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PREFACE 

The Striding-Athabasca mylonite zone is one of the most remarkable faults in the Canadian Shield. 
Extending some 400 km from Lake Athabasca into the District of Mackenzie, Northwest Territories, it has 
long been the target of mapping and nickel exploration by the Geological Survey of Canada (GSC), the 
Saskatchewan Geological Survey and private industry, from the classical work of J.B. Tyrrell in the 1890s to 
prospecting and recent drilling by Devex Exploration Inc. and Noranda Exploration Co. Ltd. in 1991. This 
report, along with the previously published map of the East Athabasca Mylonite Triangle (GSC Map 1859A, 
scale 1: 100 000), documents the geology of the Saskatchewan segment of the mylonite zone mapped during 
three-month field seasons in 1990 and 1991. Systematic observations made during a two month field season 
in 1992 on the Northwest Territories segment of the mylonite zone are also described. 

The Striding-Athabasca mylonites form a deep-crustal fault zone which initiated during the Middle 
Archean (ca. 3.2 Ga) dismemberment of an island arc associated with the suturing of the Rae and Hearne 
continents. In the Late Archean (ca. 2.6 Ga), the mylonites and the fragments of the arc were the site of 
renewed shearing, plutonism, and metamorphism. Subsequently, the Archean structure was exploited by 
rifting during Early Proterozoic continental breakup of the Churchill continent, and served to define a major 
promontory-re-entrant pair which controlled accretionary tectonics (ca. 2.1-1.8 Ga) at the jagged western 
margin of the continent. 

This report provides detailed documentation of the structural and plutonic history of the Striding
Athabasca mylonite belt, and examines its role in the Archean and Early Proterozoic tectonic evolution of the 
western Canadian Shield. It illustrates how geological studies are essential to the successful interpretation of 
crustal-scale experiments, such as LITHOPROBE. 

M.D. Everell 
Assistant Deputy Minister 
Earth Sciences Sector 

PREFACE 

La zone mylonitique de Striding-Athabasca correspond a l'une des failles les plus remarquables du 
Bouclier canadien. S 'allongeant sur quelque 400 km du lac Athabasca au district de Mackenzie (Territoires du 
Nord-Ouest), elle est depuis longtemps la cible de travaux de cartographie geologique et de prospection du 
nickel effectues par la Commission geologique du Canada (CGC), la Commission geologique de la 
Saskatchewan et l 'industrie privee. Ces travaux remontent aussi loin qu 'aux etudes classiques de J.B. Tyrrell 
menees dans les annees 1890 et sont aussi recents que les travaux de prospection et de forage realises par les 
societes Dev ex Exploration Inc. et Explorations N oranda Limitee en 1991. Le present rapport, comme la carte 
de la zone triangulaire mylonitique d' Athabasca Est (carte 1859A de la CGC, echelle de 1/100 000) publiee 
recemment, documente la geologie du segment de la zone mylonitique situe en Saskatchewan qui a ete 
cartographie durant trois mois de travaux sur le terrain en 1990 et en 1991. Il contient egalement une 
description des observations systematiques faites pendant une campagne de deux mois realisee en 1992 sur le 
segment de la zone mylonitique situe dans les Territoires du Nord-Ouest. 

Les mylonites de la zone de Striding-Athabasca constituent une zone de failles de la croute profonde dont 
la fo1mation a ctebute par le demembrement a l' Archeen moyen (vers 3,2 Ga) d'un arc insulaire associe a la 
suture des continents de Rae et de Hearne. Al' Archeen tardif (vers 2,6 Ga), les mylonites et les fragments de 
l'arc ont ete le site d'un nouvel episode de cisaillement, de plutonisme et de metamorphisme. Par la suite, au 
Proterozo"ique precoce, la structure archeenne a ete le siege d'un rifting qui a mene a la fragmentation du 
continent de Churchill et a donne naissance a un important couple promontoire-rentrant, qui a exerce un 
controle sur la tectonique d'accretion (vers 2,1 -1,8 Ga) a la marge ouest dentelee du continent. 

Le present rapport fournit une documentation detaillee de l' evolution structurale et plutonique de la zone· 
mylonitique de Striding-Athabasca et une analyse de son role dans l' evolution tectonique de la partie ouest du 
Bouclier canadien a l' Archeen et au Proterozo"ique precoce. Un tel compte rendu illustre a quel point les 
etudes geologiques sont essentielles a une interpretation concluante d, experiences menees al' echelle crustale 
comme celles du projet LITHOPROBE. 

M.D. Everell 
Sous-ministre adjoint 
Secteur des sciences de la Terre 
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GEOLOGY OF THE STRIDING-ATHABASCA 
MYLONITE ZONE, NORTHERN 

SASKATCHEWAN AND SOUTHEASTERN 
DISTRICT OF MACKENZIE, 
NORTHWEST TERRITORIES 

Abstract 

Striding-Athabasca mylonite zone, northern Saskatchewan and southeastern District of Mackenzie, 
N.W.T., occupies a 400 km long segment of the Snowbird tectonic zone. It is a linked system of Archean 
granulite facies mylonite belts (East Athabasca mylonite triangle and Striding mylonite belt), which trace a 
sinuous course along a train of lozenges of stiff Middle Archean crust. 

Middle Archean mafic and tonalitic rocks may represent part of a plutonic arc emplaced into a 
sedimentary accretionary wedge above a subduction zone during the early construction of the western 
Churchill continent, and affected by contemporaneous granulite facies mylonitization. By the Late 
Archean, ca . 2.62-2 .60 Ga, this segment of the Snowbird tectonic zone, located well within the interior of the 
western Churchill continent, was invaded by voluminous mafic and granitic plutons, and subjected to 
further granulite facies mylonitization. Striding-Athabasca mylonite zone was not the site of an Early 
Proterozoic suture or orogen. 

The geometry of the Archean/Early Proterozoic boundary in the western Canadian Shield may 
represent a jagged continental margin, composed of a pair of re-entrants defined by rifted and transform 
segments, inherited from Early Proterozoic break-up . Rifting may have been controlled by the Archean 
structure of the interior of the western Churchill continent, i.e., the Striding-Athabasca mylonite zone, with 
its associated Middle Archean lozenges, and Late Archean mylonites of the Great Slave Lake shear zone. 
The geometry of this jagged margin appears to have strongly influenced the Early Proterozoic tectonic 
evolution of the edge of the western Canadian Shield. 

Resume 

La zone mylonitique de Striding-Athabasca dans le nord de la Saskatchewan et le sud-est du district de 
Mackenzie (Territoires du Nord-Guest) occupe un segment de 400 km de longueur de la zone tectonique de 
Snowbird. fl s' agit d' un systeme compose de bandes mylonitiques archeennes dufacies des granulites (zone 
triangulaire mylonitique d' Athabasca Est et zone mylonitique de Striding) reliees entre elles, qui dessinent 
un parcours sinueux le long d' une trainee de losanges de croflte rigide de l' Archeen moyen. 

Des roches mafiques et tonalitiques de l' Archeen moyen pourraient representer une portion d' un arc 
plutonique mis en place dans un prisme d' accretion sedimentaireforme au-dessus d' une zone de subduction 
au debut de l' edification du continent de Churchill occidental et qui auraient ete affectees par une 
mylonitisation au facies des granulites contemporaine de leur intrusion. Avant l' Archeen tardif, soit a 
environ 2 ,62-2 ,60 Ga, ce segment de la zone tectonique de Snowbird, situe bien al' interieur du continent de 
Churchill occidental, avait ete envahi par des plutons mafiques et granitiques de grandes dimensions et 
soumis a une deformation plus poussee par mylonitisation aufacies des granulites. La zone mylonitique de 
Striding-Athabasca n' a pas ete le site. d' une suture ou d' un orogene au Proterozoique precoce. 

La geometrie de la limite Archeen-Proterozoique precoce dans l' ouest du Bouclier canadien pourrait 
etre le reflet d'une marge continentale dentelee, composee d'une paire de rentrants correspondant a des 
segments d' une marge de divergence delimites par des failles transformantes, qui serait un heritage de la 
fragmentation continentale du Proterozoique precoce. Le rifting a pu etre controle par Les structures 
archeennes du continent de Churchill occidental, soit la zone mylonitique de Striding-Athabasca et Les 
losanges de croflte de l' Archeen moyen associes, ainsi que !es mylonites de l' Archeen tardif de la zone de 
cisaillement du Grand lac des Esclaves. La geometrie de la marge dentelee semble avoir exerce une forte 
influence sur l' evolution tectonique de la bordure ouest du Bouclier canadien au Proterozoique precoce. 

1 



SUMMARY 

Striding-Athabasca mylonite zone, northern 
Saskatchewan and southeastern Disttict of Mackenzie, 
N.W.T., occupies a 400 km long segment of the Snowbird 
tectonic zone. The Snowbird tectonic zone is a 
northeast-southwest gravity anomaly which may be 
traced from the Canadian Rocky Mountains to north
ern Quebec. Along the Striding-Athabasca mylonite 
zone segment, it coincides with train of three 100 km
scale magnetically defined "lozenges" (Athabasca, 
Selwyn, and Three Esker). The Striding-Athabasca 
mylonite zone is a linked system of granulite facies 
mylonite belts which trace a sinuous course along the 
train of lozenges. The mylonite zone consists of two 
parts: the East Athabasca mylonite triangle, at the 
northeastern apex of the Athabasca lozenge, and its 
northeastern extension, the Striding mylonite belt. 

The East Athabasca mylonite triangle, located on 
the north shore of the eastern end of Lake Athabasca, 
is structurally divided into an upper and a lower deck. 
The lower deck comprises three kinematic sectors; 
two conjugate, penetratively mylonitic, granulite 
facies strike-slip shear zones, each about 15 km thick, 
separated by a central septum. In the central septum 
the bulk finite strain is of relatively low magnitude, 
and the bulk deformation path approximates to pro
gressive pure shear. The upper deck overlies the 
lower deck and was initially emplaced along a dis
crete basal thrust, as indicated by the presence of rel
ict Late Archean eclogite. It is now entirely occupied 
by a penetratively mylonitic, 10 km thick dip-slip 
granulite facies shear zone. The upper deck can be 
described as an extensional shear zone with a lateral 
ramp, at least with regard to its later granulite and 
subgranulite facies development. 

The Stt·iding mylonite belt is a welt of through
going granulite to upper amphibolite ribbon mylon
ite, 5 to 10 km thick, along the southeastern side of 
the Selwyn lozenge, from the East Athabasca 
my lonite triangle to the north end of Snowbird Lake. 

The geological history of the Striding-Athabasca 
mylonite zone began with the deposition of semipeli
tic to pelitic sediments. The sediments were intruded 
at ca. 3.4-3.2 Ga by a tonalite batholith, which dis
membered an anorthosite-pyroxenite-gabbro
peridotite mafic complex during the early stages of 
its ascent. No geological record is preserved for the 
interval ca. 3.13-2.62 Ga. At ca. 2.62-2.60 Ga, the 
metasediments were invaded by two large mafic 
plutonic bodies and by a voluminous suite of syn
tectonic granitoid bodies. Two penetrative granulite 
facies mylonitization events are recorded. The first 
(about 850°C, 1.0 GPa) occurred at ca. 3.13 Ga, and 
is represented by annealed relict fabrics. The sec
ond (850-1000°C, 1.0-1.5+ GPa), associated with 
widespread, penetrative ribbon fabrics, occurred 
ca. 2.62-2.60 Ga, and was accompanied by volumi
nous mafic and granitic plutonism. During the Late 
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La zone mylonitique de Striding-Athabasca dans le nord de la 
Saskatchewan et le sud-est du district de Mackenzie (Territoires du 
Nord-Ouest) occupe un segment de 400 km de longueur de la zone 
tectonique de Snowbird. Cette zone tectonique se manifeste par une 
anomalie gravimetrique d'orientation nord-est-sud-ouest que !'on 
peut suivre des Rocheuses canadiennes jusque dans le nord du 
Quebec. Le long du segment de la zone mylonitique de Striding
Athabasca, l'anomalie coi'ncide avec une tt·ainee de trois «losanges» 
(Athabasca, Selwyn et Three Esker) d'une centaine de kilometres, 
qui peuvent etre definis a !'aide des donnees magnetiques. La zone 
mylonitique de Striding-Athabasca est un systeme de zones myloni
tiques du facies des granulites reliees entre elles qui dessinent un par
cours sinueux le long de la trainee de losanges. La zone mylonitique 
sincerely d'Athabasca Ee compose de deux parties: la zone trian
gulaire my lonitique st, au sommet nord-est du losange d' Athabasca, 
et son prolongement nord-est, la zone mylonitique de Striding. 

La zone triangulaire mylonitique d' Athabasca Est, situee sur la 
rive nord du lac Athabasca a son extremite est, est divisee sur la base 
d'arguments structuraux en deux niveaux, l'un superieur et l'autre 
inferieur. L'etude cinematique du niveau inferieur permet de recon
naitre trois secteurs distincts. Deux d 'entre eux sont des zones con
juguees de cisaillement par coulissage d'environ 15 km chacune qui 
renferment des roches du facies des granulites montrant une fabrique 
mylonitique fortement developpee. Ces deux zones sont separees par 
une cloison centrale qui constitue le troisieme secteur. Dans la cloi
son centrale, la deformation finie apparente est relativement faible et 
la trajectoire de la deformation apparente se rapproche de celle d 'un 
cisaillement pur progressif. Le niveau superieur surmonte le niveau 
inferieur et cette disposition resulte a l'origine du jeu d'un che
vauchement basal bien individualise dont l' existence est revelee par 
la presence d'eclogites reliques de l' Archeen tardif. Le site de ce 
chevauchement est maintenant entierement occupe par une zone 
de cisaillement a rejet-pendage de 10 km d'epaisseur formee de 
roches du facies des granulites qui montrent une fabrique myloni
tique fortement developpee. Le niveau superieur peut etre decrit 
comme une zone de cisaillement de regime extensif a rampe late
rale, du moins si l 'on se fie a la repartition des roches du facies des 
granulites et celles de metamorphisme de plus faible intensite de for
mation ulterieure. 

La zone mylonitique de Striding est un bombement de mylonites 
rubanees traversant toutes les unites qui temoignent d'un metamor
phisme du facies des granulites au facies des amphibolites superieur, 
dont l'epaisseur se situe entre 5 et 10 km, et qui se situe le long du 
flanc sud-est du losange de Selwyn, de la zone triangulaire myloni
tique d 'Athabasca Est a l 'extremite nord du lac Snowbird. 

L'histoire geologique de la zone mylonitique de Striding
Athabasca a debute avec le depot de sediments semipelitiques a 
pelitiques. Les sediments ont ete traverses vers 3,4-3,2 Ga par un 
batholite tonalitique qui a demembre un complexe mafique 
d' anorthosite-pyroxenite-gabbro-peridotite durant les premiers 
stades de son ascension. Aucun element geologique de l'intervalle 
3,13-2,62 Ga environ n'a ete preserve. Vers 2,62-2,60 Ga, les roches 
metasedimentaires ont ete envahies par deux vastes massifs plu
toniques mafiques et une suite volumineuse d'amas granitoi:des syn
tectoniques. Deux episodes de mylonitisation penetrative au facies 
des granulites ont laisse des traces. Le premier (environ 850°C, 
1,0 GPa) s'est produit vers 3,13 Ga et est represente par des fabriques 



Archean event, cooling through amphibolite to green
schist facies led to strain localization and a narrowing 
of the active shear zones. 

Early Proterozoic activity within the Striding
Athabasca mylonite zone is limited to pluton 
emplacement within the lower deck, and folding of 
granitic veins during minor re-activation of green
schist mylonites at ca. 1.8 Ga. The absence of impor
tant Early Proterozoic regional deformation and 
metamorphism indicates that this segment of the 
Snowbird tectonic zone was not the site of an Early 
Proterozoic suture or orogen. The Late Archean rib
bon mylonites formed as part of an intracontinental 
structure, far removed from the contemporaneous 
active plate margins. However, it is possible that the 
Middle Archean tonalite batholith might be part of a 
plutonic arc, perhaps emplaced into a sedimentary 
accretionary wedge, above a Middle Archean sub
duction zone during the early construction of the 
western Churchill continent. 

Fragments of relatively stiff Middle Archean crust 
have controlled the localization, shape, and complex 
kinematics of the multistage, Striding-Athabasca 
mylonite zone during the Archean, as well as the 
geometry of Early Proterozoic rifting at the margin of 
the western Churchill continent in what is now 
Alberta. The geometry of the Archean/Early 
Proterozoic boundary in the western Canadian Shield 
may represent a jagged continental margin, com
posed of a pair of re-entrants defined by rifted and 
transform segments, inherited from Early Proterozoic 
breakup and controlled by the Archean structure of 
the interior of the western Churchill continent, i.e. the 
Striding-Athabasca mylonite zone and associated 
Middle Archean lozenges, and Late Archean mylon
ites of the Great Slave Lake shear zone. The geometry 
of this jagged margin appears to have strongly influ
enced Early Proterozoic tectonics and magmatism at 
the edge of the western Canadian Shield. 

INTRODUCTION 

reliques recristallisees. Le deuxieme episode (850-1 000°C, 1,0-
1,5+ GPa), auquel est associe des fabriques rubanees penetratives de 
formation repandue, a eu lieu vers 2,62-2,60 Ga; il a ete accompagne 
d'une activite plutonique mafique et granitique aux produits volu
mineux. Durant l 'episode remontant al' Archeen tardif, dans la peri
ode de refroidissement qui a mene a l 'atteinte de conditions du facies 
des amphibolites et finalement a celles du facies des schistes verts, la 
deformation est devenue plus localisee et la largeur des zones de 
cisaillement actives a diminue. 

Au Proterozoi:que precoce, l'activite dans la zone mylonitique de 
Striding-Athabasca a ete limitee a !'injection de roches plutoniques 
dans le niveau inferieur et au plissement des veines granitiques durant 
un faible episode de reactivation des mylonites au facies des schistes 
verts a environ 1,8 Ga. L'absence, a l'echelle regionale, d'une defor
mation et d'un metamorphisme d'importance au Proterozoi:que pre
coce indique que ce segment de la zone tectonique de Snowbird n' a 
pas ete le sited 'une suture OU d 'un orogene a Ce moment de l 'histoire 
geologique. Les mylonites rubanees de l 'Archeen tardif se sont 
formees dans une structure intracontinentale, tres loin des marges de 
plaques actives ace moment. Cependant, il est possible que le batho
lite tonalitique de l 'Archeen moyen fasse partie d 'un arc plutonique 
qui se serait mis en place dans un prisme d'accretion sedimentaire, 
au-dessus d 'une zone de subduction de l 'Archeen moyen, au debut de 
l'ectification du continent de Churchill occidental. 

Des fragments de croute relativement rigide de l ' Archeen moyen 
ont contr6le la localisation, la forme et la cinematique complexe de la 
zone mylonitique de Striding-Athabasca qui s'est formee en 
plusieurs etapes durant l 'Archeen, ainsi que la geometrie du rifting du 
Proterozoi:que precoce a la marge du continent de Churchill occiden
tal dans ce qui est maintenant l' Alberta. La geometrie de la limite 
Archeen-Proterozoi:que precoce dans l'ouest du Boucher canadien 
pourrait etre le reflet d'une marge continentale dentelee, composee 
d 'une paire de rentrants correspondant a des segments de marge de 
divergence delimites par des failles transformantes, qui serait un 
heritage de la fragmentation continentale du Proterozoi:que precoce. 
Le rifting a pu etre contr6le par les structures archeennes al 'interieur 
du continent de Churchill occidental, soit la zone mylonitique de 
Striding-Athabasca et les losanges de croute de l' Archeen moyen 
associes, ainsi que les mylonites de l 'Archeen tardif de la zone de 
cisaillement du Grand lac des Esclaves. La geometrie de la marge 
dentelee semble avoir exerce une forte influence sur l'activite tec
tonique et magmatique du Proterozoi:que precoce a la bordure ouest 
du Boucher canadien. 

The purpose of this project, initiated in 1983, was to investi
gate the displacement histories of major crustal-scale shear 
zones in the western part of the Churchill Province, Canadian 
Shield. Two principal targets were selected for systematic 
mapping: the southeast shore of Great Slave Lake, Northwest 
Territories (N.W.T.), and the eastern end of Lake Athabasca, 
northern Saskatchewan (Fig. 1). They were identified on the 
basis of examination and interpretation of the available litera
ture and coloured aeromagnetic maps, then recently pub
lished by the Geological Survey of Canada. Fieldwork on the 
first target (1984, 1985, 1987) resulted in the recognition, 

documentation, definition, and interpretation of the Great 
Slave Lake shear zone (Hanmer and Lucas, 1985; Hanmer 
and Connelly, 1986; Hanmer and Needham, 1988; Hanmer, 
1988a, 1989, 1991; Hanmer et al., 1992a). This report is con
cerned with the second target, referred to in the 1983 Project 
Identification as the Grease River and Black Lake shear 
zones, northern Saskatchewan. Fieldwork began with a brief, 
but fruitful reconnaissance in 1986. The initial structural geo
logical observations were surprising, to say the least, even to 
a confirmed student of crustal-scale faults: a large, kinemati
cally complex, triangular area of penetratively developed 
granulite facies ribbon mylonite, comprising at least two con
jugate shear zones (Fig. 2; Hanmer, 1987a). 
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Figure 1. Generalized geology of the western Canadian Shield. The area of Rankin-Ennadai 
greenstone belt outliers has been grossly simplified. Modified from Hoffman (1988). 
Location of Figure 2 and the Striding-Athabasca mylonite zone indicated by the rectangle. 
GSLsz, Great Slave Lake shear zone. 

Subsequent to the initial structural reconnaissance 
(Hanmer, 1987a), a high amplitude linear anomaly in the 
horizontal gravity gradient map of the Canadian Shield 
(Goodacre et al., 1987; Thomas et al., 1988) was baptized as 
the Snowbird tectonic zone by Hoffman (1988). As a geo
physical anomaly, the Snowbird tectonic zone may extend 
almost 3000 km from the Canadian Rocky Mountains to the 
coast of Hudson Bay, possibly as far as northern Quebec. It 
has long been considered to represent a tectonically important 
boundary between major crustal blocks within the western 
Canadian Shield, variously referred to as the Rae and Hearne 
provinces 1 (Hoffman, 1988), or the Amer Lake ( cratonic) and 
Cree Lake (ensialic mobile) zones (Lewry et al., 1985). By 
the time the main fieldwork began on this second target 
(1990-1992), it was appropriate to couch the project objectives 

1 The original definitions of the Rae and Hearne provinces were 
predicated upon the interpretation of the Snowbird tectonic zone as 
an Early Proterozoic suture (Hoffman, 1988). However, as will be 
shown, the segment of the Snowbird tectonic zone studied here is 
intra-continental and Archean. Since the terms Rae and Hearne are 
now well entrenched in general usage, the Rae and Hearne nomen
clature is retained. 
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in terms of a modem structural geological investigation of the 
best exposed, most accessible segment of the geophysically 
defined Snowbird tectonic zone. The high grade mylonites 
discovered in 1986 (Hanmer, 1987a) were systematically 
mapped in northern Saskatchewan (Hanmer et al., 1991 , 
1992b; Hanmer, 1994) and their extension into District of 
Mackenzie, N.W.T., was documented during the course of 
this study (Hanmer and Kopf, 1993). The 400 to 500 km long 
geological structure was referred to as the Striding-Athabasca 
mylonite zone (Fig. 2; Hanmer et al., 1994, 1995a, b). This 
detailed report of the Striding-Athabasca mylonite zone is in 
part keyed to Geological Survey of Canada, Map 1859A 
(Hanmer, 1994). 

Location and access 

This report focuses upon two areas. The first is a triangle 
within the Fond-du-Lac and Stony Rapids map areas (NTS 
740 and 74P), between longitudes 104°52'W-106°58'W and 
latitudes 59°15'N-59°45'N, located at the eastern end of Lake 
Athabasca, northern Saskatchewan (Fig. 2). The wedge
shaped area, well marked by topography and hydrology, is 
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Figure 2. Sketch of the spatial distribution of laterally continuous, extensive high 
grade mylonite (oblique line rule) with respect to the magnetically defined crustal
scale Athabasca, Selwyn, and Three Esker lozenges (grey shading; drawn from 
Geological Survey of Canada, 1987; see Hanmer et al., 1995b). The East Athabasca 
mylonite triangle and the Striding mylonite belt are located. Outlines of I: 250 000 
scale to po graphic sheets are indicated.Note that the grid of latitudes and longitudes is 
only valid south of Snowbird Lake. SG, Straight-Grease fault; BB, Black-Bompas 
fault. Black bar is river section referred to in text. 

referred to herein as the East Athabasca triangle. Geographi
cally, the East Athabasca triangle is bounded by Fond du Lac 1 

(eastern end of Lake Athabasca) to the south, the Grease and 
Straight rivers to the west, and a line linking Black and Bompas 
lakes to the east (Fig. 3). The second area is the narrow, tiiangle, 
across the southeastern corner of sinuous northeastward 
extension of the East Athabasca triangle, across the south
eastern corner of District of Mackenzie (NTS 65D, 75A), 
N.W.T., via Selwyn Lake, the Striding River, and Snowbird 
Lake, to latitude 61°30'N (Fig. 2). 

Access to the area is by scheduled flights with Athabasca 
Airways or Calm Air from Saskatoon to the village of Stony 
Rapids (Fig. 3). Athabasca Airways also runs scheduled 

1 Not to be confused with the village of Fond-du-Lac, Lake 
Athabasca, located west of the area covered by this report. 

flights out of Stony Rapids to communities along Lake 
Athabasca. Freight, food, and field equipment can be flown 
daily into Stony Rapids from Points North Landing, near 
Lake Wollaston, at the end of the road from Prince Albert and 
Lac la Ronge. Fuel and heavy freight are brought from Fort 
McMurray to Stony Rapids by barge when Lake Athabasca 
breaks up (mid-June), and at the end of the summer. 

From Stony Rapids, access to the field area is by float 
plane, except for boat access to the north shore of Fond du Lac 
(Lake Athabasca). Small float planes are available for charter 
from several companies. During the course of this project, a 
single engine turbine Otter, stationed in Stony Rapids to serve 
the local fishing lodges, was available from Athabasca 
Airways for camp moves. Occasionally, Athabasca Airways 
has a helicopter (Bell 206) available for casual charter. 
During the summer, a few intrepid canoeists undertake the 
classical overland route from Black Lake, up the Chipman 
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River, via Steinhauer, Woolhether, Chipman, and Bompas 
lakes, to Selwyn Lake (Fig. 3). From there they continue via 
Wholdaia Lake, the Dubawnt and Kazan rivers, eventually to 
arrive at Baker Lake, N.W.T. The trip, which takes several 
months to complete, was undertaken by several canoe parties 
during the duration of this project. Parts of the route are used 
as a skidoo trail by local Cree residents on their way to winter 
hunting cabins located north of Bompas Lake. 

Settlement 

The village of Stony Rapids (population about 500) is located 
just downstream of the rapids on the Fond du Lac River where 
it enters Fond du Lac, at the eastern end of Lake Athabasca 
(Fig. 3). It is supplied with electricity from Uranium City. It 
has a Northern Store, a Post Office, a nursing station, and a 
Saskatchewan Parks office where fishing licenses may be 
obtained. Saskatchewan Parks charges a $40 fee per camp 
site. Inquiries concerning multiple camp sites for survey pur
poses may be addressed to the Saskatchewan Parks Regional 
Office in Lac la Ronge. Local entrepreneurs are able to pro
vide reliable grocery supplies and services from Lac la 
Ronge. Accommodations, food, and a pay telephone are 
available at the Whitewater Inn. Aluminium boats and motors 
can be rented by special arrangement. Boat and aircraft fuel, 
as well as propane may be purchased from several suppliers. 
A secure depot facility is run by Points North Freight, where 
equipment storage can be arranged. A gravel road connects 
Stony Rapids to the village of Black Lake, located 15 km to 
the southeast on the lake of the same name (Fig. 3). Black 
Lake village is the centre of the Chicken Reservation, of 
which a small, unpopulated section occurs within the East 
Athabasca triangle, just north of Fond du Lac (Fig. 3). 

Climate,flora and fauna 

The study area lies within the zone of discontinuous wide
spread pe1mafrost (Brown, 1967). Breakup of the larger lakes 
in the area occurs by mid-June in the south, and late June in 
the north. The summers of 1990 and 1991 were hot during the 
months of June and July. Early June shade temperatures were 
commonly in the high 20°C range. Very hot 32°-35°C shade 
temperatures were recorded for up to a week, several times 
during both field seasons. Temperatures dropped quickly in 
August to very comfortable daytime conditions (about 15°-
200C). Night frost and heavy morning mist became frequent 
by the second week in August. 

The official tree line passes through the northern part of 
the study area, just north of Snowbird Lake (Fig. 2). However, 
tree cover at the latitude of Wholdaia and Snowbird lakes is 
very sparse, with wide barren areas separating small clumps 
of trees and stunted bushes in protected hollows and the lee
ward sides of hills . However, between Lake Athabasca and 
Selwyn Lake (Fig. 2), the dense forest of short pine and 
spruce is very difficult to traverse on foot. In places, particu
larly where combined with the rugged topography between 
Robillard River-Wiley Lake-Clut Lakes and Lake Athabasca, 
it is quite treacherous (Fig. 3). All of the area has been burned 
many times and dense recent growth of jack pine (Pinus banksia), 

black spruce (Picea mariana), quaking aspen (Populus 
tremuloides), and speckled alder (Alnus rugosa) is mined 
with old deadfall. Dwarf birch (Betula nana) is common 
everywhere. In such conditions, long traverses are not feasi
ble. Occasional stands of tall, mature white birch (Betula 
papyrifera) occur in some of the more protected valleys. 
Labrador tea (Ledum groenlandicum) and ground berries 
such as crowberry (Empetrum nigrum), bunchberry (Cornus 
canadensis), and bearberry (Arctostaphylos uva-ursi) are 
plentiful, especially cloud berries (Rubus chamaemorus) 
which thrive in swampy areas. Common flowers are harebell 
(Campanula rotundifolia), Sheep laurel (Kalmia angustifolia), 
Rugosa rose (Rosa rugosa), Pale corydalis (Corydalis sem
pervirens), and Silverweed (Potentilla anserina). 

Although little wildlife was seen, there are abundant signs 
of the presence of black bear and moose, as well as indica
tions of the passage of winter caribou and, more rarely, wolf. 
Bears were not common enough to constitute a problem, even 
in long term base camps. Hares and grouse were occasionally 
encountered, and camps were visited by mice and grey jays. 
The bald eagle population is thriving. Apparently, several 
active trap lines are maintained by local Cree trappers. Trout 
and grayling are present, and pike is abundant. There are 
active fishing lodges on the south side of Fond du Lac and on 
Black Lake, with satellite facilities on Selwyn Lake. Other 
lodges on Wholdaia Lake, Snowbird Lake, and at the narrows 
between Atzinging and Obrey lakes (Fig. 2) were in various 
states of abandon. 

Physiography 

The topographic relief ranges from about 300 m above sea 
level at Lake Athabasca, to about 500 mat Selwyn Lake. The 
East Athabasca triangle between Lake Athabasca, the Grease 
and Straight rivers, and Black and Bompas lakes is well 
defined by landforms and hydrology on topographic maps 
(NTS 740, 74P; Fig. 2). It is markedly more rugged than the 
surrounding area. This is particularly so in the southern part 
of the East Athabasca triangle, between Robillard River
Wiley Lake-Clut Lakes and Lake Athabasca (Fig. 3), where a 
set of steep, concentric ridges forms a southward concave 
structure, with the appropriately named Axis Lake in its 
'hinge zone ' (see Fig. 3, 4). The terrain flanking the triangle is 
blanketed by extensive Pleistocene boulder moraine and drift 
deposits, which are only patchily present in the triangle. It 
would appear that the present topography is Pleistocene in 
age, or older, and that the ice flow from the northeast (Taylor, 
1963) was diverted to either side. To the north of the triangle, 
the boulder deposits are succeeded by extensive sand plains. 
.Between Selwyn Lake and Snowbird Lake, extensive simple 
and braided eskers are developed. North of Snowbird Lake, 
the sand blanket is nearly complete and outcrop is extremely 
sparse. However, a few culminations in the bedrock topogra
phy do penetrate the sand cover, as at Three Esker lake 
(Fig. 2), an informal name given to the location of the most 
northerly outcrop examined during this study. South of the 
East Athabasca triangle, the east-west ridges on the south side 
of Fond du Lac are held up by the sandstones and conglomer
ates of the Athabasca Basin (Fig. 1). 
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Figure 4. Previous geometrical interpretation of the East Athabasca mylonite triangle 
in terms of a southwest-plunging open synform. Discussed in text. 

Previous and recent work 

Regional geophysics 

The Snowbird tectonic zone (Fig. 1) is a linear element in the 
regional potential field maps of the western Canadian Shield. 
It is well expressed as a high amplitude linear anomaly in the 
horizontal gravity gradient map (Fig. 5; Goodacre et al., 
1987; Thomas et al., 1988). Low amplitude anastomosing 
linear elements in the regional magnetic field occur along the 
trend of the gravity anomaly and define a train of three 
crustal-scale elliptical features (Geological Survey of 
Canada, 1987; Pilkington, 1989; Hanmer et al., 1995b), refer
red to as the Athabasca, Selwyn, and Three Esker "lozenges" 
(Fig. 2; Hanmer and Kopf, 1993). These geophysical fea
tures, historically referred to as the Fond du Lac low, the 
Kasba Lake-Edmonton low, or the Athabasca axis, have long 
been familiar to regional geophysicists (Walcott, 1968; Wallis, 
1970a; Walcott and Boyd, 1971; Gibb and Halliday, 1974; 
Teskey and Hood, 1991) and geochemists (Burwash and 
Culbert, 1976; Darnley, 1981). 

Although the name Snowbird tectonic zone was only 
recently coined, many authors have long speculated on its 
tectonic significance. Some have interpreted the geophysical 
and geochemical data in terms of a cryptic, branching 
intracontinental rift system. Wallis (1970a) considered the 
rifting to be older than the Trans-Hudson orogeny (ca. 1.9-1.8 Ga, 
Hoffman, 1990), whereas Darnley (1981; see also Teskey and 
Hood, 1991) suggested that it was approximately contempo
raneous with sandstone deposition in the Athabasca basin (ca. 
1. 7 Ga, Cumming et al., 1987). Others, refening either to apparent 
polar wander path determinations (Cavanaugh and Seyfert, 
1977; Seyfert and Cavanaugh, 1978; Gibb et al., 1980; cf. 
Roy et al., 1978), apparent truncations within the regional 
magnetic pattern (Hoffman, 1988), or paired anomalies in the 
regional gravity field (Thomas and Gibb, 1985), have proposed 
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that the Snowbird tectonic zone marks an Early Proterozoic 
collisional suture. However, more recent paleomagnetic data 
do not support the concept of the Early Proterozoic ocean 
basin required by the suture model (Symons, 1991). Some 
workers, seeking analogues with the continental-scale 
indentation-related transcurrent faults of Tibet (Tapponier 
and Molnar, 1976; Tapponier et al., 1982, 1986), have asciibed 
the Snowbird tectonic zone to Early Proterozoic impingement 
and indentation either from the northwest (e.g. Gibb, 1978), 
or from the southeast (e.g. Gibb, 1983; Gibb et al., 1983). 

Regional geology 

Geological mapping along parts of the Snowbird tectonic 
zone has been undertaken at a variety of scales, both north 
(Tyrrell, 1897a; Lord, 1953; Wright, 1955; Taylor, 1963, 
1970; Schau and Ashton, 1979; Schau et al., 1982; Eade, 
1985, 1986; Tella and Eade, 1985; Gordon, 1988) and south 
(TyITell, 1897a, b; Alcock, 1936; Furnival, 1940, 194la, b; 
Mawdsley, 1949, 1957; Kranck, 1955; Colbome, 1960, 1961, 
1962; Johnston, 1960, 1961, 1962, 1963, 1964; Colbome and 
Rosenberger, 1963, Baer, 1969; Wallis, 1970b; Gilboy, 
1978a, b, 1979, 1980a, b; Gilboy and Ramaekers, 1981; Slimmon 
and Macdonald, 1987; Crocker and Collerson, 1988; Carolan 
and Collerson, 1988, 1989; Slimmon, 1989) of the Northwest 
TeITitories border (Fig. 6). Understandably, early workers did 
not have an appropriate tectonic context within which to 
interpret their geological observations. However, after the 
early 1960s a northeast-trending aITay of discrete mylonitic 
faults (e.g. Grease River, Straight River, Black Lake, Virgin 
River, Snowbird, and Tulemalu) began to appear on tectonic 
maps of the western Canadian Shield (e.g. Byers, 1962; 
Douglas, 1969; Davidson, 1972; Lewry et al., 1978; Bailes 
and McRitchie, 1978; Eade, 1978; Tella and Eade, 1986; cf. 
Brown and Wright, 1957; Wright, 1967). Interpretations of 



the kinematic significance of the fault system are diverse; 
dextral strike-slip (e.g. Byers, 1962; Carolan and Collerson, 
1988, 1989), sinistral strike-slip (e.g. Taylor, 1963; Gibb, 
1978), and dip-slip (e.g. Tella and Eade, 1986), although 
most tectonic maps remain neutral on the question. 

The first geologically based tectonic model for the Snowbird 
tectonic zone was proposed by workers in central 
Saskatchewan, who interpreted it as the northwestern 
intracontinental limit of the penetrative tectonothermal influ
ence of the Trans-Hudson orogeny (e.g. Lewry and Sibbald, 
1977, 1980; Lewry et al., 1985). According to this hypothe
sis, the Snowbird tectonic zone is a shear zone whose location 
was determined by lateral rheological variation, due to the 

Figures. 

The geophysical expression of the Snowbird 
tectonic zone in the horizontal gravity gradient 
field west of Hudson Bay (after Goodacre et al. , 
1987); sz =shear zone. 

50km 
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104° 

existence of a thermal dome within the Trans-Hudson hinter
land. The soft thermal dome was equated with the Cree Lake 
(Hearne) zone, flanked to the northwest by the stiff rocks of 
the Amer Lake (Rae) "cratonic" zone (Lewry et al., 1985), 
also referred to as the Western Granulite Domain (Lewry and 
Sibbald, 1977; Gibb, 1983). In Saskatchewan, the classifica
tion of the rocks within (Tantato and Western Granulite 
domains) and adjacent to the Snowbird tectonic zone (Virgin 
River, Mudjatik, Dodge, Train, and Nevins domains) has 
become rather complex (e.g. Macdonald, 1987). During the 
course of this study, it was not possible to confirm the exist
ence of the Dodge, Train, and Nevins domains along the 
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Figure 6. 

Previous mapping in the vicinity of the Striding
Athabasca mylonite zone. See text. 
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northwestern margin of the Snowbird tectonic zone. Accord
ingly, in what follows, the wall rocks are refen-ed to as the Rae 
and Hearne crusts. 

Regional isotopic geochemistry 

Previous isotopic and geochronological studies in and adjacent 
to the Snowbird tectonic zone have tended to focus upon the 
age of the basement rocks beneath the Trans-Hudson orogen 
and the Phanerozoic cover on the one hand, and the absence 
of a detectable contrast in Nd model ages across the zone, at 
latitudes greater than 62°N, on the other. Uranium-lead zircon 
age determinations within the Rae and Hearne wall rocks fall 
within the range ca. 3.0-2.5 Ga, according to several pub
lished summaries (Fig. 7; Macdonald, 1987; Collerson et al., 
1988). A rhyolite from the southwestern extension of the 
Rankin-Ennadai greenstone belt (Fig. 1), just south of the 
Northwest Ten-itorial border, has yielded an age of 2682 ± 
6 Ma (Chiarenzelli and Macdonald, 1986). However, U-Pb 
zircon age determinations in the range ca. 2.0-1.89 Ga are 
reported from the Hearne wall rocks (Bickford et al., 1987). 
Late peraluminous postkinematic granitic pegmatite gave a 
U-Pb age of 1783 ± 47 Ma in the western part of the Hearne 

U/Pb 

103° 

crust (OITell and Bickford, 1989). Dated materials in the Rae 
wall rocks are mostly located at the western end of Lake 
Athabasca (e.g. Van Schmus et al., 1986), well removed from 
the Snowbird tectonic zone. 

Published U-Pb age determinations on zircon from 
within the Snowbird tectonic zone are the 1820 ± 19 Ma age 
of the Junction granite in the Virgin River shear zone (Bickford 
et al., 1986, 1987), and several preliminary ages in excess of 
ca. 2.3-2.25 Ga on gneisses from the Western Granulite 
Domain (Bickford et al., 1986; Macdonald and Sibbald, 
1988). A Sm-Nd mineral isochron of 2.48 ± 03 Ga was 
obtained from the Clearwater Anorthosite within the 
Western Granulite Domain, south of the Athabasca Basin 
(Hulbert, 1988). 

The range of crustal residence Nd model ages in southern 
Saskatchewan (Fig. 8), southeast of the Snowbird tectonic 
zone, is ca. 3.3-2.35 Ga, with most determinations falling 
between 3.0 and 2.6 Ga (Collerson et al., 1989). However, 
only two determinations (ca. 2.97 and 2.74 Ga; Bickford 
et al., 1987) fall within the Hearne crust. This broadly agrees 
with the 4.16-2.79 Ga spread of model ages obtained from 
Rae crust adjacent to the Taltson magmatic zone or arc (Fig. 1), 

64° 

HEARNE 

200km 

Figure 7. Distribution of available Archean U-Pb zircon dates (Ga) in 
the western Churchill continent. Data from Bickford et al. ( 1986), Van 
Schmus et al. (1986), Stevenson et al. (1989), Dudas et al. (1991), 
LeCheminant and Roddick ( 1991), Frisch and Parrish ( 1992 ), Roddick 
et al. ( 1992), Bickford et al. (1992), Annesley et al. (1992), Tella et al. 
( 1992), and Crocker et al. ( 1993 ). See text for additional references. 

10 



well to the nmthwest of the Snowbird tectonic zone (Theriault, 
1992). To the nmtheast, Dudas et al. (1991) examined granitoid 
bodies from either side of the Snowbird tectonic zone 
between 62°N and the Arctic Circle. They obtained a younger 
range of Nd model ages compared with the material to the 
southwest, ca. 2.91-2.4 Ga, with no indication of Middle 
Archean age crust. 

Lake Athabasca to Snowbird Lake 

Parts of the East Athabasca triangle, and its extension to the 
northeast into District of Mackenzie, have been systemati
cally mapped since the late 1930s by the Geological Survey 
of Canada and the Saskatchewan Department of Mineral 
Resources, now the Saskatchewan Geological Survey (Fig. 5; 
see "Regional geology"). Prior to the initiation of the present 
study (Hanmer, 1987a), much of the East Athabasca triangle 
was erroneously mapped as metavolcanic and metasediment
ary rocks. Furnival (1940) gave detailed descriptions of con
glomerate along the southwest arm of Reeve Lake (Fig. 3), 
and described a detailed volcanic stratigraphy along the 
northwestern side of the East Athabasca triangle. Colborne 
( 1961) described similar conglomerate from Mary Lake (Fig. 3 ). 

• 

Kranck (1955) considered that mafic granulites north of Fond 
du Lac (Fig. 3) were of supracrustal origin. After detecting 
"high" levels of Na in a single clinopyroxene sample, he pro
phetically speculated on the possibility of the presence of 
eclogite (see Snoeyenbos et al., 1995). Col borne (1960, 1961 , 
1962; see also Colborne and Rosenberger, 1963) described 
thick, stratified arkose and greywacke sandstones in and 
around Clut Lakes (Fig. 3). Johnston (1960, 1961, 1962) rec
ognized the presence of greenschist mylonite and cast doubt 
upon Furnival's (1940) identification of volcanic rocks along 
the west side of the East Athabasca triangle, although he 
equivocated and continued to describe them as tuffs and 
flows. Johnston (1962, 1963; see also Colborne, 1960) refer
red to the eastern third of the triangle by the equivocal epithet 
"hybrid gneiss". 

Much of this eai·Iier work was incorporated into the 1:250000 
scale compilation of Gilboy (1980b). Gilboy and Ramaekers 
(1981) introduced the te1m "Tantato Domain" to refer to the 
geology of the East Athabasca triangle. They explicitly stated 
that the rocks of the Tantato Domain appear to be largely vol
caniclastic in origin and suggested that granulite facies meta
morphism had occurred at the end of the Archean. The 
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t~ 

• 4.2-2.35 
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Figure 8. Distribution of available Tdm-Nd model ages (Ga) for the 
western Churchill continent. Note the broader range of ages to the 
southwest and the younger ages to the northeast in both Rae and Hearne 
crusts. Discussed in text. Data from Bickford et al. (1987), Collerson 
et al. (1989), Stevenson et al. (1989) , Dudas et al. (1991), Frisch and 
Parrish (1992), Bickford et al. (1992), and Crocker et al . (1993 ). 
Patterns as in Figure 1. 
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compilation map correctly shows the greenschist mylonite of 
the Black-Bompas, Straight-Grease, and Platt-Kaskawan 
fault zones (see Fig. 10, Fig. 127), already identified by the 
above cited mappers. However, it inc01Tectly extended the 
gently southwesterly plunging synformal structure, identi
fied by Colborne (1960) between Clut Lakes and Lake 
Athabasca (Fig. 3), to the entire East Athabasca triangle by 
extrapolating the hybrid gneiss along the west side of the 
triangle (Fig. 4). 

The poorly exposed Snowbird Lake and Wholdaia Lake 
map areas in southeast District of Mackenzie (Fig. 2) were 
each mapped in single field season by Taylor (Taylor, 1963, 
1970). He identified important swaths of paragneiss over 
large parts of the map areas, largely under-representing the 
real proportion of intermediate to mafic rocks which occupy 
the area between Selwyn, Wholdaia, and Snowbird lakes. 
Mylonite along the Snowbird tectonic zone was first referred 
to by Johnston (1960, 1961, 1962, 1964), Colborne (1960, 
1962), and Taylor (1963). While iohnston and Colborne 
mapped the Straight River, Black Lake, and Platt Creek shear 
zones as murnw greenschist facies mylonitic faults ~Fig. 10), 
Taylor drew a discrete fault along the Striding River and 
through Snowbird Lake (Fig. 2), to the east of which he men
tioned the presence of mylonite. After the initial recognition 
of extensive high grade mylonite (Hanmer, 1987a), Slimmon 
and Macdonald (1987) confiimed the observation during 
detailed mapping of the auriferous area around Sucker Bay 
(Fig. 3). Slimmon (1989) also incorporated the observation in 
a 1 :250 000 scale compilation of the Fond du Lac map area 
(Fig. 2). 

In 1990-1992, systematic structural geological studies 
were undertaken of the East Athabasca triangle and its geo
logical extension into southeastern District of Mackenzie, 
N.W.T. (Fig. 2; Hanmer et al., 1991, 1992b; Hanmer and 
Kopf, 1993; Hanmer, 1994). They revealed that the geophysi
cal expression of the Snowbird tectonic zone corresponds to 
two main geological components: mafic to intermediate com
position Middle Archean gneisses which underlie the mag
netically defined crustal-scale lozenges, and sinuous belts of 
principally Late Archean, dextral transpressive, high grade 
ribbon mylonite which bound them. Understanding the origin 
of, and the causal relationship between these two components 
is the keystone to the view of this segment of the Snowbird 
tectonic zone espoused during this work (Hanmer et al., 1994, 
1995a, b; see also Williams et al., 1995; Snoeyenbos et al., 
1995), and will be discussed at the end of this report. 

Field methods and extent of mapping 

Fieldwork for this project was carried out in two stages. An 
initial three week reconnaissance was undertaken during the 
summer of 1986. Two-person camps were established at 
Bompas and Tantato lakes (Fig. 3). Combined foot traverses 
and boat supported examination of lake shore outcrops, sup
plemented by two days of aircraft supported investigation, 
were sufficient to indicate the extent, high metamorphic 
grade, and kinematic complexity of the rocks (Hanmer, 
1987a). 
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Two full field seasons of systematic mapping in the East 
Athabasca triangle were undertaken in 1990 and 1991. In 
b9th years, the main crew comprised Simon Hanmer 
(Geological Survey of Canada), Chris Kopf (University of 
California at Santa Cruz), and Mark Darrach (University of 
Massachusetts). In 1992, Hanmer, Kopf, and Williams, with 
one assistant, undertook six weeks of fieldwork in the N 01thwest 
Territories during June and July (Hanmer and Kopf, 1993). 

During the 1990 field season, base camps were set up on 
Bompas, Chipman, Clut, and Reeve lakes (Fig. 3). A boat 
supported fly camp was established at Cora Lake (Fig. 3). 
During the 1991 field season, a permanent base camp was set 
up at the Chipman Lake site. Throughout the summer, trios of 
two person fly camps, equipped with small inflatable boats, 
were set out by Beaver for periods of 4 to 7 days at Athabasca, 
Bompas, East Hawkes, Father, Gunderson, Kaska wan, Little 
Faraud, Mary, Tilden, Turnbull, Wiley, and Woolhether lakes, 
and the Grease River (Fig. 3). During both summers, provi
sions were purchased directly from Robertson's Trading in 
Lac la Ronge, transported by road and DC-3 to Stony Rapids, 
and then flown into camp by float plane. The aim of this part 
of the study was to systematically map the East Athabasca 
triangle. Most mapping was by foot traversing, supplemented 
by boat work. Observations were recorded directly onto vin
tage (1940s-1950s) black and white air photographs of vari
able scale (about 1:35 000). All information was then 
compiled at the base camp using a Macintosh SE-30 com
puter and MiniCad+ CAD software (for details see Peterson 
and Hanmer, 1992). At the end of the fieldwork, the digital 
data was transferred to Arclnfo and a final colour map pro
duced at 1: 100 000 scale (Hanmer, 1994 ). 

During the 1992 field season, camps were established on 
the Striding River, in the northwestern bays of Selwyn Lake, 
and at the central narrows on Wholdaia Lake (Fig. 2). Empha
sis was placed upon boat-supported examination of good 
quality lakeshore outcrops. Foot traverses in otherwise inac
cessible areas were supported by fixed wing aircraft. The aim 
of this section of the study was to trace the important geologi
cal elements discovered during the systematic mapping of the 
East Athabasca triangle along strike to the northeast. Exposure 
north of the Territorial border is poor and not very extensive, 
and the area had been mapped by the Geological Survey of 
Canada during the 1960s (Taylor, 1963, 1970). Accordingly, 
the intent here was to upgrade the structural geological data
base, as opposed to launching a new systematic mapping 
program. 
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GENERAL GEOLOGY 

In the Stony Rapids area, the geophysical expression of the 
Snowbird tectonic zone is geologically underlain by the East 
Athabasca mylonite triangle (Fig. 9 and 10; Hanmer, 1987a, 
1994; Hanmer et al., 1991, 1992b), a 75 km by 80 km by 

125 km wedge-shaped area of high grade mylonite located at 
the northeastern end of the magnetically defined, 300 km by 
100 km Athabasca lozenge (Fig. 2, 11). The simple lines of 
the foliation trajectories and the trace of layering within the 
East Athabasca mylonite triangle contrast strongly with the 
convoluted, curvilinear trajectories of foliations and litholo
gical traces in the Rae (e.g. Slimmon, 1989) and Hearne wall 
rocks (e.g. Gilboy, 1980b). 

The East Athabasca mylonite triangle is structurally 
divided into an upper and a lower deck1, both of which were 
extensively and penetratively mylonitized at granulite facies 
(Fig. 10). Layering and foliations in the lower deck are steeply 
dipping with moderately southwest-plunging extension linea
tions. The lower deck comprises three kinematic sectors; a cen
tral septum2 which has experienced bulk progressive pure 
shear and relatively low finite strain, flanked by sinistral and 
dextral shear zones to the east and west, respectively. The 
upper deck is entirely composed of a shallowly southwest
dipping, dip-slip shear zone in the east, which progressively 
becomes a steeply dipping dextral shear zone in the west. Lay
ering and foliations are parallel to the shear zone boundaries. 
Extension lineations plunge down-dip in the east and porpoise 
moderately about the strike direction in the west. The dip
lineated mylonites were associated with top-side-down dis
placements, at least during the later stages of their high grade 
deformation history. However, as discussed below, the earlier 
stages of mylonite development appear to have been associated 
with lineation-parallel thrusting. Accordingly, the upper deck 
is entirely occupied by a geometrically simple, though kine
matically complex, dip-slip shear zone with a lateral ramp. 

Lithologically, the East Athabasca triangle is composed 
of diatexite of semipelitic origin, intruded by a tonalitic batho
lith, two mafic complexes, numerous large granitic plutons, and 
at least two mafic dyke swarms (Fig. 9) . These lithologies are 
distinct from those of the Rae and Hearne wall rocks. Along 
with their associated mylonite fabrics they can be followed to 
the northeast, across the territorial border, along the geo
physical trace of the Snowbird tectonic zone. There, they 
form the Striding mylonite belt, a sinuous, upright dextral 
shear zone with subhorizontal extension lineations which 

1 I refer to upper and lower decks to convey the image of two struc
tural compartments with geometrically distinct internal fabrics, 
separated by a sharp discontinuity. As will be explained, the upper 
deck was apparently initially emplaced as a hanging wall along a 
shallowly dipping, discrete thrust plane at its base. Subsequently, 
a dip-slip mylonite zone, at least 10 km thick, developed in the 
lower part of the hanging wall, parallel to the shallowly dipping 
basal thrust. The hanging wall to the dip-slip mylonites (the 
Athabasca lozenge?) is still buried beneath the overlying Athabasca 
basin (ca. 1.7 Ga, Cumming et al. , 1987; Cumming and Krstic, 
1992). Finally the mylonites were displaced as a rigid hanging 
wall to later localized dip-slip mylonites. Accordingly, in order to 
avoid repetitious clarification of which hanging wall is being 
referred to throughout the text, the descriptions are couched in 
terms of upper and lower decks. 

2 The term septum is used in the sense of a relatively narrow panel 
separating two volumes, specifically the two shear zones within 
the lower deck. 
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closely follows the southeastern margins of the magnetically 
defined Selwyn and Three Esker lozenges (Fig. 2). The East 
Athabasca mylonite triangle and Striding mylonite belt are 
contiguous segments of the same structure, collectively refer
red to as the Striding-Athabasca mylonite zone (Fig. 2). 
Geochronological data demonstrates that the Stiiding-Athabasca 
mylonite zone is a composite structure of Mid- to Late 
Archean age (ca. 3.2 to ca. 2.6 Ga). 

Figure 10 (opposite). Principal tectonic elements within the 
East Athabasca mylonite triangle (see Fig. 9 for geology). 
Arrows indicate directions of relative tectonic displacement. 
The lateral ramp (LR) and trailing edge (TE) of the upper 
deck are indicated. Stereoplots are of poles to foliation and 
extension lineations for the upper deck (UD ), lower deck 
dextral (LDD ), and lower deck sinistral (LDS) kinematic 
sectors. Inset is a schematic representation of the location of 
the East Athabasca mylonite triangle at the northeastern 
apex of the crustal-scale Athabasca lozenge and the general 
pattern of flow resolved adjacent to the apex. Taylor Bay (TB) 
and Platt-Kaskawan ( P K)faults are specifically indicated by 
initials. Discussed in text. 

------- Snowbird 
tectonic 

zone 

Hudson 
Bay 

200km 

Figure 11. 

Principal tectonic elements of the 
Snowbird tectonic zone set in the con
text of the western Churchill continent, 
itself composed of the Rae and Hearne 
crusts. The Athabasca, Selwyn, and 
Three Esker lozenges are bounded by 
the East Athabasca mylonite triangle 
(EAMT) and the Striding mylonite belt 
(SMB). Discussed in text. 

All umeferenced magmatic crystallization and metamor
phic ages cited herein are U-Pb from zircon and monazite 
(Table 1; data of R. Parrish, Geological Survey of Canada, 
tabulated in Hanmer et al., 1994, 1995a). I am well aware of 
the internal contradictions in the details of the emplacement 
sequence detetmined from geological observation and the 
Late Archean syntectonic geochronological data (see below). 
Therefore, I shall confine interpretation of the geochrono
logical data to delimiting the approximate time windows 
within which the geological events associated with the forma
tion of the Striding-Athabasca mylonite occurred. 

This report will first deal briefly with the wall rocks on 
either side of the Striding-Athabasca mylonite zone. Then the 
geology of the East Athabasca mylonite triangle will be 
examined in detail. This is followed by a presentation of 
observations made in the Striding mylonite belt, the interior 
of the Selwyn lozenge, and relatively minor mylonites located 
on the northwest side of the Selwyn lozenge. Subsequently, a 
structural analysis ofthe geometrical and kinematic aspects 
of the Sti·iding-Athabasca mylonite zone, and their signifi
cance for understanding deep-seated, crustal-scale mylonite 
zones in general, will be given. The report will close with a 
tectonic analysis of the role of the Striding-Athabasca 
mylonite zone in the growth of the western Churchill 
Province. 
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Figure 12. Open to moderate folding of paragneiss banding 
in western (Rae) wall rock, north ofTantato Lake. Coin for 
scale 2.5 cm. GSC 1994-186 

Figure 13. Folded shear zone in amphibolite, with well 
foliated granitoid vein in shear zone, western (Rae) wall rock, 
north of Tantato Lake. Coin for scale 2 .5 cm. GSC 1994-187 

WALL ROCKS 

Rae crust 

On the west side of the East Athabasca mylonite t1iangle, the 
immediately adjacent wall rocks of the Rae crust in the 
Faraud Lake area (Fig. 3) are predominantly composed of 
folded two-mica schist, feldspar porphyroblastic paragneiss 
with abundant coarse granitic sweats or veins, and subordi
nate amphibolite (Fig. 12, 13; Faraud gneiss, AfP 1 ). The schist 
and paragneiss represent retrograde equivalents of locally 
preserved sillimanite-garnet-andalusite metapelitic migma
tite, with abundant, crosscutting, coarse grained, muscovite 
leucogranite which either fo1ms discrete plutonic masses, or 
is intimately mixed with the metasediments at the outcrop 
scale. A crosscutting, but foliated vein of leucogranite from 

1 Note that the italicized map unit designators accompanying the 
detailed descriptions are included for ease of reference to the 
1: 100 000 geological map of the East Athabasca mylonite triangle 
(Hanmer, 1994). 
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Little Faraud Lake has yielded a magmatic crystallization age 
of2181±5 Ma (Table 1). A similar association occurs along 
strike to the southwest in the McConville-Margetts Lakes 
area (Mt in Fig. 3), except that the relative proportions of 
paragneiss to amphibolite are inverted (Aja). Much of the 
amphibolite is monotonous and extensively replaced by bio
tite, to the extent that it forms a biotite-hornblende schist with 
pervasive 1 to 10 m thick sheets of moderately foliated leuco
granite±muscovite. Northwest of Turnbull Lake (Fig. 3), 
Faraud gneiss and amphibolite are, in part, separated from the 
rest of the Rae wall rocks by intercalated granitic rocks of the 
East Athabasca mylonite triangle (Fig. 9). The gneiss and 
amphibolite fo1m a train of lenses extending from Wakeman 
Lake (W in Fig. 3) almost to Lake Athabasca, in part trans
formed into spectacular banded ribbon ultramylonite (Faraud 
mylonite, Afm). 

Further away from the East Athabasca mylonite triangle, 
the Rae crust in northern Saskatchewan is composed of 
strongly retrogressed, apparently complexly folded, granulite 
facies gneiss, intruded by voluminous granitic plutons, of 
unknown age (e.g. Baer, 1969; Slimmon, 1989). Foliation 
trends and lithological boundaries describe swirling, curvi
linear map patterns. This lithological assemblage extends to 
the northeast, into District of Mackenzie, N.W.T., where the 
wall rock to the Selwyn lozenge comprises folded and injected 
granitoid gneiss, associated with poorly foliated, undated 
granitoid plutons (Taylor, 1970). Foliation trends in the grani
toid gneiss are highly variable, but are predominantly east. 

Hearne crust 

On the east side of the East Athabasca mylonite triangle, the 
Hearne wall rocks are sillimanite-garnet pelite, and semipe
lite, rhythmically layered on a 50 cm scale, with incipient 
development of partial melt and concordant leucogranite 
sheets (Black Lake paragneiss, Abp ). Abundant feldspar por
phyroblasts and granitic veinlets and segregations are prefer
entially developed in pelitic horizons, giving the rock a 
metatexitic aspect (Fig. 14). The pelite units are best exposed 
along the western shore of Black Lake, where they form 
intensely crenulated schists with coarse (5 cm) pseudomorphs 
possibly after cordierite porphyroblasts (Fig. 15). The por
phyroblasts contain fossilized inclusion trails representing 
preserved open fold hinges of a first foliation, protected 
within the relatively stiff crystals from transposition into the 
second, dominant foliation. The contact with the eastern mar
gin of the East Athabasca mylonite zone (Fehr granite), 
exposed in the cliff section, is a discrete fault. 

The schist and paragneiss pass eastward into cordierite
garnet metapelite with coarse grained cordierite-bearing 
quartz sweats. The pelite is intruded by concordant sheets of 
foliated leucogranite, several metres wide. Further east, large 
plutons of isotropic to poorly foliated to isotropic medium 
grained leucocratic to biotite-hornblende granite intrude the 
metasediments. The plutons are dome-like, with an anasto
mosing carapace of foliated, coarsely annealed pelitic, car
bonate, and amphibolitic supracrustal rocks, preserved as 
narrow (1 km) keels (Mawdsley, 1957). Beyond a few 
kilometres from the East Athabasca mylonite triangle, these 



plutons are the dominant feature of the Hearne crust in north
ern Saskatchewan and impart a markedly curvilinear map 
pattern. One of the plutons, centred upon Charlebois Lake 
(Fig. 2), has yielded an approximate magmatic crystallization 
age of ca. 1840 Ma (Table 1). 

To the northeast, in District of Mackenzie, N.W.T., the 
Hearne crust is very poorly exposed at the latitude of the 
Selwyn lozenge (Fig. 2). It is apparently dominated by the 
voluminous mass of isotropic biotite granite around Kasba 
Lake (Taylor, 1963). Between the granite and the Selwyn 
lozenge is a 10 km wide belt of amphibolite and finely lami
nated pelitic and volcaniclastic sediments which were only 
examined along a river section at the latitude of Atzinging 
Lake (black bar in Fig. 2) . The enveloping surfaces of the 
stratification and a penetratively developed bedding-parallel 
cleavage are generally flat-lying (Fig. 16), and a mineral 
extension lineation is oriented about 030°. The cleavage is 
locally deformed about later 1 cm to 10 m scale, lineation
parallel, open folds (Fig. 17). The fold axial planes are shallowly 
to moderately east- or west-dipping, and the folds verge in 
both directions. No associated axial planar cleavage is pres
ent. The principal metamorphic mineral assemblage 

(hornblende-chlorite) is indicative of upper greenschist to 
lower amphibolite facies, although 1 m thick cleavage-parallel 
zones of chlorite schist, crenulated by the later folds, suggest 
that retrogression to lower greenschist facies occurred 
between the cleavage- and crenulation-forming events. In 
brief, these are typical greenstone belt rocks which form an 
outlier at the southwestern end of the Rankin-Ennadai supra
crustal belt(Fig.1; e.g. Wright, 1967; ParkandRalser, 1992). 

EAST ATHABASCA MYLONITE TRIANGLE 

Upper deck 

Pine Channel diatexite 

The Pine Channel diatexite (Apdm; Fig. 18) is a leucocratic, 
straight banded rock (Fig. 19), with extremely well developed 
0.5 mm by up to 10 cm ribbons of quartz and feldspar which 
deflect around abundant 2 to 20 mm garnets (Fig. 20). 
Although present throughout the upper deck, the diatexite is 
the principal map unit of the 4 km thick lower structural level. 
It is white to tan and comprises a banded, leucocratic, quartzo
feldspathic matrix with a highly variable content of lilac to 

Table 1. Generalized table of geological events in the Striding-Athabasca 
mylonite zone. 

Million years 

Minor reactivation of Straight-Grease fault 1788 +28/-15 
Intrusion of isotropic granites into Hearne wall rock ca. 1840 
Robillard-Patterson gneissic plutons ca. 1900 
Garnet-pyroxene granite, Wholdaia Lake n 1907 ± 8 
Minor dextral shearing in Rae wall rock 2181 ±5 
------ ----- - -- -----

Bompas granite, localized greenschist facies mylonitization D ca. 2600 
~------ ----- - -- ----

McGillivray granite 2621±3 
~---- ------- - -- -- - -

Fehr dykes 
Fehr granite 2598 ± 3 
Clut and Melby-Turnbull granites D 2614 +9/-7, 2610 ± 2 
Felsic Lake leucogranite sheets ca. 2629 +26/-20 
Localization of flow 
-------------------

End of pervasive granulite facies mylonitisation (ca. 700' Cm) 2619 +9/-61
, 2629 ± 2" 

D 
Leucogranite, south Snowbird lake " 2558 ± 25 
Selwyn Lake granite n 2585 ± 2 

Hawkes granite * ca. 261 o, 2604 ± 1 

Rea granite* 2584 +40/-15 

Bradley and Brykea granites * 2601±4 

Godfrey granite * 
2618 ± 4, 2606 +13/-11 

Mary granite (multiphase) * 

Beginning of syngranulite facies pervasive mylonitization 
-------------------

Axis gabbro/norite (mafic granulite) ca. 2600 
Bohica mafic complex 2596 ± 12, 2620 +34/-21 
~------------------

Syngranulite facies mylonitization, Chipman dykes and granites D 3126 +6/-5 
Striding River granite n ca. 3300-3100 
~----- -- -----------

Chipman batholith 
Layered anorthositic mafic complex 3149± 100, 
Pelitic/semipe/itic sediments 3466 +327/-80 

(m) Monazite: see Parrish (1990) 
(I) lower deck 
(u) upper deck 
(n) Northwest Territories 
{*) granulite facies metagranite 

(D) Major my/onitization event (between dashed lines ) 
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Figure 14. Development of pmphyroblastic leucosome in 
more pelitic . horizons of rhythmically layered semipelitic 
paragneiss in eastern (Hearne) wall rock, east of Bompas 
Lake. Coin for scale 2.5 cm. GSC 1994-192 

Figure 15. Crenulated cleavage in pelitic schist with 2 cm 
pseudomorphs after cordierite(?) which fossilize straight 
cleavage segments in eastern (Hearne) wall rock, Black Lake. 
Coin for scale 2 .5 cm. GSC l 99 l -577N 
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Figure 16. Subhorizontal planar bedding-parallel cleavage 
in mafic flows and tuffs, in eastern (Hearne) wall rock, 
between Atzinging and Kasba lakes (Fig . 2). Hammer for 
scale . GSC 1992-241 

Figure 17. Coarse crenulation of bedding-parallel cleavage 
(see Fig. 16) by open, kink-like folds whose axial planes dip 
moderately east (left). Vertical section in eastern (Hearne) 
wall rock, between Atzinging and Kasba lakes (Fig. 2). 
Hammer for scale. GSC 1994-194 
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Figure 18. Distribution of Pine Channel diatexite (cf Fig . 9and10). 

Figure 19. Straight banding in Pine Channel diatexite, Lake 
Athabasca. Note the absence of feldspar porphyroclasts. 
Hammer for scale. GSC 1994-103 

Figure 20. Ribbon mylonitefabric in Pine Channel diatexite, 
Lake Athabasca, with elongate orthopyroxene, quartz, and feld
spar ribbons wrapping around garnet porphyroclasts. Note 
the absence of feldspar porphyroclasts. Coinfor scale 2.5 cm. 
GSC 1994-097 

pink garnets (Fig. 21, 22), local orthopyroxene (Fig. 23), 
graphite, and sprays of coarse sillimanite. Clear yellow 
monazite crystals, up to 1 mm in size, are visible in outcrop. 
The term diatexite should be understood sensu Lato, because a 
variable proportion of mesosome (modified parent rock) is 
locally present in sufficient proportion for the rock to be a 
metatexite (see Mehnert, 1971; Brown, 1973). Nevertheless, 
globally the map unit has undergone extreme melting. The 
banding is defined by alternation of 0.1 to 1.0 m thick bands 
of ultramylonitic garnet granitoid leucosome, mesosome, 
garnet-quartz±clinopyroxene, garnet-clinopyroxene±quartz 
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Figure 21. Garnet-rich layer (bottom) in garnetiferous ribbon 
mylonite after Pine Channel diatexite, Lake Athabasca. Note 
the absence of feldspar porphyroclasts . Coinfor scale 2.5 cm. 
GSC 1994-099 

Figure 22. Variation in size of garnets (dark grey) in Pine 
Channel diatexite, Lake Athabasca. Note the absence of 
feldspar porphyroclasts. Coinfor scale 2.5 cm. GSC 1994-098 

and mafic granulite, with concordant 10 to 20 cm thick sheets 
of isotropic to strongly foliated garnet pegmatite. Some layers, 
up to a metre thick are extremely garnet-rich (<90% volume) 
and are either composed of garnet-quartz±magnetite, or 
garnet-clinopyroxene±magnetite (iron formation of authors; 
e.g. Slimmon and Macdonald, 1987). The granitic leucosome 
is generally a fine grained ribbon mylonite to ultramylonite, 
banded on a 5 to 10 cm scale due to variation in grain size, 
garnet content, composition, and colour. The pegmatites are 
compositionally identical to the mylonitic leucosome. 
Accordingly, the contrast in the degree of their fabric devel
opment, combined with their intimate spatial association, 
suggests that migmatization was, at least in part, syntectonic 
with respect to the mylonitization. Monazite from the diatexite 
at McBride Bay, Axis Lake (Fig. 3) has been dated at 2629 ± 
2 Ma (Table 1). In light of the high estimated blocking 
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Figure 23. Ribbon mylonite fabric in Pine Channel diatexite, 
Lake Athabasca, with elongate orthopyroxene ribbons 
especially well developed in lower field, and garnet 
porphyroclasts. Note the absence of feldspar porphyroclasts. 
Coin for scale 2.5 cm. GSC 1993-221F 

temperature for U-Pb diffusion in monazite (e.g. Parrish, 
1990; Heaman and Parrish, 1991; Mezger et al., 1991), this 
date suggests that the granulite facies anatexis and myloniti
zation occurred at about that time. 

Sillimanite is widespread in the diatexite, but it is particu
larly well developed in garnet-rich bands, up to a metre thick, 
which occur above a structurally defined horizon running 
from Camille Bay, Lake Athabasca (Fig. 3) to the north shore 
of McBride Bay, Axis Lake (Camille-McBride line). Kyanite 
is confined to the lower structural levels of the upper deck, 
below the Camille-McBride line. It occurs in intimate associ
ation with quartz, plagioclase, and K-feldspar as inclusions 
within garnets in the diatexite. The same association also 
occurs within the diatexite mylonite matrix. At two widely 
separated outcrops in the kyanite-bearing diatexite, mafic 
bands of omphacitic clinopyroxene-garnet, partially retro
gressed to orthopyroxene-albite symplectite, were identified. 
These rocks are relict eclogite, retrogressed to granulite 
facies, which may have experienced peak pressures of at least 
1.5 GPa (Snoeyenbos et al., 1995). 



Mylonitic to ultramylonitic ribbon fabrics are penetra
tively developed throughout the Pine Channel diatexite, 
except between Pine Channel and Algold Bay (Fig. 3). There, 
the pronounced embayments in the Lake Athabasca shoreline 
highlight kilometre-scale, relatively low strain lenses of 
highly iITegular, folded migmatite (Apd; Fig. 24). They are 
comprised of a stack of steeply southeast-dipping 'horses', 
individually and collectively bounded above and below by 
their highly attenuated ultramylonitized equivalents 
(Fig. 25). The diatexite is cut by two types of discrete concor
dant sheets (1-10 m thick) of orthopyroxene±gamet leuco
granite; white and medium grained, and buff-pink and very 
coarse grained. Both types occur in the low strain 'horses', as 
well as in the ribbon mylonites. The white orthopyroxene 
leucogranite is everywhere concordant in the diatexite 
mylonite. The buff orthopyroxene leucogranite is usually 

Figure 24. Moderately deformed migmatite of irregular 
aspect, precursor to Pine Channel diatexite ribbon mylonite, 
Sucker Bay, Lake Athabasca . Coin for scale 2 .5 cm. 
GSC 1991-577G 
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reduced to a ribbon ultramylonite. However, it is also seen to 
crosscut both the white orthopyroxene leucogranite and the 
diatexite mylonite fabric, albeit at a low angle. The above 
observations suggest that the buff orthopyroxene leucogran
ite is syntectonic with respect to the granulite facies myloniti
zation. Two samples of the leucogranite from south of Sucker 
Bay, Lake Athabasca (Fig. 3), yielded approximate magmatic 
crystallization ages of ca. 2600 Ma (Table 1 ), indicative of the 
approximate time of mylonitization. 

Axis mafic granulite 

The Axis mafic granulite (Aam; Fig. 26) constitutes the prin
cipal map unit in the structurally higher part of the upper 
deck. It fo1ms a stack of sheets, essentially composed of 

Figure 25. Ribbon mylonite equivalent of Figure 24. General 
streakiness is due to quartz-feldspar ribbons. Dark streaks 
are orthopyroxene ribbons, whereas grey spots are garnets. 
Sucker Bay, Lake Athabasca . Coin for scale 2.5 cm. 
GSC 1991-5771 
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Figure 26. Distribution of Axis mafic granulite (cf. Fig. 9and10). 
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Figure 27. Generalized representation of the Bouguer gravity 
field in the vicinity of the East Athabasca mylonite triangle. 
Unpublished 1 :50 000 scale Bouguer anomaly compilation, 
Geophysics Division, Geological Survey of Canada. Discussed 
in text. 

Figure 28. Streaky aspect of finely polycrystalline Axis mafic 
granulite mylonite, Lake Athabasca. Dark grey is ortho
pyroxene, light grey is plagioclase. Note absence of 
porphyroclasts. Coin for scale 2.5 cm. GSC 1993-221G 

orthopyroxene-plagioclase-magnetite±clinopyroxene±gamet± 
quartz, separated from one another by thin, but often mappable, 
horizons of diatexite ribbon mylonite. It is spatially coinci
dent with a positive gravity anomaly which extends under the 
northern margin of the overlying Athabasca Basin (Fig. 27). 
At structurally lower levels of the upper deck, below a line 
linking Camille and McBride bays (Fig. 3), volumetrically 
subordinate clinopyroxene-gamet-plagioclase bands, possi
bly unrelated to the main structurally overlying volume of 
mafic granulite, contain the relict eclogite assemblage. 

The individual mafic granulite sheets, 100 m to almost 
2 km thick, collectively constitute a stack 5 km thick. The mafic 
granulite is a dark grey to brown, fine grained, sugary 
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textured rock, with 30 mm by 2 mm polycrystalline streaks of 
orthopyroxene or plagioclase (Fig. 28, 29). Quartz ribbons 
derived from the deformation of syntectonically introduced 
quartz veinlets are widespread in a strike-parallel band 
stretching from the southern bay of Axis Lake to Fond du Lac 
(Fig. 3). Coarse gabbroic to microgabbroic ophitic textures, 
indicative of a plutonic origin, are locally preserved in the 
mafic granulite through a thickness of more than a kilometre 
to the south and east of Axis Lake (Fig. 30, 31). Subtle com
positional banding is only locally visible, suggesting that the 
protolith was not a layered mafic complex, although orthopy
roxenite layers, tens of metres thick, do occur at Axis Lake. 
Because it was locally possible to trace the mafic tectonite 
into coarse, plutonic textured protoliths, the mafic granulite 
bodies are interpreted as mylonite. In the field, the nature of 
the mafic granulite (grain size, relict plutonic igneous tex
tures, coronitic metamorphic textures) varies abruptly from 
sheet to sheet in the Axis Lake area, although such marked 
variation is less apparent elsewhere. 

The relationship of the Axis mafic granulite protolith to 
the Pine Channel diatexite has been the subject of disagree
ment between partisans of an intrusive relationship (e.g. 
Alcock, 1936; Fumival, 1940; Mawdsley, 1949) and those 
who interpret the mafic rocks as supracrustal in origin and 
stratigraphically intercalated with the diatexite protolith (e.g. 
Kranck, 1955). Baer (1969) stated that, due to the scarcity of 
crosscutting contacts, field relationships are equivocal. 
Contacts between the mafic granulite and the diatexite ribbon 
mylonites are either abrupt or sheeted. At the contacts, the 
mafic granulite is often a ribbon ultramylonite. However, it 
may also preserve moderate angles between subtle composi
tional layering and tectonic foliation (shape fabric). In the 
Axis Lake area (Fig. 3), thin diatexite mylonite intervals 
separate mafic granulite sheets of very different composition 
and fabric. This suggests that the present disposition of the 



mafic granulite sheets may be, in part, the result of tectonic 
juxtaposition (stacking). Intrusion of the igneous protolith of 
the mafic granulite into the diatexite was directly observed at 
only one locality southeast of Axis Lake. There, a 1.5 m thick 
branching sheet of mafic granulite cuts across the ribbon 
fabric of thoroughly mylonitized diatexite and includes a 

Figure 29. Streaky aspect of Axis mafic granulite mylonite, 
Lake Athabasca. Note absence of porphyroclasts. Coin for 
scale 2.5 cm. GSC 1994-106 

Figure 30. Relict coarse ophitic texture in Axis mafic 
granulite, southeast of Axis Lake. Coin for scale 2.5 cm. 
GSC 1994-101 

small fragment of the same (Fig. 32, 33). At another locality 
in Camille Bay, Lake Athabasca (Fig. 3), an isolated very thin 
(5 cm) mafic dyke cuts the diatexite mylonitic fabric at a very 
low angle. Although it is probably a vein of the mafic granu
lite, the c01Telation is not unequivocal. Recognizing the 
restricted nature of the data set, it nevertheless appears that 
the protolith to the mafic granulite was syntectonically 
emplaced into the diatexite during mylonitization. The mafic 
granulite has yielded zircons which are dated at ca. 2600 Ma 
(Table 1). In the absence of inherited material, if the zircon 
age is indicative of the approximate time of magmatic crystal
lization, it would lend support to the interpretation of the 
mafic granulite as syntectonic with respect to mylonitization 
of the Pine Channel diatexite. Elsewhere in the upper deck, 
the diatexite visibly intrudes fractured mafic granulite sheets 
as arrays of thin ( <25 cm) veins. These observations do not 
necessarily contradict the foregoing, given that the solidus 
temperatures of mafic melts are much greater than those of 
granite compositions. 

Figure 31. Flattened equivalent of Figure 30 with relict 
coarse orthopyroxene crystals set in a recrystallized 
plagioclase matrix, Lake Athabasca. Coin for scale 2.5 cm. 
GSC 1994-100 

Figure 32.Branching vein of mafic granulite in Pine Channel 
diatexite ribbon mylonite, southeast of Axis Lake. Coin for 
scale 2.5 cm. GSC 1994-104 
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Two types of felsic rock occur within the Axis mafic 
granulite between Axis Lake and Fond du Lac (Fig. 3). Com
positionally homogeneous, locally clinopyroxene-bearing 
leucocratic Rea granite (Argm) outcrops along the south 
shore of Axis Lake and west of Rea Lake. Contact relations 
with the mafic granulite are not exposed, and the granite is 
penetratively mylonitized with an excellent ribbon fabric. 
The 2584 +40/-15 Ma (Table 1) date obtained for the granite 
indicates a maximum age for its own mylonitization, and pre
sumably for that of the Axis mafic granulite as well. Along 
the shore of Fond du Lac, the mafic granulite is cut by veinlets 
and < 10 m thick sheets of coarse grained, buff orthopyroxene 

Fguire 33. Two sheets of mafic granulite in Pine Channel 
diatexite ribbon mylonite, southeast of Axis Lake. The thicker 
sheet contains quartzofeldspathic streaks, possibly fragments 
of the diatexite . Its upper subconcordant contact crosscuts 
and truncates layering in the diatexite . This mafic granulite 
appears to intrude the diatexite mylonite. Coin for scale 
2.5 cm. GSC 1994-105 

Figure 34. A branching sheet of coarse orthopyroxene 
leucogranite crosscutting subtle layering in Axis mafic 
granulite at a low angle, Lake Athabasca. Note the shape 
fabric parallel to the pen, axial planar with respect to open 
folding of the layering. Pen for scale. GSC 1994-183 
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Figure 35. Folded vein of orthopyroxene leucogranite with 
Axis mafic granulitefoliation aligned in the axial plane, Lake 
Athabasca. Lens cap for scale. GSC 1994-184 

Figure 36. Orthopyroxene leucogranite ribbon mylonite, 
Lake Athabasca. Note the absence of feldspar porphyroclasts, 
the highly attenuated orthopyroxene ribbons, and the large 
orthopyroxene porphyroclast in the centre . Subconcordant 
sheet of mafic granulite crosscuts the ribbon foliation just left 
of the coin, scale 2.5 cm. GSC 1994-185 



leucogranite, lithologically identical to that described above 
for the Pine Channel diatexite. Some of the leucogranite 
sheets which cut across the mafic mylonite are near isotropic 
(Fig. 34 ), others are folded with an axial planar fabric marked 
by the coarse quartz, feldspar, and orthopyroxene (Fig. 35) 
However, most of the orthopyroxene leucogranite is strongly 
mylonitized (Fig. 36, 37). Locally the mylonitic fabric is so 
intense that the rock resembles a "paper-schist". The above 
observations indicate that the leucogranite is syn tectonic with 
respect to the mylonitization of the Axis mafic granulite. In 
brief, the combined data for the Axis mafic granulite, the Pine 
Channel diatexite, and the orthopyroxene leucogranite indi
cate that they were mylonitized together at ca. 2600 Ma. 

Figure 37. Detail of Figure 36 to show the polycrystalline 
orthopyroxene mantle developed around the monocrystalline 
orthopyroxene core. Such core-and-mantle structures are 
often taken as diagnostic of dynamic recrystallization 
(however, see Nyman et al., 1992). Coin for scale 2.5 cm in 
diameter. GSC 1991-5770 
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Figure 39. Majic sheets cutting across (top-right to bottom
left) coarse grained folded Reeve diatexite (sensu lato) with 
layers of pelitic paleosome observed in a rare low strain 
window, Tantato Lake. Note the axial plane fabric in the 
diatexite. Looking along the fold axis, coaxial with the 
extension lineation. Coin for scale 2.5 cm. GSC 1994-126 
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Figure 38. Distribution of Reeve diatexite (cf. Fig. 9 and 10 ). 
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Lower deck 

Reeve diatexite 

The garnet-sillimanite±orthopyroxene Reeve diatexite 
(Fig. 38) is lithologically and structurally very similar to that 
described above for the upper deck (see "Pine Channel 
diatexite"), except for the absence of orthopyroxene±garnet 
leucogranite sheets. The Reeve diatexite is a leucocratic, 
straight banded, quartzofeldspathic ribbon mylonite (Ardm; 
Fig. 39, 40). It is white to tan with a highly variable content 
(0-50%+) of lilac to delicate pink garnets, local orthopyr
oxene, graphite, and microscopic sillimanite. Monazite 
crystals are visible in outcrop. The banding is a complex alter
nation of 0.1-1 m thick bands of ultramylonitic garnet grani
toid leucosome, mesosome, garnet-quartz±clinopyroxene, 

Figure 40. Straight banded Reeve diatexite ribbon mylonite, 
derived by the deformation and transposition of the material 
illustrated in Figure 39, Tantato Lake. Note the absence of 
porphyroclasts. Lens cap for scale. GSC 204337-S 
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Figure 41. Reeve diatexite ribbon mylonite, Tantato Lake. 
Banding is principally due to variation in garnet content; 
compare the dispersal of garnets (dark spots) in the light layer 
beneath the coin with the dense packing of the garnet in the 
dark layer just above it. Coin for scale 2.5 cm. GSC 1994-130 
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Figure 42. Distribution of Chipman tonalite batholith and the 
Chipman dykes (cf. Fig. 9and10). 
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gamet-clinopyroxene±quartz, and mafic granulite (Fig. 41), 
with concordant 10-20 cm thick sheets of isotropic to strongly 
foliated garnet pegmatite. Mylonitic ribbon fabrics are pene
tratively developed throughout the Reeve diatexite, except in 
a lens-like pod, 2 km by 1 km, which separates the southwest 
arms of Reeve Lake (Fig. 3). There, the diatexite is a compo
sitionally monotonous, isotropic, coarse grained garnet± 
sillimanite leucogranite (Ard). Monazite from Reeve Lake 
yielded a 2619 +9/-6 Ma age (Table 1) which, by the same 
reasoning as outlined above (see "Pine Channel diatexite"), is 
interpreted as the approximate time of granulite facies ana
texis and mylonitization. 

Chipman batholith 

The Chipman batholith (Fig. 42; "hybrid gneiss" of authors; 
see Gilboy 1980b; Gilboy and Ramaekers, 1981) is appar
ently a single magmatic body, divided into several structur
ally and metamorphically defined map units (Fig. 43). 

Poorly foliated tonalite 

ll!flmir!fil Foliated tonalite 

II Straight gneiss 

• Ribbon mylonite 

Deformation fabrics within the tonalite (Acu , Act) are com
posite, comprising an older straight gneiss (Acgn; Fig. 44, 45; 
Hanmer, 1988b) preserved in the eastern part of the batholith, 
reworked by younger ribbon mylonite (Acm) principally in 
the western part of the batholith. All units of the Chipman 
batholith contain abundant, dispersed, fist-size to map-scale 
inclusions of variably deformed anorthosite (Aan), layered 
amphibolite (Aca), orthopyroxenite, garnet clinopyroxenite, 
cummingtonite-anthophyllite rock, and fresh peridotite (Ap), 
the majority of which are concentrated in the eastern half of 
the batholith (Fig. 46, 47). These appear to represent frag
ments of a magmatically dismembered layered mafic com
plex, dispersed throughout the tonalite. A single greater than 
ten metre xenolithic raft of garnetiferous paragneiss, which 
superficially resembles the Reeve diatexite, was observed in 
the tonalite on the southeast side of Chipman Lake. 

The central part of the batholith, a lenticular area (5 x 
30 km) between Chipman and Bompas lakes (Fig. 43), is 
occupied by coarse (>2 cm) hornblende tonalite with a coarse 

lOkm 

Figure 43. Sketch map of the distribution of structurally 
determined map units identified within the Chipman tonalite 
batholith. See Figure 9 for location . 
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Figure 44. Annealed tonalite mylonite (straight gneiss) in the 
eastern part of the Chipman tonalite batholith, Woolhether 
Lake.Note the absence of pmphyroclasts . Lens cap for scale . 
GSC 1994-129 

igneous texture, a moderate shape fabric, and a nebulous 
banding of dispersed amphibolite and clinopyroxenite inclu
sions (Ac; Fig. 48, 49). Compositional banding, defined by 
thin ( <25 cm) lenses or concordant layers of the included 
mafic material, reflects flow during magmatic emplacement. 
The banding is folded with an upright, northeast-trending 
shape fabric developed in the fold axial planes. Fold axes are 
parallel to a penetrative, generally southwest-plunging exten
sion lineation, irrespective of fold tightness. The foliation, 
accompanied by a general tightening and transposition of the 
associated folds, passes progressively (Act) into quartz and 
feldspar ribbon tonalitic mylonite (Acm; Fig. 50). This is well 
exposed in large outcrops west of south Bompas Lake 
(Fig. 3), where 50 m to 100 m wide lenses of moderately 
deformed tonalite are wrapped around by anastomosing belts 
of quartz and feldspar ribbon mylonite, even at the scale of a 
single outcrop. A similar transition can be followed at the 
map scale as the tonalite west of Lytle Lake (Fig. 3) passes 
progressively into fine grained garnet-clinopyroxene tonalitic 
ribbon ultramylonite at Cora Lake (Fig . 3). There, the 
tonalitic mylonite is associated with thick ( 10-100 m), later
ally extensive, concordant layers of clinopyroxenite, orthopy
roxenite, garnet-magnetite clinopyroxenite, amphibolite, 
anorthosite, and garnet-sillimanite diatexite. 
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To the east of Chipman Lake (Fig. 3) most of the tonalite is 
transformed into an annealed hornblende±garnet straight 
gneiss (e.g. Hanmer, 1988b), devoid of shape fabrics, and 
with a sugary texture and a medium to fine grain size 
( <1 mm). The straight layering is derived by the transposition 
of locally preserved metre-scale folds which defo1m an ear
lier banding, similar to that described above for the batholith 
core (Fig. 51, 52). Locally, plagioclase occurs as polycrystal
line streaks and ribbons, or as 1 to 5 cm porphyroclasts dis
posed as isolated grains or ananged in trains along the plane 
of the layering (Fig. 53, 54). These observations indicate the 
initially coarse grain size of parts of the tonalitic straight 
gneiss, and the strong defo1mation and grain size reduction 
that it has undergone. Therefore, the straight gneiss is an 
annealed tonalitic mylonite (e.g. Hanmer, 1987b) in which 
the quartz shape fabric has apparently been destroyed (e.g. 
Hanmer, 1984a). Thin, concordant amphibolite, hornblen
dite, clinopyroxenite, and anorthosite layers, derived by the 
deformation of inclusions, as well as mafic dykes and granitic 
veins (see "Chipman dykes" and "Chipman granite" below), 
are an integral part of the annealed mylonite banding 
(Fig. 55). However, after the straight mylonitic layering had 

Figure 45. Annealed tonalite mylonite (straight gneiss) in the 
eastern part of the Chipman tonalite batholith, Woolhether 
Lake. Although streaky in appearance due to compositional 
variation, no shape fabrics are preserved. Note the absence 
of porphyroclasts in the tonalite , but their presence in the 
narrow attenuated granite vein to the left. Lens cap for scale . 
GSC 1994-128 



Figure 46. Misoriented, internally layered angular blocks of 
anorthosite in a hornblende-bearing tonalite matrix in the 
Chipman tonalite batholith, west of the upper Chipman 
rapids. Coin for scale 2.5 cm. GSC 1994-133 

Figure 47. Strands of streaky annealed tonalite mylonite 
wrapping around lenses of very coarse grained gabbro, 
Chipman tonalite batholith, Chipman Lake: strongly 
deformed equivalent of the material illustrated in Figure 46. 
Note the absence of shape fabrics in the mylonite. Coin for 
scale 2.5 cm. GSC 1994-146 

formed, thicker mafic layers (> 1 m) tended to behave 
more competently than the bounding tonalitic mylonite 
and extended heterogeneously, probably in response to 
changing def01mation conditions (e.g. decreasing tempera
ture, increasing strain rate). Coarse tonalite and granitic peg
matite have crystallized in the gaps between competent 
blocks. Locally, heterogeneous flow around blocks of compe
tent material has led to the initiation and amplification of 
folds of the once straight layering. The result is a disrupted 
gneiss of highly iITegular aspect. 

The presence of the common assemblage of mafic and 
ultramafic inclusions in the straight gneiss, the moderately 
foliated tonalite, and the tonalitic Iibbon mylonite suggests 
that all the tonalitic map units are components of the same 

Figure 48. Nebulous banding marked by streaks of amphibolite± 
clinopyroxene contained in coarse grained and weakly 
foliated tonalite, Chipman tonalite batholith, west of the 
upper Chipman rapids. Coinforscale2.5 cm. GSC 1994-131 

Figure 49. Subtle , discontinuous layering marked by streaks 
of amphibolite in coarse grained and weakly foliated tonalite, 
associated with randomly oriented subangular fragments of 
clinopyroxenite, Chipman tonalite batholith, west of the 
upper Chipman rapids. Coin for scale2.5 cm. GSC 1994-132 
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body. The principal differences between them are reflections 
of spatial variation in total strain, degree of annealing, and the 
volume of inclusions and syntectonic intrusions. Attempts 
have been made to date several samples of the tonalite. 
Folded tonalitic straight gneiss (Acgn) from Steinhauer Lake 
(Fig. 3) has yielded a poorly constrained age of 3466 + 327 /-80 Ma 
(Table 1). A sample of poorly foliated tonalite from the core 
of the batholith at Chipman Lake (Fig. 3) has yielded an 
equally poorly constrained age of 3149 ± 100 Ma (Table 1). 
All of the map units of the Chipman batholith are truncated by 
the strike of the eastern boundary of the East Athabasca 
mylonite triangle. At Bompas Lake (Fig. 3) they abut against 
a 750 m wide belt of hornblende tonalitic ribbon mylonite to 
ultramylonite, derived from the same tonalite precursor. 

Chipman dykes 

The Chipman batholith is intruded by a swarm of subconcor
dant, 1 to 100 m thick mafic dykes, referred to here as the 
Chipman dykes (Chipman Sill Swarm of Macdonald, 1980). 
These dykes are pivotal to understanding the structural and 
metamorphic history of the Chipman batholith and will therefore 

Figure 50. Progressive transposition of folded layering (top) 
with an axial planar foliation, into streaky annealed tonalite 
mylonite, in the Chipman tonalite batholith, west of the upper 
Chipman rapids. Note the absence of porphyroclasts and 
shape fabric in the mylonite. Coin for scale 2.5 cm. 
GSC 1994-134 
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Figure SJ. Coaxial refolding of lineation-parallel isoclinal 
fold of annealed tonalite mylonite (straight gneiss), Chipman 
tonalite batholith, Chipman Lake. Note the absence of 
porphyroclasts and of shape fabrics. Coin for scale 2 .5 cm. 
GSC 1994-147 

Figure 52. Annealed tonalite mylonite, Chipman tonalite 
batholith, Chipman Lake, illustrates the straight attenuated 
banding, very tight to isoclinal folding, absence of shape 
fabrics, and the local preservation of feldspar porphyroclasts 
(lower right) . Coin for scale 2.5 cm. GSC 1994-123 



be examined in some detail (see also Williams et al., 1995 for 
detailed analysis). The dykes may be so closely spaced as to 
occupy 60 to 100% of the outcrop, thereby constituting a 
mappable unit (Fig. 42). The main part of the swarm is spa
tially coincident with the tonalitic straight gneiss, east of 
Chipman Lake (Fig. 3), though dykes are present in the 
western part of the batholith. Without implying any corre
lation with the Axis mafic granulite, the main part of the 
swarm also coincides with a lateral extension of the posi
tive gravity anomaly, centred on the mafic rocks of the 
upper deck (Fig. 27; see "Axis mafic granulite"). This sug
gests that the volume of dyke material may increase with 
depth. Chilled margins and concentrations of plagioclase 

Figure 53. Annealed tonalite mylonite, Chipman tonalite 
batholith, Chipman Lake, illustrates the absence of shape 
fabrics , yet a relict planar structure wrapping around a 
locally preserved feldspar porphyroclast. Coin for scale 
2.5 cm. GSC 1991-577£ 

Figure 54. Annealed tonalite mylonite, Chipman tonalite 
batholith, Chipman Lake, illustrates the absence of shape 
fabrics and the local preservation of core-and-mantle 
structure developed on feldspar pmphyroclasts. Coin for 
scale 2.5 cm. GSC 1994-124 

phenocrysts near the centres of the dykes are common. The 
dykes are variably deformed. Some are well foliated 
and subsequently isoclinally folded, whereas others 
preserve misoriented wall rock inclusions, joint-controlled 
irregularities decorating their contacts, and apophyses pro
jecting into the wall rocks. 

Metamorphism of the Chipman dykes has resulted in a 
variety of mineral assemblages, even within adjacent, cross
cutting sheets. Many of the dykes are texturally homo
geneous, fine- to medium-grained and composed of 
hornblende-plagioclase (Fig. 56). A small number of dykes, 
generally found along the eastern margin of the Chipman 

Figure 55. Annealed tonalite mylonite, Chipman tonalite 
batholith, Chipman Lake, illustrates the absence of shape 
fabrics , yet a relict planar structure wrapping around a 
heterogeneously extended mylonitic granite sheet (left of 
coin) and an isolated mafic boudin (top-right), as well locally 
preserved feldspar porphyroclasts (far-left and far-right of 
coin, scale 2.5 cm). GSC 1991-577H 

Figure 56. Coarse ophitic texture in an isotropic Chipman 
dyke, Chipman tonalite batholith, Stallard Lake. Coin for 
scale 2.5 cm. GSC 1994-109 
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Figure 57. Coarsefeldspar-phyric isotropic Chipman dyke, 
Chipman tonalite batholith, Stallard Lake. Coin for scale 
2.5 cm. GSC 1994-108 

Figure 58. Spectacularly coarse garnets set in hornblende
rich matrix (lower field) and associated with tonalite melt 
(upper field) in banded Chipman dyke, Chipman tonalite 
batholith, Woolhether Lake. Coin for scale 2 .5 cm . 
GSC 1994-577M 
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batholith, are plagioclase-phyric, with 2 to 5 cm feldspar 
phenocrysts concentrated in the centres of the dykes (Fig. 57). 
The phyric dykes may contain clinopyroxene, and 1 mm 
garnet forms necklace-like rims on the plagioclase pheno
crysts. However, others contain several distinctive garnet
bearing metamorphic assemblages, which facilitate identifi
cation of the components of the swarm. 

The most spectacular dykes contain euhedral garnet crystals of 
uniform grain size up to 10 cm across, derived at the expense of an 
earlier, fine- to medium-grained hornblende-plagioclase assem
blage. The mattix surrounding the garnets shows clear evidence of 
a marked increase in the hornblende/plagioclase ratio, often 
associated with a coarsening of the hornblende component. Regu
lar variation in garnet grain size within a given dyke may impart a 
banded or lenticular sttucture parallel to the dyke walls (Fig. 58, 
59). In many examples, elongate tails of quartz-plagioclase 
(tonalitic melt; see Wolf and Wyllie, 1993) develop at the gar
net/matrix interface and constitute the principal tectonic fabric
forming elements within the dyke (Fig. 60, 61). The garnet-melt 
assemblage is derived by the reaction plagioclase+hornblende I ..... 
garnet+hornblende II+tonalite melt. It is present in dykes span
ning the complete range of deformation states from transposed, 
isoclinally folded and dismembered (Fig. 62, 63), to crosscutting 
and nondeformed. Because they are both part of, and crosscut the 
straight gneiss of the Chipman batholith, even within a single out
crop, these dykes were emplaced during the deformation 
which produced the annealed mylonite. 

The commonest gar·netiferous assemblage in the mafic 
dykes is clinopyroxene-garnet-plagioclase±hornblende, with 
a uniform 1 mm to 2 mm grain size. It is often possible to 
observe that an initial hornblende-plagioclase assemblage 
was replaced by fine- to medium-grained clinopyroxene
garnet-plagioclase±hornblende. In such examples, the reaction 
is arrested and it is clear that the new anhydrous assemblage 
forms in small, 1 cm diameter bud-like volumes, resembling 

Figure 59. Coarse garnets set in hornblende-rich matrix 
(lower field) and associated with tonalite melt (upper field) in 
banded Chipman dyke, Chipman tonalite batholith, 
Woolhether Lake. Note the inclusion trails in the large garnet 
and the symplectite developed at its margins. The reactions 
illustrated here are thought to be hornblende+plagioclase 
..... garnet+new hornblende+tonalite melt. Coin for scale 
2 .5 cm. GSC 1994-494 



Figure 60. Garnets with associated tails of tonalite melt set 
in hornblende-rich matrix in banded Chipman dyke, 
Chipman tonalite batholith, Woolhether Lake. The shape 
fabric (top-left to bottom right) marked by the tonalite melt 
tails is oblique to the compositional layering, itself parallel 
to the dyke wall (not shown) in this example. Coin for scale 
2 cm. GSC 1993-221A 

the form of a "cauliflower" (Fig. 64). The boundary between 
the old hydrous and new anhydrous assemblages is sharply 
delimited by a distinct necklace-like rim of 1 mm garnets. 
Where the bud-like volumes have coalesced, only the 
outermost rims show the garnet necklaces . In many 
dykes, the reactions have gone to completion, the entire dyke 
is occupied by the anhydrous assemblage, and all trace of the 
"cauliflower" structure is lost. 

The structurally isotropic and compositionally homo
geneous nature of the clinopyroxene-garnet-plagioclase 
assemblage combine to make it difficult to unequivocally 
determine its relationship to the straight gneiss structure of 
the host Chipman batholith, because it does not preserve 
internal shape fabrics. Where the dykes are crosscutting and 
associated with well preserved, joint-defined relief along 
their contacts, they are clearly late- to postkinematic 
(Fig. 65). However, where the dykes are concordant to the 
host gneissosity, it is not clear whether they were emplaced 
along the gneissosity, or rotated into parallelism with it by 
deformation. However, folded, foliated dykes with the spec
tacular garnet-melt assemblage locally crosscut dykes with 

Figure 61. Garnets with associated tails of tonalite melt set in 
hornblende-rich matrix in a Chipman dyke whose contact 
makes a low angle with the foliation in tonalite host rock, 
Chipman tonalite batholith, Woolhether Lake. Looking down 
on horizontal swface. The shape fabric (top-left to bottom
right) marked by the tonalite melt tails is oblique to the dyke 
boundary and curves progressively anticlockwise to pass 
with continuity into the host foliation . In view of the 
subconcordant relationship of the dyke to the host foliation, 
this appears to represent rotation of the principle directions 
of finite strain with respect to the kinematic reference frame , 
i.e. a sinistral sense of shear (e.g. Hanmer and Passchier, 
1991). Coin for scale 2.5 cm. GSC 1994-114 

the "cauliflower" assemblage, while the latter clearly 
crosscut older, transposed and disrupted equivalents of the 
former (Fig. 66). Accordingly, the garnet-melt and garnet
clinopyroxene assemblages are mutually contemporaneous, 
intimately spatially associated, syntectonic and quasi
synmagmatic with respect to the emplacement of the dykes. 
Since the garnet-clinopyroxene assemblage was clearly sta
ble under granulite facies conditions, so too was the garnet
hornblende assemblage (see also Wolf and Wyllie, 1993). It is 
probable that subtle compositional variations within the 
dykes determine which of the two assemblages formed under 
the ambient metamorphic conditions. Moreover, because the 
dykes were emplaced syntectonically with respect to the 
development of the straight gneiss banding in the tonalitic 
host rocks, the hornblende-bearing assemblages of the central 
and eastern parts of the Chipman batholith must also have 
developed under granulite facies conditions. 

The mafic dykes are numerically and volumetrically more 
important in the eastern part of the Chipman batholith, com
pared with the west. Furthermore, a greater proportion of 
them are crosscutting and less deformed in the east, compared 
with the west. Indeed, the syntectonic features of the dyke 
swarm are totally obliterated in the ribbon mylonite of the 
western part of the Chipman batholith (Fig. 67). Therefore, 
postdyke deformation, which resulted in ribbon mylonite in 
the western part of the batholith, is younger than the annealed 
mylonite fabrics in the east. 
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Chipman granite 

Pinkish-red, coarsely equigranular leucogranite cuts the 
Chipman tonalite, east of Chipman Lake and to the southwest 
ofWoolhether Lake (Fig. 3), and is referred to there as Chipman 
granite. Although some large, discontinuous bodies outcrop 
between Chipman Lake and upper Chipman rapids (Fig. 3), 
most of the granite within the tonalite batholith occurs as thin 
(0.1-1 m) sheets. Some of the better preserved and thicker 
examples at the east end of Steinhauer Lake contain 50 cm, 
rounded blocks of amphibolite (Fig. 68), unlike any of the 
material in the local tonalitic host rocks. The granite is varia
bly deformed, ranging from unfoliated sheets which cut 
across the annealed straight gneiss fabric of the host tonalite, 
to transposed layers in the straight gneiss banding (Fig. 55). 
Isotropic to variably foliated granite is associated with 

Figure 62. A complex folding relationship illustrating the 
syntectonic nature of some Chipman dykes, Chipman tonalite 
batholith, Woolhether Lake. A well defined dyke with very 
coarse garnets, similar to material illustrated in Figures 58-61, 
defines a fold (axial trace top-left to bottom right). However, 
annealed tonalite mylonite and mafic layers describe a very 
similar fold whose lower limb is truncated by the coarse 
garnet dyke. Inspection of the core of the "inner" fold shows 
that the laminated appearance of some of the mafic layers is 
due to strong attenuation of an early garnet-tonalite melt 
texture . Accordingly, Chipman dykes were emplaced and 
metamorphosed during the growth of the fold shown here. 
Short dimension of photograph about 1 m. GSC 1994-113 
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Figure 63. Strongly folded and mechanically disrupted dyke 
with very coarse garnets, similar to material illustrated in 
Figures 58-62, set in a tonalite host, Chipman tonalite 
batholith, Woolhether Lake. Coin for scale 2.5 cm. 
GSC 1994-107 

Figure 64. Detail of the isotropic fabric and metamorphic 
texture of a Chipman dyke, Chipman tonalite batholith, 
Woolhether Lake. Light coloured, partially coalesced patches 
("cauliflower" structure) are principally plagioclase
clinopyroxene±garnet±hornblende separated from the 
darker hornblende-plagioclase matrix by a thin chain-like 
rim of equant garnet crystals. Coin for scale 2.5 cm. 
GSC 1991-577B 



disrupted parts of the annealed tonalitic mylonite and with 
heterogeneous extension of the competent mafic inclusions. 
Locally, the granite forms sheets which are thick enough to be 
represented at the map scale, for example, northeast of Chipman 
Lake (Fig. 3), but even there they comprise a densely packed 
set cif discrete veins intruded into tonalitic gneiss. 

Sheets of Chipman granite crosscut strongly deformed 
early members of the Chipman dyke swarm, but are system
atically crosscut by later, less deformed to undeformed 
Chipman dykes. Accordingly, the Chipman batholith was 
intruded by broadly coeval granite and mafic sheets, such that 
the emplacement of the latter outlasted that of the fmmer. A 
1 m thick sheet of isotropic Chipman granite, crosscutting 
with respect to the annealed tonalitic straight gneiss at 

Figure 65. Composite Chipman dykes in the Chipman tonal
ite batholith, Woolhether Lake. A dyke with coarse garnets 
and tonalite melt tails marking a well developed, oblique pla
nar internal foliation , is bounded on either side by finer 
grained dyke material across well defined, sharp contacts. 
The dyke material on the far right has the "cauliflower" 
metamorphic texture illustrated in Figure 64. The material 
separating the garnet-melt dyke from the tonalite host (light 
grey) is less well characterized, but it is possible that the 
garnet-melt dyke cut and split the "cauliflower" dyke. The 
internal obliquity and the horizontal lineation are compati
ble with sinistral strike-slip postdyke shearing, but the planar 
nature of the garnet-melt foliation remains enigmatic. Photo
graph short dimension 1 m. GSC 1994-152 

Figure 66. Strong foliation in deformed garnet-tonalite melt
bearing Chipman dyke (upper field) crosscut by a 
homogeneous garnet-clinopyroxene-bearing Chipman dyke , 
Chipman tonalite batholith, Woolhether Lake. Compare with 
Figure 65 . Coin for scale 2.5 cm. GSC 1994-150 

Figure 67. Attenuated and transposed Chipman dykes in 
garnet-clinopyroxene tonalite ribbon mylonite, Chipman 
tonalite batholith, Cora Lake. Knife for scale. GSC 1994-118 
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Steinhauer Lake (Fig. 3), has yielded a magmatic crystal
lization age of 3126 +6/-5 Ma (Table 1). Because the granite 
sheets are contemporaneous with the syntectonic Chipman 
dykes, this date indicates the approximate time of granulite 
facies metamorphism and mylonitization represented by the 
annealed straight gneiss of the eastern part of the Chipman 
batholith. It also confirms the older vintage of the straight 
gneiss, compared to the ribbon mylonite in the western part of 
the Chipman batholith, deduced from field observations of 
the Chipman dykes (see "Chipman dykes"). Lastly, it 
indicates the approximate time of emplacement of the 
Chipman dykes. 

Figure 68. A dense swarm of angular blocks of amphibolite 
and hornblendite floating in a weakly foliated Chipman 
granite vein (foreground) which was emplaced 
subconcordantly into annealed tonalite straight gneiss 
(background), Chipman tonalite batholith, Steinhauer Lake. 
In this photograph the tonalitelgranite contact can only be 
perceived from the distribution of the mafic inclusions. 
Hammer for scale (centre) . GSC 1994-116 
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Bohica mafic complex 

The Bohica mafic complex (Fig. 69) is an association of 
orthopyroxene-plagioclase and clinopyroxene-garnet
plagioclase metanorite, metagabbro, metadiorite, and meta
anorthosite, with metric-scale, garnet pyroxenite bands. Two 
large bodies, up to 2 km thick, of clinopyroxene-garnet anor
thosite, gabbroic anorthosite, and garnet pyroxenite ultramy
lonite (Aba, Abam), locally with splendid ribbon fabrics 
(Fig. 70, 71, 72), locally strongly annealed, outcrop at Cora 
Lake and west of Bompas Lake (Fig. 3) along the southeast 
side of the principal Bohica mafic complex outcrop, sepa
rated from it by a strip of diatexite. Similar anorthosite 
mylonites can be traced along strike to the southwest, almost 
to Fond du Lac (Fig. 3). They are spatially associated with, 
and were mapped as part of, the Bohica complex. However, 
further petrological study may show that they are related to 

Figure 70. Garnet-clinopyroxene anorthosite ribbon mylonite 
with concordant bands of garnet-clinopyroxenite, Bohica 
mafic complex, Cora Lake. Note the absence of feldspar 
porphyroclasts. Coin for scale 2 cm. GSC I 99 I -577C 
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Figure 69. Distribution of Bohica mafic complex (cf. Fig. 9and10). 
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the anorthosite inclusions scattered throughout the Chipman 
tonalite batholith (see "Chipman batholith"). The main body 
of the Bohica complex is divided into well foliated gamet
pyroxene metanorite, metagabbro, and metadiorite, with 
relict igneous textures (Ab; Fig. 73, 74, 75, 76), flanked to the 
northwest by garnet-clinopyroxene mafic mylonite (Abm; 
Fig. 77, 78, 79, 80). Coarse ophitic textures to strongly flat
tened flaser fabrics are locally preserved, especially in the 
central septum from southwest of East Hawkes Lake to north
east of Kaska wan Lake (Fig. 3). Large garnet-rich pyroxene
feldspar xenoliths that are locally preserved in poorly foliated 
norite, northeast of Tantato Lake (Fig. 3), suggest that the 
Bohica complex may have intruded the diatexite (Fig. 81 ). An 
isotropic, ophitic sample from Kaskawan Lake (Fig. 3) has 
yielded an age of 2596 ± 12 Ma (Table 1), interpreted as the 
approximate time of emplacement of the Bohica mafic 
complex. 

Figure 71. Naturally etched garnet-clinopyroxene 
anorthosite ribbon mylonite, Bohica mafic complex, Cora 
Lake. Note the absence of feldspar porphyroclasts. Coin for 
scale 2 cm. GSC 1994-121 

Figure 72. Clinopyroxene anorthosite ribbon mylonite, 
Bohica mafic complex, Cora Lake. Note the absence of 
feldspar porphyroclasts . Coin for scale 2 cm. GSC 1994-148 

The coarse igneous textures within the Bohica mafic com
plex can be followed progressively into mylonite (Fig. 73-
80). Although much of the mylonite is principally composed 
ofhornblende-plagioclase, anhydrous garnet-clinopyroxene
and ortho/clinopyroxene-bearing assemblages are well pre
served. Small 1 mm garnet and clinopyroxene often form 
long monomineralic necklaces along the boundaries of poly
crystalline plagioclase streaks and ribbons. There is a spatial 
relationship between the intensity of the mylonitization and 
the proportion of free quartz, up to ca. 20% (volume). This 
may either reflect selective deformation of the more quartz
rich parts of a lithologically variable mafic complex, or the 
introduction of silica during deformation as in the Axis mafic 
granulite (see "Axis mafic granulite"). 

Garnet-pyroxene Mary granite 

In the western and central parts of the lower deck (Fig. 10), the 
Reeve diatexite and the Bohica mafic complex are intruded by a 
contiguous suite of metamorphosed homblende-garnet-biotite, 

Figure 73. Igneous textural variety in isotropic garnet
bearing metanorite, Bohica mafic complex, Tantato Lake. 
Coin for scale 2.5 cm. GSC 1991-577A 

Figure 74. Flattened relict igneous texture in metagabbro, 
Bohica mafic complex, Kaskawan Lake. Coin for scale 
2.5 cm. GSC 1994-122 
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hornblende-garnet-clinopyroxene-orthopyroxene, and 
garnet-clinopyroxene granite, granodiorite, tonalite, and 
monzonite, and their mylonitized equivalents (Fig. 9). A 
number of discrete map units have been distinguished, appar
ently corresponding to deformed plutons (see below). Much 
of this granitic material shows variations on a rather distinc
tive textural and compositional theme, although it is as yet 
unclear to what extent these reflect primary or metamorphic 
features of the rocks. Some of these plutons were previously 
grouped together as the Mary batholith (Hanmer et al., 1991 , 
1992b ). On-going petrological studies may eventually lead to 
the inclusion of most of these garnet-bearing metamorphosed 
plutons within such a batholith. However, the geological 
value of the term "batholith" in this context remains to be 
demonstrated. 

The Mary granite (sensu lato; Fig. 82), the largest compo
sitionally coherent granitic body (Amg), occupies much of the 
western lower deck from Mary Lake to Lake Athabasca 
(Fig. 3). Outcrop-scale observations in windows of relatively 
low strain, show that more strongly mylonitized parts of the 
Mary granite are crosscut by less strongly mylonitized com
ponents. From. this, one may deduce that the Mary granite is 
syn tectonic with respect to the granulite facies mylonitization 
which affects it. 

Figure 75. Strongly foliated gabbroldiorite with relict 
plagioclase crystals, Bohica mafic complex, Kaskawan Lake. 
Looking down on horizontal surface. The fabric could be 
termed protomylonitic. Note the sinistral shear bands. Coin 
for scale 2.5 cm in diameter. GSC 1994-170 
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Figure 76. Majic dyke with apophyses emplaced subcon
cordantly into foliated leuconorite , Bohica mafic complex, 
Tantato Lake. Coin for scale 2.5 cm. GSC 1994-145 

Figure 77. Leuconorite ribbon mylonite, Bohica mafic 
complex, Tantato Lake. The dark streaks are orthopyroxene 
ribbons. Note the absence of porphyroclasts. Compare with 
Figure 73. Coin for scale 2.5 cm. GSC 1991-577D 



On fresh surfaces, the Mary granite is composed of white 
streaks and ribbons of polycrystalline feldspar, separated by a 
'steel' grey, fine matrix of macroscopically indistinguishable 
feldspar-quartz- hornblende-garne t-clinopyroxene
orthopyroxene, studded with 2 to 5 mm hornblende, blood
red garnet and occasionally clinopyroxene porphyroclasts 
(Fig. 83). The granite is rich in mafic minerals; garnet alone may 
volumetrically account for 5 to 20% (Fig. 84), whereas amphi
bole and pyroxene commonly represent more than 20%, often 
forming polycrystalline rims on garnet cores. Some of the garnet 
is present as either dispersed or clustered aggregates within the 
polycrystalline mantles of dynamically recrystallized plagio
clase surrounding monocrystalline plagioclase garnet-free 
cores. Such garnets may be interpreted as reaction products 
derived at the expense of the actively recrystallizing plagio
clase (Spear and Florence, 1992), and therefore indicative of 
mylonitization under conditions of increasing pressure. 

Figure 78. Annealed variety of leuconorite mylonite, Bohica 
mafic complex, Kaskawan Lake. Note the absence of 
porphyroclasts. Coin for scale 2.5 cm. GSC 1994-119 

Figure 79. Streaky aspect to plagioclase-hornblende
garnet±clinopyroxene mylonite most frequently encountered 
in the field, Bohica mafic complex, KaskawanLake. Note the 
absence of porphyroclasts. It can be seen as a hybrid of the 
fabrics illustrated in Figures 77 and 80. Coin for scale 
2.5 cm. GSC 1994-144 

Throughout the granite, the pyroxenes, especially ortho
pyroxene, are extensively replaced by hornblende, giving the 
rock such a dark colour that parts of it was originally mapped 
as a mafic gneiss (see "Previous and recent work" for refer
ences). Elsewhere, the granite is leucocratic. Clearly the 
Mary granite is highly variable with respect to the proportion 

Figure 80. Well developed ribbons and relict plagioclase 
porphyroclasts in plagioclase-hornb lende-garnet± 
clinopyroxene mylonite, Bohica mafic complex, east of 
Tantato Lake. Coin for scale 2.5 cm. GSC 1994-120 

Figure 81. Garnet-rich foliated xenoliths in weakly foliated 
leuconorite, Bohica mafic complex, Tantato Lake. Coin for 
scale 2.5 cm. GSC 1994-143 
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of coloured minerals. Outcrop is not continuous enough to 
follow the variation progressively, but its heterogeneity and 
changes in colour index (ca. 30+ to <5) from outcrop to outcrop 
suggest either that the granite is made of multiple injections, 
or that the magma was poorly mixed. This latter suggestion 
stems from the local preservation, in rare windows of rela
tively low strain, of clusters of garnet pyroxenite fragments 
included and dismembered within a leucocratic granitic 
matrix (cf. Fig. 99). Similar clustered rock fragments are also 
observed in thin section. It would appear that the granite canies 
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a significant charge of mafic xenolithic to xenocrystic 
material, possibly derived from its source region. A second, 
common variant is similar to the first, except that the garnet is 
present as chains of 1 to 2 mm che1Ty-red crystals, adjacent to 
either hornblende or clinopyroxene (cf. Fig. 97). In a common 
subvariety, chains of very fine pinhead-sized garnets outline 
polycrystalline ribbons of feldspar, themselves indicative of a 
very coarse megacrystic protolith (Fig. 85, 86). One such sample 
from Turnbull Lake (Fig. 3) has yielded an age of 2618 ± 4 Ma 
(Table 1), interpreted as the time of magmatic emplacement. 
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Figure 82. Distribution of Mary granite (cf. Fig. 9and10) . 

Figure 83. Granulite facies streaky Mary granite mylonite, 
Maclachlan Lake. The dark 'studs' are garnet, 
clinopyroxene, and orthopyroxene porphyroclasts. Note the 
absence of feldspar porphyroclasts. Coin for scale 2 cm. 
GSC 1993-065C 
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Figure 84. Detail of streaky Mary granite mylonite, Turnbull 
Lake. The cores of the dark 'studs' are garnets with 
hornblende rims and tails pulled out along the mylonitic 
foliation. The winged inclusions formed by the cores and tails 
indicate sinistral shear in the photograph (upper centre), but 
this loose block is probably inverted. Note the absence of 
feldspar porphyroclasts. In thin section, the assemblages are 
more complex: the cores of garnet are in textural equilibrium 
with spatially associated orthopyroxene-clinopyroxene and 
hornblende. The orthopyroxene is more readily replaced by 
amphibole than is the clinopyroxene. Coin for scale 2.5 cm. 
GSC 1994-214 



In the west, particularly between Wiley and Harper lakes 
and atTwnbull Lake (Fig. 3), the Mary granite is locally preserved 
as a very coarse grained (>5 cm) homblende±clinopyroxene± 
gametgranitoid (Fig. 87), the protolith to two distinctive types 
of tectonite. One is a coarse ribbon gneiss (Arm), whose igne
ous feldspars have been deformed into thick polycrystalline 
ribbons, 100 by 5 mm, and which contains very few feldspar 
porphyroclasts (Fig. 88, 89). The thickness of the ribbons and 
the uniform nature of the fabric engendered the informal, but 
evocative field term "pin-stripe gneiss". The ribbon gneiss 
forms large map-scale lenses, ranging in size from 25 km by 
3 km to 4 km by 1 km. A sample from Robillard Bay, Lake 
Athabasca (Fig. 3), has yielded a magmatic crystallization 
age of 2606+13/-11 Ma (Table 1). The other tectonite is a 
very fine grained, thoroughly annealed porphyroclastic 

Figure 85. Ribbon mylonite derived from an extremely 
coarse grained leucocratic variant of the Mary granite, 
Turnbull Lake. Note the absence of feldspar porphyroclasts. 
Coin for scale 2 cm. GSC 1993-2211 

Figure 86. Detail of ribbon mylonite illustrated in Figure 85. 
Thick polycrystalline ribbons of alkali and plagioclase 
feldspar are separated by very thin quartz ribbons (medium 
grey) and dark lines. The dark lines are chains of tiny garnet 
crystals interspersed with clinopyroxene readily identifiable 
in the field. Note the absence of feldspar porphyroclasts. 
Coin for scale 2 cm. GSC 1994-215 

Figure 87. Well foliated, initially very coarse grained 
hornblende±clinopyroxene±garnet Mary granite, north of 
Wiley Lake. Note the large feldspar porphyroclast. Coin for 
scale 2.5 cm. GSC 1991-577L 

Figure 88. Hornblende±garnet±clinopyroxene ribbon 
gneiss, north of Wiley Lake, derived from Mary granite of the 
type illustrated in Figure 87. Note the very thick polycrystal
line feldspar ribbons and the absence of porphyroclasts 
which together lend a "pin-stripe" aspect to the fabric. Coin 
for scale 2 .5 cm. GSC 1991-5771 
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mylonite (Fig. 90, 91, 92), with 5 to 50 mm feldspar porphy
roclasts, and smaller porphyroclasts of hornblende and garnet 
(Ampg). The mylonitic matrix does not preserve a strong 
shape fabric. The porphyroclastic mylonite constitutes a 
network of 0.5 to 1.5 km wide vertical anastomosing belts 
which bound the lenses of ribbon gneiss, along the Robillard 
River, Wiley and Harper lakes, and parts of Turnbull and 
Reeve lakes (Fig. 3). A wide triangular area of the porphyro
clastic mylonite in the southwestern corner of the map 
area is superbly exposed along the shore of Lake Athabasca, 
east of Grease Bay (Fig. 3; Fig. 93, 94). There, the geometry 

Figure 89. Hornblende±garnet±clinopyroxene ribbon gneiss, 
north of Wiley Lake, derived from Mary granite of the type 
illustrated in Figure 87 and similar to the example in Figure 
88. In this example, the thick polycrystalline ribbonfeldspars 
are clearly derived by the deformation and recrystallization of 
single feldspar grains from the protolith. One can describe this 
fabric in terms of a low strain rate/recrystallization rate ratio. 
Coin for scale 2.5 cm. GSC 1993-065B 

Figure 90. Annealed porphyroclastic mylonite, Wiley Lake, 
derived from Mary granite of the type illustrated in Figure 87. 
The light grey porphyroclasts are feldspar, the small dark 
ones are hornblende and garnet. Note the well preserved, 
very thin and continuous laminations in the lighter coloured 
layers. Coin for scale 2.5 cm. GSC 1991-577F 
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of the mylonitic foliation is complex. Locally the dip of 
the foliation ranges from steep to very shallow and the 
strike may vary irregularly. However, passing eastward from 
Grease Bay (Fig. 3), the regional strike of the foliation swings 
progressively to a southeasterly direction, describing an 
open, shallowly southwest-plunging synform. By analogy 
with the vertical belts to the east-northeast, the foliation of the 
porphyroclastic mylonite appears to have wrapped around the 
base of a structurally higher, now eroded, lens-like body, 
perhaps composed of ribbon gneiss. 

Figure 91. Annealed porphyroclastic mylonite, west of 
Robillard Bay, derived from Mary granite of the type 
illustrated in Figure 87. The light grey po1phyroclasts are 
feldspar, the small dark ones are hornblende and garnet. 
Looking down onto a horizontal swface. Note the numerous 
dextral winged inclusions and the well preserved, very thin and 
continuous laminations. Coin for scale 2 .5 cm. GSC I 994-213 

Figure 92. Detail of annealed porphyroclastic mylonite, 
Robillard Bay, derived from Mary granite of the type 
illustrated in Figure 87. The light grey porphyroclasts are 
feldspar, the small dark ones are hornblende and garnet. 
Looking down onto a horizontal surface. Note the stair-step 
geometry of the dextral winged inclusion (see Hanmer and 
Passchier, 1991). Coinfor scale 2.5 cm. GSC 1991-577K 



According to locally preserved low strain inclusions, both 
the ribbon gneiss and the porphyroclastic mylonite are 
derived from the same coarse grained Mary granite protolith. 
However, the absence of preserved feldspar megacrysts in the 
ribbon gneiss means that it does not represent an intermediate 
stage in the development of the porphyroclastic mylonite. 
The inference is that the two tectonite fabrics represent the 
products of two different fabric paths. Moreover, the meta
morphic assemblages of the ribbon gneiss and the porphyro
clastic mylonite reflect different reaction paths. Although 
both carry the assemblage hornblende-garnet-biotite
plagioclase, the garnet is only locally present as very small 
crystals in the ribbon gneiss, whereas it forms abundant 2 to 
10 mm grains in the porphyroclastic mylonite. Indeed, the 
presence of blood-red garnet and black hornblende porphyro
clasts is a diagnostic feature of the porphyroclastic mylonite 
(Fig. 95). These observations suggest either that the porphy
roclastic mylonite developed in those parts of the protolith 
which were compositionally more susceptible to the forma
tion of garnet, or that the garnet-forming reactions were 
enhanced by the deformation. Having specifically searched 
the superb, extensive outcrops along the shore of Lake Athabasca 
for an example of garnet-rich ribbon gneiss, without success, 
it is suggested that the different reaction paths were deformation 
controlled~ "Synkinematic magmatism"). It is also notewor
thy that clinopyroxene is locally present in the ribbon gneiss, but 
absent in the porphyroclastic mylonite. This observation will be 
discussed below ~ "Medium temperature flow"). 

Other garnet-pyroxene granitoid bodies 

The Mary granite apparently grades into the Hawkes leuco
granite (Ahl; H in Fig. 96) to the east. The relationship 
between the two remains uncertain because of the compo
sitional variability of the Mary granite itself. Indeed, Hanmer 
et al. (1992b) included the Hawkes granite with the Mary 
granite in their original definition of Mary batholith. The 
Hawkes granite varies structurally from an isotropic, 

Figure 93. P01phyroclastic ribbon mylonite, Lake Athabasca 
west of Robillard Bay, derived from Mary granite of the type 
illustrated in Figure 87. The light grey po1phyroclasts are 
feldspar, the small dark ones are hornblende and garnet. Coin 
for scale 2.5 cm. GSC 1994-217 

equigranular, medium grained (1-2 cm) plutonic rock, to a 
ribbon ultramylonite (Ahg) . However, all the structural vari
ants carry the same metamorphic mineral assemblages and 
metamorphic textures (e.g. Fig. 97) as those described for the 
Mary granite. Because of the leucocratic nature of the 
Hawkes granite, it is easy to observe that the spatial distribu
tion of the mafic minerals is very patchy. Spatial variation of 
mineral proportions, degree of hydration and of texture occur 
rapidly both within and between outcrops and is well exem
plified by the shoreline at East Hawkes Lake (Fig. 3). There, 
the granite colour index varies over the range 0 to 30 from 
outcrop to outcrop. Where such variations occur within a 
given outcrop, they appear to be gradational. This suggests 
that the granite melt was compositionally heterogeneous, i.e., 
poorly mixed, in the sense implied for the Mary granite 

Figure 94. P orphyroclastic ribbon mylonite, Lake Athabasca 
west of Robillard Bay, derived from Mary granite of the type 
illustrated in Figure 87 (dark grey), associated with less 
porphyroclastic leucogranite sheets (light grey). The light 
grey p01phyroclasts are feldspar. Coin for scale 2.5 cm. 
GSC 1994-220 

Figure 95. Streaky annealed mylonite, Lake Athabasca west 
of Robillard Bay, derived from Mary granite of the type 
illustrated in Figure 87. The abundant small dark spots are 
hornblende and garnet. Coin for scale 2 .5 cm. GSC 1994-218 
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Figure 96. Distribution of garnet-pyroxene granitoid bodies, 
excluding the Mary granite (cf. Fig . 9 and 10). Bradley and 
Brykea granites (B), Godfrey granite (G), Hawkes leucogranite 
(H) and Turcotte granite (T) are discussed in the text. 

Figure 97. The thin grey laminae in this photograph are 
chains of pinhead garnet crystals associated with 
clinopyroxene in foliated Hawkes granite, East Hawkes 
Lake. Coin for scale 2.5 cm. GSC 1994-216 

~"Gamet-pyroxene Mary granite"). A sample of the Hawkes 
leucogranite from West Hawkes Lake (Fig. 3) yielded an 
approximate magmatic c1ystallization age of ca. 2610 Ma 
(Table 1). A thick sheet ofleucogranite from Kaskawan Lake 
(Fig. 3), mapped as part of the mixed Bohica mafic 
complex/Hawkes granite map unit (Abg), gave a magmatic 
crystallization age of 2604 ± 1 Ma (Table 1). 

A thin, kilometre-scale panel of Reeve diatexite with 
internally concordant gneissic banding occurs within a very 
poorly foliated to isotropic, garnet-pyroxene-bearing facies 
of the Hawkes leucogranite southeast of East Hawkes Lake 
(Fig. 3). The diatexite panel describes a shallowly southwest
plunging upright antiform to which the leucogranite foliation 
is axial planar (Fig. 98). Therefore, the Late Archean 
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leucogranite was intruded into already gneissic Late Archean 
diatexite. Accordingly, whether the Hawkes granite is part of 
the Mary granite, or an independent pluton of similar age, it is 
syntectonic with respect to the ca. 2600 Ma granulite facies 
deformation. 

To the south, the Mary granite is partly flanked by the 
garnet-hornblende±clinopyroxene Godfrey granite (Agg; 
G in Fig. 96). The latter is structurally variable, grading 
progressively from well foliated coarse granite in the west to 
ribbon ultramylonite in the east. It strongly resembles the 
garnet and hornblende studded variant of the Mary granite, 
with local development of garnet rims on coarse (1 cm) 
clinopyroxene. It even contains similar disaggregated 
xenoliths of garnet pyroxenite (Fig. 99). The principal differ
ence between the two granites is the uniformly larger size of 
the individual polycrystalline streaks and ribbons of feldspar, 
which appears to be a reflection of the coarse grain size of the 
protolith in the Godfrey granite. One cannot exclude the 
possibility that while this granite is a separate pluton, it may 
be closely linked to the Mary granite. This suggestion is 
reinforced by the 2601 ± 4 Ma magmatic crystallization age 
(Table 1) obtained from a sample at the entrance to Godfrey 
Bay, Clut Lakes. 

Three distinctive granite plutons occur on the west side of 
the Mary granite. The Bradley (Abdg) and Brykea (Abkg) 
leucogranite bodies (B in Fig. 96) are both garnet
clinopyroxene-bearing, and penetratively mylonitized. They 
are both compositionally and texturally variable, and it is 
possible that their separation as distinct map units is more a 
reflection of the spatial distribution of the dominant 
metamorphic and structural fabrics than the existence of two 
distinct plutons. The Brykea granite is everywhere an L/S 
mylonite, locally with 100 mm by 2 mm feldspar ribbons, 
often with 1 to 2 cm stubby feldspar porphyroclasts. It contains 



abundant chains of 1 mm garnets arranged along the feldspar 
ribbons, or rimming attenuated clinopyroxene aggregates. In 
places it is a striking salmon pink granite ultramylonite with 
abundant, 1 mm cherry-red garnets set in a fine grained, sug
ary annealed matrix with variable proportions of small feld
spar porphyroclasts. The Bradley granite is predominantly an 
L> >S pencil mylonite, with only local preservation of feldspar 
porphyroclasts. The long (5-10 cm) quartz and feldspar 
'pencils' suggest a coarse grained protolith. Although it 
locally contains fine garnet chains, the garnets occur more 
commonly as 2 mm cherry-red crystals scattered throughout 
the mylonite. The contact between the two granite bodies is 
progressive and thoroughly mylonitized. To the southwest, 
the Turcotte granite (Atg; T in Fig. 96) shares many of the 
characteristics of both the Bradley and Brykea granite units, 
but it is predominantly biotite-garnet-hornblende-bearing, 
and the intensity of the mylonite fabric is more variable. 
Locally the rock is simply a well foliated equigranular granite. 

Hornblende-biotite granitoid bodies 

A linked network of hornblende-biotite granite bodies, and 
their mylonitic equivalents (Fig. 100), cuts the garnet
pyroxene granite units (Fig. 96). They contain no trace of rel
ict pyroxene. The most voluminous is the Clut granite (Ac gm; 
C in Fig. 100), which forms a shallowly south- and west
dipping sheet under the Godfrey granite, immediately 
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Figure 98. Detailed sketch of the geology of the area between 
Clut and East Hawkes lakes to illustrate the relationship 
between the folded panel of Reeve diatexite and the isotropic 
and foliated variants of Hawkes granite . See Figure 9 for 
location. Discussed in text. 

Figure 99. Xenolithic inclusions of garnet-clinopyroxenite 
caught in the process of mechanical disaggregation in weakly 
foliated low strain window in the Godfrey granite, south of 
Wiley Lake. Coin for scale 2.5 cm. GSC 1994-212 

beneath the eastern part of the upper deck. It is in general a 
mylonite to protomylonite, derived from a medium grained 
equigranular granite (Fig. 101), with local megacrystic 
phases developed in the centre of the sheet. Very locally, it 
contains xenolithic rafts of banded amphibolitic gneiss. It 
carries a concordant mylonitic foliation and a dip-parallel 
extension lineation. Abundant asymmetrical extensional 
shear bands indicate that mylonitization was associated with 
top-down to the south and west displacements (Fig. 101). A 
sample from Clut Lakes (Fig. 3) has yielded a magmatic crys
tallization age of 2614 +9/-7 Ma (Table 1). 

The Clut granite extends into the western part of the lower 
deck as an anastomosing vertical array of sheets of 
hornblende-biotite Melby-Turnbull granite (Amtg; MT in 
Fig. 100). The latter comprise two principal branches. The 
more northerly branch extends due west from the Clut gran
ite. The more southerly one lies subparallel to the lateral ramp 
of the upper deck, but within the lower deck. They were 
exclusively emplaced into the network of annealed porphyro
clastic mylonite belts in the Mary granite (see "Garnet
pyroxene Mary granite"). The isotropic to poorly foliated 
parts of the granite sheets have abrupt intrusive contacts, 
locally preserve coarse plutonic textures (Fig. 102), and con
tain misoriented xenoliths of the adjacent porphyroclastic 
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Figure 100. Distribution of hornblende-biotite granitoid bodies, 
excluding the Mary granite (cf. Fig . 9and10). Clut granite (C), 
Fehr granite (F), Felsic Lake granite (Fl), McGillivray granite 
(M), and Melby-Turnbull granite (MT) are discussed in the text. 
Box is location of Figures 110 and 132. 

Figure 101. Well foliated to protomylonitic hornblende
biotite C lut granite, C lut Lakes . Looking to the northwest at a 
subvertical swface. Note the well developed asymmetrical 
extensional shear bands indicating top-down to the south
west displacement. Coin for scale 2.5 cm. GSC 1994-222 

mylonites. Nevertheless, they are themselves locally to exten
sively mylonitized. They are concordantly foliated and strike
lineated. From the structural control of their emplacement, 
and their internal strain state, the Melby-Turnbull granite 
sheets were syntectonically emplaced within an an-ay of still
active shear zones. A poorly foliated, coarse grained sample 
from Wiley Lake (Fig. 3) yielded a magmatic crystallization 
age of 2610 ± 2 Ma (Table 1). 

59' 30' 

59' 15' 

Along the southeast margin of the lower deck, the 
hornblende-biotite±garnet Fehr granite (F in Fig. 100) cuts 
the Chipman batholith and its associated mafic dykes, but is 
itself cut by a later set of subconcordant hornblende
plagioclase-garnet mafic metadykes (Fehr dykes). To the 
southwest, the granite is isotropic and coarse grained, with 

Figure 102. Very coarse grained, weakly foliated hornblende
biotite Melby-Turnbull granite , Wiley Lake. Coin for scale 
2.5 cm. GSC 1994-221 

46 



feldspars typically >5 cm in size (Afg). Locally it is cut by nar
row, discrete shear zones with upright fabrics, which trend 
subparallel to the regional strike. In places, the granite con
tains abundant coarse grained, metre-scale, amoeboid inclu
sions, essentially composed of hornblende, rare relict 
orthopyroxene, and garnet (Fig. 103). It also contains smaller 
(5-10 cm), equant micro granular inclusions of quartz-biotite 
or hornblende-plagioclase (Fig. 103, 104). The inclusions 
appear to represent restitic material (sensu Lato). The amoe
boid xenoliths are mechanically broken up to yield abundant 
smaller clots of coarse, polycrystalline hornblende±ortho
pyroxene which become indistinguishable from the mafic 
mineral content of the granite. These observations clearly 
point to the poor mechanical mixing of the granitic melt and 

Figure 103. Isotropic hornblende-biotite Fehr granite, 
Stallard Lake. Note the abundant amoeboid inclusions of 
hornblende and biotite±garnet±orthopyroxene (small dark 
patches), identical to the larger xenolithic inclusion. The 
xenolith has ill-defined margins and itself contains an 
angular microgranular enclave beneath the coin. Coin for 
scale 2.5 cm. GSC 1994-223 

Figure 104. Detail of Figure 103 illustrating the abundant 
inclusions of hornblende and biotite±garnet±orthopyroxene. 
Note that micro granular enclaves occur throughout these 
inclusions. Coin for scale 2.5 cm. GSC 1994-224 

its included mafic material, and are suggestive of the process 
already inferred to account for the compositional variation in 
the Mary, Godfrey, and Hawkes granites. To the north, the 
Fehr granite narrows in width and becomes a hornblende
garnet-bearing amphibolite facies ribbon ultramylonite 
(Afgm). A transitional protomylonitic sample has yielded an 
age of 2598 ± 3 Ma (Table 1 ), interpreted to indicate the time 
of magmatic crystallization. On the west side of the lower 
deck, north of Kaskawan Lake (Fig. 3), the variably foliated, 
coarse grained, biotite-hornblende Beed granite (Abeg; 
Fig. 105) closely resembles the poorly mixed, southern vari
ant of the Fehr granite. It contains rare mafic mylonite xeno
liths, presumably derived from the Bohica mafic complex. 

The Fehr granite is cut by a swarm of strike-parallel mafic 
dykes, each 1 m to tens of metres thick, which may locally 
account for 20% (volume) of the outcrop (Fehr dykes). Some 
of the dykes carry abundant 2 to 4 mm garnets, often replaced 
by plagioclase. Although the contact of the granite with the 
Chipman batholith is abrupt, veins of Fehr granite cut across 
both the batholith structure and the Chipman dykes. Accord
ingly, there are at least two dyke swarms in the eastern part of 
the lower deck. The Fehr dykes clearly crosscut the foliation 
in the mildly deformed part of the Fehr granite (Fig. 106, 
107), but are themselves transposed where the granite is 
transformed to mylonite. Furthermore, mildly foliated parts 
of the Fehr granite contain trains of large, irregular-shaped 
amphibolite inclusions which resemble disrupted mafic 
dykes (Fig. 108). If this is the case, the state of mechanical 
disaggregation of the mafic material is disproportionately 
high when compared to the state of strain reflected by the 
shape fabric in the granite host. Accordingly, it is possible that 
the inclusions represent mafic dykes em placed into the subso
lidus Fehr granite while it was still capable of plastic flow, 
associated with its own magmatic emplacement. Such an 
interpretation has been proposed for dyke-granite relations 
elsewhere (e.g. Hanmer and Scott, 1990; Talbot and Sokoutis, 
1992; McLelland et al., 1992). In the present case, it would 

Figure 105. Well foliated, coarse grained hornblende-biotite 
Beedgranite,BeedLake. Coin/or scale 2.5 cm. GSC 1994-142 
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imply that both the Fehr granite and the Fehr dykes are synki
nematic with respect to shearing in the eastern part of the 
lower deck. 

Intrusive sheets of equigranular, fine- to medium-grained, 
biotite leucogranite (Alg) fo1m a concordant swarm through
out the western lower deck, particularly in the Clut-Reeve
Father-Kaskawan lakes area (Fig. 3). Individual sheets rarely 
exceed 10 m in thickness, and the density of the swarm varies 
greatly from outcrop to outcrop. The leucogranite is every
where reduced to a quartz ribbon mylonite, remarkable for its 
very fine grained dark matrix and rarely preserved feldspar 
porphyroclasts . Locally, mylonitized later members of the 
leucogranite swarm crosscut earlier, concordant, my lonitized 
leucogranite sheets at a low angle. This indicates that the 
leucogranite was emplaced during mylonitization. One such 
sample from west of Lake Tantato (Fig. 3) has yielded an age 
of 2625 +26/-20 Ma (Table 1), indicative of the approximate 

Figure 106. Fehr mafic dykes cutting across the foliation of 
the coarse grained hornblende-biotite Fehr granite, Stallard 
Lake. Lens cap for scale. GSC 1994-135 

Figure 107. Branching Fehr mafic dykes , composed of left
stepping segments, emplaced subconcordantly along the 
foliation of the coarse grained hornblende-biotite Fehr 
granite, Stallard Lake. Coinfor scale 2.5 cm. GSC 1994-137 
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time of magmatic crystallization. The Felsic Lake leucogranite 
ultramylonite (Aflg, Fl in Fig. 100, located along the western 
boundary of the lower deck (Fig. 9), is identical to the granite 
sheets and probably represents a map-scale component of the 
swarm. 

The biotite-hornblende megacrystic McGillivray granite 
(Am, M in Fig. 100) cuts the Clut granite. It is very coarse 
grained, with very little internal tectonic fabric development 
(Fig. 109) and a locally preserved magmatic alignment of 
euhedral feldspar megacrysts. Although its circular outcrop 
pattern and internal deformation state are suggestive ofpost
kinematic emplacement, the pluton is in fact syntectonic. It 
contains misoriented rafts of mylonitic Clut granite near its 
western margin, yet is itself cut by a narrow, less than 100 m 
thick, dip-lineated, west-side-down hornblende-bearing por
phyroclastic ribbon mylonite zone (Taylor Bay fault; see 
Fig. 127), extending along the length of the western contact. 
Moreover, the mylonitic foliation within the Clut granite 
bifurcates around the McGiliivray pluton (Fig. 110). This 
strongly suggests that the McGillivray granite exerted a 
mechanical influence on the pattern of tectonic flow within its 
wall rocks prior to its final emplacement, presumably during 
its ascent. A sample of the McGillivray granite from Clut 

Figure 108. Large mafic inclusions in foliated coarse grained 
hornblende-biotite Fehr granite, Stallard Lake. From their 
aspect ratio and the presence of granite inclusions, they 
resemble dismembered mafic dykes emplaced into the granite. 
Lenscapforscale. GSC 1994-138 



Lakes (Fig. 3) has yielded an apparent magmatic crystalliza
tion age of2621±3 Ma (Table 1). However, at face value, this 
determination would suggest that the McGillivray granite is 
older than the Clut granite and Melby-Turnbull granite which 
it clearly cuts. A smaller elliptical body of poorly foliated 
megacrystic hornblende-biotite granite, outcropping on the 
south side of MacLachlan Lake (Fig. 3), is flanked along its 
west margin by a 50 m thick, shallowly to moderately west
dipping, dip-lineated, coarsely porphyroclastic hornblende
bearing mylonite. The similarity to the situation of the 
McGillivray granite is obvious, and it would appear to be a 
stock of the same pluton. 

Figure 109. Relatively fine grained variety of the normally 
much coarser megacrystic hornblende-biotite McGillivray 
granite, Clut Lakes. Note the well developed composite C/S 
fabric, indicating local development of dextral shear sense 
(see Hanmer and Passchier, 1991). Lens cap for scale. 
GSC 1994-136 
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Other biotite leucogranite units occur along the eastern 
margin of the lower deck. The Stevenson granite (Asg) lies to 
the east of the principal strand of the mylonitic, greenschist 
facies Black-Bompas fault (Fig. 10; see "Low temperature 
flow"). Although it is itself cut by greenschist mylonite (Ags), 
it may be more properly considered as part of the Cree Lake 
zone (Lewry et al., 1985) wall rock to the East Athabasca 
mylonite triangle. Of greater significance are the smaller, 
10 to 50 m sheets of biotite leucogranite (Agm) which outcrop 
along the eastern shore of Bompas Lake (Fig. 3), informally 
referred to here as the Bompas granite. At the south end of the 
lake, a 50 m wide sheet of Bompas granite cuts two-mica 
mylonitic metatexite and biotitized amphibolite, which it 
includes as misoriented xenoliths. The metatexite and 
amphibolite are part of the Hearne wall rock assemblage, ret
rogressed to biotite grade adjacent to the Black-Bompas fault. 
The leucogranite and xenoliths were subsequently trans
formed to chlorite-sericite ultramylonite, effectively acting 
as a soft medium within which shearing was localized. The 
leucogranite would have been anomalously soft if it was in a 
warm, subsolidus state immediately following magmatic 
crystallization. Accordingly, the Bompas granite would be 
syntectonic. A sample of the granite from Bompas Lake 
(Fig. 3) has yielded an approximate magmatic crystallization 
age of ca. 2600 Ma (Table 1), indicative of the approximate 
time of greenschist mylonitization. 

Mixed and minor map units 

Although most of the map units in the East Athabasca mylon
ite triangle can be identified as distinct lithological entities, 
ranging from dykes to batholiths, some represent composites 
within which the individual lithological units are either not 
thick or continuous enough to be distinguished at the map
scale. Hawkes leucogranite with subordinate· Bohica mafic 
complex rocks (Ahb) is differentiated from a similar unit in 

5km 

Figure 110. 

Sketch map of the disposition of the Clut and 
McGillivray granites in the Clut Lakes area. A 
small stock of M cGillivray granite occurs in the 
north side of the easternClutLake. Note how the 
Clut granite bifurcates ·around the McGillivray 
granite, even though the McGillivray granite is 
nominally younger. See Figure 100 for location. 
Discussed in text. 
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Figure 111. Distribution of Robillard-Patterson gneiss 
(cf. Fig. 9and10). 

Figure 112. Pelitic component of the Robillard-Patt~rson 
gneiss, Robillard Bay, Lake Athabasca. Note the large ~tze of 
the characteristic round garnet porphyroblasts. Com for 
scale 2.5 cm. GSC 1994-204 

which subordinate Hawkes leucogranite sheets intrude 
Bohica mafic complex (Abg). Unit Arm represents Reeve 
diatexite with Mary granite in approximately equal propor
tions. Unit Abe is a mixture of Bohica mafic complex and 
tonalite of the Chipman batholith. Other minor mafic map 
units are garnet-clinopyroxene-plagioclase granulite (Amp), 
and a hornblende-plagioclase-garnet mafic gneiss derived 
from a pluton in which cumulate layering is locally preserved 
(Ahm ). Both are of uncertain affiliation. The latter occurs as a 
single sheet between Robillard Bay and Wiley Lake (Fig. 3). 
The former is really a broad lithological designation for xeno
liths within the Chipman batholith, certain anhydrous parts of 
the Bohica mafic complex, and some of the larger mafic 
inclusions in the Mary granite. 
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Robillard-Patterson gneiss 

Three panels of coarse grained, white granitic orthogneiss 
(Arg) are collectively referred to as the Robillard-P~tterson 
gneiss (Fig. 111). The gneiss is remarkable for the size and 
diversity of its inclusions, but more specifically for .its .w~ll 
developed banding, despite the absence of shape fabncs m its 
quartzofeldspathic component. It forms a large, apparently 
fault bounded mass to the southeast of Clut Lakes and two 
concordant panels north of Sucker Bay, Lake Athabasca 
(Fig. 3). Xenolithic rafts of rhythmically layered garnet
sillimanite metatexitic semipelite to pelite (Arp) are common 
to all panels (Fig. 112). The Robillard-Patterson gneiss is best 
exposed along the east shore of Robillard Bay, Lake Athabasca. 
Upright layering in the granitoid gneiss is define? by .concor
dant bands of amphibolite up to several metres m thickness, 
variably deformed metre-scale pegmatite sheets, and varia~le 
proportions of hornblende and biotite. It may be folded with 
axes parallel to a very coarse, moderately southwes~
plunging rodding lineation. At the grain-scale, the rock. is 
coarsely recrystallized and generally lacks a shape fabnc. 
Pegmatite veins are common and locally crosscu~ both band
ing and folding in the gneiss. Locally, the metapehte rafts pre
serve a rhythmic compositional layering, apparently of 
primary origin; for example west of Robillard Bay (Fig. 3). 
The 1 to 2 cm garnets within the migmatitic paragneiss rafts 
(Fig. 112) are distinct from those of the Pine Channel and 
Reeve diatexite units . The eastern panel is very difficult to 
access on foot on account of extensive swamp and surface 
water and could only be examined by helicopter supported 
spot ~hecking . It contains white granitoid and paragneissic 
components identical to those described from. t~e west~rn 
panels. However, it differs from them because (1) it contams 
large rafts of isotropic metagabbro intruded by very coarse 
grained isotropic hornblende-biotite granite a~d (ii) its. inter
nal fabrics are oriented at a high angle to the reg10nal strike. 



The Robillard-Patterson gneiss does not resemble any of 
the other map units of the East Athabasca mylonite triangle. It 
canies no evidence of a granulite facies mineral assemblage, 
nor of a ribbon fabric. There is no evidence that it is an 
annealed mylonite. The gneiss is frankly enigmatic. Hanmer 
et al. (1992b) speculated tentatively that its apparently transi
tional contact with the diatexite to the southeast indicated that 
it is a precursor to the diatexite, although they point out that 
the contact is poorly exposed. A sample of the white granitoid 
from Robillard Bay (Fig. 3), yielded an approximate mag
matic crystallization age of ca. 1900 Ma (Table 1), indicating 
that the gneiss was magmatically emplaced well after the 
granulite facies mylonitization of the East Athabasca mylon
ite triangle. The poorly exposed boundaries with the adjacent 
mylonites are broad, ill-defined zones and could be progres
sive intrusive contacts. In the absence of Early Proterozoic 
regional deformation in the adjacent high grade mylonite, it 
would appear that the deformation of the Robillard-Patterson 
gneiss is local and related to plutonic emplacement, perhaps 
in a manner analogous to that described for the Donegal 
Granite in Ireland by Pitcher and Berger (1972). Indeed, in 
Robillard Bay, the gneiss contains a map-scale raft of spec
tacular Mary granite mylonite. 

Economic geology 

Alcock (1936) and Furnival (1940) reported that initial 
claims related to copper-nickel mineralization were staked in 
the mafic granulite of the upper deck as early as 1910. In 1929 
a copper-nickel sulphide deposit was found in the southwest
ern part of Axis Lake (Fig. 3). Much of the presently visible 
trenching there (see Colborne, 1960) was undertaken in 
1929-1930, although sporadic work has continued until very 
recently. In 1991, a detailed geophysical, ground survey, and 
drilling operation in the Axis-Rea lakes area (Fig. 3) was 
undertaken by Dev ex Exploration Inc. and N oranda Exploration 
Co. Ltd. A similar nickel exploration program had previously 
been undertaken in 1957, just south of Cunie Lake (Ce in 
Fig. 3; Colborne (1962)). 

Postmetamorphic 170° /90° trending veins of blue quartz, 
cutting across upper deck mylonite fabrics, have long been 
known for their gold potential. Furnival (1940) reported stak
ing around Sucker Bay (Fig. 3), an area recently mapped in 
detail by Slimmon and Macdonald (1987). According to 
Johnston (1963), the Black-Bompas fault at Black Lake 
(Fig. 3) was prospected for pitchblende mineralization in 
1948-1950. He also reported minor nickel mineralization 
from northeast of Woolhether Lake (Fig. 3). Copper-nickel 
mineralization associated with Bohica norite, northeast of 
Tantato Lake and at Father Lake (Fig. 3), was staked, 
trenched, and drilled in 1956 (Johnston, 1962). During the 
present study, trenches and abandoned drill core were found 
on the north shore of Day Lake (D in Fig. 3) at the site of rare 
bull quartz veins in mylonitized Reeve diatexite. The drill 
core, marked and dated 1975, appeared to have come exclu
sively from the diatexite. Anomalously radioactive pegma
tites in the Hearne wall rock north of Black Lake have been 
examined for uranium, as well as molybdenite (Johnston, 
1964; Thomas, 1983). 

TECTONIC FLOW 

The tectonic fabric pattern and vorticity (shear sense) distri
bution in the East Athabasca mylonite triangle appears com
plex. It could hardly be otherwise in a triangular field of 
mylonite. Nonetheless, this apparent complexity is readily 
unravelled by systematically considering the following 
observations, listed here in point form, but examined in detail 
below. 
(i) Geometrically, the East Athabasca mylonite triangle is 

divided into an upper and a lower deck, such that the 
upper deck forms the base of the triangle (Fig. 10). This 
is most clearly seen at Clut Lakes (Fig. 3), where the 
shallowly dipping foliation of the upper deck is discor
dant to upright foliations and lithological contacts 
within the lower deck. 

(ii) The upper deck, in its entirety, corresponds to a single 
dip-slip shear zone, whose hanging wall is still buried 
beneath the overlying Athabasca Basin (Fig. 1). 

(iii) The lower deck comprises a pair of conjugate strike-slip 
shear zones, separated by a central septum of relatively 
low finite strain (Fig. 10). 

(iv) The strike-slip and extensional shear zones are contem
poraneous. 

(v) Despite the apparent geometrical and kinematic com
plexity, the finite extension lineations throughout the 
upper and lower decks are ananged about an average 
extension direction plunging moderately to the south
west (Fig. 10). This conesponds to the principal direc
tion of regional-scale finite extension which one would 
predict from the coeval operation of the observed shear 
zones in three dimensions. 

Mylonites within the East Athabasca triangle formed at 
all metamorphic grades from eclogite and granulite to lower 
greenschist facies (Fig. 113 ). The same geometrical and kine
matic pattern is reflected by the mylonites formed at high, 
medium, or low temperatures. Older high temperature 
mylonites are developed throughout the East Athabasca 
mylonite triangle, but younger medium and low temperature 
fabrics occur in progressively nanower zones with decreas
ing metamorphic grade. This trend is explained by the well 
known process of increasing localization with cooling (e.g. 
Hanmer, 1988a; Hanmer et al., 1992a). The next section of 
this report will examine this pattern of flow, beginning with 
the older, hotter mylonites. 

High temperature flow 

Granulite facies garnet-pyroxene-bearing metamorphic min
eral assemblages are developed throughmit the mafic and 
quartzofeldspathic rocks of the upper and lower decks in the 
East Athabasca mylonite triangle. The mylonite fabrics of the 
upper deck are exclusively developed in anhydrous 
plagioclase-pyroxene-, garnet-pyroxene-, garnet-sillimanite-, 
and garnet-orthopyroxene-sillimanite-bearing assemblages. 
Polycrystalline ribbons of feldspar, quartz, sillimanite, and 
pyroxene are aligned in the mylonitic foliations and wrap 
around rigid, anhedral to euhedral garnets. Pyroxene and garnet 
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Figure 113. Distribution of metamorphic facies within the East Athabasca 
mylonite triangle. Box is general location of Figures 115 and 131. 

are commonly replaced by amphiboles and biotite indicating 
hydration of the mineral assemblage with cooling. The 
systematic observation of mylonitic ribbons wrapping 
around undeformed polycrystalline pseudomorphs after 
equant garnet demonstrates that the retrogression is entirely 
postkinematic. 

In the lower deck, hornblende is practically ubiquitous as 
a porphyroclastic or foliation-forming phase, even in garnet
pyroxene-bearing units such as the Mary granite, Godfrey 
granite, and the Bo hi ca mafic complex. In the granites, biotite 
generally participates in the mylonitic foliation, but it also 
commonly forms polycrystalline postkinematic pseudo
morphs after garnet. The principal exceptions are the mafic 
lenses of garnet-clinopyroxene-plagioclase±orthopyroxene 
granulite (Amp), mostly found in the north and east, but pres
ent across the width of the lower deck. Examination of meta
morphic textures in thin sections from throughout the western 
and central parts of the lower deck demonstrates that the 
initial metamorphic assemblages in the garnet- and 
hornblende-bearing granite and mafic rocks were garnet
clinopyroxene-orthopyroxene-hornblende. However, much 
of the now visible hornblende is secondary and derived at the 
expense of the earlier pyroxenes. Part of the secondary horn
blende population is postkinematic, but hornblende is com
monly a foliation-forming phase. 

Dip-slip shear zone (upper deck) 

Geometrically, the upper deck can be considered in two parts 
(Fig. 10). In the east it is essentially a shallowly west- to 
southwest-dipping homocline. The foliation and layering 
progressively steepen and change azimuth westwards to form 
an upright panel, for the most part characterized by steep 
southeastward dips, but with local reversals. Fold closures 
within the western panel which could account for the varia
tions in dip direction have not been observed. In the east, the 
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extension lineations are approximately down-dip, whereas in 
the west they are subparallel to the strike. Although the exten
sion lineations mostly plunge to the southwest, there is a sig
nificant segment within the steep panel where they plunge 
toward the northeast. Layer-parallel ribbon mylonite fabrics 
are penetratively developed throughout the upper deck 
(Fig. 21, 23, 25, 28), except for the lenses of migmatite near 
Sucker Bay (Fig. 24). In the vicinity of these low-strain 
lenses, the plunge of the extension lineation is markedly 
steeper than elsewhere within the western panel of the upper 
deck. In other words, the localized decrease in finite strain in 
the southwestern part of the upper deck is associated with an 
increasingly heterogeneous strain pattern. 

From a purely structural perspective, the entire upper deck 
forms part of a penetratively mylonitic segment of a curved 
shear zone, whose hanging wall has not yet been identified. 
The striking feature of the mylonite fabrics is their homoge
neity at all scales (e.g. Fig. 19). Feldspar porphyroclasts are 
extremely rare. Minor folds, boudins, and asymmetrical 
extensional shear bands are practically absent, despite the 
abundance of potentially stiff layers, such as the garnet
quartz and garnet-clinopyroxene bands, or stress raisers, such 
as large garnet crystals (e.g. Fig. 22). One implication of this 
observation is that the spatial distribution of strain rate was 
remarkably homogeneous, and that perturbations in the flow 
failed to amplify. Such a flow requires a very homogeneous, 
weak rheology, incapable of sustaining spatial variations in 
mean stress, even over a relatively short time interval. An 
unfortunate consequence is that visible shear-sense indica
tors (e.g. Hanmer and Passchier, 1991) are rare. Nevertheless 
the few that have been found, mostly asymmetrical exten
sional shear bands, are consistent and uniformly indicate a 
top-down to the southwest sense of shear (Fig. 114). 

As with any shear zone, the lower boundary of the upper 
deck must be defined by a strain gradient, and/or a discontinu
ity. In the west (Fig. 115), the base of the upper deck has been 



mapped at a fabric transition from penetratively, but rela
tively heterogeneously, mylonitized, folded and veined 
Reeve diatexite in the lower deck, into the remarkably homo
geneous Pine Channel diatexite mylonite. Passing eastward 
to Currie Lake, the basal fabric transition initially coincides 
with the lithological contact between the Pine Channel 
diatexite and the underlying Godfrey granite, then trans
gresses the lithological contact to lie within the Godfrey granite 

Figure 114. Rare indicator of shear sense within rocks of the 
upper deck. A lens of garnet-sillimanite in Pine Channel 
diatexite mylonite, Camille Bay, Lake Athabasca, has rolled 
up into a winged inclusion. Observed looking down onto a 
horizontal swface. Note the well developed matrix tucks 
present in the lower-right and upper-left quadrants, 
indicative of dextral shear, i.e. upper deck displaced towards 
the southwest (towards the left in photograph). Lens cap for 
scale. GSC 1994-102 

west of Godfrey Bay. South of Godfrey Bay, the fabric transi
tion has been intruded by the younger, mylonitic Clut granite. 
The continuity oflithological units across the fabric transition 
in the west might suggest that the upper deck is parauto
chthonous with respect to the lower deck. However, from a 
metamorphic perspective, the contrast in the high grade 
assemblages across the boundary between the structural 
decks (Fig. 113; see "Reeve diatexite") strongly suggests that 
the upper deck is allochthonous and relatively far-travelled. 
Therefore, the original base of the upper deck may have lain 
at the lower limit of the diatexite, including the panel of 
Reeve diatexite which now occurs immediately on the lower 
deck side of the fabric transition (Fig. 38, 116), southwest of 
Wiley Lake (Fig. 3). The original contact has been subse
quently obscured by the emplacement of the Godfrey granite 
and the Robillard-Patterson gneissic pluton. This would 
imply that the upper deck was initially emplaced as a thrusted 
hanging wall, whose lower level evolved into the 10 km thick 
shear zone, within which the marginal fabric transition is pre
served. Although the early kinematic evolution of the shear 
zone is masked by the homogeneity of the ribbon fabrics, it 
acted as an extensional shear zone, at least during the latter 
part of its history. However, the extensive development of 
mylonite under conditions of increasing pressure in the lower 
deck (see "Gamet-pyroxene Mary granite"), coupled with the 
geochronological results (Table 1), suggest that mylonitiza
tion in the upper deck was, at least in part, related to thrusting. 

Conjugate strike-slip shear zones (lower deck) 

The tripartite geometrical subdivision of the lower deck rep
resents three kinematic sectors (Fig. 10). The northwestern 
side of the triangular lower deck is a ca. 15 km wide belt of 
upright mylonitic foliations and lithological contacts, which 
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Figure 115. The spatial relationship between the base of the upper deck, as defined 
by a fabric transition, and the lithological map units along the upper deck-lower 
deck interface. Currie Lake ( C) and Godfrey Bay ( G) are indicated. See Figure 113 
for location. 
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strike about 060-070°. The foliations dip moderately to very 
steeply both to the northwest and the southeast and appear to 
reflect an anastomosing flow pattern. The eastern side is a 
20 km wide belt of about 020-050° trending, moderately to 
very steeply northwest-dipping mylonitic fabrics . As in the 
northwestern shear zone, variation in dip reflects the anasto
mosing nature of the flow planes. This is especially well 
exposed on a 100 to 1000 m scale at and west of southern 
Bompas Lake (Fig. 3). The two belts are separated from each 
other by a wedge-shaped area of anastomosing mylonite 
belts, about 15 km across the base, called the central septum. 
Outside of the central septum, ca. 2.6 Ga ribbon mylonite 
(Fig. 40, 41, 67, 70, 71, 72, 77-80, 83, 85) and ca. 3.13 Ga 
annealed mylonite fabrics (Fig. 44, 45, 53, 54, 55) are exten
sively developed. Diverse assemblages of shear-sense indi
cators, such as winged porphyroclasts, asymmetrical 
extensional shear bands, asymmetrical pull-aparts, pressure 
shadows, oblique boudin trains and oblique internal fabrics in 

Figure 116. Dextral winged inclusion in annealed porphyro
clastic mylonite derived from the Mary granite, Wiley Lake. A 
feldspar core-and-mantle structure, indicating dextral shear 
sense. Coin for scale 2.5 cm. GSC 1993-1661 

Figure 117. Rotated plagioclase pressure shadows on 
garnets in a Chipman dyke, Chipman tonalite batholith, 
Square Lake, indicative of sinistral sense of shear. Coin for 
scale 2.5 cm. GSC 204775-H 
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shear-parallel veins (e.g. White et al., 1980; Platt and Vissers, 
1980; Hanmer, 1984b, 1986, 1990; Passchier and Simpson, 
1986; see Hanmer and Passchier, 1991 for review) occur 
throughout the lower deck (e.g. Fig. 61, 65, 87, 91, 92, 116, 
117, 118; see also Fig. 121, 122, 129, 133). The northwestern 
and eastern mylonite belts are strike-slip dextral and sinistral 
shear zones, respectively, with gently to moderately south
westward plunging finite extension lineations. At the north
ern apex of the lower deck, where the dextral and sinistral 
shear zones meet, exposure is very poor and it is not possible 
to observe their time relations directly. Nevertheless, within 
each shear zone, the sense of shear is consistent, regardless of 
deformation intensity. In other words, there is no evidence of 
shear-sense reversal during the histories of either shear zone. 

Central septum (lower deck) 

In general, mylonite fabrics are penetratively developed 
throughout the dextral and sinistral shear zones of the lower 
deck. The main exception is the core of moderately foliated 
tonalite within the Chipman batholith (Fig. 43; see "Chipman 
batholith"). However, the central septum (Fig. 10) is princi
pally composed ofmylonitic to isotropic Hawkes leucogran
ite, associated with panels and rafts of moderately deformed 
Bohica mafic complex. The deformation state of the Bohica 

Figure 118. Train of back-rotated boudins in amphibolite layer 
in pelitic metasediments, eastern (Hearne) wall rock, Bompas 
Lake, indi(:ative of sinistral sense of shear (see Hanmer and 
Passchier, 1991). Hammer for scale. GSC 1994-171 



~afic con_iplex material is reflected in the frequent preserva
tlon of rehct, coarse ophitic textures in aflaser fabric. In part, 
the Hawkes granite occurs as well preserved plutons and it is 
demonstrably intrusive with respect to the Bohica mafic com
plex material, which it cuts and includes as xenoliths. Indeed, 
southwest of Kaskawan Lake (Fig. 3), the relative propor
tions of Bohica mafic complex and Hawkes granite material 
ar~ such that it is not feasible to discriminate between heavily 
vemed wall rock on the one hand, and granite charged with 
xenolithic rafts on the other. However, much of the Hawkes 
granite is penetratively mylonitized. The contacts between 
the nonmy lonitic (plutonic) and mylonitic parts of the granite 
are gradational and no xenoliths of the latter have been found 
in the former. The same is true for the relationship between 
the ~onm~lonitic !fawkes granite and the mylonitic Mary 
gramte. It is conceivable that the Hawkes granite is simply a 
large scale example of the compositional variation observed 
elsewhere throughout the Mary granite (see "Garnet
pyroxene Mary granite"). However, it is equally possible that 
it re~resents .a ~istinct magma body, emplaced into the Mary 
gramte. If this is the case, then the discrete plutons of Hawkes 
g~~nite ~ight also be intrusive with respect to its own mylo
mtlc eqmvalent. The point being made here is that the com
plex pattern of lithologies and deformation fabrics in the 
central septum reflects either the syntectonic nature of the 
Hawkes granite, or the spatial distribution of tectonic flow. 

The following observations serve to illustrate that, in con
trast to the flanking, kinematically homogeneous dextral and 
sinistral shear zones, the spatial distribution of strain and 
shear sense within the central septum is heterogeneous, but 
reflects the distribution of flow and vorticity in the East 
Athabasca mylonite triangle as a whole. A large panel of 
Mary granite occupies the middle of the central septum. It 
encloses a map-scale raft of moderately deformed Bohica 
mafi~ complex, yet is itself mylonitized. This is presumably a 
funct10n of the greater ability of the softer quartzofeldspathic 
Mary granite to accommodate the imposed deformation, thus 
protecting the relatively minor volume of the mafic raft. 
South of East Hawkes Lake, the Hawkes granite contains a 
large folded panel of annealed straight banded diatexite, 
whose fo.ld axis plunges gently to the southwest (Fig. 119). 
The gramte on the concave side of the panel is poorly foliated 
to isotropic and clearly intrusive with respect to the diatexite, 
whereas the granite on the convex side is mylonitic. The 
diat~xite p~nel has either guided the intrusion of the isotropic 
gramte, or it has acted to partition the deformation within its 
host granite (e.g. Bell, 1981, 1985; Lister and Williams, 
1983). The panels of both Bohica mafic complex and diatex
ite have acted as guides for the flow patterns in their host gran
it~s .. Between East H_awkes Lake and Clut Lakes, a steeply 
d1ppmg panel of Boh1ca mafic complex, striking about 020°, 
is associated with sinistral strike-slip shearing in the adjacent 
mylonitic Mary granite (Fig. 119). At East Hawkes Lake 
itself, the same Mary granite, associated with about 070° 
striking upright panels of Bohica mafic complex contains 
dextral shear-sense indicators (Fig. 119). In the hinge zone of 
the folded diatexite panel within the Hawkes granite, the 
diatexite and the immediately overlying granite are trans
formed to ribbon mylonite associated with a top-down to the 
southwest sense of shear. At the scale of the central septum as 

a whole, although the mylonitic fabrics of the northwest side 
tends to reflect dextral noncoaxial flow and the southeast side 
tends t.o ~e sinistral, unequivocal contradictory shear
sense md1cators (see Hanmer and Passchier, 1991) also 
occur locally. 

Precise definition of the extent of the central septum is 
somewhat problematical. It is readily determined in its south
western part where there is a spatial coincidence of mixed 
shear sense, variable foliation development, and frequent 
preservation of recognizable relict igneous textures. Given 
the fairly coarse resolution of the data, it is probably futile to 
try to define the precise location of the lateral limits of the 
central septum on structural grounds alone. Accordingly, as a 
reasonable approximation, the limits of the central septum are 
taken to correspond to the eastern and western contacts of the 
Hawkes granite. To the northeast, mixed shear-sense deter
minations, preservation of relict ophitic texture in the Bohica 
mafic complex and the presence of abundant Hawkes leuco
granite suggest that Kaskawan Lake (Fig. 3) spans the width 
of the central septum. Having thus broadly defined the limits 
of the central septum, the dextral and sinistral shear zones are 
those parts of the lower deck which lie to the northwest and 
east of it, respectively (Fig. 10). However, at the northern end 
of the lower deck, a combination of poor outcrop and late 
faulting makes it particularly difficult to precisely define the 
boundary between the dextral and sinistral shear zones. 

~ summary, the timing and shear sense of principal kine
matlc components of the East Athabasca mylonite tiiangle as a 
:"hole are reflecte? within the central septum. While recogniz
mg that the magmtude of some of the geochronological error 
envelopes (Table 1), kinematic compatibility, and similarity of 
metamorphic grade of the various shear zones within the cen
tra~ sep~m suggest that some of the flow in the conjugate 
strike-shp shear zones was contemporaneous with the nor
mal (extensional) component of dip-slip flow within the 
upper deck. The strike-slip shear zones acted to accommo
date a subhorizontal northwest-southeast oriented direction of 
principal shortening, whereas the normal shearing would 
have accommodated a steeply plunging direction of princi
pal shortening. The two directions of principal shortening are 
compatible with the gently southwest-plunging direction of 
principal extension manifested in the extension lineations 
throughout the East Athabasca mylonite triangle (Fig. 10). 
Collectively, these three principal stretching directions define 
a bulk constrictional flow. This is precisely the symmetry that 
would be predicted for flow around the te1mination of a 
northeast-southwest oriented stiff lozenge-like volume set in a 
bulk extensional flow parallel to its axis (Fig. 10). 

Medium temperature flow 

Hornblende-biotite±garnet-bearing amphibolite facies 
mylonites occur at four specific sites (Fig. 113): (i) the inter
face between the upper and lower decks, (ii) bounding the 
lenses of Mary granite ribbon gneiss in the southwestern part 
of the lower deck (Fig. 82), (iii) adjacentto the lateral limits of 
the lower deck (Fig. 10), and (iv) along the western margin of 
the McGillivray granite (Fig. 100). 
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Figure 119. Detailed map of the Clut Lakes-East Hawkes Lake area to illustrate the relationship 
between locally resolved vorticity (shear sense) and the orientation of rheologically important 
map units. See Figure 9 for location. 



Interface mylonites 

The protomylonitic to mylonitic Clut granite occupies a sig
nificant segment of the contact between the upper and lower 
decks (Fig. 10). The south- and west-dipping fabrics cany 
hornblende and biotite, with no trace of relict pyroxene or gar
net. In local low strain windows, the mylonite is clearly seen to 
be derived from a homblende-biotite granite. In other words, 
the emplacement and deformation of the granite postdate 
granulite facies metamorphism. In contrast to the overlying 
granulite facies mylonite units of the upper deck and the 
Godfrey granite, the Clut granite contains abundant, often 
penetratively developed asymmetrical extensional shear bands, 
all of which indicate top-side-down displacement along the 
dip-parallel extension lineation (Fig. 101). The granite contact 
and its internal mylonitic foliation are discordant with respect 
to the lower deck structures and map units (Fig. 9) . Clearly, a 
component of top-side-southwest relative displacement of the 
upper deck was accommodated by localized deformation 
within the Clut granite at amphibolite to upper greenschist 
facies. In the absence of firm constraints, transitional deforma
tional behaviour of the feldspar population of the granite is 
suggestive of temperatures of about 500°C (White, 1975; 
Tullis and Yund, 1980; Hanmer, 1982; Tullis, 1983). 

Anastomosing flow 

In general, feldspar porphyroclasts are not a common compo
nent of the rather unifmm, high temperature mylonite fabrics of 
thelowerdeck(Fig. 40,41, 67, 70, 71, 72, 77, 78, 79, 83, 85, 88). 
However, between Reeve Lake and Lake Athabasca (Fig. 3), the 
homogenous fabric pattern is replaced by a heterogeneous one, 
reflecting prutitioning of the flow at all scales (e.g. Lister and 
Williams, 1983). Mappable lenses of ribbon gneiss ru·e enclosed 
by belts of annealed porphyroclastic mylonite (Fig. 90-94; see 
"Gamet-pyroxene Mary granite"), along which sheets of 
homblende-biotite Melby-Turnbull granite were preferentially 
emplaced and variably mylonitized (Fig. 100; see "Homblende
biotite granitoid bodies"). The homblende-beruing ribbon 
gneiss contains garnet and clinopyroxene. In contrast, the por
phyroclastic mylonite only contains biotite-homblende-gamet. 
The absence of feldspar porphyroclasts in the ribbon gneiss 
means that it is not part of the fabric path leading to the porphy
roclastic mylonite. On the other hand, the lower metamorphic 
grade of the porphyroclastic mylonite means that the preserved 
fabrics are younger than those of the ribbon gneisses. Note that 
the anastomosing geometry is also reflected in the three
dimensional orientations of mylonitic foliation along the shore 
of Lake Athabasca, west of Robillard Bay (Fig. 3), where 
flat-lying fabrics, uncharacteristic of the lower deck, are com
mon~ "Gamet-pyroxene Mary granite"). 

A possible interpretation of these fabrics is suggested here, 
predicated on the known strain-rate sensitivity of the strength of 
rock-fo1ming minerals (e.g. Nicolas and Poirier, 1976; Poirier, 
1985), assuming initially uniform metamorphic conditions. The 
map pattern in the southwestern part of the lower deck (Fig. 9, 
82, 100; see also Hanmer, 1994) indicates that during high tem
perature (homblende-clinopyroxene-gamet) deformation, the 
normally homogeneous pattern of flow was perturbed for rea
sons discussed below (see "Heterogeneous flow"). Flow 

would therefore have been prutitioned between relatively 
slowly deforming volumes (Bell, 1981, 1985) of ribbon gneiss, 
in which all the rock-fmming minerals participated, and nar
row bounding zones of faster strain rate, in which the feldspar 
component acted as stiff porphyroclasts. With cooling, defor
mation ceased in the iibbon gneiss and continued in the por
phyroclastic mylonite. Melby-Turnbull granite sheets were 
preferentially emplaced into those zones where shearing was 
active. In brief, although deformation partitioning had initi
ated at higher (granulite) temperatures, flow was further 
localized with cooling to amphibolite facies (Hanmer, 1988a). 

Lateral limits of the lower deck 

On the west side of the lower deck, the transition from granu
lite facies ribbon mylonite to greenschist mylonite occurs 
progressively over a zone up to 1.5 to 2 km wide. It is particulru·ly 

Figure 120. In-plane dextral winged inclusions (see Hanmer 
and Passchier, 1991) in annealed p01phyroclastic mylonite, 
Tantato Lake. Afeldspar core-and-mantle structure, indicating 
dextral shear sense. Coinfor scale 2.5 cm. GSC /993-166D 

Figure 121. Dextral winged inclusion, adjacent to coin, in 
greenschist ribbon mylonite derived from the Mary granite, 
Grease Bay. A feldspar core-and-mantle structure, 
indicating dextral shear sense. Note also the dispersed dark 
amphibole crystals aligned anticlockwise with respect to the 
myloniticfoliation. Coin for scale 2.5 cm. GSC 1994-188 
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well preserved north and west of Reeve Lake (Fig. 3). Garnet
hornblende-clinopyroxene-orthopyroxene ribbon mylonites 
derived from diatexite, Mary granite, and Bohica mafic com
plex protoliths become progressively finer grained towards 
the western limit of the lower deck, such that their ribbon 
structure is imperceptible to the naked eye and the rocks are 
distinctively nonfissile (Fig. 120, 121). Within these fine 
nonfissile mylonites, occasional coarser grained bands with 
visible garnet and pyroxene, which occur to the east, are not 
found to the west. The gm.net-hornblende studded Mruy granite 
ribbon mylonite is replaced by a very fine grained, nonfissile 
rock with an annealed sugary matrix, scattered hornblende 
porphyroclasts, and very fine disseminated biotite (Fig. 122). 
Within this fine grained hornblende-porphyroclastic mylonite 

Figure 122. Nonfissile, very fine grained porphyroclastic 
mylonite, Straight River, northwest of Tantato Lake. Note 
that ribbons are not visible to the unaided eye. Larger white 
porphyroclasts are plagioclase, more numerous smaller 
black porphyroclasts are hornblende. Coin for scale 2 .5 cm. 
GSC 1994-189 

Figure 123. Chlorite-bearing greenschist facies ribbon 
mylonite, Straight River, north of Tantato Lake. Looking 
down on horizontal swface. Note the solitary feldspar fish 
which, by analogy with foliation fish, can be interpreted in 
terms of dextral shear sense (see Hanmer and Passchier, 
1991 ). Coin for scale 2.5 cm. GSC 1994-190 
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lies the Felsic Lake leucogranite (Fl in Fig. 100). This is a 
pink, ultra-fine grained, homogeneous biotite granite mylonite. Its 
ribbon structure is only visible to the naked eye on delicately 
etched, glacially smoothed surfaces. Note that the swarm of 
2640 ± 20 Ma granite sheets, to which the Felsic Lake granite 
apparently belongs, is syntectonic with respect to the amphib
olite facies mylonitization (see "Hornblende-biotite granitoid 
bodies"). Northeast of Reeve Lake (Fig. 3), the hornblende
porphyroclastic and Felsic Lake granite ultramylonites can 
be traced across strike into chlorite-bearing mylonite 
(Fig. 123). These observations are best interpreted in terms of 
the reworking of higher temperature mylonite by younger, 
colder mylonite. The 15 km wide belt of granulite facies 
mylonite has been reworked to produce a 2 km wide amphibo
lite facies belt, which was itself reworked to form a belt of 
lower greenschist facies mylonite, several hundreds of metres 
wide. This reflects the progressive narrowing of the active 
zone of shearing with cooling through time (e.g. Hanmer, 
1988a). 

This progressive localization contrasts with the lower 
amphibolite facies sinistral ribbon mylonite on the east side of 
the Chipman batholith which clearly cuts across and tmncates 
the older, higher temperature mylonite in an abrupt manner. On 

Figure 124. Hornblende-bearing tonalite ribbon mylonite 
with transposed Chipman dykes, Bompas Lake. Hammer for 
scale . GSC 1994-111 · 



the east shore of southern Bompas Lake (Fig. 3), the Chipman 
tonalitic straight gneiss and mafic dykes are deformed into a 
finely banded, hornblende-bearing ribbon mylonite 
(Fig. 124) with extensively developed 0.1 to 5.0 m scale 
sheath folding of both the dykes and the mylonite fabric 
(Fig. 125, 126). This mylonite forms a 0.5 to 1.0 km wide belt 
which extends along the east shore and south of Bompas 
Lake, truncating the fabrics and lithological contacts in the 
high temperature mylonite of the sinistral shear zone. While 
some of the mylonitized mafic dykes may be part of the 
Chipman dyke swarm, the presence of the Fehr dykes, and the 
local occurrence of minor mafic dykes in greenschist facies 
mylonite (see "Low temperature flow"), suggests that some 
mafic mylonite may be derived from younger dykes. 

Taylor Bay fault 

The Taylor Bay fault (Fig. 127) is well exposed as a less than 
100 m thick zone of fine grained, hornblende-feldspar porphyro
clastic ribbon mylonite, along the western contact of the 
McGillivray granite. It dips moderately to the west and canies a down
dip extension lineation associated with winged porphyroclasts, up to 
5 cm long, which indicate a top-side-down sense of shear. 

Low temperature flow 

The pattern of high and medium temperature conjugate shear 
zones in the lower deck, and dip-slip shearing at the upper 
deck/lower deck inte1face, is reflected in the distribution of green
schist facies mylonites (Fig. 113). They represent the ultimate 
stage of the progressive localization of flow already noted at 
higher metamorphic grade ~ "Medium temperature flow"). 
The presence of these mylonites was noted by earlier workers ~ 
"Previous and recent work"). For ease of reference, this report will 
employ a tellllinology which reflects the fault names used by 
them (Fig. 127). The my lonites are spatially associated with 
remarkably discrete brittle faults. Pseudotachylite is practically 
absent, cataclasite is very rare, and quartz-carbonate veining is 
infrequent. 

Figure 125. Hornblende-bearing tonalite ribbon mylonite, 
Bompas Lake, observed looking along the extension 
lineation. Note the sheath folding of the ribbon mylonite 
fabric and the dark bands, interpreted to be Chipman dyke 
material. Coin for scale 2.5 cm. GSC 1994-196 

Figure 126. Hornblende-bearing tonalite ribbon mylonite 
with transposed Chipman dykes, Bompas Lake, observed 
looking along the extension lineation. Note the sheath folding 
of the ribbon mylonite fabric and the Chipman dykes. A 
smaller sheath fold occurs in the foreground, just below the 
principal fold. Note that the mafic band just to the left of the 
smaller sheath fold can be traced into the principal dark band 
marking the larger sheath fold. In other words, despite the 
magnitude of the finite strain, the original branching 
configuration of the dykes is locally preserved in the YZ 
section of the finite strain ellipsoid. Long dimension of 
principal fold is about 2 m. GSC 1994-112 

Black-Bompas fault 

Biotite-chlorite and chlorite-sericite mylonite occurs discon
tinuously along the northwestern side of the dextral shear 
zone and along the eastern side of the sinistral shear zone. In 
the sinistral shear zone, the transition from the high tempera
ture mylonite is abrupt, albeit progressive. The Black
Bompas fault, the main belt of greenschist facies chlorite
sericite mylonite (Fig. 127), is 100 to 200 m thick. It is 
derived, in large part, at the expense of the Hearne metatexitic 
paragneiss to the east, which was itself intruded by Bompas 
leucogranite. The mylonite (Fig. 128) is often so fine grained 
that no ribbon structure is discernible to the naked eye. The 
foliation dips moderately to steeply to the west and the linea
tion rakes southward across the foliation plane at approximat
ely 40°. It contains few, sinistral, shear-sense indicators and 
has accommodated a component of east-side-up displace
ment. At a distance of 100 to 200 m east of the greenschist 
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Figure 127. Distribution of low temperature mylonite zones and 
faults in the East Athabasca mylonite triangle. Arrows indicate 
relative displacements of wall rock across the faults . 

Figure 128. Tonalite ribbon mylonite, Bompas Lake, 
observed looking along the extension lineation. Note the 
sheath folding of the ribbon mylonite fabric and the dark 
chlorite-actinolite-bearing bands, interpreted to be Chipman 
dyke material. Compass for scale. GSC 1994-197 
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mylonite belt, the migmatitic paragneiss is tectonically 
reduced to a biotite-muscovite schist with scattered feldspar 
porphyroclasts and metre-scale boudins of hornblende
bearing amphibolite. In this state it has been intruded by an 
army of 1to50 m thick subconcordant sheets of equigranular, 
medium grained Bompas leucogranite. These rocks pass 
westward into the main belt of chlorite mylonite, centred 
upon the main about 50 m wide sheet of leucogranite with 
inclusions of chlorite schist. The leucogranite is syntectonic 
and its approximate magmatic c1ystallization age of ca. 2600 Ma 
is indicative of the timing of greenschist mylonitization 
(see "Hornblende-biotite granitoid bodies"). Within the 
greenschist mylonite, a single occurrence of a 4 cm thick, 
syntectonic, crosscutting, foliated mafic dyke was observed. 
Combined with the ca. 3.13 Ga Chipman dykes and the ca. 
2.6 Ga Fehr dykes, this small dyke suggests that the east side 
of the lower deck has been the site of repeated syntectonic 
mafic dyke emplacement for over 500 Ma. To the south, the 
greenschist mylonite is present as several strands. While it is 
reasonable to suggest that it forms part of a linked strike-slip 
system (e.g. Woodcock and Fischer, 1986), it has not been 
possible to demonstrate this . 

Straight-Grease fault 

The Straight-Grease fault (Fig. 127) is an array of low tem
perature dextral mylonite bodies and anastomosing fault 
strands which preserve a progressive, retrograde relationship 
with the high temperature mylonite of the lower deck (see 
"Medium temperature flow"). The chlorite-sericite mylonite 
is similar in appearance to that described from the Black
Bompas fault. The foliation dips steeply to either side of the 
vertical and is associated with a subhorizontal to moderately 
southwest-plunging extension lineation. Shear-sense indica
tors are scarce, but consistently dextral (Fig. 129). The great
est thickness of greenschist mylonite, 500 m, occurs along the 
southeastern shore of Grease Bay (Fig. 3). Between Grease 



Bay and Felsic Lake, outcrop is moderate to very poor. The 
mylonite at Grease Bay is succeeded along strike by a pair of 
brittle faults, the more southeasterly of which appears to fol
low a rather sinuous trace to Felsic Lake. However, it is possi
ble that this study has simply highlighted ce1tain components 
of a complex fault anay and has failed to identify the master 
fault strand. At Felsic Lake (Fig. 3) the fault roots into a sim
ple 100 to 200 m thick strand of chlorite-bearing mylonite. In 
contrast to the Black-Bompas fault, this mylonite is every
where concordant to its high temperature equivalents within 
the dextral shear zone. However, as ilt Bompas Lake, there are 
two components to the protolith. A quartzofeldspathic com
ponent, derived in part from the amphibolite facies mylonite 
of the lower deck, and a banded, often phyllonitic component, 
derived from the sillimanite-garnet metapelitic rocks and 
associated granite units of the Rae wall rocks. Thorough 
mylonitization and retrogression of the wall rocks occuned 
over a short distance (<100 m). 

Other faults 

Greenschist mylonite also occurs within the interior of the 
lower deck, along the Platt-Kaskawan and Clut faults 
(Fig. 127). The faults are not well exposed, but their influence 
on the map pattern of the lower deck is immediately apparent. 
The poorly exposed Platt-Kaskawan fault trends parallel to 
the trace of the Black-Bompas fault. Outcrops of actinolitic 
and chlorite-bearing mylonite, up to 100 m across, occur 
along Platt Creek and at Cora Lake (Fig. 3). Smaller outcrops 
of fine grained chloritic mylonite are present at a number of 
localities along the trace of the fault. However, over most of 
its length, the presence and location of the fault is only appar
ent from contrasts in the map pattern on either side of its trace 
(see Hanmer, 1994). Foliations are vertical and, wirh the 
marked exception of an isolated dip-lineated outcrop just 
north of Fond du Lac (Fig. 3), the extension lineation plunges 
gently to the southwest. A single shear-sense determination 

Figure 129. Concordant pegmatite in chlorite mylonite, 
Straight River, northeast ofTantato Lake. Looking down at 
horizontal swface. Note the well preserved composite C!S 
fabric indicative of dextral shear sense (see Hanmer and 
Passchier, 1991). Coin for scale 2.5 cm. GSC 1994-191 

in the field, combined with the sense of offset of piercing 
points related to the contacts of a prominent belt of diatexite, 
indicate a sinistral, strike-slip sense of displacement. 

At Clut Lakes (Fig. 3), the Clut fault dips at 70° to the 
south (Fig. 127). A 10 to 50 m thick, dip-lineated, actinolite
chlorite mylonite section of the fault occurs at west Clut Lake. 
No shear-sense indicators were found. Colborne (1961) proj
ects the Clut fault across the trace of the Platt-Kaska wan fault, 
without offsetting the latter. South of Steinhauer Lake 
(Fig. 3), it was not possible to map the range of fabrics in the 
Chipman tonalite noted to the north (see "Chipman batho
lith"). However, this may in part be a function of inadequate 
sampling due to poor access and exposure. Nevertheless, over 
the 10 km distance from the southwest end of Lytle Lake 
(Fig. 3) to the southeast margin of the Chipman batholith, the 
average volumetric proportion of dykes is more than 50%, 
with local kilometre-scale swaths of 80%. Anorthosite inclu
sions, while present, are much less common. It would appear 
that Steinhauer Lake marks a structural break in the Chipman 
batholith . The axis of the lake lies along the east
southeastward projection of the trace of the Clut fault. 
However, any suggestion that the Clut fault extends along 
Steinhauer Lake would require an explanation of the clear 
lack of offset of the Platt-Kaskawan fault, and vice versa 
(Fig. 127). The sudden increase in the density of Chipman 
dykes south of Steinhauer Lake is suggestive of an extension 
of the Clut fault, but no direct evidence has been found. Dip
slip displacement along a possible 110° trending extension of 
the Clut fault could result in zero offset of the 020° striking 
vertical Platt-Kaskawan fault. However, the gravity data 
(Fig. 27) would suggest that the density of the dyke swarm 
should increase downward and that the dip-slip movement is 
south-side-up. If the Clut fault, at Clut Lakes is south-side
down, as are its higher temperature predecessors, there is 
either a contradiction or the fault accommodates a scissors
type displacement. 

Heterogeneous flow 

The Archean deformation fabrics developed within the East 
Athabasca mylonite triangle are remarkable for their homo
geneity over a range of scales, from outcrop to 1: 100 000 map 
scale. The most obvious exceptions are the strain variation 
between map units within the Chipman batholith, and in the 
central septum. However, a pattern of heterogeneous, parti
tioned flow is evident within the ribbon mylonite in the south
western parts of both the lower and upper decks. In the lower 
deck, between Reeve Lake and Lake Athabasca (Fig. 3), 
map-scale lenses of ribbon gneiss (Fig. 88, 89) are enclosed 
by belts of mylonite, unusually rich in feldspar porphyro
clasts (Fig. 90-94; see "Anastomosing flow"). Flow appears 
to have been partitioned between the relatively slowly 
deforming ribbon gneiss, and nanow zones of faster strain 
rate in which the feldspar component acted as stiff porphyro
clasts. In the upper deck, homogeneous ribbon mylonite fab
rics are penetratively developed throughout the Pine Channel 
diatexite, except for the low-strain lenses near Sucker Bay. In 
the vicinity of the lenses, the plunge of the extension lineation 
is markedly steeper than elsewhere (see "Dip-slip shear zone 
(upper deck)"). 
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At least two speculative, nonexclusive scenarios could 
account for these observations (Fig. 130). Distribution of strain 
and strain rate may be heterogeneous where (i) bulk deformation 
is relatively low and all the potentially defo1mable material has 
not yet been incorporated into the maturing shear zone, or (ii) the 
imposed bulk strain rate is too fast for all of the shear zone 
material to participate equally. In either case, localization of flow 
is enhanced. In the first case, bulk deformation could decrease 
toward the southwest as one approaches the stiff core of the 
Athabasca lozenge. Alternatively, strain rate could be particu
larly fast in the southwestern comer of the East Athabasca 
mylonite triangle because of the constructive interference of two 
independent driving forces. Late Archean granulite facies defor
mation on the conjugate strike-slip shear zones in the lower deck 
acted to accommodate a northwest-southeast, subhorizontal 
direction of principal shortening. However, contemporane
ous, granulite facies extensional shearing within the upper deck 
represents a response to a steeply-plunging direction of principal 
shortening. Because of the geometrical configuration of the 
upper and lower decks, the two independent directions of principal 
shortening combine to produce locally resolved dextral shearing 
on a common shear plane only in the southwestern part of the 
East Athabasca mylonite triangle. If the interface between the 
upper and lower decks was reasonably cohesive, constructive 
re-enforcement of the driving forces would lead to an enhance
ment of the strain rate and favour localization of the flow. 

SYNTECTONIC MAGMATISM 
The relationship between magma emplacement and deforma
tion has long been a topic of intense debate (e.g. Hanmer and 
Vigneresse, 1980; Brun and Pons, 1981; Hanmeret al., 1982; 
Bateman, 1984; Castro, 1985; Van den Eeckhout et al., 1986; 
Paterson, 1988; Ramsay, 1989; Paterson and Fowler, 1993a) 
which, at least recently, has been couched in terms of the 
room problem associated with the introduction of large vol
umes of new material into the continental crust (e.g. Guinberteau 
et al., 1987; Hutton et al., 1990; Clemens and Mawer, 1992; 
Morand, 1992; Paterson and Tobisch, 1992; Cox, 1993; 
Paterson and Fowler, 1993b). Indeed, it appears to be axio
matic that the presence of a swarm of parallel dykes is prima 
facie evidence for extension across the average trend of the 
swarm, to the extent that dyke swarms are commonly taken 
to indicate de facto the orientation of the least compressive 
regional stress (e.g. Escher et al., 1976; Emerman and 
Marrette, 1990; Wolf and Saleeby, 1992; Meyer et al., 1992). 
This debate is particularly pertinent to the study and analysis 
of the East Athabasca mylonite triangle for three principal 
reasons. First, the synkinematic nature of much of the grani
toid magma is the geological basis for isotopically dating the 
deformation events responsible for the mylonitization. 
Secondly, as will be examined below, the emplacement of the 
voluminous mafic and granitoid magmas presents a potential 
mechanism for the transfer of heat required for the high tem
perature granulite facies metamorphism which accompanied 
the deformation. Thirdly, the mafic dykes recorded here were 
emplaced into active transpressive shear zones. 

This report has already dealt with the simple aspects of 
syntectonic magmatic emplacement, mostly to justify the use 
of U-Pb data to date deformation. However, there are other 
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Stiff lozenge 

Figure 130. Schematic illustration of the concept of the 
distribution of finite strain where a stiff object is in cohesive 
contact with a deforming softer matrix which was tectonically 
extended along the direction of the hatching. The effect of the 
cohesive boundary is to strengthen the matrix adjacent to the 
stiff inclusion compared to the matrix further away. 
Therefore, as indicated by the progressively lighter shading, 
the magnitude of the finite strain in the matrix decreases 
towards the inclusion; in this case the Athabasca lozenge. 

features of the synkinematic emplacement of some of the 
granite units and mafic dykes which warrant closer 
examination, for example, the control exerted by the 
displacement of the upper deck on the emplacement of the 
Clut, Melby-Turnbull, and McGillivray granites. This entails 
a certain degree of feedback because examination of the 
emplacement of these granite bodies also sheds light on the 
complex structural evolution of the upper deck/lower deck 
interface. Subsequently, the relationship between 
transpressive shear and the emplacement of the Chipman 
dykes will be addressed. 

Granites, extension, and accretion 

The eastern part of the interface between the upper and lower 
decks is occupied by the Clut granite (Fig. 131). The granite 
was mylonitized at amphibolite facies, during extensional 
shearing which accommodated southwest-directed displace
ment of the upper deck. Because the Clut granite contains no 
trace of relict pyroxenes, it was emplaced after granulite 
facies mylonitization of the East Athabasca mylonite trian
gle. Therefore, during the amphibolite facies mylonitization, 
the upper deck was apparently displaced as a coherent, rela
tively stiff hanging wall above a localized extensional shear 
zone. The spatial relationship between the thickest part of the 
Clut granite and the trailing edge of the upper deck is more 
than a coincidence. The granite is located at the site of dilation 
which would result from the top-down to the southwest dis
placement of the stiff upper deck (Fig. 131). In other words, 
the emplacement of the Clut granite was syntectonic with 
respect to the amphibolite facies displacement of the upper 
deck. 



The Clut granite extends westward into the lower deck as 
the Melby-Turnbull granites (Fig. 131). The latter were syn
tectonically emplaced exclusively within narrow dextral 
shear belts and variably mylonitized at amphibolite facies 
(see "Hornblende-biotite granitoid bodies"). Because the 
dextral shear plane in the Melby-Turnbull granites is subpar
allel to the dextral lateral ramp of the upper deck, the defor
mation within the lower deck is kinematically compatible, as 
well as materially continuous, with the deformation fabric in 
the Clut granite beneath the upper deck (Fig. 131). However, 
because the mylonite zones containing the Melby-Turnbull 
granite sheets lie clockwise of the lateral ramp, they would 
have experienced a component of dilation across the shear 
plane in response to the displacement of the upper deck, 

Figure 131. 

Distribution of the Clut and Melby
Turnbull granites in relation to the 
displacement (arrows) and disposition 
of the lateral ramp and trailing edge 
(see Fig. 10) of the upper deck. See 
Figure 113 for location. 
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which would have assisted magma emplacement. In other 
words, the Clut and Melby-Turnbull granites were emplaced 
into a belt of anastomosing dilational loci, dynamically deter
mined by the relative displacement of the upper deck. 

The McGillivray granite is also located adjacent to the 
trailing edge of the upper deck (Fig. 132). It cuts and includes 
xenoliths and rafts of already mylonitic Clut granite. However, 
the mylonitic foliation within the Clut granite bifurcates 
around the McGillivray pluton (Fig. 110). This indicates that the 
McGillivray granite exerted a mechanical influence on the 
pattern of tectonic flow within its wall rocks prior to its final 
emplacement, presumably during its ascent. It appears that 
the McGillivray granite was emplaced into a steeply oriented 
dilational zone, during the amphibolite facies displacement 

Pine Channel Fond du Lac 

Figure 132. 

McGillivray 
granite 

Stony 
Rapids 

Clut 
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Detail of Figure 131 to highlight the 
bifurcation of the Clut granite around 
the apparently younger McGillivray 
granite and the location of the thickest 
part of the Clut granite, the McGillivray 
granite, and the isotropic Hawkes 
granite opposite the trailing edge of 
the upper deck. See Figure 100 for 
location. 
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of the upper deck, while the Clut granite was actively deform
ing along a shallowly dipping shear plane. The present postki
nematic outcrop pattern simply reflects the final stages of its 
emplacement history. 

As already explained, the initial lower contact of the 
upper deck was probably located along the line now occupied 
by the Robillard-Patterson gneiss and the Godfrey granite 
(Fig. 115; see "Dip-slip shear zone (upper deck)") . Subse
quent granulite facies flow in the upper deck was decoupled 
from flow in the lower deck, as evidenced by the discordant 
relationships in the Clut Lakes area. The southern branch of 
the amphibolite facies Melby-Turnbull granites lies parallel 
to the interface between the upper and lower decks, but within 
the lower deck (Fig. 131). In effect, during the amphibolite 
facies displacement, part of the lower deck was parauto
chthonously accreted to the upper deck. This is the reverse of 
the normal sequence observed in extensional faults (e.g. 
Davis et al., 1986; Gaudemer and Tapponier, 1987; Davis, 
1988; Harms and Price, 1992). It is suggested that this is, in 
part, a reflection of the influence of earlier structures in the 
footwall, but also a consequence of complex mechanical 
interaction between the regional deformation field and local 
deformation fields associated with the intruding magmas. If 
this is valid, then deep-seated segments of extensional shear 
zones may not conform to the simple distribution of 
temperature-sensitive and pressure-sensitive deformation 
structures associated with their shallower equivalents. 

Majic dykes and transpression 

The emplacement of mafic dyke swarms is commonly inter
preted in terms of extensional tectonics (e.g. Wolf and Saleeby, 
1992). In view of the dilation required to permit emplacement 
of dykes tens of metres thick, this would seem to be a reason
able interpretation. However, this interpretation assumes that 
the dilation vector was oriented at a high angle to the dyke wall. 
Such an assumption is not necessarily justified (e.g. Beach and 
Jack, 1982). It has akeady been noted that the Chipman dykes 
present a range of deformation states and are demonstrably 
syntectonic with respect to the fmmation of the annealed 
(straight gneiss) mylonites in the tonalitic Chipman batholith 
~ "Chipman dykes"). The transposition and dismember
ment of the most strongly deformed dykes precludes interpre
tation of the mechanism and kinematics of their emplacement. 
However, the least deformed examples preserve a systematic 
and kinematically significant geometry. Although statistically 
significant, quantitative measurements were not made, it is 
clear that the majority of the least defmmed Chipman dykes 
were initially emplaced along fractures oriented 15-25° anti
clockwise with respect to the banding of the tonalitic straight 
gneiss host rocks (Fig. 133). The rest were either concordant to 
the host banding, or made a clockwise angle of about 15-20° 
(Fig. 134). 

When present, the asymmetry of flame-like apophyses 
(homs or bayonets) is constant on a given dyke contact, and is 
min-ored from one side of the dyke to the other. The asymmetry 
of the apophyses is a direct reflection of the systematic offset 
and overlap of the initial crack aITay from which the dyke-filled 
fracture developed (Fig. 135; e.g. Nicholson and Pollard, 1985). The 
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sense of offset, or stepping, of en-relais cracks, making a very 
low angle with the boundaries of the array, is a function of the 
sign of the shear stress resolved along the array (e.g. Segall 
and Pollard, 1980). Because of the asymmetrical distribution 
of the mean stress around the tip of a crack along which shear 
stress is resolved, sinistral shear favours left-stepping fracture 
a1rnys (Fig 135). In the field, asymmetrical apophyses sys
tematically indicate that the anticlockwise dykes were 
emplaced into left-stepping (sinistral) fracture aITays. Of the 
clockwise dykes which preserve asymmetrical apophyses, 
most were emplaced into right-stepping (dextral) fracture 
arrays. However, two examples where clockwise dykes were 
clearly emplaced into left-stepping (sinistral) aITays were 
observed. 

Figure 133. Chipman dyke cutting anticlockwise across 
annealed tonalite mylonite (straight gneiss) at low angle, 
Chipman tonalite batholith, Chipman Lake. Note the opposed 
asymmetrical apophyses on either side of the dyke indicative of 
magma emplacement into a left-stepping array of en relais 
fractures(see Fig.135) . Coin/or scale2.5 cm. GSC 1993-221B 

Figure 134. Chipman dyke cutting clockwise across 
annealed tonalite mylonite (straight gneiss) at low angle, 
Chipman tonalite batholith, Woolhether Lake. Hammer for 
scale . GSC 1994-151 



These observations indicate that the Chipman dykes were 
emplaced into the tonalitic straight gneiss of the Chipman 
batholith during active sinistral shear. Fracturing of the other
wise plastic gneisses would have occurred during transient 
excursions into the brittle deformation field (Sibson, 1980), 
possibly induced by the effect of the forcible emplacement of 
the pressurized dyking magma on strain rate, or on effective 
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~ 
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B 

Segmented P and R dykes 

R' 

Riedel shear system 

Sinistral en-echelon dyke segments 

Dextral en-echelon dyke segments 

Figure 135. Schematic illustrations of the relationships 
between en relais fracture patterns, Riedel faults, and 
segmented dykes, and the contrast with en echelon arrays . 
The bulk shear plane is horizontal in all cases. A: The sense 
of stepping of overlapping en relaisfractures is influenced by 
the shear sense of the bulk deformation (inset) because 
initiation of successive fractures is enhanced in the dilational 
quadrants ( d) at the tips of existing fractures in the array. 
Therefore, sinistral en relais fracture arrays are left
stepping. Dilation of such fracture arrays by mafic magmas 
will lead to formation of simple en relais dyke segments . 
B: By combining the concept of en relais fractures with the 
Riedel fault system C: one can account for segmented dykes 
which lie both clockwise (Riedel P) and anticlockwise (Riedel 
R) with respect to the bulk shear plane, but show a consistent 
sense of stepping (ext . and short. are the principal directions 
of instantaneous extension and shortening, respectively) . 
D and E: Compare en echelon dyke segments formed during 
sinistral and dextral shear with the en relais patterns of A. 

pressure. The angular symmetry of the dykes with 
respect to the straight gneiss banding, and the opposing 
sense of shear resolved on some of the clockwise and anti
clockwise dykes, are suggestive of a component of shortening 
along the obtuse bisector, i.e. normal to the flow plane in the 
tonalitic host rocks. However, this raises a classical problem in 
fracture mechanics wherein the shmtening direction should 
theoretically lie along the acute bisector of a pair of conjugate 
cracks. Moreover, one must account for the skewness of the 
orientation frequency distribution in favour of the anticlockwise 
dykes, and for the presence of left-stepping (sinistral) clockwise 
fracture arrays. 

It is suggested here that the fracture.arrays into which 
the Chipman dykes were emplaced correspond to the Reidel 
R and P planes predicted for sinistral shear (e.g. Logan, 
1979; Garnand, 1983), which formed under conditions of 
sinistral transpression (Fig. 135). The transpressive com
ponent is required to account for the antithetic slip along 
many of the P planes. It is also predictable from the S>L 
symmetry of the straight gneiss fabrics. Synthetic slip 
along P planes requires that the system is able to extend 
(dilate) across the bulk shear plane (Gamond, 1983). Such 
transverse dilation would not be favoured by transpression 
and may only occur transiently in response to fluctuations 
in effective pressure. On the other hand, synthetic slip 
along R planes requires that the system can extend along 
the bulk shear plane and would be compatible with tran
spression. In brief, the Riedel model would predict that. the 
majority of fracture arrays in the Chipman example should 
lie anticlockwise with respect to the host gneiss fabric, and 
be composed of left-stepping segments, as is indeed the 
case. Post-emplacement sinistral shearing would result in 
the synthetic rotation of the clockwise dykes into the bulk 
flow plane, whereas the anticlockwise dykes wou ld 
rotate antithetically toward the same final orientation 
(e.g. Hanmer and Passchier, 1991). 

A transpressive Riedel fracture model for dyke emplace
ment has important consequences for the tectonic signifi
cance of dyke swarms in general. Rather than assuming that 
they are indicative of far-field tectonic extension, dyke 
swarms should be investigated for compatibility with shear
ing deformations where the stretching direction, or fracture 
dilation vector, makes a low angle with respect to the bulk 
flow plane. With respect to the East Athabasca mylonite tri
angle, a practical outcome of this discussion is the identifica
tion of the Chipman dykes as widespread shear-sense criteria 
to further justify that the Chipman straight gneiss formed in a 
sinistral shear zone. 

STRIDING MYLONITE BELT 

In contrast to the East Athabasca mylonite triangle, which 
represents a volume of tectonite developed at the northeastern 
apex of the Athabasca lozenge, exposure of the Snowbird tec
tonic zone in the Northwest Territories offers ready access to 
the interior of the Selwyn lozenge, as well as to the flanking 
mylonite (Fig. 136; Hanmer and Kopf, 1993). The quality of 
exposure decreases rapidly northeast of Snowbird Lake, to 
the extent that the location of a single large outcrop along the 
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magnetically determined southeastern flank of the Three 
Esker lozenge is truly serendipitous (Fig. 136). Accordingly, 
Selwyn lozenge offers the best opportunity to directly examine 
the geology of the geophysically defined lozenges in the 
study area (however, see Lewry and Sibbald, 1977, 1980 and 
references therein). Because the lozenges strongly influence 
the distribution and orientation of the mylonite (see below), 
the description of the Striding mylonite belt will begin with 
an examination of the Selwyn lozenge. 

50km 

106' 

108' 
N.W.T. 

60' I Saskatchewan 

Selwyn lozenge 

The Selwyn lozenge (125 x 50 km) is lithologically diverse. Its 
western and northern parts are principally composed of homo
geneous to banded amphibolite, abundant hornblendite, and 
diopside pyroxenite, all intruded by a network of leucodiorite 
to tonalite veins (Fig. 137), or metagabbro intruded by folded 
granitic veins and crosscutting lamprophyre dykes. Its eastern 
margin at Striding River (Fig. 136) is composed of an exten
sive, monotonous, fine grained, annealed mafic granulite of 
uncertain origin. The extent of the mafic to intermediate litholo
gies has been underestimated in previous mapping, where they 
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Figure 136. Schematic diagram of the Striding mylonite belt to illustrate its relationship to the principal 
tectonic elements of the Striding-Athabasca mylonite zone. Uranium-lead zircon magmatic crystallization 
ages are indicated in Ga. Note the spatial distribution of laterally continuous, extensive high grade mylon
ites (oblique line rule) with respect to the magnetically defined crustal-scale Athabasca, Selwyn, and 
Three Esker lozenges (grey shading; drawn from Geological Survey of Canada, 1987). SG, Straight
Grease fault; BB , Black-Bompas fault . Occurrences of anorthosite (A) are indicated. Note also that the 
grid of latitudes and longitudes is only valid south of Snowbird Lake. 
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have generally been represented as undifferentiated para
gneiss (Taylor, 1963, 1970). The southern end of the lozenge 
at Selwyn Lake (Fig. 136) is composed of variably deformed 
hornblende diorite to granodiorite. West of Snowbird Lake 
(Fig. 136), the lozenge is predominantly composed of 
irregularly folded migmatitic granitoid orthogneiss, or grano
dioritic gneiss with multiple phases of variably deformed 
granitoid veins and intrusions (Fig. 138). Coarse grained 
garnet-sillimanite diatexite and foliated gneissic granitoid 
rocks occur throughout the lozenge. 

Within the Selwyn lozenge, foliation trends are curvilinear 
with a significant east-west component, clearly discordant to 
the magnetically determined lozenge boundaries, and not 
noticeably distinct from the structural trend pattern in the wall 
rocks (Fig. 136). For the most part, the rocks are not strongly 
deformed. They preserve crosscutting relationships, open 
fold profiles, and igneous textures in foliated plutonic rocks 
(Fig. 139, 140). In the case of the plutonic rocks, it is uncer
tain whether their deformation state is a reflection of the mag
nitude of the total regional strain, or the timing of their 
intrusion with respect to the deformation history (Fig. 141). 
The principal exception to the foregoing concerns the 
monotonous mafic granulite facies rocks northwest of Striding 
River (Fig. 136) which texturally and compositionally resemble 

Figure 137. Weakly deformed array of tonalite veins 
cutting amphibolite, Wholdaia Lake. Lens cap for scale. 
GSC 1992-241Q 

the annealed granulite facies ultramylonite derived from a 
norite protolith in the East Athabasca mylonite triangle (e.g. 
Fig. 71). However, no protolith was identified in the Striding 
River case and the structural significance of the textures there 
remains umesolved. 

Figure 138. Geometrically complex migmatitic gneiss with 
irregularly shaped, angular inclusions, Wholdaia Lake, to 
illustrate absence of transposition. Lens cap for scale . 
GSC 1992-241C 

Figure 139. Microgranular xenolith in garnetiferous 
gabbro!diorite to illustrate weakly developed foliation, Lone 
Lake, east of Wholdaia Lake. Coin for scale 2.5 cm. 
GSC 1992-241D 
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Striding mylonite belt 

A belt of through-going upper amphibolite to granulite facies 
(two pyroxene-garnet±sillimanite) mylonite occurs along the 
southeastern side of the Selwyn lozenge, from Selwyn Lake, 
via Striding River, to the north end of Snowbird Lake 
(Fig. 136). The trace of the mylonite belt is remarkably sinu
ous, describing two right-angle bends as it closely follows the 
margin of the Selwyn lozenge. The mylonite (Fig. 142) runs 
from the East Athabasca mylonite zone, north along the 
southern arm of Selwyn Lake. The belt swings eastward 
across the middle of Selwyn Lake (Fig. 143, 144 ), then 
returns to a northeast trend along Striding River (Fig. 145, 
146) and southern Snowbird Lake (Fig. 147). Approaching 
the northern part of the Snowbird Lake (Fig. 148-151), the 
mylonite turns to a northward strike. The isolated outcrop at 

· Three Esker Lake (Fig. 152), in combination with regional 
geological trends (see Wright, 1967), suggests that the highly 
sinuous character of the trace of the mylonite belt persists to, 
at least, 61 °30'N latitude. 

Figure 140. Near-isotropic garnet-clinopyroxene granite, 
Wholdaia Lake. Lens cap for scale. GSC 1992-2411 

Figure 141. Postkinematic lamprophyre dyke (foreground, 
about 1 m thick) cutting across granitic veins (light grey) 
intruded into weakly foliated gabbro!diorite (see Fig. 139), 
Lone Lake, east ofWholdaia Lake. GSC 1994-165 
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Figure 142. Granitic ribbon mylonite with large feldspar 
porphyroclast (centre) , south arm of Selwyn Lake. Coin for 
scale 2.5 cm. GSC 1994-200 

Figure 143. Flaggy banded ribbon mylonite derived from 
diatexite , central Selwyn Lake. Note absence of 
porphyroclasts. Reflection of outboard motor for scale. 
GSC 1992-241F 

Figure 144. Porphyroclastic ribbon mylonite derived from 
granite protolith, Parkhurst Peninsula, east Selwyn Lake. 
Coin for scale 2.5 cm. GSC 1992-241B 



Figure 145. Garnet-clinopyroxene anorthosite ribbon 
mylonite, Striding River. Note absence of porphyroclasts and 
the thin garnet clinopyroxenite layer (bottom). Coin for scale 
2.5 cm. GSC 1992-241P 

Figure 146. Garnet-clinopyroxene anorthosite ribbon 
mylonite with garnet clinopyroxenite bands, Striding River. 
Coin for scale 2.5 cm. GSC 1994-203 

Figure 147. Sheets of leucogranite ribbon mylonite (white) in 
ribbon mylonite of paragneissic origin, south Snowbird Lake. 
Note absence of porphyroclasts . Coin for scale 2.5 cm. 
GSC 1994-210 

Figure 148. Garnet-clinopyroxene anorthosite ribbon 
mylonite with garnet-clinopyroxenite bands, north Snowbird 
Lake. Coin for scale 2.5 cm. GSC 1994-211 

Figure 149. Garnet-clinopyroxene anorthosite ribbon mylonite 
with extremely thin attenuated garnet clinopyroxenite bands, 
north Snowbird Lake. Note absence of porphyroclasts. Coin 
for scale 2.5 cm. GSC 1994-163 

Figure 150. Detail of garnet-clinopyroxene anorthosite 
ribbon mylonite, north Snowbird Lake. The dark grey streaks 
are garnet-clinopyroxene aggregates. Coin for scale 2.5 cm. 
GSC 1992-241V 
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The belt of penetratively developed mylonite is appar
ently 5 to 10 km thick, except at Selwyn Lake where it bifur
cates into two thinner strands (Fig. 153). It is associated with 
an upright S>>L mylonitic foliation and layering, a subhori-

. zontal extension lineation and consistently dextral shear 
sense (Fig. 154, 155). Although compositionally diverse 
along the southwest arm of Selwyn Lake, from mid-Selwyn 
Lake to Three Esker Lake, the mylonite is principally derived 
from diatexite, anorthosite and mafic rocks, and granite 
(Hanmer and Kopf, 1993). 

At three locations along the Striding mylonite belt, U-Pb 
analysis of magmatic zircon in syntectonic granite indicates 
that the mylonite is Archean in age (Table 1). First, at the 
southern end of Snowbird Lake (Fig. 136), ribbon mylonite of 
uncertain, perhaps diatexitic, protolith is cut by coarse 
grained, white leucogranite. An earlier phase of leucogranite 
is a ribbon mylonite (Fig. 147), cut by a later, more 
porphyroclast-rich mylonitic phase of similar granite. The 
leucogranite bodies are considered to be related, and thereby 
contemporaneous with mylonitization. Accordingly, the 
approximate magmatic crystallization age of 2558 ± 25 Ma 
(Table 1) obtained from the porphyroclastic granite mylonite 
suggests that the mylonitization is Late Archean. 

The Striding mylonite belt bifurcates in the southern half 
of Selwyn Lake (Fig. 153). To the south, the two strands 
coalesce just north of their confluence with the apex of the 
East Athabasca mylonite triangle (Fig. 136). In the north
western strand, north-trending mylonite occurs along the 
south arm of Selwyn Lake and swings progressively to strike 
east across the centre of the lake, while the southeastern 
strand strikes about 045°. Most of the mylonite is present as 
annealed, slabby quartz leucodioritic-amphibolite straight 
gneiss (Hanmer, 1988b), locally with excellent preservation 
of feldspar porphyroclasts and quartz or feldspar ribbons. 
However, the east-striking mylonite in the.central part of the 
lake is principally ribbon ultramylonite, derived from garnet
silliinanite diatexite and garnet anorthosite protoliths 
(Fig. 143). The annealed mylonite is cut by an array of 1 to 
10 m thick sheets of generally concordant pink biotite granite 
in various states of deformation, even within a given outcrop. 

Figure 151. Porphyroclastic granite ribbon mylonite, north 
Snowbird Lake. Coin for sale 2.5 cm. GSC 1992-241 U 
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Figure 152. Garnet-clinopyroxene anorthosite ribbon 
mylonite, Three Esker Lake. Compare with Figure 145. Coin 
for scale 2.5 cm. GSC 1994-164 

The most strongly deformed granite sheets are garnetiferous 
ribbon ultramylonite (Fig. 142), which are themselves locally 
cut by less deformed sheets of similar granite. The mylonite 
in both strands dips moderately to the west and north, carries a 
subhorizontal extension lineation, and was formed by dextral 
transcurrent shear. 

The two strands of mylonite are separated by a body of 
coarse-grained, isotropic biotite granite (Fig. 153). The mar
ginal zone between the granite and the mylonites is composed 
of the isotropic to poorly foliated granite with large (hundreds 
of metres long by tens of metres thick) rafts of annealed 
leucodioritic-amphibolite straight gneiss, somewhat coarser 
grained than the adjacent material outside of the granite, but 
still recognizable as the same rocks. The rafts are oriented 
par\lllel to the external mylonite, except at the northeastern 
termination of the granite where they have been re-oriented 
into parallelism with the pluton contact. The location of the 
granite just south of a right-handed, near-right angle bend in 
the dextral mylonite is surely no coincidence. Such a position 
would correspond to a releasing bend, or dilational jog (e.g. 
Sibson, 1986a, b), an excellent site for magma emplacement 
(e.g. Guinberteau et al., 1987; Hutton, 1988; Hutton et al., 
1990; Morand, 1992). Therefore, it is suggested that 
emplacement of the granite was late syntectonic with respect 
to the high grade mylonitization. As noted above, outside of 
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Figure 153. Geological sketch of the bifurcation and 90° bend in 
the mylonite of the Striding mylonite belt at Selwyn Lake. Thin lines 
are foliation trajectories. A = anorthosite, hb = hornblend_e. 
Discussed in text. 

Figure 154. Porphyroclastic granitic ribbon mylonite, 
central Selwyn Lake. Looking down at horizontal surface. 
The disposition of the polycrystalline wings on the two 
feldspar porphyroclasts in the centre indicate dextral shear 
sense. Coin for scale 2.5 cm. GSC 1992-241A 

Figure 155. Porphyroclastic granitic ribbon mylonite, 
Striding River. Looking down at horizontal surface. The 
disposition of the polycrystalline wings on the feldspar 
porphyroclast (top centre) indicates dextral shear sense. 
Coin for scale 2.5 cm. GSC 1994-209 
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the main body of granite, the straight gneiss wall rocks are cut 
by veins of similar granite, which vary from isotropic and 
crosscutting, to concordant ribbon mylonite. If these granite 
sheets were related to the main granite, it would imply that the 
final emplacement of the pluton was preceded by its own vein 
cortege, and that the granite is in fact syntectonic with respect 

Figure 156. Leucogranite ribbon mylonite with straight bands 
of mafic granulite, east of Striding River (Fig. 136). Fore
ground long side of photograph about 3 m. GSC 1992-241 H 
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to the Striding mylonite belt. Accordingly, the magmatic 
crystallization age of2585 ± 2 Ma (Table 1) obtained from the 
granite would indicate the approximate time of mylonitization. 

Five kilometres east of the Striding River (Fig. 136), pink 
leucogranite tibbon mylonite with locally boudined garnet
amphibolite and mafic granulite bands (Fig. 156; 2 pyroxene
garnet) contains coarse grained, foliated pink leucogranite 
in the interboudin necks. The syntectonic interboudin 
material has been dated at ca. 3.3-3.1 Ga. Allowing for the 
imprecision of the determined ages (see Hanmer et al., 
1994), the three syntectonic age determinations (Table 1) 
indicate that the high grade Middle and Late Archean defor
mation events in the contiguous East Athabasca mylonite 
triangle (Hanmer et al., 1994) are broadly correlative with 
those recorded by the Striding mylonite belt. The important 
point being made here is that the mylonite units are not Early 
Proterozoic. 

Selwyn lozenge, northwest margin 

The magnetic expression of the northwestern margin of the 
Selwyn lozenge is discrete and trends north-northeast 
through the middle ofWholdaia Lake (Fig. 136). However, it 
does not coincide with any simple geological feature 
(Fig. 157). The western shore of the lake is underlain by a 
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Figure 157. Sketch of the geology at Wholdaia Lake withfoliation 
data marked (discussed in text); hb =hornblende. 
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granitic gneiss, with folded banding and folded, crosscutting 
granitic veins. The overall strike of foliation and layering 
here is discordant to the general trends oflaterally discontinu
ous mylonite strands (Fig. 158) in the central part of the lake, 
associated with an upright foliation, subhorizontal extension 
lineation, and dextral sense of shear (see Fig. 160). Similarly, 
in the southeast arm of the lake, poorly foliated diatexite and 
foliated to gneissic granite are also structurally discordant 
with respect to the mylonite. It would appear that the mylonite 
should define the geological limit of the Selwyn lozenge, 
separating wall rock gneiss on the western lake shore from the 
lozenge interior on the eastern side of the lake. Although the 
mylonite is very well developed at the outcrop scale, it does 
not define the lozenge boundary. Thickness may exceed hun
dreds of metres, but the mylonite is discontinuous and does 
not extend beyond Wholdaia Lake. 

The best developed individual strand of mylonite underlies 
a recently burned ridge, 10 km long (cross hatched pattern in 
Fig. 157). Ribbon mylonite units, developed from two distinct 
granite bodies are penetratively developed in a 500 m thick 

Figure 158. Porphyroclastic ribbon mylonite derived from 
diorite and granitic sheets (light grey), Wholdaia Lake. Coin 
for scale 2.5 cm. GSC 1992-241R 

Figure 159. Large garnets, riddled with quartz inclusions, in 
streaky mylonite derived from garnet-pyroxene granite, 
Wholdaia Lake. Coin for scale 2.5 cm. GSC 1994-167 

Figure 160. Protomylonite with well preserved, very coarse 
feldspar porphyroclasts, Wholdaia Lake. Looking down on 
horizontal surface. Note the asymmetrical extensional shear 
bands (top-left to bottom-right), cutting across the principal 
foliation (horizontal) and indicating dextral shear sense. 
Coin for scale 2.5 cm. GSC 1994-168 

belt. The older granite is superficially very similar to melano
cratic parts of the Mary granite in the East Athabasca mylonite 
zone. It is hornblende-garnet-clinopyroxene-orthopyroxene
bearing, with well defined ribbons and streaky feldspar aggre
gates. Relict feldspar porphyroclasts indicate that the parent 
rocks grain size was coarse, on the order of 2 to 4 cm, but the 
mylonite may contain 5 cm garnet crystals (Fig. 159). This 
mylonite is cut by a very coarse protomylonitic garnet
clinopyroxene-bearing leucogranite with feldspar megacrysts 
larger than 5 cm (Fig. 160). In low strain windows, it forms 
concordant sheets of foliated granite to protomylonite in a 
uniformly mylonitic host. Mostly, it forms concordant pink 
bands of gamet-clinopyroxene ribbon ultramylonite (Fig. 161). 
This field relationship suggests that the leucogranite was 
emplaced during granulite facies mylonitization. The 1907 ± 
8 Ma (Table 1) magmatic crystallization age for the granite 
indicates the approximate timing of granulite facies 
mylonitization. 

MYLONITIZATION 

Shear zone geometry 

Mylonite fabrics are penetratively developed throughout the 
Striding-Athabasca mylonite zone. Unlike other large-scale 
shear zones (e.g. Great Slave Lake shear zone; Hanmer, 
1988a; Hanmer et al., 1992a), the geometry and the kinematic 
pattern of the Striding-Athabasca mylonite zone are complex 
(Fig. 10, 11, 136), though tractable. Shear-sense indicators 
are present throughout the mylonite (see above). Many exam
ples of these shear-sense indicators are diagnostic of tran
spressive general noncoaxial flow (kinematical vorticity number 
wk <1; e.g. Means et al., 1980; Hanmer and Passchier, 1991) at 
the scale of observation (e.g. in-plane o-porphyroclasts and 
asymmetrical extensional shear bands; see detailed discus
sions in Hanmer, 1990; Hanmer and Passchier, 1991). At the 
map scale, combined, apparently complex flow along the 
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Figure 161. Garnet-clinopyroxene granite ribbon mylonite, 
Wholdaia Lake. The garnets form dark clusters while the 
clinopyroxene forms narrow chain-like ribbons. Coin for 
scale 2.5 cm. GSC 1994-166 

three coeval shear zones in the East Athabasca mylonite trian
gle indicates that the bulk finite strain ellipsoid lies in the pro
late symmetry field. This corresponds to the flow pattern 
expected adjacent to the apical region of a rigid ellipse sub
jected to northeast directed extensional flow. In comparison, 
the relatively simple S>>L fabrics in the Striding mylonite 
belt indicate more oblate finite strains. However, the apparent 
simplicity of the Striding mylonite belt is complicated by the 
existence of the two near right-angle bends in the map trace of 
the mylonite zone along the southeastern margin of the 
Selwyn lozenge (Fig. 136). If these bends are primary, rather 
than the result of modification of a once straight shear zone, 
they must have imposed severe constraints on the ability of the 
mylonite to accommodate significant wall rock displacements. 
Alternatively, there are three principal deformation scenarios 
which could have led to the geometrical modification of a 
hypothetically initially straight Striding mylonite belt: (i) het
erogeneous shortening (folding), (ii) heterogeneous extension 
(boudinage) and (iii) brittle disruption (Fig. 162). In what fol
lows, each of these scenarios is critically evaluated. 

Crustal-scale folding of the mylonite belt could be accom
plished by flexural slip or by internal tangential longitudinal 
strain (e.g. Ramsay, 1967, p. 391-403). The simplest argu
ment against modification of an initially straight mylonite 
zone by heterogeneous shortening is provided by the 
colinearity of the long axes of the Athabasca, Selwyn, and 
Three Esker lozenges (Fig. 11, 136). If the relatively stiff loz
enges had been subjected to bulk shortening along their line 
of centres, they would have rotated toward the corresponding 
plane of flattening; clearly, they did not. Moreover, in the 
flexural slip model, clockwise rotation of the my lonite fabrics 
from their initial northeast trend would have engendered sin
istral shear along the rotating foliation planes. Accordingly, 
the east-trending mylonite in the mid-section of Selwyn Lake 
(Fig. 136) should show indications of sinistral shear imposed 
upon earlier dextral shear fabrics (Fig. 162). This is not the 
case. Alternatively, in the internal tangential longitudinal 
strain model, the buckling of the initially straight mylonite 
belt would have been accommodated by layer-parallel and 
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layer-normal extensional strains on the outer and inner arcs of 
the folds, respectively. No such accommodation structures 
are present (see also Taylor, 1963, 1970). 

Formation of the discrete lozenges by crustal-scale boudi
nage at a relatively late stage in the mylonitization history 
would also lead to a predictable spatial distribution of shear 
fabrics and shear sense (Fig. 162). First, the lozenges should 
be bounded by continuous mylonite belts, with minimum 
boudinage-related deformation in their midsections. 
Although high grade mylonite belts, up to 500 m wide, occur 
along the northwestern side of the Selwyn lozenge at 
Wholdaia Lake (Fig. 136), they do not extend more than 
20 km along the lozenge boundary. Secondly, indications of 
sinistral shear sense should be present along the lozenge 
boundaries in the southwest and northeast quadrants 

Figure 162. Observed distribution of shear sense in the 
Striding-Athabasca mylonite zone and adjacent to the Selwyn 
lozenge, compared with those distributions predicted by 
models based on boudinage and flexural folding to account 
for the present geometry of the Striding-Athabasca mylonite 
zone. Discussed in text. 



(Fig. 162). However, there is no mylonite in the southwe.st 
quadrant and there is no evidence for sinistral shear sense m 
the northeastern quadrant, i.e. at Snowbird Lake (Fig. 136). 

It is possible to produce a strong deflection (bending) of 
an initially straight deformation belt by the action of super
posed brittle faulting (e.g. Cunningham, 1993). Such a 
mechanism would obviate the requirement for sinistral shear
sense indicators and inner arc/outer arc accommodation 
strains. The faults could either be long and discrete, or short 
components of a closely spaced array. In the former case, they 
would clearly dislocate the initially straightmylonite belt. No 
such offsets are present (see also Taylor, 1963, 1970). In the 
latter case, rotations of the order of 90° would lead to severe 
disruption and dilation of the mylonite belt and its wall rocks. 
This is not observed. 

To summarize, in the absence of brittle dislocation and 
dilation ductile models for the deformation of a once straight 
Stridin~ mylonite belt (Fig. 162) either predict mylon~te 
where there is none (southwest quadrant), poor mylomte 
development where excellent mylonite is present (mid-points 
on either side of the lozenge), or sinistral shear where the vor
ticity is consistently dextral (northeast quadrant). Further
more, the absence of through-going, continuous mylonite 
along the northwestern margin of the Selwyn lozenge 
(Fig. 136) demonstrates that the lozenge is older than, and has 
served to localize, the Striding mylonite belt. It may be sug
gested that the same conclusion applies to t~e Three ~s~er 
lozenge (Fig. 136). Accordingly, the bends m the Stndmg 
mylonite belt are considered to be primary and represent the 
initial structural configuration, dictated by the geometry and 
distribution of the lozenges. This conclusion is compatible 
with that drawn above regarding the causal relationship 
between the pattern of flow in the East Athabasca mylonite 
triangle and the Athabasca lozenge (Fig. 10). 

Fault localization 

The Striding-Athabasca mylonite zone does not appear to 
extend much beyond the strike length examined in this report. 
Granulite facies mylonite, indeed thick belts of mylonite at 
any metamorphic grade, is absent along the trace of the S~owbird 
tectonic zone to the south of the Athabasca Basm (e.g. 
Crocker et al., 1993), as well as between Three Esker lozenge 
and Baker Lake (Tella and Eade, 1985; Eade, 1985; see 
Fig. 1). Either the lateral extensions of the Striding
Athabasca mylonite zone were cut out by subsequent Early 
Proterozoic faulting along the Virgin River shear zone 
(e.g. Crocker et al., 1993) and the Tulemalu fault (Eade, 1985; 
Tella and Eade, 1985, 1986), or the mylonite zone never 
extended much beyond its present length ( 400-500 km). The 
absence of relics of high grade mylonite does not favour the 
former hypothesis. Accordingly, the latter possibility is 
examined below. 

The Selwyn and Three Esker lozenges have clearly 
influenced the sinuous trace of the Striding mylonite belt and 
its oblate fabrics, and the Athabasca lozenge has played a piv
otal role in the location and complex kinematic development 
of the East Athabasca mylonite triangle and its prolate bulk 
flow (Fig. 136). The control exerted by the lozenges over the 

complex trace of the mylonite indicates that they have been 
instrumental in provoking a partitioning of the flow. In other 
words, they behaved as relatively strong rheological hetero
geneities (e.g. Bell, 1981, 1985; Bell et al., 1989). This inter
pretation is supported by the lithological contrast between the 
granodioritic to granitic wall rocks on the one hand, and the 
more mafic to intermediate composition of the Athabasca and 
Selwyn lozenges on the other (see also Crocker and Collerson, 
1988; Crocker et al., 1993). 

Theoretical treatments of plane strain (Vilotte et al., 1984) 
and three dimensional flow (England and Houseman, 1985) 
have examined the role of lithospheric variation in rheology 
in the localization of strike-slip faults. Both studies sought to 
model the formation of the Altyn Tagh fault on the southeast
ern margin of the relatively stiff Tarim Basin, north of the 
Himalayas. The study by Vilotte et al. (1984) specifically 
addressed the question of the size of the rheological heteroge
neity and determined that even small strength perturbations 
are significant. The Athabasca-Selwyn-Three Esker ~oz
enges, can be viewed collectively as a small-scale rheolog~cal 
analogue of the Tarim Basin in the above cited theoretical 
studies. This is not to suggest that these features are homolo
gous. For example, in the theoretical treatments, the Tarim 
Basin is modelled as a clockwise rotating object in front of a 
rigid indentor. The absence ofthrough-~oi?g mylonite o~ t?e 
northwest side of the Selwyn lozenge ehmmates the possibil
ity of significant rotation. Moreover, there is no geological 
evidence for Late Archean indentor tectonics in the western 
Churchill province. 

Modest movements, spectacular fabrics 

The geometry of the Striding-Athabasca mylonite zone 
imposed an important constraint on its potential to accommo
date significant strike-slip displacements between the Rae 
and Hearne crusts. The sinuous course of the Striding mylon
ite belt (Fig. 136), and the conjugate character of the lower 
deck in the East Athabasca mylonite triangle (Fig. 10), com
bine to represent an extremely inefficient geometry for 
transcurrent movements (e.g. Lamouroux et al., 1991; 
Saucier et al., 1992). The bends in the fault trace represent a 
high amplitude relief on the fault plane and would ha~e acted 
to impede easy strike-slip motion along the mylomte zone 
and prevent the accumulation of significant lateral displace
ments of the wall rocks. The apparent kinematic inefficiency 
of the Striding-Athabasca mylonite zone, prediCated upon 
direct observation of the geometry of the structure, raises 
important questions: (i) why didn't a favourably oriented ~eg
ment of the mylonite zone propagate to form a straight, 
through-going shear zone? and (ii) how were spectacular 
ribbon fabrics generated in what is essentially afailedfault? 

It has been noted above that the deformation fabrics and 
shear-sense indicators of the Striding-Athabasca mylonite 
zone as a whole are indicative of sho1tening across a bulk dex
tral shear plane. In the Striding mylonite belt, this is pri~ci
pally expressed as oblate finite strains, with some sup~or~mg 
evidence from shear criteria. Most of the shear-sense md1ca
tors in the East Athabasca mylonite triangle occur in the lower 
deck. At the local scale they show that deformation occurred 
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by progressive general noncoaxial flow, rather than simple 
shear. The coeval operation of the large scale conjugate shear 
zones, which make up much of the lower deck, combined to 
accommodate a component of shortening approximately nor
mal to the general trend of the Striding-Athabasca mylonite 
zone (Fig. 163). Together, these observations indicate that, 
whereas the local fabrics can reflect the immediate influence 
of the stiff lozenges (e.g. prolate flow at the tip of the 
Athabasca lozenge; see "Central septum (lower deck)"), the 
bulk of the Striding-Athabasca my lonite zone accommodated 
a transpressive deformation (e.g. Sanderson and Marchini, 
1984). Displacement on a fault which terminates within con
tinental crust must, by definition, attenuate to zero at the fault 
tips (Chinnery, 1969; Freund, 1974). Fault tips propagate in 
response to the accumulation of increments of displacement 
on the main part of the fault (e.g. Swanson, 1992; Cowie and 
Scholz, 1992). However, in a strongly transpressive deforma
tion regime, coupled with a kinematically inefficient 
geometry, the simple shear/pure shear ratio will be low. 
Accordingly, even in a wide shear zone, displacements may 
be modest and the fault is unlikely to propagate very far from 
the rheological heterogeneities upon which it initially localized. 

The evolution of mylonite fabrics is a reflection of the parti
tioning of flow within the rock (e.g. Hanmer, 1987b). The 
number of attempts to define 'mylonite' is partly a reflection of 
the historical ambivalence regarding a genetic designation (e.g. 
Higgins, 1971; Bell and Etheridge, 1973; Zeck, 1974; White et 
al., 1980; White, 1982; Tullis et al., 1982; Wise et al., 1984; 
Mawer, 1986; Hanmer, 1987b). However, it is probably also a 
reflection of the diversity of mylonitic fabrics and micro
structures developed in different lithologies, defo1med at differ
ent conditions of strain rate, flow regime, and metamorphic 
environment (PTX). Many, though by no means all, descriptions 
of mylonite include a reference to the presence of monominer
alic_ribbons, often of quartz or feldspar which, at least partially, 
define the mylonitic foliation (e.g. Boullier and Bouchez, 1978). 
They are commonly interpreted as the highly attenuated, 
deformed equivalents of rock-fo1ming minerals of the initially 
coarse parent material. The most spectacular ribbons are devel
oped in ultramylonite where the scarcity of porphyroclasts 
allows the ribbons to adopt a homogeneous planar aspect. The 
development of relatively fine grained ultramylonite from an 
initially coarse protolith is classically described in terms of a 
fabric path whereby porphyroclastic phases are progressively 
refined and incorporated into the microstructural matrix by 
dynamic reciystallization (e.g. Sibson, 1977; White, 1982; Wtse et al., 
1984). The magnitude of the finite strain required for the elimi
nation of the porphyroclast population is therefore a partial func
tion of the rate of dynamic recrystallization of the porphyroclastic 
mate1ials within the aggregate (Hanmer, 1987b ). However, this 
perspective is a reflection of the historical bias toward the study 
of mylonitization in relatively low grade metamorphic environ
ments. 

Compared with low temperature mylonite, few studies have 
specifically focussed upon the microstructural evolution and 
fabric paths of high temperature mylonite fabrics (e.g. 
Etheridge, 1975; Bell and Etheridge, 1976; Brodie, 1981; 
Hanmer, 1982, 1984a, 1987b; Biermann and vanRoermund, 1983; 
BrodieandRutter, 1985, 1987;WhiteandMawer, 1986, 1988). 
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It is clear that the size, or even the existence, of porphyroclasts 
in any mylonitic rock is a function of the scale of deformation 
partitioning within the grain-scale aggregate (Hanmer, 
1987b; Bell and Johnson, 1989). Extrinsic factors which 
influence the deformation partitioning include those govern
ing the strength of minerals, i.e. P, T, PH2o and strain rate. The 
persistence of stiff feldspar porphyroclasts in low tempera
ture mylonite and ultramylonite is well known, but at appro
priately high temperatures and slow strain rates, feldspar can 
become as soft as quartz (Tullis and Yund, 1980, 1985; Tullis, 
1983; Tullis et al., 1990). Underappropriate conditions, a fab
ric path may lead directly from the protolith to an ultramylo
ni te without the intermediate development of a 
matrix/porphyroclast bimodality. In other words, if high 
recrystallization rate! strain rate ratios pertain throughout the 
grain-scale aggregate, a straight, planar ribbon fabric can 
develop at relatively low finite strain magnitudes (Fig. 3a in 
Hanmer, 1987b; Fig. 13 in Hanmer et al., 1992b; cf. Ramsay 
and Graham, 1970). If, in addition, the deformation is the 
product of a progressive general noncoaxial flow (kinemati
cal vorticity number Wk<l; e.g. Hanmer and Passchier, 
1991), with a significant component of shortening across the 
flow plane (Wk<<l), longitudinal strain along the flow plane 
can accumulate very quickly (Pfiffner and Ramsay, 
1982). Accordingly, the development of a ribbon mylonite 
fabric could represent even lower magnitudes of shear strain 
than in the case of progressive simple shear. Field observa
tions irtdicate that feldspar porphyroclasts are poorly pre
served throughout most of the voluminous mylonite of the 
Striding-Athabasca mylonite zone. Thermobarometric deter
minations of metamorphic conditions in the East Athabasca 
mylonite triangle indicate very high temperatures (850-
10000C; see Williams et al., 1995; Snoeyenbos et al., 1995), 
and structural observations indicate significant deviation 
from ideal simple shear. Therefore, in a transpressive regime, 
under high temperature granulite facies metamorphic condi
tions, a thick mylonite zone such as the Striding-Athabasca 
example need not represent major wall rock displacements. 

Interpretation of the Striding-Athabasca mylonite zone as 
a deep-crust-al, transpressive fault during the Late Archean 
begs the question of how the coaxial component of the flow 
was accommodated, given the shallow to moderate plunges 
of the associated extension lineations. Under conditions of 
constant volume deformation and significant extension of the 
flow plane along the transport direction, a subhorizontal prin
cipal extension direction would generate an important room 
problem at the fault terminations. Moreover, a strongly tran
spressive, volume-constant, progressive deformation would 
tend to generate steeply plunging extension lineations 
(Sanderson and Marchini, 1984). However, in the Striding
Athabasca mylonite zone, melts were moving through the 
presently exposed structural level. Crustal (granite) and prob
able mantle melts (gabbro/norite) were emplaced from 
below, but potentially voluminous granitic melts from the 
diatexites would have migrated upward to higher structural 
levels. It is unlikely that one will ever be able to evaluate the 
bulk volume change in the Striding-Athabasca mylonite 
zone. However, it is suggested that significant volume loss by 
magma migration may be a fundamental process in deep
crustal, high temperature shear zones (Hanmer et al., l 995b ). 



TECTONIC SIGNIFICANCE 

The present study of the northern Saskatchewan/District of 
Mackenzie segment of the Snowbird tectonic zone has estab
lished the existence and the nature of the Striding-Athabasca 
mylonite zone. Briefly, it is a geometrically and kinemati
cally complex, Archean right-lateral transpressive structure, 
400 to 500 km long, formed at granulite facies in the deep 
crust. Early Proterozoic tectonic activity is recorded as 
extremely weakly developed and localized plastic deforma
tion, and relatively minor granitoid intrusion. The granulite 
facies mineral assemblages in the mylonite contrast sharply 
with the lower metamorphic grade of the adjacent Hearne 
crust. As argued above, the sinuous and branching geometry 
of the Striding-Athabasca mylonite zone is not the result of 
modification of an initially straight shear zone. Therefore, it 
could not have accommodated significant transcun-ent dis
placement of its wall rocks, despite the associated spectacular 
mylonite fabrics. 

However, the mylonite is but one component of this seg
ment of the Snowbird tectonic zone. The other component is 
the train of three lozenges (Fig. 136), lithologically, and at 
least in part isotopically, distinct from their wall rocks 
(Table 2; Crocker et al., 1993). 

Lozenges 

Although much of the interior of the Athabasca lozenge is 
obscured by younger rocks and Quaternary deposits, the East 
Athabasca mylonite triangle at the northern apex (Fig. 136), 
and the gneisses of the Careen Lake area near the southwest
ern apex (Fig. 11), are accessible. These rocks are both litho
logically and isotopically distinct from the Rae and Hearne 
wall rocks . The petrological sequence of early sedimentary 
supracrustal rocks, intruded sequentially by Middle Archean 
tonalite, dismembered anorthosite plus mafic dykes, Late 
Archean mafic plutons and granite bodies in the East Athabasca 
mylonite triangle is petrologically very similar to the 
sequence described from the south end of the lozenge at 
Careen Lake (Lewry and Sibbald, 1977 and references 
therein; Crocker et al., 1993). Taken together, these observa
tions suggest that the Athabasca lozenge is lithologically 
quite similar to the Selwyn lozenge. Both lozenges are mafic 
to intermediate in composition and bounded by granitic to 
granodioritic Rae and Hearne wall rocks (e.g. Taylor, 1963, 
1970; Gilboy, 1980b; Slimmon, 1989). Moreover, it appears 
that the occun-ence of anorthosite is associated with the east
ern margin of both lozenges. Within the East Athabasca 
mylonite triangle, anorthosite is confined to the sinistral shear 
zone on the eastern side of the lower deck, and anorthosite at 
Careen Lake is located adjacent to the eastern margin of the 
lozenge (Fig. 136). In the case of the Selwyn lozenge, anor
thosite is a common protolith in the Striding mylonite belt. 
Recalling the distribution of anorthosite along the southeast
ern margin of the Selwyn lozenge, the available data, while 
not definitive, allow one to draw parallels between the Athabasca 
and Selwyn lozenges. The occurrence of diatexite
anorthosite-garnet pyroxenite ribbon mylonite on the south
eastern margin of the Three Esker lozenge (Fig. 136) suggests 
that all three lozenges may share a similar internal architecture. 

Preliminary Nd data support the proposed lithological 
con-elation of the lozenges. With one exception, Nd model 
ages for the Middle Archean tonalite and associated 
anorthosite-pyroxenite assemblage in· the East Athabasca 
mylonite triangle, and the margin of the Three Esker lozenge, 
fall in the range 3.45-3.30 Ga (Table 2). Crocker et al. (1993) 
report similar Nd model ages of ca. 3.5-3.1 Ga from Middle 
Archean rocks at Careen Lake (Fig. 11), in the southern 
window into the Athabasca lozenge (however, see Bickford 
et al., 1994). 

Stiff Middle Archean crust 

It has been argued above that the present geometries of the 
East Athabasca mylonite triangle and the Striding mylonite 
belt are primary, as opposed to the product of the modifica
tion of an initially straight shear zone, and that, because the 
lozenges are not defined on both sides by the bounding 
mylonite, they are older and have acted to localize the shear 
zones (see "Shear zone geometry"). The Selwyn and, by 
extrapolation, Three Esker lozenges have controlled the sinu
ous trace of the Striding mylonite belt, and the Athabasca loz
enge has played a pivotal role in the complex kinematic 
development of the East Athabasca mylonite triangle 
(Fig. 136). Granulite facies mylonite of the East Athabasca 
mylonite triangle formed in two stages; annealed mylonite at 
ca. 3.13 Ga preserved in the eastern part of the lower deck, 
and widespread ribbon mylonite at ca. 2.62-2.60 Ga. A simi
lar two stage mylonitization history has been established for 
the Striding mylonite belt (Tables 1and2). Preliminary U-Pb 
zircon data for the East Athabasca mylonite triangle suggest 
that tonalitic, mafic, and at least some anorthositic protolith 
of the Athabasca lozenge are Middle Archean. 

It has been suggested that the lozenges behaved as rela
tively strong rheological heterogeneities (see "Fault localiza
tion"). This interpretation is supported by their lithological 
composition relative to that of the wall rocks. However, it 
raises the question as to why the mylonite should be derived at 
the expense of relatively stiff lozenge material, for example, 
anorthosite, rather than the relatively soft wall rocks. I have 
shown that in the East Athabasca mylonite triangle, emplace
ment of the voluminous Late Archean mafic and granitoid 
protoliths was contemporaneous with mylonitization. I suggest 
that their Nd model ages (ca. 3.0-2.7 Ga; Table 2) indicate 
juvenile magmas which may have interacted to varying 
degrees with older, more evolved crust. This suggestion is 
supported by the £Nd values calculated for 2.6 Ga (Table 2). It 
is suggested here that deformation, localized at the lozenge 
boundaries, may have focussed the emplacement of mantle 
and crustally derived magmas, thereby creating a hot, soft 
zone favourable to the continued localization of plastic defor
mation (e.g. Simpson, 1986; Segall and Simpson, 1986). In 
such a scenario, the evolved continental crust would be repre
sented by the lozenges, with which isotopic interaction would 
be favoured by the channelled emplacement process. 

Nd model ages (Table 2; Crocker et al., 1993) suggest that 
Middle Archean mafic and intermediate composition rocks 
along the southeast margin of the lozenges were derived from a 
relatively uniform mantle source, without significant interaction 
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with older crust. The lozenges may represent fragments of 
Middle Archean, or older, crust within the western Churchill 
continent. If they ever formed a single body, dismemberment 
would have occun-ed prior to the ca. 2.6 Ga ribbon fabrics of the 
Striding-Athabasca mylonite zone. Middle Archean (ca. 
3.13 Ga) sinistral mylonite is preserved in the Chipman tonalite 
batholith in the eastern part of East Athabasca mylonite 
triangle (Fig. 9). Dextral mylonite of similar vintage (ca. 3.3-
3.1 Ga) occurs on the same side of the Selwyn lozenge, across 
the inter-lozenge gap (Fig. 162 and 163). Therefore, it is kine
matically possible that the Athabasca and Selwyn lozenges were 
pulled aprut along the Middle Archean mylonite units at ca. 
3.13 Ga. 

Middle Archean arc? 

Combining the observations of this study with those of 
Crocker et al. (1993), one can construct a schematic sequence 
for the Middle Archean rocks of the Snowbird tectonic zone. 
Early semipelitic to pelitic rocks were intruded by a layered 
mafic complex composed of gabbro/norite, pyroxenite, and 
anorthosite. The mafic rocks were dismembered by tonalite 
batholiths. Two attempts to date the tonalite batholith in the 
East Athabasca mylonite triangle have yielded poorly con
strained Middle Archean ages: 3149 ± 100 Ma and 3466 
+327 /-80 Ma (Table 1). In order to obtain a preliminary 
indication of the magmatic history of these Middle Archean 
rocks, c;Nd values have been calculated for 3.3 Ga, the average 

Table 2. Samples come from the lower deck of the East Athabasca mylonite zone (Fig. 9 and 10), except for the 
Mafic granulite (upper deck; Fig. 9 and 10) and the Three Esker anorthosite (Fig . 136). Values for i::ND(s.s) and 
i::N0 (2.6) were calculated for times of magmatic crystallization based upon the ca. 3.4-3.2 Ga U-Pb zircon ages 
determined for the Chipman tonalite, and the ca. 2.6 Ga ages for the granulite metagranites and mafic rocks 
(Table 1 ). Attribution of a Mid-Archean age to the Three Esker anorthosite is an extrapolation based upon 
geological and model age similarity to anorthosite inclusions within the Chipman tonalite . All measurements are 
by T.l.M.S. at the University of California at Santa Cruz. The Sm and Nd concentrations were determined by 
isotope dilution (Kopf, unpublished data) . The T(DM) ages are calculated after the method of DePaolo (1981 ). 

Sm/Nd data for the East Athabasca mylonite triangle 

Sample Sm (ppm) Nd (ppm) '47Sm/'44Nd 143Ndl'44Nd 0Nd(3.3) 0Nd(2.6) 0Nd(O) T(0M) Ma 

Chipman tonalite (ca. 3.4-3.2 Ga) 

CK90 SB 0.88 5.87 0.0906. 0.510397 1.42 -43.72 3326 

CK90 M076 1.32 13.19 0.0605 0.509628 -0.76 -58.72 3444 

CK90 M063 10.20 64.31 0.0959 0.510420 -0.38 -43.27 3452 

Pyroxenite (ca. 3.4-3.2 Ga): inclusions in Chipman tonallte 

CK90J099 0.86 3.32 0.1566 0.511807 0.85 -16.21 3402 

Anorthosite (ca. 3.4-3.2 Ga): inclusions in Chipman tonalite 

CK90 8137 0.46 1.85 0.1503 0.511687 1.18 -18.55 3349 

Three Esker anorthosite (ca. 3.4-3.2 Ga?) 

CK92 8197 0.51 2.02 0.1527 0.511754 1.50 -17.25 3304 

Bohica mafic complex (ca. 2.6 Ga) 

CK91 C531 0.26 1.25 0.1258 0.511373 -0.95 -24.68 2931 

CK91 8527 0.79 4.43 0.1078 0.511114 0.00 -29.73 2803 

CK91 C534 0.43 1.98 0.1313 0.511502 -0.28 -22.16 2886 

CK91 8574 3.66 14.32 0.1545 0.511955 0.78 -13.33 2847 

CK91 8576 3.18 11.97 0.1606 0.512016 -0.07 -12.13 3012 

CK91 8525 2.54 12.48 0.1231 0.511415 0.78 -23.86 2764 

Granulite facies metagranites · (ca. 2.6 Ga) 

CK91 C664a 4.44 25.39 0.1057 0.510984 -1.84 -32.26 2938 

CK91 C728 10.25 55.78 0.1111 0.511249 1.55 -27.09 2686 

CK90 8177 8.23 37.98 0.1310 0.511429 -1.62 -23.58 3019 

CK91 8762 8.00 43.51 0.1112 0.511220 0.96 -27.66 2733 

Mafic granulite (ca. 2.6 Ga): upper deck 

CK91 C780b 1.37 5.60 0.1479 0.511809 0.15 -16.16 2902 

CK90 M205 1.02 4.58 0.1347 0.511589 0.30 -20.46 2837 

CK90 8075 1.58 6.96 ci.1373 0.511638 0.37 -19.52 2837 

CK90 8210 0.91 4.37 0.1259 0.511446 0.43 -23.25 2802 

CK90 8251 3.66 20.02 0.1105 0.511097 -1.24 -30.06 2906 
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of the two ages (Table 2). The results are suggestive of juve
nile magmas with little assimilation of evolved continental 
crustal material. However, the younger of the two U-Pb deter
minations is similar to the ca. 3.13 Ga age of emplacement of 
a spatially associated syntectonic, syngranulite facies dyke 
swarm and associated granite sheets (Table 1). It is therefore 
possible that the layered mafic rocks and anorthosite, tonalite, 
mafic dykes, and granite were emplaced in a sequence of 
events which culminated in the f01mation of the Middle 
Archean mylonite at ca. 3.13 Ga. Allowing that the age con
straints remain fairly loose, this synthetic picture is reminiscent 
of published descriptions of more recently constructed, meta
morphosed and deformed magmatic arcs, for example, 
Kohistan (Jan and Howie, 1981; Jan, 1988; Khan et al., 1989) 
and Wrangellia (Beard and Barker, 1989), as well as Archean 
examples in the Limpopo Belt and Southwest Greenland (e.g. 
Windley et al., 1981). In Kohistan, the anortho.site bodies rep
resent relatively small masses that were emplaced into the 
lower part of the arc, which has subsequently been rotated 
through 90° about an arc-parallel horizontal axis (Coward 
et al., 1982). By analogy, the anorthosite in the present study 
area could represent the lower parts of an arc-related mag
matic pile which has been tilted to expose its base along the 
southeastern margins of the lozenges. This interpretation 
would imply that the emplacement of the vertical, late tec
tonic components of the Chipman mafic dyke swarm was 
relatively late. 

/ 

Figure 163. Distribution of shear sense, and coaxial 
shortening and extension, in the Striding-Athabasca mylonite 
zone and adjacent to the Selwyn lozenge. Discussed in text. 

According to this scenario, ifthe Striding-Athabasca seg
ment of the Snowbird tectonic zone was associated with a tec
tonic suture at anytime dming its history, it would have been 
at the time of incorporation of the arc within the growing 
western Churchill continent during the Archean. It is already 
noted that the Athabasca, Selwyn, and Three Esker lozenges 
(Fig. 11 and 136) may represent large fragments of Middle 
Archean crust which are quite distinct from the rocks of the 
surrounding western Churchill continent. If they once formed 
a single body, it would have been dismembered prior to the 
formation of the ca. 2.6 Ga ribbon mylonite which was local
ized by the three lozenges in their present configuration. 
Middle Archean annealed sinistral mylonite is preserved in 
the Chipman tonalite batholith in the eastern part of the lower 
deck of the East Athabasca mylonite triangle (Fig. 162). Dex
tral mylonite of similar vintage (ca. 3.3-3.1 Ga) occurs on the 
same side of the Selwyn lozenge, across the inter-lozenge 
gap. It is kinematically possible that the Athabasca and 
Selwyn lozenges were pulled apart along the Middle Archean 
mylonite at ca. 3.13 Ga. Alternatively, if the location and 
shear sense of the Middle Archean mylonite were controlled 
by crustal-scale rheological variations, in the same way as the 
Late Archean ribbon mylonite, it would imply that the present 
configuration of the Athabasca and Selwyn lozenges is older 
than 3 .13 Ga. In any event, the absence of a systematic array 
of mylonite bounding the lozenges on all sides is readily 
explained if the lozenges were separated from each other 
prior to their final tectonic incorporation within the evolving 
western Churchill continent. 

Whatever the relationship of the ca. 3.13 Ga mylonite to 
the lozenges, the shearing was accompanied by high pressure 
granulite facies metamorphism (850°C, 1.0 GPa; Williams 
et al., 1995) and, in the East Athabasca mylonite triangle at 
least, by the emplacement of an important mafic dyke swarm. 
The dykes were emplaced throughout the shearing event and 
could be responsible for the high temperatures of metamor
phism (e.g. Barton et al., 1990; Williams et al., 1995). 

Late Archean intracontinental shear zone 

Three independent data sets point to an intracontinental setting 
for the Striding-Athabasca mylonite zone in the Late 
Archean. First, the Rankin-Ennadai greenstone belt, the largest 
Archean tectonic entity identified to date in this part of the 
Canadian Shield, extends as a zone of outliers across the 
Hearne crust, over 600 km from Hudson Bay toward the 
Selwyn lozenge (Fig. 1). Uranium-lead zircon data from both 
its northeastern and southwestern parts show that the volcanic 
rocks of the greenstone belt are ca. 2.7 Ga old (Chiarenzelli 
and Macdonald, 1986; Mortensen and Thorpe, 1987; Tella 
et al., 1992). Very little is currently known about the tectonic 
context of the f01mation and deformation of the Rankin
Ennadai greenstone belt. Preliminary work suggests that the 
northeastern part of the belt may have originated as an island 
arc, which was tectonically stacked as a pre-2.65 Ga thrust
nappe pile (Park and Ralser, 1992). Syn- to late tectonic 
granitoid rocks were intruded into the arc, prior to its juxtapo
sition with its present continental wall rocks. However, it is 
important to note that the tectonic, stratigraphic, or intrusive 
nature of the gneiss-greenstone belt boundary as a whole 
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remains unresolved. Dating of the granites indicates that 
thrust-stacking occurred at 2.677 Ga, followed by upright 
shearing and folding just prior to 2.666 Ga (Park and Raiser, 
1992; see also Cavell et al., 1991). The salient point here is 
that, according to Park and Raiser (1992), the basin in which 
the greenstone belt formed had closed prior to ca. 2.67-
2.66 Ga. Because there is no evidence for any other major 
Late Archean basin in either the Hearne or the Rae crusts, I 
suggest that the western Churchill continent was a discrete 
tectonic entity by ca. 2.67-2.66 Ga. 

Secondly, although the present data set is far from com
plete, Late Archean granitic bodies, ca. 2.63-2.58 Ga, broadly 
contemporaneous with high grade mylonitization in the Sttiding
Athabasca mylonite belt, do not ·appear to be arranged in the 
belt-like configuration typical of magmatic arcs associated 
with plate margins (Fig. 164; e.g. Windley, 1984). Thirdly, the 
same spatial pattern of Archean Nd model age variation, ca. 
4.0-2.4 Ga in the southwest versus ca. 2.9-2.5 Ga in the north
east, is present in both the Rae and Hearne crusts (Fig. 6). This 
observation would be further supported if the basement rocks 
beneath the westernmost pmts of the Trans-Hudson orogen 

U/Pb 

(Fig. 1) are indeed part of the Hem·ne crust (see Bickford 
et al., 1992). This suggests that the southwestern parts of both 
the Rae and Hearne crusts are fundamentally different from 
their northeastern parts. For such a distribution pattern of Nd 
model ages to accommodate a Late Archean suture along the 
Snowbird tectonic zone would require some very special 
boundary conditions, for example, a narrow, short lived basin, 
and similar drift and convergence vectors. Taken together, 
these arguments suggest that, by ca. 2.62-2.60 Ga, the site of 
the Striding-Athabasca mylonite zone was not located at a 
suture, but lay well within the interior of the Late Archean 
western Churchill continent. 

It is argued above that the Striding-Athabasca mylonite 
zone is a relatively short (400-500 km), kinematically ineffi
cient, deep-crustal intracontinental shear zone, which acted 
as an accommodation structure in response to convergence, 
collision, and shortening at the far-field plate margin (see 
"Modest movements, spectacular fabrics"). The problem 
now is to account for the Late Archean granulite facies meta
morphism, and the subsequent uplift of the mylonite, in an 
intracontinental setting. 
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Figure 164. Distribution of available U-Pb zircon dates (Ga) for mag
matic crystallization of granitic rocks in the range 2.63-2.58 Ga, 
approximately contemporaneous with granulite facies mylonitization 
in the East Athabasca mylonite triangle . Note the absence of an obvi
ous belt-like disposition . Discussed in text. Data from Bickford et al. 
(1986) , Van Schmus et al. (1986), Stevenson et al. (1989), Dudas et al. 
( 1991 ), LeCheminant and Roddick ( 1991 ), Frisch and Parrish ( 1992), 
Roddick et al. (1992), Bickford et al. (1992), Annesley et al. (1992), 
and Tella et al. ( 1992). Patterns as in Figure 1. 



Metamorphism and uplift 

Several lines of evidence suggest that the localization of Late 
Archean high grade deformation in the Striding-Athabasca 
mylonite zone, post-thermal peak uplift and regional grani
toid plutonism may be genetically linked to a common cause: 
continental deformation and lower lithospheric delamination 
of the western Churchill continent. 

Delamination and metamorphism 

The distribution of Late Archean granite across the western 
Churchill continent is reminiscent of that of the Lachlan Fold 
Belt, southeastern Australia, and the Pan-African Saharan 
domain. In those examples, extensive unif01m metamor
phism and granitoid production has been attributed by some 
workers to continental-scale delamination of the lower litho
sphere, heating of the lower crust by injection of mafic 
magma, and widespread crustal melting (e.g. Wyborn, 1992; 
Black and Liegeois, 1993). If such a scenario were applicable 
to the western Churchill continent, the Axis mafic granulite 
(Fig. 26) of the upper deck and the Bohica mafic complex 
(Fig. 69) of the lower deck of the East Athabasca mylonite tri
angle (Fig. 9, 10) might represent the heat-carrying mafic 
magmas emplaced into the lower crust. As in the case of the 
Chipman mafic dykes (Fig. 42) , coeval with the Middle 
Archean mylonite, these magmas may represent the mafic 
underplating frequently associated with granulite facies 
metamorphism in other terranes (e.g. Glikson, 1986; Bohlen 
and Mezger, 1989; Carney et al., 1991; Martignole, 1992; 
Ashwal et al., 1992). Widespread upper mantle melting 
associated with a Late Archean delamination event of this 
scale could represent a component of the upper mantle deple
tion invoked by Hoffman (1991; see also Grand, 1987) to 
account for the existence of a cold, yet buoyant tectospheric 
root beneath the exposed Canadian Shield. 

Uplift and exhumation 

High grade (850-1000°C, 1.0 GPa; Williams et al., 1995; 
Snoeyenbos et al., 1995) ribbon mylonite of the East Athabasca 
mylonite triangle formed during the Late Archean at ca. 2.62-
2.60 Ga. However, within that time window, initial pervasive 
granulite facies mylonitization was sequentially succeeded 
by more localized amphibolite and greenschist facies shear
ing. Throughout the Striding-Athabasca mylonite zone, the 
reaction of garnet to produce rims of radial simplectitic 
clinopyroxene-plagioclase, monomineralic plagioclase rims, 
quartz-plagioclase-kyanite/sillimanite, and undistorted pseu
domorphs of plagioclase-biotite, are all indicative of high 
temperature, postkinematic decompression during cooling. 
Rare examples of oriented pyroxene-plagioclase symplectite 
in pressure shadows on garnets indicate that decompression 
began at the end of high grade mylonitization. 

Within the time/temperature constraints available, it is 
possible to attempt a very simplistic evaluation of the order of 
magnitude of cooling rates. A minimum temperature 
decrease from 850°C (granulite) to 450°C (greenschist) 
during the about 20 Ma time window (2.62-2.60 Ga) would 
suggest a time averaged cooling rate of 20°C/Ma. However, 

in light of the statistical error envelopes associated with the age 
determinations of syntectonic granites in the Striding
Athabasca mylonite zone, it may be more appropriate to con
sider a time window of about 40 Ma and time averaged cooling 
rates of about 10°C/Ma. Although these are grossly oversim
plified estimates, such cooling rates are apparently fast com
pared with similar structural levels in some other strike-slip 
shear zones. For example, geothermobarometric and geo
chronological data for the Great Slave Lake shear zone 
(Hanmer, 1988a; Hanmer et al., 1992a) indicate that tempera
tures dropped 250°C, from about 900°C to about 650°C, 
during the interval 197 5-1925 Ma. This c01Tesponds to a time 
averaged cooling rate of 5°C/Ma, half the apparent rate for the 
Striding-Athabasca mylonite zone. However, the estimated 
time averaged cooling rate for this study is unremarkable com
pared with the approximately 100°C/Ma obtained for the 
strike-slip fault Red River (Leloup and Kienast, 1993). 
Nevertheless, rapid cooling of the Striding-Athabasca mylon
ite zone, if valid, would imply uplift and exhumation. 

Continental deformation and uplift 

Without significant shortening and crustal thickening, dela
mination does not necessarily result in significant uplift 
(compare Clemens, 1988, Collins and Vernon, 1992 with 
Powell, 1986). Evenso, it is unlikely that delamination alone 
could cause uplift in excess of a few kilometres (England 
and Molnar, 1990; England, 1993; Platt and England, 1993), 
hardly sufficient to account for the present juxtaposition of 
the Striding-Athabasca mylonite belt and the Rankin
Ennadai greenstone belt. One must look for other possible 
contributions to the uplift history of the Striding-Athabasca 
mylonite belt. 

Since the initial formulation of modern geological models 
of crustal thickening by penetrative continental deformation 
(e.g. Dewey and Burke, 1973), there have been a number of 
theoretical treatments of the subject. Of particular interest 
here is the three dimensional simulation by England and 
Houseman (1985) who examined the role of lithospheric 
variation in rheology in the localization of intracontinental 
strike-slip faults , the generation of anomalously high top
ography, and erosional uplift. Their study modelled the local
ization of the Altyn Tagh fault and highlands, and the Tien 
Shan, at the margins of the relatively stiff lithosphere under
lying the Tarim Basin, north of the Himalayas. The location 
and sinuous configuration of the Striding-Athabasca mylon
ite zone (Fig. 136) was controlled by the presence of rela
tively stiff, anomalously old Middle Archean material, now 
disposed in three crustal-scale lozenges (Fig. 11), which may 
constitute a small-scale rheological analogue of the Tarim 
Basin~ "Fault localization"). As fragments of older Middle 
Archean crust, the lozenges may have had deeper, colder, 
stiffer, and potentially denser roots than the adjacent western 
Churchill continent. Such lithospheric fragments could have 
acted as privileged sites for delamination, thereby focussing 
magmatism and metamorphism, as well as deformation and 
the generation of surface topography (cf. England, 1993). 
The principal weak link in the analogy is the paucity of infor
mation concerning the timing and distribution of metamor
phism and deformation in the western Churchill continent. 
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However, if the analogy is valid, penetrative Late Archean 
continental deformation, with localized flow centred on a 
crustal-scale strength heterogeneity, may offer a partial 
explanation for the exposure of Late Archean relatively high 
pressure assemblages, and associated deep-crustal mafic 
intrusions, by anomalous postkinematic erosionally driven 
uplift and exhumation of the Striding-Athabasca mylonite 
zone. 

Apparent vertical throw (Rae) 

Within the Striding-Athabasca mylonite zone, postkinematic 
retrogression and hydration are widespread, as witnessed by 
the abundance of soft polycrystalline amphibole and phyllo
silicate pseudomorphs which preserve the shapes of euhedral 
garnets wrapped around by the ribbon mylonite fabric. How
ever, the preservation of fresh granulite facies mineral assem
blages shows that the retrogression was not pervasive. 
Extensive development of granulite facies assemblages is 
reported from the Rae crust in Saskatchewan (e.g. Fraser 
et al., 1978; Lewry et al., 1978; Slimmon, 1989). During this 
study, field reconnaissance, up to 100 km west of the East 
Athabasca mylonite triangle, indicated that the Rae wall 
rocks have been subjected to severe hydration and retrogres
sion, compared with the Striding-Athabasca mylonite zone. 
For example, the wall rocks contain coarsely recrystallized, 
biotite-muscovite migmatite with postkinematic pegmatitic 
aggregates of andalusite-sillimanite, indicative of severe ret
rogression under hydrostatic conditions. Initial transmission 
electron microscope study suggests that the preservation of 
granulite assemblages in the fine grained mylonite reflects 
the tightness of the grain boundary network and the conse
quent difficulty for the postkinematic penetration of water 
(J.C. White, pers. comm., 1993). Accordingly, the present 
metamorphic contrast between the Striding-Athabasca 
mylonite zone and the Rae wall rocks is interpreted as a 
reflection of the state of preservation of granulite facies 
assemblages, rather than an abrupt difference in crustal level. 

Real vertical throw (Hearne) 

In the Hearne wall rocks of Saskatchewan, metamorphism in 
the sillimanite-cordierite-bearing metapelitic component has 
not exceeded the stage of incipient partial melting, indicating 
that the rocks never reached granulite grade (however, see 
Lewry and Sibbald, 1977, 1980). In the Northwest 
Territories, regional metamorphism in the Late Archean 
Rankin-Ennadai greenstone belt, which is exposed within 
15 km of the Striding mylonite belt (Fig. 1), never exceeded 
uppermost greenschist to lowermost amphibolite facies 
throughout its 600 km strike length (Taylor, 1963; Park and 
Ralser, 1992). Clearly, there is a significant metamorphic 
contrast between the wall rock assemblages and the Late 
Archean metamorphism in the Striding-Athabasca mylonite 
zone. The shallow to subhorizontal plunge of the transport 
direction in the mylonite makes it extremely improbable that 
the granulites were uplifted by the shearing which produced 
the mylonite. Moreover, its has been argued above that the 
mylonitization was not associated with tectonically significant 
shearing displacements. Therefore, the present distribution of 
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metamorphic assemblages within and east of the Striding
Athabasca mylonite zone must involve important postmylo
nite fault movements. 

Brittle dip-slip faulting 

Greenschist facies regional metamorphism at the northeast
ern end of the Rankin-Ennadai greens tone belt occurred at ca. 
2.68-2.65 Ga (Park and Ralser, 1992). Assuming that meta
morphism in the greenstone outlier just east of the Striding
Athabasca mylonite zone is of the same vintage, the present 
close juxtaposition of greenschist and granulite facies rocks 
requires important post-2.6 Ga fault movements. Regional 
mapping shows that such faults, if they exist, are cryptic. 
They are not marked by dip-slip mylonite, cataclasite, brec
cia, gouge, or quartz veining. They do not offset or disrupt the 
Striding-Athabasca mylonite belt (Fig. 136), nor are they 
visible in the immediately adjacent Hearne wall rocks 
(Taylor, 1963). If they are hidden at the eastern margin of the 
mylonite, they must follow the same sinuous trace. Right
angle bends in the map trace of a strike-slip fault render non
dilational displacements extremely difficult (Fig. 136; see 
Saucier et al., 1992), to the extent that such faults are unlikely 
to have accommodated important transcurrent displace
ments. Although the relief on the fault surfaces would have 
allowed them to accommodate significant northwest-side-up 
dip-slip movement, the cryptic faults must dip as steeply as 
the vertical mylonites. The unacceptable alternative is to pro
pose that the three surfaces (mylonitic, fault, and erosional) 
serendipitously intersect in a single line. At present, it is not 
possible to adequately explain how significant dip-slip move
ment could be accommodated on such unfavourably oriented 
faults, even if the displacement was kinematically controlled, 
as opposed to stress controlled. Most importantly, there is no 
geological evidence for an appropriately located, regional
scale, shallowly dipping extensional or contractional fault 
system into which such faults might be rooted. Even assum
ing that cryptic dip-slip faults are present, there are two con
straints on their timing. First, the localization of deformation 
with cooling from granulite to greenschist facies in the East 
Athabasca mylonite zone occurred during the Late Archean 
(ca. 2.6 Ga; Table 1). Accordingly, uplift of the granulite 
facies mylonite could have occurred at that time, although 
there is no supporting evidence for this along the Striding 
my lonite belt. Second, the minimum age of uplift is given by 
the ca. 1.85 Ga volcanic and sedimentary rocks of the Baker 
basin (Fig. 1) which straddle the northeastward extension of 
these putative faults with relatively minor offset (Hoffman, 
1988). 

Implications for Proterozoic tectonics 

Differences between the Archean geological features of the 
Rae and Hearne crusts, and the apparent truncation of the pro
nounced magnetic signature of the 1.99-1.90 Ga Taltson 
magmatic arc beneath the Phanerozoic cover, led Hoffman 
(1988) to interpret the Snowbird tectonic zone as an Early 
Proterozoic suture (Fig. 1, 165; Hoffman, 1988; see also Ross 
et al., 1991; Theriault, 1992). This interpretation derives 
considerable support from the combined geophysical and 



geochronological evidence for important Early Proterozoic 
plate tectonic activity in the vicinity of the Snowbird tectonic 
zone as it is defined in the subsurface of Alberta (Ross et al., 
1991). However, geological study of the Striding-Athabasca 
mylonite zone indicates that the tectonometamorphic history 
of a 400 to 500 km long segment of the Snowbird tectonic 
zone is essentially Archean in age. Accordingly, differences 
between the Rae and Hearne crusts could reflect several fac
tors, including possible juxtaposition of different crustal lev
els in continental blocks during the Middle Archean. 
However, the fact remains that Early Proterozoic tectonic 
activity to the west, and along strike to the southwest of the 
Striding-Athabasca mylonite zone in the time range 2.0-
1.80 Ga, and possibly younger, is in apparent contradiction 
with the absence of significant Early Proterozoic ductile 
deformation in the Striding-Athabasca mylonite zone itself 
(Fig. 165; see also Bickford et al., 1994). In order to address 
this question, it is necessary to briefly review the evidence for 
tectonic activity along the Alberta segment of the Snowbird 
tectonic zone. 

Ross et al. (1991) have identified a fan-like bundle of 
alternating wedge-shaped magnetic anomalies to the south
west of the Athabasca lozenge (Fig. 165). They suggest that the 
Wabamun High is bounded on the southeast by a broad shear 
zone, the Thorsby Low, and by a more discrete fault on its 
northwest margin. Sheared gneiss from the Thorsby Low has 
yielded a U-Pb zircon age of2.29 Ga, and a deformed pegma
tite has given 1.91 Ga. On the southeastern side of the 
Thorsby Low, the Rimbey High, composed of biotite granite 
has yielded U-Pb magmatic crystallization ages between 1.85 
and 1. 78 Ga. At least some of this granite was derived from old, 
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highly evolved continental crust (Villeneuve et al., 1993; 
Bickford et al., 1994). The northeastern termination of the 
Rimbey High (Fig. 165) corresponds to the poorly foliated 
Junction granite, itself dated at 1.82 Ga (Bickford et al., 1986, 
1994), and considered to be late syntectonic with respect to 
greenschist facies mylonite of the Virgin River shear zone 
(Lewry and Sibbald, 1977, 1980; Macdonald, 1987; Carolan 
and Collerson, 1988, 1989). Using geometry to infer a kine
matic analogy with the East Athabasca mylonite triangle, 
Ross et al. ( 1991) suggest that the Wabamun High is an 
escape wedge of Rae crust, expelled to the southwest during 
Early Proterozoic southeastward subduction and continental 
collision at ca. 1.85-1 .82 Ga. In this scenario the Rimbey 
High would represent a continental arc constructed at the 
leading edge of the Hearne crust (Fig. 165). 

There are at least two possible solutions to the apparent 
temporal contradiction between the Alberta and Striding
Athabasca segments of the Snowbird tectonic zone: (i) south
eastward subduction associated with the closure of a basin 
initially formed in the dilational quadrant of a strike-slip fault 
(Ross, 1992), and (ii) eastward subduction beneath ajagged 
continental margin (see below). 

Dilational basin 

Ross (1992) suggested that the southeastward subduction 
beneath the Rimbey High was related to closure of a basin 
floored by thin continental to oceanic crust. In this model, the 
opening of the basin is related to strike-slip displacements 
along north-south oriented faults within the Taltson arc, 
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Figure 165. 

Sketch of the jagged boundary between 
Archean western Churchill continent (Rae 
and Hearne crusts) and the Early 
Proterozoic Thelon arc, Taltson arc, Rimbey 
High, the Buffalo Head terrane, Wabamun 
High, and Thorsby Low, Athabasca, Selwyn 
and Three Esker lozenges, Virgin-Taltson 
and Slave-The/on re-entrants, Great Slave 
Lake shear zone and Virgin River shear 
zone transforms. Modified from Ross et al. 
(1991). Discussed in text. 
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analogous to recent basins related to major Himalayan faults, 
such as the South China Sea (Red River Fault) and the Andaman 
Sea (Sagaing Transform). However, in order to open a basin 
which extended to the southwest of the Taltson magmatic 
zone, this model requires the existence of a north-trending, 
crustal-scale, dextral fault, of appropriate age (pre-1.85 Ga). 
The basin must be large enough to sustain southeastward sub
duction and generation of the Rimbey magmas for a period of 
at least ca. 70 Ma (l.85-1.78 Ga). Accordingly, the fault dis
placements must be correspondingly important. Even for a 
simple orthogonal geometry (maximum basin opening/ fault 
slip ratio), and a conservative rate of plate motion (1 cm/a), 
the basin width and corresponding fault displacement should 
both be of the order of 700 km, at least. To close the basin, 
similar magnitude sinistral displacements are required, per
haps along the same fault, during the period 1.85-1.78 Ga. 
However, the faults within the Taltson magmatic zone form 
an anastomosing system of discontinuous segments, with 
both dextral and sinistral elements, for which no through
going master fault has yet been proposed (Bostock, 1987, 
1988; McDonough, 1993a, b). The cited authors also show 
that, where it can be determined, dextral shearing postdates 
sinistral shearing (see also Hanmer et al., 1992b), the con
verse of Ross' (1992) model. Moreover, the shear zones 
appear to be contemporaneous with plutonism in the ca. 1.99-
1.90 Ga Taltson magmatic arc (McDonough et al., 1993a; 
McNicoll et al., 1993) and are thereby too old to have accom
modated the ca. 1. 85-1. 78 Ga closure of the proposed basin. 

Re-entrants, jagged margins, and transform faults 

An alternative hypothesis is suggested here. The Virgin River 
shear zone, exposed just north of the Paleozoic cover 
(Fig. 165), is a murnw greenschist to lower amphibolite facies 
mylonite zone. It is located on the same side of the Athabasca 
lozenge as the mylonitic Black-Bompas fault in the lower deck 
of the East Athabasca mylonite tiiangle (Fig. 127). If the 
mylonite along this margin of the lozenge was part of a 
through-going master fault, it should show the same sense of 
shear. The Virgin River mylonite is strike-lineated and associ
ated with sti·ike-slip displacements, but in contrast to the sinis
tral Black-Bompas fault, it has a dextral shear· sense (Cai'Olan 
and Collerson, 1988, 1989; Hanmer et al., 1994). This implies 
that the Virgin River shear zone does not extend along the 
boundary of the Athabasca lozenge: it must terminate south of 
Lake Athabasca. Even if it was suggested that the Virgin River 
shear zone is more properly related to the mylonitic Straight
Grease fault on the northwest (dextral) side of the East 
Athabasca mylonite triangle (Fig. 1, 3; Hanmer et al., 
1994), the kinematic consequences remain unchanged. Such 
a relationship would imply that the shear zone was composed 
of discontinuous, left-stepping segments, and the Virgin River 
segment would still terminate south of Lake Athabasca. 
Regardless, the initial geochronological data indicate that the 
Straight-Grease fault has only suffered minor re-activation 
during the Early Proterozoic (see Table 1). 

The orientations of the Early Proterozoic rocks, and their 
collective boundary with the Archean western Churchill con
tinent in the Alberta subsurface, describe a 120° angle 
(Fig.165, 166;Rossetal., 1991).Jaggedcontinentalmargins, 
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comprised of promontories and re-entrants, are common fea
tures (e.g. Burke and Dewey, 1973; Dewey and Burke, 1974; 
Rankin, 1976; Thomas, 1977). In some cases it has been 
shown that primary offsets in the rifted continental margin 
directly reflect the intersection of the average plane of rifting 
and pre-existing planes of weakness, such as old faults within 
the initially intact continent (e.g. Haworth, 1977, 1980). 

It is suggested here that the generally meridional (present
day co-ordinates) initial Early Proterozoic margin of the 
western Churchill continent was jagged with a sharp 
re-entrant in what is now Alberta, possibly related to the 
southwest continuation of the train of Middle Archean loz
enges (Fig. 165). It is proposed that the Virgin River shear 
zone acted as a dextral transform fault along the southern arm 
of the re-entrant (Fig. 166). The restriction of the Rimbey 
High to the Hearne edge of the Alberta re-entrant (Fig. 165) 
suggests that the Virgin River shear zone acted to localize 
intrusion of the Rimbey granite, as has been shown in fault 
zones elsewhere (e.g. Strong and Hanmer, 1981; Hanmer 
et al., 1982; Guinberteau et al., 1987; Hutton, 1988; Hutton 
etal., 1990; Tikoffand Teyssier, 1992). This scenario predicts 
that the Virgin River shear zone was active over much of its 
length throughout the period ofplutonism (ca. 1.85-1.78 Ga). 
If the Virgin River shear zone was inherited from the 
geometry of the initial rifted western Churchill continental 
margin (Fig. 165), one can predict that it would have influ
enced the accretion of pre-Rimbey crustal fragments. 

II 

... 
A 

... 
II 

... 
B 

Figure 166. Model of terrane (!),docked at a jagged conti
nental margin, and arrival of a second outboard terrane (II). 
This hypothesis predicts that the Virgin River shear zone was 
a long-lived, initially transform fault, which accommodated 
relative displacements both at the active continental edge and 
within the accreted terranes. Compare with Figure 165. A 
fault can remain active during subduction, convergence, and 
accretion if (i) terrane (/)does not fill the re-entrant (A), or 
(ii) if it is softer than the continental material (grey) and the 
rigid re-entrant/promontory pair continues to act as a 
strength heterogeneity within the continental margin during 
subsequent compression (B). The initial transform fault may 
evolve in ( B) to become an intraplate strike-slip fault. 



Accordingly, the Buffalo Head teITane (Fig. 165), which 
docked as early as 2.08-2.05 Ga (Bostock and van Breemen, 
1994), should be offset or truncated by the proposed trans
form fault. Ross et al. (1991) present a clear geometrical 
interpretation of the aeromagnetic data which indicates that 
this could well be the case. Therefore, it is predicted that 
further geochronological work should show that parts of the 
Virgin River shear zone were active for 300 million years 
(2.08-1.78 Ga; see also Bickford et al., 1994). 

The abrupt termination of the magnetic expression of the 
buried southern segment of the ca. 1.99-1.90 Ga Taltson mag
matic arc (Fig. 165) has been taken as prima facie evidence 
for truncation by important Early Proterozoic displacements 
across the trace of the Snowbird tectonic zone (e.g. Hoffman, 
1988; Ross et al., 1991). However, the hypothesis presented 
here allows for an alternative explanation. Dewey and Lamb 
(1992) describe a relationship between gaps in the lateral con
tinuity of subduction-related magmatic arcs in the Andes 
which reflect variations in the dip of the subducting plate. 
One might envisage segmentation and variable dip of the sub
ducting plate beneath the leading edge of the western Churchill 
continent, on either side of a Virgin River transform fault, 
resulting in primary termination of the Taltson arc at the geo
physical trace of the Snowbird tectonic zone. 

An internal test 

The hypothesis stemming from the present study makes two 
further predictions which one can compare with the available 
regional geological data. First, a collisional event in the time 
range ca. 1.85-1.78 Ga must have occuJTed to the west of the 
accreted teJTanes in order to drive the displacements along the 
Virgin River shear zone after accretion of the Buffalo Head ter
rane (Fig. 165). Secondly, ajagged continental margin would 
be expected to contain more than one re-entrant/promontory 
pair. Regarding the first prediction, the ca. 1.85-1.78 Ga 
Rimbey plutonism was broadly contemporaneous with latitu
dinal (present-day co-ordinates) shortening and low tempera
ture faulting adjacent to the Slave Craton (Fig. 1, 165; 
Hoffman, 1988; Henderson et al., 1990). ThedextralMcDonald 
Fault and its sinistral conjugate, the Bathurst Fault, are geneti
cally related and coeval with a network of faults generated by 
collision of the Nahanni teITane with the Wopmay orogen, 
west of the Slave Craton, at ca. 1845 Ma (Fig. 1, 165; 
Villeneuve and Theriault, 1991; see also Hoffman, 1988; 
Henderson et al., 1990). It is suggested that the docking of the 
Nahanni teITane is a component of the western collisional 
event required by this hypothesis. Note, however, that the same 
prediction is made by Ross et al. (1992). 

Regarding the second prediction, the reader's attention is 
called to the deflections of the western margin of the Rae crust, 
highlighted by the 2.0-1 .9 Ga Taltson-Thelon magmatic arc in 
the vicinity of Great Slave Lake (Fig. 165). They have been 
attributed entirely to ca. 1.97-1.90 Ga postcollisional indenta
tion by the Slave Craton indentor (Fig. 165; Hoffman, l987; 
Hanmer et al., 1992b). However, the northeast-trending seg
ment of the Rae-Slave boundary, marked by the ca. 2.0-1.9 Ga 

Great Slave Lake shear zone, contains an apparently anomalous 
belt of concordant pre-2.56 Ga mylonite (Hanmer et al., 
1992b). In the context of the present discussion, this Late 
Archean mylonite may have localized a second re-entrant in 
the initial Early Proterozoic margin of the western Churchill 
continent which controlled the orientation of Great Slave Lake 
shear zone, albeit modified by collision and indentation. Note 
that both Great Slave Lake shear zone and the younger 
McDonald fault have been interpreted as transform faults 
(Hoffman, 1987; Henderson et al., 1990). Significantly, the 
proposed Slave-Thelon and Virgin-Taltson re-entrants are of 
similar scale. Finally, if the jagged margin hypothesis holds, 
the remarkable spatial coincidence between Great Slave Lake 
shear zone and an associated syntectonic granite batholith 
(Hanmer and Connelly, 1986; Hanmer, 1988a; Hanmer et al., 
1992b) is perhaps a well exposed analogue of the relationship I 
propose here between the Virgin River shear zone and 
emplacement of the Rimbey plutons. 
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