minerals including biotite and hornblende. Minor muscovite is present
in places. Pegmatite occurs lécally.

A small plug of granitic rocks about one mile (1.6 km) across

is intruded into knotted schists some 9 miles (14 km).north of the
entrance of Coppermine River into Point Lake. The rock is white'to pale
pink, fine to coarse grained, massive biotite-hornblende qdartz monéonite
with local muscovite and garnet. -Mafic—rich variants occur in places. |
| Five granitic plugs ranging from 2 to 5 milés (3 to 8 km) in

" diameter intrude the Itchen Formation aboﬁt the west end of the Central
volcanic belt east of Itchen Laké. These are predomihantly cbmposed_of

- white,»biotite quartz.monzonite, in'part medium.grainéd and equigranular,
'but in part containing tabular euhedral phenocrysts of potash feldspar

up to 5 cm in léngth.' White pegmatites are present locally and are
particularly abundant about the easﬁern part of the north plug. TheSe
latter pegmatites contain coarse graphic quartz—microcline intergrowths

and abundant radiating muscovite.
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Two small granitic plugs intrude the Contwoyto Formation south
-of Rockinghorse Lake. The easternmost of these consists of white
weathering, medium-grained, massive biotite quartz monzoniﬁe. The western
body is also white weathering and probably of similar composition.

Thfee small quies of granitic roéké are reported (Tremblay,
1966) intrusive into the greywacke-turbidite succession east of the Central
volcanic belf. The westernmost of these is avlarge pegmatite and the
easternmost is fine grained, white to buff and biotite-bearing. The
northérn body is of coarse-grained, massive'syenite consisting principally

of-pink feldspar and hornblénde,

Chemical Analyses of the Plutonic Rocks

Eleven samples from the plutonic rocks were analysed (see Table 7)
to illustrate the range of chemical variation. Although the analyses are

too few for detailed comparisons some points of interest.are evident.
Table 7

Among the basic p%utonic rocks the metagabﬁro (Fuz éluton,
sample 996) is chemically distinct from the west-northwesterly striking
diabase dykes (see table 11) in its high magnesia and low alumina content.
This compositidﬁ, if characteristic of the gabbro plutons; would suggest
that'they represent.a more highly differentiated magma than do the diébése..
dykes.  The association of mafic amphibolite and granodiorite (sample 665)
 with some of the gabbros is further indicativg of differentiétibn but
additional anélyses are clearly required to confirm it.
| Among the mdre grénitic rocks thevdifferences'between samples 33
| and 163, of granitic rocks within the'iit—par—lit gneisées from near the
Fuz metagabbro.pluton and near the Yamba batholith respectively, may
represen£ differences in the original sediments from which they were

derived, but the more basic character of the latter may also in part be_
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due to thé very high metamorphic grade attained about the Yamba
bafholith. It is perhaps significant that molybdenum is concentrated in
.these samples. Samples 423 and 160 represent the Yamba batholith and
are characterized by high K/Na ratios. -Sample 748 from the Keskarrah
batholith and samples 304 and 182 from smail granitic bodies-possibly
de:iﬁed from older basement are granodioritid with low K/Na ratios.
Comparison oanzO—NaZO—CaO for grancdiorites and for felsic tﬁffs and
fléws‘from the Point Lake.Formation (see Figure 33) suggests tﬁat the two
have mostly similar proportions of KZO’ Two analyses (304 .and 182) of
granitic rocks from the leucocratic cores of dome-like structures within
the Point Lake Formation or hybrid rocks derived from iﬁ, may occupy aﬁ
intermediate field between the granodiorites and felsic~tuffs on the one

hand, and the younger granites on the other.

Figure 33

Comparison of the Plutonic Rocks

Field study of the grénitic plutonié rocks.of the Itchen Lake
map-area has indicated that'all of the major plutons are heterogeneous
with variants ranging from granodiorite to granite and, particularly
in the western part of the map-area, to quartz diorite. It has not;
howevér, been possible in the present study to map areas of distinctiﬁé
Lcomposition although this could probably be done by mapping at a finer
.scale.' Nevertheless én impression is.gained that the Yamba batholith
and perhaps the Contwoyto batholith as well, are more widely-granitic
(sensﬁ stricto)‘than’are the Rockinghorse batholith and western plutonic
zone plﬁtons, and perhaps the Keskarrah batholith.»_Thé.chemical analyses
are consistent with this impression but are too few to be conclusive.
Thirty two partial analyses of specimens collected by Ehe writer from the

Yamba batholith were made by the geochemistry section in connection with
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a study of lake sediment geochemistry.' Values obtained from these analyses
are suspect because of the small size of specimens provided but this
disadvantage is partly offset by the large number of analysés. The data,
given in Table 8, show in particular that the mean value for_K20 is high
(S.l;weight éer cent with a standard deviatioﬁ of 1.6). Examination of
‘lake sediment potéssium anomalies within the mépéarea (Allen et al., 1971)
. may provide éome further support for this Sugééstion, although potassium'
in the lake sediments is clearly affected by other considerations besides

the composition of the local bedrock.

Figuré 34

Table 8

Potassium anomalies (Allen et al.; 1971) derived from lake
sediments within the map-area are cbmpared with the distribution of
~granitic rocks and with relative intensity of drift cover in Figure 34.
Glacial striaé are included to show likely provenance of the drift. It
can be seen that high potéssium‘anomalies lie in a belt aéross the southern
part of the map-area with highest values in areas of good outcrop over the‘
central and southwestern parfs of the Yamba batholith. To the north a
broad belt of low potassium anomalles roughly follows the direction of ice-
movement across the map-area and is approximately coextensive w1th a belt .
of increased drift cover which blankets the Central belt batholith,'the
'southefn part of the.Contwoyto batholith and the northeast part of the
Yamba batholith. Potassium anomalies are also evident along-the northern
margin of the map-area. This pattern clearly depends in large part on the‘
' movémenﬁ of glacial drift. Absence of‘énomalies over éxposed areas ofk
_ biotite~riéh schist within the belt of low anomalies suggests that

" biotite-rich rocks do not contribute to neighbouring potassium anomalies
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in lake sediments as effectively as microcline-rich rocks, or perhaps
that micas in the low—anomaly belt have been selectlvely removed by
winnowing of drift materlals durlng retreat of the ice. Nevertheless,
the belt of high anomalles in the southern part of the map- area is so
pronounced that it merits consideration. The direction of ice movement
indicated by striae suggests movement from the southeast with some ice
spilling west to seﬁthwest out‘of the northern part of the Coﬁtwoyto Lake
basin; Thus high potassiﬁm anomalies in the southern part of tﬁe map—area
may reflect drift derived from the Yamba batholith and perhaps from
muscovite granites in the Lac-de-Gras area (Folinsbee, 1949) to the
southeast as well. The northeasternmost part of Yamba batholith is blankete
by drift derived from country to the east beyond the batholith°
Predominance of nongranitic drift in this cover may account for lower
potassium contents in lake sediments over this part of the batholith.
Absence of anomalies over the Central belt batholith may reflect a
‘combination of non—potasslc drift derived from the.east.and perhaps a
greater proportion of older non-potassic plutenic rocks in the batholith
itself. 1In the western parﬁ of the map~area where drift cover decreases
over the Rockinghorse batholith no anomalies are evident and this may .
reflect the less potassie composition of the main part of thevbatholith.
Potassium anomalies that appear along the north margin of the map—area
are probably in large‘part due to the presence of Proterozoic shales,
. but may also reflect enchanced exposurepof the Contwoyto batholith.
-Reconnaissance mapping, and perhaps the limited chemical
ahalyses and lake sediment geochemistry as well, suggest that the late
. Kenoran granitic rocks tend to be potassium-rich relatlve to the older
granitic recks. There is a further suggestion that the older Kenoran
granitic rocks may be cencentrated in the west part of the‘map—area whereas

the younger Kenoran granites and higher grades of regional metamorphism-
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may be concentrated in the east. Confirmation of this distribution of

granitic rocks should be the.object of more detailed studies.

-Summary
Granitic plutonic focks within the map-area east of the Western

volcanic belt may be divided into two groups of different age and possibly
- of different composition as well. The oldest recognized intrusions were
emplaced early during the Kenoran orogeny (about'2650 m.y.), dufing and
-toward the end of Point Lake volcanism, but before deposition of the
greywacke~turbidite succession that constitutes the Contwoyto and Itchen
Formations. Metamorphism associated.with these early intrusions doés riot
éppear to have been particularly high grade. A second mqré pronounced
period of intrusion followed, possibly aboﬁt 150 million years later.
This later plutonism is predominant in most of the eastern two thirds of
the map-area, was locally accompanied by the highest grades of low
pressure metaﬁorphism, and was responsible for developmént of extensive
areas of lit-par-lit gneiés froﬁ the greywacké—turbidite'succession.
Plutons of this later phase 'were probably more potassic than those of the
earlier phase. Rocks west of the Western volcanic belt may have been
affeéted by the two ages of plutonism. |

| Recognition of the age category to which given‘major graniﬁic
plutons belong, except for those few that are dated radiometrically or are
.clearly intrusive into the greywacke—ﬁurbidite succession; has been |
difficult because batholiths of both older and youngér granités tend to
occur in uplifted areas about which remnants of the lowér part of the
Yellowkﬁife Supergroup are pfeserved._ Thus for some gfanitic bodies if is
Vnot known whether a large part or ali of the granite was emplaced early in
the Kenoran Orogenyvand has been Subject to later regidnal'metamorphism,
or whether granite emplacement and regional metamorphism were related,

late Kenoran events. Granitic plutonism has been considered to be of
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Kenoran age rather than younger because the youngest pluton (Yamba batholitl

Rb/Sr’isochron minimum age 2350 * 105 m.y. A87Rb = 1.39 x 10_11

) is
surrounded by a regional aureol of high metamorphic grade.. On the other
hand K/Ar biotite ages from all the granitic bodiés dated give |
significantl& younger ages (2075 - 1815 m.y;)} These very young biotite
ages, although they may arise from other causes, could reflect minor
post Kenoraﬁ'plutonism within the older granitic batholiths.

Dioritic to granodioritic intruéions locally including,somé
amphibolite are probably mostly late Kenoran intrusions, although nearly
_ all arevmetamorphosed. Some are clearly intrusive into the greywaéke—‘
turbidite succession, but others include rocks that were originally at'least
in places part of the Point iake volcanic éuccession, but have been

recrystallized and to a greater or lesser extent intruded by granitic

material.




HYBRID ROCKS

The hybrid rocks consist for the most part of supracrustal’

rocks probably derived from the Point Lake or Contwoyto and Itchen Formation

of the Yellowknife Supergroup that have-been intimately intruded by

granitic rocks.

Some are diorite agamatites in part derived from the

- dioritic intrusions; and some, specifically those along the west margin

of the map-area, méy be of other origin.

In most areas it is possible

to infer the formation of the Yellowknife Supergroup from which a particular

hybrid could have been derived although it -is possible that some represent

pre-Yellowknife phases of volcanism or sedimentation.

- The hybrid rocks .are subdivided into subunits based on the

character of the non-granitic phase.

These subunits are listed in Table 9

with their inferred correlatives within the Yellowknife Supergroup.

Subunits of the Hybrid Gneisses

Table 9

Formation

Description

‘Derived Hybrid Rock

Itchen and Contwoyto

Dioritic Intrusions
and Point Lake

Point Lake
Point Lake

Point Lake

greywacke~-turbidite
succession

diorite, basic flows
ba51c tuffs
acid and basic volcanlc

rocks

basic and mixed tuffs

felsic and mixed tuffs

lit-par-1lit gneiss

diorite agmatite,
amphlbollte hornblende
gneiss . ,

acid and basic volcanlc
agmatite :

amphibolite, hornblende

gneiss

quartz feldspar (sodic
plagioclase) gneiss
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Quartz-feldspar Gneiss (Angf) -

"The quartz-~feldspar gneiss occurs in 7 discrete bodies; four
in the lit—paf—lit gheisses east of Coppermine River, one in similar
gheisses along the northwest margin of the Yamba batholith, one within
agma?ite and-hornblende gneiss a few miles faither northwest,‘and one.in
a faulted window of similar rocks within the basic flows of the Western
volcanic be1£ at the southwest corner of the ﬁap—area. Other small
bodies of similar gneiss are probably preéent within the hybrid gneisses
but are very small or have not been detected at the present scale of
mapping. Mylonites along the west margin of the western volcanic belt,
described with the felsic tuffs, are widely intruded by granitic rocksl
and might equally well have Eeen included ﬁere.

The four quartz—feidspar gneiss bodies east of Copperm?ne River
lie within the upper amphibolite facies metamorphic éureole about the
Yamba’bathélith. They are the most highly recrystallized and injected
by granitic material, and are more granitic than the remaining bodies.
Mostly they are buff-grey or pinkish-white weatheriné, medium-to
fine-grained gneisses with.up to 5 per cent of fine- to medium-grained.
biotite, in which bands, whisps or lenticular bodies of biotite-rich or
horhblende—rich rock are present locally, parallelvwith_foliation- Very
comméﬁly bodies of hornblende-rich gneiss ahd/or amphibolite locally‘ 
-‘containing garnet, occupy contact zones with lit-par-lit gneiss. A band
“of calc-silicate gnéiss 8 feet (2 m) wide was observed near the south
- shore of the‘large bay east of Coppermine River.

Thesevbodieé are medium grained consisting primarily of quartz,

“and variable proportions of oligoclasé and microcline. Biotite is a

. minor constituent, and zircon and apatite occur in trace amounts. A

massive part of the westernmost quartz-feldspar gneiss body, sampled for
chemical analysis (see Table 7), @roved to be intermediate in composition

between the ‘late Kenoran granitic rocks and the felsic tuffs.
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Quartz-feldspar gneiss with'hornblende—garnet—rich layers is ‘ ‘
interbanded with lit-par-lit. gneiss near the contact of the Yamba batholith
-about 12 miles (19 km) northwest of Yamba Lake. The rock is mostly finely |
laminated but contains zdnes'of biotite-rich layers accompanied by
abungant small pegmatite bodies. Banding locally shows truncation
Suggestive of crossbedding which, if of primary origin, indicates tops
to  the nortﬁwest away from the Yamba batholith. The quartzo—feldspathid
zones are fine grained (grain size 0.5 to 1 mm) dense and grey with dark
green amphibole-rich layers. The biotite-rich bands ére medium grained{

The quartz—feldspér gneiss is primafily composed of quartz,
and plagioclase aé basic as anorthite (An 91, determined by oil immersion)
in éome layers. One layer wgs found to consist of quarfz—anorthite—
clinopyroxene with about 10 per cent of hypersthene (identified.py X~-ray
powder diffraction), the latter displaying an unusuélly low negative
optic axiai angle of about 40 degrees. Minor amounts of.a pale brown
amphibole, magnetite and trace zircon are present. A second layer is
composed primarily of quartz and bytownite (An 76) with small amounts of
sillimanite, coxrdierite, gérnet and biotite, and traces of magnetite,
graphite (?), apatite, zircon and tourmaline. Plagioclase-rich lamelae
locally contain cordierite crystals with andalusite as larger grains about
ytheirvmargins and sillimanite and garnet as inclusions. Tourmaline is
concentrated in biotite-rich layers where it locally reaches 1 Qr72 per cen:
" of the layer. | | | o
| Quaftz—feldspar gneiss also forms a poorly known body within
'hornblende gneiss and.dioritic agmatite some 6 miles (ld km) northwest of

‘Yamba batholith. The rock, so faf as is-known, consisté largely of whité~

:‘weatheriﬁg, sugary, medium~graiﬁed granitic gneiss with hornblende-rich
lenses intruded by pink granite. Locally the rock is finer—grained and mo£<

regularly layered. A single specimen was found in thin section to consist
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prihcipally of quartz, andesine, some green hornblende and biotite, trace
apatite, zircon and magnetitg,'and a little secondary muscovite and’
epidote.

Quarti—feldspar gneiss furthef oécurs in a window in basic
volaanic rocks of the Point Lake Formation at the southwest cbrner of the
map—érea. No similar rocks were found on tra&erses across the Western
volcanic belt eithér to the nérth or south, but an}isolated bddy of
serpéntinite occurs near fhe'strike projection of the quartz-feldspar
gneisses some 2 miles (3.2 km) to the nofth; Because of the strong
foliation developed in rocks in this window‘in contrast to those farther
east and west, the window is:thought to result from up—faulting possibiy
in conjunction with emplacement of serpentihite. |

The gneiss consists of grey, fine-grained, highly sheared quartz-
plagioclase gneiss, quartz-muscovite schist, and foliated granitic rocks
bounded on fhe west by pillowed flows and greenschist and on the east
by fpliated to massive amphibolite. In thin section the quartz-feldspar
vgneiss is seen to be well foliated, consisting predominantly of quartz and
~albite with minor biotite, ﬁuscovite and microcline. Albite augen up to
2.5 mm are surrounded by matrix grains about 0.5 mm in diameter. Quartz is
concentrated in longvslightly undulating lénses. Quartz-muscovite schist
is intensely foliated and consists primarily of lenticuiar quartz 0.25 mm '
| in‘diameter, muscovite and biotite. Small amounts of calcic oligoclase
-and microcline, and trace zircon, sphene, apatite and‘sulfidg afe‘also

present.

Amphibolite and hornblende gneiss (Anm)

Amphibolite and hornblende éneiss inﬁruded by.granitic rocks
‘occur locally along the eastern margins of the quartz~fe1dspar gneiss
bodies east of Copéerminé River. Similar rocks occur along the sbuthwest

‘contact of the granodiorite body that lies some 8 miles (13 km) northeast
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bf the eést end of Point Lake. Similar gneisses also bccur within the
agmatite cbmplex to the east of the granodiorite but have not been
differentiated from it in the present work.

The’amphibolite and hornblende gneiss mostly occur at or neaf
contacts between quartz-plagioclase gneiss and lit-par-lit gneiss and may
be interbanded with quartz-feldspar gneiss. Some amphibolé—rich layers,
from several millimetres to a foot or more thick, are garnet-bearing.

In places amphibole in the hornblende gneiss has a feathery texture
'résehbling that of the mixed tuffs that occur in the downfoldéd remnants
within the Central belt batholith. Minor gossans are locally associated
with massive amphibolite. |

The amphibolite and hornblende-rich gneiss consist principally
of green to blue-green hornblende, oligoclase or éndesine, and quartz
in variable proportioné with minor biotite and trace amounts of apatite,
magnetite~ilmenite‘and'sphene. Minor epidote and muscovite were observed

locally.

Diorite agmatite (Ang—hf

Large bodies of a§matite composéd_of fragments of diorite,
hornblende -gneiss or basic volcanics intruded by granitic rocks lie
northwest of the Yamba batholith, along the southwest margin of the
Rockinghorse batholith, on the flanks of the Keskarrah batholith, and on
the horth_shore of the north arm éf PointiLake. Agmatites, comprising
~a more abundant granitic phase and more highly digested remnants of basic
rock, occur north of Point Lake between the Western volcanicibelt and the

Proterozoic Epworth Group strata.



Southeastern agmatites

The.northwestern part of the soﬁtheastern agmatite body, which
lies a few miles northwest of the Yamba batholith, consists chiefly of
angular fragments of massive grey medium-gfained quartz diorite in'widely
varying concentrations within white weatheripg, medium~grained, pale buff
.quartz monzonite. This cbmplex is unevenly laced by pink granitic to
pegmatitic dykes. To the southeast the basic phase of the complex is
moétly hornblende gneiss. Near ﬁhe southwest margin of the complex
~finer—grained massive greenstone  locally forms the basic phase. Toward
the southeastern margin of the complex hornblende gneiss, hornblende
biotite gneiss, and quartz diorite are present but their distribution is
perly known. |

Quartz diorite and hornbleﬁde gneiés frégments are medium grained
and contain slightly mégacrystic plagioclase in places. Biue—green
hornblende and plagioclase (calcic oligoclase to sodic labradorite) are ther
principal constituents. Biotite, epidote, muscovite and éhlorite are minor
components and sphene apatite and allanite trace minerals. Plagioclase
iﬁ some localities, is slightly antiperthitic énd hornblende, locally"
poikilitic, encloses quartz. -

Medium—grainedv(grains 1.5 mm iﬁ diameter) éranite representing'
the granitic phase consists primarily of microcline showing coarse grid
ﬁwinning, and lesser amounts of éuartz, éalcic oligbclase and muscovite.
Minor biotite-and trace apatite aq@_zircon are also presént.- Local
piagioclase megacrysts, 3-mm long, consist of central:cores‘with coarse

secondary muscovite, rimmed by clear oligoclase.
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‘Agmatite'Southwest-of the Rockinghorse Batholith

Agmatite southwest of the Rockinghorse batholith consists in large
part of diorite and quartz diorite intruded by pink to white granitic
. rocks and pegmatite in widely variable proportions. ‘In the northern part
‘of the body however, greenschist inclusions are present. In the southern
part of the body fine-grained quartz~feldspaﬁ gneiss is locally included
within hornblende diorite. Some4parts of the complex consist of diorite
or‘more acidic rocks that are relatively free of inclusions.

| At its western margin the agmatife complex is inferred to pass

abruptiy into basic voléanic rocks of the Western volcanic belt. The
contact with quartz diorite of the Rockinghorse batholith is less well
known and less easily defined. Granitic pegmatites within the complex
aPpear to contain little or no tourmaline uniike éegmatites within gneisses
and schists derived frém the g:eywacké—turbidite succession. |

Quartz diorite from the agmatite complex examined in thin section
is medium fine grained (1 mm).and consists chiefly of norﬁally zoned
andesine or oligoclase and hornblende with about 20 per cent quartz,
minoxr biotite; chlorite, epidote, accessory maénetite, apatite and
zircon. A massive quartz-feldspar gneiss inclusion within diorite in the
southern pért of thé complex is fine graiged (diameter of grains 0.2 to
0.4 mm), consisting predominantly of quartz and sodic andeéine with minor
blue—green hornblende and biotite.and trace amounts.of epidote, apatite
:and‘sphene. A chemical analysis'qﬁwthis'Qne;ss (Table 3) shows it to be
sémewhat more mafic and calcareous than the massive tﬁffs of the Point Lake

Formation.
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'Agmatite'about the Keskarrah Batholith

A hybrid complex composed chiefly of basic volcanics, hornblende
.gabbro, amphibolite, quartz diorite and granitic rocks but including some
feleic volcanic rocks and gneiss surrounds the Keskarrah bafholith.‘ Contact
between hybrid complex and the batholith are marked by a distinct increase
in the proportion of mafic or gneiseic inclusions. Contacts between
' hybrid rocks and surrounding basic volcanic rocks mark the disappeérance
of‘a prominentlgranitic component and are localiy gradational. Large areas
‘of basic volcanic and dioritic rock in which the granitic phase forms
enly a small'proportion are present elong the northwest margin of the
complex. Basic phases of the complex consisting of massive to schistose
greenstones, hornblende diorite and amphibolite are widely intruded by
pink and white granitic rocks and pegmatite. Rarely, and mostly in the
vicinity of Keskarrah Bay, pillows are preserved. 1In places greenstone
dykes and hernblenae gebbro bodies crosscut the granitic rocks, and some
hornblende gabbro intrusive into granitic rocks is itself intruded by
granitic veins. Both mafic and granitic components of the hybrid complex
‘are therefore ef more than one'age.

Granitic gneisses examined in thin section are thinly layered
‘(2 to 3 cm). They comprise chiefly quartz plagioclase (calcic oligoclase)
and pale green amphibole, chlorite, epidote, and more rarely, biotite.
‘A'little microcline is present locally as patches in plagioclase. Magnetite
sphene, épatite, zircon andvallanite are aecessory minerals. In some
léyers blocky subhedral to equant rounded meéacrysts of oligoclase up to
5 mm in’diameter are closely packed in a matrix of quartz, oligoclase and
mafic miﬁerals.‘ Such layers are in sharp eontact with even grained bands
of similar miﬁeral composition which suggests that'the texture may be |

primary. Elsewhere oligoclase megacrysts have been deformed and
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recrYstaliized so that masses of small but compositionally similar
oligoclase gfains are more or less evenly distributed through the original
megacryst. Other 1ayers consist largely of calcic oligoclase and hornblende
These gneisses are clearly distinct from the lit-par-lit gneiss derived
from the gréywacke—turbidite succession, and although their origin is not
known they bear resemblance to some banded tuffs of thé Point Lake
Formation. |

| A chlorite~bearing granitic rock from southwest of Keskarrah
Bay is'medium-fine grained (1.5 mm), massive, and consists chiefly of
quartz and albite or'oligoclase with minor chlorite, epidote, and trace
sphene and apatite. Plagioclase comprises blocky crystals composed of
patches of sericitized albite alternating with clear oligoclése that are
surrounded by a finer-grained Quartz—rich-mosaicf' The mineral composition
is that éf a meta-quartz diorite. |

Hornblende gabbro and amphibolite intrusive into a granitic phase

of the complex are fine- to medium~grained, massive rocks consisting largely

of several phases of blue-green, brown-green and nearly colourless

~ amphibole, and plagioclase of variable composition. Variable amounts of

chlorite, epidote and traces of quartz, biotite, apatite and sphene are
present. Subhedral plagioclase laths showing patchy saussurite are locally

surrounded by hornblende suggesting'an original ophitic texture.

Northern Point Lake Agmatite
‘A small complex of dioritic to basic volcanic agmatite up to

three and one half miles wide (5.6 km) extends for about four and one

~half miles (7,2 km) north from the north shore of the north arm of Point

vLake. Near Point Lake this body consists of fine- to medium-grained

hornblende diorite, amphibolite and a complex of pink to white weathering
granitic rocks including some grey granodiorite. Farther north the basic

phase consists of fine—gfained massive to foliated greenstone. As with



- 08 -

agmatitee about the Keskarrah batholith age relations between the basic
and granitic phases are complex in that granitic rocks intrude the
.greenstones and dioritic rocks and basic dykes crosscut the granitic phase.
The contact between agmatite and pillowed to massive basic volcanic rocks
north of the complex is gradational and is marked by a decrease in the
proportion of the granitic phase. The east and west contacts between
agmatite cdmplex and layered to basic tuffs are more abrupt, granitic
maﬁerial being'distinctly less abundant in the iayered rocks particularly
‘on the east margin. There is therefore some possibility that the eastern
contact may be an uncoﬁformity.

Greenstone from the northern part of the complex is massive,
and fine grained (0.6 to 1 mm) with blue-green hornblende and locally
megacrystic albite or sodic oligoclase as the major constituents. Minor
quaftz,and magnetite of iron sulfide are present in places, and small
amounts of4carbona£e, epidote and chlorite are alteration products. Trace

apatite is present.

Felsic and Basic Volcanic Agmatite (Angv)

Felsic volcanics intermixed in variable proportions with basic
volcanics,~and intruded by granitic rocks, are found within hybrid rocks
at the south end of Keskarrah Baj° Similar felsic volcanics occur in
hybrid rocks to the east near and along the south shore of Point Lake.
Feleic volcanic rocks and quartz Aiorite intruded locally by altered
basic dykes occur within'hybrid‘reﬁﬁénfs'aleﬁg the south shore of, and
immediately southwest of, Rockinghorse Lake. Sheared hybrid.rocks possibly
derived in part from felsic rocks are present in an east-west zone along |

the east margin of the Yamba batholith.
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The felsic volcanics are typically white to buff weathering,
fine grained.to aphanitic, grey to pale green and show a fine lenticular

foliation which may be evident only on ice-polished surfaces. Isolated

a bluish colour. The hybrid volcanics are intruded by granitic rocks but
in some places appear to grade into medium-grained granitic rocks. At
one locality on Keskarrah Bay a greenschist inclusion 10 feet by 4 feet

(3 by 1.2 m) in section was observed within the felsic volcanics whereas

~at another locality a small inclusion of felsite was observed within

massive basic volcanicvrock.

A thin section of felsic volcanic rocks from Keskarrah Bay
consists almost entirely of fine-grained quartz and sodic oligoclase
with minor chlorite and traces'of'sulfide; Scattered fragmenté and

possibie phenocrysts of plagioclase up to 1 mm in length are present.

The matrix plagioclase contains flame-like perthitic intergrowths of

potash feldspar. The surrounding granitic rock is of similar mineral
composition butvis medium grained.

' Fine-grained felsic volcanic rocks included within granitic rocks
éouth of Rockinghorse Lake éonsist of quartz porphyry; carbonatized tuff,
and tuff breccia. The guartz porphyry coﬂtains bipyramidal, embayed or

brecciated quartz phenocrysts up to 12 mm in diameter with local matrix-

" quartz haloes in a matrix consisting_predominantly'of'fine—grained quartz

and sodic plagioclase (see Fig. 35). Carbonate, muscovite and chlorite

are common secondary products and trace apatite and zircon are of local

‘occurrence. One inclusion consists of scattered patches of carbonate

possibly pseudomorphous after plagioclase megacrysts, in a mosaic matrix
of quartz and sodic plagioclase with minor chlorite and muscovite. Tuff

consists predominantly of foliated, fine-grained quartz, and plagioclase
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with lesser amounts of sericite, carbonate and muscovite, and inclusions
of very-fine-grained cherty rock. Locally the tuff is highly carbonatized.
Massive quartz diorite inclusions primarily comprise quartz and calcic

oligoclase with minor chlorite and biotite, and trace apatite and zircon.
Figure 35

An altered basic dyke intruding éuartz diorite consists principall
of carbohate‘and biotite with minor sericite, chlorite, magnetite and
unusuélly abundant apatite and sphene. Pseudomorphs of carbonate and
sericite after plagioclase phenocrysts aie suggested. A semiquantitative
spectrographic analysis of_a sample from this dyke indicated Ba, Ti, V,

Ni, Zr and Sr in the 0.1 to ;.0 per cent range; Mn, and_Cf'in the 0.01 to
0.1 per cent range, and Co, and Sc, less than 0.01 per cént.

Hybrid, highly sheared rocks, in part possibly of felsic volcanic
or hypabyssal origin, and in part derived from ﬁigmatite‘are present in an
. east-west trehding zone up to 3 miles (4.8 km) wide that projects westward
for about 6 miles (9.6 kﬁ) into‘the map-area along t+he southeast contact
of the Yamba batholith. These rocks are mostly light green to buff-white
weathering, green, and fine-grained to cherty or schistose. 'Migmatites
are'common in the eastern part of the zoné where they locally contain
'silicéous interbands. Banding in the migmatites can locally be seen'fo
intersect the trend of shearing at as much as 40 degrees. The western part

 of the zone is predohinantly composedAof sheared medium-grained to
,_‘Subporphyritic granitic rocks. |

The fine—grained greenish rocks ére.in part breccias éomposed
of fragments of earlier breccia, qua:ti and feldspar in a very fine- |
grained siliceous matrixvcontaining a little chlorite, muscovite and
 epidote.(see Fig. 36). Early breccia frégments are vefy similar to those
~in which they are included, fragment boundaries being scarcely visible. -

~ Other more highly foliated rocks are gquartz-oligoclase gneisses containing
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about 10 per cent combined biotite, chlorite and muscovite. Very fine-
grained mafics and musco?ite are strung out along discrete shear planes

and coarser layered?silicate crystals surround grains of cataclastic

quartz and feldspar between the shears. Patches énd lenses of fine—graingd'

muscovite are scattered through the rock. .
Figure 36

A thin section from foliated granitic rock near the west end of.
the shéared'zone consists chiefly of blocky to rounded oligoclase crystéls
and a few microcline crystals, both up to 2.5 mm in diameter. These are
closély packed in a mosaic matrix of fine-grained quartz with a little |
biotite and epidote that sweeps around plagioclase crystals énd is
responsible for foliation (seeAFig. 37). -Trace amounts of apatite, epidote

and allanite are also present.
Figure 37

.The origin of the sheared siliceous rocks is unknown, but‘their
composi£ion, and locally, their textures suggest a comparison with the
felsic volcanic and meta-quartz diorite found elsewhere in the map-area.
Intefleaving of these rocks with migmatites of the greywacke-turbidite
succession may have occurred throﬁgh intershéaring of migmatite with

felsic volcanic rocks originally lower in the stratigraphic section.

" Lit-par—-lit Gneiss (Ang-b)

,Lit—par—lit.gneisses; as:used in this report, refer to foliated,
biotite-bearing, pelitic gneisses within which discontinuous, generally
’shéet~like,lminor granitic bodies lie chiefly parallel with foliation;
but they are gradational to and include areas of granitic rocks containing
more or less abundant inclusions of pelitic gneiss. In effect they are

composed almost entirely of rocks thought to be derived from the
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greywacke—turbidite succession that have been raised to the higher grades
of metamorphism (middle and upper amphibolite facies), and intruded by
- granitic rocks and pegmatite.

| Lit-par-lit gneisses are widespread in the eastern and central
pérté of the'map—afea where they lie between granitic plutons or follow
the margins of the greywacke-turbidite succession. In the west they are
more restricted; in part because the large granitic plutons in this region
may haye been émplaced mostly prior to their deposition and
metamorphic gradeé are lower, and in part because supracrustal rocks
older than the greywacke-turbidite succession predominate in the western
part of thé area.

Of particular interest w1th1n the lit- par lit gnelsses are local
remnants. of 51llcate -sulfide iron-formation whlch 1nd1cate that the
vllt—par—llt gneiss has been derlved from the Contwoyto Formation. Suqh
. remnants afe clearly preserved east of the Fuz pluton and south of the
-'Contwoyto‘batholith. Similaf rocks, accompanied by iron sulfide-gossan,
occur 1bcally withih lit-par-1it gneiss south and southwest of the agmatite
complex that borders the Southern pluton. Along the west margin of the
ContWOyto batholith however, where the iit—par—lit gneiss is highly
deformed and permeated by granitié material,'iron~formation lenses appear
to give way to isolated remnants of biotite-garnet-rich schist locally
bearing iron sulfidé; - | . |

| - In most‘places the lit—par-iit gneisses are complexly folded,
brown‘weathering, buff and brbwn, lenticularly banded, fine- to medium-
‘grained rocks within which are layers or irregular bodies of grey‘to.
| white or less commonly pinkish granitic rocks and pegmatite. They
nevertheless display prégressive alteration from rocks of the greywécke*
turbidite Succeséion through little defqrmed but recrystallized pelitic

rocks containing variable proportions of segregated granitic material
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(see Figs. 32, 38 and 39) to highly deformed and almost completely disrupted
gneisses (see Figs. 40 and 41). 1In some places léyers of granitic rocks
several tens of feet ér more thick are present, and where foliation is
nearly horizontal such rocks tend to occupy tops of hills with schist

expoéed only locally along their flanks (see Fig. 42).
Figures 38, 39, 40, 41, & 42

The lit-par-lit gneisses consist primarily of quartz) calcic
oligoclése and biotite. Sillimanite, cordierite, muscovite, chlorite and
opaques are common minor components; microcline, garnet, andalusite and
amphibole are less common. Accessory minerals are apatite, zircon,
occasipnally tourmaline, and rarely allanite. Tourmaline is>notably less

common than-it is in the knotted schists.

Hybrid.rocks West of the Wéstern Volcanic Belt (An-hb and Ang-h)

A narrow belt of hybrid and graniticbrocks, that forms a small
part of an extensive terrane'lying to the west and southwest of the
map~areé, was mapped during the present work. This belt consists of
remnants of gneisses and relatively basic plutonic rocks,‘engulfed within
a more granitic phase. In the north paft”of the belt are extensive areas
underlain 'by nearly massive plutqﬁic rocks that have been’described with
the granitic rocks. South of Point Lake however massive plutonic rocks
are less extensive aﬁd are mappedeith the hybrid rocks.

In the hybrid rocks of this Qestern complex that lie north of
Itchen Lake thé.included phaée consists chiefly of massive diorite or
quartz diorite more basic than the enclosing plutonic rocks. Rarelyb
maésive to schistose or banded, fine-grained, basic volcanic rocks and
minor metasediments are present as well. -At one locality aboutb4 miles.

(6 km) south of Cowles Lake a rubbly-weathering, medium green gneiss
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band a few feet thick with brown weathered surface is associated with mafic
metavolcanicé within the hybrid rocks. This gneiss consists Ofvroughly
equal parts of horhblende and clinopyroxene and about 5 per cent of chlorite
Although the gneiss megascopiéally resembles some metamorphosed ultramafic
rocks, chemical analysis (see Table 10) shows it to be chemically distinct
from both serpentinite and associated metagabbros within'the map-area. The -
high contents of calcium and magnesium suggest that the gneiss was originall

a siliceous dolomitic metasediment.
Table 10

From Point Lake to just north of Itchen Lake the older engulfed
phase of thelhybrid rocks is mostly composed of foliated quartz diorife—
gneiss; South of Point Lake, where the granitic phase is 1essvabuhdant,
the rocks are primarily banded to foliated biotite and hornblende gneisses
(see Fig. 43), but in the immediate vicinity of Point Lake amphibolite,
‘metagreywacke and migmatite are present as well. These latter rocks may
krépresept.a more highly altered part of the Point Lake Formation.

’.Figure 43

Several gneisses near the south shore of Point Lake were examined:
in thin section. Migmatite at Point Lake”is'medium grained (2 mm) and
comprises major quartz and calcié oligoclase, and minor biotite, muscovite,
" and chlorite. Associated greywacke>is fine grained (0.3 mm) and of
similar minerai composition but contains sericitized poikilitic patches
probably pseudoﬁorphous after'cordierite. Grey and dark grey layered
~ gneiss is fine grained (up to 1 mm). Leucocratic 1ayérs are composed of
quaftz, oligotlase, biotité and a iittle microcline whereas darker layers

consist of quartz, oligoclase-andesine, hornblende and a little'epidote,
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Accessory minerals are magnetite-ilmenite, apatite, sphene and zircon.
Typical biotite‘quartz diorite-gneiss south of Point Lake is medium grained
(2 mm) and consists.p:imarily of quarﬁz and sodic andesine with about

10 per cent biotite and traceévof epidote, muscovite, chlorite, zircon,
sphene, and‘apatite; These gneisses are intruded by massive, medium-
grained (2 to 4 mm) granodiorite composed chiefly of qﬁartz aﬁd albite or
oiigoclase with up to about 25.per cent microcline and minor epidote,

- chlorite and muscovite. Accessory minerals are zircon and apatite.

Pegmatites, and Pegmatitic Tourmaline

Small pegmatite bodies most of which are.less than-SO feet
(15 m) in width are common in the ﬁap—area where rocks haﬁe reached
amphibblite_facies grade. These pegmatites are white tb pinkish and are
composed simply of quartz, feldspar; muscévite, and biotite.- Pegmatites
in metémorphic'rocks derived from the greywacke-turbidite succession
" typically contain black (schquitic) tourmaline crystals up to 5 cm in
length. Black tourmaline is present also in pegmatites intrusive into
plutonic rocks that intrude the greywacke-turbidite succession, but was
not found in the less abundant pegmatites émplaced within rocks of the
Point'Lake Formation or in plutonic rocks.remote from the greywacke-
turbidite succession. In some pegmatites tourmaline was observed to be
concentrated at the pegmatite margins, but in others po systematic
conéentations were detected.

| o In thin‘section the pegmatitic tourmaline shows strohg pleochrois:

with E colourless and O blue to olive brown. Commonly the crystals are
zoned so that when viewed parallel with O a sky-blue core is surrounded by
an olive rim. Zone boundaries are in places irregular with roundedl
proiections of olive rims into a blue core, with olive rims following
fractures into a blue intéridr, or more rarely with earlier pale olive

lobes within a blue core truncated by later darker olive rims. Such
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textures suggest that zoning occurred during alteration rather than during
‘growth of thé tourmaline crystals. 1In one pegmatite blue and olive

patches appeared to be randomly distributed through tourmaline crystals

and in tourmaline froﬁ the lafge island in Contﬁoyto Lake zoning is complex,
some crystals showing pale blue cores surrounded by darker blue-olive

vrims, and others showing olive cores surrounded by blue rims. Such textures
may indicate an additional period of alteration. Tremblay (pers. comm.,
1974) feports that schist inclusions in the Contwoyto batholith in the
vicinify of this pegmatite show more evidence of alteration (digestion)

by the granite than do those in the vicinity of other pegmatites sampled

by him. The.concentratién of tourmaline in pegmatites within the knotted
schists, as opposed to pégmatites intrusive into the Point Lake Formation,
and the preéence of tourmaline-as.a trace'mineral'in the knOttéd schists,
suggest that boron and perhaps other elements found in the pegmatitic
tourmaline were derived from-the turbidites which gave riée to the enélosing
schists.

Black tourmaline was collected from pegmatites in-various parts
of the mép—area (Fig. 44) for quélitative and.semiquantative spectrographic
analysis. Crystals were crushed, inclusions excluded, and the residue
analyzed in bulk. The results of these analyses are shown in Table 11.

The writer is beholden to L.P. Tfemblay for five samples from the

' Contwoyto Lake regioh of the'map—area.
- .Table 11
Figure 44
The tourmaline analyses show some variation in major element
composition but none that can be related to known variations in the
geological setting. Analyses show consistent high iron content as would
be expected in a black (schorlitic) tourmaline. Trace elements include

'Mn, Cr, S¢, Cu, V, Ni, Ag, and Be. Mn and Cu occur most frequently.
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Individual trace elements show no clear relation.to geological setting
but there is a suggestion that the trace element population increases

in complexity southwestward toward the Keskarrah Bay. Additional data
will be needed to confirm this trend, bﬁt further investigations along
these lines seem worthwhilé, particularly if it becomes evidént that the
traéé element complexity in these pegmatites is reflecting trace element

complexity indigenous to the greywacke-turbidite succession.
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. PROTEROZOIC ROCKS

' Proterozoic rocks consisting of guartzite, sandstone, siltstone,
shale, argillite, greywacke, carbonates, conglomerate and mafic hypabyssal
intruSiveé are extensively exposed about the north end of Cbntwo?to Lake,
at Rockinghorse Lake, and in the nofthwest corner of the map-area. These
rocks were originally continuous, representing thin platformal'cover in
the east and central parts of the map-area, and thicker shelf deposits iﬁ
the;west. They lie on the northern cratonic mafgin of the Coronation |
-Géosyncline (Hoffman et al., 1970).

Rocks of the platformal cover in the northeast corner of the‘
map-area are continuous with the Goulburn Group to the north and east,
whereas those in. the northwest are continﬁous with the Epworth Group to the
hdrthwest of the map-area. The RockinghorsevLake.outlier of Proterozoic
sediments lies about hélf way between these two groups. The straté of
~ the outlier are related closely to those of the Goulburn Group and
support the contention of Hoffman et al., 1970, that a noftherly trending

hinge line separated thié group from the Epworth Group to the west.

' EPWORTH GROUP

The name 'Epworth formation', derived from porf Epworth (now
abandoned) on Coronation Gulf at the mouth of Tree River, was originally
~used by O'Neill to apply to dolomite exposed there. . The.term_was later
exﬁénded (Fraser, 1960) to includé the suc@ession of strata that lie
conformably above and below the dolomite. Thése.strata were calied the
Epworth Group by Douglas and Maclean (1963). |

The Epworth Group in the Itcheh map-area is divided by Fraser
.(1975) into five conformable formations. These comprise: the 0djick
Férmation (2;100 feet (640 m), mainly argillite and quartzite), the
Rocknest Formation (2,306 feet (7Ql m), mainl¥ dolomite), the Recluse

Formation (2,000 feet (610 m), mainly shale, argillite and siltstone), the
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Cowles Lake Formation (2,600 feet (792 m), mainly limestone and
argillite), and the Takiyuak Formation (1,200 feet (366 m); mainly
sandstone and siltstone) for'a total at the east margin of the Epworth
Group, of about 10,000 feet (3,000 m).

4 Mapping for the present project was carried'out up to the edge
of the Epworth Group which occurs in the northwest corner of the area.

Description of the Group is taken from Fraser (1975).

Odjick'Formation (EAO)

The name, Odjick Formation, is derived from Odjick Lake west of
the Itchen Lake map-area, and is applied to the argillite-quartzite
succession af the base‘of the Epworth Group (Fraser, 1975). ‘The formation
is about 2,100 feet (640 m) thick on the east margin of the Epworth basin
where it'enters the map-area but thickens westwafd to 7,500 feet
(2,286 m) at Cérousel Lake. The base of the formation is marked by an
angular unconformity separating it from the underiying Archean plutonic
and metamorphic rocks. The top is defined by the change from an
aréillite—qﬁartzite succession to one consisting predominantly of Carbonate.

The formation is composed of roughly equal amounts of pale green,
buff, white, pink and purple quartzite, and greenish grey to purple
argillite, with beds of dolomite; limestone andvlocally concfetionary
argillite near the base, and beds of dolomite near the top. A few quartz-
pebble conglomerate lenses are present .in most sections. Primary structures
including crossbeds, ripple-marks, mudcracks and stromatolites suggest
a fluvial to shallow ﬁarine origin with a source to the east and southeast

of the'Epworth basin (Fraser, 1975).
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Rocknest Formation . (EARN)

The name, Rocknest. Formation (Fraéer, 1975), is derivea froﬁ
Rocknest Lake on Coppermine River west of the Itchen Lake ﬁap—area, and is
applied to the predominantly - -carbonate succession that overlies the
Odjigk Formation. The formation is 2,300 féet (701 m) thick along the
east margin of the Epworth basin near the itchen Lake map-area but thickens
to;5,500 feét (1,676 m) farther west. The baée of the formation is marked
by the change from an argillite-gquartzite succession to one consisting
predominantly of carbonate. The top, though poorly exposed, is considered
" to be defined by a transition from dolomite containing interbeddedv
argillite, to thinly bedded argillite of the Recluse Formation. The
formation consists mainly ofidark grey to pale grey and white dolomite
with subordinate cyclically interbedded greenish grey argillitelgnd

minor limestone.

Recluse Formation (EAR)

The name, Recluée Forﬁation, is derived from Recluse Lake, the
locality of the type sectioni (Fraser, 1975). The formation consists
primarily of argillite, silﬁs@one and greywacke with minor limestone.

It is about 2,000 feet (610 m) thick in the eastern part of the Epworth
basinrnéar the Itchen Lake‘map—aréa and thickens westward to at least
6,500 feet (1,981 m).’ The base of the formation is marked by a poorly
.exposea transition from predominantlyAdqlomitic rocks to argillite ahd.
siltstone. The top is not exposed but probably consists of interbedded
‘limesfone and argilliﬁe grading up into interlamined limestone-argillite

~of‘the Cowles Lake Formation.
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The formation consists mostly of green, grey, and minor red
argillites, Elack shales and slate, and minor calcareous argillite.
' Conspicuous beds of green argillite containing numerous pale grey limestone
concretions characterize the lower part of the Recluée Formation along

the east margin of the Epworth basin.

Cowles Lake Formation (EACL)

The type section of theVCowles Lake Formation (Fraser, 1975)

.is at Cowles Lake in the northwest corner of the map-area. There the
iformation consists of 2,600 feet (792 m) mainly of interbedded limestone
and argillite. The base of the formation is covered but the transition’
f:om the underlying Recluse Formation'is‘marked by the appearance of
‘interlaminated limestone and argillite. The top bf the formation is
marked by a sharp transition from a thick-bedded red and maroon argillite
~containing thin lenses of limestone and. limestone breccia to the basal
red siltstone and sandstone of the Takiyuak Formation.

The argillite of the Cowles Lake Formation is grey, green and
red, the latter colour occurring only in the uéperAhalf of the formation
wherevit is interbedded with grey or greenish argillite, Argillite
containing.limestone lehseé or cohcretioné occurs near the base and top of
the formation, and breccia composed of tabular fragments of limestone in an
argillite matrix occurs in the ﬁpper part. Beds of‘greywacke with

interlaminated limestone and argillite occu;ﬁjust below the red argillite.

TakiYﬁak Formation (EAT)

| The ﬁame, Takiyuak Formation,vis derived from Takiyuak Lake north
'of the Itchen Lake map-area (Fraser, 1975). The base of the ermatién is
marked by reddish-brown siltstone in sharp contact with red argillite of
the underlying Cowles Lake Formation. The to? has been removed by erosién

but 1,200 feet (366 m) of section are preserved.
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The Takiyuak Formation consists of reddish brown sandstone locally
grading into siltstone. Ripple-marks occur locally at the base of the

.formation and crossbeds are present in places throughout it.

GOULBURN GROUP
The name, Goulburn quartzité was first used by J.J. O'Neill
(1924) as a formational naméito describe "more than 4;000 feet (1,219 m)"
of quartzite and conglomerate outcropping on Goulburn Peninsula on the
west side of Bathurst Inlet. The name was elevated to group status by
Wright (1957) who‘included, in addition the original quartzite, argillite,
slate, dolomite and sandstone in the Western River area that lie beneath
the quartzite. Fraser (1964) mapped the intervening country and included
in'Addition slate, argillite and doloﬁite that conformably oﬁerlie the
quartzite. |
| The Goulburn Group in the Contwoyto Lake area was divided into .

four formations by Tremblay Kl967) which include in ascending order:
the Western River Fofmation (1,350 feet (411 m), mainly argillite and
quartzite), the Burnsidé River'Formation (600 feet (183 m), mainly
guartzite and argillite), the Peacoék Hills Formation (160 feet (49 m),
mainly.argillite and quartzitg), and the Kuuvik Formation (140 feet (43>m),

mainly carbonates and argillite) for a total of about 2,250 feet (686 ﬁ).
A fifth formation called the Brown Sound Forma%ion (Tremblay, 1968) lyinglr
At fhé top of the Group in the Bathurét Inlet region is not preserved
within the présent map-area. T

Within the Itchen Lake map—aréa the Goulburn Group is exposed

.at.the norfh end of Contwoyto Lake and on either side of ﬁockinghorse
‘Lake, but in the latter locality only the lowermost formation, the Wésterﬁ
~River Formation, is preserved. That paré of the group northeast of
Contwoyto Lake was not examined during thé present study and fhe accoﬁnt

of the rocks there is takén‘from Tremblay (1967).
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Western River Formation

The name, Western River Formation, was established by Tremblay
(1971) for the basal formation of the Goulburn Group in the Beechey
Lake map-area where the formation was subdivided into five members:
basal conglémerate,»lower argillite; red siltstone, quartzite and upper
argillite. The same nomenclaturé was applied (Tremblay, 1967) to similar
rocks at the base of the Goulburn Group in the Contwoyto Lake area, and

this nomenclature is extended to the rocks at Rockinghorse Lake.

Basal Conglomerate Member (G AW,)

Ihe Basal Conglomerate member atAContwoyto Lake is discontinuous,
the lowest beds probably being a regolith as they fill fraétures in the
schist'below. No similar conglomerate is exposed, althbugh a few feet
may exist, in the eastern exposures at Roékinghorse Lake. West of the
lake héwever, yellow-green conglomerate containing quartz pebbles, commonly
~up to 5 cm in diameter, scattered in an argillitic to coarse sandy or
limy matrix up to at least several feet thick is exposed locally. The
yellow—éreen colour of the matrix both in the basal conglomerate and
in many of the argillaceous laminae in the lower part of the succeeding
membér is similar to that in the altered granitic plutonic rocks that
lie unconformably below, bﬁt no ééction fully exposing the unconformity
was seen. This member has been combined with the overlying unit to form

a single map-unit at 1:250,000 scale.

Lower Argillite Member (G AW,)

The Lower Argillite member at Contwoyto Lake consists mainly of
‘285 feet (87 m) of interbedded réd—purple, green andAgrey argillites with
~beds marked by interlamination bf colours. Near the base a few thin
~beds of grey to white, glassy quarﬁzite are present and these aﬁe overlain

by one or two carbonate beds up to 8 feet (2.4 m) thick, or by about
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-6 feet (1.8 m) of red concretionary argillite. In the bluffs at ﬁhe
southeast corner of Rockinghorse Lake, where the most continuous section
occurs, the corresponding upéef contact of the Lower Argillite member is
not evident. There the lower part of the seqtion consists of 170 feet
(52 m) of yellow and green argillites with two layers of white to green,
brown mottled, slightly limy guartzite 40 and 45 feet (12 and 14 m) thick.
The lower of.these‘quartzite beds contains two thin beds of carbonate.
Abéve_the quartzite layers are 295 feet (90 m) of banded argillites,
mostly green in the lower 70 feet (21 m) and mostly red above, with grey
'bands near the top. This section is overlain by a basalt sill and no
carbonate concretions are evident within it. Concretions do occur however,
to the southwest of a fault £hat crosses the southeastern éxtremity of
Rockinghorse Lake. There, along the shore of the southeast bay, brown
silty carbonate nodules are present locally within argillite. Similar
nodules, lcéally with thin stromatolitic carbonate beds, also occur in
argillite neaf the diabaée sill in the northeastern parf of the inlier
whefe the bottom part of.the Lower Argillite member is not exposed. This
suggests that the basalt siil, which overlies the Proterozoic rocks east
of Rockinghorse Lake, has been emplaced mostly at a level inlthe sectibn
below.the carbonate nodules and stromatolites, but that it rises northward
 until4the lowermost carbonate beds appear beneath it. It furthermoré,
appears likely that the Lower Argillite membef thickens from 285 feet
(87 m) at Contwoyto Lake westward to éomewhat more than 465 feet (142 m)
ét Roékinghorse Lake. | | |

| Intervention of the diabase sill below the nodular argillite
: at'Rockinghorse Lake has made this horizon difficult té-follow. Thus, for
mapping onla 1:250,000 scale the upper part of the Lower Argillite member
{above the second'quartiite) at Rockinghorse Lake has beeﬁ combined with th

overlying Red Siltstone member.
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Red Siltstone Member (GAWS)

The«Red Siltstone member at Contwoyto Lake is about 500 feet
(152 m) thick. The lower contact is marked by the appearance of dolomitic
edncretions in red argillite and the upper contact by the dppearance of
pink quartzite. The member consists of about 400 feet (122 m) of
concretionary.argillite everlain'by 85 feet (26 m) of massive to thinly
bedded red argllllte, grey argillite and locally by a few feet of ~
dlstlnctlve red siltstone.

At Rockinghorse Lake the Red Siltstone member is not well exposed.
Concretionary argillite with local thin dolomite beds, in places
stromatolitic (see Fig. 45 and 46), are exposed in the northeast part of
the inlier, near the west shore of the lake, on the southeast end of the
Apromlnent penlnsula in the southeast part of the lake, and on the southern
islands in the central part of the lake. 1In the west and northwest part
of the inlier whlte quart21te layers, locally accompanled by minor
carbonate beds, occupy the tops of hills and in places appear to be
interbedded with argillite. These quartzite beds are reminiscent of those
in the Lower Argillite member and are in places accompanied by yvellow
green argillite laﬁihae similar to those found at the base of that member.
It seems uhlikely however that they cerreiate with the Lower Argillite
member because they are surrounded by extensive terrane of argillite
rubble with the Lower Argillite member dipping beneeth them at its
‘periphery; These hilltop QuartzitesAhave‘beenbcorrelated with the
sﬁcceeding quartzite member although it is pessible that they are interbedde
within the Red Siltstone member. 1In either case they appear to indicate a

northward facies change within the inlier.

Figure 45 & 46
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'Quartzité Member (GAWq)

The-Quartzite member at Contwoyto Lake is about 450 feet (137 m)
' ~thick. The base is marked by the appeafance of pink guartzite, and the

‘upper contact by the appearance of grey to olive argillite_énd greywacke

interbedded with quartzite. The pink guartzite is 300 feet (91 m) thick
and is overlain by 150 feet (46 m) of white quartzite. The fofmer is
fine grained, coarsely bedded, and well jointed. 1In addition to pink
quértzite it includes purplish-pink, orange—pink and deep purple
'éuartzite beds, a few thin beds of grey argillite, "and locally layers and
lenses of quartz-pebble conglomerate less than a foot (0.3 m) thick.
The overlying white quartzite is coarse grained, coarsely bedded and
cOmmonly crossbedded. There are no quartz-pebble conglomerate layers but
seams of greywacke are fairly common. At Rockinghorse Lake the Quartzite
' member is at least 310'feet (94 m) thick and consists of purple, buff,
pink, white, and gieenish quartzite with local thin quartz-jasper-pebble
conglomerate beds. A carbonate bed up to 12 feet (3.7 m)'thick 1s present
at or near the base of thebmember, and a thin carbonate bed may be present
higher within the section. ‘A few thin breccia beds composed of slaty
argillite chips in quartzite matrix were observed.

‘The beds at Roékinghorse Laﬁe afe overlain by at least 128 feet-
(39 m) of buff to pink quartzite in beds most of which are about one foot
(0;3’m) thick and are interlayered with grey-olive érgillite,’laminated
' quaftZite; white quartzi;e,'and grgenish_greywadke. Croésbedding is present
ldcally. These beds consﬁitute the youngest.preserved part of the
Rockinghorse Lake outlier. They may cofrelate with the upper part of the
‘vQﬁaftzite member at Contwoyto Lake, or with the succeeding.Upper Argillite -
' member, or they may be in part stratigrapﬁic equivalents of both these

members.
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AUpper Argillite Member (GA WP)

The_Upper Argillite member at Contwoyto Lake is about 125 feet
_(38 m) thick. Its lower contact is defined by the appearance of grey
argillite either above the pink quartzite or interlayered with it. The
contact with the overlying Burnside River Formation occurs at the first
appearance of pink quartZite beds and is generally sharp. The‘uppermost

beds of the Rockinghorse Lake outlier may correlate with this member.

Burnside River Formation (GA B)

. The name, Burnside Rivér Formation, was épplied by Tremblay
(1971) to a thick succession of pink quartzite and quartz-pebble
conglomerates overlying the Western River Formation in the Beechey Lake map-
‘area, Thé name is taken from Burnside River north of the map—area where
the best section of the formation probably oécurs. The formation correspond
to C'Neill's original Goulburn quartzite.

The Burnside River Formation in the Contwoyto Lake area consists
of up to 600 to 800 feet (183 to 244 m) of coarse- to very-fine-grained
~ pink quartzite with minor quartz-pebble conglbmerate, and minor grey
argillite seams most common near the top of the formation. The lower
contact is marked by pink quartzite in contact with thin bedded red
..argillite, and the upper by a mixture of red, grey, green, and buff
argillite. The rock is coarsely bedded and commonly crossbedded.

Symmetrical ripple-marks are presént in a few places.

Péacock Hills Formation (GJ%PH)

The name, Peacock Hills Formation was suggested by Tremblay
(1967) for a succession of mostly thinly interbedded quartzite and
argillite 160 feet (49 m) thick, that occur about the narrow lake

‘immediately northeast of Contwoyto Lake. The name is derived from the

+
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1Peacock ﬁills which éufround the lake. The lower boundary of the formation
is marked by pink quartzite of the Burnside River Formation and the upper
.contact by a 10-foot (3 m) zone of interbedded carbonate and argillite.

The argillites, which form 80 per cent of the formation are thinly bedded,
and predominantly black or purple to pink near the bottom, and pink to

grey near the top. The quartzite is more coarsely bedded. Thé formation
lies along the axis of a northeast trending syncline and the argillites

have developed'a pronounced cleavage parallel to this fold.

Kuuvik Formation (GAK)

The name Kuuvik Formation was proposed by Tremblay (1967) for the
sequence of argillite and dolomite that conformably overlies the Peacock
:Hiils Formation. The name is derivéd'from Kuuvik Lake to fhé northeast
of the map—afea. The lower contact of the formation is mafked by a
lO—fodt (3 m) zone of interbedded carbonate and argillite. The upper
contact is not exposed. Thé formation éonsists of at least 140 feet
(43 m)iof light browh weathering, argillaceous dolomitic material
interbedded toward the Eottom with green and red argilliﬁesl and toward

the top with thin beds of buff weathering limestoné.

AGE ‘AND. CO'RRELATION OF THE PROTEROZOIC} SEDIMENTS

The Epworth and Goulburn Groups lie unconformably upon a baseﬁent
of Archean metamorphic and plutonic rocks; the Proterozoic sediments belng
separated at least in places frommthe_basement by conglomerate or regollth.
The youngest Archean granites in the area aré dated at about 2500 m.y. by

the Rb/Sr wholé rock isochron method using the lower (1.39 X 10”ll X yrs._l)

87

decay constant for Rb. This date therefore provides a maximum age.for

" both groups.
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Both Epworth and Goulburn Groups are overlain unconformably by
younger Proterozoic strata near Coronation Gulf. The Coppermine basalts,
Awhich form a part ofvthis younger sequence date about 1200 m.y. (K/Ar
whole rock and Rb/Sr isochron, Baragar in Wanless and Loveridgé, 1972).
Basic sills wifhin the Epworth and Goulburn Groups dated by the K/Ar
whole rock method have ages ranging from Coppermine age up to 1,555 m.y.,
the oldest date having been obtained from the eastern sill at
Rockinghorse Lake. Along the west margin bf the Epworth basin the Epworth
.-Group is intruded by massive to porphyritic granite, and biotite from this
granite, dated by the K/Ar method, gives an Hudsonian age of 1,760 m;j.
The minimum age of the Epworth Group is therefore Hudsonian and correlation
of Goulburn and Epworth Groups (Fraser aﬁd Tremblay, l968).suggests that
‘this minimum applies to the Goulburn as well. |

Hoffman et ai., (1970) proposed that the Goulburn and Epworth
Groups form northern rémnants of an arcuate Aphebian geosyncline, the
Coronation Geosyncline, that extended from the nbrthern ﬁo the western
and southern margins of the Slave Province, where it included rocks of the
Snare and the Great Slave Groups. They furthef suggested that emplacement
of Hgdsonian granite along the western margin of the geosyncline occurred
at about the same time as deposition of tﬁe molasse facies within thev
geosyncline farther east. Consideration of sedimentation rates led to
the conclusion that deposition ?robably began in the geosyncline nc more
than 2;006 million years ago andApgpqe.thatJFhe geosynclinal succession
"as a whole is of 1ate-A§hébian age. |

Goulburn and Epworth Groups fﬁrther correlate approximately on a
formation by formation basis. The Western River Formation at the base of
the Goulburn‘Group is thus the stratigraphic equivalent of the 0djick
Formation of the Epworth Group. These basal formations represént a

heterogeneous, laterally variable, pre-orogenic, terrigenous phase of




- 120 -

.sedimenﬁation (Hoffman et al., 1970) which, within the present map-area
.respectivély represent cratonic and marginal geosynclinal environments.
_Correlation at a more detailed level is difficult because of the much
greater thickness of the EpworthvGroup and of the lateral Qariability
of both groups. o

Interesting nofthwestward variations in facies occur within the
Western River Formation. In the Contwoyto area (Tremblay, 1967) the
thickness of quartzite beds in the lower part of the Lower Argillite
'ﬁember increases northwestward, and in the Rockinghorse Lake outlier these
beds have becoﬁe even more prominent. The quartzite beds of the Lower
Argillite member are associated with yellow-green argillites that closely
resemble the colour of the very fine-grained yellow-green alteration of the
'basémeht plutonic rocks and gneisses at the unconformity. It thereforé
seems likely that both'lithologies were derived from local erosion of the
weathered Archeanlsurface during retreat of the shore line. Subsequent
darker coloured argillites probably represent influx of detritus from more
distant éources.

The‘Red Siltstone member at»Contwoyté Lake is characterized
‘throughout its lower four fifths by carbonate nodules in argillite
(Tremblay,'l967). At Rdckinghorse Lake £ﬁese nodules commonly display
laminaﬁion convex upward and in places are accompénied by thin
étromatolitic beds suggesting sedimentation in lessvturbid waters as ét the
ndrthwestérn edge of a basin or tppugh‘of'shale depositidn. This
khypothesié is supported by the appearance within the Red Siltstone member
of minor yellow green locally derived afgillites along with gquartzite beds
ireéemblipg thoselin the lower part of the Lower Argillite member. These
quartzite beds occur along the west margin of the Rockingﬁorse Lake outlier

“and SuggeSt proximity to exposed Archean basement during Red Siltstone time
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" The great difference in thickness between the Odiick Formation
(2,100 feet ér 640 m) in the northwest corner of the map-area, and the
Wéstern River Formation (900 feet or 274 m) some 15 or 20 miles away'.
at Rbckinghorse Lake suggests that a topographic rise or "hinge line"
existed in léte Aphebian time between thesevtwo areas (Hoffmén et al.,
1970). This "hinge line" may in part still be reflected in the abrupt
‘rise of some 400 to 500 feet (122 to 152 m) of the present surface of

Archean rocks from the Odjick contact to the hilltops west of Rockinghorse

Lake.




- 122 -

DIABASE AND GABBRO DYKES‘ AND SILLS

Northwest trending diabase and gabbro dykes of the Mackenzie
sWarm occur throughout the Itchen Lake map-area but they are clearly
concentrated along a belt immediately southwest of Contwoyto Lake where
they.exert a dominaﬁing influence on the regional aeromagnetic anomaly
pattern. Farther west a second, less marked concentration of northwest
trending dykes occurs in a belt extending from the south margin of the
map-area through the east end of Point Lake to the northwest corner of
the map-area. In'the intervening area some dykes are evident in the
aeromagnetic anomaly patterns and other kﬁown dvkes are not. The dykes
vary in thickness up to 550 feet (168 m), the largest being reported
by Tremblay (1967) near Contwoyto Lake. All appear to be steeply‘dipping.

A few west-northwest to west-soﬁthwest étriking diabase dykes
are présent within the northern part of the map-area. These dykes are up
~ to 150 fee£ (46 m) thick and most appear to bé steeply dipping although
the dip of one was observed fo be only 55 degrees to the south.  Some of
the weéterly striking dykes are porphyritic with plagioclase phenocrysts
up to 2 cm in length, but others are equigranular; One»dyke of this swarm
‘was found to contain‘calcite amygdules;‘

"Sills of diabase to gabﬁfo intrudé the Epworth and Goulburn
Groups near Cowles Lake, at Rockinghorse ILake, and about the north end of |
Cdntwoyto Lake. The.basalt sill east of Roékinghorsé Lake is about 40 feet‘
(12 m) thick at its south margin but méy be thicker elsewhere.

The dykes and sillé are mostly dark grey commonly grading to
greenish-grey where coarser grained or altered. Porphyritic dykes afe
either green or dark grey. The least altered dykes, which belong mostly
to the Mackenzie swarm, are composed principally of andesine and labradofite
‘and clinopyroxene with minor magnetite-ilmenite, and trace apatite. More

altered dykes, most of which strike west-northwest, contain variable
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amounts of chlorite and hornblende, and some contain a little biotite

and interstitial intergrowths of quartz and potash feldspar. Diabasic

to gabbroic textures are typical but one large dyke was found to be
microlitic. A green porphyritic dyke contains oligoclase phenocrysts

in a:fine-grained matrix of oligoclase, blue-green hornblende, and minof
biotite, epidote, quartz and carbonate. Trace sphene in euhedral crystals

and magnetite are also present.

Chemical analyses

Chemical analyses were made of three west-northwest striking
diabase dykes (see Tabie 12)._ Analyses of five (northwest striking)
Mackehzie dykes from within aﬁd near the map-area were_obtaihed ftom
W.F;‘Fahrig‘(pers. com., 1975). The latter are mostly mean compositions

derived from analyses of different specimens of the same dyke.
Table 12

" The analyses suggeét that the west-northwest striking dykes
are olivine—normative whereas the Mackenzie dykes are quartz-normative.
There is a further suggestion that the west-northwest striking dykes are of
more variable composition, although this may be partly due to averaging
of analyseés of Mackenzie dykes. 'further anélyses are required to

substantiate these trends.

Age Relations

| Three ages of diabase intrusion appear likely within the Itchen
Lake map-area. The éldest of these probably comprises the westefly strikin
porphyritic dykes and possibly the westerly striking egquigranular dykes.
This inference is based on the occurrence of porphyritic andesité flows, -
.of similar lithology to the porphyritic dykes, that are reporfed by Fraéer

(1975) within the Rocknest_Formation to the west of the'map—area. A whole
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rock K/Ar date determined for one of these flows is 1740 * 200 m.y.

(Fraser in Wanless et al., 1966), and two dates obtained from porphyritic

'i~dykes are 1570 * 115 m.y. and 1240 t+ 80 m.y. Although these dates do

not represent the aée of intrusion of the reSpective'dykesj they support
the previous suggestion that the porphyritic dykes are older thén the
Mackenzie diabase (about-lZOO m.y., Fahrig and Jones, 1969). The age
of intrusion of the porphyritic dykes thus probably corresponds to the
. agé of the Rocknest Formation, between 1750 and 2000 m.y.

| Equigranular diabase to gabbro sills have intruded the Goulburn
and Epworth Groups. These sills are crosscut by the Mackenzie dykes but
contact relations with the more nearly east-west striking porphyritic

dykes are not known. ©None of the latter’group of dykes are known to
intrude the Goulburn Group in the viéinity of the.sills, although they
appear within the Archéan rocks a few miles to the south. This suggests
that emplacement éf these dykes and the sills were not related events.

The sill at Contwoyto Lake intrudes the Burnside River Fdrmation (Tremblay,
1967) and similar sills farther northeast intrude the upper part of the
Goulburn Group (Fraser, 1964) suggesting that fhe sills are younger than
the Rocknest Formaﬁion. The porphyritic dykes are therefore, by correlatio:
with the pbrphyritic flows in the Rocknes£ Formation, older than thé
diabase sills. A X/Ar whole rock date, 1555 + 135 m.y. obtained from the
sill east of Rockinghorse Lake érovidés a possible ége of emplacement that
is consistent_with'the geologicalmgppcession:

| Northwest striking éiabase dykes within the:map-areé are éart of
'the Mackenzie dyke swarms exhaustively dated by the K/Ar whole rock and |
' bidtite methods. The results of these studies yield an approkimate age

of intrusion of 1200 m.y. (Fahrig and Jones, 1969).
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Concentrations of Mackenzie dykes in two northwesterly trending
zones near Céntwoyto Lake and through the east end of Point Lake have
already been pointed out. In the western zone the dykes are most densely
concentrated at the margin of the high grade gneiss next to the Yamba
batholith. They decrease in number where they cut across the greywacke-
turbidite basin and the Rockinghorse batholith. 1In the eastern zone
dykes are also most abundant in the sediments, where they follow the
margins of thevCentral belt and Contwoyto batholiths but decrease in
number where the zone cuts deeply inﬁo the Contwoyto batholith. Dyke
intrusion thus perhaﬁs favours zones ﬁhat'follow the main pluton margins
whether these are exposed at the surface as is probably the case near
the Central belt batholith or whether they are present ‘at depth as is
likely near-the margin of the hybfid gneisses at,Point Lakev(éee'map

section A-Al)..
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' METAMORPHISM

INTRODUCTION

Archean supracrustal rocks within the map-area sﬁow wide
variations in metamorphic grade that are characterized throughout by the
absence of mineralogical indicators of high pressure. Thus in pelitic rocks
biotite appears low in the greenschist facies. At higher grades garnet is
not common éxcept in iron-rich rocks and kyaﬁite is absent, its.piace
being taken by andalusite. At highest grades andalusite-cordierite-
microcline assemblages appear locally and hypérsthene'is present in some
calcareous rocks, suggesting conditions appfoaching those of contact
nmetamorphism (Winkler, 1967); Metamorphic rocks of the Itchen Lake map-are:
therefore resemble those offthe Abukuma facies series of'Miyashiro (1961} .
Conditions of this facies series, characterized by low water Vaépr
pressure, provide a favourable environment for the fapid changes in regionéﬁ
metamorphic grade that are typical of the map-area, and indeed of the
Slave Province.

In the present study the metamorphic classifiCatioﬁ of Winkler,
(1967) has been followed,‘ In areas underlain by pelitic rocks isograds
have been drawn at the first appearance of cordierite, at the first
.éppearance of éillimanite, and at the first appearance of microcline with
: siliimanite. Thus fhe greater part of the map—-area is divided into
‘metamorphic zones corresponding to the greenschist facies and three
' subfacies of the cofdierite—amphibolite'facigs. The latter iﬁ order of
increasing mefamorphic grade are: 1) the andalusite-cordierite-muscovite
subfacies, 2) the siliimanite~cordierite—muscovite-almahdine subfacies,
and 3) the sil1imanite—cordieriteQorﬁhéclase-almandine'éubfacies. In the
following text these will be referred to as the lower, middle and upper

amphibolite facies.
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In areas underlain by volcanic rocks of the Point Lake Formation
changes in mineralogy due to metamorphism are less obvious. Locally it
has been possible to recognize the disappearance of abundant disseminated
epidote marked by a change from light to dark green colours in greenstone.
- This change probably begins below the upper limit of the greenschist
facies as increasing amounts ef calcium are taken up to form more basic
plagioclase. Evidence of amphibolite facies conditions can be recognized
elsewhere in the volcanic succession where lenses of calcareous
metasediments contain diopside. At slightly higher grade but still within
the lower amphibolite facies the first appearance of cummingtonite occurs
(Heywood and Davidson, 196%).: In the Itchen Lake area cummingtohite is
- rare in the metamorphosed basic flows but is present in places in - the
tuffs and aﬁphibolites of the central volcanic belt. It also-occurs in
noduler calcareous greywacke beds at a few localities within the Itchen
Formation. Its occurrence ie too sporadic to.permit a cuﬁmingtonite>
isogradvto be drawn. At the'highest metamorphic grade»hYpersthene has
been observed in a lens of calcareous metasediment. Thus the volcanic
rocks are only broadly subdivided into areas correqunding approximately

to greenschist facies and amphibolite facies metamorphic grade.

THE GREENSCHIST FACIES METAMORPHIC ZONE

Two belts and one outller of greenschlst facies metamorphlsm are
:present within the Itchen Lake map~area.A The most westerly belt lies
along the eastern side of the Western volcanic belt from Itchen Lake
seuth to e point at least 12 miles (19 km) south of Point Lake. The second
‘belt extends discontinuously from a point some 7 miles (11 km) north of
Peint Lake to the region northeast of Contwoyto Lake. The northeastern
‘section of this belt near Contwoyto Lake is not covered in this report and
"the reader is referred to Tremblay (1975). An isolated region of hybrid
" rocks characterized by greenschlst facies metamorphlsm lies along the south

shore of Rocklnghorse Lake.
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The westernmost belt of greenschist facies metamorphism encompass:
mostly rocks of the Point Lake, Contwoyto, and Keskarrah Formations in
Awhich lithologies range from acid to basic volcaniés, and from coarse
clastics to pelitic sediments and iron-formation. The rocks‘of lowest
metamorphic grade include thé Keskarrah conglomerates, adjacent floWs,
‘andwpart of the Contwoyto Formation. Light green mafic flows that lie
-~ beneath theiconglomerates south of Point Lake are characterizéd_by
fine-grained albite and epidote. Greywacke lenses within the conglomerate
contain quartz-albite-muscovite-chlorite aSsembléges indicative of lower
greenschist facies metamorphism (Winkler, 1967). Mafic flows and fuffs'
remote from the greenschist‘facies belt are darker greeﬁ. 'These rocks
contain well crystallized oligoclase or andesine and blue—green'hornblende
with little epidote, suggesting amphibolite facies metamorphism.
Transitional between light and dark green greenstones are intermediate
:ocks which render mapping of the precise upper limit of the greenschist
facies in the volcanic terrane difficult. These rocks contain insufficient
disseminaﬁed fine-grained epidote to markedly effect their colour and are
dominated by pale green td gluish green actinoliticvamphibole. Variable
proportions of oligoclase are also present. Such rocks probably belong
“fo the quartz-andalusite-plagioclase-chlorite subfacies or upper
greénSchist facies of metamorphism (Winkler, 1967). Nofth of Point Lake
disseminated epidote is nowhere‘as abundant ih ﬁhe mafic volcanic rocks
- as it is to the south. Mafic tuffs and flows along the west,ﬁérgin of the
Western volcanic belt pfobably attained amphibolite facies grade because |
"dioéside occurs.in a lens of calcareous metasediments,and anthophyllite
in meta-ultramafic rocks within this'éuccession‘between'Point and Itchen
‘Lakes. To the east very finé—grained, equigranular gréywackes within the

volcanic belt contain the assemblage quartz-sodic plagioclase-chlorite- -
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sericite-carbonate indicating that they are within the greenschist facies
zone. The eastern limit of this zone is marked by the appearance of
cordierite in the schists of the Contwoyto Formatlon, but it is of
interest that ulllceous iron-formation lenses within the slaty phyllltes
of this forMatlon,‘apparently west of the cordierite isograd, contain
radiating, highly poikilitickgrunerite. Neaf Itchen Lake the western
boundary of the gréenschist facies zone probably occurs withih the felsic
volcanic rocks although diagnostic assemblages were not obserVed. To the
north of thatllake the boundary swings to the northeast where greenschist
facies metamorphism is indicated by fine-grained tuffaceous phyllite
bearing the assemblage quartz-sodic plagioclase—chlorité—epidote. The
belt is terminated some sevén miles northeast of the west orm of the lake
where the structure swings abruptly to the northwest. Pelitic schists
immediately to the north bear sillimanite-cordierite-muscovite éssemblages
indicating a rapid rise to middle amphibolite facies.

| Rocks of the eastern belt of greenschist facies metamorphism
consist primarily of greywacke, slate and phyllite of the Itchen Formation.
These lithologies are charaoterized by the presence of metamorphic

biotite and/or chlorite. Neither cordierite nor andalusite were
recognized within the belt. Near the Cenoral volcanic belt the rocks
Abecome phyllltlc and where the two belts 1ntersect the volcanlc rocks
appear to have attalned higher metamorphlc grades. Banded tuffs along
- the north margin of the volcanic belt contain cummingtonite and calcareous
tuffo contain‘plagioclase which varies from élbite to anorthite.
Locally, there are indications of retrogression to greenschist facies,
as.for ex;mple where acicular actinolite crosses foliation in cummingtonite
tuff, or where quartz—albite?actinolite—chlorite—muscoﬁite assemblages

occupy shear zones.
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South of Rockinghorse Lake hybrid volcanic rocks and associated
tuffacedus metasediments are abundantly intruded by granitic rocks. ‘Both
supracrustal rocks and some of the granitic rocké ére commbnly
thoroughly altered, the typical mineral assemblages being quartz—chlorite4
carbonate with or without biotite, muscovite, actinolite and albite or

oligoclase. Pervasive alteration is therefore of greenschist facies grade.

THE LOWER AMPHIBOLITE FACIES METAMORPHIC ZONE

| | Belts of lower amphibolite facies metamorphic grade exist on
either side of the greenschist facies metamorphic belts. The most.
prominent of these lower amphibolite facies belts lies along the east side .
of the Western volcanic belt at Point Lake and from there extends north
and east to Concession Lake beyond which i£ splits, the ﬁorthern part
continuing to Contwoyto Lake and the southern extending southeast to the
east border of the map-area. Narrower belts ofllower amphibolite facies
grade lie on either side of the eastern greenschist facies belt, and an
isolated area of lower amphiboiite facies metamorphism is present on
either side of Point Lake at the entraﬁce of Coppermine River.

Within the pelitié rocks of the Contwoyto and Itchen Formations
rocks of the lqwer amphibolite facies zoné commonly contain quartz-
'cordiérite—andalusite—biotite-oligoclase aséemblages. The lower bouhdaryA
of the zone is marked by the first appearance of cordierite and its
‘upper.boundary by the first appearanée of sillimanite. In places small
grains of staurolite with yellow pleochfoism-are included in cordierite.
Garnet appears in some schists within the Contwoyto Formation, and is
present in some bands in most silidate—sulfide irqn—fdrmation 1enses;

where it is accompanied by blue-green hornblende, grunerite and quartz.
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In the voléanic rocks lower amphibolite facies metamorphism is
recognizea with less certainty but is probably reflected in well
A crystallized hbrnblende-calcic oligoclase assemblages without appreciable
epidote that are present in the northern and-extreme‘southérn parts of
the Western volcanic belt. In the northeast arm of the Central volcanic
belt the presence of cumnmingtonite and basic plagioclasé indicéte that at
least lower amphibolite facies conditions were reached. In the southern .
arﬁ cummingtohite was only observed where the érms merge, and where
"similar volcanic rocks are infolded within the Central belt batholith.
Elsewhere in the southern arm chlorite—epidote—albite—oligoclase *
hornblende assemblages are common, but it is not clear whether lower
amphibolite facies conditions were widely reached, and the characteristic
‘mineral assemblage is a product of retrogression or whether only

greenschist facies conditions were attained.

THE MIDDLE AMPHIBOLITE FACIES METAMORPHIC ZONE

Rocks of ﬁiddle amphibolite facies and above are found only in
thoée parts of the map—érea to. the east of the Western volcanic belt.
In the north they form the butermost part of the gfeywacke—turbidite
basin. In the central part of the map-area they underlie a region east
of Itchen Laké that surrounds a group of minor granitic intrusions, and
in the southeast they form a broad belt northeast of the Yamba béthblith
_ thét is in most places separated from the'batholith by a-belt of upper
amphibolite facies metamOrphism;“waﬂéhisblagéd region of middle amphibolite
fécies metamorphism northwest of Itchen Lake is associated with hybrid
 ’pelitic schisﬁs that may be strudturally separated from the rest of the

basin. o X
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Pelitic rocks of this zone are characterized by sillimanitef
cordierite-muscovite-bearing assemblages. The lower limit of the zone
has been placed at the first éppearance of sillimanite as fibrolite.

At slightly higher grades within the zone éillimanite is coarser grained,
aﬁd eventually the schists become lit-par-1lit gneisses. Andalusite
accompanying sillimanite is not rare and may occur at any point in this
progression. In the volcanic rocks, particularly the intermediate tuffs
of‘this zone, cummingtonite is locally present but its first appearance
_occurs in the lower amphibolite facies zone and cannot be used to

determine the isograd separating the two facies.

THE UPPER AMPHIBOLITE FACIES METAMORPHIC ZONE

| Rocks of upper amphibolite facies metamorphic grade form a
bnortheast tapering wedge along the northwest contact of the Yamba batholith
They also appear as inclusions within the batholith along its east margin.

fhe lower limit of the upper amphibolite.facies is marked by

the break-down of muscovite to form potash feldspar and sillimanite.
Becausé of the low pressure at which the rocks have recrystallized,
andalusite was apparently in mény cases stable at the temperature of
break~down of muscovitéf Thus sillimanite-microcline-cordierite and
andalusite—microcline—cordierite assemblages are interspersed, and both
sillimanite and andalusite coexist at some localities. Employing the
data of Winkler (1967) these assemblages indicate that upper émphibolite
facies mefamorphism northwest of the Yamba batholith occurred for the
- most part at pressures close to 2.5 kilobaré and at temperatures close
‘to_650°C. The.fact that hypersthene is present locally, close to the
~contact of the bétholith, in a quartz~hypersthene—diopside-hornblende—
~anorthite aséemblage may suggest £hat still higher temperatures were

attained. This assemblage appears in a calcareous band within a migmatite

succession in which andalusite is present and would suggest that lower

pressures as well as slightly higher temperatures obtained.
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In the more basic rocks, hornblende gneiss.and amphibolite, the
uﬁper amphibolite facies zone is characterized by hornblende-oligoclase/
~.andesine in which hornblende is commonly green and plagioclase diffusely,
reversely zoned. Quartz, biotite and microcline are'preseﬁt locally,

but clinopyroxene is rare.

MINERALOGICAL INVESTIGATIONS

COEXISTING AMPHIBOLE PAIRS * GARNET

TWO coexisting amphiboles, a calcareous aluminous hornblende,
and a grunerite, form the principal mafic phases in most of the silicate
bands in silicate-sulfide facies iron-formation lenses in the Contwoyto
qumation° Garnet is common along £he margins of the iron-formation lenses
Land'in beds and'patches within. Excépt for magnetite or iidn sulfide,
found only in certain layers, quartz is the only other majdr constituent.
Similar amphibole pairs, in which a calcareous aluminous hornblende coexist:
with cummingtonite, are preéent in the banded tuffs of the Point Lake
Formation and in calcareous concretions within the Itchen Formation.
Electron probe analyses-of a selection of amphibole pairs, and some
hornblende—grunerite—garnetAtriplets, were made_to'determine whether
variation in composition of amphibole pairs could be clearly related to
metamorphic grade attained as deduced from mineral assemblages in the
neighbouring pelitic rocks. The investigation shows however, thaf the
chstallization of a garnet richef in iroﬁ than either of the accompanying
amphiboles exerts the predominant influence over the iron-magnesium’
composition of amphiboles in these rocks.

'Electrqn probe analyses of grﬁnerite—horblende pairs and

grunerite-hornblende-garnet triplets are reported in Tables 13, 14 and 15,-
with the sample locations shown in Fig. 27.‘ The analyses were obtained

using a Materials Analysis Company electron microprobe equipped with a Keve
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enerqgy aispersive spéctrometer and automated to produce simultaneous
multi—eleﬁentwanalyses and data reduction (Plant and Lachance, 1973).
_.Operating‘conditions were as follows: 20 kv. accelerating voltage,
specimen current of 10 nanocamperes measured on a standard kaersutite, and

| a counting time of 100 seconds. The minerals were analysed for 10 elements,
viz. Si, Ti, Al, Cr, Fe,‘Mn, Mg, Ca, Na, and K, and no other eiements

Were detected in the energy dispersive spectra. Standards used were
as'follows: kaersutite (Na, ﬂg, Al, si, K, Ca; Ti), chromite (Cr),
;biotite (Mn) and a grunerite (Fe). Except-as noted below, there was no
evidence of inhomogeneity within individual mineral grains, and the
compositions reported in Tables 13, 14 and 15 are the average of 3 to 8
spot analyses. ‘With the exception of sodium, the determinations have a
‘relative accuracy of * 1-2 per cent for major elements and up to 5 per cent
for minor elements. For sodium, the relative accuracy is * 10 per cent.
Iron is reéorted és Fé2+ in the analyses and in the calcqlation of cation
values. The latter were calculated on the basis of 23 oxygens for the

amphiboles and 24 oxygens for the garnets.

Figure 47

Tables 13, 14 &.15

Two hornblendes, samples 211 and 648 are inhomogeneous.
Compositional variations in these hornblendes appear to involve maihly

substitution of A1203, Na20 and K20 for Si0 In one iron-formation bed,

samplevl3OOC,'suitable grains ofhéérhét; grﬁherite and hornblende in close

9

proximity were not present so that separate grunerites, one in contact with

hornblende and the other in contact with garnet, were analysed.
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Inspection of»the data in tables'l3, 14 and 15 shows that among
£he minor elements calcium, sodium, potassium and titanium are concentrated
in hornblende. Manganese shows progressive increése from hornblende
through grunerite-cummingtonite to garnet. Chromium shows no clear
preferred concentration in any of thesé three minerals. None of these
'éleﬁents show cleaf trends in abundance in either amphibole with increasing
metamorphic grade.' |

The érincipal substitutions involved in compositional vériations
in the amphiboles under consideration are those of magnesium, iron,
aluminum, and silicon. Of these the first three enter the octahedral sites,
and the latter two the tetrahedral sites éf amphibole. Detailed
consideration of these substitutiéns requires among other.factors a
knowledge of the ferrous-ferric iron composition which must be based on
assumptions for data derived from electroﬁ probe analyses. ©Nevertheless
the fréctiqnation of any two of these elements between coexisting
amphiboles can be expressed as a distribution.coefficient; The distributio:
coefficient expressing the fractionation of magnesium and iron may be
writteﬂ as:

Mg (hornblende) . Fe (grunerite)

Fe (hornblende) ‘ Mg (gruherite)
and this éoefficient can be represented as the slope of the line obtained
by plotting Mg (hornblende) /Fe (hornblende) against Mg(grunerite)/Fe(grunerite
“In principle D will vary with the pressure and temperature of crystallizatic
of the amphiboles. Moreover, to the extent that substitution is a non-
- ideal process, it may‘be affected by substitution of other ions such as
that of aluminum. Because the two amphiboles are of similar struéture,
ahdvmineral assemblages in the associated: schists suggest that pressures
under which the amphiboles crystallized were confined to the low pressufe
'facies series, it may be éssumed that the affect of preésure on the |

- magnesium-iron fractionation was minimal.

Figures 48 & 49
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In figurés 48 and 49 Mg/Fe (hornblende) is plotted against
Mg/Fe(grunerite—cummingtonite), and the points obtained are coded
acco;ding to the metamorphic grade reached. At the same time the_number'
of Al cations per unit cell ih the hornblende is given beside each point.
The data sﬁow littlé tendency toAfall into metamorphic groupings but
there is evidence that grunerites and cummingtonites aie more magnesian

than coexisting hornblende where the hornblendes are aluminous.
Figure 50

In figuie 50 the magnesium-iron distribution coefficient, D,
for each of the amphibole pairs in tables 13, 14 and 15 are plotted
againét the alumina content of thé respective hornblende.v Amphibole
pairslthat reached only greenschist facies metamorphism show.a wide range
of both alumina content and D, and those ﬁhat reached higher grades show
only siightly lesser ranges. The data indicate that temperature of
~crystallization has not been an important factdr influencing the
magnesium;iron distribution between these two minerals. On the other hand
there is a clear trend toward inverse variation between D and the alumina
content of hornblende suggesting that alumina substitution in hornblende
has affected the magnesium-iron distribution. _

'Amphibole pairs accompanied by garnet (solid symbols) plot at‘the
alumina-rich end of Figure 50 as woﬁld be expected from the aluminous
‘composition of garnet. They ére accompanied by at least one ahd possibly
two D values (samples 309 and 358) representing amphibole pairs with
alumina-rich hornblendes for which the metamorphic grade was probably too

low to permit formation of garnet.

Figure 51,7
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The data are consistent with the Hypothesis that as alumina
contamination of the host beds increases thé alumina content of hornblende
rises causing a shift in magnesium-iron distribution between hornblende and
grunerite {(or cummingtonite). Eventually,'if the metamorphic grade is
sufficient, garnet more iron-rich than either of the coexisting
amphiboles will form (see Fig. 51B). The iron-rich nature of this garnét
is probabiy responsible for the decidedly more magnééian compositions of
both hornblénde and grunerite coexisting with it (compare Fig. 51A and 51B)
~Although the overall composition of the host beds is not known it seems
-unlikely that coﬁpled Al-Mg contamination, possible‘if the contaminent
were predominantly a magnesian-aluminous clay mineral, is responsible
for the more magnesian composition 6f the amphiboles because the amphibole
:péifs from the greenschist facieé which contain aluminous hérnblende but
no garnet (samples 309 and 358) should then have been more magnesian.

| The magnesian content of both amphiboles of one amphibole pair
(sample 15, see Fig. 51A) with which no garnet was associated is high and
comparable to that 6f amphibole pairsfcontaining garnet. The‘hofﬁblénae
of this pair however, has én intermediate alumina conteﬁt somewhat below
that of the least aluminous hornblende for‘which Qarnet éoexists. This
refleéts the fact that some iron-formation beds were significantly more
magnesian than others without at the same time being enriched in alumina.

" The iron-formation beds of the Contwoyto Formation are considered
to'have been deposited within the greywacke-turbidite sequénce during
periods of reduced turbidite depégiéién; biétal turbidity flows
‘presumably account for the contamination of some iron-formation beds by
~variable proportions of aluminous material. By comparisoh'with the
surrounding biotite schists this material was probably in'large part'
potassium-rich clay. Possibly the catiéns normally absorbed to the

settling clay particles were released through hydrogen-ioh exchange under
abnormal pH conditions prevailing in the environment of silicate-sulfide

facies iron-formation deposition.
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| CORDIERiTE

Each of the subfacies of the amphibolite facies in the low

_ pressure facies series 1s expressed in the.Itchen Lake area, and unaltered
cordierite is extensively preserved in the pelitic rocks of each of these
subfacies. The Itchen Lake area therefore provides an unusually good
opportunity for the investigation of variation in properties of cordierite
with changes in regional metamorphic grade in rocks of this facies series.
In:the present study a survey of variation in 6ptic axial angle (2V alpha)
: in cordierite has been undertaken to see what variations might exist and
‘'whether they could be felated to known variations in the geological
environment. In addition a suite of 10 cordierites was selected for
partial cheﬁical analysis by electron probe to represent localities with

‘normal and abnormal optics from each of the metamorphic subfacies.

Optical Measurements

Values of 2V alpha determined for cordierite on the universal
stage. are given in Table 16, and the localities represented are shown in
Figure 47. No corrections were applied to the data because of the
similarity of refractive iﬁdex between cordierite and the intermediate
hemispheres, and because extreme rotations were not used. Individual

measurements are believed accurate within * 2 degrees.

Figure 52

Table 16
The range of 2V alpha obtained for cordieriﬁe is‘iliustrated in
- histograms (Fig. 52). Sharp decreases in frequency of 2V alpha values
océur at 66 degrees and 89 degrees (from composite histogram) for the
Itchen Lake ctystals.‘ The lower inflection corresponds closely to the -
lower limiting value for common cordierite (65 degrees) given by Deer,’

Howie and Zussman (1962). The upper inflection however, is somewhat
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higher than the corresponding figure given by these authors. As will be
seen this is probably due to extensive development of rocks of upper
amphibolite facies, low pressure metamorphism, within the Itchen Lake

map-area.

Chemical Data

Partial analysesbof 10 cordierites from the same suité of rock
specimens for which optic angles were determined,-were made with fhe
electron ?rdbe by G.R. Lachance (see Table 17). The method used is not as
.sensitive as that employed in aﬁphibole analyses, butvis believed accurate
to within 2 to 10 per cent of the value given depending upon the element

concerned and the amount present.
Table 17

Discussion

Myashiro (1957) has.shown that optical properties of cordierite-
including 2V alpha depend in part upon the structural state which is
related to the thermal history of cordierite. Iiamya (1958) showed that
natural cordiérite, converted to high—temperatﬁre pordierite by heating
at various pressures, lost water ana underwent an increase in optic angle.
Increasedhpressure was found to increase fhe temperature at which this
conversion began and ended. Folinsbee (1941) suggested that there may
be‘an inverse relationship betwéen the combined alkali content of
cordierites and the value of 2V alphai Datg collected.by Deer, Howie
and Zussman‘(i962) howe?ér, are less éonvincing in this regard.

’Chemically analyzed cordierites from pelitic rocks of the Itchen
Lake area may show a tendency to be iron-rich at high metamorphic grade.
Correlaﬁion of the two variables is not plosevhowever, ané the tendency
- may be coinéidental as it is not reported for other areas. Sodium on the

other hand is highest in cordierites from lower amphibolite facies pelites
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and decreases in cordierite from middle amphiboiite facies rocks. In
schists from the upper amphibolite metamorphic facies it femains low.

" This trend is the inverse of that shown by 2V alpha except that the latter
continues to increase in size into the upper amphiboiite facies. The
data are consistent with the view that increasing metamorphic grade

’tends to promote expulsion of alkalis (and water) from the cordierite
structure and.disordering of Al—Sl distribution, éll of which opefate

to increase the size of 2V alpha. It may therefore be anticipated that

| within the Itchen Lake map—area.the size of 2V alﬁha of cordierite from
pelitic rocks will be primarily a function of metamorbhic grade, but that
pressure variations insofar as they may restrict expulsion of alkalis aﬁd
water, or disordering of Al-Si, may modify the common trend locally.

The regional variation of 2V alphé of cordierite from pelitic
schists within the Itchen Lake area is illustrated in Figure 53. This
variation is clearly prominently affected by regioﬁal metamorphism about
the Yamba batholith'whgre unusually low pressure, high temperature
metamorphic cpnditions'are indicated by the andalusite-cordierite-
microcline assemblage in nodular schists and by the local presence of
hypersthene in some calcareous rocks. Highest values of 2V élpha however
apéear to exist in cordierite somewhat removed from the batholith contacts,
and cordierite close to the contacts, which may have fe—equilibrated to
vlbWer temperature conditions, has below aVerage optic axial angles for this

(upper amphibolite facies) metamorphic zone.
Figure 53

Comparison of cordierite from middle amphibolite facies rocks
about the Contwoyto and Rockinghorse batholiths with that from rocks of
similar facies about the Yamba batholith would be of interest but

insufficient suitable material for this purpose was collected. The
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persisteﬁce of sillimanite-muscovite assemblages up to the batholitic
contacts, and stsibly to the incongruent melting point of arsenopyrite
(702 + 3 degrees, Clark, 1960 see economic geology section) may indicate
.metamorphism at somewhat higher pressures. If so the very low values

of 2V alphé obtained from a middle amphibolite fécies schist north of
Itchen Lake may result froﬁ a coﬁbination of better rétehtion of water,

and equilibration to lower temperature, better ordered, states due to
relatively higher pressure during metamdrphism across the northern part

of thévmap-area. A similar argument may apply along the east margin of the
Yamba bétholith where the upper amphibolite facies zone is also absent

at the contact, and lower than normalkValues of 2V alpha were obtained
from cordierite specimen 37 to the north of this region of ﬁhe contact.

Within the nodular échists of the lower ampﬁibolite‘facies low

optic angles in cordierite are prominent in the northern part of the map-
area consistent with relatiVely higher pressures during metamorphism{

Two anomalously high values of 2V alpha were obtained from schists to the
south of an inferred fault in the central part of the map-area. These

may perhaps reflect uplift of roéksvsouth of the fault during metamorphism.
South of Point Lake 2V alpha values in this metamorphic zone are
intermediate, perhaps also reflecting relétively greater depths of burial

at the time of metamorphism.

SUMMARY AND INTERPRETATION OF RADIOMETRIC AGES

Radiometric dates determined for rocks in the Itchen Lake area

are summarized in Table 18. The zircon and sphene dates in the table

23 8 -
are based on U decay constants as follows: A U = 1.55126x 10 '%vrs -1;

23 % L - 21 ) .
A U = 9.8485 x 10 '°Yrs . The Rb/Sr isochron dates given in the

~ _ _1
table are based on the smaller decay constant (1.39 x 10 ''Yrs ) for
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vé? Rb because this appears to fit in better with other dates obtained
from the Itchen Lake area.

Zircon aﬁd sphene concentrates from the Keskarrah batholith
south of Point Lake yielded discordant U/Pb results but have minimum
207§b/206Pb dates bf 2642 + 15 and 2637 * m.y. respectively (R.K. Wanless,-
pers. com., 1975). These dates are considered to represent the minimum
age of intfusion of this body and similar or older dates will likély be
found in the'quartz dioritic rocks of the Rockinghorse and Central belt
batholiths. Congiomerate of the Keskérrah Formation to the north of the
Keskarrah batholith contains clasts of grénodiorite and other volcanic
lithologies found to the south of Poinf Lake. Furthermoré clast size
decreases northward suggesting transport froﬁ the south. Boulders
within the conglomerate contain muscovite.that gives K/Ar dates of
2660 i.75 m.y.'and 2560 * 75 m.y. Because fine-grained metamorphic
muscovite is common in the matrix about these boulders, the K/Ar muscovite
ageAis believed to reflect the age of metamorphism. Thus intrusion,
uplift;_and unroofing of the Keskarrah granodioriﬁe,vand deposition, foldin
and mgtamorphism of the Keskarrah conglomerate probébly occurred within
an interval of 150 m.y. and were part of the same orogenic phase.
Deposition of the greywacke—turbidite succeésion, which probably mainly
followed depbsition.of the Keskarrah conglomerate presumably reflects

the erosion of positive areas created by this early orogenic phase.
Table 18

The Yamba batholith, which intrudes the greywacke—turbidite

subcession, gives an Rb/Sr isochron date of 2422 *+ 98 m.y.

87 11 87 11 1

- Iy : . -
(A"'Rb = 1.47.x 10 Yrs ) or 2562 m.y. (A 'Rb = 1.39 x 10 Yrs ).

Coarse muscovite from an unfoliated quartz monzonite dyke intrusive into
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rocks of the Point Lake Formation north of the Yamba batholith, presumably
at the same time as the batholith itself was emplaced, yields a K/Ar date
of 2495 + 70 m.y. The best estimate of the age of intrusibn of the
Yamba batholith is thus about.2500 m.y. Thié indicates that deposition
of Fhe greyﬁacke~turbidite succession in the'Itchen Lake map-area was
completed pfior to 2500 m.y.‘ago. |

‘Rb/Sr determinations for rocks deriVed'from the lower volcanic
part of the Yellowkﬁife Supergroup give a scatter of Points providing

A , _11 1
a best fit isochron date about 2350 * 105 m.y. (A87Rb = 1.47 x 10 x Yrs )

: _11 1
87Rb = 1.39 x 10 x Yrs ). This date is clearly too

or 2485 m.y. (
young to represent the volcanic origin of these rocks and presumably
reflects high grade'metamoréhism that was associated with emplacement of
the younger granitic plutons. Biotite and muscovite K/Ar dates!from rocks
derived from the greywacke—turbidite succession'range from 2125 to
2350 m.y. These dates probably reflect a combination of the effect of
degassing of the Archean sediments during late Archean plutonism, and
‘ uplift responsible for devgldpment of the pre—Epworﬁh, pre—Géulburq
unconformity. Still younger K/Ar biotite dates ranging from 1815 to
2075 m.y. were obtained from the granitic plutons regardless of whether
‘Athey belonged-to the younger or older group of intrusiqns. |

ip Eight XK/Ar whole rock dates were obtained from the basic
igneous rocks within the map-area. The oldest of these is from the Fuz
pluton, a particulaily fresh metagabbro southwest of Rockinghbrse Lake.
The date, 1865 * 235 m.y. cofresponds to the minimum dates obtained from
biotites in the Archeén plﬁtonic rocks and indicates that the.gabbro is
probably not related to the younger diabase intrusions{ Dates of
1570 * 115 m.y. and 1240 * 80 m.y. were obtained from westerly striking

‘porphyritic dykes, and suggest that the dykes predate the Mackenzie
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swarm. They are likely related to porphyritic flows within the Rocknest
Formation of the Epworth Group. Two dates 1555 * 135 m.y. and
965 * 58 m.y. were obtained.ffom the diabase sill east of Rockinghorse
Lake. The younger date probably repreéents a part of the sill altered
during emplacement of Mackenzie dykes. The older date is the oldest
obtained for sills intrusive into the Goulburn Group and may represent
the approximate age of emplaéement of this sill. A single date,

902 * 106 m.y., is from é westerly trending diabase dyke containing a
few quartz-feldspar stringers. The date may reflect post emplaéement
alteration of the dyke. Dates of 1200 # 135 and 1335 * 185 m.y., from
dykes of the Mackenzie swarm, approximate the age of intrgsion of |

Mackenzie dykes given by Fahrig (Wanless et al., 1965 and 1970).
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STRUCTURAL GEOLOGY

MINOR STRUCTURES

BEDS AND INDICATORS OF STRATIGRAPHIC SEQUENCE -

Beds, most commonly less than.18 incheé thick, are well
defined in most parts of the Contwoyto and Itchen Formations; although
theyrmay be difficult to discern except where'scraped clean by lake or
river ice. Minor étructures indicating stratigraphic tops mainly
comprise graded beds (seevFigs. 18 and 19), but locally include scour
and £ill structures (see Fig. 31), and load casts (see Fig. 30), and
more rarely, -crossbedding. "The chief indicators of tops in volcénic
rocks are pillow shapes, but scour and fill structure héve_been observéd

locally in bedded tuffs (see Fig. 9).

FOLIATION

In most parts of the map-area planar distribution of metamorphic
minerals has produced a foliation that is commonly parallel or nearly
parallel with bedding. In some areas, particularly in the southern and
central parts of the greywacke-turbidite basin, foliation intersects
bedding at angles up to 90 degrees. This foliation defines an eastward
concave arc that is less acute than that formed by the basin itself,
and maintains its trend regardless of the facing direction indicated by
graded beds, showing that it is ﬁot an axial @lane cleavage related to
‘the main phase of leding. -~ In many places foliation is defined by
 elongate sections of cordierite porphyrdblasts suggesting thét it may
have developea near a metamorphic maximum, about the time the late

~ Kenoran granitic plutons were emplaced.

LINEAR FEATURES AND MINOR FOLDS
Mineral lineations are not abundant within the map-area but are

evident locally as parallel elongate cordierite porphyroblasts and as
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aligned biotite in the pelitic rocks, or as aligned hornblende crystals
in the volcanic rocks. Cobbles in the Keskarrah Formation conglomerate
on the south shore of Point Lake are stretched'with major axes defining
a steep plunge within the plane of schistosity. Similar elongation of
ovoids was observed in an isolated exposure of agglomerate within the
Cenﬁ%al volcanic belt. |

Minor folds are fairly common in the basic tuffs aléng the
northwestérn part of the Western volcanic belt but appear to be less
abundant elsewhere. Although these and other linear features are mosély

steeply plunging the number of observations made is insufficient to

establish a regional pattern.

MAJOR STRUCTURES

ARCHEAN ROCKS

Within the Itéhen Lake map-area three ﬁajor granitic bodies,
the Keskarrah; Central belt, and Rockinghorse batholiths, appear to
contain remnants of eafly'Archeén rocks. About the margins of these
batholiths are distributed the thicker éccumulations of Archean volcanic
rocks (Point ILake Formatibn), and between them lies a great arcuate,
eastward concave geosynform containing the greater part of the greywacke-
.turbidite succession (Contwoyto and Itchen Formations). - This geosynform
occupies the site of an originally more extensive basin in which the
greywaéke—turbidite shccession was depositéd. Metamorphicbgrades about
these'batholiths are commonly though no£ everywhere moderate.

In the northeast and southeast corners of thé map-area are two
major late Kenoran granitic bodies, theVConfwoyto and Yamba batholithé.
'The emplacement of these bodies occurred in areas away from the major
accumulations of early Kenoran volcanic rocks and peripheral metamorphismn

~was of high grade. Foliation in metamorphic rocks in the vicinity of
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both groups of batholiths crudely parallels their contacts and dips
sfeeply, mostly away from the granite quies.

‘Thé basic flows of the Eastern and Western volcahic belts are
of greater structural competency than afe the schists of the adjacen£
greywacke-turbidite basins. Deformation along the volcanic belts has
theréfore involved more obvious faulting and ﬁore open folding than has
ocqurfed in the scﬁist terranés.

The Western voléanic belt, made'up chiefly of rocks of the
Point Lake Formation, and its complex, coextensive fold belt, are flanked
on the west by remnants of a steeply dipping mylonite zone. The fdld
belt is divided into two parts by a doubly plunging antiformal structufe
that reaches a complexly faultéd, saddle-like culmination Between the
two axrms of Point Lake. North of Point Lake both arms of the fold belt
are progressively more extensively engulfed by plutohid rocks al;ng the
core of the antiform, but'remnants of volcanic rocks, possibly still
on the flanks of this structure, appear near the north margin of the
mép~area. 'South of Point Lake the western arm pinches out within 25
miles (40 km), but the eastéxn arm continues for some 60 miles (97 km)
south of the map-area. | | |

The central volcanic belt consigﬁs of two arms separated by_
aown—faulted blocks of the greywacke-turbite succession; The northern
arm consists of a narrow band of marble and calc-silicate gneiss |
- succeeded to the north by banded tuffs,»and by mafic tuffs and flows.
The eastern end of this arm of the belt comprises predominantly felsic
flows’and tuffs:whereas toward the western end the gpper mafic menber
thiékens and contains an increased proportion of pilloWed mafic flows.
Two possible pillow tops near the northwest margin 6f the belt suggest
that it'youngs toward ﬁhe northwest, aﬂd the lack of obvioﬁs repeﬁition

of the three members suggests that it is not folded. These data support
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the interpretation that a felsic volcanic centre at the northeast end
of the belt, with associated carbonate (exhalite?), overlain by banded
‘felsic to mafic tuffs, is overlapped from the west by basic volcanics.
On the other hand this picture can only be téntative because rocks in
the centrél and western part of the arm have a penetrative foliation
parallel with layering indicative of severe deformation.

The southern arm of the central vblcaniclbelt is irregulér in
plan. Along the southeast contact of the arm volcanic rocks project
.at intervals into the Central beit batholith, and inliers within the batholi
follow trends parallel both to the regional contact trend, and to the
- projections. It seems likely therefore that this part of the Central
volcanic belt has been crosé folded. The northwest arm of the belt appears
fo be faulted along at least part of its extent against down-dropped rocks
of ﬁhe'greywacke—turbidite succession.

Scuth of Concession Lake the mafic flows of the Central volcanic
belt pinch out eastward and the banded tuffs become thin. They apparently
thicken again slightly near the east margin of the map-area in the region
southeast of Gossan Lake where amphibolite and few pillowed flows are
present. The appearance of banded tuffs within the greywacke-turbidite
succession at the east margin of the map-area suggests the presence in
this region‘of a northwest plunging antiform. |

. The greywacke—turbidite'successiOn,'which includesvthe-
Contwoyto-and,Itchen Formations and'hybrid‘gneisses derived therefroﬁ,
overlies volcanic rocks on.the western and soﬁthern margins of the major
westward convek arcuate structure which these pelitic rocks occupy. On
the southeastithié structure is joined by a subsidiary belt of high grade
pelitic migmafites along the margiﬁs of which a similar lithologic
symmetry ié suggested. Thus a large region of agmatite at least partly

derived from mafic volcanic rocks separates the northwestern part of the
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.bélt froﬁ the Central belt batholith and lenses of tuff and calc-silicate
gneiss combarable to similar lenses in the Point Lake Formation are
present locally near the southern contact with the Yamba batholith.
'This regional symmetry combined with a few pillow top determinations
provides the main evidence for believing that the greywacke-turbidite
succession is younger than the Point Lake volcanics, and that the major
structures within which it lies are geosynformal.

| Folds within the greywacke-~turbidite éuccession are tight to
‘isoclinal and of éhort wavelength relative to those in the more competent
Point Lake volcanics. Fold noses and axial planes are difficult to
follow so that only in a few places, as at Contwoyto Lake (L.P. Tremblay,
1967) and near the east end of Point Lake, where top determinations
are most abundant, has it been possible to interpret individual folds.
Along the western part}of Point Lake, about Itchen Lake, and along
the northern margih of.the greywacke-turbidite basin scattered top
determinations suggest that a disproportionate number of Eeds are over-
turned toward the west or outer margin of the basin. This suggests that
folds in this'region are also overturned toward the outher convex margin
of the basin, and that the upright limbs have been preferentially removed

by faulting.

PROTEROZOIC ROCKS

. «'Sﬁructures within the Eéworth Gfoup are described by Fraser
(1975), and those withiﬁ'the Goulbﬁfﬂ'érbup“ét Contwoyto Lake by Tremblay
(1975). The present report deals only with structures in thé Goulburn
-‘Group at Rockinghorse Lake. |
| | Beds ih the Gouldburn Group at Rockinghorse Lake are mostly
~flat lying to gently dipping; dips ofIS to 10 degrees being mostvcommon; |

‘Alonq the northwest margin of the_outlier'howgver beds,dip'stéeply south-~
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eastward,apparently,along a fault. Dips generally incline toward a

focus in the central part of Rockinghorse Lake just to the west of the
thickest and most extensive diabase sill. Exposureé of the Goulburn

Group in the central, eastern and wéstern part of the outlier.suggest
that the upper surface of Archean basement reaches some 470 feet below
lake level. This relief is indicated by flexing and minor faulting in
~strata ofvthé Western River Formation along a northwest striking zone

on the west side of the lake and by a single roughly parallel fault on the
east side. The Goulburn outlier at Rockinghorse Lake thus 1ikely occupies
a half graben structure with greatest depression adjacent to the lérgest
diabase sill within the inlier. This coincidence suggeéts that faultiﬁg
occurred soon after'emplacemént of_the sili and may be related to with-

drawal of diabase magma from a chamber below the lake.

FAULTS
Two-prominent zones of faultingvare evident within Archean
rocks of the map-area andAare pfobably of Archean age. These trend
- north and east to northeast. Isolated east to northeast trending faults
may be of the same age._'Noftheasterly trending strike slip faults in the
horfhwest part of the map-area are of Protérozoic age.
| A zdne of northerly striking faults follows the western

‘volcanic belt and remnants of a mylonite zone are preserved along its

7v7'western margin. The appearance of small serpentinite bodies in this

zone may also be related to the faulting. Apparent movement on some of
the faults has been eést side upwa:d and to}the north. If the‘ulframafic
bodies.are related to this movement thé faults may be bf early Kenoraﬁ
—age. Intrusion of the mylonite zone by granitic rocks indicates that

it is of pre-late Kenoran age.
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The most prominent zone of faulting within the map—area extends
in a northeasterly direction from the east end of‘the north arm of Point
Lake to Contwoyto Lake. Evideﬁce for faults in this zone includes
‘prominent lineaments whére exposure is good aﬁrupt truncation of lithologic
uhité, and discontihuity of stratigraphic sequences. Part of the
movement involved in the northeast section of the zone appears to have
been thrusting of older rocks southeast over yoﬁnger rocks. Emplaéement
of a minor granitic body across one of these faults indicates that the
zone is of Archean age, but the preseryation of down-dropped low grade
metamorphic rocks along the zone suggests fhat all movement probably did

not precede high grade metamorphism.

‘Northeasterly striking faults are prominent in the northwest
corner 6f the map-area where thej'produce dextral offset of the Western
| volcanic belt. All formations of the Epworth Group are offset in the same
mannér by theée faults but they do not éffset dykes of the Mackenzie

swarm. The faults are therefore probably of Hudsonian age.

TECTONO-STRATIGRAPHIC SUMMARY

The oldest known.rocks in the Itchen Lake map—-area are the
lowermost volcarnic rocks of the Point Lake Formation. These are separated.
‘mostly by a mylohite éone or by zones of hybrid rock from the early |
Kenbran quartz dioritic to granodioritic plutons. Preliminary Rb/Sr
isochron dating of gneiss of similar composition from the Grenville Lake

region near the west border of the Slave Province (southwest of the

87 11 -1

ftchen Lake map-area) has given a date of 3002 m.y. (x°'Rb=1.39%10 ~“yrs )

-11

or 2838 m.y. (A% Rb=1.47x10"1lyrs™!) Frith et al., 1974).
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These rocks are described by Frith as "essentially quartz diorite"
but‘in most places show "potash metasomatism by léter pegmatitic phases"
Iﬁ‘is perhaps possible therefore that in the Itchen Lake area pre-
Yellowknife basement of this age is preserved within the less potassic
parté of the early'Kehoran plutdns among the hybrid rocks, and within
the‘plutonic rocks to the west of the Western volcanic belt.

Yellowknife volcanism in.the Itchen Lake area apparently'
followed a variable course from place to place, being concentrated in
~some centres and bélts and apparently absent, or represented only by
a thin layer of tuffaceous sedimenté in others. One of these belts,
the Westerﬁ volcanic belt, is of particular significance because it extends
from 60 miles south of the map-area perhaps as far north as the arctic
coast, a distance of some 240 miles. This belt ié bordered on the west
by a mylonlte zone and 1ncludes small bodies of basic to ultraba51c
intrusive rocks that occupy a zone near the base of the volcanic succession.
Although fhe precise timing of formation of these rocks with respect
to deveiqpment of the volcanic belt as a whole is not established it is
clear that the mylonite zone is of pre-late Kenoran age aﬁd the ultra-
mafic rocké are likely of the same age.. Felsic volcanic rocks evolved
during the development of the belf are of liﬁited extent. Some small
rhyolitic flows occur interbedded w1th the mafic volcanics, but more
extensive quartz porphyry flows here included within the hybrld rocks,
are possibly of'early Kenoran age. The-latest volcanism in this |

belt was partly alkalic and wés accompanied by deposition of a local
spectacular volcanic éonglomerate fan at the margin of an extensive
greywacke~turbidite basin developing té the east. Deposition of the
conglomerate was accompénied by uplift of an anitform along the‘core
of the volcanic belt which exposed early Kenoran granitic rocks.

Elsewhere along the northwest margin of the greywacke-turbidite basin
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oxide, silicate and sulphide facies iron-formation were deposited

in beds possibly nearly coeval with the conglomerate. Stratiform
arsenic—-gold deposits were formed lbcally in conjunbtion with sulphide
facies iron-formation. This belt merité further examination on the
basis that it may constitute an Archean counterpart of a "plate margin"
sucﬁwas developed in Aphebian and later eras.v

In . the céntral part of the map4area'a second more iﬁregular
belt of felsic and mafic volcanic rock devéloped. In part felsic and
mafic volcanism were coeval but over extensive areas the latest volcanism
appears to havé.been mafic. Remote from the main areas of volcanism much
thinned layers of tuff and tuffaceous sediment are evidént, No extensive
iron-formation was formed but a zone of marble and calc-silicate rocks
interbedded with the tuffs may represent exhalitive deposits. Terminal
Point Lake volcanism was followed by, or was partly COntemporaneéus with,
- deposition 6f'greywacke—£urbidites of the Itchen Formatidn.

Deposition of the greywacke-turbidite successiqn terminated
with a period of profound late Kenoran plutonism during which the grey-
wacke-turbidite basin was igtruded first by mafic pluﬁons, and later by
granitic plutons probably more potassic than the early Kenoran granitic
rocks.: Extensive regions about these plutons were raised to middle and
ﬁppef'amphibolite facies metamorphic grade characterized by pressures
‘typical of the low pressure metamorphic facies series. No volcanic‘rocks
ioi Sédiments directly related to emplacement of these late Kenbian plutons
have been recognized wiﬁhin the map-area. Thé only known strata which
may have been debositéd at this time are those of the Wilson‘Island Group
witﬁin the basin of Gfeat Slave Lake at the»south margin df the‘Slave
Province (Stockwell, 1933). This group consists of feiéic volcanics and
conglomefates near the base and quartziteé with minor dolomite, schists

and phyllite above (Reinhardt, 1969). The group is older than the upper
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Aphebian Slave Super group and is thought to be of lower Aphebian age -
(Fraser et. al., 1972). |
The early Aphebian Era was marked within the map-area by

erosion and development of the pre-Epworth, p£e~Goulbﬁrn unéonformity.
Formation of the Coronation Géosyncline (Hoffman et al., 1970) along the
margin of the Slave draton to the west was accompanied within the map-
area by depésition of craton-derived early Epworth‘and Goulburn strata
consistiﬁg priﬁarily of orthoquartzite, shale, siltstone and carbonate.
Later'beds, including shale, siltstone, greywacke and sandstone were
aerived from the orogenic zone of the geosyncline to the west.

| A succession of basic dykes and sills has intruded the Aphebiah
sediments. The earliest dykes.were in part coarsely porphyritic, and
Qere probably emplaced during the early develbpment of the geosyncline
producing a number of basic flows now present only in the section west
of the map-area. Diabase sills (here dated at 1555 + i35 m.y., K/Ar
whole rock), emplaced within the sedimentary-succession at some time
during the Helikian Era, wére intruded by northwest trending diabase dykes

of the Mackenzie swarm about 1200 m.y. ago (Fahrig -and Jones, 1969).
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ECONOMIC GEOLOGY

"INTRODUCTION

The earliestgactivity of economic significance within the
map—area was the staking of copper showings by J. Harriman and associatesv
"in 1957 within the Western volcanic belt south of Point Lake. Copper
shoWings near the entrance of Coppermine River into Point Lake were
staked by Canadian Nickel Co. in 1959 and 1960. aGold—bearing amphibolites
(silicate-sulfide facies iron—formatién at Contwoyto Lake) were staked
by the same company in l96l,and_this>activity sparked a flurry of
prospecting which coﬁtinued into 1964.. The principal new discoveries
were those‘of Canadian Nickel Co. north of Itchen Lake in 1962, and
those of Giant Yellowknife Mines Limited between the arms of Point Lake
in 1963. Nickel mineralization was discovered by'Roberts Miniﬁg Company
near the northwest shore of Itchen Lake in 1963. Except‘for parts of
the original claim holdings af Canadian Nickel Co. in the;Contwoyto aﬁd
Point Lake regions, Giant Yeilowknife Mines in the Point Lake region,
Canadian Nidkel near Coppermine River, and a few recent claims staked
betwéen 1966 and 1974, all these aarly claims have since lapsed. The
distribution of claims staked prior to 1974 is shown in Fig. 54, and
the locations of showings examined during the current work are given
in Table 19. Interest in the area has been renewed with the discovery
by Texasgulf Ltd. of.zinc—copper—lead—silver mineralization immediately

‘northwest of Itchen Lake in 1975,

Table 19
Figure 54
Metal occﬁrrences'of potential economic significance withiﬁ
the Itchen Lake map-area include diséeminated chalcopyrite—pyrfhotite
| -in sediments within the wéstern volcanic belt, in gneiss, .and in plutonic

rocks; pyrite-sphalerite-chalcopyrite in a siliceous zone in mixed
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eonglomefate and volcanic rocks; sphalerite-chalcopyrite-pyrite-pyrrhotite
in quartzoéfeldspathic gneiss discovered since field werk for this report;
gold-arsenopyrite-loellingite deposits assoeiated with sulfide-silicate
iron-formation facies; and niccolite—éyrrhotite at the contact ef a small
-metagabbro body with silicate-sulfide faeies iron-formation. With the
possible exception of disseminated chalcepyrite—pyrrhotite-at the
southwest margin of the Contwoyto batholith and the niccolite-pyrrhotite
"mineralization, all of these occurrences may be associated with changes
in the Volcanic stratigraphy. Chalcopyrite in the southwestern part
of the western volcanic belt occurs mostly near the contact between
basic tuffs and overlying flows and is therefore spatially associated
with small ultramafic bodies thought to heve been emplaced early in the
period of basic volcanism. Chalcopyrite cast of Ceppermine_RiverAand
that aecompanied by base metal mineralization appear to be associated
vwith felsic volcanic centres_of felsic horizons within the Point Lake
Formation that preceded or accompanied the main baeic volcanism.
Chalcopyrite at the southwest margin of the Contwoyto batholith occurs
along a gradational contect_between the plutonie recks and migmatite
representing the basal part of the greywacke-turbidite succession so that,
although this mineralization may be related to processes involved in
eﬁplacement of the plutonic rocks, it may also have been deposited in
aSseciation with volcanism before_deposition of most of the greywacke—
turbidite succession.

The Widespread'deposition o£>iron—formation eppears to have
been associated with a late phase of basic volcanism near Point Lake
o beeause a pillow breccia at that iocality contains oxide facies iron-
formatioﬁ as a matrix like that in -the a@jacent Contwoyto ﬁormation.
This bfeccia occurs between exposures of the Keskarrah Formatien and thus. th

timing of iron-formation deposition, late basic volcanism and evolution
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of the Keskarrah.congiomerates appears similar. Comparable lithologic
associations are found in other parts of the Shield (Ridler, 1970;
.Goodwin, 1965) where regional iron-formation is thought to form the

distal faeies of exhalitive base metal sulfide deposits. Iﬁ the Itchen
Lake area however, such stratigraphic information as is available suggests
that the base metal occurrences are mainly associated with feléic
Qolcanic roeks believed to have been erupted at leastsomewhat before the
end of Point’Leke volcanism. Conversely the iren—fermation appears most
closely related to the Keskarrah conglomerates and final basic volcanism
including perhaps local alkalic (mugearitic) flows.

Gold-loellingite-arsenopyrite mineralization, which is
concentrated locally with the Sulfide-facies_ironfformation,.is thought
to have been deposited syngenetically with the iron-formation, gold-
bearing, arsenic-rich solutions having been derived from local hot springs.
Scme of the.arsenic~rieh iron-formation ‘is known to be nickel-bearing, and
remobilization of nickel during late Kenoran emplacement of a small gabbro
body is thought to account.for an occurrence of_niccolite—pyrrhotite
minerelizatioe.

In short the depositionvof ore m;nerals within Archean rocks of
the Itchen Lake atea was.principally'related to Archean volcanism. The
further possibility arises that thlS mineralization occurred in three
eplsodes: 1 chalcopyrlte occurrences related to early ba51c volcanism
and perhaps to emplacement of minorxultramafic rocks, 2) base_metal_
occurrences related to feisic voicanism, and.3) sulfide iron-formation
related to late basic Volcanism, which provided a favouréble host
environment for syngenetic gold-arsenic aﬁd minor nickel deposition.

Further studonf the Archean stratigraphy, particularly oflthe Point
Lake Formation, weﬁld clearly lead to better definition of base and

precious metal targets in the Itcﬁen Lake aree.
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l) CHALCOPYRITF PYRRHOTITE RELATED TO EARLY BASIC VOLCANISM

Minor chalcopyrite is present with pyrrhotlte in dark slate and
greenschist exposed in shallow trenches along the west margin of the
Western volcanic belt six miles south of Point Lake. The host rocks
trend-east—northeasﬁ and have a steep easterly dipping foliation.
Pillowed basic volcanic rocks to the east overlie the mineralized zone
and dip steeply to the southeast. Pyrrhotite is thinly disseminatéd
through the schist and slate but small amounts of chalcopyrite are
concentrated in minor cross fracture55

Minor chalcopyrite and pyrrhotité are exposed in a trench in
similar roéks on £he western margih of the Western volcanic belt two
miles south'of Point Lake. Therevthe cleavage in the slates is
contorted but banded greenstone to the north (apparently iess deformed)
trends.east—northeast and dips 65 degrees to the north. -Pyrrhotite and
-minor chalcopyrite are disseminated along cleavage planes and coarser
grained chalcopyrite and pyrfhotite in about equal amounts are concentrated
along aAfew minor fractures. Further description of this occurrence is
given by McGlynn (1973).

Minor chalcopyrite and pyrrhotlte are present in a patchy gossan
zone 0.3 m. wide in grey slaty greywacke on the south shore of Point Lake
at the west margin of the Western volcanic belt. Bedding in‘the country
rocks strikes northefly and dips steeply. .
| Minof chélcopyrite; pyrrhotité and pyrite are ?resent in é zone
0.9 m. wide in banded- amphlbollte on the south shore of the north arm of
© Point Lake near the west margin of the Western volcanic belt. Bandlng
strikes northeast and dips 85 degrees east.

Chaiéopyrite occurrences near the west margin of the-Weétern
VOlcanié belt are all found near the contact between the basic tuffs and

overlying basic pillowed"volcanic rocks of the Point Lake Formation.



' Furtﬁermore gossans were found, at approcimately this horizon, northwest

of Ttchen Lake, but no coppér mineralization was detected. Although none
of the occurrences examined appear to show either extensive or concentrated
mineralization, further prospecting of this horizon along the belt might
prové'rewarding. |

2) BASE METALS ASSOCIATED WITH FELSIC VOLCANISM

SPHALERITE~CHALCOPYRITE~PYRITE NEAR ITCHEN LAKE

An important discovery of zinc—copper—leadQSilver mineralization
about 2 miles northwest of Itchen Lake (approximately 65039'N, 112049‘W)
was made by Texasgulf Ltd. in the summér of 1975 (P.L. Money, pers. comm.,
1975). Thé deposit does not outcrop but occurs beneath a small lake
known to Tekaééulf'as “I;ok" Lake. ' Its presence was suggested by
mineralized-float and discovery wés made by drilling from‘the ice. Over
7 million tons of indicated ore within the central zone of the deposit
extend ovef a strike length of 1400 feé% open to the east; Two other.zones
have been found but not deliﬁeated. The average grade is 14.8 per cent
zinc, 3.15 per cent copper, 1.20 per cent lead, and 1.85 oz. per ton silver.
The host.rocks are quartzo-feldspathic gneisses of probable volcanic

origin that have undergone polyphase deformation. A typical section of

the central zone (provided by Texésgulf Ltd.) is shown in Fig. b55.
Figure 55

. The following description‘of-the céntral zone is quoted from
'Money and Hesloo, i976:o | |

| "The (centrai) zone occurs in a fairly open syncliné generally
plunging towardsbgrid eaét. Itlis partly eroded towards grid west where
’it sobcroos under the léke; fTheie are enormous variations in thickness.
along and across strike. ‘These vafiafions are considered to‘be mainly

primary features althouéh they probably are partly due to deformation.
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"The host rocks of the deposit, with the exception of late
tourmaline peématite and granite, are highly metamorphosed, deformed,
and recrystallized so that original textural features are generally not
discernible. Locally there are indistinct probable fragments in quartzo-
feldspathic rocks that are interpreted as meta-agglomerate. Most of
the'femaining host rocks are essentially quartz—feldsper—muscovite—
biotite gneisses that have been logged as meta-rhyolite, meta-dacite,
or metaffelsic tuffs depending on the relative proportions'of biotite
and other minerals and on their degree of unformity. More mafic rocks,
with abundant chlorite or hornblende and lacking quartz, are scarce.
These have'been.included in meta—-andesite where uniform, a unit recognized
eﬁly in drill holes and in units of mafic tuffs and a
mixed unit considered to be maae up of alternate layers of mafic and
felsic tuffs. One additional metamorphic unit is CBC rock. CBC stands
for chlcrite—biotite—cordierite, the main constituents of'this unit.
The CBC rock is considered to represent a magnesium-enrichment alteration
zone. It occurs in close association with and mainly beneath the massive
sulphideé on lines 26E, 27E, and 28E and is virtually absent elsewhere,v
These.lines are at or adjacent to the area where the eulphide body is
comparativel§ thin and our current interpfetation is that the thin area
represents a topographic high dufing sulphide deposition and that metal-
' bearing solutions were emitted from this high, probably a volcanic cone
~or ridge, into basins on either side; The Mg~enriched CBC rocks indicate
the approximate'position of the plumbing that these metal-bearing solutions
rose through. It‘appeats that this feature may have been in.the order
of 200 feet high and had walls with slopes of the order of 35 to 600,
assuming that subsequeet defofmetion has not greatly affected the.original
. geometry of the system. We considef this a reasonable éssumption although

the longitudinal sectioh,suggests some "necking“ or boudinage during
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deformation.& Support for the idea that the thinning of the sulphides

in an original feature is provided by a consideration of metal ratios
on'either side of the proposed volcanic cone or ridge. A plot of atomic
ratios of 2n, Cu, and Pb for average drill intersections within each

: section shows that every-section from L28 to line 30E falls in a clustet
of comparatively low Zn to Cu ratios and every section from L27 to L20E,
except L24E,'falis in a cluster oi high Zn to Cu ratios, suggesting that
they were deposited from different solutions in separate basins.
Although section L24E plots with the eastern group the Zn content is
actually characteristic of the west group and this plot simply indicates
a Cu conceﬁtration in the deepest or thickest part of the west basin.

"A considerable amount of time has been spent in trying to
define and correlate originally horizontal or sub;horizontal_zones in
this deposit. Zoning is erratic and has no clearly defined pattern
S in tﬁe eastern basin. However, in the western basin there is a basal
Cu-rich zone in all drill hoies that intersected the sulphides where
they wefe probebly more than about 150 feet thick when deposited. This
zone reaches a maximum thickness of about 70 feet. The top may have
sloped up at a gentle angle towards grid north-at time of deposition
- as it does not seem to be parallei‘to the top of the sulphide body.

"The basal zone is overlaln by a predomlnantly Zn-rich zone
up to 180 or 190 feet thick. Sub—zones can be deflned in some sections
but cannot be correlated between sectlons. For example, on section 26E
there are five sub—zenes, upper Pb-%Zn, upper silicate, lower Pb-Zn,
lower silicate, and Zn.'-Two hundred feet away, on line 24E, none of'
these sub-zones are recognizable; and the hole with the thickest sulphide
1ntersectlon has a 32' Cu~-rich sub—zone, averaging about 16% Cu and 6% Zn;
w1th1n the upper Zn-zone. This Cu-rich zone has not yet been correlated |

with any zone in any othér hole.
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"An interpretation of zoring is complicated by the fact
that there is evidence for the re-mobilization of both galena and
- chalcopyrite during metamorphism and/or‘defofmation. Thesevmineréls
are commonly found together as isolated blotches or stringersvwell
oﬁtside of and in some cases strafigraphically above the massive sulphides.
A clear-cut example'of Pb re-mobilization occufs in oné drill hole in
which a late:pégmatite assays 0.68% Pb over 42' whereas adjacent massive
sulphides}above and below assay 0.26% Pb o&er the neafest 36' and 0.37%
Pb over the nearest 41' respectively. 1In this case,lhowever, there is
vnoiapparent Cu-re-mobilation. |

"The major sulphide minerals comprising the Izok. Lake Centrai
Zone are sphalerite,'chalcop?rite, pyrite,ahd pyrrhotite.. Minor to
trace sulphides and sulphosalts include galena, and tetrahedrite.
Other minerals of interest associated with these‘sulphides are minor
magnétite aﬁd_local minor gahnite, the zinc spinel. Sphalerite occurs
in varieties ranging in colour from pale amber to black. The paler
variefies usually occur where the sphalerite is adjaéent to silicates
and the dark varieties are commonly associated with pyrite. The colour
presumably reflects the availability of iron during metamorphism.
Gahnite, where present, is associated with sphalerite~silicate contacts.
It ié; of course, a characteristic mineral in metamorphosed zinc—bearing
mineral deposits. Magnetite occurs associated with pyrite throughout
“the sulphides. We cﬁrrently interpret it as a metamorphic breékdown
product of pyrite. | | |

"Small scaleASulphide layering, génerally of.élternately'
'éyrite~rich ana sphalerite~rich layers; has been‘noted locally within
the massi&e sulphides. Howevér,_such layering 1is neitherAabundant nor
 ‘prominen£ and moSt'of the sulphides occur as an essehtially uniform

aggregate over considerable thicknesses. The most readily apparent
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textural feature is the presence of pyfite porphyroblasts. These are
particularly striking in sphalerite-rich ore. The porphyroblasts may

reach two inches in diameter and quite commony are 1" or more"

SPHALERITE~CHALCOPYRITE~-PYRITE AT POINT LAKE
- ‘On the south shore of Point Lake a little over one mile
northwest of_Keskafrah Bay, disseminated sphalerite occufs with byrite
inla leached siliceous zone about 0.6 m. wide within a successién of
greenschist, pillowed basic flows, and conglomerate of the_Keskairah
Formation. The host rocks strike north-northwest and are approximately
vertical. The sphalerite-bearing rock consists mostiy of fine—grained:
silica (0.01 mm.) and small amounts of disseminated magneﬁite, carbonate,
and chlorite. Fine-grained, dark brown sphalerite, which makes up about

5 per cent of the specimen collected, occurs with pyrite in semi-connected
patches that form a crude foliation. This immediate area was examined

in more detaii by Hendersbn (1975) who discovered and réported several
traée occurrences of sphaierite.and one_layer; one metre thick by at

least 40 metres long, which contains massive sulfidesv(pyrite, sphalerite,
- and chalcopyrite) and chert; Nine representative grab samplés reportea
on by Henderson. (1975) averaged 9.62 per cent zinc, 1.10 per cent
copper, 0.36 per cent lead, 1,21 oz. per ton silver, and trace (less'

~ than 0.010 oz. per ton) géld.

‘ ’Aé a result of Henderson's k1975) report Noranda Mines Ltd.
conduéted a geophysical survey of the area and drilled three4holes in
the area of most favourable response. Two of the holes intersected
narrow sulfide bands céntaining non-economic sulfide mineralization.
The third‘hole drilled directly under the showing intersected O.9lm
(core length) of sulfides assayiﬁg 4.83 per cent zinc, l.59 per cent

copper, 0.2 per cent lead, 0.02 ounces per ton gold, and 1.05 ounées

~per ton silver (Precambrian Mining Services, pers. com. 1975).
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CHALCOPYRI’_I‘E EAST OF COPPERMINE RIVER

Chalcopyrite and pyrrhotite occur on the Point claims owned
by Canadian Nickel Company on the east shore of Point Lake near the
mouth of Coppermine River. The deposit is déscribed by Barégar (1961)
as follows:

"The claims are underlain largély by well-foliated, quartz-
feldspar—bidtite gneisses. Commoniy the‘bibtitg content is about 20
per cent;or leés but some layers contain 50 tov60 per cent. Garnet is
‘a common accessory mineral but is rarely abundant. The general strike
,bf the foliation is from N 5° to 25°E and the dip is about SOOE, but
in detail it is commonly ptygmatically folded. Several mineralized
zénes, marked by'conspicuous gossans, occur within the gneisses --
chiefly on Point claims 3 and 5. The zones are roughly parallel with
the foliation in the host rock. The mineralization is mainly finely
disseminatéd pyrrhotite and chalcopyrite.

"The principal mineralized zone is on Point claim 5 about
1,500 (457 m.) to 2,500'(762 m.) feet south of the shore of Point Lake.
It strikes about N 15° E and pfesumably aips SOOE in conformity with
the foliation. The zone ranges in width from 20'(6 m.) to 60 (18 m.)
feet and can be traéed intermittently for 850 feet (259 m.) along its
strike. At the south end the zone passes beneath overburden, but an
oﬁtcrop 200 feet (61 m.) directly‘south of this point containé a weakly
miﬁeralizéd zone 6 (1.8 mﬁ) to 8 (234 m.)ifeet wide that may represent
its extension. Farther south only scattered mineralized lenses could
be found.along'the strike of the zone. At its north end the zone
disappears beneatﬁ a bog. Three hundred feet (91 m.) farther north in
the direction'of its projected strike, an outcrop of gneiss contains a
mineraiized belt with a similar trend. The belt is composed of patches

of weakly mineralized rock up to 30 feet (9.1 m.)
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wide énd 30 (9.1 m.) or 40 (12.2 m.) feet long; these occur in succession
for at least é few hundred feet northward. A parallel and similarly
patChy’zone of mineralized_ieﬁses is £9ﬁnd about 300 feet (91 m.) to
-£he west. Both offfhéflgtt¢¥;ééﬁg2géféuo; Point claim 3.

"The main'zoné'ébnﬁaiﬁé?ffém 1 to 10 per cent sulphide minerals,
finely disseminated in gneiss. The copper content rangés up to an estimated
- maximum of 3 per cent, and considerable parts of the zone will probably
carry from 1 to 2 per cent. In the parts of the northern zonés examined,
the gréde appears to be lower. | |

"A grab sample taken from thé main zone about 730 feet (222 m.)
from its south end gave the following assay:l gold, 0.005 ounce per ton;
copper, 1.45 per cent."

THe mineralized zone'on the ?oint claims lies near the contact
betﬁeen’quartz—feldspar gneiss and lit-par-1lit gneiss, a_stratigraphic
level that probably'corresponds to the contact between Point Lake
Formation and the greywacke-turbidite succession in less mgtamorphosed
terranes. The quartz-feldspar gneiss is comparable to the massive and
banded tﬁff units of the Point Lake Formation and contains at least one
calc-~silicate layer like calcareous rocks found in association with
those units. Thus the complexly folded anabmigmatized inliers of gquartz-
>feldspar gneiss near the east end of Point Lake, one of which includes
" he Point claims, likely represent aﬂtiformal culﬁinations, basement
promontories, br regions where the’tﬁffé were thicker in the vicinity of

felsic volcanic centres.

CHALCOPYRITE SOUTHWES’i‘ OF CONTWOYTO BATHOLITH

| Disseminated pyrrhotite and pyrite with minor chalcopyrite
‘occur in rocks.of quartz monzonite’to granodiorite composition at the
~éouthwest'margin of the Cdntwoytd bafholith where the contact with

peripheral lit-par-lit gneiss and migmatite is gradational. These

1 . . . :
W.R. Inman, Chief Chemist, Mines Branch, Ottawa.
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plutonic rocks are red-stained over an area probably in excess of one
square mile, but in most instances the rock is so weathered that the
minerals respoﬁsible-for the stain cannot be easily identified. Fine-
grained, thinly'disseminated.pyrite and pyrrhotite were identified in
several sampies, and chalcopyrite in one. About five miles farther
- southwest, chalcopyrite with carbonate was found in a small vein cutting
‘a minor body1of greenstone exposed as felsenmeer withiﬁ migmaﬁite.'

The classification of these chaicopyrite occurrences within
the scheme ﬁsed in this study is obscure, however their occurrence in
highly deformed rocks of high metamorphic grade which occur at or near the
base of the greywacke-turbidite succession suggests thaﬁ thé copper coﬁld
have been remobilized from more deeply buried felsic volcanics 1like
those east of Coppermine River. On the other hand, these traces of
copper mineralization may be related to remnants of sulfide ironlformation
" which occur in the hybrid rocks, or to hydrothermal actiVity which

accompanied emplacement of the Contwoyto batholith.

3)'MINERALIZATION RELATED TG IRON-FORMATION AND LATE BASIC VOLCANISM

GOLD-SILVER-ARSENOPYRITE~-LOELLINGITE

Studies of Archean iron-formation iﬁ other parts of the Canadian
Shield have shown'that gold is commonly concentrated in -iron-formation,
particularly in the sulfide facies (Goodwin, 1965; Ridler, 1970). This
Aassociétion is eviden£ in the distribution of prospecting énd,development
'done in the ItChen Lake area which tendé to foliow outcrop of the
Contwoyto Formation (see Fig. 54).. In the present reconnaissance‘grab
samples were selected for gold and silvér analysis from each of the |
- Archean lithologies exclusive of sulfide iron-formation. (for distribution
-~ see Fig. 56) to see what distribution of ﬁhese elements might obtain in

rocks of this age in the Itchen Lake area. The analyses (see Table 20)
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- were done by atomic absorption and those for gold occur mostly at the
détection limit for this method. For this reason, and because of the
very small amounts of gold involved,vindividual anélyses are suspect;
however comparison of groups of analyses representing the different
rock units sﬁggests that gold content is very’low in the plutonic rocks

Cbut may be slightly higher in.the supraérustal rocks, especially those
of the Cohtwbyto Formation. Significant gold‘concentrations,ére shown
to be present in smaples 100 and 309a representing respectively a

~ graphite-bearing schist lens at the margin of an iron-formation band
and a siiicate iron-formation lens. There is also some suggestion‘that é
low level of gold concentration exists in silicate and oxide facies irénm
formation with respect to other lithologieé within the map-area.

To the extent that gold appears to be concentrated in the

Conthyto Formation it is likely that even higher concentrations of
‘this elemeﬁt are present in the sulfide iron—formaﬁién facies because gold,
if present in the environment, commonly concentrates in sulfides,

especially pyrite (Jones and Fleischer, 1969).
Figure 56
Table 20

Silicate-sulfide iron-formation lenses, in which gold is
likely'concentrated( occur within the lower part of the greywacke—
iturbidite succession along the convex mérgin of the greywacke-turbidite
basin (see deécription of the Contwoyto and Itchen Formations). In the
Contwoyto area Baragar and Hornbrook (1963), and Tremblay (1966) have
éuggested that gold is further concenfrated where arsenic~bearing |
minerals are present within the sulfide facies iron-formation, and
examination of trenches and drill sites elsewhere within the Contwoyto

Formation suggests this association obtains generally throughout the
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map-area. It is difficult to test on a regional basis however because

of the difficulty ef obtaining unweathered samples during geological
reconnaissance. For the same feason the distribution of arsenic minerals
within the Contwoyto Formation is poorly known, but it is apparent that
these minerals, and hence likely gold, are concentrated in sulfide facies
iron-formation at widely scaﬁtered localities within the Contwoyto
Formation.

Description of the Principal Gold-Arsenopyrite-Loellingite

Occurrences

The Tree claims (see Fig. 54) of Giant Yellowknife Mines are

located in rolling drift covered country between the arms of Point Lake.
~'A few frost-heaved exposures:of banded silicate-sulfide iren~formation are
present within the knotted schists. Beds end foliation in the area strike
northerly and dip 65 to 75 degrees to the east. lDiamond drilling over
a strike-length of about 1500 feet (450 m) indicates the presence of at
least two silicate~sulfide iron-formation zones up_to.0;3 m or more thick
which contain arsenopyrite—loeliingite-pyrrhoﬁite mineralization.
Surroundihg pelitic schists contain cordierite and andalﬁsite without
sillimanite and therefore are of lower amphibolite facies metamorphic grade.

| The Fuz claims (see Fig. 54) of Canadian Nickel Company are
- located in more rocky terrane about 7 miles souLhwest of Rocklnghorse
Lake immediately to the east of the Fuz metagabbro. One or more bands
~of silicate~sulfide-iron—formation-abeut 3 m thick outcrop intermittently
on these claims over a strike- length of at least 800 feet (245 m)
‘arsenopyrlte loellingite~-pyrrhotite mlnerallzatlon is exposed in three small
trenches cross cutting the iron-formation. The country-rocks are complexly
folded lit;par—lit gneisses containing large masses of granodiorite.

Mineral assemblages include sillimanite-muscovite indicatihg
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that the rocks reached middle amphibolite facies metamorphic grade.
Further description of the deposit is given by Schiller and Hornbrook (1964).
The Main showing (see Fig. 54) of Canadian Nickel Company lies
in drift covered, gently rolling country near the west shore of Contwoyto
Lake, some 4 miles northwest of Fingers Lake. It consists of a stripped
and cleaned area some 450 feet (140 m) long and about lOO feet (30 m) wide
that follows the western limb of what appears to be a northward-plunging
synform (see Fig. 57). The east limb of this structure which meets the
west limb near the southern end of the cleared area, is exposed for about
200 feet (60 m) in a northeasterly direction.
- | Figure 57
The Main showing consists of a principalisilicate-sulfide
iron-formation layer containing arsenopyrite-loellingite-rich beds that
ranges from 15 to 30 m fhick (Baragar and Hornbrook, 1963). It occurs
within a seguence éf siates,.greywackes and some lesser iron-formation
layers of the Contwoyto Formation within the greenschist facies metamorphic
zone but close to the amphibolite facies isograd which according to
Tremblay (19665 lies a short distance to the north. Two isolated outcrops
of sulfide-bearing ifon—formation lies some 800 feet (245 m) to the south

~of the Main showing.

DESCRIPTION OF THE ORE MINERALS

o Arsenic-bearing mineralé, where ﬁresent, are restricted to some
layers or zones within the iron-formation. Aﬁithin these léyers or zones
they are eithér finely disseminated or, more commonly, concenf:ated
in patches up to 13 mm in length (sece Fig. 58). More rarély they appear
in patches independent of bedding or in cross cutting veins. Arsenicél.
’patches may be diamond shaped or anhedrai and are mostly intergrowths

of arsenic minerals with pyrrhotite. Patches,are COmmqnly'
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elongate more or less parallel with layering in the host rocks,
including some that occur in gash-like lenses, but discordant masses

are known.
Figure 58

In detail, arsenic-rich patphes consist of an intergrowth of

- pyrrhotite with arsenopyrite~loellingite. Arsenopyrite—loellingité
consists of clusters of more or less euhedral arsenopyrite crystals
containing corroded anhedral corés’or remnant patches of loellingite
~distributed in symmetrical or asymmetrical-arrays (see Fig. 58, 59 and
60). In pyrite—rich iron-formation from the Box claims the selvedge of
arsenopyrite separating loellingite and pyrite is commonly only a few
microns thick but in pyrrhotite-rich iron—formatidn most of the arseno-
pyrite.rims about loellingite are thicker. Some apparent inclusions of
pyrrhotite ér silicate within loellingite; however, have only partial
rims of arsenopyrite. Chalcdpyrite, which is a minor constituent of
all sulfide iron-formation lenses, appears to be slightly more abundant
within patches than elsewhere. Grain size of pyrrhotite-arsenopyrite-
loeliingite within arsenical patches is somewhat greater than that of

pyrrhotite in the surrounding sulfide-rich iron-formation (see Fig. 58).

Figﬁres‘58 and 60
‘Pyrrhotite both within and remote from arsenopyrite-loellingite
patches commonly shows some evidence of late incipient aiteration to
pyrite. In some sampies botryoidal pyrite has formed along fractures
and'grain boundaries which are outlined by pitted haloes in pyrrhofite
(see Fig. 61); in still other samples no late pyrite is evident but short-

tiny cracks of subequal 1ength penetrate surrounding pyrrhotite at right

angles from grain boundraries and fractures.
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Figure 61

Microscopic gold grains were observed in all but one of tne
A-sampies of arsenopyrite—loellingite studied. Counts 1nd1cate that about

70 per cent of all observed gold grains are present at the boundaries
between arsenopyrite and loellingite (see Fig. 62). As the grains at

these boundarles are typically larger than those elsewhere, much more than
70 per cent of total visible gold is characterized by this dlstrlbutlon
Gold grains within loellingite (about 10 per cent of visible gold grains)
éenerally resemble those at the grain boundaries but ate usually smaller,
and in some cases lie in fractures that terminate at the arsenopyrite-
loellingite boundary. Gold gralns in arsenopyrite (20 per cent of visible
gold grains) are typlcally much smaller than those at arsenopyrlte—
loellingite boundaries (commonly 0.0002 mm2 or less in section). In
contrast to gold elsewhere the margins of gold grains in arsenopyrite
commonly appear ragged. The very few gold grains observed at arsenopyrite-
pyrrhotite boundariesg were associated with small bodies of pyrrhotite
apparently inc;uded in arsenopyrite. No gold was observed at other sulfide
boundaries. Gold at intersilicate boundaries is prominent in one sample

from the Fuz claims..
Figure 62

CHEMICAL INVESTIGATION OF METALLiC.MINERALS
Trace'elements |

Atteﬁpts were ﬁede to obtain-ground'separates of,thevmetallic
minerals. of the sulfide iron-formation in order to determine the partition of
trace elements; gold, silver, nickel and cobalt.  Pyrrhotite was found to be
readily eXtractable by magnetic means. Loellingite and arsenopyrite |
however, are not sufficiently different elther in specific glav1ty or

in magnetlc propertles to permit a good separation. Flotation experlments
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'.to separéte these two minerals were carried out by Mr. Art Page of the
Metallichinerals Research Laboratory of the Mines Branch. After
scrubbing to remove the oxidized surface of grains previously subjected
to attempts at gravity séparatidn a partial separation was achieved.
Under optimum conditions from a feed of 19.6 grams of 59 per cent
arsenopyrite, a float of 3.8 grams of 78 per cent arsenopyriteband a
non-float of 7.9 grams of 50 per cent arsenopyrite were obtained (Page,

1968). Speétrographic analyses gave the results shown in Table 21. The

i

‘/ . L] ] 13 3 .
-analyses are consistent with microscopic observations that gold and silver

are concentrated in arsenopyrite with respect to loellingite (although
the greater part of these elements are at the arsenopyrite-loellingite
grain boundaries). They further suggest that nickel, and at lower levels

cobalt, may be concentrated in loellingite with respect to arsenopyrite

in some samples.

Table 21

Electron pfobe analyses of one sample each from the Fuz claims,
from the Main -showing, and from the Tree claims were made for‘nickel
(see table 22). Although the sensitivity of fhe_méthod of analysis is
low it.is evident that nickel is concentrated in loellingite in these
samples. The analyses. further suggest that additional samples might be
examined to determine whether high nickel values characterize the Fuz
claims. Cobalt concentrations are too low (less than 1000 ppm) for

~detection by the electron probe. -

Table 22
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Electron probe analyses for gold aﬁd silver were made on
:micfoscopic gold from each of three sémples from the Fuz claims and from
the main showing (see Table 23). Grains were analysed by making a line
scan at one micron per second across indiviaual grains with averages
calculated at ten second intervals. Standard deviation for gold
measufements on individual grains was found to be 1.2 per cent for gold
‘and 0.8 per cent for silver. No evidence of zoning within gold grains
was found, and significant between-grain variation within single samples
‘was not detected although only the largest grains were éxamined. The
results fail to demonstrate any difference in gold-silver ratio in gold
grains between deposits but suggest that significant within-deposit
variations may exist. The mean percentagé of silvervin gold from the

Itchen Lake area calculated from these data is 14.
Table 23

Sulfur in Arsenopyrite and Pyrrhotite

The principal mineral of sulfide iron-formation in the Itchen
Lake area is pyrrhotite but in places where metamorphic grade is low
(Box claims) pyrite is predOmiﬁant. This suggests that much or all of the
sulfide facies may have been originally pyrite—rich but has lost sulfur
during metamorphism. It is thus of interest to examine the relative
.sulfur contents of pyrrhotite at progressively higher metamorphic grades
to see whether there is evidence of continued sulfur loss. \Tb this end
the‘propoftions of monoclinic (Fe788)ﬁandbof>hexagonal (Fe9slo) pyfrhotite
were estimated in 37 samples representative of the three main deposits
by the 2—ray méthod of Arnold (1967). The data are shown in Table 24 and
are illustrated ih Figure 63. At the same time relative sulfur contents
of 17 arsenopyrites were estimated'from d spacings using the method of

Morimoto and Clark (1961), (see Table 25).
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Figure 63

Tables 24 & 25

Pyrrhotite is clearly predominantly hexagonal in the Fuz claims
and therefore sulfur poor. 1In fhe Main showing the pyrrhotite type |
distribution appears to be bimodal with the hexagonal (sulfur poor) type
predominant in samples from near the noée of a fold structure, (see
~Figures 63 and 64), and the monoclinic type predominant on the limbs.

The Tree claims show a pyrrhotite type distribution similar to that on the
limbs of the fold structure at the Main showing if two‘sémples rich in
hexagonal pyrrhotite, both from the soﬁthern extreﬁity of the deposit,
are excludéd; Too little is known of the detailed geology of the Tree
claimS'tQ suggest a structural or metamorphic basis for setting aside the

latter two samples.

Figure 64

&

‘The distribution of sulfur in arsenopyrite showé a pattern that
resembles that of sulfur in pyrrhotite but is less well defined possibly
because fewer samples were examined. Arsenbpyrite ffom the Main showing
appears‘to be relatively higher in sulfuf iﬁhan that from the Fuz claims.
Sulfuf content.of arsenopyrite from the Tree claims is not distinctive
if the loﬁ sulfur sample from the southern extremity is excluded
(analogous to the sulfur-low pyrrhotite samples from the same location).
‘Arsenopyrite from the nose of the fold structure at the Main showing may
be sulfur-low relative to that on the limbs but more sampleslwould be
needed to confirm thié. .

| The foregoing data indicate that,_although the pyrrhotité in the
‘Fﬁz claims characterized by high metamorphic grade has the lowest sulfur
content, the loss of sulfur is probably reflecting more than the increaée

in metamorphic grade alone. The apparent deficiency of sulfur in
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pyrrhotite from the fold nose at the Main showing may reflect a greater
structural dilatancy and hence a greater facility for sulfur loss during
metamorphism in rocks in the vicinity of the nose. A similar argument
can be applied to the Fuz claimé where the rocks are highly deformed,
and to the Tree claims which, though of intermédiate metamorphic grade,
',afe.ﬁot so highly deformed and have a high propbrtion of sulfur-rich

pyrrhotite..

Arsenopyrite/loellingite ratios

Aisenopyrite/Loellingite ratios were determined in conjunction
with investigation of gold distribution by point count on polished-sections
etched with ferric chloride to accentuate arsenopyrite—loellingite
grain boundaries. The data (Table 26) in é general way ﬁatch the sulfur
distribution in pyrrhotite and arsenopyrite. High proportions of
loellingite were found in samples from the Fuz élaims where metamorphic
grade is high} deformation is severe, and sulfur is depleted in pyrrhotite
and possibly in arsenopyrite as well (see Fig. 59).  High proportions of
arsenopyrite relative to loellingite (sée Fig. 60)‘occur most commonly
where sulfur in pyrrhotite and arsenopyriﬁe tends to be high and metamorphic
gradé is low. ‘Anomalous high concentraticns of loellingite with respect to
arsenépyrite were found locally near the crest of the fold structure at
the Main showing, and in the sample from the Box claims. The latter
:sample'is from the cehtral part of the greenschist facies zone where
iron—formation is pyritic (pyrite has'nét been éltered to pyrrhotite).

The loellingite -there occurs as scattered crystal aggregates with thin

varsenopYrite haloes within pyrite—rich beds.
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The ubiquitous haloes of arsenopyrite about loellingite suggest
that.arsenopyrite formed as a result of reaction between loellingite and
~sul£ur mobilized from pyrite and pyrrhotite during metamorphism. The |
distribution of arsenopyrite-loellingite ratios,'like that ef pYrrhotite
types, probably reflects a combination of metamorphism neceSsapy to
mobilize sulfur and deformation necessary to disrupt the armouring effect

of early formed arsenopyrite haloes about loellingite.

Table 26

'DISCUSSION

The stratigraphic relations of oxide, silicate and sulfide facies
iron-formation lenses in the Itchen Lake area relates these lenses to
the termlnal phase of Point Lake volcanlsm, p0351bly to volcanlc activity
associated with the Keskarrah Formation conglomerates. This scenario ;s
very similar to that described.by Goodwin (1973) based mainly on volcanic
associations in the Superior Province. There also geld has been
concentfated primafily in the sulfide facies of iron~formation deposited
in the deeper parts of sedimentary basins that were receiving coarse
volcanic conglomerates near their margins. Unlikelthe auriferous
iron~fermations of the Superior Province, those in the Itchen.Lake area
were accompenied by deposition of abnormally high concentrations of
arsenic minerals. |

Arsenic minerals within the Itchen Lake map- afea, SO far as is
known, are present only w1th1n and assoc1ated with lenses of 51llcate—
sulfide.iron-formation. 1In this association they apparently occur in
restricted areas at widely‘ecattefed localities stretchin§ from Point Lake 
around the periphery of the greywacke-turbidite basin to_the east margin of
the mep~area; This distribution suggests two possibilities; either the |

t
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/

;ént of sulfide facies iron-formation deposition was favourable
1Y |
gcipitation of arsenic minerals, or the already deposited

enV

?%ormation beds provided a favourable host for replacement by arsenic

géalsu These alternatives differ siénificantly in‘that syngenetic
fééipitatioﬁ of ‘arsenic could have occurred near the upper interface of
vﬁe’sulfide depositing environment thus allowing arsenic minerals to settle
into the sediment in'concentrated, perhaps flbcculated, rathef than in
dispersed form. Epigenetic replacement by arsenic-bearing minerals on the
other'hand would have to have taken place ih iﬁtimate contact with the

firnely disseminated iron sulfide-rich host.

Figure 65

Study of the Fe—As;S system (Clark, 1960) has shown that pyrite~
loellingite-bearing mineral assemblages do not form under equilibrium
conditions in the laboratory, the stability field of.these minerals being
separated by those of arsenopyrite and/or pyrrhotite (fof example see
Fig..65). Moreover, the rarity -of coexistence of this pair in natural
ores further suggests that special conditions are reéuired to achieve
their association. On the Box claims at Contwoyto Lake, the presence of
loellingite patches scaftered through iron-formation beds consisting of
abundant finelj.divided pyriﬁe in a silicate host is therefore of |
partiéular interest. in this occurrence loellingite patches are everywhere
surrounded by very thin arsenopyrite rims, but pyrite is not armoured
Tin a similar way. The activity of mobile arsenic in the.vicinity of
pyrite grains'was therefore at no time, even during greenschist facies
metamorphism, great enéugh to produée érsenopyrite haloés. Thié suggests
that loellingite was not deposited aftér pyrite as an eéigenetic phase.

" Because pyrite is part of the sulfide iron-formation facies it therefore

seems likely that the loellingite was also syngenetic.
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Metamorphism of sulfide facies iron-formation took place under
conditions of low pressure, probably not more than 5 kb. Pressures during
metamorphism in the southern part of the map-area were probably less
than this as indicated by formation of hypersthene and andalusite—
microcline—eérdierite—bearing assemblages; however in the northern part
of the map—-area the predominance of siilimanite—muscovife in the highest
grade pelitie rocks may indicate relatively higher pressures er.SOmewhat'
lower temperatures. Metamorphism under conditions of relatively low
confining pressure suggests enhanced structural dilatancy and ability
of volatile phases to migrate toward the surface. Thus, except in eome
rocks of low metamorphic grade, sulfur evolved from sulfides in ifon— |
formation during metamorphism was in pert eble to leave the system, and
pyrite, which may originally have been the predominant sulfide, was
converted to pyrrhotite. Investigation of the frequency of pyrrhotite
, types has sﬁggested that the proportion of the sulfur-low hexagonal type
tends to be high in those metamorphic rocks in which dilatancy due to
deformation is enhanced. Preservation of this distribution suggests that
reinversion during retrogreesion was not possible because of the loss of
earlier evolved sulfur. Retention of some mobile sulfur through the
metamorphic maximum and into the period of retrogression is perhaps
suggeSted by local repiacement of pyrrhotite by pyrite elong grain
boundaries, and fractures within, pyrrhotite. | |

| The data ef‘Clark (1960) indicate that the invariantléoint
(702 + 3° C) et which arsenopyrite breaks dowe to form pyrrhotite,
loellingite and.liquid may be reached at highest metamorphic grade. This
‘temperature is consistent with developmeﬁt-of siilimanite—muscovite-bearing

lit-par-lit gneiss at pressures of about 5 kb (Winkler, 1967). Thus low
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arsenopyrite to loellingite ratios observed at the Fuz claims may reflect
breakdown of arsenopyrite at its invariant point. Other explanations
however must be found for apparently anomalous low ratios that occur
1ocally-invthe nose of the fold structute on the main showing.

Gold occurs at low concentrations in the Contwoyto Formation and
is étobably further concentrated in the sulfiae iron-formation lenses
which it coﬁtains.. Unusually high gold concentrations appear.te be
confined to those iron-formation lenses in which arsenic is also concentrate
Because high concentrations of gold appear to be related to the presence
‘of ‘arsenic minerals it is peérhaps possible that these acted as a sink |
for gold during metamorphism. High gold concentrations.with similar
go;d—silver ratios (see table 22) occur hoWever, in rocks of widely
differing metamorphic grades. To the extent that metamerphic migration
of precious metals would have to have taken place in a medium inhwhich
sulfur fugacity varied with metamorphic grade, and because the chalcophile
tendencies of gold and silver differ, it seems unlikely that this process
would have produced similar gold-silver ratios. In view of the probable
syngenetic origin of other elements in the deposits of the Itchen Lake
map-area a syngenetic origin of gold as well seems most likely.

On the basis of the above discussion the writer favours the view
.that gold and arsenic in the Itchen Lake map-area were concentrated
syngenetically and locally as a result of superposition of a distinctive -
“local environment upon regions‘of the greywacke-turbidite basin.that were
ialready favourable to sﬁlfide facies iroﬁ—forﬁation deposition. These
distinctive conditione probably involved local introduction of gold-bearing,
arsenic—rieh solutions rather than concentration from sea water because
the deposits'represent exceptionally high concentratione of arsenic in
eoﬁparieon to some other metamorphosed Archeen sulfide facies iron-formation
'where arsenic-rich minerals like loellingite are rare. Such solutions mey

4have‘come'from local hot springs.
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Precipitation of arsenic is,considered to have occurred from
waters above the éedimentary interface so that irbn—arsenic—rich centres,
possibly the result of flocéuiation, wefe introduced into the sulfide~rich
iroﬁ&formation sediment. During metamorphism these centres were converted
to loellingite patches that reacted externally with sulfur—bearing vapor
derived from the breakdown of pyrite and inversion of pyrrhotite to
form arsenopyrite{ Such arsenopyrite haloes tended to protect loellingite
: ffom further alteration. Where metamorphism was accompanied by deformation
penetrative disruption of patches likely enhanced the formationvof
arsenopyrite haloes about loellingite. Where structural dilation occurred
escape of sulfur-bearing vapor frdm the system was facilitated thus
retarding the alteration of loellingite to arsenopyritei  Gold entrapped
in the initial arsenic-rich precipitate was expelled to the arsenopyrite-
loellingite boundaries. At the highest metamorphic-grade attained by
these deposits temperatures may have reached the invariant point
(702 + 3° C,‘Clark, 19605 at which‘arsenopyrite breaks.down to form
pyrfhotite, loellingite énd liéuid. The appéarance‘of gold grains at
intersilicate boundaries within some samples from the most severely
metamorphosed deposit (Fuz élaims) may indicate that break down of
arsénopyrite resulted in enhanced mobility and loss of gold from

vf'arsenopyrite, and perhaps from the system as a whole.

| ~MAGNETITE

Oxide faéiespiron-formation is most abundant within'the Contwoytc
‘Formation between Itchén Lake and Point Lake. 1In places iron-formation
consisting largely of magnetite~riéh laminae but including a variable
proportion of quartz-rich and amphibbie~rich interlayeps, reaches some
500 feet (150 m) in width having presumably beén repeated by folding. Semi-

guantitative determination of iron (as Fe,0, total) indicates that the

273

magnetite~rich bands commonly attain roughly 45 per cent Fe203 by weight.
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NICCOLITE~PYRRHOTITE
Trace amounts of nickel are present locally in loellingite in

sulfide iron-formation lenses within the Contwoyto Formatioh (see Table 21)
but nickel is not sufficiently abundant to be economically significant.

Nickel is concentrated in niccolite (NiAs) along the contact of a gabbro
body about 110 feet (33 m) across northeast of Itchen Lake. The contact
zone, which is sheared, is exposed in four trenches along the southwest side
-of thé gabbro. Foliation in the adjacent greywacke strikes northeast
and dips from 75 degrees southeast to vertical. Niccolite, pyrrhotite,
and minor chalcopyrite, found along the contact and as films and fracture
fillings, extend. a metre or so into the sﬁrrounding greywacke. Silicate-
sulfide facies iron-formation is exposed about 300 feet (90 m) south of the
gabbro.and similar rocks may well occur along the contacts of the gabbro at
depth. These rocks, known to contain arsenic and nickel elsewhere, provide

a likely source from which these elements may have been remobilized.
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