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.t ABSTRACT

A steep homoclinal sudcession of volcanic rocks in the Courageous-MacKay

Lake area extends about 70 km north-south, is 2 to 7 km wide, and is bounded by

intrusive granitoid rocks to the west and conformably overlying turbiditic l

“sﬁxments to the east. Greater than &0 percent of the volcanic and associated

o
intrusive rocks arc-mafxc, including basalnc flows, pillow lavas, pxllow breccias,
and .gabbroic" sﬂls and dykes. Amygdaloidal, pﬂlowed, and massive flow

andesxtes, localL\present in the northem part of the upper 2.5 krn of the section,

~ are, intercalated - with massive and volcamclasnc rhyolitic to dacitic rocks.

: These felsic rocks occupy the top 2 km in the centre of the belt and thin felsic -

units. extend north Into maﬁc rocks. A thin, lateral.ly continuous rhyodacite

breccia w1th1n underlying maflc rocks is used as a marker to separate two cycles

of -volcamsm.

It is_suggested that during the first.stage of volcanism a narrow, elongate,

19w-éngle, basaltic shield-like .vo‘lcano formed, possibly on a ‘sodic granitoid

basemen(t. Eruption of rhyodacite block-breccia concluded the cycle. The

- 4
second cycle of volcanism began with extrusion of basaltic and vesicular -

andesitic Javas, the latter indicating a shallow subaqueous environment. A major
felsic eruptive edifice formed in the central portion of the belt, flanked to the

north by thin, but extensive volcaniclastic units. As felsi¢ volcanism waned,

continued basaltic extrusion took’place in the northern part of the belt.

A

\S\tructures, particularily in the seaiments, indicate - that the rocks .were
subjected to four phases of deformation. During an early phase (DO A)’ the/;ZR-
facing, steeply dipping homocline in volcanic rocks may have been tilted into

position by the intrusion of sodic granitoid rocks to the west. Major,,upright,

FOB folds in the sediments, with axial traces trending northward,

.
+
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and also curving around sodic granitoid bodies, suggest east-west shortening

(Dgp) actoss tilted beds, with strain modifications near rising’ plutons. A

" northeasterly striking S 1 A foliétion, Solely preserved in biotite porphytl'oblasts,

- may reflect northwest-southeast compression (D 1) during greenschist meta-

morphic conditions. Sl A is transposed into an SIB cléavage, which is steeply

_inclined, strikes northward, and is generally parallel to i:’edding, but' transects

FOB folds where 'they wrap around gran‘itoid bodies. It is suggested that during
DIB deformation compression revérted to an east-west direction. Smau., open to
tight, F2 folds and a steep, northwest-southeast axial planar cleavage. (52)
indicate northeastzéouthwest compression . with' high local strain. - A weak

northeast-southwest crenulation (53) of earlier foliations marks the last phase

(D3) of deformation, apart from late stage faults. -53 seems to have formed in

'response to northwest-southeast compression.

Metarnc.)rphic conditions were at a peak during Dzw deformation, ranging up
to -upper amphibolite facies at either end of the belt, where cordierite,
andalusite, and sillimanite isograds’ cross the sedimentar'y‘ rocks, and
cummintonite and sillimanite isograds cross the northern voleanic rocks.. Itis
visualized that thermal doming of regionil isotherms was as;sociated with the

-

intrusion of granite plutons.

-
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- ~ RESUME -

La ;égi_én'de Co;.lrageous-MacKay Lake a une étentiue n.ord—su'd Ide 70 Km
par 2 3 7 Km. Elle consiste en une -série i'lorﬁocﬁnale de roches volcaniques et
intrusi\fes maﬁéﬁes, a_fort pendage lir‘nitéesA 5 Vouest par des complexes
- granitiques, et qui, a I.'est, repose en concordance, sur des grauwac:i-ces. La série

comprend des coulées basaltxques, des laves en coussins brechxformes et des
dykes et filons~couche de gabbro. Des c:oulees 3 andesite en coussins, n';ésswes
et avec amygdules sont localement preseqtes dans Ala partie nord des premiers
2:5 km de la série supérieure, et sont intercalées avec des laves ma.s‘ive-s et
pyroclastiques & rhyolite ej: & dacite. Ces roches felsiques occupent les deux
prerhier.s km de la partie sup.é'rieureﬁde la zone de roches vertes et des unités
felsiques minces s'étendent au nord jusque dans les roches mafiqués. Les deux

cycles de volcanisme sont séparés par”une mince unité continue de bréche i

rh}’odacxte. La geolog1e suggere-que durant les premiers stades de volcanisme,

-un volcan de type basaltique Y2 cone trés aplati) s'est formé sur le socle
granitique. Le cycle s'est terminé par l'éruption'd'une breche & gros bloc de
composition rhyodacite.- .Le second cycle a débuté par l'extrusion des laves 3
andesite vésiculaire et des basaltes. Un édifice felsique s'est formé dans la
partie centrale d.e la zone, flanqué au nord par des uhités pyroclastiques minces.
Lo.rs de la-'fin du cycle, des basaltes ont été déposés dans la partie nord de la

Zone.

La structure; particuliérement dans les sédiments, indique que les roches

.

ont été soumises a quatre phases de déformation. Durant la phase initiale (D“,J AP

la série homoclinale, faisont face i l'est, a été basculée par l'intrusion de roches

granitiques. Des plis serrés et verticaux, F dans les

oB’

[Tt S T N

3
2!
%
3
R

Bl N o e I L

3 e AL Al s

PEN LN}



L]

P R s et o Bt i b iy i

-

sedxments ont des axes onentes au le nord, et zjs..sem aussi courbes aumur des

.

- complexes’ granmques, suggérant une compression es)~ouest (DOB) au travers
des’ couches inclinées, avec des modificatons 3 la deforrnanon aupres d'esplutons
en émergence. Une foliation S 1A’ orientée vers le nord-est, est préservée dans o

des porphyroblastes de biotite, mais peut toutefois refléter l'influeﬁfe d'une

_compression venant du nord-ouest — sud-est (Dl A) durant le rnetamorphxsme au

facxes des schistes verts. La foliation S A ©St transposée au clwage 'S Les

1B°
clivage 2 une inclinaison abrupte et est onente vers le nord, ggneralement

paraueleraux strates, mais qui recoupe les phs FOB 12 ot il courbe autour des

plutons. Durant la deformatxon D ey la cornpress:on a été reonersee vers ['est-

-

. ouest. ‘Despetits plis FZ’ ouverts et serres, et le clivage du plan axxa.! S orienté

vers le nord-ouest, indique une compression avec déformaiton locale et intense

vers le nord-est —sud-ouest. Une crénulation de foliation 'an'térieure (S )

rs

orientée vers le nord-est — sud-ouest, marque la derniére phase de deformatlon

(D ) excluant des failles tardwes. S3 semble étre formée eén ,ep%nse d'une ’
= .

. compression nord-ouest — sud-est.

.

..

Le métamorphis me a été plus intense durant la deformaxs:on D2' 1f atteint
le facies amphxbohte a chaque extrémité de la zone de roches vertes, ou les
1sogrades de la cordiérite, andalusite et sillimanite sont rep résentés dans les
roches sédimentaires, et les 1sogrades\de le cumm‘ingtonite et ,:‘z.i‘li-i.m'énite sont

présents dans la série volcanique de la partie nord. L'intrusion de plutons

granitiques a été accompagnée du la formation ‘+d'un dome des

isothermes régionaux.
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. : ~ INTRODUCTION - ..

Location and access e

The Courage:ous-MacKay Lake greenstone belt is located in the Siave
Structural Province (Figure 1), about 240 Km nor:‘.heast of Yellowknife, N.W.T.
(Figure 2). The area has one landing strip for wheeled plangs. The rest of the
volcanic belt is accesfble By ski- or float-planes on the Shoges of Courageous,
Matthews, and MacKay Lakes and frequently on the numerous small, shallow

lakes within thebelt. Mining companies have recently used a winter tractor road

from Great Slave Lake to Courageous Lake to bring in drilling equipment. The-

larger lakes become ice—free'anywhgré from June 15th to July 10th.

Physical features
- >

660 m. A.S.L. The most ruggefjr terrain occurs in volcanic rocks of mafic
composition. Felsic lav_és have only minor relief a.n;i granitic rocks tend to form
low, rounded hills. The sedimentary rocks have the lowest topographic
expression, frequently only being exposed through fr.ost-heavir1g. .Contacts
~between ‘rock types are commonly linear depressions filled with glac-ial debris.
Faults trar-xsecting the volcanic rocks in the northern and southern p;mions of the

-

belt have produced cliffs up to 30 m high.

Volcanic rocks are the best preserved. Within the volcanic belt the
exposure ranges from 10 to 70 percent avefaging about 40 percent. Granitoid
' outcrop.exposure is variable, ranging from 20 to 60 percent and averaging about

30. The outc;b exposure is the poorest within the sediments, averaging less

at
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The Courageous-MacKay Lake area varies in elevation from 510 m to about

S P I T TN

e e



ey -

_ - SLAVE
STRUCTURAL
PROVINCE

W C '
, ; ) _
PR

-
.

- - . . .

. -

- ‘J'

-
-
T -
s
~
-
pR—

P SR Y V - & TP

FIGURE

1.

Location

map,

s rer ot D e dh ok o



oy A

ST N vt

.

-116'
68
Aphebian

Yeliowknife Supergroup

Cover

Sediments® .

Yolcanics

Mixed volcanic,

Granitic

|
EEad.
=]

Coronation
. Gult

44
[
)
\_\

sedimentary & granitic "

I112

......
-------------
.....

-----

-4
Yellowknlf
0 100
~ GreLat ) -~ 2 Km
116 ave ake .
l112 50 ~ 108
1 YELLOWKNIFE BELT ' -5 ARSE-NO . INDIN LAKE BELT.
2 ROSS LK, CAMERON-BEAULLEU -6 ITCHEN-POINT LAKE BELT
RIVER BELY 7 BACK RIVER COMPLEX
3 BENJAMIN LAKE BELT
8 HIGH LAXKE BELT
4 COURAGEOUS — MACKAY LAKE BELT "
9 MACKETT RIVER BELT
FIGURE 2. General geology and location c¢f volcanic belts
in the Slave Province, after McGlynn and Henderson, 19?6.

. y . Y iempt et B T T T O O P O PO Py P TR0 O PP - 1.
e N IARAK L o ¥ie g plr v W T S ..‘)m‘.u N o P i d

vy

eERB S



than 20 percent. Although supracrustal rocks.are varjably metamorphosed, they

are referred to in their unmetamorphosed state. _ *

Lichen cover is extensive, Freshly frost heaved miaterial and areas around .
lake shores’ frequently have little lichen. Scrapmg glac1a1 till away from the

‘edges of many outcrops will reveal fresh rock.

rf vl sl o draR Ol B A

.,

Glaciation has produced a few widely distributed moraines, especially on
t‘he western side of topographié highs, with east-west ofientations. Sinuous','
east-west ‘trending, gravel eskers occur on the central and southern shores of
Courageous Lake. Glacial str1ae have vanable east-west or1entat1ons also.

‘Isolated ‘erratics, of various composition, are numerous in the Iarger granitic

- terrains and sand plains are found in sedimentary depressions.

The vegetation ranges from sparse shrubs in the southern part of the b_elt
. ~ . Al 7
to almost nil in the north. Depressions within the sediments or protected slopes -

facing west in the volcanics contain stunted spruce trees less than 8 m high.

Previous work

.
PR . T 1 H . i . P PR TN P
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Regional geological mapping that included the Courageous-MacKay Lake
- greenstone belt was carried out by Henderson (1944), MacKay Lake sheet, and by
Folinsbee (1949), Lac de Gras sheet, af a scale of 1:253,000. The maps indicate
that the volcanic rocks are preserved in a steeply dipping north-south homocline,
and that the volcanjc rocks are mainly mafic in composition. The preliminary”
méps of Folinst;ee and _Moore(l950) and-Moore(1951) detailed the volcanic
itratigraphy l(atl a scale of 1:18,000) for the central two thirds of the belt.

Moore (1956) summarized the previous work at a scale of 1:24,000. .

X w'!-::.' v .
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Present study '

The purpose of ‘thié'project was threefold: a3 to complete the detailed

mapping of the belt started by Moore (1956); b) to characterize the volcanic

stratigraphy and development of the pile; and c) to study the deformanon and

<
‘ metamorphlsm of the belt and relate this to regional patterns.

\ —

The steaply d;ppxng, homoclinal structure of the volcanic rocks a.nd laterai )

extensmns of the belt to the east would enable a three dimensional view of an

Archean composlte volcanic complex.

Mapping took place during the 1978 and 1979 field seasons with a two man
5

party. One inch to Lmile airphotos \wf'e enlarged on mylar to a scale of
1:12,000. :

'

.Felsic and intermediate fragmental velcanic rocks were slabbed and
polished so as to identify the shape and composition of fragments and
phenocrysts. The g'ran.itoid rocks were slabbed, stained, pointcounted wit_h a
2 mm grid using about 1300 counts per slab, and the modes were plotted on an
Quartz—Plagi&:lase—PotassIc Feldspar diagram with the divisions _of
Streckeisen (1976). Thin sections from most of the granitic rocks were made to

'conflrm the potassic feldspar content and nature, the plagioclase zoning and

'anorthxte content, igneous and deformational textures, and the accessory

minerals. Approximately 400 thin sections from volcamc and sedimentary rocks

wer examined to identify textures, grading d;recnons, fabric orientations and

<

metamorphzc assemblages.

The belt s divided into five mab areas from north to south including the
central portion of the belt not mapped in this study.  This portion of
Moores (1956) work is included for reference purposes wher consxder*r(g the

volcanic stratigraphy and the structure of the belt as a whole.
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f; ‘ ——CHAPTER I~

GE.NERAL GECLOGY OF THE SLAVE ST RUCTURAL PROVINCE

’ Introduction

-~

The term Yellowknife Supergroup was introduced by Henderson’ (1970) and

has since been used to represent all Archean sedLmentary, and volcanic rocks

within the Slave - Structura.l Provmce (McGlynn and Henderson, 1972-

Lambert, 19773, and Henderson, 1981) Local units of the Supergroup have been
given group and formauon names but these are not correlative for more than
100 Km (Henderson, 1970; Henderson, 1975; Bostock, 1976; an_d Hen_dersonh;nd
Easton, 1977). .

A map of the Slave Province (Figure 2) shows that: a) there are 20 or more
volcanic belts scattered throughout the province; b) the belts are narrow,
genera}ly hnear, and frequently trend.north; and c) for the province as a whole

there are less than 10 percent volcanics, 45 percent sediments, and close to

50 percent granitoid tocks (McGlynn and Henderson, 1970 and Henderson, 1981).

Within this repart the term. grenite and sodic granitoid refer to a general
chemecal composition while granitéig refers to chemically undetermined plutonic
rocks” A large perc'entage of the sediments are highly metamorphosed or
migmatized. The metamorphic grade within the Yell_owk_nife supracrustal rocks
ranges from low greenschist— to opper. amphibolite — facies (Thompson, 1978)
with® contact m'etamorphism affecting rather narrow areas surrounding

granite plutons.

Stratigragnx
Throughout the Slave Province the Yellowknife Supergroup probably'

overlies a granitoid basement' (Henderson, 1981). At Point Lake (Fig. 2), for

b AR TR P S Al i o e = B 4T
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example,~rounded clasts of granite and mafic volcanics form a conglomerate

. lying directly on weathered granite basement (Hencierson, 1981). Most commonly

preserved, however, is-the volcanic-sedimentary sequence. This is comprised of

a thick “succession of mafic flows and pillow lavas which may be either inter-

* B

‘mixed with or transitional to intermediate and felsic lavas towards the top of the
sequence. Overlying the volcanics there is ‘genér_ezlly a thick succession of

-.greywacke-mudstonie turbidites. Predominantly intermediate to felsic volcanic

sequences in the Back River area (Lambert, 1978 and Frith, 1981) overlie and

interfinger with, sédiments igure 2). At the Yellowknife, Arseno Lake,

- Beauliet River, and Courageous-MacKay Lake belts (Figure 2) volcanic-granitoid

conglomerate is- present at the Yolcanic-seédimentary contact (McGlynn and

I
‘Henderson, 1970 and this report( “Fluvial sandstones and quartzites' are of

limited extent.

The mafic volcanics exhibit tholeilitic trends and the felsic volcanics’ ar/e-' ,

predominantly calc-alkaline (Baraga:l', 1966, and Frith, pers. comm., 1981). The

granitoid rocks range from quartz diorites, tonalites, through granodiorites, to

granites (adamellites) (Baragar and McGlynn, 1976). quywackes have a -~

chemical composition similar to that of\ an average granodiorite

(Hendersony 1981).

- * L

Gabbroic sills and dykes are present throughout the volcanic sequence, .

<,
. !

rarely in the granitoid rocks, and have not been reported in the sediments above

the volcanics. The dykes and sills appear to have been penecontemporaneous

with volcanism (Baragar, 1966; Lambert, 1977a).

+

Iron formation with oxide, sulphide, silicate and carbonate facies is rare,

occuring mainly as thin, laterally’ continuous units in the Back River Complex
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) _~+‘—\Cf.ambert 1977b, 1978) and “in the Pomt-ltchen Lake area (Henderson and

Easton, 1977) at or near the volcamc-sedxmentary contact. Mznor carbonates '

-may also occur at this interface mostly as dolomrte or carbonaceous mudstone.

McGlynn and &lenderson (1970, 1972) report that the.i.rolcanics range in

thickness from 300 m to 9 Km and the sedir‘nentsrfrom 600 m 1o less than 5 Km. *

-

The felsic volcamcs range from 0.to 3.0 Km, averagmg ‘less than 500. m.

Intervolcamc sediments and conglomerates can vary from 0 to 500 m thick. The

‘voleanic piles are predominantly mafic, ie. Yellowknife belt, but a few are-

mainly 1ntermed1ate to felsic, ie. Back River Complex.. The maﬁc lavas appear
to be rnostly subaqueous in origin while the intermedite to felsic lavas exhibit

subaqueous and subaerial env;ronments.

-

The volcanic piles of much of the Yellowknife Supergroup tend to have

- -

basaltic lower components with uoper intermediate to felsic domes or flows
forming a composite structure. | Lambert (1977, 1978) reports ‘a cauldron
subsidence feature in the Back Rlver Complex ‘and notes subaqueous and

subaerial environments.

‘I'he predormnantly hnear structure of the volcamc piles and the presence
of voIcamc-gramtoxd clast conglomerate ‘suggest that the belts were structurally
controlled loci of volcanism and tectomcally active during the pile develo_pment.
The sediments occupied basins while the mafic piles formed along the margins of

grabben-like features. The Back River Complex is thought to represent felsic,

basinal volcanism (Henderson, '19'81).

Basement
The oldest known rocks in the Slave Province include those w1th geochro-

nologlcal dates of approximately 3.0 Ga from tonalitic fragments in a diatreme

- uu“s—-.n.—qﬂ~—v—w“'k'_ T e
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near Yellowknife, glfahite conglomerate at Point Lake (Hendgrson, 1981) and

tonalite-granodiorite gneiss-- from the Indin I.ake .area (Frith et al., 1977).

] Contemporaneous granitoid ba.sement and felsic volcanics from Yellowknife give

U-Pb a.nd Rb-St. (X-l#leO 1ﬁ’d&\.t’es of about 2650 to 2630'Ma

(Henderson, 1981). Lambert and Henderson (1980) report an U-Pb age of
2660 + 7 Ma for~the felsic volcanics from.the Back vaer Complex. Late stdge
granite plutons range from -2.65 10 2.5 Ga (Hendel-son,_ 1981) which

Thompson (1978) has suggested as the peak of metamorphism.

Much of the evidence for basement is not geochronological, ie. the

-

" presence of amphibolite dykes in %ranitoid rocks. The dykes are presumed’to

have fed the overlying mafic volcanics, “although the r'elationshi;:i has not been
seen. Examples include, the Ross Lake area (Baragar ‘and McGlynn, 1976) and

the Benjamin Lake area (Heywood and Davidson, 1969). The tonalite body at

Benjamin Lake also has no obvious metamorphic aureole, as might be expected if .

the tonalite predates the. volcanics. In the study area a similar lack of a
memmorphié aureole and the presence of gabbroic dykes crosscutting foliated
sodic granitoids suggests basement to the volcanic suite. .Uncénformities at the
base of the voicanics, te. Ross Lake, Benjamin.Léke, and Point Lake (Baragar and

McGlynn; 1976) indicate granitoid basement to the Yellowknife Supergroup.

2 - Proterozoic dykes

Dfabase dykes and dyke-swarms intruded all Archean rocks several times,
with @ering orientations, indicating changing tensional tectonic activilty
(Thompson, 1978). Most dykes have pre 2000 Ma ages given by K-Ar methods and
are sheared in post 2000 Ma faults. Typically tﬁe diabase is steeply dipping and

variably magnetic..

e m e a a m ae wlthm e m e w L e



T T T b s o e

e N AR e

~7

-

Structure o -“_f::‘

As mentioned earlier man}; of the voicap}cf‘g;elts within th§ Slave Province
. . . -~ - _?, v -
have northerly trends.while a few rend northeasterly or _north-westerly

.-
4

(Figure 3). - These trends are thought 'to have been controlled by deep-seated .

- faults thhm the Provmce, 'whxc;t' were followed by the margins of the granitoid

- J

bathohths and later in the Proterozo:c by the ma;or McDonald and Bathurst

“faults (Figure 3) (Fyton, 1981b) Structures reflecting at least three phases of

deformation are p,fesent within metased:ments over much of the Slave Province

x

(Fyson, 1978}

-

_U‘ ] structures are defined by opposing facing directions of F2 folds which

" have no cleavage fabric, and have not been identified tHroughout the province.

F2 folds, which predominate throughout most of the Slave Province, are
-
large scale with | to 10 Km long axial traces, upright to steeply-inciinéd, tight

to isoclinal. Small scale F2 folds aré rare. Hinge zones, where exposed, are

" steeply plunging. Figure 3 shows the generalized 52 trends for the southern half

of the Slave Pr;ovmce. It can be seen that the F fcﬂ,ds often parallel the
volcamc belts and the margins of large grarutoxd batholiths and in deta11 curve
around small, late? plutons. The associated schxstosxty is well defined in both
the sedimentary and volcanic rocks by aligned quartz, musc;ovite,' chlorite,

biotite, amphiboles and opaques. Fyson (1981a) notes a predominant westward

overturning of F2 folds across much of the province towards marginal plutons.

The marginal plutons may have influenced the direction and degree of

overturning. Fyson (19812) has suggested that 1wo stages of regional
compressive strain accompanied by subsidiary gravitational sliding could have

produced the observed fanning and fold overturning.

e
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.The third phase of deformation produced small, lossthé.n 1 Km. long, folds
'with an axia.l-pla.nar 'regiona.l 53 deo\;age. Small scale F "3 folds are common in
quartz veins and thmly bedded units. The 53 cleavage can vary from a
segregation cleavage to an open crenulation of 52 or a strong penetrative
alignment of quartz, muscovne, chlonte‘and biotite (Fysoo, 1975 and 1580a).

Quartz inclysion trails in biotite porphyroblasts indicate the original 52

-

orientation and the amount of D3 rotation (Fyson 1975, 1980). Late-stage, open -

crenulations of 53 are discontinuous and scattered throughout the Slave
Province. In general the D3 fabric is farely observed in the volcanics. 53 has

been reported in granitoid rocks by Ryson (1980) and Tirru! and Bell (1980).

Metamorphism

The Yellowknife Supergroup: supracrustal rocks range from ‘a low

greenschist facies to an”upper amphibolite facies grade of regional meta- -

morphism. The pressure conditions appear to have been .low, similar to
Miyashiros (1973) Abukuma Plateau type (cf. Thompson, 1978).  Maximum
te'mperature ‘and pressure estimates are about 600°C and 3.5 Kb (McGlynn and

Henderson, 1972). The metasediments 'range from a chlorite, muscovite and
1

. biotite greenschist facies through staurolite, cordierite, and biotite low-

amphxbohte facies to an andalusite, sillimanite * kyamte upper-amphibolite
facies (Thompson, 1978). The presence of rare kyanite may only reflect local,
high pressure conditions. Biotite and cordierite-andalusite porphyroblasts are

common prograde feé.tures. The lack of staurolite hay be controlled by the
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lack of Fe in the metasediments (Thompson, 1978). F.elsic merayolcéni'c rocks
ShO\;J similar prograde -reactions w.i::h the development of curﬁrllxing/tonij:e;
anthophyllite, and clinopyroxene at higher ‘grades' instead of the alutnino-siﬁéfe
-mine‘ré.l's. Mafic metavolcanics range from ‘chlorite-aibite.l'-ﬂcért;;nate
greenschist facies a-ésemblages B .to+ plagioclase — epidote — actinotite/
hornblende —.garnet bearing .amphibolites (McGlynn and Henderson, 1972). Most
of the Yellowknife Sq?ergroup rocks are of amphibolite rgrade. The metamorphic
grade does not depend upon ‘the thickness of the belts but rather the level of

. - - .
exposure and the proximity of potassic granitic plutons. Thompson (1978)
]

suggests that the peak of metamorphism for the Slave Province occurred at

about 2600 Ma with D1 and .D2 before the peak and D3 after the peak.
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" GENERAL GEOLOGY OF THE COURAGEOUS-MACKAY LAKE AREA

Introduction - "
. The stratigraphy, lithology, and chemical c6mposition for Yellowknife
Supergroup rocks in' the Courageous—MacKay Lake area are similar to that
reported for the supergroup near Yeilowkmfe (Henderson and Brown, 1986} and in
the Ross Lake, Cameron-Beauheu szer area (Lambert, 1977a) In detail,
however, tht::"?;D are some appreciable differences; for exampie in the thickness of
the volcaniclpile,. the_mlaﬁvely minor amount- of andesitic material, and the
presence of a large rhyolitic centre. Figure 4 gives the general geology of the
area and Figure 5 divides the belt into map aréas, 1 10 5, referred to in the text.

The central portion-of the belt was not investigated by the author. Map 3

‘ (Mé)ore,‘1956) is included to show the*(:ornple{e stratigraphy of the volcanic-belt

and is critical for developing a'model of volcanic evolution. The scale of map 3
.is 1:24,000, all the other maps are at a 1:12,000 scale. The distribution of the

principal volcanic units for the whole belt is shown in Figure 6.

The volcanic rocks of the Courageous-MacKay Lake greenstone belt are

subalkaline; following the classification of Irvine and Baragar (1971) they form

three compositional groups: mafic lavas (basalts), intermediate lavas (andesites),

and felsic lavas (dacites- and rhyolites). F1eld classification involved a weighing
method designed by S. Roscoe (G-5.C} using the specific gravity ranges of 2.80 to
3.15 for basalts, 2.75 t0.2.85 for andesites; and 2.68 to 2.76 for rhyolites and

_“dacites (cf. Lambert, 1977a).

The chemical analysis of the volcanic rocks in Chapter & supplemented the

field observations in identifying the rocic types.
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Diabase: 7 (Mackenzie dyke swarm)

Great Unconformity

ARCHEAN

*‘Pegmatite: 6
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\

Intrusive Co(nact}

greywa(.ek/e and slate-&a,

granitdid and volcanic conglomeggge-te
volca ogenic chert-kd,

_Zurbidites:

CYCLE 2

Rhyolite to dacite’: do or massive flows-2a
. vokcaniclastics-2b,c,d
quartz-feldspar intrusions-2{

Andesite: massive flows-le, pillowed flows-1d
and volcaniclastic breccia-1lh

Basalt: massive flows-la, pillowed flows-1b,
feldspar phyric massive flows-le,
feldspar phyric pillowed flows-1£
and flattened pillows-lg

YELLOWKNIFE SUPERGROUP

CYCLE |

Rhylodacite: breccia-2e | Intervolcanic g:\ojmglomerate
-4¢ + mudstoné=4b

Basalt: massive flows-1a, pillowed flows and
minor pillow breccia-1b

? Unconformity 7 - -

. Basement?: granodiorite-5b, tonalite-5¢,
and trondhjemite-5d -

FIGURE 6a. -Stratigraphic succession in the Courageous-MacKay Lake area.
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Sub-verncal cons:stently east facing volcanic rocks in maps 1, 2, 3 and %
are exposed along most of theltbelt 50 that the map pattern in Figure 6 'gives the
distribution of volca.mc umts. Figure 6a shows the strangraphxc succession. Map
area J, lying east off area 3 provides a third dimensién in an east-west direction.

. Tectonic ﬂat:tening“and possible inter-unit shearing suggest that the thicknesses

estimated from the maps are minimums. . The degree of flattening during

horizontal shortening is discussed in Chapter 5.

Overlying the volcanic rocks are greywacke-slate metasedirhents and rare

conglomerate. Within the volcanic pile thin units of conglomerate and mudstone’

. Occur at various stratigraphic levels. These inter-volcanic sediments appear to

have been derived préd‘omin_anﬁy from the enclosing volcanics, whereas clasts in

-

the overlying sediments suggest a volcanic and granitoid source.

" Sodic grani®id batholithic rocks, mainly granodiorite, tonalite, or
trondhjemite, may be basement to the volcanics. Granite plutons appear to-have
been emplaced during deformation. Shearing during horizontal compression and

granite intrusion has obscurred the granitoid-volcanic contacts.

Proterozoic diabase dykes, of two or more generations, crosscut all the

Archean rocks.

Mafic and intermediate volcanics (unit 1)

Disiribution and thickness

The mafic and intermediate volcanics are predominantly basalts with minor

andesite. The basalts (subunits la, b, e, f, and g) range in appareﬁt total

thickness from a minimum of about 5 km in map 1 to less than | km in other

. .
e e T E AR vacd 3l oB ikl EE .

.
T A a Al ek i i d Al e AR TR L o e h o

Y ST P

.
I T

M TR ML e s 2



- areas. Large basalt zenoliths up to 1 Km across in 'grani'noid' rocks in map areas 2

and 3 suggest that before the’emplacement of the granite plutons the basalts g

were in the order of 3-to 5 Km wide for much of the belt.

Andesites (subunit's lc; d énd h) are mainly restricted o the' eastern side of
the success-ion in the northern part of the beit (maps | and 2) They outcrop in
'an area that extends 13.5 Km northward along strike and ranges from 0.5 to
1.75 Km wide. Intermixed are minor ba‘salt, r‘hy.odacite and rhyolite. Minor
fragmental rocks along ‘the volcanic-sedimentary contact iﬁ map 5 may also be

of andesitic composition.

. . v )
Gabbrmc sills, dykes, and intrusive bodxes are present throughout the basal

k]
mafic portion of the volcanic pLIe. Their relanon to the rnafxc and intermediate

lavas is discussed later.

The basalts and andesites interfinger with and overlie felsic volcanics close -

to the upper contact in map areas | and 2. Basalts underlie the main felsic
concentration in map 3 In maps 1, 2 3 and & minor felsic units occur surrounded

by basalts at the base of the pile.

Where turbidite-facies sediments (unit 4a) overlie the mafic to inter-
mediate volcanics, the Contact appears to be conformable with minor inter-
fingering. The contact with the underlying granitoid rocks is intrusive in detail
‘but frequently appears conformable on the map stale. In general the upper and
lower contacts are faulted. Inter-unit confacts are also. frequently sheared or

faulted.
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Basalt lithology .

Basalts range from a medium dark grey-green in greenschist and lower
amphibolite facies grade a’reés to black-green in middle and upper amphibotite
facies. grade areas. 'fhe -basalts; are composed of massive -flow's' (1a), pillowed
flows (1b), feldspar phyric massive flows (le), feldspar phync pxllowed flows (1),

and a highly flattened, "banded basalt" (lg)

The complete sequence of massive tlows grading into overlying pillowéd
flows and a suce‘eding layer of pillow—bre::cia a;1d hyaloclastiée (Lajoie, 1979), as
often seen at Yellowknife, is not observed in the Courageous-Ma.cKa‘)i;Ié.rftke area.
However, part:‘s 'of this sequence are seen; for example, massive a.nd- pillowed

flows alternate throughout much of the section (see Plate 1) and more rarely

pillowed flows .may alternate with pillow-breccia and hyaloclastite, as at .

Yellowknife (Plate 2).

The massive basalt flows are thick, up to 200 m, and laterally;{’:'ontinuou:?
for up. to 3 Km. The basal portion of the volcanic pile in maps |, 2, and 3 is®
predominated by massive flows. The grain size ranges from 0.5 mm to 4.0 mm.

The margins of the massive flows are generally fine-grained while the cores tend

to be coarser. The contacts with other rocks are rarely observed.

The central portion of the volcanic pile in mapl contains an equal
abundance of pillowed flows and massive flows. Towards the upper sedimentary
contact pilldwed flows are mucl'w more abundant than massfve flows. This change
from predominantly massive ﬂowst 1o prédominantly pillowed flows strati-

graphically upwards is noted in maps 2 and 3 also. The basalts in map areas 4

and 5 are predominantly piuowéd flows.
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Plate 1.

Plate 2.

Pillowed basalt overlying a massive flow.. Note fractured top of
the massive flow. Light coloured patches are ‘quartz and
feldspar alteration. The longest pillow is 3 m long. From the
south shore of Nodinka Narrows, map 4 (63°56', 111°08").

A thick sequence of pillowed lavas overlying a thin unit of
pillow-breccia and hyaloclastite. Note the thin and irregular

nature of the pillow-breccia horizon. From the Yellowknife,
area.
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Basalt pillows exposed on subhorizontal surfaces range from equidimen-
sional bodies 20 cm across to ellipses O.é m t‘b 0.5 m by 04 m to 3.0m. The
third dimension, rarely observed, suggest; a fube-liicle configuration. Large bun-
like pillows (Dimrothetal., 1978) are rare. ‘Piuow selvages have few

re-entrants. Interstitial material is minor. Pilthw selvages range from 0.5 cm to

20cm wide. The small pillow size, lack of re-entrants and the lack of

interstitial material could suggest a rapid rate of flow extrusion.

Pillowsbreccia (Lajoie, 1979) is also rare and occurs as small, 0.5 cm to
2.0 cm g.lobules, that may oécur with minor hyaloclastite to form a thin,
ciiscontinuoys cara[pace above pillowed flows. Plate 3 shows the rounded-to
angular forms with bleached, chilled rims. Plate 4 shows a vertical gradation

from large chilled blocks to small chilled ameboid shapes.

Pillowed flows range from 50 m to greater than 250 m wide. Inter-flow
1

- -

pillow-breccia horizons are frequently highly deformed and_unrecognizeable.
This may make the thickness estimates of the pillowed flows excessive if

intervening flows are not recognized. : -

In greenschist facies. areas the pillowed basalts are fine-grained (0.2 mm)

-

and microlites are common. In higher grade areas the grain-size may coarsen up

to 2.0 mm and the microlites are replaced by epidote.

Feldspar phyric massive flows (1e) and pillowed flows (1£) appear to have a
basaltic composition. They are common in maps 1 and 2 and to a lesser extent in
rmap 3. These units are, found within 1| Km of the upper volcanic-sedimentary

. S
contact. The thickness of the feldspar phyric massive or pillowed flows is rather

uniform, about 100 m to 200 m. Strike length of the phyric massive flows are

~'
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Plate 3. Rourded and angular pillow-breccia fragments with chilled

rims. Hammer head is about 16 cm long- From map 2 (64°15, ;
111°22'0. : .
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Plate 4. - Same' location as plate 3. Large basaltic blocks overlain by
rounded and chilled fragments. Note the fining upwards. "“Two

‘ . metres to the right the fragments fine into a poorly stratified |
hyaloclastite.s® Hammer is 31 cm long. White spots near :

hammer are lichen. - _ ;
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generally small as the distribution of phenocrysts is quite variable and the flow
may become aphyric. The strike lehgth of the phyric pillowed flow in map 1 is
about 9 Km. This-subunit forms a marker horizon which gradually diverges

northward away from the volcanic-sedimentary contact.

Plate 5 shows the feldspar phenocrysts to raﬁge from 0.2 ¢cm to 1.5 em.

Tr;é phenocrysts are frequently fractured and have a. ragged, subrounded outline.

Within massive flows (le)‘t'he phenocrysts range from sparse to abundant and

appear to loéaﬂy grade in size vertically and laterally. However, within the
pillowed flows (1f) the feldspar phenocrysts do hot show lateral and vertical size

-

gradations and the phenocryst content is quite uniform (see Plate 6).

. Banded basalt (lg), probably highly flattened pillowed ﬂows,' is present

‘along or close to the volcanic-sedimentary contact in map _1. This subunit is only

recongized in middle amphibolite and higher-grade areas and appears to be a sub-
gneissic deveiapment of alternating quartz and feldspar rich bands with

amphibole rich bands (see Plate 7).

-

Andesite lithology

Andesites weather a light, grey-green and are rarely recognized in amphi-

bolite facies grade areas. The andesites appear to be restricted to maps 1 and 2.
Minor amounts are present in map 5. It is possible, however, that andesites may
be present in map area 3 as Moore (1956) denotes the presence of grey to light-

green mafic volcanics beneath the main felsic volcanic concentration. -

The andesites exhibit minor massive flows, an abundance of pillowed flov&s,_

and rare volcaniclastic breccias. The massive and pillowed flows are coarsely

- amygdaloidal. The amygdaloidal nature may be a diagnostic characteristic of

\
\\

the andesites.
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Plate 5.  FraCtured feldspar phenocrysts in a massive flow basalt. -Note
: how the larger phenocrysts are subhedral while the smaller

phenocrysts tend to be subrounded or sheared. FromTmap 2,
(64°15, 111°20"). : T s '
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Plate 6. Feldspar phyric pillowed basalt. Phenocrysts are rounded to

elongated. Elongation direction is paralle] to the Sip fabric.
From map 1, (64°17", 111°24'0. '
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The ‘pillowed (andesite) flows range from 30 m to 200 m thick. The

thickness of the massive flows ranges from 30 m to 50 m. The pillows have thin

. selvages, less than 1 cm, and tend to be smaller than their basaltic é:odnter parts.

The vesicles in the massive and pillowed flows range from 0.2ecm to
0.75 cm spheres to ellipsoids with 1.0 cm long axes (Plate 8). Vesicles are filled
with quartz, calcite and chlorite (see Plates 9 and J 0). The quértz in the v_e.sicles
varies from single érystals to abundant sub-grains indicating various étages of

recrystallization. The vesicular rocks contain plagioclase microlites up to

0.7 mm long.

Andesitic breccia units (1h), range up to 200 m thick, are rare and laterally

discontinuous. Poorly stratified lapilli- to ash-sized andesitic fragmental units

are thin, 10m to 50m thick, and may be intercalated with block-sized

fragments. The size classification follows that of Fisher (1966).

Unit 1h is found in map 2 and map 5. In map 2 the exposures are thin and
discontinuous. The exposure in map area > indicates that unit lh rapidly

decreases in thickness from the west to the east and interﬁngérs with pillowed

basalt flows. )

-The larger fragments are subrounded to subangular and range from 0.5 cm
to less than 10 cm across. '_I'hesewlarger fragments are generally monolithologic
and often finely vesicular. Plate 11 shows the vesicles to be very abundant and
to range. form O.II‘mm to 3.0 mm in diameter. The coarse fragments do not
appear: to be vertically graded and the discontinuous exposure along strike
obscures possible lateral grading. The matrix to the bloc‘k-sized fragments is

usually a dark-green, well-sorted and rounded ash. Thin sections show the matrix

to contain quartz, andesine fragments, chlorite, minor amphibole, and opaques.
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Plate 7.

Plate 8.

*

‘Highly flattened pillow basalt (lg). Note the subgneissic

alternation of light and dark coloured bands. Flrgm map 1,
(64°20", 111°24), B

Vesicular pillowed andesite. Calcite has been weathered. Note
the rounded forms. Elongate shapes are due to minor tectonic
shearing. From map 1, (64°15', 111°22'0.
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Plate 7.

pPlate 8.



Plate 9. Quartz- filled amygdule from a massive andésite flow. Note

chlorite fronds within the vesicle. The groundmass consists of -
fine plagioclase microlites and chlorite. From map 1, (64°15',

111°22Y). ;

-/

'
-

Plate 10. ’Calcite filled amydules from the same sample as Plate 9. Lines
are calcite twins. '
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'The‘ash- to lapﬂh-sxzed fragmental lh units (map 2) are thinly-bedded and
contain flattened fragments. ‘The fragments are not obvxously vertically graded
but rather tend to. fine along strike away from the coarser horizons.
Accornpanymg the decrease in size the fragments become more rounded and ~
minor felsic and mudstone ‘clasts are present. This heterolithologic nature and
the presen;é of under and overlying pillowed flows may suggest a subaqueous

debflior mass flow form of transport.

Carbonated, silicified, and sheared rocks of basaltic and andesitic
composition have been denoted Im, In, and Is respectively. These rocks are

commonly found near large gabbroic bodies and near the volcanic-sedimentary

. contact.

‘ Summarx

The change stratigraphically upward from basalt 1o andesite may 1nd1cate a

magma.differentiation trend.

- -

The predominance of massive flow basalt in the basal portion of map I may
s_ugge;st rapid and proximal lava extrusion.’ The change-to predominantly pillowed
flows towards the volcanic-sedimentary contact may indicate a slower rate of
magma effusion and /or a more distal source. In maps & and 5 the almost total

lack of masswe flows could 1nd1cate a location distal to the magma source.

The large and abundant vesicles in the massive and piliowed andesite flows
indicates a shallow, less than 200 m deep, subaqueous envirsnment (Moore, 1965

and Jones, 1969). The occurrence of the vesicles close to the volcanic-sedi-

I

S

mentary contact may suggest that the environrient became shallower with time. /
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central portion of the volcanic belt (Figure 6).

tl'ffck terminate abruptly to the south of Matthews Lake, and extend nort

for more than 25 Km.

. from the overlying sedimentary contact,

" The vok;anic topbgraphy could'h'é\:re been nearly flat as indicated by the

- slight northward dwergence of the pillowed feldspar phyric basalt from the

volcamc-sedu-nentary contact. Dimroth et al. (1978) indicates that relatively

flat_ slopes are required to deVglop Iarge, continuous areas of pillowed flows.

The small width of the mafic volcamc Tocks in maps & and 5, compared to

the rest of the belt, would suggest that the volecanic pile thins to the south and to

the east.

-

-

This cbnﬁguration may indicate that the mafic volcanism was restricted. to

4

a linear, north-south, area and that a subaqueous, low-angle shield volcano

(MacDonald 1972) was formed Although the mafic magma dlfferennated with

time-1to produce andesitic lavas near the close of volcanism the presence df

mtercalated felsic volcanic rocks throughout the volcanic pile indicates early

bimodal volcanism.

Felsic volcanics (unit 2)

A major concentration of salic lavas lies along the upper contact in the

These lavas are about 2 Km

hward

Thin felsic units flanking the main body continue

intermittenﬂy fl..nrther north and south and appear to diverge gradually away

The main concentration of felsic lavas

overlies mafic lava, which in turn overlies a discontinuously exposed felsic

breccxa. This breccza may represent an early cycle of felsic volcanism (Cycle 1)

Quartz and feldspar phyric felsic dykes (see map 3) crosscut the lower felsxc

cycle and overlymg mafic lavas to feed the larger major felsxc concefitration
(Cycle 2).

-
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Contact relations between felsic l;r,ias and other volcanic or sedimentary
roc.ks are rarely observed; where "ex_posed. contacts are sheared: Mapped
extensions o_f thin (5m to 30 m) Eéls_ic units arecoften tentative- bhf where they
are persistent they form 'rﬁarker horizons within large areas of mafic lavas,

ie. maps 1 and 4. Minor amounts of felsic volcaniclastics outcrop above the

[

sedimentary contact (map 2 and 3).

Distribution and thickness

The felsic lavas form massive bodies and fragmental units. Most of the

massive lavas are rhyolitic and lie in ‘the central part of the belt (map 3). Felsic )

units to the north (map 2) appear to be related to the major felsic concentration

in map 3 (see Figure 6). These felsic lavas, between 64°10' and 64°14", are less

than 600 m "thick and appear to be made up of massive flows, domes and _
I : ’

volcaniclastic rocks.

Figure 7 shows a simplified portion of map 2 (64°14', 111°20' to §4° 15,
111°25'). Numerous faults offset rocks in this area and the lack of outcrop
prevents extrapolation qf thin units. Massive rhyolite occurs as 100 m to 350 m
wide, Stubby bodies. These massive units app'ear to be relate:d to the large felsic
body.(Cycle 2) in map area 3 rather than to the matrix-rich Cycle 1 felsic rocks

which only form smaller, volcaniclastic bodies.
t

The massive rhyolites grade vertically and laterally into block- or lapilli-
sized rhyolite clastics. The vertical grading is rapid. Units 5m to 100 m thick

of block-size rhyolite breccia give way vertically to 50 m to 200 m units of

~

lapilli-size rhyolite fragments. Laterally the size grading follows a similar

pattern but large fragments persist up to 2 Km away from the massive

rhy:alite bodies. »
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A rhyoiitic block breccia (2'B)

r massive rhyolite {(2a)

A dacitic block breccia (2e)

-

am massive andesite (1¢)

ag>  piliowed " andesite (1d)

f

FIGURE 7. Lateral and vertical grading around massive rhyglite bocles (map 2),

Numbers in parenthesis are map units. / -
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be

b

massive basait (1a)

massive feidspar phyric basalt (1e)

pillowed basailt f1b)
gabbro dyke - silt (3}

granite (5 )
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Rhyodacite lapilli-sized clasts appear to be lateral equivalents of the

Cycle 2 rhyolitic lapilli-sized fragments. The Ehyodacitic clastics extend

northwards from map 2 into map 1 where they thin to less than 200 m, contain
fewer fragments over 2cm, and exhibit fa;int bedciing. The rhyc:;dacite changes
_vertically and laterally into thinly Bedded, finer-grained, - dacitic' material.
Dacitic units are less than 100 m thick a;1d .extehd laéeraliy for over 5 Km in
map 1. Similar thin, extensive dacitic units are present in the south end of the
volcanic belt (map 4). The rhyodacmc and dacitic units in the central portion of
mapl are laterally contmuous for uwp 1:0 15 Km and appear to become
stratigraphically lc:wer to the north with respe;t to the volcanic-sedimentary
contact in a similar manner to the feld9par phyric pillowed basalt (uait.lh)
previously described. A, 10m 1_:(.:) 40 m wide, r_hyod-acitic unit continues along
most of the belt in r;nap &. This unit becomes closer.to the volcanic-sedimentary
contact to the south, suggesting the belt thins to the south. However, the
'rhyodacites in map & appear to be stratigraphically related to the Cycle 1

volcanism whereas those rhyodacites in the north (map_l) are related to Cycle 2.

The apparent stratigraphic lowering of the felsic units, towards the
northern extremity of the belt may reflect the initial low-angle paleoslope of the

volcanic edifice or alternanvely, these felsic units could have been in a different

position laterally.

Minor amounts of quartz-feldspar rhyodacitic porphyry intrusive rocks
occur In map areas | and 2, while these may have fed the massive rhyolitic

bodies no direct relationship has been observed. In map 3 the rhyodacitic
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- felsic vo__lcaﬁics. where they appear to have - crosscut all ‘lower rocks.
Moore (1956), map 3, indicates'a general stratigraphic succession from-massive

to fragmental felsic lavas in the Matthews Lake area.

Figure; 7 shows that the Cycle 2 felsic ;olcanics are intercalated with
massive, feldspar phyric, and pillowed basalt §lows, and massivs and pillowed
amygdaloidal andesite flows. Cycle | felsic vol'canics appear to be intercalated
with-basalts rather than both andesit.es and basalts together.

Felsic volcanic lithelogy

The felsic lavas range from dacitic to rhyolitic in composition. Ma?'ve

lavas tend to be rhyolitic. Felsic fragmental lavas range from rhyolite cite

-

" In composiiton. As the fragment size decreases, and the matrix content

increases, the composition tends to become dacitic. This could be due to the

addition of more mafic material during transport.

The massive rhyolite (2a) has a pink to crearn. colour, contains 2 to
10 percent quartz phenocrysts, and maybe amygdaloidal. Quartz phenocr_;yf;ts,
composed of single or many grains, range from 0.5 mm to 3.0 agross and'r—_.u'e
generally subrounded. Vesicles, are filled with chlorite, calc phite or
hematite, vary from subrounded to flattened, and range form 0.2 mrﬁ to 4.0 mm
in length (see Plate 12). The flattening is presumed to be tectonic and not flow
derived. Feldspar phenocrysts (plagioclase or potassium feldspé.r) are rare. The
groundma.ss is generally aphanitic but in high grade areas quartz grains may

reach 0.1 mm to 0.2 mm.

a1

intrusive rocks are extensively distributed under the thickest accumulation of |

A
br

1n ¥ ik

AL ¥ R

ISP PITLAFLL PO

+
S
b 3
S

"

.
b bt A e e e A L e e S d

H

.
P AT

R
]
el
5
(d




Plate 11. .

Plate 12.

Vesicles are quartz filled. White lines are -quartz f{illed
. fractures. Elongate vesicles have been tectapically deformed.
Cross polarized light.- From map 5, (64°02,, 111°04)

\

Massive rhyolite (2a). White spots are quartz phenocrysts.
Dark spots are chlorite, calcite, and hematite filled vesicles.
From map 2, (64°14', 111°21"). -

’

-

Highly vesicular fragment from an andesitic breccia (lh).
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Figure 7 'shows two stubby bodies of masive'rhyoﬁfe (22). These bodies
are under and overlain by block- to hpim-sized-breccias (2b). -The small dome-
) shaped body, (64°14'30", 111°22') of massive rhyolite grades through a zone of
fractured rhyol;te‘to the block-size breccia. ° The fractured rhyolite may
represent an autoclasnc carapace (P\s,‘1969) at the side of the dome as the
fractures seem to para.uel the outline of the dome. The other massive rhyohte

body in Fxgure 7 does not show th.lS. relationship and may not be a-dome but

rather a flow.

The block- to lapilli-sized rhyolife breccia (2b) weathers a pinkish-cream to
. grejish-whxte dependmg upon the degree of freshness and metamorph.tsrn.
Weathered and’ high grade samples tend o be whitish. ‘I'he fragments are
generally subrounded with tabular to equant outlines. The fragments are. poorly
sorted and range from 1 cm to l5¢m in dxameter inalmm to 5mm matrix
(see Plate 13) Tectomc flarterung may have produced moderate elongation in

small fragments.

Generally the breccia is monolithologic and all the fragments are rhyolitic.
However, fragments in some units may vary from vesicular to non-vesicular ar}d
may be quartz phyric or quartz and feldspar phyric. Some fragments contain
ihternal fragments indicating multiple brecciation. i-'-igure7 shows the frag-
'mera;cs size to decrease abruptly laterally from the massive rhyolite bodies.

Occasionally, .sparse, large fragments are often found up to 2 Km away anng

‘ strike. Vertical grading is much more rapid taking-place over 50 m or less. With
the 'decrease in fragment size the matrix content increases and the rock colour
* ]

becomes darker (seé Plate 14). The matrix is usually compased of recrystallized

. Thyolite  fragments, quartz, chlorite, and sericite. Cleavage is



3

»

Plate 13. - Rhyolite lapilli‘sized clastic' (2b). The larger fragments are

-

Plate 4.

angular and contain euhedral’ to  subangular feldspar

phenocrysts. Quartz phenocrysts are minor. Orange colour is.
hematitic stain. Fractures are tectonic. From map 2, (64°15',
111°21%. :

Rhyolize” lapilli-sized clastic  (2b) fragment showing the
quartz ‘and feldspar phenocrysts. Note the
deyelopment of augen forms in the dark matrix around
fragments. Fine white specks in the large fragment are
flattened vesicles. Crossed polars. From map 2, same area as
Pljte 13. - '
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incipienf, often in the form of thin bands of chlorite and sericite which
ana.stamose around fragments. With i increasing distance from the massive bodies

the degree of sorting increases and vertical grading is not dr.snnguxshable.

Fine-grained quartz and felspar phyric rhyodacite (2c) weathers a light

grey-green colour.. Fresh surfaces are light-grey. Abundant quartz phenocrysts,

up to 15 percent, range form 0.5 mm to 3.0 mm across and exhibit squarish,
often embayed- outlines'(Plate 15). The phenocrysts are composed of single or
_multiple subgrains. ' Feldspar phenocrysts, a minor component, are broken and

.highly altered plagioclase.

Fragments in the ‘rhyodacite (2c) are small, generally less than 1 cm in
diameter, and are offen highly- ﬂatte:;led and recrystallized. -Plate is shows the
flattened and often heterolithologic nature. The fragments range from sedi-
mentary (mudstone) to various felsic origins. Some feldspar fragments; are finely

quartz and feldspar phyric, some are vesiculéf’, and some exhi.bit wavy. outlines

suggestive of pumice.

; The groundmas of the rhyodacite (zc) is a mixture of fine-grained,
0. 0'1 mm to 0.05 mm, quartz thh varymg amounts of chlorite, sencn:e, calcite,
;(\:mor biotite. Opaques are very fine and minor. Plate 17 shows a sample
from an amphibolite facies grade terrain. The groundmass and the fragments

have been extensively recrystallized and are now almost indistinguishable.

Subunit id, a dacite, may be a more distal, matirx-rich equivé.lent of
subunit 2¢c. The dacite is darker than the rhyodacite with colour banding and thin
laminations varying from greenish-orange to medium dark-green.
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Plate 5.

‘ . Plate 16,

Quartz p.hyric rhyodacite (2¢c). Many quartz phenocrysts are
embayed. Fracturing is related to the development of the
cleavage. Crossed polars. From map I, {64°17', 111°23°).

Heterolitimologic rhyodacite (2¢). The fragments have been
tectonically flattened. White areas are quartz phenocrysts.
Dark clast in the centre is mudstone. Greyish clasts range from

quartz and feldspar phyric to vesicular. Plane polarized light.
From map 1, (64°17', 111°24"). .
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Quartz and feldspar phenocrysts are common, range from 0.1 mm to 3 mm

across and are often flattened. Fragments are thin and elongated, up to 2mm by

-12 mm, and frequently show wispy shapes as outlined by changes in colour. Thin
sections show a groundmass of 0.01 mm to 0.05 mm, equant quartz grains with
. abundant f{fine-grained chlorite, sericite, and calcite defining a cleavage.

Plate 18 shows lﬁrpical augen-like quartz-feldspar phenocrysts and discontinuous

colour patches. Plate 19 shows a very dark, chloritic, sample with small quartz

and feldspar phenocrysts, minor lithic rhyolite fragments and elongate dark

patches.

Quartz-felcispar porphyry intrusives (2f). dre massive dykes in map area 3
and massive rounded bodies in map areas 1 and 2. On weathered surfaces the
rock is light-cream to a greenish-cream. Quartz phenocrysts are common, 2 10
10 peréent, and | mm to 6 mm across. Squarish, subhedral quartz crystals are
often embayed and fractured (Plate 20). Plagioclase phenocrysts, 1 to 5 percent
of the rock,_have anorthite contents up to 45 percent and are sausseritized and
unzoned. Relict potassic feldspar phenocrysts generally have faint outlines and
are now composed of masses of §e;'ii:1te. Rare microcline phenocrysts have been
observed in less altereci samples.  Alteration to biotite, chlorite, calcite,
magneti{e, and leucoxene is minor. Foliated specimens occur near presumed

-

contacts with other rocks. -

Rhyoaacitic block-to lapilli-sized breccia (2¢) contains white‘.weatherin.g
felsic fragments in a black-greeﬁ chloritic‘matrix (Pléte 2]1). The fragments are
matrix. supported, range from subangular to subrounded, and do not éppear to-
- exhibit -any stratification. Fragments are lcm to greater than 20 ¢m in

diameter, but average 2 cm to 10 cm. Round quartz phenocrysts, | mm to 8 mm
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Plate 17.

c

Plate 18.

Highly recrystallized rhyodacite (2¢). The quartz phenocrysts
are composed of many grains. The felsic fragment in the centre -
right is difficult to distinguish from the groundmass. Plane
polarized light. From map 1, (8%4°21", 111°26'0.

4

Colour banded dacite (2d). Highly flattened, grey patches are
augen shaped quartz phenocrysts. Dark patches are chloritic.
Orange colour may be related to hematitic alteration. From
map 1, (64°19', 111°26'0.
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Plate 19. Dark green, chloritic, dacite (2d). Small white flecks are quartz
and feldspar phenocrysts. Grey fragment in lower centre is
“rhyolitic. . Dark, colour patches are chloritic. From map 1,
(64°16', 111°23).

Plate 20.  Subhedral, embayed quartz phenocryst from a quartz-feldspar
- xporphyritic intrusive body (2f). An altered, unzoned plagioclase

. " phenocryst lies to the left. Uncrossed polars. From map 1

. (64°17', 111°26"). -

~

iir p 2ok ik F L

T R SR T n

e

- T tee P ;.‘..__. . N
SE AR e R T e PR TR LA BN

e, A e SR e s AR P

[T YRR T Ly RN



54

4

i¢cm

o-5mm

Plate 20.

4

COLOURED “Prerures



M

t
- B

in diameter are present inboth the fragments and the matrix. Smiall, 0.1 mm o

0.5 mm, quartz filled micro-vesicles are a.i:gundant 'in the large fragments
(see Plate 21). The fraghents are often fractured, probably after deposition.

' -This breccia (2e) was thought by Moore (1956) to be andesitic but in fact has a-

specific gravity range of 2.69 to 2.75 suggesting a rhyodécitic composition. The
geoﬁhemisu'y is discussed in Chapter 4.

4

- Outcrops of the rhyodacitic (2e) block-breccia range from 10 m to 600 m

- wide and are very discontinuous la'te'ra.l.ly.' In map area 2 the unit is less than

309 m wide. The patchy exposure pattern appears to be due to tr;e low
stratigraphic level of the unit where it is frequently intruded and engulfed by

large gabbroic dykes and sills parallel to its strike.

Moore (1956) does not note any vertical or lateral chang&s irt the 2e breccia
in map3. In map2 the 2e breccia does rot exhibit vertical gradiné or
stratification. . However, the fragments become less -angular towards the
northgm part of niap 2. The coarse, felsic clast conglo?hegate in the south part

of map 1 abpears to be stratigraphically and compositiorally relate& to the 2e
r’ . 4

breccia in map 2.

Summary

There appears to have been two cycles of ‘felsic volcanison in the

“Courageous-MacKay Lake volcanic belt. A coarse, rhyodacitic, clastic breccia

(2e) (Cycle 1) close to the granitoid contact underlies a stratigraphically higher,

~thicker, and much more extensive felsic volcanic Cycle 2 (subunit-s 2a 2b, 2¢, and

2d) (see Figure 6a). A widespread system of quartz and feldspar phyric dykes (2f)

crosscut the Cycle I felsic breccia and-the interveniﬁg mafic lavas to feed what
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_Plate 21.
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Rhyodacitic block-breccia (2e). Large fragments are finely
vesicular and contain quartz phenocrysts. Matrix is hight
chloritic and contains small rounded felsic fragments apd

rounded quartz phenocrysts. Fracturing appears to have
tectonic. From map 2, (64°13', 111°21").
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;_ appears to have been a rﬁajdr felsic ertq:—ti::é cehtre (map 3). Small, massive and
dome-like rhyodacitic bodies, ih map 2, are located on the ‘northern ﬁanx_c of this
felsic edifice. The flanking bodies were subaqueous as indicated by -the
su_rrounding ‘pillowed lavas. It is not known if the major felsic eruptive centre
was subaqueous 6% subairial. -The thin felsic units in the north end of the belt
diverge slightly away from the upper sedimentary contact suggeﬁting a low-angle

M

flank paleosiope.

Gabbro (Unit 3) -

Introduction - | -
Gabbroic rocks are found throughout the Coura;gepus-MacKa;,r Lake
volcanic belt m varying amounts. The portion of the .'belt north of Nodinka
Narrows on MacKay Lake (Fiéum 4#), excluding map area 5 to the east contains
the bulk of these 'rocks. Gabbroic units frequent'ly extend up to 3 Km or more
along strike, are moderate (220 m¥ in thickness, and predominante at the bottom
of the stratigraphic section. On the basis of scattered outcrops Moo-re (1956) has
suggested cross—cutting relationships indicating that the gabbro forms large sills
and dykes. The contacts are difficult to recognize in the field and are frequently
sheared although there is a tendency for finer grained rocks towards the mg:u'g‘ins.
As in the rest of the S_I_ave Province, a portion of the ga.bbro..is considered to be
genetically related to the mafic la.vas (units la, b, le, 1f and 1g) even though no

dykes or sills have been traced into extrusive equivalents.
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Distribution and thickness ' e 4

- Gabbro sills and dykes may be found throughout"the volcanic section,
ﬁowever, the largest Bodies™ ﬁﬁMe majority are l_o-;:ated close to the contact
between the volcanics and the‘ underlying granitoid rocks. Large, irregular-
_sha;ied gabbrb' bodies within the lower mafic lavas of the‘ central portion .of

map 1 could’ represent subvolcanic magma éhamb_ers or sheets. A large dyke

T e G R b N iR e,

appears to connect a major sill and overlying dykes just north of the central
portion of Courageous Lake (maps 1 and 2, Figure 8). This dyke cross-cuts sodic
granitoid rocks but not late phase granitic rocks. Similar relationships elsewhere
in the Slave Province have suggested thaf sodic granitoids are basement to the
volcanics of the Slave Superg::oup (Heywood and Davidson, 1969 and Baragar and .
McGlynn, 1976).

L™

The sills are large, tabular bodies, 150 m to 500 m thigk, which extend up

ST U TSR VYR WL RERY R PR MG e

to 10 Km along strike (see maps 1, 2, and 3). A dyke in map areas'l and 2 is
about 10 Km'long, ranges fro.m 30 m to 265 m wide and feeds two sills. Cross-
cutting relations are, however, not,obviou'-s as shown on maps | and 2 because of
small angles between the dykes and the strike of the country rock. Angular

relationships of less than 10 degrees are virtually unmeasureable in the field.

i e vt mmaeem et Ak landea L

Gabbro bodies within 1 Km of the volcanic-sedimentary contact are minor.

Moore (1956) reported that several of the gabbro sills in ;nap 3 have
engulfed minor mafic lavas and sediments. These schlieren remain parallel to
the local trend_g,' and are minimally altered. The sills have fine-grained margins

about the schlieren indicating rapid injection into cold rocks.

N
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Lithology |

The gabbroic rocks are generally massive and weather a light grey-green to |

black-green depending ubon the metamorphic grade. Varying ratios of felsic to

mafic componénts (plagiocclase to’ hornblende) are common. ‘l'he gram size

ranges from 0.2 mm in chilled margins to 10 mm in centres of sills. Clots of -

glomeroporphyntzc amphibole (after pyroxene) are up to 1 em across.: The
amphibole grains are 4 mm to 8 mm long with interstitial plagioclase. Feldspar
_ phyriq gabbro is common. The plagioclase phenocrysts vary frorr; spalé?el to
15 perc.ent, are 0.2cm to 4.0cm across,' and have subangular to subrounded
forms (see Plate 22). In a few localities clots of- plagioclase phenoc_rysts form
'spheres up to 25 cm in diameter (Plate 23). These mega-phenocrysts appear to
be at the t.op of a large irregular gabbro body (map 1 at 64°18', 111°28")} possibly
representing a rﬁiégmatic segregation. E.isewhere a dyke-sill complex (map’l at
64°16', 111°24%) has'a‘lower non-porphyritic gabbro §i11 and an upper felcispar
phyric sill. An apophyse of the lower sill is feldspar phyric as is part of the dyke
feeding the sills (see Figure 8). Nearby are massive and piliowed flows of basalt
that are feldspar phyric (Figure 8). The percentage of phenocrysts in the sills:
that are porphyritic varies considerably. Feldspar phenocrysts in some massive
basalt flows or fine-grained gabbro sills grade vertically in size and percentage.

These massive units tend to be less than 100 m wide and of variable extent.

Lt

The essential minerals in the gabbros are plag‘xc;clase (An,s to Angg),
ortho-and clino-pyroxene (pseudomorphed by amphibole) and quartz. Accessory
minerals include magnetite, ilmenite, rulite and pyrite. Olivine-rich gabh'\ro is
rare. The groundmass consists of plagioclase laths, fine amphibole and f.ine"

opaques.

Metamorphism of the gabbro has resulted in extensive mineralogical

changes. Clinozoesite' replaces plagioclase. Actinolite, tremolite and epidote -
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Plate 22.

Plate 23.

Plagioclase feldspar phyric gabbro. Note the fractured angular

to subrounded form. From a gabbro sill, note the coarse
groundmass. The dark spots are lichen. The dark lines above
the scale are fractures. From map 2, (64°15, 111°24').

Plagioclase mega-phenocrysts formed by clots of lagioclase
phenocrysts in a thin gabbro unit. Hammer-is 31 cm long. From

map 1 (64°18', [11°28").
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.
o serpennne, and opaques represent altered olivine. Ilmemte is frequently rimmed

by leucoxene. Biotite and chiorite are rare alteranon products of amphiboles. . -

Calcite i$ minor and variable.” *

Summary

64
: ~ 63
. L
- replace -hornblende which has pseudomorphed ‘pyroxene. Minor antlgorn:e, -
%
{
!

A gabbro dyke crosscuts the sodic granitoid rocks in map 2 and mafic and
sedinientary rocks in map 1 to feed two large sills. The lower sill is aphyric S

except for an upper apop_hyée while the upper sill is feldspar phyric. This may be

due to the dyke tapping different magma chambers in time or the tapping of

different phases within & differentiated magma chamber. The large thickness of

mafic lavas in map |, the abundance of sills in the lower c:::ilf_olnon of

map 1, and the close relationship between feldspar phyric gat bodies and ﬁ
basalt flows suggests that this area was a major subaqueous mafic eruptive §
~ centre. | . £ %
Sedimentary rocks (unit %) > % |
Introduction 3 |
- Sedimentary rocks, which form the eastern margin of the Courageous- "g '

MacKay La:ke volcanic belt, confofn;:ably overlie the volcanic rocks. While the

contact is rarely exposed, the sediments can i;e seen 10 interfinger with mafic -
.. and felsic volcanjce”Tn a few locations. ‘The sediments above the volcanic pile

range’ from “slaty mudstone, greywécke and arkose to minor conglomerate.

Moore (1956) reported quartzite on the north shore of the east arm of . -

Courageoys Lake. However, no quartizite was ebserved during this . study.

Within the volcanic pile minor amounts of slate or phyllite and volcanic—clast

r
.
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.
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conglomerate occur close to the gran"iticcontact (see maps 1 ‘and 3). The only
outcrop of conglc;merate from above the volcanic-sedimentary contact is in
map 5. The rock contains a mixture of granitic and volcanic clasts. The
.sediments are typically thickly-bedded greywackes and thinly-bedded mudstones
(turbldxtes) which in amphijbolite grades of -metamorphism are represented by
bxonte, cordlente-andalusxte schists. Beds are generally steeply inclined
(Figure 24) and sochnauy folded. Moore (p. 15, 1956) has suggested that the
sedimentary pile is "...at least 5,000 feet thick..." i)ut due to the complex

folding and incomplete exposure Sheré does not appear to be any means of

validating this estimate.

Stratigraghz‘ o >

Ia’any frost-heaved outcrops of greywacke and mudstone (4a) are lichen-
free and exhibit grading and ~other depositonal features characteristic.ef the
turbidite fa'cies, but the whole Bouma facies cycle (Bouma, 1962) is never
present (Figure 9a). Massive beds (division A of Walker, 1979),4a‘re relatively rare
while graded A division beds are predominant. Typically alternating with thick A
division beds are thin (E divisioﬁ) pelitic beds (Figure 9b). Cross-bedded ot ripple
cross-laminated C division beds and parallel laminated B division beds are rare.
The sequence’of bed forms is similar to that reported by Henderson (1975) for

“the Burwash Formation of the Yellowknife Supergroup.

Lithology

Greywacke-arkose

The greywacke—arkose beds (4a) range in thxckness from 1 cm or 2¢cm to

greater than 3 m thh an average thxckness of about 0.2m to 0.6 m. Thin
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Plate 2&.

Frost heaved turbidites (#a) in a low grade area. Bedding and
the 51p cleavage are parallel forming the dominant surface of
parting. Note the subvertical dip and the scarcity of outcrop.

Qutcrop in the centre foreground is about 1 m wide. From
map-5, (64°03", 111°00"). ' '
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A~ graded or massive sandstone

B— parallel laminated sandstone_

C— rippte cross - laminated fine sandstone

D- faint parallel

laminations of silt or mud (rare)

E— pelitic division

FIGURE. 9a.

both figures after Walker. (1979). —
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Typical A—E beds

FIGURE 9b,.

E. '
C
B
E
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A‘ -
and rare B—C—E beds.
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. Adivision beds, less than 1 m thick, tend-to fine-upwards and be overlain by thin
' (l em to less than 10 cm) pelitic E division beds. Thick (1t 3 m) A division beds
are. mternally massive and are general.ly not overlain by pelmc (E) beds but more

often by thin, graded (A) beds whzch then are overlam by pelmc E division beds.

&

The beds are laterally continuous and exhibit sharp bases and tops. .
Evidence of erosion is rare but.scours and rip-gp clasts are visible in low-strain
areas, such as in map area 5 (Figur’é‘ 25). Soft-sedimen.t ;:Ieformation features,
like load or flagne structures are uncommon and have been b-riented by later--
tectonic deformation. Ball and pillow structures, dewatering features

(Walker, 1979) are very rare (see Plate 26).

The grain-'s.ize range is very limited, from less than 3 mm to 02 mm. The -
‘coarser fragments are accentuated by the diseolﬁtion of the matrix, but a hand-
lens ie'often required to obtain the g-rading direction. Clasts include quartz,
oligoclase, rare m:croclme, chert or recyrstalhzed felsic volcamc fragments, and

pyrite or magnetite. These are set in a\ﬁne-gramed quartzo~feldspathic and

chlorite-muscovite-biotite groundmass. The grains tend to be angular to sub-

angular. With increasing metamorphic grade recrystallization eliminates grain- %
size grading. Nevertheless, a vague colour zonation related to an I“mcreasing -—Tg,
pelitic content .in the upper parts of the beds .can be used as a crztenonffor :;
assuming stratigraphic tops. Weathered surfaces are generally a l;ght-érey ,é
becoming browner with incréasing metamorphic grade. 3 A : é

1
h

Slate : : - -

* The pelitic beds (4) are thin, 3 mm to less than 10 em, averaging about

r

-\ :
2¢cm to & c¢m. The top and bottom of the pelitic beds is sharplyr'gieﬁned.and

"
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i’late 25.

Plate 26.

- '

“

Rip-up pelitic clasts reoriented parallel to the S)p cleavage
direction and the pen. Faint laminations define bedding (Sg)-
Pen is 12 cm long. From map 5 (64°02', 111°02).

Soft-sediment ball and pillow dewatering' structures in a
massive A division greywacke bed (%4a). White patches are
lichen. Hammer is 31 ¢m long.- From map 4, (63°54', 111°05").
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: aIurmnosxhcate porphyroblasts, become a dark brown colour, and tend to weather _ * &

100 m. In map L rnudsto&es (4b) underhe a volcanic conglomerate (4c) and may

e . . . i . . -
-~ .- . s . .-

often weathers recessively. In greenschist facxes areas the pehtes are a black or | CE

dark-green colour. In arnprubohte facies terrains the pelitic hor:zonspdevelop'

less recessively. ' - - : i

-

.
Microscopically the slaty beds exhibit a vertical size grading of fine qJ&rtz
and feldspar grains and increasing micaceous content. The grains range from i

less than 0.0l mm to 0.2 mm. The quartz-feldspar content is low, less tha.n . 1

30 percent, and quite i)ariable. The remainder is co'mposed of sericite, chlorite, .

biotite/ and musconte with. nuor magnetzte, 1Imerute, pynte, and graphite.

4_}‘-.

-

' - . .t . .’4 ; §
Intervolcanic mudstone o ot - .

A foliated sIaty—mudstone to biotite phyllite (4b) is'found within the lower
part of the volcanic pile close to the grann:oxd contact in maps 1 and 3. Minor
amounts are found within the Cycle 2 felsic volcanics less than 1 Km from the
volcanic-sedimentary contact. The mtervolcanic: sediment (4b) differs from the
sediments which overlie the volcanic.piie (4a) in that it:l 1) does not contain
greywacke or. arkose beds; 2) contains minor, rounded, | fine quartz and feldspar

grams, 3) contams abundant euhedral pynte (1 mm to 3 mm), and 4) the beds are

predommantly pelitic and very thmly laminated (1 mm to 10 mm) The overall

thickness' of - sedimentary units within thé volcamc pile varzes from 10m to

e i G e e 1A S SR BN Sasdisubiled It

indicate a perxod of volcamc macnwty.
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Volcanic conglomerate

An mter-volcamc volcanic—clast conglomera.te (4¢) occurs in map 1 (64°16,

- 111°25). The conglomera;\fs a thin unit, in outcrop 30 m to 50 m wide and

1:5 Km long. It is underlain by 100 m of east facing slaty-mudstone (4b)

. mentioried above. - . <

" THe volcanic clasts are well rounded to elongate with long dimensions
0.2 cm to 25 cm. * Clasts include green, vesicular basalt and whitish; da‘citic
fragments (f’late 27). The volcanic conglomerate (4c) is reverse graded. The
mter—volcamc sIaty mudstone (kb) is overlam by ? thin, 2 m thick, cross-bedded
quartz-rich sandstone whxch grades into a poorly stranfled pebble conglomerate
(Plate 27). Overlymg tth is a coa_r;e conglomerate_ which is not sorted or
sirétiﬂed (Plate 28). The Iarge,-pmrly sorted clasts are clast supborted while
the stratified pel.-:ble conglomerate is matrix supported. The matrix is highly
chloritic, similar to the matrix in the Cycle 1 bredcia (2e). This volcanic
congloinerate is at the same stratigraphic level as the ée block-sized rhyodacitic

breccia and has a similar composition.

=

Chert : ' .
"\

, .

Outcrops of thinly laminated chert” (4d) are rare and discontinuous. This
subunit is found along the volcanii:-sediméntary- contact in maps & and 5. In
map 4 the chert overlies pillowed basalts fér much of the contact length. The

outcrops are sheared, discontinuots and less than 10m wide'. Similarily a thin

(5 m to 10 m) pyritic, cherty honzon is dxstnbuted along the eastem contact of

the prllowed basalts in map 5. :
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Plate 27.

Plate 28.

. 'l-

.

Poorly stratified, volcanic pebble conglomerate (4c). Clasts are
predominantly dacitic with minor vesicular basalt. Clasts are-
tabular to subrounded. From map 1 (64°16'30", 111°24'30").

- .

. , - ' '

~Well rounded poorly sorted volcanic conglomerate (&c).

- Stratigraphicallyhigher than Plate 27. Light coloured clasts are

dacitic. Note vesicular fragments.

* ]
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‘I'he lanunamans are faint, 2 rnrn to 5 mm wzde and often contain abundant

pytite. Pyrite forms euhedral crystals, 1 mm to 2 rnm across, and may range up

t05 percent of the rock The chert could be recrystalhzed rhyolite or a highly

51h<:1f1ed sediment.

Granitoid and volcanic conglomerate

The only outcrop'of the granitoid and volcanic—clast conglomerate (4e) is at

64°03, 111°02' (map 5). The conglomerate occurs in a small "U" shaped channel,

. about 1Pm wide by 5m deep, within greywacke (4a) about 200 m above the

volcanic-sedimentary contact. The cobbles are well rounded, matrix supported,

2 cm to 25 c¢m in dzameter, and are of maﬁc volcamc, plagioclase phyric dacitic’

and gramtoxd composition.. The sand-sized, mafic volcanic matrix is highly
-»

chloritized  and - foliated in contrast to the - cobbles which are

complotelj;- unfoliated. h

Su'mmarz

The greywacke-slate turbldlte sedxments are a prox;mal%asm facies

' (Henderson, 1981)." Lithic felsic volcanic fragments indicate that part of the

sediments were derived from the erosion of the large accumula.tion of felsic
volcanic rocks that caps much of the belt. ‘The granitic. and volcanic il?
conglomerate (4e), located in the turbxdltes near the boundary with” the
underlymg volcanics could 1nd1cate that some gramtoxd bodies were either 1n

place and exposed or uplifted and eroded not long after volcanism.

The intervolcanic mudstone (4d) was .deposited during restricted periods of

volcanic quiesence. The predominantl} felsic clast intervolcanic conglomerate

(4c) appears to have the same stratigraphic level as the rhyo\dacitic-

e m L wrba
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block-breccia (2e) to the south., The reverse grading and the heterolithologic

éomposiﬁon of unit 4c may represent increasing"volcanic activity during a major
eruption or reflect the mode* of transport, ie. a debris flow (Wé.lker, 1979). The

tentative correlation of unit 2 with a distal equivalent (unit 4c) could imply a

' palechorizon throughout much of the belt d;n'ing the first felsic cycle. -

The close of volcanism produced a thin pyritic cherty horizon.in the south

and eastern portions.of the belt possibly indicating minor exhalative activity.
’ »

Granitoid rocks (units 5 and 6)

Introduction

The granitoid rocks were not mapped or sampled in detail. Traverses were

usually terminated after 1 Km or less across these rocks. “Contacts between the

granitoids and other rocks are generally inferred as the outcrop is discontinuous. )

Along the western margin of the volcanic rocks the contact varies from
apparently conformable in maps 2, 3 and 4 to visibly intrusive in maps 1 and 5.

Contacts with sedi-mentary rocks are complex. Deformation has wrapped large

féé.le_: (.FOB)’,. f_c_alds around fhe granitoid bodies in maps 3, 4, and 5, whereas the 7

folds are- abruptly truncated in the north part of map 1 by the intrusion of a

granitoid body.

In map areas2 and 3 the westetrn granitoid rocks contain numerous

-

subrounded to tabular mafic schliereh, with internal foliations paralleling the

local trends, ranging from metre to kilometre size.

-

The granitoid rocks vary in composition from granite, granodiorite and
tonalite to trondhjemite according to the classification of Streckeisen (1976).

Leucocratic, coarsely porphxritic granite is readily identified in the f{field,

whereas the sodic granitoids require staining. All the granitoid rocks. contain
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biotite and less commonly hornblende. Figures.10, L1, 12, and 13 show the modal

compositions,the  specimen numbers, the spatial relationships of the various

compositions, and the sample locations. Appendi:ﬁ 1 lists the modes and textural

characteristics of each compositional group. The few chemical analyses are

discussed in Chapter 4 and listed in Appendix 2.

Biotite granité

Biotite granites (Sa‘). occur along the western margin of the velcanic bélt
(Figure 12) as linear intrusions into the volcanics in the north end of map 1, and
as two small plutons within the sediments to the east of the volcanics in map &.
In general the granites form a zone, fromlﬁl-OO m to 3 Km wide, along the western
margin of the volcanﬁ. In some parts of map | however, granodicrite appears
to be in contacf with the volcanics (ée'e; Figure 12). Granite specimen.s 2, 9,- 10,
from close to the voicanic contact in map 1, have aligned biotite. All ‘other
granite -specimens‘ do not have a mineral alignment. " Thermal metamorphic

aureoles within the metasediments in maps 1 and 4 are related to granite bodies. -

'I'he gramtes are predommantly medxurn gramed often porphynu(&nd vary

from a white-grey to dark pinkish orange depending upon the hemante content .

and the degre¢ of weathering. -Biotite content is usually less than J percent.

Hornblende is rare. Quartz is“equigranular while both plagiociasé and potassium .

feldspar are tabular, up to 1.5 cm long, and porphyritic. Plagioclase feldspar in
normé.uy—_zoned and anorthite content ranges from 22 percent in rims. to

29 percent in cores. Potassic feldspar is commonly micrpcline but may be anit-

}'thitic. Accessory rninerals allanite, calcite, epidote, sphene, and zircon occur
. = : .

in trace amounts.

-
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POTASSIC? LEUGEND
FELDSPAR .
B Biotite granite
A Biotite granodiorite
@®Biotite — hornblende tonalite
0 Biotite — hornblende trondhjemite

FIGURE 10 - # Blotite trondhjemite

Modes of granitolid rocks from the Courageous —MacKay Lake ares, .

Ssmple locations and numbers shown in Figures 11 and 13,

divisions after
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Sirecheisen, 1978’
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FIGURE 11,
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.

Biotite granite
16—28 Biotite granodiorite
29-33 Biotite — hornblende tonalite
/35,38 . . Biotite — hornblende trondhjemite
34,36,37—41 Biotite trondhjemite ’
Key to f}gure 10. ‘
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FIGURE 12.

‘ Composinén. ot gran'l:oid rocks
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from Appendix 1 and maps.
1,2¢4 and 5.
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Biotite granodiorite - o . o RS \“

s

Biotite granodiorite. (5b) along the wéstern volcanic margin may occur in
contact with the volcahics—‘(map 1) but is generally separated from the volcanics
by a‘:g"zpne Qf biotite granite. In map 5 the granodiorite is closest to the volcanics
: a'nd';eparates the volcanics frorﬁ granitoid rocks of- tonalite to trondhjemite

: . s .
composition.

_ Biotite granodic;rite is generally equigranular, fine- to -medium-érained, an\
light pinkish-grey in colour. Porphyritic and cataclastic t:axtures are rgre.
Euhedral biotite ranges from 4 to about 13 percent.l Perthité and microcline are
generally intersfitiai to the pfégioclase feldspar and quartz. Norr}rally zoned

plagioclase phenocrysts have anorthite ranges of 22 to 28 percent (rim to core).

% : oo L. : -
Biotite-hornblende tonalite and trondhjemite . i

Rocks of tonalitic to trondhjemitic composition, 5¢ and 5d respectively,

are located in maps 1, 2, 4 and 5. In maps 2 and 4 they lie further west from the

r

volcanic contact than the granite and granodiorite (Figure 12). In map 5 the

tonalitic to trondhjemitic rocks are separated from the volcanics by a thin, 50 m

to 1 Km wide, zone of granodioritg,

Unlike the granite plutons in maps | and 4 the tonalitic, trondhjemitic and
granodioritic plutony ‘co. tl;l'e east of the main volcanic belt (map 5) are not
associated with a m;etamorphic aureole in adjacent sedimentary rocks. The small,
ssuthem pluton (64°02', 111°00") is surrounded by volcanic rocks which may have

masked the thermal effects.

Rocks of tonalitic to trondhjemitic composition are fine- to medium-
- v, . 'y . ; .
grained and have a white-grey to grey colour. The two compositions can not be

‘I
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differentiated in the field from granodieritic rocks. Biotite is fine-grained,

' ranges from 3 to 12percént, and is often aligned. Hornblende is minor, generally ~ |

2 percent or less, and fareiy aligned. While a cataclastic texture is rare the .
development of a subgneissic texture is more common. The 'qué,rtz and
plagioclase feldspar tend to fo:irn domains with aligned biotite and hornblende.
Quartz and plagioclase grains are allotriomorphic. Normally zoned plagiocle-lse
grains have highly 'sausseritized cor‘gs and anorthite contents ranging from 21 to \
44 percent (rim to core). ’ o

<

Muscovite-biotite pegmatite (unit 6)

. Pegmatite has been observed only in map area 4. It occurs as TWo small
’ ! - ——

_ irregular bodies near 63‘-’52’, 111°06" where it has intruded mafic volcanics. The ‘

Fl

texture. is granophyric, with 5 to 15 percent muscovite and minor biotite in a -

—_—

medium to coarse-grmned groundmass of plagxoclase, potassxc feldspar, and

minor quartz. The pegmatite is probably derived from the late stage, bmnte

-

granite pluton about 2.5 km to the east.

-—

- Diabase dykes (unit 7) (Proterozoic or late Archean) o

Steep diabase dykes cut all rock types in the CEurageous-MacKay Lake
area. Diabase d);kes are pientiiul,‘ih'maps l,‘ 2, and 3 and uncommon_in fnaps 4
and 5. The dykeé are very persistent, often eEenJing more..than 20 Krr; along
strike . Widths range from 10 m.to 100 rﬁ, the widest dykes 't::;'ossing »t.he ;

sediments. The weathered surface is rough and a rich, reddish brown.

Generally the 'diabase is highly magnetxc which dxsnnguxshes 1t from

gabbroic dykes. Frequengly -the dyke margins are fme—gramed and sharp The
i : .

-
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grain size 1n<:reases ¥rom aphanmc margms to coarse-gramed cores (up to
4 mm). Hematite alteration is noticeable up to 20 m from the contact.. Fresh
samples are a blac:k-green colour and contain ortho- and clino-pyroxene and

abundant magnetite or ilmenite. Altered samples contain clino-amphiboles,

biotite, chhorite, and opaques,

. Moore (1956) noted that the diabase dykes trend: a) easterly, b) north-

“w

westerly, ¢) north-easterly and d) northerly. The dykes belong to the MacKenzie

swarm (McGlynn and Henderson, 1972). The east-west trending dykes are the

oldest and they are offset by small northerly trending faults. Elsewhere in the

Slave Province similar east-west dykes have been radiometrically dated as late .

Archean (Gates and Hu_rley, 1973). Within the mapped areas the predominant

direction seems to-be north-westerly. The dykes anastamose considerably and

appear to follow structu'ral-lithologigal trends for short distances. Thus the

various northerly dykes of Moore (1956) may be controlled in direction by earlier

structures.
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CHAPTER &

GEOCHEMISTRY,

Sampling and anlaysis
Seven granitoid and thirty-eight volcanic rocks were sampled for
geochemical anl#ysis (Appendix 2). The granitoid rocks included granite, grano-
diorite, tonalite, and trondhjemite. The volcanic rocks included gabbro dykes;
massive, pillowed, fragmental and feldspar phyric baéalt; amygdaloidal, massive.
and pillowed andesite;- pillowed and fragmental andesite; fragmental dacite;

quartz-feldspar porphyry dykes; and massive to fragmental rhyolite (Figare 14).

The samples collected were small anE[/ from a single location within the
outcrop (cf. Baragar, 1969). An attempt was made to collect the least visibly

altered and deformed specimen pp’)ossible.

The samples were crushed in a jaw crusher. Weathefed fragments were
then picked out. The remaining pieces were crushed by hand to 0.5 cm and split.
About 100 gm was taken from one split and pulverized in a shé.tteg' box. Fused
glass discs were de form a mixture of 1.5 grams of sample, 4.5 grams, of
Li,BO, and 0.5 g;;z 01 LiCO3. A few grains of NH,NO, were also added.

All “elements, major and trace, were anlayzed by X-ray fluoresence

spectrography in the Ottawa University department of geology laboratory by R.

Hartree. Duplicate and standard samples were run to estimate accuracy and |

precision. The precision for the major elements is about 2 percent while the
=~

trace elements can vary by 10 percent or more (R. Hartree, pers. comm., 1981).

FeO and Fe203 are reported as FeOT. The major elements have not been

recalculated to 100 percent.
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The norms were calculated by the geology department computer program.

The classification scheme follows that of Irvine and Baragar (1971).

Results ?

Granitoid specimens 30 and 40 were identified as tonalite and trondhjemite

respectively by modal analysis (Appendix 1). However, - ,acéording to
Barker's (1979) definition both specimens are trondhjemites as; 5102 is greater

than 63 percent and less than 75 percfent, A1203 1s typical (15 percent),

FeOZl- + MgO is close to the upper limit (3.4 percent), NaO is typical (4.5 to

5.5 percent), K,0 is less than 2pércent, and Ca,O is between 1.5 and
3.0 percent. .‘['he anorthite content of plagioclase ranges from oligoclase to
andesine (Appendix 1). This prevents the use of Bar‘ia‘% (1979) classification of
calcic trondhjemite for andeéine-bearing leucotonalites’ and trondhjemite for

albite or oligoclase-bearing leucotonalites.

Figure 14 shows the Courégeous—MacKay Lake volcanic rocks to range

from basaltic™ through andesitic and dacitic to rhyolitic. Figure 15 plots the

specimen numbers listed in Appendix 2. Figure 16 shows the location of the .

specimens.

The gabbroic c.kaes lie in the basalt field of the normative colour index
versus normative plagioclase composition plot. On this plot the distinction
between basalts and andesites and between andesites and dacites s effective.
However, the separation between tl-ne rhyolitic and dacitic rocks is less clear.
The massive rhyolites (C;'cle 2) have very low colour indexes and are distinct
from the Cycle 2 proclastic rocks. The Cycle 2 felsic fragmental rocks range

from rhyolitic through rhyodacitic to dacitic compositions confirming field

87
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observanons of an- mcrea.smg specific” gravity and. darkemng colour with

increasing distance from the massive rhyolite bodies, ie. unit2b through 2c

to 2d.

A sample from a qUartz:feIdspar phync intrusive body (Zf) lies on the :

dacite-rhyolite boundary. Specxmen ?l (Figure 15) a Cycle 1 block-breccia (2e)

L)

lies within the rhyolite field in Figure .

A

Figure 17, an AFM diagram, shows that the volcanic rocks trend from .

~ tholeiitic basalts and andesites to calc-alkaline andesites, dacites and rhyolites.

The arbitrarily outlined fields are transitional from basaltic through andesitic t-o
dacitic compositions.‘ There appears to be a large g_a1;> between dacitic and
rhyolitic samples. The granitoid 'ﬁel.d is ploﬁed f‘c;r comparison. Specimen 71
plots in thé dacite field in Figure 17 and as-a rhyoli-t‘e in Figure 14, anci
specimen 70 which plotted as a rhyolite’ in Figure [4 plots as an andesite in

Figure 17. This is due to the high MgO and FeOT contents of these specimens.

According to the nomenclature of Irvine and Baragar the basalts, andesites
and dacites range from K-poor, and average K to K rich. The rhyolites are

K poor.

A comparison of the percentage of major oxides and traces with the SIO2

content (Figure 18) shows for increasing Si()2 that: FeO.I., MgO and '1'102

decrease sxgmﬁcantly, Ca0 decreases to a lesser extent; MZOB’ NaZO and [-’20 5
are nearly constant; and KZO increases. Trace element Yittrium is constant

while Zirconium increases rapidly.

—
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Wmle only a small number of samples have been analyz‘&rthe results
confirm the range of composxtons indicated by specific gravity measurements.
The presence of a dacitic pyroclastic unit (Cycle 1) low m the volcamc pile
(see Figure 6) indicates that volcanism was at least bimodal at tha?f time. The
overlying volcanics range from basalts through andes:tes to rhyodamtes
(Cycle 2). Even though the andesites appear to be loca&;zed in map a.pgas land 2
their presence in the upper 5Km of the volcanic pile may ';:._aggest a

7 w
- - - ' 9.
differentiation trend. ‘ |

B

\

Zuza -}‘i.m".).'\. hkad

U S YUY, SUNE A E oL T SV e PV

T

BBl s



\

ST L e - e e B e e mm e - M b - o

CHAPTER 5 -
| ‘
. STRUCTURE

Introduction

Folds and eleavages formed dufing three major phases of deformation (DO,
D 1’ and Dz) are present in the Courageous-MacKay -Lake area. Weakly

developed later phase structures (D3) are scattered throughout-the-belt.

The east facing homocline of volcanic rocks is assumed to have been

initated before the folds seen in the sedimentary rocks; th1s initiation is assigned °

0 a D0 A Subphase. The folds and foliations are ‘shown on maps.l to 5 and

summarized on a smaller scale (Figures 20 to 23). Schematic east-west ¢ross-

-sections (Figure 25) across the northern, central, and southern parts of the belt

time sequence (Figure 30).

(Figure 24) show the possible structural arrangement at depth as well as general

inclinations of cleavages. Figure 30 represents a structural synthesis.

The structural elements are seen to be influenced in development by rock
composition and metamorphic ‘grade. Thus sediments exhibit the bulk of the
deformational features whereas volcanic and sodic granitoid rocks display early

foliatidns only.

. The distinction between structures of various phases is based on field

orientations and interrelationships aided by fabric successions derived from .

oriented thinqsections. Table | list;s the various structural features and inferred
time sequences for the phases of deformation. It is apparent that, as in the
Yellowknife area (Fyson, 1981b), structures in the Courageous-MacKay Lake

area repeatedly follow certain structural trends and developed over an extended

i
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- D ., Structures

.Dpa Homocline - ‘ - '

Pillowed rocks within the volcanic pile consistently face east for the entire
length of the main belt (Figure 20). A small sodic granitoid dome to the east is

surrounded by outward facing pillows (map 5). : .

The pillowed and other volcanic rocks throughout much~of the belt .range

. from steep to slightly overturned eastward. An exception to the steep

inclination occurs in the norther‘n part of map 1 where the volcanic layers dip as ' -
low as 30 degrees eastward. _Thi§ could represent the general orientation along

the belt before later .steepening, or, altegrnatively, an 'a;'ea where rocks were

uplifted and flattened towards the horizontal during intrusion 6f uhderlying'

graﬁite plutons (cf. Fysoﬁ and Frithy 1979).

The development of the homocline (F,,) in the volcanic récks and
formation of the small granitoid dome to the east may have been related to the .
intrusion or perhaps remobiliz'ation of the sodic granitoids. The presence of
gabbro dykes, which crosscut sodic gra;mitoid rock; (shown in mai) 1 and |:-»ossibly.

map 3) and may be feeders to the volcanics, sugéest that some of the sodic

granitoid rocks could be syn-volcanic basement.

A marginal syncline (Fo a) in the sediments, trending northward bet\yéen
the volcanics and the eastern sodic granitoid bodies at 6’+°00',' 111°00" (map 5)
and at-64°10', 111°15' (map 3) may have been initiated as the hombcline
steepened ar;d the plutons rose. A marginal syncline thét curves around the sodic
granitoid pluton shown in map 5 probably formed at about the same timé.

Mineral fabrics associated with these large scale structures have not been -

recognized.
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FQB Folds :
Fqg folds are tight-to isoclinal and near vertical structures restricted to

the sedimentary focks. Hinges are rarely seén and often inferred. The relatively
constant spacing of the ]:edding form lines as they curve towards a hinge area in
map 3 indicates a steep plunge. The plunge is interpreted as due to ‘the folding
of beds steeply 1ncline1:l by DO A Structures. The Fg folds have an wavelength of
about 300 m as indicated by opposing facing directions from graded greywacke-
slate beds. Maps 3 and 5 show the ‘l'imb length to be much greater than the
amplitude, on the order of 1l km to 5km. Small-scale FOB folds are very rare,
Plate 31 shows thin quartz veins whxch form small tight FOB folds that are
refolded to form more open F folds. As for FO Ar MO cleavage fohauons are

associated _wrth the F . folds.

r

-

L=t

-:Ehe Fop folds trend north to north-northwest along the Foa homoclme,

0B

except near the southeastern sodic granitoid pluton where they: trend

northeasterly. Later deformation has probably modified the orientations of F

0B
folds, sothat it is difficult to determine their origin.
] D1 Structures
- The D, period of deformation can be divided into twog subphases that

resylted in the development of an S1 a foliation and an SlB cleavage. Also

included is an L,p lineation formed by the intersection of bedding (SO) and §

lB)'
No mesoscopic or larger folds are associated with these cleavages.

S 1A Inclusion trails

S 1A is an early'faf:ric exhibited by "trails" (planar arrays) of quartz within

biotite porphyroblasts. Fyson (1975 and 1980) notes that similar biotite

A



g early foliation was already dbeféloped. The biotite’ porphyroblasts in this study

. L T N NN Y

'f o - 99

porphyroblasts in the Yellowknife-Hearne Lake area (Figure 2) grew when an

e

- -

LA?
the external foliation was rotated "due to later strains. Fyson (1980) has

a.lthough

\
»
. .
e e a A A R .

overgrow an-early fabric and preserved the direction noted here as §

discussed a model of porphyroblast disblaéement without rotation that accounts

" for the preservation of the S direction. ol
‘Plate 29 shows the typical, size, distributior, and shape of biotite

-

porphyroblasts in metasediments of upper greenschist facies grade. Biotite -

. porphyroblasts are only located in restricted zones in maps 1 and 5 indicating

P TS R TR R

metamorphic control. Plate 30 shows how the SIB external cleavage is.

continuous with the internal quartz trails (5,4)- . Figure 19 shows the same -

- relationship on a smaller scale. . -

While a number of biotite porphyrblasts have their long axes (0}0 cléavage) : g

! ‘ . : !

parallel to 52’ indicating preferred mineral growth, many do not, implying that 8
the biotite growth occurred during prograde. metamorphism in a neutral strain - ‘j
b * 9

field. The continuity between Sia (internal) and S 1 (external) disappears when

‘ . N
the amount of cleavage rotation is high. o= - :

The S 1A fabric has a north o northeasterly trend, 005 to 040, (Fi‘éure 19).
Inmap 5 th-e ) 1A fabric dips from 60 to 80 degrees southeasterly. The trend of

the S1 A fabric has been 6n1y moderately deflected, even wh‘ere later strain (DIB’

DZ) was high, lL.e. the north side of the sodic granitoid-volcanic dome (map 5).
1A fabric.

No fold structures are recognized as associated with the S

-»

e A RE s
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- Platé 29.  Biotite porphyroblasts partly elongated parallel to "the S

Cleavage. Faint quartz concentrations define bedding (So)%
Quartz veinlets are oblique to Sg in an anticlockwise sense
(S1p) and have been crenulated by S,. Whitish areas at the ends
of the porphyroblasts are quartz-rich. concentrations (quartz
beards). From a pelitic greywacke of greenschist facies grade,
map 5, (64°02', 111°00").
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Plate 30.  Biotite porphyroblast showing internal quartz trails defining the
) Sia fabric. These trails appear to be continuous with the
external S;pg cleavage. Note the abundance of quartz to the
left of the porphyroblast indicating the development of a quartz
beard. From a pelitic greywacke of greenschist facies grade,
map 5 (64°04', 111°00").
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S;g Cleavage )

The SlB cleavage is prominent in peli_ti& rocks and variably developed in

rocks of greywacke and volcanic composition. Some deformed . mafic (@ and

- . _ ‘
H__/(ekic tuffaceous units (2c and 2d) are schistose in low grade areas. where they

.

have a high content of amphibole or mica. With increasing metamorphic grade

towards the northern and southern extremities of the volcanic belt, SlB becomes

well developed in all units.

Within sediment in the greenschiﬁt facies SlB is defined by an alignment of

quartz, chlorite, muscovite, biotite, and opaques. In amphibolite facies the -SlB

clegvage is defined by the alignment of quartz and biotite. S 1B is generally

paraiilel to bedding (S5} but may be oblique. To the east side of the sodic

granitoid-volcanic’ dome (map 5) the 518 cleavage transects the Fom

wraps around the dome indicating that the S |p Cleavage formed later than the

o

fold that

FOE folds.
Figure 21 shows the form lines of S 1B and bedding where they are paralle],
S B where oblique to-SD, the homoclinal and east-facing nature of the volcanics,

and a few large FOB folds. Itis apparenj that 5,5 generally lies parallel to the

contact of the sediments with the volcanic rocks.

- -The S B cleavage. wrapS around the sodic granitoid volcanic dome in map 5
but does not appear to follow the outline of the granite plutons in map 4 as
. closely. This suggests that the‘sodic granitoid body was present before D, and
possibly continued to intrude durihg DIB" On the other hand the granite pfutons
appear to be late or post D 1B 25 shown by mineral textures in the metamorphic

aureole (see Chapter 6).
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Trend of b.dding(SO) and S‘IB' In the
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The dip of § 1p &round t}lese granitoid bodies is steeply outwards perhaps
indicating thas the intrusion of the granitoids only slightly modified the
inclination of the regwnally steep cleavage about steep margins or that S 1g Was

warped about steeply s1ded exlstmg plutons. i '

Ld

Within the east-facing DO A homocline of volcanic rocks (FO A) cleavage and
schistosity parallel to bedding is considered to be S B* The cleavage varies in

d1p from steep to the east in the northern portion of the belt to steeply west in
LY

- the central portion and back to steeply east in the southern part qf,_the"‘belt

(Figure 20). A similar variation in 515 cleavage occurs in 4’_cbesé8'imer3ts.

<

The S, cleavage is steep in the volcanic rocks except in the northern and

P

. southern extremities of the belt (maps"-l and 4). The low dip of. S in the
northeastern part of map may reﬂect low, initial dips, or later ﬂattenmg during
granitoid intrusion as dlSCUSSEd in the DOA section. The moderate dip-of SIB in
the volcanic rocks shown in map 4 appears to reflect the moderate dip, 40 to
55 degrees, of the granitoid ‘gneissosity along the western mérgin of the

volcanics. ’

The gneissosity in the sodic granitoids is defined by a biotite aﬁgnment and
domams of felsic and mafic minerals: which parallel the'S B cIeavage in nearby
volcamcs. The granites (5a) are rarely foliated, exhibit cataclasnc textures near
tpe volcanic contact, and often crosscut the S”3 cleavage in the volcanics

-~

(map 1).. This incidates that the granites are post blB' The cataclastic features

are probably due to later faulting.
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L 1B L-ineation : .

An L lineation, formed by the intersection of S)g and bedding (Sg,
pitches at a high angle across thé dip of Sy L g is only readily recognized in
rocks of greenschist and lower amphiboiite facies (maps 1, 2, and:5) wher)e the
sediments cleave easily. " o

D2 Structures

S2 cleavage and associated minor F2 folds are most prominent in
amphibolite facies terrains but commonly not readily prominent in lower grade
rocks. Thus in maps 2 and 5 and part of map 1 much of the S, directional data

comes from oriented thin sections, whereas in higher grade rocks (map &4 and the

"northem part of map 1) 52 is readily visible, particularly where followed by

quartz veins (Plate 32). Lé, an intersection lineation, is rare,

> ]

F2 Folds ]

The largest F2 folds in bedding and S 18> With limbs 10 m to gre%tc;r than
100 m long, generally have a "Z" asymmetry in maps 1, 3, and & where S2 lies
counter-clockwise to the enveloping surface. Smaller F, folds, with 5cm to

100 cm long limbs (Plate 31) are present in all afea.s but are predominant in

amphibolite grade rocks of maps 1 and & where quartz veins are more common.

. . - ‘.
The F2 folds range from tight to open, with open folds generally
predominating. The folds are moderately to -steeply plunging and trend
northwest to north-northwest. Plate 33 shows the SIB fabric to be openly folded

about an axial 52 cleavage.
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Plate 3L Isoclinal Fop quartz veins in a cordierite-andalusite
metagreywacke. Fgp has been refolded forming open F5 folds.
3 White spots are Al silicate porphyroblasts in a biotite schist;
4 black areas on the top and bottom edges are lichen. Map 4
L (63°52, 111°03"). . e
{ -~
Plate 32.

S2 cleavage defined by quartz filled veinlets which crosscut Sg
and S)p in an anticlockwise sense. Folder is 30 c¢m long. A
cordierite-andalusite, biotite, metagreywacke from map &,
(63°54", 111°04").
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An elongate mtra-volcamc sedzmentary umt»(lab and 4¢) in the southern

part of map 1 (64"16’ 111°24’) has been folded durmg D deformiation formmg

the !argest F2 folds observed. The limbs are up to 300 m long and the folds are

very op.en. The axial trace of these -Fz folds is more northerly than in the
sedments above Ihe volcanics. As th1s more northerly trend can not be

attnbuted to diffractlon the 51gn1f1gance Is not known..* -

52 Cleavage

F2 folds, in general have-an axial planar S2 cleavage which ranges from an
open crenulatzon of S 1B (Plat® 34) to a segreganon cleavage, in greenschist

facies rocks, and to a biotxte schzstoszty which has vxrtually eliminated S IB in

rocks of the mxddle to upper amphibohte fac:es. Close to the gramte plutons in

LN -

map 4 2’ biotite-sillimanite S schistosxty has been crenulated by S3 S is found
only rarely within m@fic volcanic rocks (map 1; 64°21', 111°24' and map &;
63°50', 111°05") of upper amph;bohte grade. Felsic volcanic rocks of the same

grade may exhibit a weak 52 cleavage-(map 4; 63°52', 111°06").

Where S2 is a segrégation cleavage it is a pronounced colour banding

associated with fine crenulations in pelitic layers, generally seen in thin section:

only (Plate 35). The colour banding is due to the alternation.of quartz-rich zones
v}ith muscovite, chlorite, and biotite-rich zones along the hinges and limbs of the,
crenulations (Plate 36). Plate 37 -shows the virtual obliteration of $ 1 bY 55 in

an upper amphibolite grade schist.

Figure 21 ‘shows the S2 cleavage orientations for the belt. The cleavage
strikes north to northwesterly and dips steeply, varying from eésterly to westerly

inclinations along the belt in the same manner as S,p (Figure 21). A slight cutve
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Plate 33.  Small scale, open-F, fold. Note axial planar 5, cleavage
: defined by aligned bictite. Sy and parallel Sip are %ﬂowed by
biotite concentrations which are folded. Biotite, cordierite,

andalusite, and sillimanite schist (metagreywacke) from map &

(63°49", 111°04").

.
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. Plate 34, Broad, openly spaced S, crenulation of Sp and S1p (parallel).
Note grading from bottom to top. Dark minerals are chlorite
and biotite. Map 1, (64°17', 111°24"). Pelitic bed, greenschist
facies grade (map 15 64°17', 111°24.
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Plate 35.

~ Plate 36.

o

(I

a.

52 segregation and crenulation cleavage in a pelitic bed of a

...Braded greywacke-slate sequence. Note.the diffraction and
dying out of §; into the coarse-grained greywacke. From-map 2
(64° 14, 111°2%'). o

-

Detail of' an S, segregation, and crenulation Cleavage. Light
coloured areas are quarzcé-rich while dark areas are chlorite or
biotite-rich. From a pefic bed, map 1 (64°17", 111°22").

L P g e T e prda gl N

TN T P AL I e omE - -



P T Sy
P a s X fo

Plate

P emamriecs
ST S AN

35.

114

Plate

36.

w
J

COLOURED Prerypes



. COURAGEQUS - MACKAY LAKE GREENSTONE .BELT

» ]

111 30 111 18
64 25 = - -

axowi~ wcoswwmw~coD

YELLOWKNIFE SUPERGROUP

64 05 =
I: Sediments
' Veoicanics

+ - Granitoid rocks

-

lLake

. MacK
S cleavage trend eray
2 ; -

km
8] 10
5

FIGURE 22. .
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*

15

111 00
N
- 64 25

C e e 3t ki %

lene



DS

s

in the strike of S, near the sodic granitoid-volcanic dome (map 5) is attributed to
later (D3) tightening. . -

L, Lineation -

L2, an intersect'ion liheation, occurs on bedding surfaces crossed by thé S2
cleavage. Lo, is however, rarely observed due to the growth of metamorphic

minerals which decrease the tendency to cleave.

D 3'S\§ructures

No folds, other than small crenulations, were developed “during D3

deformation. 53 is an openly spaced, discontinuous crenulation or fracture of

S|p and 5, (Plate 38). This cleavage (Figure 22) strikes northeaste.rly, and where -

measured (map 1) dips 1o the southeast at 60 to 85 degrees. In greenschist facies
terrains {map 1) 53 is accompanied or followed by the growth of muscovite laths.

In the southern part of map 4 the 53 cieavage crenulates a biotite-sillimanite S5

fabric.

Moore's structural trend map (Figure 1, 1956) shows two cleavages in the

sediments; one northeasterly, and one northwesterly. At 64°15, 111°15 (his

Figure) the northeasterly cleavage is shown to bend into the northwesterly. This '

has not been seen in this study and the northeasterly cleavage is here denoted as -

53 and the northwesterly cleavage 52.
Faults .
East-West to northeast trending faults are abundant in the volcanic rocks

of maps 1 and 2. As marker horizons are rare the offsets are generally unknown

o e
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Plate '37‘. Well developed 5; cleavage defined by aligned biotite (dark). l‘
- Sg is defined by biotite-rich bands at a high angle o S3- Sp
: has been obliterated. From a garnet, biotite, and cordierite - nt N
schist map 1, (64°20", 111°24").
, E
Ld ' * 5
:
“ §
. -
= q
Plate 383. Graded greywacke beds. 53 is an open, discontinuous -
crenulation developed in pelitic layers. S3 is.not apparent in a
coarse-grained layers. S|g and 52 are crenulated (S, is not E
visible at this scale). Ereenschxst facies map 1, (64°17, X
[11°24"). :
=
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Trend of 33 cleavage. Data with unknown
dip from Moore (1956). )
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or inferred. However, the feldspar phync pulowed basalt (1f) in map I is offset
by about 200 m In a left lateral sense. These east-west faults also ofjset the
dxabase dykes. Moore (1956) notes that the north-south faults (map 3) offset
east-west diabase dykes (late Archean?) and are hence Proterozoic.
Strain
Macroscopic strain markers are found only in the volcenic rocks. Pillow
cross-sections and volcaniclastic fragments range from apparently undeformed
1o highly deformed (see Plates 8 and 3%). While it is appreciated that pillow .
cross-sections may vary accordmg to their chemical composition, size and the
angle of section they still rﬁay be used to indicate a general strain el.lipsoid.'
Highly deformed pillow basalts (1h, Plate 8) have X:Y:Z ratios of 20:1:20 or more
-mdxcatmg a flattening field. Sxmuanly the felsic ch&?\lc fragments in Plate 39
exhibit X:Y:Z ratios of 8 to 14:1:10. These fragments were probably never
round, more hkeiy tabular, and hence nge only a general sense of strain -

(flattening) and not the magnitude. ‘ =

The upper 1 Km of the volcanic pile of mafic and felsic rocks shows
evidence of moderate to extensive shortening. The remainder of the pile

exhibits httle ev1dence of ﬂartemng except in zones of shearing or pronounced

-~

cleavage development. The thin felsic units (2c and 2d) generally exhibit a
strong SIB foﬁetion indicating perhaps that the bulk of the shortening':.vithin the

pile was absorbed by.volcaniclastic units. Cow

AT o
Not known is how much strain was due to D 1 deformation and how much

was associated with possible tightening of the folds during D2' The amount of.

BN

shortening associated with D2 is not clear but Wood (p. 387, 1974) suggests that a
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minimum of 50 percent -shortening is required to develop z_i‘slaty cleavage in

v
pelitic rocks. . . )

Deformation and emplacement of the plutons

-

The gabbro dykes in the sodic granitoid rocks (maps ! and 3). sugg:ests that
the sodic granitoids, along the western volcanic r.'nargin, may be in-‘part' basement
to the volcanics. However, the -sc;diq granitoid dome to the east of the-_volcanié
belt (map 5) indicates post- volcanic remobilizaiton or intrusion. The sodic
granitoid rocks along the western volcanic margin often contain a mineral
alignment parallel to the § 1p fabric in the volcanics. This suggests that these

rocks were near present levels relative to the volcanics before D 18 deformation.

Granite bodies along the western margin of the volcanics intrude the
. - - . o- 3 .
volcanic and sodic granitoid rocks, and crosscut the S 1p fabric in the volcanics

indicating that emplacement was post DIB' ¢

52 cleavage warps about cordierite-andalusite porphyroblasts apparently
within thermal aureoles of .the granites (Plate 40). Therefore the granite

plutons, though at least partly.post DlB’ seem 1o have been in the vicinity before

D2 deformation.
. t

The linear, north-northwest array of granitoid plutons east of the volcanics

-

parallels the general alignment of the belt (Figure 23). This alignment could

reflect fault controlled emplacement of the plutons.

o

. 1

Summary and Conclusions

history of rocks in the

Courageous-MacKay Lake area be | /1 the development of a major
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- Plate 39.

4

Plate 40.

Flattened felsic pyroclastic rock (2b). A horizontal sﬁrface,
X:Y=8 to 14:1. Vertical surface not shown X = Z. From map I,
(64°20', 111°26"). ' '

-

4

Cordierite porphyroblasts which have overgrown .the Sip
cleavage fabric. 5p is defined by the thin white streaks in t}ﬁe

-porphyroblasts. S, cross S;p at a high angle and warps around

the prophyroblasts. This relationship suggests that the growth
of the porphyroblasts was post D; and pre Dy. Cordierite and
biotite schist (metagreywacke) from map 1, (64°20', 111°24).
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.. east’ facmg homochne - the volcamcs (Figure 30). A rnargmaL syncline (FO A

formed dunng the mtrusxon or perhaps remobilizaiton of sodic gramtoxd bodies

. eastof the volcamcs and a syncline may have formed between these bodies.
. , \

Later movements (DOB) formed large scale Fpg 'folds. These dominantly

»

“*trend north-northwest a.long the belt but the initial orientation before later

o deformatr.on is* not clear. No cleavage foliations are associated with DO

s
structures.

-

~ An .no'rtheasterly. striking fg.bric, A péserved soley _in Dbiotite
porphyro : may mdxcate northwest-southeast compressxon (D 1 A} obligue to
the earlyzz:ctures. This was followed by Dyp deformanon during which the
jpervaswe, nqrth—northwest stnkmg, steep foliation (S IB) was developed
generally parallel to beddmg in both the volcanics and sedlments, but noteably
- oblique where F; 0B, structures curve around piutons. Co;npressmn approxxmateiy ’
east-west across the belt is suggested. DJ.B probably tightened and steepened'
exlstmg FOB'foIds._ _,' [-' - |
Structures of a later D2 deformanon appear confmed to the sedimentary .
rocks. An S2 crenulauon and segregation cleavage strikes northwesterly and is

. s ~axial planar to m or folds, particualrly in higher grade rocks, where the earlier
v : par? gher g .

deformed foliatio_n, SIB’ is a well developed schistosity. The D2 structures -

sugéest an northeast-southwest compression oblique to the belt.

-

A late stage, discontinuous crenulation cleavage, 53, is scattered-

throdghour much of the sedimentary rocks. 55 strikes northwest in a similar |

direction to the earliest foliation SIA' A return to northwest-southeast

compression is envisaged.
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The structures described decrease in size from large FOB folds, through
.
small F :Eolds, to 53 crenulations. Local strain as shown by ‘the foliations and

minor folds was weak during D.D’ moderate during D-l’ the highest during DZ’ and

weak during D 3

Sodic granitoid plutons may range from syn-volcanic to pre or syn D B
The granite plutons range from post D 1p to pre D,.
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. CHAPTER 6 ' | | | §'

. 'M'E_TAMORPHISM .

3 -,-v,v.‘ff.;.'_\.t o

. Introduction

The Courageou;-MacKay Lake area supracrustal rocks have undergone a
three stage metamorphic history similar to that reported by Ramsay Aand
Kamineni (1977) . for the Yellowknife area.  This includes: 1) regional
metamorphism of greenschist facies grade; 2) thermal metamorphic aureoles of
low to'ﬁigh amphibolite facies grade associated with post D 1 1o pre or syn D2

L granitic intrusions; and 3) late, hydrothermal retrogression.  All stages took

j place under low to moderate confining pressures.

B L )

The metasediments exhibi.t the greatest' variety of metamorphic
assemblages. Assemblages in the volcanic rocks’ do not allow cordierite and
other isograds defined in the metasediments to be con{:inued into the voIcanics;. %
Also, metamorphic reactions in the mafic voltanics appear to have been
continuous;_for example the colour of hornblende and, the anorthite contenf of
plagioclase change gradationally along the belt. Hence it is difficult to correlate
the metamorphic reactions in pelitic rocks with those in the volcanic pile.

Nevertheless; metamorphic assemblages from pelitic and felsic volcanic rocks
within the volcanic sequence have been useful. The scarcity of those rocks within

the volcanic pile in maps 4 and 5 make correlation with metamorphic isograds in
- ~ .

the metasediments tenuous at best.

. .
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Prograde metamarphism
Pelitic rocks
All the greenschist to upper amphibolite facies mineral assemblages in

pelitic rocks contain quartz, plagioclase, biotite, and minor ilmenite or

magnetite. Fine-grained tourmaline is very common in high-grade pelitic rocks. -

The greenschist facies assemblages contain muscovite, chlorite, and bi_btite
(see Table 2)\. The amphibolite facies is divided into lower, middle, and upper
subfacies (Bourne, 1978). The lower amphibolite facies is characte;?zed by the
cordierite, biotite, chlorite and muscovite assemblage. The middle amphibolite
iacies(contains cordierite, andalusite, (staurolite), bioti.te, and almandine with
minor chlorite and muscovite. The main disti-;rction in the mineral assemblage
from the lower amphibolite facies is the presence of andalusite and the minor
amount of muscovite. Additionauy the plagioclase changes composition-from
Angug t© Ang., in the middle (and upper) amphibolite facies. The upper
amphibolite facies is marked by the presence of sillimanite in addition to
andalusite, cordierite, biotite, minor potassium fledspar, and rare- almandine. In
one location (map 4) kyanite Eut no garnet was obs-erved. These assemblages
indicate low pressure conditions similar to Miyashiro's (1973) Abukauma Plateé.u
area. However, Thompson (1978, and pers. comm. 1981) suggests slightly higher

pressure {Pyreneean) conditions.

Cordierite-andalusite porphroblast schists are the most common

-

amphibolite facies metasediments in the Courageous-MacKay Lake area. Their

-

and 4, indicates an association with granite intrusions.

distribution about the northern and southern ends of the mapped area, maps | -

-4

. .
SN R e TR VA A dhs Al n e E Vs

.rr}'.-'

L L R

whiriin



o
Ly
-

AR S L T T AT R v

TELTT NG

JoUiW - sauy paysep  fuowwod - saur pijog

LT S e

- e .-

e =

- .

—— el e e

b+ -

- -

I

N

e m e o ee W ]

= et e e b e e e e e e

ARIET .

-

T R A e e A wrme e

aruedy)

tedspiay winyssejoy
T anuRwIg
aulpuewyy
a11snjepuy
ajoaneis
211431p107D)

= 21audew-a)uawyg
oa:<a

0hClyy owm_mo_wm_m

o= e e b e 2110]eD
— e . sio1g
R— . AHIOIYD
SO S 211A008NY
211end
1addn aIppIw 12M0] .. $aioe]
a1joqiydury T ITRLITEENT aydiowerapy

Bale axeT Aeydep-snosaBeinon Y} woJy s3yo01 u_:_w,_a.:_ sadejquasse olydiowelopy

Z a[qe]

.

RSN Lo S

e, T e = e e

S - oy




metamorphic mineral or assemblage (Thompson, 1978).No biotite

- 131

Staurohte is very rare and is enclosed by andalisite or cordxen

Plate &1). The paucxty of staurolite in the Yellow!aufe metasedxments
attnbuted to the low iron content of the sedxments {Thompson, 1973).
the rimming of staurolite by cordierite or andalusite suggests that it is .flstable

1

in prograde metamorphism (Ramsay and Kamineni, 1977) and may be consumed

during the production of andalusite. \ )

Andalusite appearé in the middle amphibolite facies and becomes more

abundant at the expense of cordierite as the grade increases. Frequently

andalusite occurs with fibrolitic sillimanite and biotite.

Plate 42 shows kyanite with sillimanite and biotite. Cordierite is also
present but not illustrated. This specimen came from the southernmost part of
map 4, within 300 m of the granite contact, and suggests a local increase in

pressure or a decrease in temperature (see Thompson, 1978, Fig. 11a).

The isograds in Figure 26 reflect the appearance or disappearance of a _

-in isograde is
shown because all the peliti¢ rocks throughout the Courageous-MacKay Lake

area exhibit biotite. = However, coarser-grained greywacke beds,in the

greenschist. facies between latitudes 64°15' and €4° 10" do not contain biotite

except within 1 mm to 3 mm of ilmenite grains. This suggests compositional

-

control of the development of biotite as noted by Ramsay (1973a and b).

Kretz (l%gt’was suggested the reaction:

chlorite (1) + muscovite = biotite + chlorite.(Z)

+ quartz + 4H.,0

2

where chlorite (2) differs from chlorite (I). Within the greenschist facies
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Plate #1.  Staurolite (ST) surrounded by andalusite (A) in a cordierite,

Plate 42,

.andalusite, and biotite schist. B-biotite, Q-quart:;. From an
intervolcanic felsic {(2d?) horizon in map 4 (63°52', 111°10".

o ——

Kyanite (K) and sillimanite (S) in a sillimanite, cordierite, and
biotite schist. M-muscovite, B-biotite. Note retrograde
muscovite along the Kyanite margins indicating unstable
conditions. From a metasediment in map &4 (63°49', 111°09").
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- —

_assemblage the asqcia{téd' plagiociase is oligoclase with some. fragments

+

exhibiting primary? andesine compositions.

The lower boundary of the amphlbohte facies is defined by the cordierite-
An reacnon. Just preceding this isograd 1; a thin zone of ‘biotite porphyroblasts,
notably those which preserve tl"ie S 1A fabrié ‘ ~trails in maps ! and- 5 The
cordierite may have been forrhed by the following reaction:

chidkite + biotite (1) + muscovite + quartz + albite + ilmenite =

cordierite + bzonte (2) + HZO (Ramsay, 1974)

Ramsay (ibid) notes that some biotite is consumed and some may be produced

during this reaction.

The cordierite prophyroblasts range from 0.2 cm to 3.0 cm across and have
a’ subrounded form in both horizontal and vertical sections (see Plates 43 and 44).
Plates 40 and 44 show the cordzerzte prophyroblasts to overgrow an S 18 foliation
defined by aligned duartz and biotite. The deflecnon of § 1 around the
porphyroblasts to form augen structures is well shown in plates 43 and 44. The
overgrowth and deflection of SlB indicate that the cordierite crystals grew after
S 1p had developed but before the end of D 18 deformation; that is the,cordierite
growth was syn D jp However, plate 40 shows the cordierite to overgrow S 1B?

which is undeflected, and o deflect an S c!eav‘age. Evidently the growth of

cordierite ranges from Syn to post D 1B topre DZ'

Almandine occurs above the cordierite-in reaction {(Table 2) but the
distribution is discontinuous (see maps 1 and 5). The garnets are small, fresh,
and continue up-grade into andalusite and sillimanite bearing rocks. This patchy
distribution may indicate a compostional control for garnet growth, for example

high Fe and Mn concentrations as suggested by Thompson (1978).
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Plate 43, Rounded cordierite porphyroblasts in a lower amphibolite facies
metagreywacke. Biotite fabric awhich warps around the
prophyroblasts is parallel to the S 1B Cleavage. S5 is not visible
ﬁl:’tgg) scale. A horizontal section from map 1 (64°18",

PR . s . .l L4
HiaEl S N TR
e ot 5.

[ +)
ol 4 e b i,

Plate 44.  Vertical section showing rounded shape of cordierite g -
porphyroblast. Note the fabric within the porphyroblast (Sig) )
which is parallel to the external biotite_fabric which warps
around the prophryoblast. S, is an open crenulation not readily
apparent. From a lower amphibolite faciés metagreywacke in
map 1 (64°20, 111°24"). .
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Cordierite and a/ndalusite porphyroblasts with biotite and minor muscovite

appears to be a middle amphibolite facies assediblage (Table 2) poss:bly forming

j
from the reaction:

chlorite + muscovite + quartz = andalusite + cordierite + .

biotite + H,O (Thompson, 1978, R 5).

Above this grade cordierite decreases, andalusite increases and fibrolitic
sillimanite appears. This suggests the reaction:
cordierite + muscovite = biotite + andalusite/sillimanite of

(Thompson, 1978).

Minor potassium feldspar (microcline) is sporadzcally dxstnbuted within biotite,
andalusite, sillimanite * cordleri‘te bearing assemblagés. The reaction to
produce potassmm feldspar.is not understood. Muscovxte appears to have been

-

completely consumed during the production of cordierite and a.ndalusite

preventing the reaction:

quartz + muscovite = potassium feldspar + andalusite/sillimanite.

The metamorphic assemblages in map & indicate a relatively broad
amphibolite zone of biotite, cordierite, andalusite and sillimanite bearing rocks.
A few samples nedy 63°55', 111°05 (map 4) contain cordierite, andalusite and

biotite, indicative of middle amphibolite facies grade. The remainder of

métasediments in map & contain sillimanite indicating upper amphibolite facies °

-conditions. The sillimanite isograd (Figure 26) appears to parallel the granite

pluton at 63°54', 111°02",

Sediments near the southeastern sodic granitoid-volcanic dome (map 5)

have predominantly greenschist facies assemblages. Moore (1956) shows

o
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the cordierite 'isograde 1o extend eastward from map 3 to just south of the domail

area. Two samples containing cordierite from the southeast side of the dome

mdzcate that the isograd continues eastward. Apparently the lower amphxboh‘te
h xsograd reflects the thermal dommg assocxated with the granite plutons to the

south rather than the sodic granitoid body. e

Felsic volcanic rocks

Dxagnosnc metamorphic rmneral assemblages are not develped in massive
rhyolite bodies (2a) or in rhyodac:mc quartz — feldspar phyric mtrusxons (21).

These rocks develop minor biotite and exhibit a general grain coarsening with

- A .
" increasing metamorphic grade. The oclastic units, especially the thin, fine- °

ggained 2¢ and 2d units, have developed chlorlte—biotite- greenschist facies to

-

upper arnphxbohte facxes assemblages.

The lowest grade (greenschist) assemblage in the felsic volcanics {Table 3)

contains chlorite, muscovite, calcite, and ilmenite-magnetite in a quartz-

feldspar matrix. Between 64°10' and 64°15' (map 1) muscovxte ‘and chlorite are

abundant whﬂe the rare biotite is located in close association to sparsely
- dxstnbuted ilmenite. onute becomes common in felsic rocks just below the

cord1erne-m isograd (located in the rnetased:ments)

-
El

Cordierite, curnmmgtomte, and rare anthophylhte with mznor almandme
and andalusite (a middle amphxbohte assemblage, Table 3) oceur in felsxc
voicanic units in the northern part of map I. The cummmgtomte appears 1o
occur up-grade from the cordlemte-m 1sograde in the metasediments. This is

similar to the isograd distribution in the Benjamm. Lake area (Heywood and

Davidson,1969). Davidson (1967) and - Miyashiro (1973) suggest the following

s XYM
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' reaction for the development of cummingtonite:
calcic arr;phibole + quartz= cummingtonite + anorthite.
Hornb!ende is rarely observed in the felsic volcamc rocks Tl'us may be the '

- Teason for the minor development and’ erratic dzstnbunon of curnmmgtomte.

1 ]
L)
r
L}
t
r
r
Ay
[
)
r
il -:L_' U A e 115 St S BRI Aoy

The muscovite, chlorme, and biotite appear to have reacted to form cordierite

el

and anda.lu:ute by the same reaction }descnbed earlier for the pelitic rocks. S

Sillimanite and potassium feldspar occur with - cummingtonite, cordierite,

P

andalusite and biotite in upper amphibolite fgces assemblages (see Table 3) in -

alor

the northemmost pronon of map 1. This may s gest the phase transition
/ .
andalusite = sillimanite and the reaction:

" muscovite + quartz = potassium feldspar + sillimanite (Miyashirg 197%).

B .
B R als - LT O TR

How\evelr,”the earlier cummingtonite forming reaction could have formed the

>

potassium feldspar if all the muscovite had been consumed during the‘

werdl 2l e

development of cordierite and andalusite. Potassium feldspar also accurs with

biotite-cummingtonite assemblages. Rare clinopyroxene has been observed.in .

'cordierite,‘:-: cuﬁu;;ingtonite, and biotite assemblages. Table 3 shows_ the

S aeam beme e el g

plagioclase to range from andesine to labradorite in these middle to upper

amphibolite facies rocks. ‘ A _ - S

Mafic and intermediate volcanic rocks _ - T
,J Metamorphxc assemblages in the mafxc and 1ntermed1ate volanics range

from the greenschist facies, through the ep1dote arnphlbohte facies to the upper:
.

amphibolite facies. | : . o S,

Greenschist facies assemblakes contain chIorite, muscovite, calcite,
-
clinozoesite, Jeucoxene; 1Imemte, magnente, plagxodase and rare quartz (see

Table 4). g:onte occurs rarely and ‘is associated with dmemte or magnetite.




. ..hu,;.)m....a....._..u”.wwwﬂru...J.»..nﬁ...u«.&..w...q.. AR ET  Te o
’ ’ ¥ ! L]
~ . . _ : ‘ . J0UJW - S3UY| paysep fuowwod - saul] pijos
i L B . ¢ '
. e ——— ) 0 . Jedspiaj wnisselo g Y
. mEmm———  suaxoiAdouny o
g B RRRGEEETET EECEREE LT PERS m=m-- " suipuewy K
t . B
: - - . . . 831uo) Fuiwwm)
ugaJd u22.3 U913 uaaa3_ |__ -
umolg, H . saep “anlq aed : apuaquioy
PR i : STt | Ohyye ¢
o : L1oq[ar™ b
| - ! N 0 _:< ‘ase[o013ejd
-t . : ” ) . : S:cc.wm.E-w::mE__.,. .
“ . _ e aUdX00ONI .
. ) ' i ——— - - OHO_UMH_M_ .
_ . A B T . ~ 3uss0zZoul]) ' .
. . v )
. .o ) . 911o1eD
. ] i - . awmolg
. o . oD | .
. e . 1 :
.o T : . ' . i - . 9}IAODSNY
o i : S AR B " z12end
. . ) Jaddn ‘ ajppi 1oMmo[ = _ saloe] , S
. , . % ajoqiydwy . LN TEE ) otydiowelapy ; »
- - \ eale e’ >mv_wm2-m.=8wE=oU 3y} wolj ; '
. B . . §:001 D1UBD[OA 2JRIPAULIRIUN 0} Dijew uy saBequasse djydiowelay -
St ‘ . " palqey .
P : : . . o .
s &

g e




142

Plagioclase is vaually oligoclase but some phenocrysts of andesine compositon

have been observed. Rare reiict_ clino~ and ortho-pyroxene have also been

observed. ‘ : &

The development of biotite increases near the greenschist to lower
amphibolitp facies boundary. The boundary is deﬁnecil by the .development of
actinolit@c—hornble_nde and epidote, denoting Miygghiro's (1973) e‘pidote-
amphibolite facies. T-his 1-:'ounda.ry is vague due to the sparsity of samples. It
would appear to occur in map ! just south of the _.cordierite-in isograd in the
metasediments. The mafic and intermediate rocks in maps 4 and 5 are above

this epidote — amphibolite facies grade.

Middle amphibolite facies assemblages contain hornblende, calcite, quartz,
ilmenite-'magneﬂe, and andesine. Biotite and almandine and cummingtonite are
irregularity distributed in map l.‘ Biotit.e is minor in the amphibolites in maps 4
and 5. Cufnminétonite was observed only once in map 4 and has not been seen in
map area 5. Garnet has not been observed in the amphibolites of either map &

or 5.
_/

The upper amphibolite facxes mafic volcanic rocks contain abundant biotite
and hornblende, minor potassium feldspar, and rare cummmgtomte and.
chnopyroxene. Andesme and quartz -are common and almandme is irregularily

L

distributed (see Table 4).

With increasing metamorphic grade the pleochroism of the hornblende
changes (Miyashiro, 1973 and Thurston and Breaks, 1978) from a pale-green to a
blue-green, through a dark-green to a brown-green (see Table 4). This may

indicate increasing oxidation or the adgition of titanium (Miyashiro, 1973).
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Distribution of isograds

e isograds, indicating an increase in grade towards the northern and

souther) ends of the belt where it terminates’ against granitoid plutons -

(Figure 26), suggest a rise of regional isotherms related to granitic intrusions.
The mapped traces of the isograds are broadly spaced, possibly indicating a

shallow dip to the isograd surfaces. It can be seen from F;gure 26 that the

cordierite-in isograd extends about 15 km to the north of the granite plutons in

the southern part of the belt. Similarily in the northern part of the belt the
cordxerzte—m isograd is located about 10 km south of the nearest gramte bodies.
if the rnetamorphlsm is related to the granite pIutons it would appear that they

underlie the northern and southern ends of the Co‘uragebus—MacKay‘Lake belt.

Due to the lack of samples no attempt has been made to delineate in
maps 2 and 3 an amphibolite facies isograd parallel to ‘the western granitoid
margin. The Iack of dxagnosnc mineral assemblages in the mafic and
intermediate rocks of maps 4 and 5 combined with the sparse sarnple distribution

Prevent the mapped subdividison of these amphibolites into the three facies

suggested for map 1. )

A sillimanite isograd has been drawn in the volcanic rocks in the northern
part of map 1. Whlle it is felt that numerous granite apophyses have locally
influenced the development of sillimanite this isograd reflects the general

increase in metamorphic grade towards the north.
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Retrograde metamorpfzism

Retrograde reacﬁon? in amphibolite facies sedimentary rocks are
ubiquitous and it is often- difficult to distihguish prograde from fetrog:‘ade

minerals. The retrograde assemblages are somewhat similar in compositon to

R I SRIE TR ORI S FE T 2

the reactants of the prograde reactions discussed earlier.

I

‘Andalusite retrogresses to muscovite and “biotite. Cordierite is often
pinitized and alters to muscovite and chlorite. Sillimanite is often' rimmed by

fine muscovite. Biotite retrogresses to'muscovite and chlorite (penninite) along

-

PR VR

the 010 cleavage.

.Cummingtonite in the volcanic rocks alters to tremolite. Retrograde

reactions for cordierite and andalusite in the volcanics are the same as those for

e AN A i

the sedimentary rocks. Clinopyroxene in both the felsic and the mafic to

intermediate volcanics alters to green hornblende. Hornblende is often rimmed

I RN L)

by biotite, penninite and opaques. Almandine in the mafic volcanic rocks is

PRA

rimmed by fine muscovite, chilorite and magnetite. :
. . < g

~

As there appears to have been ‘some muscovite growth during D3 the :

-

retrograde phase may have been post D3’ but how much later is indetermineable.

_Pressure and temperature conditions during metamorphism

The P-T diagram, Figure 27, shows the range of metamorphic reactions in
the Courageous-MacKay Lake area. The zone enclosed by the dashed lines .
represents the level of erosion and the increasing temperature towards thé ends

L]

of the belt.

ettt Ceoew L.



. 148

Kyanite

Sillimanite

kb .
A andalusite
3 B biotite
CD ‘cordierite
~CH chilorite Andalusite
KF potassium
2 - faldspar
M muscovite
Q- qQuart:z
8 sillimanite
AlS alumi.nosilicale
1' —
! ! I |
300 400 500 600
: T %
FIGURE 27,

Lake

P-T phase diagram for the COurageous—MacKay
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The ternperatux:es during prograde rnetamorphisrn ranged from below 500°C
to less than 700°C. Ramsay and_ Kammem (1977, Fig. 8) report the chlonte-
b10t1te greenschlst subfacies boundary at about 4#00°C. It is thought that the
temperature assocxated with the regional greenschist' facies metamorphism in
- the Courageous-MacKay Lake area was higher, Sut less than 500°C as the

development of biotte was hir:dér:éd by the lack of ilemnite in most rocks.

The indicated presures are betwe%g 3Kb and 4 Kb.' As noted by
Thompson (1978) the use of the Richardson et al. (1969} aluminosilicate triple
point is controversxal The use of Holdaways (1971) tnple point would lower the

pressures by at least | Kb The temperature range would remain similar.

Deformation and mineral growth

The growth of chlorite, m&scovite, and biotite_ parallel to the SIB cleavage
occurred under greenschist facies regional metamorphic conditions. The

subsequent prograde mineral growth may be a result of the thermal dommg of

wsograds related to the ernplacement of the granite plutons. Figure 28 shows the

relationship between mineral growth and deformation.

After DlA’ possibly during early D1B deformation the rising @sotherms
formed the biotite porpyroblasts which overgrew and preserved the Sl A
orientation. Later near the extremities of the belt, cordierite porphﬂblasts
overgrew the SIB cleavage. As SIB partly warps about these porphyréb\lasts syn |

o post D 1p 8rowth is indicated. Within the mafic volcanics hornblende grew

paralle] to SIB’ possibly late DIB'

.
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&Durmg D2, in greenschist facies terrams, the S |p Cleavage was crenulated
and in some places new chlorite, muscovn:e, and b10nte_ grew formmg a
segregation cleavag_e. Andalusite porphyroblasts_ rarely contain an internal S IB
fabric and S, warps about them suggesting a late .Dyg to early 132 penod of

growth. Sillimanite is often parallel to 52 1nd1catmg syn D2 growth.

The 53 cleavage crenulates the ‘D2 fabric. Minor muscovite and biotite

occurs paralle!l to the 53 Cleavage. Retrograde biotite, rﬁuscovite, and chlorite

tend to be random, i.e. post D 3

:\‘\ DiSCUSSion

The widespread development of the chlorite-bioﬁte greenschist facies ]

assemblages in the Courageous-MacKay Lake area represent a pre 10 syn D 1B

regional grade of metamorphism. The development of biotite was controlled by
the lack of ilmenite in most rock types. It is possible that relatively cool, sodic
gra.mto;d basement bodies located in maps 3 and 5 have no metamorphic aureole,

indicating intrusion temperatures of less than 500°C. o i

The regional metamorphism continued during D, deformation. The isograds
at the northern and southern ends of the belt reﬂect the thermal doming of the
regional isotherms during the intrusion of granite plutons. Mineral growth and‘
fabric relationships indicate that the thermal doming_began during DIB and
lasted until DZ' Mineral assemblages indicate that regional greenschist facies

conditions prevailed - during D3. The large distances between the .isograds

suggests shallow dips of the isotherm surfaces over unexposed grafzite bodies.
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The metamorphic asemblag&e associated with the thermal doming suggest
low confining pressures and range frorn greenschist to upper amphibolite faices.

The discontinuous distribution of garnet in all rock types may indicate

compositional control rather than 1ncrea.smg pressure conditions. The.rare °

octurrences of staurolite enclosed by andalusite or cordierite may indicate that

staurolite was formed during prograde metamorphism associated with the

thermal doming.. However, continued stauroljte growth appears to have been

prevented by the.rapid development of cordierite and andalusite which consumed

: &
the available chlerite and muscovite (Thompson, 1978). A late stage of

retrograde hydrothermal -metamorphism altered the proérade minerals

developing low grade greenschist facies minerals.
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SUMMARY AND CONCLUSIONS -
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S CHAPTER 7 » . -
. ’ . , ]
!
f
)

. K Yellowkmfe Supergroup rocks of basa.ltxc, andesitic, and dacitic to rhyohnc
' composition in the Courageous—MacKay Lake volcamc belt form a composxte ' 3 .
pile, up to 7}(m wide and 100 Km long, which thins rapidly to the east.

Initial volcanism (Figure 29a) formed a subaquéous, predominantly basaltic
pile with minor rhyodacitic rocks on a sodic granitoid basernent. The topography
;was flat to shallowly dipping away from extrusive céntres. The belt had a linear, '
north-south confxguranon whxch thinned to the north south, and east. Massive
flows were more common than pillowed flows in the north and central portions of

the belt perhaps suggesting close prox'imit-y o eruptive centres.

‘A series of eruptions produced Cycle 1 rhyodacitic block-sized breccxa

(Figure 29b) which extends along much of the belt. . | o )

This v@.s followed by a continuation of the-extrusion of massive and

pillowed basaltic lavas over the entire length of the belt. . Highly amygdaloidal
(vesicles up-to 0.8 em across), massive and pillowed andesites were extfuded in

~ the north central portion of the_belt indicating a slialiow, less than 200 m deep,

P
-
3
1
3
-

subaqueous environment (Figure 29c¢). Intgrc'alated' are feldspar phyric basalts
and Cyc:le 2 rhyelitic voIcaniclasti_c rocks. This suggests that the gabbroic sills

and dykes which are feldspar phync intruded aobut. this time and* that a second

cycle of volcamsm had begun.

A 2 Km succession of Cycle 2 felsic volcanic rocks in the centre of the belt

was fed by numerous quartz-feldspar Phyric dykes which crosscut thxck maﬁc

massive and pillowed lavas (Figure 29d).

L P SR

.‘,"_



[ND NPA
Vg 5 ,'.o_‘.

DAY
-

’ -
’, o
- - - T
. -
~
£
. ™
\— :
. T
- } ol
~ %
iy
by
P -
.
N
-
-
E
x
-
3 N
=
~
.
= =

LY )
1

e

[l
LAY
PP
4N '-’
LS |
ot

LA

n._\".

R
R

Y 0
I ML

ik

breaccin

sle

[[l] Qabbio o

[F3) aranie
3

m Aadenitafvanicular)

Sodie
graniteid

lev31 st massin® o1 pittowsa)

(matic

D Basan

FIGURE 29,

+

Coursgaous—~MacKay Lake

the

Evotution

volcanic plle. Sea text for dliscussion

L

L

‘éﬁ:-‘-';-‘\.

Vg

5



Y é/ N e - 153

/

L

The ma.]or volcamc edmce had a shal.low dxppmg, subaqueous, northem

flank. A small dome and massive bodxes of rhyolmc composition formed on this _ '

ﬂank. Associated thh the QOme are vent facies clastic rocks whxch grade

i laterally and vertically from.unstratified rhyolmc blocks, and lapilli-sized to '

poorly bedded ‘dacitic volcaniclastics. Thm units of this dacmc clastic are
overlain by basaltic and andesmc rocks to the - north  indicating
[S . !

Ppenecontemporaneocus mafic to intermediate and felsic volcanism.

- Turdiditic sediments of unknown thickness overly -the volcamc rocks. A
gramtmd-volcamc clast conglomerate that outcrops close 10 the volcanic-
sedimentary contact suggests either the elevation a{nd subaeria] erosion of
granitoid rocks soon after volc—almismz or the erosion “of previou;sly exposed

. . .

granitoids. - -

-~

Intrusion or perhaps remobilization of the sodic granitoid basement along

major north-south faults may have initiated deformation (DO) which began with -

the formation of the l"0 A.homocline in the volcanics and marginal synclines in
the sediments between th.e.volc'anics and the sodic granitoid bodies to the east
' (Figure 30). Continued tilting and east-west movements developed thé major,
~ isoclinal and steeply plunging FOB folds in the sediments which parallel the main

volcanic belt and wrap around the eastern sodic granitoid plutons.

Dl A deformanon began, under greenschist facies regional rnetamorphxc

conditions, in response o northwest-southeast subhorizontal compressxon which
¢

formed the S[A® fabric. . During D,g, rising isotherms produced " biotite

porphyroblasts which overgrew and preserved the S1 A fabric in its initial

orientation during the formdtion of the $ 1B cleavage.w S,p is 2 north to north--

northwesterly striking subvertical cleavage which transects Fop folds
f
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- With further increase in temperature durmg and after D) deforrnanon,
- cordierite and anda.lusxte overgrew the S iB cleavage and may have conunued
unnl D,. Hornblende and cummingtonite also crystallized during DIB‘ .The
range of metamorpl'uc reacnons from greensch;st through lower and middle
amphibolite to upper amphibolite facies is attributed to the syn DlB to early D2
thermal doming of regional isograds associated with Fhe intrusion of granite
p{ufcn§ ‘(’Figurel 3. |
F,, minor folds and a 'subvertig:a.l, axial planar S, crenulation to segregation
Cleavage developed during northeast-sbuthwest subhorizontal compression (DZ)'
S2 is ubiquituous in arnphxbohte facies terramg. " The dominance of the S2 fabric
and associated ‘tight folds suggest high stra.m in “the metasediments during D,
deformation. /‘l'hjs comcxdgd with the peak of metamorphism as indicated by the

growth of sillimanite (with biotite) parailel to 5.

Later (D3), a weak northwest-southeast subhorizontal compression-

crenulated™the S2 cleavage. The minor growth of oriented biotite and muscovite

indicates the return to greenschist facies metamorphic conditions.

A noteable feature in the proposed sequence of events is that compressmn
appears to have ea.st-vb\est and northwest-southeast directions, that is east-west
during Dy and D5, and northwest-southeast during D, » and Dg, although there
is an additional direction (ﬁortheast-southwest during Dz) before the last event
(D3). The reactivation of compresﬁion in preferred directions couléi‘be related to

repeated movements of crustal blocks in a regional shear system (Fyson, 198 1b].
: -

N

-~

L]

et b I e i o o A T O T T N R K D) b V= ¢ or—emw e v ® L

WL B data i o,

T SR RN PP L]
'

Mgy Snde st Dot n

LT A

' ‘
AR e el o el e G I N N e S



. A 156
< X
; - : _ ” - ]
. _— T 5 k
N —
- . e
ey : 5:
e “.z‘
X - - : .3
. RATE ]
: of
. PLUTONIC :
ACTIVITY

~METAMORPHIC

Amphibolite

]

.
o L Lo e DT C LR PN P UIY SRR SNPT

GRADE facies -
-Gr.onschl_fst
i facies
. ’ \ A
N ANTENSITY
of
DEFORMATION 3
_ Dy Dy . D, D,
older - younger
FIGURE 31. Time sequence of igneous, metamorphic,
. and tectonic activity in the Courageous-—
MacKay Lake area,
t.t Granite ]
‘ I . L
LT T Sodic granitoid . &
1 i
. #
i
. . 4
"

el A R T Ky, l“_h.":m—l"-."-



157
While most of the cleavage pfientatiéns appear to be regional in nature the

abrupt change in the trend of the bedding and Sg from north-south to northeast~ %

-

southwest at the south end of the-belt may. reflect a change in the direction of
the margin of the gf‘anitoid plutonic complex which follows several fracture sets -

(cf. Lambert, 1977a).

In brief, the structural succession appears to have begun with diapiric
uplift of sodic granitoids and conse‘quer;; formation ‘of the east-facing homocline
in the volcanic rocks. This was followed by successive periods when regional
subhorizontal compression varied in ‘orientation and intensity, “but was
‘reactivated in sp-cci.fic directions. The peak of metamorphism concided with the
highest local strain and with thermal doming of fegiona.l isotherms du¥ing granite
inﬁ:usion.

T

Suggestions for further work

~'Detailed mapping and sampling of the central portiog,of the volcanic belt
(map 3) is required to identify the gedchemical nature of this part of the section,

the lithology of the felsic rocks, and the nature of the minor structures not fully

-

identified by previous work (Moore, 1956). The chemical composition of the

granitoid focks to the west of the belt and especially the pluton at 64°10",

111°08' needs to be examined.

- L

A detailed structural analysis of the greenschist facies sediments to the

. » .
east of the study area should be investigated to see if the structures identified in
this study have the same characteristics over a broader area, including localities

adjacent to and far removed from granitoid' bodies.
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PROTEROZOIC
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LEGEND

INTRUSIVE ROCKS
Diabase: highly magnetic, steepiy dipping dykes.

Pegmatite: biotite-muscovite pegmatite.

Granitoid rocks:  5a) biotite ‘granite (synkinem
granodiocite; 5¢) biotite-hormblende tonalite; S5d) |

;- trondhjemite (synvolcanic w earlier?).

Metagabbro: feeder sills and dykes to the volcan
subunit 42 and unit 6, crosscuts 5b.” 3a, massive
3b, massive, feldspar-porphyritic.

SUPRACRUSTAL ROCKS = -

YELLOWKNIFE SUPERGROUP-

Metasediments: 4a) greywacke, arkase, and
4b) intervolcanic,  argillite or  phyllite;
conglomerate; 4d) pyritic banded chert; 4e) granit
conglomerate. .

Cycle 2 . -
Metarhyolite to metadacite: 2a) massive rhy«
block-breccia; - 2c¢) rhyodacitic quartz-feldsp
volcaniclastic; . 2d) dacitic ash to lapilli-size
2f) massive qua?"ﬂ-feldspar phyric intrusive rock.

Intermediate metavolcanics:  1c) massive, amyc
flow; 1d) pillowed, amygdaloidal @ andesite
1h) andesitic fragmental rock.

Mafic: metavolcanics: 1a) masiQe basait.flow; 1i
flow; le) massive feldspar phyric basalt flow; 1f)
phyric basalt; 1g) "banded" basalt (highly flattened)

Note: -volcanic units without mchned ruling have
o a specific cycle. . T

Cycle1
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pile, older than.
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-volcanic clast
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ow:

illowed basalt
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LEGEND

s INTRUSIVE ROCKS

Bi'éb@se: highly magnetic, steeply dipping «

Pegmatite: biotite-muscovite pegmatite.
=R Granitoid rocks: :5a) biotite granite (s
e B granodiorite; 5c¢) bietite-homblende tonali
Sl trondhjemite (synvolcanic to earlier?).

3 Metagabbro: feeder sills and dykes to the
e subunit 4a and ungt 6, crosscuts 5b. 3a,
ey 3b, massive, feldspar-porphyritic.

supalcnusm. ROCKS
‘ .j:-'j' YELLOWKNIFE SUPERGRC?UP

% i ,

‘Metasediments: \E:Ga)\grcywacke, arkose

o ib) intervolcanic | argillite or  phy
conglomerate; 4d)pyritic banded chert; 4

o *  conglomerate. :

o { Cycle '2

3 Metarhyolite :to metadacite: 2a) massi

block-breccia; ) rhyodacitic  quart
volcaniclasti; 2¢) dacitic ash to lag
ol . 2f) massive quartz-feldspar phyric intrusiv

4 ’ i _

| e Intermediate metvolcanics:  1c) massiv
’ iz flow; | 1d)pillowed, amygdaloidal an

E2 1h) andesitic fragmental rock. )
A
= Mafic metavolcarnics: 1a) massive basalt
5] flow; le) massive feldspar phyric basalt £

T
14 f

phyric basait; 1g) 'banded" basalt (highly £l

Note: v&lcarﬁc its without inclined ruli
1o a specificicycle.

. ot Cycle1
Metarhyolite to mitadacite:— 2¢) rhyodacit

\2\ - sized volcaniclastic; 2d) dacitic ash to Iz
2e) rhyodacitic blodk-breccia (highly chlori
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fg dykes. | - .
e. ) : . )
(synkinematic); 5b)biotite . - - & -
nalite; 5d) biotite-hornblende - . T, . .
- . . ’ * . -‘-.
the volcanic pile, older than .
3a, massive non-porphyritic; . F . o _
k..-.j , .‘. . B . .
E;. \ . .
cose, and slate. turbidites; | ' ' .
phyllite;  4c) intervolcanic L i
; 4e) granitoid-volcanic clast r . . :

R S o s b l‘-w- yl, “I"
e ‘:4"“";4‘-:4 )“\' S = ...’."‘3.&.
\.’ o "‘ " K

assive rhyolite; 2b) rhyolite
artz-feldspar lapilli-sized *
lapilli-sized volcaniclastic; - -
sive rock.

sive, amydgaloidal andesite | .
andesite flow:

. * i \
alt.flow; 1b) pillowed basalt

t flow; lﬂ pillowed fcldspar -
yﬂattened). _ s

ruling "have not been related

lCl'th quartz-feldspar lapilli-
) lapilli-sized volcaniclastic;
oritic).

alt flow; 1b) pillowed basalt



leta  eemdine s e .- e e e e e ez e . S N NP T
. . ) B







Pl K

iy




Mafic netavolcaris: 1a) massive bas
ﬂow. . _'. "i

Metamorphic assemblages: - A - and:
B - biotite; C-chlorite; CD - cordi
- CX -clinopyroxene;  E - epidote; |
K - potassium feldspar; M = muscovite; ¢

| . m = carbonatized; s = shéared; n = silicit
. J . 2 , >
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: 2¢) thyodacitic quartz-feldspar lapilli-
sitic ash to lapilli-sized volcaniclastic |
a (highly chloritic). ) v

assive basalt flow; 'Ib) pillowed basalt

A~ andalusite; AT - anthophyllite; :

CD - cordierite; CM - cummingtonite;
spidote; G -~ garnet; - KY - Kyapite;
muscovite; S - sillimanite.

d; n = silicified. -
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LEGEND

... _INTRUSIVE ROCKS
PROTEROZOIC R %
' Diabase: highly 'rnagnetic, steeply dipping dykes.
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" YELLOWKNIFE SUPERGROUP "¢ -

A

 * conglomerate. - L

.

granodiorite; 5c) biotite-hombjende tonalite;..5d) b

~_tronchjemite (synvolcanic to earlier?) .

SR S SN . :
Metagabbro: feeder sills and dykes to the volcani
subunit 42 and unit 6, crosscuts 5b. 3a, massive

<. 3b, massive, feldspar-porphyritic.

SUPRACRUSTAL ROCKS

T4
-

"Metasediments: ha) greywacke, arkose, and
&b)intervolcanic ©  argillite -or . phyllite; .
glomerate; &d) pyritic banded chert; 4e) granitc
Cycle 2 " T .
Metarhyolite “to ‘metadacite: - 2a) massive -rhyo
Block-breccia; - 2¢) rhyodacitic . quartz-feldspa
volcaniclasti;  2d) dacitic ash 1o lapilli-sjized
2f) massive quartz-feldspar phyric.intrusive rock,
Intermediate metavolcanicss  1c) massive, . amyd

r

" flow; 1d)pillowed, amygdaloidal andesite

l\h){ndesitic fragmental rock.
e ~
Mafic metavolcanics: la)massive basalt flow; 1b

flow; le) massive feldspar phyric basalt flow; 19)]
phyric basalt; 1g) "banded” basalt (highly flattened).

Note: volcanic units without inclined ruling have

1o a specific cycle.
* Cycle1 ' I
Cyclel . .

<~ Metarhyolite to_metadacite:. 2¢) rhyodacigic quart:
. \sized volcaniclastic; 2d) dacitic ash to lapilli-size

€) rhyodacitic block-breccia (highly chloritic).

Mafic metavolcanics: la) massive basalt flow; 1b
oW. . ' -

_Metamorphic assemblgess A - andalusite; A’
B - biotite; - C - chlofite; CD - cordierite; CM -
CX - clinopyroxene; {E - epidote; G - garnet;

K - potassium feldsparg¥ - muscovite; S - sillimani

;
. m = carbonatized; s = sheared: n -silicified,
. Lo B | - _:"..

e 0 ":

§
*
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2e) rhy odacitic block-breccia (highly chloritic¥

Mafic metavolcanics: la) massive basalt flow
flow. '
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Metamorphic = assemblages: " A - andalusite;

B - biotite; C - chlorite; CD - cordierite;
CX - clinopyroxene; E - epidote; G - garr
K - potassium feldspar; M - muscovite; S - sillin

m = carbonatized; s = sheared; n = silicified.
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Diabase: highly magngfic, steeply dipping dykes.

Pegmatite: biotite-muscovite pegmatite.

Granitoid “rocks: 5a) biotite granite (synkiner
granodiorite; 5c) biotite-hornblende tonalite; 5d)
trondhjemite (synvolcanic to earlier?).

Metagabbro: feeder sills and dykes to the volcarn
subunit 42 and unité, crosscuts 5b. 3a, massive
3b, massive, feldspar-porphyritic. .
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! Pegmatite: biotite-muscovite pegmatite.
b i Granitoid rocks: 5a) biotite granite (synk
A granodiorite; 5c) biotite-hornblende. tonalite;
. : trondhjemite (synvolcanic to earlier?).
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Metagabbro: feedesills and dyf<es to the w
subunit 4a and unit6, crosscuts 5b. 3a, ma
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Metasediments:  4a) greywacke, arkose,
&b) intervolcam argillite or  phyllit
conglomerate; Xd) pyritic banded chert; 4e) g

conglomerate.
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to a specific cycle.
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sized volcaniclastic; 2d) dacitic ash to lagil
2e) rhyodacitic block-breccia (highly chloritic

Mafic metavolcanics: 1a) massive basalt flo
flow. »
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. Metamorphic assemblagess A - andalusite
B B - biotite;  C - chiorite; CD - cordierite;

SN - ' CX - clinopyroxene; E - epidote; G - g:
' \ : K - potassium feldspar; M - muscovite; S - sill

' \ | ‘ _ m = carbonatized; s = sheared; n = silicified.
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