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EARLY ARCHEAN BASEMENT IN THE CANAD IAN SHIELD: A REVIEW OF THE EVIDENCE 

Abstract 

The natw·e of the basement to Archean volcanic-sedimentai·y (greens tone) belts was 
obscured by the Keno1·an Orogeny 2600 m. y. ago and it is now controversial as to whether 
it was simatic or sialic. Types of evidence observed in the Canadian Shield that suppo1·t 
a sialic nature for the early crust are: 1. Unconformities; in six widely-separated 
localities unconformities between the volcanic-sedimentary assemblages and underlying 
granitoid rocks are evident in outcrop or interpretable from the geology. 2. Source of 
sedimentary materials; sedimentary components of many, or most, greenstone belts have, 
in part, a granitic provenance marked by the p1·esence of granite-bearing conglomerates 
and quartz-rich greywackes. While both are in much greater abundance in the upper parts 
of the successions they may, nevertheless, be present at almost any level. 3. Radiometric 
ages. Ages determined on granitoid rocks in five separate localities of the Superior and 
Slave Provinces exceed 2900 m. y . ; ages markedly older than any yet obtained from the 
greenstone belts. The early sialic crust thus indicated was evidently a soda-rich granitoid 
rock; a tonalite, trondhjemite, or sodic granodiorite. 

A model proposed for development of the greenstone belts envisions a thin, continuous, 
sialic crust upon which a volcanic pile accumulates. Initially, both are below sea level 
and erosion is minimal. Withd1·awal of material as magma from below the crust plus the 
density inversion of basalt over sial causes downwarp and outward spreading of the crust. 
At the base of the downwarp crustal melting begins and feeds plutons which supsequently 
rise through the crust and eventually into the volcanic pile . Crustal swelling and upflexing 
adjacent to the volcanic trough, marking the lateral transfer of material in crust and mantle, 
becomes a source of granitic sediment as it rises to sea level. Ultimately, as volcanism 
wanes, it becomes the major contributor to the "greenstone" succession. 

Resume 

La nature du socle sur lequel reposent les zones volcaniques-sedimentaires de l'Archeen 
(roches vertes) a ete obscurcie par la phase tectonique kenoreenne qui date de 2600 millions 
d'annees, et son origine simique ou sialique suscite maintenant des controverses . Les fails 
observes dans le Bouclier canadien qui tendent d etayer la natw·e sialique de la premiere 
croute sont: 1. Les discordances. Dans six regions tres eloignees les unes des autres, on 
observe, sous /orme d'affleurements, des discordances entre les assemblages volcaniques
sedimentaires et les roches granitoides sous-jacentes, ou bien on peut les interpreter d'apres 
la geologie . 2. La source des materiaux sedimentaires. Les composants sedimentaires d 'une 
grande partie ou de la plupart des zones de roches vertes ont, en partie, une origine 
granitique identifiee par la presence de conglomerats graniteux et de grauwackes riches 
en quartz. Bien que ces deux mint'waux abondent le plus dans les parties superieures des 
successions, il se peut qu 'il y en ail d presque tous les paliers. 3. Ages determines par 
radiometrie. Les ages obtenus par radiometrie des roches granitoi.des de cinq regions 
distinctes, dans les provinces du lac Superieur et des Esclaves, depassent 2900 millions 
d'annees; ces ages sont de beaucoup anterieurs d ceux des zones de roches vertes. La 
premiere croute d'origine sialique ainsi revelee etait, de toute evidence, constituee par une 
roche granitoi"de riche en sodium: tonalite, trondjhemite ou granodiorite sodique. 

Selan un modele qui a ete propose pour expliquer l'apparition des zones de roches vertes, 
representons-nous un croute sialique, mince et continue, sur laquelle se sont accumulees 
des roches volcaniques. Au debut, les deux se t1·ouvent sous le niveau de lamer et l 'erosion 
est minimale. Le 1·etrait des materiaux tels que le magma du dessous de la croute combine 
d l'inversion de densite du basalle au -dessus du sial provoque un affaissement et une 
expansion de la croute vers l 'e:x:tfrieur . A la base de l 'affaissement, la croute commenced 
fondre, nourrissant les roches plutoniques qui montent d travers la croute et, par la suite, 
dans l 'accumulation des roches volcaniques. La croute qui se gonfle et se redresse, de 
chaque cote de la dep1·ession volcanique, marquant le transfe1·t lateral des materiaux dans 
la croute et le manteau, devient une source de sediments g1·anitiques d mesw·e qu'elle se 
rapproche du niveau de la me1·. Enfin, d mesure que le volcanisme s 'affaiblit, cette c1·oute 
devient le principal tributaire de la succession des "roches vertes". 





EARLY ARCHEAN BASEMENT IN THE CANADIAN SHIELD: A REVIEW OF THE EVIDENCE 

INTRODUCTION 

Archcan volcanic-sedimentary bells of the Canadian 
Shield appear to have developed during a rather narrow 
time interval (± 200 m. y.) just prior to the widespread 
Kenoran Orogeny at about 2600 m. y. ag·o . Granitic 
intrusions emplaccd during this orog·eny almost totally 
envelop these belts and the original foundation upon 
which they were deposited is now obscure. The nature 
of that foundation is one of the most intriguing problems 
of the Canadian Shield. Two views are g·enerally held: 
1) the Archean volcanic - sedimentary asscmblag·es were 
deposited directly on, and may include parts of, an 
oceanic crust and 2) they were cm placed on a pre
existing· sialic crust. Support for the first view is 
founded on the chemical similarity of Archean volcanic 
assemblag·es to those of modern ocean floors and island 
arcs. The second view depends upon a fragmentary 
record of early Archean sialic crust imperfectly 
preserved at a few places in the Canadian Shield and 
in addition the evidence for its previous existence 
contained in the sediments of the volcanic - sedimentary 
sequences. Unfortunately the evidence is rarely so 
clear as to be compelling; some measure of interpretation 
is g·enerally necessary. The purpose of the present 

paper is to assemble the evidence for an early Archean 
sialic crust so that it may be judged as a whole. 

Three types of evidence will be presented: 1) that 
which is suggestive of a n unconformity at th e base of 
the Archean volcanic - sedimentary s u ccessions; 2) that 
which is indicative of the presence of sialic crus t during 
the accumulation of th e volcanic sedimentary s uccessions; 
and 3) that which is obtained from radiometric dating. 
First, a general description of the geology of the 
Canadian Shield may be desirable to provide a geologica l 
setti n g for this review. 

GENERAL GEOLOGY OF THE ARCHEAN 
IN THE CANADIAN SHIELD 

Archean rocks occur in six of the seven structural 
provinces of the Canadian Shield (Fig. 1). In th e Bear 
Province there is evidence of deformed and remobilized 
Archean g n eisses in domes in Aphebian metasediments 
near the old Archean craton of the Slave Province 
(Frith et al., 1973). In th e Grenville Province many 
workers have identified deformed Archean supracrustal 
rocks and granitic gneisses in a number of areas along 
the margins of the Superior Province. The extent of 
Archcan rocks in th e Churchill Province is not well 

Archean• Slave. Superior. Nutak 

Proterozoic• Bear. Churchill. 
Grenville, Southern 

Archean volcano-sedimenta ry belts 

Archean volcano-sedi mentary belts 
reworked in Proterozoic 

Figure 1. The major structural provinces of the Canadian Shield adapted from Doug·Ias (1973) 
showing Archcan "gTcenstone" belts. 



defined, but, typical Archean supracrustal sequences 
with associated Archean granitic rocks have been out 
lined in the Kaminak area (Fig. 1) where they are 
overlain unconformably by Aphebian sediments 
(Eade, 1975). Radiometric ages from the granitic rocks 
that cut the supracru stal sequence are Archean 
(Wanless and Eade, 1975). Rocks of probable Archean 
age also occur in Melville Peninsula (at the Prince 
Alb erta Group) and on Baffin Is la nd. 

Larg·e areas of the remaining part of the Churchill 
Province are probably composed of Archean granitic 
g·neisses and highly metamorphosed supracrustal rocks 
but a t the current scale of mapping and with present 
techniques, their precise definition is not yet possible. 

Most of the material in this paper relates to Archean 
rocks in the Slave and Superior s trctctural Provinces 
where the supracrustal rocks, for the most part, have 
been little deformed and metamorphosed since Archean 
tim e . 

In the Slave Province Archean volcanic and sedi 
mentary rocks, a nd their metamorphosed a nd granitized 
equivalents underlie about two - thirds of the 70 OOO 
square mile area of the province (Fig. 2) (McGlynn 
and Henderson, 1970, 1972). The supracrustal sequence 
is part of the Yellowknife Superg-roup (Henderson, 1970) 
which is divisible into groups or formations in areas 
where detai led work has been completed. 

The Yellowknife strata occur in three broad, poorly 
defined zones that are separated by granitic intrusions. 
About 15 to 20 per cent of the Yellowknife Supergroup 
is volcanic in orig·in and the remainder is composed of 
sedimentary rocks. The volcanic rocks are in 18 or 19 
belts, mostly along the margins of sedimentary terranes, 
and typically at the base of the supracrustal sequ ence. 
Thickness of individual belts varies from 300 to 12 OOO m 
but the average thickness of the thickest parts of most 
belts measured is about 3000 m. In most b elts the 
sequence thins along strike, so that in longitudina l 
section a pinch and swell effect is evident , with belts 
wedging· out from centres of volcanism. It is thought 
that the volcanic sequences also wedge out under the 
sediments . The bulk of the acidic lava probably occurs 
in the thickest parts of the volcanic sequence. 

The volcanic stra ta comprise massive mafic lavas, 
commonly basalts, pillowed and variolitic basic lavas 
and fragmental rocks, and intermediate to acidic lavas 
and tuffaceous rocks that include dacities, latites and 
quartz latites. Most of the lava sequence appears to 
be subaqueous. The more acidic s trata commonly are 
near the middle or at the top of the seque nce and in 
most belts studied, form about 15 per cent of the total 
sequence. 

The Archean sedimentary rocks and their metamor
phosed equivalents underlie abou t 60 per cent of the 
Slave Province and comprise about 80 to 85 per cent 
of the supracrustal rocks. They consist of a monotonous 
sequence of immature g-reywack es a nd mudstones with 
minor amounts of cong·lomerates, more mature sand
stones, and carbonates. Typically, the greywacke
mudstone sequence overlies the volcanic rocks 
conformably. The transition is in places, g-radational 
with interbedded flows, tuffaceous beds, and g-reywacke 
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beds occurring between the volcanic a nd typical 
g-reywacke- mudstone sequences . Conglomerates, 
mature sandston es, and carbonate- rich exhalative 
deposits are restricted to this trans ition zone. The 
transition rocks occur not only above the volcanic 
rocks, but probably extend outwards from the volcanic 
piles as they interfinger with time equivalent sediments. 
Because of structural complexity and lack of marker 
horizons in the sediments, thicknesses are difficult to 
define, but estimates range from 300 to 4500 m. 

The greywacke-mudstone facies consists of typical 
turbidites (Henderson, 1970, 1975) of whic h the grey
wackes are composed of angular feldspars, rock 
fragments and quartz in a matrix of chlorite, muscovite, 
and fine grained quartz and feldspar. 

In the transition zone b etween volcanic and 
sedimentary rocks are relatively thin sedime ntary units 
of limited regional extent tha t include wedges of 
conglomera tes , s ha llow water volcanogenic lithic wackes, 
quartzites, calcareou s sedime nts, thought to be exhalite 
deposits for the most part, and locally, iron formations. 
The conglomerates are e longate len ses up to 450 m thick 
that can be traced as far as ten miles. They tend to 
wedge out alo ng s trike and to occur about thick parts 
of the volcanic pile. Boulders are dominantly of volcanic 
rocks of local derivation with some cobbles of greywacke, 
shale , quartz and chert. Well rounded boulders of 
graniti c rock occur locally and in places are major 
component s of the conglomerates . 

Thus, the Archean succession in the Slave Province 
comprises firstly, rather thick sequ e nces of essentially 
basic volcanics that generally are found along margins 
of sedime ntary basins, and secondly , overlying, and in 
part time equivalent, greywacke- mudstone turbidites. 
The sedimentary rocks are folded into variably trending 
folds that are often isoclinal a nd plunge gently . These 
folds are usually refolded about upright axes, nearly 
a t right angles to the first fold axes, yielding steeply 
plunging folds. The volcanic rocks are normally in 
s teep ly - dipping monoclinal successions or in broad 
open folds. The Yellowknife sequence i s intruded by 
granitic rocks that range from quartz diorite to granite 
in composition. Very few ultr amafic intrusions are in 
the sequence. The range of metamorphism is from 
gTeenschist to cordierite amp hibolite facies. Deforma tion, 
intrusion, and metamorphism overlap in tim e. 

In the Superior Province Archean s upracrustal 
rocks are found in a number of easterly - trending belts 
(Fig. 3); most are predominantly volcanic rocks but 
some are dominantly sedimentary rocks or their meta
morphosed equivale nts. Although the stratigraphy of 
the s upracrustal rocks is known in many areas, it is 
difficult to establish a stratigraphy for a ny single belt 
or for the province as a whole b ecau se of s tructural 
complexity a nd rapid facies c h anges. 

Within th e volcanic-rich belts the principal elements 
are flow s a nd pyroclastics of the basalt-andesite-dacite
rhyolite associa tion that commonly occur in mafic to 
felsic cycles . These volcanic strata are intercalated, 
especially in upper parts of seque nces, with greywacke
mudstones, tuffs, conglomerate, and iron formation. 
Massive and pillowed basalts are dominant in the lower 
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parts of most sequences and andesite flows and pyro
clastics increase proportionately upwards. Felsic 
rocks, commonly pyroclastics, are present mainly in 
the upper parts of the sequences and in concentrations 
along the belt where the thickness is g-reatest, presumably 
at centres of eruption. 

According to Goodwin et al., 1972, a typical Archean 
sequence in the Superior Province may consist of 3000 
to 6000 m of mafic flows and associated intrusions, 
1500 to 3000 m of mafic to felsic flows and fragmentals, 
600 to 3000 m of mostly felsic pyroclastics and flows, 
and finally, 600 to 2000 m of sedimentary rocks with 
minor interbedded volcanic rocks, giving a total 
thickness of about 10 OOO to 15 OOO m. 

Extending from some of the volcanic-rich belts 
of the Superior Province are broad zones of meta 
sedimentary rocks that grade outward into parag·neiss, 
migmatites, and mixed gneisses. Their relationship 
to the better preserved sequences within the belts are 
often obscured by faulting along the belt margins, but 
in some areas they are stratigraphically below the 
volcanic rocks, and in others they are considered to be 
lateral, temporal equivalents of strata within the volcanic
sedimentary belts. 

The most abundant sedimentary facies are greywacke
mudstonc turbidite sequences. The sand portions 
comprise variable proportions of quartz, plagioclase 
and rock frag·ments in a fine, often abundant, matrix. 
Potash feldspar is rare. Cong·lomerates form a small 
proportion of the sequence, but may be locally thick; 
i. e. up to 1 OOO m or more. Iron formations are wide
spread in the Archean sequences, but they are usually 
thin and form a relatively small proportion of any one 
sequence. They are concentrated in the transition 
zones between volcanism and sedimentation and may 
occur as oxide, carbonate, or sulphide facies. 

The supracrustal rocks are in long belts probably 
representing the original depositional troughs. Relative 
ag·cs of these basins are not well known, but Krog·h 
and Davis (1971) postulate that they range over a 
period of about 200 m. y. 

Numerous ultramafic and gabbroic bodies occur in 
the Superior Province, commonly in the supracrustal 
rocks. They arc typically pre- orogenic and have been 
deformed along with the enclosing stratified rocks. 
Alpine - type intrusions or ophiolite complexes have not 
been identified. 

The supracrustal rocks have been deformed, but 
the style of deformation varies and this variation 
probably reflects the nature of the strata (Goodwin 
et al. , 1972). Massive, thick volcanic sequences are 
usually less complexly folded than the more hetero
g·eneous sedimentary strata. In g·cncral, however, 
the belts are synformal and early folds have been 
refolded by one or two sets of later folds. 

The supracrustal rocks have been metamorphosed 
and intruded by granitic rocks. The metamorphic 
grade ranges from prehnite- pumpellyite to amphibolitc, 
and rarely, to granulite facies. The higher grades 
can be found along the margins of the belts near the 
boundary with granitic rocks and about granitic plutons 
within the belts. Granulite facies metamorphism is 

extensive in the northeastern and northwestern part 
of the province, but usually the original rock type is 
uncertain. The emplacement of granitic rocks, the 
metamorphism and the deformation, collectively known 
as the Kenoran Orogeny, occurred between 2500 to 
2700 m. y . ago. 

From this summary of Archean geology of the 
Superior and Slave provinces in the Canadian Shield, 
it is evident that they have much in common. The 
supracrustal sequences are grossly similar in that 
they comprise great thickness of essentially mafic 
submarine volcanic rocks that contain increasing 
proportions of intermediate to felsic rocks in the upper 
parts of the sequence which give way vertically and 
laterally to greywacke-mudstone turbidites. In the 
transition zone between the volcanic and turbidite 
facies are conglomerates, iron formation, shallow 
water quartzites, carbonates and tuffaceous rocks, 
some of which may be subaerial. The belts of supra 
crustal rocks are separated by granitic batholithic 
complexes and belts of granitic gneisses. The belts 
are not classical geosynclines in that related 
miogeosynclinal-eugeosynclinal belts, foreland over
thrust zones, and high and low pressure metarnorphic 
zones, are absent. In Archean terranes the basins of 
supracrustal accumulation do not appear to be draped 
about large stable cratons, but occur in an area of 
largely younger complexes of granitoid batholiths. 

UN CONFORMITIES 

In each of the examples that follows an unconformity 
is interpreted as being present at the base of an Archean 
volcanic-sedimentary succession and the underlying 
material is granitoid. Their locations are shown in 
Figures 2 and 3. 

Ross Lake, Northwest Territories (Slave Province) 

Near Ross Lake, about 45 miles east of Yellowknife, 
Northwest Territories the Yellowknife Supergroup of 
volcanic and sedimentary rocks is in contact with a 
complex assemblage of massive and gneissic granitic 
rocks (Fig-. 4) . The Yellowknife Supergroup is typically 
composed of a lower succession of mafic to felsic volcanic 
rocks and an upper sequence of grcywackc and shale. 
At Ross Lake the volcanic sequence is about 3000 m 
thick but it diminishes southward to a strip of felsic 
volcanic rocks barely 100 m thick that separates grey 
wackes and granitic gneiss. At this point a thin con
glomerate member, composed mainly of volcanic clasts 
in carbonate cement, adjoins the contact and interfingers 
northward into volcanic rocks (Fortier, 1947). The 
volcanic formation is overturned and dips steeply 
towards the g-ranitic complex. The contact between 
them is difficult to interpret even when well exposed; 
it is neither obviously intrusive nor obviously 
unconformable . In places it is obscured by shearing 
and may be a fault. Layering in the volcanic rocks 
invariably parallels the contact. 

The granitic complex was mapped recently by 
Davidson (1972) and part of his map is incorporated 
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in Figure 4. It conta ins at least two distinct generations 
of granitic rocks. The older generation includes the 
Ros s Lake gTanodiorite to the south and a mixed group 
of dioritic, ton alitic , and granodioritic gneisses to the 
north (Davidson, 1972). Foliation is marked in both 
sets of granitoid rocks: in the Ross La ke granodiorite 
it roughly paralle ls th e contact with the volcanic rocks 
but in the mixed gneisses it strikes into, and is truncated 
by, the volcanic b elt. Two plutons invade the older 
granitic g n eisses; an adamellite and the Redou t Lak e 
gTanite. Both of these are mass ive a nd potas h - rich 
a nd the Redout Lake gra nite emits a s warm of rare
ear th pegmatites (Hutchinson, 1955). The plutons 
tend to b e separated from the older rocks by a migma tite 
zo ne except between the Redout Lake granite and the 
Ros s Lake granodiorite where they are gradational. 

A swarm of mafic dykes was emplaced during the 
interval separating the two generations of granitic 
rocks. It overlaps the contact b etw een th e volcanic 
s u ccession and the Ros s Lake granodiorite with dykes 
abou t equ ally abundant in each. No dykes are found 
in the sedim entary rocks overlying the volcanic 
seque nce. Individ u al dykes range from 1 to 2 m to 
more than 30 m thick and are locally so closely s p aced 
that only wedges and thin screens of country rock a re 
found between them. The swarm is rou gh ly parallel 
with the granodiorite - volcanic contact and dips steeply. 

A foli ation is imposed upon both the granod iorite and 
the d y kes . Southward the dyke swarm is transected 
by the Redout Lake granite but a few of the dykes 
ac tually ex tend s hort distances into the massive granite 
before terminating in strin gs of amphiboliti c inclusions 
(Hutchinson, 1955). 

The presen ce of an unconformity b etween the 
Yellowknife Supergroup a nd the older generation of 
granitic rocks would b e entirely co n sis tent with the 
geologica l rela tion s hips displayed (Baragar, 1966 ; 
Davidson, 1972). Structural tr e nd s in the older 
granitic gneisses are clearly tru ncated by those of the 
Yellowknife Supergroup a nd therefore, mig ht , be 
attributed to an ear li er period of deformation. The 
numerous ma fic dykes whic h invade the older g n eisses 
a nd volcanic rocks but not the directly overlying 
sedim ents are probably b est in terpreted as b e ing 
contemporaneous with the volcanic roc k s . Comparison 
of c hemical a na ly ses from three of the dykes with that 
of the average basa lt of the Yellowknife Supergroup 
(T ab le 1) suggests that this i s a feasible interpretation. 
If thi s i s true , then the Ross Lake granodiori te together 
with the granitoid gn eisses fart her north are relicts of 
a pre-Yellowknife Supergroup basement. The la ter 
granitic plutons, the Redout Lake granite and adame llite 
can b e interpre ted as differentiates of th e basement 
regenerated during the Kenoran Orogeny . Radiog·enic 

1n°1sw 112°4SW ROSS LAKE , N.WT. 
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Fig ure 4. Geology of the Ross Lak e area, Northwest T erritories . Compiled from He nderson (1941), 
Fortier (1947), Baragar (1966), and Davidson (1972) . 



Table l 

Comparison of the composition of mafic dykes and average Yellowknife 
basalt, Ross Lake area 

Si0
2 

Al
2
o

3 
Fe

2
o

3 
FeO VlgO Cao Na

2
o K

2
0 Ti0

2 
MnO 

49. 1 15 . 2 1. 6 10. 0 6. 6 9. 4 2. 4 0. 3 . 88 . 16 

48. 6 15. 0 3. 8 10. 0 7. 0 9. 4 2. 4 0. 2 . 89 . 17 Mn fie dykes 
1 

52. 7 13.4 2. 8 10. 9 4. 5 7. 5 2. 3 0. 1 l. 20 . 17 

50. 1 15. 0 2. 8 9. 2 6. 6 9. 7 2. 1 0. 35 1. 50 . 18 Average basalt 
2 

1 Analyses of rapid methods laboratory, Geological Survey of Canada 

2 
Baragar, 1966 

ag·es obtained from the Ross Lake granodiorite (Rb Sr 
2512 ± 61 m. y.) and the Redout Lake g-ranite 
CK Ar 2550 m. y.) (Green et al., 1968; Green and 
Baadsg·aard, 1971) are very close to one another and 
to the age (Rb Sr 2627 ± 104 m. y.) of the Yellowknife 
Supergroup volcanic rocks. These data are interpreted 
by Green et al. (1968) and Green and Baadsg·aard (1971) 
as supporting the hypothesis of island arc origin 
advanced for the Yellowknife Supergroup by Folinsbee 
et al. (1968). However, if that were the case the various 
events, from the initial eruption of lavas to their final 
pervasion by granites, would have to have been 
extraordinarily compressed in time . Moreover, the 
initial 87sr;86sr ratio (0 . 707) is hig·h for an Archean 
pluton supposedly derived from the mantle. A more 
likely explanation is that the Kenoran Orogeny has 
given the Ross Lake granodiorite an apparent younger 
age. 

Benjamin Lake, Northwest Territories (Slave Province) 

In the Benjamin Lake area in the southeast part of 
the Slave Province, Heywood and Davidson (1969) have 
mapped a small mass of meta - tonalite bounded by mafie 
Archean volcanic rocks that they postulate may be 
basement to the Archean supracrustal rocks in the area 
(Fig-. 5). The rock is composed of quartz, biotite and 
plag·ioclase, and is weakly to strongly foliated. It has 
been sheared, causing granulation of primary minerals, 
and recrystallized. Biotite occurs in oriented streaks 
in the foliated phase. Quartz commonly forms round 
polycrystalline eyes or grains bounded by a fine grained 
quartz mosaic. 

Foliation at the margins of the tonalite are parallel 
to the contact which in turn is conformable with bedding 
or layering in enclosing rocks. No cross-cutting rela 
tions and no aureole of contact metamorphism were 
observed in the enclosing volcanic strata. 

The tonalite is cut by a number of vertical 
amphibolitc dykes (Fig. 5); some can be traced for as 
much as a mile, but most are discontinuous lenses formed 
from original dykes disrupted and broken during 
defot·mation of the tonalite. The dyke rocks are composed 

of equant hornblende grains with plagioclase in the 
interstices, along with minor magnetite and sulphide. 
Similar dykes are found in the lower mafic lavas of the 
bordering Yellowknife Supergroup, but not in the upper 
units of the sequence. They are inteepreted as possible 
feeder dykes to the Yellowknife lavas. 

Thus, on the basis of its deformation, metamorphism, 
lack of cross-cutting· relationships and metamorphic 
effects on bordering Yellowknife strata, and its intrusion 
by mafic dykes that may be feeders to Yellowknife lavas, 
the tonalite is considered to be older than, and there 
fore basement to, the Archean Yellowknife SupergToup. 
A Rb / Sr age of 2720 ± 90 m. y . 1 for the tonalite is 
approximately the age of metamorphism of the 
Yellowknife strata, and if the interpretation of field 
evidence is correct, must represent not the absolute 
age of intrusion of the tonalite, but a redistribution of 
ceitical rubidium and strontium isotopes during me ta 
morphism and deformation that affected it as well as 
the Yellowknife rocks. 

Point Lake, Northwest Territories (Slave Province) 

Possibly the best documented case for basement 
rocks to Archean supracrustal rocks in the Slave 
Province is at Point Lake (Stockwell, 1933; Henderson, 
1975) in the north central part of the province. 
According· to Stockwell, highly altered and deformed 
chloritized granite that is intruded by younger g1·anitoid 
bodies that also cut Yellowknife strata, is overlain by 
a conglomerate in the Yellowknife sequence that dips 
away from the chloritized granite and contains cobbles 
of rock identical to it. No metamorphic aureole around 
the granite is evident and cobbles in the conglomerate 
decrease in size away from the chloritized granite. 
Again basic dykes which may be feeders to the 
Y cllowknife lavas cut the older granite but not the 
younger granitic rocks. Recent work by Henderson 
(1975) has confirmed these observations and defined 

1 All Rb / Sr ages in this report are based on a decay 
constant A.= 1. 39 x 10-llyr- l 
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an unconformity between the deformed, altered granite 
and cong·lome1·ate . Figure 6 illustrates the nature of 
the unconformity where fractures in the underlying 
granite ai·e filled with conglomerate. The conglomerate 
conformably overlies mafic volcanic rocks of the 
Yellowknife Supergroup and laps onto the chloritizccl 
granite, so that it can be interpreted that the whole 
Archean sequence is younger than the granite. As 
well as pebbles of the altered granite, the cong·lomeratc 
contains clasts of mafic and felsic volcanic rocks and is 
associated with lithic sandstones containing· grains of 
fclsic volcanic rock and quartz. Therefore, the source 

0 

·=' 

of sediment is mixed, including both Yellowknife 
volcanic rocks and older deformed gTanite. 

Cross Lake, Manitoba (Superior Province) 

The Cross Lake region of Manitoba was one of the 
first places in the Canadian Shield to yield evidence of 
an early Archean granitoid basement. Its geology has 
been described by Horwood (1935), Bell (1962), and 
Rousell (1965). 

Horwood (1935) observed a conglomerate at the 
base of a volcanic sequence now known as part of the 

BENJAMIN LAKE , N.W. T 

;A··;:L~f s Granodiorite -a dameJlite 
~.:.-X...:.i· . . < . ·> 

R 1 Migmatites , from units 4-6 

I ·)1 6 Yellowknife sediments 

Yellowknife felsic volcanics 

4 Yellowknife mafic volcanics 

CZZJ 3 Mafic dykes 

D 2 Metasediments, conglomerate? 

D 1 Metatonalite 

0 2 

K1 I ometers 

Geology at ter WW Heywood and 
A. Davidson (1969) 

3 

Figure 5. Geolog·y of the Benjamin Lake area, Northwest Territories. 
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Cross Lake Group and established that the tonalite 
boulders it contained were almost identical to gneisses 
in the adjoining· tcrrane to the north . The contact was 
not exposed but he concluded, quite reasonably, that 
the gneisses were basement to the volcanic succession . 
In more recent years at a locality about 90 km west of 
that reported by Horwood, Rousell (1965) found a 
similar conglomerate in direct contact with underlying 
granodioritc. Again g-ranodioritc boulders in the 
cong·lomerate appeared identical to the underlying 
granodiorite gneisses . 

Part of the western end of the Cross Lake volcanic 
sedimentary belt is shown in Fig·ure 7. The map is 
adapted from Rousell and shows the location of the 
unconformity which he described. The Cross Lake 
belt which continues for several hundred kilometres 
eastward (Fig. 3) comprises a lower formation of 
predominantly pillowed basalts and an upper formation 
of conglomerates, arkoscs, grcywackes, and siltstones. 
The two formations interfinger and rare sedimentary 
beds may be found at all levels within the volcanic 
sequence (Bell, 1962). Upward in the succession the 
sedimentary formation becomes increasingly finer 
grained. ln addition to granodiorite and tonalite the 
conglomerate contains clasts of quartzite, quartz, 
basalt, and argillaccous rocks, and the finer grained 
sediments are commonly arkosic (Bell, 1962); thus 
most materials arc attributable to a granitic source. 

The Cross Lake belt is enclosed by granitoid 
gneisses of chiefly tonalite or granodiorite composition. 
Gneissosity g·enerally parallels the structures within 
the volcanic-sedimentary belt and only rarely do 
apophyses of granodiorite project into it. Migmatitc 
zones observed at a number of places along the 
boundaries of the belt and relicts of metavolcanic and 
mctasedimentary rocks found well within the gneisses 
appear to justify the conclusions of Bell (1962) and 
Rousell (1965) that the majority of the enveloping 
gneisses were mobile during the Kenoran Orogeny. 
Remnants of the earlier granodiorite basement are 
rare. In the locality shown in Figure 7 basement 
gneisses occur on the flanks of an anticline wherein 
the core appears to have been mobile. Compositional 
differences between the earlier and later g·nei sscs do 
not seem to be great. According to analyses by Rousell 
both would be classed as tonalites or low - potash 
granodiorites. 

The unconformity at the base of the Cross Lake 
Group was given regional significance by Bell (197la, b). 
Prior to this time the boundary between the Superior 
and Churchill provinces had been defined differently 
by various authors but was generally placed along a 
line of gravity anomalies which roughly coincided with 
a structural break marking the northwestern limit of 
east - trending Superior Province structures. A broad 
zone of g-ranulite gneisses parallel with the boundary 
was included in the Superior Province or the Churchill 
Province depending upon which interpretation of the 
boundary was accepted. Bell (1966) defined the 
boundaries of the gneissic zone more precisely and 
desig·nated it the Pikwitonei subprovince and later 
(197la), the Pikwitonei Province. The southern part 

Figure 6. Sketch of a photograph by J.B. Henderson 
(1975) at Point Lake, N. W. T. showing· an 
unconformable contact between granitoid 
basement and overlying conglomerates of 
the Yellowknife Supergroup. 

mafic volcanic rocks - heavy stipple; 

fclsic volcanic rocks - lig·ht stipple; 

gTanitoid rocks - V symbols; 

unpatterned - lithic sandstone (and within 
dotted enclosure overburden). Note 
volcanic pebbles in fractures of the granite 
basement. 

of the Pikwitonei Province was interpreted by Bell as 
passing unconformably beneath the western arm of the 
Cross Lake belt (Fig. 3) and the granodiorite basement 
discovered by Rousell (1965) at Cross Lake was 
interpreted as a retrograded inlier of the same province. 
Another inlier was thought to occur about 40 km to the 
southcast where unconformable relations were ag·ain 
indicated between the Cross Lake succession and 
adjoining gneisses. Hence, Bell proposed that the 
Pikwi tonei Province is part of an early Archean base
ment that outcrops in the northwest and because of a 
regional southward tilt passes beneath the Superior 
Province to underlie much of its western part 
(Bell, 1971a). 

Oxford Lake - Gods Lake Region, Manitoba 
(Superior Province) 

Supracrustal rocks of the Oxford Lake-Gods Lake 
reg·ion form a complexly branching· belt that is cast of, 
and may in part be continuous with, the Cross Lake 
belt (Fig. 3). A simple three-part stratigraphic 
division appears to be applicable to the succession in 
most parts of the belt (Campbell et al., 1972). In the 
lower part the predominantly mafic volcanic unit is 
the Gods Lake Subgroup. It is overlain conformably 
by the Knee Lake Subgroup composed mainly of felsic 
and mafic volcanic fragmcntal rocks with subordinate 
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sediments. Conglomerate with some granite 1 clasts is 
a minor member of the subgroup. The two subgroups 
form the Hayes River Group (Table 2). Overlying the 
latter unconformably is the Oxford Group (E lbers, 1973) 
made up of a thick (±500 m) basal conglomerate, and 
sandstones of chiefly greywacke-type. The conglomerate 
clasts are composed of mafic and felsic volcanic rocks, 

1 . . . 
Granite clasts, gramte-bearrng conglomerates, 
granitic rocks and granitoid rocks arc all used in 
general sense in this paper to indicate leucocratic 
phaneritic rocks. 
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Granitic gneisses 

sedimentary rocks of various types, granitoid rocks, 
and quartz . 

Granitic intrusions invaded the supracrustal 
succession in two distinct pulses; 1) immediately 
before, and 2) following, deposition of the Oxford 
Group. The earlier intrusions are mainly tonalites 
and the later ones range chiefly from granodiorites to 
g-ranitcs (1-lubreg·tse, 1973). Undoubtedly much of the 
g-ranitic material in the basal cong·lomcrates of the 
Oxford Group can be attributed to the pre - Oxford Group 
intrusions. However, from g-ranitic clasts in the 
conglomerates of the Knee Lake Subgroup noted above 
a plutonic source of still earlier age can be inferred. 
Evidence for such a source was recently uncovered 
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Fig·ure 7. Geology of Cross Lake area, Manitoba. Location of the unconformity is contained within the rectang·le. 



Table 2 

Stratigraphic sequences for eight volcanic -sedimentary b elts of the Superior Province . 
Locations are shown in Figure 5. Boxed conglomerates ar e those containing gTanite clasts. 

Cll.OSS Lti.KE, MAN. 

Leuco!)rani te , leuconqrano
diori te 

Granodiorite-tonal ite 
gneisses 

' OXFORD lf,KE-GODS LAK[. MArl. 

Granites . qranodio ri tes 

t-------+---intrusive------#-------+--- intrusive -

Cross Lake 
Group 

Feldspathic greywackes and 
si ltstones 

lIQ!igTuriiiili) 
Oxford Lake Gre~;!~:~k~~S~~~~ratei, 
Group arkosc, quartz1 te 

--- conformable - - - -t1-----+--- unconformable -

Mafic pillow lavas , loca l 
felsic tuffs <1nd flows 

©lliqTu!!iillJil 
Tonali te , granodiorite , 
Qua rtz-fel dspar porphy ry 

._ _____ ..._ __ unconformable -----'t-----j---intrusive -

Gra nodio ri te gneiss basement 
(Pikwitoni gneisses) 

1
Rousell , 1965; Bell , 1%2, 1971 

SIOUX LOOKOUT . ONT~ 

Granite and granodi or i te 
Syenite 
Granodiof' i te and granitic 

gneiss 

Hayes River 
Group 

Knee Lake Subgr oup 

Mafic to felsic volcani
clastic rocks; greywacke 
shale , [Qffglomerate I 

- - ·onfonnable - -

Rhyolite, dacite breccid 
and tuf f 

Mafic lo vas and tuff 

- - - - - - conformable - -

Pre-Hayes Quartz and feldspathic 
River Group wacke; protoquar tz ite , 

and a r~ ose 
Ark.osic (ZOn"9" 1~ 

.._ ____ .._ __ unconformable? -

Grdnor1iorite basement. 

2
campbel 1 et al , 1972; Elbers and r.i lbert , 
lq73 an·' tTbffs . in preparation 

FORT HOPE , 01/T _f, 

Albite ')ranite to 
quartz diori te 

nuartz and fel dspar 
porphyries , granite 

RICE :..AKE, MArl. 

Ouartz monzoni te , qrano
diori te 

' UCHI LAKE-BIRCH LAKE, ONT. 

r.ranodiori te , qr.mite 
Syeni te 

1t--------t--- intrusive -----t•-----+---- intrusive ------t 

San Antonio Arkose , uartzite Rhyodac i te-rhyo 1 i te , 
brecci~s. flows, tuffs 

'1assive and pi 1 low basc1lt 
flows 

form<1tion ~lomera e 

- unconformity ----ll 
Sedir"ents' quartzite, shole 

Porphyries , quartz diori te Uc hi Grour And~~~re 0~~~ • d~~ fi~~e l 
11------+--- intrusive -----<I and pyroclastics 

Massive and pillowed flows 

Rice Lake 
Group 

- - - - onforriable to unconformable -

~~~~~t!lale Slate Lakr Impure 11uartzi tes, ar\rose, 
~acke,shale, 
1.£.Q!lq]ooie rat e l 

Ar<p 11 ite r.roup 

~unconforriable?-

Ge~ Lake Subgroup 

Ratha 1 l Lake Forma ti o11 ; 
subgreywac ke, arkose , 
feldspathic qreywacke , 
volcanic conql0111erate 

Ganksian Lake Formation; 
rhyol itic pyroclast i cs 
~nd flows , dac i t ic oyro
clasti cs , c1nd pillow 
basalts 

~ unconformc1ble? -

Bidou Lake Supergroup 

'larrows Forriation; dacitic 
pyroclaHics 

St omy Lake Forrr1c1tion; fcld
spachic g reywacke , 1 ron 
forriation , [Q:M loo1era tel 

Gunnar Forftltltion; pi1 low 
bcisalts 

Dove Lake Formation; volcanic 
agglonerate, siltstone , 
Clreywade 

Tinney Lake Fornation~ oi l lrn1 
basalts 

Stovel Lake Formation ; flrC'y
wa1 ~ es , volc<1nic fraqrient
ols 

Basalt Formation 

Basement unknown 

!lfl\IA, ONT. 7 

Gr<1ni te, <]f'anod i orite , 
syen1 te 

Basement unknown 

3stodwel1, 193P:; :ar'lpbel\ , 1971; iolebef' , 1971 ; 
iJcRi tchie , .,eber, .inrl Scoates, ]Q7l 

4f3a tenian, 1 q4Q; Goodwin, 196 7 

ROUY'i - llORMlDA, QUE. J 

Granite 
Hornblende granite , syeni te. 

9ranodio r 1te 
11------1---- intrusive -----11 

It-----+-- 1ntf'us1ve --------t 
f-------+--- intrusive -------11----jl---- intrusive -----ii Upoer Volcanic Rocks' llldfic 

mass ive and pi 1 lowed 
flows /li nnita ~ i Slate , greywacke , ar kose 

Gr oup IIQffij lomerale I 

.___ - - - - - conformable - - - -

Central rtassive and pillowed 
Volca nic basalts 
Rocks 

rv-..A /V'\J'. rvv... rvV'\ rvV"\ faulted rvv. IV\./'\ J"\/V\ AA 

Ab rdr'l Group 

Little Vermillion Formation ; 
qf'eywade , shale 

Daredevil Formation, rnafic 
and felsic tuffs , grey
wackes 

Ament Bay Formation ; arkoses 
and [£§1omeri!les l 

t--- -

Miminiska f------+-- unconfof'mable ----•I Group 

Qua rtz porphyry , (granodiorite)? 

t-------+---- intr us ive - -----i" 

Mixer1 sediments anrl 
felsic volcanics; 
daci te <1nd f'hyo1 ite 
flows and pyroclastics , 
~lOFief'a les l, quanzi te, 
argi~ 

-- con t act uncertain - -

'lafic flows and fra nentals 
including rare r an1 1c 
bouldef'S 

Felsic ~yf'Oc l astics , rare 
sediments and [Q§J Ql'le f'ale l 

con ta ct uncertain --

Impure quartz1 te , siliceous 
qreywackes , argill1tes , 
~lotne f'a { e ~ ark ose 

S<1senent un known 

Northern 
Volcanic 
Rocks 

Massive and pi 1 lowed mafic 
flows, mafic fragnentals 

Pe t af'd Fof'mation; volc,rnogenic 
sediments 

Massive and pillowed rna f ic flows 

Basenent unknow11 

5Turner an<l '"lalker , 1973; ~aHer and Petti.iohn, 
197 1; Skinner , 1969 

6Prest, 1939 , 19411 

' \1chipicoten 
r.f'oup 

oor~r;~~r~~~~s ~hW1 orie('a te l. 

'Ii drll e 1/o 1 cani c Rocks ; ™ fi c 
to intermediate flows 

Helen Iron Formation 
Lowe(' Volcanic Rocks; felsic 

pyroc l astics . nafi c 
to i nterried i ate oi 11 rn~erl 
anrl "'assive flows 

Baserient un~nown 

7Goodwin , 1%2 

11-----+--- unconforf'ldble -----1 

Abit ibi 
Superqrouo 

Blake River Group 

Felsic flows and pyroclastics 
llafic pi 1 lowed and 1"1dSSive 
flows 

1-- - - conformable - - - -

Kewagama-Pont i ac Group 

Grevwac~e , arQi 11 i te , 
cong omerate 

~unconformable-

nalartic Group 

i.,af1c to intermediate 
pillowed and massive flows 

1--- - confof'mable - - -

B~_l_l_econbe Group 

Gre~~~~~~ii. arkose 

unconforriable ? -

firanodi ori te baserient? 

8Gunninq and Arrbrose, l'J40; Aribrnse , 1941; 
lilson , 1%:?; flolubec, 1972 
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by Elbers (pers. comm., 1974) at Goose and Beaver 
Hill lakes in the southern-most part of the Oxford 
Lake-Gods Lake region. In that area, pillowed basalts, 
presumed to be equivalent to the Gods Lake Subgroup 
are underlain conformab ly by a succession of quartz
rich sediments and conglomerates. The base of the 
succession is not exposed; the nearest outcrops on the 
lower side of the sequence are of gneissic granodiorite 
of unknown relationship to the supracrust al rocks. 

The sediments are composed of quartz with lesser 
plagioclase and subordinate microcline and biotite. 
Both the coarseness of grain size (1-3 mm) and the 
presence of perthitic grains in the sediments are 
suggestive of a plutonic source; a view that is 
corroborated by the high proportion of granitic clasts 
(as much as 90 per cen t) contained in the accompanying 
conglomerates. These clasts range in composition from 
granodiorite to granite. They are well rounded but in 
places they are as much as 1 m in diameter, from which 
it might be inferred that their source was at no great 
distance. Crossbedding, with bedding at least 10 cm 
thick is ubiquitous and is interpreted by Elbers as 
denoting a shallow water deltaic environment . 

Elbers suggests that these ear ly sedimen ts were 
deposited in a shelf environment between a craton and 
geosynclinc. Of prime interest in the present enquiry 
is the evidence they afford of an unconformity between 
the base of th e "gTeenstone" sequence and a n under 
lying granitic basement . This i s supported by 
preliminary Rb Sr data from the conglomerate boulders . 
Although scat tered, the data indicate a minimum age of 
2800 m. y. and a best - fit isochron of 3100 m. y. (Clark, 
pers. comm. , 197 4, Un iv. Manitoba). 

Abitibi Belt, Quebec (Superior Province) 

A problematic unconformity was described by 
Holubcc (1972) at what may be the base of part of the 
Abitibi succession. The s tratigraphy of the southern 
part of the Abitibi belt in the region of Rouyn - Noranda 
is given in Table 2, column 8. It results from several 
c lassical studies conducted a number of years ago by 
Gunning and Ambrose (1940), Ambrose (1941), and 
Wilson (1962) and modified recently by llolubec (1972). 

The predominantly volcanic part of the belt, 
composed of the Malartic and Blake River volcanic 
groups a nd intervening Kewagama sediments, forms 
an east-west trough in parts of which the succession 
is at least 12 km thick (Baragar, 1968). Southward 
the volcanic trough is adjoi ned by a predominantly 
metascdimentary succession which is believed to be 
its stratigraphic equivalent in part. It consists of the 
Ponti ac Group, lon g held to be the correlative of the 
Kewagama Group (Gunning and Ambrose, 1940), a nd 
the recently separated Bellecombe Group (Holubec, 1972) 
forming th e lower part of the succession. A thin dis 
continuous volcanic unit lying between the two groups 
i s correlated with the Malartic Group to the north. The 
metascdimentary succession, measured in one section, 
is about 2500 m thick and, according to Holubec , the 
structural style within the whole metasedimentary 
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domain is suggestive of deformation of thin sediments 
as on a stab le platform. 

It i s in this context that the unconformity described 
by Holubec in the lowest part of the Bellecombe Group 
is of special interest. Only one of the two outcrops he 
described need be noted here. 

On the south side of Kinojevis Lake, 8 or 9 km 
south of the boundary of the predominantly volcanic 
trough, a granitic mass occurs in th e core of a north 
trending anticline involving the lower part of the 
Bellecombe Group . On its east side the granite intruded 
and metamorphosed the adjoining metasediments . On 
its west side an older phase of the granitic mass is 
brecciated near the contact with the metasediments. 
No contact metamorphism is evident. Fractures within 
th e granite do not penetrate the overlying metasediments 
and some cracks in the granite seem to be filled with 
the overlying mctasedimentary material. At a strati 
g raphic level about 420 m above the granite contact, 
pebbles and at least one large block of a very similar 
granite are present in the metascdiments. Holubec 
interpreted the older of the two granites as being th e 
original basement upon which the Bellecombe sediments 
were deposited. Remobilization of the basement during 
the Kenoran Orogcny produced th e younger granite. 

SOURCE ROCKS OF ARC HEAN SEDIMENTS 

Slave Provinc e 

Of all the sedimentary sequences in th e Slave 
Province only those near Yellowknife have been studied 
in enou g h detail to yield reliable data about the source 
areas of the sedimentary fill (Henderson, 1972). The 
turbiditc sequences exposed in this area, however, 
appear to be a reasonably representative sample of the 
sediments of the Slave Province a nd in Henderson' s 
conclusions probably have regional s ignificance. 

The major compone nt s of th e grcywackcs arc quartz, 
mostly from an indeterminate origin, rock fragments 
which include clasts of intermediate a nd felsic volcanic 
rocks, mudstoncs and geanitic rocks, in that order of 
abundance, a nd plagioc lase. These grains arc dispersed 
in a fine matrix tha t forms about 30 per cent of the rock. 
Clasts in the conglomerates in the sequence comprise 
volcanic rocks, larg·ely of intermediate or mafic 
composition, and graniti c rocks in a greywacke matrix. 
The greywackes arc mineralogically, chemically, a nd 
texturally immature in that chemically and mechanically 
unstable rock fragments and feldspar arc abundant, th e 
ratio of a lumina to s oda is low, a nd the sand-sized 
grain s are very angular . Chemically, the greywackes 
at Y cllowknifc have compositions very simi lar to 
g-ranodioritc . These characteristics sug·ges t a mixed 
provenance for the Yellowknife sediments that include 
both volcanic and granitic terran es . The source area 
must have had a gross composition of about gTanodiorite. 
When the volume of sediments relative to volcanic 
rocks is considered, it seems clear that the Yellowknife 
volcanic rocks in the proportions presently exposed 
could not have provided all the sed iment, and th at 



another extensive source area is required 
(Henderson, 1972). A pre-existing crust composed of 
granitic and volcanic rocks, in other words, is 
required to supply the fill for the Archean sedimentary 
basins. 

Superior Province 

General Statement 

Volcanic - sedimentary belts of the Superior Province 
shown in Figure 3, are long, narrow strips of relatively 
unaltered rocks commonly called "greenstone" belts. 
Fringing these "greenstone" belts in places are poorly 
defined zones of gneisses and schists, mainly of 
sedimentary origin, that merge outward into the 
g-ranitic medium composing the bulk of the shield. 
The metasediments are generally considered to be 
part of the same stratigraphic successions as those of 
the "g-reenstone belts" but their position in the strati
graphic sequence is rarely clear. In Figure 3 the four 
components are shown separately. 

Conglomerates 

Conglomerates are a common, although volumet
rically negligible, constituent of the volcanic-sedimentary 
belts of the Superior Province. Their clasts comprise 
a variety of rock types ranging widely in their propor
tions from place to place. Generally, volcanic rocks 
are dominant but granitic clasts are a significant part 
of many of the conglomerates throughout the Superior 
Province. 

The locations of a number of the granitic-bearing 
conglomerates are shown in Figure 3. These were 
obtained from a sampling rather than an exhaustive 
search of the literature and no doubt numerous 
occurrences have been missed. Nevertheless the 
distribution shown is sufficient to conclude that such 
conglomerates are a characteristic constituent of 
greenstone belts of the Superior Province. 

The stratigraphic position of granite-bearing 
conglomerates within each sequence is not as rigidly 
fixed as was once believed. In the classical stratig
raphy of the Superior Province the Archean supracrustal 
rocks were divided into a lower volcanic sequence and 
an unconformably overlying sedimentary sequence, 
commonly with a conglomerate at the base of the latter. 
These were the Keewatin volcanics and Timiskaming 
sediments respectively and this subdivision was applied 
widely and perhaps indiscriminately to many volcanic
sedimentary belts of the southern shield. Accordingly, 
it is now difficult to assess the reliability of some of 
the stratigraphic information contained in the older 
literature. However, sufficient new work has been 
done which, in combination with the older work, enables 
us to draw the following conclusions: 1) Granite
bearing conglomerates appear to be abundant only at 
relatively high levels in the stratigraphic sequence, 
following at least one volcanic episode and commonly 
after much of the volcanic activity; 2) Such conglomerates 
are as frequently concordant with the underlying 

volcanic rocks as they are discordant; marked uncon
formities are not the rule; 3) In places, granite
bearing conglomerates of lesser importance are 
interbedded with the lower volcanic sequence and 
rarely are found at the base of the section. 

Examples of the stratigraphy in eight volcanic
sedimentary belts distributed widely across the Superior 
Province are given in Table 2. Granite-bearing 
conglomerates in the table are distinguished by a box 
around the word "conglomerate". The thicknesses of 
units are not represented but in general the volcanic 
units compose the major part of the sections. Typical 
total thicknesses of stratigraphic sections range from 
about 8000 to 15 OOO m. The table demonstrates what 
was noted above, the granite-bearing conglomerates 
may occur at all levels in the stratigraphic sequence. 
Only in the Cross Lake and Oxford Lake-Gods Lake 
sections do they overlie granitic "basement" directly 
but in the Uchi Lake-Birch Lake, Hope Lake, and 
Rouyn-Noranda sections are they in the lowest 
recognizable stratigraphic unit and may be assumed 
to be close to the base of their respective sections. 

The proportion and types of clasts in the granite
bearing conglomerates are more commonly recorded in 
qualitative than in quantitative terms. Donaldson and 
Jackson (1965), however, established by point count 
that leucophanerites (their field term for granitoid) 
comprise less than 10 per cent of the clasts in con
glomerates of the North Spirit Lake area of Ontario 
whereas volcanic rocks make up about 50 per cent of 
the clasts and the remainder is a mixture of sedimentary 
rocks and quartz. Pettijohn (1970) reports that point 
counts on some outcrops of the Abram Group 
conglometates in the Sioux Lookout belt showed the 
content of granitic material to exceed 50 per cent. 
Elsewhere, estimates and pebble-counts of granitic 
clasts in conglomerates range from very rare in the 
Uchi Group (Goodwin, 1967) to as much as 75 per cent 
in parts of the Cross Lake Group (Rousell, 1965). In 
most places, however, granitic clasts appear to be 
greatly subordinate to clasts of volcanic rocks with 
felsic varieties predominating among the latter. 

The rock types making up the granitic clasts are 
most often reported as lonalites, trondhjemites and 
granodiorites. The sodic nature of the granitic rocks 
has been stressed by a number of authors (Donaldson 
and Jackson, 1965; Rousell, 1965; Bass, 1961; 
Pettijohn, 1970). Gneissic fragments are rare but have 
been noted by Donaldson and Jackson and in North 
Spirit Lake area, by Bass (1961) in the Abitibi belt, 
and by Ermanovics (pers. comm., 1974.) in the Island 
Lake belt. 

If the granitic clasts in the conglomerates represent 
true plutonic rocks it would be difficult to avoid the 
conclusion that a sialic crust was widespread prior to 
the formation of the green stone belts. Bass (1961), 
noting that the majority of clasts in conglomerates in 
the Abitibi belt were volcanic in origin postulated 
that the few granitic clasts present were from shallow 
intrusives contemporaneous with volcanism and no 
granitic basement was thereby indicated. The scarcity 
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or absence amo n g the clasts of g neisses of high meta
morphic grade and the sodic charac ter of the gi·anitic 
rocks similar to that of associated felsic volcanics were 
evidence of their essentially volcanic nature. Bass 
reasoned that a granitic basement which had undergon e 
a previous orogenic cycle should contai n a series of 
granitic intrusions ranging from soda- to potash- ri ch 
types . The paucity of potassic granites amon g the 
con glomerate clasts, therefore, would weaken the case 
for a pre-existin g granitic basement. Goodwin expressed 
similar views on the origin of granitic clas ts in the 
con g·lomerates of the Wawa (1962) and Birch- Uchi Lakes 
belt s ( 1967). Turner and Walker (1973) b e lieved that 
the sources of granitic boulders in the Ament Bay 
Formation of the Sioux Lookout belt were granodiorite 
intrusions which invaded the underlying volcanic s and 
were exposed by erosion just prior to its deposition. 
The Ament Bay Formation was shown to overlie a n 
intrusion of quartz porphyry unconformably but not of 
granodiorite . The principal evidence of attributing the 
granitic c lasts to g-ranodiorite i ntrusions in the under
lying· volcanics is the presence of "greenstone" 
inclusions in a few of the c lasts . 

Donaldson and J ackson (1965) argued that scarcity 
of gneissic materials amon g the granitic c lasts of the 
conglomerates does not preclude their derivation from 
a pre-existing sialic basement. In a reg·ion of about 
140 OOO km 2 in western Ontario with which they were 
familiar only about 1 O per cent of the granitic rocks 
were sufficiently folia ted as to be recog·nizably g n ei ssic 
on the scale of conglomeratic c lasts. Their scarcity , 
therefore, might be more apparent than real. Within 
the same area the majority of the granitic rocks are 
quartz diorites, granodiorites, an d quartz mon zonites; 
potash-rich granites are rare. Subsequent work by 
Eade and Fahrig (1971) showed that the average 
composition of the Arc hean surface over a large part 
of the s hield is that of a granodior ite. Thus the 
granitic clasts of the conglom erates are little d ifferent 
from those which would be produced from the present 
Archean terrane. 

Sandstones 

Sandstones form the major part of the sedimentary 
component of the volcanic-sedimentary b elts . They 
are predominantly greywackes in which quartz in a 
principal constituent. Donaldson and J ackson (1965) 
report that quart z grains make up between 23 to 71 per 
cent of greywackes in the North Spirit Lake area with 
plagioclase the next most abundant of the framework 
grains. Potash feldspar is generally negligible. 
Ayres (1974) records a very similar proportion of 
constituents in the Trout Lakes area where quartz-
rich greywackes (36 to 68 per cent quartz) form 60 to 
70 per cent of the greywackes present. Potas h feldspar 
is essentia lly absent. Pett ijohn (1970) finds 25 to 41 
per cent quartz in greywackes of part of the Sioux 
Lookout be lt. Elsewhere in the Superior Province 
the other au thor s mentioned above have also noted the 
quartz-rich aspect of many of the greywackes. 
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The quantity of quartz in the sedim ents increases 
upw ard in some sequen ces; for example, in the Rice 
Lake b elt in Ma nitoba (Campbell, 1971) a nd in the 
Abrams Group in the Sioux Lookout belt (Walker and 
Pettijohn, 1971). In both these cases the authors 
attribute the increase to widening provenance from 
locally derived volcanic sources to distant plutonic 
terranes . 

The quartz content of sediment s a t North Spirit 
Lake and at Sioux Lookout, according to Donald son and 
Jackson (1965) and Walker and Pettijohn (1971) 
res p ec tive ly, is much greate r tha n could be expected 
from associated felsic volcanic rocks. In addition , 
many of th e quartz grains exceed a millime tr e in 
diameter and are polycry s ta lline, both proper ties more 
typical of the plutonic clasts of the interb edded con
g·lomerates than of the felsic volcanic rocks in the 
sequence. Accordingly, these authors have looked 
to a plutonic sourc e for the supply of much of the 
material s contain ed in the sed iments. Ayres (1969a), 
on the other hand, has demonstrated that fe lsic volcanic 
materials are the principa l con s titue nts of Archean 
sed iments in the Lake Superior p ark ar ea of the Wawa 
belt. Unq u es tionably volcanism supplied a ma jor p art 
of the materials for sedimentary rocks of the green
stone belts but variable contributions from a plutonic 
source may be inferred by the constitution of a great 
many of these sediments. 

RADIOMETRIC AGE S INDICATIVE 
OF AN EARLY ARCHEAN CRUST 

General Statement 

Ages determined on granitic rocks tha t predate any 
yet obtained from the Archean volcanic-sedimentary 
belts must b e interpreted as evidence of an early Archean 
sialic crust. Only a few exis t a t present (Figs. 2 and 3) 
and so they provide littl e information of the possib le 
extent and continuity of such a crust. They do 
demonstrate however, that the hi s tory of the shield did 
not b egin with the volcanism of the greenstone b elts. 

The Archean gneiss complex of Greenland (which 
forms the eas tern extension of the Nutak Province of 
Labrador) yields con siderable geological and isotopic 
evidence of the presence of major ar eas of sialic crust 
in tha t region earlier than 28 00 m. y. old (see summary 
by Bridgewater e t al., in manuscript), i. e . older tha n 
the ma jor greenstone belts tha t a r e farther west in the 
Canadian Shield. The Greenland gneiss complex has a 
long hi s tory extending a t least as far back as 3750 m. y. 
and is reg·arded as having finally consolidated as a 
cratonic cru st around 2700-3000 m. y. ago. Because of 
the voluminous literature already available on radio 
metric dating in west Greenland no attempt is mad e to 
include these data in this review; rath er th e reader is 
r e ferred to the s ummary report noted above for further 
informa tion. 



Minnesota River Valley, Minnesota, U.S. A. 

The oldest rocks yet found in the Canadian Shie ld 
form part of an Archean inlier in Mesozoic terrane about 
150 km south of the map-area of Figure 3. The arrow 
points towards the locality. These are the Morton and 
Montevideo trondhjemitic and granitic gneisses of the 
Minnesota River valley dated as 3550 m. y. old by 
Goldich et al. (1970). During the Kenoran Orogeny 
(2650 m. y.) the gneisses were intensely metamorphosed 
and widely intruded by granites; 1850 m. y. ago they 
underwent a further metamorphism of much milder 
inten sity . All three events are preserved in the r adio 
genic ages obtained from this area but only the U Pb 
zircon and Rb Sr whole rock ages recor d the oldest of 
them . The superposition of three tec tonic disturbances , 
two of which are synchronou s with known major 
orogenies of the Canadian Shield , are indica tive of the 
complexity to be expected in the history of the sialic 
crust. 

Trout Lakes Area, Ontario 

In the Trout Lakes area of western Ontario the 
North Trout Lake batholith which intrudes the adjoining 
greenstone belt comprises twenty s u ccessive intrusive 
phases (Ayres, 1974). One of the oldest of these, a 
trondhjemite, which persists a s a shredded r emnant 
in the interior of the batholith, was dated by Krogh 
and Davis (1971) as 2 95 0 m. y. old. Ayres suggested 
that it represents part of the baseme nt upon which the 
volcanic-sedimentary sequence was emplaced. 

Lake Winnipeg, Manitoba 

In the vicinity of the Rice Lake volcanic-sedimentary 
belt of Manitoba, Ermanovics (1971, 1973) found 
evidence for two superimposed orogenies. The earlier 
of the two is marked by northwes ter ly trends r ecogniz
able in the gneissic terrane to the north of the Rice 
Lake belt. The later orogeny of east - west trends 
involves the Rice Lake b elt and is readily identified as 
the Kenoran Orogeny. The latter clearly truncates the 
former. Ermanovics suggested that the earlier orogeny 
predated the deposition of the Rice Lake volcanic
sedimentary su ccession. Gneisses forming the north
we sterly trends are quartz diorites p enetrated extensively 
by granodiorites and quartz mon zonites related to the 
later Kenoran Orogeny. 

Uranium lead zircon dating by Krogh et al. (in 
press) corroborates the sequence of events postulated 
by Ermanovics. Quartz diorite gneisses of the 
northw esterly- trending domain yie lded ages of 2900 
m. y. and 3000 m. y. whereas plutons attributed to the 
Kenoran Orogeny range in age from 2690 m. y. to 
2760 m. y. Elsewhere in the Superior Province the 
volcanic-sedimentary belts have b een shown to predate 
the accompanying intrusions by about 70 m. y. (Krogh 
and Davis, 1971) . Hence, it seems likely that sialic 
cru st existed prior to the emplacement of the Rice Lake 
succession; whether as a block of limited extent 
adjoining the Rice Lake belt to the north as postulated 

by Ermanovics (1973) and Krogh et al. (in press), or 
as a sialic b aseme nt beneath the Rice Lake belt, cannot 
b e determined from the evidence at hand. 

Chibougamau Region, Quebec 

The Superior Province is truncated on its eastern 
side by the Grenville Province (Fig . 1). For the most 
part changes in lithology across the boundary (the 
Grenville Front) are abrupt, with rocks of low meta 
morphic grade on the Superior side and high-grade 
g neisses on the Grenville side . In a few places rocks 
of the Superior Province can be traced several kilometres 
into the Grenville Province. One such place is in the 
Chibougamau r egion a t the eastern end of the Abitibi 
belt where vo lcanic - sedimentary rocks of Abitibi-type 
ap pear on the Grenville side of the boundary in 
prog-ressively reduced p roportions as the dis tance 
from the boundary increases (Frith a nd Doig, 1975). 
This is in k eeping with the view tha t the Grenville 
Province was upli fted r ela tive to the Superior Province. 
Grey tonalitic gneisses accompanying the volcanic
sedimentary rocks on the Grenville side of the boundary 
were dated by Frith and Doig using the Rb/Sr whole
rock me thod. Specimen s collected wit hin 50 km of the 
boundary yielded an age of 3000 m. y. Far ther from 
the boundary where the tonalitic gneisses become 
increasingly metasomatized the age obtain ed was 111 2 
m. y., the age of the Grenvillian Orogeny . Accordin gly, 
Frith and Doig pos tula ted that the grey gneisses 
represent the basement of the Abitibi volcanic 
sedimentary succession and that they were increasingly 
ex posed by the Grenville uplift. Southward they 
became rejuvenated by the Grenvillian Orogeny and 
assumed the appropria te Rb /Sr ages. 

Indin Lake Area, Northwest Territories 

Grey tonalitic g neisses very similar in appearance 
to the old gneisses of the Chibougamau region were 
recognized by Frith e t al. (1973) in the lndin Lake area 
of the Northwest Territories (Fig. 2). They adjoin 
volcanic rocks that make up the lower part of the 
Yellowknife Supergroup and are folded with it. A 
preliminary Rb / Sr whole rock isochron yielded an age 
of 3000 m. y . for the gneisses and Frith et al. s u ggested 
that they r eprese nt the basement of the Yellowknife 
Supergroup. Dating of other rocks in the area 
(Frith, 197 4) gave ev idence of repeated periods of 
intrusion and deforma tion in this part of the Shield . 
Recorded in the various ages obtained are the Kenoran 
Orogeny (2500-2600 m.y. ), a post-Kenoran period of 
deformation (2200-2 300 m. y.) and the Hudsonian 
Orogeny (1800-1900 m. y.) . 

SUMMARY 

The major points of this review are : 

1) In six widely scatter ed localities of the Canadian 
Shield unconfor mities between Archean volcanic 
sedimentary b e lts and underlying granitoid rocks have 
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been described or interpreted from the local g·eology. 

2) The sedimentary components in many, if not most, 
of these belts have in part a granitic provenance as 
evidenced by the presence of gTanite - bearing conglom
erates and quartz-rich sediments. Both the sedimentary 
rocks and their granite-derived constituents are found 
at all stratigraphic levels within the volcanic
sedimentary assemblages but as a rule become 
increasingly abundant upward in the sequence, commonly 
culminating in a predominantly sedimentary succession 
near its top. The latter may or may not be separated 
from the underlying, predominantly volcanic succession 
by an unconformity. 

3) Radiometric ages derived from granitic rocks in 
five widely separated localities of the Canadian Shield 
range from 2900 to 3550 m. y. These predate any yet 
determined from the Archean volcanic-sedimentary 
belts of the Shield. This clearly indicates that granitic 
rocks existed prior to the formation of the greenstone 
belts. 

Supplementary to the above is the observation that 
in th e majority of cases where there is evidence for a 
granitoid basement its composition is notably poor in 
potash. Tonalite or quartzdiorite, trondhjemitc, and 
soda-rich granodiorites are generally the basement 
rocks described . 

DISCUSSION 

An early view of the origin of the granitic clasts in 
conglomerates of the greenstone belts was that they 
were derived from granitic rocks intrusive into the 
lower parts of the same assemblages. Deformation 
associated with the intrusion and subsequent erosion 
exposed the granites at the surface and provided a 
source of gTanitic material for later sediments (cf. 
Lawson, 1913). These were called the Laurentian 
granites and they formed the basis for the earlier sub
division of the Archean volcanic -sedimentary belts into 
Keew atin and Timiskaming divisions. Similar views 
have been expressed by a number of writers in recent 
years (e. g. Green and Baadsgaard, 1971); Turner and 
Walker, 1973; and Elbers and Gilbert, 1972). Following 
from this hypothesis is the corollary that gTanite
bearing conglomerates must succeed an unconformity 
in the Archean sequence. That this is not always so 
is evident from the stratigraphic tables presented in 
Table 2. Granite - bearing conglomerates are interbedded 
with, or lie below, the predominantly volcanic lower 
part of the succession in the Cross Lake, Oxford Lake
Gods Lake, Rice Lake, Uchi Lake- Birch Lake, Fort 
Hope , and Rouyn-Noranda regions. 

An alternate explanation already discussed is that 
the granitic clasts are of subvolcanic origin, derived 
from th e volcanic assemblage itself by shallow erosion 
(Bass , 1961; Goodwin, 1962). This does not accord 
with the observations by Donaldson and Jackson (1965) 
and Pe ttijohn (1970) who find that both the granitic 
clasts and materials of some of the sediments have 
characteristics of true plutonic rocks. 
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Obviously, then, gTanitic rocks must have been 
exposed throughout much, or all, of the time that the 
volcanic-sedimentary sequences were accumulating. 
This is supported by the radiometric ages which 
demonstrate the existence in places of pre-volcanic 
granitoid rocks and by the presence in others of an 
unconformity between the volcanic-sedimentary 
sequence and an underlying granite. 

Thus, the sum of evidence favours the view that 
the volcanic-sedimentary belts succeeded the formation 
of a granitic crust. It cannot be proved that such a 
crust was continuous beneath the greenstone belts but 
the widespread distribution of the evidence for an early 
crust in the Superior and Slave provinces (Fig·s. 2 and 3) 
makes this an attractive hypothesis. 

Assuming the existence of a continuous early sialic 
crust, a model for the development of a typical green
stone belt is illustrated in Figure 8 . The crust is 
presumed to be universal (i . e. worldwide) and, 
accordingly, much thinner than a t present; probably 
about 15 or 20 km thick. Much of it would be below sea 
level and hence immune to subaerial erosion. The geo
thermal gTadient, because of the higher level of radio
activity prevailing at this early stage of earth history, 
would be gTcater than at present and the temperature 
at which granitic rocks begin to melt would be reached 
at much shallower depths (cf. Jacobs et al. , 1959). 
This model is not wholly new but incorporates features 
expressed in models previously proposed by Anhaeusser 
et al., 1969, McGlynn and Henderson, 1970, and Pearce 
(pers. comm., 1974) among others. 

In the first illustration (Fig. 8A) a volcanic pile 
begins to accumulate upon the siahc crust. Because of 
withdrawal of magma from below and the instability 
created by denser over lighter material, the crust 
buckles into the substratum and to some degree spreads 
laterally. On both sides of the volcanic pile the crust 
swells into upward bulges. The melting isotherm, the 
temperature at which sialic material begins to melt, is 
placed a short distance below the crust. 

In the next diagram (Fig. 8B) the volcanic pile has 
gTown to above sea level while the base of the sinking 
crust has descended into the region of melting. The 
rise of plutons from the deepest part of the downwarp 
raises the temperature in the overlying crust and 
causes an upwarp in the melting isotherm. Sinking of 
the crust beneath the growing volcanic pile can be 
accommodated by either flexure in the crust, faulting, 
or both. ln this diagTam both are shown. The crust 
is hing·ed on one side of the volcanic pil e and descends 
along a fault on the other. The hinged side of the 
downwarp can continue to swell and flex upward by 
lateral transfer of material in both crust and mantle 
whereas the opposite side may be effectively isolated 
from these movements by the faulting. Thus, sediments 
from both the emergent crust and volcanic assemblage 
accumulate in the intervening wedge whereas on the 
opposite side of the volcanic pile they are mainly of 
volcanic derivation. 

Figure 8C shows a more advanced stage in the 
development of a greenstone belt. The volcanic
sedimentary assemblage has been deformed by rising 
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plutons from the melting zone and subsequently over
lain unconformably by an increased volume of sediments 
from the emergent c1·ust mixed with a reduced contri
bution from declining volcanic sources. 

The last illustration (Fig-. 8D) shows a s tabilized 
crust possessing those features which arc recognized 
in the present Canadian Shield: 1) rare unconformitics 
between volcanic -sed imentary successions and earlier 
granitoid rocks; 2) plutonic intrusives e nveloping the 
g-rccnstonc belts; 3) unconformitics within the volcanic
sedimentary assemblage; and 4) increasing quantities 
of sedimentary materials of granitic derivation upward 
in the stratigraphic sequence. 

It must be emphasized that this model is greatly 
simplified . The effects of tangential movements, such 
as mig·ht be expected from a p1·imitive form of plate 
tectonics action, have been ignored . Crustal thick ening 
which would be necessary to complete the model has 
not b een shown and only one intrusive phase is 
represented. In reality the intrusives comprise a 
succession of phases ranging from potash -poor to 
potash-rich, possibly the result of successive me lting 
of the early-formed sialic mag·ma. 

Finally, a major objection to this type of model -
the problem of low initial 87sr;86sr ratios common to 
many Archcan plutons - must be considered. Two 
factors may be of importance in this reg·ard . First, the 
primitive crust would probably be fractionated to some 
degree. Potassium and rubidium would be more con
centrated in the upper than in the lower levels of the 
crust. Hence, the augmentation of radiogenic strontium 
with time in the lower crust would be minimal. Secondly, 
in the high- tempera ture environment assumed to pre
vail at the base of the crust, equilibration of 87sr /86sr 
ratios might be expected to take place across the crust
uppcr mantle boundary in the manner postulated for a 
descending oceanic s lab by Armstrong (1968). If 
these postulates are correct plutons derived from melting· 
the base of the crust would b e sodic and have a 
86sr;86sr ratio similar to that of the upper mantle of 
the time. 
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