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Detailed gravity profiles across the Sleepy Dragon 
Complex and adjacent parts of the Yellowknife 
Domain, Slave structural province, Northwest 
Territories: preliminary data 

Wouter Bleeker, Roy V. cooper1, Mike E. ~errigan', Walter R. Roest, 
and Karen A.B. Hendry 
Continental Geoscience Division, Ottawa 

Bleeker, W., Cooper, R.V., Berrigan, M.E., Roest, W.R., and Hendry, K.A.B., 1998: Detailed 
gravity profiles across the Sleepy Dragon Complex and adjacent parts of the Yellowknife Domain, 
Slave structural province, Northwest Territories: preliminary data; & Current Research 1998-C; 
Geological Survey of Canada, p. 1-8. 

Abstract: A detailed gravity survey was performed east of Yellowknife, across the Sleepy Dragon base- 
ment complex, its flanking greenstone belts and adjacent parts of the Yellowknife Domain. A total of 152 
stations were recorded along three profiles that link up with Lithoprobe's high-resolution SNORCLE tran- 
sect along the Ingraham Trail. Major gravity anomalies were recorded over the greenstone belts and over a 
variety of granitoid plutons that will help in constraining the deep structure of the area. In general, the gravity 
profiles show excellent correlation with the known geology. This short report presents general background 
information on the survey as well as the preliminary data. 

R6sum6 : Un lev6 gravimttrique detail16 a t t t  rtalist B l'est de Yellowknife, B travers le complexe de 
Sleepy Dragon, ses ceintures de roches vertes bordikres et les parties adjacentes du Domaine de 
Yellowknife. Les donn6es enregistrkes proviennent de 152 stations situtes le long de trois profils relits au 
transect 2 haute rCsolution SNORCLE du projet Lithoprobe le long de la route Ingraham Trail. D'importantes 
anomalies gravimdtriques ont tt6 observies au-dessus des ceintures de roches vertes et de divers plutons 
granito'ides, lesquelles aideront h d6terminer la structure profonde de la region. En gCnCral, les profils 
gravimttriques sont en Ctroite corr6lation avec la gCologie connue. Ce bref rapport prtsente en outre des 
informations gCntrdes sur le lev6 ainsi que les donn6es preliminaires. 

Geomatics Canada, Geodetic Survey Division, 615 Booth Street, Ottawa, Ontario KIA 0E9 
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INTRODUCTION 

The Yellowknife Domain of the Archean Slave structural 
province is a typical Neoarchean granite-greenstone terrain 
that is among the most intensely studied and best documented 
examples of such terrains in the world (e.g. Henderson, 1985; 
Kusky, 1990; Larnbert et al., 1992; Bleeker, 1996; Isachsen 
and Bowring, 1997). In addition to a variety of on-going 
structural, stratigraphic, isotopic, and general mapping stud- 
ies, recent geophysical surveys have advanced our knowl- 
edge of the deep crust and lithosphere. These surveys, 
involving seismic reflection profiles extending from east of 
Yellowknife to the Pacific coast, deep probing magneto- 
telluric studies, and detailed gravity measurements (1 krn 
spacing), are part of Lithoprobe's SNORCLE transect (e.g. 
Cook and Erdmer, 1997). Many of these studies are still in 
progress or in early stage of analysis. 

To the east of Yellowknife, road-based geophysical sur- 
veys under the auspices of Lithoprobe's SNORCLE project 
were extended to the end of the Ingraham Trail, an all-weather 

road that extends about 50 km into the supracrustal domain 
east of Yellowknife (Fig. 1). Additional acquisition, extend- 
ing along the winter road into the central portion of the Slave 
Province, may be carried out in a later phase of the 
SNORCLE programme, if technical and budgetary con- 
straints allow such a follow up. In either case, some of the 
most critical and geologically best studied parts of the area, 
the Sleepy Dragon Complex and its flanking greenstone belts 
(Fig. I), lie to the east of the present seismic reflection cover- 
age and to the east of the potential winter road transect. It was 
thus decided, in conjunction with regional structural- 
stratigraphic studies (e.g. Bleeker, 1996), to acquire addi- 
tional gravity profiles across the Sleepy Dragon Complex and 
adjacent parts of the Yellowknife Domain to help constrain 
the deeper structure of the area. Gravity measurements were 
made along three intersecting regional profiles that link up 
with the previously acquired Lithoprobe seismic reflection 
and gravity profiles along the Ingraham Trail. The new data 
extend SNORCLE's "reach" to east and south of the Sleepy 
Dragon Complex. 

Figure I .  Simplified location and geological map of the southern Yellowknife Domain. The 
three gravity profiles are marked. Note also the Ingraham Trail along which 1-km-spaced 
gravity readings were recorded previously under the auspices of Lithoprobe's SNORCLE 
project. 
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METHODS 

A total of 152 gravity stations were recorded over a 3-day 
period using a LaCoste and Romberg gravimeter (Fig. 2a) and 
a differential GPS continuous data logging system (Allan 
Osborne Associates Turbo Rogue SNR 8000) for post- 
processing of positions. Access was by means of a Hughes 
500D helicopter (Fig. 2b), which allowed landings in rela- 
tively restricted clearings in the otherwise tree-covered ter- 
rain. The differential GPS logging system, with a base station 
at the Canadian seismic control station in Yellowknife, 
allows for spatial control better than 1.0 m. Final uncertainty 
in elevations is conservatively estimated at approximately 
f 1.0 m, which translates into k0.3 mGal uncertainty in the 
final gravity data. Independent checks of the elevation data 
were provided by readings of two barometric altimeters (AIR 
Model HB-1A) that were recorded at each station, as well as 
twice daily at the base station. 

The 152 stations were spaced at an average distance of 
1-2 km along the profiles with first-order geological contacts 
generally covered by stations spaced at 51  km. The three pro- 
files (Fig. 1) were strategically chosen to cover the Sleepy 
Dragon Complex basement complex, its flanking steeply dip- 
ping greenstone belts (e.g. the Cameron River and Beaulieu 
River greenstone belts), and various granitoid plutons, as well 
as the regional background gravity field over metasediment- 
ary rocks of the Burwash Formation (Henderson, 1985). The 

three profiles intersect and connect with detailed gravity 
readings along the road, potentially allowing 3D modelling of 
the deep structure. Where possible, the profiles were acquired 
perpendicular to or at a high angle to the first-order geological 
structures. 

To allow detailed gravity modelling, samples were col- 
lected along the profiles for density determinations of the 
major rock units. The same samples will also provide the 
basis for other rock properties studies such as acoustic veloci- 
ties and heat generation data (U, Th. K), as well as for geo- 
chemical studies (e.g. Nd isotopes). 

PREVIOUS GRAVITY STUDIES 

Existing gravity data for the area (National Gravity Database, 
Fig. 3) comprise widely spaced (5-10 km) regional data 
acquired in the 1960s. A more detailed survey was performed 
over the southern extent of the Yellowknife greenstone belt 
and formed the basis of the first detailed gravity models for 
the area (Gibb and Thomas, 1980). McGrath et al. (1983) pre- 
sented a gravity model for a profile across the Yellowknife 
greenstone belt, suggesting a very limited depth extent 
(2-3 krn) for the volcanic rocks. However, neither of these 
studies were constrained by detailed geological sections, 
whereas both used the simplifying assumption of a uniform, 
regional granodiorite unit (2.64 g/cm3) at depth. 

Figure 2. 

a) LaCoste and Romberg gravimeter at a measurement 
station with two altimeters visible in the foreground. 
b) Access along the profile was by means of a Hughes 5000 
helicopter. One person pe~ormed the gravity readings, a 
second person operated~checked the GPS data logger, 
while a thirdpersonpe$omed detailed navigation to opti- 
mize the stations along the profiles and relative to geologi- 
cal structures. On average, gravity readings required 
about 5-8 minutes per station, with about 5 minutes travel 
between stations. 
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Figure 3. Regional Bouguer gravityBeld (National Gravity Database). The Sleepy Dragon 
Complex and the Sparrow pluton are indicatedfor reference. Note also the gravity maximum 
(arrow) situated over the Cameron River basalts at the western fold closure (E Bleeker, 
1996) of the Sleepy Dragon Complex. Geological contacts from HofSman andHall (1993). 
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Figure 4. Preliminary gravity data for the three profiles, shown at a uniform arbitrary spacing. 
Preliminary free air and Bouguer corrections have been applied. Major geological contacts and 
structures are shown schematically below each profile. Neither scale nor modelling are implied. 
a) Profile 1 from west to east across the Sleepy Dragon Complex. Abrreviations: CRB and BRB for 
Cameron River and Beaulieu River greenstone belts, respectively. b) Profile 2 from west of the 
Sparrow pluton to the core of the Sleepy Dragon Complex. Data of profile 1 are shown as well. 
c) Profile 3 from the core of the Hidden Lake pluton to the core of the Watta Lake pluton across the 
Defeatpluton and the Heame Lake syncline. Profile 3 has been extended with parts ofprofile 2 (from 
the core of the Hidden Lakepluton to the endof the road) and by assuming radial symmetry of the data 
across the circular Watta Lake pluton. An approximate regional background of -57 to -60 mGal is 
estimatedfrom the western shoulder of the Cameron River belt anomaly in profile 1. 
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Figure 5. 

GRAVITY PROFILES 

Three regional profiles were acquired, each with about 50 
gravity measurements spread out over a profile length of 
about 70 km (Fig. 1,4). 

Profile 1 (Fig. 1,4a) extends from west to east across the 
Sleepy Dragon Complex basement-cored antiform and its 
flanking greenstone belts. It includes more detailed measure- 
ments across a previously recorded regional gravity high cen- 
tred on the mafic volcanic rocks of the Cameron River belt 
west of Patterson Lake (see arrow in Fig. 3). The major ques- 
tion addressed by this profile is the depth extent of the steeply 
dipping Cameron River basalt package, which at surface is 
characterized by strong down-dip stretching lineations of pil- 
lows, amygdules, and other strain markers (Fig. 5). This pro- 
file also addresses the general correlation of low Bouguer 
values with older basement rocks (Fig. 6a) and it may help 
constrain the 3D geometry of the Morose Lake K-feldspar 
megacrystic granite pluton (Fig. 6b) in the core of the base- 
ment antiform. Towards its eastern end, the profile crosses 
the Beaulieu River volcanic belt and the Amacher Lake syn- 
volcanic quartz porphyry intrusion. 

Profile 2 (Fig. 1,4b) extends from near the centre of the 
Morose Lake pluton, across the Redout biotite granite pluton 
(Fig. 6c) and the basementlcover contact on the southwestern 
flank of the Sleepy Dragon Complex, into Burwash Formation 
metaturbidites towards the end of the Ingraham Trail. From 
the end of the road, the profile extends further west across the 
Hidden Lake biotite granodiorite pluton and the two-mica 
granite of the Sparrow pluton (Fig. 6d). before reconnecting 
with the road. Along the profile, the Burwash Formation var- 
ies from well-preserved, lower greenschist facies metaturbid- 
ites to cordieritekandalusite porphyroblastic schists (Fig. 6e). 

Profile 3 (Fig. 1,4c) extends from northwest to southeast, 
from the centre of the Hidden Lake pluton to the core of the 
Watta Lake tonalite pluton of the Defeat Suite (Fig. 60. The 

Highly deformed pillow basalts of the Cameron 
River greenstone belt with strong down-dip 
stretching lineations (Lk). Note the extreme aspect 
ratios of the pillows, which are nearly parallel- 
sided in the sectional view (looking towards the 
north). Given that the greenstone belts are sev- 
eral kilometres wide at the s u ~ a c e ,  the typical 
mesoscopic structures shown here would sug- 
gest that the greenstones shouldproject down to 
a depth of several times the surface widths of the 
belts. 

profile crosses the folded "tail" of the Sparrow pluton, the cir- 
cular Defeat tonalite-granodiorite pluton (the type pluton of 
the Defeat Suite), and the regional-scale Hearne Lake syn- 
cline of low grade metaturbidites (Fig. 6g). The greatest depth 
extent of the metaturbidites is anticipated to underlie this syn- 
clinal structure. The southern half of profile 3 follows the 
structural cross-section of Bleeker and Beaumont-Smith 
(1995). 

CONCLUSIONS 

A total of 152 new gravity readings were made along three 
profiles extending from the end of the Ingraham Trail east of 
Yellowknife. Preliminary data along the three profiles are 
presented diagrammatically in Figure 4. Preliminary free air 
and Bouguer corrections have been applied to the data using 
raw elevation data and Bouguer corrections were made using 
an average density of 2.67 g/cm3. The differential correction 
of the GPS data will result in minor changes in the final data. 
Terrain corrections will be applied prior to final modelling, as 
needed. 

As shown in Figure 4, the profiles show an excellent cor- 
relation with the surface geology. Major positive anomalies 
(about 20 mGal) are recorded over the greenstone belts, 
whereas significant negative anomalies (about 10 mGal) are 
recorded over many of the granitoid plutons. An interesting 
aspect is that some of the plutons show a weak to pronounced 
W-shaped anomaly pattern with a central maximum (e.g. the 
Defeat and Watta Lake plutons), possibly suggesting that 
they are folded sheets rather than deeply rooted plutons. A 
regional minimum of -71 mGal is recorded over the Morose 
Lake granite in the core of the Sleepy Dragon Complex. The 
preliminary data set shows promise for future modelling to 
resolve such questions as the depth extent and attitude of the 
greenstone belts and the shapes of the various granitoid plutons. 
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Figure 6. Some of the important rock units along the profiles, a) Migmatitic tonalite-diorite gneisses typical for the 
basement assemblage of the Sleepy Dragon Complex. b) K-feldspar megaclystic biotite granite of the Morose Lake 
pluton in the core of the Sleepy Dragon Complex. c) Typical biotite granite of the Redout granitepluton. d) Prosperous 
Suite two-mica granite of Sparrowpluton. e) Typical cordierite (crd) grade metaturbidites of the Bunvash Formation. 
fl Biotite tonalite representative of the Watta Lake and Upper Watta Lake tonalite plutons, g) Aerial view of the low 
grade metaturbidites of the Bunvash Formation in the Hearne Lake syncline (trace shown by arrow). View towards the 
southeast across Hearne Lake. 
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Abstract: A comprehensive and testable model is presented for basementlcover relationships in the 
south-central Slave Province. Basement rocks predating the Yellowknife Supergroup can be combined into 
a single basement block, the Central Slave Basement Complex. Its structural topology is described and pre- 
liminary U-Pb data are presented for a ca. 3.4-3.2 Ga gneiss below the Courageous Lake greenstone belt. All 
presently known occurrences of a distinctive quartzite and banded iron-formation assemblage occur imme- 
diately above the complex and are included in a new stratigraphic entity, the Central Slave Cover Group, 
which represents the autochthonous cover to the Central Slave Basement Complex. A regional dtcollement 
marks the contact of the basement complex and its cover with the overlying parautochthonous to 
allochthonous tholeiitic break-up sequence. Mutually consistent lineation data and kinematic indicators, at 
five widely spaced localities, suggest significant northeast-to-southwest transport of the tholeiite sequence 
over the basement complex and its cover sequence. 

R6sum6 : Le present article donne les grandes lignes d'un mod2le global et testable des rapports 
substratum-couverture dans le centre sud de la Province des Esclaves. Les roches du substratum anttrieures 
B la formation du Supergroupe de Yellowknife peuvent 6tre regroupies en un bloc unique, appele Complexe 
du substratum de la Province des Esclaves centrale (CSPEC). La topologie structurale de ce bloc est ensuite 
dtcrite et des donntes prtliminaires de datation U/Pb prtsenttes pour un gneiss d'environ 3,2-3.4 Ga, 
Cchantillonnt au sud de la ceinture de roches vertes de Courageous Lake. Toutes les occurrences actuelle- 
ment connues d'un assemblage distinctif de quartzite et de formation defer rubante s'observent directement 
au-dessus du CSPEC; elles sont assocites B une nouvelle entit6 stratigraphique, le Groupe de couverture de 
la Province des Esclaves centrale, qui reprtsente les roches autochtones sus-jacentes au CSPEC. Un dtcolle- 
ment rtgional marque le contact entre, d'une part, le complexe du substratum et sa couverture et, d'autre 
part, la stquence de rupture sus-jacente (tholtiites parautochtones B allochtones). Des donntes de lintation 
et des indicateurs cintmatiques provenant de cinq localitts trks espac6es laissent supposer qu'il y a eu un 
important dtplacement du nord-est vers le sud-ouest de la stquence tholtiitique par rapport au CSPEC et aux 
roches qui le recouvrent. 

Department of Earth Sciences, Memorial University of Newfoundland, St. John's, Newfoundland AIB 3x5 
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INTRODUCTION 

The Slave craton of northwestern Laurentia (Fig. 1) has an 
extensive rock record (Mortensen et al., 1988; Bowring et al., 
1989; van Breemen et al., 1992; Isachsen and Bowring, 1994, 
1997; Villeneuve et al., 1994; Bleeker and Stern, 1997), with 
specific assemblages punctuating Earth's history from 
ca. 4.05 Ga to ca. 2.55 Ga. Although 2.73-2.58 Ga supra- 
crustal assemblages and associated granitoid rocks dominate 
the craton, it has long been known that some of the Neoar- 
chean supracrustal assemblages overlie considerably older 
basement rocks (Baragar, 1966; McGlynn and Henderson. 
1970). 

The Neoarchean supracrustal rocks traditionally have 
been lumped into a single lithostratigraphic entity, the 
Yellowknife Supergroup (Henderson, 1970), which was 
viewed as the product of a relatively simple, single-stage, 
ca. 2.7 Ga ensialic rifting event (e.g. Henderson, 1985). Much 
of this paradigm evolved prior to 1980, without precise U-Pb 
zircon geochronological data. Recently, with an ever increas- 
ing number of precise U-Pb ages becoming available, it has 
been shown that the Yellowknife Supergroup is a complex 
entity with spatially and temporally distinct assemblages of 

diverse tectonic origin including rift and local shelf assem- 
blages, plume and break-up-type tholeiitic sequences, 
juvenile as well as crustally contaminated arc sequences, tur- 
bidite sequences of various ages, and late tectonic clastic 
basins. Uranium-lead geochronology has confirmed the pre- 
diction that parts of the Yellowknife Supergroup are under- 
lain by sialic basement (e.g. Nikic et al., 1980; Henderson, 
1985; Isachsen and Bowring, 1997). This prediction was first 
put forward by Baragar (1966) based on the observation that 
old mafic dyke swarms cut through subgreenstone belt grani- 
toid terrains. Isotopic tracer studies (Pb, Nd) have provided 
further evidence for the widespread influence of evolved and 
significantly older sialic crust on younger volcanic rocks and 
plutons (e.g. Davis and Hegner, 1992; Yarnashita et al., 
1995), contributing to the notion that a single older basement 
block, the Anton terrane (Kusky, 1990), underlies much of 
the western part of the Slave Province. 

6 9 ' ~  

SLAVE PROVINCE ( ' ' -. 

The autochthonous cover sequence is overlain by a thick, 
parautochthonous to allochthonous tholeiitic basalt 
sequence. Everywhere where the original basementlcover 
relationship has been preserved and has not been cut out or 
reworked by younger granitoid complexes or truncated by 
younger unconfonnities, the top of the basement complex is 
represented by an impressive high strain zone that predates 
ca. 2686 Ma dykes (Bleeker et al., 1997a) and is best inter- 
preted as a regional dCcollement. Mutually consistent linea- 
tion data and kinematic indicators have been found in several 
widely spaced localities along the dCcollement and suggest 
northeast-to-southwest transport of the tholeiitic break-up 
sequence over the basement complex. 

CENTRAL SLAVE BASEMENT COMPLEX 

reat Slave Li 

PSI' . \ I 0 Metawlcanic r& 

0 Known and Inferred basement gneisses 

Figure I .  Simpl$ed geological map of the Slave structural 
province. Area of Figure 2 is shown. 

Nevertheless, the extent and geometry of the basement 
terrane have remained obscure. In this study we present the 
first definitive outline and structural topology of a large base- 
ment block in the south-central Slave Province (Fig. 2), and 
propose to call this the Central Slave Basement Complex. 

The complex is overlain by a thin, generally highly 
deformed and locally imbricated autochthonous cover 
sequence (Fig. 2) consisting of conglomerate, mafic and 
ultramafic volcanic rocks, chromite-bearing quartzite, and 
banded iron-formation. We propose to include these cover 
rocks into a single lithostratigraphic unit, the Central Slave 
Cover Group. Significantly, all previously known and some 
new occurrences of this thin cover sequence, which is per- 
haps best typified by the fuchsitic chromite-bearing quartz- 
ites, are associated with the Central Slave Basement 
Complex. 

In an on-going effort to better characterize and date basement 
rocks throughout the Slave Province and assess their role in 
the tectonic evolution of the craton, all previously known 
geochronology sample sites of basement rocks predating 
Yellowknife Supergroup of the south-central Slave were vis- 
ited and re-evaluated. The following conclusions emerged 
from this survey: 
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Scale: 100 km 

@ Suse Lake granite along d6collement 

Postdecollement, synvolcanlc 
tonalite-granodiorlte plutons 

Tholelltlc break-up sequence 

quartzite, banded iron-formation, and 
associated lithologies. 

tonalite-diorite gneisses, foliated tonalites 

Figure 2. Topological map of the proposed Central Slave Basement Complex. The complex includes 
the previously definedAnton Basement Complex (ABC), the Sleepy Dragon Complex (SDC), the Jolly 
Lake Complex (JLC), and the newly defined Beniah Basement Complex (BBC), Step 'nduck Basement 
Complex (SBC), and tentatively, the Big Lake Complex (BLC) of Thompson and Kerswill(1994). 
Inclusion of the Big Lake Complex in the Central Slave Basement Complex is contingent on a 
synclinal fold relationship across the Winter Lake greenstone belt, as is strongly suggested by the 
overall topology. Note also that the topology requires basement rocks to be present west of the 
northern extent of the Yellowknife supracrustal domain. However, we currently do not complete this 
part of the topology due to poor definition of the geology in this area. All known occurrences of the 
quartzitehanded iron-fomation assemblage are indicated and are confined to the immediate cover 
of the Central Slave Basement Complex. Note also the geochronology sample site discussed in this 
paper, on the west shore of MacKay Lake. 11 
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1. The most common and widespread basement lithology is 
a heterogeneous assemblage of dioritic to tonalitic 
gneisses (Fig. 3a,b). These gneissic rocks commonly 
contain an old migmatitic layering that is truncated by one 
or more swarms of mafic dykes that are themselves 
deformed, metamorphosed, and intruded by younger 
granitoid rocks (e.g. Fig. 3d, e). In at least some localities, 
such gneisses are located unequivocally in the footwall of 
nearby, thin, quartzitelbanded iron-formation 
assemblages at the base of the greenstone belts, and show 
a distinct metamorphic contrast with lower temperature 
mineral assemblages in the greenstones. 

2. Also common are foliated, but nonmigmatized tonalites 
and granodiorites (Fig. 3c) that are intruded by multiple 
dyke swarms. Recent mapping of parts of the Sleepy 

Dragon Complex shows that foliated basement tonalite 
below the quartzitelbanded iron-formation assemblage of 
the Patterson Lake Formation contains three distinct dyke 
swarms, the oldest of which is transposed in the regional 
dkcollement (Bleeker et al., 1997b). 

3. Where the quartzitelbanded iron-formation cover 
assemblage is expected but nevertheless absent, this 
absence generally can be explained by one of the 
following complications: the original basementlcover 
contact has been truncated by or incorporated into 
ca. 2690-2670 Ma plutons; the original basementlcover 
contact has been cut out by younger unconfonnities 
(e.g. Bleeker et al., 1997b); large segments of the 
basementlcover contact have been eliminated by 
intrusion of late orogenic, ca. 2585 Ma K-feldspar 

Figure 3. Typical basement lithologies of the Central Slave Basement Complex. a) Migmatitic 
diorite-tonalite gneiss at Brown Lake at the northern end of the Beaulieu River greenstone belt. b) Foliated 
and layered tonalitic gneiss of the Jolly Lake Complex, Jolly Lake. c) Foliated and metamolphosed, but 
nonmigmatitic tonalite below the Patterson Lake Formation, Patterson Lake. d)  Heterogeneous 
tonalite-diorite gneiss on western MacKay Lake cut by amphibolitized and deformed ma$c dyke (in 
foreground). This gneiss unit has been dated at ca. 3.3 Ga and results are presented in Figure 4. e)  Close-up 
of outcrop shown in Figure d, showing old migmatitic layering being truncated (at arrow) by the deformed 
mafic dyke. Both the gneiss and dyke are folded and cut by a younger granitoid dyke. 
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granites; or segments of the basementlcover contact have 
been excised due to late stage dip-slip extensional faulting 
that accompanied K-feldspar granite intrusion (e.g. James 
and Mortensen, 1992). Examples of all four of these 
complications have been documented around the Sleepy 
Dragon Complex. 

Using the above conclusions as criteria for establishing 
basement rocks beyond the handful of previously dated 
occurrences, the outline of the Central Slave Basement Com- 
plex as proposed in Figure 2 follows as a logical prediction. 
This prediction was further tested in the field and will be 
tested extensively by U-Pb zircon geochronology. Specifi- 
cally, basement rock types as described above can be fol- 
lowed discontinuously from the southern end of the Sleepy 
Dragon Complex, to below the northern end of the Beaulieu 
River greenstone belt, into the Jolly Lake Complex and fur- 
ther northeast into the footwall of the Courageous Lake 
greenstone belt. Uranium-lead zircon data from a f is t  sample 
of our regional sample suite are presented in Figure 4 and con- 
firm a basement age (>3.2 Ga) for the diorite-tonalite migma- 
titic gneisses. The dated sample was collected along the 
western shore of MacKay Lake (Fig. 3d, e), within view of the 
overlying Courageous Lake greenstone belt. It represents 
"Unit 1" quartzofeldspathic gneiss of Thompson and Kerswill 
(1994). Although we stress the preliminary nature of the 
U-Pb results, they define a minimum age of 3218 Ma. The 
gneiss could be as old as ca. 3323 Ma, an upper intercept age 
defined by a discordia line through three colinear data points. 

,6817 
Sample: 97JKS-576 3300 J /  1 

Figure 4. Uranium-lead concordia diagram showing 
preliminary results of six zircon fractions ofa gneiss sample 
on the western shore of MacKay Lake. Brown prismatic 
grains Cfractions ZI to 24) define the crystallization age of 
the gneiss. The 2 0 7 ~ b p 0 6 ~ b  age of fraction Z1 provides a 
minimum age of ca. 3218 Ma. Three of the fraction are 
colinear and possibly indicate an upper intercept age of ca. 
3323 Ma. An even older age is also possible on the basis of 
these preliminary results. Colourless, equant, low U grains 
record a younger zircon growth event at ca. 2722 Ma. 

Morphologically distinct, equant, colourless zircon grains of 
low U content define new zircon growth at ca. 2723 Ma, 
which is attributed to a cryptic metamorphic event. 

Supporting evidence for the Central Slave Basement 
Complex as shown in Figure 2 is provided by the Bouguer 
gravity field of the Slave Province, which shows a broad 
negative anomaly over much of the complex. It is suggested 
that the broad negative Bouguer anomaly tracks older sialic 
crust at depth. The proposed outline of the complex is also in 
agreement with the regional variation in Pb-isotopic data for 
syngenetic ore leads (Thorpe et al., 1992; and R. Thorpe, 
unpub. data, 1997). Most if not all of the greenstone belts 
overlying the complex share a similar tectonostratigraphy. 
typically comprising a lower, rather monotonous tholeiite 
sequence disconformably to unconfonnably overlain by a 
younger calc-alkaline, dacite- and rhyolite-rich sequence, 
which itself is overlain by ca. 2665-2658 Ma Burwash 
Formation turbidites (e.g. compare the Courageous Lake belt 
and the Cameron River belt). 

The proposed Central Slave Basement Complex encom- 
passes the previously named Sleepy Dragon, Jolly Lake, and 
Anton basement complexes, which merely represent differ- 
ent parts of the Central Slave Basement Complex (Fig. 2). 
Furthermore, the Central Slave Basement Complex reappears 
to the east of Sleepy Dragon Complex as basement below the 
southeastern flank of the Beaulieu River greenstone belt, the 
southern flank of the Beniah Lake greenstone belt, and the 
Camsell Lake greenstone belt. It is proposed that this part of 
the Central Slave Basement Complex be named the Step'n- 
duck Complex after a dyke complex described by Lambert et 
al. (1992). Although this basement complex locally includes 
migmatitic diorite-tonalite gneisses, the full extent of old 
basement rocks relative to younger intrusive granitoid 
intrusions is poorly known. The eastern and southern limits of 
this complex are poorly constrained. In general, at least 50% 
of the Central Slave Basement Complex appears to be 
intruded by younger granitoid rocks. 

CENTRAL SLAVE COVER GROUP: 
AUTOCHTHONOUS COVER OF THE 
CENTRAL SLAVE BASEMENT COMPLEX 

The Central Slave Basement Complex is overlain by a thin, 
generally highly deformed and locally imbricated, volcanic 
and clastic cover sequence (Fig. 5). The typical stratigraphy 
of this cover sequence consists of mafic and ultramafic vol- 
canic rocks at or near the base. overlain in succession bv con- 
glomerate, immature quartz-rich grit, chromite-bearing 
fuchsitic quartzite, and silicate or oxide facies banded iron- 
formation (e.g. Bleeker et al., 1997b). Ultramafic sills locally 
intrude the sequence. Felsic volcaniclastic rocks have been 
described from two localities (Dwyer Lake and Beniah Lake; 
Cove110 et al., 1988; Isachsen and Bowring, 1997). The entire 
succession is generally less than 200 m thick, although at 
Beniah Lake it attains a considerably greater thickness, per- 
haps as much as a 1000 m. In part, this greater thickness 
appears to result from several folds within the Beniah Lake 
area. 
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Scattered occurrences of this cover sequence have been 
recognized by a number of workers over the last decade 
(Hauer, 1979; Helrnstaedt and Padgham, 1986; Cove110 et al., 
1988; Roscoe et al., 1989; Rice et al., 1990; Isachsen, 1992; 
Stubley, 1996; Bleeker et al., 1997b). These occurrences have 
been referred to informally or incorrectly under a variety of 
names at the formation or group rank. For instance, in several 
consecutive publications, Isachsen and coworkers referred to 
a thin quartzitehanded iron-formation package at Dwyer 
Lake, 25 km north of Yellowknife, as the Dwyer Formation 
(Isachsen et al., 1991), the Dwyer Group (Isachsen, 1992), 
the Dwyer group (Isachsen and Bowring, 1994), and the Bell 
Lake group (Isachsen and Bowring, 1997). Others have gen- 
erally referred to these occurrences as local formations, such 
as the Patterson Lake Formation (at Patterson Lake: Bleeker 
et al., 1997b) and the Beniah Formation (at Beniah Lake: 
Roscoe et al., 1989). In the light of the present study it seems 
both timely and justified to simplify and formalize this 
nomenclature by defining this cover sequence as the Central 
Slave Cover Group, while maintaining formation names for 
each specific locality (e.g. Dwyer Lake Formation, Patterson 
Lake Formation, etc., see Fig. 2). 

Although most contacts between the Central Slave Cover 
Group and underlying basement probably do represent highly 
sheared and faulted unconforrnities, the best evidence for an 
original unconformity has been found at Brown Lake on the 
northwestern flank of the Sleepy Dragon Complex. Along the 
west side of the lake a coarse quartz cobble conglomerate 
(Fig. 5c, d) directly overlies mylonitized, tonalitic basement 
gneiss that is intruded by multiple mafic dyke swarms. The 
mylonitized tonalite is very similar to foliated tonalites 

Figure 5. Typical outcrops of the Central Slave Cover Group. 
a) Basal, slightly fuchsitic, arkosic quartzite of the Dwyer 
Lake Formation, overlying foliated basement granodiorite at 
Dwyer Lake. Isachsen and Bowring (1997) dated the 
granodiorite at 2.96 Ga or older (their preferred age being 
3017 + I Ma, "tonalitic gneiss" SP90-20). b) Fuchsitic 
quartzite of the Patterson Luke Formation on the western 
jlank of the Sleepy Dragon Complex (see Bleeker et al., 
19976). c) Basal quartz cobble conglomerate (hammer for 
scale) overlying a metamorphosed weathering proBle at 
Brown Luke. d) Close-up of the large, deformed vein quartz 
cobbles of the Brown Lake basal conglomerate. The quartz 
pebbles and cobbles occur in a slightly fuchsitic quartzite 
matrix. e) Quartzite overlain by banded iron-formation (BIF) 
at the top of the Brown Lake Formation, just underneath 
pillow basalts of the northern part of the Cameron River 
greenstone belt. fl Close-up of folded (F2) oxide-chert 
banded iron-formation at the top of the Brown Lake 
Formation. g)  Folded (F,-F2) oxide-chert banded 
iron-formation at the top of the Amacher Lake Formation on 
the easternjlank of the Sleepy Dragon Complex. h) Fuchsitic 
quartzite along the basement/cover contact on the 
southwestern flank of the Jolly Lake Complex. i) Silicate and 
oxide banded iron-formation overlying the quartzite unit 
shown in Figure h, on eastern limb of syncline southwest of 
the Jolly Lake Complex. 

underneath the Patterson Lake Formation further south 
(Bleeker et al., 1997b) andis presumed to be ca. 2.9 Ga. Near 
the contact, the tonalite contains conspicuous amounts of alu- 
minosilicates (both andalusite and sillimanite, up to 10-20 
modal percent) while maintaining an overall granitoid tex- 
ture. This provides strong evidence for a metamorphosed 
weathering profile underneath the quartz cobble conglomer- 
ate. The quartz cobble conglomerate is overlain by a highly 
deformed polymict conglomerate, an approximately 10 m 
thick quartzite unit with minor fuchsite (Fig. 5e; see Fig. 5b), 
and 1-5 m of banded iron-formation (Fig. 50. A thin sulphidic 
chert is locally present at the contact between banded iron- 
formation and the overlying pillow basalts of the Cameron 
River belt. 

The age of the Central Slave Cover Group is still poorly 
constrained. Detrital zircon data for a chromite-bearing 
quartzite with relict crossbedding at Dwyer Lake indicate a 
depositional age that is younger than 2924 Ma (Isachsen and 
Bowring, 1997). Eight detrital zircon grains from thin, 
graded, arkosic layers at the top of the Patterson Lake Forma- 
tion show 207~b/206~b ages between 3147 and 2943 Ma 
(W. Bleeker and M. Villeneuve, unpub. data, 1997). The two 
youngest grains in the latter data set are concordant at 
2943 Ma, providing an age constraint similar to that for the 
Dwyer Lake quartzite. Isachsen and Bowring (1997) report a 
2835 +. 4 Ma age for a rhyolite ash flow tuff that overlies 
quartzite at Dwyer Lake, but the volcaniclastic nature of this 
unit together with the scatter among individual data points 
may cast some doubt on this result. Do the zircon data possi- 
bly reflect a detrital population? A conservative assessment 
of the existing data thus suggests that the Central Slave Cover 
Group is younger than ca. 2924 Ma and older than ca. 
2730 Ma, the oldest recorded age for Yellowknife 
Supergroup volcanic rocks. 

In most places where the contact between Central Slave Base- 
ment Complex and cover rocks can be observed it is marked 
by a high strain zone that is one to several kilometres wide 
(Fig. 6). In this high strain zone, the basement rocks vary from 
strongly foliated protomylonitic granitoids or gneisses 
(e.g. Fig. 6a,b) to well-developed mylonites (e.g. Fig 6c). 
Early mafic dyke swarms, possibly related to initial rifting of 
the Central Slave Basement Complex, are transposed into 
parallelism with the mylonitic fabric (Bleeker et al., 1997b), 
whereas later dyke swarms cut the high strain fabric. Stretch- 
ing lineations in the high strain zones typically pitch 20-65" 
within steeper dipping mylonitic foliations (Fig. 6a) and are 
distinct from younger down-dip stretching and intersection 
lineations in the overlying volcanic rocks. The obliquity of 
the stretching lineations in the mylonitic gneisses, together 
with the observation that the mylonitic fabrics are cut by 
some of the dyke swarms, negates the argument that they 
result from deformation associated with high-amplitude 
upright folding of the greenstone belts. 
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Compatible lineation directions and kinematic indicators and Sleepy Dragon antiformal complexes), the preserved 
in the high strain zones at five widely spaced localities allow width must be considerably greater than 300 km. Hence, the 
the high strain zones along segments of the Central Slave extent of the Central Slave Basement Complex dCcollement 
Basement Complex basementlcover contact to be linked into is within the realm of widths of basal dCcollements under- 
a single, regional d6collement along which the cover was neath younger external thrust belts (e.g. the Cape Smith belt; 
translated from northeast to southwest. Presently, the pre- St. Onge et al., 1992). 
served map width of this dCcollement parallel to-the move- 

- 

ment direction is about 300 krn. If high-amplitude folding of The total displacement along the dCcollement is unknown 
and is likely to have varied from place to place. Nevertheless, the dCcol1ement is taken into account (e.g. over the Jolly Lake the gross displacement must be considerable given the 

Figure 6. Representative photographs of the d.4collement along the basement/cover contact of the Central 
Slave Basement Complex. a) Protomylonitic to mylonitic tonalites at Patterson Lake, western flank of the 
Sleepy Dragon Complex, with oblique, westerly plunging stretching lineations (Lstr). b) Close-up of 
(proto)mylonitic gneisses on Patterson Lake, viewed in northeast-looking section parallel to the stretching 
lineation. C-S fabrics indicate a west-side-down sense of movement in the a'kcollement on western flank of 
the Sleepy Dragon Complex. c) Mylonitic gneisses below the Central Slave Cover Group on the 
southwestern flank of the Jolly Lake Complex, on eastern limb of the synclinally folded greenstone belt. 
d) Basement-derived tonalitic S-C mylonite on eastern flank of the Sleepy Dragon Complex, west of 
Amacher Lake. View down onto outcrop surface, subparallel to shallowly northeast-plunging stretching 
lineation. The dextral sense of shear indicates that the Beaulieu River belt moved south and up relative to the 
basement of the Sleepy Dragon Complex. e) Mylonitic gneiss with rotated feldspar augen in the high strain 
zone below the Beniah Lake greenstone belt. 
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general strain state and width of the shear zone. Given that the 
oldest dykes, currently represented by amphibolite sheets 
with strong L-S fabrics, are transposed into parallelism with 
the basementlcover contact and the mylonitic fabric over 
widths of more than 1 km, minimum displacements of more 
than 10 km are indicated (shear strains of about 10 or higher 
over 1 km width). This minimum estimate merely includes 
the distributed strain in the high strain zone and neglects the 
bulk of the displacement which more than likely was accom- 
modated on discrete slip surfaces. 

DISCUSSION AND CONCLUSIONS 

A coherent and testable structural model is beginning to 
emerge for the south-central Slave Province. Our new data 
and a re-evaluation of previously published data allow a large 
basement block to be outlined (Fig. 2), which we define as the 
Central Slave Basement Complex. Our first critical test of the 
hypothesis to extend basement rocks into the structural foot- 
wall of the Courageous Lake greenstone belt has resulted in 
an age of ca. 3.4-3.2 Ga for a migmatitic gneiss at MacKay 
Lake (Fig. 4). 

The Central Slave Basement Complex is overlain by a 
characteristic cover stratigraphy (Fig. 5), which we define 
and propose to formalize as the Central Slave Cover Group. 
This name is both simple and intuitive and links what pres- 
ently appear to be spatially separate occurrences of the cover 
sequence into a single lithostratigraphic entity. On a local 
scale, these occurrences can continue to be referred to as for- 
mations such as the Dwyer Lake Formation, Patterson Lake 
Formation, or Beniah Lake Formation. The Central Slave 
Cover Group probably represents rifting (mafic and ultra- 
mafic volcanic rocks, conglomerates) of the Central Slave 
Basement Complex and subsequent development of small, 
local, shallow shelves (quartzites) where mixed detritus of 
basement and volcanic origin was abraded, sorted, and 
upgraded to an extent that only quartz, minor K-feldspar, and 
chrornite survived. The top of the Central Slave Basement 
Complex is represented by a more than 300 km wide dtcolle- 
ment along which the tholeiitic break-up sequence of the 
south-central Slave Bnd parts the clastic cover sequence were 
translated to the southwest. 

Although a central element of our proposal, that of a 
regional dkollement, is shared with the model of Kusky 
(1990). there are many important differences. We disagree 
with the model and analysis of Kusky (1990) on the following 
points: 

1. The tholeiite sequence in the hanging wall of the 
dCcollement does not represent oceanic crust, but rather a 
tholeiitic break-up sequence that likely formed on thinned 
continental crust of the Central Slave Basement Complex. 

mafic dykes. Serpentinite occurrences at or near the 
dkcollement represent the ultrarnafic flows and sills 
associated with the Central Slave Cover Group. 

3. We restrict our lineation and kinematic indicator 
observations to the mylonitic gneisses in the dCcollement 
(Fig. 2,6). Most lineations in the volcanic rocks, certainly 
those in the younger volcanic rocks along the southern 
flank of the Sleepy Dragon Complex (e.g. the <2683 Ma 
Tumpline basalts; Lambert, 1988), are related to younger 
deformation. 

Consequently, our analysis proposes a southwesterly 
transport direction rather than east-to-west transport. We can 
constrain the displacement to more than 10 km, along a dCcol- 
lement more than 300 km wide (from northeast to southwest). 
Thrusting took place prior to deposition of the <2683 Ma 
Raquette Lake Formation, which overlies an unconfonnity 
that locally truncates the dtcollement (Bleeker et al., 1997b). 
Mafic dykes that cut the high strain fabric have been dated at 
2686 + 2 Ma (W. Bleeker and W.J. Davis, unpub. data, 1997). 
The topology as proposed in Figure 2 is internally consistent 
and incorporates the geometrical effects of the two major, 
postdkcollement folding phases. The topology also suggest 
major, late stage, dextral strike-slip displacement along the 
Beaulieu River and Yellowknife River fault zones. 

Future work will further test the proposed model. For 
instance, is our prediction correct that the quartzitic schists at 
the base of the Courageous Lake and Destaffaney Lake 
greenstone belts (see Fig. 3 &Thompson et al., 1995) are part 
of the Central Slave Cover Group? Will other potential base- 
ment samples collected for U-Pb work indeed produce ages 
older than ca. 2.9 Ga? 

The next critical advance will likely come from a more 
detailed understanding of the Winter Lake greenstone belt on 
the northwestern flank of the Central Slave Basement 
Complex. If this complex greenstone belt (Hrabi et al., 1995) 
indeed represents a synclinal structure of the tectonostratigra- 
phy, as strongly suggested by the regional structural topology 
(Fig. 2), then the Central Slave Basement Complex and over- 
lying cover can be extended to the west side of the Winter 
Lake belt and from there to Point Lake. If so, the proposed 
basement on the northwestern side of the Winter Lake belt 
(the Big Lake Complex of Thompson and Kerswill, 1994; 
BLC in Fig. 2), would represent another fold-repeated part of 
the Central Slave Basement Complex. Furthermore, the com- 
plex would then also include the central Point Lake basement 
complex, whereas the highly deformed basementlcover con- 
tact at Point Lake could prove to be another segment of the 
same regional dkcollement as that exposed at the Sleepy 
Dragon Complex. Our analysis suggests that the key to these 
critical questions should be provided by an attempt to corre- 
late basement and the Central Slave Cover Group across the 
Winter Lake belt. 

2. There are no exotic rocks in the high strain zone overlying 
the dkcollement, merely highly deformed Central Slave 
Basement Complex rocks, deformed and locally 
imbricated cover rocks, and disrupted and transposed 
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Abstract: Surficial geology mapping and till sampling in Rideout Island and Elu Inlet map areas provide 
regional baseline data for drift prospecting and integrated environmental assessment planning in the Hope 
Bay volcanic belt. Raised marine sediments are the most widespread surficial sediment, although wave- 
washed till is extensive. Eskers, glaciofluvial outwash, and marine beaches are potential aggregate 
resources, but may contain segregated and massive ground ice. Dominant ice flow directions from the last 
ice movement range from west-southwestward to northward. In the northeasternmost regions, a predomi- 
nant westward flow is recorded; an older northwestward flow may also have occurred but crosscutting 
relationships are ambiguous. Near the Hope Bay volcanic belt, effects of the dominant northwestward flow 
on dispersal patterns of volcanic pebbles in till are evident; lithological distributions reflect the predominant 
northwestward flow and suggest limited glacial transport. Potential massive ground ice in fine-grained 
marine sediments warrants geotechnical investigations prior to major development. 

Rksumk : La cartographie des dtp6ts meubles et l'tchantillonnage du till dans la region de I'ile Rideout 
et de l'inlet Elu fournissent des donnees regionales de base pour la prospection glacio-sedimentaire et la 
planification inttgrke des tvaluations environnementales dans la ceinture volcanique de Hope Bay. Les 
mattriaux superficiels les plus rtpandus sont des stdiments marins soulevts; du till dClavt est tgalement 
rkpandu. Les eskers, les dtp6ts fluvioglaciaires et les plages marines sont des sources d'agrkgats tventuels 
mais peuvent contenir de la glace de stgrkgation et de la glace de sol massive. Les directions prdominantes 
d'kcoulement glaciaire varient d'ouest-sud-ouest 5 nord. Un Bcoulement vers l'ouest est reconnu dans 
l'extreme nord-est, ob un tcoulement plus ancien pourrait aussi avoir eu lieu vers le nord-ouest. P&s de la 
ceinture volcanique de Hope Bay, la distribution des cailloux volcaniques dans le till reflbte l'tcoulement 
glaciaire prtdominant vers le nord-ouest et indique que la distance de transport a CtB limitke. En raison de la 
prtsence tventuelle de glace de sol massive dans les stdiments marins B grain fin, on recomrnande d'effec- 
tuer des ttudes geotechniques avant d'entreprendre des travaux d'amtnagement. 
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INTRODUCTION streams and rivers have cut into bedrock or surficial sedi- 
ments, with the exception of the Koignuk River, which has 

Ongoing mineral exploration and development in the central incised marine and glaciofluvial sediments, and a few smaller 

and Slave Province have resulted in the need for a wide IIn"amed livers near the coast. The map area lies north of the 

range of baseline information (Fig. 1). In response, Terrain treeline; sparse clumps of tundra heath vegetation are found 

Sciences Division initiated regional surficial mapping in rocky areas. In regions underlain by fine-grained marine 

through the Slave NATMAP Project to provide data on sur- 
ficial materials, ice flow history, and till geochemistry. As an 
extension to the Slave NATMAP Project, surficial mapping 
continued during July 1997, focusing on the Hope Bay vol- 
canic belt area in the north half of the Rideout Island and 
southwest quadrant of the Elu Inlet map sheets, excluding 
Kent Peninsula (760 and 77A, Fig. 2). The regional glacial 
geology was first presented by Blake (1963), and as part of a 
larger regional overview by Aylsworth and Shilts (1989). 

METHODS 

In order to provide regional coverage, the area was mapped 
by helicopter-assisted traversing following interpretation of 
1:60 000 scale airphotos. From a total of 169 stations, 
95 two-kilogram till samples were collected for trace element 
geochemistry and grain size determinations. At these 95 sites, 
50 pebbles (2 to 6 cm in diameter) were also collected for 
provenance and glacial transport investigations. Locally, 
extensive blankets of surficial marine sediments preclude Figure I .  Location of the study area within the northeast 

sampling. Till was collected at depths of 0.3 to 0.7 m from Province (light gray shaded area). 
hand-dug pits in mudboils. Where bedrock was exposed, 
striae were measured and rock type noted. Permafrost fea- 
tures, observations on bedrock weathering, and other geo- 1 08'05' 
morphic processes were identified at each station location in 8 
the map area. CQ w 

REGIONAL SETTING 

The Rideout IslandlElu Inlet map area lies in the north-central 
District of Mackenzie. Elevations range from 0 m (present- 
day sea level) to 3 19 m in the Buchan and Naujaat hills in the 
northwestern regions. The terrain in the western half of the 
map area rises abruptly inland from the coast southward and 
eastward, and generally reaches elevations of 100-200 m. 
Much of the area in the eastern regions, including the Koignuk 
River valley, is at elevations between <50 m and 100 m, with 
the notable exception of the northeasternmost regions where 
elevations reach 160 m. Local relief is variable, commonly 
between c5 m and 15 m in areas of outcrop and marine sedi- 
ments, although it reaches >I00 m in rocky areas of the 
Buchan and Naujaat hills. 

Regional drainage is northward, into Melville Sound, 
with a minor westward flow towards Bathurst Inlet. The . *  . 
Koignuk River comprises the largest drainage system, form- b ' .  . 
ing a long north-trending basin up to 40 km or more in width. 0 

b 
Its catchment area extends southward beyond the map area 
and its northern outlet drains into Melville Sound. Numerous 108"05' 106'00' 

small lakes occupy glacially scoured bedrock in the west, as 
well as isolated depressions in marine sediments and wave- Figure 2. Principalphysiographic features and locations of 
washed till in the east. Most drainageways are shallow; few field stations dots). 
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sediments, low birch, alder, and peat predominate in areas of 
poor drainage. The Rideout Island/Elu Inlet region is within 
the zone of continuous permafrost (Brown, 1967). Climatic 
data from an Atmospheric Environment Service weather sta- 
tion operating at Cambridge Bay (120 krn to the northeast) 
indicate an annual daily air temperature of -15°C (Atrnos- 
pheric Environment Service, 1982). 

BEDROCK GEOLOGY 

The study area falls within the Bathurst Block of the north- 
eastern Slave Province. Bedrock geology is generalized in 
Figure 3; material consists primarily of Archean volcanic and 
granitic rocks, Proterozoic sedimentary rocks and gabbro 
sills, and diabase dykes (Fraser, 1964; Roscoe, 1984). Eco- 
nomic interest is focused on the Hope Bay volcanic belt 
(Gebert, 1990,1993), which is dominated by mafic volcanic 
rocks with minor felsic volcanic rocks, volcaniclastic rocks, 
metasedimentary rocks, and iron-formation that were meta- 
morphosed from greenschist to arnphibolite facies and 
intruded by widespread granite, granodiorite, and gneiss. 
Proterozoic sedimentary rocks include quartzite, siltstone, 
and minor conglomerate of the Burnside River Formation. 
Gabbro sills intrude the volcanic, granitic, and sedimentary 
rocks, as do the northwest-trending Mackenzie and Franklin 
diabase dykes. Many outcrops have been glacially sculptured 
and striated (Fig. 4a). 

Figure 3. Generalized bedrock geology and selected 
mineral deposits, modijfied from Roscoe (1984) and Gebert 
(1993). 

A number of mineral deposits associated with the Hope 
Bay belt occur in the study area, notably the Boston and 
Windy gold deposits, smaller gold showings associated with 
quartzveins in greenstone (Hope Bay, Brick, Lahti, Gunn), as 
well as copper prospects (Joe). The north end of the belt also 
hosts an abandoned silver mine where native silver ore was 
mined from veins. 

SURFICIAL SEDIMENTS 

Till 

Till is a widespread Quaternary sediment in the map area but 
is not easily recognized on airphotos or in the field because of 
the effects of marine submergence following deglaciation, 
i.e., till was covered by marine sediments andlor reworked by 
marine processes. It consists of a silty to fine-grained sandy 
matrix-supported diamicton, and exhibits low to high com- 
paction. It contains up to 50 per cent clasts, most exposures 
having between 10 and 30 per cent clasts, some of which are 
striated. Clasts range in size from small pebbles to large boul- 
ders, although medium to large pebbles predominate. Suban- 
gular to subrounded clasts are the most common. 

Till veneers, generally <2 m thick, are common in more 
elevated, rocky areas with extensive bedrock outcrops such as 
the Buchan and Naujaat hills. They are generally loosely com- 
pact with high concentrations of cobbles and boulders at the 
surface; where the veneer is discontinuous, structural bedrock 
features are visible (Fig. 4b). In some areas, much of the fine- 
grained sediment in the matrix has been removed by meltwater 
and wave action, resulting in isolated lag deposits consisting of 
pebble- to boulder-sized clasts <2 m in diameter. Till veneers 
are the main surficial sediment above the limit of marine sub- 
mergence (approximately 200-220 m a.s.1.). Till blankets are 
generally >2 m thick, form low- to moderate-relief drumlinoid 
and crag-and-tail features in the west-central and southeast 
regions (Fig. 4c), and tend to be relatively compact. 

Glacwfluviul sediments 

Glaciofluvial deposits consist of eskers, kames, and progla- 
cial outwash. Eskers range from small sinuous ridges a few 
tens of metres long, to large, more linear features up to 15 km 
long. They generally trend northwest in the western regions 
and north-northwest to north in the eastern regions (Fig. 5). 
They are rare to absent in the northern half of the map area. 
Cobble and boulder lags, produced by wave action during 
postglacial marine regression, may cover eskers as well as 
bedrock surfaces between esker segments. Composition 
ranges from fine sand to cobbles, and may change rapidly 
over short distances. In the southern half of the map area, 
small outwash terraces are associated with the esker com- 
plexes. As with eskers, grain size in these terraces is varied. 
Esker-outwash complexes are generally parallel to the domi- 
nant glacial flow direction, and those within the Koignuk River 
valley may be characterized by raised beaches in their flanks 
(Fig. 4d). Such glaciofluvial deposits are potential sources for 
large volumes of granular material. However, the presence of 
permafrost typically results in the formation of ice-wedge 



Current ResearchlRecherches en cours 1998-C 

Figure 4. (a) Glacially sculptured volcanic bedrock outcrop with grooves and striae, south of the Windy 
deposit (GSC 1997-67A). (6) Till veneer and granite bedrock outcrops west of the Koignuk River 
(GSC 1997-67C). (c) Northwest-trending fluted landform consisting of till blanket surrounded by till veneer 
(GSC 1997-67F). (d) Wave-washed northwest-trending esker with beach ridges (GSC 1997-67B). (e) Silty clay 
marine sediments along the Koignuk River. Note small thaw flowslides and unvegetated gullied exposures 
(GSC 1997-670). I f )  Sandy raised beaches (in centre) being covered by solifluction lobes creeping downslope 
(on left), south shore of Melville Sound (GSC 1997-67E) 
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polygons in glaciofluvial sediments. Some eskers and out- 
wash sediments are likely cored by massive ice, and geotech- 
nical investigations should be conducted prior to any 
development. 

Marine sediments 
Marine sediments are the dominant surficial sediment in the 
map area. They are extensive along the coastal lowlands of 
Melville Sound, extending up to 75 km inland in the Koignuk 
River valley, and commonly occupy low bedrock areas along 
the coast of Bathurst Inlet. They provide evidence for 
postglacial marine inundation and subsequent emergence of 
approximately 220 m. They are primarily of three types: 
(1) undifferentiated, massive to well stratified clay and silt 
that may be overlain by a thin sand layer forming a blanket 
>2 m and up to 20 rn or more thick; (2) a veneer ranging in 
composition from clay to sand and gravel <2 m thick that 
covers extensive regions below the marine limit; and 
(3) coarse sand, pebbles, and cobbles of littoral origin (raised 
beaches) found at various elevations from near marine limit 
to present sea level. 

Permafrost has extensively affected marine sediments 
and evidence for this is widespread. In many areas along the 
coast, particularly within the Koignuk River valley, the fine- 
grained marine blanket deposits are gullied and devoid of 
vegetation. Retrogressive thaw flowslides are common along 
streams in this area, with active slides typically >10 m in 

Figure 5. Glacial drainage system as de$ned by eskers and 
outwash sediments. 

diameter and headwalls 1-2 m high (Fig. 4e). Solifluction 
lobes are particularly active in fine-grained marine sedi- 
ments. They show considerable sediment translocation, with 
lobes tens of metres long. Locally, significant downslope 
movement has occurred in recent times as evidenced by soli- 
fluction lobes encroaching on raised beaches near present sea 
level (Fig. 4). Ice-wedge polygons are common on most 
raised beach and sandy littoral sediments. Where littoral sedi- 
ments form laterally extensive veneers over marine silts or 
clays, tundra ponds and low-centre polygons are common. 

Alluvial sediments 
Alluvial sediments comprise silt- to gravel-sized material 
deposited by postglacial streams and rivers. They range from 
massive to well stratified and vary in thickness from 1 to 5 m. 
They are associated with meandering and braided stream 
environments, as well as floodplains and alluvial fans. 

Organic sediments 
Organic sediments consist of peat formed by the accumula- 
tion of fibrous, woody, and mossy plant material up to 1 m or 
more in thickness, locally overlain by a dense grass cover. 
They occur predominantly in poorly drained topographic 
depressions and valley bottoms, and are most noticeable 
below the marine limit where they overlie fine-grained 
marine sediments. Ice-wedge polygons are common in 
organic sediments and are rooted in the underlying glacioflu- 
vial or marine deposits. Frozen ground was encountered at 
depths as shallow as 0.10 m below the surface in peat in late 
summer. 

ICE FLOW PATTERNS 

Figure 6 is a summary diagram of ice flow direction based on 
airphoto identification of ice-streamlined landforms and 167 
striae measurements, as well as on regional observations 
made by Blake (1963) in the Rideout Island/Elu Inlet map 
area. At a few locations in the northeast, crosscutting striae 
were noted, and their relationships record an early west- 
northwestward to north-northwestward flow (1 in Fig. 6), 
although the extent of this event is not known. 

Throughout the southern and central study area, a strong 
pattern of ice flow radiating from the southeast (2 in Fig. 6) is 
apparent. Flow shifts clockwise from west-southwestward in 
the southwest region to westward, northwestward, and even- 
tually north-northwestward in the northeastern region (2 in 
Fig. 6). This flow is responsible for the creation of all stream- 
lined glacial landforms (drumlins and crag-and-tails) in the 
study area. Where Melville Sound meets Bathurst Inlet, the 
northwestward flow rotates anticlockwise to a westward 
flow. Westward flows were also recorded in the coastal zones 
of the northeastern region. Local variations in ice flow direc- 
tions were encountered along the eastern edge of the Buchan 
Hills and are attributed to local topography that deflectingice 
northward along major escarpments. Ice apparently flowed 
preferentially down the northwest-trending axis of the broad 
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108"05' 106'00' 
b b postglacial precursors of Bathurst Inlet and Melville Sound 
m m evolved as a function of isostatic uplift over the last 9000 
CO 
(D (O years. As sea level dropped to successively lower elevations, 

numerous beaches were formed where suitable sediments for 
strandlines were present. It is believed that the region is still 
undergoing uplift. 

PEBBLE LITHOLOGY PROVENANCE 
STUDIES 

Because of their clearly defined source area, their economic 
importance, and the fact that they are easily distinguished 
from sedimentary and granitic clasts, volcanic rocks were 
chosen as indicators to illustrate patterns of glacial dispersal 
and estimate transport distances in aid to mineral exploration. 
Figure 7a shows the percentage (by count) and distribution of 
volcanic pebbles in till over the area. These pebbles occur at 
about 25 per cent of the 95 sites, most of which are underlain 
by volcanic rocks. Figure 7b shows the percentage of granitic 
pebbles that are found at all sample sites. 

The expected distribution of volcanic pebbles involves a 
b m b m sharp decline in clast concentration down-ice from the source 
b b 
(D 

rock and bedrock contact, as illustrated by Shilts (1 975) and 
108"05' 106'00' others. This predicted pattern of clast-content attenuation is 

clearly evident. The pebble distribution map (Fig. 7a) shows 
Figure 6. Summary ice pow diagram. l=oldest flow, that the dominant north-northwestward flow over the Hope 
2=youngestJlow. Bay volcanic belt transported clasts northwestward onto 

granitic terrain to the west. The highest concentrations (up to 
90 Der cent) of volcanic clasts are found in areas underlain bv 
voicanic bkdrock. However, the number of clasts remains 

shallow valley containing the Koignuk Ever. A late focus of generally low (20-40 per cent) even over the volcanic belt 
flow was also directed into Bathurst Inlet. The general radiat- itself. Concentrations decrease rapidly to QO-O per cent 
ing pattern for ice is reflected in the orientation of fluted approximately down-ice from nearest source out- 
landforms. crops. Only 5 per cent of the sites record concentrations up to 

8 per cent bf Golcanic clasts 45 km down-ice. 

GLACIAL HISTORY 

All glacial features in the study area relate to the Late 
Wisconsin glaciation. This region became ice-free by about 
9000 BP (Dyke and Prest, 1987). The oldest reported striae 
(1 in Fig. 6) may represent a northwestward ice advance that 
occurred prior to the establishment of the dominant regional 
patterns, possibly during ice build-up. Alternatively, they may 
be related to early variations in the dominant, final, glacial ice 
flow (2 in Fig. 6). The youngest and most prominent westward 
to north-northwestward ice flow indicators (2 in Fig. 6) likely 
relate to the last phases prior to and during deglaciation, as 
shown by the distribution of eskers, which generally parallel 
this ice flow. The relative age of westward flows in the north- 
east and their relation to flows 1 and 2 are unclear. 

During deglaciation, ice retreated rapidly from the study 
area; this ice retreat occurred simultaneously with the marine 
incursion across isostatically-depressed terrain. Little evi- 
dence exists in this region that can be used to precisely define 
marine limit elevation, but regional data suggest that the 
marine limit was approximately 220 m and was reached by 
9000 BP (Kerr, 1994). The size and configuration of 

Granitic clasts are the dominant pebble lithology through- 
out most of the study area (Fig. 7b), with the majority of sites 
containing almost 90-100 per cent granite. They mask much 
of the volcanic belt and dilute the volcanic clast count. Only 
in the area underlain by sedimentary rocks do the granite 
clasts show any significant decrease in number, even though 
they are present as erratic boulders. The highest concentra- 
tions (up to 95-100 per cent) of granitic clasts are found east 
of the volcanic belt and in the south-central region. A slight 
decrease in concentration (to 80 per cent) east of Bathurst 
Inlet is the result of dilution by sedimentary clasts. These 
clasts may be associated with preexisting outcrops that were 
completely eroded during the last glaciation, or with 
unmapped bedrock covered by surficial sediments. 

IMPLICATIONS FOR DRIFT PROSPECTING 
AND SUMMARY 

Surficial geology mapping and till sampling in the Rideout 
IslandIElu Inlet map area (NTS 760, north half; NTS 77A, 
southwest quadrant) provide regional baseline data for drift 
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Figure 7. (a) Clast lithology map showing contouredpercentages of volcanic pebbles in till with underlying 
bedrock geology. (b) Clast lithology map showing contoured percentages of granitic pebbles in till, with 
underlying bedrock geology. 

prospecting and integrated environmental assessment plan- 
ning. Marine sediments are the most widespread surficial 
deposit, although a till veneer also covers an extensive area. 
The similarity between the two units in this map area makes 
surficial geology mapping particularly difficult and poses a 
problem for drift prospecting. Both units can be represented 
by a wave-washed stony diamicton, which may or may not 
retain a geochemical signature indicative of underlying bed- 
rock. The presence of thick fine-grained marine sediments 
masks much of the underlying till and bedrock. However, as 
noted by BHP Minerals Canada Ltd. geologists working in 
the area and by the authors of this study, it is possible in some 
cases to successfully sample till from these areas for geo- 
chemical purposes. In areas where bedrock protrudes from 
the marine blankets, a discontinuous ring of till can be found 
on the stoss and lee sides of some outcrops. With respect to 
infrastructure development, glaciofluvial deposits and cer- 
tain raised beaches may serve as potential aggregate 
resources, but can contain significant thicknesses of massive 
ground ice. Dominant ice flow directions, corresponding to 
the last ice movement, range clockwise from west- 
southwestward to north-northwestward across the map area, 
and locally westward in certain coastal regions. The effects of 
the last ice flow (2) on the dispersal patterns of pebbles in till 
are evident since the distribution of pebble types reflects the 
predominant northwestward flow, with glacial transportation 

distances being generally less than 5 km except for 
far-travelled erratics (tens of kilometres). In addition, no 
evidence of the earlier flow (1) is found in the distribution of 
volcanic clasts west of the Koignuk River valley. 
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Abstract: The Woodburn Lake Group in the Third Portage and Pipedream lakes area (NTS 56El4 and 
66W1) contains a spectrum of mineral occurrences including massive sulphide, polymetallic vein, vein 
gold and iron-formation-hosted gold, and several distinct varieties of sulphide-bearing iron-formation. 
Different types of occurrences are commonly found in the same area. Genetic links between massive sul- 
phide and pyrrhotite-rich sulphide iron-formation, and between pyrite-rich oxide iron-formation and pyritic 
exhalite, are suggested by similarities in stratigraphic setting and lithogeochemical and geophysical signa- 
tures. Evidence in polymetallic vein occurrences for multiple generations of sulphide-bearing veinslfrac- 
tures, and deformation of both veins and alteration zones, indicate that synvolcanic processes are likely to 
have contributed to metal concentration. Evidence in both pyrrhotite-rich and pyrite-rich varieties of gold- 
bearing sulphide iron-formation is consistent with synsedimentaryfdiagenetic sulphidation of oxide iron- 
formation at or just below the seafloor. 

RCsumC : Dans les regions de Third Portage et de Pipedream Lake (SNRC 56El4 et 66W1). le Groupe de 
Woodburn Lake renferme un large Cventail d'indices rnintralists, notamment des sulfures massifs, des 
filons polymttalliques, de I'or filonien, de l'or encaisst dans des formations de fer rubantes et de nombre- 
uses varittts distinctes de formations de fer rubantes 2 sulfures. Souvent, dans une m&me region, on 
observe differents types d'indices. Des liens genttiques entre les sulfures massifs et les formations de fer 
rubantes B sulfures riches en pyrrhotine de m6me qu'entre les formations de fer rubantes B oxydes riches en 
pyrite et les exhalites i pyrite sont suggtrts par des similitudes quant B leur cadre stratigraphique et i leurs 
signatures lithoghchimique et gtophysique. Les donnks sur les filons polymCtalliques (qui permettent de 
supposer l'existence de plusieurs gtntrations de filonslfractures 2 mintralisation sulfurCe) et l'observation 
de la deformation des filons et des zones d'alt6ration portent i croire que des processus synvolcaniques ont 
pu contribuer B la concentration des mttaux. Les donntes relatives 2 deux varittts de formations de fer 
rubanCes B sulfures rnintralistes en or, soit celles riches en pyrrhotine et celles riches en pyrite, indiquent 
qu'elles d6rivent de la sulfuration synstdirnentaireldiagtnttique deformations de fer rubantes B oxydes sur 
le plancher octanique ou h faible profondeur sous ce dernier. 

Contribution to the Western Churchill NATMAP Project 
Northwest Territories Geology Division, Department of Indian Affairs and Northern Development, Yellowknife, Northwest 
Temtories 
Continental Geoscience Division, Ottawa 
Department of Earth Sciences, Memorial University, St. John's, Newfoundland 
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INTRODUCTION 

The discovery of many gold occurrences in the Woodburn 
Lake Group in the 1980s (Laporte, 1987; Hearn, 1990), includ- 
ing iron-formation-hosted gold at the Meadowbank prospects 
@avidson, 1996; Goff, 1997), has led to considerable interest 
in the economic geology of the area. This paper is a contribu- 
tion to the mineral depositslmetallogenic component of the 
Western Churchill NATMAP program and is based on our 
work in the Third Portage and Pipedream lakes area. It pres- 
ents highlights of petrographic and lithogeochernical investi- 
gations on rocksamples collected during the 1996 field season, 
and additional information from field and laboratory work in 
1997. A mineral occurrence map based on a compilation of 
mineral occurrence data for NTS sheets 56E14 and 66W1 is 
also provided. The overall objectives of this work are a) to 
identify metallogenic domains most favourable for the discov- 
ery of economic deposits within the Woodburn Lake Group; 
b) to develop better empirical exploration guides for these 
deposit types, through documentation of critical features of 
occurrences and their host environments; c) to help develop 
better genetic models for specific deposit types, e.g. iron- 
formation-hosted gold deposits; and, d) to help construct 
regional tectonostratigraphic models. 

The geological and field context for the mineral deposit 
studies has been in part presented by Kjarsgaard et al. (1997) 
and Zaleski et al. (1997a, b). This contribution focuses on 
documenting gold, base-metal, and polymetallic occur- 
rences, and several varieties of sulphide-bearing iron- 
formation. Metallogenic implications are also presented. A 
companion paper in preparation by Jenner at al. (unpub. data) 
will present more detailed information concerning the 
geology and mineral occurrences of the Pipedream L&e area. 
Previous detailed studies on iron-formation-hosted gold 
prospects in the Third Portage area were undertaken by 
Armitage et al. (1996) and Miller and Armitage (1992). 

HIGHLIGHTS OF THE MINERAL 
OCCURRENCE COMPILATION 

A compilation of public-domain information on mineral 
occurrences within the Woodburn Lake Group resulted in the 
capture of data for 118 occurrences in nine 1:50 000 topo- 
graphic sheets. Eighty-three occurrences lie within 56E/4 and 
66W1 (Fig. I), the area covered by Geological Survey of 
Canada Open File 3461 (Zaleski et al., 1997b) and this report. 
As noted by Hearn (1990), two northeasterly trending belts can 
be defined. The northern belt extends from Zing Lake to Hippo 
Lake; the southern belt extends from Third Portage Lake to the 
Ron gold occurrence. Three classes of mineral deposits have 
been identified by commodity. These are 1) gold occurrences 
containing 2000 ppb or more gold, but lacking anomaIous con- 
centrations of base metals, 2) base-metal occurrences contain- 
ing about 1000 ppm or more copper and/or zinc and/or lead 
and/or nickel, but lacking in gold, and, 3) polymetallic vein 
occurrences containing significant gold, lead and/or zinc. The 
gold occurrences are widespread, and include structurally con- 
trolled vein-type gold in a variety of host rocks, as well as those 

hosted by sulphide-rich iron-formation (Third Portage, Goose 
Island and North Portage prospects in the Third Portage area, 
as well as the Moraine Lake and Herb Lake occurrences). The 
vein-type occurrences can be either arsenic-poor as at the 
Hippo and Lakeshore occurrences or arsenic-rich as at the 
Donna and Ron occurrences, whereas gold-rich sulphide iron- 
formation is typically arsenic-poor. The base-metal occur- 
rences are fewest in number and include the volcanic- 
associated pyrrhotite-rich massive sulphide accumulations 
discovered in the Pipedream Lake area in 1996 (Kjarsgaard 
et a]., 1997) and 1997 (Jenner et al., unpub. data). These are 
mostly stratiform accumulations in interlayered felsic and 
komatiitic volcanic rocks and associated volcaniclastic sedi- 
mentary rocks. Polymetallic veins (Sheba, Horace, Tern Lake, 
Cricket, Wally World, and Long Root occurrences) are more 
widely distributed than the massive sulphide showings and 
occur principally within felsic volcanic rocks or quartz-feld- 
spar porphyry bodies of probable intrusive character. Molyb- 
denite has been reported at five occurrences, including the Ron 
occurrence, and four on the Sheba property (two polymetallic 
vein, one base metal, and one gold). 

HIGHLIGHTS OF FIELD INVESTIGATIONS 

Sulphide-bearing iron-formation and related rocks 

Several varieties of sulphide-bearing iron-formation recog- 
nized during field work in 1996 (Kjarsgaard et al., 1997) and 
1997 are located on Figure 1. These include a) cherty, 
pyrrhotiterich, iron-formation in which laterally extensive 
pyrrhotite is spatially associated with iron-silicate-rich bands 
(i.e. Drizzle Bay, South Sheba, West BIF, and Farside Lake), 
b) pyrrhotite-rich, oxideiron-formation in which pyrrhotite is 
dominantly intergrown with magnetite in well laminated, 
cherty, oxide iron-formation (i.e. Third Portage, Goose Island, 
and North Portage), and, c) cherty, pyrite-rich, oxide iron- 
formation in which pyrite dominantly replaces magnetite ad- 
jacent to both discordant quartz veins and bedding-parallel 
quartz veins and/or cherty layers (i.e. Pipedream Lake area). 
For the pyrrhotite-rich occurrences (a and b) the distribu- 
tion of pyrrhotite is not controlled in any consistent way by 
late structures (veins or shear zones). In addition, locales 
of pyritic exhalite (well laminated, thin, but laterally continu- 
ous units containing alternating layers of quartz and pyrite) 
were identified in the Pipedream Lake area. Photographs of 
representative slabs of sulphide iron-formation and pyritic 
exhalite are presented in Figures 2 through 5. 

Polymetallic vein occurrences 

Quartz-sericite schist with disseminated to fracture-filling 
pyrite hosts or occurs in the immediate vicinity of polymetal- 
lic veins at Sheba, Horace, and Long Root occurrences. Simi- 
lar rocks were noted in the vicinity of arsenopyrite-bearing 
quartz veins at the Donna occurrence. Several small patches 
of rusty quartz-sericite schist show tight folds on Donna and 
sericite is intensely crenulated in samples from the Sheba and 
Donna occurrences. 
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At the Horace occurrence, the mineralized zone is about quartz veins as well as some later discordant quartz veins. 
50 m long and 5 m wide, and is best described as an enigmatic The occurrence might represent a deformed stringer zone that 
sulphide-bearing siliceous zone within altered intermediate was once beneath a massive sulphide deposit. 
to felsic tuffs near quartzite. The siliceous zone contains 
mostly layerlfoliation-parallel pyrite-rich accumulations, with A brief visit to the occurrences near the north end of Tern 

minor galena, chalcopyrite, and fluorite, that are spatially Lake indicated that the mineralization is spatially associated 

associated with boudinaged cherty bands andor layer-parallel with one or more, largely layerlfoliation-parallel, boudinaged, 
sulphide-bearing quartz veins that are 15 to 20 cm thick. 

Figure 2. Cherty pyrrhotite-rich oxide-poor iron-formation 

~ l t h o u ~ h  exposurenorth of the lake is poor, the veins might be 
continuous over a distance of about 1 krn. The veins are hosted 
by biotite-chlorite schist (possible intermediate tuff) that has 
interbeds of cherty carbonate-magnetite banded iron- 
formation and talc-bearing schist (possible mafic to ultramafic 
flow or sill). Pynte is the principal sulphide, but chalcopyrite, 
sphalerite, galena, and arsenopyrite are locally abundant. 

HIGHLIGHTS OF PETROGRAPHIC 
INVESTIGATIONS 

Extensive examination of slabs cut from sulphide-bearing iron- 
formation and pyritic exhalite reveals several important observa- 
tions. In aLl three varieties of sulphide-bearing iron-formation, 

Figure 3. Pyrrhotite-rich oxide iron-formation from the Figure 5. Typicalpyritic exhalite from Pipedream Lake area. 
Goose Islandprospect (a andb) in which magnetite (medium 
grey) is replaced by pyrrhotite (light grey). 
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cherty layers andlor largely layer-parallel quartz veins corn- that gruneritelcummingtonite is present in silicate-rich bands 
monly contain significant disseminated sulphide, and these associated with pyrrhotite-rich iron-formation at South 
sulphide-bearing layerslveins are typically tightly folded. . Sheba, Drizzle Bay, Farside Lake, and the West BIF occur- 
We interpret this to imply that significant sulphide was pres- rences. A green amphibole, tentatively identified as horn- 
ent before folding in all varieties and in the two varieties blende, was observed to be intergrown with, or to rim 
developed in oxide iron-formation, sulphide distribution is gruneritelcummingtonite in these samples. Gruneritelcum- 
not restricted to sulphidized magnetite-rich layers. In some mingtonite appears to be less common in occurrences of 
samples of pyritic oxide iron-formation, both discordant 

veins and bedding-parallel veinslcherty layers are 
tightly folded (Fig. 6), indicating that at least some discordant 
veins predate a folding event. Numerous slabs of pyritic 
exhalite contain thin to wispy bands of magnetite that appear 
to have been replaced by pyrite (Fig. 7). 

In slabs of drill core and surface samples from The Sheba 
occurrence, some of the veins and fractures which contain 
galena andlor sphalerite are tightly folded (Fig. 8). Some 
samples show several generations of veins and fractures and 
several different styles of alteration. 

Kjarsgaard et al. (1997) reported that during the 1996 field 
season grunerite/cummingtonite was identified at numerous 
locales of sulphidebearing iron-formation beyond the area of 
the Meadowbank prospects. Reconnaissance studies of pol- 
ished thin sections from all locations sampled in 1996 confirm Figure 7. Pyritic exhalite from Pipedream Lake area 

shwing apparent replacement of magnetite bands by pyrite. 

Figure 6. a) Pyritic oxide iron-fomation and b) pyritic Figure 8. Samples from Sheba polymetallic vein occurrence 
exhalite from the Pipedream Lake area containing tightly showing presence of deformed veins in quartz-sericite schist 
folded pyritic chert layers or layer-parallel quartz veins. (a and b). 
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pyritic oxide iron-formation, possibly because silicate-rich 
bands are rare to absent in such rock. No correlation was 
apparent between the distribution of gold and the distribution 
of grunerite/cummingtonite/homblende. 

HIGHLIGHTS OF LITHOGEOCHEMICAL 
INVESTIGATIONS 

Visual inspection of whole-rock data on 32 elements obtained 
by ICP-MS on 135 samples collected in 1996 indicates sig- 
nificant lithogeochemical differences and similarities among 
the principal sulphide-bearing rock types of the study area. 
Nine elements were identified that are particularly useful in 

characterizing the different rock types: gold, nickel, zinc, 
silver, lead, copper, manganese, chromium, and vanadium. 
Several groups of interrelated elements were also identified. 
These include silver-gold with or without arsenic, nickel- 
cobalt-manganese with or without chromium and vanadium, 
and zinc-silver-lead with or without copper. Table 1 is an 
attempt to summarize the lithogeochemical character of the 
different sulphide-bearing rock types. Average and highest 
values for each of the nine elements are provided as indica- 
tions of relative strength of the different element groups. 

Samples from the massive sulphide occurrence discov- 
ered on George's Island, as well as from several similar 
occurrences in the vicinity, are gold-poor, but contain 

Table 1. Means and highest values for Au, Ag, Cu, Zn, Pb, Ni, Co, Cr, Mn, V, Fe, and S for the seven 
principal sulphide-bearing rock types of the study area (see text) and for sulphide-poor oxide 
iron-formation from nine locales across the region (Fig. 1). 

Iron formation. 
PD, Pipedream Lake; DB, Drizzle Bay; SS, South Sheba; WBIF, West BIF; TP, Third Portage gossan; ML, Moraine 
Lake occurrence; HL, Herb Lake occurrence; TK, Tuktuk Lake; EBIF, East BIF. 
Au is expressed in ppb, Fe and S in wt.%, all others in ppm. 
Information is also presented on the three principal geochemical associations that were identified. The presence of 
anomalous values for the elements that constitute a particular association is indicated b y  a +. The presence o f  
moderately and strongly anomalous values Is indicated b y  ++ and +++, respectively. Background values for the 
elements that constitute a particular association are indicated by a -. For example, sulphide-poor oxide iron formation 
contains background values for all three associations. 

Pyritic 
exhalite 

PD 

12 
122 
634 
2.8 
6.2 
6 1 
157 
50 

450 
101 
567 
118 
486 
18 
71 
183 
278 
179 
657 
20 
26 

16.0 
25.1 
16.0 
29.6 

+ 

++ 

Rock Type 

~ o c a l e ~  

~ a m ~ l e s ~  
Au (Mean) 

Au (Highest) 
Ag (Mean) 

Ag (Highest) 
Cu (Mean) 

Cu (Highest) 
Zn (Mean) 

Zn (Highest) 
Pb (Mean) 

Pb (Highest) 
Ni (Mean) 

Ni (Highest) 
Co (Mean) 

Co (Highest) 
Cr (Mean) 

Cr (Highest) 
Mn (Mean) 

Mn (Highest) 
V (Mean) 

V (Highest) 
Fe (Mean) 

Fe (Highest) 
S (Mean) 

S (Highest) 

A U - A ~ ~  
Ni-Co-Mn 
Zn-Pb-Ag 

' Pyrrhotite. 

Po-rich 
oxide-BlF 

TP 

3 
12173 
17300 

2.9 
4.8 
25 
29 
30 
32 
20 
22 
72 
113 
9 
10 
171 
244 
794 
983 
37 
40 

25.2 
26.3 
6.4 
10.0 

+++ 

Pyritic 
quartz 
vein 

ML and 
TK 

2 
31 45 
3440 
2.0 
2.4 
239 
353 
36 
71 
30 
54 
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anomalous concentrations of nickel, cobalt, manganese, cop- 
per, and zinc. Samples of the pyrrhotite-rich sulphide iron- 
formation from South Sheba and Drizzle Bay occurrences are 
also gold-poor and enriched in nickel, cobalt, copper, and 
manganese. Contents of chromium and vanadium are signifi- 
cantly greater than in the massive sulphide samples. The 
nickel contents at both locales exceed those reported by 
Laporte (1987, p. 112) from his samples of iron-formation in 
the Drizzle Bay area (400,700, and 1200 ppm). In contrast, 
the three samples collected from the pyrrhotite-rich oxide 
iron-formation at the Third Portage prospect are gold-rich, 
but poor in nickel, cobalt, chromium, manganese, copper, 
zinc, and vanadium. 

Samples of finely banded, cherty, pyrrhotite-rich rock 
(Fig. 9) that were collected from the western boundary of the 
West BIF occurrence, about 1 krn west of the Goose Island 
prospect, contain less than 5 ppb gold, anomalous concentra- 
tions of zinc, lead, silver, copper, and vanadium, and suffi- 
cient iron (more than 15 wt. % Fe) to qualify as 
iron-formation. Contents of nickel, cobalt, manganese, and 
chromium are low. This locale is plotted on Figure 1 as a 
base-metal occurrence hosted by sulphide iron-formation. 
The rocks might be described as pyrrhotite-rich 'exhalite'. 

Several samples of pyritic 'exhalite' from the Pipedream 
Lake area contained anomalous concentrations of one or 
more of gold, lead, silver, and zinc. Iron contents consistently 
greater than 15 wt. % indicate that these rocks can be inter- 
preted as a variety of sulphide iron-formation. 

Samples collected from two already-known iron- 
formation-hosted gold showings outside the Meadowbank 
area returned assays equal to or greater than previously 
reported values. Pyritic and locally arsenopyrite-bearing 
oxide iron-formation from just west of Moraine Lake ranged 
from 27 to 43 800 ppb and included values of 32,288,307, 
313, 333, 349, 552, 1170, 1260, 1420, 2140, 2280, 3080, 
5520, and 5790 ppb Au. A pyrite-rich quartz vein assayed 
3440 ppb Au. Previously reported values were 240 and 
4600 ppb Au (DIAND Assessment Report 082906). Pyritic 
oxide iron-formation near Herb Lake returned values of 17, 

19, 321, 367, 1090, and 3020 ppb Au. Previously reported 
values included 7,15,19,23,82,270,790, and 1700 ppb Au 
(DIAND Assessment Report 082906). 

Samples from iron-formation reported to have low gold 
values generally confirmed the previous assays. All nine 
samples from three sites along the East BIF occurrence (about 
1.0 to 1.5 krn east of Third Portage and North Portage pros- 
pects) returned values of less than 20 ppb Au. Seven of eight 
samples of variably sulphidic iron-formation from the West 
BIF occurrence returned assays of less than 1 ppb Au. The 
single anomalous sample from the West BIF occurrence 
returned an assay of 392 ppb Au. It was collected near the 
gold-poor samples, but was from a massive, coarse-grained, 
silicate iron-formation with disseminated pyrrhotite, rather 
than a cherty, well laminated, mixed silicateloxidelsul- 
phide iron-formation. This sample also contained anomalous 
concentrations of nickel, cobalt, chromium, and manganese. 

Eleven samples were collected just north of Tuktuk Lake 
in the vicinity of a previous sample that returned an anoma- 
lous assay of 230 ppb Au (DIAND Assessment Report 
082906). Seven samples of pyrite-bearing iron-formation 
returned gold contents of less than 1,27,29,89,100,104, and 
147 ppb; four samples of pyrrhotite-bearing iron-formation 
assayed 6,12,14, and 20 ppb Au. Further to the north, about 
midway between Farside and Tuktuk lakes, two samples of 
variably sulphidic mixed carbonateloxide iron-formation 
returned quite variable results. One sample, which included a 
pyrite-rich quartz vein cutting locally pyritized oxide iron- 
formation, assayed 2850 ppb Au. The other sample, which 
did not include pyritic vein material, assayed 43 ppb Au. 

Figure 10 illustrates the relationship between gold, nickel, 
and zinc for all samples from 56E14 and 66Hl1. The 
pyrrhotite-rich massive sulphide samples from the Pipedream 
Lake area and pyrrhotite-rich sulphide iron-formation sam- 
ples from the Drizzle Bay and South Sheba occurrences over- 
lap in composition, but are clearly distinct from 
pyrrhotite-rich oxide iron-formation at the Third Portage 
prospect, pyritic, oxide iron-formation and pyritic exhalite. 
Pyritic oxide iron-formation and pyritic exhalite samples plot 
in the central portions of both scattergrams. It is particularly 
noteworthy that some samples of pyritic oxide iron- 
formation are gold-rich (greater than 2000 ppb). These sam- 
ples are from the Moraine Lake and Herb Lake locales & 
above). The two samples of pyritic quartz veins from the 
Moraine Lake and Farside- lake areas (see above) over- 
lap the gold-rich pyritic oxide iron-formation samples. 
Pyrrhotite-rich mudstoneliron-formation from the West BIF 
occurrence is most similar to the pyrrhotite-rich iron- 
formation from Drizzle Bay and South Sheba occurrences, 
and the pyrrhotite-rich massive sulphide occurrences in Pipe- 
dream Lake. Two of these samples contain the highest zinc 
contents (1610 and 2990 ppm) of all samples analyzed. As 
might be expected, sulphide-poor oxide iron-formation from 
across the region (small black dots, Fig. lo), as well as the two 
sulphide-poor samples from the Third Portage gossan, con- 
tain less than 10 ppb Au, 20 ppm Ni, and 100 ppb Zn. 

Figure 9. Pyrrhotite-rich cherty mudstone/iron-formation 
from the West BIF occurrence. 
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HIGHLIGHTS OF GIS-RELATED WORK 

Superimposed mineral occurrences and bedrock geology on 
Geological Survey of Canadaregional(800 m line spacing) total 
field magnetic data reveal a number of interesting features. For 
example, the polymetallic occurrences in both northeast- 
trending belts lie within domains of low magnetic response that 
correspond dominantly with rocks mapped as intermediate or 
felsic to intermediate tuffs, crystal tuffs, lapilli tuffs, and bree 
cias that are locally bedded and transitional to reworked volcani- 
clastic deposits (Fig. 1 1). Furthermore, the domain that hosts the 
polymetaUic occurrences in the Wally World and Long Root 
areas appears to extend southwesterly to include the iron- 
formation-hosted gold prospects in the Third Portage area 

1 

1 1 10 100 1000 10000 

Nickel (ppm) 

1 
1 1 10 100 1000 10000 

Zinc (pprn) 

. S-poor oxide-BlF 

0 Pyrrhotite-rich "mudstone" Pyritic "exhalite" 
a Pyrrhotite-rich iron A Pyritic oxide iron 

formation formation 
l3 Massive sulphlde 0 Third Portage prospect 

Q Pyritic quartz vein 
Other samples (unclassified) 

Figure 10. Gold versus nickel and gold versus zinc 
scattergrams for all samples. The three samples from the 
Third Portage prospect that contain the high gold contents 
are pyrrhotite rich (see Table I ) .  The two samplesfrom the 
Third Portage prospect that contain low gold contents are 
pyrrhotite poor and part of the sulphide-poor, oxide 
iron-formation population of Table I .  

Examination of Figure 11 also indicates that areas of mag- 
netic highs generally correspond with areas of known iron- 
formation although the magnetic anomalies are commonly 
much broader than the extent of mapped iron-formation. Con- 
versely, some areas of known oxide iron-formation, including 
the gold-rich oxide iron-formation at Moraine and Herb lakes do 
not show up as magnetic anomalies on maps derived from 
widely spaced data. This is due to a scale problem related to the 
wide line spacing which can prevent detection of thin units, par- 
ticularly those that are parallel to flight lines. 

In the Pipedream Lake area, Geological Survey of Canada 
regional data merged with a high-resolution magnetic survey 
(100 m line spacing) by McChip Resources (Fig. 12) revealed 
that most of the occurrences of pyritic oxide iron-formation 
and pyritic exhalite are associated with a narrow, but pro- 
nounced and continuous northeast-trending magnetic anom- 
aly that extends from the southern limit of coverage to 
southwest of the Donna property. In marked contrast, the 
pyrrhotite-rich sulphide iron-formation in the Drizzle Bay 
area falls within a smaller, much broader northeast-trending 
anomaly that is more diffuse and less continuous. The differ- 
ences in the two magnetic anomalies are consistent with dif- 
ferences in the character of the iron-formation (weakly 
magnetic, pyrrhotite-rich, oxide-poor iron-formation near 
Drizzle Bay, versus highly magnetic, pyritic, oxide-rich 
iron-formation and pyritic exhalite to the south). There is 
only a weak magnetic response from the massive sulphide 
occurrence on George's Island. 

Shaded relief maps of high-resolution data, in which dif- 
ferences in magnetic values are exaggerated, suggest the 
presence of complex fold-like patterns in the Third Portage 
area (Fig. 13) and enhance the sigmoidal geometry 
within the southern magnetic anomaly in the Pipedream 
Lake area that is suggested in Figure 12. In the latter, 
high resolution Geological Survey of Canada data (200 m 
line spacing) and Cumberland Resources high-resolution 
(nominal 50 rn line spacing) gridded to 20 m were merged. 

The gold-rich prospects at Third Portage, Goose Island, 
and North Portage occur within iron-formation that has a 
somewhat subdued magnetic response with respect to gold- 
poor iron-formation to the south and east (Fig. 13). The mag- 
netic response associated with the gold occurrences is lower, 
narrower, and less continuous than that from the gold-poor 
iron-formation to the south and east. Indeed, the response 
over the occurrences is similar to the response over the West 
BIF occurrence. 

METALLOGENIC IMPLICATIONS 

The two mineralized belts contain representatives of all three 
deposit types as well as occurrences of sulphide iron- 
formation. The different deposit types are commonly found 
within the same geographical area and can be considered 
co-regional in the sense of Hutchinson (1993). This 
co-regionality suggests the possibility of genetic links 
between the different styles of mineralization. 
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Spatial, lithogeochemical, and geophysical linkages 
established between pyrrhotite-rich but gold-poor sulphide 
iron-formation, and base-metal-bearing pyrrhotite-rich mas- 
sive sulphide in the Pipedream Lake area can be interpreted to 
indicate deposition of both rock types by synvolcanic/synsedi- 
mentary processes. A contribution by komatiitic volcanism is 
suggested by the anomalous concentrations of nickel and 
cobalt. Similarly, the spatial link between base-metal-bearing, 
pyrrhotite-rich, but gold-poor sulphide iron-formation, and 
gold-rich, pyrrhotite-rich sulphide iron-formation in the 
Third Portage area is consistent with deposition of at least 
some sulphide iron-formation by synvolcanic/synsedimentary 
processes. 

There appears to be a continuum between many of the 
sulphide-rich rocks that occur in the study area, including 
pyrrhotite-rich massive sulphide, pyrrhotite-rich iron- 

formation, base-metal-rich pyrrhotite iron-formation, pyritic 
exhalite, pyritic oxide iron-formation and possibly gold-rich 
pyrrhotite-rich sulphide iron-formation. All these rocks may 
qualify as stratafers using the terminology developed by Gross 
(1986), who recognized spatial and genetic links between the 
processes that have concentrated a variety of metals in silic- 
eous, iron- and sulphide-rich, largely stratiform sedimentary 
rocks. 

The anomalous concentrations of zinc, lead, silver, and 
gold in some pyritic exhalites in the vicinity of known 
massive sulphide accumulations and polymetallic veins is 
consistent with a chemical sedimentary origin for these 
exhalites. The presence of very thin wispshands of magnetite 
in some samples suggests a genetic link between exhalites 
and cherty, oxide-rich, chemical sedimentary rocks. A 
primary synsedimentary origin is also consistent with the 

Figure 12. Total magnetic field map for the Pipedream Lake 
area based on merged Geological Survey of Canada and 
McChip data. 
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presence of folded pyrite-bearing cherty bandslearly mineralization. This has been demonstrated for many of the 
bedding-parallel quartz veins and discordant quartz veins in gold-rich polymetallic vein occurrences throughout the study 
pyritic oxide iron-formation. The apparent lack of control on area and for the gold-bearing pyritic oxide iron-formation in 
the distribution of significant pyrite by late structures sug- the Pipedream Lake area. Shaded relief maps can enhance 
gests that direct chemical precipitation andlor early sulphida- complex structures as indicated in the area of Third Portage 
tion of iron oxide contributed to deposition of the contained Lake. 
metals (gold, silver, copper, lead, and zinc). This is in con- 
trast to our previous suggestion that occurrences of pyrite- The co-regionality of different styles of mineralization sug- 

rich sulphide iron-formation were 'late' relative to occur- gests that the presence of one type may be a useful exploration 

rences of pyrrhotite-rich sulphide iron-formation (Kjarsgaard guide for another type. For example, massive sulphide and 

et al., 1997). However, both pyrrhotite and pyrite may have polymetallic vein occurrences may indicate potential for iron- 

been concentrated by synsedimentaryldiagenetic processes, formation-hosted gold deposits. The presence of gold-rich 

possibly at different times. pyritic oxide iron-formation may be a favourable indicator for 
Meadowbank-like occurrences and vice versa. Pyrrhotite-rich 

The widespread distribution of gruneritelcummingtonite base-metal occurrences, such as the zinc-rich but gold-poor 
in gold-poor iron-formation suggests that at least some grun- mudstone/iron-formation associated with the West BIF occur- 
eritelcummingtonite is related to regional metamorphism rence, may indicate potential for nearby pyrrhotite-rich gold- 
rather than localized gold-related metasomatism. Arrnitage rich oxide iron-formation, as at Meadowbank. 
et al. (1996) interpreted all the gruneritelcumrningtonite in 
the Third Portage area as a product of late structurally con- 
trolled sulphidation of oxide iron-formation. 

Ongoing work on the Meadowbank prospects indicates that 
the deposits have features typical of both stratiform and non- 
stratifom iron-formation-hosted gold deposits as described by 
Kerswill (1993, 1996). The laterally extensive pyrrhotite-rich 
iron-formation and the absence of late structural control on the 
distributions of sulphur and gold are characteristic of Lupin-like 
stratiform ores. However, the abundance of oxide iron-formation 
and the ubiquitous textural evidence of magnetite replaced by 
pyrrhotite are essential features of non-strat~form ores. Our 
favoured model for the Meadowbank deposits includes synsedi- 
mentaryldiagenetic sulphidation of permeable oxide-rich chemi- 
cal sediments on or near the seatloor accompanied by deposition 
of s i d c a n t  gold. Our observations thus far do not support 
widespread direct precipitation of continuous layers of 
pyrrhotite-rich sulphide iron-formation onto the seafloor and do 
not preclude several stages of introduction of gold Contrary to the 
suggestion of Armitage et al. (1996), no evidence has been seen to 
suggest that all the gold and sulphur at Meadowbank are spatially 
or genetically linked to Proterozoic shear zones. As noted earlier, 
the early sulphidation model may also be appropriate for the 
gold-bearing pyritic oxide iron-formation and pyritic exhalite 
occurrences in the study area 

EXPLORATION GUIDELINES 

The relatively high gold contents of some pyritic oxide iron- 
formation samples indicates that exploration for iron- 
formation-hosted gold deposits need not be restricted to the 
search for pyrrhotite-rich Meadowbank-like targets. 

In view of the probable involvement of synsedimen- 
taryldiagenetic processes in the deposition of some gold in 
iron-formation, explorationists should consider documenting 
critical features of the sedimentary environment, including 
the distribution of all varieties of sulphide iron-formation, 
in their search for ore. 

CONCLUSIONS 

The Woodburn Lake Group is host to a spectrum of mineral 
occurrences including massive sulphide accumulations, 
polymetallic vein gold, vein gold, and iron-formation-hosted 
gold. Several distinct styles of sulphide iron-formation have 
been identified, including pyrrhotite-rich and pyrite-rich 
varieties (pyritic oxide iron-formation and pyritic exhalite). 

Lithogeochernical data can discriminate between varieties 
of sulphide iron-formation in the Woodburn Lake Group, 
including gold-rich pyrrhotite-bearing iron-formation as at 
Third Portage, Goose Island, and North Portage; gold-poor 
pyrrhotite-bearing iron-formation with anomalous concen- 
trations of nickel, cobalt, chromium, and manganese, as at 
South Sheba and Drizzle Bay occurrences; auriferous to 
gold-rich pyritic oxide iron-formation without anomalous 
concentrations of nickel, cobalt, chromium, and manganese, 
as in the Pipedream Lake area; and pyrrhotite-rich, but gold- 
poor sulphide iron-formation with anomalous concentra- 
tions of zinc, lead, silver, and copper, as in the West BIF 
occurrence near the Meadowbank prospects. 

Much work must be done to better constrain the timing of 
the different styles of mineralization within the Woodburn 
Lake Group. Although it is clear that Archean synvol- 

The anomalous concentrations of zinc, lead, silver, and caniclsynse&mentary processes contributed directly t o  the 

gold in some pyritic 'exhalites' in the vicinity of known mas- accumulation of gold-poor massive sulphide and probably 

sive sulphide accumulations, polymetallic veins, and iron- the gold-poor pyrrhotite-rich sulphide iron-formation in the 

formation-hosted gold occurrences suggests that exhalites Pipedream Lake and West BIF occurrence areas, the timing 

may be useful guides to mineralization. of gold introduction in the pyrrhotite-rich and pyrite-rich 
varieties of gold-rich sulvhide iron-formation is still unre- 

Total field magnetic maps, particularly those based on solved. ~v id ince  to date siggests that synsedirnentaryldiage- 
relatively closely spaced flight lines, are useful in identifying netic sulphidation was responsible for concentration of at 
and tracing units that are favourable hosts for various styles of least some pyrrhotite, pyrite, and gold. A growing body of 
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data suggests that the gold-rich polymetallic vein occur- 
rences may be synvolcanic, but the timing of this mineraliza- 
tion relative to deposition of massive sulphide and 
sulphide-rich iron-formation is unclear. Evidence of several 
stages of gold introduction and remobilization in polymetal- 
lic vein and sulphide iron-formation occurrences complicates 
the building of valid genetic models. 
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Geology of the McKellar Bay-Wight Inlet- 
Frobisher Bay area, southern Baffin Island, 
Northwest Territories 

M.R. St-Onge, D.J. Scott, N. Wodicka, and S.B. Lucas 
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St-Onge, M.R., Scott, D.J., Wodicku, N., and  Lucas, S.B., 1998: Geology of the McKellar 
Bay- Wight Inlet-Frobisher Bay area, southern BaBn  Island, Northwest Territories; Current 
Research 1998-C; Geological Survey of Canada, p. 43-53. 

Abstract: Metasedimentary rocks and orthogneiss of the McKellar Bay-Wight Inlet-Frobisher Bay area 
(southern B a r n  Island) occur in recumbently folded and imbricated panels of a southwest-verging fold- 
thrust belt exposed along the hinge zone and southeastern limb of a regional crossfold antiform. Three prin- 
cipal tectonostratigraphic assemblages are recognized. At the lowest structural levels, in the hinge of the 
antiform, are layered monzogranite-granodiorite-tonalite orthogneiss with diorite and rare anorthosite 
(Narsajuaq arc) dated at 1.84-1.82 Ga. Marble, psammite, and semipelite of the 1.93-1.86 Ga Lake Harbour 
Group tectonically overlie this orthogneiss. A ca. 1.95 Ga dominantly monzogranite-tonalite orthogneiss 
(Rarnsay River orthogneiss) occurs at the highest structural levels preserved on the limbs of the regional 
antiform, where it is imbricated with the structurally underlying Lake Harbour Group. Both the Lake Harbour 
Group and Rarnsay River orthogneiss are intruded by the ca. 1.86-1.85 Ga Cumberland batholith. 

RCsumC : Dans la rtgion de la baie McKellar-inlet Wight-hie Frobisher (partie sud de l'ge de Baffin), 
des roches mCtasCdimentaires et de l'orthogneiss se rencontrent dans des panneaux irnbriquts et dtformBs 
en plis couchts d'une zone de plissement et de chevauchement B vergence sud-ouest qui est visible le long 
de la zone charnibre et du flanc sud-est d'une antiforme majeure. Trois assemblages tectonostratigraphiques 
principaux sont reconnus. Aux niveaux structuraux les plus bas, dans la zone charnibre de l'antiforme, un 
gneiss de composition monzogranitique, granodioritique et tonalitique avec diorite et anorthosite rare (arc 
de Narsajuaq) remonte B 1,84-1,82 Ga. Du marbre, de la psammite et de la semipklite du Groupe de Lake 
Harbour (1,93-1.86 Ga) sont sCparCs de l'orthogneiss sous-jacent par un contact tectonique. Aux niveaux 
structuraux les plus Clevts sur les flancs de l'antiforme, sont imbriquts un gneiss decomposition principale- 
ment monzogranitique et tonalitique (orthogneiss de Rarnsay River), qui remonte B environ 1,95 Ga, et le 
groupe sous-jacent de Lake Harbour. Le batholite de Cumberland (environ 1,86-135 Ga) recoupe le Groupe 
de Lake Harbour et l'orthogneiss de Rarnsay River. 
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INTRODUCTION GEOLOGICAL FRAMEWORK 

The third season of fieldwork for the South Baffin project 
focused on the Lake Harbour (NTS 25K) and southern Ann- 
show River (NTS 25N) map areas, Meta Incognita Peninsula 
(Fig. 1, 2). Systematic bedrock mapping at 1:100 000 scale 
(1-2 km traverse spacing) has now been completed for the four 
NTS sheets (25K. L, M, N) in the project area. In addition, key 
areas first examined during the 1995 and 1996 field seasons 
were revisited for updatedlenhanced additional field observa- 
tiom and sampling for geochemishylgeochronology. Bedrock geo- 
logical investigations from the two previous field seasons 
(Hanmer et al., 1996a, b; Scott et al., 1996; St-Onge et al., 
1996b, 1997a, b, c) are summarized in St-Onge et al. (1996a) 
and Scott et al. (1997). Mapping of the surficial deposits at 
1:250 000 scale continued. The second phase of a regional 
aeromagnetic survey of the South Baffin-Hudson Strait area 
was completed in 1997. 

This report presents an overview of the bedrock geology in 
the portion of the project area studied in 1997 and integrates 
observations with those made in previous years. The accompa- 
nying bedrock geology maps are GSC Open File maps 3536, 
3537, and 3538 (St-Onge et al., 1998a,b,c). The results of 
ongoing supporting geochronological studies are reported by 
Wodicka and Scott (1997) and Scott and Wodicka (in press). 
Related thematic studies include a regional Nd-isotopic 
investigation (R. Thtriault, GSC), a metamorphic study of the 
siliciclastic rocks in the area (I. Russell, Queen's University), a 
regional structural study of Big Island @. Copeland, University 
of New Brunswick), and a detailed mapping project in theLake 
Harbour Group north of Kimmirut (E. Piper, Memorial 
University). 

The metasedimentary rocks and orthogneiss in the project 
area (Fig. 1 ,2)  are part of the northeastern (Quebec-Baffin) 
segment of the Paleoproterozoic Trans-Hudson Orogen 
(Lewry and Stauffer, 1990), which comprises tectonostra- 
tigraphic assemblages accumulated on, or accreted to, the 
northern margin of the Archean Superior Province during 
>200 Ma of tectonic activity (Lucas and St-Onge, 1992; 
Lucas et al., 1992; Scott et al., 1992, 1997; St-Onge et al., 
1992,1996a, in press; Scott, 1997, in press). Southern Baffin 
Island is characterized by three orogen-scale stacked tectonic 
elements (St-Onge et al., 1997d; Wodicka and Scott, 1997), 
which include the following map units (from lowest to high- 
est structural level) (Table 1): Level 1, Superior Province 
basement and Povungnituk Group (St-Onge et al., 1996a); 
Level 2, Narsajuaq arc (Scott, 1997); Level 3, Lake Harbour 
Group (Jackson and Taylor, 1972), Ramsay River ortho- 
gneiss (see below), and Blandford Bay assemblage (Scott 
et al., 1997). The Cumberland batholith (Blackadar, 1967) 
has intruded all units in Level 3. 

The map pattern on Meta Incognita Peninsula is largely 
controlled by interference between late orogenic, orogen- 
parallel folds (north- to northwest-trending) and crossfolds 
(northeast-trending). In the McKellar Bay-Wight Inlet- 
Frobisher Bay area (Fig. 2), at the lowest structural levels 
exposed along the antiformal hinge zone of a northeast-trending 
crossfold between Kimrnirut and Barrier Inlet (Fig. 2), 
Level 2 comprises layered monzogranitegranodiorite-tonalite 
gneiss with diorite and rare anorthosite sheets. These units, 
dated at 1.84-1.82 Ga (Scott, 1997; Wodicka and Scott, 1997), 
have been correlated with the Narsajuaq arc in northern 
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Quebec (St-Onge et al., 1992; Dunphy and Ludden, in press). 
The Lake Harbour Group, found in Level 3, tectonically over- 
lies Level 2 and includes marble, psammite, and semipelite 
intruded by mafic and locally layered mafic-ultramafic sills 
(Scott et al., 1997). The youngest detrital zircons in the Lake 
Harbour Group are 1.93 Ga, whereas the group is cut by the 
1.86 Ga Cumberland batholith (Scott and Gauthier, 1996; 
Scott, 1997). Along the antiformal hinge zone of the cross- 
fold, Lake Harbour Group supracrustal units are preserved 
within Level 3 structural basins or klippen that result from the 
interference of the two regional fold sets (Fig. 2). In contrast, 
on the northwest and southeast limbs of the antiform, Lake 

Harbour Group rocks occur within kilometre-scale panels 
that are bounded by thrust faults (cf. Scott et al., 1997, and 
below). The dominantly monzogranitic to tonalitic gneiss 
mapped in Level 3 is informally referred to as the Ramsay 
River orthogneiss (Fig. 2). It is dated at ca. 1.95 Ga (Scott and 
Wodicka, in press) and is interpreted to be imbricated with 
units of the Lake Harbour Group. Both the Lake Harbour 
Group and the Ramsay River orthogneiss are intruded by 
monzogranite plutons of the Cumberland batholith (Fig. 2) 
dated at ca. 1.86-1.85 Ga (Jackson et al., 1990; Wodicka and 
Scott. 1997; Scott, in press). 

structural level 

Figure 2. Generalized geology of the project area. BB=Blandford Bay, BI= Barrier 
Inlet, McB=McKellar Bay, WI= Wight Inlet. 
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Table 1. Deformation-metamorphism framework for project area 

~tructural level (5'14) 

Age (Ga) 
3.22-2.74(1s2.3.4861 

>2.04-1.9~'"~ 

ca. 1 .95p1 

d .93, >1 . ~ 8 ( ~ ~ ~ . ' ~ ~  

ca. 1.87 (?)(ll' 

> l  .86'1°) 

1.66-1.8~'~"~"" 
ca. 1.84(~,~) 

1 ,84-1,82(4867n91 

,82-1 ,79(3.6.7,9.10.11) 

ca. 1 .79-1.78'6'01 

ca. 1 .76'1'8'11J 

<1 .76'11' 

(1) Parrish (1969) 
(2) St-Onge et al. (1992) 
(3) Scott and St-Onge (1995) (8) Smn and Gauthler (1996) (13) S W ~  (In press) 
(4) Lucas and St-Onge (1 995) (9) scan (1 997) (14) St-Onge et al. (in press) 
(5) Wodlcka and S C O ~  (1997) (10) smn et al. (1997) 

Lower plate 
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- 1  - - 1  - 
Oranuliie-facies arc plutonism. 
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Accumulation of rm-RII 
claslic and volcanic 
rocks 

D 1 

basal shear zone deformation SW-directed thrusling 
and folding (Cape Smith 
Belt), basal shear zone 
deformation 

M 1 

retrogression of granullte-facies pmgrade 
assemblages. development of metamorphism, 
mineral foliation development of mlneral 

foliation 

Upper plate 
Lake Harbour Ramsay River Blandford Bay 

Narsajuaq arc ' Group orthogneiss assemblage 
- 2 - - 3 - - 3 - - 3 - 

Granulite-facies (7) arc 
plutonism, deformation, 
development of 
mmposnional layering 

Deposltlon of platformal Deposition of clastlc 
clastic and carbonate units (basement 
units (basement unknown), emplacemen 
uncertaln), emplacement of mafic and ultramafic 
of malic and ultramafio sills 
Sllls 

D 1 
(7) SWdirected imbrication imbrication 
thrusting and folding 

emplacement of Cumberland batholith 
M I 

prograde upper retrogression of prograde upper 
amphlbolite facles granulite-facles amphlbolite facies 
metamorphism. assemblages metamorphism. 
development of mineral development of mineral 
foliation foliation 

D,IMl- 
Granulite-facles arc 
plutonkm, deformation. 
development of 
compositional layering 1- D2 

SW-directed basement SW-directed thrusting 
imbrication 

retrogression of granulite-facles prograde upper 
assemblages, foliation amphlbollte facies 
development metamorphism, foliation 

development 

Accretion to Superior A m t l o n  to Nanajuaq 
margin. imbrication, and arc, SW-directed 
recumbent folding thrusting and recumbent 

folding 
M 2 

retrogression of retrogression ol upper amphlbolite and granulite 
granulite-facles facias assemblages, foliation development 
assemblages, foliation 
development 

emplacement of postaccretion syenogranlte - -- - emplacement of - 
posnectonic syenne 

D 3 

SW-vergent folding 
about NW axes, 
cleavage development. 
emplacement of 
syenogranlte pegmatite 

D4 
upright folding about 
NNE axes 

(6) Machado et al. (1993) (1 1) Lucas and St-Onge (1992) 
(7) Smn and Wodicka (In press) (12) Jackson eta!. (1990) 
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DESCRIPTION OF THE 
TECTONIC ELEMENTS 

Narsajuaq arc or tho~neiss  

Several types of orthopyroxene-bearing, compositionally 
layered metaplutonic rocks (i.e. layered monzogranite- 
granodiorite-tonalite gneiss; monzogranite gneiss) occur at 
the lowest structural levels exposed along the southeast coast 
of the project area (Fig. 2; St-Onge et al., 1998a, b, c). These 
rocks are in physical continuity with and/or are lithologically 
similar to plutonic rocks in the Kimmirut area and the north 
shore of Big Island (Fig. 2) that have been dated at between 
1.84-1.82 Ga and correlated by Scott (1997) and Wodicka 
and Scott (1997) with similar units in the 1.86-1.82 Ga 
Narsajuaq arc of northern Quebec (St-Onge et al., 1992; 
Dunphy and Ludden, in press). 

Figure 3. Layered monzogranite-granodiorite-tonalite 
gneiss (Narsajuaq arc) east of Kimmirut. T= tonalitic layers; 
D=quartz dioritic layers; M=monzogranitic layers. Hammer 
is 35 cm long. 

Layered monzogranite-granodiorite-tonalite gneiss 

Crosscutting field relationships indicate that the oldest 
Narsajuaq arc plutonic unit in the project area (Fig. 2) is a lay- 
ered, fine- to medium-grained, grey to buff orthopyroxene- 
biotite+hornblendekgarnet tonalitic orthogneiss with subor- 
dinate grey orthopyroxene-biotitekhornblende granodiorite 
layers and pink monzogranite sheets and veins (Fig. 3). Com- 
positional layering in the orthogneiss is typically a few centi- 
metres in thickness and is laterally continuous for several tens 
of metres. Lenses, layers, and locally discordant dykes 
(Fig. 4) of dark hornblende-biotite-clinopyroxenef orthopyr- 
oxene quartz diorite, up to several metres thick, commonly 
form an integral component of the orthogneiss. The tonalitic, 
granodioritic, and quartz-dioritic components are crosscut by 
concordant (Fig. 3) to discordant (Fig. 5) veins of medium- 
grained orthopyroxene-biotitekhornblende monzogranite 
and by rare coarse-grained hornblende-biotitekorthopyr- 
oxene-syenogranite. Grey anorthosite layers (Fig. 6) u p  to 
several tens of metres thick and over 1 km in strike length are 
part of the monzogranite-granodiorite-tonalite unit 
about 40 lan northeast of McKellar Bay (Fig. 2). 

Figure 4. Quartz diorite dyke (dark) in monzogranite- Figure 5. Quartz diorite dyke (dark) cut by monzogranite 
granodiorite-tonalite gneiss (Narsajuaq arc) south of (light) (Narsajuaq arc) south of McKellar Bay. Hammer is 
McKellar Bay. Hammer is 35 cm long. 35 cm long. 
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Figure 6. Anorthosite layer (Narsajuaq arc) 40 km northeast 
of McKellar Bay. Hammer is 35 cm long. 

Monzogranite gneiss 

Large areas of Narsajuaq arc (Fig. 2) are underlain by 
medium-grained orthopyroxene-biotitekhornblende monzo- 
granite gneiss that intrudes the layered tonalite-monzogranite 
gneiss described above. These rocks weather light grey to 
pink and are composed of variously foliated layers < lo  cm 
thick that differ principally in biotite content. Coarse-grained 
and locally megacrystic layers can reach 100 m in thickness. 
Hornblende-clinopyroxene-orthopyroxene-biotite quartz 
diorite layers are common. 

Lake Harbour Group 

The marble, psammite, and semipelite in the eastern portion 
of the project area are along strike from, or lithologically 
similar to, rocks of the Lake Harbour Group examined previ- 
ously (St-Onge et al., 1996a; Scott et al., 1997). Two litho- 
logically and geographically distinct sequences were 
recognized within these su~racrustal rocks. Along the south- 

layers within garnet-biotite semipelite, the latter generally 
subordinate within the psammite. The psammite and semipe- 
lite are generally rusty weathering and characterized by trace 
amounts of disseminated graphite, pyrite, and chalcopyrite. 
The orthoquartzite occurs as discrete layers with total thick- 
nesses of several metres. It often contains graphite, locally 
contains minor plagioclase, and is strongly recrystallized. 
Primary sedimentary features such as crossbedding are only 
rarely preserved within the siliciclastic rocks. White monzo- 
granite, rich in lilac garnet, is a ubiquitous constituent within 
the siliciclastic package, occumng as concordant layers or 
pods less than 0.5 m thick (Fig. 8). Locally, it outcrops as 
discrete tabular bodies several metres thick. 

Marble and calcsilicate rocks 

Most of the calcareous rocks are medium grained to coarse 
grained and are locally characterized by compositional layer- 
ing defined by varied modal proportions of calcite, forsterite, 
humite, diopside, tremolite, phlogopite, spinel, and wollasto- 
nite. Individual layers range from centimetres to metres in 
thickness and can be traced for tens of metres along strike. 

- u 

ern coastal inlets and riv&dleys between ~a.rri& Inlet and Figure 7. Psammite ( P )  with granitic veins (G) (Lake 
68"W (Fig. 21, the Lake Harbour Group comprises interlay- Harbour Group) east of Wightlnlet. Hammer is35 cm long. 
ered garnetiferous psamrnite, semipelite, and pelite (minor 
orthoquartzite) overlain by prominent, laterally continuous to 
boudined bands of pale grey to white marble and calcsilicate 
rocks ("Kimmirut sequence" of Scott et al., 1997). Inland, 
exposures of the Lake Harbour Group are dominated by 
garnetiferous psammite interlayered with semipelite and 
pelite and are essentially devoid of marble and calcsilicate 
rocks ("Markham Bay sequence" of Scott et al., 1997). Both 
sequences are intruded by generally concordant sheets of 
mafic to ultramafic rocks. 

Psammite, semipelite, pelite, and orthoquartzite 

Compositional layers within the psammite range from centi- 
metres to tens of centimetres thick and can be traced for up to 
hundreds of metres along strike. They are defined by varia- 
tions in the modal abundance of quartz, biotite, Lilac garnet, 
cordierite, sillimanite, and granitic melt pods (Fig. 7). Figure 8. Garnet-biotite-granitic melt+cordieritepsammite 
Garnet+cordierite+sillimanite pelite typically occurs as thin (Lake Harbour Group) north of Kimmirut. Pen is 15 cm long. 

48 
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Calcsilicate rocks are commonly interlayered with siliciclastic 
rocks and generally associated with marble. Thicknesses of 
individual calcareous rock sequences typically range from 
about 1 km north of Kimmirut to about 200 m in the Wight 
Inlet area (Fig. 2). Individual marble units can be traced from 
5 to 25 km along strike. No primary structures were observed 
in the calcareous rocks. 

Mafic and ultramafic rocks 

Generally concordant sheets of medium- to coarse-grained 
mafic to ultramafic rocks occur within both sequences of the 
Lake Harbour Group (St-Onge et al., 1998a, b, c). Individ- 
ual bodies are typically 10 to 20 m thick, although some 
;each a few hundied metres in thickness, and extend up to 
several kilometres along strike. Metagabbroic textures 
(Fig. 9) and compositional layering defined by variations 
in modal abundance of clinopyroxene, orthopyroxene, 
hornblende, and plagioclase are commonly preserved in 
the mafic bodies. The concordant nature, tabular shape, 
and sharp contacts of these bodies suggest that they are 
sills. Several ultramafic bodies, either clinopyroxene- 
orthopyroxene_+hornblende metapyroxenite or olivine- 
clinopyroxene-orthopyroxene metaperidotite, were 
observed (St-Onge et al., 1998a, b, c). In one locality, a 
metadunite sill several hundred metres -in strike length 
(St-Onge et al., 1998b) is characterized by chromite seams 
several millimetres thick. 

Ramsay River orthogneiss 

Buff- to pink-weathering layered orthopyroxene-biotite+ 
hornblende dominantly monzogranite-tonalite orthogneiss 
(Fig. 10) occurs on both limbs of the northeast-trending 
Kirnmirut-Frobisher Bay antiform (Fig. 2). The orthogneiss 
in the eastern portion of the project area is along strike from 
orthogneiss that is intruded by the Cumberland batholith (see 
below; Fig. 2) in the Frobisher Bay area and that is correlated 
with metaplutonic gneiss mapped on the northwestern limb of 
the antiform (Scott et al., 1997) and dated by Scott and 

Figure 10. Monzogranite-tonalite orthogneiss (Ramsay 
River orthogneiss) north of Wight Inlet. Hammer is 35 cm 
long. 

Wodicka (in press) at ca. 1.95 Ga. In most outcrops examined in 
the eastern region, the momgranitetonalite gneiss is interlay- 
ered with subordinate, boudined, and discontinuous layers of 
quartz diorite. All components of the gneiss are crosscut by 
veins of white to pink biotite monzogranite and syenogranite 
that range from well foliated to relatively massive and from a 
few centimetres to more than 10 m in thickness. Similarities 
in rock type, mineral assemblage, and strain state suggest that 
the monzogranite and syenogranite veins are related to and 
possibly comagmatic with plutons of the Cumberland batho- 
lith (see below) that intrude this unit in the Wight Inlet area 
(Fig. 2). 

The orthogneiss may represent the stratigraphic basement 
to the Lake Harbour Group (1.93-1.86 Ga; Table 1). This, 
however, is difficult to determine in the field as all observed 
contacts between orthogneiss and supracrustal units are tec- 
tonic. The age of the orthogneiss and its spatial association 
with the younger Lake Harbour Group, both restricted to 
Level 3 (Fig. 2), suggest that a primary stratigraphic link is 
possible. 

Cumberland batholith 
Coarse- to medium-grained massive to foliated metaplutonic 
rocks in the northern and eastern portions of the McKelIar 
Bay-Wight Inlet-Frobisher Bay area occur along strike from 
and are continuous with extensive regions underlain by the 
Cumberland batholith (Fig. 2; Blackadar, 1967; Jackson and 
Taylor, 1972; Scott et al., 1997; St-Onge et al., 1997b, c). The 
continuity of plutonic rocks suggests that plutonic rocks in 
the eastern portion of the project area are also part of the 
1.86-1.85 Ga batholith (Jackson et al., 1990; Wodicka and 
Scott, 1997; Scott, in press). 

The principal rock type mapped in the southeastern 
Cumberland batholith is a tan- to pink-weathering massive to 
weakly foliated orthopyroxene-biotite monzogranite. Along 
a number of well exposed contacts, monzogranite truncates Figure 9. Metagabbro fLoke Harbour northeast Of Ramsay River orthogneiss and L d e  Harbour kup host Wight Inlet. Pen is 15 cm long. rocks (Fig. 1 l), indicating that intrusion followed the initial 
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Pre-DI and Dl deformation and metamorphism 
(Level I )  

Figure 11. Cumberland batholith monzogranite ( M )  
intrusive into Lake Harbour Group psammite (P)  northwest 
of Wight Inlet. Hammer is 35 cm long. 

juxtaposition of the orthogneiss and supracrustal units (see 
below). In the southern parts of the area, isolated kilometre- 
scale plutons of pink orthopyroxene-biotite monzogranite 
(Fig. 2; St-Onge et al., 1998b, c), one of which has been dated 
at 1.85 Ga (Wodicka and Scott, 1997), are interpreted to be 
part of the Cumberland magmatic system. 

DEFORMATION AND METAMORPHISM 

The completion of systematic regional mapping, the re- 
examination of key outcrops in previously mapped areas, and 
new geochronological data (Wodicka and Scott, 1997; Scott and 
Wodicka, in press) have facilitated the development of a com- 
prehensive structural and metamorphic framework for the entire 
project area (Table 1). Deformation and metamorphism are po- 
lyphase, with at least three regional episodes of compression and 
one thermal event common to all tectonostratigraphic units 
(Table 1; Scott et al., 1997). The tectonothermal evolution is 
described in the following paragraphs, using the deformation- 
metamorphism framework outlined in Table 1. Age references 
are given in Table 1. 

The oldest deformation structures and mineral assemblages 
recognized in the project area are found in the Level 1 
Archean orthogneiss on Big Island (Fig. 1,2), which is corre- 
lated with the Superior Province in northern Quebec 
(St-Onge et al., 1996a). In northern Quebec, plutonism, con- 
comitant granulite-facies metamorphism, and deformation 
range in age from 3.22 to 2.74 Ga (Table 1). The accumula- 
tion of the >2.04-1.92 Ga (Table 1) Povungnituk Group on 
this orthogneiss is interpreted to record Paleoproterozoic rift- 
ing of the northern Superior Province (St-Onge and Lucas, 
1990, and references therein). Lucas and St-Onge (1992) 
defined Dl (regular sequence) thrusting deformation and 
associated M1 prograde metamorphism of the Povungnituk 
Group rocks in the Cape Smith Belt as an event that predated 
theNarsajuaq arc and may have been initiated by ca. 1.87 Ga. 
D1/M1 deformation structures and assemblages have not 
been recognized on Big Island. 

Dl deformation and MI metamorphism (Level 2) 

On southern Baffin island, the age of arc plutonism. M1 
granulite-facies metamorphism, Dl deformation, and the 
development of compositional layering in the metaplutonic 
rocks of the Narsajuaq arc (Lucas and St-Onge, 1995) is 
bracketed at between 1.84 and 1.82 Ga (Table 1). In northern 
Quebec, the age of plutonism and Dl/M1 deformation struc- 
tures and assemblages is bracketed at between 1.86 and 
1.82 Ga (Lucas and St-Onge, 1992). 

Dl deformation and MI metamorphism (Level 3) 

Crosscutting field relations (St-Onge et al., 1997a, b) indicate 
that early map-scale Dl imbrication of the Ramsay River 
orthogneiss, the Lake Harbour Group, and the Blandford Bay 
assemblage within Level 3 (Scott et al., 1997) predates 
emplacement of the 1.86-1.85 Ga Cumberland batholith 
(Table 1). Prograde M1 metamorphism of the Lake Harbour 
Group (Fig. 8) and Blandford Bay assemblage, and retrogres- 
sion of granulite-facies assemblages in the Ramsay River 
orthogneiss, are constrained at ca. 1.84 Ga (Table 1). 

D2 deformation and M2 metamorphism 

The D2 deformational event is defined as the oldest compres- 
sional deformation event that affects all tectonostratigraphic 
elements in the project area (Table 1). It involves (1) accre- 
tion of the imbricated Lake Harbour Group, Blandford Bay 
assemblage, and Ramsay River orthogneiss package (Level 3) 
to the metaplutonic rocks of the Narsajuaq arc (Level 2); 
(2) accretion of the Narsajuaq arc (Level 2) to the northern 
margin of the Superior Province (Level 1); and (3) imbrica- 
tion of Povungnituk Group and Archean basement units 
(Level 1). The D2 event is bracketed (Table 1) between the 
youngest (1.82 Ga) dated unit in theNarsajuaq arc and the age 
of emplacement (1.79 Ga) of a postaccretion syenogranite 
dyke. The presence of numerous repetitions and truncations 
of distinct tectonostratigraphic units and the overall ramp-flat 
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fault geometry of the D2 structures (Scott et al., 1997; 
St-Onge et al., 1997a, b; St-Onge et al., 1998a, b, c) suggest 
that juxtaposition of the units occurred along a system of 
southwest-verging thrust faults. These thrusts are commonly 
associated with development of mylonitic fabrics over thick- 
nesses of metres to tens of metres (Fig. 12). In addition, D2 
thrust faulting was accompanied by outcrop-scale (Fig. 13) to 
map-scale recumbent folding (St-Onge et a]., 1998a, b). In 
detail, the recumbent folds deform D2 thrust faults and the 
principal foliation/gneissosity and are themselves cut by 
younger D2 faults. The recumbent folds deform D I N l  fab- 
rics in rocks of levels 2 and 3. 

D2 deformation is characterized by a distinct M2 meta- 
morphic event involving retrogression of granulite facies 
and upper arnphibolite facies assemblages in the Archean 
basement, Narsajuaq arc, and Lake Harbour Group 
(Wodicka and Scott, 1997), and growth of thermal-peak 

mineral assemblages in the Povungnituk Group (cf. Lucas 
and St-Onge, 1992). In the hinge zone of the D2 recumbent 
folds (Fig. 13), growth of retrograde M2 sillimanite-biotite- 
quartz at the expense of MI garnetkcordierite (Fig. 14) in 
psammite of the Lake Harbour Group led to the progressive 
development of a new schistose D2 axial planar fabric 
(Fig. 15). 

Massive syenogranite dykes and syenite plugs, which are 
discordant to the principal deformation fabrics in host rocks 
of all three structural levels, were emplaced ca. 1.79-1.78 Ga 
(Table 1). This age range provides a lower bracket for the age 
of the D2 accretion event on southern Baffin Island. In addi- 
tion, the documentation of 2.84 Ga zircon inheritance in a 
syenite north of Kimmirut (Fig. 2; Scott, 1997) suggests that 
the Superior Province basement extended at least that far 
north beneath rocks of levels 2 and 3 (Scott, 1997; St-Onge 
et al., in press). 

Figure 12. D2 thrust contact between layered monzogranite- Figure 14. M2 sillitnanite-biotite assemblage with relict MI 
granodiorite-tonalite gneiss (G) (Narsajuaq arc, hanging garnet in psammite (Lake Harbour Group), northeast of 
wall) and marble (M) (Lake Harbour Group, footwall), west of Kimmirut. Pen is 15 cm long. 
Barrier Inlet. Note the development of a D2 mylonitic fabric 
(My) in the orthogneiss above fault. Hammer is 35 cm long. 

Figure 13. D2 recumbentfoldofM~ com~ositionalfabric in a Figure 15. M2 sillimanite-biotite assemblage depning schistose 
~sammite (Lake Elarbour Group), northeast of Kimmirut- D2 fabric in psammite (Lake Harbour Group), northeast of 
Fold hinges highlighted with arrows. Pen cap is 4 cm long. Kimmirut. Pen is 15 cm long. 

5 1 
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D3 deformation 

Both Dl and D2 fault and fold structures have been reoriented 
by northwest-trending D3 folds. The D3 folds range from 
metre scale (Fig. 16) to map scale (Fig. 2; St-Onge et al., 
1998a, b, c) and display a consistent southwest-verging 
asymmetry. The D3 folding is evident at map scale from the 
large synform cored by Level 3 units northwest of Kimrnirut 
and the northwest-striking antiforrn cored by Level 2 units 
southwest of Frobisher Bay (Fig. 2). The numerous klippen 
of Lake Harbour Group rocks north and east of Kimmirut 
(Fig. 2; St-Onge et al., 1998a, b, c) are second-order refolded 
D3 synforms. D3 folding in northern Quebec occurred at ca. 
1.76 Ga (Table 1; Lucas and St-Onge, 1992). 

D4 deformation 

Upright refolding (Fig. 17) of all structural elements about 
north-northeast-trending axes generated the large D4 cross- 
fold antiform that dominates the map pattern between 
Kimmirut and Frobisher Bay (Fig. 2). D4 refolding of D3 

Figure 16. D3 southwest-verging folds of psammite (Lake 
Harbour Group) northeast of Kimmirut. Hammer is 35 cm 
long. 

synformal keels created the series of Mippen of Level 3 units 
(Fig. 2) along the D4 antiformal hinge zone. The interference 
of D3 and D4 folds is what generated sufficient structural re- 
lief in the area to allow the study of the architecture of the 
South Baffin orogenic belt and its three principal structural 
levels at the present erosion surface. D4 folding in northern 
Quebec occurred between 1.76 and 1.74 Ga (Table 1 ; Lucas 
and St-Onge, 1992). 

ECONOMIC POTENTIAL 

Mafic and ultramafic sills in siliciclastic rocks of the Lake 
Harbour Group in the McKeUar Bay-Wight Inlet-Frobisher 
Bay area may present conditions favourable for the formation 
of magmatic Cu-Ni sulphide mineralization. The largest sills 
are indicated on the 1:100 000 maps of St-Onge et al. 
(1998a. b, c). Serpentinized ultramafic rocks have been iden- 
tified in a number of localities in the map area, some of which 
may provide material suitable as carving stone. 
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Progress report: Precambrian geology, Angikuni 
Lake area, District of Keewatin, Northwest 
Territories ' 

L.B. ~ s ~ l e r ~ ,  J.R. chiarenzelli3, K.B . powis4, and B .L. cousens5 
Continental Geoscience Division, Ottawa 

Aspler, L.B., Chiarenzelli, J.R., Powis, K.B., and Cousens, B.L., 1998: progress report: 
Precambrian geology, Angikuni Lake area, District of Keewatin, Northwest Territories; &t 

Current Research 1998-C, Geological Survey of Canada, p. 55-66. 

Abstract: Near Angikuni Lake, greenschist-grade remnants of ca. 2.68 Ga m d c  to felsic volcanic, sili- 
ciclastic, and carbonate sequences were deposited in shallow water on transitional, if not continental, crust. 
Initial isotopic and geochemical data indicate that the volcanics are mantle-derived tholeiites, consistent 
with back-arc basin deposition. Amphibolite-grade granitic to gabbroic gneiss complexes formed during ca. 
2.61 Ga plutonism and structural disruption of the supracrustal rocks, and are not basement. To the east, a 
northeast-trending, near-vertical, strike-lineated, dextral, mylonitic shear zone juxtaposes greenschist 
supracrustal rocks against amphibolite gneisses. It may be kinematically linked to a northwest-trending, 
shallowly north-dipping, dip-lineated, north-side-down shear zone to the southwest. Both shear zones and 
synkinematic tholeiitic plutonic rocks represent a distributed Snowbird tectonic zone, likely formed in an 
intracontinental setting late in the evolution of the Ennadai-Rankin greenstone belt. Paleoproterozoic 
Dubawnt Supergroup outliers outcrop across the area and define two northeast-trending sub-basins. 

RCsumC : A proximitk du lac Angikuni, des vestiges mttamorphisks au faciss des schistes verts de 
stquences carbonatkes, silicoclastiques et volcaniques mafiques B felsiques datant d'environ 2,68 Ga ont Ct6 
dtposts en eau peu profonde sur une crofite intermkdiaire, voire continentale. Les donnies isotopiques et 
g6ochirniques prkliminaires indiquent que les roches volcaniques sont des tholkiites mantelliques, ce qui est 
compatible avec un dkp6t en bassin d'amkre-arc. Des complexes gneissiques granitiques B gabbro'iques du 
facibs des amphibolites se sont formCs il y a environ 2,61 Ga au cours d'un 6,pisode de plutonisme et de per- 
turbation structurale des roches supracrustales et ne font pas partie du socle. A l'est, une zone de cisaillement 
dextre mylonitique de direction nord-est, quasi verticale et 2 linkation dans le sens de la direction, juxtapose 
des roches supracrustales du facibs des schistes verts contre des gneiss B amphiboles. Cette zone est peut- 
Ctre li6e cinematiquement B une zone de cisaillement au sud-ouest dont le cBtt nord aktk abaisd, la direction 
est nord-ouest, lefaible pendage est vers le nord et lalintation est dans le sens du pendage. Les deux zones de 
cisaillement et les roches plutoniques tholkiitiques syncintmatiques reprksentent la zone tectonique de 
Snowbird, qui s'est vraisemblablement formke dans un milieu intracontinental au cours d'une phase tardive 
de 1'~volution de la ceinture de roches vertes d'Ennadai-Rankin. Des buttes tkmoins du supergroupe palto- 
protkrozo'ique de Dubawnt affleurent dans l'ensemble de la rtgion et dkfinissent deux sous-bassins de direc- 
tion nord-est. 
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INTRODUCTION 

Modem integrated study is needed to test provisional paleo- 
geographic and tectonic models for the western Churchill 
Province and to evaluate if the Rae and Hearne provinces 
were parts of a Neoarchean supercontinent (Fig. 1; Aspler 
and Chiarenzelli, 1996; in press). Herein we report prelimi- 
nary geological, geochemical, isotopic, and geochronologic 
results from a multiyear project based on 1 :50 000 scale map- 
ping near the western flank of the H e m e  Province, in the 
Angikuni Lake area (Fig. 2). This work is a component of the 
Western Churchill NATMAP Project and compliments stud- 
ies in other parts of the Ennadai-Rankin greenstone belt 
(Fig. 2) near Kaminak Lake (Hanmer et al., 1998 a, b) and 
Yathkyed Lake (Relf et al., 1998). 

Building on work by Blake (1980), Tella and Eade (1985) 
and Eade (1986), the present study is directed toward 
1) addressing uncertainties in the configuration of Mesoar- 
chean basement, the depositional setting, age, and tectonos- 
tratigraphy of Neoarchean supracrustal rocks, and the record 
of Neoarchean plutonic, metamorphic, and structural events; 
2) evaluating the significance of the boundary between the 
Hearne and Rae provinces (Snowbird tectonic zone); and 
3) determining the nature of Paleoproterozoic crustal reacti- 
vation during development of Baker Lake Basin (Figs. 1,Z). - ca. 2.45 - 2.1 Qa supracrustal rocks: phaneroloic cover 

Hunvrlz and (7) Kiyuk groups; 
Murmac Bay, h e r ,  and Chanlrey groups Post - ''I basins 

@ Plrchean or Proterozoic rocks, 
CB. 2.0 - 1.85 0 8  8UPlaCrUSMI IOEkS 

v , -u,  ...-. ,-..A @I3 ca. 2.0 - 1.85 Ga oroaens 

Figure 1. Regional setting: Rae and Hearne provinces and 
Snowbird tectonic zone (ornamented with vertical black and 
white stripes) (after Hoffman, 1989). 

Below we describe Neoarchean supracrustal, plutonic, and 
metamorphic rocks in the Angikuni Lake area in terms of five 
lithostructural domains (Fig. 3). Paleoproterozoic continental 
siliciclastic and volcanogenic rocks of the Baker Lake Group 
(Dubawnt Supergroup), and related lamprophyre dykes and 
syenitic stocks, are exposed in small outliers across these 
domains and in two northeast-trending sub-basins in the 
northern part of the area (Figs. 2, 3). 

ARCHEAN LITHOSTRUCTURAL DOMAINS 

Archean map units define five fault-bounded lithostructural 
domains (Fig. 3; numbered I to V from east to west). Domain I 
is characterized by extensive areas of greenschist-grade 
supracrustal rocks, including mafic volcanic flows and bio- 
titic psarnmite, both of which are cut by large granitic bodies. 
Domain LI is an upper amphibolite-grade granite, gabbro, 
orthogneiss, and paragneiss complex containing only iso- 
lated slivers of readily recognizable supracrustal rocks. 
Domain I11 contains a greenschist-grade supracrustal assem- 
blage including mafic and felsic volcanogenic rocks, micro- 
bial laminate and stromatolite-bearing dolostone and pelite, 
and quartz pebble conglomerate, sandstone, and pelite. 
Domain IV consists of granite and granitic gneiss. Domain V 
is a granitic gneiss complex that forms part of a regional-scale 
domal structure. 

Domain I 

On the east side of Angkuni Lake, greenschist-facies mafic 
volcanic rocks are ex~osed in three near-vertical. northeast- 
trending panels that are separated by coarse-grained, foliated, 
hornblende leucogranite sills (Fig. 3). Sparse, but consistent, 
top indicators suggest that the panels originally formed a sin- 
glk northwest-younging sequence. The volcanic rocks are cut 
by numerous thin ( 4 0  m), likely synvolcanic, gabbro dykes 
and sills; in the central panel, a large gabbro body, ca. 1.5 km 
across (Fig. 3) may represent a feeder stock. Subaqueous 
sheet flows, pillow lavas, and tuffs are predominant. Layer- 
ing in the sheet flows is manifested by centimetre-scale 
chilled margins spaced several decimetres to metres apart 
(Fig. 4). In three-dimensional exposures, the layering defines 
laterally continuous, parallel-sided, tabular sheets, similar to 
modem seafloor non-pillowed flows (e.g. Ballard et al.; 
1979; Holcomb et. al., 1988; Tribble, 1991). Subaqueous 
sheet deposition is indicated by thick chilled margins and 
interbedding with local pillow lavas; local millirnetre-scale 
amygdules imply relatively shallow water. Consistent with 
shallow-water deposition is a lens within mafic rocks in the 
northern panel consisting of cross-stratified, carbonate- 
cemented arkose; polyrnictic, framework-intact conglomer- 
ate (with mafic volcanic, felsic volcanic and sparse granitic 
clasts); and microbial laminated dolostone (Fig. 3). Effusive 
volcanism with high rates of extrusion is shown by the pre- 
dominance of sheet flows relative to pillow lavas (e.g. Gregg 
and Fink, 1995). However, abundant, thinly laminated tuffs, 
locally with lapiLli fragments, demonstrate periodic explo- 
sive volcanism. 
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A section of biotite-muscovitekgarnet psammite and 
quartzofeldspathic paragneiss appears to underlie the mafic 
volcanic rocks in the eastern panel. Primary structures are not 
preserved, but these rocks appear to have originated as imma- 
ture arenites. They are intruded on the south by a large, well 
foliated muscovite-biotiteihornblende leucogranite pluton 
(Fig. 3). Bedding and cleavage in the supracrustal rocks wrap 
around the nose of this pluton (Fig. 3). Within the pluton are 
narrow (el km) screens of mafic volcanic flows and biotitic 
paragneiss containing discordant and foliation-parallel gran- 
itic sheets. 

Major-element geochemistry of nine samples indicates 
that the volcanic rocks range in composition from basalt to 
andesite and dacite, all of which plot within the tholeiitic field 
(Fig. 5 a). These rocks define a tholeiitic titanium-enrichment 
trend (Fig. 5 b). 

/ 
Ca. 1.85-1.76 Ga Baker Lake Group' a (Dubawnt Supergroup) 

a Ca. 1.92 and1.76 granltlc ~ntrusions 

0 Wollaston Group 

Klyuk Group 

HurwItzGroup 

@ Montgomery Lake Group 

0 Archean granitolds and gneisses 

Archean supracrustal rocks 
(Ennadal-Rankin greenstone belt): 
Henlk. Kaminak. Ennadal. 
Rankln Inlet, Kasigial~k groups, 
Mackenzie Lake metasedlments 

Domain I-II Contact: dextral ductile shear zone 

Domain I is bounded on the west by an approximately 0.5 km 
wide, near-vertical, upper amphibolite-grade mylonitic shear 
zone (Fig. 3). Along most of the shear zone, mineral and 
stretching lineations plunge shallowly (5-15"), but at its 
southern extent, lineations are steeper (30-50"). Kinematic 
indicators are consistently dextral (e.g. winged porphyro- 
clasts, rotated porphyroclasts, asymmetric pull-aparts, shear 
bands, rotated axial surfaces of minor folds; Fig. 6 and see 
Figure 4 jg Aspler and Chiarenzelli, 1997). The trace of the 
shear zone is sigmoidal, defining a restraining bend: it is 
north-northeast-trending at its northern and southern 
extremities and north-northwest-trending in its central por- 
tion (Fig. 3). The bend is likely original because appropriately 
oriented cross folds are lacking. Mafic rocks of Domain I dis- 
play strong strain gradients as the shear zone is approached 
(progressive development of pervasive fabric and stretching 

Figure 2. Location of study area, simplsed geology of the Heame Province, Northwest Territories. 
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lineation; development of isoclinal folds). Similarly, plutonic retain diabasic textures and likely represent transposed 
rocks of Domain I1 develop mylonitic textures, and within the dykes; others may have a mafic volcanic protolith. Mixed 
shear zone, variably oriented foliations in gneisses become pelitic and psammitic gneiss, with (primary (?)) layering 
straight and concordant with the shear zone boundaries. A defined by alternating garnet-rich and garnet-poor zones 
suite of intrusive bodies, with a full range of composition define local lenses. 
from gabbro to granite, occurs within theshear zone. These 
bodies contain the mylonitic fabric and are locally transposed Multiple generations of tonalitic to granitic neosome 

along the shear zone, but are also locally discordant (see occur in the paragneiss and range from foliation-parallel 

Figure 6 b Aspler and Chiarenzelli, 1997) and are thus syn- lenses to cross-cutting injections. Zones in which partially 

tectonic. The shear zone displays evidence of a post-ductile assimilated enclaves are engulfed by leucosomal material 
grade to granitic orthogneiss with decreasing enclave abun- 

brittle history in the form of local breccia zones and quartz 
stockwork veins. dance. Granitic orthogneiss, with a gneissosity defined by 

mafic restite and aligned phenocrysts, outcrops throughout 

Domain 11: upper amphibolite-grade 
granite-gabbro-orthogneiss-paragneiss complex 

Supracrustal gneisses are the oldest components of Domain 
Il. These occur within plutonic rocks and gneisses, and range 
in scale from mappable screens to metre- scale layers to iso- 
lated, partially assimilated xenoliths. Psarnmitic gneiss with a 
granoblastic texture, consisting of plagioclase-quartz- 
hornblendekbitotite and clinopyroxene, is particularly com- 
mon in the eastern part of the domain. Amphibolite gneiss is 
more prominent on the western margin. The psammitic 
gneiss likely originated as felsic to intermediate tuffs or 
immature arenites, although some may have been equigranu- 
lar tonalitic intrusive bodies. Some of the amphibolitic layers 

40 50 60 70 
Si02 (wt %) 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 

F ~ O ~  / MgO 

Figure 5. Preliminary geochemistry plots. a) Tholeiitic- 
alkaline boundary from MacDonald and Katsura (1964). 
b) Arrows show general titanium-enrichment trend. Three 
samules from Domain 111 have been omitted from 5B because - " 

of high dolomite contents  and uncertaint ies  in  
Figure 4. Domain I.  a) Flow-layered mafic volcanic rocks. calcium-magnesium partitioning. Complete data available 
b) Breached chilled margin in layered mafic$ows. from B.L. Cousens. 
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the domain. Mafic restite lenses locally contain coarse ortho- Most outcrops of Domain I1 are cut by variably 
pyroxene that appears to be the product of prograde reactions deformed, metamorphosed, and oriented gabbroic dykes 
from hornblende. Complex interference between granitic that range in width from a few centimetres to about 200 m. 
neosome and enclaves yields outcrops in which gneissosity The dykes are particularly abundant adjacent to several 
defines swirly patterns. kilometre-scale gabbro plutons scattered across Domain I1 - - 

Felsic plutonic rocks range in composition from granite to 
quartz monzonite. Coarse-grained granite, containing potas- 
sium feldspar phenocrysts up to 10 cm, forms map-scale loz- 
enges that are enveloped by anastomosing zones of gneiss 
(Fig. 3). The granites cross-cut granitic, psammitic, and 
amphibolitic gneiss, but also contain mylonitic and protomy- 
lonitic fabrics (Fig. 7) and hence are syntectonic. These fab- 
rics are subparallel to, and intensify toward, the shear zone 
separating domains I and II and the zone of porphyroclastic 
gneiss at the northern margin of Domain V. A coarse-grained 
syntectonic granite, sampled close to the shear zone between 
domains I and I1 (Fig. 3), has yielded a preliminary U-Pb zir- 
con age of ca. 2.61 Ga (W.J. Davis, unpublished data), pro- 
viding the first limit on the age of metamorphism and ductile 
strain in the region. 

(Fig. 3).  orderz zones of these plutons consist of slightly 
rotated blocks of gneiss and granite engulfed by gabbro. 
Although the gabbros cut layering in host gneiss and gran- 
ite, they commonly contain an internal fabric, and are 
locally transposed into the gneissic layering. In addition, 
they are cut by leucosomal pods injected from the host 
gneiss, and mylonitized equivalents are found within the 
shear zones separating domains I and 11, and at the northern 
margin of Domain V. Thus, the gabbros are considered 
syntectonic. 

The high dispersion of gneissosity trends in Domain I1 
(Fig. 3) is attributed to host rock-neosome interference, 
deflection around variably oriented gabbro and granitic bod- 
ies, and rotation of gneiss and granitic blocks adjacent to the 
gabbroic plutons. 

Four gabbros and two granitic gneisses from Domain I1 
plot in the tholeiitic field on a Na20 + K20/Si02 diagram 
(Fig. 5 a). The gabbros undergo titanium enrichment fol- 
lowed by iron-titanium oxide fractionation (Fig. 5 b). 

Domain ZZ-ZZZ boundary 

In contrast to the straight mylonite zone separating 
Domains I and 11, the boundary between amphibolite-grade 
rocks of Domain I1 and greenschist-grade supracrustal rocks 
of Domain I11 is irregular and marked by short fault seg- 
ments (several km) with north, northwest, and northeast 
trends (Fig. 3). Some of these faults define near-vertical, 
narrow (to 300 m) zones of greenschist-facies, granitic cata- 
clasite in which granitic and mylonitic granite are cut by 
millimetre-scale chloritic veinlets. Similar zones of granitic - 

Figure 6. Shear zone separating domains I and II. Folded cataclasite are also found within both domains. They trun- 

mylonitic granite and amphibolite. The tighter folds display cate structures and gabbro dikes in domains I1 and 111, but at 

axial sulface traces that are clockwise relative to the more several localities, gabbro bodies were observed crosscutting 

open folds, indicating dextral shear. granitic cataclasite. 

Domain IIZ: greenschist-facies supracrustal 
assemblage 

Two unconformity-bounded (?) sequences are exposed in 
Domain 111. The lower sequence consists of three subunits: 
1) intermediate to felsic volcanic rocks; 2) interbedded 
microbial laminates (locally stromatolitic: see Figure 7 
Aspler and Chiarenzelli, 1997), pelites and carbonate-rich, 
intermediate to felsic volcanic rocks; and 3) carbonate- 
altered mafic (in part ultramafic ?) volcanic rocks. Interfii- 
gering of component rock types indicates that these subunits 
are conformable, but we remain uncertain of their stra- 
tigraphic order. Top indicators in the middle carbonate-pelite 
unit suggest that it overlies the intermediate to felsic volcanic 
unit and underlies the mafic volcanic unit. Loveridge et al. 
(1988) reported U-Pb zircon ages from what we presume to 

Figure 7. Domain II, protomylonitic coarse-grained granite; be the lowest unit (Fig. 3) of 2680+29/-25 Ma (containing ca. 
dextral shear bandsfrom upper left to lower right. 3.04 Ga xenocrystic zircon; Eade, 1986) and ca. 2.61 Ga 
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(minimum age; originally reported as 2643 Ma in Eade, 
1986). Northwest of Angikuni Lake, the felsic volcanic rocks 
are cut by a small anorthositic gabbro pluton, and a granitic 
pluton which displays cataclastic textures. 

At the base of the upper sequence is a subunit of 
interlayered subarkose and framework-intact quartz pebble 
conglomerate (Fig. 8). Metre-scale mudstone interbeds are 
common. In view of  the paucity of  mudrocks in 
pre-vegetative continental deposits, mixing of mature 
arenites and conglomerates with mudstones suggests 
shallow subaqueous, rather than subaerial, deposition. The 
conglomerate contains clasts derived from reworking of 
older quartz-rich sandstones. Basal beds of quartz pebble 
conglomerate are pyritic and yield high nickel, chromium and 
vanadium, and detectable platinum and palladium values 
(Table 1) signifying erosion of an ultramafic source. 
Samarium-neodymium isotopic study of a mudrock interbed 
yields an initial eNd value of - 2.0 + 0.8 (assuming a mantle 
eNd value of +3 at 2680 Ma), suggesting that it includes 
detritus derived from significantly older (hundreds of Ma) 
crust. Tentatively, we interpret that the lower contact of this 
subunit is an unconformity because 1) the abrupt appearance 
of quartz pebble conglomerate above mafic and felsic 
volcanic rocks requires a period of intense weathering; 2) the 
unit appears to cut out lower sequence stratigraphy ; and 3) 
the unit appears to be distributed as outliers (Fig. 3; 
paleolow-infills ?). Sparse top determinations suggest that 
this siliciclastic subunit is overlain by a second sequence of 
felsic volcanic rocks. These contain abundant pyroclastic 
breccia, plagioclase crystal tuff, graded ash beds, 
dolomite-cemented sandstone, and pelite (see Figure 8 in 
Aspler and Chiarenzelli, 1997). 

The lower and upper sequences are folded together. Folds 
are open, with steeply dipping, northeast-trending axial sur- 
faces and shallow plunges to the northeast and southwest. A 
kilometrescale north-trending zone of brecciated to mylo- 
nitic granite, such as described above for the Domain 11-111 
boundary, cuts across Domain I11 stratigraphy near the west- 
em limit of mapping (Fig. 3). 

Figure 8. Domain III , clast-supported quartz pebble 
conglomerate. 
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Six volcanic samples from Domain ILI plot within the tho- 
leiitic field on a NazO + K20/Si02 diagram; one mafic dyke 
plots just above the alkaline-tholeiite boundary (Fig. 5 a). 
Although the data are sparse, titanium enrichment (upper 
sequence) and abundant iron-titanium oxide fractionation 
(lower sequence) may be indicated (Fig. 5 b). Positive initial 
eNd values from the lower sequence (felsic volcanic: + 2.7 2 

0.8; mafic dyke + 3.8 * 0.8; assuming mantle eNd value of +3 
at 2680 Ma) indicate mantle derivation and minimal contami- 
nation by older crust. 

Domain ZV: granite-granitic gneiss 

Domain IV consists of granites and granitic gneisses that are 
separated from supracrustal rocks of Domain I11 by a 
northeast-trending faultedlintrusive contact similar to the 
zones of granitic breccia that separate domains I1 and 111. 
Granitic cataclasites are also common within the Domain. In 
the northwest comer of the map area, both lithologies and 
northwest-trending fabrics in Domain IV continue across the 
putative northeast trace of the Snowbird tectonic zone 
('Tulemalu Fault' Fig. 3; after Eade, 1986) without truncation 
or deflection. Apparently, in this area, strain along the Snowbird 
zone is distributed and not confined to a single linear struc- 
tural element. 

Domain V 

Domain V consists of well foliated magnetite leucogranite 
and granitic gneiss with rare slivers of mafic volcanic rock. 
Foliation trajectories define a gently northeast-plunging 
domal structure (Fig. 3). This domal structure appears to 
extend at least 15 km west of the limit of this year's mapping. 
Unlike other gneissic domains in the area, the central potion 
of Domain V is devoid of gabbroic intrusions. 

The northern margin of Domain V is a northwest-trending 
curvilinear shear zone. The shear zone displays shallow to 
moderate (ca. 15-60") northeast dips and a down-dip stretch- 
ing direction defined by isoclinal fold hinges and mineral 
lineations (Fig. 3). It truncates the southern extent of domains 
I1 and 111 and appears to merge with the dextral ductile shear 
zone that separates domains I and 11, suggesting kinematic 
linkage between the two. Sparse indicators suggest north- 
side-down movement. The shear zone consists of interlay- 
ered porphyroclastic granitic gneiss (Fig. 9), mylonitic 
amphibolite gneiss and magnetite leucogranite, apparently 
derived from protoliths in domains I1 and V. In addition, dis- 
continuous ribbons of granitic cataclasite occur along the 
length of the shear zone; some were originally mapped as 
fragmental felsic volcanic rocks. This cataclasite is com- 
monly non-foliated and consists of granite and mylonitic 
granite fragments cut and separated by variably oriented, nar- 
row ( millimetre-scale and less), chloritic veinlets, and irregu- 
lar zones of pseudotachylite (Fig. 10). These rocks represent 
coherent (non-dilational) cataclastic flow and reflect passage 
through the brittle-ductile transition, such as described from 
the Great Slave Lake Shear Zone (Hanmer, 1989). 

BAKER LAKE BASIN 

Paleoproterozoic (ca. 1.85 Ga) rocks of Baker Lake Basin 
(Dubawnt Supergroup) define two northeast-trending sub- 
basins in northern Angikuni Lake (Fig. 3). In the northern 
sub-basin, the Angikuni (unmapped; Blake, 1980) and South 
Channel formations form local wedges beneath an extensive 
Christopher Island Formation blanket; in the southern sub- 
basin, only the Christopher Island Formation is exposed. The 
Angikuni Formation consists of arkosic redbeds and mud- 
cracked pelites, and probably represents fluvial and lacus- 
trine sedimentation (Blake, 1980). The South Channel 
Formation (Donaldson, 1965) comprises framework-intact, 
polymictic (basement-derived) conglomerate, granulestone, 
pebbly sandstone and arkose (Fig. 11 a) and is likely a fluvial 
deposit. The Christopher Island Formation consists of 
minette flows, volcanic breccias, and local interbeds of 
framework-intact conglomerate and cross stratified arkose 
(Fig. llb). 

Figure 9. Domain 1V. Porphyroclastic gneiss with 
coarse-grained granitic dykes dismembered in a tonalitic 
host. 

Figure 10. Northern boundary of Domain V, weakly foliated 
granitic cataclasite. 
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Figure 11. Baker Lake Group. a) South Channel Formation, 
polymictic pebble conglomerate truncating parallel 
stratijied heavy mineral layers in arkose. b) Christopher 
Island Formation, metre-scale planar cross-stratified 
arkose. 

In central and southern Angikuni Lake, small (several 
tens of metres) outliers of Christopher Island Formation and 
polymictic open-frameworkconglomerate and redbed arkose 
of the Kunwak Formation are scattered across the Archean 
domains described above. The outliers form surface veneers, 
and fill paleolows in the sub-Baker Lake paleotopography. 
Paleojoints in subjacent basement, up to 1 m wide and infilled 
by Baker Lake Group rocks, are locally exposed. Lampro- 
phyre dykes, likely feeders to the Christopher island flows, 
occur throughout the region, and display strong northeast 
trends (Fig. 3). Small Martell Syenite (Donaldson, 1965) 
stocks are also common. Although the Baker Lake Group has 
not been dated directly, a syenitic pluton possibly co- 
magmatic with lower Baker Lake Group rocks has aU-Pb age 
of 1850 +30/-10 (Tella et al., 1985). 

GOSSANS 

Analytical results from 18 gossans are presented in Table 1. 
Gossans 9 and 10, with high copper values (12,267 and 
54,301 ppm), are from chalcopyrite-pyrite-bearing quartz 
veins that are part of late, post-ductile deformation, brittle 

stockworks. Gossan 9 has elevated gold values (45 ppb), 
whereas gossan 10 has elevated silver values (18.3 ppm). 
Gossans 4, 5 ,  and 6 (gossans 1, 2, and 3 & Aspler and \ 

Chiarenzelli, 1997) are in quartz pebble conglomerates at the 
base of the sandstone-conglomerate sequence that appears to 
unconformably overlie volcanic and carbonate rocks in 
Domain 111. They have abundant matrix pyrite (presumably 
paleoplacer) and display slightly elevated gold values (14,8, 
5 ppb respectively) and detectable platinum and palladium, in 
addition to high nickel, chromium, and vanadium values. A 
mafic (ultramafic ?) flow from Domain I11 (Gossan 7), exten- 
sively replaced by carbonate, has high nickel (1781 ppm) and 
chromium (1 166 ppm). 

DISCUSSION 

Mesoarchean basement and Neoarchean 
paleogeography 

Neoarchean supracrustal sequences in the Rae Province, with 
prominent shallow-water quartz arenites and ultramafic rocks, 
have been interpreted as rift or passive margin prism deposits 
(Schau and Ashton, 1988; Chandler et al., 1993) formed 
during extension of a Mesoarchean basement terrane called 
'Nunavutia' by Schau and Ashton (1988). However, the full 
extent of Mesoarchean basement in the Hearne Province is 
unclear. Isolated exposures are known from the southern part 
of the region, within about 100 km north of the Northwest 
Territories border. near Snowbird Lake (Hanmer et al.. 1995). 
between Kasba a d  Nueltin lakes (~o;er id~e et al.,' 1988); 
and near Edehon Lake (Loveridge et al., 1988; see Figure 13 
& Aspler and Chiarenzelli, 1996). From an initial transect in 
the Angikuni Lake area, Aspler and Chiarenzelli (1997) ques- 
tioned if the plutonic-gneissic domains that contain isolated 
paragneiss remnants (e.g. Domain IT) could conceivably be 
basement to low-grade areas with extensive supracrustal 
rocks (e.g. domains I and 111) or if the high-grade domains are 
entirely younger than, and developed at the expense of, the 
low-grade domains. Abundant intrusive relationships 
mapped during this year's work, and the difference in age 
between the supracrustal (ca. 2.68 Ga) and granitic (ca. 
2.61 Ga) rocks indicate that supracrustal remnants in Domain 
I1 were likely derived from volcano-sedimentary units better 
preserved in domains I and III that were disrupted during plu- 
tonism and deformation. 

Neoarchean supracrustal rocks in the Angikuni area were 
deposited in shallow water. In particular, the microbial lami- 
nates and stromatolites indicate photic depths (<I00 m) and 
the mud-matrix-deficient sandstone-conglomerate unit dem- 
onstrates deposition within the realm of wave and current 
reworking. Reworked quartz arenite clasts in quartz pebble 
conglomerates with high nickel, chromium, and vanadium 
values suggest erosion of quartz arenite-ultramafic sequences 
in the Rae Province, and the initial eNd value of - 2.0 + 0.8 
from a mudrock interbed demonstrates derivation from sig- 
nificantly older crust (although not neccessarily first cycle). 
This indicates subaerial exposure of a continental hinterland 
at the time of sedimentation. Although Mesoarchean base- 
ment has not been documented in the Angikuni area, 
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shallow-water rocks derived from a continental hinterland 
imply deposition on, or close to, continental crust. This is in 
contrast to shallow-water deposits in the central part of the 
Ennadai-Rankin greenstone belt, which formed aprons sur- 
rounding felsic volcanic edifices in an ensimatic setting 
(Aspler and Chiarenzelli, 1996). Furthermore, a ca. 3.04 Ga 
xenocrystic zircon from a 2.68 Ga volcanic sample in 
DomainIII (Eade, 1986; Loveridge et al., 1988) suggests sub- 
jacent Mesoarchean at the time of extrusion. 

Tectonic setting of volcanism 

At least two models for Rae-Hearne tectonic evolution are 
possible: collapsed back arc basin and merging island arcs. In 
the initial stages of both models, the Rae Province is consid- 
ered the continental hinterland to an ensimatic central Hearne 
Province (Aspler and Chiarenzelli, 1996). Initial geochemi- 
cal data indicate that volcanic rocks in the Angikuni Lake 
area follow tholeiitic differentiation trends, inconsistent with 
a subduction-related origin. Positive initial eNd values from 
two samples in Domain 111 indicate mantle denvation consis- 
tent with a back arc setting. We await rare earth element data 
to determine if these rocks represent continental or oceanic 
tholeiites. 

Snowbird tectonic zone 

Mapping in Domain IV documents that rocks and northwest- 
trending structures continue undeflected across the putative 
trace of the Snowbird tectonic zone in the northwest corner of 
the map area. A reconnaissance traverse to the northwest arm 
of Angikuni Lake, ca. 15 km west of this year's mapping, 
revealed porphyroclastic granitic rocks, gneisses, and gran- 
itic cataclasites remarkably similar to those observed in the 
map area. We suggest that the Snowbird zone, at the latitude 
of the present mapping, forms a distributed branching net- 
work, rather than being confined to a single linear element, 
and that it extends across the Angikuni Lake area, at least to 
the western edge of Domain I. The preliminary age of pluton- 
ism and ductile strain (ca. 2.61 Ga), and the preliminary geo- 
chemistry (syntectonic gabbroic rocks with tholeiitic 
titanium-enrichment trends) from Domain I1 support 
intracontinental movement along the Snowbird zone, late in 
the evolution of the Ennadai-Rankin greenstone belt, such as 
inferred by Hanmer et al. (1995) for the segment of the zone 
near the Saskatchewan - NWT border. 

Baker Lake Basin 

Thick sections of volcanogenic and fanglomerate rocks in 
Baker Lake Basin require active faulting at ca. 1.85 Ga. Con- 
tacts between Baker Lake Group rocks and basement mapped 
this summer failed to reveal evidence of syndepositional or 
postdepositional faulting, even though the shear zone sepa- 
rating domains I and Il is close to, and parallels, the western 
boundary of the eastern Baker Lake sub-basin (Fig. 3). Test- 
ing for a genetic relationship (if any) between the shear zone, 
particularly its brittle history, and subsidence of the Baker 
Lake sub-basins will continue to be an important focus of 
future work. However, it could be that these sub-basins, 

similar to isolated pockets of Baker Lake Group farther south, 
represent thermal subsidence beyond the limits of active 
faulting, and that the syndepositional faults remain buried. 
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New insights into the geology of the Yathkyed 
Lake greenstone belt, western Churchill Province, 
Northwest Territories1 

C. ~ e l f z ,  D. Irwin3, K. ~ a c ~ a c h l a n ~ ,  and A. Wlls3 
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Re& C., Irwin, D., MacLachlan, K., and Mills, A., 1998: New insights into the geology of the 
Yathkyed Lake greenstone belt, western Churchill Province, Northwest Territories: & Current 
Research 1998-C; Geological Suwey of Canada, p. 67-75. 

Abstract: The Archean Yathkyed greenstone belt comprises a northwest-dipping package of metavol- 
canic and metasedimentary rocks exposed along the southeast side of Yathkyed Lake. Southeastward- 
younging indicators suggest that the belt is regionally overturned. Along thenorthwest side of the belt, aunit 
previously mapped as mixed gneiss and migmatite was subdivided into amphibolite (interpreted as high- 
grade mafic volcanic rocks), and paragneiss (high-grade sedimentary rocks) intruded by various granitoids, 
effectively doubling the width of the greenstone belt from previous maps. 

The Yathkyed belt is bounded along its southeastern margin by the Tyrrell shear zone. Kinematic 
indicators along the zone record reverse displacement followed by normal-dextral movement. The tectonic 
significance of the shear zone and its relationship to regionally developed fabrics are unclear. Regional 
overturning of the supracrustal package and the occurrence of the shear zone at the highest exposed 
stratigraphic level suggest the possibility of a thrust nappe. 

RCsumC : La ceinture de roches vertes archtenne de Yathkyed (Province de Churchill occidentale, 
T.N.-0.) comprend une masse de roches mttavolcaniques et mttastdimentaires B pendage nord-ouest qui 
affleure le long de la rive sud du lac Yathkyed. La prCsence d'indicateurs de plus en plus jeunes vers le sud- 
est laisse supposer que la ceinture est rtgionalement renverste. Le long du flanc nord-ouest de la ceinture, 
une unite anttrieurement cartographite comme un melange de gneiss et de migmatites a CtC subdiviste; elle 
comprend maintenant des arnphibolites (interprttkes cornrne des volcanites mafiques trks mttarnorphistes) 
et des paragneiss (roches s6dimentaires tres mttamorphistes) recoupts par divers granito'ides, doublant 
ainsi la largeur de la ceinture de roches vertes par rapport B ce qui avait t t t  cartographit auparavant. 

La bordure sud-est de la ceinture de Yathkyed correspond B la zone de cisaillement de Tyrrell. Les 
indicateurs cintmatiques observts le long de la zone de cisaillement indiquent qu'il y a eu des mouvements 
d'abord inverses puis normaux (dextres). La signification tectonique de la zone de cisaillement et ses 
rapports avec les fabriques caracttristiques de la rtgion n'ont pas kt6 dtterrnints avec certitude. Le 
renversement regional de la masse supracrustale et la pr6sence de la zone de cisaillement au niveau 
stratigraphique le plus tlevt (en affleurement) permettent de supposer qu'il s'agit peut-etre d'une nappe de 
charriage. 

Contribution to the Western Churchill NATMAP Project 
Northwest Tenitories Geology Division, Department of Indian Affairs and Northern Development, Box 1500, Yellowknife, 
Northwest Temtories X1A 2R3 
Department of Resources, Wildlife, and Economic Development, Government of the Northwest Territories, Box 1320, Yellowknife, 
Northwest Tenitories XlA 2L9 
Department of Earth Sciences, Memorial University of Newfoundland, St. John's, Newfoundland AIB 3x5 
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INTRODUCTION 

During the 1997 field season, 1:50 000 scale bedrock map- 
ping was canied out in the Yathkyed Lake area, about 300 km 
west-southwest of Rankin Inlet in the Kivaliq region of the 
Northwest Territories. The project, funded by the Department 
of Resources, Wildlife, and Economic Development, 
Government of the Northwest Territories, is part of a multi- 
year mapping project initiated by Relf (1 996) to better under- 
stand the geology of the Yathkyed Lake greenstone belt, 
determine the area's mineral potential, and test whether rocks 
comprising the Yathkyed belt are contiguous with those of the 
Kaminak greenstone belt to the east. This project is a contri- 
bution to the Western Churchill NATMAP Project, and has 
benefited from field visits by Geological Survey of Canada 
colleagues. Ongoing support through geochemical, geo- 
chronological, and thermobarometric studies will further 
benefit the project. 

Previous geological mapping, exploration work, and geo- 
physical data from the area helped define several questions 
that focused 1997 mapping efforts. Although 1:250 000 bed- 
rock mapping made, 1985,1986) had delineated the volcanic 
belt, little was known about the regional younging direction 
of the belt, its internal stratigraphic (tectonostratigraphic?) 
relations, or the nature of surrounding granitoids and gneis- 
ses. One of the questions that originally sparked interest in the 
map area was the significance of alinear aeromagnetic anom- 
aly along the southeast margin of the Yathkyed greenstone 
belt (Geological Survey of Canada, 1981). This anomaly has 
a signature similar to, although weaker than, the positive lin- 
ear anomaly associated with the Snowbird Tectonic Zone, 
suggesting the possibility of a tectonic contact between the 
volcanic belt and adjacent granitoids southeast of the belt. 
Numerous iron-formations, hosted by both volcanic and 

sedimentary rocks southwest of Tyrrell Arm on Yathkyed 
Lake, were the target of exploration efforts in the late 1980s, 
although most of the claims on this ground were subsequently 
dropped. As part of this project, seventy-five samples were 
collected for assay analysis, in order to help evaluate the min- 
eral potential of the study area. These data will be compiled in 
a mineral showings database being created as part of the 
Western Churchill NATMAP Project. 

REGIONAL GEOLOGICAL SETTING 

The current project focuses on a northeast-trending belt of 
supracrustal rocks in the Yathkyed Lake area (Fig. 1). The 
belt comprises Archean metavolcanic and metasedimentary 
rocks, intruded by syntectonic to late tectonic granitoids, and 
is unconformably overlain by Paleoproterozoic sedimentary 
rocks of the Hurwitz Group. 

One of the highlights of the 1997 mapping was the identi- 
fication of a shear zone bounding the southeastern margin of 
the supracrustal belt (Fig. 2). The shear zone, informally 
named the Tyrrell shear zone after Tyrrell Arm on Yathkyed 
Lake, may have important implications for regional contact 
relations in the western Churchill Province. Another high- 
light of mapping was the delineation of a package of high- 
grade supracrustal rocks through an area previously mapped 
as largely undifferentiated gneisses and migrnatites. The 
supracrustal package comprises mixed volcanic rocks, 
numerous gossans, sedimentary rocks, and ultramafic xeno- 
liths of uncertain origin, and at present has unknown mineral 
potential. Geochemical studies underway at the Geological 
Survey of Canada will test whether this supracrustal package 
could represent high-grade equivalents of rocks of the Yathkyed 
greenstone belt. 

+ + + + + t  H u w h  Group: 2.45-2.1 Ga slllclclastlc a and carbonate-filled lntracratonlc basin. 

a Archean grannolds and gneisses 

+ t t + t t t t +  + t + + + t  

Figure 1. Simpl$ed geology of part of the western Churchill Province, showing location of map area. 
KL = KaminakLake; YL = YathkyedLake; KLGB = Kaminak Lake greenstone belt; YLGB = Yathkyed Lake 
greenstone belt. Figure modijied after Aspler and Chairenzelli, 1996. 
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MAP UNITS 

Archean rocks 

Volcanic rocks 

The Yathkyed greenstone belt comprises a moderately to 
steeply northwest-dipping belt of pillowed mafic flows, with 
minor plagioclase-phyric flows or sills, volcaniclastic sedi- 
mentary rocks and rare felsic volcanic rocks. Younging direc- 
tions in pillows are rarely preserved, although the few top 

determinations noted indicate consistent younging towards 
the southeast. The northwest dip of the belt, coupled with the 
apparent regional southeastward younging, suggests that it 
may represent an overturned panel. Volcaniclastic sedimen- 
tary rocks make up less than 10 per cent of the volcanic pack- 
age and are typically characterized by alternating biotite- and 
chlorite- or hornblende-rich layers about 1-5 cm thick. The 
presence of biotite indicates a different bulk composition than 
that of the pillowed flows, suggesting that these rocks are not 
simply highly strained pillowed flows. Elsewhere, banded 

/ 
First appearance of 
hornblende in mafic rocks / (ornament on high-T side) 

Axial trace of F, antiform 

,= Tyrrell shear zone 
0 

Mixed granitoids, sedimentary rocks 

Biotite granite ("camp granite") 

Kornatik and post-Komatik 
granitoids, undifferentiated 

Foliated to gneissic 
tonalite, granodiorite 

Mixed, undifferentiated 
granitoids, amphibolite, 
metasedimentary rocks 

Psammite, pelite, locally 

Figure 2. Simpl$ed geology of the northern Yathkyed Lake greenstone belt. 
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Ultramafic rocks 

Figure 3. Cordierite-rich intermediate volcanic rock, 
commonly referred to as "dalmatianite". See text for 
description. 

mafic rocks lacking biotite may be intensely flattened pil- 
lows. Felsic rocks were recognized in only a few outcrops. In 
the south and central parts of the map area, thinly bedded (up 
to 2 cm) felsic tuffs or volcaniclastic sedimentary rocks are 
locally associated with iron-formation. The felsic units are 
typically less than 10 m thick. 

In the northern part of the map area, a package of mixed, 
dominantly mafic to intermediate volcanic rocks was recog- 
nized. It comprises fragmental volcaniclastic rocks character- 
ized by felsic to intermediate clasts up to 10 cm, thinly bedded 
(1-5 cm) sedimentary rocks with mafic components, minor 
polymictic conglomerate (debris flow?), and fuchsitic felsic 
tuffs. Numerous gossans occur within this package, and 
cordierite-rich rocks of intermediate composition ('dalmatia- 
nite') were observed locally (Fig. 3). Individual units within 
this mixed package are typically too thin or discontinuous to 
be mapped out at the current map scale, and therefore the 
rocks are grouped into a single map unit comprising mixed 
volcanic rocks. 

Sedimentary rocks 

Sedimentary rocks in the map area are dominated by psam- 
mites and semipelites to pelites. Primary sedimentary fea- 
tures are best preserved within greenschist facies rocks in the 
southeastern part of the area. Here, graded bedding and local 
crossbeds indicate southeastward younging, suggesting that 
the sedimentary rocks stratigraphically overlie, yet structur- 
ally underlie, the volcanic rocks to the northwest. Locally 
chlorite-rich beds and the presence of euhedral to subhedral 
plagioclase clasts suggest detritus from a volcanic source. In 
the western and northern parts of the map area, metamorphic 
grade is higher, and primary structures are not as well pre- 
served, although bedding can still be recognized locally. 

Two outcrops of ultramafic rocks were identified in the map 
area. Both are small (-3 x 10 m) and are associated with a 
mixed unit of granitoids and hornblende-grade mafic vol- 
canic rocks in the northern half of the study area. The unit 
consists of massive actinolite with minor talc and/or sericite, 
and has an unknown origin. 

Granitoids 

Several phases of granitoids, ranging from tonalitic ortho- 
gneiss to late two-mica pegmatite, intrude supracrustal rocks 
in the study area. In the field, at least five distinct units can be 
distinguished, although at the map scale, two of the granitoids 
are grouped as a single mappable unit. 

Early tonalite 

The earliest granitoid unit ranges in composition from biotite 
tonalite to granodiorite, and is strongly foliated to gneissic. It 
is typically grey on weathered and fresh surfaces, and locally 
contains up to 15 per cent biotite. It outcrops mainly in the 
northern part of the map area, but may be correlative with 
strongly foliated biotite tonalite xenoliths preserved locally 
in some of the younger granitoids throughout the map area. 

The early tonalite occurs as foliation-parallel lenses and 
plutons, and is folded along with the volcanic rocks about 
northeast-trending folds, suggesting that it was emplaced 
relatively early in the area's geological history. The tonalite 
contains variably flattened enclaves of amphibolite and meta- 
sedimentary rocks. Locally, layering in the enclaves is tran- 
sected by the tonalite, although more commonly, the foliation 
in enclaves parallels that in the surrounding tonalite, perhaps 
reflecting transposition. 

Kornatik granite 

The Komatik granite consists of massive to moderately foli- 
ated pink-weathering biotite monzogranite to syenogranite. 
Grain size varies from medium to pegmatitic.This unit locally 
intrudes the early tonalite in centimetre-wide veins along the 
foliation, imparting a gneissic appearance. Much of the north- 
em part of the area, previously mapped as gneisses (Eade, 
1985), has been reinterpreted as mixed granitoids comprising 
these 'injection gneisses'. 

In addition to the intrusive component of injection gneis- 
ses, the Komatik granite defines small mappable plutons, par- 
ticularly along the southeastern margin of the supracrustal 
belt. South of Tyrrell Arm, the Komatik granite intrudes 
metasedimentary rocks in foliation-parallel sheets up to hun- 
dreds of metres wide. Locally these sheets define discreet plu- 
tons, whereas elsewhere they comprise part of a mixed unit 
with the sedimentary rocks (see below). 
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Post-Komatik granites 

Post-Komatik granitoids include a unit of white-weathering, 
coarse to pegmatitic two-mica monzogranite to syenogranite. 
Garnet andlor tourmaline occur locally as accessory miner- 
als. This unit is associated with high-grade metasedimentary 
rocks in the 'Y' lake area, where it is interpreted to be a prod- 
uct of anatectic melting of the sedimentary rocks. Southeast 
of Tyrrell Arm, this unit, along with the Komatik granite, per- 
vasively intrudes low-grade metasedimentary rocks. Cross- 
cutting relations indicate that this granite is younger than the 
Komatik unit, although both appear to be variably deformed 
in the Tyrrell shear zone. 

A second post-Komatik granitoid occurs along the south- 
eastern edge of the Yathkyed belt and is spatially associated 
with the Tyrrell shear zone. It comprises numerous foliation- 
parallel veins up to several tens of centimetres wide that are 
locally mylonitized. These veins weather white and comprise 
coarse (locally pegmatitic) tonalite to monzogranite with lit- 
tle or no accessory mica. Texturally, the unit is very similar to 
the late, locally pegmatitic, monzogranite described above, 
although it lacks the accessory mineral assemblage that dis- 
tinguishes the monzogranite. Crosscutting relations with the 
monzogranite are unclear, and therefore the two units are 
grouped as a single unit on the 1 5 0  000 map (D. Irwin and 
C. Relf, unpubl. data, 1997). 

The youngest post-Komatik unit is a pink-weathering, 
massive biotite monzogranite that is locally K-spar mega- 
crystic. Informally named the 'camp granite', it defines aplu- 
ton about 8 x 12 km in the north half of the map area. Where 
the contact between the camp granite and surrounding coun- 
try rock is exposed, the camp granite clearly crosscuts the 
foliation in the adjacent units, suggesting a post-tectonic age 
for the pluton. However, the pluton is slightly elongate paral- 
lel to the regional foliation (aspect ratio of -1:1.5 in map 
view), suggesting that it may have been emplaced late during 
regional northwest-southeast shortening. 

Mixed sedimentary rocks and granitoids 

Where the Komatik and post-Komatik granitoids intrude 
sedimentary rocks along the southeasternmargin of the Yath- 
kyed belt, they are locally mixed in roughly equal proportions 
with the sedimentary rocks, imparting a migmatitic appear- 
ance. The host rocks are mainly psammites and semipelites, 
and contain millimetre-sized biotite porphyroblasts, attesting 
to a relatively low metamorphic grade. The migmatitic tex- 
ture is therefore intrusive in origin, although where the unit is 
deformed in the Tyrrell shear zone, it superficially resembles 
a foliated anatectic migmatite. 

Late Archean/Proterozoic rocks 

Diabase dykes 

Although most of the diabase dykes in the map area are 
Proterozoic, a few may be late Archean. On the southeast side 
of 'Y' lake, several fragments of a boudinaged, medium- to 
coarse-grained northwest-trending diabase dyke were 
mapped. The dyke contains metamorphic hornblende and is 

crosscut by pegmatitic granite veins. If the pegmatite veins 
are related to the surrounding granitoids, then the diabase is 
likely Archean. However, the crosscutting veins may be late 
Proterozoic (1.75 GaNueltin suite; Loveridge et al., 1987), in 
which case the diabase could be part of the ca. 2.19 Ga Tulemalu 
swarm (LeCheminant et al., 1997). Several other northwest- 
to west-striking diabase dykes with textures similar to those 
of the dyke described above, but lacking the crosscutting peg- 
matite, were mapped. They are tentatively interpreted to be 
correlative, on the basis of their compositional and textural 
similarities. 

Hornblende syenite 

A massive, K-feldspar megacrystic to pegmatitic horn - 
blendekbiotite syenite defines a small (2 km in diameter) plu- 
ton on the south shore of Tyrrell Arm. The core of the pluton 
is coarse grained and locally K-feldspar megacrystic, with a 
medium-grained margin within about 200 m of its contact 
with the country rocks. The age of this pluton is uncertain. It 
crosscuts the foliation in the volcanic belt, and is generally 
massive, except along its margins where a moderate (syn- 
chronous with emplacement?) foliation is developed. It may 
be correlative with the ca. 1.84 Ga Martell syenite of the Dub- 
want Group (Donaldson, 1965), although it is cut by a diabase 
dyke tentatively correlated with the ca. 2.19 Ga Tulemalu 
swarm (see above). Alternatively, it could be related to an 
older (possibly Archean), locally foliated hornblende syenite 
exposed east of Tulemalu Lake (Eade, 1985). The unit was 
sampled for U-Pb zircon geochronology. 

Proterozoic rocks 

Hurwitz Group 

Shallow-water sedimentary rocks of the Hurwitz Group 
unconformably overlie Archean rocks in the southern part of 
the map area. The sedimentary rocks were correlated with the 
Watterson and Tavani formations by Eade (1985) and include 
quartz-rich subarkose, calc-silicate schist, minor dolostone, 
and quartz-pebble conglomerate. The subarkose weathers 
white to buff, contains up to about 10 per cent feldspar and 
lithic fragments, and is characterized by beds typically 1 to 
30 cm thick. In the northern part of the exposed Hurwitz 
Group, carbonate-rich sedimentary rocks are locally inter- 
bedded with the subarkose. They include dolostone beds up to 
15 cm thick, and calc-silicate schists dominated by the assem- 
blage tremolitelactinolite-dolomite-quartz. The latter may 
represent metamorphic conditions as high as upper green- 
schist facies. A single occurrence of quartz-pebble conglom- 
erate with subarkose is found in a narrow outlier west of the 
main Hurwitz Group outlier (Fig. 2). The conglomerate is less 
than 4 m thick and consists of white quartz cobbles in a matrix 
of white-weathering subarkose. 

In the Yathkyed Lake area, bedding in the Hurwitz Group 
dips moderately to steeply, and metamorphic grade is atypi- 
cally high. Eade (1986) suggested that Archean rocks imme- 
diately southeast of here were tectonically and thermally 
reworked during a Paleoproterozoic orogenic event, which 
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must also have affected the Hurwitz Group. Near the southern 
part of the map area, a pegmatitic granite dyke cuts Hurwitz 
Group subarkose, and was sampled for U-Pb dating. 

Diabase dykes 

Proterozoic diabase dykes of the ca. 2.45 Ga Kaminak swarm 
(Heaman, 1994) and the ca. 1267 Ma Mackenzie swarm 
(LeCheminant and Heaman, 1989) were recognized in the 
study area. The Kaminak dykes are distinguished by their 
north-northeast strike and the presence of plagioclase mega- 
crysts up to 5 cm. The Mackenzie diabase dykes strike 
northwest, are commonly magnetic, and are characterized by 
their ophitic texture and rubbly weathered texture. 

Minette dykes 

Minette dykes occur locally throughout the map area and are 
characterized by abundant biotite phenocrysts and a distinc- 
tive brown weathered surface. Most have a relatively fresh 
appearance, and are interpreted to be associated with the 
Christopher Island Formation (Peterson and Rainbird, 1990). 

In addition to the Christopher Island minettes, several 
foliated minette dykes were found in the map area. They are 
recrystallized and locally appear to be altered, and therefore 
may be older than the Christopher Island dykes. Similar 
dykes have been described elsewhere (e.g. Relf, 1995). 

STRUCTURAL ELEMENTS 

Rocks in the Yathkyed Lake area preserve evidence of a com- 
plex Archean deformational history, characterized by an 
early event that produced a bedding-parallel foliation and 
resulted in overturning of the supracrustal package, followed 
by late upright folding that produced shallowly northeast- 
plunging folds and associated cleavage. Displacement along 
the Tyrrell shear zone apparently involved early, dominantly 
reverse movement, followed by later, oblique (normal) dex- 
tral shearing. Although no direct evidence exists to link the 
regional folding and cleavage-forming events with move- 
ment along the shear zone, field relations suggest that the 
early foliation may be coeval with reverse displacement 
along the Tyrrell shear zone. Samples were collected for 
U-Pb analyses to bracket the timing of the different structural 
elements and events. 

Regionally developed folds, foliations 

Throughout most of the map area, a single foliation, desig- 
nated S-,, is preserved in Archean supracrustal rocks. Sm+ 
is defined by the alignment of metamorphic minerals, and IS 

generally parallel to bedding. Correlation of Smh from out- 
crop to outcrop was assumed during mapping, although two 
foliations are preserved locally below the hornblende isograd 
and it is commonly unclear which fabric corresponds to 

'main. 

Where two foliations are preserved, the earlier foliation 
(S1) is a layer-parallel penetrative fabric overprinted by a 
tightly spaced, steeply northwest-dipping cleavage (S2). 
Such overprinting was observed only in the hinge zones of 
open to tight Zasymmetrical folds (F2); elsewhere the two 
fabrics are likely transposed into a single foliation. Most F2 
folds plunge shallowly to moderately (20-50") northeast, 
with fewer southwest plunges. The shallow plunge of F2 folds 
suggests that S1 was shallowly dipping before D2. In addition 
to bedding and S1, F2 folds deform, and therefore postdate, 
the hornblende isograd preserved in mafic rocks. 

Rocks of the Hurwitz Group preserve a moderately to 
steeply dipping, near-bedding-parallel foliation that strikes 
northeast (030-04-0"). A weak, gently north-plunging mineral 
lineation is locally associated with the foliation. The foliation 
preserved in the Hurwitz Group is generally parallel to and 
indistinguishable from Smi, in the underlying Archean 
rocks. However, Sm&, is cut locally by granitoid veins of pre- 
sumed Archean age, distinguishing it from the Proterozoic 
foliation. Rather than attributing the parallelism to coinci- 
dence, it is suggested that either Proterozoic shortening reori- 
ented pre-existing Archean fabrics into their present 
orientation, or the orientation of Proterozoic fabrics was con- 
trolled by the pre-existing Archean anisotropy. 

The Tyrrell shear zone 

The Tyrrell shear zone is a northeast-striking, northwest- 
dipping zone of high strain locally up to 2 krn wide, within 
which mylonites 1-50 m wide anastomose between less 
strained augen. The mylonites occur within the mixed grani- 
toids and intrusive migmatites along the southeastern margin 
of the supracrustal belt, and range from protomylonite with 
well preserved, asymmetrical porphyroclasts, to ribbon ultra- 
mylonites. A strong stretching lineation with a variable but 
typically shallow (20-30") northward plunge is associated 
with the mylonites. 

Shear sense indicators, including asymmetrical sigma- 
type porphyroclasts, shear bands, foliation fish, and, less 
commonly, C-S fabrics indicate predominantly dextral 
movement with a component of normal displacement 
(Fig. 4). However, in afew outcrops, asymmetrical folds, C-S 
fabrics, back-rotated pull-aparts and a dip-parallel extension 
recorded by isoclinal fold axes record an episode of reverse 
displacement along the shear zone. In one outcrop, reverse 
shear sense indicators are overprinted by dextral indicators, 
providing evidence for the relative timing of the two shearing 
events. 

The tectonic significance of the shear zone is not entirely 
clear, although its regional setting is intriguing. Younging 
indicators within the Yathkyed belt suggest that the supra- 
crustal package is an overturned southeastward-younging 
panel. Early reverse shearing along the structural base of the 
panel may represent a thrusting event with the volcano- 
sedimentary package the overturned limb of a nappe 
emplaced southeastward (present coordinates). If so, the 
early foliation (S1) may be coeval with nappe emplacement. 
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Figure 4. Dextral shear bands in mylonites along the Tyrrell 
shear zone: (a) mixed sedimentary rocks and granitoids; 
(b) Komatik granite. 

If the Tyrrell shear zone is an Archean thrust fault, it may rep- 
resent an important tectonic contact, and the Yathkyed green- 
stone belt may have a history distinct from the adjacent 
Kaminak belt to the southeast, against which it is juxtaposed. 
Ongoing geochemical and geochronological studies will test 
this possibility. 

The significance of subsequent dextral-normal shearing is 
less clear. It may be related to uplift of the Nowyak metamor- 
phic core complex 60 km to the southwest, where a thick 
panel of mixed amphibolites, pelites, and granite was 
unroofed from depths of about 30 km by slip along a gently 
north-dipping detachment (Labelle, 1997; Relf et al., 1997). 
The direction of maximum extension during this event was 
approximately north-south (subhorizontal), consistent with 
the instantaneous extension direction during late, dextral- 
normal displacement along the Tyrrell shear zone. The bulk 
of crustal extension related to formation of the Nowyak com- 
plex is interpreted to have occurred around ca. 2.64 Ga 
(B. Davis, unpubl. data, 1997). U-Pb dating of the Tyrrell 
shear zone by one of the authors (KM) will determine 
whether dextral shearing was coeval with crustal extension 
recorded to the southwest. 

In several outcrops, mylonites and their associated linea- 
tions are deformed by tight, northeast-trending, upright folds 
with wavelengths of metres to tens of metres. These folds are 
correlated with map-scale F2 folds on the basis of their orien- 
tation. This relationship requires that F2 postdated shearing. 

METAMORPHISM 

Metamorphic grade in the map area ranges from greenschist 
to upper amphibolite facies. The lowest grade rocks occur in 
the southeast and are characterized by chlorite in mafic vol- 
canic rocks, and phyllites with millimetre-scale biotite por- 
phyroblasts in sedimentary rocks. Towards the west and 
northwest, mafic volcanic rocks preserve a hornblende-in 
isograd, which is folded about, and therefore predates, 
northeast-trending F2 folds. The assemblages horn- 
blende+garnet and hornblende+epidote+garnet were 
observed locally within the hornblende zone. Occurrences of 
these assemblages are uncommon, and are interpreted to 
reflect variations in bulk composition, rather than changes in 
metamorphic grade. Locally garnets within amphibolites are 
rimmed by fine-grained plagioclase, documenting uplift fol- 
lowing garnet growth. A second, higher grade, zone was dis- 
tinguished in the map area northwest of the hornblende 
isograd. It is not defined by the growth of new metamorphic 
minerals, but rather is characterized by a transition from 
hornblende-rich schists to layered amphibolites, locally with 
a gneissic texture. It is mapped as a separate unit on Figure 2, 
although the amphibolites and mafic gneisses are interpreted 
to be simply high-grade equivalents-of the mafic volcanic 
rocks. Geochemical analyses are underway to compare the 
trace element compositions of the amphibolites with lower 
grade mafic volcanic rocks of theyathkyed belt. 

The highest grade rocks in the map area occur along the 
southwest side of Tyrrell Arm. Amphibolites here locally 
contain a brown-weathered mineral tentatively identified as 
orthopyroxene, suggesting uppermost amphibolite to granu- 
lite facies. Petrographic studies will identify mineral assem- 
blages to better establish peak metamorphic conditions. 

On the west side of 'Y' lake, supracrustal rocks occur both 
as discreet mappable panels, and as enclaves, metres to tens 
of metres long within both foliated to gneissic tonalite and 
Komatik granite. Metasedimentary enclaves locally contain 
the assemblages biotite+garnet+sillimanite, biotite+gar- 
net+cordierite, and biotite+garnet+sillimanite+cordierite. 
Where garnet and cordierite coexist, garnet seems to be 
breaking down to cordierite, indicating uplift and decompres- 
sion. Small (millimetre scale) foliation-parallel lenses of 
white two-mica granite occur within the high-grade meta- 
sedimentary rocks, and are interpreted as locally-derived, 
anatectic melt. Where these lenses coalesce into coherent grani- 
toid veins, they locally contain accessory garnetddourmaline, 
attesting to their crustal origin. 
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MINERAL POTENTIAL 

The preponderance of mafic volcanic flows through much of 
the supracrustal section suggests a depositional environment 
poorly suited to VMS-type mineralization. However, in the 
northern part of the map area, east of 'Y' lake, the package of 
mixed volcanic rocks includes volcaniclastic rocks with fel- 
sic to intermediate bulk compositions and, within this pack- 
age, several stratabound gossans were mapped. Many of 
these gossans have significant strike lengths (hundreds of 
metres) and, in one locality, cordierite occurs within interme- 
diate volcanic rocks adjacent to a gossan (Fig. 3). The 
cordierite-rich unit is commonly referred to as dalmatianite, 
and has been interpreted elsewhere to form by metamorphism 
of Na-Ca-K-depleted rocks in alteration zones related to 
VMS-type base metal deposits (e.g. Millenbach deposit, 
Quebec, Knuckey et al., 1982; Geco deposit, Ontario, Friesen 
et al., 1982). The presence of dalmatianite may indicate 
unrecognized base metal potential in the area. Three assay 
samples collected from stratabound gossans yielded Zn val- 
ues up to 0.44 per cent and Cu values to 0.23 per cent. 

Iron formation is fairly common throughout the southern 
part of the map area, and can be identified on regional aero- 
magnetic maps by its magnetic signature (Geological Survey 
of Canada, unpub. aeromag. data, 1997). Individual iron- 
formations locally makes useful marker beds and can be used 
to trace map-scale folds of bedding over several kilometres. 
Locally, individual silicate-rich beds within the iron- 
formation preserve sulphide overgrowths (pyrite, pyrrhotite) 
on amphibole (grunerite?). An assay sample of one such bed 
yielded 1379 ppb Au. 

Rusty quartz veins, commonly with malachite staining 
andlor a few per cent pyrite, occur throughout the map area in 
a variety of host rocks. Where they are hosted by the Komatik 
granite, they are locally vuggy and contain up to 20 per cent 
pyrite (Fig. 5). In such cases, the rocks bear a striking resem- 
blance to the 'yellow granite' 60 km to the southwest (Relf 
et al., 1997). although occurrences of pyrite-rich granite in 
the study area are small and isolated. The highest Au value 
from a quartz vein (868 ppb) came from a rusty 
pyrite+chalcopyrite-bearing vein in a gabbro near the south- 
east end of Tyrrell Arm. 

SUMMARY 

Mapping in the Yathkyed Lake area distinguished amphibo- 
lites, high-grade metasedimentary rocks, and various grani- 
toids in an area previously mapped as undifferentiated 
migmatites and gneisses, thereby expanding the mapped 
width of the Yathkyed greenstone belt significantly. Along 
the southeastern margin of the belt, the Tyrrell shear zone 
records early reverse (thrust?) displacement followed by 
oblique strike-slip movement associated with extension. The 
shear zone could have important implications for the tectonic 
history of the Western Churchill Province. 

Figure 5. Pyrite in vuggy granite; similar appearance to 
'yellow granite' of Relfet al. (1997). 

The mineral potential of the belt seems to be diverse, with 
a range of possible deposit settings represented. Iron forma- 
tion is abundant in the southern half of the map area, and 
locally records evidence for sulphide (and Au?) replacement 
of silicate minerals. In the northern part of the study area, a 
distinct unit of mixed fragmental volcanic and volcaniclastic 
rocks, locally with stratabound gossans and rare dalmatianite, 
suggest VMS potential. Finally, fractured sulphidized por- 
tions of the Komatik granite share compositional and textural 
similarities with the yellow granite of Relf et al. (1997) and 
may prove to have gold potential. 
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Hanmer, S., Rainbird, R.H., Sandeman, H.A., Peterson, T.D., and Ryan., J.J., 1998: Field 
contributions to thematic studies related to the Kaminak greenstone belt, Kivalliq Region, 
Northwest Territories; & Current Research 1998-C; Geological Survey of Canada, p. 77-84. 

Abstract: It is not possible to discriminate between single and multiple cycle stratigraphic models for the 
Archean Kaminak Group on the basis of fieldwork alone. However, facies associations in volcano- 
sedimentary rocks suggest that parts of the belt formed in an intra-arc depositional environment. In the 
Kaminak Group, regional deformation and metamorphism are Late Archean in age and have been influ- 
enced by the emplacement of major plutons. Most silicification and stratigraphically controlled carbonati- 
zation predates regional deformation. Some carbonatization and most sericitization is structurally 
controlled. The Mackenzie Lake sediments (sensu lato) represent two sequences: a Kaminak Group base- 
ment, and a cover of younger quartz arenites and conglomerates (Mackenzie Lake sediments sensu stricto). 
The Paleoproterozoic Hurwitz Group sits unconformably on a basement of Archean granitoids and Kaminak 
Group volcanic rocks. Paleoproterozoic reworlung is confined to discontinuous chlorite alteration and 
quartz veining, with local cleavage, adjacent to the Hurwitz Group. 

R6sum6 : I1 n'est pas possible de departager sur la seule base des travaux de terrain les modbles stra- 
tigraphiques 2 cycle unique et ceux B cycles multiples pour le Groupe de Kaminak de l7Archten. Toutefois, 
les associations defacibs dans les roches volcano-saimentaires laissent supposer que certaines parties de la 
ceinture se sont formtes dans un milieu de dep6t intra-arc. Dans le Groupe de Karninak, la dtformation et le 
mttarnorphisme rtgionaux datent de 1'Archden tardif et ont CtC influencks par la mise en place de plutons 
principaux. La plus grande partie de la silicification et de la carbonatisation contr6lte par la stratigraphie est 
antkrieure B la deformation rkgionale. Une partie de la carbonatisation et la plus grande partie de la striciti- 
sation ont kt6 contr6ltes par la structure. Les roches stdimentaires de Mackenzie Lake (sensu lato) reprtsen- 
tent deux sequences : le socle du Groupe de Kaminak et une couverture de quartzartnites et de conglomtrats 
plus jeunes (roches ~Cdimentaires de Mackenzie Lake sensu stricto). Le Groupe palCoprottrozo'ique de 
Hurwitz repose en discordance sur un socle de granito'ides archdens et de roches volcaniques du Groupe de 
Kaminak. Le remaniement paltoprot6rozo'ique se limite B une altdration chloritique discontinue et B un 
remplissage filonien de quartz, avec clivage local 5 proximitt du Groupe de Hurwitz. 

Contribution to the Western Churchill NATMAP Project 
Department of Geology, University of New Brunswick, Fredericton, New Brunswick E3B 5A3 
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INTRODUCTION 

The Western Churchill NATMAP Project is a collaborative, 
multidisciplinary initiative involving the Geological Survey 
of Canada (GSC), the Government of the Northwest 
Territories (GNWT), and Indian and Northern Affairs 
Canada (INAC). The first phase of the GSC's three year field 
program was initiated in June 1997 to investigate the geology 
of parts of the Eskimo Point (NTS 55E), Tavani (NTS 55K), 
Kaminak Lake (NTS 55L), Henik Lakes (65H) and Ferguson 
Lake (NTS 651) map areas (Fig. I), with particular emphasis 
on establishing the stratigraphy and tectonic setting of the 
Archean Kaminak greenstone belt. Bedrock mapping was 
undertaken between Padlei and Quartzite Lake (Fig. 1) at 
various scales, depending on the extent of outcrop. Previous 
work in the area includes bedrock mapping at 1:250 000 scale 
by Davidson (1970a, b) and Bell (1971), 1 : 100 000 by Park 
and Ralser (1992), and 1:50 000 by Irwin (1994,1995,1996, 
1997) and Relf (1995). Fieldwork in the present study was 
divided between upgrading the geoscience knowledge base 
in the areas of recent detailed mapping north and east of 
Kaminak Lake (Fig. I), and new mapping in adjacent areas to 
the south and west. 

A number of strategic topics were identified either for sys- 
tematic or pilot field study in the initial NATMAP project 
proposal. These include (i) the evaluation of existing tec- 
tonostratigraphic models for the Archean Kaminak Group, 
(ii) the nature of gneisses and plutonic rocks between the 
Kaminak greenstone belt and other greenstone belts to the 
north, (iii) the stratigraphic significance of the Mackenzie 
Lake sediments, and (iv) the potential for Paleoproterozoic 
reworking of greenstone belt rocks. In addition, we were able 
to make observations pertinent to some of the principal alter- 
ation zones and mineral prospects in the area. In this report, 
we present the results of field investigations relating to these 
topics. In a companion contribution (Hanmer et al., 1998), we 
present a systematic overview of the lithological and struc- 
tural characteristics of the Kaminak Group and associated 
plutonic rocks. 

ARCHEAN TECTONOSTRATIGRAPHIC 
MODELS 

Although Davidson (1970a, p. 7) noted that "the inherently 
variable nature of the assemblage from place to place pre- 
cludes precise correlation", he identified a relatively simple 
stratigraphy in the Kaminak Group. From oldest to youngest, 
the sequence comprised (i) mafic to intermediate flows and 
breccias, chiefly andesitic, (ii) intermediate to felsic flows, 
tuffs and breccias, and (iii) siliciclastic sediments with iron- 
formations. In the Tavani map area to the east, Park and 
Ralser (1992) adopted a similar tri-partite stratigraphy which 
they referred to as the Atungag, Akliqnaktuk, and Evitaruktuk 
formations. The mafic Atungag Formation and the mafic to 
felsic Akliqnaktuk Formation were interpreted as oceanic 
crust upon which an island arc had been built. 

In the Henik Lakes map area to the southwest, Aspler and 
Chiarenzelli (1996) proposed a four-fold stratigraphy with 
(i) siliciclastic sediments at the base, overlain by (ii) mixed 
sedimentary and volcanic rocks with iron-formations, (iii) a 
mafic volcanic/gabbro sill complex, and (iv) more siliciclastic 
sediments. They interpreted the succession as a volcanic pla- 
teau prograding over a sedimentary basin in a deep oceanic 
regime, either in a back-arc basin setting, or associated with 
progressively accreted arcs. 

In contrast to the foregoing single cycle models, Ridler 
and Shilts (1974) proposed a stratigraphic sequence compris- 
ing four complete and one incomplete mafic to felsic cycles, 
associated with stratigraphically intercalated metalliferous 
cxhalitc horizons. Their modcl prcdictcd that thc volcanic 
cycles and exhalites should young from west to east along the 
length of the Kaminak Belt. The available geochronological 
data (U-Pb, zircon) are not incompatible with Ridler and 
Shilt's (1974) model: 2697 + 1.4 Ma at Spi Lake, 2692 + 3 Ma 
in northeast Kaminak Lake, and 2681 + 3 Ma at Quartzite 
Lake (Mortensen and Thorpe, 1987; Patterson and Heaman, 
1990). 

The discontinuous nature of map units in the Kaminak 
Group does not allow elaboration of a robust stratigraphy 
based upon field observation alone (Hanrner et al., 1998). 
Therefore, evaluation of the foregoing stratigraphic models, 
and discrimination between single and multiple volcanic 
cycles, must await petrological and geochronological studies 
currently underway. However, the sedimentary units 
described in our companion paper (Hanrner et al., 1998), par- 
ticularly those from the Quartzite Lake area (Fig. I), are simi- 
lar to those described for modem intra-arc basins, where they 
are considered as part of the volcanic arc platform (Smith and 
Landis, 1995). Intra-arc basins are characterized by thick 
accumulations of volcanic and volcaniclastic material 
deposited in and around volcanic edifices of variable compo- 
sition. The edifices are flanked by extensive, subaerial to 
subaqueous debris aprons composed of immature epiclastic 
sediment gravity flow and flood deposits, intercalated with 
both coarse and fine pyroclastic deposits and lava flows. 
Finer grained deposits, such as distal turbidites, tend to be 
rarer than in fore-arc or back-arc basins, where the direct 
affects of volcanism are less evident. We favour an intra-arc 
setting as a preliminary working model, at least for parts of 
the Kaminak Group in the Heninga-Carr-Karninak-Quartzite 
comdor (Fig. 1). The nature of the inferred arc (e.g. oceanic, 
continental, or transitional) will be investigated through 
ongoing geochemical and tracer isotope studies. 

METASEDIMENTS NORTH OF 
HENINGA-QUARTZITE LAKES AREA 

North of the Heninga-Carr-Kaminak-Quartzite comdor, 
homogeneous semipelites and subordinate, fine grained, 
featureless amphibolite are part of the Kaminak Group 
(Davidson, 1970a; see Fig. 1). They differ from the volcano- 
sedimentary rocks to the south because the mafic to siliciclas- 
tic rock ratio is very much lower, and the metamorphic grade 
is higher. Biotite-muscovite semipelite contains restricted, 
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local horizons of pelite which may contain subsets of the 
metamorphic assemblage garnet-cordierite-staurolite- 
kyanite (see Davidson, 1970a). Between Kaminak and 
Victory lakes (Fig. 1) there are no signs of anatexis. However, 
semipelite east of the Kogtok River carries concordant gran- 
itic leucosome, apparently derived by incipient in situ melt- 
ing, and sillimanite was found at one locality. Very rarely, 
amphibolite may be garnet-bearing. These metamorphosed 
rocks are cut by the Maguse pluton (Fig. 1; cf. Bell, 1971), a 
medium- to coarse-grained, poorly foliated to isotropic, equi- 
granular granite. On its northern side, veins of the Maguse 
pluton crosscut dioritic orthogneisses and a mixed granite, 
paragneiss, and diatexite association. Allowing for their 
extremely poor exposure, the supracrustal components of 
these higher grade rocks appear to be continuous with the 
Kaminak Group west of Turquetil Lake (Fig. 1). Granite 
exposed west of O'Neil Lake resembles the Maguse pluton 
and includes rafts and xenoliths of semipelite. 

Kaminak Group sediments (?) 

In the Karninak Lake area, Davidson (1970a) mapped and 
defined the Kaminak Group as an assemblage of volcanic 
rocks, flanked to the north by siliciclastic sediments. How- 
ever, the stratigraphic identity of siliciclastic metasediments 
north of Happy lake is uncertain (Davidson, 1970a; Irwin, 
1997). The pelites and semipelites do not preserve bedding, 
except where they are interlayered with quartzite. The quartz- 
ites are up to several metres thick, spaced at 10-100 cm inter- 
vals, and contain rare calcareous interlayers. A penetrative, 
layer-parallel schistosity is deformed by tight, steeply plung- 
ing folds. The metamorphic assemblage biotite-muscovite- 
garnet-staurolite-kyanite in pelites, and kyanite in quartzites, 
appears to have been stable throughout the deformation his- 
tory. In several places, quartzite preserves alternating, 5 cm 
thick planar beds of otherwise featureless white and grey 
sandstone (Fig. 2). The resemblance of this particular lith- 
ology to parts of the Kinga Formation of the Hurwitz Group 
led Irwin (1997) to propose a Paleoproterozoic age for the 
quartzite, but he considered the age of the semipelites and 
pelites to be unconstrained. However, calc-silicate rock, 

semipelite, micaceous quartzite and possible quartz arenite 
form isolated narrow layers (<2 m) within banded amphibo- 
lites which are accepted as part of the Kaminak Group 
(Davidson, 1970a; Irwin, 1997). Moreover, Irwin (1 997) has 
mapped pelites with minor garnet and kyanite intercalated 
with these same mafic rocks. If this intercalation is primary, 
then we suggest that the entire sedimentary package is part of 
the Kaminak Group. However, we cannot exclude the possi- 
bility that the banded nature of the amphibolites could repre- 
sent structurally transposed primary features & Hanmer et 
al., 1998), thereby implying tectonic intercalation, possibly 
of Archean and Paleoproterozoic rocks. Geochronological 
studies are underway to test these possibilities. 

Although richer in pelite nnd quartz arenite, these rocks 
are similar to semipelitic, locally garnet-cordierite-staurolite 
rocks mapped by Davidson (1970a) from Kaminak Lake to 
Victory Lake as part of the Kaminak Group. They also resem- 
ble the semipelites and quartz arenites associated with the 
Mackenzie Lake sediments (see below). 

Mackenzie Lake sediments 

Southwest of Kaminuriak Lake (Fig. I), a package of arenites 
and conglomerates, plus "higher grade equivalents" injected 
by granite, were mapped by Davidson (1970a) and Bell 
(1971) as the "Mackenzie Lake sediments" (sensu lato 
herein). The stratigraphic significance of the Mackenzie Lake 
sediments, i.e. their potential correlation with Archean or 
Paleoproterozoic rocks, has remained controversial (see 
Aspler and Chiarenzelli, 1996). 

Our field study indicates that the arenites and conglomer- 
ates constitute a subordinate component of the map unit as 
represented by the earlier workers. These rocks include 
quartzites, arkosic arenites, quartz pebble conglomerates, 
framework supported conglomerates, and pebble-lag con- 
glomerates, exposed in the southern half of Mackenzie Lake 
(Fig. I), and extending southwest to the edge of the Kaminak 
Lake map sheet. Trough crossbedding, outlined by heavy 
mineral bands, occurs in the quartzites and in feldspathic 
arenites interbedded with pebble-lag conglomerates. The 
latter form channel fills with erosional bases. Clasts in the 
conglomerates are subangular to well-rounded cobbles and 
pebbles, principally composed of tonalite, granodiorite and 
granite (Fig. 3). Scattered smaller clasts of "actinolite rock" 
may represent metamorphosed impure limestone, or ultra- 
mafic rock. The quartzites are either interbedded with quartz 
pebble conglomerate, or form a thick plane-bedded unit run- 
ning southwest from the southern end of Mackenzie Lake. 
Soft-sediment deformation structures, in association with the 
coarse clastic sediments, may be indicative of nearby active 
tectonism. The facies association and unidirectional cross- 
bedding suggest alluvial deposition. These deposits resemble 
late Archean molasse deposits seen in other Canadian green- 
stone belts (e.g. Jackson Lake Formation, Slave craton or 
Temiskaming Group, Superior Province). Diagnostic meta- 
morphic mineral assemblages are lacking, but the arenites 
contain biotite and the quartzites locally carry sillimanite 

Figure 2. Vertically bedded quartzite north of Happy lake. after kymite. 
GSC 1997-68E 
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HURWITZ GROUP BASAL UNCONFORMITY 

An unconformity between the folded and cleaved Hurwitz 
Group @avidson, 1970a) and its underlying basement was 
identified northeast of Carr Lake (Fig. 1). The contact 
relationship typically places the basal Maguse Member of the 
Kinga Formation above granitoid or Kaminak Group vol- 
canic rocks. At the northwestern end of Kaminak Lake, the 
interface is recognizable as a sericite-quartz schist, foliated 
subparallel to the unconformity. However, in an embayment 
along the unconformity, the rocks are less strained and a pos- 
sible regolith produced by primary chemical weathering of a 
granodiorite protolith is preserved. Regolith alteration is ser- 
icite after kaolinite and plagioclase, and iron chlorite after 

Figure 3. Subangular to rounded granite to tonalite pebbles biotite-hornblende. ~rotolith texture is preserved, but the 
degree of alteration increases upward (i.e. toward the uncon- in conglomerate, Mackenzie Luke sediments (sensu stricto), 

east side of Mackenzie Lake. Dark clasts are "actinolite formity) suggesting that it resulted from gravity driven 

rock". GSC 1997-68J rainwater-rock interaction. The contact zone between the 
regolith and the overlying Maguse Member is diffuse, and is 
comuosed of subrounded blocks of both altered and fresh 

The volumetrically predominant lithological association granodiorite in a matrix of poorly sorted arkose. The transi- 

within the major part of the "Mackenzie Lake sediments" tion zone is 1-3 m thick and passes upward into a distinctive 

(sensu lato) is composed of leucogranite sheets pervasively jasper- and quartz-pebble conglomerate interbedded with 

intruded into homogeneous sernipelite with local amphibolite arkose. The rock is sericite-rich, presumably due to incorpo- 

layers, and restricted occurrences of quartz arenite and calc- ration of regolithic material, and has a distinctive greenish 

silicate rock. This association extends southwest from colour. Sericite alteration, produced by low grade 

Kaminuriak Lake into the eastern quarter of the Ferguson K-metasomatism of kaolinite after initial chemical break- 

Lake map area (Fig. 1). Except for its schistosity, the semipe- down of feldspars, is a typical feature of Precambrian paleo- 

lite and amphibolite are generally featureless; they do not pre- sols (Rainbird et al., 1990). Therefore, the sericite-quartz 

serve primary layering. The quartz arenite is locally a schist along this interface, outside of the protected embay- 

quartzite, and the calc-silicate is represented by thin layers of ment, is considered to represent the deformed equivalent of 

plagioclase rock with subordinate green amphibole and the transition zone. 

minor quartz. These metasediments are concord&tly injected 
by biotite leucogranite sheets which comprise at least 70% of 
the outcrop. They are more appropriately mapped as granite, 
charged with screens of wall rock. 

We suggest that the "Mackenzie Lake sediments" (sensu 
lato) comprise two rock packages of different age. The 
quartzites and conglomerates, for which the name Mackenzie 
Lake sediments (sensu stricto) should be retained, are folded 
about upright, northeast-trending, first generation folds with 
an axial planar cleavage. However, the semipelites, arenites, 
and granite sheets contain a strong, layer-parallel cleavage. 
This cleavage is relatively flat lying at the latitude of 
Kaminuriak Lake (dips <lo0), where it carries a north- 
trending extension lineation, but is progressively folded 
about the same folds which deform the quartzites and con- 
glomerates at the latitude of southern ~ a c k e n z i e  Lake. 
Accordingly, we suggest that quartzites and conglomerates 
are younger than, and may unconformably overly the older 
rock package. Combining the foregoing with our preceding 
observations on the siliciclastic sediments of the Kaminak 
Group, we suggest that the Mackenzie Lake sediments (sensu 
stricto) represent a post-Karninak Group sequence. Potential 
correlation with the Hurwitz Group will be tested by geo- 

Other segments of intact unconformity at the base of the 
Hurwitz Group occur along strike to the northeast and south- 
west, beyond our study area (Park and Ralser, 1992; Aspler 
and Chiarenzelli, 1997). The Carr Lake unconformity pins 
the Hunvitz Group in this middle section of its regional out- 
crop extent, thereby eliminating the possibility of significant 
Paleoproterozoic displacements between basement and 
cover. Localized deformation adjacent to the Hurwitz Group 
likely indicates strain incompatibility or partitioning at the 
basement-cover contact during Paleoproterozoic shortening. 

ALTERATION AND MINERALIZATION 

Volcanic and volcaniclastic rocks of the Kaminak Group are 
extensively altered, especially along the north side of Kaminak 
Lake and around Quartzite Lake (Fig. 1 ) .  Alteration around 
Spi Lake is less extensive, and alteration west of Turquetil 
Lake appears to be focused in a fault zone. The local aspects 
of the alteration comprise variable components of silicifica- 
tion, carbonatization, and sericitization. 

Silicification chronological studies. 
Silicification is the most extensive, and locally pervasive, 
form of alteration. It is most commonly seen in volcaniclastic 
conglomerates and breccias, but also occurs in massive and 
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pillowed intermediate flows. In some cases, silicification is 
selective, preferentially affecting either the matrix, or the 
clasts, but generally the silicified matrix carries a well devel- 
oped tectonic fabric, indicating that the alteration is early. 

Stratigraphically controlled carbonatization 

Carbonatization is typically more localized than silicifica- 
tion. To illustrate stratigraphically controlled alteration, we 
describe a distinctive, coarse clastic sedimentary unit imme- 
diately southeast of Quartzite Lake (Fig. 1). It is about 30- 
40 m thick and is composed of boulder to granule conglomer- 
ates overlain by crossbedded lithic arenite. Conglomerates 
are mostly clast supported, with poor to moderate sorting. 
The framework is almost exclusively composed of felsic vol- 
canic rocks, and the matrix is lithic arenite. The conglomerate 
is overlain by medium-to coarse-grained lithic arenite with 
well preserved, small-scale trough crossbedding, to large 
scale wave-ripple crosslamination (Fig. 4). Local intraforma- 
tional disconfonnities and large tilted blocks of strata indicate 
syndepositional tectonism. The distinguishing feature of this 
unit is partial to almost complete replacement by recessive, 
brown-weathering ankeritic dolomite (Fig. 4). Generally, 
replacement is controlled by grain size and is most pervasive 
in finer grained material, such as conglomerate matrix, and 
therefore most likely occurred during diagenesis. Similar, 
carbonate-altered lithic arenites were mapped in the north- 
west corner of Kaminak Lake, as well as northwest of 
Tootyak Lake (Fig. 1). 

Structurally controlled carbonatization 

Structural control of carbonate replacement in massive vol- 
canic and volcaniclastic rocks begins by infiltration along a 
network of penetrative, macroscopically nondilated fractures 
(Fig. 5A). Progressive replacement can be traced into mas- 
sive, featureless, fine grained brown carbonate, with a few 
isolated volcanic relics (Fig. 5B). Where massive carbonate 

replaces cleaved volcanic rocks, the alteration is clearly 
later than most of the S1 cleavage forming event. However, 
in places, the main mass of carbonate may be cut by folded 
carbonate veins. 

Sericitization 

Sericitization may be penetrative and pervasive. Localized, 
concordant zones of sericitized volcanic and volcaniclastic 
rock, up to several tens of metres thick, are well cleaved, 
steeply heated, buff weathering, and silky to the touch. 
Accordingly, the alteration either predates or accompanies 
cleavage formation. 

At some localities, sericitization is localized in narrow, 
regularly spaced (5-1 0 cm), foliation-parallel bands. Progres- 
sive sericitization begins by infiltration and replacement 
along macroscopically closed, anastomosing fractures 
aligned subparallel to S1. Replacement of the volcanic wall 
rock adjacent to the fractures produces sericite-rich bands, up 
to 5 mm thick, whose geometry reflects that of the initial frac- 
ture array. Within the sericite bands, a penetrative (sericite- 
quartz?) foliation is developed (Fig. 6). In all cases, the sericite 

Figure 4. Trough crossbedded arenite with extensive 
carbonate replacement (dark recessive areas), southeast of 
Quartzite Lake. GSC 1997-68M 

Figure 5. Progressive carbonate replacement can occur by 
in$ltration along fractures (A), eventually resulting in a 
featureless, fine grained, brown carbonate rock with isolated 
volcanic relics ( B ) ,  northwest of Turquetil Lake. 
A) GSC1997-68Z; B) GSC 1997-68Y 
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Figure 6. Sericite bands in brown carbonate rock west of 
Turquetil Luke. Note internal, anticlockwise foliation within 
bands, and thin quartz veinlets in the intervening lithons 
(upper right). GSC 1997-68AA 

foliation is internal to the bands, and makes a uniform, anti- 
clockwise angle (10-15") with their boundaries. An extension 
lineation marked by sericite aggregates and elongate chlorite 
grains is always steeply pitching to vertically plunging. These 
observations indicate that the sericite alteration is localized by 
initial fracturing, and subsequently deformed by dextral shear. 
However, displacements along both the initial fractures and the 
evolved sericite bands must be minimal in order to avoid dila- 
tion and brecciation in the former, and to preserve the internal 
obliquity of the foliation in the latter. 

Exhalite or alteration? 

At the Turquetil gold prospect, west of Turquetil Lake (Fig. I), 
precleavage (S1) silicification is overprinted by postcleavage 
carbonatization in a zone about 500 m wide, which is in turn 
overprinted by spaced sericite bands as described above. 
There, sericitization is clearly a postcleavage process. The car- 
bonate lithons between sericite bands are cut by steeply dip- 
ping quartz veinlets (<I mrn thick), which do not themselves 
cut the sericite bands, suggesting that the two are contempora- 
neous (Fig. 6) .  The horizontal extension implied by the quartz 
veinlets is perpendicular to the steeply plunging sericite exten- 
sion lineation. However, late decimetre-scale quartz veins cut 
across the sericite bands, and are perpendicular to the lineation. 
These observations suggest that switching of the 'X' and 'Y' 
principal axes of strain occurred during the later stages of the 
progressive deformation. The observations presented here do 
not support an exhalite model for the Turquetil alteration zone. 
described by Ridler and Shilts (1974) as "Larder Lake" type. 

AGE OF DEFORMATION AND 
METAMORPHISM 

By mapping the distribution of Kaminak dykes (ca. 2.45 Ga; 
Heaman, 1994) which crosscut the Kaminak Group, but are 
absent from the Hurwitz Group, Davidson (1970a) and Bell 
(1971) established that regional deformation and 

metamorphism in the Kaminak Group occurred in the late 
Archean. More detailed mapping by Irwin (1 994,1995,1996, 
1997) and Relf (1995) showed that (i) layer-parallel S1 foli- 
ation tends to mirror the outlines of the main tonalite and 
granodiorite plutons at the eastern end of Kaminak Lake, and 
(ii) the hornblende isograd tends to be hot-side towards the 
same plutons. We have mapped similar relationships with 
respect to the Heninga pluton (Fig. 1 ; new name) at Heninga 
Lake. However, at both the map and the outcrop scale, the 
major plutons are clearly crosscutting to both S and isograds 
(see Hanrner et al., 1998). Along the southern part of Kaminak 
Lake, mafic to intermediate volcanic rocks, pelites and psam- 
mites locally contain synkinematic metamorphic garnet adja- 
cent to the central Karninak diorite suite and the Carr pluton 
(Fig. I;  Hanrner et al., 1998). These observations suggest that 
the granitoid plutons have influenced the deformation and 
metamorphism of their wall rocks, and that they are, at least in 
part, contemporaneous with S1. However, it remains uncer- 
tain to what degree wall rock deformation and the formation 
of steeply dipping and plunging fabric elements were con- 
trolled by pluton emplacement (cf. Paterson and Tobisch, 
1988). 

One of the syntectonic plutons (Kaminak; Fig. 1) has been 
dated at ca. 2.7 Ga (Cave11 et al., 1992), placing a preliminary 
upper age limit on regional Archean deformation and meta- 
morphism. However, this does not constrain the age of local- 
ized shear zones, such as the Turquetil alteration zone. There, 
the identical orientations of the upright S1 and the steeply 
plunging extension lineation, both within the alteration zone 
and its unaltered wall rock, strongly suggest that they are con- 
temporaneous and Archean in age. On the other hand, chlorite 
alteration and shear zones developed in the Ferguson pluton 
(Fig. 1) just north of the Hunvitz Group at Kaminak Lake 
(Hanmer et al., 1998), and similar alteration associated with 
extensive quartz veining adjacent to the Hurwitz Group at 
Kinga Lake, are the best examples of Paleoproterozoic 
reworking of the Archean basement noted in the Heninga- 
Carr-Kaminak-Quartzite lakes corridor. Further north, a sin- 
gle metamorphosed Kaminak dyke with a wall-parallel foli- 
ation was observed at the north end of O'Neil Lake (Fig. 1). 
This location corresponds to the approximate southern limit 
of regional scale folding affecting the potentially Paleopro- 
terozoic Mackenzie Lake sediments and their inferred 
Archean basement. 

SUMMARY 

Locally, the Kaminak Group appears to contain evidence for 
an intra-arc volcano-sedimentary environment. Regional 
deformation and metamorphism in the Karninak Group is late 
Archean, and has been, at least in part, influenced by the 
emplacement of major granitoid plutons. In the Kaminak 
Group, stratigraphically controlled carbonatization and most 
silicification is pretectonic; some carbonatization and most 
sericitization is structurally controlled. 

The "Mackenzie Lake sediments" represent two 
sequences: a potential Karninak Group basement and a possi- 
ble cover of younger quartz arenites and conglomerates. The 
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Paleoproterozoic Hurwitz Group sits unconformably on 
Archean basement. Paleoproterozoic reworking is confined 
to discontinuous chlorite alteration and quartz veining, with 
local cleavage, adjacent to the Hurwitz Group. 
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Geology of the Karninak greenstone belt from 
Padlei to Quartzite Lake, Kivalliq Region, 
Northwest Territories1 

S. Hanmer, T.D. Peterson, H.A. Sandeman, R.H. Rainbird, and J.J.  a an^ 
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Hanmer, S., Peterson, T. D., Sandeman, H.A., Rainbird, R.H., and Ryan, J. J., 1998: Geology of the 
Kaminak greenstone belt from Padlei to Quartzite Lake, Kivalliq Region, Northwest Territories; 
in Current Research 1998-C; Geological Survey of Canada, p. 85-94. - 

Abstract: Within a comdor spanning Heninga, Carr, Karninak, and Quartzite lakes, the Archean Kaminak 
greenstone belt (western Churchill Province, Northwest Temtories) is composed of discontinuous seg- 
ments of volcanic and volcaniclastic rocks. These range in composition from mafic to felsic, with an irnpor- 
tant intermediate component, and are accompanied by voluminous debris flows and siliciclastic rocks 
(Kaminak Group). These supracrustal rocks are cut by large synvolcanic to late syntectonic diorite to grano- 
diorite plutons. The principal map-scale deformation structure is a layer-parallel S1 foliation with a steeply 
plunging extension lineation. Post-S1 deformation structures are discontinuous, and therefore are difficult 
to correlate at map scale. The Kaminak Group appears to contain the remnants of a magmatic arc. 

RdsumC : A 19int6rieur d7un corridor comprenant les lacs Heninga, Carr, Karninak et Quartzite, la cein- 
ture de roches vertes archtenne de Kaminak (partie ouest de la Province de Churchill, Temtoires du Nord- 
Ouest) comporte des segments discontinus de roches volcaniques et volcanoclastiques dont la composition 
varie de mafique il felsique, avec une importante composante intermtdiaire. Ces roches sont accompagnkes 
de coul6es de d6bris et de roches silicoclastiques volumineuses (Groupe de Kaminak). Ces roches 
supracrustales sont recouptes par de vastes plutons dioritiques B granodioritiques synvolcaniques et syntec- 
toniques tardifs. La principale structure de dtformation d'tchelle cartographique est une foliation S1 par- 
allele B la stratification accompagnk d'une liniation d'extension B fort plongement. Les structures de 
dtformation postkrieures B S1 &ant discontinues, il est difficile de les corrtler ?I 1'6chelle cartographique. Le 
Groupe de Kaminak semble renfermer les vestiges d'un arc magmatique. 

Contribution to the Western Churchill NATMAP Project 
Department of Geology, University of New Brunswick, Fredericton, New Brunswick E3B 5A3 
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mafic to intermediate volcanic rocks of the Kaminak Group. INTRODUCTION 

The Western Churchill NATMAP Project involves the 
Geological Survey of Canada (GSC), the Government of the 
Northwest Territories (GNWT), and Indian and Northern 
Affairs Canada (INAC). The first phase of the GSC's three 
year field program was initiated in June 1997 to investigate 
the geology of parts of the Eskimo Point (NTS 55E), Kaminak 
Lake (NTS 55L), Henik Lakes (65H), and Ferguson Lake 
(NTS 651) map areas (Fig. I), with particular emphasis on 
establishing the stratigraphy and tectonic setting of the 
Archean Kaminak greenstone belt. Bedrock mapping was 
undertaken between Padlei and Quartzite Lake (Fig. 1) at 
various scales. Previous work in the area includes bedrock 
mapping at 1:250 000 scale by Davidson (1970a, b) and Bell 
(1971), and 1 5 0  000 by Irwin (1994,1995,1996,1997) and 
Relf (1995). Fieldwork in the present study was divided 
between upgrading the geoscience knowledge base in the 
areas of recent detailed mapping north and east of Kaminak 
Lake (Fig. I), and new mapping in adjacent areas to the south 
and west. The new map data were compiled at 1 : 125 000 scale 
to allow for the uneven distribution of outcrop, and to integrate 
with the compilation scale employed by the Government of 
the Northwest Temtories @.A. Irwin, unpub. map manu- 
script, 1997). In this report, we present a systematic overview 
of the lithological and structural characteristics of the 
Archean Kaminak Group and associated plutonic rocks 
within a comdor spanning Heninga, Carr, Kaminak, and 
Quartzite lakes (Fig. 1). In a second contribution (Hanmer 
et al., 1998), we present results of some of the strategically 
focused topics investigated during our fieldwork. 

Geological overview 

The Kaminak greenstone belt is a 500 km long segment of the 
"Ennadai-Rankin greenstone belt" from Pistol Bay on the 
Hudson Bay coast to west of Henik Lakes (see Miller and 
Tella, 1995; Aspler and Chiarenzelli, 1996). In the Kaminak 
Lake area, Davidson (1970a) mapped and defined the Karninak 
Group as an assemblage of volcanic rocks, flanked to the 
north by clastic sedimentary rocks. 

Field determination of the compositions of volcanic and 
volcaniclastic rocks was based on colour and phenocryst con- 
tent. At low metamorphic grade (chlorite-albite), black to 
dark green rockskplagioclase phenocrysts were called mafic, 
grey-green to grey rocks~plagioclase andlor hornblende 
phenocrysts were termed intermediate, and light grey, cream 
to white rockskpotassium feldspar andlor quartz phenocrysts 
were mapped as felsic. However, locally pervasive silicifica- 
tion, or the growth of metamorphic minerals made such field 
determinations difficult in some areas. Segments of distinct 
lithological associations, described below, can be traced over 
tens of kilometres along strike, but are invariably truncated by 
large plutons, and infemed faults. The highly discontinuous 
map pattern obscures the relative age of lithological packages. 

Intrusive rocks (Fig. 1) are broadly grouped as synvol- 
canic, syntectonic, and post-tectonic. Synvolcanic intrusions 
include dykes, sills, and plutons, typically ranging from gabbro 
to diorite. These are commonly spatially associated with the 

Syntectonic intrusions are the most widespread, forming 
three large, compositionally variable plutons (Kaminak 
batholith of Davidson, 1970a). Post-tectonic plutons include 
the 2659 k5 Ma Kaminak Lake alkaline complex (see Cave11 
et al., 1992). The plutonic rocks are rarely foliated, except 
adjacent to the intrusive contacts of some synvolcanic and 
syntectonic plutons. We shall focus here on the synvolcanic 
and syntectonic intrusions. 

KAMINAK GROUP 

Mafic volcanic rocks " 

Homogeneous, massive mafic flows occur southeast of 
Tootyak Lake, &d north and south of west Kaminak Lake 
(Fig. 1). They are fine grained, black and generally feature- 
less, except for local, small plagioclase phenocrysts, and 
minor interflow shales. However, similar looking rocks adjacent 
to the granitoid pluton at Heninga Lake (Fig. 1) may be 
amphibole-bearing hornfels derived from volc5nic rocks of 
intermediate composition. 

Pillow lavas 

Mafic to intermediate pillowed flows occur throughout the 
study area. However, particularly thick panels (up to 10 km) 
occur between Heninga and Turquetil lakes, north and south 
of Kaminak Lake, northeast of Quartzite Lake, and east of 
Southern Lake and the Copperneedle River (Fig. 1). Pillows 
vary in length from 10 cm to 3 m. Flow top breccias occur 
locally and interpillow hyaloclastite is rare (Fig. 2). Selvages 
are less than 2 cm thick, even on the largest pillows. Vesicles 
and quartz-fdled amygdales can be very iarge, exceeding 
4-5 cm in length. Locally, stratigraphic younging is readily 
determined from lower surface keels and convex upper 
pillow surfaces (Fig. 2). However, the frequency of unambi- 
guous younging criteria is only high enough to be structurally 
and stratigraphically significant in a few places, such as west 
of Turquetil Lake and northeast of Quartzite Lake (Fig. 1). 

Intermediate massiveflows, gabbros, 
and layered rocks 

Massive intermediate flows form relatively voluminous 
tracts, such as north of Caribou lake, and south of the 
Copperneedle River (Fig. 1). However, they are also com- 
monIy interlayered with intermediate pillow lavas, or with 
intermediate volcanic arenites and breccias. They are slightly 
coarser grained than their mafic equivalents, and are com- 
monly finely plagioclase-phyric and/or amygdaloidal. The 
interiors of thicker flows (>5 m) tend to be coarser than the 
margins, and could be confused with microgabbro sills which 
also occur in the same outcrops. Without amygdales, or feld- 
spar and/or hornblende phenocrysts, field identification of 
cleaved massive flows is difficult. For example, northeast of 
Quartzite Lake (Fig. I), panels of oppositely younging inter- 
mediate pillow lavas in a 10 krn thick homocline are sepa- 
rated by cleaved "intermediate massive flows". We interpret 
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the latter as strongly cleaved pillow lavas in sheared-out iso- breccias (Fig. 4) along the northwestern margin of a 10 km by 
clinal fold closures, although no evidence for strain gradients 5 km quartz-feldspar porphyry body. Weinterpret these rocks 
and transposition was observed in outcrov. to represent a large felsic dome. The dome is mantled by a 

Enigmatic mafic to intermediate, fine grained banded 
rocks are widespread (Fig. 3), but are particularly extensive 
south and east of Southern Lake, and north of Happy lake 
(Fig. 1). The banding is usually manifested by variation in the 
proportion of light (albite or plagioclase) and dark (chlorite or 
amphibole) minerals on a 1-2 cm scale. In the first two loca- 
tions, the layering is visibly derived by the structural transpo- 
sition of intermediate pillow lavas and their dark selvages. A 
strain gradient can be readily demonstrated just south of 
Southern Lake within the structure mapped by Irwin (1996) 
as the Southern Lake shear zone. However, in other occur- 
rences there are few indications as to their origin, and the 
banding could be primary, possibly originally bedding. 

caraiace of felsic breccias and fine grained quartz-phyric 
rhyolite. The former comprise angular rhyolite fragments. 
2-20 cm in diameter, set in a matrix of similar composition. 
The latter are fine grained, homogeneous layers, sometimes 
with feldspar phenocrysts, which are commonly difficult to 
identify as either flows or sediments. The felsic volcanic 
rocks are overlain by coarse volcaniclastic rocks, which we 
interpret as locally reworked flows and pyroclastic detritus 
(see below). 

"Bimodal" volcanic rocks 

Although isolated, thin horizons of sedimentary rock locally 
occur within mafic to intermediate volcanic rocks throughout 
the study area, a distinct lithological association with rela- 
tively high proportions of felsic versus intermediate to mafic 
materials (1:2 to 1:3) occurs from Spi Lake to Tootyak Lake, 
and in a number of areas along the northern side of Kaminak 
Lake between Carr and Quartzite lakes (Fig. 1). In general, 
the intermediate to mafic rocks range from villow lavas. mas- 

Felsic volcanic rocks 

Map-scale units of felsic volcanic rocks are well developed 
between Kaminak and Quartzite lakes (Fig. 1). Banded, 
quartz- and K-feldspar-phyric rhyolites form autoclastic 

.... 
sive flows, and gabbro sills to volcanic breccias and volcani- 
clastic arenites. Interspersed within them are 5 m to 1 km 
thick bands of felsic volcanic rocks similar to those described 
in the preceding section. This "bimodal" assemblage is 
associated with abundant magnetite-chert-carbonate banded 
iron-formations southwest of the Kam deposit, central Kaminak 
Lake, and magnetite-hematite-chert facies iron-formation 
northwest of Tootyak Lake (Fig. 1; see below). 

Volcaniclastic rocks: pyroclustic or epiclastic? 

Large volumes of volcanic breccia, conglomerate and arenite 
occur throughout the study area, particularly between Heninga 
and Turquetil lakes, south of west Karninak Lake, and at 
Quartzite Lake (Fin. 1). The volcanic arenites are comvosed . - .  
of variable proportions of small (<5 mm) fragments o i  feld- 

~ i ~ u r e  2. ~illowedflow, younging to top, west of Turquetil spar crystals set in a fine grained, grey-green intermediate 
Lake. Note interpillow hyaloclastite. GSC 1997-68X matrix. The conglomerates and breccias are composed of 

Figure 3. B a d d m f i c  rocks west of Tootyak Lake; in many Figure 4. Felsic autoclastic breccia northeast Kaminak 
cases the origin ofbanding is unconstrained. GSC 1997-68B Lake. GSC 1997-68V 
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mafic to felsic volcanic rock fragments, locally with quartz 
arenite and jasper clasts, set in a fine grained, grey-green 
intermediate matrix (Fig. 5). In some cases, the matrix is vol- 
canic arenite. Angular fragments and rounded clasts may 
either be intimately associated, or mutually exclusive. The 
breccias and conglomerates may be monomicitic or hetero- 
lithic (compare Fig. 5 and 6). Rare plutonic clasts of leucodio- 
rite to tonalite appear to be derived from subvolcanic 
intrusions &below). In lichen covered inland outcrops, it is 
difficult to discern the primary features of these rocks, 
beyond their fragmental nature. However, more comprehen- 
sive descriptions were obtained from shoreline exposures, 
particularly at Quartzite Lake. 

Conglomerates exposed on the west side of Quartzite 
Lake units at least 50 thick- They comprise poorly Figure 7. Conglomerate with clasts of felsic and vesicular 
sorted, massive breccia/conglomerate pig. 7)- composed intermediate volcanic rock, set in a matrix of equivalent 
mainly of subangular to XDllnded clasts of ~lagioclase-ph~ric composition, west side Quamite Lake. GSC 1997-680 
felsic, and vesicular intermediate volcanic rock, quartz- 
feldspar porphyry, and clasts of disseminated sulphide - - - -  
(mainly pyrite). Clasts range up to 1 m in length, and may 
constitute at least 50% of the rock volume. The matrix is a coarse lithic arenite composed of finer grained equivalents of 

the framework materials. In some cases. where the matrix is a 
dark green, fine grained arenite, mafic volcanic clasts are dif- 
ficulcto distinguish because of their dark colour and diffuse 
boundaries. 

The lack of obvious bedding, the coarse grain size, and 
overall textural immaturity of the conglomerate, combined 
with recognition of local source-rock types in the principal 
clast populations, suggest that these rocks were derived from 
a nearby volcanic edifice composed of both mafic and felsic 
volcanic components, and were deposited as subaqueous 
debris flows. Lack of evidence for welding, and absence of 
interlayered fine grained material (e.g. ash) and bomb sags, 
would argue against primary pyroclastic deposition. How- 
ever, away from shoreline exposures, diagnostic depositional 
criteria are generally hidden by the extensive lichen cover; it 
is therefore possible that significant volumes of crystal, lap- 
illi, and lithic tuff may be present. 

Figure 5. Cleaved heterolithic intermediate breccia south of 
west Kaminak Lake. GSC 1997-68A Quartz arenite and iron-formation 

Within the Heninga-Can-Kaminak-Quartzite lake comdor 
(Fig. I), quartz arenites are volumetrically minor. Thin, later- 
ally discontinuous siliceous beds occur episodically through- 
out thevolcanic sequences, and clasts occur locally within the 
conglomerates described above. They comprise white to light 
grey, featureless horizons, rarely exceeding 2-3 m in thick- 
ness. In the field it is difficult to determine whether these 
rocks are quartzose epiclastic sediments, silicified tuffs, or 
recrystallized cherts. However, thick accumulations of silici- 
clastic sandstone occur at Quartzite Lake, and southeast of 
Savage Lake (Fig. 1). 

North of the Heninga-Carr-Kaminak-Quartzite lake 
comdor, homogeneous and featureless semipelites of the 
Kaminak Group @avidson, 1970a) are spatially associated 
with volumetrically subordinate amphibolites (Fig. 1) and a 
variety of granitoid plutonic rocks (see below). 

Figure 6. Cleaved monomictic felsic conglomerate west of 
Turquetil Lake. GSC 1997-68s 
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Quartzite Lake sediments 

The best exposed package of relatively mature clastic rocks 
occurs at Quartzite Lake (Fig. 1). Texturally mature polyrnic- 
tic conglomerate (Fig. 8), associated with coarse sandstones 
and sandstone/siltstone rhythmites, occurs in a well exposed, 
>500 m thick section, briefly described by Davidson (1970a, 
p. 8). Stratigraphically, it overlies (conformably?) a thick 
package (>500 m) of rhyolite which, in turn, overlies the con- 
glomerate/breccia debris flows described above. The con- 
glomerate, which dominates the lowermost 150 m of the 
section, is framework supported and composed of subangular 
to well-rounded clasts, up to 25 cm in diameter. Bedding is 
well defined by sandy lenses and interlayers, and by pebble 
imbrication which indicates westerly transport. Normal grad- 
ing is the most common sedimentary structure, but reverse 
grading and low-angle crossbedding also are preserved. Clast 
types include felsic (70%) and mafic (20%) volcanic rocks, 
plus arenite and vein quartz (10%). The matrix is medium- to 
coarse-grained lithic arenite, dominated by felsic volcanic 
detritus. 

Figure 8. Texturally mature, polymictic conglomerate, east 
side Quartzite Lake. GSC 1997-68N 

In the middle of the section are two units, about 25 and 
50 m thick, of rhythmically interlayered mudstone and fine 
grained sandstone (Fig. 9). Sandstone layers are tabular, 
wavy, and lenticular (starved ripples), varying in thickness 
from a few millimetres up to 10 cm. Thicker layers are tabular 
and normally graded, commonly with flames or ball-and- 
pillow structure developed along basal bed surfaces. Inter- 
vening fine grained layers are dark, thinly laminated mud- 
stone and siltstone. Taken together, preliminary analysis of 
all the lithofacies and their associations points to a submarine 
fan to alluvial origin for most of the coarse grained section. 
Finer grained siltstonelsandstone lithofacies are probably 
deeper water turbidites. 

Banded iron-formation occurs southwest of Kaminak Lake 
(Fig. l) ,  where it is associated with fine grained, argillaceous, 
clastic sedimentary rocks within thick sequences of massive 
to pillowed mafic to intermediate volcanic rocks. The distri- 
bution of these rocks is clearly defined by pronounced linear 
anomalies in the regional aeromagnetic field (Geological 
Survey of Canada,-1987). The key feature of the son- 
formations is the presence of very fine grained magnetite and 
both pigmentary and nonpigmentary hematite. Oxide layers 
exhibit very thin, rhythmic, parallel lamination, with no trac- 
tional sedimentary structures, attesting to deposition in quiet 
water (Fig. 10). In the northern part of west Kaminak Lake, 
ankerite interlayers occur with the oxide layers, chert, and 
possible felsic tuff. North of Tootyak Lake (Fig. I), iron oxide 
is interbedded with 10-40 cm thick, normally graded beds of 
felsic lithic arenite. Some beds contain 5-50 cm rip-ups of 

Figure 9. Rhythmically interlayered mudstone and fine Figure 10. Banded ironlfomtion, north of Tootyak Lake. 
grained sandstone, east side Quartzite Lake. GSC1997-680 Light bands are either tufSs or cherts and felsic lithic arenite. 

GSC 1997-68P 
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iron oxide rhythmite, confirming their origin as gravity flows. 
Other potential indicators of slope instability include 
synsedimentary folds and clastic dykes. 

The iron-formations display many attributes of the 
Algoma type (Gross, 1996). Depositional environments for 
these deposits are varied, but features described above indi- 
cate deposition in a quiet water basinal setting, below storm 
wave base (>I00 m). Intercalated felsic volcaniclastic sedi- 
ments, tuffs, and magmatic dykes indicate proximity to an 
active volcanic arc. 

Savage Lake sediments 

Normally graded, lithic arenite-siltstonc rhythrmtcs outcrop 
between Savage and Kaminak lakes (Fig. 1). Average bed thick- 
ness is 20-30 cm, with a maximum of 1 m. These rocks are simi- 
lar to the turbidites at Quartzite Lake, without the coarser 
grained lithofacies. The section has an apparent thickness 
greater than 3 km, but stratigraphic reversals suggest that it is 
thickened by isoclinal folding. Davidson (1970a) suggested that 
these sediments may overlie the volcanic rocks of the Karninak 
Group, though their contact relations remain unconstrained. 

PLUTONIC ROCKS 

Synvolcanic granitoids 

Equigranular microgabbro commonly occurs as sheets in the 
volcanic and volcaniclastic rocks of the Kaminak Group. 
Crosscutting relationships between the gabbro and host vol- 
canic rocks are rarely preserved, and thus these sheets are 
interpreted as synvolcanic intrusions. 

The central part of Kaminak Lake (Fig. 1) is underlain by at 
least four texturally distinct units of diorite: (i) medium- to 
fine-grained, equigranular, hornblende leucodiorite, 
(ii) plagioclase-phyric to megacrystic diorite, (iii) hornblende 
oikoc~ystic (<3 cm) diorite, and (iv) intimately admixed com- 
ponents of all three. We refer to them collectively as the central 
Kaminak diorite suite (new name). Locally, these diorite units 
appear to both intrude and grade into adjacent hypabyssal and 
extrusive units of the Karninak Group. They commonly con- 
tain abundant centimeter- to metrescale xenoliths of locally 
derived supracrustal rocks. These include mafic to silicic vol- 
canic and sedimentary rocks that have been deformed into foli- 
ated schlieren and hornfelsed, lending a gneissose appearance 
to the diorite. Rarely, the diorites crosscut a medium- to 
coarse-grained, probably synvolcanic biotite tonalite, but more 
typically they are themselves crosscut by silicic granitoids. 
The diorites are also crosscut by intermediate dykes with 
chilled margins, apparently similar in composition to parts of 
the Kaminak Group (Fig. 11). This suggests that volcanism 
continued subsequent to intrusion of the diorites. 

Syntectonic granitoids 

Granitoids constituting the Karninak batholith occur as three 
distinct composite plutons, out cropping in the eastern, north- 
ern, and southwestern parts of Kaminak Lake. These three 

Figure 11. Diorite cut by both leucodiorite mafie diorite, and 
by intermediate dykes, central Kaminak Luke. GSC 1997-686 

plutons are distinct in composition and field character, and 
are herein referred to as the Kaminak, Ferguson, and Carr 
plutons, respectively (Fig. 1; new names). 

The Kaminak pluton ranges in composition from grano- 
diorite to gabbro, but is predominantly medium grained, 
hornblende-biotite granodiorite to tonalite. Hornblende 
grains, up to 10 mrn, locally lend a porphyritic aspect to the 
rock. The pluton has a disruptive, net-vein contact along its 
northeastern margin, where it incorporates rafts and blocks of 
volcanic rocks of the Karninak Group. In contrast, its western 
margin is characterized by hornfelsed, highly strained, 
banded metavolcanic rocks. There, variably deformed veins 
emanating from the pluton suggest that the wall rock was 
deformed as a consequence of the pluton emplacement. To 
the south and east, tonalite of the Kaminak pluton intrudes 
slightly older, probably comagmatic, quartz diorite, diorite, 
and rare gabbro. Cave11 et al. (1992) obtained a moderately 
well constrained U-Pb zircon age of 2700 +I1 Ma for the 
Karninak pluton. 

The Ferguson pluton, out cropping north of central Kaminak 
Lake (Fig. 1). is similarly diverse in composition, ranging 
from rare gabbro through quartz diorite, to predominantly 
tonalite and locally granodiorite. In general, tonalite under- 
lies the western part of the pluton, whereas mafic end- 
members prevail to the east. On the east side of the Ferguson 
River (Fig. 1). quartz diorite and diorite, with inclusions of 
mafic supracrustal rocks in a medium grained, biotite- 
hornblende tonalite, are more common. The pluton is exten- 
sively altered and plutonic textures are poorly preserved. For 
example, the tonalite is characterized by a fine grained chlo- 
ritic matrix, surrounding quartz, plagioclase, and variable 
potassium feldspar, even where it is not significantly 
deformed. The original magmatic biotite and hornblende are 
only locally preserved. In addition, the pluton is cut by 
numerous, spaced (about 50 m), 045-080" trending, narrow 
chloritic shear zones. The spatial association of this alteration 
and retrograde metamorphism with the deformed Paleopro- 
terozoic Hurwitz Group raises the possibility that it may post- 
date the Hurwitz Group. 
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The Carr pluton ranges from diorite to syenogranite and is 
characterized by at least five distinct plutonic phases. Incipi- 
ently to well foliated, medium- to coarse-grained biotite 
tonalite, with blue quartz phenocrysts, is locally associated 
with a medium grained diorite to hornblende quartz diorite. 
Diffuse, gradational contacts, mechanical incorporation of 
potassium feldspar and quartz phenocrysts from the tonalite 
into the diorite, and hornblende reaction coronas around incor- 
porated quartz grains, are indicative of magma mrningllng/mixing 
relationships. The tonalite and diorite are crosscut by veins 
and dykes of a fine- to medium-grained biotite monzogranite 
that occurs as an extensive, coherent unit along the southern 
margin of the pluton. Locally, the biotite monzogranite 
appears to grade laterally into a medium grained, biotite mon- 
zonite. The central and major component of the Carr pluton 
comprises a homogeneous, medium grained, biotite- 
hornblende granodiorite. On the northern and southern mar- 
gins of the pluton veins and dykes of granitoid intrude the 
country rock, although the northern contact has subsequently 
been faulted. The western contact is not exposed, and may 
underlie Carr Lake (Fig. 1). However, tonalite mapped on the 
western shore of Carr Lake, and occurring as clasts in the Spi 
Lake conglomerate (Miller and Tella, 1995), may be equiva- 
lent to the Carr pluton. The eastern margin of the pluton is dis- 
tinct and comprises a series of margin-parallel, schlieren 
zones alternating with clean tonalite and granodiorite that, 
over a distance of about 4 km, pass into the central Kaminak 
diorite suite. 

STRUCTURE AND METAMORPHISM 

Within the Kaminak Group, compositional layering varies 
from centimetre-scale banding to packages of homogeneous 
pillow lavas, tens to hundreds of metres thick. Most outcrop 
scale lithological contacts are interpreted as bedding (So), or 
bedding-parallel sills. Smaller scale banding, for example in 

The S1 foliation is locally deformed by structures which, 
with few exceptions, are only developed at a small scale 
( 4 0  cm). Isolated, asymmetrical folds (Fig. 13), and oblique 
crenulation cleavage parallel to their axial planes (Fig. 14), 
are heterogeneously distributed, but not necessarily together. 
Most folds are steeply plunging, and coaxial with the linea- 
tion described above. Locally, similar asymmetrical folds 
plunge more moderately (about 45"). The lineation parallel to 
these fold axes is always of the crenulation or intersection 
type. The lineation parallel to the steeply plunging folds may 
be either an extension or a crenulation lineation. Very locally, 
moderately plunging kink folds are seen to deform the linea- 
tion, for example in northeast Kaminak Lake (Fig. l). Most 
importantly, the development of the steeply plunginglpitch- 
ing lineation is independent of the presence of macroscopic 
folding. These observations suggest that, in general, the steep 
extension lineation is an L1 structure, contemporaneous with 
the development of S1. The crenulation component of the 
lineation is probably younger, and in places is demonstrably 
contemporaneous with post-S1 folds to which it is coaxial. 
Rarely, vertical, 1-5 cm spaced asymmetrical shear bands cut 

mafic to intermediate rocks of uncertain parentage, may 
either be primary or tectonometamorphic in origin (Fig. 3). Figure 12. Steeply pitching extension lineation (L l )  on 
Except for some outcrops of pillowed flows (Fig. 2), felsic vertical S1 cleavage suCfaces, west of Turquetil Lake. 
lavas (Fig. 4), and some silicified volcanic rocks, the supra- GSC 1997-68F 
crustal lithologies of the Kaminak Group exhibit a variably 
developed lay&-parallel foliation (Fig. 5 A d  6). For the most 
part, this fabric is developed in lower greenschist facies 
chlorite-albiteksericite mineral assemblages. The foliation is 
axial planar to rare, small scale (<50 cm) intrafolial folds of 
layering. Although we recognize that it could represent a 
composite tectonic fabric, we refer to this early foliation as 

Sl. 

The strike of S1 and So varies from 045-135", with steep to 
vertical dips. A steeply pitching lineation is regionally devel- 
oped on S1 (Fig. 12), but its intensity is variable. Although the 
lineation is best developed in sheared zones of alteration 
(Hanmer et al., 1998), this association is not exclusive. The 
lineation is composite. In places, it is clearly an extension 
lineation defined by elongate quartz-sericite aggregates, 
locally highlighted by aligned chlorite crystals. Elsewhere, it 
is a fine crenulation of S1. These two facets of the lineation 
are not mutually exclusive. 

Figure 13. Vertically plunging fold pair ('Z' asymmetry) 
deforming S1 in  quartzite,  north of Happy lake. 
GSC 1997-6811 
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subaqueous reworking of material eroded from volcanic edi- 
fices, suggests that the Kaminak Group contains the remains 
of a calc-alkaline magmatic arc. 

Figure 14. Oblique post-S1 crenulation cleavage west of 
Quartzite Lake; does not extend beyond the volume 
illustrated here. GSC 1997-681 

across the upright S1 foliation. It  is possible that 
microscopic-scale shear bands could be responsible for the 
steeply plunging crenulation lineation in some places. 

We concur with Davidson (1970a), who noted that the 
discontinuous preservation of the Kaminak Group stratigra- 
phy make it difficult to map out major folds. Of the few map- 
scale folds proposed by earlier workers, we could only con- 
firm the post-S1 fold mapped by Relf (1995) on the southeast 
side of Quartzite Lake. The arcuate structure south of South- 
em Lake, illustrated by Irwin (1996) as a post-S1 fold, is a 
dip-heated, banded amphibolite with synkinematic intrus- 
ive sheets of tonalite and granodiorite. Although it appears to 
represent a curvilinear band of transposed pillowed flows, the 
absence of parasitic folding of the amphibolite layering or an 
axial planar fabric anywhere in the arc is incompatible with a 
fold origin for the map-scale geometry. Nonetheless, the 
presence of younging reversals in pillowed flows north of 
Quartzite Lake, and in turbidites southeast of Savage Lake, 
suggests that the Kaminak Group is isoclinally folded on a 
wavelength of several kilometres. However, the relative age 
of these structures remains unconstrained. The only other 
extensive occurrence of abundant, unequivocal younging cri- 
teria is the thick homoclinal package of pillowed flows 
flanked on either side by intermediate volcaniclastic rocks 
and massive flows, west of Turquetil Lake and north of the 
Maguse River (Fig. 1). There, the pillows all young to the 
southeast and demonstrate the absence of folding. Thus, the 
question of whether the Kaminak Group is extensively isocli- 
nally folded, either by F1 or post-S1 folds, remains 
unresolved. 

SUMMARY 

The discontinuous nature of map units in the Kaminak Group 
does not allow elaboration of a robust stratigraphy based 
upon field observation alone. Nevertheless, the abundance of 
intermediate to felsic extrusive lithologies, and the high pro- 
portion of volcaniclastic rocks, much of which may represent 
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Corrigan, D., Maxeiner, R.O., Bashforth, A., and Lucas, S.B., 1998: Preliminary report on the 
geology and tectonic history of the Trans-Hudson Orogen in the northwestern Reindeer Zone, 
Saskatchewan; Current Research, Part C; Geological Survey of Canada, Paper 98-lC,  
p. 95-106. 

Abstract: The La Ronge Domain in the northwestern Reindeer Zone comprises island arc supracrustal 
rocks (Central Metavolcanic Belt) and flanking sedimentary basins (Crew Lake and MacLean Lake belts) 
intruded by plutons of predominantly intermediate composition. The Rottenstone Domain flanks these 
assemblages to the northwest and consists mainly of their high-grade equivalents. To the southeast, the Central 
Metavolcanic Belt was thrust over younger terrestrial to shallow marine metasedimentary rocks (McLennan 
Group) after the emplacement of small ultramafic-mafic plutons and dykes, but prior to the regional 
emplacement of granitic to leucotonalitic plutons. The McLennan Group, which sat unconformably on the 
La Ronge Domain prior to thrust deformation, grades southerly into greywacke-turbidite of the Kisseynew 
Domain. We infer deepening of the paleo'Kisseynew' sedimentary basin towards the south, and predict 
similar deposition ages for the McLennan and Kisseynew sequences. All units record polyphase, nearly 
coaxial deformation and lower- to middle-amphibolite facies metamorphic conditions. 

R6sum6 : Le Domaine de La Ronge dans le nord-ouest de la Zone de Reindeer comprend des roches 
supracrustales d'arc insulaire (Ceinture m&tavolcanique centrale) et des bassins stdirnentaires inter-arc 
(ceintures de Crew Lake et de MacLean Lake) que recoupent des plutons de composition intermMiaire. Le 
Domaine de Rottenstone longe cet assemblage au nord-ouest et comporte surtout des 6quivalents plus forte- 
ment mttamorphists de l'assemblage. Au sud-ouest, la Ceinture mttavolcanique centrale et une partie de la 
Ceinture de MacLean Lake ont t t t  chevauchtes par-dessus des roches mttastdimentaires plus jeunes, 
d'origine terrestre B tpicontinentale, du Groupe de McLennan aprks la mise en place de filons et dykes 
ultramafiques-mafiques et avant la mise en place de plutons de granite et de leucotonalite. Le Groupe de 
McLennan, qui avant le chevauchement recouvrait en discordance le Domaine de La Ronge, passe vers le 
sud B des grauwackes-turbidites du Domaine de Kisseynew. Nous concluons qu'il y a eu approfondissement 
vers le sud du pal6obassin stdimentaire du Domaine de Kisseynew, et nous prtvoyons que les sequences du 
Groupe de McLennan et du Domaine de Kisseynew ont un age de stdimentation comparable. Toutes les 
unitts ttmoignent de dtformation polyphasCe et presque coaxiale et de conditions metamorphiques 
tquivalant au sous-faciks et au faciks intermtdiaire des amphibolites. 

5-55 Impasse de la Roseraie, Hull, Quebec, J9A 2S7 
Saskatchewan Energy and Mines, Regina, Saskatchewan S4P 4V4 
Department of Earth Sciences, Memorial University, St. John's, Newfoundland A1B 3x5 
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INTRODUCTION 

In Saskatchewan and Manitoba, the southeastern Reindeer 
Zone segment of the Trans-Hudson Orogen (Fig. 1) has been 
the focus of recent government geoscience programs (e.g., 
NATMAP Shield Margin Project) as well as the LITHO- 
PROBE Trans-Hudson Orogen Transect. Whereas our under- 
standing of the geology and tectonic history of the area has 
advanced substantially (e.g., Stern et al., 1993; Lucas et al., 
1996), the geology and geochronology of the northwestern 
Reindeer Zone are less well known. To improve understanding 
of the northwestern Reindeer Zone, the Geological Survey of 

Canada, in conjunction with Saskatchewan Energy and 
Mines, launched a mapping initiative in 1997. The long-term 
objective of the project is to map a transect along Reindeer 
Lake from the northern flank of the Kisseynew Domain to the 
Peter Lake Domain, which may represent the most internal 
basement inlier of the Hearne Province (Lewry et al., 1990) 
(Fig. 1). The long-term objective of Saskatchewan Energy 
and Mine is to provide 1:20 000 scale coverage of the La 
Ronge-Lynn Lake Domain. In 1997. we mapped a 700 km2 
area at 1:20 000 (Corrigan et al., 1997; Maxeiner, 1977) and 
1 :50 000 (this study) scales, providing a complete transect of 
the La Ronge Domain. Results are summarized below. 

Figure 1. Simplified map of the Trans-Hudson Orogen in .Saskatchewan and Manitoba 
showing major lithotectonic domains and the map location along Reindeer Lake. 
HB=Hansen Block; TZ=Tabbemor fault zone. Modijied afer  Lewry et al. (1990). 
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GEOLOGICAL FRAMEWORK rocks of the Crew Lake Belt seem to grade into rocks of the 
Rottenstone Domain with an increase in the melt component 

The northwestern Reindeer Zone consists of a number of tec- (Lewry et 19909 and references therein). 

tonostratigraphic belts that were accreted to the Archean 
Hearne Province during Paleoproterozoic collision (e.g., 
Lewry et al., 1990). In Saskatchewan and Manitoba they form LA RONGE IKlMAIN 
a northwest-dipping homoclinal stack, comprising from 
lower to upper structural levels (i.e., southeast to northwest) Central Metuvolcanic Belt 
the ~ i s s e c e w  Domain, the La konge-lynn Lake Domain, 
the Rottenstone-southern Indian Domain, the Wathaman- 
Chipeywan Batholith, and the Peter Lake Domain (Fig. 1). 
The La Ronge Domain forms the central part of the areainves- 
tigated in 1997. It is bounded to the south by the Kisseynew 
Domain (Gilboy, 1980), which consists of a turbidite 
sequence deposited at 1.85-1.84 Ga (Ansdell et al.. 1995; 
David et al., 1996), and to the north by the Rottenstone 
Domain, a variously migmatized zone of tonalite- 
trondhjemite intrusions and minor psammitic to psammopeli- 
tic metasedimentary rocks that is of uncertain origin and age 
(see Johnston and Thomas, 1984). Its southwestern and cen- 
tral segments (Fig. 1) comprise 1882-1876 Ma volcanic and 
minor sedimentary rocks and 1874-1 855 Ma plutonic rocks 
(Bickford et al., 1986) of the Central Metavolcanic Belt. 
These rocks have been interpreted as a volcano-sedimentary 
assemblage formed in an ensimatic island-arc setting, transi- 
tional into an ensialic setting (e.g. Thomas et al., 1987; Watters, 
and Pearce 1987; Thomas, 1993). 

The Central Metavolcanic Belt is stratigraphically inter- 
calated with and overlain by metasedirnentary rocks of the 
MacLean Lake and Crew Lake belts (Thomas, 1993). The 
MacLean Lake Belt is found southeast of the Central Meta- 
volcanic Belt (Fig. l). In the southwestern La RongeDomain, 
it comprises meta-arkoses of the McLennan Group and a 
mixed assemblage of pelitic to conglomeratic and in part 
calcareous metasedimentary rocks and minor hornblendic 
gneiss of the MacLean Lake "gneisses" (e.g. Thomas, 1993). 
The McLennan Group is interpreted to unconformably over- 
lie MacLean Lake gneiss and the Central Metavolcanic Belt 
(Thomas, 1993). However, along much of its length south- 
west of Reindeer Lake, it has been overthrust along the 
McLennan Lake tectonic zone by the Central Metavolcanic 
Belt (Fig. 1) (Lewry et al., 1990). Recent detrital U-Pb zircon 
studies and geological investigations suggest that parts of the 
MacLean Lake gneiss may be as young as 1.85-1.84 Ga 
(Ansdell and Yang, 1995; Ansdell et al., 1995), forming part 
of a younger sedimentary assemblage that includes McLennan 
Group arkosic sedimentary rocks (Maxeiner and Sibbald, 
1995). Several field studies, however, seem to confirm that 
some sedimentary rocks of MacLean Lake gneiss affinity are 
synvolcanic with respect to the Central Metavolcanic Belt 
(e.g., Thomas, 1993; Maxeiner, 1997). The Crew LakeBelt is 
northwest of and structurally above the Central Metavolcanic 
Belt and comprises predominantly psammitic to pelitic 
assemblages with subordinate intercalated hornblendic 
gneiss and amphibolite, all intruded by large granitoid plutons. 
The transition between the Central Metavolcanic Belt and the 
Crew Lake Belt is marked by intercalated pelitic material, car- 
bonate rocks, calc-silicate, quartzite, iron-formation, and fine- 
grained volcaniclastic rocks (Thomas, 1993). In the northeast, 

In the map area (Fig. 2), supracrustal rocks of the Central 
Metavolcanic Belt are divided into two longitudinal belts, the 
Lawrence Point and Reed Lake volcanic belts (Maxeiner, 
1997; Corrigan et al., 1997). The Lawrence Point volcanic 
belt is found at the structural base of the Central Metavolcanic 
Belt and comprises highly deformed metabasites (Fig. 3) 
intercalated with minor intermediate and felsic volcanogenic 
rocks, altered volcanogenic and epiclastic rocks, and fermgi- 
nous psammites. The Reed Lake Belt is found at higher struc- 
tural levels and is composed mainly of intermediate volcanic 
and volcaniclastic rocks (Fig. 4) interlayered with minor 
mafic and felsic volcanic rocks, cordierite-anthophyllite- 
garnet schist, metapelite, and minor ultramafic rocks. Both 
belts contain layer-parallel granodioritic and gabbroic 
intrusions, and are separated by the Butler Island Pluton 
(Fig. 2), which consists of predominantly homogeneous mas- 
sive to locally extremely lineated diorite to quartz diorite. A 
compositionally and texturally similar intrusion, the Milton 
lsland Pluton (Fig. 2), intrudes at a shallow angle along the 
north flank of the Reed Lake volcanic belt. Scattered through- 
out the Lawrence Point volcanic belt (but only rarely in the 
Reed Lake belt) are metre- to kilometre-scale, tectonically 
disrupted intrusions of layered to massive ultramafic-mafic 
rock (Fig. 5), including actinolite schist, serpentinite, and 
pyroxenite. A more detailed description of the Central 
Metavolcanic Belt is given in Conigan et al. (1997) and 
Maxeiner (1 997). 

Mehasedimentary assemblages 

Two separate regionally extensive assemblages of psammitic 
to pelitic gneiss occur west of Fraser Bay (Barb Lake meta- 
sedimentary assemblage; Maxeiner, 1997) and on and north- 
east of Milton Island (Milton Island metasedimentary 
assemblage; Comgan et al., 1997) on Reindeer Lake (Fig. 2). 
Their affinity is uncertain, but they seem to be similar both in 
character and structural position to rocks of the Crew Lake 
Belt in the southwestern and central La Ronge Domain 
(Harper, 1986; Thomas, 1993). The Milton Island metasedi- 
men& assemblage consists of a relatively homogeneous 
package of psammitic to pelitic gneiss in the core of a map- 
scale synform opening towards the north-northeast (Fig. 2). 
Ubiquitous quartz-rich and quartz-plagioclase-rich leuco- 
somes (Fig. 6) form layer-parallel segregations separated 
from the paleosome by thin biotite-rich selvages. Character- 
istic bluish-green apatite occurs locally in the leucosomes. To 
the south. near the contact with the Reed Lake volcanic belt. 
muscovite is stable in the metamorphic assemblage, but its 
abundance decreases progressively towards the north, con- 
comitant with an increase in the proportion of melt, which 
locally forms up to 40 per cent of the rock volume. Northeast 
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630000E 

Figure 2. Geological map of the Reindeer Lake area showing major lithologies, based on mapping in the 
summer of 1997 (area outlined with dashed line), and area mapped at 1:20 000 scale by Maxeiner (1 997) 
(dash-dot line). 
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Figure 3. Highly deformed mafic tectonite in Lawrence Point 
volcanic belt. Light coloured bands are stretched 
calc-silicate pods. V i m  looking west. Bottom of photograph 
is approximately 1 m wide. (GSC 1997-70A) 

I 
i Legend for Figure 2 

of the Reynolds Island Pluton (Fig. 2), volcanic rocks of the 
Reed Lake belt are structurally overlain by volcaniclastic and 
calc-silicate rocks that seem to grade into the Milton Island 
metasedimentary assemblage. 

The Barb Lake metasedimentary assemblage is within the 
core of a northeast-plunging, north-trending regional syn- 
form (Fig. 2) and comprises psammitic and calcareous psam- 
mitic rocks containing variable amounts of injected, and in 
part locally derived, granitic and leucotonalitic melt material. 
The psarnmitic phase of the Barb Lake metasedimentary 
assemblage resembles the Milton Island unit, and may be 
equivalent. Both are intruded by the Crowe Island Complex 
and Milton Island Pluton, and are thus older than these 
intrusions. 

A distinct easterly thinning wedge of rnetasedimentary 
rocks, interpreted as part of the MacLean Lake gneiss 
(Maxeiner, 1997), extends from Lawrence Point to immedi- 

ately west of Priestley Island 
I (Fig. 2). It consists of psarnrnitic to 

i Major intrusive units Supracrustal rocks 
I 
! 

Granite, tonalhe, leucotonallle 1 McLennan Group (i.e., Sickle Group) 

! White m u ~ e b l o U t e i g a r n e t  pegmaUte 

Gamet amphlbollle, catc-silicate gneiss, +mable 
(marl) 

j Impure quartzRe/calc-silicate gneiss 

Garnet-sllllmanRe4earing melapelite; includes 
calc-sllicate layers 

Grey meta-arkose 

Pink meta-arkaslc rocks; IoCally wilh faserklesel 

Muscovite*biotlle metapsammite, Impure quark EIIIJl arentte 

i f i  Polymlctic conglomerate 

I Kisseynew Domain 
! 

Graphitic psarnrnitlc to pelhlc gnelSS , Dlorlte, quark dlorHe 1 (rnataturbhihe) 

Dlorlte-tonalhe-granite, I 0 rnimpymxenite 
(Cmwe Lake Complex) 1 

Inferred contact 

I 

Metasedimentary assemblages 

Crew Lake Bell (7) 

MiRon Island rnetasedimentary assemblage; 
psammitic to pelltic gneiss and derived mlgmatiles 

B a a  Lake rnetasedimentary assemblage; 
psarnmite and calcareous psammne 

MacLean Lake gneiss (7) 

psammite and psammopellte 

Central Metavolcanic Belt 

Mafk to felslc wlcanogenlc rocks 
and dernred metasedlrnentary rocks 

i Strike-sllp shear zone: dexlral 

LL Thrust 

.....-- High-strain zone; shear sense unknown 

/ psammopelitic gneiss (greywacke- 
I turbidite) intercalated with calcareous 

psarnrnopelite, and is intruded by 
feldspar porphyry and ultramafic to 
mafic dykes. It is flanked to the 
north by the Lawrence Point vol- 
canic belt, and to the south by 
polymictic conglomerate of the 
McLennan Group. Both its lower 
and upper contacts are tectonic. 

McLENNAN GROUP 

Structurally below the Lawrence 
Point volcanic belt, polymictic con- 
glomerate forms a narrow unit 
extending from MacFarlane Island 
to the west margin of the Reynolds 
Island Pluton (Fig. 2); thin slivers of 
the unit were also found at comparable 
structural levels east of the pluton, 

I and in the bottom of ~ e v e s ~ u e  Bay 
1 (Fig. 2). The conglomerate contains 

matrix-supported clasts of volcanic, 
sedimentary, and plutonic origin 
that have been ductilely deformed 
into elongate lenses up to 30 cm long 
(Fig. 7). Some clasts are texturally 

I 
I and compositionally similar to rocks 
I in the Central Metavolcanic Belt, 

suggesting a provenance from that 
source. Down structural section, 
clast sizes generally decrease, and 
the polymictic conglomerate 
becomes interlayered with and finally 
grades into grey muscovite*bio- 

I titekfibrolite-tmagnetite-bearing 
1 metapsammites and impure quartz 
1 arenites. These observations suggest 
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that the younging direction is towards the south, down struc- 
turd section. In the western part of the map area, the con- 
glomerate is structurally overlain by MacLean Lake gneiss. 
However, it is in contact with rocks of the Central 
Metavolcanic Belt towards the east, suggesting apparent 
map-scale overturned angular unconformity with rocks to the 
north (Fig. 2). 

Pink meta-arkoses occur in a wide belt south of the grey 
metapsammite/impure quartz arenite assemblage. Primary 
structures such as crossbeds, gritty layers with quartz 
granules, and lag deposits are locally preserved. Potassium , 

feldspar predominates over plagioclase and is accompanied 
by up to 30 per cent quartz, and generally less than 5 per cent 
biotite. Fibrolite-bearing faserkiesel up to 30 cm long are 
common (Fig. 8). One outcrop on the north shore of Priestly 
Island (Fig. 2) has well preserved crossbeds (Fig. 9) indicat- 
ing top-to-the-south younging, which agree with younging 
directions inferred from the conglomerate, although north- 
ward younging in other outcrops (Sibbald, 1977; Maxeiner, 
1997) indicates that the package is folded and overturned (see 
below). Grey magnetite-bearing biotite-rich arkose occurs to 
the south and structurally below the pink arkose (Fig. 2). The 
transition between the two is gradual and reflects a reduction 
of potassium feldspar content at the expense of plagioclase, 
and an increase in the amount of biotite. Both the pink and 
grey arkoses contain diopside-rich calc-silicate layers, which 
become progressively more abundant and thicker towards the 
south. Garnet first appears in a sillimanite-garnet-biotite 
metapelite that contains distinctive laminated quartz- and 

Figure 4. Dacitic to andesitic tuff breccia on west shore of 
Milton Island, Reed Lake belt. (GSC 1997-621) 

Figure 6. Folded Dl leucosomes in Milton Island 
metasedimentary rocks (i.e., possible Crew Lake Belt 
equivalent) showing thin biotite selvages; eastern tip of 
Milton Island. Knijie is 20 cm long. (GSC 1997-625) 

Figure 5. Highly-strained and asymmetrically folded layered 
ultramafic-mafic tectonite in Duck Lake high-strain zone. 
Dark layers are composed of actinolite schist andpale layers 
are plagioclase-rich. Steep cliff section looking west. 
(GSC 1997-622) 

Figure 7. Highly strainedpolymictic conglomerate on island 
about I km west of Reynolds Island Pluton. Granitoid and 
jine-grained feldspathic clasts (metavolcanic?) are the most 
visible, while more intermediate to mafic clasts of 
composition similar to that of the matrix are more dificult to 
dflerentiate from the matrix. (GSC 1997-62HH) 
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northern boundary of the Kisseynew Domain and hence of 
the northernmost extent of the Burntwood Suite (Johnston 
and Thomas, 1984). However, in the map area, it is juxta- 
posed to the south with more of the pelitelcalc-silicate unit, 
which is itself flanked to the south by a pink faserkiesel- 
bearing arkose unit that is identical to the one mapped further 
north along Wapus Bay and Priestly Island (Fig. 2). These 
observations suggest that the amphibolitelcalc-silicate unit 
does not represent the transition into a new unit, but forms an 
integral part of the McLennan Group, as do the rocks immedi- 
ately south. 

Further south, the pink arkose grades into a white massive 
to laminated metasedimentary unit composed of alternating 
quartz-rich and calc-silicate-rich bands, which is structurally 
underlain by a graphite-bearing biotite-rich psammitic to 
pelitic rock unit resembling metaturbidite. The transition 
between the two units occurs over about 1 km. Graphite 
occurs as small- to medium-sized disseminated flakes in the 
matrix, and as coarse-grained crystals (up to 1 cm diameter) 
in leucosomes and pegmatitic segregations. This unit fits 
descriptions of Burntwood Suite (Gilboy, 1980) and may 
therefore form the northernmost extent of the Kisseynew 
Domain (Fig. 2). Intrusive rocks in the McLennan Group con- 
sist of tectonically disrupted and folded ultramafic dykes, 
elongate tonalitic sheets, and pegmatite. 

Figure 8. Fibrolite-muscovite-magnetite faserkiesel in 
McLennan Group arkose. (GSC 1997-62H) 

ROTTENSTONE DOMAIN 

Figure 9. Crossbedded arkose, McLennan Group, Priestly 
Island. Photo looking south showing younging in this 
direction. (GSC 1997-626) 

diopside-rich bands up to 1 m thick (metapelite/calc-silicate 
unit; Fig. 2) and is separated from the grey arkose by a thick, 
low-strain zone dominated by late muscovite+garnet-bearing 
pegmatite. 

McLENNAN GROUP TO KISSEYNEW 
DOMAIN TRANSITION 

South of the pelitelcalc-silicate unit described above lies a 
concordant map unit composed of garnet amphibolite that 
contains distinctive light green diopside-plagioclase- 
scapolite-rich bands and streaks. Garnets are generally 
rimmed by, or more commonly replaced by, plagioclase, sug- 
gesting postmetamorphic peak decompression. This unit is 
structurally underlain along most of its length by fermginous 
metapsammite and locally by diopside-bearing marble. The 
fermginous metasedimentary rocks are rusty and friable, and 
contain massive sulphide horizons up to 20 cm thick, consist- 
ing predominantly of pyrrhotite with minor pyrite. The 
amphibolite layer has been interpreted as marking the 

A large plutonic complex covering most of the northwestern 
part of the map area (Fig. 2) consists of an older dioritic phase 
cut by tonalite, granodiorite, granite, and aplite. All phases 
are medium grained and variously foliated. Some outcrops 
are dominated by diorite, tonalit;, or granite, with tonalite 
forming the most abundant magmatic type. The overall 
appearance, however, is that of a weakly foliated to well 
banded orthogneiss (Fig. 10). Rare pyroxenite occurs as dis- 
rupted pods in the less mafic phases. This map unit, previ- 
ously named the "Crowe Island agmatite" (Stauffer et al., 
1979) and interpreted as part of the Rottenstone Domain 
(Johnston and Thomas, 1984), has been renamed the 'Crowe 
Island Complex' (Conigan et al., 1997). 

Field relationships observed on the well exposed shore of 
Crowe Island suggest that the dioritic phase may be contiguous 
with the Milton Island Pluton. Along its southeastern margin, 
the Crowe Island Complex hosts a large raft of strongly line- 
ated intermediate metavolcanic tuff-breccia that resembles 
some of the metavolcanic rocks observed in the Reed Lake 
volcanic belt. Another supracrustal screen up to 1 km long is 
found northwest of Crowe Island. It contains a heterogeneous 
assemblage of sillimanite-K-feldspar-bearing pelite, grey 
biotite gneiss, and laminated quartziticlcalc-silicate gneiss 
that resemble rocks occurring at the structural top of the 
Central Metavolcanic Belt northeast of the Reynolds Island 
Pluton, near the contact with the Milton Island metasediment- 
ary assemblage. A large raft of highly migmatitic Milton 
Island metasedimentary assemblage has also been observed 
within the Crowe Island Complex on a small island east of 
Crowe Island (Fig. 2). The Crowe Island Complex is thus 
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Figure 10. Deformed 
tonaliteji-om the Crowe 
Bay. (GSC 1997-62V) 

interpreted to be of an age similar to that of the Milton Island 
and Butler Island plutons, as it shares the same field relation- 
ships with supracrustal rocks. Consequently, rocks shown as 
belonging to the Rottenstone Domain on existing compila- 
tion maps seem to be higher grade equivalents of La Ronge 
Domain supracrustal and plutonic rocks. 

DEFORMATION, METAMORPHISM, 
AND HIGH-STRAIN ZONES 

At least four episodes of ductile deformation have been iden- 
tified in the Butler Island area (Table 1). The first, D-l, is 
restricted to supracrustal rocks of the Central Metavolcanic 
Belt and has been observed only in supracrustal xenoliths in 
the Butler Island Pluton. In contrast, we define Dl as the first 
deformation event of regional scale to affect all lithological 
units, including those of the McLennan Group. 

DmI deformation 
Supracrustal xenoliths are common in the Butler Island 

Island Complex, southwest of Fraser (SO=S-l) that is stronger than and misoriented with respect to 
the fabric in the diorite. However, this early fabric is difficult 

Table 1. Outline of relative chronological order of major protolith 
formation and tectonometamorphic events in the map area. See text for 
explanations. 

Deformation I 
event 1 Central Metavolcanic Belt I I 

I 
McLennan Group 

I 
Largegcale north-northeast-lrendlng open to dose uprlght folds; local development 01 
low-grade dnsvage 

i 
! I 

I 

/ Reynolds Island Pluton and related i 
I 

"2 

, Folding; produdon of stmng So= S, tabrlc; growlh 01 adlnollre, sllllmanlte. 
bbtite, muscovite. 

I 
Production of stmmatlc leucosomes In psammltes and pelnes 

I 
Reglonal deformallon -la1 to Dt : tlghtenlng of FI folds, menulalion of S, 
sllllmanlte and muscovite; development of S2 axial-planar cleavage outlined by 
new growth 01 sllllmanlte and rnusmvde In melapelltio roeks 

Thrusting of CMB owr Mclennan Gmup 7 

1 I / Deposition of McLannan Gmup 
: 

I ~.~~=-:,-.:Mllton Island diorite ===2i. 
A......A 

, I 
' '-?&- 
I 

i 

I j Volcanism and contemporaneous 
wdlmentatlon; deposition 01 Mllton 1 lsland metasedlmentafy rocks 
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to differentiate from fabrics formed subsequently during Dl, 
since these later fabrics also formed parallel to So. Therefore, 
we restrict D-l to those fabrics observed in xenoliths. 
Feldspar porphyry dykes in the Lawrence Point belt also post- 
date D-l, as they cut the earliest fabric in metasedimentary 
rocks. Deposition of the McLennan Group must also have 
postdated D-l, as neither Butler Island-type intrusions nor 
feldspar porphyry dykes are found within it. 

Dl deformation 
The Dl deformational event is responsible for the regionally 
developed So=S1 foliation. Small-scale F1 folds likely 
formed during this event but are not easily recognizable due 
to the strong and apparently coplanar D2 overprint. Metamor- 
phic minerals outlining S1 seem to have formed at moderate 
metamorphic conditions (lower to middle amphibolite 
facies), as suggested by the development of leucosomes in 
Milton Island metasedimentary rocks (Fig. 6) and of a strong 
arnphibolitefacies mineral lineation in the Butler Island and 
Milton Island plutons, as well as in supracrustal rocks of the 

SO=Sl & S2 Foliations L1&2 Lineations S2 Fold axes S2 Axial planes 

Mylonitic filiation 

LJ 
Mineral & extension 

S2 Foliations L2 Mineral lineations Poles to foliation 

Figure 11. Simplzjied map showing structural domains I to V and 
associated equal-area lower hemisphere stereographic projections 
of structural elements. Planar measurements are plotted as poles. 
See text for explanations. BID=Butler Island diorite: CIC=Crowe 
Island Complex: LP=Lawrence Point volcanic belt: MZD=Milton 
Island diorite: MIMR=Milton Island metasedimentary rocks: 
MG=McLennan Group: RIP=Reynolds Island Pluton: RL=Reed 
Lake volcanic belt. 
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Central Metavolcanic Belt. A well developed layer-parallel 
fabric outlined by biotite and/or muscovite is also observed in 
some of the McLennan Group rocks. 

During Dl, a zone of high strain, informally referred to 
as the Duck Lake high-strain zone (Maxeiner 1997), was 
localized within the base of the Central Metavolcanic Belt 
and in the structural top of the McLennan Group &Fig. 4; 
mafic tectonite). Mineral lineations associated with this 
fabric are down dip (Fig. 11; group 11) and are defined by 
high-grade metamorphic assemblages, such as hornblende 
and actinolite in mafic tectonites, and sillirnanite in meta- 
sedimentary rocks. A widespread L>S fabric in the Butler 
Island and Milton Island plutons likely resulted from this 
deformational event, as suggested by parallelism with 
extension and mineral lineations developed in the shear 
zone and in the diorite (Fig. 11; group V). Moreover, mylo- 
nitic fabrics developed at the southem margin of the Butler 
Island Pluton are also parallel to those developed in the mylo- 
nitized supracrustal rocks of the Central Metavolcanic Belt, 
suggesting that they are contemporaneous. Unequivocal 
shear-sense indicators were not observed, but the old-over- 
young structural relationship is best explained by southward 
thrusting. The relative age of thrusting is constrained by the 
Butler island Pluton, which was reworked along its structural 
base during this event, and by the Reynolds Island Pluton, 
which crosscuts the high-strain zone. 

D2 deformation 

During D2, So=S1 fabrics were deformed into tight to isocli- 
nal, northerly dipping, recumbent folds. The trend and plunge 
of F2 fold axes in the Milton Island metasedimentary assem- 
blage form a scatter of points from the northeast to the south- 
west quadrants (Fig. 11; group IV) on a stereonet. This 
suggests that F2 folds were noncylindrical to begin with, or 
that they were refolded during F3, or both. Mineral lineations 
in the same structural domain are parallel to fold axes and fol- 
low a similar path. S2 axial-planar surfaces are subparallel to 
the long limbs of tight to isoclinal folds, generally dip north- 
west (Fig. 11; groups IV and V), and are particularly well 
developed in the core of a regional F2 fold within the Milton 
Island metasedimentary assemblage (Fig. 2). Some high- 
grade metamorphic minerals are parallel to S1, but a second 
generation is axial planar to F2 folds and define the main S2 
foliation. Thus, metamorphic conditions during D2 were pos- 
sibly as high as those during Dl. In McLennan Group arkose, 
muscovite-fibrolite faserkiesel knots are common and grow 
slightly oblique to the So=S1 plane along the long limbs of 
folds, and parallel to the S2 axial-planar cleavage in fold 
hinges. S2 surfaces wrap around the Reynolds Island Pluton, 
which may have behaved as a rigid buttress during D2. This 
structural relationship also infers that the Reynolds Island 
Pluton predates D2. 

A few high-strain zones plain 100 m thick have been 
mapped within the metasedimentary rocks of the McLennan 
Group and at the base of an tonalite sheet that intrudes these 
rocks. Shear-sense indicators at different locations show 
either transtensional (oblique dextral) or transpressional 
(oblique sinistral) displacement, suggesting that both types of 

Figure 12. Symmetrical tight folds outlined by pegmatite in 
tonalite intruding McLennan Group metasedimentary rocks, 
Levesque Bay. (GSC 1997-70C) 

movement mav have occurred at different times along the - 
same system of shear zones. Some high-strain zones accom- 
modated intense flattening strain, as suggested by the near- 
coaxial folding of pegmatite veins (Fig. 12). These shear 
zones transposed fabrics developed during Dl, and must 
therefore postdate that event. They are oriented parallel to the 
S2 foliation and to the axial plane of F2 folds, suggesting that 
they were developed during D2. However, the random orien- 
tation of metamorphic minerals within some shear planes 
suggests that peak temperature conditions outlasted D2 
deformation. 

D3 deformation 

A third deformational event (D3) folded earlier structures 
about gently northeast-plunging axes, forming map-scale 
open folds. In the McLennan Group, plots of poles of S2 folia- 
tions on a stereographic projection show a wide dispersion 
along a great circle with a pole plunging shallowly to the 
north-northeast, which is compatible with the observation on 
the geological map and in the field of large-scale upright open 
folds trending approximately NNE (Fig. 1 1; group I). F3 fold- 
ing postdates the emplacement of the Reynolds Island Pluton, 
as shown by the tightening of structures around the pluton 
during F3, and the development of north-northeast-striking 
and steeply dipping crenulation cleavages defined by new 
growth of muscovite and chlorite in folded rocks adjacent to 
the pluton. 

DISCUSSION 

Understanding the tectonic history of the northwestern Reindeer 
Zone hinges on the recognition of distinct lithotectonic pack- 
ages, the nature of their mutual boundaries, their ages, and 
their deformation histories compared to absolute and relative 
ages of igneous events. Our observations support the sugges- 
tion that the Crew Lake Belt grades into part of the Rotten- 
stone Domain, proposed by Lewry et al. (1990 and references 
therein). Thus, the La Ronge Domain may extend further 
northeast and potentially form part of the accreted margin 
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into which the Watharnan Batholith was emulaced. The 
apparent increase in metamorphic grade towards the north- 
west suggests that tectonic exhumation was greater in that 
direction, consistent with southward thrusting. 

Mapping in 1997 has shown that polymictic conglomer- 
ate, which forms the stratigraphic base of the McLennan 
Group, grades into progressively more arkosic, pelitic, and 
calc-silicic protoliths towards the south, suggesting deepen- 
ing of a sedimentary basin in that direction. It also implies that 
the McLennan Group stratigraphy is inverted below the lead- 
ing edge of the Central Metavolcanic Belt. The different 
lithofacies observed in the McLennan Group match descrip- 
tions of the Sickle Group in Manitoba (Zwanzig, 1990) and 
support the contention that they are equivalent (e.g., Lewry 
et al., 1990). Graphitic metasedimentary rocks in the southern 
part of the map area match descriptions of the Burntwood 
Suite, also found in Manitoba, suggesting that they may also 
be equivalent. Preliminary field observations suggest that the 
transition between the McLennan Group and Kisseynew 
Domainis mainly a facies change and no first-order structural break 
exists between McLennanISickle groups and Burntwood 
Suite, although the overall sequence is imbricated by D2 
faults. Thus, the age of the Sickle Group is likely similar to 
that of the McLennan Group and possibly that of the Kisseynew 
Domain (Burntwood Group) (see Ansdell and Yang, 1995). 
This model suggests that the McLennan Group represents 
fluvial to littoral sediments deposited in the Central 
Metavolcanic Belt during opening of the Kisseynew Basin, 
and that lithological and temporal equivalents may exist 
along the southeast margin of the Kisseynew Domain, in the 
Filin Flon and Glennie domains (i.e., Missi Group; cf. Ansdell 
et al., 1995). 

In order to test the above observations and models, we 
have undertaken systematic sampling of plutons, metasedi- 
mentary and metavolcanic rocks, and pegmatite and feldspar 
porphyry dykes that could constrain the age of magmatism, 
sedimentation, deformation, and metamorphism throughout 
the Reindeer Lake transect. We have also sampled metamor- 
phic rocks in order to evaluate quantitative pressure and tem- 
perature conditions of metamorphism across the transect. 
Geochemical and tracer isotoue studies will also be initiated 
on selected plutons and pegmatite dykes in order to provide 
constraints on the tectonomagmatic environment and the 
nature of the lower crust underneath the northwestern 
Reindeer Zone. 
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internal structure of the Uchi-Confederation 
greenstone belt, northwestern Ontario1 
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van Staal, C.R., 1998: Some notes on the assemblage boundaries and internal structure of the 
Uchi-Confederation greenstone belt, northwestern Ontario; & Current Research 1998-C; 
Geological Survey of Canada, p. 107-114. 

Abstract: The Uchi-Confederation greenstone belt, which spans at least 220 million years of Archean 
evolution (2960-2740 Ma), comprises three distinct lithotectonic assemblages: Balmer, Woman and 
Confederation, the amalgamation and orogenic history of which are not well understood. All three assem- 
blages have been affected by at least two distinct phases of ductile deformation (Dl and D2). F1 structures 
were at least in part overturned folds, because the younger, moderately to steeply plunging F2 structures are 
locally downward facing. Tight, regional folds defined on the basis of younging reversals and trending 
(sub)parallel to the assemblage boundaries may be F1 structures. None of the assemblage boundaries, how- 
ever, is characterized by a continuous Dl high-strain zone and no evidence for Dl-related accretionary 
structures (e.g. thrusts) near the assemblage boundaries has been found so far. 

The Woman-Confederation assemblage boundary is characterized by a narrow, late syn- to post-D2 
sinistral shear zone. 

R6sum6 : La zone de roches vertes d'uchi-Confederation, qui couvre au moins 220 millions d'annks 
d'tvolution archtenne (2 960-2 740 Ma), comprend trois assemblages lithotectoniques distincts, ceux de 
Balmer, de Woman et de Confederation, dont la formation et l'tvolution orogtnique sont ma1 comprises. Les 
trois assemblages ont subi au moins deux phases distinctes de dkformation ductile (Dl et D2). Les plis P1 
Ctaient au moins en partie dtversts, car les plis P2, plus jeunes, plongent modtrtment B fortement et, locale- 
ment, font face vers le bas. Des plis rtgionaux serrts, dtfinis selon l'observation de sequences en position 
renverste et le paralltlisme (ou quasi-parall6lisme) entre l'orientation des plis et les lirnites entre les assem- 
blages, sont peut-Ctre associb B PI. Toutefois, aucune des limites entre les assemblages n'est caracttriste 
par la prCsence d'une zone B forte dtformation continue Dl et l'on n'a pas encore trouvt d'indices de struc- 
tures d'accr6tion (par ex. des chevauchements) likes B Dl prbs de ces m&mes limites. 

La limite entre les assemblages de Woman et de Confederation est marqute par la presence d'une ttroite 
zone de cisaillement senestre, associQ B l'intervalle entre la fin de D2 et le dtbut de la dtformation 
posttrieure B DZ. 

Contribution to the Western Superior NATMAP Project 
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INTRODUCTION TECTONIC ASSEMBLAGES 

This paper reports on a three-week reconaissance study of the 
Uchi-Confederation greenstone belt of northwestern Ontario 
(Figs. 1, 2) to investigate whether this region is suitable for 
detailed structural analysis. This project, which forms part of 
the Western Superior NATMAP Project, was originally pro- 
posed by P.C. Thurston of the Ontario Geological Survey to 
better understand the assembly and orogenic history of the 
three distinct lithotectonic assemblages: Balmer (ca. 
2960 Ma), Woman (ca. 2840 Ma), and Confederation (ca. 
2740 Ma; Nunes and Thurston, 1980; Wallace et al., 1986) 
that make up this greenstone belt. The nature and timing of 
interaction between these three assemblages, which are sepa- 
rated from each other by large time intervals, has a direct 
bearing on the tectonic history of the Uchi Subprovince and 
the western Superior Province in general (Stott and Corfu, 
1991), a theme central to the Western Superior NATMAP 
Project. Another problem is that recent U-Pb age determina- 
tions of silicic volcanic rocks in the eastern part of the green- 
stone belt (2739-2735 Ma; Noble,1989) have shown that the 
simple synclinal geometry of Goodwin (1967), Pryslak 
(1970), Thurston and Fryer (1983), and Thurston (1985) is 
not viable in that none of the older assemblages seem to occur 
east of the proposed synclinal axis (Fig. 2). 

Goodwin (1967), Pryslak (1970, 1971a,b), Thurston (1985) 
and Thurston and Fryer (1983) recognized three distinct, 
homoclinal volcanic cycles in the Uchi-Confederation green- 
stone belt, each with basal basalts overlain by intermediate 
and felsic volcanic rocks towards the top. Stott and Corfu 
(1991) subsequently reinterpreted the cycles as lithotectonic 
assemblages, although they recognized that the boundary 
between the Balmer and Woman assemblages is not a fault, 
but a tectonized disconformity. 

Balmer assemblage 

The Balmer assemblage (equivalent to cycle 1 of Thurston 
and Fryer, 1983) occurs adjacent to the Trout Lake batholith, 
which is dominated in the map area by foliated tonalites and 
granodiorites of the Narrow Lake phase (ca. 2838 Ma, Noble, 
1989). The Narrow Lake phase intrudes the Balmer assem- 
blage along its eastern boundary (Noble, 1989), indicating 
that this assemblage is older than 2838 Ma. 

The Balmer assemblage mainly consists of pillowed and 
massive, locally amygdular flows, commonly interlayered 
with narrow diabase and gabbroic sills. Pillow facing 

B: Balmer assemblage SUPRACRUSTAL ROCKS 
[q Greenstone W: Woman assemblage 

C:  Confederation assemblage 1 Granitoid 

Figure 1. Simplijied outline of the Uchi-Confederation greenstone belt with its assemblage 
boundaries, Trout Lake Batholith and its continuation into the Red Lake greenstone belt 
(modij5edfrom Ontario Geological Survey, 1992). 
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directions were observed neither by Pryslak (1 971 a,b) or the 
present author; hence the internal facing hection of the Balmer 
assemblage is unknown in this area. Fragmental basalts occur 
near the eastern boundary with the Woman assemblage and 
are in turn capped by andesitic to dacitic (Thurston and Fryer, 
1983), graded lapilli tuff and/or tuffaceous sandstone, con- 
taining crystal and pumaceous fragments. The volcaniclastic 
rocks young consistently towards the Woman assemblage, 
although bedding is commonly overturned (Fig. 2). A narrow 
sheet of moderate to highly strained quartz-feldspar-phyric or 

aphyric dacitelrhyolite locally marks the top of the Balmer 
assemblage and thus the boundary with the adjacent Woman 
assemblage. Near the east end of the southernmost part of 
Narrow Lake (Fig. 2), this felsite is altered to a highly foliated 
sericite schist and is associated with banded iron formation 
and sulphide-bearing graphitic argillite. Further west on 
Narrow Lake, the top of the Balmer assemblage is marked by 
highly strained pillow basalt interlayered with calcareous 
material. 

Figure 2. Geology of the Uchi-Confederation greenstone belt, modifiedfrom Pryslak (1971a,b) and Thurston 
(1980b, 1985) with additions by the author. Stippled boundaries represent inferred structural continuity of 
important units beneath the lakes. 
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The age of the Balmer assemblage was determined from a 
sample of a small unit of felsic lithic tuff, which anomalously 
occurs at the base of the assemblage near or at the contact with 
the Trout Lake batholith (Thurston, pers. comm., 1997). This 
tuff has yielded a U-Pb zircon age of ca. 2959 Ma (Nunes and 
Thurston, 1980). The author was unable to find this rock. but 
Schwerdtner (written comm., 1997) found a narrow zone of 
mylonitic quartz-phyric rock along the contact between the 
batholith and the Balmer assemblage a bit further to the west 
of the supposed sample locality. The contact relationships 
between the Balmer basalts and the dated felsic tuff are at 
present not well understood and hence the age of the Balmer 
basalts is uncertain. 

The basalts of the Balmer assemblage typically are char- 
acterized by low high field strength (HFS) contents (Zr/Y<2, 
Ti02< 0.76; Thurston and Fryer, 1983), whereas the Woman 
Lake assemblage basalts generally have slightly higher ZrfY 
ratios (Zr/Y>2 and TiOpO.8) contents (in part based on 
unpublished analyses of K. Tomlinson). 

Woman assemblage 

The Woman assemblage (equivalent to cycle 2 of Thurston 
and Fryer, 1983) also shows a mafic to felsic cycle repre- 
sented by mainly pillowed basalt flows and breccias, through 
intermediate, mainly fragmental volcanic and sedimentary 
rocks to rhyolitic ignimbrite (Thurston, 1980a), which is 
locally capped by stromatolitic marble. Rhyolite near the top 
of the assemblage has yielded a U-Pb age of ca. 2840 Ma 
(Wallace et al., 1986). Pillow facing directions have been 
observed in many locations (Thurston, 1985 and this paper) 
and together with the grading in tuffaceous rocks indicate an 
overall eastward younging direction (Fig. 2). 

Confederation assemblage 

The Confederation assemblage (equivalent to cycle 3 of 
Thurston and Fryer, 1983) is the unit studied most exten- 
sively during the summer of 1997. The internal stratigraphy is 
not a simple mafic to felsic cycle, as was originally proposed 
by Thurston and Fryer (1983). The 2739-2735 Ma U-Pb zir- 
con dates of Noble (1989) on silicic volcanic rocks, combined 

Figure 3. a) Graded varioles in Confederation basalt; b) 2-shaped FI folds ovelprinted by S-shaped F2 
structures; c) Domal FI structure (highlighted in white) in the hinge area of a S-shaped F2 fold. Trend of Fl 
axial sudace is at a high angle to F2 axial su@ace; d) Three foliations (S], S2, S3 differentiated layerings) in 
strongly deformed felsic volcanic rocks near the South Bay massive sulphide deposit. A F2 fold in SI is 
highlighted in black. 
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with the present fieldwork, indicate amore complex stratigra- 
phy, regardless of whether there is macroscopic folding or not 
(see below). The Confederation mafic rocks are characterized 
by a relatively high proportion of variolitic basalts. The vario- 
lites are locally graded (Fig. 3a). Pillow facing directions in 
adjacent outcrops suggest that the coarsest varioles occur at 
the top of flows, presumably due to coalescence of smaller 
varioles. The mafic rocks locally include sheeted dikes and 
trondhjemitic bodies. 

Sedimentary rocks 

Each of the three assemblages contains a separate unit of sedi- 
mentary rocks. The sedimentary units resemble one another 
lithologically and mainly consist of immature volcaniclastic, 
locally tuffaceous sandstones and conglomerates, related to 
emergence of volcanic edifices, either before or after amalga- 
mation of the assemblages. 

The conglomerate and sandstone in the Confederation 
assemblage near or at the Woman-Confederation boundary 
contain pumice, ignimbrite, basalt, vein quartz, and shale- 
chip pebbles and crystal fragments, possibly derived from the 
Balmer andlor Woman assemblages. Interlayered felsic tuf- 
faceous beds suggest that these sediments were deposited 
coeval with silicic volcanism. A similar observation was 
made at Uchi Lake, where silicic volcanic rocks (ca. 
2735 Ma, Noble, 1989) and minor basalts are interlayered 
with the sedimentary rocks. 

STRUCTURAL HISTORY 

The lack of small-scale markers (e.g. bedding) in the volcanic 
rocks hinders detailed structural analysis of the Uchi- 
Confederation greenstone belt. Future studies may have to 
rely on careful mapping of volcanic marker units. Deforma- 
tion is markedly heterogeneous at all scales, but evidence for 
at least two foliations (S1 and S2), is preserved in most units 
(Fig. 2). Locally there is evidence for three generations of 
ductile structures (Fig. 3d). The two main foliations (S1 and 
S2) generally are subparallel, and in places of moderate to 
high strain, commonly form a composite cleavage (Fig. 4). 
Overprinting relationships between the two foliations are 
rarely preserved, particularly since refraction of S2 on S1 has 
been observed, which shows that apparent crenulation of one 
cleavage by another is not always a reliable criterion of their 
relative age (van Staal and Williams,1984). Overprinting 
relationships between associated folds in sedimentary and 
locally also volcanic rocks (Figs. 3b,c), confirm that Sl and 
S2 represent two different generations of structures, rather 
than a regional-scale S-C fabric. Where present, syntectonic 
quartz veins were used to separate S1 and S2 in the volcanic 
rocks, e.g., quartz veins that cut across S1 but are folded by F2. 
Small-scale F1 folds are tight to isoclinal, steeply inclined 
structures, generally with shallow to moderate plunges 
(Fig. 3b). Steeply plunging hinge lines are rare. Where F1 
structures are overprinted by F2 folds, F1 folds are markedly 
non-cylindrical (Fig. 3c). Whether this is an original feature 
of F1 folds, aresult of F2 overprint, or a combination of both is 

not clear at present. F2 structures are open to tight, domi- 
nantly S-shaped folds with generally moderate to steep 
plunges (Fig. 4). F2 hinge lines and L2 intersection lineations 
are commonly parallel to the extension lineation (Fig. 4) 
defined by quartz ribbons, rods, extended fragments, amyg- 
dules, varioles, phenocrysts, and alignment of amphibole. 
Several F2 folds are downward-facing structures, suggesting 
that F1 folds were moderately overturned, and asymmetrical 
prior to F2 folding. Not enough structural data is available at 
present to determine whether there is a consistent sense of 
overturning of F1 structures. 

Balmer- Woman assemblage boundary 

The boundary between the Balmer and Woman assemblages 
is well outlined by a strong magnetic anomaly on aeromag- 
netic maps of the Ontario Geological Survey (Ontario 
Geological Survey, 1991a,b). The anomalies are presumably 
caused by iron formation interlayered with the Woman 
basalts. Iron formation, together with graphitic argillite, is 
exposed along this boundary at the southeasternmost shore of 
Narrow Lake. The position of the magnetic anomaly leaves 
no doubt that the enveloping surface of the Balmer-Woman 
boundary as interpreted by the Ontario Geological Survey 
geologists (Ontario Geological Survey, 1992) is basically 
correct. This observation is important, as all foliations and 
bedding in the Balmer rocks near Spot Lake and in several 
other places have an orientation at a high angle to this boundary, 
a relationship observed earlier by Crews and Schwerdtner 
(1997). The brientation of bedding and foliations at a high 
angle with respect to the enveloping surface, combined with 
the information on aeromagnetic maps, suggest the presence 
of numerous small tight, east-northeast-trending F2 folds. 
The strike of S2 shows some variation across the study area 
(Fig. 4), which may be due to fanning, deflection by shear 
zones, andlor overprinting by younger (D3?) deformation. 
The significance of the latter deformation is poorly under- 
stood at present, but the presence of rare Dg structures sug- 
gests that it is only of local significance. Significantly, S2 
appears to maintain its east to northeast strike, irrespective of 
whether the Woman and Balmer assemblages trend north- 
south or east-west; hence the relationship between S2 and the 
enveloping surface to layering changes respectively from a 
high to a low angle. If these preliminary relationships are con- 
firmed by further structural mapping, it suggests that the 
eastern part of the Trout Lake batholith and most of the study 
area (Fig. 1,2) is situated in the hinge area of a large, slightly 
S-shaped F2 structure, which continues to the north. 
Consistent with such a geometry is a large S-shaped F2 fold 
outlined by a band of sedimentary rocks that occurs immedi- 
ately northeast of the Woman-Confederation boundary 
(Fig. 2). The Balmer-Woman boundary thus cannot have 
accommodated any significant differential translation 
between these two assemblages during D2. Dl high-strain 
zones not been observed at Spot Lake, suggesting that the 
Balmer-Woman boundary was not a structural dislocation 
during Dl. Phyllonites along this boundary at Narrow Lake 
suggest some movement here, but this appears to be of only 
local significance. Furthermore, the Balmer-Woman 
boundary is also cut at high angle by several gabbro sheets 
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C.I. = 2.0%11% area 

Figure 4. Lower hemisphere equal-area projections of the main structural elements. 

(Pryslak, 1971a, Crews and Schwerdtner, 1997). These gab- 
bro sheets are locally leucocratic and pegmatitic (and hence 
sampled for radiometric dating) and cut across the strike of 
the whole Balmer assemblage (Fig. 2), although they are 
locally deformed and metamorphosed. They are less abun- 
dant or absent in the adjacent Woman assemblage (Pryslak 
1971a). In the Woman assemblage, gabbros are generally 
parallel to the strike of the internal units, suggesting that the 
'cross' gabbros in the Balmer are feeders to the Woman 
basalts and gabbro sills. Such a relationship would support 
the interpretation of Stott and Corfu (1991) that the Woman 
assemblage disconformably overlies the Balmer assemblage. 

Structure of the Woman assemblage and 
Woman-Confederation boundary 

Younging indicators in the Woman assemblage indicate an 
overall eastward younging direction (Fig. 2), despite the pres- 
ence of small-scale folds (Fig. 2) and one or two well devel- 
oped foliations. The first foliation is subparallel to layering or 
unit boundaries in the volcanic rocks, which suggests that the 
angle between layering and the enveloping surface to any 
existing large-scale F1 folds in the volcanic rocks must be 
very small, i.e. such folds are asymmetrical. This is consistent 
with the characteristics of observed small-scale F1 folds. The 
re-occurrence of Woman pillow basalts east of the intermedi- 
ate volcanics in the northern part of Woman Lake (immedi- 
ately north of map in Fig. 2) suggest that map-scale F1 folds 
may occur within the Woman assemblage. 

The Woman-Confederation assemblage boundary is best 
exposed in Woman Lake Narrows (Fig. 2). At the contact 
there is a narrow zone (<50m) of marble mylonite with 
numerous isolated hinges of attenuated S-shaped F2 folds and 
shallowly north-plunging extension lineations. Individual 
folds in fold trains locally become progressively tighter along 

the curviplanar axial surface of the folds, such that the sense 
of rotation of S2 suggests sinistral transcurrent ductile shear 
along this boundary, accompanied by a slight west-side-up 
vertical component. Shear bands and abundant brittle-ductile 
Riedel shears in a narrow (<50 m) mylonite zone developed 
in Confederation silicic volcanic rocks along the western 
shoreline of Rowe Lake (-500 m east of the assemblage 
boundary) also indicate mainly sinistral transcurrent shear, 
which appears to have continued from the ductile into the 
brittle field. Sinistral shear thus probably took place late syn- 
to post-D2 folding and foliation formation. Crews and 
Schwerdtner (1997) also deduced sinistral shear along this 
boundary, although their movement picture is more complex, 
based on the assumption that sinistral shear indicators and the 
L-S fabric elements in the rocks outside the assemblage 
boundary zone formed contemporaneously. Particularly 
important to testing their hypothesis is the relative age of the 
extensionlmineral lineations. 

Internal geometry of the Confederation assemblage 

Younging indicators in volcanic and sedimentary rocks show 
that the the Confederation assemblage is not one simple mafic 
to felsic cycle. Along the south shore of Lost Bay, basalt and 
intermediate pyroclastic and epiclastic rocks are overlain by a 
thin, but extensive layer of banded iron formation interlay- 
ered with graded, silicic epiclastic sedimentary rocks. The 
latter may be the stratigraphic equivalent of silicic pyroclastic 
and graded epiclastic rocks that occur along strike of the iron 
formation to the north on islands in Lost Bay (Fig. 2). This 
mafic to felsic cycle is stratigraphically overlain by little- 
strained, west-facing pillow basalts, including a narrow band 
of variolitic basaltic rocks; hence silicic volcanic rocks do 
not always occur at the top of the assemblage and are at least 
locally sandwiched between basalt units (cf. Thurston and 
Fryer, 1983). Thus the U-Pb ages of Noble (1989) on the silicic 
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volcanic rocks (2739-2735 Ma, Fig. 2) also date the basalts 
and suggest that the whole Confederation assemblage was 
deposited in a few million years. 

Further to the west, a syncline (South Bay syncline) cored 
by silicic volcanic rocks, which are host to the South Bay 
massive sulphide deposit, and a newly determined anticline 
(Confederation Lake anticline) cored by basalts, are indicated 
by the younging reversals (Fig. 2). Fold repetition of varioli- 
tic basalt, silicic volcanic rocks, and sedimentary rocks on the 
west limb of the proposed Confederation Lake anticline is 
consistent with this structural interpretation. The variolitic 
basalt is thus potentially a regional marker unit. The relative 
age of the South Bay syncline and Confederation Lake anti- 
cline is at present poorly constrained and requires more work. 
S2 seems to cut across these structures at a low angle, which, 
if correct, suggests they are F1 or as yet unrecognized, earlier 
structures. The relationships between S1 and the large-scale 
folds are poorly understood at present, hence S1 may also 
postdate formation of the large-scale folds. Repetition of sili- 
cic volcanic rocks and iron formation between Lost Bay and 
Uchi Lake may also be due to large-scale folds, which are ten- 
tatively outlined on Figure 2. The available younging indica- 
tors of Thurston (1980b) do not support such an 
interpretation. However, Thurston's (1980b) younging rever- 
sals indicate several large folds a bit further east along the 
western shore of Uchi Lake, suggesting that internal folding 
of the assemblage was widespread. More detailed mapping is 
necessary to understand the geometry of the Confederation 
assemblage. 

SUMMARY AND CONCLUSIONS 

This preliminary study supports earlier suggestions that the 
Balrner and Woman assemblages are related, i.e. the Balmer 
represents some kind of basement to the Woman assemblage; 
hence the assemblage concept needs critical re-examination 
in the Uchi Subprovince. Relative translation of these two 
assemblages with respect to one another along the Balmer- 
Woman boundary during Dl or earlier cannot be ruled out, 
although this boundary does not coincide with a major ductile 
or brittle fault zone along most of its north-south contact. The 
apparent large age gap (ca. 120 Ma) between these two 
assemblages, without the presence of a major unconfonnity 
or fault, is puzzling at present. This large age difference may 
in part be due to inadequate dating of the Balmer assemblage, 
i.e it is not known at present whether the rocks dated by Nunes 
and Thurston (1980) are representative of the Balmer assem- 
blage. The Balmer-Woman relationships are being investi- 
gated currently at the Geological Survey of Canada as part of 
the Western Superior NATMAP Project by U-Pb dating of 
the stitching 'cross' gabbros from Spot Lake and felsic vol- 
canic rocks at the top of the Balmer assemblage. 

The boundary between the Woman and Confederation 
assemblages is characterized by narrow fault zones, which 
mainly accommodated a late syn- to post-D2 sinistral 
transcurrent motion. The original relationships between these 
two assemblages is therefore obscure. The presence of Dl and 

D2 structures in both assemblages suggest a linkage prior to 
D2, provided Dl in the Woman assemblage is the same event 
as Dl in the Confederation assemblage. Concerning the latter, 
combined microstructural and radiometric age determination 
studies may solve this problem. 

Regional-scale folds with axial surfaces trending 
(sub)parallel to the strike of the Uchi-Confederation green- 
stone belt are indicated by younging reversals in volcanic and 
sedimentary rocks. The relative age and exact geometry of 
these large-scale folds is poorly known at present. 
Downward-facing F2 folds suggest that the earlier F1 struc- 
tures were overturned, at least locally, although so far no evi- 
dence for thrusting or early accretionary structures has been 
found. In general, understanding the Dl and D2 kinematics 
can be achieved only by detailed mapping of the geometry of 
the volcanic rocks in all three assemblages in conjunction 
with structural studies of the plutonic rocks (particularly the 
Trout Lake Batholith) and determining the relationship 
between structure and metamorphism. 
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Tectonostratigraphy of central Sturgeon Lake, 
Ontario: deposition and deformation of submarine 
tholeiites and emergent calc-alkaline 
volcano- sedimentary sequences1 
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Sanbom-Barrie, M., Skulski, T., and Whalen, J.B., 1998: Tectonostratigraphy of central Sturgeon 
Lake, Ontario: deposition and deformution of submarine tholeiites and emergent calc-alkaline 
volcano-sedimentary sequences; & Current Research 1998-C; Geological Survey of Canada, 
p. 115-126. 

Abstract: The Sturgeon Lake greenstone belt separates reworked vestiges of Mesoarchean continental 
basement of the central Wabigoon Subprovince (Superior Province) from 2.78-2.70 Ga submarine volcanic 
rocks of the western Wabigoon Subprovince to the west, and as such, may hold the key to unraveling the his- 
tory of continent-ocean basin interaction. Its tectonostratigraphy may comprise quartz-rich clastic sedi- 
mentary rocks representative of ancient platformal cover; submarine, low-potassium tholeiitic basalts and 
thin felsic tuffs that correlate with 2.775 Ga sequences; calc-alkaline-dominated, upward-shoaling, 
volcano-sedimentary rocks that resemble 2.745-2.704 Ga volcanic rocks at Savant Lake and 2.735 Ga 
caldera deposits in the south; and post-2.718 Ga fluvial-clastic sedimentary rocks. The central part of the 
Sturgeon Lake belt is deformed by east-southeast-trending, moderately to shallowly plunging F1 folds, 
which are locally refolded by northeast-trending, variably plunging F2 folds. Northeast-striking high-strain 
zones may separate temporally distinct volcanic sequences or reflect strain localizaton across rheological 
boundaries. 

RCsumC : La ceinture de roches vertes de Sturgeon Lake skpare des vestiges remaniks du socle continen- 
tal mtsoarchken de la partie centrale de la Sous-province de Wabigoon (Province du lac Sup+-ieur) de 
roches volcaniques sous-marines (2,78-2,70 Ga) de la partie ouest de la sous-province, h I'ouest. A ce titre, 
elle constitue peut-Ctre un klkment-clt pour le dkvoilement de l'histoire des interactions continent-bassin 
octanique. Sa tectonostratigraphie comprend notamment : des roches stdimentaires clastiques riches en 
quartz reprksentatives d'une ancienne couverture de plate-forme; des basaltes tholkiitiques B faible teneur 
en sodium et de minces tufs felsiques d'origine sous-marine qui sont en corrklation avec des s6quences de 
2,775 Ga; des roches volcano-skdimentaires B dorninante calco-alcaline marquant une diminution de la pro- 
fondeur du milieu vers Ie haut, qui ressemblent h des roches volcaniques (2,745-2,704 Ga) au lac Savant et B 
des dkp6ts de caldera (2,735 Ga) au sud; et des roches skdimentaires fluvioclastiques posttrieures B 
2,718 Ga. La partie centrale de la ceinture est dtformte par des plis F1 B direction est-sud-est et B plonge- 
ment modkrk h faible, qui sont replissCs localement par des plis F2 h direction nord-est et B plongement vari- 
able. Des zones de dtformation intense h direction nord-est pourraient stparer des skquences volcaniques 
temporellement distinctes ou traduire la localisation des contraintes au wavers de discontinuitks 
rh kologiques. 

Contribution to the Western Superior NATMAP Project 
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INTRODUCTION 

The central Wabigoon Subprovince (Fig. 1) contains vestiges 
of ca. 3.0 Ga basement with locally preserved Mesoarchean 
cover sequences, remnants of ca. 2.73 Ga greenstone belts, 
and widespread plutonic rocks of probable ca. 2.7 Ga age 
(Blackburn et al., 1991). The western Wabigoon 
Subprovince comprises ca. 2.78-2.72 Ga submarine 
volcano-sediment& sequences, ca. 2.71-2.70 Ga clastic 
sediment-dominated cover, and a collage of synvolcanic to 
post-tectonic plutonic complexes. The nature, extent, and 
timing of interaction between an older, central Wabigoon 
protocraton, and the younger, granite-greenstone terranes are 
uncertain. This problem has direct bearing on understanding 
both the tectonic history of the western Superior Province and 
the setting within which its mineral deposits were formed. It 
is a central theme of the recently initiated Western Superior 
NATMAP project, a geoscience mapping partnership project 
involving the Ontario Geological Survey, the Manitoba 
Geological Services Branch, and the Geological Survey of 
Canada. In order to address this theme, a geological investi- 
gation was initiated in the Sturgeon Lake greenstone belt, a 
long-lived (ca. 2.78-2.70 Ga) supracrustal belt with rich min- 
eral endowment that lies at'the interface between the central 
and western Wabigoon Subprovince (Fig. 1). 

The study combines structural and stratigraphic methods 
to unravel the internal geometry, chronology, and tectonic 
setting of the central Sturgeon Lake greenstone belt. 
Follow-up U-Pb geochronology will calibrate field observa- 
tions and complement tracer geochemical methods (e.g. trace 
elements; Sm-Nd, Pb-Pb and 0 isotopes) aimed at detecting 
inheritance in the source regions of its supracrustal and plu- 
tonic rocks. This study complements ongoing NATMAP 

Greenstone Eel 

...............----. 
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investigations in the central Wabigoon Subprovince 
(Percival, 1998) and LITHOPROBE seismic profiles through 
the Sturgeon Lake-Savant Lake area. 

Six weeks of field mapping were conducted in the 
Sturgeon Lake area in 1997. New field results are integrated 
with existing data to establish a structural chronology, inves- 
tigate the apparent disparity between the architecture of the 
contiguous Sturgeon and Savant Lake greenstone belts and to 
identify potential tectonostratigraphic correlations which 
will be tested with geochronological and geochemical 
methods. 

PREVIOUS WORK 

Comprehensive mapping (1 :3 1 680) was conducted by 
N.F. Trowel1 (Trowell 1974; 1976; 1983a) concurrent with 
the discovery of base-metal mineralization in the Sturgeon 
Lake area. Previous geological investigations are summa- 
rized in these works. Detailed mapping of volcanic stratigra- 
phy near the Mattabi deposit led to its interpretation as an 
Archean submarine caldera complex (Morton et al., 1991). 
The mine (caldera) stratigraphy is dated at 2735.5 + 1.5 Ma 
(Davis et al., 1985), slightly older (see discussion in Davis 
et al., 1985) than the underlying 2733.8 2 1.4 Ma Beidelman 
Bay intrusion (Davis and Trowell, 1982) and coeval with 
underlying, pre-caldera (Darkwater) strata. Overlying post- 
caldera rocks (South Shore cycle; Fig. 2) are dated at 
2718 +2.7/-1.5 Ma (Davis and Trowell, 1982). Deformation 
of the eastern part of the massive sulphide camp was investi- 
gated by Dub6 et al. (1989) and Koopman (1993) who delin- 
eated a major shallowly plunging fold with associated minor 
folds. The northern and western parts of the belt were re- 
examined in the early 1990s by Williams and Nacha (1991) 
and Robinson (1992), respectively. 

LITHOLOGICAL UNITS 

Metavolcanic Units 

Trowel1 (1983b) subdivided metavolcanic rocks in the 
Sturgeon Lake area into seven volcanic cycles, each contain- 
ing various proportions of older mafic and younger interme- 
diate and felsic volcanic rocks. A simplified version of this 
nomenclature is tentatively adapted here (Fig. 2) pending 
ongoing investigations aimed in part at testing the validity of 
the volcanic cycle concept in the Sturgeon Lake area. 
Specifically, the Northeast Arm and Squaw Lake cycles of 
Trowel1 (1983b) are replaced by their northern, along-strike 
correlatives, the Beckington West and Beckington East 
cycles, respectively. 

North Arm Cycle 

Volcanic rocks of the North Arm cycle exposed west of 
Figure 1. Regional setting of the west-central Wabigoon Couture Lake (Fig. 2.3) comprise east-southeast-facing pil- 
Subprovince, Superior Province, showing dated occurrences lowed and massive basalts cut by equigranular diabasic gab- 
of Mesoarchean crust. bro and tonalite of theLewis Lake batholith. Pillowed basalts 
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near the base of this cycle are low-potassium (0.13-0.38 
KzO%), low-titanium (0.63-1.38 Ti02%) tholeiites (Fig. 4a), 
which are non-amygdaloidal and have flattened pillows up to 
6 m in length (Trowell, 1983b). A transect across this appar- 
ently homoclinal sequence of basalts shows an up-section 
decrease in magnesium from relatively primitive basalts with 
9% MgO to more iron-rich basalts with 4% MgO (Fig. 5). 
Overlying the mafic rocks is quartz-phyric felsic tuff, 1 to 
30 m thick, which can be traced north of the map area where it 
is intercalated with thinly bedded graphitic and sulphidic silt- 
stones (Trowell 1983b). 

Beckington West Cycle 

MetavoIcanic rocks in the north-central part of the map area 
are part of the Beckington West cycle. Its lower part com- 
prises east-facing massive and pillowed basalts and pillow 
breccia which show an up-section increase in the size and 
abundance of amygdules (cf. Trowel1 1983b). Its upper part 
comprises calc-alkaline intermediatekfelsic pyroclastic 
rocks and flows with minor intercalated tholeiitic basalts 

Six MI18 
Lako Cycle 
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(Fig. 4a). Near Morgan Island, these consist of poorly sorted, 
poorly bedded, intermediate tuff breccia and lapilli tuff which 
are typically monolithic (Fig. 6a), and locally contain angu- 
lar, vesicular andesitic blocks. Well bedded and well sorted 
quartz-feldspar phyric, heterolithic tuffkhypabyssal rocks 
occur northeast and southwest of Morgan Island, and are 
locally intercalated with epiclastic rocks. The Beckington 
West cycle is cut by dykes and sills of plagioclase-porphyritic 
diorite and gabbro, melanocratic gabbro, and tonalite. 

Beckington East Cycle 

Mafic rocks in the northeast part of the map area form part of 
the Beckington East cycle (Fig. 2 and 3) and are distinguished 
by highly vesicular and arnygdaloidal, massive and pillowed 
basaltic flows, and hyaloclastic pillow breccia (Fig. 6b). The 
basalts are mainly calc-alkaline with low titanium contents 
(0.68- 1.0 %), but include rare tholeiitic lavas (Fig. 4a). These 
are cut by sills and dykes of calc-alkaline gabbro including 
equigranular, melanocratic, and plagioclase megacrystic 
(2-3 cm) varieties. 

Pasl-pmduclng d e p a l b  
Mssslve sulphldes: 

1 Group F 
2 Manabi 
3 Sturgeon Lake Mlne 
4 Creek Zone 
5 Lyon Lake 

Gold: 
6 St. Anthony Mlne 

1 Location of U-Pb (zircon) age data 

+ Davls andTrowell(l982) + Davls et al. (1985) 
4 Davls e l  al. (lB8B) 

BBI Beldelman Bay lnlrusion 
GGC Granltoid-gnelss complex 
LLB Lewle Lake Balholilh 
SNAC Sturgeon Narrows Alkallc 

Complex 
VLC Vlsla Lake Complex 
GLS Goodman Lake Slock 
SLS Squaw Lake Stock 

Figure 2. Regional geology of the Sturgeon Lake greenstone belt, volcanic cycle 
nomenclature adapted from Trowell ( 1  983b). 
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Six Mile Lake Cycle 

Mafic rocks of the lower Six Mile Lake cycle are exposed in 
the map area near King Bay (Fig. 2,3). These consist of aphy- 
ric, non-vesicular, pillowed and massive, magnesian and 
iron-rich tholeiitic basalts (Beggs, 1975; Fig. 4a;), cut by 
diabase intrusions. Stratigraphically higher basalts contain a 
greater proportion of amygdules relative to those at the base 
of the cycle (Trowell, 1983b). The upper Six Mile Lake cycle 
is interpreted as a south-facing and eastward-thinning and 
-fining prism of pyroclastic rocks (Trowell, 1983a.b; 
Robinson, 1992). Its eastern extremity is exposed in central 
Sturgeon Narrows, where texturally diverse units include 
intermediate pyroclastic breccia, lapillistone, tuff, and epi- 
clastic rocks. 

Central Sturgeon Lake Cycle 

The Central Sturgeon Lake cycle dominates the south part of 
the map area extending from Quest Lake to the northwest 
shore of Sturgeon Narrows (Fig. 2 and 3). Basal units on the 
shore of Sturgeon Narrows include chloritized, vesicular, and 
amygdular dykes and sills. Near Quest Lake, its basal unit 
comprises pillowed and massive arnygdaloidal basalts, pil- 
low breccia, flow breccia, and hyaloclastite. The lower part 
of the cycle includes both calc-alkaline low-titanium basalts 
(0.2-1.4 % Ti02) and tholeiitic, high-titanium (0.58-2.47 % 
Ti02) varieties (Fig. 4b). Some basalts of this cycle (i.e. on 
Mountain Island, just west of the map area), contain up to 
11.9% MgO. A liquid corresponding to the composition of 
the 11.9% MgO primitive basalt, would be in equilibrium 

Figure 3. Geology of the central Sturgeon Lake area, modijiedfrom Trowel1 (1974,1976,1983~). 
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with an olivine of Fog6 composition (assuming K, ,F~M~ 
oliv-liq = 0.3; Roeder and Emslie 1970; and X F ~ ~ +  = 0.0). 
These rocks are cut by gabbro and serpentinized peridotite 
(Fig. 3), the latter having Fe/Mg values appropriately low to 
contain Fog6 olivine, suggesting they may be cogenetic with 
the high-MgO basalts (Fig. 4b). Intermediate volcanic brec- 
cia and fermginous wacke-siltstone overlie the mafic rocks 
west of Quest Lake (Trowell, 1983b). 

20 Beckington East volcanic I B e c k i n g t o r  , Beckington West 
intrusive intrusive 

15 
H 9- \ 

hlmrth A r m  ,.",.,, - m . m .  ' Beckington West volcanic 

/ a ,  ., volcanic 
0 

Sturgeon 7 intrusive Fa 

Figure 4. Fe% versus Mg% (cation%) diagram of volcanic 
and intrusive rocks in the Sturgeon Lake belt (data from 
Trowell, 1983b; excludes pyroclastic, visibly altered, highly 
deformed, and samples with S+C02+H20+ 25%, ~ 9 5 %  
totals >lo]%). A) Northeast Ann area, North Ann cycle 
volcanic: open triangle; Beckington East cycle intrusive: 
filled square; volcanic: open square; Beckington West cycle 
intrusive: filled circle; volcanic: open circle. B) Central 
Sturgeon Luke cycle (south Sturgeon Luke area volcanic: 
open triangle; intrusive: filled triangle; Post Lake area 
volcanic: solid circle; intrusive: open circle). Mineral 
endmembers are Fo: forsterite; Fa: fayalite; En: enstatite; 
and Fs: ferrosilite. 

Metasedimentury Rocks 

Clastic metasedimentary rocks occur at three main localities 
(Fig. 3), described from west to east. Relatively quartz-rich 
clastic metasedimentary rocks on Vista Lake form part of an 
approximately 500 m wide by 12 km long screen of supra- 
crustal rock that defines the eastern margin of the greenstone 
belt (Fig. 2.3). This screen divides plutonic rocks of the cen- 
tral Wabigoon granite-gneiss complex (Percival, 1998) from 
monzosyenitic rocks of the Vista Lake complex, and com- 
prises foliated to gneissic, amphibolite-facies metasediment- 
ary and mafic metavolcanic rocks in which primary structures 
are absent and tectonic layering is parallel to the 
supracrustal-intrusive contacts. Quartz wacke from this area 
is white-grey weathering (65% quartz) and is interlayered 
with metre-wide panels of strongly foliated, rusty- 
weathering lithic wacke (garnet-muscovite schist) and minor 
arnphibolite. 

A central sequence of clastic rocks extends from northern 
Sturgeon Narrows, through East Bay, to southeast of Quest 
Lake (Fig. 3). Kilometre-long screens of schistose wacke 
within the Vista Lake complex suggest they may have 
extended several kilometres further east. This elongate trian- 
gular exposure is dominated by well bedded, well graded 
feldspathic wacke (3 cm to 1 m thick beds) and interbedded 
lithic wacke (<4 cm thick beds). Thinly bedded siliceous silt- 
stone occurs with feldspathic wacke along the west shore of 
Coveney Island, in East Bay, and on Princess Lake; these 
areas represent potentially lateral equivalents. Black argilla- 
ceous beds alternate with feldspathic and lithic wacke along 
the west shore of Quest Lake and East Bay. Magnetite iron- 
stone interbanded with lithic wacke is restricted to the 
extreme southeast part of the map area (Fig. 3). Tectonically 
disrupted, thinly bedded cherts and associated graphitic beds 
occur in central East Bay. 

west east 
15 1 I 

Tuff 
oldest youngest 
" " " " " " " "  " 

0 relative stratigraphic position 2 km 

Figure 5. Mg% (cation %) versus relative stratigraphic 
position for volcanic rocks collected across the North A m  
cycle (data from Trowell,1983b). Note non-linear horizontal 
scale. 
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Figure 6. a) Pyroclastic breccia of the upper Beckington 
West cycle (Morgan Island). b) Sectional view of upperpart 
of Beckington East basaltflow. Fine vesicles inflow interior 
coalesce upsection (top) and are overlain by vesiculated 
hyaloclastite and pillow fragment flow top breccia. 

Although the central clastic sequence is internally folded, 
contact relationships and younging criteria at its margins and 
in surrounding metavolcanic rocks indicate overall 
westward-younging. It is interpreted to overlie basaltic to 
andesitic rocks of the Beckington cycles and be overlain to 
the west by westward-younging mafic metavolcanic rocks of 
the Central Sturgeon Lake cycle (Fig. 2). At several localities 
in the East Bay area, its basal contact was observed to consist 
of matrix-supported pebble conglomerate with angular mafic 
volcanic clasts in a relatively clean feldspathic wacke matrix. 
This basal unit reflects two source regions for these rocks: a 
minor component of directly underlying mafic rock and a sig- 
nificant contribution from a quartz-rich felsic volcanic andor 
plutonic source. Rare pebble-conglomerate beds up-section 
contain clasts of fine-grained felsic volcanic and quartz- 
porphyritic granitoidhypabyssal material. 

A distinctive sequence of conglomeratic rocks and associ- 
ated crossbedded wackes occur in the west half of the map 
area (Fig. 3). On the north shore of south Sturgeon Lake, 
poorly stratified, poorly graded, clast-supported conglomer- 
ate contains subrounded, pebble- to cobble-sized clasts of 
mafic metavolcanics and medium-grained gabbro. South of 
this mafic-derived conglomerate, island exposures are 
increasingly polymictic, with the appearance of clasts of 
fine-grained intermediate to felsic volcanic rock, chert, sul- 
phide, and metasedimentary rock. Crossbedded feldspathic 
wacke occurs northeast and southeast of these conglomerates 
in Sturgeons Narrows and on Post Lake (localities C, Fig. 3). 
These white-weathering rocks display trough crossbedding 
(Fig. 7a) with foresets up to 1 m wide, and contain basal peb- 
bly layers. 

Clast-supported, mafic volcanic- and gabbro-derived 
conglomerate in the Princess Lake area (Fig. 7b) is texturally 
and compositionally similar to that on south Sturgeon Lake. 
These poorly bedded, ungraded deposits show a crude clast- 
size variation, from cobble- to boulder-sized clasts in the west 
to pebble-sized clasts in the east, which may reflect eastward 
younging. They are interpreted to overlie the central, west- 
younging clastic sequence, and the Central Sturgeon Lake 
volcanic rocks from which they appear to be derived. 

Plutonic Rocks 

The eastern part of the Sturgeon Lake belt is bound by the 
central Wabigoon granite-gneiss complex (Percival, 1998), 
which comprises foliated and gneissic granitoid rocks 
(Fig. 3). On Vista Lake, this complex consists of fine- to 
medium-grained, biotite tonalite gneiss containing flattened 
igneous and metasedimentary inclusions. On northeast Vista 
Lake, it consists of fine- to coarse-grained, equigranular, 
moderately to strongly foliated, mafic-poor, biotite tonalite to 
granodiorite. Some exposures contain xenoliths of strongly 
foliated and crenulated tonalite hosted by less deformed 
tonalite. 
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The Lewis Lake Batholith at the mouth of the North Arm 
of Sturgeon Lake consists of equigranular to quartz- 
porphyritic tonalite, gabbroic intrusive phases, and a variety 
of plutonic inclusions. This is transitional to coarse-grained 
hornblende porphyritic tonalite and medium- to coarse- 
grained hornblende+biotite quartz diorite to the northwest. 
Along Highway 599, variably foliated tonalite to quartz 
diorite occurs. Sheets, dykes, and stockwork veins of pink 
granitic aplite-pegmatite are important components locally. 

The Vista Lake complex is a crescent-shaped pluton, 
23 km by 7 km, that cuts the central Wabigoon granite-gneiss 
complex (Trowel1 1976; 1983a. b; Fig. 3). It consists mainly 
of pink, medium- to coarse-grained, equigranular to 
potassium-feldspar porphyritic (1-1.5 cm), hornblende- 
biotite quartz monzonite to monzosyenite. Potassium- 
feldspar megacrystic (2-4 cm) variants are exposed on its 
north margin. The complex is moderately to strongly foliated 
and minor, aplite-pegmatite veins and dykes cut the foliation. 
Its central part contains a 5 by 0.3 km, northeast-trending roof 
pendant of strongly foliated quartz wacke. 

The Sturgeon Narrows Alkaline complex is an elongate, 
tadpole-shaped body that occurs in the central part of the map 
area (Trowell, 1983a, b). It is dominated by coarse-grained 
nepheline syenite with well-aligned laths of 1-2 cm long 
potassium feldspar. Steeply dipping modal layering defined 
by a systematic, gradational change in the proportion of 
aegerine-augite was observed at several localities. The elon- 
gate, concordant shape of the pluton with respect to regional 
DZ fabrics, potential S2 foliation in its border phases, and 
folding of related syenitic dykes suggest the complex is late 
tectonic. 

STRUCTURE AND METAMORPHISM 

Structural elements within the map area are summarized in 
Figures 3 and 8. Tightly folded rocks with a pronounced foli- 
ation form two main corridors (Fig. 8; shaded areas) that tran- 
sect the map area. These corridors are dominated by D2 
structures, whereas intervening panels, which may show 
lower strain, are dominated by Dl structures. The resulting 
pattern is one of discrete lithological and structural domains 
within which reversals of younging are common. Reversals 
in structural facing (younging in the direction of axial plane 
cleavage) are less common. This architecture appears to con- 
trast with other parts of the Sturgeon Lake belt, where consis- 
tently facing, homoclinal, conformable stratigraphic 
sequences are described (i.e. the east-facing Beckington Lake 
cycles of Trowell (1983b) and Williams and Nacha (1991); 
the south-facing Fourbay Lake and Six Mile Lake cycles of 
Trowel1 (1983b) and Robinson (1992); and the north-facing 
mine stratigraphy (Davis et al., 1985; Morton et al., 1991). 

Most mineral assemblages are typical of greenschist- 
facies regional metamorphism, with an increase in grade to 
the east reflected by garnet and staurolite in metasedimentary 
rocks east of ~ u e s t  Lake and hornblendekclinopyroxene in 
mafic rocks on VistaLake. Lithic wacke throughout East Bay 
and Princess Lake contains up to 15% subhedral andalusite, 
0.5 to 1 mm. Its presence may reflect slightly higher meta- 
morphic grade and its spatial distribution suggests possible 
contact effects by the Sturgeon Narrows alkalic complex. A 
local S2 foliation wraps around andalusite, indicating it grew 
prior to, or synchronous with, this foliation. 

Folds 
Two corridors of folded strata occur in the map area (Fig. 8, 
shaded areas). One of these is centered on Sturgeon Narrows, 
where interbedded metavolcanic and metasedimentary rocks 
are tightly to closely folded about south-southwest-trending, 
steeply northwest-dipping axial surfaces. Minor fold axes 
plunge steeply (70-80°) southwest, parallel to the elongation - - 
direction of clasts and fragments, &d to the linear alignment 

Figure 7. a) Crossbedded feldspathic wacke from Sturgeon of minerals in the axial planar foliation. This corridor extends 
Narrows (locality C, Fig. 3). b) Mafic-derived conglomerate into the Northeast Arm of Sturgeon Lake where macroscopic 
from Princess Lake showing subrounded gabbroic clasts in a folds are less common (see Fig. 9), but the distribution of vol- 
clast-supported framework and chlorite-rich matrix. Pale canic units and bedding orientations also define tight to close 
coloured fenite veins are associated with the Sturgeon map-scale folds (Fig. 3). A second conidor of folded strata is 
Narrows Alkalic Complex. centered on the central metasedimentary sequence, 
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Figure 8. Major structural elements of the central Sturgeon Lake area. Shaded zones correspond to 
corridors of folded rock, described in text. 
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particularly in the Quest Lake area. Here, tightly folded 
metasedimentary rocks have south-trending, steeply west- 
dipping axial surfaces. Minor folds plunge 30 to 70°, north 
and south. 

Both fold corridors are characterized by a high degree of 
tectonic transposition, such that outcrop exposures are dorni- 
nated by straight, strongly foliated layers where primary fea- 
tures such as grading may be obscured or obliterated. 
Invariably, tight, limbless, fold-hinge zones (<metre scale) 
can be uncovered from these outcrops, and these generally 
contribute important younging and structural-facing criteria 
upon which the fold history of the study area is based. 

Two generations of fold structures are recognized from 
both of these corridors. In the Northeast Arm area (locality A 
in Fig. 3), two outcrop-scale orthogonal foId sets are recog- 
nized (Fig. 9). One set consists of a paired synclinelanticline 
that plunges moderately (56") south about northeast-trending 
(040°), steeply east-dipping axial surfaces (Fig. 9a, b). The 
geometry of this set corresponds to the fold style throughout 

Figure 9. FI and F2 folds in the Northeast Arm (locality A, Fig. 3). a) View northeast of steeply overturned, 
east-dipping F2 syncline-anticline. Thick arrow indicates location of FI folds in c) and d). b) Detail of 
anticlinal hinge in a )  showing domal geometry and attenuated northwest limb (left side of photo). 
c) Downplunge view (to east-southeast) of open Fl folds showing axialplanar cleavage ( S I )  and transecting S2 
schistosity. d) Detail of fabrics in c), S1 is parallel to marker pen, transecting S2 is parallel to pencil. 
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central Sturgeon Narrows, described above. The other fold 
set consists of moderately (50") east-plunging, upright folds 
of metre-scale wavelength, whose subvertical axial surface 
(290185) forms a 70" angle to the previously described fold 
set. The high angle made by axial surfaces of these two folds 
sets is reflected by locally developed domal geometry 
(Figure 9a,b), consistent with a Type 1 fold interference pat- 
tern. Both sets of folds have an associated axial planar cleav- 
age. The relationship of these cleavages to the folds indicates 
their chronology of development, in that the northeast- 
trending cleavage (axial planar to the paired syncline1 
anticline) is not folded about the more open folds, but tran- 
sects them (Fig. 9c, d). This establishes the more open, east- 
southeast-trending folds as F1 and the steeply overturned, 
northeast-trending folds as F2, a relationship confirmed by 
superposition of the northeast-trending schistosity (S2) on the 
spaced east-southeast cleavage (S1) at several localities. 
Continuity of the northeast-trending cleavage, and folds to 
which it is axial planar, southward through central Sturgeon 
Narrows indicates that folds throughout this comdor are F2. 

In the Quest Lake area, opposing structural facing, deter- 
mined from relatively well preserved hinge zones of macro- 
scopic folds, is used to identify the presence of a map-scale F1 
fold, whose anticlinal hinge is located at the change from 
north to south structural facing (locality B in Fig. 3). The 
presence of an east-southeast-trending, map-scale F, struc- 
ture (Fig. 3), implies that the dominant folds observed 
throughout this comdor are F2 structures. Superposition of 
F2 folds on F1 results in north-plunging F2 folds on the north 
limb of the F1 anticline and south-plunging F2 folds on its 
south limb. Structural facing directions from other parts of 
the belt identify the location of several other, more cryptic, F1 
structures (Fig. 3). 

Folds in the East Bay area (Fig. 3) are highly discordant to 
D2 folds and fabrics and are interpreted as F1, possibly modi- 
fied by the Sturgeon Narrows alkalic complex (Fig. 3). 
Younging reversals in metasedimentary rocks on Post Lake 
(Fig. 3) define a syncline with an 110'-striking, steeply 
south-dipping axial surface. This structure may extend to 
south Sturgeon Lake where a syncline centered on conglome- 
ratic rocks is defined on the basis of south-younging of con- 
glomerate and beddinglcleavage relationships. Clasts in these 
units show pronounced elongation plunging 40-50" to the 
east-southeast, and may reflect a moderate eastward plunge 
to this fold which is geometrically compatible with F1. 

S1 fabric is less prominent, and mainly occurs across the 
south part of the map area, where it is manifest as a penetra- 
tive planar and linear shape fabric in conglomerates of south 
Sturgeon Lake and as a weakly developed schistosity in mafic 
metavolcanic rocks and mafic intrusions of the central Stur- 
geon Lake cycle (Fig. 8). East-striking foliation in East Bay 
may be a modified S1 fabric. The single strong planar foli- 
ation in parts of the Northeast Arm may be a composite S1 + 
S, fabric. 

Shear Zones 

Highly strained rocks occur at several localities in the 
Sturgeon Narrows-Northeast Arm comdor. These zones 
strike northeasterly, dip steeply, and contain steeply (mainly 
southwest) plunging mineral lineations. Their planar and lin- 
ear elements parallel those of the dominant S2 fabric in this 
region and, as such, are suspected to have developed, or been 
reactivated, during D2 

Strain is mainly localized at the interface between inter- 
mediate metavolcanic rocks and m&c metavolcanic rocks 
(of the Beckington West and Six Mile Lake cycles; Fig. 8). 
This interface is characterized by a strong to intensely devel- 
oped, northeast-striking, steeply dipping schistosity, defined 
mainly by chlorite in mafic rocks, and by muscovite in rocks 
of intermediate composition. Ferroan carbonate alteration is 
pervasive. This planar fabric is generally penetratively 
developed across widths greater than 10 m, but the extent of 
the zone and the relationship of units which it affects are 
obscured by lack of exposure. These rocks typically display 
weakly to moderately developed, steeply southwest- 
plunging mineral Lineations and conjugate kink bands, less 
than 1 cm wide. The best exposure of high-strain rocks at the 
maficlintermediate interface is on northwest Penn Island 
(Fig. 8). Here, chlorite schist contains epidotized pods and 
boudins of quartzkcarbonate veins which display asymme- 
tries consistent with sinistral, northwest-side-up movement 
(Fig. 10a). Chlorite schist is in contact with intermediate tuff 
which is not penetratively strained; instead, strain is localized 
in uniformly spaced (2-3 cm), parallel bands (Fig. lob, c) 
which preferentially accommodated slip. At highest strains, 
these bands are completely transformed into muscovite 
(Fig. lOc), but locally a gradient between relatively low- 
strain host rock and proto-muscovite bands was recognized 
(Fig. lob). 

Foliation DISCUSSION 
The dominant foliation in the map area is a north- to north- 
northeast-striking, steeply dipping foliation which is axial 
planar to F2 folds, and is designated S2. This fabric is recog- 
nized throughout the Sturgeon Narrows-Northeast Arm and 
Quest Lake comdors (Fig. 8), and is locally developed in 
south Sturgeon Lake as a spaced, northeast-striking cleavage. 
North-striking foliation within the Sturgeon Narrows alka- 
line complex (Fig. 8) may represent the regional S2 fabric. 

Mature clastic sediments at Vista Lake, submarine low- 
potassium tholeiites in the North Arm and shoaling-upward 
calc-alkaIine volcano-sedimentary rocks in the central 
Sturgeon Lake greenstone belt reflect contrasting tectonic 
settings in its greater than 50 Ma history. The chemically 
mature (quartz-rich) nature of quartzose wacke from Vista 
Lake is lithologically comparable to that of the Jutten Sedi- 
mentary Sequence exposed in northeast Savant Lake 
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Figure 10. High-strain rocksat rnafic/intermediate intei$ace, 
west shore of Northeast Arm. a) Chlorite schist with 
composite foliations and asymmetrical vein boudin 
consistent with sinistral, northwest-side-up movement across 
zone. b) Spaced deformation bands in ducite tuffwith internal 
composite C-C' foliations consistent with sinistral shear. 
c) Higher strain state than b) showing more typical spaced 
muscovite bands which preferentially accommodated slip 

greenstone belt (Cortis et al., 1988; Sanborn-Barrie, 1990), 
which yielded detital zircon ages older than 2.9 Ga (Davis 
and Moore. 1991). U-Pb dating of ciuartzose wacke and 
crosscutting granite from Vista ~Iake will bracket the age of 
sedimentation, and determine whether these also had a 
Mesoarchean provenance. 

The oldest volcanic rocks in the map area may be subma- 
rine tholeiitic basalts of the North Arm cycle. This cycle is 
tentatively correlated with the Fourbay cycle (Trowell, 
1983a) for which a zircon 207~b/206~b age of 2775 + 1 Ma 
(Davis et al., 1988) was obtained on rhyolitic tuff near its top. 
This tuff underlies volcanic rocks correlated with the Handy 
Lake Volcanic Group. Accordingly, the 2775 Ma Fourbay 
sequence (and North Arm cycle?) may be correlative with 
Jutten volcanics of the Savant Lake belt to the north (Fig. 1). 
In order to test proposed correlations between the North Arm 
and Fourbay cycles, a sample of felsic crystal tuff from the 
North Arm cycle was collected for U-Pb dating. 

The Beckington West, Beckington East, and Six Mile 
Lake cycles are upward-shoaling sequences dominated by 
calc-alkaline volcanic rocks. These 'cycles' may represent 
different volcanic centres of broadly similar age (cf. Trowell, 
1983b, p. 61). Dating of rhyolite from the upper Beckington 
West cycle will test possible correlations with the 
2745-2704 Ma Handy Lake Group to the north and 2735 Ma 
mine (caldera) stratigraphy to the south. Volcanic-derived 
clasts in basal conglomerates overlie the Beckington West 
and Six Mile Lake cycles, which coupled with local intercala- 
tion of sedimentary and pyroclastic rocks in Sturgeon 
Narrows, suggests that the Beckington West volcanics were 
locally emergent and flanked by a sedimentary apron. 

The Central Sturgeon Lake cvcle involved eru~tion of 
primitive tholeiitic bisalts and inGusion of high-levkl ultra- 
kafic plutons. This was followed by erosion &d deposition 
of mafic-derived conglomerates and associated crossbedded 
wackes in the west half of the map area. Felsic to intermedi- 
ate volcanic rocks of the Central Sturgeon Lake cycle are 
likely to be correlative with the ca. 2718 Ma South Shore 
cycle (Fig. 2), since intermediate to felsic rocks of both cycles 
are disposed about an F1 syncline at Post Lake (Fig. 8). 

All supracrustal rocks appear to have been affected by two 
regional deformation events. Dl is manifest as east- 
southeast-trending, moderate to shallow east-plunging folds 
(F1) and locally developed axial plane cleavage. The F1 fold 
style is consistent with a major 116O-trending, 16" east- 
southeast-plunging fold reported to have affected the Lyon 
Lake stratigra~hv (Dub6 et al., 1989) south of the map area. - . - .  
F1 folds are superimposed, and refolded, by northeast- 
striking, variably plunging F2 folds and associated penetra- 
tive axial planar S2 foliation, prevalent in two corridors cen- 
tered on Sturgeon Narrows and Quest Lake (Fig. 8, shaded 
areas). Although the possibility of refolded stratigraphy has 
been considered locally for these rocks (Trowell, 1976), 
previous workers have emphasized a layer-cake succession 
of consistently facing homoclinal panels. Our findings in the 
central part of the belt suggest that the structural history of the 
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central Sturgeon Lake area is polyphase, not dissimilar to that 
of the Savant Lake greenstone belt, where initially northwest- 
to north-trending, shallowly plunging F1 folds were modified 
by 050-070"-trending, steeply plunging F2 folds with an 
associated penetrative axial-planar S2 foliation (Sanborn- 
Banie, 1990). The scope of our 1997 mapping did not reveal 
whether the central Sturgeon Lake belt is structurally unique, 
or whether these deformation styles are represented in other 
parts of the belt. 

Discontinuous, northeast-striking high-strain zones 
through Sturgeon Narrows and the Northeast Arm may be 
parts of a continuous high-strain zone at the contact between 
mafic and intermediate volcanic rocks. They may express a 
fault across which distinct volcanic sequences have been jux- 
taposed, and/or may reflect localized D2 strain in the contact 
region between two rheologically distinct units. 
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Structural transect of the central Wabigoon 
subprovince between the Sturgeon Lake and 
Obonga Lake greenstone belts, Ontario1 

John A. Percival 
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Percival, J.A., 1998: Structural transect of the central Wabigoon subprovince between the 
Sturgeon Lake and Obonga Lake greenstone belts, Ontario; & Current Research 1998-C; 
Geological Suwey of Canada, p. 12 7-1 36. 

Abstract: The central Wabigoon region between the Sturgeon Lake and Obonga Lake greenstone belts 
is a complex granitoid terrane in which at least thirteen intrusive phases and five deformation events can be 
distinguished. The oldest unit, tonalite gneiss, has S1 gneissosity and rarely preserved north-trending F2 
folds. The dominant rock types, biotite tonalite, biotite granodiorite, and hornblende-biotite granodiorite, 
carry the regionally dominant S3 foliation and sporadic migmatitic layering. Map-scale F4 folds are open to 
tight and upright, with gently east-northeast- or west-northwest-plunging hinges which have been warped 
by broad F5 folds with easterly axial surfaces. The reconstructed structural stack comprises basal sheets of 
granodiorite and tonalite overlain by pods of syenite-monzodiorite and porphyritic granodiorite, the 
Sturgeon and Obonga supracrustal sequences, and uppermost tonalitic gneisses. The complex intrusive- 
deformation history of the granitoid terrane will be calibrated with geochronology to test geometric correla- 
tions with structures in adjacent greenstone belts. 

RCsumC : La partie centrale de la region de Wabigoon entre les ceintures de roches vertes de Sturgeon 
Lake et d'Obonga Lake est un terrane granito'ide complexe dans lequel on peut distinguer au moins treize 
phases intrusives et cinq Bpisodes de dtformation. L'unitt la plus ancienne, un gneiss tonalitique, se caractt- 
rise par une gneissositC S et des plis F2 de direction nord rarement conservts. Les lithotypes dominants, soit 
de la tonalite B biotite, de la granodiorite B biotite et de la granodiorite B hornblende-biotite, renferment la 
foliation S3 rtgionalement dominante et un litage migmatitique sporadique. Les plis F4 d'tchelle carto- 
graphique sont ouverts B serrCs et droits; leurs charnikres, qui plongent doucement vers l'est-nord-est ou 
l'ouest-nord-ouest, ont Ctt gauchies par de larges plis F5 B surfaces axiales orienttes vers l'est. L'empile- 
ment structural reconstitut comprend des couches de base de granodiorite et de tonalite que recouvrent des 
lentilles fusiformes de sytnite-monzodiorite et de granodiorite porphyrique, les stquences supracrustales 
de Sturgeon et d70bonga et des gneiss tonalitiques sommitaux. L'histoire complexe d'intrusion- 
dtformation du terrane granitoi'de sera CtalonnCe avec la gBochronologie afin de tester les corrBlations 
gtomttriques avec les structures des ceintures de roches vertes adjacentes. 

Contribution to the Western Superior NATMAP Project 
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INTRODUCTION 

A NATMAP project has been initiated in the western 
Superior Province with the broad goal of establishing 
relationships between supracrustal sequences of 
2.78-2.70 Ga and fragments of older (3-2.8 Ga) continental 
crust. Crust of both Mesoarchean and Neoarchean age occur 
in close proximity in the central Wabigoon subprovince, as 
well as at the northern and southern margins of the North 
Caribou terrane to the northwest (Thurston et al., 1991). 
Basal contacts of the 2.78-2.70 Ga sequences are exceedingly 
rarely preserved, owing mainly to emplacement of later 
intrusions. Therefore indirect means must be used to establish 
whether the volcanic rocks erupted through continental crust 
or were deposited in oceanic basins and subsequently tectoni- 
cally juxtaposed. In addition to its significance for the tec- 
tonic history of the western Superior Province, distinction of 
the oceanic versus continental origin of volcanic rocks has 
important implications in assessing the mineral potential of 
supracrustal sequences. 

The central Wabigoon region ("Wabigoon diapiric axis" 
of Edwards and Sutcliffe, 1980) has been postulated to repre- 
sent ca. 3 Ga basement to adjacent, younger supracrustal belts 
(Thurston and Davis, 1985). Old rocks have been docu- 
mented at widespread localities (Fig. 1): 1) near the northern 
margin of the Wabigoon subprovince, where, the Caribou 
Lake greenstone belt is cut by 3.075 Ga tonalite (Davis et al., 
1988); 2) south of the Obonga belt, where tonalite is 2.931 Ga 
(Tomlinson et al., 1996); and 3) near the southern margin of 
the Wabigoon subprovince, where the Lurnby'Lake belt and 
Mannion tonalite have ages of 3.0 Ga (Davis and Jackson, 
1988). It is unclear whether the intervening parts of the cen- 
tral Wabigoon region also contain rocks of Mesoarchean age. 

To assess this and related questions a transect was examined 
across the central Wabigoon region between the Sturgeon and 
Obonga greenstone belts during a three-week period. Spe- 
cific objectives included: 1) elucidation of the regional struc- 
tural geometry and chronology of the granitoid rocks, with 
particular attention to documenting "old" generations of 
structures; 2) comparison of the style and age of structures in 
the granitoid terrane with those in the Sturgeon-Savant and 
Obonga belts; and 3) comparison of the structural style of the 
Obonga belt with that of the possibly correlative Sturgeon 
belt. 

GEOLOGICAL SETTING AND 
PREVIOUS STUDIES 

The central Wabigoon region is underlain by a variety of 
granitoid rocks previously subdivided into foliated to gneis- 
sic and foliated to massive suites (Rogers, 1964; Sage et al., 
1974). Geochronology is sparse, limited to U-Pb zircon ages 
of 2931 Ma on tonalite from south of the Obonga belt 
(D.W. Davis and M. Moore, unpub. rept., 1991), 2774 and 
2697 Ma from tonalitic gneiss east of Harmon Lake 
(D.W. Davis, unpub. rept., 1989), and 2690 Ma from foliated 
tonalite south of Harmon Lake @.W. Davis, pers. comm., 
1997). Greenstone belts flank the western margin of the 
granitoid complex. In the north, the Savant Lake belt com- 
prises three lithostratigraphic sequences, the Jutten 
(<2.94 Ga; Davis et al., 1988), Handy Lake (ca. 2730 Ma), 
and Savant Lake (<2705 Ma) groups (Sanborn-Barrie, 1990). 
Its polyphase folding history postdates the youngest strata 
and includes northwest-trending, upright F1 folds and 
northeast-striking F2 folds and S2 cleavage. To the south in 
the Sturgeon Lake belt, the main volcanic sequences range 

. . . .  . . .  . 
. . . . . . . . . . . . . . , . . . . , 

. . , .  . , .  . ,  , .  . . , .  . . , . .  

Figure 1. 

General geological map of the central 
Wabigoon subprovince showing the distribution 
of greenstone belts, U-Pb zircon dates, and the 
study area (Fig. 2). 
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from 2745-271 8 Ma (Davis et al., 1985) and probably corre- 
late with the Handy Lake Group. Distinctly older (2775 Ma) 
mafic to felsic rocks of the Fourbay Lake cycle (Davis et al., 
1988) may be correlative with the Jutten Group. Recent work 
(see Sanborn-Barrie et al., 1998) shows possibly younger 
sedimentary sequences and a similar polyphase deformation 
history to the Savant Lake belt. At the eastern margin of the 
granitoid complex is the Obonga Lake greenstone belt 
(Thurston, 1967), whose southern panel comprises a calc- 
alkaline arc sequence with an age of 2730 Ma (D.W. Davis 
and M. Moore, unpub. rept., 1991). Tectonic contacts have 
been postulated to separate this arc from ocean-floor basaltic 
rocks in adjacent panels to the north (Tomlinson et al., 1996). 

STRUCTURAL-PLUTONIC SEQUENCE IN 
THE CENTRAL WABIGOON REGION 

Virtually all granitoid rocks in the region are deformed to 
some extent; most are polydeformed (Fig. 2). The main pene- 
trative fabric is a S3 foliation, commonly accompanied by 
concordant granitic veins. Dl and D2 structures are preserved 
locally, marked by notably complex F2-F3 interference pat- 
terns. The S3 foliation is deformed into map-scale upright F4 
folds with associated minor folds and rodding lineations. 
These are in turn affected by open F5 warps. A summary of 
age relationships between major and minor intrusive units 
and deformation events is presented in Table 1. 

Tonalitic gneiss is the oldest unit, recognized on the basis 
of unique and complex fold interference patterns. Where best 
preserved, the thinly-layered (S1) biotite-quartz-plagioclase 
gneiss has concordant leucogranite and pegmatite veins, 
folded into moderately north-plunging F2 folds (Fig. 3, 4). 
These structures are transected by mafic (Fig. 5) and tonalitic 
(Fig. 6) dykes involved in subsequent phases of deformation 
(D3-D5; Table I), yielding common composite fabrics 
(e-g. Fig. 3-6). 

Minor screens of supracrustal and associated rock occur 
within a few kilometres of greenstone belts, as concordant 
enclave trains adjacent to the Sturgeon belt and as on-strike 
extensions of the Obonga belt. These <200 m wide bodies of 
amphibolite and mafic gneiss (hornblende-plagioclase* 
clinopyroxenekgarnet) display rare primary layering, pil- 
lows, local gossans and relict gabbroic textures. The internal 
foliation is generally parallel to the fabric of enclosing plu- 
tonic rocks. Rare north-trending folds of primary layering are 
assigned a D2 age (Table 1). 

Most of the remaining map units are relatively homo- 
geneous plutonic bodies, with prominent S3 foliation and 
sporadic S3 gneissosity. The most common is biotite 
(10-15%) granodiorite, a medium grained, foliated rock 
which grades to migmatitic gneiss with up to 15% concordant 
granitic leucosome veins on a 1-3 mm scale. Biotite tonalite is 
more mafic (15-25% biotite), with similar textural character- 
istics, including migmatitic zones. Tonalite and granodiorite 
occur as intrusive sheets; crosscutting relationships were not 
observed. Foliated to gneissic biotite (5-10%) monzogranite 
is a relatively minor unit, forming younger, concordant, sub- 
map-scale bodies. 

Two additional map units cany S3 foliation without gran- 
itic leucosome, possibly a function of bulk composition or 
younger age. Hornblende-biotite granodiorite is homo- 
geneous and medium grained, whereas porphyritic granodio- 
rite (Fig. 7) contains up to 40% K-feldspar phenocrysts less 
than 2.5 cm long. Hornblende-biotite monzodiorite varies 
from foliated to massive and shows local gradational relation- 
ships to hornblende-bearing granodiorite. 

The prominent regional foliation S3, defined by mineral 
alignment and sporadic concordant leucosome, is variably 
developed in homogeneous plutonic rocks and older gneis- 
ses. Its attitude ranges from steep and concordant to the mar- 
gin of the Sturgeon Lake belt, to subhorizontal (Fig. 2). 
Associated minor structures have not been recognized in 
homogeneous plutonic rocks, although F3 folds are devel- 
oped inolder gneissic units (e.g. Fig. 4). In a few places, relics 
of the older gneissic layering are virtually transposed into S3, 
making distinction of the two generations of structures in 
gneissic rocks hazardous. For this reason, Figure 2 shows 
large areas of undistinguished S1/S3 foliation. Judging by its 
subhorizontal orientation in the hinges of upright F4 folds 
(see below), the S3 fabric probably had subhorizontal atti- 
tudes. The association of the grain-scale S3 foliation with 
concordant granitic leucosome veins and their regional extent 
suggest that the Dg fabrics formed during metamorphism 
rather than as igneous flow lamination related to emplace 
ment of the granitoid rocks. 

Dykes of pegmatite discordant to S3 foliation are ubiqui- 
tous throughout the region, and at least three ages have been 
recognized based on crosscutting relationships (pegmatite 
#2, #3, #4; Table 1). Where affected by outcrop-scale D4 
structures, pegmatite $2 dykes can be identified. These 
include coarse monzogranites with magnetite clusters up to 
2 cm. Small (1-2 km) ovoid bodies of coarse leucogranite, 
some with abundant magnetite, are of similarrelative age to 
the pegmatites and may be related. 

Structures of D4 age dominate the map pattern (Fig. 2) and 
the regional F4 fold geometry is illustrated in cross-section in 
Figure 8. These open to close, upright folds generally plunge 
gently (10-20°) east-northeast. Associated minor structures 
include quartz rodding lineations (Fig. 9), spatially associa- 
ted with F4 hinge zones, asymmetric minor folds, and 
outcrop-scale ductile shear zones (Fig. 10). Gently-plunging 
rodding lineations are particularly well developed on ductile 
shear planes, indicating dominantly transcurrent motion. 
Where attitudes of minor fold hinges and rodding are measur- 
able in close proximity on an outcrop, they are subparallel. In 
some fold limbs the shear zones appear sympathetic to the 
asymmetry of minor folds. In other locations they form con- 
jugate sets indicating a horizontal north-northwest-south- 
southeast principal shortening direction consistent with the 
shortening vector inferred from F4 folds. Some folds exhibit 
sheared limbs, both at outcrop and map scales. In the Wapi- 
kaimaski Lake area, steeply dipping fold limbs are character- 
ized by ductile shear fabrics which involve pegmatite #2 
dykes. Sinistral transcurrent movement is indicated by 
small-scale ductile shear zones, minor folds with consistent 
S-asymmetry, as well as CIS fabrics (Fig. 7) and rotated 
K-feldspar phenocrysts in porphyritic granodiorite. A subset 
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of D4 structures is associated with ductile shear zones show- The map-scale D4 structural geometry is an antiform- 
ing normal displacement. A few kilometre-scale zones in the synform-antiform triplet, with a wavelength of about 30 km 
eastern Seseganaga Lake area are characterized by subhori- (Fig. 8). Major map-units appear as 5-10 km thick, laterally 
zontal (<5O dip) foliation and horizontal rodding lineations continuous tabular bodies on the flanks of the F4 folds. A gen- 
(Fig. 2). eralized vertical structural profile of the geometry following 

D3 deformation extracted from Figure 8 has basal sheets of 

Table 1. Summary of age relationships between intrusive and deformational events in the 
central Wabigoon region. Units in bold text correspond to major map units in Figure 2. 

Figure 3. Refoldedfolds in tonalitic gneiss west of Hamzon Figure 4. Refolded fold of pegmatite cutting dioritic gneiss 
Lake. TheS1 gneissosity isdefomedby F2 andF3folh.  Note west of Harmon Lake. The hammer handle, oriented 
pegmatite and tonalite dykes in the upper lefi corner of the east-west, lies parallel to a S3 cleavage axial planar to F3 
photograph. Hammer is 30 cm long. folds. The F2 fold defined by the pegmatite closes to the south 

(left). 

subhorizontal to subvertical 

Biotite granodiorite 
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Figure 5. Complex gneissic outcrop in northern Harmon 
Lake showing steeply-dipping mafic screens in tonalitic 
gneiss. A train of mafic dyke boudins trends subhorizontally 
across the central part of the outcrop and is itself cut by a 
bifurcating dyke of monzogranite pegmatite. 

Figure 6. Complex outcrop of tonalitic gneiss in central 
Harmon Lake showing cross-cutting relationships. A 
north-trending dyke of biotite tonalite Cfollowing the vertical 
axis of the photograph) cuts tonalite gneiss with prominent SI 
gneissosity and a north-plunging F2 fold (15 cm pen lies 
parallel to F2 axial trace). The dyke margin is warped by 
open F5 folds and transected by a pegmatite dyke at the top of 
the frame. 

granodiorite and tonalite, structurally overlain by porphyritic 
granodiorite and syenite-monzodiorite complexes. Structur- 
ally higher are the supracrustal rocks of the Sturgeon and 
Obonga belts and their possible continuations as screens and 
trains of mafic enclaves. The uppermost structural level is 
represented by tonalitic gneiss containing relics of the older 
(Dl, D2) structural elements. 

Several intrusive phases postdate D4 structures. West of 
Harmon Lake, a 8 m wide granite dyke carries mafic enclaves 
which show evidence of magma mingling. The basaltic 
enclaves have massive, hornblende-porphyritic interiors and 
chilled margins with lobate-cuspate geometry, in contrast to 
shapes of country-rock xenoliths (Fig. 11). This dyke is cut by 
later aplite dykes which elsewhere commonly crosscut duc- 
tile D4 shear zones (Fig. 10). In one location, two generations 
of granitic dykes (pegmatite #3, #4; Table 1) were observed to 
postdate D4 shear zones. 

At the map scale, an east-northeast-trending F5 antiform 
in central Seseganaga Lake separates northwest-plunging F4 
folds to the north from southeast-plunging structures to the 
south. On the outcrop scale, open, east-trending warps with 
2-5 m wavelengths deform S1 (Fig. 6,9) and Sg foliations and 
L4 lineations (Fig. 9) in domains with northerly trends. The 
temporal relation between pegmatite #3 and #4 dykes and the 
D5 structures is uncertain. 

High-strain zones occupying linear, northeast-striking 
valleys in the eastern Wapikaimaski Lake area (Fig. 2) affect 
all of the pegmatites and therefore represent the youngest 
ductile deformation events in the region. Although generally 
poorly exposed, these zones of steep mylonitic fabric appear 
to be relatively narrow (<30 m). Stretching lineations are not 
well developed. Z-shaped folds and offsets on microfractures 
in K-feldspar on horizontal exposures indicate a component 
of dextral transcurrent displacement. 

Figure 7. K-feldspar porphyritic granodiorite showing C-S 
fabric development in a D3 sinistral high-strain zone, 
western Wapikaimaski Lake. Pen is 7 mm wide. 
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Figure 8. Northwest-southeast vertical structural cross-section between the Sturgeon and Obonga belts. 
Although not a rigorous down-plunge projection, major F4 folds, defined by S3 foliation trajectories (dashed 
lines), plunge gently (stereonets are projections of L4 rodding and minor fold axis lineations) approximately 
perpendicular to the plane of the section. The dashed line above the sugace is the projection of the main contact 
between greenstones and granitoid rocks. This shows tonalitic gneisses in the Harmon Lake area to 
structurally overlie the greenstones, and sheets of youngergranodiorite, tonalite, and syenite-monzodiorite as 
generally structurally lower in the section. Although the syenite-monzodiorite suite rocks carry a foliation 
concordant to regional S3 and they are interpreted as tabular bodies, their intrusive form could equally as well 
be crescentic pod-like bodies as inferred by Schwerdtner et al. (1983). Generalized Fz folds in the Sturgeon 
Lake belt from Sanbom-Barrie et al. (1998). 

Figure 9. Subhorizontal L4 rodding lineation developed in Figure 10. Outcrop illustrating complexstructural-intrusive 
migmatitic tonalite, western Seseganaga Lake. The relationships in biotite granodiorite. The relatively 
deflection in trend is the result of open Fs folds. homogeneous rock carries a S3 biotite-alignment foliation 

(subhorizontal in photograph) cut by a sinistral S4 shear 
(vertical in photograph), itself cut by an aplite dyke. The 
aplite also cuts two older generations of monzogranite: a 
diffuse, coarse grained patch; and a younger, sharp-walled 
dyke whose relative ages with respect to the S4 shear are not 
exposed. 
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Figure 11. Granite-basalt complex west of Hamzon Lake. 
This distinctive dyke shows evidence of magma mingling 
between the matrix of medium grained, biotite monzogranite 
and$ne grained, hornblende-porphyritic basaltic enclaves 
with chilled, cuspate margins. The shapes and textures of 
basaltic enclaves contrast with those of country-rock mafic 
gneiss xenoliths. 

Still younger brittle faults and fractures are sporadically 
developed in the eastern part of the region. Commonly epi- 
dote filled, these vertical zones trend east-southeast and dis- 
play consistent dextral offset. 

OBSERVATIONS ON THE 
WESTERN OBONGA BELT 

The Obonga Lake greenstone belt is a linear east-striking 
zone of deformed supracrustal rocks (Thurston, 1967). 
Recent geochemical and geochronological studies have 
revealed considerable stratigraphic complexity in volcanic 
rocks that are partly equivalent in age (ca. 2730 Ma; 
D.W. Davis and M. Moore, unpub. rept., 1991; Tomlinson 
et al., 1996) to the calc-alkaline sequences of the Sturgeon- 
Savant belt. Plutonic rocks at the southern margin of the belt 
are considerably older (2931 Ma) than the supracrustals, 
although no unconformity is preserved (Cortis et al., 1988). 
Potential regional stratigraphic and structural correlations are 
hampered by a lack of geochronology and structural 
observations. 

In the Tommyhow Lake area (Fig. 2), a high-strain zone 
forms the southern contact of the Obonga belt with homo- 
geneous granodiorite to the south. The foliated granodiorite 
contains enclaves of strongly foliated gabbro, cut by 
straight-walled, fine grained, gabbro dykes with chill mar- 
gins. These may be similar to those described by Cortis et al. 

(1988) as possible feeders to the volcanic pile. Strain 
increases over a 100 m wide zone in the granodiorite toward 
phyllonitic rocks of the southern Obonga belt. These fine 
grained phyllonites cany a steep down-dip lineation and 
shallow-plunging, north-verging folds suggesting south- 
over-north displacement. The southern 2 km of the belt is 
characterized by intense, locally mylonitic or phyllonitic 
cleavage and associated moderately to steeply plunging 
stretching and mineral lineations, as well as minor folds. 
Lithologically, the volcanic succession is dominated by 
homogeneous quartz-feldspar porphyry, with some interme- 
diate pyroclastic rocks, minor greywacke-argillite, and gab- 
bro. One pyroclastic breccia unit contains a heterogeneous 
1-10 cm clast population dominated by felsic volcanic frag- 
ments but including gabbro with internal foliation discordant 
to the tectonic fabric in the matrix. This observation suggests 
that the basement to the calc-alkaline volcanic suite contained 
deformed gabbro, an abundant component of lithotectonic 
panels in the Obonga belt to the north (Tomlinson et al., 
1996). Bedding is preserved locally in sedimentary units, 
where it is isoclinally folded about steeply plunging hinge 
lines and transposed into a strong, east-northeast-striking 
cleavage. Similar zones of intense cleavage development also 
occur internal to the belt. In central Survey Lake, a 200 m 
wide east-northeast-trending phyllonite zone has down-dip 
stretching lineations and narrow (10 m) marginal strain gradi- 
ents to less deformed mafic and ultramafic protoliths. Its cen- 
tral conidor is a late fault breccia. 

Near the northern margin of the Obonga belt, primary vol- 
canic and sedimentary structures are locally preserved 
despite a strong cleavage-forming event and andalusite-grade 
metamorphism. Bedding is isoclinally folded about moder- 
ately to steeply plunging (55-75O) hinges and is transposed 
parallel to east-northeast-striking cleavage. Late gabbroic 
rocks such as the Awkward Lake pluton (Thurston, 1967) are 
cut by thin, locally crenulated shear zones and appear much 
less deformed than the supracrustal units. 

It is difficult to evaluate the precleavage (Sz?) history of 
the Obonga belt. It could host an earlier (Dl) set of structures 
like those documented through structural facing analysis in 
the Sturgeon-Savant belt (Sanborn-Barrie, 1990; Sanborn- 
Banie et al., 1998). However, the intense degree of transposi- 
tion into the east-northeast cleavage and associated oblitera- 
tion of primary facing indicators makes similar treatment of 
parts of the Obonga belt virtually intractible. 

DISCUSSION 
- -  

The broad NATMAP objective of elucidating the relation- 
ship between supracrustal rocks and potential sialic basement 
can be partly addressed through correlation between struc- 
tural elements of the Sturgeon-Savant belt and central 
Wabigoon region. The correlations presented in Table 2, 
based on similarities in style and orientation, represent a con- 
ceptual framework subject to geochronological testing. From 
this analysis it is apparent that the greenstone and granitoid 
domains have experienced a common polyphase deformation 
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Table 2. Correlation between structural elements of the Sturgeon-Savant greenstone belt and 
granitoid rocks of the central Wabigoon region.' 

history which has obscured original relationships. Clearly, a Summers, 1983). However, in the Sturgeon-Savant belt, the 
challenge lies in deconvolving the structural record to estab- well preserved nature of primary features presents conflicting 
lish the earliest, most crv~tic  linkages. evidence. Within the granitoid complex, the dominant folds 

The clearest geometrical link between the two domains is 
provided by concordant, approximately 70° west-dipping 
fabrics (mainly S2) along the eastern margin of the Sturgeon 
belt and the dominant foliation (S3) in adjacent granitoid 
rocks west of Seseganaga Lake (Fig. 2). This map-scale 
observation is reflected at the outcrop scale, where the (S??) 
foliation in enclaves of supracrustal rock is concordant wlth 
the S3 fabric in enclosing tonalite and granodiorite. 

Sturgeon-Savant 

(F4) have vertical, rather than horizontal axial surfaces, and 
are symmetrical (Fig. 8), as opposed to the cascading 
geometry expected at the flanks of a rising diapir. Most of the 
observed lineations relate to F4 folds, and in any case do not 
correspond to the radial extension pattern expected in the core 
of a diapir. Folds related to the D3 event would be more rele- 
vant, but these are rare and restricted to rocks with pre- 
existing heterogeneities. If the S3 fabric formed through ver- 
tical shortening in the crest of a diapir, it has been subse- 

Event 

D, 

"1 

Do 

Central Wabigoon Region 

In terms of overall geometry, the structural cross-section quently folded. 

Event 

D, 

D, 

D, 

D, 

Dl 

(Fig. 8) illustrates a folded (F4), sheet-like distribution of 
units, including supracrustal rocks. Reconstruction of the 
pre-F4 geometry would produce subhorizontal attitudes not 
only for the S3 fabric in the granitoid rocks, but also for S2 and 
F2 in the greenstone belts, with implied subsequent folding 
(equivalent to F4 in the granitoid complex). Prominent 
regional variations in the trends of D2 fabric elements within 
the Sturgeon-Savant belt (Table 2) might be attributed to such 
an event, although macroscopic folds postdating D2 fabrics 
have not been recognized. Undulations of the interface 
between the Sturgeon-Savant greenstone belt and granitoids 
to the east (Fig. 1,2) could represent open (about 30 km wave- 
length) warps about easterly axes corresponding to the east- 
trending F5 warps recognized in the granitoid complex 
(Table 2). 

Style 

Open E-W warps of eastern margin 

Regional S, trend variations 

F, folds, penetrative foliation: NE 
(Savant) to NNE (Sturgeon) 

Upright Fl folds: NNW (Savant) to WNW 
(Sturgeon) 

Cryptic deformation in Jutten Group (pre- 
Savant Lake Group) 

Style 

Open E-W warps 

Upright, open to close folds; shear zones 

Penetrative grain-scale foliation; 
rnigmatitic layering 

Tight north-trending F, folds 

Gneissosity in tonalite gneiss 

The origin of the S3 foliation of inferred initial subhori- 
zontal orientation in the granitoid complex requires further 
discussion. Grain-scale biotite alignment is accompanied in 
some units by millimetre-scale granitic leucosome, suggest- 
ing that the fabrics developed during metamorphism and not 

= 

? 

= 

= 

? 

in response to magmatic flow or emplacement-related 
processes. Similarly, superposition of S3 on older (Dl,?) fab- 
ric elements in tonalite gneiss is consistent with a tectonic ori- 
gin. Diapiric processes have been proposed for emplacement 
of the central Wabigoon granitoids (Edwards and Sutcliffe, 
1980; Thurston and Davis, 1985) and some data from the 
Sturgeon-Obonga transect may support this hypothesis. The 
intense cleavage and strong vertical stretches recorded in the 
Obonga belt are consistent with predictions of high strain and 
vertical extension in a subsiding medium (Dixon and 

Alternative mechanisms for producing subhorizontal fab- 
rics include ductile horizontal extension (cf. Moser, 1994) 
and shear in nappe limbs or related contractional dCcolle- 
ments. There is limited evidence for extensional deformation 
in eastern Seseganaga Lake, in the form of small-scale ductile 
normal faults. Their structural style resembles that of 
transcurrent D4 shear zones, implying a D4 age. However, the 
age of transcurrent faults relative to the normal shear zones 
was not directly observed, and the normal structures could be 
older. Evidence for nappe-like geometry is sparse and limited 
to map-scale observations. The reconstructed structural 
cross-section in Figure 8 places tonalitic gneiss structurally 
above supracrustal rock, as would be the case in the lower 
limb of a nappe if the gneisses were basement or a major 
thrust fault. A test of this model through consistency of fold 
asymmetry is hampered by the lack of F3 structures in these 
dominantly homogeneous plutonic rocks. Schwerdtner 
(1990) cited consistently south or southeast-verging folds in 
support of a model of subhorizontal shear in the Rainy Lake 
area of the southwestern Wabigoon subprovince. 

Correlation between structures predating the penetrative 
foliation (D2 in greenstones; D3 in granitoids) is highly 
speculative, as these are commonly cryptic owing to poor 
preservation. On the basis of the few F2 folds observed in the 
granitoid gneisses, this set of north-trending structures could 
correspond to the map-scale northwest-trending F1 folds of 
the Savant Lake area (Sanborn-Barrie, 1990) and west- 
northwest-trending F1 folds of the central Sturgeon Lake belt 
(Sanborn-Banie et al., 1998). A test of this hypothesis will be 
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provided by the age of post-F2 tonalitic dykes in the Harmon 
Lake area (e.g. Fig. 6), which should be younger than 
~ 2 7 0 5  Ma, the minimum age for F1 folds in the Savant belt. 
Still more speculative is correlation between even older struc- 
tures. Early deformation of the Jutten Group (i.e. tilting) prior 
to deposition of the Y Ma Savant Lake Group, but older than 
the F1 folds, has been inferred on the basis of angular uncon- 
formities ("D,", Table 2; Sanborn-Banie, 1990). However, 
the style and age of this event are unknown. Its possible corre- 
lation with the Dl gneissosity of the central Wabigoon region 
(Table 2) will remam speculative until the ages of both events 
are known. Further analysis of the structural styles of defor- 
mation events, with resolution of their tectonic significance 
and relative and absolute ages where possible, will accom- 
pany future mapping. 
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Abstract: The French River alkaline syenite complex comprises two lenses of nepheline-bearing gneiss 
and associated peralkaline syenite within migmatitic biotite granite gneiss of the Britt Domain of the 
Grenville Province. The southern lens forms a shallow synform of biotite dominant gneiss about 4 km long 
and 800 m wide. The northern, amphibole-dominant lens forms part of the western limb of a synform. The 
equivalent horizon on the eastern limb is occupied by peralkaline amphibole syenite and garnet-pyroxene 
granulite, and the core of the synform is formed of megacrystic granite. Neither lens exhibits relicts of igne- 
ous texture. Both are associated with peralkaline syenite and appear to be structurally disconformable with 
surrounding gneiss. These data suggest that much of thenepheline gneiss may have formed by sodium meta- 
somatism along low-angle fault planes with alkalies possibly derived from peralkaline syenite. 

RCsumC : Le complexe de syCnite alcaline de French River comprend deux lentilles de gneiss n6phClin- 
ique et de sytnite hyperalcaline associke au sein de gneiss granitique migmatitique 21 biotite du Domaine de 
Britt de la Province de Grenville. La lentille sud se prtsente en synforme peu profonde de gneiss 21 biotite 
dominante d'environ 4 krn de longueur et 800 m de largeur. La lentille nord, oii domine l'arnphibole, fait 
partie du flanc ouest d'une synforme. L'horizon tquivalent sur le flanc est est constitut de sytnite h amphi- 
bole hyperalcaline et de granulite grenat-pyroxene, le noyau de la synforme ttant constitut de granite 
mtgacristallin. Aucune des deux lentilles ne prksente de reliques de texture ignke. Les deux sont assocites ii 
des sytnites hyperalcalines et semblent etre en discordance structurale avec le gneiss environnant. Ces 
donnCes laissent supposer qu'une bonne partie du gneiss ntphtlinique s'est formte par mttasomatose 
sodique le long de plans de faille 21 faible pendage, les tltments alcalins provenant peut-Stre de la syhite 
hyperalcaline. 
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INTRODUCTION 

Nepheline-bearing gneiss, which forms a minor but distinc- 
tive rock in the Grenville Province, has generated a quantity 
of literature disproportionate to its volume. The classic occur- 
rences of the Haliburton-Bancroft region have drawn most 
attention, but nepheline gneiss also occurs close to the 
Grenville Front, including the French River alkali syenite 
complex (Hewitt, 1960). Occurrences in the Haliburton- 
Bancroft region form the subject of an ongoing debate on the 
relative importance of alkaline igneous intrusion versus 
metasomatism in their generation. In a recent contribution to 
this debate, Hanmer and McEachern (1992) proposed that 
much of the nepheline gneiss formed by action of metasoma- 
tising solutions channelled along a crustal-scale boundary. 
Cume and van Breemen (1996a, b) demonstrated major 
metasomatism associated with the Kipawa Syenite Complex, 
and noted that it marks both the Archean-Proterozoic contact 

and the base of far-travelled Grenville allochthons in a region 
a few kilometres south of the Grenville Front. These observa- 
tions suggest that other nepheline-bearing metamorphic 
rocks need to be re-examined in order to determine the role of 
metasomatism in their formation, and the structural and tec- 
tonic significance of this metasomatism. 

GEOLOGICAL SETTING 

Bigwood Township lies within the northern part of the Britt 
Domain of the Grenville Province (Davidson et al., 1982; 
Culshaw et al., 1991), less than 20 km south of the Grenville 
Front Tectonic Zone, and about 70 km south-southeast of 
Sudbury. Nepheline gneiss and related rocks form a north- 
trending lens about 11 km long extending from the south 
shore of the French River to the northern boundary of 
Bigwood Township (Fig. 1). Nepheline was discovered by 

x4+'i,,swx X X X X X X X X X X X r x x I x x  X I X  x x x x x x x x x x x 1 
(Relative ages uncertain) 

m strongly foliated rnigrnatitic @jgf nepheline syenite gneisslschist, 
biotite granite gneiss and schist b=biotite-rich; a=arnphibole-rich 

quartzite, biotite paragneiss, rnegacrystic biotite granite, 
muscovite granite; arnphibolite variably deformed 

arnphlbolite dykes and gneiss, peralkaline syenite, syenite 
in biotite granlte gneiss gneiss; garnet granulite - 4 'possible fault 

Figure 1. Geological sketch of the French River alkaline syenite 
complex and surrounding rocks(mod$ed from Hewitt, 1960) 
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Quirke (1926), and the usual flurry of papers followed, as 
summarized by Hewitt (1960), who mapped the township at a 
scale of 1: 15 840 as part of a summary study of nepheline- 
bearing rocks in the Grenville Province. Hewitt (1960) pub- 
lished several whole-rock chemical analyses of the rocks 
while Duke and Edgar (1977) published a limited number of 
mineral analyses. Little further work has been done on the 
nepheline gneiss despite relatively good exposure and easy 
access, probably because aplethora of linear swamps make it 
difficult to traverse across the body or to sample it in a sys- 
tematic way. 

Hewitt (1960) distinguished three major rock units in the 
vicinity of the gneiss, namely (1) a pervasive granite gneiss 
complex, (2) paragneiss, and (3) syenite gneiss (including the 
nepheline-bearing varieties). Hewitt also distinguished vari- 
ous granite sheets within the gneiss complex. The present 
study added several mappable lithologies to this list, namely 
(4) a mafic dyke complex, (5) a hornblende syenite-garnet 
granulite association, and (6) megacrystic granite. 

Granite gneiss complex 

The granite gneiss complex which underlies about 80% of 
Bigwood Township can be studied in hectare-scale exposures 
along Highway 69, in almost continuous outcrop in the gorge 
of the French River, and almost anywhere in between where it 
appears in abundant, glacially polished outcrops. In its typical 
form the complex consists of grey to pink, homogeneous 
quartz-microcline-plagioclase-biotite rock with colour index 
<25, foliated at millimetre scale but lacking segregation lay- 
ering. Biotite occurs as fine, disseminated crystals and as 
polycrystalline spindles defining apronounced lineation. The 
rock typically contains 10 to 30% of much coarser grey to 
pink leucogranite sheets 2 to 10 cm thick which exhibit little 
foliation and may be massive. Biotite is the common mafic 
mineral in the sheets, but amphibole, sometimes in large 
grains, is also abundant. Although generally concordant to 
the foliation, these sheets locally crosscut the host, and 
locally exhibit intricate folding including intrafolial folds and 
sheath folds. The most pervasive and systematic small struc- 
ture is asymmetric folding indicating dextral south-over- 
north motion along gently south-dipping surfaces. 

This foliated migmatitic unit contains a variety of 
enclaves ranging from metre-scale to mappable size. All map 
units described below are found as enclaves within the gneiss 
complex, although some are rare. In many cases the enclaves 
are difficult to detect among the monotonous gneisses, so that 
their numbers are probably larger than presently known. 

Transposed mafic dykes 
The most common enclaves within the granite gneiss com- 
plex are boudins or zones of mafic rocks, ranging in size from 
about 1 m by 10 m to a zone west of Murdock River, 800 m 
wide and 7 km long, in which 40% of the rock is mafic. The 
freshest mafic rocks comprise granoblastic, massive 
amphibole-plagioclase varieties, either as metre-scale boud- 
ins with surrounding foliation wrapping around them, or as 
partially transposed dykes still cutting the foliation at a low 

angle. Other types of mafic rock contain various amounts of 
quartz and potassium feldspar, as well as amphibole vari- 
ously coated and replaced by biotite. Some occurrences have 
been reduced to centimetre-scale biotite-amphibole seams in 
the surrounding gneiss. All of the amphibolitic rocks contain 
seams or irregular veinlets and patches of granite. 

Hewitt (1960) considered the zone west of Murdock River 
to be paragneiss. However traverses in this region found no 
trace of verifiable paragneiss, and most of the mafic rocks 
clearly represent transposed mafic dykes. 

Paragneiss 
Paragneiss occurs along both shores of the Murdock River in 
the form of quartzite and associated biotite gneiss which form 
a belt about 200 m wide and almost 10 km long. On the west 
side of the river, quartzite is in sharp conformable contact 
with overlying mafic rocks described above. East of the river 
quartzite rests on strongly deformed biotite gneiss, which in 
turn apparently rests on the granite gneiss complex, although 
the actual contact is not exposed. A few islands in the river, 
and a narrow zone exposed in a road cut on Highway 64, con- 
sist of mafic garnetiferous arnphibolite. 

The quartzite forms layers 2 to 15 cm thick, commonly 
slightly feldspathic and muscovitic, and separated by septa of 
biotite schist from 1 to 10 cm thick. A distinctive pink, coarse 
muscovite granite forms part of the sequence. The quartzite in 
general appears almost massive, but complex curving folds, 
commonly with steep northerly plunges, can be traced in a 
few locations. The biotite gneiss below the quartzite appears 
to have been strongly migmatized, but the granite layers have 
been reduced to strung-out porphyroclasts and boudins in a 
wavy matrix composed of quartz, feldspar, and abundant 
bioitite. Numerous quartz and pegmatite veins cut this matrix 
at high angles. These were the only crosscutting quartz and 
pegmatite veins observed in this region. 

Red aplitic granite 
Subdivision of granitic bodies within the granite gneiss com- 
plex could be made in several ways. I have generally followed 
the classification of Hewitt (1 960) and distinguished red apli- 
tic granite and granodiorite (termed by Hewitt (1960) the Rut- 
ter granodiorite), alkali syenite (lumped by Hewitt (1960) 
with the Rutter granodiorite), syenite gneiss associated with 
granulitic rocks (inaccurately termed by Hewitt (1960) "gar- 
net syenite"), and megacrystic granite (a variety not distin- 
guished by Hewitt (1960)). A fifth category, hornblende 
granite pegmatite sheets, is here included with the granite 
gneiss complex, again following Hewitt's (1960) 
classification. 

Red aplitic granite forms numerous sheets and lenses 
within the granite gneiss complex, ranging up to 50 m wide 
and 400 m long. These rocks essentially consist of massive, 
granoblastic quartz and feldspar with only afew flakes of bio- 
tite. In general they form concordant sheets within the gneiss, 
but in detail most of them cut the foliation. They can be read- 
ily recognized by bright colour and lack of foliation. West of 
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Bigwood Township this rock forms large plutons. Hewitt 
(1960) grouped this rock with a peralkaline syenite surround- 
ing the north end of the French River syenite complex, pre- 
sumably because of similar red colour and lack of foliation, 
but the composition and mode of occurrence of the two units 
is quite different. 

Megacrystic granite 

A low-strain augen of almost undeformed megacrystic gran- 
ite outcrops along Gauthier Road in a body almost 2 km long 
and 200 m wide. This rock consists of ovoid feldspars up to 
3 cm long within a subgraphic intergrowth of quartz, feldspar, 
and amphibole. Pegmatoid lenses with feldspar crystals up to 
10 cm long occur locally. At the western boundary with the 
gneiss complex foliation becomes progressively more 
intense across 10 m and the amphibole is replaced by biotite. 
Similar metre-scale high-strain zones occur within the low- 
strain augen. The eastern boundary is not well exposed, but at 
least 10 m of the granite gneiss complex occurs between the 
megacrystic granite and the syenite-granulite association 
described below. Megacrystic rocks similar or identical to 
this enclave were observed in kilometre-scale masses west of 
the map area. 

Peralkaline quartz syenite 

Red amphibole syenite fringes the northern end of the nephe- 
line gneiss belt, extending south from the northern boundary 
of Bigwood Township for more than 5 km and locally reach- 
ing a width of 400 m. This lithology was not found south of 
Rae Lake. The rock is coarse grained, brick red, and consists 
of quartz, microcline, albite, amphibole, and minor biotite 
and magnetite. The rock lacks foliation, but exhibits a well- 
developed heation defined by amphibole. Hewitt (1960) 
grouped this rock with the red aplitic granite, presumably on 
the basis of colour and lack of foliation, but a chemical analy- 
sis quoted by Hewitt (1960) shows that the syenite is strongly 
peralkaline (normative acmite 9.24%). The amphibole must 
therefore be an alkaline variety, not hornblende as reported 
by Hewitt (1960). Mineral analyses published by Duke and 
Edgar (1977) suggest that it may be an unusual silica-poor, 
potassium- and iron-rich variety (potassian taramite in the 
terminology of Commission on New Minerals and Mineral 
Names, 1997). 

Syenite gneiss and granulite 

Syenite gneiss and granulite outcrop in a belt 200 m wide and 
5 km long extending from Highway 64 to Rae Lake. The 
western, or syenitic portion of this belt comprises white to 
pale pink, medium grained syenite gneiss, layered on a scale 
of 2 to 5 cm with granoblastic feldspar-rich layers separated 
by thinner layers composed of 40% weakly oriented amphi- 
bole and 60% granular feldspar. The texture and mineralogy 
strikingly resemble the northern part of the nepheline gneiss, 
but no nepheline was found in these rocks. 

The eastern, or granulitic, part of the belt comprises 
coarsely granoblastic, lineated but unfoliated garnet- and 
pyroxene-bearing rocks with the greasy tan tinge typical of 
granulites. Many occurrences are pure L-tectonites with 
strong lineation defined by complex mafic clusters domi- 
nated by clusters of pyroxene prisms containing scattered 
equant granules of garnet. In salic varieties, garnet forms sub- 
hedral centimetre-scale porphyroblasts and minor biotite is 
present. Some mafic rocks also contain minor amphibole, 
presumably secondary after pyroxene. 

Despite the striking difference in texture, the contact 
between the syenite gneiss and the garnet-pyroxene granu- 
lites is conformable and abruptly transitional. The sequence 
is abruptly truncated to the east by a linear swamp beyond 
which the granite gneiss complex reappears. Rare boudins of 
the granulitic rocks occur within the granite gneiss complex 
southeast of Rae Lake. 

Hewitt (1960) referred to these rocks as "garnet syenite" 
which is not correct since the syenitic rocks do not contain 
garnet and the garnetiferous rocks are not syenitic. 

Nepheline-bearing gneiss 

Nepheline-bearing gneisses in Bigwood Township occur as a 
northern, amphibole- dominant lens, and a southern biotite- 
dominant lens, as noted by Hewitt (1960). Syenitic gneiss 
lacking nepheline is intimately associated with the 
nepheline-bearing varieties and is described with them. 

The southern lens can be examined in almost continuous 
outcrop in the gorge of the French River, and in moderately 
good outcrop along the Ham Lake road. The rocks are grey, 
L>S tectonites exhibiting extreme rodding and lineation 
plunging about 15O to the southeast. A weak gneissosity 
defines a very shallow syncline with limb dips <20°. The lens 
terminates south of the French River where the plunge locally 
reverses. The rocks are medium grained, granoblastic, and 
friable, with the simple mineralogy plagioclase, nepheline, 
biotite, and commonly minor amphibole. Diffuse patch peg- 
matite~ occur sporadically with rounded pale orange nephe- 
line up to 5 cm across, and scattered occurrences of grey 
corundum, yellow cancrinite, graphite, and a few flecks of 
sodalite. On both east and west sides, grey nepheline-bearing 
rocks at the base of the gneiss are interlayered at metre scale 
with pink to red nepheline-free syenite which commonly con- 
tains subequal amounts of amphibole and biotite. The red 
colour is a reliable indicator of the absence of nepheline in the 
rocks, while the presence of blue-grey spots of "nepheline 
weathering" is an equally reliable indicator of the presence of 
nepheline. The mixed zone of nepheline-bearing and 
nepheline-free rocks is about 5 to 10 m wide, below which the 
granite gneiss complex reappears. The upper part of the gran- 
ite gneiss complex contains feldspar patch pegmatites up to 
5 m in diametre which contain feldspar crystals up to 10 cm 
across. These pegmatites cut the foliation, and appear to be 
completely massive. Many examples contain seams or 
patches of deep red allanite as well as large amphibole 
crystals. 
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Amphibole is more abundant than biotite in the northern 
lens of nepheline-bearing gneiss, although biotite is com- 
monly present in subordinate amount. The rocks, which dis- 
play stronger foliation and much weaker lineation than the 
southern lens, dip moderately (45-65O) to the east and form 
part of the western limb of the Rutter syncline (Hewitt, 1960). 
The equivalent position on the eastern limb of this structure is 
occupied by the syenite gneiss-granulite association. 

The nepheline-bearing gneiss of the northern lens forms 
coarse, granoblastic rocks typified by pale orange nepheline. 
Patch pegmatites with centimetre-scale nepheline are com- 
mon but mineralogically simple. Like the southern lens, the 
northern lens is intercalated on a metre scale with red syenitic 
rocks which lack nepheline. At the northern end of the 
nepheline-bearing gneisses, the proportion of nepheline- 
bearing layers declines rapidly, and the complex reduces to a 
lens of red amphibole syenite about 800 m wide. This in turn 
grades by reduction of grain size, as well as increase in foli- 
ation and quartz content, into the granite gneiss complex. 
Along the east side of the northern lens, this contact is hidden 
by a narrow linear swamp which may mark the trace of a 
small fault. 

Mineral analyses published by Duke and Edgar (1977) 
showed that biotite in the nepheline syenite approaches the 
lepidomelane-siderophyllite join, while the amphibole is an 
unusual silica-poor, potassium- and femc iron-rich variety 
(potassian femtaramite in the terminology of Commission on 
New Minerals and Mineral Names, 1997). All of the analyses 
(eight) are much richer in Nathan hastingsite, the amphibole 
identified optically by Hewitt (1960). 

STRUCTURE 

Hewitt (1960) defined two major folds within Bigwood 
Township, namely the Rutter syncline and the Ham Lake syn- 
cline. Both of these folds are late, relatively simple structures 
superimposed on complex, poorly known, older folds. They 
are therefore better described as synforms. The Rutter syn- 
form is a well developed, open to close, gently south- 
plunging structure on the northern boundary of the township. 
There is no obvious axial plane cleavage. Farther south, the 
fold is poorly defined on Gauthier Road, where dips are gen- 
erally steep (>60°). The dip reversal east of Highway 69 
defines a structure of different style. The Rutter synform thus 
appears to be disconformable with its surroundings, as shown 
in Figure 2. 

asymmetric small folds showing $ sense of movement and plunge 
trend and dip of foliation 

60' (commonly mylonitic) 

Figure 2. 

Representative structural data for the Bigwood 
Township area. Note that both the shallow syn- 
form containing the southern nepheline syenite 
lens and the Rutter synfonn appear disconfonn- 
able with their surroundings. Both are superim- 
posed on steep east-dipping successions. 

kiiometres 1 

5\ 
stretching lineation showing 
sense of movement and plunge - - late fault (assumed) 
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The Ham Lake synform contains an axial area about a 
kilometre across where foliation dips less than 2 5 O .  Within 
this area numerous small domes and basins can be recog- 
nized. The margins of the axial zone are abrupt, with dips 
increasing to steep or vertical within a few tens of metres. The 
eastern margin of the synform, exposed about 300 m east of 
the lake, displays dips steepening to 90° and passing through 
vertical, suggesting an overturned fold. Foliation within the 
southern lens of nepheline syenite defines a shallow synform. 
The underlying gneisses in this region exhibit a modest flat- 
tening of dip, but the axis of the Ham Lake synform lies to the 
east. 

Complex small-scale folding of foliation and gneissosity, 
including recumbent isoclines and local sheath folds, which 
are older than the pervasive north-northwest-trending folds 
can be recognized locally, but no systematic study of these 
small structures has been made. They are all strongly over- 
printed and partially destroyed by the intense penetrative 
lineation which is the most prominent and pervasive struc- 
tural feature of this region. In general this lineation plunges 
about lo0 towards 150°, but local plunge reversals are pres- 
ent, particularly south of the French River and along 
Murdock River. According to current tectonic models, this 
lineation resulted from late, deep-seated southeast over 
northwest thrusting during final assembly of the Grenville 
Province (Davidson et al., 1982; Culshaw et al., 1991). 

North-northwest-trending, post-lineation faults can be 
identified east of Ham Lake and in Murdock River. Both are 
marked by platy fissility and small amounts of crushed rock. 
In Murdock River local presence of steep north-plunging 
folds suggests sinistral motion on this feature. However in 
neither case was the amount of motion sufficient to juxtapose 
contrasting lithological packages. 

The French River and parallel sets of lakes farther north 
lie in a very strong east-west joint set. Hewitt (1960) noted 
presence of smears of undeformed diabase in the French 
River gorge and along Murdock River. He deduced that these 
features were tensional, with little relative movement of 
opposite sides. Pseudotachylite veinlets occur along the 
French River just east of the margin of the nepheline gneiss, 
suggesting rapid, brittle deformation. Simple plots of foli- 
ation trends (Fig. 2) suggest that about a kilometre of dextral 
movement on the feature through Rae Lake would align syn- 
formal axes north and south of the lake, although the style of 
folds appears to be different. 

Hewitt (1960) noted that the nepheline-bearing gneiss 
marked structural discontinuities with relatively steep dips 
below, and moderate dips within the nepheline-bearing 
gneiss and above. In the case of the northern lens, the rocks 
above the nepheline-bearing gneiss (megacrystic granite and 
garnet-pyroxene granulite) also exhibit much less penetrative 
deformation than those below (strongly foliated granite 
gneiss complex). 

DISCUSSION 

Mapping of the French River alkaline syenite complex 
reveals the following facts. (1) The southern lens of 
nepheline-bearing gneiss forms a thin, flat sheet, probably 
less than 100 m thick. (2) The northern lens lies on the west . , 
limb of a synform, with the stratigraphically equivalent posi- 
tion of the east limb occupied by syenite gneiss and granu- 
lites. (3) The core of the synform is mainly composed of 
megacrystic granite, an exotic lithology in this area. (4) Both 
bodies of nepheline-bearing gneiss are interleaved with red 
syenite along their margins. (5) Red colour and feldspathiza- 
tion signify alteration and replacement of nepheline. (6) All 
rock types (except nepheline-bearing varieties) are found as 
enclaves in the ubiquitous granite gneiss complex. (7) The 
nepheline-bearing gneiss forms tabular sheets which lie on, 
or close to, a transition from steep dips to moderate or low 
dips. All of these facts were noted by Hewitt (1960) without 
further comment. However, when considered as agroup, they 
suggest the possibility that the nepheline-bearing gneisses 
mark a low-angle fault along which a syenite-granulite 
assemblage over-rode the granite gneiss complex. The large 
masses of syenite, granulite, and megacrystic granite to the 
west of Bigwood Township could have been part of this 
hypothetical assemblage, and enclaves of these lithologies in 
the ubiquitous granite gneiss complex may indicate tectonic 
mixing during and subsequent to the supposed juxtaposition. 
Such a scenario is, at present, entirely hypothetical in the 
absence of detailed structural studies, but it is compatible 
with what is known about the structure of the northern Britt 
Domain. 

Even assuming such a scenario, why should nepheline- 
bearing gneiss form along the junction? It can readily be 
shown that given a sufficient source of sodium, metasomatic 
nepheline-bearing rocks will form during metamorphism. 
Consider the schematic reaction 

6 CaAl$&O, + 5 KAlF~Si,O,,(OH), + 12 SiO, + 3 0, + 9 NaOH = 

plagioclase biotite quartz 

6 NaAlSiO,+ 5 KAlS 40, +3 N~C%F~'F~~,S~,A&O, (OH), +2 Y O  

nepheline K-feldspar hastingsite 

Without attempting quantitative P-T analysis, this reac- 
tion is known to proceed to the right with increasing T at mod- 
erate P (transition from greenschist to amphibolite grade). 
Obviously, a necessary condition for such a reaction would 
be an adequate supply of Na. Such a supply could be fur- 
nished by reaction with trapped sea-water (Currie et al., 
1986), with Na-rich strata such as evaporite beds (Ayrton, 
1974) or with perakaline igneous rocks (Curtis and Currie, 
198 1). Only the latter possibility seems at all plausible for the 
French River alkaline syenite complex, which is known to 
contain peralkaline syenite. 
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A metasomatic origin for the nepheline-bearing gneiss of 
the French River alkaline syenite complex remains highly 
speculative, but considerably more plausible than i t  appeared 
to  Hewitt (1 960) who rejected the possibility out of hand. Fur- 
ther structural, geochemical,  and mineralogical studies are 
required to elucidate the origin of this complex body. 
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Abstract: Intensely deformed and highly metamorphosed sedimentary and mafic igneous rocks south- 
east of the Grenville Front in the Sudbury area contrast strongly with the relatively simply folded, low-grade 
Huronian Supergroup and associated mafic intrusions in the adjacent Southern Province. Relict stratigraphy 
on the Grenville side of the front does not appear to correlate with any part of the well-known Huronian suc- 
cession. It seems likely, however, that the mafic meta-igneous rocks are equivalent to anorthositic gabbro 
intrusions which occur at the base of the Huronian, and to Nipissing gabbro which intrudes it. If so, the meta- 
sedimentary rocks may represent distal facies of the Huronian Supergroup that have been tectonically trans- 
ported northwestward during Grenvillian or earlier orogeny, or both. 

R&sum6 : Les roches s6dimentaires et ignks mafiques intenskment dkformQs et mktamorphiskes au 
sud-est du front de Grenville dans la rtgion de Sudbury contrastent fortement avec les roches dkformtes en 
plis relativement simples et peu m6tamorphistes du Supergroupe de Huronian et les intrusions mafiques 
assocites dans la Province du Sud adjacente. La stratigraphic rtsiduelle du cBtC grenvillien du front ne sem- 
ble pas Etre en corrtlation avec une quelconque partie de la succession bien connue de Huronian. Il parait 
toutefois vraisemblable que les roches mtta-ignkes mafiques sont Cquivalentes aux intrusions de gabbro 
anorthositiques qu'on trouve B la base du Supergroupe de Huronian, et au gabbro de Nipissing qui le recoupe. 
Si tel est le cas, les roches mCtasCdimentaires reprtsentent peut-2tre des facibs distaux du Supergroupe de 
Huronian qui ont kt6 transportts tectoniquement vers le nord-ouest au cours de l'orogenkse grenvillienne ou 
d'une orogenkse antkrieure, ou bien pendant ces deux 6pisodes. 
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INTRODUCTION 

Rivers et al. (1989) coined the term "parautochthonous belt" 
for the northwest marginal part of the Grenville Province in 
which rocks southeast of the Grenville Front can be corre- 
lated with those in the adjacent, older provinces of the 
Canadian Shield. With few exceptions, superimposed high- 
grade metamorphism and intense deformation, compounded 
by relative uplift on the Grenville side, have made it difficult 
to correlate rock units directly, and the full extent of parauto- 
chthonous rocks can only be realized by less direct means 
(geophysical signature, geochronology). One of the more 
characteristic rock units in the Grenville foreland is the early 
Pdeoproterozoic Huronian Supergroup in Ontario, a succes- 
sion locally thicker than 12 km with a well-documented and 
continuous stratigraphy (see summaries in Card, 1978; 
Dressler, 1984a; Bennett et al., 1991). It has long been ques- 
tioned why these rocks are not readily recognized southeast 
of the Grenville Front. 

As shown on the regional geological compilation of Card 
and Lumbers (1977), rocks of the Huronian Supergroup and 
spatially associated intrusions of Nipissing gabbro (2.22 Ga; 
Corfu and Andrews, 1986; Noble and Lightfoot, 1993) 
underlie most of the immediate Grenville foreland in Ontario 
(Fig. 1). In the Cobalt Embayment northeast of Lake 
Wanapitei, little deformed and metamorphosed Huronian 
sedimentary rocks lie unconformably on Archean rocks of 
the Superior Province, which are exposed in erosional win- 
dows and along the Grenville Front to the northeast. South- 
west of Lake Wanapitei, the Huronian rocks become 
increasingly deformed and variably metamorphosed within 

Figure 1. 

the Southern Province fold belt, where they are intruded, par- 
ticularly near the Grenville Front, by granite plutons of two 
ages, late Paleoproterozoic (ca. 1.75 Ga) and early Mesopro- 
terozoic (ca. 1.47 Ga). 

The Grenvitle Province adjacent to this region is under- 
lain by high-grade gneissic and migmatitic rocks of both 
supracrustd and plutonic parentage. Uranium-lead zircon 
dating and Nd isotopic studies have confirmed that Archean 
protoliths extend across the front east of Lake Wanapitei 
(Krogh, 1974; Dickin and McNutt, 1989), and that both ages 
of Proterozoic granitoid are represented in the orthogneiss 
units south of Sudbury @avidson and van Breemen, 1994). In 
addition, anorthositic gabbro of the River Valley complex 
(Fig. 1) has been dated at 2.47 Ga (L.M. Heaman, pers. 
cornm., 1994), the same age as obtained for mafic intrusions 
below the base of the Huronian Supergroup in the Southern 
Province west of Sudbury (Krogh et al., 1984). 

On the basis that rocks both older and younger than the 
Huronian Supergroup occur on either side of the Grenville 
Front, it is perhaps surprising that the metasedimentary rocks 
in this part of the parautochthonous belt bear little or no 
resemblance, particularly with respect to details of stra- 
tigraphic order, to the Huronian Supergroup itself. Various 
explanations have been offered, among them high-grade 
metamorphism and metasomatism (Quirke and Collins, 
1930), granitization (Phemister, 1961; Grant et al., 1962), and 
facies change coincident with the front (Lumbers, 1978). 
However, Frarey (1985, p. 34) was unable to substantiate 
Quirke and Collins' (1930) "... correlation of individual 
gneisses or associations of gneisses with known Huronian 
formations or sequences ..." in the Lake Panache area 

1Tg . . . . -1.47 Ga plutonic rocks Grenville Province 

-1.74 Ga plutonic rocks d Grenville Front 
1.85 Ga Sudbury Irruptive 

Whitewater Group Undated metaplutonic rocks 

Murray, Creighton granites Wanapitei mafic mmplex 

Huronian Supergroup Metegabbro, anorthosite 

Regional geological features in the area of the 
Grenville Front near Sudbury, Ontario. Box 
shows location of Figure 2. 

I Archean rocks, undivided Gneissic rocks, undivided ~ 
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southwest of Sudbury. Moreover, the granitized sedimentary 
rocks of Phemister (1961) and Grant et al. (1 962) are certainly 
intrusive granite (Chief Lake batholith; Henderson, 1967; 
Davidson and Ketchum, 1993), and gneissic rocks inter- 
preted by Lumbers to be coarse clastic facies equivalents to 
the Huronian are known to contain Archean pegmatite 
(Krogh, 1974), thus more likely correlative with the Pontiac 
Group of the Superior Province @avidson, 1986). 

This paper reports the results of detailed remapping on 
both sides of the Grenville Front east of Sudbury, aimed in 
part at addressing this question of correlation. The area 
between Coniston and Stinson summarized in Figure 2 lies 
within parts of areas mapped by Lumbers (1973, 1975) and 
Dressler (1987); it includes a small area east of Wahnapitae 
village formerly mapped in detail by Pearson (1962), and 
adjoins an area to the northeast (Street Township) recently 
mapped by Easton et al. (1996). 

GRENVILLE FRONT EAST OF SUDBURY 

From Coniston dam to Wahnapitae village (Fig. 2), the 
Grenville Front is coincident with the Wanapitei fault 
(Phemister, 1961; Davidson, 1992) and lies concealed 
beneath alluvial cover in a narrow, dry valley. Farther north- 
east, between Wahnapitae and the Stinson dam, it lies either 
in the bed of the Wanapitei River or crosses promontories on 
the south side of the river valley. UItramylonite and catacla- 
site are locally exposed at the sides of this topographic linea- 
ment and along splays on the south side. Based on the attitude 
of their foliation, these faults are essentially vertical. Shear- 
sense indicators in these rocks imply relative uplift of the 
Grenville side of the fault. 

Two and one half kilometres west of Coniston dam, this 
fault diverges from the Grenville Front and continues west- 
ward through Huronian Supergroup sedimentary rocks of the 
Southern Province, where it is known as the Murray fault 
(Davidson, 1992). Southwest of this divergence, the 
Grenville Front is a moderately southeast-dipping mylonite 
zone as much as 1 krn wide, characterized by northwest- 
directed, thrust-sense displacement (Davidson and Ketchum, 
1993). At the divergence, the Wanapitei-Murray fault trun- 
cates the GrenvilleFrontmylonite zone and, to the east, meta- 
morphic isograds that are parallel to the front in the Grenville 
Province (Davidson, 1997, Fig. 3). 

ROCK UNITS 

Southern Province 

The Southern Province immediately north of the Wanapitei 
fault is underlain by crossbedded sandstone of the 2-3 km 
thick Mississagi Formation (unit 13; see legend of Figure 2 
for all unit numbers) and large, crosscutting, elongate 
intrusions of Nipissing gabbro (unit 15). Some 3 km north of 
Wahnapitae village, polyrnictic conglomerate of the Bruce 
Formation (unit 14) overlies the Mississagi conformably in 
the core of a northeast-plunging syncline. Sandstone east of 

the Bruce conglomerate as far as the Stinson dam was 
assigned to the Serpent Formation by Dressler (1984c), but 
this could not be confirmed; all the sandstone in this area is 
typical of the Mississagi Formation. Metamorphic grade 
north of the Wanapitei fault probably does not exceed middle 
greenschist facies. Volumetrically minor units in this region 
include narrow, irregular biotite tonalite dykes of unknown 
age (but probably related to ca. 1.75 Ma plutonic rocks farther 
southwest @avidson et al., 1992; Sullivan and Davidson, 
1993; Davidson and van Breemen, 1994)), southeast- 
trending olivine diabase dykes of the Sudbury swarm 
(1.24 Ga; Krogh et al.. 1987; Dud& et al., 1994), and east- 
trending diabase dykes of the Grenville swarm (0.6 Ga; 
Kamo et al., 1995). 

Grenville Province 

Bedrock in the adjacent Grenville Province is much more var- 
ied (Fig. 2), and quite evidently does not represent a more 
highly deformed and metamorphosed equivalent of the 
Mississagi Formation. The predominant rock units include 
various types of metasedimentary gneiss and schist, among 
them distinctive units of metaconglomerate (unit 2), kyanite 
schist (unit 5), quartz-rich metasandstone (unit 7) and minor 
marble and calc-silicate rock within biotite-hornblende-garnet 
gneiss (unit 3) and biotite-garnet gneiss and schist (units 4,6). 
In most of these rocks, well-defined compositional layering is 
transposed bedding. Sill-like amphibolite bodies (unit 9) are 
present within this assemblage. Kilometre-scale masses of 
migmatitic granitoid gneiss (unit 1) @ossibly slivers of 
Archean rock), cut by small, irregular, metamorphosed mafic 
dykes, lie close to the Wanapitei fault. They are either sepa- 
rated from the metasedirnentary rocks by faults that splay into 
the Grenville Province or occur in the cores of antiforms. 

South of the Wanapitei faultlGrenville Front between 
Coniston and Wahnapitae, metasedimentary rocks wrap 
around a 2 krn by 5.5 lan complex of metamorphosed mafic 
igneous rocks cut by granite dykes (unit 10, Fig. 2; Wanapitei 
complex; Rouse11 and Trevisiol. 1988). This complex has 
been interpreted as a tectonic lens derived from a formerly 
larger, layered igneous intrusion @avidson and Ketchum, 1993). 
Farther east, south of the Stinson dam and Highway 17, elon- 
gate units of metamorphosed gabbro and anorthosite (unit 11) 
occur within the metasedimentary rocks. 

All of the rocks are metamorphosed to upper amphibolite 
facies (kyanite andlor sillimanite with K-feldspar in pelitic 
rocks), are commonly coarse grained and variably migmatitic 
(Fig. 3A, B). Recognizable primary features, either sedimen- 
tary or igneous, are very rarely preserved, with the exception 
of a unit of metasedimentary gneiss (unit 2) close to the 
Grenville Front southeast of Stinson dam (Fig. 2) which con- 
tains metaconglomerate with relatively well-preserved clasts 
(Fig. 3C). Evidence for a conglomeratic protolith is also pres- 
ent in small, disconnected, non-migmatitic patches in other- 
wise highly migmatitic gneiss (unit 6) up to 3 krn from the 
front (Fig. 3D). Despite the generally nonrnigmatitic nature 
of thin bedded, quartzitic metasandstone units, however, 
sedimentary structures such as crossbedding have yet to be 
identified. 
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Scattered throughout this region are tectonically isolated 
pods of ultrarnafic rock composed of fine green amphibole 
enclosing centimetre-scale ovoids of orthopyroxene. As well, 
there are remnants of Sudbury dykes now represented by dis- 
continuous dyke segments composed of coronitic metadiabase 
(Dudh et al., 1994), and at least two generations of pegmatite, 
distinguished by their relative state of deformation. 

STRUCTURE 

Southern Province 

Structural styles on opposite sides of the Wanapitei 
fault1Grenville Front are fundamentally different and not 
related to one another. Beyond a few hundred metres north of 
the fault, primary sedimentary structures in Mississagi sand- 
stone are preserved with very little distortion, everywhere 
allowing unequivocal determination of sedimentary facing 
direction. For the whole length of the segment of the 
Grenville Front illustrated in Figure 2, the Mississagi sand- 
stone beds (50 cm to 2 m thick) dip moderately to steeply 
north away from the Wanapitei fault and face in the same 
direction. Bedding and fold-related cleavage, weakly devel- 
oped in silty interbeds, are truncated at the contacts with mas- 
sive Nipissing gabbro, itself showing no evidence of cleavage 
or folding. It thus seems likely that the fold pattern exhibited 
by the Mississagi at least in part predates emplacement of the 
Nipissing intrusions. The structure is relatively simple - 
broad, open folds cut by numerous small faults. Some of the 
faults, particularly those that cut the syncline cored by Bruce 
conglomerate, are associated with breccia (unit 16) which is 
now generally agreed to be related to the impact event that 
gave rise to the Sudbury Igneous Complex (1.85 Ga; Krogh 
et al., 1984; Dressler, 1984b), a mere 9 km from the Grenville 
Front at Wahnapitae. Both Sudbury and Grenville diabase 
dykes pass undisturbed across all these structures. 

Approaching the Grenville Front from the north, bedding 
in the Mississagi Formation becomes thinner and turns 
abruptly into parallelism within 200 m of the Wanapitei fault. 
In the few exposures along the south side of the Wanapitei 
River, Mississagi sandstone is reduced to quartz-ultramylonite 
with very tight mesoscopic folds and well-developed 
subvertical lineation, parallel to fold axes. Surfaces of 
centimetre-scale, transposed and severely flattened beds are 
coated with fine muscovite. The closest exposures of 
Nipissing gabbro (200 to 400 m) are extensively fractured 
and contain small, chlorite-filled shears. Sudbury dykes are 
offset a few tens of metres along subsidiary faults and show 
evidence of internal cataclasis in the form of broken feldspar 
laths and networks of microfaults. 

The zone of brittle-ductile deformation associated with 
the Wanapitei fault, intensifying southward within recogniz- 
able Southern Province rocks, is remarkably narrow 
(<I00 m) compared with the extent of such deformation adja- 
cent to the Grenville Front mylonite zone southwest of Conis- 
ton. The fault truncates structures on both sides (Fig. 2) and is 
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the locus of an abrupt break in metamorphic grade; there is no 
obvious increase in grade in the Southern Province rocks 
along the fault, and the fault rocks themselves contain low- 
grade assemblages. All of these facts attest to a large compo- 
nent of vertical displacement along the Wanapitei fault at a 
late stage of Grenvillian orogeny, when the 'Grenville side' 
was sufficiently cool to have had no clearly discernible ther- 
mal effect on the rocks of the Southern Province. 

Grenville Province 

The region immediately south of the Wanapitei fault is cut by 
several late faults, characterized by ultramylonite and other 
brittle-ductile fault rocks, that divide the south wall into sev- 
eral narrow panels. Within the panel containing migmatitic 
granitoid (unit 1, Fig. 2) south of Stinson dam and also in the 
smaller occurrence 1.5 km northeast of Wahnapitae, early 
foliation and parallel leucosomes strike northwest and dip 
northeast. These are folded and dragged with sinistral sense 
into parallelism with the bounding mylonitic rocks. In the 
layered metasedimentary rocks, the youngest and most obvi- 
ous folds plunge moderately to steeply east and are inclined to 
the north. Limb attitudes near the Grenville Front are nearly 

vertical, but change gradually to moderate southerly dip away 
from the front. All the rocks units outlining these folds are 
intensely folded internally at centimetre- to metre-scale, the 
youngest minor folds being parasitic to the predominant 
map-scale folds. At outcrop scale these folds are commonly 
seen to refold earlier minor folds (Fig. 4A, B). Nonfoliated 
leucosome is parallel to the axial planes of the youngest 
minor folds, and its formation thus appears to have accom- 
panied or outlasted the latest deformation. 

Notable examples of ductility contrast occur, particularly 
in the hinge areas of folds, between different rock types, such 
as kyanite schist and biotite-garnet gneiss (Fig. 4C) and meta- 
sedimentary gneiss and amphibolite (Fig. 4D). In the former 
example, kyanite schist locally intrudes across layering in the 
less ductile rocks; in the latter, amphibolite forms detached 
block or lenses with cut-off internal folds, commonly elon- 
gate parallel to the axial surfaces and invaded by a mixture of 
the adjacent rocks and deformed pegmatite. The extreme 
mobility of this ductile migmatite is such that around some 
fold noses it forms a carapace in which structure is decidedly 
chaotic. In all of this, it is remarkable that certain characteris- 
tic units of thinly bedded, quartz-rich metasandstone (Fig. 2), 

Figure 3. A) garnet porphryoblasts in quartz-feldspar-biotite rock; B) leucosome in quartz-plagioclase- 
biotite-hornblende-garnet gneiss; C), D) metaconglomerate respectively 800 m and 3 kmfrom the Grenville 
Front. Scales: pocket knife 9 cm, open hand lens 5 cm, pen 14 cm, hummer head 17 cm. 
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even though exhibiting variable tectonic thinning, can be 
traced continuously for kilometres, making them valuable 
units for outlining the overall structure. 

Despite continuous and relatively uncomplicated contacts 
with metasedimentary rocks, the gabbro-anorthosite units 
(Fig. 2) are internally intensely deformed. Nonfoliated relict 
igneous texture was noted in very few places. In less 
deformed parts, igneous layering, outlined by varying pro- 
portions of elongate metamorphic hornblende aggregates, is 
folded at mesoscopic scale, and the folds may be cut by thin 
metamafic dykes (Fig. 5A). Flattening of networks of mafic 
dykes in gabbroic anorthosite (Fig. 5B) can lead to develop- 
ment of an intensely striped, black-and-white gneiss, locally 
replete with small-scale folds (Fig. 5C). 

The dominant east-plunging folds throughout the area 
refold earlier major folds. This is particularly evident in map 
patterns developed between arnphibolite and gneiss east of 
Wahnapitae, and in the anorthositic gabbro unit south- 
southeast of Stinson dam, in which granitoid migmatite 
(unit 12, Fig. 2) forms the core of an earlier major fold. 
Through-going mylonitic fabric, so characteristic of the 

Grenville Front zone south of Coniston, is restricted to splays 
from the Wanapitei fault, which cut the youngest folds. The 
scattered, isolated remnants of Sudbury diabase dykes 
entirely wrapped by their country rocks, and perhaps also the 
ultramafic pods (Fig. 2), attest to a considerable amount of 
tectonic disruption in this area, provided that these were once 
continuous dykes. This appears to be at odds with the continu- 
ously traceable units within the relict stratigraphy of the 
enclosing metasedimentary rocks. 

RELICT STRATIGRAPHY IN 
THE GRENVILLE PROVINCE 

Several diagnostic metasedimentary units can be traced for 
considerable distances within the region immediately south 
of the Wanapitei fault. Among these is a fault-bounded unit 
containing metaconglomerate which has been traced for 
almost 3 km. Consistently on the south side of this conglome- 
ratic unit is a dark grey biotite-quartz-feldspar schist with gar- 
net porphyroblasts, which grades southward to a more 
feldspathic metasandstone, also with scattered garnet. 

Figure 4. A), B) refolded folds in metasedimentary rocks. C) 'dykes' of remobilized kyanite schist cut relict 
bedding in quartz-jieldspar-biotite-garnet rock. D) contact between amphibolite and metasedimentary rock. 
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The region on either side of Highway 17 east of Wahnapitae biotite schist with large (15 cm) garnet porphyroblasts (as in 
contains a unit of coarse, kyanite-rich schist that has been Fig. 3A). In areas of discontinuous outcrop, this diagnostic 
explored for possible exploitation as a source of kyanite and relict stratigraphy can be used to determine the respective 
was mapped in detail by Pearson (1962). This characteristic limbs of major folds, even though there is no indication of 
garnet-biotite-quartz-kyanite-muscovite schist is every- facing direction. - 
where in contact with a thin (a few metres to less than a metre) 
but persistent unit of quartzite, which in turn is separated from In the southeast part of the area, south of Highway 17, ele- 

a thick unit of layered and internally boudined quartz- ments of a similar relict stratigraphy have been recognized, 

p ~ a g i o c ~ a s e ~ g a r n e t - ~ ~ o ~ t e - ~ o r n ~ l e n d e  gneiss by a thin unit of involving the consistent position of a unit, no more than a few 
tens of metres thick, of thinly-bedded (centimetre-scale), 
metamorphosed quartz arenite kith a chkacteristic reddish- 
to creamy brown-weathering surface. This nonmigmatitic 
unit is replete with mesoscopic folds, ranging from open to 
very tight parallel in shape. It lies adjacent to coarse, migma- 
titic biotite-garnet schist, lacking layering and several tens of 
metres thick, which in turn grades to layered biotite-garnet 
gneiss. On the opposing side it is in contact with garnet- 
hornblende gneiss. 

A surprising lind during this season's mapping was the 
exposure in roadcuts and in stripped outcrop in a sand pit of cal- 
careous rocks (grossularite-diopside-plagioclase-scapolite 
gneiss and diopside-plagioclase marble) which have rarely been 
identified in natural outcrop in this area, presumably due to their 
more easily weathered nature. These are intimately interlayered 
with noncalcareous rocks, including kyanite-bearing and rusty 
quartz-rich rocks. The association i f  the calcareousrrocks with 
quartz-plagioclase-garnet-biotite-hornblende gneiss suggests 
that the latter too is of calcareous sedimentary affinity. On 
earlier maps (e.g. Grant et al., 1962; Lumbers, 1975), garnet- 
hornblende gneiss had been included with amphibolite, pre- 
sumed to be of igneous origin, and not distinguished as a sepa- 
rate metasedimentary unit. 

POSSIBLE HURONIAN EQUIVALENCE 

It is quite clear that the metasedimentary rocks south of the 
Wanapitei fault are not the deformed and metamorphosed 
equivalent of the Huronian strata that lie north of the fault. 
The rock types of the Mississagi Formation would be 
expected to give rise to a thick unit of interlayered quartz-rich 
gneiss and biotitic schist or gneiss, perhaps with garnet but 
unlikely to cany alumino-silicate minerals. If the metasedi- 
mentary rocks south of the fault are indeed correlative with 
the Huronian, they must then equate with part of the succes- 
sion above or below the Mississagi. The assemblage in the 
Grenville Province includes calc-silicate rocks and minor 
marble. The only Huronian formation that carries appreciable 
calcareous rock is the Espanola Formation, part of the Quirke 
Lake Group that overlies the Mississagi Formation (Hough 
Lake Group). If this correlation is correct, then the calcareous 
metasedimentary rocks in the Grenville Province should have 
a unit of metaconglomerate on one side (Bruce Formation) 
and a thick unit of feldspathic quartz gneiss on the other 
(Serpent Formation); this is not the case - thick quartz-rich 
units are absent. The occurrence of kyanite-rich rocks on the 

Figure 5. A)fold in layeredanorthositic metagabbro cut Grenville side of the fault suggests correlation with either the 
mafic dyke. B) defomed dyke network in meta-amrthosite. pecors Formation (stratigraphically below the Mississagi) or 
C) intensely deformed and folded equivalent of B. the McKim Formation (Elliot Lake Group), probably the only 

two formations in the Huronian succession aluminous 
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enough to give rise to such a concentration of metamorphic 
kyanite. In the Huronian succession, these two units are sepa- 
rated by the Ramsey Lake conglomerate. However, in the 
Grenville the rocks associated with the kyanite schist do not 
match this succession. 

Given that Nipissing gabbro is present as large sill-like 
bodies throughout the Huronian succession, it is tempting to 
equate the folded arnphibolite bodies in the Grenville with 
this unit, as was suggested by Lumbers (1975, unit 14b). In 
addition, the anorthositic gabbro unit at the east side of the 
Figure 2 has been mapped continuously to the east-northeast 
to join with similar but less deformed rocks at River Valley 
(Fig. 1; see Card and Lumbers, 1977). Age-equivalent rocks 
in the Southern Province intrude Archean rocks at the base of 
the Huronian succession, and are considered to be related to 
overlying basaltic volcanic rocks of the Elliot Lake Group 
(Card, 1978). South of the front in the Wahnapitae area, how- 
ever, rocks adjacent to the anorthositic gabbro are metasedi- 
mentary, and no evidence was found for association with 
metavolcanic rocks. 

If the metasedimentary rocks in the Grenville Province 
south and east of Sudbury are indeed equivalent in age to the 
Huronian Supergroup, they do not correlate unit by unit with 
any part of the well known succession of Huronian groups 
and formations north of the front. It is certain that equivalents 
of the thick quartz-rich sandstone formations (Mississagi, 
Serpent, Lorrain, Bar River) are not present in this area. There 
is little evidence that the succession preserved in the 
Grenville Province has been either severely thinned (witness 
the locally preserved conglomerate clasts) or repeated by 
faulting. As such, one must either fall back on the suggestion 
of Lumbers (1978) that the present position of the Grenville 
Front coincides with a marked facies change or, preferably, 
postulate that the rocks represent a far-travelled package 
equivalent in age to the Huronian but developed in a distal 
part of the original depositional basin, emplaced tectonically 
against the Superior and Southern provinces. Alternatively, if 
the mafic rocks are not in fact correlative with the River Valley 
and Nipissing suites, the age of the enclosing metasediment- 
ary rocks is unconstrained, and they may be altogether 
younger than the Huronian. Clearly, geochronology will play 
a critical role in solving this problem, provided that the mafic 
rocks in the Grenville Province retain isotopic evidence of 
their primary ages. 
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Abstract: The Oak Ridges Moraine is a 150 km long landform of regional significance for groundwater 
recharge. It crops out across 16% of the 900 km2 Humber River watershed and its subsurface extent is 
poorly understood. Six lithofacies form much of the moraine in the study area and are discussed within the 
context of three sites. Architectural associations studied in outcrop are dominated by broad, shallow chan- 
nels and scours, filled predominantly with medium sand and gravel facies. At two sites, drill core intersects 
the complete thickness of the moraine and consists mostly (-60-70%) of two lithofacies; graded h e  sand- 
silt and small-scale cross-laminated fine sand-silt. At one of the two sites, gravel constitutes up to 30% of 
the moraine thickness. This study suggests that the moraine has been formed in an ice-supported environ- 
ment by pulsating glaciofluvial flow discharging subaqueously in a glaciolacustrine environment. 

RCsumC : La Moraine d'Oak Ridges est une forme de terrain mesurant 150 kilomktres de longueur qui 
revst une importance rigionale pour l'alimentation des nappes souterraines. Elle affleure sur 16 % du terri- 
toire du bassin de drainage de la rivikre Humber qui couvre une superficie de 900 kilomktres carrts; pour le 
moment, cependant, les connaissances sur son Btendue sous terre sont 1imitBes. Dans la rkgion B l'Btude, la 
moraine se compose principalement de six lithofacibs; le present article dCcrit ces lithofaciks dans le con- 
texte de trois sites. En affleurement, les associations structurales observkes sont dorninees par des chenaux 
et des trace~d'affouillement larges et de faible profondeur, remplis pour la plupart de sable B grain moyen et 
de gravier. A deux sites, les forages ont recoup6 1'6paisseur totale de la moraine qui consiste essentiellement 
en deux lithofacihs : Tun granoclasst et l'autre B petites laminations obliques, mais tous les deux faits de 
sables fins et de silts. A l'un des deux sites, du gravier s'observe sur 30 % de I'6paisseur de la moraine. Selon 
les donntes de cette ttude, il semble que la moraine ait kt6 formte dans un environnement domint par les 
glaces, plus prBcisBment par un cows d'eau glaciofluvial intermittent qui aboutissait par Bcoulement subaq- 
uatique dans un lac glaciaire. 

Contribution to the Oak Ridges Moraine NATMAP Project 
Department of Geology, University of Ottawa, Ottawa, Ontario KIN 6N5 
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Rationale and Approach INTRODUCTION 

The Oak Ridges Moraine is the largest moraine in southern 
Ontario, extending eastward from the Niagara Escarpment 
for 160 km. It is the principal area of groundwater recharge 
for the Greater Toronto Area, the area of most intense ground- 
water use in Canada. The moraine forms the drainage divide 
east of the Niagara Escarpment for flow to Georgian Bay and 
Lake Ontario. Originating in the moraine, the Humber River 
drains a 900 km2 watershed, located immediately east of the 
Niagara Escarpment, and flows southward from Mono Mills 
to Etobicoke on Lake Ontario (Fig. 1). With the exception of 
the surficial geology m t e ,  1973, 1975; Russell and White, 
1997) Little is known about the subsurface geology of the 
watershed and specifically the Oak Ridges Moraine. The one 
previous sedimentological study of the moraine in the area 
was a regional investigation (Duckworth, 1979) that focused 
on areas to the east where moraine sediments are better 
exposed in large aggregate pits (e.g. Stouffville). The small 
number of aggregate pits in the Humber River watershed has 
been a significant impediment to understanding the moraine 
sediments in this area. As a consequence, the western part of 
the moraine has been described from shallow roadside out- 
crops of 1-5 m depth (e.g. Russell and White, 1997). 

An understanding of the western end of the Oak Ridges 
Moraine is key to furthering knowledge of the formation of 
the moraine and the relationship between the Niagara Escarp- 
ment and ice-marginal positions responsible for ice- 
supported glaciolacustrine environments. Additionally, the 
high demand for groundwater in the Humber River watershed 
requires an improved hydrostratigraphic understanding, an 
understanding that can only be achieved through a complete 
basin analysis. This paper presents work in progress on the 
Oak Ridges Moraine area of the Humber River watershed. 

The study involves both outcrop and drill-core studies 
using a lithofacies (Miall, 1978, 1996) and architectural 
(Miall, 1985, 1996) approach to completing a basin analysis 
(Potter and Pettijohn, 1963). A lithofacies summary and 
moraine architecture are discussed through examples from 
three sites: Gormley, GSC-Nob, and V4-158 (Fig. 1). These 
data provide the basis for the evaluation of a depositional 
model for the Oak Ridges Moraine. 

Study Area 

The Oak Ridges Moraine sediments crop out across 144 km2 
or 16% of the Humber River watershed (cf. Russell and 
White, 1997; Sharpe and Barnett, 1997) and physiographically 

2, ;;;,;:I Singhampton 

extension of moraine 

Figure I .  Humber River watershed and extent of Oak Ridges Moraine sediment outcrop and 
physiographic outline. 
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form 29% of the watershed (cf. Skinner and Moore, 1997). In 
the west, the moraine onlaps the Niagara Escarpment and 
associated Paris and Gibraltar moraines to an elevation of 
400-420 m a.s.1. (cf. Russell and White, 1997). Shallow 
outcrops of the moraine are predominantly small-scale, 
cross-laminated, silty sand forming rhythmic packages of 20 
to 60 cm thickness, capped by 0.5 to 2 cm clay strata (Russell 
and White, 1997). The subsurface extent of moraine sedi- 
ments is poorly understood, but may extend south of the V-4 
(King City) and C34b (Bolton) Interim Waste Association 
(IWA) sites (cf. Fenco-MacLaren Inc., 1994; Golder and 
Associates, 1994). 

The moraine has traditionally been interpreted as an inter- 
lobate feature of glacial outwash origin with a strong glacio- 
lacustrine component. The subsurface extent of the moraine 
has been poorly defined (Gwyn and Cowan, 1978; Eyles et al. 
1985) prior to recent workidentifylng aregional unconformity 
(Sharpe et al., 1997) that truncates Newmarket Till and older 
geologic units forming an irregular channelized surface 
(Barnett, 1990; Sharpe et al., 1994,1996; Pugin et al., 1996). 
Traditionally identified as ice-contact stratified drift (e.g. 
White, 1973), the moraine is composed predominantly of 
well-sorted, glaciofluvial-glaciolacustrine sediments inter- 
preted as braided outwash (Duckworth, 1979), subaqueous 
fan (Paterson, 1995; Sharpe et al., 1996) or of a composite, 
esker-subaqueous fan-delta origin (Barnett, 1995). The 

hydrogeology of the moraine is poorly understood, largely 
due to a lack of attention to the moraine proper, as studies 
focus on the regional hydrostratigraphy (e.g. Howard et al., 
1997). Detailed stream gauging and base-flow measure- 
ments have found the moraine to be the most significant 
source of base-flow for the Humber River (Hinton and 
Bowen, 1997). 

SITES 

Three sites are presented as being representative of the range 
of lithofacies and architectural associations of the western 
Oak Ridges Moraine. Each site is located in a different topo- 
graphic and physiographic setting with respect to the moraine 
(Fig. 1). One site highlights the type of detailed information 
available from outcrop studies in aggregate pits (Gormley). 
Two sites illustrate the contribution drill core can provide 
where a complete sequence of moraine sediments are inter- 
cepted. As part of the IWA landfill investigations, a 159 m 
borehole (V4-159) was drilled to bedrock (121 m a.s.1.) 
southwest of King City (Fenco-MacLaren Inc., 1994). This 
hole was relogged during the autumn of 1994. The second 
borehole (GSC-Nob), was drilled northeast of Nobleton by 
the Geological Survey of Canada and intercepted bedrock at 
192 m depth (67 m a.s.1.). The two boreholes are - 7 km apart 
(Fig. 1). 

Figure 2. Location of outcrops Me, Mn, Mw at the Gormley aggregate excavation. Rose 
diagrams plotted in percent frequency, circles at 5 and 10% intervals (Nemec, 1988). 
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Gormley cross-stratified medium sand (subfacies St). The fourth sec- 
tion (Fig. 5) ,  Me, is east of outcrop Mn and is composed of 

This site is north of the Humber River Watershed and near the horizontal cosets of planar-tabular cross-s&atified medium 
northern margin of moraine outcrop (Fig. 1). The pithas two sand overlain by inclined gravel facies, that are, in turn, over- 
areas of excavation: along the southern edge of the property lain by cross-stratified medium sand. 
(10-15 m high outcrops) and at the northeast comer of the - A .  

property (a drag line operation that excavates to 15-20 m 
below the water table (Fig. 2)). Observations of sediment Outcrop Mnl 
from the drag line indicate that below the water table the tex- 
ture is similar to that being excavated from the faces. 

The lithofacies cropping out at this site are predominantly 
gravel (facies G), medium - coarse sand (facies S) and small- 
scale, cross-laminated fine sand-silt (facies Sr) (Table 1). 
The pit outcrops are capped by a thin sequence of graded fine 
sand-silt (facies Sg). Four facies associations-architectural 
associations have been identified (Fig. 2) and are described 
according to selected sections from the accompanying photo- 
graphic mosaics or line drawings. Sections Mnl and Mn2 are 
both part of a larger architectural association composed of a 
stacked series of scour andlor channel fill (Fig. 3). Section 
Mw is located downflow from the Mn outcrop (Fig. 2). The 
architectural association (Fig. 4) is dominated by gently 
dipping cosets of planar-tabular, cross-stratified medium 
sand (subfacies Sp) and overlying channel fill of trough 

This section (Fig. 2,3) is dominated by diffusely stratified 
medium sand (facies Sd, Table I), in-filling an -3 m deep, 
-20 m wide scour, into underlying quasi-planar-laminated 
medium sand (facies Sh) (Fig. 3a). The quasi-planar- 
laminated medium sand crops out at the northem extremity of 
the face. It is up to 3.5 m thick and composed of multiple bed 
sets, less than 40 cm thick, bounded by low-angle reactiva- 
tion surfaces and interstratified with low-angle cross- 
stratification. Associated with this facies are sharp-based 
tabular strata of diffusely stratified medium sand (facies Sd) , 
less than 20 cm thick, that are transitional downflow, and 
overlain by quasi-planar-laminated medium sand. The over- 
lying diffusely stratified medium sand fills an irregular scour 
with gentle to steep slopes (Fig. 3a). Internally the fill has 
faint, secondary, scour surfaces. The sediment ranges from 
medium to coarse-medium sand with a minor amount of 

Table 1. Summary of lithofacies and interpretation for the western Oak Ridges Moraine, Humber River Watershed. 
Coding rnodifed after Miall (1 996). 

Facies 
Facies I Sub-facien / code 1 s%n I Character I Interpretation 1 

Diamicton 

Graded fine 
sand-silt 

- 

sharp-based, massive to normal debris flow, direct glacial 
graded, <2 % oversized clasts basinal slumping 

Gravel 
G 

Medium- 
coarse sand 

S 

I I I I I organics, minor deformation I I 

Small-scale I I V4. Nob sharp-based, stoss-erosional to interchannel 
cross- Sr stoss-depositional, minor micro- 

laminated faults, rare detrital organics 
fine sand-silt 

Cross-bedded 

quasi-planar- 
laminated 

Diffusely graded 

Sg 

gradational, massive, minor silt glaciolacustrine suspension 
partings, sedimentation 1 

G 

Sp, St 

Sh 

Sd 

V4, Nob 

Mn2, Me 

Mw 

Mnl 

Mnl 

sharp-based, fining upward, 
micro-laminae to beds <5 cm 
thick, rare cross-laminae, minor 
bioturbation, rare detrital 

glaciolacustrine underflow and 
turbidite sedimentation 

sharp-based, massive(Gm) and 
trough (Gt) cross-bedded, sandy 
pebble to pebble gravel, rare 
faults 

sharp-based, planar-tabular (Sp) 
and trough (St) cross-stratified, 
medium to coarse sand, minor 
pebbly sand, rare convolute 
bedding 

sharp-based, minor undulation, 

sharp-based, irregular scours, 
massive to bedded, amalgamated 
beds, sand intraclasts, 

channel sheets to dune cross- 
stratification 

bed load transport, dune and 
transverse or longitudinal bars 

high-flow velocity deposition 

hyperconcentrated flow, traction 
carpet; hydraulic jump scouring and 
sedimentation 
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pebbly sand in the lower part of the scour fill (Fig. 3a). The 
diffusely graded sand ranges from massive to faintly strati- 
fied, with strata thickness less than 10 cm and averaging 
-5 cm. Stratification is more clearly defined toward the scour 
fill margins and upward in the fill. As observation of stratifi- 
cation was dependent upon wind enhancement, massive sedi- 
ment may well be formed of amalgamated strata with similar 
dimensions as those observed. The diffusely stratified 
medium sand scour-fill is truncated by poorly exposed, over- 
lying trough cross-stratified medium sand facies, and the 
sequence is capped by small-scale cross-laminated fine 
sand-silt (facies Sr, ripple-drift cross-laminae) (Fig. 3a). 

Outcrop Mn2 

Located -20-25 m southeast of section Mnl,  Mn2 is com- 
posed of three facies (Fig. 3b). At the base, medium-scale, 
cross-stratified, medium to coarse, and coarse pebbly sand 
are overlain by interbedded gravel and trough cross-stratified 
sand. The gravel facies ranges from graded, medium-scale, 
cross-bedded, bimodal, pebbly gravel to faintly horizontally 
bedded heterogeneous pebble gravel. The planar cross- 
bedded bimodal gravels form bed sets of 4-10 cm within 
cosets 25-30 cm thick. Foreset beds fine up-dip along the 

bedding plane, whereas bed sets fine upward normal to bed- 
ding. Individual bed sets are mantled by a fine silt-sand 
drape. Maximum pebble size is -5 cm with a visually 
estimated average size -1-2 cm. Thicker, less than 1.5 m, 
massive to faintly bedded to cross-bedded heterogenous 
sandy gravel occurs across the middle of the face. Locally the 
gravel fines upward to cross-stratified pebbly coarse sand. 
The gravel facies is overlain by poorly exposed planar and 
trough cross-stratified sand capped by small-scale 
cross-laminated fine sand. The central part of the outcrop 
between Mnl and Mn2 is composed of broad, shallow chan- 
nel fill of planar and trough cross-stratified medium sand. 
Strata are laterally discontinuous. 

Outcrop Mw 

This section crops out 50 m west of the Mn outcrop as a 
poorly exposed, -6-8 m face, composed of two architectural 
associations (Fig. 4). The lower part of the face is predomi- 
nantly planar-tabular, cross-stratified medium sand with a 
gentle dip toward the west. Coset are less than 50 cm thick, 
generally being 10-25 cm. Paleoflow directions are bimodal 
with a primary mode to the northwest and a secondary mode 
to the southeast (Fig. 2). The face contains multiple low-angle 

Figure 4. Sketch from photo mosaic of outcrop Mw, Gormley aggregate site. Lower face predominately 
planar-tabular, cross-stratified medium sand overlain by shallow channelsfilled with trough cross-stratified 
medium sand and small-scale, cross-laminatedfine sand. Symbol legend as for Figure 3. 
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erosional surfaces. The upper part of the section has stacked 
shallow scours (channels?) less than 10 m wide and 1-2 m 
deep, filled with poorly exposed cross-stratified medium 
sand and small-scale cross-laminated fine sand. 

Outcrop Me 

The most easterly outcrop is dominantly planar and trough 
cross-stratified medium to coarse sand, minor pebbly sand, 
and gravel (Fig. 2,s). The lower part of the face is composed 
of horizontal cosets of medium-scale, planar-tabular, cross- 
stratified sand (subfacies Sp). The lower bed sets are less than 
60 cm thick and form cosets greater than 4 m thick. Erosion- 
ally overlying this coset is dipping, heterogenous, sandy peb- 
ble gravel. The overlying cross-stratified medium sand rest 
on an erosional surface marked by a pebble lag or truncation 
of the underlying gravel (Fig. 5). This upper sequence is com- 
posed of two coset deposits. The lower 1-1.5 m thick coset 
comprises planar and trough, cross-stratified medium-coarse 
sand with bed sets 10-40 cm thick. The overlying 1-2 m thick 
coset is composed of trough cross-stratified pebbly sand with 
bed sets 20-40 cm thick. The upper part of the sequence has 
been truncated by excavation work, the fine sand and silt hav- 
ing been removed. 

Nobleton Borehole 

This borehole intercepted 54 m of Oak Ridges Moraine sedi- 
ments resting unconformably on lower deposits (Sharpe 
et al., 1997), possible Thorncliffe, Scarborough, and Don 

Formation equivalents (Eyles et al., 1985) (Fig. 6). The lower 
contact of moraine sediments was not observed as no core 
recovery was obtained across the 194.5 to 201 m (a.s.1.) inter- 
val. The core is predominantly gravel (31%), small-scale 
cross-laminated fine sand-silt (20%) and graded fine sand-silt 
(43%) (Table 2). Core recovery from the gravel interval is 
low, but based on the drilling log and recovered sediment the 
17 m interval is bedded with a number of graded sequences 
(Gorrell, pers. comm., 1997). With the incomplete recovery 
obtained, a coarse sand-granule gravel to cobble-pebble 
gravel facies was logged. Matrix sediment was generally not 
recovered; an exception being the upper 1.5 m transition from 
gravel to fine sand where an interbedded contact is present. 
Above -223 m depth, there are two well defined fining- 
upward trends and a zone from 228-241 m a.s.1. with no dis- 
tinct trend. Fining-upward trends are characterized by 
increasing clay facies, decreasing small-scale cross-laminated 
fine sand-silt facies, and decreasing bed thickness pig.  6). 
The diarnicton (facies Di) occurs between 219-226 m a.s.l., as 
five thin, sharp-based, massive to normal graded beds with 
low oversized clast contents (<2%). The maximum bed 
thickness reported (1.52 m) represents the core-barrel length, 
beds thicker than this length have not been aggregated. Beds 
have been proportionately stretched to eliminate minor dif- 
ferences between reported drill depths and measured recov- 
ery (where <0.05 m/ 1.52 m). Eleven clay stratain the interval 
221-233 m have an average thickness of 0.17 cm and spacing 
of 2.52 m. 

---- 
---L- .------.---------- 

1 - - - - , - z z  \ 
\- 

- - - - - S 
- -- 

- 

6. Slump C 

Figure 5. Sketch fromphoto mosaic of outcrop Me, Gormley aggregate site. Tripartite sequence oJ i)  planar 
cross-stratified medium to coarse sand, ii) cross-stratified gravel, iii) planar and trough, cross-strat$ed 
medium to pebbly medium sand. Symbol legend as for Figure 3. Letters B, B ' indicate mismatched edges in the 
photo mosaic due to angular distortion. 
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Nobleton Borehole 
GSC-Nob 

Vaughan Borehole 
V4-159 

Figure 6. Simplified graphic log and accompanying graphs for boreholes GSC Nob and V4-158. Note 
predominance of facies Sr and Sg. 
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Table 2. Lithofacies occurrence in 
Nobleton and V4/158 drill core for Oak 
Ridges Moraine. 

Vaughan Borehole 

This borehole intercepted a 132.5 m sequence of Oak Ridges 
Moraine sediment (Fig. 6). The log reveals two general 
sequences, the upper one composed of multiple poorly 
defined cycles. Each sequence is dominated by graded fine 
sand-silt and small-scale, cross-laminated fine sand-silt 
(facies Sg and Sr) (Table 2). The lower sequence has a well 
defined fining-upward trend with thinning-of bed thickness 
and increasing clay facies (Fig. 6). Thick lower beds in this 
hole are predominantly massive to graded, fine to medium- 
fine sand of the graded fine sand-silt facies (Table 1). The 
sequence is capped between 178 and 207 m a.s.1. by an inter- 
val of rhythmically bedded, graded fine sand-silt and clay 
facies (Fig. 5). Within this interval 62 clay facies strata occur 
with an average thickness of 0.03 m and-average spacing of 
1.19 m. Above 207 m a.s.l., the upper sequence is less clearly 
divided, with greater variability in strata thickness and 
increasing small-scale cross-laminated fine sand-silt (facies 
Sr). Above -240 m a.s.l., graded fine sand-silt (facies Sg) 
increases with decreasing bed thickness. Analysis of 78 sarn- 
ples for total organic carbon yield maximum values of 0.26% 
with an average of 0.06 % (Fig. 6). The total organic carbon 
correlates with finer grained facies, specifically the clay 
facies. As for the Nobleton borehole, the maximum bed thick- 
nesses are reported at 1.52 m. Additionally, many thin beds 
represent missing material (Table 2) as the measured recov- 
ery has not been proportioned over the total depth reported 
from drilling. 

INTERPRETATION 

The facies, facies assemblage, and architecture from the 
Gormley Pit indicate an environment of high-energy flow 
with abundant sediment transport as bedload (Todd, 1996). 
The facies present are commonly associated with fluvial 
(Miall, 1985), glaciofluvial (Church and Gilbert, 1975; 
Maizels, 1989), and esker-subaqueous-fan sedimentation 

(Rust, 1977; Cheel and Rust, 1986; Henderson, 1988; Gorrell 
and Shaw, 1991 ; Brennand 1994; Brennand and Shaw, 1994). 
The isolated occurrence of thin diamicton strata (facies Di) 
within a well-sorted sequence suggests these strata were 
deposited from minor plastic flows. Plastic flows (debris, 
liquified flows; Mulder and Cochonat, 1996) are a common 
element of a variety of deposits, ranging from fluvial- 
glaciofluvial (Maizels, 1989; Miall, 1996 ), subaqueous fans 
(Sharpe, 1988), to ice-proximal deposits (Lawson, 1981). In 
this setting the deposits are interpreted as forming from sub- 
glacial flow or basinal slope failure events (Mulder and 
Cochonat, 1996). The gravel facies is interpreted as being 
deposited from in-channel sheet flows and migrating dune 
bedforms (Miall, 1996). The two cross-stratified subfacies, 
planar and trough, represent deposition from traction sedi- 
ment transport and migrating 2-D and 3-D dunes (Church and 
Gilbert, 1975; Miall, 1996). The cosets of this facies may be 
part of composite accreting bedforms (Fig. 5) (Miall, 1996). 
The stacked erosional channels (Fig. 3,4) are inferred to rep- 
resent incision into the upper part of mega-bedforms 
deposited in front of a conduit mouth as the expanding flow 
lost competence. Such bedforms have been described in the 
area from tunnel channels (Shaw and Gorrell, 199 1) and at 
grounding lines of Alaskan glaciers (Powell, 1990). The 
quasi-planar-laminated sands (subfacies Sh) were deposited 
under super-critical, upper-flow-regime conditions (Hand, 
1974; Best, 1996). The diffusely stratified medium sand 
(facies Sd) is a common facies of subaqueous fans and con- 
sidered characteristic of such environments (Rust 1988). 
This facies is generally associated with hyperconcentrated 
flows (Maizels, 1989; Gorrell and Shaw, 1991) and traction 
carpet sedimentation (Lowe, 1982; Sohn, 1997). In subaque- 
ous fan settings two alternative interpretations have been 
invoked for similar facies. The interpretation of diffusely 
stratified medium sand facies has largely been based on the 
work of Lowe (1982) using liquefaction and high-density tur- 
bidity currents as a mechanism (Cheel and Rust, 1986; Rust, 
1988). Alternatively, Gorrell and Shaw (1991) suggest an 
association with the intense scouring associated with hydraulic 
jumps. In this setting the underlying quasi-planar-laminated 
facies and lateral gravel facies support this interpretation. 
Where diffusely stratified sand (facies Sd) occurs as tabular 
strata laterally transitional to quasi-planar-laminated sand, 
stratification may have been suppressed by high rates of sus- 
pension sedimentation (Arnott and Hand, 1989). 

The fine-grained, small-scale, cross-laminated and graded 
fine sand-silt (facies Sr and Sg) were deposited in lower energy 
subaqueous conditions. Small-scale, cross-laminated, fine 
sand-silt is characteristic of depositional environments where 
suspension sedimentation predominates over traction, form- 
ing rapidly aggrading beds (Jopling and Walker, 1968; Ashley 
et al., 1982). Such conditions are characteristic of density 
underflows, turbidity currents (Walker, 1992), and overbank 
sedimentation under expanding flow conditions (Harms 
et al., 1975). Both in drill core and in outcrop, small-scale, 
cross-laminated, fine sand-silt generally lack the correspond- 
ing divisions associated with the Bouma sequence. The 
graded fine sand-silt facies is more representative of distal 
turbidite deposits (Banerjee, 1973) with Bouma layers 
BCDE, BDE, and DE (Walker, 1992). The majority of 
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graded fine sand-silt corresponds with BDE(t) or DE(t). 
Division Em) is rarely associated with individual events of 
the graded fine sand-silt facies and where it clearly caps 
multiple, graded, fine sand-silt facies strata has been assigned 
to the clay facies. 

The clay strata (facies C1) are interpreted as forming from 
suspension sedimentation and recording a shutdown in sedi- 
ment influx to the basin and suppression of turbulence in the 
water column. In glaciolacustirine environments such condi- 
tions are generally interpreted as representing sedimentation 
during seasons of no melt and surface ice cover (e.g. winter) 
(Banerjee, 1973; Gilbert, 1997). 

DEPOSITIONAL MODEL 

Recent studies have recognized the moraine as a composite 
regional landform of glaciofluvial-glaciolacustrine origin 
(Sharpe et al., 1994; Barnett, 1995; Paterson, 1995). As a 
positive-relief landform in a continental-glaciated landscape, 
the choice of depositional models is tightly constrained. The 
abrupt lateral moraine slopes and abrupt sediment facies and 
landform transitions combined with lacustrine sediments at 
elevations up to 420 m indicate deposition in an ice-supported 
environment (Chapman and Putnam, 1988; Barnett, 1995; 
Sharpe et al., 1997). The remaining question is whether the 
glaciofluvial deposits record predominantly subaerial, 
braided stream-deltaic outwash sedimentation or subglacial- 
subaqueous fan sedimentation at this site. The data presented 
here are interpreted as supporting a conduit-subaqueous fan 
environment on the basis of the thick basinal deposits of 
small-scale, cross-stratified, fme sand-silt; graded fine sand- 
silt; and clay facies and the fact that they overlie all the glacio- 
fluvial deposits. Alternatively, various ice-marginal fluctua- 
tions and water-level variations can be invoked for 
braided-deltaic sedimentation. Features in the Gormley pit 
that may be interpreted for such fluctuations are channel fore- 
set beds; however, such features are easily accommodated 
within a subaqueous fan model. Large composite bedforms 
recognized at the discharge point of marine tidewater glaciers 
(Powell, 1990 ) and in tunnel channels (Shaw and Gorrell, 
1991) provide useful analogues. That architectural elements 
within the Gormley pit are related to mega-bedforms is sup- 
ported by site Me. There the dipping gravel beds that climb 
over underlying planar-tabular, cross-stratified, medium 
sand are candidates for such bedforms, particularly in the 
absence of any deformation features suggesting ice let-down 
of the sediments (Fig. 5). The nonsteady, nonuniform dis- 
charge of glaciofluvial conduits provides a mechanism for the 
types of large scouring and channel incision present in the 
Gormley pit. 

Using a conduit-subaqueous fan model, the moraine is 
inferred to have been built during two stages in this area. 
Stage one is recorded in the basinal sedimentation of the 
Vaughan site. Well constrained paleoflow control on this 

phase is unavailable but general facies relationships indicate 
a southwest flow (cf. Fenco-MacLaren Inc., 1994). This stage 
culminated in low-energy sedimentation recorded by the 
sequence of rhythmites in the middle of the V4-158 hole and 
above the gravel facies of the Nobleton borehole. In this event 
sequence the gravel sediments are inferred to be older 
deposits related to southward flow along the tunnel channels 
or part of the moraine package deposited by southward flow 
that has re-occupied the tunnel channel. As the deposits occur 
on a high shoulder of the subsurface continuation of the Holland 
Marsh tunnel channel (S. Pullan, GSC, pers. comm.) the first 
option (older) is preferred. In the absence of fossilized ice in 
tunnel channels or pre-moraine infilling, infilling of these 
basinal lows is a necessary first stage to permitting conduit 
flow axial to the moraine crest westward of these deeply 
scoured channels. The second stage involves both axial flow 
and lateral flow to the moraine ridge. Near-surface paleoflows 
east of the study area indicate strong axial flow (Duckworth, 
1979; Paterson, 1995) whereas the Gormley pit indicates 
more lateral flow of a northern origin (Fig. 2). The elevation 
of the deposits and absence of evidence immediately up-flow 
of the Gormley site (cf. Russell and White, 1997) for braided 
outwash suggests an ice-proximal subaqueous environment. 

SUMMARY 

Three sites are reviewed as encompassing the range of litho- 
facies forming the western part of the Oak Ridges Moraine 
(Fig. 1). The facies assemblages and architecture are not 
unique to any one depositional system; however, interpreted 
in a regional glacial context, a subaqueous fan model of sedi- 
mentation is suggested. The facies assemblages can be sepa- 
rated into two packages. The first package is low-energy 
basinal facies of glaciolacustrine character, diamicton, 
small-scale, cross-laminated and graded fine sand-silt and 
clay lithofacies. The second package is coarser, medium- 
coarse sand and gravel facies (Table 2), that is frequently 
associated with broad, shallow channels and scours. This 
second package is more characteristic of channelized glacio- 
fluvial processes. The moraine is predominately well sorted 
with little diamicton (Table 2). Deformation within the sedi- 
ments is rare, with little to no evidence of significant letdown 
due to removal of ice support following sedimentation. 
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Abstract: The Kipawa Syenite Complex forms a persistent, thin, folded layer within tectonized biotite- 
magnetite granite gneiss structurally overlain and underlain by metasedimentary rocks which in turn rest 
upon Archean plutonic rocks. Kataphorite+biotite (kaegirine) syenite comprises about 5% of the complex. 
The rest consists of distinctive granoblastic textured quartz syenite and granite characterized by large por- 
phyroblasts and pods of hastingsite. Amphibole and biotite commonly show replacement by magnetite with 
formation of red oxidation spots. Observations suggest formation of the Kipawa Syenite Complex during 
arnphibolite grade metamorphism by metasomatic fluids derived from a peralkaline igneous complex 
whose relics appear as lenses of nepheline syenite and as allochthonous blocks of igneous-textured aegirine 
melasyenite. This process occurred during a late stage of the assembly of the Superior and Grenville prov- 
inces (ca. 995 Ma), more than 100 Ma after emplacement of the host gneisses, and 40 Ma after emplacement 
of the alkaline complex. 

RdsumC : Le complexe sytnitique de Kipawa constitue une couche persistante, mince et plissCe au sein 
d'un gneiss granitique tectonist B biotite-magnetite qui s'insbre structuralement entre des roches mCtasCdi- 
mentaires reposant B leur tour sur des roches plutoniques archtennes. Une sytnite B kataphorite+biotite 
(kaegyrine) occupe environ 5 pour cent du complexe. Le reste se compose de sytnite quartzique et de gran- 
ite B texture granoblastique distinctive se caracttrisant par de volurnineux porphyroblastes et lentilles fusi- 
formes de hastingsite. L'amphibole et la biotite sont souvent remplacCes par de lamagn6tite, avec formation 
de taches d'oxydation rouges. Les observations laissent supposer que le complexe sytnitique de Kipawa 
s'est form6 au cours d'un Cpisode de mttamorphisme au facibs des arnphibolites par des fluides mttasoma- 
tiques issus d'un complexe ignt hyperalcalin dont les reliques se prCsentent sous forme de lentilles de syt- 
nite ntphtlinique et de blocs allochtones de sytnite mClanocrate B aegyrine A texture ignee. Ce processus a 
eu lieu au cours d'une phase tardive de l'assemblage des provinces du lac Suptrieur et de Grenville (vers 
995 Ma), plus de 100 Ma aprks la mise en place des gneiss encaissants et 40 Ma aprks celle du complexe 
alcalin. 
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INTRODUCTION 

The Kipawa Syenite Complex (Currie and van Breemen, 
1996a, b) lies a few kilometres south of the Grenville Front, 
about 45 km east of Temiskaming, Quebec. The complex can 
be traced for more than 100 km around an anticline-syncline 
pair (Fig. 1) terminating in complex "fish-hook" folds at each 
end. The complex consists of numerous elongate lenses of 
granoblastic amphibole-biotite syenite, quartz syenite, and 
granite within a slightly migmatitic, strongly foliated biotite- 
magnetite granite gneiss. Some lenses contain minor amounts 
of nepheline-bearing gneiss (<I% of the volume of the com- 
plex) but most of the complex is nepheline-free or quartz- 
bearing, characterized by amphibole blastesis, coarse grano- 
blastic texture, and blotchy red colouration due to late 
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garnetiferous units, 

--- structural dlswntlnuity -- 
KIPAWA SYENITE COMPLEX; hornblende syenite, 
and granite, nepheline syenite (ca. 1035-995 Ma) 

RED PINE CHUTE gneiss1 crosscutting 
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Figure 1. Geological sketch of the Kipawa Syenite Complex. 

hematization. Syenite, and nepheline syenite where present, 
occur as lenses <50 m thick within quartz- and amphibole- 
bearing rocks which grade into the surrounding gneiss. Spec- 
tacular agpaitic metasomatic rocks occur on the margin of the 
complex (Tremblay-Clark and Kish, 1978; Currie and 
van Breemen, 1996a). New field and geochronological 
observations suggest that much of the syenite complex may 
also be of metasomatic origin. 

GEOLOGICAL SETTING 

Geological mapping in this region rests on a remarkably pre- 
cise reconnaisance survey by Lyall(1958), supplemented by 
subsequent work by Rive (1973) and Tremblay-Clark and 
Kish (1978). Cume and van Breemen (1996a) summarized 
and extended these findings based on extensive exploration 
work on a rare-earth element prospect (Allan, 1992). The 
rocks can be divided into five major units: the Kikwissi grani- 
toid complex, the Kipawa Group of metasedimentary rock, 
the Red Pine Chute granite gneiss, the Kipawa Syenite 
Complex, and allochthonous garnetiferous rocks of the 
Hunter Point structure. Two minor, but stratigraphically criti- 
cal units comprise mafic dykes, assumed to be part of the 
Sudbury swarm and amphibolitic gneiss. 

The Kikwissi complex comprises weakly foliated to line- 
ated white biotite tonalite to granodiorite with minor pink 
granite and pegmatite dykes. The rocks typically contain 
centimetre-scale aligned poikilitic spindles of biotite contain- 
ing granules of epidote in a matrix of quartz and plagioclase 
with variable but minor amounts of perthitic microcline. 
Coarse, massive quartz-microcline-oligoclase-biotite peg- 
matite dykes cut cleanly across the foliation, and quartz veins 
of similar size and stvle also occur. Considerable variations in 
composition and style occur within the Kikwissi complex, 
but the complex clearly represents little-deformed igneous 
rocks. The assemblage biotite+epidote could represent retro- 
gression of primary hornblende+plagioclase during cooling 
of the plutons. A preliminary U-Pb zircon age on the Kikwissi 
complex yielded an emplacement date of greater than 
2710 Ma (Cume and van Breemen, 1996b). The Kikwissi 
complex appears as a large mass northeast of the Kipawa 
Syenite complex, extending well beyond the map boundaries, 
and also as small inliers, presumably structurally controlled, 
within other units of the complex. 

Rive (1973) referred to the metasedimentary sequence 
overlying the Kikwissi complex as the Kipawa Group. Cur- 
rent mapping suggests that the Kipawa Group may be com- 
posite, with a lower portion below the Red Pine Chute gneiss, 
and an upper, possibly unrelated, portion above the gneiss. 
The lower portion comprises quartz-plagioclase-biotite 
gneiss (assumed to be metamorphosed greywacke and 
arkose), quartzite, and minor marble. Quartz-plagioclase- 
biotite gneiss rests with a sharp conformable contact on the 
Kikwissi complex, a contact interpreted as a metamorphosed 
unconformity (Cume and van Breemen, 1996b). The gneiss 
is mineralogically essentially identical to the Kikwissi com- 
plex, with the addition of minor muscovite. It exhibits strong 
centimetre-scale lamination, with alternating layers rich in 
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quartz and biotite. Layers of biotite amphibolite up to 30 cm 
thick form about 5% of the unit, locally producing a rock with 
black and white stripes at centimetre scale. Like the Kikwissi 
complex, the gneiss is cut by pegmatite dykes and contains 
the assemblage biotite+epidote. The thickness of the unit var- 
ies from a few metres near Lac McKillop to almost 700 m 
along Lac Rigenzi. Much of this quartz-plagioclase-biotite 
gneiss unit appears to represent greywacke derived by ero- 
sion of the Kikwissi complex. 

A unit of quartzite, quartz-muscovite gneiss, and migma- 
titic muscovite quartzite is interbedded with, and overlies, the 
quartz-biotite-plagioclase gneiss. Coarse granular quartzite 
layers with glassy, granoblastic quartz are common, but 
rarely exceed 30 cm in thickness. The rest of the rock is com- 
posed of granular quartz, muscovite, and deformed boudins 
of muscovite granite and pegmatite, with books of muscovite 
up to 5 cm across. Granite and pegmatite do not cut foliation 
which commonly wraps around metre-scale boudins of gran- 
itic rocks. Most outcrops are intricately folded, and appear to 
have flowed readily during deformation. Both sillirnanite and 
kyanite have been reported from the upper part of this unit 
(Rive, 1973). 

The upper part of the quartzite unit contains one or more 
layers of marble 1 to 2 m thick which are intricately folded on 
a metre-scale. Crystals of tremolite and diopside up to 10 cm 
long occur in coarse, friable calcite. All of the scattered 
occurrences of marble occur near the same structural level, 
and may represent relics of an originally more continuous 
layer. The apparent rarity of this rock type may result from 
some combination of easy erosion and tectonic thinning. 

A fault separates the quartzite-marble layer from the Red 
Pine Chute gneiss. In drill core from the rareearth element 
prospect, and in outcrop along Lac McKillop and northeast of 
Lac Audoin (Fig. 1) this contact is marked by a 1 to 2 m layer 
of straight gneiss or mylonite. In other places the contact is 
marked by narrow linear valleys. The relatively low grade of 
the mylonite may suggest that the fault is a late feature, and 
probably relatively minor. 

Lyall(1958) and Rive (1973) included biotite-muscovite 
gneiss above the Red Pine Chute gneiss with the Kipawa 
Group. This gneiss varies from quartz-biotite-plagioclase 
gneiss similar to the lowest unit of the Kipawa Group through 
muscovite-quartz gneiss to thin layers of quartzite. The unit is 
migmatitic,locally with confor&able layers of pink biotite 
granite, but more commonly the granitoid component cuts 
across the foliation in dykes or irregular masses. The most 
striking feature of the upper Kipawa Group is the local pres- 
ence of sedimentary structure including crossbedding, heavy 
mineral lags, and metamorphosed graded bedding, now 
expressed by variation in proportions of biotite and musco- 
vite. Although these palimpsests are rare and local, they form 
the only trace of original sedimentary structure in Kipawa 
region. 

Although considerable parts of the Kipawa Group are 
migmatitic, garnet and amphibole are essentially absent. 
Sparse garnet occurs in the aureole of one pegmatite dyke, 
while amphibole occurs sparingly in rare amphibolite layers. 
By contrast, muscovite is ubiquitous. The age of the Kipawa 

Group is constrained between the age of the underlying 
Kikwissi Complex (2700 Ma) and the age of crosscutting 
mafic dykes thought to belong to the Sudbury swarm 
(emplaced at 1235 Ma; Dudas et al., 1994). 

Mafie dykes 

Rare metre-scale mafic dykes within the Kipawa Group 
exhibit sharp, locally crosscutting boundaries, preserved 
ophitic texture, relict clinopyroxene, and development of 
small metamorphic garnets. Two examples were found in the 
lower part of the Kipawa Group, and two more in the upper 
part. All bodies now lie more or less within the foliation of the 
surrounding gneiss, but crosscutting margins are locally pre- 
served. The rocks consists of strongly zoned plagioclase, rel- 
ict clinopyroxene rimmed by hornblende, accessory titanite 
and magnetite, and abundant microscopic garnet, commonly 
concentrated along fractures. On the basis of petrography and 
detailed geochemistry, K.M. Bethune (pers. comm., 1995) 
has positively identified one of these dykes as a member of 

<-the Sudbury swarm, emplaced at 1235 Ma (Dudas et al., 
1994). Bodies of this type have not been found within the Red 
Pine Chute gneiss, Kipawa Syenite Complex, or units of the 
Hunter Point Structure. Lyall(1958) reported a crosscutting 
diabase dyke within the Kikwissi Complex, which may 
belong to this swarm, but this dyke was not examined in this 
study. 

Red Pine Chute gneiss 

The Red Pine Chute gneiss (Currie and van Breemen, 1996b) 
consists of migrnatitic, strongly foliated, pink biotite granite 
laminated on millimetre scale. A granoblastic, rather fine- 
grained quartz-perthite-oligoclase matrix contains biotite as 
disseminated fine flakes, and more characteristically as nar- 
row, diffuse schlieren a few rnillimetres thick and 1 to 2 cm 
long. Quartz-rich streaks of similar dimensions commonly 
give the rock a strong lineation. A highly characteristic min- 
eral of the Red Pine Chute gneiss is magnetite, present either 
as flat plates, pseudomorphous after biotite, or as sparse 
equant porphyroblasts, up to 2 cm across, which cut the foli- 
ation. Both magnetite and biotite may be surrounded by red 
spots of hematite up to a centimetre in diametre, giving the 
rock an unmistakable red-spotted appearance. 

The gneiss is migmatitic, especially in its upper parts, 
with development of 2 to 5 cm layers of coarse grained, leu- 
cocratic granite. These layers are perfectly concordant, and in 
many examples barely visible because they appear to be 
merely a coarsening of the grain size of the rock. However 
upon examination most layers prove to have a thin biotite sel- 
vage. Rarely these leucogranite layers follow northeast- or 
northwest-trending linear zones a few centimetres wide, and 
cut the foliation for up to a metre. The gneiss also contains 
several concordant layers of biotite amphibolite, particularly 
near the base. Like the granitoid portion, the margins of these 
layers exhibit a very strong foliation and lineation, with 
development of spindles of feldspar, but the central part of 
some of the amphibolite layers is less foliated, and locally 
preserves traces of ophitic texture. 
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The Red Pine Chute gneiss forms a continuous layer 1500 
to 2000 m thick which can be traced for more than 100 km. It 
also appears in small isolated areas west of Red Pine Chute 
where the low dip and plunge of major structures produce 
numerous windows. The base of the gneiss appears to be 
faulted against the Kipawa Group, as noted above, although 
the displacement on this fault may be small. The top of the 
Red Pine Chute gneiss grades into the upper Kipawa Group 
by appearance of muscovite in the gneiss, and either increas- 
ing colour index, or loss of foliation where the gneiss passes 
into the almost massive granitic component of the upper 
Kipawa Group. 

The upper contact of the Red Pine Chute gneiss is also 
marked by numerous tectonic blocks of unusual mafic syenite 
consisting of centimetre-scale, euhedral tablets of microcline 
in a finer grained matrix of aegirine. These blocks, many of 
which exceed 20 m in longest dimension, occur over a large 
area extending from Lac Sairs to west of Red Pine Chute 
(Fig. I), everywhere at or near the upper margin of the Red 
Pine Chute gneiss. The gneissosity of the host is deflected 
around the blocks at angles of up to 90° to the regional strike. 
The central parts of the blocks exhibit igneous texture, but the 
marginal parts are moderately to strongly foliated, and zones 
of foliation up to a metre across may transect the blocks. In 
one block, south of Red Pine Chute. the foliated material 
passes transitionally into an amphibole- and quartz-bearing 
syenite very similar to amphibole quartz syenite of the 
Kipawa Syenite Complex. If all the blocks of mafic syenite 
originated in one body, a reasonable hypothesis given the 
unusual composition and texture of the blocks, the present 
separation of the blocks implies very large strains, exceeding 
1000%, within the Red Pine Chute gneiss subsequent to the 
emplacement of the syenite. 

Currie and van Breemen (1996b) reported an emplace- 
ment age for the Red Pine Chute gneiss of ca. 1 160 Ma, noting 
that it displayed significant Archean inheritance, as well as 
some recent lead loss. If the mafic dykes in the Kipawa Group 
are correctly correlated with the Sudbury swarm, the Red 
Pine Chute gneiss postdates both dykes (1235 Ma) and the 
host Kipawa Group. The gneiss could have been emplaced as 
a sill within the Kipawa Group, and derived, in part at least, 
from Archean rocks like the Kikwissi Complex. However 
such derivation could not have taken place from any exposed 
parts of the Kikwissi Complex since the Archean rocks did 
not reach partial-melting temperatures. The strikingly regular 
fine foliation within the gneiss suggests strong planar defor- 
mation. The gneiss may therefore represent a major move- 
ment surface within the Kipawa Group. In this model, the Red 
Pine Chute gneiss would be a body emplaced along a fault 
surface, and subsequently further deformed. The melt paren- 
tal to the Red Pine Chute gneiss could be derived from more 
southerly, presumably higher grade, parts of the Archean 
basement. Whatever model is adopted, the body parental to 
the mafic syenite blocks was emplaced within the Red Pine 
Chute gneiss, and hence must be younger than ca. 1 160 Ma. 

Hunter Point structure 
The Hunter Point structure forms anorth-northwest-trending, 
elliptical mass about 20 km long by 10 lan wide. The base of 
the structure is marked by a spectacular zone of disruption 
including blocks of ophitic-textured garnet-pyroxene rocks, 
as well as innumerable metre-scale blocks and schlieren of 
hornblende-plagioclase-quartz gneiss which can be matched 
in the immediate surroundings. The least tectonized exam- 
ples of garnet-pyroxene rocks contain no feldspar, although a 
trace of quartz may be present. Most blocks contain varying 
amounts of amphibole, and many are cut by irregular, ramify- 
ing granitoid veinlets. The edges of the blocks are invariably 
foliated, and in some case streaked out into the foliation, 
grading to mafic garnet gneiss indistinguishable from some 
layers in the surrounding host. Indares and Dunning (1997) 
reported a U-Pb age of 1403+ 141- 1 1 Ma from an eclogitic 
block at the same structural horizon located 30 km east of the 
Hunter Point structure. 

The host of the garnet-pyroxene boudins consists of 
well-layered amphibolite gneiss with alternating amphibole- 
and plagioclase-rich layers on a scale of 1 to 10 cm. Subordi- 
nate quartz and biotite commonly occur in both layers, but 
garnet and potassium feldspar are absent. The thickness of the 
layers varies considerably from outcrop to outcrop, but 
within an outcrop layers are remarkably persistent and con- 
stant in thickness. Numerous reclined isoclinal small folds all 
exhibit south-over-north vergence, but in many outcrops this 
unit has been reduced to straight gneiss with millimetre-scale 
comminuted layers continuing ruler-straight for many 
metres. 

Theupper part of the arnphibolite gneiss contains thin gar- 
netiferous mafic layers, forming a transition to the upper unit 
of the Hunter Point structure which varies from amphibolitic 
through pelitic to locally granitic compositions, all richly gar- 
netiferous. The rocks exhibit strong compositional layering 
on a scale of a few centimetres, and a strong lineation marked 
by spindles of quartz and feldspar up to a few centirnetres 
long. In the pelitic parts of the complex these spindles also 
contain sillimanite. The gneissosity, and a small scale foli- 
ation superimposed upon it, is typically wavy, but small folds 
are sparse, although local boudined layers of marble about 
10 cm thick and a few metres long do show metre-scale, gen- 
tly south-plunging small folds. The garnets typical of this unit 
vary in size from 3 mm to 3 cm in diameter, but all are sub- 
hedral, apparently randomly distributed, and cut the foliation. 
An isolated occurrence of similar lithology occurs east of the 
mapped area along a major woods road (N814) 3 km south- 
west of the bridge over the Kipawa River. These rocks appear 
to form an outlier about 100 m in diameter resting on Kikwissi 
Complex. 

Kipawa Syenite Complex 

The Kipawa Syenite Complex forms a zone about 200 m 
thick within the Red Pine Chute gneiss, and extends more 
than 100 km from Lac Sairs to Lac Audoin, terminating 
abruptly at both ends in complex, polyphase folds. Most of 
the complex consists of brownish pink, coarsely granoblastic 
amphibole-biotite quartz syenite and syenite which grades 
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imperceptibly to the enclosing host gneiss. In detail the com- 
plex consists of numerous elongate lenses at slightly varying 
tectonic levels within the host gneiss. The complex is charac- 
terized by porphyroblastic amphibole, commonly greater 
than 1 cm in largest dimension. Amphibole occurs both as 
single, subhedral porphyroblasts cutting the foliation, and as 
polycrystalline masses up to a metre long, commonly rimmed 
and veined by albite. These masses are mainly found within 
the syenite, but also in the surrounding rocks. The composi- 
tion of the amphibole varies from steely blue kataphorite 
within the syenite to deep green hastingsite in the surrounding 
area (Currie and van Breemen, 1996a). The only specimens 
from the complex which do not contain amphibole are some 
nepheline-bearing rocks and the mafic syenite which both 
contain the assemblage biotite+aegirine. Biotite is also a 
ubiquitous constituent of the syenite, occurring as small, 
aligned flakes. Due to their granoblastic character, the rocks 
weather to fine, biotite-rich gravel. Aegirine occurs in about 
one quarter of specimens examined, but is difficult to recog- 
nize in hand specimen. Its presence does not appear to be 
reliably correlated with any other mineral. Feldspar consists 
of complex perthite coexisting with albite or oligoclase. 
Some specimens exhibit weak segregation into feldspar-rich 
and feldspar-poor layers. Quartz is commonly intersertal 
where present. Nepheline, in the few specimens containing it, 
forms large elliptical grains, slightly to moderately altered. In 
general terms the syenite complex mineralogically resembles 
its host, with the addition of amphibole porphyroblasts, a 
coarsening of grain size, and a loss of the fine foliation char- 
acteristic of the Red Pine Chute gneiss. 

Cunie and van Breemen (1996a) reported a U-Pb zircon 
age of 995+/-2 Ma for metasomatic agpaitic rocks on the mar- 
gin of the syenite complex. A preliminary U-Pb zircon age on 
nepheline syenite suggests an emplacement age of about 
1035 Ma (0. van Breemen, pers. comm., 1997). Both ages are 
significantly younger than the age of the Red Pine Chute 
gneiss (ca. 1 160 Ma). 

STRUCTURE 

The complex fold structure of this region was discussed by 
Currie and van Breemen (1996a). Very large, open, north- 
trending folds control the large scale disposition of rock units, 
as recognized by Lyall(1958). These folds have low but vari- 
able plunges due to gentle northeast-trending warps. Local 
disposition of rock units is controlled by two earlier periods 
of isoclinal recumbent folds, as described by Currie and van 
Breemen (1996a). As a result, complex fold interference pat- 
terns abound in this region, some of which can be seen on map 
scale (e.g. at Ile la Tome and eastward; Fig. 1). All genera- 

gneiss and mylonite, and decorated by numerous tectonic 
blocks of massive, igneous-textured rocks, garnet-pyroxene 
blocks in at the base of the Hunter Point structure and mafic 
syenite in the case of the Red Pine Chute gneiss. The base of 
the Hunter Point structure clearly cuts downward to the north 
across the upper Kipawa Group into the underlying Red Pine 
Chute gneiss. 

Late faults in this region can be identified by strong planar 
fissility and development of local sheared rock. They tend to 
trend northeast or northwest and dip steeply. A few thin 
sheets of leucogranite within the Red Pine Chute gneiss lie in 
these orientations, and they may fill late faults with this 
orientation. 

DISCUSSION 

Field and geochronological evidence suggest that the Kipawa 
Group formed a cover, presumed to be of Proterozoic age, to 
late Archean basement of the Kikwissi Complex. Davidson 
(1995) interpreted the Hunter Point structure as correlative to 
part of the Britt domain of Ontario, in which 1.8-1 -6 Ga gneis- 
ses and plutonic rocks form the host to voluminous ca. 
1.45 Ga igneous rocks which are themselves highly deformed 
and metamorphosed. Restriction of the ca. 1.4 Gamafic rocks 
to correlatives of the Hunter Point structure (Indares and 
Dunning, 1997), together with restriction of presumed 
Sudbury dyke equivalents in the underlying rocks, suggest 
that the Hunter Point structure was emplaced after emplace- 
ment of the mafic dykes which occurred at ca. 1235 Ma, pre- 
sumably during an episode of extension. Emplacement of the 
Hunter Point structure may have been roughly contempora- 
neous with thrusting of the upper Kipawa Group over the 
lower Kipawa Group, and emplacement of the Red Pine 
Chute gneiss along the d6collement, possibly as a synkine- 
matic pluton, at ca. 1160 Ma. Observations suggest that the 
overthrust sheet was hot but relatively thin, since the steep 
inverted metamorphic gradient beneath the Red Pine Chute 
gneiss passes down from muscovite+sillimanite+potassium 
feldspar+quartz assemblages to biotite+epidote assemblages 
within a few tens of metres, although this transition may be 
tectonically attenuated. 

Emplacement of nepheline syenite, and presumably of 
aegirine melasyenite, occurred more than 100 Ma after this 
episode at ca. 1035 Ma. The original form of the alkaline com- 
plex cannot now be reconstructed, but it may have formed a 
sheet, or series of sheets near the top of the Red Pine Chute 
gneiss. General consideration of the petrology of alkaline 
complexes suggest that it was emplaced during a brief period 
of extension. 

tions of folds, which appear to be present in all lithological Subsequent to emplacement of this "proto-Kipawa" com- 
units including the Hunter Point structure, can be explained plex, northward thrusting recommenced, rejuvenating move- 
by persistent south-over-north, low angle thrusting (Currie ment planes within the the Red Pine Chute gneiss and 
and van Breemen, 1996a). dismembering the alkaline complex. Final emplacement of 

Two major tectonic discontinuities can be recognized in the Hunter ~ i i n t  allochthon truncated the unierlying stra- 

this region, one at the base of the Hunter Point structure and tigraphy, and imposed an inverted metamorphic gradient on 

the other within the Red Pine Chute gneiss. Both of these dis- the underlying rocks, as evidenced by the downward decrease 

continuities are marked by extensive development of straight in rnigmatization in the Red Pine Chute gneiss. A late stage in 
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this process is dated by the 995 Ma U-Pb zircon age from 
massive agpaitic pegmatite (Currie and van Breemen, 
1996a). 

Evidence for major metasomatism within and below the 
Red Pine Chute gneiss during final tectonic assembly of this 
region has been presented by Currie and van Breemen 
(1996a), using a local spectacular development of agpaitic 
mineral assemblages. The ubiquitous presence of amphibole 
porphyroblasts and pods in and around the Kipawa Syenite 
Complex also testify to widespread metasomatism of a less 
spectacular kind. Mass balance considerations show that 
development of amphibole syenite from biotite granite is a 
plausible process during soda metasomatism. For example 

plagioclase biotite 

kataphorite K-feldspar 

Formation of kataphorite, typical of the syenite, would 
consume quartz and lead to rocks richer in potassium feldspar 
and poorer in calcic plagioclase. An analogous equation can 
be written for the hastingsitic amphibole typical of the 
quartz-bearing syenite. Operation of soda metasomatism in 
the Red Pine Chute gneiss is indicated by the presence of 
widespread peralkaline chemical compositions within the 
unit (Cunie and van Breemen, 1996a). None of these consid- 
erations suggests the source of the metasomatising fluids, but 
an obvious possible source was the alkaline igneous complex 
indicated by the presence of nepheline syenite gneiss and 
mildly peralkaline aegirine syenite. The latter indicates that 
the complex was at least mildly peralkaline, and therefore a 
potential source of alkali metasomatism. 

Coarse melasyenite appears to have resisted deformation 
better than many other rock types. Similar rocks in the Red 
Wine peralkaline complex of Labrador are the only portions 
to show relict igneous texture (Curtis and Currie, 1981). That 
complex also possesses an extended aureole of metasoma- 
tism developed during deformation. The source of the fluid 
carrier for metasomatism remains uncertain, but dehydration 
of the Kipawa Group during metamorphism could be a possi- 
ble source. 

The model suggested here bears considerable similarity to 
that proposed by Hanmer and McEachern (1992) for nephe- 
line syenite in the Bancroft region. In the present case, the 
impermeable "lid", which these authors proposed to be a 
series of gabbro sheets, is supplied by the Hunter Point 
allochthon (which also includes numerous m&c sheets). 
These similarities suggest that nepheline syenite gneiss in 
highly deformed parts of the Grenville Province may tell as 
much about structure as they do about the petrology of alka- 
line rocks. 

I wish to acknowledge specifically the large and obvious debt 
which this work owes to the superb mapping by H.B. Lyall 
(1958). Conducted 40 years ago, at a time when modern ideas 
of structure and petrology had not been conceived, this pains- 
takingly accurate recording of the lithologies remains the 
foundation for all serious geological work in this region. 
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Abstract: The Obedjiwan nepheline syenite forms two lenticular masses, one about 4 lan by 2 km cen- 
tred near 48O41'N, 74O56'W, and a smaller body 5 lan to the northwest. Both bodies are coarse grained and 
weakly foliated, but show a strong lineation, and schlier-like areas of finer grain, interpreted as blastomylo- 
nitic. They have been substantially recrystallized, probably under amphibolite or granulite facies condi- 
tions. A pyroxene syenite outcropping around the periphery of the nepheline syenite forms part of a regional 
mafic gneiss complex hosting the nepheline syenite. The mechanical strength of the regional complex may 
be the reason why the nepheline syenite shows relatively little deformation, since migmatitic granite gneiss 
north of the complex is much more strongly deformed. These observations suggest that the Obedjiwan 
nepheline syenite is fairly typical of Proterozoic nepheline syenite bodies along the Grenville Front, and not 
anomalously undeformed and unmetamorphosed, as previously reported. 

RCsumC : La sytnite ntphtlinique d70bedjiwan se compose de deux masses lenticulaires. La premiere 
mesure environ 4 km sur 2 krn et est centrte B proximitt de 48" 41'N, 74" 56'W; la seconde, plus petite, est 
situte B 5 km au nord-ouest. Les deux masses sont 2 grain grossier et faiblement folites, mais elles prtsen- 
tent une lintation tres accuste et des zones ii grain plus fin B l'aspect de schlieren qui sont interprtttes com- 
me ttant blastomylonitiques. Elles sont largement recristallistes, probablement au facib des arnphibolites 
ou des granulites. Une sytnite B pyroxene affleure autour de la ptriphtrie de la sytnite ntphtlinique et fait 
partie d'un complexe gneissique mafique rtgional qui encaisse la sydnite ntphtlinique. La dtformation 
relativement faible de la sytnite ntphtlinique pourrait Btre attribuable B la r6sistance mtcanique du com- 
plexe rtgional; en effet, du gneiss granitique migmatitique situt au nord du complexe est beaucoup plus 
dtformt. Ces observations laissent supposer que la sytnite nkphtlinique d70bedjiwan est passablement 
reprCsentative des massifs de sytnite ntphtlinique prottrozoi'ques situts le long du front de Grenville et 
qu'il n'est pas exceptionnel qu'elle ne soit ni dtformte ni mttamorphiste, comme on l'a rapport6 antt- 
rieurement. 

Department of Geology, University of Toronto, Toronto, Ontario M5S 1Al 
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INTRODUCTION 

In the course of regional mapping during 1962, A.F. Laurin 
discovered two occurrences of nepheline syenite near the 
Attikarnekh village of Obedjiwan in central Quebec (Laurin, 
1965). He interpreted the main body to be a roughly circular 
mass about 7 km in diameter, centred on the north shore of the 
Gouin Reservoir near 48041fN, 74O56W (Fig. 1). A separate 
lenticular mass of nepheline syenite, about 2 km long by 
400 m wide occurs 3 kilometers northwest of the main body. 
Gittins (1967), in a preliminary report on the nepheline syen- 
ite, remarked that much of the rock was very coarse grained 
(up to 1 cm grain size), and essentially massive, although 
weak foliation was locally present and lineation was perva- 
sive. He noted that the main mass was composite, consisting 
of a central core of white to pink biotite-dominant nepheline 
syenite, and a surrounding area of brown to black pyroxene 
syenite. He interpreted all of the syenite to be essentially 
undeformed igneous rock. No further published work on the 
Obedjiwan nepheline syenite has appeared since this report. 

The occurrence of an essentially undeformed, unmeta- 
morphosed pluton of nepheline syenite within the northern 
part of the Grenville Province excited little remark in 1967. 
However subsequent mapping and dating have shown that all 
other plutons in this region were emplaced prior to final 
deformation and metamorphism at about 1000 Ma and are 
therefore deformed and metamorphosed to varying degrees. 
The Obedjiwan complex thus appears unusual, if not anoma- 
lous, particularly since it has yielded an unpublished U-Pb 
zircon date greater than 1020 Ma (M. Higgins, personal com- 
munication, 1997). The Obedjiwan complex was re-examined 
during 1997. 

GEOLOGICAL SETTING 

Obedjiwan can be reached via about 260 km of well main- 
tained gravel roads from either Saint Felicien or La Tuque. 
The north shore of the Gouin Reservoir near Obedjiwan con- 
sists mainly of glacial till and boulder clay forming an almost 
flat surface punctuated by low drift ridges trending 1 80-190°, 
the direction of glacial transport indicated by striations on 
outcrops and well-defined glacial dispersion trains of boul- 
ders. Numerous spoil pits along roads and occasional landslip 
scars indicate that glacial deposits are commonly more than 
2 m, and locally more than 10 m thick. Outcrop within this 
drift plain is almost nonexistent except for half a dozen small 
areas which have been excavated by road-building activity 
(Fig. 1). Steep, generally northeast-trending ridges rise above 
the glacial deposits, locally reaching heights of 200 m above 
the surroundings and exposing bedrock near their summits. In 
the Obedjiwan region these hills are spaced several kilome- 
tres apart, leaving the nature of the bedrock between them 
uncertain. Outcrop is also present in rapids on the major riv- 
ers. Gittins (1967) observed outcrop around the shore of 
Gouin Reservoir during a period of low water in 1965, but in 
1997 water levels were high, and there was virtually no expo- 
sure along the shoreline. 

Four major rock types were observed in the Obedjiwan 
region; (1) migmatitic, generally granitoid gneiss; (2) mafic 
metamorphic rocks, ranging from boudins of garnetiferous 
meta-gabbro to amphibolitic rocks; (3) pyroxene syenite; and 
(4) nepheline syenite. As noted above, few relationships 
between these rock types are exposed. 

DESCRIPTION OF UNITS 

Mimatitic nranitoid gneiss outcrops in a small area northeast 
of the nepheline syenite and as a lenticle within mafic gneiss 
in rapids on Rivibre Toussaint. According to the mapping of 
Laurin (1965), such gneiss underlies a large region north of 
the area examined this year. Outcrop consists of thinly lami- 
nated pink to grey biotite granite gneiss with millimetre-scale 
quartz-feldspar layers and intervening finer grained foliae 
containing fine bioitte. The layers are persistent at outcrop 
scale, but quite sinuous and locally folded on a scale of 
metres. One outcrop contains a decametre-scale boudin of 
ophitic-textured garnetiferous metagabbro. Metre-sized 
boulders of grey, generally granitic, biotite gneiss abound in 
the glacial overburden. Similar, but less foliated, pink granite 
gneiss boulders also form acomponent of the drift, as do more 
biotite-rich rocks with a coarser gneissosity. Presumably 
these erratics represent bedrock to the north of the nepheline 
syenite. 

Mafic metamorphic rocks outcrop northwest of Obedjiwan, 
in the rapids of Rivikre Toussaint, and west of the northern 
outlier of nepheline syenite. East and northeast of Obedjiwan, 
outside the area covered by Figure 1, they are a major compo- 
nent of the outcrop, but mafic rocks form only as a minor 
component (40%)  of the drift around Obedjiwan. Mafic 
rocks west and north of the Obedjiwan complex comprise 
medium grained, locally garnetiferous pyroxene-be&ng 
amphibolitic gneiss. The rocks lack quartz, are relatively poor 
in plagioclase (15-30 volume per cent), and contain roughly 
equal amounts of weakly oriented olive amphibole and green 
clinopyroxene, with lesser amounts of biotite. Garnet, com- 
monly in equant grains a few millirnetres across, is sporadi- 
cally present. Gneissosity is commonly weak and locally 
absent. Pyroxene in these rocks has recrystallized to form a 
blocky mosaic. Minor amounts of strongly foliated pink to 
grey granitoid gneiss are intercalated with the mafic rocks, 
and most outcrops also contain ramifying granitoid veinlets. 
A boudin approximately 20 m long by 10 m wide of massive, 
ophitic-textured, two-pyroxene gabbro with abundant pale 
pink garnet occurs within rnigmatitic granite gneiss 2 km 
north of the syenite complex. The outer part of the boudin 
contains millimetre-sizedgarnet interstitial to orthopyroxene 
and plagioclase. In the core of the boudin garnets up to a cen- 
timetre across are present, crosscutting other minerals. 
Gneissosity in the host wraps around the boudin, with deflec- 
tions up to 70° from the regional northeasterly strike.. This 
boudin strongly resembles metagabbro boudins south of the 
Grenville Front in western Quebec (Indares and Dunning, 
1 997). 
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Pvroxene syenite outcrops west and east of Obedjiwan on large grey feldspar crystals, but on fresh surface the colour 
islands in Gouin Reservoir, in road cuts across a low ridge varies from honey brown through deep brownish green to 
along theroad just northeast of the village, and in the rapids of almost black. In some outcrops the syenite is coarse grained 
Rivigre Toussaint several kilometres north of Obedjiwan. and massive, but in others strong foliation is present on a scale 
The weathering surface of the rock is pale pink to white with of centimetres. The rock contains biotite as well as pyroxene, 

,.,,:<!;,:, nepheline syenite -~,'<:;,';~~ pyroxene syenite 

mafic gneiss X X migrnatitic granite gneiss 

0 strike and dip 
glacial deposits , ' gravel road of foliation 

Figure I .  Geological sketch of the Obedjiwan region, central Quebec. No bedrock outcrop occurs in 
the unpattemed areas. The nature of the bedrock in these areas remains uncertain. 
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and there appears to be complete gradation to the mafic gneiss 
described above. Metre-scale schlieren of mafic pyroxene 
and biotite-bearing amphibolite are a common feature of the 
syenite. Gittins (1967) described the pyroxene syenite as con- 
sisting largely of crystals of fine perthite, with variable 
amounts of plagioclase, deep green clinopyroxene with 
brown exsolution lamellae of orthopyroxene, and varying 
amounts of ilmenite. Minor amounts of amphibole, biotite, 
and magnetite may be present. In thin section, this rock 
appears to be strongly recrystallized with mosaic clinopyrox- 
ene in an intricate sutured matrix of feldspar. Amphibole and 
biotite both appear to be developed by reactions involving 
pyroxene. 

Preliminary electron microprobe analyses of pyroxene 
and biotite indicate that the pyroxene contains less than 25% 
of acmite component, while the biotite is extremely iron-rich, 
approaching lepidomelane. 

Gittins (1967) believed the pyroxene syenite was con- 
fined to the Obedjiwan region, and therefore associated with 
the nepheline syenite, although he recognized that it probably 
resulted from reworking of the surrounding gneissic rocks. 
Cursory examination of road outcrops south of Gouin Reser- 
voir between Gouin Dam and Parent show that pyroxene 
syenite occurs commonly as a component of a mafic granulite 
complex of regional extent. It therefore appears unlikely that 
the pyroxene syenite is genetically associated with thenephe- 
line syenite. 

Nepheline syenite is the best exposed rock type in the 
Obedjiwan region, outcropping on the prominent hills north 
of the village, in road cuts, on a few islands, and on the promi- 
nent ridge northwest of the main mass. Exposure of the main 
mass has been greatly enhanced by construction of logging 
roads. 

Typically the nepheline syenite forms a very coarse 
grained, pale grey to pink rock dominated by aligned tablets 
of nepheline and perthitic feldspar up to a centimetre across. 
Depending on the degree of alignment, foliation may be pres- 
ent, although lineation is more common. The lineation is 
emvhasized bv streaks and svindles of biotite several tens of 
ceitimetres loig in which biotite books reach 2 cm across. In 
thin section the biotite is commonly intergrown with green 
clinopyroxene, and less commonly minor hornblendic 
amphibole. The mafic aggregates clearly show evidence of 
deformation in the form of cuspate cross-sections, and, less 
commonly, internal slickensides. Foliation and degree of 
deformation increase gradually from south to north within the 
main body. The satellitic body northwest of the main body 
consists of very coarse grained (>1 cm), leucocratic rocks 
with no foliation and weak lineation. The colour of the rock 
varies from the pale grey typical of nepheline syenite to a 
rather patchy pink shade reminiscent of some granites. 
Gittins (1967) considered the pink material to be richer in 
~otassium. although the immediate cause of the colour is 

than pyroxene from the pyroxene syenite. The biotite is also 
much more magnesian than that in the pyroxene syenite with 
Mg numbers near 50. 

Gittins (1967) drew attention to finer grained areas within 
the nepheline syenite which he considered to be dykes. A 
number of these bodies have now been more completely 
exposed by road construction. They consist of relatively fine 
grained (1-2 mm), uniform material which is in abruptly gra- 
dational, not intrusive, contact with its surroundings. The 
mineralogy appears to be identical to that of the surrounding 
rock, although the dykes consistently look darker because of 
their relatively fine grain size. In areas of good outcrop, the 
bodies can be seen to be schlier-like, elongated roughly along 
the gneissosity, and pinching out at the ends. Commonly the 
length appears to be 5-10 m, with widths up to 1 m. 

The nepheline syenite also contains a number of patch 
pegmatites up to a metre across. Equant crystals of nepheline 
and feldspar up to 10 cm across occur together with minor 
amounts of biotite, clinopyroxene, orange cancrinite, and 
possibly corundum (Gittins, 1967). At least one of these bod- 
ies appears to be boudined into its surroundings, forming a 
"chain of beads" several metres long. 

STRUCTURE 

Due to the lack of outcrop, few firm statements can be made 
about the structure. In general, foliation in the host rocks of 
the nepheline syenite trends east-northeast and dips to the 
south at moderate to steep angles, but foliation is not strong. 
The pyroxene syenite locally shows strong, narrow shear 
zones trending parallel to foliation and dipping to the south at 
about 35O. Foliation within the main body of nepheline syen- 
ite generally parallels the margins of the body, and increases 
in intensity toward the margins. This pattern outlines a 
steeply south-plunging, pipe-like mass. 

DISCUSSION 

Investigations this year suggest that the topographic highs on 
which the nepheline syenite outcrops mark the edges of the 
nepheline syenite with considerable accuracy. Such a bound- 
ary can also be traced on the aeromagnetic map (Geological 
Survey of Canada, 1964) which shows a magnetic high over 
the central body, with a lesser high over the satellite, and 
some smaller highs over the pyroxene syenite. These criteria 
suggest that the main mass is an ovoid body about 4 km long 
and 2 km wide, elongated parallel to foliation in the country 
rocks. The boundaries drawn in Figure 1 are supported by 
observations of well-developed dispersion trains of clasts 
down-stream from these topographic highs, and the complete 
lack of nepheline syenite boulders in other regions. 

u 

alteration of nepheline. Observations of the pyroxene syenite found in proximity 
to the nepheline syenite suggest that the two syenites are not 

probe analyses indicate that the directly genetically related. The following are among the 
pyroxene of the ne~heline s~enite  about 50% observations leading to this conclusion. (1) The pyroxene 
component, but still has a substantially higher Mg number syenite grades to syenitic gneiss, which in turn grades to 
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mafic gneiss, suggesting that the pyroxene syenite forms part 
of a regional pyroxene-bearing gneiss complex. (2) Pyroxene 
in the syenite exhibits exsolution of orthopyroxene, a phe- 
nomena not observed in pyroxenes associated with nepheline 
syenite, and the pyroxene is associated with ilmenite, a min- 
eral not observed in nepheline syenite. (3) Pyroxene syenite 
similar or identical to that at Obedjiwan is widespread south 
of Gouin Reservoir. (4) The compositions of pyroxene and 
biotite in the two rocks are incompatible with derivation of 
one from the other by magmatic processes. 

These points suggest that the nepheline syenite at Obedjiwan 
was emplaced near the northern contact between a regional, 
relatively mafic, high-grade complex and a lower-grade, 
more deformed, migmatitic granite gneiss complex. Both 
nepheline syenite and the regional mafic gneiss complex 
(including pyroxene syenite) have been deformed and recrys- 
tallized, as shown by outcrop and thin section observations, 
but in neither case was the latest deformation severe, possibly 
because the two were mechanically stronger than the granite 
gneiss. The nepheline syenite appears to have deformed 
along the fine grained zones, which could also explain the 
pronounced lineation. Whatever the degree of deformation, 
subsequent annealing was sufficient to recrystallize clinopy- 
roxene, suggesting amphibolite or granulite facies condition. 

The supposed unrnetamorphosed, undeformed character of 
the Obedjiwan nepheline syenite is therefore fictitious, and 
the body exhibits many characteristics similar to those of 
other Proterozoic syenite complexes along the Grenville 
Front. 
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Abstract: The Lapeysre gabbronorite is the largest of a number of post-collisional, mid-crustal gab- 
broic intrusions in Grenvillian terrain of the Portneuf-Mauricie region. These intrusions contain no signifi- 
cant amount of anorthosite and are 60-70 Ma younger than the much larger neighbouring Morin and Lac 
Saint-Jean anorthosite-mangerite-charnockite-granite complexes. 

Whole-rock geochemistry shows unidirectional trends and large overlaps from 'hornblende-free' gab- 
bronorite to 'pyroxene-free' hornblende-quartz-diorite and granodiorite, consistent with diversification 
from the same parent magma. 

The flat distribution in heavy rare-earth elements and the low TUY ratios of model liquids in equilibrium 
with the cumulate phases suggest extraction of gabbronorite parent magma from a shallow-mantle spinel- 
lherzolite reservoir, which contrasts with the deeper mantle-plume-related setting commonly invoked for 
anorthosite-mangerite-charnockite-granite magmatism. Partial melting in upper mantle reservoirs is con- 
sistent with intrusion of the Lapeyr2re gabbronorite at the initial stage of orogenic collapse, following con- 
vective thinning of the lithospheric mantle. 

Rdsumd : Uncertain nombre d'intrusions gabbro'iques d'origine mtsozonale, posttrieures 21 la collision, 
affleurent dans les terrains grenvilliens de la region de Portneuf-Mauricie. Ces intrusions, dont la gabbron- 
orite de Lapeysre est la plus grande, ne contiennent aucune quantitt importante d'anorthosite et sont de 60 & 
70 Ma plus jeunes que les complexes d'anorthosite-mangtrite-charnockite-granite voisins beaucoup plus 
vastes de Morin et du Lac Saint-Jean. 

La gtochimie de roche entikre rCvble des tendances unidirectionnelles et des recoupements de la compo- 
sition chimique, qui va des gabbronorites <<sans hornblende, aux diorites et granodiorites <<sans pyroxbne>>, 
tCmoignant ainsi d'une diversification B partir d'un m&me magma parental. 

La distribution plane des terres rares lourdes et le faible rapport Ti/Y des liquides modtles en Cquilibre 
dans les curnulats gabbronoritiques suggkrent que le magma parental provient d'un reservoir B Iherzolite- 
spinelle dans le manteau superieur, ce qui fait contraste avec les reservoirs plus profonds associts aux 
panaches mantelliques qui sont couramment proposts pour les magmas anorthositiques-mangtritiques- 
charnockitiques-granitiques. La fusion partielle dans les rtservoirs du manteau supCrieur aurait donne lieu 
B la mise en place de la gabbronorite de Lapeyr8re au stade initial d'effondrement orogtnique, aprbs l'amin- 
cissement par convection du manteau lithosphtrique. 
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INTRODUCTION 

The study of the Lapeyrkre gabbronorite was undertaken in 
order to characterize and better understand the petrogenesis 
and tectonic setting of late Grenvillian gabbroic intrusions in 
the Portneuf-Mauricie region, south-central Grenville Prov- 
ince (Fig. 1). These intrusions contain no significant amount 
of anorthosite and are 60-70 Ma younger than the much larger 
neighbouring Morin and Lac Saint-Jean anorthosite- 
mangerite-charnockite-granite complexes. They were 
emplaced after crustal thickening, but prior to late exten- 
sional denudation. 

The Lapeyrkre gabbronorite is the largest of these 
intrusions, outcropping over roughly 160 krn2. It stands out as 
a strong positive bull's-eye on the regional Bouguer anomaly 
map; there are no other comparable anomalies in the region. 
The field relationships, the internal structure of the body, and 
the petrography of the intrusive rock suite were described in 
detail by Nadeau and Brouillette (1997). Focus is placed here 
on the whole-rock geochemistry of the suite, and on the petro- 
genesis of the least fractionated rock type: the gabbronorite. 

PETROGRAPHY 

The Lapeyrkre gabbronorite is composed largely of unde- 
formed, pristine, medium- to coarse-grained gabbroic to dio- 
ritic plagioclase-rich rocks that contain 30 to 50 per cent 
rnafic minerals (Fig. 2). Field and petrographic relationships 
suggest a continuous textural and compositional transition in 
the rock suite from 'dry' hornblende-free gabbronorite to 
'hydrous' pyroxene-free hornblende-quartz-diorite, with 

Figure I .  Location sketch map and tectonic subdivisions of 
the Grenville Orogen (modzjied from Rivers et al., 1989). 
Legend: ( I )  Parautochthonous belt; (2)  Allochthonous 
polycyclic belt; (3)  Allochthonous monocyclic bBelt; 
(4)  Anorthosite-mangerite-charnockite-granite suite; 
(A) Grenville Front; (B)  Allochthon boundary thrust; 
(C) Monocyclic belt boundary thrust. 

more evolved monzonitic rocks occurring in minor amounts 
(see Table 1, Nadeau and Brouillette, 1997). Hornblende- 
gabbronorite and pyroxene-diorite represent abundant inter- 
mediate facies. This gradational transition is accompanied by 
associated increases in the amount of accessory quartz, Fe- 
Ti-oxides, biotite, apatite, and zircon. 

The rocks of the Lapeyrkre intrusion are typically very 
homogeneous at outcrop scale and in hand samples, except 
for a few small lenses of 'heterogeneous facies' quartz- 
dioritic to granodioritic rocks that locally contain and possi- 
bly grade into K-feldspar porphyritic monzonitic phases 
(Nadeau and Brouillette, 1997). Field and detailed petro- 
graphic examinations have shown that the rocks are cumu- 
lates (Fig. 3). A weak, pervasive igneous foliation is defined 
by the preferred orientation of prismatic plagioclase and 
pyroxene crystals; locally, the rocks are modally layered. 
Adcumulate and heteradcumulate textures are well pre- 
served. Most samples contain cumulus plagioclase+ 
orthopyroxene+clinopyroxene~e-Ti oxides. Light green 
hornblende, biotite, and Fe-Ti oxides are common intercu- 
mulus phases. Some of the more evolved dioritic rocks also 

Figure 2. Geological sketch map of the Lapeyr2re gabbronorite, 
and sample locations. 
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99.94 wt.%. Plotted values have been recalculated volatile- 
free to 100%. Total iron has been expressed as FeO* using the 
conversion factor of Irvine and Baragar (1971). 

Figure 3. Typical example of intercumulus intergrowth of 
hornblende, biotite, Fe-Ti oxides, quartz, apatite, and zircon 
crystallizedfrorn interstitial melt trapped during consolidation 
Geld = 2.5 mm). 

contain equant, darker green hornblende that may be cumu- 
lus. The textural evidence implies that the bulk composition 
of these rocks does not correspond to magmatic liquids, hin- 
dering petrogenetic interpretation. No aphanitic or very fine- 
grained gabbro dykes were encountered during mapping. 
Only sample 2, a fine-grained homogeneous hypersthene- 
augite 'chilled' gabbronorite collected immediately adjacent 
the contact, may approach the composition of the intrusive 
magma. This sample was initially classified as dioritic on the 
basis of its optically determined plagioclase composition, 

\ which differs markedly from its normative composition close 
to An 60. Conversely, the anomalous composition of 'chilled' 
sample 3 (e.g. TiOz,P205, Zr, ...) is by far too evolved to rep- 
resent the composition of the parent magma. 

GEOCHEMISTRY 

Sampling and analytical methods 
Forty-seven samples where selected for major- and trace- 
element analysis (Table 1; Fig. 2) on the basis of their textural 
homogeneity and representativeness of the outcrop area. 
None show field evidence of regional metamorphism, ductile 
deformation, or weathering. Sampling was designed in order 
to detect subtle internal zoning across the entire body and to 
provide a set of analyses representing all petrographically 
distinct lithologies of the suite. Modal counts werereported in 
Table 1 of Nadeau and Brouillette (1997). 

Rock compositions are listed in Table 1. Rare earth ele- 
ments (REE), Hf, Rb, Sc, Ta and Th were determined by 
instrumental neutron activation analysis. Major elements and 
trace elements were analyzed by X-ray fluorescence. Detec- 
tion limits are given in Table 1. Analyses were performed at 
the geochemistry laboratory of the Quebec Geoscience Cen- 
tre. All samples are consistently low in volatiles with average 
(H20+C02) equal to 0.24 wt.% and average totals of 

Element mobility and contamination 
The Lapeyr5re gabbronorite was emplaced at mid-crustal 
level and was only slightly affected by late Grenvillian 
lower-amphibolite facies regional metamorphism. We 
emphasise that most of the rocks of the body are undeformed 
and exhibit original plutonic textures. Rare greenschist-facies 
veins may be present in some samples. Deformation effects 
are limited to undulose extinction and rare mechanical twins 
in plagioclase; recrystallization structures and granoblastic 
textures are absent. The homogeneity of most samples, 
together with the general absence of evidence for superim- 
posed deformation and metamorphism, support the assump- 
tion that whole-rock geochemical signatures are essentially 
magmatic. 

The possible extent of crustal contamination should be 
evaluated prior to discussing the significance of the distribu- 
tion pattern and abundance of the trace elements. Continental 
crust is strongly enriched in zirconium. Therefore, elemental 
ratios including Zr can be used as tracers of crustal contarni- 
nation. Table 2 shows that the gabbronorites have average 
whole-rock and model-liquid Z r N ,  ZrISm, TiIZr, and Ti@ 
ratios that are comparable to those of MORB, and markedly 
different from those of continental crust. Although the WP 
ratio suggest a certain component of crustal contamination, 
the high coherence of incompatible trace-element data sug- 
gests that the mantle signature has been essentially preserved. 

Major elements 
Petrographic examination has shown that the samples analyzed 
are essentially plagioclase+orthopyroxene+clinopyroxenef 
hornblendese-Ti oxides cumulates, with small components 
of trapped liquid now represented as either intergranular 
intergrowth of accessory minerals (Fig. 3) or thin amphibole 
rims or blebs on pyroxene. Therefore, given the cumulate 
nature of the rocks, major-element compositional variations 
cannot be discussed in terms of the models applied to lavas. 
Variation diagrams can however be useful for showing the 
absence of compositional gaps in the rock suite. 

That gabbronorites are essentially mixtures of plagioclase 
and pyroxenes is well illustrated in the ACF diagram (Fig. 4), 
which also portrays the limited variability in their orthopyr- 
oxene/clinopyroxene ratio. Diorites were distinguished pet- 
rographically from the gabbronorites on the basis of optical 
determinations of the An(mo1ar %) in plagioclase. The trend 
of decreasing An content in plagioclase from gabbronorites to 
diorites and granodiorites is also reflected on plots of 
Na20-Ca0-(MgO+FeO) (Fig. 5). Calcium oxide was selected 
as abscissa on binary diagrams (Fig. 6), because variations in 
CaO are more or less systematic, with plagioclase-rich cumu- 
lates occurring at the high-CaO end and diorites and grano- 
diorites spreading out towards the low-CaO end of the 
diagrams. Gabbronorite samples have average Si02 of 50.71 
wt.% (46.96-54.90 wt.%), CaO of 9.73 wt.% (6.62-12.34), 
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Table 1. Major- and trace-element contents of representative samples from the Lapeyrere 
gabbronorite intrusion. All abundances in the model liquid are in ppm. Data: Mackenzie dyke 
swarm, Gibson et al. (1987); Columbia River flood basalts, Wilson (3989); OIB, E-MORB, and 
N-MORB, Sun and McDonough (1989). OIB = ocean-island basalt; XRF = X-ray fluorescence; 
INAA = instrumental neutron activation analysis. 

Element 
Method 

Detectlonllmit %wVppm 

Sample site Rock name 

11 gabbronorile 
model llquld 

26 gabbronorite 
model llquld 

31 gabbronorite 
model liquid 

33 gabbmnorite 
model llquhi 

37 gabbmnorlte 
model liquid 

42 gabbmnorite 
model liquid 

63 gabbronorite 
model liquid 

70 gabbronorite 
model liquid 

76 gabbmnorite 
model llguld 

43 gabbmnorite 
model liquid 

16 qkgabbronorite 
model llquld 

48 q h  gabbronorile 
model liquid 

49 qhgabbronorlte 
model liquid 

5 hbl gabbronorite 
model liquid 

7 hblgabbronorlte 
model llquld 

55 hbl gabbronorlte 
model liquid 

96 hbl gabbronorite 
model llquid 

Mean whole rock 
Mean model liquid 

SIO, TIO, AI,O, Fe2O3 MnO MgO CaO Na,O &0 P,O, Cr 
XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF 
0.04 0.01 0.02 0.10 0.01 0.05 0.02 0.10 0.01 0.01 LO1 Total Mg# 4 

51.14 0.28 19.71 6.63 0.13 7.27 12.34 2.68 0.15 0.03 0.25 100.61 0.68 112 
8221 925 115 

50.85 0.23 19.32 7.00 0.14 6.73 10.36 2.62 0.16 0.02 0.09 99.52 0.71 361 
6783 703 305 

49.28 0.75 23.14 7.95 0.10 3.83 11.43 3.33 0.21 0.03 0.11 100.16 0.49 78 
12408 1027 94 

48.96 1.16 21.19 10.50 0.12 4.64 10.12 3.43 0.26 0.06 0.00 100.44 0.47 72 
14693 1918 80 

50.42 0.35 16.49 7.60 0.14 10.08 11.79 1.71 0.14 0.04 0.18 98.94 0.72 458 
9792 1212 413 

49.17 1.05 21.66 10.03 0.12 4.50 10.29 3.53 0.22 0.04 -0.03 100.58 0.47 87 
15523 1500 109 

50.18 0.61 16.16 11.56 0.14 8.30 10.07 2.41 0.18 0.02 0.53 100.16 0.59 117 
10160 790 81 

51.75 0.53 21.22 7.23 0.10 4.25 10.36 3.49 0.32 0.04 0.19 99.48 0.54 112 
23173 1852 182 

51.81 0.69 21.46 7.56 0.11 3.64 10.54 3.46 0.31 0.07 0.02 99.67 0.49 130 
24770 2578 187 

53.09 0.25 19.10 7.64 0.12 7.04 10.15 2.83 0.18 0.02 -0.02 100.40 0.65 73 
9434 889 79 

51.37 0.37 18.78 7.82 0.14 7.85 10.63 2.63 0.31 0.05 0.09 100.04 0.67 247 
10140 1484 219 

54.90 1.05 16.60 10.20 0.18 3.50 7.83 4.05 0.75 0.45 0.53 100.24 0.40 - 
19114 7134 

51.52 0.38 21.87 7.75 0.13 5.27 9.92 3.20 0.57 0.06 0.05 100.70 0.57 104 
12172 21 18 128 

51.83 0.22 21.33 6.06 0.09 5.39 10.49 3.05 0.22 0.03 0.17 98.88 0.64 49 
7818 1153 61 

49.87 1.31 18.41 11.23 0.16 4.74 9.84 3.57 0.46 0.28 0.09 99.96 0.46 101 
34920 7652 97 

47.55 0.76 17.23 10.15 0.14 10.98 9.90 1.95 0.17 0.09 0.36 99.30 0.68 1225 
12997 2269 697 

52.29 0.52 22.19 7.79 0.14 3.96 8.94 3.71 0.67 0.14 0.46 100.81 0.50 78 
11583 3870 74 

50.94 0.82 19.77 8.51 0.13 8.12 10.29 3.04 0.31 0.09 0.18 99.99 0.57 213 
14935 2298 

Macltenzle wkes swarm 50.18 2.47 13.86 14.98 0.21 5.41 8.57 2.44 0.97 0.32 1.61 99.79 
Columbia River basalls 50.80 2.33 14.34 13.49 0.21 5.20 8.80 2.70 1.15 0.45 1.08 99.32 
Ocean-Island basal! 49.20 2.57 12.80 0.17 10.00 10.8 2.12 0.51 0.25 
E-type MORE 51.20 1.69 16.00 0.16 6.90 11.5 2.74 0.43 0.15 
N-type MORB 50.40 1.38 15.20 0.18 8.96 11.4 2.3 0.09 0.14 

67 gabbronorite .53.89 0.20 22.08 6.30 0.10 5.38 10.10 3.27 0.21 0.03 -0.07 101.49 0.63 66 
80 gabbmnorlte 50.57 0.91 21.55 9.11 0.09 3.79 10.03 3.57 0.27 0.04 0.02 99.95 0.45 53 
59 hblgabbronorile 48.27 1.91 16.82 13.28 0.19 5.34 9.93 2.85 0.27 0.91 -0.12 99.63 0.44 53 
90 qtzgabbronoriie 52.37 1.25 17.90 11.21 0.19 3.53 6.62 3.54 0.64 0.47 0.85 98.57 0.38 63 
1 hblgabbronorlte 48.68 0.74 19.64 11.04 0.18 6.57 7.31 3.54 1.07 0.10 0.32 99.17 0.54 147 

62 hbl gabbronorlle 50.40 0.57 17.60 9.50 0.15 7.77 10.70 2.48 0.22 0.10 0.41 99.90 0.62 - 

2 %hilled"gabbronorite 
3 %hllled'gabbronorlte 

91 px-dlortte 
52 px-dlorite 
78 px-hbl dlorite 
89 px-hbl diorite 
77 px-hbl qtz dlorlte 

95 px-hblqtzdlorlte 
56 hbl diorite 
79 hbl diorlle 
25 hbl-bt dlorne 
29 hbl-btqtzdlorite 

83 hbt-btqhdiorite 
30 tonalite 
17 opxgranodlorite 
86 hbl-btgranodlorlte 
73 granodiorite 

66 qtzrnonzodlorlte 
47 qtI rnonzodlorite 
84 qk  syenlte 
16 hetemgenous rock 
96 heterogenousrock 
99 heterogenousrock 

51.01 1.11 17.48 13.87 0.17 4.57 7.38 3.87 0.47 0.16 -0.41 99.68 0.40 98 
46.98 3.32 16.15 15.57 0.20 4.51 7.76 3.51 0.94 0.69 0.21 99.84 0.36 92 

53.72 1.15 18.94 10.42 0.17 3.12 7.44 3.62 0.69 0.35 -0.20 99.42 0.37 13 
47.16 1.43 16.48 13.41 0.16 6.00 9.39 2.63 0.30 0.12 0.47 97.55 0.47 83 
49.63 1.75 20.52 11.52 0.23 3.52 8.60 3.81 0.56 0.70 -0.28 100.56 0.38 69 
54.20 1.12 18.30 10.60 0.19 5.96 7.70 3.58 0.77 0.37 -0.26 100.53 0.53 - 
57.83 0.53 19.51 6.48 0.11 3.48 7.29 3.64 0.91 0.12 0.33 100.21 0.51 94 

56.60 0.44 16.87 7.46 0.12 3.55 7.63 3.15 0.47 0.14 0.12 98.55 0.49 68 
46.20 1.54 16.90 13.72 0.14 5.14 9.77 2.61 0.46 0.08 0.60 97.16 0.43 54 
44.87 2.43 19.05 13.47 0.20 4.74 9.91 3.27 00.6 0.77 0.18 99.55 O d l  62 
51.16 0.65 16.92 9.11 0.15 7.12 10.02 2.83 0.72 0.08 0.93 99.69 0.61 209 
51d4 1.28 20.39 8.19 0.14 3.52 7.52 4.61 1.10 0.30 0.81 99.30 0.46 117 

54.32 1.37 18.71 11.52 0.20 3.16 6.96 4.19 1.13 0.41 0.37102.34 0.35 61 
60.39 0.85 16.76 5.74 0.12 2.95 6.17 3.72 0.96 0.21 0.78 98.65 0.50 138 
61.60 0.77 18.40 6.54 0.12 1.49 5.59 4.48 0.93 0.19 0.22 100.33 0.31 - 
64.07 0.55 18.14 5.19 0.09 0.81 4.28 4.28 2.42 0.18 1.02 101.03 0.24 60 
59.13 0.85 18.02 6.46 0.11 3.89 5.50 4.10 0.80 0.23 1.45 100.54 0.54 110 

74.34 0.19 14.06 2.47 0.02 0.19 1.21 2.42 6.05 0.06 0.25101.26 0.13 69 
68.10 0.43 15.40 4.37 0.06 0.53 3.00 3.94 3.30 '0.08 0.46 99.67 0.19 - 
74.69 0.24 13.67 1.25 0.02 0.01 1.87 2.63 4.28 0.07 0.35 99.08 0.02 118 
57.50 0.64 19.30 7.81 0.14 1.00 5.59 4.48 2.06 0.22 0.50 99.44 0.20 - 
71.41 0.35 14.63 2.84 0.04 0.40 2.75 3.49 3.06 0.10 0.42 99.49 0.22 84 
76.73 0.42 12.33 1.97 0.00 0.00 0.98 3.21 4.72 0.04 0.17 100.57 0.00 154 

182 
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Ni Co Sc V Cu Zn Rb 8r Ba Qa Nb Zr Y Th La Ce Hf Nd Sm Eu Tb Yb 
XRF XRF INAA XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF INAA INAA INAA INAA INAA INAA INAA INAA INAA 

3 2 0.1 5 4 5 10 3 50 2 3 3 4 0 0.5 2 0.2 2 0.05 0.1 0.1 0.2 

119 35 36.3 122 62 54 c10 355 c50 17 < 3  21 10 <0.2 1.4 3 0.3 c2 0.87 0.6 0.2 1.2 
145 69 116.6 570 328 167 - 210 - 89 0 122 52 - 10.5 19 1.7 - 5.27 1.9 1.3 8.3 
143 40 24.7 93 53 60 c 10 341 c 50 17 < 3 18 5 <0.2 1.2 3 0.2 <2 0.62 0.5 0.2 0.9 
164 75 73.1 422 286 177 - 166 - 92 0 110 25 - 11.0 29 1.2 - 3.87 1.7 1.0 4.5 
23 40 22.8 279 39 63 c 10 484 c 50 28 < 3 27 7 <0.2 2.7 5 0.4 c2 1.00 0.7 0.2 0.9 
27 69 90.2 928 233 225 - 226 - 169 0 173 45 - 21.1 43 2.2 - 7.05 2.5 1.5 5.7 
36 48 22.6 389 64 76 11 405 136 22 < 3 25 11 0.3 2.5 5 0.4 c2 0.95 0.8 0.2 0.6 
40 90 76.7 977 336 234 71 190 - 114 - 149 65 2.2 18.4 38 2.3 - 6.26 2.7 1.2 4.8 
147 45 35.7 184 82 81 c10 256 70 9 < 3  29 15 <0.2 3.0 6 0.5 c2 1.46 0.6 0.3 1.3 
156 78 103.9 796 405 169 - 188 285 43 - 163 73 - 22.2 44 2.7 - 8.47 2.0 1.4 6.5 
34 48 20.5 347 44 73 10 560 <50 22 c 3  25 6 <0.2 1.3 3 0.2 <2 0.57 0.5 0.1 0.7 
45 98 78.5 100 267 251 74 257 - 131 - 171 41 - 10.6 23 1.4 - 4.41 1.9 1.0 4.6 

165 53 33.0 417 190 73 c 10 293 69 - < 3 9 6 ~0 .2  1.1 2 c0.2 3 0.64 0.4 <0.1 0.6 
135 74 84.7 116 930 172 - 198 285 - - 58 31 - 11.5 24 - 24 4.26 1.5 - 3.2 
46 36 19.0 217 44 54 c 10 420 91 20 c 3 20 6 0.3 2.0 4 0.2 c2 0.71 0.7 0.1 0.7 
72 94 93.2 162 364 244 - 202 283 162 - 175 53 2.7 20.8 41 1.8 - 6.89 2.6 1.3 6.0 
66 33 20.4 231 30 68 <10 482 142 16 < 3  24 9 4 .2  3.7 8 0.3 5 1.19 1.1 0.2 0.7 

113 88 87.2 141 206 286 - 234 422 125 - 168 60 - 31.3 65 2.3 43 8.93 3.9 1.7 5.0 
22 27 26.0 121 77 63 10 361 89 - c 3  5 6 4.2 1.3 3 <0.2 c2 0.60 0.6 0.2 0.6 
25 53 95.8 713 521 214 91 176 271 - - 40 42 - 13.8 28 - - 5.11 2.0 1.5 4.5 
131 41 29.7 137 59 73 c 10 339 60 19 < 3 36 18 0.2 5.4 11 0.8 7 2.05 0.8 0.4 1.7 
140 72 85.3 581 286 202 - 202 197 91 - 198 86 1.5 39.3 80 4.3 44 11.56 2.6 2.3 8.4 
18 - 34.0 132 45 107 10 500 260 22 5 84 30 c0.2 17.0 36 - c2 7.00 eO.1 - 
- - 79.1 387 140 - 36 321 639 68 19 279 94 - 62.9 132 - - 23.71 - 

54 40 21.0 166 45 74 14 378 136 23 < 3  29 14 0.5 8.7 17 0.6 10 2.11 0.9 0.4 1.9 
73 88 79.0 917 279 265 100 244 533 140 - 194 87 4.2 71.7 143 3.8 76 15.00 3.3 2.9 11.9 

- 21 20.8 97 38 129 c10 382 84 - c 3  5 5 <0.2 1.6 3 <0.2 c2 0.58 0.4 0.2 0.6 
- 50 82.2 569 254 498 - 181 244 - - 35 33 - 14.5 29 - - 4.36 1.6 1.1 4.2 

46 57 31.1 391 52 104 14 413 126 26 < 3 41 34 0.4 12.8 29 0.8 18 4.90 1.4 0.8 2.9 
52 103 90.9 164 245 292 85 224 364 121 - 215 159 2.7 84.1 184 4.0 108 26.45 4.6 4.1 14.0 
208 52 26.0 173 74 85 c 10 155 62 - < 3 40 17 0.2 2.6 7 1.3 6 2.10 0.6 0.5 1.6 
166 69 51.1 456 286 178 - 115 232 - - 192 63 1.5 17.7 44 5.7 33 9.88 2.6 1.9 6.2 
19 32 14.3 140 33 87 15 725 223 23 < 3  57 11 0.3 8.2 18 1.0 12 2.48 0.9 0.3 1.2 

84 41 26 214 61 75 12 403 119 20 29 12 0.3 4.5 10 1 9 1.75 0.7 0.3 1.1 
86 78 83 665 325 241 79 216 363 111 162 63 2.4 30.4 64 3 57 9.73 2.5 1.6 6.3 
82 322 23 206 330 13 146 35 3.7 57 5.0 32 7.10 2.3 1.00 2.1 
114 33.4 26 309 1590 22 36 3.6 24.7 53 6.5 6.70 2.6 1.2 3.6 

31 660 350 48 280 29 4.0 37.0 80 7.8 39 10.00 3.0 1.05 2.16 
5.04 155 57 8 73 20 0.6 6.3 1.5 2 9 2.6 0.9 0.53 2.37 

in so 40 2.6;. 0.56 go 6.3 2.3 74 28 0.12 2.5 7.5 2.1 7.3 2.63 1.02 0.67 3.05 

- 20 18.0 78 51 50 <10 483 92 - < 3  - 4 <0.2 1.3 3 c0.2 2 0.47 0.5 0.1 0.4 
- 31 19.0 247 43 79 c 10 513 105 - < 3 - 4 <0.2 1.7 3 c0.2 c2 0.59 0.6 0.2 0.3 
- 53 34.3 255 41 136 c10 401 143 - < 3  23 25 0.4 10.2 24 0.6 16 4.77 1.9 0.7 2.0 
- 29 19.0 93 39 174 c 10 493 328 - 5 256 n 0.5 20.0 46 6.0 28 6.10 2.1 0.8 2.4 

41 61 32.2 336 4 90 27 337 179 18 c 3  44 16 0.2 3.2 8 0.9 6 1.90 0.7 0.4 1.7 
88 - 36.0139 48 249 3 300 69 17 3 57 18 c0.2 4.0 14 - 2 c0.05 cO.1 - 

215 121 50.8 343 88 116 17 132 103 15 < 3  17 12 <0.2 0.9 3 0.4 <2 1.01 0.4 0.2 1.2 

13 73 43.4 351 78 98 13 933 620 24 c 3  84 28 <0.2 3.7 11 1.7 11 3.53 1.2 0.8 3.0 
33 86 24.9 435 37 143 15 738 1089 31 6 332 51 0.4 29.7 70 7.6 49 10.81 3.2 1.5 3.9 

- 27 25.5 142 20 159 23 505 339 - - 299 - 1.2 20.0 44 9.2 42 - 2.1 0.7 3.5 
- 55 36.0 401 66 112 25 359 112 - - 14 - c0.2 2.9 6 ~ 0 . 2  c2 1.53 0.6 0.4 1.1 
5 47 22.0 105 13 142 13 783 219 22 6 78 33 0.2 18.2 44 1.6 34 7.10 2.4 1.0 2.6 

138 - 26.0 77 22 144 7 40 255 23 6 - 180 c0.2 24.0 50 - <2 7.00 c0.1 - 
20 25 14.2 132 52 74 19 727 329 19 c 3  59 9 <0.2 9.0 19 1.5 11 2.29 0.7 0.3 0.8 

- 16 16.7 123 26 78 13 586 215 - - 23 - 0.2 6.7 14 0.6 10 1.66 0.8 0.2 0.9 
- 55 36.6 486 65 109 18 346 129 - - 17 - 0.3 3.1 7 <0.2 5 1.67 0.9 0.2 1.2 
6 65 34.7 318 18 129 13 668 98 23 4 100 38 0.7 16.5 40 2.6 29 7.16 2.4 1.0 3.0 

106 52 30.6 289 68 101 33 372 143 15 < 3  42 25 0.2 9.8 22 1.1 15 3.61 1.1 0.6 2.1 
43 37 17.3 201 23 96 28 859 350 25 3 364 33 0.8 29.4 63 10.2 34 7.03 2.4 1.0 2.9 

- 27 32.0123 33 187 13 477 351 - 9 515 56 0.6 29.0 68 14.0 46 12.00 2.4 1.6 4.9 
- 19 13.0 - - 108 21 588 335 - <3 124 16 1.9 16.0 35 3.0 17 3.50 1.2 0.4 1.5 
3 - 19.0 44 12 121 6 370 349 24 8 440 26 <0.2 25.0 43 - <2 5.00 eO.1 - 
- 8 14.5 24 22 77 40 387 1660 - 7 333 38 3.4 41.8 81 11.7 40 8.35 2.8 1.2 3.3 
- 19 15.1 105 25 105 25 579 320 - - 82 - 0.6 16.6 34 2.5 18 4.19 1.3 0.4 2.2 

- - 1.9 12 18 34 84 209 1306 - - 159 - 0.9 14.1 21 6.0 8 1.51 1.6 0.1 0.8 
- - 10.0 11 8 28 74 310 1500 21 6 330 16 <0.2 24.0 42 - c2 7.00 cO.1 - 
- 3 5.1 - - 28 60 5 852 - <3 c3 4 0.3 16.0 27 3.7 12 1.90 1.6 0.2 0.6 
4 - 26.0 25 12 598 21 480 1400 27 10 660 28 <0.2 22.0 42 - c2 ~0.05 ~ 0 . 1  - 
- 5 3.8 - - 31 66 260 3080 - <3 168 17 0.6 17.0 33 4.8 17 3.40 2.2 0.4 1.2 
- 3 1.4 - - 35 62 145 1670 - c3 358 12 0.4 21.0 30 11.0 11 1.90 1.9 0.2 0.6 
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and MgO of 5.82 wt.% (3.83-10.98 wt.%) with an average 
Mg# of 0.55 (0.38-0.72). The dioritic samples have higher 
average wt.% for Si02, K20, Ti02, and P205, lower CaO and 
MgO, and comparable NazO, A1203, MnO, and FeO. Diorites 
and granodiorites have an average SiOz of 54.15 wt.% 
(44.87-64.07 wt.%), CaO of 7.58 wt.% (4.28-10.02 wt.%), 
and MgO of 3.89 wt.% (0.81-7.12 wt.%) with an average 
Mg# of 0.44 (0.24-0.61). The silica rich (68.10-76.70 wt.%) 
monzonitic and heterogeneous facies rocks plot as a distinct 
group on all diagrams and generally off the gabbronorite- 
diorite-granodiorite trend. 

sample of the group, with over 73% modal pyroxene, plots 
off the composition field for other gabbronorite samples, 
which are dominated by cumulus plagioclase (see Table 1, 
Nadeau and Brouillette, 1977). The gabbronorites are mark- 
edly enriched in A1203 and deficient in Ti02 and P205 
(which is consistent woith their cumulate origin) compared to 
diabase dykes and basalts (Table 1). Finally, the large gap in 
composition that distinguishes the monzonitic and heteroge- 
neous facies rocks suggests that these rocks are not directly 
related to the gabbronorite. 

The fact that diorites and gabbronorites plot together on Calculation of model-liquid compositions 
these diagrams suggests that the abundance of hornblende in 
the dioritic rocks was essentially controlled by the avai]abil- We used the equilibrium distribution method of BCdard 
ity of deuteric water in the last stages of rock (1994) to calc~late the &ace-element Contents of liquids in 
~h~ diagrams further emphasize the fact that there is no equilibrium with the gabbronorites. This requires modal data, 
positional gap between the gabbronorites, the diorites, and a well constrained set of partition coefficients, and an esti- 
the granodiorites. Note that sample 44, by far the most mafic mate of the trapped melt fraction- The modes used are from 

Table 2. Average incompatible-element ratios for Lapeyrbre gabbronorite whole 
rock and model liquid, oceanic basalts, and continental crust. Data: (1) Sun and 
McDonough (1 989); (2) Wedepohl (1 995); (3) Weave and Tarney (1 984). 

CaO diopslde MgO+FeO* 

Lapeyrgre (whole rock) 
Lapeyrere (model liquid) 
E-MORB (1) 
N-MORB (1 
Ocean-island basalt ( 1  
Continental crust (2) 
Continental crust (3) 

Figure 4. ACF diagram showing the variations in 
whole-rock composition in the Lapeyr2re gabbronorite suite. 
kgend: square = gabbronoritic rock; closedcircle = dioritic 
rock; asterisk = chilled margin; triangle = monzonititic and 
heterogeneolar rocks. 
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Figure 5. FNC diagram showing the variations in 
whole-rock composition in the Lapeyr&re gabbronorite 
suite. Legend as in Figure 4. 
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Figure 6. Variation plots of CaO versus other major elements for the Lapeyr&re gabbronorite 
suite. Legend as in Figure 4. 
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Figure 7. N-MORB normalized incompatible trace-element 
diagram of selected gabbronorite model liquids and of 
'chilled' sample 2. 

the point-counts of Nadeau and Brouillette (1997). The pro- 
portion of cumulate/interstitial phases was estimated from 
textural data. The partition coefficient data set is broadly 
similar to the data set compiled by Halliday et al. (1995). Tex- 
tural data imply that these rocks retain small proportions of 
melt, generally 4 0 % .  Backstripping of phases to correct for 
crystallization of the trapped melt fraction generally elimi- 
nated Fe-Ti-oxides, amphibole, or mica at trapped melt frac- 
tions 4 0 % .  Note that normalized REE patterns of model 
liquids closely resemble those of 'chilled'sample 2 (Fig. 7), 
which suggests that the model results are valid. 

Transition metals (Ni, Cr, V ,  and Sc) 

The gabbronorites contain modest and varied amounts of 
transition metals. The exceptionally high Ni an Cr values of 
samples 26,37, and 55 are possibly due to trace amounts of 
sulphide or Cr-spinel. Values for Ni in the other gabbronorite 
samples range from below the detection limit to 165 pprn 
(average -52 ppm), for an average of 60 pprn in model liq- 
uids. Likewise, whole-rock Cr values range from <10 pprn to 
247 pprn (average -97 pprn), with and average of 108 pprn in 
the model liquid. These values are comparable to those of the 
Columbia River flood basalts and Mackenzie dykes, but are 
inferior to N-MORB by factors of 1 to 3 (Table 1). Whole- 
rock V contents show the widest range, from 93 pprn to 417 
pprn (average -185 ppm), consistent with its moderate 
incompatibility and high sensitivity to redox conditions 
(Pearce, 1996). Values for Sc have a narrow range, from 
14 pprn to 45 pprn (average -21 pprn). 

The generally low values for transition metals in the 
whole-rock data are consistent with the predominance of pla- 
gioclase as cumulate. In addition, the low Cr and Ni values in 
model liquids can be attributed to prior fractionation of oli- 
vine and/or pyroxene and/or spinels from the parent magma. 
Compared to the gabbronorites, the dioritic rocks are further 
depleted in these elements, which is consistent with generally 
decreasing Mg# of the whole-rock data (Table 1). 

o . l l ~ ~ ~ ~ ~ ~ ~ ~ l ~ l ~ ~ ~ l l l l ~ ~ I  
B a T h U  K NbLaCeSrNdHf Z rSmEuT iGdDyY  ErYb Lu 

Figure 8. Comparative N-MORB normalized incompatible 
trace-element diagram. Legend: shaded field = Lupeyr2re 
gabbronorite model iquid; dottedfield = Columbia Riverjlood 
basalts; triangle = Mackenzie dyke swarm; square = 
ocean-island basalt; circle = E-MORB. Data: N-MORB, 
E-MORB, and ocean-island basalt, Sun and McDonough 
(1989); Columbia River flood basalts, Basaltic Volcanism 
Study Project (1981); Mackenzie dyke swarm, Gibson et al. 
(1987). 

Incompatible trace elements 

The extended REE pattern normalized to N-MORB (Fig. 7) 
of calculated model liquids have a negative slope with pro- 
gressive enrichment from heavy rare earth elements, through 
high field strength elements (ZrN - 3.1) and light rare earth 
elements (La/Yb - 5.1), to large ion lithophile elements. Nio- 
bium contents are below the detection limit (<3 ppm), which 
suggests a Nb concentration significantly below values typi- 
cal of ocean-island basalts (-48 pprn), as is also commonly 
the case for continental flood basalts (Wilson, 1989). Model- 
liquid zirconium values (-180 ppm) are intermediate 
between MORB (-74 ppm) and ocean-island basalt 
(-280 pprn), with modest Z r N  ratios similar to N-MORB 
(- 0.64) but different from ocean-island basalts (- 9.66) and 
the Mackenzie dykes (- 4.29) (Table 1). The melts in equilib- 
rium with the gabbronorite are apparently not significantly 
enriched in Ti compared to MORB or high-Ti continental 
flood basalts such as the Mackenzie dykes and the Columbia 
River flood basalts. 

The inferred Lapeyrbre gabbronorite parental magma 
shows incompatible trace element and REE distribution and 
abundances that sem to be transitional between E-MORB and 
ocean-island basalt (Fig. 8), and shares similarities with 
low-Ti continental flood basalts and arc magmas. The field 
defined by the gabbronorite model liquids largely overlaps 
that of representative samples from the Columbia River flood 
basalts, which are taken as a type example of continental 
within-plate basalts. While the Columbia River flood basalts 
show a marked negative-slope HREE distribution with high 
TilY ratio (Fig. 8), the Lapeyrbe model liquids show a fairly 
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flat HREE distribution, with significantly lower Ti/Y ratios 
and modest enrichment in Y and Yb relative to the Columbia 
River suite. 

DISCUSSION 

Parental magma 

The Lapeyrkre gabbronorite parental magma is generally 
similar to continental flood-basalt lavas, but has-a flatter 
MREE-HREE segment (Fig. 8). The two are further distin- 
guished from common within-plate basalts on the Ti-Zr-Y 
paleotectonic discrimination diagram (Fig. 9). Samples from 
the Lapeyrkre gabbronorite do not plot in the within-plate 
basalt field, but fall in the MORB-volcanic-arc basalts fields. 
This result is peculiar, given that the Lapeyrkre gabbronorite 
was intruded late in Grenvillian history into thickened conti- 
nental crust. That some continental flood basalts plot in the 
field of MORB and volcanic-arc basalts in Ti-Zr-Y-space has 
long been recognized (Holm, 1982), so that the paleotectonic 
implications of this diagram must not be overemphasized. 
Nevertheless, the high Ti/Y ratio characteristic of most 
parental magmas of ocean-island and within-plate basdts is 
generally attributed to low-degree melting of deep-mantle 
garnet-lherzolite reservoirs. In contrast, low Ti/Y ratios typi- 
cal of MORB and volcanic-arc basalts are commonly attrib- 
uted to melting of shallow-mantle spinel-lherzolite 
reservoirs. This reflects the fact that, although Ti and Y have 
similar bulk distribution coefficients during partial melting of 
spinel-lherzolite, Y has a significantly higher bulk distribu- 
tion coefficient for garnet, imparting high Ti/Y ratio to melts 
derived from garnet-lherzolites (Pearce and Parkinson, 
1993). These relationships suggest that the petrogenesis of 
the Lapeyrkre gabbronorite parental magma differs signifi- 
cantly from that of 'normal' plume-related within-plate 
basalts. The flat distribution of HREE and the low Ti/Y ratios 
of the Lapeyrkre gabbronorite parental magma suggest 
extraction from a shallow-mantle s~inel-lherzolite reservoir. 
rather than from a deep-mantle garnet-lherzolite reservoir 
from which plume-related magmas are extracted. 

Figure 9. Ti-Y-Zr discrimination diagram of Pearce and 
Cann (1973) showing the distribution of calculated 
gabbronorite model liquid for the Lapeyr2re gabbronorite 
and 'chilled' sample 2. The diagram shows the 10 per cent 
probability ellipse for volcanic-arc basalts of Pearce 
(1996) and emphasizes the absence of data points in the 
within-plate basalts field. 

unstable overthickened crust is likely to have acted as a ther- 
mal blanket, setting up favourable conditions for subsequent 
thinning of the Lithosphere, generation of melt in upper- 
mantle reservoirs, and gravitational collapse of the orogen. 
These conditions are consistent with emplacement of the 
Lapeyrkre intrusion at the initial stage of post-collisional 
regional extension. Our petrogenetic model, which is based 
on the geochemistry of the Lapeyrkre intrusion, provides fur- 
ther support to models that link post-collisional extension to 
convective thinning of the lithospheric mantle (e.g. Houseman 
et al., 1981; Comgan and Hanmer, 1997). 

Tectonic implication ACKNOWLEDGMENTS 
The distinctive geochemical signature of the Lapeyrkre gab- 
bronorite parental magma suggests that it is unlikely to have 
originated from a mantle reservoir and setting comparable to 
that of within-plate basalts and 'normal' continental flood 
basalts which, like gabbroic magmas of anorthosite- 
mangerite-charnockite-granite suites, are widely considered 
to be linked to deep mantle plumes (e.g. Ashwal, 1993). This 
further suggests that the Lapeyrkre intrusion is unlikely to be 
related to anorthosite-mangerite-charnockite-granite mag- 
matism, as was recently suggested for time-correlative 
intrusions in the region (Comgan and Hanmer, 1997; Higgins 
and van Breemen, 1996). In continental settings, partial melt- 
ing of spinel-lherzolite facies upper-mantle reservoirs is 
commonly attributed to thinning of the lithosphere (Wilson, 
1993; Pearce, 1996). Following Grenvillian collision, the 
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reproduite doit accompagner le texte original. Les discussions en fran~ais ou en anglais doivent se limiter 
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