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'!he western portion of the hinterlam zone in the northern labrador 
Trough is characterized by four NW trerxiin;J en échelon Archean basernent 
bodies. From south to north the bodies are: the Scattered, the Moyer, the 
Renia am the Boulder. 'Ihe Scattered arxi Renia have synfonnal geometries 
whereas the Moyer and Boulder have antifonnal ones. 

'!hese bcx:'iies are overlain by a cover sequence consisting, from the base 
upwards, of: various calcareous units, peUtie am semi-pelitic schists, an 
iror formation, a basaIt horizon and a thick assemblage of coarse 
siliciclastic rocks. '!he sequence up to the basaIt horizon can be correlated 
with the Kaniapiskau SUpergroup of the labrador Trough. '!he overlying 
sediIœnts, the '!hé venet Fornation, are c.hought to correlate with the rrore 
extensive Iaporte Group found in the hinterland of the central trough. Facies 
changes indicate an eastern provenance for the '!hévenet Fonnation and the 
upper portion of the sediments underlying the basalts. '!he uplifted source 
region would inelude silicielastie sediments, minor mafie volcanics am 
granitoid basement rocks. 

Four distinct phases of deformation were recognized. 'Ihe first 
defonnation event (Dl) is responsible for the development of a basal 
décollement surface, westerly vergent thrust faults and fault assœiated 
fol ds. '!he next defonnation event (D].') is restricted ta this portion of the 
hinterland zone. It is characterized by two large WNW vergent basernent-cored 
nappe stru.ctures. The next defonnation episode (~) formed E to NE trending 
shallCMly plunging large-wavelength open cross-folds. '!he area was then 
subjected to large amplitude NNW trending, E to SE plunging, upright folds. 
'Ihese folds are responsible for the sequential arrar-gement of antifonnal and 
synfonnal basement bcx:'iies am the large aIOOUnt of structural thickness (up to 
23 km) visible in oblique section at the surface. '!he synfonn-cored basement 
gneisses, the Renia and Scattered, probably represent F3 refolds of the 
earlier basernent cored (Fl') nappes. '!he antifonn-cored basement gneisses, the 
Boulder and Moyer, represent interference between two upright folding phases; 
F2 and FJ' 

'!he isograds trend N-S elearly cross-cutting the traces of the FJ folds 
indicating the metarnorphic climax was post-kinematie. Metarnorphie grade 
increases west to east from the gamet isograd near the Lac Rachel faul t where 
conditions attained 510-550 Oc am 4.0 te 5.0 kb through the nearly 
overlapping staurolite and kyanite isograds up to the northern closure of the 
Renia Gneiss where ternperatures of 570-630 Oc and pressures of 8.1-8.4 kb have 
been recorded. 

In the final event the N trendirg late te post-metarnorphie lac Rachel 
reverse fault unroofed the folded am. xretamorphosed basement-cover complex. 
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la portion occidentale de l'arrière pays de la Fosse du labrador se 
caractérise par la présence de quatre corps de socle gneissique Archéen. ru 
sud vers le nord, ils sont: le Scattered, le Moyer, le Renia et le Boulder. Le 
Scattered et le Renia sont des synformes tandis que le Moyer et le Boulder 
sont des antiforrnes. 

les corps gneissiques sont cernés par une séquence supracrustale qui est 
constituée de la base au sommet de: diverses unités calcaireuses, schistes 
pélitiques et semi-pélitiques, une fonnation de fer, un horizon de basalte et 
une épaisse séquence de roches siliciclastiques à grains~siers. Jusqu'à 
l' horizon de basalte la séquence peut se correler au SUpergroupe de 
Kaniapiskau de la Fosse du labrador. les sédiIrents sus-jacent aux basaltes, la 
Fonnation de 'Ihévenet, sont considérés canune corrélatifs ;;lU Groupe de laporte 
qui fonne la plus grande partie de l'arrière pays de la partie centrale de la 
Fosse du labrador. Les changements de faciès indiquent une provenance 
orientale pour la Fonnation de 'Ihévenet et la partie supérieure des sédiments 
sous-jacent aux basaltes. la région source devrait inclure des sédiments 
siliciclastiques, des laves ma.fiques et un socle granitique. 

Quatre phases de défoTIration distinctes furent reconnues. la premiere 
phase (Dl> est responsable de la fonnation d'un décollement de base, des 
failles de chevauchement déversées vers l'ouest et de pl is associés à ces 
failles. la prochaine phase (Dl') est confinée à la partie ouest de l'arrière 
pays. Elle se caractérise par deux grarrles nappes à coeur gneissique déversées 
vers le ONO. la prochaine phase de défonration (0:2) a fonné des plis 
transversaux otNerts orientés E-NE à faible plongé et à grande longeur d'oncle. 
'La région a ensuite été reprie par des plis droits orientés NNO à grande 
amplitude plongeants soit vers l'E ou le SE. Ces plis sont responsables de la 
disposition séquentielle des gneiss antiforrnes et synfonnes ainsi que la 
grande épaisseur structurale visible sur la surface d'érosion. Les deux corps 
gneissiques synformes représentent probablement des nappes (Fl') replissées 
par F3. Les gneiss antifonnes semblent être le produit de l'interference de 
deux phases de plissement droits, soit F2 et F3. 

Les isogrades s'orientent N-S recoupant la trace des plis F 3 , indiquant 
que les conclitions métamo:rphiques maxima.les furent atteintent de ma.nière post­
cinématique. Le grade rnét.aIrorphique alJ.9ITel1te d'ouest en est de l' isograde du 
grenat où les conclitions ont atteintes 510 à 550 Oc et 4.0 à 5.0 kh, en 
passant par les isogrades très rapprochées de la staurotide et de la kyani te, 
jusqu'à la fermeture NO du Gneiss de Renia où des températures de 570 à 630 Oc 
et des pressions de 8.1 à 8.4 kb ont été enregistrées. 

Un mouvement inverse, tardi à post-métamorphique, le long de la faille 
N-S du lac Rachel ma.rque le dernier évènement tectonique qui rerronta le 
complexe socle-couverture, plissé et métamorphisé, vers la surface. 
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The foreland or extE>.ma1 portions of orogens have been studied for rnany 

decades whereas their internaI or core zones have came urrler intense scrutiny 

only more recently. 'lbe characterization of tectonie features in these zones 

bas brought added urrlerstan:linJ of the structural am IretaIroIphic processes 

that were operati ve during the tectonie collapse arrl closure of sedimental:y 

basins. 

The foreland zone of the labrador Trough, which represents an early 

Proterozoie thrust and fold bel t on the eastern edge of the Archean SUperior 

Province, has been the subject of nuroo.rous stratLJraphie am stnlctural 

studies, most notably by Dimroth (1970, 1971, 1972, 1978, 1981, 1985; Dirnroth 

et al., 1970; Wardle & Bailey 1981; Le Gallais & Lavoie 1982 and Clark 1988). 

Its adjacent eastern metamorphie hinterlarrl or core zone has been relatively 

less well studied. 

This study focuses on the stratigraphie, stnlctural and Iretamorphie 

aspocts of deformed cover and basernent rocks in a 120 kJn2 area in the 

west.errrrrost, lowest grade hinterlarrl of the Northem Labrador Trough. 

At this latitude the westemmost hinterland is c.hùracterized by four en 

échelon Archean basement bodies overlain by metamor:phosed metasediments and 

metavolcanics. 'IWo of the basement bodies have synfonnal geornetries while the 

other two ("'..an be characterized as doubly plunging antifonns. 

The rernobilized Archean baserrent and Iretamorphie llnbricates are 

juxtaposed to the less deformed and netamorphosed central zone of the Trough 

along a late post-metamorphie reverse fault. 

A correlation of the observed stratigraphie succession overlying the 

basernent culminations wi th the better tmderstocxi western foreland succession 

is presented. Several IOOdels are presented te account for the presence of 
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basement bcxUes of contrasti.n;J styles, these include large-scale sheath folds, 

fold interference patterns anj refolded Penninic nappe structures. Most 

structural features can be reconciled, albeit not exclusively, with refolded 

Penninic nappe struct\Lres. 

Finally, pressure and ternperature detenninations bracket t...'îe burial 

depth under which the tectonic evolutian took place. 

'!he features observed anj deduced in this area are comparable with 

features of other overthrust core zones of more recent orocJens. 

1.1) Geœral geolcgy 

1.1.1) Geological setting 

The labrador Trough, situated in NE Quebec, forros an elongate belt 

stretching 900 km from the northernmost western edge of Ungava Bay ta the E 

trending Grenville Front (Fig. 1). It is an integral part of the more 

widespread Trans-Hudsonian orocJen (Hoffrnan, 1988) bounding the Superior and 

Cllurchill Structural Provinces. 'Ibe labrador Trough consists of early 

Proterozoic irnbricated and folded volcano-sedirnentary rocks bounded to the 

west by the Archean gneisses of the Superior Province (Stockwell, 1964, 1982; 

Douglas, 1973), Mînto subprovince (Gard & ciesielski, 1986), and ta the east 

by an enigmatic hinterland consisting of Archean and Hudsonian gneisses 

(Dirnroth & Dressler, 1978; Taylor, 1979). 'Ibis hinterlanj is itself flanked 

to the east by the early Archean Nain Province (Taylor, 1971). 

'!he Labrador Trough has been subdivided inta t..'rree major lithotectonk 

domains (Dirnroth 1970, 1972; DiInroth et al., 1970, Fig. 2) that are fram west 

to east: 

1) The western autocbthonous ta para-aut:c:x::btlonls ZCIle resting 

unconfonnably on the Superior craton. 'Ibis zone varies from undefonood 
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FIgure 1 Map showlIlg the generalHed elements of the Trans-Hudsonlar. Orogen 
and of other ProteroZOIC and Archean terranes, slllIpllfied after Van 
Sc.hmus et al. (1987) 
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te thrust imbriœted. It COItprises an easterly faeing sedimental:y prism 

made up of plat formaI se::Uments overlain by deeper-water rocks and 

locally by coarse fluviatile deposits. 'lhis corresporrls to Dirnroth 's 

(1970) miogeosynclinal zone; 

A central allocht:ha1als thrust am. folded za1e. It is made up 

predominantly of basinal sedi.nents (sil tstones and shales) intruded by 

mnnerous subvolcanic mafic si11s, IlDStly gabbros, and capped by 

cogenetic (Sauvé & Bergeron, 1965; Wares et al., 1988) basalts. 'Ibis 

zone corresponds to Obnroth's (1970) eugeosynclinal zone; 

3) An eastern enigmatic gneissic hi.nterlarxi zone consisting of 

metamorphosed Aphebian Iœtasedimentary rocks, interlayered with 

metavolcanic arnphibolites, with local Archean basernent culminations. 

This assemblage grades eastwards into higher grade rocks, attaining 

local granulite grade (Perreault et al., 1987; Bélanger et al., 1987), 

intruded by calc-alkaline granodiorite plutons (Bélanger et al., 1987; 

van der Leeden et al., in press; Poirier et al., in press). '!he tenu 

"Labrador Trough" is eOI'n!nonly used te describe the first two zones. 

1.1.2) General stratigra{ily * 
The volcano-sediInentary assemblage of the labrador Trough is tenned the 

Kaniapiskau Supergroup (Dimroth, 1970). '!he southem and central portions of 

the Labrador Trough contain two cycles of sedimentation and intrus ive­

extrusive activity. '&:lth are characterized by an easterly facing, generally 

fining upwards, sedimentary assemblage. 'Ihe more basinwards sediments are 

host to numerous mafie sills and are capped by basalts. 'Ihe follCMing surnmary 

is taken largely fram Dimroth (1970 & 1978). 

* A m:>re detailed descriptiat of the sedimentation cycles is 
presented in the d1apter dea1inJ with stratigraJiIy. 
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Cycle l is the most voluminous am internally c:::orrplex. Figure 3 gives a 

synopsis of its stratigrdphy. 'Ihis cycle canprises a lower shelf phase (le 

Gallais & Lavoie, 1982) subdivided into t:wo shallowing uprcrrds subgroups; a 

lcwer Sewani SU1:x.Jralp am an lJRle.r Pistolet SUlJgraJp. Both are characterized 

by a lower siliciclastic portion grading uprcrrds through mixed siliciclastic-

carbonate rocks to a carbonate platfonn margin sequence. In addition, the 

Seward SUbgroup contains inunature fluvial clastics at the base and alkal ine 

mafic volcanics. The Pistolet SUbgroup is overlain by the fine-grained 

sediments of the swanpy Bay SUIxJrœp in the 'WeSt and by the fine-grained 

sediments of the Attikamagen SU1:x.Jralp in the east (Dimroth et al., 1970; 

Dilnroth, 1978) . The Attikamagen Subgroup cantains voluminous submarine 

basaltic lavas and associated gabbroic intrusives. Bath subgroups fom the 

basin phase of sedimentation of cycle l (Le Gallais & Lavoie, 1982). The lower 

IX>rtion of the Attikamagen correlates with the swarnpy B:ty Subgroup. The upper 

IX>rtion of the Attikamagen SUbgroup shoals uprcrrds te a shallow water 

carbonate platforrn assemblage that blankets the first cycle of sedimentation. 

Cycle l sediments are unconfonnably overlain by thOSB of cycle II. They 

cansist of shelf phase sediments, the Ferriman Subgroup, comprising 

quartzites and an iron formation and finer grained basinal sediments 

inc1uding an iron fonnation. 'Ille secam cycle represents an easterly and 

northerly directed trangressive episode that involved rock units essentiaUy 

similar to those of the first cycle. Cycle II rocks predominate in the 

northern segment of the labrador Trough, Le. north of the Koksoak River. 

1.2) Previous work 

The labrador Trough has been the subject of mnllerous studies over the 
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last two deca.des, dealing mostly with structural an:l stratigraphie aspects 

(Séguin, 1969; Harrison et al., 1970; Dirnroth, 1970, 1971, 1972, 1978, 1981, 

1985; OiInroth et al., 1970; Dimroth & Cllauvel, 1973; Dimroth & Dressler, 1978; 

Dressler, 1979; Baragar & Scoates, 1981; Le Gallais & lavoie, 1982; Silronson, 

1985; Goulet, 1986, 1987; Hoffrnan, 1987; Wares et al., 1988; Barret et al., 

1988; Clark, 1988). 

'!he labrador Trough has been sul:xiivided into three geographie domains 

(Oirnroth et al., ]970); the south, central am north zones. '!he southern is 

fonned by metamorph()""'~ equivalents of the Labrador Trough contained within 

the Grenville province (Dimroth et al., 1970). '!he central portion extends 

from 57~ southwards to the Grerwille Iœtamorphic front. It has been 

subdivided into a north central and a south central zone, approxima.tely along 

55015 IN. The south central zone bas been studied by Wynne-Edwards (1960, 

1961), Frarey (1961), Baragar (1967), Fahrig (1967), Evans (1978), Warùle 

(1979) and Ware & Wardle (1979). '!he north central zone has been extensively 

studied by Dirnroth (1978) and te a lesser extent by Dressler (1979). 

'!he northern zone extends from 57° to the NW edge of Ungava Bay at 

60045 IN. Although rnost of the region has been ma.pped on a scale of 1 inch to 

1 mile there is no regional synthesis or map currently available, except for 

the recently published 1:1 500 000 scale ma.p of Quebec (Avrarntchev 1985; Fig. 

4). Figure 5 illustrates the locations of most of the previous mapping 

projects done in this zone. 1:250,000 scale rnaps are currently in preparation 

(Clark, in press). The area studied by this project straddles the bourdary 

between the work of Gélinas (1958a) and Sauvé & Bergeron (1965). 

1.3) IBtes 

'llie SUperior cratcn has been dated by the KlAr whole rock method, giving 
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ages between 2450 & 1770 Ma (Beall et al., 1963). An Rb-Sr errûrchron yielded 

an age of 2685 Ma (Taylor & r.overidge, 1981). Wanless (1970) reports KlAr 

biotite ages from 2510 to 1690 Ma. More recently Machado et al., 1987 

obtained an V/Ib zircon age of 2721 +5/-3 Ma for the gneisses adjacent to the 

unconfonnity in the vicinity of I.eaf Bay. '!he diabase dykes cutting large 

portions of the nor'tl1west SUperior province yielded KlAr ages of 1790 te 1995 

Ma (Wanless, 1970) am 2150 Ma (Fahrig & Wanless, 1963). 

In the labrador Trough "sensu stricto" the following dates have been 

found: 

lJhe earliest values were KlAr whole rock ages from biotite schists, 

ranging from 1400 to 2060 Ma with an average of 1600 Ma (Beall et al., 1963). 

I.ov.ù.en et al. (1963) obtained a KIM mica age of 1560 Ma. Wanless (1970) 

reports KlAr ages from 1800 to 1410 Ma. Most of these dates are probably 

related to late metamorphic effects of the Hudsonian orogeny. 

In Fryer (1972), a comp::>site isochron for shale sarnples from both 

sedimentation cycles gave an age of 1879±43 Ma. Sarnples from the uppennost 

cycle II gave an age of 1855±74 Ma, the lower cycle gave a reference isochron 

of 1900 Ma. 

Dressler (1975) found a KlAr Whole rock age of 1873±53 Ma. for a mafic 

dyke related to alkaline volcanics present within the Sokaman iron formation, 

at the base of the second cycle of sedimentation. '!he same volcanic unit was 

dated by Chevé & Machado (1988) who reported a zircon V/Pb age of 1880±2 Ma. 

These ages bracket the start of the second cycle of sedimentation. 

R. Parrish (pers. comm. 1987; cited in Hoffman, 1988) reports zircon 

U/Ib ages of 1.88 Ga for the Sokornan iron fonnation and a differentiated 

gabbro sill intrudlng the MenÏhek Formation of the second cycle of 

sedimentation. 

Il 
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Dressler & Krogh (cited in Clark, 1984) d>tai.ned a zircon U/A:> age of 

2142±2 Ma for the Mistamisk Formation which Clark & 'Ihorpe (in press) 

consider correlative with the mafic volcanics, the Bacchus Formation, 

situated dt the top of the first cycle. 'Ihus there seerns to be a 260 Ma 

hiatus recorded in the unconfonnity between cycle l am cycle II. 

Clark and '!horpe (in press) fOl.lOO model 1ead ages, taken fram galena 

occurrences, of 2309 ± 5 Ma. for the base of the Kaniapiskau Supergroup am 

1793 ± 5 Ma. near the top. one of the conclusions of their study was that the 

two sedimentation cycles encornpassed as much as 450 Ma., in ccmparison with 

260 Ma dictated by the zircon dates. 'Ibis latter value is havever only a 

minimum. since the basal units of cycle l and the uppermost units of cycle II 

have not been dated by zircon U/lb methods. Clark & 'Ihorpe (in press) aIse 

found a time gap of 110 Ma between cycles l am II. 

within the hinterlarrl the follaving dates have been obtained: 

2850 Ma, 2868 and 2878 ± 5 Ma. fram three basement gneiss dames (Ma.chado 

et al., 1987); 

1769 ± 15 Ma and 1793 te 1783 Ma for the main Hudsonian metanorphism 

(Machado et al., 1987; Goulet et al., 1987) am (Ma.chado et al., 1988) 

respectively; 

1829, 1840 and 1845 ± 2 Ma for syntectonic granitoid intrus ives (Ma.chado 

et al., 1988; Perreault et al., 1988); 

1840 Ma fram rocks sirnilar to the above mentioned in the hinterland of 

the central Labrador Trough (S. Bowring pers. conun. 1987, cited in van 

der Leeden et al., in press) . 

2320 Ma for intrusive rocks on the east side of the above rnentioned 

intrus ive rocks (S. Bowring pers. COl1U1l. 1987, cited in van der Leeden, 

in press). 

12 
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1.4) Evolutim JOOde.\s 

Models proposed by different authors for the tectonic evolution of the 

Labrador Trough fall into three categories: 

1) FRITALIC BASm of variable original width that Wé"':; asynuretrica1ly 

deformed and metamorphosed (Oirnroth, 1970, 1972, 1981; Oirnroth et al., 1970; 

Oimroth & Dressler, 1978; Baragar am Scoates, 1981). 

2) H\SSIVE MARiINS far both cycles of sed.bœntati.Ql that included 

platfonn, slope-rise am basin sedimentary facies, the latter facies being 

host to intrusions and volcanisrn, that was folded, imbricated and translated 

onto the SUperior craton (Gibb & Walcott, 1971; Hynes, 1978; Thomas & Keary, 

1980; Hamilton, 1980; Wardle & Bailey, 1ge1; I.e Gallais & Lavoie, 1982; 

Simonson, 1985; Boone, 1987; Boone & Hynes, in press; Bélanger et al., 1987; 

Poirier et al., in press; van der Leeden et al" in press) . 

3) PASSIVE M1\RiIN for the first cycle of seiHmentatian arxi a FUMEEP 

ORIGIN for the second cycle (Hoffrnan, 1987, 1988). 

1.4.1) Ensialic basins 

Oiroroth (1970, 1972) am Dimroth et al. (1970) originally argued an 

ensialic origin for the Labrador Trough on the basis of: 

1) Provenance studies indicating both a westerly and an easterly source for 

the sediments; 

2) An essentially "mirror image" of sedimentary facies onlapping the 

SUperior craton to the west and the remabilized basement culminations, in the 

westemmost hinterland, to the east. 

3) 'lbe lack of any true remnant of ocean crust or products of destructive 

plate margins (calc-alkaline volcanics or batholiths). 

The asyrnmetry in defonnation an::] metaIrorphic grade between the eastem 

13 
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am western flanks of the trough, which is not characteristic of lOOre 100dern 

en~ialic failed rifts (e.g. the Keweenawan rift; McSwiggen et al., 1987; Berg 

& I(ewin, 1988) was accounted for in later papers (Dirnroth & Dressler, 1978; 

Dilnroth, 1981). '!he model involved overthrustiI'g of the eastem rnargin by 

large, recumbent, basement cored, nappes am concurrent easterly directed 

delamination of the sialic crust, undeJ:TIeath the westerly telescoping caver 

rocks. 'lhis type "A" subduction (Bally, 1981) was deerned responsible for 100 

ta 200 km of crustal shortening, the lost crustal material being interpreted 

ta have underplated and buoyantly uplifted the eastern hinterland. '!his was 

necessary to produce the needed 20 ta 30 km of tectonic unroofing dictated by 

the mineral assemblages present in the hinterland (Dirnroth & Dressler, 1978; 

Gélinas & Perreault, 1985; Moorhead & Hynes, 1986; Perreault et al., 1987). 

'!his model, although increasing the original width of the basin, did not 

allow for the creation of oceanic crust. '!he intracratonic rift was 

interpreted to have underlain the present central igneous volcanic zone of the 

labrador Trough. This is not compatible with the palinspastic reconstruction 

of Boone (1987) and Boeme & Hynes (in press) in the northem labrador Trough 

that places the first occurrence of mafie volcanics well eastwarùs of the 

Archean basement culminations along the western edge of the hinterland zone. 

'!he cross-section of Oirnroth & Dressler (1978) shows the basal décollement to 

terminate in the central zone. since it is net present for the whole lerqth of 

the basernent the arnount of shortening in the cover rocks is difficult to 

account for. A basal décollement present in the forelarrl zone but absent in 

the higher grade internaI zones is net compatible with observations fram other 

exhumed orogens (Read & BrcMn, 1983; Okulitch, 1984; Hynes & Francis, 1982; 

St~e et al., 1986; King, 1986). 

14 
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1.4.2) Passive margins 

'!he similarity between the eastem an:l western flank sediments (Dbnroth, 

1970, 1972) was questioned by Le Gallais & Iavoie (1982) who reinterpreted the 

Trough as part of a platforrn/shelf-basin sequence with two main fining upwards 

sedimentation cycles arrl four shalla;.vinJ upwards subcyeles. Provenance for 

the sediments was thought ta be rrostly westerly. 'Ihese authors also disagreed 

with Dilnroth's (1970) interpretation of l.lasernent exposures within the para-

autochthonous zone as part of a central geanticline emergent during the 

deposition of the sediments. Le Gallais & Iavoie (1982) noted that the 

absence of onlap or local facies changes near the basement exposures is more 

compatible with basernent involved thrusting or post-orogenie vertical 

movements. Small basernent thlust slices are fourxi in the same zone elsewhere 

in the Trough (Dressler 1978). Basement allochthons similar to these are 

LOllI'Xi in other thrust imbricated passive rnargin sequences, such as the 

canadian C'.ordillera (Priee & Mountjoy, 1970; Okulitch, 1984; McDonough & 

Simony, 1988). 

In tr.e south-central Lilirador Trough, Wardle and Bailey (1981) 

interpreted the Kaniapiskau SUpergroup te have fonned as a continent shelf 

and slope-rise system on the westen1 edge of a proto-oceanie rift system of 

unknown width. 

Bélanger et al. (1987) and van der Leeden et al. (in press) studied the 

broad hinterland east of the central portion of the labrador Trough. 'It~ey 

interpreted the thrust fault separating the easternmost exposure of mafie 

volcanlcs, belonging to the central allochthonous igneous-sectimenta:ry zone, 

fram the metased:imentary schists of the hinterland ta represent the cryptie 

surface expression of a suture. In this model the proto-oceanic crust, 

represented in part by the igneous-volcanic zone of the Trough, was subducted 
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below a westerly facing arc. '!he wes1:e.n"noost schists of the hinterlarrl were 

interpreted as remnants of a fore-arc accretionary wedge that included II'DStly 

schists an:! greywackes interlayered with IDRB-like low 1< tholeiites and rnafic-

ultrarnafic slivers. 'Ihese latter rocks were interpreted as scraped off 

remnants of the easterly subducting ocean floor. '!he fore-arc is bounded to 

the east by an 1.84 Ga (S. Bowring pers. cormn. 1987 cit:ed in van der Leeden et 

al., in press) I-type calc-alkaline granitoid batholith. 

'lbe hinterland of the Northen1 labrador Trough has also come under 

scrutiny. Gélinas (1965) studied the metarnorphism of a large swath of 

metasediments, along an E--W traverse at the latitude of Kuujjuaq. From a 

complexly folded area in the same region as Gélinas's study, Hynes (1978) 

studied early refolded recumbent folds involving the metamorphosed caver 

rocks, which were interpreted ta have been detached at an early stage fram 

their underlying cr.lstalline basement. 'lbe obsel:ved features, compatible with 

large scale horizontal displacements, were deerned inconsistent wi th a strictl y 

ensialic model for the labrador Trough. 

Covering roughly the sarne area as Gélinas's (1965) work Poirier et aL 

(in press) presented a model similar in rnany respects ta the one put forlll by 

Bélanger et al., 1987 and van der I.eeden (in press) in the southern 

hinterland. In this case an arc complex consisting of gnej ssic metasarrlstone 

and epiclastic amphibolites, intruded by granodioritic-tonalitic calc-alkal~ 

plutons, was juxtaposed to metamorphosed and irnbricated equivalents of the 

Trough' s Kaniapiskau SUpergroup. 

Recent metamorphic studies in the northern hinterlarrl (Gélinas & 

Perreault, 1985: Moorhead & Hynes, 1986; Perreault et aL, 1987) confinnect the 

large arnount of unroofing, up te 30 km, necessary for the westernroc>st 

metamorphic irnbricates of the labrador Trough. Such large uplifts are 
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characteristic of other orogenic belts (Journeay, 1983: St-ange, 1984: Sirnony 

gt al., 1980 : St~e & lllcas, 1986) where convergent plate processes are 

thought te have occurred. 

In SIJUJDary, many attributes of the Labrador Trough can be adequately 

accounted for by a passive-margin type m:Xlel, such as: a predominantly 

westerly source for the sediments, differences in the platfonn and basin 

phases of sedimentation and the voltnninous outpouring of a IDRB-like, low K 

tholeiitic sill-volcanic camplex. 

However, the passive margin model is hampered by the following features 

of the labrador 'lrough: 

A) '!he recurrence of the fining ~ cycle of sedil1lentation; 

B) '!he lack of tnle remnants of ocean crust; 

C) '!he lack of destructive volcanism products: 

Point A has been interpreted te reflect a two-stage rifting event 

(Dimroth 1970, 1972; Dirnroth et al., 1970; Baragar & Scoates, 1981) related 

ta renewed basernent subsidence. 

Al though the problern of point B, the lack of true comple.te rernnants of 

oceanic crust, remains, van der Leeden et al. (in press) interpreted the 

mafic-ultramafic bodies present in the west.errnrost metasedimentary hinterland 

as sliced off oceanic crust incorporated in an easterly translating and 

accreting fore-arc assemblage. 

'Ihere is a lack of destructive volcanism products (point C) in the 

labrador Trough llsensu stricto". Its hinterland, however, contains voluminous 

calc-alkaline batholiths along with inunature sedimentary and volcanoclastic 

sequences similar to those of modern continental arcs (Poirier et al., in 

press; van der I.eeden et al., in press). 'Ihus the absence of related 

volcanism may siropl y be a byproduct of the deep erosion level observed in the 
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hinterland. Studies in the cape Smith fold belt, the adjacent segment of the 

Circum-SUperior belt (Baragar & Scoates, 1981), have brought to light the 

existence of true ocean floor volcanism (Hynes & Francis, 1982; Francis et 

al., 1983), the dismembered remnants of an ophiolite succession (stu{)nge et 

al., 1987, 1988) and calc-alkaline volcanism (Baragar, 1974; Moore, 1977 i 

Moorhead, unpublished data) . 

1.4.3) Passive margUl in érlliticn to a f~ origin for the uwer part 

(cycle II) of the Kaniapiskau SUpergrœp. 

Hoffrnan (1987) interpreted the first sedimentation cycle in the same 

fashion as Wardle & Eailey (1981) and I.e Gallais & Iavoie (1982), to represent 

the evolution of a passive rnargin sequence. Although he mentions that the 

swampy Bay and Attüarnagen SUbgroups could also represent foredeep deposi ts. 

Chevé (1987) has described a westerly vergent folding arrl faulting event 

affecting the shales and greywackes of the Savigny Formation (cycle 1) in the 

western zone of the north-central area of the labrador Trough. This 

defonnation event was not observed in the overlying cycle II sediments or in 

the cross-cutting carbonatite dykes associated with alkaline volcanism in the 

Sokoman iron Fonnat.lon. The presence of a pre-cycle II westerly vergent 

compressional tectonic event would seem te corroborate the foredeep nroel. 

The second sedimentat.ion cycle is thought to be related to a westerly 

migrating foredeep, synchronous with easterly directed underthrusting of the 

products of the first. cycle of sedimentation under the tectonically thickened 

hinterland. This model explains many of the sedimentation features of the 

trough but is less compelling in explaining the presence of voluminous and 

extensive IDRB like basalts and subvolcanic sills in the central zone of the 

trough. 
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2.0) S'IRATIGRAPHY 

In this chapter, the stratigra!ilY of the Kaniapiskau Supergroup in the 

western part of the labrador Trough is briefly reviet.ved, and the stratigraphie 

succession in the study area is described in rrore detail. Finally, the 

stratigraphy of the study area is correlated to that of the Labrador Trough 

(sensu stricto) further west. 

2.1) GeŒmù stratigraIily 

'Ihe Kaniapiskau Supergroup of the ceTltral labrador Trough is disposed in 

an east faeing sedimentary-volcanic prism containing two major cycles of 

shelf and basin style sedimentation (Dirnroth, 1970, 1972, 1978; Oimroth, et 

al., 1970; Wardle & Ba il ey , 1981; I.e Gallais & Iavoie, 1982). I.e Gallais & 

Lavoie (1982) subdivided the sediments of the first cycle into three 

shallCMing-Upward cycles (Figure 3). '!he following SUl'l'IIl'IéUY is taken largely 

fram nimroth (1970, 1978); Oimroth et al. (1970) and Le Gallais & Iavoie 

(1982) . 

2.1.1) cycle l 

CErt:ral labrador Trough 

i) Shelf Jilase 

'Ihe Seward and Pistolet SUbgroups fonn the shelf phase of sedimentation, 

the basin phase being represented by the swanpy B:ly and Attikamagen SUbgroups. 

The shelf phase begins with the deposition of the ru Portage Fornation of the 

Seward SUbgroup comprising shallow-water marine platfonn elastic sediments and 

sul:x:lrdinate carbonates. Immature fluvial clastics (the Olakonipau Formation) 

are present lœally at this level. Cryptalgal larninated and stromatolitic 

cartx:mates of the Dunphy Formation overlie the ru Portage Formation, ending 
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the first shallowirg-UI=WcITd shelf subcycle of I.e Gallais & lavoie (1982). '!he 

overlying Pistolet sutgroup is characterizoo at the base by mudstones and 

siltstones grading u};MaI'ds into carbonate-rnudstone rl1ythmites (lace I.ake 

Formation) followed by mature high-energy quartzites gradirB' up to cryptalgal 

and stromatolitic carbonates of the Alder Fonnation. caroonate megabreccia 

horizons (Romanet Formation) occur locally basinwards east of the platfonn 

carbonates of the Alder Fonnation. 'Ibjs ends the secorrl shallowing UpNard 

shelf subcycle of Le Gallais & Iavoie (1982). 

'Ihe overlying Uvé Fonnation is the youngest member of the Pistolet 

SUbgroup and is characterized by finely laminated shales and argillaceous 

siltstones capped by micritie carbonates. 'Ibis represents the third shelf 

subcycle of I.e Gallais & I.avoie (1982) that occurred under much deeper water 

conditions than the first two. 

ii) Basin {i1ase 

'Ihe lower portion of the basin phase of sedimentation (8wampy Bay 

SUbgroup) is characterized at the base by subgraphitic black shales of the 

Hautes Chutes Formation that are locally rich in pyrite. 'Ihey are overlain by 

the grey shales of the Savigny Fonnation. laterally eastwards and 

stratigraphically higher is the otelnuk Foma.tion. It contains a flysch like 

sequence of turbiditic greywackes interbedded. with shale horizons. 'Ihe 

lithological and stratigraphie characteristics of the Savigny and otelnuk 

Fonnations indicate that they could represent a flysch sequence derived fram 

an uplifted (upthrust?) eastern source underlain by coarse sandstones 

interbedded with shale horizons (Dirnroth, 1970, 1978). '!he savigny shales 

would represent a distal equivalent to the turbiditie quartz-wackes of the 

otelnuk Fonnation. However the roundness of the quartz grains in the quartz-
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waclœs led le Gallais & Iavoie (1982) te envisage a western cratonie source 

for the sediments of the swampy Bay SUbgroup. 

In the west the otelnuk am savigny Fonnations are overlain by the I.e Fer 

Formation. It consists of red shales in the west grading eastwards to green 

shales. A westerly source for these distal sediments was postulated by Dimroth 

(1978). Tc the west the Ba.cchus basal tie volcanism and InagIDatisrn occurs 

roughly at the saIœ stratigraphie level as the otelnuk anc:i I.e Fer Fonnations. 

'The upper portion of the Le Fer Fonnation blankets the B:icchus basalts. 'Ibe 

I.e Fer Formation eventually grades up through a strornatolite reef complex to a 

supratidal dolomite platfonn, the Denault or Abner Fonnation (Clark, 1987; 

Hoffrnan, 1987). 'Ibis could represent a fourth shallowing up.vards st1l::cycle 

similar to those described for the urrlerlying units by I.e Gallais & Iavoie 

(1982). 'IWo laterally equivalent fonnations, the COlly and. Flenuning, overlie 

the westen1 portion of the Denault Formation. 'Ihe COlly Formation is composed 

of red, green a.nn grey shales that were deposited in a low energy platfonn 

envirornnent (Dirnroth, 1978). '!he Fle.nuning Fonnation is a chert breccia fonned 

by evaporite solution collapse (Dirnroth, 1978). 

Chevé (1987) noted evidence for pre-cycle II compressional defonnation in 

the north-central labrador Trough. 'Ihis information along with an easterly 

source for a large portion of the sediments in the swarnpy Bay (Dirnroth, 1970, 

1978) and possibly the Attikamagen SUbgroups, in addition to the presence of a 

westerly propagê.ting strornatolite reef complex (HoffInan, 1987) indicates that 

the basinal phase of sedimentation of the first cycle could weIl have taken 

place in a foredeep envirornnent (Hoffman, 1987, 1988). 

Northem labrador Trœgh 

In the western part of the northern segment of the Labrador Trough the 
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Abner dolomite represents the oldest fonnation. Its thickness has been 

estimated at 30 to 122 m (Bérard, 1965). In the central allcx::hthonous igneous­

sedimentary zone the dolornitic Harveng Fonnation outclOps below the basinal 

sediments. It consists of massive arenaceous dolomite overlain by dolomitie 

schist (Sauvé & Bergeron, 1965; Bélamer, 1982). SatNé & Bergeron (1965) 

estimated the total thickness at approximately 200 m. 'Ihe Harveng possesses 

several lithological similarities to the Abner dolomite and has been 

correlated to it (SatNé & Bergeron, 1965), probably representing an eastern, 

deeper water, distal equivalent ta the shelf-platform faeies of the Abner 

dolomite (Clark, 1988). 

2.1.2) cycle II 

Cyele II sediments rest unconfonnably on those of cycle l, am on the 

Archean basement to the west. 'Ihey fonu most of the stratigraphie succession 

in the northern segment of the labrador Trough. '!he second cyele contains a 

shelf phase Characterized by a silicielastie-iron formation assemblage, and a 

basin phase narked by shales, turbiditie siltstones and sandstones intnlded by 

mnnerous mafie sills (Fig. 6). The basin phase is capped by an extensive and 

unifonn matie volcanie sequence. 'The original stratigraphie colurnn of cyele 

II proposed by Bérard (1965) and Sauvé & Bergeron (1965) for the northern 

segment of the Labrador Trough cannot readil y be correlated wi th the one put 

torth further south by nimroth (1970, 1972) (Fig.7). However, Clark (1977, 

1988), Budkewitsch (1986) and Goulet (1986) recognized a thrust fault that 

places the Abner dolomite onto the sandstones and. conglomerates of the Chioak 

Fonnation. The dolomitie Abner Fo:rmation then becomes low in the original 

stratigraphie sequence, and can be correlated to the Denault Formation of the 

first cyele of sedimentation (Goulet, 1986; Clark, 1988; Fig. 7). 
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2.1.2.1) Shel.f f,'llase (Ferriman SUbgroop) 

2.1.2.lA) Aut.ochthanls shelf ~ 

'!he rocks directly overlying the SUperior craton are the mature high 

energy quartzites, with argillaceous interlayers, of the wishart (Alison) 

Formation (Bérard, 1965; sirrcnson, 1984). '!he stratigraphie thiekness of this 

unit varies between 12 and 46 m in the Northern labrador Trough (Béraro, 1965) 

and 100 ta 300 m in the central zone (Le Gallais & lavoie, 1982). Bérard 

(1965) mentions the presence of srnall dolomite exposures between the Superior 

craton and the Wishart quartzites. '!hese could represent westerly 

representatives of the underlying Abner/Denault dolomite that caps the first 

cycle of sedimentation (Clark, 1988). 

A ferruginous siltstone-sandstone unit, the Ruth Formation, overlies 

the quartzites. In the north-central Trough it attains 50-100 m thiekness (le 

Gallais & lavoie, 1982) while in the north it is a thin unit of roughly 12 m 

(Clark, 1977). 'Ibis fonnation is interpreted as a transitional facies between 

the underlying quartzites and overlying iron formation (Clark, 1977). 

The averlying Sokoman (Fenimore) iron formation has been the subject of 

mnnerous studies (Gross, 1962; Bérard, 1965; Cllauvel & Dimroth, 1973; Dimroth, 

1977, 1985; simonson, 1985). At this latitude of the labrador Trough the 

SokomanjFenimore iron fonnation consists of a lower banded to massive iron 

oxide fonnation consisting of chert and iron oxides (magnetite, hematite) and 

an upper carbonate iron formation consisting of chert, iron carl:x:>nate and iron 

silicate (Clark, 1977). The carbonate mernber contains numerous and variably 

textured concentric ooids, peloiè~, pellets, pisolites and intraclastic 

conglarnerates (Clark, 1977; I.e Gallais & Iavoie, 1982). 'Ihe +-llirkness of the 

Sokoman in the northern segrœnt of the labrador Trough is qui te variable; the 
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maximum thicknesses are 46 m (Bérard, 1965), 150 m (I.e Gallais & Iavoie, 

1982) and 113 m (Clark, 1988) in various different ragions. 

2.1. 2 • lB) Para-aut.oc:fItharnls & allodrt:han.ls shel.f sequeI'Y)e 

'Ihere are distal eastern equi valents te the fonnations that make up the 

autochthonous shelf sequence. '!he oldest unit is the Abner/D:.nault Fonnation 

and its eastern distal equivalent the Harveng Fonnation, bath formations 

belonging to the last episode of the first cycle of sedimentation. 

'!he Abner dolomite and Harveng dolomitic schists pass gradationally 

upwards into a shale and siltstone sequence. '!he sequence overlying thl~ Abner 

dolomite has been called the I.ru.""Ch River Fonnation (Bérard, 1965), whereas the 

one overlying the Harveng Fonnation and capped by an iron fonnation has been 

tenned the lower mernber of the Baby Fonnation (Sauvé & Bergeron, 1965). Clark 

(1988) correlates the I..arch River and the lower mernber of the Baby Fonnation 

with the Wishart & Ruth Fonnations (Fig. 7). 

Bérard (1965) estimates the thic1mess of the Iarch River Fannatian to be 

between 10 & 80 rneters. Boone (1987, & Hynes, in press) favours a much 

greater thickness, near 600 m, citing the large (several kilarneters) apparent 

structural thickness, in part due ta open upright F3 folds (Fahrig, 1965). 

'Ihe thickness of the lower Member of the Baby Formation is quite 

variable and has been estirnated at 15 ta 35 m near the autochthonous 

sedimentary zone (Clark, 1988) in the y,'est and 325 m or 600 m in the central 

volcanic zone by Clark (1988) and Sauvé & Bergeron (1965) rcspectively. '!he 

latter authors mention the presence of thick coarse-grained sandstone layers 

near the top of the rnernber. 'Ihese beds locally contain quartz-rich lithic 

fragments. 

Bérard (1965) mentions the presence of fresh plagioclase in the !arch 

26 



( 

( 

River Formation which he attributes to a possible eastem volcanic source. 

Sauvé & Bergeron (1965) note the presence of volcanie fragments within the 

same fonnation, suggestin:J an eastern source. A westen1 source cannot however 

be excluded. Although volcanics are rare at this stratigraphie level, a 

possible source rock would be uplifted (upthrust?) mafie volcanics of the 

Bacchus Formation in the first cycle of sediIœntation or the rare occurrences 

of basalt within the lower Baby Fonna.tion (Bélanger, 1982; T. Clark, pers. 

comm. 19S9). '!he first possibility would make the !arch River Fonnation an 

easterly derived syn-orogenie flysch deposit. 

'!he stratigraphie position of the fault-bounded Iarch River Fonnation is 

problernatical to sorne degree. Clark (1988) correlated the I..arch River 

Fonnation with the lower member of the Baby Fonnation and the Wishart-Ruth 

Fonnations based on structural am lat.P...ral facies relationships. However the 

Iarch River' s proxirni ty am contact (gradational?) with the Chioak Fonnation 

(Bérard, 1965) could rnake it a correlative with the younger Menihek Fonnation. 

'!he lower member of the Baby Formation / !arch River Fonnation is capped 

by an iron fonnation unit called the middle member of the Baby Fonnation 

(Sauvé & Bergeron, 1965). 

Clark (1988) divided the Baby iron-rich member into four lithofacies: 

oxide, silicate-carbonate, carbonate an:i sulphide facies. As a general :rule 

his lithostratigraphic sections show the sulphide and silicate-carbonate 

faeies increasing basinwards (eastwards) at the ex:pense of the carbonate 

facies. 'Ihe oxide faeies was fourrl only locally in westernmost expŒ>-ures of 

the Baby Fonnation (Clark, 1988). 'Ihickness of this unit seems to be well 

constrained in spite of tlle presence of thrust faults, folds and the intrusion 

of gabbro sills; estirnates vary fram 46 m (sauvé & Bergeron, 1965) through 50 

m (Clark, 1988) ta 53 m (Barrett et al., 1988). 

27 



" ~ 

i 
" , ~ 

.... 

Based on lithological similarities, Clark (1988) am Hoffman (1987) 

correlated the SokomanjFenimore am Baby iron fonnations, the latter being 

the distal more basinal equivalent of the fontV3r. 'Ille Baby iron fonnation has 

been the subject of recent studies (Clark, 1988; Barrett et al., 1988; Wares 

et al., 1988). 

'!he studies of Clôrk (1988) am Barrett et al. (1988) foc:used on the 

origin of the iron fonration. using geochemical and stratigraphie evidence 

they concluded that the Baby iron fonnation was the product of hydrothennal 

activity on the ocean floor at the location of the gabbroie sill complex 

(Montagnais Group and Hellancourt volcanics). In the Southern labrador Trough 

Simonson (1985), using sedimentological evidence, also postulated a basinward 

hydrothennal source for the iron of the Sokoman iron fonnation. 

2.1.2.2) Basin Iilase 

'!he autochthonous shelf sediments are unconfonnably overlain by the 

coarse-grained sediments of the Chioak Fonration, consisting of siltstones, 

sandstones and polyrnictic conglomerates (Bérard, 1965; Clark, 1977, 1979, 

1988) . It is clear fram the nature of the fragrrents - they aH come fram the 

underlying formations and basement rocks - that this formation is the result 

of uplift of the craton to the west. '!he unconfonnity between the aüoak arrl 

the underlying Ferriman Sul:~roup cuts stratigraphically dawnwards to the west 

(Hoffrnan, 1987), placing the Chioak in sorne instances directly over baseIœnt 

rocks (Bérard, 1965; Clark, 1979). 'Ihe Chioak fonnation is interpreted to 

grade laterally eastward into the Irore distal turbidites of the Menihek 

Fonnation (Le Gallais & Iavoie, 1982; Clark, 1988) with loc:al coarser 

conglomeratic channel deposits consisting of westerly derived fragments fram 

the craton and Ferrirnan sediments. '!he Chioak Fonnation was deposi ted as a 

28 



,( 

resu.lt of late stage uplift of the SUperior craton, that was caused either by 

(1) renewed basin subsidence am down-faulting (Dimroth 1970, 1972) or (2) 

flexural archi.rg of the craton in response to subsidence in the basin irrluced 

by the weight of the advancing thrust sheets further eastwards (Hoffman, 

1987, 1988). '!he first hypothesis makes the Chioak pre-Hudsonian cozrpressional 

defonnation, possibly as a prograding coarse clastie sequence that would 

represent a proximal lateral facies equi valent to the upper portion of the 

MenihekjBaby Fonna.tion. (Le Gallais & Iavoie, 1982). '!he second hypothesis 

would maJœ the Chioak a syn-orogenic fluviatile molasse sequence developed in 

the last stages of infilling Cl the foredeep basin (Hoffman, 1987). Although 

this problem is beyond the scope of this study, our work in the western 

hinterland points to an eastem source for the sediments overlying, and 

possibly for the sediments underlying (T. Clark, pers. conun. 1989), the mafie 

volcanic unit. 'Ibis interpretation, if correct, is easier to reconcile with 

Hoffman' s (1987) interpretation of the Chioak fonnation as a late stage 

molasse sequence. 

'!he eastern distal equivalents of the shelf sequence (Harveng Fannation, 

100er and middle mernbers of the Baby Fonnation) are overlain by the upper 

member of the Baby Fonnation (Sauvé & Bergeron, 1965; Clark, 1987). It 

consists of a shale sequence with local interlayers of turt>iditic siltstone 

and sandstone. '!he thickness of this unit has been estimated at 460 m (Sauvé 

& Bergeron, 1965) and 400 m (Clark, 1980). 'Ihe upper mernber (U .M.) of the 

Baby Fonnation is hast to numerous gabbroie sills, locally with basal 

ultrarnafic portions (Sauvé & Bergeron, 1965). It can he readily correlated 

with the Menihek Fm. to the south (Clark, 1988). 

I.e Gallais & Iavoie (1982) report the presence of polymictie 

paraconglamerate horizons within the upper Menihek Fo:rma.tion. '!hese include 
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seme granite an::l granite-gneiss fragments. '!he authors inte:rpret the horizons 

as resedimented conglornerates of the arioak Fonnation in channel deposits 

within a submarine fan envirornnent, clearly irrlicat~ a westerly source for 

the upper Menihek Fonnation. 

In the eastern central zone the top of the Baby Fonnation is marJœd by 

the presence of coarse, locally conglorneratic, siliciclastic beds (Clark, 

1978). '!he conglomerates contain IOC>Stly quartz pebble clasts with subordinate 

shale am dolomite fragments (Clark, 1978) • Dirnroth (1978) reports the 

presence of volcanic conglomerates in the uppennost eastern exposures of the 

Menihek Fonnation. '!he presence of basaIt along with gabbro fragments seerns ta 

indicate that the conglomerates are the product of an uplifted source, not 

resedimented flow breccia horizons. '!he uplifted source could be ei ther the 

product of local nonnal faul ting, synchronous wi th the development of the 

mafic volcanic pile, or the resul t of upthrusting to the east. 

Ta the west, at the sarne stratigraphical level, the coarse-grained beds 

are absent (Sauvé & Bergeron, 1965; Clark, 1977; Wares et al., 1988; Barrett 

et al., 1988). 'Ibis facies change points to an eastern source for the clastics 

of the U.M. of the Baby Fonnation (T. Clark, pers. corn., 1989). 

The upper portions of the Baby an::l Menihek Fonnations show evidence of 

easterly am westerly sources respectively. If a foredeep model is accepted, 

the eastern source would represent an influx from the tectonicall y thickened 

and uplifted hinterland and the westerly source the start of the erœrgence of 

a flexural arch in the Superior craton. 

'!he Baby Fonnation is capped by an extensive and unifom sequence of 

pillowed ta massive basalts called the Hellanoourt Fonnation (Sa~vé & 

Bergeron, 1965) • 'Ihese basalts are low K tholeiites witli geochf'.mical 

characteristics transitional between P-type IDRB and continental tholeiites 
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(Boone, 1987: Boone & Hynes, in press). 'lbe basalts are oogenetic extrusive 

e=IUi valents of the umerlying gabbro sills (Sauvé & Bergeron, 1965; Wares et 

al., 1988). 'lhis fonnation 1 s thickness bas been est:ilnated at approxilnately 

1370 rn (Sauvé & Bergeron, 1965, between 200 & 1200 m (Boone, 1987) arrl 1000 ID 

(Wares et al., 1988). 

In the easterrmost central zone of the Northem Labrador Trough the 

Hellancourt volcanics are CTverlain by a sequence of massive ta interstratified 

argillites am quartzites, the 'lhévenet Fonnation. The m:ini.murn thickness of 

this unit is 610 m (Sauvé & Bergeron 1965). Correlation of this unit is 

problematic. Goulet (1987) interprete1 a thrust contact with the underlying 

Hellancourt volcanics. Clark (1988), us~ the presence of this thrust fault, 

tentatively correlated the '!hévenet Fonnation with the lower rnember of the 

Baby Fonnation. 

This interpretation is hCMeVer based on outcrops fram the structurally 

attenuated short limb of a large fold. '!he observed shearing could possibly 

result fram the local fold architecture and not fram an early thrust fault as 

postulated by Goulet (1987). Based on the work of this study, we propose 

that the contact is confonnable as originally stated by Sauvé & Bergeron 

(1965) and that the 'Ihévenet Fonnation represents the westennnost toe of an 

easterly derived sedi.rnentary apron, draped over the Hellancourt basalts. '!he 

eastern source would include uplifted sedimentary and volcanic strata of the 

Kaniapiskau Supergroup along with a crystalline source of uncertain nature. 

2.2) stratigrapric suœssim in st:Wy area 

'!he study area is located within the westemrnost rnetamorphic hinterlan:i 

of the Northern Labrador Trough. '!he hinterland at this latitude is 

characterized by four NW trending en échelon Archean gneissic bodies 
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-, surrounded by a sucession of amphibolite-grade metasediments an:l 

metavolcanics (map I). From south te north the gneissic ~ are the 

Scattered, the Moyer, the Renia am the Boulder. The Scattered arrl. Renia 

exposures are SW plunging gneiss-cored synfonns whereas the Moyer arrl. Boulder 

exposures are doubl y plunging gneiss-cored antifoD11S. 'Ibis study focuses more 

specifically on the SW plunging northern elosure of the Renia synfonn. 

The caver sequence adjacent to the Renia Synfonn comprises folded and 

imbricated metasediments an:l metavolcanie rocks. '!he first unit adjacent ta 

the Renia gneisses is a succession of lithologically diverse calcareous rocks 

interbedded with pelitic schists. 'Ibis assemblage grades stratigraphically 

upwards in~o semi-pelitic schist, with coarser-grained interlayers, capped by 

an iron rich sediment horizon. Mafie volcanics cap the silieielastic sequence. 

'!he volcanics are thernsel ves over Iain by a coarse-grained assemblage 

camprising mostly siltstones and sandstones with several conglameratic 

interlayers. 

2.2.1) Renia gneisses 

'Ihe Renia Gneiss exposure was originally thought to be intrus ive into 

the caver rocks (De Romer, 1956). HCMever, the presence of migrnatitic 

segregations and pegmatite lenses, absent in the stratigraphically overlying 

kyanite bearing, amphibolite grade, caver rocks, irrlicates that the gneisses 

underwent a higher degree of metamorphism, Irore like that of the Archean 

SUperior basement to the west (Sauvé, 1957; Gélinas, 1958a, 1958b, 1965). 

Recently, Machado let al. (1987) have dated the adjacent northern Boulder 

Deme and southern Moyer Dame and fourrl ages of 2868 +/-5 Ma am 2878 +/- 5 Ma 

respectively. 'Ihese WElZ"e interpreted as metamorphic ages, but in any event 

are clearly indicative of an Archean origin for at least these gneisses. In 
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what follows, the Renia gneisses are assumed to represent Archean basement. 

since this study deals prirnarily with the structural features of the 

caver rocks arrl their relationship te the gneisses in the core of the Renia 

Synfonn, only a thin (1 km wide) ban:l in the gneisses was inspected by the 

author. For a more detailed description of the lithological attributes of 

the Renia synform, the Moyer Dorl'e am the Boulder Darne, the work of Gélinas 

(1965) is recammended. 

'lbe western arrl northern erxi of the Renia Synform is cornposed of 

massive te banded, pink to grey gneisses of granitie to tonalitie composition 

(Plate la). Mineralogically the two compositional end members are 

characterized by a plagioclase-hornblende assemblage for the tonalitic 

gneisses and a mierocline-biotite-muscovite one for the granitic gneisses. 

Mappi.n;J at the present scale bas not allowed the delineation of separate 

gneissie units. 

'!he principal mineraI components of the gneisses are, in decreasing 

arder of importance: quartz, microclme, plagioclase (oligoclase-andesine), 

biotite, muscovite, hornblende and epidote. Secondary mineraIs are calcite, 

sphene, chlorite, opaques and in two instances gamet. 

'!he gneisses are usually weIl foliated and locally layered. 'lbe 

foliation is conunonly characterized by 1-2 nun thick biotite-nruscovite layers 

separating thicker, 2-8 nnn thick layers consisting of granoblastie quartz with 

flattened erystals or aggregates of feldspar (usually microcline). In sorne 

localities good augen gneiss textures were observed. 'lbe gneissic layering is 

characterized by centimeter scale (0.5 ta 50 cm) mafie and felsic layers. 'lbe 

felsic layers consist almost exclusively of quartz and feldspar, whereas the 

mafic layers conta in these mineraIs as well as biotite, muscovite and locally 

hornblende. For the gneissie layering, the alignrnent of the micas is not as 
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pronounced as in the case of the foliation layers. '!he two planar fabrics, 

foliation and gneissie layering, are essentially parallel. IDcally a strorg 

axial planar schistosity cuts the two planar fabrics close to the fold 

elosures. 

AJIpril:xJlite layers, 0.1 ta 2 m wide, connnonly fonning boudinaged or 

disrnernbered horizons, are found intercalated with the granitaid gneisses. '!he 

mafie mineraIs consist of varying proportions of hornblende and biotite. 

'lhese mafie layers probably represent late stage mafie dykes, possibly 

conternporaneous with the ones present in the Superior eraton to the west 

(stevenson, 1968), dated at 2.5 Ga (Fahrig & Wanless, 1963). 

Locally the quartzo-feldspathie layers coalesce to forrn pegmatite 

lenses. These are usually of centimetrie scale, but locally can attain up to 3 

m wide by 10 m loI1CJ. '!hey are cornposed C'hiefly of quartz and microcline. 

'!he contact with the adjacent suprdcrustal rocks outcrops poorly even in 

areas of near continuous exposure; a narrcM overburden covered trough often 

separates the two. '!he contact was observed only in two localities. Bath 

sites conta in a 1 ID wide zone in which the gneisses become fine grained with a 

pronounced planar fabrie defined by a very small amount of biotite and 

muscovite (Plate lb). These textures are compatible with a zone of strain­

induced. grain size reduction formed in response to a décollement surface 

between the gneissie rocks and an overlying cover sequence. '!he postulated 

caver rocks alsa show gcxxi evidence of sheariI1CJ, ineludiI1CJ asynunetrical am 

dismembered folds. 

The southern flank. of the Boulder L'orne was briefly studied. It seerns te 

be slightly different from the Renia synforrn, haviI1CJ a more pinkish col or due 

ta the prep:mderance of microcline, and displayiI1CJ mnœrous weIl defined 

aplitie dykes. Gélinas (1958a) noted several map-scale bodies of augen gneiss 
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on the southern flank of the dame. 'Ibe basement-cover contact was not 

observed. Near the contact with the overlying caver rocks the gneisses shCM 

evidence of brittle deformation with displaced aplitic dykes (Plate le) and a 

local 3 m wide tectonic breccia (Plate Id). 'Ibis contrasts sharply with the 

meter wide zone of strain-induced grain size reduction, characteristic of a 

oore plastic regin'e, at the assumed baselœnt-cover interface on the Renia 

synfonn. 

2.2.2) OJver 5eCJ.l.lelD:! 

ReliablE: facing criteria such as pillOlNS and graded bedding are nnstly 

confined to the lowel. grade portion of the study area, under the staurolite 

isograd, or in the coarse-grained sediments overlying the basaIt horizon (Map 

III). No polarity detE~..rminations were made in the sediments between the basaIt 

horizon and the Renia Gneiss. However the presence of a large N trending 

syneline west of lae Raymond that folds most of the caver sequence onto itself 

would indicate that the sediments adjacent to the gneisses face outwards. 'lhis 

asst.nneS that the sediments are contiguous around the fold closure, which they 

seem to be (Map III). 

Given the synfonnal geometry of the Renia Gneiss (Map l, II, III) the 

coyer sequence actually urrlerlies the gneisses. In the following description 

of the stratigraphy tenus such as overlying, underlying 1 higher and lower 

always refer to stratigraphie positions not geometrical ones. 

The supracrustal rocks directly adjacent to the Renia gneisses are very 

variable in character. Transi tional contacts were aIse observed in mnnerous 

localities. Map (II) shows sorne of the main lithological units but the scale 

of mapping did not permit the exact delineation of each lithologiC'al unit. 

Several different lithologies were fOtllÙ at or near the contact with the 
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adjacent gneissie rocks, includirxJ mamles, cale-silicates, pelites, 

semipelites and in one instance chert am an iron formation (rusty gamet -

hornblende rocks). 'lbe most persistent am continuous units to drape the 

gneisses are marbles am to a lesser extent cale-silicate rocks. 

i) ca.1carerus rocks 

- Iblanitie mamle 

'!he marbles weather recessively to a pale grey or light orange-brown 

color, they vary fram massive to layered on a centimetrie scale. '!he bedding 

in this case is defined by tremolite rich layers or srnall semipelitie 

il terlayers. 'Ihe thin layers of trernolite are often characterized by strings 

of elustered crystals (Plate le). In sections parallel ta bedding and the 

main schistosity the crystals are typica 11 y acicular and radial, wi th 

individual needles as much as 8 cm long. 

'!he main mineraI constituents are colorless tremolite, dolomite and 

phlogopite along with variable arnounts of rounded to granoblastic quartz 

grains and in one locality plagioclase. In thin section trernolite varies fram 

long acicular needles ta prismatie erystal aggregates containing numerous 

inclusions of carbonate and quartz. '!he phlogopite is pleochroic, varying 

fram elear to pale brawn. De Ramer (1956), using staining methods for 

distinguishing calcite frorn dolomite / subdi vided the marbles into Fe--M;J rich 

limestones and dolomitie marbles, both being found at the same stratigraphie 

level. He noted many outerops contained bath calcite and dolomite. Marble 

layers aIse occur stratigraphically higher wh8re they are interlayered with 

and grade transitionally into the mrrl units. 

'!he dolonùtes are interlayered with many other units, ren:lerir'q a 

thickness detennination problematical; rna.xilm.nn thicknesses vary fram 10 to 20 
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m, but actual thicJmess is often less than these values. Although lateral 

variations are aIse very COITIlOC>n, the dolomites still fonu the most continuous 

unit over the basement. In:many instances the marbles grade up into calc­

silicate rocks. 

- Cilc-silicate :rocks, calcareoos sdrists am heterogeneous anpribolites 

'!he calc-silicate rocks resemble the underlying marbles but are rnuch 

richer in quartz and have pale green actinolite as the silicate phase instead 

of trernolite. '!he actinolite crystals have generally the same habit as the 

tremolite crystals in the :man::>les. Quartz, plagioclase, biotite and muscovite 

are much mJre conunon than in the marbles. 'This unit grades laterally and 

ufMëUÙS into calcareous schists, micaceous schists or rrafic marIs. 'The 

thickness of this lll1it is difficult to estimate for the same reasons as the 

marbles. Single uni ts vary between 1 :m and 15 m thick. 

The calca:rl:!OOS schist..., are generally characterized by regularly 

interlayered, 0.1 to 2 cm wide, calcite rich quartz layers (lime quartzites) 

with or without actinolite and semi-pelite layers (biotite-muscovite-quartz 

schist) . 

The het:.ercx.Jene.al anpribolites are characterized by the presence of 

centi:meter to :meter scale interlayers of dolomitic :marble, calcareous schist, 

calcareous siltstone or semi-pelite. '!he amphibolite portion is composed of 

hornblende, quartz, calcite and plagioclase, locally with biotite, chlorite, 

gamet arri opaques. The hornblende cx::curs typically as acicular or "feathery" 

c:rystals up to 4 cm long enclosing quartz and calcite aggregates betweE"Jl the 

individual crystal needles. Retrogressive chloritic alteration often occurs 

at the expense of hornblende and gaxnet. The persistent and often intricate 

interlayers and gradational contacts with sedi:mentary rocks indicate that the 
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heterogeneous anphibolites are of sedimentary origin. 'They probably were 

originally calcareous shale layers that were deposited in a rnixed carlx>I1ate­

siliciclastic environrnent. 

Sorne of the arnphibolites contain up to 25% gan1et. 'Ihey are typically 

more massive than the gamet-free arrphibolites. 'Iheir main constituents are 

hornblende, gamet, quartz, plagioclase am to a lesser extent chlorite, 

biotite, calcite and opaques. Hornblende in the gamet rich arnphibolites has a 

nruch more prismatic habit. On sorne outcrops gamets are concentrated in 

distinct layers <1 m thick, para11el '\:0 the adjoining bedding. Thus, although 

these gamet rich arnphibolites lack distinct sedimentary interlayering they 

are still ascribed the same sedimentary origin as the other amphil::x:>lites 

described above. Thp. observation that none of the demonstrabl y igneous 

amphibolites further west have gamet, even though the gamet isograd has been 

attained, supports this interpretation. 'Ihe gamet dch arnphibolites are also 

relatively poor in plagioclase compared with the igneous arnphLbolites further 

west. on rnany outcrops the sedimentary derived arnphibolites have very rubbly 

surfaces contrasting sharply with the smooth rounded surfaces of the igneous 

amphibolites. 

The thickness of a11 four members of this unit is difficult to estimate; 

single beds vary from 1 m ta 10's of meters. A sequence of predaminantly 

rnixed calcareous members rnay attain 300 reters. 

Within the study area the averall thickness of the mixed marble - calc­

silicate - mafie marI sequence varies fram a maximum of 250 m west of Renia 

Iake ta less than 10 m on the northem flank of Renia Synfonn southeast of Fox 

Iake. This change in thickness does not seem to correspond ta any observed 

faults or folds, precluding any structural repetition or thickening by 

thnlsting or other means. 'Ille thieJmess variations are considered JOC>Stly 
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primary am rray reflect local depositional controls on the arnbient 

sedimentation. 

ii) laver iron fonnaticn 

Only two occurrences of iron fonnation were noted near the contact with 

the gneisses of the Renia synfonn. Bath are meter scale elongated pods of 

rosty hornblende-garnet-quartz-roc:ks surroun:led by semi-pelitic schist and 

urrlerlain by marbles or cale-silicate rocks. Adjacent to the northern 

closure of the Boulder DJme, Sauvé (1956, 1957) mentions the presence of a 

layered iron formation a few tens of feet thick at the same stratigraphie 

level as the ones found near the Renia Gneiss. The iron fonnation is composed 

of ferruginous magnetic shales, grunerite schist and hornblende-garnet-quartz 

rocks locally interlayered with th in quartzite layers, possibly 

recrystallized chert (Sauvé, 1957) • 

iii) IDwer micacea1S schlsts 

Micaceous schists fonu the IroSt extensive unit present in the study 

area. They occur fram the gaTI1et zone alo~ the western shore of Rachel Lake 

to the staurolite-kyanite zone near the contact with the Renia Gneiss. This 

unit is quite variable in composition, ranging fram semipelitic biotite -

muscovite schist to pelitie kyanite-staurolite-garnet-biotite-muscovite 

schist. Coarser psarnmi tic horizons were aiso obsel:ved. The micaceous 

schists grade into and are interlayered with the various calcareous units. 

In view of the varying metam::>rphic grade and facies changes the 

micaceous schists are described in two sections. 

A} 'Ble West zone 

'l'he West zone comprises the lowest-grade gamet zone between lac Rachel 
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am. the west.errnrost ~ of iron formation arrl/or mafie volcanics. '!he 

rocks are strikingly unifo:rm, COlrposed of generally clark, well-layered semi­

pelitie schist. '!he beds are well graded on a fpN outcrops arrl resemble 

distal turbidite beds with only the 100er portion of the Bo'lll"Pa sequence 

present (Plate If). AlI tops are easterly faeirg into the iron formation and 

mafie volcanics. '!he main mineral assemblage is, in decreasirg arder of 

importance: quartz-m,lSCOVite-gamet-chlorite-tounnaline. 

B) '1he East zone 

'!he East zone is located between the nafie volcanics, east of Rachel 

Lake, and the Renia gneiss synfonn. '!he follooing features distinguish the 

east zone rocks fram those further west: 

1) '!he rocks are generally much more pelitie, with kyanite - staurolite 

- gamet - biotite - muscovite assemblages. The pelitie horizons 

generally decrease in abundance away from the contact wi th the Renia 

Gneiss; 

2) They are interlayered with an:! grade into the urderlyirg calcareous 

rocks; 

3) Primary sedimentological features are difficult ta discern due to 

more intense defonnation and higher metaroc:>rphie grade; 

4) 'Ihere are more nurnerous lenticular gabbro sills intIuded into the 

east zone sequence; theyare almost totally absent fram the west zone: 

5) At the top of the east zone sequence, near the iron formation and 

mafie volcanics, coarser psammitic layers are corrnnon. '!hese sarrlstone 

beds vary from 0.1 to 1 m in thickness. 

'!he thickness of the micaceous ~ist unit is variable. The thinnest 

section, approxinately 30 m, between the Boulder Gneiss an:i the Renia Gneiss 

may have been affected by tectonic flattenirg. '!he greatest thickness, 
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approxirnately 500 m, was observed between the Renia Gneiss arrl the most 

southerly exposure of mafie volcanics. 'Ihe gabbro sills have been exeluded 

frorn the rneasured thicknesses. 

iv) uwer irat fo:rmaticn 

A second unit of iron-rich rocks is Zou..-xl IrOStly at or adjacent to the 

contact between the micaceous schists am the overlying mafie volcanics. 'Ibis 

unit consists mostly of silicate iron facies and magnetie sulphide bearin;J 

ferruginous shales (Plate Ha). 'Ihe rnost corrunon lithology is a rusty garnet­

hornblende rock with interlayers, often boudinaged, of white chert (Plate 

lIb). West of lac Raymond the iron fonnation is hast ta several lenticular 

intrusions of blotchy gabbro. 

v) t.J'Rle.r micaceoos sdrlst:s 

Upper micaceous schists œp the upper iron formation and urrlerlie the 

mafie volcanics. '!hey outcrop poorly in this region and are even totally 

absent in sorne places where the iron formation is directly overlain by 

basalts. '!he unit is made up essentially of biotite-muscovite schists that are 

loc:ally garnetiferous. '!he stratigraphie position of the unit is weIl 

constrained by the overlyirg and urrlerlyirg lithologies. 

vi) Matie volcanics 

Mafie volcanics ou.tcrop in two structurally repeated bands west and 

north of lac Rachel. '!bey are composed of sheared, massive to pillCMed, 

basaltie flCMS up to 10 m thick. 'Ibey are generally aphanitie but at the base 

of the stcuc_ùrally highest volcanie band a basaIt layer bas up to 10% equant 

plagioclase phenocrysts. In ICM-strain areas good pillCM fOnTIS were obse!:ved, 
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, (Plate Ile) locally containing' pillow shelves, providing reliable faeing 

detenninations. 

vii) Volcanic-rid'l OOI'VJlaœrate 

'lhree main bands of volcanie-rich coI'XJlanerates are fourd NW arrl N of 

the Renia Gneiss. '!he first directly overlies the mafie volcanics. '!he other 

two occur close together stratigraphically higher in the siltstone -

sandstone - conglornerate sequence that overlies the volcanics in this area. 

'!he lowest bard overlies the mafi.e volcanics and is apparently 

restricted to this area. It has net been described in other areas of the 

northem labrador Trough. It fontIS a roughly 25 m thick blanket on top of the 

structurally highest basaltie barrl. 

'!he base of the conglornerate is characterized by angular to rourrled 

basaIt and gabbro fragments, varying in diameter fram 0.2 to 14 cm, with a 

mode fram 2 ta 5 cm, set in a carlx:mate-chlorite rnatrix that weathers 

recessively (Plate IId). siltstone and quartz fragments occur rarely at the 

base, but becorne gradually more nume:;,.uus near the top of the unit. '!he 

matrix aIse becomes Imlch richer in quartz (Plate Ile). '!he volcanic-rich 

conglomerate eventually grades up into a sediment-dominated conglorœrate or 

locally into sandstone and/or siltstone beds. 

'!he 1:::tMo ~ barDs are elearly separated. 'Ihey are interlayered with 

sedimentary conglornerates and siltstone-sandstone horizons, with iOOividual 

beds varying from 1 to la m. Contacts vary fram sharp te gradational with the 

enelosing sedimentary units. 'Ihe fragments are mixed, including basalts, 

siltstones, sandstones, calcareous schist and quartz grains (Plate IIf). 'Ihe 

matrix is composed of hOrnblerrle, biotite, dùorite, epidote, calcite arrl 

quartz. '!he fragments are cormnonly strongly flattened (up te la: 1) arrl near 
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the fold closure they are stretched dawrrlip subparallel to the fold axis of 

the syncline. 

'!he origins of the volcanic oonglanerates are discussed along with the 

SErlliœntary sequences they urrlerlie am are interbedded with. 

viii) Siltstooes, samst.a'e; am ocrglanerates (silicilastic assmblage) 

'!he siliciclastic assemblage unit oocupies the heart of a large syncline 

north of lac Raymorrl. It confonnably overlies am contains interlayers of the 

volcanic conglamerates. It is characterized by a siltstone-sandstone 

succession interlayered with conglornerate b€.ds. '!he thieknesses of individual 

beds vary from l cm to 1 ID, the average being 10 cm. Numerous sedimentary 

textures such as trough and planar cross bedding (Plate IlIa), coarse graded 

bedding, scoured beds (Plate IIIb) am convolute bedding were noted. fue 

siltstones and sandstones are composed predominantly of quartz with varying 

arnounts of biotite am muscovite. Microcline rich arkose horizons were noted 

in sorne localities, but quartz is by far the predominant mineraI in this unit. 

The finer grained siltstone layers cormnonly conta in calcareous nodules 

and. locally thin « 2 cm) beds, that are often boudinaged. '!bese calcareous 

nodules are corrunonly rinuned by hornblende crystals (Plate Ille) which are 

resistant to weathering compared with the siltstone am even more sc corrpared 

with the calcite interior"S, thus fonning distinctive, flattened doughnut 

shaped structures on the outcrop surface (Plate VId) . 

'Ihe conglamerates consist of fragments of siltstone, sarrlstone, quartz 

am locally plagioclase am basaIt (Plate IIId). 'Ihe matrix is made up of 

quartz and biotite. The fragments are cornmonl y flattened (3: 1 to 10: 1; Plate 

Ille). '!he quartz fragments terri to be rounder. As stated for the previous 

unit, the SErlimentary sequence has gradational contacts with the volcanie 
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con;Jlaœrate layers. 

within the sediments several small discontinuous exposures of basaIt were 

fourx:i. 'n1ey appear identical to those \.ll'XlerlyÏIg' the unit. '!he presence of 

basalts within the sediments in:iicates that volcanic activity occurred 

sporadically after the main eruptive episode. 'lhere are also isolated gabbro, 

glomeroporphyritic gabbro arrl ultramafic intrusives within the siliciclastic 

sequence. 

'!he unit as a whole appears to eut down stratigraphically ta the 

sautheast into the mafie volcanics, the underlying iron formation and 

micaceous schists. In the tight synclinal Jœel between the Boulder Dame and 

the Renia Synfonn this unit directly overlies the lCMer member of the Baby 

Fonnation, fram which it is virtually iOOistinguishable. To the north of our 

study area, on the northern flank of the Boulder Dome, Sauvé (1956, 1957) 

shows a large zone of micaceous schist with several kilometers of structural 

thickness overlying the metamorphosed equivalent of the Hellancourt volcanics. 

'!hese rocks could be correlatives of those described above. 

ix) Intrusives 

- Gati:>rœ: 

Gabbro sills are concentrated within the lCMer member of the Baby 

Fonnation where they fom elongate discontinuous hills. 'lhey are composed 

essentially of homblend.e arrl plagioclase, often completely saussuritized. 

'lhey are found locally within the Harverg and '!hévenet Fonnations. 

Glomeroporphyritic gabbros fom laterally discontinuous, pod like sills 

which are found within or ilmnediately \.ll'Xlerneath the iron fonnation of the 
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middle Irel'I\1::)er Baby Formation. 'Ihey have the same mineralogy as InonnaI" 

gabbro silis but have sub-idiom:>:qirlc plagioclase czystals which can attain 10 

cm in diameter (Plate IIIf). '!he sh.arp l::lc:>uOOaries of the crystals is a 

tœt.aIoorphic effecti the same intrusions within the lower greenschist grade 

central igneous zone have diffuse bourrlaries te the plagicx:::lase porphyries, 

hence the terrn "blotchy gabbros" (Sauvé & Bergeron, ~965). I.ocally these 

sills contain lenses of normal gabbro. 

- lTItramafics: 

Ultrarrafic rocks fonn very elongate, generally thin, lenses within the 

gabbroic intrusives at the base of the nafic volcanic unit. GraduaI 

transitions to the gabb' ic portion of the int..rusives were locally neted. 'Ihe 

ultrarnafics probably represent a.nnulate horizons vlithin differentiated sills. 

Similar relationships were observed in the allochthonous central zone (Sauve & 

Bergeron, ~965). 'Ihey weather ta a pale green or brown coler, typically with a 

pitted weathered surface (Plate IVa). I.ocally these sills grade up into 

pyroxenite and normal gabbro horizons, fenning SIlBII layered intrusives. 

'lbeir main constituents are tremolite, serpentine, chlorite, carbonates 

(ankerite) iron oxides, am there are local fresh pyroxenes. In places, 

chrysotile fibers fill fractures cutting the intrusives. 

2.3) Cbrrelations 

An attempt has been made ta correlate the infonnal units of the study 

area te the ui'1i ts found in the better studied central arrl western zones of the 

northem trough. 'Ihe results are stnmnarized in figure 8. 'lbe following section 

expands on sorne of the aspects of these correlations. 

1) Two U/lb zircon ages of 2868 am 2878 ± 5 Ma for the Boulder and Moyer 
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dorres (Machado et al., 1987) clearly shaw their Archean ages, and suggest an 

affini ty ta the Superior craton ta the west. 

2) '!he overlying calcareous roc::ks, although lithologically more complex, 

shCM interfingerirq am interlayering with semipelite similar to that of the 

basinal dolomitie assemblage of the Harveng Formation within the central 

allochthonous zone further west (sauvé & Bergeron, 1965; BéIarger, 1982). '!he 

calcareous rocks show a graduaI transition 'l.lpolaI'ds to the semipelitie schist, 

which is also characteristie of the Harveng Fonca.tion and to a lesser degree 

its western platforméü correlative, the Abner/Denault dolomite (Clark, 1988). 

The observed composite thickness of the calcareous assemblage west of lae 

Renia exceeds the 200 TIl of Sauvé & Bergeron (1965), but since the base of the 

Harveng Formation was not observed. in the type area this value represents 

only a minimum thickness. 

3) The lawer iron fonnation, adjacent to the basement gneisses, is 

neither thick nor extensive. Its stratigraphie position is weIl constrainerl 

by the presence of underlying dolomitie marbles and overlyin;J cale-silicate 

rocks, l:xJth of which are probably correlative to the Harveng Formation further 

west. '!he oost probable time correlative is the shale-siltstone assemblage 

that underlies the Abner/IE1ault Fonnation in the west or is int.:;rrlayered with 

its eastem distal equivalent, the Harveng Formation. 'Ibis fine-grained 

assemblage is part of the upper portion of the Altikamagen SUbgroup. 'Ihere are 

no iron rich rocks re:ported at this stratigraphie level, e:xcept for the rerl 

and green shales of the le Fer Fonnation. Earlier in ths basin phase of the 

first cycle of sedimentation there are pyrite shales at the :œse of the SWanlpy 

Bay SUbgroup (Dimroth, 1978). 

'!he iron fonnations of the secom cycle of saiimentation (Sokoman am 

Baby Fonnations) are thought ta be the resul t of ma.gmatic related hydrothennal 
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act.ivity in the central igneous-sedimentary allochthonous zone (sirocmson, 

1985; Clark, 1988; Barrett et al., 1988). A similar origin for the lower iron 

fo:nnation in the study area would imply that it is the product of hydrothe:nnal 

activity related to the Bacc:hus Formation basaltlc volcanism arrljor their 

oogenetic gabbroic intrusions of the Attikamagen SUbgroup. It would represent 

a rare examp~e of ircn formation associated with the first cycle of 

sedimentation. 

4) 'The lower micaceous schist unit is c::xarposed chiefly of semipelite. 

Pelitic horizons are cornmon at the base of the succession, but occur only 

sporadically in the upper portion. Cœrse-wained siJtstone and sandstone 

horizons are COIUlOCln in the upper portion of this \.ll1it. In the less 

metamorphosed western portion of this study area thin distal turbiditic beds 

were distinguished. '!he micaceous schists have strong lithological 

similarities to the lower member (L.M.) of the Baby Fornation in the central 

allochthonous zone (Sauvé & Bergeron, 1965). 'The laver member (L.M.) of the 

BëùJy Formation is thought ta correlate wi th the basal quartz i tes of the 

wishart Formation and the ferruginous shales of the Ruth Fm. in the western 

autochthonous zone (Clark, 1988). 

5) 'The upper iron formation consists of silicate-facies iron rich 

sediments interlayered with white chen beds aOO fenuginous shales. 'Ibis 

strongly resernb~es the iron rich sed.iments of the middle mernber (M.M.) of the 

BëùJy Fo:nnation to the west (Sauvé & Bergeron, 1965). 'The iron rich rocks of 

the Baby Formation have been interpreted as distal correlatives of the 

platfonnal (shelf type) Sokornan iron formation in the western c. ltochthonous 

zone (Clark, 1988). HO'INever, the correlation of the two iron fonna.tions is not 

corroborated by m:x1el ~ead dates fram the two iron fornations (Clark & '!horpe, 

in press) • 
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6) 'Ihe upper micaceous schist fonns a generally thin unit that varies 

markedly in thickness laterally. It is bourrled. by the urrlerlying upper iron 

fonnation and. the overlying mafie volcanics. '!bey are nœtly sernipelitie in 

corrposition but do contain gamet-rim horizons. 'Ihe bourrling lithologies 

constrain this tmi t very well te represent the upper mernbe.r of the Baby 

Fonna.tion. 

7) '!he mafie volcanie unit stromly resembles the Hellancourt basalts in 

the central zone ta the west (Sauvé & Bergeron, 1965; Boone, 1987; Wares et 

al. , 1988). It conuüns roughl y the same proportion of massive to pillowed 

flows as the Hellancourt Formation although the two flow types are harder to 

distinguish due to a higher degree of penetrative deformation. UrrlerlYÏn:J the 

mafie volcanic tmit are laterally discontinuous differentiated sills and 

glorneroporphyritie gabbros. 'Ihese types of intJ::u.sive aIse typically underlie 

the Hellancourt volcanics to the west (sauvé & Bergeron, 1965). 

8) '!he sil tstone-sandstone-comlamerate unit overlying the mafie 

volcanics within this area bas no widespread equivalent within the 

allochthonous central zone. 'Ihe only descibed unit overlying the Hellancourt 

basalts is the '!hévenet Formation southwest of lac '!hé venet (Sauvé & Bergeron, 

1965; Clark, 1980), on the west side of the late stage lac Rachel reverse 

fault (Sauvé, 1956; Moorhead & Hynes, 1986; Goulet, 1987). 'Ihis fonnation 

occurs at the same general position as the unit described above. '!he 'Ihévenet 

Fonnation is corrposed mostly of massive ta interbedded argillites and 

quartzites with no coarse-grained. fraction (Sauvé & Bergeron, 1965). '!he 

quartz i tes contain the same flattened calcareous concretions as those 

observed within the siltstones of the silieielastie assemblage overlyin] the 

mafie volcanics (Sauvé & Bergeron, 1965 (plate VIa); Plate lIIe & VId). '!he 

silieiclastie assemblage overlying the ma.fie volcanic unit in the study area 
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cou1d represent a more proximal equivalent to the argillites am quartzites of 

the 'lhévenet Formation. '!he assemblage could possibly represent a mid- ta 

upper-fan facies. In this mcx:lel the 'lhévenet Fo:rtPation would represent an 

outer fan facies in which turbiditic influxes of bath siltstones arrl 

sandstones were deposited along with the finer-grained hernipelagic argillites. 

Ta the north and east of our study area, on the NE flank of the Boulder 

Gneiss, Sauvé (1957) and Gélinas (1958) napped a large zone of micaceous 

sdhist with several kilometers of structural thickness overlying the 

metamorphosed equi valents of the Hellancourt Formation. 'Ihese rocks could 

represent an eastern equivalent to the siliciclastic unit of this study area. 

'They lack the coarse-grained beds fourrl in the study area (Sauvé, 1957). 

In the western hinterland of the central Labrador Trough, metarnorphosed 

sediments and suborùinate metavolcanics and intrusives, termed the laporte 

Group, are overthrust on the basalts of the central igneous-sedimentary zone 

(Baragar, 1967; Dllnroth, 1970, 1972, 1978) and bo1..1l'Ùed ta the east by the arc 

relate:i calc-alkaline De Pas batholith (Bélanger & van der I.eeden, 1987; van 

der I.eeden et al., in press). An arc related eastern provenance, distinct from 

the one for the Kaniapiskau SUpergroup, has been postulated for the laporte 

Group sediments (Bélanger & van der I.eeden, 1987). 'The mafic volcanics arrl 

intrusives have been correlated with their counterparts from the second cycle 

of the Kaniapiskau Supergroup (Girard, 1989; van der l.eeden et al., in press) . 

In the upper portion of the group, Girard (1989) mentions the presence of sub-

areal gritty arkoses that could represent the final infilling of the basin 

from easterly derived sediments. 

'The laporte Group is a plausible correlative ta the 'Ihévenet Fonnation 

present in the western hinterlarrl of the northem Labrador Trough. 'Ihe main 

difference between the northern and southern hinterland zones is that in the 
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northern hinterlam a much greater proportion of reccgnizable units of the 

secorrl cycle of sedimentation are t:ourrl east of the hinterland/central zone 

bourrla1:y (lac Rachel Fault or its southern extension). 

A good ana.logue ta the '!hévenet Formation can also be founcl in another 

segment of the Circum-SUperior belt (Baragar arrl Scoates, 1981); the Belcher 

islarrls fold belt located on the eastern side of Hudson Bay. 'Ibe sed.imentary 

succession in the Belcher Islands presents a near-identical stratigraphy ta 

the second cycle of sedimentation in the labrador Trough (Hoffman, 1987; Fig. 

9). '!he follawing SllIl1Illéll:Y is taken fram DiInroth et al. (1970) and Ricketts & 

Donaldson (1981). 

ShallCM marine quartz arenites (Mukpollo Fonnation) overlie karstic 

carbonate brea:aas (RcMatt Fonnation) and grade up into a fine-grained 

laminated iron fornation (Kipalu Formation). SUbmarine basal ts (Flaherty 

Fonnation) overlie the iron rich sediments. Paleocurrent and paleoflow 

determinations indicate that the si te of extrusion for the basal ts was to the 

west (Ricketts et al., 1982). 'Ihe extrusion of the basalts marked a reversal 

in the dip of the paleoslope from W dipping te E dipping. 'Ihe volcanics are 

disconformably overlain by shales and volcanic sarrlstones that grade up into a 

thick sequence of turbiditic greywackes (Omarolluk Fonnation) , fonning a 

flysch-like sequence. 'Ihese sediments are rich in lithic and felspathic 

fragments. Volcanogenic fragments are COl1U1lOn at the base of the Omarolluk 

Fonnation. They grade up into fluviatile and marginal marine arkoses with 

interlayers of mudstones and conglomerates (loaf Fonnation). 'Ibis formation 

has been interpreted ta represent a distal molasse sequence. Based on 

palecx::urrent data and thickness variations the provenance for the sediments 

overlying the volcanics was to the NW, net the Superior craton to the east. 

'Ihere is a graduaI upward decrease in volcanic fragments and plagioclase 
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content in the Omarolluk Formation t.cMards the Ioaf Formation am a 

concomitant increase in the aIOOUnt of microcline. '!he NW source for the 

Omarolluk Fonnation includes the uplifted (upthrust?) urrlerlying volcanics 

plus a cratonic source that gradually becomes the sole source for the 

se1iments in the upper portion of the O:narolluk Fonnation and the Leaf 

Formation. Ricketts et al. (1982) interpreted the Nastapoka Group as an 

ensialj e marginal basin on the E edge of the SUperior craton, the mafie 

volcanics being either the product of rifting or representing the early stages 

of a nascent arc complex. 

'!he main difference from the secom cycle of the Kaniapiskau SUpergroup 

is the absence of craton derived molasse-like fluviatile sedi1œnts overlying 

either the autochthonous equivalents of the Belcher Islands sucession, the 

Nastapoka Group on the nainland to the east, or the underlying Richmond Gulf 

Group (Fig.9). fuis difference could irrlicate that either flexuring of the 

Superior craton during the eastwards imbrication and translation of the 

Belcher fold and thrust belt was absent or poorly developed or simply that the 

erosion level is deeper in the Richmon:l Gulf autochthonous zone than in the 

autochthonous zone of the northern Labrador Trough. '!his resu1ted in the 

molasse-like sediments being preserved in the western labrador Trough and 

eroded in the Richmond Gulf autochthonous zone. 

2.4) SUnInary 

AlI the units found in this area have equivalents in the western, 

better studied, zone of the labrador Trough. Figure 8 shCMS a composite 

stratigraphie column of this area cornpared with one from the adjacent zone to 

the west. 

A few features of the study area desenre to be emphasized 
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- '!he Hal:veng Formation equivalent in this area is lithologically c:x:xrplex 

am its thickness varies widely laterally. '!he thickness shawn in the section 

is a representati ve one draping the gneiss dcmes. 

- '!he laver iron formation is unique ta this area. 

- '!he lCMer mernber of the Baby Fonnation equivalent is essentially 

similar ta the one to the west, including the presence of c:oarser beds near 

the top. 

- '!he upper iron formation (M.M. Baby Fonnation equivalent) is 

essentiall y identical to i ts counterpart in the central allochthonous zone, 

although it occurs much eloser to the overlying mafie volcanics. 

- '!he upper member of the Baby Fonnation-equi valent is much thirmer than 

its westerly equivalent and may even he abc"....ent fram the easterrnoost 

correlatives. 

- '!he Hellancourt Fonnation equivalent is thinner and more defo:rrœd than, 

but otherwise indistinguishable fram, its counterpart further west. 

- '!he 'Ihévenet Formation equi valent in the study area appears to rest 

disconformabl y on the metaIDorphosed equi valents of the Hellancourt Fonuation. 

It fonus a thiek sequence of siltstones, sandstones and conglornerates. Many 

of its features are compatible with episodie influxes of coarse ard fine 

sediments into the basin. 

'IWo features of the sedimentary sucession capping the Hellancourt basalts 

and eastern equivalents can he reconciled with an eastern provenance. 

i) If the sedimentary sequence capping the Hellancourt basalts on either 

side of the lae Rachel fault can be correlated, the general coarseness am 

thicJmess of the sequence decreases westward, painting to an easterly source 

for the sediments (Fig. 8). A several kilorreters thiek (at least 

structurally), succession of biotite-muscovite schist blanketinJ the basalts 
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was noted te the north (Sauvé, 1956, 1957) that could also co:rrelate with the 

Thévenet Formation. 

li) For nost of the central zone of the trough the roof of the 

Hellancourt Formation is narked by a thrust fault. '!he Thévenet Formation 

could have originally exterrled west of its present position and have 

subsequently been removed by rrovenent alon:;} the thrust surface. HCMever the 

complete laek of any rernnant of sediments overlying the basalts found in the 

central and. western portions of the central zone is more easil y, lJ1...lt net 

exelusively, reconciled with its never have been there initially. 'This would 

indicate that sediments overlying the basalts never extended nruch farther west 

than their present position. '!he sediments caPPinJ the Hellancourt basalts 

could possibly have been brought in fram the west via sorne by-pass mechanisrn 

(i. e. a submarine canyon), but the local eastward increase in grain size 

across the lac Rachel faul t does not corrol:x:>rate this. 

'lhe source rocks of the 'lhévenet Fonnation would comprise uplifted 

silieielastie sediments and mafie volcanics, probably distal eastern 

correlatives of the Kaniapiskau SUpergroup, in addition to crystalline rocks. 

There are arc-related granitoid intrusives te the east (Poirier, 1989; Poirier 

et al., in press) that are dated at 1829-1845 Ma (Machado et al. 1988). If 

these intrusi ves were the source for the 'Ihévenet sediments, the Hellancourt-

'Ihévenet Fonnation contact would mark a 35 Ma hiatus, given that the basalts 

are of the sarne age as a 1.88 Ga differentiated gabbro sill intruding the 

underying sediments of the MenihekjBaby Fonnation (R. Parrish pers. comm. 

1987, eited in Hoffman, 1988). In this setting the 'Ihévenet Formation would 

represent a fore-arc deposit. Although there is evidence in the study area for 

truncation of the Wlderlying succession by the 'Thé venet Fonnation, a 35 Ma 

hiatus at the Hellancourt-'lhévenet contact is not consistent with the presence 
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of thin basal t horizons am gabbro intrusives, (correlative te the Hellancourt 

Fonnation ?) in the 'Ihévenet Fonnation east of the lae Rachel Reverse Fault 

(Sauvé, 1957; Gélinas, 1958a, 1958b; Sauvé & Bergeron, 1965). In addition, 

stratigraphie avidence points rrore te a continuum of sedimentation between the 

Baby Fonnation and 'Ihévenet Fonnation. Volcanic activity is interpreted to 

have been swamped by the influx of easterly derived sediments in the more 

proximal eastern zone, but was uninpedErl in the rrore distal area that now 

corresporrls to the allochthonous central zone. 

An equally likely crystalline source for the 'lhévenet silicielastics is 

Archean rocks to the east. 'Ihere is sarre geœ.hronological evidence for the 

presence of Archean rocks east of the four baseIœnt exposures of the 

westennnost hinterland; 2850 Ma (Machado et al., 1987), 2783 Ma (Machado et 

al., 1988) for the lac Olmstead and Turootte granitoid gneisses respectively 

(map I). 'lhese Archean gneisses and other possjble eastem occurences may have 

shed sediments westwaros prior to their intrusion by the Hudsonian (1845-1829 

Ma, Machado et al., 1988) calc-alkaline l type volcanic arc grani toids 

(Poirier et al., in press). 'Ihese Archean rocks could belong either to the Rae 

province (RoffInan, 1988) east of an inte:rpreted paleo-suture (Bélanger et al. 

1987; Perreaul t et al. 1988; RJirier, 1989; van der I..eeden et al., in press; 

Poirier et al., in press) or could represent the uplifted easternmost margin 

of the disterrled SUperior crust. 

In the central hinterland zone of the southern labrador Trough, east of 

the large calc-alkaline 1840 Ma De Pas B:ltholith there is also evidence for 

early Aphebian intrus ives (2.32 Ga. S. BowrirxJ pers. corrnn. cited in van der 

I.eeden et al., in press) that could be possible source rocks for the sediments 

of the western southern hinterland zone. 
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2.5) Dl..soR'liŒl 

As mentioned previously the coarseness of the lower micaceous schist unit 

(Lawer MeJnber of the Baby Fonnation equivalent) increases upwards tavards the 

upper iron fonnation am. the basal ts. '!hese coarse-grained rocks are virtually 

indistir'XJ\.Iishable fram the overlyinj 'Ihévenet Fonration. .L'bis points te a 

continuum in the style of sedimentation between the sediIrents urrlerly~ am 

those overlying the basalts. '!he sediments un:1erlying the basalts imrnediately 

west of the southem extension of the lac Rachel faul t are also characterized 

by coarse-grained facies (Clark, 1978), similar ta the ones noted in the study 

area. Bérard (1965) and Sauvé am Bergeron (1965) mention the presence of 

volcanCXj'enic cl~sts, prestnnably easterly derived, in the sediments underlying 

the basal ts in the western central zone am. the eastern portion of the 

autochthonous - para-autochthonous zone. '!he combination of aIl the above 

rnentioned features seerns to indicate that the influence of an easterly source 

of sedimentation exterrled. far ta the west of the hinterlarrljcentral zone 

boundary and that a large portion if not liOSt of the second cycle uf 

sedimentation in the central and eastern zones of the northern labrador Trough 

is easterly derived. It is ÎlT'pOrtant ta note that Le Gallais and lavoie (1982) 

obse1:ved the presence of basernent arrl platfonn facies sedimenta!y clasts in 

conglomerate beds within the Menihek Fonnation (Baby Fonnation equivalent) 

which they interpreted as westerly derived channel lag deposits. From the 

limited data listed above the line of convergent provenance for the sediments 

underlying the Hellancourt basalts may lie approximately at the boundal:y 

between the central igneous-sedimenta!y zone and the western sedimentary zone. 

'Ihus the basin seems to have been infilled by contemporaneous westerly and 

easterly derived clasts. 

'IWo contrasting tectonic settings can he envisaged ta account for an 
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easterly source of the sediments in the eastem portion of the northem 

labrador Trough. 

1) Marginal basins: 

i) ruring the extension of the Archean Superior sialic crust, early in 

the Hudsonian Orogeny, sediments were shed westwards fram eastem highs such 

as a marginal plateau, a continent ribbon, or an outer rise. '!he first two 

types of high are fonned by the isolatio:1 of a relatively unstretched CnlStal 

black bourrled by more attenuated (normal faulted) zones. '!he third type of 

high, the outer rise, is the re.sult of isostatic uplift of the ICMer plate of 

a crustal scale detachment fault (Lister et al., 1986). '!he required thinner 

sialic crust of this type of basin could have given the transitional 

characteristic of the Hellancourt basalts that were extruded on top of it 

(Boone, 1987; Boone & Hynes, in press). 

ii) Another possibility is that the secam cycle of sediIœntation in the 

north91n labrador Trough was deposi ted in a nascent back-arc basin that 

developed behind a continental magmatic arc. However the calc-alkaline 

magrnatic arc found in the central portion Qf the northern hinterlarrl zone 

(Poirier, 1989; Poirier et al., in press) am the southern hinterland zone 

(van der I.eeden et aL! in press) is younger (1845-1829 Ma, Machado et al. 

(1988); Perreaul t et al. (1988» tha.n the prcducts of the trough' s secom 

cycle of sedimentation (1888 Ma, O1evé am Machado (1988); R. Parrish pers. 

corn. in Hoffman (1988». '!hese intrus ives could possibly mask earlier 

intrusions that would be of the right age for the back-arc hypothesis. 'Ihere 

are older intrusi ves (2. 32 Ga, S. J3c1..Jring pers. corn. in van der I..eeden et al., 

in press) spatially associated with the southem magmatic arc, but these are 

tao old to be related te uni ts of the Labrador Trough further west. 'lhey do 

however indicate that the nagma.tic arc in the hinterlarrl zone, at least its 
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southern portion, may have had a long protracted history of intrusion. 

'!he current status of the limited geochronologiacal work in the 

hinterlarrl zone of the Labrador Trough does not support a back-arc origin for 

any portion of the labrador Trough (sensu stricto) succession further west. 

However the sparse data base cannat rule out entirely either the possible 

existence of older intrusives, slightly oider than 1880 Ma which js the age of 

the Sokoman iron Fonnation (d'levé & Machado, 1988) arrl the Hellancourt basal ts 

(R. Parrish pers. comm. (1987) cited in Hoffman (1988», arrl thus the back-arc 

hypothesis. 

2) Fbredeep basin: 

Hoffman (1987) bas proposed that many of the early Aphebian basins 

bordering the Superior craton contain initial passive lllé':rgin successions 

followed by foredeep deposits. In the labrador Trough he suggested that the 

entire second cycle succession was deposited in a foredeep basin. 'Ihis basin 

was initiated in response to flexural loading of the stretched Superior cnlE"­

by a westerl y advancing thrust thickened tectonic wedge. 'Ihis wedge would 

incorporate products of the first cycle of sedimentation in addition ta 

Archean Superior gneisses. 'Ibis mc:x:iel explains quite well the eastern 

provenance for the eastern second cycle sediments but is less cornpelling in 

accounting for the voluminous IDRB like basaltic magrnatism (Boone, 1987; Wares 

et al., 1988; Boeme et al., in press) as trench located volcanism. 

In Sl.lIlU'larY, the foredeep model (2) requires easterly directed subduction 

of the stretched Archean Superior crust and possibly laterally equivalent 

oceaniC' crust of which there are no rernnants. In contrast the back-arc basin 

model (lii) requiI'f'..5 westerly directed subduction of an oceanic plate belCM 

the stretched margin of the SUperior craton. '!he outer high model (li) does 
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net require any particular subduction direction. 

Geochronological dating of detrital zircons in the sediments urrlerlyin:;J 

am overlying the Hellancourt Fonna.tion in the eastem half of the northem 

labrador Trough nay weIl bring much nee1ed critical data with which to assess 

the validity of the three rocxiels listed above. From the nature of the clasts 

in the 'Ihévenet and Baby Formation the zircons should include Archean ages 

(presence of microcline clasts) am 1880 Ma ages (presence of baSciJt arrl 

gabbro fragments). If the sediments conta in no zircons slightly older than 

1888 Ma, which is the age of the Sokoman am Hellancourt Formation then the 

bade-arc model can be discounted. If they do not display any zircons related 

te the arc granitoids further east (1845-1829 Ma, Machado et al., (1988); 

Perreault et al., (1988» then the foredeep model cannot be entirely 

discounted but would require the dockinJ of another Archean terrane that shed 

sediments devoid of any signature of the Hudsonian subduction event t:.a.kin:;J 

place undemeath it. '!he outer high nodel where a portion of the stretched 

SUperior basement is uplifted and unroofed would seem I\'Ore atractive in this 

case. 
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3.0) S'I1VCIURE 

3.1) Intrcxh.JctiŒ1 

Recent studies in the northem labrador Trough (Moorhead & Hynes, 1986: 

Goulet, 1986, 1987: Perreaul t et al., 1987: Wares et al., 1988; Poirier, 1989; 

Poirier et al., in press) have distirXJuished 3 major foldirgjfaultirg events 

am late stage faul ts. 

'lbe first event (Dt) comprises NNW trerrling SW vergent thrusts, westerly 

vevgent isoclinal folds (Goulet, 1986, 1987; Boone, 1987; Wares et al., 1988: 

Plate IVe & d) and a fault-associated NE directed stretching lineation 

(Hoffman, 1988). A cleavage or schistosity associated with Dl usually lies 

parallel to the bedding surfaces. 'Ibis deformation event is interpreted te be 

responsible for the imbrication and westward translation of the cover 

sequence onto the Superior Craton (Séguln, 1969: Harrison et al., 1970, 

D~th, 1970, 1972; Goulet 1986, 1987; Wares ~r al., 1988). In addition, in 

the western hinterlarrl zone of the northen1 labrador Trough, large scale 

westerly vergent basement-cored nappe structures are thought te hav~ developed 

late in the Dl event. 

'!he secorx:1 phase of deformation (~) produced E to NE trending upright, 

generally open cross-folckl (Bosdachin, 1986: Goulet, 1987). A weak spaced 

cleavage is sametirnes developed parallel te the axial planes of these folds. 

'!he third phase of deformation (0:3) imparted the present structural grain 

of the trough. It fonus lavge scale NNW trerxling, usually tight SW vergent 

folds with shallow to rnoderate SE plunges. A crenulation cleavage is usually 

associated wi th the folds. 

Brittle deforrnation occurs in association with the late-stage N trending 

lac Rachel reverse fault (Moornead & Hynes, 1986) arx:1 miner transverse faults 

of limited e.xtent and displaceJ.I..:.i~J...:.. 
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structures related te these defonnation events are unevenly distributed 

within the trough. '!he western autochthonous - para-autochthonous zone is 

characterized by thrust faults & folds asscr:iated with the first event (Dl)' 

The central allcx::hthonous zone also contains Dl thrusts but is characterized 

JlY.JHtly by large-scale folds associated with the third event (0:3). Bath these 

zones contain sorne exarnples of large-scale open F2 cross-folds. 

A late stage (post-D]) reverse fault rrarks the bour"x:1ary between the 

central zone and the eastern hinterlarrl or "core zone" of the labrador Trough. 

The hinterland zone is characterized by a much more pervasive and penetrative 

81 schistosity and a higher metamorphic grade. It contains several large 

(probably F3) fold sets similar to the ones found in the central zone. 'Ihere 

are aIse large-scale tight to isoclinal folds in the main schistosity (Sl> 

that have been refolded by the later (F3) folds. Beth fold sets involve 

basement and caver rocks. 'Ihe relative age of the early folds is uncertain. In 

particular, it is unclear whether they are correlative to the F2 folds present 

to the west. The resolution of this question is critically dependent on the 

interpretation of the structural evolution of the gneissic bodies that 

dominate the hinterland zone E of the Lac Rachel fault. 'Ihese early baserrent­

cored folds are referred to in this study as F1' • 

'Ibis study encarnpasœs a portion of the westerrurost hinterlarrl zone that 

fontIS the hanging-wall of the Lac Rachel reverse faul t. '!his portion of the 

hinterland zone is made up of a metamorphosed and imbricated volcano­

sedimentary sequel:ro.e and four 1'lW trerxiirx:J, en échelon, exposures of Archean 

gneisses (map I). 'Ihese gneissic bodies have cormnonly been refered ta as 

"dames" and are fram the NE to the SW: the Boulder, the Renia, the Moyer and 

the Scattered. Although the Boulder arrl the Moyer gneisses are exposed as 

doubly pl\.IDjing antifonns, the Renia an! and Scattered ones are exposed as SE 
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p1~iD:J synfonns. 

'!he structural grain of the :region is dcxninated by the NW-trerrlin;J 

structures of these gneissic bexiies, which are thought ta be correlative te D:3 

W of the lac Rachel fault. 

3.2) structures west of the lac Radle1. Fault 

3.2.1) 'Ille first deformatiœ event (D:t> 

In the western am central zones of the northem I.abrador Trough the 

first phase of defonna.tion is characterized by westerly vergent thrust faults 

and isoclinal folds (Goulet, 1986, 1987; Wares et al. 1988). Hoffman (1988) 

noted the presence of NE plunging sheath folds and stretching lineations, 

compatible with movement to the SW, on the sole thrust in the northern 

labrador Trough. A cleavage or schistosity (SI) associated with the first 

phase of defonnation, commonly parallel te bed.ding, is visible on rnost non-

igneous outcrops. '!he vergence of the folds is quite variable, fram usually SW 

to NW in the western autochthonous am central allochthonous zones (Goulet, 

1986; Wares et al., 1988) to rnostly W and. NW in the eastern central zones 

(Goulet 1987). In the eastern hinterlarrl zone Hynes (1978) interpreted a WNW 

vergence for the FI folding event. '!he FI folds are often small scale rootless 

intrafonnational folds (Plate IVb, IVe & IVd). 

'll1e extent of movement on individual thrust faults is quite variable, 

fram under 100 meters in the imbricated para-autochthonous zone of 1-11e 

southern labrador Trough (Dimroth, 1970) ta up to 20 km in the central 

allochthonous zone of the northern trough. 

'The Dl thrusts and to a lesser extent the F1 folds have been intewreted 

to rc:>t dCMn to a comrnon décollement surface situated IOClSt probaLly at the 

basement-cover interface (Baragar, 1967; Séguin, 1969; Dirnroth, 1970, 1972, 

63 



~ ~ ~~~-- ~-------~~~-~.~------------------------. 

1981; Diroroth & Dressler, 1978: Boone, 1987; Boeme & Hynes, in press). Séguin 

(1969), using various geophysical methods, estimates that the thrust faults do 

net eut down into the '.m:1erlying basement but rather shallow down te a COll'lIron 

plane at the basement-cover interface. '!here is hCMever sorne local evidence in 

the central labrador Trough for baserrent irwolvement in the Dl thrusting event 

(Dressler, 1979; LeGallais & lavoie, 1982). 

Paragar (1967) and Dimroth & Dressler (1978) presented schematic cross­

sections of the entire width of the Trough, but they did net project the basal 

décollement surface undemeath the central allochthonous zone into the 

hinterland. 

Recent studies in other orcqens have shavn that a basal decollement 

surface cormnonl y caps basement exposures fourrl in their exhllIOOd core zones; 

cape-Smith Fold Belt (Hynes and Fra11Cis, 1982: Lamothe et al., 1984: st-onge 

et al., 1986), the Wopnay Orogen (st-onge et al., 1983; King, 1986), the 

Canadian Corùillera (Read & Bra.vn, 1983; Oktùitch, 1984). 

3.2.2) 'llle secorrl defonaatian event (~) 

In the western and central zone of the northern labrador Trough, the 

second defonna.tion episcx:1e is characterized by E trending up6ght, generally 

open, cross-folds (Goulet, 1987). 'Ihese folds only seldom exhibit an axial 

planar cleavage. 'They are partially responsible for the change in plunge of 

the tighter, westerly vergent F3 folds observed in the western regions of the 

northern Labrador Trough (Goulet, 1986, 1987; Wares et al., 1988). Local 

reversaI of plunge direction of the F3 folds results in dame & basin patterns 

(type l, (Ramsay, 1967)). A megascopic example of this pattern is the Lac 

Crochet basin in the westernmost portion of the central zone (Sauvé et 

Bergeron, 1965; Goulet, 1986; rnap I) . 
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Tc the south in the western zone there is local evidence for basement 

involveroont during F2t where the para-autochthonous sedimentary sequence and 

baseIœnt gneisses are folded into NE trending open upright folds that plunge 

shallCMly to the NE (Dressler, 1979). 'Ihe extreIœ northern synclinal (F3) 

closure of the labrador Trough shCMS roughly NE trending cross-folds, locally 

with fault-l:x>un:1ed northern limbs (Fig. 10). Hardy (1976) ascribed the cross-

folds to a folding phase later tban the tight NW tren:ling southwesterly 

overturned F3 syncline. Hawever the cross-folds are muc:h more flattened on 

the east side of the syncline than on its western Iirnb. 

that the E trending cross-folds were earlier and 

'Ihis may irrlicate 

were subsequently 

preferentially flattened on the NE flank of the FJ fold due to additional 

southwesterly directed. shortening duri..n:J the D:3 event. 'The F2 folds in the 

northernmost p:>rtion of the labrador Trough could JX>SSibI Y represent an 

extension of the E trending ~ of deformation in the cape-Smith foldbelt. st­

Or1g'e and lUcas (1988) have mapped large-scale E trending basement-involved 

folds in the southern isolated outliers of the cape-Smith fold belt. 'Ihese are 

situated roughly 35 km south of the cape-Smith fold belt itself and 100 km 

north of the N tennination of the labrador Trough. 'Ih.e D:2 de format ion of the 

cape-Smith fold belt may possibly have been transmitted as far south as the 

northem tip of the trough. 

3.2.3) '!he third defonnation event (1)]) 

Although the thiro defonration phase occurred relatively late in the 

tectonic history, it strongly affects the structural grain and morphology of 

the northern Labrador Trough. 

large NNW trending, westerly overtumed F3 folds with shailCM to 

moderate SE plunging axes characterize the central alloc:hthonous igneous-
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sedimentary zone (Sauvé & Bergeron, 1965; Clark, 1978, 1980; Bélanger, 1982; 

Goulet, 1986, 1987; map I). 

'Ibis folding phase only partially refolds features developed during the 

two previous defonnation phases, the large-scale F3 folds appear ta he bourx1ed 

by the early non folded thrust faults (Sauvé & Bergeron, 1965; Goulet, 1986; 

Boone, 1987; I300ne & Hynes, in press). In the central alloc:hthonous zone, 

these folds appear to have fonned in the structurally highest levels am do 

not involve baseITlP.nt rocks (Bcxme & Hynes, in press) . 

In the higher grade amphiboli te zone of the northernmost labrador Trough 

the F3 folds clearly involve the basement along with the caver rocks (Bergeron 

1957: Freedman, 1958: Gold, 1962: Hardy, 1976: Clark, in press: Fig. 10 & 11). 

3.2.4) Transverse faults 

Transverse faul ts are oriented at a large angle to the min NNW tectonic 

grain of the northern Labrador Trough. Basil Y visible on the aerial 

photographs, they often fOTIn independent or conjugate sets oriented to the NE 

am SE, with tlle NE ones predominant. 'Ihese types of fault seem to he better 

developed in the more competent gabbros anc1 basalts. Sauvé and Bergeron (1965) 

mention displacements of 15 to 30 m on one of them. 'Ihese faults eut limbs of 

F3 folds in areas to the west (Sauvé am Bergeron, 1965). 'Ihey could represent 

a late stage feature related to continuing, or late stage, westerly shortening 

during the F J folding event, with no significant displacements. 

'Ibe roughly 900 angle between the two fault directions does not quite 

fit the classical mcx:lel for conjugate shear fractures in which they fOTIn an 

acute angle tCMards the direction of maximum compression. Large scale 

rotations due ta additianal flattening could increase an initially acute 

angle ta 900 • However this is unlikely given the small amounts of displacement 
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am consequently rotation abserved on the 1:50,000 scale maps am aerial 

photographs for these faults. 

3.2.5) '!he lac Radlel fault 

'!his fault was originally designated as the lac Phillips tlu:ust fault in 

the region adjacent to the north (Sauvé, 1956; Fig. 5). It places the 

metaIrorphosed equi valents of the lCMer Baby Fonnation onto sheared 

Hellancourt basalts (map I). All along its length this fault juxtaposes 

metamorphic schists, partially equivalent to the Kaniapiskau sequence further 

west, along with rernobilized Archean basement bcxiies, onto the uppennost units 

of the central allochthonous zone (nap I). 

In the study area the lac Rachel faul t is oriented N-S i further north 

Sauvé (1956, 1959) and south (Clark, 1978, 1980; Diroroth, 1978) its trace 

becomes parallel to the main NNW tectonic grain of the labrador Trough (Fig. 

4). '!he extension of the lac Rachel Faul t in the northennnost Labrador Trough 

is oriented N-S (Bergeron, 1957: Gold, 1962: Clark, in press; Fig. Il). At 

this latitude in the foot"w-all of the faul t the traces of NW trending, SW 

overturned, basement.-involved F3 folds are eut off. West of the Renia Gneiss, 

the faul t trace is occupiro by Pleistocene caver or lac Rachel, hence most of 

the infC'~lnation about this faul t is indirect. 

In the footwall of the fault, F3 fold traces are either truncated or 

deflected into the fault plane (Sauvé, 1956: Sauvé & Bergeron, 1965). In the 

hanging-wall of the thrust, F3 fold traces have a NW trend instead of the more 

prevalent NNW trend of other portions of the Labrador Troughi they curve 

gently into parallelism with the fault (Sauvé, 1956). 

In our study area there is sorne evidence for a harqi.r"q-wall anticline 

structure on the lac Rachel fault. A srnall exp:::>sure of iron fonnation, 
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presuI'f\ably belonging to the Middle Me.mber of the Baby Fonnation, is fourxl on 

an island near the western shore of lae Rachel. 'lllis irrplies that an 

anticlinal trace lies between this exposure am the more extensive horizon on 

the easœm shore of lac Rachel. Hooever no eastern fael.rg outcrops have been 

observed on the western shore to confim the fold trace. 

'!he northerly extension of this fault was recently studied by Goulet 

(1986). He interpreted it as an oblique-slip fault with signifiœnt right 

lateral displacernent of up to 10 ta 15 km (N. Goulet, pers. COITUn., 1989). A 

mineraI elongation measured in the fault plane has a pitch of 450 to the N 

(Goulet, pers. COIIUn., 1989). 

'!he vertical movement along the faul t must have been substantial, 

because metamorpllic ilnbricates and rend:>ilized basement are juxtaposed against 

the upper part of the Kaniapiskau Supergroup in the northern labrador Trough. 

Using stratigraphie thiclmesses the minimum vertical mJVement is 600 te 1000 

meters. In this area thennobarometric data are available on! y for the 

hanging-wall sedimentary schist: the volcanics being unsuitable for this type 

of study. Tc the south, in the area rnapped by Clark (1980) (see Fig. 5), 

where metamorphosed sediments are fourrl on both sides of the fault, a 

difference of barcmetric pressure of 200 MPa corresponding to vertical throw 

of 7.5 km was found between the hanging wall a."Xl footwall rocks (Poirier et 

al., in press) . 

'Ibe late nature of this fault is clear from the truncation of F3 folds 

aIrl the juxtaposition of two different metarrorphic zones. Goulet (1986) 

noted the presence of pseudotachylite horizons in the northern extension of 

the fault, confinning the late te post metamorphic nature of the IOClVerrent 

along the fault. Goulet (1987) consider:s this tault ta be have an early 

transcurrent motion. '!he dextral strike-slip maverrent alo~ the fault plane 

70 

~_7 ________________________________________________ _ 



( 

r 

in conjunction with a silnilar type of ll'Otion on the lac Olmstead Fault was 

interpreted to result in the fonnation of the large basement-cored F3 folds 

that characterize this portion of the western hinterlarrl zone (Goulet, 1987). 

In this scenario ~ would be cont:errporaneous with the m:>tion on the lac Rachel 

Fault. Intersection of the F3 fold traces with the lac Rachel Fault yields 

ambiguous results; sorne of F3 fold traces cw:ve gently into parallelisrn with 

the fault planes (Sauvé, 1956; Fig. 12; map l & III) while others are clearly 

truncated by it (Bergeron, 1957; Fig. 11). 

In surrnnary, any early motion along the lac Rachel Fault, bas been largely 

obscured by late to post metamorphic IOOVement and remains unknown. Most of the 

obse1:ved features are more c:arrpatible with a late te post metamorphic motion 

(Goulet, 1986: Poirier et al., in press) . 

One way to in which to assess if any significant. (pluri-kilornetric) 

dextral strike-slip motion bas occurred along the lac Rachel Fault would be to 

rnap out the northern extensions of the isograds presP.nt in the area mapped by 

Gélinas (1965) (Perreault & Gélinas, 1985; Moomead & Hynes, 1986; Perreault 

et al. 1987; Poirier, 1989). If there bas been any significant dextral oblique 

motion on the fault the isograds prac:;ent in the ~ing-wall should eventually 

an:ve into and tenninate at the faul t plane. 'lhis is especiall y true if the 

stretching lineation that plunges 450 ta the NE present in the fault plane (N. 

Goulet, pers. comm. 1 1988) is used as a bulk strain marker. From the 1:250,000 

scale compilation map of Clark (in press) the two isograds depicted seem to 

exterrl northwards parallel to the fault. 'Ibis may hCMever be a toc c:rude an 

approximation to allow the assertion that little late to post-metamorphic 

strike-slip motion has taken place. 
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3.3) structures east of the lac RadJel fault 

3.3.1) Baseœmt grwaiss exposures 

3.3.1.1) Antifonnal basanent bodies 

3.3.1.lA) '!te lotJyer Inne 

The Moyer dame is ellipsoidal with a pincherl southem zone. '!he southern 

extension of the darne is net well constrained. From information available fram 

the maps of Fahrlg (1965) anj Clark (1980), the area south of the Koksoak 

river does not seem ta conta in any exposures of baseIœnt gneisses situated SE 

along strike of the Moyer Come (Map 1). 'Ihere is hCMevèr an ùI1I1lapped zone on 

the southern shore of the Koksoak River si tuated SE along strike of the Moyer 

IXmIe. It lies in a critical area where it might he possible ta establish 

whether the Moyer Darne is an isolated body or if it links up with the southern 

more extensive Scattered Gneiss. Extrapolatir~ the information available fram 

Fahrig (1965) and Clark (1980) the southem margin of the Moyer Gneiss 

probably corresponds to the area occupied by the Koksoak River. It does not 

seem ta link up ta the southern scattered DoIœ (Map 1). 

The Moyer D:Jrne bas moderately dipping margins up ta its pinched southern 

zone and a shallowly dipping core (Gélinas, 1958ai Clark, 1980i Fig. 12 & 13), 

features that are compatlble with a shallCM level of unroofing. '!he main 

structural features within the overlying caver rocks are synclines along the E 

and N margin of the dame. 

3.3.1.IB) 'Ble Brulder lDDe 

The Boulder Dame is an elongated NW trerrling, doubly plurqing, upright F3 

basement-oored anticline (sauvé, 1956, 1957; Gélinas, 1958a, 1958bi Fig. 14). 

The north arrl south tenninations sean to have I!Dderate phmges, the flanks are 
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(1956. 1957) an:i tlUs study. 
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upright and steeply dipping, except in the southeastern errl of the dOIœ where 

bath flanks are overtumed. te the SW (Gélinas, 1958b; Clark, in press; map 1) • 

'!he hinge line of zero plunge for the FJ fold axis coring the dOll'e is 

situated closer to the NW closure of the dame. 'This is clearly S'lGWn by the 

fold morpholcgy of a large scale arnphibolite dyke within the dame (Gelinas, 

1958a; map 1) and the seI1SlS of plunge of the associated folds within the 

coyer sequence on the SW flank an::i NE flank of the dame (Goulet, 1986). 'Ihere 

are no megascopic folds that repeat the stratigraphie units in the cover rocks 

overlying this dame. The caver sequence is hCMever capped by a thrust fauit on 

its SW margine 

3.3.1.2) Synformal basaJPnt bcxlies 

3.3.1.2A) '!he Fa1ia. Synform 

'!he Renia Gneiss has the most campI icated structure of aIl four basement 

exposures. It is an elongated upright ba.sement-cored F3 synfonn, with a SE to 

E steeply plunging NW closure placing basement gneisses on top of the caver 

rocks (Fig. 15). The souchem margin or extension of the Renia Gneiss is 

poorly constrained.. It clearly lies ta the SE of the area studied by Gelinas 

(1958a, 1958b, 1965 (see Fig. 5 & 12»). 'lb the SE aiong strike, on the 

southern shore of the Koksoak River, Fahrig's (1965) study shows the presence 

of a large swath of biotite-muscovite schists and gneisses but no granltold 

basement qneisses. The southern tennination of the Renia Gneiss lies 

presumably betwam the southem limit of the area ITB.pped by Gelinas (19S8a, 

1958b) and the first exposures on the south shore of t '- l(oksoak River. 

The NW closure of the Renia Gneiss body is aIse cha racterized by a 

tangue of sedilnents t:.ghtly infolded into the baseme.nt gneisses. 'Ille axial 

trace of the cover-corErl syncline and its associated baS€lœJlt-conxl anticline 
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Rerua synforrn. 
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synform. 
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2d: ccooined. data 
'!he clata set 15 taJœn fram this st:udy arrl Gell.IlaS (unpublJ..Shed 
traps) 
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are elearly refolded by the NW t.ren::ling F3 folds. Structural information fram 

the hirqe zones of bath of these folds is seant due ta a lack of outerops in 

strategie locations. From infonnation derived from the synuœtries of the 

parasitie folds on their limbs , they are likely to belo~ to the FI' folding 

episode. Support in:] this assigned chronology is the abwx1ance of minor FI' 

folds within the COller sequence adjacent te the NW errl of the Renia Gneiss, 

'!he COller sequence NW of the Renia Gneiss is also folded by a regional scale 

F1 ' fold. 

3. 3 .1. 2B) '!he Scatt:e.nrl Synform 

'!he Scattered Gneiss found south of the Moyer DJme displays the same 

synfonn rnorphology as the Renia Gneiss. 'Jhe NW tennination of the Scattered 

Gneiss outcrops in a few localities north of the Koksœk River (Clark, 1980; 

rnap 1). From data gleaned fram Clark's (1980) study it appears that the NW 

elosure of the Scattered Gneiss plungE!S shallCMly ta the SE. The synfonn 

becomes broader SE of the Koksoak River. It extends at least 50 km to the SE, 

where it seerns to link up with a larger ill-defined mass of granitoid gneisses 

(Fahrig, 1965). SW of the 11'ain !X)rtion of the Scattered Gneiss there is a 30 

km2 elliptical l:xJdyof granite of unc::ertain age (Clark, )980; Fig. 4). NW of 

the gneiss lies a large area of paraçj11eisses and schists of tmcertain affinity 

(Fahrig, 1965). 

3. 3 .2) Ib\,m plt.InJe section 

The structural grain of th/a region is dorninated by the NW-trendirX:J 

structures of the gneiss bodies, which are thought ta be correlative ta F) 

folds west of the I.ac Rachel fauIt. The straightforwanl structures asscx;iated 

wi th the gneiss bodies allCM the construction of a sect ion acress the western 
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portion of the hinterland zone of the nor1:hem Labrador Trough (Fig. 16). '!he 

1ine of section approximate1y fo1100-;3 the Koksoak River which cuts the F3 

folds at an approxirnate right a..rYJle (Fig. 16). 'Ibis section represents an 

offset extension of the dCMl1 p1unge section of Boeme (1987) in the central and 

western portions of the northem labrador Trough (Fig. 5). Although there is 

no vertical erosional relief in the northern labrador Trough as in rrore recent 

mountain belts, the presence of large arxi continuous F3 folds in this area 

results in considerable structural relief being exposed in oblique section at 

the surface. 

'!he area covering the four ba.sement gneiss exposures is nruch laJ:ger than 

the study area, which c.avers only the NW termination of the Renia Gneiss (Fig. 

4). '!he section includes data from the foll~ing sources: Gé1inas (:"958a, 

1958b, unpublished TI1ë\.ps), Sauvé (1956, 19::'7), Fahrig (1965), Clark (1980) and 

Goulet ( 1987). '!he small area covered by this study compared wi th the area 

covered by the section results in a higher level of uncel tainty than usual for 

down plunge projections reported in other studies (King, 1986; st-onge and 

Lucas, in press), the limitiDg' fdctor here being the small amount of fold 

plunge data avaUable from the studies listed above. Where appropriate, 

schistosity and bedding planes were plotted on stereonets to establish the 

plunge of the FJ axes and complement the available fold data on the TI1ë\.ps. '!he 

best constrained. portion of the composi te sec-tion is that for the lower 

portion of the Renia synfom corresponding to the area covered by this study. 

construction of the section invol ves the d~ plunge projection of the 

surface geology north fram the line of section and. the up p1unge projection of 

the surface data south of the line of section. 'Ille area north of the line of 

section contains four major FJ fold sets, which are from S ta N: tb.é Scattered 

Synfom, the Moyer Antiform, the Renia Synfonn and the Botùder Antifonn. Data 

79 



30
10 .. .. ..,. •• ,. " ,. '. 

-,,} 

I~, 
STRATIGRAPHY 

APHEBIAN 

II • MOSTlY GNEISSIC 

I~~ ~ 
ME TASANOS lONE 

0 BI\SAlIS 
IWIlLBOB,HELLANCOURT FM 1 

~I ARCHEA"! 

" 
.. 

o GR"NITOIO GNEISSlS 

,-" 
STRUCTURE 

FAULTS 

-"'- BASAL OECOLL[MENT 

. OEURAL STRlI(E SLIP FAUL 1 

MOVEMENT UNKNOWN 

"...., REVERSE F AULT 

FOLDS 
<;8000 + 

- "·00 

FJ SYNFOR'" 

+ FJ AN TIF OR'" 

30 PLUNGE DATA 

hECllON L1NE 

ARE A PROJECTto 
INIO SECTION 

MODIFIEO AFTER 

-GOULET (IgOn 
SCALE POIRIER PQaQ) 

o 25 $ 0 7 t5 100 -CLARI( liN PRESS) -- C--· 
•• 45

30 
" 

1100 •• lu Il 

Flgure 16: 'l'races an:! pl~es of the IlldJor folds used te constJ:u(.:t the ùLMn 
plurqe sectlOn 

80 



fram the SE portions of the Boulder, Renia arrl Moyer Gneisses olong with the 

NW tennmation of the scattered Gneiss were projected along a COImT\On FJ axis 

plunging 250 ta the SE (Fig. 16). fuis is an approximation given that variable 

:?lunges and ta a 1esser degree variable trends for the FJ axes are reported in 

the Moyer Dome (Clark, 1980) an::l Boulder Dome (Goulet, 1987). 'lb.e Renia 

Synform is the most complex of the four fold sets. Its NW portion, covered by 

this study, displays systernatic variations in tbe plunges and trends of the FJ 

folds (Fig. 16). lXlmains of constant tre.rrl and plunge were establ ished. From 

these, individual down plunge sections were constructed, these were then 

stacked up one on top of each other to fom a composite dCMn plunge section 

for the Renia Synform. The sec-tion is thought to be only truly constrained 

down to 7 km. The lower port.ion of the section should be regarded as a more 

schemat ic representation if the surface geology is pulled tht"ough down onto 

the line of section using aIl changes in plunge data visible at the surface. 

Given the shallOVJing in pltrnge of the Renia Synfonn from NW to SE, it is not 

clear that stacking a section fram the NW and central portions of the synform 

under the most SE part, near the Koksoak River, is justified. In addition it 

is not clear at aIl that the caver su<x.ession visible at the NW closure of 

the Renia Synform project aIl the way dOVJn plunge onto the line of section 

given the lit.llological variations visible along strike at the surface. 

South of the line of section the Scattered Gneiss and its surrounding 

metasedirnents were projected up plunge along the FJ synform axis that cores 

the gneiss l::.lc'Ùy. Structural data south of the river are generally SCânt and. 

inadequate from the poi.nt of view of this type ot study. 'l'he area south of the 

liver in the vicinity of the Scattered Synform was mapped by Cli.1rk (1980). The 

data set here allows for further SE down-plunge projection of the surface 

geology than the area adjacent to the N and NE of the Scattered Gneiss. The 
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composite section is shCMI1 in Figure 17. 

'l'Wo features of the dam pll..lTge section m:rrit comment: 

1) 'The cover rocks surrourrlirg the Boulder am Moyer Antifonns seen on 

the sectian were projected dCMJ1 dip anto the section and correspon:l ta the 

anes present along the SW margin of the falds. Dc::Mn plunge projections af the 

NW tenninations of the ba.sement antifanns are shCMI1 in Figure 18. It is elear 

fram these sections and the ma.ps of Gélinas (1958a, 1958b) and Clark (1980) 

that there is no simple correspondence between the cover rocks present an the 

NW rnargins and the ones present along -che SE margins. 'lhis irnplies that there 

were pre-dome lithological variations across strike. These are thought to 

represent original stratigraphie variations across the basin, but unrecognized 

thrusts or other types of faul t that disrupted the stratigraphie arrangement 

cannat be entirel y discounted. 

2) The area left blank an the west side of the section is due ta tl1e 

presence af the N trending post-D:3 lae Rachel reverse faul t (Moorhead & Hynes 1 

1986). since it is at an angle to the trace of the lines of projections for 

the section it would appear ta have an artificial shallo.v dip. 'The effect of 

this fault was essentially ta remave "projectable" naterial in increasing 

amounts ta the narth. 

'!he composite down plunge section may possibly display up ta 24 km of 

structural thiekness if aH the surface data on the Renia Synfarm are 

projected do.vn plunge anto the line of section. 'The striking features of the 

section are the highly flattened nature af the Boulder Antiform and Renia 

synfonn and the rectnnbent morphology of the Scattered Gneiss. 
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3.3.3) Origin of the baseœnt gneiss b:xiies 

3.3.3.1) Int.rcxluctiŒl 

'lbe four basemer.t gneiss bodies of the western hinterlard zone can be 

used as a referE'..nce FQint to test any structural IOOdel. 'lbe gneiss bodies are 

assurned te have undergone a COItUIDn tectonie history. Wi thout this assurnption 

specifie IOOdels could be invoked te explain the fonnatian of each individual 

gneiss body but not for the four basement gneisses as a whole. '!he presence of 

the 0,,0 baS€.l'('f)..nt cored synfonns, the Renia and the Scattered, provides the 

most c:ritical structural feature. 'Ihese two d~ faeÏn:j folds that brÏn:j 

basement gneisses on top of caver rocks eliminate a priori sorne of the most 

cormnon mechanisrns that have been put forth to explain basement gneiss 

exposures in other orogenic belts. 'Ihese include: 1) Reverse black faultinJ 

h~ding to the uplift of a basement core (or horst) (Brun, 1983), 2) Crustal 

stretching by norma.l or detachement faults (Davis & Coney, 1979; Wernicke, 

1984; Lister et al., 1986; Lister and Davis, 1989), 3) upright non-cylindric 

folds (Brun, 1983) and 4) Crustdl shortening by inter~erence between two 

upright fold sets (Steltenpohl & Bartley, 1988; Stel, 1988; Klng, 1986; st­

ange & Ki.l1g. 1986; Myers & Watkins, 1985; D.mcan, 1984; Okulitch, 1984; Platt, 

1980; Bickle et al. 1980; Ross 1 1968). 

In addition reverse block faultü~ can be discounted as a mode of 

formation for ti1e basement gneisses in tlle hinterland of ~~e northern Labrador 

Trough gi ven me lack of late faul ts buundÏn:j or surrounding the gneissic 

bodies. D?tachrnent faults are knCMl1 to he responsible for the exposure 01 

many large basement gneiss b..:dies in the southwestern United states (Davis, 

1983; Lister and DaVlS, 1989). No extensionnal fclbrics, either brittle or 

ductile, have been observed in the study ared or reported from the hinterlard 

zone of the labrador Trough Most structural feature!:., are cornpr~.sional as 

nc: 
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are the ones present to the west in the western am central zones (i. e. SW 

overtu.rned folds am SW directed thrusts). Sc extension tectonics are prabably 

IlOt responsible for the fonnaticn or the unroofin:j of the basement gneisses of 

the hinterlarrl of the labrador Trough. 

'Ihnlst faulting is an effective way of emplacing baserœnt gneiss slices 

on top of supracnIStal rocks am is thought to be responsible for the presence 

of sorne basement exposures in different orogens, such as the Mal ton Gneiss in 

the canadian Cordillera (Okulitch, 1984) arXl the Blue Ridge in the central 

Appalachians (Boyer & Elliot, 1982). A few basement gneiss slices have been 

reported in in the western zone of the north-central trough (Dressler, 1979; 

I.e Gallais & I.avoie, 1982). In the western hinterland zone, however, the caver 

succession bounding the different basement bodies appears ta be continuous and 

uninterrupted, the sarne calcareous unit envelops each gneiss bcdy. Unless an 

unrecognized thrust fault exists between the synfonnal and antifonnal gneiss 

bodies, the Renia and Scattered Gneisses cannat represent hangingwall 

basement slices. 'Ibis does not elimina:te the possibil ity that the four gneiss 

bodies as a whole are floored by a thnlst faul t at greater depth. 'Ibis fau! t 

could intersect the surface further west in the central ailochthonous zone or 

be eut off along the Iate lac Rachel fault. 

'Ih~ the structural scheme of the four gneiss bodies requires either: 

1) '!he gneisses rose diapirically, in which case the Renia am the 

Scattered represent the lobes of a mushroom shaped diapir, the 

Boulder and the Moyer being' either the stem or the upward 

portions of the diapir. 

2) '!hey represent sections at different levels through mega-sheath 

folds, the synfonnal gneisses beirq sections at a deeper erosion 

level than the antifonnal ones. '!his inplies that prcbably nost of 
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the defonnation features in am adjacent to the gneisses are part. 

of the sarne defonnation event, JOOSt likely D:t. 

3) '!he Renia am Scattered Gneisses are refoldErl early Pennine­

style nappe structures placed on top of Irore passively behaving 

Boulder arrl Moyer Gneisses. 

None of the three possibilities can he discounted of:fhard. '!he data for 

am aga:L1St each model will now be p1:"eSented am reviewed. 

3.3.3.2) Diapirisn 

Diapiric UIMelling of lighter granitoid crust into metamorphosej denser 

supracrustal rocks has been invokErl in quite a few studies to explain ba.selrent 

gneiss exposures within orogenic belts (Krill, 1985; Rickards, 1985; Brun, 

1983, 1981, 1977; Schwerdtner, 1982, 1981; Ramberg, 1981; Schwerdtner et al., 

1978; Dixon, 1975; Fletcher, 1972; Reesor & Moore, 1971; Priee & Mountjoy, 

1970; 'Ihornpson et al., 1968). 

'!he basernent gneisses of the northan labrador hinterlam have features 

c::arpatible with a diapiric origin: the presence of portions of a rirn syncline 

along the margins of the Moyer and Renia Gneisses am a high strain zone 

localized élt the basement-cover interface. However, these two structural 

features are also compatible with a crustal shortening mechanism, the high 

strain zone being the product of shearing along a basal décollement surface 

developed during Dl arrl the rim synclines belonging te an early folding 

phase, in this case Fl' folds. Tc explain the camplex structures found on the 

NW closure of the Renia Gneiss Sauvé & Bergeron (1965) invoked a diapiric 

origin for the basement gneisses. 

'!he presence of alternating synfonnal am antifonnal basement l:xxlies can 

net he easily explai.nErl by a simple multi-headed tear shaped diapir of 
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upwelling IONer crust. Ta acx::ount for the synfonn-core:i basement bodies (Renia 

and Scattered Gneisses) a diapiric m::xiel \«llÙ.d have ta prcxruce a mature 

mushroorn shaped diapir (Jackson am Talbot, 1989). In this lOOdel the Renia am 

the Scattered Synfonns would represent the d~ cascadi..~ edges of the 

rising diapir as in the flanks of the mushrocxn. If this were the case the 

Renia and Scattered Synfonns should link up presumably with the Moyer Dorne 

which would represent the stem of the 1TlllShroom shaped diapir. 'Ihis does not 

seem to he the case at the present erosion level. '!he Iink between 't.l-)e two 

synfonna.l Gneisses and the Moyer Ibme, if i t ever existed, would seem to have 

been eroded. '!he apparent link between the Scattered Gneiss am a much Iarger 

ill defined gneiss mass to the SE (Clark, in press; Fig. 4) is not easily 

reconcilable with the Moyer DJme representing the center the rising diapir. 

'Ibis diapir would have to be highly mature with an extremely narrON neck. 

However this does not disquaIify the diapir lOOdel. 

'!he baseme.nt dames in this area lack sorne fold features asscx:::iated with 

the buoyant rise of a granitoid mass: concentrically arranged shallCM 

plunging, outwardly vergent cascading folds (Platt, 1980; Fig. 19) or radially 

arranged. neutral folds (Brun, 1977, 1983; Fig. 20). 

Although no strain study was undertaken, the bulk strain as recorded 

locally by the stretching lineation fabric is net sÏn1ply related ta the 

IOOrphology of the Renia Synfonn, but rather to the local presence of the F1' 

folds that \vrap around the gneisses. No intense flattening \laS observed near 

the OOsement contact as predicted by the diapiric model (Dixon & SUlTIIœrs, 

1983) . 

As stated by Brun (1983), subsequent defonnation may obscure rnany if net 

all traces of an original diapiric enplacernent of the dOIœS (Dixon, 1975), 

hence if it is net possible te prove a diapiric origin it may IlOt he possible 
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Figure 19: B.loyant uprising of a lighter dame like mass causirq outwardly 
vergent "cascaclin;J" folds in the cover sequence, ta1œn fran Platt 
(1980) • 
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Figure 20: Radially arranged vertical folds arourrl the "neck" of a risl.n:J 
diapir. In this m:xlel they are caused by constriction at the base 
of a mature diapir. '!he diagram is taJœn fram Brun (1983). 
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either to discount it c::::arrpletely (Schwerdtner, 1981). 

3.3.3.3) Sheath fo1dirg 

'llle gneissic darnes of the western hinterlan::i zone could be accounted for 

by the development of large scale basement-cored sheath folds. '!hese would 

have fonned in response te crustal-scale NW directed shearing during Dl. In 

this mode of formation the gneiss bodies would develop in a single continuous 

event. 'Ihe NW tre.nding FJ folds coring the gneisses that are ascribed to FJ 

(Map I, II & III, Fig. 17 & 18) would net represent F) faids similar ta those 

further west but simply be the by-product of the morphology af the sheath 

folds. In this scherne the faIr:ls that wrap around. the Moyer and Renia Gneisses 

(FI') would aIse be the prcx:luct of the NW trending sheath folds and not a 

distinctive falding phase. 'lbe differences between th~ synformai gneisses 

(Renia and Scattered) and the antiformal gneisses (Moyer and Boulder) would 

simply reflect different erosional levels. '!he synfonns representing deeI-€r 

horizontal sections through the sheath folds than the antifonns. An 

implication of this is that antifonnal gneisses are, in the same fashion as 

the synfonnai gneisses, l.ll1derlain at depth by cover rocks. Ta respect the 

sheath fold geometry the r"lsement gneisses of these antifarms would have to 

eventually curve back on thernselves. Sorne indirect evidence for caver rocks 

underlying the Boulder Dame can be seen on the 1: 250,000 scaie aeramagnetic 

map. '!he northern third of the Boulder am Renia Gneisses do not have the high 

relief magnetic pattern that characterizes the basement gneisses of the 

SUperior Province and the southern portions of these dames. This implies that 

although the Renia and Boulder Gneisses have different configurations at the 

near surface, the Renia beinJ cored by a synfot1T1 and the Boulder by an 

antifonn, they may possibly have a roughly similar configuration at greater 
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depth. '!he M:lyer Dame falls in the northenl portion of a mm larger magnetic 

anomaly. '!his ma.gnetic high zone also l.Jnjerlies the 8cattered Gneiss, the 

granitic l:x:x:ly on its SW flank (Clark, 1980; Fig. 4), the large rnass of 

granitaid gneisses ta which the Scattered Synfonn seems ta link ta the SE 

(Fahrig, 1965; Fig. 4) arrl the paragneisses arx:l schists that lie between the 

SE errl of the Renia Gneiss and the Scattered Gneiss. 

'!he Renia Synfonn seeros ta errl about where its southern extension 

intersects the Koksoak River. '!his "isolated" basement cored synfonn 

morphology is not readily COI'!'patible with either diapiric or fold interference 

mechanisms. It can however be easily explained as a NW vergent up.Ycrrd facing 

sheath fola that was subsequently flattened during D:3. 'Ihe features of the 

other three gneiss bcx:lies can also he accounted for by the develapment of 

sheath fOlds, but their characteristics are also compatible with aIl or sorne 

of the other three fonnation modes. 

If sheath folding is responsible for the forma.tion of the basement dames 

then the NW trending folds coring the domes, ascribed ta F3' would instead he 

FI li - 'is. In this rnanner the infolded sediments near the northern closure of 

the gneiss would represent another FI fold incubated on the back of the rnuch 

larger basement-cored sheat.h fold (Bell and Harnmond, 1984). '!he later F3 

folding phase would coincidentally lie parallel to the transport direction 

during Dl in this portion of the labrador Trough. F3 clearly had an effect on 

the shape of the basement darnes. From the dawn plunge projection the Renia 

synfonn clearly is elongated paraI leI ta the F3 axial plane. A sheath fold 

should not have this configuration it should either be subhorizontally oblate 

or circular shaped in a section perpendicular to the long axis of the fold 

(Cobbold and Quinquis, 1979; Bell and Hamrnond, 1984; Vollmer, 1988). Thus if 

the basement gneisses are really sections through mega sheath folds their 
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original configurations were highly m:xlified durin::j SW directed haoogeneous 

flattenirq during the third IX-l3Se of foldirg. 

Kilometer-scale sheath folds parallel to the early transport. direction, 

as defined by the stretching Iineation fabric, have been recognized recently 

in the internaI zones of more recent orogens; the Penninic internaI zone of 

the SWiss Alps (Mattauer, 1981; Iacassin & Mattauer, 1985), the core zone of 

the canadian Cordillera (Mattauer et al., 1983) arrl the Southern Norwegian 

caledonides (Bartley, 1982; Steltenpohl & BTItley, 1988; Vollmer, 1988). At 

Iower structural Ievels these folds cormnonly defonu baseI'lP.nt and caver rocks 

as a coherent uni t resulting in geometrically complex Pennine style nappe 

folds. 

'!he main problern with having these basement-cored, orogen parallel, 

folds develop as sheath folds is the lack of rnesoscopic features that are 

clearly due to sheath folding. '!here is a lack of a pervasive or widely 

distributed stretching lineation fabric as would he expected fram the large 

arnounts of non-coaxial shear strains necessary to fonu 'the basement-cored 

sheath folds. No exarnples of sheath folds or doubl y vergent folds have been 

observed. 'Ihere are hCMever nurnerous exarrples of reclined folds associated the 

FI' folding event that wraps around the Moyer and Renia Gneisses. 

'!he FI' folds are thought to origina.lly trerrl NNE ta NE arrl to verge 

between WNW and NW. 'Ibis folding phase, al though :acking sorne of the 

characteristics of sheath folds, does have the right trend and vergence ta 

produce NW trending basement-cored sheath folds. 

Another shortcorning of the sheath fold model is that the thinnest of the 

high strain zones at the baserœnt-cover interface does not seem appropriate 

for a process such as megascopic sheath folding on a kil<JITetric scale that 

invol ves large arnounts ductile crustal behavior. 
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3.3.3.4) Interference between early basement cxn:ed Pennine style ~ (F1' > 

am a la':er JOOre upright foldin.} J;ilase (F3 > 

'Ille initial defonnation event (D].) could have been followed by a roughly 

coaxial defonmtion event (Dl') that folded ba.sene1t and cover rocks as a 

coherent unIt into large scale NE ta NNE trerrling, NW ta WNW vergent nappe 

structures. These folds woold be followed by the NW trerrling E ta SE plunging 

upright ta sw overturned F3 folds. '!he synform-corErl gneisses, the Renia and 

the Scattered, would preserve large parts of the overtul:ned limbs of the 

Penninic style nappe(s} folded dawn into the present erosion surface. If this 

type of model is res1JOnsible for the formation of the synformal gneiss bodies, 

nappe geometry irnplies that the SE extension of the Renia and Scattered must 

join up either tCXJether or seperately with a much larger basement gneiss 

masse From the work of Fahrig (1965) and Clark (1980) the Scattered Synfonn 

rnay link up with a larger gneissic IraSS 50 km SE fram its NW tennination (Fig. 

4) • 

'Ihis refolded Penninic nappe model accounts weIl for the presence of 

synfonn-cored basernent L'Odies. However the antifonn-cored gneisses cannot be 

completely explained by this model; the F3 fold set explains the long 

antiformal trace that cores the Boulder and the Moyer D.Jrnes but not their 

elliptical doubly plunging morphology. 'Ihis trait could the result of either: 

1) a previous open folding event roughly orthCXJonal to F3 or 2) the non­

cylindrical cLiaracter of the F3 folds on a regional scale (whale-back folds) . 

In t.be northern Labrador Trough there is a deforrnation (D2) event that 

has the right spatial and morpholCXJical characteristics to explain the gently 

doubly plunging terminations of the antiforrnal dames. 'Ihe F2 folds are E to 

NE trending shallCMly plunging open fold structures that defonn beth basement 

and cover rocks into large scale buckles. 'Ihese folds have been recognized to 
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the west of our study area (Goulet, 1986, 1987; Wares et al., 1988) am te the 

east (Bosdachi"1., 1986; Poirier, 1989). However given the lat:ge wavelength of 

the dorres in the NW direction, the possibility of non-cylirrlrical F3 folds 

cannat be discounted. 

Interference between baseIœnt-cored F1' nappes am the IrDre upright F3 

folding event is thought ta represent the lOC>St viable of the three IX>SSible 

mc:xiels. None of the observed structural features seem te conflict with it. 

3.3.3.5) Analcqies with sare other œSE'l'ent-cover CXIlplexes 

In the western hinterland zone of the northern labrador Trough the 

interaction between the FI' and F3 folding events has resulted in the 

fonnation of complex basement-caver relabonships. Similar if not identical 

defonnation patterns have been described for basernent gneiss exposures in the 

internal portions of other orogens: the Cllester gneiss Darre on tl;e eastem 

flank of the Green Mountain Anticlinoriurn in the northem Appalachians 

(Rosenfeld, 1968), the 'Ihor-{)din gneiss Dorœ of the Shushwap ll'etarrorphic 

cumplex in the southern canadian Cordillera (D.mcan, 1984) am the eastem 

area of the western gneiss region on the ea..c:;tern margin of the Norwegian 

caledonides (Krill, 1985; Vollmer, 1988). 'Ille follCM~ surnrnaries are taJœn 

fram these authors: 

'lhe Cbester Ibme was defonned. by two early events that involved basenent 

cored Pennine type nappe folding. '!he resul ting cover-infolded baserrent was 

uplifted by folding about a IrDre upright axial plane wi th or wi thout a 

diapiric contribution. Bouyant uplift was latter discounted as a process 

active in the last defonnation event (Nisbet, 1976 taken from D..mcan, 1984). 

'!he 'Ihor-odin Dame corrprises three early phaSE::; of basernent-cored nappes 

and thrust imbrication. '!he tectonically thickened basement-cover comple.x was 
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then refolcbd. about ~ late upright fold sets that allowed the earlier 

structure te be visible in oblique section at the surface. 

'!he basement gneiss 1:xx:lies 0 è the western gneiss region of Norway have 

been interpreted t.o have fonnerl either by ~ly pennine style folding follCMed 

by buoyant uprising (Krill, 1985) or by sheath fold nappes during one single 

crustai shear event (Vol lmer , 1988). 

'!he Chester Dome may well have the best conc;trained 3D gearnetry since a 

deep seismit:: reflection study has been done perperrlicular te its lergt:h (Arrlo 

et al., ] 984). Strong Iroderately E diWirq reflectors are clearly visible at 

depth and are interpreted te bourK:l the Iower rnargins of the Chestel IXmle and 

the adjacent much larger Green Mountain basement anticlinoriurn. '!hey are 

thought to represent shear zones on which the basement gneisses were carried 

as hanging wall antiformal structures westwards on ta the platfom sec:iJrents 

overlying stable basement further west. '!he authors aIse interpreted the Aar 

baseIœnt massif of the SWiss alps ta be floored by a sirnilar moderately 

dipping shear zone that translated the allochthonous basement gneisses 

cratonwards into an allochthonous position. Similar te the basement bodies 

rnentioned above, the upper portion of the Aar massif contains nume....."'"OUS large 

sets of basernent-cored folds. However in a rrore recent study Laubscher (1988) 

has no detachment zone urderlyirq the Aar massif leaving it in an essentially 

para-authochtonous position. He interprets the massif as an upfolded basement 

mass rather than an uptbrusted one. 

'!he basement gneiss l::xx1ies of the western hinterland zone display many 

similarites te the Olester !XJrne. Beth involve early recumbent basernent cored 

folds later refolded about a rore upright ~, they are toth bounded on 

their Iaver-grade sides by a reverse faults that are largely responsible for 

their ultimate exhumation. '!he main differences lie with the presence of a 

95 

, 
i , 



first: event in the Labrador Trough in which basement behaves passively, an:i 

in the steeper clip of the lac Rachel fault, at least at the surface, than the 

fault bourrling the Chester Inne (Arrlo et al., 1984). 

3.3.4) DefOl.'1llaticn events 

If the synfonnal basement gneisses of the western hinterlarrl zone 

represent refolds of early pennine nappe structures, the fOllCMing order of 

structural events is thought to have taJœn place. 

3.3.4.1) '!he first IDase of deformaticn <D:t> 

'!he study area centains essentially aIl the Dl structural features 

present further west. 'Ihe only slight difference is that the Sl schistosity 

defined by typornorphic mineraIs is IOC>re intensely developed. 

3.3.4.1A) F1 Fblns 

Although many F1 folds of various wavele:rgths am. amplitudes (Plate IVb, 

IVe, IVd) have been recognized in areas to the west ~Goulet, 1986, 1987; Wares 

et al., 1988) ffM have been reccx;JI1ized in the study area. 'Ihere is no large 

scale repetition of the stratigraphy in this area due to F1 folding, except 

perhaps one small anticline in the han:Jing wall of thrust fault b (Map III) in 

the heart of the N trending (Fl') syncline west of lae Raymorrl (Map III). '!he 

F1 anticline is cered by the middle iron mernber of the Baby Formation intruded 

by glomeroporphyri tic gabbro sills. It is flanked to the south by the thin 

shf>.ared base of the basal ts arrl to the north by the rest of the basaIt 

sequence. Interference patterns between drag falds associated with this fold 

and t.he later set (F l') are compatible with the pr esence of an F ~ axial trace 

coring this iron fonnation (Plate IVe & l'lf) _ rIhe trace of this fold is 
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heMeVer sanewhat conjectural because the iron fonnation ooold also eut up 

section eastwaros into the Hellarx::ourt ':olcanics as suggested by the general 

eastward thinning of the URJe.C rneniJer of the B:ùJy FOnnr"'t:.i..>n. 

Only a few ~ll-scale F1 folds were ci>served. in the calc-silicate am 

do1ornitic rnarble tmits (Plate Va) an:l the iron fonnation (Plate Vb). An 

axial plana.1:" schistosity 81 is canmonly intensely developed, arrl the bedding 

surfaces are transposed into it, obliterating thE: fold closures (Plate IVe & 

Va) or rerrlering neasurements of the fold axes problematical. 'Ibe few that 

were rreasured are typically dam the dip of the SI schistosity (reclined 

folds) , cormronly with steep plunges. 

On the outcrop scale, numerous exemples of folded quartz veins t.Jith 81 

as their axial planar cleavage are visible (Plate Vc). 'Ibese folds are 

typically isoclinal with sheared fold closures. 'Ihere is no corrpelling reason 

to believe that these early rretaIOOrplllc quartz veins were systematically 

emplaced parallel te the bedding surfaces, hence the fold axes of these veins 

do not necessarily reflect the true attitude of FI folds on the bedding 

surfaces. 'Ibose that were measured plunge vertically or steeply ta the east 

(annex I). 

'Ibe original trerrl of the FI folds is impossible te detennine simply 

fram their orientation on outcrops due ta the superposition of two folding 

events. In the core of the regional-scale FI' fold, NW of the Renia Gneiss, a 

coaxial interference (type 3, Ramsay, 1967) pattern was noted (Plate IVe). 'Ibe 

F1' folds in the study area are thought ta have been originally NNE ta NE 

trending, westerly overturned folds (see follCMinq section dealing with Dl'). 

'Ibis irrplies that F1 have roughly similar trends (± 400 ) am possibly 

vergences. 'Ibeir fold axes can diverge up to 400 of solid angle an:i still 

retain the interference pattern of plate IVe. 'Ibe vergence of the F1 folds is 
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IlOt '11911 constrained. No infomation can he gleaned fran the cnes àJserved in 

the upper iron fonnation (Plate IVe & Vb), f:r:an the lmted nurnber of folds 

in the dolomitie mru:bles near the Renia Gneiss (Plate Va) the FI folds would 

he roughly westerly vergent. 'Ibis sense of vergence for the FI folds is in 

good agreement with the WNW vergence noted by Hynes (1978) for the FI folds of 

the central portion of the hinterlarrl zone. Most of the labrador Trough 

displays a WSW vergence approxiInately perpen::licular to the trerrl of the 

Orogen, such as in the central Trough (Baragar, 1967: Séguin, 1969: Harrison 

et al., 1970: Dirnroth, 1970, 1972, 1978, 1981 i Dimroth et al., .1972: Dressler, 

1979) arrl portions of the central arrl western zones of the northern labrador 

Trough (Goulet, 1987 i Hoffman, 1988 i Wares et al., 1988 i Plate IVe & IVd). 

3.3.4.IB) Faults 

'!here are two types of fault associated with Dl: thrust faults within 

the metamo~losed caver sequence arrl a basal décollement surface at the cover­

basement interface of the Renia Gneiss. 

i) '!he basal décolleœnt 

'!he strong evidence for shearing at the baselœnt-cover l:x:lurrlary on the 

Renia synfonn (Plate lb & Va) may he irrlicative of a basement-cover 

décollement similar to the one inferred farther west in the trough. '!he Moyer 

Dame aIse displays a zone of high strain at the basernent cover-interface (S. 

Perreault, pers. corrano 1988). '!he Boulder Ihne was studied very brieflYi only 

late brittle features were observed along its southern rnargin (Plate Ile & 

IId), but a high strain zone rnay well he present. 'Ihe shearing of the topIrost 

portions of the various gneiss bodies is thought te be the product of rrovement 

along a basal décollement surface but rnay alse 1....~ 'fue ta flexural sliding 
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durinJ the development of the large base1œnt cored Fl' folds am F3 folds. 

'll1ough the t.hree exposures of basement gneisses in this area display 

contrastirg structural m:>qi1ologies, there is good if not complete evidence 

for a rnaster décollerrent surface bourxling the Archean basement exposures of 

the westernIoost hinterland zone of the northem labrador TroUgh (map I). 

li) 'Ihrust faults 

In this area, there are two major thrust faults that repeat the middle 

and upper portions of the stratigraphie column (rnap II). 'll1e first one (a on 

Map III) is situated in the NW and N portion of the study area. It is 

responsible for the thrusting of the lower IOOrnber of the Baby Fonnation onta 

the northwesternmost exp::>sUre of the Hellancourt basal ts. 'Ibis faul t is eut 

off to the west by the N trerrling lac Rachel Fault. '!he uppermost portion of 

the basalts is locally sheared but no clear kineIratic irrlicators were noted. 

The second thrust fault (h on Map III) occurs further to the SW in the 

heart of a large F2 syncline that wraps around the northern elosure of the 

Renia Gneiss. It places the middle am upper mernbers of the Baby Fonnation, 

along with the rest of the overlying rcd<s, on top of the Iower portion of the 

'Ihévenet Fonnation. This creates a structurally repeated band of iron 

fonnation and basaIt. As in the case of the first thrust fault, local shearing 

of the footwall and hanging wall units was noticed but no clear kinematic 

indicators were observed. 

From measurernents of bedding cutoffs, using the iron fonration and the 

basalts as rnarker horizons for the first and second thrust faults 

respectively, the horizontal displacement was a minimum of 15 km for the first 

thrust and 24 km for the second one. 

For the western portion of the hinterland zone as weIl as the areas te 
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the west the DJ. defonnation event is deemed responsible for: 1) the westward 

(WSW?) gliding of the caver sequence over the basement gneisses alorg a thin 

basal décollement surface, 2) the ~ splayinq of tlu:usts that do net 

involve basernent gneisses, 3) the fonnation of rare fault-associated FI folds 

and 4) the developnent of a pervasive penetrative bedding parallel 

schistosity. Basement rocks are thought to have acted passively during this 

initial westwards telescoping of the supracrustal sequence. 

3.3.4.2) 'Ble late first IiJase of defo:rmatiat (DJ.. 1) 

3.3.4.2A) ~on 

In addition to the Dl event the western portion of the hinterlarrl zone 

displays a post-Dl defonnation event dlaracterized by large westerly vergent 

basement-cored nappes. '!hese structures are thought to he post-Dl since their 

fold morphologies differ markedly fram those assigned to the F1 event. 'Iheir 

fold closures clearly defonn the Sl schistosity arxi are much more roun:ied than 

those of the F1 folds (Plate IVe, Vd & Ve). Interference patterns œtween 

these folds and the FI folds have been observed (Plate IVe & IVf). Although 

interference patterns do net necessarily indicate two distinct folding 

episodes, their presence along with the motphology differences are thought to 

be sufficient to invoke two events. HCMever these post-Dl features rray indeed 

also represent a Iate stage development in the first phase of deformation. 

These post-Dl folds are pre-DJ given that they are clearly refolded by 

the large NNW trending F3 folds. '!he moq:hology am orientation of the nappe 

structures cannot he correIat...ed te the ~ event present to the west. Hence the 

defonoation event responsible for the fonnation of the basement-corErl. nappes 

and associated folds has been termed Dt 1 • 

100 



3.3.4.2B) Folds 

At this latitude, the westemIoost hinterlarrl contains five major 

isoclinal FI' folds that involve both cover am basement rocks. 

- '!he Moyer Darre displays two synclines; one on its northern closure 

and one on its eastern and southem side. '!he northem one involves only 

oover rocks (Gélinas, I958a) while the one on the southern marg.ill clearly 

folds the basement gneisses of the Moyer IXlrne (Clark, 1980; Map l & III). '!he 

two synclines may be continuous but critical infonnation is missing fram the 

NE margin of the dorne (map II & III). 

- '!he northem closure of the Renia Gneiss contains nmnerous examples at 

aIl scales of FI' falding. '!here are three major sets of FI' folds: I} An 

upright isoclinal syncline with vertical ta moderate plunges that folds most 

of the cover sequence around the northem end of the Renia Gneiss and 2) A 

syncline and anticline that falds the lowest units of the coyer sequence into 

the basement gneisses of the northem closure of the Renia Gneiss. 'Ihe 

closure angle of the cover-core:i syncline is typically sharp YJhile the 

closure of the basement-cored anticline is slightly more rounded, reflecting 

the cornpetency contrast of the two rock types. 'Ihe above mentianed cuspate 

fold morphologies are characteristic of basement-cover folds in other arogens 

(Rosenfeld, 1968: Ramsay et al., 1983; D.mcan, 1984; st- onge et ,91., 1986). 

On outcrop scale the falds are typically of parallel style (class lB to 

Ie (Ramsay 1967}) defarnUng bath the bedding and the SI schistosity (Plate Vd, 

Ve & VIa). '!he axial planes to these folds typically lack a parallel cleavage 

except in the hinge of the FI' syncline west of the Renia D:Jme. A poorly 

developed spaced cleavage was observed in the extrados portions of sorne fold 

closures. '!here are sorne brittle failure features associated with the 

megascopic FI' syncline NW of the the Renia Gneiss (Plate VIb) • 
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A stretching lineation defined by typaroqhl.e mineraIs, (lOOStly biotite 

in sedimentary rocks arxl plagioclase + hornblerxle in mafie rocks), or 

elongated clasts is often parallel te the fold axis (Plate VIc). Although it 

is net certain that this stretchinl lineation developed duri.nJ the FI' foldi.nJ 

event, the obsa..1'Ved spatial association between the intensity of the 

development of the stretching l ; neation am major FI' hinge zones in 

conjunction with the parallelism with F1' axes indic:ates that the two fabrics 

prabably were coeval. stretchinl lineation fabrics are a rare <::X:À--u..rrence 

outside the hinle zones of FI' folds. 

Interference patterns between F1' an1 F3 folds are quite cammon. '!bey are 

most often nearly coaxial, especially at the baseIrent-cover interface, where 

minor F1 folds are very common, particularly within the infolded band of 

sediments (Plate Ve & Vf). 'Ibis coaxiality decreases slightly to the NW am W 

away fram the contact (Plate VId & VIe). Rare basin and. dame patterns were 

obseJ:ved within the heterogeneous arnphibolite horizon W of lac Renia (Plate 

VIla & VITh) 1 near the trace of an F3 synfonn which is at an angle te the 

regional NW trend of F3 folds. 'Ibis results in sorne local variations in the 

angular relationships between F1' and F3. 

In the highly attenuated synclinal keel between the Renia am Boulder 

Gneisses, F1' and F3 folds becorne indistinguishable. 'Ihey could only be 

differentiated using their vergences with respect te larger scale features 1 

such as the F3 basement-cored gneisses and. the F1' syncline that refolds the 

mixed vOlcanic-sedimentary conglornerate horizon north of the Renia Gneiss. 

On the SW lllnb and in the nose of the F3 synfonn coring the Renia Gneiss 

the F1' fold axes plunge either near vertically or steeply to the NE (annex I, 

domains 2, 3a & 3b). Further south on the SW rnargin the F1' folds plunge to 

the NNE or the S reflecting interfere.I'r-e with the later F3 folds (Plate VIla & 
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VIIb}. on the NE ltIal.'gin of the Renia Gneiss the F1' fold axes show a more 

scattered pattern with a general southward plunge (annex l, damains 4a & 4b). 

'!he abundance of coaxial interference patterns between F1' and F3 folds 

is due te the steep easterly plunge of many of the FJ folds along the NW 

closure of the Renia Gneiss (Annex I). For IOOSt of the northern trough an:i 

its hinterl, rrl the FJ folds plunge IOOClerately te the SE (Hynes, 1978; Goulet, 

1986, 1987; Wares et al., 1988; R:>irier, 1989). '!he EpI' mge of the F 3 folds in 

the study area is thought te be due te the overiapping of the FJ fold trace on 

the hinge zone of the large basernent-cored nappe responsible for placing the 

Renia gneisses on top of their caver units. 'Ibis would explain the departure 

fram -t. ..... e more cornmon orientation of the FJ folds. 

3.3.4.3) 'lbe seccnl ~ of defonnatioo (~} 

In the hinterlarrl of the northem Labrador Trough, mE:::l.""C rtre a few 

reported exarnples of E trendirg generally open folds that are similar to and 

have been correlated to the ~ event (Bosdachin, 1986; Poirier, 1989). In the 

study area and in the general vicinity of the westemmost. hinterland zone the 

post-Dl arrl pre-D:3 folds are either iscx::Iinal or very tight. A strongly 

developed stretching lineation fabric parallei te their fold axis can be 

observed near or in the major fold closures. Many but not all of the 

interfere.l1ce patterns with the subsequent F3 folds approach coaxiality. 'Ibis 

is aIse corroborated by the smali angle between the axes of these folds and F3 

axes in rnost of the dooains surrounjirq the northem closure of the Renia 

Gneiss (annex I). AlI above mentioned features are not readily compatible 

with the E trending shallooly easterly plunging open cross-folds that 

characterize the ~ defonration further W (Goulet, 1987; Wares et al., 1988), 

SW (Dressler, 1979) and te the NNW (Hardy, 1976; Fig. Il). '!he second folding 
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episode in this portion of the hinterlarxi zone is thought ta represent a late 

stage event in DJ. (D].') ard hence ta be unrelated ta the ~ event present ta 

the west. 

3.3.4.4) "!he thi.rd Plase of defonnaticn <0:3) 

In the region inunediatel y ta the east of lac Rachel, the rnost prorninent 

D:3 features are the two large NW trerrlirxJ basement-cored folà";i the Renia 

Synfonn and the Boulder Antifonn. F3 folds are a cormnon feature on many 

OUtcroPSi they are by far the most connnon folds observed. 'They are usually 

tight with vertical to steep northeasterly or southwesterly dipping axial 

planes: most often there is a crenulation cleavage parallel to them. On the SW 

margin and in the nase of the Renia Synfonn the FJ fold axes plunge usually 

steeply to the E (armex l, clomains 2, 3a & Jb). on the NE margin of the dame 

they plunge moderatel"{ to steeply to the SE (annex l, doma.ins 4a & 4b), IOOre 

in line with the general trend and plunge of FJ fold axes in the northem 

labrador Trough (GoUle'l:, 1986, 19ôï). 

FJ folds are typically asymmetrie with synuretry related ta the trace of 

the Renia synfonn. Renee, the southerly flank contains mostly Z folds and the 

northern flank S folds. 'Ibis indicates that hinge miqration during the grCMth 

of the fold was minimal, the axial plane probably nueleated in its present 

position on the basement-cored synfonn. Amplitudes am. wavelengths vary fram 

millimetrie to tens of meters in scale, but usually are fram 5 ta 50 cm. 

On outcrop, F3 folds can usually te distinguished fram the earlier FIl 

folds by their sharper fold closures (Plate VIle), their axial pl anar eleavage 

am of course, wher8 applicable (in the hinge af the Renia Synform) their 

different orientation. '!he lI\ost widespread F3 feature on outcrops is 

crenulation (Plate VIld). Locally the FJ event becomes rrore pronounced, 
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developin:J an axial planar rretaIooq::hic layerin;J, that almost carpletely masks 

the Dl event (Plate VIle). 'Ihese could be tenned DJ shear bands. Near the 

contact of the basement am caver rocks, where the defonnation and 

metamorphism are more intense, the different folding episocles becorne harder to 

distinguish. 'Ibis is especially true near arXl inside the infolded caver 

sec.J.Uence at the northern tip of the Renia synfonn. In this area, the Fl' and 

F3 fold axes typically fonu coaxial interference patterns (Plate Ve & Vf). 

3.3.4.5) rate tectonic features 

In addition to the Lac Rachel faul t there are two late structural 

features present within our study areai brittle failure along the south west 

rnargin of the Boulder Ibme and small faults within the caver sequence. 

3.3.4.5A) Brittle failure an the SW margin of the Brulder l}:Jœ 

Iocally, the south western margin of the Boulder Come exhibits evidence of 

late stage brittle failurei 1) Aplitic dykes CL~5-C'ùtti.~ t-he aranitic 

gneisses are offset left-laterally along regt.ùarly spaced (-20 cm) vertical 

faults, trending 3200 , parallel to the baserrent-cover contact (Plate le). 2) A 

3 m wide by 10 m long (minimum length) tectonic breccia, trending parallel to 

the basement-<XNer contact, is corrposed of gneissic fragments set in a fine-

grained material of roughly similar c.:oInposition (Plate Id). 

A tectonic breccia involving only calcareous caver units was observed 

along the basement cover interface of the Moyer Darne (S. Perreault, pers. 

comm. 1989). 

3.3.4.5B) Transverse fauIts 

In the area bordering the NW closure of the Renia Synfonn, these faults 
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are not as well developed. Several sinistral faults oriented at 3200 were 

observed within the nw:tam:>rphosed equivalents of the 'll1évenet Fonnation NW of 

the tip of the Renia Gneiss (Plate VIlf). '!he maximum observed displacement 

was 1 m. '!he orient.ation and sense of movernent of these f<lul ts is similar to 

the ones obseJ::Ved along the SW rnargin of the Boulder Ibme (Plate le) that are 

spatially related to a late tectonic breccia (Plate Id). No NE trending 

faults were observed, 50 that there is no evidE:'nce that the NW oriented ones 

are part of a conjugate set. '!he late NW trerrlirg sinistral faul ts in this 

area could have been developed during either D:3 or as a later feature. 

3.4) SUnmary 

'lhree possible rnode:s can be invoked to account for the roughly en 

échelon sequential disposition of antifonnal and synfonnal baserrent gneisses 

of the western hinterland zone: diapirism, sheath folding and refoldirq of 

early basernent-cored nappe structures. 

i) Diapirism 

In the diapir mcx:lel the gneisses would represent sections through 

mushroom shaped diapii-;;;. HCMever the gneisses lack sorne of the features that 

are unique to diapirs such as outwarûly vergent cascading folds. 'll1e 

morphology of the four gneiss bodies as a whole cannot be acc..:cu..nted for by OI1€: 

simple mushroom shaped diapir. 

ii) Sheath folding 

In the sheath fold model the synfonnal gneisses, Renia and Scattered, 

would represent deep sections through ITega-sheath folds. '!he antifonnal 

gneisses, Boulder and Moyer, would represent shallo.ver sections through ITega­

sheath folds. '!he shortcomings of this model are: the laek of any rresoscopie 

exaroples of sheath foldin;} , the laek of a widespread stretching lineation 
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fabric am the thinI"est of the high strajn zone at the h.\SeTl'I9I1t-cover 

interface. 'Ihe two last points are not dee:IOCrl compatible with large scale 

baseIœnt-cored sheath foiding. 

iii) Upright refolding of earlier basement-cored, Pennine style, nappe 
structures 

In this model a portion of the overt:hrust cratonic basement was foided 

aiong with its overlying para-autochthonous caver succession lnta large NNE-NE 

trending WNW-NW vergent nappe structures, designated as F1 ' folds. '!hese folds 

were then uplifted along with the urrlerlying autochthonous baseIœnt by lru:ge 

amplitude, NW trending upright to SW overturned, folding related to the third 

deformation event. The early nappe stJ:uctures are thus exposed as basement-

cored FJ synfonns (Renia and Scattered Gneisses) and the autochthonous 

basement as FJ antifonns (Boulder and Moyer) . 

If the refolded basement-cored nappe IOCdel is accepted as the choice 

IOCdel ta explain the features of the basement gneisses, five tectonic events 

are thought ta have taken place in the western portion of the hinterland zone. 

'Ihey record a protracted period of crustal shortening in the eastern internaI 

portion of the orCXJen. One of these events (Dl') appears to he restricted to 

the hinterland zone; the others can he linked to defonna.tion events in the 

better studied western part of the trough. 'Ihe follawing sequence of events is 

thought to have taken place: 

1) '!he first phase of defonnation (Dl) reco!ÙS: i) the westerly 

translation of the caver sequence over the Archean basernent gneiSf9S along a 

thin basal déc011e'ï.e..ït plane, ii) the upward splaying of 'tlesterly directed 

thrust faults fram the décollement surface; these thrusts do not seem to 

involve basement rocks, iii) the formation of r3re fault associated F1 folds 

am iv) the developœent of a w'ëül defined bedding sub-paralleJ schistosity. 

Basernent rocks are interpreted ta have acted passively during this initial 
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phase of deformation. 

2) 'Ihe overthrust basernent gneisses were then folded along with their 

para-autochthonous caver sequence into large NNE ta NE trerdin;, WNW ta NW 

vergent nappe structures. 

3) 'Ihe only evidence in our study area for the presence of the E to NE 

trending open cross-folds that characterize the secam defonnation event (~) 

lies in the doubly plurging nature of the baseroont-cored antifonns (the 

Boulder am Moyer Dornes). 'Ihis is ~ that the later sets of F) folds do 

net départ fram cylindrical. 'Ibese F2 would have large wavelengths of up to 40 

km. In the central portion of the hinterland, open E trending F2 folds have 

been reported (Bosdachin, 1986; Poirier, 1989). 

4) '!he area along with most of the northern trough was then subject.ed to 

large amplitude NNW trending, E to SE plurging, upright to SW vergent folds of 

the third defonnation event (D]). 'Ihese F3 folds are responsible for the 

sequential disposition of synfonna.l arrl antifonnal baserrent bodies arrl the 

large amount of structural thickness visible in oblique section at the 

surface. 

5) the final event includes the unroof.in;l of the imbricated arrl folded 

basement-cover COIilplex by the reverse motion on the steeply E dipping lac 

Rachel fault. 'Ibis fault may have a dextral-strike slip component (Goulet, 

1987). small scale longitudinal arrl transverse brittle faults are aIse locally 

developed. 
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4.1) Sett.irg am previoos work 

'!he labrador Trough has been the subject of rn.nne:rous studies. Most were 

either regional rnappim projects or dealt primarily with structural or 

stratigraphie aspects. '!here are only two studies dealing specifically with 

the netarrDrphism of the labrador Trough; Gélinas (1965, unpublished 

manuscript) and Dirnroth & Dressler (1978). '!he fonrer author studied an area 

in the northern labrador Trough (Fig. 5), spannim the upper-greenschist 

facies up to locally preserved granulite facies" '!he study area is contained 

within the ICMer-grade !X)rtion of this area. Dirnroth & Dressler (1978) did a 

comprehensive, larger scale study involving most of the central Labrador 

Trough. 'Ihe metarnorphic zones within and adj acent to the labrador Trough are 

shCMI1 in Figure 21. 'Iheir study covers the western and central zones and the 

westerrnnost portion of the hinterland zone. '!he following surranary is taken 

from their work. 

'Ihe firEt metarrDrphic episode affected only the SUperior craton 

granitoid gneisses. Conditions attained upper amp~übolite te granulite facies 

clurin:J the Kenoran Orogeny (approxo 2700 Ma). In the northerrnnost labrador 

Trough the Archean gneisses are clearly involved in the Hudsonian tectono­

netamorphic episode. 'Ihe basement inliers within the western hinterland zone 

are strongly retrogressed to the upper-greenschist facies. 

'Ihe second metamorphic event is local contact metamorphism of 

sediments, usually fine-grained siltstones and shales, adjacent te mafic­

ultrarnafic intrusives. 'Ihese intrus ives usually occur within the .:entraI 

allochthonous zone. '!bey fonu the feeder system for the overlying mafic 

volcanism. 

'Ihe third and rnost prevalent episode took place during the conpressional 
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phase of the Hudsoni;m Orogeny at 1783-93 Ma (Machado et al., 1988). It 

affects all the Aphebian volcano-sedimentary assemblagë. of the labrador 

Trough am the loc:al Archean basement culminations within it. Met.aIooqiù.c 

grade increases fram west te east and south te north, fran sub-greenschist 

facies in the western autochthonous - para-autochthonous zone ta granulite 

facies in the hinterland zone. '!he granulite facies are weIl developed in the 

hinterland of the central Labrador Trough (Taylor, 1979) but occur only 

lœally arrl are stroI'X1ly retrogressed in the hinterlarrl of the northem 

li>J.Jrador Trough (Perreault et al., 1988; Rlirier, 1989). 

Relations between ItFtamorphism arrl defonnation vary systematically 

across different zones of t..le labrador Trol-gh (Oimroth & Dressler, 1978). In 

the sub-greenschist facies, the peak rnetamorphic assemblage predates the main 

Hudsonian defonuation event. Within the greenschist facies the t.yporrDrphic 

mineraIs, (chlorite & muscovite) are parallel te the main schistosity (S1) 

irrlicating peak InP.tamorplllc and defonnation conditions were attained 

synchronously. '!he transition te the amphibolite facies closely parallels the 

eastern limit of the labrador Trough (sensu stricto). '!he greenschist­

amphibolite boundary corresporrls generally te the eastern limit of the basalt 

sequence wi thin the central allochthonous zone. In the northern labrador 

Trough, this transition occurs slightly west of the easternrnost exposures of 

mafie volcanics (Gélinas, 1965; Boeme, 1987). Metamorphic irrlex minerals 

(gamet, staurolite, kyanite, sillimanite) in the laver amphibolite facies 

vary from syn- to late kinem3tic. In the upper amphibolite am granulite 

facies, the peak rnetamorphie assemblages are post-kinematic. 

'!he traces of isograds trerrl NNW ta NW generally follaving the main 

stJ:uctural grain. HCMever, the trace of the biotite isograd is SCIllewhat lOOre 

erratic. '!he dip of the isograd surfaces varies from shallowly W dipping for 
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the biotite isograd within the greenschist facies to steeply W dipping for 

the isograds within the anpribolite zone (gamet, sillimanite) (Oimroth & 

Dressler, 1978). 'Ille authors attributed the differences in anount of dip to 

greater uplift of the hinterlarrl zone versus the central am western zones. 

Several isograds were mapped in the northern Labrador Trough by Gélinas 

(1965) am more recently by Boone (1987), Gé1inas am Perreault (J.985j, 

Moorhead arrl Hynes (1986), Perreault et al. (1987, 1988) arrl Poirier (1989), 

(Map l & III). OUr study area is bourrled to the west by the albite / 

oligoclase isograd within the mafic vo1canics am to the east by the 

si1limanite isograd. It contains the gcunet, the stauro1ite, arrl the kyanite 

isograds. '!he gamet isograd follows the westen1 shoreline of Lac Rachel where 

pin-sized euhedra1 gamets are visible within rnicaceous sdüst belonging to 

the lower member of the Baby Fonnation. '!he staurolite am kyanite isograds 

are c10sely associated and nearly overlap each other. '!he kyanite isograd 

cx:::curs slight1y ta the east of the staurolite isograd (Poirier, 1989; Map 

III). The traces of these two isograds, particular1y t.l'J.e kyanite one, cannot 

he mapped continuously and with as much certainty as the garnet isograd 

because of the relative scarcity of pelitic horizons within the Irore aburdant 

semi -pelitic rnicaceous schist unit. 'Ille traces of aH three iscqrads trerrl to 

the N, approximately para11el to the Lac Rachel reverse faulti a 1ate tectonic 

feature. '!he isugrads clearly eut major FJ folds in the area (Gélinas, 1965: 

Map III) and have been interpreted as being post-k.inem3.tic (Moorhead & Hynes, 

1986; Perreault et al., 1987; Poirier, 1989). 

Cross-cutting relationships are visible at aIl scales. In thin section, 

metamorphic index mineraIs close to their respective isograds clearly are post 

FJ folding. In thin section, staurolite porphyroblasts locaHy overgrow F3 

fol6 closures (Plate VIlla & b) am kyanite has been observed cross-cutting 
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limbs of F3 crenulations. 

Extensive recent work has been done on the metamol:phism of the units ta 

the east of our study area (Perreault & Gélinas, 1985; Perreault et al., 1987, 

1988: Poirier, 1989: Poirier et al., in press). '!he following SUImIlal:1' is 

largely taken fram Poirier (1~189). 'IWO isograds occur east of the three 

Archean basenv:mt dorœs: the staurolite-out isograd in the footwall of the lac 

Olmstead fault and the muscovite-out isograd in the footwall of the lac 

Turcotte fault (map 1). Beth of these isograds are parallel ta the adjacent 

faults. East of the lac TUrcotte fault, in the arc related suspect terrane, 

there is evidence for an older granulite grade metarno.rphic event synchronous 

with the emplacement of I-type calc-alkaline granita id intrusives. '!he 

metamorphism has been dated at 1833-1829 Ma (Machado et al., 1988). 

4.2) GmERAL ~ 

Int:roduct:ion: 

Al though this study area is net extensive, encompassing approximately 

120 krn2 , it contains aH the stratigraphie units, or their correlatives, of 

the northern labrador Trough. 'Ihe rocks can be divided into five groups which 

are, fram oldest to youngest: 

(1) Granitic - grancxlioritic gneisses of the Archean basement. 

(2) Various calcareous rocks that include: 

- Mafic marls or heterogeneous aITph.ibolite that are mineralogically 

similar ta the metabasites but are richer in quartz am calcite. 

- [)':)lomi tic mamles 

- Cale-silicate necks 

- Calca.reous schists 

(3) Micaceous schists that vary between psammitic am pelitic in 
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conq;x>sition. '!he semi-pe1ites represent by far the ltK)St cx::mron 

member. 

(4) Meta iron formation 

(5) Meta ultramafics 

4.3) Mineral peLLcyt:aply 

4.3.1) Gan1et: 

Gamet is a cormnon mineraI within pelitic schists, semi-pelitic schists 

and iron formations. It aIse occurs lcx::ally within the more mafic, hornblende 

rich calcareous unit, namely the heterogeneous amphibolites. Garnets are 

usually disseminated within their hast lithologies; sorne are, however, 

concentrated in 10 ta 50 cm thick horizons that contain between 10 am 50 % 

gamets. 'Ihese gamet rich horizons are a common feature within pelitic 

schists and in the gamet amphibolites which are part of the heterogeneous 

unit of the calcareous rock assemblage. Bath of these lithologies are found 

near the basement gneisses of the Renia Synfonn. Gamets vary considerably in 

size frorn < 1 mm. in the semi -peli tic schists close to the isograd in lac 

Rachel to up to 35 mm in pelitic horizons adjacent to the Renia gneisses. 

In thin section, garnets are usually idiomorphic te subidiornorphic. 'Ihey 

are only slightly altered in the pelitic and semi-pelitic schists. In the 

gamet amphibolite horizons they are, more ofter, than net, highly retrograded 

to chlorite. Gan1ets contain numerous and varied internaI structures. Quartz 

and opaques are conunon inclusions within gamets. 'Ihey typically are 

concentrated within the core of the mineraI; the rims are often inclusion 

free. 'Ihe inclusion trails are aligned lOOSt often as straight barrels 

parallel ta the main schistosity in the hast rock. lDcally the aligrnrent of 

the inclusion trails is at an angle ta the matrix foliation. '!he ~le 

114 



between the aligned inclusion trails am the matrix foliation (81) usually is 

small, only rarely were helicitie textures abserved. 'Ille drag folds defined by 

the angle between the rnatrix schistosity arrl the aligned inclusion trails 

within the gamets locally reflect mesoscopic F3 fold sets (Plate VIIIe). 'Ihis 

is COllllOC>nl y observa:l wi thin the infolded sediments at the northent tip of the 

Renia Synfann. 

4.3.2) Biotite: 

Biotite is a ubiquitous am abuOOant mineraI within the rnicaceous schist 

unit. Along with muscovite it most often defines the najor schistosity (SI), 

and Iocally fonus a stretching Iineation fabrie. In soroe instances biotite is 

retrogressed to chlori te. Biotite is aIse a common if not aburrlant constituent 

of the heterogeneous amphibolite unit. Within these ~hi.bolites it occurs in 

twa distinct habits; as a prograde mineraI and as a retrograde phase at the 

expense of hornblende. 

4.3.3) Musc:xlvite: 

Muscovite is a COl'IIlI'On constituent of the micaceous schist where it 

occurs either as well aligna:l crystals locally fonning solid mats or as larger 

prismatic crystals overgrowing the main schistosity. MUscovite blades alse 

define the axial planes of sorne (F3) crenulatians. 

4.3.4) S'taurolite: 

staurolite is found in pelitie schist horizons typically rich in opaques 

and is cornmonly associate1 with gamet am kyanite. It foms subidiomorphie 

crystals up ta 15 nun long that are sornetimes twinned. '!he crystals are often 

riddla:l wi th quartz inclusions; the concentration of inclusions diminishes 
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towards the edges. '!he habit of stauroliteis typically post-kinematic, 

overgrowing F3 fold crests (Plate VIIla & b) am cross-cutting the 51 

schistosity • 

4.3.5) Kyanite: 

Kyanite ocurs in two distinct settings in the study area. '!he first is 

as lOIlJ bluish blades (up ta 10 an lOn:J) in quartz rich pegnatitie lenses 

within the lower micaceous schist unit. '!he rrœt prevalent occurrence is, 

hOlrlever, as prisrnatie yellowish translucent crystals up to l an long 

disseminated in gamet rich pelitie horizons. '!he grcMt:h of kyanite is 

typically post-kinematic, cross-cutti.nc:J previously developed features such as 

the 81 schistosity am lirnbs of F3 crenulations. 

4.3.6) <lllorite: 

Chlorite is another ubiquitous if not abundant phase. It c:x:x:=urs as a 

prc:::x:JIade phase in micaceous schists up ta the staurolite isograd. lV:xNe, it 

was only observed as a retrograde mineraI growinJ at the expense of biotite or 

gamet. In the metabasites of sedimentary or igneous origin, it was observed 

pseudomorphing hornblende arrl gamet. 

4.3.7) Hornblende: 

Hornblende fonus an brportant constituent of the various arnphibolite 

units and. the iron formation. It aIse is fourrl disseminated in the micaceous 

schists. It usually fonns subidiomorphic crystals, but occurs locally as long, 

(up to 7 cm), slender feathery crystals within the iron formation am the 

heterogeneous arophiboli te unit • 
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4.3.8) 'l'raJDlite - 1\ctioolite: 

'!bese mineraIs occur as aburrlant phases within the dolanitie I1'IëU.i:>les and 

the cale-silicate rocks respectively. 'nley occur as elollg'"dted crystals that 

are cormnonly found radiating fram a conunon "nucleus". 'Ihese nuelei are often 

aligned parallel ta bedding planes fonning strin;Js of radiating trelrolite­

actinolite crystal clusters (Plate le). 

4.3.9) Plagioclase: 

Plagioclase occurs as xenomorphie crystals in arnphibolites and micaceous 

schists. In the latter unit it occurs as disseminated grains within a mosaie 

of granoblastie quartz. 

4.3.10) ~idote: 

Epidote forms a srnall component in the various metabasite units. It 

occurs typically as xenornorphic aggregated grains. 

4.3.11) ~ry M:inerals: 

i) Tourmaline occurs as subidiorrcrphic grains in pelitic am semi-pelitie 

horizons. It is typically zoned with bluish green cores am green rirns. 

Tounnaline is found mostly in the matrix but aIse occurs locally as inclusions 

within gamets. 

ii) Opaques are a corru:non feature in JOOSt rocks. '!bey consist of ilmenite 

Ylhich is locally associated with rutile. 'Ihey are ccnunonly observed as 

inclusions within gamets. 

iii) Z~rcons are corru:nonly visible in pelitie horizons where they are 

present as inclusions within biotite. 
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4.4) Quantitative petrology: 

4.4.1) IntmductiŒ1: 

'!he use of various geothenocmetric am geobaranetric calÏhrations 

permi ts the calculation of maximum P & T values that the rocks have 

undergone. In sorne cases, portions of the PIT loop that the roc]r.s were 

subjected ta may be unravelled. '!his allows the characterization of tectonic 

processes that were operative during the burial & uplift stages of or-a;:]ens 

(Spear et al., 1984). Geothennobarometric calculations were undertaken in our 

study area in arder better to constrain teroperature and depths of burial the 

rocks were subjected to. !)je to the post kinematic nature of the metamorphism 

in this area, (Moomead & Hynes, 1986; Perreault et al., 1987) no infonnation 

is gained fram this type of study on the motions of the early thnlst faults. 

'!he data however are a good complement to the burial depths required by the 

down plunge projection of the basement ~isses in the previous chapter. 

4.4.2) Geothe.noc'Iœtr 

Temperature œ.lculations are based on the FejM:J cation exchange between 

gamet and biotite. Biotite and gamet are used because of their abundance 

and widespread occurrence for different bulk compositions of Il'etamorphosed 

siliciclastic rocks. The FejMg exchange is essentially a function of 

temperature, pressure having only a very slight effect on the FejM:J 

partitioning. AlI the geothermameters involving gamet and biotites are based 

on the following exchange: 

Fe3Al2Si3012 + KMg3AlSi3010 <-----> Mg3Al2Si30 12 + KFeAlSi30 10 
(almandine) (phlogopite) (pyrope) (annite) 

Thompson (1976) e.mpirically calibrated the reaction using naturally 

occurring assemblages and temperatures based on other experimental phase 

equilibria. Ferry and Spear (1978) experimentally derived the first 
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calibration of the al::xJ\Te mentioned reaction. '!he bulk c.:::onposition of the 

experiIœnts was kept at 0.9 (Fe/Fe + M:J). '!he Ferry and Spear (1978) 

calibration is applicable te gamets of restricted composition ( >8ù% 

almandine + pyrope components). Most gamet rim composition of this study are 

within/or approach t.hese compositional limits. The limits are generally 

exceErled for the gamet cores that are typically richer in ca and particularly 

Mn. Ferry and Spear (1978) suggested the limit of 0.15 (Alvi + Ti) / (Alvi + Ti 

+ Fe + M:J) for biotite, this limit is attained or generally slightly exceeded 

for the biotites of this study area. Perchuk & Iavrent'eva (1983) alsa 

experimentally calibrat.ed the reaction but kept the composition of their 

experiments at 0.6 (Fe/Fe + M:J) • 

The Fen-y and Spear (1978) calibration assumes ideal mixing f01.4 the 4 

major cations (Fe, Mg, ca, Mn) within the gamets. The assumption can be 

justified if the following is true: 1) the deviations fram ideality in gamet 

and biotite are small or 2) The deviations fram ideality in gamet and biotite 

tend to cancel out (Chipera & Perkins, 1988). '!he study ot' Hodges and Spear 

(1982) found that only ca-Mg mixing in gamet departed sjgnificantly from non­

ideality over the ~ and P range of their study, which contains the range 

present in our study. They compensated for the non-ideality by the 

introduction of activity coefficients. 

4.4.3) GeOOaraneb:y 

'lbe samples taken along a section perpendicular to the isograds display 

varying mineralogical assemblages. These variations are net uniquely a 

function of metamorphic grade but reflect variations in the bulk 

compositions. The pelitic horizons containing an aluminosilicate phase 

(kyanite) are widespread only near the contact with the basement gneisses of 
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the Renia Synfonn. 'lhey c::x::nrr only sp::>radically higher in the succession 

towards the kyanite and staurolite isograd. '!he rrost cammon gamet bearing 

assemblage found between the staurolite an::l gamet iscx::rrads contains: 

quartz-biotite-gamet-muscovi te-chlori t.e-opaques±plagioclase±tourmal ine 

For the sarnples taJ<:en at or near the gamet isograd no plagioclase was 

o~...rved. In arder to be able ta assess pressure values for the whole of the 

study area, in light of the differing assemblages, three main geobarometers 

were employed. 

'Ib€.' reactions used to determine paleopressures values are based on volume 

dependent cation exchanges between coexisting phases, or changes in 

coordination site of an element within a phase. 'Ihese are not completely 

indepp-Ildent of temperature, 50 an indepe.ndent estima.te of T must be made in 

arder to constrain the pressure. 'Ibis is not a major problem since the Fe/Mg 

exchange between garnet and biotite end mernbers is essentially indeperrlent of 

pressure. 

1) Garnet-kyanite-silica-plagioclase (~P) (Newton & Haselton, 1981) 

'Ibis assemblage has been mcx:leled for the ca end member equilibritnn: 

3 anorthi te = gross\ùar + 2 kyani te + quartz 

'Ibe ca exchange in this reaction is between a law density arrl higher 

density phase and thus is sensitive ta ambient pressure changes. Ghent (1976) 

assumes ideal mixing for the ca exchange, whereas Newton & Haselton (1981) use 

activity coefficients for tl1e same exchange. 

2) Garnet-plagÏoclase-biotite-Dl:lsaJvite (GIH-f) (Ghent & stout, 1981) 

'Ihis assemblage can be mcx:leled by the follawing equilibria: 

a) pyrope + grossular + rnuscovi.te ::: 3 anorthite + phlogopite 

b) almandine + grossular + muscovite = 3 anorthite + annite 

c) almandine + phlogopite = pyrope + annite 
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Equilibria (a) am (b) involve a ~e in Al ccx:>rdination fram 6 to 4 

am change in Fe/Irq coordination frm 8 to 6 arri should be sensi ti ve to 

pressure. Ghent & stout (1981) usOO the garnet-plagioclase-kyanite-quartz 

geobarameter (Ghent, 1976) in conjunction with the Ferry and Spear (1978) 

geothermometric calibration te derive an empirical gE.obarometer. 

3) Biotite--nusocNite-dùari~rtz (1H)2) (Powell & Evans, 1983; 
Bucber-Nurminen, 1987) 

This mineralogical assemblage can he roodelled by the following 

equilibrium: 

4 celadonite + chlorite = muscovite + phlogapite + quartz + fluid 

'fuis equilibrium involves a change in the coordination of Al in muscovite 

fram tetrahedral to octahê'dral with increasing pressure. The fluid dependancy 

of this calibration is an additional handicap that most other geobarometers 

do not have. This study did not evaluate the composition of the metamorphic 

fluid, 50 an assurnption is made that it is pure H20. 'Ihis seems to he a 

reasonable assumption consictering that studies of fluid compositions in 

pelitic rocks often yield almost pure H20 (Ghent et al., 1979). 

The first geobarometer (GKSP) is applicable to the kyanite bearing 

asssemblages that occur in the LCMer Baby scbists adjacent to the Renia 

basernent gneisses. Given the ubiquitous occurrence of the assP--l1lblage gamet-

plagioclase-biotite-muscovite the second geobarometer (GPm) can he applied 

almost to aU of the study area. 'lbe third one (B1CQ) is needed. becduse of the 

lack of plagioclase as a phase in the semi-pelitic schists at the gamet 

isograd. It can be applied up to the staurolite isograd which also marks the 

disappearance of prograde chlorite. 

4.4.4) AWroach am assunptians 

'Ihe gamets e:xhibit "normal" or prograde chemica1 zoning (Hollister, 
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1966; Tracy et al., 1976) characterized by ca & Mn rich cores am Fe & ~ rich 

rbns (Fig. 22). '!he M:J/Fe ratio increases fran the core outwards. '!he I=':"OÇJIâde 

zonation is consistent for aIl the metamorphic zones of the study area. '!he 

bell shaped profiles are hCMever Imlch more fldttened for the gamets in the 

kyanite zone than for those in the gamet zone. '!his chemical zonation is 

consistent with a trend of gamet compositions involved in the continuous Fe­

M:J-Mn reaction: 

Chlorite + MUscovite + Quartz = Gamet + Biotite + H20 ('!hampson, 1976) 

From the element distributions in the limiting' binary systems it is 

predicted that ~ > He > 'IOr1n, where rra Mn represents the temperature of 

the reaction in the pure Mn system at constant pressure and H20 (Tracy et al. , 

1976.). 'The above mentioned chemical zonation of gamets reflects its 

internal diffusion rates being slower than its growth rates under sub­

granulite conditions (Woodsworth, 1977). Often the gamets ShCM a reversal of 

zonation trends at their margins (Fig. 23). 'Ihese retrograde rims are 

typically small with respect ta the size of the gamets. TexturaI evidence for 

the observed reversaI in chemical zonation is onl y present wi th sarre of the 

more pronounced reversaIs in the zonation patterns at their rims (Fig. 22). 

'This is usually in the fom of retrograde chlori~~ growing at the expense of 

gamet and/or biotite. 

In many studies chemical zonation has been reported aIse for plagiocase, 

where typically anorthite content increases with metamorphic grade due ta ca 

exchange with gamet. In this study area the plagioclase grains displayed only 

slight, oscil1atory and/or contradictory zonation patterns, often within the 

same sample. '!he phyllosilicate phases are characterized by high internaI 

diffusion rates and are typically unzoned. 

Given the prograde nature of the chemical zonation within the gamets, 
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the maximum ~ture am pressure values can be obtained using the riIn 

compositions of the gamets am the matrix biotite and plagioclase 

compositions. 'lhis asstnneS that all the coexisting ~'1ases have attained 

equilibriurn. Biotites in c.ontact with the gaITlet were not used in order to 

avoid the possibility of post-met:am:>:qnic peak cation exchange (Tracy et al. 

1976). Where retrograde r;ms in the gamets were absel:ved a CCI'I'f?OSition point 

on the inside of the rim was used. 

Temperature values can be derived fran the core of the gamets if the 

following assurrption is made. In sarrples where biotite is nruch IrOre abundant 

than gamet, the biotite may have acted as an infinite cation reservoir. In 

this way the bulk arnount of gamet is not high enough to change significantly 

the Fe!MJ ratio of the matrix biotite. care was taken to choose the largest 

garnets within the section in order to get a section eut closest to the core 

of the gamet. '!he same reservoir assumption cannot be made for plagioclase 

which is not significantly rrore aburrlant than gamet and thus carmot be 

considered an infinite reservoir of ca cations. In addit:i.on the gamets are 

zoneù with respect to ca and the plagioclase are either unzoned. or enatically 

zoned, indicating that there is no simple relationship of ca content with 

respect to these two phases. '!hlS means that the pressures urxier which the 

cores of the gamets nucleated and grew carmot readily be quantified. '!he riIns 

of the gamets are assumed te be in equilibritnn wi th the rims of adj acent 

plagioclase grains. 

4.4.5) Srurce.s of errer 

Several factors influence the pressure and tenperature values detennined 

fram cation exchange calibrations between Ifuises. '!he error bracJœts reported 

in various studies are typically ± 50 Oc and ± 1 kbar. '!hese bracJœt include 
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only the uncertanties related to the positi~ of the equilibrium cu:r:ve' in 

P-T space (Hodges & McKE:mna, 1987). 

One of the main uncertainties regardi.rxJ therrrobarorretric studies is th(~ 

a.ssurrg;>tion that chemical equilibritnn was attained between coexistin;J phases. 

In order to better constraj n the peak metarror};i1ic corxiitions sections showiilg 

evident signs of retrogression, such as the presence of retrograde phasE!S, 

were not used. Textural equilibrium was established by the presence of 

c;traight sharp contacts between the differpnt ~, this however does not 

exclude the possibility of chemical disequilibrium (I.oornis, 1983). One of the 

possibilities that le-'3.ds ta suffi a case is strain induced post-equiliJ:..'rium 

dissolution by shearing (Bell, 1985; ruel::>errlorfer & Frost, 1988). 'Illis case 

can be discounted for this study given the p::>St-kinernatic nature of the peak 

metamorphic assemblages am the traces of their respective isograds. 

Another type of uncertainty is the choice of solution models (Hodges & 

McKenna, 1987). Sorne mineraIs depart strorqly fram ideality with respect to 

certain components, such as ca in gamet arrl plagioclase. 'Ille calibration of 

certain elements within sorne phases is still in debate (e.g. the activity 

coefficient of anorthite in plagioclase (KOziol & Newton, 1985). 

'lhis study suffers a further uncertainty .ID that three different 

geobarorneters are used to detennine pressure. 'lhis leads to uncertainties not 

only in the absolute pressure values, that are influenced by the above 

mentioned factors, but also in comparing results fram the different 

geobarometers (relative pressure differences between different retarrorphic 

zones). still the resul ts presented here are in brood agreement wi th other 

petroIogical data am the resul ts of other studies in the same general area 

(Perreault et al., 1987; Poirier, 1989). 
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4.4.6) Results 

4.4.6.1) ~ 

Four geothermometers based on the FejM;J exchange between gamet am 

biotite were tested; Fen:y & Spear, 1978 (FS); Hodges & Spear, 1982 (RS); 

'!hompson, 1976 (T) i Perchuk & Iavrent'eva, 1983 (PL). '!he results of which are 

sununarized in Table l. For sanples up te the kyanite zone, the Ferry & Spear 

(1978) solution nooel seems te un::ierestimate peak T" values by 30 te 40 Oc 

with respect te the other three solution models (HS, T, PL). In the kyanite 

zone the (FS) solution model is in closer agreement with the solution models 

of (T) and (PL). '!he (HS) solution model gives results close te those of the 

(T) and (PL) solution models, except for the kyanite zone where it gives ~ 

values 30 to 40 Oc higher. '!he (T) am (PL) solution models nearly always give 

results within 10 Oc of each other of each other. '!he Hodges & Spear solution 

model is thought te be the most applicable te this study area, given: i) the 

importance of the ca content in several of the gamets am ii) the Fe/Fe + Mg 

ratios for the gamet rims are aIl >.82 which is rnuch closer te the values 

usej in the experimental study of Ferry & Spear (1978) on which the Hodges & 

Spear (1982) solution model is based than those of Perchuk & Iavrent' eva 

(1983) . 

'!he peak temperatures (± 50 Oc) are thought te be: 

i) 510-550 Oc at the gamet isograd 

ii) 530-560 Oc in the gamet zone 

iii) 480-540 Oc at the staurolite isograd 

iv) 520-650 Oc in the kyanite zone 

'!he peak temperatures at the staurolite isograd may be urrlerestimated due 

to the strong amount of retrogression visible on the rirns of the CJéUTlet and 

the high amount of retrograde chlorite in the sanple. 
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4.4.6.2) ~ 

4.4.6.2A) Chlorite-biotit.e-mJsc.or.rite assaOOlage 

Pressure cami tions at the gamet isograd were estbnated using the Powell 

& Evans (1983) (PE) and Bucher-Nunninen (1987) (EN) calibrations of the 

chlorite-biotite-muscavite assemblage. '!he results are presented in Table II. 

'!he range of pressure estimates within a given calibration is rnostly due to 

compositional differences in the muscovites, reflected in their celadonite 

contents. since the celadonite values are raised to the fourth power in the 

equilibrium equation any spread in these values strongly affects the outcome. 

An attempt to rninirnize within grain and sample variances was done by taking 

several P'JiI1ts on each mineral grain. For the range of pressure at the gamet 

isograd the the two calibrations give comparable results, except for the 

lowest values which have a 1.8 kb difference. 

4.4.6.2B) Plagioclase-bioti t:.e-garnet-)TIlSCXJVite assent>lage 

Pressures were deterrnined with the Ghent & stout (1981) (GS) calibration 

of the plagioclase-biotite-garnet-rnuscovite assemblage. llie assemblage is 

present wi thin most of the rnicaceous sdüst unj t except right at the gamet 

isograd. 'The results are summarized in Table III. The pressure values at the 

staurolite isograd are 5.3 to 6.1 Kb. 'Iheyare 1 to 2.5 Kb lower than those of 

the adjacent gamet zone. Given the amount of retrogression visible in the 

samples at the st.auroli te isograd the pressure values rnay have recorded the 

retrograde conditions and not the peaJe metarnorphic ones. '!he only sample in 

the kyani te zone gave pressure resul ts between 8. 1 and 8.4 Kb. 

4.4.6.2C) Kyanite bearirg asseniJlage 

Only one sample chosen for this study contained the assemblage kyanite-
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garnet-biotite-muscovite-plagioclase-tourrnaline. The p~ of an 

aluminosilicate phase allows for the use of the Newton & Haselton (1981) 

calibration. 'Ille calctùated pressure was 8.4 I<b using the peak 'JÛ of 630 Oc 

fram the gamet rime 'Ibis is in g<XXl agreerrent with the pressure values 

determined fom the Ghent & stout (1981) geobarc.:lIooter. 

4.5) Burial histo:ry 

'Ibis study lacks sorne key ingredient}; for deciphering the complete P-T 

trajectories of the rocks, such as the presence of biotite and plagioclase 

inclusions within the gamets and the widespread presence of kyanite 

(Selverstone et al., 1984; st-onge & King, 1987). TD values can be estimated 

for the cores of the gamets by assrnning the rratrix biotite acts as an 

infinite sink of Fe and Mj cations. Pressure values on the other hand cannot 

be estirna.ted in the same way because: 1) plagioclase is not abundant enough ta 

act as an infinite cation reservoir of ca and 2) because of the lack of 

correspondence in the Ca zonation patterns of gamet and plagioclase. 

An atternpt has been rrade to constrain qualitatively the P-T trajectory of 

the retrograde rirns. This is done by plotting the pyrope versus the grossular 

content of the interior and exterior portions of the retrograde rirns 

(Martignole & Nantel, 1982). '!he variations in Mj content being mostly a 

function IJ:D and ca a function of P. 'Ihe interior portions of tlle rims reflect 

peak metamorphic conditions while the exterior portions reflect the retrograde 

conditions. 'The trajectories of the four retrograde gamet rims are shCMl1 in 

Figure 24. 'lhree of the samples (2015-11, 2002-2, 2002-3) display shalla.v 

slopes that are indicative of isothermal unloading. '1\';0 of the samples (2300-

23, 2131-1) show steeper slopes characteristic of unloading and cooling. 'Ihis 

data set is very small ta draw any conclusions fram, nevertheless the flatter 
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slopes in the gamet zone could possibly be due ta m::>re rapid uplift near the 

lac Rachel fault. 

AlI of the available P-T data are plotted on Figure 25 which includes data 

fram the study of Gélinas & Perreault (1965) frc:m a locality on the 

si1limanite isograd within the Renia Gneiss body. '!he two m::>st reliable P-T 

detenninations are thought ta be the ones frcm the gamet zone and the kyani te 

zone. Given that the sarrq;>les taken at the gan1et isograd (2002-2, -3~ are 

situated only ? km east of the on,s fram the gamet zone (2015-7, -11), it 

seerns unlikely that a 2 ta 4 Rb difference exist between sarnples. '!he 

chlorite-biotite-muscovite barometer seerns to underestimate pressures by 1 to 

2.5 Kb with respect ta the (GS) geobarometer. '!he samples taken fram the 

staurolite isograd (2300-23, -3, -5) show strong signs of retrogression that 

probaly resulted in lower P arr.! IJD values. Logically, the sample fram the 

staurolite isograd should give results between the gamet and kyanite zones. 

'lbe data of this study compare favourably ta the peak rnet.arrorphic 

conditions and uplift path of the study of Gélinas & Perreault (1985). 'lbe 

pressures in the kyanite zone are hCMever 1 Rb higher than those recorded fram 

their kyanite-sillimanite assemblage. 
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5.0) stHW« 

5.1) stratigrapty' 

'Ihe stratigraIilY of the CXJVer succession overlying the Archean base.rrent 

gneisses uf the western hinterlarrl zone bas many similarities to fu,t of the 

Kaniapiskau Super group of the central am western zones. From the base tJIWcUÙS 

the follC1Ning correlations have been made: 

1) 'Ibe various calcareous units at the base of the sequence would 

correlate with the Harveng Fm. 

2) 'Ibe overlying micaceous schist unit would be the equivalent of 

the I.ower Member (L.M) of the Baby Fm •• 'Ibis lU1it however coarsens 

tJIWcUÙS which does not seem to be the case for the L.M. of the 

Baby Fm. (Sauvé & Bergeron, 1965). 

3) 'Ibe iron fonnation is identical to the iron-rich sediments of 

the Middle Member of the Baby Fm •• 

4) A thin rnicaceous schist unit overlying the iron fonnation would 

represent a much thinner equivalent to the Upper MeInber of the 

Baby Fm •• 

5} '!he mafie volcanie unit is identical to the Hellancourt Fm. 

furtl1er west, although slightly thinner. 

'Ihe mafie volcanie unit is overlain by a volcanie conglamerate horizon 

which grades tJIWcUÙS into a thiek ard extensive coarse-grained silieiclastic 

assemblage. A few volcanie-rich conglomerate horizons occur higher up 

stratigraphically. This assemblage seems to c:orrelate with the fine-grained 

'Ihévenet Fm. capping the easterr:most exposure of the Hellancourt basalts in 

the central allochthonous zone. 'Ille 'Ihévenet Fm. has l'1C' equivalent further 

west. 'Ihe 'Ihévenet Fm. am its rrore extensive correlative in the hinterlaro 

zone could represent the northern extension of the Iaporte Group rretasediroonts 
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further south. '!he Iaporte Group forms the 00lk of the western hinterlarXl zone 

of the central labrador Trough (Dimroth, 1970, 1978; van der Ieeden et al., 

in press). 

An inq:xJrt.ant feature of the study area is the eastern provenance of the 

'Itlévenet Fm. and probably the upper portion of the micaceous schist unit 

underlyi.rg the iron fornation. 'Ihis so.rrce would include uplifted 

silieiclastie sediIœnts and mafie volcanics along with granitoid cristalline 

rocks. 

5.2) structure 

5.2.1) BasemPnt gœiss lxxlies 

'Itle main striking feature of the western hinterland zone at this latitude 

is the presence of four large, NW trerdi.n:J, en échelon Archean basement 

bodies. 'lbese are frorn north to south: the Boulder, the Renia, the Moyer and 

the sc..ctered Gneisses. '!he Boulder and the Moyer are exposed as doubly 

plungi.rg antifonns whereas the Renia and Scattered are exposed as SW plUI"qing 

synfonns. 

Any choice of model that is used ta account for the origin of the 

basement gneisses changes the inte:rpretation of the chronology of the 

different structural features. '!he key constraint is the presence of two 

gneiss bodies overlying caver rocks, the Scattered and Renia Gneisses. 'Ibis 

restricts ta three the nurnber of models that can account for the presence of 

basement gneisses overlyirg oover rcx:ks. 

5.2.1.1) Diapirism 

In this model the gneisses would have risen buoyantly into the denser 

metamol:phosed cover rocks. '!he Renia am. Scattered Gneisses would represent 
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sections through the ICMer portions of the ld:les in a rnush.rocrn shaperl diapir. 

'!he Moyer and Boulder would either be higher level sections through the diapir 

or sections through the stem of the rnu.shroan sh?';>Erl diapir. '!he four gneiss 

bodies cannot siropl y he relatai ta a si.n;}le diapir. 'They aIse lac.l<. sare 

features unique ta and diagnostic of diapiric upwelling, such as radially 

arranged neutral folds (Brun, 1983) am outwardly vergent cascading folds 

(Platt, 1980). 

5.2.1.2) Sheath foldirg 

In this model the gneiss bodies developed as mega-sheath folds durin:;J a 

si.mle NW directed shearin;J event, presumabi Y DJ.. 'll1e Renia am Scattered 

synfonnal gneisses would represent deeper sections in the rnega-sheath folds 

than the Moyer and Boulder antifonnal gneisses. AlI of the major folds in and 

surrounding the gneisses wOlÙd be part of this single defonnation event. 

Although this model accounts well for the shape arrl disposition of the gneiss 

bodies, no defonnation event coropatible with this style of folding on any 

scale bas been observed in the study area. 

5.2.1.3) Refoldi.n:J of early ~ type nappe structures 

'Ihis model involves the folding of the overthrusted SUperior basement 

alorg with its overlying para-autochthonous CXNer sequence into large NNE ta 

NE trending WNW ta NW vergent nappe structures. 'Ihese were then refolded by 

lru:ge anplitude, NW trerrling upright folds. 'Uüs resulted in the early nappe 

structures heing exposed as basement-cored synforms (Renia and Scattered 

Gneisses) and the underlying autochthonous baserrent gneisses as antiforrns 

(Boulder and Moyer Gneisses). '!he rrcdel explains rrcst if net aIl the 

structural features of the western hinterlan:l am is nol in conflict with any 
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of our obsenrations. 

5.2.2) Tect:.a1.ic history 

AsSLnning the Renia a.rrl the Scattered basement gneisses represent refolds 

of baseIOOnt-corecl nappe structures, the western hinterlard zone bas urrlergone 

four, possibly five, distinct tectonic events. 

'!he first deforrration event (0].) records the westerly translation of the 

caver sequence over the basement gneisses along a thin basal décollement zone 

nnd the local stacking of the caver sequence along two thrust faults that 

partially repeat the cover stratigraphy. Basement is thought te have remained 

relatively inactive during this event. 

'!he next event (Dl') resulted in the fonnation of large NNE to NE 

trerrlim WNW to NW vergent basement-cored nappe structures that folde1 large 

portions of the basement gneisses arrl the overlying rover sequence ante 

themselves • 

'!he following defo:rmation event (~) produced E to NE trend.inj open 

cross-folds in the central portion of the hinterland zone (Bosdachin, 1986; 

Poirier, 1989). In the study é'rea the onlyevidence for this event lies in the 

doubly plunging configuration of the antifonnal gneiss bodies (Moyer and 

Boulder Dornes). 'Ibis assmnes that the folding phase coring the long axis of 

these two dames (F3) does net depart fram cylindrical. 

'!he next event (0]) produced the large amplitude, NW trending, SE 

plungim upright falds that characterize much of the hinterlard and centrcü 

allochthonous zones of the northern Iab.ca.dor Trough. 'Ihe folds are responsible 

for the large arrounts of structural thickness visible in oblique section at 

the present erosion surface. 

'!he final event includes the unroofing of the imbricated and folded 
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basement-cover complex by reverse motion on the steeply easterly dippinj lac 

Rachel fault. 'This fault may have a d~tral strike-s:tip campement (Goulet, 

1987) • 

5.3) MatanDrprlsm 

In the study area metaIrorphic grade increases west to east fram lower 

amphibolite grade near lac Rachel to mid-anphibolite grade at the cover­

basement interface of the Renia Gneiss. 'Ihree sub-para:tlel isograds t.rerrling 

N-S occur in the area. 'Ihe gamet isograd runs up the center of lac Rachel and 

the closely spaced staurolite and kyanite isograds are situated halfway 

between the lake a..'1d the Renia Gneiss (Map III). 'The iSOJtâds cross-cut aIl 

major fcld structures (Map l & III) indicating that the peak in rnetamorphisrn 

is ~t-kin~tic. 

'The Hoges & Spear (1982) calibration of the gamet-biotite geothenrorneter 

is thought to yield the rnost consistent results across the different 

rnetarnorphic zones of the study area. Peak teJnperatures were evaluated at 510-

550 Oc at the géUTlet isograd up to 620-650 Oc in the kyanite zone near the 

basement-cover interface on the NW closure of the Renia Gneiss. '!he Ghent & 

stout (1981) (GS) and Newton & Haselton (1982) (HS) geobarorneters give similar 

results in the kyanite zone (8.1 ta 8.4 kb). Given the lack of r..ridespead 

kyanite in the micace"vUS schists the (HS) geobarorneter has limited use. '!he 

(GS) one was used on most sarnp] es, in the gamet zone it gives pressures 

between 6.7 and 7.4 kb. 'IhE! Pc:we LI & Evans (1983) and Bucher-Nunninen (1987) 

calibrations of the chlori"te-biotite-muscovite assemb:tage were used at the 

gamet isograd where no plagioclase was observed. They yielded pressures 

between 4.0 and 5. 5 kb which see.m to be 1 to 2 kb lChJer than expected when 

compared with the (G'3) geoba.roIreter. 
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6.0) <XECr.œI~ AND sunm'ICR) Fm FURIHER tœK 

6.1) Conclusions 

'!he four l::xtserrent gneiss bodies in the western hinterland zone of the 

northern labrador Trough are overlain by an outward facing, upward-

coarsenirYj, caver sequence. 'Ibe lChler arrl middle portion {If the sequence 

correlates wi th the Kaniapiskau Supergroup further west, whereas the upper 

}X)rtion correlates wi th the laporte Group netasediments described in the 

hinterland zone of the central trough. From the middle portion up.vards the 

caver sequence displays a lithologically varied eastern provenance which 

contrdsts with the predaminantly cratonic western source charact.eristic of 

much of the Kaniapiskau SUpergroup further west (Le Gallais & Lavoie, 1982). 

The importance of an eastern source for the cover sequence in the hinterland 

zone provides a new constraint, it does not hawever lead to any unique 

solution with respect ta teconic rncx:lels. If the pêlssive margin rrod.el (Wardle & 

Bailey, 1981; I.e Gallais & Iavoie, 1982; Boeme, 1987; Poirier, 1989) is 

accepted an outer high to the E is needed ta account for the eastern 

provenance. An uplifted easte..':11 source region is also compatible with a 

faredeep merlel (Hoffrnan, 1987) and a back arc model. The foredeep rncdel is 

hanpered by the presence of volurninous IDRB type volcanism and intrusion in 

the central portion of the trough (Dimroth et al., 1970; Boone, 1987). 'lhe 

current limited geochronolo:Jical data base shCMS no evidence for the back arc 

model. 

'lhe closing of the basin is thought ta he sornewhat better understood. It 

involves the wL3terly translation and imbrication of the caver sequence over 

the basement gneisses (Dl). '!he gneisses and the cover sequence were then 

folded into large westerly vergent Pennine style nappe structures (Dl'). 'Ibis 
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was follaved by E to NE trerrling open cross-foldirq (~) arrl ultimatly by 

large amplitude NW trerrling, SE plunging, upright folding (0:3>. '!he folded 

basement-cover COITplex was then uplifteèl. by reverse ootion on the N trerrling 

Lac Rachel fault, which marl'"s the we.c:;tem bound.ary of the hinterland zone. 

Diapir and sheath fold m:xlels can account for sorne but not aH of the 

features of the gneiss bodies. No structural data unique ta ei ther of these 

models have been observed. They are thought not to have been important in the 

development of the gneisses in the west.ern hinterland zone. 

'!he Pennine style nappes seem ta he restricted to this portion of the 

hinterland zone. The recognition of large early basement-cored nappe 

structures points to the import.ance of l:x.\sement involvement during the early 

clefonnation stages of the Orogeny. 'Ihese nappes compare well with sunilar 

structures from the internaI portion of other orogens, suc:h as the canadian 

Cordillera (CW1can, 1984) and the northern ~oalachians (Rosenfeld, 1968). 

6.2) SlxJjesti.ons for further w::lrK: 

More data are needed to complete the sparse data set of fold closures 

fram which the composite down plunge projection was constnlcted. '!his would 

include mostly F3 fcId plunge measurements for much of the area present within 

the section. 

Much critical infonuation would be gained by TIB.ppmg the area S & SW of 

the Renia Gneiss and E of the Scattered Gneiss. '!his would constrain the S am 

SE limit of the Hoyer Gneiss. It would also establish if the Renia and the 

Scattered Gneisse..s join up at the present erosion surface into one large 

basement-cored nappe structure as is implied by the d()"'.NI1 plurqe section am 

the refolded Permine type mode!. 

'Ih.ere is also a need for a detailed examination of kinematic irdicators 
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alorg the lac Rachel fault ta assess the history of IOOtion alorg it. 

O':lting of the detrital sediments overlyi.rg the basement gneisses would 

provide constraints on the nature arrl more inportantly the age of the uplifted 

terrane that shed sediments ta the west. '!he ages could possibly distinguish 

between tlle outer basement high noiel, the foredeep model (Hoffman, 1987) or a 

back arc model for the basin present during the upper portion of the 

succession overlying the Archean baselœnt bodies of the western hinterlarrl 

zone. 

147 



r 
l 
! 

L 

ANOO, C.J., CZUCHRA, B.L., I<I.liMPERER, S.L., ~, L.D., CHEADIE, M.J., COJK, 
F.A., OLIVER, J.E., KAUFMAN, S., WAlSH, T., 'lHC1-1PSON, J.B., j.r., 
LYONS, J.B. and R.a3ENFEID, J.L. r 1984. Crustal profile of a mountain 
belt: a::x:x:>RP deep seisrnic profiling in New England. Appalac.hians arrl 
implications for architecture of converctE"Ylt mountain chains. Arrerican 
Association of Petroleum Geologist BulLetin, Vol. 68, 00. 7 , p. 819-
837. 

AVRAMI'CHEV, L., 1985. carte géologique du Québec, échelle 1:1 500 000. 
Ministère de l'Énergie et des Ressources, Québec, DV 84-02, carte nO.2000. 

B..1\LLY, A.W., 1981. Thoughts on the tectonics of folded belts. In 'Ihrust and 
Nappe Tectonics, McClay, K.R. and Priee, N.J. (editors). Geological 
Society of I..ondon Special Publication no. 9, p. 13-32. 

BlffiAGAR, W.R.A., 1974. Volcanic studies in the cape smith-Wakeham Bay belt, 
New Quebec: Geological Survey of ~~da, Pare 74-1. p. 155-157. 

_____ ----:_, 1967. Wakuach map area, Quebec-labrador (230); Geological 
Survey of canada, Memoir 344. 

and SCDATFS, R.F.J., 1981. The circum-Superior belt: a 
Proterozoic plate rnargin? In Prer.ambrian Plate Tectonics, edited by A. 
Kroner, p. 297-330, Elsevier, Am..sterdarn, 1981. 

Bl\RREIT, T.J., WARES, R.P. and FOX, J .S., 1988. 'IWo-stage hydrothennal 
formation of a lower Proterozoic sediment-hosted massive sulphide deposit, 
Northern labrador Trough, Ql'2bec. Canadian Mineralogist, Vol. 26, p. 871-
888. 

BARl'lEY, J .M. , 1982. Limited basement 
deformation, Hinnoy, North Norway, 
Tectonophysics, Vol. 83, p. 185-203. 

invol vement in the caledonian 
and tectonics implications. 

BEALL, G.H., HURlEY, P.M., FAIRBAIRN, H.W. and PINSON, W.H., 1963. Cornparison 
of 1(-Ar and whole-rock Rb-Sr dating in New Quebec and labrador, Arrerican 
Journal of Science, 261: 571~580. 

BÉlANGER, M. , 1982. Région du lac Faujas, Nouveau-Québec. Ministère de 
l'Énergie et des Ressources, Québec; OP 82-06. 

and VAN DER LEEDEN, J., 1987. le projet de la Rivière Georges: 
une preJnière évaluation métallogénique. Ministère de l'Énergie et des 
Ressources, Québec, == ,"!Jloration au Québec, Études géoscientif iques 
récentes, Séminaire d' intu:::w.ation 1987. DV 87-25. 

BElL, T.H., 1985. Deformation partitioning and porphyroblast rotation in 
rnetamorphic rocks: A radicô.l reinterpretation: Journal of Metam::>rphic 
Geology, Vol. 3, p. 109-118. 

and IfAMroDND, R.L., 1984. On the illtemal geaœtry of mylonite 

148 



zones. Journal of Geology, Vol. 92, p. 667-686. 

BÉRARD, J., 1965. RégJ.on du lac Bérard. Ministère des Richesses Naturelles, 
Québec; RG-111. 

, 1956. Région du lac Harveng (moitié ouest), Nouveau-Québec. 
Ministère des Mines, Québec; RP-320. 

,1955. Région du lac 'lhévenet (partie ouest), Nouveau-Québec. 
--~-:---

Ministère des Minr.s, Québec: RP-311. 

BER:;, J.H. and KLEWIN, K.W., 1988. High-M::JO lavas from the Keweenawan 
midcontinent rift near Mamainse fbint, ontario. Geology, Vol. 16, no. Il, 
p. 961-1060. 

BLRGERON, R., 1957. Rapport préliminaire sur la reglon de Brochant- De 
Bonnard, Nouveau-Québec. Ministère des Mines du Québec, RP-348. 

BICKLE, M.J., BEITENAY, L.F., ffXJI.:I'ER, C.A., GROVES, D.I. and IDRANl', P., 
1980. Horizontal tectonic interaction of an Archean gneiss belt and 
gree.nstones, pilbara block, Western Australia. Geology, Vol. 8, p. 525-
529. 

BXlNE, E., 1987. Petrology am tectonic implications of the Hellancourt 
volcanics, Northem Labrador Trou<Jh, Quebec. M.Sc. thesis, M03ill 
Uni versi ty, Montréal, Québec. 

____ and HYNES, A., in press. A stnlctural cross section of the Northern 
Labrador Trough, New Quebec. Trans-Hudsonian syIT1lX)Simn volume, Geological 
association of canada. 

roYER, S.E. and EILIOI', D., 1982. 'lhrust Systems. American Association of 
Petroleum Geologist Bulletin. Vol. 66, No. 9, p.1196-1230. 

OOSffiCHIN, R., 1986. Structural defonnation and metarnorphism of the lac à 
Foin metasediments, Fort aümo, Quebec. B.Sc. thesis, M03ill Univer:;,ity, 
Montl:"éal. 

BRCMN, R.L. and. LANE, L.S., 1988. Tectonic interpretation of v/est-Verging 
folds in the Selkirk Allochthon of the southem canadian Cordillera. 
Ganadian Journal of Earth Sciences, Vol. 25, p. 292-300. 

____ ~_ and REAn, P.B., 1983. Shuswap terrane of British Columbia: A 
IreSOzoic "core complex". Geology, Vol. Il, pp. 164-168. 

BRUN, J.P., 1983. L'origine des dames gneissiques: modèles et tests. Bull. 
Scx::. géol. France, tome YJN, nO 2, p. 219-228. 

_--::-.----;:-----_, 1980. 'The cluster-ridge pattern of mantled gneiss dames in eastern 
Finlanc1: Evidence for large scale gravitational instability of the 
Proterozoic crust. Earth and Planetary Science I.etters, Vol. 47, p. 441-
449. 

1977. la zonation structurale des dômes gneissiques. Un exenple: 

149 



le massif de Saint-Malo (Massif anooricain, France). canadian Journal of 
Earth Sciences, Vol. 14, p. 1697-1707. 

BUŒIER-NURMINEN, K., 1987. A recalibration of the chlorite-biotite-mu..scxwite 
geobarometer. Contributions to Mineralogy am Petrology, Vol. 96, p. 
516-522. 

BUDKEWITSŒ, P., 1986. A structural study of the Cllioak-Abner Fonnation 
contact, northern part of the labrador Trough, New Quebec. B.Sc. 'lbesis, 
Concordia University, Montréal. 

CARn, K.O. and CIESIEIKI, A., 1986 - OOAG #1. SUbdivisions of the Superior 
Province of the canadian Shield. Geoscience canada Volume 13, number 1. 

CARMIŒJAEL, D.M., 1978. Metamorphic bathozones arrl bathograds: A measure of 
the depth of post-metamorphic uplift and erosion on the regional scale. 
American Journal of Science, Vol. 278, p. 769-797. 

CHANDLER, F . W. , 1982. 'Ihe structure of the Richmond Gulf Graben am the 
geological environments of lead-zinc mineralizations of iron-manganese 
fonnation in the Nastapoka Group, Richmorxi Gulf area, New-Quebec­
Northwest Territories. In CUrrent Research part. A, Geological Sm-vey of 
canada, paper 82-11\, p. 1-10. 

OŒVE, S., 1987. Le complexe carbonatique du lac castignon, Fosse du Labrador. 
Ministère dE. l'Energ-ie et des Ressources, Québec, DP 87-10. 

and MACHAIXl, N. , 1988. Reinvestigation of the castignon Lake 
carbonatite Complex, Labrador Trough, New Quebec. GeolCXJical Association 
of canada, Program with Abstracts, 13: p. A20. 

CHIPERA, S.J., PERRINS, D., 1988. Evaluation of biotite-garnet 
geothennometers: application to the English River subprovince, Ontario. 
Contributions ta Mineralcxw and. PetrolCXW, Vol. 98, p. 40-48. 

CIESIEISKI, A., 1977. Contact archéen-protérozolque entre les lacs Forbes et 
Sénat, Fosse du Labrador. Ministère des Riche..sses Naturelles; DPIJ-449. 

CIARK, T., (in press). cartes géologiques de la partie nord de la Fosse du 
labrador, échelle 1:250 000. Ministère de l'Énergie et des Ressources, 
Québec. 

, 1988. Stratigraphie, pétrcx:]raphie et pétrochimie de la Fonnation 
--d-e-Fer de Baby 1 région du lac Hércx:iier, Fosse du labrador. Ministère de 

l'Énergie Ressources, Québec, El' 87-13. 

----, 1984. Géologie de la région du lac cambrien, Territoire du 
Nouveau-Québec. Ministère de l'Énergie et des Ressources, Québec, Er 83-
02. 

, 1980. Région de la rivière Koksoak, NotNeau-Québec. Ministère de 
----=~-

l'Énergie et des Ressources, Québec, DPV-781. 

150 



l, 

__ -:--:-' 1979. Région du lac Napier, territoire du Nouveau-Québec. 
Ministère des Richesses Naturelles, CUébec; DPIJ-663. 

__ -:--:-' 1978. Région du lac Hérodier, Nouveau-Québec. 
Richesses Naturelles, Québec; DPV'-568. 

Ministère des 

__ ---:-:-' 1977. Forbes I.aJœ area. Ministère des Richesses Naturelles, 
çuébec; DPV-452. 

____ , 'lHORPE, R.I., (in press). Model lead ages fran the labrador Trough 
and their stratigraphie implications. Trans-Hudsonnian Syn'q;>osiœn, 
Geological Association of canada. 

Q)BOOID, P. am QU.rnQUIS, H., 1980. Develcpnent of sheath folds ln shear 
regiIœs. Journal of Structural Geology, Vol. 2, p. 119-126. 

DA.VIS, G.H., 1983, Shear zone IOCldel for the origin of IœtaIoorphic core 
complexes, Geology, Vol. 11, pp. 342-347. 

and CDNEY, P.J. 1979, Geologie development of the eordilleran 
Iretamorphie complexes, Geolcx:JY, Vol. 7, pp. 120-124. 

DE RCt1ER, H.S., 1956. '!he geology of the eastem border of the "labrador 
Trough", east of 'Ihevenet lake, New Quebec. 

DEWEY, J.F. and EURKE, K.C., 1973. Tibetan, Variscan am Precambrian ba.sement 
reactivation: products of continental collision. Journal of Geology, Vol. 
81, p. 683-692. 

DIMROIH, E., 1985. Depositional Environments arrl Tectonie Settin of the Cherty 
lron-Fonnations of the cana.dian Shield. Journal Geological Association of 
India. Vol. 28, p.239-250. 

__ ----,_-:-' 1981. labrador Geosyncline: type exanple of early Proterozoic 
cratonie reactivation. In Precarnbrian Plate Tectonics (A. Kroner, ed.). 
Developrnents in Precarnbrian Geology 4, 331-352. Elsevier, Amsterdam. 

, 1978. Région de la Fosse du Labrador/I..abrador Trough area 
--(-5-4--r'O'3-0-' - 56°30'). Ministère des Richesses Naturelles, Québec; Rd-193. 

____ -:--' 1977a. Models of physical sedimentation of iron fonnations. In 
Geoscience Canada; volume 4, nurnber 1, pages 23-30. 

__ --:: __ , 1977b. Diagenetie faeies of iron formation. Geoscience canada; 
Vol. 4, number 2, pages 83-88. 

__ ----:,--_, 1972. '!he labrador Geosyncline revisited. American Journal of 
Science, Vol. 272, 487-506. 

_____ , 1971. '!he Attikamagen-Ferriman transition in the central part of 
the labrador 'l'rough: cana.dian Journal of Earth Sciences, Vol. 8, p.1432-
1454. 

_____ , 1970. Evolution of the labrador geosyncline. Geological Society 

151 



r 
! 

of An'erica Bulletin: Vol. 81, pages 2717-2742. 

_---::~-- arrl DRESSIER, B., 1978. Metam::n:pusrn of the labrador Trough. In 
Metarnorphism in the Canadian Shield (J.A. Fraser & W.W. Heywocx:l, eds.). 
Geological SUrvey of Canada, Report 78-10, p. 215-236. 

__ :---__ and ŒlAlNEL, J.J., 1973. PetrograJ;ily of the Sokaman iron fon .... , .. ;on 
in part of the Central labrador Trough, Quebec, canada. Geological Scx::iety 
of Amarica Bulletin, Vol. 84, p. 111-134. 

_____ , BARAGAR, W.R.A., BERGElvJN, R., JACKSON, G.D., 1970. 'Ille filling 
of the Circum-Ungava geosyncline. In Synq;losium on basins am geosynclines 
of the canadian shield, A.J. Baer, editor. GeolClCJical SUrvey of Canada, 
paper 70-40, p. 45-142. 

DIXON, J.M. am SUMMERS, J.M., 1983. Patterns of total and incremental strain 
in subsicling troughs: eïq)eriIœntal centrifuged mcx:lels of inter-diapir 
synclines. canadian Journal of Earth Sciences, Vol. 20, 1843-1861. 

__ ~--:-_, 1975. Finite strain am progressive deformation in model., of 
diapiric structures. Tectonophysics, Vol.28, p. 89-~24. 

IXXJGIAS, R.J • W., 1973. Geological Provinces Map 27-28, National Atlas of 
Canada, 4 th Edition: SUrveys am Mapping Branch, Department of Energy 
Mines am Resources, ottawa. 

DRESSIER, B., 1979. Région de la Fosse du Labrador (56°30' - 57°15'). 
Ministère de l'Énergie et des Ressources, Québec, RG-195. 

__ ---::--_, 1975. 
Quebec, canada. 

Iamprophyres of the north-central labrador Trough, 
Neues Jahrbuch fur MineraIClCJie, Monatshefte, 6: 245-290. 

illEBENOORFER, E.M. and FROST, B.R., 1988. Retrogressive dissolution of gamet: 
Effect on gamet-biotite geotherTIlCllretry. Geology, Vol. 16, p. 875-877. 

OONCAN, I.J., 1984. Stru.ctural evolution of the 'Ihor-o:lin gneiss dome. 
Tecbonophysics, Vol. 101, p. 87-130. 

ELLIS, M.A., 1986. Structural morphology arrl associated strain in the central 
COrdillera (British COlumbia and Wash~n): Evidence of oblique 
tectonics. Geolcgy, Vol. 14, p. 647-650. 

ENGIAND, P. C. and RIClIARSON, S. W., 1977. The influence of erosion upon the 
mineraI facies of rocks from different retanorphic envirornnents. Journal 
of the Geological Society of Lomon, Vol. 134, p. 201-213. 

and 'IHCMPSON, A., 1984. Pressure-ternperature - time paths of 
regional metamo:rphism 1. Heat transfer during the evolution of regions of 
thickened continental crust. Journal of Petrology, Vol. 25, p. 894-928. 

EVANS, J. L., 1978. The geology am geochemistry of the Dyke I.ake area (parts 
of 23J /8, 9), Labrador: Newfourrllarrl Deparbnent of Mines and Energy , 
Mineral Development Division, Report 78-4. 

152 



, 
" 

FAHRIG, W. F., 1967. ShabogaIoo Iake map area (23G E1/2), NewfO\ll'rllam, 
labrador am Quebec; Geological SUtvey of canada, Menx:lir 354. 

_--:---:--:-' 1965. lac Hérodier, Québec. camnission géologique du canada; 
carte 1146 A. 

am WANIESS, R. K., 1963. Age am significance of diabase dyke 
swanns of the canadian Shield: Nature, VoL 200, p. 934-937 

FERRY', J. M. and SPFAR, F. S. , 1978. An exper:ilrental calibration of 
partitioning of Fe am M:J between biotite arrl gamet. Contributions te 
Mil'leralogy am Petrology, Vol. 66, p. 1l3-117. 

FI.EI'CHER, R.C., 1972. Applications of a mathematica1 model to the emplacement 
of Mantle:i gneiss dorres. Ameriœn Journal of Science, Vol. 272, p. 197-
216. 

FaJRNIER, D., 1985. Minéralisations de la partie orientale du géosynclinal du 
labrador (Groupe de laporte). Ministère de 11 Éneloogie et des Ressources, 
Québec; El' 83-23. 

_____ --~, 1982. Gîtes de CU-Zn et CU-Ni dans la partie centrale de la 
Fosse du labrador. Ministère de 11 Énergie et des Ressources, Québec; 
DPV-929. 

FRANCIS, D. 1 WOOEN, J. and H'iNES, A., 1983. Magma Evolution in a Proterozoic 
Rifting Envirornnent. Journal of Petrology, Vol. 24, part 4, p. 556-582. 

FAAREY', M.J., 1961. Menihek I.akes, Quebec, and Newfoundlam; Geological 
survey of canada, Map 10S·IA. 

FRASER, A.A., ~D, W.W. am MAZURKI, M.N., 1975. Metarorphic map of the 
canadian Shield. Geological Society of canada, Map No. 1475A. 

F'REEI:MAN, R.O., 1958. Report on Red lXq Iake area (Ungava). Ministère des 
Mines, Québec, OP 49. 

FRYER, B.J., 1972. Age detenninations in the circum-ungava geosyncline ar:rl 
the evolution of Precambrian barrle:i iron-formations. canadian Journal of 
Earth Sciences, Vol. 9, p. 652-663. 

GÉLINAS, L., 1984. Métamorphisme du secteur est de la Fosse du Labrador. 
Unpublishe:i Manuscript. 

_____ , 1965. Géologie de la région de Fort Chimo et des lacs Gabriel et 
'Ihévenet, Nouveau-Québec. D.Se. thesis, Université laval, Québec, 212 p. 

__ -.--~-:-' 1960. Région du Fort CbiIro (partie est), Nouveau-Québec. 
Ministère des Mines, Québec, RaH?Qrt préliminaire 418. 

__ -:-;-__ ' 1959. Région du lac Gabriel (partie est), et la région de Fort 
c:hlmo (partie ouest), Nouveau-Québec. Ministère des Mines, Québec, 
Rapport préliminaire 407. 

153 



_---,::~__:_-, 1958a. 'Ihévenet Iake area, (east half) New Québec. Quél::o:::: 
Department of Mines, Preliminary :report 363. 

___ --,-:-_, 1958b. Rapport préliminaire sur la région du lac Gabriel (partie 
ouest), Nouveau-Québec. Ministère des Mines, Québec, RaR'Ort Préliminaire 
373. 

and PERRFAUIlI', S., 1985. '!he net.arroqiüc evolution of .... :18 Renia 
gneissic dcme on the easter.n flank of the labrador TroUgh, Urgava Bay. 
Geological Association of canada am Mineralogical Association of canada, 
Joint Annual Meeting, Program with Abstracts, p. 20. 

GHENI', E.D., 1976. Plagioclase, gamet, Al2Si05' quartz: a potential 
geothennc::nreter - geoba.rareter. AIœrican Mineralogist, Vol. 61, p. 710-714. 

and S'lUJI' , M. Z. , 1981. Geobarametry am geothennametry of 
plagioelase-biotite-garnet-museovite assemblages. Contributions to 
Mineralogy and petrology, Vol. 76, p. 92-97. 

, ROBBINS, D. B. arrl S'IaJT, M. Z. , 1979. Geothenrometry, ---..".----
geobarornetry, and fluid corrq;:>oSitions of metarrorphosed cale-silicates 
and pelites, Mica creek, British Coltnnbia. AIrerican Mineralogist 64, 
p. 874-885. 

GIBB, R.A., 1983. A model for suturirq of Superior am O'lUrchill plates: an 
example of double indentation tectonics. Geology, Vol. Il, p. 413-417. 

and WAI.roIT, R.I., 1971. A Precambrian suture in the canadian 
Shield. Earth and Planetary Science I.etters, Vol. 10, p. 417-422. 

GIRARD, R., 1989. A new stratigrapUe subdivision of the taperte Group, 
labrador Trough. Geological Association of canada am Mineral AssociG'tion 
of canada, Joint Annual Meetirq, Program with Abstracts, p. 38. 

GOID, D.P., 1962. Rapport préliminaire sur la région de la Baie Hopes Advance, 
Nouveau Québec. Ministère des Richesses Naturelles, Québec. RP 442. 

GOUIEr, N., 1987. Étude tectonique de la partie nord de la Fosse du Labrador, 
Rapport intérimaire. Ministère de l'Énergie et des Ressources, Quebec; 
MB 87-21 . 

...__._-- -' 1986. Étude tectonique et stratigraphique de la partie nord de 
la Fosse du Labrador: région de la baie aux Feuilles et du lae Bérard. 
Ministère de l'Énergie et des Ressources, Québec; MB 86-27. 

___ --,-_, GARIÉPY, L., i1ARESCliAL, J.-C. and MAClJAOO, N., 1987. Structure, 
geochronology, gravity arrl tectonics of the Northern labrador Trough. 
Geological Association of canada am Mineralogical Association of canada, 
Joint Annual Meeting, Prograrn with Abstracts, p.48. 

GROSS, G.A., 1983. Tectonie systems an:l the deposition of iron-forTl'ation. 
Precambrian Research, Vo]. 20, 171-187. 

_____ , 1962. Iron Deposits near UnJava Bay, Quebec. Geological Survey of 

154 



L~ 
\. 

( 

( 

canada, Bulletin 82. 

HAMIL'ION, W., 1981. Crustal evolution by arc rnagmatism. Fhl!. Trans. Roy. Soc. 
of Lond., Vol. 301, p. 279-291. 

HARDY, R., 1976. Région lac Roberts des Olefs. Ministère des Richesses 
Naturelles, Rapport géologique 171. 

HARRISON, J.M., HOOELL, J.E. and FAHRIG, W.F., 1970. A geological cross-
section of the labrador mi ogeosyncline near SChefferville, Quebec, 
Geological Survey of canada, PappX 70-37, p. 1-34. 

HEIw.IG, J., 1976. Shortening of the continental crust in orogenic belts and 
plate tectonics. Nature, Vol. 260, p. 768-770. 

HIIDEBRAND, R.S., HOFFMAN, P.F. & rovRING, S.A., 1986. Tectono- magmatic 
evolution of the 1. 9 Ga Great Bear magrnatic zone, Wopmay orogen, 
Northwestern canada. Journal of Volcanology and Geothennal Researc:h, 
Vol. 32, p. 99-118. 

HOBRS, B.E., MFANS, W.D. am WILLIAMS, P.F., 1976. An outline of structural 
geology. John Wiley & Sons, 571 p. 

HOŒES, K. V. am McIŒNNA, C.V., ] 987. Realistic propagation of uncertainties 
in geologic thennobarometry. Aroorican Mineralogist, Vol. 72, p. 671-680. 

am CRCMI.EY, P. D. , 1985. Errer estimation and errpirical 
geothennobarometry for pelitic systems. American Mineralogist, Vol. 70, p. 
702-709. 

am SPEAR, F. S. , 1982. Geothenranetry, 
Al2Si05 triple point at Mt. Moosilauke, New 
Mineralogist, Vol. 67, p. 1118-1134. 

geobarometry and the 
Hampshire. Aroorican 

HOFFMAN, P.F., 1988. United plates of America, the birth of a ( aton: Early 
Proterozoic assernbly and grcMt:h of Iaurentia. Annual Revisw of Earth and 
Planetary Sciences, Vol. 16: 543-603. 

____ .,--_, 1987. Early Proterozoic foredeeps, foredeep magmatism and 
Superior-type iron fonnations of the canadian Shield. In Proterozoic 
Lithospheric Evolution (A. Kroner, ed.). Amer. Geophys. Union, Geodyn. 
Ser. 17, 85-98. 

____ .,--_, 1985. Is the cape Smith Belt (northenl Quebec) a klippe? 
canadian Journal of Earth Sciences. Vol. 67, p. 1118-1134. 

_-:----:-__ , 1980. Wopnay Orogen: a Wilson cycle of early Proterozoic age 
in the northwest of the canadian Shield. In 'Ihe Continental crust arxl its 
mineraI deposits. Edited by D.W. Stran:;Jway. Geological Association of 
canada, special paper 25, pp. 523-549. 

am GROI'ZINGER, J .P., 1989. Abner/Denault reef cornplex (2.1 
Ga), labrador Trough, NE Q,lebec. Reefs, canada an:i adjacent area. 

155 



Edited by H.H. Geldsetzer, N .P. James arrl G.E. Tel::tlutt. canadian 
Society of Petroleum GeoICXJists. Merooir 13, p. 49-54. 

HOI.J:l1WlAY, M.J., 1971. Stability of arrlalusite arrl the aluminurn silicate Ptase 
diagram. American Journal of Science, Vol. 271, p. 97-131. 

HOLLISTER, L. S., 1966. Gamet zoning: an interpretation based on the Raleigh 
Fractionation IOOdel. Science, Vol. 154, p.1647-1651. 

HYNES, A., 1978. Early recurnbent folds in the north-eastern part of the 
northern labrador Trough. canadian Journal of Farth Sciences, Vol. 15, 
p. 245-252. 

_---::--:--:-:-' am FRANCIS, D.M., 1982. A transect of the early Proterozoic cape 
Smith foldbelt, New Quebec. Tectol'l.Ofbysics, Vol. 88, p. 23-59. 

JACKSON, G.D. am TAYIDR, F.C., 1972. Correlation of major A};hebian rock units 
in the canadian Shield. canadian Journal of Earth Sciences, Vol. 9, p. 
1650-1669. 

JACKSON, J.A. am WHITE, N.J., 1989. Nonnal faulting in the lit'1J?Err continental 
crust: observations from regions of active extension. Journal of 
Structural GeolCXJY, Vol. Il, No. 1/2, p. 15-36. 

JACKSON, M.P.A. and TAIIDI', C.J., 1989. Anatomy of mushroom-shaped diapirs. 
Journal of Structural GeolCXJY, Vol. Il, No. 1/2, p. 211-230. 

JOORNFAY, M. J • , 1983. Progre..c;si ve defonnation arrl inverted regional 
met.aJrorphism associated with mesozoie errplacement of the Shuswap-Monashee 
Complex, S.E. British Columbia. GeolCXJical Society of AIœrica, Abstracts 
with Programs, p. 606. 

KEAREY, P., 1976. A regional structural IOCXiel of the labrador Trough, Quebec 
from gravity studies, and its relevance to continental collision in the 
Precambrian. Earth and Planetary Science letters, Vol. 28, p. 371-378. 

KING, J .E., 1986. '!he metamorphie internaI zone of the Woprnay OrCXJen (Early 
Proterozoic), canada: 30 km of structural relief in a c:::ornpJSite section 
based on plunge projection. Tectonics, Vol. 5, p. 973-994. 

KIEIN, C. Jr. am FINK, R.P., 1976. Petrology of the Sokornan iron fonnation 
in the Howells River area, at the western edge of the labrador Trough. 
Economie GeolCXJYi Vol. 71, p. 453-487. 

KOZIOL, A.M. and NEWION, R.C., 1988. Redeternùnation of anorthite breakda.vn 
and improvement of the plagioclase-garnet-aluminosilicate-quartz 
barameter. Aiœrican MineraICXJist, Vol. 73, p. 216-224. 

KRILL, A.G., 1985. Relationships between the Western Gneisses Region and the 
Trorxilieim region: stockwork-tectonics reconsidered. In: '!he caledonide 
Orogen - Scandinavia and Related Areas. Edi ted by Gee, D. G. & sturt, 
B.A., Jolm Wiley, New York. 

KRONER, A., 1981. Precambrian plate tectonics. (editor) Elsevier, Amsterdam, 

156 



781 p. 

IAC'ASSIN, D. am M1ù."TAI1ER, M., 1985. Kilaneter sheath fold at Mattamark am 
inplic<ltion for transport in the Alps. Nature, Vol. 316, p. 739-742. 

IAMJIHE, D., PICARD, C. am fvlX)RHE'AD, J., 1984. Barrle de cap Srnith-Maricourt, 
région du oc Beauparlant. Minist.èl:e de l'Energie et des Ressources, 
Québec. DP 84-39 (carte annotée) • 

I..ASPC.A, A.C., RIQ!ARŒ;QN, S.M. am HOLI.AND, H.C., 1977. Mathematics of cation 
diffusion exchange between silicate min 'raIs durirg retrograde 
metam:>rphism. In: Energetics of goological pro.:'""<O!ses, Edited by S.K. 
Saxena am s. Bhattacharji. SprÏ.nJer-Verlag, Berlin, p. 353-388. 

I.AUBSŒJER, H., 1988. Material balance in Alpine orcqeny. Geological Society of 
America Bulletin, Vol. 100, p. 1313-1328. 

LE GALIAIS, C.J. and lAVOIE, S., 1982. Basin evolution of the la.ver 
Proterozoic Kaniapiskau SUpergroup, central Labrador miCXJeocline 
(trough), Quebec. Bull. cano Petroletnn Geel. 30, 150-166. 

lEWRY, J. F., 1981. Lower Proterozoic arc-microcontinent collisional tectonics 
in the western CllUrchill Province. Nature, Vol. 294, p. 69-72. 

and SIBBi\ID, T. l • I. , 1980. 'Ihenrotectonic evolution of the 
c:l11.m:::::hill Province in northem Saskatchewan. Tectonophysics, Vol. 68, p. 
45-82. 

LISTER, G.S. and Di\VIS, G.A., 1989. 'Ihe origin of metarrorphic core complexes 
am detadnnent faul ts fonned dut"IDJ Tertiary continental extension in the 
northern Colorado River region, U.S.A .• Journal of Structural GeoICXJY, 
Vol. Il, No. 1/2, p. 65-94. 

_____ , EIHERICGE, M.A., SYM:lNŒ, P.A., 1986. Detachment faultirg 
am the evolution of passive continental margins. Geology, Vol. 14, p. 
246-250. 

lOOMIS, T.P., 1983. COmpositional zonirg of crystals: a record of gra.vth am 
reaction history. In: Kinetics arrl Equilibria in 'Hineral ReactiOf1'3, Edited 
by S. K. saxena, Advances in Geochemist...-y 1 Vol. 3, p. 1-60. 

I.J:MDEN, J .A., S'IOCKWELL, C.H., TIPPER, H.W. an:l WANIESS, R.R., 1963. Age 
determinations and geological studies. Geological SUrvey of canada, Paper 
62-17, p. 100-103. 

MAaIAOO, N., PERREAULT, S. am HYNES, A., 1988. Timing of continental 
collision in the northern Labrador Trough, Quebec; Evidence from U-Pb 
geochronolCXJY. Geological Associati0n of Canada am Mineralogj cal 
Association of canada, Joint Annual Meetirg, Program with Abstracts, p.76. 

____ , GCXJI.Er, N. am GARIÉPY, C., 1987. Evolution of the oorthern 
labrador 'l'rcY.lgh baseIœnt: evidence frem U-Ib geochronology. Geological 
Association of canada am Mineralogical Association of canada, Joint 

157 



Armual Meetirg, Program w i th Abstracts, p. 69 . 

MAOORE, C. am PERREAlJI1I', S., 1987. Behaviour of tounnaline in the prograde 
Iœtarnol:phism of pe1ib c schist, labrador Trough, KUlDJUAQ, Quebec. 
Geological Association of canada am Mineralogical Assocaation of canada, 
Joint Annu:ü Meetin)", Prcx~ with Abstracts, p. 70. 

MARl':GNOLE, J. and NANTEL, S., 1982. GeotherndJa.ranetry of cordieri te-bearinJ 
Iœtapelites near the Morin Anorthosite Ccmplex, Grenville Province, 
Quebec. canadian Mîneralolist, Vol. 20, p. 307-318. 

MA'ITAUER, M., 1981. plis en fourreau d'échelle pluri -kilométrique dans la zone 
interne des Alpes Suisses (couverture nord de la Nappe du Mont-Rose). 
Comptes Rendus de l'Académie des Sciences, Paris. tome 293, p. 929-932. 

__ ;--:-__ -:;-, COu.ar, B. and VAN DEN CRIESSClfE, J., 1983. Alpine IOOdel for the 
inten1a1 IœtaJoorphie zones of the North American Cordillera. Geolaw, Vol. 
11, p. 11-15. 

McIX)NC(JGH, M.R. arx:l SIMJNY, P.S., 1989. Valerrount strain zone: A dextral 
oblique-slip thrust system linking the Rcx::ky Mountain and Omineca belts of 
the southeastern Canadian Corùillera. GeoIOJY, Vol. 17, p. 237-240. 

___ , ]988. Structural evolution of baserœnt 
gnei&.CJes and Hadrynian caver, Bulldog Creek area, Rocky Mountains, British 
Columbia. canadian Journal of Earth Sciences, Vol. 25, p. 1687-1702. 

HeKENNA, L. W. and HOŒES, K. V., 1988. Accuracy versus precision in reaction 
lx>undaries: Implications for the garnet-plagiC:Clase-altnninurn silicate­
quartz gedbarameter. American Mineralogist, Vol. 73, p. 1205-1208. 

McSWIGGEN, P.L., IDREY, G.B. and OIANOlER, V.W., 1987. New model for the 
rnidcontinent rift in Eastern Minnesota and Western wisconsin. Tectonics, 
Vo~. 6, no. 6, p. 677-685. 

MX>RE, J .M. , 1977. Orogenie volcanisrn in the Proterozoic of canada. In 
Volcanic Regimes in Cana.da, Geological Association of Canada Special 
Paper, no. 16, edited by Baragar, W.R.A., ColeJT\éU1, L.C. and Hall, J.M •• p. 
127-148. 

M)()RHFAD, J. and HYNES, A., 1986. Structure and I1l€!tamo:rphism of the eastem 
flank of the Renia gneiss dome. Geological Association of canada and 
Mineralogical Association of Canada, Joint Annual Meeting, Program with 
Abstracts, p. 103. 

mERS, J.S. and. \;A.TKINS, K.P. f 1985. Origin of granite-greenstone patterns, 
Yilgarn Blc:ck, Western Australia. Geola;w, Vol. 13, p. 778-780. 

NEWTON, R.C. and HASRTJJ:'()K, H.T., Jr., 1981. 'Ihenncdynamics of the géUTlet­
plagioclase-Al2Si05 gecbarometer. In: 'Ihermodynamics of Minerals and 
Melts, Edited by R.C. Newton. A. Navrotsky and B.J. Wocx:l. springer-Verlag, 
New-York, p. 129-145. 

NISBEI', B.W., 1976. Structural studies in the northem Olester D::Jne of east-

158 



... 

central Venront. Unpublisherl Ill.D. thesis, University state University, 
Albany, N.Y •• 

01<IJLI'IŒ, A. V • , 1984. '!he l'Ole of the Shuswap ~tam:»:pùe Cclnplex in 
eonlilleran tectonism: a review. canadian Journal. of E.arth Sciences, 
Vol. 21, p. 1171-1193. 

PERŒUK, L.L. arrl IAVRENT'EVA, LV., 1983. ExperiIœntal investigation of the 
exchange equlibria in the system cordeirite-gamet-biotite. In: 
Kinetics am equilibria in mineraI reactions, ed. by saxena, S.K., 
lIdvances in Geochemistry. 

PERREAULT! S. ard INNES, A., 1988. Tirn.in;J of the tectonic evolution of the NE 
segment of the Labrador Trough, Kuujjuaq, Northern Québec. Geological 
Association of canada arrl Mineralogical Association of canada, Joint 
Annual Meeting, Program pi_th Abstracts, p. 97. 

, HYNES, A. am MCXJRHFAD, J., 1987. Metamorphism of the eastem ------flank of the Labrador Trough, Kuujjuaq, Ungava, Northern Quebec. 
Geological Association of canada and Mineralogical Association of canada, 
Joint Annual Meeting, Program with Abstracts, p. 80. 

PlGAGE, L.C. and GRE:ENVKX>D, H.J., 1982. Intemally consistent estimates of 
pressure ans teroperature: 'nle staurolite problem. American Journal of 
Science, Vol.282, p. 943-969. 

PLATl', J.P., 1983. Prcgressive refoldinJ in ductile shear zones. Journal of 
Structural Geology, Vol. 5, p. 619-622. 

, 1980. Archean Greenstone belts: A structural test of a tectonic 
---,:---~ 

hypotheses. Tectonophysics, Vol. 65, p. 127-150. 

FOIRIER, G., 1989. Structure arrl metamorrhisrn of the eastern boundary of the 
labrador Trough near Kuujjuaq, Québec, ard it's tectonic implications. 
Unpublished M.Sc. thesis, McGill University, Montréal. 

__ :--_,---' PERRFAUIJI', S. and INNES, A., 1987. 'The na~..rre of the eastern 
bourdary of the Labrador Trough near Kuujjuaq, Quebec. Geological 
Association of canada and Mineraiogical Association of canada, Joint 
Annual Meeting, Program with Abstracts, p. 81 

___ ---:::----' PERREAur..:r, S. arrl HYNES, A. (in press). '!he Nature of the Eastern 
Boundary of the labrador Trough Near Kuujjuaq, Quebec. Trans-Hudsonian 
symp::>sium volume, Geolcx::Jical Association of canada. 

fDWELL, P. and EVANS, J .A. , 1983. A new geobarometer for the assemblage 
biotite-muso:.JVite-dîlorite-quartz. Journal of Metarocn::phic Geo1ogy, 
Vol. 1, p. 331-336. 

PRICE, R.A. and M:XJNI'JOY, E.W. r 1970. Geologie structure of the canadian Rocky 
Mountains between BcM an:l Athabasca rivers - a progress report. Geological 
Association of Canada, Special Paper no. 6, p. 7-25. 

~, H., 1981. Gravity, deformation ard the Earth's crust. Academie Press, 

159 



Lomon, 452 p. 

RA~Y, J .G., 1967. Foldin:J arrl fracturin:J in rocks. Ma3raw-Hill, New-York, 
568 p. 

__ -::-~_-:-' CASEY, M. am KLIGFIEID, R., 1983. RaIe of shear in developnent 
of the Helvetic fold-thrust belt of SWitzerlarrl. GeolCXJY, Vol. Il, p. 439-
442. 

and HUBER, M. I., 1987. 'lhe techniques of Irode.rn structural 
geology, volume 2: Folds arrl Fractures. Academie Press, 700 p. 

RFAD, P.B. and BROWN, R.L., 1981. Coltnnbia River fault zone: southeastern 
margin of the ShUS1rmp arrl Mollél.Shee complexes, southem British Columbia. 
canadian Journal of Earth Sciences, Vol. 18, 1127--1145. 

REESOR, J .E. and MOORE, J .M., 1971. PetrolO3}' arrl structure of the 1hor-<X:lin 
Gneiss Dame, Shuswap Metamorphic cornplex, British Co] umbia. GeoICXJical 
SUrvey of c:mada, Bulletin 195. 

RICKARD, M.J., 1985. '!he SUrnadal synform and basement gneisses in the 
SUrnadal-Sunndal district of Norway. In: The cal edon ide OTIXJen 
Scandinavia and Re] ated Areas (ed.ited by Gee, D.G. and sturt, B.A.) John 
Wiley & Sons Ltd., New York. 

RICKEITS, B.D., OONAILBON, J.A. and WARE, M.J., 1982. Volcaniclastic rocks 
and volcaniclastic facies in the Middle Precambrien (Aphebian) Belcher 
Group, Northwest Territories, canada. canadian JOUITlal of Earth 
Science. Vol. 19, p. 1275-1294. 

_____ -=-_~-___ ----, 1981. Sedimentary history of the Belcher 
Group of Hudson Bay. In: Proterozoic Basins of Canada, campbell, F .H.A. 
ed .• GeolCXJical SUrvey of canada Paper 81-10. 

ROSENFEID, J. L. , 1968. Gamet rotations due ta the major Paleozoic 
defonnations in southeast Vennont. In: Stud ies of Appalachian Geology , 
Northern and Maritilre, eds: Zen, E-an, White, W.S., Hadley, J.B. am 
'lhompson, J. B., p. 185-202. 

ROSS, J. V., 1968. Structural relationships at the eastern margin of the 
Shuswap Metamorphic Complex, near Revel stoke , southeastern British 
Coltnnbia. canadian Journal of Earth Sciences, Vol. S, p.831-849_ 

SAUVÉ, P., 1959. Région de la baie aux Feuilles, Nouveau-Q..Iebec. Ministere 
des Mines, Québec; RF-399 . 

____ , 1957. ~ Freneuse Lake Area (East Half) New ~ebec. ~ebec 

Department of Mines, Preliminary Report 358. 

__ ~-:--' 1956a. Région du lac Léopard (IOOitié est), NOlNeau-Q,lébec. 
Ministère des Mines, Québec; RF-325. 

__ ~-:--' 1956b. Région du lac de Fréneuse (roitié ouest), NOlNeau-Q,lébec. 
Ministère des Mines, Québec; RF-332 . 

160 



., 

, 1955. Région du lac Gerido (noitié est), Nouveau-QIébec. 
---=Min-:':--:"i-stère des Mines, (luébec; HP-309. 

----:-~ 

, anj BERGERON, R., 1965. Région des lacs Gerido et 'Ihévenet. 
Ministère des Richesses Naturelles du Québec, RG 104. 

SOiWERŒNER, W.M., 1982. Salt stocks as a natural analogues of Archean gneiss 
diapirs. Geology Rundschau, Vol. 71, p. 370-379. 

, 1981. Archean greenstone belts: a structural test of 
------~~~~--tectonic hypotl1eses. Discussion. Tectonophysics, Vol. 72, p. 159-163. 

, SUI'CLIFFE, H.H. arrl TROENG, B., 1978. Patterns of total 
---~~.~----strain in the crestal region of immature diapirs. canadian Journal of 

Earth Sciences, Vol. 15, p. 1437-1447. 

SmnN, M., 1969. Confiquration et nature du m:xle tectonique en bordure ouest 
de la partie centrale de la Fosse du labrador. canadian Journal of Earth 
Sciences, Vol. 6, p. 1365-1379. 

SELVERS'IONE, cl., SPEAR, F.S., GERHARD, F. and M:lRI'EANI, G., 1984. High­
pressure rnetamorphism in the SW Tauent Wllrlow, Australia: P-T paths 
fram hornblende-kyanite-staurolite schists. Journal of Petrology, Vol. 
84, p. 501-531. 

SIMJNSON, B.M., 1985. Sedimentologlcal constraints on t.he origin of 
Precambrian iron-fomations. Geolog ical Society of America Bulletin, vol . 
96, p. 244-252. 

SImNY, P.S., GHENI', E.D., CRAW, O., MITClfELL, W. and ROBBlliS D.B., 1980. 
Structural and rnetamorphic evolution of the northeast flank of the Shuswap 
carrq:>Iex, southern canee River area, British Columbia. Geological Society 
of America, Memoir 153, p. 445-461. 

SIMPSON, C. and SŒIMIDr, S.M., 1983. Evaluation of criteria to deduce the 
sense of roovement in sheared rocks. Geological Society of America 
Bulletin, Vol. 94, p. 1281-1288. 

SPFAR, F.S., SELVERS'IDNE, J., HICKMJIT, D., CROWIEY, P. and HOD3ES, K.V. 1 

1984. P-T paths fram gamet zoning: A new technique for decifering 
tectonic processes in crystalline terranes. Geology, Vol. 12, p. 87-
90. 

____ --;-__ ---::: __ --:~ __ ---~.....,.-, 1983. Quanti-::.ative P-T paths fram zoned 
mineraIs: 'Iheory and tectonic applications. Contributions to Mineralogy 
and Petrology, Vol. 83, p. 348-357. 

STAUFFER, M.R. 1 1988. Fold interference structures anj coaption folds. 
Tectonophysics, Vol. 149, p. 339-343. 

STEL, H. , 1988. Ba.sernent-cover relations at the Grong-olden culmination, 
central Norway. Norrsk GeolCXJisk Tidsskrift, Vol. 68, p. 135-147. 

161 



STEI.ll'ENR)HL, M.G. am BARrlEY, J .M., 1988. Cross folds am back folds in the 
Ofoten-Tysfjord area, north Norway, and their significanoe for Caledonian 
tectonics. Geological Society of America Blù let in , Vol. 100, p. 140-151. 

STEVENSON, LM., 1968. A geological reconnaissance of Ieaf River map area, New 
Qùebec and Northwest Territories. Geological Survey of Canada, Men'Oir 356. 

S'IDCKWELL, C.H., 1982. ProposaIs for time classification arrl correlation of 
Precambrian rocks and events in Canada and adjacent areas of the Canadian 
Shield. Part 1: A time classification of Prec..ambrian rocks am events: 
Geological SUl:Vey of Canada, Paper 80-19, 135 p. 

, 1968. Geochronology of stratif ied rocks of the Canadian ---:--:---:----
Shield. canadian Journal of Earth Sciences, Vol. 22, 1361-1369. 

, 1964. FOltrth report on structural provinces, orogenies and 
---t7"".une-c-:-· ---:l:-a-ss---;'"ification of rocks of the Canadian Precarnbrian Shield. Part II 

Geological Studies: Geological Survey of canada, Paper 64-17, p. 1-7 . 

__ ~~-::-:--_, 1950. 'Ihe use of plunge in the construction of cross-sections 
of folds. Proceedings of the Geologaical Association of Canada, Vol. 3, p. 
97-121. 

ST-aNGE, M.R., 1984. Geoth~try am geobarometry in pelitic rocks of 
north-central Wopmay Orc:x:Jen (early Proterozoic), Northwest Territories, 
canada. Geological Society of America Blùletin, vol. 95, p. 196-208. 

__ -:---:-_~, and KING, J. E., 1987. Evolution arrl regional metarrorphisrn 
during back-arc stretching and subsequent crustal shortening in the 1.9 Ga 
Woprnay Orogen, canada. In: Tectonic setting of regional metamorphisrn 
«()}d)w:gh, E.R., Yardley, B.W.D. and Englarrl, P.C., eds.) Philosophical 
Transactions of the Royal Society of Lorrlon, Sere A, Vol. 321, p. 199-218. 

and WCAS, S.B. 1 in press. Evolution of the Cape Smith Belt: 
Ear1y Proterozoic continental underthJ:usting, ophiolite obduction am 
thick skinned folding. In: Lithotectonic Correlations an:i Evolution, 
edited by J.F. Lewry and M.R. Stauffer, Geological Association of Car'iada, 
Special Paper, in press. 

________ ~~ and LUCAS, S.B., 1986. Structural and metamorvhlc evolution of 
an early Proterozoic thrust-fold belt, easteJ::n cape Smith belt (Ungava 
Trough), Quebec. In Exploration en Ungava, Données recentes sur la 
géologie et la gîtologie, Séminaire d'information 1986, Ministère de 
l'Énergie et des Ressources. DV 86-16, p.31-39. 

SaYIT, D.J., BEGIN, N.J., HElMSTAElJJ', H. an] 

CARMIŒAEL, D.M., 1988. 'Ihin-skinned imbrication and subsequent thick­
skinned folding of rift-fill, transitionnal-crust, and ophiolite suites in 
the 1.9 Ga cape Smith Bel t i Northern <;!ùebec. In Orrrent "'?esear:h, Part C, 
Geological Survey of Canada. 

1987. Tectono­
stratigraphy arrl structure of the lac Watts-Lac Cross-Riviere Deception 
area, central Cape Smith Bel t, Northern Quebec. In arrrent Research, Part 

162 



A, Geological survey of canada, Paper 87-lA, p. 619-632. 

1986. Eastern cape 
Smith Belt: an early Proterozoie thrust-fold belt am basal shear zone 
exposed in oblique section, Wakeham Bay am Cratère du Nouveau-Qùé.bec lnap 
areas, Nortbern Q..1ebec:-- In CUrrent R.eseardl, Part A, Geological survey of 
canada, Paper 86-lA, p. 1,-14. 

_____ - __ , lAI.ONDE, A. E. and KING, J. E., 1983. Geology, Redrock and eastern 
calder River Map Areas, District of McKenzie: 'lbe central Wopnay Orogen 
(Farly Proterozoic), Bear Province, arrl the western Archan Slave Province. 
In: Current Research, Part A, Geological SUrvey of Canada, Paper 83-1a, p. 
147-152. 

SUPPE, J., 1985. Principles of St...'1lctural Geology. Prentice-Hall, 537 p. 

TAYIDR, F.C., 1979. F.econnaissance geology of a part of the Precambrian 
Shield, nortbeastern Quebec, Northern labrador and Northwest Territories, 
Geological SW::vey of Canada, Memoir 393, p. 1-99. 

-----:--::c------,-, 1971. A Revision of Precambrian Structural Provinces in 
Northeastern Quebec and Northern labrador. canadian Journal of Earth 
Sciences, Vol. 8, p. 579-584. 

____ --:-_ and lOVERICGE, ~v.D., 1981. A Rb-Sr study of a New' QUebec Archean 
granodiorite; in Rb-Sr and U-Fb Isotopie Age Studies, Report 4, in CUrrent 
Researh, part C, Geological survey of canada, Paper 81-1C, p. 105-106. 

and SKINNER, R., 1969. Fort Chliro, New Quebec. Geological 
SUrvey of canada, Paper 63-47. 

'IHCW\S, M.D. and KFAREY,P., 1980. Gravity anomalies, black faulting and 
Arrlean-type ta-:tonism in the eastern C1lUrchill Province. Nature, Vol. 282, 
p. 61-63. 

__________ and GIBB, R.A., 1985. Proterozoie plate subduction and collision: 
processes for reactivation of Archean crust in the C'lUrchill Province. In 
Evolution of Archean SUpracrustal Sequences, Edited by L.D. Ayres, P.C. 
'lburston and W. Weber. Geological Association of canada Special Paper No. 
28. 

'IHCMPSON, A.B., 1976. Mineral reactions in pelitie rocks: II, calculation of 
sorne P-T-X(Fe-Mg) phase relations. American Journal of Science, Vol. 276, 
p. 425-454. 

'll-I<l1PSON, J .B., ROBINSON, P., CLIFFORD, T.N. and TRASK, N.J., 1968. Nappes 
am gneiss darnes in west central New England. In: studies of Appalachian 
geology (Northern and MaritiJne) , edited by: Zen, E-an, White, W.S., 
Hadley, J.B. and 'Thompson, J.B., p. 203-218. 

anj ENGlAND, P.C., 1984, Pressure-ternpera+:ure-time of paths of 
regional metamorphism. II: 'Iheir inference am interpretation usÏ.n::J 
mineraI assemblages in metamorphie rocks. Journal of Petrology, Vol. 25, 
p. 929-955. 

163 



~ 
, 

TRACY, R.J., OOBINSOO, P., 'llKMPSON, A.B., 1976. Gamet canposition an:i zon~ 
in the determination of terrperature am pressure of rœtam:>q:hism, central 
Massachusetts. American Mineralogist, Vol. 61, p, 762-775. 

VM DER IEEDEN, J., BElANGER, M., OANIS, D., GIRARD, R. ard MARI'ElAIN J., in 
press. Lithotectonic demains in the high grade terrain east of the 
labrador Trough (~ébec). In: 'Ille early Proterozoic Trans-Hudson Orogen: 
Lithotectonic Correlations arrl evolution, I..ewry, J.F. arrl Stauffer, M.R. 
eds.. Geological Association of canada, Special Paper. 

____ ~~~~ __ -~--~--~----~--~-~--~, 1987. Lithotectonic damains in 
the high-grade terrain east of the labrador Trough (~ebec). GAC-MAC 
Prograrn with 1>.bstracts, Saskatoon, 12, p. 98. 

VM DEN DRIESSŒIE, J. arrl MAIDSKI, H., 1986. Mise en évidence d'un 
cisailleIœl1t ductile dextre d'âge crétacé moyen dans la région ûe Tête 
Jaune caché (nord-est du complexe rnétaJoc>rphique Shuswap, Colornbie­
Britannique), canadian Journal of Earth Sciences, Vol. 23, p. 1331-
1342. 

VOLIMER, F. W., 1988. A Corrputer model of sheath-nappes fol:1OOd during crustal 
shear in the Western Gneiss Region, central Norwegian caledonides. 
Tectonophysics, Journal of Structural Gealogy, Vol. 10, p. 735-743. 

WANI.ESS, R.K., 1970. Isotopie map of canada: Geological SUrvey of canada, map 
1265A. 

, STEVENS, R.D., LACl1ANCE, G.R. arrl RIMSAITE, J. Y .H., 1966. Age 
----.,------:--

determinations and geological studies, K-Ar isotopie determinations, 
Report 6. GeaI. SUrv. canada Pap., 65-17, 101 p. 

WARDI.E, R.J., 1979. Geology of the eastern margin of the Labrador Troughi 
Newfourdland Departrrent of Mines ard Energy, Mineral Cevelopment Division, 
Report 78-9. 

______ ,--___ , RYAN, B.A. arrl NUNN, G.A., 1987. labrador segment of the Trans-
Hudson Orogen: Crustal developnent through oblique convergence arrl 
collision. Geological Association of Canada arrl Mineralogical Asscciation 
of canada, Joint Annual MeetÏ.rg, Program with Abstracts, p. 99. 

_---:~~---:-- and BAIIEY, D.G., 1981. Early Proterozoic sequences in Labrador. 
In Proterozoic Basins in Canada (F.H.A. campbell, ed.). Geological Survey 
of canada, Report 81-10. 

WARFS, R.P., BERGER, J. and. sr-SEYMXJR, K~ 1988. Synthèse netallogénique des 
irx:lices de sulfures au nord du 50eIne parallèle, Fosse du Labrador. 
Mineral. Richesses Nal-urelles du Quebec, 118-88-05. 

WARE, M.J. and WARDIE, R.J., 1979. Geology of the Sims-Evenirq lake area, 
western Labrador, with emphasis on the Helikian sims Group; Newfoun::Uarrl 
Department of Mines and Energy, Mineral Development Division, Report 79-5. 

WERNICKE, B., 1984. Uniform-sense normal simple shear of the continental 

164 



lithOSIi1ere. canadian Journal of Earth Sciences, Vol. 22., p. 108-125. 

~ŒMJRIH, G.J., 1977. Harogenization of zoned gamets fran pelitic schists. 
canadian Joornal of Earth Sciences, Vol. 13, p. 230-242. 

WYNNE-Erl'lARœ, H.R., 1961. Ossokmanuan I.ake (west t..:lif) , Newfoun::llan:i; 
Geological SUrvey of canada, Map 17-1961. 

_______ ---, 1960. GeolQCYY, Michikarnau Lake (west half) Quebec-
Newfourrllarn; Geological SUI:vey of canada, Map 2-1960. 

165 



PlATE l 

" 

a : 'ftbst oc::rt'I1OOn aspect of the Renia I:)c::Iœ, characterized by foliated to 
barrled quartzo-feldspathic gneisses. 

b Basement-cover contact, with fine-grain highly strained baserrent in 
the ~ part of the picture am a disrupted semipelite layer 
(quartz-biotite-muscavite schist) at the base of the picture. 

c Brittle sinistral faulting of a srnall aplitic dyJœ, outlined in 
black ink, cross-cuttim the basement gneisses of the Boulder DoIre. 

d : A 3 m wide tect.onic breccia on the southern flank of the 
Boulder DJme. 

e Folded cale-sil icate horizon of the calcareous unit, here 
actinolite "nodules" are set in a calcite matrix. In less 
tectonically dis:rupted horizons, actinolite along with quartz 
define regular beds within the calcareous rock. 'lhis outcrop is 
fram the infolded sediments within the Renia 1Xlme. 

f Graded turbidite beds of the lCMer micaceous unit, stratigraphie 
tops are ta the left of the picture. '!he outcrop i5 alorg the 
eastem shore of lac Rachel. 
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PIATE II 

a Folded ferrugineous shales of the upper iron fo:rnation, west of lac 
Rayrorrl. 

b Boudinaged chert layers within the fen-ugineous shale, sarre 
location as previous picture. 

c Well preserved pillow basalts of the mafie volcanic unit, fram an 
outcrop in the heart of the NW trerxting Reytia synfonn, east of lac 
Barrie. 

d '!he basal volcanic conglomerate overlying the mafie volcanic unit. 
'!he lower portion of the basal conglarrerate contains angular to 
sub-roumed basalt arrl gabbro fragments set in a chlorite-calcite 
matrix. cutcrop fram the hinge zone of the major NW trending Renia 
Synfo:r.m, east of lac Barrie. 

e '!he middle portion of the basal volcanie coflgiomerate overlying the 
mafic voicanic unit is characterized by m::>re rourrled basaIt arrl 
qdbbro clasts rnixed in with siltstone fragments. '!his outcrop is 
located in the hinge zone of the FI' syncline west of lac Rayroc>rrl, 
it contains a stroI'lg N trerrling axial planar eleavage parallel te 
the pencil. 

f '!he upper volcanic conglamerate horizon in the silicielastic 
assemblage overlying the mafie volcanic unit contains flattened 
fragments of sarostone, siltstone, quartz, gabbro arrl basaIt set in 
a hornblerrle-chlorite-calcite rratrix. '!tris outcrop is located NE 
of lae Rayrorrl. 
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PIATE III 

a Trough cross beddin;J in sarrlstones of the silieiclastic assemblage 
overlying the mafie volvcanic unit, SE of lac Barrie. 

b A srnall conglanerate bed scourirg down the urrlerlying siltstone am 
sarrlstone sequence, fran the siliciclastic assemblage, SE of Lac 
Barrie. 

c Flattened calcareous nodule ri.mrned by homblerrle crystals 
(irrlicated by the arrow) fram the siliciclastie assemblage north of 
lac Raymond. 'Ih.e scale is 5 cm long. 

d Quartz pebble coTX]lornerate horizon of the silieielastic assemblage, 
north of lac Raym:>oo. 

e : CoTX]lomerate CCIIIposed of highl y flattened sil tstone fragwents, 
situated near the upper volcanic conglomerate horizon in the 
siliciclastic assemblage N of lac Raym:>oo. 

f Glorreroporphyritie sill intruding the upper iron fomation horizon 
W of lac Raymond. 
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PIATE IV 

a Typical "pitted" appearance of the ultramafic intrusives. '!he 
cavities are usually c.cxnposErl. of carbonates (ankerite or siderite) 
arx:l iron oxides. 

b Fl isoclinal fold where the finer grained shale layer has flo,.,red 
into the h.i.nJe zone of the fold. 'Ihe lighter colored rocks are 
sj l tstones. Oùtcrop fram the upper mernber of the Baby Formation 
central zone of the northern labrador Trough. (Used by permission 
of N. Goulet). 

c Recurnbent FI fold closure within the rniddle mernber iron formation 
of the Baby Forrna.tion, central zone of the northem labrador 
Trough. 'Ihis picture is taken in the hinge zone of a large upright 
F~ antifonn, small F3 folds caTI be seen to the right of the 
p1cture. '!he fold axes of FI and F3 are roughly coaxial. '!he metal 
binder is 26 cm wide. (Used by pe.rnission of N. Goulet). 

ct: Schenatic drawing of the main features of plate IVe. 

e' Coaxial int.erference pattern boetween the first (Fl) and 
secam (Fl') foldin:] events within the upper iron fonnation, 
taken ill the closure of F 1 ' syncline west of lac Raynoro. 

f: Schenatic drawing of the main features of plate IVe. 

172 



10 cm 

IVf 

173 



PIATE V 

a F~ fold vergent te west in the trem::>lite bearinJ mamIe horizon 
directly overlying the NW closure of the Renia Gneiss. 'Ille left 
han:i side of the picture centain..e; relatively pure mamIe whereas 
the right hand side is rich in tremolite. 

b A small FI S fold deforms a small chert horizon Wl.thin the upper 
iron formation west of Lac Rayrnorrl. 'Ille iron fOnTlëltion is composed 
IOC>Stly of hornblende and gamet. 

c FI isoclinal fold defined by a quartz vein in the siliciclastic 
assemblage overlyinJ the mafic volcanic unit north of Lac Raynorrl. 

d Typical FI' fold morphology fram a sarrlstone layer in the upper 
portion of the lONer micaceous schist unit. Bed thickness is alloost 
maintained on the liInbs, approachin::J concentric folding. 'Ibis 
outcrop is si tuated east of lac Raymond. 

e Miner F:j.' fold fram the hin::Je zone of the refolded basement-cored 
FI' antlfonn at the nmthern closure of the Renia Gneiss. Cross­
cutting F) folds are visible next te the pencH. 

f: Schernatic drawing of the main features of plate Ve. 
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PIATE VI 

a Sheared out rannants of Fl' folds defined by canpetent quartzo­
feldspathic layers within a biotite rich horizon in the Renia 
gneisses, fram sarre location as previous figure. 

b En echelon quartz veins in a massive sarrlstone horizon wi th 
asytt'lIœtric tails; indicatim senestral shearing. fuis is compatible 
with the sens of vergence of miner Fl' folds, taken on the eastern 
limb of the la:rqe Fl' syncline, south of Lae Raymond. 

C Stretching IinE!éltion fabric defined by elongated quartz rich 
si~ tstone fragments set in a nornblende rich volcanoclastie matrix. 
'Ihis outcrop is fram the mixed volcanic-sedimentary conglcnrerate 
within the upper portion of the siliciclastic assemblage overlying 
the mafie VOlcanlC unit, north of lac Raynnrrl. 

d A elose to coaxial interference pattern between FI' and F3. FI' 
folds are defined by the erescent shaped calcareous boudins. Open 
F3 Z folds can be seen at the base of the picture. 'Ibis outcrop is 
located in a fine-grained portion of the siliciclastic assemblage 
found betwœn the 2 bands of mafie volcanics, in the core of the 
large F l' syncline west of lac Rayoorrl. 

e Schenatie drawmg of the main features of plate VId. 
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PIATE VII 

a : DoIre arxi basin interference patb:.....cn between the Fl' arxi FJ folding 
phases in a heterogeneous arrphibolite horizon fran the calcareous 
unit. 'Ihis exanple is cx:rrposed of hornblen:le am quartz rich 
layers. 'Ibis outc:rop is fran the SW flank of the Renia Gneiss, west 
of the northe:rn end of lac Renia. 

b Schematie drawing of pl ate VIla. 

e : WeIl developed Z folds related to F3' developed in the 
siIicieIastic assemblage averlying the mafie volcanie unit. 

d FJ crenulations at éi high ang-Ie to the main schistosity plane, 
strongly developed at the base of the mafie volcanie unit, south of 
I.ac Raymond. 

e MiIIimeter scale rnetamorphie Iayering related to D:3 cross-cutting 
the bedding surfaces (So), eastern shore of lac Rachel. 

f Small senestral fault offsetting a quartz rich :10rizon within a 
siltstone sequence of the silicielastic asse.rnblage averlying the 
mafie volcanic unit. 'Ibis outcrop is situated in the heart of the 
Renia Synfonn, N of lac Raynnnd. 
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PIATE VIII 

a :staurolite grain overgrowin;J the hi.rqe zane of an FJ 
crenulatian fald. '!he sanple is fram an outcrop 
definnin;J thEl stautolite isograd west of the Renia 
Gneiss. '!he .:;cale on the micrq:tlotograh is 1 mm. 

b : staurolite grain overgrowin;J an FJ crenulation. '!he 
scale is ] mm. 

c :Garnets with aligned inclusion trails of quartz that 
define S falds with the rnatrix schistosity. '!he folds 
are related ta an SJ cœnulatian cleavage. '!he 
outcrop is located within the infolded tangue af 
metasediments at the NW closure af the Renia Gneiss. 
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APPENDIX 1: II<OBE ANALYSES OF MINERAIS ( 
r , 
i 

œrœrm 

f' 2002-7AVG 2002-9AVG 2002-10AVG 
t Si02 24.99 24.75 24.73 1 
r 

~ Ti02 0.12 0.09 0.09 

f 
Al 203 24.10 23.59 23.61 
Cr203 0.00 0.00 0.00 

! FeO 24.93 24.86 24.76 ~ 

MnO 0.03 0.01 0.05 \ 
i< , 

M:p 14.68 14.54 14.57 ~ 
1 BaO 0.00 0.00 0.00 
i cao 0.00 0.00 0.01 i 
( Na20 0.01 0.00 0.01 ( 

K20 0.02 0.03 0.01 
, , 
l 

TOI'AL 88.90 87.87 87.86 
• ( 

t OIIDRITE S'IOIœICMEI'RYS BASED ON 28 OXYGENS • l 

si 5.161 5.178 5.173 
Aliv 2.839 2.822 2.827 
Alvi 3.022 2.989 2.989 
Ti 0.019 0.015 0.015 
Fe 4.305 4.349 4.331 
Mn 0.006 0.002 0.010 
M;J 4.520 4.535 4.544 
ca 0.001 0.000 0.003 
Na 0.006 0.000 0.004 

K 0.007 0.008 0.003 

Aclin 0.0245 0.0249 0.0251 
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MUSOOVITE 
t' 
$ 

2002-7 2002-9 2002-10 2015-11-1 2015-11-3 2015-71 

Si02 47.78 45.52 48.19 49.28 46.19 46.65 
Tio2 0.26 0.23 0.29 0.04 0.42 0.33 

Al203 36.25 35.93 35.80 40.63 36.84 36.78 
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 

Feo 0.71 0.73 0.80 0.37 0.77 0.49 
Mn) 0.01 0.01 0.00 0.01 0.02 0.01 
~ 0.50 0.42 0.56 0.09 0.43 0.37 
BaO 0.00 0.00 0.00 0.00 0.00 0.00 
cao 0.01 0.01 0.01 0.34 0.00 0.01 

Na20 1.33 1.52 1.25 5.77 1.55 2.17 
K20 7.82 9.29 7.97 0.00 7.64 6.92 

'IDI'AL 94.68 93.65 94.88 97.52 93.87 93.73 

MUSCOVITE S'IOIŒIa.œrRYS BASED ON 22 OXYGENS 

Si 6.269 6.123 6.313 6.108 6.128 6.171 
Aliv 1.731 1.877 1.687 1.892 1.872 1.829 
Alvi 3.869 3.813 3.836 4.037 3.882 3.900 
Ti 0.026 0.024 0.028 0.004 0.042 0.032 
Ml 0.001 0.001 0.001 0.001 0.003 0.001 
Fe 0.078 0.082 0.088 0.039 0.086 0.054 

" 
Mn 0.098 0.083 0.109 0.018 0.085 0.072 
K 1.309 1.594 1.332 0.154 1.293 1.168 
Na 0.339 0.386 0.317 1.387 0.399 0.557 
ca 0.001 0.001 0.002 0.046 0.000 0.001 

AMuse 0.577 0.705 0.577 0.074 0.571 0.530 
AFeCe! 0.011 0.018 0.015 0.001 0.008 0.006 
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MUSCOVITE 
t 

il 2300-3 2300-23 2300-5 2144-4-1 2144-4-2 

Si02 48.44 48.93 46.89 47.94 46.18 
Ti02 0.34 0.63 0.56 0.51 0.53 

Al203 35.11 36.30 35.84 35.33 35.05 
Cr203 0.00 0.00 0.00 0.00 0.00 

Fee 2.52 2.55 2.31 0.95 1.22 
MIlO 0.04 0.02 0.04 0.02 0.01 
r.go 0.48 0.68 0.72 0.77 0.66 
BaO 0.00 0.00 0.00 0.00 0.00 
cao 0.01 0.00 0.00 0.00 0.00 

Na20 1.14 1.24 1.30 0.81 0.98 
K20 7.51 7.16 7.05 6.65 10.32 

'roI'AL 95.60 97.51 96.71 93.00 94.95 

MUSOOVITE S'IOIŒIOMETRYS B.l\SED ON 22 OXYGENS 

Si 6.334 6.262 6.298 6.351 6.170 
Aliv 1.666 1. 738 1.702 1.649 1.830 
Alvi 3.741 3.731 3.734 3.860 3.684 
Ti 0.034 0.061 0.054 0.051 0.053 
log 0.004 0.002 0.004 0.003 0.001 
Fe 0.276 0.273 0.294 0.106 0.136 

~ 

1 Mn 0.093 0.130 0.138 0.154 0.131 
K 1.254 1.169 1.159 1.116 1.759 
Na 0.289 0.308 0.325 0.207 0.236 
ca 0.001 0.000 0.000 0.000 0.000 

AMuse 0.492 0.448 0.447 0.470 0.726 
Mecel 0.035 0.026 0.025 0.013 0.035 

1 
l 
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~IOCIASE .... 
-'t# 2015-11-1 2015-11-2 2015-7-1 2015-7-2 2015-7-3 2300-5 

si02 67.65 66.49 67.63 67.73 67.56 60.76 
Ti02 0.01 0.00 0.02 0.06 0.06 0.02 

AL203 21.10 21.44 20.59 21.00 21.48 24.39 
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 

FeO 0.05 0.10 0.02 0.01 0.08 0.11 
MIlJ 0.01 0.00 0.01 0.01 0.00 0.01 
f.tJO 0.01 0.00 0.00 0.00 0.02 0.00 
BaO 0.00 0.00 0.00 0.00 0.00 0.00 
cao 1.67 2.42 1.69 1.78 1.94 6.20 

Na20 9.68 9.84 10.46 10.61 10.14 8.05 
1<20 0.03 0.04 0.02 0.04 0.00 0.04 

'IUI'AL 100.21 100.33 100.45 101.20 101.28 99.59 

NUMBER OF CATIONS Bl\SED ON 32 OXIGENS 

si 11.772 11.619 11.782 11.725 11.674 10.846 
Ti 0.001 0.000 0.002 0.003 0.008 0.003 
Al 4.324 4.411 4.223 4.280 4.370 5.127 
Cr 0.000 0.000 0.000 0.000 0.000 0.000 
Fe 0.007 0.015 0.003 0.001 0.012 0.017 

...,. Mn 0.001 0.000 0.002 0.001 0.000 0.002 
M:J 0.002 0.000 0.001 0.000 0.005 0.000 

"4'-
Ba 0.000 0.000 0.000 0.000 0.000 0.000 
ca 0.313 0.453 0.315 0.330 0.359 1.186 
Na 3.270 3.334 3.534 3.561 3.397 2.787 
K 0.007 0.009 0.004 0.009 0.000 0.009 

Xor 0.002 0.002 0.001 0.002 0.000 0.002 
}{ab 0.908 0.875 0.916 0.912 0.900 0.697 
}{an 0.090 0.123 0.083 0.085 0.100 0.301 
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PlAGIOClASE ] 
(' 2300-3"90" 2300-23"50" 2144-1 2144-6 

1 Si02 61.00 62.28 62.89 62.89 ; 
Ti02 0.04 0.02 0.00 0.02 

\ Al 203 24.47 24.05 23.02 23.23 
Fe203 0.00 0.00 0.00 0.00 ~ 
ca03 0.00 0.00 0.00 0.00 

, 

1 FeO 0.18 0.10 0.05 0.04 
MnO 0.03 0.01 0.01 0.00 

1 
~ 0.00 0.00 0.00 0.00 
BaO 0.00 0.00 0.00 0.00 
cao 6.08 5.56 4.70 4.89 1 

Na20 7.98 8.00 8.88 8.77 
K20 0.07 0.07 0.09 0.08 

'IDI'AL 99.85 100.08 99.65 100.01 

NUMBER OF CATIONS BASED ON 32 OXIGENS 

Si 10.857 11.013 11.165 11.141 
Ti 0.005 0.002 0.001 0.002 
Al 5.128 5.007 4.813 4.839 
Cr 0.000 0.000 0.000 0.000 
Fe 0.026 0.015 0.007 0.006 

( Mn 0.004 0.002 0.002 0.001 
M;J 0.000 10.000 0.000 0.000 
Ba 0.000 (l.000 0.000 0.000 
ca 1.161 1.054 0.894 0.926 
Na 2.755 2 .. 742 3.058 3.009 

K 0.016 0.015 0.020 0.019 

Xor 0.004 0.004 0.005 0.005 
}{ab 0.701 0.714 0.768 0.760 
Xan 0.295 0.281 0.227 0.235 

( 
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GARNEr ,.,. 

'.' 2002-2"0" 200;' -2"50" 2002-2"885" 2002-3"0" 2002-3"100" 2002-3"630" 

Si02 37.14 37.72 37.25 36.94 37.29 37.21 
Ti02 0.06 0.16 0.14 0.06 0.17 0.16 

Al 203 20.69 20.79 20.73 20.49 20.63 20.30 
Cr203 0.00 0.05 0.06 0.00 0.05 0.05 

FeO 37.58 36.19 30.68 36.23 34.29 31.86 
Mn> 0.64 0.58 5.00 0.79 1.04 4.33 
MJO 2.39 2.74 1.58 2.02 2.23 1.66 
cao 1.74 2.83 4.68 2.65 3.79 4.30 

'IOl'AL 100.24 101.06 100.12 99.18 99.49 99.87 

RESUI.Jl'S NORMALIZED 'ID 8 CATIONS 

si 3.002 3.010 3.007 3.017 3.022 3.016 
Ti 0.004 0.010 0.008 0.004 0.010 0.010 

AlIV 0.000 0.000 0.000 0.000 0.000 0.000 
AlVI 1.969 1.953 1.970 1.970 1.969 1.938 

Cr 0.000 0.003 0.004 0.000 0.003 0.003 
Fe 2.540 2.415 2.071 2.475 2.324 2.159 
Mn 0.044 0.039 0.342 0.055 0.071 0.297 
MJ 0.288 0.326 0.190 0.246 0.269 0.201 
ca 0.151 0.242 0.405 0.232 0.329 0.373 ,..,. 

}{al 0.840 0.799 0.689 0.823 0.777 0.713 
Xsp 0~015 0.013 0.114 0.018 0.024 0.098 
Xpy 0.095 0.108 0.063 0.082 0.090 0.066 
Xgr 0.050 0.080 0.135 0.077 0.110 0.123 
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GARtŒl'S 

( 2015-11"0" 2015-11"100" 2015-11"545" 2015-11"1025" 2015-11"1070" 

Si02 37.37 37.46 37.45 37.58 37.43 
Ti02 0.00 0.00 0.14 0.04 0.00 

Al 203 20.93 20.91 20.86 20.90 20.83 
Cr203 0.09 0.05 0.00 0.01 0.04 

FeO 35.67 32.19 23.80 35.55 36.12 
MnO 1.33 2.11 6.13 1.29 1.22 
l-t}J 2.60 2.70 1.05 3.17 2.89 
cao 1.18 3.52 9.26 1.06 0.66 

'IOI'AL 99.17 98.94 98.69 99.06 99.19 

RF.SUUl'S NORMALIZED ID 8 CATIONS 

Si 3.044 3.038 3.035 3.039 3.047 
Ti 0.000 0.000 0.009 0.002 0.000 

AlIV 0.000 0.000 0.000 0.000 0.000 
AlVI 2.008 1.997 1.990 1.990 1.997 

Cr 0.006 0.003 0.000 0.001 0.003 
Fe 2.430 2.183 1.613 2.404 2.459 
Mn 0.092 0.145 0.421 0.088 0.084 
Ml 0.::!16 0.326 0.127 0.382 0.351 
ca 0.103 0.306 0.804 0.092 0.058 

( xal 0.826 0.737 0.544 0.811 0.833 ! 
1 Xsp 0.031 0.049 0.142 0.030 0.029 j 

Xpy 0.107 0.110 0.043 0.129 0.119 • , 
Xgr 0.035 0.103 0.271 0.031 0.020 1 

" 

1 , 
1 
i 
i 
1 , 

~ 
1 

l 
j 
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GARNEI'S 
" 

.~ 2015-7"0" 2015-7"500" 2300-5"0" 2300-5"780" 2300-23"0" 2300-23"400" 

Si02 37.67 37.69 37.41 36.74 37.26 37.42 
Ti02 0.00 0.29 0.02 0.10 0.01 0.11 

Al203 20.52 20.65 20.75 20.12 21.03 20.64 
Cr203 0.02 0.02 0.01 0.00 0.00 0.01 

FeO 35.27 23.93 27.53 20.37 28.10 29.94 
MnO 1.35 6.49 7.01 14.94 6.75 4.19 
M;JO 3.11 1.00 3.22 0.84 3.06 2.29 
cao 1.35 9.07 3.17 5.95 4.24 5.51 

'IDI'AL 99.29 99.14 99.12 99.06 100.45 100.11 

RFSULTS NORMALIZED 'IO 8 CATIONS 

si 3.057 3.046 3.022 3.004 2.970 3.001 
Ti 0.000 0.018 0.001 0.006 0.001 0.007 

Al IV 0.000 0.000 0.000 0.000 0.030 0.000 
AlVI 1.960 1.965 1.973 1.937 1.943 1.946 

Cr 0.001 0.001 0.001 0.000 0.000 0.001 
Fe 2.355 1.602 1.835 1.336 1.817 1.965 
Mn 0.093 0.444 0.480 1.035 0.456 0.285 
M;J 0.376 0.120 0.388 0.102 0.364 0.274 
ca 0.117 0.618 0.274 0.521 0.362 0.474 

.... 
}{al 0.803 0.578 0.620 0.457 0.613 0.662 
Xsp 0.031 0.159 0.160 0.339 0.149 0.093 
Xpy 0.126 0.043 0.130 0.033 0.119 0.089 
Xgr 0.039 0.221 0.091 0.171 0.119 0.156 
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GARNEl'S 

:1 2300-3"440" 2144-4"0" 2144-4"7540" '" 
Si02 37.15 37.87 36.99 
Tio2 0.03 0.09 0.04 

Al203 20.59 20.88 20.37 
Cr203 0.02 0.03 0.01 

FeO 28.53 33.34 33.65 
~ 8.55 0.05 1.32 
MJO 2.83 3.64 1.84 
cao 2.44 4.79 5.00 

'IUl'AL 100.14 100.69 99.22 

RESUurs NOmALIZED 'ID 8 CATIONS 

si 2.990 2.998 3.007 
Ti 0.002 0.005 0.002 

AlIV 0.010 0.002 0.000 
AlVI 1.942 1.944 1.950 

Cr 0.001 0.002 0.001 
Fe 1.920 2.207 2.288 
Mn 0.583 0.003 0.091 
M;J 0.340 0.430 0.223 
ca 0.210 0.406 0.436 

i l xal 0.629 0.725 0.753 
" Xsp 0.191 0.001 0.030 

Xpy 0.111 0.141 0.073 
}{gr 0.069 0.133 0.144 

1 

fi 
1 

, ; 

r ... 
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BIOITl'E 

-'e 2002-9 AVG 2002-15 AVG 2002-10 AVG 2015-11 AVG 2015-73 AVG 

Si02 35.42 35.27 35.95 36.52 36.86 
Ti02 1.82 1.65 1.98 1.90 1. 78 

Al203 19.61 19.25 19.41 19.62 19.19 
FeO 18.41 18.85 18.95 18.20 17.73 
Mn) 0.00 0.01 0.01 0.01 0.02 
M:JO 9.75 9.88 9.90 10.46 10.59 
BaO 0.00 0.00 0.00 0.00 0.00 
cao 0.01 0.01 O.Où 0.00 0.00 

Na20 0.30 0.27 0.27 0.22 0.22 
K20 8.97 9.02 8.80 8.82 8.44 

'IUI'AL 94.29 94.51 95.27 95.75 94.83 

BIOITl'E SI'OIOIICMEI'RYS BASED ON 22 OXYGENS 

si 5.404 5.428 5.429 5.456 5.553 
AlIV 2.596 2.572 2.571 2.544 2.467 
AlVI 0.931 0.890 0.884 0.912 0.929 
Ti 0.209 0.189 0.225 0.213 0.200 
M:;J 2.216 2.247 2.2~8 2.330 2.371 
Fe 2.348 2.405 2.393 2.274 2.226 
Mn 0.000 0.002 0.001 0.001 0.003 
Na 0.088 0.079 0.079 0.063 0.065 

.,'1> 

K 1.746 1.756 1.696 1.681 1.617 
ca 0.001 0.001 0.000 0.000 0.000 

Aphlog 0.041 0.043 0.040 0.046 0.047 
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BIarITE 

( 2015-71 AVG 2300-5-3 2300-51M 2300-52M 2300-2-3 2300-2-3AVG 

si02 36.28 37.39 36.96 36.51 37.55 37.16 
Tio2 2.36 1.54 1.57 1.86 ' .• 26 1. 70 
Al 203 19.51 18.95 19.06 18.73 18.87 19.29 
FeO 17. 7~1 14.78 14.51 14.47 14.94 14.75 
MnO 0.01 0.13 0.08 0.08 0.08 0.14 
~ 10.75 13.36 13.62 13.34 13.30 13.76 
cao 0.00 0.00 0.00 0.00 0.00 0.01 
Na20 0.22 0.29 0.02 0.30 0.26 0.28 
K20 9.43 9.22 9.58 9.04 9.04 9.12 

'IOl'AL 96.21 95.66 95.68 94.33 96.43 96.21 

BIOI'ITE S'IDIOITCMETRYS BASED ON 2~ OXIGENS 

si 5.410 5.515 5.461 5.463 5.523 5.449 
Al IV 2.590 2.485 2.539 2.537 2.477 2.551 
ALVI 0.839 0.810 0.781 0.766 0,892 0.782 
Ti 0.250 0.171 0.174 0.209 0.134 0.187 
Ml 2.389 2.937 3.000 2.975 2.897 3.008 
Fe 2.217 1.823 1.793 1.811 1.802 1.808 
Mn 0.001 0.016 0.010 0.010 0.012 0.017 
Na 0.065 0.083 0.080 0.087 0.088 0.080 
K 1.794 1.735 1.806 1.725 1.754 1. 705 

( ca 0.000 0.000 0.003 0.000 0.000 0.002 

AphlCXJ 0.095 0.105 0.098 0.093 
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BIOl'ITE 

.,. 2300-51AVG 230Q-5AVG 230o-S-lM 2300-5-2M 2144-22AVG 

Si02 37.38 36.95 36.96 36.51 36.28 
Ti02 1.68 1.70 1.57 1.86 1.75 
Al203 18.89 18.89 19.06 18.73 19.69 
FeO 13.66 14.21 14.51 14.47 17.02 
MnO 0.08 0.08 0.08 0.08 0.01 
M:]O 13.65 13.54 13.62 13.34 10.67 
cao 0.02 0.01 0.02 0.00 0.00 
Na20 0.27 0.28 0.28 0.30 0.19 
K20 9.25 9.29 9.58 9.04 9.44 

'IOI'AL 94.88 94.96 95.68 94.33 95.0~ 

BIOlTI'E S'IOIœICl-ffiTRYS BASED ON 22 OXIGENS 

Si 5.530 5.485 5.461 5.463 5.454 
Al IV 2.470 2.515 2.539 2.537 2.546 
AlVI 0.824 0.790 0.781 0.766 0.942 
Ti 0.187 0.190 0.174 0.209 0.198 
MJ 3.010 2.995 3.000 2.975 2.391 
Fe 1.690 1.765 1.793 1.811 2.140 
Mn 0.010 0.010 0.010 0.010 0.001 
Na 0.077 0.082 0.080 0.087 0.055 

.'~ 
K 1. 746 1.759 1.806 1. 725 1.810 
Ca 0.003 0.002 0.003 0.000 0.000 

w' 

Aphlog 0.104 0.102 0.105 0.098 0.053 
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BIOlTI'E 

2144-4AVG 2144-2AVG 

Si02 35.64 36.34 
Ti02 1.97 1.68 
Al203 18.80 19.91 
FeD 17.47 16.61 
MIt> 0.00 0.03 
M;P 10.34 10.69 
cao 0.00 0.00 
Na20 0.18 0.19 
K20 9.66 9.54 

T01'AL 94.07 95.02 

BIOI'ITE STOlœICt1EI'RYS BASED ON 22 OXIGENS 

si 5.451 5.456 
AlIV 2.549 2.544 
AlVI 0.840 0.979 
Ti 0.227 0.190 
M} 2.357 2.392 
Fe 2.235 2.085 
Mn 0.000 0.004 

( 
Na 0.053 0.057 
K 1.885 1.828 
ca 0.000 0.001 

Aphlog 0.054 0.054 

( 
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GNEISSIC METASANDSTONE 

SEMIPELITIC SCHIST with rninor coarse­
grained , calc-silicate and amphibolite 
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(WILL 80B 1 HEU AI,g~OURT FM.) 

SANDSTONE / CONGLOMERATE 
(CHIOAK FM.) 

SILTS-r ONE 
(MENH lEI< FM.) 

SILTSTONE 1 SHALE ! IRON FORM ATION 
(BABY FM,) + GABBRO 1 DioRnE 1 PERIDOTITE 

(MONTAGNAIS GR.) 

SILTSTONE 
(LARCH RIVER FM.) 

IRON FOFIMATION 

+ 
S LE } Only wllh the Sokoman/ 

HA (RUTH FM) Fenimore Iton formation 
QUARTZITE (:'~T~lNR~~.) onlaping the Supenor craton 

DOLOMITE (ABNER FM.) 
+ DOLOMITIC SILTSTONE (HARVENG FM.) 

SUPERIOR CRATON (2721 Ma.) 

GRANITOID GNEISSES 

~ATTERED SYNFORM 
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