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PREFACE 

As thi s area is underla in by sedimentary and volcanic rocks similar to the 
Yellowknife Group of Archean age, it has attracted the attention of prospectors 
fo r several decades. Despite intensive prospecting no major base metal deposit has 
been found but severa l showi ngs have been located. 

The authors present a deta il ed description of the bedrock, di scuss its geo
logical structu re, and describe the metamorphism that has affected the rocks. They 
conclude that most of the rocks a re correlative with the Yellowkni fe Group, that 
they were metamorphosed before the intru sion of granodiorite plutons fo und in tbe 
area, and that the intru sion of the granodiorite rather than causing the metamor
phi sm is merely one effect of the teetoni sm that caused the defo rm ati on and meta
morphism of the a rea. 

Y. 0. FOR TI ER , 

Director, Geological Survey of Canoda 

OTTAWA, October 18, 1967 
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Die Verfasser geben eine detaillierte Beschreibung 

der Gesteine des Kartenblatts, erortern ihren geologi
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Abstract 

T his area, wl1 ich is underl a in by A rchean rocks, lies 
within the Slave Structu ra l P rovince a nd comprises a northerl y 
trending belt of defo rm ed a nd metamorphosed volca ni c and 
sed im e ntary rocks bou nded by gra niti c and mi gmati tic rocks. 
Di abase dykes of P rote rozoic age are th e youngest consoli
da ted rocks in th e regio n. Most of the rocks can be correla ted 
with th e Yell owknife G roup although their wide ra nge in 
meta morphi c grade makes correla tio n difficu lt. 

T he reg ion has been ex tensively pros pected for base metal 
deposits; sma ll show ings of zi nc, lead, si lve r, and copper have 
bee n located . 

R esume 

La reg10n du lac Benja min, sus-jacente a des roches ar
cheennes, est comprise da ns la province structu ra le des Es
claves; elle comporte une zo ne de roches sedimenta ires et vol
ca niqu es deform ees et metamo rphisees s'etenda nt vers le nord 
et limitee pa r des roches granitiques et mi gmatiques. Les dykes 
de d iabase du P ro terozo'ique representent Jes roches consolidees 
les plus recentes de la region . La plupart des roches peuvent 
etre mises en correlation avec celles du groupe de Yellowkni fe 
quoique Jes diverses intensites du metamorphisme rendent cette 
correlation diffic il e. 

La region a ete soumise a une prospection intense et on y 
a trouve de petites venues de zi nc, de plomb, d'arge nt et de 
cuivre. 





INTROD UCTION 

L oca tion and Access 

Benj am in L ake map-a rea covers 270 square miles between latitudes 63 °00' 
and 63 ° lS'N and longitudes 1 !0°30' and 111 °00'W within the Distri ct of Macken
zie, North west Territo ri es. Its centre is l 20 miles east-northeast of the town of 
Yellowknife and 14 miles north of McLeod B ay on Great Slave Lake. 

Access to the area is bes t gai ned by aircraft fro m Yellowknife ; tractor train 
have been used in winter to bring supplies to mining exploration crews. The la rger 
lakes, such as Benjamin , Indi an Mountain , and Brisla ne, provide loca l boat 
access, but streams between lakes a re generally sha llow, necess itating portages. 

Previous Wo rk, Present Wor k, and Acknowledgments 

The first geo logic obse rvations we re made by Stockwell ( J 933) while en 
route from MacKay L ake to Great Slave Lake. He reported metased imentary 
rocks on the west of Waldron River and graniti c rocks o n the east. The a rea lie 
within MacKay L ake map-area which H enderson ( J 941 a; 1944) mapped in 
1940 and l 94 1 on a sca le of four miles to the inch . Si nce that time it has been 
actively prospected and severa l mineral showi ngs have been trenched and driiled . 
A n aeromagnetic map of the area was publ ;shed in 1964 (Ceo/. Surv. Can. , M ap 
3 I 26G) . 

Field work was done in the summers o f 1962 and 1963. Traverses were 
planned in adva nce from airphoto info rm atio n and we re generally spaced between 
one quarter and three qu a rters of a mile apart, depending on the comp lexity of 
the geology . C riti cal areas we re studied in detail. On most of the la rger lakes. 
rubber boats were used fo r loca l access and for exa min ati on of shore outc ro ps and 
islands. 

T h is report presents an outline of the genera l and economic geo logy. Meta
morph ism and its relati ons to structure and intru sio n fo rmed the subject of a 
doctorate thesis by A . Davidson at the Univers ity of British Colu mbi a, who will 
treat these subjects in a separate report. 

Able ass istance in the field was given by P. F. H offman and A. W. Watts in 
l 962 and by E. T . L o ngs treet and E. B. A. Lewi s in J 963 . The courteous and 
coopera tive se rvice of North west Territori a l A irways of Yellowknife is ack nowl
edged with appreciation . 

MS received August 10, 1967 
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GEOLOGY OF BENJAM IN LAKE MAP-AREA 

Physical Features 

The map-area has an average surface elevation of about 1,300 feet; it lies at 
the southern edge of an upland pl ain whose relief rarely exceeds 300 feet. T he 
highest hill (about 1,625 feet) and the lowest valley (about 1,075 feet ) are in 
the extreme southeas t corne r. To the south the average elevation decreases some 
800 feet within 5 miles of Great Slave Lake. 

All drainage enters the Mackenzie Ri ver system via Great Sl ave Lake. Dra in
age is di so rganized : some Jakes form chains joined by rapid, shall ow strea ms; 
others drain sluggishly through mu skeg-filled valleys. Indian Mounta in , Indian 
Hill , and Benjamin Lakes teed Waldron Ri ver, which fl ows southeastwards th rough 
the east half of the area, but much of the land between lndian Mountain Lake and 
Wa ld ro n River drains independently southwa rds. 

Bedrock is exposed extensively in the south half of the map-area where the 
terra in is rugged on a sma ll scale. It is Jess well exposed in the relatively low-lying 
north half, being covered to a great ex tent by water, mu skeg, or glac ial debri s. 
Areas of high ground are underlain predomin antly by granitic or metavolcanic 
rocks, the latter for ming prominent ridges near Indi an Mountain and Brislane 
Lakes. Outcrops, especiall y those of steeply dipping metased iments, are commonly 
frost-thrust and display a variety of heaved and b roken form s. 

T he main effect of the last glaciation has been to broaden valleys and to 
round and poli sh the tops and sides of rock ridges. A t the northern edge of the 
map-area glacial stri ae and the axes of drumlinoid ridges have a westerly orienta
tion whereas to the south the orientation changes graduall y to southwesterly. Gl a
c ial debris consisting mainly of poorl y sorted sand and gravel mantles much of the 
area; the southeast part is ice-scoured. Several southwest-trending di scontinuous 
eskers cross the area, and southerly draining meltwater channels are recognized 
along the southern bound ary. 

The area is near the northern limit of trees. Southward, low shrubs with sca t
tered stands of stunted spruce give way to a more extensive cover of spruce 
mixed with tamarack and white birch . 

2 



GENERAL GEOLOGY 

The map-area lies within the Slave Province of the Canadian Shield. It 
e ncompasses part of a northerl y trending belt of deformed and metamorphosed 
volcanic and sedimentary rocks as much as 15 miles wide that extends 40 miles 
north from Great Slave L ake. This belt is bounded on the east and west by granitic 
and migmatitic rocks but has a core of rel atively low grade metamorphic rocks . 

Except for Proterozoic di abase dykes, bedrock is entire ly of Archean age . 
R ocks correlated with the Yellowknife Group underli e most of the area and dis
play a wide range in metamorphic grade. Their origi ns, eas ily recognized where 
metamorphic grade is low, can be traced through progress ivel y higher grade meta
morphic zones but are obscure o r lost where migmatite has formed. At one place 
the Yellowknife rocks appear to li e on deformed granitoid rocks but e lsewhere 
they are intruded by graniti c p lu tons of close ly related age. 

Meta-tonalite ( 1 ) 

Distribution and Lithology 

Meta-tonalite outcrops between Brislane Lake and the south end of Indi an 
Mountain Lake. lt underli es an area 3t miles Jong and 1 t miles wide and also 
fo rms most of the la rge island in the southeast part of Brislane Lake. M ost of the 
rocks comprising this unit are grey or pinkish grey, leucocra tic to mesocrati c b io
tite meta-tonalite. Weak foliat io n is commo n, with a linear aspect being given 
by smears of biotite. The eastern part of the body contai ns a high proportion of 
strongly foliated rocks with ro und eyes of mil ky quartz, in places associated with 
gneiss in which laye rs a re alte rn ately ri ch and poor in both biotite and mu scovite. 
The rocks appear to be med ium gra ined, but ca refu l examinat ion revea ls that 
many are in part granul ated o r recrysta lli zed so that large grai ns of quartz and 
plagioclase lie in a fine-grain ed m atri x of quartz, plagioclase, and biotite. In all 
rocks exami ned biotite for ms aggregates of many small c rystals. Most a re 25 to 50 
per cent quartz, 5 to 20 per cent biotite, with the remainder mainly pl agioc lase. 

Thin sectio ns reveal that these rocks have recrystalli zed, a lth ough relics of 
deformat iona l com minut ion of grain size are sti ll appa rent in some rocks. Quartz 
fo rms ro und, polycrystalline eyes. In some rocks, individu al qu artz crysta ls a re 
separated by a fine-grained quartz mosaic. Pl agioclase in the oligoclase-andesine 
range remains as broken, complex ly zoned, and partl y a lte red gra ins in the Jes 
deformed rocks, but in others outlines of o ri gin al plagioclase gra ins contain a mass 
of small , equ ant plagioclase crystals wi th some fine-gra ined bi ot ite dispersed 
throughout. Thi fine-g rained plagioclase fo rms much of the groundm ass in seve rel y 
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Age 

Pleis tocene 

Pro terozoic 

Archean 
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F ormatio n 

Ye llowknife 
Gro up 

TABLE OF FORMATIO S 

Litho logy 

Sand , grave l; peat 

U nconfo rm ity 

Dia base, qua rtz diabase 

Intrusive con tac t 

I To na lite, gra nodio rite, adamelli te; pegma tite; agma ti te 

Intrusive co ntact 

I Meta-dia base 

Intrusive contact 

Di visio n C : impure qua rtz ite, greywacke, slaty a rgill ite; mino r 
intercala ted luff, ca lca reous greywacke, graphitic s la te; phyll ite, 
kno tted schist and ho rnfe ls, layered gne iss, migma tite gneiss 

Di visio n B: dacite , qua rt z la tite, fe lsic agglomerate, crys ta l tuff, 
ea le i te-cemen ted breccia, Ii mesto ne; qua rtz-feldspa r po rphyry; 
micaceo us q ua rtz-fe ldspar schist, s iliceous ca lc-schist, ma rble 

Di visio n A : mass ive a nd pill owed a ndes ite, basa lt ; ma fie agg lo m
era te, m inor intercala ted fe lsic tuff ; qua rt z-feldspar po rphyry 
dykes a nd sills; greensto ne, amphibo lite, ga rnct-a mphibo le 
schist a nd gne iss; a m phibo lite dykes 

Co ntac t re la ti o ns uncerta in 

J A mphibo lite dykes 

Intrusive contact 

Heterogeneous schi st a nd gneiss o f uncerta in a ffinit y; 
conglom erate (?) 

Unconform ity(?) 

Fo liated to gneiss ic meta- tona lite 



GENERAL GEOLOGY 

deformed rocks and in some shows weak, simple, reverse zoning in the calcic 

o ligoclase ra nge. In the more massive rocks dark greenish brown biotite forms 
clots, commonly containing sphene, whose individu al grains are poorly ori ented. 
In the welJ-foli ated rocks red-brown biotite forms strongly oriented streaks and 

layers and is commonl y mixed with muscovite. M icroc linc is a mino r interstitial 
phase. Small amounts of garnet, hornblende, cummingtonite, and co rdierite were 

recogn ized. F ibrolite has partly replaced red-brown biotite in one specimen of 
augen gniess col lected near the weste rn margin of the body. 

Strucrure 

Foli ation near the margins of the meta-tona lite body is parallel or sub

para ll el to the nearby con tact. Jn the east half of the body an earl y fol iation that 
strikes between no rth and northwest and dips easte rl y between 25 and 55 degrees 
is defor med by a later cleavage that strikes between north and northeast and dips 
steeply to the east. Axes of wrin kles in the early foliation a nd elongate biotite 
streaks are pa ra ll el to the inte r ections of these two foli ations , giving a lineation 

that pl unges gently no rtherly in the north part of the body and becomes subhori
zontal to shallowly south-plunging in the southeast part. An apparently st ill later 

phase of defo rmation , noted in two places, has deformed the ea rli e r foli a ti ons 
abo ut easterly striki ng, near-vertical planes, and has produced minor folds and 

wrin kles th at plunge moderately to steeply to the east and deform the intersection 
lineation. 

The co ntact of the deformed meta- tonalite body with bedd ing or layering 

in the enclos ing rocks is everyw here conformab le and no ev idence of crosscutting 
rela tions was seen. The contact clips outwards on a ll sides so th at the body has the 
form of a dome. Dips are between 40 a nd 55 degrees on the eas t side and between 
50 and 70 degrees on the south and west. At the no rth end the overlyi ng mafic 
flows of divi sion A of the Yellowknife Group ( 4) have northerly dips as low as 
12 degrees. Division A fo rms the contact rock o n the no rth , west, and south sides 
of the dome. A thin wedge of banded rocks (2) separates the dome from the 
mafic volcanic rocks along the east side. Amphibolite dykes ( 3) cut the meta
ton al itc and are them selves invo lved in the deformation. 

Faults a re rarely exposed within the dome, but can be seen at the margin s 

where the contact is offset. L inear vai leys that lack outcrops and that are in line 
with known marginal offsets a re assumed to be the loci of fa ults withi n the dome ; 
evc ral of these are shown o n M ap 1I 98A. Most fau lts are steep, strike north

eas terly, and show right latera l offset. One prominent fa ul t stri kes northwest and 
offsets the west contact with left latera l movement. The meta-tonalite which under

lies a n island in the southwest part of Brislane Lake is probably a sli ce of the larger 
body that has been raised along fa ults concealed by the lake. 

5 



GEOLOGY OF B E JAMIN LAKE MAP-AREA 

Age 

The meta-tonalite is deformed and metamorphosed. No evidence that it 
intrudes the surrounding rocks was observed and there is no contact aureole. In 
addition, the amphibolite dykes may be feede rs to the mafic Yellowknife flo ws ( 4). 
Geological evidence suggests, therefore , that the meta-tonalite is pre-Yellowknife 
in age and may be a remnant of the basement upon which unit 2 and the Yellow
knife Group were deposited. It is possible, however, that meta-tonalite intruded 
the surrounding rocks and that later regional deformation and metamorphism have 
obscured the original contact relations. 

A rubidium-strontium age of 2 ,570 ± 90 m.y. was determined from an iso
chron derived from analyses of six samples of meta-tona lite. This age is similar 
to potassium-argon ages determined for post-Yellowkni fe granitic rocks in the 
map-area (see Table II, p. 20) and in other parts of the southern Slave Province 
(Wanless, et al., 1966) . Thi s Kenoran age (Stockwell , 1964) does not refu te 
the idea the meta-tonalite is pre-Yellowknife. It may not necessarily be the 
absolute age of the meta-tonalite and m ay represent a redistribution of the 
critical Rb and Sr isotope during Kenoran deformation and metamorphism. 

Layered R ocks (2) 

Distribution and Lithology 

On the islands and shore of the west side of the mai n reach of Brislane Lake 
is a narrow wedge of layered rocks cons isting of gneisses and schists of hetero
geneous composition and uncertain affi nity. M any of these rocks are leucocratic, 
fine-gra ined biotite-quartz-feldsp ar gneisses with or without coarse porphyro
blasts of cummingtonite and ga rnet. Others a re darker and contai n va ri able pro
porti ons of hornblende, cum mingtonite, and ga rnet. Some outcrops have layers 
of medium-grained quartzo-feldspathic rock interlayered with more m afic gnei ss. 
Several outcrops di spl ay quartzo-feldspathic lenses up to 6 inches long in a more 

mafic groundmass. ln some rocks, adjacent lenses have different colours and tex

tures and resemble pebbles in deformed conglomera te. In pl aces the fine-grained 
leucocra tic gneisses show fine layering that is poss ibly re li ct bedding, but thi s 
feature is obscured where coa rse crystals of amphibole. ga rnet, and biotite have 
grown. 

Stru ctural R elations 

Gneissic layering in unit 2 dips eastwa rd s at between 40 and 50 degrees and 
is everywhere parallel to the exposed parts of the lowe r and upper contacts. The 
layered rocks appear to lie above deformed meta-ton ali te ( 1) , but it proved 
difficult in the fi eld to distingui sh meta-tonalite and the more homogeneou s layers 

of qu artzo-feldspa thic gneiss. Crosscutting relation s between these two un its are 
lacking. T he lower contact is offset by several northeast-trend ing fau lts and is cut 
by dykes and irregu lar masses of amphibolite (3). U ni t 2 fo rm s a wedge that 

6 



GENERAL GEOLOGY 

tapers to the north and south . Maximu m thickness probably does not exceed 600 
feet, but the upper contac t with mafic volcanic rocks of divi sion A of the Yellow
knife Group ( 4) is not well exposed. 

Origin and Age 

The laye red rocks of unit 2 may in part be sedimentary. They are older 
than the amphibolite dykes ( 3) that may be feeders to the ma fi e Yellowkni fe 
flows (4). It is not certain whether unit 2 is distinctly older than the Yellowknife 
Group or whether it is a facies of the lower part of the Yellowknife Group. The 
poss ibility that the underlying meta-tonalite intruded uni t 2 must not be di sre
ga rded ; deformatio n could have obscu red the original contact relati ons and could 
also have produced the conglomerate-like roc ks within the gneisses. 

Amphibolite Dykes (3) 

West of Brisla ne Lake, amphibolite dykes cut the meta-tonalitc ( 1) and the 
laye red rocks (2). The amphibolite is dense, massive, fine- to medium-grained, 
and black to very dark green. It is composed predominantly of equant ho rnblende 
gra ins with interstitial plagioc lase and minor magnetite and pyrite. In places the 
contacts of the dykes are sheared and have recrystalli zed to ho rnblende-biotite 
schist. Some dykes within the meta-tonalite can be traced continuously for as 
m uch as a mile, but many are now in the for m of di scontinuous slivers, havi ng 
been to rn apa rt during deformation. The dykes a re from 2 to 80 fee t thick and 
strike between no rth and no rtheast. Dips are steep to vertical at ra rely exposed 
contacts . 

Lithologically simil ar amphibolite dykes and sill s ( 4a) are present within 
divisio n A of the Yellowknife Group ( 4) be tween Indi an M ountain L ake and the 
no rth end of Bri slane Lake and also on the islands and peninsulas on the west 
side of Brislane L ake. In many p laces, howeve r, it cou ld not be ascertai ned whether 
outcrops of mass ive amphibolite in d ivision represent dykes and sill s or massive 
flows. Si milar amphibolite dykes h ave not been obse rved to cut rocks of divi sions 
B and C of the Yellowknife Group . 

The dykes (3) are certainly younger than un its J and 2 and older th an defor
mation and metamo rphism of the Yellowknife Group. T heir rela tionship to the 
Yellowkni fe Group is not ce rtain , but it is uggested that the dykes may be feeder 
to the m afic Yellowk ni fe fl ows becau se units 3 and 4a are simil ar and because 
am phibolite dykes are apparently a bsent from divi sions B and C. lf they a re subse
quently proven to be feede rs, then the age of the meta-tonalite with respect to the 
Yellowknife Group wou ld be establ ished . lt is possible, however, th at they are 
younge r than the Yellowkni fe Group a nd that their apparent absence from divi sions 
B and C is fort uitous. 

H ende rson ( 194lb) and Fortier ( 1947) have desc ribed swarms of amphibo
lite dykes in gneiss ic gra nod iorite near Ross Lake, some 70 miles west-southwest of 
the present occurrence. Baraga r (1966) , worki ng with the Yellowkn ife volcanic 

7 
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GEOLOGY OF BEN JAMI N LAKE MAP-AREA 

rocks near Cameron River, a few miles no rth of R oss Lake, suggested th at these 
dykes may be feeders to the mafic flows of the Yellowknife Group, and that the 
gneissic granod iorite may therefore be of pre-Yellowkn ife age. 

Yellowknife Group ( 4 ,5,6) 

Metamorphosed volcanic and sedimentary rocks constitute a large part of 
the Slave Province. Originally called the Point Lake-Wilson Island Group by 
Stockwell (1933 ) , they are now known as the Yellowknife Group, this name 
having been app lied first by Henderson (1938) , Jolliffe (1938) , and Lord (1939) . 
Detailed work by Jolliffe ( 1942; 1946) Jed to the establ ishment of the stratigraphic 
succession near Yel lowknife as a type section of the Yellowkn ife Group. Jolliffe dis
tinguished three divisions, A , B , and C, broadly characterized by mafic volcanic 
rocks, felsic volcanic rocks, and sed iments of the greywacke type respectively. A 
similar three-fold division is applied here as it has been used in many parts of the 
Slave Province but it is not invariably applicable to the Yellowknife Group. 

Distribution 

Rocks of the Yellowknife Group underlie about 70 per cent of the map-area. 
Division C is the most widely di stributed ; divisions A and B are confined to three 
belts, together constituting about 8 per cent of the bedrock. The largest belt is east 
of Indian Mountain Lake and parallel to it. There divisions A and B form a large, 
complex anticline about a core of meta-tonalite ( 1) . In the north west corner of the 
map-area a narrow wedge of amphibolite assigned to division A separates division 
C on the east from granitic rocks to the west, and continues northwards beyond 
the area. The third belt is located near Susu Lake in th e central-southern part of 
the area. It tape rs northwards and extends to the south as far as Great Sl ave Lake 
(Wright, 1951 ) . Within the map-area thi s belt is composed of rocks assigned to 
divi sion B, but pillowed amphibolites of di vision A occupy its core to the south . 

Lithology 

In the following descriptions the rocks are referred to in term s of their 
original lithol ogies as far as it has been possible to deduce them. Mineralogic 
compositions are di scussed in the section on metamorphism as the mineralogy of 
any one rock va ries from pl ace to place according to metamorphic grade. In 
genera l it should be kept in mind th at the mafic volcanic rocks of divi sion A are 
now mainly am phibolites, that the rocks of divi sion B are now platy o r dense 
quartzo-fcldspathic rocks, calc-silicate rocks, or micaceous qu artz-feldspar schists, 
and th at the rnetasedirnents of di vis ion C ra nge through phyllites, schists, and 
gneisses. Preservati on of primary structures has been the key to und erstanding the 
origin al nature of these rocks. Where this is lacking, their origin s have been de
duced by ex trapolation or are left in doubt . 

Division A ( 4). Ma fi e flow and pyroclastic rocks make up the bulk of div ision A. 
A few flows are porphyritic, with plagioclase phenocrysts, and some a re amygda
loidal. Most flows have pillow structure and nearly everywhere the pillows are con
siderably fl attened (Fig. 1 ). Thin layers of mafic rock that wea ther to give pitted 
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W . W . Heywood, 4-3-63 

FIGURE 1. Flattened pillows in amphibolites of divi sion A, a mile south of the west end of Brislane Lake. 
The hammer handle is 14 inches long. 

A. Dav idson, 7-9-62 

FIGURE 2. Flattened mafic agglomerate of division A, 2 miles north of the north end of th e body of 
mel a -tona lite (1). Fragments are composed chiefly of fine-grained hornblende and pla 
gioclase. Darker matri x is ri ch in biotite . Th e pencil is 6 inches long. 

97713-31 
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or rubbl y surfaces may represent flow tops. A mile south of the west end of Brislane 
Lake, layers and lenses of coarse breccia with Jeucocra tic fr agments are intercala
ted with pillowed flows. M ost of the fragments a re fine grained , but a few have a 
distinct granitic character. 

Although stratigraphy within divi sion A is not uniform, in general dark 
green pil lowed fl ows make up most of the lower part of the division, giving way 
up-secti on to coarse mafic fragmenta l rocks inte rcalated with greenish grey pillowed 
flows whose pillows are sma ller th an th ose of the dark green fl ows. M afic pyroclastic 
rocks a re now representd by heterogeneou s rocks whose fresh surfaces show vague 
patches of different composition , some rich in amphibo le, some in biotite, and others 
in quartz and feldspar. On outcrop surfaces the fragments are commonl y emph a-
ized by weathering and stand in reli ef above the matrix (Fig. 2). 

Layers of fin e-grained fe lsic rock, with o r without scattered quartz a nd 
feldspar crystal s of medium grain size, are present among the m afic roc ks in pl aces . 
A few of these bodies cut across pillow strat ification and are inte rpreted as dykes. 
Most are concordant and m ay be either sill s or tuff beds. A few of the la rger 
bodies are qua rtz-feldspar porphyry. Those tha t are la rge enough to show on the 
accompanying m ap a re ass igned to an intrusive ph ase re lated to divi sion B (Sc). 
As has already been mentioned , a few mafic dykes or sills ( 4a) were recognized 
within the pill owed flows. 

T he amphibolites that o utcrop in the north wes t co rner of the map-area are 
fine-grai ned , da rk green rocks. Some are massive, o thers a re laye red , and al though 
primary volcanic structures were not recognized in the field , they a re lithologically 
simil a r to the amphibolites with flattened pillows o n the east side of Indian 
Mounta in Lake and have been ass igned to divi sion A. 

Three chemi cal analyses of am phibo lites from fl ows nea r Indian M ountain 
La ke indicate tha t these rocks have compositions o f i ro n-rich aluminous basa lts 
(Tabl e l ). The lighter co lou red pill owed flows in the upper part of di vis ion A a re 
probably andes itic o r daci ti c in compositi on. 

Division B (5). Di vis io n B has been divided into two units a lo ng the east and sou th 
sides of the volca nic belt eas t of Indi an M ounta in L a ke. The lower un it (Sa) 
conta in s fin e-gra ined, grey , mass ive to pl aty rocks characterized in most pl aces by 
about five per cent, but ra rely by as much as 20 per cent, clea r, round quartz 
gra in s between 1 mm and 4 mm in di a meter. So me of these rocks conta in simil ar 
sized crystal s of plagioclase as well as qu artz, and othe rs conta in onl y pl agiocl ase . 
One chemical analys is of pl agioclase porph yry (Tab le l , co lumn 4) indicates tha t 
it is a highl y a lu minous rock of andes itic compos iti on. Thin sections show that 
these c rystals li e in a very fine gra ined groundmass of qu artz and plagioclase with 
variable propo rtions of bio tite, mu scovite, and K-fe ldspar. Po rphyroblasts of 
ga rnet and , mo re ra re ly, ho rnblende or cummington ite a re present in some rocks. 

The upper unit of divi sio n B (S b ) is cha racte rized by coarse fragme ntal 
roc ks, com monl y with ca lcite ce ment, a nd by sili ceous or pure lim estone. Fragments 
a re eas il y recognized in some rocks but in others h ave been reduced to plates or 
rods by deformation. Fragments ra nge from coa rse and to boulder size and a re 
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comm on ly in the range t inch to 3 inches. They are composed of fine-grained, 
grey rocks simil ar to those of unit (Sa), but usually Jack the quartz and feldspar 
eyes. Siliceous limestone layers are in te rcalated with the breccias towards the top of 

the unit (Fig. 3). In several place , nearl y pure, laye red lime tone is exposed at 
the top of the unit and lies directly below pelites and sem ipelites of divi sion C. 

W . W . Heywood, 2-9-6 3 

FIGURE 3 . Crystalline limestone of the upper part o f d ivision B (unit 5 b ), exposed on the east side of 
the hill al the southeast corner of Bri slan e Lake. The li mestone contains pods and bands 
of fine-grained quartzo-feldspathic rock that may represent vo lcanic bombs an d luff 
interb eds. Th e hammer handle is 14 inches lo ng . 

Division B is much thinner o n the west side of the Indi an Mountain Lake 

volcan ic belt than on the east side. Although the same stratigraphic succession is 
p resent, it was fo und impracti cable to separate units (Sa) and (Sb) for m apping 

purposes and they are included together in unit (S). The sma ller thickness may be 
in part d ue to stratigraphic thinning, but is certainly in part due to severe shearing 
and mylonitization. M any of these rocks are finely layered, cher ty-looking rocks 

with ra re feldspar eyes and thin quartz lenses. Breccia has been reduced to a 

laye red rock cons isting of thin siliceous fl akes in a calcite matrix. 

11 



GEOLOGY OF BENJAM I N LAKE MAP-AREA 

TABLE I Chemical a11alyses of metavolca11ic rocks 

Si0 2 
Ti02 
A l20 3 
Fe20 3 ( I) 
MnO 
MgO 
Cao 
Na20 
K 10 
HzO (2) 
P20 5 

-----------

Total Wt 3 

( I ) Total Fe as Fc20 3 
(2) Total H10 

47. 7 
I . 5 

18.3 
14.6 
0 .3 
6.4 

10 .0 
2.9 
0 .2 
I .4 
0. 1 

103 .4 

J. Fi ne-gra ined amph ibolitc fro m divis ion A 
2. M ediu m-grained amphibolite fro111 di vision A 

2 

48. 5 
J. 5 

17.8 
13.7 
0.3 
6.3 

10.4 
2 .6 
0.6 
1.6 
0.1 

103 .4 

3. Fine-grai ned pillowed amphibolitc from di vision A 
4. Pl agioclase porphy ry from flo w in lower part of division B 

3 4 

43 .5 61. 5 
2 .1 0. 7 

16.3 21.0 
16.8 4.9 
0.4 0. 1 
6.6 I . 3 
9.7 4. 7 
2.6 3.3 
0.4 0.6 
2. I 
0.2 0 .1 

100 .7 98.2 

Analyses made by t he Anal yt ical Che111ist ry Section , G eological Survey of Canada. Na20 , H20 and 
P20 5 analyzed by che 111 ica l methods; other elements ana lyzcd by K -ray fl uorescence 

Dykes, sills, and irregular masses of quartz-feldspar porphyry within division 
A have been mapped separately (Sc). They probably represent an intrusive phase 
related to the vulcanism th at produced the fe lsic flow and pyroclastic rocks of 
division B. They may be present within division B, but if so, they are indistinguish
able from the porphyritic rocks and crys tal tuffs. 

The belt of rocks (5d) mapped as division B in the south-central part of 
the map-area presents some problems of origin. Most of the rocks exposed there 
are very fine gra ined and equigranular, medium to light grey or pinkish grey, and 
show little internal structure except for fa int colour banding. They are composed 
predominantly of quartz and feldspar with only minor amounts of biotite. In 
places, these rocks conta in porphyrobla ts of garnet and hornblende that are 
commonly arranged in lenticular or irregul ar patches and streaks. Scattered 
throughout the belt are discontinuous layers of coarse-grained garnet amphibolite, 
limestone, and fe lsic brecci a. 

Division C ( 6). Division C is a heterogeneous unit containmg a va riety of meta
morphosed sediments. The nature of the origin al sediments is clear in the area of 
low metamorphic grade south of Indi an Hill L ake. Dark grey a rgillite, grey 
greywacke, and buff-grey impure quartzite are the most common rock types . Most 
of the sandy sediments are fine grained and poorly sorted. Graded beddi ng is a 
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common feature of the greywackes and is useful for determining stratigraphic tops. 
Individual graded beds are uniform. Bed thicknesses range from a fraction of an 
inch to many feet and are commonly in the range of 3 to 18 inches. Units of 
massive, indistinctly bedded greywacke, massive to finely lamin ated slate and 
argi!Jite, and well bedded, in part crossbedded, impure quartzite are intercal ated 
with the graded greywackes. Present in a few places are thin units of purplish 
grey calcareous greywacke and black graphitic slate. In the coarser parts of the 
thicker graded greywackes are layers of concretions up to 6 inches in diameter. 
Erosive sedimentary features are preserved in places at the interfaces between 
graded beds and include flute casts, scour-and-fill structures, and plucked shale 
chips. Some argillites have convoluted lamin ae that are reminiscent of soft sedi
ment deformation. 

Many of the sedimentary features described above are remarkably well 
preserved in the eq uivalent metagreywackes and knotted schi sts at higher meta
morphic grade, as illustrated by Figu res 4 to 7. 

Structural R elations 

So far as is known from top determinations, divisions A, B, and C are 
stratigraphically conformable within the Benjamin Lake map-area. The contact 
between divisions A and B, although gradational , is fa irly well defined except 
west and northwest of the north end of Brislane Lake. There quartzo-feldspathic 
rocks are intertongued with mafic pyroc lastic rocks and the upper contact of 
division A is drawn where the mafic rocks become subordinate. Top determi
nations on pillow structures in division A indicate that division B is the younger. 
The contact between divisions B and C is exposed in a few places. Detrital 
sed iments lie conformably on top of limestone or calcite-cemented breccia. Top 
determinations in sediments close to the contact confirm that division C is the 
younger. In places, however, divisions B and C are probably in fault contact. 
Although units of different sedimentary rocks are definable in places within 
division C, it was found impracticable to separate them into lithologic units at the 
present scale of mapping. 

Age and Correlation 

The Yellowknife Group is of Archean age. In the southern part of the Slave 
Province it is intruded by granitic rocks for which ages of about 2.5 billion years 
have been determined (S tockwell, 1964). 

Although not connected at the surface with the type section at Yellowknife, 
the volcanjc and sedimentary rocks of the Benjamin Lake map-area can be con
fidently refe rred to the Yellowknife Group on the basis of similarity in both 
lithology and stratigraphic succession . The neares t similar successions are near Cam
sell Lake, 30 miles to the northwest (Henderson, 1944), and north of MacKay 
Lake, 65 miles to the north (Moore, 1956). 

Within the map-area, the correlation of the belt of rocks of uillt 5d with 
divi sion B of the Yellowknife Group is in some doubt. Although limestone and 
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A. Da vidson, 2-3-62 

FIGURE 4. Cord ierite knotted schi st deri ved from thin- bedded greywackes. Graded bedding ind icates 
that top s are to th e right of th e photograph. Diagonal markings are g lacia l striae. Location 
is 1 t mile s sou th of the southwest end of Benja min Lake. The hand -le ns is an inch in di a meter. 

A. Davidson , 6-1-63 

FIGURE 5. Cordierite-ondalusite knotted hornfe ls d erived from thin-bed d e d greywocke s. Graded 
bedding is prese rved ond top s are towords the top of th e photog raph . Note :hat the 
cordierite and anda lusite porphyro bla sts are concentrated in th e upp er, o rig inally fine r 
groined ports of ~h e beds. Locati on is 2.1 mil es eost-northeast of the north e nd of Susu Lake , 
and the o utcrop is 300 fe et from the contact of a sma ll g ronodiorite stock . The sco le is 
6 inches lon g. 



A. Davidson, 7-11 -63 

FIGURE 6. Well-preserved flute cast in melagreywacke from which it can be determined that the beds 
face towards the top of the photograph. The loca lian is three quart er mile northeast of the 
north end of Susu Lake . 

A. Davidson, 7-2-62 

FIGURE 7 . Crassbedding in impure quortzites 4 miles east-southeast of the north en d of Susu Lake. 
Th e p e ncil is 6 inches long. 
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felsic volcanic breccia occur in both units 5 and Sd, the gross lithologies of the 
two units are dissimilar. H owever , the presence of mafic pillowed flo ws in the core 
of this belt so uth of the map-area (Wright, 1951) suggests th at unit Sd occupies a 
similar stra tigraphic pos ition to that of division B near Indi an Mountain L ake. 
Previously mapped with the volcanic divi sions (H enderson, 1944 ), the rocks of unit 
Sd a re for the most pa rt probabl y of sedimentary origin , perhaps derived from very 
fine grain ed limy sands and silts. 

Meta-diabase (7) 

Meta-diabase is exposed in several outcrops nea r the southwest end of Benja
min Lake. Jn one place it has the form of a ve rtical dyke at least 250 feet thick that 
strikes northwesterly. This dyke can not be traced far and the pattern of outcrop 
of meta-diabase suggests th at it has been broken into segments. Dia basic texture and 
fine-gra ined margins arc preserved in places but elsewhere t he rock is a medium
gra ined , greenish grey schist contai ning much pale green, fibrou s amphibole. Th in 
sections show the meta-d iabase to be composed chiefly of pale green hornblende, 
andesine, and minor quartz and biotite. As this mineral assemblage is compatible 
with the metamorph ic grade of the neighbouring metasediments of d ivision C, it is 
possible that the dyke was in truded prior to metamorphi sm. Age relations to the 
gra nitic rocks a re not known directl y as meta-d iabase was seen in contact with the 
stock of granod iorite immediately to the north . 

Granitic and Migmatitic Rocks (9, 8) 

Distribution 

About 27 per cent of the map-area is underlain by granitic rocks and about 
3 per cent by migmatitic . The gran itic rocks are exposed chiefly at the east and 
west sides of the a rea where they fo rm parts of more extensive gra ni tic terrancs 
that border the northerly trending belt of Yellowknife rocks. 

Parts of two plutons project in to the map-area on the the west side of Indi an 
Mountain Lake. The largest graniti c body in the eastern part lies east of Waldron 
River. The Yellowknife metasediments bordering thi s pluton contain many small 
granodiorite stocks. For the most part, migmatites are local border phases of 
homogeneous pluton s and are of the agmatite type. H owever, in the south west and 
northeast co rners, relatively wide zones of migmatitic gneiss are developed which 
appear to grade into foliated granitic rocks that extend beyond the limits of the 

map-area. 

Lithology 

Most of the granitic rocks are medium grained, massive, and homogeneous. 
Two distinctive types are pink to cream, porphyritic ( microcline) biotite grano
diorite to adamellite (9A) , and grey to pinkish grey, equi granular biotite granodio
rite (9C). The former (9 A ) comprises the large pluton east of Waldron River, two 
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s maller bodies to the north and south of this pluton , and all the granitic masses in 
the western part of the area except for part of one pluton west of the narrows of 
Indian Mountain Lake which is to grey, equigranular granodiorite. The latter (9C) 
is the predomin ant rock of the small stocks in the east half of the map-a rea. 

The porphyritic type (9A) contains pink to cream microcline megacrysts 
between one half and one inch in diameter th at form up to 20 per cent of the 
rocks. Mcgacrysts are not o ri ented and commonly include grains of other minerals 
arranged in zones parall el to microcl ine crystal faces. Pink to white plagioclase is 
compl exly zoned and ranges in composition from An 28 to An 1:; . Plagioclase nor
mally consti tutes between 40 and 50 per cent of the rocks and clear quartz between 
20 and 35 per cent. Greenish black biotite, the onl y mafic mineral, occurs as 
scattered single crystals . Small amounts of muscovite are present near the margins 
of the plutons. Apatite, magnetite, sphene, and allan ite arc the accessory minerals; 
chlorite, serici te, and epidotc arc secondary. Medium- to fine-grained, pink, equi
gran ul ar granodiorite is exposed near some contacts. Di ffuse microcline megacrysts 
appear in the rocks a few hundred feet inside the contacts and increase in size, 
amount, and idi omorphism towards the central parts of the plutons. The contact 
facies of the porphyritic granodiorite is foliated along the southwest contact of the 
batholith east of Waldron River but elsewhere is massive. 

Equigranular granodio ritc (9C) lacks conspicuous microcline crystals but 
is otherwise si milar in texture to the porphyritic type. ormall y grey throughout 
the smaller stocks, it grades from grey near the margins to pin_kish grey near the 
centres of the larger stocks. Change in colour of plagioclase is responsible for this 
colour zoning and is concomitant with an increase in the microcline content from 
about 5 per cent at the margins to as mu ch as 15 per cent in the cores. The micro
cline is white and forms large, irregular, highly poiki litic crystals. In some 
specim ens, euhedral quartz crystals embedded in microcline have the hexagonal 
bipyramidal habit typical of ,B-guartz. 

A third type of granitic rock (9B ) is fine- to medium-gra ined, equigranular, 
fo li ated, grey-white biotite-muscovite adamellite, which forms a small pluton in 

the southeast part of the map-a rea. It is associated with irregular patches of 
pegmatite and grades into pegmatite at its narrowing eastern extremity. The 
plagioclase component is albite (An.no) and it contains as much as 15 per cent 
muscovite. Accessory tourm aline and green apatite are abundant enough to be 
identified in some hand specimens. The related pegmatites (9B) are normally 
white, very coarse grained, and contain graphically intergrown quartz and micro
cline, cleavelandite, and mu scovitc ; here and there smaller amounts of biotite, 
tourmaline, apatite, beryl, ga rnet, and columbite are found. 

A foULih type of granitic rock (9D) is medium-gra ined, equigranular, grey 
to dark grey biotite granodiorite to hornblende-biotite tonalite. It forms the matrix 
of part of the body of agmatite in the southeast and also forms the bulk of the 

granitic body in the extreme northeast where it contains numerous, irregular 
pegmatites that comprise up to 50 per cent of some outcrops. 
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Agmatite is present at the margins of some of the larger plutons, is al o 
associated with some of the small stocks, and fo rms an irregular mass in the 
southeast corner of the map-area. Included blocks of country rock are angular 
and range in size from a few inches to over 100 feet. R eli ct bedding shows th at 
the blocks have rotated wi th respect to one another. In most places the included 
blocks appear to float in a granitic matrix similar in character to the nearby 
homogeneous graniti c rocks. At the easte rn margin of the p orph yriti c granodio rite 
pluton (9 A ) west of Indian M ountain Lake agmatite shows a pro nounced gra
dation from sedimentary schi sts with irregul ar gra nodiorite dykes near the outer 
contact to porphyritic gra nod iorite wi th scattered inclu sions some 1,000 feet from 
the contact. Some of the small granodiorite stocks (9C) are elongate in plan and 
their distal ends are agmatite formed by anastomosing dykes of granodiorite that 
are commonly fine grained and con tain sma ll pl agioclase phenocrysts. One 
elonga te stock in the southeast p art of the map-area con tains numerous inclusions 
throughout its mass. The relatively large area underlain by agmatite in the southeast 
corner of the map-area is divided into two types on the basis of the nature of the 
granitic matrix . P art of the agmati te (9A) is apparently related to a homogeneou 
pluton of po rphyritic granodiorite to the southwest. The other part (90 ) has a 
matri x of equigranul ar, grey to dark grey granodi orite or tonalite, in place 
containing hornblende rock that is unlike the rocks of any other pluton exposed 
within thi s part of the map-a rea. 

In the southwest and no rtheast corners metased iments of the Yellowkni fe 
Group, divi sion C, grade into banded gneisses a nd migmatites (Sc) , in which 
graniti c bands a nd lenses are para ll el to relict bedding and gneissic banding. In 
the northeast corner, the migmatites themselves grade northeastwards into foliated 
granodiorite (90 ) th at contain biotite-rich schlieren. T his gradation from meta
sediments withou t granitic lenses to foliated granodi orite takes pl ace across a 
surface distance of about 5,000 fee t. 

In the southwest part of the map-area, banded gneisses and migmatites have 
fo rm ed fro m all divi sions of the Yellowkni fe Gro up . In some places the host rock 
ca n be assigned to division A , B , or C, but in most places metasomatic altera tion 
has rendered this distincti on impossible, especially between divisions B and C. 
Migmatites derived from di vision A, are commonl y rich in hornblende and more 
easily distingui shed than the othe r two . The change from metasediments to 
migmatite gneiss is grada tional nea r the southern boundary of the map-area, and 
in the ex treme southwest corner the rocks are medium- to coarse-grained banded 
gneisses with alte rn at ing qu artzo-fe ldspathic and biotite-rich layers. Small plutons 
of relatively homogeneous, pink, porphyritic granodi orite (9A) are present in 
places. 

Structural R elations 

Most of the grarn t1 c p lu tons are internally structureless and relatively 
homogeneous. Plutons of uni t 9A have either narrow marginal zones of slightly 
finer grained rocks aga inst sharp contacts or h ave narrow zones of contact agmatite. 
The southwestern contact zone of the batholi th east of Waldron River is foli ated 
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in part and grades inwards to massive granodiorite a few hundred feet from the 
contact. Inclusions are rare and usually small. The larger stocks of granodiorite 
(9C) show a weakly developed , concentric mineralogical zoning with a slight 
enrichment of K-feldspar in the cores of the plutons. 

Most granitic plutons have closely spaced, near-vertical joints in some parts 
a nd poorly developed, irregular joints in others. In addition, master joints with 
shallow to moderate dips are present in places. The pronounced curvature of topo
graphic lineaments near the southern part of the batholith (9A) eas t of Waldron 
River is due to two sets of curved joints, one concave with shallow northwesterly 
dip, the other convex with moderate southeasterly dip. The two granodiorite stocks 
( 9C) near the centre of the southern boundary of the map-area have peripheral , 
gently curved, concave master joints that dip sou ther ly at very low angles. Closely 
spaced, vertical joints, along which the granitic rocks are reddened and altered, are 
para llel to northeast-trending faults. 

Except for the body of granodiorite (9D) in the northeast corner, whose 
contact is gradational with migmatitic gneiss, observed contacts are sharp and have 
intrusive characteristics. The stocks (9C) have grossly concordant contacts but in 
detail there are sma ll discordances. Th larger stocks of unit 9C with oval plan ex
hibit 'wrap-around' st ructure, with bedding in division C ( 6) dividing around them . 
Sedimentary top determinations indicate that some of the stocks occupy cores of 
anticlines but that others are within one limb of a fold or perhaps have displaced 
several folds. Bedding turns from its northerly strike towards the southwest contact 
of the batholith (9A) east of Waldron River an d towards the east contact of the 
pluton (9A) west of Indian Mountai n Lake. Bedding is buckled agai nst these 
contacts, in the latter case with the formation of contact agmatite. Plutons of units 
9A and 9C were not seen in contact and in several places it is known that screens 
of sedimentary schist sepa rate them. Where grey granodiorite stocks (9C) are 
close to plutons of pink, porphyritic granod iorite (9A), the former are generally 
fo li ated subparall el to the nea rby contact of unit 9A. 

White pegmatites (9B) occur in three swarms within the map-area. Within 
the body of grey granod iorite (9D) in the northeast corner, pegmatites are 
abundant and irregular in shape and orienta tion ; they have a si mple mineralogy 
and contai n onl y graphica ll y intergrown microcline perthite and qu artz with large 
books of muscovite. To the southwest they have a more constant southwest strike. 
become smaller a nd less numerous , and are absent beyond about 11- miles from the 
gradation al contact between the granodiorite (9D) and the migmatitic gneisses . 
The most southwesterly pegmatitcs contain appreciable amounts of tourmaline, 
garnet, and apatite , in addition to quartz, feldspar, and muscovite. In the southeast, 
pegmatites are numerous close to the borders of the large porphyritic granodiorite 
pluton (9A) but not with in it, and are generall y concordant with bedding in 
division C (6). To the south west they decrease in size and number and strike 
southwesterly across the northerly trend of the metasediments. In the southwest 
part of the map-area, small chiefly discordant, simple pegmatites are widely 
scattered but are most numerous near the gradational boundary between the 
metasediments and the migm at ite gneisses. 
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Most of the larger plutons are roughly oval in plan , and are probably either 
dome-shaped or pipe-like. Some of the smaller stocks are narrow, elongate in plan, 
and have the form of short, thick dykes . It is suggested that magma was first 
introduced along relatively narrow zones and subsequently swelled in place to 
produce dome- or pipe-like plutons th at accomm odated themselves by pushing 
aside the already deformed country rocks. By this interpretation the narrow tocks 
represent the loci of introduction of magma th at for some reason did not swell . I t 
is possible th at the narrow stocks widen at depth , or even that they are the stem 
of more bulbous intrusions th at have since been eroded. 

Gradational contacts and the formation of migmatites are probably function 
f both relatively high temperatu re and of metasomatic activity. In the northeast 

corner of the map-area, the gradational nature of the contact between migmatite 
gneisses (8c) and granod iorite (9D ) was pro bably brought about by meta
somatism th at accompanied the introduction of the granodiorite . Evidence in the 
southwest corner suggests that the migmatites were for med before the introduction 
of granodiorite magma which there formed di stinct plutons. Granitoid lenses in the 
migmatites may have formed in situ by segregation, but the disappearance of the 
aluminous minerals sillimanite and cordierite is perhaps best explained by invoking 
the introduction of water and alkalis which reacted with these minerals to give 
plagioclase, biotite, and muscovite. 

A ge and Sequence of Emplacement 

Four potass ium-argon age determinations of the granitic rocks were made 
by the Geological Survey of Canada (Wanless, et al. , 1965) (see Table II ). 

TA BLE II Po1assiu111-argon ages of granilic rocks from Benjamin Lake map-area 

Map-u nit I R ock Type Locat ion I Mineral dated \ Age (m .y.) 

9A Pink, porphyritic biotite granodior ite ... 63°05'30"N biotite 2 , 525 ± 80 
J I 0°33 '30"W 

9B Pegmat ite . 63° I 3'20"N muscovite 2 , 625 ± 80 
110°33'W 

9C Pin kish grey, equigra nular bioti te l 63°09 ' biotite 2 , 455 ± 80 
gra nod iorite 110°33'W 

9C Light grey, equ igra nular biotite grano- 63°02 '25"N biotite 2 , 525 ± 80 
dior ite 110°35'W 
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GENERAL GEOLOGY 

Age determinations of rocks this old cannot at present be expected to differ
entiate between plutons that are closely related in time. The results, however, 
indicate that these granitic rocks belong to one major intru sive episode. The ages 
are similar to those obtained elsewhere in the southern part of the Slave Province 
(Stockwell, 1964). 

Although granitic rocks of different type were rarely seen in contact, the 
sequence of emplacement can be deduced by other means. Plutons of unit 9A 
are homogeneo us and massive and are not cut by the large white pegmatites 
(9B). Pegmatites are intimately associated with the body of biotite-muscovite 
adamellite (9B) and cut plutons of units 9C and 9D. Plutons of unit 9C 
commonly are foliated close to massive plutons of unit 9A, notably in the northeast 
part of the area. The migmatitic gneisses that border and are parallel to the 
foliated granod iorite (9D) in the northeast corner are cut discordantly by the 
stock of massive, homogen ous, porphyritic granod iorite (9A) to the west. 
The stock of grey, equigranular granodiorite (9C) that occurs within the agmatite 
( 9D) in the southeast corner is foliated and both units are cut by numerous 
pegmatites (9B). The same pegmatites, however, do not cut the pink, porphyritic 
granodiorite pluton or its associated agmatite (9A) to the southwest. In summary, 
the order of intrusion in the eastern half of the map-area is considered to have 
been as follows: 1) foliated granodiori te (9D ) with formation of marginal mig
matitic gneiss in the northeast corner ; granodiorite and quartz diorite agmatite 
(9D) in the southeast corner; age relations of these two bodies are not known ; 
2) small stocks of grey granodiorite (9C) and associated agmatite; 3) pegmatites 
(9B) and the associated body of biotite-muscovite adamellite (9B), the latter 
probably being a fo reru nner of the intrus ion of 4) larger plutons of massive, pink, 
porphyritic granodiorite to adamellite (9A). 

Age relations between granitic rocks in the western part of the map-area 
are not clea r. Small bodies of porphyritic granodiorite (9A) cut the migmatite 
gneisses in the south west corner and have fine-grained border phases. There is 
no evidence to suggest which is the yo unger of the two plutons west of Indian 
Mountain Lake. 

Diabase, Quartz Di abase (10) 

Vertical dykes of brown-weathering diabase cut all other rocks wi thin the map
area. A few dykes strike northeasterly, but the most prominent set strikes north
northwesterly and belongs to the M ackenzie dyke swarm of Fahrig, et al. (1965). 
The main dykes range from about 40 to more than 300 feet thick and can be 
traced for many miles. Much thinner dykes, some onl y a few inches thick, were 
observed in places. 

In most dykes, dark grey basalt in the narrow chilled margins grades inwards 
to med ium-gra ined , equigranular, greeni sh grey gabbro wi th pronounced diabasic 
texture. M ost thin sections reveal the presence of interstitial quartz and micro
pegmatite between altered grains of plagioclase and pyroxene. Ura litic hornblende 
and secondary biot ite and chlorite commonly have replaced pyroxene. One dyke 
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( 10a) in the north west corner is in part composed of norm al-looking diabase 
and in part of a reddish granophyric diabase differentiate. Another dyke ( lOb ) 
in the southeast contains altered olivine as well as plagioclase and pyroxene, and 
in addition has large amygdules fill ed with calcite, quartz, and chalcedony. 

A radiometric age of 1,245 ± 75 m.y. has been reported for the large dyke 
of the Mackenzie swarm at the south side of Benjamin Lake, 63 °08'N and 
110°14'W ( not 110°4 l 'W as previously reported in Wanless , et al. , 1965 , 
p. 42 ) . 
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STRUCTURE 

Folds 

Within the map-area , planar structures in the Yellowknife Group strike 
northerly except north of Benjamin Lake where they swing to the east. These 
structures dip away from the marginal gran itic terranes, steepening towards the 
central part of the Yellowknife belt where they are vertical. 

A major complex anticline exposes volcanic divisions A and B of the 
Yellowknife Group in the western part of the area. The volcanic rocks are disposed 
about a core of meta-tonalite (1) in the form of a dome. North of the core, the 
plunge of the major fold axis ch anges gradually from northerly through steep 
easterly to southerly, so that the anticline turns over along its length. Subsidiary 
folds are formed where the volcanic rocks bend around the north end of the 
meta-tonalite core ( see Fig. 8) A corresponding syncline to the south west is 
arched southwest of the meta-tonalite body so that divi sion A is exposed at the 
crest of the arch whereas division C is exposed in the trough of the syncline 
to the northwest and southeast of the crest. Faulti ng and the formation of 
migmatites have greatly complica ted thi s structure. The volcanic rocks have 
been deformed by penetrative movement which caused original structures such 
as pillows and fragments to become flattened. Flattening is pronounced along the 
east flank of the meta-tonalite dome. lt is especially severe along the whole west 
flank of the anticline where pillowed rocks a re reduced to thinl y layered amphi
bolites and the acidic rocks of division B are mylonitized in pl aces. In the crest of 
the arched syncline southwest of the dome, pillows and fragments are stretched 
into co'.umns or rods, forming a prominent linea tion that plunges steeply to the 
southeast. At the north end of the meta-tonalite body, pillows appear little deformed 
in flows that dip gently to the north. It seems as if they were protected by their 
proximity to the meta-tonalite body which , although deformed in places, probably 
behaved as a relat ively rigid block during deformation. 

NORTH 

0 Miles 3 

FIGURE 8. Simplified stru ctural diag ram of major anticline between Indian Mountain an d Brislane Lakes. 
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Another m ajor anticlinal structure exposes unit Sd, tentatively correlated 
with division B, in the central-southern part of the map-area. This structure 
probably consists of a number of closely spaced folds whose ax ial surfaces dip 
modera tely to the east and whose axes plunge northeasterly. 

The sediments of divi sion C have been deformed into much ti ghter and 
more closely spaced fo ld s than are present in the more competent volcanic rocks. 
Fold hinges are ra rely exposed, although numerous folds are indicated by series 
of graded beds that face alternately to the east and west. Bedding is well preserved, 
especially in the sandy rocks, a nd small-scale sedimentary structures do not 
appea r to have been deformed. E quant detrital grai ns in greywackes are separated 
by fine-grained matrix. Shale fragments are preserved in the ba al parts of some 
graded beds. T hi s ev idence suggests that much of the movement during deforma
tion took place along bedd ing and shear surfaces . It is probable that penetrati ve 
movement was confined to the argillaceous sediments . Contin uous fold traces in 
division C can rare ly be m ap ped, and those shown on the accompanying m ap 
have been inferred from sedimenta ry top determinations. Even in areas with 
much outcrop, tracing of folds in division C is hindered by lack of ma rker horizons 
and by the probability th at many of the fold co res have been destroyed by 
shearing. The present di sposition of bedding in many places suggests that sli ces 
o f opposi ng fold limb5 arc stacked side b side. It appea rs that continuing com
press ion caused initially fo rmed fl exura l fo lds to become increasi ngly tightl y 
closed until th e prevailing stresses could o nl y be accommodated by shea ring of 
the fo lds with transport of fold sli ces upwards and out of the core of the fold belt. 

The already deformed metasediments have been refolded in the vicinity of 
the granodio rite plutons. Steeply plunging open folds have formed where the 
metasediments bend around the stocks of unit 9C. Whe re the general trend of 
bedding turns towards the southwest contact of the pluton (9 A ) east of Waldron 
River, the metasediments are buckled into a series of folds whose ax ial planes 
are parallel to the contact and which become increasi ngly ti ght and more closely 
spaced as the contact is approached. Figure 9 shows thi s fo ld set and illustra tes 
that both metasediments a nd inter layered pegmat ites have been folded together. 
Foldi ng about the plutons is interpreted as an accommodation fea ture formed 
during forceful intrusion of gra nodio rite magma. 

Cleavage 

T he term cleavage as used here includes sla ty cleavage in the low grade 
metased iments, schistosity in th e knotted schi sts, mica foliation in the gneissic 
rocks, and pl aty cleavage in the mctavolcanic rocks . Nearly everywhere cleavage 
is subparallel to bedding, o r li es at a shallow a ngle with it. Where at an a ngle, 
the stri ke of cleavage is almost in va ri ably di splaced from bedding in an anticlock
wise ~e n se , rega rdless of the direction in whi ch the beds face. It is therefore not 
an axia l plane cleavage of the main folds a nd has a later origin . Jn places, 
however, mesoscopic fo lds whose ax ial surfaces are parallel to cl eavage have 
developed in the limbs of the main folds. The angle between cleavage and the 
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A. Da vidson , 4 -8 -62 

FIG URE 9. l a te folding of meta se d iments and interlayered pegmotites attributed to intrusion of nearby 
g ronodiorite. Th ese fold s are with in one limb of a pre-existing , larg e-sca le fold within th e 
metasediments. Most of th e prominent outcrop s on th e for shore ore of p e gmatite. Th e 
location is l ~ miles southeost of the centre of th e small pluton of uni t 9B in the southea st 
port o f the map-area. 

axia l surfaces of the ea rli e r folds suggests that the fo lds have been rotated. 
Cleavage was for med du ri ng the stage of defo rm ati on when the fo lds had a ttained 
m axi mum c losure a nd when co ntinuing defo rm ation was accomplished by shea ring. 

T hin secti ons show th at cleavage is due to the a lignm ent of th e ea rlier
fo rmed metamorphic minera ls, such as muscovite and chlo rite in the low grade 
metasediments, muscovite in the knotted schi sts, and acicular amphibo le in the 
mafic volcanic rocks. Bi otite po rph yro bl asts are poorl y a ligned in the low grade 

rnetasedi mcnts, but the a li gnment of bi ot ite imp roves with inc reasi ng m etamorphic 

grade. The la rge porphyrobl as ts of andal usite and co rdi e rite in the metasediments 

and of cum mingtonite in the metavo lcanic rocks a re not o ri en ted and commonly 

()Vcrprint the c leavage outlined by the earlie r-form ed minerals. T hu s meta

morphism was synkinematic at firs t, but did not reac h its p~ak until essenti a ll y 

sta ti c cond itio ns prevai led . 

In some places , phyllites and !ates in divi sion C are crenulated. Some 

outcrops of kno tted schi sts ex hibit kink bands . Both crenulation planes and kink 

b ands strike between no rtheas t and east and dip steeply. Cleavage and biotite 
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porphyroblasts are bent around the hinges of crenulations. Cordierite is commonly 
altered along kink band s. These structures are therefore post-metamorphic 
and are not related to the main period of deformation. 

Faults 

Wherever the lithology is varied, as in the southwest, it was observed that 
small valleys commonly separate blocks of different rock types and that 
contacts are offset. In some places, blocks of the same rock type in which 
stratification has markedly different attitudes are separated by valleys. Although 
sheared rocks a re rarely exposed in or at the sides of valleys, such valleys are 
assumed to conceal faults. Except where marked by pronounced alteration, faults 
can rarely be traced within the metasediments of division C or within the homo
geneous granitic rocks, partly on account of uniform lithology and partly becau e 
the rocks are poorly exposed along suspected fa ult traces. 

The most prominent set of faults strikes northeasterly and is subverti cal. 
Where contacts are offset, di splacement is dextral. One fault in the central-
outhern part has a dextral offset of about half a mile. Many of these faults are 

accompanied by alteration zones a few hundred feet wide on either side of a zone 
in which quartz-cemented fault breccia and silicified mylonite outcrop in places. 
In the outer parts of the alteration zones, bi oti te and cordierite in knotted schists. 
are chloritized and plagioclase is sericitized. Towards the central parts of the 
fault zones the schists commonl y have a bleached appearance. Graniti c rocks 
near faults are reddened, constituent bioti te has changed to chlorite, and joints. 
a re coated with epidote. In some places the altered granit ic rocks are laced with 
milky quartz vei nlets. In others, quartz appears to have been leached, leaving 
vuggy, fr iable rocks composed almost entirely of reddened feldspars with scattered 
grains of chlori te. 

Faul ts that preceded intrusion of the granitic rocks have not been recognized . 
All observed faults a re older th an the diabase dykes (JO) . 
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Metamorphic Mineral Assemblages 

Increase in metamorphic grade has caused rocks of different compos1t1ons 
to display different sequences of mineralogic change. Although it is not possible 
to follow any one stratum through the complete metamorphic range, the mafic 
lavas of division A and the pelites and semipelites of division C are distributed 
widely enough and their original natures preserved well enough that their 
respective sequences of mineralogic change with increasing grade can be worked 
out. Division B, however, contains a great variety of rocks whose proportions 
vary, so that it has not been possible to evaluate the different metamorphic 
assemblages derived from any one type in this division. 

In the field, the onl y noticeable changes in the mafic volcanic rocks accom
panying rise in metamorphic grade are a general increase in grain size and the 
presence of garnet and cummingtonite at higher grade. The following description 
of mineralogic changes is based mainly on thin section examination. The lowest 
grade rocks are very fine grained, dark green amphibolites composed predomi
nantly of fibrous amphibole and andesine with minor amounts of quartz, biotite, 
chlorite, and rare epidote. Pillow selvages are characteristically rich in biotite. 
With increasi ng grade, the amphibolites become darker and small garnets appear 
in some pillow selvages at about the same grade that chlorite and epidote 
disappear. The character of the calcic amphibole changes progressively from pale 
blue-green actinolite through blue-green to green hornblende and from fibrous 
to equant prismatic form . Plagioclase becomes more calcic with increasing grade, 
changing from andesine to labradorite. Cummingtonite first appears with horn
blende at what seems to be a definite metamorphic grade; a cummingtonite 
isograd has been drawn on the accompanying map. 

The lowest grade pelites and semipelites of division C are little altered slaty 
argillites and metagreywackes. Thin sections reveal metamorphic chlorite and 
muscovite in all rocks and biotite in most. In the direction of higher grade, the 
amount and size of biotite increase and the slaty argillites grade into biotite
spotted phyllites. The notable change from metagreywackes and phyllites to 
knotted schists is delineated by the cordierite isograd. Cordierite appears first in 
the pelitic rocks as large, ovoid poikiloblasts. Within a few hundred feet of its 
first appearance it is present in all rocks except the most quartzose greywackes. 
The appearance of cordierite is concomitant with the disappearance of fine-grained 
chlorite in the groundmass of the metased iments. Andalusite is rare in the pelitic 
rocks near the cordierite isograd , but becomes increasingly abundant in the 
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direction of higher grade towards the southeast part of the map-area. Staurolite 
was noted with andalusite in two specimens of knotted schist. Sillimanite is the 
next characte ri stic mineral to develop in the knotted schists, initi all y as the form 
fibrolite associated with red-brown biotite, and fin a ll y as p atches of aligned , 
chunky crysta ls that are pseudomo rpho us after andalu site porph yrobl asts. At 
higher grade than the sillimanite isograd , the schists Jose their knotted character 
and grade into fine-grained, banded gneisses and fin a ll y into migmatitic gneisses 
in whi ch cordi erite and sillim anite are rare and restricted to biotite- ri ch laye rs. 

The changing seq uences o f metamo rphic minera ls with increas ing grade 
o utlined above are illustrated in Figure l 0 . It is worth y of note th at, within the 
metagreywackes of divisio n C, amph ibole-bea ring concre tio ns and lenses, probably 
once cemented with ca lcite or dolomite, show the same mineralogic changes as 
do the ma fi c volcanic rocks. 

T he acid ic volcanic rocks of di visio n B , represented mostl y by quartzo
feldspathic schi sts and fi ne-gra ined granulites, do not cha nge much with 
metamo rphic grade. Less felsic members, notably the heterogeneous pyroclastic 
roc ks, have produced (a t higher grade) a vari ety of schi sts and granulites with 
irregul a rl y scatte red lenses, patches, and porph yrobl asts o f coarse ho rnblende, 
cummingto nite, biotite, and ga rnet. Coarse-gra in e=l cumm ingtonite-labrado rite
biotite granulites, some with garnet, nea r the south end of Brislane La ke, may be 
the high grade equi va lents of calca reous tu ffs. Fels ic b reccias cemented with 
ca lcite show surpri singly littl e change with increasing metamo rphic grade; 
sca tte red ga rnet, hornblende, ca lcic pl agioclase, and possibly d iopside gra ins a re 
present in some breccias that a re otherwise composed of fi ne-gra ined quartzo
feldspathic lenses in a coa rse ca lcite mat ri x . 

a ture of M etamo rphism 

M etamo rphism has prod uced , on a regio nal scale, mineral assemblages 
that a re commonl y fo und in contact aureo les. R egio nal metamorp hic grade ranges 
fro m upper greenschist to middle co rdie rite-amphi bol ite fac ies of the low pressure 
anda lusite-si llim anite facies se ries (Miyash iro, l 96 1; Win kler, l 965). The cord ier
ite isograd is well defined within di vision C, as it is elsewhere in the Slave P rovi nce 
(Lord , 1942; H enderson, 194 Jb , 1944) , and is taken to ma rk the begi nning of 
the co rdierite-a mphibolite facies . At higher grade the first appea rance of si lli ma nite 
in d ivision C separates the lower and middle subfac ies of the cordierite
am phibolite fa cies. Within di visio n A, the isograd denoting th e fir st appearance of 
cummingto nite li es within the lower subfacies of the co rdie ri te-amphibolite facies . 

The lowest grade rocks are exposed south of Indi an Hill L a ke. M etamo rphic 
grade rises over a shorter di stance westwa rd than it does eastwa rd. To the west, 
the cord ierite isograd is approx imately parall el to and within about a mile of 
the granod io rite pluton (9A ) wes t of the no rth end o f Indi an M o untain Lake, 
and appears to be rela ted to it. T o the east, it is not obviously rela ted to any 
o ne gra niti c pluton, and has the cha racte r o f a regional isograd . It is between 2 
and 5 miles from the nearest graniti c body, with the exceptio n of the small stock 
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at the wes t end of Benj amin La ke. The western cordierite isograd , projected 
th rough the volcanic divisions parallel to and at a lowe r grade than the cumming
tonite isograd, meets the eastern cordierite isograd near the narrows of Brislane 
Lake. 

In the vicinity of Indi an Mountain Lake the sillim anite isograd is much 
nea rer to the neighbouring pluton s than it is south of Bri slane Lake where it li es 
about 1 t mil es outside the region of migmatitic gneisses and where it is not 
closely related to gran itic plutons. In the eastern part of the map-area, sill imanite 
is present in division C rocks to within a few tens of feet of the small gra nod iorite 
stocks (9C) and to within a few hundred fee t of the batholith (9A) eas t of 
Waldro n Rive r. In additi on to thi s loca l occurrence, it is more widely d istributed 
in the northeast corner of the area in the rocks bordering the migmatiti c gneisse 
and also in the southeast corner. T he latte r sillim anite isograd has been d rawn 
on the accompanying map. 

As noted earli er, andalusite porphyrob lasts are ra re in the knotted schists near 
the cordierite isograd, but become increas ingly abund ant towa rds the southeast. 
Coex isting cordierite and andalusite porph yroblasts were consistently noted during 
field mapping east of a line approx im ately para ll el to and S miles east of the east 
cordierite isograd. The southeas terly increase in the amoun t of andalusite goes 
hand in hand with an in crease in the bi otite content and a decrease in the 
muscovite and cordierite contents of the schi sts. T hi s change seems to be a 
regional metamorphic effect, and need not be attributed to compositional change 
of the rocks because these minerals are related by the equ ation : 

cordierite + muscovite = andalusi te + biotite + quartz. 

The small granodiorite plutons (9C), within rocks of lower cordierite
amphibolite grade, have produced metamorphic aureoles within a qu arter mile 
of their contacts. Aureole rocks a re knotted schists th at have diffe rent appearances 
to the regional knotted schists. Characteristically ri ch in b iotite and andalusite, 
they either have a horn felsic textured groundm ass or are wrinkled schists of 
coarser grain th an the regional knotted schi ts. The recognizable aureole along 
the west side of the batholith east of Waldron Rive r is about half a mile wide 
and contains similar rocks except that they are rarely hornfelsic. 

Distribution of isograds in the western part of the map-area seems to show 
a gradual change in the character of metamorphism from contact type in the north 
to regional type in the south . In the eastern part of the area, the regional character 
of metamorphism is demonstrated by the fact that the individual plutons have 
superimposed aureoles on previously metamorphosed rocks. It is possible that 
the isogradal planes, of which the metamorphic isograds are the surface expression , 
are steeply dipping where closely spaced and shallowly dipping where widely 
spaced, so th at in fact the spacing of the isograds is relatively constant. According 
to thi s interpretation, the shallowly dipping isograds may not be far above a 
large, unexposed granitic mass of which the small stocks are cupolas. H owever , 
although there is no direct fi eld evidence concerning the dip of the isograd 
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surfaces, metamorphism in the so uthwes t part of the map-a rea, where the rocks 
change gradu ally from cordierite knotted schists through sillimanite-bearing 
schists to banded and mi gmatitic gneisses, certainly has a regional character. 
The eastern cordierite isograd appears to be too regular and too far removed 
from the granitic intrusions to the east to be considered as an aureole effect. 

In summ ary, it is considered that the Yellowknife Group was regionally 
metamorphosed before the introduction of the granodiorite p lutons. Granodioritic 
magma, probably generated at depth during metamorphism, worked its way to 
higher levels soon after regional metamorphism had reached its peak. Intrusion 
therefore is not the cause of metamorphism but rather is one effect of the 
tectonism that caused deformation , metamorphi sm, and intrusion in the Benjamin 
Lake map-area. 
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ECONOM1C GEOLOGY 

T he Benjamin Lake map-area has been intensely prospected since the 
discovery of base m eta ls in the a rea south of Bri slane Lake. umerous test pits, 
trenches, and di amond drill sites attest to the interest that has been hown. M os t 
of the work has been concentrated in the metavolcanic and metasedimentary rocks 
of map-units 4 and 5 that extend from Brislane Lake to Indi an Hill Lake, and 
in the m etased imenta ry rocks (5d ) that ex tend no rth fro m Susu L ake. 

Quartz ve in s a nd st ringers are widespread in the knotted schists and horn fels 
of division C but they a re small , di sco ntinuous, a nd not known to conta in 
minera li zati on of interest. 

Indi an M ountai n M etal Mines consist of a group of cl aim s south of Brislane 
Lake, and about 8 miles north of McLeod Bay on Great Slave Lake. Zinc 
minera lization was di scovered in 1948 and in the nex t two yea rs dri lling and 
trenching indicated 270,000 tons of ore conta ining I0.3 % zinc, 0.85 % lead and 
3.45 oz silve r pe r ton ( Irwin , 1952). Mineraliza ti on, exposed intermittently for 
severa l hundred feet a long strike, appears to be concent rated near the crest of 
a no rtherl y plunging anticline on the so uth west limb of a large southeaste rly 
plunging syncline. The host rock is limesto ne or ca lcite cemented acid volcanic 
breccia , now a skarn in pl ace , that under lies a massive qua rtz porphyry unit 
that conta ins clea r quartz eyes. Surface trenching has exposed the ore zone which 
consists of dissemin ated to mass ive pyrite , spha le rite, pyrrhotite, and m inor 
amo unts of ga lena and chalcopyrite. 

Numerous pits an d diamond dri ll sites are loca ted on the west side of Brislane 
Lake and on some of the adjacent islands. Minera lization consists of di ssemin ated 
pyrite, pyrrhotite and cha lcopyrite in metavolca nic rocks that a re probably derived 
fro m both flows and pyroclasti c rocks. Widely scatte red gra ins of chalco pyrite 
a re common in the meta-to na lite ( l ). Chalcopyrite a nd a small amount of second
ary nat ive copper on fracture surfaces we re noted in frost heaved rubble at 
63 °05'30"N, JJ0 °55'15"W. A thin Jens of sph alerite, about a qu arter of an inch 
wide, was obse rved in the same a rea . 

A no rthe rl y trending belt of fo lded metasediments ( unit 5d ) ex tends no rth 
and south from Susu Lake. Several north easte rl y trending dextral fa ults di splace 
these rocks and numerous shea rs a re para ll e l to the regional strike. Crystalline 
limestone beds and lenses ranging from a few inches to a few feet thick are inter
laye red with these metasedimentary rocks. Shallow pits and blast holes a re 
evident in ve ry fine grai ned qu artz in the contact a reas nea r the no rth end of 
Susu Lake, and near the northern end of the unit. T hese rusty, deeply weathered 
rocks contai n disseminated pyrite and, rarely, some pyrrhotite and chalco pyrite . 
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A narrow vein containing small amounts of chalcopyrite and a ll oclas ite in a quartz
s iderite gangue strikes easterl y within unit 5d on the southwes t side of Susu Lake. 
Radiating steel grey needles of the rare mineral alloclasite ( (Co Fe) AsS) fo rm 
small rounded masses th at are coated with erythrite on weathered surfaces. 

Scattered hexagonal prisms of p ale greenish white to cream beryl up to 4 
inches Jong occur in pegmatite dykes at two localities in the southeastern part of 
the map-a rea . One pegmatite contai ns a few crystals of columbite-tantali te. 
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